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ABSTRACT

Yellow Meranti timber has relatively lower shear strength than other 
softwood species due to its shorter fibre length and larger pores. As a result, it suffers 
lower fibre strength, more brittle and lower load carrying capacity. In some cases the 
timber beams experience shear failure that occurs suddenly right before bending. 
Thus, shear strengthening for Yellow Meranti by using Fibre Reinforced Polymer 
(FRP) is crucial to solve the aforementioned problems for the structural application. 
This research was conducted to improve the shear performance of Yellow Meranti 
beam by strengthening it with carbon fibre reinforced polymer (CFRP) plates, CFRP 
laminate and glass laminate (GFRP) using Sikadur-30 and Sikadur-330 as bonding 
agents and for laminating. Firstly, materials characterization was conducted for the 
timber, FRP and adhesives, to determine their mechanical properties on shear, tensile 
and compression. The bonding between the FRPs to the timber using epoxy 
adhesives was examined and the effective bond length was determined. Thirty-six 
beams with dimension 100 mm x 200 mm x 1475 mm were tested, where three of the 
beams were un-strengthened and used as the control beam. The remaining beams 
were strengthened with various configurations and tested under four-point loading up 
to failure. The results showed that all the strengthened beams perform better than the 
control beam in terms of ultimate load, shear strength, stiffness and ductility. The 
performance enhancement by FRP to timber beam for load carrying capacity and 
shear capacity was ranged from 11.0% to 41.0%, while for stiffness; the range was 
26.61% to 62.05%. The ductility index for strengthened beams ranged between 2.0 to
3.7 and 3.7 to 8.4 based on deflection and energy method respectively. The optimum 
number of FRP is 5 strips which was equivalent to 0.45 strengthened area ratio 
(Af /Ashear). The optimum type of FRP was GFRP. However types of FRP did not 
give significant difference in shear strengthening. FRP orientation angle of 45° was 
found to be the optimum angle in this study. The optimum wrapping schemes were 
by fully wrapped (FW) with addition of FRP overlapping at the bottom of the beam. 
Strengthening at the shear zone of the beam could change the mode of failure from 
shear failure to combination of compression and tensile fracture with no shear failure 
at shear zone. All the predicted shear capacities computed in this study have good 
agreement with the experimental value where the percentage difference ranged from 
0.5% to 18.3%. As a conclusion, the shear performance of solid beam of Yellow 
Meranti timber was successfully improved by external strengthening using FRP, 
where the optimum design parameter for shear strengthening was proposed. As a 
result, the modification factors formula for shear strength and stiffness were 
proposed. The result of this study is also able to assist both researchers and engineers 
in the field of timber engineering technology in the tropical countries to perform 
strengthening work on timber beams.
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ABSTRAK

Kayu Meranti Kuning mempunyai kekuatan ricih yang rendah berbanding 
spesis kayu lembut yang lain disebabkan panjang serat yang pendek dan poros yang 
besar. Hal ini menyebabkan ia mempunyai kekuatan serat yang lebih rendah, lebih 
rapuh dan kebolehan menanggung beban yang lebih rendah. Banyak kejadian kayu 
jenis ini mengalami kegagalan ricih yang berlaku tiba-tiba sebelum kegagalan 
lenturan. Oleh itu, memperkuatkan kayu Meranti Kuning dalam ricih menggunakan 
polimer bertetulang gentian (FRP) dilihat sangat kritikal untuk menyelesaikan 
masalah kegunaan struktur secara ricih. Kajian ini dijalankan untuk 
mempertingkatkan kelakunan ricih pada kayu Meranti Kuning melalui cara diperkuat 
dengan plat polimer bertetulang gentian karbon (CFRP), lamina CFRP dan lamina 
kaca (GFRP) dengan Sikadur-30 dan Sikadur-330 sebagai ejen ikatan dan untuk 
melamina. Pada permulaan kajian, pencirian kayu, FRP dan pelekat dijalankan untuk 
menentukan sifat mekanikal terhadap ricih, tegangan dan mampatan. Ikatan semua 
jenis FRP kepada kayu menggunakan pelekat epoksi telah diperiksa dan panjang 
ikatan berkesan ditentukan. Tiga puluh enam rasuk dengan dimensi 100 mm x 200 
mm x 1475 mm diuji di mana tiga daripada rasuk tersebut tidak diperkuat sebagai 
rasuk kawalan. Rasuk selebihnya diperkuatkan dengan pelbagai konfigurasi dan diuji 
di bawah pembebanan empat titik sehingga gagal. Keputusan menunjukkan bahawa 
semua rasuk diperkuatkan memberikan prestasi yang lebih baik daripada rasuk 
kawalan dari segi beban muktamad, kekuatan ricih, kekukuhan dan kemuluran. 
Peningkatan prestasi oleh FRP terhadap rasuk kayu untuk kapasiti menanggung 
beban dan kapasiti ricih adalah 11.0 % hingga 41.0 %, manakala untuk kekukuhan 
adalah 26.61 % hingga 62.05 %. Indeks kemuluran untuk rasuk diperkuat adalah 2.0 
hingga 3.7 dan 3.7 hingga 8.4 berdasarkan kaedah lenturan dan tenaga. Bilangan 
FRP optima ialah lima jalur yang bersamaan dengan nisbah luas diperkuat 0.45 
(Af / Ashear). Jenis FRP optima adalah GFRP. Walau bagaimanapun jenis FRP tidak 
memberikan perbezaan yang ketara di dalam penguatan ricih di dalam kajian ini. 
Sudut orientasi FRP daripada 45° didapati sebagai optima. Skim pembalut optima 
ialah balutan penuh (FW) dengan tambahan FRP bertindih di bawah rasuk. 
Memperkuat rasuk kayu pada zon ricih rasuk boleh mengubah mod kegagalan 
daripada kegagalan ricih kepada kombinasi kegagalan mampatan dan tegangan 
dengan tiada kegagalan ricih di zon ricih. Semua jangkaan kapasiti ricih yang dikira 
hampir menyamai keputusan eksperimen di mana perbezaan peratus adalah di antara 
0.5 % hingga 18.3 %. Sebagai kesimpulan, kelakunan ricih rasuk kayu Meranti 
Kuning berjaya dipertingkatkan dengan menggunakan FRP secara lekatan luaran, di 
mana parameter reka bentuk optima untuk memperkuat ricih pada rasuk kayu padu 
telah dicadangkan. Hasilnya formula faktor modifikasi untuk kekuatan ricih dan 
kekukuhan telah dicadangkan. Hasil kajian ini juga boleh digunakan untuk 
membimbing penyelidik dan jurutera di dalam bidang teknologi kejuruteraan kayu di 
negara tropika untuk melakukan kerja pengukuhan ke atas rasuk kayu.
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CHAPTER 1

INTRODUCTION

1.1 Background of Research

The building trend in world construction industry based on sustainable and 

environmental friendly resources had lead to increase awareness to substitute 

material of construction to renewable resources such as timber. The development of 

forest and production of timber product in a tropical country like Malaysia is 

undeniable as the Malaysian government, which is also a member of the International 

Tropical Timber Organisation (ITTO), an establishment committed to sustainable 

forest management, has been ranked among the world's top exporters of logs, 

plywood and sawn timber which produce abundant of production or resources of 

timber as a building material. Figure 1.1 presents the export market of major timber 

products from January to December of 2015 from Malaysia. The Malaysian timber 

trade was around RM22 billion in 2015 which position timber as a big prospective to 

be promoted as a product to increase Malaysia’s profit. From the exported market, 

23% was invented from logs and sawn timber that is potentially be endorsed as a 

structural element in construction industry.
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Figure 1.1 Export of major timber products from January to December of 2015 
(Malaysian Timber Industry Board)

Timber is a unique and excellent building material that has been used for 

centuries. It have been used for centuries for framing, lining, cladding, flooring and 

roofing in both domestic and industrial constructions, as well as used for bridges, 

wharves and railway sleepers. In Malaysia, there are a wide variety of timbers with 

over four thousand species. According to European Timber Trade Federation 

(ETTF), among those species, the commonly harvested species from natural forests 

include Meranti (Shorea spp.), Keruing (Dipterocarpus spp.), and Merbau (Intsia 

spp.), although there are other species are harvested, these are the top threes.

Currently, a range of alternative materials such as steel, aluminium and 

concrete have been successfully introduced into the construction industry. But the 

trend of extensively used of these materials had drawn to the decreasing of the 

supply source and this contributes to the prices soaring. Many catalysts presume that 

the industrial supply of steel and concrete will discontinue one day if the trends 

remain unchanged (Ahmad, 2010). Therefore, as a renewable and environmental 

friendly material, timber becomes a marginal material to replace steel and concrete. 

Moreover, sustainable technology in structural construction is the current main 

interest to establish by the construction industries.
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Despite the fact that steel and concrete are now become more popular than 

timber and have been used commonly as building material, these materials have 

several drawbacks. For example, concrete have low tensile strength, low toughness, 

and low specific strength, with long curing time and it demands strict quality control. 

Even the innovation of concrete, which is a reinforced concrete, made from a 

combination of concrete and steel to cater the low tensile strength, the steel itself 

could corrode over time. Construction using steel and concrete also require heavy 

lifting machine. Moreover, those materials were made up majorly by cement that 

primarily produced carbon dioxide, a potent greenhouse gas and harmful to living 

creature.

Timber is originated from wood, which is the only renewable building 

material that naturally grown and that removes carbon dioxide from the atmosphere. 

The production of wood for construction industry uses much less energy than most 

other living materials, giving wood products a significantly lower carbon footprint 

and safer for health and ecology. Using timber as a building material may speed up 

the construction since it requires less machining and labour, easy to process such as 

cutting, drilling and repair. This non-corrosive material will boost wood industry as 

timber are less pollutant, with biodegradable residues and allows aesthetic and 

elegant finishing.

On the other hand, lack of knowledge regarding design of timber may 

attribute to lack of confidence among engineers to use timber as building material 

and consequently lower the application of timber structures in Malaysia. Timber 

most popular limitations that constrained the usage are durability that deals with the 

resistance against insects (such as termites), decay, fire and water damage. But such 

durability problems may be solved if the respective timber is treated properly.

Other reason that limits the usage of timber as building material is that timber 

has lower strength than steel or reinforced concrete. Timber-based structure could 

also encounter problems due to overload, design failure and infestation by termites. 

In the field of structural engineering, structure with high strength is the most crucial 

concerns. However, timber strength is much rely on its moisture content and the
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orientation of the timber’s grain; despite the strength varies by the same log of 

timbers. Therefore, method of repairing and strengthening should be applied for the 

purpose to enhance the strength and load capacity of these timbers structure. One of 

the methods employed is by strengthening timber structure with steel rods/plates or 

fibre reinforced polymer (FRP) rods/plates/fabrics bounded by resin.

FRP is the current preferred material to strengthen timber structures either in 

construction or for rehabilitation purposes due to its high potential to improve 

mechanical performances. FRP is a composite made from fibre reinforcement in a 

plastic (polymer) matrix. FRP had been used widely in building, bridges, timber and 

other construction due to this composite has desirable properties that enhance its 

performance. The advantages of using FRP are anti-corrosion, lightweight, high 

durability, high elastic modulus and high resistance to environmental degradation. 

These factors enhance the mechanical performance of timber and is choice for 

researchers to use in their study. Due to adhesive ability, FRP composite sheet had 

been used in about thirty recent years in concrete or timber.

In normal practice, any structural members are primarily design for flexural 

strength and shear strength. Beam are structural member designed to carry loads in 

which flexure is usually considered first, prior to shear design. Shear failure always 

occur without hesitation or warning. Therefore, the design for shear must ensure that 

the shear strength for every member in the structure exceeds the flexural strength. 

The shear capacity of concrete structure that is a common building material often 

unable to meet current standards requirements is a reason timber material rarely used 

in construction as building material.

In addition, some of timber beams fail in shear before bending. This may be 

attributable to increased load requirements, inadequate shear provisions in the 

original design, deterioration of materials or an increased demand in shear capacity 

owing to flexural strengthening. Providing proper shear reinforcement along the 

beam will reduce the possibility of shear failure along the beam.
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For a typical concrete beams, the shear reinforcement was provided by 

internal shear link. Solid timber beams had neither internal reinforcement for flexural 

nor shear. Existing timber beams potentially be strengthened externally and give 

comparable load carrying capacity with considerable bigger size of beams. There are 

various approaches to repair and strengthened the beam in shear using FRP. Typical 

shear strengthening techniques are steel plate bonding system or section enlargement. 

Instead of using bigger size of timber which considerably increase the overall cost of 

constructing building, strengthening smaller timber is seen as an alternative way to 

the shear problem in beam as addressed earlier. Techniques used in repairing and 

strengthening of concrete structures in shear using FRP to be applied to the timber 

beam are used in this study since there are small numbers of researches conducted on 

the behaviour of the timber beam against shear resistance.

Research has been conducted on strengthening of solid and glulam beam 

using tropical timber such as Yellow Meranti, Kempas and Keruing in bending but 

shear strengthening of these solid tropical timber beam has not been conducted yet. 

Yellow Meranti is one of the major species available and widely distributed in 

Malaysia for light construction and furniture manufacturing industry. Due to its 

availability and low in cost, research on utilizing of low grade Yellow Meranti 

timber to be used as structural member are required. Most of the application of FRP 

in strengthening timber structure were bonded externally by adhesive which make 

surface preparation is also an interesting area to be researched.

Generally, the cellular structure of hardwood species like Yellow Meranti is 

more complex where they tend to have a short fibre length and very large vessels 

(pores). Whilst, softwood is relatively has longer fibre length and present uniform 

appearance free from large pores. Literature proved that smaller hardwood fibre in 

terms of fibre length and fibre diameter which was one third on average from the size 

of softwood fibre would result in less capability in carrying load and consequently 

have lower shear strength and stiffness (Coutts, 1987). Therefore, strengthening of 

solid timber beam from hardwood species was seen crucial to enhance the shear 

performance of the timber for structural usage.
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1.2 Problem Statement

Yellow Meranti has relatively lower shear strength than softwood species due 

to its shorter fibre length and larger pores compares to most softwood species that 

present uniform appearance free from large pores. These wood anatomy of hardwood 

species of Yellow Meranti allow it to have lower fibre strength, be more brittle and 

able to carry lower load when under stress. In addition to that, some of timber beam 

experience shear failure that always occurs suddenly before bending. Thus, shear 

strengthening of Yellow Meranti by using Fibre Reinforced Polymer (FRP) is seen to 

be crucial to solve the aforementioned problem for the structural application. 

Afterward, comprehensive design and guideline of the strengthening system for 

tropical timber are established to the construction industry. Consequently, the 

mechanical properties of the non-structural applicant of timber are greatly enhanced 

likewise it is capable to be convert to structural timber beam with fully utilized of 

bending capacity.

1.3 Research Question

Some modifications in terms of techniques in strengthening are developed to 

enhance the timber capacity. There are four main research questions in this study:

(a) How the bonding of FRP behave when externally bonded to timber and what 

are the effective bond length between these materials?

(b) What is the shear strength, stiffness and ductility enrichment provided by 

FRP to timber beam and their respective modification factor?

(c) What is the most suitable design parameter that contribute well in strengthen 

timber in shear by using composite material?

(d) How the strengthened timber beams performed structurally from the failure 

mode?
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(e) How efficient the mathematical model to accurately predict the shear capacity 

of the strengthened timber beam?

1.4 Research Objectives

The aim of this study is to improve the shear properties of Yellow Meranti by 

strengthening the solid timber beam externally by using Fibre Reinforced Polymer 

(FRP). The mechanical properties of solid timber, FRP and adhesive were firstly 

determined and the results were compared with the existing data as a supplementary 

step in order to achieve the aim of this study. Therefore the objectives set up in this 

research are:-

(a) To determine the bonding properties of FRP to timber beam using epoxy 

adhesives.

(b) To determine the shear capacity, stiffness and ductility of strengthened solid 

timber beams under four point loading.

(c) To determine the design parameter for strengthening of composite material to 

timber beam (number of FRP strips; types of FRP; FRP stripping angle and 

wrapping schemes).

(d) To investigate the structural performance from failure mode of solid timber 

beams strengthened with FRP

(e) To develop mathematical model of the strengthened timber beam.
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1.5 Research Scopes

The scope of this research covers the selection of materials, types of testing 

and analysis involved. In this research, untreated seasoned Yellow Meranti timber 

which is randomly selected is used as the main structure which their moisture content 

is limited to be below and equal to 23%. Carbon fibre reinforced polymer (CFRP) 

pultruded plate, carbon fibre fabric (CFF) and glass fibre fabric (GFF) were selected 

as the strengthening material for timber beam. Sikadur-30 was used as bonding agent 

for CFRP pultruded and Sikadur-330 was used as laminating and as well as bonding 

agent for CFF and GFF to the timber. The material properties measured in this study 

was limited to shear, tensile, compression and bonding strength by double strap joint 

configuration between FRP and timber with three different bond length (50 mm, 75 

mm and 100 mm). The beams were tested under four point loading. The 

strengthening work was limited to externally bonded and employed on shear zone of 

the timber beam. Number of strips (n=2 to 7), type of FRP (CFRP, CFF and GFF), 

FRP stripping angle (90° and 45°) and FRP wrapping schemes (Side bonded (SB), 

U-Jacket (UJ) and Fully wrapped (FW)) were used as experimental parameter. 

Analytical analysis modified from Morales-Conde et al. (2015) was developed and 

used as comparison to the experimental results.

1.6 Research Significance

This research expectation to come out with a novel findings where the finding 

should be beneficial to the construction industry and their respective communities. 

Environmental awareness could be highly promoted to the society through revival of 

natural building material with low carbon footprint that also help conserve resources. 

The designers are encouraged for the strengthening techniques of Yellow Meranti 

which is low in strength (commonly used for furniture and plywood industry) for 

structural usage and thus utilize the capacity and performance of timber. Fabricators 

and engineers are assisted in improving the strengthening works in field and 

established guideline for design works and fabrication works on site in the future. 

This study also facilitates the introduction of environmental friendly materials with
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proven performance to contractor and Aid in providing economic advantage of 

material utilization by efficiently compositing low cost timber with minimum but 

sufficient amount of FRP in construction works. Lastly, researcher(s) are guided to 

uncover critical areas in structural engineering that other researches unable to explore 

thus develop new knowledge particularly in strengthening timber structure.

9



REFERENCES

Abd Khalid, N.H.B. (2012). C h a r a c te r i z a t io n s  o f  K e n a f  F ib e r  R e in fo r c e d  P o ly m e r  

C o m p o s i te s  f o r  S tr u c tu r a l  E le m e n ts . Universiti Teknologi Malaysia.

Abdel-Jaber, M.S., Walker, P.R. and Hutchinson, A.R. (2003). Shear Strengthening 

of Reinforced Concrete Beams Using Different Configurations of Externally 

Bonded Carbon Fibre Reinforced Plates. M a te r ia ls  a n d  S tr u c tu r e s . 36(June), 

291-301.

Abdel-kareem, A.H. (2014). Shear strengthening of reinforced concrete beams with 

rectangular web openings by FRP Composites. A d v a n c e s  in  C o n c r e te  

C o n s tr u c t io n . 2(4), 281-300.

Abdel-Magid, B., Dagher, H. and Kimball, T. (1994). The Effect of Composite 

Reinforcement on Structural Wood. In ASCE, ed. P r o c .  N e w  M a te r ia ls  a n d  

M e th o d s  o f  R e p a ir ,  K . D . B a s h a m . New York, pp.417- 424.

Abdul Samad, A.A., Mohamad, N., Ali, N., Jayaprakash, J. and Mendis, P. (2016). 

Rehabilitation of continuous reinforced concrete beams in shear by external 

bonding of carbon fiber reinforced polymer strips for sustainable 

construction. K e y  E n g in e e r in g  M a te r ia l s . 708(August), 49-58.

Abu Hassan, S., Gholami, M., Ismail, Y.S. and Mohd Sam, A.R. (2015). 

Characteristics of Concrete / CFRP Bonding System Under Natural Tropical 

Climate. C o n s tr u c t io n  a n d  B u i ld in g  M a te r ia l s . 77(July), 297-306.

Adhikary, B.B. and Mutsuyoshi, H. (2004). Behavior of Concrete Beams 

Strengthened in Shear with Carbon-Fiber Sheets. J o u r n a l  o f  C o m p o s i te s  f o r  

C o n s tr u c t io n . 8(June), 258-264.

Adhikary, B.B. and Mutsuyoshi, H. (2006). Shear Strengthening of Reinforced 

Concrete Beams Using Various Techniques. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 20(6), 366-373.

Ahmad, Y. (2010). B e n d in g  B e h a v io r  o f  T im b e r  B e a m s  S tr e n g th e n e d  U s in g  F ib e r  

R e in fo r c e d  P o ly m e r  B a r s  a n d  P l a t e s . Universiti Teknologi Malaysia.

Ahmad, J., Bhat, J.A. and Salam, U. (2013). Behavior of Timber Beams Provided 

with Flexural as Well as Shear Reinforcement in the Form of CFRP Strips.

251



I n te r n a tio n a l  J o u r n a l  o f  A d v a n c e d  R e s e a r c h  in  E n g in e e r in g  a n d  T e c h n o lo g y  

(IJ A R E T ). 4(6), 153-165.

Akbiyik, A. (2005). F e a s ib i l i t y  I n v e s t ig a t io n  In to  S h e a r  R e p a ir  o f  T im b e r  B r id g e  

S tr in g e r s . TULANE UNIVERSITY.

Akira, Y. and Toshiyuki, K. (2005). Bond splitting strength of rc members based on 

local bond stress and slip behavior. I C F  X I  -  1 1 th  I n te r n a tio n a l  C o n fe r e n c e  

o n  F r a c tu r e . 2(1).

Al-Saawani, M. a., El-Sayed, a. K. and Al-Negheimish, a. I. (2015). Effect of Basic 

Design Parameters on IC Debonding of CFRP-Strengthened Shallow RC 

beams. J o u r n a l  o f  R e in fo r c e d  P la s t i c s  a n d  C o m p o s i te s . 34(18), 1526-1539.

Al-tamimi, A.K., Hawileh, R., Abdalla, J. and Rasheed, H.A. (2011). Effects of Ratio 

of CFRP Plate Length to Shear Span and End Anchorage on Flexural 

Behavior of SCC RC Beams. 08(December), 908-919.

Alam, M.A., Hassan, A. and Muda Muda, Z. (2016). Development of Kenaf Fibre 

Reinforced Polymer Laminate for Shear Strengthening of Reinforced 

Concrete Beam. M a te r ia ls  a n d  S tr u c tu r e s . 49, 795-811.

Alam, M.I., Fawzia, S. and Liu, X. (2015). Effect of bond length on the behaviour of 

CFRP strengthened concrete-filled steel tubes under transverse impact. 

C o m p o s i te  S tr u c tu r e s . 132, 898-914.

Alam, P., Ansell, M.P. and Smedley, D. (2009). Mechanical repair of timber beams 

fractured in flexure using bonded-in reinforcements. C o m p o s i te s  P a r t  B :  

E n g in e e r in g . 40(2), 95-106.

Alzoubi, F. and Zhengliang, L. (2007). Overview Shear Strengthening of RC Beams 

with Externally Bonded FRP Composites. J o u r n a l  o f  A p p l i e d  S c ie n c e s . 7(8), 

1093-1106.

American Society for Testing Materials (2005). ASTM D5379/D5379M - 05. 

Standard Test Method for Shear Properties of Composite Materials by the V- 

Notched Beam Method. (C), 1-13.

American Society for Testing and Materials (2006). ASTM D2344/D2344M - 00 

Standard Test Method for Short-Beam Strength of Polymer Matrix 

Composite Materials and Their Laminates. (Reapproved 2006), 1-8.

American Society for Testing and Materials (2008). ASTM D3039/D3039M - 08. 

Standard Test Method for Tensile Properties of Polymer Matrix Composite 

Materials. , 1-13.

252



American Society for Testing Materials (2009). ASTM D143 - Standard Test 

Methods for Small Clear Specimens of Timber. , 1-32.

American Society for Testing and Materials (2010). ASTM D638 - 10. Standard Test 

Method for Tensile Properties of Plastics. , 1-16.

American Society for Testing and Materials (2012). ASTM D3617 - 12. Standard 

Specification for Dimensional Tolerance of Thermosetting Glass-Reinforced 

Plastic Pultruded Shapes. , 4.

American Society for Testing and Materials (2013). ASTM D198 - 13. Standard Test 

Methods of Static Tests of Lumber in Structural Sizes. , 1-27.

American Society for Testing Method (2013). ASTM D3518/D3518M - 13 Standard 

Test Method for In-Plane Shear Response of Polymer Matrix Composite 

Materials by Tensile Test of a ±45° Laminate. , 1-7.

Amy, K. and Svecova, D. (2004). Strengthening of dapped timber beams using glass 

fibre reinforced polymer bars. 955, 943-955.

Arcan, M., Hashin, Z. and Voloshin, a. (1978). A method to produce uniform plane- 

stress states with applications to fiber-reinforced materials. E x p e r im e n ta l  

M e c h a n ic s . 18(4), 141-146.

Aslam, M., Shafigh, P., Jumaat, M.Z. and Shah, S.N.R. (2015). Strengthening of RC 

beams using prestressed fiber reinforced polymers -  A review. C o n s tr u c t io n  

a n d  B u ild in g  M a te r ia l s . 82, 235-256.

Azlan, H.M., Ahmad, Z., Ibrahim, A. and Hassan, R. (2013). Behaviour of kempas 

timber beam strengthened with CFRP and steel plates under bending. B E I A C  

2 0 1 3  - 2 0 1 3  IE E E  B u s in e s s  E n g in e e r in g  a n d  I n d u s tr ia l  A p p l ic a t io n s  

C o l lo q u iu m ., 483-488.

Bank, L.C. (2006). C o m p o s i te s  f o r  C o n s t r u c t io n : S tr u c tu r a l  D e s ig n  w i th  F R P  

M a te r ia l s , United States: John Wiley & Sons, Inc.

Bakis, C.E., Bank, L.C., Brown, V.L., Cosenza, E., Davalos, J.F., Lesko, J.J., 

Machida, A., Rizkalla, S.H. and Triantafillou, T.C. (2002). Fiber-Reinforced 

Polymer Composites for Construction— State-of-the-Art Review. J o u r n a l  o f  

C o m p o s i te s  f o r  C o n s tr u c t io n . 6(2), 73-87.

Basterra, L.A., Balmori, J.A., Morillas, L., Acuna, L. and Casado, M. (2017). 

Internal reinforcement of laminated duo beams of low-grade timber with 

GFRP sheets. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 154, 914-920.

253



Belarbi, A. and Acun, B. (2013). FRP Systems in Shear Strengthening of Reinforced 

Concrete Structures. P r o c e d ia  E n g in e e r in g . 57, 2-8.

Bindzi, I. and Samson, M. (1995). New Formula for Influence of Spiral Grain on 

Bending Stiffness of Wooden Beams. J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 

121, 1541-1734.

Biscaia, H.C., Chastre, C. and Silva, M. a. G. (2015). Bond-Slip Model for FRP-to- 

Concrete Bonded Joints Under External Compression. C o m p o s i te s  P a r t  B :  

E n g in e e r in g . 80, 246-259.

Biscaia, H.C. and Chastre, C. (2018). Theoretical analysis of fracture in double 

overlap bonded joints with FRP composites and thin steel plates. E n g in e e r in g  

F r a c tu r e  M e c h a n ic s . 190, 435-460.

Bodig, J. and Jayne, B.A. (1982). M e c h a n ic s  o f  W o o d  a n d  W o o d  C o m p o s i te s , New 

York: Van Nostrand Reinhold.

Borri, A., Corradi, M. and Grazini, A. (2005). A Method for Flexural Reinforcement 

of Old Wood Beams with CFRP Materials. C o m p o s i te s  P a r t  B : E n g in e e r in g . 

36(2), 143-153.

Borri, A. and Corradi, M. (2011). Strengthening of timber beams with high strength 

steel cords. C o m p o s i te s  P a r t  B :  E n g in e e r in g . 42(6), 1480-1491.

Borrie, D., Liu, H.B., Zhao, X.L., Singh Raman, R.K. and Bai, Y. (2015). Bond 

durability of fatigued CFRP-steel double-lap joints pre-exposed to marine 

environment. C o m p o s i te  S tr u c tu r e s . 131, 799-809.

Bourreau, D., Aimene, Y., Beauchene, J. and Thibaut, B. (2013). Feasibility of glued 

laminated timber beams with tropical hardwoods. E u r o p e a n  J o u r n a l  o f  W o o d  

a n d  W o o d  P r o d u c t s . 71(5), 653-662.

British Standard Institution (1957). BS 373 Methods of Testing Small Clear 

Specimens of Timber. L o n d o n :  B r i t is h  S ta n d a r d s  I n s t i tu t io n .

British Standards Institution (1992). BS 1610 - 1. Materials testing machines and 

force verification equipment. , 26.

British Standards Institution IS0/DIS.10406-2 (2007). Test Method for Tensile 

Properties. L o n d o n :  B r i t is h  S ta n d a r d s  I n s t i tu t io n .

British Standards Institution (2010). BS EN 408. Timber structures — Structural 

timber and glued laminated timber — Determination of some physical and 

mechanical properties.

254



Broughton, J.G. and Hutchinson, A.R. (2001). Effect of Timber Moisture Content on 

Bonded-in Rods. C o n s tr u c t io n  &  B u i ld in g  M a te r ia l s . 15(February 2000), 

17-25.

Brunner, M. and Schnuriger, M. (2005). Strengthening timber beams with 

prestressed artificial fib res: the delamination problem. In C O S T  C 1 2  F in a l  

C o n fe r e n c e  P r o c e e d in g s  J a n u a r y  2 0 0 5 :  I m p r o v e m e n t  o f  B u i ld i n g s ’ S tr u c tu r a l  

Q u a l i ty  b y  N e w  T e c h n o lo g ie s . London: Taylor & Francis Group, pp.219-224.

Buell, T.W. and Saadatmanesh, H. (2005). Strengthening Timber Bridge Beams 

Using Carbon Fiber. J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 131(January), 173­

187.

Burke, P.J., Bisby, L. a. and Green, M.F. (2013). Effects of Elevated Temperature on 

Near Surface Mounted and Externally Bonded FRP Strengthening Systems 

for Concrete. C e m e n t a n d  C o n c r e te  C o m p o s i te s . 35(1), 190-199.

Cao, S.Y., Chen, J.F., Teng, J.G., Hao, Z. and Chen, J. (2005). Debonding in RC 

Beams Shear Strengthened with Complete FRP Wraps. J o u r n a l  o f  

C o m p o s i te s  f o r  C o n s tr u c t io n . 9(5), 417-428.

Cao, C.-P., Finkeldey, R., Siregar, I.Z., Siregar, U.J. and Gailing, O. (2006). Genetic 

diversity within and among populations of Shorea leprosula Miq. and Shorea 

parvifolia Dyer (Dipterocarpaceae) in Indonesia detected by AFLPs. T re e  

G e n e tic s  a n d  G e n o m e s . 2(4), 225-239.

Cao, C., Gailing, O. and Siregar, I.Z. (2009). Genetic variation in nine Shorea 

species ( Dipterocarpaceae ) in Indonesia revealed by AFLPs. T r e e  G e n e tic s  

a n d  G e n o m e s . 5, 407-420.

Carolin, A. (2003). C a r b o n  F ib r e  R e in fo r c e d  P o ly m e r s  f o r  S tr e n g th e n in g  o f  

S tr u c tu r a l  E le m e n ts . Lulea University of Technology, Sweden.

Casilla, R.C., Chow, S., Steiner, P.R. and Warren, S.R. (1984). Wettability of four 

Asian meranti species. W o o d  S c ie n c e  a n d  T e c h n o lo g y . 18(2), 87-96.

Chaallal, O., Nollet, M.J. and Perraton, D. (1998). Shear Strengthening of RC Beams 

by Externally Bonded Side CFRP Strips. J o u r n a l  o f  C o m p o s i te s  f o r  

C o n s tr u c t io n . 2, 69-114.

Chen, J.F. and Teng, J.G. (2003). Shear capacity of FRP-strengthened RC beam s: 

FRP debonding. 17, 27-41.

Chew, A.A., Seri, N.A., Nur, W., Wan, S., Yasin, M.H., Hassan, R. and Mara, U.T. 

(2018). Tensile Resistance of GFRP Wrapped Steel-Dowelled Half-Lap

255



Timber Connection. I n te r n a t io n a l  J o u r n a l  o f  E n g in e e r in g  a n d  T e c h n o lo g y . 

7(3.11), 101-104.

Choo, K.T., Gan, K.S. and Lim, S.C. (1998). T im b e r  T e c h n o lo g y  B u l le t in :  T im b e r  

N o te s  -  L ig h t  H a r d w o o d s  I , Kuala Lumpur.

Christopher, K.Y.L. (2006). FRP Debonding from a Concrete Substrate: Some 

Recent Findings Against Conventional Belief. C e m e n t a n d  C o n c r e te  

C o m p o s i te s . 28, 742-748.

Claisse, P.A., Davis, T.J. and Masse, B. (2007). Fatigue testing of glass / epoxy 

joints in timber up to the endurance limit. 21, 139-149.

Clarke, J.L. (1996). S tr u c tu r a l  D e s ig n  o f  P o ly m e r  C o m p o s i te s :  E U R O C O M P  D e s ig n  

C o d e  a n d  H a n d b o o k , London, UK.

Corradi, M. and Borri, A. (2007). Fir and Chestnut Timber Beams Reinforced with 

GFRP Pultruded Elements. C o m p o s i te s  P a r t  B : E n g in e e r in g . 38(2), 172­

181.

Corradi, M., Vo, T.P., Poologanathan, K. and Israel, A. (2018). Flexural behaviour of 

hardwood and softwood beams with mechanically connected GFRP plates. 

C o m p o s i te  S tr u c tu r e s . 206(April), 610-620.

Coutts, R.S.P. (1987). Eucalyptus wood fibre- reinforced cement. J o u r n a l  o f  

M a te r ia ls  S c ie n c e  L e t t e r s . 6, 955-957.

Crews, K. and Smith, S.T. (2006). Tests on FRP-strengthened timber joints. In P r o c ,  

3 r d  In t. C o n f. o n  F R P  C o m p o s i te s  in  C iv i l  E n g in e e r in g , C I C E  2 0 0 6 . pp.677- 

680.

Danielsson, H. and Serrano, E. (2018). Cross laminated timber at in-plane beam 

loading -  Prediction of shear stresses in crossing areas. E n g in e e r in g  

S tr u c tu r e s . 171(February), 921-927.

Darby, A., Ibell, T. and Evernden, M. (2010). Innovative Use and Characterization of 

Polymers for Timber-Related Construction. M a te r ia l s . 3, 1104-1124.

Das, S. (2012). S h e a r  S tre n g th  o f  T im b e r  B e a m s  w i th  E n d  S p l i t s . University of 

Manitoba, Winnipeg.

Daud, R. a., Cunningham, L.S. and Wang, Y.C. (2015). Static and Fatigue Behaviour 

of the Bond Interface between Concrete and Externally Bonded CFRP in 

Single Shear. E n g in e e r in g  S tr u c tu r e s . 97, 54-67.

256



Davalos, J.F., Qiao, P.Z. and Trimble, B.S. (2000). Fiber-reinforced composite and 

wood bonded interfaces: Part 1. Durability and shear strength. J o u r n a l  o f  

C o m p o s i te s  T e c h n o lo g y  a n d  R e s e a r c h . 22(4), 224-231.

Deifalla, A. and Ghobarah, A. (2010). Strengthening RC T-Beams Subjected to 

Combined Torsion and Shear Using FRP Fabrics: Experimental Study. 

J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 14(3), 301-311.

Dempsey, D.D. and Scott, D.W. (2006). Wood Members Strengthened with 

Mechanically Fastened FRP Strips. J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 

10(5), 392-398.

Deng, J., Lee, M.M.K. and Li, S. (2011). Flexural Strength of Steel-Concrete 

Composite Beams Reinforced with a Prestressed CFRP Plate. C o n s tr u c t io n  

a n d  B u ild in g  M a te r ia l s . 25(1), 379-384.

Deric J. Oehlers (2001). Development of Design Rules for Retrofitting by Adhesive 

Bonding or Bolting Either FRP or Steel Plates to RC Beams or Slabs in 

Bridges and Buildings. C o m p o s i te s ,  P a r t  A . 32, 1345-1355.

De Domenico, D. (2015). RC Members Strengthened with Externally Bonded FRP 

Plates: A FE-Based Limit Analysis Approach. C o m p o s i te s  P a r t  B :  

E n g in e e r in g . 71, 159-174.

Dobrila, P. and Premrov, M. (2003). Reinforcing Methods for Composite Timber 

Frame-Fiberboard Wall Panels. E n g in e e r in g  S tr u c tu r e s . 25(11), 1369-1376.

Dobrila, P. and Premrov, M. (2003). Reinforcing Methods for Composite Timber 

Frame-Fiberboard Wall Panels. E n g in e e r in g  S tr u c tu r e s . 25(11), 1369-1376.

Dong, J., Wang, Q. and Guan, Z. (2013). Structural behaviour of RC beams with 

external flexural and flexural-shear strengthening by FRP sheets. C o m p o s i te s  

P a r t  B :  E n g in e e r in g . 44(1), 604-612.

Duthinh, D. and Starnes, M. (2004). Strength and Ductility of Concrete Beams 

Reinforced with Carbon Fiber-Reinforced Polymer Plates and Steel. J o u r n a l  

o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 8(February), 59-69.

Echavarria, C., Jimenez, L. and Ochoa, J.C. (2012). Bamboo-Reinforced Glulam 

Beams: An Alternative to Fiberglass-Reinforced Glulam Beams. D y n a  7 9 . 

174, 24-30.

Fava, G., Carvelli, V. and Poggi, C. (2013). Pull-out strength of glued-in FRP plates 

bonded in glulam. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 43, 362-371.

257



Ferrari, V.J., De Hanai, J.B. and De Souza, R.A. (2013). Flexural Strengthening of 

Reinforcement Concrete Beams using High Performance Fiber 

Reinforcement Cement-Based Composite (HPFRCC) and Carbon Fiber 

Reinforced Polymers (CFRP). C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 48,

485-498.

Firmo, J.P., Correia, J.R., Pitta, D., Tiago, C. and Arruda, M.R.T. (2015). 

Experimental Characterization of the Bond between Externally Bonded 

Reinforcement (EBR) CFRP Strips and Concrete at Elevated Temperatures. 

C e m e n t a n d  C o n c r e te  C o m p o s i te s . 60, 44-54.

Fiserova, M., Gigac, J. and Balbercak, J. (2010). Relationship between Fibre 

Characteristics and Tensile Strength of Hardwood and Softwood Kraft Pulps. 

C e l lu lo s e  C h e m is tr y  a n d  T e c h n o lo g y . 44(7-8), 249-253.

Follesa, M., Fragiacomo, M., Casagrande, D., Tomasi, R., Piazza, M., Vassallo, D., 

Canetti, D. and Rossi, S. (2018). The new provisions for the seismic design of 

timber buildings in Europe. E n g in e e r in g  S tr u c tu r e s . 168(May 2017), 736­

747.

Franke, S., Franke, B. and Harte, A.M. (2015). Failure modes and reinforcement 

techniques for timber beams -  State of the art. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 97, 2-13.

Frese, M. and BlaB, H.J. (2006). F a i lu r e  a n a ly s i s  o n  t im b e r  s tr u c tu r e s  in  G e r m a n y , 

Universitat Karlsruhe, Germany.

Frihart, C.R. (2005). Adhesive Bonding and Performance Testing of Bonded Wood 

Products. J o u r n a l  o f  A S T M  I n te r n a t io n a l . 2(7), 1-12.

Gamage, D.T., Silva, M.P. De, Inomata, N., Yamazaki, T. and Szmidt, A.E. (2006). 

Comprehensive Molecular Phylogeny of the Sub-Family Dipterocarpoideae ( 

Dipterocarpaceae ) Based on Chloroplast DNA Sequences. G e n e s  a n d  

G e n e tic  S y s te m s . 81, 1-12.

Gamage, D.T., Yoshuda, A., Szmidt, A.E. and Yamazaki, T. (2003). Molecular 

phylogeny of Sri Lankan Dipterocarpaceae in relation to other Asian 

Dipterocarpaceae based on chloroplast DNA sequences. T r o p ic s . 13(2), 79­

87.

GangaRao, H.V.S., Taly, N. and Vijay, P. V. (2006). R e in fo r c e d  C o n c r e te  D e s ig n  

w ith  F R P  C o m p o s i te s , New York: Taylor & Francis Group.

258



Gao, B., Christopher, K.Y.L. and Kim, J.-K. (2007). Failure diagrams of FRP 

strengthened RC beams. C o m p o s i te  s t r u c tu r e s . 77, 493-508.

Gehri, E. (2010). Shear Problems in Timber Engineering - Analysis and Solutions. In 

P r o c e e d in g s  o f  1 1 th  W o r ld  C o n fe r e n c e  o n  T im b e r  E n g in e e r in g  2 0 1 0 , W C T E .

Gentile, C., Svecova, D. and Rizkalla, S.H. (2002). Timber Beams Strengthened with 

GFRP Bars: Development and Applications. J o u r n a l  o f  C o m p o s i te s  f o r  

C o n s tr u c t io n . 6(1), 11-20.

Gentry, T.R. (2011). Performance of Glued-Laminated Timbers with FRP Shear and 

Flexural Reinforcement. J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 15(5),

861-870.

Gere, J. M. and Timoshenko, S. P. (1984). Mechanics of Materials, 2nd Edition. 

Boston Massachusetts: PWS Engineering

Gere, J.M. and Goodno, B.J. (2012). M e c h a n ic s  o f  M a te r ia ls  Brief Edit., Canada: 

Cengage Learning.

Gheorghiu, C., Labossiere, P. and Proulx, J. (2006). Fatigue and Monotonic Strength 

of RC Beams Strengthened with CFRPs. C o m p o s i te s  P a r t  A :  A p p l i e d  S c ie n c e  

a n d  M a n u fa c tu r in g . 37, 1111-1118.

Gheorghiu, C., Labossiere, P. and Proulx, J. (2007). Response of CFRP-Strengthened 

Beams under Fatigue with Different Load Amplitudes. C o n s tr u c t io n  a n d  

B u ild in g  M a te r ia l s . 21, 756-763.

Gilfillan, J.R., Gilbert, S.G. and Patrick, G.R.H. (2003). The Use of FRP Composites 

in Enhancing the Structural Behavior of Timber Beams. J o u r n a l  o f  

R e in fo r c e d  P la s t i c s  a n d  C o m p o s i te s . 22(15), 1373-1388.

Gilfillan, J.R., Gilbert, S.G. and Patrick, G.R.H. (2004). Improving the structural 

performance of timber beams with FRP composites : a review. In F R P  

C o m p o s i te s  in  C iv i l  E n g in e e r in g , C I C E  2 0 0 4  E d . R . S e r a c in o , 8 - 1 0  

D e c e m b e r . Adelaide. Australia, pp.705-711.

Globa, A., Subhani, M., Moloney, J. and Al-Ameri, R. (2018). Carbon Fiber and 

Structural Timber Composites for Engineering and Construction. J o u r n a l  o f  

A r c h i te c tu r a l  E n g in e e r in g . 24(3), 04018018.

Gomez, S. and Svecova, D. (2008). Behavior of Split Timber Stringers Reinforced 

with External GFRP Sheets. J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 12(2), 

202-211.

259



Grande, E., Imbimbo, M. and Sacco, E. (2011). Simple Model for Bond Behavior of 

Masonry Elements Strengthened with FRP. J o u r n a l  o f  C o m p o s i te s  f o r  

C o n s tr u c t io n . 15(June), 354-363.

H ’ng, P.S. (2003). B a s ic  E n g in e e r in g  P r o p e r t ie s  o f  L a m in a te d  V e n e e r  L u m b e r  (L V L )  

P r o d u c e d  f r o m  T r o p ic a l  H a r d w o o d  S p e c i e s .

Hai, N.D., Mutsuyoshi, H., Shiroki, K. and Ishihama, T. (2011). Development of an 

Effective Joining Method for a Pultruded Hybrid CFRP/GFRP Laminate. In 

L. Y. et Al., ed. P r o c e e d in g  o f  th e  5 th  I n te r n a t io n a l  C o n fe r e n c e  o n  F R P  

C o m p o s i te s  in  C iv i l  E n g in e e r in g  (C I C E  2 0 1 0 ) . Beijing, China: Tsinghua 

University Press and Springer-Verlag Berlin Heidelberg, pp.103-106.

Hansson, E.F. (2011). Analysis of structural failures in timber structures: Typical 

causes for failure and failure modes. E n g in e e r in g  S tr u c tu r e s . 33(11), 2978­

2982.

Hassan, S.A. (2007). M e c h a n ic a l  P e r f o r m a n c e  o f  C a r b o n  F ib r e  R e in fo r c e d  V in y l 

E s te r  C o m p o s i te  P la te  B o n d e d  C o n c r e te  E x p o s e d  to  T r o p ic a l  C l im a te . 

Universiti Teknologi Malaysia.

Hay, S., Thiessen, K., Svecova, D. and Bakht, B. (2006). Effectiveness of GFRP 

Sheets for Shear Strengthening of Timber. J o u r n a l  o f  C o m p o s i te s  f o r  

C o n s tr u c t io n . 10(6), 483-491.

Heshmati, M., Haghani, R. and Al-Emrani, M. (2015). Environmental durability of 

adhesively bonded FRP/steel joints in civil engineering applications: State of 

the art. C o m p o s i te s  P a r t  B :  E n g in e e r in g . 81, 259-275.

Hoseinpour, H., Rosa, M., Garbin, E. and Panizza, M. (2018). Analytical 

investigation of timber beams strengthened with composite materials. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 191, 1242-1251.

Hosseini, A. and Mostofinejad, D. (2014). Effective bond length of FRP-to-concrete 

adhesively-bonded joints: Experimental evaluation of existing models. 

I n te r n a tio n a l  J o u r n a l  o f  A d h e s io n  a n d  A d h e s iv e s . 48, 150-158.

Hota, G. and Liang, R. (2011). Advanced Fiber Reinforced Polymer Composites for 

Sustainable Civil Infrastructures. In I n te r n a t io n a l  S y m p o s iu m  o n  In n o v a tio n  

&  S u s ta in a b il i ty  o f  S tr u c tu r e s  in  C iv i l  E n g in e e r in g  X ia m e n  U n iv e r s ity ,  C h in a . 

pp.1-11.

260



Hoult, N.A. and Lees, J.M. (2009). Efficient CFRP Strap Configurations for the 

Shear Strengthening of Reinforced Concrete T-Beams. J o u r n a l  o f  C o m p o s i te s  

f o r  C o n s tr u c t io n . 13(1), 45-52.

Ishiguri, F., Takeuchi, M., Makino, K., Wahyudi, I., Takashima, Y., Iizuka, K., 

Yokota, S. and Yoshizawa, N. (2012). Cell Morphology and Wood Properties 

of Shorea Acuminatissima Plantes in Indonesia. I n t  A s s o c  W o o d  A n a to m is t  

(IA WA)  J o u r n a l. 33(1), 25-38.

Jajcinovic, M., Fischer, W.J., Hirn, U. and Bauer, W. (2016). Strength of Individual 

Hardwood Fibres and Fibre to Fibre Joints. C e l lu lo s e . 23(3), 2049-2060.

Jasienko, J. and Nowak, T.P. (2014). Solid Timber Beams Strengthened with Steel 

Plates -  Experimental Studies. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 63, 81­

88.

Jayaprakash, J. (2006). S h e a r  S tr e n g th e n in g  o f  R e in fo r c e d  C o n c r e te  B e a m s  U s in g  

E x te r n a lly  B o n d e d  B i - D ir e c t io n a l  C a r b o n  F ib r e  R e in fo r c e d  P o ly m e r . 

Universiti Putra Malaysia.

Jesus, A.M.P. de, Pinto, J.M.T. and Morais, J.J.L. (2012). Analysis of solid wood 

beams strengthened with CFRP laminates of distinct lengths. C o n s tr u c t io n  

a n d  B u ild in g  M a te r ia l s . 35, 817-828.

Johnsson, H., Blanksvard, T. and Carolin, a. (2006). Glulam members strengthened 

by carbon fibre reinforcement. M a te r ia ls  a n d  S tr u c tu r e s . 40(1), 47-56.

Jumaat, M.Z., Abdul Rahim, A.H., Othman, J. and M. Razali, F. (2006). Timber 

Engineering Research and Education in Malaysia. In 9 th  W o r ld  C o n fe r e n c e  

o n  T im b e r  E n g in e e r in g . Portland, OR., USA., pp.2494-2497.

Juvandes, L.F.P. and Barbosa, R.M.T. (2012). Bond Analysis of Timber Structures 

Strengthened with FRP Systems. S tr a in . 48(2), 124-135.

Kalfat, R. and Al-Mahaidi, R. (2015). Development of a Hybrid Anchor to Improve 

the Bond Performance of Multiple Plies of FRP Laminates Bonded to 

Concrete. C o n s tr u c t io n  a n d  B u i ld in g  M a te r ia l s . 94, 280-289.

Kamiya, K., Harada, K., Ogino, K., Kajita, T., Yamazaki, T., Lee, H.-S. and Ashtion, 

P.S. (1998). Molecular Phylogeny of Dipterocarp Specles Using Nucleotide 

Sequences of Two Non-coding Regions in Chloroplast DNA. T r o p ic s . 

7(May), 195-207.

Kamiya, K., Harada, K., Tachida, H. and Ashton, P.S. (2005). Phylogeny of PgiC 

Gene in Shorea and its Closely Related Gnera (Dipterocarpacease), the

261



Dominant Trees in Southeast Asian Tropical Rain Forest. A m e r ic a n  J o u r n a l  

o f  B o ta n y . 92(5), 775-788.

Karbhari, V.M. and Abanilla, M.A. (2007). Design factors, reliability, and durability 

prediction of wet layup carbon/epoxy used in external strengthening. 

C o m p o s i te s  P a r t  B :  E n g in e e r in g . 38(1), 10-23.

Kesse, G. and Lees, J.M. (2003). Shear Critical Reinforced Concrete Beams 

Strengthened with CFRP Straps. In K. H. Tan, ed. P r o c e e d in g s  o f  th e  S ix th  

I n te r n a tio n a l  S y m p o s iu m  o n  F ib r e - R e in f o r c e d  P o ly m e r  R e in fo r c e m e n t f o r  

C o n c r e te  S tr u c tu r e s  (F R P R C S -6 ) . Singapore, p.724.

Khalifa, A., Gold, W.J., Nanni, A. and Abdel Aziz, M.I. (1998). Contribution of 

Externally Bonded FRP to Shear Capacity of RC Flexural Members. J o u r n a l  

o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 2(4), 195-202.

Khelifa, M. and Celzard, A. (2014). Numerical analysis of flexural strengthening of 

timber beams reinforced with CFRP strips. C o m p o s i te  S tr u c tu r e s . 111, 393­

400.

Khelifa, M., Auchet, S., Meausoone, P.-J. and Celzard, A. (2015). Finite Element 

Analysis of Flexural Strengthening of Timber Beams with Carbon Fibre- 

Reinforced Polymers. E n g in e e r in g  S tr u c tu r e s . 101, 364-375.

Khelifa, M., Celzard, A., Oudjene, M. and Ruelle, J. (2016). Experimental and 

Numerical Analysis of CFRP-Strengthened Finger-Jointed Timber Beams. 

I n te r n a tio n a l  J o u r n a l  o f  A d h e s io n  a n d  A d h e s iv e s . 68, 283-297.

Kim, K.H.E. and Andrawes, B. (2016). Compression behavior of FRP strengthened 

bridge timber piles subjected to accelerated aging. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 124, 177-185.

Ko, H., Matthys, S., Palmieri, A. and Sato, Y. (2014). Development of a Simplified 

Bond Stress -  Slip Model for Bonded FRP -  Concrete Interfaces. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 68, 142-157.

Kotynia, R. (2012). Bond between FRP and Concrete in Reinforced Concrete Beams 

Strengthened with Near Surface Mounted and Externally Bonded 

Reinforcement. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 32, 41-54.

Lees, J.M. and Winistorfer, A.U. (2011). Nonlaminated FRP Strap Elements for 

Reinforced Concrete , Timber , and Masonry Applications. J o u r n a l  o f  

C o m p o s i te s  f o r  C o n s tr u c t io n . 15(2), 146-155.

262



Leijten, a. J.M., Franke, S., Quenneville, P. and Gupta, R. (2012). Bearing Strength 

Capacity of Continuous Supported Timber Beams: Unified Approach for Test 

Methods and Structural Design Codes. J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 

138(FEBRUARY), 266-272.

Leijten, A.J.M. (2016). The bearing strength capacity perpendicular to grain of 

Norway spruce - Evaluation of three structural timber design models. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 105, 528-535.

Li, Y.-F., Xie, Y.-M. and Tsai, M.-J. (2009). Enhancement of the flexural 

performance of retrofitted wood beams using CFRP composite sheets. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 23(1), 411-422.

Li, Y.-F., Tsai, M.-J., Wei, T.-F. and Wang, W.-C. (2014). A study on wood beams 

strengthened by FRP composite materials. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 62, 118-125.

Lin, Y.H., W, J. and Y., T. (2005). Strengthening Reinforced Concrete Beams using 

Prestressed Glass Fiber-Reinforced Polymer-Part I: experimental study. J  

Z h e jia n g  U n iv  S c i  A . 6, 74-166.

Ling, Z., Yang, H., Liu, W., Zhu, S. and Chen, X. (2018). Local bond stress-slip 

relationships between glue laminated timber and epoxy bonded-in GFRP rod. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 170, 1-12.

Lopez-Anido, R., Gardner, D.J. and Hensley, J.L. (2000). Adhesive bonding of 

eastern hemlock glulam panels with E-glass/vinyl ester reinforcement. F o r e s t  

P r o d u c ts  J o u r n a l . 50(11-12), 43-47.

Lorenzis, L. De, Scialpi, V. and Tegola, A. La (2005). Analytical and experimental 

study on bonded-in CFRP bars in glulam timber. C o m p o s i te s  P a r t  B :  

E n g in e e r in g . 36(4), 279-289.

Maeda, T., Asano, Y., Sato, Y., Ueda, T., and Kakuta, Y. (1997). A Study on Bond 

Mechanism of Carbon Fiber Sheet. In P r o c . ,  3 r d  In t. S ym p . o n  N o n - M e ta l l ic  

(F R P ) R e in fo r c e m e n t  f o r  C o n c r e te  S tr u c tu r e s  Vol. 1 . Japan Concrete 

Institute, Sapporo, Japan, 279-286.

Malaysian Standard (2001). MS 544 : Code of Practice for Structural Use of Timber : 

Part 2 : Permissible Stress Design of Solid Timber. 01, 1-58.

Malaysian Timber Council (2006)(a). M a la y s ia n  h a r d w o o d  d e c k in g , Kuala Lumpur.

Malaysian Timber Council (2006)(b). Y e l lo w  M e r a n t i , Kuala Lumpur.

263



Marotta, T.W. (2005). B a s ic  C o n s tr u c t io n  M a te r ia ls , Upper Saddle River, New 

Jersey 07458: Pearson Education, Inc.

Micelli, F., Scialpi, V. and Tegola, A. La (2005). Flexural Reinforcement of Glulam 

Timber Beams and Joints with Carbon Fiber-Reinforced Polymer Rods. 

J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 9(4), 337-347.

Miller, J.F. (2009). D e s ig n  a n d  A n a ly s is  o f  M e c h a n ic a l ly  L a m in a te d  T im b e r  B e a m s  

U s in g  S h e a r  K e y s . Michigan Technological University.

Miller, R.B. (1999). W o o d  H a n d b o o k  - W o o d  a s  a n  e n g in e e r in g  m a te r ia l , Gen. Tech. 

Rep. FPL-GTR-113. Madison, WI: U.S. Department of Agriculture, Forest 

Service.

Mofidi, A. and Chaallal, O. (2011). Shear Strengthening of RC Beams with EB FRP: 

Influencing Factors and Conceptual Debonding Model. J o u r n a l  o f  

C o m p o s i te s  f o r  C o n s tr u c t io n . 15(1), 62-74.

Mohamad Yatim, J., Tapsir, S.H. and Feng, H.S. (2008). Effects of Fibre 

Orientations on Single-Lap Bolted Joint of Pultruded GFRP Plates Under 

Tensile Loading. In A d v a n c e d  C o m p o s i te s  M a te r ia ls  P r o p e r t i e s  a n d  

A p p l ic a t io n . pp.89-103.

Mokhtar, N.I. and Ahmad, Y. (2013). Reinforcing Techniques using Fiber- 

Reinforced Polymer: A Review. M a la y s ia n  J o u r n a l  o f  C iv i l  E n g in e e r in g . 

73(Special Issue 1), 53-73.

Monti, G. and Liotta, M.A. (2007). Tests and design equations for FRP-strengthening 

in shear. C o n s tr u c t io n  &  B u ild in g  M a te r ia l s . 21, 799-809.

Morales-Conde, M.J., Rodriguez-Linan, C. and Rubio-de Hita, P. (2015). Bending 

and Shear Reinforcements for Timber Beams Using GFRP Plates. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 96, 461-472.

Morrow, H.W. and Kokernak, R.P. (2007). S ta t ic  a n d  S tr e n g th  o f  M a te r ia ls  6th ed.

V. Anthony, ed., New Jersey: Pearson Prentice Hall.

Mukhopadhyaya, P. and Swamy, R.N. (1998). Influence of Aggressive Exposure 

Conditions on The Behaviour of Adhesive Bonded Concrete-GFRP joints. 

C o n s tr u c t io n  &  B u i ld in g  M a te r ia l s . 12.

Muhamad Azlan, H., Ahmad, Z., Hassan, R. and Jamadin, A. (2012). Shear Strength 

of Steel and CFRP to Timber Interface. IE E E  S y m p o s iu m  o n  H u m a n itie s ,  

S c ie n c e s  a n d  E n g in e e r in g  R e s e a r c h ., 1465-1470.

264



Naaman, A. E., and Jeong, S. M. (1995). Structural Ductility of Concrete Beams 

Prestressed with FRP Tendons. Non-Metallic (FRP) Reinforcement for 

Concrete Structures. E & FN Spon, London, England, 379-386

Naaman, A.E., Park, S.Y., Lopez, M.M. and Till, R.D. (2001). Parameters 

Influencing the Flexural Response of RC Beams Strengthened using CFRP 

Sheets. In 5 th  I n te r n a tio n a l  S y m p o s iu m  o f  th e  F ib e r - R e in f o r c e d  P o ly m e r  

R e in fo r c e m e n t  f o r  R e in fo r c e d  C o n c r e te  S tr u c tu r e s  ( F R P R C S -5 ) . Univ. of 

Cambridge, Cambridge, U.K., pp.117-125.

Naghipour, M., Nematzadeh, M. and Yahyazadeh, Q. (2011). Analytical and 

experimental study on flexural performance of W PC-FRP beams. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 25(2), 829-837.

Nakai, T. (1992). Mechanical Properties of Tropical Woods. In 2 n d  C IB /W 1 8 B  

I n te r n a tio n a l  C o n fe r e n c e  o n  T r o p ic a l  a n d  H a r d w o o d  T im b e r  S tru c tu re s .  

Sept. K.L Hilton, p.D-23-29.

Nawawi, S.I. (2005). D e te r m in a t io n  o f  C F R P  P u l t r u d e d  P la te  S h e a r  M o d u lu s  b y  

A r c a n  M e th o d .

Nguyen-minh, L., Vo-le, D., Tran-thanh, D., Pham, T.M., Ho-huu, C. and Rovnak, 

M. (2018). Shear capacity of unbonded post-tensioned concrete T-beams 

strengthened with CFRP and GFRP U-wraps. C o m p o s i te  S tr u c tu r e s . 184

(July 2017), 1011-1029.

Norris, T., Saadatmanesh, H. and R. Ehsani, M. (1997). Shear and Flexural 

Strengthening of RC Beams with Carbon Fiber Sheets. J o u r n a l  o f  S tr u c tu r a l  

E n g in e e r in g . (July), 903-911.

Nowak, T.P., Jasienko, J. and Czepizak, D. (2013). Experimental tests and numerical 

analysis of historic bent timber elements reinforced with CFRP strips. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 40, 197-206.

Nurbaiah, M.N., Hanizah, A.H., Nursafarina, A. and M, N.A. (2010). Flexural 

Behaviour Of RC Beams Strengthened With Externally Bonded ( EB ) FRP 

Sheets Or Near Surface Mounted ( NSM ) FRP Rods Method. In 

I n te r n a tio n a l  C o n fe r e n c e  o n  S c ie n c e  a n d  S o c ia l  R e s e a r c h  (C S S R  2 0 1 0 ) . 

Kuala Lumpur, Malaysia, pp.1232-1237.

Osman, B.H., Wu, E., Ji, B. and Abdulhameed, S.S. (2016). Effect of reinforcement 

ratios on shear behavior of concrete beams strengthened with CFRP sheets. 

H B R C  J o u r n a l. 14(1), 29-36.

265



Oz9if<?i, A. and Yapici, F. (2008). Effects of machining method and grain orientation 

on the bonding strength of some wood species. J o u r n a l  o f  M a te r ia ls  

P r o c e s s in g  T e c h n o lo g y . 202, 353-358.

Piculin, S., Nicklisch, F. and Brank, B. (2016). Numerical and experimental tests on 

adhesive bond behaviour in timber-glass walls. I n te r n a tio n a l  J o u r n a l  o f  

A d h e s io n  a n d  A d h e s iv e s . 70, 204-217.

Plevris, N. and Triantafillou, T.C. (1992). FRP-Reinforced Wood as Structural 

Material. J o u r n a l  o f  M a te r ia l s  in  C iv i l  E n g in e e r in g . 4(3), 300-317.

Pranata, Y.A. and Surono, R. (2013). Uniaxial Tension of Yellow Meranti Timber at 

An Angle to the Grain. W o o d  R e s e a r c h  J o u r n a l . 4(2), 83-87.

Premrov, M., Dobrila, P. and Bedenik, B.S. (2004). Analysis of Timber-framed 

Walls Coated with CFRP Strips Strengthened Fibre-plaster Boards. 

I n te r n a tio n a l  J o u r n a l  o f  S o l id s  a n d  S tr u c tu r e s . 41(24-25), 7035-7048.

Product Data Sheet (2015). Sika ® CarboDur ® Plates. , 1-8.

Product Data Sheet (2012)(a). Sikadur ® -30. , 1-6.

Product Data Sheet (2012)(b). Sikadur ® -330. , 2-7.

Pulngern, T., Padyenchean, C., Rosarpitak, V., Prapruit, W. and Sombatsompop, N. 

(2011). Flexural and creep strengthening for wood/PVC composite members 

using flat bar strips. M a te r ia ls  &  D e s ig n . 32(6), 3431-3439.

Radford, D.W., Van Goethem, D., Gutkowski, R.M. and Peterson, M.L. (2002). 

Composite repair of timber structures. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 

16(7), 417-425.

Raftery, G.M., Harte, A.M. and Rodd, P.D. (2009)(a). Bond quality at the FRP-wood 

interface using wood-laminating adhesives. I n te r n a tio n a l  J o u r n a l  o f  

A d h e s io n  a n d  A d h e s iv e s . 29(2), 101-110.

Raftery, G.M., Harte, A.M. and Rodd, P.D. (2009)(b). Bonding of FRP materials to 

wood using thin epoxy gluelines. I n te r n a tio n a l  J o u r n a l  o f  A d h e s io n  a n d  

A d h e s iv e s . 29(5), 580-588.

Raftery, G.M. and Harte, A.M. (2011). Low-grade Glued Laminated Timber 

Reinforced with FRP Plate. C o m p o s i te s  P a r t  B :  E n g in e e r in g . 42(4), 724­

735.

Raftery, G.M. and Whelan, C. (2014). Low-grade glued laminated timber beams 

reinforced using improved arrangements of bonded-in GFRP rods. 

C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 52, 209-220.

266



Raftery, G.M. and Rodd, P.D. (2015). FRP reinforcement of low-grade glulam 

timber bonded with wood adhesive. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 

91, 116-125.

Rammer, D.R. and McLean, D.I. (1996). Shear Strength of Wood Beams. In 

N a t io n a l  c o n fe r e n c e  o n  w o o d  tr a n s p o r ta t io n  s t r u c tu r e s . pp.168-177.

Rohaiza, S., Yaacob, W.A., Din, L.B. and Nazlina, I. (2011). Cytotoxic 

oligostilbenes from Shorea hopeifolia. A fr ic a n  J o u r n a l  o f  P h a r m a c y  a n d  

P h a r m a c o lo g y . 5(9), 1272-1277.

Sapari, M.Z., Kasim, J., Wan Abdul Rahman, W.M.N. and Saleh, A.H. (2012). 

Bending Strength Properties of Finger Jointed Off-Cut Yellow Meranti 

(Shorea spp.) Wood. J o u r n a l  o f  C h e m is tr y  a n d  A p p l i e d  C h e m ic a l  

E n g in e e r in g . 6, 997-1002.

Schober, K.U. and Rautenstrauch, K. (2006). Post-strengthening of Timber 

Structures with CFRP’s. M a te r ia ls  a n d  S tr u c tu r e s . 40(1), 27-35.

Schober, K.U., Harte, A.M., Kliger, R., Jockwer, R., Xu, Q. and Chen, J.-F. (2015). 

FRP reinforcement of timber structures. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 97, 106-118.

Sena-Cruz, J., Jorge, M., Branco, J.M. and Cunha, V.M.C.F. (2013). Bond between 

glulam and NSM CFRP laminates. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 40, 

260-269.

Seracino, R., Jones, N.M., Ali, M.S.M., Page, M.W. and Oehlers, D.J. (2007). Bond 

Strength of Near-Surface Mounted FRP Strip-to-Concrete Joints. J o u r n a l  o f  

C o m p o s i te s  f o r  C o n s tr u c t io n . 11(August), 401-409.

Silva, C., Branco, J.M., Ringhofer, A., Louren9o, P.B. and Schickhofer, G. (2016). 

The Influences of Moisture Content Variation, Number and Width of Gaps on 

the Withdrawal Resistance of Self Tapping Screws Inserted in Cross 

Laminated Timber. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 125, 1205-1215.

Sim, J., Kim, G., Park, C. and Ju, M. (2005). Shear Strengthening Effects with 

Varying Types of FRP Materials and Strengthening Methods. In 7th  

I n te r n a tio n a l  S y m p o s iu m  o f  th e  F ib e r - R e in f o r c e d  P o ly m e r  R e in fo r c e m e n t f o r  

R e in fo r c e d  C o n c r e te  S tr u c tu r e s  ( F R P R C S -7 ) . Kansas City, Missouri, 

pp.1665-1680.

Smale, K. (2016). Shear Reinforcement May Be Behind Taiwan Building Collapse 

Says Expert. N e w  C iv i l  E n g in e e r .

267



Smith, S.T. (2011). Strengthening of Concrete, Metallic and Timber Construction 

Materials with FRP Composites. T h e  5 th  I n te r n a tio n a l  C o n fe r e n c e  o n  F R P  

C o m p o s i te s  in  C iv i l  E n g in e e r in g  (C I C E  2 0 1 0 ) ., 13-19.

Spadea, G., Bencardino, F. and Swamy, R.N. (1998). Structural Behaviour of 

Composite RC Beams with Externally Bonded CFRP. J o u r n a l  o f  C o m p o s i te s  

f o r  C o n s tr u c t io n . 2, 115-148.

Suryoatmono, B. and Pranata, Y.A. (2012). An Alternative to Hankinson’s Formula 

for Uniaxial Tension at an Angle to the Grain. In W o r ld  C o n fe r e n c e  o n  

T im b e r  E n g in e e r in g . pp.1-6.

Sullivan, J.L., Kao, B.G. and Van Oene, H. (1984). Shear Properties and Stress 

Analysis Obtained from Vinyl Ester Iosipescu Specimens. E x p e r im e n ta l  

M e c h a n ic s . 24(3), 223-232.

Svecova, D. and Eden, R.J. (2004). Flexural and shear strengthening of timber beams 

using glass fibre reinforced polymer bars — an experimental investigation. 

C a n a d ia n  J o u r n a l  o f  C iv i l  E n g in e e r in g . 31, 45-55.

Tadepalli, P.R., Dhonde, H.B., Laskar, A., Mo, Y.L. and Hsu, T.T.C. (2010). Effect 

of Steel Fibers on Shear Behavior of Prestressed Concrete Beams. E a r th  a n d  

S p a c e  2 0 1 0 ., 2755-2764.

Takahashi, M. and Kishima, T. (1973). D e c a y  R e s is ta n c e  o f  S ix ty -F iv e  S o u th e a s t  

A s ia n  T im b e r  S p e c im e n s  in  A c c e le r a te d  L a b o r a to r y  T e s ts ,

Takemoto, S. and Imamura, Y. (2010). Molecular Identification of Decay Fungi in 

Xylem of Yellow Meranti ( Shorea gibbosa ) Canker. W o o d  R e s e a r c h  

J o u r n a l . 1(2), 78-82.

Tampone, G. (2007). Mechanical Failures of the Timber Structural Systems. 

U n iv e r s i ty  o f  F lo r e n c e . 16(November), 1-21.

Tan, D. and Smith, I. (1999). Failure In-the-Row Model for Bolted Timber 

Connections. J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 125, 713-718.

Teng, J.G., Chen, J.F., Smith, S.T. and Lam, L. (2002). F R P  S tr e n g th e n e d  R C  

S tr u c tu r e s , Chichester, U.K: John Wiley and Sons Ltd.

Teng, J.G., Chen, G.M., Chen, J.F., Rosenboom, O.A. and Lam, L. (2009). Behavior 

of RC Beams Shear Strengthened with Bonded or Unbonded FRP Wraps. 

J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 13(5), 394-404.

Thelandersson, A. and Martensson, S. (1997). Design principles for timber in 

compression perpendicular to grain. In C I B -W 1 8 . Vancouver, pp.30-20-1.

268



Timber Queensland Limited (2014). Technical Data Sheet: Measuring The Moisture 

Content Of Timber. (March), 1-5.

Tingley, B.D.A., Gav, C. and Giltner, E.E. (1997). Testing Methods to Determine 

Properties of Fiber Reinforced Plastic Panels Used for Reinforcing Glulams. 

(November), 160-167.

Titirla, M., Michel, L. and Ferrier, E. (2019). Mechanical behaviour of glued-in rods 

( carbon and glass fibre-reinforced polymers ) for timber structures — An 

analytical and experimental study. C o m p o s i te  S tr u c tu r e s . 208(September 

2018), 70-77.

Torabizadeh, M.A. (2013). Tensile , compressive and shear properties of 

unidirectional glass/epoxy composites subjected to mechanical loading and 

low temperature services. I n d ia n  J o u r n a l  o f  E n g in e e r in g  &  M a te r ia ls  

S c ie n c e s . 20(August), 299-309.

Toutanji, H. and Ortiz, G. (2001). The Effect of Surface Preparation on the Bond 

Interface between FRP Sheets and Concrete Members. C o m p o s i te  S tr u c tu r e s . 

53, 457-462.

Trautz, M. and Koj, C. (2009). Self-tapping screws as reinforcement for timber 

structures. In P r o c e e d in g s  o f  in te r n a tio n a l  a s s o c ia t io n  f o r  s h e l l  a n d  s p a t ia l  

s tr u c tu r e s  s y m p o s iu m . Valentia, Spain.

Triantafillou, T.C. and Deskovic, N. (1992). Prestressed FRP Sheets as External 

Reinforcement of Wood Members. J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 

118(5), 1270-1284.

Triantafillou, T.C. (1997). Shear Reinforcement of Wood Using FRP Materials. 

J o u r n a l  o f  M a te r ia ls  in  C iv i l  E n g in e e r in g . 9(May), 65-69.

Tripathi, S. (2012). Treatability evaluation of meranti with ZiBOC and CCA. 

I n te r n a tio n a l  W o o d s  P r o d u c t  J o u r n a l . 3(2), 70-76.

Tsumura, Y., Kado, T., Yoshida, K., Abe, H., Ohtani, M., Taguchi, Y., Fukue, Y., 

Tani, N., Ueno, S., Yoshimura, K., Kamiya, K., Harada, K., Takeuchi, Y., 

Diway, B., Finkeldey, R., N a’iem, M., Indrioko, S., Ng, K.K.S., Muhammad, 

N. and Lee, S.L. (2011). Molecular database for classifying Shorea species ( 

Dipterocarpaceae ) and techniques for checking the legitimacy of timber and 

wood products. J o u r n a l  o f  P la n t  R e s e a r c h . 124, 35-48.

269



Vahedian, A., Shrestha, R. and Crews, K. (2017). Effective bond length and bond 

behaviour of FRP externally bonded to timber. C o n s tr u c t io n  a n d  B u ild in g  

M a te r ia l s . 151, 742-754.

Vahedian, A., Shrestha, R. and Crews, K. (2018)(a). Analysis of externally bonded 

Carbon Fibre Reinforced Polymers sheet to timber interface. C o m p o s i te  

S tr u c tu r e s . 191(February), 239-250.

Vahedian, A., Shrestha, R. and Crews, K. (2018)(b). Bond strength model for 

externally bonded FRP-to-timber interface. C o m p o s i te  S tr u c tu r e s . 

200(0ctober 2017), 328-339.

Vahedian, A., Shrestha, R. and Crews, K. (2019). Experimental and analytical 

investigation on CFRP strengthened glulam laminated timber beams: Full- 

scale experiments. C o m p o s i te s  P a r t  B :  E n g in e e r in g . 164 (December 2018), 

377-389.

Valipour, H.R. and Crews, K. (2011). Efficient Finite Element Modelling of Timber 

Beams Strengthened with Bonded Fibre Reinforced Polymers. C o n s tr u c t io n  

a n d  B u ild in g  M a te r ia l s . 25, 3291-3300.

Valluzzi, M.R., Nardon, F., Garbin, E. and Panizza, M. (2016). Multi-scale 

Characterization of Moisture and thermal cycle effects on composite-to- 

timber strengthening. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 102, 1070-1083.

Wan, J., Smith, S.T., Qiao, P. and Chen, F. (2014). Experimental Investigation on 

FRP-to-Timber Bonded Interfaces. J o u r n a l  o f  C o m p o s i te s  f o r  C o n s tr u c t io n . 

18(3), A4013006.

Wan, J., Smith, S.T. and Qiao, P.Z. (2010). FRP-to-Softwood Jo in ts: Experimental 

Investigation. In T h e  5 th  I n te r n a tio n a l  C o n fe r e n c e  o n  F R P  C o m p o s i te s  in  

C iv i l  E n g in e e r in g  (C I C E  2 0 1 0 ) . Beijing, China, pp.951-954.

Wang, F., Li, M. and Hu, S. (2014). Bond Behavior of Roughing FRP Sheet Bonded 

to Concrete Substrate. C o n s tr u c t io n  a n d  B u ild in g  M a te r ia l s . 73, 145-152.

Wang, H. and Wu, G. (2018). Bond-slip models for CFRP plates externally bonded 

to steel substrates. C o m p o s i te  S tr u c tu r e s . 184(September 2017), 1204-1214.

Wang, S. and Wang, H. (1999). Effects of moisture content and specific gravity on 

static bending properties and hardness of six wood species *. T h e  J a p a n  

W o o d  R e s e a r c h  S o c ie ty . 45(1), 127-133.

Widmann R, R, J., R, F. and R., H. (2012). Comparison of different techniques for 

the strengthening of glulam members. In E n h a n c e  M e c h a n ic a l  P r o p e r t ie s  o f

270



T im b e r ,  E n g in e e r e d  W o o d  P r o d u c ts  a n d  T im b e r  S tr u c tu r e s  C o S T  a c t io n  

F P 1 0 0 4  E a r ly  S ta g e  R e s e a r c h e r s  C o n f e r e n c e . Zagreb, Croatia, pp.57-62.

Witmer, R. W., Manbeck, H.B. and Janowiak, J.J. (1999). Partial Composite Action 

in Hardwood Glued-Laminated T-Beams. J o u r n a l  o f  B r id g e  E n g in e e r in g . 4, 

23-29.

Wu, Z., Li, W. and Sakuma, N. (2006). Innovative Externally Bonded FRP/Concrete 

Hybrid Flexural Members. C o m p o s i te  S tr u c tu r e s . 72, 289-300.

Xu, T., He, Z.J., Tang, C. a., Zhu, W.C. and Ranjith, P.G. (2015). Finite Element 

Analysis of Width Effect in Interface Debonding of FRP Plate Bonded to 

Concrete. F in ite  E le m e n ts  in  A n a ly s is  a n d  D e s i g n . 93, 30-41.

Yang, J.Q., Smith, S.T. and Feng, P. (2013). Effect of FRP-to-steel bonded joint 

configuration on interfacial stresses: Finite element investigation. T h in -  

W a lle d  S tr u c tu r e s . 62, 215-228.

Yasuda, S., Imai, T., Fukushima, K. and Hamaguchi, E. (1998). Effect of the 

extractives of yellow meranti wood on the manufacture of plywood. 

E u r o p e a n  J o u r n a l  o f  W o o d  a n d  W o o d  P r o d u c t s . 56(1), 87-89.

Yen, S.C., J.N., C. and Teh, K.T. (1988). Evaluation of a Modified Arcan Fixture for 

In-Plane Shear Test of Materials. E x p e r im e n ta l  T e c h n iq u e s . (December).

Yusof, A. and Saleh, A.L. (2010). Flexural Strengthening of Timber Beams Using 

Glass Fibre Reinforced Polymer. E le c tr ic  J o u r n a l  o f  S tr u c tu r a l  E n g in e e r in g . 

10, 45-56.

Yusof, A. (2011). Ductility of Timber Beams Strengthened Using Glass Fiber 

Reinforced Polymer Bars. In T h e  3 r d  I n te r n a tio n a l  C o n fe r e n c e  o f  E A C E F  

(E u r o p e a n  A s ia n  C iv i l  E n g in e e r in g  F o r u m ) . Universitas Atma Jaya 

Yogjakarta, Indonesia, pp.229-234.

Zheng, X.H., Huang, P.Y., Chen, G.M. and Tan, X.M. (2015). Fatigue Behavior of 

FRP-Concrete Bond Under Hygrothermal Environment. C o n s tr u c t io n  a n d  

B u ild in g  M a te r ia l s . 95, 898-909.

271


