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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 
[7], [8], [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 m²K/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 

(b) (a) 
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 mm3 for flexural test samples and 40 x 40 x 10 mm3 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 mm3 ac- cording to the 
Standard UNI EN 1015-11. Then, the compression testing specimens with size 40 x 40 x 10 
mm3 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 Ouhaibi 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. 

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), (c), (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. 

(a) (b) 

(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. 
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