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Abstract: Problem statement: Researches has been conducted worldwide on a large number of
natural or artificial lightweight aggregates. In spite of many of the researches of using natural fibers
show considerable promise, the use of natural fibers to improve the properties of lightweight concrete
still required to be a subject of further research and investigation. Approach: This experimental
investigation was carried out to study the properties of lightweight crushed brick concrete containing
palm fiber of different volume fractions. An experimental programme was planned in which the tests
such as density, compressive strength and flexural strength were conducted to investigate the properties
of lightweight crushed brick concrete reinforced by palm fiber. The specimen incorporated different
volume fractions of palm fiber, i.e., 0, 0.2, 0.4, 0.6, 0.8 and 1.0%. Results: Tests results showed that
the use of this fiber slightly increases the density of lightweight concrete. The use of 0.8% of palm
fiber increases the compressive strength and flexural strength by about 13.4 and 16.1% respectively.
Conclusion: The results indicated that the use of palm fiber with lightweight crushed brick concrete
enhances the mechanical properties of the concrete and the optimization of the palm fiber fractions is
required to get the best performance.
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on environment and energy, increasing attention should
be paid to natural fibers with a view to conserving
energy and protecting the environment. The addition of
natural fiber also reduces the thermal conductivity of
the composite specimens and yielded a lightweight
product (Khedari et al., 2003). Beside that, some
investigations have already been carried out on various
mechanical properties and physical performance of
concrete materials using natural fibers from coconut
husk, sisal, sugar cane begasse, bamboo, jute, wood,
akwara, elephant grass, water-reed, plantain and
musamba and cellulose fibers. These investigations
have shown encouraging results. Despite the
widespread interest, it is not easy to show examples
in which the natural fiber reinforced concretes have
been an automatic choice. A wide variety of natural
fibers has been used for numerous trial applications
but, whilst many of these show considerable promise,
the use of natural fibers to reinforce cement pastes,
mortar and concrete still remains to be a subject of
further research and investigation (Aziz et al., 1981;
Do and Lien, 1995).

INTRODUCTION
There has been a growing interest in utilizing
natural fibers for making low cost construction
materials in recent years. Knowledge of natural fiber
use in cement composites, mechanisms of mechanical
behavior,
insulating
behavior
has
increased
substantially. Many Research papers indicated various
advantages in the use of natural fibers in cement
composites, among them the following: increased
flexural strength, post-crack load bearing capacity,
increased impact toughness and improved bending
strength (Do and Lien, 1995). Natural fibers exhibit
many advantageous properties as reinforcement for
composites (Toledo et al., 2003; Bilba et al., 2003;
Asasutjarit et al., 2007). By far the best advantage of
using natural fibers is that they offer significant cost
reduction and benefits associated with processing as
compared to synthetic fibers. That’s why they are
currently getting a lot of attention for replacing
synthetic fibers (Thielemans and Wool, 2004). At the
present time, due to simultaneous awareness increase
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In this study, the idea is to use palm fiber with
lightweight concrete mixes which are produced from
the crushed brick aggregate and study the different
percentages of this fiber on the mechanical properties of
lightweight concrete.

Test methods: Three cube samples 100 mm were used
for each mix to test the density and compressive
strength after water curing condition until the age of
test. The slump test for mixes was performed according
to ASTM C143, C 567 (2009). The slump design for all
mixes were 150±10 mm. The test of the fresh density
was achieved directly after casting in cubes according
to ASTM C143, C 567 (2009). The cube specimens
were left in the molds for 24 h at 20°C. After
demolding, the specimens were kept in water curing till
the age of test. The test of saturated surface dry of
specimens at the age of test was adopted and
implemented according to BS 1881: Part 114 (1983).
The test of compressive strength was achieved directly
after the density test according to BS: Part 116 (1983)
for each test age. Beside that, the prismatic steel molds
(100×100×500 mm) were used for the flexural strength
test according to BS 1881: Part 118 (1983).

MATERIALS AND METHODS
The cement used in mortar mixtures was ordinary
Portland cement a product of (Tasek Corporation
Berhad). The chemical composition of Ordinary
Portland and is given in Table 1. The Superplasticizer
(SP) (Conplast SP1000) was used at 1.5% to give the
properties of desirable workability for all mixes.
The fine aggregate used is natural sand, whose
fineness modulus is 2.86 and the maximum size is less
than 5 mm and fine lightweight crushed brick aggregate
(FLWA). The coarse lightweight aggregate used is also
from crushed brick with a maximum aggregate size of
20 mm. The palm fiber is produced by fiber-X(M) Sdn.
Bhd and its characteristics shown in Table 2.

RESULTS
Table 3 and 4 show the results of the fresh and
hardened density for all mixes and from the results, it
can be noticed that the inclusion of palm fiber in the
crushed brick lightweight concrete mixes will slightly
increase the Fresh and hardened density as shown in
Fig. 1. The compressive strength results also listed in
Table 4. The increase in compressive strength resulted
from palm fiber inclusion was observed. The highest
value of compressive strength was obtained by using
0.8% of palm fiber as shown in Fig. 2. The increase
percentage for compressive strength was 13.4%
compared with the control mix (CF0) as seen in Fig. 3.
The relation between density and compressive strength
is shown in Fig. 4. The flexural strength of the
lightweight concrete mixes is shown in Table 4.

Mix proportions: Approximate concrete composition
is given in Table 3. The mixture is designed according
to the absolute volume method given by ACI (American
Concrete Institute, 2003). At the beginning, the control
mix (CF0) was prepared using the mix proportion 1:
1.5: 1: 1.95 /0.45 (Cement: Sand: FLWA/water-cement
ratio) (Dawood and Ramli, 2008). The oil palm fiber of
the volumetric fractions 0.2, 0.4, 0.6, 0.8 and 1.0% of
the mixes were used in preparing mixes CF1, CF2,
CF3, CF4 and CF5 respectively.
Table 1: Chemical composition of Portland cement
Ordinary Portland
Constituent
cement by weight (%)
Lime (CaO)
64.64
Silica (SiO2)
21.28
5.60
Alumina (Al2O3)
Iron Oxide (Fe2O3)
3.36
Magnesia (MgO)
2.06
Sulphur Trioxode (SO3)
2.14
0.05
N2O
Loss of ignition
0.64
Lime saturation factor
0.92
Table 2: Characteristics of palm fiber
Fiber properties
Average fiber length (mm)
Average fiber width (microne)
Tensile strength (MPa)
Elongation at break (%)
Specific gravity
Water absorption (%), 24/48 h

Quantity
30.00
21.13
21.20
0.04
2.14
0.60

Fig. 1: Relation between fiber content and saturated
surface dry density
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Table 3: Crushed brick lightweight concrete mixes
Cement
Water
SP
Index
(Kg m−3)
(Kg m−3)
(%)
CF0
360
160
1.5
CF1
360
160
1.5
CF2
360
160
1.5
CF3
360
160
1.5
CF4
360
160
1.5
CF5
360
160
1.5

W/C
0.45
0.45
0.45
0.45
0.45
0.45

OPF by cement
volume (%)
0.0
0.2
0.4
0.6
0.8
1.0

Table 4: Mechanical properties of lightweight concrete mixes
Density (Kg m−3)
Density (Kg m−3)
Index
7 days
28 days
CF0
1960
1990
CF1
2000
2010
CF2
2000
2015
CF3
2020
2025
CF4
2030
2040
CF5
2020
2030

Sand
(Kg m−3)
540
540
540
540
540
540

Compressive strength
(MPa) 7 days
16.2
16.8
16.3
16.2
17.6
15.8

FLWA
(Kg m−3)
360
360
360
360
360
360

CLWA
(Kg m−3)
700
700
700
700
700
700

Fresh density
(Kg m−3)
1940
2000
2010
2000
2000
2020

Compressive strength
(MPa) 28 days
23.1
24.2
24.5
24.9
26.2
22.8

Flexural strength
(MPa) 28 days
4.15
4.41
4.60
4.64
4.82
4.46

Fig. 4: Relation between and compressive strength and
density at 28 days

Fig. 2: Relation between fiber content and compressive
strength 28 days

Fig. 5: Relation between fiber content and flexural
strength at 28 days

Fig. 3: Relation between fiber content and compressive
strength percentage

fraction inclusion in the mix. The highest increase
percentage increase was 16.1% compared with control
mix as shown in Fig. 6. The relation between
compressive strength and flexural strength is shown
clearly in Fig. 7.

The increase of the flexural strength is compatible with
the compressive strength increase and again Fig. 5
illustrates that the increase of the flexural strength with
the palm fiber continuing up to 0.8% volumetric
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that may lead to reduce bonding and disintegration
(Balaguru and Shah, 1992) as its shown well in Table 4
and Fig. 2-7.
CONCLUSION
•
•

Fig. 6: Relation between fiber content and flexural
strength percentage

•

The density of the palm fiber lightweight concrete
has increased slightly by the inclusion of palm
fiber in the mix
The use of 0.8% of volume fraction of palm fiber
can be considered an optimal percentage for this
type of concrete from the view of highest
compressive strength and flexural strength
The increase percentages of the compressive
strength and flexural strength using the optimal
volume fraction of fiber are 13.4 and 16.1%
respectively
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