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| ASME B31

B31.1

B31.3

B31.4

B31.5

B31.8

B31.9

B31.12

Power Piping: piping typically found in
electric power generating stations, in
industrial and institutional plants,
geothermal heating systems, and central
and district heating and cooling systems

Process Piping: piping typically found in
petroleum refineries; chemical,
pharmaceutical, textile, paper,
semiconductor, and cryogenic plants; and
related processing plants and terminals

Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between
plants and terminals and within terminals,
pumping, regulating, and metering
stations

Refrigeration Piping and Heat Transfer
Components: piping for refrigerants and
secondary coolants

Gas Transmission and Distribution Piping
Systems: piping transporting products
that are predominately gas between
sources and terminals, including
compressor, regulating, and metering
stations; and gas gathering pipelines

Building Services Piping: piping typically
found in industrial, institutional,
commercial, and public buildings, and in
multi-unit residences, which does not
require the range of sizes, pressures, and
temperatures covered in B31.1

Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service
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Bangladesh Gas Safety Rules
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Bangladesh Natural Gas Safety Rules 1991 (amended up to 2003)
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~ ASME B31.8 (2010)

According to Bangladesh Natural Gas Safety Rules 1991 (amended up to 2003) and ASME B31.8 (2010)
code and standard [para 841.1]:

The design pressure for steel gas piping systems or the nominal wall thickness for a given design
pressure shall be determined by the following formula:

PZ(%?)XEXFXT or tz(PDj L

— |x
2S ExFxT

where

P= design pressure, psig

S = specified minimum yield strength (SMYS), psi, stipulated in the specification under which the pipe
was purchased (Mandatory Appendix-D)

t = nominal wall thickness, in.

D = nominal outside diameter of pipe, in.

E = longitudinal joint factor obtained from Table 841.1.7-1

F = design factor obtained from Table 841.1.6-1

T = temperature derating factor obtained from Table 841.1.8-1
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MANDATORY APPENDIX D

SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS!

Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used

Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used
in Piping Systems

in Piping Systems (Cont’d)

Type Type
Spec. No. Grade [Note (1)] SMYS, psi (MPa) Spec. No. Grade [Note (1)] SMYS, psi (MPa)
API 5L [Note (2)] A25 BW, ERW, S 25,000 172 ASTM A 381 Class Y-52 DSA 52,000 (359)
API 5L [Note (2)] A ERW, S, DSA 30,000 (207) ASTM A 381 Class Y-56 DSA 56,000 (386)
APl 5L [Note (2)] B ERW, S, DSA 35,000 (241) ASTM A 381 Class Y-60 DSA 60,000 (414)
API 5L [Note (2)] xX42 ERW, S, DSA 42,000 (290) ASTM A 381 Class Y-65 DSA 65,000 (448)
APl 5L [Note (2)} X46 ERW, S, DSA 46,000 (317)
ASTM A 984 35 ERW 35,000 (241)
APl 5L [Note (2)] x52 ERW, S, DSA 52,000 (359) ASTM A 984 50 ERW 50,000 (345)
APl 5L [Note (2)] X56 ERW, S, DSA 56,000 (386) ASTM A 984 60 ERW 60,000 (414)
API 5L [Note (2)] %60 ERW, S, DSA 60,000 (414) ASTM A 984 70 ERW 70,000 (483)
API 5L [Note (2)] x65 ERW, S, DSA 65,000 (448) ASTM A 984 80 ERW 80,000 (552)
AP| 5L [Note (2)] X80 ERW, S, DSA 80,000 (552) ASTM A 1005 50 DSA 50,000 (345)
ASTM A 1005 60 DSA 60,000 (414)
ASTM A 53 Type F BW 25,000 (172) ASTM A 1005 70 DSA 70,000 (483)
ASTM A 53 A ERW, S 30,000 (207) ASTM A 1005 80 DSA 80,000 (552)
ASTM A 53 B ERW, 5 35,000 24D AsTM A 1006 35 LW 35,000 (241)
ASTM A 106 A [ 30,000 (207) ASTM A 1006 50 W 50,000 (345)
ASTM A 106 B S 35,000 (241) ASTM A 1006 60 ) 60,000 (414)
ASTM A 106 C S 40,000 (276) ASTM A 1006 70 LW 70,000 (483)
ASTM A 1006 80 LW 80,000 (552)
ASTM A 134 EFW [Note (3)]
ASTM A 135 A ERW 30,000 (207)
ASTM A 135 B ERW 35,000 (241)
ASTM A 139 A EFW 30,000 (207)
ASTM A 139 B EFW 35,000 (241)
ASTM A 139 C EFW 42,000 (290)
ASTM A 139 D EFW 46,000 (317)
ASTM A 139 E EFW 52,000 (359)
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Table 841.1.7-1 Longitudinal Joint Factor, £

Spec. No. Pipe Class E Factor

ASTM A 53 Seamless 1.00
Electric-Resistance-Welded 1.00
Furnace-Butt Welded, Continuous Weld 0.60
ASTM A 106 Seamless 1.00
ASTM A 134 Electric-Fusion Arc-Welded 0.80
ASTM A 135 Electric-Resistance-Welded 1.00
ASTM A 139 Electric-Fusion Arc-Welded 0.80
ASTM A 333 Seamless 1.00
Electric-Resistance-Welded 1.00
ASTM A 381 Submerged-Arc-Welded 1.00

ASTM A 671 Electric-Fusion-Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00

ASTM A 672 Electric-Fusion-Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00

ASTM A 691 Electric-Fusion-Welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A 984 Electric-Resistance-Welded 1.00
ASTM A 1005 Double Submerged-Arc-Welded 1.00
ASTM A 1006 Laser Beam Welded 1.00
APi 5L Electric Welded 1.00
Seamless 1.00
Submerged-Arc Welded (Longitudinal 1.00

Seam or Helical Seam)
Furnace-Butt Welded, Continuous Weld 0.60
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Table 841.1.6-1 Basic Design Factor, F

Design Factor,

Location Class F
Location Class 1, Division 1 0.80
Location Class 1, Division 2 0.72
Location Class 2 0.60
Location Class 3 0.50
Location Class 4 0.40

Table 841.1.8-1 Temperature Derating Factor,

T, for Steel Pipe

Temperature Derating

Temperature, °F (°C) Factor, T
250 (121) or less 1.000
300 (149) 0.967
350 (177) 0.933
400 (204) 0.900
450 (232) 0.867
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AMERICAN STANDARD STEEL PIPE ASME B36.10

Nominal Size | Outside Nominal Wall Thickness & Weight for Dimensions (mm)
Diameter Welded & Seamless Steel Pipe ASME B36.10 Weight (kg/m)

DN NPS mm STD | EXTRA XX SCHED. | SCHED. | SCHED. | SCHED. | SCHED. | SCHED. | SCHED. | SCHED. | SCHED. | SCHED.
STRONG | STRONG | 10 20 30 40 60 80 100 120 140 160

6 | w | w03 | 15| 2| - - - - - - - - -
8 " E e - - - - - - - -
o | | om | BB - - - - - - - - -
27 | 313 | 14 _ i _ i i i i 78
5 2 | a3 | Fx | i | i 195
0 | |1 | 5B BB 4] - | - e
338 | 45 | 909 _ _ _ — _ b _ _ _ 6.35
= - B4 | 250 | 31 | 54 = = 424
_ 356 | 485 | 97 i - i r _ = - - _ 635
2 | 1M %2 | 339 | 4g | 77 = - 561
- 368 | 508 | 105 | . _ _ ' ) = - _ i a0
4 | 1R 483 | o5 | 341 | 9% = = 725
N 391 | 554 | 10 i - i - - - - 874
50 Z 603 | 54 | T8 | ras = g i
- 56 | 701 | 402 | . . _ = - - _ i 953
66 |22 | O | Z63 | fiar | 2039 & = 49
- 549 | 762 | 5524 | ) _ _ - _ _ _ e
80 | 3 | B89 | fid | oy | Zer = = 2135
9 | 3w | ms | pF | 808 - - - - 5 | - - - - -
602 | 856 | TR _ _ _ _ _ 173 | 5w
100 4 M3 | %oy | 2% | 4m 287 3354
655 | 953 | 1905 | i _ i i 27 [ 588
125 > M3 | o7 | 3097 | 5743 4028 290
| 097 | 295 | . _ _ _ | #z | - | &z
150 b 1883 | 2526 | 4756 | 7977 5420 67 56
e - o1 | 88 | 27, | 23 | - 635 | 104 1031 509 | 1826 | 2062 | 2301
1| 55 | ed64 | 0792 13 | e 5308 79 | o044 | ioogz | fiter
=0 | 1o | za1 | %4 | &I | 54 - 635 | 18 XS | 503 | 1826 | 2144 | WS | 2858
1 | 5031 | 8155 | 515 477 | 5103 G55 | seo | md75 | 13306 | 5535 | 17233

300 | 12 | 3mo | 98 | 7 | 254 | - | 63 | 838 | 103l | 1421 | 148 | 2144 | xS | 2858 | 3.2
D | 7388 | 9its | 18697 4973 | 6520 | 7973 | 1089 | 13208 | ©39] | 18697 | 20814 | 2316

=0 | e | 253 | 127 ) 635 | 792 | StdWI | 113 | 1500 | 1905 | 2383 | 2179 | 3175 | 3571
5 6 | &3z | 10710 5459 | s79p | “8133 | 9455 | @670 | maEi0 | 19496 | 22465 | F3%6 | Zir0
200 6 | 4064 | 983 | BT _ 635 | 792 | StAWI. | XS | 1666 | 2144 | 2619 | 3096 | 3653 | 4049
4 | o3 | 1330 6364 | 7783 | 9377 | 12330 | 16012 | 20353 | 24556 | 28664 | 33119 | 36535
450 " 7 | 98 | 1 | - 635 | 792 | I3 | 1427 | 1905 | 2383 | 2936 | 3493 | 3967 | 4524
10576 | 13915 7057 | &7n | 12238 | 15580 | 20574 | 25455 | 30962 | 36is6 | 40826 | 45937
00 | 20 o | 993 | 17 i 635 | StdWT | X5 | 1509 | 2062 | 2619 | 3254 | 381 | 4445 | 5001
175 | 15512 7655 | 715 | 15512 | 18342 | 24783 | i | 38i53 | 44149 | 50811 | Sed8
550 2 w9 | 983 | 1T _ 635 | SHIWT | XS _ 2273 | 2858 | 3493 | 4128 | 4763 | 5398
2913 | 17109 8654 | 12913 | mioe 29475 | 37383 | 25142 | 52705 | 60063 | 67226
00 | 2 a0 | 953 | BT i 635 | StAWT | 421 | 1148 | 27461 | 3096 | 3889 | 2607 | 5237 | 5952
iii2 | 18706 9453 | "M | 20964 | 2554 | 35506 | 44708 | Bain | 2003 | 72015 | 80822
: 953 | 127 _ 192 | XS i _ i _ i i . .
650 | 26 660 | s5igr | 20272 12736 | 20072
953 | 127 _ 792 | XS | 588 | i _ _ i i i
700 28 m | s | x589 13732 | 21869 | 2
953 | 127 ) 792 | A5 | 1588 ) - ) _ _ _ R
70 | 30 62 | 7584 | 23de7 15728 | 73der | 29718
a0 | a3 | 953 | 17 _ 792 | XS | 1588 | 1748 i _ i - i -
18882 | 25064 724 | 2064 | 3126 | 34291
, 953 | 127 792 | XS | 1588 | 1748
850 34 864 | 003 | 26661 | - 16720 | 26661 | 3212 | 36490 | - - - - -
900 | 36 o | 93 | 17 i 792 | X5 | 1588 | 1905 i _ _ i . -
J256 | 28277 17696 | 28927 | 3bi7 | 42042

r a53 12.7
1050 42 1067 2437'57 3319 - - - - - - - - - - -
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Problem

I
| A NPS 22 STD Schedule ASTM A 106 Grade B pipe is used to transport natural gas with design pressure of
12 barg. The design temperature of gas is 120°C. Determine the Maximum Allowable Operating Pressure
(MAOP) of the gas pipeline considering to ASME B31.8 standard.
Also determine the factor of safety according to this standard.

Note: 1 psi = 6.895 kPa
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Pipeline Inspection, Examination, and Testing

Prior to initial operation, a piping installation shall be inspected to ensure that the piping has been
constructed in accordance with the design, material, fabrication, assembly, examination, and testing
requirements of the Code ASME B31.1.

Examination denotes the functions performed by the manufacturer, fabricator, erector, or a party
authorized by the owner that include nondestructive examinations (NDE), such as

e Visual

e Radiography (RT)

e Ultrasonic (UT)

* Eddy current

* Liquid penetrant (PT) and

* Magnetic particle (MT) methods

The degree of examination and the acceptance standards beyond the requirements of this Code

shall be a matter of prior agreement between the manufacturer, fabricator, or erector and the
ownetr.
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| Visual Examination

Visual examinations may be conducted, as necessary, during the fabrication and erection of piping
components to provide verification that the design and WPS (Welding Procedure Specification)
requirements are being met.

In addition, visual examination shall be performed to verify that all completed welds in pipe and piping
components comply with the acceptance standards or with the limitations on imperfections specified in
the material specification under which the pipe or component was furnished.

(ASME B31.1) Acceptance Standards. The following indications are unacceptable:
(1) cracks — external surface.
(2) undercut on the surface that is greater than 1/32 in. (1.0 mm) deep, or encroaches on the
minimum required section thickness.
(3) undercut on the surface of longitudinal butt welds.
(4) weld reinforcement greater than specified in Table 127.4.2-1.
(5) lack of fusion on surface.
(6) incomplete penetration
(7) surface porosity
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| Radiography

| Radiographic Testing (RT) of weld testing makes use of X-rays, produced by an X-ray tube, or gamma
rays, produced by a radioactive isotope. The basic principle of radiographic inspection of welds is the
same as that for medical radiography.

* Radiographic testing is a NDE approach for finding porosity, cracks, inclusions and voids in the inside
of weldments.

 Surface and subsurface defects can be uncovered.

Typical RT film of weld having crack

(ASME B31.1) Acceptance Standards. Welds that are shown by radiography to have any of the following
types of discontinuities are unacceptable:
(1) any type of crack or zone of incomplete fusion or penetration
(2) any other elongated indication that has a length greater than
(-a) /4 in. (6.0 mm) for t up to 3/4 in. (19.0 mm), inclusive
(-b) 1/3t for t from 3/4 in. (19.0 mm) to 21/4 in. (57.0 mm), inclusive
(-c) 3/4 in. (19.0 mm) for t over 21/4 in. (57.0 mm)
where t is the thickness of the thinner portion of the weld
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| Radiography

Reference Radiographs
The following selection of radiographs illustrates the wide
variety of possibilities for detection of discontinuities.

i
Q
3
.
$
.
4

Offset or mismatch (Hi-Lo). Offset or mismatch with Lack of External concavity or insufficient fill.
Penetration (LOP).

An abrupt change in film density An abrupt density change across the The weld density is darker than the

across the width of the weld image. width of the weld image with a density of the pieces welded and
straight longitudinal darker density extending across the full width of the
line at the centre of the width of the weld.

weld image along the edge of the
density change.

© Dr. A.B.M. Toufique Hasan (BUET) L-4 T-1, Dept. of ME ME 423: Fluids Engineering (Jan. 2024)

Excessive penetration.

A lighter density in the centre of the
width of the weld image, either
extended along the weld or in isolated
circular drops.
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Ultrasonic Examination

Ultrasonic testing (UT) is a family of non-destructive testing technigues based on the propagation of
ultrasonic waves in the object or material tested.

In most common UT applications, very short ultrasonic pulse waves with center frequencies ranging from
0.1-15 MHz and occasionally up to 50 MHz, are transmitted into materials to detect internal flaws or to

characterize materials.

A common example is ultrasonic thickness measurement, which tests the thickness of the test object, for
example, to monitor pipework corrosion and erosion. Ultrasonic testing is extensively used to detect
flaws in welds.
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| Ultrasonic Examination cont.

(ASME B31.1) Acceptance Standards. Welds that are shown by ultrasonic examination to have
discontinuities that produce an indication greater than 20% of the reference level shall be investigated to
the extent that ultrasonic examination personnel can determine their shape, identity, and location so
that they may evaluate each discontinuity for acceptance in accordance with (1) and (2).

(1) Discontinuities evaluated as being cracks, lack of fusion, or incomplete penetration are unacceptable
regardless of length.

(2) Other discontinuities are unacceptable if the indication exceeds the reference level and their length
exceeds the following:

(-a) /4 in. (6.0 mm) for t up to 3/4 in. (19.0 mm).

(-b) %t for t from 3/4 in. (19.0 mm) to 21/4 in. (57.0 mm).
(-c) 3/4 in. (19.0 mm) for t over 21/4 in. (57.0 mm)
where t is the thickness of the weld being examined.
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PRESSURE TESTS (Hydro Test)

The pressure testing / Hydrostatic testing / Hydro test of piping systems to ensure leak tightness shall
be acceptable for the determination of any leaks in piping subassembilies.

Test Medium.

Water shall normally be used as the test medium unless otherwise specified by the owner.

Test water shall be clean and shall be of such quality as to minimize corrosion of the materials in the
piping system.
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| PRESSURE TESTS (Hydro Test) cont.

(ASME B31.1) 137.4.5 Required Hydrostatic Test Pressure. The hydrostatic test pressure at any point in
the piping system shall not be less than 1.5 times the design pressure, but shall not exceed the
maximum allowable test pressure of any nonisolated components, such as vessels, pumps, or valves, etc.

The pressure shall be continuously maintained for a minimum time of 10 min and may then be reduced

to the design pressure and held for such time as may be necessary to conduct the examinations for
leakage.

Examinations for leakage shall be made of all joints and connections. The piping system, exclusive of

possible localized instances at pump or valve packing, shall show no visual evidence of weeping or
leaking.

A
b7 SIS SRSSVAS
O S
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| Gas pipeline Pigging

Pipeline pigging is a concept in pipeline maintenance that involves the use of electro-mechanical devices
known as pigs, which clean pipelines and are capable of checking pipeline conditions.

Pigs sweep the line by scraping piping surfaces and pushing debris ahead. They can perform many
functions as they travel along a pipeline:

* Clearing the line

* Breaking up clogs

* Inspecting the interior
* Pipeline cleaning
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BLOWDOWN CALCULATIONS

|

| Blowdown valves and piping systems are installed around the mainline valve in a gas transmission piping
system in order to evacuate gas from sections of pipeline in the event of an emergency or for
maintenance purposes.

The objective of the blowdown assembly is to remove gas from the pipeline once the pipe section is
isolated by closing the mainline block valves in a reasonable period of time. The pipe size required to
blow down a section of pipe will depend on the gas gravity, pipe diameter, length of pipe section,
pressure in the pipeline, and blowdown time. AGA recommends the following equation to estimate the

blowdown time:

1 1
0.0588P3G2D*LF
T= 1 > C
d

(USCS units) (6.9)

where
T = blowdown time, min

P, = initial pressure, psia

G = gas gravity (air = 1.00) Choke factor list

D = pipe inside diameter, in.

L = length of pipe section, mi Ideal nozzle = 1.0
. : . : Through gate = 1.6

d = inside diameter of blowdown pipe, in. |

Regular gate = 1.8
F. = choke factor (as follows) Regular lube plug = 2.0

Venturi lube plug = 3.2

© Dr. A.B.M. Toufique Hasan (BUET) L-4 T-1, Dept. of ME ME 423: Fluids Engineering (Jan. 2024) 18



| BLOWDOWN CALCULATIONS cont.

In SI units,

1 1
_ 0.0192P3G*D’LF,
- g

T (SI units) (6.10)

where
P, = initial pressure, kPa
D = pipe inside diameter, mm
L = length of pipe section, km
d = pipe inside diameter of blowdown, mm

Other symbols are as defined before.
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| Problem

Example 4:
Calculate the blowdown time required for an NPS 6, 0.250 in. wall thickness blowdown assembly on an

NPS 24 pipe, 0.500 in. wall thickness, considering a 5 mi pipe section starting at a pressure of 1000 psia.
The gas gravity is 0.6 and choke factor = 1.8.

Ans: 58 min. approx
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