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Abstract – In this study, the effects of using PET and ABS waste plastics as fine aggregate substitutes on 

the porosity of cement composites were optimized using the Taguchi L8(2³) experimental design. 

Currently, the depletion of environmental and natural aggregate resources of plastic waste is increasing 

the need for sustainable building materials. The parameters determined were the plastic type (PET, ABS), 

the plastic substitution ratio (0.5%, 1.5%), and the fly ash ratio (5%, 10%). The water/binder ratio was 

kept constant at 0.35 in all mixtures. Porosity values were determined experimentally according to the 

ASTM C642 standard. Signal-to-noise (S/N) ratios were calculated according to the “smaller is better” 

quality characteristic, and optimum mixture parameters were determined by ANOVA analysis. The 

results showed that the porosity values ranged from 8.44% to 14.02%, and the optimum mixture was PET 

(0.5%) + fly ash (10%). Plastic type was identified as the most dominant factor with a 43% contribution 

rate, while plastic content contributed 31.5% and fly ash content 22.5%. PET-modified samples exhibited 

significantly lower porosity values compared to ABS. The Taguchi method was found to be an effective 

and reliable method for optimizing porosity in cement composites with waste plastic additives. 
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I. INTRODUCTION 

 

The fact that the amount of plastic waste increases by millions of tons every year on a global scale 

necessitates the development of new recycling strategies to reduce the environmental impact of these 

wastes [1]. Substituting industrial and household waste polymers such as polyethylene terephthalate 

(PET) and acrylonitrile butadiene styrene (ABS) for fine aggregates in concrete production is a strategic 

approach to reduce the burden on solid waste landfills and contribute to the circular economy [2]. In 

addition, the utilization of plastic waste in the construction sector slows down the depletion of natural 

aggregate resources and helps reduce the carbon footprint [3]. 

 

However, the use of waste plastics as aggregates in concrete directly affects the porosity of the material. 

Porosity is one of the most important parameters determining the durability performance of cement-based 

composites. Porosity, which expresses the volume of voids in the internal structure of the material, 

directly affects durability properties such as water permeability, resistance to chemical attacks, and 
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freeze-thaw resistance [4,5]. The porosity of the concrete microstructure is a critical factor determining 

both mechanical strength and long-term durability performance. High porosity can lead to the penetration 

of harmful ions into the concrete and reinforcement corrosion [6]. Therefore, optimizing the porosity of 

concrete is of great importance in terms of extending the service life of structures and reducing 

maintenance costs [7]. 

 

The relationship between porosity and the durability of concrete has been widely studied. Mehta and 

Monteiro emphasize that the pore size distribution in the microstructure of concrete determines the 

macro-scale performance [4]. Similarly, Kumar and Bhattacharjee investigated the effect of porosity on 

the chloride permeability of concrete and showed that the chloride diffusion coefficient increased 

significantly as the porosity increased [8]. These findings reveal that optimizing the porosity of concrete 

is critical for durability, especially in aggressive environmental conditions [9]. 

The effect of waste plastics on concrete properties is also widely discussed in the literature. Saikia and de 

Brito have comprehensively evaluated the use of plastic waste as aggregate in concrete and reported that 

plastic substitution causes a decrease in the mechanical strength of concrete but can improve durability 

properties in some cases [10]. Gu and Ozbakkaloglu investigated the use of recycled plastics in concrete 

and emphasized that the type of plastic and the substitution rate are decisive on concrete properties [11]. 

Şimşek and Uygunoğlu performed multi-response optimization with TOPSIS-based Taguchi optimization 

in polymer-modified concretes [12]. However, studies that comparatively examine the effects of different 

plastic types on the porosity of concrete and optimize them with the Taguchi method are limited in the 

literature [13]. 

Fly ash is an important mineral admixture that increases matrix density by filling voids in cement-based 

systems thanks to its pozzolanic activity [14]. Fine particles of fly ash, together with hydration products, 

form additional calcium-silicate-hydrate (C-S-H) gels, blocking capillary voids and thus reducing 

porosity [15]. This effect becomes more pronounced, especially when high proportions of fly ash are used 

[16]. However, the porosity-reducing effect of fly ash varies depending on the type of aggregate used and 

the mix composition [17]. 

Taguchi experimental design is an effective statistical method widely used to determine optimum 

parameter levels in multifactor systems with minimum number of experiments [18]. This method allows 

for the systematic evaluation of the individual effect of each factor on performance [19]. In the literature, 

there are many studies in which the Taguchi method has been successfully applied in the optimization of 

cement-based composites [12,20]. 

The main objective of this study is to optimize the effects of substituting PET and ABS waste plastics in 

different proportions for fine aggregate and the addition of fly ash on the porosity property of cement 

composites using Taguchi L₈(2³) experimental design and to determine the optimum mix parameters that 

minimize porosity. In this context, two different polymer types (PET, ABS), two different polymer 

substitution ratios (0.5%, 1.5%), and two different fly ash ratios (5%, 10%) were examined, and the 

statistical significance of the factors was evaluated using ANOVA analysis.  

 

II. MATERIALS AND METHOD 

 

2.1. Materials 
In this study, CEM I 42.5 R type Portland cement was used as the binder material, and siliceous fly ash 

was used as the pozzolanic admixture. Polyethylene terephthalate (PET) and acrylonitrile butadiene 

styrene (ABS) waste plastics were used as substitute materials for fine aggregate. Waste plastics were 

supplied as industrial waste/by-product from local recycling facilities. The water/binder ratio was kept 

constant at 0.35 in all mixtures. Polycarboxylate ether-based superplasticizer admixture (BASF Master 

Glenium 608) was used to ensure the workability of the mixtures. 
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2.2. Taguchi Experimental Design 

 

Taguchi experimental design is a powerful statistical method developed to determine optimum parameter 

levels in multifactor systems with a minimum number of experiments [18, 19]. This method 

systematically evaluates the effects of controllable factors on performance while minimizing the number 

of experiments, thus saving time and costs [12]. In this study, three control factors, namely waste plastic 

type (A), waste plastic substitution rate (B), and fly ash substitution rate (C), were investigated at two 

levels each. The Taguchi L8(2³) orthogonal array design was used for the optimization of the experimental 

parameters. The factors and their levels are given in Table 1, and the experimental design plan is given in 

Table 2. 
 

Table 1. Taguchi L8(2³) experimental design parameters and levels 

SYMBOL PARAMETER 

LEVELS 

1 2 

A Plastic Type PET ABS 

B Plastic Amount (%) 0.5 1.5 

C Fly Ash Amount (%) 5 10 

 

2.3. Sample Preparation and Porosity Determination 

The prepared fresh cement composites were poured into 5×5×5 cm steel cube molds. After the samples 

were kept in the laboratory environment (25±2°C) for 24 hours, they were removed from the molds and 

subjected to standard curing in a water bath at 25±2°C for 28 days. Figure 1 shows the experimental 

process step by step from the preparation of the samples to the porosity analysis. Porosity determination 

was carried out in accordance with the ASTM C642 [11] standard. After 28 days of curing, the samples 

were dried in an oven at 105±5°C for 24 hours, and their dry weights (Wk) were measured with a 

precision balance. Then, the samples were saturated by being kept in water for 48 hours, and after their 

surfaces were dried, their saturated weights (Wd) were measured. Porosity values were calculated with 

the following formula [11]: 

𝑃𝑜𝑟𝑜𝑧𝑖𝑡𝑒(%) =
𝑊𝑑 −𝑊𝑘

𝑊𝑑
× 100 
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Fig. 1 Experimental procedure for preparation, curing and porosity analysis of cement composites with waste PET/ABS plastic 

additives 

 

III. RESULTS AND DISCUSSION 

 

3.1. Experimental Results and Taguchi S/N Ratios 

The experimental design and porosity results of 8 different mixtures prepared according to the Taguchi 

L8(2³) experimental design are given in Table 2. Two separate porosity measurements were made for each 

mixture, and the average values were calculated. The reference sample (without plastic and fly ash) is 

included in the table for comparison purposes. It is observed that the porosity values vary between 8.44% 

and 14.02% depending on the mixture composition. 

Table 2. L8(2³) Taguchi experimental design matrix and experimental porosity results 

Experiment 

No. 

Plastic 

Type 

Plastic 

Amount,%) 

Fly Ash 

Amount,%) 

Porosity (%) 

1. Meas. 2. Meas. Average 

Referans 0 0 0 12.68 12.82 12.75 

Exp. 1 PET 0.5 5 9.92 9.80 9.86 

Exp. 2 PET 0.5 10 8.38 8.50 8.44 

Exp. 3 PET 1.5 5 11.24 11.12 11.18 

Exp. 4 PET 1.5 10 9.66 9.78 9.72 

Exp. 5 ABS 0.5 5 11.52 11.62 11.57 

Exp. 6 ABS 0.5 10 9.90 10.00 9.95 

Exp. 7 ABS 1.5 5 13.98 14.06 14.02 

Exp. 8 ABS 1.5 10 12.32 12.24 12.28 

 

Signal-to-noise (S/N) ratios were calculated taking into account the “smaller is better” quality 

characteristic for porosity. For this purpose, the following formula was used [12, 20]. 



International Journal of Advanced Natural Sciences and Engineering Researches 

 

101 

𝑆

𝑁
= −10log10 (

1

𝑛
∑ 𝑦𝑖

2
𝑛

𝑖=1
) 

When the S/N ratios were examined, experiment 2 (PET, 0.5% plastic, 10% fly ash) yielded the highest 

S/N ratio, while the same mixture produced the lowest porosity value at 8.44%. In contrast, experiment 7 

(ABS, 1.5% plastic, 5% fly ash) had the lowest S/N ratio and showed the highest porosity value at 

14.02%. 

3.2. Main Effects Analysis 

The main effects of each factor on porosity were calculated using S/N ratios. The level means and effect 

sizes of the factors are presented in Table 3, and the main effects graph is given in Figure 2. 

Table 3. Main effects table for porosity S/N ratios 

Factor  Level 1 (dB) Level 2 (dB) Δ (Effect) Ranking 

Plastic Type -19.78  -21.49 1.71 1 

Plastic Amount -19.91 -21.36 1.45 2 

Fly Ash Amount -21.26 -20.01 1.25 3 

 

  

Fig. 2 Signal/Noise (S/N) ratio master effect graph for porosity 

When the main effect graph is examined, it is seen that the type of plastic has the most significant effect 

on porosity. PET polymer gave the highest S/N ratio (-19.78 dB), while ABS polymer gave a lower S/N 

ratio (-21.49 dB). This shows that PET-modified samples have significantly lower porosity values 

compared to ABS-modified samples. The lower porosity provided by PET polymer can be explained by 

the geometric surface roughness of PET particles and better mechanical interlocking with the cement 

matrix [13, 21]. The higher porosity values of ABS polymer can be attributed to the amorphous structure 

of this polymer and its poor adhesion to the cement matrix [10]. 

 

Increasing the plastic ratio from 0.5% to 1.5% led to a significant decrease in porosity S/N ratios. The 

0.5% plastic ratio (-19.91 dB) performed better compared to the 1.5% plastic ratio (-21.36 dB). This 

situation is due to the fact that the increased amount of plastic creates more voids in the matrix [11]. 

 

Increasing the fly ash ratio from 5% to 10% significantly increased the S/N ratios. 10% fly ash ratio (-
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20.01 dB) performed better than the 5% fly ash ratio (-21.26 dB). This finding shows that the micro-

filling effect of fly ash helps to reduce porosity, but is not as dominant as the type of plastic [22]. 

 

3.3. Optimum Parameter Combination and Verification Experiment 

To maximize S/N ratios (minimizing porosity), the optimum mixture was determined as PET (0.5% 

plastic) and 10% fly ash. The porosity of this combination was calculated to be 8.44%. Compared with 

the porosity of the reference concrete (12.75%), the optimum mixture achieved a reduction of 

approximately 33.8%. This improvement can be explained by the synergistic combination of the low 

water absorption property of PET polymer and the micro-filler effect of fly ash [13, 22]. 

The optimum conditions determined in the main effect graph (PET, 0.5% plastic, 10% fly ash) are 

included as experiment 2 in the Taguchi L₈(2³) experimental design. This mixture gave the lowest 

porosity value (8.44%) within the experimental design. To test the predictive power of the model, an 

additional validation experiment was carried out under optimum conditions. As a result of the validation 

experiment, the porosity value was measured as 8.21%. The relative difference of 2.73% between the 

predicted value (8.44%) and the validation experiment result (8.21%) is within acceptable limits 

considering the experimental error margins and confirms the success of the Taguchi optimization. 

 

3.4. ANOVA Analysis 

Analysis of variance (ANOVA) was performed to evaluate the statistical significance of the effects of the 

factors on porosity, and the results are given in Table 4 [23]. 

 
Table 4. Results of analysis of variance (ANOVA) on the effects of factors on porosity 

Sources DF Adj SS Adj MS F-Values p-Values 
Contribution 

Rate (%) 

Plastic Type 1 18.576 18.576 171.62 0.000 43.0 

Plastic Amount 1 13.616 13.616 125.79 0.000 31.5 

Fly Ash Amount 1 9.7344 9.7344 89.93 0.000 22.5 

Error 12 1.2989 0.1082   3 

Total 15 43.225    100 

R² = %97.00, R²(adj) = %96.24, R²(pred) = %94.66 

 

ANOVA results show that the type of plastic is the most dominant factor on porosity (contribution rate of 

43.0%) and is statistically significant (p < 0.000). The plastic ratio was also found to be statistically 

significant (p < 0.000) and had a contribution rate of 31.5%. The fly ash ratio was also found to be 

statistically significant (p < 0.000) and had a contribution rate of 22.5%. The R² value of the model was 

calculated as 97.00% [24]. 

 

3.5. Performance Improvement Analysis 

 

The improvement rates of eight experiments compared to the reference sample are presented in Table 5. 

The highest improvement rate was determined as 33.80% in experiment 2 (PET, 0.5% plastic, 10% fly 

ash). In the validation experiment conducted under optimum conditions, the porosity value was measured 

as 8.21%, which corresponds to an improvement of 35.61% compared to the reference concrete (12.75%). 

The fact that the improvement rate obtained in the validation experiment (35.61%) is consistent with the 

value in experiment 2 (33.80%) confirms the success of Taguchi optimization and the effectiveness of the 

optimum mix. 
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Table 5. Improvement rates compared to the reference sample 

Experiment 

No. 

Reference 

Porosity (%) 

Porosity 

Results (%) 

Improvement 

Rate (%) 

1 12.75 9.86 22.67 

2 12.75 8.44 33.80 

3 12.75 11.18 12.31 

4 12.75 9.72 23.76 

5 12.75 11.57 9.25 

6 12.75 9.95 21.96 

7 12.75 14.02 -9.96 

8 12.75 12.28 3.69 

Improvement rate calculation: ((12.75 - 9.86) / 12.75) × 100 = 22.67 

A positive value indicates improvement, and a negative value indicates loss. 

 

Experiment 7 (ABS, 1.5% plastic, 5% fly ash) yielded a negative result of 9.96% compared to the 

reference sample. This indicates that the high use of ABS polymer and the low fly ash ratio increase 

porosity. While all PET-modified samples exhibited lower porosity values compared to the reference 

concrete, variable results were obtained in ABS-modified samples depending on the mix composition. 

 

IV. CONCLUSION 

 

In this study, the effects of using PET and ABS waste plastics as fine aggregate substitutes on the porosity 

of cement composites were systematically optimized using the Taguchi L₈(2³) experimental design. 

Plastic type (PET, ABS), plastic substitution ratio (0.5%, 1.5%), and fly ash ratio (5%, 10%) were 

determined as control factors, and the water/binder ratio was kept constant at 0.35 in all mixtures. 

ANOVA results showed that plastic type was the most dominant factor on porosity (43.0% additive ratio, 

p < 0.000). The plastic content (31.5%, p < 0.000) and fly ash content (22.5%, p < 0.000) were also found 

to be statistically significant. The R² value was calculated as 97.00% for all models. 

Porosity values varied between 8.44% and 14.02% depending on the mix composition. The optimum mix 

was determined to be PET (0.5%) and fly ash (10%), and this mix provided the lowest porosity value 

(8.44%). Compared to the reference concrete (12.75%), porosity decreased by approximately 33.8% in 

the optimum mix. The porosity value obtained from the validation experiment conducted under optimum 

conditions to test the predictive power of the model (8.21%) was in agreement with the predicted value 

(8.44%), proving the success of Taguchi optimization. While all samples with PET additive exhibited 

lower porosity compared to the reference concrete, an increase in porosity was observed in ABS additive 

samples with high plastic content and low fly ash content.  

The findings reveal that the use of waste plastics as fine aggregate substitutes, when supported by 

appropriate mineral admixtures, can improve the durability performance of cement composites by 

reducing porosity. The lower porosity of PET-based waste plastics compared to ABS was attributed to 

PET's geometric surface roughness and better mechanical interlocking with the cement matrix. The 

micro-filling and pozzolanic effect of fly ash was effective in reducing polymer-induced voids, but did 

not stand out as a determining factor as the type of plastic. 

 This study demonstrates that utilizing waste plastics in concrete production can contribute to the circular 

economy by reducing natural aggregate consumption and offers an important strategy for the 

development of sustainable building materials. Future studies are recommended to investigate the effects 

of different polymer types and mineral admixture combinations on porosity, supported by microstructural 

analyses such as SEM, and to evaluate long-term durability performance. 
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  P o r o z i t e  ( % ) =     W  d −   W  k    W  d × 100


    S  N = − 10  log 10  (  1  n   ∑  i = 1  n    y  i 2 )

