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A b s t r a c t  

The article presents results of an experimental studies on reinforcement of pine beams  
made from glued laminated timber with subsurface basalt fibers (BFRP). An experimental 
research program was presented, in which the bending strength of glued laminated timber 
of middle and lower quality class was increased after using BFRP basalt fabrics. Thanks 
to the use of BFRP reinforcement, an average load capacity increased by 47% and stiffness 
by 6% in comparison to non-reinforced elements. Based on the research, it was found that 
the use of BFRP basalt fabrics is an effective method for strengthening damaged wooden 
elements. Thus, it is an environmentally friendly method of improving the static work of 
structural elements by combining wood with other natural materials such as basalt fiber 
reinforced polymers. 

Keywords: glued laminated timber, natural materials, BFRP fabrics, reinforcement, 
bending strength 

1. INTRODUCTION 

In recent years, FRP materials have been innovative raw materials used in the 
reinforcement of construction timber [1,2]. It should be remembered that the use 
of reinforcement with FRP and epoxy resins is beneficial for both design and 
construction on site. The research [3] found that the use of epoxy adhesives is an 
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effective method of stress transfer between FRP materials and wood. This 
conclusion was made on the basis of the elimination of stress concentrations 
during bonding, which may be encountered, for example, when using components 
such as nails, screws or plugs. It should also be noted that when bonding with 
epoxy resins the stresses are evenly distributed, allowing for improved 
consistency between the FRP material and the wood and the epoxy adhesives used 
[4]. 
Glass fiber reinforcement (GFRP) is typically used because of its cost-
effectiveness and better mechanical properties than aramid or carbon fibers [5]. 
However, a newer type of FRP material is basalt fibers (BFRP). Basalt is a rock 
formed during the hardening of molten lava emerging from the depths of the earth 
[6]. It should be noted that wood and basalt are renewable resources [7]. The use 
of basalt fiber (BFRP) in wooden construction is a little known issue [8]. It should 
be remembered that the reinforcement of wooden structural elements with a 
product made of natural material is a method recommended for environmental 
protection. Basalt, on the other hand, is usually one of the most common types of 
rock, and basalt fibers have a much lower greenhouse potential than steel or 
synthetic fibers.   
In the literature, the use of bonded BFRP rods was presented in the work of 
Yeboah et al. [9]. The reinforcement of fifteen bent glued laminated timber beams 
with BFRP, GFRP and CFRP bars was performed by researchers Fossetti et al. 
[10]. In the conducted study, it was found that beams with dimensions of 80 × 130 
× 900 mm3 were destroyed after reaching the maximum shear stress of the wood, 
while the increase in the amount of FRP reinforcement used allowed an increase 
in the load capacity. Yousef and Saleh [11] investigated the bending strength of 
100 × 200 × 3000 mm3 wooden beams using GFRP bars with the following 
diameters: 96.35 mm, 9.53 mm and 12.7 mm. Based on the research, it was found 
that the samples reinforced with GFRP bars showed increased bending strength. 
In addition, the tests showed that cracks and knots in the wood caused a decrease 
in the load-bearing capacity of wooden elements. 
Alam et al. [12] tested 36 samples of cracked beams repairing them with a variety 
of reinforcement materials including steel, CFRP, GFRP and FULCRUM. After 
the tests, it was found that CFRP and steel showed the best bending strength 
results. The first research works related to the use of glass fiber reinforcement in 
wooden elements appeared in the sixties [13-15]. Researchers [14-15] used glass 
fiber composites to reinforce solid timber beams. In the research, Spaun [16] 
determined the increase in the tensile strength of bending beams reinforced with 
glass fibers. Carbon fiber was also used as a reinforcing material in wooden beams 
[17-18]. In the studies of Triantafillou and Plavris [17], the reinforcement in the 
form of a steel plate without prestressing was used, while Triantafillou and 
Deskivic [18] examined the prestressed reinforcement. After the tests, an increase 
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in the load-bearing capacity of beams reinforced with unstressed plates was 
observed. It was also found that the load capacity of Uni-Directional Carbon Fiber 
Reinforced (CFRP) beams increased from 20% to 40% in comparisson to 
unreinforced beams. Additionally, in the works [19, 20] the prestressed sheets 
were also investigated, and it was found that there was an increase in the load-
bearing capacity of beams with the use of prestressed sheets.                                                                                                                  
The fibers used as reinforcement of composite materials are mainly glass and 
carbon. The first research works that were carried out concerned wooden elements 
reinforced mainly with glass fiber [21–24]. Subsequently, carbon fiber was 
introduced to the market, so the amount of research works using this fiber 
increased [25,26]. Research works with the use of aramid fibers can also be found 
in the literature [27]. On the basis of all the conducted studies, it can be noticed 
that the use of basalt fiber, primarily in wooden elements, is rare [28]. Haojuni 
researchers et al. [29] found that FRP reinforcements improve the mechanical 
properties of reinforced wooden elements. Many other research works on FRP 
reinforced beams were also carried out, taking into account also the structural and 
geometric features of construction timber [29–45]. In the studies [46-48], the 
obtained increase in the load-bearing capacity of reinforced beams depended 
mainly on the type of the reinforced element or fiber, the reinforcement layout, 
the degree of FRP reinforcement and the cohesion of the bonding surface between 
FRP and wood. 
Researchers Tingley and Kent [49] achieved a 21.5% increase in load capacity 
and 5% stiffness in wooden beams using CFRP. Fiorelli and Alves [50] 
determined an increase in the stiffness of beams reinforced with glass fiber 
(GFRP) ranging from 15% to 30%. Yusofa and Saleh [51] reinforced the beams 
with GFRP bars, and achieved an increase in load capacity ranging from 20% to 
30%, and stiffness ranging from 24% to 60%. 
Based on the collected research, it was found that the different test results are 
caused mainly by the use of different types of reinforcement, as well as the 
variability of the mechanical properties of the wood used. 
This article describes an experimental study to test the effectiveness of 
heterogeneous glued laminated timber reinforced using BFRP basalt fabrics. 

2. MATERIALS AND METHODS 

Research on the effectiveness of reinforcement of bent wooden beams with 
different configuration of wood quality classes using basalt fabrics was carried out 
in the laboratory of the Department of Strength of Materials, Concrete and Bridge 
Structures of the Kielce University of Technology The tests were carried out on 
unreinforced (NWB beam series) and reinforced (WB beam series) beams, as 
shown in Fig. 1. Three repetitions were tested for each beam configuration. 
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Fig. 1. BFRP reinforcement configuration [dimensions in mm] 

 
A universal testing machine was used in the tests, along with  two acuators  with 
a pistons area of 50 cm2 each and a maximum applied pressure of 10 MPa made 
by VEB Werkstoffprufmaschinen Leipzig. The beams were two-point loaded, the 
distance between the supports was 3 m (Fig. 2). The beams were subjected to the 
loading forces F/2 until the destruction of the glued laminated timber beams. 

 
Fig. 2. Diagram of a four-point bending [dimensions in mm] 

 
During the research following measurements were made: 

- value of the loading force, 
- beam displacement in the middle of the span and over a length of 5 h, (h - 

beam section height), 
- deformations in wood, 
- deformations in the BFRP fabric, 
- value of the destructive force, 
- the method of failure of the tested beams was determined. 
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The sags of the beams were measured using mechanical sensors for a specific 
loading force F/2 (Fig.3), while the deformation of wood and fabrics BFRP was 
measured with a mechanical extensometer with a fixed measurement base of the 
"Demeck" type (Fig. 4). 
 
 

 
Fig. 3. Arrangement of measuring sensors 

 

 
          Fig. 4. Distribution of measurement bases for the determination of BFRP wood 

and fabric deformations [dimensions in mm] 

2.1. Unreinforced beams 
Construction timber obtained from Scots pine Pinus sylvestris L. came from the 
Małopolska natural forest region in Poland and from the beginning and the end of 
the growing period. All wooden elements have been classified visually, carefully 
examining all structural and geometric features according to PN-D-94021: 2013-
10 [52], such as: knots, twisted fibers, cracks, resin galls, in barks, galls, blue stain, 
rot, insect holes, reaction wood (scleroderma), average grain width, density, wane, 
longitudinal curvature of the sides, longitudinal curvature of planes, transverse 
curvature with respect to width, twist with respect to width. Then, the coniferous 
construction timber, intended for the beams, was divided into quality classes: KS 
- medium quality class, KG - inferior quality class. Glued laminated beams, made 
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of elements in various configurations of wood quality (KS and KG), have been 
reinforced with natural fibers in the form of basalt fabrics (BFRP). Each glued 
beam consisted of four lamellas with a thickness of one layer approximately 40 
mm. For glued laminated beams with a cross-section of approx. 82 × 162 mm2 
and a length of approx. 3650 mm, the GL20c class specifications were adopted. 
All characteristic mechanical properties are in accordance with PN-EN 14080: 
2013-07 [53] and are presented in Table 1. 

Table 1. Mechanical properties of glued laminated beams 

Properties 
According to 

PN-EN 14080:2013-07 

Bending strength (N/mm2) 20 

Tensile strength  (N/mm2)  

along the fibres 15 

across the fibres 0.5 

Compression strength (N/mm2)  

along the fibres 18.5 

cross the fibres 2.5 

Modulus of elasticity (N/mm2)  

along the fibres 10,400 

Shear-modulus (N/mm2) 650 

Density kg/m3 355 

2.2. Beams reinforced with BFRP fiber 
The beams were reinforced with basalt fabrics, the properties of which are 
presented in Table 2. The beams were reinforced with BFRP fiber with the basis 
weight of 380 g/m2 fiber (BT-11/1 P) and epoxy adhesive (LG815 + HG353). The 
beams were reinforced with two layers of BFRP basalt fibers in the form of 
fabrics. The reinforcement was glued to the underside of the beams along its entire 
length with epoxy glue. Before applying the first layer of epoxy glue, the surface 
of the lamellas was cleaned with a brush and a layer of the "Acetone" solvent was 
applied to improve the adhesion of BFRP fabrics to wood. After cleaning the wood 
surface, a pre-layer of epoxy glue with an approximate spread of 0.3 kg/m2 was 
applied. Then, a pre-stressed fabric to approx. 40 MPa was applied parallel to the 
longitudinal direction of the fibers of the beam, and then a layer of epoxy glue 
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with a spread of approx. 0.2 kg/m2 was applied, followed by a second layer of pre-
stressed basalt fabric.  
 

Table 2. Mechanical properties of basalt fabric and epoxy glue 

Feature BFRP Epoxy glue 
(LG815 + HG353) 

Density 2.67 g/cm3 - 
Tensile strength 

Warp 
Weft 

  
1715 N - 
980 N - 

Flexural strength - 110 ÷ 120 MPa 
Modulus of elasticity do 78 GPa 2700 ÷ 3300 MPa 

3. EXPERIMENTAL RESULTS 

The results concern experimental studies of the effectiveness of reinforcement of 
non-homogeneous glued laminated timber with the use of BFRP basalt fabrics. 
NWB beam types were the reference samples for WB reinforced beams. It can be 
observed that the most common failure pattern was the breaking of the lower 
fibers in the tension zone, both in reinforced and non-reinforced beams. 
Additionally, in the case of beams reinforced with BFRP fabrics, the 
reinforcement fibers also broke. However, only in two beams, only the wood 
fibers were broken. Usually, the rupture of the fibers took place in the middle of 
the beam span, mainly at places with significant knots or due to increased fiber 
inclination, as shown in Figure 5. 
 

 
Fig. 5. An example image of the destruction of the WB-2 beam (photo by: Wdowiak- 

Postulak) 
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Fig. 6. Diagram of the dependence of Ɛ [%] on F/2 [kN] for the WB-3 reinforced beam 

 
Figure 6 shows a diagram of the dependence of deformations Ɛ [%] on the force 
F/2 [kN] for a beam reinforced with WB-3 basalt fabric with a basis weight of 380 
g/m2 in four lamellas along its entire length. As a result of the research, it was 
found that the values of wood deformation were lower for beams reinforced with 
BFRP fabrics than for non-reinforced beams. BFRP fabrics significantly reduced 

crack in timber fibres  
- knot in the base 3 

crack in timber fibres  
- knot in base 9 lamellas III and IV 
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the distortion of the stretched wood fibers. Taking into account the types of NWB 
and WB beams, it can be observed that e.g. for a force F/2 equal to 10 kN, (base 
7): 

- for the WB1 type, the decrease in tensile strains was about 28%, and in 
compression strains - about 15%, 

- for the WB2 type, the decrease in tensile strains was about 22% and the 
increase in compressive strains - about 17%, 

- for WB3 type decrease in tensile strains - approx. 33% and increase in 
compressive strains - approx. 10% in relation to NWB type. 

Fig. 6 shows the uneven distribution of deformations, mainly caused by the 
occurrence of wood defects, usually knot cracks (3 lamella I base, 9 lamella III 
base and IV lamella) and wood fiber cracks. The BFRP fabric absorbed the tensile 
forces and occurring deformations. 
 

 
Fig. 7. Graph of the dependence "u - F / 2" of the tested beams in the middle of the beam 

span 
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Fig. 7 shows the "u - F/2" dependence curves of the tested beams in the middle of 
the beam span. The deflection values at the same load level were slightly lower 
for the beams reinforced with BFRP fabrics than the deflection values of the 
unreinforced NWB beams. In the middle of the span, for all glued reinforced and 
unreinforced medium class and lower quality beams, the average deflection value 
for the force F / 2 equal to 5 kN was respectively 13.34 mm, and for reinforced 
elements of the middle and lower quality class - 12.93 mm. 

4. CONCLUSIONS 

The experimental studies of four-point bending presented in this article concerned 
glued laminated beams made of wood obtained from the Małopolska natural forest 
region  in Poland, at the beginning and the end of the growing period, and 
reinforced with BFRP fabrics in the near-surface. 
 
Experimental studies allowed to define the following conclusions: 

1. Glued laminated beams reinforced with BFRP fabric typically exhibited 
an average increase in load capacity of about 47% in comparison to  
unreinforced beams. 

2. After the tests, it was found that the increase in the stiffness of the 
reinforced beams in relation to the non-reinforced beams for the force  
F / 2 equal to 5 kN amounted to approximately 6%, respectively.  

3. It was observed in the research that during the destruction of the two 
wooden elements, the BFRP fabric was not broken. 

4. Samples of unreinforced beams were damaged in the tension zone where 
knots occur, usually in the middle of the beam span. 

5. The beam failure most often occurred in the tensile zone, then the tensile 
strains amounted to about 0.37%, and in the compressed zone at the strain 
equal to about 0.29%. 
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