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ABSTRACT

The objectives of this research were to evaluate bamboo-oriented strand
board (BOSB) characteristics made from betung (Dendrocalamus asper),

ampel (Bambusa vulgaris), and their mixtures at two different contents
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1. Introduction

(3% and 5%) of methylene diphenyl di-isocyanate (MDI) adhesives. The
strands were steam-treated at 126°C for 1 h under the pressure of 0.14 MPa.
Three-layered BOSBs with a target density of 0.7 g/cm® were made with
the size of 30 cm x 30 cm x 0.9 cm and a shelling ratio of 1:2:1
(face:core:back layers). The physical and mechanical properties of BOSB
were evaluated following JIS A 5908 (2003) standard, and the results were
compared with the CSA 0437.0 Grade O-1 standard. The results show that
BOSB from the mixtures of betung and ampel bamboo strands has higher
dimensional stability as shown by the decrease in water absorption and
thickness swelling and higher mechanical properties than single BOSB. All
BOSBs with 5% resin content have higher dimensional stability, MOE, and
MOR than BOSB with 3% resin content. The physical and mechanical
properties of all BOSB manufactured met the CSA 0437.0 Grade O-1
standard. This study proved that BOSBs from the mixture of betung and
ampel strands have the potential to be developed due to having better
physical and mechanical qualities than a single BOSB.

Bamboo is a commodity with the largest production in Indonesia compared to other non-

timber forest products. Bamboo production in Indonesia increased from 9.6 million stems in 2015
to 11.3 million in 2020 (Statistics Indonesia 2016, 2021). Bamboo also belongs to fast-growing
species with high mechanical strength parallel to the grain direction and is lighter than wood
(Febrianto et al. 2017; Maulana et al. 2021a). Chaowana and Barbu (2017) stated that bamboo has
comparable characteristics to wood when applied as a composite product. Using bamboo as a
composite material can also be cost-effective and workable in construction (Manandhar et al.
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2019). However, bamboo has low cleavage strength and has a hollow shape (Chaowana and Barbu
2017; Febrianto et al. 2017). These features make it challenging to use bamboo as a solid board
with large size. Based on these advantages and disadvantages, bamboo can be used to produce
composite panels such as oriented strand board.

Oriented strand board (OSB) is composed of strands arranged perpendicularly between
layers and bonded together using an exterior adhesive (APA 2017). This arrangement aims to
improve the quality of the panels (APA 2017; Febrianto et al. 2017). Factors that can affect the
quality of OSB are the type of raw material, the type and content of adhesive, pre-treatment,
extractive substances, shelling ratio, compression ratio, and density profile (Febrianto et al. 2017).

The bamboo species that can be used as bamboo OSB (BOSB) materials are betung
(Dendrocalamus asper) and ampel (Bambusa vulgaris) (Davinsy et al. 2019; Febrianto et al.
2015). The characteristics of betung BOSB meet the standards of commercial OSB (Febrianto et
al. 2012). However, the use of betung bamboo as BOSB with steam treatment shows better
characteristics than untreated (Fatrawana et al. 2019; Maulana et al. 2017, 2019, 2021b, 2021c).
On the other hand, the ampel BOSB has lower quality than the betung BOSB (Febrianto et al.
2015) due to higher extractive content in ampel bamboo (Maulana et al. 2020). Previous studies
have developed BOSB from single bamboo species (Fatrawana et al. 2019; Febrianto et al. 2012,
2015; Maulana et al. 2017, 2019, 2021c). However, BOSB made from the mixture of betung and
ampel bamboo strands has not been reported. Semple et al. (2015) reported that OSB from the
mixture of moso bamboo and aspen wood strands produced better mechanical properties than all
single OSB and had better dimensional stability than moso bamboo single OSB.

Another factor that can affect the properties of BOSB is the resin content. Several studies
have shown that different levels of resin content produce different qualities of BOSB as well.
Maulana et al. (2019) reported that increasing the resin content resulted in better physical and
mechanical properties of BOSB. Increasing the resin content of methylene diphenyl di-isocyanate
(MDI) in the range of 3-5% resulted in better OSB strength and dimensional stability (Direske et
al. 2017). Based on the above explanation, BOSB from the mixture of betung and ampel bamboo
with different resin content have the potential to be developed.

2. Materials and Methods
2.1. Strand Preparation and Pre-treatment

Three-year-old betung and ampel bamboo from Cikereteg, Sukabumi, West Java, was
harvested and converted into strands with a targeted length, width, and thickness of 7 cm, 2 cm,
and 0.05 cm, respectively. The actual strand geometry is shown in Table 1. Strands were sorted
according to the target size then air-dried. The strands were then steamed in an autoclave (Gea
YX-24LDJ) at 126°C, under a pressure of 0.14 MPa for 1 h (Maulana et al. 2017). After steam
treatment, strands were air-dried and then oven-dried at = 60°C until they reached moisture content
(MC) of less than 5%.

2.2. Bamboo Oriented Strand Board Manufacturing

Strands from betung and ampel bamboo were mixed separately with two resin content (3%
and 5%) of methylene diphenyl di-isocyanate (MDI). The mixing was carried out using a spray
gun in a rotary drum blender. Approximately 1% of paraffin wax was added to the mixture of
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strand and adhesive. BOSBs with a target density of 0.7 g/cm® were manufactured with a size of
30 cm x 30 cm x 0.9 cm and a layer ratio of 1:2:1. The three layers of BOSB are arranged
perpendicularly between layers. Board were made in several combinations i.e.: AAA (ampel,
ampel, ampel), BBB (betung, betung, betung), ABA (ampel, betung, ampel), and BAB (betung,
ampel, betung). The board was then hot-pressed at a temperature of 160°C and a pressure of 2.45
MPa for 9 min. The compressed board was then conditioned for + 14 days at room temperature
with a relative humidity of 60% to achieve equilibrium MC and eliminate residual stresses.

Table 1. Geometric characteristics of betung and ampel bamboo strands

Bamboo Parameters Average Minimum Maximum

strand
Length (cm) 6.40 5.53 7.47
Width (cm) 2.17 1.70 2.65

Betung Thickness (cm) 0.09 0.05 0.16
Aspect ratio 2.97 2.40 4.32
Slenderness ratio 73.76 38.38 128.80
Length (cm) 6.27 5.32 6.75
Width (cm) 2.09 1.60 2.54

Ampel Thickness (cm) 0.09 0.05 0.20
Aspect ratio 3.02 1.10 3.84
Slenderness ratio 71.03 23.20 127.20

Note: Determined by measuring 100 strands selected randomly.

2.3. Testing Procedure

The physical and mechanical properties of BOSB were evaluated following JIS A 5908
standard (JSA 2003), and the results were compared to CSA 0437.0 (Grade O-1) standard. The
physical properties tested included density, water absorption, and thickness swelling after 24 h
soaked in water. The mechanical properties tested included modulus of elasticity, modulus of
rupture, and internal bonding strength.

2.3.1. Density

The testing samples of 10 cm x 10 cm x 0.9 cm (length x width x thickness) were measured
in an air-dried state to obtain its volume (¥Va). The samples in an air-dried state were then weighed
to obtain their weight (Wa). Finally, the density (D) value was calculated as follows:

/4
D(g/cm3) = 75 (1)

2.3.2. Water absorption

The testing samples having a dimension of 5 cm x 5 cm x 0.9 cm (length x width x thickness)
were weighed in an air-dried state (W1). Then, the samples were soaked for 24 h, drained, and
weighed again (W2). The water absorption (WA) value was calculated using equation 2.

wi

1
WA (%) = x100% ()
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2.3.3. Thickness swelling

The testing samples of 5 cm x 5 cm x 0.9 cm (length x width x thickness) were measured
for their average thickness (77) and then soaked for 24 h. After soaking, samples were drained,
and the average thickness was measured again (72). The thickness swelling (TS) value was
calculated as follows: 3)

x100%

TS (%) =

2.3.4. Modulus of elasticity

The modulus of elasticity (MOE) was evaluated using the testing samples of 20 cm x 5 cm
% 0.9 cm (length x width x thickness). The test was conducted on parallel and perpendicular to the
grain directions with a span length of 15 times of thickness using Instron Universal Testing
Machine with a load speed of 10 mm/min. The MOE value was calculated using equation 4.

APL?

NG
where 4P is the load under proportion limit (N), L is span length (mm), 4Y is deflection (mm), b
is sample width (mm), and /4 is sample thickness (mm).

MOE (MPa)=

4

2.3.5. Modulus of rupture

The modulus of rupture (MOR) was tested together with the MOE evaluation. The loading
during the MOR test was continued until the sample was broken. The MOR value was calculated
using equation 5.

_3PL 5

MOR (MPa) JYYE (5)
where P is the maximum load (N), L is span length (mm), b is sample width (mm), and % is sample
thickness (mm).

2.3.6. Internal bonding strength

The testing samples of 5 cm x 5 cm x 0.9 cm (length x width x thickness) were glued to two
wooden blocks with epoxy adhesive, then allowed to dry for 24 h. The two blocks were pulled
perpendicular to the sample’s surface at a 2 mm/min loading speed until reaching a maximum
load. The internal bonding (IB) strength value was calculated using the following formula:

IB (MPa )=b£] (6)

where / is sample length (mm).

2.4. Data Analysis

The factorial completely randomized design with two factors, namely resin content (3% and
5%) and bamboo strand combination (AAA, BBB, ABA, and BAB), were used to analyze data.
The analysis of variance (ANOVA) was tested at a 99% confidence interval. Then Duncan’s
Multiple Range Test was carried out to find out the levels that were significantly different. All data
analyses were carried out using IBM SPSS Statistics 26 Software.
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3. Results and Discussion
3.1. Density

The BOSBs manufactured reached the target density ranging from 0.72-0.75 g/cm? (Fig.1).
The results of ANOVA (a = 0.01) showed that the resin content and the combination of bamboo
strands did not have a significant effect on the density of BOSB. Previous studies showed that
betung and ampel BOSBs could achieve a target density of 0.7 g/cm?® (Fatrawana et al. 2019;
Febrianto et al. 2012, 2015; Ibrahim and Febrianto 2013; Maulana et al. 2017, 2019, 2021c). In
addition, the difference in BOSB resin content also did not affect the density of the resulting board
(Febrianto et al. 2015; Maulana et al. 2019). This shows that the combination of betung and ampel
bamboo strands at different resin content could produce BOSB with a homogeneous density.
Inhomogeneous BOSB density will result in different boards’ dimensional stability and
mechanical strength (Maulana et al. 2021d).
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Fig. 1. Density values of BOSB with different resin content (Notes: different letters showed a
significant difference).

3.2. Water Absorption

The water absorption (WA) values for 24 h of the BOSBs ranged from 24.12-33.62% (Fig.
2). The highest WA value was obtained by AAA BOSB with 3% resin content, while AAA BOSB
with 5% resin content has the lowest value. The results of ANOVA (a = 0.01) showed that the
interaction between the two factors had a significant effect on the 24 h WA value of BOSB.
Duncan’s Multiple Range Test showed that AAA BOSB with 3% resin content was significantly
different from AAA BOSB with 5% resin content. Meanwhile, WA of single BOSB and mixed
BOSB at 3% and 5% resin content was not significantly different.

In general, the WA value of BOSB with 5% resin content is lower than BOSB with 3% resin
content. Previous studies showed that increasing resin content reduced the WA of BOSB
(Febrianto et al. 2015; Maulana et al. 2019). This is because the increase in resin content could
penetrate and fill more BOSB cavities (Barbuta et al. 2011; Febrianto et al. 2017). On the other
hand, the diameter of the vessel and parenchyma of betung bamboo is larger than that of ampel
bamboo (Maulana 2019) so that the space to fill BBB BOSB is broader than that of AAA BOSB
at 5% resin content. However, Fig. 2 shows that the WA value of mixed BOSB tends to be lower
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than BBB BOSB. These results proved that the water absorption capacity of BOSB from betung

could be minimized by mixing with ampel strands.
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Fig. 2. The WA values of BOSB with different resin content (Notes: different letters showed a
significant difference).

3.3. Thickness Swelling

The value of 24 h thickness swelling (TS) of the BOSB manufactured ranged from 8.22—
13.47% (Fig. 3). The highest TS value was obtained by AAA BOSB with a resin content of 3%,
while BAB BOSB with 5% resin content has the lowest value. The results of ANOVA (o= 0.01)
showed that the interaction of the two factors had a significant effect on TS BOSB value. In
addition, the results of Duncan’s Multiple Range Test showed that TS values were significantly
different in each BOSB with 3% resin content.
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Fig. 3. The TS values of BOSB with different resin content (Notes: different letters showed a
significant difference).

The value of TS BOSB with 5% resin content was lower than BOSB with 3% resin content.
Previous studies showed that increasing resin content reduced TS of BOSB (Febrianto et al. 2015;
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Maulana et al. 2019). In addition, higher resin content resulted in higher bonding strength between
strands so that the dimensions became more stable (Febrianto et al. 2015). Fig. 3 shows that the
TS value of mixed BOSB was lower than that of a single BOSB for each bamboo species. Semple
et al. (2015) showed that mixing two raw materials to produce OSB could increase the board’s
dimensional stability. In general, the TS value of all BOSBs met the CSA 0437.0 standard (Grade
O-1).

3.4. Modulus of Elasticity

Modulus of elasticity (MOE) shows the ratio between stress and strain below the elastic limit
so that the object will return to the original bend at the load limit (Mardikanto et al. 2017). The
MOE parallel to the grain direction of BOSB manufactured ranged from 5,744-11,955 MPa (Fig.
4). The highest MOE parallel to the grain direction was obtained by BAB BOSB with a resin
content of 5%, while AAA BOSB with 3% resin content has the lowest value. The MOE
perpendicular to the grain direction of the BOSB manufactured ranged from 1,511-3,474 MPa
(Fig. 5). The highest MOE perpendicular to the grain direction was obtained by ABA BOSB with
5% resin content, while AAA BOSB with 3% resin content has the lowest value. The results of
ANOVA (o = 0.01) showed that the interaction of the two factors had a significant effect on the
values of MOE parallel and perpendicular to the grain directions. The results of Duncan’s Multiple
Range Test showed a significant difference in each BOSB.
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Fig. 4. MOE parallel to the grain values of BOSB with different resin content (Notes: different
letters showed a significant difference).

The MOE parallel and perpendicular to the grain directions at 5% resin content were higher
than 3% resin content in each BOSB. Giindiiz et al. (2011) also reported that increasing the resin
content from 3% to 6% increased the MOE parallel and perpendicular to the grain directions of
BOSB. Stoeckel et al. (2013) reported that adhesives could increase the bond between fibers in
their application to lignocellulosic materials. The resin content of 5% formed more bonds between
strands, thereby increasing the stiffness of the BOSB and increasing the MOE value. Fig. 4 shows
that mixed BOSB had a better MOE parallel to the grain direction than the single BOSB. The BAB
BOSB has a higher MOE perpendicular to the grain direction than ABA BOSB. This is due to
Betung bamboo having better mechanical characteristics in some parameters than ampel bamboo
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(Damayanti et al. 2019). This causes the mechanical strength perpendicular to the grain from
BOSB with betung bamboo as the core is higher either as a single board or a mixture. Overall, the
MOE parallel and perpendicular to the grain directions of BOSB met the CSA 0437.0 (Grade O-
1) standard.
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Fig. 5. MOE perpendicular to the grain values of BOSB with different resin content (Notes:
different letters showed a significant difference).

3.5. Modulus of Rupture

Modulus of rupture (MOR) is a quantity that indicates the resistance of the material in
withstanding deflection caused by shear force (Mardikanto et al. 2017). The MOR parallel to the
grain direction of BOSB manufactured ranged from 25-80 MPa (Fig. 6). The highest MOR
parallel to the grain direction was obtained by BAB BOSB with a resin content of 5%, while AAA
BOSB with 3% resin content has the lowest value. The MOR perpendicular to the grain direction
of the BOSB obtained ranged from 15-43 MPa (Fig. 7). The highest MOR perpendicular to the
grain direction was obtained by BBB BOSB with 5% resin content, while AAA BOSB with 3%
resin content has the lowest value. The results of ANOVA (o = 0.01) showed that the interaction
of the two factors significantly affected the values of MOR parallel and perpendicular to the grain
directions of BOSB. Duncan’s Multiple Range Test results showed that MOR tended to be
significantly different in each BOSB.

The MOR values in parallel and perpendicular to the grain directions with 5% resin content
were higher than those with 3% resin content. Previous studies showed a higher MOR value of
BOSB along with an increase in resin content (Febrianto et al. 2015; Maulana et al. 2019). These
results showed that the mixed betung and ampel BOSB had better values of MOR parallel to the
grain directions than single ampel BOSB. The BBB BOSB also has higher values of MOR parallel
and perpendicular to the grain directions than AAA BOSB. This is due to the mechanical properties
of the material, which are influenced by fiber length and vascular tissue size (Nuryatin 2012).
Betung bamboo has longer fibers than ampel bamboo (Damayanti et al. 2019). Overall, the MOR
parallel and perpendicular to the grain directions of BOSB met the CSA 0437.0 (Grade O-1)
standard.
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Fig. 6. MOR parallel to the grain values of BOSB with different resin content (Notes: different
letters showed a significant difference).
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Fig. 7. MOR perpendicular to the grain values of BOSB with different resin content (Notes:
different letters showed a significant difference).

3.6. Internal Bonding Strength

The internal bonding (IB) strength values of BOSB obtained ranged from 0.48—0.63 MPa
(Fig. 8). The highest IB value was obtained by BBB BOSB with a resin content of 5%, while AAA
BOSB with 3% and 5% resin content has the lowest value. The IB value of BBB and ABA BOSB
with 5% resin content has the highest value than 3% resin content. However, the results of
ANOVA (a.=0.01) showed that the differences were not significant. Increasing resin content from
3% to 5% has not been able to increase the IB values significantly. Therefore, a higher MDI content
is needed to significantly increase the IB value of the BOSB combination of betung and ampel
bamboo strands. Previous studies show that the increase in resin content results in better bonding
between materials so that it is positively correlated with the IB value (Hong et al. 2017). Fig. 8
also shows that mixtures BOSB tends to have a higher IB value than single ampel BOSB but lower
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than single betung BOSB. This is due to variations of bamboo species density (Maulana 2019;
Park et al. 2021) that affected the distribution of the adhesive (Febrianto et al. 2015, 2017; Maulana
et al. 2021d). In general, the IB value of all BOSB in each mixture combination and resin content
met the CSA 0437.0 (Grade O-1) standard.
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Fig. 1. IB strength values of BOSB with different resin content (Notes: different letters showed a
significant difference).

4. Conclusions

The BOSB prepared with mixed bamboo in this study show better physical and mechanical
properties than BOSB with single raw materials. The mixed BOSB also has higher dimensional
stability than single BOSB, which is indicated by the lower 24 h WA and TS values. In addition,
the 24 h TS value for each BOSB with 5% resin content was higher than BOSB with 3% resin
content. The ABA BOSB has higher mechanical strength than single BOSBs. All BOSBs with 5%
resin content had higher physical and mechanical properties than 3% resin content. The IB value
for each BOSB was not significantly different. All BOSBs met CSA 0437.0 (Grade O-1) standards.
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