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Abstract. This paper investigates the mechanical properties of gypsum composite
reinforced with rice husk fiber. The composite consists of gypsum as matrix and rice
husk fiber (RHF) as reinforcement. The mechanical properties of composite including
flexural and compressive strength were investigated with variation of rice husk fiber
volume fraction. The variations of rice husk fiber volume fraction are 10%, 20%, and
30%. The gypsum composite samples were tested by bending and compression tests.
Then, the fracture of flexural test was analyzed by scanning electronic microscopy
(SEM). The result shows that the flexural strength of composite decreases as the volume
fraction of rice husk fiber increases. Also, the compression strength decreases with rise
in the volume fraction.
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1 Introduction

Developments in the construction sector encourage the development of new materials that have
high performance to improve the standards and reliability of building materials. One example is
the development of composite materials that are more efficient and affordable, environmentally
friendly, and meet energy-related regulatory requirements [1]. Besides composite materials, one
of the interesting building materials in the modern construction industry is gypsum which has
advantages such as fire resistance, sound dampening, and non-toxic, thermal insulation [2], [3].
However, the challenge of finding more economical building materials with satisfactory
mechanical, thermal, and acoustic properties is a concern for many researchers. One way to
improve the mechanical properties and acoustic capabilities of gypsum is by combining it with
other materials to form a composite. Natural materials are potential materials that can be used to
improve the performance of gypsum in the form of natural fibers such as palm fiber [4], rice
husks [5], and coconut fiber [6].

Several studies have been conducted to improve the performance of gypsum compo- sites by
mixing synthetic and natural fibers. Selamat et al. [4] investigated palm oil trunk fibers and rice
husks as reinforcements of gypsum. Their research showed an increase in the mechanical
strength and the thermal properties after gypsum was mixed with these fibers. Furthermore,
Yang et al. [2] studied the addition of straw fibers as
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reinforcement in a gypsum matrix, where adding 3 wt% straw fibers to the gypsum enhanced
bending strength while reducing density and thermal conductivity. Then, Me- chanical
properties of composite gypsum with natural fiber as reinforcement has been also studied by

[71. (81, [9].

Research on peanut shells and coir fibers as gypsum reinforcements was conducted by Guna et
al. [5]. The use of peanut shells alone did not improve the strength or modulus compared to
pure gypsum. However, there was a significant 35% increase in strength when 10% coconut
coir fibers were added. Based on these findings, the development of hybrid gypsum composites
containing both shells and coir fibers were pursued to achieve superior properties compared to
pure gypsum and existing gypsum board prod- ucts. This hybrid composite exhibited unique
characteristics, such as optimal sound absorption and higher thermal resistance, with values
ranging from 0.092 to 0.150 m*K/W. The presence of reinforcements in this composite provided
sufficient re- sistance to moisture, demonstrating the potential for using fiber-based ceiling
boards in various environmental conditions. Additionally, gypsum composites reinforced with
wool fibers and coir fibers can enhance both thermal and acoustic properties, while also
reducing production costs and minimizing environmental impact [10].

In this article, mechanical properties of gypsum composite with reinforcing rice husk fiber
conducted. The rice husk fiber content in the gypsum composite was varied based on the
volume fraction of fiber. The selection of rice husk as a gypsum composite reinforcement in this
study is because this type of natural fiber is abundant in Indonesia and can become waste if not
utilized and cause damage to the environment.

2 Experimental Methodology

2.1  Materials and manufacture of the composite

The main materials used are gypsum and rice husk fiber (RHF) as seen in Fig.1

Fig. 1. (a) Rice husk fiber and (b) gypsum
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The composite specimens were made by mixing water, gypsum and rice husk fiber (RHF),
using several variations of fiber volume fractions: 0%, 10%, 20%, and 30%. The RHF and
gypsum were mixed in a container until homogeneous. Water was then added to the mixture
with a water ratio of 0.67 [11], followed by mixing for 2 minutes to achieve a homogeneous
mixture. Afterward, the gypsum, rice husk, and water mix- ture were poured into mold sized
160 x 40 x 20 mm® for flexural test samples and 40 x 40 x 10 mm?® for compression test
samples. The mixture in the molds was left for 30 minutes, and after being removed from the
molds, the specimens were weighed using a digital scale. Weighing was done for 8 days. The
specimens were stored in a box to prevent damage before testing.

2.2 Mechanical Testing

Mechanical testing includes flexural and compression testing. The Universal Testing Machine
(UTM) was used to perform the flexural dan compression testing. The flexural testing for
gypsum composite specimens were conducted on 160 x 40 x 20 mm?® ac- cording to the
Standard UNI EN 1015-11. Then, the compression testing specimens with size 40 x 40 x 10
mm?® were performed according to EN 196-1.

2.3 Scanning Electron Microscopy Analysis

The flexural fracture surface of gypsum composite with reinforcing of rice husk fiber is
captured by scanning electron microscopy (SEM). The SEM type for capturing im- age is
FlexSEM 1000 II type

3 Results and Discussion

3.1 Mechanical Properties

In this study, the mechanical properties of the gypsum composite tested were flexural strength
and compressive strength. Gypsum composites reinforced with rice husk fiber with variations in
fiber volume fractions consisted of 10 %, 20% and 30%. Flexural strength of gypsum composite
can be seen in Fig. 2. Flexural strength decreases with increasing the volume fraction of fiber.
The flexural strength of gypsum without fiber reinforcement as shown in Fig. 2 is 0.97 MPa and
the flexural strength of gypsum com- posite reinforced with rice husk fiber with fiber volume
fraction of 10%, 20% and 30% is 0.54 MPa, 0.37 MPa and 0.15 MPa respectively. The decrease
in flexural strength is probably caused by the bond between the gypsum matrix and rice husk
fibers being less strong, causing the rice husk fibers to be easily pulled out of the matrix. This
results is in line with the result Regulska and Repelewicz [12] and Oubhaibi et al. [13] when
fiber or filler content of gypsum composite increases in the composite the flexural strength
tends to decrease.
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Fig. 2. Correlation of flexural strength and volume fraction of rice husk fiber in gypsum com- posite

Compression strength of gypsum composite can be seen in Fig. 3. The compressive strength of
gypsum without fiber reinforcement as shown in Fig. 3 is 2.565 MPa. Fur- thermore, the
compressive strength of composite gypsum with rice husk fiber reinforce- ment with fiber
volume fractions of 10%, 20% and 30% are 1.29 MPa, 0.57 MPa and 0.31 MPa, respectively.
The compression strength tends to decrease with increasing the volume fraction of fiber. This
results is in line with the result Al-Rafaie and Al-Niami [7] which is influenced by composite
density and ratio water and gypsum. Meanwhile, Santos et al [9] result did not show significant
change of compression strength of com- posite gypsum with increasing Caroa fiber content.
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Fig. 3. Correlation of compression strength and volume fraction of rice husk fiber in gypsum composite
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3.2 SEM Image

The morphology of flexural fracture of gypsum and gypsum composite is analyzed by using
SEM as shown in Fig. 4. SEM image of the gypsum after flexural testing is shown In Fig. 4 (a).
In the cross section of the gypsum composite (Figure 4 (b), (¢), (d), it can be seen that the fibers
are detached from the matrix and no fiber fractures are visible. This can cause the matrix and
fiber bonds to become less strong, thus reducing the flexural strength of the gypsum composite.

(c) (d)
Fig. 4. SEM images of flexural fracture of gypsum composite with volume fraction of fiber: (a) 0%, (b)
10% , (c) 20% and (d) 30%

4 Conclusion

This study investigated the mechanical properties of gypsum composites reinforced with rice husk fiber at
different volume fractions (10%, 20%, and 30%). The results indicate that both flexural strength and
compressive strength decrease as the fiber volume fraction increases. The flexural strength of the
composite declined significantly due to weak interfacial bonding between the gypsum matrix and the rice
husk fibers, causing fiber detachment rather than fiber fracture. Similarly, the compressive strength
showed a decreasing trend, which may be attributed to changes in composite density and the
water-to-gypsum ratio. Then, SEM analysis confirmed that fiber pullout was the primary failure
mechanism, further explaining the reduction in mechanical performance. Future studies will focus on
improving fiber-matrix adhesion, possibly through chemical treatments or modifications, to enhance the
mechanical performance of gypsum-based composites and also analysis of thermal and acoustic
properties.



394 N. Naharuddin et al.

Acknowledgments. The authors are thankful to Engineering Faculty Tadulako University for funding
support (Ref. Number 2653/UN28/KU/2024) to gypsum composite research project.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to the content
of this article.

References

1. Bouzit S., Merli, F., Belloni, E., Akhrraz, R., Asri Ssar, S., Sonebi, M., Amziane, S., Buratti, C.,
Taha, M.: Investigation of thermo-acoustic and mechanical performance of gypsum- plaster and
polyester fibers based materials for building envelope. 3rd Int. Congr. Mater. Struct. Stab., vol. 58, p.
1578-1581 (2022)

2. Yang, L., Jing, M., Lu, L., Zhu, X., Zhao, P., Chen, M., Li, L., Liu, J.: Effects of modified materials
prepared from wastes on the performance of flue gas desulfurization gypsum- based composite wall
materials. Constr. Build. Mater. 257, p. 119519 (2020)

3. Balti, S., Boudenne, A., Dammak, L., Hamdi, N.: Mechanical and thermophysical charac- terization
of gypsum composites reinforced by different wastes for green building applica- tions. Constr. Build.
Mater. 372, 130840 (2023)

4. Selamat, M. E., Hashim, R., Sulaiman, O., Kassim, M. H. M., Saharudin, N. L., Taiwo,

O. F. A.: Comparative study of oil palm trunk and rice husk as fillers in gypsum composite for
building material. Constr. Build. Mater. 197, 526-532 (2019)

5. Guna V., Ilangovan, M., Rather, M.H., Giridharan, B.V., Prajwal, B., Vamshi Krishna, K., Venkatesh,
K., Reddy, N.: Groundnut shell / rice husk agro-waste reinforced polypropylene hybrid
biocomposites. J. Build. Eng. 27,100991 (2020)

6. Guna, V., Yadav, C., Maithri, B.R., Ilangovan, M., Touchaleaume, F., Saulnier, B., Gro- hens, Y.,
Reddy, N.: Wool and coir fiber reinforced gypsum ceiling tiles with enhanced stability and acoustic
and thermal resistance. J. Build. Eng. 41, 102433 (2021)

7. Al-Rifaie, W., Al-Niami, M.: Mechanical performance of date palm fibre-reinforced gyp- sums.
Innov. Infrastruct. Solut., 1 (2016)

8. Tucolano, F., Boccarusso, L., Langella, A.: Hemp as eco-friendly substitute of glass fibres for gypsum
reinforcement: Impact and flexural behaviour. Compos. Part B Eng. 175, 107073 (2019)

9. Santos, E. F., da Silva, A. P., Olivier, N. C., da C. Pereira A. F., da S. Dantas, A. C.: Me- chanical
Properties of a Composite of Gypsum Reinforced with Caroa Fiber and PVAc. Mater. Sci. Forum
958, 57-61 (2019)

10. Guna V., Ilangovan, M., Vighnesha, H.R., Srecharia, B.R., Abhijitha, S., Sachina, H. E., Mohana,
C.B., Reddy, N.: Engineering Sustainable Waste Wool Biocomposites with High Flame Resistance
and Noise Insulation for Green Building and Automotive Applications.

J. Nat. Fibers 18(11), 1871-1881(2021)

11. Sheng, D. D. C. V., Ramegowda, N. S., Guna, V., Reddy, N.: Groundnut shell and coir reinforced

hybrid bio composites as alternative to gypsum ceiling tiles. J. Build. Eng. 57, 104892 (2022)



Investigating Mechanical Properties of Gypsum Composite 395

12. Regulska, K., Repelewicz, A.: Properties of Gypsum Composites with Straw Fillers. IOP Conf. Ser.
Mater. Sci. Eng., vol. 585, no. 1, pp. 012105, (2019)

13. Ouhaibi, S., Mrajji, O., EL Wazna, M., Belouaggadia, N., Ezzine, M., Lbibb., R., EL bouari A.,
Cherkaoui, O.: Thermally insulating gypsum composites incorporating aerosil for sus- tainable
energy-saving buildings. J. Build. Eng. 43, 102848 (2021)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Investigating Mechanical Properties of Gypsum CompositeReinforced with Rice Husk Fiber



