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Abstract: At ambient temperature, concrete exhibits excellent mechanical properties. However, 
understanding the behavior of concrete under high-temperature conditions is crucial, especially for 
civil engineering applications during fre incidents. The growing use of plastic-based products has led 
to a signifcant increase in polymer waste, posing environmental challenges. The valorization of this 
plastic waste in the form of fbers presents both economic and environmental advantages. This study 
focuses on the study of the behavior of sand concrete incorporating polyethylene terephthalate (PET) 
fbers with percentages of 1% and 2% at high temperatures (100, 300, 500 and 700 ◦C). Specimens are 
tested for residual mass loss, residual compressive and tensile strength. A complementary analysis of 
SEM makes it possible to confrm and better clarify the morphology of the concretes of sand before and 
after the rise in temperature. The results obtained from this study indicate that the residual resistance 
is reduced with the rise in temperature for all the concretes studied, except in the temperature range 

Citation: Benzerara, M.; Biskri, Y.; of 300 ◦C, in which a slight improvement in resistance is noticed. The incorporation of PET fbers in 
Saidani, M.; Slimani, F.; Belouettar, R. the test concretes does not enhance their residual behavior signifcantly. However, it does serve as an 
High-Temperature Behavior of effective solution by reducing the susceptibility to spalling, by preventing cracking and by fulflling a 
Polyethylene-Terephthalate-Fiber- similar role to that of polypropylene fbers. 
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used manufactured material in the world [1]. This material is used in the construction of 
residential buildings, tunnels, industrial and commercial buildings, engineering structures, 
etc. Concrete is a suitable material as it remains strong and durable for a long time. How-
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structure and the environment in the event of a fre. Due to the formulation of concrete, the 
phenomena that occur during fres are complex [7]. 

The effects of high temperatures on the properties of concrete have been reported. 
Concrete can become thermally unstable above a certain temperature and steadily degrades 
from the outside to the core throughout the heating process, leading to delamination of the 
material, loss of mechanical strength and even deactivation of the framework [2]. 

The fre behavior of ordinary Portland concrete is infuenced by both thermal and 
chemical factors. When exposed to temperatures above 400 ◦C, stresses are generated 
due to the different coeffcients of expansion of cement paste and aggregates. As the 
aggregates expand, the cementitious matrix undergoes thermal shrinkage, leading to the 
formation of microcracks near the cement–aggregate interface. From a chemical point 
of view, the thermal changes that occur in Portland concrete during a fre involve the 
evaporation of free water (occurring at around 100 ◦C), the decomposition of the CH 
phase (occurring at above 350 ◦C) and degradation of CSH hydrate gel (occurring above 
500 ◦C). These transformations cause an increase in the porosity of the concrete and a 
decrease in its strength. Therefore, Portland concrete becomes structurally unsuitable at 
temperatures exceeding 600 ◦C. Thus, research efforts have been devoted to exploring the 
use of geomaterials in concrete to promote innovation by allowing the development of 
concretes resistant to high temperatures [8]. 

The behavior of concrete at high temperature varies according to its composition and 
its initial properties. One of the solutions to spalling is the incorporation of fbers into the 
concrete such as synthetic fbers of polypropylene [9–11]. Adding polypropylene fbers 
to concrete improves its thermal stability. They melt and evaporate, generating a channel 
that facilitates the transport of water fows. The study of concretes containing fbers shows, 
in the presence of polypropylene, a decrease in the vapor pressure peak with the rise in 
temperature. This decrease is related to the volume of fbers [12–15]. The study of the 
infuence of metal fbers on the behavior of concrete brought to high temperature shows for 
some authors a thermal instability at low temperature (below 200 ◦C) or delayed instability 
(from 800 ◦C) [16,17]. Several parameters may be at the origin of the observed differences: 
the mode of hardening of the specimens (dry or saturated specimens); the heating rate; and 
the fber content, which seems to be a preponderant factor [18]. The high quantity of fbers 
can also generate an additional thermal gradient, which would lead to the phenomenon of 
thermal instability [12,14]. 

In recent years, several researchers have studied the effects of different plastic wastes 
on the properties of concrete [19]. Some of the most common waste plastics used for con-
crete reinforcement include waste polyethylene terephthalate (PET) bottles [20–22], waste 
polyethylene (PE) bags [23], polyvinyl alcohol fbers (PVA) [24] and waste polypropylene 
fbers (PP) [25]. This plastic waste is likely to be used as a fbrous material in the pro-
duction of durable concrete to prevent micro-cracking and to improve the durability of 
concrete [8,20]. 

Kim S.B et al. demonstrated that the results reveal that the addition of PET fbers 
improves the ductility and toughness of concrete, helping to improve crack resistance 
and post-crack behavior. Additionally, durability tests indicate that RPET-FRC exhibits 
satisfactory resistance to water absorption, freeze–thaw cycles and chloride penetration, 
ensuring long-term durability [20]. Foti D found that using PET fbers from waste bottles 
as reinforcement in concrete shows promise for improving the performance of the material 
and provides a sustainable and cost-effective alternative in construction [21]. Al-Hadithi 
A.I et al. concluded that the incorporation of waste plastic fbers improves the fresh 
properties by increasing the viscosity and stability of the concrete mix and alleviates the 
drying shrinkage of self-consolidating concrete [23]. Mohammadhosseini H and Yatim J.M 
concluded that the addition of carpet waste fbers and POFA infuences the microstructure 
of concrete. The incorporation of these materials leads to a more refned microstructure 
with reduced pore size and improved interfacial bonding between the matrix, and the 
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fbers exhibit better resistance to thermal degradation and improved post-fre performance 
compared with ordinary concrete [25]. 

The main objective of this study is to explore the valorization of plastic waste, specif-
cally PET fbers, in the formulation of high-temperature-resistant sand concrete. The study 
aims to investigate the potential of PET fbers as an alternative to the commonly used 
polypropylene fbers in this context. PET fbers are available in large quantities in Algeria, 
replacing polypropylene fbers, which are expensive fbers. It may offer advantages such as 
ease of processing and low cost over other fbers. PET fbers are lightweight, are easy to 
handle and can be mixed with concrete without disturbing the casting process. They are 
recyclable and inexpensive and can provide environmental benefts by reducing the amount 
of plastic waste that ends up in landflls. These fbers have low thermal conductivity and 
low density, which can reduce the spread of heat through concrete and can help prevent 
cracking and premature failure of concrete when exposed to high temperatures. PET fbers 
can also help maintain the structural integrity of concrete by improving ductility and 
fexural strength, as well as by reducing the formation of cracks due to thermal contraction 
upon cooling. This can extend the life of concrete and reduce long-term maintenance costs. 
In the context of sustainable development, it is important to mention that, in this study, 
granulated slag geomaterials sourced from the blast furnace of El-Hadjar (Annaba, Algeria) 
were incorporated as fller into the formulation of sand concrete. The purpose was to 
enhance specifc physical–mechanical properties of the concrete. 

2. Experimental Approach 
2.1. Cement 

The cement used is of the type CEM I 42.5/A according to the European standard EN 
197-1 [26], supplied by the company of Biskra (Algeria). The different chemical composition 
and physical properties of the cement are given in Tables 1 and 2. 

Table 1. Chemical composition of cement CPA-CEM I 42.5. 

Element CaO Al2O3 Fe2O3 SiO2 MgO Na2O K2O Cl− CaO Free Loss of Fire 

Percentage (%) 64.18 5.18 3.74 22.27 0.70 0.2 0.44 0.19 0.6 1.35 

Table 2. Physical characteristics of cement CPA-CEM I 42.5. 

Setting Time TD Normal 
Consistency 

Apparent Density 
(g/cm3) 

Absolute Density 
(g/cm3) 

Specifc Surface 
(BLAINE) 

Beginning Ti 

2 h 28 min 

End Tf 

4 h 10 min 
29 1.05 3.0 3070 

2.2. Filler 

In the current study, granulated slag fller according to the European standard NF EN 
15167-1 [27] was used. 

Tables 3 and 4 show the different chemical compositions and physical properties of 
the granulated slag fller. 

Table 3. Chemical composition of granulated slag. 

CaO SiO2 Al2O3 Fe2O3 MgO K2O Na2O SO3 Cl− P.A.F 

39.2 38.9 8.98 0.85 9.59 0.89 0.10 0.07 0.01 -
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Table 4. Physical characteristics of granulated slag. 

Absolute Density (g/cm3) Apparent Density (g/cm3) Specifc Surface (BLAINE) 

2.88 1.03 3640 

2.3. Aggregates 

Two types of sand were used in this study, a fne siliceous sand 0/2 and a crushed 
limestone sand 1.25/5. Table 5 shows the physical properties of the sands used, and Figure 1 
shows the granulometric curve. 

Table 5. Physical properties of sands. 

Characteristics Unit Dune Sand Quarry Sand 

Finesse module - 2.10 3.45 
Apparent density g/cm3 1.65 1.46 
Absolute density g/cm3 2.60 2.65 
Cleanliness (ES) % 63.46 55.03 
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Figure 1. Size analysis of the different sands used. 

2.4. PET Fibers 

PET fbers supplied by the company RET-PLAST were used, located in the region of 
Mezloug-Sétif (Algeria), which specializes in the recycling of post-consumer PET bottles in 
the form of polyester fbers (Figure 2). 
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Figure 2. (a) Optical picture of PET fbers; (b) SEM picture of PET fbers. 

The characterization of the PET fber at the Mediterranean Wires (MediFil) company 
(Setif, Algeria) gave us the physical and mechanical properties summarized in Table 6 [28]. 

Table 6. Physical and mechanical properties of PET fber [28]. 

Properties Values 

Density at 20 ◦C 1.16 
Cutting length (mm) 70.00 
Metric Number (Nm) 557.00 

Title (DTex) 18.00 
Size (Denier) 16.16 

Pressley Index (lb/mg) 6.97 
Pressley (Pound/Pouc2) 73.00 
Breaking length (gf/Tex) 37.39 

Relative Toughness (gf/Denier) 4.00 

2.5. Admixture 

The admixture used is a highly water-reducing super-plasticizer marketed by the 
Algerian company Granitex under the name ’MEDAPLAST SP 40 in liquid form with a 
brown color and a PH of 8.2. 

2.6. Mixing Water 

The mixing water used for the preparation of the different mixtures comes from the 
public drinking water distribution network in compliance with standard NF EN 1008 [29]. 

2.7. Formulation of Sand Concrete 

In this study, the formulation approach used is the one defned in the SABLOCRETE 
draft of the revised standard P 18-500 “sand concrete” set out in the book entitled “concretes 
of sand: characterizations and practice of use” [30]. The composition of different mixtures 
is summarized in Table 7. 



Fibers 2023, 11, 46 6 of 17 

Table 7. Formulation of study concretes. 

Denomination Dosage of Constituents in (kg/m3) 
of Sand 

Concretes 
Cement 

CPA Water Sand Siliceous 
(SS) 

Sand Quarry 
(SQ) 

Granulated Slag 
Filler (GS) P.E.T Fiber SP E/C 

SSC 311.82 206.20 825.34 830.43 187 - 10 0.66 
SC PET 1% 311.82 206.20 820.34 825.43 187 10 10 0.66 
SC PET 2% 311.82 206.20 815.34 820.43 187 20 10 0.66 

Denomination SSC: Standard sand concrete. SC PET 1%: sand concrete with PET fber at a rate of 1%. SC PET 
2%: sand concrete with PET fber at a rate of 2%. 

2.8. Preparation and Storage of Test Specimens 

The physical–mechanical characteristics of the sand concrete are obtained using mea-
surements of the tensile strength via fexion and compression on specimens that are 
4 × 4 × 16 cm3, in accordance with standard NF EN 12390-1 [31]. The preparation of 
the specimens is carried out according to standard NF EN 12390-2 [32], and the mixing is 
carried out using a concrete mixer with a capacity of 25 L and a total mixing time of around 
5 min. 

Vibration is the most common way to give concrete its maximum compactness and 
to eliminate as many voids as possible. Compaction is carried out on a vibrating table for 
a total duration of one minute. The specimens are removed from the mold after 24 h and 
stored at saturated humidity RH = 100% and at a temperature of 20 ± 2 ◦C until the various 
tests are due. 

3. Results and Discussion 
3.1. Heat Treatment Cycle for Sand Concrete 

The heat treatment of the specimens was carried out in a Nabertherm muffe furnace 
(P330) (Figure 3) with a temperature programmer and a maximum temperature of 3000 ◦C. 
The specimens were subjected to different temperatures (100 ◦C, 300 ◦C, 500 ◦C and 
700 ◦C); a one-hour stability period was applied to homogenize the temperature within the 
specimens, followed by cooling to room temperature. 
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The heating rate is a factor that has a great infuence on the thermal stability of the 
concrete. The higher the heating rate, the higher the risk of splitting. The characterization 
tests carried out by [33] on concrete specimens subjected to heating–cooling cycles at a 
rate of 1 ◦C·min−1 lead to specimen bursting, whereas those subjected to a heating rate 
of 0.1 ◦C·min−1 do not burst. The low temperature rise rate limits the formation of the 
saturated zone and reduces the temperature gradient. The rapid heating of the concrete 
surface generates high thermal gradients (thermal stresses). The thermal gradient generates 
compressive and tensile stresses that can lead to spalling of the concrete. 

3.2. Properties in the Hardened State 
3.2.1. Physical Properties 
Residual Mass Loss 

For the determination of the evolution of mass loss as a function of the heating–cooling 
cycle, the specimens are weighed before and after each heating–cooling cycle [34,35]. 

The test therefore consists of determining the loss of material that the specimens 
underwent during heating compared with their initial state (state before heating). The loss 
of mass expressed as a percentage is obtained as follows: 

M0 − MtMass loss = 
M0 

× 100(%) (1) 

where 
M0 is the mass of the test specimen at room temperature (before heating); 
Mt is the mass of the cooled specimen after the heating–cooling cycle. 

The specimens used are prismatic in shape and have dimensions of 4 × 4 × 16 cm3. 
They are weighed using an electronic balance with an accuracy of 0.1 g. 

Figure 4 shows the mass loss of sand concretes with PET fbers in function of the 
heating temperature. 

It can be observed that the increase in temperature leads to a continuous decrease in 
mass for all concretes. The shape of the mass loss curve is the same for all concretes. 

At the temperature of 100 ◦C, the mass loss is almost identical in all concretes; at this 
temperature the mass loss was very low. This can be explained by the departure of the free 
water contained in the pores of the concrete (drying of the concrete). 

Afterwards, a strong increase in mass loss is observed. This strong loss of mass is 
due to the departure of the water initially contained in the hydrates (C-S-H) and to the 
decomposition of the gypsum (CaSO4

2H2O) [36]. 
In the last phase, where the temperature ranges from 300 ◦C to 700 ◦C, the loss of mass 

is due to dehydroxylation of the portlandite. The results found are in agreement with those 
found in the literature [37–39]. 

From Figure 4, it can be seen that the addition of the fbers does not change the shape 
of the mass loss curve. The loss of mass may be related to the melting of the fbers during 
the temperature rise. These results are in agreement with those found by Zeb B [40]. These 
mass losses are signifcant from 0 to 100 ◦C (loss of 50%) beyond this temperature; mass 
drops of around 20 to 25% are observed until a temperature of 700 ◦C is reached. 

3.2.2. Mechanical Properties 
Residual Compressive Strength 

Figure 5 shows the evolution of the residual compressive strength in function of the 
temperature. 
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Figure 4. Loss of mass of sand concrete in function of the heating temperature: (a) standard sand 
concrete and sand concrete with 1 cm 1% of PET, (b) standard sand concrete and sand concrete with 
1 cm 2% of PET, (c) standard sand concrete and sand concrete with 2 cm 1% of PET, and (d) standard 
sand concrete and sand concrete with 2 cm 2% of PET. 

Compressive strength is one of the most important properties to characterize a concrete. 
It decreases overall with increasing temperature [41]. From Figure 5, it can be seen that, as 
temperature increases, the compressive strength of sand concrete decreases. 

At 100 ◦C, the strengths of sand concrete decrease. The grain size, shape and surface 
condition of the aggregates can play a secondary role on the mechanical strength of the 
concrete after the W/C ratio, which is the frst-order factor that can infuence the latter. 
The use of a granulated slag fller plays a role in improving the mechanical performance 
of sand concretes. This is due to the pozzolanic nature of granulated slag fllers, which 
participate in the formation of secondary hydrates and thus improve the adhesiveness of 
the aggregates to the cement matrix and to the morphological nature of the sands used 
(surface condition and porosity) [41,42]. 
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Figure 5. Residual compressive strength of sand concrete in function of the heating temperature: 
(a) standard sand concrete and sand concrete with 1 cm 1% of PET, (b) standard sand concrete and 
sand concrete with 1 cm 2% of PET, (c) standard sand concrete and sand concrete with 2 cm 1% of 
PET, and (d) standard sand concrete and sand concrete with 2 cm 2% of PET. 

Between 20 ◦C and 100 ◦C, the resistances of the two types of sand concrete decrease. 
This is due to the thermal expansion of the water that causes the sheets of the CSH gel to 
separate. This spacing leads to a reduction in the forces of attraction between the layers 
and generates the birth of microstructures, causing a reduction in the resistance of the sand 
concretes. 

At 300 ◦C, a gain in resistance was observed. This gain is due to the departure 
of the water (the liquid water becomes water vapor and manages to escape from the 
concrete) allowing a re-increase in the forces of attraction by bringing together the sheets of 
CSH [43,44]. 

Above 300 ◦C, the residual compressive strength decreases more rapidly. The com-
pressive strength obtained after heating to 700 ◦C is all below 40 MPa. This strong drop 
in resistance supposes that there was damage to the material. This damage is due to the 
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degradation of the cementitious matrix and to the disintegration of the aggregates [45]. The 
second range, above 300 ◦C, shows a signifcant decrease in resistance. 

The addition of PET fbers does not improve the residual compressive strength. This 
is due to the increase in porosity with the appearance of micro-cracks, which results in a 
loss of strength of the concrete. The results obtained are in agreement with those of Valente 
M et al. [8]. 

Residual Tensile Strength in Bending 

Figure 6 shows the evolution of the residual tensile fexural strength of the concrete in 
function of the fber content and the heating temperature. 
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Figure 6. Residual tensile fexural strength of sand concrete in function of fber content and heating 
temperature: (a) standard sand concrete and sand concrete with 1 cm 1% of PET, (b) standard sand 
concrete and sand concrete with 1 cm 2% of PET, (c) standard sand concrete and sand concrete with 
2 cm 1% of PET, and (d) standard sand concrete and sand concrete with 2 cm 2% of PET. 
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According to Figure 6, the values of the fexural tensile strength of the concretes tested 
decrease continuously with the rise in temperature. The general appearance of the curve is 
not modifed by the addition of PET fbers, and it is similar to concretes without fbers. 

At ambient temperature, sand concrete with PET 1 cm 1% has better tensile strength 
during bending than concretes without fbers since PET fbers are used in concrete to limit 
the development of cracking and to prevent the appearance of macrocracks [15]. 

Above 300 ◦C, it is observed that the decrease in tensile strength becomes higher. This 
is due to the degradation of the cementitious matrix (the decomposition of portlandite and 
CSH). The shape of the curve does not change with the presence of the fbers. 

At a temperature of 700 ◦C, the residual tensile strengths of the concrete with and 
without fbers are almost the same. We note a total absence of the fbers, which must have 
completely escaped from the material [11]. 

The addition of PET fbers in the sand concrete matrix for different rates and different 
lengths has been studied: an increase in residual stresses is observed at 300 ◦C. These 
results are in agreement with those found by Zeb B [40]. 

3.2.3. Optical Photo of the Study Sand Concretes 

Figure 7 presents the optical images of the sand concrete after exposure to different 
temperatures. 
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Figure 7. Optical picture of sand concrete subjected to different temperatures: (a) 100 ◦C, (b) 300 ◦C, 
(c) 500 ◦C and (d) 700 ◦C. 

Figure 7 clearly shows the total absence of fbers, which must have completely escaped 
from the material at 100 ◦C, 300 ◦C, 500 ◦C and 700 ◦C. 

The increase in heating temperature affects the PET fbers (calcination); this results in 
their absence within the matrix and the creation of pores or voids that affect and infuence 
the fnal structure of the composite and affect its intrinsic properties [12]. 



Fibers 2023, 11, 46 12 of 17 

3.2.4. Morphology of Sand Concretes 

Scanning Electron Microscope (SEM) observations for the two types of concrete, 
namely control sand concrete and sand concrete with 1 cm 1% PET fber heated to differ-
ent temperatures (100 ◦C, 300 ◦C, 500 ◦C and 700 ◦C), are given in Figures 8 and 9. The 
observations were made on the surface or inside the samples of sand concrete. 
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Figure 8. Microstructure of standard sand concrete after heating at (a) 100 ◦C, (b) 300 ◦C, (c) 500 ◦C 
and (d) 700 ◦C. 

Figure 8 shows the matrix–aggregate interface areas, compactness and micro-porosity 
of the control sand concrete. The fgure shows that all sand concretes have a dense mi-
crostructure with a good cementitious–aggregate matrix bond. On the other hand, after 
heating to 700 ◦C, the concrete becomes more porous; this is due to the departure of a large 
part of the water chemically linked to a high heating temperature [14,15]. 

Figure 9 shows the presence of a number of visible micro-pores; the number of these 
pores increases with increasing temperature. The appearance of pores in the sand concrete 
matrix is due to the evaporation of PET fbers, which resulted in the formation of voids and 
pores in the cementitious matrix. 
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Figure 9. Microstructure of standard sand concrete after heating at (a) 100 ◦C, (b) 300 ◦C, (c) 500 ◦C 
and (d) 700 ◦C. 

The SEM observations performed on the heated sand concrete samples confrm the 
visual observations where the voids increase with increasing heating temperature. Melting 
these fbers leaves beds of voids, which form a porous network, which can generate stresses 
and consequently the formation of microcracks [11]. 

3.3. Failure Mode of the Specimens at Different Temperatures 

Figure 10 shows the behavior of the standard and PET fber sand concretes before 
exposure to high temperatures. It shows the three-point bending test with a 45◦ mode of 
failure, which is a common mode in cementitious composites. According to EN 12390-3 [46], 
this mode is conditioned by the frictional forces that develop between the press plates and 
the faces of the specimen; these frictional forces are directed towards the interior of the 
specimen and slow down the evolution of the transverse deformations of the concrete [2,8]. 
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Figure 10. The mode of failure of sand concrete before exposure to high temperatures. 

Figure 11 shows the behavior of sand concrete with PET fber exposed at different 
temperatures. It can be seen that the material presents a quasi-fragile fracture due to the 
presence of a mainly micro-cracked fracture development zone and size: it develops in 
front of the crack front. From the point of view of the physical mechanisms characterizing 
the failure of the concrete, it can be said that it is a brittle, heterogeneous, porous and 
out-of-equilibrium material by extension. By increasing the applied loads, cracks at 45◦ are 
created at the level of the two support zones, resulting from an insuffcient resistance of 
the sand concrete to the shear force [13,18]. Sloping cracks near the supports will suddenly 
open up and cause the beam to fail. PET fbers can prevent and delay this type of failure, as 
in the case of reinforced concrete. 
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Figure 11. The mode of failure of sand concrete exposed to high temperatures: (a) 100 ◦C, (b) 300 ◦C, 
(c) 500 ◦C and (d) 700 ◦C. 
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4. Conclusions 

This study focuses on the development and characterization of sand concrete re-
inforced with PET fbers subjected to high temperature (100, 300, 500 and 700 ◦C) by 
incorporating fbers with different dosage (1% and 2%). Based on the results obtained, we 
can draw the following conclusions: 

• The loss of mass is reduced with the increase in temperature in all concretes. 
• The addition of PET fbers shows a slight increase in mass loss compared with that of 

sand concretes without fbers. 
• The studies concretes show a slight decrease in residual compressive strength between 

ambient temperature and 100 ◦C. 
• The compressive resistance obtained after heating to a temperature of 700 ◦C are all 

lower than 40 MPa. This damage is due to the degradation of the cementitious matrix. 
• From ambient temperature to 300 ◦C, a slight improvement in the residual compressive 

strength of sand concretes with PET fber was noticed, and above 300 ◦C, the residual 
compressive strength drops considerably. 

• The addition of PET fbers does not improve the residual compressive strength. 
• The residual tensile strength decreases with the rise in temperature for all the sand 

concretes studied. Beyond 300 ◦C, the drop in tensile strength becomes higher. 
• At ambient temperature, a slight drop in residual tensile strength is noticed for all 

sand concretes with PET fbers. This may explain why the high dosage of PET fber 
(2%) disrupts the crystal lattice of the cementitious matrix. 

• The evolution of temperature decreases the residual tensile strength of sand concretes 
with PET fber. 

• SEM observations show that, at ambient temperature, the sand concrete has a more 
or less dense microstructure with a minimum of porosity. At 700 ◦C, the concrete 
becomes more porous; this can results in melting of the PET fbers during the rise in 
temperature and the departure of a large part of the water chemically linked to a high 
heating temperature. 

• The addition of PET fbers is generally an effective solution, making it possible to 
reduce the sensitivity to spalling of the test concretes, to prevent cracking and to fulfll 
a similar role to that of polypropylene fbers. 

• Besides the economic and environmental advantages of the recovery of PET fbers and 
their use in the reinforcement of innovative concretes, these fbers can help extend 
the durability concrete and reduce long-term maintenance costs despite the reduction 
in the mechanical characteristics of concrete and can remain acceptable according to 
construction standards. 
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