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I. INTRODUCTION

HE production of building materials involves 

environmental impacts in phases such as transport, 

construction process, building use, maintenance and even 

demolition, therefore efforts should be dedicated towards the 

transformation of the material flow towards a circular economy 

(GBC, Cándido et al., 2022, 2011). Improving efficiency in the 

construction sector is key to reducing CO2 emissions, and the 
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consumption of resources such as wood, minerals, and water; 

according to statistics, the construction sector accounts for 

about 40% of total final energy consumption in the European 

Union and 36% of total CO2 emissions (González Vallejo et al., 

2015).  

However, achieving sustainability in resource management 

implies that we should be able to evaluate the efficiency 

achieved in terms of natural resource savings and decrease in 

waste generation or reuse (Jefatura del Estado, 1998). 

T 
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Sustainable and environmentally friendly materials made from 

secondary raw materials and sustainable recycling processes 

could contribute to the reduction of CO2 emissions, and the 

reincorporation of waste from other sectors, such as textiles, in 

the production of building materials and products (Giesekam et 

al., 2014).  

In the European Union (EU), approximately 5.8 million 

tonnes of textiles are discarded every year, of which only 1.5 

million tonnes (25%) are recycled by charities and industrial 

companies. This does not include textile waste from the textile 

industry, which represents a huge amount of unused secondary 

raw material (Briga-Sá et al., 2018). In 2017, 73% of the 

garments produced ended up in landfills or incinerators and by 

2030 the textile industry is expected to grow by up to 81%, 

representing an unprecedented environmental impact 

(Macarthur Foundation, 2022; Díaz Lucía, 2019). The demand 

for textiles has increased due to economic and population 

development, about 60% of textile fibres are of petrochemical 

origin (synthetic fibres such as polyester), the remaining 37% 

are of natural origin, where cotton predominates, a plant 

associated with water depletion and pesticide contamination in 

its cultivation; however, cotton is the most cultivated non-food 

product worldwide (Sandin et al., Textile Exchange, 2018). 

The textile industry's footprint extends beyond the use of raw 

materials; in 2015, its greenhouse gas emissions amounted to 

1.2 billion tonnes of CO2, higher than the emissions from all 

international flights and shipping in 2015 (IEA., 2016). In 

addition, wet processing activities (dyeing, finishing, printing) 

are the main sources of toxic waste, spinning and weaving 

processes rely on the use of fossil fuels. Therefore, greenhouse 

gas emissions, water use, chemicals and waste generated are the 

main challenges for the industry (Steffen  et al., 2015). 

A. Textile recycling in building 

Among the first research on the use of post-consumer textile 

waste (clothing) in construction materials is "Sound absorption 

properties of recycled polyester fibrous assembly absorbers" 

(2003), where the absorption coefficient of non-woven 

polyester waste was studied, with the aim of finding a new 

material of lower cost and environmental impact that can 

replace insulating materials such as glass wool and rock wool 

(Lee et al., 2003).  

The large amount of textile waste and diversity of fibres such 

as cotton, wool, silk, polyester, nylon, have been studied as 

reinforcement in matrices, insulation materials and lightening 

materials, due to their low cost, low density, availability, energy 

saving and environmental preservation (Rubino, 2019). The 

main difficulty when using post-consumer textiles is to 

determine the fibres of which they are composed, Blanch et al. 

(2019) by using hyperspectral imaging has improved textile 

classification processes using infrared, similarly Koopera 

(2020) has developed machinery for the classification of 

textiles based on their composition and colour. Determining the 

fibres that make up the recycled garments allows us to know 

their characteristics and viability as a reinforcement material, as 

the fibres have a high surface/volume ratio and are highly 

resistant (De Araújo, 2019). 

Cotton fibres are the most widely used natural fibres in 

clothing; waste obtained from 100% cotton blue-jeans was used 

in the production of polyester concrete, achieving an increase 

of up to 40% in its compressive strength (Peña-Pichardo et al., 

2019) In fly ash-based geopolymers, it allows the density of the 

compound to decrease as the content increases, since it 

facilitates the entry of residual air bubbles through the mixture, 

increasing its porosity (Alomayri et al., 2018). However, 

maximum addition percentages of 2.1% must be considered, 

since as this percentage is increased, its mechanical strength 

decreases due to bonding problems between the fibre and the 

matrix (Alomayri et al., 2013).  Finally, fly ash prevents the 

degradation of the cotton fabric at high temperatures, and a 

horizontal orientation of the fibres is recommended as it 

provides greater resistance to deformation than when oriented 

vertically; however, variables such as length, thickness, fibre 

type, pre-treatment can modify its performance (Alomayri et 

al., 2014; Silva et al., 2020). 

The application of cotton in layers to produce hydraulic lime 

panels allowed a better porosity when saturated fibres were 

used; however, the increase in water decreases the mechanical 

resistance (Barbero-Barrera et al., 2016). Regarding the 

additions in composites will vary depending on the matrix, for 

example, in the case of cement bricks, up to 5% addition is 

considered optimal (Rajput et al., 2020). In green epoxy, 

additions of up to 20% fibres have been used Hassan et al., 

2020). When fibres were analysed with respect to the physico-

mechanical properties of geopolymers, it was found that cotton 

and sisal fibres showed improvements in compressive (14%) 

and flexural (6%) strength (Silva et al., 2020).  

Post-consumer cotton textile fibres have been used in the 

manufacture of composites based on cement, fly ash and epoxy 

resins; however, studies on gypsum are very limited, so it was 

 
Fig. 1. Materials before kneading (a), consistency of the paste obtained (b), unmoulded specimens (c). Source: [27, Fig.3.11, 3.12, 3.14].. 
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decided to study the influence of post-consumer textile waste 

on the properties of gypsum for possible applications as 

reinforcement. Among the researches that have analysed the 

influence of cotton fibres we can mention Kalkan (2017), who 

investigated new generation plasters, composed of ordinary 

white Portland cement 29% (WOPC), hydrated lime powder 

5.5% (HPL), pumice 45% (NPA), expanded perlite 8.5% 

(EPA), calcite powder 6-11% (PCF) and four types of fibres 

(length 2-5 cm) obtained from textile recycling factories; a 

water ratio of 0.73 to 1.02 was used depending on the waste and 

percentage of fibre used. Illustration 11 shows the textile waste, 

the consistency of the paste obtained and the specimens for 

bending and compression tests (Barbero-Barrera, 2016). 

G. Vasconcelos et al, (2015) analysed samples of gypsum, 

granulated cork and recycled textile fibres from tyres 

(polyamide), cork was determinant in the compressive strength 

as percentages of 5% and 7% decreased the compressive 

strength, the fibres played a fundamental role in increasing the 

fracture energy. Tasán et al, (2011) studied gypsum mortars and 

plasters reinforced with fibres from single-use textile slings (6 

mm long), composed of polyester. They analysed samples with 

5%, 7.5% and 10% addition, gypsum specimens with 10% 

additions achieved better mechanical strength, and plaster 

specimens with 7.5% addition, higher additions decreased the 

strength of the specimens.  

In the studies analysed, textile fibres have been used in the 

reinforcement of gypsum composites with a water ratio varying 

from 0.73 to 1.02; additions of less than 2% fibres show better 

results because as this percentage increases, there are problems 

in kneading and loss of flexural and compressive strength. 

Better compression performance was determined with the 

addition of textile fibres in low percentages, improvement in the 

fracture and cracking of the samples tested, it should be borne 

in mind that in all cases the fibres were used in yarn format. The 

table details the best percentage results obtained from the 

studies of gypsum matrices (Kalkan, 2017; Tasán, 2011; 

Vasconcelos et al., 2019) with the incorporation of textile 

fibres, in each of the properties analysed. 

Based on what has been reviewed, we can highlight that in 

gypsum compounds maximum additions of 10% have been 

used, however, the best flexural and compressive strengths 

were obtained with additions of 0.5% to 1.5%; with regard to 

the length of fibres used in gypsum, these range from 0.6 cm to 

5 cm, since as the length of the fibre increases, problems arise 

in the mixing and homogeneity of the paste, as they tend to 

become entangled. The A/Y ratio fluctuates between 0.65-1.02; 

however, an A/Y ratio of 0.80 does not meet the minimum 

requirements specified in the Spanish standard UNE-EN 

13279-1 (AENOR, 2014), which establishes a minimum 

flexural strength of 1 N/mm2 and compressive strength of 2 

N/mm2, so a ratio of 0.65-0.75 will be suitable for the 

preparation of specimens in this study. 

TABLE I 

OUTSTANDING PHYSICO-MECHANICAL RESULTS ON GYPSUM COMPOSITES AND TEXTILE FIBRES. 

Solicitud Waste Water / 

gypsum 

ratio 

% 

Addition 

Results discussion (%) 

Density % Hardness 

% 

Compressive 

strength % 

Flexural 

Strength % 

Gypsum 

composite 

(Kalkan, 2017) 

Cotton 0.73 

0.82 

0.93 

1.02 

0.75 

1.5 

2 

3 

n/a n/a +18 

+3 

-28 

-30 

-10 

-15 

-17 

-32 

Cotton + 

polyester 

0.70 

0.74 

0.78 

0.86 

0.75 

1.5 

2 

3 

n/a n/a +61 

+53 

+27 

+6 

+19 

+13 

+9 

-17 

Cotton + 

polyester + 

acrylic 

0.74 

0.84 

0.91 

0.96 

0.75 

1.5 

2 

3 

n/a n/a +53 

+18 

-13 

-16 

+18 

-8 

-16 

-18 

Gypsum FGD 

(Vasconcelos 

et al., 2015) 

Tyre textile 

fibres 

(polyamide) 

0.80 

0.80 

0.80 

1 

2 

3 

-4.3 

-3.4 

-6.7 

n/a +5.6 

-8.2 

+10.5 

n/a 

Gypsum 

mortar 

(Tasán, 2011) 

Polyester 

(slack) 

0.73 

0.73 

0.73 

5 

7.5 

10 

-1.2 

-1.2 

-1.2 

-0.3 

-1.1 

-2.0 

-14.4 

-18.5 

-19.8 

-3.8 

-1.1 

+10 

Plaster mortar 

(Tasán, 2011) 

Polyester 

(slack) 

0.76 

0.76 

0.76 

5 

7.5 

10 

-0.4 

-0.3 

-1.2 

+3.4 

+2.0 

+2.5 

+4.1 

-1.8 

-10.8 

+5.2 

+14 

+1.8 
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II. EXPERIMENTAL PROCEDURE 

A. Materials 

LONGIPS gypsum, type B1 gypsum, LONGIPS from the 

company Saint-Gobain Placo Ibérica, was used for the 

preparation of the test specimens, which complies with the 

specifications of the UNE-EN 13279-1 standards. Cotton fibres 

obtained from 100% post-consumer recycled textiles were 

used, the N and NH fibre formats were obtained from a pair of 

trousers (98% cotton + 2% elastane) with a twill type fabric, for 

which buttons and zips were removed, the garments were cut 

into 20x20mm and 35x35mm squares, and then the fibres were 

manually separated to obtain the yarns; fibre format C was 

obtained from a jersey (100% cotton) with weft knitted fabric, 

to obtain fibre type B a jersey (100% cotton) with warp knitted 

fabric was used, the last two fibre formats (C and B) the fabric 

was cut with a length of 20mm and 35mm and 0.5mm thick, 

Illustration 2 shows the four types of fibre formats. 

B. Samples elaboration 

 A triple mould of 4x4x16mm was used to make the 45 test 

pieces, which make up 15 series, one reference series and 14 

were added with four formats of cotton textile waste N (twill 

weave cuttings), NH (twill weave yarns), B (warp knitted fabric 

cuttings) and C (weft knitted fabric cuttings), with an A/Y ratio 

of 0.65; and additions of 0.5% and 1.0%. For the elaboration of 

the specimens, the fibres were saturated in water and then the 

gypsum was added and the mixture was kneaded, the mixture 

was poured into the moulds, and demoulded once they reached 

the adequate resistance, the specimens obtained were dried for 

7 days at room temperature, prior to the tests the specimens 

were placed in an oven for 24 hours at a temperature of 40 ± 2º, 

they were removed and left to cool until reaching the laboratory 

temperature, for their test. 

Density, flexural strength, compression, and shore C 

hardness tests were carried out in accordance with standard 

UNE-EN 13279-2:2014-2 (AENOR, 2014), and for capillary 

absorption tests, the recommendations of the RILEM (1980). 

III. RESULTS 

Fig. 4. shows the specimens after the bending test, the NH 

yarn format in the specimens obtained a better distribution in 

the mixture, the addition of fibres improved the toughness of 

the specimens and after the bending test, scissors were needed 

to separate the two parts of the specimen.  

Table I shows the average results obtained for each series. It 

should be remembered that, in the density, shore C hardness, 

flexural strength and capillary water absorption tests, the results 

 
Fig. 2. Post-consumer recycled cotton fibres: N-type fibre (a), NH-

type fibre (b), C-type fibre (c), B-type fibre (d). 

 
Fig. 4.  Specimens with NH2 format yarn (a), specimens with N5 fibre 

cuttings (b), specimens with B5 fabric cuttings (C). 
 

 TABLE II 

RESULTS OBTAINED 

Name 

% 

Fibre 

addition 

Fibre 

Length 

(mm) 

Density 

(g/cm3) 

Shore C 

Hardness 

Flexural 

strength 

(MPa) 

Compressive strength 

(MPa) 

Capillarity 

absorption 

(gr) (cm) 

REF - - 1.13 64.73 2.87 4.91 44.6 8.2 

N1 0.5 20 1.15 60.30 2.23 3.55 50.10 9.5 

N2 1.0 20 1.14 65.47 2.44 3.60 41.70 8.51 

N4 0.5 35 1.14 63.00 2.52 3.90 42.00 8.00 

N5 1.0 35 1.14 69.17 2.54 4.26 36.20 7.5 

NH1 1.0 20 1.07 69.97 2.91 5.00 40.06 9.5 

NH2 1.0 35 1.11 70.03 2.68 5.05 37.60 7.1 

C1 0.5 20 1.13 65.50 2.64 4.34 41.50 8.51 

C2 1.0 20 1.13 67.87 2.62 4.12 39.10 8.4 

C4 0.5 35 1.18 70.00 3.04 5.45 36.00 7.6 

C5 1.0 35 1.16 74.73 2.97 5.01 34.10 7.2 

B1 0.5 20 1.14 69.00 2.92 4.42 40.32 8.3 

B2 1.0 20 1.17 73.93 2.87 5.02 33.01 7.0 

B4 0.5 35 1.14 67.27 2.81 4.31 41.60 8.6 

B5 1.0 35 1.12 70.53 2.70 4.41 38.20 8.0 

 

 

 
Fig. 2. Post-consumer recycled cotton fibres: N-type fibre (a), NH-type 

fibre (b), C-type fibre (c), B-type fibre (d). 
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were obtained by averaging the results of three specimens in 

each series, while in the compression tests, the results were 

obtained from 6 specimens in each series. 

A. Discussion. 

i. Density 

The weight used to calculate the density was the weight 

obtained after oven drying the samples and the volume was 

determined by the dimensions of the specimen (4x4x16 cm), the 

results are shown in Graph 1, the reference specimen achieved 

a density of 1.13 g/cm3, The series with added fibres have 

similar densities to the reference specimen except for NH1 and 

NH2 where the density was reduced by 6% and 2% 

respectively, in both cases the same percentage of addition was 

used, however, the fibres with a length of 20mm were the ones 

that obtained the best results. This is due to the mass/volume 

ratio of the NH fibre, as it is so light and occupies a larger 

volume in the gypsum matrix, it was possible to achieve lower 

densities than the other fibre formats studied. 

Finally, to obtain lighter samples, it will be necessary to 

increase the percentage of addition, however, based on the 

documentary review, with additions higher than 4%, there were 

problems with kneading and the composites had lower flexural 

and compressive strengths. 

B. Shore C hardness 

The results obtained from this test are shown in Graph 2. 

According to the information specified in the Longips gypsum 

technical data sheet, its surface hardness is ≥45 Shore C units 

with an A/Y ratio of 0.8; and the samples carried out had an 

A/Y ratio of 0.65 due to this its hardness reached 64.73 Shore 

C units, in general it can be observed that the values are above 

the reference value, with respect to the additions used, the 

samples with 1% present superior results to the samples with 

additions of 0.5%. The format of the residue has not influenced 

the results, so we can determine that the hardness is 

proportionally related to the increase in the percentage of fibre 

used and the increase in its length. This can be seen in specimen 

C5, which contains 1% addition in fibres of 35mm in length, 

resulting in an increase in hardness of 14.78%. 

C. Capillarity absorption 

 It is observed that the greater the quantity of textile fibres, 

the lower the water absorption of the samples, even though 

cotton is a fibre that absorbs water very easily, its absorption 

capacity is lower than that of gypsum, which contributes to a 

decrease in the absorption of water in the composites. 

Sample B2 absorbed 11.5 grams of water less than the 

reference specimen, i.e., it reduced its absorption capacity by 

26%; the centimetres that the water rose in specimen B2 were 

12 mm below the reference specimen, i.e., 12% less than the 

reference specimen. 

It is worth mentioning that despite the lower amount of water 

absorbed, the fibres facilitated the vertical rise of the water, as 

the water was absorbed more quickly and easily by means of 

the fibres through the test specimen, due to this, some samples 

with fibres presented a greater height in mm of ascended water 

with respect to the reference, despite having absorbed a smaller 

amount of water in grams, as in the case of test specimen NH1. 

D. Mechanical strength  

We can see a decrease in the flexural strength in a large 

number of samples, however, some samples showed an increase 

in their resistance, standing out the C4 and C5 series with an 

increase in their resistance of 5.9% and 3.48% respectively, we 

can determine that in these two cases the fibres used have a 

length of 35mm, while the samples with a length of 20mm as 

the N1 specimen showed a decrease of 23% in its resistance, so 

the length of the fibre plays a fundamental role in the resistance 

of the composites. 

In terms of compressive strength, samples C4, C5, NH2, 

NH1 and B2 show results superior to the reference, something 

that most of these series have in common, which have 1% fibre 

addition and a length of 35mm, reaching an increase in 

 
Fig. 5. Density results of the analysed compounds.  

 
Fig. 6. Surface hardness results of the analysed compounds 

 

 

 
Fig. 7. Capillarity absorption results of the analysed compounds.  

 
Fig. 8. Mechanical strenght results of the analysed compounds 
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compressive strength of up to 11% (C4) with respect to the 

reference. The series with N format, had a decrease in its 

compressive strength of 28%, unlike the series with NH fibre 

addition that, despite coming from the same type of garment, 

due to its format, obtained results with a difference of up to 1.5 

MPa, showing the influence of the fibre format in the 

reinforcement, since the N format corresponds to fabric cuttings 

and NH are in yarn format. 

The results show that the strength of the materials decreases 

as shorter fibres are incorporated, or in fabric cuttings format, 

while the fibres in yarn format show better results as they 

adhere and distribute better in the material. 

The density of the samples is related to the compressive and 

flexural strength in the composites with fibre format type N, C 

and B, where a loss of strength is established as the density of 

the composites decreases. However, in the NH format samples, 

their mechanical strength is not influenced by the decrease in 

density, with the NH1 series being the least dense and with a 

mechanical behaviour superior to the reference. In general, this 

relationship between density and resistance to bending and 

compression is fulfilled, the higher the percentage of addition 

(1%) and the length of the fibre (35mm), the higher the hardness 

(+14.78%), resistance to bending (5.9%) and compression 

(11%) with respect to the reference specimens.  

The increase in the addition of 1% fibres improved the 

compressive and flexural strengths of the composites and 

increased their densities, although as we have previously 

observed, the density is directly related to the format of the 

residue and its mass/volume ratio. In addition, the yarns with 

larger diameters increased the densities, while the thinner ones, 

such as the NH format yarn, decreased the density of the 

samples. 

In the compression tests, it is evident how the addition of 

fibres prevents the detachment of large gypsum fragments now 

of reaching the breaking load, keeping the parts of the specimen 

together, contrary to what happens with the specimen without 

additions. Therefore, we can affirm that the addition of fibres 

improves the toughness of the composite obtained. 

IV. CONCLUSIONS 

The present work investigated the reuse of post-consumer 

cotton textile fibres obtained from garments (trousers and 

jersey), in different formats (length, type of fabric, yarn/cut of 

fabric) as a material in the production of gypsum specimens. 

The gypsum specimens were subjected to physico-mechanical 

tests of density, shore C hardness, water absorption by 

capillarity, flexural and compressive strength. The main 

findings were: 

• Based on the documentary review, it was determined that 

textile waste can be valorised at different levels such as: 

fabric, cuttings or yarns broadening its possibilities of uses 

and applications. The length of the fibre was identified as 

the most influential factor in the physical-mechanical 

characteristics of the composites. Lengths of less than 6 mm 

produce a worse mechanical behaviour of the composites, 

and lengths of more than 50 mm present problems in 

mixing, as the fibres tend to entangle with each other, 

hindering a homogeneous distribution of the fibres in the 

matrix.  

• Regarding the percentage of addition, it is not advisable to 

use additions higher than 7%, as the residue exceeds the 

volume of the gypsum, making mixing difficult, so 

additions of between 0.5% and 1.5% are considered 

adequate. Finally, residues in yarn format and with 

diameters of less than 0.25 mm allow lighter composites to 

be obtained, while yarns with diameters of more than 1 mm 

or with weft and warp separation of more than 1.5 mm 

improve the surface hardness and resistance to bending and 

compression of the composites. 

• In the experimental phase, it was observed that the 

incorporation of 1% of post-consumer cotton textile fibres 

(NH - yarn format) in gypsum matrices reduced the density 

of the composites by 6% due to the mass/volume ratio of the 

residue. Therefore, it is recommended to use the waste in 

yarn format to obtain composites with lower densities. 

• Regarding the surface hardness, the length of the fibre was 

determinant, in the composites with 1% addition of C format 

fibres (cut point by weft), with a length of 35mm, the 

hardness increased by 14.78% with respect to the reference 

specimens; as the length of the fibre was reduced to 20mm, 

the hardness decreased.  

• On the other hand, with additions of 0.5% and longer fibres 

(35mm), there was an increase in flexural and compressive 

strength of 5.9% and 11% respectively, with the C fibre 

format composed of fabric cuttings standing out. The 

addition of fibres avoids the detachment of large gypsum 

fragments when reaching the breaking load, improving the 

toughness of the composites.  

• Finally, capillary water absorption decreased as the number 

of fibres increased, 1% addition decreased up to 26% of the 

absorption capacity.  

Therefore, some of the results obtained from the literature 

review have been experimentally verified, verifying the 

influence of textiles on the physico-mechanical behaviour of 

gypsum composites. The results show a better mechanical 

behaviour when using fibres in the form of fabric cuttings, and 

lighter composites with the use of fibres in the form of yarn. 

From an environmental point of view, the recycling of fibres 

and textile offcuts in the production of materials makes it 

possible to reincorporate these wastes into the production chain, 

which can improve the physical-mechanical properties of the 

composites. However, it is necessary to continue with the 

research and analyse samples with fibre formats of greater 

length and diameter to determine the exact influence of these 

variables on the properties of the gypsum-based composites. 
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Gypsum compounds with the addition of post-consumer textile fibres of cotton. 
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