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ABSTRAK 

Indonesia berada pada wilayah tektonik aktif sehingga memiliki potensi tinggi 

terhadap gempa bumi yang dapat memicu likuifaksi, terutama pada tanah pasir jenuh 

air. Daerah Istimewa Yogyakarta, termasuk wilayah Sleman, merupakan salah satu 

wilayah yang rawan gempa karena dipengaruhi oleh keberadaan Sesar Opak yang 

merupakan sesar aktif. Mengingat potensi gempa bumi dan kondisi tanah yang rentan 

terhadap likuifaksi, maka penelitian ini dilakukan untuk menganalisis potensi 

likuifaksi pada Proyek Pembangunan Jalan Tol Yogyakarta Seksi 2 Paket 2.1, Sleman, 

Yogyakarta berdasarkan data Standard Penetration Test (SPT) pada lima titik 

penyelidikan, yaitu BH-86, BH-89, BH-93, BH-94, dan BH-96. Analisis dilakukan 

menggunakan metode Seed et al. (1985), Youd & Idriss (2001), Idriss & Boulanger 

(2008), dan Cetin et al. (2004) dengan variasi magnitudo gempa Mw 6,0, Mw 6,3, dan 

Mw 7,0. Hasil analisis menunjukkan bahwa peningkatan magnitudo gempa 

menyebabkan peningkatan nilai CSR, penurunan nilai Safety Factor, dan 

bertambahnya lapisan tanah yang berpotensi mengalami likuifaksi. Pada metode Seed 

et al. (1985), zona rentan likuifaksi dominan ditemukan pada kedalaman 6–20 m serta 

26–40 m di beberapa titik pengujian. Metode Idriss & Boulanger (2008) dan Cetin et 

al. (2004) menunjukkan zona rentan likuifaksi terutama pada kedalaman 14–40 m, 

dengan tingkat kerentanan paling tinggi ditunjukkan oleh metode Cetin et al. (2004), 

khususnya pada magnitudo Mw 7,0. Berdasarkan perbandingan keempat metode, Seed 

et al. (1985) menghasilkan estimasi potensi likuifaksi paling rendah, sedangkan Cetin 

et al. (2004) menghasilkan estimasi paling konservatif.  

Kata Kunci : Likuifaksi, Magnitudo Gempa, Standard Penetration Test (SPT) 
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ABSTRACT 

Indonesia is located in an active tectonic zone and is therefore highly prone to 

earthquakes that can trigger soil liquefaction, particularly in water-saturated sandy 

soils. The Special Region of Yogyakarta, including the Sleman district, is one of the 

earthquake-prone areas due to the presence of the Opak Fault, which is an active fault. 

Given the potential for earthquakes and soil conditions susceptible to liquefaction, this 

study was conducted to analyze the potential for liquefaction in the Yogyakarta Toll 

Road Construction Project, Section 2, Package 2.1, in Sleman, Yogyakarta, based on 

Standard Penetration Test (SPT) data from five investigation points: BH-86, BH-89, 

BH-93, BH-94, and BH-96. The analysis was performed using the methods of Seed et 

al. (1985), Youd & Idriss (2001), Idriss & Boulanger (2008), and Cetin et al. (2004) 

with earthquake magnitude variations of Mw 6.0, Mw 6.3, and Mw 7.0. The analysis 

results indicate that an increase in earthquake magnitude leads to an increase in the 

CSR value, a decrease in the Safety Factor, and an expansion of the soil layers 

potentially susceptible to liquefaction. In the Seed et al. (1985) method, dominant 

liquefaction-prone zones were found at depths of 6–20 m and 26–40 m at several test 

sites. The methods of Idriss & Boulanger (2008) and Cetin et al. (2004) indicate that 

liquefaction-prone zones are primarily found at depths of 14–40 m, with the highest 

level of vulnerability indicated by the method of Cetin et al. (2004), particularly for a 

magnitude of Mw 7.0. Based on a comparison of the four methods, Seed et al. (1985) 

produced the lowest estimate of liquefaction potential, while Cetin et al. (2004) 

produced the most conservative estimate.  

Keywords: Earthquake Magnitude, Liquefaction, Standard Penetration Test (SPT) 
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DAFTAR NOTASI 

a max   = Nilai percepatan gempa maksimum  

PGA   = Nilai percepatan gempa 

FPGA   = Koefisien situs 

g   = Percepatan gravitasi bumi (9,81 m/s2) 

σ   = Tegangan total (KN/m2) 

σ’   = Tegangan efektif (KN/m2) 

σ΄v   = Tegangan vertikal efektif (kPa atau kN/m2) 

σv   = Tegangan vertikal (kN/m)  

γ   = Berat volume tanah di atas muka air (KN/m3) 

γsat   = Berat volume tanah jenuh air (KN/m3)  

γw   = Berat volume air (KN/m3) 

Gs   = Berat spesifik butiran padat  

e   = angka pori 

H   = Tinggi muka air diukur dari permukaan tanah (m)  

HA   = Jarak antara titik A dan muka air (m) 

z   = Kedalaman tanah (m) 

u   = Tegangan pori 

CN   = Faktor koreksi terhadap tegangan vertikal evektif 

CE   = Nilai koreksi rasio energi hammer (ER)  

CB   = Nilai koreksi diameter lubang bor 

CR   = Faktor koreksi Panjang tiang  
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Pa   = Tekanan atmosfer (100 kPa atau 100 kN/m2)  
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N60   = Nilai N-SPT terkoreksi 

N1(60)   = Nilai penetrasi overburden terkoreksi 

N1(60)cs  = Nilai N terkoreksi terhadap fines content (FC) 

ΔN1(60)  = Koreksi atau perubahan dalam nilai N-SPT 

FC   = Nilai fines content (%) 

kS   = Koefisien koreksi untuk butiran berdasarkan nilai Fines Content (FC) 

MSF   = Magnitudo scaling factor 

MW   = Moment magnitudo 

Ø   = Faktor penskalaan gempa 

CRR7,5   = Cyclic resistance ratio dengan magnitudo gempa (MW) 

CRR   = Cyclic resistance ratio 

CSR   = Cyclic stress ratio 

Kσ   = Faktor koreksi beban berlebih 

Cσ   = Koefisien untuk mencari faktor koreksi beban berlebih 

rd   = Nilai faktor reduksi 

SF   = Nilai Safety Factor
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