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ANALISA HUBUNGAN ENTHALPY FLUIDA SUMUR
DENGAN PENENTUAN DIMENSI PERPIPAAN PADA PT.
GEO DIPA ENERGI (PERSERO)

Euis Juniar Hasanah!;Cecep Slamet Abadi?, Noor Hidayati®

DProgram Studi Sarjana Terapan Teknologi Rekayasa Konversi Energi, Jurusan Teknik Mesin,
Politeknik Negeri Jakarta, Kampus Ul Depok, 16424
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ABSTRAK

Indonesia menyimpan 40% cadangan panas bumi dunia yaitu Sebesar 28,91 GW.
Pembangkit Listrik Tenaga Panas Bumi (PLTP)adalah pembangkit yang sumber energinya
menggunakan energi panas dari dalam bumi dengan. melewati proses sehingga
menghasilkan listrik. Pada proses tersebut, fluida mengalir melewati pipa yang dimana
harus dihitung agar mendapatkan nilai dimensi pipa (diameter dan ketebalan pipa). Dengan
menggunakan parameter yang didapat, peneliti harus mendapatkan nilai steam quality,
specific volume, dan temperature yang dibutuhkan-dalam perhitungan dimensi pipa. Pada
penelitian ini bertujuan untuk menganalisis hubungan_antara enthalpy dengan dimensi
perpipaan yang ada pada WKP Dieng. Dengan menggunakan data dari subsurface dari tiap
sumur ‘produksi yang berbeda sehingga menghasilkan perhitungan untuk penentuan
dimensi' pipa. Metode penelitian yang digunakan .adalah kuantitatif. -Metode yang
digunakan, yaitu untuk mendapatkan hasil ‘analisa perhitungan dengan menggunakan data
dari subsurface. Dari hasil analisis ini, mengetahui hubungan enthalpy dalam perencanaan
dimensi pipa. Selain itu, diperoleh nilai steam quality, specific volume, dan temperature
pada enthalpy 1400 kj/kg, 1600 Kkj/kg, dan.2100 Kj/kg untuk steam quality yaitu 0,24; 0,35;
dan 0,62. Untuk specific volume yaitu 0,0199; 0,0285; dan 0,0499. Sedangkan, untuk
temperature bernilai 224,0°C. Dan hasil penelitian inimendapatkan nilai diameter pipa dan
ketebalan pipa pada ] enthalpy 1400 kj/kg, 1600 kj/kg, dan 2100 Kkj/kg yaitu diantaranya
9,7 inch, SCH 30; 16,8 inch, SCH 30; 19,4 inch, SCH 30; 21,7 inch, SCH 30; 11,6 inch,
SCH 30; 20,1 inch, SCH 30; 23,2 inch, SCH XS, 26 inch, SCH XS; 15,4 inch, SCH 30;
26,6 inch, SCH 30; 30,8:inch, SCH 30; 34,4 inch, SCH 40. Dan untuk hasil perhitungan
erosional velocity padaenthalpy 1400 kj/kg; 1600 kj/kg; dan 2100 Kj/kg yaitu 25,8416 m/s;
30,8933 m/s; dan 40,8676 m/s. Maka darivitu;perhitungan.diameter-harus dilakukan setelah
mengetahui nilai batasan erosional velocity, agar tidak terjadinya erosi pada aliran fluida.

Kata kunci: Panas bumi, Dimensi pipa, Enthalpy, Erosional Velocity
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ANALISA HUBUNGAN ENTHALPY FLUIDA SUMUR
DENGAN PENENTUAN DIMENSI PERPIPAAN PADA PT.
GEO DIPA ENERGI (PERSERO)

Euis Juniar Hasanah!;Cecep Slamet Abadi?, Noor Hidayati?

DProgram Studi Sarjana Terapan Teknologi Rekayasa Konversi Energi, Jurusan Teknik Mesin,
Politeknik NegeriJakarta, Kampus Ul Depok, 16424

Email: euis.juniarhasanah.tm20@mhsw.pnj.ac.id

ABSTRACT

Indonesia holds 40% of the world's geothermal reserves, namely 28.91 GW. Geothermal
Power Plant (PLTP) is a plant whose energy source uses heat energy from within the earth
through a process to produce electricity. In this process, fluid flows through a pipe which
must be calculated to obtain pipe dimension values (pipe diameter and thickness). By using
the parameters obtained, researchers must obtain the values-of steam quality, specific
volume, and temperature needed in calculating pipe dimensions. This research aims to
analyze the relationship between enthalpy and pipe dimensions:in the Dieng WKP. By using
data from below the surface from each different production well to produce calculations
for determining pipe dimensions.. The research method.used is quantitative. The method
used is to obtain calculation analysis results-using data-from below thesurface. From the
results of 'this analysis, we can findwout.the senthalpy relationship in planning pipe
dimensions. In addition, the steam quality, specific volume and temperature values obtained
at enthalpy 1400 kj/kg, 1600 kj/kg and 2100 kj/kg for steam quality were 0.24; 0.35; and
0.62. For specific volume, namely 0.0199;0.:0285; and 0.0499. Meanwhile, the temperature
is 224.0°C. And the results of this research obtained pipe diameter and pipe thickness values
at ] enthalpy 1400 kj/kg, 1600 kj/kg, and 2100 kj/kg, namely 9.7 inch, SCH 30; 16.8 inches,
SCH 30; 19.4 inches, SCH 30; 21.7 inches, SCH 30; 11.6 inches, SCH 30; 20.1 inches,
SCH 30; 23.2 inches,; SCH XS, 26 inches, SCH XS; 15.4 inches, SCH 30; 26.6 inches, SCH
30; 30.8 inches, SCH 30; 34.4 inch; SCH 40. And for calculating erosion speed at enthalpy
1400 kj/kg, 1600 kj/kg, and 2100-kj/kg, namely 25.8416 m/s; 30.8933-m/s; and 40.8676
m/s. Therefore, the diameter calculation must be carried out after knowing the limiting
value of the erosion speed, so that erosion does not occur in the fluid flow.

Key words: Geothermal, Pipe dimensions, Enthalpy, Erosion Speed
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BAB I
PENDAHULUAN

1.1 Latar Belakang

Berada di kawasan ring of fire, Indonesia menyimpan 40% cadangan
panas bumi dunia yaitu sebesar 28,91 GW. Lokasi panas bumi menyebar kurang
lebih di 285 lokasis” Dengan dikaruniai potensi panas bumiyang cukup
melimpah karena posisi geografisnya yang berada di daerah cincin api yang
secara umum menyimpan potensi pemanfaatan panas bumi yang cukup besar
sehingga dapat dimanfaatkan untuk pembangkitan tenaga listrik. (Amandha
Adistia et al., n.d.).

Pembangkit Listrik Tenaga Panas Bumi(PLTP) adalah pembangkit yang
sumber energinya menggunakan energi panas dari dalam bumi dengan melewati
proses sehingga menghasilkan listrik. Pada pembangkit listrik tenaga panas
bumi (PLTP) memiliki 2 jenis peralatan yang berbeda untuk system produksi.
Pertama, pada Steamfield Above Ground System (SAGS) memiliki peralatan
utama yaitu: wellhead (kepala sumur), separator, AFT (Atmospheric Flash
Tank), pipa, pond, brinespump (pompa brine), sumur. injeksi, rock muffler,
condensate drain pots (CDP). Kedua, pada Power Plant (Pembangkit Listrik)
memiliki * peralatan utama yaitu:.scrubber, - demister, turbin, generator,
kondensot, gas removal system (GRS), hot well pump (HWP), cooling tower,

dan switchyard.

Salah satu Wilayah Kerja Panas Bumi (WKP) di Indonesia yaitu
berada di Dieng, JawaTengah merupakan salah satu project Pembangkit Listrik
Tenaga Panas Bumi (PLTP) yang dimiliki oleh PT. Geo Dipa Energi (Persero).
Dieng merupakan dataran tinggi yang berada di ketinggian antara 1.942 mdpl —
2.121 mdpl di Kabupaten Wonosobo dan Kabupaten Banjarnegara Jawa
(Subekti & Harmoko, 2020). Total potensi energi panas bumi di sekitar Dieng
diperkirakan sebesar 400 MW (geodipa.co.id, 2023). Karakteristik fluida

produksi pada lapangan panas bumi Dieng agak berbeda dengan karateristik
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fluida produksi di lapangan panas bumi lainnya di Indonesia dikarenakan selain
bersifat dominan air dengan memiliki rasio 70% air dan 30% uap, fluida

produksi lapangan panas bumi Dieng tersebut juga memiliki kandungan silika

X
m
=
()
T
-+
Y

I
)
x
£
T
-+
Y
§O
;
v
g
-
1)
x
E.
=
=
[
Q
[
=.
=
)
x
o
1
-+
(Y

yang tinggi (Wahyudityo et al., n.d.).

Panas bumi memiliki 2-type fluida yang digunakan-untuk pembangkit,
yaitu satu fasa (uap) dan‘dua fasa (uap & air). Pada pembangkit untuk mengaliri
fluida (air) maupun uap melewati pipa sesuai dengan fluida yang dihasilkannya.
Tentu dengan perbedaan satusfasa dan dua fasa memiliki desain pipa yang
berbeda. Namun, yang akan dibahas pada penelitian ini yaitu mengenai pipa
dari'sumur produksi menuju'pembangkit listrik. Sumur produksi membutuhkan
perencanaan pipa seperti dimensi yang berupa inner diameter, ketebalan,
schedule, dan material yang.akan.digunakan untuk membantu melancarkan

aliran fluida.

Pada penelitian ini menggunakan parameter yang didapatkan yaitu
berupa enthalpy, pressure, velocity, dan mass.flowrate. Sedangkan data yang
dibutuhkan untuk mendapatkan dimensi pipa (diameter dan ketebalan pipa)
yaitu membutuhkan nilai steam quality, specific volume, dan temperature. Oleh
karena itu, peneliti ingin melakukan analisis perhitungan dengan data yang
didapatkan dari tim subsurface. Penelitian. ini sangat bermanfaat dalam
perancangan sistem perpipaan tanpa diketahuinya nilai steam quality, specific

volume dan temperature yang didapat dari-sumur.

1.2 Rumusan Masalah
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PT. Geo Dipa Energi (Persero) membuat 3 sumur yang.menghasilkan
fluida panas dengan data yang diperoleh.dari.subsurface seperti pressure, mass
flowrate, flow velocity, dan enthalpy. Dalam perhitungan untuk menentukan
dimensi pipa pada reservoir dua fasa yang akan digunakan peneliti dapat
menggunakan data yang ada. Sedangkan data aktual yang digunakan untuk
menentukan dimensi pipa (diameter dan ketebalan) membutuhkan nilai steam

quality, specific volume, dan temperature.
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Oleh karena itu, diperlukan perhitungan desain pipa untuk reservoir dua

fasa dengan menggunakan data yang ada. Perhitungan ini dilakukan untuk

menentukan dimensi pipa (diameter dan ketebalan) yang dibatasi oleh

perhitungan erosional velocity.

1.3 Pertanyaan Penelitian

Pada penelitian‘iniy ada beberapa permasalahan yang akan dibahas dan

dirumuskan menjadi pertanyaan sebagai berikut:

Apa hubungan nilai enthalpy dengan steam quality, specific volume, dan
temperature dalam mencari dimensi pipa?

Bagaimana cara mendapatkan nilai temperature, steam quality, dan
specific volume yang akan digunakan dengan menggunakan 3 nilai
enthalpy yang berbeda?

Bagaimana cara mendapatkan dimensipipa yaitu diantaranya diameter
dan ketebalan pipa dengan menggunakan masing-masing 3 nilai
enthalpy yang berbeda?

Bagaimana analisa hasil diameter setelah mendapatkan batasan

erosional velocity?

1.4 Tujuan Penelitian

1.

Mengetahui hubungan nilai enthalpy dengan steam quality, specific
volume, dan temperature dalam mencari dimensi pipa

Mendapatkan nilai steam quality, specific volume, dan temperature
Mendapatkan nilai dimensi pipa yaitu diantaranya diameter dan
ketebalan.pipa

Mendapatkan analisa hasil diameter setelah mendapatkan batasan

erosional velocity

1.5 Batasan Masalah

Penelitian skripsi ini dengan judul “Analisa Hubungan Enthalpy Fluida

Sumur Dengan Penentuan Dimensi Perpipaan Pada Pt. Geo Dipa Energi

(Persero)” memiliki batasan masalah antara lain sebagai berikut:



1. Penelitian tidak mempertimbangkan elevasi (low & high points) dan
jarak, karena sumur yang diperhitungkan merupakan sumur baru dan

belum mengetahui jalur pipa.
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2. Peneliti mendapatkan data parameterdari subsurface
3. Perhitungan hanya menentukan diameter dan ketebalan minimum pipa

4. Penelitian tidak mempertimbangkan factor ekonomi darissuatu project

1.6 Manfaat Penelitian

Penelitian ini diharapkan dapat memberikan gambaran dalam

ejie)er 1abap yiuyaljod uizi edue)

melakukan perencanaan design pipa untuk menentukan diameter, ketebalan,
material dan schedule dengandiketahui data enthalpy dari subsurface yang telah

disesuaikan berdasarkan kapasitas sumur produksi.

1.7 Sistematika Penulisan Skripsi
BAB I PENDAHULUAN

Bab ini menjelaskan tentang latar belakang masalah, rumusan
masalah penelitian, pertanyaan penelitian, tujuan penilitian,

manfaat penelitian, dan sistematika penulisan skripsi.
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BABII  TINJAUAN PUSTAKA
Bab ini menjelaskan.tentang.latar. landasan teori, kajian literatur,
kerangka pemikiran, dan hipotesis.

BAB Il METODE PENELITIAN
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metode~pengambilan sampel,jenis:dan sumber data. penelitian,

metode pengumpulan data, dan metode analisis data.
BAB IV HASIL DAN PEMBAHASAN

Bab ini menjelaskan tentang hasil penelitian berupa pengumpulan

data dan pengolahan data beserta pembahasan.

BABYV  KESIMPULAN DAN SARAN
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Bab ini menjelaskan tentang kesimpulan dari hasil dan pembahasan
terdapat saran untuk penelitian selanjutnya dengan topik yang

penelitian beserta saran untuk penelitian selnajutnya. Selain itu
terkait.
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1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
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BAB V
KESIMPULAN

5.1 Kesimpulan

Pada Perencanaan ini dapat disimpulkan bahwa:

1. Dengan data yangrada, maka peneliti mendapatkan parameter yang

belum diketahui untuk digunakan dalam perhitungan. penentuan
dimensi _pipa berdasarkan rumus. yang. digunakan, seperti: steam

quality, specific volume, dan temperature.

. Hasil dari perhitungan yang diperoleh oleh peneliti yaitu, steam quality

pada masing-masing nilai enthalpy dengan nilai 1400 kj/kg sebesar
0,24, nilai enthalpy dengan nilai 1600 kj/kg sebesar 0,35, dan nilai
enthalpy dengan nilai 2100 kj/kg sebesar 0,62. Kemudian untuk hasil
specific volume pada masing-masingmnilai enthalpy dengan nilai 1400
kj/kg sebesar 0,0199, nilai enthalpy dengan nilai 1600 kj/kg sebesar
0,0285, dan nilai enthalpy dengan milai 2100 kj/kg sebesar 0,0499.
Sedangkan, nilai temperature dari ketiga nilai enthalpy didapatkan hasil

sebesar 223,96°C.

. Hasil perhitungan ini, untuk nilai enthalpy 1400 kj/kg masing-masing

titik memiliki nilai diameter yaitu sebesar 246, 72 mm atau 9,7 inch
dengan schedule SCH, 30, 427,33 mm atau 16,8 inch dengan sc/edule
SCH 30, 493,44 mm atau 19,4 inch dengan schedule SCH 30, 5551,68
mm atau 21,7 inch dengan schedule SCH 30. Untuk nilai enthalpy 1600
kj/kg masing-masing titik memiliki nilai diameter yaitu sebesar 295,25
mm atau 11,6 inch denganschedule SCH.30,:511;40'mm atau 20,1 inch
dengan schedule SCH 30, 590,51 mm atau 23,2 inch dengan schedule
SCH XS, 660,21 mm atau 26 inch tidak memiliki schedule, tetapi
dengan ketebalan yang ada masuk dalam kategori Xtra Strong. Untuk
nilai enthalpy 2100 kj/kg masing-masing titik memiliki nilai diameter
yaitu sebesar 390,68 mm atau 15,4 inch dengan schedule SCH 30,
676,68 mm atau 26,6 inch dengan schedule SCH 30, 781,37 mm atau

74
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30,8 inch dengan schedule SCH 30, 873,60 mm atau 34,4 inch dengan
schedule SCH 40.
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4. Nilai erosional velocity pada nilai enthalpy 1400 kj/kg memiliki nilai

sebesar 25,8416 ™/, untuk nilai_enthalpy 1600 kj/kg memiliki nilai
sebesar 30,8933 ™M/, sedangkan untuk milaiventhalpy 2100 kj/kg
memiliki nilai sebesar 40,8676 /;. Kecepatan sumur pada nilai
enthalpy 1400 kj/kg dan 1600 kj/kg memiliki nilai yang lebih besar

daripada  erosional velocitynya, maka untuk menghindari terjadinya

ejie)er 1abap yiuyaljod uizi edue)

erosi dapat kita perhitungkan berdasarkan rumus sehingga memiliki
diameter lebih besar daripada perhitungan awal sebelum diketahui
erosional velocitynya. Sedangkan pada nilai enthalpy 2100 kj/kg
kecepatan sumur yang dimiliki tidak melebihi erosional velocitynya,

sehingga dapat dikatakan aman.

5.2 Saran
Untuk memperhitungkan diameter dan ketebalan pipa perlu memperhatikan
nilai erosional velocitynya. Nilai kecepatan yang mengalir tidak boleh melebihi

nilai ‘erosional velocity. \Maka dalam. perhitungan ini1 disarankan untuk
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menggunakan diameter setelah diperhitungkan. erosional velocity agar tidak

terjadinya erosi.
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b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Lampiran 4 nilai allowable stress pada table A-1 ASME B31.1

Table A-1 Carbon Steel

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

exdid ey

eyeyer pabaN yiwiR3|od yiiw eydid yeH S

Spen
100 200 300 400 500 600 650 700 750 800 Grade No.

Seamless Pipe and Tube
13.7 13.7 13.7 13.7 13.7 137 13.7 1.5 w7 0 A AG3
1741 171 17.1 17.1 171 17.1 17.1 156 13.0 8 B

13.7 13.7 13.7 13.7 13.7 13.7 13.7 125 7 23 A AlDs
71 17.1 17.1 7.1 17.1 171 71 156 130 108 B
0.0 20.0 20,0 20,0 20.0 20.0 138 183 14.8 120 C

ejie)er 1abap yiuyaljod uizi edue)

134 134 134 134 13.4 13.3 128 124 o7 22 AlT79
134 13.4 13.4 134 13.4 13.3 128 124 o7 a0 . Al192
71 171 17.1 7.1 17.1 171 71 158 130 108 A-1 A210

20.0 20.0 20,0 20,0 20.0 20,0 198 18.3 14.8 120 C

157 15.7 157 157 15.7 153 148 1 A333
71 171 17.1 17.1 17.1 171 71 158 6

13.7 13.7 13.7 13.7 13.7 13.7 13.7 125 107 2.0 FPA AZR9
71 17.1 17.1 7.1 17.1 17.1 7.1 156 120 108 FPE

13.7 13.7 13.7 13.7 13.7 13.7 13.7 125 o7 20 A API 5L

17.1 17.1 17.1 17.1 17.1 17.1 17.1 156 13.0 08 B

Table A-1 Carbon Steel (Cont'd)

Maximum Allowable Stress Valnes in Tension, ksi, for Metal Temperature,
°F, Not Exceeding
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Spec.
100 200 FIoo 400 500 so0o 650 Foo 750 sB00 Grade MNo.
Electric Fusion Welded Fipe — Filler Metal Added
10.3 10.3 10.3 10.3 10.3 =.8 5.5 Aza3a Al1za
114 11.4 11.4 114 11.4 11.0 10.7 AZ33IB
12,8 126 1z.6 126 12.6 1z.3 11.9 Aza3C
© 13.7 13.7 13.7 137 13.7 13.5 13.0 - AZE3ID
-
= 10.3 10.3 10.3 10.3 10.3 a.8 a5 9.2 8.6 6.6 AZB5A A13a
el 11.4 11.4 11.4 11.4 11.4 11.0 10.7 100 a8 5.5 AZSSE
g— 12.5 125 1z.6 12.6 12.5 1z.3 11.9 11.5 F 2.6 Azasc
—_—
m 11.0 11.0 11.0 110 11.0 11.0 11.0 1o.0 8.6 ot 3 A A139
3 13.7 13.7 13.7 137 13.7 13.7 13.7 125 10+ a.6 B
g 12.3 12.3 12.3 123 12.3 123 12.3 11.3 26 a.3 A API SL
3 15.4 15.4 15.4 15.4 15.4 15.4 15.4 140 1.7 9.7 B
E‘ 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 1.7 9.7 CASS AET1
= 157 15.7 157 157 15.7 153 14.8 14.3 12.0 10.8 CASS
™ 14.1 141 14.1 14.1 14.1 1z.8 13.3 12.9 117 9.7  CASS
o 157 15.7 157 157 15.7 153 14.8 14.3 12.0 10.8 CASS
.g 15.4 15.4 15.4 15.4 15.4 147 14.2 13.7 17 2.7  CE&0 ASTL
c 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 130 i0.8 CE6&0
15,4 15.4 15.4 15.4 15.4 147 14.2 13.7 LT a7 CE&O
=
3 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 3.0 10.8 CB6O
16.7 16.7 16.7 167 16.7 16.1 15.6 15.0 2.5 10.3 CB6S AT
18.6 18.6 18B.6 18.5 18.6 179 17.3 16.7 3.9 1.4 CcCB65
16.7 16.7 16.7 167 16.7 16.1 15.6 15.0 2.5 10.3 CcCB65
188 18.5 18.6 188 18.5 179 17.3 18.7 129 11.4 CES&S
180 15.0 18.0 18.0 12.0 17.5 16.9 1.3 127 i0.8 CE7O ASTL
20.0 20.0 200 20.0 20.0 19.4 18.8 181 4.8 iz.0 CEB7TO
180 15.0 18.0 18.0 12.0 17.5 16.9 1.3 127 108 CETO
20.0 20.0 20.0 200 20.0 19.4 18.8 18.1 14.8 1z.o cCB7O0
15.4 15.4 15.4 15.4 15.4 147 14.2 13.7 LT s7  CCO60 ASTL
17.1 17.1 17.1 17.1 17.1 164 15.8 15.3 3.0 10.8 CcCceo
15.4 15.4 15.4 15.4 15.4 147 14.2 13.7 1.7 2.7  CCO60
17.1 17.1 171 17.1 17.1 164 158 15.3 15.0 108 CCe0
16.7 18,7 16.7 167 16.7 16.1 15.6 150 2.5 103 CCBS ASTL
186 186 186 188 18.6 17.9 17.3 16.7 139 114 CCBS
16.7 16,7 16.7 167 16.7 1651 15.6 150 2.5 103 CCBS
18.5 18.6 18.6 18.5 18.6 179 17.3 16.7 3.9 1.4 CcCe5
18.0 18.0 18.0 18.0 18.0 17.5 16.9 18.3 15.3 10.8 CCTO AETL
z0.0 Z0.0 zo.0 20.0 Z0.0 19.4 18.8 181 P 1z8 CCTO
18.0 180 18.0 18.0 18.0 17.5 16.9 16.3 133 1o CCTO

200 20.0 20.0 20.0 20.0 19.4 i8.8 1i8.1 148 1z2.0 CC7o
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Lampiran 5 nilai Longitudinal Weld Join Quality Factor (E) pada table A-1 ASME

B31.1

Table A-1 Carbon Steel

Specified Specified
Minimum Minimumn E
Spec. Nominal P- Tensile, Yield, or
No. Grade Type or Class Composition No. Notes ksi ksi F
Seamless Pipe and Tube
AB3 A 5 [ 1 {2) 48 an 1.00
5 C-Mn 1 {2) ] 35 1.00
AlDs C-5i 1 {2) 48 an 1.00
C-5i 1 (2] ] 35 1.00
c C-5i 1 (2] 0 40 1.00
AlT9 C 1 1) (2] (5) 47 26 1.00
Al92 C-5i 1 (2] (5) 47 26 1.00
A210 A-1 C-5i 1 2] &0 37 1.00
C C-Mn-5i 1 (2] 0 40 1.00
A333 1 C-Mn 1 (1) 55 an 1.00
6 C-Mn-5i 1 ] 35 1.00
A369 FPA C-5i 1 (2] 48 30 1.00
FPB C-Mn 1 (2] &0 35 1.00
API 5L A C 1 (11 (2] 14 48 30 1.00
B C-Mn 1 (1) (2) 14) &0 35 1.00
Table A-1 Carbon Steel (Comnt'd)
Specified Specified
Minimum Minimwn E
Spec. Nominal P- Temnszile, Wield. or
No. Grade Type or Class Composition No. Notes Esi Esi F
Electric Fusion Welded Fipe — Filler Metal Added
A134q AZBIA Lo 1 1) €7 45 249 0.0
AZB3IE c 1 1) €7 =1 27 0.20
AZBIC c 1 {1y €72 55 =0 o020
AZBID Lo 1 1) €7 50 X 0.0
A1 AZBTA c 1 1) €23 (2 45 El 020
AZBSE Lo 1 1) 21 (3) 50 27 0.0
AZBSC c 1 13 €21 [8) 55 30 0.80
A135 A c 1 £1) €2] (14) T 30 0.20
B C—Mmn 1 1) €23 [14) a0 =13 o020
API 5L A c 1 1) €23 [(14) 48 30 0.90
B C—Mmn 1 C1) €21 (14) a0 35 0.90
AST1 CAES 10, 13 Lo 1 1) 2] (15) 55 30 0.90
CASS 11, 12 c 1 1) €23 [(15] 55 30 1.00
CAaSS 20. 23, 30. 33 c 1 1y 22 55 30 0.920
CcAass 21, 22, 31, 32 c 1 1) 22 55 30 1.00
AGTL CE&D 10, 13 C—5i 1 £1) €21 [(15) &0 =51 0.90
CE&D0 11, 12 C—%i 1 1) €23 [15) 50 3z 1.00
CBE&O 20, 23, 30, 33 c—si 1 1) {2) a0 a2 0.920
CEsO 21, 22, 31, 32 C-5i 1 1y 2y &0 3z 1.00
ASTL CE&S5 10, 13 C—Si 1 13 (23 [(15) a5 5 090
CE&S 11, 12 C—Si 1 €13 23 (15) &5 35 1.00
CEs&S 20. 23, 30. 33 C-5i 1 1y 2) &5 35 0.920
CEsS 21. 22, 31. 32 C-5i 1 1) 2) 55 35 1.00
AGTL CETO 10, 13 C-5i 1 £13 2) (15) FO 38 0.90
CETO 11, 12 C—5i 1 £13 23 [(15) FO 1= 1.00
CE7OD 20, 23, 30, 33 c-Si 1 1) 2) 7o 38 0.20
CcCE7O 21, 22, 31. 32 C-Si 1 1) 2) Fo 38 1.00
AETL CcCs0 10, 13 C—Mn-5i 1 13 {2} [(15) &0 I=Z 090
CCs0 11, 12 C—Mn—5i 1 £1) 2} (15) S0 3z 1.00
CcCso 20. 23, 30. 33 C—-Mn-5i 1 1y =) &0 32 0.90
cCcso 21, 22, 31, 32 C-Mn-Si 1 1y 2) S0 32 1.00
ASTL CCss 10, 13 C-Mn-Si 1 (1) ) (15) 65 as 090
CCS5 11, 12 C—Mn—5i 1 1) €2y (15) &5 35 1.00
CCsS 20. 23, 30. 33 C—-Mn-5i 1 1)y =) &5 3s 0.20
CCsS z1, 22, 31, 32 C—Mn—Si 1 1)y (2} &5 a3s 1.00
ASTL CC7TO 10, 13 C—Mn—5i 1 (1) {2 (15) FO 3a o090
CC7TO 11, 12 C—Mn—5i 1 (1} {2} (15) FO 3a 1.00
cCcvo 20. 23, 30. 33 C—-Mn-5i 1 1)y =) Fo 38 o090
cc7vo 21, 22, 31, 32 C—Mmn— 1 1)y 2) TOo 38 1.00
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Lampiran 6 nilai koefisien y table 104.1.2-1 ASME B31.1

Table 104.1.2-1 Values of y

84

Temperature, °F [*C]

900 1,250
(482) (677)
and 350 1,000 1050 1,100 1,150 1,200 and
Material Below {510) {538) [566) {593) (621) (649) Above
Ferritic steels 0.4 [ 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 04 04 04 04 0.5 0.7 0.7 0.7
Nickel alloy UNS No. ND&&90 04 04 04 04 0.5 0.7 0.7
Nickel alloys UNS Nos. NO517, 0.4 04 04 0.4 0.4 04 0.5 0.7
NO2300, NOBE10, NOSB25
Cast iron 0.0
Other metals [Note [17] 0.4 [ 0.4 0.4 0.4 0.4 0.4 0.4

GENERAL NOTES:

[a) The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the Table.
(b) For pipe with a D/t ratio less than 6, the value of y for ferritic and austenitc steels designed for temperatures of 900°F (480°C) and below

shall be taken as y = d/f(d + D).

NOTE: (1) Metals listed in Mandatory Appendix A that are not covered by the categories of materials listed abowe.

not be less than £, minus the additional
thickness, 4. provided for removal.

W = weld strength reduction factor [see
para. 102.4.7)

= 1 for seamless pipe or for seam-welded

pipe operating below the creep range

y = coefficient having values as given in
Table 104.1.2-1

(b) Thickness of gray and ductile iron fittings
conveying liquids may be determined from ANSI/
AWWA C110/A21.10 or ANSI/AWWA C153/A21.53.
The thickness of ductile iron pipe may be determined
by ANSIJAWWA C115/A21.15 or ANSIJAWWA C150/
A21.50. These thicknesses include allowances for
foundry tolerances and water hammer.

() While the thickness determined from eq. (7] or eq.
(8] is theoretically ample for both bursting pressure and
material removed in threading, the following minimum
requirements are mandatory to furnish added mechanical
strength:

(1) Where steel pipe is threaded and used for steam
service at pressure above 250 psi (1 750 kPa) or for water
service above 100 psi (700 kPa) with water temperature
above 220°F (105°C), the pipe shall be seamless, having
the minimum ultimate tensile strength of 48,000 psi (330
MPa) and a weight at least equal to Schedule 80 of ASME
B36.10M.

(2) Where threaded brass or copper pipe is used for
the services described in (1), it shall comply with pressure
and temperature classifications permitted for these mate-
rials by other paragraphs of this Code and shall have a wall
thickness at least equal to that specified above for steel
pipe of corresponding size.

(3) Plain end nonferrous pipe or tube shall have
minimum wall thicknesses as follows:

{-a) For nominal sizes smaller than NPS %, [DN
20), the thickness shall not be less than that specified
for Type K of ASTM B&8.

(-b) For nominal sizes NP5 %, (DN 20) and larger,
the wall thickness shall not be less than 0.049 in. (1.25
mm). The wall thickness shall be further increased, as
required, in accordance with para. 102.4,

104.1.3 Stralght Pipe Under External Pressure. For
determining wall thickness and stiffening requirements
for straight pipe under external pressure, the procedures
outlined in ASME BPVC, Section VIII, Division 1, UG-28, UG-
29, and UG-30 shall be followed.

104.2 Curved Segments of Pipe

104.2.1 Pipe Bends. Pipe bends shall be subject to the
following limitations:

(a] The minimum wall thickness shall meet the re-
quirements of para. 102.4.5 and the fabrication require-
ments of para. 129,

(b) Limits on flattening and buckling at bends may be
specified by design, depending on the service, the material,
and the stress level involved. Where limits on flattening
and buckling are not specified by design, the requirements
of para. 129.1 shall be met.

104.2.2 Elbows. Elbows manufactured in accordance
with the standards listed in Table 12&.1-1 are suitable
for use at the pressure-temperature ratings specified
by such standards, subject to the requirements of para.
106.
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Lampiran 7 nilai Weld Joint Strength Reduction Factor (W) table 102.4.7-1 ASME
B31.1

Table 102.4.7-1 Weld Strength Reduction Factors (WSRFs) to Be Applied When Calculating the Minimum Wall
Thickness or Allowable Deslgn Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Weld Strength Reduction Factor for Temperature, °F [*C) [Notes (1)-(7)]
700 750 800 850 %00 950 L1000 1050 1,100 1,150 L1200

Steel Group (371) (399) (427) (454) (482) (5100 (538) (566) (593) (621) ([649)

CrMo [Wotes (8)-(10]] 100 095 091 086 082 077 073 0.68 0.64

CSEF (N + T) [MNetes (8], (11), (12]] 100 09 051 088 0.82 0.77

CSEF (Sub Crit) [Notes (3), (13]] 100 030 030 0.50 0.0 0.50 0.50

Austenitic stainless (incl, 800H and B00HT) [Notes (14), .. 100 055 0.91 0.8s 0.82 0.77
(15]]

Autegenously welded austenitic stainless [Note (16)] 100 100 Lo0 100 Lo00 1.00

NOTES:

(1) NP = not permitted.

(2) Longitudinal weldsin pipe for materials not covered in this Table operating in the creep regime are not permitted. For the purposes of this
Table, the startof the creep range is the highest temperature where the nonitalicized stress values end in Mandatory Appendix A for the base
material invelved.

(3) All weld filler metal shall be a2 minimum of 0.05% C for CrMo and creep strength enhanced ferritic (CSEF) materials, and 0.04% C for
austenitic stainless in this Table.

(4) Materials designed for temperatures below the creep range [see Note (2)] may be used without consideration ofthe WSRF orthe rules of this
Table. All other Code rules apply.

(5) Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and pass, a 100% velumetric examination (RT or UT). For
materials other than CrMo and CSEF, see para. 123.4(bl.

(6) Attemperatures below those where WSRFs are tabulated, a value of 1.0 shall be used for the factor, W, where required by the rules of this
Code Section. However, the additional rules of this Table and Notes do not apply.

(7) Carbon steel pipes and tubes are exempt from the requirements of para. 102.4.7 and this Table.

(8) Basicity index of SAW flux = 1.0,

(9) TheCrMosteelsinclude %Cr- %Mo, 1Cr-"%Mo, 1%,Cr-%Mo-5i, 2¥,Cr-1Mo, 3Cr-1Mo, and 5Cr-"%Mo. Longitudinal welds shall be normal-
ized, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.

(10) Longitudinal seam fusion welded construction is not permitted for C- %Mo steel for operation in the creep range [see Notes [2) and (4)].

(11} The CSEF steels include Grades 91, 92, 911, 122, and 23.

(12} N + T = normalizing + tempering PWHT.

(13) Sub Crit = suberitical FWHT is required. No exemptions from PWHT are permitted. The PWHT time and temperature shall meet the
requirements of Table 132.1,1-1; the alternate PWHT requirements of Table 132.1.1-2 are not permitted.

(14) WS3RFshave been assigned for austenitic stainless (including 800H and 800HT) longitudinally welded pipe up to 1,500°F (B16°C) as follows:

Temperature, °F Temperature, °C Weld Strength Reduction Factor
1,250 677 0.73
1,300 704 0.68
1,350 732 064
1400 760 0.59
1450 788 0.55
1,500 8186 05

(15) Certainheatsof the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of temper-
resistant carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat-affected zone that can lead to premature
failure of welded compenents operating at elevated temperatures. A solution annealing heat treatment of the weld area mitdgates this
susceptibility.

(16) Autegenous stainless steel welded pipe (without weld fller metal) has been assigned a WSRF up to 1.500°F (816°C) of 1.00, provided that

the product is solution annealed after welding and receives nondestructive electric examination, in accordance with the material spec-
ification.
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Lampiran 8 nilai dimensions and weight pada table 1 ASME B36.10M

ASME B36.10M-2015

Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont'd)
. Identification .
Customary Units [Standard (STD), 51 Units

Outside Wall Plain End  Extra-Strong (XS), Outside Wall Plain End

NP5 Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter, Thickness, Mass,

[Mote (1)] in. in. Lby/'ft Strong (XXS)] No. [Note (2)] mm mm kg/m
& 6.625 0.312 21.06 150 168.3 7.92 31.33
& 6.625 0.344 23.10 150 168.3 B.74 34.39
& 6.625 0.375 25.05 . 150 168.3 .53 373
& 6.625 0.432 28.60 x5 BO 150 168.3 10,97 42.56
& 6.625 0.500 32.74 150 168.3 1270 48.73
& 6.625 0.562 36.43 120 150 168.3 14,27 54,21
& 6.625 0.625 40,09 150 168.3 15.88 59.69
& 6.625 0719 45,39 160 150 168.3 18.26 67.57
& 6.625 0.750 47,10 150 168.3 19.05 70.12
& 6.625 0.864 53.21 xS 150 168.3 21.95 79.22
& 6.625 0.875 53.78 150 168.3 2223 80.08
8 B.625 0.10% .92 5 200 2191 277 14.78
8 B.625 0.125 11.36 200 2191 3.18 16.93
B B.625 0.148 13.41 10 200 219.1 76 19.97
B B.625 0156 14.12 200 219.1 3.96 21.01
B B.625 0.188 16.96 200 219.1 4.78 25.26
B B.625 0.203 18.28 200 219.1 516 27.22
B B.625 0.219 19.68 200 219.1 5.56 29.28
8 B.625 0.250 22,38 20 200 2191 6.35 33.32
8 B.625 0.277 24,72 30 200 2191 7.04 36.82
B B.625 0.312 27,73 . 200 219.1 7.92 41.25
B B.625 0.322 28.58 5TD &0 200 219.1 8.18 42.55
B B.625 0.344 30.45 200 219.1 B.74 45.34
B B.625 0.375 33.07 200 219.1 9.53 49.25
B B.625 0.406 35.67 &0 200 219.1 10.31 53.09
8 B.625 0.438 38.33 . 200 2191 1113 57.08
8 B.625 0.500 43.43 x5 BO 200 2191 1270 64.64
8 B.625 0.562 48.44 200 2191 14.27 72.08
B B.625 0.594 51.00 100 200 219.1 15.09 75.92
B B.625 0.625 53.45 200 219.1 15.88 79.59
B B.625 0719 60.77 120 200 219.1 18.26 90,44
B B.625 0.750 63.14 200 219.1 19.05 93.98
B B.625 0.812 67.82 140 200 219.1 20.62 100.93
8 B.625 0.875 7249 WS 200 2191 2223 107.93
8 B.625 0.906 T4.76 160 200 2191 2301 111.27
B B.625 1.000 B1.51 200 219.1 25,40 121.33
10 10.750 0,134 15.21 5 250 273.0 240 22,61
10 10,750 0156 17.67 250 273.0 3.96 26.27
10 10,750 0.165 18.67 10 250 273.0 419 27.78
10 10.750 0.188 21.23 250 273.0 4.78 31.62
10 10.750 0.203 22.89 250 273.0 5.16 34.08
10 10.750 0.21% 24,65 250 273.0 5.56 36.67
10 10.750 0.250 28.06 20 250 273.0 6.35 41.76
10 10,750 0279 31.23 250 273.0 7.09 46.49
10 10,750 0.307 34.27 30 250 273.0 7.80 51.01
10 10,750 0.344 38.27 - 250 273.0 B.74 56.96
10 10,750 0.365 &40.52 5TD &0 250 273.0 9.27 60.29
10 10.750 0.438 48.28 250 273.0 1113 71.88
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Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont'd)

ASME B36.10M-2015

Identification

Customary Units [Standard (STD) S| Units

DOutside Wall Plain End Extra-Strong (XS], Dutside Wall Plain End

NPS Diameter,  Thickness, Weight, or Double Extra Schedule DN Diameter,  Thickness, Mass,
[Nate (1)] in. in. b/t Strong (XXS}] Mo. [Mote (2}] mm mm kg/m

10 10.750 0.500 S4.79 x5 a0 250 273.0 12.70 B153
10 10.750 0.562 61.21 250 273.0 14.27 91.05
10 10.750 0.594 64,49 8o 250 273.0 15.09 95,98
10 10.750 0.625 67.65 250 273.0 15.88 100.69
10 10.750 0719 7710 100 250 273.0 18.26 11471
10 10.750 0.812 B6.26 250 273.0 20.62 128.34
10 10.750 0.Ba4 89.38 120 250 273.0 21.44 133.01
10 10.750 0.875 92.37 250 273.0 22.13 137.48
10 10.750 0.938 98.39 cen - 250 273.0 23.83 146.43
10 10.750 1.000 104.23 x5 140 250 273.0 25.40 15510
10 10.750 1.125 115.75 160 250 273.0 28.58 172.27
10 10.750 1.250 126.94 250 273.0 31.75 188.90
12 12.750 0.156 21.00 5 300 3238 3.96 3124
12 12.750 0.172 23.13 300 3238 4.37 34.43
12 12750 0.180 24,19 10 300 3238 4.57 35.98
12 12.750 0.188 2525 300 3238 4.78 3761
12 12750 0.203 27.23 300 323.B 5.16 40.55
12 12750 0.219 29.34 300 3238 5.56 43,64
12 12.750 0.250 3341 20 300 3238 6.35 49,71
12 12750 0.281 37.46 300 3238 7.4 55,76
12 12750 0.312 41.48 300 3238 7.92 6170
12 12.750 0.330 43.81 30 300 3238 B.38 6519
12 12750 0.344 45.62 300 3238 B.74 67.91
12 12750 0.375 49.61 5TD 300 3238 9.53 73.86
12 12.750 0.406 5357 40 300 3238 10.31 771
12 12750 0.438 57.65 300 3238 11.13 B5.82
12 12.750 0.500 65.48 x5 300 3238 12.70 97.44
12 12.750 0.562 73.22 &0 300 3238 14.27 10893
12 12750 0.625 B1.m 300 3238 15.88 120.59
12 12.750 0.688 BB.71 8o 300 3238 17.48 13205
12 12.750 0.750 96.21 300 3238 19.05 14317
12 12750 0.812 103.63 300 3238 20.62 15417
12 12.750 0.844 107.42 100 300 3238 21.44 159.87
12 12750 0.B75 111.08 300 323.B 22,23 16533
12 12750 0.938 118.44 cen - 300 3238 23.83 176.29
12 12.750 1.000 125.61 x5 120 300 3238 25.40 186.92
12 12750 1.062 132.69 300 3238 26.97 197.43
12 12750 1.125 139.81 140 300 3238 28.58 208.08
12 12.750 1.250 153.67 300 3238 3175 228.68
12 12750 1.312 160.42 160 300 3238 33.32 238.69
14 14,000 0.156 23.09 5 350 355.6 3.96 34.34
14 14.000 0.188 27.76 350 355.6 4.78 41.36
14 14,000 0.203 20.94 350 355.6 5.16 44,59
14 14.000 0.210 30.96 350 355.6 5.33 46,04
14 14.000 0.219 32.26 350 355.6 5.56 48.00
14 14,000 0.250 36.75 10 350 355.6 6.35 S4.69
14 14.000 0.281 41.11 350 355.6 7.14 61.36
14 14.000 0.312 45.65 20 350 355.6 7.92 67.91
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o g g = g T = Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont’d)
A Q - el
Ne = g@ g *‘ , Identification ]
= 3 =3 a' 3 o Customary Units [Standard (STD), 51 Units
'Ug g o g o) Outside Wall Plain End  Extra-Strong (XS), Outside wal Plain End
%‘n 3 Q@ g NP5 Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter, Thickness, Mass,
8‘5 = g E_ — [Nate (1)] in. in. Iy Ft Strong (XX5)] No. [Note (2)] mm mm kg/m
=3 <3
5¢c ; NE (1] 14 14,000 0.344 50,22 350 355.6 B.74 T4.76
=3 So A 14 14,000 0.375 54,62 STD 30 350 355.6 9.53 81.33
27 % 2o E. 14 14,000 0,406 59.00 350 355.6 10.31 87.79
8 2 ’ﬂg = 14 14,000 0.438 63.50 &0 350 355.6 11.13 94.55
] 8‘ Q §g 2 14 14,000 0.469 67.84 350 355.6 11.91 100.95
<33 1 = ) 14 14,000 0.500 72.16 xS 350 355.6 1270 107.40
93 53z Q 14 14,000 0.562 80.73 350 355.6 14.27 120.12
55 =S¢ ) 14 14,000 0.594 85.13 &0 350 355.6 15.09 126.72
= ) -
5T T e o - 14 14,000 0.625 89.36 350 355.6 15.88 133.04
[} g S = e 14 14,000 0.688 97.91 350 355.6 17.48 145.76
-] = Q 14 14,000 0.750 106.23 80 350 355.6 19.05 158.11
g .3 25 § 14 14,000 0.812 114.48 350 355.6 20,62 170.34
S o ad =
; 3 ;g = 14 14,000 0.875 122.77 350 355.6 22.23 182.76
w < B o 14 14,000 0.938 130.98 100 350 355.6 23.83 194.98
) g 2 ;‘_'._ 14 14,000 1.000 138.97 350 355.6 25.40 206.84
g @3ec 14 14,000 1.062 146.88 350 355.6 26.97 218.58
Q 5 = ' 14 14,000 1.094 150.93 120 350 355.6 27.79 224.66
g S =3 14 14,000 1.125 154.84 350 355.6 28.58 230.49
O = D o 14 14,000 1.250 170.37 140 350 355.6 3175 253.58
& g 3 g 14 14,000 1.406 189.29 160 350 355.6 35,71 281.72
ﬁ E'g'g 14 14,000 2.000 256.56 350 355.6 50.80 381.85
m oS 3 14 14,000 2.125 269.76 350 355.6 53.98 401.52
c § gm 14 14,000 2.200 277.51 350 355.6 55.88 413.04
c =83 14 14,000 2.500 307.34 350 355.6 63.50 457.43
= n
= =2 ;g 16 16,000 0.165 27.93 5 400 406.4 419 41.56
o 8 v & 16 16.000 0.188 31.78 400 506.4 478 47.34
< ° s = 16 16.000 0.203 34.28 400 406.4 5.16 51.06
‘ﬂ_: i =:3r 16 16,000 0.219 36.95 400 406.4 5.56 54.96
< ; ig 16 16.000 0.250 42.09 10 400 506.4 635 62.65
w o S 16 16.000 0.281 &7.22 400 506.4 7.14 70.30
5 = 5o 16 16.000 0.312 52.32 20 400 506.4 7.92 77.83
= 9 23 16 16,000 0.344 57.57 400 406.4 B.74 85.71
S
o g% 16 16.000 0.375 62.64 STD 30 400 506.4 9.53 93.27
o E'a 16 16,000 0.406 67.68 . . 400 406.4 10.31 100.71
3 S 16 16.000 0.438 72.86 400 506.4 11.13 108.49
g = g‘ 16 16.000 0.469 77.87 . . 400 506.4 11.91 115.87
2 ‘3 = 16 16.000 0.500 82.85 xS &0 400 506.4 12.70 123.31
,Cr oo 16 16,000 0.562 92.75 400 406.4 14.27 138.00
s 3 a 16 16,000 0.625 102.72 400 406.4 15.88 152.94
- TE 16 16.000 0.656 107.60 &0 400 506.4 16.66 160.13
o
k-] 2 g. 16 16.000 0.688 112.62 400 506.4 17.48 167.66
g =0 16 16.000 0.750 122.27 . . 400 506.4 19.05 181.98
G 16 16,000 0.812 131.84 400 406.4 20,62 196.18
; 16 16,000 0.844 136.74 . 80 400 406.4 2144 203.54
= 16 16,000 0.875 141.48 . . 400 506.4 22.23 210.61
= 16 16.000 0.938 151.03 . . 400 506.4 23.83 224.83
o 16 16.000 1.000 160.35 . . 400 506.4 25.40 238.66
g 16 16,000 1.031 164.98 . 100 400 406.4 26,19 245.57
et
3
)
c
o
E]
w
c
o
Cad
c
3
M
w
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=3
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-
2 o e3 = — ) Identification ]
5 = [] x Customary Units [Standard (ST, 51 Units
% 573 2 o Outside Wall Plain End  Extra-Strong (XS), Outside Wall Plain End
5 9 33 ) NPS Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter,  Thickness, Mass,
Q 5 v g [Note (1] in. in. Lb/ft Strong (X%S])] No. [Mote (2)] mm mm kg/m
C =+ = -
3 aoa2s s' 16 16.000 1.062 169.59 . . 400 406.4 26.97 252.37
= ; NE 16 16.000 1.125 178.89 400 406.4 28.58 266.30
3 § o A 16 16.000 1.188 188.11 . . 400 406.4 30.18 280.01
5 % z g‘ E. 16 16.000 1.219 192.61 120 400 4064 30.96 286,66
g_ c ;‘E, ~ 16 16.000 1.250 197.10 400 406.4 3175 293.35
Qe n g 2 16 16.000 1.438 223.85 140 400 406.4 36.53 33321
> 5 'g 5 IT) 16 16.000 1.594 245.48 160 400 406.4 40.49 365.38
% S g&' % 18 18.000 0.165 31.46 5 450 457 419 46.79
3 § 3 c g 18 18.000 0.188 35.80 . . 450 457 4.78 53.31
ST o o - 18 18.000 0.219 41.63 450 457 5.56 61.90
® ® 5= — 18 1B.000 0.250 4744 10 450 457 6.35 70.57
- 'g E Q
g = ec > 18 18.000 0.281 53.23 450 457 7.14 79.21
3 .3 a7 Q 18 18.000 0.312 58.99 20 450 457 7.92 87.71
ﬁ o Ef - 18 18.000 0.344 64.93 450 457 8.74 96.62
= : ?Q g 18 1B.000 0.375 70.65 5D . 450 457 9.53 105.17
Do SS9 18 18.000 0.406 7636 450 457 10.31 11358
g .g s g 18 18.000 0.438 82.23 30 450 457 11.13 122.38
Q = 8 = 18 18.000 0.469 87.89 450 457 113 130.73
= 8 2= 18 1B.000 0.500 93.54 5 450 457 12.70 139.16
: o ;JE 18 18.000 0.562 104.76 &40 450 457 14.27 155.81
+ 5359 18 18.000 0.625 116.09 450 457 15.88 17275
g o~ 3 18 18.000 0.688 127.32 450 457 17.48 189.47
w = 'g 'g 18 1B.000 0.750 138.30 . &0 450 457 19.05 205.75
% % E 3 18 18.000 0.812 149.20 450 457 20.62 22191
s 3. 50 18 18.000 0.875 160.18 450 457 22.23 238.35
g_ = g 2 18 1B.000 0.938 171.08 B0 450 457 23.83 254,57
= % *g 18 18.000 1.000 181.73 450 457 25.40 270.36
5 tg j:! =4 18 18.000 1.062 192.29 450 457 26.97 286.02
S 253 18 18.000 1.125 202.94 450 457 28.58 30196
- = 18 1B.000 1.156 208.15 100 450 457 29.36 309.64
c o 39 18 18.000 1.188 213.51 450 457 30.18 317.68
= X g
R B 18 18.000 1.250 223.82 450 457 3175 332.97
S g s g 18 18.000 1.375 244,37 120 450 457 34.93 363.58
a 2 3 18 1B.000 1.562 274.48 140 450 457 39.67 408.28
o £3 18 18.000 1.781 308.79 160 450 457 45.24 459.39
g g’a 20 20.000 0.188 39.82 5 500 508 4.78 59.32
ER) 20 20.000 0.219 46.31 . . 500 508 5.56 68.89
g' ;—g’ 20 20.000 0.250 52.78 10 500 508 6.35 7B.56
3 'g = 20 20,000 0.281 59.23 . . 500 508 7.14 88.19
< oo 20 20.000 0.312 65.66 . . 500 508 7.92 97.68
: 3 a 20 20.000 0.344 72.28 . . 500 508 8.74 107.61
- T c 20 20.000 0.375 7B.67 5D 20 500 508 9.53 117.15
% g 3 20 20,000 0.406 85.04 . . 500 508 1031 126.54
c ég 20 20.000 0.438 91.59 500 508 11.13 136.38
= i 20 20.000 0.469 97.92 . . 500 508 113 145.71
] 20 20.000 0.500 104.23 5 ] 500 508 12.70 155.13
= 20 20,000 0.562 116.78 500 508 14.27 17175
=
=
g
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s } 23 Q 3 Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont’d)
: - 3, "
g Q ‘g‘g -Ell — . Identification .
5 = () x Customary Units [Standard (STD), 51 Units
3 5 E 2 X Dutside Wall Plain End  Extra-Strong (XS), Dutside Wall Plain End
29533 ) NPS  Diameter, Thickmess,  Weight,  orDouble Extra  Schedule DN Diameter, Thickness,  Mass,
‘g 3‘ g(g g [Note (1)] in. in. Iby/ ft Strong (XXS)] No. [Mote (2)] mm mm kg/m
o L 1]
3 o 3 — - 20 20,000 0.594 123.23 &0 500 508 15.09 183.43
c 9 350 (] 20 20,000 0.625 129.45 500 508 15.88 192.73
3 A § b A 20 20.000 0.688 142,03 500 508 17.48 211.45
5 2 Eg‘ E. 20 20,000 0.750 154,34 500 508 15.05 22971
S5 2 TQ ~ 20 20,000 0.812 166.56 60 500 508 20.62 247 .84
g- Q 39 2 20 20.000 0.875 178.89 500 508 22.23 266.31
53 =T ) 20 20.000 0.938 191.14 500 508 23.83 2B4.54
3 g g 9 Q 20 20.000 1.000 203.11 500 508 25.40 302.30
&0
® =5c (1) 20 20.000 1.031 209.06 80 500 508 26.19 31119
g % g g = 20 20,000 1.062 215.00 500 508 26.97 319.94
"0 >= — 20 20.000 1.125 227.00 500 508 28.58 337.91
- 3 -g < [Y) 20 20,000 1.188 238.91 500 508 30.18 355.63
= ]
g S g_:r § 20 20,000 1.250 250.55 500 508 3175 372.91
< 'ﬁ == - 20 20.000 1.281 256.34 100 500 508 32.54 381.55
; =5 ;2 - 20 20.000 1.312 262.10 500 508 33.32 390.05
L m‘§ o 20 20,000 1.375 273.76 500 508 34.93 407.51
8 S
% 335 a8 20 20,000 1.500 206,65 120 500 508 38.10 441,52
o Q 7 = 20 20.000 1.750 341.41 140 500 508 &4.45 508.15
Q 5 g » 20 20,000 1.969 379.53 160 500 508 50.01 564.85
m —
>S9 =32 22 22,000 0.188 43.84 5 550 559 478 65.33
- g g- 22 22.000 0.219 50.99 550 559 556 75.89
o ? s 22 22.000 0.250 58.13 10 550 559 635 B86.55
< =g'u 22 22.000 0.281 65.24 550 559 7.14 97.17
©w o~ o
o ; g 3 22 22.000 0.312 72.34 550 559 7.92 107.64
€5 =bn 22 22.000 0.344 79.64 550 559 874 118.60
c =83 22 22.000 0.375 B6.69 STD 20 550 559 9.53 129.14
5 53 S 22 22.000 0.406 93.72 550 559 1031 139.51
~ =
o 8 L& 22 22.000 0.438 100.96 550 559 1113 150.38
< 0 S c 22 22,000 0.469 107.95 550 559 1191 160.69
o I __3 22 22.000 0.500 114,92 x5 0 550 559 12.70 171.10
E‘ ; 55 22 22,000 0.562 128.79 550 559 14.27 191.70
— = 3
@ 5 gn_ 22 22,000 0.625 142.81 550 559 15.88 21270
5309 22 22.000 0.688 156.74 550 559 17.48 233.44
= 9 g =) 22 22.000 0.750 170.37 550 559 19.05 253.67
8‘ 33 22 22.000 0.812 183.92 550 559 20.62 273.78
o =
o = 3 22 22.000 0.875 197.60 . 60 550 559 22.23 294,27
3 m‘fb 22 22.000 0.938 21119 550 559 23.83 314.51
o E-tr 22 22,000 1.000 224.49 550 559 25.40 334.25
[} % c 22 22.000 1.062 237.70 550 559 26.97 353.86
2 o= 22 22,000 1.125 251,05 B0 550 559 28.58 373.85
c T o
= g =5 22 22,000 1.188 264.31 550 559 30.18 393.59
[ T n 22 22.000 1.350 277.27 550 559 3175 412.84
'g g = 22 22,000 1.312 200.15 550 559 33.32 431.96
- 53 22 22.000 1.375 303.16 100 550 559 34.93 451,45
c £ g 22 22.000 1.438 316.08 . . 550 559 36.53 L7069
- w-g
g o 22 22.000 1.500 328.72 550 559 38.10 4B .44
= 22 22.000 1.625 353.94 . 120 550 559 41.28 527.05
= 22 22,000 1.875 403.38 . 140 550 559 47.63 600.67
; 22 22,000 2.125 451,49 . 160 550 559 53.98 672.30
g
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g s 83 Q 5 Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont'd)
- @ez -g.. = , Identification .
5. 3 5 - 3 ~ x Customary Units [Standard (STD), Sl Units
o0 -a' E D B o) Outside Wal Plain End  Extra-Strong (X5), Dutside Wall Plain End
o3 9 SO 3 ° NPS Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter, Thickness, Mass,
=Q 3 s = [Note (1)] in. in. Lb/ft Strong (XX5)] No. [Mote (2)] mm mim kgfm
s c = g s_ -
=3 g-~<i' s’ 24 24,000 0.218 55.42 5 600 610 5.54 B25R
3.5 = : m = 24 24000 0.250 63.47 10 600 610 6.35 94.53
=3 33 [} = 24 24000 0.281 71.35 600 610 7.14 106.15
%5 D e g' - 24 24,000 0.312 79.01 600 610 7.92 117.60
= JC ]
lg a S ;‘E. ~ 24 24000 0.344 B6.99 600 610 B.74 129.60
28 Q .g g 2 24 24000 0.375 94.71 5 20 600 610 9.53 14112
-2 3 po (1} 24 24,000 0.406 102.40 600 610 10.31 152.48
%3 5 3 Q 24 24,000 0.438 110.32 600 610 11.13 164,36
m —
o 3 § 3 ﬁ Q 24 24000 0.469 117.98 600 610 1.0 175.67
&0 T 20 — 24 24,000 0.500 125.61 5 600 610 12.70 187.07
o g S = E 24 24,000 0.562 140.81 0 600 610 14.27 209.65
T = 'g c = 24 24,000 0.625 156.17 600 610 15.88 23267
o 3
‘3 .3 &7 Q 24 24000 0.688 171.45 40 600 610 17.48 255.43
P g &5 ; 24 24,000 0.750 186.41 600 610 19.05 277.63
= e > o 24 24,000 0.812 201.28 600 610 20.62 299.71
- 24 24,000 0.875 216.31 600 610 22.73 322.23
5S>
g Q 'g e 24 24,000 0.938 231.25 600 610 23.83 344,48
Q s 5% 24 24,000 0.969 238.57 60 600 610 24.61 355.28
o ) o .. 24 24,000 1.000 245,87 600 610 25.40 166,19
39 =2 24 24000 1.062 260.41 600 610 26.97 IB7.79
Q = O~
& v g 24 24,000 1.125 275.10 600 610 28.58 409.80
c S T 24 24,000 1.188 289.71 ... ... 600 610 30.18 43155
w = 09 24 24000 1.219 296.86 B8O 600 610 30.96 44211
o ; g 3 24 24000 1.250 304,00 600 610 31.75 45277
£35S =0
c = &5 24 24,000 1.312 318.21 600 610 33.32 473.87
> 5 o 24 24000 1.375 332.56 600 610 34,93 495,38
= % P 24 24000 1.438 346,83 600 610 36.53 516.63
5 Q 2 = 24 24000 1.500 360,79 600 610 38.10 537.36
n <
o = 2.3 24 24,000 1.531 I67.74 100 600 610 38.89 S47.74
Ao 55 24 24000 1.562 374,66 600 610 39.67 557.97
= x 53 24 24000 1.812 429,79 120 600 610 46.02 640.07
w9 o 24 24,000 2.062 483.57 140 600 610 52.37 720.19
5 g = g 24 24,000 2.344 54764 160 600 610 59.54 BOB.27
o ] 3 26 26.000 0.250 68.82 650 660 6.35 102.36
o S0 26 26,000 0.281 77.26 650 660 7.14 114.96
o E’a 26 26,000 0.312 B5.68 o 10 650 660 7.92 127.36
3 g o 26 26,000 0.344 94.35 650 660 B.74 140.37
o -
[ % c 26 26,000 0.375 102.72 SO 650 660 9.53 152.88
2 o= 26 26,000 0.406 111.08 650 660 10.31 165.19
= S 9 26 26,000 0.438 119.69 650 660 11.13 178.10
: 3 a 26 26,000 0.469 128.00 650 660 1.9 190.36
g g < 26 26,000 0.500 136,30 S 20 650 660 12.70 20274
- 53 26 26,000 0.562 152.83 650 660 14.27 237.25
(= ég 26 26,000 0.625 169.54 650 660 15.88 252.25
S D= 26 26,000 0.688 186.16 650 660 17.48 276.98
.
= 26 26,000 0.750 202.44 650 660 19.05 30112
=, 26 26,000 0.812 218.64 650 660 20.62 325.14
; 26 26,000 0.875 235.M1 650 660 2.3 34964
o 26 26.000 0.938 251,30 650 660 23.83 37387
5 26 26.000 1.000 267.25 650 660 25.40 397.51
=
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ASME B26.10M-2015

Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont'd)
. Identification .
Customary Units [Standard (STD) 51 Units
N

Outside Wall Plain End  Extra-Strong (XS), Qutside wall Plain End

NPS Diameter,  Thickness, Weight, or Double Extra Schedule DN Diameter,  Thickness, Mass,
[Mote (1)] in. in. b/t Strong (XS]] Na. [Mote (2)] mm mm kg/m

28 28.000 0.250 7416 700 711 6.35 110.35
28 28.000 0.281 B83.26 700 711 714 123.94
28 28.000 0.312 92.35 10 700 711 7.92 137.32
28 28.000 0.344 101.70 700 711 B.74 151.37
28 2B.000 0.375 110.74 51D 700 711 .53 164.86
28 28.000 0.406 119.76 700 711 10.31 178.16
28 28.000 0.438 129.05 700 711 1113 192.10
28 28.000 0.469 138.03 700 711 1191 205.34
28 28.000 0.500 146,99 x5 20 700 711 1270 218.71
28 28.000 0.562 164.84 700 711 14,27 24519
28 28.000 0.625 182.90 30 700 711 15.88 272,23
28 28.000 0.688 200,87 700 711 17.48 298.96
28 28.000 0.750 218.48 700 711 19.05 325.08
28 28.000 0.812 236.00 700 711 20.62 351.07
28 28.000 0.875 253.72 700 711 22.23 37760
28 28.000 0.938 271.36 700 711 23.83 403.84
28 28.000 1.000 288.63 700 711 25.40 420,46
30 30.000 0.250 7951 5 750 762 6.35 118.34
30 30,000 0.281 B9.27 750 762 7.14 132.92
30 30,000 0.312 99.02 10 750 762 7.92 147.29
30 30,000 0.344 109.06 750 762 B.74 162.36
30 30.000 0.375 118.76 51D 750 762 9.53 176.85
30 30.000 0.406 128.44 750 762 10.31 191.12
30 30.000 0.438 138.42 750 762 1113 206.10
30 30.000 0.469 148.06 750 762 1191 220.32
30 30,000 0.500 157.68 x5 20 750 762 1270 234.68
30 30,000 0.562 176.86 750 762 14.27 263.14
30 30.000 0.625 196.26 30 750 762 15.88 292.20
30 30.000 0.688 215.58 750 762 17.48 320,95
30 30.000 0.750 234.51 750 762 19.05 349,04
30 30.000 0.812 253.36 750 762 20.62 ErFKi b
30 30.000 0.875 27243 750 762 22,23 405,56
30 30.000 0.938 201,41 750 762 23.83 433.81
30 30.000 1.000 310.01 750 762 25.40 461.41
30 30.000 1.062 328.53 750 762 26.97 4RB.88
30 30.000 1.125 347.26 750 762 28.58 516.93
30 30.000 1.188 365.90 750 762 30.18 544.68
30 30,000 1.250 3847 750 762 ILTS 57179
32 32.000 0.250 B4.BS 800 813 6.35 126.32
32 32.000 0.281 95.28 800 813 714 141.90
32 32,000 0.312 105.69 10 BOO B13 7.92 157.25
32 32.000 0.344 116.41 BOO 813 B.74 173.35
32 32.000 0.375 126.78 51D BOO 813 9.53 188.83
32 32.000 0.406 137.12 BOO 813 10.31 204.09
32 32.000 0.438 147.78 BOO 813 1113 220,10
32 32.000 0.469 158.08 Boo B13 1191 235.29
32 32,000 0.500 168.37 x5 BOO B13 1270 250.65
32 32,000 0.562 188.87 BOO B13 14.27 281.09
32 32.000 0.625 209.62 30 BOO 813 15.88 31217
32 32.000 0.688 230,29 &40 800 813 17.48 342,94
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998 5 39 - Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont’
.
NQ (= SQ o * . Identification )
=] 3 - 6'3 50 Customary Units [Standard (ST, S1 Units
gg o e o) Outside Wall Plain End  Extra-Strong (X5), Outside wall Plain End
=Q = TQ g NPS Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter,  Thickness, Mass,
gg = g 5 — [Note (1)] in. in. Ib/Tt Strong (XxS)] Nao. [Note (2)] mm mm kg/m
n_ < =
§: 9 g0 (] 32 32.000 0.750 250.55 800 B13 19.05 37300
=3 A § b A 32 32.000 0.812 270.72 800 B13 20.62 402.94
25 282 o E. 32 32.000 0.875 291.14 800 B13 22.23 43352
8 5 o ;g == 32 32.000 0.938 311.47 8O0 B13 23.83 46378
= —h
[ g— Q 2o 2 32 32.000 1.000 331,39 800 B13 25.40 49335
oS F 'g : ) 32 32.000 1.062 351.23 800 B13 26.97 522B0
o 3 g 5 - Q 32 32.000 1.125 3713 8O0 B13 28.58 55288
5.; = ;—’g ) 32 32.000 1.188 391,30 800 813 30.18 58164
=3 0 Qau = 32 32.000 1.250 410,90 800 813 31.75 61172
P T o -
”'3 o :I% — 34 34,000 0.250 90.20 850 6k 6.35 13431
o 2 'g = Q 34 34.000 0.281 101.29 850 864 7.14 150.88
9 55 §- ~ 34 34.000 0.312 112.3 10 850 864 7.92 167.21
3 Q &r Q ETA 34.000 0.344 123.77 850 B6k B.74 1B4.34
0 o -
}‘, 3 ;2 - 34 34.000 0.375 134,79 STD 850 864 9.53 200.82
" E g§ o 34 34.000 0.406 145,80 850 864 10.31 217.06
g 5% - ETA 34.000 0.43B 157.14 850 B6k 11.13 23410
s @ 'g c ETA 34.000 0.468 168.11 850 B6k 11.91 250.27
Q@ —
Q = % ) ETA 34,000 0.500 179.06 xS 20 850 864 12.70 266.63
o o — -
Shat =S ETA 34.000 0.562 200.89 850 B6k 14.27 299.04
0 = O - ETA 34.000 0.625 222.99 0 850 B6k 15.88 33214
& g s g ETA 34.000 0.688 245.00 40 850 B6k 17.48 364,92
e
7 ;-'g'g ETA 34.000 0.750 266.58 850 B6k 19.05 396.96
o oS 3 ETA 34.000 0.812 288.08 850 B6k 20.62 42R.BB
c § gm ETA 34.000 0.875 309,84 850 B6k 22.73 46148
c =03 ETA 34.000 0.938 331.52 850 B6k 23.83 49375
o
: 2 ;.g ETA 34.000 1.000 352,77 850 B6k 25.40 5325.30
Y 8 b o ETA 34.000 1.062 373.94 850 B6k 26.97 556.73
< o <E ETA 34.000 1.125 395.36 850 B6k 28.58 SBR.E3
o = 2_3 T 34.000 1.188 416.70 850 B6k 30.18 620,60
ahs 55 T 34,000 1.250 437.62 B850 BG4 31.75 651.65
=P 5 g:_ 6 36,000 0.250 95.54 900 94 6.35 142.14
' Rl 6 36,000 0.281 107.30 900 4 7.14 159.68
=. 9o g =) 6 36.000 0.312 119.03 10 900 94 7.92 176.97
8‘ 53 36 36.000 0.344 131.12 00 914 B.74 195.12
o r
o = 3 6 36,000 0.375 142,81 SO . 900 4 9.53 212.57
3 m'fb 6 36.000 0.406 154.48 . . 900 94 10,31 229.77
o 2 o 36 36.000 0.438 166.51 .. .. 00 914 11.13 247.82
g % < 6 36,000 0.468 178.14 900 94 11.91 264,96
=4 g 5 6 36.000 0.500 189.75 b3 20 900 94 12.70 282.29
= 33 36 36.000 0.562 212,90 00 914 14.27 316.63
o = a 36 36.000 0.625 236.35 30 00 914 15.88 35173
'g ®3 6 36,000 0.688 259.71 900 94 17.48 IB6.LT
S
'g =3 36 36.000 0.750 282,62 40 00 914 19.05 430.45
= 72 36 36.000 0.812 305.44 .. .. 00 914 20.62 454,30
B 36 36.000 0.875 328.55 00 914 22.23 4BE.BT
= 6 36,000 0.938 351.57 . . 900 94 23.83 53314
]
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ASME B36.10M-2015

Table 1 Dimensions and Weights of Welded and Seamless Wrought Steel Pipe (Cont’d)
. Identification .
Customary Units [Standard (STD), 51 Units

Qutside Wall Plain End  Extra-Strong (X5), Outside Wall Plain End

NPS Diameter, Thickness, Weight, or Double Extra Schedule DN Diameter, Thickness, Mass,
[Mote (1)] in. in. Iby/ft Strong (XXS)] No. [Mote (2)] mm mm kg/m

36 36.000 1.000 374.15 900 914 25.40 556.62
36 36.000 1.062 39664 00 914 26.97 589.98
36 36.000 1.125 419,42 900 914 28.58 624.07
36 36.000 1.188 442,10 00 914 30.18 657.81
36 36.000 1.250 464,35 900 914 3L75 69080
38 38.000 0.312 125.70 a50 365 7.9z 186.94
3B 38.000 0,344 138.47 950 965 B.74 206.11
38 38.000 0.375 150.83 51D a50 365 953 224.56
3B 38.000 0406 163.16 950 965 10.31 24274
38 38.000 0.438 175.87 a50 365 1113 261.82
3B 38.000 0.469 188.17 950 965 11.91 279.94
38 38.000 0.500 200.44 x5 a50 365 1270 298.26
3B 38.000 0.562 224,92 950 965 14.27 334.58
3B 38.000 0.625 249.71 950 965 15.88 Era W]
38 38.000 0.688 274.42 a50 365 17.48 408.46
3B 38.000 0.750 298.65 950 965 19.05 A44.41
38 38.000 0.812 322.80 a50 365 20,62 480.24
3B 38.000 0.875 347.26 950 965 2223 516.85
38 38.000 0.938 7163 a50 365 23.83 553.11
3B 38.000 1.000 395.53 950 965 25.40 5B8.57
38 38.000 1.062 419,35 a50 365 26.97 623.90
3B 38.000 1.125 443 47 950 965 28.58 660.01
38 38.000 1.188 467.50 a50 365 30.18 695.77
3B 38.000 1.250 491.07 950 965 3L75 73074
40 £0.000 0.312 132.37 1000 1016 7.9z 196.90
40 40,000 0,344 145.83 - 1 000 1016 B.74 1711
40 £0.000 0.375 158.85 51D 1000 1016 953 236.54
40 40,000 0406 171.B4 1 000 1016 10.31 255.71
40 £0.000 0.438 185.24 1000 1016 1113 275.82
40 40,000 0.469 198.19 - 1 000 1016 11.91 294,92
40 £0.000 0.500 211.13 x5 1000 1016 1270 34.23
40 40,000 0.562 236.93 1 000 1016 14.27 352.53
40 £0.000 0.625 263.07 1 000 1016 15.88 391.67
40 40,000 0.688 289.13 1000 1016 17.48 430.45
40 £0.000 0.750 314.69 1 000 1016 19.05 468.37
40 40,000 0.812 340.16 1000 1016 2062 506.17
40 &40.000 0.875 365.97 1 000 1016 22.23 544.81
40 £0.000 0.938 391.68 1 000 1016 23.83 583.08
40 40,000 1.000 416.91 1000 1016 25.40 620.51
40 £0.000 1.062 442,05 1 000 1016 26.97 657.82
40 40,000 1.125 467.52 1000 1016 28.58 695.96
40 £0.000 1.188 492.90 1 000 1016 30.18 733.73
40 40,000 1.250 517.80 1 000 1016 3L75 7r0a7
42 42,000 0.344 153.18 . 1050 1067 B.74 22B.10
42 42,000 0.375 166.86 5TD 1050 1067 9.53 248.53
42 42,000 0.406 180.52 1050 1067 10.31 268.67
42 42,000 0.438 194.60 1050 1067 1113 289.82
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Lampiran 9 Steam Table yang digunakan

711 Tables in SI Units

TABLE A-3  Properties of Saturated Water (Liguid—Vapor): Pressure Tahle
Specific Volume Intemnal Energy Enthalpy Emropy
m¥kg Kiikg klikg klikg - K
Sar, Sat. Sar. Sat. Sat. Sat. Sar. Sat.
Press. Temp. Liguid Vapor Liquid Vapor Liquid Evap. Vapor | Ligquid | Vapor Press.
bar “C vy %108 Uy i g iy hyg hy 5 5, bar
0.04 28.96 1.0040 34,800 121.45 24152 121.46 | 24329 | 25544 | 04226 | B.4746 0.04
(.06 36.16 1.0064 23.739 151.53 | 24250 151.53 | 24159 | 25674 | 05210 | 8.3304 0.06
0.08 41.51 1.0084 18.103 173.87 | 24322 173.88 | 2403.1 | 2577.0 | 05926 | 8.2287 0.08
010 45.81 1.0102 14.674 191.82 | 24379 191.83 [ 23928 | 25847 | 06493 | 81502 0.10
0.20 6006 1.0172 7.649 25138 2456.7 251.40 | 23583 2609.7 | 0.8320 | 7.9085 0.20
0.30 69.10 1.0223 5.229 280.20 [ 24684 289.23 | 23360 | 26253 | 08439 | 7.7686 0.30
.40 75.87 1.0265 3.993 31753 | 24770 31758 | 23192 | 26368 | 1.0259 | 7.6700 0.40
0.50 81.33 1.0300 3.240 34044 [ 24839 34049 | 23054 | 26459 | 1.0910 | 7.5939 0.50
0.60 B394 1.0331 2.732 35079 [ 2489.6 35086 | 22936 | 26535 | 11453 | 7.5320 0.60
(.70 89,95 1.0360 2,365 376.63 24945 376,700 | 22833 [ 26600 11919 | 74797 070
0.80 93.50 1.0380 2.087 391.58 | 24988 391.66 | 2274.1 | 26658 [ 1.2329 | 7.4346 0.80
0.90 96.71 1.0410 1.869 405.06 | 2502.6 405.15 | 2265.7 | 26709 | 1.2695 | 7.3949 0.90
1.00 99.63 1.0432 1694 417.36 | 2506.1 41746 | 22580 | 26755 | 1.3026 | 7.3594 1.00
1.50 | 1114 1.0528 1.159 466.94 | 2519.7 467.11 | 22265 | 2693.6 | 14336 | 7.2233 1.50
2.00 120.2 1.0605 (.BR57 504.49 [ 25295 504700 22009 | 2706.7 1.5301 7.1271 2.00
250 ] 1274 1.0672 0.7187 53510 | 2537.2 53537 | ZIBL5 | 27169 | 16072 | 7.0527 2.50
3.00 133.6 1.0732 0.6058 561.15 25436 S61.47 21638 27253 16718 | 69919 3.00
350 | 1389 1.0786 0.5243 58395 [ 25469 58433 | 21481 [ 27324 | 17275 | 6.9405 3.50
400 [ 143.6 1.0836 0.4625 60431 | 23536 60474 | 21338 [ 27386 | 17766 | 6.8939 4,00
4.50 14749 1.0882 04140 622.25 25576 62325 212007 27439 18207 | 6.8565 4.50
500 | 1519 1.0926 0.3749 639.68 [ 2561.2 640.23 | 21085 | 2748.7 | 1.B6O7 | 6.8212 5.00
6.00 | 1589 1.1006 0.3157 669.90 [ 25674 670.56 | 20863 [ 27568 [ 1.9312 | 6.7600 6.00
T.00 | 1650 1.1080 0.2729 6O6.44 [ 25725 697.22 | 20663 | 2763.5 | 1.9922 | 6.7080 7.00
BOD | 1704 1.1148 0.2404 72022 | 2576.8 T2L.11 | 2048.0 [ 2769.1 | 2.0462 | 6.6628 B.00
900 | 1734 1.1212 0.2150 T41.83 | 25803 T4283 | 20311 [ 27739 [ 20946 | 6.6220 9.00
10.0 179.9 1.1273 0.1944 T61.68 [ 2583.6 Ta281 | 20153 [ 2778.1 | 21387 | 6.5863 10.0
15.00 198.3 1.153% 01318 84316 | 25045 B44.84 | 19473 [ 27922 | 23130 | 64448 15.0
200 2124 11767 0.09953 900.44 [ 26003 Q0879 | 189007 [ 2799.5 | 24474 | 63409 20,0
250 224.0 1.1973 0.07998 959.11 | 26031 962,11 | 1841.0 [ 28031 | 2.5547 | 6.2575 25.0
300 2339 1.2165 006668 10048 2604.1 10084 17957 | 28042 | 26457 | 61869 30.0
350 2426 1.2347 0.05707 1045.4 26037 | 10498 17537 | 28034 | 27253 | 6.1253 350
A0 250.4 1.2522 (L0497H 1082.3 26023 10873 1714.1 2801 .4 27964 | 6.0701 40.0
450 2575 1.2602 0.04406 1116.2 26001 | 1121.9 1676.4 | 2798.3 | 2.8610 | 6.0199 45.0
50.0 264.0 1.2859 0.03944 11478 2597.1 | 11542 1640.1 | 27943 | 29202 | 59734 50,0
60.0 275.6 1.3187 0.03244 1205.4 25897 | 12134 1571.0 | 27843 | 3.0267 | 58892 60,0
0.0 2859 1.3513 0.02737 1257.6 25805 | 1267.0 15051 | 27721 | 31211 | 58133 70.0
800 285.1 1.3842 0.02352 1305.6 25698 | 1316.6 14413 | 27580 | 32068 | 57432 8OO
SO0 3034 1.4178 0.02048 1350.5 25578 1363.3 1378.9 27421 32858 | 5.6772 90.0
100, 3111 1.4524 0.01803 1393.0 25444 | 14076 1317.1 | 27247 | 33596 | 5.6141 | 100
110 3182 1.4886 0.01599 1433.7 25298 | 1450.1 12555 | 27056 | 34205 | 55527 | 110,
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