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In the Philippines, agricultural waste-by-products is an environmental concern. This study
investigated the possibility of utilizing agricultural lignocellulosic plant fiber (LPF) in the
development of green reinforced composites for concrete masonry blocks (CMB). Specifically, this
study determined the external morphology and orientation of materials that make up the LPF; the
chemical composition of the rice husk ash (RHA), coconut fiber, and rice husk; the difference of the
CMB with 0%, 5%, 10% and 15% concentrations of LPF mixed with varying ratio of cement, sand,
RHA (cement:sand: RHA:LPF) in terms of its compressive strength after 7, 14, and 21 curing days.
This study made use of four setups, each setup with varying concentrations of 0%, 5%, 10%, and
15% LPF. Batch formulations for each setup were prepared by ratio (cement: sand: RHA:LPF). and
mixed thoroughly. All samples were cured for a period of 7, 14, and 21 days for mechanical testing
in terms of its compressive strength. Results of this study showed that the compressive strengths of
the concrete blocks increased as the percentage of the natural fibers has increased. Using
lignocellulosic plant fiber (LPF) from agricultural waste in producing green composite materials
significantly respond to the twenty-first century’s environmental challenges: slows down the
resource depletion, lowers the pollution, and establish shared responsibility towards resource
productivity. Thus incorporating waste materials and reducing the use of natural aggregates is an
acceptable performance on saving natural resources.

Copyright © Lorie E. Malaluan et al, 2019, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION
The Philippines, agricultural

waste-by-products is an

construction materials. Buildings that were constructed using
these materials produced from vast amounts of resources
results to high energy consumption which has detrimental

environmental concern which has been a vulnerable challenge
to be utilized as biomaterial resources. Considering abundantly
available, this study attempts to develop environmentally and
sustainable green construction materials based on plant fibers.
Since the undervalued waste-by-products is a critical factor to
the environmental challenges that we are facing right now, the
bio based and biodegradable materials have become invaluable
gifts to the mankind by utilizing them in the development of
new materials with high performance at affordable costs to
meet the demands of time. New dimensions for green materials
may pave way for environmental friendly and sustainable
future since utilizing them addresses twin issues of
sustainability and environmental impact.

Environmental devastations are commonly associated with the
activities related to aggregate extraction and processing of

*Corresponding author: Lorie E. Malaluan

impact to the environmental degradation that is now happening
all over the world for centuries.

The greater demands by an ever increasing human population
has placed the environment in an immense strain and drain the
earth’s limited natural resources, leaving not enough time for
the environment to recover and regenerate. Consequently, how
much of a resource can be consumed at a given time should be
in balance to the rate of replenishment to the finiteness of
resources.

The Philippines is mainly an agricultural country with a land
area of 30 million hectares, 47 % of which is agricultural. The
total area devoted to agricultural crops is 13 million hectares
distributed among food grains, food crops and non-food crops.
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Among the crops grown, rice, coconut and sugarcane are major
contributors to biomass energy resources. The most common
agricultural wastes in the Philippines are rice husk, rice straw,
coconut husk, coconutshell and bagasse[1].Thus, the
agricultural waste which are widely available, renewable, and
virtually free cannot be simply thrown away anymore, but can
be converted into an important resource for industrial
productive uses, since one-third of the country’s agricultural
land produces rice and coconut.

Consequently, the raw materials such as agricultural wastes
have attractive potentials to adopt projections of future green
products advocating the use of agricultural biomass as
reinforcing materials for various industrial applications. With
the global campaign to combat waste reduction, this approach
will contribute to produce sustainable and energy efficient
construction materials reducing fossil fuel dependency in the
production process, hence, limiting the magnitude of carbon
dioxide emissions in compliance with the environmental
requirements.

Building materials from agricultural waste fibers are of notable
economic and cultural significance all over the world ! as
these wastes constitute a significant proportion of worldwide
agricultural productivity. Concerns about potential adverse
impacts to the environment could be altered by the application
of natural fiber to provide a solution to conservation of natural
resource and energy. Thus, the use of agricultural waste fibers
in the Philippines could be a significant reinforced composites
in the construction sector which can then be a commitment to
the efficient use of natural resources.

In addition, the development of a more sustainable, green, and
eco-friendly building materials including bricks, wood, cement,
aggregate, steel, aluminum, cladding and partitioning material
are in escalating demand due to the endless construction
activities for housing and other building. Moreover, providing
positive environmental benefits from using fibers from
renewable resources such as agricultural wastes complements
the essential of proper disposal waste utilization !,

Due to the escalating demands in the construction sector, an
increasing interest of using natural fibers as reinforcement
composites has gained attention to replace man-made fibers for
its high strength, availability and sustainability. The use of
waste and by-products is a sensible option for producing an

alternative  construction material, which is effective,
environmental friendly while meeting structural design
requirements . Hence, incorporating waste materials and

reducing the use of natural aggregates is an acceptable
performance on saving natural resources. Thus, producing
green concrete materials agrees with the development of
agricultural activities and farming prosperity.

Hence, a pressing need exists to produce eco-friendly
construction units that use sustainable and energy efficient raw
materials. Replacing high portion of the cement by fly ash and
using the wood fibers in concrete masonry unit production is
one approach toward using sustainable materials with the
potential to provide better thermal insulation * . Moreover,
coconut fiber has been tested for filler or reinforcement in
different composite materials > *). Coir has potential to be used
as reinforcement in concrete and its cheap and durable non

structural element > 7 reduced thermal conductivity of block
specimen. The additions of coir also yield a lightweight product
and it would resolve the environment and energy concern !,
The literature reviews shows that innovation is an important
element in today’s fast-changing economy and that developing
new products and services is a vital component for companies
to stay competitive * * > % 7l However, the pace of
environmental progress while maintaining our nation’s
economic competitiveness is an environmental challenge that
we are facing right now.

Hence, the goal of this study is to recognize the effects of
agricultural waste by-products lignocellulosic plant fibers for
concrete masonry blocks as an approach to the development of
new materials, thereby establishing environmental awareness.
Such strategies would help to address issues of sustainability as
well as environmental impact where all parts of society actively
take responsibility to improve environmental quality and
achieve sustainable results.

Thus, the demands underlining the need for clean environment

and utilization of renewable resources along with the
implementation of sustainable manufacturing strategies in the
development of construction materials is an inspiration to
innovation response to the twenty-first century’s endeavor for
environmental challenges.

MATERIALS AND METHODS

General Procedure

Raw materials of natural fibers collected were subjected into
NaOH treatment with the intention of breaking the hydrogen
bond within the structure so as to increase the roughness of the
cellulosic fiber. Dry Fibers were soaked in 5% NaOH (sodium
hydroxide) solution for 2 hours and rinsed with clean water
removing the impurities. Coconut husk fibers were shredded,
cut into pieces, and sundried for 48 hours. The physical and
chemical characterizations are necessary to identify the basic
structure and property of the natural fibers and to hypothesize
its potential in various environmental application specifically in
building green concrete construction materials.

Samples of raw and treated natural cellulosic fibers were
analyzed using scanning electron microscopy and elemental
analysis. Elemental analysis was also done on rice husk ash
(RHA) to determine the potential of having silica content to
partially replaced the use of sand in making green reinforced
cellulosic fiber construction materials. This study made use of a
Parallel-group design structure which consists of four
experimental setups each with three replications. The treated
lignocellulosic plant fiber (LPF) materials were then gathered
and screened the discarding foreign materials that had been
mixed in the container. Batch formulations for each setup were
then prepared by percentage and mixed thoroughly.

Mixed materials were put into a molding machine. Each
replication for each setup was molded in cylindrical and
rectangular mold using mechanical and hydraulic press. The
molded specimens were lifted and placed in the drying area at
room temperature. Each batch formulations produced five
replications or specimen. Each specimen was then labeled and
marked to avoid confusion among the samples for easy
identification. All samples were cured for a period of 7, 14, and
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21 days for mechanical testing-compressive strength. The
ASTM specification used in this study is ASTM C90 which is a
Standard Specification for Hollow Load-Bearing Concrete
Masonry Units. Arithmetic Mean had been applied to analyze
the differences on the observed results of the experimentation.
Results were then calculated and compared.

Pre-treatment of Natural Fibers

The dry natural fibers were soaked in 5% NaOH (sodium
hydroxide) solution for 5 hours. Pre-treatment was done to
increase the surface roughness and the amount of cellulose
exposed on the fiber surface, thus increasing the mechanical
interlocking of fiber-reinforced composite. Neutralization was
followed by rinsing the treated fibers with clean water exposing
the lignin cellulose fiber. Lignin cellulose fiber produced was
sundried for 24 hours.

Characterization of the Materials

Samples of rice husks and coconut fiber were physically
analyzed for its morphological structure through scanning
electron microscopy (SEM). Elemental analysis of the raw
samples through X-ray Fluorescence - Energy Dispersive
Spectrometer (XRF) was also employed to confirm the
suitability of the plant fibers as reinforced composite for
concrete masonry blocks (CMB) production. Samples of rice
husk ash underwent elemental analysis so to determine the
silica content which is an essential material in the concrete
industry and has become a scarce material due to the
continuous depletion of sand river deposits.

Mixture Preparation and Formulations

Mixed proportion of cement, sand, rice husk ash, and
lignocellulosic plant fibers (LPF) were weighed according to
the ratio tabulated in Table 1 and 2.

Table 1 Proportion of Concrete Block Masonry Blocks (CMB)
with Rice husk as Reinforcement
Composite

Cement: Sand: Rice husk

Setups Ash Rice Husk (wt. %)
control 1:10:0:0 0
1 1:0:10:0 0
5% 1:9.5:0.5:50 5
10% 1:9.0:1.0:100 10
15% 1:8.5:1.5:150 15

Table 2 Proportion of Concrete Block Masonry Blocks (CMB)
with Coconut Fiber as Reinforcement Composite

Cement: Sand: Coconut fiber

Setups Rice Husk Ash (. %)
control 1:10:0:0 0
1 1:0:10:0 0
5% 1:9.5:0.5:50 5
10% 1:9.0:1.0:100 10
15% 1:8.5:1.5:150 15

Concrete Block Design Production

The materials were gathered and screened for foreign materials
before placing in a container. In order to preserve its natural
conditions, the materials were sealed to achieve an accurate
data for the experiment. The required amounts of cement, sand,
lignocellulosic plant fibers (LPF), rice husk ash were measured
to obtain suitable amounts of each material. Water was then
added after the dry materials were mixed. Batch formulation

was thoroughly mixed for eight minutes until homogenous
mixture was formed. Mixture was then dumped into an inclined
bucket conveyor and transported to an elevated hopper. The
concrete mixture was then forced downward into the mold
machine and compacted by the weight of the upper mold head
coming down on the mold cavities. Compacted blocks were
then lifted and placed in the drying area. The dimensions of
concrete block design used in this study were 16 inches x 8
inches x 4 inches. Each specimen was then labeled to avoid
confusion in the samples. The samples were then placed in the
storage and subjected to curing for 7, 14, and 21 days.

Testing Procedures

Thirty specimens of concrete block design were prepared in
this study to determine the effects of lignocellulosic plant fiber
(LPF) as reinforcement composite combined with rice husk ash
as partial replacement for river sand in cement mixture with
three replications for each formulation. Testing procedures for
the concrete block design was in accordance with ASTM C140.
The mechanical testing procedure for compressive strength was
administered for each curing days of 7, 14, and 21. The
compressive tests under different crushing load was conducted
in the Department of Public Works and Highways in Roxas,
Oriental Mindoro.

The compressive strength tests were carried out in accordance
to ASTM C 140 standard for Testing Concrete Masonry Units.
Three samples per mixture underwent compressive strength
under different crushing loads. Average of the three samples
were then calculated using the formula:

GCS =Pmax/ Ag
where:

GCS = Gross Area Compressive Strength (MPa)
Pmax = maximum compressive load, (N)
Ag = gross area of specimen, (mm2)

Data Analysis

Arithmetic Mean had been employed to analyze the differences
on the compressive strength of the concrete masonry blocks
(CMB).

RESULTS AND DISCUSSION

The external morphology (texture) and orientation of
materials that make up the Untreated Plant fibers

Figure 1. SEM images of comparative variation in the morphology of untreated
plant fibers: (a) coconut husk fiber magnified 2500x; (b) coconut husk fiber
magnified 3000x; and (c)rice husk fiber magnified at 200x.

30658 |Page



Lorie E-Malaluan et al., Lignocellulosic Plant Fibers (Lpf) for Concrete Masonry Blocks (Cmb): an Inspiration To Innovation Response to the 21stcentury’s Endeavor
Jfor Environmental Challenges

The External Morphology (Texture) and Orientation of
Materials That Make Up The Treated Plant Fibers

Figure 2 SEM images of comparative variation in the morphology of treated
lignocellulosic plantfiber (LPF): (a) coconut husk fiber magnified 2500x; (b)
coconut husk fiber magnified 3000x; and (c) rice husk fiber magnified at 100x.

Based on the images from scanning electron microscopy,
coconut fiber husk shows network more network of cellulosic
fibers. Figure 1 and 2 shows the network of cellulose
nanofibers. Surface of pre-treated coconut husk fiber has sieve
tubes of network within the range of 50-100 nm. Brown
coconut fiber obtained from matured coconuts has a higher
content of lignin [8, 9]. Lignin in this fiber can be used as
binders, surface-active agents and dispersant. The principal use
of lignin based product in concrete manufacture is as chemical
admixtures '“.On the other hand, rice husk has less rough
surface as compared to the coconut husk fiber.

In order to develop composites with better mechanical
properties and environmental performance, it becomes
necessary to increase the hydrophobicity of the cellulose fibers
and to improve the interface between matrix and fibers ',
Lack of good interfacial adhesion, low melting point, and poor
resistance towards moisture make the use of plant cellulose
fiber reinforced composites less attractive. Pretreatments of the
cellulose fiber helps in cleaning the fiber surface, chemically
modify the surface, stop the moisture absorption process,
thereby increasing the surface roughness ' %1,

In addition, cellulosic fibers change their dimensions and
properties with varying moisture content "> '*. The extent of
changes in a fiber is determined by the amount of
hemicellulose, lignin, crystallinity and surface characteristics of
the fibers. Sukumaran et al. added that moisture content in
fibers influences the degree of crystallinity, crystallite
orientation, tensile strength, swelling behavior and porosity of
vegetable fibers. An increase in moisture content decreases the
electrical resistivity and affects the dimensional stability of
composites made from cellulosic fibers. The ability of a fiber to
absorb or desorb moisture should be considered when
evaluating the suitability of fibers for various applications,
especially for textiles, paper and composites.

On the other hand, several researchers " discussed that the
lower processing temperature is the primary limitation of the
use of agro-fibers for composites, which results to the
possibility of lignocellulosic degradation. When this happens,
it limits the processing temperatures and the type of
thermoplastics that can be used with agro-fibers to produce
composites . Another limitation is the relatively higher
moisture absorption of natural fibers, making it difficult for the
hydrophobic fibers and hydrophilic polymers to bond together
[15.16.17. 18] 'The abovementioned limitations and the variability
of natural fibers are of great concern when selecting materials
for composites ', However, biofibers are used for composites

because of their low cost, low density, high toughness, reduced
dermal and respiratory irritation, ease of separation, enhanced
energy recovery and biodegradability ). Hence, natural
reinforcing materials can be obtained at low cost and low levels
of energy using local manpower and technology !"”). Utilization
of natural fibers as a form of concrete enhancement is of
particular interest to less developed regions where conventional
construction materials are not readily available or are too
expensive 2%,

Composition Analysis of the Plant Fibers

Table 3 Composition Analysis of the Coconut Husk Fiber as
determined using X-ray Fluorescence — Energy Dispersive

Spectrometer

Element Composition %
Potassium Oxide K,0 63.872 +0.069
Calcium Oxide Cao 18.571 £ 0.069
Sulfur Trioxide SO; 7.866 = 0.063
Silicon Dioxide SiO, 4.567+£0.177
Iron (1II) Oxide Fe 05 2.348 £0.010
Phosphorus Pentoxide P,Os 2.293 +£0.086
Manganese (1I) Oxide MnO 0.209 £ 0.008
Nickel (II) Oxide NiO 0.109 £+ 0.005
Zinc Oxide ZnO 0.084 + 0.004
Bromine Br 0.080 + 0.002

Table 3 shows the percent composition of the components
present in the coconut husk fiber: Potassium Oxide (63.872%),
Calcium Oxide (18.571%), Sulfur Trioxide (7.866%), Silicon
Dioxide (4.567%), Iron (III) Oxide (2.348%), Phosphorus
Pentoxide (2.293%), Manganese (II) Oxide (0.209%), Nickel
(II) Oxide (0.109%), Zinc Oxide (0.084%), and Bromine
(0.080%).

Depleting natural resources, regulations on using synthetic
materials, growing environmental awareness and economic
considerations are the major driving forces to utilize annually
renewable resources such as biomass for various industrial
applications Lignocellulosic are used for various applications,
depending on their composition and physical properties.
Primary lignocellulosic agricultural byproducts that are
available in considerable quantity and at low cost are corn
stover, wheat, rice, barley straw, sorghum stalks, coconut husks
(coir), sugarcane bagasse, and pineapple and banana leaves.
Using these crop residues for industrial applications could be
an additional source of revenue for farmers, without adversely
affecting soil fertility /'],

Most recently, there have been considerable efforts to develop
natural fiber-reinforced cementations composites for affordable
infrastructure 2 ?* ] Among those agricultural wastes,
coconut fiber or coir fiber has the potential to be used as
reinforcement in the development of cement fiber composites.
From previous investigations, there is limited application of the
coconut fiber except some product based on polymer composite
(24231 Coconut fiber is the most interesting fiber as it has the
lowest thermal conductivity and bulk density. Some researchers
have reported that the addition of coconut fiber reduced the
thermal conductivity of the composite samples *"** 2% Several
studies had investigated the effect of chemical composition
modification and surface modification of coconut fibers as
reinforcement to the mechanical properties of cement
composites. They reported that the mechanical properties of
composites; modulus of rupture and internal bond, increased as
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a result of chemical composition modification and surface
modification *" **!. It was concluded that coconut fiber can be
used as reinforcement and to substitute sand in the
development of composite cement reinforced coconut fiber.
Increasing content of coconut fiber will increase the modulus
of rupture and compressive strength of the composites up to a
certain optimum composition 7.

Table 4 Composition Analysis of the Rice Husk as determined
using X-ray Fluorescence — Energy Dispersive Spectrometer

Element Composition %
Silicon Dioxide SiO, 87.067 £0.223
Potassium Oxide K,0 7.107£0.016
Sulfur Trioxide SO, 3.547 +0.038
Calcium Oxide CaO 1.852 +0.009
Iron (IIT) Oxide Fe,0; 0.216 +0.002
Manganese (1I) Oxide MnO 0.184 £ 0.002
Zinc Oxide ZnO 0.022 +0.001
Rubidium Oxide Rb,O 0.006 = 0.000

As shown in Table 4, the percentage composition of the
components present in rice husk are as follows: Silicon Dioxide
(87.067%), Potassium Oxide (7.107%), Sulfur Trioxide
(3.547%), Calcium Oxide (1.852%), Iron (IIT) Oxide (0.216%),
Manganese (II) Oxide (0.184%), Zinc Oxide (0.022%), and
Rubidium Oxide (0.006%).

Concrete with partial replacement of rice husk ash can reduce
the temperature effect that occurs during the hydration of
cement ** ?°). Further, the material can be applied as building
and construction in the high tropical areas for heat resistance or
insulation purposes ”. Also, addition of rice husk ash to
Portland cement not only improves the early strength of
concrete, but also forms a calcium silicate hydrate gel around
the cement '/,

The concept of utilizing excess biomass or waste from
agricultural and agro-industrial residues to produce energy,
feeds or foods, and other useful products is not necessarily
new. The whole world thinks in the same path to overcome the
pollution problems in environmentally sound methods using
processes like composting, reuse, recycling, bioconversion,
recovery, e.t.c.’”. Due to conservation of energy and
environmental concern, many researches were conducted
towards utilization of waste materials. In recent years, there
were various researchers that proved different alternative uses
of rice husks such as thermal insulator and partial replacement
of cement or admixture to concrete **/.

Finding a replacement for cement to assure sustainability is
crucial as the raw materials (limestone, sand, clay, iron ore)
used in making cements which are naturally occurring are
depleting. The raw materials are directly or indirectly mined
each for cement manufacturing and it is time to look into the
use of agriculture waste by-products in replacing cement (341,

The additions of these waste materials have proven that the
waste incorporation is not just environmentally advantageous
but it also increases the performance of brick properties.
However, the burning of rice husk to produce ash used in the
previous researches produce greenhouse gases that can cause
air pollution and will affect the people. Thus, the use of a
whole rice husk in bricks production could be one of the
alterr[%gives to the burning process and the most cost effective
way “

Concrete is a most widely used building material which is a
mixture of cement, sand, coarse aggregate and water **). Nano
silica is the most abundant material that makes the earth. It has
the chemical composition of Si0, which is similar to a diamond
structure. It is a white and crystal-formed material. Nano silica
is one of the most applied nanoparticles in concrete %, Adding
nanoparticles of concrete could maintain its strength during
B%ysical and chemical reactions and also compress the particles
Table 5 Composition Analysis of the Rice Husk Ash (RHA)
as determined using X-ray Fluorescence —Energy Dispersive

Spectrometer

Element Composition %
Silicon Dioxide SiO, 92.144 £0.129
Potassium Oxide K,0 4.995+0.011
Sulfur Trioxide SO; 1.162 +£0.228
Calcium Oxide CaO 0.852 +£0.008
Phosphorus Pentoxide ~ P,Os 0.279 + 0.008
Manganese (II) Oxide =~ MnO 0.274 £ 0.008
Iron (IIT) Oxide Fe 04 0.207 £0.012
Zinc Oxide Zn0O 0.026 +0.002
Copper (II) Oxide CuO 0.021 £ 0.002
Rubidium Oxide Rb,O 0.013+0.001
Germanium Dioxide GeO, 0.006 + 0.002
Nickel monoxide NiO 0.006 + 0.008
Arsenic Trioxide As,0O3 0.005 +0.001
Polonium Po 0.004 +0.001
Strontium Oxide SrO 0.003 £0.001
Yttrium (I1I) Oxide Y,0; 0.001 +0.001

Based on Table 5, the percentage composition of rice husk
ash(RHA) are as follows: Silicon Dioxide (92.144%),
Potassium Oxide (4.995%), Sulfur Trioxide (1.162%), Calcium
Oxide (0.852%), Phosphorus Pentoxide (0.279%), Manganese
(II) Oxide (0.274%), Iron (III) Oxide (0.207%), Zinc Oxide
(0.026%), Copper (II) Oxide (0.021%), Rubidium Oxide
(0.013%), Germanium Oxide (0.006%), Nickel monoxide
(006%), Arsenic Trioxide (0.005%), Polonium (0.004%),
Strontium Oxide (0.003%), and Yttrium (IIT) Oxide (0.001%).

Rice husk is an agrowaste material which is produced in about
100 million of tons. Approximately, 20 Kg of rice husk are
obtained for 100 Kg of rice. Rice husks contain organic
substances and 20% of inorganic material. Rice husk ash
(RHA) is obtained by the combustion of rice husk. The most
important property of RHA that determines pozzolanic activity
is the amorphous phase content %,

Conversion of waste into a commercially viable resource can
be a path to relief to a financially depressed community.
Engineered materials are manufactured commodities that may
introduce financial gain and other opportunities into
communities looking to develop sustainable economic growth
B9 Adding value to discarded waste material (such as by
engineering agricultural waste-based composites), profits can
be generated which, in turn, can provide financial wealth and a
more stable economy for communities and countries [*”.

Natural fiber when used as an aggregate in cement composite
production can contribute in making the material and as a
result: the structure enhancing the environment in a friendly
manner. Buildup of unmanaged industrial or agricultural solid
waste particularly in developing countries has resulted in a
greater percentage than before the environment apprehension.
Recycling or such wastes as a sustainable construction material
comes into view as a feasible solution not only to solve
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pollution crisis but also as cost-effective solution for designing
of green buildings concept \.Findings of this study is of
paramount importance for it responds to the depletion of sand
natural resources which is the most consumed natural resources
*11 " Chemical composition of coconut husk fiber could be used
to strengthen the bond in any construction materials without
sacrificing the quality of the materials being produced.
Moreover, results of this study found enormous support from
the studies of several researcher . Considering the renewable
and sustainable nature, natural fiber is growingly being used in
composite material especially in building construction.

Natural fiber generally offers low production cost, friendly
processing low tool wear and less skin irritation, and good
thermal and acoustic insulation properties 1**!. Natural fiber also
enhances mechanical and reinforcement for composites
includes straw for bricks, mud and poles, plaster and reeds **'.

Table 6 Composition Analysis of Sand as determined using
X-ray Fluorescence — Energy Dispersive Spectrometer

Element
Silicon Dioxide SiO,

Composition %
56.297 £0.129

Iron (III) Oxide Fe 05 15.751 £ 0.011
Aluminium Oxide ALO; 13.481 £0.228
Calcium Oxide CaO 6.716 £ 0.008
Potassium Oxide K,0 4.800 + 0.008
Titanium dioxide TiO, 1.199 + 0.008
Sulfur Trioxide SO; 0.839+0.012
Nickel monoxide NiO 0.203 +0.002
Manganese (I1I) Oxide MnO 0.168 £ 0.002
Zirconium Dioxide 7rO, 0.110+0.001
Chromium (III) Oxide Cr0; 0.103 +0.002
Thulium Oxide Tm, 03 0.087 +0.008
Zinc Oxide ZnO 0.082 +0.001
Rubidium Oxide Rb,O 0.058 £ 0.001
Strontium Oxide SrO 0.049 +0.001
Vanadium (V) Oxide V.05 0.043 +£0.004
Yttrium (III) Oxide Y,0; 0.015+0.001

As shown in Table 6, percentage composition obtained by sand
aggregate are Silicon Dioxide (56.297%), Iron (III) Oxide
(15.751%), Aluminum Oxide (13.481%), Calcium Oxide
(6.716%), Potassium Oxide (4.800%), Titanium Dioxide
(1.199%), Sulfur Trioxide (0.839%), Nickel Monoxide
(0.203%), Manganese (II) Oxide (0.168%), Zirconium Dioxide
(0.110%), Chromium (III) Oxide (0.103%), Thulium Oxide
(0.087%), Zinc Oxide (0.082%), Rubidium Oxide (0.058%),
Strontium Oxide (0.049%), Vanadium (V) Oxide (0.043%),
and Yttrium (IIT) Oxide (0.015%) respectively.

Consequently, sand has by now become the most widely
consumed natural resource on the planet after fresh water ',
Most of our houses, skyscrapers and bridges are made with
ferro-concrete which is two-thirds sand (plus cement, water and
gravel). 200 tons of sand are needed to build a medium-sized
house, lkm of highway requires 30.000 tons of sand.
Especially in Asia and the Arab states the hunger of
theconstruction industry is ever-growing -cement demand by
China has increased exponentially by 437.5% in 20 years,
while use in the rest of the world increased by 59.8%.

High quality sand, or more precisely, silicon is needed to
produce computer chips and microprocessors and we also use
sand in detergents, cosmetics and many other products — yet,
once sand has been transformed into concrete, the components
are bound forever and are no longer available as resources 1.

Sand has been continuously extracted from the river bed for
construction and industrial purposes. Gravel extraction can
cause changes to channel morphology in rivers through the
lowering of the riverbed during extraction **). This is enhanced
by the disruption to bed armour caused by excavations and the
movement of machinery which makes the bed vulnerable to
fluvial erosion [*.

Sand and gravel are mined world-wide and account for the
largest volume of solid material extracted globally. Formed by
erosive processes over thousands of years U7 they are now
being extracted at a rate far greater than their renewal.
Furthermore, the volume being extracted is having a major
impact on rivers, deltas and coastal and marine ecosystems,
results in loss of land through river or coastal erosion, lowering
of the water table and decreases in the amount of sediment
supply. Despite the colossal quantities of sand and gravel being
used, our increasing dependence on them and the significant
impact that their extraction has on the environment, this issue
has been mostly ignored by policy makers and remains largely
unknown by the general public !,

Globally, between 47 and 59 billion tonnes of material is mined
every year [** of which sand and gravel, hereafter known as
aggregates, account for both the largest share (from 68% to
85%) and the fastest extraction increase. Surprisingly, although
more sand and gravel are mined than any other material,
reliable data on their extraction in certain developed countries
are available only for recent years ). The absence of global
data on aggregates mining makes environmental assessment
very difficult and has contributed to the lack of awareness
about this issue '),

One way to estimate the global use of aggregates indirectly is
through the production of cement for concrete (concrete is
made with cement, water, sand and gravel). The production of
cement is reported by 150 countries and reached 3.7 billion
tonnes in 2012 P%. For each tonne of cement, the building
industry needs about six to seven times more tonnes of sand
and gravel ',

Thus, the world’s use of aggregates for concrete can be
estimated at 25.9 billion to 29.6 billion tonnes a year for 2012
alone. This represents enough concrete to build a wall 27
metres high by 27 metres wide around the equator. Taking all
these estimates into account, a conservative estimate for the
world consumption of aggregates exceeds 40 billion tonnes a
year. This is twice the yearly amount of sediment carried by all
of the rivers of the world ", making humankind the largest of
the planet’s transforming agent with respect to aggregates .
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Table 7 Strength of Concrete Masonry Block (CMB) with Rice Husk in Mpa and psi after 7 curing days

Maximum Maxi- Ave
Name Units Area Height mum Ave Stress
Force Stress
Stress
mm2 mm kN MPa MPa psi
A 41616 200 191.4336 4.60
0 B 41616 200 189.3528 4.55 458 664.27
c 41616 200 191.01744 4.59
A 41616 200 175.61952 422
1 B 41616 200 170.20944 4.09 424 614.96
c 41616 200 183.1104 4.40
A 41616 200 185.1912 4.45
5% B 41616 200 193.09824 4.64 4.55 659.92
c 41616 200 189.76896 4.56
A 41616 200 195.5952 4.70
10% B 41616 200 193.5144 4.65 4.67 677.33
c 41616 200 193.93056 4.66
15% A 41616 200 199.34064 4.79 4.77 691.83
B 41616 200 198.92448 4.78
C 41616 200 197.676 4.75
As shown in Table 7, the compressive strength of concrete
masonry blocks (CMB) obtained mean average stress with the
following values respectively: 4.58 MPa, 4.24 MPa, 4.55 MPa,
4.67 MPa, and 4.77 MPa.
Table 8 Strength of Concrete Masonry Blocks (CMB) with Rice Husk in Mpa and psi after 14 curing days
Name Units Area Height  Maximum Force Maximum Stress Ave Stress Ave Stress
mm?2 mm kN MPa MPa psi
A 41616 200 192.3536 4.62
0 B 41616 200 190.898 4.59 4.61 668.62
C 41616 200 192.077 4.62
A 41616 200 177.962 4.28
1 B 41616 200 172.214 4.14 4.28 620.76
C 41616 200 183.454 4.41
A 41616 200 187.992 4.52
5% B 41616 200 195.888 4.71 4.61 668.62
C 41616 200 191.773 4.61
A 41616 200 197.752 4.75
10% B 41616 200 195.654 4.70 4.73 686.03
C 41616 200 196.986 4.73
15% A 41616 200 201.064 4.83 4.85 703.43
B 41616 200 200.748 4.82
C 41616 200 202.001 4.78

Table 8 shows the mean values of the compressive strength
obtained by concrete masonry blocks (CMB) with varying
concentrations: 4.61 MPa, 4.28 MPa, 4.61 MPa, 4.73 MPa, and
4.85 MPa respectively.

Table 9 Strength of Concrete Masonry Blcoks (CMB) with Rice Husk in Mpa and psi after 21 curing days

Name Units Area Height Maximum Force  Maxi-mum Stress  Ave Stress Ave Stress
mm?2 mm kN MPa MPa psi

A 41616 200 191.4336 4.60

0 B 41616 200 191.01744 4.59 4.57 662.82
C 41616 200 188.52048 4.53
A 41616 200 186.43968 448

1 B 41616 200 188.10432 4.52 4.53 657.02
C 41616 200 190.60128 4.58
A 41616 200 191.84976 4.61

5% B 41616 200 193.514 4.65 4.63 671.53
C 41616 200 192.68208 4.63
A 41616 200 197.676 4.75

10% B 41616 200 199.7569 4.80 4.78 693.28
C 41616 200 198.92448 4.78

15% A 41616 200 198.92448 4.78 4.80 696.18
B 41616 200 200.58912 4.82
C 41616 200 199.7568 4.80

The mean values obtained by concrete masonry blocks (CMB)
with different concentrations of lignocellulosic plant fiber
(LPF) as shown in Table 9 are as follows: 4.63 MPa, 4.31
MPa, 4.66 MPa, 4.77 MPa, and 4.90 MPa.

30662 |Page



Lorie E-Malaluan et al., Lignocellulosic Plant Fibers (Lpf) for Concrete Masonry Blocks (Cmb): an Inspiration 1o Innovation Response to the 21stcentury’s Endeavor
Jfor Environmental Challenges

Figure 3 Compressive strength of concrete masonry
blocks (CMB) with lignocellulosic plant fiber (LPF) rice
husk after 7, 14, and 21 curing days

Results showed that the increased of compressive strength of
the concrete masonry blocks (CMB) is due to the increased of
lignocellulosic plant fiber (LPF) with respect to its number of
curing days. It was evident in the results of the study that the
compressive strength of the concrete masonry blocks (CMB)
was influenced by the increased of partial replacement of sand
with rice husk ash (RHA) with its equal percentage of
lignocellulosic plant fiber (LPF).

On the other hand, Table 12 shows the mean values obtained
by concrete masonry blocks (CMB) with lignocellulosic plant
fiber (LPF) coconut fiber as 4.64 MPa, 4.31 MPa, 4.78 MPa,
4.88 MPa, and 4.99 MPa respectively.

Figure 4 Compressive strength of concrete masonry blocks (CMB) with
lignocellulosic plant fiber (LPF) coconut fiber after 7, 14, and 21 curing
days

Based on the results from Tables 7 to 12, it has been
established that rice husk ash has better performance as partial
replacement only for sand when there is also an increased with
the same amount of lignocellulosic plant fiber.

Table 10 Strength of Concrete Masonry Blocks (CMB) with Coconut Fiber in Mpa and psi after 7 curing days

Name Units Area Height Maximum Force Maxi-mum Stress Ave Stress Ave Stress
mm?2 mm kN MPa MPa psi

A 41616 200 193.046 4.64

0 B 41616 200 194.897 4.68 4.64 672.97
C 41616 200 191.003 4.59
A 41616 200 177.962 4.28

1 B 41616 200 172.214 4.14 431 625.11
C 41616 200 183.454 4.41
A 41616 200 198.008 4.76

5% B 41616 200 197.068 4.74 4.76 681.68
C 41616 200 198.582 4.77
A 41616 200 204.117 4.90

10% B 41616 200 202.199 4.86 4.88 707.78
C 41616 200 202.919 4.88

A 41616 200 207.903 5.00 4.99 723.74
15% B 41616 200 206.899 4.97
C 41616 200 207.873 5.00

Based on Table 10, the following mean values obtained by
concrete masonry blocks (CMB) with lignocellulosic plant
fiber (LPF) coconut fiber are 4.57 MPa, 4.53 MPa, 4.63 MPa,
4.78 MPa, and 4.80 MPa respectively.

Based on the results of this study, the compressive strength of
the concrete masonry blocks (CMB) had increased in the 14th
and 2 1st curing days.

Table 12 Strength of Concrete Masonry Blocks (CMB) with Coconut Fiber in Mpa and psi after 21 curing

Name Units Area Height Maximum Force Maxi-mum Stress Ave Stress Ave Stress
mm2 mm kN MPa MPa psi

A 41616 200 192.446 4.62

0 B 41616 200 191.517 4.60 4.60 667.17
C 41616 200 190.048 4.57
A 41616 200 174.295 4.19

1 B 41616 200 184.984 4.45 4.39 659.92
C 41616 200 188.992 4.54
A 41616 200 193.849 4.66

5% B 41616 200 193.768 4.66 4.68 678.78
C 41616 200 195.820 4.71
A 41616 200 198.876 4.78

10% B 41616 200 199.339 4.79 4.80 696.18
C 41616 200 200.892 4.83

A 41616 200 203.948 4.90 4.89 709.23
15% B 41616 200 202.052 4.86
C 41616 200 204.112 4.90
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In addition, it has been observed that the compressive strength
of the concrete masonry blocks (CMB) had reached its
maximum strength where there are 15% lignocellulosic plant
fiber (LPF) at the time of 21 curing days. The compressive
strength of the concrete masonry blocks (CMB) dripped down
with the absence of lignocellulosic plant fiber (LPF).

Results showed that the compressive strength of the concrete
masonry blocks (CMB) was influenced by the increased of
lignocellulosic plant fiber (LPF-coconut fiber). However, the
addition of rice husk ash (RHA) as partial replacement for sand
should be of the same amount of its added lignocellulosic plant
fiber (LPF). The use of sand in concrete masonry blocks
(CMB) production should not be neglected in the construction
industry. In addition, the number of curing days also affects
the compressive strength of the concrete masonry blocks
(CMB).

On the other hand, the use of sand as aggregate in construction
cannot be compromised with the total replacement of rice husk
ash (RHA). Rice husk ash (RHA) is a good material but it can
only be used as supplement for cement and sand to some
extent but the rice husk ash is permissible only to 15%
replacement of sand aggregate.

Quality of constituent materials used in the preparation of
concrete plays a paramount role in the development of both
physical and strength properties of the resultant concrete.
Water, cement, fine aggregates, coarse aggregates and any
admixtures used should be free from harmful impurities that
negatively impact on the properties of hardened concrete. Sand
is one of the normal natural fine aggregates used in concrete
production ¥, Hence, the use of sand in the construction
industry cannot be neglected.

Large quantity of material cannot be extracted and used
without a significant impact on the environment P>
Extraction has an impact on biodiversity, water turbidity, water
table levels and landscape and on climate through carbon
dioxide emissions from transportation. There are also socio-
economic, cultural and even political consequences. In some
extreme cases, the mining of marine aggregates has changed
international boundaries, such as through the disappearance of
sand islands in Indonesia " **],

Results of the present study confirms that coconut fiber can be
used as filler or reinforcement in different composite materials
B3] Coir has potential to be used as reinforcement in concrete
and its cheap and durable non structural element (. Coir - ones
of natural fiber is cheap, readily-availability and strong in
tension and compression . Abdullah ef al. reported fracture
behavior of composite cement reinforced with coir can be used
as reinforcement and substitute of sand. Increasing content of
fiber will increase modulus rupture and compressive strength.
The best results are using 9% of coir. The fracture behavior of
high strength composite consists of crack bridging and fiber
responsible to resist the crack propagation and improve
strength of composite °. Coir has been used and tested to
increase shear strength of cement hollow blocks using coir as
reinforcement without change in the compressive strength /.

Moreover, it was evident that coir and rice husk ash not only
develop the properties of concrete but it also can reduce the

agricultural waste and lead to proper disposal of these wastes
and solve the environment problems [,

CONCLUSIONS

Coconut fiber obtained from matured coconuts has a higher
content of lignin which can be used as binders, surface-active
agents, dispersant, and as chemical admixtures [10, 9].In the
case of 15% ratio of (LPF), the amount of silicon dioxide and
iron oxide were found to be greater than 75% which is
stipulated in ASTM requirement °". From the investigations
carried out, the optimum addition of rice husk ash (RHA) as
partial replacement for sand is 15%. The compressive strengths
of concrete masonry blocks (CMB) increased as the percentage
lignocellulosic  plant. However, the addition of the
lignocellulosic plant fiber (LPF) to the concrete masonry
blocks (CMB) should be of the same percentage of the rice
husk ash (RHA) as partial replacement for sand. Hence, the use
of sand as major aggregate in the production of concrete
masonry blocks (CMB) should not be compromised with the
total replacement of rice husk ash (RHA). Hence, results of this
study showed that the compressive strengths of the concrete
The use of sand as major aggregate in the production of
concrete masonry blocks (CMB) should not be compromised
with the total replacement of rice husk ash (RHA). Hence,
results of this study showed that the compressive strengths of
the concrete blockshas increased as the percentage of the
natural fibers was increased. In addition, the mean of the
compressive strength of the concrete masonry blocks (CMB)
also increased per mix ratio measured in the 7th, 14th, and the
21th day.

Thus, recycling such wastes as a sustainable construction
material comes into view as a feasible solution not only to
solve pollution crisis but also as cost-effective solution for
designing of green buildings concept !,

Moreover, using lignocellulosic plant fibers (LPF) from
agricultural waste in producing green composite materials
significantly respond to the twenty-first century’s
environmental challenges: slows down the resource depletion,
lowers the pollution, and establish shared responsibility
towards resource productivity.
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