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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the Master of Science

STRENGTH AND DIMENSIONAL STABILITY OF PHENOLIC-TREATED 
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By

NOR FADHLIA FARHANA BINTI A. RAHMAN 

November 2015 

Chairman 
��������	�

: Professor Paridah Md. Tahir, PhD 
: �Tropical Forestry and Forest Product 

Laminated plybamboo panels were prepared using bamboo (Gigantochloa scortechinii)
slivers that have been treated with phenol formaldehyde (PF) resin. The main purpose 
of the study was to develop a strong and dimensionally stable bamboo laminated panel. 
The epidermis and inner layer of the bamboo strips were removed and finally dressed 
using a sliver machine into 2-mm thick slivers. Bamboo slivers were dried to 12% 
moisture content in a kiln drying set at 40ºC and 60% relative humidity (RH) for a week. 
Phenol formaldehyde resin of medium molecular weight (MMwPF), MW1500, was used 
to pre-treat the bamboo slivers. Two methods were used; vacuum impregnation and 
soaking.  

A process for the treatment of bamboo slivers comprising impregnating with MMwPF 
resin were subjected into a vacuum pressure at 42 cmHg for 15 min, followed by 
applying the external pressure at 2.5 kg/cm2 for 30, 60 or 90 min. Meanwhile, in the 
soaking treatment, the slivers were submerged in MMwPF resin for 30, 60 or 90 min. 
The phenolic-treated bamboo slivers were pre-cured at 60ºC for 6 h. Following this, the 
phenolic-treated bamboo slivers were assembled perpendicularly into 3-layered 
plybamboo panel and hot pressed at 140 ± 5ºC and pressure 40 kg/cm2 for 15 min.All 
the boards were trimmed and cut into test specimens and then conditioned at 20 ± 3ºC 
and RH 65 ± 3% for a week prior to testing. The weight percent gain (WPG), contact 
angle, buffering capacity and thermogravimetric analysis (TGA) of phenolic-treated 
bamboo slivers were determined. The bonding shear strength of 3-layered plybamboo 
was also evaluated according to British Standard European Norm BS EN 314. 

The results showed that vacuum-impregnated bamboo slivers had significantly higher 
WPG compared to the soaked slivers. An examination on the bamboo sliver surfaces 
demonstrated that phenolic treatment had increased the contact angle of the bamboo 
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surfaces, suggesting a relatively lower wettability. Compared to the control, such 
reduction is an advantage as it prevents over penetration of adhesive into the cells due 
to high porosity of the surface. Buffering capacity study revealed that phenolic-treated 
bamboo slivers have a greater resistance toward alkaline and was more sensitive towards 
acid. The thermal stability of phenolic-treated bamboo sliver was found to be 
significantly higher than the untreated. 

The results also showed that irrespective of the treatment methods used, modulus of 
rupture (MOR) and impact strength were significantly affected (at p ≤ 0.01) by the 
treatment method, whereas treatment duration does not indicate any significant effect. A 
notable improvement in the dimensional stability of treated sample was shown by the 
reduction of water absorption (WA), thickness swelling (TS) and linear expansion (LE). 
Treatment with phenolic resin was found to markedly increase the anti-swelling 
efficiency (ASE) (at p ≤ 0.05) of the phenolic-treated plybamboo suggesting a reduction 
in irreversible swelling.  

Conversions of phenolic-treated bamboo slivers into 3- and 5-ply bamboo boards appear 
to have different effects. The 3-ply phenolic-treated plybamboo had greater flexural 
strength properties (MOR and MOE) and shear bond strength compared to the 5-ply. In 
the 5-ply phenolic-treated plybamboo however, demonstrated a greater compressive 
strength. It was also recognized that the 3-ply phenolic-treated plybamboo at [0°/45°/0°] 
significantly generate higher MOR. Nevertheless, the 3- and 5-ply phenolic-treated 
plybamboo had comparable bonding shear properties when arranged at [0°/0°/0°] and 
[0°/0°/0°/0°/0°], respectively. In addition, the angle configuration at [45°/90°/45°] and 
[45°/90°/45°/90°/45°] in the 3- and 5-ply phenolic-treated plybamboo, respectively, 
gave relatively lower MOR values. 

The overall results revealed that vacuum impregnation was effective compared to 
soaking. Based on this study, vacuum impregnation for 90 min resulted in significant 
improvements in the physical and mechanical properties of phenolic-treated plybamboo. 
Also, this study showed that the angle configuration of the bamboo slivers had greater 
influence over the mechanical properties of the plybamboo. The WA, TS and LE were 
found to be much lower in the 3-ply plybamboo indicating a much stable board. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah SarjanaSains 

KEKUATAN DAN KESTABILAN DIMENSI FENOLIK-TERAWAT PANEL 
BULUH BERLAMINASI 

Oleh 

NOR FADHLIA FARHANA BINTI A. RAHMAN 

November 2015 

Pengerusi 
��������

: Profesor Paridah Md. Tahir, PhD 
: Perhutanan Tropika dan Produk Hutan 

Panel buluh lapis berlaminasi telah dihasilkan dengan menggunakan kepingan buluh 
(Gigantochloa scortechinii) yang telah dirawat dengan resin fenol formaldehid (PF). 
Tujuan utama kajian ini adalah untuk menghasilkan panel buluh berlaminasi yang kuat 
dan stabil dimensinya. Epidermis dan lapisan dalam bilahan buluh telah dibuang dan 
akhirnya dibentuk dengan menggunakan mesin bilah kepada kepingan berketebalan 2-
mm. Kepingan buluh dikeringkan sehingga ke kandungan lembapan 12% di dalam 
pengering kiln pada suhu 40ºC dan kelembapan relatif (RH) 60% selama seminggu. 
Resin fenol formadehid bermolekul sederhana (MMwPF), MW1500 digunakan untuk 
pra-rawatan kepingan buluh. Dua kaedah yang digunakan adalah: tekanan vakum dan 
rendaman.  

Proses rawatan kepingan buluh yang melibatkan impregnasi dengan resin MMwPF telah 
dimasukkan ke tekanan vakum pada 42 cmHg selama 15 minit, disusuli dengan 
penggunaan tekanan luar pada 2.5 kg/cm2 selama 30, 60 atau 90 minit. Manakala, bagi 
rawatan rendaman, kepingan telah direndam di dalam resin MMwPF selama 30, 60 atau 
90 minit. Kepingan buluh yang dirawat-fenolik kemudian di pra-matangkan pada suhu 
60°C selama 6 jam. Berikutan ini, kepingan buluh yang dirawat-fenolik disusun secara 
serenjang kepada 3 lapisan buluh lapis dan ditekan panas pada suhu 140±5ºC dan 
tekanan 40 kg/cm2 selama 15 minit. Kesemua bod dipotong tepi dan dipotong mengikut 
spesimen ujikaji dan di hawa dingin pada 20±3°C dengan RH 65±3% selama seminggu 
sebelum diuji. Peratus berat pertambahan (WPG), sudut lekatan, keupayaan penimbal 
dan analisis thermogravimetrik (TGA) kepingan buluh yang telah dirawat dengan 
fenolik ditentukan. Ikatan ricih buluh lapis dinilai mengikut Piawaian British European 
Norm BS EN 314.  
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Hasil keputusan menunjukkan bahawa kepingan buluh yang telah di vakum-impregnasi 
mempunyai WPG yang tinggi signifikasi berbanding dengan kepingan yang telah 
direndam. Pemeriksaan terhadap permukaan kepingan buluh mendapati bahawa rawatan 
fenolik telah meningkatkan sudut lekatan permukaan buluh, secara relatif merumuskan 
kadar pembasahan yang rendah. Berbanding dengan sampel kawalan, pengurangan ini 
adalah satu kelebihan dimana ia menghalang penembusan gam yang berlebihan ke dalam 
sel disebabkan oleh permukaan berongga tinggi. keupayaan penimbal mendedahkan 
bahawa kepingan buluh yang dirawat-fenolik mempunyai daya rintang yang tinggi 
terhadap alkali dan lebih sensitif terhadap asid. Kestabilan haba dari kepingan buluh 
yang dirawat-fenolik didapati lebih tinggi berbanding dengan tidak dirawat.  

Berhubung dengan kaedah rawatan yang telah digunakan, nilai purata kekuatan pecahan 
(MOR) dan kekuatan hentaman sangat dipengaruhi oleh kaedah rawatan (pada p ≤ 0.01), 
dimana tempoh rawatan tidak menunjukkan kesan yang signifikasi. Penambahbaikan 
yang ketara dari kestabilan dimensi bagi sampel yang dirawat ditunjukkan daripada 
kadar pengurangan penyerapan air (WA), pembengkakan ketebalan (TS) dan 
pengembangan linear (LE). Rawatan dengan resin fenolik menunjukkan peningkatan 
ketara di dalam kecekapan anti-bengkak (ASE) (pada p ≤ 0.05) kepingan buluh yang 
menjadi petunjuk kepada pengurangan pembengkakan semula.  

Penukaran kepingan buluh yang dirawat-fenolik kepada bod buluh 3- dan 5-lapis 
didapati mempunyai kesan-kesan yang berbeza. Buluh lapis 3-lapis yang dirawat-fenolik 
mempunyai sifat kekuatan (MOR dan MOE) dan kekuatan ikatan ricih yang baik jika 
dibandingkan dengan 5-lapis. Walaubagaimanapun, buluh lapis 5-lapis yang dirawat-
fenolik menunjukkan kekuatan mampatan yang tinggi. Ianya juga dapat dikenal pasti 
bahawa buluh lapis 3-lapis yang dirawat-fenolik pada [0°/45°/0°] menghasilkan MOR 
yang tinggi. Namun, buluh lapis 3- dan 5-lapis yang dirawat-fenolik mempunyai sifat 
ikatan ricih yang setanding bila masing-masing disusun pada [0°/0°/0°] dan 
[0°/0°/0°/0°/0°]. Tambahan lagi, pada sudut konfigurasi [45°/90°/45°] dan 
[45°/90°/45°/90°/45°] bagi papan lapis 3- dan 5-lapis yang dirawat-fenolik, memberikan  
nilai MOR yang rendah. 

Keseluruhan hasil dapatan mendapati bahawa vakum impregnasi sangat berkesan 
berbanding dengan rendaman. Berdasarkan kajian ini, vakum impregnasi pada 90 min 
telah memberikan penambahbaikan yang signifikasi terhadap sifat fizikal dan mekanikal 
buluh lapis yang dirawat-fenolik. WA, TS dan LE didapati sangat rendah pada buluh 
lapis 3-lapis menunjukkan bod yang stabil.  
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background

The bamboo composite materials such as plybamboo and particle bamboo mat board can 
be made into potential walling material either as sheathing or stressed skin construction 
for prefabricated houses (Jagadeesh and Ganapthy, 1995). Several products have gone 
into commercial production, including mat plywood, sliver board, bamboo particleboard 
and parquet. Meanwhile, in Malaysia, bamboo strips have been found suitable for 
laminated board, and overlay rubber wood parquet products because of the toughness of 
the material and uniqueness of its appearance (Zaidon et al., 2000). The excellent 
mechanical and physical properties of bamboo, makes bamboo as an ideal raw material 
for the manufacture of plybamboo and furniture as well as for structural application and 
general construction (Nordahliaet al., 2011).  

More than 28 bamboo based panel-products in combination with wood and other 
inorganic material have been developed by various researchers in the world 
(Ganapathyet al., 1999). Among all the panel boards, bamboo made plywood, or 
plybamboo strength ranks as the highest and even as good as the solid wood of high 
density commercial timber (Chen and Qin, 1985). Plybamboo has already been accepted 
as an industrialized product that has the potential for building modern structures (Xiao 
et al., 2009). 

1.2 Application of plybamboo 

Bamboo is considered to be the best alternatives for several end use panel applications 
such as doors, windows, frames, partitions, furniture and flooring (Gupta and Kumar, 
2008). Current research of bamboo utilization covers a wide range of bamboo based 
panel products such as plybamboo, laminated bamboo, bamboo-zephyr board, bamboo 
particleboard and bamboo cement board (Chaowana, 2013). Bamboo-based panels have 
various advantages and conjunction with that; it also can be a suitable alternative for any 
material pruposes. It can be used in different ways for roof structure as trusses, roof 
skeletons, purlins, rafters and reapers (Anon, 2010), flooring, furniture, bamboo weaved 
product and bamboo cement framework (Wang and Guo, 2003). 

Its use through industrial processing and have shown a high potential for production of 
composite materials and components which are cost effective and can be successfully 
utilized for structural and non-structural applications. The main characteristic features 
which make bamboo a potential building material are its high tensile strength and very 
good weight to strength ratio. It can withstand up to 3656 kg/cm2 of pressure. It can be 
easily worked upon by simple tools and machines. The strength-weight ratio of bamboo 
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also supports its use as a highly resilient material against forces created by high velocity 
winds and earthquakes (Tomas and Ganiron, 2014). 

The quality, durability and wide range of applications of the bamboo based panel 
products particularly plybamboo become the major factors that contributed to the 
commercialization of these products in Asian countries before triggered the increasing 
demand in western markets (Barelli, 2009). These panels can be used from structure to 
roofs and wall panel cladding, or to replace most other building elements made of 
industrialized wood (Janssen, 2000). Also, it has been widely used in the vehicles 
compartments, moulding board of construction, scaffoldings and some of them have 
partly taken the place of wood, steel and plastic for furniture and decorating purposes. 
In fact, it has been applied in construction industry as structural materials for bridges, 
water-transportation facilities and skyscraper scaffoldings (Chaowana, 2013). 

Glue laminated bamboo (GLB) panel is one of the many examples of structural bamboo 
used in construction (Xiao et al., 2008). It is very versatile and can be applied for bearing 
parts in building such as I-beam and column and for non-bearing components such as 
wall, roofing and flooring boards depending on their strength. Laminated bamboo 
becomes an alternative for a proper prefabricated manufacturing and assembly 
construction process of structural elements and has an excellent mechanical properties 
and it is as good as wood (Vanages, 2003). Even nowadays, laminated bamboo has been 
gradually applied in furniture, interior decoration and its demand will gradually increase 
(Du, 2011). Table 1.1 summarises the several previous study on bamboo based panel 
product as a construction material. 
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Table 1.1 : Recent work on various application of bamboo based panel products 

Product Purpose Findings Reference(s)

Plybamboo

Plywood G. scortechinii has a potential in the 
production of plywood.

Zaidon et al.
(2003)

Flooring In general, the mean hardness and 
dimensional stability of bamboo flooring 
was greater than red oak flooring and 
LBL.

Lee and Liu  
(2003)

Structural 
bamboo 
plywood

The MOR, MOE and compression 
parallel to grain of the plywood were 
higher compared to commercial plywood. 

Anwar et al.
(2004)

Wind
turbines

Carbon-friendly Chinese Moso bamboo to 
make eco-friendly blades for generating 
wind energy.

Platts (2008)

I-joists Flexural strength of the bamboo (OSB) 
reached 36 MPa, shear strength was 14 
MPa, while MOE was 14 000 MPa.

Aschheimet al.
(2010)

Concrete 
form

The mechanical properties of 3 layer 
bamboo curtain composite plybamboo 
were improved to meet the requirements 
of concrete form.

Du and Jin 
(2013)

Laminated 
bamboo 

panel

I-beam 
bearing girder 
and straddle
I-beam 
web/other 
complex 
components 
like wall 
board.

Structural

MOR and MOE value reached as high as 
210 MPa and 89 GPa respectively.
It showed good properties of aging 
resistance with almost no change 
happened on parallel laminated bamboo 
panel after 20 cycles, even under more 
severe conditions where boiled for 2 h and 
dried at high temperature for 17 h.

The excellent properties of G. 
scortechiiwere suitable to structural 
application.

Wang  and 
Guo (2003)

Hamdan 
(2004)

Construction 
material

Bending strength (126 MPa for MOR, 
11700 for MOE) and compression 
strength (65.8 MPa) of parallel strand 
lumber (PSL) made from Calcutta 
bamboo was higher than all other 
structural composite lumber (SCL) 
products.

Mansur  and 
Kamke (2005)

Load-bearing 
applications

The MOR and MOE of laminated bamboo 
board (LBB) ranged from 38.61−95.07 
MPa and 7266−100.31 MPa, respectively. 
No delamination occurred in all samples 
indicating high bonding quality.

Sulastiningsih 
and Nurwati 
(2009)

Practical 
method for 
laminated 
bamboo
timber 
production

A cylindrical bamboo culms were 
successfully been converted into flat and 
wide bamboo boards using the provided 
Grooving Table as a reference. 

Bakar et al.
(2013c)
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The improvement in processing technologies, product innovation with the application of 
scientific and engineering skills in a structural product application of the bamboo based 
panel products have led to an enhancement of laminated plybamboo. The application of 
plybamboo panels have been increasing. Currently, the main applications are flooring, 
veneer, decorative boards, sports equipment and other building materials. A number of 
agencies are already working towards promoting the usage of bamboo into value-added 
products to increase the potential of plybamboo into a various applications. 

1.3 Phenolic resin treatment 

As bamboo has less natural durability it requires chemical treatment for longer life. 
Bamboos have low natural durability (1 to 3 years) against attacks by fungi and insects. 
The treatment of bamboo is, therefore, the resin treatment using phenol formaldehyde 
resin into wood has been mainly developed for veneers to produce plywood of upgraded 
strength properties. Phenol formaldehyde (PF) resin has a softening effect, like steam or 
heat, which plasticizes the wood cell wall (Shams et al., 2004). Phenolic resin 
impregnation and compression at considerably high hot pressing pressure is attractive 
for the improvement of strength properties, dimensional stability and durability of 
lignocellulosic materials against decay (Stamm and Seborg, 1955). Lohet al. (2011) and 
Furunoet al. (2004)used this treatment to improve oil palm plywood and poplar and 
cedar, respectively and concluded that PF resin treatment was able to enhance the 
mechanical strength, dimensional stability and resistance towards termites and fungi. 

Shams and Yano (2009) also reported that that PF resin can improve the surface 
smoothness, density distribution, adhesive penetration and the physical and mechanical 
properties of the oil palm trunk (OPT) plywood. Anwar et al. (2009) treated bamboo 
strips with PF resin and concluded that PF resin impregnation offers a simple and 
effective method for improving the dimensional stability of bamboo, at the same time, 
greatly improved the strength properties of the bamboo.

Medium to low molecular weight phenolic resin has been normally used in wood 
modification purposes to ensure a complete penetration by the resin polymer into the 
wood cells. Lohet al. (2010) have successfully used LMwPF resin to improve the shear 
strength of pre-preg plywood compared with that commercial PF plywood due to the 
easy penetration of two classes of molecular weight PF resin (low and medium) into 
parenchyma cell of oil palm stem (OPS) veneer. 
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1.4 Lay-up pattern in plybamboo 

Bamboo has an interesting microstructure and macrostructure with hierarchical features 
which contributes to its structural integrity (Armada, 1995). Bamboo moreover exhibits 
significant anisotropy in strength: it is more than ten times stronger in tension in the 
longitudinal direction than in the transverse direction (Jain et al., 1992).   

Bamboo when converted into bamboo based panel products, the properties of the panels 
will behave differently depending on the geometry of the raw materials (fibre, particle, 
flake, strip, sliver, chip and more). Such differences would generate panels of different 
strength and dimensional stability. One of the methods to improve the strength of 
plybamboo panel is by arranging the bamboo slivers in a particular angle so that 
maximum strengths can be achieved at any direction. Several studies have been reported 
on the use of different lay-up patterns and angle configuration and their influence on the 
mechanical and physical properties of the laminated bamboo boards (Sulastiningsih and 
Nurwati, 1996; Nugroho and Ando, 2001; Lee et al., 2012; Verma and Chariar, 2012) 
and the results were very encouraging. 

1.5 Problem statement 

Bamboo is naturally durable material that has been recognized throughout the world for 
its versatile and good structural properties. It provides an alternative to replace timber 
and other materials in construction and other works (Tjerk, 2014; Nayaket al., 2013). In 
contrast to timber, the bamboo culm is thin and hollow and its strength comes from the 
way the grass evolved, adapting to natural forces. This allows it to move with the wind, 
unlike tree, which tries to simply withstand any natural forces it is exposed to. This 
adaptation for flexible movement required nature to come up with very light but tension-
resistant fibre in the bamboo culm which is able to bend in extreme ways without 
breaking. Bamboo is harder to pull apart than timber or even reinforced steel thus offers 
great potential as raw material for commercial development. Numerous studies have 
been reported on the basic properties and  processing of bamboo based panel products, 
and the findings indicated that there are great potentials for using bamboo as a 
commercial product (Mansur, 2000; Nugroho and Ando, 2001; Wan Tarmezeet al., 
2005; Mahdaviet al., 2012).

Nevertheless, bamboo has its own limitations such as change in dimension with time due 
to varying atmospheric moisture and degradation by biotic and abiotic agents (Yun et 
al., 1991; Norimotoet al., 1992; Narakhara and Fujii, 1993). Understanding dimensional 
stability by bamboo when exposed to water is practically important since it affects the 
mechanical properties of the product. Thus, a proper treatment is needed to treat the 
bamboo in order to prolong the service life of the product. Chemical modification 
ensures a longer service life for the bamboo products and maintains its quality (Satish 
and Dobriyal, 1992; Anon, 2006). The modification was able to overcome some of the 
problems, such as high hygroscopicity and instability dimension (Xiao et al., 2008). 
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The type of resin used and treatment will influence its effectiveness. In this study,
bamboo as the substrate and MMwPF resin is the adhesive. It is anticipated that the 
treatment with medium molecular weight phenol formaldehyde (MMwPF) resin 
followed by a compression was chosen to produce almost flat and regular surfaces 
suitable for lamination. Formaldehyde-based resins have the advantages of superb 
bonding strength and are inexpensive (Kim, 2009). The bond strength of PF resin is 
considered high, and the strength degraded less at elevated temperatures in the presence 
of moisture compared with UF (Sulaimanet al., 2009). The PF resin usually starts as a 
low molecular weight pre-polymer and builds the degree of polymerization in the curing 
process. The resin will always be a resin but at some point it becomes an adhesive (once 
it cured). The treatment  of bamboo sliver with MMwPF resin, using a soaking and 
impregnation process followed by compressing under hot press would yield a high 
performance of laminated plybamboo panel. At the same time, bamboo based panel 
products can retain the distinct physical, mechanical, chemical and aesthetic features of 
natural bamboo itself. 

1.6 Objectives 

The aim of this study was to develop laminated plybamboo panel with acceptable 
strength and dimensional stability. The main objectives of this study were to improve 
the laminated plybamboo dimensional stability via phenolic resin treatment and to 
increase the strength properties by using different sliver lay-up patterns.  

The study consisted of three specific objectives: 

1. To evaluate the effects of MMwPF resin treatment on the bonding properties 
and thermal behaviour of plybamboo. 

2. To determine the mechanical and physical properties of 3-ply phenolic-
treated plybamboo produced under different treatment conditions. 

3. To evaluate the effects of lay-up pattern (angle configuration) on the 
mechanical and physical properties of 3- and 5-ply phenolic-treated 
plybamboo. 



© C
OPYRIG

HT U
PM

 

101 

7 REFERENCES 

Abd. Latif, M. & Phang, M.T. (2001). The mechanical properties of Bambusa 
vulgarisand Gigantochloa scortechiniigrown in peninsular malaysia. Journal of 
Tropical Forest Products7, 111–125. 

Abd. Latif, M., Liese, W. & Norini, H. (1995). Utilization of bamboos. In Abd. Razak, 
O., Abd. Latif, M., Liese, W. & Norini, H.(Eds.),Planting and utilization of 
bamboo in peninsular malaysia. FRIM Research PamphletNo. 11, 50–110. 

Abd. Latif, M., Razak, W. & Roslan, A. (1989). Current status of machine intensive 
bamboo proceesing industry in peninsular malaysia. International Bamboo 
Symposium, July 24-27, Nanjing, China. 

Abd. Latif, M., Ashaari, A., Jamaludin, K., & Mohd. Zin, J. (1993). Effects of anatomical 
characteristics on the physical and mechanical properties of Bambusa bluemeana.
Journal Tropical Forest Science, 6(2), 159-170. 

Abd. Latif, M., Wan Tarmeze, W.A. & Fauziah, A. (1990). Anatomical features and 
mechanical properties of three malaysia bamboos. Journal of Tropical Forest 
Science 2, 227–234.  

Abd. Razak, O. & Abd. Latif, M. (1995). Bamboos of peninsular malaysia. In Abd 
Razak, O. et al. (Eds), Planting and utilization of bamboo in peninsular malaysia. 
FRIM Research Pamphlet No. 118, 1-17. 

Abdul Khalil, H.P.S., Amouzgar, P., Jawaid, M., Abdullah, C.K., Issam, A.M., Zainudin, 
E.S., Paridah, M.T. & Hassan, A. (2012). Physical and thermal properties of 
microwave-dried wood lumber impregnated with phenol formaldehyde resin. 
Journal of composite materials 47 (28),  3565-3571. doi: 
10.177.0021998312467386. 

Abdul Khalil, H.P.S., Bhat, A.H., Jawaid, M., Parisa, A., Ridzuan, R. & Said, M.R. 
(2009). Agro waste: Mechanical and physical properties of resin impregnated oil 
palm trunk core lumber. Polymer Composites31 (2009), 638-644. 

Abdullah, C.K., Jawaid, M., Abdul Khalil, H.P.S., Zaidon, A. & Hadiyane, A. (2012). 
Oil palm trunk polymer composite: morphology, water absorption and thickness 
swelling behaviours. “Composite of Palm and Polymer”. BioResources7 (3), 
2948-2959. 

Adrianus, R., Tambunan, W., Supriyatin, L.K., Watimena, C., Sudrajat, H. & Yusuf, M. 
(2010). Durability assessment of chemically treated Bambusa blumeana. Journal 
of Fungal and Plant Biology 1 (2), 32-36. 



© C
OPYRIG

HT U
PM

 

102 

Ahmad, M. (2000). Analysis of calcutta bamboo for structural composite materials. 
Ph.D. dissertation, Virginia Polytechnic Institute and State University, 
Blacksburg. 

Aminuddin, M. (1995). Bamboo in Malaysia: Coversation status, biodeiversity base and 
strategic programme for improvement. FRIM Report No. 67.  

Anonymous, (2010). Use of bamboo as construction material. Retrieved from 
http://civil-resources.blogspot.com/2010/06/use-of-bamboo-as-construction-
material.html 

Anonymous, (1993a). British Standard EN 314-1: Plywood - Bonding quality Part 1: 
Test methods.  

Anonymous, (1993b). British Standard EN 314-2: Plywood. Bonding quality. 
Requirements. British Standards Institution 2013. Published: 15 April 1993. 
ISBN 0 580 21036 7. 

Anonymous. (1993c). BS EN 323:1993. Wood-Based Panels. Determination of Density. 
British Standards Institution. 15 April 1993. 0 580 21058, 12. 

Anonymous. (2001). EN ISO 179-1. Plastics -- Determination of Charpy impact 
properties -- Part 1: Non-instrumented impact test. ISBN 0 580 36902 1. 

Anonymous. (2013). BS EN 373: Method of Testing Small Clear Specimens of Timber. 
British Standard Instituition. ISBN 0 580 00684 0. 32. 

Anonymous. (2008). Indian Standard of Testing Round Bamboo. IS 6874: 2008. Indian 
Standard Instituition. Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi, 
110002. 

Anonymous. (1998). BS 6566-8.  Plywood. Part 8: Specification for Bond Performance 
of Veneer Plywood. British Standards Institution. Withdrawn date: 15 March 
1998. ISBN 0 580 14285 X. 

Anonymous. (1993). BS EN 317.  Particleboards and Fibreboards. Determination of 
Swelling in Thickness after Immersion in Water. British Standards Institution 
2013. Published:   15 Apr 1993. ISBN: 0 580 21136 3, 12.   

Anonymous. (2001). Cultivation and integrated utilization on bamboo in China. China 
National Bamboo Research Centre, Hangzhou.  

Anonymous. (2006).Improving bamboo quality and rural incomes. International 
Network for Bamboo and Rattan. INBAR Technology Pages.Retrieved from 
http://www.inbar.int/livelihood/Vilbampres.pdf. 

Anonymous. (2008). Malaysian Timber Council (MTC). Retrieved from 
http://www.mtc.com.my/industry/index.php?option=com_contentandview=artic
leandid=72:specifications-of-popular-malaysian-timber--



© C
OPYRIG

HT U
PM

 

103 

mechanicalpropertiesandcatid=39:specifications-of-popular-malaysian-
timberandItemid=64. 

Anonymous. (2014). Retrieved from http://www.Theconverstation.com.

Anonymous. (2012). Retrieved from http://www.gypsum.org/wp/wp-
content/uploads/2011/11/AbuseAndImpactResistantGWB.pdf. 

Anonymous.(2000). Timber life exterior. Material safety data sheet. 

Anthony, M.B. & Fowler, W. (2007). Engineering mechanics: Dynamics (5th Edition). 
ISBN-13: 978-0135143537.

Anwar, U.M.K.,  Zaidon, A., Paridah, M.T. & Razak, W. (2004). The Potential of 
utilizing bamboo culm (Gigantochloa scortechinii) in the production of structural 
plywood. J. Bamboo Rattan 3: 384-393. 

Anwar, U.M.K., Zaidon, A., Hamdan, H. & Mohd Tamizi, M. (2005). Physical and 
mechanical properties of Gigantochloa scortechinii bamboo splits and strips. 
Journal Of Tropical Forest Science 17: 1–12. 

Anwar, U.M.K., Paridah, M.T., Hamdan, H., Sapuan, S.M. & Bakar, E.S. (2009). Effect 
of curing time on physical and mechanical properties o phenolic treated bamboo 
strips. Ind, Crop. Prod 29: 214-219. 

Anwar, U.M.K., Salim, H., Hamdan, H. & Abd.Latif, M. (2011). Effect of outdoor 
exposure on some properties of resin-treated plybamboo. Industrial Crops and 
Products 33 (2011): 140–145. Forest Research Institute Malaysia and Oklahoma 
State University. 

Anwar, U.M.K., Paridah, M.T., Hamdan, H., Zaidon, A., Roziela,H.A. & Nordahlia, 
A.S. (2012). Adhesion and bonding properties of low molecular weight phenol 
formaldehyde-treated plybamboo. Journal of Tropical Forest Science. Vol. 24, 
No. 3 (July 2012), 379-386.

Archila, H.A., Brandon, D., Ansell, M., Walker, P. & Ormondroyd, G. (2015). 
Evaluation of the mechanical properties of cross laminated bamboo panels by 
digital image correlation and finite element modelling. In: World Conference on 
Timber Engineering (WCTE) 2014, 10-14 August 2014. Quebec City. 

Armada, A. (1995). Hierarchical functionally gradient structures of bamboo. Barley and 
Corn.  MRS Bulletin 20 (1995): 35-36. 

Aschheim, M., Maria Gil-Martin, L., & Hernandez-Montez, E. (2010). Engineered 
bamboo I-Joists. J. Struct. Eng., 136(12), 1619–1624. 

Azmy, M., Abd. Razak, O. & Razak, W. (1994). Siri kenali alam ( FRIM-PFP) BULUH, 
Fajar Bakti Sdn Bhd, Shah Alam, Selangor.



© C
OPYRIG

HT U
PM

 

104 

Azmy, M., Hall, J.B., Othman, S., Razak W. & Wan Rashidah Wan, A.B.K. (2007). 
Quality management of the bamboo resource and its contribution to 
environmental conservation in Malaysia. Management of Environmental 
Quality: An International Journal ,Vol. 18(6): 643-656.

Azmy, M., Sulaiman, O., Razak, W. & Rokiah, H. (2011). Physical characteristics and 
weight relationship of Gigantochloa scortechinii(Buluh semantan) in 1-, 2- and 
3-year-old natural stand bamboos. Pertanika Journal of Agricultural Science34: 
25–32. 

Bakar, E.S., Tahir, P.M.T., Sahri, M.H., Mohd Noor, M.S.& Zulkifli, F.F.(2013a). 
Properties of resin impregnated oil palm wood (Elaeis Guineensis Jack). 
Pertanika J. Trop. Agric. Sci. 36 (S): 93 - 100 (2013) ISSN: 1511-3701 © 
Universiti Putra Malaysia Press. 

Bakar, E.S., Jun, H., Zaidon, A. & Adrian, C.C.Y. (2013b). Durability of phenolic-resin-
treated oil palm wood against subterranean termites a white-rot fungus. 
International Biodeterioration & Biodegradation 85 (2013),126-130. 

Bakar, E.S., Sahrani, M.D. & Zaidon, A. (2013c). A practical method and apparatus for 
converting bamboo culms into flat sheets for laminated bamboo timber 
production. The 21st International Wood Machining Seminar (IWMS-21), 
August 4-7, 2013, Tsukuba, Japan. 171-179. 

Baker, D.E. & Honeyford, D.E. (1984). Adhesive requirements for overlaying plywood. 
In: Gillespie, R.M. (Ed.), Adhesives for wood; research, application, and needs. 
Noyes Pub., New Jersey, 79-84. 

Bansal, A.K., & Prasad, T.R.N. (2004). Manufacturing laminates from sympodial 
bamboo - An indian experience. Journal of Bamboo & Rattan (VSP International 
Science Publishers) 3.1: pp. 13–22. 

Barelli, B.G. (2009). Design para a sustentabilidade: Modelo de cadeia produtiva do 
bambu laminado colado (BLC) e seus produtos. Bauru: UNESP (Brazil). 

Barreto, W. (2003). Evaluación de la guadua laminada pegada aplicada a propuesta de 
reticulado plano. Universidad Nacional de Colombia. Facultad de Artes. Escuela 
de Arquitectura y Urbanismo, Colombia. 

Bhat, A.H., Mustafa, M.T., Mohmod, A. L. & Abdul Khalil, H.P.S. (2011). 
Spectroscopic, thermal, and anatomical characterization of cultivated bamboo 
(Gigantochloa spp.)Bioresource. (2011) 6(2): 1752-1763. 

Bhat, A.H., Abdullah, C.K., Abdul Khalil, H.P.S., Hakimi Ibrahim, M. & Nurul Fazita, 
M.R. (2010). Properties enhancement of resin impregnated agro waste: oil palm 
trunk lumber. Journal of Reinforced Plastic and Composites 2010; 29 (22): 3301-
3308. 



© C
OPYRIG

HT U
PM

 

105 

Bodig, J. (1962). Wettability related to gluability of five philippine Mahoganies. Forest 
Prod.J. 12(6): 265-270. 

Bodig, J. & Jayne, B.A. (1982). Mechanics of wood and wood composites. Van Nostrand 
Reinhold Company, NY. pp. 712. 

Bohannan, B. & Moody, R.C. (1970). Large glued-laminated timber beams with two 
grades of tension laminations. Published in Madison, Wis., Forest Products 
Laboratory, 1969. pp. 44. 

Bowles, K.J. & Frimpong, S. (1992). Void effects on the interlaminar shear strength of 
unidirectional graphitefiber-reinforced composites. J. Camp. Mater., 26 (1992) 
1487-1509. 

Chaowana, P. (2013). Bamboo: An Alternative raw material for wood and wood-based 
composites.Journal of Materials Science Research Vol. 2, No. 2; 2013 ISSN 
1927-0585 E-ISSN 1927-0593 Published by Canadian Center of Science and 
Education. 

Chauhan, L., Dhawan, S. & Gupta, S. (2000). Effect of age on anatomical and physico 
mechanical properties of three indian bamboo species. Journal of the T.D.A., Vol. 
46: 11-17. 

Chen, H. Miao, M. & Ding, X. (2011). Chemical treatments of bamboo to modify its 
moisture absorption and adhesion to vinyl ester resin in humid environment. 
Journal of Composite Materials 0 (0): 1-10. DOI: 10.1177/0021998310385023. 

Chen, X., Wang, Z. & Maxim, L. (2000). Preliminary study on the manufacture of 
bamboo panel components for prefabricated house. 

Chen, Y.D. & Qin, W.L. (1985). The chemical composition of ten bamboo species. 
Proceedings of the international bamboo workshop, Oct. 6-14, Hangzhou, China: 
110-113.

Chow, P., Bao, Z., Youngquist, J.A., Rowell, R.M., Muehl, J.H., & Krzysik, A.M. 
(1996). Properties of hardboards made from acetylated aspen and southern pine. 
Wood and Fiber Sci. 28(2):252–258. 

Christiansen, A.W. and Gollob, L. (1985). Differential scanning calorimetry of phenol-
formaldehyde resols. Journal of Applied Polymer Science 30(6), 2279-2289. 

Collett, B.M. (1972). A review of surface and interfacial adhesion in wood science and 
related field. Springer-Verlag, Wood Sci.Technol. 6:1-42. 

Collins, P.J. (1996). Current research activities on wood adhesives at CSIRO. 25th 
Forest Research Conference, 18–21 November 1996, Victoria, Australia. 

Conley, R.T. (1970). Thermal stability of polymers. New York . Maxcel Decker. 1970 
(Chapter 11). 



© C
OPYRIG

HT U
PM

 

106 

Correal, J. & Lopez, L. (2008). Mechanical properties of columbian glued laminated 
bamboo. Proceedings of the First International Conference. Modern Bamboo 
Structures. Taylor and Francis (2008): 121–127. ISBN: 978-0-415-47597-6. 
DOI: 10.1201/9780203888926.pt3. 

Das, M. & Chakrabarty, D. (2008). Thermogravimetric analysis and weathering study 
by water immersion of alkali-treated bamboo strips. Bioresources 3 (4), 1051-
1062. 

Deka, M,. Das, P. & Saikia, C.N. (2003). Studies on dimensional stability, thermal 
degradation and termite resistant properties of bamboo (Bambusa Tulda Roxb.) 
treated with thermosetting resins. J. Bamboo and Rattan, Vol. 2, No. 1, (2003): 
29-41.  

Deka, M. & Saikia, C.N. (1999). Effect of amino resin treatment on the dimensional 
stability and strength property of wood. Indian J. Chem. Technol. 6, (1999): 75–
78.  

Deka, M. & Saikia, C.N. (2000). Chemical modication of wood with thermosetting resin: 
Effect on dimensional stability and strength property. Bioresource Technol. 73, 
(2000): 179–181.  

Du, C. (2011). A study on sliced bamboo veneer-chinese fir glulam composite panel. 
Advanced Research Material Vols. 168-170 (2011), 2033-2036.  

Du, C. & Jin, C. (2013). Study on medium density radial bamboo curtain composite 
plybamboo.Advanced Research Material Vols. 690-693 (2013), 734-737. 

Ehrenstein, G.W., Riedel, G. & Trawiel, P. (2003). Praxis der thermischen analyse von 
kunststoffen, second ed.Carl Hanser Verlag, München, 2003. 

Ellis, S. (1993). The performance of waferboard bonded with powdered phenol-
formaldehyde resins with selected Mwdistributions. For. Prod. J. 43(2):66-68. 

Espiloy, Z.B. (1994). Effect of age on the physic-mechanical properties of some 
philippine bamboo. In Proceedings of the 4th International Bamboo Workshop, 
Bamboo in Asia and the Pacific. Chiangmai, Thailand. 27-30 November 1991. 
Forestry Research Support Programme for Asia and the Pacific, Bangkok, 180-
182. 

Fisher, T., Hajaligol, M., Waymack, B. & Kellogg, D. (2002). Pyrolysis behaviour and 
kinetics of biomass derived materials.  J. Anal. Appl. Pyrol., 62, 331 (2002), 331-
349. 

Freeman, H.G. & Wangaard, F.F. (1960). Effect of wettability of wood on glue-line 
behavior of two urea resins. Forest Prod.J. 10(6): 311-315. 

Furuno, T., Imamura, Y. & Kajita, H. (2004). The modification of wood by treatment 
with low molecular weight phenol formaldehyde resin: A properties enhancement 



© C
OPYRIG

HT U
PM

 

107 

with neutralized phenolic-resin and resin penetration into wood cell walls. Wood 
Sci Technol 37 (2004): 349-361. 

Gabrielli, C.P. & Kamke, F.A. (2010). Phenol-formaldehyde impregnation of densified 
wood for improved dimensional stability. Wood Sci. Technol (2010): 44:95-104. 
DOI 10.1007/s00226-009-0253-6.

Ganapathy, P.M., Zhu, H.M., Zoolagud, S.S., Turcke, D. & Espiloy, Z.B. (1999). 
Bamboo panel boards -A state of the art review. Technical Report No. 12. 
International Network for Bamboo and Rattan: 1-119.

Ghiorse, S.R. (1993). Effect of void content on the mechanical properties of 
carbon/epoxy laminates. SAMPE Quart. (1993) 54-9. 

Gindl, W. (2010). Tensile shear strength of UF and MUF-bonded veneer related to data 
of adhesives and cell walls measured by nanoindentation. Holzforschung 64 (3): 
337-342. 

Gindl, W., Muller, U. & Teischinger, A. (2007). Transverse compression strength and 
fracture of spruce wood modified by melamine-formaldehyde impregnation of 
cell walls. Wood Fiber Sci. 35(2): 239-246. 

Gnanaharan, R. & Janssen, J.J.A.  (1994).  Bending strength of guadua bamboo: 
Comparison of different testing procedures. INBAR working paper No. 3: 30p. 
(KFRI Scientific Paper No. 688). 

Graciela Ines Bolzon de, M., Setsuo, I., Lívia Cássia, V., Mário, A., Cristiane, W. & 
Vanessa Coelho, A. (2013). Production of plywood panels from Pinus taeda
using veneers of differing densities and phenol-formaldehyde resin with high and 
low molecular weights. CERNE, Vol. 19(2), 315-321.  

Gollob, L. (1989). The correlation between preparation and properties in phenolic resins. 
In: Pizzi, A. (Ed.), Wood adhesives, chemistry and technology, vol. 2. Marcel 
Dekker, New York, 121-153. 

Gonzalez, G.E. (2003). Plybamboo wall panelling for housing. Ph.D. Thesis. Eidhoven 

Gooch, J.W. (2007). Encyclopedic dictionary of polymers. Springer-Verlag 2007, 
10.1007/978-0-387-30160-0_12187. 

Guan, M.J.& Zhu, E.C. (2008). Flexural properties of bamboo sliver laminated lumber 
under different hygrothermal conditions. Modern Bamboo Structures in 1st 
International Conference on Modern Bamboo Structures. Doi. 
10.1201/9780203888926.ch16, 151-157. 

Gupta, A. & Kumar, A. (2008).  Potential of bamboo in sustainable development : 
Volume 4. Asia-Pacific Institute of Management. ISSN: 0973-2470.



© C
OPYRIG

HT U
PM

 

108 

Hamdan, H. (2004). Characterizing the mechanical properties and behavior of 
Gigantochloa scortechinii bamboofor structural application. PhD University of 
Wales, U.K. 

Hammett, A. L., Youngs, R. L., Sun, X. F. & Chandra, M. (2001). Non-wood fibre as an 
alternative to wood fiber in China’s pulp and paper industry. Holzforschung
55(2): 219−224.

Han, S.C., Tabiei, A. & Park, W.T. (2008). Geometrically nonlinear analysis of 
laminated composite thin shells using a modified first-order shear deformable 
element-based Lagrangian shell element. Composite Structures, vol. 82, no. 3, 
465–474. 

Hauptt, R.A. & Sellers, T. (1994). Characterizations of phenol-formaldehyde resol 
resins. Ind. Eng. Chem. Res. 1994, 33: 693-697. 

Hassan, G.A., Fahmy, M.A. & Goda, I.M. (2013). The effect of fiber orientation and 
laminate stacking sequences on the torsional natural frequencies of laminated 
composite beams. Journal of Mechanical Design and Vibration, 1(1), 20-26. 

Haygreen, J.G. & Bowyer, J.L. (1996). Hasil hutan dan ilmu kayu, Suatu pengantar. 
Terjemahan Gadjah Mada University Press. Yogjakarta. 

Hill, C.A.S. (2011). Wood Modification. Bioresources 6 (2): 918-919. 

Hill, C.A.S.(2006). Modifying the properties of wood. Inwood modification: chemical, 
thermal and other processes. London. John, Wiley and Sons Ltd., England, 19-
44. 

Hiroshi, S., Masaharu, O., Hiroshi, T., Kiyoharu, F., Yutaka, K., Makoto K., Yasushi H. 
&Atsushi, M. (2009). Improvement of dimensional stability and weatherability 
of composite board made from water-vapor-exploded wood elements by liquefied 
wood resin impregnation.Journal Wood Science (2009) 55,190–196. Doi 
10.1007/s10086-008-1017-x.

Hoong, Y. B., Loh, Y. F., Paridah, M. T., & Jalaluddin, H. (2012). Development of a 
new pilot scale production of high grade oil palm plywood: Effect of pressing 
pressure. Materials & Design, 36, 215-219. 

Huda, S., Reddy, N. & Yang, Y. (2012). Ultra-light-weight composites from bamboo 
strips and polypropylene web with exceptional flexural properties. Composites 
Part B: Engineering, April 2012, 43(3), 1658-1664. 

Inoue, M., Norimoto, M., Otsuka, Y. & Yamada, T. (1991). Surface compression of 
coniferous lumber III; Permanent set of the surface compression layer by a water 
solution of low molecular weight of phenolic resin. Mokuzai gakkaishi 37(3): 
234-240. 



© C
OPYRIG

HT U
PM

 

109 

Ishak, M.R., Leman, Z., Sapuan, S.M., Rahman, M.Z.A., Anwar, U.M.K.& Akhtar, R. 
(2013). IFSS, TG, FT-IR spectre of impregnated sugar palm (Arenga pinnata)
fibres and mechanical properties of their composites. J. Therm. Anal. Calorim.
(2013) 111: 1375-1383. 

Jagadeesh, H.N. & Ganapathy, P.M. (1995). Traditional bamboo based walling/flooring 
systems in building and research needs. In Ramanuja Rao, I.V., Sastry, C.B., 
Ganapathy, P.M. & Janssen, J. J.A. (Eds.), Bamboo, people and the environment. 
Proc. 5th Intl. Bamboo Workshop and the 4 International Bamboo Congress 
Ubud, Bali, Indonesia. 19-22 Jun, 20-32.  

Jain, S., Kumar, R. & Jindal, U.C. (1992). Mechanical behaviour of bamboo and bamboo 
composite. Journal Materials Science 27 (1992): 4598-4604. 

Jamaludin, K., Abd. Latif, M., Norulhuda, N. & Harun, J. (1997). The effect of age, 
resin, wax content on properties of particleboard from one, two, three and four-
year-oldBambusa vulgaris. J. Trop. Forest Prod., 3: 178-185. 

Jamaludin, K., Abd. Jalil, A., Jalaludin H., Zaidon A., Abd. Latif, M. & Mohd Nor M.Y. 
(2001). Properties of particleboard manufactured from commonly utilized 
malaysian bamboo (Gigantochloa scortechinii). Pertanika J. Trap. Agric. Sci.
24(2): 151 – 157. 

Jamatia, S. (2012). Livelihood of the bamboo base: challenges and oppurtunities. 
International Network for Bamboo and Rattan. Pp. 1-19. 

Janssen, J.J.A.(2000). Designing and building with bamboo. INBAR Technical Report 
20. 

Janssen, J.J.A. (1995). A handbook: Building with bamboo. 2nd edition. London: 
Intermediate Technology Publications,  

Jayanetti, D.L. & Follett, P.R. (1998). Bamboo in construction: An introduction. 
Buckinghamshire: TRADA Technology, 1998. 

Jin, T., Yuhai, M., Donghui, C., Jiyu, S. & Luquan, R. (2005). Effect of vascular fiber 
content on abrasive wear of bamboo.Wear, 259 (2005), 78-83. 

Jones, R.M. (1975). Mechanics of composite materials. McGraw-Hill. New Yok. 1975. 
301-3: 73-83. 

Kaith, B.S., Singha, A.S., Kumar, S., & Misra, B.N. (2005). FAS-H2O2 initiated graft 
polymerization of methylmethacrylate onto flax and evaluation of some physical 
and chemical properties. J. Poly. Materials. 22, 425–432. 

Kajita, H. & Imamura, Y. (1991). Improvement of physical and biological properties of 
particleboards by impregnation with phenolic resin. Wood. Sci. Technol. 26 
(1991), 63-70. 



© C
OPYRIG

HT U
PM

 

110 

Kamaruzzaman, M., Saha, S.K., Bose, A.K. & Islam, M.N. (2008). Effects of age and 
height on physical and mechanical properties of bamboo. Journal of Tropical 
Forest Science20, 211–217.  

Katsman, H.A., Mallon, J.J. & Barry, W.T. (1995). Polyacetylene – matrix composites 
for solid rocket motor compenants. J. Adv. Mater. 21. 

Khanam, P. N., Abdul Khalil, H.P.S., Ramachandra, R.G. & Naidu, S.V. (2011). Tensile, 
flexural and chemical resistance properties of sisal fibre reinforced polymer 
composites: Effect of fibre surface treatment. Polymer Environment (2011), 19: 
115-119. 

Khosravi , P. & sedaghati, R. (2008). Design of laminated composite structures for 
optimumfiber direction and layer thickness, using optimality criteria. Struct. 
Multidisc. Optim. (2008) 36:159–167. 

Kilic, M. (2011). The effects of the force loading direction on bending strength and 
modulus of elasticity in laminated veneer lumber (LVL). Bioresources 6 (3), 
2805-2817. 

Kim, S. (2009). Environment-friendly adhesives for surface bonding of wood-based 
flooring using natural tannin to reduce formaldehyde and TVOC emission. 
Bioresource Technology 100 (2009), 744–748. 

Kim, S. & Kim, H.-J. (2006). Thermal stability and viscoelastic properties of MF/PVAc 
hybrid resins on the adhesion for engineered flooring in under heating system; 
ONDOL. Thermochimica Acta 444 (2006), 134–140. 

Kozlowski, R. & Wladyka-Przybylak, M. (2004). Uses of natural fiber reinforced 
plastics. In Wallenberger, F.T. & Weston, N.E. (Eds.), Natural fibers, plastics 
and composites, Norwell: Kluwer Academic Publishers, 2004,  249–274. 

Lee, A.W.C. & Liu, Y. (2003). Selected physical properties of commercial bamboo 
flooring. (Technical Note) Forest Products Society 2003. Forest Prod. J.
53(6):23-26. 

Lee, C.H., Chung, M.J., Lin, C.H., & Yang, T.H. (2012). Effects of layered structure on 
the physical and mechanical properties of laminated moso bamboo (Phyllosachys 
edulis) flooring. Construction and Building Materials 28 (2012), 31–35. 

Li, X. (2004). Physical, chemical, and mechanical properties of bamboo and its 
utilization potential for fiberboard manufacturing. Master of Science Thesis, 
Louisiana State University. Available at http://etd.lsu.edu/docs/available/etd-
04022004-144548/unrestricted/ Li_thesis.pdf .

Liese, W. (1998). The anatomy of bamboo culms. Technical Report 18. International 
Network for Bamboo and Rattan, Indian: 204. 



© C
OPYRIG

HT U
PM

 

111 

Liese, W. (1987). Research on bamboo. Wood Sci. Technol. 21: 189-209 (1987). 
Hamburg, FRG: 189- 209. 

Liu, J. & Wang, Y. (2004). Dimensional stability of surface-compressed wood by PF 
resin treatment. China Wood Industry 18 (6), 5-8.

Loh, Y.F., Paridah, M.T., Hoong, Y.B. & Adrian, C.C.Y.  (2011). Effects of treatment 
with low molecular weight phenol formaldehyde resin on the surface 
characteristic of oil palm (Elaeis quineensis) stem veneer. Materials and Designs
32 (2011), 223-227.  

Losada, J.H.A. (1993). Arquitectura de bambú: vigencia del bambú como hecho 
constructivo. Barcelona: ETSAB/UPC. 

Mahdavi, M., Clouston, P.L. & Arwade, S.R. (2012). Low-technology: Anapproach 
toward fabrication of laminated bamboo lumber. Construction and Building 
Materials 29(0); (2012), 257-262. 

Makinejad, M.D., Salit, M.S., Ahmad,D., Ali, A., & Abdan, K. (2009). A review of 
natural fibre composites in automotive industry. Research on Natural Fibre 
Reinforced Polymer Composites. 2009: 28. 

Maloney, T.M. (1993). Modern particleboard and dry-process fiberboard manufacturing 
(updated edition). Miller Freeman, San Francisco.

Mansur, A. (2000). Analysis of calcutta bamboo for structural composite 
materials. Masters thesis, Universiti Teknologi Mara.

Mansur, A. & Kamke, F.A. (2005). Bamboo as a construction material: Strength analysis 
of parallel strand lumber from calcutta bamboo (Dendrocalamus strictus). Inter 
American Conference on Non-Conventional Materials and Technologies in 
Ecological and Sustainable Construction IAC-NOCMAT 2005 – Rio.

Marra, A.A. (1992). Technology of wood bonding - Principles in practice. Van Nostrand 
Reinhold; 1992. 

Mittal, K.L. (2000). Polymer surface modification: Relevance to adhesion. Vol 2. VSP, 
Utrecht, 2000. 

Mohd Nor, M.Y., Azizol, A.K. & Azmy, M. (1992). Utilization of bamboo for pulp and 
paper and medium density fibreboard. In Wan Razali, W.M. & Aminuddin, M. 
(Eds.),Towards the management,conservation, marketing and utilization of 
bamboos. Proceedings of the First National Bamboo Seminar held in FRIM. 2−4 
November 1992. Forest Research Institute Malaysia, Kepong, 196−205.

Myers, R.L. (2006). The basic of physic. Greenwood Publishing Group 2006, Pp. 106. 

Narakhara, C. & Fujii, Y. (1993). Insecticide treated wood. Chemical Abstracts 118 
(2),(1993), 8507. 



© C
OPYRIG

HT U
PM

 

112 

Nayak, A., Bajaj, A.S., Jain, A., Khandelwal, A. & Tiwari, H. (2013). Replacement of 
steel by bamboo reinforcement.IOSRJournal of Mechanical and Civil 
Engineering Vol. 8, Issue 1 (Jul. - Aug. 2013), 50-61.

Nieh, W.L.-S. & Sellers, T.(1991). Performance of flakeboard bonded with three PF 
resins of different mole ratios and Mws. For. Prod. J. 41(6): 49-53.

Nordahlia, A.S., Anwar, U.M.K., Hamdan, H., Zaidon, A., Paridah, M.T. & Abd Razak, 
O. (2011). Effects of age and height on selected properties of malaysian bamboo 
(Gigantochloa levis). Forest Research Institute Malaysia, Universiti Putra 
Malaysia.

Nor Hafizah, A.W., Paridah, M.T., Yeoh, B.H., Zaidon, A., Yuziah, M.Y., Anwar, 
U.M.K & Hamami, S. (2012). Adhesion charateristic of phenol formaldehyde 
pre-peg oil palm stem veneers.  Bioresources. 7 (4), 4545-4562. 

Norimoto, M., Grill, J. & Rowell, R.M. (1992). Rheological properties of chemically 
modified wood: Relationship between dimensional and creep stability. Wood 
Fiber Sci. 24, (1992), 25–35.

Norimoto, M. & Gril, J. (1993). Structure and properties of chemically treated woods. 
In Shiraishi, N., Kajita, H. & Norimoto, M. (Eds.), Recent Research on Wood and 
Wood-Based Materials. Elsevier, Barking, UK, 135-154. 

Norul Hisham, H., Othman, S., Rokiah, H., Abd. Latif, M., Ani, S., & Mohd. Tamizi, 
M. (2006). Characterization of bamboo Gigantochloa scortechinii at different 
ages. Journal of Tropical Forest Science, 18(4): 236-242.

Nugroho, N. & Ando, N. (2001). Development of structural composite products made 
from bamboo II: Fundamental properties of laminated bamboo lumber. J Wood 
Sci (2001); 47, 237–42.

Ohmae, K., Minato, K. & Norimoto, M. (2002). The analysis of dimensional changes 
due to chemical treatments and water soaking for hinoki (Chamaecyparis obtuse)
wood. Holzforschung. 56(1), 98-102.

Okhio, C.B., Waning, J.E & Mekonnen, Y.T. (2011). An experimental investigation of 
the moisture content on the mechanical properties of bamboo and cane. Cyber 
journals. Multidisciplinary Journals in Science and Technology, Journal of 
Selected Areas in Bioengineering (JSAB), November Edition, 2011.

Olajide, O.B., Ogunsanwo, O.Y. & Aina, K.S. (2013). Strength properties of thermal 
treated gluelam of bamboo - Bambusa vulgaris (schrad. ex j.c.wendl),
International Journal of Advanced Biological Research, Vol 3 (2) 2013: 281-288. 

Onsy, R.L. & Tran-Cong, T. (2002). Finite strip elements for laminated composite plates 
with transverse shear strain discontinuities. Composite Structures, vol. 56, no. 3: 
249–258.



© C
OPYRIG

HT U
PM

 

113 

Parameswaran, N. & Liese, W. (1976). On the fine structure of bamboo fibres. Wood 
Science and Technology Vol. 10 (1976), 231-246.

Paridah, M.T. &Anis, M. (1998). Process optimization in the manufacturing of plywood 
from oil palm trunk. In: Proceedings of the 7th national seminar on the utilization 
of oil palm tree, kuala lumpur, malaysia, Oil Palm Tree Utilization Committee 
(OPTUC), (1998), 12-24. 

Paridah, M.T., Chin A.M.E. & Zaidon, A. (2001). Bonding properties of Azadiractha 
excelsa. Journal of Forest Products 7: 161–171. 

Paridah, M.T., Ong, L.L., Zaidon, A., Rahim, S. & Anwar, U.M.K. (2006). Improving 
the dimensional stability of multi-layered strand board through resin 
impregnation. Journal Of Tropical Forest Science 18 (3); (2006): 166-172. 

Paridah, M.T., Nor hafizah, A.W., Zaidon, A., Azmi, I., Mohd Nor, M.Y. & Nor Yuziah, 
M.Y. (2009). Bonding properties and performance of multi-layered kenaf board. 
Journal of Tropical Forest Science 21 (2), 113-122. 

Park, B.D., Riedl, B., Kim, Y.S. & So, W.T. (2002). Effect of synthesis parameters on 
thermal behaviour of phenol formaldehyde resole resin. Journal of Applied 
Polymer Science, Vol 83, 1415-1424 (2002). DOI 10.1002/app.2302. 

Park, B.D., Riedl, B., Hsu, E.W. & Shields, J. (1998). Effects of weight average 
molecular mass of phenol-formaldehyde adhesives on medium density fiberboard 
performance. Holz als Roh- und Werkstoff 56 (1998): 155-161. 

Platts, J. (2008). Sustainable growth. Eng. Technol.,Vol. 3 (18), Doi:  
10.1049/et:20081812, 66–67. 

Poncsak. S., Shi, S.Q. & Kocaefe, D. (2007). Effect of thermal treatment of wood 
lumbers on their adhesive bond strength and durability. J. Adhes Sci Technol
2007; 21 : 745-754. 

Purushotham, A. (1963). Prelimary note on some experiments using bamboo as 
reinforcement in cement concrete. J. Timb. Dryer’s Pres. Assoc. India 9, (4), 3-
14. 

Rafidah, S., Zaidon, A., Hashim, W.S., Razak, W. & Roziela, H.A. (2010). Effect of oil 
heat treatment on physical properties of semantan bamboo (Gigantochloa 
scortechinii GAMBLE). Modern Applied Sci. J.: 4.

Rahman, M.R., Hamdan, S., Ahmad, A.S. & Islam, M.S. (2010). Mechanical and 
biological performance of sodium metaperoidate-impregnated plasticized wood 
(PW). Bioresoureces 9(2): 1022-1035. 

Rammer, D.R. (1996). Shear strength of glue-laminated timber beams and panels, Gen. 
Tech. Report FPL-GTR-94. Madison, Wisconsin. Retrieved from 
http://www.Woodcenter.org/docs/ramme96c. pdf. 



© C
OPYRIG

HT U
PM

 

114 

Rassiah,  K., Megat Ahmad, M.M.H. & Aidy, A. (2014). Mechanical properties of 
laminated bamboo strips from Gigantochloa scortechinii/polyester composites. 
Materials and Design 57 (2014), 551–559. 

Ray, A.K., Mondal, S., Das, S.K. & Ramachandrarao, P. (2005). Bamboo-A functionally 
graded composite, correlataion between microstructure and mechanical strength. 
Journal of Material Science, Vol. 40, 5249-5253. 

Razak, W., Hashim, W.S., Tarmeze, W.W.A. & Tamizi, M.M. (1998). Industri 
pembuatan pepapan laminasi buluh. FRIM, Malaysia, 33. 

Razak, W. (1998). Effect of selected preservatives on the durability of Gigantochloa 
scortechinii. Ph.D. Imperial College of Science, Technology and Medicine, 286.

Razak, W., Hashim, W.S., Wan Tarmeze, W.A. & Tarmizi, M. (1997). Industri 
pembuatan pepapan laminasi buluh, FRIM Tech. Inform. Handbook No. 11. 
Forest Research Institute, Malaysia Kepong, 33. 

Razak, W., Janshah, M., Mahmud, S. & Hashim, W.S. (2006). Strength properties of 
preservative treated Gigantochloa scortechinii after vacuum impregnation 
process. International Journal of Agricultural Research, 1: 8-13. 

Razak, W., Mohd Tamizi, M., Mohammed Abdus, S.,  Mahmud, S., Hashim, W.S. & 
Mohd Sukhairi, M.R. (2013). Chemical composition of four cultivated tropical 
bamboo in genus gigantochloa. Journal of Agricultural Science Vol. 5, No. 8; 
(2013). 

Razak, W., Tarmizi, M & Hashim, W.S. (2006). Bending and compression strengths of 
preservatives treated bamboo Gigantochloa scortechiniiGamble. Forest Research 
Institute Malaysia (FRIM) Kepong: 13. 

Remillard, G.W. (1992). Adhesive systems for LVL and veneer composites. In Faust, 
T.M. (Ed), Two sided of the Profit Coin: Processing and Products/Markets. 
Proceedings of Structural Panels and Composite Lumber. Sponsored by the 
Southeastern Section of the Forest Products Research Society. Atlanta, Georgia. 

Rittironk, S. & Elnieiri, M. (2007). Investigating laminated bamboo lumber as an 
alternate to wood lumber in residential construction in the united states. In: 
Proceedings of First International Conference on Modern Bamboo Structures, 
Changsha, China; 2007. p. 83–96. 

Roh, J.K. (2009). Effect of moisture content and density on the mechanical properties of 
veneer-bamboo zephyr composites. Forest Products Journal. 

Roland, J.-C., Vian, B., & Reis, D. (1975). Observations with cytochemistry and 
ultracryotomy on the fine structure of the expanding walls in actively elongating 
plant cells. J. Cell Sci. 19: 239-259. 



© C
OPYRIG

HT U
PM

 

115 

Rowell, R.M. & Banks, W.B. (1985).  Water repellency and dimensional stability of 
wood.Gen. Tech. Rep. FPL-50. Madison, WI: U.S. Department of Agriculture, 
Forest Service, Forest Products Laboratory; (1985), 24. 

Roziela, H.A., Zaidon, A., Abood, F. & Anwar, U.M.K. (2010). Adhesion and bonding 
characteristics of preservative-treated bamboo (Gigantochloa scortechinii)
Laminates. Journal of Applied Sciences, 10, 1435-144. 

Ryu, J.Y., Imamura, Y., Takahashi, M. & Kajita, H. (1993). Effects of molecular weight 
and some other properties of resins on the biological resistance of phenolic resin 
treated wood.Mokuzai Gakkaishi 39(4), 486–492. 

Ryu, J.Y., Takahashi, M., Imamura, Y. & Sato, T. (1991). Biological resistance of 
phenol-resin treated wood. Mokuzai gakkaishi 37(9), 852-858. 

Sakuno, T.& Moredo, C.C. (1993). Bonding of selected tropical woods—Effects of 
extractives and related properties. In Chung, Y.H., Branham, S.J.& Chun, 
C.(Eds), Adhesive technology and bonded tropical wood products. 25–28 May 
1993, Taipei. 166–189.

Satish, K. & Dobriyal, P.B. (1992). Preservative treatment of bamboo for structural uses. 
Wood Preservation Branch, Forest Research Institute,Dehradun 248 006, India.

Sattar, M.A. (1995). Traditional housing in asia: Present status and future prospects. In 
Ramanuja Rao, I.V. & Sastry, C.B. (Eds.), Bamboo, people, the environment.
Vol. 3. INBAR Technical report No. 8.  

Schneider, M.H. & Brebner, K. I. (1985). Wood polymer combination: The chemical 
modication of wood by alkoxysilane coupling agents. Wood Sci. Technol. 19, 67–
73. 

Sen, H.N.T., & Reddy, J. (2011). Application of sisal, bamboo, coir and jute natural 
composites in structural upgradation. International Journal of Innovation, 
Management and Technology. June 2011; 2(3), 186-191. 

Shams, M.I. & Yano, H. (2009). A new method for obtaining high strength phenol 
formaldehyde resin-impregnated wood composites at low pressing pressure. 
Journal of Tropical Forest Science 21 (2), (2009), 175-180. 

Shams, M.I. & Yano, H. (2011). Compressive deformation of phenol formaldehyde (PF) 
resin-impregnated wood related to the molecular weight of resin. Wood Sci. Tech.
45, 73-81. 

Shams, M.I., Kagemori, N. & Yano, H. (2004). Compressive deformation of wood 
impregnated with low molecular weight phenol formaldehyde (PF) resin: Effects 
of pressing pressure and pressure holding. J. of Wood Sci. 50, 337-342. 



© C
OPYRIG

HT U
PM

 

116 

Sharma, Y.M.L. (1980). Bamboo in asia pacific region. In Lessard, G. and Chouiard, A. 
(Eds.), Bamboo research in asia. World Publications, Singapore: 99–120. 

Sinha, A., Way, D. & Skyler, M. (2014). Structural performance of glued laminated 
bamboo beams. J. Struct. Eng. Vol.140. American Society of Civil Engineers.
DOI: 10.1061/(ASCE)ST.1943-541X.0000807, 1-8.

Sreekala, M.S., Kumaran, M.G. & Thomas, S. (2002). Water sorption in oil palm fiber 
reinforced phenol formaldehyde composites. Journal of Applied Polymer Science
85, 763-77. 

Stamm, A.J. & Seborg, R.M. (1955). Resin-treated laminated compress wood 
(compreg). Forest Product Lab. Report 1381 Rev. 

Sulaiman, O., Salim, N., Hashim, R., Yusof, L.H.M., Razak, W., Yunus, N.Y.M., 
Hashim, W.S. & Azmy, M. (2009). Evaluation on the suitability of some 
adhesives for laminated veneer lumber from oil palm trunks. Materials and 
Design 30 (2009), 3572–3580. 

Sulastiningsih, I.M. & Nurwati S.P. (1996). Effect of wood layer on the laminated 
bamboo board properties. Bul. Penelitian Hasil Hutan (1996); 14,366–73. 

Sulastiningsih, I.M. & Nurwati, S.P. (2009). Physical and mechanical properties of 
laminated bamboo board. Journal of Tropical Forest Science 21, 3 (2009), 246-
251. 

Suzuki, S. & Itoh, T. (2001). The changes in cell wall architecture during lignification 
of bamboo, Phyllostachys aurea Carr. Trees. 15 (2001), 137 – 140. 

Tascioglu, C., Goodell, B. & Lopez, A.R. (2003). Bond durability characterization of 
preservatives treated wood and e-glass/phenoloc composite interface. J. 
Composite Sci. Technol., 63, 979-991. 

Thanate, R., Tanong, C. & Sittipon, K. (2006). An investigation on the mechanical 
properties of trunks of palm oil trees for furniture industry. Journal of Oil Palm 
Research, 114-121.  

Tjerk, R. (2014). The Role of Bamboo in Green Building Design. Retrieved from 
http://www.academia.edu/3295582/The_Role_of_Bamboo_in_Green_ 
Building_Design. 

Tomas, U. & Ganiron, J. (2014). Investigation on the physical properties and use of 
lumampao bamboo species as wood construction material. International Journal 
of Advanced Science and Technology Vol.72 (2014), 49-62. 

Uysal, B. (2005). Bonding strength and dimensional stability of laminated veneer 
lumbers manufactured by using different adhesives after the steam test. 
International Journal of Adhesion and Adhesives; 25 (2005), 395-403.  



© C
OPYRIG

HT U
PM

 

117 

Van Eckeveld, A. (2001). Natural oils as water repellents for scots pine. Wageningen. 
University, Thesis AV 2001-15, 30. 

Vanages, G. (2003). Gradua laminated investigation: Experiment on application. Thesis 
work in Architecture. University National of Columbia, Bogota. 

Vázquez, G., González-Álvarez, J., López-Suevos, F. & Antorrena, G. (2003). Effect of 
veneer side wettability on bonding quality of Eucalyptus globulus plywoods 
prepared using a tannin–phenol–formaldehyde adhesive. Bioresource 
Technology, 87 (3) (2003), 349–353. 

Verma, C.S. & Chariar, V.M. (2012). Development of layered laminated bamboo 
composite and their mechanical properties. Journal of Composites: Part B 43 
(2012), 1063-1069. 

Vicks, B. (1994). Phenolic adhesive bonds to aspen veneers treated with amion-resin fire 
retardants. Forest Products Journal. 44(1): 33- 40. 

Wakchaure, M.R. & Kute, S.Y. (2012). Effect of moisture content on physical and 
mechanical properties of bamboo. Asian Journal of Civil Engineering (Building 
and Housing) Vol 13, No 6  (2012), 753-763. 

Wan Tarmeze, W.A., Little, G.H. & Chan, A.H. (2005). Numerical analysis of bamboo 
and laminted bamboo strip lumber (LBSL). 

Wan Tarmeze, W.A., koh, M.P. & Mohd Tamizi, M. (1993). A prelimary study- 
improved rattan through phenolic resin impregnation. Journal of Tropical Forest 
Science 5 (4), 485. 

Wanchart, P., Pannipa, M., Buhnnum, K. & Niyom, K. (2006). Effects of polymer 
impregnation on properties of bamboo. Jou. Sci and tech 3(1) (2006), 79-91. 

Wang, J., Jiang, H., & Jiang, N. (2009). Study on the pyrolysis of phenol-formaldehyde 
(PF) resin and modified PF resin. Thermochimica Acta 496 (2009) 136–142.

Wang, Z. & Guo, W. (2003). Laminated panel manufacture of two kinds of bamboo for 
architecture material and property comparison. International Network for 
Bamboo and Rattan (INBAR), 5. 

Wicks, Z.W., Frank, J.R., Jones, N. & Pappas, S.P. (1999). Organic coatings science and 

technology, 3
nd

Edition, John Willey.ISBN 0470079061, 9780470079065, 656. 

Wu, G.F., Lang, Q., Qu, P., Jiang, Y.F & Pu, J. (2010). Effect of chemical modification 
and hot-press drying on poplar wood. Bioresources 5(4), 2581-2590. 

Xiao, Y. Zhou, Q. & Shan, B. (2009).  Design and construction of modern bamboo 
bridges. Journal of Bridge Engineering, Vol. 15, No. 5, September 1, 2010. 
©ASCE, ISSN 1084-0702/2010/5-533–541 



© C
OPYRIG

HT U
PM

 

118 

Xiao, Y., Shan, B., Chen, G., Zhou, Q. & She, L. (2008). Development of a new type 
glulam - glubam. Beijing, China: CRC Press. Modern Bamboo Structures,
(2008), 41-47.  

Xiao, H., Wang, W., & Chui, Y.H. (2007). Evaluation of shear strength and percent 
wood failure criteria for qualifying new structural adhesive. Research report 
2007. pp 1- 83.

Yang, H., Yan, R., Chen, H., Lee, D.H & Zheng, C. (2007).  Characteristics of 
hemicelluloses, cellulose and pyrolisis. Fuel. 2007; 86,1781-1788. 

Yang, J., Zhu, X. & Long, K. (2012). Modification of poplar wood reforced by PF resin.  
International Conference on Biobase Material Science and Engineering (BMSE), 
222-225. 

Yun, R. J., Munezoh, T. & Yuji, I. (1991). Biological resistance of phenol resin treated 
wood.Mokuzai Gakkaishi 37 (9), 852– 858. 

Zaidon, A., Anwar, U.M.K., Razak, W., Paridah, M.T. & Wong, E.D. (2003). Properties 
of Structural plywood made from bamboo (Gigantochloa scortechinii). Paper 
presented at IUFRO-All 5 Division Conference 11-15 Mac 2003, Rotorua, New 
Zealand. 

Zaidon, A., Bakar, E.S. & Paridah, M.T. (2010). Compreg laminates from low density 
tropical hardwoods. Proceedings of the International Convention of Society of 
Wood Science and Technology and United Nation Economic Commission for 
Europe Timber Committee. 11.14 October 2010, Geneva, 2010. 

Zaidon, A., Norhairul Nizam, A. M., Mohd Nor, M. Y., Abood, F., Paridah, M. T., Nor 
Yuziah, M. Y., &Jalaluddin, H. (2007a). Properties of particleboard made from 
pretreated particles of rubberwood, EFB and rubberwood-EFB blend. Journal of 
Applied Science, vol. 7, Issue 8, 1145-1151. 

Zaidon, A., Paridah, M.T., Anwar, U.M.K., Rafidah, D., Halimaton, H. & Rafidah M.S. 
(2007b). Effect of high temperature treatment on dimensional stability and 
bonding quality of bamboo strips. Journal of Bamboo and Rattan:Vol. 6, Issue 
3-4, 205-214. 

Zaidon, A., Razali, A.K. & Nizam, M.A.R. (2000). Bleaching and preservatives 
treatment on bamboo strips suitable for bamboo-rubberwood parquet product. 
Proceeding of the International Wood Science Symposium, Nov. 1-2, Uji, Kyoto 
Japan, 62-70. 

Zhang, Q. (1988). Study on plybamboo I. Journal of Nanjing Forestry University, 12(4): 
18- 20. 

Zhang, Q., Jiang, S. & Tang, Y.(1995). Industrial utilization of bamboo in China. 
Technical Report NO. 26.P28-33. China Forestry Publishing House, Beijing, 
China. 



© C
OPYRIG

HT U
PM

 

119 

Zhang, Q., Jiang, S. & Tang, Y.(2002). Industrial utilization on Bamboo. INBAR 
Technical report 26. Colour Max Publishers Ltd., Beijing China. 

Zhao, R. & Du, C. (2000). A comprehensive study of the effect of different component 
shapes on bamboo plywood. Journal of China Forest Products Industry,27(2), 
10–14. 

Zhu, H.M. (1995). Bamboo, people and the environment, engineering and utilization. 
Proceedings of the 5th International Bamboo Workshop and 4th International 
Bamboo Congress, June 19-22, Ubud, Bali, Indonesia, 86-95. 


