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Introduction: Glass fibers with polyester resin structural composites are highly sought after in many sectors such as transportation industries, thanks to their low density and fairly good mechanical properties. However, their end-of-life management is not yet satisfactory. Composites mostly end in energy recovery in the best-case scenario or, worse, in landfills. Transformation into shreds and powders for reuse as a new source of raw material for the construction sector (concrete) is an economically and environmentally attractive recovery solution. The present study investigates the development of a concrete filled with glass/polyester composite shreds.Methods: To this end, rheological (cone spread) and physico-mechanical (density and mechanical strength in flexion and compression) characterization tests were carried out. Several mix designs were tested in order to understand the impact of introducing composite shreds as a substitute for sand. Composite shreds were introduced in the following ratios by volume: 0, 1, 1.5, 2, 2.5, 3, and 7% with water and cement ratio equal to 0.5, 0.6, and 0.7.Results and discussion: The results obtained indicate that workability decreases with the substitution of sand by shreds. For a substitution of sand by shreds of 2%, it is relatively small, and the pouring of the mortar is still feasible. The decrease can be attributed to the water absorption of the composite shreds. Concerning mechanical results, for formulations with a substitution percentage of composite shreds lower than 3%, the mechanical strength (both compression test and flexure test) is slightly higher than that of the reference sample. The increase in compressive strength that can be observed is at its maximum, equal to 10%, compared to that of the reference sample. These results are in line with density results, which are also slightly higher than that of the reference sample. This effect can be attributed to water absorption of composite shreds and the filling effect of the powders. For a percentage of substitution equal to 7%, the mechanical strength is lower than that of the reference sample (30% decrease), with a compressive strength equal to 33 MPa (47 MPa for the reference sample). For this percentage of substitution equal to 7%, a decrease in density is also observed (6% decrease) and can be explained by the porosity created by the incorporation of the composite shreds into the mortar.Keywords: material valorization, glass fiber, polyester resin, composite, concrete, resource preservation, multi-physics characterization
1 INTRODUCTION
The amount of polymer composites produced was estimated to be more than 12 million tons in Europe in 2021 (Jec observer, 2022). They comprise 15 application sectors and are widely used in the field of transport. However, their end-of-life management is a real issue as landfill is no longer a solution since 1 July 2002 (Agence-rhone-alpes, 2003). One of the first recovery solutions was energy valorization. It presents a load-added value compared to material valorization. Recycling solutions, which are preferred to energy valorization, are more challenging for thermoset resin composites such as epoxy or polyester than for thermoplastic matrix composites. Techniques such as solvolysis, thermolysis, and pyrolysis have been used to separate fibers from the resin (Chayma Chaabani, 2017; Crepin, 2021). They are more commonly used for carbon fibers (mostly associated with epoxy resin) as they are less economical for glass fibers (polyester resin). For glass fiber (in polyester resin) composites, processing into shreds and powders for re-use as a new source of raw material seems to be a better solution for valorization (Agogue et al., 2022).
In addition to the problem of managing polymer composite waste, the construction sector consumes large quantities of non-renewable raw materials such as sand extracted from quarries. Four hundred million tons of granular materials are consumed in France every year (Nature-action, 2019; Kiema, 2023). In order to reduce the environmental impact of this sector, the use of composite shreds (glass fibers/polyester resin) as a substitute for sand could be an interesting solution. Several studies have investigated the technical feasibility of this solution for various civil engineering applications (Sebaibi, 2010; Ben Zaouche, 2020; Elmouden, 2021; Tao et al., 2023; Ganesan et al., 2014), (Correia et al., 2011; Rodin et al., 2018).
The reincorporation of composite shreds into a resin matrix for the manufacture of a fiberglass–polyester resin composite will be studied as part of this research. This solution would enable recycling within the framework of the circular economy. Blagojević et al. (2020) presents an overview of the various studies that have developed such a solution. The material developed enables the manufacture of reliable products that meet virtually all design criteria. The target applications are for indoor environments.
In the building industry, the use of fibers as reinforcement in concrete is a well-known but relatively recent approach. It offers economic, ecological, and technical advantages. The considered fibers are of different types, such as metal, flax, and even glass. They are generally characterized by the following properties: good adhesion to the matrix, controlled lengths, good resistance to moisture and corrosion, and relatively low thermal conductivity. Fiber-reinforced concrete continues to be studied in order to improve its properties and gain a better understanding of them (Sadoun et al., 2019; Ahmad et al., 2022). The results of these studies indicate the effects of incorporating composite shreds into concrete/mortar.
The use of recycled shred composites (glass fiber in polyester resin) in a mineral matrix can thus present a high potential for valorization. Nevertheless, due to the presence of the remaining cured polyester resin and the shredding process, heterogeneity in size and shape and reduced mechanical properties compared to virgin glass fibers are expected. The literature findings indicate that the powdery residue contains a high proportion of fillers and polymers. On the contrary, the coarse fractions tend to present high glass fiber content and particles having a high shape factor (Agogue et al., 2022).
At the fresh state of the mortar, the literature indicates that the use of fibers, independently of the fiber type (flax, glass, metal, etc.), in concrete/mortar reduces its workability; the placement and spreading of the concrete become slow and industrially unsatisfactory. The fibers’ volume fraction must be less than the percolation threshold; i.e., the fibers are likely to form a percolated network of interacting fibers (Yun et al., 2008). Increasing the fiber percentage from 5% to 20% and beyond significantly reduces the workability of the mixture, and the mortar becomes too stiff to be poured (Casanova, 1995).
According to the literature, the incorporation of composite shreds also reduces the workability of the mortar mixture. Composite shreds tend to agglomerate and significantly increase the mortar viscosity, showing a similar conclusion than for the metallic fibers, as presented above. Moreover, powders and fibers have a high specific surface area, which increases the apparent absorption of water, leading to a decrease in the workability of the concrete/mortar (Ganesan et al., 2014; Zhou et al., 2021). The decrease in the workability can also be attributed to the angular shape of glass particles (Tao et al., 2023). This means that, in the context of this study, limiting the grinding process will probably accentuate the effect (decrease) of the incorporation of glass fibers on the workability of the concrete/mortar. Xu et al. (2022) used a shredding machine to process waste wind turbine blades into macro fibers of various lengths less than 100 mm for being incorporated into the concrete. The incorporation of recycled macro fibers leads to a slump loss of 54% at a fiber volume ratio of 2.5%. Thus, a significant reduction in the workability of mortar incorporating composite shreds is observed in this study.
Mechanically, concrete and mortar are brittle. They have low tensile strength and low deformation capacity.
According to the literature, the incorporation of fibers helps concrete, increasing its durability, enhancing the capacity for deformation, and showing better fracture behavior, particularly in bending (Hambach and Volkmer, 2017; Bos, 2002; Dehghan et al., 2017; Xiong et al., 2021). More precisely, the presence of fibers does not reduce the stress at which the first crack appears, but it limits its progression (García et al., 2014). Thillo et al. 2021 highlighted that the incorporation of 0.2% of glass fibers (volumetric fraction) resulted in a decrease of 0.9%, 3.4%, and 4.6%, respectively, in compressive, tensile splitting, and flexural tensile strength. It has been found that this mixture is less compacted compared to a mixture without fiber reinforcement (Thillo et al., 2021). With the incorporation of composite shreds into concrete/mortar, the effects can be fairly nuanced (Tao et al., 2023). Regarding compressive behavior, some studies proposed that the incorporation of composite shreds into concrete/mortar reduces its strength (Dehghan et al., 2017) and also leads to a disruption in granular stacking, which increases the porosity and heterogeneity of the concrete (Baron and Ollivier, 1997; Sebaibi, 2007). Xu et al. (2022) incorporated recycled macro fiber composite (glass fiber-reinforced polymer) into concrete, which led to a reduction of 14.07% in compressive strength at a fiber volume ratio of 2.5%. Another study on the incorporation of polymer shreds and glass powder into cementitious materials (El-Seidy et al., 2023) indicated a decrease in the compressive strength and density. These decreases are attributed to the following reasons:
− Poorer adhesion between the cementitious matrix and the polymer.
− Significant water absorption by the glass powder.
Other studies have shown an increase in compressive strength with the incorporation of composite shreds. This increase is attributed to the filler effect of the powder part of the shreds, which helps reduce the voids between the particles in the concrete (Farinha et al., 2019; Ribeiro and Meixedo, 2015). Baturkin et al. (2021) concluded that these powders have a pozzolanic effect, which increases the compressive strength (Xu et al., 2022).
Given these disparate conclusions, the present study will shed light on the impact on mechanical properties due to incorporation of composite shreds into concrete/mortar and provide a better understanding of the potential for using composite shreds in concrete.
For flexural strength, the results in the literature are varied, as is the case for compressive strength. Ribeiro and Meixedo (2015) found an 18% increase in flexural strength for an incorporation of 8% (percentage by mass in relation to the total mass of mortar, which is equivalent to 3% by volume as a substitute for sand). Xu et al. (2022) incorporated recycled macro fiber composite (glass fiber-reinforced polymer) into concrete, which led to an improvement of 38% in flexural strength at a fiber volume ratio of 2.5%.
Rodin et al. (2018) highlighted that incorporating large composite shreds (glass fiber polymer resin) at 1, 3, and 5% replacement of sand (volumetric fraction) resulted in 5, 25, and 35% increases, respectively, in the 90-day modulus of rupture, with significant increases in the toughness index and minimal reductions in the compressive strength compared to the control mortar.
On the other hand, other studies have observed a reduction in the flexural strength with the incorporation of composite shreds (Tittarelli and Shah, 2013; Coppola et al., 2011). This reduction is attributed to the following reasons:
− An increase in the porosity due to the incorporation of shreds.
− Poorer mechanical strength of the shreds compared to the silica in the sand.
Based on the literature results, this paper establishes the technical feasibility of incorporating SMC (sheet molding compound) composite shreds resulting from production waste into mortar. The objective is to propose a new solution of valorization of the composite (glass fiber and polyester resin), which permits limiting the composite preparation stage and, therefore, limiting costs and the ecological impact (as shredding does). Regarding shredding, according to the literature, the more the composite is shredded, the better are its mechanical and rheological properties.
The use of composite shreds (polyester resin-coated glass fibers) in the formulation of concrete (mortar) has not been sufficiently researched in the literature. Studies into the use of similar alternative materials such as glass fibers in mortars are common. Although similarities can be observed, this is a completely different material that requires a more thorough characterization than currently exists in the literature. The approach of the study is first to verify the assumptions made in the literature, which can sometimes contradict each other (e.g., mechanical performance).
At first, the approach will be to understand the properties of the mortar according to the composite shreds’ percentage of incorporation. Afterward, results will be achieved by observations of the adhesion of composite shreds with the cementitious matrix. The study corresponds to the first part, i.e., the physical characterization (mechanical and workability) of different mix designs. The ratio of water/cement and composite shreds’ percentage of incorporation will be changed to optimize the mortar properties. The first section describes the scientific approach adopted to achieve these objectives. The various processes and procedures involved in the experiment are presented. The second section corresponds to the experimental results and their analysis.
2 MATERIALS AND METHODS
2.1 Cement
Cement CEM I 42.5 R has been used in the mortar mix.
2.2 Sand
Sand was extracted from the Boulonnais quarry. The particle size distribution of sand is presented in Figure 1. Particle size analysis was carried out on two samples to check the repeatability. The uniformity coefficient is 2, indicating that the sand is quite homogeneous. To optimize the granular skeleton of a mortar, it is preferable to use heterogeneous sand. This means that the incorporation of composite shreds can improve the granular arrangement.
[image: Figure 1]FIGURE 1 | Particle size distribution of sand.
2.3 Composite shreds
Composites are obtained from the plant Plastic Omnium located in Flers-en-Escrebieux (59128, France). They correspond to production scraps from SMC materials, which are composed of glass fibers with polyester resin. The composite waste used in this study was ground to obtain shreds.
Composite shred granulometry can be estimated with the naked eye as sized from 10 mm to very fine powder (Figure 2). Particle size distribution reveals heterogeneous composite shreds. Because of the shape of the shreds, particle size analysis by sieving was not used to characterize the shreds. They were classified into three groups after observation with the naked eye. Photographs were taken and processed using ImageJ software to assess the proportions of each group.
•Group n°1: coarse pieces (Figure 3A) These correspond to sizes from 1 mm to 1 cm. These are resin-coated fibers.
•Group n°2: fibers (Figure 3B). They have a slender shape with a length of 1 cm. They contain little resin.
•Group n°3: the others
[image: Figure 2]FIGURE 2 | Pictures of composite shreds.
[image: Figure 3]FIGURE 3 | Pictures of composite shreds; (A) group n°1 and (B) group n°2.
Table 1 shows the proportions of shreds from each group. These results correspond to an average of four samples.
TABLE 1 | Proportion of three groups of composite shreds (ImageJ software processing).
[image: Table 1]2.4 Physical characteristics of the materials
The absolute density of the sand was measured using a helium pycnometer (Micromeritics AccuPyc 1330) in accordance with standard NF EN 1097-7. It performed several measurements of mass and volume on the same sample, and the average of the measurements was recorded.
The water absorption (noted as Ab) of the sand was measured in accordance with standard EN 1097-6.
[image: image]
where Ms = the mass of dry sample after oven drying at 105°C and Ma = the mass of soaked sample, with the dry surface determined as explained in appendix 1 (Supplementary Material/Section 1).
Composite shreds were characterized by measuring the same parameters as the sand (absolute density and water absorption) and using the same protocols. The results are presented in Table 2. The absolute densities of sand and of composite shreds are quite similar. This result means that the difference in the density between the sand and the composite shred material will not be taken into account to assess the impact of replacement. The density of composite shreds should not have an impact on the developed mortar (compared with the reference sample).
TABLE 2 | Physical characteristics of sand and composite shreds.
[image: Table 2]2.5 Mix design method
The mix design method is based on the NF EN 196-1. The reference sample corresponds to the standardized mortar. The resulting composition of 1 m3 of mortar is presented in Table 3. The water/cement (W/C) ratio has been noted to be different for different percentages of composite shreds in order to study the potential effect of water on this substitution. W/C is equal to 0.5, 0.6, and 0.7. For each mix design with the W/C ratio fixed, sand is substituted by composite shreds with a percentage by volume that equals to 0, 1, 1.5, 2, 2.5, 3, and 7% (compared to the volume of sand).
TABLE 3 | Mix design for 1 m3 of mortar.
[image: Table 3]It should be noted that not all combinations of values for these parameters have been tested. The mix designs to be tested were decided as the first results were obtained. The substitution percentages were chosen on the basis of the state of the art in the following way:
At first, 7% substitution had been tested (with W/C of 0.5). The 7% substitution was chosen in order to define a high substitution range for the study. This value was chosen by cross-referencing several studies in the literature (Rodin et al., 2018; Ribeiro and Meixedo, 2015; Casanova, 1995).
As the mechanical strength obtained was lower than that of the reference sample (0% substitution with composite shreds), it was decided to test lower substitution percentages. Some studies in the literature have shown an optimal substitution of approximately 2% (in terms of fiber volume fraction; Rodin et al., 2018; Xu et al., 2022; Ribeiro and Meixedo, 2015).
Following observations of the mixture at the fresh state (dry), higher values (higher than 0.5) of the W/C ratio were investigated for 2%. W/C ratios equal to 0.6 and 0.7 were not studied for 7% of substitution, given the lower mechanical strength with a ratio equal to 0.5.
In view of the interesting results for the mix with a W/C ratio of 0.5 and with a percentage of substitution lower than 7%, these formulations were particularly studied by testing additional substitution percentages (1%, 1.5%, 2.5%, and 3%).
The mix design tested with mixing proportions for 1 m3 is indicated in Table 4.
TABLE 4 | Mix design tested with mixing proportions for 1 m3.
[image: Table 4]It should be noted that this mix design method has been established on the assumption that the volume of water added by varying the W/C ratio was negligible compared to the total volume. This variation is for 0.6 and 0.7, which equals to 5% and 11%, respectively.
2.6 Mortar mixing protocol
The mixing protocol of the mortar has been adapted from the preparation of standardized mortar (standard EN 196-1):
1- Add cement + sand + composite shreds and mix for 60 s at low speed equal to 140 rpm.
2- Introduce 80% of water and mix for 60 s at low speed.
3- Add the remaining 20% of water and mix for 60 s.
4- Increase the speed to 285 rpm, and mix for 180 s.
For the study, time “zero” is set when the cement is in contact with water.
The mixing machine used had a volume capacity equal to 5 L. It was an automatic mixing machine of the brand IGM (Figure 4).
[image: Figure 4]FIGURE 4 | Picture of the automatic mixing machine of the brand IGM.
2.7 Preparation and cure conditions of the test specimens (compressive and flexure strength)
The mortar is poured into this mold by introducing the mortar twice and applying 60 shocks to the mold by using the agitator. The mold is then flattened and stored in a damp room or cupboard to maintain relative humidity. Between 20 h and 24 h after the start of mixing, these specimens are removed from the mold and stored in water at 20 C° ± 1 C°.
2.8 Experimental test protocol
The workability of mortar at the fresh state is estimated by measuring the diameter of the slump spread with the cone in accordance with standard NF EN 1015-3. The description of the test is given in appendix 2 (Supplementary_Material/Section 2).
The diameter of the slump is measured in two directions, as shown in Figure 5. The cone is 60 mm in height, 70 mm in the top diameter, and 100 mm in bottom diameter.
[image: Figure 5]FIGURE 5 | Cone spreading.
The spreading results correspond to a percentage. It has been calculated with the following formula:
[image: image]
where S: the spreading in percentage;
D1: the lower mold diameter; D: the average diameter of the mortar after spreading.
The mortar bulk density of the mortar is measured in accordance with standard NF P18-459, 2010. It is measured twice:
• When specimens are removed from the mold after 24 h curing.
• Before the mechanical tests are carried out (after 7 days).
It is measured in relation to the specific weight of water using the following formula:
[image: image]
where
d: mortar bulk density (no unit: g/cm3/1 g/cm3).
m: the mass obtained by weighing the specimen* at the time in question. The specimen is a right prism with rectangular base dimensions height*width*length = 4 cm*4 cm*16 cm.
V: the volume of the specimen (256 cm3).
mvwater: the specific weight of water equal to 1 g/cm3.
Compressive and flexural strength are evaluated at 7 days using the press INSTRON 5500 R with a capacity of 150 kN. It is assessed on prismatic samples of dimensions height*width*length = 4 cm*4 cm*16 cm (NF EN 196-1). A three-point flexural test is set up to measure the flexural strength. The compression test is conducted with the two pieces retrieved after the flexural test (Figure 6). For each mix design, three samples are used for the flexural test, and six samples are used for the compressive test. During the test, the force ramp is controlled by a speed of pressing force (in accordance the standard), and the force is measured with a cell. The force velocity for the compression test and the flexural test are 2.4 kN/s and 0.05 kN/s, respectively.
[image: Figure 6]FIGURE 6 | Pictures of compressive and three-point flexural tests using press INSTRON 5500 R (capacity of 150 kN) on the prismatic test samples 4*4*16 cm3 (NF EN 196-1).
The compressive strength is calculated with the following formula:
[image: image]
where
F: the maximum force during the test;
S: the cross-sectional area to the force.
The flexural strength is calculated with the following formula:
[image: image]
where
F: the maximum force during the test;
L: the distance between the two lower supports (mm);
b: the specimen width (mm);
h: the specimen height.
2.9 Calculation of the variability of results
Variability is indicated for all the results presented in the following section. This variability is calculated with the standard deviation using the following formula:
[image: image]
where
V: the standard deviation;
x: the data;
[image: image]: the x data average;
n: the number of data.
Standard deviations were calculated on two data types:
1. Calculation of the standard deviation of several measurements (from a test) carried out on the same mixture. The “data” is the measurement.
2. Calculation of the standard deviation of several results obtained from several mixtures of the same formulation. One result corresponded to the average of several measurements taken for one mixture. The “data” is the result of one mixture.
This second calculation of standard deviation is often greater than the first and enables assessing the repeatability of the making process.
These two standard deviations are indicated and interpreted in the results presented in the following section.
3 RESULTS AND DISCUSSION
3.1 Over time bulk density
Bulk densities of mortar after 24 h and after 7 days are presented in Figure 7. For each mix design, in Figure 7, one density value is indicated. This value corresponds to an average value for several mixtures (when they were repeated). The variability indicated in Figure 4 has been evaluated with the standard deviation for several measures of one mixture. This variability is negligible. The variability between two batches for one mix design is equal to 0.004 (average for all mix designs tested). This variability is also negligible.
[image: Figure 7]FIGURE 7 | Bulk densities of mortar after 24 h and after 7 days.
For the ratio of composite shreds lower than 3%, the density seems to increase for each mix design. For the percentage ratio equal to 7%, the density is significantly lower than that of the reference mix design (with 0% percentage of composite shreds). It can be assumed that at 7% substitution, the incorporation of composite shreds disturbs the granular arrangement and creates porosity in the mortar. Mercury porosity tests will be performed at a later stage to verify this assumption.
The difference in the density between the composite shreds and the sand may also be responsible for this decrease in mortar density. However, given the small difference in the density between the two materials (sand and shreds), it cannot be the only cause.
At percentage ratio lower than 3%, it can be assumed that this decrease in density is caused by water absorption of composite shreds, which is higher than that of sand (more than five times higher). The mixing water no longer occupies the volume at the grain interfaces as it is absorbed by the composite shreds. It can also be assumed that at this percentage of substitution (lower than 3%), fine powder of the composite shreds complete and improve the granular arrangement. The granulometry analysis of composite shreds compared to the sand will help verify this assumption.
3.2 Workability
Spread at the fresh state according to the percentage of composite shreds for the mixture with different parameters W/C (equal to 0.5; 0.6, and 0.7) is presented in Figure 8.
[image: Figure 8]FIGURE 8 | Spreading according to the percentage of composite shreds.
The variability indicated in Figure 8 has been evaluated with standard deviation for several results from one mixture to another for the same mix design parameters. This variability is equal to 0.2 on average for all formulations. It can be considered negligible.
Spread variations according to the percentage of composite shreds, for formulations with different parameters W/C, have the same trend. It decreases with the composite shreds’ ratio.
Two effects may explain this variation:
• First, composite coarse shreds may mechanically slow down the flow of mortar at the fresh state.
• Second, composite fine shreds show a hydrophilic behavior. This water absorption dries the mortar at the fresh state, which reduces its fluidity. This decrease may seem linear. The slope coefficient of the lines is quite similar for mix designs with different W/C. EL-Seidy et al. (2023) also noted a decrease in the density with the incorporation of glass powder in cementitious materials. This decrease was attributed to the high water absorption of the glass powder.
3.3 Compressive and flexure strength
Compressive and flexural strength are presented in Figures 9, 10 respectively.
[image: Figure 9]FIGURE 9 | Compressive strength according to the percentage of composite shreds (variability calculated for several samples of one mixture).
[image: Figure 10]FIGURE 10 | Flexural strength according to the percentage of composite shreds (variability calculated for several samples of one mixture).
Before commenting on the effect of substitution by composite shreds on these properties, it should be noted that tests on the mix design have been done twice or thrice. All the results are shown in the figures, and variability from one mixture to another for the same mix design is significant. It is equal for compressive and flexural strength of 1.021 and 0.534, respectively, (averages calculated on all mix designs tested). Figures indicated an error bar, which corresponds to the variability from one sample to another for the same mixture. It is equal for compressive and flexural strength of 0.47 and 0.16, respectively. These values correspond to averages calculated on all mix designs tested (for compressive and flexure strength, respectively). These variabilities are negligible and much smaller than variabilities from one mixture to another for the same mix design. The effect of the composite shreds cannot be assessed and may be apparently reduced by this variability.
Nevertheless, these results allow us to understand that the impact of the substitution of sand with composite shreds is less than the generated variability. The impact seems positive given that the mechanical strength (for compression and flexion) is higher than that of the reference mix (average of several mixtures for one mix design). The improvement in the mechanical performance with the incorporation of composite shreds is similar to the results of other studies (Farinha et al., 2019; Ribeiro and Meixedo, 2015). This increase is attributed to the filler effect of the powdered part of the shreds, which helps reduce the voids between the particles in the concrete/mortar. In this study, this explanation is in line with the density results (presented above), which show a certain increase for these formulations.
The 7% substitution mix design presents a lower mechanical strength than the reference mix design. This decrease in strength for mortar with incorporation of fiber shreds has been observed and attributed to a disturbance in the granular arrangement (Baron and Ollivier, 1997; Sebaibi, 2007). As presented above, a lower density has been observed for this mix design, which is in line with the decrease in strength and corroborates the results from literature. The high variability from one mixture to another for one mix design highlights a particular characteristic of the composite shreds to be taken into account in the manufacturing process. The protocol is not repeatable, as different results for the same mix design has been obtained. This is probably due to the sampling of the composite shreds.
4 CONCLUSIONS AND PERSPECTIVES
The present study investigated the development of a concrete filled with glass fiber and polyester resin composite shreds. In a preliminary approach, the technical feasibility of incorporating composite shreds as a substitute for sand in mortar was validated. This was validated for certain substitution percentages set at the beginning of the study based on the state of the art. To this end, the rheological (spread test) and physico-mechanical (density and mechanical strength in flexion and compression) characterization tests were carried out for mortar specimens. Several mix designs were tested in order to understand the impact of introducing composite shreds as a substitute for sand. Composite shreds were introduced in the following percentages by volume: 0, 1, 1.5, 2, 2.5, 3, and 7%, with water and cement ratio equal to 0.5, 0.6, and 0.7.
The results obtained, presented below, validated certain hypotheses made at the start of the study and invalidated others:
• Slump results show that rheology decreases with the substitution of sand by shreds. This result validates those of the literature. The decrease obtained in the study seems to follow a linear law with a coefficient approximately equal to 3 to 6. For a substitution of sand by shreds of 2%, it is relatively small, and the pouring of the mortar is still feasible. The decrease can be attributed to the water absorption of the composite shreds. Further tests will be carried out to confirm this hypothesis.
• Concerning mechanical results:
o For formulations with a substitution percentage of composite shreds lower than 3%, mechanical strength (both compression test and flexural test) is quite similar to that of the reference sample. It can be concluded that the introduction of composite shreds has no impact on the mechanical properties of the mortar at these substitution percentages.
o For a percentage of substitution equal to 7%, the mechanical strength is lower than that of the reference sample. Compressive strength is 30% lower than that of the reference sample. Despite this reduction, this still corresponds to an acceptable compressive strength of 33 MPa. For this percentage of substitution equal to 7%, a decrease in density is also observed, and it can be explained by the porosity created by the incorporation of the composite shreds into the mortar.
This result invalidates the hypothesis put forward at the start of the study. Some studies in the literature have also found a reduction in the mechanical performance. This impact is attributed to the poor adhesion between the cementitious matrix and the composite shreds. SEM observations will be carried out to investigate this adhesion.
Moreover, the rest of the project will carry out additional analyses to understand the results obtained.
o Is there an impact on cement hydration with substitution?
o Characterize the fracture faces qualitatively by SEM observation.
The applications targeted for the concrete developed in this study, in view of the mechanical strengths obtained on mortar (approximately 30 MPa for compressive strength), make it possible to envisage a concrete for slabs or floors.
A study of the economic and environmental aspects of the proposed solutions will be carried out as part of this project.
It should be noted that the standard deviation of mechanical properties from one mixture to another is highly significant. At first sight, it could be explained by the heterogeneous sampling of composite shreds and materials in the mortar. The composite shreds will be characterized more precisely to understand this variability. In addition, the making protocol will be modified to understand the reason of the variability observed from one batch to another.
At a later stage, mechanical tests with strain measurements will be carried out to study the mechanical behavior of the mortar incorporating composite shreds.
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