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RINGKASAN 

RATNA ATIKA HUWAIDA. Analisis Parameter Pembentukan Kalsit dalam 

Metode SCU-CP untuk Peningkatan Kuat Geser Tanah Pasir. Dibimbing oleh 

HERIANSYAH PUTRA dan ERIZAL. 

Tanah pasir memiliki kohesi yang sangat rendah sehingga rentan mengalami 

erosi, penurunan, dan keruntuhan geser, sehingga diperlukan metode stabilisasi 

yang efektif. Penelitian ini bertujuan mengoptimalkan parameter pembentukan 

kalsit pada metode Soybean Crude Urease–Calcite Precipitation (SCU-CP) untuk 

meningkatkan kekuatan tanah pasir bergradasi buruk (SP). Variasi konsentrasi 

ekstrak kedelai (20–100 g/L) diterapkan untuk mengevaluasi pengaruhnya terhadap 

presipitasi kalsit, laju hidrolisis, viskositas, pH, dan kadar organik larutan, serta 

parameter kuat geser tanah (kohesi dan sudut geser dalam) melalui pengujian direct 

shear dan acid leaching. Karakterisasi mineralogi dan morfologi dilakukan 

menggunakan XRD dan SEM, sedangkan hubungan antar parameter dianalisis 

menggunakan pemodelan Random Forest dan Symbolic Regression. Hasil 

menunjukkan bahwa rasio presipitasi, kadar organik, dan laju hidrolisis meningkat 

seiring peningkatan konsentrasi kedelai, namun peningkatan tersebut tidak selalu 

diikuti oleh peningkatan kekuatan tanah. Konsentrasi kedelai 20 g/L menghasilkan 

kondisi optimum, dengan kohesi meningkat dari 1,22 kPa (tanah tanpa perlakuan) 

menjadi 26,89 kPa dan sudut geser dalam dari 19,14° menjadi 41,22°, didukung 

oleh kandungan CaCO₃ efektif tertinggi (3,50%) dan dominasi polimorf kalsit yang 

lebih stabil dibandingkan vaterit. Analisis korelasi dan feature importance 

menunjukkan bahwa CaCO₃ merupakan parameter paling dominan terhadap 

peningkatan kekuatan tanah (feature importance rata-rata 21,5%), sementara 

persamaan symbolic regression mampu memprediksi kohesi dan sudut geser dalam 

dengan akurasi tinggi (R² 0,922–0,965). Penelitian ini menunjukkan bahwa 

efektivitas metode SCU-CP tidak hanya ditentukan oleh jumlah presipitasi yang 

terbentuk, tetapi juga oleh kualitas, distribusi, dan tipe polimorf CaCO₃ yang 

dihasilkan. 

Kata kunci: SCU-CP, kalsit, kekuatan geser tanah, tanah pasir, symbolic regression 

 

  



 

SUMMARY 

RATNA ATIKA HUWAIDA. Analysis of Calcite Formation Parameters in the 

Soybean Crude Urease–Calcite Precipitation (SCU-CP) Method for Enhancing the 

Shear Strength of Sandy Soil. Supervised by HERIANSYAH PUTRA and 

ERIZAL. 

Sandy soil has inherently low cohesion, making it vulnerable to erosion, 

excessive settlement, and shear failure. Soil stabilization is therefore required to 

improve its engineering performance. This study aimed to optimize the calcite 

formation parameters in the Soybean Crude Urease–Calcite Precipitation (SCU-

CP) method to enhance the shear strength of poorly graded sandy soil (SP). Soybean 

extract concentrations ranging from 20 to 100 g/L were used to investigate their 

effects on calcite precipitation, hydrolysis rate, viscosity, pH, and organic content 

of the treatment solution, as well as on the shear strength parameters of the treated 

soil. Direct shear and acid leaching tests were conducted to evaluate the mechanical 

properties and calcium carbonate content, while X-ray diffraction (XRD) and 

scanning electron microscopy (SEM) were employed to characterize the 

mineralogical composition and morphology of the precipitates. The relationships 

among the measured parameters were further examined using Random Forest and 

symbolic regression analyses. The results indicated that increasing the soybean 

extract concentration increased the precipitation ratio, organic content, and 

hydrolysis rate; however, these increases did not necessarily result in higher soil 

strength. The optimum performance was obtained at a soybean extract 

concentration of 20 g/L, which increased the cohesion from 1.22 kPa for untreated 

soil to 26.89 kPa and the internal friction angle from 19.14° to 41.22°. This 

improvement was associated with the highest effective CaCO₃ content (3.50%) and 

the predominance of the more stable calcite polymorph over vaterite. Correlation 

analysis and Random Forest feature importance identified CaCO₃ as the most 

influential parameter controlling soil strength, with an average feature importance 

of 21.5%. In addition, the symbolic regression models predicted cohesion and 

internal friction angle with high accuracy (R² = 0.922–0.965). These findings 

indicate that the effectiveness of the SCU-CP method is governed not only by the 

quantity of calcium carbonate precipitated but also by its quality, spatial 

distribution, and polymorphic form. 

Keywords: SCU-CP, sandy soil, soil shear strength, symbolic regression 
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