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Abstract:  The paper is concerned with an optimal design of high-strength reinforcing lamella made from 
glued laminated timber structure controlled by the lamella thickness and material. The stepping stone for 
the present analysis are the results of nondestructive bending tests of thirty beams with different types of 
reinforcing lamellas adopting two material variants. Six different thicknesses were examined. The FEM 
models are created such as to exactly represent the tested beams which allows for a reliable comparison 
of measured and simulated data, e.g. center point deflection. As a next step, new FEM models are created 
for one particular real beam made from glued laminated timber reinforced by high performance lamella. 
Both thickness and material of this lamella are modified in individual numerical simulations to estimate 
an optimal degree of reinforcement with respect to the maximum deflection allowable for a given loading.              
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1. Introduction 

The paper is concerned with the search for optimal thickness and material of reinforcing lamella 
introduced into glued laminated timber beam structures. An extensive experimental as well as 
numerical investigation of real glued laminated timber beams with no additional reinforcements has 
been described in detail in our previous work suggesting the need for a detailed evaluation of the 
influence of Young’s modulus of elasticity in the fiber direction.  

Hereinafter, we extend the previous work by considering an additional reinforcing element in terms of 
a high strength composite lamella glued at the bottom surface of the beam. Thirty such beams were 
examined experimentally. The first half of specimens was enhanced by glass-fiber (G) reinforced 
composite lamella, while carbon (C) fibers based composites were adopted in the second half of the 
specimens. Three different thicknesses of the reinforcing lamella were considered for each group of 
composites. Thickness of 2, 4, and 6 mm were assumed for carbon fiber composites (notation C2, C4 
and C6). For glass fiber composites the thicknesses of 5, 10, and 15 mm were adopted (notation G5, 
G10 and G15). The experimental measurements, performed up to failure, were then compared with 
numerical simulations using again the Finite Element Method (FEM). 

Each of the tested specimens was represented by a unique FEM model taking into account not only the 
type of reinforcing lamella but also the particular material composition of timber selected randomly 
when preparing the specimens. The center point deflection has been selected again to compare the 
experimental and numerical results. Next, one of the specimens was selected to numerically 
investigate the influence of thickness and material of the reinforcing lamella on the beam response.               

2. FEM models of thirty reinforced real tested beams  

This section describes the simulation part of the work carried out for thirty FEM models split into six 
groups labeled as C2, C4, C6, G5, G10 and G15 thus resulting into five models for each group. One 
particular example of such a beam is illustrated in Figure 1. 

The center beam deflection is used to assess the degree of agreement between experimental work and 
numerical simulations. First, this criterion is exploited for a comparative loading of 24 kN of each 
force in Figure 2 used in our previous study to assess the impact of reinforcing lamella in comparison 
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to the beams with no reinforcement. The comparison between laboratory and numerical experiments is 
evaluated next for the maximum loading, see Figure 3. As expected, we have not achieved such a good 
agreement owing to the no nonlinear response prior to fatal failure in experiments not captured by 
purely elastic simulations. On the other hand, such loadings are not acceptable for real structures in 
use and therefore the nonlinear branch of loading curve linked to the evolution of cracks has not been 
investigated in this study. The third loading state considered 48 kN for each force as depicted in Figure 
4. In this case, a perfect match between the laboratory measurements and numerical results was 
achieved.           

 
Fig. 1: FEM model of one particular beam  

 

 
Fig. 2: Comparison between laboratory measurements and numerical simulations for thirty specimens 
loaded by two forces with the magnitude of 24 kN 

 
Fig. 3. Comparison between laboratory measurements and numerical simulations for thirty specimens 
subjected to maximum loading 
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Fig. 4. Comparison between laboratory measurements and numerical simulations for thirty specimens 
loaded by two forces with the magnitude of 85 kN 

3. FEM simulation of different thicknesses and materials of reinforced lamellas  

The beam No. 16 was selected for the purpose of optimization. This beam experienced the lowest 
strength out of all investigated beams. It failed at the compression surface at the load level of 64 kN of 
each force. A randomly place lamella with low strength was introduced at the top, the most 
compressed, surface the during production step. The optimization procedure investigated the influence 
of the reinforcing lamella thickness and its material assuming the load level equal to 48 kN of each 
force, thus being well within the elastic response of the tested beam. The resulting deflections for both 
types of materials are plotted in Figure 5. The reinforcing lamellas assumed thickness from 2 to 20 
mm with a 2mm step.       
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Fig. 5. Evolution of a center point deflection as function of the lamella thickness for the selected beam 
No. 16 for both types of composites for the loading level of 48 kN 
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4. Conclusions 

It can be seen that the results provided by FEM simulations agree rather well with experimentally 
derived data. The positive impact of reinforcing lamella manifested by the reduction of maximum 
deflection is evident. The presented results allow for obtaining an optimal design with respect to three 
parameters (lamella thickness, deflection and loading). Optimizing thicknesses of both types of 
composite reinforcements enables to define an optimal reinforcing lamella for each of the beam. This 
will be subject of future research.     
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