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Fiber Treatment and Loading Affect Mechanical
Properties of Bamboo/Cement Composite
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Abstract— The effect of fiber treatment and loading on the
mechanical  properties of bamboo/cement composite was
investigated. Compression tests and three-point bend tests were
carried out on bamboo fiber reinforced cement specimens after 10-
day aging to evaluate effects of fiber addition on mechanical
properties. Initial results indicate that bamboo fiber treatment and
loading significantly affect mechanical properties of cement. Cement
reinforced with treated bamboo fibers has better mechanical
properties than those reinforced with as-received fibers which are
untreated. In addition, mechanical properties of cement degrade
beyond a threshold fiber loading.

Index Terms—Bamboo, cement, fibers, mechanical properties
I. INTRODUCTION

Steel is the most widely used reinforcement material in
cement. A report published by the World Steel Association in
2012 states that 51.2% of the global steel production goes into
construction [1]. Steel production is costly, produces carbon
dioxide and is energy intensive. Advancement in technology
in the steel industry reduced energy consumption during steel
production by 60% over the past 50 years. Nevertheless, 20
GJ of energy is consumed and 20 tonnes of carbon dioxide
gas is emitted for every tonne of steel cast [1]. Alternative
reinforcement materials which are more environmentally
friendly and less costly relative to steel are highly desired.
Natural plant based fibers have been investigated as
reinforcement materials in composites [2]. They are
ecologically sustainable, inexpensive to process and readily
available.

Bamboo plants typically require a few months to reach
maturity and about 3 to 5 years for its culm to attain
satisfactory mechanical properties. In addition, bamboo is
ubiquitous in tropical regions including Brunei and can be
found in abundance the year whole year. Bamboo culms have
been used in construction in many Asian societies due to its
low cost, accessibility and robustness. In Brunei, bamboo has
been used as scaffolding and constructing simple residential
structures. It is also used as contain food during processing
and to make handicrafts. Bamboo is a source of ecologically
sustainable material.
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Bamboo possesses tremendous engineering value that has
not been realized. Bamboo has a compressive strength of
between 62-93 MPa while that for both residential and high
strength cement are between 17-28 MPa and 70 MPa,
respectively [3]. Also, bamboo has higher Ashby’s merit
index based on strength per unit mass; it has a tensile strength
of 0.37 MPa / (kg/m3) compared to 0.021 MPa / (kg/m3) of
many types of steel. [4].

Bamboo as a reinforcement has been widely studied. In
most of these studies, bamboo used was in the form of strips
and culms [5]. In addition, gravel was added that complicates
analysis of fiber/cement interactions. Relatively fewer
research have been done using bamboo fibers in cement [6].
The objective of this research is to investigate the mechanical
properties of cement reinforced with bamboo fibers. In
addition, the effect of treatment on the mechanical properties
of fiber reinforced cement is investigated.

Il. EXPERIMENTAL PROCEDURE

A. Materials and Equipment

In this study, bamboo plants between 3 to 6 years old
with a diameter of about 50 mm were used. Only healthy
bamboo plants without any disease symptoms were chosen.
The cement used in this study was Brunei Ordinary Portland
cement which is commonly used for construction. The aim of
this study is to elucidate the interaction between fibers and
cement. Hence, sand and rocks were not added to the fiber
cement mix. Specimens were tested using an Instron testing
machine.

B. Fiber Preparation

To obtain bamboo fibers, bamboo strips were fed into a
rolling machine. The rolling machine flattens these strips into
smaller fibers. The bamboo fibers obtained were divided into
two portions.

The first portion was put through a treatment process. In
this process, fibers were boiled for 5 hours in water at normal
atmospheric pressure. After boiling and once it has cooled
down to room temperature, these fibers were then dried for 10
minutes at 100°C in an oven; such fibers are labelled as
mechanical treated (MT). The second portion of bamboo
fibers was used without further processing. This untreated
portion is labelled “as-received” (AR) condition. Bamboo
fibers used in this study are about 5 mm long.
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Fig. 1. Bamboo fibers being fed into a rolling machine

C. Bamboo Fiber Reinforced Cement (BFRC)

Bamboo fiber reinforced cement specimens used in this
study were prepared from cement to water mix ratio of 2.5:1
by mass. Different loadings of bamboo fibers used were. For
each loading, bamboo fibers were weighed and the
appropriate amounts added to the cement water mix. To
obtain a consistent and uniform mix, the mixture of bamboo
fibers and cement was stirred until the fibers were dispersed
uniformly. The loadings used in this study are 0.25% and
0.50% by mass. Control specimens with no fiber loading were
also prepared as comparison to elucidate the effect of bamboo
fiber addition.
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Fig. 2. Bamboo fibers

Cylindrical polyvinyl chloride (PVC) molds were
used as molds to form compression and three-point bend test
specimens. Homogeneous bamboo fiber cement mix obtained
was then poured into appropriate molds to set. Molds to
prepare compression test specimens were cylinders with 38.1
mm and 50 mm inner diameter and length, respectively.
Dimension of molds for three-point bend test is 38.1 mm and
200 mm inner diameter and length, respectively. After the
mix has been poured into molds, the specimens were
compacted for 1 min to reduce voids. The mix was allowed to
cure and was stored at room temperature (25°C) for 10 days
prior to testing. In general, specimens have smooth surface
with uniform coloration and minimal voids.
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Fig. 3. BFRC specimens: (a) Compression specimen; (b) Three-point
bend specimen

I1l. TEST METHODS
A. Compression Test

y =
Fig. 4.BFRC during compression test

A loading rate of 12 MPa/min was used during
compression test. Specimens were placed between steel
platens in an Instron machine and compressed until failure;
see Fig. 4 below.

B. Three-point Bend Test

Figure 5 shows geometry of the three-point bend test. A
specimen is supported by two bottom point contacts spaced
140 mm apart below the specimen. A top point contact
located midway between the two point contacts applies a
downward strain at a rate of 0.02 mm/s. The top point contact
is directly above a notch that had been machined into the
specimen. Specimens were tested until failure.
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Fig. 5.BFRC durfﬁg three-point bend test

IV. RESULTS AND DISCUSSION

The average compressive strength (CS) and elastic
modulus (EM) for are shown in Table 1 below.

TABLE I: RESULTS OF COMPRESSION TEST

Fiber AR MT
Loading
%
CS, CM, CS, CM,
MPa MPa MPa MPa
0.00 22.2 923 22.2 923
0.25 22.1 633 25.4 1167
0.50 134 557 24.9 1,944

Addition of bamboo fibers affects the mechanical
properties during compression. Treated bamboo fibers
significantly improve strength and modulus during
compression. When AR fibers are added, compressive
strength remains the same at 0.25% loading and degrades
when loading is increased to 0.5%. The elastic modulus for
cement composites loaded with 0.25% and 0.50% AR fibers
are lower than that for pure cement.

In contrast, the compressive strength increased from 22.2
MPa for pure cement to 25.4 MPa and 24.9 MPa for cement
composites with 0.25% and 0.50% MT fiber additions. The
elastic modulus for cement composites loaded with 0.25%
and 0.50% MT fibers are higher than that for pure cement as
well.

These results indicate addition of bamboo fibers affect
the mechanical properties of cement composites. Addition of
treated bamboo fiber improves the mechanical properties of
cement composites during compression. Addition of untreated
bamboo fibers at loading levels in the present study does not
result in noticeable improvement in mechanical properties.

According to a similar study, natural fibers increase the
uniaxial compression strength to cement composite due to the
fibers crossing micro / macro cracks present in the cement
composite. This strengthening mechanism depends on the
interconnected and other factors such as fiber geometry and
loading [7].

The average flexural strength (FS) and flexural modulus
(FM) for three-point bend test are shown in Table 2 below.
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TABLE II: RESULTS OF THREE-POINT BEND TEST

Fiber AR MT
Loading
%
FS, FM, FS, FM,
MPa MPa MPa MPa
0.00 3.2 3966 3.2 3966
0.25 4.4 8743 45 8030
0.50 45 6420 3.2 5066

In general, addition of bamboo fiber increases the flexural
strength and elastic modulus of cement composites. When AR
bamboo fibers are added, the flexural modulus increases by
more than 100% at 0.25% loading and by 62% at 0.50%
loading. Flexural strength increases from 3.2 MPa to about
4.4 MPa and 4.5 MPa at 0.25% and 0.50% AR fiber loading,
respectively.

Flexural strength and flexural modulus are also enhanced
when treated fibers are added. It was observed that flexural
strength and flexural modulus at 0.25% MT fiber loading are
the highest. These values drop at 0.50% MT fiber loading.

Compressive and flexural strength values obtained in the
current study are comparable to values reported in the
literature. Terai and Minami reported that cement composites
loaded with 1% bamboo fibers have compressive strength and
flexural strength of 8.3 MPa and 2.5 MPa, respectively at a
fiber loading of 1.0% [8]. The study had also the same
decreasing compressive and flexural strengths at increasing
fiber loading. It must be noted however, that Terai and
Minami added gravel in addition to bamboo fiber to cement.

SEM images of as received and treated bamboo fibers are
shown in Figure 6. Morphologies of these fibers are different.
It can be observed that surface of as-received fibers is
smoother and decorated with irregular shaped flakes. In
contrast the treated fibers are rougher with uniform
rectangular shaped flakes. It is believed that this difference in
morphology contributes to the difference in mechanical
properties in cement composites observed.

of BFRC: (a) As-received specimen; (b) MT

specimen

Fig. 6.5EM image



Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 4, Issue 1 (2017) ISSN 2349-1523 EISSN 2349-1531

V. CONCLUSION

Bamboo fiber preparation and loading have significant
effect on mechanical properties of bamboo fiber reinforced
cement composites. Compressive strength and elastic modules
of cement composites reinforced with AR fibers were lower
than those of pure cement specimens. In contrast, mechanical
properties of cement composites reinforced with MT fibers
are superior during compression. In general, bamboo fiber
addition improves mechanical properties during three-point
bend test. It was observed that elastic modulus at 0.25%
loading of MT and AR fibers are high and decreases for
0.50% loading.
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