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Using waste glass powder and low‑density polyethylene (LDPE) granules as partial replacements in concrete offers a promising route to enhance mechanical performance while improving sustainability [1-2]. In this study, the effect of glass powder as a cement replacement and LDPE granules as fine aggregate replacement was evaluated based on 28‑day compressive strength results for several mixes labelled A–K.
The control mix A (0% replacement) achieved a compressive strength of 55.917 MPa, providing the reference for performance comparison. Mix B with 10% glass powder showed the highest strength of 61.983 MPa, indicating that a 10% glass powder replacement can improve strength relative to the control, which is consistent with literature that reports optimum performance around 10% cement replacement with waste glass. Increasing glass powder content to 15% (mix C, 58.367 MPa) and 20% (mix D, 55.959 MPa) led to a gradual reduction in strength compared with mix B, suggesting that beyond the optimum level, dilution of cement and possible micro‑cracking from higher glass content begin to offset the pozzolanic benefits [3].
The synergy between 10% glass powder and LDPE granules was examined in mixes E, F, and G. Mix E (10% glass + 5% plastic) reached 57.381 MPa, still higher than the control, implying that a small fraction of LDPE can be incorporated without compromising structural‑grade strength when combined with an optimum glass content. In contrast, mixes with higher plastic contents showed pronounced strength loss: 10% glass + 10% plastic (mix F) yielded 43.32 MPa, and 10% glass + 15% plastic (mix G) dropped further to 38.006 MPa, reflecting the well‑documented negative impact of plastic waste aggregates on compressive strength due to their low stiffness, weak bond with the cement matrix, and increased porosity. These results indicate that while glass powder contributes to strength through pozzolanic reactions, excessive LDPE replacement dominates the behaviour and leads to a non‑structural strength level.
The effect of LDPE alone, without glass powder, was assessed in mixes H, I, and K. At 5% plastic content (mix H), the compressive strength was 45.8591 MPa, already lower than the control but still potentially usable for moderate structural or secondary elements. With 10% plastic (mix I), strength dropped to 38.7525 MPa, and at the highest plastic level tested (mix K, 15% plastic), strength decreased sharply to 29.167 MPa, confirming a strong inverse relationship between LDPE dosage and compressive capacity similar to that reported by previous studies where plastic aggregate replacement beyond 10–15% can reduce compressive strength by more than one‑third [4]. These findings show that LDPE granules should be limited to low percentages if structural performance is required.
Overall, the experimental program demonstrates that 10% glass powder is an optimum level for enhancing compressive strength, while higher replacement levels lead to strength comparable to or slightly below the control. The addition of LDPE granules is feasible up to about 5% when combined with 10% glass powder, which maintains or slightly improves the compressive strength relative to the control, but higher LDPE contents cause significant strength reductions and restrict the concrete to non‑structural or lightweight applications. Therefore, for sustainable structural concrete, a mix with 10% glass powder and a maximum of 5% LDPE is recommended as an optimal compromise between mechanical performance and waste utilization [6], whereas mixtures with higher plastic contents may be reserved for non‑load‑bearing elements, thermal or acoustic insulation layers, and other applications where high compressive strength is not the primary design criterion.


References
1. Vivek. S., Hari Krishna.P., Gunneswara Rao .T.D., A study on the mechanical behavior of concrete made with partial replacement of fine aggregate with waste plastic (LDPE). // Materials Today: Proceedings, 2023, ISSN 2214-7853, https://doi.org/10.1016/j.matpr.2023.04.059.
2. Daban A. Muhedin., Rahel K. Ibrahim., Effect of waste glass powder as partial replacement of cement & sand in concrete. // Case Studies in Construction Materials, Volume 19, 2023, e02512,ISSN 2214-5095, https://doi.org/10.1016/j.cscm.2023.e02512. 
3. Zeybek.Ö., Özkılıç.Y.O., Karalar.M., Çelik .A.İ., Qaidi. S., Ahmad.J., Burduhos-Nergis. D.D., Burduhos-Nergis. D.P. Influence of Replacing Cement with Waste Glass on Mechanical Properties of Concrete. // Materials (Basel). 2022 Oct 26;15(21):7513. doi: 10.3390/ma15217513. PMID: 36363102; PMCID: PMC9658567.  
4. Prakash .N., Pankaj. D. Experimental investigation of concrete utilizing plastic waste hdpe and ldpe as an replacement of aggregate in concrete. // International Journal of All Research Education & Scientific Methods.2021. https://www.ijaresm.com/experimental-investigation-of-concrete-utilizing-plastic-waste-hdpe-and-ldpe-as-an-replacement-of-aggregate-in-concrete. 
5. Obeid. M.A.A., Abu-Mahadi. M.I., Nasrat. N.A.G. Strength and durability of concrete using quarry dust as a substitute for sand. // Construction of Unique Buildings and Structures. 2025 Sep 8;117(3):1–11. doi:10.4123/CUBS.117.7 .


