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ABSTRACT

This study is an investigation into the possible use of
bagasse ash, SCBA, as an alternative cementing material. The
LBA was used in conjunction with lime (i.e. as a pozzolana)
to produce lime-pozzolana cement, and with ordinary portland
cement, OPC (as a partial replacement) to produce blended

pozzolanic cement.

Bagasse is the fibrous residue of sugar cane after
crushing and extraction of juice. SCBA is the resulting waste
product obtained from the combustion of bagasse. The SCBA
was obtained by burning bagasse in a furnace at a temperature

of 400°c.

preliminary investigation was initiated to ascertain the
composition and properties of the SCBA. A desk, top chemical
investigation carried out on the SCBA, revealed the presence of
silica (SiO,;) in a large amount (about 58.65%). The combined
ratio of silica, alumina and ferrous oxide was determined as
70.86%, indicative of a good pozzolana. The reactivity of the
SCBA was measured through its pozzolanic activity index (PAl).
The PAl with cement and with lime were found to be 91% and 4.88Mpa
respectively, and these together suggest a reactive

pozzolana.

Trial compressive strength tests were carried out on various
mixes of the 5CBA with lime and OPC to produce masonry units
of constant cement - sand ratio of 113. The results of the
initial tests, revealed the best performances of lime - SCBA
as 25175, and OPC-SCBA as 75:25 mixtures. These results were

further substantiated with compressive strength tests carried



Vi

out on a population of 86 test specimensg

The lime - SBA (25:75) mixture was found to have a
strength property of 627MPa and 7.48MPa at ages of 7 and 28
days respectively. These values clearly meets the requirements
of ASIM for non-load bearing masonry units. For the ORC-SCBA
mixes, an optimum evaluation of strength vis-a-vis replacement
of OFC made, showed that a maximum of 25% replacement can be made
without adverse loss in compressive strength value. The
compressive strength value was measured as 20.3MPa at 28 days
which is 85.98% of result obtained with control test specimens.
Generally, increases in the substitution of ORC with SIBA gave
progressively lower compressive strength values, in all a

total of 171 test specimens were prepared and tested.

A cost evaluation of the prepared units revealed that
pozzolanic cements are cheaper than pure ORC A savings of
13.25% and 15.74% were recorded for the 75:25 (OPC + SCBA)
and 25:75 (LIME + SCBA) cement mixtures respectively.
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CHAPTER ONE

INTRODUCTION

BACKGROUND

The need for locally manufactured building materials
in developing countries is increasing due to greater
demand for housing, mainly as a consequence of uncontrolled
population growth, and the pursult after technologlcal
expansions Also in countries like Indonesia, thare
is the depletion of the traditional building materials
(pavid et al, 1977), or the inaccessibikity of required
standard materials to the average citizen. Thus, the
development of locally manufactured bullding materials
is advantageous, because it attempts to meet the staggering
need for housing, increases on-going manufacturing
activity, and reduces the need for imported materials.
This latter aspect is particularly significant, as
importation of goods into developing countries is generally
undesirable, as it reduces the foreign currency reserves
and raises the external debt level.

In the construction of buildina, cement is one of the
principal ingredients required to construct a firm,
stable and durable structure. cCements work by filling
the spaces between solid fragments, binding them together
into a compact whole. The commonest type of cement used
worldwide for constructional purposes today is the
ordinary portland cement (OpPC). (Lea, 1970).

OPC is produced in large plants, whlch are usually
capltal intenslve and consumes large amount of fuel.

The installation and operation of these plants require



imported equipment and expertise. Thus, coupled with

high demand for cement, and factors of transportation,

the eventual cost of the finished product becomes high.
A5 a means of obviating these problems In developing
countries, various possible alternatives to opC ought to
be considered, and the benefits which might accrue from
their use examined. several materials such as lime,
volcanic ash, burnt clay (pellets), pulverized fuel
ash (pfa), rice husk ash (rha), sugarcane bagasse ash
(SCBA) are in use in Thailand, malawi, 1ndia, 1ndonesia,
Sudan, Germany, France, USA as possible alternatives

and additives to opCc. (Neville, 1981: smith, 1992).

SCOPE OF WORK

This research almed to investigate principally, Lhe
possible uses the sugar cane bagasse ash, SCBA, can be
put into use as an alternative cement material. This
comprised investigating the behaviour of pure lime - SCBA
mixtures of varying mix composition of lime and 5CBA;
and OPC-5CBA mixtures, where the opc is replaced with 5CBA
in certain quantities,

The cost evaluation of masonry units prepared with
the best mixes of lime - scBA and QPC - SCBA cements
were made and compared with control values obtained with
pure opc mixture.

The results obtained from this work revealed that SCBA
contain silica in a large amount (about 58.65%). The
reactivity of the scBA measured thronugh its pozzolanic
activity Twlex (PAL)y shows o PAL with cemenl and 1ime
as 21% and 4.88vpa respectively. The results of the

compressive strength tests carried out on various



mixtures of lime - S°BA and OPC=-SCBA, indicate that the
best performances were obtained from the 25:75 1lime-308A
and 75225 opC-53CBA mixtures, The lime-5CBA (25:75) mixture
was found to have a strength property of 5.04mpa, 6.27Mpa,
and 7.49Mpa at ages of 3,7 and 28 days respectively.  The
strength of the OpFC=-3CBA (75:25) mlxture at 28 days was
found to be 20.3Mpa, which is B5.98% of results obtained
with control test specimens. EgEither in blended form with
lime, or opc, the sCBA-cements were found to be cheaper than

pure OPCe.



CHAPTER TWO

LITERATURE REVIEW

HISTORICAL DEVELOFMENT OF CEMENT

The use of cementing materlals generally in construction,
is almost as old as when the building construction ltself
began (Smith, 1992). Early structures were made of ordlnary
earth by ramming successlve layers together, or of stone
blocks secured togeth=r by special arrangement, with or
without the aid of any cementinj material (Lea, 1970).
Natural gypsum was one of the earliest materials used as

cemenl, some 1,000 years ago (smith, 1992).

Lime sometimes modified by the addition of a pozzolana
has had a history of use as cement, for well over 2,000
years ago, and is still in use as a rellable cementling
material (smith, 1992: pavid et al. 1977). The ggyptian
builders used moist layer of mud chopped with straw, whlle
the Kuwaitis used bitumen to cement thelr bricks together.
In India, finely ground brick (surki) and lime were used
together. The Greeks and romans usad burnt lime and sand
with other materials of volcanic origin, such as trass,
turfs and santorin earth. The material of the Roman builder,
which was found to be superior was the red or purple volcanic
turf found near the bay of Naples. The best variety was
obtained within the neighbourhood of pozzoli, and thus
acquired the name pozzolana (Lea, 1970). These materials
exhibit propertics of hydraulicity, not in themselves, but
when ml xed togetlher with 1 ime,

The Invention of OpC must be attributed, at least partially

to John smeaton (1756) who discovered the hydraulicity of lime,



to Joseph Aspdin (1824) who first patented opc, and to

I1saac Johnson (1845) who improved on the process of manufacture
(Chong, 1977, Jackson and phir, 1988),., Aspdin, crushed and cal-
cined limestone, grinding together with sand to a fine slurry.
The resulting lumps, he fed into a furnsce, and then ground the
burnl stones into powder as cement. production of opc today is
done in large manufacturing plants to exacting standards. The
choice of row material and the control of the opC produstion

processes require care and skill to ensure a satisfactory product.

2 CENENT USAGE IN MASOHRY CONSIRUCTIONS

Ordinary portland cement (OPC) is a well known and versatile
material, used extensively for the production of mortars,; render-
ingz, and concrete, mMortars made solely from opc and sand give a
rather harsh mix, which is difficult to work with (smith, 1992).
Lime mortars have the peculiar prop=rty of tfattiness' or tbutter-
inessyy which makes them easier to work with, and does not adhere
to the trowel (penzil, 1968).

Straight opc/sand mixes have been favoured in the past, but
as cemenk becomes stronger, renderings made solely of opc/sand mixes
have tended to develop cracks. The strength developed is excesslve,
and not required for plastering purposes,

In unfavourable high temperature atmosphere conditions, orc
exhibits a high thermal shrinkage because the rate of evaporation
becomes higher than the rate of the hydration process. Mixtures of
lime, sand,pozzolana reduces shrinkages tendencies, by retaining
the moisture needed for the full setting of the cement. Though
strength developed is lower than Opc mortars, it is however adequate
for masonry purposes. (Denzil, 1968; Mehta, 1977).

The caloium hydfoxide Tiberated In the making of ore mortaras
or concrete is gencrally readily subject to chemical attack,

especially forms associated with leaching, carbonation, chlorides,



sulphates and aclds. The reactlon of these chemical agents over
mixtures

time weakens the strength, porosity and permeability of the opC /

(Lea, 19703 Jackson and phir, 1988). For this reason
in Italy, France and Germany, lime-pozzolana mortars,
and pozzolanic cements are recommended for all sea-

water works, in place of opcC.

2.3 POZZOLANAS

The name pozzolana derived its source from a volcanic
ash that was used by ancient Roman builders in combination
with lime to form a cementing compound. The best
variety was flrst discovered around the village of
rozzuoll, near vesuvius in Italy (Neville, 1981; Lea, 1970).
pozzolanas are natural or artificial materials which
contain silica in a reactive form. A more formal
definition of AsTM C618-78 describes pozzolana as a
cilicesus or siliceous and aluminous material which
fn Ltself possasoes TLE T or o cemontitious value,
but will in finely divided form, and in the presence
of molsture, chemically react with calcium hydroxide
at ordinary temperatures to form compounds possessing
cementitinous propertles,

Gypsum and lime were early materials used by
Egyptian, rRoman and Greek builders over 2000 years ago
(smith, 1992; pea, 1970). o©rdinary earth, mud bricks,
burnt clay (pellets) called surkl together with lime
were used by Kuwaitis and Indian builders., with the
advant of opC in 1824 attention gensrally shifted to
the use of opc as an ~ffrctive comenting makarial for
constructional purposes, However, these older pozzolanas

- volcanic ash, turfs, pumicide, opaline shales and



cherts, fly ash, basalt stone are still in use in Kenya,
India and guyana (Lea, 1970; smith, 1992).

More recent development have also shown the large
possibility of the use of agricultural wastes for producing
cementitious compounds in conjunction with lime. Many
plents, during their growth pick up silica from the
ground, into the structure of their leaves, stalks and
other parts. when planits residue are burnt, organic
material which is the largest proportion is broken down
and disappears as carbon dioxide, water vapour, etc.

The ash remaining contalns mostly inorganic residues,
notably silica. ‘This silica In its reactive form can
combine with lime to form insoluble, cementitious
compound (smith, 1992).

pulverized fuel ash (pfa), trass and volcanic ash
have found acceptance in thelir usage for blending with
Oore during the manufacturing stage or as a partial
replacement of opc at the constructlon sites in Germany,
France and USA (Lea, 1970). Cements produced by the
intergrounding of pozzolanas with the clinker are termed
rortland-pozzolana cements, or blended pozzolanic cements.
ASTM standard c595-79 describes portland-pozzolana cement
as Type 1P for general concrete construction, and Type P
when high early strengths are not required, the pozzolana
content is limited to between 15 and 40% of the portland-
pozzolana cement. (Neville, 1981).

The speclfic gravity of most pozzolanas iIs about
2.0 - 2.6 as against 3.1 for OopPC. Thus the absolute solid
volume of a pozzolana 1s aboub 15% to 1%% greater than

that of an equal welght of OPC. A substitution of 40%



by weight of cement by a pozzolana increases their
combined selid volume by about & - 14%. Generally, the
substitutions are done by weight, but atimes it is
suggested that it be made on the basls of equal volumes
(Lea, 1970).

Lime-pozzolana mortars enjoy a good reputation for
its use in building mortar in many parts of Europe.
They have been shown practically by experience of 2,000
years to possess the requisite durability claimed for
them by yitruvious in his Treatise on Architecture,
where he says that when pozzolanas are mixed with rich
lime and stone, it sets solidly, not only in all kinds
of structures but particularly those built on the sea.
Roman monuments such as the bridges of rFabricus, Aemilius,
the arches of calndius and Trajam at 0sita which are
still in use today, all stand as a tribute to the
performance of lime-pozzolana mortars. (Lea, 1970).

pozzolanas can be broadly divided into two groups,

contailning the natural and artiflclal products respectlively.

NATURAL POZZOLANAS

The natural pozzolanas are for the most part materials
of volcanic origin, but also include certain diatomaceous
earth.

a) volcanic Tuffs - These originate from the deposition

of volcanic dust and ash. These are materials that have
been thrown out by volcances in recent time or long ago
which contain finely divided material, hignh in silica

or Aluminy content. I purope, the mont explolted
materials are the 1talian pozzolanas, santorin earth, and

the German trass found at Goblenz on the rhine in



Bavana (Lea, 1970). Trass deposits are also found
in Romania and Russia; no tangible, suitable ash has
been discovered in Britain. other forms are tuffs,
trass or pumice used in 1taly.

For a suitably reactive ash, one part by weight of
lime might be added to two parts of the ash to make a
so-called pozzolanic cement. For an unreactive ash,
the ratio of ash in the mix will be higher. vyolcanic ash
may also be blended with OoPC to produce blended pozzolanic
cement, and up to 30% replacement have been proved
adequate and feasible by cement manufacturers in 1taly,
Ggermany and UsSA (Lea, 1970; smith, 1992),

Analysis of some volcanic ash carried out by Lea

are shown in Table 1. (see page 10).

b) Diatomaceous gparths = These are composed of the

siliceous skeletons of diatoms deposited from either
fresh or sea-water. 1In many cases the deposits are
mixed with sand or clay. The largest known deposits
are those occurring in california, canada, pAlgeria,
penmark and germany (Lea, 1970).

Within the British Isles there are small deposits
in scotland, western lsles and ygorthern Ireland. 1In
thelr raw condition, many diatomaceous earth have
litkl» value as pozzolanasz, for although they combline

acktively with lime, Lthelr physical state 1s such

requiring large quantity of water to render thelr
mixrs plastic, an?' thus their cementing value (strength)
become:s poore  Thelr maln constituent is opal, an

amorphous form of hydrous silizca, contalning up to 10% water.
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ARTIFICIAL POZZOLANAS

The ehief artificial pozzolanas are burnkt clays
and shales, pulverized fuel ash, pfa; recenkt disco-
veries are calcined basalt stone, rice husk ash
(rha), and bagasse ash (SCBA). The latter two are
derivatives of agricultural wastes,

a) purnt clays and shales - purnt clay poznzolanas

are produced by burning suitable clays or shales at
a temperature of between 600%c  to 90006, depending
upon the nature of the clay, the canditions of burning
(Lea, 1970). The value of burnt clay as an addition
to fat lime mortars has long been known in India and
Egypt, where 1t passes under the names 'Surkhi' and
thomrat. A pozzolanic cement consisting of ground
burnt clay and opc was described in 1909 by potter who
stated that 5000 tons of it were used in fresh water,
and sea-waler construction in great Britaine. In the
building of the sennar pam on the Blue Nile in Egypt,
between 1919 - 1925, the masonry was set in a cement
having 70% opC and 30% burnt clay.

Raw clays consist essentially a group of
hydrated alumino silicates, with a three broad groups

of Kadinites, montmorillonites and illites.

b) pulveri~ed fuel ash (pfa) - This is obtained

when pulverized coal is burnt in boilers, and
approximates to a burnt clay high in alumina and

fon oxide in composition, The particles are roughly
spheriecal In shape, and In finely divided form with

a specific surface of 2000cm2/gm to 5000 szjgm.



Its pozzolanic activity is in no doubt, but may vary

with material from different power stations. Combusti-
bles are always present, but in well burnt materials,

it is below 10%. B~ 3892; 1965 specifies a maximum

loss on ignition of 7%. It is not yet clear why

tarbon may be harmful, but since it is not pozzolanic,

it may therefore be pno more than a filler (Neville,

19813 Lea, 1970). ASTM C618-78 specifies a minimum
content of 70% for silica, alumina and ferric oxldes;
maximum sulphate of 5%, maximum loss on ignition of

12%.

c) calcined basallk stone = nesearch has shown that

basalts treated to a temperature range of 500-800"c
exhibits pozzolanic activity. The optimum temperature
will differ from one stone source to another. wWhen
ground into powder, research in Vietnam shows that this
powder mixed with lime in proportions 70:30, glve a

very satlisfactory cement. (smith, 1992). aAlternatively,
up to 30% replacement of OPC by the basalt stone may be
made. A replacement of 15% of the opc with basalt stone

gave higher 28 day strength than does oPC alone.

d) Rice husk ash (rha) - Approximately 20% of the weight

of rice paddy processed in rice mills is discarded as
husk. The rha remaining after the burning of the husks
constitutes about 20% of the weight of the husks. Burning
of husks in heap glives no particular control over the
burning conditlons, though Bt may produce an ash with
good pozzolanic properties, To curtall the risk of

producing less reactive ash, it is best to burn the husks



in a purpose made incinerator, having temperature
restriction of a maximum of 750% {(smith, 1992).
Laboratory tests have shown that 1f the burning
temperature exceeds 75003, a crystalline, less reactive
form of silica is produced; instead of the highly
amorphous, non-crystalline type. Serles of researches
carried out on rha as a partial replacement for opC,
have shown its adequacy and suitablility in concrete and

masonry production, Mehta (1977) and Loo et al (1984).

e) Bagasse ash (SCBA) = After the extraction of the

sugar juice frem sugar cane, there remains a fibrous waste
known as bagasse, and this material usually poses a
dispo=al problem in sugar factories particularly in
developing countries. Some bagasse is burnt to generate
steam at the factories for the production processes, but
this still leaves the problem of disposing the bagasse
ash (S5CBA). Though the silica is only about 60%=70%
(less than 80% - 90% in rha), there is also 9% alumina,
and 3% iwn oxide; and these in their reactive form can
take part in cement-like setting reactions with lime
or OPC. Bagasse can also be specially burnt in purpose-
made furnaces to produce sSCBA for making cements.
(Meade, 19633 smith, 1992).

In Mauritius research has shown that a 20% - 30%
replacement of opc with CBA glves a useful cement -

which .

strength value/at upwards of 4 months compare favourably

with opc mixes (smith, 1992),
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¢gther uses of bagasse generally are for paper
production, ceilings, wall boards, alpha cellulose,
plastics, aqgricultural mulch and cattle bedding.,

The various component present in sugar cane is shown

in Table 2, (Meade, 1963),

TABLE 2: COMPOSITION OF SUGAR CANF _AND JUICE SOLIDS

NO Constituent paercent (%)
1. water Ccontent 73 = 76
2. solids 21 - 27
’ (i) opry fibre , 11 - 16
{ii) sSoluble solids 10 - 16
3. RBagasse bulk weight
{1} when stacked 1.964kH/m3
(ii) when loosed 1.178k8/m>
2.4 PROPERTIKS OF POZZOLANAS AND POZZOLANIC CEMENTS

2.4.1 oxide Composition: pozzolanas by definition are

siliceous mAaterials, and this implles that they contain
silica in a large quantity. o¢Other necessary oxides for
a reactive porzolana are alumina and Won oxides. The
ingsitu silica is expected Lo be in the amorphous

state, which 1s more reachive than the crystalline
silica, this is the basis for temperabture regulatlon
during the burning of agricultural waste pozzolanas
samikthy, 1992y,  The acTM speclfication for pozzolanas

Is shown in Tabkle 3.
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TABLE 3: ASTM_(618-78 FOR POLZOLANAS
proparcty pozzolanas
(N) i (F) (c)
] - e
Chemical propertiecs
5102 + AIJ2 03 +
-
Fe, 04 (%) 70 70 30
304 (ma- %) ldmo 5.0 5.0
i
Mgo {(max %) H 5 5
1
lLoss on fgnition {10 2 6
physical propertlies
Meisture content (%)! 3 3 3
Fineness (%) on sleve
No. 200 {(min %) 85 85 as
pozzolanic Activity
Index with OpCc at
28 days (%) 75 75 75
pozzolanic Activity
Index with 1ime at :
Todays (M) :"i.fn ! R %5
1 1
2.1.2 Hydration apd gsetting Times - pozzolanas have been

found to genperally reduce slightgthe rate of setting
of opc, but accelerates the rate of setting of lime
{Lea, 1970; smith, 1992). pozrolanic mixes usually
require much longer time hefore they achleve thelr
maximun strength values. The rate of reaction and
strength development of lime-pozzolana mixes increases
with rise in atmospheric temperatures. pozzolanle mixes
praducrs Tower heat of hydration during thelr reaction,

and the heal avolullon at 28 days may be taken as hale

the percentage of substitution made(Leg,l970).



2.7.3  purybility of hydration products: purability i=

the property of the hardened mortar paste or
concrete, which defines its ability to withstand
stresses and cenditions for which it has been
designed, without detorioration, over a period of
time. pozzolanas have the charoacteristic of
combining with the free lime liberated during the
hydration process of opC to produce stable,
inzoluble calcium silicates. This tendency mops
up calcium hydroxide quickly from the hydration
products, and thus reduces the proneness of mortar
or concrete to attacks from sulphalen, salts

and chlorides. pozzolanas also inhibit expansion
resulting from the alkall-aggregate reaction in

concrete works (Lea, 1970),.

2.1.4 Fineness: This 1s an essential physical property
of cements, which affects the affinity it has for
water, and always expressed as the total surface
arca, Cermonting matcrials are expected to grade in
particle size to fine dust, BS sieve No. 200 (75um) .
The activities of pozzolanas are increased by fine
grinding. Most pozzolanas after their calcination,
need to be ground into powder and sieved before usage
(the particles of pfa are already finer than opc).
ASTM specification requires that percentage passing

sieve No. 200 > B85%. (Lea, 1970; smith, 1992).

2.14.5 compreassive strength:  Lime-pozzolana mixes are

known nl e prssena the ultimate strength
required for structural works. However, their

strength values have been proved to be adequate for
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masonry construction.

In blended pozzolanic cements, with partial replacement
of OPC with pozzolana, very comparative strength

values are only recorded after long ages of 4 months -
1 year. with bout 30% OopC replacement with pfa, the
compressive strenglh of concrete may not be adversely
impaired (smith, 1992). mMehta, 1977 reported

strength values of 24.5Mpa for lime-rha cement,

greater than value measured for gpC-sand mortars.

2.4.6 Workabillity of mixes:s Lime-pozzolana mortars are

more plastic than opC-sand mortars, and have greater
ability to accommodate internal stresses within
brickwork. Lime-surkhi mortars are also more workable
and exhibit less shrinkage tendencies, because of

the comparatively slower rate of the hydration process,

generally for lime-pozzolana mixes (pDenzil, 1968).

2.9 TESTS FOR POZZOLANA ACTIVITY

The evaluation of pozzolanas by chemical tests has
long attracted attention. The testing of pozzolanas
is complicated becuase they have no cementitious
properties in themselves, and only develop them when
mixed with lime or OPC. 1In pozzolanic cements

used for concrete works, it is the properties contributed
by the pozzolana at long ages that are important, st
short ages, the influence of OpC is very dominant
especially in determining strengthe In masonry
construction however, the properties contributed by
Phey pocisot.aaeas ol early aqges can be eanlly ansosased -

workability, plasticity, slight reduction in com-

pressive strenqgth,



Tests on pozzolana and pozzolanic cements can be broadly
divided into four groups - analytical composition,

vicat absorption, extraction tests and strength tests.

Analytical composition: This is essentially a desk top,

laboratory investigation in which the predominant oxides
present in a pozzolana are evaluated based on their
percentage composition. The relevant oxides which

enhances a qood pozzolanic activity are the silica,

alumina and iron oxide , ASTM C618=78 specifies a

minimum conteni of 70% for these combined oxides in a

good pozzolana, This Investigation is only an initial
sorting test when considering a limited class of pozzolanas.
A quantitative chemical analysis is carried out, which
involves selective separation and determination of oxides

present in the pozzolana (vogel, 1989),

> yicak Absorption testes This is the oldest test for

pozzolanas, in which the rate of absorption of lime from
a calcium hydroxide solution is measured, According to
Bs 4550, 1970, the underiying prinzipls is that the
pozzolanic activity consists of fixing of ca(on), by

the pozzolana, so that the lower the resulting quantity
of Ca(DH)z in the solutlon, thz high=r the pozzolanicity.
(Neville, 1981). This test gives some limited value in
distinguishing pozzolan:s, but does not glve adequate

guide to thz practical value of a pozzolana in use.

Extraction testse Extractlon with hydrochloric, nitric

or sulphuric acid, or alkali hydroxide and carbonate

solution have all falled to glve resulbls that showed any

relatian between the contents of soluble constituents and



the strength developed by the pozzolana in lime or

cement mortars (Lea, 1970)., Later attempts involving
an initial acid attack followed by an alkali treakment
have been more successful in seperating the actlive and

the inert poat of natural pozzolanas,

Strength tesk-s:  The best assessment of any pozzolana

is the useful s*repngth it develops in blended pozzolanic
cements, or lime-pozzolana cements (Lea, 1970). Feret
at the Brussels meeting of the Intern:tion+l Associatlon
for Testing materials In 1906, put forward a cement/sand
ratio of 1:3; with cement comprising of 1 part lime to

4 parts pozzolana.

Two pozzolanic activity indices are definod by ASTM
standard c618-78 for the measurement of the activity of

a pozzolana - activity with cement and activity with lime,
The activity with cement requires comparative compressive
strengths on 50mm cubes of a 142.75 (OPC; graded sand)
mortar of standard consistency; and of a 111/4:2,5

(OPC: pozzolana: graded sand) mortar. The ratio of the
strength of the second to the first mortar after 28 days
is the pozzolanic activity index (pAI) with cement. For

pfa, the pAI with cement 2 85%.

The pAT with 1lime is the compressive strength of mortar

cube prepated with standard consistency and a cement
compasition of 124 (llme-porzolana), and cements sand

ratio (1:3) evaluated at 7 days (Syed and zZaheerudein, 199Q2).
cgencral strenqgth tests requlre the evaluation of masonry
units of same cement/sand ratio, but varying composition

of cement content {(Lea, 1270).
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2.6 PECENT WORKS ON POZZOLAMNAS

gne of the foremeost works on pozzolanas was by Mehta,
1277, who investigated the properties of cements made
with rha in two forms —= lime-rha contents and opPC-rha
cements., He obtained his ash from an industrial furnace,
ground in a ball-mill and used for the experiment. The
results shows that the strength characteristics of
orC-rha cement were adequate for masonry works; while
lime-rha cements developed lower strength valucs.

(table 4 and Toble 5). His work also revealed the
excellent resiclance of porzolanic cements Lo dilute

organic and mineral acids,.

TABLE 4 s STRENGTH OF MORTAR CUBES MADE FRCM LIME-RHA CEMENTS
(ASTM C10%)

cement composition_ . Compressive strength (mMpa)
Ash__:_ Lime (by weight) _| w/cC _ratio 3 days 7 days
80 ¢ 20 (grounded) 0.50 10.30 24.03
70 + 30 (grounded) 0.65 4,71 ! 14.03
70 + 30 (grounded) 0.70 2445 B.34
75 : 25 (grounded) 0.50 7.55 1.96
70 :+ 30 (grounded) 0.57 4.51 16.48
70 : 30 (blended) 0.77 3.43  } 12.75
Lo i

TABLE 5 STRENGTH OF MORTAR CUBES MADE FROM OPC-RHA CEMENTS
(ASTH C109)

_Compressive strength (Mpa)

cement type 3 days 1 71 _days__
5-30 2.27 45.91
n=50 26,39 39,14
n 70 223 3 .01
OPC (Control) 22,56 32.86
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Toril and Kawamura, 1991, confirmed some Of Mehtads
discoveries. They investigated the effects of fly ash
and silica fume on the resistance of mortars to acid

and sulphate attack. The long term exposure kest

data, eevealed that the replacoments of OpC by pozzolanas
cffoctively improved the resictance of the mortaras ba the
wbkack.,  Diurie ot a}, 1996 contributed to the sulphate
recisking ability of rovzolanas. They used a low quality
fly ash to blend opc (up to 30%), and prepared mortar
prisms with the [ozzolanic cement and contrel cement,

The blended cement was found to have superior resistance
when exposed to agqgressive environment of sulphate and

ammonium ions.

David et al, 1977, evaluated masonry units made with rha
cements in Thailand, adding reactive alumina to enhance
early development of compressive strength. Their results
show that rha could constitute up to 60% of the total
cement in the mix, to produce units that satisfy the
requirements for non-load bearing masonry (Table 6 ).
Theypostulated that to obtain load-bearing strength values,
the specimens would need to be cured for more than 3 days,
Their cost evaluation shows a savings of 34% for the cement

having 60% rha.

In blended pozzolanic cement, the amount of replacement
of OPC made with pozzolana is limited, because excessive
amount will reduce the useful strength adversely, and
increase the porosity of the mixes. Malami et al, 19294
proved This In oo weak coanrded ont Tnvoelving the e ol

pfa, santorin earth and slag as substitutes for opc.
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Their results show addition of 4% pozzolana, 4% and 15%

pfa, 4% and 15% slag did not influence the porosity; but
higher additions did. Day and shi, 1994 investigated

the influence of the finenens of a pollvian pozzolana on the
strength of lime-pozzolana mixes. The results show that
there is a good lincar relationship between the nlaine
fineness of the pozzolana and the strength developed at

all ages. Fineness of a pozzolana was discovered to have

its most significant effect on early strength gain,

Not much traceable work on SCRA is available, but guides
can be drawn from the extensive work on rha, and anther
pozzolanas. Smith, 1992 reported from investigations
carried out on masonry units made with OPC+S5CBA cement,
that a substitution of 20% - 30% pozzolana produces
units that compare favourably in strength with that of
control mixes. For lime-3CBA mixes, he suggests trial
mixes of 1:2 and 1+3 for such cements to be investigated,
Lime-3CBA mixes are expected to produce units that could
meet the requirements of ASTM standards, particularly

for non=-load bearing units. (Table 7.

7 ¢+ ASTM REQUIREMENTS FOR LOAD-BEARING AND MON=LOAD BEARING
RLOCK (ASTM C90-75, ASTM £129-75)

ASTM qugirements (MPa

S ——— e e -.-.-.--—-l-.n-

I
1. Non-=load bearing = individual unit 345
average of 3 units 1.14
2. Load bearing
i) Gcrade N = individual unit S e 30
Aaverange of 3 units 6,90
1) arade 5 = individual unit de 1D

aver-age of 3 units 1 .80

o ————— — o — i — —————— i ——— k& . . ——————
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Baguant and Mohammedbhai, 1990, investigated the technical
feasibility of using 35CBA as a partial replacement for OpC
in concrete. They carriecd out 3 series of experiments wilh
the ash collected - series 1 were control, series 2 involve
total replacement of sand with SCBA, while series 3 was an
addition of a super plasticizer Lo series 2 mixes. The

PAI of the ash was mcasured as 6B%, lower than 75% specified
in ASTM C616-78. The 28 day strenqgth of the ash concrete
varies from half to one third of equivalent control mix.
With the addition of a super plasticizer, the concrete
strength became thrice of unplasticized concrete. (Table 8 ).
Evalualbion of the strength results over a period of 1 year
revealed the strength of the SCBA concrete comparing
favourably with that of the control mix.

TABLL 8 ¢ COMPRESSIVE STRENGTH RESULTS OF MIXES IN THE THREE
SERIES (Baguant and Mohammedbhai 1990)

— —— e — —— —— e ——— i ——— e — —— p—_—

Mix 208 day cube Strength (Mpa)
(For conteol) Fooi sy Toerien 2 | series 3
standard basalt | (3CBA) SCBA + Plas-
sand) ticizer

1:1.33:1.63 62 (0, 11)= 33 (0.11)e 70 (0,29)e
1:1.66:1.95 53 (0.48) A8 (0.48) 65 (0.24)
122.25:2.44 42 (0.59) 21 (0.59) 55 (0.41)
1:2.74:2.74 314 (0.67) 14 (0.67) 415 (0.47)
1:3.76:3,.34 24 (0.84) I 8 (0.84) 35 (0.58)

* vValues in bracket represent the w/C ratios.



syed and zaheerudin, 1992) also carrled out an investigation
to assess the quality of blended pozzolanic cements made
with OPC + SCBA, and OPC + SCBA + lime. Their samples were
collected from the boller houses of two different sugar
mills. The oxide composition and combined silica, alumina
and ferric oxides met the requirements of ASTM C618-78 for
class N pozzolanas (Table 9) « Blended cements were
produced by inter blending OpPC + SCBA and OPC + SCBA + lime,
and used to prepare 50mm mortar cubes of standard cement:
sand ratio of 1:3. Their mix schedule is laid out in
Tables 10 and 11,. The resistance of the mortar cubes
to sulphate attack was also studied, by visual observation
on deterioration of specimens immersed for a period of

1 year in a corrosive medium.

From their results, they saw that pozzolanic reactions

made less contributions to strength at early ages, but

at later ages (28 - 365 days) their contributions are
pronounced. The cement having 30% substitution with

SCBA gave strengths almost equal to that of control specimens.
For the opC-5CBA-lime blend, the best performance was

the blend hoaving A0% replacement glving strength values
comparable with control values. The sulphate resisting
ability of mixes containing 5CBA were found superior to

that of their control counterparts.



TABLE 9 ¢ PHYSICAL AND CHEMICAL PROPERTIES OF SUGARCANE
BAGASSE ASH (SCBA) SAMPLES M & F AND OTHERS IN
RELATION WITH THE REQUIREMENTS OF ASTM C618-78.

Control)

~J
wv

pozzolanic activity]

index with lime at )

7 days, psi (Mpa) hoots.P) 800(5.5) 800 (5.5) 650(4.5) 650 (4.5)
I |

]
___________________ R e i e e vl vt v s i i e e W O s

——————————————— ———*r--w—-r—-—-———-—————-———r—-——————-—r——-———-——~
1
| ASTM C618-78 classes of
) pozzol sna SCBA SCBA
property kM) __ o CF)__y __(C)____|sample-M__sample-F__
1 |
i
chemical properties| ‘
\ r
3102+A1203+F‘8203 ‘70.0 70.0 50.0 '| 71:29 ! 76.33
504 (max %) 4.0 5.0 5.0 |} 1.01 | 0.28
MGO (max %) 1:5.0 5.0 5.0 2.40 1 3.03
Loss on ignition  10.0 2,0 | 6.0 | 5.11 2.52
i | |
physical prcqutb:s} : ‘ l
1 1 ]
Moisture content(%)} 3.0 3.0 3.0 ] 0.86 1 0.58
Fineness % retained }15.0 15.0 15.0 | 4.00 | 12.00
on sieve No. 200 { ' H |
| | :
pozzolaric -u:i'ivit'\,'} : i ]
index with opc at i i
28(days (% of 75 75 : 84 : 84
t \
i 1
i )
l ]

————
———— —————
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CHAPTER THREE

EXPERIMENTATION

In ascertaining the pozzolanic activity of sugar cane
bagasse ash {(370A), various trial tests were iniliated
according to the sprecifications of ASTM c618-78 on
porzolanas. Guldelines 1ald out in similor previcus
works, especially of paguant and Mohammedbhai (1990),
sycd and “aheerudin (1992) and smith (1892) were also
adoplted. pBasic standard testing procedures for sand
and cement asspecified in NISs 11 (1974) and Bs 12 (1978)

were also used for thic work,.

The: investigation was essentinlly iIn two stages, with
the firct being o broad preliminary test on bagasce
whon qround into powder, ind when burnt into ashes,

The second stage was exclusively based on results from
the first and centered on the evaluation of the average
compressive strength of the best mixes at ages of 3, 7,
14, 21, 28 and 60 days, with a testing of a total of

96 prepared specimens. The programme of work is

shown in a flow chart in fFigure 4 on page 30.

SITE SURVEY AND COLLECTICON OF BAGASSE

Bagasse is a bulky material, and is estimated as 25%
of all sugar cane crushed in sugar factories (Meades,
1963)« In Mauritius, a small Indian ocean island,
whose economy is solely dependent on the cultivation
of cane, the average annual yi~ld is S.6x106 tonnes,
(paguant and r-Tf'\ll.-ufauﬁr':Ihlmi, 1990). In Nigeria, cane
is only one of numerous agricultural products being

cultivated to enhance a productive economy; the amount
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of crushed cane yearly at the two factories at pacita
and Human is put at 60,000 tonnes. The full operation
of Lhede foctorles 1s on a seasonal basis at the peak

of the harvest of sugar cane.

Bagasse is used as fuel to railse steam at the sugar
factorices.  rhe resulting ash is used by the Nigerian
local farmers for mulching their cultivated ridges;
the larger amount is discarded as a waste product.
some quantity of ash was collected at the Bacita
factory, and tested in this work. 1In developnd
countries, bagasse has found extensive use for paper
production, ceiling boards, alpha cellulose and cattle
bedding. Attempt is currently being made in Nigeria
to see how bagasse can be used for making ceiling

boards and paper pulp.

The bagasse for this work was sourced within zaria

in Kaduna state. collection spots were opened in

four different centres where cane was available in
large qudntltieq. These are samaru market, near petrol
Station called point 1; near JAWOM Church close to the
railway line called point 23 Hanwa near gano road
junction called point 3 and sabo market near garage
called point 4. These point:s .re marked oubt in

Figure 2 shown on page 32.

BASIC PRELIMINARY TESTS

These tecsts were conducted on the sand and cement used
in this work to ensure complionee with standard require-
ments as laid out in NT15S 115 1974 and Bs 123 1978. The

bagasse centent in sugar cone was also measured, and the
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3.2.2

=P

pozzolanic activity of the factory ash examined,

The sand was tested according to the specification of
NIs 11, 1974, Appendix D2 . 1t was washed, dried and
sieved. The clay content present in the prepared sand
was measured as 3%. The specified maximum allowable

value is 6%.

cement:

The ordinary portland cement (QopPCc) for this work was
produced by Ashaka cement Ccompany, Bauchi.

a) Consistency of pastes The measured water-cement

ratio which gave a consistent paste was 0.32.

b) Setting times: The procedure for this test is

described in N1s 11, 1974. Appendix Be. The results
obtained for both the initial and final setting
times are shown belows
Initial setting time = 1 hour 46 minutes.
Final setting time = 3 hours 04 minutes.
The prescribed minimum initial setting time for opC is
45 minutes, and the maximum final setting time is <&
10 hours. The experimental data are presented in
Appendix Al.

c) sSoundness of cements The procedure for this test is

covered by the 'Le chatalier Method', and is described

in NIS 11, 1974, Appendix ¢ and Bs 12, 1978,

The result of the test, indicate an expansion of 3mm,
Aagainst the maximum specified value of 10mm. The raw

data are presented in Appendix A2.
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d) strength of cement: The procedure for this test

is laid out in NIS 11, 1974, Appendix p and BS
12, 19278, Mortar cubes of cement-sand ratio of
1:3 were prepared and their compressive strength
measured at 3, 7 and 28 days. The results are
shown In Table 12 while the raw data are

presented in Appendix A3.

TABLYE ~ 42: COMPRESSIVE STRENGTH OF STANDARD MORTAR CUBES

cement sand ratio 1: 3

—— D B D - TR oy e oy W — o —— - L ------- ﬂr ----- ---ﬂ'{------ﬂ-—-*
7 i 28
]

i . i e e i e kS

Average compressive
Sktrength (Mpa) 16,15

e e e = e e

|
I

21,53 ! 23,54
. |

—— o — p— ——

Bagasse ash content:

A laboratory investligation was carried out o estimate
the bagasse content from sugar caneg and Lhe ash content
from bagassae. There was no avalliable code which

describes the procedure for such an investigation.

3 samples of cut out cane of weighis 138qg, 1509 and

147g were crushed, and the soluble sugar juice extracted.
The bagasse was Lhen burnt to ashes in an oven seb at
4OD°c. The weights of the bagasse before burning and

the resultlng ash were recorded.

The results are shown in Table 13 . The average estimate
of baganse Trom  cone 1s 307, while the ash content
from bagasse is 2.48%. The experimental data are

presented in Appendix Ad.
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TABLE 13 : BAGA3SE ASH CONTENT

Descriptions samples

[
e . 1 __.2 . 3
Wweight of cane (g) 138,333 150,000 146,667
weight of bagasse (q) 44,000 42,000 43,334
weight of ash (q) 1,000 1,167 1,034

percentage of bagasse in
cane 31.81 28.00 29.55

percentage of ash in
bagasse 2427 2.78 2.38

—— —— —— e i —— — — — —— ————

3.2.4 Test on ractory ash: The qualitative pozzolanic

activity of the ash was evaluated by compressive
strenigth test of mortar cubes prepared with a
cemenl-sand ratio of 1:3. The cement was composed
of a mixture of lime ; ash in ratios of 20;8B0 and

25:75. (smith, 1992; Lea, 1970).

The results of the average compressive strength at
3, 7 and 28 days are presented in Table 14 shown

balowe

TABLE 14 : AVERAGE COMPRESSIVE STRENGTH OF MORTAR CURES
MADE WITH FACTORY SCBA

hement l water/ { Ages of Average Strengbh
Mix }‘:on sumption = Ccemenld } Specimen of 3 test
Description JLime + SCBA! Ratio 1 _(days) specimens (Mpa)
i
Lime,factory | 20 + 80 1 0.46 3 0.50
SCBA 7 ' 0.64
b IS S— .28 .. 0.67 _____
25 4+ 75 1 0.44 3 0.53
) 7 0.67
! 28 0.73
R A 1 ! 1
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The raw experimental data are presented in

Appendix AS.

3.3 BAGASSE PREPARATION

3.3.1 pagasse powder: Attempt made into literature revealed

that there is little work carried out in this area.

A simple mortar and pestel was used for pounding the
dried bagasse into powder form. A salient observation
made during this operation was the sensing of choking
fumes, thus requiring the covering of onets nasal
area. The resulting mass was then sieved out using

the 7§pm sieve (Bs sieve No. 200).

3.3.2 Bagasse ash: A furnace with a regulated temperature

device was used for this operation. The furnace
dimensions are 1.2m x 1.2m x 1.7m, having a chimney at
the top. It is a multiloyered structure made of

refractory bricks.

The chamber was stacked with bagasse, and the firing
operation begins. 1t takes about 40 minutes to fire
up 30001::, and 70 minutes to fire up to 400°%. The
ash was collected after cooling and ground using the
mortar and pestel. The ash was then sieved ucsing

the 75um sieve.

3.3.3 Trial tests on bagasse ash: Trial compressive strength

tests were porformed on the ash obtained at 300°%¢ and
4000c. Mortar cubes of cement-sand ratio of 1:3 were
prepared, with a substitution of 20% of oPC made with

the prepared ash (pwid et al, 1977). The lests were

according to description of N1Is 11, 1974, Appendix p.



The results are presented in Table 153 all cubes

were tested at 3 dayse.

TABLE ' : COMPRESSIVE STRENGTH OF MORTAR CUBES MADE WITH
S5CBA BURNT AT 300°c AND 400°c.

1 ! 1 1 I AVOY age

: | Cement lwater/ ] : strength

Fementl : composition :Cnment ! Age : of specimens
SCBA-Lype sand ratio y SCBA=0OPC atl days ra
ﬁ&@&_-!E____1_-_L_il”__i_i_QQ.9L&____?Bl_,g-_%_i__x_li_ﬁﬂL_l _______
Burnt @ 300%¢  1:3 | 20:80 10.41 b3 4.41

1 I | 1 |
Burnt ® 400°%  1:3 ! 20:80 lo.41 | 3 | 9.60

1
l i i | |
o e -

The experimental data are presented in Appendix A6.

3.4 CHEMICAL COMPOSITION OF BAGASSE

3.4.1 oxide composition: This involved the use of chemical

compounds to determine in a quantitative manner the
main oxides present in the bagasse powder and ash.
The description for this analysis is as laid out by
vogel (1989). The oxide composition of the powder

and ash (SCBA) are presented in Table 16 and Table 17

TABLE 16: OXIDE COMPOSITION OF BAGASSE POWDLR

% of oxide

———— —— e ———— v —— — — — -

Composition

Silican dioxide (310?}

-— -

Aluminium oxide (n1203)
Iron oxlide (F8203)
Calcium oxide (ca0)

Magnesium oxide (Mg0)

sulphale {503)

- e — —— et e e e — .  —  — — — — ———————— T ——— —
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TABLE 17: OXIDE COMPOSITION OF BAGASSE ASH (SCBA)
% of oxide
composition ——m————t— - - [ —————————
1 2 Mean

silicon dioxide (5102) 58.20 59.10 58.65
Aluminium oxide (A1203) B.25 7.64 795
Iron oxide (Fe203) | 457 3.96 4,27
Calcium oxide (ca0) 6.30 6.64 6.47
Magnesium oxide (MgO) 3477 3.95 3.86
Sulphate (504) 1.25' 1.32 1.39
Loss on ignition 5425 5.16 5.21

For reactive pozzolanas like rice husk ash (rha)
and pulverized fuel ash (pfa), a minimum content of
reactive silica of 55% is expected (smith, 1992).
The ASTM C618~78 specify the combined weight of
sillca, alumina and ferrous oxides as 70% for

classes N, F and C pozzolanas.

A desk top assessment of the oxide composition shown
in Tables 16 and 17 revealed a combined value

of 3102, A1203 and pe203
- For powder = 24,53 + 4,35 + 1.98 = 30.86%

Bogue's equations composition: Bogue's equations

give an estimate of the potential principal compounds
present In cement. These compounds are tricalcium

Silicate (c3s}, dicalcium sllicate (czs), tricalcium



29

aluminate (C3A) and tetracalcium alumino ferrite (CAAF)'

rhe equations state:

CyS = 4.07 (Ca(}) = 7.60 (510,) - 6.72 (A1,0,) - 1.48

czs = 2.87 (3102) - 0

CqA = 2.65 (A1,05) = 1.69 (Fe,04)

C4AF = 3.04 (Fe,0,)

« 754 {c35)

substituting the results obtained for the powder and ash

in these equaticons and evaluating; the potential compound

composition compared with standard oPC is shown in Table

18 .

TABLE 1B : BOGUE'S ANALYSIS OF BAGASSE POWDER, SCBA AND

STANDARD OPC

Cementitious compound

——

* does not exist,

absence of C3

computed values %

implies Ca0 is low or non-existence.

s, affects presence of CrSe

-209.46 « 1-482.85» 50.70
228,334 168,33 22.50
8.18 13.85 l 8.60
6.02 12.97 9.40



3.5 GENERAL TESTS ON BAGASSE POWDER, SCBA, LIME+SCBA AND

OPC+SCBA M

IXTURES

3.5.1 Fineness of powder and SCBA:

The ground bagasse powder

and SCBA were sieved out using the BS sieve No. 200,

The results of this test is shown in Table 19..

TABLE 19:

sieve NOo. 200

FINENESS TEST ON BAGASSE POWDER AND SCBA
Bagasse powder SCBA

N T —
pescription ; | 3 1 2 3
------------ - itk 00 | T -
Percentage re- : I
tained on sieve
No. 200 (%) 11.30 10.60 5.85 6.12 5.30
percentage :
passing sieve | !
No.« 200 (%) ; 88,70 89.40 94.15 :93.88 94.70
_______________ _P__ asines oo  — SR ——

: |
Average percen-— | i
tage passing ! 89.28 } 94.24

| 1

i i

—————

—_—

The experimental data are presented in Appendix A7.

ASTM C618-~78 specifies for classes N, F and C pozzolanas,

a minimum percentage passing sieve No. 200 of 85% .

3.5.2

specific gravity of SCBA:

SCBA was measured as described in BS4550:

part

The results are presented in Table 20 below:

TABLE 20: SPECIFIC GRAVITY OF SCBA
samples 2 E 2
specific ;ravzz; ----- 2:60 _L 1.79
Avarage vsius | 1:;5—- o

————————— «-—————————-J

The specific gravity of the

3, 1978.

e —— T ——— W ————— -
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The raw data represented in Appendix AB. The average

specific gravity of most pozzolanas lies between

1.9 = 2.4 (Neville, 1981).

3.5.3 pozzolanic Activity Index (PAI): There are two pozzolanic

Activity 1ndices defined for a pozzolana - tha par with
cemenlk, and thoe pAl with lime, for the asscssment of the
qualitative activity of the pozzolana. Thez PAL with
cement (opC) is defined by A5TM C618-78 as the ratio

of the compressive strength of the test specimenj; to
that of the control specimen measured at 28 days, and
expressed as a percentage. The PAI with lime is defined
as the compresslve strength of test specimen measured

alt 7 days.

The procedure for these tests is described by AsTH ©618-78,

The results of the test are presented in Table 21

TABLE 21 .. POZZOLANIC ACTIVITY INDICES TESTS

Average Average Average
strength of strength of test PAI strength of
control specimens specimens with specimens PAL
@ 28 days (Mpa) (OPC+5CBA) at cement } (LIME+SCBA) !with
28 days (MPa) at 7 days Lime
1_(Mpa) (MPa)
23,07 21.00 91% 4.88 4.88
I i
— --4 ------ . ————— - L------

The experimental data are presented in Appendix A9.
The ASTM specifies a pAl with cement of minimum of 75%,
and PAI with lime of 5.5Mpa for classes N, F and C

pozzolanasa.



3.5.5

v

setting times of t.ime + SCBA Mix: This experiment

was carried oul. as described in Appendix B of NIS
11, 1974, as for standard OPC. The measured times

are stated belows

Initial setting time = 3 hours 55 minutes

Final setting time - 7_hours 05 minutes

b

For pure QPC, the prescribed minimum initial
setting time 15 45 minutes4 while the maximum final

setting time is 10 hours. The experlmental data

are presented in Appendix A10.

soundness of Lime + SCBA Mix: The Le chatelier

.apparatus was used for the evaluation of the
soundness of the lime + SCBA (0.25 4 0.75) mix as
laid out in Appendix p of N1s 11, 1974. The
results indicate an average expansion value

of 3mm for the lime 4+ SCBA mix. The specifled

maximum eXpansion for pure oPC is 10mm.
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The raw data are presented in Appendix All,

COMPRESSIVE STRENGTH TESTS ON BAGASSE POWDER AND

ASH (SCBA)

i) Batching of materialse: The batching of all

mix constituents including cement (OPC), bagasse
powder, SCBAa, sand and water was done by weight.
A weighing scale was employed for this operation
{Lea, 1970 and pavid et al, 1977). All mix

ratios anl proportions, percentage replacements

and substitutions refer to weight measurements.

ii) Layout of mixes: The layout of mixes tried

in his work are shown in JToble 22 and rable 23,
The former is for the preliminary works, while
the latter refer to final strength measurements
of best mixes of lime + bagasse, and OPC +
bagasse. Tables 22 and 23 are as shown on pages

44 and 45.
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TABLE  22% Layout of Mixes for Stage one Work (preliminary)
| No of I
! Ages of Specimens | Total Nn. of
Ratch Mix Proportion specimens | tested at ) specimens
Group Title % by weight (days) each age tested
G1 Cement:Bagasse
A 100 ¢« O
B 100 ¢« O 7
100 ¢ O 28
- —— -” ————— - —— - ——
G2 A 80 ¢ 20 3 9 9
B 70 ¢ 30 3 9 9
——————— - — el — _4 -— - —— —— —— T ——— ————— —
G3 Lime :Bagasse
A 40 : 60 y 9 9
B 33 . 67 9 9
G4 Cement:Bagasse
A 90 ¢ 10 3, 74 28 3 9
B 80 ¢ 20 n 3 L
C 70 ¢ 30 " 3 9
D 75 ¢ 25 " 3 S
€ 60 : 40 " 3 ! 9
F 50 ¢ 50 " 3 9
G5 Lime s:pagasse
A 40 60 3, 7, 28 3 9
B 33 : 67 " 3 9
e 25 ¢ 75 " 3 9
D 20 =< BO " 3 9
Gl Control cubes made of standard opPC + sand
G2 Cubes made of standard OPC 4+ raw bagasse powder 4 sand
G3 Cubes made of lime 4+ raw bagasse powder 4+ sand
G4 Cubes made of standard OPC 4+ bagasse ash 4 sand
G5 Cubes made of lime . bagasse ash + sand
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iii) consistency of mixes: The water-cement ratio

required to make a consistent cement paste for the
various mix proportions of OoPC + bagasse, and lime
+ bagasse cemenis were determined. The results of

the OPC + SCBA mixes are shown in Table 24 (see

page 47 Yo

iv) Curing medla: The test specimens prepared were

initially cured in water, moist polythene and

damped cloth at the preliminary stage. Subsequently,
all test specimens were cured in water, as the

best compressive strength results were obtained for
cubes cured in water, over the other media. works
by pavid et al (1970) and syed and Zaheerudin (1992)
attest to the superiority of water for curing

pozzolanic cements.

v) pensity of test specimens: The mass per unit
volume of all tested unitks were measured.  The

results (Table 25 ) show that specimens made with
the bagasse powder, weighed lesser than those

of the ash (SCBA). Table 25.

vi) Compressive strength measurementss The compressive

strength of the masonry units prepared, were measured

according to the specificatlions laid out in NI5 11,

1971, Appendix pe  The units were 70.6mm x 70.6mm
_ - mnrtar rubes
x 710.6mm / and the cementssand ratio was
1:3.  The comont composiflion of th various mlixes vary

as shown in Table 22 , both for the OpC + bagasse

cement, and lime 4 bagasse cements. The OPC + baigasse
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TABLE 25 : DENSITIES OF TESTED SPECIMENS

fi ! .
pescription patch Cement Composition (%) Average density
of Ggroup Title (OPC+LimesBagasse) {KN/m3)
i
]
control |1 100 + 0 + O 21.26
______ ——— ORIy R —
0PC + raw | 2A i 80 + 0 ¢+ 20 14.56
bagasse !
powder 28 i 70 + 0 + 30 14,95
__________ : o e e i e —_— e
. |
Lime 4+ raw i 3A I 0 + 40 4+ &0 18.28
hagasse ] |
powder t3p O+ 33 4 67 18.16
-_E-""""“"'-“’"""-“'"'r"'-—"“‘"'ll' “““““““ S ——— v i "_i""""‘ ““““““ ———e——— ———
OPC + bagasse 1
ash (5CBA) 4A 90 + 0 + 10 21.83
4B B0 + 0 + 20 21.68
| 4c | 70 + 0 + 30 21.88
.Z" '
g } AD E 75 + D o+ 25 21.79
4E 60 + 0 + 40 21,72
4F : 50 + 0 + 50 20.63
]
—————————— —pe— -+ - - o e e e
Lime ; bagasse
ash (3CBA) =5A : 0+ 40 4+ 60 21.45
b | 1
b 5B ! 0+ 33 4 67 20457
! 5¢ 0+ 25 + 75 20,70
I. ‘
%' 5D 0+ 20 + 80 20.73
! U - PR ——

—

oo P e — ST T
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cement was obtained by substituting some proportion
of OPC with the prepared bagasse, to obtain a
blended portland-pozzolana cement; while the lime 4
bagasse cement was a direct blend giving a lime-

pozzolana cement.

The final evaluation of the best mixes of the portland-
pozzolana cement, and lime-pozzolana cement at 3, 7,
14, 21, 28 and 60 days was then carried out. This
involved the preparation of 96 test specimens, and

the testing of B specimens at each corresponding

age. Results from the preliminary and final works

are presented in Tables 26 and 27,
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OF TEST SPECIMENS FOR STAGE ONE

TARLE <5  AVERAGE COMPRESSIVE STRENGTH
[ WORK (PRELIMINARY)
i L
i Avarage
Compressive
Group/l Cement composltlon Age of Strength from
M1 x natech (%) w/c (days) 3 test specimen
pescription ] Tltle orciLimeinagasoe Ratlo ) specimens (Mpa)
! 1A W0 4 U 4 0 3 16,15
- eankrel 1n 100 4 0 4 0 0.40 7 +21,53
1c 100 + 0 + 0 28 23,54
OPC & raw 2A BO 4 0 & 20 0.62 3 0.17
bagnase 4
powder an T0 4+ 0 & 30 0.67 0.18
- ——— - - ——— - =1 -
Lime & row EVY 0 % A0 & GO .78 0.16
baganse 7 0.85
! powder s 04+ 33 4+ 6 . 0.11
| -
: an 90 4 0 + 10 0.41 3 14,78
I 7 19.59
28 21.53
| 4p 80 + 0 4+ 20 0.41 3 10.43
y 13.78
oprc + bagassna 28 20.33
L ash (5CBA) o =
| ac 70 4 0 4 30 0,42 3 7.69
i 7 11.43
I 28 18,93
Ap T 2 D & 25 V.42 3 B.49
| ) 7 12.10
) N - 2B 20,26
A Lo o, 0O 4 40 D41 k| G.69
| 7 10,63
i - e | 28 14,98
iy 50 + U & 50 U4 i 6402
7 9.70
! B - 4 20 12,44
[ 5A O+ 40 + 6O 0,41 3 1ad?
| ) 7 1.74
; 28 1.94
| B 0 ¢ 33 4 67 0,42 3 el
-
| ?3 2.14
Lime & 5C U+ 25 & 75 De.a4 k| 4.608
3agau?a 7 4.48
A
(5ce 28 6.29
5D 0 4 20 ¢ BO 0.46 3 4.08
17 4.14
28 5.02




5|

51

TABLE 27 : AVERAGE COMPRESSIVE STRENGTH OF TEST SPECIMENS
FOR STAGE TWO WORK (FINAL)

EAVPrnge
Group/ lCement composition \Age of | compressive
Mix Batch (%) w/C (days) }strength from
pescription i1Title j10PC+LimesBagasse ratio ispecimens | B test

Sspecimens (Mpa)

! ‘ ! . .
i : : 3 7.07
: : { 12.04
OoPC + Bagasse 1 "E 1 - 1 -
: ! = 21 ! 15.08
1 1
! E : i 28 : 19.01
) 1 ) 1 60 1 22.57
1 ] ] ]
o wicha R I . S
= | 4 3
] : | ;
' i 3 i 5.04
: = 7 = 6.27
Lime | } : 1 } ’
Bagasse ash 1 5C O+ 29 % 715 1 0,44 1 14 | .97
(5CBA) . \ i i 7.2
| } : 21 : .20
i { I 28 : T7.48
H : : 60 | 7.96
] ] 1 !
1 1 ] |
| ] 1 |
L [ T R S—— N | N
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CHAPTER FOUR

DISCUS3IION OF RESULTS

PHYSICAL PROPERTIES OF SCBA

Filneness of SCBA: The percentage of SCBA passing

sieve No. 200 (75um aperture) was measured as
94% (Appendix A7). ASTM C618-78 specifies

minimun percentage passing sieve No. 200 as 85%.

The finer the particles of a pozzotana, the more
the available surface area with lime or OPC, and
the more reactive it will be., It is required that
pozzolanas be ground to at least cement fineness
( 75um) or even finer (approachlng 50um), when
used in blended cement mixes, (Barkakati.

et al, 1994; Lea, 1970),

Specific qravity of SCBA:s The measured specific

gravity of SCBA is 1.%92 (appendix A8). The
specific gravity of most pozzolanas is between
1.90 to 2.40, as against 3.1 for OopPC, (Neville,
1981). This result for the sCBA shows that it
has an absoclute solid volume of about 38% greatef
than that of an equal weight of (PC.

It 1s generally agreeable amcng researchers
(Lea, 1970; smith, 1992; Syed and Zaheerudin,
16923 pavid et al, 1970) that in measuring out
pozzolanas for use in portland-pozzolana cements
or lime-pozzolana cements, the weights of the

makerlal he Laken insboend of the voluwae, ASTH

C311=54T, C109-54 and C340-55T also agree with this.
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5%
Thus, it implies thabt the increased solid volume
due to pozzolana light weiqht, does not have any

significant effect on the compressive strength developed.

consistency of mixese The results of the consistency

tesl for all mixes is shown by thelr water-cement ratlio

in Table 26. The normal pattern of behaviour of pozzolanas
was observed; as the pozzolana content increased, the
required amount of water to make a consistent paste increased.
The water-cement ratlo ranged from 0.40 for the control,

to 0.1445 for the replacement of 50% opCc with sCBA. oGraphs

of water-cement ratio against mix proportions for the
OPC+5CBA cements and limc+SCBA cements 1Is shown in

Figure 3 and 4 respectively.
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1.1.4 3setting times of lime 4 SCBA coments The setting

times of the best mix of lime + SCBA cements was

measured ass fnitial sctting time 3 hroe % minutes

i

Final setting time = 7 hrs 0% minutes

é These values are within stipulated standards for pure
| or¢ in NIS 11, 1974. The speclfied times are 45
minuies {(minimum) for inltial set, and 10 hours
{maximum) for final set. pozzolanic hydratlon reactlons
5 are slower, and there is nend for ample initial tims
and medium for the development of the cementitlous

compounds,

4+1.5 soundness of Limo + SCBA cemenbs  The measured expansion

of the bast lime + SCBA cement was 3mm (Appendix aAll), which
13 less than the prescribed maximum of 10min far pyece OpC.
Lxcessive expansion of ¢ement usually leads to Lhe
development of cracks on rendered surfaces, and this 1o

; undesirable in masonry works. The laow expansion can

also be attributed tu the complote absence ol gypsua,

which is usually responsible for the flash setting in orc.

4,2 CHEMICAL PROPERTIES OFF BAGASSE POWDER AND SCBA

4,2.1 Oxide Composilions The silica content of the bagasse

powder (24.53%) and its combined silica, alumina and

tions of ASTM C618-78 for pozzolanas, given as 55% for
silica and 70% for combined silica, alumina and ferrcus
i oxides. These suggest a likely unreactive pbzzolana in

Lhe lrougaiine pawdder o
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The insitu silica of the ScBA of 58.56% is greater than
specified value of 55% by smith, 19923 and its combined
silica, alumina and ferrous oxides of 70. 87% is above

the specified value of 70% by ASTM c618-78. A comparison

of the physical and ¢hemical properties of the SCBA with

ASTM standards 1s made in Table 28,

[P

90 3 COMPARISON OF SCBA PROPERTIES WITH ASTM C618-78

i T

TABI.E
} }
v A3TM C618-78 classes of = Prepared pagasse
] pozzolanas ash
property 1END (F) (C) {SCBA)
i
|
oxides (%) I . |
{
{
~ sio0 +A1203+F6203 {Min) I?O 70 70 70.87
i
503 (max) ;4.0 5.0 5.0 1.39
[
MgO (maX) }5.0 5.0 5.0 3.86
|
~Less on ignition (max) 10.0 2.0 6.0 5.21
1
Physical property ' }
I
Fineness % passing I
sieve No. 200 (min) @5 85 85 94
.
pozzolanic activities
l
With opC at 28 days (%) 75 75 75 91
Wwith lime at 7 days (MpPa)1 5.5 5.5 3.5 4.88

———
e i e AT T T

| | 46365
The sulphate content (303) of 1.,39% is loker than 5%
specified. The magnesium oxlide of 3.86%, which 1is
higher than the sulphate is lower than specified value
ol S%.  The loss on bgnltlon, which 1s indlcalive of

total carbon content was measured as 5,21% 185 lower



than 10% and 6% spocified for classes N and C pozzolanas,

s5yed and zaheerudin (1992), obtained a loss of ignition

of 5.11% and 2.52% for 5CBA. Thus the tested 3CBA can

be classified as ither a class N or C pozzoland. The

low sulphur contenl implies a good soundness (low expansion)
for the pozzolana mixes. The loss on ignition is a measure of
adul teration of cement (i.e. the cement reacting with moisture
in the air) or unburnt carbon present. A value of 5.21%
obtained for the sSCBA though somewhat high (may be attributed
to some little untidiness during the burning operation,

and exposure of burnt material to air) clearly meets the

ASTM class N requirementse.

A comparison of oxide composition of SCBA, bagasse powder
and typical opC is made in Table 29,

TABLE 29: COMPARISON OF OXIDE COMPOSITION OF SCBA, BAGGASE
PONDER AND OPC.,

Bagasse

composition SCBA powder OPC
SlO2 58B.65 24 .53 23.90
51203 7.95 4.35 1.50
Fezo3 1.27 1.98 3.11
cao 6e47 2.71 64.10
mMg0 3.86 1.64 0.79
303 1.39 0.70 2237

This table clearly shows the low content of calcium oxide in
the pozzolana (against the abundant presence in opC) which
makes it difficult for the pozzolana to develop cemetitious
compound on its owne The need for lime or its compound to

go into reaction with the pozzolana is herein buttrensed,
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Bogue's Analyslis: Analysing the oxide composition

using the pogue's empirical eguations gdve the-
results shown in Table 18 with a tricalcium
silicate (C,;8) valuesof -~209.46% and ~482 ,85%

for the bagasse powder and SCRA respectively. The
computed value of dicalcium silicate (CZS) was

228.33% and 168.33% for the bagasse powder and

SCBA »

Thls analysis reveals the absence of tricalcium
silicate (C35) both for the bagasse powder and
SCBA. This implies that these materialé on thelr
own are incapable of developing any cementitious
propérty, which confirms the.AsTM definition for
pozzolanas. This explains also the need for the
pozzolanas to be added to lime compounds. The
early strength developed by OPC is entirely due to
the presence of C,5, and its absence means no
tangible strength value can be obtained (Chong,
1977). The absence of C4S will likely affect the
functional presence of C2s (dicalcium silicate},

because they are related in the equations.

The last two compounds tricalcium aluminate (C3A)
and tetracalclum alumino ferrite (C4AP) are not

known to produce 'high strength value in Ceme"t5{2;19%9

pozzolanic Activity Indices: The poj,zolanic Activity

Index (PAI) 1s a measure of the potential activity
of any suspected pozzolana. The PAI of the SCBA

was measured with cement and with lime. The PAI

with cement obtained was 91% greater than 75%
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specified by ASTM C618-78 for classes N, F and C
pozzolanas. BS 3892, 19265 specifies a pPAI value
of 85% for pulverized fuel ash (pfa) for use in
concrete. The pPAI with cement of 91% for the

SCBA shows that the material is very active and
can effectively be used as a replacement for OPC

in masonry or concrete constructione.

The PAI with lime is a much more relevant property

of any pozzolana for use in load bearing or non-load
bearing blocks. The measured value of 4.88 mpa

is slightly lower than the specified value of 5.5MpPa.
This value however meeb the requirement of AsTM for
non=load bearing units and load bearing grade '5?
unitse. (ASTM C90-75 and AsTM C129-75)., It may be
added here, however that according to AsTM C€311-77,
neither the pal with QPC or the PAI with lime should
be taken exclusively as a measure of the quality of the
pozzolana, hence the need for compressive strength
tests of mortar cubes. Again, it is the property
contributed by the pozzolanas at longer ages that are
most desirable, particularly its resistance to salts,
acids and sulphates (Mehta, 1977; pjuric et al, 1996;

Torii and Kawamura, 1994).

COMPRESSIVE STRENGTH TEST

The compressive strength of tested mortar cubes i3
the final indicator of the quality of any cement. The

strengbth ot mortar depend:s on the coheslon ol the cemend
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paste, its adhesion to the aggregate particlesy strength
of the aggregate itself and to some extent on the water-

cement ratio.

The results of strength development for all mixes tried,

from tested mortar cubes are given in Table 26 (Chapter three).

The Compressive strength of the ground bagasse mortar cubes
measured, were extremely low, and do not in any way show

any trace of good pozzolanic properties. glther when the
powder was substituted as a replacement for OPC, or when
used directly with lime, the compressive strenth obtained
was generally lower than 0./5 Mpa (far cry from ASTM
C90=75 specification for non=load bearing units of 3.45%5mpa).
This i5 essentially because the particles are in the unburnt

form, containing organic materials.

Thus, it can be conclusively stated that heat treatment plays

a vital role in the production of viable and useful pozzolanas
from aqricultural wastes, as already postulated by smith (1992).
Raw powvdeor contains excessive organic material that would
require a lot of water to form a consistent paste, and also
iphibit the development of a good cementitious compound. Heat
action breaks down the organic materials, liberating carbon
dioxide and water, leaving only the inorganic residues.

The ash left behind has
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been proved in reactive pozzolanas like rice husk ash and
SCBA to contain silica in a large quantity (pavid et al,

19775 Baguant and mMohammedbhai, 1920).

The results of the compressive strength test on the factory
SCBA is presented in Appendix AS5. The strength values
obtained for the mixes tried (20/B0 and 25/75 lime + SCBA
cements of 0.67Mpa and 0O.73MPa) even at 28 days were generally

lower than 1MPae.

According to smith (1992) the main reason for poor activity
of agricultural waste pozzolanas 1s overburning, into the
temperature range that favours the development of crystalline
(}ess reoachive) parkicless This 15 probably responsibie for
the beh;viour of the facltory S5CBA, as it is not known Lhe
temperature at which the bagasse was burnt to raise steam.

At the time of visit, the factory was on produ:btlon recess,
and the thin staff present, could not ylve a sure answer

on the burning temperature within their combustion chamber.

The compressive strength of the prepared SCBA mixes measured
are presented in Tables 26 and 27 (Appeniices 12 and 13).

puring the crushing operation the following observations

were mades

a) FrFailure pattern of specimens - rpailure of a specimen
when loaded can occur in different forms, depending on
the type of load applied to it. oObservations made show
higher shearing angles for the OPC + SCBA cements,
over tha lime ¢ S7RA cementa,  This in probably due

to the strenjth prop-srty of the cements being examined,
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b) pensities of specimens - prom the computed densities

of tested specimens (Table 25- ) there seems to be an
indication that heavier specimens give higher strength
values for both the OPC + S5CBA and lime + SCBA cements.
However, the slope of the density graphs plotted (Figure

5 and riqure 6 ) is very small, showing that there is
not much variation in the densities of the tested specimens

of the OPC + SCBA and lime 4 SCBA cements. The lime 4 SCBA

cements shows a slight increase in densities with

increasing quantity of SCBA.
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c) Specimen colour - The control specimens, exhibited
distinctly their traditional colour of light grey.

The OPC + SCBA cement specimens showed a dark grey colour,
probably indicative of hlgh carbon content. Thelime ; SCBA
specimens showed a similar colour as that of OPC » SCBA
specimens, however there appeared to be a slight
improvement from dark to lighter grey as from ages of

28 days. This can be attributed to the fact that the
pozzolana hydration reactions are slower, and takes a

much longer time for the pozzolanic effects to become

pronounced.

. strength of oPC + SCBA Ccements: The results of the

strength tests on the OPC + SCBA cements (Tdable 2¢ -

group 1) indicate a good performance of the cements, where

amount of suhstitution made s Tecs or equals 0¥ and
a5 from 78 days,. rhe rate of slbirgngth development of
the cemenls 15 shown in Figure 7 . Beyond the 30%

sbustitution, the strength of mixes fall appreciably
below the control values,
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The 28 day compressive strengthdthe cement is
shown in riqure 8, The best cemenl according to
pavid et al (1977) and smith (1992) is that in
which the amount of replacemenl of OpPC made with
SCBA, docs nolk suffer adverse loss of strength
values. A maximum loss in strength of 10% - 15%
(maximum) may be COnsidered,as OPC+SCBA cemenb:s
having these strenygth values at 28 days have been
proved to have about the same strength as control

specimens at age of 1 year (syed and zZaheerudin, 1992).

A check on the 2B-day strength of the OPC + SCBA
(70/30) with strength of 18.93Mpa showed a loss of
20%, when compared with control value of 23.61mpPa.
similarly for the OPC+SCBA cements (of 75/25 and
80/20} computed strength losses with the 28 day
strength are 14,02% and 6.99% respectively. Thus,
the OpPC + SCBA cement with 25% replacement has Lhe

best performance.

gEvaluation of the strength characteristics of this
cement at 60 days, showed that it can achieve up

to 96% of the 28-day strength of control specimens.
(rTable 27 , Figure 9') = the averaqe strength

of the OPC+SCBA cement of 22.66Mpa against 23.61Mpa
for pure OPC cements. It is obvious thus, that

the rate of strength development of the OPC + SCBA
cement is slower, this is the traditional behaviour
of porzolanas, mainly due to a slower rate of

hydration reactions taking place (Lea, 1970).
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The strength development of the OPC +SCBA cement
(75/25), as a percentage of its 28-day strength,
shows a slightly steep formation (rFigure 10 ),
At 14 days, about 68% of the 28-day

strength has been developed, at 21 days
the value has moved up to B3%, while at 60 days

almost 120% of the 28 day strength is developed.

strength of Lime + SCBA cementss The results of

the strength tests on the lime;SCBA cements is

shown in Table 706 (group 5). The rate of

strength development of all mixes tried (rFigure 11 )
revealed a better performance of the 25/75 and 20/80

lime + SCBA cements.

LIME/ SCBA

54 25/1%
20 /8
4 °
- 33/G7
29 V 40 /Go
T - T T L
3 7 I 8

=
-» AcEs (DAYS)

FIGURE 11 = OAE"V'sCeA ACAMSY acks o SrECMEN
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The 28-day compressive strength plot for all mixes

showed that only Lthe 25/75 and 20/80 lime.scBA

cenenls have strength values above 4Mpa. (Figure,fz

The best mlx of the limerscBA cements is clearfy
seen from rlgure 12 " i.e. the mix having the
highest compressive strength value, found to be
25/75 mlx. At younger ages of 3 and 7 days, there
seems to be little dlfference between the strength
of the 25/75 and 20/80 lime+sCBA cements, but at
older ages of 28 days the 25/75 lime4+SCBA cement

gave higher strength values.

The development of strenqyth the llmei+SCBA cement
[ollows a clearly dellned yentle smooth Ccurve with

all points falling appropriately on the lime

(Flygure 13" "), The strangth developmoant as a



F

e
1

i

M
. -

-» COMPRESSIVE STRENGTH (MPa)

*

. 37 % % a8
= -+ AGE (DAYR)
L]

E BA MIX
F IEURE ]3 -fgﬂ:ﬁﬁi‘gﬂm%ﬂf‘;'gmfess/m LIME + SC

1o
a3

;

L

5

t

—» PERCENTAGE OF 28 DAY COMPRESSIVE STRENGTH

T = o e o e

e ¥ L] T
21 28 45 G

-» Ak (bAYs)

W
4

FIGURE 14 — SoneTr REZIQRAsdl S5 W Smallars ™



i

percentage of 28 day strength (Fiqure 14 ) shows
that at 14 days, the cement already has achieved
about 93% of its 28 day value. The increase or gain

of strength as from 21 days is very gentle,

The average measured strength of 7.5Mpa at 28 days

(rable 27 ) is much higher than the ASTM C90-75 and

ASTM C125-75 values for non-load bearing and load-bearing

masonry units (Table 7). This again shows that

at longer ages lime-pozzolana cements develop strength
values sufficiently high enough to serve load-bearing
purposes, and thus require more curing time.

(pavid et al, 1977).

COST EVALUATION OF MIXES

The relative costs of the various mixes used f[or the
production of the tested specimens were evaluated.
The aim is to estimote and confirm the costs of such

units, and compare with the cost of control specimens.

The rates used for costing the materials were collated
locally from dealers on the materials. It was only
the rates for the s5CBA that was obtained from a

liason office of the Numan plant at Kano. The
evaluation of the units is presented comprehensively

in Table 30 .

As expected, the control mix of 100% OPC with no
substitution huas the highest cost of 24.080 units,
ar

The mix having a 25% replacement of opc with ScpA,

has a savings of 15.74% with a cost of 20.289 units.
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The 50% replacement of opc with sSCBA, has the lowest

cost of 16,492 units;, i.c. savings of 31.51%.

the Lime=-sCBA best mix of 25/75 has a cost of 20.890
units which is about 13.25% savings or B6.75% of
control cost per unit.  The 20/80, lime-5cpA whose
strength values compare favourably with standard values
for non=load bearing masonry has a savings of 23.21%

with a cost of 18,191 units.

wWwith these figures the savings made by substituting
SCBA for OPC for use in structural masonry construction
of 16% approximately is commendable and can be improved
upon by intending users of the blended OPC+SCBA cement.
Greater savings can be made by sourcing for cheap er

sources of SCBA which is a bit expensive locally.

The lime-SCBA mix giving a savings of 13.25% (25/75 mix)
can also be improved upon economicallye. The cost of
each unit can be brought down, if the cost of the lime
is reduced -~ thus intending users and producers of
lime-SCBA cement have to source for cheap lime,

probably directly from the lime manufacturers. This
will automatically bring down the cost of the cement

and encourage builders to buy the cement.

From this work, the savings made have not been so
conspicuously large, but are nonetheless pointers, that
cheap er cements can be made by using pozzolanas in
blended porsolanle coments or Time—-poszolana mixen,

savings of 13.25% and 15474% are good enough, considering
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several units of blocks that are usually required for

large projects.

AVAILABILITY OF BAGASSE AS RAW MATERIAL FOR POZZOLANA

CEMENT

The bagasse content obtainable from cane in this work
is 30%, and the amount of SCBA from bagasse is 2.48%
(Appendix A4). In Mauritius, a small Indian ocean
country whese economy depends solely on sugar cane,
it is estimated that about 20,000 tonnes of sSCBA is
produced every year. This represents about 0.3% of
cane crushed, or about 2.8% of the dry weight of

bagasse (Baguant and Mohammedbhai, 1990).

Thus, it can be stated that even though there ls large
quantity of bagasse, the obtainable SCBA is small.
However, the avalilable SCBA cannot be looked at in
isolation, but in conjunction with 1its performance

in pozzolana cements produced from it, either portland-
pozzolana cements or lime-pozzolana blend. Results
from this work shown in Table 26 (Appendix 512)

has proved that SCBA is a good replacement for OPC

in blended pozzolanic cements. when the percentage
substitution is £ 25%, the resulting cement gave
masonry units of comparable strength values with
control specimens (maximum loss << 15%). similar

results were obtained by syed and Zaheerudin, 1992,

For lime-pozzolana mixes, with a ratlo of 25:75,

strength of masonry units tested are clearly satisfactory

for non=load bearing blocks. The compressive strength
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at 3 days of S.04Mpa, is higher than 3.45Mpa specified
;i by A3TM C920-75 snd AsTM ¢129-75 for non-load bearing
blocks, and 4.80Mpa spucified for grade ts' load

bedring blocks (T._}blr;- 51 ) .

TABLYE 31 . COMPARRISON OF STHEHGTHS OF TESTED MASONRY UNITS
OF LIME+SCBA

[ —.

Average strenygth of ASTH reguiremeants
test specimens at

3 days (MPa)

Non-load bearing 'Grade 15 load-

hlocks bearing block
\ I
Eg S.04 Individual Individual
¥ wmit - 3.40MPa {unit - 4.10MPa
}

Average of Average of
3 units - 4.14Mpal 3 units - 1,80MPa

For prospective manufacturers within Nigeria, the present
éultivation of cane seems to fdavour a seasonal production
for a start. As the cemenlbs find wider acceptance, there
will be an expanslon in the cultlvablon of cane and thus

more avallable SCBA as raw material for the cement

production.

i?-

[

|
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CHAPTER FIVE

CONCLUSIONS

The following conclusions can be drawn from the results

of this investigation on the possible uses of sugar cane

bagasse ash (SCBA) in blended cements having various

proportions of QpC 4+ SCBA, and in conjunction with

lime as a lime-pozzolana cement mixs

1.

2e

3.

The physical and chemical properties of 3CBA are
satisfactory and conform to the requirements of

ASTM C618-78, class N pozzolanas in flneness,
specific gravity and oxide composition.

The pozzolanic Activity Tndex (PAIL) with opcC,
determined as 91% is greater than 75% prescribed

for ASTM class N pozzolanas., This is also indicative
of a good pozzolanic activity. However, the PAI

with lime of 4.88Mpa, is slightly lower than the
5.5Mpa value stipulated by ASTM standard.

The strength development characteristics of the

SCRA pozzolana when used in blended cement with

OPC, indicate that during the first 21 days of
hydration, pozzolanic reactions did not make mmuch
contributions to the strength. The compressive
strength values of the tested specimens of the
various replacements of OopC with sSCBA, showed
differing strength values at early ages. However,
the evidence of pozzolanic activity is more pronounced
as from 28 days when all the mixes containing £

30% SCBA aave strenqth values which compare favourably

with control specimens. Thus, It can be stated
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that blended mixes of OPC + SCBA (having OPC content >
70%) can be used for load bearing constructional purposes

Generally, for both the blended cement mixes of
OPC+SCBA, and the lime-pozzolana mix, the initial
rate of strength development during the first 14
days was high and very noticeable. Subsequently,
as from ages of 28 days, the rate of strength gain
became low, and not very noticeable, particularly
in the lime-pozzolana mixes., This seem to conform
with the traditlonal behaviour of cements.

For the OPC + SCBA cements, there is a direct
relationship between the compressive strength (espe-
clally at early ages) and the amount of the oPC,
with increasing replacement of opC with SCBA, lower
strength values were recorded.

The blended pozzolanic cemenlts of OPC+SCBA, and the
lime-SCBA mixes require a slightly higher amount

of water to produce pastes of standard cement

consistency.

Generally, as Lhe jpozzolana content incrcases, more water
is required to achicve a paste of standard coansistencye.

This is indicative of the pozzolanic mixes requiring
more moist condition for effective strength
development. (pavid et al, 1970).

Lime+SCBA (25/75) cement gave masonry units having
compressive strength values 7 5.04Mpa as from

3 days, which clearly meets the conditions of

ASTM standards for non=load bearing units (3.45Mpa

and 4. 11Mpa), and even grade '3' load bearing values



rd 4

8. The best curing medium for pozzolanic cements
containing sCBA is in water, All tested specimens
cured In water gave better results compared with
those of same mix proportions cured in other

mediums. This conflrms early assertion by Lea (1970).

9. pPretrial experiments on temperature
of burning bagasse in a furnace, shows that
temperature of 400%: gave good SCBA, used for this
work. Lower burning temperature of 300°¢ gave SCBA

which exhibited poor activity.

10. The need for burning agricultural wastes to produce
reactive poz2zolana is established. powder obtained
from the unburnt ground bagasse exhibited no
cementlitous property either in the blended form
with OoPC, or in lime-pozzolana mix. Thus 1t can
be stated that, there is need for heat application
on plant residues, which breaks down the hydrocarbon
materials, expelling carbon dioxide and water.

The ash residue left behind is what should be
investigated for the presence of amorphous silica.
(smith, 1992).

11. The measured specific gravity of prepared SCBA and
that obtained from the sugar factory gave similar
values of 1.92 and 1.94 respectively. However, the

latter showed very poor pozzolanic action. (Rpaguant

and Mohammedbhai, 19%0).

12. The refjalive conl evalualion of the prepared masonry

units show that pozzolanic cements are cheaper than
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OPC. For the OPC + SCBA (75/25) and lime , 3CRA
(25/75) cements, a savings of 15.74% and 13.25%

were recorded respsctively.

13. There is a Jdire noa! for more cultivation of cane
within the local environment, to produce 3508A cements,

iovel Favours a seasonal

The present produ Lion
produckion af Lhe 5CBA cements, The obtainable SCBA
from the crushaed cane anld bagasase 15 very small (less
than 3%). Apart from increasing the available SCBA

by more planned cultivation, the cost of the SCBA

cement will be brought further down.

RECOMMENDATIONS

Based on the recults obtained from this work and the
experience aequired, the following suggesticns are put
forwards

1. obtain SCBA burnt at temperature range of 400°% - 6507,
Then test the activity of each sample, to obtain a
probable peak temperature for the best pozzolanic
action.

2. Make the lime-35CBA cement into a slurry, and burn at
1450% into clinkers. Grind the clinkers into
cement fineness with andbwithout gypsum. Investigate
the properties of the resulting cement.

3. Investigate the resistance of the sSCBA cements to
salts, chlorides and sulphates.

4. The possible uses of SCBA (especially factory SCBA)
as a filler (replacement for sand) in structural
concrete should be investigated., AlsSo the possible

uses of OPC + SCBA cement in structural concrete
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should be examined.

5. The use of accelerators, plasticizers such as calcium
chloride, and Melment L10 (condensate product of
melamine and formal dehyde) on the rate of strength

development of 3CBA cements be investigated.

All these investigations put together, will form the
basis of a broader and more acceptable judgement and
possibllity of using SCBA as an alternative cement. At the
moment the use of SCBA cements in masonry construction and

especially for non-load bearing blocks 1s established,
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APPENDIX Al: NORMAL CONSISTENCY, INITIAL AND FINAL SETTING TIMES OF STANDARD
OPC PASTE
———————————————————————————————— ’.—.——-—_—-&——-————_-——1-.———-._..-———————-————_———
I i
Paste i E 2
i
Room temperature °C 2] 1 27
Weight of cement, g 400 400
Start of operation (time) 9.05 a.m .20 a.m
Water-Cement ratio (%) 32 32
Plunger penetration {(mm) . | 5.9
Starting time (to) 9,05 a.m 9.20 a.m
Initial setting (tl) ! 10.45 a.m 11.12 a.m
Initial setting time (t; - t.) i 1 hr. 40 wmins, ! hr. 52 mins.
Mean time 1 hr. 46 mins
—_——— o o e e e e e o e e e e e o e e e e o e e e e
Final setting (t;) 12:10 p.m 12:23 p.m
Final setting time (t2 - tu) 3 hrs. 05 mins. 3 hrs, 03 mins.
Mean time 3 hrs. 04 mins.
i g i s ret R A Lt S A | RS e ey e e et i
APPENDIX A2: SOUNDNESS OF STANDARD OPC PASTE

Paste 1 2
Initial measurement (mm) 18.60 18.20
Final measurement (mm) 21.60 21.19
Expansion (mm) 3.00 2.99
___________________________________________ i i P i s s i A -l s - i

——— o ——— i ———




APPENDIX A3:

52

COMPRESSIVE STRENGTH OF CUBES MADE WITH STANDARD OPC

AND STANDARD SAND

|

Ages of o Weight of Appea-! Water/ ! Failure | Compre~
Mix composition Specimen Curing cubes (g) rance cement ! load ssive
OPC: Sand (days) medium ratio (KN) ?ltl‘:::r;nth
700 81 16.25
3 710 80 16.05
R 705 81 116.25
Standard:Standard 710 102 20.46
ore sand 7 Water Lghit
715 grey 0.40 110 22.07
! 5 720 110 22.07
720 115 23.07
28 715 120 24.08
715 117 23.47
APPERDIX A4: ESTIMATE CONTENT OF ASH FROM LABORATORY CRUSHEDR CANE
Samples
Descriptions o " L
1 ! 2 ]
Weight of empty pan (g) 75.652 72.212 74,254
Weight of pan + cane (g) 213,985 222,212 220.921
Weight of pan + bapasse (g) 119,652 114,212 117,587
Weight of pan + ash (g) 76.652 73.379 75.287
Weight of cane (g) 138,333 150,000 146.667
Weight of bagasse (g) 44,000 42,000 43,334
Weight of ash (g) 1.000 1.167 1.034
Percentage of bagasse in cane (7%) 31.81 28.00 29.55
Percentage of ash in bagasse (7) 2.27 2.278 2.38
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APPENDIX A6: TRIAL COMPRESSIVE STRENTH TEST ON BAGASSE BURNT AT 300°C AND 400°C

Ages of Weight I Fail- Compre=-
Description | SCBA:0PC ! Cement: | Water- ! speci- Speci- | of ure ssive
of bagasse Cement sand Cement ! men men speci- 1 load stren-
ash (SCBA) ratio ratio (days) colour | mens (KN) th (MPa)
S R B SR S S i ¢ -7 .
740 22 4.41
730 23 4.61
Bagasse dark e o 4
burnt at 20:80 1:3 0.4} 3 grey { 73° & ¥: G
300°C 740 22 4.41
735 23 4.61
740 20 4.01
735 21 4,21
730 22 4,41
7150 49 9.83
760 49 9.83
Bagasse dark
15! 0 10.0
burnt at 20: 80 Lisd 0.41 3 grey 0 ’ oL
400°C 755 47 9.43
kb 760 47 9.47
750 46 9.43
760 48 9.60
i 155 48 9.60
|
APPENDIX A7: FINENESS TEST ON BAGASSE POWDER AND SCBA
Bagasse Powder SCBA
Description
| 2 3 1 2 3
Weight of sample (g)
before sieving
(sieve No. 200) 320.151332.50 315.22 345.70 330.55 338.20
Weight retained
after sieving (g) 36.181 34,15 33.41 20.22 20.23 17.92
Percentage retained
on sieve No. 200 (7) 11.301 10.27 10.60 5.85 6.12 5.30
Percentage passing
. sleve No, 200 (Z) 88.701 89.73 B9.40 94,15 93.88 94,70
Average percentage
passing sleve No.
2000 (%) 89,728 94,24




APPENDIX A8:

Samples
Descriptlons | 2 3
Welght of pycnometer, W, (g) 5506 556 556
Weight of pvcnometer +
sample, Wy (g) b4l 624 635
Weight of pycnometer +
sample, Wy (g) 1644 1630 1639
Weight of pycnometer -+
water, W4 (g) 1600 1600 1600
Specific gravity =
(W2 - W1)
(W, - Wi) = (Wg = Wy) 2.0 1.79 1.98
APPENDIX A9: POZZOLANIC ACTIVITY INDICES DETERMINATION
28 days Average PAT
compressive strength  Wwith
Mix description strength (MPa) (MPa) ement
OPC:SCBA: sand 23.07
13033 23.48 23.07
(control) 22.66
22,07
b3 1 2ud 21.07 21,00 P12z
(tegt specimen) 19.86
7 days compressive | Average PA1
+ X
(1inme % SCAK) sand strenth (MPa) strength | with
{MPa) lime
4.6l
. + A, ¢
i E0 % Qi 8 3 5.02 4.88 4.88
5.02
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APPENDIX AlQ: SETTING TIMES OF LIME + SCBA (25+75) CEMENT

t

t@

? Paste 1 2
Room temperature °C 27 27

| Weight of lime, 9 100 100

: Weight of SCBA, 9 300 300

- Start of operation (time) 8.40 am 9.10 am

E Water—-cement ratic (%) &4 &b

' Plunger penetration (mm) 5.6 5.8

- Starting time (to) 8.40 a.m 9.10 a.m

; Initial setting (tg) 12.33 p.m 1.07 p.m

. Initial setting time (t; - to) 3 hrs 53 mins 3 hrs 57 mins
Mean time 3 hrs 55 mins.

. Final setting (tz) 3.40 p.m 4,20 p.m

j Final setting time (t2 - to) 7 hrs. 00 mins 7 hrs. 10 mins
Mean time 7 hrs. 05 mins

APPFNDLX All: SOUNDMESS QF LIME + SCBA (25 + 75) CEMENY

. Paste | 1 2 3
-

; Initial measurement (mm) 20,50 20,70 19,60

' Final measurement (mm) 23.50 23.68 22.60

i Expansion (nm) 3.00 2.98 3.00

i Specification for OPC < 10 mm
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