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Abstract— Timber has been widely used all over the world as 

a structural material. The defects such as ageing, biological 

attack, swelling and shrinkage could significantly reduce the 

mechanical properties of timber, thus significantly affecting 

the performance of timber structures. This project presents an 

investigation aimed to understand the various types of 

strengthened timber beam. The timber beam was 

strengthened by different proportions it is that cold-formed 

channel section and CFRP bars under tension zone were 

considered under two-point flexural tests. The Abaqus 

software was used, and different material models were 

evaluated with respect to their ability to describe the 

behaviour of the composite timber beams. Then the failure, 

displacement, bending capacity, and structural efficiency are 

evaluated. 
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I. INTRODUCTION 

Timber takes a major part in the building constructions. 

Wood shows wide range of variation of its material properties 

rather than wood has several advantages such as renewable, 

non-toxic material, ecofriendly and are available in large 

quantities. Timber is well known for its high strength to 

weight ratio, which means that timber is easy to construct and 

move because there is no formwork required. Due to its 

insulation from sound and electricity, as well as resistance to 

corrosion and oxidation, timber is also popular in light 

construction.  However the timber structure may lead to 

design failure and excessive loadings. Timber has an 

adequate strength in compression but this high strength is 

often accompanied with low stiffness. In order to reduce this 

problem the timber beams are strengthened in the tension 

zone which lead to change the mode of failure from 

compression to tension. The aim of the project was too 

experimental and analytical predict of the performance of 

various strengthened beams. Where the strengthening of 

beams was done by cold-formed channel steel section, CFRP 

bars. The main selection of channel section is due to their 

flanges which create second moment of inertia results may 

increase in flexural strength. In previous studies the 

strengthening was done by using CFRP sheets which rafts at 

the bottom to increase tension. But in this project the CFRP 

bars are used to determine flexural capacity and performance 

of the timber beam. The aim of the project is to decrease the 

size of the timber beam for new construction and also to 

strengthen the existing timber structures. 

II. EXPERIMENTAL PROGRAM 

In this experimental program involves material testing and 

preparation of specimens. The entire tests for this project are 

done in structural engineering laboratory, SRM University 

Chennai. 

A. Materials Used 

The materials used in the strengthening process are Pine 

wood, cold-formed steel, Carbon fiber reinforced polymer 

and Epoxy resins. All the materials were tested and its 

physical properties are described below. 

 Pine Wood 

The employed timber was machine-graded structural pine 

wood with the stress grade of MGP10 is chosen. Pine wood 

of size 1200mm*100mm*150mm is chosen for the entire 

project. All the initial tests for the wood are done using IS: 

1708 (Part 1 to 18) 1986 and the properties are shown in Table 

1. 

 Carbon Fiber Reinforced Polymer bar 

CFRP is an extremely strong and light fiber-reinforced plastic 

which contains carbon fiber. Aslan 200 series type CFRP was 

used throughout the entire project. By providing the CFRP as 

tension reinforcement the failure pattern of wood will change 

from compression to tension. The size of the carbon fiber 

reinforced polymer is 10mm in diameter and the properties of 

the bars are tested in UTM as shown in Table 2.  

 Cold-Formed Channel Section 

Due to its lightweight and high tensile strength it is used for 

the strengthening purposes. The size of the channel section is 

102mm*25mm with thickness of the plate is 2mm.The 

second moment of inertia of the channel sections around the 

main axis against bending is far greater than beams 

strengthened with flat plates. This is basically because the 

flanges of the channel sections provide a great additional 

second moment of inertia as a result, the flexural capacity of 

the entire member increases. The properties of the steel plate 

are shown in Table 3. 
 Epoxy Resin 

The epoxy resin used to bond the timber and CFRP rods. It 

consists of component A which is white in colour and 

component B which transparent white in colour. By mixing 

these two components where the ratio of A:B is equal to 2:1 

the mixture becomes smooth in consistency and uniform 

white colour. It is normally used at temperature between 80C 

to 350C. The characteristics of Epoxy resin shows in Table 4.  
Physical 

properties 

Observed 

Values 

Recommended 

Values 

Density 680 kg/m2 575-735 

Specific gravity 560 kg/m3 Nil 

Modulus of 

elasticity 
9830 N/mm2 9000-12500 

Impact value 85 J Nil 

Moisture content 12.65 % Below 24% 

Table 1: Physical properties Pine Wood 
Physical 

properties 

Observed 

Values 

Recommended 

Values 

Tensile strength 512 N/mm2 250-585 MPa 
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Young’s 

modulus 
29873 15900-84000 

Table 2: Physical properties of CFRP bar  
Physical properties Observed value 

Tensile strength 425 N/mm2 

Young’s modulus 200000 MPa 

Table 3: Physical properties of cold-formed steel 
Physical 

properties 

Recommended values by 

the supplier 

Tensile strength 85 N/mm2 

Flexural strength 112 N/mm2 

Compressive 

strength 
190 N/mm2 

Water absorption 5-10 mg 

Table 4: Physical properties of Sikadar  

B. Preparation of Specimen 

For the cold-formed strengthened beam the pine wood is well 

cleaned then the channel section is placed top and bottom of 

the beam. Before that the screw hole drilled on the channel at 

an edge distance of 100mm and pitch of 333.33mm were 

made. The screw of diameter 2.5mm is used for this 

connection of wood beam and channel. Then by using the 

hammer the screw are driven. 

For the CFRP strengthened beam the each beam will 

be cut at the bottom to make two grooves along parallel to 

grain. The size of the groove is little greater than the diameter 

of the bar. Then the groove is cleaned well to remove dirt. 

Followed by layer of epoxy resin is applied to the grooves 

then the CFRP bar is placed on it. For the finishing another 

layer of epoxy is applied on the top of the beam. The good 

bonding will exist between the CFRP and wood beam as 

shown in Fig 1. 

 
Fig. 1: Preparation of specimen 

III. FINITE ELEMENT ANALYSIS 

The finite element analytical software ABAQUS is a 

computational tool for modelling structures (ABAQUS 

version 6.14). It is a software application used for both the 

modeling and analysis of mechanical components and 

assemblies and visualizing the finite element analysis result. 

A. Loading Pattern 

Timber beam with strengthening parameters are selected for 

beam member of 1.2m length. The two end hinges support is 

given as support condition on the 0.1m from the end supports. 

And two point load is given at 1/3 distance from the support. 

And failure modes for different iteration are obtained. Two 

points loading has been given to the model. The loads are 

placed at 1/3 distance from support. But the half specimen is 

analysis due to symmetrical results. The loading pattern for 

the beam is given Fig 2. 

 
Fig. 2: Loading arrangement of the beam 

B. Failure Pattern 

The beams were modelled using a 3D modelling element and 

various iterations have been given to the beam and maximum 

load capacity is found. Fig 3 shows the behaviour of beam 

under loads. 

 

 
Fig. 3: Various failures of strengthened specimens 

C. Analytical Results 

The ultimate load carrying capacities of the different 

strengthened beams are given below in, 

S. 

No 
Types of beams 

Ultimate load 

(kN) 

Deflection 

(mm) 

1 Normal beam 4.2 4.21 

2 
Cold-formed steel 

strengthened beam 
11.8 6.42 

3 
CFRP bar 

strengthened beam 
14.8 7.05 

Table 5: Analytical results of strengthened beam 

IV. RESULTS AND DISCUSSION 

First the normal beam was tested followed by the 

strengthened beams. Two point loads were applied for all the 

beams because at that stage the shear will be zero, so that we 

can obtain clear deflection. All the beams are having span of 

1.2m. The deflection meter was placed at the bottom of the 

beams. The load separator is a steel beam having span equal 

to the total span of beam. A steel plate was put on the top of 
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the load separator then the hydraulic jack is placed on it. The 

tested specimen was placed at the two steel bases show in Fig 

4. The maximum capacity of the loading frame was 200kN. 

At a rate of 2kN/min was applied to each beam until failure. 

After the failure the sample from that specimen was taken for 

the moisture content tests. 

 
Fig. 4: Showing tests on Strengthened beam 

A. Determination of Moisture Content 

The moisture content of timber beam during the arrival 

average of 36% to 54%. This results shows that the moisture 

content of the timber beam is not consistent. So that all the 

timber beams are oven dried at a temperature of 400c for one 

week. Then it is put in room temperature for one week. Then 

the moisture content of the beam average value shows 18%.  

B. Bending Strength of Strengthened Beams 

All the four specimens were tested and the load deflection 

curve is plotted in Fig 5. Maximum load is computed and their 

deflections are shown in Table 6.  

S. 

No 
Types of beams 

Ultimate 

load (kN) 

Deflection 

(mm) 

1 Normal beam 7 4.52 

2 Cold-formed steel 

strengthened beam 

14.5 6.89 

3 CFRP bar 

strengthened beam 

17.5 7.34 

Table 6: Ultimate strength and deflection of the specimens 

 
Fig. 5: Load deflection curve for strengthened beams 

C. Modes of Failure 

 The normal beam fails by bending with simple tensile 

crack. 

 The cold-formed channel strengthened beam gets failed 

by minor crushing which attains simple tensile crack. 

 The CFRP bars strengthened beam gets failed by 

crushing which attains simple tensile crack. 

V. CONCLUSION 

Based on the experimental study the following conclusions 

could be made: 

1) Compared to analytical results there will be relatively 

high strength attained during experimental results. 

2) Compared to normal beam the CFRP strengthened beam 

attains 2.4 times the load carrying capacity of normal 

beam. 

3) The cold-formed strengthened beam attains 2 times the 

load carrying capacity of normal beam.  

4) Compared to CFRP the cold-formed carries less load its 

efficient when compared to cost. 
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