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Abstract: The paper presents the main conclusions of research on strengthening wooden elements with fibre 
composites, especially tapes and matting based on carbon CFRP fibres, which was carried out in the laboratories 
of the Silesian and Wrocław Technical Universities. Research involved testing elements at a technical scale with 
different load bearing levels. Tests were carried out on elements with both external strengthening and also 
strengthening inserted into strengthened elements. The goal of the paper is to present a straight-forward and 
effective method for strengthening wooden construction elements using fibre composites.  
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INTRODUCTION 

The idea of using fibre composites, such as: carbon, aramid or glass fibres for 
strengthening wooden constructions is based on the well-known and widely practiced method 
of fixing steel strengthening elements (rods, plates, flat bars) to the external surface of the 
wooden element or introducing them into the cross-section. The effectiveness of joining 
together different types of material depends to a large degree on the similarity of physical and 
mechanical parameters. In material terms, the fibre structure of composites is similar to the 
structure of wood. According to [Wilczyński, 1996] wood is presented as a natural composite, 
and so a ‘composite is strengthened with a composite.’ 

Fibre composites are the most effective among composite materials, as they display 
the best mechanical properties in relation to weight density. The basic load bearing elements 
in fibre composites are the fibres, whereas the matrix serves as the bonding agent, ensuring 
that the external loading is spread among the fibres and also protects them from external 
influences. The matrix plays only a limited role in the transfer of external loading. In fibre 
composites, the matrix used is made of cement paste and polymer resin and sometimes metal. 
The most common types of fibres used in composites for strengthening building structures 
are: 

− glass fibres (GFRP composites - Glass Fibre Reinforced Polymers) 
− aramid fibres (AFRP composites- Aramid Fibre Reinforced Polymers), 
− carbon fibres (CFRP composites - Carbon Fibre Reinforced Polymers). 

The tensile strength for the composites listed above is significantly higher than that for 
steel, whereas the Young’s Modulus in the case of CFRP is similar (table 1). 

Strengthening wooden elements with fibre composites by fixing tapes to external 
surfaces is a solution that is analogous to that commonly used in reinforced concrete 
constructions.  

Strengthening wooden structures with composites is not yet a common practice. There 
is still no comprehensive knowledge and documentation of the strengths and weaknesses of 
applying such solutions. In recent years, detailed testing of wooden elements strengthened 
with fibre composites has been carried out in Poland at the Silesian University of Technology 
[Brol, 2005; Brol, 2009; Brol, 2013], and at the Wrocław University of Technology [Nowak, 
2007; Nowak et al., 2013], which have also been presented in inter alia [Socha, 2005; Rapp et 
al., 2001]. 
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Table 1.Comparison of the mechanical properties of steel and composites [Harris, 1999] 
 Steel AFRP CFRP GFRP 

Tensile strength [MPa] 300-450 1720-2540 600-3690 480-1600 
Young’s Modulus [GPa] 200 41-125 120-580 35-51 

 
SCOPE OF OWN RESEARCH 

Research at the Silesian University of Technology focused mainly on strengthening 
elements by fixing CFRP tapes and matting onto side surfaces. The research mainly involved 
testing of elements by: 

− compression (fig. 1) of elements of varying slenderness and different types of damage,  
− bending by fixing tape of varying modular size to the surface of the bottom beam (fig. 

2a), and 
− shearing, stretching, long-term testing, resistance to freezing and other selected 

situations,  
Research in the laboratories of the Wrocław University of Technology was concerned 

with testing bent beam elements with strengthening glued into the beam cross-section. This 
involved analysis of the effectiveness of strengthening with CFRP tapes glued into horizontal 
fissures inserted into the beam from side surfaces and through vertical fissures inserted from 
the upper beam surface. Analysis was also undertaken of the influence of defects in wood 
structure on the effectiveness of strengthening. Inserting CFRP tape into the cross-section was 
considered in the analysis as presented in fig. 2 b-f.  
 

 
Figure 1. Examples of different variants of posts subjected to compression.  

 

 
Figure 2. Examples of different placings of CFRP tape in beam cross-sections used in the analysis. 

 

RESEARCH CONCLUSIONS 
On the basis of results of testing in the laboratories of the Silesian University of 

Technology, it is possible to conclude the following:  
1) Strengthening by means of bands made of matting is highly recommended for repair of 

highly fissured elongated elements subjected to compression, in situations where we want 
to protect the element against longitudinal wood splintering.  

2) The spacing of bands should depend on the location of defects in the wood and in the 
case of elements with longitudinal cracks, the band should be selected to ensure that the 
shape of each individual ‘sliver” which can be divided out as a result of deep longitudinal 
cracking does not exceed λ= 15 and is twice the width of the element being strengthened.  
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3) Complete wrapping of an element is not recommended. Such a solution has a significant 
weakness – it is not possible to check if biological corrosion has appeared in the 
strengthened element, 

4) The effectiveness of strengthening (increased load bearing capacity and stiffness) 
depends on the degree of strengthening and the type of tape used, ranging from a few to a 
dozen or more percentage points, 

5) Strengthening of bent beams by means of fixing onto them tapes of carbon fibres in zones 
where wood fibres are stretched significantly changes the degree of damage; the defects 
in wood located in the lower part of the structure do not influence in any significant way 
load bearing and the extent of deflection, 

6) CFRP tape effectively stops rupture of wood fibres in the lower parts of the element and 
damage is in the form of softening of the compressed area. The conclusion here is that 
aside from increasing stiffness and load bearing capacity of the bent elements 
strengthened, the tape overcame discontinuities in zones where fibres are stretched and 
effectively improved the robustness of the structure. For this reason, it is appropriate to 
apply this method in situations were due to construction errors, wood defects or as a 
result of inappropriate use, there is weakening of the tensile area of bent cross-sections, 

7) Tests of the effectiveness of combining wood and tapes fixed with adhesive indicate that 
the deciding factor is that of adhesion in the initial section of the tape and the extent to 
which it is anchored in an area approx. 50 mm from the end of the tape. For this reason, 
additional anchorage is recommended at the end of the CFRP tape, perpendicular to wood 
and tape fibres, especially in situations where the load bearing capacity of the CFRP tape 
is used. The rationale for this has been confirmed through numerical analysis.  

8) Based on tests of the flow joining: wood – epoxy glue – tape, carried out under 
conditions of occasional loading, long-term loading and frequently changing loading, the 
glued joint can be treated for practical purposes as ideally stiff. 

On the basis of results of testing carried out in the laboratories of the Wrocław 
University of Technology on strengthening of bent elements using CFRP tapes inserted into 
the cross-section, it is possible to conclude the following: 
1) From the point of view of static behaviour of a complex element, the most appropriate 

solution is to fix the tape onto the bottom of the beam (in the zone of tensile fibres), but 
such a solution is unacceptable in conservation of historic wooden building structures as 
a matter of principle and also because of significant negative impact in cases of richly 
decorated historical roof beams,  

2) Based on test results, it is possible to conclude that strengthening of bent wooden 
elements using CFRP tape inserted into the cross-section also impacts their load bearing 
capacity and stiffness, 

3) CFRP tapes inserted into a cross-section positively contribute to eliminating the negative 
influence of defects in the wood structure (openings left by knots) on the load bearing 
capacity and stiffness of the cross-section. The increase in load bearing capacity is 
significant. For beams in the d series (fig. 2 d), the increase was more than 79%, 

4) Numerical analysis confirmed what was observed in laboratory testing, namely the 
accumulation of stresses at tape ends. This has significant implications for the length 
needed for tape anchoring, 

5) From the perspective of load bearing and  stiffness, vertical placement of the tapes was 
found to be most favourable (fig 2 c, d), but is harder to implement as this requires access 
to the upper surface of the beam, 

6) From an implementation point of view, it is much easier to place strengthening tapes (fig. 
2 f) into fissures created from the side surface of the strengthened beam. But the 
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effectiveness of such strengthening is much smaller and in the case of bare roof beams 
the intervention needs also be disguised.  

 
CONLUSIONS 

Strengthening wooden structures with CFRP composites is a relatively easy operation, 
which is both effective and resistant to external factors. This type of solution should be 
applied especially in situations where strengthening by traditional means is impossible or is 
not appropriate for other reasons. It is important to add that strengthening with carbon fibre 
tapes and matting for practical purposes does not increase the dimensions of the cross-section 
and it is easy to cover strengthening elements or insert them into the cross-section in the case 
of heritage structures. Application of CFRP for strengthening wooden structures, especially 
along fibres has one more significant advantage, namely that the co-efficient of thermal 
expansion is comparable to that of wood.  
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Summary: The paper presents the main conclusions of research on strengthening wooden elements with fibre 
composites, especially CFRP carbon-fibre based tapes and matting, which involved testing of fibres in 
laboratories of the Silesian and Wrocław Universities of Technology. Testing was on elements was carried out at 
a technical scale under varying load bearing conditions. Tests were carried out on elements with both external 
strengthening and also strengthening inserted into strengthened elements. The goal of the paper is to present a 
straight-forward and effective method for strengthening wooden construction elements using fibre composites.  
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