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The rate of increase in the cost of construction materials in Nigeria and beyond has bestowed on researchers the
responsibility of seeking ways to reduce the cost of infrastructural development. This paper investigated the effect of
partial replacement of ordinary Portland cement (OPC) with plantain leaf ash (PLA) on the compressive strength of
concrete. 100 concrete cylinders of diameter 100mm and 200mm height cylindrical mould were produced at
percentage OPC replacement with PLA of 0%, 5%, 10%, 15% and 20%, crushed to obtain their compressive strength
value at 7, 14, 21, 28 and 56 days of curing. The result showed that the compressive strength of the concrete cylinder
increased as the OPC replacement with PLA increases till 10% replacement and then started to decrease as the
percentage replacement was increased beyond this point. Empirical models were developed to predict the compressive
strengths of OPC — PLA blended composites using polynomial regression analysis. The model values obtained from
the various equations adequately corresponded with the laboratory values. The results supported earlier researches on
plantain leaf ash as a partial replacement for cement in concrete production and therefore OPC-PLA blended
composite could be good for civil engineering works with good quality control.
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1.0. INTRODUCTION

High cost of Portland cement as against the
need to provide affordable housing for the densely
populated areas of South Eastern Nigeria has caused
researchers to intensify efforts at seeking ways of
reducing the cost of building projects. In a bid to reduce
the cost of building projects suitable and more
affordable materials could be used as partial
replacement for cement to achieve this purpose.
Agricultural  by-products regarded as waste in
technologically under developed societies could be
harnessed in this regard [1, 2]. Assert that
supplementary cementitious materials prove to be
effective in meeting most of the requirements of durable
concrete and that blended cements are now used in
many parts of the world. Pozzolanas aresubstances
containing reactive silica and/or alumina which on their
own have little or no binding property but when mixed
with lime in the presence of water, will set and harden
like cement. They are important ingredients in the
production of alternative cementing material to OPC.
Calcium hydroxide [Ca(OH),] is one of the hydration
products of Portland cement which substantially causes
the deterioration of cement composites. When a

pozzolana is blended with portland cement, it reacts
with the lime to produce additional calcium-silicate-
hydrate (C-S-H) which is the main cementing
compound. In essence the pozzolana reduce the quantity
of lime and increase the quantity of C-S-H. The
cementing quality is enhanced when pozzolana is
blended in suitable quantity with portland cement [3].

Agricultural by-products have been used in the
production of blended cement composites [4].
Successfully investigated the potentials of using
groundnut husk ash as partial replacement for ordinary
portland cement in concrete [5]. Studied the strength of
binary blended cement composite containing Pawpaw
Leaf Ash [6]. Investigated the strength variation of
ordinary portland cement (OPC) - Rice Husk Ash
(RHA) - Saw Dust Ash (SDA) with percentage RHA-
SDA and confirmed their usability as partial
replacement for OPC [7]. Researched on the
compressive strength of ternary blended cement
sandcrete containing Coconut Husk Ash (CHA) and
Plantain Leaf Ash (PLA) and inferred that it could be
used for various civil engineering and building works
where early strength is not a major requirement [8].
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Investigated the properties of blended cement mortar,
concrete and stabilized earth made from OPC and Corn
Cob Ash and recommended that it can serve as
replacement for OPC in the production of cement
composite [9]. Further studied the characteristics of
laterite bricks and blocks stabilized with Corn Cob Ash
as laterite stabilizer for block making [10]. Highlighted
the potentials of Coconut Husk Ash, Corn Cob Ash and
Peanut Shell Ash as good pozzolanas [11]. Successfully
investigated the pozzolanicity of Bamboo Leaf Ash
[12]. Found that sugar industry solid waste such as
Sugar cane Straw Ash has pozzolanic activity derived
from its high content of armophous silica. Some other
researchers have also confirmed the possibility of using
sugar industry waste as pozzolans [13, 14]. Many other
researchers have confirmed Rice Husk Ash a
pozzolanic material that can be used to partially replace
OPC in making cement composites [15-17]. A number
of researchers have also found prospects in using
blended cement made with Sawdust Ash [18-21]
Suggest that soil, climatic and geographical conditions
could affect the physical and chemical properties and
consequently the pozzolanicity of agricultural products.

The aim of this research is to determine the
suitability of plantain leaf ash (PLA) as a partial
replacement to cement in the production of concrete for
use in concrete interlocking tiles using compressive
strength test as basis of assessment.

2.0. MATERIALS AND METHODS
Ordinary Portland cement of Ibeto brand was
used as the hydraulic binder. Plantain leaf was collected
from Umurumgbe in Enugu State. Plantain leaf ash was
produced by incinerating plantain leaf in a purpose-
made industrial incinerator at temperature of between
650°c and 800°c. The temperature was measured by the
use of a pyrometer. The ash was sieved and large
particles retained on the 150um sieve were used for the
research. No grinding or any special treatment to
improve the ash quality and therefore enhance its
pozzolanicity was applied because simplicity and
affordability were of main concern in the research. The
coarse aggregate used for the research was crushed
granite of norminal size 4.75mm obtained from
Abakaliki, Ebonyi State. Fine aggregate used was sharp
river sand collected from Nyama River in Enugu. Pipe
borne water fit for drinking was used for the research.

Moisture content test was conducted to
determine the amount of water present in the fine
aggregate sample in conformity with [22]. The formula
used to calculate the moisture content (w) is shown in
Equation (1).

_ M2-M3
T M3-M1

Where; M1is the mass of the container (in
grams), M2 is the mass of the container and wet sample

(in grams) and M3 is the mass of the container and
oven-dried sample (in grams).

Specific gravity of the various aggregates were
determined in accordance with [23], Equation (2) shows

the formula used to calculate it.

_ D
Pa = —A—(B—C) .............................................. (2)

Where; p4is Specific gravity, A is the mass of
the saturated and surface-dry sample (in grams), B is
the mass of vessel containing sample and filled with
water (in grams), C is the mass of the vessel filled with
water only (in grams), D is the mass of the oven-dried
sample (in grams).

Bulk density of fine, coarse and the compacted
fresh concrete was conducted according to [24],

Equation (3) was used to calculate the density.
w2-w1

P = e, 3)

14

Where; pis bulk density (in Kg/m®), W1 is the
mass of empty cylinder (in Kg), W2 is the mass of
cylinder and sample (in Kg) and V is the volume of the
cylinder (in m®).

Particle size distribution test (sieve analysis)
was conducted in accordance with [25].

A pozzolanicitytest was carried out for the
PLA. It consists of mixing a given mass of the ash with
a given volume of -calcium hydroxide solution
[Ca(OH),] of known concentration and titrating samples
of the mixture against hydrochloric acid solution of
known concentration at time intervals of 30, 60, 90 and
120 minutes using phenolphtaline as indicator at normal
temperature. The titre value was observed to reduce
with time, confirming the ash as pozzolana that fixed
more and more of the calcium hydroxide, thereby
reducing the alkalinity of the mixture.

A slump test was carried out to determine the
workability of the fresh concrete. This was done in
conformity with [26]. Also compressive strength test for
the various cylindrical specimens was conducted in
accordance with [27], the formula is shown Equation

(4).

. Crushing load (N
Compressive Strength = rushing load ()

Cross sectional area(mm?)

A common mix ratio of 1:2:4 (blended cement:
sand: granite) was used for the concrete cylinders.
Batching was by weight and a constant water cement
ratio of 0.55 was used. A mix ratio of 1:2:4 and a
water/cement (w/c) of 0.55 were selected because they
do not constitute the main focus of the research and
they were kept constant throughout the test. Moreover,
mix ratio 1:2:4 is among the most common in concrete
mixes. Mixing was done manually, PLA was first
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thoroughly blended with OPC at the required proportion
and the homogenous blend was then mixed with the
fine aggregate, coarse aggregate also at the required
proportions. Water was then added gradually and the
entire concrete was mixed thoroughly to ensure
homogeneity.

Eighty (80) concrete cylinders of 100mm
diameter and 200mm height cylindrical mould were
produced at percentage OPC replacement with PLA of
5%, 10%, 15% and 20%. Twenty concrete cylinders
with 100% OPC were also produced to serve as
controls. This gives a total of 100 concrete cylinders.
All the concrete cylinders were cured by immersion.
Four concrete cylinders for each percentage
replacement of OPC with PLA and the control were
tested for saturated surface by bulk density and crushed
to obtain their compressive strengths at 7, 14, 21, 28
and 56 days of curing. Average values of concrete
compressive strengths for various curing ages and
percentages of OPC replacement with PLA were
obtained and presented in tables and graphs. Empirical
models were developed to predict the compressive
strengths of OPC — PLA blended composites using
polynomial regression analysis.

3.0 MODEL DEVELOPMENT

The compressive strength of plantain leave ash
(PLA) concrete will be predicted using two variables,
namely, curing age and percentage replacement of OPC
with PLA.

An exponential function model of the form in
equation (5) was adopted for predicting the compressive
strength of the PLA concrete.

Fp= BLEXP(BaX) woeeeeeeeeeeeeeeeeeeeeeee . 5)

F,is compressive strength of concrete (N/mm?)
at a given curing age (Days), x is the percentage
replacement of OPC with PLA (%),5, and 3, are
constants. Applying natural logarithm on both sides of
equation 1 we obtain;

ImFe=InBi+ BoX oo (6)

InF, =Y,InB, = a,andB, = b.
Y =adbx o @)

Through calibration, the constants a and b can
be determined. The exponential function models were
subsequently developed for the curing ages of 7, 14, 21,
28 and 56 days.

F, = 18.69¢000919% .. ®)
Fy, = 24.53e~001103x 9)
F,, = 29.65¢™00125x (10)
FZB = 32.49_0.011396 ................................... (1 l)

F56 = 34.539_0'0099696 .................................. (12)

A more generalized mathematical model
combining logarithmic and exponential functions was
subsequently developed to predict the compressive
strength at any given age and percentage replacement.

4.0. RESULTS AND DISCUSSION

The resultant Plantain leaf ash had a bulk
density of 755kg/m® specific gravity of 1.75 and
fineness modulus of 1.36. .The ibeto brand of ordinary
portland cement (OPC) had bulk density of 1650kg/m®
and specific gravity of 3.13; river sand free from debris
and organic materials had bulk density 1590kg/m? and
specific gravity 2.66 and fineness modulus of 2.80;
crushes granite of 4.75mm norminal size and specific
gravity of 2.77 and water free from organic impurity.
The fine aggregate belonged to zone 3 based on [28],
grading limits for fine aggregate. The moisture content
of the fine aggregate was found to be 14.3%. Although
the quantity of water in the concrete mix has a
substantial effect on the compressive strength, this
effect cancelled out because the same fine aggregate
was used in casting the cubes for both the control (ie
0% replacement) and the various percentages of PLA
replacement of OPC.

4.1. POZZOLANICITY TEST CALCULATIONS
AND RESULTS

Reacting solution

H,SO, + Ca(OH)z—) CaS0O, + 2H,0

Reacting mass
Concentration in mol/dm™3 = 2eacting mass

Molar mass

Determining of Molar Mass
H,SO, =2+ 32 + 64 =98¢
Ca(OH), =40 + (16 + 1) x 2 = 74q.

Determination of Reacting Mass
For HzSO4
Weight of Beaker = 103.4¢g
Weight of Breaker + Acid = 155.69
Reacting Mass = (155.6 — 103.4)g = 52.2g/dm®

For Ca(OH),
Weight of Beaker = 103.4g
Weight of Breaker + Base = 120.8¢
Reacting Mass = (120.8 — 103.4)g = 17.4g/dm®

Concentration of Acid, H,SO, in mol/dm®

Reacting mass _ 52.2
—S DB TER = 222 = 0.5533mol/dm®
Molar mass 98

Concentration of Base, Ca (OH), in mol/dm®
Reacting mass _ 17.4

=% =0.235mol/dm?®

Molar mass 74

For Plantain Leave Ash Solution
Weight of plate pan = 40.8g
Weight of plate + PLA = 53.6g
Reacting Mass = (53.6 —40.8) g = 12.8g
Volume of Water that formed the solution = 25ml
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Table 1: Experiment Timing Table for SDA Solution

30mins 60mins 90mins 120mins
1st 2nd 1st 2nd 1st 2nd 1st 2nd
Titration | Titration | Titration | Titration | Titration | Titration | Titration | Titration
Final burette reading (cm®) 460 460 11.3 23.4 5.20 5.20 43.8 48.0
Initial burette reading (cm°) 10.5 01.00 0.8 13.0 0.00 0.00 38.5 43.8
Volume of acid used (cm” 10.9 11.50 105 104 5.20 5.20 5.30 4.20
Average 11.2cm® 10.45cm® 5.20cm’ 4.75cm®
Determination of the Concentration of the PLA Cg= 0533 x 520 x 1 =0.111 mol/dm®
Mixture 1 x 25
CpVg nB
CV, nA For 120 minutes
Cg= 0533 x 475 x 1=0.101 mol/dm®
Where 1 x 25
Cg = concentration of base
Vg = volume of base The titre value was observed to reduce with
Ca = concentration of acid time, confirming Plantain leave ash (PLA) as pozzolana
Va = volume of acid that fixed more and more of the calcium hydroxide with
nB = molar number of base time, thereby reducing the alkalinity of the mixture.
nA = molar number of acid
i The plantain leaf ash was deliberately not
For 3C0 g\lgu;es pulverized to finer particles. No further grinding or
Cs :% processing was carried out on the ash retained on the
B XNA . L.
_ 0533 x 112 x 1 - 9239mol/dm® 150um sieve that was used for the research. This is an
1 x 25 : indication that a higher value of compressive strength

For 60 minutes

Cg= 0533 x 1045 x 1 =0 223 mol/dm?
1 x 25

For 90 minutes

can be achieved if the particles were finer thereby
increasing the pozzolanicity. The test confirmed PLA as
a pozzolana since it fixed some quantities of lime over
time thereby reducing the alkalinity of the mixture as
reflected in the smaller titre value over time compared
to the blank titre. The compressive strength of the
blended cement concrete produced with OPC and SDA
are shown in the Table 2.

Table 2: Summary of the Mean Strength Result

MIX ID | % PLA | Mean Strength @ Age of Crushing (N/mm?)

7 days | 14 days | 21 days | 28 days | 56 days
Mix 1 0 20.93 | 24.86 30.85 33.80 38.08
Mix 2 5 18.75 | 24.26 31.60 34.69 40.58
Mix 3 10 19.88 | 24.62 32.33 33.05 42.19
Mix 4 15 17.75 | 20.63 26.47 32.70 36.47
Mix 5 20 16.89 | 19.36 25.29 30.34 33.24

Mean Strength Vs Age at Crushing

45

40

Mean Strength N/mm?2
= ~nN ~N w
w (=] w =]

=
o

0% 5% 10%

/\\

-

=—o—7Days
14Days
21Days
28Days

= 56Days

15% 20%

% Replacement of PLA

Figure 1: Graph of Mean Strength Result against Percentage Replacement
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From Table 2, the compressive strength values
of OPC-PLA blended cement concrete composite at all
percentage replacement of OPC with PLA were much
lower than the control values at 7 days, but increased to
become comparable to and even greater than the control
values at 21, 28 and 56 days of curing. This trend is as a
result of the low rate of pozzolanic reaction at early
ages of curing. The silica from the pozzolana reacts
with lime produced as by-product of hydration of OPC
to form additional calcium-silicate-hydrate (C-S-H) that
increases the binder efficiency and the corresponding
strength values at later days of curing.

The 21-day strength value of 5% and 10%
PLA replacement were more than the control value (ie
0% PLA replacement), representing about 102% and
105% of the control strength value respectively. The
28-day strength value showed 103% and 99% for the
5% and 10% PLA respectively. Also the 56-day
strength value showed 106% and 110% for 5% and
10% PLA respectively. Therefore 10% is the maximum
replacement level beyond which the compressive
strength will not be adequate for most concrete works.
Beyond this point, the compressive strength value
began to decline as the percentage of PLA increased. It
can also be observed from Figure 1 that the strength
across all percentages of replacement increased as the
period of curing increased. This implies that if the
samples were cured beyond 56 days, there is a potential
for an improved strength. The workability and density
of the concrete cylinders decreases with an increase in
the percentage of PLA in the mix because the slump at
the control was higher than other mixes. The results
suggest that with good quality control of the concreting
process, up to 10% of OPC replacement with PLA
could be used for general reinforced concrete works.

It can therefore be inferred that the model
equations are suitable for predicting the compressive
strength of concrete made with OPC-PLA blended
cement composite under prolonged curing.

5.0. CONCLUSION

The compressive strength of the concrete
cylinder increased as the OPC replacement with PLA
increases till 10% replacement and then started to
decrease as the percentage replacement was increased
beyond this point. . As the percentage of PLA increased
in concrete mix, the density decreased with the
compressive strength at early ages of crushing.
However, at later ages, the compressive strength
increased up till 10% PLA replacement and then
decreased. There is an increase in the compressive
strength with age irrespective of the proportion of PLA
to OPC in the mix. The strength variation of OPC-PLA
composite suggests that with good quality control of the
concreting process, 10% OPC replacement with PLA
could be suitable for the production of concrete for use
in concrete interlocking tiles. The workability and bulk
density of the concrete cylinders decreases with

increase in the percentage of Saw Dust Ash in the mix.
The model values obtained from the various equations
adequately corresponded with the laboratory values.
This implies that the model equation can sufficiently be
used to predict the compressive strength of concrete
made with OPC-PLA blended cement composite under
prolonged curing.
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