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ABSTRACT

The study aims to investigate and find natural fiber as concrete reinforcement using the self-compacting
concrete method. Methods of adding fiber and self-compacting concrete methods are exciting because
these two methods have different characteristics and advantages. Therefore, the performance of the
fresh-state flow capability of the self-compacting concrete method, which contains various fibers, was
observed. Coconut fiber, pineapple leaf fiber, ijuk sugar palm fiber, and artificial polypropylene fiber
were used with varying compositions of 0.3, 0.5, and 0.7% by mass of binder. The results show that
coconut and pineapple fiber concrete met the European Guidelines for Self-Compacting Concrete
standards. The coconut and pineapple fiber concrete performed admirably in all tests.
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1. INTRODUCTION

Porosity in concrete is often found in concrete due to a lack of compaction during moulding
and air trapped in the concrete. The Self Compacting Concrete (SCC) method is believed to
overcome the porous problem because SCC is concrete that can compact itself with a rela-
tively high flow capability value and has an empirical distribution [1]. The results of the
previous discussion stated that SCC is a type of concrete that is more liquid than conven-
tional concrete mixtures. Concrete with the SCC method should be able to flow through the
gaps between the bars of the reinforcement without segregation or separation of the material
[2]. EFNARC [3] stated that the fresh state condition of the SCC must meet several con-
ditions to achieve good SCC conditions, namely flowability, viscosity, and passing ability.
However, this condition provides several options, depending on some construction purposes
or the use of the materials, especially the size of the coarse aggregate, so that the test
equipment and the magnitude of the test value can be adjusted. The water/cement (w/c) ratio
in the SCC method dramatically affects the performance of SCC flowability and the me-
chanical properties of concrete in a fresh state and hardened conditions, regardless of how the
concrete uses added materials or substitutes [4, 5]. In fresh state conditions, the w/c ratio
provides the effect of destiny and bonding between the material interfaces in the concrete
matrix when it hardens, thus affecting the strength of the concrete [6]. The SCC method
correlates the w/c ratio and concrete strength. The strength of the concrete reduces as the w/c
ratio increases. Although the w/c ratio is not the only one affecting the strength of concrete,
this influence is dominant [7]. On the other hand, concrete is a material that has the
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advantage of compressive strength but is weak against tensile
strength. So, to overcome these weaknesses, reinforcement is
added in the concrete form of fiber [8, 9], both artificial and
natural fibers. The superior physical and mechanical prop-
erties of Coconut Fiber (CF), PineApple Leaf Fiber (PALF),
Ijuk Sugar Palm Fiber (ISPF), and PolyPropylene Fiber
(PPF) have been reported by several studies [10, 11]. Adding
fiber as reinforcement will provide an opportunity for other
problems to occur. The presence of fiber is related to the
segregation in concrete and affects the moisture content,
affecting workability [12]. In addition, fibrillation produced
by the fibers in the concrete mixture [13] will attract the
substantial material into small lumps, thereby affecting
workability. Nevertheless, mixing the fiber method in con-
crete with SCC has become a concern. The results of
bending tests in controlled deflection confirm that the pos-
itive contribution of fibers in the mechanical behavior of
SCC indicates the possibility of better fiber-matrix bonding
[14]. Using fiber in the SCC method shows that the fibers are
distributed more evenly on the specimen fracture surface
[15]. In achieving the objectives of this study, it is necessary
to study that the w/c ratio and the way of mixing fibers in
concrete play an essential role in workability. In addition,
the factor of adding other materials is cementitious mate-
rials, providing an opportunity to improve the performance
of SCC flow capability [16, 17]. Using cementitious sup-
plementary materials can increase eco-efficiency in SCC
[18]. So combining fiber with cementitious materials like
Rice Husk Ash (RHA) may show concrete with better results
and eco-friendly [19], so the combination is enough to
provide an opportunity for use in the SCC method. The
chemical composition of RHA comes from repeated open
burning to produce a composition like fly ash, which has
been reported [13]. Using RHA as a cement substitute
optimally can improve the mechanical characteristics of
concrete [20]. Apart from that, the presence of cementing
material can influence the density of the concrete matrix’s
interfacial zone, thereby increasing the strength of the con-
crete [21, 22]. Fiber concrete has different characteristics
from normal concrete, especially in the fresh state. Studies
on fibrous concrete using the SCC method are very limited.
Therefore, this research aims to investigate the characteris-
tics of concrete containing various types of fibers when using
the SCC method. Starting from various fresh state tests
based on EFNARC to the compressive strength results.

2. MATERIALS AND METHODS

2.1. Fibers and rice husk ash

Besides using fibers, the RHA is added as a binder in con-
crete mixtures to improve substantial performance [23].
PALF is produced manually [24], which is obtained by
separating the leaves’ fibers from the leaves’ outermost layer.
Then, the fibers are dried, and the result can be seen in
Fig. 1a. CF and ISPF (Fig. 1b and c) are already available
without a process, and PPF is available on the market
(Fig. 1d). All fibers are 2 cm long with compositional vari-
ations of 0.3%, 0.5%, and 0.7% by mass of binder into the
concrete mixture. The diameter of RHA is 0.075 mm or
passed sieve number 200, which was abundantly available
from the rice milling directly put into the concrete mix
without process. RHA is obtained by open burning in a rice
mill without being controlled and burned repeatedly, thus
producing a lot of Silica.

2.2. Cement and aggregates

The cement used is Ordinary Portland Cement (OPC)
available in the market, and the aggregate has passed several
tests with the result presented in Table 1. Testing aggregate
properties is significant for the SCC method because the mix
of designs is highly dependent on these properties. Knowing
the content and absorption of water is very important in
determining the amount of water in the mix design. It is also

Fig. 1. The fibers used in the study: a) PALF, b) CF, c) ISPF, d) PPF

Table 1. Aggregate test results

Testing Values

Density of Coarse Aggregate 2.16 g cm�3

Density of Fine Aggregate 2.57 g cm�3

Mud Content Coarse Aggregate 0.77%
Mud Content Fine Aggregate 3.30%
Bulk Density of Coarse Aggregate 1.32 g cm�3

Bulk Density of Fine Aggregate 1.49 g cm�3

Fine Modulus of Coarse Aggregate 7.09
Fine Modulus of Fine Aggregate 2.78
Water Content of Coarse Aggregate 0.60%
Water Content of Fine Aggregate 2.15%
Water Absorption of Coarse Aggregate 0.75%
Water Absorption of Fine Aggregate 1.73%
Maximum Diameter of Aggregate 20.00 mm
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essential to decide on the content of the sludge in the
aggregate because the sludge will absorb a lot of water.

2.3. Mix design method

This SCC design mix applies previous research that designs
with simple design steps for SCCs presented by Su et al. [25].
In the mixing method, each fiber is soaked in water for 15
min and drained for 30 min so that the water in the fiber
comes out and the fiber is only moist to taste. The fibers are
put into the concrete mixture in the mixer by spreading
gradually and slowly so that clumping does not occur. This
process takes place during a 3-min rotating mixer. Previ-
ously, all concrete mixtures, namely coarse aggregate, sand,
cement, RHA, water, and super-plasticizer, were mixed in a
mixer that was rotated for 3 min. Next, the concrete is
poured into molds and in maintenance control in water at
room temperature for 28 days. The composition of the SCC
forming material is presented in Table 2. The w/c ratio used
is 0.40 and 0.45. Concrete samples containing CF, PALF,
ISPF, and PPF are given the codes FSK, FSN, FSI, and FSP,
respectively.

2.4. Workability test

Consistency classification according to the provisions of
EFNARC [3] and BS EN 12350-9:2010 British standard [26]
is based on three kinds of tests to determine flowability,
viscosity, and passing ability. Thus, this study used slump
flow, V-funnel, and L-Box test instruments for each
parameter test to determine the concrete’s compressive

strength using universal testing machine. The slum flow
value describes the flowability of a fresh state under unde-
fined conditions. The slump flow is a sensitive test usually
determined for all SCCs. This test uses visual observation as
the primary check to asess the consistency of fresh-state
concrete that meets specifications. Timing testing T500 on
slump flow was not recommended in this study, as the time
value was relatively up and down when the fresh concrete
reached a diameter of 500 mm, which was carried out
repeatedly. For this reason, it is enough to use the V-funnel
test following the provision for the viscosity test [3]. The
L-Box method represents the ability of fresh concrete to flow
through confined and narrow spaces, like in the reinforce-
ment areas. In defining passing capability, it is necessary
to consider the geometry and density of reinforcement
and the maximum aggregate size so the fresh concrete can
flow through the reinforcement bars. This study used
the minimum passing ability specifications with gaps of
60–80 mm [3].

3. RESULT AND DISCUSSIONS

3.1. Fresh state testing

The fresh state SCC test results of all fiber variations show
each character with a different value, involve slump flow,
viscosity, and passing ability. Slump flow examination is
carried out at each variation and w/c ratio so that the rela-
tionship between the compressive strength of the sample

Table 2. The material composition of SCC

Sample
code

Fibers (%) wt of
binder w/c

Sp. (%) wt of
binder

RHA (%) wt
of cement

Coarse Aggr.
(kg m�3)

Fine Aggr.
(kg m�3)

Cement
(kg m�3)

Water
(Lt m�3)

FSK-1 0.3 0.40 0.9 10 592.61 998.10 450 198.00
FSK-2 0.5 0.40 0.9 10 592.61 998.10 450 198.00
FSK-3 0.7 0.40 0.9 10 592.61 998.10 450 198.00
FSK-4 0.3 0.45 0.9 10 592.61 998.10 450 222.75
FSK-5 0.5 0.45 0.9 10 592.61 998.10 450 222.75
FSK-6 0.7 0.45 0.9 10 592.61 998.10 450 222.75
FSN-1 0.3 0.40 0.9 10 592.61 998.10 450 198.00
FSN-2 0.5 0.40 0.9 10 592.61 998.10 450 198.00
FSN-3 0.7 0.40 0.9 10 592.61 998.10 450 198.00
FSN-4 0.3 0.45 0.9 10 592.61 998.10 450 222.75
FSN-5 0.5 0.45 0.9 10 592.61 998.10 450 222.75
FSN-6 0.7 0.45 0.9 10 592.61 998.10 450 222.75
FSI-1 0.3 0.40 0.9 10 592.61 998.10 450 198.00
FSI-2 0.5 0.40 0.9 10 592.61 998.10 450 198.00
FSI-3 0.7 0.40 0.9 10 592.61 998.10 450 198.00
FSI-4 0.3 0.45 0.9 10 592.61 998.10 450 222.75
FSI-5 0.5 0.45 0.9 10 592.61 998.10 450 222.75
FSI-6 0.7 0.45 0.9 10 592.61 998.10 450 222.75
FSP-1 0.3 0.40 0.9 10 592.61 998.10 450 198.00
FSP-2 0.5 0.40 0.9 10 592.61 998.10 450 198.00
FSP-3 0.7 0.40 0.9 10 592.61 998.10 450 198.00
FSP-4 0.3 0.45 0.9 10 592.61 998.10 450 222.75
FSP-5 0.5 0.45 0.9 10 592.61 998.10 450 222.75
FSP-6 0.7 0.45 0.9 10 592.61 998.10 450 222.75
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and the slum flow value can be known. Following EFNARC
[3], the slump flow value ranges from 550 to 850 mm ac-
cording to the purpose of using concrete material in building
construction. However, it uses a condition of 600–750 mm
for all standard concrete applications. As for viscosity with
the V-funnel test method, the recommended value is 6–12 s,
and passing ability testing with the L-Box method must have
a blocking ratio of 0.8–1.0.

3.2. Flowability

The results of the flowability test in Fig. 2 show that concrete
with a w/c ratio of 0.40 reinforced all CF compositions
(FSKl - FSK3). They have stable slump flow values to the
required slump flow value. Only concrete reinforcement
with PALF, with compositions of 0.3% and 0.5% (FSN 1 and
FSN 2), is eligible, while a composition of 0.7% (FSN-3) has
a slightly under qualified value.

These results show that increasing the PALF content in
the concrete mixture decreases the concrete flow. Likewise,
all concrete compositions with ISPF and PPF variation give
problems to the flow rate. These two fibers provide early
bonding with the concrete in the fresh state. The fiber’s
initial biding occurs due to the moisture content factor in
the concrete mixture. Figure 3 shows that the increase in
moisture content, namely at a water-cement ratio of 0.45,

gives influence and space to the concrete mix to flow, which
is seen in concrete reinforced by ISPF, which has a higher
slump flow value than ISPF with a water-cement ratio 0.40.
However, PPF-reinforced concrete has a low value when the
w/c ratio is higher, which is 0.45. PPF artificial material has a
higher fibrillation value when mixed in a concrete mixture
and is more flexible, so the initial binding with the aggregate
occurs faster. Then, in this condition, the clumping concrete
fraction will inhibit the flow of concrete and affect the
strength of concrete when it hardens [27, 28].

3.3. Viscosity

Figures 4 and 5 show the character of each concrete with the
increased sum of fibers, and the w/c ratio in the V-funnel
test. In this study, the role of all fibers with a content of 0.3%
in concrete did not give a problem to the viscosity value. All
variations of fiber met the viscosity rate speed requirements
with a w/c ratio of 0.40 or 0.45. The CF character shows that
a w/c ratio of 0.4 with a composition of 0.7% cannot meet
the requirements of EFNARC [3]. At a w/c ratio, 0.45 gives
free space to CF to bind the concrete, but no clumping oc-
curs, and it flows smoothly at the appropriate time. The
observations show that conversely, a stiffer ISPF and a
slippery surface are not a problem for a low w/c ratio and
will be an obstacle when the w/c ratio is high. A high w/c

Fig. 2. Flowability set by EFNARC against SCC incorporating
various fibers with w/c ratio 0.40 Fig. 4. Viscosity limitation determined by EFNARC againt SCC

incorporating various fibers at w/c ratio 0.40

Fig. 3. Flowability for w/c ratio 0.45 and flow-ability limits set by
EFNARC Fig. 5. The viscosity of SCC with various fibers at a w/c ratio of 0.45
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ratio provides space for ISPF to bind itself into a lump. The
character of ISPF is similar to PALF fiber but has a rather
rough text than ISPF.

For the viscosity test of concrete containing PPF,
clumping occurs in the concrete mixture related to the
amount. The higher the amount of fiber in the concrete, the
more jetting in the V-funnel test takes a lot of time. Exciting
here is the promising result of observing the use of CF-
related to viscosity. All composition quantities (0.3, 0.5, and
0.7%) at a w/c ratio of 0.45 meet the range specified by
EFNARC [3] (Fig. 5). Even for the w/c ratio of 0.4, only 0.7%
of the composition exceeds the EFNARC [3] range (Fig. 4)
due to the amount of fiber causing a delay in the flow time of
the V-funnel pad. But this also happens with all fibers with a
composition of 0.7%.

3.4. Passing ability

In reality, passing ability depends on the fresh concrete’s
volume. Often, the paste flows ahead of the coarse aggregate
particles behind, so the coarse aggregate that “loses” the
paste blocks the flow of the concrete [29]. Fibers in the
concrete can bind the concrete between the paste and
the coarse aggregate particles, making dilatancy easy. This
condition is a challenge in the flowability of fresh concrete
because the fibers can bind the concrete and form small
lumps so that they can get stuck in the bars on the L-Box.
When the pressure is significant, or the w/c ratio is higher,
the clots of concrete bonds can pass through the bars in
small groups. The CF and ISPF fibrous concrete at w/c ratio
0.4 with a composition of 0.3% can flow on the bars on the
L-Box in the passing ratio range of 0.8–1, but segregation
occurs in the composition of 0.5% and 0.7% (Fig. 6).

All PALF and PPF fiber variations do not meet at a w/c
ratio 0.4. In contrast, for a w/c ratio of 0.45 (Fig. 7), all fibers
have a passing ability ratio outside the EFNARC [3] range
except PPF 0.3% and ISPFs 0.5% and 0.7%. In this test, it is
challenging for fibrous concrete to achieve the specified
conditions since all fibers apply the initial binding on the
mortar into clots in fresh-state concrete. In this test, it is
complicated for fibrous concrete to achieve the specified
conditions since all fibers apply the initial binding on the

concrete into clots in fresh-state concrete. This condition
causes dilatancy and an increase in the density of fresh state
or wet packing density of concrete, which makes it difficult
for them to flow through the bars [30]. However, the results
showed that wet compaction in ISPF and PPF with a
composition of 0.5% and 0.7%, w/c ratio of 0.45, pulled
concrete lumps to pass through the iron bars simulta-
neously. This condition increases the volume of concrete in
the horizontal part of the L-Box. It increases the height of
H2, thereby increasing the value of the passing ability ratio
and segregation.

3.5. Compressive strength

Figure 8 shows the relationship between compressive
strength and fiber variations with two w/c ratios (i.e., 0.4 and
0.45). The strength of concrete is the expected result of
developing concrete. The design mix prepared in this study
refers to the SCC concrete manufactured by Su et al. [25]
with the characteristic compressive strength of concrete was
20 MPa. The strength of concrete increases with several fi-
bers, showing the fiber influences the strength of concrete.
However, some compositions give the result of counter
plans. ISPF fibrous concrete (FSI-1) can offset these results
at a w/c ratio of 0.40. The results of concrete strength testing
show the advantages of concrete with fiber variations at a
w/c ratio of 0.40 rather than a w/c ratio of 0.45. A significant

Fig. 8. Compressive strength of some fiber variations at w/c ratios
0.40 and 0.45

Fig. 6. Passing ability set by EFNARC on SCC with various fibers at
w/c 0.40

Fig. 7. Passing ability of SCC with various fibers at w/c ratio 0.45
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difference occurs in CF fibrous concrete, where the w/c ratio
of 0.45 (FSK-4, FSK-5, and FSK-6) is much lower than the
strength of CF fibrous concrete with a w/c ratio of 0.40
(FSK-1, FSK-2, and FSK-3).

4. CONCLUSION

This study has evaluated the workability behavior of SCCs
containing several fiber variations and the use of RHA on
the basis EFNARC requires. Clumping events caused by fi-
ber fibrillation are inevitable, so dilatancy can quickly occur
and reduce flow. Some of the types of fibers used in this
experiment, CF and PALF with the appropriate composi-
tion, have good character in passing the test of ability, vis-
cosity, and passing ability.

Combining fiber variations with the suitable w/c ratio
composition, where the experiment results in a w/c ratio
0.40, can increase the projected concrete’s strength.
However, in this experiment, artificial PPF cannot in-
crease the strength of concrete, and only natural fibers can
play a role in the strength of concrete. In this study, the
relationship between concrete strength and workability
performance in SCCs using fiber variation and RHA can
be estimated and follows EFNARC requirements. As a
result, the utilization of natural fibers in concrete using
the SCC method can be employed in settings similar to the
findings of this study. Based on these findings, it is rec-
ommended that PALF and CF be used, as they produce
the best results.
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