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ABSTRACT: Recently in the world the use of 

fibre-reinforced composites, FRP, has been steadily 

increasing. Glass fibres are most often used as 

polymer reinforcement, which is GFRP. Most 

common ap-plication of GFRP in constructions is as 

an addition or replacement of steel reinforcement in 

reinforced concrete. In this manuscript, the bearing 

capacity analysis was conducted through an 

experimental and a numerical calculation of a GFRP 

beam model filled with polyurethane foam, PUF. 

Application of polyurethane foam is very common 

in construction, most often as a material for sealing, 

filling various cavities and insulation. The results of 

the experimental load-bearing test of the beam 

model with PUF filling, showed in the 

force/displacement diagram and were com-pared 

with the results of the load-bearing test of the beam 

model without filling. The comparison results are 

shown in the dimensionless diagram. The nonlinear 

numerical model confirmed the experimental 

results. Material properties used in the nonlinear 

numerical model were obtained by experimental 

testing of samples. The results of numerical testing 

are presented through deformations and tensile 

stresses in the middle of the span. 

KEYWORDS: Composites; GFRP; Experiment; 

polyurethane foam; PUF; Dimensionless Diagrams; 

Deformations; Tensile Stress. 

 

I. INTRODUCTION 
Although they can be a combination of any 

number of different materials, most often 

composites consist of fibres that are stronger and 

transfer loads and a mouldable matrix. The matrix at 

the same time protects and joins the fibres or load-

bearing elements. Since the material for making 

fibres is significantly better quality and more 

expensive, it is usually used in a much smaller 

proportion in the composite.  

[1].Fibres in the composite can be placed in 

different directions, randomly and as a mesh, Figure 

1, and differently placed fibres greatly affect the 

characteristics of the material such as the modulus 

of elasticity, shear modulus, strength in different 

directions and yield strength. 

 

 
Figure 1. Different fibre layouts 
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The most commonly used matrices are 

polymer resins or unsaturated polyesters. A wide 

range of resin properties enables a wide selection of 

composite properties, depending on the selected 

matrix. Resins have a relatively favourable 

resistance to chemicals, low residual stresses and 

good ductility and strength. In fibre-reinforced 

polymer composites, the most common are glass-

fibre reinforced polymers (GFRP).  

[2,3,4].In addition to the fact that it is most 

often used as a supplement or replacement for steel 

in reinforced concrete beams, it is also often used as 

formwork for concrete columns and beams. It is 

often used in the rehabilitation of "classic" 

reinforced concrete structures. It completely 

replaces steel or reinforced concrete in different 

plateaus because of the reduced weight of the 

construction. It is characterized by greater resistance 

to corrosion, moisture, freezing and other aggressive 

environments, high tensile load capacity and low 

self-weight.  

[5].It is also very often used in hydraulic 

engineering, such as inspection shafts, etc. 

Therefore, GFRP is generally characterized by high 

durability, which usually ranges between 15 and 20 

years. In recent times, due to the increasingly 

massive application of GFRP in various areas such 

as auto industry, aviation industry, electric and 

electronic industry, as well as in the construction of 

wind power plants, a large amount of waste is 

generated after their life cycle. Because of this there 

are numerous studies on the utilization of waste 

GFRP materials. A very important characteristic is 

the ability to join (adhere) to materials such as steel, 

aluminium or concrete. Some of the disadvantages 

are sensitivity to delamination (mainly due to poor 

interaction between the fibres and the matrix), local 

load-bearing capacity, i.e., crumbling and crushing 

at places of concentrated loads and support, crack 

propagation along the fibres, as well as the 

possibility of residual stresses appearance during 

and after production.  

[6,7,8].Local load-baring capacity is a very 

common problem, and the authors re-searched it in 

former studies. 

In addition to being used in reinforced 

concrete structures, GFRP has recently been used as 

reinforcement and for the rehabilitation of structures 

made of other materials.  

[9,10].Some authors dealt with the 

connection of GFRP and wood, and examined the 

connection with soft and hard wood, using steel 

connectors, as well as the modelling of knots and 

strengthening of defective parts of wood. 

[11,12].Other authors investigated wooden 

beams reinforced with GFRP rods with bending load 

until failure, experimentally and numerically. 

Some authors dealt with the strengthening 

of laminated glass using GFRP strips.  

[13,14].They worked on a numerical model 

of the static load capacity of structural glass, i.e. 

glass beams glued with polyurethane and epoxy 

glue, as well as prestressed laminated plates 

reinforced with GFRP strips. 

If we look at the use of polyurethane foam 

as a filling, the most common example of use is in 

sandwich panels, which are combined with GFRP, 

but also with other materials.  

[15,16].Shear and other characteristics are 

investigated, when drilling or at four-point bending 

tests. 

[17,18].The load-bearing capacity of 

sandwich panels in load-bearing elements of bridges 

is investigated depending on external influences or 

dynamic impacts. 

[19].This research can be correlated with 

some previous research, related to the ex-amination 

of beam supports made of GFRP thin-walled multi-

layer plates. This research is based on the 

examination of beam models reduced in size, with 

appropriate length and cross-section. The length of 

the beam model and the cross-section were chosen 

so that they represent the most common types of 

beams, prefabricated elements, ceiling/floor 

supports and similar. Since the application of 

polyurethane foams, PUF, is very common in 

construction, in this paper, through a experimental 

and a numerical model, the bearing capacity of 

beams made of multi-layered GFRP plates, filled 

with polyurethane foam, was analysed. 

In order to present the workflow of this 

manuscript, a flowchart is shown in Figure 2. 

 



 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 7, Issue 03 Mar. 2025,  pp: 300-310  www.ijaem.net  ISSN: 2395-5252 

  

 

 

 

DOI: 10.35629/5252-0703300310          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 302 

 
Figure 2. The flowchart of the research methodology 

 

II. DETERMINATION OF MATERIAL 

CHARACTERISTICS 
GFRP 

For the purposes of the numerical model, it 

is necessary to define the characteristics of the 

material.  

[20,21].The dimensions of the samples for 

determining the characteristics of the polymer 

material reinforced with glass fibres, GFRPcan be 

seen in Figure 3.  

[22].The samples were tested for tension 

and compression on a Shimadzu testing device, and 

tests with the results were taken from literature. 

 

 
Figure 3. Testing samples dimensions 

 

The obtained results, in the form of stress-strain diagrams, can be seen in Figures 4 and 5. 
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Figure 4. Stress-strain diagram for tension 

 

 

 
Figure 5. Stress-strain diagram for compression 

 

The obtained characteristics of the 

material are expressed through the modulus of 

elasticity E and tensile and compressive strength, ft 

i fc.  

[22].The following values were obtained 

for the tensile and compressive strength of GFRP: 

ft=40 N/mm
2
, fc=100 N/mm

2
, and the value of the 

modulus of elasticity is within the values of 

E=4000-4500 N/mm
2
. 

PUF 

Polyurethane foam, PUF, is commonly 

used in construction as a sealant or connector used 

to join and seal various materials and elements 

made of wood, different types of masonry, 
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reinforced concrete, plastic, etc. It is installed in a 

foamy liquid state, and in the air, it turns into a 

foamy solid state.  

[23,24,25].Polyurethans are polymers that 

are formed by the re-action between the OH 

(hydroxyl) groups of a polyol with the NCO 

(isocyanate functional group) groups of an 

isocyanate, and the name is associated with the 

resulting urethane linkage. As it is also a polymer 

at its core, it supports bonding with GFRP. In this 

work, a simple, affordable and the least load-

bearing polyurethane foam, usually used as a 

sealant, was used. Polyurethane foam has a density 

of approximately 25 kg/m3, and compressive and 

tensile strength of approximately 0,2 kPa. 

 

III. THE SELECTED BEAM AND LOAD 

MODEL 
[7].The beam model was chosen from 

previous researches, that in addition to numerical 

analysis also included experimental analysis, 

Figure 6.The actual force required in the 

application is need to move the engine valve along 

with spring that must be considered. 

 

 
Figure 6. Testing beam model 

 

Therefore, the dimensions and shapes of 

the cross-section resulted from methods and 

possibilities of manufacturing load-bearing beams 

from thin-walled GFRP plates, and were chosen 

according to the most common forms of load-

bearing beams. A beam with a rectangular cross-

section was chosen, produced from two U shaped 

parts, two identical halves that are joined during 

production. In this way, a joint most similar to the 

original material is achieved. The rectangular cross-

section was chosen because these types of beams are 

dominantly loaded in direction of one axis while the 

other axis is under much smaller load. Ultimately, 

the goal of this manuscript is to examine the 

possibility of bind-ing GFRP with some other 

materials, in order to expand the application of 

GFRP materials and composite constructions made 

from GFRP and other materials. The beams were 

made as models of the most common beams with 

span of 5m and cross-sections of ap-proximately 

w/h=14/20cm in a scale of 1:5. This means that the 

models have a span of 1m and a cross-section of 

approximately w/h=3/4cm. The plate thickness is 

about 6 mm, which represents a plate thickness of 

approximately 3 cm. The connection of the two 

parts is made at a length of approximately 2 cm, 

which in nature represents approximately 10 cm. 

This is a sufficient length for achieving a proper 

connection and it makes it possible to insert any 

type of filling or a secondary load-bearing beam, as 

a complete load-bearing structure. The beams were 

tested by the 4BPT (four-point bending) method 

with a span of 90 cm. The distance of the support 

and the first force is 30 cm, and the distance 

between the two forces is 30 cm. For each sample, 

all the geometric characteristics of the cross-sections 

were measured and calculated. Forces are applied in 

the thirds of the span, in the order to achieve a 

condition on the girder where the middle third of the 

girder is loaded under pure bending. Figure 7 shows 

the load and boundary conditions scheme of the 

beam model. 
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Figure 7. Load and boundary conditions scheme 

 

In the beam model, hinged supports have 

been selected that enable rotation. The other support 

enables rotation and horizontal displacement. Figure 

8 shows the inner forces on the beam model, which 

are symmetrically distributed considering the half of 

the span. 

 

 
Figure 8. Inner forces on the beam model 

 

IV. THE SELECTED BEAM AND LOAD MODEL 
Figure 9 shows the testing of the beam model with and without PUF filling. 

 

 
Figure 9. Testing of GFRP with and without PUF 

 

Test results of the filled GFRP beam 

In Figure 10, the force-displacement 

diagram shows the mode of yielding and failure of 

the three tested beams made of GFRP filled with 

PUF. Beam OPP1 shows almost completely elastic 

behaviour during the test (almost linear increase in 

the force/displacement curve). Beam OPP2 also 

shows a dominant linear behaviour, however, a 

significant difference in behaviour compared to the 

previous beam is visible in an earlier plastic col-

lapse. This pronounced and long plastic behaviour 

can be attributed to the influence of the PUF filler in 

combination with the base material, immediately 

after failure. Beam OPP3 behaved mostly linearly 

with a very large plastic deformation after failure of 

the base material. It can be concluded that beam 

OPP3 behaved almost the same as beam OPP2, with 

a slightly earlier failure. On all models, deformation 

k k
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was observed at the places of concentrated loads, 

which indicates the need to increase the areas at the 

places of supports and loads. 

 

 
Figure 10. Diagrams of the testing of GFRP with PUF 

 

Test results of the GFRP beam without PUF 

In Figure 11, the force-displacement 

diagram shows the mode of yielding and failure of 

the three tested beams made of the original GFRP 

material without filling. Beam OS1 shows almost 

completely elastic behavior during the test (almost 

linear increase in the force/displacement curve). 

Beam OS2 also shows a dominant linear behavior, 

however, a significant difference in behavior 

compared to the previous beam is visible in two 

different slopes of the curve. Beam OS2 failed due 

to separation of the two halves of the cross-section 

on one side of the beam only. This continuous 

increase in load caused local failure. Beam OS3 

behaved linearly with very little plastic deformation 

of about 2 mm, which occurred just before failure. 

The failure occurred as a result of bending moment 

stress. 

[19].As with the filled models, the 

deformation at the places of concentrated loads was 

confirmed on all models. 

 
Figure 11. Diagrams of the testing of GFRP without PUF 
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V. COMPARISON OF RESULTS 
The relationship between the bearing 

capacity of GFRP beams with and without filling is 

shown in the form of a dimensionless diagram, as 

shown in Figure 12. On the abscissa is the 

relationship between the deflection in the middle of 

the beam and the radius of inertia, and on the 

ordinate is the relationship between the force and 

breaking force of the GFRP beam without fillings. If 

the average failure values of three models are 

adopted, the load capacity of the GFRP beam model 

with PUF infill is about 8% higher than the load 

capacity of the GFRP beam without infill. 

 

 
Figure 12. Comparison of dimensionless diagrams of GFRP with and without PUF 

 

VI. NUMERICAL MODEL OF THE BEAM 
Since these beams are composed of thin 

GFRP plates, shell elements were chosen for the 

beam model, and three-dimensional, "solid" 

elements were chosen for the polyurethane foam 

infill model. When defining the mesh density of the 

GFRP finite elements, the desired size of 1 cm was 

chosen for one element, rendering sufficient density 

and a relatively simple model, which gave 

satisfactory results. 

In order to avoid unwanted kneading and 

grinding, due to load concentration and for more 

accurate simulation of the beam, the load was placed 

on an area of 1 x 4 cm, which is also the width of 

the upper flange. As the load is applied to two 

surfaces, this makes a total surface area of 8 cm
2
. 

[26].Although the behaviour of this material is 

approximately linear, due to the aforementioned 

negative phenomena, a nonlinear model was 

selected in the software package. Figure 13 shows 

the FE mesh, as well as the load and support model 

for the filled and hollow model of the GFRP beam. 

 

 
Figure 13. FE mesh and loads on the GFRP beam filled with PUR and without filling 

 

In order to avoid unwanted local 

deformations, a total force of 1 kN distributed in 

two places of 4 cm2 was chosen for the static load, 

that is, each place was loaded with 1.25 kPa. The 

displacements of the beam are as expected, with the 

highest values in the mid-span, which can be seen in 
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Figure 14. The displacement in the mid-span is 2,150 mm. 

 

 
Figure 14. Displacements on the GFRP beam filled with PUR 

 

For comparison, a GFRP beam model 

without filling was taken and loaded with the same 

load. The largest displacements were, as expected, 

in the middle of the beam, with the largest 

displacement measured at a value 2,290 mm. The 

displacements of the beam model without filling can 

be seen in Figure 15. 

 

 
Figure 15. Displacements on the hollow GFRP beam 

 

If the normal stresses in the tensile area 

within the GFRP material are observed, it can be 

seen that the measured stresses are ft=5.8837 kPa, as 

shown in Figure 16. 

 

 
Figure 16. Tensile stresses on the GFRP beam filled with PUR 

 

In comparison, if the normal stresses in the 

tensile area within the GFRP material of the unfilled 

beam model are observed, the measured stresses are 

found to be ft=5.9000 kPa, as shown in Figure 17. 
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Figure 17. Tensile stresses on the hollow GFRP beam 

 

VII. CONCLUSIONS 
This test indicates one of the possibilities 

of applying thin-walled plate GFRP material in 

load-bearing structure elements.  

The most common model of a beam with a 

rectangular section filled with infill was used. 

Polyurethane foam, PUF, is used to fill 

GFRP beams, which is widely used in construction 

as a sealant, infill or insulation.  

PUR is a type of polymer and has good 

bonding properties for all materials, and mostly for 

similar materials, such as GFRP.  

Although this material has a very low 

load-bearing capacity, as a filling it contributes to a 

smaller part in the load-bearing capacity of the bent 

beams. 

The results of the experimental test show 

that the total load capacity of the GFRP beam 

model with infill is greater by about 8% compared 

to the GFRP beam model without infill. 

The results of the numerical model show 

that the vertical displacements of the GFRP beam 

model with infill are lower by about 6% compared 

to the GFRP beam model without infill. 

Simultaneously, the tensile stresses in the 

base material, in the GFRP model with filling, are 

lower by about 0,3% compared to the GFRP model 

without filling. 

Some authors, [17], have shown that when 

using approximately twice as dense filling, the load 

capacity increases approximately three times. 

The influence of PUF filling on the load-

bearing capacity of load-bearing GFRP elements 

with rectangular cross section is not great, but as it 

is a simple, acceptable and least load-bearing PUF, 

its choice for this purpose is justified. 
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