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Abstract— Concrete is one of the materials that are widely
used in construction all around the world. This material is
widely used because it has several benefits such as more
durable, energy-efficient, low maintenance, affordability,
fire-resistance, excellent thermal mass and also versatility.
My research is conducted to determine the properties of
concrete, compressive strength, flexural strength and tensile
strength of concrete, to produce good cementious material
by using banana fiber. Agriculture waste material can help
to increase the strength of concrete. The source of natural
fiber are found in plant and they are readily environmental
friendly and cheap. In addition, natural fiber ash has an
excellent potential to improve the performance of concrete.
In my study, compressive strength test was conducted to
know the strength of concrete with three different
temperatures. Banana trunk is cut layer by layer and bum in
furnace with four different percentage compositions of
banana fiber and fly ash. A total of 12 cubes with 150 mm x
150 mm x 150mm were used to determine the strength of
concrete using banana fiber ash. All this specimens is cure
for 7, 28 and 90 days using water curing method. 0.5% to
2% of banana fiber ash is added with fly ash 0-20% by
weight. The materials use in my study is banana fiber ash,
sand, cement, coarse aggregate, and water. The result
analysis shows, the mix with 10% replacement of cement
with fly ash achieved the maximum value of splitting tensile
strength of 2.4 and 3.2 N/mm2 corresponding to 28 and 90
days of curing periods respectively. It was also concluded
that specimen containing 10% replacement of cement with
fly ash recorded increase in compressive strength of 27
N/mm2& 29 N/mm2 over the control specimen at 28 and 90
days of curing respectively. Specimens with 10% and 20%
replacement of cement with fly ash achieved higher flexural
strength than the plain concrete.
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I. INTRODUCTION

A. General

Concrete is one of the material that are widely used in
construction all around the world. It is used to build tunnels,
buildings, apartments, bridges, schools, rigid roads & more.
This material is widely used because it has several benefits
such as more durable, energy-efficient, low maintenance,
affordability, fire-resistance, excellent thermal mass and
also versatility. Concrete is consists of four different type of
ingredients, that are course aggregate, fine aggregate,
Portland cement, and also water. But concrete has its own
disadvantages due to considerable brittleness, which results
in poor fracture toughness, poor resistance to crack
propagation, and low impact strength. New developments
continue in the application of concrete materials. There are
many researchers used natural fiber as cementitious material

to increase the concrete strength. The investigation has been
carried out using several natural fibers such as, bamboo,
jute, banana, hemp and also rice husk. Nowadays, many
studies had been done to utilize the natural waste as
cementitious material replacing small amount of Ordinary
Portland Cement (OPC). For example, rice husk which have
reactive pozzolanic properties (Elizabeth, 2013). In my
research, banana fiber ash was used as cementitious material
to produced high strength concrete. Banana fiber ash has its
own properties that can be found in stem itself. It has low
density, appropriate stiffness, high disposability, and
renewable. (Mukhopadhyay, 2008). Fibers are broadly
classified into man-made and natural fibers. Man-made
fibers are made from synthetic materials like steel and
natural polymers while natural fibers originate from
vegetable, animal and mineral sources. Presently, the use of
natural fibers in composites is preferred over manmade
fibers due to their numerous advantages, which include light
weight, high strength to weight ratio, corrosion resistance
and other advantages such as biodegradability, low cost and
wide spread availability. According to Rawi&khafagy many
investigations have already been carried out on various
mechanical properties and physical performance of concrete
materials using natural fibers from coconut husk, sisal,
hemp, sugar cane biogases, bamboo, jute, wood and other
vegetable fibers and these investigations showed
encouraging commercial prospects of these new materials
for application in low cost housing construction. It is
interesting to note that natural fibers such as jute, coir,
banana, sisal, etc are abundantly available in developing
countries like India, Sri Lanka, and some of the African
countries but are not optimally utilized. At present these
fibers are used in a conventional manner for the production
of yarns, ropes, mats, and matting as well as in making
articles like wall hangings, table mats, handbags, and purses.
Most of all plant fibers are hydrophilic in nature with a
moisture content of 8.13% due to the presence of cellulose
in cell structure. The most important one is lignin. The
lignin content of plant fibers influences its structure,
properties, and  morphology.  Another  important
characteristic of plant fiber is the degree of polymerization.
Joseph et al. stated that basset fibers like flax, jute, hemp,
knead, and ramie have the highest degree of polymerization
approximately about 1000. With the increase of ash
production, the biggest challenge for disposal ponds is to
provide sufficient capacity and maintain overall stability. To
accommodate the problem, many options are available,
including:
—  Construction of new facilities, which pose a significant
cost.
— Expansion of existing facilities,
stabilization of larger masses of fly ash

which require
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—  Construction of containment spill berms, which may
pose a significant cost; and

— Installation of treatment facilities and application of dry
placement methods,

—  Which may be expensive but allow fly ash to be placed
in larger embankments?

Il. OBJECTIVES

— The general objective of this study is to investigate the
compressive strength of concrete banana fiber as
cementitious to produce high strength concrete with
different temperature. The specific objectives of this
study were:

— To measure the compressive strength of concrete using
banana fiber ash as waste agriculture with various
temperature.

— To measure the chemical properties of banana fiber ash
burning with different temperatures as cement
replacement.

Ill. LITERATURE REVIEW

The purpose of this chapter is to study and analyze the
previous study that has been done earlier through journals,
articles, research papers and also thesis. This chapter will
review more detail regarding banana fiber ash, its
advantages and analyze more valuable information.

A. Introduction to Concrete

Concrete is widely used in construction industry such as
high rise building, bridge, houses, and others due to its
durability. The concrete behavior is strong and durable and
also produces environmental friendly structure. To obtain
environmental friendly concrete, recycling by product such
as fly ash is more economical (Naik, 2008)

B. Concrete Materials

Concrete is the composite material that is compose by
mixing several raw materials such as water, cement, course
aggregate, fine aggregate and sometimes admixture. This
raw material can be found naturally on earth and have
several advantages. According to R.Srinivasan, (2010), the
major material used in construction through the world is
ordinary Portland cement (OPC). 80 to 90 percent of the
total production comes from OPC. OPC was made up from
five different raw materials.

C. Natural Agriculture Waste

There are two processes to dispose agriculture waste
materials. Usually this material was disposed into landfill or
by open burning. These processes were harmful for our
environment because it can lead to air pollution and global
warming Girisha, C. et al., (2012).

D. Advantages of Natural Fibre

Natural fiber ash has its own advantages and disadvantages.
The importance of this natural fiber ash is that it has low
density, appropriate stiffness, high disposability, and
renewable. Furthermore, this natural fiber is easy to recycle
and biodegradable Samrat Mukhopadhyay, (2008).

E. Properties of Banana Fiber Ash

According to Rodrigo C.K et al., (2014), banana fiber ash
can be used to produce concrete and mortar which can be
classified to have cementitious properties. He used banana
leaf as part of component material instead of using banana
trunk. Almost 95 million tons of banana waste was produce
since 2012

IV. METHODOLOGY

A. General

The experimental procedures, material use, preparation of
materials, and apparatus, regarding my research will be
discussed further in this chapter. This research was focused
on compressive strength using banana fiber ash burnt with
different temperatures.

B. Material Used

1) Cement:

For this experimental investigation OPC 43 grade cement
has been used and the cement is tested as per IS 4031- 1988
2) Fine Aggregate:

For the present experimental work, locally available river
sand has considered

3) Coarse Aggregate:

The ratios from 80 mm to 4.75 mm are named as coarse
aggregate. The coarse aggregate from crushed basalt rock,
conforming to IS; 383 is be utilized. The flakiness and
Elongation index were kept well under15%.

4) Fly Ash:

For the most fly ash quality is evaluated on the key
parameters likepozollanic, material retain on 45 micron
sieve, misfortune on ignition and other chemical parameters.
It if fit that to qualify a source of fly ash and all the
examinations showed according to IS should be coordinated
first and key parameters can be striven for each bunch to
ensure an anticipated nature of fly ash.

5) Water:

Water is transparent fluid and also a major constituent of
fluid of the livingthing. In mixing process, water must be
clean from injurious of substances such as oil, acid, alkalis
or other organic material. Portable water, such as water in
wells is accepted to be mix in mortar.

6) Banana Fiber:

Banana fiber is a characteristics fiber. The natural banana
fibre displays some of the important advantages like low
thickness, stiffness and mechanical properties and high
sustainability and disposal

V. RESULTS AND DISCUSSION

A. General

Banana fibers used in this study were extracted from the
stems of harvested banana plants. The specie of banana used
in this study was musa acuminate (Modern banana). The
fibers were extracted by water retting method. Mature
banana pseudo-stem obtained from farm were cut to lengths
of about 500mm and were totally submerged in clean water
fit for drinking for a period of six weeks, after which the
stems were removed from the water, loosened and washed in
a tank of clean water. The fibers were subsequently sun
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dried and further loosened by manual combing. This process
allows for biodegradation of the banana pseudo-stems that
separates the fibers from the pith. The extracted fibers were
later chopped to lengths of 30mm ready for the experiments.
The properties of banana fiber used in this study were
determined and presented in Table 4.3. Fly ash concrete of
grade 25 was designed according to the specifications mix
design method (British method). Fly ash was used to replace
cement at various levels of 0%, 10%, 15% & 20% by mass
of binder. Banana fibres of 30mm length and volume
fraction of 0.5%, 1%, 1.5% & 2% were used in all mixes
being the optimum values obtained by Anowai and Job for
grade 25 concrete.

Batching, mixing and casting were done adopting a
careful procedure. The fine aggregates and coarse
aggregates were accurately weighed first. The required
volume fractions of the banana fibres were computed and
weighed out ready for mixing. The concrete mixing was
done by hand mixing on a water tight platform. The coarse
and fine aggregates were firstly mixed thoroughly, to this
mixture, the required quantity of cement and fibers were
added. These were then mixed to a uniform color. For
mixture in which Portland cement was partially replaced
with fly ash, the fly ash and cement were mixed dry to
uniform color separately.

The required amount of water were weighed and
added carefully so that no water was lost during mixing. The
required dosage of super plasticizers was added in steps, and
then the whole constituents mixed for proper time until
uniform dispersion of fibers was achieved. The moulds were
oiled and filled with the mixtures. Mechanical vibration
using table vibrator was adopted. The top of surface of the
specimen were leveled and finished. After setting for 24
hours, the specimens were remolded and were transferred to
the curing tank wherein they were allowed to cure for 7days,
28 days and 90 days.

B. Properties of Banana Fiber Ash

According to Rodrigo C.K et al., (2014), banana fiber ash
can be use to produce concrete and mortar which can be
classified to have cementitious properties. His used banana
leaf as part of component material instead of using banana
trunk. Almost 95 million tons of banana waste was produce
since 2012. Banana fiber ash can be classified as pozzolanic
material in civil engineering construction with several
benefits such as lower cost and give equivalent reduction to
environmental impact. The banana leaf ash has been proved
to increase the strength of concrete and demonstrate
pozzolanic activity by replacing 10% of banana leaf ash into
the concrete Rodrigo C.K et al., (2014).

The banana fibres were extracted from the stems of
harvested banana plants sourced from farms in Tayu, Sanga
Local Government area of Kaduna State Nigeria. “Dangote”
brand of 43 grade ordinary Portland cement conforming to
used. Standard consistency, initial and final setting time,
bulk density and specific gravity were carried out to
determine the physical properties of this cement and the
results tabulated in Table 4.1. The fly ash used was sourced
from the waste dump. The physical properties and chemical
composition of the fly ash were determined & shown in
table 4.2. The chemical analysis of the sample was carried

out at National Metrological Development Centre (NMDC)
using Energy Dispersive X-ray Fluorescence Spectrometer
(EDXRF). The apparent specific gravity of the fly ash was
2.24, which was less than that obtained for cement. The
loose bulk density and co compacted bulk density of the fly
ash were 1300 and 1418kg/m3 respectively. The chemical
composition of the fly ash is presented in Table 4.2. The
result shows that the combined SiO2, Al203 and Fe203was
90.24% greater than the minimum of 70.00% as such it
could be classified as pozzolana.

The sand used was clean river sand sourced from
Gumo in Toro Local Government area of Bauchi State
Nigeria. The sieve analysis result shows that the sand fall
under zone 1l as stipulated. The fineness modulus, specific
gravity and water absorption of the fine aggregate were
4.87, 2.62 and 0.72 respectively. The coarse aggregate was
sourced from a Satzen Quarry Mista Ali, Jos Plateau State,
Nigeria. The nominal size of coarse aggregate used in this
study was 10mm. The properties of the coarse aggregate
were determined by conducting tests in accordance with the
provisions of [14]. The specific gravity and water absorption
of the coarse aggregate were 2.54 and 0.65 respectively.
Clean tap water conforming to recommendation of [15] was
used. Conplast SP430 (G), superplasticizer that complies
with [16] was used for the study. Banana fibres used in this
study were extracted from the stems of harvested banana
plants sourced from farms. The specie of banana used in this
study was musa acuminate (Modern banana).

The fibers were extracted by water retting method.
Mature banana pseudo-stem obtained from farm were cut to
lengths of about 600mm and were totally submerged in
clean water fit for drinking for a period of six weeks, after
which the stems were removed from the water, loosened and
washed in a tank of clean water. The fibers were
subsequently sun dried and further loosened by manual
combing. This process allows for biodegradation of the
banana pseudo-stems that separates the fibers from the pith.
The extracted fibers were later chopped to lengths of 30mm
ready for the experiments. The properties of banana fiber
used in this study were determined and presented in Table
4.3.

Fly ash concrete of grade 24 was designed
according to the specifications of [17] mix design method
(British method). Fly ash was used to replace cement at
various levels of 0%, 10%, 15% & 20%, by mass of binder.
Banana fibers of 30mm length and volume fraction of 0.5%,
1%, 1.5% & 2% were used in all mixes being the optimum
values obtained by Anowai and Job [18] for grade 24
concrete. The mix proportions of different mixes of banana
fibre reinforced fly ash concrete are presented in Table 4.4.

Batching, mixing and casting were done adopting a
careful procedure. The fine aggregates and coarse
aggregates were accurately weighed first. The required
volume fractions of the banana fibers were computed and
weighed out ready for mixing. The concrete mixing was
done by hand mixing on a watertight platform. The coarse
and fine aggregates were firstly mixed thoroughly, to this
mixture, the required quantity of cement and fibers were
added. These were then mixed to a uniform color. For
mixture in which Portland cement was partially replaced
with fly ash, the fly ash and cement were mixed dry to
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uniform color separately. The required amount of water
were weighed and added carefully so that no water was lost
during mixing.

Re207
Lead Oxide, PbO
Na20e 0.042
Loss on Ignation 2.71 3.0 maximum

Parameter Recorded BS 12 Requirement
Value
Initial Setting Time 78 minutes Mlnlrr_]um of 45
minutes
Final Setting Time 306 minutes MaX|m_um of 600
minutes
Compacte_d Bulk 1440
density
Uncompac_ted Bulk 1280
density
Specific Gravity 3.15
Standard 31% 26%-33%
Consistency

Table 4.1: Physical Properties of 43 Grade Ordinary
Portland cement

. . fly Ash( | ASTM Requirement C
Chemical Analysis %) 618(%)
Silicon dioxide,
Si02 57.10
Aluminium Oxide, 24
Al203
Ferric Oxide, Fe203 9.14
SiO2 + Al203 + .
Fe203 90.24 70.00 minimum
Magnesium Oxide 0.40 5.0 maximum
MgO
Vanadium Oxide,
V205 0.15
Sodium Oxide Na20 0.18 1.5 maximum
Potassium Oxide,
K20 1.23
Titanium Oxide,
TiO2 3.83
Sulphur Trioxide, .
SO3 2.30 5.0 maximum
Chromium Oxide,
Cr03 0.064
Manganese Oxide,
MnO 0.073
Nikel Oxide, NiO 0.025

Copper Oxide, CuO 0.11

Zinc Oxide, ZnO 0.078
RubidFieubn;OOxide, 0013
Strontig;nOOxide, 0.052
Yttrig{rgooaxide, 0.039
ercom;rng)glomde, 0.25
Ruthenlgjung)glomde, 0.46
Osmigrsnoaxide, 0.009
Rhenium Oxide, 0.02

Table 4.2: Chemical Composition of fly Ash

The required dosage of super plasticizers was
added in steps, and then the whole constituents mixed for
proper time until uniform dispersion of fibers was achieved.
The moulds were oiled and filled with the mixtures.
Mechanical vibration using Table vibrator was adopted. The
top of surface of the specimen were levelled and finished.
After setting for 24 hours, the specimens were remolded and
were transferred to the curing tank wherein they were
allowed to cure for 7, 28 and 90 days. The mechanical
properties of the specimens were determined in accordance
with the stipulations of [19], [20] and [21]. To determine the
effect of partial replacement of cement with fly ash on the
alkalinity of fly ash, the Ph of the concrete specimens were
determined at 28, 90 and 180 days of curing in water.

Properties Value
Diameter (mm) 14.00 | —26.00
Density (g/cm®) 0.86 | -112

Water Absorption 0.41
Tensile Strength (Mpa) | 385.00 | — 655.00
Young“s Modulus (Gpa) | 24.50 | —36.00
Elongation at break (%) 1.80 —2.60
Cellulose (%) 55.00 | —64.00
Hemicellulose (%) 1250 | —18.50
Lignin (%) 8.60 — 10.50

Table 4.3: Physical, Mechanical and Chemical Properties of
Banana Fibre

C. Compressive Strength of Banana Fiber Reinforced Fly
Ash Concrete

The compressive strength of the concrete is observed to be
decrease with the expansion of textile sludge. At 10% and
20% the replacement of cement with the textile sludge. This
test is done as per IS 516 — 1999 guidelines conducted on
concrete specimen of size 150 x 150 x 150mm. The samples
which are submerged in fresh water for the following 7, 28,
90 days testing and the samples are kept in dry with the goal
that the water is depleted well to improve the interpretations.
The compressive strength calculate by using formula

FC =P/A
Where
FC = Compressive strength N/mm?
P = Ultimate load KN
A = Loaded area mm?
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Fig. 4.1: Testing on Compressive Strength

The results of the compressive strength of concrete
mixtures are presented in Figure 4.1. The result shows that
there are small reductions in compressive strengths of
concrete as a result of inclusion of banana fibres. However,
there was no record of deterioratiation as strength increased
with age of curing. The compressive strength reduction
could be attributed to increasing amount of entrapped air
voids due to the presence of fibre, which occurred as a result
of difficulty in compaction of fibres reinforced concrete [4].
Nwankwo [22] also reported reduction in compressive
strength in a ternary cementitious matrix reinforced with
sisal fibre. Figure 1 further shows that Banana fibre
reinforced fly ash concrete achieved a slight increase in
compressive strength at 90 days of curing due to pozzolanic
reactivity of fly ash, which reacts with calcium hydroxide
produced in the process of hydration of cement. The
pozzolanic reaction produces additional gel, which reduces
the amount of voids in the matrix.

Observed that at 90 days of curing, compressive
strength 32.57N/mm2 of the mixture with 10% fly ash
surpassed that of the control. Specimen containing 10%
replacement of cement with fly ash recorded increase in
compressive strength of 3.29 and 6.51% over the control
specimen at 28 and 90 days of curing respectively.

Banana Compressive strength
5. | Fibre | FlyAsh (N/mm®)
No com?;;ltlon Com(p:;;ltlon 7 28 30
days | days | days
1 0.5 0 235 | 294 | 3257
2 1.0 10 20.36 | 27.75 | 29.35
3 15 15 16.36 | 23.00 | 25.42
4 2 20 15.25 | 19.35 | 23.45

Table 4.4: Compressive Strength of Banana Fibers
Reinforced Concrete with Varying Fly Ash Content

)

Compressive strength (Nimw s
o

20
0 .. 3 ]

7 days 28 days

Duration

90 days

Fig 4.2: Compressive Strength of Banana Fibres Reinforced
Concrete with Varying

D. Flexural Strength

Flexural strength tests were carried out on 100 mm x100
mm X 500 mm beams on the 28th day using a 100kN
capacity Universal Testing Machine (UTM) apparatus. The
system of loading used in finding out the flexural tension is
two point loading as per IS 516-1959.

Flexural strength F = in N/mm?
Where,
P — Ultimate load applied to the specimen in N | — Length of
specimen between supports in mm
b — Breadth of the specimen in mm.

Fig. 4.3: Testing Image on Flexural Strength

Test Results It was physically observed during
testing that the plain concrete failed suddenly without
warning while banana fiber reinforced concrete specimens
with and without fly ash failed in ductile manner giving
ample warning. The results of the flexural strength of
concrete mixtures are presented in table 4.5. The flexural
strength results indicates that the specimen containing 0.5%
volume fraction of banana fiber and 0% fly ash achieved
flexural strengths of 6.0 N/mm? and 6.5 N/mm? at curing
ages of 28 and 90 days respectively as against 5.0 N/mm?
and 5.5 N/mm? achieved by plain concrete at 28 and 90 days
curing ages respectively. This implies that reinforcement of
concrete 0.5% volume fraction of banana fiber improved the
flexural strength of concrete by 25.0 and 25.5% for 28 days
and 90 days of curing respectively over that of the control
specimen.

Flexural Strength
o | e | ewa :
' . Composition (N/mm
No | composition (%) 7 28 90
(%) days | days | days
1 0.5 0 45 6 6.5
2 1.0 10 4 5 6
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3 15 15 2.5 3.5 5

4 2 20 2 3.2 4

Table 4.5: Flexural Strength of Banana Fibres Reinforced
Concrete with Varying Fly Ash Content

The result also shows that replacement of cement
with fly ash resulted in lower flexural strength at early
curing ages but the strength recovered at 90 days of curing
age. Specimens with 10 and 15% replacement of cement
with fly ash achieved higher flexural strength than plain
concrete at 90 days. It was also observed that at 20% &
greater than 20% replacement of cement with fly ash, the
flexural strengths were lower than that of plain concrete for
all ages of curing. Mohan, Jayabalan and Rajarama showed
that the replacement of cement with 20 and 30% fly ash
reduced flexural strength of coconut fiber reinforced
concrete by 3.2 N/mm? and 28.2% respectively. Rama,
Sadarsana and Sekar also showed that flexural strength of
glass fibre reinforced fly ash concrete was reduced with
increase in percentage replacement of cement with fly ash. It
then follows that high percentage replacement of cement
with fly ash adversely affects the flexural strength of banana
fiber reinforced concrete.

5 8
gE
s =
£ =2
>
p 3 . i)
= 3
i ——
: -
3
P
£
“ P
7 days 28 days 90 deys
Duration

Fig. 4.4: Flexural Strength of Banana Fibres Reinforced
Concrete with Varying Fly Ash Content.

E. Effect of Fly Ash on the PH of Banana Fiber Reinforced
Concrete

The results of pH of Banana fibre reinforced fly ash
concrete specimens are presented in Table 5. The results
showed that the partial replacement of cement with fly ash
by weight resulted to a reduction in the concentration of
OH- ions, which subsequently led to significant reduction of
the pH of the concrete specimens tested. 0%, 10%, 15% &
20% partial replacement of cement with fly ash resulted to
concretes with pH of 12.20, 11.50, 11.20, 11.50 respectively
after curing for 90 days.

It is expected that further reduction in pH will be
recorded with increase in curing age. These results follow
the same trend as that obtained by [4], which showed that
partial replacement of cement with bauxite (pozzolana) at
various percentages of replacement of 10%, 15% & 20%
resulted to significant reduction of pH values of the
concrete. Gram also found that the alkalinity of cement
matrices are reduced by partially replacing ordinary Portland
cement (OPC) with silica fume, fly ash or completely

| 4 [ 1190 | 1220 |
Table 4.6: The pH-Level of banana Fibre Reinforced Fly
Ash Concrete

F. Splitting Tensile Strength  of
Reinforced Fly Ash Concrete

In these proportion conventional concrete strength is
increase when compare to the cement replacement with
textile sludge is decrease. If the textile sludge is not used to
more than 20% strength will reduce gradually.

Split tensile strength = in N/mm?
Where, P = Crushing load in N

d = Diameter of the specimen in mm
| = Length of the specimen in mm

Banana Fibre

Fig. 4.5: Testing image on split tensile strength

The results of the splitting tensile strength of the
tested concrete specimens are presented in table 4.7. The
mix with 10% replacement of cement with fly ash achieved
the maximum value of splitting tensile strength of 3.34 and
3.50 N/mm2 corresponding to 28 and 90 days of curing
respectively. This gave 19.29 and 18.24% increase in
splitting tensile strength at 28 and 90 days of curing
respectively over that of the control plain concrete of the
same age.

Specimen containing 10% partial replacement of
cement with fly ash recorded a slight reduction in splitting
tensile strength at 28 days of curing but surpassed that of the
control by 3.2 N/mm2 after curing for 90 days. 15% and
20% replacement of cement with fly ash resulted in
reduction of splitting tensile strength at all ages of curing.
Which showed that the replacement of 20%, 25% and 30%
of cement with fly ash resulted to the reduction of the
splitting tensile strength. Siddique and Kadri also showed
that increase in percentage replacement of cement with fly
ash resulted in reduction of splitting tensile strength of
concrete. However, the splitting tensile strength of banana
fibre reinforced fly ash concrete increased as curing age
increased due to pozzolanic action of fly ash which resulted
to more densification of the concrete and development of
more effective bond between the banana fibers and concrete.
Study by showed the same trend.

replacing OPC by high alumina cement.

Mix pH-Level/Curing Age (Days)
28 days 90 days
1 12.20 11.50
2 12.10 11.20
3 11.90 11.50

Banana Splitting Tensile
S Fibre Fly Ash Strength
N' . Composition (N/mm2)
o | composition .
(%) (%) 7 | 28 | 90
days | days | days
1 0.5 0 2.6 3.34 | 3.50
2 1.0 10 24 | 25 | 32
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3 15 15 1.8 2.3 2.4

4 2 20 1.6 2.1 2.3

Table 4.7: Splitting Tensile Strength Development of
Banana Fibres Reinforced Concrete with Varying Fly Ash
Content

Splitting Tensile Strength ( NNmm2)

28 90
days

Fig. 4.6: Splitting Tensile Strength Development of Banana
Fibres Reinforced Concrete with Varying Fly Ash Content

G. Water Absorption of Banana Fibre Reinforced Fly Ash
Concrete

The water absorption test results for all the specimens with
and without fly ash are presented table 4.8. It is observed
that banana fiber reinforced concrete without fly ash absorbs
more water than plane concrete. The introduction of 0.5%
volume fraction of banana fiber into the concrete resulted to
water absorption of 5.82 % while the water absorption of the
control concrete is 5.61% at 28 days. Similarly, found that
water absorption of concrete reinforced with 0.5% volume
fraction of banana fiber increased by 16%. This could be as
a result of high water absorption of vegetable fibers.
However it can be observed that the partial replacement of
cement with fly ash resulted in the reduction of water
absorption of concrete reinforced by 0.5% banana fibre.

Partial replacement of cement with 0%, 10%, 15%,
& 20% resulted to water absorption of 5.82, 6.55, 7.20 and
7.30% respectively at 28 days. Control specimen recorded
water absorption of 6.23% at 90 days while banana fibre
reinforced specimens with 0%, 10%, 15%, & 20% partial
replacement of cement with fly ash recorded water
absorption of 4.25, 4.88, 5.80 & 6.23 respectively at 90
days.

Bapana Fly Ash Water Absorption

Fibre - (%)

S. . Composition
composition

No (%)

(%) 28 days | 90 days
1 0.5 0 5.82 4.25
2 1.0 10 6.55 4.88
3 15 15 7.20 5.80
4 2 20 7.30 6.23
Table 4.8: Variations in Water Absorption of Banana Fibre

Reinforced Fly Ash Concrete at Different curing Ages

(=]

-~

o

Water Absorption (%)
[s2]

=S
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Fig. 4.7: Variations in Water Absorption of Banana Fibre
Reinforced Fly Ash Concrete at Different curing Ages

This development is attributable to increase in
density due to the pozzolanic effect of fly ash. Partial
replacement of cement with 10% fly ash produced the best
result in terms of water absorption of banana fiber
reinforced concrete. These results which state that partial
replacement of cement with pozzolanas result to composites
with lower water absorption when compared with
composites without pozzolanas. This implies that partial
replacement of cement with fly ash has a beneficial effect in
banana fiber reinforced concrete with respect to water
absorption.

VI. CONCLUSION

Based on the experimental results obtained, the following

conclusions were drawn:

— Inclusion of banana fibers into concrete reduced the
compressive strength slightly at early age of curing,
however at 90 days of curing increase in compressive
strength was noticed which was due to the pozzolanic
reactivity of fly ash. It was also concluded that

— specimen containing 10% replacement of cement with
fly ash recorded increase in compressive strength of
27.75N/mm2& 29.35N/mmz2 over the control specimen
at 28 and 90 days of curing respectively.

— The results show that replacement of cement with fly
ash resulted in lower flexural strength at early curing
ages but the strength recovered at 90 days of curing age.
Specimens with 10 and 20% replacement of cement
with fly ash achieved higher flexural strength than the
plain concrete.

—  The mix with 10% replacement of cement with fly ash
achieved the maximum value of splitting tensile
strength of 3.34 and 3.50 N/mm2 corresponding to 28
and 90 days of curing periods respectively. This gave
19.29 and 18.24% increase in splitting tensile strength
at 28 and 90 days of curing respectively over that of the
control plain concrete of the same age. Specimen
containing 20% partial replacement of cement with fly
ash recorded a slight reduction in splitting tensile
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strength at 28 days of curing but surpassed that of the
control by 9.12% after curing for 90 days.

— Partial replacement of cement with fly ash by weight
resulted to a reduction in the concentration of OH- ions
and led to significant reduction of the pH of the
concrete specimens tested 0%, 10%, 15%, & 20%
partial replacement of cement with fly ash resulted to
concretes with pH of 12.20, 11.50, 11.20, 11.50
respectively after curing for 90 days.

— Partial replacement of cement with fly ash has a
beneficial effect in banana fiber reinforced concrete
with respect to water absorption. Partial replacement of
cement with 10% fly ash produced the best result in
terms of water absorption of banana fiber reinforced
concrete.

— It can also be used in mass concrete works or we can
say that it may be used the places where high strength is
not necessary.

— Flyash actually lowers the early strength but fluctuates
the lateral strength.

VIl. SCOPE OF FUTURE WORK

This study is conducted to investigate the optimum

temperature and measure the strength of concrete using

banana fiber ash. In addition, natural fiber, ash is an
excellent potential to improve the performance of concrete.

The scope of work mainly focuses on:

— In this research, compressive strength test was
conducted to determine the strength of concrete with
three different temperatures.

— Banana trunk was cut layer by layer and burnt in
furnace with three different temperatures that is 400°C,
500°C, and 600°C.

— A total number of 12 cubes with (150 mm X 150 mm X
150mm) were used to determine the compressive test as
shows in Table 1.1 below.

— All this mixture is cured for 7 days, 14 days and 28
days which will be performed at the concrete laboratory
of Civil Engineering using water curing method.

— 0.5 to 2% of banana fiber ash was use to replaced the
cement by weight.

—  The materials use in this study is banana fiber ash, sand,
cement, coarse aggregate, and water.
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