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Residual Distribution Across Models
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Learning Curve (LightGBM)

1.0 1

0.8 1

0.6 A

R2 Score

0.4 1

0.2 4

—8— Training score
0.0 4 —8— Cross-validation score

50 100 150 200 250 300 350 400
Training examples

Mo (5,Lad Cunglie o sl Ll ght GBM Jos 5250l o YV S

(S Canglio (S i V7 SF
oslizal b oole 28 Cuslis e ;s (Ensenbl ) s 5 Juae 5 Li ght GBMCat Boost sladie oo i 5 Sas

RMSE L Ensenbl e Jus <5 das o 0L ls gad cpl s o3, VY IS 55 RMBE) il o iy oSl sllas las )
RMSE L Li ght GBM 5 JKLLKs +/+F 550>~ RMBE L Cat Boost «5° Jl- s cajls 1) Uax o 2aS JKLLKa v/ Y 550
CatBoost « c..s (R m:/40)Ensenbl e s Uas 2alS ol .di)ls 3 s laady 3 JKLKe /oY 550
ol (Li ght GBM sl . +/¥ 5 Cat Boost sl /%) 13055 S 5 51 U (+/aVR? ~ )Li ght GBM , ( R? ~+/4A)
3TN0 S 5 s e DL &S el o el AT b LBl ol S e s | et laSsSeal oS
RME ;s sl sls 1) 5 Shas op jang (UKL 7 228 Cuslin) Sluls Sl w jop 1000 5 ks S
S b gl a8l o5l s Olej 5 slge Ao ys ot 6 el e e 3 Ensenbl e s 5 sdasolis

Ll Sl Sl 5l sdoma oslinad U sk

35



Model Performance Comparison (RMSE)
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Residual Distribution Across Models
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Actual vs Predicted Flexural Strength (28 days)
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1- Ceramic waste powder
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4- Scanning Electron Microscopy
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Abstract

This study investigates the effect of partially replacing cement with waste ceramic powder and microsilica gel on the
mechanical properties and durability of cementitious mortar. Mortar samples were prepared with varying replacement
percentages (0%, 50%, and 100% waste ceramic powder; 0%, 10%, 20%, and 30% microsilica gel) and evaluated for
compressive strength, tensile strength, flexural strength, water absorption, and permeability. Machine learning models
(CatBoost, LightGBM, and Ensemble) were employed to predict the mechanical properties of the mortar. The results
revealed that a 10% replacement with microsilica gel enhanced compressive, tensile, and flexural strengths, whereas
exceeding 10% led to a reduction in strength. Using 100% waste ceramic powder, compared to 50%, increased
mechanical strength and reduced water absorption. The optimal combinations were 20% microsilica gel in mortar with
50% waste ceramic powder and 30% microsilica gel in mortar with 100% waste ceramic powder, yielding the best
performance. The Ensemble model demonstrated high predictive accuracy, with a coefficient of determination (R2) of
approximately 0.99 and a mean squared error of 0.015 MPa, confirming the dominant role of waste ceramic powder
(50%) and microsilica gel (45%) in improving strength and reducing porosity. These findings highlight the potential
of these materials for producing more sustainable and durable mortars, contributing to the sustainable development of
the construction industry.

Keywords: Mortar, silica gel, waste ceramic, compressive strength, mortar durability.
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