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Abstrak

Tanah lunak merupakan salah satu permasalahan utama dalam konstruksi timbunan
jalan karena memiliki kuat geser rendah, daya dukung kecil, dan kompresibilitas tinggi
yang dapat menyebabkan ketidakstabilan lereng serta penurunan berlebih. Penelitian
ini bertujuan untuk menganalisis pengaruh penambahan bamboo chips terhadap
stabilitas dan penurunan timbunan jalan pada tanah lunak menggunakan metode
elemen hingga. Analisis dilakukan menggunakan perangkat lunak dengan model
konstitutif Mohr—Coulomb. Variasi pemodelan meliputi tanah asli tanpa stabilisasi dan
tanah yang distabilisasi menggunakan bamboo chips sebesar 25%, 30%, dan 35% dari
berat kering tanah pada lapisan soil replacement kedalaman 0-3 meter. Parameter
tanah diperoleh dari hasil pengujian laboratorium, data lapangan, dan korelasi nilai N-
SPT. Analisis stabilitas dilakukan menggunakan Strength Reduction Method untuk
memperoleh nilai safety factor, sedangkan analisis penurunan dievaluasi berdasarkan
nilai settlement dan laju penurunan tanah. Hasil penelitian menunjukkan bahwa
penambahan bamboo chips mampu meningkatkan stabilitas timbunan dan mengurangi
penurunan tanah lunak dibandingkan kondisi tanah asli. Pada kondisi tanah asli, nilai
safety factor tahap pembebanan sebesar 1,490 sehingga belum memenuhi syarat
minimum stabilitas sebesar 1,5. Setelah dilakukan stabilisasi, nilai safety factor
meningkat menjadi 1,578 pada variasi BC 25%, 1,582 pada BC 30%, dan 1,580 pada
BC 35%. Selain itu, laju penurunan tanah berkurang dari 9,55 mm/tahun pada tanah
asli menjadi 5,54 mm/tahun pada BC 25%, 4,52 mm/tahun pada BC 30%, dan 4,04
mm/tahun pada BC 35%. Variasi BC 30% menghasilkan nilai safety factor tertinggi,
sedangkan variasi BC 35% menghasilkan laju penurunan terkecil. Hasil penelitian
menunjukkan bahwa bamboo chips efektif digunakan sebagai material stabilisasi
ramah lingkungan untuk meningkatkan performa timbunan jalan pada tanah lunak.

Kata kunci: tanah lunak; timbunan jalan; bamboo chips; stabilitas lereng; settlement;
metode elemen hingga



FINITE ELEMENT ANALYSIS OF ROAD EMBANKMENT STABILITY ON
BAMBOO CHIP-STABILIZED SOFT SOIL

by :

Arasi Arahman
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Abstract

Soft soil is one of the main challenges in road embankment construction due to its low
shear strength, low bearing capacity, and high compressibility, which may lead to
slope instability and excessive settlement. This study aims to analyze the effect of
bamboo chips addition on the stability and settlement of road embankments
constructed on soft soil using the finite element method. The analysis was conducted
using PLAXIS 2D software with the Mohr—Coulomb constitutive model. The modeling
variations consisted of untreated soil and soil stabilized with bamboo chips at 25%,
30%, and 35% of dry soil weight within a 0-3 m soil replacement layer. Soil
parameters were obtained from laboratory testing, field investigation data, and N-SPT
correlations. Stability analysis was performed using the Strength Reduction Method
to obtain the safety factor, while settlement analysis was evaluated based on total
settlement and annual settlement rate. The results show that the addition of bamboo
chips significantly improved embankment stability and reduced settlement compared
to untreated soil conditions. In untreated soil, the safety factor at the loading stage
was 1.490, which did not satisfy the minimum stability requirement of 1.5. After
stabilization, the safety factor increased to 1.578 for BC 25%, 1.582 for BC 30%, and
1.580 for BC 35%. In addition, the annual settlement rate decreased from 9.55
mm/year in untreated soil to 5.54 mm/year for BC 25%, 4.52 mm/year for BC 30%,
and 4.04 mm/year for BC 35%. The BC 30% variation produced the highest safety
factor, while BC 35% resulted in the lowest settlement rate. The study demonstrates
that bamboo chips are effective as an environmentally friendly stabilization material
to improve the performance of road embankments on soft soil.

Keywords: soft soil; road embankment; bamboo chips; slope stability; settlement;
finite element method
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