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ABSTRAK 

 

Judul :  Analisis Kapasitas Dukung Pondasi Tiang Pancang Berdasarkan Data Pengujian 
Cpt (Studi Kasus : Pembangunan Pabrik Di Delta Silicon 3),   Nama : Nur Arhami Laila, 
NIM : 41119120028,   Dosen Pembimbing : Ir. Kukuh Mahi Sudrajat, AMd., ST., MT., 
IPM., APEC Eng., 2024 

Pondasi berfungsi meneruskan beban struktur bangunan yang ada di atasnya kedalam 
lapisan tanah. Desain pondasi yang direncanakan harus mampu menahan beban 
bangunan sedangkan lapisan tanah yang menopang pondasi harus mampu menerima 
beban yang diberikan oleh pondasi. Untuk memastikan hal tersebut dilakukan beberapa 
penyelidikan tanah di lapangan guna mengetahui karakteristik dan kapasitas dukung 
tanah dan data tersebut dapat dipakai dalam perencanaan pondasi. Tujuan dalam 
penelitian ini yaitu untuk mencari nilai kapasitas dukung pondasi tiang tuang dan tiang 
kelompok, mencari nilai penurunan pondasi tiang tunggal dan tiang kelompok dan 
mencari ukuran dimensi yang dapat di sarankan untuk proyek Pembangunan Pabrik di 
Delta Silicon 3. Data yang dikumpulkan berupa hasil uji Cone Penetration test (CPT) 
sebagai data penyelidikan tanah yang lakukan di 3 titik S-1, S-2 dan S-3 di lapangan juga 
data perhitungan struktur bangunan yang di peroleh dari pihak konsultan. Data tersebut 
akan dihitung secara manual menggunakan tiga Metode Perhitungan Kapasitas Dukung 
yaitu Metode Aoki De Alencar, Metode Schmertmann dan Nottingham dan Metode 
Langsung ketiga metode tersebut merupakan metode umum yang sudah diuji dalam 
beberapa penelitian sehingga dipilih untuk mendapatkan keakuratan hasil perhitungan. 
Diameter pondasi yang akan dihitung adalah 20 cm, 30 cm dan 40 cm dengan kedalaman 
pondasi 16 m. Hasil perhitungan menunjukan perhitungan dengan Metode Aoki De 
Alencar memiliki nilai kapasitas dukung yang paling kecil dan diameter pondasi tiang 
tunggal disarankan minimal 40 cm sedangkan pondasi kelompok dapat menggunakan 
diameter 30 cm dengan konfigurasi 2 tiang dalam kelompok. Peneliti berharap penelitian 
ini dapat bermanfaat untuk pihak-pihak terkait sebagai bahan pertimbangan dalam 
mencari kapasitas dukung pondasi proyek Pembangunan Pabrik Delta Silicon 3. 

 

Kata Kunci : Kapasitas Dukung Tiang Tunggal; Kapasitas Dukung Tiang Kelompok; 

Metode Aoki De Alencar; Metode Schmertmann dan Nottingham; Metode Langsung; 

Penurunan Pondasi; Cone Penetration Test (CPT). 
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ABSTRACT 

 

Title :  Analysis of the Bearing Capacity of Pile Foundations Based on CPT results (Case 
Study: Factory Construction Project in Delta Silicon 3),   Name : Nur Arhami Laila, NIM 
: 41119120028,   Advisor : Ir. Kukuh Mahi Sudrajat, AMd., ST., MT., IPM., APEC Eng., 
2024 

The foundation is transfers load from the upper structure building into soil. Foundation’s 
design must be able to support the building load, and the soil layers must be able to bear 
the load from the foundation To ensure this, there must be soil investigation which is 
conducted in project area to determine the soil characteristic and bearing capacity 
maximum from the soil. The purpose of this research is to find the value of bearing 
capacity for single pile and group pile, settlement for single pile and gtoup pile, and the 
dimension of the foundation that can be suggested for Factory Construction Project at 
Delta Silicon 3 – Lippo Cikarang. The collected data for soil investigation is Cone 
Penetration Test (CPT) result which was carried out in three locations S-1, S-2, and S-3 
in this project, Structural calculation from the consultant and this research will be 
analyzed manually using three methods: Aoki De Alencar Method, Schmertmann and 
Nottingham Method, and Direct Method. That three methods were common and have been 
widely use in many research and have been chosen to achieve the accurate results.The 
Diameter of the pile that will be calculate is 20 cm, 30 cm, anad 40 cm and the depth is 
16 m according to the CPT results.  Through this research, the calculation using Aoki De 
Alencar method give us the smallest bearing capacity and the dimension for single file 
can using minimum 40 cm for foundation diameter while, for the group foundation can 
using minimum 2 pile of 30 cm foundation diameter. I hope that this research will be very 
useful for relevant parties as a reference in determining the bearing capacity of the 
foundation for Factory Construction Project at Delta Silicon 3-Lippo. 

 

Keywords : Bearing Capacity of Single Pile; Bearing Capacity of Group Pile; Aoki De 
Alencar Method; Schmertmann dan Nottingham Method; Direct Method; Settlement; 
Cone Penetration Test (CPT). 

 

http://digilib.mercubuana.ac.id/



Daftar Isi 

 

ix 
 

DAFTAR ISI 

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

HALAMAN PERNYATAAN KARYA SENDIRI ............................................................ ii 

HALAMAN PENGESAHAN ......................................................................................... iii 

KATA PENGANTAR ...................................................................................................... iv 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR UNTUK 

KEPENTINGAN AKADEMIS ....................................................................................... vi 

ABSTRAK ...................................................................................................................... vii 

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

DAFTAR ISI .................................................................................................................... ix 

DAFTAR TABEL ........................................................................................................... xii 

DAFTAR GAMBAR ..................................................................................................... xiv 

DAFTAR LAMPIRAN ................................................................................................... xv 

DAFTAR SIMBOL ........................................................................................................ xvi 

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

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

1.2 Identifikasi Masalah ................................................................................................ 2 

1.3 Perumusan Masalah ................................................................................................ 2 

1.4 Maksud dan Tujuan Penelitian ................................................................................ 3 

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

1.6 Pembatasan Ruang Lingkup Masalah ..................................................................... 3 

1.7 Sistematika Penulisan ............................................................................................. 4 

BAB II  TINJAUAN PUSTAKA ...................................................................................... 1 

2.1 Umum ..................................................................................................................... 1 

2.2 Tanah ....................................................................................................................... 1 

2.2.1 Pengujian Sifat-Sifat Geoteknik Tanah ............................................................ 3 

2.3 Metode Penyelidikan Tanah .................................................................................. 11 

2.3.1 Penyelidikan Tanah Uji CPT (Cone Penetration Test) .................................. 11 

2.4 Pondasi Tiang Pancang ......................................................................................... 16 

2.4.1 Kegunaan Pondasi Tiang Pancang ................................................................. 16 

2.4.2 Kriteria Pondasi Tiang Pancang ..................................................................... 17 

2.4.3 Jenis Pondasi Tiang Pancang Berdasarkan Cara Mendukung Beban ............ 17 

http://digilib.mercubuana.ac.id/



Daftar Isi 

 

x 
 

2.5 Kapasitas Dukung Pondasi Tiang Tunggal ........................................................... 19 

2.5.1 Metode Aoki De Alencar ............................................................................... 20 

2.5.2 Metode Schertmann dan Nottingham ............................................................ 22 

2.5.3 Metode Langsung .......................................................................................... 26 

2.6 Kapasitas Dukung Pondasi Tiang Kelompok ....................................................... 27 

2.7 Penurunan Pondasi ................................................................................................ 29 

2.7.1 Penurunan Pondasi Tiang Tunggal ................................................................ 33 

2.7.2 Penurunan Pondasi Tiang Kelompok ............................................................. 36 

2.7.3 Penurunan yang Diizinkan ............................................................................. 37 

2.8 Penelitian Terdahulu ............................................................................................. 39 

2.9 Research Gap ........................................................................................................ 45 

BAB III  METODE PENELITIAN .................................................................................. 1 

3.1 Metode Penelitian ................................................................................................... 1 

3.2 Diagram Alir Penelitian .......................................................................................... 2 

3.3 Instrumen Penelitian ............................................................................................... 3 

3.3.1 Pelaksanaan Pengujian CPT ............................................................................ 3 

3.3.2 Analisa Struktur ............................................................................................... 3 

3.3.3 Analisis Pondasi Tiang Pancang ...................................................................... 7 

BAB IV  HASIL DAN ANALISIS ................................................................................... 1 

4.1 Data Perencanaan Pondasi Tiang Pancang ............................................................. 1 

4.1.1 Data Umum Proyek ......................................................................................... 1 

4.1.2 Spesifikasi Material ......................................................................................... 2 

4.1.3 Denah Konstruksi ............................................................................................ 2 

4.2 Hasil Analisis Program ........................................................................................... 3 

4.3 Data Karakteristik Tanah ........................................................................................ 3 

4.4 Kapasitas Dukung Pondasi Tiang Tunggal ............................................................. 9 

4.4.1 Metode Aoki De Alencar ................................................................................. 9 

4.4.2 Metode Schmertmann dan Nottingham ......................................................... 11 

4.4.3 Metode Langsung .......................................................................................... 14 

4.5 Kapasitas Dukung Pondasi Tiang Kelompok ....................................................... 17 

4.6 Penurunan Pondasi ................................................................................................ 21 

4.6.1 Penurunan Pondasi Tiang Tunggal ................................................................ 21 

http://digilib.mercubuana.ac.id/



Daftar Isi 

 

xi 
 

4.6.2 Penurunan Pondasi Tiang Kelompok ............................................................. 24 

BAB V  KESIMPULAN DAN SARAN .......................................................................... 1 

5.1 Kesimpulan ............................................................................................................. 1 

5.2 Saran ....................................................................................................................... 2 

DAFTAR PUSTAKA ..................................................................................... PUSTAKA-1 

LAMPIRAN ................................................................................................ LAMPIRAN-1 

http://digilib.mercubuana.ac.id/



Daftar Tabel 

xii 
 

DAFTAR TABEL  

Tabel 2.1 Berat Jenis Tanah .............................................................................................. 4 

Tabel 2.2 Hubungan antara sudut geser dalam dan jenis tanah ........................................ 8 

Tabel 2.3 Perkiraan Nilai Modulus Elastisitas Tanah ....................................................... 9 

Tabel 2.4 Nilai Poisson's Ratio Vs ................................................................................. 10 

Tabel 2.5 Parameter Tanah di daerah Cikarang .............................................................. 10 

Tabel 2.6 Hubungan antara nilai (Rf) dengan lapisan tanah .......................................... 13 

Tabel 2.7 Hubungan nilai tahanan konus terhadap konsistensi tanah ............................ 14 

Tabel 2.8 Faktor Empiric 𝐹𝑏 dan 𝐹𝑠 .............................................................................. 20 

Tabel 2.9 Nilai Faktor Empiric untuk Tipe Tanah .......................................................... 21 

Tabel 2.10 Faktor 𝜔 (Bowles, 1996) .............................................................................. 25 

Tabel 2.11 Koefisien Empiris ......................................................................................... 35 

Tabel 2.12 Penelitian Terdahulu ..................................................................................... 39 

Tabel 2.13 Research Gap ................................................................................................ 46 

Tabel 3.1 Data Beban Mati ............................................................................................... 5 

Tabel 3.2 Data Beban Hidup ............................................................................................ 5 

Tabel 4.1 Hasil Running Program .................................................................................... 3 

Tabel 4.2 Koordinat Lokasi Pengujian CPT ..................................................................... 4 

Tabel 4.3 Perhitungan CPT titik S-2 ................................................................................ 4 

Tabel 4.4 Muka Air Tanah ................................................................................................ 9 

Tabel 4.5 Nilai Kapasitas Dukung Tiang Metode Aoki de Alencar Berdasarkan 

Diameter Tiang ............................................................................................................... 11 

Tabel 4.6 Kapasitas Dukung Tiang Metode Schertmann dan Nottingham Berdasarkan 

Diameter Tiang ............................................................................................................... 13 

Tabel 4.7 Kapasitas Dukung Tiang Metode Langsung Berdasarkan Diameter Tiang ... 15 

Tabel 4.8 Perbandingan kapasitas dukung tiang pada ketiga metode ............................ 16 

Tabel 4.9 Kapasitas dukung kelompok dari perhitungan Metode Aoki De Alencar ...... 18 

Tabel 4.10 Kapasitas dukung kelompok dari perhitungan Metode Schmertmann dan 

Nottingham dengan jumlah 2 tiang ................................................................................. 18 

Tabel 4.11 Kapasitas dukung kelompok dari perhitungan Metode Langsung dengan 

jumlah 2 tiang ................................................................................................................. 19 

http://digilib.mercubuana.ac.id/



Daftar Tabel 

xiii 
 

Tabel 4.12 Tabel Perbandingan Perhitungan Kapasitas Dukung Pondasi Tiang 

Kelompok ........................................................................................................................ 20 

Tabel 4.13 Perhitungan Penurunan Pondasi Tiang Menggunakan Metode Semi-Empiris 

dan Metode Empiris ........................................................................................................ 23 

Tabel 4.14 Penurunan Pondasi Kelompok Tiang ........................................................... 25 

http://digilib.mercubuana.ac.id/



Daftar Gambar 

xiv 

DAFTAR GAMBAR 

Gambar 2.1 Tiga fase elemen tanah (Das, 1995) ............................................................ 2 

Gambar 2.2 Kurva Hubungan antara log tekanan p dengan angka pori e untuk 

perhitungan indeks kemampatan Cc dan indeks pengembangan Cs. ............................... 5 

Gambar 2.3 Alat Sondir ................................................................................................. 12 

Gambar 2.4 Grafik hubungan qc dan FR menurut Robertson dan Campanella ............ 15 

Gambar 2.5 Contoh Laporan Hasil Uji CPT ................................................................. 16 

Gambar 2.6 Pondasi Tiang Pancang .............................................................................. 18 

Gambar 2.7 Penyesuaian koefisien terhadap OCR untuk tanah pasir ........................... 24 

Gambar 2.8 Koefisien Kf lempung yang digunakan dalam persamaan ........................ 24 

Gambar 2.9 Pondasi Tiang Kelompok .......................................................................... 27 

Gambar 2.10 Baris dan Kolom Pondasi Tiang Kelompok ............................................ 29 

Gambar 2.11 Kurva beban-penurunan........................................................................... 31 

Gambar 2.12 Kurva Penurunan Konsolidasi ................................................................. 33 

Gambar 2.13 Bentuk Skin Friction Sepanjang Tiang Tertanam kedalam Tanah ........... 35 

Gambar 3.1 Diagram Alir Penelitian ............................................................................... 2 

Gambar 3.2 Grafik Respon Soektrum ............................................................................. 6 

Gambar 3.3 Pengaruh Beban Angin Terhadap Bangunan ............................................... 7 

Gambar 4.1 Lokasi Pabrik Tempat Penelitian ................................................................. 1 

Gambar 4.2 Denah Lantai ............................................................................................... 2 

Gambar 4.3 Potongan Bangunan ..................................................................................... 3 

Gambar 4.4 Grafik Hasil Pengujian Sondir Titik S-01 ................................................... 8 

Gambar 4.5 Konfigurasi Tiang Kelompok Diameter 20 cm ......................................... 24 

 

http://digilib.mercubuana.ac.id/



Daftar Lampiran 

xv 

DAFTAR LAMPIRAN 

Lampiran-1 Data Hasil Uji CPT/Sondir ................................................................ LA-1 

Lampiran-2 Data Perhitungan Struktur  ................................................................. LA-10 

 

  

http://digilib.mercubuana.ac.id/



Daftar Simbol 

xvi 

DAFTAR SIMBOL 

 

𝜃  = arc tg (D/S) 

𝜋 = phi (3,14) 

𝜔  = Koefisien korelasi bergantung pada OCR 

𝑎௦ = Faktor empiric untuk tipe tanah 

𝛼 = koefisien yang bergantung pada distribusi gesekan selimut sepanjang pondasi   

 tiang  

Ap = Luas penampang tiang pancang 

Bg  = Lebar kelompok tiang 

CP = Koefisien empiris  

D  = Beban mati 

D = Diameter tiang 

E  = Beban gempa 

Eg = Efisiensi tiang kelompok 

Ep = Modulus elastisitas tiang 

Es = Modulus elastisitas tanah  

Fb = Faktor empiric tahanan tiang berdasarkan tipe tiang 

Fs = Faktor empiric tahanan kulit berdasarkan tipe tiang  
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IWS = Faktor pengaruh 
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JHL  = Jumlah Hambatan Lekat dari data CPT / Sondir 

K = Keliling tiang 

Kc = Koefisien tak berdimensi (bergantung pada tipe tiang) 

Kf = Koefisien tak berdimensi (bergantung pada rasio L/D) 

L = Panjang tiang pancang 

L  = Beban hidup 

m  = Jumlah tiang dalam 1 kolom 

n  = Jumlah tiang pancang 

n = Jumlah tiang dalam 1 baris 

P  = Beban yang bekerja pada pondasi  

Qa  = Kapasitas dukung ijin tiang 

Qb  = Kapasitas ujung tiang pancang 
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S = Penurunan total pondasi tiang pancang 

S  = Beban salju 

SF = Safety Factor (Faktor Keamanan) 

Sg = Penurunan pondasi tiang kelompok 

SIzin = Penurunan yang diizinkan 

SP  = Penurunan dari ujung tiang 

SPS = Penurunan tiang akibat beban yang dialihkan sepanjang tiang 

SS = Penurunan akibat deformasi axial tiang tunggal 

s = Jarak pusat ke pusat tiang  

TSF  = Total Skin Friction 

tf = Geseran total tanah 

V  = Gaya geser  

Vs = Poisson’s Ratio  

W  = Beban angin 
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