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ABSTRAK 

 

Jembatan ampel adalah jembatan yang menghubungkan Kabupaten 

Pekalongan dengan Kabupaten Pemalang. Perbaikan jembatan ampel dilakukan 

untuk memperkuat struktur bangunan dan memperlebar ruas jalan pada jembatan. 

Diperlukan penyelidikan geoteknik pra-konstruksi sebagai rekomendasi 

pembuatan pondasi jembatan yang kuat. Penyelidikan ini terdiri dari identifikasi 

permukaan dan bawah permukaan terkait daya dukung tanah pada lokasi 

penelitian, yaitu berupa pemetaan geoteknik, pengeboran inti, dan uji sondir. 

Kapasitas daya dukung yang diijinkan dalam pembangunan jembatan ampel 

dianalisa menggunakan nilai uji sondir, SPT, parameter fisik tanah (berat isi, berat 

jenis) dan parameter mekanik tanah (kohesi, sudut geser dalam). Jenis pondasi 

yang digunakan pada jembatan ampel ini adalah pondasi tiang pancang. Dalam 

percobaan perhitungan kapasitas daya dukung menggunakan tiang pancang tipe 

round dengan diameter = 0,4 m dan kedalaman hingga 25 m serta menggunakan 

faktor keamanan 3. Berdasarkan pemetaan geoteknik ditemukan satuan pasir 

lempungan, satuan lempung, dan satuan pasir (tanah urugan). Hasil pemboran inti 

dari tua-muda terdiri dari lempung kaku (NSPT= 10-60), pasir lepas (NSPT= 5-7) 

dan lempung teguh (NSPT= 4-8). Hasil perhitungan daya dukung dengan metode 

SPT menunjukkan bahwa sekitar BH-1 (NSPT= 21) daya dukung yang diijinkan 

28,22 ton/tiang. Pada sekitar BH-2 (NSPT= 25) daya dukung yang diijinkan 52,41 

ton/tiang. Pada sekitar BH-3 (NSPT= 14) daya dukung yang diijinkan 34,94 

ton/tiang. Pada tiang sekitar BH-4 (NSPT= 21) daya dukung yang diijinkan 28,22 

ton/tiang. Pada tiang sekitar BH-5 (NSPT= 11) daya dukung yang diijinkan 28,22 

ton/tiang. Rata-rata nilai daya dukung yang diijinkan berdasarkan referensi untuk 

pondasi tiang pancang adalah 22,33 ton/tiang. 

Kata kunci: jembatan, pondasi tiang pancang, sondir, sifat fisik tanah, daya 

dukung tanah  
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ABSTRACT 

 

Ampel Bridge is connecting Pekalongan Regency with Pemalang 

Regency. The purpose of Ampel bridge construction is to strengthen the structure 

and widen the road. Geotechnical investigation is required as a recommendation 

of construct a strong bridge foundation. The investigation consisted of surface and 

subsurface identification of soil bearing capacity, ie geotechnical mapping, core 

drilling, and sondir test. The maximum bearing capacity allowed in the 

construction were analyzed using the sondir test, SPT, the soil physical parameter 

(fill weight, specific gravity) and the mechanical parameter (cohesion, internal 

shear angle) value of the soil. Type of foundation used on this ampel bridge is 

foundation pile. The calculation of bearing capacity using a round type pile with 

diameter = 0.4 m, a depth up to 25 m and a security factor 3. Based on the 

geotechnical mapping, There is sandy clay unit, clay unit, and sand unit (urugan). 

The result of core drilling from the old to young consists of a rigid clay (NSPT= 

10-60), loose sand (NSPT= 5-7) and firm clay (NSPT= 4-8). The calculation of 

bearing capacity with SPT method results show that around BH-1 (NSPT= 21) 

allowable bearing capacity is 28,22 ton/pile. At about BH-2 (NSPT= 25) the 

allowable bearing capacity is 52,41 ton/pile. At about BH-3 (NSPT= 14) the 

allowable bearing capacity is 34,94 ton/pile. At the pole around BH-4 (NSPT= 21) 

the allowable bearing capacity is 28,22 ton/pile. At the pole around BH-5 (NSPT= 

11) the allowable bearing capacity is 28,22 ton/pile. The mean value of allowable 

bearing capacity based on the reference for pile foundation is 22.33 ton/pile. 

Keywords:bridge, foundation pile, sondir, soil physical properties, soil bearing 

capacity 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

xi 

 

DAFTAR ISI 

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

LEMBAR PENGESAHAN TUGAS AKHIR  ................................................ ii 

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

HALAMAN PERNYATAN PERSETUJUAN PUBLIKASI  ......................... iv 

HALAMAN PERNYATAAN ORISINALITAS ............................................. v 

HALAMAN PERSEMBAHAN  ..................................................................... vi 

UCAPAN TERIMAKASIH ............................................................................. vii 

KATA PENGANTAR  .................................................................................... viii 

ABSTRAK  ...................................................................................................... ix 

ABSTRACT  .................................................................................................... x 

DAFTAR ISI .................................................................................................... xi 

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

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

DAFTAR LAMPIRAN .................................................................................... xvii 

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

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

1.2. Tujuan Penelitian  ................................................................................... 2 

1.3. Manfaat Penelitian  ................................................................................. 3 

1.4. Rumusan dan Batasan Masalah  ............................................................. 3 

1.4.1. Rumusan Masalah  ...................................................................... 3 

1.4.2. Batasan Masalah  ........................................................................ 3 

1.5. Ruang Lingkup Penelitian  ..................................................................... 4 

1.5.1. Lokasi Penelitian  ........................................................................ 4 

1.5.2. Waktu Penelitian  ........................................................................ 5 

1.6. Penelitian Terdahulu  .............................................................................. 5 

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

2.1. Geologi Regional .................................................................................... 7 

2.1.1. Startigrafi  ................................................................................... 7 

2.1.2. Struktur Geologi  ........................................................................ 11 

2.2. Batuan dan Tanah  .................................................................................. 11 

2.2.1. Analisis Ukuran Butiran ............................................................. 13 

2.2.2. Klasifikasi Tanah  ....................................................................... 13 

2.3. Penyelidikan Geoteknik  ......................................................................... 20 

2.3.1. Penyelidikan Lapangan  .............................................................. 20 

2.3.2. Uji Laboratorium  ....................................................................... 26 

2.4. Jembatan  ................................................................................................ 28 

2.5. Pondasi  ................................................................................................... 29 



 

xii 

 

2.5.1. Pondasi Dangkal  ........................................................................ 30 

2.5.2. Pondasi Dalam  ........................................................................... 30 

2.6. PondasiTiang Pancang ............................................................................ 30 

2.7. Daya Dukung Pondasi ............................................................................ 30 

2.8. Daya Dukung Tanah Pondasi Tiang Pancang ........................................ 32 

BAB III METODE PENELITIAN .................................................................. 37 

3.1. Metodologi Penelitian  ............................................................................ 37 

3.2. Alat dan Data Penelitian ......................................................................... 37 

3.3. Tahapan Penelitian ................................................................................. 39 

3.2.1. Tahapan Pendahuluan  ................................................................ 39 

3.2.2. Tahapan Pengumpulan Data  ...................................................... 39 

3.2.3. Tahapan Pengolahan Data  ......................................................... 43 

3.4. Hipotesis ................................................................................................. 43 

BAB IV HASIL DAN PEMBAHASAN  ........................................................ 44 

4.1. Lokasi Penelitian  ................................................................................... 44 

4.2. Pemetaan Geoteknik dan Penyelidikan Tanah ....................................... 45 

4.2.1. Satuan Lempung ......................................................................... 46 

4.2.2. Satuan Lanau ............................................................................... 47 

4.2.3. Satuan Pasir ................................................................................. 49 

4.3. Pelaksanaan Pemboran Inti dan Uji SPT ................................................ 51 

4.3.1. Lokasi Pengeboran Inti dan Uji SPT .......................................... 51 

4.3.2. Bore Hole 1  ................................................................................ 52 

4.3.3. Bore Hole 2  ................................................................................ 56 

4.3.4. Bore Hole3 .................................................................................. 60 

4.3.5. Bore Hole4 .................................................................................. 64 

4.3.6. Bore Hole5 .................................................................................. 68 

4.3.7. Uji SPT ....................................................................................... 72 

4.4. Uji Laboratorium .................................................................................... 77 

4.4.1. Bore Hole 1  ................................................................................ 77 

4.4.2. Bore Hole 2  ................................................................................ 78 

4.4.3. Bore Hole 3 ................................................................................. 79 

4.4.4. Bore Hole 4 ................................................................................. 80 

4.4.5. Bore Hole 5 ................................................................................. 81 

4.5. Daya Dukung Tanah Pondasi Tiang Pancang ........................................ 82 

4.6. Daya Dukung Tanah Pondasi Tiang Pancang N-SPT ............................ 83 

4.6.1. Kapasitas Beban Maksimum Berdasarkan Nilai SPT ................. 83 

4.7. Daya Dukung Tanah Pondasi Tiang Pancang Nilai Parameter Fisik ..... 101 

4.7.1. KapasitasBeban Maksimum ....................................................... 101 

4.8. Kapasitas Daya Dukung dan Beban yang Diijinkan............................... 119 

BAB V KESIMPULAN  ........................................................................ 127  

5.1. Kesimpulan  ............................................................................................ 127 

5.2. Saran  ...................................................................................................... 128 

DAFTAR PUSTAKA  ..................................................................................... 129 



 

xiii 

 

DAFTAR GAMBAR 

 

Gambar 1.1  Lokasi Penelitian  ..................................................................... 4 

Gambar 2.1 Peta Geologi lembar Banjarnegara-Pekalongan  ...................... 10 

Gambar 2.2  Korelasi Satuan Peta Geologi  .................................................. 11 

Gambar 2.3  Nilai-nilai batas atterberg untuk beberapa kelompok tanah ..... 19 

Gambar 2.4 Alat Bor Tangan ....................................................................... 21 

Gambar 2.5 Alat Mesin Bor dengan core barrel .......................................... 22 

Gambar 2.6 Sumur Uji (Test Pit) ................................................................. 23 

Gambar 2.7 Tabung dua-bagian dan alat pemukul  

yang dipakai pada SPT ............................................................. 24 

Gambar 2.8 Konus yang dipakai pada Uji Sondir / CPT 25 ........................ 25 

Gambar 2.9  Faktor adhesi ............................................................................ 35 

Gambar 3.1  Diagram Alir penelitian  ........................................................... 42 

Gambar 4.1  Peta Geologi Daerah Penelitian ................................................ 44 

Gambar 4.2 Peta Geoteknik Daerah Penelitian  ........................................... 45 

Gambar 4.3 Satuan Lempung ....................................................................... 46 

Gambar 4.4  Satuan Ampel dan lahan kebun pisang ..................................... 47 

Gambar 4.5 Satuan Lanau ............................................................................ 48 

Gambar 4.6 Pemukiman dan kebun warga ................................................... 49 

Gambar 4.7 Satuan pasir .............................................................................. 50 

Gambar 4.8 Tanah urugan pada konstruksi jalan ......................................... 51 

Gambar 4.9 Peta Lokasi Titik Pengeboran ................................................... 52 

Gambar 4.10 Titik Pengeboran BH 1 ............................................................. 52 

Gambar 4.11 Core Box BH 1 0.00-5.00 meter ............................................... 53 

Gambar 4.12 Core Box BH 1 5.00-10.00 ....................................................... 53 

Gambar 4.13 Core Box BH 1 10.00-15.00 meter ........................................... 54 

Gambar 4.14 Core Box BH 1 15.00-20.00 meter ........................................... 54 

Gambar 4.15 Core Box BH 1 20.00-25.00 meter ........................................... 55 

Gambar 4.16 Core Box BH 1 25.00-30.00 meter ........................................... 55 

Gambar 4.17 Titik Pengeboran BH 2 ............................................................. 56 

Gambar 4.18 Core Box BH 2 0.00-5.00 meter ............................................... 57 

Gambar 4.19 Core Box BH 2 5.00-10.00 meter ............................................. 57 

Gambar 4.20 Core Box BH 2 10.00-15.00 meter ........................................... 58 

Gambar 4.21 Core Box BH 2 15.00-20.00 meter ........................................... 58 

Gambar 4.22 Core Box BH 2 20.00-25.00 meter ........................................... 59 

Gambar 4.23 Core Box BH 2 25.00-30.00 meter ........................................... 59 

Gambar 4.24 Titik Pengeboran BH 3 ............................................................. 60 

Gambar 4.25  Core Box BH 3 00.00-5.00 meter ............................................. 61 

Gambar 4.26  Core Box BH 3 5.00-10.00 meter ............................................. 61 

Gambar 4.27 Core Box BH 3 10.00-15.00 meter ........................................... 62 

Gambar 4.28 Core Box BH 3 15.00-20.00 meter ........................................... 62 

Gambar 4.29 Core Box BH 3 20.00-25.00 meter ........................................... 63 

Gambar 4.30 Core Box BH 3 25.00-30.00 meter ........................................... 63 

Gambar 4.31 Titik Pengeboran BH 4 ............................................................. 64 



 

xiv 

 

Gambar 4.32 Core Box BH 4 00.00-5.00 meter ............................................. 65 

Gambar 4.33 Core Box BH 4 5.00-10.00 meter ............................................. 65 

Gambar 4.34 Core Box BH 4 10.00-15.00 meter ........................................... 66 

Gambar 4.35 Core Box BH 4 15.00-20.00 meter ........................................... 66 

Gambar 4.36 Core Box BH 4 20.00-25.00 meter ........................................... 67 

Gambar 4.37 Core Box BH 4 25.00-30.00 meter ........................................... 67 

Gambar 4.38 Titik Pengeboran BH 5 ............................................................. 68 

Gambar 4.39 Core Box BH 5 00.00-5.00 meter ............................................. 69 

Gambar 4.40 Core Box BH 5 05.00-10.00 meter ........................................... 69 

Gambar 4.41 Core Box BH 5 10.00-15.00 meter ........................................... 70 

Gambar 4.42 Core Box BH 5 15.00-20.00 meter ........................................... 70 

Gambar 4.43 Core Box BH 5 20.00-25.00 meter ........................................... 71 

Gambar 4.44 Core Box BH 5 25.00-30.00 meter ........................................... 71 

Gambar 4.45 Korelasi 5 Bore Hole ................................................................ 76 

Gambar 4.46 Peta Arah Sayatan Korelasi titik A-B ....................................... 76 

Gambar 4.47 Grafik trend perhitungan kapasitas daya dukung BH-1 ........... 121 

Gambar 4.48 Grafik trend perhitungan kapasitas daya dukung BH-5 ........... 123 

Gambar 4.49 Peta Area Tiang Pancang yang diijinkan.................................. 126 

 



 

xv 

 

DAFTAR TABEL 

 

Tabel 1.1  Waktu Penelitian  .......................................................................... 5 

Tabel 1.2 Penelitian Terdahulu ..................................................................... 5 

Tabel 2.1 Sistem Klasifikasi Tanah USCS .................................................... 16 

Tabel 2.2 Sistem Klasifikasi USCS ............................................................... 17 

Tabel 2.3 Klasifikasi Tanah untuk Lapisan tanah AASHTO ........................ 19 

Tabel 3.1 Alat dan Bahan Penelitian ............................................................. 37 

Tabel 3.2 Data Penelitian .............................................................................. 38 

Tabel 4.1 Hasil Uji SPT Bore Hole 1 ............................................................ 72 

Tabel 4.2 Hasil Uji SPT Bore Hole2 ............................................................. 72 

Tabel 4.3  Hasil Uji SPT Bore Hole 3 ............................................................ 73 

Tabel 4.4 Hasil Uji SPT Bore Hole 3 (Lanjutan) .......................................... 74 

Tabel 4.5 Hasil Uji SPT Bore Hole 4 ............................................................ 74 

Tabel 4.6 Hasil Uji SPT Bore Hole 5 ............................................................ 75 

Tabel 4.7 Hasil Uji laboratorium Bore Hole 1 .............................................. 77 

Tabel 4.8 Hasil Uji laboratorium Bore Hole 2 .............................................. 78 

Tabel 4.9  Hasil Uji laboratorium Bore Hole3 ............................................... 79 

Tabel 4.10 Hasil Uji laboratorium Bore Hole4 ............................................... 80 

Tabel 4.11 Hasil Uji laboratorium Bore Hole5 ............................................... 81 

Tabel 4.12 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 1 

berdasarkan nilai SPT BH-1 .......................................................... 86 

Tabel 4.13 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 1 

berdasarkan nilai SPT BH-1 .......................................................... 87 

Tabel 4.14 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 1 

berdasarkan nilai SPTBH-1 ........................................................... 88 

Tabel 4.15 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 2 

berdasarkan nilai SPT BH-2 .......................................................... 89 

Tabel 4.16 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 2 

berdasarkan nilai SPT.................................................................... 90 

Tabel 4.17 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 2 

berdasarkan nilai SPT.................................................................... 91 

Tabel 4.18 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 3 

berdasarkan nilai SPT BH-3 .......................................................... 92 

Tabel 4.19 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 3 

berdasarkan nilai SPT BH-3 .......................................................... 93 

Tabel 4.20 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 3 

berdasarkan nilai SPT BH-3 .......................................................... 94 

Tabel 4.21 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 4 

berdasarkan nilai SPT BH-4 .......................................................... 95 

Tabel 4.22 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 4 

berdasarkan nilai SPT BH-4 .......................................................... 96 

Tabel 4.23 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 4 

berdasarkan nilai SPT BH-4 .......................................................... 97 



 

xvi 

 

Tabel 4.24 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 5 

berdasarkan nilai SPT BH-5 .......................................................... 98 

Tabel4.25 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 5 

berdasarkan nilai SPT BH-5 .......................................................... 99 

Tabel4.26 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 5 

berdasarkan nilai SPT BH-5 .......................................................... 100 

Tabel 4.27 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 1 

berdasarkan parameter fisik dan mekanik tanah ........................... 104 

Tabel 4.28 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 1 

berdasarkan parameter fisik dan mekanik tanah ........................... 105 

Tabel 4.29 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 1 

berdasarkan parameter fisik dan mekanik tanah ........................... 106 

Tabel 4.30 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 2 

berdasarkan parameter fisik dan mekanik tanah ........................... 107 

Tabel 4.31 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 2 

berdasarkan parameter fisik dan mekanik tanah ........................... 108 

Tabel 4.32 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 2 

berdasarkan parameter fisik dan mekanik tanah ........................... 109 

Tabel 4.33 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 3 

berdasarkan parameter fisik dan mekanik tanah ........................... 110 

Tabel 4.34 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 3 

berdasarkan parameter fisik dan mekanik tanah ........................... 111 

Tabel 4.35 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 3 

berdasarkan parameter fisik dan mekanik tanah ........................... 112 

Tabel 4.36 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 4 

berdasarkan parameter fisik dan mekanik tanah ........................... 113 

Tabel 4.37 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 4 

berdasarkan parameter fisik dan mekanik tanah ........................... 114 

Tabel 4.38 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 4 

berdasarkan parameter fisik dan mekanik tanah ........................... 115 

Tabel 4.39 Perhitungan Daya Dukung Tiang diameter 0,2 m pada BH 5 

berdasarkan parameter fisik dan mekanik tanah ........................... 116 

Tabel 4.40 Perhitungan Daya Dukung Tiang diameter 0,3 m pada BH 5 

berdasarkan parameter fisik dan mekanik tanah ........................... 117 

Tabel 4.41 Perhitungan Daya Dukung Tiang diameter 0,4 m pada BH 5 

berdasarkan parameter fisik dan mekanik tanah ........................... 118 

Tabel 4.42 Kapasitas daya dukung dan beban yang diijinkan pada BH-1 ...... 120 

Tabel 4.43 Kapasitas daya dukung dan beban yang diijinkan pada BH-5 ...... 122  

Tabel 4.44 Nilai Daya Dukung yang diijinkan pada tiap tiang ....................... 125 

 

 

 

 

 



 

xvii 

 

DAFTAR LAMPIRAN 

 

 
Lampiran 1. Peta Lokasi Pengeboran .............................................................. 132 

Lampiran 2. Log Pengeboran ........................................................................... 134 

Lampiran 3. Laporan Lab Uji Geser Langsung ............................................... 144 

Lampiran 4. Peta Lintasan STA ....................................................................... 145 

Lampiran 5. Lembar Konsultasi dan Revisi ..................................................... 146 


