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ABSTRACT 
 

Bamboo-based composite has been used widely for building components 
and furniture. Oriented flattened bamboo board (OFBB) is a composite 
board consisting of oriented structure sheets of flattening bamboo. This 
study aimed to analyze the physical and mechanical properties of the 
OFBB from ater (Gigantochloa atter) and betung (Dendrocalamus asper) 
bamboo. A three-layer flattened bamboo board using the isocyanate resin 
with a density target of 0.6 g/cm3 was applied. The characteristics of raw 
bamboo, the contact angle of OFBB, and board properties of density, 
moisture content, thickness swelling, and water absorption, as well as 
bending, internal bonding (IB), and compressive strength properties were 
determined to evaluate the quality of the OFBB.  Based on the findings, the 
thin wall thickness of ater bamboo enhanced the physical and mechanical 
properties of the OFBB compared to the higher wall thickness of betung 
bamboo.  Therefore, further development in bamboo composite products 
with those anatomical properties seems promising. The dimensional 
stability and bending properties of OFBB from ater bamboo met the quality 
of first grade of the Canadian Standard for OSB and waferboard, except 
for the IB strength. 

 
1. Introduction 

The demand for wood as raw materials for furniture and construction in Indonesia continues 
to increase along with the population growth rate. However, the wood supply has dwindled 
globally; ergo, it can not meet the need for raw materials (Yuan et al. 2021a). One of the materials 
that can be used as an ideal substitute for wood is bamboo (Ju et al. 2020) because of its high 
diversity of available species. There are about 31.5 million ha of bamboo forests globally, mainly 
across the tropics and sub-tropics (Yuan et al. 2021b). Priyanto and Abdullah (2014) reported that 
Indonesia has 0.72 million ha of natural bamboo forest and 1.40 million ha of plantation forest, 
with a total area covering around 2 million ha of bamboo forest. In Indonesia, there are also 
approximately 160 species of bamboo, with 38 species being induction species and 120 species 
being native to Indonesia (Widjaja 2012). 

Bamboo is a plant that Indonesians widely used to produce various products because every 
part of it is useful. For example, bamboo culm can be used for building materials (He et al. 2019), 
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bridges, engineering (Chen et al. 2020), furniture (Guan et al. 2020), and handicrafts (Chaowana 
2013). The high public interest in using bamboo is due to several advantages, such as its fast 
growth, strong regeneration, high strength, and usefulness for protecting the environment from 
erosion, as well as having sociocultural and economic or livelihood aspects (Ekawati et al. 2022). 
In addition, bamboo has good sound-absorbing abilities and can reduce environmental pollution 
since it can absorb high amounts of nitrogen and carbon dioxide (CO2) (Mutia et al. 2014). There 
are several types of bamboo often used in Indonesia, such as tali or apus (Gigantochloa apus), 
hitam (G. atrovioalaceae), andong (G. pseudoarundinaceae), betung (Dendrocalamus asper), and 
ater (G. atter) (Ohrnberger 1999; Paembonan et al. 2019; Widjaja 2006). 

Ater bamboo (Gigantochloa atter) has green stems with white circular lines, 5–10 cm in 
diameter and 8 mm in wall thickness, internodes between 40–50 cm long, and high reaching up to 
22 m (Eskak 2016). Ater bamboo is used as raw material for musical instruments, house walls, 
fences, household utensils, and handicrafts (Barly et al. 2012). In addition, the density of ater 
bamboo in the cross-sectional direction on the outer section is higher on the outside than the middle 
or inside (Barly et al. 2012). Based on these properties, ater bamboo has the potential as raw 
material for laminated bamboo. 

Betung bamboo (Dendrocalamus asper) is originated from Bangladesh, India, Laos, 
Myanmar, Nepal, Thailand, and Vietnam. However, this bamboo has also been grown in China, 
Philippines, Malaysia, and Indonesia (Akinlabi 2017). Betung bamboo can reach as high as 20–30 
m with an internode length of about 20–45 cm and a diameter of 8–20 cm. The wall thickness of 
the culm is around 6–22 mm (Javadian et al. 2019; Liese 2015). Dransfield and Widjaja (1995) 
stated that betung bamboo is widely used for building materials or building houses and bridges. 
Construction materials from betung bamboo can be in the form of whole reeds or laminated (Setyo 
et al. 2014). 

Laminated bamboo is made from several bamboo strips (pelupuh), which are glued parallel 
to the fiber direction (Qisheng et al. 2002). Pelupuh boards are another term for laminated bamboo 
composite products made with raw materials that are peeled and combined using adhesives. Gluing 
the boards depends on the thickness, width, and interaction between the adhesive and the bamboo. 
Oriented flattened bamboo board (OFBB) can be developed by a simple method through labor-
intensive manufacturing with minimal capital investment in the local community (Yuan et al. 
2021a). Furthermore, manufacturing flattened boards can increase the strength of bamboo 
(Liliefna et al. 2020). Therefore, this research aimed to analyze the physical and mechanical 
properties of the OFBB from ater and betung bamboos. 

 

2. Materials and Methods 

2.1. Materials 

Three years old of ater and betung bamboo culms were collected from Rumpin, Bogor, West 
Java, Indonesia. Bamboo length as raw materials was about 800 cm; which lower end was taken 
from bamboo clumps as high as about 100 cm from the ground. The adhesive used was water-
based polymer isocyanate of polymeric diphenyl-methane diisocyanate (pMDI) adhesive type PI-
127T with a solid content of 70.11% and hardener polyvinyl urethane type H3M obtained from 
PT. Polychemie Asia Pacific Permai, Cibinong, West Java, Indonesia. The ratio of the adhesive 
used in the form of water-based and hardener is 85:15. Isocyanate adhesive was reported suitable 
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for manufacturing laminated boards (Darwis et al. 2014). Ater and bamboo were chosen since 
there were differences in their wall thicknesses. Generally, the wall thickness of ater bamboo is 
thinner than betung bamboo. 

 
2.2. Manufacture of Oriented Flattened Bamboo Board (OFBB) 

The green bamboo culms were cut into 200 cm long and then separated into lower and upper 
parts (Fig. 1a). The bamboo culms were then split into two sections and cleaned manually without 
skinning out bamboo skin (Fig. 1b and Fig. 1c) before being flattened using a bamboo crusher 
(Fig. 1d). Flattened bamboos were then cut using a table saw and arranged into flattened bamboo 
sheets with a length of 35 cm and were dried using an oven at 60°C for 72 h to reach a moisture 
content of < 10%. The density of bamboo samples as raw material was determined using a bamboo 
strip, which was not flattened, with 10 replications from random samples. 

      
Fig. 1. (a) cutting bamboo culms to 200 cm, (b) splitting bamboo culms into two sections, (c) 

cleaning the bamboo node, (d) flattening bamboo with a bamboo crusher. 
 

A flattened bamboo board with 35 cm × 35 cm × 2 cm dimension (Fig. 2) was arranged 
following the arrangement oriented to grain with three layers of flattened bamboo each board 
(Subyakto et al. 2016).  

  
Fig. 2. Oriented flattened bamboo board: (a) ater bamboo (b) betung bamboo. 

 
The outer surface of the skin bamboo was placed on both composite board outer layers. Each 

layer of the flattened board was given water-based polymer isocyanate (WBPI) of polymeric 
diphenyl-methane diisocyanate (pMDI) adhesive with a glue spread rate of 280 g/m2, which was 
applied using a foam brush with the double spread technique. It was then hot-pressed at 180°C 
with a pressure of 5 MPa for 20 ± 2 minutes and a target density of 0.6 g/cm3. Considering the 
chosen type of adhesive, glue spread rate, and pressed type applied followed the previous studies 
(Febrianto et al. 2010; Herawati et al. 2010; Liliefna et al. 2020), who conducted research on 
laminated and oriented strand board from wood and bamboo. After the hot-pressing process, the 

a b c d 

a b 
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boards were conditioned at room temperature for two weeks to remove residual stresses caused by 
the compression process and even out the moisture content in the boards (Malau et al. 2003). Five 
samples of replicate boards were prepared for each bamboo species. 

 
2.3. Evaluation of Physical and Mechanical Properties 

Physical properties were evaluated according to Japanese Industrial Standard JIS A 5908-
2003, including moisture content (MC), density, thickness swelling (TS), and water absorption 
(WA) after 2 h and 24 h of immersion in water (Nugroho and Ando 2000). The mechanical 
properties evaluated included modulus of elasticity (MOE), modulus of rupture (MOR), internal 
bond, and compressive strength. One-point loading static bending test for modulus of elasticity 
(MOE) and modulus of rupture (MOR) was carried out based on American Standard ASTM 5456-
99, internal bonding (IB) strength evaluation was based on EN 300-1997, and compressive 
strength evaluation was based on ASTM D 1037-1999. The sample was then compared with the 
minimum requirements based on JIS A 5809-2003 and CSA O437.0-1993 standards, as displayed 
in Table 1. 
 
Table 1. Minimum requirements based on international standards 

Physical and Mechanical Properties Unit Standard requirements 

CSA O437.0 JIS A 5908 
Moisture content % < 15 5 - 13 

Density g/m3 - 0.4 – 0.9 
Thickness swelling (24 h) % < 15 < 12 

MOE MPa 4416 4000 
MOR MPa 22.96 24.00 

IB strength MPa 0.34 0.30 
Notes: CSA O437.0 = standard for OSB and waferboard; JIS A 5908 = standard for particleboards. 
 
2.3.1. Density 

The samples of (5 × 5 × 2) cm3 were measured based on the air-dried state to obtain its 
volume (Va). The samples were then weighed to obtain air-dried weight (Wa). The density (D) 
value of the samples was calculated by Equation 1. 

D (g/cm3) = Wa 
Va 

 
2.3.2. Moisture content 

The samples of (5 × 5 × 2) cm3 were measured based on weight before oven-drying (Wa) 
and after the oven-drying (Wd) at 103 ± 2°C for 24 h. The moisture content (MC) value was 
calculated by Equation 2. 

MC (%) = Wa - Wd ´ 100% Wd 
 
2.3.3. Thickness swelling 

The samples of (5 × 5 × 2) cm3 were measured based on thickness before (T1) and after 
being immersed for 2 h and 24 h. After immersing, samples were drained, and the thickness was 
measured again (T2). The thickness swelling (TS) value was calculated by Equation 3. 

(1) 

(2) 
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TS (%) = T2 – T1 ´ 100% T1 
 

2.3.4. Water absorption 

The samples of (5 × 5 × 2) cm3 were weighed (W1) and immersed for 2 h and 24 h. After 
immersing, the samples were drained and weighed again (W2). The water absorption (WA) value  
was calculated by Equation 4. 

WA (%) = W2 – W1 ´ 100% W1 
 
2.3.5. Modulus of elasticity 

The samples of (32 × 5 × 2) cm3 were tested using Universal Testing Machine (UTM, 
Instron) with a load speed of 9 mm/min and a span length of 15 times the thickness, but not less 
than 15 cm with one-point loading. The MOE was calculated by Equation 5. 

MOE (MPa) = DPL3 
4DYbh3 

where ∆P is the load under proportion limit (N), L is span length (mm), ∆y is deflection (mm), b 
is sample width (mm), and h is sample thickness (mm). 
 
2.3.6. Modulus of rupture 

The samples of (32 × 5 × 2) cm3 were evaluated together with the MOE testing. The loading 
was continued until the sample reached the maximum load (P). The MOR value was then 
calculated by Equation 6. 

MOR (MPa) = 3PL 
2bh2 

 
2.3.7. Internal bonding (IB) strength 

The samples of (5 × 5 × 2) cm3 were glued to two wooden blocks with epoxy adhesive and 
allowed to dry for 24 h. The two blocks were then pulled perpendicular to the surface of the sample 
at a load speed of 2 mm/min until maximum load. The IB strength was calculated by Equation 7.  

IB (MPa) = P 
2bl 

where l is the sample length (mm). 
 
2.3.8. Compressive strength 

The samples of (8 × 2.5 × 2) cm3 were measured in parallel to grain directions by placing 
the samples vertically. The samples were tested with a cross-head speed of 1 mm/min until 
maximum load. The compressive strength values were calculated by Equation 8.  

Compressive strength (MPa) = Pmax 
bl 

 
 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
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2.3.9. Contact angle measurement 

The contact angle measurement was carried out to quantify adhesive wettability on the 
surface material. The test was conducted to indicate compatibility between the filler and matrix in 
the composite, which is related to physical interaction. Kaymakci and Ayrimilis (2014) mentioned 
that there were two kinds of interaction between filler and matrix in the composite, i.e., physical 
interaction (mechanical interlocking) and chemical-bonding interaction. Water is used considering 
the similarity of liquid polar characteristics between water and the adhesive. The contact angle of 
distilled water drop test on the surface of OFBB ater and betung bamboo was measured by a video 
measuring system with a high-resolution Charge Coupled Device (CCD) camera. The test was 
conducted by placing the OFBB specimen on the top of a table in front of the CCD camera. 
Furthermore, the distilled water was dropped by a syringe with a screwing method to obtain the 
same droplet volume of 0.05 ml. Video images of the drop shape on the OFBB surface were 
captured by the CCD camera and saved for 180 s. The captured video images were cut into 
individual images at intervals of 10 s. In addition, the contact angle of the individual drop images 
was measured by the Image-J 1.46 software with the DropSnake plugin method. 

 
2.4. Data Analysis 

The mean values of the physical-mechanical properties of the samples were compared with 
the minimum values required by standard norms, as set out in Table 1. Data analysis was assessed 
through analysis of variance (ANOVA) with a further comparison of means by Student’s t-test (p 
< 0.05). All data analyses were performed using SPSS 26.0 statistical software. 
 

3. Results and Discussion  

3.1. Bamboo Materials Characteristics 

The three-year-old of ater bamboo had culms with a length of the internodes between 53–
65.50 cm and a wall thickness between 5–9 mm. Meanwhile, the betung bamboo had a length of 
internodes between 31.50–56 cm and a wall thickness between 7–15 mm (Table 2). Eskak (2016) 
stated that the length of the internode of ater bamboo ranged from 40–50 cm with a wall thickness 
of 6–10 mm. The study by Marsoem et al. (2015) reported that the length of the internodes at the 
bottom ranged from 26.5–30.0 cm for 40 months and the longest internode ranging from 57.0–
59.7 cm, with the wall thickness ranging from 12.8–17.1 mm. The wall thickness of betung 
bamboo (5 years old) at the top, middle, and bottom was 11.2 mm, 21.1 mm, and 27.4 mm, 
respectively (Maulana et al. 2022). Meanwhile, Widjaja et al. (2020) reported that the internode 
length of betung bamboo ranged from 40–50 cm with a wall thickness of up to 15 mm. Rifqi et al. 
(2020) found a similar length of internode, which showed a length variation between of 30–50 cm. 
Marsoem et al. (2015) also reported that the internodes in the bottom culms were always the 
shortest but had the thickest walls. 

 
Table 2. General characteristics of bamboo culms of two bamboo species 
Bamboo 
Species 

Wall Thickness (mm) Internode Length (cm) 
Upper part Lower part Average Upper part Lower part Average 

Ater 5.00 ± 0.06 9.00 ± 0.07 7.00 ± 0.14 65.50 ± 1.92 53.00 ± 2.31 59.40 ± 3.16 
Betung 7.00 ± 0.09 15.00 ± 0.12 10.80 ± 0.21 56.00 ± 4.93 31.50 ± 2.68 42.30 ± 5.68 
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The geometric values of flattened bamboo species are presented in Table 3. The thickness 
of flattened ater and betung bamboo varies between 0.51–1.11 cm and 0.51–0.99 cm, and the width 
between 6.15–18.60 cm and 5.50–22.10 cm, respectively. The length of 35 cm was the same for 
the strip flattened materials. The density of un-flattened bamboo as raw materials is 0.79 g/cm3 for 
ater bamboo and 0.70 g/cm3 for betung bamboo. Generally, the average geometric values of 
flattened bamboo and strip density of ater and betung bamboo are higher than that of betung 
bamboo. The higher density value of ater bamboo is presumably related to the anatomical structure 
of bamboo. Bamboo culms anatomically consist of the vascular bundle and parenchymal, which 
affect bamboo characteristics (Liese 1998). A study by Maulana et al. (2022) reported that the 
vascular bundle type of betung bamboo exhibited a type IV vascular bundle. Meanwhile, ater 
bamboo was dominated by type III (Sutardi et al. 2015). The vascular bundle type III had the 
highest vascular bundle density than the vascular bundle type IV (Maulana et al. 2022). Smaller 
vascular bundles tend to be denser in distribution, and the density and mechanical strength are 
excellent. Therefore, the average geometric values of flattened bamboo and strip density of ater 
bamboo are higher than betung bamboo. 

 
Table 3. The geometry of flattened bamboo 

Bamboo 
Species 

Thickness (cm) Width (cm) Length 
(cm) 

Density 
(g/cm3)† Min Max Average Min Max Average 

Ater 0.51 1.11 0.78 ± 0.12 6.15 18.60 12.58 ± 3.25 35 ± 0.00 0.79 ± 0.13 
Betung 0.51 0.99 0.74 ± 0.13 5.50 22.10 10.56 ± 5.41 35 ± 0.00 0.70 ± 0.08 

Notes: Min = minimum value, Max = maximum value, †= un-flattened bamboo strips density. 
 
3.2. Contact Angle 

The contact angle (CA) of a surface can be used to analyze the wettability of OFBB to 
liquids. The wettability of a surface indicates the condition that determines the extent to which the 
fluid will be spread on the surface (Marra 1992). The average CA of distilled water droplets on the 
outer surface of OFBB shows that the contact angle on the OFBB of ater bamboo (36.55°) is lower 
than betung (43.45°) bamboo (Fig. 3).  

 
Fig. 3. Contact angle of OFBB with different bamboo species. (Note: values followed by the 

same letters are statistically not significantly different at p < 0.05). 

This information means that the wettability OFBB of ater bamboo was better than betung 
bamboo. The example for measurement for the CA of the water droplet is illustrated in Fig. 4. 
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OFBB of betung bamboo possessed a contact angle of more than 90° at 0 s wetting process, while 
the OFBB of ater bamboo had CA of 63.98°–82.13° at 0 s. A plotting for showing the evolution 
of CA over time is expected in Fig. 5. A contact angle of more than 90° indicates the liquid does 
not wet the surface well (Yuan and Lee 2013). 

   
 

   
Fig. 4. Measurement of contact angle of a water droplet: (a) and (b) at the 0 s the first time water 
reaches the surface board for OFBB ater and betung, respectively; (c) and (d) at the 180 s as the 

water absorbed for OFBB ater and betung, respectively. 
 

 
Fig. 5. Dynamic contact angle of OFBB from ater and betung bamboos. 

 
In this study, the contact angle of OFBB betung was higher than OFBB ater which related 

to the lower IB strength of betung board than of ater OFBB. Some factors could affect the CA 
values in bamboo products, such as bamboo surface condition (inner or outer), bamboo skin, and 
the chemical compound bamboo. A study by Deng et al. (2015) reported contact angle of the outer 
surface of bamboo bundle sheets with the different removing extent of bamboo green varied from 
46.50°–87.28°. Another study by Du et al. (2013) showed that the contact angle of the bamboo 
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strip of Phyllostachys pubescens ranged from 49°–52° at 2 s. Anwar et al. (2009) studied on ply-
bamboo and revealed that a higher contact angle could lead to partially cured adhesive remaining 
on the sheet surface while filling voids and parenchyma cells. The contact angle of more than 90° 
in bamboo makes excessive adhesive penetration, which then causes a higher tendency for a 
starved joint. Meanwhile, in our study, the glue spreading on the inner and outer surfaces (double 
spread) presumably could affect the wettability of OFBB. The adhesive on both sides has resulted 
in excess adhesive filling the gap exceeding the optimal limit for penetrating adhesives. The lower 
CA indicated perfect wetting, which means better hydrophilicity (Karlinasari et al. 2021). In 
OFBB, ater bamboo board had a lower CA value, indicating that it has better hydrophilicity than 
betung bamboo. In addition, the isocyanate is a polar adhesive, as is water, so the CA value can be 
referenced as the ability of the liquid to penetrate the material. Meanwhile, the CA value of liquids 
is dependent on viscosity. Isocyanate has a high viscosity than other liquids (Ruhendi et al. 2007). 
Gavrilovic et al. (2012) stated that the CA increase as fluid viscosity increase. 

A comparison of contact angle was also made between parts and surface in the culm 
(Chaowana et al. 2015), the outer surface (bamboo skin) and inside surface (bamboo pith) (Li et 
al. 2015), height levels and surface (Marasigan et al. 2020). Those studies reported that the CA of 
the inner surface was lower than that of the outer surface, the CA of the bottom culm lower than 
the top culm, and the CA of nodes less than the internodes. Ying (1996) mentioned that the outer 
bamboo had compacted vascular bundles and the amount was greater than the inner bamboo, which 
made the contact angle of the outer bamboo greater than the inner bamboo (pith). This could lead 
the value of the internal bond of ater and betung bamboo to be lower than the standard. According 
to Faizal et al. (2015), high silica content also contributes to the increase in the contact angle. 
Fatriasari and Hermiati (2006) reported that the silica content of betung bamboo reached 3.51% 
more than the other five bamboo species, namely tali, hitam, kuning, andong, and ampel bamboo. 
According to Kamthai (2007), the ash content of bamboo can also be referred to as silica content. 
Other studies by Subekti et al. (2015) reported that the ash content of betung bamboo and ater 
bamboo were 3.55% and 1.47%, respectively. However, the statistical test results in this study 
showed that the bamboo species of OFBB did not have a significant difference in the contact angle. 

 
3.3. Physical Properties 

3.3.1. Density 

Density is the ratio between the mass and volume of the composite board. Fig. 6 displays 
that the OFBB density of ater bamboo is higher at 0.70 g/cm3 than betung bamboo at 0.62 g/cm3. 
Statistical analysis found that bamboo species had a significant effect (a = 5%) on board density. 
The JIS A 5908 standard requires a board density of 0.4–0.9 g/cm3. The board density followed 
the targeted standard of 0.6 g/cm3. Iswanto et al. (2019) found similar densities for other OSB 
products, showing board densities between 0.61–0.69 g/cm3. Another previous study by Cahyadi 
et al. (2012) showed that the density of laminated zephyr bamboo varied from 0.6–0.7 g/cm3. The 
density of the raw material is one factor that affects the board’s density and overall properties. The 
density of ater and betung bamboo raw materials used in this study were 0.79 g/cm3 and 0.70 
g/cm3, respectively (Table 3). The board density value is highly dependent on the density of the 
raw material used, in addition to the amount of compression applied during sheet production, 
which also affects the properties of the board (Bowyer et al. 2003).  
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Fig. 6. The density value of OFBB with two bamboo species (Note: values followed by different 

letters are statistically different at p < 0.05). 
 
3.3.2. Moisture content 

The MC value of the OFBB of ater and betung bamboo was 9.84% and 8.94%, respectively 
(Fig. 7). Generally, the higher moisture content will reduce the strength of the materials (Tsoumis 
1991). Similar moisture content was found by Sulastiningsih et al. (2019), which shows OSB made 
from Gigantochloa pseudoarundinaca with different strand lengths ranging from 9–9.7%. Another 
study by Sumardi et al. (2022) showed that the MC of LBL zephyr and ply-bamboo zephyr were 
11.74% and 11.63%, respectively. 

 
Fig. 7. Moisture content of OFBB with two bamboo species (Note: values followed by different 

letters are statistically different at p < 0.05). 
 

The MC affected the mechanical properties of OFBB, while the physical properties 
influenced the dimensional stability of OFBB. The ANOVA results showed that the bamboo 
species significantly affected the MC value of OFBB. The MC of both species of OFBB in this 
research was in line with the JIS A 5908 and CSA O437.0 (Table 1). 

 
3.3.3. Thickness swelling 

Thickness swelling (TS) and water absorption (WA) are important parameters to evaluate 
the dimensional stability of composite panels. The result showed that OFBB from ater bamboo 
pointed out a lower value than betung bamboo, both after 2 h and 24 h of immersion (Fig. 8). The 
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ANOVA (a = 5%) from the comparison test showed that the OFBB from ater and betung bamboo 
was not significantly different for thickness swelling. The TS values were in line with the JIS A 
5908 and CSA O437.0 for TS after water immersion, as shown in Table 1. The EN 300: 1997 for 
OSB/3 also mentioned that the TS after 24 h water immersion should be £ 15% (CEN 1997). 

 
Fig. 8 The thickness swelling value of OFBB with different bamboo species (Note: values 

followed by different letters are statistically different at p < 0.05). 
 
Febrianto et al. (2012) showed that the TS of OSB made from Dendrocalamus asper with 

different strand lengths after 2 h and 24 h of immersion ranged from 4.30–6.25% and 12.92–
14.94%, respectively. Hariz et al. (2021) also showed that the 24 h TS of OSB from 
Dendrocalamus asper and Bambusa vulgaris with different resin content ranged from 8.22–
13.47%. Another study by Chung and Wang (2018) also reported the 24 h TS of OSB from 
Phyllostachys pubescens with different densities ranging from 7.93–17.32%. Another study by 
Malanit et al. (2010) showed that the 24 h TS of oriented strand lumber (OSL) from 
Dendrocalamus asper and pMDI adhesive with different resin content ranged from 2.3–4.5%. The 
isocyanate adhesive used in this study was known to be water-resistant. However, since the long 
size of raw materials and the gaps between composing strips, it was possible that not all boards 
were covered by adhesive. Therefore, it can lead the water easily enter either through the pores or 
cell lumen of bamboo. 

 
3.3.4. Water absorption 

The water absorption test determines the use of laminated boards as exterior or interior 
materials (Wardani et al. 2013). Water absorption has a value that is linear to the thickness of 
swelling. The higher the thickness swelling value, the higher the water absorption value. The value 
of water absorption of OFBB made with ater and betung bamboo after 2 h immersion was 20.69% 
and 38.60%, and after 24 h immersion was 43.10% and 71.32%, respectively (Fig. 9). The 
ANOVA (a = 5%) showed that bamboo species not significantly different for water absorption 
value of OFBB. The isocyanate adhesive absorption is not optimal, causing more excellent water 
absorption into the strand or larger gaps between strands (Barbuta et al. 2011; Febrianto et al. 
2015; Parubak 2009). Cahyadi et al. (2012) reported that isocyanate adhesive with the addition of 
melamine could decrease water absorption values which causes the isocyanate adhesive to be quite 
thick. In contrast, the thinner adhesive can penetrate more easily into bamboo.  
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Fig. 9. The water absorption value of OFBB with different bamboo species (Note: values 

followed by different letters are statistically different at p < 0.05). 
 

3.4. Mechanical Properties 

3.4.1. Bending strength 

The bending properties of MOE and MOR values of OFBB are illustrated in Fig. 10 and Fig. 
11. The highest mechanical bending properties values are found in OFBB from ater bamboo. 
OFBB ater and betung bamboo MOE were 4722.82 MPa and 3267.70 MPa, respectively. 
Meanwhile, the MOR value was 29.31 MPa for ater bamboo and 22.76 MPa for betung bamboo. 
Based on Table 1, OFBB from bamboo ater met the standards of CSA O437.0 (Grade O-1) and 
JIS A 5908. The ANOVA (a = 5%) from the comparison test showed that the OFBB made with 
ater and betung bamboo in this study significantly affected the MOE and MOR values.  

 
Fig. 10. Modulus of elasticity of OFBB with different bamboo species (Note: values followed by 

the same letters are statistically not significantly different at p < 0.05). 
 

A study by Maulana (2020) reported that the MOE and MOR of bamboo OSB (BOSB) with 
isocyanate adhesive ranged from 4611–8101 MPa and 24–46 MPa, respectively. In comparison, 
other studies showed the MOE and MOR of plybamboo zephyr with core bamboo strip were 
6665.66 MPa and 43.23 MPa (Sumardi 2020). Sumardi (2022) reported that the ply bamboo 
zephyr/flattened bamboo had 6967 MPa for MOE and 42.81 MPa for MOR were 6967 MPa and 
42.81 MPa. The lower research result compared to previous studies of other bamboo strip products 
is presumably due to the differences between glue spread and processing methods. A study by 
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Baskara et al. (2022) reported that the higher resin content could increase the MOE value. 
Therefore, the adhesive penetrating flattened bamboo should have more glue spread than a board 
with bamboo strip and BOSB. Additionally, the spreading process with the double spread 
technique can cause two layers of flattened bamboo to dry out when they are glued. Any damage 
to the adhesive line could result in a non-optimal value in holding the maximum load (Sumawa et 
al. 2019). 

 
Fig. 11. Modulus of rupture of OFBB with different bamboo species (Note: values followed by 

the same letters are statistically not significantly different at p < 0.05). 
 

3.4.2. Internal bonding strength 

The result showed that the OFBB of ater bamboo had an internal bonding (IB) strength of 
0.23 MPa, while the OFBB of betung bamboo was 0.22 MPa (Fig. 12). The IB strength test 
demonstrates the bonding strength of the mixing, shaping, and compression processes (Bowyer et 
al. 2003). The IB strength of both species of OFBB in this research could not reach the standards 
of CSA O437.0 (Grade O-1) and JIS A 5908. The ANOVA (a = 5%) of OFBB made from ater 
and betung bamboo in this study were not significantly different for IB strength value. 

 
Fig. 12. Internal bonding (IB) strength of OFBB with different bamboo species (Note: values 

followed by the same letters are statistically not significantly different at p < 0.05). 
 

Bowyer et al. (2003) stated that good layer forming and mixing would result in stronger IB 
strength between strands. In this study, the low value of an IB strength was thought to be related 
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to the failure of the adhesive to penetrate the flattened bamboo. It can be caused by the 
isocyanate—which functions as an adhesive—that cannot penetrate the pores of the bamboo. 
Consequently, the part between the bamboo layer and the core becomes more easily detached due 
to the absence of a strong bonding. In addition, the fact that the outer surface of the bamboo skin 
contains silica while the inner surface contains wax can reduce the adhesive strength (Nugroho 
and Ando 2000). Aisyah et al. (2021) reported that the IB strength of OSB with isocyanate 
adhesive without steam treatment has lower than with steam treatment. Our study conducted that 
the manufacturer of flattened bamboo did not clean the outer and inner surfaces of the bamboo 
before it was made into boards. Likewise, Ruh and Ra (2009) also showed that the IB strength of 
veneer-bamboo zephyr of Phyllostachys nigra with phenol-formaldehyde adhesive with a density 
of 0.68 g/cm3 and 0.72 g/cm3 were 0.23 MPa and 0.28 MPa, respectively. Another study by 
Nugroho and Ando (2000) showed IB strength of bamboo zephyr board with a density of 0.6 g/cm3 
varies from 0.49–0.73 MPa. On the other hand, a study by Ramatia et al. (2020) reported that the 
IB strength of OSB made of Dendrocalamus asper with phenol formaldehyde with different 
adhesive levels varied from 0.21–0.86 MPa. Meanwhile, the IB strength of laminated bamboo 
lumber of Dendrocalamus sericeus with formation outer-outer layer were 0.29 MPa, and the outer-
inner layer was 0.42 MPa (Chaowana et al. 2015). Pizzi (1983) explained that the adhesive system 
depends on polymerization and bonding between materials and adhesive. 
 
3.4.3. Compressive strength 

The compressive strength parallels t the grain to determine the optimum load that can be 
carried (Tsoumis 1991). The study found that the compressive strength of ater and betung bamboos 
were 22.03 MPa and 14.80 MPa, respectively (Fig. 13).  

 
Fig. 13. Compressive strength of OFBB with different bamboo species (Note: values followed 

by the same letters are statistically not significantly different at p < 0.05). 
 
The ANOVA revealed a significant difference between OFBB ater and OFBB betung for 

compressive strength. Sulastiningsih and Santoso (2012) mentioned that bamboo species and pre-
treatment influence the compressive strength of bamboo boards. Our study pointed out lower 
compressive strength values than other bamboo strip products. Sulastiningsih et al. (2018) found 
that the compressive strength of a three-layers bamboo strip was 64.47 MPa, while the compressive 
strength of a laminated bamboo board made of G. pseudoarundinacea bamboo strips glued with 
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urea formaldehyde had an average value of 56.2 MPa (Sulastiningsih and Santoso 2012). 
Meanwhile, Li et al. (2013) reported compressive strength of laminated board varied from 56.62–
61.09 MPa. 

 
4. Conclusions 

Bamboo species in OFBB manufacture affected the value of the physical and mechanical 
properties of OFBB. Studies on two bamboo species with different wall thicknesses, which are 
made into the oriented flattened bamboo board (OFBB), showed that thin-walled ater bamboo has 
better board properties than thicker betung bamboo for both physical and mechanical properties in 
condition the un-cleaned bamboo skin. OFBB from thin-walled can reduce the TS and WA and 
increase the MOE, MOR, and compressive strength. Except for the IB strength values, all 
properties of ater-oriented flattened bamboo boards met the requirements listed in the first grade 
of the Canadian Standard (CSA 0437.0 (Grade O-1)) for OSB and waferboard, while the betung 
OFBB properties were below the standard. In further studies, removing and cleaning the bamboo 
skin and combining outer-inner surface bamboo with variation layer numbers and various types of 
bamboo can be done to improve the OFBB properties. 
 

Acknowledgments 

This research was supported by the Ministry of Education Culture, Research and 
Technology, the Republic of Indonesia, for the Fiscal Year 2021 (contract number: 
077/E.4.1/AK.04.PT/2021 and SK 09/E1/KPT/2021). 
 

References 

Aisyah, S., Haryadi, J., Maulana, M. I., Marwanto, M., Prasetia, D., Hidayat, W., Lubis, M. A. R., 
Kim, N. H., and Febrianto, F. 2021. Effect of Strand Pre-Treatment and Adhesive Type on 
the Properties of Oriented Strand Board Made from Gmelina (Gmelina arborea) Wood. 
Jurnal Sylva Lestari 9(3): 475-487. DOI: 10.23960/jsl.v9i3.532 

Akinlabi, E. T., Kwame, A. F., and Damenortey, R. A. 2017. Bamboo: The Multipurpose Plant. 
Springer, Johannesburg, South Africa. 

Anwar, U. M. K., Hamdan, H., Paridah, M. T., Omar, M. K., Jani, M., and Rafidah, S. 2009. 
Mechanical Properties and Failure Characteristic of Phenolic-Treated Plybamboo. in: 8th 
World Bamboo Conference 8: 25-31. 

ASTM. 1999. Standard Test Methods For Evaluating Properties Of Wood-Base Fiber And 
Particle Panel Materials. ASTM D 1037–96a. American Society for Testing and Materials, 
Philadelphia, United States of America. 

ASTM. 1999. Standard Specification For Evaluation Of Structural Composite Lumber Products. 
ASTM D 5456-99. American Society for Testing and Materials, Philadelphia, United States 
of America. 

Barbuta, C., Cloutier, A., Blancet, P., Yadam, V., and Lowell, E. 2011. Tailor Made OSB for 
Special Application. European Journal of Wood and Wood Products. 69: 511-519. DOI: 
10.1007/s00107-010-0477-z 



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 16 

Barly, B., Ismanto, A., Martono, D., Abdurachman, A., and Andianto, A. 2012. Sifat Fisis dan 
Stabilisasi Dimensi Beberapa Jenis Bamboo Komersial. Jurnal Penelitian Hasil Hutan 
30(3): 163-170. DOI: 10.20886/jphh.2012.30.3.163-170 

Baskara, M. I. A., Hapsoro, D., Maulana, M. I., Marwanto, M., Prasetia, D., Hidayat, W., Lubis, 
M. A. R., Febrianto, F., and Kim, N. H. 2022. Physical and Mechanical Properties of 
Oriented Strand Board from Three Species of Plantation Forest at Various Resin Content. 
Jurnal Sylva Lestari 10(21): 49-62. DOI: 10.23960/jsl.v10i1.519 

Bowyer, J. L., Shmulsky, R., and Haygreen, J. G. 2003. Forest Product and Wood Science, an 
Introduction 4th Ed. Iowa State Press A BlackWell Publish, United States of America. 

Cahyadi, D., Firmanti, A., and Subiyanto, B. 2012. Sifat Fisis dan Mekanis Bambu Laminasi 
Bahan Berbentuk Pelupuh (Zephyr) dengan Penambahan Methanol sebagai Pengencer 
Perekat. Jurnal Permukiman 7(1): 1-4.  

CEN. 1997. EN 300-1997: Oriented Strand Boards (OSB) – Definitions, Classification and 
Specifications. CEN (European Committee for Standardization), London, United Kingdom. 

Chaowana, P. 2013. Bamboo. An Alternative Raw Material for Wood and Wood-Based 
Composites. Journal of Material Science Research 2(2): 90-10. DOI: 10.5539/jmsr.v2n2p90 

Chaowana, P., Jindawong, K., and Sungkaew, S. 2015. Adhesion and Bonding Performance of 
Laminated Bamboo Lumber Made from Dendrocalamus sericeus. In: 10th Bamboo Congress 
Korea World Bamboo Conference. 

Chen, C., Wang, Y., and Wu, Q. 2020. Highly Strong and Flexible Composite Hydrogel 
Reinforced by Aligned Wood Cellulose Skeleton Via Alkali Treatment for Muscle-Like 
Sensors. Chemical Engineering Journal 400:1-36. DOI: 10.1016/j.cej.2020.125876 

Chung, M. J., and Wang, S. Y. 2018. Mechanical Properties of Oriented Bamboo Scrimber Board 
of Phyllostachys pubescens (Moso Bamboo) from Taiwan and China as a Function of 
Density. Holzforschung 72 (2): 151-158. DOI: 10.1515/hf-2017-0084 

CSA. 1993. OSB and Waferboard: CSA 0437.0-93. Canadian Standards Association, Ontario, 
Canada. 

Darwis, A., Massijaya, M. Y., Nugroho, N., Alamsyah, E. M., and Nurrochmat, D. R. Bond Ability 
of Oil Palm Xylem with Isocyanate Adhesive. Jurnal Ilmu dan Teknologi Kayu Tropis 12(1): 
39-47. DOI: 10.51850/jitkt.v12i1.81  

Dransfield, S., and Widjaja, E.A. 1995. Plant Resources of South East Asia (PROSEA) No. 7: 
Bambus. Prosea Foundation. Leiden, Netherlands. 

Deng, J., Li, H., Wang, G., Chen, F., and Zhang, W. 2015. Effect of Removing Extent of Bamboo 
Green on Physical and Mechanical Properties of Laminated Bamboo-Bundle Veneer 
Lumber (BVLB). European Journal of Wood and Wood Products 73(4): 499-506. DOI: 
10.1007/s00107-015-0897-x 

Du, C., Jin, C., and Li, G. 2013. Study on Gluing Properties and Surface Wettability of Radial 
Bamboo Strips. Advanced Materials Research 671-674: 1774-1778. DOI: 
10.4028/www.scientific.net/amr.671-674.1774 

Ekawati, D., Karlinasari, L., Soekmadi, R., and Machfud, M. 2022. Drivers, Barriers, and 
Strategies in the Community-Based Supply of Bamboo for Industrial-Scale Bamboo 
Utilization in Ngada Regency, East Nusa Tenggara, Indonesia. Sustainability 14(10): 5970. 
DOI: 10.3390/su14105970 



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 17 

Eskak, E. 2016. Bambu Ater (Gigantochloa atter) sebagai Bahan Substitusi Kayu pada Ukiran 
Asmat. Dinamika Kerajinan dan Batik 33(1): 55-66. 

Faizal, W., Wahid, A.B., and Ahmad, M. 2015. Contact Angle of Different Portion of betung 
Bamboo (Gigantochloa levis) Treated with Maleic Anhydride for Composite Materials. 
International Journal of Mechanical and Production Engineering 3(10): 68-70. 

Fatriasari, W., and Hermiati, E. 2006. Analisis Morfologi Serat dan Sifat Fisis Kimia Beberapa 
Jenis Bambu sebagai Bahan Baku Pulp dan Kertas. Lembaga Ilmu Pengetahuan Indonesia, 
Bogor, Indonesia. 

Febrianto, F., Hidayat, W., Samosir, T. P., Lin, H. C., and Soong, H. D. 2010. Effect of Strand 
Combination on Dimensional Stability and Mechanical Properties of Oriented Strand Board 
Made from Tropical Fast Growing Tree Species. Journal of Biological Sciences 10(3): 267-
272. DOI: 10.3923/jbs.2010.267.272 

Febrianto, F., Sahromi, S., Hidayat, W., Bakar, E. S., Kwon, G. J., Kwon, J. H., Hong, S. I., and 
Kim, N. H. 2012. Properties of Oriented Strand Board Made from Betung Bamboo 
(Dendrocalamus asper (Schultes. f) Backer ex Heyne). Wood Science and Technology 46: 
53-62. DOI: 10.1007/s00226-010-0385-8 

Febrianto, F, Jang, J. H., Lee, S. H., Santosa, I. A., Hidayat, W., Kwon, J. H., and Kim, N. H. 
2015. Effect of Bamboo Species and Resin Content on Properties of Oriented Strand Board 
Prepared from Steam-Treated Bamboo Strands. Bioresources 10(2): 2642-2655. DOI: 
10.5376/biores.10.2.2642-2655 

Gavrilovic, G. I., Dunky, M., Miljkovic, J., and Djiporovic, M. 2012. Influence of the Viscosity 
of UF Resins on the Radial and Tangential Penetration into Poplar Wood and the Shear 
Strength of Adhesive Joints. Holzforschung 66(7): 849-856. DOI: 10.1515/hf-2011-0177 

Guan, M., Tang, X., and Du, K. 2020. Fluorescence Characterization of the Precuring of 
Impregnated Fufed Veneers and Bonding Strength of Scrimber in Relation to Drying 
Conditions. Drying Technology 40(2): 265-272. DOI: 10.1080/07373937.2020.1786109 

Hariz, T. M. R., Santosa, I. A., Maulana, M. I., Marwanto, M., Prasetia, D., Hidayat, W., Lubis, 
M. A. R., Kim, N. H., and Febrianto, F. 2021. Effect of Resin Content on Characteristics of 
Bamboo Oriented Strand Board Prepared from Strand of Betung, Ampel, and Their 
Mixtures. Jurnal Sylva Lestari 9(3): 454-464. DOI: 10.23960/jsl.v9i3.520 

He, Q., Zhan, T., and Ju, Z. 2019. Influence of High Voltage Electrostatic Field (HVEF) on 
Bonding Characteristics of Masson (Pinus massoniana Lamb.) Veneer Composites. 
European Journal of Wood and Wood Products 77: 105-114. DOI: 10.1007/s00107-018-
1360-6   

Herawati, E., Massijaya, M. Y., and Nugroho, N. 2010. Performance of Glued-Laminated Beams 
Made from Small Diameter Fast-Growing Tree Species. Journal of Biological Science 10(1): 
37-42. DOI: 10.3923/jbs.2010.37.42 

Iswanto, A. H., Idris, M., and Sucipto, T. 2019. Effect of Bamboo Strand Length on Oriented 
Strand Board. IOP Conf. Series: Earth and Environmental Science 260: 1-7 DOI: 
10.1088/1755-1315/260/1/012039  

JAS. 2003. Glued Laminated Timber. JAS 234:2003. Japanese Agricultural Standard, Tokyo, 
Japan 

JIS. 2003. Particleboard JIS A 5908: 2003. Japanese Industrial Association, Tokyo, Japan. 



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 18 

Javadian, A., Smith, I. F. C., Saeidi, N., and Hebel, D. E. 2019. Mechanical Properties of Bamboo 
through Measurement of Culm Physical Properties for Composite Fabrication of Structural 
Concrete Reinforcement. Frontiers in Materials 6: 31-41. DOI: 10.3389/fmats.2019.00015 

Ju, Z., Zhan, T., Zhang, H., He, Q., Hong, L., Yuan, M., Cui, J., Cheng, L., and Lu, X. 2020. 
Strong, Durable, and Aging-Resistant Bamboo Composites Fabricated by Silver In Situ 
Impregnation. ACS Sustainable Chemical Engineering 8(44): 16647-16658.  DOI: 
10.1021/acssuschemeng.0c06050  

Kamthai, S. 2007. Preliminary Study of Antharaquinone in Sweet Bamboo (Dendrocalamus asper 
Backer) Alkaline Sulfite Pulping. Chiang Mai Journal Science 34(2): 235-247. 

Karlinasari, L., Sejati, P. S., Adzkia, U., Arinana, A., and Hiziroglu, S. 2021. Some of the Physical 
and Mechanical Properties of Particleboard Made from Betung Bamboo (Dendrocalamus 
asper). Applied Science 11: 3682. DOI: 10.3390/app11083682   

Kaymakci, A, and Ayrilmis, N. 2014. Surface Roughness and Wettability of Polyproplene 
Composites Filled with Fast-Growing Biomass: Paulownia elongata Wood. Journal of 
Composite Materials 48(8): 951-957. DOI: 10.1177/0021998313480199 

Li, T., Cheng, D., Walinder, M. E. P., and Zhou, D. 2015. Wettability of Oil Heat-Treated Bamboo 
and Bonding Strength of Laminated Bamboo Board. Industrial Crops and Products 69: 15-
20. DOI: 10.1016/j.indcrop.2015.02.008 

Li, H., Zhang, Q., Huang, D., and Deeks, A. J. 2013. Compressive Performance of laminated 
Bamboo. Composite Part B: Engineering 54: 319-328. DOI: 
10.1016/j.compositesb.2013.05.035 

Liese, W., and Michael, K. 2015. Bamboo The Plant and Its Uses. Springer, Hamburg, Jerman. 
Liese, W. 1998. The Anatomy of Bamboo Culms. International Network for Bamboo and Rattan, 

Beijing, China. 
Liliefna, L.D., Nugroho, N., Karlinasari, L., and Sadiyo, S. 2020. Development of Low-Tech 

Laminated Bamboo Esterilla Sheet Made of Thin-Wall Bamboo Culm. Construction and 
Building Materials 242: 1-8. DOI: 10.1016/j.conbuildmat.2020.118181 0950-0618  

Malanit, P., Barbu, M. C., and Fruhwad, A. 2010. Physical and Mechanical Properties of Oriented 
Strand Lumber Made from an Asian Bamboo (Dendrocalamus asper Backer.). European 
Journal of Wood and Wood Products 69(1): 27-36 DOI:10.1007/s00107-009-0394-1   

Malau, J.C., Sucipto, T., and Iswanto, A.H. 2003. Kualitas Papan Partikel Batang Pisang Barangan 
Berdasarkan Variasi Kadar Perekat Phenol Formaldehida. Peronema Forestry Science 
Journal 5(1): 1- 9. 

Marasigan, O.S., Razal, R.A., and Alipon, M.A. 2020. Effect of Thermal Treatment on the 
Wettability of Giant Bamboo (Dendrocalamus asper) and Kawayan Tinik (Bambusa 
blumeana) in the Philippines. Journal of Tropical Forest Science 32(4): 369-378. DOI: 
10.26525/jtfs2020.32.4.369 

Marra, A.A. 1992. Technology of Wood Bonding: Principles in Practice. Van Nostrand Reinhold, 
New York, United States of America. 

Marsoem, S.N., Setiaji, F., Kim, N.H., Sulistyo, J., Irawati, D., Nugroho, W.D., and Pertiwi, 
Y.A.B. 2015. Fiber Morphology and Physical Characteristics of Gigantochloa Atter at Three 
Different Ages and Heights of Culms for Better Utilization. Journal of the Korean Wood 
Science and Technology 43(2): 145-155. DOI: 10.5658/wood.2015.43.2.145 



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 19 

Maulana, I. M., Jeon, W. S., Purusatama, B. D., Kim, J. H., Prasetia, D., Yang, G. U., Savero, A. 
M., Nawawi, D. S., Nikmatin, S., Sari, R. K., Febrianto, F., Lee, S. H., and Kim, N. H. 2022. 
Anatomical Characteristics for Identification and Quality Indices of Four Promising 
Commercial Bamboo Species in Java, Indonesia. Bioresources 17(1): 1442-1453. DOI: 
10.15376/biores.17.1.1442-1453 

Maulana, S., Sumardi, I, Wistara, N.J., Kim, N. H., and Febrianto, F. 2020. Effect of Compression 
Ratio on Physical and Mechanical Properties of Bamboo Oriented Strand Board. IOP 
Conference Series: Materials Science and Engineering 935:1-8. DOI: 10.1088/1757-
899x/935/1/012063 

Mutia, T., Sugesty, S., Hardiani, H., Kardiansyah, T., and Risdianto, H. 2014. Potensi Serat dan 
Pulp Bambu untuk Komposit Peredam Suara. Jurnal Selulosa 4(1): 25-36. DOI: 
10.25269/jsel.v4i01.54 

Nugroho, N., and Ando, N. 2000. Development of Structural Composite Products Made from 
Bamboo I: Fundamental Properties of Bamboo Zephyr Board. Journal of Wood Science 46: 
68-74. DOI: 10.1007/bf00779556 

Ohrnberger, D. 1999. The Bamboos Of The World. Elsevier, Amsterdam, Netherlands. 
Paembonan, S. A., Bachtiar, B., and Larekeng, S. H. 2019. Vegetative Propagation with Branch 

Cutting as a Solution for the Mass Development of Giant Atter Species (Gigantochloa atter 
(Hassk) Kurz) in industrial Plantations. IOP Conference Series: Earth and Environmental 
Science 343: 012049. DOI: 10.1088/1755-1315/343/1/012049  

Parubak, B. S. 2009. Pengembangan OSB (Oriented Strand Board) Berkualitas Tinggi dari 
Bambu. Institut Pertanian Bogor, Bogor, Indonesia. 

Pizzi, A. 1983. Wood Adhesive, Chemical and Technology. Mareel Bekker, New York, United 
States of America 

Priyanto, R., and Abdullah, L. 2014. Identifikasi dan Zonasi Kawasan untuk Pengembangan 
Industry di Bali. Pusat Penelitian dan Pengembangan Peningkatan Produktivitas Hutan, 
Bogor, Indonesia. 

Qisheng, Z., Shenxue, J., and Yongyu, T. 2002. Industrial Utilization on Bamboo. Technical 
Report (26). International Network for Bamboo and Rattan (INBAR), Beijing, China. 

Ramatia, D., Yosrilrafiq, M., and Aranti, A. 2020. OSB (Oriented Strand Board Green Building): 
Utilization of OSB Betung Bamboo (Dendrocalamus asper (Schult. F.) Backer ex Hayene) 
by Testing Physical and Mechanical Properties to Optimize Eco-Friendly Construction in 
Indonesia. IOP Conference Series: Earth and Environmental Science 528: 1-13. 

Rifqi, M. G, Amin, M. S., and Bachtiar, R. R. 2020. Mechanical Properties of Culm Bamboo 
Endemic Banyuwangi Based on Tensile Strength Test. Advances in Engineering Research 
198: 1-8. DOI: 10.2991/aer.k.201221.066 

Ruh, J. K., and Ra, J. B. 2009. Effect of Moisture Content and Density on the Mechanical 
Properties of Veneer-Bamboo Zephyr Composites. Forest Products Journal 59(3): 75-78. 

Ruhendi, S., Koroh, D. S., Syahmani, F., Yanti, H., Nurhaida, N., Saad, S., and Sucipto, T. 2007. 
Analisis Perekatan Kayu. Institut Pertanian Bogor. Bogor. 

Setyo, N. I., Imam, S., Djoko, S., and Prayitno, T. A. 2014. Sifat Mekanika Bambu Petung 
Laminasi. Dinamika Rekayasa 10(1): 6-13.  



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 20 

Subekti, N., Yoshimura, T., Rokhman, F., and Mastur, Z. 2015. Potential for Subterranean Termite 
Attack Against Five Bamboo Species in Correlation with Chemical Components. Procedia 
Environmental Sciences 28: 783-788. DOI: 10.1016/j.proenv.2015.07.092 

Subyakto, S., Gopar, M., Ismadi, I., Nugroho, A., Sumarno, A., Widodo, E., and Sudarmanto, S. 
2016. Pembuatan dan Karakterisasi Komposit Zephyr Bambu dengan Perekat Kempa 
Dingin. Journal of Lignocellulose Technology 1(1): 32-37. 

Sulastiningsih, I. M., and Santoso, A. 2012. Pengaruh Jenis Bambu, Waktu Kempa, dan Perlakuan 
Pendahuluan Bilah Bambu terhadap Sifat Papan Bambu Lamina. Jurnal Penelitian Hasil 
Hutan 30(3): 199 -207. DOI: 10.20886/jphh.2012.30.3.199-207 

Sulastiningsih, I. M., Damayanti, R., Abdurachman, A., and Supriadi, A. 2018. Some Properties 
of Bamboo Composite Lumber Made of Gigantochloa pseudoarundinacea. Journal of 
Agricultural and Technology 8: 122-130. DOI: 10.17265/2161-6264/2018.02.006 

Sulastiningsih, I.M., Indrawan, D.A., and Trisatya, D.R. 2019. Some Important Properties of 
Strand Board Manufacture from Andong Bamboo (Gigantochloa pseudoarundinacea). IOP 
Conference Series: Materials Science and Engineering 593: 1-7 DOI: 10.1088/1757-
899x/593/1/012002 

Sumardi, I., Alamsyah, E. M., Suhaya, Y., Dungani, R., Sulastiningsih, I. M., and Pramestie, S. R. 
2022. Development of Bamboo Zephyr Composite and the Physical and Mechanical 
Properties. Journal of the Korean Wood Science and Technology 50(2): 134-147. DOI: 
10.5658/wood.2022.50.2.134 

Sumardi, I., Dungani, R., Sulastiningsih, I. M., and Amalia, D. 2020. Effect of Combined Strip 
and Zephyr Laminated Bamboo Composite on Physical and Mechanical Properties. IOP 
Conference Series: Materials Science and Engineering 935: 012010. DOI: 10.1088/1757-
899x/935/1/012010 

Sumawa, I. W. A. M., Awaluddin, A., and Irawati, I. S. 2019. Effect of Borax and Tobacco Extract 
Preservation on Bending Behavior of Laminated Bamboo Using Polymer Isocyanate. Jurnal 
Permukimam 14(2): 104-111. 

Sutardi, S. R., Nadjib, N., Muslich, M., Jasni, J., Sulastiningsih, I. M., Komaryati, S., Suprapti, S., 
Abdurrahman, A., and Basri, E. 2015. Informasi Sifat Dasar dan Kemungkinan Penggunaan 
10 Jenis Bambu. Pusat Penelitian dan Pengembangan Hasil Hutan. Kementerian 
Lingkungan Hidup dan Kehutanan. Bogor. 

Tsoumis, G. 1991. Science and Technology of Wood (Structure, Properties, Utilization). Van 
Nostrand Reinhold. New York (US). 

Wardani, L., Massijaya, M. Y., and Machdie, M. F. 2013. Pemanfaatan Limbah Pelepah Sawit dan 
Plastik Daur Ulang (RPP) sebagai Papan Komposit Plastik. Jurnal Hutan Tropis 1(1): 40-
53. DOI: 10.20527/jht.v1i1.1483 

Widjaja, E.A. 2006. Pelajaran Terpetik dari Mendalami Bambu Indonesia untuk 
Pengembangannya di Masa Depan. Berita Biologi 8(3): 156-162. DOI: 
10.14203/beritabiologi.v8i3.791 

Widjaja, E.A. 2012. The Utilization of Bamboo: At Present for The Future. In: International 
Seminar Strategies and Challenges on Bamboo and Potential Non Timber Forest Products 
(NTFP). Management and Utilization. Bogor, Indonesia.  

Widjaja, E. A. 2020. Pocket Book Bamboo Identification. Directorate Source Inventory and 
Monitoring Forest Power, Jakarta, Indonesia. 



Putri et al. (2023)   Jurnal Sylva Lestari 11(1): 1-21 

 21 

Ying, S. C. 1996. Wood Science. China Forestry Publishing House, Beijing, China. 
Yuan, T., Han, X., Wu, Y., Hu, S., Wang, X., and Li, Y. 2021a. A New Approach for Fabricating 

Crack-Free, Flattened Bamboo Board and the Study of its Macro-/Micro-Properties. Journal 
of Wood and Wood Product. DOI: 10.1007/s00107-021-01734-x  

Yuan, T., Liu, J., and Hu, S. 2021b. Multi-Scale Characterization of the Effect of Saturated Steam 
on the Macroscale Properties and Surface Changes of Moso Bamboo. Materials Express 
11(5): 740-748. DOI: 10.1166/mex.2021.1954   

Yuan, Y., and Lee, T. R. 2013. Contact Angle and Wetting Properties. Surface Science Techniques 
51: 3-34. DOI: 10.1007/978-3-642-34243-1_1 

 


