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Abstract:

Fiber-reinforced concrete (FRC) is a concrete comprising fibrous material which strengthens its structural
integrity. It contains short discrete fiber that are uniformly distributed and randomly oriented. In addition, the
character of fiber-reinforced concrete changes with varying concretes, fiber materials, geometries, distribution,
orientation, and densities. This study examined the physical and chemical properties of MHA as a pozzolana
and grade 40 (control) SCC obtained from series of trial mixes using 0.35 water-cement ratio. Other mixes
were derived from the control mix by replacing cement with 0, 5, 0.2, 0.4, 0.6, 0.8 and 1 % by weight of PPF,
respectively. The research reveals that Polypropylene Fibre (PPF) has been established to be a suitable fibre
for production of self-compacting concrete. It has tensile strength between 300 — 700 N/mm?. Similarly, the
compressive strength of MHA modified SCC can be improved using up to 0.4 % PPF content. However, up to
1.0 % PPF content improves the splitting tensile and flexural strengths of Millet husk ash modified self-
compacting concrete. 0.4 % PPF is recommended for optimum performance in Millet husk ash modified self-
compacting concrete. However, up to 1.0 % could be used in structural members where flexure is important.
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Introductions

In the present time the demand for concrete infrastructure is
directly proportional to the population growth. The quicker
stride for construction increases the need for more
production of cement with unbendable conformability on the
standard specification of the quality of produced cement
The use of self-compacting concrete (SCC) has being on the
increase since its inception in the 1980s because of high and
the ease of production of the final product. The advantages
of SCC have been extensively revealed and publicized in
different research and publications as shown by Almeida et
al. (2010); Mehdi and Ali (2016). SCC are more durable, has
higher compressive and bond strength as compared to
conventional concrete of similar properties (Kapoor, 2012).
Also, SCC has the plus in decreasing labour cost,
construction time, quality enhancement and good finished
surface; these higher qualities SCC make it better than
conventional concrete. Though, SCC depend largely on the
use of more content of cement paste which is associated to a
number of challenge comprising high cost of concrete
material and the production of cement that lead to increase
emissions of carbon (IV) oxide (COz) which has adverse
effects to the environment

On the other hand, SCC is a brittle material with a low strain
capacity. Reinforcement with short unsystematically
distributed fibers can solve a number of of the challenges
related to SCC brittleness and poor resistance to crack
growth. The application of fibers, as reinforcement, can be
effective in arresting cracks at both micro and macro-levels
Oucief et al., (2006). Fiber reinforced concrete is a
cementitious composite material with a dispersed
reinforcement in a form of fibers. Polypropylene fibers can
be divided into microfibers and macrofibers depending on
their length and the function that they perform in the
concrete Julia and Rafat (2021). At the micro level, fibers

inhibit the initiation and growth of cracks, and after the
micro-cracks coalesce into macro-cracks, fibers provide
mechanisms that abate their unstable propagation, provide
effective. The effects of Polypropylene fibre admixed on
characteristics of SCC mixes in fresh state and hardened
state of SCC was studied by (Sohaib et-al., 2016). In the
study, the concrete mixes were added with fibre of 0%,
1.0%, 2.0 %, and 3.0 %. The research reveals that, addition
of fibres has enhanced the passing ability of SSC but on the
other hand, has decreased filling ability and segregation
resistance of SCC. The optimum dosage of polypropylene
achieved by this research was 2% of the cement content.
Cement making industries gives approximately 8.0 % of the
global CO2 emissions (Abubakar et al., 2021; Rodgers,
2018). Moreover, greater intake of Portland cement in SCC
mixes consequently intensifies the heat of hydration and
high autogenous shrinkage (Sabet et al., 2013). Conversely,
the excess usage of cement can be minimized by substituting
cement with mineral additives in SCC and consequently,
lessening of emission of COz heat of hydration and
autogenous shrinkage (Awang et al., 2016).

Several extensive studies on the use of mineral additives
such as rice husk ash (Habeeb and Fayyadh, 2009; Atan and
Awang, 2011; Aboshio et al., 2018) , fine limestone powder
silica fume (YYazici, 2008; Gesoglu et al., 2009; Turkel and
Altuntas, 2009) among few which indicate the potential of
the mineral admixture to yield the needed outcome. To this
effect, the millet husk ash (MHA) an agricultural waste-
based admixture has being used in this research.
Investigations have shown that about 29.851 million tons of
millet is made globally in 2018 and more than 7 % is
produced in Nigeria (IPAD, 2021). Millet is a cereal food
produced commonly in West Africa; particularly Nigeria
being the second largest producer of millet in the world
(Worldatlas, 2017). Largely, about 40 % of the weight of the

FUW Trends in Science & Technology Journal, www.ftstjournal.com

e-ISSN: 24085162; p-ISSN: 20485170; December, 2022: Vol. 7 No. 3 pp. 302 - 310


http://www.ftstjournal.com/

Properties of millet husk ash (mha) concrete modified with polypropylene fibre (ppf). A study on self compacting concrete (scc)

harvested millet is removed as husk from the stalk harvested
(Akande, 2002). Studies into the use of millet husk ash in
concrete has shown that has ash is pozzolanic in nature
(Jimoh et al, 2013) and can be used to substitute of cement
to increase the properties of concrete (Uche et al., 2012). The
findings of Auta et al., (2015) shows that, 10 % MHA can
be used as replacement in normal concrete (NC). Similarly
Jimoh et al., (2013) reveals that up to 10 % MHA can be
used to improve NC blended with lateritic soil. Still, scarce
information can be found on the use of MHA in SCC. Hence,
this research strives to comprehend the effect of addition of
polypropylene fibre on the optimum MHA in SCC.

Materials and methods

Materials

The materials used in this research include: ordinary
Portland cement, fine and coarse granite aggregates, Millet
husk ash (MHA), polypropylene fibres, super plastisizers
and water.

Ordinary Portland Cement

BUA branded ordinary Portland cement, CEM II/A-L grade
425N, commercially available at Rijiyar Zaki, along
Gwarzo road; Kano, Nigeria was used throughout the
investigations.

Fine and Coarse Granite Aggregates

The fine aggregate of clean river sand obtained from
Challawa River, Kano and crushed granite rock obtained
from Rimin Gado quarry site in Kano were used throughout
the research.

Millet Husk Ash (MHA)

The millet husk (MH) was collected from a dump site around
a farmland in Ladanai Village of Gezawa Local Government
Area, Kano State, Nigeria. MH was incinerated to ash with
a locally fabricated kaolin stabilized clay-bricks incinerator
in the School of Technology, Kano State Polytechnic,
Nigeria. The incineration was done at a temperature ranges
from 600 — 700 °C for a period of 4 hours. The incinerator
is powered by kerosene heater and designed to be operated
at temperatures up to 1500°C. The incinerator has a capillary
tube with gate mounted for regulation of flow of kerosene
and burning temperature. The capillary tube is use to draw
the kerosene from a tank into the combustion area.

Water

Potable water obtained from Civil Engineering Laboratory,
Bayero University, Kano was used for mixing and curing of
concretes produced for this research.

Super Plasticizer

Super plasticizer (Conplast SP430) with properties as
presented in Table 1, was used. The super plasticizer is a
chloride free, super plasticizing and water reducing
admixture produced based on selected sulphonated
naphthalene polymers to give water reductions up to 25%
and reduced permeability without loss of workability
(Fosroc, 2014).

Table 1: Properties of Conplast SP430 plasticiser
Properties
Specific gravity 1.20
Chloride content Nil
Air entrainment Approx. 1 %

Colour Brown
Dosage 0.5 —2.0 Litres/100 kg of cement
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Source: Fosroc, 2014

Polypropylene Fibre

Polypropylene fibre (PPF) was obtained from FAS Agro
Sack Ltd, Sharada Industrial Area, Kano, Nigeria. The PPF
with average cross sectional dimension of strand, 3 mm x 0.2
mm and length 30mm was used in this research.

Methods

Oxide Composition of MHA and Cement Materials

The oxide composition of MHA and cement were carried out
at the Chemistry Department, Ahmadu Bello University,
Zaria, Kaduna State, Nigeria using X — SUPRE8000 model
X-Ray Florescence (XRF) equipment made by the Oxford
Instrument Ltd. The test was re-conducted (as confirmatory
test) at the Centre for Dry Land Agriculture (CDA), Bayero
University, Kano using X2 RANGER model XRF
equipment made by BRUKER Equipment. The tests were
carried out in accordance to ASTM C114 (2018).

Specific Gravity

The specific gravity tests on MHA, PPF, fine aggregate and
coarse aggregate were conducted in accordance with BS EN
12620 (2002) using Equation 1. However, the specific
gravity of cement was determine using the procedure in BS
EN 196 - 6 (2005) where kerosene was used as depicted in
Equation 2 and 3 to avoid cement weight lost that could
occur if water is used.

_ (w2-w1)
Gs = (wa-w1)- (w3-w2) (1)
_ (Ww2p-wip)
Gsk = (wap-wip)- (w3p-wzp) " @
Gsc = (w2c-w1p)Gsk (3)

(Wac—wip)— (W3c—w2c)

Particle Size Distribution

The particle size distribution of oven dried fine and coarse
granite aggregates were determined using dry sieving
method. 1 kg and 2 kg fine and coarse granite aggregates
respectively were sieved in accordance with BS EN 12620
(2013) using the set of standard sieves. The mass retained
on each sieve was measured and percentage passing each
sieve was calculated as the differences between the
cumulative percentage mass retained and 100. The particle
size distribution test of MHA was carried out using
hydrometer method in accordance with BS 1377:1 (1990).
50 g of MHA passing 75 um sieve size, mixed with water to
give 1000 ml mixture in measuring cylinder was shake
thoroughly until uniform mixture is attained. The
hydrometer readings (R) were recorded at time interval 0.5,
1, 2,4, 8, 15, 30, 60, 120, 240, 480 and 1440 minutes. The
percentage of MHA particle sizes (diameter) were computed
using Equation 4 and 5.

18nL

~ (Gs-Dgpt “)
__100R’a
p— 100z (5)
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Fineness Modulus

Fineness modulus was determined for the fine and coarse
aggregate in accordance with BS EN 12620 (2013) using
0.15, 0.3, 0.6, 1.18, 2.36, 4.75, 10 and 20 mm set of sieves.

Table 2: Material Batching for MHA-SCC with PPF

Fineness modulus is an index number which represents the
mean particle size and was computed from particle size
distribution data by dividing by 100 the sum of cumulative
retained by each sieve.

Mix Design of Self-Compacting Concrete

Cement Sand Granite MHA Water Plasticiser PPF
%PPF__ (kgm®)  (kg/m®)  (kg/m®)  (kg/md) (kg/m?) (i) (kg/m?®)
0 520 860 900 0 182 5.46 0
5 494 860 900 24.7 182 5.46 0
0.2 494 860 900 24.7 182 5.46 1.26
0.4 494 860 900 24.7 182 5.46 2.52
0.6 494 860 900 24.7 182 5.46 3.78
0.8 494 860 900 24.7 182 5.46 5.04
1 494 860 900 24.7 182 5.46 6.30

Properties of Harden Self Compacting Concrete
Compressive strength

The density of each cylinder before compressive strength
test was determined by measuring the weight of a specimen
in the air and dividing it by its volume as given in BS EN
12390-7 (2000). The compressive strength test was carried
out according to BS EN 12390-3 (2002) at ages of 3, 7, 28,
56 and 90 days using ADR1500 branded ELE digital
compression machine at a loading rate 0.5 kN/s. Three
samples were tested per curing age for each SCC mix and
average compressive strength calculated. The compressive
strength of the SCC was determined using Equation 6.

P
fc=-
A

(6)
Splitting tensile strength

The splitting tensile strength was measured in accordance to
BS EN 12390-6 (2000) at the ages of 3, 7, 28, 56 and 90
days. The test was carried out for PM-Concrete respectively
using ad7115/32716 model Avery Denison Universal testing
machine at a loading rate 0.4kN/s. The test was carried out
using 100mm diameter and 200mm length cylinders. Three
samples were tested per curing age for each SCC mix and
average splitting tensile strength calculated. The splitting
tensile strength of the SCC was determined using Equation

7.
=2
fs==- .. @)

Flexural strength

The tests were performed in accordance to BS EN 12390-5
(2000) specification for two-point loading. SCC prisms of
dimensions 500 mmx100 mm x 100 mm with effective span
300 mm were cast and tested for flexural strength. The
concrete prisms were tested at the ages 3, 7, 28, 56 and 90
days respectively. The test was performed using
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ad7115/32716 model Avery Denison made, Universal
testing machine at a loading rate 0.4kN/s. Three samples
were tested per curing age for each SCC mix and average
flexural strength calculated. The flexural strength of the
concrete prism was determined using Equation 8.

PL
f= P ..(8)

Water absorption test

The water absorption test was conducted in accordance with
BS 1881-122 (1983) using the complete immersion test
method. Concrete specimens 100 x 100 x 100 mm cubes,
cured for 28 days were used for this test. The specimens were
dried in the D81L201 multipurpose oven at 105 °C, then
cooled for 24 hours and then completely immersed in the
water for 30 min. The water absorption was evaluated in
percentage as given in Equation 9.

w2-w1

Water absorption = i X 100% 9)

Results Presentation and Discussions

Chemical Properties of Binders

The chemical properties (oxide composition) of the cement
and millet husk ash used in this study alongside limit of some
of the oxide composition are presented in Table 3. The result
satisfied the recommended limit given in BS EN 197-1
(2000) and ASTM C618 (2005) for the combined oxides of
CaO and SiOo, ratio of CaO/SiO2 and individual oxides of
SOs, MgO and loss of ignition of ordinary Portland cement.
However, the Chlorine composition (0.105 %) for the
initially assessed cement slightly exceeds the recommended
limit (< 0.1 %). The chemical composition presented in
Table 3 for MHA test satisfied the recommended limit given
in BS EN 197-1 (2000) and ASTM C618 (2005). This
suggests that the MHA is a good pozzolanic material as also
reported by Abdulwahab et al (2017), Jimoh et al (2013) and
Muhammad et al (2018).
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Table 3: Oxide Composition of Binder

Oxide BUA CEMENT (%) MHA (%)

SiO2 12.01 CaO + Si02> 50 % 64.22 SiO2 + Al2O3 +

Al203 3.03 3.71 Fe203>70 %

Fez03 4.14 CaO/Si02>2 % 3.49

CaO 74.06 \ 6.55 Lol=<12%

Mgo 14 503535 % 281

SO3 2.05 0 1.56

NazO - MgO=35.0% 0.86

K20 1.27 C1<0.1% 6.01

P20s - 4.06

Cl 0.1 Lol<5% 1.05

TiO: 0.33 0.71

Mn203 - 0.09

Zn0O - 0.09

SrO 0.49 0.06

Lol 1.04 4.54
Physical Properties of Concrete Ingredient Materials Values
Specific gravity
The specific gravities of the concrete constituents are Cement 3.16
presented in Table 4. The specific gravity for the cement is MHA 221
within the recommended value of 3.10 - 3.16 for ordinary Fine Aggregate 2.61
Portland cement (OPC) (ASTM C 188, 2005). MHA has a Coarse Aggregate 274
specific gravity of 2.21 which suggest that the MHA is less PPE 0.63

dense than the OPC. This further signifies that larger volume
of MHA will be required to replace the equal mass of cement
in SCC. This finding is similar to that of Abdulwahab et al
(2017), Jimoh et al (2013) and Muhammad et al (2018). The
specific gravities of fine and coarse aggregates also fall
within the specified limit for normal weight aggregate 2.6 —
3.0 and 2.4 — 2.8 respectively as stipulated in BS 812 -103
(2003). Similarly, the specific gravity of PPF presented in
the table is similar to the findings of Kosmatka et al (2008)
and within the range (0.58 — 0.9) specified in BS EN 1346
(2012) for specific gravity of PPF for concrete purpose.

Table 4: Specific Gravities of SCC Materials

FUW Trends in Science & Technology Journal, www.ftstjournal.com

Fineness of cement and millet husk ash

Results of the fineness for the cement and MHA using 45
um sieve as presented in figure 1, indicate that the fineness
for cement 13 % while that of MHA is 29 % respectively.
These are below the maximum specified limit 34 % given in
ASTM C 618 - 9 (2005). This implies that both cement and
MHA has the required fineness necessary for rapid strength
development.

Particle size distribution
The particle size distribution for MHA, fine aggregate and
coarse aggregate is shown in Figure 1.
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Figure 1: Particle Size Distribution of Aggregates and MHA

As indicated in the figure 1, MHA has grains sizes ranging
from 75 pm to 1.76 pm and with dominant particles of 29.2
% at 53.13 pum sizes (70.5 % passing). The particle size
distribution curve for the fine aggregate on the other hand
shows that the fine aggregate falls in zone 11 class based on
BS 882 (1992) grading limits for fine aggregates. The fine
aggregate is in compliance with the requirement of
EFNARC (2002) for suitable material for SCC. In addition,
the finding of Abeer and Ikram (2013) shows that zone 11
fine aggregate performed better than Zone I, Il and IV in
SCC. The particle size distribution curve for the coarse
aggregates shows that the coarse aggregate has dominant
particle size of 14 mm and 10 mm having 55.77 and 41.49
% particle sizes respectively. This suggests that the coarse
aggregate is within the range of the specified size limit (<20
mm) for suitable material for SCC as provided in EFNARC
(2002). Aggregate sizes higher than 20 mm yield SCC with
poor fresh properties making it unsuitable for use in areas
with congested reinforcement (EFNARC, 2002). In addition,
aggregate sizes (< 20 mm) was also proposed in the work of
Khaleel et al. (2011); Mohammad and Amir
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(2017) and Sooriyaarachchi and Lasintha (2016) for use in
SCC. Also, according to Sri Durga et al (2016), lower size
of aggregate yielded better fresh properties than higher size
of aggregates for NCC and SCC.

Effects of PPF on compressive strength and strain of PM-
Concrete

The compressive strength of PM-Concrete as shown in
Figure 2, increased with curing age and decreased with
increase in PPF content beyond 0.4 %. The 28 days
compressive strength of PM-Concrete ranged from 37 —47.5
N/mm? for PPF content 0.2 — 1.0 %, representing 85.1 —
109.2 % strength of the control sample and 84.1 — 108 %
strength of the 5 % M-Concrete sample at 0 % PPF. The 28
days compressive strength of concrete with up to 0.4 %
PPF content (47.75 N/mm?) exceeded the control (0 %
MHA) by about 9.2 % as observed from the figure. The
increase in strength could be attributed to the ability of the
PPF to resist the induced stress on the concrete matrix due to
stronger bond strength between the PPF and mortar in the
concrete (Priti et al, 2012; Mehul and Kulkarni, 2013 and
Kumar et al, 2014).
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Figure 2: Effects of Curing Age on the Compressive Strength of PM-Concrete

Effects of PPF on splitting tensile strength and strain of PM-Concrete

The splitting tensile strength of PM-Concrete as showed in Figure 3, increased with increase in curing age and with increase in
PPF. In addition, the splitting tensile strength of PM-Concrete was higher than control (Mo).
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Figure 3: Effects of Curing Age on Splitting Tensile Strength of PM-Concrete

The increase in splitting tensile strength with increase in PPF
content may be attributed to the effect of the crack resistance
and the pull out force of PPF on the bond strength of PM-
Concrete. This is in agreement with the work of Poornima et
al (2017). It could also be safe to say that the increase in
splitting tensile strength of PM-Concrete is due to additional
load from tensile strength of PPF in the concrete matrix
(Anthony and Abimbola, 2014).

Effects of PPF on flexural strength and strain of PM-
Concrete

FUW Trends in Science & Technology Journal, www.ftstjournal.com

The flexural strength of PM-Concrete increased with
increase in curing age and with increase in PPF content as
shown in Figure 4. These improvements could be attributed
to the effect of the tensile strength of the PPF and the pull
out force of PPF on the bond strength of PM-Concrete. This
finding is in agreement with the work of Priti et al (2012);
Abdulla (2013); Mehul and Kulkarni (2013); Kumar et al
(2014) and Poornima et al (2017). The increase in flexural
strength could also be due to additional load absorbed by the
fibres present in the concrete matrix (Anthony and
Abimbola, 2014).
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Figure 4: Effects of Curing Age on the Flexural Strength of PM-Concrete

Water on Absorption Capacity of PM-Concrete

The water absorption of PM-Concrete decreases slightly
with increase in PPF content as shown in Figure 5. This
could be attributed to reduction in amount of pores in the
PM-Concrete that is occupied by PPF resulting in less water
penetration. This idea was borrowed from the work of
Nandhini and Manju (2017); Kumar and Ahmad (2019)
working on fresh and durability studies of polypropylene

fibre reinforced self-compacting concrete and mechanical
and durability properties of self-compacting concrete
reinforced with carbon fibres respectively. In addition, PPF
is hydrophobic nature (Ramujee, 2013) and thus protected
against wetting in cement paste. This could be a reason for
the reduction in water absorption of PM-Concrete as
impermeable PPF form a barrier for flowing water into the
PM-Concrete. The reduction in water absorption with
increase in PPF content is an indication that increase in PPF
contribute to improved durability in PM-Concrete.

0.5 -
4
0.4 -
x
2
= 031
.0 * o
8 02 - T~
o
8
© 0.1 -
g
g O T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2
PPF (%)
Figure 5: Water Absorption Capacity of 5 % PM-Concrete
2. Polypropylene fibre (PPF) has been established to
Conclusions be a suitable fibre for production of self-

Based on the study conducted on the evaluation and
modelling the effects of Millet Husk Ash and Polypropylene
Fibre in Self Compacting Concrete, the following
conclusions are drawn.

1. Millet husk ash (MHA) is established to be a good
pozzolana for production of self-compacting
concrete. The summation of SiO2, Al203 and
Fe203 contents in MHA is greater than 70 % as a
requirement for pozzolana as contained in BS EN
197-1 (2000) and ASTM C618 (2005).
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compacting concrete. It has tensile strength of
between 300 — 700 N/mm? as referenced in BS EN
1346 (2012).

3. The use of 5 % MHA satisfactory produces Grade
40 self-compacting concrete with improved
compressive, splitting tensile and flexural
strengths.

4. The compressive strength of Millet husk ash
modified self-compacting concrete can be
improved using up to 0.4 % PPF content.
However, up to 1.0 % PPF content improves the
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splitting tensile and flexural strengths of Millet
husk ash modified self-compacting concrete

5. The water absorption of Millet husk ash modified
self-compacting concrete and Millet husk ash
modified self-compacting concrete containing
PPF decreases with increase in MHA and PPF
content respectively

6. For optimum performance, 0.4 % PPF is
recommended for use in Millet husk ash modified
self-compacting concrete. However, up to 1.0 %
could be used in structural members where flexure
is important.
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