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 17 

Abstract 18 

The purpose of this research was to determine the effects of using waste glass wool in concrete's on 19 

the concrete's mechanical properties. Samples of concrete containing varying percentages of waste 20 

glass wool by total concrete volume  (0%, 1%, 2%, 3%, 4%, and 5%) were tested after exposure to  a 21 

range of temperatures: 24 °C, 400 °C, 600 °C, and 800 °C. Several tests, including compressive 22 

strength (CS), splitting tensile strength (STS), and flexural strength (FS), were then performed on the 23 

samples in the laboratory following the completion of elevated temperature. The results showed that 24 

glass wool waste material reduces the concrete CS.  Conversely, experiments have shown that 25 

samples STS and FS, increase proportionally with the amount of waste glass wool. Accordingly, the 26 

concrete compressive strength decreased by 4.26%, 7.84%, 11.87%, 14.24%, and 17.27% when the 27 

mixing ratio was increased from 1% to 5%. On the other hand, by increasing the mixing ratio from 28 

1% to 5%, concrete STS and FS were enhanced by 9.61%; 15.19%; 27.70%; 36.58%; and 60.41% and 29 

16.91%; 29.99%; 35.73%; 45.45%; and 59.45%, respectively. FE-SEM and EDX analysis was also 30 

included. Furthermore, equations were developed to estimate the capacities of concrete, with waste 31 

glass wool, after exposure to elevated temperatures.  Taguchi analysis revealed that temperature is the 32 

most critical factor affecting mechanical performance, while the addition of waste glass wool 33 

contributed to strength retention at elevated temperatures. ANOVA confirmed the statistical 34 

significance of both temperature and waste glass wool's contribution , reinforcing their combined role 35 

in producing sustainable concrete with improved high-temperature resistance. The addition of waste 36 

glass wool to concrete recycles waste glass wool and minimizes the need for new raw materials and 37 

waste disposal requirements. According to the ratio and distribution above, adding modest quantities 38 

of glass wool may lighten concrete without affecting its strength. 39 

 40 

Keywords: Waste Glass Wool; elevated temperature; compressive strength; splitting tensile strength; 41 

flexural strength 42 
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1. Introduction 43 

 44 

Concrete, with its remarkable versatility, durability, and adaptability, stands as the most 45 

widely used construction material in modern infrastructure and serves as a cornerstone of global 46 

development through its extensive use in buildings, roads, bridges, and various other structures [1, 2]. 47 

As a consequence of growing environmental consciousness, the concrete industry is under pressure to 48 

reduce the use of natural resources. However, the production of traditional concrete creates serious 49 

environmental impacts largely due to the intensive use of natural resources and energy [3]. The 50 

growing need to protect natural resources, effectively manage industrial and construction waste, and 51 

reduce environmental pollution has encouraged the use of industrial and construction waste as a 52 

sustainable building material [4, 5]. Mineral wools, which include glass and glass wools, are often 53 

used as insulation materials in structures. One kind of mineral wool is called glass wool, and it has an 54 

amorphous structure, a high SiO2 content, and up to 16 weight percent of Na2O, [6, 7]. Typically, 55 

these materials are disposed of in landfills after the buildings are demolished [8]. Stone wool is a 56 

material used in the inorganic insulation process. It is also used in a broad range of industrial 57 

applications, including autos, ships, and appliances, owing to its exceptional soundproofing and sound 58 

absorption capabilities[9]. Approximately 800,000 tons of glass wool trash are produced each year in 59 

Europe [7]. This waste mostly comes from the glass wool industry and development and demolition 60 

projects. When waste glass wool is substituted for aggregate, waste glass wool can be acquired at a 61 

low cost or for free, which results in a reduction in production costs. These expenses, as well as the 62 

usage of potentially dangerous storage and disposal techniques, may be mitigated by their 63 

incorporation into concrete. Furthermore, although cement manufacture results in substantial CO₂ 64 

emissions, the use of glass wool waste as a replacement material lowers overall emissions. There are 65 

many positive aspects of incorporating waste glass wool into concrete, including its enhanced 66 

mechanical and physical characteristics, reduced environmental impact, and financial benefits. The 67 

use of this material in concrete has been the subject of several recent studies for the reasons stated 68 

above.  69 

According to the published studies, waste glass wool has been extensively researched. An 70 

investigation was carried out by Gowri and Mary [10]. This research aimed to enhance the strength of 71 

concrete at a lower cost by including glass wool fiber, as compared with ordinary concrete. The 72 

compressive and tensile strengths of the material, were investigated by changing the proportion of 73 

fiber from 0.025% to 0.075% of the weight of the concrete. Increasing the glass wool content in 74 

concrete from 0.025% to 0.075% by total weight leads to an increase in compressive strength from 75 

5.15% to 15.68% after 28 days. Ahmed et al.[11] performed another investigation. In this research, 76 

glass wool fiber was added to the concrete, while copper slag was used as a replacement for the fine 77 

aggregate. The study investigated the impact of different percentages of glass wool fiber (ranging 78 

from 0.2% to 0.8% of the total weight of concrete) on the strength characteristics of concrete. This 79 

was achieved by replacing 40% of the fine aggregate with copper slag. The results revealed that the 80 

inclusion of glass wool fibers at a concentration of 0.2%, led to superior performance when compared 81 

with the control concrete. Specifically, the compressive strength increased by 6%, while the split 82 
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tensile strength increased by 6% for the first mixture and 10% for the second mixtures, respectively. 83 

However, increasing the specific percentage decreased the strength parameter. Olutoge and 84 

Oluwaseun [12] experimentally studied the influence of glass wool fiber (GWF) on the residual 85 

flexural strength (RFS) of conventionally reinforced concrete elements. Further experiments were 86 

performed on cube and cylindrical specimens to investigate the impact of the fibers on concrete 87 

including compressive and tensile strength tests. The results demonstrated a substantial 20.83% 88 

increase in the tensile strength when the fiber content was increased to 0.50%. Additionally, a 0.26% 89 

increase in compressive strength was observed when the fiber dose was increased to 0.25%. The 90 

effectiveness of self-compacting mortar under ambient conditions and at higher temperatures of 200 91 

°C, 400 °C, 600 °C, and 800 °C was examined by Bala et al. [13] in terms of using heat-resistant paint 92 

and glass wool fiber reinforcements,. A total of sixteen mix designs were created for the use of self-93 

compacting mortar, with 25% fly ash. These mix designs included the incorporation of glass wool 94 

fiber reinforcement at different percentages, ranging from 0% to 1.5% of the weight of cement. 95 

Additionally, the effective water-to-cement (w/c) ratio was varied throughout the mix designs, with 96 

values of 0.43, 0.49, 0.55, and 0.70. Upon concluding the investigation, it was observed that the 97 

addition of glass wool fiber and the reduction of the effective water-to-cement ratio resulted in a drop 98 

in the compressive strength of the self-compacting mortar. However, the addition of glass-wood fibers 99 

had a favorable influence on the flexural strength. Machado et al.[14] performed another 100 

investigation. In this investigation, it was determined whether the incorporation of fibers made from 101 

sugarcane bagasse and/or glass wool into concrete affected the mechanical behavior of the concrete. 102 

Characterizations of the morphology, chemistry, and physical states were performed. With the 103 

addition of only 10% glass wool to concrete, it was demonstrated that the compressive strength, 104 

flexural tensile strength, and diametrical compression tensile strength of the material increased to 105 

34.22, 6.65, and 16.44 MPa, respectively. Olutoge [15] conducted another investigation to examine 106 

the impact of glass wool fiber on the strength characteristics of hollow concrete blocks. The mix was 107 

supplemented with glass wool fiber at varying proportions of 0%, 5%, 10%, 15%, and 20%. 108 

Subsequently, a compressive strength test was conducted. The study determined that the compressive 109 

strength of the hollow concrete block progressively increased and peaked with a 15% addition of 110 

glass-wool fiber, resulting in an overall 33% increase. Additionally, the weight of the block decreased 111 

by 1.6%. Pamu and SVSNDL [16] empirically investigated the production of clay bricks and explored 112 

the effects of using glass wool as a substitute. Bricks injected with various percentages of glass wool 113 

were examined for mechanical, physical, and durability properties. According to these tests, the bricks 114 

containing 4% glass wool exhibited the highest compressive strength and the lowest heat conductivity 115 

compared to control bricks. Jaber[17] investigated the potential integration of glass wool (fiberglass 116 

insulation) with cement mortar as a construction material for insulation. A mixture of conventional 117 

Portland cement and sand was prepared at a ratio of 1:3. Glass wool was then added to the mixture at 118 

different weight proportions ranging from 0 to 0.24 wt%. Results indicated that although adding glass 119 

wool reduced the density, heat conductivity, and compressive strength of the cement mortar, it 120 

increased its flexural strength. With the aim of improving the mechanical properties of concrete, Kim 121 

et al. [18] proposed the use of waste glass wool as an additive. In accordance with the experimental 122 
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findings, glass wool was found to have a low level of pozzolanic activity  a positive impact on both 123 

compressive and flexural strength. This experimental study determined that a volumetric addition of 124 

0.5% in the concrete mix was optimal. To investigate the effectiveness of glass-wool residue in 125 

cement-based composites, Defáveri et al. [19] conducted a performance study. Experiments were 126 

carried out on mortars and pastes, in which 25% of Portland cement was substituted with ground glass 127 

wool residue. The results of the compressive strength tests indicated that the residue and reference 128 

mortars performed similarly, , with only a 2% decrease in compressive strength. Additionally, the use 129 

of ground glass wool residue increased the efficiency of Portland cement production, lowering the 130 

amount of natural resources used, and the level of CO2 emissions associated with clinker production. 131 

The other investigation was performed by Pamu et al.[20]. Using sand cat swarm optimization and 132 

progressive graph convolutional networks, this study introduces a unique hybrid approach to predict 133 

the mechanical characteristics of glass-wool-fiber-reinforced concrete. The main objective was to 134 

optimize the composition of glass wool fiber reinforced concrete by precisely predicting its 135 

compressive, flexural, and tensile strengths. Experiments were conducted on concrete compositions of 136 

the M20 and M30 classes, that contained glass wool fibers (0.5%–3%) and 30% ground granulated 137 

blast furnace slag replacement for this purpose. This research found that glass wool and crushed 138 

granulated blast furnace slag increase the material's strength and insulation, making it a feasible 139 

option for ecologically benign and energy-efficient construction material. Machado et al. [21] sought 140 

to assess the potential of ground glass wool waste as an additional cementitious component in cement 141 

mortar applications. To achieve this objective, cylindrical and prismatic specimens were employed to 142 

generate cement samples that replace 0.0%, 10.0%, 17.5%, and 25.0% of the cement with pulverized 143 

glass fiber. It was observed that the utilization of this supplementary cementitious material led to a 144 

decrease in the heat of hydration of the cement mortar, as well as a reduction in CO2 emissions by 145 

approximately 15.5% in comparison to the reference experiment. 146 

There are not many studies on the strength of glass wool in concrete. In addition to these 147 

studies, the following are available in the literature [22-40]. A survey of previous research indicates 148 

that there aren't many studies that specifically address the proportion of glass wool fibers in concrete. 149 

Moreover, hardly any research exists examining the impact of temperature. This research is motivated 150 

by this gap in the literature. Comprehensive information is provided in the following sections. This 151 

research focused on investigating the increasing use of glass wool waste during construction, 152 

specifically in relation to the amount of aggregate in the concrete mixture. To achieve this goal, a 153 

number of laboratory investigations were conducted to investigate the factors that influence the 154 

compressive, tensile, and flexural strength of concrete. Concrete samples were produced in the 155 

laboratory by adding various percentages of waste glass wool; they were then exposed to various 156 

temperatures. Six distinct groups of waste glass-wool-added test concretes with varying amounts of 157 

0%, 1%, 2%, 3%, 4%, and 5% were designed and manufactured.  158 

2. Experimental Program  159 

In this investigation, glass wool waste at six different ratios was used in place of coarse aggregate 160 

across various temperatures. The studies were conducted at the laboratory of Necmettin Erbakan 161 
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University in the Department of Construction. The ideal range for employing glass wool, as studied in 162 

the literature [9, 41], is from 0% to 5% when replacing cement and from 5% to 15% when replacing 163 

aggregate. Decreases in density and strength of approximately 10% were observed in aggregate in the 164 

literature. For these reasons in this study, glass wool was added to concrete samples at  proportions 165 

ranging from 1% to 5% of the volume of coarse aggregate. A total of 144 sample molds were filled 166 

with 48 cylindrical, 48 cubic, and 48 prismatic samples. Two of each set of samples were collected 167 

and placed individually in an oven at 400, 600, or 800 °C.  168 

2.1. Materials  169 

This research aimed to assess the impact of glass wool, a waste material commonly generated at 170 

construction sites during the installation, cutting, trimming, and replacement of insulation panels, on 171 

the environment. Large amounts of off-cuts, damaged pieces, and dismantled insulation from 172 

renovation or demolition works often end up as glass wool waste, contributing to both material losses 173 

and environmental burdens. Fig. 1 illustrates the places where the waste glass wool was collected to 174 

utilize in this study. 175 

 176 

Fig. 1. Waste glass wool material collected from site 177 

 178 

The maximum size of the aggregate was determined to be 16 mm. The cement used in the concrete 179 

samples was CEM I type PÇ 42.5 , which was manufactured at a Konya cement production facility. 180 

For the preparation of 1 m³ of concrete, 525 kg of cement, 262.5 kg of water, 787.5 kg of fine 181 

Waste 

Glass Wool 
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aggregate, and 787.5 kg of coarse aggregate were used, corresponding to a mix proportion of 1 : 0.5 : 182 

1.5 : 1.5 by weight. Additionally, Fig. 2 shows  the waste glass wool material and its typical 183 

dimensions.  The average length was taken as 8 cm.  184 

 185 

Fig. 2. Cropped waste glass wool material and average dimensions of the utilized material 186 

 187 

3. Test Methods  188 

The researchers conducted a series of laboratory experiments to investigate the elements that 189 

influence the compressive and tensile strength of concrete and assess the  impact. To achieve this 190 

objective, laboratory-produced concrete samples were prepared using different proportions of waste 191 

glass wool and were subjected to various temperatures. The 28-day crushing outcomes of the samples 192 

were then analyzed. In total, six distinct groups of test concrete with added waste glass wool were 193 

created. A total of 144 sample molds were filled in each of the sets, ranging from 0% to 5% waste 194 

glass wool. These molds included eight cylindrical, eight cubic, and eight prismatic samples. A total 195 

of six samples (two from each group) were individually placed in ovens set at temperatures of 400 °C, 196 

600 °C, and 800 °C. An increase in the quantity of glass wool, which is a waste material, results in a 197 

reduction in  slump value, as observed in Fig. 3. After a period of 28 days, the samples were extracted 198 

from the molds and placed in ovens set to temperatures of 400°C, 600°C, and 800°C, as shown in Fig. 199 

4. Concrete mix ratio is given in Table 1. 200 
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 201 

Fig. 3. Slump tests results. 202 

 203 

Table 1. Concrete Mix Ratio (kg/m”) 204 

Sets 
Mixture 

Percentage 

 

Glass Wool 

 

Cement 

 

Water 

Fine 

Aggregate 

Coarse 

Aggregate 

Set#1 0% 0 525 262.5 787.5 787.5 

Set#2 1% 5 525 262.5 787.5 782.5 

Set#3 2% 10 525 262.5 787.5 777.5 

Set#4 3% 15 525 262.5 787.5 772.5 

Set#5 4% 20 525 262.5 787.5 767.5 

Set#6 5% 25 525 262.5 787.5 762.5 

 205 
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 206 

 207 

Fig. 4. Sample placement in 400°C, 600°C, and 800°C ovens and slump test 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 
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 216 

 217 

4. Discussion and Analysis of Experimental Results 218 

4.1. Comprehensive Evaluation of the Compressive Test Evaluation  219 

The CS results, which are shown in Fig. 5, for the samples under test, which were made using 220 

a variety of aggregate types, such as waste glass wool . Tests were performed according to ASTM 221 

C109[42]. The greatest CS values were observed in the reference, which did not include waste glass 222 

wool, as shown in Fig. 5. Results showed that after 28 days, the reference concrete series without 223 

waste glass wool had a CS value of 27.33 MPa. The concrete strength values were determined to be 224 

26.16, 25.18, 24.08, 23.44, and 22.61 MPa, in accordance with the selected mixing ratios. Increasing 225 

the mixing percentage from 1% to 5% resulted in a reduction in the concrete's compressive strength, 226 

ranging from 4.26% to 17.27%.   227 

The concrete samples were subjected to temperatures ranging from 24°C to 400°C, 600°C, 228 

and 800°C. Following an increase in temperature during the oven process, the compressive strength 229 

(CS) values of the concrete samples (Set#1), were determined to be as follows: 27.33 MPa, 23.53 230 

MPa, 19.56 MPa, and 16.89 MPa. A decrease in the CS values of 13.89%, 28.41%, and 38.18% was 231 

observed for Set #1 when the combined temperature was increased. When the percentage of waste 232 

glass wool in the mixture is raised to 1% and temperatures are varied from 24 °C, to 400 °C, 600 °C, 233 

and 800 °C, the CS values produced are as follows: 26.16, 21.57, 18.21, and 15.35 MPa. These are the 234 

results of the experiment. The CS values decreased by 17.55%, 30.38%, and 41.33% cumulatively or 235 

at different temperature increments when the temperature was raised for Set #2. When the amount of 236 

waste glass wool in the mixture was increased to 2% and the temperature was adjusted from 24 °C to 237 

400 °C, 600 °C, and 800 °C, the CS values obtained were recorded as follows: These values are 25.18 238 

MPa, 20.54 MPa, 17.07 MPa, and 13.13 MPa. As a result of  the temperature increase in Set #3, the 239 

CS values decreased by 18.42%, 32.23%, and 47.86%. The following CS values were obtained when 240 

the quantity of waste glass wool in the mixture was raised to 3% and the temperature was varied from 241 

24 °C to 400 °C, 600 °C, and 800 °C, respectively. 24.08 MPa, 19.77 MPa, 15.91 MPa, and 12.83 242 

MPa were determined for the experiment. For Set #3, the CS values were reduced by 17.90%, 243 

33.93%, and 46.74%, respectively. This result was due to the increase in temperature caused by the 244 

combination. As a result of increasing the percentage of waste glass wool in the mixture to 4% and 245 

varying the temperature from 24 °C to 400 °C, 600 °C, and 800 °C, the following CS values were 246 

obtained: 23.44, 18.54, 15.41, and 12.61 MPa. For Set #4, the CS values declined by 20.89%, 34.25%, 247 

and 46.21%, respectively. This result occurred because the temperature of the mixture rose. The 248 

primary reason for this decline is that the deterioration of the fiber-matrix interface at elevated 249 

temperatures adversely impacts performance [13]. When the amount of waste glass wool in the 250 

mixture was increased to 5% and the temperature was varied from 24°C to: 400°C, 600°C, and 800°C, 251 

the following CS values were measured. Four different readings were recorded: 22.61, 17.77, 14.55, 252 

and 12.30 MPa. For Set #5, the CS values decreased by 21.39%, 35.64%, and 45.58%, respectively. 253 
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The increase in the combination's temperature occurred due to the situation. The behavior of the press 254 

machine of 5% of the sample at 800°C is shown in Fig. 6. 255 

 It was observed that the increase in the mixing percentage from 1% to 5% led to a decrease in 256 

the concrete compressive strength. The findings from the investigations published in the literature 257 

appear to be comparable. In practice, the packing and alignment of shorter fibers are more challenging 258 

than those of longer fibers[17, 43]. Therefore, the mixture filled with short fibers leads to an increase 259 

in the number of faults, which in turn leads to a decrease in both the density and compressive strength 260 

of the finished product [17, 43]. There was a general need for a greater quantity of water in mixes that 261 

included fibers than those without fibers [17]. The increase in the amount of glass wool causes a 262 

decrease in the hydration action of cement mixtures [17, 43, 44]. 263 

The primary reason for the reduction in the compressive strength of concrete of glass wool 264 

waste is that it is a low-density and highly porous material. Consequently, the glass wool fibers 265 

themselves are unable to contribute to load carrying, but they  establish a "weak zone" in the concrete. 266 

Furthermore, glass wool often has a hydrophobic surface that makes it difficult  to form a strong 267 

chemical connection with cement paste. As a result, cement hydration products (C-S-H gels) have 268 

difficulty sticking to the surface of glass fibers. Concrete's compressive strength is reduced as a 269 

consequence of the micro-voids and debonding caused by this poor adhesion at the fiber-matrix 270 

contact [17, 45]. This might be considered the detrimental impact of glass fiber addition on CS. 271 

 272 

Fig. 5. Findings from the CS 273 
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 274 

Fig. 6. Compressive behavior of 5% of the sample at 800°C. 275 

 276 

4.2. Comprehensive Evaluation of Splitting Tensile Strength Test 277 

 278 

According to the information shown in Fig. 6, as discussed above, the STS results do not 279 

typically follow the parallel slope as the CS results. Tests were performed according to ASTM 280 

C496[46]. As demonstrated in Fig. 7, the reference set, Set#1, that did not include any waste glass 281 

wool had the lowest STS values. After 28 days, the STS values of the reference concrete series that 282 

did not include waste glass wool were found to be 1.12 MPa. Waste glass wool was added to the 283 

concrete mixture in increments from 1% to 5%, starting at 0% and increasing up to 5%. According to 284 

the chosen mixing ratios, the STS values of the concrete were 1.12, 1.23, 1.29, 1.43, 1.53, and 1.69 285 

MPa. As a result of raising the mixing percentage from 1% to 5%, the concrete STS improved by 286 

9.61%, 15.19%, 27.70%, 36.58%, and 60.41%. The concrete samples were heated to temperatures of 287 

24°C , 400°C, 600°C, and 800°C. It was established that the STS values of the concrete samples 288 

(Set#1) were as follows: 1.12 MPa, 0.95 MPa, 0.68 MPa, and 0.48 MPa. When the temperature of the 289 

combination was raised, the STS values for set #1 were observed to decrease by 15.51%, 38.88%, and 290 

57.51%. The STS values that are obtained when the proportion of waste glass wool in the mixture is 291 

increased to 1% and temperatures are adjusted to include 24°C, 400°C, 600°C, and 800°C  are: 1.23 292 

MPa, 0.99 MPa, 0.73 MPa, and 0.52 MPa. After the temperature in the combination was elevated for 293 

Set#2, the STS results revealed decreases of 19.43%, 40.50%, and 58.03%. The STS values were 294 

obtained when the amount of waste glass wool in the mixture was increased to 3%, and the 295 

temperatures were adjusted from 24°C to 400°C, 600°C, and 800°C. The determined values were 296 

1.29, 1.04, 0.78, and 0.62 MPa, respectively. For Set #3, the STS values decreased by 19.59%, 297 

39.23%, and 52.22%, respectively. This result occurred because the temperature of the mixture 298 

increased. The following STS values are produced as a consequence of raising the proportion of waste 299 

glass wool in the mixture to 4% and altering the temperature to 400°C, 600°C, and 800°C: 1.43 MPa, 300 

1.08 MPa, 0.83 MPa, and 0.65 MPa, respectively. Concerning Set #4, the STS values decreased by 301 

24.51 %, 41.68 %, and 54.53 %, respectively. The following STS values were measured after the 302 

quantity of waste glass wool to be included in the mixture was raised to 5%, and then  the 303 

temperatures were adjusted from 24°C to 400°C, 600°C, and 800°C.  Fig. 8 illustrates the behavior of 304 
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the 5% sample when it was subjected to the STS test at 800 °C. A range of four measurements was 305 

noted: 1.53, 1.19, 0.88, and 0.67 MPa. With reference to Set #5, the STS values showed declines of 306 

22.30%, 42.34%, and 56.03%, respectively. When the amount of waste glass wool to be added to the 307 

mixture is increased to 5% and the temperature is changed from 24°C to 400°C, 600°C, and 800°C, 308 

the following STS values are measured: 1.69 MPa, 1.43 MPa, 0.99 MPa, and 0.75 MPa, respectively. 309 

For Set #6, the STS results indicated drops of 15.09%, 40.98%, and 55.71%, respectively. This 310 

occurred due to the increase in the temperature of the combined components. When the mixing 311 

percentage was increased from 1% to 5%, the concrete's splitting tensile strength (STS)  increased. 312 

 313 

 314 
Fig. 7. Findings from the STS. 315 

 316 

 317 

 318 

 319 
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 320 

 321 

Fig. 8. Behavior of the 5% sample in the STS test at 800°C. 322 

 323 

4.3. Comprehensive Evaluation of the Flexural Strength Test 324 

 325 

Fig. 9 displays the FS findings for test samples created using a range of aggregates, including 326 

waste glass wool. Set #1, called the reference set, which did not include any waste glass wool, had the 327 

lowest measured FS values, as shown in Fig. 9. Tests were performed according to ASTM C78 [47]. 328 

In accordance with the findings, the FS values of the reference concrete series, that did not contain 329 

waste glass wool, were found to be 4.36 MPa after 28 days. As was described before, waste glass 330 

wool was added to the concrete mixture in the following increments: from 1% to 5%. As a result of 331 

the mixing ratios that were selected, the specific FS values of the concrete were 5.09, 5.66, 5.91, and 332 

6.34 MPa and 6.95 MPa. Raising the mixing proportion from 1% to 5% improved the concrete's FS to 333 

16.91%, 29.99%, 35.73%, 45.45%, and 59.45%. Temperature ranges of 24°C–400°C and temperature 334 

points of 600°C, and 800°C were applied to the concrete samples. As a result of this investigation, the 335 

FS values of the concrete samples (Set#1) were  4.36 MPa, 3.70 MPa, 2.82 MPa, and 2.51 MPa. The 336 

FS values for set #1 were found to decrease by 15.07%, 35.35%, and 42.31% respectively when the 337 

combination temperature was increased. When the percentage of waste glass wool in the mixture was 338 

raised to 1% and the temperature was varied from 24 °C to 800 °C, in increments of 400 °C and 200 339 

°C, the FS values were 5.09, 4.37, 3.41, and 2.87 MPa, respectively. Following an increase in the 340 
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temperature of the combination for Set #2, FS findings showed decreases of 14.14%, 33.12%, and 341 

43.65%, respectively. When the quantity of waste glass wool in the mixture was raised to 2% and the 342 

temperature was varied from 24 °C to 400 °C, then to 600 °C, and finally to 800 °C, each of the FS 343 

values at these temperatures was noted. The obtained values were 5.66, 5.01, 4.18, and 3.46 MPa, 344 

respectively. Furthermore, regarding Set#3, the FS values decreased by 11.60%, 26.25%, and 38.85%. 345 

Because the quantities of waste glass wool in the mixture were increased to 3% and the temperatures 346 

were changed from 24 °C to 400 °C, 600 °C, and 800 °C, the following FS values were generated. 347 

The values that were identified are as follows: 5.91 MPa, 5.27 MPa, 4.60 MPa, and 3.82 MPa. For Set 348 

#4, the FS values declined by 10.82%, 22.21%, and 35.46%, respectively. By increasing the amount 349 

of waste glass wool included in the mixture to 4% and adjusting the temperature from 24 °C to 400 350 

°C, 600 °C,  800 °C, the following FS values are measured: 6.34 MPa, 5.53 MPa, 4.74 MPa, and 4.12 351 

MPa. With regard to Set #5, with values of 6.95 MPa, 5.98 MPa, 4.99 MPa, and 4.41 MPa, the FS 352 

values decreased by 12.73%, 25.25%, and 34.98%, respectively. Increasing the quantity of waste 353 

glass wool incorporated into the mixture to 5% and altering the temperature resulted in the following 354 

FS values being measured: 6.95, 5.98, 4.99, and 4.41 MPa. For Set #6, the FS values revealed drops 355 

of 13.96%, 28.12%, and 36.47%. The FS test behavior for the 5% sample at 800°C is shown in 356 

Fig.10.  357 

Raising the proportion of the mixture from 1% to 5% resulted in an increase in the FS of the 358 

concrete. The impact of temperature is contrary to expectations with respect to the FS strength of 359 

concrete. When the weight percentage of glass wool increased, the flexural strength increased slightly, 360 

as shown in Fig. 9. Similar findings were observed in previous research [17]. One possible 361 

explanation for this behavior is that the specimens  tested in the flexural test are exposed to tension 362 

more than compression [17]. As a result, the fibers of glass wool can withstand tensile strength greater 363 

than that of the cement mortar matrix, which, in turn, leads to an increase in effective crack energy 364 

[10, 17]. The addition of glass wool to the cement mortar increased plastic deformation, partially 365 

absorbed energy, and lengthened the fracture propagation route[17]. Consequently, the increase in the 366 

percentage of glass wool in the cement mortar improved both the fracture energy and the flexural 367 

strength.  368 

Glass wool fibers function as microfibers that are dispersed within the matrix phase of 369 

concrete, bridging fracture surfaces as the concrete begins to crack under load. In this way, the 370 

concrete may absorb energy and undergo greater deformation before breaking by delaying or 371 

rerouting the spread of cracks. This leads to enhanced ductility and load-bearing capability, thus 372 

augmenting flexural strength. Furthermore, the mechanical development of microcracks within the 373 

concrete is inhibited by glass wool fibers, which distribute stresses at the crack ends. This is 374 

especially useful for tensile regions subjected to flexural stresses, enhancing the FS value [9, 25]. This 375 

can be called the positive effect of glass fiber addition on FS. 376 

The relationship between compressive strength and flexural strength is given in Fig. 11. The 377 

compressive strength clearly decreases, as the sample's flexural strength rises. The main reason for 378 

this is that glass wool waste reduces the compressive strength of concrete due to its low density and 379 

highly porous material, On the other hand, in FS behavior, glass wool fibers function as microfibers 380 

ARTICLE IN PRESS



ARTIC
LE

 IN
 PR

ES
S

 

 

dispersed within the concrete's matrix phase, bridging fracture surfaces when the concrete begins to 381 

crack under load. This allows concrete to absorb energy and undergo greater deformation before 382 

fracture by delaying and/or redirecting crack propagation. This, in turn, increases ductility and load-383 

carrying capacity, thereby increasing flexural strength. 384 

 385 

Fig. 9. Findings from the FS 386 

 387 

 388 

Fig. 10. FS test behavior for the 5% sample at 800°C. 389 
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 390 

Fig. 11. Correlation between CS with the FS 391 

 392 

5. FE-SEM analysis  393 

Field Emission Scanning Electron Microscopy (FE-SEM) analysis results hold critical importance in 394 

determining the morphological characteristics of materials [48]. These analyses provide a detailed 395 

examination of the sample's surface structure, particle size, and distribution, thereby revealing the 396 

material's microstructural properties. In this way, they offer valuable insights into the material’s 397 

durability, bonding capacity, and overall performance. The FE-SEM images in Fig. 12 reveal that the 398 

addition of glass wool creates various effects on the concrete matrix structure. It can be observed that 399 

the glass wool fibers are well distributed within the concrete and achieve good bonding. Glass wool 400 

fibers appearing in irregular clusters suggest that ensuring fiber homogeneity within the concrete 401 

matrix may not be challenging [49]. Additionally, microstructures concentrated around the fibers may 402 

contribute to enhancing the material's mechanical strength. However, pores and irregular particles 403 

could form weak points affecting concrete strength. This analysis may be useful for understanding the 404 

potential effects of waste glass wool additives on the mechanical properties of concrete. In the image 405 

shown in Fig. 12 (a), the glass wool fibers appear to be oriented longitudinally and arranged in a 406 

specific order. The parallel alignment of the fibers indicates that they are likely distributed evenly 407 

within the material, contributing to crack control. While the fiber distribution within the structure 408 

reduces compressive strength, it appears to increase flexural strength. In Fig. 12 (b), the image 409 

obtained at moderate magnification allows for a more detailed examination of the matrix surrounding 410 

the fibers. Fine particles or microstructures are observed around the fibers, and a dense bonding is 411 

noted, which may enhance the material’s durability. In Fig. 12c, the image at a higher magnification 412 
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provides a detailed view of the surface structure of particles within the matrix. Irregular particles and 413 

pores are observed in the microstructure of the concrete. This irregularity may reflect the non-uniform 414 

structure of the concrete matrix or the voids formed during the hydration process. Such voids or 415 

irregularities could negatively impact the mechanical strength of the concrete and reduce its 416 

durability. Fig. 12 (d) shows an image captured at the highest magnification, revealing much finer 417 

structures within the matrix and structural details at the nanometer scale. In this image, gel-like 418 

structures, hydration products, and very fine, branched structures are observed. Such structures 419 

indicate the presence of binding hydration products such as calcium silicate hydrate (C-S-H). Glass 420 

wool fibers interact with aggregates and the binder, increasing strength [50]. These products could 421 

contribute to the durability of the concrete forming a binding layer between the glass wool fibers and 422 

the matrix. 423 

Fig. 12  FE-SEM analysis results 424 

 425 

6. EDX Analysis  426 

The Energy Dispersive X-ray Spectroscopy (EDX) method identifies the elements that constitute a 427 

substance by measuring the energy distribution generated from the X-ray emissions of the material 428 

[51]. The analysis of the samples was conducted using EDX in conjunction with FE-SEM. According 429 

a) b) 

c) d) 

C-S-H gel matrix  

Glass wool fibers  
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to the analysis results in Fig. 13, oxygen (O) is the most abundant element, with a weight percentage 430 

of 50.86% and an atomic percentage of 69.58%. This high oxygen content indicates the presence of 431 

oxide compounds in the sample, particularly silicates and calcium oxide. Calcium (Ca) is the second 432 

most common element, with a weight percentage of 29.8% and an atomic percentage of 16.28%. This 433 

significant amount of calcium suggests that the sample contains calcium-based compounds, especially 434 

calcium-containing phases such as C–S–H, which are common in cementitious structures. Silicon (Si), 435 

with a weight percentage of 11.12% and an atomic percentage of 8.67%, indicates the presence of 436 

compounds such as SiO₂, which are essential for concrete. The presence of Aluminum (Al) at a 437 

moderate level, with a weight percentage of 3.81%, indicates  aluminosilicate structures. This finding 438 

also points to the inclusion of aluminum oxide (Al₂O₃) in the sample's chemical composition. 439 

Potassium (K) is present at a concentration of 1.07%, indicating a low concentration. Iron (Fe), with a 440 

weight percentage of 2.41% and an atomic percentage of 0.95%, signifies a small amount of iron in 441 

the sample. Iron can be present as an additive in building materials, contributing to strength 442 

properties. Magnesium (Mg) is found in trace amounts at a weight percentage of 0.93%.  443 

 444 

Fig. 13. EDX analysis result-1. area 445 

Fig. 14 presents the EDX data obtained from another region of the concrete sample produced with the 446 

addition of glass wool, showing the primary elements it contains and their respective ratios. Oxygen 447 

(O) is found at the highest concentration, with a weight percentage of 52.3% and an atomic 448 

percentage of 70.42%. This high oxygen content very close to the value in Fig. 13 indicates a 449 
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homogeneous distribution throughout the structure. Calcium (Ca) is the second most abundant 450 

element, with a weight percentage of 27.63% and an atomic percentage of 14.85%. Similar to the 451 

previous image, this suggests the formation of calcium silicate hydrate (C–S–H) phases. Silicon (Si), 452 

with a weight percentage of 12.57% and an atomic percentage of 9.64%, is present in an amount 453 

comparable to that in the previous region. The presence of silicate compounds like SiO₂ contributes to 454 

the structural integrity of the concrete. Aluminum (Al), at a weight percentage of 3.82%, indicates the 455 

presence of aluminum-containing compounds, such as aluminosilicate structures. These structures 456 

may reinforce the microstructure of the concrete, a process enhanced by the addition of glass wool. 457 

Potassium (K) is found in a weight percentage of 1.13%, indicating a low concentration within the 458 

concrete. Iron (Fe), with a weight percentage of 1.7% and an atomic percentage of 0.66%, is present 459 

in a small amount and may contribute to the material's strength properties. Magnesium (Mg), at a 460 

weight percentage of 0.87%, is also found in low concentration and potentially plays a minor role in 461 

enhancing the durability of the concrete. In conclusion, the concrete sample produced with glass wool 462 

has notably high proportions of calcium, oxygen, and silicon, which play a significant role in 463 

enhancing the structure's durability and strength. These components strengthen the bonding of the 464 

glass wool additive within the concrete matrix, positively impacting the sample's overall performance. 465 

 466 

Fig. 14. EDX analysis result-2. Area 467 

 468 

The spectra of both regions shown in Figures 13 and 14 exhibit similar characteristic peaks 469 

corresponding to the main elements O, Si, Al, and Ca, which are typical components of the pozzolanic 470 

matrix. The quantitative results reveal a close agreement between the two analyzed areas: while 471 

oxygen and silicon dominance is maintained, calcium and aluminum contents are consistent within a 472 

narrow range (O≈51–53 wt%, Ca≈27–30 wt%, Si≈11–13 wt%, Al≈3.8 wt%). These minor differences 473 
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are within the expected experimental tolerance and confirm that the elemental composition is 474 

uniformly distributed across the sample surface. Therefore, the comparison of multiple EDX points 475 

shows a high degree of repeatability and demonstrates that the mixture exhibits good chemical 476 

homogeneity without local enrichment or depletion of the main elements. 477 

 478 

7. Statically Analysis 479 

7.1. Taguchi analysis 480 

The Taguchi analysis results presented in the graph in Fig. 15 reveal the effects of varying 481 

waste glass wool (WGW) replacement at different temperatures (24 °C, 400 °C, 600 °C, and 482 

800 °C) on the mechanical performance of concrete. Signal-to-Noise Ratio (S/N) is a criterion 483 

that considers the desired (useful) variability in experimental results as "signal" and the 484 

undesirable (random, uncontrollable) variability as "noise." The Taguchi method aims to 485 

make the system more stable and robust by reducing the effects of "noise" in the process. The 486 

evaluation of SN ratios (“larger is better”) shows which parameters are more advantageous in 487 

terms of concrete strength. According to the results, SN ratios decrease in all series as the 488 

temperature increases. This indicates that high temperatures negatively affect the mechanical 489 

properties of concrete and that strength loss reaches its most pronounced level at 800 °C. On 490 

the other hand, increasing the WGW substitution provided a partial improvement in strength. 491 

Specifically, a 5% WGW addition showed the highest SN ratios at all temperature levels and 492 

yielded optimal results in terms of strength. This effect can be explained by WGW acting as a 493 

micro-reinforcement, limiting crack propagation and partially preserving structural integrity 494 

under high temperatures. Furthermore, while the effect of WGW addition is limited at low 495 

temperatures (24 °C), the difference becomes more pronounced  with a 3–5% WGW addition 496 

at high temperatures. This indicates that WGW contributes particularly to high-temperature 497 

resistance. 498 
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 499 

 500 

Fig 15. Taguchi Analysis: FS; CS; STS versus T_°C; WGW 501 

 502 

6.2 Analysis of Variance (ANOVA) 503 

According to the ANOVA results in Table 2,  temperature (T_°C) and waste glass wool (WGW) have 504 

statistically significant (p < 0.05) effects on the FS, CS, and TST strengths of concrete. The 505 

temperature factor, in particular, stands out as the most dominant  with a very high F-value (191.14) 506 

and a very low p-value (<0.0001). WGW substitution also has a significant effect, contributing to 507 

strength (F = 24.44; p < 0.0001). The model's coefficient of determination in Table 3 (R² = 97.89%; 508 

adjusted R² = 96.76%; estimated R² = 94.60%) is quite high and indicates that the model strongly 509 

explains the data.. 510 

Table 2. Analysis of Variance 511 

Source DF Adj SS Adj MS F-Value P-Value 

  T_°C 3 2,03357 0,677857 191,14 0,0000000000036 

  WGW 5 0,43329 0,086659 24,44 0,0000010326525 

Error 15 0,05320 0,003546     

Total 23 2,52006       

 512 

Table 3. Model Summary 513 

S R-sq R-sq(adj) R-sq(pred) 

0,0595522 97,89% 96,76% 94,60% 

 514 
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The linear distribution of residuals in the normal probability plot in Fig. 16, confirms that the model 515 

assumptions are valid and the analysis results are reliable. These findings confirm that temperature is 516 

the primary determinant of strength loss, but  WGW contribution at appropriate ratios reduces these 517 

losses and improves concrete performance. 518 

Fig. 16. The normal probability plot 519 

 520 

8. Prediction of Capacity 521 

The use of waste glass wool had a negative impact on compressive strength, while  exerting a positive 522 

effect on splitting tensile strength and flexural strength. This is reflected in the predicted equations. 523 

Three different equations were created to predict the capacities of concrete containing waste glass 524 

wool. The effects of elevated temperatures were also included in these equations.  525 

 526 

The compressive strength, splitting tensile strength, and flexural strength of concrete with waste glass 527 

wool exposed to elevated temperatures can be calculated using Equations 1, 2, and 3, respectively. 528 

 529 

   
0.8

0 (1 5 ) 1 ( 24) 0.0006c cf f T        (1) 

   
0.8

0 (1 10 ) 1 ( 24) 0.0008t tf f T        (2) 

 
0.8

0 (1 12 ) 1 ( 24) 0.0006f ff f T          (3) 

 530 

where fc0, ft0, and ff0 are the compressive strength, splitting tensile strength, and flexural strength of 531 

reference concrete, respectively. T is the elevated temperature and α is the ratio of waste glass wool. 532 

Figs 17, 18, and 19 depict the comparison between the actual and predicted strengths for the concrete 533 

with waste glass wool. 534 

 535 

The average ratio of predicted compressive strength to actual compressive strength is 1.006. The 536 

maximum, minimum, and standard deviation of this ratio are 1.103, 0.881, and 0.048. The average 537 

ratio of predicted splitting tensile strength to actual splitting tensile strength is 0.989. The maximum, 538 

minimum, and standard deviation of this ratio are 1.134, 0.909, and 0.055. Finally, the average ratio 539 
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of predicted splitting tensile strength to actual splitting tensile strength is 1.032. The maximum, 540 

minimum, and standard deviation of this ratio are 1.136, 0.907, and 0.052. These results indicate that 541 

the predicted equations can accurately estimate the capacity of the concrete with waste glass wool, 542 

following exposure to elevated temperatures. 543 

 544 

 545 

Fig. 17. Comparison of actual compressive strength to predicted compressive strength 546 

 547 

 548 

Fig. 18. Comparison of actual splitting tensile strength to predicted splitting tensile strength 549 
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 550 

 551 

Fig. 19. Comparison of actual flexural strength to predicted flexural strength 552 

 553 

 554 

 555 

9. Conclusion 556 

The primary objective of this research was to examine the extent to which the use of glass 557 

wool waste during construction is related to the quantity of aggregate used in the concrete mixture. 558 

Concrete samples were manufactured in a controlled environment by adding different percentages of 559 

glass wool waste to the mix and then subjecting the samples to different temperatures. Different 560 

proportions of waste glass wool from 1% to 5% relative to the volume of coarse aggregate were used 561 

to make concrete samples. Additionally, samples were separated and placed in the furnaces to 400°C, 562 

600°C, and 800°C. As a result of the experimental studies, the following findings emerged. 563 

 The workability of freshly mixed concrete decreased significantly as the quantity of glass 564 

wool increased. This reduction was observed in new concrete combinations of 4% and 5%. 565 

 Glass wool waste material reduces the CS of concrete in cubic samples when the concrete is 566 

not oven-cured. Furthermore, when placed in an oven, it was observed to diminish the 567 

strength of the concrete. Increasing the mixing ratio from 1% to 5% reduced the concrete 568 

compressive strength by 4.26%, 7.84%, 11.87%, 14.24%, and 17.27% at different points. 569 

 Observations have shown that the STS of cylindrical samples increases in direct proportion to 570 

the quantity of the glass wool material and the temperature of the oven under consideration. 571 

By increasing the mixing ratio from 1% to 5%, concrete's splitting tensile strength (STS) STS 572 

increased by 9.61%, 15.19%, 27.70%, 36.58%, and 60.41%. 573 
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 Adding waste glass wool improved the flexural capacity. Raising the cement mixing ratio 574 

from 1% to 5% improved concrete's flexural strength by 16.91%, 29.99%, 35.73%, 45.45%, 575 

and 59.45%.  576 

 Although waste glass wool is not affected by elevated temperatures up to 800°C, concrete is 577 

affected by these temperatures, therefore, strength degradation was observed . The flexural 578 

strength capacity was least affected by the elevated temperature.  579 

 Taguchi analysis results indicate that temperature is the most critical parameter for concrete's 580 

mechanical performance, but appropriate amounts of WGW can limit strength losses at 581 

elevated temperatures. This suggests that WGW can be an effective admixture in the 582 

production of sustainable, high-performance concrete. 583 

 In the FE-SEM images, extremely fine structures and nanoscale structural details within the 584 

matrix are visible. Gel-like hydration products and very thin, branched structures are 585 

observed, indicating the presence of compounds such as C-S-H. These formations contribute 586 

to the durability of the concrete and may act as a binding layer between the glass wool fibers 587 

and the matrix. According to the EDX analysis, this concrete sample produced with glass 588 

wool shows high levels of calcium, oxygen, and silicon. These elements play a critical role in 589 

enhancing the structure’s durability and strength. 590 

 ANOVA results showed that both temperature and WGW admixture had a statistically 591 

significant effect on the mechanical properties of concrete (p<0.05). Temperature, in 592 

particular, stood out as the most dominant factor, while WGW admixture played a role in 593 

reducing strength losses at elevated temperatures. This finding supports the results obtained 594 

with the ANOVA Taguchi analysis. 595 

 The proposed equations can accurately predict the mechanical capacities. 596 

 The standardization of glass wool waste is a challenging task due to significant variability in 597 

the chemical composition, fiber size, and bonded resin residual from one production to 598 

another. Additionally, enough information must be supplied for every aspect of waste  glass 599 

wool performance in concrete, including adhesion, strength, crack management, long-term 600 

behavior, cost, etc. Comprehensive and consensus-based data is not yet available, although 601 

the literature currently contains limited data. Consequently, more investigation is necessary. 602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

 611 
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