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POLYMER CONCRETE FILLED WITH MILLED CAR WINDSHIELD  

AND GFRP WASTE 

The paper describes the process of preparing polymer concrete consisting of waste materials. The matrix was a polyester 

terephthalic resin produced from PET bottles, while the fillers were laminated car glass with PVB foil, as well as GFRP waste. 

The preparation of the fillers consisted in producing appropriate fraction sizes. Using a cross-beater mill, a fine fraction with 

an average size of 2 mm was obtained. The coarse fraction was achieved after the initial grinding process with a size greater 

than 2 mm. Two series of samples were created from the prepared materials, with different contents of resin, car glass and 

GFRP. The compression test and the three-point bending test showed that the obtained polymer concrete containing 1 vol.% 

GFRP has an average compressive strength of 51.75 MPa and an average flexural strength of 20.49 MPa. The polymer  

concrete with 2 vol.% GFRP showed an average compressive strength of 75.63 MPa and an average flexural strength of  

17.89 MPa. The Archimedes method results showed that the samples with the amount of 1 vol.% GFRP reached 1.11% open 

porosity and the samples with 2 vol.% GFRP achieved 1.23%. The use of waste materials such as windshields with PVB foil 

and GFRP composites can be used as fillers in polymer concrete technology. 
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INTRODUCTION 

Among the most commonly employed engineering 

materials in construction, concrete is used. It is less  

expensive than other construction materials, it is dura-

ble and has good formability. The durability of concrete 

is represented by a set of properties that ensure a spe-

cific service life, reliability and stability over time [1].  

Traditional concrete has some limitations, among 

the most important there are: low impact strength,  

insufficient flexural strength, relatively high water per-

meability, low modulus of elasticity, insufficient ther-

mal insulation, chemical corrosion and difficulty in 

forming complex shapes [2]. With the appropriate 

modifications, it is possible to minimize some limita-

tions depending on the area of application. A limitation 

may also be the long setting time of concrete, for exam-

ple, the time when CEM III (EN 197-1: a specially for-

mulated blend of traditional cement and a minimum of 

50% ground granulated blast-furnace slag), acquires the 

maximum mechanical properties is 28 days [3]. It is 

beneficial to shorten the concrete setting time due to the 

economy of the process. However, during cement pro-

duction, large amounts of carbon dioxide are emitted 

into the atmosphere [4]. 

According to the Portland Cement Association,  

the production of 1000 kg of concrete emits 102.5 kg  

of carbon dioxide into the atmosphere [5]. All of  

that comes from reducing limestone (CaCO3) to lime 

(CaO) 
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Because of the insufficient mechanical properties of 

traditional cement-based concrete, scientists between 

1950 and 1960 started experimental research to find  

a different binder than cement. During their attempts, 

polymer concrete (PC) was developed [6, 7]. It is a ma-

terial from the group of polymer matrix composites  

(PMCs).  In this material, cement is replaced or partly 

replaced with a polymer – typically resin. The polymer 

in this material works as a binder or elastic phase that 

increases the impact strength. It was also concluded that 

the modification of concrete with polymers can elimi-

nate the insufficient properties of this material [8-10]. 

Polymer concrete became well known in 1970 when it 

began to be used in repairs, thin overlays and floors, 

and precast components [11]. 

PCs are characterized as more durable, corrosion 

and chemical-resistant materials with low open porosity 

and low water permeability and they are excellent con-

struction materials because of their low weight – me-

chanical properties ratio. Moreover, because of the elas-

toplastic character of the polymer matrix, they have 

sufficient vibration-damping properties [12, 13]. Owing 
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to those properties, PCs are frost-resistant and can work 

outdoors [14, 15]. Another advantage is the time when it 

is possible to test polymer concrete, which takes one day.

Traditional concrete, besides cement

typically sand and gravel with coarse and fine fractions 

to eliminate free spaces between the grains, which a

lows better connection of the fillers with the binder and 

the achievement of structural compaction 

years, there has been an increase in interest in recycling 

focused on replacing traditional aggregates with waste 

materials, as evidenced by numerous scientific public

tions in this field [17, 18]. One of the difficul

car windshields, commonly made out of safety glass. 

This glass is made out of two glass panels with polyv

nyl butyral (PVB) foil in between [19]. The most i

portant feature of PVB foil is to prevent instant fra

mentation at the moment of impact

transparency provides visibility [20]. According to data 

from The International Organization of Motor Vehicle 

Manufacturers (OICA), global car production in 2021 

was about 80 million cars per year [21]. The total 

worldwide amount of PVB film produced for the aut

motive and construction industries is estimated at 

around 170 million kg per year [22]. The problem with 

recycling this material is complex. Car glass waste is 

undesirable in glassworks using glass cullet as a raw 

material because the PVB film during thermal deco

position leads to the formation of pores, which contri

ute to significant deterioration of the glass properties

As a consequence, car window waste contaminated 

with PVB film is not directly used in glassworks and 

ends up in landfills. In the last few years, attempts 

been made to lower the cost of PCs by replacing raw 

fillers with waste materials [23-27]. 

The next step in the development of PCs is 

a way to reinforce them. Attempts were made using 

short-glass fibers [17]. The article describes the effect 

of adding milled glass fiber reinforced polymer (GFRP) 

waste containing short glass fibers. This material finds 

its application in every branch of the industry from 

aerospace engineering to power engineering. 

In this work, terephthalic polyester resin based on 

waste PET bottles was used to obtain polymer concrete. 

Waste laminated glass from the automotive industry 

and GFRP waste were used to confirm the application 

potential of replacing traditional aggregates with

materials that are difficult to recycle.

attempt was made to show that it is possible to make 

material using waste, which has better properties than 

cement-based concrete. Due to the better mechanical 

properties of polymer concrete than traditional concrete

thin-walled products are made, thereby d

carbon footprint made in the transportation of goods.

MATERIALS AND METHODS 

Estromal 14.PB-06 (LERG S.A., Poland) tere

phthalic polyester resin, catalyzed with Metox 50 
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aerospace engineering to power engineering.  

his work, terephthalic polyester resin based on 

waste PET bottles was used to obtain polymer concrete. 

Waste laminated glass from the automotive industry 

and GFRP waste were used to confirm the application 

potential of replacing traditional aggregates with waste 

materials that are difficult to recycle. Moreover, an  

attempt was made to show that it is possible to make 

has better properties than 

better mechanical 

than traditional concrete, 

by decreasing the 

transportation of goods. 

A., Poland) tere-

catalyzed with Metox 50  

(Oxytop Sp. z o. o., Poland) and a 10% cobalt acceler

tor (ILT Elżbieta Szymczak, Poland)

the matrix material. The mass ratio of resin to hardener 

and cobalt accelerator was 1000:10:1. 

of the coarse aggregates and the fine 

constant for all the samples and was 1:1. Two series of 

samples with a variable content of GFRP waste were 

made, according to Table 1. 
 

TABLE 1. Percentage by volume of individual components

 Coarse aggregates 

(glass waste with 

PVB foil) [vol.%] 

Fine aggregates 

(glass waste with 

PVB foil) [vol.%]

Series 
A 

37 

Series 
B 

35 

 

The fillers were waste windshields with PVB foil 

and GFRP waste. These materials were milled into 

appropriate fractions. The coarse fraction (Fig. 1) was 

achieved after the initial milling process with a

size greater than 2 mm. Using a cross

fraction (Fig. 2) with an average

2 mm was obtained.  

 

Fig. 1. Coarse fraction of fillers (average grain size above 2 mm)

Fig. 2. Fine fraction of fillers (average grain size below 2 mm)

The samples were produced in a multi

Firstly, the fillers were prepared in the selected ratio 

(Table 1): GFRP waste was adde

windshields and mixed mechanically. After this, the 

materials for the matrix were mixed in the following 
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Oxytop Sp. z o. o., Poland) and a 10% cobalt accelera-

tor (ILT Elżbieta Szymczak, Poland), was selected as 

the matrix material. The mass ratio of resin to hardener 

and cobalt accelerator was 1000:10:1. The volume ratio 

and the fine aggregates was 

samples and was 1:1. Two series of 

variable content of GFRP waste were 

Percentage by volume of individual components 

Fine aggregates 

(glass waste with 

PVB foil) [vol.%] 

GFRP  

waste 

[vol.%] 

Polyester 

resin  

[vol.%] 

37 1 25 

35 2 28 

were waste windshields with PVB foil 

and GFRP waste. These materials were milled into  

fractions. The coarse fraction (Fig. 1) was 

achieved after the initial milling process with a particle 

size greater than 2 mm. Using a cross-beater mill, a fine 

fraction (Fig. 2) with an average particle size below  

 
raction of fillers (average grain size above 2 mm) 

 
Fig. 2. Fine fraction of fillers (average grain size below 2 mm) 

The samples were produced in a multi-step process. 

the fillers were prepared in the selected ratio 

was added to the waste glass 

windshields and mixed mechanically. After this, the 

materials for the matrix were mixed in the following 
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order: resin, cobalt accelerator and hardener. Then the 

resin was added to the fillers. The next step was to mix 

the composition with an electrical concrete mixer 

(Atika RL1400). At the end, the mass was cast to molds 

and cured in room temperature (about 21°C).

The compression test of the samples was carried out 

in accordance with the PN-EN ISO 604: 2006 standard 

on an MTS-810 testing machine with the strain rate of 

10 mm/min until complete destruction of the sample 

(Fig. 5). A three-point bending test was carried out a

cording to the PN-EN ISO 14125 standard on rectang

lar specimens my means of an INSTRON 4469 with 

strain rate 10 mm/min and spacing of supports 190 mm. 

In order to determine the open porosity, density and 

water absorption, the Archimedes test was performed. 

The shape and geometry of the samples are shown in 

Figure 3. 

  

Fig. 3. Sample dimensions: a) three-point bending test
test, c) Archimedes test 

RESULTS AND DISCUSSION 

Compression test results 

The results of the compression test are shown in 

Figure 4. According to the EN1992-1

crete marked C16/20 has a minimum compr

strength of 16 MPa for cylindrical samples and 20 MPa 

for cubic samples. A comparison of the obtained test 

results of polymer concretes with the properties of typ

cal cement concretes indicate a more favorable co

pressive strength for the polymer concrete.

with the addition of 1 vol.% GFRP waste 

age compressive strength of 51.75 MPa

ples with 2 vol.% GFRP waste had an average co

pressive strength of 75.63 MPa. 
 

Fig. 4. Compressive strength of tested polymer conc

according to Table 1 

a) b) 
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polymer concretes with the properties of typi-

e a more favorable com-

ncrete. The samples 

waste had an aver-

age compressive strength of 51.75 MPa, while the sam-

had an average com-

 
Compressive strength of tested polymer concrete – designations 

The increase in the content of short glass fibers

(derived from milled GFRP waste) in polymer concrete 

leads to improvement in the 

which is attributed to the more compacted structure of 

the polymer concrete containing a higher amount 

of GFRP waste. The large surface of the glass

creates internal notches, contributing to the reduction 

mechanical strength and a large dispersion of the 

obtained results. During the test

pened at the edges of glass pieces

because glass does not have good wettability by resin. 

A further increase in the compression force caused 

complete failure of the sample (Fig. 5).

 

Fig. 5. Series B sample after compression test

Three-point bending test results

All the samples had similar flexural strength 

(Fig. 6). It can be concluded that the differences b

tween the 1 and 2 vol.% addition of milled GFRP waste 

do not have a significant impact on the flexural stren

of polymer concrete. The PC samples with the 1 vol.% 

addition of GFRP waste (Fig. 7A) showed slightly higher

flexural strength, on average 20.49 MPa, than the sa

ples with the 2 vol.% addition of GFRP waste (Fig. 7B) 

– 17.89 MPa. All the samples 

flexural strength than cement

35/45), which has a flexural strength of over 5.5 MPa

 

Fig. 6. Flexural strength of tested polymer concrete

cording to Table 1 

c) 

The increase in the content of short glass fibers 

d GFRP waste) in polymer concrete 

the compressive strength, 

more compacted structure of 

the polymer concrete containing a higher amount  

The large surface of the glass particles 

contributing to the reduction in 

mechanical strength and a large dispersion of the  

obtained results. During the test, the first breakage hap-

pieces with a sizable surface 

have good wettability by resin. 

compression force caused 

complete failure of the sample (Fig. 5). 

 
mpression test 

point bending test results 

All the samples had similar flexural strength  

(Fig. 6). It can be concluded that the differences be-

tween the 1 and 2 vol.% addition of milled GFRP waste 

do not have a significant impact on the flexural strength 

of polymer concrete. The PC samples with the 1 vol.% 

addition of GFRP waste (Fig. 7A) showed slightly higher 

flexural strength, on average 20.49 MPa, than the sam-

ples with the 2 vol.% addition of GFRP waste (Fig. 7B) 

samples demonstrated higher 

flexural strength than cement-based concrete (class C 

which has a flexural strength of over 5.5 MPa. 

 
l strength of tested polymer concrete – designations ac-



Polymer concrete 

Although the results for both series are similar, 

differences in the crack character 

The samples with the higher content of the GFRP filler 

maintained their overall integrity, with only small 

cracks on the surface (a scratch) appearing upo

failure (Fig. 7B). This suggests that the increased co

tent of short glass fibers (derived from milled GFRP) 

exceeds the critical length, positively influencing the 

observed structural strengthening effect.

of the material during destruction is beneficial because

it protects the users against loss of health and collapse 

of the structure. 

 

Fig. 7. Samples after three-point bending test. A 
B sample 

Archimedes test results 

The results obtained by the Archimedes method 

showed that the increase in the content of GFRP 

in polymer concrete increases the open porosity. 

 
TABLE 2. Archimedes test results 

 
Open  

porosity [%] 

Apparent  

density [g/cm3] 

Series A 1.11 ± 0.23 2.03 ± 0.22 

Series B 1.23 ± 0.28 1.99 ± 0.01 

 
The open porosity in the series with 

addition of milled GFRP is 1.11% and with 

addition of milled GFRP it is 1.23%. The water absor

tion of the material also increases in parallel with the 

increase in porosity. The differences in water absorption 

between the series are not significant; for the series with 

the 1 vol.% GFRP addition it is 0.60%, and for the s

ries with 2 vol.% GFRP addition it is 0.71. The density 

of both the polymer concretes is similar and is about 

2000 kg/m
3
. 

CONCLUSIONS 

˗ An increase in the volume fraction of 

waste leads to an increase in compressive strength, 

where the samples with 1 vol.% GFRP have an 

average compressive strength of 51.75 MPa, and 

samples with 2 vol.% GFRP – 75.63 MPa.
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appearing upon sample 
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tent of short glass fibers (derived from milled GFRP) 

exceeds the critical length, positively influencing the 

observed structural strengthening effect. Such behavior 

of the material during destruction is beneficial because 

protects the users against loss of health and collapse 

 

 – A sample, B – series 

The results obtained by the Archimedes method 

showed that the increase in the content of GFRP waste 

in polymer concrete increases the open porosity.  

Water  

absorbability [%] 

0.60 ± 0.13 

0.71 ± 0.12 

The open porosity in the series with the 1 vol.%  

d GFRP is 1.11% and with the 2 vol.% 

is 1.23%. The water absorp-

tion of the material also increases in parallel with the 

ifferences in water absorption 

for the series with 

% GFRP addition it is 0.60%, and for the se-

ion it is 0.71. The density  

polymer concretes is similar and is about 

An increase in the volume fraction of milled GFRP 

leads to an increase in compressive strength, 

% GFRP have an  

erage compressive strength of 51.75 MPa, and the 

75.63 MPa. 

˗ The increase in the content of GFRP in the structure 

of polymer concrete is unfavorable for the bending 

strength, which may result from the inhomogeneity 

of the material or insufficient wettability of the 

fibers. The 1 vol.% GFRP samples reached the 

bending strength of 20.49 MPa, and 

with 2 vol.% GFRP – 17.89 MPa

˗ The obtained polymer concrete has a compressive 

strength similar to that of some traditional co

(16-70 MPa) and several times higher bending 

strength than traditional concrete, for which the 

bending strength is about 5 MPa. The mechanical 

strength of polymer concrete based on waste mater

als is therefore higher than that of traditional 

cement-based concrete. 

˗ The obtained results prove low porosity (

with 1 vol.% GFRP – 1.11%, and 

2 vol.% GFRP – 1.23%), which is an advantage of 

the obtained material and makes the frost resistance 

of the tested polymer concrete

of traditional concretes. 

˗ It has been proven that a fully functional constru

tion material can be made 

as car windshields with PVB foil and GFRP

fillers made out of those wastes can be used as an a

ternative for raw materials (sand, gravel). 

˗  The samples with the higher content of short glass 

fibers from GFRP waste in the bending test did not 

show a violent crack leading to disintegration of the 

material. A scratch appeared on the surface, indica

ing damage to the polymer concrete. The addition of 

GFRP ensures the integrity of the structure in the 

event of damage to the structure, which increases the 

safety of use. Even though polymer concrete is more 

expensive than traditional concrete, its mechanic

properties allow the formation of complex products 

with thin walls.  
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