lJournals: International Journal of Software & Hardware Research in Engineering

ISSN-2347-4890
Volume 5 Issue 4 April, 2017

Suitability of Oil-Palm-Broom-Fibres as
Reinforcement for Laterite-based Roof
Tiles

Momoh E. O.%; B. I. O. Dahunsi?

Department of Civil Engineering, University of Agriculture, Makurdi, Nigeria®; Department
of Civil Engineering, University of Ibadan, Nigeria®

momohemmanuel85@gmaiI.Coml; deledahunsi@gmail.com?

ABSTRACT

Cement, concrete and ceramic products are
generally brittle and perform poorly when
subjected to flexural and tensile loading, hence the
need to incorporate reinforcing materials that
would take care of this deficiency. The suitability of
Oil Palm Broom Fibres (OPBF) as reinforcement
for laterite-based roof tiles was investigated. The
OPBFs were sorted and classified into two average
cross-sectional diameters; (A) 2.5 mm and (B) 1.5
mm. OPBF meshes were constructed in five mesh
sizes (fibre spacing) of 10 mm, 20 mm, 30 mm, 40
mm and 50 mm. Trial mixes of five (5) différent
cement-laterite mix proportions of 19, W4,%3:7,
2:3 and 1:1, were prepared to determinesadequate
water-cement ratios for each mix proportion. Each
of the five (5) OPBF mesh sizes was used to
reinforce the roof tiles by embedding the mesh in
the roof tiles while casting. A total of 110 plain
roof tiles of dimensions 300 x 150 x 12mm were
cast. The following tests were carried out on the
OPBFs: moisture content test, water absorption
test and tensile test. At the end of the 28days curing
period, water penetration test, water absorption
test and flexural strength test were conducted for
the laterite-based roof tiles reinforced with OPBF-
meshes for the five (5) cement-laterite mix
proportions. Water-cement ratio increased with
decrease in cement content. Tests carried out on
the OPBFs showed average moisture content of
14.4 %, average water absorption of 12%, average
tensile strength of 1221 N/mm? and average
modulus of elasticity of 88741 N/mm?- implying
that OPBF has the highest tensile strength and
elastic modulus among all natural fibres yet known
to man. All cement-laterite mix proportions were

adequate for water penetration. Maximum water
absorption of 4.7% was recorded for the cement-
laterite ratio of 1:1 indicating that more water was
still being required for hydration at the end of 28
days curing period. Flexural strength of the roof
tiles increased with increase in cement content for
théysmaller mesh sizes (fibre spacing) of OPBF
reinforcement. Response of flexural strength to
cement-laterite ratio, OPBF volume fraction and
mesh size (fibre spacing) was analysed using SPSS
7.0 and MATLAB R2013a computer programs.
From the result of the flexural strength test and
with the aid of the model equation derived, a
maximum flexural strength of 6.702N/mm? was
recorded for the specimen having cement-laterite
ratio of 1:1, 10mm mesh size and 5% fibre volume
fraction. This value of flexural strength marks
about a 130 % increase above 2.70 N/mm?
recorded for the unreinforced control.

Keywords: Cement, Laterite, Oil-Palm Broom
Fibre (OPBF), roof tile.

INTRODUCTION

Construction cost is acute in Nigeria due to a high
population growth rate, inflation, unemployment
and economic hardship and impoverishment
brought about by corruption and civil unrest. Even
when the government makes attempt to provide
low cost housing for its teeming population, the
cost of materials represents a greater percentage of
construction cost and it becomes difficult for
low/middle class citizens to afford. Consequently, a
lot of effort has and is being made in the selection
of suitable relatively cheap locally available
building materials coupled with extensive
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researches going on towards the suitability of using
natural vegetable fibres for reinforcing cement
composites for the production of low cost roofing
and ceiling materials [1], [2], [3]. [4], [5]-

The Oil-Palm-Broom-Fibre referred to here is the
same broom fibre obtained from the ribs of oil-
palm leaflets and used in making the traditional
Nigerian broom for sweeping lightweight-domestic dirt
in houses/residential settlements. OPBF is readily and
abundantly available in Nigeria, It does not absorb water
readily and does not rot, it possesses an amount of
rigidity and flexibility, it has good tensile strength
and it is also light in weight. There is a notable
synergy of strength displayed by OPBFs when
acting as a group (an example is the difficulty
experienced when trying to fracture a group of
broom-sticks); the strength of the group been
greater than the sum of the individual strengths of
the members even when totally dry. In fact, the
drier the fibres become, the greater the group
action, although individual fibres may become
brittle as their moisture content decreases.

Laterites on the other hand are reddish residual soil
from rock having high Iron oxide, aluminum
hydroxide content, variable amounts of clay
minerals and low in silica content [6], [7]. It is
cheap, has no environmental hazard and 4is
abundantly  available  throughout  the /=six
geopolitical zones of Nigeria [5]. Lateriteyhas
found extensive usage in ancient wall copstruction
in northern Nigeria and also in earth dam road
construction. It is also used in furnaces to keep the
heat within the furnace, has good fire resistant
property and has been used to partially replace sand
as fine aggregate in concrete production [4].

This research therefore becomes necessary to
determine the suitability of Oil Palm Broom Fibre
(OPBF) as natural fibre reinforcement for laterite-
based roof tiles. This study was limited to Elaeis
guineensis species of Oil Palm sourced from
Makurdi, north-central Nigeria. The study covers
for plain roof tiles only.

JUSTIFICATION FOR THE STUDY

Of all the researches carried out on laterite, the use
of stabilized lateritic soils for mansonry work and
roads have found acceptance besides sand and
gravel normally used as aggregates. However, not
much research has been carried out on its
suitability for making roof tiles. Also there exists
yet no work on OPBF which has an enormous
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potential as natural fibre reinforcement in both
concrete and cement composites (in this case, in
laterite-based roof tiles). Compared to ceramic tiles
that must be fired at around 1100°C in rather
inefficient, energy consuming kilns, cement used as
binder for the roof tiles requires less energy to
produce. Processing of cement is done at 1400°C
and is usually very efficient. In a study conducted
by the United Nations Centre for Human
Settlements in 1991 as reported by [8], comparison
was made of energy requirements of different
roofs: Corrugated Iron Sheets (CIS), ceramic tiles
and concrete tiles. It was found that CIS requires
over 600 MJ per square metre, and ceramic tiles a
little more than 25% of that. Concrete tiles take
even less, barely half as much as ceramic tiles,
including the wood support structure. It is clear that
laterite-based roof tiles (with cement as binder) can
be made with a very simple process, no kiln is
necessary and curing occurs without addition of
extra energy. As a result, the investment costs are
signifieantly lower than for the equivalent
production of ceramic roofing tiles.

NAAURAL FIBRE COMPOSITES
Research has shown that a minimum fibre addition
of 3% by volume (for natural fibres), improves
certain mechanical properties of concrete [8].
These include the impact resistance, toughness as
well as the tensile and flexural strengths of
concrete. There is however, little or no effect on the
compressive strength of concrete. [9] reports that
sisal fibre reinforced cement concrete has been
used extensively for making roof tiles, corrugated
sheets, pipes, silos, and gas and water tanks.
Elephant grass fibre reinforced mortar and cement
sheets are being used in Zambia for low cost
housing, while wood and sisal fibres are being used
for making cement composite panel lining, eaves,
soffits, and for sound and fire insulation. [5],
carried out a research on Corrugated Laterite Based
Ceramic Roof Tile Stabilized with Cement. The
result of their study showed that the formation of
corrugated roofing tile using laterite material is
feasible with 20% cement composition and it is
possible to have good water resistant property if
fully optimized.

In a review paper titled “Natural Fibre Composites
and its Potential as Building Materials” [10],
concluded that natural fibres due its technical
superiority over the synthetic fibres have proved
that they are versatile material for application in
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rural areas to high tech applications. But more
research and development is required for the
extraction and characterization of the basic
materials i.e. fibres so as to avoid any set back
during the finalization of the complete process for
up-scaling of technology from the laboratory scale
to commercial scale.

Investigations showed that reinforcing cement
mortars with raffia palm fibre increases the flexural
strength by about 110% in comparison to samples
to which raffia palm fibre was not added [13].
Other researches in this area include the works of
[9], [11]. A study on the possibility of using human
hair fibres (HHF) as reinforcing material in
cementitious compound [12], show that the
influence of fibre content on the compressive
strength, splitting tensile strength, flexural strength
and load deflection was presented for two wi/c
ratios (0.6 and 0.7). An improvement in the energy
absorption capacity due to the fibre addition was
observed, and the optimum fibre volume fraction
was 0.8%.

Based on [13], the long-term embitterment of sisal
fiber-cement based composites can be completely
avoided through the use of a cement matrix free of
calcium hydroxide. The use of 50% of calcined
clay as a partial replacement for portland cément
resulted in a calcium hydroxide free¢matrix“that
promoted an adequate environment for ‘Sisal ‘iber
reinforcement. The micro-structural — analysis
indicated that the sisal fibers did not suffer any
mineralization when used as reinforcement in the
calcium hydroxide-free matrix. A complete
mineralization was observed however when the
fibers were used as reinforcement in the Portland
cement composites. Therefore, the use of a calcium
hydroxide-free matrix seems to be a promising
alternative for increasing the durability of sisal
fiber cement based composites with aging.

0il Palm

Oil Palm is also one of the economic crops in West
Africa and in Nigeria in particular. Oil palm
industries generate massive quantities of oil palm
biomass such as oil palm trunk (OPT), oil palm
frond (OPF) and oil palm empty fruit bunch (EFB).
EFB has high cellulose content and has potential as
natural fiber resources, but their applications
account for a small percentage of the total biomass
productions. Several studies showed that oil palm
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fibres have the potential to be an effective
reinforcement in thermoplastics and thermosetting
materials [14]. Oil palm frond (OPF) is one of the
most abundant by-products of oil palm plantations.
Oil palm fronds are available daily throughout the
year when the palms are pruned during the
harvesting of fresh fruit bunches for the production
of oil. In Nigeria, the wastes produced after the
extraction of oil are used for feeding livestock or
dried to be used as domestic fuel for cooking.

Mechanical Properties of Oil Palm Fibres
It is generally reported that the tensile strength and

young’s modulus of plant fibre increases with
increasing cellulose content of the fibres [15], [16].
Oil palm trunk fibre is found to be suitable as
reinforcement because it possesses high tensile
strength (300-600 MPa) which is considered high
when compared with other natural fibre. The
properties of cellulosic fibers are strongly
influenced by chemical composition, fibre
structure, microfibril angle, cell dimensions and
defects; it=differs from different parts of a plant as
well ‘as from different plants [17]. Oil obtained
from\different parts of the Oil Palm tree, but, there
exist no reported research yet concerning the
engineering potentials of the Broom fibres which
are the ribs of the leaflets of the Oil Palm tree. This
has therefore necessitated this research.

METHODOLOGY
4.1 Materials and Methods

Ordinary Portland Cement

Ordinary Portland Cement of grade 42.5 (satisfying
BS 12:1996) obtained from the open market was
used in this research.

Laterite:
Laterite was obtained from a huge laterite deposit

located at Ikpayongo town of Benue state, north
central Nigeria. The laterite was sieved through the
2.36 mm BS sieve since roof tiles need to posses
good water resistant properties. The specific
gravity of the silted laterite was determined as 2.07.

Water
Clean, portable water from municipal water supply

was used throughout the research in preparing the
cement mortar. This water meets the requirements
of ASTM C1602, Standard Specification for
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Mixing Water used in the Production of Hydraulic
Cement Concrete.

0il Palm Broom Fibres

Oil Palm Brooms was extracted from the ribs of Qil
Palm leaflets and air-dried for 10 months in order
to reduce the moisture content of the fibres and
avoid possible rotting. The OPBFs were sorted and
classified into two average cross-sectional
diameters; 2.5mm and 1.5mm:

. Fibres of large cross-sectional diameter
(A) 2.5mm
. Fibres of small cross-sectional diameter
(B) 1.5mm

Mix Design

Batching was done by volume because the specific
gravity of the laterite was considerably lower than
that of cement. If batching is done by weight, then
the amount (volume) of laterite would be much for
a given mass. Also, it is easier to batch by volume
on site where large scale production is done. Roof
Tiles Dimmension of 300mm x 150mm x 12mm
were produced. The OPBFs were sorted and
classified into two average cross-sectional

meshes were constructed in five mesh sizes (fi
spacing) of 10 mm, 20 mm, 30 mm, 40 @
mm. Trial mixes of five (5) different -
laterite mix proportions of 1:9, 1:4, 3:732:

1:1, were prepared to determine adequate water-
cement ratios for each mix proportion. Each of the
five (5) OPBF mesh sizes was used to reinforce the
roof tiles by embedding the mesh in the roof tiles
while casting. A total of 110 plain roof tiles of

dimensions 300 x 150 x 12mm were cast. The
following tests were carried out on the OPBFs:

diameters; (A) 2.5 mm and (B) 1.5 mm. OP I:&
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moisture content test, water absorption test and

tensile test. At the end of the 28days curing period,

water penetration test, water absorption test and

flexural strength test were conducted for laterite-

based roof tiles reinforced with OPBF-meshes for
the five (5) cement-laterite mix proportions.

Cement-Laterite Mix

Laterite used was sieved through the 2.36mm BS
sieve and dried in a laboratory oven for 24 hours
before using it for the production of roof tile
specimens. The cement and laterite quantities were
weighed using a weighing balance and poured on
to the batching ground. Specific gravity of sieved
laterite used was found to be 2.07. This mixture
was thoroughly mixed using a hand-trowel until a
uniform colour was obtained. The uniform colour
obtained while mixing indicated that the laterite
was properly blended with the cement. Water was
then, periodically added while the blend was
further mixed to the desired consistency and this
quantitysof water was recorded. This procedure was
rep t% each of the 5 different Cement-Laterite

rtions (1:9, 1:4, 3.7, 2:3, and 1.1 —

‘Q’Ye\@: laterite respectively).
2.2

OPBF Meshes

The fibres were cut into lengths of 275mm and
125mm such that the longer fibre orientation was in
the longitudinal direction of the tile while the
shorter fibres were placed transverse to the longer,
hence forming a mesh. The mesh was prepared by
marking the longer fibres at specified distances,
placing the shorter fibres at right angles to the
longer (i.e., in mutually perpendicular orientation),
and at the graduated marks, applying a drop of
Ateco (superglue) brand adhesive to the joints and
sprinkling dry fine sand on it to hasten the bonding
of the OPBFs.
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quantity of water was recorded. This procedure was placing the shorter fibres at right angles to the
repeated for each of the 5 different Cement-Laterite longer (i.e., in mutually perpendicular orientation),

Plate 1:  (A) Preparation of the OPBF Mesh using Glue and fine Sand (10mm mesh and 50mm mesh being worked
upon).
(b) Oil Palm Broom Fibre Meshes (from left to right; 20mm, 20mm, 30mm, 40mm and 50mm mesh sizes
(fibre spacing-both directions)

(C) QOiling of Wooden formwork for Roof tile production.
/M Namaniildina MCact DAnf tilac

mix proportions (1:9, 1:4, 3:7, 2.3, and 1:1 — and at the graduated marks, applying a drop of
cement : laterite respectively). Ateco (superglue) brand adhesive to the joints and
sprinkling dry fine sand on it to hasten the bonding

4.2.2 OPBF Meshes of the OPBFs.
The fibres were cut into lengths of 275mm and %
V

125mm such that the longer fibre orientation was in me of Individual OPBF Meshes

the longitudinal direction of the tile while the different OPBF meshes, the respective
shorter fibres were placed transverse to the longer, Q es of the meshes were calculated and
.& r

hence forming a mesh. The mesh was prepared by esented in Table 3.

marking the longer fibres at specified distances,
Table 3: Calculate lumes of OPBF Meshes

Volume of OPBFs used in

Fabricating Mesh (mm®)
Category of Gauge size of Volume of Volume Fraction

OPBF OPBF mesh 125mm 275mm OPBF Mesh of OPBF
(mm) length length (mm?) %
10 13498.98 13499.00 26997.98 5.00

20 6749.49 9449.30 16198.79 3.00

(A) {averag
€ Cross-
sectiona

I 40 3681.54 4049.70 7731.24 143
diamete
r= 50 3067.95 2699.80 5767.75 1.07

2.5mm}

30 4908.72 5399.60 10308.32 1.91

10 4859.58 4859.70 9719.28 1.80

20 2429.79 3401.79 5831.58 1.08

ga;?);asg_l 30 1767.12 1943.88 3711.00 0.69

sectiona
I 40 1325.34 1457.91 2783.25 0.52
diamete
r= 50 1104.45 971.94 2076.39 0.38

1.5mm}
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.3 Casting

Preparation of Cement-Laterite mortar for 5
different Cement-Laterite mix proportions was
done. The cement-laterite mix was placed in the
moulds within 45 minutes after mixing, to avoid
initial setting of the mortar before placement. The
moulds were fabricated with inner dimensions
(300 x 150 x 12) mm. Motor oil was smeared
sparingly on the inside of the mould to allow for
easy de-moulding after the mortar may have set.
Light polyethene bags were spread on the inside
of the moulds too to avoid seepage of moisture
out of the mortar during casting.

ISSN-2347-4890
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4.4 Curing
The tiles were left to cure at room temperature
(280C) for 28days. At the end of the curing period,
the roof tiles were air-dried for a further 7 days,
weighed and then tested.

5. TESTS ON OPBF

5.1 Water Absorption Test for OPBF

This test is very important as it indicates how the
fibres will behave in the presence of water or in moist
environment. Water absorption test was carried out on
both classes of OPBFs. Dry mass (Wd) of the samples
were weighed. The fibres were then soaked in water
for 12 hours in two plastic bottles. At the end of the

Water absorption was calculated from the formula
below as provided by [5]:

12 hours period, excess water was removed from
the samples using fibres using tissue paper and the
wet mass (Ww) was also weighed.Table 5 shows

the results of the Water absorption test for OPBF. w,= YW

wd

© 2017, lJournals All Rights Reserved www.ijournals.in




lJournals: International Journal of Software & Hardware Research in Engineering
ISSN-2347-4890
Volume 5 Issue 4 April, 2017

Plate 1: (A) Inserting OPBF into the grip of a Universal
Testing Machine for Tensile Testing

(B) Tensile Testing of OPBFs on a Universal TestingMachine
(C) Sealing of PVC container edge to carry Water on
Laterite-Based Roof Tiles for Water Penetration Test

(D) Water Penetration Test

(E) Water Absorption Test for OPBFs

(F) Water Absorption Test for Laterite-based Roof Tiles

(G) Immersing Laterite-based Tiles in Water for Curing

5.2 Moisture content Test of OPBF

The OPBFs used for this project were obtained
from freshly plucked leaflets 10 months ago and
air dried at room temperature until the time of this
project. The OPBFs were weighed (W),
transferred to a laboratory oven and the
temperature of the oven was maintained at 60°C
for 12 hours. At the end of this drying period,
they were taken out of the oven and weighed
(Wy). The moisture content was calculated from:

Ww -Wd
MC =
wd

The result for moisture content test .iS
presented in  Table 4.

5.3 Tensile Tests of OPBF

The Tensile strength of the OPBFs was
determined using a Universal Testing Machine in
the Civil Engineering laboratory of the
University of Agriculture Makurdi. Due to the
small size of the fibres, they slipped from the jaw
of the universal testing machine during tensile
loading. In order to solve this problem, four
metallic steel plates of dimension (45x35x3) mm
were cut out of a steel plate. Their surfaces were
roughened on an electric-powered grinder to
provide adequate friction and grip to the fibres.
See Plate 4 (A) to illustrate the use of the adhoc
steel plates. For each category of OPBF, 6
specimens were tested and the average strength
values adopted.

6. TESTS ON LATERITE TILES
6.1 Water Permeability Test of
Laterite-based Roof Tile

Water penetration test on the roof tiles was done
by placing plastic frames on the specimens of 5
different cement-laterite mix proportions. The
clearance between the casts and the frame was
filled with ABRO brand RTV Silicone Sealant to
prevent water leakage. 300ml of water was
poured into each set-up such that the water level
rose to about 12mm above the surface of each
roof tile and was left to stay for 24 hours.

6.2 Flexural strength of laterite-

based Roof Tile

The flexural strength of a composite is a
measure of its resistance to fracture or
deformation under load. This is an important
factor for roof tiles as a structural component.
Strength offers protection against the various
elements a roof is subjected to like hail as
well as damage during handling and
installation.

28-days flexural strength of the roof tiles were
obtained through a flexural test using an ELE
model hydraulic-powered Mini-Flexural Test
Machine. The 3-point flexural test method
was used. The specimens were tested in turns
by placing them on the supports of the
machine such that the effective span was
280mm. in-between the specimen and the
supports are placed pieces of felt to avoid
possible stress concentrations around the
support-specimen contact. The load was
gradually applied by moving back and forth a
hydraulic-powered lever and the maximum
load causing failure of the specimen in
flexure, recorded.
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strength of each tile was

Mass (9)

Diameter)

Class Of OPBF (Cross-section

(22no. fibres each)

A (1.5 mm)

B (2.5 mm)

Weight before
oven-drying
(W)

4.57

16.00

Weight after
oven-drying
(Wa)

Moisture
Content

Ww —-Wd
= X

14.54%

wd
100

calculated using the formula by [21] for 3-
point flexural test of rectangular specimen.

_ 3pl

ST 2bd?
where f; is the flexural strength in N/mm?, p is
the maximum load in N, I is the length of the
tested specimen in mm, b is the width of the
tested specimen in mm and d is the depth of
the tested specimen in mm.

6.3 Water Absorption Test of

Laterite-based Roof Tiles

Water Absorption Test of Laterite-based roof
tiles; For the water absorption test, the
fractured specimens were air-dried for 7 days
after the 28 days curing period of immersion
in water.

The specimens were weighed (Wd), then
immersed in a water bath full with tap water at
room temperature (270C) and was left for 24
hours after which the specimens were weighed
again (Ww). Table 5, shows the result of the
Water Absorption Test carried out.

Water absorption was calculated from the
formula below:

7. RESULTS
DISCUSSION
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7.1 Moisture Content Test for

OPBFs

Result of the moisture content test for
OPBFs is presented in Table 4. The
average moisture content of the OPBFs after a
12 hours period of oven-drying at 60°C was
found to be 14.4%. At the end of the oven-
drying period, the fibres became very brittle
and fractured when an attempt to bend them
with ones fingers is made. OPBFs generally
become brittle and their moisture content
reduces but increases resistance against tensile
loading.

Table 4: Moisture Content Test for OPBF

7.2Water Absorption Test for

OPBFs

Result of the water absorption test for OPBFs
is presented in Table 5.

The “average Water Absorption capacity of
OPBFs for a 12 hours period of available
moisture was 12% of its original weight. This
is the worst that can occur if OPBF is
incorporated in roof tile production. However,
this value of water absorption for OPBF
embedded in the set roof tile will be far lower
than this since the surrounding hardened
mortar will not allow for swelling of the fibres
to take place with consequent absorption of
more moisture. This makes OPBF suitable for
use in laterite-based roof tiles in terms of water
absorption.

7.3 Tensile Strength of OPBFs

Table 6 shows the results of the Tensile Test of
the OPBFs. The following values can be
adopted as the strength properties of the
OPBFs:

Table 5: Water Absorption Test for OPBF
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The result shows an average tensile strength of
1221 N/mm?, average modulus of elasticity of
88741 N/mm? and average maximum strain of 1.31
%. Comparing these values with the works [10],
[18] and [14], it is discovered that OPBF has the
highest tensile strength and modulus of elasticity
(and stiffness) among all natural fibres yet known
to man. With these mechanical properties of OPBF,
there are prospects of using it for small concrete
slabs. If an appropriate method is discovered for
joining the fibres to achieve lengths longer than it
natural length, then the fibres can be grouped
together in the form of tendons and can be used to
reinforce small concrete beams. A subsequent
research geared in this line would be revealing.

7.4 Water-Cement Requirement
Water requirement for cement-laterite  mix
proportions increased as the cement content in the
mix reduced. The cement laterite mixes with more
cement content required less water during mixing.
The laterite absorbed more water and as a result
increased in volume and was more difficult in

ISSN-2347-4890
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achieving good workability due to the clay

Mass (g) Class Of OPBF (Cross-section

Diameter)

A (1.5 mm) B (2.5 mm)

Bottle (g) 4032 25.00

Bottle + Dry 60.76 51.71

OPBF (g)

Dry OPBF (W,) 20.44 26.71

Bottle + Wet 62.99 55.22

OPBF (g)

Wet OPBF (W,,) 22.67 30.22

Water
Absorption

_ Ww-wd

wa x 100

minerals contained in it.

Fig,2 %s the water-cement ratios of the various
cement:laterite mix proportions:

nical Properties of OPBFs

Category of
OPBF

Length
(mm)

Average
Cross
Sectional
Area

(mm?)

y

Maximum
Tensile
Load

(N)

Maximum
Stress
(N/mm?)

Elongation
at
Maximum
Stress

Elastic
Modulus
(N/mm?)

(%)

N

491

1.25 99128.0

*(A){average

0.72

491

15 81940.0

cross-sectional
diameter =

0.72

491

1.0 123910.0

0.73

2.5mm} 4.91

11 107919.0

0.73

491

0.93 128303.7

0.72

491

1.42 85337.0

Average Values

1.20 104423.0

1.23 81434.8

*(B){average

1.50 67946.7

cross-sectional
diameter =

1.46 68278.7

1.5mm}

111 91728.0

1.67 62352.0

1.50 66613.3

Average Values

1.41 73058.9
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Table 6: Determination of Mechanical Properties of OPBFs 25 Issue 4 April, 2017

Category of Gauge Weight Average Maximum Maximum Elongation Elastic
OPBF Length (9) Cross Tensile Stress at Modulus
(mm) Sectional Load (N/mm?) Maximum (N/mm?)
Area (N) Stress

(mm?) (%)
491 6082.2 1291.1 1.25 99128.0
*(A)Xaverage 491 6033.2 1229.1 15 81940.0
cross-sectional 491 6082.2 1239.1 1.0 123910.0
diameter = 9 886.0 11091 11 107919.0

2.5mm} 491 5886. . . .
491 5886.0 1199.1 0.93 128303.7

491 5984.1 12191 1.42 85337.0

Average Values 1229.4 1.20 104423.0

163 0.21 4905.0 999.2 1.23 81434.8
*(B){average 200 0.22 5003.1 1019.2 1.50 67946.7
cross-sectional 205 0.21 4905.0 999.2 1.46 68278.7
diameter =
1.5mm} 180 0.21 5003.1 1019.2 1.11 91728.0
120 0.21 5101.2 1039.2 1.67 62352.0
200 0.21 4905.0 999.2 1.50 66613.3
Average Values 1012.5 1.41 73058.9

*Category A (2.5mm cross-section 7 2‘&&% Absorption Test

diameter);

result of the water absorption test
Tensile Strength = 1229 N/mm? & indicates that laterite is a suitable material

Strain =1.20% for the production of roof tiles with cement as

Elastic Modulus = 104423 Q binder, as it possesses an acceptable limit of

N/mm? water absorption. The maximum water
*Category B (1.5mm cross-séetio absorption (4.7 %) is less than the limit (10
diameter); %) prescribed by [19] and [22]. It is worthy to
note that there is an increase in water
absorption with increasing cement content
(see Table 8). This indicates that the

0.6 hydration process, possible ion-exchange and
0.4 . , , .
pozzolanic reaction caused increase in water
0.2 . . ,
0 requirement for continued hydration beyond
1::9 1:4 307 2::3 1:1

28 days of curing. A curing period of about 56
Cement-Laterite Mix Propartion days will be recommended to get a full grasp
of this.

1
0.8

Water-Cement Ratio

Tensile Strength = 1012.5 N/mm?

Strain =141%

Elastic Modulus = 73059 N/mm?
Fig 2: Water-Cement Ratio for the different
Cement-Laterite Mix Proportions
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In terms of water absorption, it is agreed that
laterite is a suitable parent material for the
production of roof tiles.

Table 7: Water Absorption Test for Laterite-
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The low flexural strength obtained for the 1:9
cement-laterite mix was as a result of the low
cement content. Because of this, there was absence
of adequate inter-particle bonding, inter particle
friction and low bonding between the hardened

based Roof Tiles mortar/fibre interface. Also the high laterite content

. . Mass (g) Roof Tiles Cement : Laterite Mix
7.6 Water Pemeability Test for Laterite- Proportion

based Roof Tiles _ _ 19 | 14 | 37 [ 23 [ 11
At the end of the 24 hours period, the underside of
all 5 tiles were still dry, except for the 1:9 [ weight after 602
cement:laterite mix proportion that was found to be | oven-drying
uniformly damp all through. Cement-laterite ratios (va)
of 1:9 and 2:8 are not suitable for laterite-based \SIXZL?E;?\;SS) 625
OPBF-reinforced roof tiles since the low cement
content is inadequate for proper inter-particle | \Water - : 38

i 0,
bonding/water-proofing. This gives allowance to Abs%e,“_?,\r)d(/o)
= ——-X

the embedded fibres to absorb readily available wd

moisture continuously. This may deteriorate the
fibres earlier than expected.

7.7 Flexural Strength of Laterite-based

Roof Tiles

Results of 28-days flexural strength of the roof
tiles are presented in Fig 3. Incorporating OPBFs
into the 1:9 cement-laterite mix did not in any way
help to improve the flexural strength of the roof
tiles. This is as a result of the low cement content
for this mix proportion. From the water penetration
test, it can be seen that since the theNamount of
binder in the roof tiles was low, theSlaterite
particles were free to absorb water enough as to
make moisture available to the embedded OPBF.
Consequently, the strength of the fibres reduced as
the OPBFs continued to absorb moisture. This
makes the 1:9 cement-laterite mix unsuitable for
natural fibre-reinforced laterite-based roof tiles.

100

indicates a high clay content which absorbed
available moisture continuously. The OPBF in turn,
absorbed moisture from the enclosing laterite until
stfengtheisylost. If OPBFs are used in reinforcing
this, mix ‘proportion, then the surface of the roof
tiles Will gradually wear out due to the eroding
action of rain water incident on the roof while at
the same time exposing the fibres to the harsh
weather elements.

This mix proportion is non-durable. It is not
recommended for the production of OPBF-
reinforced laterite-based roof tiles.

The 1:4 cement:laterite mix (Fig. 4) showed a
considerable increase in flexural strength. Also,
strength decrease was noticed as the mesh size of
the OPBF mesh increased. The smaller mesh size
enhanced a tight matrix such that the bending

action of the tile at flexure is resisted by the
internal shear action between the reinforcement
mesh and the hardened surrounding mortar.

0.8
0.7 -
0.6 -
0.5
0.4
0.3 —— 2.5mm Fibr¢ 25

0.2
2 -
15 4

0.1 —— 1.5mm Fibre
1

0
0.5
0 —@— 1.5mm Fibres

Flexural Strength (N/mm?2)

10 20 30 40 50

—&—2.5mm Fibres

Mesh Size (fibre spacing) (mm)

Fig 3: Graph of Flexural Strength Performance
with OPBF diameter and Mesh size for 1:9
Cement:Laterite Mix Proportion.

10 20 30 40 50

Flexural Strength (N/mm2)

Mesh Size (fibre spacing) (mm)

Fig 4: Graph of Flexural Strength Performance
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with OPBF diameter and Mesh size for 1:4
Cement:Laterite Mix Proportion

[5] adopted a suitable mix design of 1:4 cement-
laterite for corrugated laterite-based roof tiles but
this mix design is not suitable for OPBF-reinforced
laterite-based roof tiles because the cement content
is not adequate enough to provide adequate water-
proofing to the OPBFs. Natural fibres are generally
prone to microbial degradation if exposed
continuously to moisture. If moisture is made
available to the fibres, they will continue to absorb
it and the service life of the fibres may be greatly
reduced. If however, the matrix is adequate in
cement content, the high alkaline environment will
inhibit the activities of microbes (if at all present)
in the matrix. Aside this, available moisture in the
regions close to the fibres may support a reactive
alkaline environment which has a weakening effect
on the strength of the fibres. OPBFs and other
natural  fibres thrive well under stable
environmental conditions. This is why the roof tile
maker must make sure to produce a mortar mix in
which when hardened will provide the adequate
protection needed for the fibres.

From Fig 5 as shown above, here again an increase
in the flexural strength of the roof tiles is seen with
a reduction in the gauge size of reinforcing mesh.
As the cement content increases, intersparticle
space is reduced and the cement-laterite matrix
becomes denser and stronger with an inereased
capacity to withstand both inter-particle shear and
tension during loading. Also, the tensile strength of
the 2.5mm OPBFs is relatively higher than the
1.5mm OPBfs, this explains why the tiles
incorporating the 2.5mm (cross section diameter)
exhibits higher flexural strength. This trend
continues throughout for the rest of the results as

—

10 20 30 40 50

Flexural Strength (N/mm2)

Mesh Size (fibre spacing) (mm)

——2.5mm Fibi

—— 1.5mm Fibi

Fig 5: Graph of Flexural Strength Performance
with OPBF diameter and Mesh size for 3:7
Cement:Laterite Mix Proportion.
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played in Fig. 6 —and Fig. 7 with the highest

flexural strength obtained as 6.19 N/mm?. This is

an increase of about 129 % in flexural strength
against the Control specimen (Fig 8).

L

10 20 30 40 50

== 2.5mm Fibres

Flexural Strength
(N/mm2)

—— 1.5mm Fibres

Mesh Size (fibre spacing) (mm)

Fig 6: Graph of Flexural Strength Performance
with OPBF diameter and Mesh size for 2:3
Cement:Laterite Mix Proportion.

The flexural strength of concrete though affected
by the dimension of the tested specimen, the
surface of the aggregate maximum aggregate size,
temperature and moisture gradients is about 5
N/mm?,

This s, the value of maximum flexural strength
recorged from the 2:3 cement-laterite mix
proportions (4.58 N/mm?). It therefore implies that
laterite-based roof tiles reinforced with OPBF at
these mix proportion will perform well as concrete
roof tiles.

Again, specimen reinforced with the 2.5 mm
OPBFs show a greater flexural strength. This is as
a result of the greater tensile strengths of the fibres
relative to the 1.5 mm fibres.

The value of the maximum flexural strength gotten
is almost equal to the value specified by [23] as
65kgf/cm? (6.38 N/mm?) minimum for ceramic roof
tiles fired at 900°C. This implies that at a mix
proportion of 1:1 cement-laterite, OPBF-reinforced
laterite-based roof tiles show excellent strength
capability as fired ceramic roof tiles with an added
quality of been less brittle.

Considering possible long-term attacks by the
cement matrix on the strength of the fibres, [16]
discovered that the long-term embitterment of sisal
fiber-cement based composites can be completely
avoided through the use of a cement matrix free of
calcium hydroxide. The use of 50% of calcined
clay as a partial replacement for portland cement
resulted in a calcium hydroxide free matrix that
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promoted an adequate environment for sisal fiber
reinforcement.

Flexural Strength

10 20 30 40 50

Mesh Size (fibre spacing) (mm)

g —@— 2 .5mm Fibres

—@— 1.5mm Fibres

Fig 7: Graph of Flexural Strength Performance
with OPBF diameter and Mesh size for 1:1
Cement-Laterite Mix Proportion.

This implies that laterite-based cement mixes are
not as corrosive to natural fibres as cement-sand
mix. The free lime released during hydration of the
mix enters into further reactions with clay silicates
present in the laterite. Consequent upon these
chemical reactions, the alkalinity of the cement
matrix is greatly reduced. Unlike concrete roof tiles
with high alkalinity of the matrix which leads to
attack on the durability of the fibres, laterite-based
tiles provides a relatively conducive environment
for the fibres.

Hence a further curing period of say 28 days (56
days total) will result in higher streagth
development from this mix proportion.

Fig 8 displays the Flexural Strengthiyof\the
unreinforced roof tiles (Controls). Flexural
Strength increased steadily with the increase in the
cement content in the mix. As the cement content
increased, the inter-particle space decreased and the
hydration reaction was enhanced hence leading to a
stronger bond between the particles in the matrix.
A maximum flexural strength of 2.70 N/mm? was
recorded at 1:1 cement-laterite mix for the
unreinforced control samples.
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The data from the three-level full factorial

experiment with Fv (Fibre volume), Ms (Mesh

size), CL (Cement-Laterite ratio) as independent

variables and the sample flexural strength (f;) as the

dependent variable was fit to the general response
statistical model given below:

- 2 2
Y =a,+ax, +aX, +a,x;+a,XX+axXTaxXXx,+ax +ax,

Where x, x,, and x, represent Fv (Fibre volume

fraction), Ms (Mesh size) and CL (cement-laterite
ratio) respectively, for each category of OPBF.

This model for optimization of flexural strength
was run on the SPSS statistics software. With the
aid of the SPSS Statistics software, the following
Model equations as shown in Table 4.11 were
derived for the 5 different Cement-Laterite mix
proportions:

Table 8(a): Table showing Regression Analysis for
Class A (2:5mm) OPBFs

Cement- Model Equation R?

LCaterite

Mix

19 *Fs=1.512 + 0.157Fv
—0.005Ms*

Fs=1.512 + 0.157Fv —
0.005Ms

Fs=2.841 + 0.149Fv —
0.015Ms

Fs =3.616 + 0.245Fv —
0.026Ms

Fs =5.869 + 0.244Fv -
0.073Ms 0.946

Control

| ® — "

Flexural Strength
(N/mmz2)

Cement : Laterite

1::9 1:4 37 2::3 1:1

Fig 8: Graph of Flexural Strength Vs
Cement:Laterite Mix Proportions

8. Mathematical Modeling

*model not suitable for prediction of flexural strength*

Where;

Fs = Flexural strength of roof tile

Fv = Fibre volume Fraction

Ms = Mesh size of OPBF mesh

CL = Cement-Laterite mix proportion

Table 8(b): Table showing Regression Analysis
for Class B (1.5mm) OPBFs

Cement- Model Equation R’
Laterite Mix
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Fs=0.749 - 0.101Fv
+ 0.000Ms

Fs =2.939 - 0.287Fv
—0.030Ms

Fs =2.897 + 0.395Fv
—0.022Ms

Fs =3.250 + 0.163Fv
—0.020Ms

Fs=-1511+
3.523Fv + 0.06Ms

The following conditions are therefore postulated
to govern the use of the above models in predicting
Flexural Strength (Fs):

i. The plan size of Roof tiles should be
restricted to (300 x 150) - (600 x 300) mm
dimensions. This is because larger sizes of
roof tiles will require joining of OPBFs. An
appropriate method of joining OPBF for
structural purposes has not been researched
upon as at the time of this project;
Cement-Laterite mix proportions should be
restricted to the 5-mix proportions usedsfor
this research with corresponding, water-
cement ratios;

Cement-—Laterite mix of 1:9 and 2:8%are’not
suitable  for laterite-based roof tile
production;

Adjacent fibres should be placed in
alternating orientation of “head-tail” when
constructing the mesh;

The above models are applicable to plane
laterite-based OPBF-reinforced roof tiles
alone.

Minimum mesh size (spacing) should be
maintained at 10mm to ensure adequate
mortar compaction and bond.

The model estimated a maximum flexural strength
of 6.359 N/mm? with an R? and adjusted R® of
0.946 and 0.892 respectively, which corresponds to
an average error of 5.4%. The actual maximum
flexural strength, considering the error will be
about 6.702 N/mm?.

MATLAB R2013a computer program was used to
display the surface response plots. The surface
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response plots were used to reveal in three
dimensions the effect of interactions between the

three independent variables (factors) — laterite-
cement ratio, fibre volume fraction and mesh
size(spacing) of the fibres - on the dependent
variable (i.e, flexural strength). See Fig 4.8 below
for surface response plots.

8.1 Surface Response Plots

A 3-dimmensional surface plot was carried out
(using the model in section 4.1) with the aid of
MATLAB R2013a computer program. This was
done so as to understand more the relationship
between the response variable (flexural strength)
and the independent variables of cement-Ilaterite
ratio, mesh size and mesh spacing.

The surface plots displayed these 3-dimmensional
curves for the response of flexural strength (vertical
axis) to the 3 independent variables. The maximum
flexural strength of 6.902 N/mm2 was obtained for
2.5mmeAfibres at 10mm mesh size (fibre spacing)
and"§,205 % fibre volume fraction for a cement-
laterite vatio of 1.2.

The surface plots displayed these 3-dimmensional
curves showing the response of flexural strength to
the 3 independent variables. The maximum flexural
strength of 5.651 N/mm2 was obtained for 1.5mm
fibres at 10mm mesh size (fibre spacing) and 2.003
% fibre volume fraction for a cement-laterite ratio
of 1.2.

For both classes of OPBF, the response of flexural
strength to the changes in the predictor variables-
mesh size, fibre volume fraction and cement-
laterite ratio show a common trend. For both
classes of fibres (2.5mm and 1.5mm), it can be
seen that the greatest contributor to flexural
strength is the cement-laterite ratio. Also the most
important combination is cement-laterite ratio/fibre
volume combination. This however needs to be
observed with some care because fibre volume in
itself is a function of mesh size (fibre-spacing) or
vice-versa. The response of flexural strength to
mesh size and fibre volume as indicated in the plots
is about half the maximum true flexural strengths
obtained from the research. The implication of this
is that there may not be a need to adhere to a
particular mesh size in order to maximize flexural
strength. The important consideration will be to use
the optimum volume of fibres (whether 1.5mm or
2.5mm or a combination both) in an arrangement
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that would enhance the uniform distribution of
fibres (in a mesh form though) throughout the
matrix in such a manner as to easily obtain
adequate compaction of the fresh mortar during
production of the tiles. If the tile is thick enough,
the reinforcement may be placed in two layers
while pouring in the fresh mortar. The 1.5 mm
fibres will be adequate for double-layer
reinforcement.

A close study of all the surface response plots
simultaneously reveals that any increase in fibre
volume fraction above 5.205 %, will result in a
gradual drop in flexural strength with all other
factors remaining constant.

Flexural Strength (N/mim?)
- W o

Cemert Latedte Ratio
From the above attempt at optimizing flexural

strength with respect to the predictor variables, it
can be concluded that for laterite-based plain roof
tiles reinforced with OPBF, the maximum strength
properties of the tiles can be achieved at a fibre
volume fraction of 5.205 %, cement-laterite ratio of
1.2 and a mesh size limited to 10 mm.

o

-

Flaxural Stranath (N/mm?)
o

o

9.0 CONCLUSION

From the research, the following conclusions are il

R
made, & Fitre Volume Fraction S Coment Lateite Ratio

OPBF has the highest tensile strength and m
of elast|C|ty among all natural fibres y:

Laterite is a suitable parent material for the
manufacture of roof tiles using cement as binder.
The use of cement as binder also eliminates the
huge energy requirement of firing as is done for
ceramic tiles.

Flanural Strength (Nfmm?)

The Cement-Laterite mix of 1:9 and 2:8 are not

suitable for laterite-based OPBF-reinforced roof ) Fite Volume Fracton

tile production. These mix proportions because of

their low cement content and high water affinity

(for laterite), absorb and retain a lot of moisture

thereby making excess moisture available to the Fig 9(a): Surface response plots of three
OPBF. The OPBFs after absorbing moisture in independent variables (factors) — laterite-
excess of 10% of their weight display a reduction cement ratio, fibre volume fraction and
in their strength and durability. mesh size (fibre spacing) of the fibres-on

the dependent variable (flexural strength)
The inclusion of Oil Palm Broom Fibres (OPBFs) for Class B (1.5mm fibres)

in reinforcing laterite-based roof tiles and cement
mortar improves flexural strength by more than 120
%.
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Based on the results of the tests, OPBF will give a
satisfactory result as a reinforcing material in fibre-
mortar roof tiles with the maximum flexural
strength obtained at a laterite-cement ratio of 1:1,
Mesh size of 10 mm and fibre volume fraction 5 %.
The roof tile dimension is however restricted any
dimension between (300 x 150 x 12) mm to (600 x
300 x 12) mm.

Consequent upon the fibre properties, availability,
cheapness and health-hazard free characteristic,
OPBFs will serve as a good substitute over other
expensive fibrous materials, and also help reduce
the cost of roofing and in the low cost housing
sector.

The following recommendations are however made
to fully establish the suitability of using Qil Palm
Broom Fibres (OPBFs) as natural fibre
reinforcement for laterite-based roof tiles:

. Further research should be

ie%[ on the variation of OPBFs’ strength
Ega tegistics with age/moisture content after
r

Flasiural Strength [Nfmm?)

ng of the OPBFs. This will enable a
mination of the duration (after harvesting)

Camert oo i : Hesh e ‘%th which the fibres display optimum strength.
Q’ o Investigations should also be
carried out on methods of improving the
. Q roughness of the surface of the OPBFs used as
reinforcement in concrete so as to improve
interface friction/bond strength of the matrix.
. OPBFs may be coated with
polymers to avoid adverse chemical reactions
from the surrounding cement matrix.
. There is an increase in water
absorption with increasing cement content for the
roof tiles. This indicates that increased cement
content causes the hydration process and possible
pozzolanic reaction to demand more water beyond
28 days of curing. A curing period of 56 days is
recommended. The mix proportions of 1:9 and 2:8
cement-laterite should not be cured by immersion
in water since water absorption exposes the
OPBFs to excess moisture.
. An appropriate method of joining
OPBF for structural purposes has not been
researched upon as at the time of this research.
Hence OPBF may not be suitable for reinforcing
roof tiles of large dimensions beyond the fibres’
natural length.

Fig 9(b): Surface response plots of three
independent variables (factors) — laterite-cement
ratio, fibre volume fraction and mesh size (fibre
spacing) of the fibres-on the dependent variable
(flexural strength) for Class B (2.5mm fibres)
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