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ABSTRACT

As the world responds to solving climate change issues, the construction
industry still looks for sound strategies, not just structures, to provide
construction materials in which the utilization of agricultural wastes is
one of the many techniques that promote green engineering through
technological approaches. Rice straw fibers are among the common
agricultural wastes burned in the fields for easy disposal that bring health
hazards to the community. The utilization of this agricultural waste into a
valuable construction material prompted the interest in investigating its
properties. This experimental study focused on the compressive strength
characterization of rice straw composite board as a result of variations of
cementitious materials. Cementitious materials used were gypsum powder,
cement, and tile grout in different design mixtures. Results show that the
optimum design was attained at 70% gypsum powder, 15% cement and 15%
tile grout mixture with 3.57 MPa tested at 28 days with water-cementitious
ratio of 0.43 and fiber-cementitious ratio of 0.05. The results gathered from
the study demonstrated the potential of rice straw composite board as a
substitute for a decorative drywall panel.
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INTRODUCTION

Agricultural waste, as defined from Article 3 of Republic Act 9003 or the
Ecological Solid Waste Management, is a waste generated from planting
or harvesting of crops, trimming or pruning of plants and wastes or run-off
materials from farm or fields.

The Philippines is primarily 47% agricultural land, and rice straw is one
of the most common agricultural wastes (Zapar, 2015). As mentioned in
PhilStar (2006) in the article “Burning of Rice Straw: Agri waste threatens
the environment,”200 kilograms of rice straw are burned per ton of rice
produced.

Padin (2015) stated that the Philippines is the 8" largest rice producer
in the world and according to Allam, Garas, and El Kady(2011), the easiest
and less expensive way to reduce or eliminate volumes of rice straw wastes
is burning. It is the quickest manner to eliminate wastes and clear the fields
in preparation for the next planting season. However, agricultural residues
burning is not environmentally acceptable because of health hazard reasons.
Itboosts air pollution and serious human health problems due to the emission
of carbon monoxide (Allam, Garas, & El Kady, 2011). In addition, incomplete
combustion processes like the burning of the fields produce dioxins which
are highly toxic and carcinogenic pollutants. According to Irina Ize of the
Commission for Environmental Cooperation, “Burning agricultural waste
creates non-specific sources of pollutants for the atmosphere and takes
place over vast areas. It is therefore difficult to measure and to regulate the
resulting emissions” (CEC, 2014).

On the other hand, the continuous rise in the price of construction
materials is very evident. The Philippine Statistics Authority, as mentioned by
Valencia (2018), reported that there was a rise in the wholesale price index
of construction materials from 8.4% to 8.8% in June 2018 which influences
the cost of government projects. In the study conducted by the National
Association of Home Builders inJanuary 2018, building material prices ranked
number 2 among the problems faced in 2017 (Chaluvadi, 2018).

Bolden, Abu-Lebdeh, andFini (2013) mentioned that replacing raw
materials with recycled materials reduces the dependency on raw materialsin
the construction industry. Recycling of wastes into more useful construction

16



Volume 9 - March 2019

materials is not a new concept to solve issues on environmental concerns of
waste production and pollution.

In consideration to Republic Act 10068 (Organic Agriculture Act of 2010)
which aimed “to promote, propagate, develop further, and implement the
practice of organic agriculture that will cumulatively condition and enrich
the fertility of the soil and increase farm productivity (“Status of Agricultural
Waste and Utilization”, 2018) ; reduce pollution and destruction of the
environment; prevent the depletion of natural resources; and to protect the
health of farmers, consumers and the general public” (Tacio, 2018) the need
to use agricultural wastes is a challenging task to researchers.

Munshi, Dey, and Sharma (2013) stated that to decrease the cost of
construction materials and raise environmental concerns, considerable
efforts to improve the performance of construction is by the utilization
of local waste and byproduct materials. Innovative technologies such as
utilization of agricultural waste into a new building material are one of the
best approaches to meet the growing demand of the construction industry
for building materials (Patel, Salla and Pitroda, 2013). The application of
agricultural waste as a sustainable construction material is a means to
provide a solution to the current problems.

According to Couttsand Warden, as cited by Shawia, Jabberand Mamouri
(2014), developing natural fibers as composite-based products is a trend to
substitute traditional engineering materials. All over the globe, different
researches were conducted on the possibilities of using natural fibers such
as bagasse, cereal straw, corn stalk, cotton stalk, kenaf, rice husk and rice
straw for the production ofhardboard and particle board (Domke&Mude,
2015). Furthermore, wood-cement boards were found to be heat-resistant,
fire-resistant, lightweight, has sound-isolating capabilities, eco-friendly and
cost-effective (Mohammadkazemi, & Doosthoseini, 2015).

Rice straw, like any other natural fibers used as a substitute for
construction materials, can also be utilized into something useful and
economical. Studies have shown that rice straw contains high silica content
of about 74.67% which can be compatible with cement (Lim, Manan, Alwi&
Hashim, 2012). It has also been discovered by Munder, Karaj, Gummert,
Haefle, and Muller (2012), and Guillemot, Bruant, Pasquiou, and Boucher
(2014) that rice straw contains a high value of ash that resembles silica fume
in terms of high silica content (Morsy, 2011). Therefore, this agricultural waste
has a very high potential in producing secondary raw materials mainly due to
high silica content and relatively low cost. Hence, this study was carried out
to determine the optimum design mix that can be used in the production of
arice straw composite board with cementitious materials as binders and to
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evaluate the compressive strength properties of the rice straw composite
board that will positively show the impact of utilizing agricultural wastes
in Magalang, Pampanga as an advantageous construction material that
deserves technological improvements.

FRAMEWORK OF THE STUDY

Many researchers believe that natural fibers reinforced composites are
better replacement for conventional synthetic fibers reinforced polymers.
The research idea was established from the issues involved which focused
mainly on climate change issues which is one of the reasons why innovation
of materials in the construction industry has been put into practice.

Figure 1 shows the block diagram used for the trial mix designs while
Figure 2 shows the production process of the rice straw composite board.

Determination of the Optimum
Design
filc=0.0 fic =0.05
w/c=0.41 w/c=0.43
70% 70%
Gypsum Gypsum
70% 60% Powder 70% 60% Powder
Gypsum Gypsum Gypsum Gypsum
100% Powder | Powder 15% 100% Powder | Powder 15%
Gypsum Cement Gypsum Cement
Powder 30% 40% Powder 30% 40%
Cement Cement 15% Cement Cement 15%
Tile Tile
Grout Grout

Figure 1. Block diagram for the trial mix designs

The figure describes the step by step procedure to materialize the
conceptual framework. The gathering and selection of materials were
conducted directly from the rice fields that are within the vicinity of
Magalang, Pampanga and followed by the preparation of the rice straw.
As shown in Figure 1, four variety of mixtures of the cementitious materials
were applied to two variations of fiber-cement and water-cementitious
material ratios. The samples were fabricated and cured and were subjected
to compression test at 7, 14 and 28 days after which the optimum design was
determined based on the results of the testing.
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Figure 2.Production process of the rice straw composite board
METHODOLOGY

The materials used for the production of the rice straw-cementitious
bonded composite board were composed of rice straws collected from
barangays Sta. Cruz, and Mandani, Magalang, Pampanga, ordinary Type
| Portland cement (OPC), gypsum powder, tile grout, acrylic polymer and
acrylic latex. Rice straw was the main lignocellulose material used as filler.
Gypsum powder, cement and tile grout served as the binding agents while
acrylic polymer (mortar admixture) served as the admixture and the fresh
water was used to dissolve the powder compositions. The acrylic latex was
only used for the finishing touches to give a glossy effect to the product and
to act as sealant or laminating agent of the board to avoid powdering.

Before the rice straw was mixed with other materials, the leaves of the
rice straw were removed from the stem. Isolation of the damaged parts as
well as removal of the leaves was done prior to sun drying. The rice stalks
were then sun-dried to remove some water content such as dew and were
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cut into the sizes of 10 mm. All rice straw materials have undergone sun
drying to measure its moisture content, as adopted from Shawia et al.
(2014). The advantage of sun drying for different wastes is the low operating
cost and little expertise is required (Muruganandam et al., 2016). The rice
straw materials were kept in a storage area, covered and intact in a sack to
avoid wetting.

However, to determine the optimum moisture content, the “Bone Dry”
procedure was conducted. The bonedry procedure, according to licensed
Agricultural Engineers from Pampanga State Agricultural University, is
determining the exact moisture content of the fibers. In the book “Quality
Management of Cement Concrete Construction” (Gahlot and Gehlot, 2009),
in the condition of bone dry, the moisture from all permeable pores is
completely evaporated.

Inthebone dry procedure, the fibers were weighed with aninitialamount
of 50 grams and placed inside an aluminum foil. The purpose of placing the
fibers in the aluminum foil is to maintain the heat being absorbed by the
fibers. The fibers were placed inside an oven with a consistent temperature
of 105°C. Hourly, the weight of the fiberswas taken and recorded and it
was done consistently for 24 hours, though the mass of the fibers became
consistent in reading upon reaching the oven-drying for 12 hours beyond.
The moisture content was measured after the conduct of the dry bone
procedure.

In determining the optimum design mix, there were eight mixtures
prepared in the variations of the percentage of the cementitious materials,
fiber-cementitious(f/c) ratio, and water-cementitious(w/c) ratio.

From the first design mixture, a fiber-cementitious ratio of 0.09 and
water-cementitious ratio of 0.41. There were four variations of compositions
made. The variations were composed of 100% gypsum powder, 70% gypsum
powder with 30% cement, 60% gypsum powder with 40% cement and
70% gypsum powder with 15% cement and 15% tile grout. Each variation
was sampled on a 50 mm x 50 mm x 50 mm steel mold and there were 9
samples prepared per variation. A total of 36 samples were prepared for
testing at 7 days, 14 days, and 28 days. The second design mix used was a
fiber-cementitious ratio of 0.05 and water-cementitious ratio of 0.43. The
same variations of mixture were made to be compared with the previous
design. Similarly, there were also a total of 36 samples prepared for 7 days,
14 days, and 28 days testing. The conduct of both trial mixes was done at the
Department of Public Works and Highways Regional Office in the City of San
Fernando, Pampanga. Table 1 and Table 2 reflect the trial mix designs.
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Table 1. Trial Mix Designs (Length of Rice Straw =10 mm.)

Fiber-cementitious ratio (f/c) = 0.09

Water-cementitious material ratio Pc?v):/%seTfTV) Ce(n;;ant Tlle(?/SOUt Adrrz;x)ture
(w/c)=0.41 5 5 5 5
Mix 1 100 - 3
Mix 2 70 30 - 3
Mix 3 60 40 - 3
Mix 4 70 15 15 3
Table 2. Trial Mix Designs (Length of Rice Straw =10 mm.)
Flber-cementltl'o'us ratio (f/§) - 0'.05 Gypsum Cement Tile Grout Admixture
Water-cementitious material ratio Powder (%) ) ®) )
(w/c) = 0.43 5 5 5 5
Mix 6 100 - 3
Mix 7 70 30 - 3
Mix 8 60 40 - 3
Mix 9 70 15 15 3

The exploratory research method was used to observe the performance
of the specimens. This is used to obtain new ideas relating to the research
problems. In determining the optimum design mix, the specimens were
observed and tested on 7 days, 14 days and 28 days. The specimenswere
sampled, cured, and tested according to American Society for Testing
and Materials (ASTM) procedures. ASTM C109 (Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars Using 2-in. or [50 mm.]
Cube Specimen) was followed. Since there were replications made and the
test was conducted at 7, 14, and 28 days, the Analysis of Variance (ANOVA)
was used to determine the significant difference between the samples
tested from 7 days to 28 days.

RESULTS AND DISCUSSION

The final product of the rice straw composite board was fabricated with
dimensions of 300 mm x 300 mm x 10 mm. It was made from a mixture of
70% gypsum powder, 15% cement, and 15% tile grout combined with 5% rice
straw fiber and 3% acrylic polymer. The cementitious materials served as a
binder, the rice straw fiber as filler, and the acrylic polymer as an admixture.
It has a unit weight of 1.45 kg., and with a variety of colors, depending on
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the color of the tile grout used. It has a rough texture due to the presence of
rice straw fibers that served as a decorative design to the composite board
and it is odorless.

Determination of the Optimum Design

The data presented in Figure 3 is the result of the compressive strength
obtained at 7 days, 14 days, and 28 days using f/c = 0.09 and w/c = 0.41.

In the figure, the results of the mixture of 70% gypsum powder, 15%
cement and 15% tile grout dominated the other mixtures with a compressive
strength of 2.34 MPa at 14 days.

However, it decreases at the 28" day. According to Dai, Wood, and
King(2004), the strength development in a structure is not uniform. The
temperature of the specimen may vary due to the exothermic reaction of
hydration while the concrete gain strength. The room temperature where
the specimenswere placed during its hydration and curing may have
affected the behavior. Therefore, the location of the specimens must have a
uniform temperature though it could not be consistently maintained due to
humidity. Room temperature can be considered.

2.00 1\3

1.50 ?Xé

1.00

2.50

0.50

Compressive strength (MPa)

0.00

7 14 28
Days of Curing
Legend: ——100% Gypsum Powder
——70% Gypsum Powder, 30% Cement

——60% Gypsum Powder, 40% Cement
——70% Gypsum Powder, 15% Cement, 15% Tile Grout

Figure 3. Results of Compression Test of the Specimen
with f/c = 0.09 and w/c = 0.41
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In consideration of the foregoing data, the results gathered from f/c =
0.05 and wj/c = 0.43 was reflected in Figure 4.

It was observed that the same behavior was obtained by the mixture
of 70% gypsum powder, 15% cement and 15% tile grout. The compressive
strengths varied from 2.34 MPa to 3.5 MPa at 7 days to 28 days that means
there is an increase in the strength by 33%.
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——70% Gypsum Powder, 30% Cement
——60% Gypsum Powder, 40% Cement
——70% Gypsum Powder, 15% Cement, 15% Tile Grout

Figure 4. Results of Compression Test of the Specimen
with f/c = 0.05 and w/c = 0.43

The other mixtures showedinconsistenciesin their compressive strength
except for the mixture of 100% gypsum powder. However, its obtained
strength was not as high as the combination of 70% gypsum powder, 15%
cement and 15% tile grout. Also, a slight increase in the strength occurred
at 14 days and 28 days which means that the development in the optimum
strength of the specimen was already obtained during the 14 days.
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Table 3. Result of the ANOVA test on the compressive strengths of the
specimens with f/c = 0.09 and w/c = 0.41.

F Significance

Between Groups 22.585 .003
Day_7 Within Groups

Total

Between Groups 3.481 113
Day_14 Within Groups

Total

Between Groups 3.408 116
Day_28 Within Groups

Total

Table 3 shows theresult of the ANOVA test on the compressive strengths
of the specimens with f/c = 0.09 and w/c = 0.41. It appears that a significant
difference in the compressive strength of the samples exists during the 7"
day curing. This can be attributed to the effect of hydration of cement since
the w/c used was lower.

Thisis supported by the principles of cement-based materials that the
rate of gain of strength with continued hydration is faster at the start and
gets reduced with age (Abd&Metwally, 2014). Also, the least significant
difference was found on the use of the 60% gypsum powder and 40% cement
combination implying that the amount of cement used in the mixture affects
the f/c and w/c ratios. However, even if there is a difference between the
compressive strengths at 7 and 14 days of different variations, this means
that it may happen 11% at a time that implies several factors may have
affected the results of the compressive strength. It can be attributed to the
room condition, the sampling procedures and the curing process.

The Analysis of Variance for f/c = 0.05 and w/c = 0.43 is shown in Table 4.
As revealed, there is a significant difference in the compressive strength of
the samples from 7 days to 28 days using the variations of the cementitious
materials. This further implies that the reduction of the fibers in the volume
has affected the compressive strength of the composite board as it has a
greater bonding effect with cement.

Also, each of the variations of the cementitious materials affects the
behavior of the specimen during its curing period that may be a result of
careful sampling and proper curing.
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Table 4. Result of the ANOVA test on the compressive strengths of the
specimens with f/c = 0.05 and w/c = 0.43.

F Significance

Between Groups 7.950 0.000
Day_7 Within Groups

Total

Between Groups 18.451 0.000
Day_14 Within Groups

Total

Between Groups 21.008 0.000
Day_28 Within Groups

Total

The percentages of cementitious materials were greatly affected by the
f/c and wjc ratios in its compatibility with the rice straw fibers.

Comparing the f/c ratios between the design mixtures, the study related
to the concept that the volume of fibers affects the behavior of the rice
straw composite board. Studies conducted by Bae, Choi, Lee, and Bang
(2016) narrated that the compressive strength tends to increase linearly
with the increasing proportions of fibers. In particular, the correlation
between compressive strength increase and fiber content tends to decrease
with increasing design compressive strength. However, in the case of using
natural fibers such as rice straw, experts believe that rice straw can impair
the workability of the mixture and its compaction condition. Pickering,
Efendyand Le (2016) stated that interfacial bonding between fiber and
matrix has an important role in the development of the mechanical strength
of natural fiber composites. Since the rice straw composite board is a plant-
based composite, it may have limited interaction between the fiber and the
matrix that will lead to poor interfacial bonding limiting its compressive
strength. On the other hand, the rice straw used in the study was untreated
and according again to Pickering, Efendyand Le (2015), the strength
and stiffness of natural fibers are generally low. Therefore, the attained
compressive strength of the experimental board may not be significantly as
high as those with treated natural fibers.
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(a) (b) | C)

Figure 5. (a) Sample of rice straw fibers cut in 10-mm. size,
(b) The ASTM standardsize steel mold used to sample
specimens for compression test,
(c) a sample finished product in 300 mm. x 300 mm. x 10 mm. dimensions

The mixture that produced the highest compressive strength among
the eight variations is the 70% gypsum powder with 15% cement and 15% tile
grout, with f/c = 0.05 and w/c = 0.43, which was the basis for the design mix
in determining the other properties of the experimental board.

CONCLUSIONS

The optimum design mix for the production of the rice straw composite
board shall composed of 70% gypsum powder, 15% cement and 15% tile
grout with fiber-cementitious material ratio of 0.05 and water-cementitious
material ratio of 0.43. The highest compressive value acquired is 3.57 MPa at
28 days tested under ASTM C109.

RECOMMENDATIONS

It is further recommended to consider extending the curing age of the
composite board to determine the deterioration age of the compressive
strength. Also, it is recommended to explore on the use of treatments
on the rice straw fibers and other binders to determine its effect on the
compressive strength properties of the rice straw composite boards.
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