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ABSTRACT: In practice it was found that the major building element subjected to great efforts is the beam. The main 
stress of a beam is the bending one. Wood beams have been reinforced using techniques such as carbon fiber 
reinforcement. The composite material is used in the form of plates and sheets of carbon fiber composite material 
attached to wood beams using various techniques. This paper describes an experimental study which was designed to 
evaluate the effect of composite material on the stiffness of the wood beams. In this paper we work with specie of wood 
named Fagus sylvatica (beech). Composite material used to strengthen wood samples is the type of carbon fiber plates 
(Sika CarboDur  S 512) supplied by Sika S.A Romania.  
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1. INTRODUCTION  
 
The composites materials optimize the 
technical design of various structures, 
primarily based on high diversity of 
combinations that can be implemented. 
Specifically, the use of composite materials as 
a reinforcement for wood beams under 
bending loads requires paying attention to 
several aspects of the problem such as the 
number of the composite layers applied on the 
wood beams. Study consolidation of 
composites revealed that they are made by 
bonding fibrous material impregnated with 
resin on the surface of various elements, to 
restore or increase the load carrying capacity 
(bending, cutting, compression and / or 
torque) without significant damage of their 
rigidity [1, 2]. Fibers used in building 
applications can be fiberglass, aramid or 
carbon. Items that can be strengthened are 
concrete, brick, wood, steel and stone, and in 
terms of structural beams, walls, columns and 
floors, applying lately and beam-column 
nodes. 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. 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. 
 
2. TECHNICAL DATA 
 
The type of reinforcement used on the beams 
is the carbon fiber reinforced polymer (CFRP) 
plates or sheets and an epoxy resin for 
bonding all the elements. Structural epoxy 
resins remain the primary choice of adhesive 
to form the bond to fiber-reinforced plastics 
[5,7,8,9] and are the generally accepted 
adhesives in bonded CFRP–wood 
connections. Advantages of using epoxy resin 
in comparison to common wood-laminating 
adhesives are their gap-filling qualities and 
the low clamping pressures that are required. 
The presence of carbon plates and sheets 
causes an interesting increase in stiffness 
varying from 20,2% to 29,6%, when 
compared to that of the same wood beams 
before reinforcement. Mechanical tests on the 
reinforced wood showed that external 
bonding of CFRP materials may produce 
increases in flexural stiffness and capacity. 
The CFRP composite material was made of 
high tensile carbon mono-directional 
reinforcing fabrics embedded in an epoxy 
resin matrix of Sikadur 30. Experimental tests 
were performed on nine beech beams un-
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reinforced and reinforced with CFRP 
composite plates or sheets. 
 
3. EXPERIMENTAL TESTS 
 
The wood part of all beams was formed by 
beech dry wood which size is equal to 25 by 
50 by 500 mm [3]. Three beams were 
reinforced using one carbon fiber plate of 
thickness equal to 1,5 mm, width equal to 25 
mm and the length is equal to 500 cm. The 
finished dimension of these beams is equal to 
25 by 51,5 by 500 mm because is a beam 
stick together with one carbon fiber plate Sika 
Carbodur S 512 and epoxy resin Sikadur 30. 
For carbon fiber sheet, once it is placed on the 
wood beam, with the epoxy resin, all what is 
required is to press the carbon fiber sheet with 
a simple roller and pull out the air [1,2,4,6]. 
Initially the load–deflection is shown to be 
linear elastic up to local failures induced by 
the presence of defects (knots, etc.). Wood 
yield produced a non-linear response 
terminated by a sudden drop of the load as a 
result of wood rupture [3,4]. The wood beams 

reinforced with CFRP plates and sheets 
revealed more ductile behavior with respect to 
un-reinforced beams. Other three beams were 
reinforced using two carbon fiber sheets of 
thickness equal to 3 mm, width equal to 25 
mm and the length is equal to 500 cm. The 
finished dimension of these beams is equal to 
25 by 73 by 500 mm because they are two 
slides of wood up and down stick by the main 
wood beam, with two carbon fiber sheets and 
Sikadur 30 epoxy resin. The bending test 
results for a reinforced wood beam with two 
CFRP sheets and two slides of wood are 
shown in figure number 1 from below. We 
can observe the failure way of the three wood 
beams that are tested on bending stress. The 
un-reinforce beam is broken very quickly at a 
small load. The other wood beams are broken 
at a bigger load and have a bigger 
displacement. The bending test results for an 
un-reinforced wood beam, a reinforced wood 
beam with one plate of composite material 
and with two plates of composite material are 
shown in figure number 1 from below.  

 
a) 

            
                                b)                                                                                     c) 

Fig. 1. a) Un-reinforced wood beam; b) Reinforcement with one plate of composite material;  
c) Reinforcement with two plates of composite material [3,10]
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One of the principal focuses of this 
investigation was on the damage of the 
composite material under the load applied 
in the middle of the wood beams [3]. The 
results for the un-reinforced beams are 
reported solely for the purpose of 
quantitatively evaluating the effectiveness 
of the interventions through a comparison 
with the results for strengthened beams. 
The main purpose is to analyze 
bending phenomenon due to fracture at 
the wood-composite samples. To 
achieve the objective proposed in this 
paper was presented a particular 
computer program, Presa.txt, for 
experimental determination of bending 
strength for the samples. This was 
done with Spider 8 data acquisition 
equipment connected to fixtures and 
fittings of the samples tested on the 
universal testing machine. Work 
equipment and instrumentations used 
in this case are: universal machine for 
mechanical tests [6], data acquisition 
system Spider 8, 12 bit resolution 
linear WA300 race inductive 
transducer, force transducer S9 50kN, 
signal conditioning NEXUS 2692 - A-
014, 4391 type piezoelectric 
accelerometer, IBM ThinkPad R51 
notebook. Parameters recorded after 
the bending tests are: F (kN)-
compressive strength of hydraulic 
press, Ft (kN) -transverse compressive 
strength, CRS (mm)-race piston, Acc 
(m/s2) -acceleration of beam vibration 
(sensor break). Functional dependency 
graphs for the un-reinforced wood 
beam are represented in Excel in the 
figures 1 and 2 from below.  
The beam is leaning against the head 
and driven across to the breaking 
strength recorded maximum cross and 
displacement (no longer measured 
axial tensioning force). Functional 

dependency graphs for the reinforced 
wood beam are represented in Excel in 
the figures 3 and 4 from below.  
 

 
Fig. 1 Determined characteristics for a  

Ft = 25 kN force [3] 
 

 
Fig. 2 The histeretic curve for a Ft = 25 

kN force [3] 
 

 
Fig. 3 Determined characteristics for a  

Ft = 25 kN force [3] 
 

 
Fig. 4 The histeretic curve for a Ft = 25 

kN force [3] 
 
Observations of the experimental load–
displacement relationships show that 
bending strength increased and middle 
vertical displacement decreased for wood 
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beams reinforced with carbon fiber plates, 
compared to those reinforced with carbon 
fiber sheet. 
 
4. CONCLUSION 
 
Following conclusions can highlight: 
wood is a material with a certain 
degree of heterogeneity, which makes 
its mechanical properties vary in a 
range too wide, so it is especially 
necessary to improve resistance with 
composite reinforcement; the wood 
properties are depending on wood 
fibers that showing heterogeneity so in 
experiments it is required a large 
number of samples to make a 
statistical analysis and to determine 
safe levels of resistance and rigidity; it 
is necessary to work with very good 
quality samples, no prospective 
concentrators power to distort test 
results; beech wood subjected to 
bending tests gave better results than 
fir; beech relative humidity was 
around 12% which improved 
mechanical resistance to bending of 
consolidated beams. Composite 
materials used must have a very good 
quality, a proper matrix being crucial; 
where the resin impregnated sheet was 
used directly on the sample did not 
lead to expected increases in 
composite strength due to poor quality 
product so that testing can provide 
conclusive data, the phenomenon 
resulting in a hysteretic curve. 
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