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Abstract

Sandcrete block in spite of its low compressive strength and its deficiencies in other properties such as tensile
strength, permeability and impact resistance is still a dominant construction material in Nigeria. One of the
materials used to improve the properties of concrete is fibres. Consequently, this work examines the use of
polypropylene fibres to improve the compressive strength of sandcrete blocks. This involves the reinforcement of
sandcrete blocks with twisted polypropylene fibres of length 50mm, 75mm and 100mm respectively at 5 different
volume fractions of 1 per cent, 2 per cent, 3 per cent, 4 per cent and 5 per cent, and 5 different water/cement
ratios of 0.4, 0.5, 0.6, 0.7 and 0.8. Analyses of the results showed that, addition of fibre increased the
compressive strength from 2.236 per cent to 35.783 per cent and it is dependent on the length, volume fraction
of fibre and water/cement ratio. The optimum compressive strength is dependent on the water/cement ratio,
volume fraction of fibre and fibre length. Water/cement ratio of 0.6 produced strength above 3.0N/mm2 than
any other water/cement ratio in all the length and volume fraction of fibre examined.
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INTRODUCTION Cracking resistance was no better in the northbound
Fibre reinforced sandcrete (FRS) is Portland cement lane with fibres, compared to the southbound lane
and sand mixture reinforced with more or less without fibres. Cracking was in both lanes two years
randomly distributed fibres. In FRS, thousands of after construction. Thus the wvendor’s claim of
small fibres are dispersed and distributed randomly in reducing cracking on both the short term and long
the concrete, and thus improve concrete properties in term was not supported (Brooks, 2000).
all directions. Fibres help to improve the post peak  Addition of styrene-butadiene copolymer latex to
ductility performance, pre-crack tensile strength, mortar produced increased ductility, although the
fatigue strength, impact strength, and eliminate strength of the mortar also increases. Maximum
temperature and shrinkage cracks although most of  flexural strength increased greatly, which was
the work has been on the use of polypropylene fibres determined according to the four-point bending
as reinforcing elements in concrete (Nakagawa and method. With mortars 180 days old, the compressive
others, 1989; Hughes, 1979 ; Robbins, 1978; strength value of PMM was 50% greater than the
Vondram, 1989; Zollo, 1989; Tailor, 1989). compressive  strength  of unmodified mortars
(Sustersic, 2009).
The polypropylene fibres are hydrophobic, i.e. they
do not absorb the water and hence are non-corrosive. The influence of fibres on the withdrawal namely the
Moreover, the polypropylene fibres have excellent  deformations withdrawal are generally smaller for the
resistance against alkali, chemicals, and chloride and fibre concretes compared with that of the normal
have low heat conductivity. By these characteristics, concrete (Houari, 1993 and 2007; El hachem, 1990
polypropylene fibres have therefore no significant  and Edington, 1978). The impact resistance, cracking
effect on the water demand of the fresh concrete. control capacity and early strength development of
They do not intervene in the hydration of cement and Oxyfibre Reinforced Concrete is significant when
hence do not affect the constituents in the concrete compared to those of plain concrete and
mixture. unfluorinated PP fibre reinforced concrete (Lubbe
and Tu, 2003). The polypropylene fibres recorded
In 1997, ODOT overlaid the Link River Bridge with compressive and indirect tensile strength closed to
micro silica concrete, reinforced with polypropylene those of natural fibres at low fibre content. The
fibres (FMC). The manufacturer claimed the fibres results also showed that the load - contraction curves
would reduce plastic shrinkage cracks and settlement  of all types of fibre concrete, the initial stiffness as
cracking during the early life of the concrete, as well indicated by the slope of the ascending portion of the
as reduce the formation of intrinsic cracking. curves is increased with decreasing fibre content (Al-
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Tuhami and Seleem, 2007). The polypropylene fibres
could not provide significant resistance to crack
opening and the FRC post-cracking behaviour as
indicated by the o-3 curves is unsatisfactory.
Although the total energy absorption was impressive,
the low post-cracking stresses of the polypropylene
FRC are undesirable, particularly in consideration of
the serviceability requirement for concrete structures
(Wang, and others, 1989).

The use of polypropylene fibres behaved good as far
as the properties of lime based renders are concerned
(Bosiljkov, 2001). The addition of polypropylene
fibres reduces plastic shrinkage when compared with
the same type of mortar without fibres (Sanjuan,
1990). The tensile behaviour of PFRC was different
depending on the content of fibres. The response of
cement mortar mixed with polypropylene appeared to

be more ductile with multiple peak response
(Sukontasukkul, 2004).
The properties test result of basalt fibre,

polypropylene fibre, and polyacrylonitrile is same.
The performance of concrete does not noticeably
change where volume does not reach a certain
quantity. Certain properties of basalt fibre, such as
impact resistance, are better than both polypropylene
fibre and polyacrylonitrile fibre (Ketelaar, 2007).

However, the exact influence of polypropylene fibre
geometry, diameter, length, fibrillations, etc. is not
well understood (Banthia and Gupta, 2006). Fibres
seem to have no effect on compressive strength of
mortars. In fact, excessive fibres decrease the mortar
strength (Shekarchi, and others, 2004). There is a
marginal increase in the compressive strength with
polypropylene fibre addition in mortars (Kumar and
Srikanth, 2008).

Research and studies have shown that polypropylene
fibre reinforcement is an effective method for
improving the shrinkage cracking characteristics,
toughness and impact resistance of concrete
materials. Hence, there is an increasing popularity
amongst practitioners in America, Europe and Asia to
use such fibres in concrete. However, the use of
polypropylene fibres as concrete reinforcement is
very low in Nigeria construction industry as
compared to other construction industries in
advanced countries. This is because of lack of or
uncoordinated research work on the application of
fibres in concrete done locally. It will be good
perhaps, if the local authorities could lead by
specifying such fibres in their projects thereby
encouraging the use of polypropylene fibre reinforced
concrete.

Sandcrete as a brittle material has attracted the
addition of randomly distributed short fibres to
stabilise its ductility and tensile strength thereby

1021

reducing its crackleware. Despite its low compressive
strength sandcrete blocks are extensively used in the
building Industry in Nigeria. Understanding the effect
of fibre characteristics such as fibre volume fibre,
fibre length on the compressive strength of sandcrete
block will encourage the application of fibre in the
production of sandcrete block. Consequently, this
work examines the impact of long length twisted
polypropylene fibre on the compressive strength of
sandcrete blocks.

Specimen Preparations

Adopted in the study, was the standard mix of 1:6
(cement/sand ratio) for sandcrete as specified in NIS-
75. Sand used belong to zone 2 was passed through
sieve No. 7 in order to remove particles greater than
4.76mm. The type of Ordinary Portland Cement used
was Dangote cement. Twisted polypropylene fibre
obtained by cutting polypropylene ropes to the
required sizes and separating the strands. Three
different sizes of 50mm, 75mm and 100mm
investigated at five different volume fractions of 1
per cent, 2 per cent, 3 per cent, 4 per cent and 5 per
cent. Five different levels of water/cement ratio of
0.4, 0.5, 0.6, 0.7 and 0.8 employed.

Hand mixing of the dry constituents (cement and
sand) followed by the addition of fibre evenly
dispersed in the dry mixture to avoid balling. Lastly,
water added to produce a homogeneous mixture. The
mixture cast into 100mm x 100mm x 100mm steel
mould in three layers. Each layer compacted by given
25 blows using a standard compacting rod before
trimming with the trimmer. Six replicates produced
for each mix proportion, all covered with wet sack
and de-moulded after 24 hours. Curing was by
immersion.

TESTING AND RESULTS

The cubes tested for 14-day strength according to
Nis-75 using the Universal Testing Machine. The
weight of each specimen was determined before
testing.

Compressive Strength versus Volume fraction of
Fibre

Figures 1a to 1c show the effects of volume fraction
of fibre on the compressive strength of FRS cubes for
the fibre lengths of 50mm, 75mm and 100mm
respectively. The maximum compressive strength
attained by the control specimen is 3.130N/mm? at
water/cement ratio of 0.5. Figure 1a shows that 1 per
cent, 2 per cent and 4 per cent volume fraction of
fibre have maximum compressive strength of
3.08N/mm?; 3.58N/mm? and 3.88N/mm? respectively
at water/cement ratio of 0.6. However, 3 per cent and
5 per cent volume fraction of fibre have maximum
compressive strength of 4.13N/mm? and 3.40N/mm?
at water/cement ratio of 0.7. This represents a
decrease of 1.60 per cent for 1 per cent volume
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fraction and an increase of 14.38 per cent, 23.96 per
cent, 31.95 per cent, and 8.63 per cent over the
control value for other volume fractions respectively.
The maximum volume fraction of fibre for 50mm
fibre length that would give the maximum strength is
3 per cent at water/cement ratio of 0.7.

Figure 1b shows strength variation with volume
fraction of fibre for 75 mm fibre length. It indicates
that the maximum compressive strength occurred at 3
per cent volume fraction of fibre with maximum
strength of 3.20N/mm?, 3.07N/mm? 3.07N/mm?,
2.501N/mm? and 2.937N/mm?, for the water/cement
ratios of 0.4, 0.5, 0.6, 0.7 and 0.8 respectively. This
represents a decrease in compressive strength when
compared with the control maximum strength except
for water/cement ratio of 0.4 that shows an increase
in strength. This reduction in strength varies from
0.96 per cent to 20.1 per cent. The maximum volume
fraction of fibre for 75 mm fibre length that would
give the maximum strength is 3 per cent at
water/cement ratio of 0.4.

Figure 1c shows the strength variation with volume
fraction of fibre for 100mm fibre length. It shows 3
per cent volume fraction of fibre as the optimum with
maximum strength of 3.840N/mm? 4.19N/mm?,
4.250N/mm?, 3.678N/mm?, and 3.622N/mm? for the
water/cement ratios of 0.4, 0.5, 0.6, 0.7 and 0.8
respectively. This represents an increase of 15.72 per
cent to 35.78 per cent when compared with the
control maximum strength. The maximum volume
fraction of fibre for 100mm fibre length that would
give the maximum strength is 3% at water/cement
ratio of 0.6. Fibres seem to have no effect on
compressive strength of mortars. In fact, excessive
fibres decrease the mortar strength (Shekarchi, and
others, 2004). There is a marginal increase in the
compressive strength with polypropylene fibre
addition in mortars (Kumar and Srikanth, 2008).
Compressive Water/Cement
Ratio

Figures 2a to 2c show the relationship between
strength and water/cement ratio for the fibre length of
50mm, 75mm and 100mm. The increase in
water/cement ratio has a non-linear effect on the
strength of FRS cubes with optimum value for each
fibre length examined. In the entire volume fraction
of fibre examined, the trend in the effect of
water/cement ratio is the same; the strength is
dependent on the volume fraction of fibre. The
control has optimum water/cement ratio of 0.5 with
corresponding optimum compressive strength of
3.13N/mm?. Figure 2a shows that 1 per cent, 2 per
cent and 4 per cent volume fraction of fibre have
optimum compressive strength of 3.08N/mm?,
3.35N/mm? and 3.88N/mm’ respectively at
water/cement ratio of 0.6. This represents a decrease
of 1.60 per cent for 1 per cent volume fraction of
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fibre and an increase of 14.38 per cent and 23.96 per
cent for 2 per cent and 4 per cent volume fraction of
fibre respectively over the control value. The 3 per
cent and 5 per cent volume fraction of fibre have their
optimum compressive strength as 4.13N/mm* and
3.40 N/mm? at water/cement ratio of 0.7, which
represents an increase of 31.95 per cent and 8.63 per
cent respectively over the control compressive
strength. Therefore 3 per cent is the maximum
volume fraction of fibre for 50mm fibre length that
would give the optimum strength at water/cement
ratio of 0.7.

In figure 2b for 75mm fibre length FRS blocks, the
volume fraction of fibre of 1 per cent, 2 per cent, 3
per cent and 4 per cent have maximum strength of
3.105N/mm?,  3.10N/mm?  3.20N/mm2  and
3.00N/mm? at water/cement ratios of 0.4. The 5 per
cent volume fraction of fibre has its peak strength
value as 2.563N/mm? at water/cement ratio of 0.6.
The 75mm FRS cubes recorded a decrease in strength
in the entire volume fraction of fibre examined;
except for 3 per cent volume fraction of fibre that
showed an increase of 2.34 per cent.

Figure 2c shows that for 100mm fibre length FRS
blocks, the volume fraction of fibre of 1 per cent, 2
per cent, 3 per cent and 4 per cent have peak strength
values as 3.56N/mm?, 4.10N/mm?, 4.250N/mm?,
4.22N/mm? at water/cement ratio of 0.6. The 5 per
cent volume fraction of fibre has its peak strength
value as 3.81N/mm? at water/cement ratio of 0.5. The
entire volume fraction examined impacted positively
on the strength FRS when compared with the control.
The polypropylene fibres are hydrophobic, i.e. they
do not absorb the water and hence have no significant
effect on the water demand of the fresh sandcrete.
They do not intervene in the hydration of cement and
hence do not affect the constituents in the sandcrete
mixture.

Compressive Strength Versus Fibre Length

The influence of fibre length on the compressive
strength is as shown in figures 3a to 3e. There is no
definite trend in the effect of fibre length on
compressive strength. The 75mm fibre length
imparted negatively on the strength as 72 per cent of
the specimen showed a decrease in strength, when
compared with the control. In addition, 55.56 per cent
of these specimens are within 4 per cent and 5 per
cent fibre volume fraction. Forty per cent of
specimens reinforced with 50mm fibre length have
their compressive strength less than the control, of
which ninety per cent fall within the water/cement
ratio of 0.4 and 0.5. Two specimens, one each from
water/cement ratio of 0.4 and 0.5 respectively have
the compressive strength less than the control in
sandcrete reinforced with 100mm fibre length.
100mm fibre lengths had better improve compressive
strength of sandcrete.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2(6):1020-1025(ISSN: 2141-7016)

CONCLUSION
From the study, the following conclusions can be
made:

1. Water/cement ratio has a non-linear effect on
the strength of FRS cubes with optimum value
for each fibre length examined. In the entire
volume fraction of fibre examined, the trend in
the effect of water/cement ratio is the same; the
strength is dependent on the volume fraction of
fibre and water/cement ratio.

Sixty percent of the result showed that the
addition of fibre increases the compressive
strength from 2.236 percent to 35.783 per cent
and is dependent on the length, volume fraction
of fibre and water/cement ratio.

The 75mm fibre length imparted negatively on
the strength as seventy-two per cent of the
specimen showed a decrease in strength, when
compared with the control.

100mm fibre lengths had better improve
compressive strength of sandcrete as ninety-two
per cent showed increase in strength over the
control. It can increase strength up to 35.8 per
cent.

Water/cement ratio of 0.6 produced strength
above 3.0N/mm? than any other water/cement
ratio in all the length and volume fraction of
fibre examined.
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APPENDIX
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