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Abstract: The use of bamboo as a substitute for wood for construction needs 
is increasing along with the decreasing availability of wood. Meanwhile, on 
the other hand the strength and durability of bamboo are different from wood, 
so it is necessary to conduct research to determine the strength of bamboo 
before it is used as a raw material for construction needs to replace wood. 
Based on this, this study aims to determine the types of bamboo found around 
Palu City and to test the strength of bamboo as a substitute for construction 
wood or other uses. This study was conducted in July–October 2025 at the 
Forestry Laboratory and Mechanical Engineering Laboratory of Tadulako 
University. The raw materials used in this study were types of bamboo that 
are widely found around Palu City aged 4–5 years. The tools used in this study 
were handsaws, calipers/vernier calipers, ovens, digital scales, and Universal 
Testing Machines (UTM) for testing the mechanical properties of bamboo. The 
results showed that the type of bamboo and the position of the base, middle, 
and tip affected the water content and density of the bamboo studied. The 
density value of bamboo showed a tendency from the base to the tip of 
bamboo; the value became higher. The flexural strength of bamboo batu is 
equivalent to wood of strength class IV, and the flexural strength of bamboo 
betung and bamboo tali is higher than the flexural strength of wood of the 
same strength class. The shear and tensile strength values of bamboo are not 
affected by the type and axial position. The tensile strength values of bamboo 
studied have met the allowable stress limit of bamboo for tensile stress. 
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Introduction 
 
It is estimated that around 159 species of bamboo 

exist in Indonesia out of a total of 1,250 species of 
bamboo found worldwide. Research by Evita [2015] on 
the Diversity and Spatial Distribution of Bamboo Species 
in Sulawesi (Long et al., 2023; Allo et al., 2024). This 
study revealed 32 species of bamboo from 9 genera on 
the island of Sulawesi and the surrounding small 
islands. Research by Yuan et al. (2017), Ahmad et al. 
(2025), in the Southeast Sulawesi region showed that 
there are 13 species of bamboo as seed sources: 
Gigantochloa apus, Bambusa arundinacea wild, 
Bambusa blumeana, Dendrocalamusasper Schult. F. 

Backer, Bambusa atralindl, Bambusa vulgaris vittata, 
Melocana baccifera, Asparagus cochinchinensis, 
Bambusa multiplex, Bambusa vulgaris, Dinochlo 
amalayana, Gigantochloa atter, and Schizostachyum 
mosum (Rathour et al., 2022; Kumar et al., 2023).  

The most widely distributed bamboo as seed source 
is Gigantochloa apus (Apus Bamboo), and the least 
widely distributed is Dinochloa malayana. Traditional 
uses of bamboo are diverse, ranging from household 
furnishings, furniture, kitchen utensils, craft materials, 
pulp and paper raw materials to house and building 
construction (Li et al., 2023; Wulf et al., 2024). Bamboo 
culms are very commonly used as the main material for 
making various Various products, such as building 
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materials, furniture, and household items. Bamboo can 
be processed using both conventional and traditional 
methods and using machine production technology 
(Patel et al., 2025; G. Wang et al., 2025). The structure of 
bamboo stems has a compressive strength comparable to 
that of wood, making it a viable alternative to wood 
(Adebowale & Agumba, 2025; Kelkar et al., 2023).  

Beyond its traditional uses, bamboo holds immense 
potential in supporting a green economy and 
sustainable development (Iroegbu et al., 2021). Bamboo's 
rapid growth, adaptability to a wide range of soil types, 
and role in rehabilitating degraded land make it a 
superior renewable resource (Singh et al., 2020). In the 
context of climate change mitigation, bamboo is known 
for its high carbon dioxide (CO2) absorption capacity, 
even surpassing that of some hardwood trees (Pan et al., 
2023, 2025). In the modern era, research has shifted to 
increasing bamboo's added value through product 
innovation. Products developed are no longer limited to 
its natural form, but also include engineered bamboo 
products such as plybamboo, laminated veneer lumber 
(LVL), and bamboo composite materials (Sewar et al., 
2024; Jafarnia et al., 2025). This development allows 
bamboo to be used in more sophisticated and durable 
building structures, positioning it as a competitive 
substitute for wood in the global construction industry. 
Furthermore, bamboo fiber has found applications in 
textiles, cosmetics, and even biomass for energy 
(Awogbemi et al., 2025; Xu et al., 2023). 

Despite bamboo's immense potential, challenges 
remain, including susceptibility to pests and fungi, and 
a lack of standardization in processing and construction. 
To address this, further research is needed focusing on 
environmentally friendly preservation technologies, 
selecting superior disease-resistant varieties, and 
optimizing cultivation techniques to increase 
productivity are crucial to ensure their optimal and 
sustainable use. Based on the background above, 
research was conducted with the aim of determining the 
types of bamboo found around Palu City and testing the 
strength of bamboo as a substitute for construction wood 
or other uses. 
 

Method 
 
Time and Place 

This research was conducted from July to October 
2025 at the Forestry Laboratory and Mechanical 
Engineering Laboratory of Tadulako University. 
 
Tools and Materials 

The raw materials used in this research were 4-5 
years-old bamboo species commonly found around Palu 
City. The tools used in this study included a handsaw, 
calipers/vernier calipers, an oven, a digital scale, and a 

Universal Testing Machine (UTM) for testing the 
bamboo's mechanical properties. 
 
Research Procedure 
Harvesting Several Bamboo Species 

Data collection was conducted through primary 
data collection in the field. The bamboo species found 
were identified by genus and species based on 
herbarium records and bamboo identification books. 
Documentation of the bamboo harvesting in the field can 
be seen in the following image: 
 
Preparation for Test Samples 

The bamboo species commonly found around Palu 
City were collected from 4–5-year-old clumps. Five 
culms of each bamboo species were taken. Each bamboo 
cane was divided into base, middle, and tip sections. 
Test samples were prepared according to the standards 
used, referring to research by Li et al. (2024). 
 
Physical Property Testing 

Property test samples were prepared using the 
following formula: 

 

𝐾𝐴 =  
𝐵𝐾𝑈− BKT

 BKT
x 100 %    (1) 

                                                                                                                                                                 
Density 

Density is the ratio of the mass of bamboo (BKU) to 
the volume of bamboo (VKU), both in air-dry conditions. 
The density value can be obtained using the formula: 
 

BJ =
𝐵𝐾𝑈

𝑉𝐾𝑈
      (2) 

 
Mechanical Property Testing 
Shear Test 

The shear strength test for parallel-grain bamboo in 
this study was modified using bamboo strips, adapting 
to the laboratory equipment. The shear strength of 
parallel-grain bamboo can be calculated using the 
equation: 

 
τ = V /A                                                                                (3) 
 
Where: τ = shear strength (N/mm2); V = maximum shear 
force (N); A = cross-sectional area of the test specimen 
(mm2). 
 
Tensile Test 

Tensile strength can be calculated using the 
formula: 

 

 σult =
𝐹ult

𝐴
      (4) 
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Where, σult = tensile strength; Fult = maximum load at 
fracture (N); A = cross-sectional area of the test specimen 
(mm2). 
 
Flexural Strength (MoE) and Fracture Strength (MoR) 

The MoE and MoR test samples refer to BS (British 
Standard) 373:1957. The MOE and MOR test samples 
measure 30 cm (length) x 2 x m (width), while the 
thickness depends on the thickness of the bamboo. All 
test samples were made from knot-free bamboo sections, 
using only the skin. MOE (Modulus of Elasticity) is the 
ability of a material to withstand a load without 
permanent deformation, while MOR (Modulus of 
Rupture) is a measure of a material's strength when 
subjected to the maximum load that causes damage 
(Yankelevsky & Packer, 2021). MoE and MoR values are 
calculated using the following formula: 
 

𝑀𝑂𝐸 =  
𝑃,𝐿3

4∆,𝑏ℎ3      (5) 

 
Where, MOE= Modulus of Elasticity (kg/cm²); MOR= 
Modulus of Fracture (kg/cm²); P= Maximum Load (kg); 
P’= Load at the Limit Proportion (kg); L= Support Span 
(cm); Δ'= Deformation at the Limit Proportion (cm); b= 
Width (cm); h= Thickness (cm). 
 
Data Analysis 

The test data were analyzed using a factorial RAL 
with five replications. Analysis of Variance (ANOVA) 
was used to determine the differences in the effects 
between the tested levels. 
 

 
Figure 1. Method scheme 

 

Results and Discussion 
 
Physical Properties of Bamboo 
Water Content 

The moisture content of the bamboo studied, 
namely betung bamboo, batu bamboo, and tali bamboo, 
can be seen in the following Figure: 
 

 
Figure 2. Moisture content diagram of several bamboo types 

in the axial direction 

 
The high moisture content of the bamboo studied, 

ranging from 17 to 45%, is due to the fact that the 
moisture content calculations in this study were 
conducted approximately 10 days after felling, so it had 
not yet reached air-dry moisture content. The diagram 
shows that the moisture content of the bamboo at the 
base is higher than that of the middle and decreases 
towards the tip. This is likely due to the thickness of the 
bamboo wall at the base and its thinning towards the tip. 
Thicker walls contain more cellular components, such as 
cellulose and hemicellulose, which can bind with water, 
resulting in a higher moisture content. This aligns with 
the statements of (Khajouei-Nezhad et al., 2023; Irawan 
et al., 2025) statement that the thicker the bamboo blade, 
the greater the cellulose and hemicellulose content, 
which can increase the water content at the base of the 
bamboo due to the long, thin-walled fibers and large 
diameter. The opposite occurs at the tip. The research 
results also showed that betung bamboo had the highest 
water content, followed by batu bamboo, and the lowest 
water content was found in tali bamboo. This is due to 
the bamboo's thickness, with betung bamboo ranging 
from 0.80 to 1.30 cm, batu bamboo 0.60 to 0.90 cm, and 
tali bamboo 0.60 to 0.70 cm.  

The thicker the bamboo, the greater the number of 
cells, meaning cellulose and hemicellulose, which can 
bind with water. Analysis of variance (ANOVA) results 
showed that both bamboo species, their axial location 
(base, middle, and tip), and the interaction between the 
two significantly affected the bamboo's water content. 
Further tests showed that batu bamboo and tali bamboo 
had the same effect on water content, but both had a 
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different effect on betung bamboo. Axially, the positions 
of the base, middle, and tip each had a different effect on 
bamboo water content. According to Awotwe-Mensah 
et al. (2023), Zhan et al. (2022), bamboo water content is 
influenced by age, bamboo species, and harvest season. 
According to Roszyk et al. (2024), Li et al. (2022), for 
further use, a suitable water content of bamboo is 
around 10–11% so that shrinkage and swelling are more 
stable. This indicates the need for a drying process for 
bamboo, either naturally or artificially, so that a lower 
water content can be achieved. However, considering 
that Indonesia has a tropical climate and relatively high 
humidity, an artificial drying process is needed so that 
the bamboo can reach a water content of 10–11%. 
 
Density 

Bamboo density calculations were performed 
under kiln-dry conditions. The density values of the 
bamboo studied ranged from 0.70 to 0.90 g/cm3 and 
tended to be relatively similar at the base and middle, 
but slightly higher at the tips, as seen in the Figure 
below: 
 

 
Figure 3. Density diagram of several bamboo species in the 

axial direction 
 

The diagram shows a tendency for density values 
to increase from the base to the tip. The lower density at 
the base compared to the tip may be due to the higher 
silica content at the tip of the bamboo as cited in Ma et 
al., (2024), Saffer et al. (2023), Analysis of variance results 
show that differences in bamboo species significantly 
affect density (probability 0.02 is less than the alpha 
value of 0.05), while differences in the position of the 
base, middle, and tip have no effect (probability 0.09 is 
greater than 0.05). Further testing using Duncan's test 
showed that betung bamboo had no difference in 
density compared to tali bamboo, but showed a 
difference compared to batu bamboo. Further testing 
was not performed on the position of the base, middle, 
and tip because the ANOVA results showed no effect on 
bamboo density. This is due to the relatively uniform 
solid content that influences density, as stated by  Wang 
et al. (2024), Liang et al. (2020), who stated that the 

amount of solids contained within cells is relatively 
uniform. According to Li et al. (2025), the specific gravity 
of bamboo ranges from 0.50 to 0.90 g/cm3, which is 
relatively similar to the results of this study, which range 
from 0.6 to 0.9 g/cm3. Compared to wood strength 
classes, a specific gravity of 0.60-0.90 g/cm3 falls into 
strength class II. Das et al. (2025), Osezuah et al. (2025), 
state that bamboo has a very high strength-to-weight 
ratio, making it efficient and effective for use as a 
building material. 
 
Mechanical Properties of Bamboo 
Flexural Strength (Moe) 

The results of the MOE calculation show that batu 
bamboo has a lower MOE value, with an average of 
475.01 kg/cm2, compared to betung bamboo with an 
average of 1741.36 kg/cm2 and tali bamboo with an 
average of 1690.19 kg/cm2, as shown in the following 
Figure: 
 

 
Figure 4. Flexural strength diagram of several bamboo species 

in the axial direction 

 
When compared to wood strength classes, the 

flexural strength of batu bamboo is equivalent to wood 
strength class IV (350-500 kg/cm2), while the flexural 
strength of betung bamboo and tali bamboo is greater 
than that of wood strength class I (≥ 1100). 
 
Brain Strength of Bamboo 
 

 
Figure 5. Fracture strength diagram of several bamboo 

species in the axial direction 
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The results of the fracture strength study showed 
that batu bamboo had a lower fracture strength value 
than betung bamboo and tali bamboo, as shown in 
Figure 4. The results of the analysis of variance show that 
neither the type of bamboo nor the location of the base, 
middle, or tip affected the compressive strength (MOR) 
of the studied bamboo. 

 
Bamboo Shear Strength 

The average shear strength of the studied bamboo 
ranged from 4.09 to 9.70 MPa, as shown in the following 
Figure: 
 

 
Figure 6. Shear strength diagram of several bamboo 

species in the axial direction 

 
The results above indicate that tali bamboo has a 

higher average shear strength, and the strength tends to 
be almost the same at the base, middle, and tip. 
Although the analysis of variance (ANOVA) results 
show that neither the type of bamboo nor the position of 
the base, middle, and tip significantly affects the 
bamboo's shear strength, when compared to the research 
results of Seixas et al. (2024), which showed that the 
shear strength of unpreserved petung bamboo with 
nodes was 8.06 MPa and internodes 7.41 MPa, the shear 
strength values for betung bamboo (petung) in this 
study were relatively similar, ranging from 4 to 8 MPa. 

 
Bamboo Tensile Strength 

The results of the tensile strength calculations for 
the bamboo studied showed average values ranging 
from 61.84 to 171.02 MPa. Tali bamboo had a higher 
tensile strength than betung bamboo, with the lowest 
tensile strength being found in batu bamboo, as shown 
in Figure 7. 

The results of the analysis of variance indicate that 
the type of bamboo and the position at the base, middle, 
and tip do not significantly affect the tensile strength of 
the bamboo. However, the results showed that the 
average tensile strength was higher for tali bamboo, 
followed by betung bamboo, and the lowest for batu 
bamboo. Compared to the tensile strength limit 

requirement of 98.1–392 MPa and the allowable stress 
limit for bamboo of 29.42 MPa (G. Wang et al., 2025), the 
tensile strength values of the bamboo studied met these 
limits. Bamboo has a unique biological structure that 
makes it an exceptional natural engineering material. A 
thorough understanding of bamboo's anatomy and 
chemical composition is essential to maximize its use in 
non-traditional applications, particularly as a wood 
substitute. 
 

 
Figure 7. Tensile strength diagram of several bamboo species 

in the axial direction 

 
Culm Anatomy and Structure 

The bamboo culm is a hollow tube divided by dense 
nodes, providing strength and resistance to buckling 
(Adier et al., 2023; Al-Rukaibawi et al., 2021). The culm 
wall consists of ground tissue with vascular bundles 
embedded within it. The distribution of vascular 
bundles shows that the concentration of vascular 
bundles, which are reinforcing fibers, is much higher in 
the outer portion of the culm wall and decreases toward 
the inner portion (pith). This uneven distribution creates 
a strength gradient—the outer portion of the bamboo is 
much stronger and stiffer than the inner portion. This 
significantly contributes to its superior mechanical 
properties. 
 
Primary Chemical Composition 

Like wood, bamboo's strength comes from three 
primary chemical components that make up the 
cellulose matrix: Cellulose: This is the primary structural 
polymer, crystalline in nature, and provides the bamboo 
fiber with very high tensile strength. Hemicellulose 
(Hemicellulose): Is a non-crystalline polymer that acts as 
a filler matrix and helps transfer pressure between 
fibers; Lignin (Lignin): Functions as a natural adhesive 
that binds cellulose and hemicellulose fibers, providing 
stiffness and resistance to compression in the material 
(Voutetaki & Mpalaskas, 2024; Mahmud et al., 2023). 
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Conclusion 
 
The results of the study show several things that 

can be concluded as follows: The type of bamboo and the 
position of the base, middle, and tip affect the water 
content and density of the bamboo studied; The density 
value of bamboo shows a tendency from the base 
towards the tip of the bamboo, with the value increasing; 
The flexural strength of bamboo batu is equivalent to 
wood of strength class IV, and the flexural strength of 
bamboo betung and bamboo tali is higher than the 
flexural strength of wood of strength class I; The shear 
and tensile strength values of bamboo are not affected 
by the type and axial position; The tensile strength value 
of the bamboo studied meets the allowable stress limit of 
bamboo for tensile stress. 
 
Acknowledgments  
Thanks to all parties who have supported the implementation 
of this research. I hope this research can be useful. 
 
Author Contributions 
Conceptualization; E.; methodology; validation; A; formal 
analysis.; investigation; S. A resources; data curation; M...; 
writing—original draft preparation; A.; writing—review and 
editing.; visualization; R. All authors have read and approved 
the published version of the manuscript. 
 
Funding 
Researchers independently funded this research. 
 
Conflicts of Interest 
The authors declare no conflict of interest. 

 
References 
 
Adebowale, O. J., & Agumba, J. N. (2025). Bamboo in 

sustainable construction: Effects on productivity 
and safety. International Journal of Productivity and 
Performance Management, 74(11), 1–20. 
https://doi.org/10.1108/IJPPM-06-2023-0307 

Adier, M. F. V., Sevilla, M. E. P., Valerio, D. N. R., & 
Ongpeng, J. M. C. (2023). Bamboo as Sustainable 
Building Materials: A Systematic Review of 
Properties, Treatment Methods, and Standards. 
Buildings, 13(10), 2449. 
https://doi.org/10.3390/buildings13102449 

Ahmad, Z., Kumari, R., Mir, B., Saeed, T., Firdaus, F., 
Vijayakanth, V., Keerthana, K., Ramakrishnan, M., 
& Wei, Q. (2025). Bamboo for the Future: From 
Traditional Use to Industry 5.0 Applications. 
Plants, 14(19), 3019. 
https://doi.org/10.3390/plants14193019 

Allo, M. K., Loppies, J. E., Rosniati, & Ramlah, S. (2024). 
Agroforestry of bamboo in Tana Toraja, Indonesia 
(a way combining plants inherited from ancestors). 

IOP Conference Series: Earth and Environmental 
Science, 1315(1), 012016. 
https://doi.org/10.1088/1755-
1315/1315/1/012016 

Al-Rukaibawi, L. S., Omairey, S. L., & Károlyi, G. (2021). 
A numerical anatomy-based modelling of bamboo 
microstructure. Construction and Building Materials, 
308, 125036. 
https://doi.org/10.1016/j.conbuildmat.2021.1250
36 

Awogbemi, O., & Desai, D. A. (2025). Harnessing the 
potentials of bamboo as a sustainable feedstock for 
bioenergy production. Advances in Bamboo Science, 
12, 100173. 
https://doi.org/10.1016/j.bamboo.2025.100173 

Awotwe-Mensah, M., Mitchual, S. J., Appiah-Kubi, E., 
Dadzie, P. K., Mensah, P., & Donkor, M. B. (2023). 
Assessment of the drying behaviour of young and 
mature Bambusa vulgaris from Ghana. Advances in 
Bamboo Science, 5, 100044. 
https://doi.org/10.1016/j.bamboo.2023.100044 

Das, I. P., Kini, P. G., & Prashant, S. (2025). A systematic 
literature review of bamboo as reinforcement in 
concrete. Discover Sustainability, 6(1), 306. 
https://doi.org/10.1007/s43621-025-01132-w 

Irawan, B., Ihsan, M., Permana, M. D., & Noviyanti, A. 
R. (2025). A Review of Bamboo: Characteristics, 
Components, and Its Applications. Journal of 
Natural Fibers, 22(1), 2522928. 
https://doi.org/10.1080/15440478.2025.2522928 

Iroegbu, A., & Ray, S. (2021). Bamboos: From 
Bioresource to Sustainable Materials and 
Chemicals. Sustainability, 13(21), 12200. 
https://doi.org/10.3390/su132112200 

Jafarnia, N., & Mofidi, A. (2025). Engineered Bamboo for 
Sustainable Construction: A Systematic Review of 
Characterization Methods. Sustainability, 17(13), 
5977. https://doi.org/10.3390/su17135977 

Kelkar, B. U., Shukla, S. R., Nagraik, P., & Paul, B. N. 
(2023). Structural bamboo composites: A review of 
processing, factors affecting properties and recent 
advances. Advances in Bamboo Science, 3, 100026. 
https://doi.org/10.1016/j.bamboo.2023.100026 

Khajouei-Nezhad, M., Semple, K., Nasir, V., Hu, Y., 
Marggraf, G., Hauptman, J., & Dai, C. (2023). 
Advances in engineered bamboo processing: 
Material conversion and structure. Advances in 
Bamboo Science, 5, 100045. 
https://doi.org/10.1016/j.bamboo.2023.100045 

Kumar, S., Rawat, D., Singh, B., & Khanduri, V. P. (2023). 
Utilization of bamboo resources and their market 
value in the western Himalayan region of India. 
Advances in Bamboo Science, 3, 100019. 
https://doi.org/10.1016/j.bamboo.2023.100019 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 90-97  
 

96 

Li, C., Tian, K., Li, Y., Xu, R., Zheng, X., Zhan, H., Wang, 
C., & Wan, H. (2025). Influence of habitats on the 
physical and mechanical properties of Iron 
bamboo (Ferrocalamus strictus) and its optimal 
habitats. Industrial Crops and Products, 226, 120742. 
https://doi.org/10.1016/j.indcrop.2025.120742 

Li, L., Wen, Y., Xu, J., Bai, T., Yang, M., & Jiang, W. 
(2024). Different Parts of a Dendrocalamus 
brandisii (Munro) Kurz Shoot, Rather Than the 
Shoot’s Height, Are More Indicative of Its Nutrient 
Properties. Horticulturae, 10(5), 438. 
https://doi.org/10.3390/horticulturae10050438 

Li, P., Xu, Y., Yin, L., Liang, X., Wang, R., & Liu, K. (2023). 
Development of Raw Materials and Technology for 
Pulping—A Brief Review. Polymers, 15(22), 4465. 
https://doi.org/10.3390/polym15224465 

Li, Z.-Z., Luan, Y., Hu, J.-B., Fang, C.-H., Liu, L.-T., Ma, 
Y.-F., Liu, Y., & Fei, B.-H. (2022). Bamboo heat 
treatments and their effects on bamboo properties. 
Construction and Building Materials, 331, 127320. 
https://doi.org/10.1016/j.conbuildmat.2022.1273
20 

Liang, B., Quan, B., Li, J., Loton, C., Bredeche, M.-F., 
Lindner, A. B., & Xu, L. (2020). Artificial 
modulation of cell width significantly affects the 
division time of Escherichia coli. Scientific Reports, 
10(1), 17847. https://doi.org/10.1038/s41598-020-
74778-3 

Long, L., Minghui, Y., Wenjing, Y., Yulong, D., & 
Shuyan, L. (2023). Research advance in growth and 
development of bamboo organs. Industrial Crops 
and Products, 205, 117428. 
https://doi.org/10.1016/j.indcrop.2023.117428 

Ma, T., Mo, W., Lv, B., Wang, W., He, H., Jian, C., Liu, X., 
Li, S., & Guo, Y. (2024). A Review of the Nutritional 
Composition, Storage Challenges, Processing 
Technology and Widespread Use of Bamboo 
Shoots. Foods, 13(22), 3539. 
https://doi.org/10.3390/foods13223539 

Mahmud, Md. A., Abir, N., Anannya, F. R., Nabi Khan, 
A., Rahman, A. N. M. M., & Jamine, N. (2023). Coir 
fiber as thermal insulator and its performance as 
reinforcing material in biocomposite production. 
Heliyon, 9(5), e15597. 
https://doi.org/10.1016/j.heliyon.2023.e15597 

Osezuah, A. O., Obianyo, I. I., Sanusi, A., Muoka, A., 
Mahamat, A. A., & Dayyabu, A. (2025). Physical, 
mechanical and durability properties of Bambusa 
vulgaris Schrad. ex J.C.Wendl.: Implications for 
sustainable construction in Nigeria. Advances in 
Bamboo Science, 12, 100195. 
https://doi.org/10.1016/j.bamboo.2025.100195 

Pan, C., Shrestha, A., Li, C., Ying, M., Duan, J., He, M., 
Zhu, W., Chai, Q., Innes, J. L., Kozak, R., Zhou, G., 
& Wang, G. (2025). Integrating bamboo forests into 

the carbon markets: Insights from China. Journal of 
Environmental Management, 393, 127203. 
https://doi.org/10.1016/j.jenvman.2025.127203 

Pan, C., Zhou, G., Shrestha, A. K., Chen, J., Kozak, R., Li, 
N., Li, J., He, Y., Sheng, C., & Wang, G. (2023). 
Bamboo as a Nature-Based Solution (NbS) for 
Climate Change Mitigation: Biomass, Products, 
and Carbon Credits. Climate, 11(9), 175. 
https://doi.org/10.3390/cli11090175 

Patel, H. R., Mathakia, R., Mangroliya, U. C., & 
Mandaliya, V. B. (2025). Sustainable bamboo: 
Technological innovations and patent insights for 
a greener future. Advances in Bamboo Science, 10, 
100127. 
https://doi.org/10.1016/j.bamboo.2025.100127 

Rathour, R., Kumar, H., Prasad, K., Anerao, P., Kumar, 
M., Kapley, A., Pandey, A., Kumar Awasthi, M., & 
Singh, L. (2022). Multifunctional applications of 
bamboo crop beyond environmental management: 
An Indian prospective. Bioengineered, 13(4), 8893–
8914. 
https://doi.org/10.1080/21655979.2022.2056689 

Roszyk, E., Kropaczewski, R., Mania, P., & Broda, M. 
(2024). Swelling Behaviour of Bamboo 
(Phyllostachys pubescens). Forests, 15(1), 118. 
https://doi.org/10.3390/f15010118 

Saffer, A. M., Baskin, T. I., Verma, A., Stanislas, T., 
Oldenbourg, R., & Irish, V. F. (2023). Cellulose 
assembles into helical bundles of uniform 
handedness in cell walls with abnormal pectin 
composition. The Plant Journal, 116(3), 855–870. 
https://doi.org/10.1111/tpj.16414 

Seixas, M., Cardoso, D., Moreira, L. E., & Paciornik, S. 
(2024). Influence of elastic properties and nodes on 
the flexural behaviour of bamboo culms. Advances 
in Bamboo Science, 9, 100100. 
https://doi.org/10.1016/j.bamboo.2024.100100 

Sewar, Y., Amran, M., Avudaiappan, S., Gamil, Y., & 
Rashid, R. S. M. (2024). Bonding strength 
performance of bamboo-based composite 
materials: An in-depth insight for sustainable 
construction applications. Heliyon, 10(13), e32155. 
https://doi.org/10.1016/j.heliyon.2024.e32155 

Singh, L., Sridharan, S., Thul, S. T., Kokate, P., Kumar, 
P., Kumar, S., & Kumar, R. (2020). Eco-rejuvenation 
of degraded land by microbe assisted bamboo 
plantation. Industrial Crops and Products, 155, 
112795. 
https://doi.org/10.1016/j.indcrop.2020.112795 

Voutetaki, M. E., & Mpalaskas, A. C. (2024). Natural 
Fiber-Reinforced Mycelium Composite for 
Innovative and Sustainable Construction 
Materials. Fibers, 12(7), 57. 
https://doi.org/10.3390/fib12070057 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 90-97  
 

97 

Wang, G., Gao, R., Miao, H., Wang, Y., Fang, C., & Liu, 
H. (2025). Manufacturing Process and Performance 
Experiment of Natural Arc-Shaped Bamboo 
Laminated Lumber. Forests, 16(11), 1699. 
https://doi.org/10.3390/f16111699 

Wang, L., Jiang, J., & Zhai, W. (2024). The Quantitative 
Evaluation of the Cell Structure Uniformity of 
Microcellular TPU with Low Porosity via a Digital 
Image Processing Method. Materials, 17(21), 5203. 
https://doi.org/10.3390/ma17215203 

Wulf, F., Hagedorn, L., Munier, L., Balder, J., Mathi, C., 
Stark, R., & Pfriem, A. (2024). Towards 
digitalization of the circular economy in the 
furniture industry. Sustainable Production and 
Consumption, 52, 45–62. 
https://doi.org/10.1016/j.spc.2024.10.010 

Xu, D., He, S., Leng, W., Chen, Y., & Wu, Z. (2023). 
Replacing Plastic with Bamboo: A Review of the 
Properties and Green Applications of Bamboo-
Fiber-Reinforced Polymer Composites. Polymers, 
15(21), 4276. 
https://doi.org/10.3390/polym15214276 

Yankelevsky, D. Z., & Packer, J. A. (2021). The effect of 
the loading system on the modulus of rupture of a 
rectangular glass plate. Construction and Building 
Materials, 271, 121585. 
https://doi.org/10.1016/j.conbuildmat.2020.1215
85 

Yuan, J.-L., Yue, J.-J., Gu, X.-P., & Lin, C.-S. (2017). 
Flowering of Woody Bamboo in Tissue Culture 
Systems. Frontiers in Plant Science, 8, 1589. 
https://doi.org/10.3389/fpls.2017.01589 

Zhan, H., He, W., Li, M., Yu, L., Li, J., Wang, C., & Wang, 
S. (2022). The Dynamics of Non-Structural 
Carbohydrates in Different Types of Bamboo in 
Response to Their Phenological Variations: 
Implications for Managing Bamboo Plantations. 
Forests, 13(8), 1218. 
https://doi.org/10.3390/f13081218 

 
 


