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SARI 

 

Salah satu masalah dalam kegiatan penambangan adalah kestabilan lereng, 

lapangan “X” memiliki dip yang hampir relatif tegak lurus, sehingga perlu 

dianalisis kestabilan lereng. Tujuan dari penelitian ini untuk mengetahui jenis 

potensi longsoran yang mungkin terjadi pada Lapangan “X” dan mengetahui nilai 

faktor keamanan lereng tambang untuk mendapatkan rancangan desain geometri 

lereng yang aman dan optimal. Nilai faktor keamanan dievaluasi menggunakan 

nilai Geological Strength Index (GSI), Rock Mass Rating (RMR), dan Slope Mass 

Rating (SMR) dan dengan menggunakan metode Morgenstern-Price. Kajian 

kestabilan lereng pada Lapangan “X” dilakukan dengan mengevaluasi kestabilan 

lereng tunggal dan lereng keseluruhan. Kajian kestabilan lereng tunggal dilakukan 

pada setiap jenis lapisan overburden A1 sampai lapisan lower C. Simulasi 

ketinggian lereng tunggal yang dianalisis dalam penelitian ini adalah 8, 10, dan 12 

meter dengan sudut lereng (α) 45o (perbandingan 1 : 1) serta (α) 65o 

(perbandingan 1:0,46) (nilai SMR untuk Overburden A1) dan (α) 55o 

(perbandingan 1:0,70) (nilai SMR untuk Lower C). Berdasarkan hasil perhitungan 

kajian kestabilan lereng, nilai Faktor Keamanan lereng paling kritis Desain 

Tambang Lapangan ‘X” penampang A – A’ high wall = 1,642, low wall = 1,428, 

penampang B – B’ high wall = 1,690, low wall = 1,350, penampang C – C’ = 

1,410, sehingga dapat dilakukan optimasi galian lereng tambang. Dengan jarak 

boundary yang sama, pada penampang A – A’ lereng high wall dapat dioptimasi 

hingga kedalaman -8 mdpl dengan FK paling kritis = 1,276, lereng low wall dapat 

dioptimasi hingga kedalaman -2 mdpl dengan FK paling kritis = 1,250. Pada 

penampang B – B’ lereng high wall dapat dioptimasi hingga kedalaman -7 mdpl 

dengan FK paling kritis =1,383, lereng low wall dapat dioptimasi hingga 

kedalaman -4 mdpl dengan FK paling kritis = 1,253. 

 

Kata Kunci:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Longsor, faktor keamanan, kinematik dan kesetimbangan batas, 

desain tambang 
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ABSTRACT 

 

One of the problems in mining activities is slope stability, field "X" has a dip that 

is almost relatively perpendicular, so it is necessary to analyze the stability of the 

slope. The purpose of this research is to know the type of potential avalanche that 

may occur at Field X and to know the value of mine slope safety factor to get the 

design of safe and optimal slope geometry design. The value of the safety factor is 

evaluated using the Geological Strength Index (GSI), Rock Mass Rating (RMR), 

and Slope Mass Rating (SMR) values and using the Morgenstern-Price method. 

The slope stability study at Field X is done by evaluating the stability of the single 

slope and whole slopes. A single slope stability study was performed on each type 

of overburden layer A1 to the lower C. The single slope level simulation analyzed 

in this study was 8, 10, and 12 meters with 45o (1: 1) and (α) 65o (ratio 1: 0.46) 

(SMR value for Overburden A1) and (α) 55o (ratio 1: 0.70) (SMR value for Lower 

C). Based on the calculation of slope stability studies, the most precise Critical 

Slope Safety Factor of the 'X' Field Field Design cross section A - A 'high wall = 

1.642, low wall = 1,428, B - B' high wall = 1,690, low wall = 1,350, C - C '= 

1,410, so it can be done the mining slope excavation. With the same boundary 

distance, the A-A cross section of high wall slopes can be optimized to -8 mdpl 

depth with critical plane FK = 1.276, low wall slopes can be optimized to -2 mdpl 

depth with critical FK plalk = 1.250. In the cross section B - B 'high wall slopes 

can be optimized to -7 mdpl depth with critical plane FK = 1.383, low wall slopes 

can be optimized to -4 mdpl depth with critical FK = 1.253. 

 

 

Keywords :  

 

Landslide, safety factor, kinematic and balance equilibrium, design 

mine 
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DAFTAR ISTILAH 

 

Highwall =  Dinding lereng dimana lapisan batuan memiliki arah 

kemiringan yang berlawanan dengan arah kemiringan 

lereng. 

Interburden = Material yang berada diantara dua lapisan batubara (seam) 

Lowwall =  Dinding lereng dimana lapisan batuan memiliki arah 

kemiringan yang searah dengan kemiringan lereng.  

Overburden =   Material penutup lapisan batubara. 

Pit =  Tambang terbuka atau penggalian dengan metoda tambang 

terbuka untuk mengambil bahan galian atau mineral 

berharga.  

Seam = Lapisan (batubara) 

Seismic Load = Parameter kegempaan 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

DAFTAR ISI 

 

HALAMAN JUDUL  ....................................................................................   i 

HALAMAN PENGESAHAN PENGUJI .....................................................   ii 

HALAMAN PERNYATAAN ORISINILITAS ...........................................   iii 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI ....................   iv 

KATA PENGANTAR ...................................................................................   v 

UCAPAN TERIMAKASIH ..........................................................................   vi 

SARI ..............................................................................................................   vii 

ABSTRACT ..................................................................................................  viii 

DAFTAR ISTILAH ......................................................................................   ix 

DAFTAR ISI .................................................................................................   x 

DAFTAR GAMBAR .....................................................................................  xiii 

DAFTAR TABEL .........................................................................................   xv 

DAFTAR LAMPIRAN .................................................................................  xvi 

BAB I PENDAHULUAN ..............................................................................   1 

1.1 Latar Belakang ....................................................................................   1 

1.2 Rumusan Masalah  ..............................................................................   2 

1.3 Batasan Masalah..................................................................................   2 

1.4 Tujuan Penelitian ................................................................................   3 

1.5 Manfaat Penelitian...............................................................................   3 

1.6 Lokasi dan Kesampaian daerah............................................................   4 

1.7 Waktu Penelitian .................................................................................   6 

BAB II TINJAUAN PUSTAKA ...................................................................   7 

2.1 Geologi Regional Daerah Penelitian ....................................................   7 

2.1.1 Fisiografi dan Kerangka Tektonik ...............................................   7 

2.1.2 Litologi dan Stratigrafi ................................................................   8 

2.1.3 Struktur Geologi .........................................................................   11 

2.2 Massa Batuan ......................................................................................   11 

2.3 Faktor yang Mempengaruhi Ketidakstabilan Lereng ............................   12 

2.4 Klasifikasi Geomekanik Batuan...........................................................   17 



xi 
 

2.4.1 Rock Mass Rating (RMR) (Bieniawski, 1989) .............................   17 

2.4.2 Kondisi Bidang Diskontinuitas (Joint Condition) ........................   19 

2.4.3 Rock Quality Designation (RQD) ................................................   21 

2.4.4 Geological Strength Index (GSI) .................................................   23 

2.5 Hubungan antara RMR (Rock Mass Rating) dengan SMR (Slope  

      Mass Rating) .......................................................................................   24 

2.6 Berbagai Cara Analisis Kestabilan Lereng ...........................................   25 

2.7 Metode Kesetimbangan Batas..............................................................   26 

2.8 Metode Morgenstern-Price ..................................................................   29 

2.9 Window Mapping ................................................................................   30 

2.10 Jenis Longsoran .................................................................................   31 

2.10.1 Longsoran Busur ....................................................................   32 

2.10.2 Longsoran Bidang...................................................................   32 

2.10.3 Longsoran Baji .......................................................................   33 

2.10.4 Longsoran Guling ...................................................................   34 

BAB III METODOLOGI PENELITIAN ....................................................   35 

3.1 Metodologi Penelitian .........................................................................   35 

3.1.1 Metode Kualitatif ........................................................................   35 

3.1.2 Metode Kuantitatif ......................................................................   35 

3.2 Peralatan dan Perlengkapan .................................................................   36 

3.3 Metode Penelitian ................................................................................   37 

3.3.1 Tahapan Pendahuluan .................................................................   37 

3.3.2 Tahapan Pengumpulan Data ........................................................   37 

3.3.3 Tahapan Pengolahan Data ...........................................................   38 

3.3.4 Tahapan Analisis Data ................................................................   39 

3.3.5 Tahap Penyusunan Laporan ........................................................   39 

BAB IV HASIL DAN PEMBAHASAN........................................................   41 

4.1 Kondisi Geologi Daerah Penelitian ......................................................   41 

4.1.1 Kondisi Litologi Daerah Penelitian .............................................   41 

4.1.2 Struktur Geologi Daerah Penelitian .............................................   46 

4.1.3 Pengaruh Kondisi Geologi Daerah Penelitian Terhadap  



xii 
 

         Kestabilan   Lereng .....................................................................   47 

4.2 Penampang Lereng Lapangan “X” .......................................................   48 

4.3 Analisis Kinematik ..............................................................................   56 

4.4 Data Pemboran Inti ..............................................................................   58 

4.4.1 Rock Quality Designation (RQD) ................................................   59 

4.4.2 Joint Condition ...........................................................................   60 

4.4.3 Geological Strength Index (GSI) .................................................   61 

4.4.4 Rock Mass Rating (RMR) ............................................................   62 

4.4.5 Slope Mass Rating (SMR) ...........................................................   62 

4.4.6 Kondisi Muka Airtanah ...............................................................   62 

4.5 Perhitungan Parameter Sifat Fisik dan Sifat Mekanik Batuan ..............   63 

4.6 Evaluasi Faktor Keamanan Lereng Tunggal dan Lereng Keseluruhan 

      Tambang Lapangan “X” ......................................................................   64 

4.6.1 Kajian Lereng Tunggal (Single Slope) .........................................   64 

4.6.2 Kajian Lereng Keseluruhan (Overall Slope) ................................   76 

BAB V PENUTUP ........................................................................................   86 

5.1 Kesimpulan .........................................................................................   86 

5.2 Saran ...................................................................................................   87 

DAFTAR PUSTAKA ....................................................................................   88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

 

DAFTAR GAMBAR 

 

Gambar 1.1    Peta Lokasi Kesampaian dan Lokasi Penelitian Lapangan “X” 

Tanjung Enim, Sumatra Selatan, PT. Bukit Asam (Persero), 

Tbk. (Google Earth, 2017). ......................................................   5 

Gambar 2.1 Fisiografi Cekungan Sumatra Selatan (Hutchison, 1996 dalam 

Bishop, 2001) ..........................................................................   7 

Gambar 2.2 Kolom Stratigrafi Cekungan Sumatra Selatan (van Bemmelen, 

1949) .......................................................................................   8 

Gambar 2.3 Seam Batubara Anggota Formasi Muara Enim (Bamco, 1983; 

Gafoer dkk, 1986 dalam Harijoko dkk, 2016) ...........................   9 

Gambar 2.4 Peta Geologi dan Kolom Stratigrafi Regional Tanjung  Enim 

Sumatra Selatan (Bamco, 1983; dalam Gafoer dkk, 1986) ........   10 

Gambar 2.5 Konsep dasar massa batuan (Wylie dan Mah, 2004) .................   12 

Gambar 2.6 Karakteristik Bidang Diskontinuitas (Bieniawski, 1989) ..........   19 

Gambar 2.7 Tingkat Kekasaran Kekar (ISRM, 1981) ..................................   20 

Gambar 2.8 Perhitungan Rock Quality Designation (Deere, 1963). .............   22 

Gambar 2.9 Diagram GSI berdasarkan Hoek dan Marinos (2000). ..............   23 

Gambar 2.10 Rasio antara Kuat Geser Penggerak Batuan (s) dengan Kuat 

Geser Penahan (τ) yang tersedia dalam suatu bidang miring 

(Zakaria, 2011) ........................................................................   27 

Gambar 2.11 Distribusi tegangan dalam bidang miring (Zakaria, 2011) ........   28 

Gambar 2.12 Metode Limit Equilibrium Circular (Geoslope International, 

2007) .......................................................................................   28 

Gambar 2.13 Metode Limit Equilibrium Non-Circular atau Planar 

(Geoslope International, 2007) .................................................   28 

Gambar 2.14 Gaya yang bekerja pada bidang irisan (Krahn, 2004) ...............   29 

Gambar 2.15 Gaya-gaya yang bekerja pada tiap irisan (Morgenstern-

Price,1965) ..............................................................................   30 

Gambar 2.16 Jenis - jenis longsoran (Hoek dan Bray, 1981) .........................   31 

Gambar 2.17 Bentuk longsoran  busur (Hoek dan Bray, 1981) ......................   32 

Gambar 2.18 Bentuk  longsoran bidang (Hoek dan Bray, 1981) ....................   33 

Gambar 2.19 Bentuk  longsoran baji (Hoek dan Bray, 1981) .........................   34 

Gambar 2.20 Bentuk  longsoran guling (Hoek dan Bray, 1981) .....................   34 

Gambar 3.1 Diagram Alir Penelitian ...........................................................   40 

Gambar 4.1 Peta Geologi Lereng Tambang Lapangan “X”, Tanjung Enim..   41 

Gambar 4.2 Kenampakan Batupasir dan Batulempung pada Lereng High 

Wall (Overburden A1) .............................................................   42 

Gambar 4.3 Kenampakan Batulempung pada Lereng Low Wall (Lapisan 

Lower C)..................................................................................   44 

Gambar 4.4 Kenampakan Batubara pada Lereng High Wall (Seam A2 dan 

Seam B2) .................................................................................   45 

Gambar 4.5 Kenampakan Batupack pada Lereng Side Wall Seam A1 .........   46 

Gambar 4.6 Penampakan Bidang Diskontinuitas Domain 1 .........................   46 

Gambar 4.7 Penampakan Bidang Diskontinuitas Domain 2 .........................   47 



xiv 
 

Gambar 4.8 Desain Tambang Lapangan “X” ...............................................   50 

Gambar 4.9 Penampang Lereng Low Wall (A – A’) ....................................   51 

Gambar 4.10 Penampang Lereng Low Wall (B – B’) .....................................   52 

Gambar 4.11 Penampang Lereng High Wall (A – A’) ...................................   53 

Gambar 4.12 Penampang Lereng High Wall (B – B’) ....................................   54 

Gambar 4.13 Penampang Lereng Side Wall (C – C’) .....................................   55 

Gambar 4.14 Potensi Longsoran pada High Wall Lapangan “X” ...................   57 

Gambar 4.15 Potensi Longsoran pada Low Wall Lapangan “X” ....................   58 

Gambar 4.16 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan 

Overburden A1 ........................................................................   65 

Gambar 4.17 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Seam A1 ..   66 

Gambar 4.18 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan 

Interburden A1 – A2 ................................................................   67 

Gambar 4.19 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Seam A2 ..   68 

Gambar 4.20 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan 

Interburden A2 – B1 ................................................................   68 

Gambar 4.21 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Seam B1 ..   69 

Gambar 4.22 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan 

Interburden B1 – B2 ................................................................   70 

Gambar 4.23 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Seam B2 ..   71 

Gambar 4.24 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan 

Interburden B2 - C...................................................................   72 

Gambar 4.25 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Seam C ....   73 

Gambar 4.26 Grafik Faktor Keamanan vs Tinggi Lereng Lapisan Lower C ...   74 

Gambar 4.27 Nilai Faktor Keamanan Optimasi Lereng High Wall (A-A’) .....   78 

Gambar 4.28 Nilai Faktor Keamanan Optimasi Lereng Low Wall (A-A’) ......   79 

Gambar 4.29 Nilai Faktor Keamanan Optimasi Lereng High Wall (B-B’) .....   82 

Gambar 4.30 Nilai Faktor Keamanan Optimasi Lereng Low Wall (B-B’) ......   83 

Gambar 4.31 Nilai Faktor Keamanan Desain Lereng Side Wall (C-C’)..........   85 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

 

 

DAFTAR TABEL 

 

Tabel 1.1    Jadwal Kegiatan Tugas Akhir di PT. Bukit Asam (Persero), 

Tbk ..........................................................................................   6 

Tabel 2.1    Klasifikasi Geomekanik Massa Batuan (Bieniawski, 1989) ......   18 

Tabel 2.2    Klasifikasi Kelas Massa Batuan (Bieniawski, 1989) .................   18 

Tabel 2.3    Kondisi Diskontinuitas (After Bieniawski, 1989) .....................   21 

Tabel 2.4    Kualitas Batuan Berdasarkan RQD (Deere, 1963) ....................   21 

Tabel 2.5    Nilai SMR dan RMR (Laubscher,1975, dalam Djakamihardja 

& Soebowo, 1996) ...................................................................   25 

Tabel 2.6    Nilai Faktor Keamanan menurut Bowles (1984).......................   27 

Tabel 3.1    Peralatan dan Perlengkapan yang digunakan dalam penelitian ..   36    

Tabel 4.1    Geometri Lereng Lapangan “X”...............................................   49 

Tabel 4.2   Nilai RQD pada Overburden A1 ..............................................   59 

Tabel 4.3   Nilai RQD pada Lower C .........................................................   59 

Tabel 4.4    Kondisi Diskontinuitas Lereng Penelitian (Bienawski, 1989) ...   60 

Tabel 4.5    Hubungan GSI dan RMR daerah penelitian ..............................   62 

Tabel 4.6    Nilai Faktor Keamanan Single Slope Overburden A1 ...............   65 

Tabel 4.7    Nilai Faktor Keamanan Single Slope Seam A1 .........................   66 

Tabel 4.8    Nilai Faktor Keamanan Single Slope Interburden A1 – A2 ......   67 

Tabel 4.9    Nilai Faktor Keamanan Single Slope Seam A2 .........................   67 

Tabel 4.10    Nilai Faktor Keamanan Single Slope Interburden A2 – B1 .......   68 

Tabel 4.11    Nilai Faktor Keamanan Single Slope Seam B1 .........................   69 

Tabel 4.12    Nilai Faktor Keamanan Single Slope Interburden B1 – B2 .......   70 

Tabel 4.13    Nilai Faktor Keamanan Single Slope Seam B2 .........................   71 

Tabel 4.14    Nilai Faktor Keamanan Single Slope Interburden B2 - C .........   72 

Tabel 4.15    Nilai Faktor Keamanan Single Slope Seam C ...........................   73 

Tabel 4.16    Nilai Faktor Keamanan Single Slope Lower C ..........................   74 



xvi 
 

DAFTAR LAMPIRAN 

 

Lampiran A    Daftar Kekar di Tempat Penelitian ...........................................   91 

Lampiran B    Data Uji Lab Lapangan “X” .....................................................   92 

Lampiran C.1  Penampang A – A’ Desain Tambang .......................................   93 

Lampiran D.1  Nilai Faktor Keamanan Overall Slope High Wall Penampang 

A – A’ dengan Toe Elevasi 12 mdpl Desain Tambang .............   94 

Lampiran D.2 Nilai Faktor Keamanan Overall Slope High Wall Penampang 

A – A’ dengan Toe Elevasi 3mdpl Desain Tambang ................   95 

Lampiran E.1 Rincian Faktor Keamanan Optimasi Lereng High Wall Single 

Slope dan Overall Slope Penampang A – A’ ............................   96  

Lampiran E.2 Nilai Faktor Keamanan Overall Slope High Wall Paling Kritis 

Penampang A – A’ dengan Toe Elevasi -8mdpl Desain Ulang 

(Optimasi) ...............................................................................   97 

Lampiran F.1 Nilai Faktor Keamanan Intermediete Slope Low Wall 

Penampang A – A’ dengan Toe Elevasi 32mdpl Desain 

Tambang ..................................................................................   98 

Lampiran F.2 Nilai Faktor Keamanan Intermediete Slope Low Wall 

Penampang A – A’ dengan Toe Elevasi 21mdpl Desain 

Tambang ..................................................................................   99 

Lampiran F.3 Nilai Faktor Keamanan Overburden Slope Low Wall 

Penampang A – A’ dengan Toe Elevasi +3mdpl Desain 

Tambang ..................................................................................   100 

Lampiran G.1 Rincian Faktor Keamanan Optimasi Lereng Low Wall Single 

Slope dan Overall Slope Penampang A – A’ ............................   101 

Lampiran G.2 Nilai Faktor Keamanan Overall Slope Low Wall Paling Kritis 

Penampang A – A’ dengan Toe Elevasi -8mdpl Desain Ulang 

(Optimasi) ...............................................................................   102 

Lampiran H.1 Penampang B – B’ Desain Tambang ........................................   103 

Lampiran I.1 Nilai Faktor Keamanan Intermediete Slope High Wall 

Penampang B – B’ dengan Toe Elevasi 23mdpl Desain 

Tambang ..................................................................................   104 

Lampiran I.2 Nilai Faktor Keamanan Intermediete Slope High Wall 

Penampang B – B’ dengan Toe Elevasi 14mdpl Desain 

Tambang ..................................................................................   105 

Lampiran I.3 Nilai Faktor Keamanan Overall Slope High Wall Penampang 

B – B’ dengan Toe Elevasi 5mdpl Desain Tambang .................   106 

Lampiran I.4 Nilai Faktor Keamanan Overall Slope High Wall Penampang 

B – B’ dengan Toe Elevasi 0mdpl Desain Tambang .................   107 

Lampiran J.1 Rincian Faktor Keamanan Optimasi Lereng High Wall Single 

Slope dan Overall Slope Penampang B – B’ .............................   108 

Lampiran J.1 Nilai Faktor Keamanan Overall Slope High Wall Paling Kritis 

Penampang B – B’ dengan Toe Elevasi -7mdpl Desain Ulang 

(Optimasi) ...............................................................................   109 



xvii 
 

Lampiran K.1 Nilai Faktor Keamanan Intermediete Slope Low Wall 

Penampang B – B’ dengan Toe Elevasi 39mdpl Desain 

Tambang ..................................................................................   110 

Lampiran K.2 Nilai Faktor Keamanan Intermediete Slope Low Wall 

Penampang B – B’ dengan Toe Elevasi 32mdpl Desain 

Tambang ..................................................................................   111 

Lampiran K.3 Nilai Faktor Keamanan Intermediete Slope Low Wall 

Penampang B – B’ dengan Toe Elevasi 5mdpl Desain 

Tambang ..................................................................................   112 

Lampiran L.1 Rincian Faktor Keamanan Optimasi Lereng Low Wall Single 

Slope dan Overall Slope Penampang B – B’ .............................   113 

Lampiran L.2 Nilai Faktor Keamanan Overall Slope Low Wall Paling Kritis 

Penampang B – B’ dengan Toe Elevasi -4mdpl Desain Ulang 

(Optimasi) ...............................................................................   114 

Lampiran M1 Penampang C – C’ Desain Tambang ........................................   115 

Lampiran M2 Nilai Faktor Keamanan Overall Slope Side Wall Penampang C 

– C’ dengan Toe Elevasi 1mdpl Desain Tambang ....................   116 

 

 

 

 

 

 


