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Abstract
This paper presents the manufacturing of bamboo mat-wood veneer plywood (BWply) for higher strength purposes using muli
bamboo (Melocanna baccifera) mat and simul (Bombax ceiba) wood veneer and urea formaldehyde resin, and its basic
physical and mechanical properties. To compare the properties of BWply, bamboo mat plywood (Bply) and wood veneer
plywood (Wply) were produced. Physical properties i.e., density, moisture content, water absorption and thickness swelling;
and mechanical properties i.e., modulus of elasticity (MOE), modulus of rupture (MOR), face and edge screw withdrawal
and tensile strength (TS) perpendicular to surface of BWply, Bply and Wply were tested according to the procedure of ASTM
standard D-1037. Water absorption of BWply, Bply and Wply were 30.83, 28.62 and 65.5%, respectively. Further, MOE of
BWply, Bply and Wply were 5276, 6176 and 3879 N/mm2, respectively. MOR was higher for BWply (39.5 N/mm2) compared to
the Bply and Wply panels. Though some properties of BWply were lower than that of the Bply, the properties of BWply meet the
minimum requirements of ASTM standard. Finally, the results indicate that BWply made from bamboo mat and wood veneer
exhibits superior physical and strength properties compared to the commercial plywood made for structural purposes.
Keywords: Bamboo mat, simul veneer, plywood, physical properties, mechanical properties.

Introduction
Wood is a renewable building material but anisotropic in nature
and heterogeneous in composition has certain disadvantages
which can be largely overcome in the cross-banded construction
of plywood1. The demand of plywood increased all over the
world for house construction, furniture manufacturing and
interior decoration (wall and ceiling paneling) due to their
strength properties and workability. Moreover, there has been a
steady increase in the number of plywood industries in
Bangladesh. Therefore, it is manufactured in great quantities
and as the primary raw material for plywood remains wood
which results in large quantities of woody raw material
consumption by the processing industries causing a threat to the
natural forest as well as to the environmental sustainability. On
one hand, deforestation and forest degradation, and on the other
hand, increasing demand for wood-based panels has caused an
important raw material issue in the sector for a long time in
Bangladesh2. Therefore, wood-based industries must find
appropriate production techniques for producing panels by using
locally available raw materials in addition with wood. The
manufacture of bamboo mat-wood veneer plywood from muli
bamboo and simul wood is perhaps one such approach.
Bamboo is one of the oldest building materials for both
structural and decorative purposes3 and are fastest growing plant
on earth in addition to being a renewable natural resource4.
Compared with some commercial wood species, bamboo
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exhibits equal or better physical and mechanical properties,
which offer good potential for processing it into composites
(bamboo-based panels) as a wood substitute5. During the recent
years, bamboo has been used for the production of mat boards,
plywood, strand boards, sandwich board, bamboo particle
boards, bamboo zephyr board6, bamboo fiberboard and bamboobased wafer board4. Although many studies have been
conducted on bamboo plywood, an extensive literature search
did not reveal any information about the manufacturing of
bamboo mat-wood veneer plywood from muli bamboo and
simul wood to evaluate its properties. Thus, in order to ensure
the proper utilization of this valuable resource and to reduce the
excess pressure on wood, this study was carried out to
manufacture structural plywood from bamboo (muli) mat and
wood veneer. Simul (Bombax ceiba) a hardwood species, which
is commonly used for manufacturing of commercial plywood in
Bangladesh. Bamboo mat, instead of bamboo strip, was used in
the study to make the panel bigger size having higher strength.
To compare the properties, bamboo mat plywood and simul
veneer plywood were also made. Therefore, the objective of this
study was to manufacture and characterize the physical and
mechanical properties of bamboo mat-wood veneer plywood.

Material and Methods
Raw materials: Simul (Bombax ceiba) log used in this study
had an age of 5 years and a diameter of 25-30 cm. Three years
old, defect free, straight and mature muli bamboo (Melocanna
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baccifera) was used in this study. Length and diameter of the
culms were 6-7 m and 8-9 cm respectively. Sharp knife was
used to split the bamboo into 1.3 mm thin slivers. The outer and
inner layer of slivers, which contain silica, wax and
parenchyma, was removed to increase the bond ability of the
slivers. These slivers were weaved into mats to form
approximately 2.6 mm thick bamboo mats. About 2.6 mm
simul veneer was produced by rotary chuck less roller type
veneer lathe. The bamboo mats and simul veneers were clipped
250 cm × 130 cm in accordance with trimming allowance.
Veneers were dried to a moisture content of 4.3% by automatic
roller track veneer drier. The bamboo mats were dried in the
kiln to a moisture content of 5.3%.
Panel Manufacturing: Both bamboo mats and simul veneers
were used to make three types of 5-ply plywood - bamboo mat
plywood (Bply), bamboo mat-wood veneer plywood (BWply) and
wood veneer plywood (Wply). For manufacturing of BWply, 3
bamboo mats and 2 veneers were assembled into 5-ply plywood
alternatively consisting of bamboo mats as face, core and back
and wood veneers. The glue line method was followed to spray
urea formaldehyde resin by a glue spreader at a rate of 300
g/m2. Subsequently the mats and veneers were assembled and
hot pressed for 15 minutes at a temperature of 115°C with 9
N/mm2 pressure. Then Bply and Wply plywood were
manufactured from 5 bamboo mat and 5 wood veneer
respectively by maintaining the same manufacturing conditions.
The thickness for three different types of plywood was 12 mm.
The plywood was trimmed to 244 cm × 122 cm with a circular
saw and sanded by 80 grade sand paper with a belt sander.
Laboratory test: Before preparation of test samples, the panels
were conditioned in a room at room temperature for 48 hours.
According to the procedure of ASTM standard D-10377, all
specimens were carefully prepared and tested to evaluate the
physical and mechanical properties of each type of panels.
Mechanical properties were measured by using universal testing
machine IMAL-IB600 according to the ASTM standard. During
sample testing, temperature and relative humidity of the room
were maintained to 23±2°C and 65±2%, respectively. Six
specimens were used for each type of panel for evaluation of
each physical and mechanical property.
Statistical Analysis: A general statistical description (average
and standard deviation) was determined for the different
plywood properties. Data analysis was performed by using the
SAS system software package. The significance of different
treatments was determined by variance analysis (ANOVA) and
LSD (least significant difference) test (α ≤ 0.05).

Results and Discussion
Physical properties: The averages, standard deviation and
statistical analysis of the physical properties of 12 mm thick
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three types of plywood manufactured from M. baccifera and
B.ceiba are summarized in table 1. ANOVA and LSD (table 1)
showed statistical differences in the physical properties; though
moisture content, water absorption and thickness swelling of
BWply and Bply was not statistically different. However the
manufacturing conditions of the panels were same, the main
responsible factor for the differences in physical properties of
plywood might be the different raw material i.e., physical
properties of the raw materials. The results also comply with the
results of Abdul et al.8. Tenorio et al.9 reported that there would
be significant differences in the physical properties of the
plywood fabricated from the different raw materials by
maintaining the same manufacturing conditions due to the
variation in physical properties of raw materials.
Table - 1
The mean value, standard deviation and statistical analysis
of physical properties of three types of plywood
BWply
Wply
Physical Properties
Bply
766A
694B
536C
3
Density (Kg/m )
(35.1)
(22.2)
(21.4)
11.5B
11.7B
15.6A
Moisture content (%)
(0.6)
(0.8)
(1.4)
28.62B
30.83B
65.5A
Water absorption (%)
(3.4)
(2.8)
(9.5)
2.3B
2.5B
3.4A
Thickness swelling (%)
(0.64)
(0.46)
(0.38)
Means with the same letter within the same row are not
significantly different. Numbers in parentheses are standard
deviations from the sample mean.
The characteristic property of plywood strength is density. The
mean density of BWply, Bply and Wply was 694, 766 and 536
kg/m3 respectively (table 1). According to ASTM standard10 and
Franz et al.11, the range of density of standard plywood is 430 to
794 kg/m3. Hence, the density of BWply was at the top of the
standard range though it was lower than that the density of Bply.
By using the same compression of the veneer during hot
pressing and glue, density of plywood varied. This might be due
to the raw materials density, which affects the plywood density.
Based on the oven dry volume, the specific gravity value of
bamboo is 0.7512, while the value of simul is 0.34. It was also
observed that the density of BWply is substantially higher than
that of southern pine plywood (514 kg/m3), douglas-fir plywood
(512.64 kg/m3)13 and spruce plywood (476 kg/m3)14.
Water absorption and thickness swelling properties of
lignocellulosic materials are directly related to moisture content.
It was found that the moisture content of BWply and Bply
plywood was 11.7 and 11.5%, respectively whereas the
moisture content of Wply was 15.6% (table 1). According to
ASTM standard10 and Franz et al.11, the range moisture content
of standard plywood is 7.3 to 12.7%. Therefore, the moisture
content of BWply and Bply followed the standard. The mean value
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of water absorption and thickness swelling are summarized in
table 1. Water absorption and thickness swelling in BWply panel
was slightly higher than the Bply but significantly lower than the
Wply (table 1), suggesting that the BWply panel is less susceptible
to water absorption as well as to thickness swelling than Wply
panels. Moreover it was also observed that higher water
absorption results in higher thickness swelling in all the panels.
The proportion of holocellulose and alpha cellulose tends to
lessen but the lignin content remains unchanged or increases
slightly in bamboo culms having age more than one year15. Due
to the presence of free –OH group in the molecular structure,
cellulose and hemicelluloses are responsible for water
absorption as reported by Wardrop16. In-addition Skaar17 found
that hygroscopicity of hemicellulose is higher than the cellulose
and lignin. Hemicellulose content of M. baccifera is 17.3%18,
whereas hardwood contains 25-35%. Thus, lower cellulose
and/or hemicellulose content of 3 years old mature bamboo
compared to hardwood might restrict the absorption of water as
well as thickness swelling in BWply and Bply panels.
Mechanical Properties: Average, standard deviation and
statistical analysis of mechanical properties for 12 mm thick
BWply, Bply and Wply plywood are presented in Table 2. From
ANOVA and LSD it was observed that the mechanical
properties are statistically different with exceptions in MOR of
BWply and Bply (table 2). Moreover according to ASTM
standard10, MOR of the standard plywood ranges from 20.7 to
48.3 N/ mm2. Therefore, MOR of all the panels was within the
ranges of standard and holds the upper position. Higher
plywood strength results from the higher plywood density as
seen in table 1 and 2, because there is a close correlation exists
between density and mechanical properties. The results showed
that the BWply have higher MOE value than the Wply but lower
than the Bply using the same resin as an adhesive.
Table - 2
The mean value, standard deviation and statistical analysis
of mechanical properties of three types of plywood
Mechanical Properties
Bply
BWply
Wply
MOE (N/mm2)
6176A
5276B
3879C
(738)
(480)
(237)
MOR (N/mm2)
38.58A
39.5A
32.28B
(4.9)
(4.7)
(2.3)
TS perpendicular to
0.68B
0.8A
0.6C
2
face (N/mm )
(0.02)
(0.1)
(0.04)
Face screw withdrawal
1512.98A 1412.81B 1355.2C
(N)
(57.84)
(18.82)
(38.87)
Edge screw withdrawal
731.12C
773.32B 845.46A
(N)
(26.95)
(14.46)
(15.1)
Means with the same letter within the same row are not
significantly different. Numbers in parentheses are standard
deviations from the sample mean.
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The MOE and MOR of the BWply plywood were higher than
that of the plywood made from spruce (5176 N/mm2 and 37.3
N/mm2)14 and douglas-fir (890 N/mm2 and 16 N/mm2)19. Higher
mechanical strength of bamboo might be the cause of this higher
MOE in bamboo based plywood and bamboo possesses higher
mechanical strength probably due to the larger fiber length and
thick cell wall of bamboo fibers which affects the mechanical
properties of the products20. Lakkad and Patel21 reported that
bamboos composed of cellulose fibers embedded in a matrix of
lignin and these fibers are oriented along the length of bamboo
which ensures maximum strength and rigidity.
The mean tensile strength perpendicular to surface of BWply,
Bply and Wply panels were 0.8, 0.68 and 0.6 N/mm2 respectively
(table 2). The result indicates that BWply showed surprisingly
superior tensile strength when compared to the Bply and Wply.
This variation is due to the higher mechanical interlocking by
urea formaldehyde resin between the bamboo mat and wood
veneer. It is observed that the tensile strength of the BWply was
substantially higher than that of the Gmelina arborea plywood
(0.66 N/mm2)9.
The mean face and edge screw withdrawal force of BWply, Bply
and Wply plywood were presented in table 2. The higher mean
value of face and edge screw withdrawal were found for Bply
and Wply respectively. It is observed the mean face screw
withdrawal force of BWply plywood was lower than that of
southern pine plywood (1987 N) but higher than douglas-fir
plywood (1173 N)13. The face screw withdrawal force of
plywood increased with the increase of the panel density and
this result supports by the result of Khalil et al.22. Depending on
the type of tree from which the materials were produced, the
moisture content, the orientations of grains and sections, the
duration of extraction, the method of screwing, the dimensions
and the surface smoothness the withdrawal strength of screw
varies23. Khalil et al.22 stated that withdrawal strength of screw
also influenced by the glue type and layer thickness of the
plywood.

Conclusion
This study investigated the potentiality of using bamboo mat
and simul wood veneer in the manufacture of 5-ply BWply
plywood and its basic physical and mechanical properties. On
the basis of the physical and mechanical properties, it appears
that manufacturing of BWply plywood is technically feasible for
various structural purposes. The specific conclusions of the
study are as follows: i. Due to the alternative assembling of
bamboo mat and wood veneer in BWply plywood improved
MOR and tensile strength was found, when compared with both
Bply and Wply plywood. ii. Differences in the physical and
mechanical properties among the plywoods are due to the raw
material characteristics. Therefore, the properties of plywood
are species dependent. iii. Compared to the commercial
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plywood, BWply showed higher physical and mechanical
properties except the edge screw withdrawal.

11. Franz F.P., Kollmann E.W., Kuenji A. and Stamm J.,
Principles of Wood Science and Technology, vol. II. Wood
based materials, Springer Verlag, New York (1975)

Acknowledgement

12. Sattar M.A., Kabir M.F. and Bhattacharjee D.K., Effect of
age and height position of Muli (Melocanna baccifera) and
Borak (Bambusa balcooa) bamboos on their physical and
mechanical properties, Bangladesh J. For. Sci., 19 (1 and
2), 29-35 (1990)

The authors are very grateful to the authority of Akij
Particleboard Mills Ltd. Manikganj, Bangladesh for technicallogistical support and panels manufacturing.

References
1.

2.

Forest Research Institute (FRI), Indian Forest Utilization,
vol. І. Forest Research Institute and Colleges, Dehra Dun,
India, 354 (1970)
Islam M.A., Alam M.A. and Hannan M.O., Multiresponse
optimization based on statistical response surface
methodology and desirability function for the production of
particleboard, Compos. Part B 43, 861-868 (2012)

3.

Latif M.A., Wan T.W.A. and Fauzidah A., Anatomical
features and mechanical properties of three Malaysian
bamboos. J. Trop. For. Sci., 2(3), 227-234 (1990)

4.

Ghavami K., Ultimate load behavior of bamboo reinforced
lightweight concrete beams, J. Cement Concrete Compos.,
17(4), 281-288 (1995)

5.

Sumardi I., Ono K. and Suzuki S., Effect of board density
and layer structure on the mechanical properties of bamboo
oriented strand board, J. Wood Sci., 53, 510-515 (2007)

6.

Nugroho N. and Ando N., Development of structural
composite products made from bamboo I: fundamental
properties of bamboo zephyr board, J. Wood Sci., 46, 68-74
(2000)

7.

American Society for Testing Materials (ASTM), Standard
test methods for evaluating properties of wood-based fiber
and particle panel materials static tests of timbers, D 103793, ASTM, Philadelphia, PA. (1999)

8.

Abdul H.P.S., Nurul M.R., Bhat A.H., Jawaid M. and Nik
N.A., Development and material of new hybrid plywood
from oil palm biomass, Mater. Design, 31, 417–424 (2010)

9.

Tenorio C., Moya R. and Muñoz F., Comparative study on
physical and mechanical properties of laminated veneer
lumber and plywood panels made of wood from fastgrowing Gmelina arborea trees, J. Wood Sci., 57 (2), 134139 (2011)

10. American Society for Testing Materials (ASTM D304387), Standard methods of testing structural panels in
flexure. D3043-87, In, Annual Book of ASTM standards,
Philadelphia, PA: American Society for Testing Materials,
4 (1), 261 (1989)

International Science Congress Association

13. Edril Y.Z., Zhang J. and Eckelman C.A., Holding strength
of screws in plywood and oriented strandboard, Forest
Prod. J., 52(6), 55-60 (2002)
14. Král P. and Hrázský J., Effects of different pressing
conditions on properties of spruce plywoods, J. For. Sci.,
52(6), 285–292 (2006)
15. Chen Y., Qin W., Li G.X. and Nimanna J., The chemical
composition of ten bamboo species. Proceedings of an
International Workshop on Recent Research in Bamboo, 614th October, 1985, Hangzhou, People' Republic of China,
110-113 (1987)
16. Wardrop A.B., The phase of lignification in the
differentiation of wood fibres, Tappi, 40, 225-243 (1957)
17. Skaar C., Wood-water relationships. In: The Chemistry of
Solid Wood, R.M. Rowell (Ed.), Advances in Chemistry
Series, American Chemical Society, Washington DC, 207,
127–174 (1984)
18. Dhawan R.R. and Singh S.V., Chemical characterisation of
hemicelluloses isolated from three species of bamboo,
Dendrocalamus strictus, Dendrocalamus hamiltonii and
Melocanna baccifera, J. Indian Acad. Wood Sci., 13(2), 6266 (1982)
19. Desch H.E. and Dinwoodie J.M., Timber Structure,
Properties, Conversion and Use, 7th ed. Macmillan press
Limited, London, 220-230 (1996)
20. Findlay W.P.K., Timber: Properties and Uses. (Crosby
Lockwood Staples, London), 224 (1975)
21. Lakkad S.C. and Patel J.M., Mechanical properties of
bamboo, a natural composite, Fibre Sci. Tech., 14 (4), 319322 (1981)
22. Khalil H.P.S.A., Fazita M.R.N., Bhat A.H., Jawaid M. and
Fuad N.A.N., Development and material properties of new
hybrid plywood from oil palm biomass, Mater. Design, 31,
417-424 (2010)

23. Celebi G. and Kilic M., Nail and screw withdrawal strength
of laminated veneer lumber made up hardwood and
softwood layers, Construct. Build. Mater., 21, 894–900
(2007)

64

