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allowing the leaves to rot. Manual extraction by
beating is done by placing the cut leaves on
hard surface and is continuously hit with an
uhjcﬂmadenfuuodnrmhbﬂunﬁlmclﬂm
become very flexible and starts to foam. The
sisal is then washed by allowing water to flow
over it leaving the white strand or fibre.

Properties of Sisal Fibre
Fibre strands generally termed as fibre are
rather coarse, nearly white or pale-yellow in

I No. 2- November 2008

colour, about 0.9 to 1.5m in length. Properly
cleaned fibres are strong, fairly durable and
resistance to the decaying action of micro-
organism found in salt water. Sisal leaves
contains 86% water, 4% fibre and 11% of other
residues (I.L.O publication, 1992). Sisal fibre
has a high percentage of cellulose (72%) and
relatively high proportion of lignin (14.5%)
(Kochlar, 1981).

Table 1.0 Physical Properties of Sisal Fibre

I.‘:‘.’E“'ﬁﬂ Values

Length (mm) 1000-1300
_Young modulus (N/mm°) 26

Density (kg/m” ) 1450

Tensile strength (N/mm” ) 570

Elongation at break (%) 3

Water absorption (%) 60— 70

Source: [lo publication, (1992) and Kochlar, (1981).

Natural Fibre Reinforced Concrete
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Table 2.0 Modulus of Rupture of Sisal Fibre Reinforced

November 2008

Concrete.

Mix proportion Fibre Fibre Curing | Specimen | Modulus
Cement:sand:coarse content length period size of rupture
| agg(wle) (%) (mm) | (days) | (mm) | (N/mm?)
1:1.8:2.4(0.57) 3 50 28 100x100x500 3.70
1:1.8:2.4(0.57) 2 50 35 100x100x500 3.80
_ 1:1.78:1.82(0.36) 5 50 14 [ 100x100x500 |  4.80
1:3:0(0.50) 2 50 7 80X80X300 3.70
L 1300050 ] 1 50 28 80X80X300 |  3.30
Source: Swift and Smith, (1978,)
Theoretical Considerations
When fibres in the matrix material are placed Mechanical Properties of Sisal Fibre

vertically and horizontally, the greatest stiffness
and strength is developed in the direction of the
fibre. The properties of the composite will
depend upon the fibre volume fraction, the
mechanical properties of the components parts,
assuming a linear elastic behaviour. For
effective stress transfer to the fibre, the elastic
modulus of the matrix must be very much
lower than that of the fibre (Swift and Smith,
1979). It therefore follows that, there is a
minimum modular Ratio, E (fibre)/ E (matrix)
below which improvement in the mechanical
strength properties of the composite maynot be
obtained. High strength and high modulus
fibres impact strength and stiffness to the
composite whereas low modules, high
elongation fibres would result to large energy
absorption characteristic and impact toughness’
and resistance to impact and explosive loading
(Swift and Smith, 1979).

Reinforced Concrete

Reinforcement of brittle matrices with fibre of
different kinds has been shown to improve the
mechanical properties of the composite material
(Mutua et al, 1996).

3.0 The Mechanical Properties of Sisal Fibre.

Properties Valoues
Tensile strength * (KN/m” ) 347.0
Modulus of elasticity * (KN/m *) 14.0
Elongation of failure * (%) 5.0
Tensile strength * (KN/m °) 325.0
Modulus of elasticity * (KN/m® ) 7.0

| Elongation to failure * (%) 8.0
Specific graviry 0.7 10 1.0
Cross sectional area (mean, m*) (107) | 5
Cross sectional area (range, m”) (107) | 2- 10

Source: Mutual et al (1996)

*  Natural atmospheric conditions, 25°C, 60%
relative humidity

* After soaking in water for 24 hours

Abrasion resistance

Resistance to abrasion may bear some
relationship to crushing strength and in
general, it is safe 1o assume that the concrete
having the highest crushing strength has the
greatest resistance to abrasion. Durability of
the natural fibre is related to its resistance to
deterioration (wear and tear) which is a result
of external causes such as the effect of
interaction between constituent materials such
as alkali-fibre reaction, volume changes, due
to permeability and absorption e.t.c. The effect
ufalkalinnﬂ::ﬁhuhmuhdinutu_

the fibre content so that they become
decomposed and loose their reinforcing
propertics. However, Gram (1980) suggested
that the best way of contracting the
embrittlement of these fibres is to reduce the
alkalinity of the pore water, which is achieved
when 40 to 50 % of cement is reduced. The
information on the resistance of concrete to
abrasion can be obtained with a dense concrete
that has a low w/c ratio and a minimum of fine
aggregate compatible with good workability
and that has been properly placed and cured.
mmmmmym_
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does that compressive strength up w0 about

Materials and Methods
The cement used in this expenment was finely
gmumhﬂ pn“dt‘r. which was a brand Dr
Dangote Ordinary Portland cement produced in
Obajana factory, Kogi State, Nigena and
conformed to BS EN 197-2000, and the mixing
water was pipe borne water fit for drinking.
The fine aggregate for this research work was
obtained from a river around Bida
environment. The sand was sieved 1o remove
particle passing S.00mm sieve and those
retained on a 75um sieve. The coarse aggregate
used was crushed stone that passed through
20mm and retained on 4.75mm sieve. Sisal
fiber used in accordance 1o the provision of BS
882 1983 as reinforcement for these research
was obtained from building materials market at
Dei-Dei. Abuja. The fibres were well stored
and they contain mimimum unwanted materials.
The fibres were stuck together and had 10 be
scparated into strands before use. A standard
mix of 1:2:4 with water/ cement ratio of 0.60
was used. A total of 12 number slab of
dimension 460 x 460 x 50 mm was produce
with 0%, 2%, 4% and 5% of the weight of
cement replaced with fibre in the specimen.
Mixing of the
homogeneity was performed manually in the

Table 4: Summary of Physical Properties of C d |

umn‘ Scwence .fuurmn’ |'{|.|II 3 .\':I a2

» November 200X

6,000 N/mm’ (George. 1974)

laboratory. The m;uena]§ were measured ang
emptied on a clean pl:st:lc surface. It was then
thoroughly dry mixed before 2 measured
quantity of water was added. the mixing of the
materials continues until a homogenous mix
was achieved.

Presentation of Test Results and Analysis
Table 4, presents the results of the physical
properties of the aggregates. Thc sand used for
this work has a specific Erumy of 2.63, a bulk
density of 1686.20 kg/m’, moisture content of
3.67%, a fineness modulus value of 2.43 4
Coefficient of Uniformity (C,) of 8.00 and 2
Coeflicient of Curvature (C.) of 1.02, the sand
used is of Zone 1. These results reflect that the
sand sample is well graded. The crushed sione
sample has a specific ity of 2.62, bulkg
density of 1682.50 kg/m”, a C,of 1. 44 and a G,
0f 0.90, reflecting a uniform sample. All the
aggregates conformed to the BS 812 (1985).

of

s
Pt

Parameter

Specific Gravity
Bulk Density(kg/m')
Uncompacted

Compacted
% Void T e
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were tested for compressive strength and (he
average was n_:n:md::d. The results of the
various test carried out on the aggregates, sisal
fibre as well as the reinforced concrete ‘Inadg
with this material indicates uniformity in the
sample taken. The fine aggregate and coarse

Journaj Vol 3 No. 2
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corresponds to the requirements of the
nominal size of graded aggregate of size Smm
to 75um; while the crushed stone corresponds
to the requirements of the nominal size of
graded aggregate size of 20mm to Smm. The
result for modulus of rupture at 28 days of

aggregate used falls within the grading limit

stipulated in BS 882 (1983). The sad curing and percentage of fibre reinforcement

is presented in Table 5.

Table 5: Modulus of EI._IP_I_[I_[:_:_ Results

% Sisal fibre Maximum load Maximum Modulus of rupture
i LA SR deflection (mm) (N/mm’?)
Plain concrete 10 6.00 0.0039
L {0%)
2% o SRR T TR 7.00 0.0078
4% SN 9.00 0.011
6% 40 12.00 0.056

Table 5 shows that the modulus of rupture for
the sisal fibre reinforced concrete is higher than
that of the plain concrete thus showing that
there is a general improvement in the bending
strength of the sisal fibre reinforced concrete

slab. A graph showing the variation of fibre
percentage to the modulus of rupture is plotted
in figure 1. Figure 2 described the variation of
deflection with load.

Table 6: Compressive Strength Results

% Sisal fibre Weight Compressive
(kg) strength (N/mm?)
Plain concrete (0%) 24,00 20.50
2% 23.50 15.60
4% 22.60 17.05
6% 23.80 15.73

unreinforced concrete slab. Even though the
rebound hammer is not an acceptable test, it is
useful as a measure of uniformity and relative
quality of concrete (Neville and Brooks, 2003).
An increase in fibre content also gives a
corresponding decrease in the weight of the
slabs.

The compressive strength was determined
through the use of the rebound hammer test.
The result in Table 6 shows that the inclusion of
the fibre has brought about a reduction in the
compressive strength of the slab i.e. an increase
in fibre content results to a cormresponding
decrease in the compressive strength compared
to the compressive strength of the plain

Table 7: Impact Strength Result

% Sisal fibre Number of blows to | Compressive Weight (kg)
no-rebound strength (N/mm’)

Plain concrete _(0%) | 42 18.70 24.00

5% 36 17.90 23.50

% 32 16.90 22.60

6% 27 15.73 23.80

17
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Theimpmnm:slhilmnedinunmuflhl
ability of the specimen to withstand m_pued
blow and to absorb energy. Hence the impact
strength and total energy absorbed by the
concrete increase with its static compressive
The hammer was placed on the slab and the
number of blows which the slab can withstand
before reaching the “no rebound” was taken.
The “no-rebound” state indicates a definite state
of damage.

It was observed that the higher the compressive
strength, the lower the energy absorbed before

i.4

l 29

eracking, and the greater the number of blows
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Conclusions and Recommendation

From the resulis of the researvh vl e, the
Fodloswing vonw lusions are diawn

There is & signilicant impact of the fibiw on 1o
Pending Strength at 2% and 4% and 6% fibwe
comtent compared 10 the plain conurers sl of
same section. The inclusion of filwe pradiced
concrete. With low  comprossive strength and
high encrgy  absorption capacity Lo impact
strength. The result also shows that the higher
the fibre content, the higher the failure loads I
is thereby recommended that Sisal fibre could
be used as reinforcement in concrete whaie
high energy absorption is required
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