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Cross Laminated Timber (CLT) using mass timber has becoming more popular
due to various sustainability advantages and benefits, notably the speed and
ease with which CLT buildings can be constructed. This study evaluates the bond
integrity and strength properties of CLT made from tropical Acacia
mangium Willd. wood. In the preliminary study (Part 1), the bonding integrity of
the CLT were assessed by determining the surface wettability using contact
angle method, percent delamination and shear strength upon block shear test of
CLT. The evaluation of bonding characteristics was done on two types of
adhesive (PUR and PRF), three pressing pressures (0.9N/mm?, 1.2 N/mm?2,
1.5N/mm?), and three adhesive spread rates (150g/m?, 200g/m?, 250g/m?). Two
types of two-layer block shear samples were prepared with grain orientation
parallel (denoted as parallel laminated block) and perpendicular (denoted as
cross laminated block) to each other. The shear performance was conducted on
two loading directions: parallel to end grain and perpendicular to the grain of the
first layer. Additionally, delamination tests were performed on three-layer CLT to
assess the durability of bonds in severe environmental conditions. Tests were
conducted according to EN391 (Delamination test) and EN392 (Block shear
test). The ANOVA in preliminary study shows that among the parameters studied
(adhesive types, spread rate, pressing pressure and loading direction), only
adhesive types have significant effect on both the extent of delamination and
shear bond strength of the blocks. Whilst both adhesive spread rate and loading
direction have a marked influence on the shear strength but not on percent
delamination, irrespective of adhesive types. Loading direction appears to
greatly influence the shear bond values and wood failure percentage. The effects
was more pronounced in the parallel laminated block rather than cross laminated
block. The results also revealed that PRF-bonded laminated block experienced
lower percent delamination (50%) as compared to that bonded with one
component PUR (80%). PRF was found to be a more superior adhesive than
PUR irrespective of clamping pressure and loading direction. The superior
performance of PRF can be attributed to strong chemical bonding, stable and



better gap-filling properties. Based on the optimum parameters in preliminary
study, the larger sized (Part 2) were produced with (1000 (I) x280 (w) x54(t) mm),
three-layer CLT were fabricated using Acacia mangium lumbers and its physical,
mechanical and thermal properties were evaluated. Two types of adhesives were
used: one-component polyurethane (PUR) and phenol resorcinol formaldehyde
(PRF) as binders. Using a spread rate of 250g/m?, the CLT was pressed at
1.5N/mm? for 1 hour 30 minutes. After conditioning, the CLT was tested
according to European Standard, EN408 and prEN16351. Based on physical,
mechanical and thermal properties, Acacia mangium can be converted to
structural grade CLT provided that the maximum bending load is improved. CLT
panels with PRF adhesive is more resistant in water compared to those bonded
with PUR. The MOE and MOR of PRF-bonded CLT is superior than the PUR-
bonded CLT higher in four- point bending, shear in bending and compression
parallel to the grain. Different failure modes were observed in Acacia mangium
CLT: rolling shear, glueline failure, tension, shearing and crushing. In thermal
properties (thermogravimetric analysis and dynamic mechanical analysis), PRF
imparts greater stability to Acacia mangium CLT compared to PUR.
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Kayu berlaminasi silang (CLT) menggunakan kayu bersaiz besar telah menjadi
terkenal disebabkan kepelbagaian kelebihan dan faedah, terutamanya dari segi
kepantasan dan kemudahan pemasangan pembinaan bangunan CLT. Kajian ini
menilai sifat integriti dan kekuatan ikatan CLT daripada kayu tropika Acacia
mangium Willd. Dalam kajian pertama (Bahagian 1), sifat ikatan integriti CLT
dinilai dengan menentukan kelembapan permukaan kayu menggunakan kaedah
sudut sentuhan, peratus delaminasi dan kekuatan ricih melalui geseran blok
CLT. Penilaian terhadap sifat integriti dan kekuatan ikatan CLT menggunakan
dua jenis perekat iaitu (PRF dan PUR), tiga jenis tekanan untuk menekan (0.9N
/ mm2, 1.2 N/ mm? 1.5N / mm?), dan tiga jenis kadar sebaran perekat (150g /
m?, 200g / m?, 250g / m?). Terdapat dua jenis sampel blok ricih dua lapisan telah
dihasilkan iaitu orientasi selari (dilabelkan sebagai blok berlamina selari) dan
orientasi berserenjang (dilabelkan sebagai blok berlaminasi silang) antara satu
sama lain. Ujian ricih dilakukan pada dua arah pemuatan iaitu selari dan
berserenjang. Di samping itu, ujian delaminasi telah dilakukan pada tiga lapisan
CLT untuk menilai tahap ketahanan ikatan perekat dan kayu dalam keadaan
alam sekitar yang berbeza. Ujian dilakukan mengikut piawaian EN 391 (ujian
delaminasi) dan EN392 (ujian blok geseran). Pengujian analisis daripada variasi
(ANOVA) menunjukkan bahawa hanya jenis perekat yang mempunyai kesan
signifikasi terhadap delaminasi dan kekuatan ikatan blok ricih berbanding
parameter yang lain (kadar penyebaran perekat, tekanan menekan dan arah
muatan). Kadar sebaran perekat dan arah pemuatan mempunyai kesan yang
ketara pada kekuatan blok ricih tetapi tidak pada peratus delaminasi, tanpa
mengira jenis perekat yang digunakan. Manakala arah beban juga
mempengaruhi nilai ikatan ricih dan peratus kegagalan kayu. Kesannya lebih
ketara dalam blok berlamina selari berbanding blok berlamina silang. Didalam
pengujian peratus delaminasi kayu, blok berlamina PRF lebih rendah berbanding
blok berlamina PUR dengan peratus 50% dan 80%. PRF merupakn perekat yang
lebih bagus berbanding perekat PUR tanpa mengira tahap tekanan menekan
dan arah pemuatan. Prestasi perekat PRF dapat dikaitkn dengan ikatan kimia



yang kuat, stabil dan lebih baik dalam pengisian jurang berbanding PUR.
Berdasarkan optimum parameter daripada kajian awal, ukuran sampel yang
lebih besar (Bahagian 2) telah dihasilkan dengan saiz berukuran (1000 (I) x 280
(w) x 54 (t) mm), tiga lapisan CLT telah dibuat menggunakan kayu Acacia
mangium dan sifat fizikal, ,mekanikal dan termal dinilai. Dua jenis perekat
digunakan: satu komponen poliuretana (PUR) dan phenol resorcinol
formaldehyde (PRF) sebagai pengikat di antara kayu dan perekat. Kadar
penyebaran 250g/m?, dan tekanan menekan CLT pada 1.5N/mm? selama 1 jam
30 minit. Selepas pengkondisian, sampel CLT telah diuji mengikut piawaian
Eropah iaitu EN 408 dan prEN16351. Berdasarkan sifat fizikal, mekanikal dan
termal, kayu Acacia mangium boleh menjadi salah satu gred kayu untuk struktur
CLT dengan syarat memperbaiki tahap beban lenturan yang maksimum.
Manakala, panel CLT daripada perekat PRF menghasilkan rintangan air dan
prestasi yang lebih baik berbanding perekat PUR. Begitu juga, MOE dan MOR
bagi CLT daripada perekat PRF lebih bagus berbanding CLT daripada perekat
PUR di dalam pengujian mekanikal. Perbezaan kegagalan mod bagi CLT
daripada Acacia mangium: rolling shear, glueline failure, tension, shearing and
crushing. Didalam sifat thermal (analisa thermogravimetrik dan analisis
mekanikal dinamik), perekat PRF menunjukkan kestabilan yang lebih besar
kepada Acacia mangium CLT berbanding perekat PUR.
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15 Organization of The Chapters

This thesis is organized into five chapters. The first chapter gives a general
overview of Cross Laminated Timber (CLT) and Acacia mangium wood, problem
statement, justification, and objectives of this study. The second chapter reviews
on the relevant literature associated to the topic, which includes the Cross
Laminated Timber (CLT), Acacia mangium, adhesives used in CLT,
manufacturing parameters, performance of CLT, and applications of CLT.

The third chapter focuses on the preliminary study and basic properties by
determination of the bonding properties of Acacia mangium through the moisture
content, density, surface wettability by contact angle, percent of delamination
and shear bond strength as affected by different adhesive types, pressing
pressure (0.9 N/mm?, 1.2 N/mm?, 1.5 N/mm?) and adhesive spread rate (150
g/m?, 200 g/m?, 250 g/m?) on the contact angle, block shear strength with four
different loading direction and delamination test.

Based on the optimum results of adhesive spread rate (250 g/m?) and pressing
pressure (1.5 N/mm?) from the chapter three it were undergo to the chapter four.
This chapter (Chapter four) were discusses the properties of CLT manufactured
from Acacia mangium wood bonded using different types of adhesives which is
one component polyurethane (PUR) and phenol resorcinol formaldehyde (PRF).
The results were then compared to adhesives (PUR and PRF) in physical,
mechanical and thermal properties. The final chapter (Chapter 5) summarizes
the whole thesis and gives a conclusion and some recommendations for future
work.



REFERENCES

Ahmad, Z., Lum, W. C., Lee, S. H., Razlan, M. A., & Mohamad, W. H. W. (2017).
Mechanical properties of finger jointed beams fabricated from eight
Malaysian hardwood species. Construction and Building Materials, 145,
464-473.

Alamsyah, E. M., Yamada, M., & Taki, K. (2008). Bondability of tropical fast-
growing tree species llI: curing behavior of resorcinol formaldehyde resin
adhesive at room temperature and effects of extractives of Acacia
mangium wood on bonding. Journal of Wood Science, 54(3), 208-213.

Ammann, S., & Niemz, P. (2015). Mixed-mode fracture toughness of bond lines
of PRF and PUR adhesives in European beech wood. Holzforschung,
69(4), 415-420.

Angelini, L. G., Ceccarini, L., o Di Nasso, N. N., & Bonari, E. (2009). Comparison
of Arundo donax L. and Miscanthus x giganteus in a long-term field
experiment in Central Italy: Analysis of productive characteristics and
energy balance. Biomass and bioenergy, 33(4), 635-643.

Asim, M., Jawaid, M., Nasir, M., & Saba, N. (2017). Effect of fiber loadings and
treatment on dynamic mechanical, thermal and flammability properties
of pineapple leaf fiber and kenaf phenolic composites. Journal of
Renewable Materials.

Asim, M., Jawaid, M., Abdan, K., & Ishak, M. R. (2016). Effect of alkali and silane
treatments on mechanical and fibre-matrix bond strength of kenaf and
pineapple leaf fibres. Journal of Bionic Engineering, 13(3), 426-435.

Bejder, A. K. (2012). Aesthetic Qualities of Cross Laminated Timber.

Bourreau, D., Aimene, Y., Beauchéne, J., & Thibaut, B. (2013). Feasibility of
glued laminated timber beams with tropical hardwoods. European
Journal of Wood and Wood Products, 71(5), 653-662.

Boustead, I. (1993). Eco-profiles of the European Plastics Industry: Polyethylene
and Polypropylene. Report 3: APME.

Brandner, R., Flatscher, G., Ringhofer, A., Schickhofer, G., & Thiel, A. (2016).
Cross laminated timber (CLT): overview and development. European
Journal of Wood and Wood Products, 74(3), 331-351.

Broughton, J., & Hutchinson, A. (2001). Adhesive systems for structural
connections in timber. International journal of adhesion and adhesives,
21(3), 177-186.

BS EN 13181:2001 Ventilation for buildings. Terminals. Perfromance testing of
louvres. Performance testing of louvers subject to simulated sand

70



Burrows, J., & Craig, B. (2005). Sound Control in Multi-family Wood-Frame
Buildings, (March).

Buck, D., Hagman, O., Wang, A., & Gustafsson, A. (2016). Further Development
of Cross-Laminated Timber (CLT): Mechanical Tests on 45° Alternating
Layers. Paper presented at the World Conference on Timber
Engineering (WCTE 2016), Vienna, August 22-25 2016.

Buck, D., Wang, X. A., Hagman, O., & Gustafsson, A. (2015). Comparison of
different assembling techniques regarding cost, durability, and ecology-
a survey of mulii-layer wooden panel assembly load-bearing
construction elements. BioResources, 10(4), 8378-8396.

Buck, D., Wang, X. A., Hagman, O., & Gustafsson, A. (2016). Bending properties
of Cross Laminated Timber (CLT) with a 45° alternating layer
configuration. BioResources, 11(2), 4633-4644.

Castro, G., & Paganini, F. (2003). Mixed glued laminated timber of poplar and
Eucalyptus grandis clones. Holz als Roh-und Werkstoff, 61(4), 291-298.

Cececaotti, A., Lauriola, M. P., Pinna, M., & Sandhaas, C. (2006, August). SOFIE
project—Cyclic tests on cross-laminated wooden panels. In Proc., 9th
World Conf. on Timber Engineering.

Chartoff, R. P., Menczel, J. D., & Dillman, S. H. (2009). Dynamic mechanical
analysis (DMA). Thermal analysis of polymers: fundamentals and
applications. San Jose: Wiley, 387-496.

Crespell, Pablo and Sylvian Gagnon, eds. 2010. Cross Laminated Timber: a
Primer. Special Publication 52. FPI Innovations.

Crespo, Y. A, Naranjo, R. A, Burgos, J. C. V., Sanchez, C. G., & Sanchez, E.
M. S. (2015). Thermogravimetric analysis of thermal and kinetic behavior
of acacia mangium wood. Wood and Fiber Science, 47(4), 1-9.

Custddio, J., Broughton, J., & Cruz, H. (2009). A review of factors influencing the
durability of structural bonded timber joints. International Journal of
Adhesion and Adhesives, 29(2), 173-185.

Di Blasi, C. (2008). Modeling chemical and physical processes of wood and
biomass pyrolysis. Progress in energy and combustion science, 34(1),
47-90.

Durlinger, B., Crossin, E., & Wong, J. (2013). Life cycle assessment of a cross
laminated timber building.

Eckelman, C. A. (1999). Brief survey of wood adhesives: Purdue University
Cooperative Extension Service.

EN 391 delamination test of glue lines. European Committee for Standardization,
2002.

71



EN 392 shear test of glue lines. European Committee for Standardization, 1995.
EN 386 performance requirement and minimum production requirements, 2001.

EN 408:2010-12. Timber structures- Structural timber and glued laminated
timber- Determination of some physical and mechanical properties.

Engineering ToolBox, (2004). Densities of Wood Species. [online] Available at:
https://www.engineeringtoolbox.com/wood-density-d_40.html
[Accessed Day Mo. Yearl].

Evans, L. (2013a). Cross-Laminated Timber: Taking wood buildings to the next
level. Architectural Records.

Evans, L. (2013b). Cross Laminated Timber: Taking wood buildings to the next
level. Architectural Record. http://continuingeducation. construction.
com/article. php.

Falk, A. (2005). Architectural aspects of massive timber: structural form and
systems (Doctoral dissertation, Lulea tekniska universitet).

Firmanti, A., Subiyanto, B., & Kawai, S. (2017). Effect of Surface Density on the
Fire Performance of Wood and Wood-Based Materials, 19-33.

Firmanti, A. (2004). Application of mechanical stress grading for effective
utilization of tropical fast-growing species for building material.
In Proceedings of the 5th International Wood Science Symposium,
Kyoto, Japan, 2004.

Flaig, M., & BlaR, H. J. (2014). Bending strength of cross laminated timber beams
loaded in plane. Paper presented at the Proceedings of WCTE 2014
(World Conference on Timber Engineering).

Frangi, A., Fontana, M., Hugi, E., & Jubstl, R. (2009). Experimental analysis of
cross-laminated timber panels in fire. Fire Safety Journal, 44(8), 1078-
1087.

Franke, S. (2016). Mechanical properties of beech CLT. Paper presented at the
World Conference on Timber Engineering, Vienna.

Frihart, C. R., & Hunt, C. G. (2010a). Adhesives with wood materials: bond
formation and performance.

Frihart, C. R., & Hunt, C. G. (2010b). Adhesives with wood materials: bond
formation and performance. Wood handbook: wood as an engineering
material: chapter 10. Centennial ed. General technical report FPL; GTR-
190. Madison, WI: US Dept. of Agriculture, Forest Service, Forest
Products Laboratory, 2010: p. 10.1-10.24., 190, 10.11-10.24.

72


http://continuingeducation/

Glass, S. V, & Zelinka, S. L. (2010). CHAPTER 4 Moisture Relations and
Physical Properties of Wood (pp. 1-20). Retrieved from
http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr190/chapter_04.pdf

Hai, P. H., Duong, L. A., Toan, N. Q., & Ha, T. T. T. (2015). Genetic variation in
growth, stem straightness, pilodyn and dynamic modulus of elasticity in
second-generation progeny tests of Acacia mangium at three sites in
Vietnam. New Forests, 46(4), 577-591.

Hameed, N., Sreekumar, P., Francis, B., Yang, W., & Thomas, S. (2007).
Morphology, dynamic mechanical and thermal studies on poly (styrene-
co-acrylonitrile) modified epoxy resin/glass fibre composites.
Composites Part A: Applied Science and Manufacturing, 38(12), 2422-
2432.

Hamdan, H., Iskandar, M., Anwar, U. (2016). Cross Laminated Timber:
Production of panel using Sesenduk timber species. Timber Technology
Buletin, 59, 1-6.

Hegde, M., Palanisamy, K., & Yi, J. S. (2013). Acacia mangium Willd.-A fast
growing tree for tropical plantation. Journal of Forest and Environmental
Science, 29(1), 1-14.

Hindman, D. P., & Bouldin, J. C. (2014). Mechanical properties of southern pine
cross-laminated timber. Journal of Materials in Civil Engineering, 27(9),
04014251.

Ho KS, Hamdan. H, TanYE & Mohd Shukari M. 1999. Acacia mangium for timber
and case study of utilisation. Paper presented at the Fifth Confrence on
Forestry and Forest Product, 1999 Series, Utilisation of Plantation
Timber: Sentang: Potential Timber for the Future. 20 April 1999, Forest
Research Institute Malaysia, Kepong.

Jacob, M., Francis, B., Varughese, K., & Thomas, S. (2006). The effect of silane
coupling agents on the viscoelastic properties of rubber biocomposites.
Macromolecular Materials and Engineering, 291(9), 1119-1126.

Jawaid, M., Khalil, H. A., & Alattas, O. S. (2012). Woven hybrid biocomposites:
dynamic mechanical and thermal properties. Composites Part A: Applied
Science and Manufacturing, 43(2), 288-293.

Jawaid, M., & Khalil, H. A. (2011). Effect of layering pattern on the dynamic
mechanical properties and thermal degradation of oil palm-jute fibers
reinforced epoxy hybrid composite. BioResources, 6(3), 2309-2322.

Johar, N., Ahmad, |, & Dufresne, A. (2012). Extraction, preparation and
characterization of cellulose fibres and nanocrystals from rice husk.
Industrial Crops and Products, 37(1), 93-99.

Joseph, S., Appukuttan, S. P., Kenny, J. M., Puglia, D., Thomas, S., & Joseph,
K. (2010). Dynamic mechanical properties of oil palm microfibril-

73



reinforced natural rubber composites. Journal of applied polymer
science, 117(3), 1298-1308.

Karlina, L. (2002). The use of tannin from Acacia mangium Willd in adhesive
system of medium density fiber board. In Proceedings of the 4th
International Wood Science Symposium, Serpong, Indonesia, 2002.

Karacabeyli, E., & Douglas, B. (2013a). CLT handbook: Cross-laminated timber:
FPInnovations.

Karacabeyli, E., & Douglas, B. (2013b). CLT: Handbook Cross-laminated
Timber: FPInnovations.

Karacabeyli, E., & Douglas, B. (2013c). Cross-Laminated Timber Handbook.
FPInnovations and Binational Softwood Lumber Council, Pointe-Claire,
Quebec, Canada, 24.

Karacebeyli, E., & Douglas, B. (2013). CLT Handbook-US Edition. Library and
Archives Canada Cataloguing in Publication, Quebec, Canada.

Kasim, A., Omar, W. S. A. W., Razak, N. H. A, Musa, N. L. W., Halim, R. A., &
Mohamed, S. R. (2014). Proceedings of the International Conference on
Science, Technology and Social Sciences (ICSTSS) 2012: Springer.

Kliwon, S. (1998). Processing of small diameter logs for laminated veneer,
veneer and plywood production. In Proceedings of the 2nd International
Wood Science Seminar, Serpong, Indonesia, 1998.

Knorz, M., Torno, S., & van de Kuilen, J.-W. (2017). Bonding quality of industrially
produced cross-laminated timber (clt) as determined in delamination
tests. Construction and Building Materials, 133, 219-225.

Krisnawati, H., Kallio, M., & Kanninen, M. (2011). Acacia mangium Willd. Ekologi,
Silvikultur dan Produktivitas.

Laguarda Mallo, M. F. (2014). Awareness, perceptions and willingness to adopt
cross-laminated timber in the United States.

Larkin, B. (2017). Effective Bonding Parameters for Hybrid Cross-Laminated
Timber (CLT).

Lawrence, L., & Dey, R. (2013). Post plantation Management of Acacia on mined
out sites at Mahdia Research report compendium, 48—62. Retrieved
from uog.edu.gy/faculties/fot/repository/sites/default/files/Research
report compendium of rehabilitation of mined out sites at Mahdia.pdf

Lee, S. H., Teramoto, Y., & Shiraishi, N. (2002). Biodegradable polyurethane
foam from liquefied waste paper and its thermal stability,
biodegradability, and genotoxicity. Journal of applied polymer science,
83(7), 1482-1489.

74



Lim, S., Gan, K., & Tan, Y. (2011). Properties of Acacia mangium planted in
Peninsular Malaysia. ITTO Project on Improving Utilization and Value
Adding of Plantation Timbers from Sustainable Sources in Malaysia.

Lim, S., Ten Choo, K., & Gan, K. (2002). The characteristics, properties and uses
of plantation timbers-rubberwood and Acacia mangium: Timber
Technology Centre, FRIM.

Lim, S., Ten Choo, K., & Gan, K. (2003). The characteristics, properties and uses
of plantation timbers-rubberwood and Acacia mangium: Timber
Technology Centre, FRIM.

Lineham, S. A., Thomson, D., Bartlett, A. I, Bisby, L. A., & Hadden, R. M. (2016).
Structural response of fire-exposed cross-laminated timber beams under
sustained loads. Fire Safety Journal, 85, 23-34.

Liu, J., Chen, R. Q., Xu, Y. Z., Wang, C. P., & Chu, F. X. (2017). Resorcinol in
high solid phenol- formaldehyde resins for foams production. Journal of
applied polymer science, 134(22).

Mallo, M. F. L., & Espinoza, O. (2015). Awareness, perceptions and willingness
to adopt cross-laminated timber by the architecture community in the
United States. Journal of Cleaner Production, 94, 198-210.

Manya, J. J., Velo, E., & Puigjaner, L. (2003). Kinetics of biomass pyrolysis: a
reformulated three-parallel-reactions model. Industrial & engineering
chemistry research, 42(3), 434-441.

Marko, G., Bejd, L., & Takats, P. (2016). Cross-laminated timber made of
Hungarian raw materials. Paper presented at the IOP Conference
Series: Materials Science and Engineering.

Marsoem, S. N. (2004). Utilization of Acacia mangium plantation forest
product. Development of Acacia mangium plantation forest-experience
in PT.

Matsumoto, Y. (2003). Report of Acacia hybrid plantation in Sabah, Malaysia.
In Proceedings of the International Symposium on Sustainable of Acacia
mangium, Kyoto, Japan, 2003.

Melo, J. D. D., & Radford, D. W. (2005). Time and temperature dependence of
the viscoelastic properties of CFRP by dynamic mechanical analysis.
Composite Structures, 70(2), 240-253.

Menard, K. P. (2008). Dynamic mechanical analysis: a practical introduction:
CRC press.

Mészaros, E., Varhegyi, G., Jakab, E., & Marosvdlgyi, B. (2004).

Thermogravimetric and reaction kinetic analysis of biomass samples
from an energy plantation. Energy & Fuels, 18(2), 497-507.

75



Miranda, ., Almeida, M. H., & Pereira, H. (2007). Influence of provenance,
subspecies, and site on wood density in Eucalyptus globulus Labill.
Wood and Fiber Science, 33(1), 9-15.

Mohamad, W. W., Razlan, M. A, & Ahmad, Z. (2011). Bending strength
properties of glued laminated timber from selected Malaysian hardwood
timber. Int. J. Civ. Environ. Eng, 11(4), 7-12.

Mohamadzadeh, M., & Hindman, D. (2015). Mechanical performance of yellow-
poplar cross laminated timber.

Mohammad, M., Gagnon, S., Douglas, B., & Podesto, L. (2012a). Introduction to
cross laminated timber. Wood Design Focus, 22(2), 3-12.

Mohammad, M., Gagnon, S., Douglas, B. K., & Podesto, L. (2012b). Introduction
to cross laminated timber. Wood Design Focus, 22(2), 3-12.

Munis, R. A., Camargo, D. A., De Almeida, A. C., De Araujo, V. A., de Lima
Junior, M. P., Morales, E. A. M., . . . Cortez-Barbosa, J. (2018). Parallel
Compression to Grain and Stiffness of Cross Laminated Timber Panels
with Bamboo Reinforcement. BioResources, 13(2), 3809-3816.

Muszynski, L., Wang, F., & Shaler, S. M. (2007). Short-term creep tests on
phenol-resorcinol-formaldehyde (PRF) resin undergoing moisture
content changes. Wood and Fiber Science, 34(4), 612-624.

Na, B., Pizzi, A., Delmotte, L., & Lu, X. (2005). One-component polyurethane
adhesives for green wood gluing: Structure and temperature-dependent
creep. Journal of applied polymer science, 96(4), 1231-1243.

Nadir, Y., & Nagarajan, P. (2014). The behavior of horizontally glued laminated
beams using rubber wood. Construction and Building Materials, 55, 398-
405.

Nadirah, W. W., Jawaid, M., Al Masri, A. A., Khalil, H. A., Suhaily, S., &
Mohamed, A. (2012). Cell wall morphology, chemical and thermal
analysis of cultivated pineapple leaf fibres for industrial applications.
Journal of Polymers and the Environment, 20(2), 404-411.

Nordahlia, A., Hamdan, H., & Anwar, U. (2013). Wood Properties Of Selected
Plantation Species: Khaya Ivorensis (African Mahogany), Azadirachta
Excelsa (Sentang), Endospermum Malaccense (Sesendok) And Acacia
Mangium.

Nugroho, W. D., Marsoem, S. N., Yasue, K., Fujiwara, T., Nakajima, T.,
Hayakawa, M., . . . Kubo, T. (2012). Radial variations in the anatomical
characteristics and density of the wood of Acacia mangium of five
different provenances in Indonesia. Journal of Wood Science, 58(3),
185-194.

76



Ornaghi, H.L., Pistor, V., Zattera, A.J., 2012. Effect of the epoxycyclohexyl
polyhedral oligomeric silsesquioxane content on the dynamic fragility of
an epoxy resin. Journal of Non-Crystalline Solids 358, 427-432.

Palma, R. A. (2014). Determination of aboveground carbon density of mangium
(Acacia mangium Willd.) using biomass expansion factor. Mindanao
Journal of Science and Technology, 12(1), 1-1.

Paridah, M., Hafizah, A. N., Zaidon, A., Azmi, |., Nor, M. M., & Yuziah, M. N.
(2009). Bonding properties and performance of multi-layered kenaf
board. Journal of Tropical Forest Science, 113-122.

Pei, S., Popovski, M., & van de Lindt, J. W. (2012). Seismic design of a multi-
story cross laminated timber building based on component level
testing. World, 15, 19.

PERKASA (2009). Seminar on Viability Assessment of Indigenous Tree Species
and Propagation Techniques for Planted Forest Development in
Sarawak. PERKASA, Vol. 5/6 (May-June). pp.6-8.

Pistor, V., Ornaghi, F.G., Ornaghi, H.L., Zattera, A.J., 2012. Dynamic mechanical
characterization of epoxy/epoxycyclohexyl-POSS nanocomposites.
Materials Science and Engineering: A 532, 339-345.

Porteous, J., & Kermani, A. (2013). Structural timber design to Eurocode 5: John
Wiley & Sons.

Puaad, M. B. F. M., & Ahmad, Z. (2017). Comparing The Compressive Strength
Properties Of Structural Size And Small Clear Specimens For Malaysian
Tropical Timber. Science International, 29(1), 25-25.

prEN16351:2011 Timber structures- Cross Laminated Timber- Requirements

Qazvini, N.T., Mohammadi, N., 2005. Dynamic mechanical analysis of
segmental relaxation in unsaturated polyester resin networks: Effect of
styrene content. Polymer 46, 9088-9096.

Ramage, M. H., Burridge, H., Busse-Wicher, M., Fereday, G., Reynolds, T.,
Shah, D. U, . . . Densley-Tingley, D. (2017). The wood from the trees:
The use of timber in construction. Renewable and Sustainable Energy
Reviews, 68, 333-359.

Ridzuan, M., Majid, M. A., Afendi, M., Mazlee, M., & Gibson, A. (2016). Thermal
behaviour and dynamic mechanical analysis of Pennisetum
purpureum/glass-reinforced epoxy hybrid composites. Composite
Structures, 152, 850-859.

Saba, N., Jawaid, M., Alothman, O. Y., & Paridah, M. (2016). A review on

dynamic mechanical properties of natural fibre reinforced polymer
composites. Construction and Building Materials, 106, 149-159.

77



Sahri, M. H., Ashaari, Z., Kader, R. A., & Mohmod, A. L. (1998). Physical and
mechanical properties of Acacia mangium and Acacia Auriculiformis
from different provenances. Pertanika Journal of Tropical Agricultural
Science, 21(2), 73-82.

Sanyang, M. L., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2015).
Effect of plasticizer type and concentration on tensile, thermal and
barrier properties of biodegradable films based on sugar palm (Arenga
pinnata) starch. Polymers, 7(6), 1106-1124.

Schickhofer, G., Brandner, R., & Bauer, H. (2016a). Introduction to CLT-product
properties-strength classes. Paper presented at the Proceedings of the
Joint Conference of COST Actions FP1402 & FP1404, Cross laminated
timber-a competitive wood product for visionary and fire safe buildings,
Stockholm.

Schickhofer, G., Brandner, R., & Bauer, H. (2016b). Introduction to CLT, product
properties, strength classes. of COST Actions FP1402 & FP1404 KTH
Building Materials, 10.3. 2016 Cross Laminated Timber—A competitive
wood product for visionary and fire safe buildings, 9.

Shams, M. I, Yano, H., & Endou, K. (2004). Compressive deformation of wood
impregnated with low molecular weight phenol formaldehyde (PF) resin
I: effects of pressing pressure and pressure holding. Journal of Wood
Science, 50(4), 337-342.

Sikora, K. S., McPolin, D. O., & Harte, A. M. (2016a). Effects of the thickness of
cross-laminated timber (CLT) panels made from Irish Sitka spruce on
mechanical performance in bending and shear. Construction and
Building Materials, 116, 141-150.

Sikora, K. S., McPolin, D. O., & Harte, A. M. (2016b). Shear strength and
durability testing of adhesive bonds in cross-laminated timber. The
Journal of Adhesion, 92(7-9), 758-777.

Solli, K. H. (2000). Modulus of elasticity—local or global values. Paper presented
at the Proceedings of the 6th World Conference on Timber Engineering,
31st July—-3rd August, Whistler, Canada.

Sousa, H. S., Branco, J. M., & Lourenco, P. B. (2013). Glulam mechanical
characterization. Paper presented at the Materials Science Forum.

Stauder, C. (2013). Cross-Laminated Timber “An analysis of the Austrian
industry and ideas for fostering its development in America”. Austrian
Marshall Plan Foundation September.

Steiger, R., Gulzow, A., Czaderski, C., Howald, M. T., & Niemz, P. (2012).
Comparison of bending stiffness of cross-laminated solid timber derived
by modal analysis of full panels and by bending tests of strip-shaped
specimens. European Journal of Wood and Wood Products, 70(1-3),
141-153.

78



Sulaiman, O., Hashim, R., Subari, K., & Liang, C. (2009). Effect of sanding on
surface roughness of rubberwood. Journal of Materials Processing
Technology, 209(8), 3949-3955.

Sulaiman, O., Salim, N., Hashim, R., Yusof, L., Razak, W., Yunus, N., . . . Azmy,
M. (2009). Evaluation on the suitability of some adhesives for laminated
veneer lumber from oil palm trunks. Materials & Design, 30(9), 3572-
3580.

Sutton, A., Black, D., & Walker, P. (2011). Cross-laminated timber: An
introduction to low-impact building materials: IHS BRE Press.

Tenorio, C., Moya, R., & Quesada-Pineda, H. J. (2012). Kiln drying of Acacia
mangium wood: colour, shrinkage, warp, split and check in dried
lumber. Journal of Tropical Forest Science, 125-139.

Thomson, T. (2004). Polyurethanes as specialty chemicals: principles and
applications: CRC press.

Toong, W., Ratnasingam, J., Roslan, M. K. M., & Halis, R. (2014). The prediction
of wood properties from anatomical characteristics: The case of common
commercial Malaysian timbers. BioResources, 9(3), 5184-5197.

Tran, V. C. (2013). Improvement of Dimensional Stability of Acacia mangium
Wood by Heat Treatment: A Case Study of Vietnam. Journal of Forest
and Environmental Science, 29(2), 109-115.

Uysal, B. (2005). Bonding strength and dimentional stability of laminated veneer
lumbers manufactured by using different adhesives after the steam test.
International journal of adhesion and adhesives, 25(5), 395-403.

Van De Kuilen, J. W. G., Ceccotti, A., Xia, Z., & He, M. (2011). Very tall wooden
buildings with cross laminated timber. Procedia Engineering, 14, 1621-
1628.

Vessby, J., Enquist, B., Petersson, H., & Alsmarker, T. (2009). Experimental
study of cross-laminated timber wall panels. European Journal of Wood
and Wood Products, 67(2), 211-218.

Vetsch, N. (2015). A Performance Evaluation of Cross-Laminated Timber
Manufactured With Aspen.

Vick, C. B. (1999). Adhesive bonding of wood materials. Wood handbook: wood
as an engineering material. Madison, WI: USDA Forest Service, Forest
Products Laboratory, 1999. General technical report FPL; GTR-113:
Pages 9.1-9.24, 113.

Wang, Z., Gong, M., & Chui, Y.-H. (2015). Mechanical properties of laminated

strand lumber and hybrid cross-laminated timber. Construction and
Building Materials, 101, 622-627.

79



Weidman, A. (2015). Optimizing bonding conditions for cross laminated timber
(CLT) panels using low density hybrid poplar.

Xu, S. (2013). A review on Cross Laminated Timber (CLT) and its possible
application in North America.

Yeh, B., Gagnon, S., Williamson, T., & Pirvu, C. (2012). The cross-laminated
timber standard in North America. World, 15, 19.

Zhou, Q., Gong, M., Chui, Y. H., & Mohammad, M. (2014). Measurement of

rolling shear modulus and strength of cross laminated timber fabricated
with black spruce. Construction and Building Materials, 64, 379-386.

80





