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Fibreglass reinForcement inFluence on the mechanical behaviour oF  
an abs – Pmma – Fibreglass comPosite material 

this study’s aim is to provide detailed information on how to control the mechanical behaviour of a short fibre unoriented 
composite material and adapt it for various applications. this study focusses on the challenging problem of recycling fibreglass 
waste mixed with thermoplastic polymers. the used method was thermoforming; preliminary studies have indicated this method 
as the most suitable for closing the loop in a manufacturing process – under the principles of a circular economy. Although this 
method is sustainable for this type of mixed waste, the research process is at an early stage and further studies and characterisa-
tions are required. From the data collected so far, this recycling method is the most efficient, both energetically and considering 
the added value of the final product. the results are encouraging and indicate a predictable behaviour of the studied reinforced 
composite material.
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1. introduction

Polymethyl-methacrylate (PMMA) and acrylonitrile-
butadiene-styrene (ABs) are versatile polymers widely utilized 
in industries such as aerospace and automotive [1-4]. this study 
addresses the technical challenges associated with reinforcing a 
composite material consisting of non – oriented short fibres. the 
raw material employed in the production of the bathtubs com-
prises sheets of thermoplastic polymers PMMA and ABs, with 
proportions of 10% and 90%, measuring 120×180×2.5 mm. to 
reinforce the bathtubs, roving – shaped short fibreglass, mixed 
with polyester resin is robotically applied, using a process known 
as simultaneous projection. After the deburring process of the 
bathtubs, the waste, containing the polymers and short fibreglass 
fibres, is thermoformed for research purposes. Due to the variable 
composition and difficult control of constituents, the mechanical 
behaviour of the newly thermoformed material becomes unpre-
dictable. the matrix of the material comprises polymers and 
fibreglass as reinforcement. Analysis of the internal morphol-
ogy revealed random fibreglass distribution with tendencies 
for clustering and material porosity. these characteristics make 
it challenging to define and control the mechanical behaviour. 
to regulate the mechanical properties, fibreglass meshes were 
employed, and the plates were thermoformed with 1 to 3 meshes. 

the meshes are made of fibreglass roving with a diameter of 0,5 
to 1 mm and the size of a grid is 0,5×0,5 mm. 

this study primarily focuses on recycling thermoforming 
waste generated in the manufacturing process of bathtubs. ther-
moforming is considered a superior and circular method from an 
economic perspective compared to traditional recycling options. 
Correia, Almeida, and Figueira argue against landfilling this 
type of waste, which is considered the least preferable option. 
Countries such as Germany have already banned the landfilling 
of composite waste. Among all the recycling methods for the 
studied waste type (as depicted in tABle 1), thermoforming 
proves to be the most advantageous in terms of environmental 
impact reduction, decreased pollution levels, and increased 
economic value. Recent research directions focus on solving 
energy and environmental issues as long global policies are 
become increasingly sustainable [5-6]. the products obtained 
through thermoforming have significantly higher market value 
compared to the waste itself [7-12].

2. experiment

the working hypothesis assumes that both, the type of 
reinforcement material, and its shape, including the dimension 
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of the flakes, are suitable for matrix – reinforcement interactions 
and capable of providing resistance to mechanical tests. it is also 
expected that the mechanical strength will gradually increase 
with the number of reinforcements meshes used.

to maximize the reinforcement effect, it is essential for the 
matrix – reinforcement interactions to be as closely linked as 
possible. this aspect is influenced by the working temperature 
and viscosity of the polymers. 

For the production process of the new composite material, 
150 grams of mixed waste were used for each plate. the resulting 
plates have a diameter of 142 mm and a thickness of 10 mm. the 
thermoforming system, depicted in Fig. 2, consists of a cylindri-
cal mold with two movable heated plates situated at the top and 
bottom. the working pressure ranged from 3.17 to 9.55 MPa, 
while the working temperature varied between 130 to 150°C. 
the chosen working temperature range considering the glass 
transition temperature of the constituents, 105°C for ABs and 
PMMA. this range allows operation in the highly elastic zone 
and prevents the constituents from melting in the thermoform-
ing system, considering their respective melting points of 204 
to 238°C for ABs and 130°C for PMMA [13].

Considering that the primary objective of thermoforming 
the waste is to achieve a solid material with controlled mechani-
cal properties, it is necessary to subject it to testing under the 
most common forces that a material with a mechanical stiffening 

role must endure tensile, compression, and flexural forces. in the 
experimental section, the mechanical testing machine instron 
model 4466 with a maximum capacity of 10 kn was used for 
the mechanical tests.

the tensile test is a destructive procedure that measures 
the force required to break a specimen and the extent to which 
the specimen stretches or elongates until it reaches the breaking 
point. this test provides data on various parameters including 

tABle 1

Advantages and disadvantages of the main recycling methods [11]

recycling
method Pyrolysis solvolysis Cement filler incineration in the cement 

manufacturing process
mechanical 

recycling thermoforming

advantages
technology is 

easily available 
on the market

technology is 
easily available 
on the market

Quantity 
savings can 

be up to 15%.

Waste generates added 
value by being added to 

cement

Products 
resulting from 
recycling can 

be reused

Finished product with high 
added value.

Reduced energy costs 
compared to pyrolysis, 

solvolysis and incineration

Disadvantages

high energy 
costs.

Fibres lose 
mechanical 

strength

high energy 
costs.

low value of 
waste

Under-use of 
waste

the process generates 
pollution.

low added value

Fibreglass has 
low mechanical 

properties

Unpredictable mechanical 
behaviour of the products 

obtained

a) b)
Fig. 1. Raw materials: a) Mixed waste; b) Waste details

Fig. 2. Moulding system
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tensile strength (yield and fracture), tensile modulus, tensile 
stress, elongation, percentage elongation at yield, and elongation 
at break in percent. the tensile strength (σt) is calculated using 
the following relation:

 
max

t
F
a b

 


  (1)

Where: Fmax – force at break [n]; a, b – length and width of the 
specimen [mm].

the compressive strength refers to the material’s capacity 
to withstand direct pressure from an applied compressive force. 
the compressive strength (σm) is calculated as the ratio of the 
maximum compressive force (Fmax) reached at the point of inflec-
tion or rupture to the initial cross-sectional area of the specimen 
when the relative deformation ɛ is less than 10%.

the compressive strength is calculated using the relations:
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Where: Fmax – force at break [n]; a×b – initial cross – sectional 
area of the specimen [mm2].

the relative deflection is determined using the relation:
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Where: Xm – displacement corresponding to the maximum force 
achieved [mm]; d0 – initial thickness of the specimen [mm].

the flexural test involves subjecting a specimen to a bend-
ing force, typically applied at three or four points along its length. 

By measuring the deflection and load at different points, it is 
possible to determine the material’s flexural strength, flexural 
modulus, and other related parameters. the flexural test provides 
valuable insights into the material’s behaviour under bending 
conditions and is particularly relevant for evaluating the me-
chanical performance of composite materials.

the relation used for the flexural strength is:

 2
3    

2    S
P LF
b d
 


 

  (4)

Where: P – test load [n]; b – specimen width [mm]; L – the 
opening between the test points [mm]; d – specimen thickness 
[mm] [14].

tABle 2
Used standards for mechanical tests [11]

mechanical test used standard
Flexural AstM D7264 / D7264M-15 [19]
tensile AstM D3039 / D3039M-17 [20]

Compression AstM D3410 / D3410M-16 [21]

3. results and discussion

the results are listed in tABle 3. to enhance and regulate 
the mechanical behaviour of the plates, various configurations 
were employed during thermoforming, involving the insertion of 
fibreglass meshes. these meshes were positioned in the middle 
section of some plates, while others had two meshes located on 

a) b)
Fig. 3. Composite plate: a) Plate with incorporated mesh; b) Mesh used for reinforcement

a) b) c)

Fig. 4. Used specimen design: a) Cutting plan; b) specimen shape for tensile and flexural tests; c) specimen shape for compression test
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the top and bottom, and further some plates had three meshes 
situated on the top, bottom, and middle sections. Additionally, the 
average values for the mechanical tests of plates without mesh re-
inforcements were included in the table for comparison purposes.

A clear and consistent enhancement in the mechanical 
behaviour is evident across all categories of mechanical tests, 
with percentage improvements ranging from 40% to 100%. the 
substantial improvement of the mechanical behaviour is reflected 
in the samples with 1 mesh compared to those without meshes 
(43% in flexural, 54% in tensile and 53% in compressive behav-
iour). Further, the increase still ranges, in those with 2 meshes 
compared to those with 1 mesh and those with 3 compared to 
those with 2 depending on the degree of porosity. studies focused 
on the internal morphology of the material (Computer tomog-
raphy) have shown that the studied material is porous [14]. the 
porosity is determined by the thermal behaviour of the main con-
stituent – ABs under the working temperatures (130 to 150°C) 
[15-16]. thus, the variable porosity of the material influences 

a)

c)

b)

d)

Fig. 5. testing samples: a) Waste samples for compression test; b) Meshed samples for compression test; c) Waste samples for tensile and flexural 
test; d) Meshed samples for tensile and flexural test

a) b) c)
Fig. 6. testing equipment: a) compression; b) flexural; c) tensile

tABle 3

Results obtained for mechanical testing

mechanical 
test

average value 
σr for samples 

without meshes
[mPa]

number of 
meshes used 

average value σr 
for samples with 

meshes
[mPa]

Flexural 16.31
1 28.92
2 35.71
3 36.44

tensile 5.53
1 12.11
2 12.96
3 15.36

Compression 24
1 51.50
2 56.37
3 58.63

its mechanical behaviour. even with this porous-induced behav-
iour, the reinforcement behaves predictably, and the mechanical 
strength increases proportionally to the number of meshes used.



1641

4. conclusions

the obtained results validate the hypothesis that, despite 
the lack of homogeneity [17] and also the porosity of the studied 
waste the plate with fibreglass meshes exhibit a predictable be-
haviour and the mechanical strength increases with the number 
of meshes used. the percentage comparison from tABle 4 
demonstrates that the behaviour can be controlled. 

tABle 4

the percentage analyses of the results

number of 
meshes used

average value σr 
[mPa]

mechanical behaviour 
improvement 

[%] 
0 16.31 —
1 28.92 43.60
2 35.71 19.01
3 36.44 2
0 5.53 —
1 12.11 54.33
2 12.96 6.55
3 15.36 15.62
0 24 —
1 51.50 53.39
2 56.37 8.63
3 58.63 3.85

the specific mechanical behaviour of the composite mate-
rial plates is correlated with the properties of the constitutive 
elements. ABs properties are determined by factors like the 
dispersion, size, and shape of the elastomers [22-25] and the be-
haviour of the composite material depends on the processing 
parameters [26-27].

the novelty of this work lies in the recycling method, or 
rather, upcycling, where the output material is superior to the 
input material (the studied waste). in addition, the successful 
method of reinforcing the plates adds to the novelty of the re-
search. Future studies will focus on determining, analysing, and 
controlling the internal interactions between the matrix and the 
reinforcement to achieve a composite material that is superior 
and predictable in its mechanical behaviour. the findings from 
this research pave the way for further advancements in the field 
of composite material recycling and upcycling, with applications 
in various industries that demand high-performance materials 
with controlled mechanical properties.
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