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ABSTRAK 

Kajian ini untuk menganalisis prediksi penurunan dan derajat konsolidasi tanah lunak pada 
pembangunan jalan tol Zona 1 STA 20+200 – 21+100. Analisis dilakukan dengan 
menyelaraskan tahapan konstruksi (staged construction) pada PLAXIS 2D dengan data 
pemantauan aktual dari Settlement Plate. Metode Asaoka diimplementasikan untuk 
menginterpretasi data pengamatan penurunan dari settlement plate, sehingga diperoleh derajat 
konsolidasi lapangan sebagai dasar evaluasi perilaku konsolidasi tanah lunak. Perilaku tanah 
dasar dan timbunan dimodelkan secara numerik menggunakan PLAXIS. Model konstitutif 
Hardening Soil digunakan pada tanah untuk meninjau perilaku tanah secara lebih mendetail 
melalui integrasi beberapa parameter modulus elastisitas, berbeda dengan model Mohr-
Coulomb yang bersifat lebih sederhana. Sementara itu, model Hoek–Brown diterapkan untuk 
material timbunan batu. Hasil analisis pada STA 20+250 (tinggi timbunan 8,313 meter) 
menunjukkan bahwa pemodelan PLAXIS memprediksi waktu konsolidasi 90% selama 121 hari 
lebih lama dengan penurunan 12 sentimeter lebih besar daripada metode Asaoka (158 hari dan 
9,3 sentimeter). Sementara itu, pemodelan pada STA 20+850 (tinggi timbunan 6,816 meter) 
memprediksi waktu konsolidasi 90% selama 179 hari lebih lama dengan penurunan 9,3 
sentimeter lebih besar daripada metode Asaoka (276 hari dan 15,5 sentimeter). Dengan 
demikian, hasil metode Asaoka merepresentasikan respons aktual tanah di lapangan, sedangkan 
hasil PLAXIS cenderung lebih konservatif sehingga berfungsi sebagai alat verifikasi sekaligus 
kontrol desain terhadap perilaku konsolidasi. 

Kata Kunci: Tanah lunak, Settlement Plate, metode Asaoka, PLAXIS, soil replacement, 
konsolidasi. 
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ANALYSIS OF CONSOLIDATION BEHAVIOR OF STAGED EMBANKMENTS 

WITH SOIL REPLACEMENT USING THE ASAOKA METHOD AND  

FINITE ELEMENT METHOD (FEM) 

 

 

ABSTRACT 

This study analyzes the settlement prediction and degree of consolidation of soft soil in the 
construction of the Zone 1 toll road from STA 20+200 to 21+100. The analysis was conducted 
by aligning the staged construction phases in PLAXIS 2D with actual monitoring data from 
settlement plates. The Asaoka method was implemented to interpret the settlement observation 
data from the settlement plates, thereby obtaining the field degree of consolidation as a basis 
for evaluating soft soil consolidation behavior. The subgrade and embankment behavior were 
numerically modeled using PLAXIS. The Hardening Soil constitutive model was adopted for 
the soil to examine the soil behavior in greater detail by incorporating multiple elasticity 
moduli, in contrast to the simpler Mohr-Coulomb model. Meanwhile, the Hoek–Brown model 
was applied to the rockfill embankment material. The analysis results at STA 20+250 
(embankment height of 8.313 meters) indicate that the PLAXIS modeling predicts a 90% 
consolidation time that is 121 days longer, with a settlement 12 centimeters larger, than the 
Asaoka method (158 days and 9.3 centimeters). Meanwhile, the modeling at STA 20+850 
(embankment height of 6.816 meters) predicts a 90% consolidation time that is 179 days longer, 
with a settlement 9.3 centimeters larger, than the Asaoka method (276 days and 15.5 
centimeters). Consequently, the Asaoka method results represent the actual soil response in the 
field, whereas the PLAXIS results tend to be more conservative, thus serving as a verification 
tool as well as a design control for the consolidation behavior. 

Keywords: Soft soil, Settlement Plate, Asaoka method, PLAXIS, soil replacement, 
consolidation. 
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