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Abstract: In this paper is shown a model (together with mathematical modeling) for quantification 

the resistance of a wooden item, with and without composites reinforcement. As reinforcement will 

be used composite materials from carbon fiber (CFRP).Wooden items are from beach dry wood 

reinforced with special carbon fibers glued with epoxy resin so the obtained composite has a very 

good flexure and great stifness. 
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1.INTRODUCTION 

In Strength of Material we work with elements of resistance as beams, pillars, floor, masonry 

portal and is necessary to reinforce these elements when they present wear and fatigue 

phenomena [4]. Consolidation and reinforcement is done with items as sheets and plates of 

carbon fiber. We propose to use a section, from two materials, to make the beam. In the 

middle, where are low tensions  will have a low resistance material with E1 (wood), in the 

extreme (top-down) will have a material with greater resistance with E2 (carbon fiber) [8].The 

beam will be bending tested on a universal testing machine [3]. 

 

 

2. MATHEMATICAL MODELING  
The experimental test were done on two samples of un-reinforced beams, three samples of 

reinforced beams with one composite plate and one down slide of wood and three samples 

with two composite plates and two up and down slides of wood. We measured the load and 

the displacement of each beam. The un-reinforced beams crushed at a small loads and had 

also small displacements. The reinforced beams crushed at bigger loads and had also bigger 

displacements compare with the un-reinforced beams.  

 

 

 

 

 

 

 

 

 

 

Fig.1 Normal tension  for 

bending request in the inhomogeneous beam 
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We calculate the maximum axial tension at breaking request as:  
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These parameters allow assessing the effectiveness of using the material, the largest of it 

indicating a better constructive solution. For the sample subjected to bending, located at the 

ends and middle driven with aforce which will increase to the maximum value F m  producing 

break, we calculate the maximum   breaking tension [2]. Standard sample was a beam of 

dry beech, rectangular section, with approximate dimensions of 25x50 mm. Were used carbon 

fibers as a reinforcing material. 
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The  studied bending phenomenon studied give us conclusive results as studying 23 variants 

of reinforcement specimens subjected to bending test. 

 

3. EXPERIMENTAL RESULTS 

It is proposed to use a cheap and easily processed material that is a beam of dry beech. As a 

rigid material with good strength and relatively low cost we use a composite that can be a 

carbon fiber sheet and a carbon fiber plate. For the investigation leading to relevant results 

will be studied more constructive solutions. The results of the bending tests are shown in table 

number 1 from below. 

 
Table 1 Experimental calculated parameters 

Current 

issue 
Variant Sample 

F  

Force 

[daN] 

Sectional 

area 

Ao (mm
2
) 

Tension 

t (MPa) 
Comments 

1 a 1 0,2 1218 80 reference sample 

2  2 0,4 1218 135  

3 b 1 0,6 1180 198 one carbon plate 

4 c 1 0,8 1410 125  

5  2 1,0 1380 122  

6 d 1 1,2 1725 136  

7 e 1 1,4 1600 125 average t=133,3 MPa 

8  2 1,6 1600 140  

9  3 1,8 1675 148  

10 f 1 2,0 2610 102 
average t=86,5 MPa; 

buckling 

11  2 2,2 2610 82  

12 g 1 2,4 2610 168  
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13 h 1 2,6 2400 156 reference sample 

14 i 1 2,8 20300 89 average t=94 MPa 

15  2 3,0 20300 112  

   16 j    1 3,2      18500      160 
average t=139,4 MPa, 

one layer sheet 

   17  2 3,4      19200      140 one layer sheet 

   18  3 3,6      19000      147 one layer sheet 

19  4 3,8 19000 125 one layer sheet 

20  5 4,0 19000 159 two layers sheet 

21 k 1 4,2 26500 138 average t=120,6 MPa 

22  2 4,4 26500 140  

23  3 4,6 26500 122  

 

A wood beam, generally, can withstand a relatively small concentrated bending force because 

the maximum bending strength that can handle the material is also small [1]. If in the great 

strength area of the beam is added composite with greater strength than wood then the wood 

beam can withstand a bigger force because the maximum strength is bigger too [7]. The un-

reinforced beam has rectangular section 25 x 50 x 500mm (width x height x length) and is 

made from dry beech with 12% humidity factor. Experimental tests were performed at 20°C, 

on eight beech beams, some of them un-reinforced and other reinforced with CFRP composite 

plates. For this tests we use an universal hydraulic machine of 20 tons force, EDZ 20where 

beams are tested to bending with a punctuate force placed in the middle of the beams[5,6]. 

One type of reinforcement is a wood beam with rectangular section 25 50 500mm (width 

x height x length), down reinforced with one carbon fiber plate with rectangular section of 25 

x 1,2 x 500 mm (width x height x length), glued by the reference sample with epoxy resin. 

  

                                                                                    
Fig.2 Universal hydraulic machine of 20 tons force, EDZ 20, with a beam reinforced with CFRP 
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By the composite plate is glued, with the same epoxy resin, another slide of beech 

wood of  25 10 500mm (width x height x length).  

  Preparing the beams for bonding with epoxy resin consists of cleaning and polishing 

the contact surface with sandpaper. After that the resin is spread with a brush in a uniform 

layer over the entire contact surface of the beam. Allow the epoxy resin to dry for 23 hours 

then we can run the bending test. The results of the bending tests are shown in the graph  from 

below. 

 

 
Fig. 3 Maximum  t  variation in the samples  

 

Compression tests gave us the following results: sample reference: t=78 MPa, sample 

reinforced with one layer of sheet: t=139,4 MPa, sample reinforced with two layers of sheet: 

t=152 MPa,  sample reinforced with carbon fiber plate: t=200 MPa. 

 

CONCLUSIONS 

The greatest efficiency, in terms of rigidity, is obtained for c version followed by b version. 

Experiments have shown the viability of the method of increasing resistance of wood 

construction with composite materials. The solution is easy to implement and the costs are 

low. Use CFRP in composite reinforcement  is still modest, imposing itself further and deeper 

studies. 
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