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ABSTRAK 

PENGARUH VARIASI PARAMETER PENGELASAN 

TERHADAP KEKUATAN DAN KETAHANAN SAMBUNGAN 

PIPA HDPE PADA PROSES BUTT FUSION WELDING 

 Pipa HDPE (High-Density Polyethylene) banyak digunakan dalam sistem 

distribusi air, gas, dan limbah karena sifatnya yang ringan, tahan korosi, serta 

fleksibel. Salah satu metode penyambungan yang umum digunakan adalah butt 

fusion welding, yaitu teknik pengelasan dengan memanaskan ujung pipa hingga 

meleleh lalu menekannya sehingga terbentuk sambungan homogen. Kualitas 

sambungan sangat bergantung pada parameter pengelasan, terutama suhu, tekanan, 

dan waktu pemanasan. Penelitian ini bertujuan untuk menganalisis pengaruh variasi 

suhu plat pemanas terhadap kekuatan tarik dan ketahanan hidrostatik sambungan 

pipa HDPE hasil pengelasan manual butt fusion. Variasi suhu plat pemanas yang 

digunakan adalah 190°C, 210°C, dan 230°C. Pengujian dilakukan dengan uji tarik 

menggunakan Universal Testing Machine (WDW-200E) untuk mengukur kekuatan 

mekanis, serta uji hidrostatik dengan test pump manual untuk menilai ketahanan 

tekanan internal. Hasil penelitian menunjukkan bahwa variasi suhu plat pemanas 

memberikan pengaruh signifikan terhadap kualitas sambungan. Suhu 210°C 

menghasilkan kekuatan tarik terbaik di bandingkan dengan 190°C dan 230°C, 

dengan kekuatan tarik, namun pada uji ketahanan hidrostatik menunjukan bahwa 

seluruh pipa telah lulus uji. Temuan ini dapat menjadi rekomendasi praktis bagi 

industri untuk menentukan parameter pengelasan yang tepat sehingga 

meningkatkan keandalan sambungan pipa HDPE. 

Kata Kunci: Pipa, HDPE, Butt, Fusion, Welding. 
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ABSTRACT 

THE EFFECT OF WELDING PARAMETER VARIATIONS ON 

THE STRENGTH AND DURABILITY OF HDPE PIPE JOINTS 

IN THE BUTT FUSION WELDING PROCESS 

 High-Density Polyethylene (HDPE) pipes are widely used in water, gas, and 

wastewater distribution systems due to their lightweight, corrosion resistance, and 

flexibility. One of the most common joining methods is butt fusion welding, which 

connects pipe ends by heating them until they melt and then pressing them together 

to form a homogeneous joint. The quality of the joint strongly depends on welding 

parameters, particularly temperature, pressure, and heating time. This study aims 

to analyze the effect of heating temperature variations on the tensile strength and 

hydrostatic resistance of HDPE pipe joints produced by manual butt fusion welding. 

The welding process was carried out at 190°C, 210°C, and 230°C. Mechanical 

performance was evaluated through tensile testing using a Universal Testing 

Machine (WDW-200E), while pressure resistance was assessed through hydrostatic 

testing using a manual test pump. The results demonstrate that temperature 

variations significantly influence joint performance. The heating temperature of 

210°C was identified as the optimal parameter compared to 190°C and 230°C, 

providing superior tensile strength and hydrostatic resistance compared to other 

variations. These findings offer practical recommendations for optimizing welding 

parameters to improve the reliability of HDPE pipe joints in industrial applications. 

Keywords: HDPE, Pipe, Butt, Fusion, Welding. 

 

  



 

 

xiii 

 

DAFTAR ISI 

HALAMAN PERNYATAAN ORISINALITAS .................................................... iii 

SURAT TUGAS ..................................................................................................... iv 

HALAMAN PENGESAHAN ................................................................................. v 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI PROYEK AKHIR 

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

MOTTO ................................................................................................................. vii 

HALAMAN PERSETUJUAN ............................................................................. viii 

KATA PENGANTAR ............................................................................................. ix 

ABSTRAK ............................................................................................................. xi 

ABSTRACT ............................................................................................................ xii 

DAFTAR ISI ........................................................................................................ xiii 

DAFTAR GAMBAR ........................................................................................... xix 

DAFTAR TABEL ................................................................................................. xxi 

DAFTAR NOTASI DAN SIMBOL .................................................................... xxii 

BAB 1 ..................................................................................................................... 1 

PENDAHULUAN .................................................................................................. 1 

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

1.2 Rumusan Masalah .................................................................................... 5 

1.3 Batasan Masalah ....................................................................................... 5 



xiv 

 

 

 

1.4 Tujuan ....................................................................................................... 5 

1.5 Luaran ....................................................................................................... 6 

BAB II ..................................................................................................................... 7 

TINJAUAN PUSTAKA .......................................................................................... 7 

2.1 Polyethylene ............................................................................................. 7 

2.1.1 Jenis-jenis Polyethylene (PE) ................................................................. 7 

2.2 HDPE ........................................................................................................ 8 

2.2.1 Karakteristik Pipa HDPE ................................................................ 10 

2.3 Jenis dan Kegunaan Pipa HDPE ............................................................. 11 

2.4 Pengertian Pengelasan ............................................................................ 13 

2.5 Jenis-jenis Metode Penyambungan Pipa ................................................ 13 

2.5.1 Butt Fusion ........................................................................................... 14 

2.5.2 Socket Fusion ....................................................................................... 15 

2.5.3 Electrofusion ........................................................................................ 15 

2.5.4 Mechanical Joint .................................................................................. 16 

2.5.5 Flange Joint ......................................................................................... 17 

2.6 Jenis-jenis Pengelasan ............................................................................ 18 

2.6.1 Las Busur Listrik (Shielded Metal Arc Welding / SMAW) .................. 18 

2.6.2 Las Gas Tungsten ARC (GTAW/TIG) .................................................. 19 

2.6.3 Las Gas Metal ARC (GMAW/MIG) .................................................... 20 

2.6.4  Las Plasma ARC (PAW-Plasma ARC Welding) .................................. 21 



xv 

 

 

 

2.6.5 Electrofusion Welding ..................................................................... 23 

2.6.6.   Manual Butt Fusion Welding............................................................. 24 

2.7 Perbandingan Electrofusion dengan Manual Butt Fusion ...................... 25 

2.8 Komponen-Komponen Mesin las Manual Butt Fusion ......................... 26 

2.8.1 Rangka Dasar ....................................................................................... 27 

2.8.2 Plat Pemanas (Heating Plate) .............................................................. 27 

2.8.3 Alat Perencanaan (Planner atau Trimmer) ........................................... 28 

2.8.4 Ragum Penyangga (Clamps) ................................................................ 28 

2.8.5 Kontrol Suhu ........................................................................................ 28 

2.9 Penentuan Alat dan Bahan yang akan digunakan ....................................... 29 

2.9.1 Mesin Las Manual Butt Fusion yang digunakan ................................. 29 

2.9.2  Perhitungan Daya ................................................................................ 30 

2.9.2.1 Daya Plat Pemanas ........................................................................ 30 

2.9.2.2 Daya Milling Cutter ...................................................................... 31 

2.9.2.3 Total Konsumsi Energi untuk satu siklus Butt Fusion .................. 31 

2.9.3 Spesifikasi Pipa yang digunakan .......................................................... 31 

2.10 Pembuatan Spesimen ................................................................................ 32 

2.10.1 Parameter – Parameter Pengelasan .................................................... 32 

2.10.2 Proses Pengelasan .............................................................................. 33 

2.11 Proses Pengujian ....................................................................................... 33 

2.11.1 Pengujian Tarik ................................................................................... 33 



xvi 

 

 

 

2.11.2 Pengujian Hidrostatik ......................................................................... 38 

2.12 Analisis Korelasi ....................................................................................... 43 

BAB III ................................................................................................................. 45 

METODOLOGI PENELITIAN ............................................................................ 45 

3.1 Diagram Alir ........................................................................................... 45 

3.2 Pengambilan Data ................................................................................... 46 

3.2.1 Studi Literatur ................................................................................. 46 

3.2.2 Observasi ......................................................................................... 46 

3.2.3  Wawancara ...................................................................................... 47 

3.2.4  Uji Fungsi ........................................................................................ 47 

3.2.5 Pengumpulan Data .......................................................................... 48 

3.2.6 Analisis Data ................................................................................... 48 

3.2.7 Penyusunan Laporan ....................................................................... 48 

3.3 Tahap Pembelian .................................................................................... 48 

3.3.1 Ukuran Pipa yang Digunakan .............................................................. 48 

3.3.2 Spesifikasi Mesin Las .......................................................................... 49 

3.4 Proses Pengujian Mesin .......................................................................... 49 

3.4.1 Deskripsi Mesin .............................................................................. 49 

3.4.2 Deskripsi Proses Pengujian ............................................................. 50 

3.5 Pengujian Spesimen ............................................................................... 52 

3.5.1 Uji Tarik .......................................................................................... 52 



xvii 

 

 

 

3.5.2 Uji Hidrostatik ................................................................................. 53 

3.6 Tahap Pengolahan Data .......................................................................... 54 

3.6.1 Pengolahan Data Uji Tarik ................................................................... 55 

3.6.1 Pengolahan Data Uji Hidrostatik .................................................... 57 

3.7 Tahap Penyusunan Laporan .................................................................... 59 

BAB IV ................................................................................................................. 60 

HASIL DAN PEMBAHASAN ............................................................................. 60 

4.1 Percobaan Alat ........................................................................................ 60 

4.2 Menghitung Daya Mesin Manual Butt Fusion ....................................... 61 

4.2.1 Daya Heating Plate ......................................................................... 61 

4.2.2 Daya Milling Cutter ........................................................................ 62 

4.2.3 Total Konsumsi Energi untuk satu siklus Butt Fusion .................... 62 

4.3 Pengujian Tarik ....................................................................................... 63 

4.3.1 Proses Pengelasan Pipa HDPE Untuk Spesimen Pengujian Tarik .. 63 

4.3.2 Proses Pembuatan Spesimen Pengujian Tarik ................................. 64 

4.3.3 Analisa dan Hasil Pembahasan ....................................................... 64 

4.3.3.1 Hasil Data Tarik Maksimal Terhadap Variasi Suhu ................. 64 

4.3.3.2 Hasil Data Modulus Elastisitas Terhadap Variasi Suhu ........... 65 

4.3.3.3 Hasil Data Stress – Strain.............................................................. 67 

4.4 Analisis Korelasi .................................................................................... 68 

4.4.1 Analisis Korelasi Pearson ............................................................... 68 



xviii 

 

 

 

4.4.1.1 Korelasi antara Suhu dan Tegangan Maksimum ..................... 69 

4.5 Pengujian Hidrostatik ............................................................................. 70 

4.5.1 Proses Pengelasan Pipa HDPE Untuk Spesimen Pengujian 

Hidrostatik ..................................................................................................... 70 

4.5.2 Proses Pembuatan Jig Untuk Pengujian Hidrostatik ....................... 71 

4.5.3 Pengambilan Data Pada Pengujian Hidrostatik............................... 72 

4.5.4 Analisa dan Hasil Pengujian Hidrostatik ........................................ 73 

BAB V ................................................................................................................... 76 

PENUTUP ............................................................................................................. 76 

5.1 Kesimpulan ............................................................................................. 76 

5.2 Saran ....................................................................................................... 77 

DATAR PUSTAKA ............................................................................................... 78 

LAMPIRAN .......................................................................................................... 82 

 



 

 

xix 

 

DAFTAR GAMBAR 

Gambar 2.  1 Pipa HDPE ....................................................................................... 8 

Gambar 2.  2 Butt Fusion ..................................................................................... 14 

Gambar 2.  3 Socket Fusion ................................................................................. 15 

Gambar 2.  4 Electrofusion .................................................................................. 15 

Gambar 2.  5 Mechanical Joint ........................................................................... 16 

Gambar 2.  6 Flange Joint ................................................................................... 17 

Gambar 2.  7 Proses Pengelasan SMAW ............................................................. 18 

Gambar 2.  8 Proses Pengelasan GTAW .............................................................. 20 

Gambar 2.  9 Proses Pengelasan GMAW ............................................................ 21 

Gambar 2.  10 Proses Plasma ARC Welding ....................................................... 22 

Gambar 2.  11 Proses Pengelasan Electrofusion .................................................. 23 

Gambar 2.  12 Proses Pengelasan Manual Butt Fusion ....................................... 24 

Gambar 2.  13 Mesin Las Manual Butt Fusion ................................................... 26 

Gambar 2.  14 Rangka Dasar ............................................................................... 27 

Gambar 2.  15 Heating Plate ............................................................................... 27 

Gambar 2.  16 Planner atau Trimmer .................................................................. 28 

Gambar 2.  17 Clamps ......................................................................................... 28 

Gambar 2.  18 Spesimen Uji Tarik ...................................................................... 34 

Gambar 3. 1 Diagram Alir ................................................................................... 45 

Gambar 3. 2. Desain Spesimen Pengujian Tarik ................................................. 52 

 

 

 



xx 

 

 

 

Gambar 4. 1 Proses Percobaan Mesin Las Manual Butt Fusion ......................... 61 

Gambar 4. 2 Pengelasan Pipa HDPE Untuk Spesimen Pengujian Tarik ............. 63 

Gambar 4. 3 Grafik Tegangan Maksimal ............................................................ 64 

Gambar 4. 4 Grafik Modulus Elastisitas ............................................................. 66 

Gambar 4. 5 Proses Pengelasan Pipa HDPE untuk Spesimen Pengujian 

Hidrostatik ............................................................................................................. 71 

Gambar 4. 6 (a) Desain Jig Hidrostatik, (b) Hasil Jadi Jig Pengujian Hidrostatik

 ............................................................................................................................... 72 

Gambar 4. 7 Proses Pengambilan Data Pengujian Hidrostatik ........................... 72 

Gambar 4. 8 Proses Pengujian Hidrostatik pada suhu 190°C.............................. 73 

Gambar 4. 9 Proses Pengujian Hidrostatik pada suhu 210°C.............................. 74 

Gambar 4. 10 Proses Pengujian Hidrostatik pada suhu 230°C............................ 75 

 

 

 



 

 

xxi 

 

DAFTAR TABEL 

Tabel 2. 1 Spesifikasi Ukuran Pipa HDPE ............................................................. 9 

Tabel 2. 2 Tabel Spesifikasi Pipa HDPE ............................................................... 11 

Tabel 2. 3 Perbandingan antara Electrofusion Welding dan Manual Butt Fusion 

Welding .................................................................................................................. 26 

Tabel 2. 4 Spesifikasi Mesin Las Manual Butt Fusion SHDS 160Y A4 .............. 30 

Tabel 2. 5 Spesifikasi Daya Mesin Las Manual Butt Fusion ............................... 30 

Tabel 2. 6 Spesifikasi Pipa yang digunakan ......................................................... 31 

Tabel 2. 7 Standar Ukuran ASTM D638 Tipe I-V ................................................ 35 

Tabel 2. 8 Spesifikasi Alat Uji Tarik ..................................................................... 37 

Tabel 2. 9 Spesifikasi Test Pump Manual ............................................................. 41 

Tabel 3. 1 Spesifikasi Ukuran Pipa yang Digunakan ........................................... 48 

Tabel 3. 2 Spesifikasi Mesin Las Manual Butt Fusion SHDS 160Y A4 .............. 49 

Tabel 3. 3 Parameter Pengujian Pipa Diameter 125 mm Berdasarkan Variasi Suhu

 ............................................................................................................................... 50 

Tabel 3. 4 Hasil Pengujian Tarik pada Spesimen 1 dengan Suhu 190 °C ............ 55 

Tabel 3. 5 Hasil Pengujian Hidrostatik ................................................................. 58 

Tabel 4. 1 Tegangan Maksimal ............................................................................. 64 

Tabel 4. 2 Modulus Elastisitas .............................................................................. 65 

Tabel 4. 3 Data rata-rata (σmaks dan ε) untuk tiap kelompok .............................. 69 

Tabel 4. 4 Tabel bantu perhitungan analisis korelasi pearson .............................. 69 

Tabel 4. 5 Hasil Pengujian Hidrostatik ................................................................. 73 



 

 

xxii 

 

DAFTAR NOTASI DAN SIMBOL 

Simbol Keterangan 

Pertama 

Kali 

Muncul 

Halaman 

𝑃 ℎ𝑒𝑎𝑡𝑒𝑟 Daya Plat Pemanas 30 

𝑃 𝑡𝑜𝑡𝑎𝑙 Daya Total yang Digunakan 30 

𝐸 ℎ𝑒𝑎𝑡𝑒𝑟 Energi Pada Heater 30 

𝑃 𝑐𝑢𝑡𝑡𝑒𝑟 Daya Milling Cutter 30 

𝐸 𝑐𝑢𝑡𝑡𝑒𝑟 Energi Pada Milling Cutter 31 

𝑡 Waktu 31 

𝐸 𝑡𝑜𝑡𝑎𝑙 Total Konsumsi Energi Untuk Satu Siklus Butt Fusion  
31 

𝞂 Tegangan (N/𝑚𝑚2) atau Mpa 35 

𝜎𝑚𝑎𝑥 Tegangan Maksimum (N/𝑚𝑚2) 35 

F Gaya (N) 35 

A Luas penampang awal spesimen (𝑚𝑚2) 35 

Ɩo Panjang awal (mm) 35 

∆Ɩ Penambahan panjang atau elongasi (mm) 35 

E Modulus elastisitas (N/𝑚𝑚2) atau Mpa 36 

ε Regangan 36 

𝞂s Tegangan desain (Mpa) 40 

C Koefisien 40 

MRS Syarat ketentuan minimum 40 

MOP Tekanan maksimum operasi 40 

𝑃𝑡 Tekanan Pengujian 40 

r Koefisien Pearson 45 

n Jumlah data 45 

x dan y Mewakili variabel pertama dan kedua yang sedang 

dianalisis 
45 

Σ Simbol sigma yang menunjukkan penjumlahan. 45 

∑xy Jumlah variable x dan y 45 



xxiii 

 

 

 

∑x Jumlah skor x 45 

∑y Jumlah skor y 45 

∑x2 Jumlah skor x kuadrat 45 

∑y2 Jumlah skor y kuadrat 45 

 


