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FOREWORD

Responding to evident need and at the request of The American Society of Mechanical Engineers (ASME), the American
Standards Association initiated Project B31 in March 1926, with ASME as sole administrative sponsor. The breadth of the

field invo

ved rpr}nirpd that mpmhprchip of the Sectional Committee be drawn from some 40 engineering soc
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The Stj{ndards Committee was reorganized in 1978 as a:Committee operating under ASME procedures with

, government bureaus, institutes, and trade associations.
ublication in 1935 was as the American Tentative Standard Code for Pressure Piping. Revisions-from

1942

D55 were published as American Standard Code for Pressure Piping, ASA B31.1. It was then decided to puiblish

e documents the various industry Sections, beginning with ASAB31.8-1955, Gas Transmission‘and Distrili
tems. The first Petroleum Refinery Piping Code Section was designated ASA B31.3-1959,-ASAB31.3 rev
ished in 1962 and 1966.

-1969, the American Standards Association became first the United States of America Standards Institutd
can National Standards Institute (ANSI). The Sectional Committee became American National Stan
e B31 and the Code was renamed the American National Standard Code_for) Pressure Piping. The
sion was designated ANSI B31.3-1973. Addenda were published through 1975.

[ode Section for Chemical Plant Piping, prepared by Section Committee B31(6, was ready for approvalin 1
ed, rather than have two closely related Code Sections, to merge the-Section Committees and develop ¢
on, titled Chemical Plant and Petroleum Refinery Piping. The first€dition was published as ANSI B31.3-
ode, responsibility for piping design was conceptually integrated with that for the overall processing f4
uarding recognized as an effective safety measure. Three categories of Fluid Service were identified, ¥
Chapter for Category M Fluid Service. Coverage for nonmetallic piping was introduced. New concepts
ned in five Addenda, the fourth of which added Appendix*M;a graphicaid to selection of the proper Fluid S

ion. It is now the ASME Code for Pressure Piping, B31 Committee. Section committee structure remains g
anged.

pnd edition of Chemical Plant and Petroleum Refinery Piping was compiled from the 1976 Edition and i

with nonmetal requirements editorially relocated to a separate Chapter. Its new designation was ANSI/
0
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sions
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dards
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Committee B31.10 had a draft Cede for Cryogenic Piping ready for approval in 1981. Again, it was decidled to

two Section Committees and develop a more inclusive Code with the same title. The work of consolidatio
ompleted in the ANSI/ASME_B31.3-1984 Edition.

hnt changes were made.in Addenda to the 1984 Edition: integration of cryogenic requirements was comp
nd-alone Chapter on-high-pressure piping was added; and coverage of fabrication, inspection, testin
stresses was regrganized. The new Edition was designated as ASME/ANSI B31.3-1987 Edition.

a to the subsequent five Editions, published at three-year intervals, were primarily used to keep the Codd
Appendices(were added, however, on requirements for bellows expansion joints, estimating servig
of Inquiriés;-aluminum flanges, and quality control in the 1990, 1993, 1999, and 2002 Editions, all desig
B331.3.

gram.to clarify the application of all Sections of the Code for Pressure Piping, changes were made
ofizand Scope statements of the 1996 Edition, and its title was changed to Process Piping.

n was

leted;
r, and

up to
e life,

nated

n the

Under

irection of ASME Codes and Standards management, ST {IMetric) units of measurement were emphasized. With
certain exceptions, SI units were listed first in the 1996 Edition and were designated as the standard. Instructions for
conversion were given where Sl units data were not available. U.S. Customary units also were given. By agreement, either
system may have been used.

Beginning with the 2004 Edition, the publication cycle of ASME B31.3 was changed to biennial. Other changes made in
the 2004 Edition included the introduction of the weld joint strength reduction factor, W, and the additions of Appendix P,
Alternative Rules for Evaluating Stress Range, and Appendix S, Piping System Stress Analysis Examples.

Changes that were made to the 2006 and 2008 Editions of ASME B31.3 included the requirement that valves have
blowout-proof stems and the addition of a definition for elevated temperature fluid service, respectively. The most
significant change that was made to the 2010 Edition of ASME B31.3 was the addition of Chapter X, High Purity

Xiv
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Piping. Inthe 2012 Edition, Tables A-1M and A-2M were added to Appendix A that give allowable design values in SI units,
and Appendix N, Application of ASME B31.3 Internationally, was also added.

For the 2016 Edition, the allowable design values in SI units as shown in Tables A-1M and A-2M were changed from for
information only to values that may be used to meet the requirements of the Code.

In this Edition, ST units are given first, with U.S. Customary units in parentheses. Table K-1 in Appendix Kis an exception,
containing only U.S. Customary units. The allowable design values in Tables A-1 and A-2 are given in U.S. Customary units,
and the SI values are given in Tables A-1M and A-2M. Either the U.S. Customary units or the SI units for these allowable
design values may be used. Except for Tables A-1, A-1M, A-2, A-2M, C-1, C-1M, C-6, C-6M, and K-1, values in SI units are to
be regarded as the standard, unless otherwise agreed between the contracting parties. Instructions are given in Table K-1
for corvertingtabwlar-datainU-S—Customary-unitsto-appropriate-Shunits-

Interpretations, Code Cases, and errata to the B31.3 Code on Process Piping are published on the followiagASME web
page:| https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=N10020400.

ASME B31.3-2018 was approved by the American National Standards Institute on August 8, 2018«
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(18)

INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a

number of individually published Sections, each an Amer-
ican Natipnal Standard under the direction of ASME

Thisis the B31.3 Process Piping Code Section. Hereafter,

in this Introduction and in the text of this Code Section
B31 3 where the word Code is used without cppr‘iﬁ'r‘ iden-

Committee B31, Code for Pressure Piping.
Rules fdr each Section reflect the kinds of piping instal-
lations copsidered during its development, as follows:

B31.1 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

B31.3 Process Piping: piping typically found in
petroleum refineries; onshore and
offshore petroleum and natural gas
production facilities; chemical,
pharmaceutical, textile, paper, ore
processing, semiconductor, and cryogenic
plants; food and beverage processing
facilities; and related processing plants

and terminals

B31.4 Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between
plants and terminals and within terndinals,
pumping, regulating, and metering

stations

B31.5 Refrigeration Piping and Heat\Transfer
Components: piping for reffigerants and

secondary coolants

B31.8 Gas Transmission and/Distribution Piping
Systems: piping‘transporting products
that are predominately gas between
sources and terminals, including
compressor, regulating, and metering

statiens; gas gathering pipelines

B31.9 Building Services Piping: piping typically
found in industrial, institutional,
commercial, and public buildings, an
multi-unit residences, which does not
require the range of sizes, pressures, and

temperatures covered in B31.1

B31.12 Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service and

pipelines in gaseous hydrogen service

XX

tification, it means this Code Section.
Itis the owner’s responsibility to select the Gede S¢ction
that most nearly applies to a proposed piping ifistallation.
Factors to be considered by the owner inclode limitations
of the Code Section; jurisdictional requirements; a)jd the
applicability of other codes and standards. All appljcable
requirements of the selected Gode Section shall b¢ met.
For some installations, more:than one Code Sectiop may
apply to different parts ofthe installation. The owher is
also responsible for imposing requirements suppl¢men-
tary to those of the Code if necessary to assure safe piping
for the proposed-installation.
Certain piping within a facility may be subject to
codes and standards, including but not limited to
— ANSI'Z223.1 National Fuel Gas Code: piping fdr fuel
gas fromrthe point of delivery to the connection of eadh fuel
utilization device
= NFPA Fire Protection Standards: fire protgction
Systems using water, carbon dioxide, halon, foam, dry
chemicals, and wet chemicals
— NFPA 99 Health Care Facilities: medical and Igbora-
tory gas systems
— building and plumbing codes, as applicable, for
potable hot and cold water, and for sewer and [drain
systems
The Code specifies engineering requirements deemed
necessary for safe design and construction of pressure
piping. While safety is the primary consideratior, this
factor alone will not necessarily govern the final spetifica-
tions for any piping installation. The Code is not a design
handbook. Many decisions that must be made to pro
sound piping installation are not specified in detail

other

formulas. These are supplemented as necessary with spe-
cific requirements to ensure uniform application of prin-
ciples and to guide selection and application of piping
elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.

This Code Section includes the following:
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(a) references to acceptable material specifications
and component standards, including dimensional require-
ments and pressure-temperature ratings

(b) requirements for design of components and assem-
blies, including piping supports

(c) requirements and data for evaluation and limitation
of stresses, reactions, and movements associated with
pressure, temperature changes, and other forces

(d) guidance and limitations on the selection and appli-
catiop-ef-materials—components—andjoininemeth

(e)| requirements for the fabrication, assembly, and

neers|that have been accredited by the American National
Standards Institute. The Committee is a continuing one,
and Keeps all Code Sections current with new develop-
ment$ in materials, construction, and industrial practice.
New gditions are published at intervals of two years.

Codle users will note that paragraphs in the Code are not
necegsarily numbered consecutively. Such discontinuities
result from following a common outline, insofar as prac-
tical, [for all Code Sections. In this way, corresponding
matefial is correspondingly numbered in most Code
Sectigns, thus facilitating reference by those who have
occasjon to use more than one Section.

This edition of Code Section B31.3 is not retroactive.
Normally, agreement is made between contraeting
partig¢s to use a specific edition, considering requirements
of thelauthority having jurisdiction. When specified as the
latestjedition and when no edition is specifiéd,the specific
editidn is the one issued at least 6 maonths prior to the
originjal contract date for the first desigh activity.

Users of this Code are cautioned against making use of
Coderevisions without assurance that they are acceptable
to the proper authorities in the jurisdiction where the
piping is to be installed.

The B31 Committee has established an orderly proce-
dure to consider requests for interpretation and revision
of Code requirements. To receive consideration, such
request must be in writing and must give full particulars

..... dreply CHEY-W directly to
the inquirer. In addition, the question and %egly will be
published as part of an Interpretation supplement.

A Case is the prescribed form of reply when qtudy indi-
cates that the Code wording needs clarificatior), or when
the reply modifies existing requirements of the Code or

grants permission to use neWw materials or a
constructions. The Case will. be published ag
Case supplement.

Iternative
part of a

Code Cases remain.available for use until agnulled by

the ASME B31 Standards Committee.

A request for revision of the Code will be pla
Committee’s-agenda. Further information or ag
cipation en the part of the proponent may be
during:censideration of a proposed revision.

Materials ordinarily are listed in the stress t
whén sufficient usage in piping within the sc
Code has been shown. Requests for listing sh

ced on the
tive parti-
requested

hbles only
pe of the
1l include

evidence of satisfactory usage and specifilc data to

permit establishment of allowable stresses,
and minimum temperature limits, and other re
Additional criteria can be found in the guideling
tion of new materials in the ASME Boiler and
Vessel Code, Section II. (To develop usage and g4
ence, unlisted materials may be used in accord
para. 323.1.2)

maximum
strictions.
s for addi-

Pressure
in experi-
ance with
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ASME B31.3-2018
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.3-2018 was approved by
the Amerjcan National Standards Institute on August 8, 2018.

ASME B31.3-2018 includes the following changes identified by a margin note, (18).

Page Location Change

XX Introduction Revised

1 300 Subparagraphs (b)(1) and (c)(4) revised
2 300.1 Revised

2 300.1.3 Footnote 2 revised

2 300.1.4 Revised

3 300.2 (1) Footnote 3 revised

(2) indication, linear; indication, rounded; and stress ratio revised

(3) owner, readily @ccessible (for visual examination), and
representativecadded

9 Table 300.4 Entry for W added

11 301.5 First paragraph deleted

11 301.5.1 Revised

11 301.5.4 Revised

12 302.2.3 Revised in its entirety

12 302.2.4 First paragraph and subpara. (c) revised
14 302.3.2 Revised in its entirety

15 302.3.5 Subparagraphs (c), (e), and (f) revised
18 302.3.6 Subparagraph (a) revised

20 Table 302.3.5 (1) Second column head revised

(2) First row added
(3) General Note (b) and Notes (2), (3), and (9) revised

29 304.5.1 Subparagraph (b) revised
32 306.3+2 Revised

32 306.3.3 Revised

33 306.4.4 Subparagraph (b) revised
33 306.52 Revised

33 Table 308.2.1 General Note revised

34 308.3 Revised

34 308.4 Revised

34 309.2.3 First paragraph revised
35 310 Revised

35 311.1 Revised

35 311.2 Paragraphs 311.2.1,311.2.2,and 311.2.3 deleted, and subsequent

paragraphs redesignated
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35
36
36
36
36
37
39
40
43
45

47
48

50

51

52

54
57
60

72
72
79
81
82
84

85

89
89
89
90
91
91
93

95
96

312 First paragraph added
Table 314.2.1 Revised in its entirety
314.2.1 Subparagraphs (a) and (b) revised
315.2 Subparagraph (a) revised
315.3 Revised
318.2.3 Revised
319.3.6 Second paragraph revised
319.4.4 Subparagraph (c) revised
320.2 Second paragraph revised
321.3.2 (1) First paragraph revised
(2) Last paragraph and footnote 10 added
323.2.2 Revised in its entirety

Table 323.2.2

Figure 323.2.2A
Table 323.2.2A

Figure 323.2.2B

323.3.5
Table 323.3.5
Table 326.1

Table 330.1.1
331.1.1
335.3.1

340.4

341.4.1

Table 341.3.2

(1) Last two column heads revised
(2) Under Type of Material, third entry revised
(3) Notes (1), (3), (4), (6), and((7) revised

Previous Note (6) redesignated as (1) and revised; othgr Notes
renumbered

In seventh group of rews, in fourth row, entries under Nominal
Thickness revised

(1) Fahrenheit values corrected by errata and moved to bottom of
illustration

(2) General\Notes replaced by one General Note
Subpardgraphs (b) and (c) revised

In first column, last entry revised

(1) ASME B18.31.2 added

(2) Notes (4) and (5) revised

For P-No. 5B, first two entries in third row revised
Subparagraph (a) revised

Revised

Subparagraph (b)(3) revised

Subparagraphs (a)(2) and (a)(3) revised

(1) Under Weld Imperfection, fifth entry revised

(2) For Criteria F and G, main entry under Measure reyised

Criterion Value Notes for Table Note (2) [formerly Note (10)] revised
341.3.2
344.2.1 Revised
344.2.2 Revised
344.5.1 Revised
344.6.2 Subparagraph (b) corrected by errata
345.2.1 Subparagraph (a) revised
345.2.5 Revised
345.8 (1) Paragraph 345.8.1 added
(2) Existing text moved to new para. 345.8.2 and subpara. (a)
revised
A302.2.3 Revised
A302.3.2 Footnote 1 revised
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97

101
102
107

114
119
120
124
124
124
124

125
125
126
127
127
128

130
131
133
133
134
134
134
135
135
136
139
144
145

146
148
151
152
157
161

165

A302.3.4
A319.2.1
A319.2.2
Table A326.1

Subparagraph (a) revised

Revised in its entirety

Subparagraph (a) revised

(1) ASTM F1545 and AWWA C900 revised
(2) Note (4) added

Table A341.3.2 Revised
M323.2 Revised
M335.1.1 First cross-reference corrected by errata to read 335.1
K300 Subparagraphs (a), (b)(1), and (e) revised
K300.1 Revised in its entirety
K300.4 Revised
K301 (1) First paragraph revised
(2) Paragraph K301.1 deleted
(3) Paragraph K301.2.1 revised
(4) Paragraphs K301.4.2 and K301.7.3 added
K302.2.3 Revised in its entirety
K302.2.4 Revised
K302.3.3 First paragraph revised
K302.3.5 Subparagraph (c) revised
K302.3.6 Subparagraph (a) revised
K304.1.2 (1) Equations_(3%a), (34b), (34c), and (34d) revised
(2) Footnote 3-deleted and subsequent footnotes renumber
K304.7.4 Revised
K306.1.1 Revised
K314 Revised in its entirety
K315 Revised in its entirety
K318 Revised
K319 Revised
K320 Added
K323.2 Revised
K323.2.1 Revised
K323.2.4 Subparagraph (a) revised
K326.4 Revised in its entirety

Table K341.3.2

Criferion Value Notes for Table

Under Type of Imperfection, fifth entry revised
For Symbol C, Measure revised

K341.3.2
K344.6.3 Subparagraph (b) revised
K346:2 Subparagrapit (d) Tevised
U328.4 Revised
U341.3.2 Revised

Specification Index for Appendix A

Notes for Tables A-1, A-1M, A-1A,
A-1B, A-2, and A-2M

Table A-1

Revised in its entirety

(1) General Note (a) and Notes (6), (30), and (65) revised
(2) Note (79) added

(1) All Note (2) references deleted
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(2) Under Carbon Steel — Forgings and Fittings, A694 F

42, F46,

F52, F56, F60, F65, and F70; A707 L1, L2, and L3; and A860

WPHY 42, WPHY 46, WPHY 52, WPHY 60, WPHY 65, an
70 added

d WPHY

(3) Under Low and Intermediate Alloy Steel — Pipes, for A671

CFB70 and CFE70, Type/Grade revised

(4) Under Low and Intermediate Alloy Steel — Plates, for
P-No. revised

(5) Under Stainless Steel — Pipes and Tubes, A312 TP3

A38709,

1,A312

TP321H, A376 TP321, and A376 TP321H revised
(6) A270 TP304L and TP316L added
(7) A358 321 and A409 TP321 revised
(8) A358 321H added
(9) A270 TP316 added
(10) A270 TP304 added
(11) A789 and A790 S82441 added
(12) A789 and A790 S32003 ‘revised
(13) For A928 S32003, Size)revised
(14) A789 and A790,532760 revised

(15) Under Stainless' Steel — Plates and Sheets, A240 ]
321H revised

(16) A240 S82441 added
(17) For:A240 S32003, Size revised
(18) A240 S32760 revised

21 and

(19)"\Under Stainless Steel — Forgings and Fittings, A1$2 F321

and F321H revised
(20) A403 WP321 and WP321H revised

(21) Under Stainless Steel — Bar, for A479 304, 304H, 30,
316H, and 316L, Notes revised

(22) For A479 321 and 321H, stress value for 650°F and
stress values revised

(23) A479 S82441 added

(24) Under Stainless Steel — Castings, for A351 CF8C, N
stress values revised

(25) Under Nickel and Nickel Alloy — Pipes and Tubes,
B163, B474, and B704 added

(26) For N08825 B423 and B705, fonts for stress values c(
by errata

(27) N06690 B163 and B167 added

AL, 316,

font for

tes and

N08825

rrected

(28) N08120 B163, B407, B514, and B515 added

(29) Under Nickel and Nickel Alloy — Plates and Sheets, for
NO08825 B424, fonts for stress values corrected by errata

(30) N06690 B168 added
(31) N08120 B409 added

(32) Under Nickel and Nickel Alloy — Forgings and Fittings, for

N02200 B366, stress value revised
(33) N02200 B564 deleted

XXV
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(34) For N08825 B366 and B564, fonts for stress values corrected
by errata

(35) N06690 B564 added
(36) N08120 B366 and B564 added

(37) Under Nickel and Nickel Alloy — Rod and Bar, for N08825
B425, fonts for stress values corrected by errata

(38) N06690 B166 added
(39) N08120 B408 added

Table A-1M

(40) For the titanium and titanium alloys, Product Form.and
Class/Condition/Temper entries added, and stress valuey
revised

(41) Under Titanium and Titanium Alloy — Pipes*and Tubégs,
R50250, R50400, R50550, R52400, and R53400 B338 adfled

(42) R53400 B861 and B862 added

(43) Under Titanium and Titanium Alley>+ Plates, Sheet, and
Strips (formerly Plates and Sheets)for'R50250 B265, Specified
Min. Yield Strength revised

(44) R52400 and R53400 B265:added

(45) Under Titanium and Titahium Alloy — Forgings and Fittings
(formerly Forgings), R50250, R50400, R50550, R52400, and
R53400 B363 added

(46) For R50250 B381, Type/Grade and Specified Min. Yield
Strength revised

(47) For R50400 and R50550 B381, Type/Grade revised
(48) R52400 and R53400 B381 added

(49) Under Titanium and Titanium Alloy — Bars, R50250,
R50400, R50550, R52400, and R53400 B348 added

(50) Under Titanium and Titanium Alloy — Castings, R52550 and
R52700 B367 added

(51) Under Aluminum Alloy — Seamless Pipes and Tubes,
A83003, A91060, A93003, A95083, A95086, A96061, and
A96063 B345 deleted

(52) Under Aluminum Alloy — Castings, for A03560 B26, P-Nos.
added

(1) All Note (2) references deleted

(2) A694 F42, F46, F52, F56, F60, F65, and F70; A707 L1, L2, aind
L3; and A860 WPHY 42, WPHY 46, WPHY 52, WPHY 60, WRHY
65, and WPHY 70 added

(3) For A671 CFB70 and CFE70, Type/Grade revised
(4) For A387 9, P-No. revised

LY AD270 TD2OAL ond TD211 ddnd
O =7 oI ouvTOD a1 oo aatatt

(6) A312 TP321, A312 TP321H, A358 321, A376 TP321, A376
TP321H, and A409 TP321 revised

(7) A358 321H added

(8) A270 TP304, TP304L, TP316, and TP316L added
(9) A789 and A790 S82441 added

(10) A789 and A790 S32003 revised

(11) For A928 S32003, Size revised

(12) A789 and A790 S32760 revised

XXVi
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(13) A358 S34565 revised

(14) A240 321 and 321H revised

(15) A240 S82441 added

(16) For A240 S32003, Size revised
(17) A240 S32760 revised

(18) A182 F321 and F321H revised
(19) A403 WP321 and WP321H revised
(20) A182 and A815 S32760 revised

(21) For A479 304, 304H, 304L, 316, 316H, and 316L;
revised

(22) A479 321 and 321H revised

(23) A479 S82441 added

(24) A351 CF8C revised

(25) N08825 B163 added

(26) For N08825 B423, Notes revised

(27) N08825 B474 and B704\added

(28) N08825 B705 revised

(29) N06690 B163 andB167 added

(30) N08120 B163;/B407, B514, and B515 added

(31) For N06230°B619, B622, and B626, font for stress
revised

(32) N06690 B168 added

(33) N08120 B409 added

(34)\For N06230 B435, font for stress values revised
(35) N06230 B435 added

(36) For N02200 B366, stress values revised

(37) N02200 B564 deleted

(38) N06690 B564 added

(39) N08120 B366 and B564 added

(40) For N06230 B366, font for stress values revised
(41) N06690 B166 added

(42) N08120 B408 added

(43) For N06230 B572, font for stress values revised

(44) For titanium and titanium alloy materials, Product F

Notes

values

rm and

Class/Condition/Temper entries added; and Min. Tegsile

Strength, Min. Yield Strength, and stress values revis
(45)R50250,R50400,R50550,R52400,and R53400 B33
(46) R53400 B861 and B862 added

ed
B added

(47) R52400 and R53400 B265 added

(48) R50250, R50400, R50550, R52400, and R53400 B363 and

B381 added
(49) R50250,R50400,R50550, R52400, and R53400 B34
(50) R52550 and R52700 B367 added

(51) A83003, A91060, A93003, A95083, A95086, A960
A96063 B345 deleted

(52) For A03560 B26, P-Nos. added

xxvii
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61, and
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350
351

356

366

396
403
407
413
417
423
423

424
425
426
426
428
439

455
457

458

474
476
477

Table A-1A B367 added
Table A-1B (1) A105,A181,A350,A182, A487, B160, B164, B564, B247, and
B345 deleted
(2) A813, A814, B517, and B862 revised
(3) A270, B163, B515, B704, and B338 added
Table A-2 (1) A325 deleted
(2) F3125 A325 added
(3) A354 BC and BD lines revised and new BC line added
(4) For last B150 HR50, Size Range corrected by errata
Table A-2M (1) For A307 B, Min. Yield Strength deleted by errata
(2) A325 deleted
(3) F3125 A325 added
(4) A354 BC and BD lines revised and new’ B€’line added
(5) For last B150 HR50, Size Range corfected by errata
Table C-1M Table C-2 redesignated as Table C-1M
Table C-6 Revised in its entirety
Table C-6M Added
Table D300 General Note (b) added
Appendix E Revised in its entirety
F300.1.4 Added
F301 (1) Paragraph F301:5.1 added
(2) Paragraph.F301.11 deleted
F308.4 Revised
F312.1 Subparagraph (b) revised
F323.2.2 Revised
F323.4 Subparagraphs (a) and (c)(4) revised
FK300 Added
Appendix ] (1) Entry for X deleted by errata
(2) Appendix revised
Appendix K ASTM A789, A790, and A815 added to Specification Index

Notes for Table K=}

Table K-T

(1) General Note (b) revised

(2) Notes (9) and (10) deleted

(3) Notes (19) and (20) added

(1) Under Carbon Steel — Pipes and Tubes, API 5L lines revi

(2) Under Carbon Steel — Forgings and Fittings, for A694
through F70, stress values for highest temperatures dele

(3) For Stainless Steel entries, UNS Nos. added

sed
F42
ed

(A) Undaer Stainlacce Staal Pinac and Tubhac A79Q and A7
s S—aRa—HBesS5—1Areosyaha—1/

Figure M300
Appendix Q
R300

n.
e ot eSSt er —pe

S$32750 added

(5) Under Stainless Steel — Forgings and Fittings, A182 and A815

S$32750 added

(6) Titanium and Titanium Alloy entries revised, and entries in

columns for 350°C, 450°F, and 550°F added
Cross-references in Col. 1 revised
Footnote 1 revised
Subparagraph (a) corrected by errata

xxviii
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480 Appendix S Footnote 1 added
482 S301.6 First paragraph revised
492 V303.1.1 Subparagraph (b) revised
493 V303.1.3 Revised
495 Appendix W Added
502 X302.2.1 In subparagraph (d), last cross-reference corrected by errata to
read Table 331.1.1
502 X302.2.3 Subparagraph (a) revised
504 Appendix Z Revised in its entirety
NOTHS:

(1) The ASME B31.3 Interpretations Volume will no longer be published with the Code.
(2) The B31.3 Code Cases will no longer be published with the Code.

XXix
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Chapter |
Scope and Definitions

(18) 300 GENERAL STATEMENTS

(a)| Identification. This Process Piping Code is a Section
of The¢ American Society of Mechanical Engineers Code for
Presspre Piping, ASME B31, an American National Stan-
dard.|It is published as a separate document for conve-
niencp of Code users.

(b)| Responsibilities
1) Owner. The owner of a piping installation shall
have pverall responsibility for compliance with this Code,
and for establishing the requirements for design,
construction, examination, inspection, and testing that
will gpvern the entire fluid handling or process installation
of whjch the piping is a part. The owner is also responsible
for d¢signating piping in Category D, Category M, High
Pressure, and High Purity Fluid Services, and for deter-
mining if a specific Quality System is to be employed.
[See paras. 300(d)(4) through (7) and Appendix Q.]
Wherg applicable, the owner shall consider requirements
imposed by the authority having jurisdiction regarding
the piping installation. The owner may designate a‘tepre-
sentative to carry out selected responsibilities required by
this Cpde, but the owner retains ultimate responsibility for
the a¢tions of the representative.

?) Designer. The designer is résponsible to the
owngr for assurance that the engineering design of
pipinlg complies with the requirements of this Code
and with any additional req@irements established by
the oner.

3) Manufacturer, Eabricator, and Erector. The man-
ufactuirer, fabricator, and-erector of piping are responsible
for prpviding materials, components, and workmanship in
complliance with.the'requirements of this Code and of the
engineering design.

1) Owner’s Inspector. The owner’s Inspector (see
para.[| 340)/is responsible to the owner for ensuring

para. F300.1 for examples of standards thatymay apply
in these situations. The provisions of-this Code may
optionally be applied for those purposes,|although
other considerations may also be necessary.

(3) The Code generallysspecifies a sfmplified
approach for many of its requirements. A|designer
may choose to use a more_rigorous analysis tio develop
design and construction requirements. When the designer
decides to take this apptoach, the designer shall provide to
the owner detailsiand calculations demonstrpting that
design, construction, examination, and testing gre consis-
tent with the.design criteria of this Code. Thgse details
shall be adequate for the owner to verify the validity
and shall be approved by the owner. The defails shall
be desumented in the engineering design.

(4) Piping elements shall conform to the|specifica-
tions and standards listed in this Code or, if not prohibited
by this Code, shall be qualified for use as set forth in ap-
plicable Chapters of this Code.

(5) The engineering design shall specify aiy unusual
requirements for a particular service. Where gervice re-
quirements necessitate measures beyond thos¢ required
by this Code, such measures shall be specified by the engi-
neering design. Where so specified, the Code requires that
they be accomplished.

(6) Compatibility of materials with the s¢rvice and
hazards from instability of contained fluids are hot within
the scope of this Code. See para. F323.

(d) Determining Code Requirements

(1) Code requirements for design and copstruction
include fluid service requirements, which affect selection
and application of materials, components, and jdints. Fluid
service requirements include prohibitions, limitations,
and conditions, such as temperature limits or p require-
ment for safeguarding (see Appendix G). Codp require-
ments for a piping system are the most resfrictive of

that e rnqnirnmnnfc of this Code for incpnr‘ﬁnn’ exame-

ination, and testing are met. If a Quality System is specified
by the owner to be employed, the owner’s Inspector is
responsible for verifying that it is implemented.
(c) Intent of the Code

(1) Itistheintentofthis Code to setforth engineering
requirements deemed necessary for safe design and
construction of piping installations.

(2) This Code is not intended to apply to the opera-
tion, examination, inspection, testing, maintenance, or
repair of piping that has been placed in service. See

those that apply to any of its elements.

(2) For metallic piping not designated by the owner
as Category M, High Pressure, or High Purity Fluid Service
(see para. 300.2 and Appendix M), Code requirements are
found in Chapters I through VI (the base Code) and fluid
service requirements are found in

(-a) Chapter III for materials
(-b) Chapter II, Part 3, for components
(-c) Chapter II, Part 4, for joints
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(3) For nonmetallic piping and piping lined with
nonmetals, all requirements are found in Chapter VII.
Paragraph designations begin with “A.”

(4) For piping in a fluid service designated as Cate-
gory M, all requirements are found in Chapter VIII. Para-
graph designations begin with “M.”

(5) For piping in a fluid service designated as Cate-
gory D, piping elements restricted to Category D Fluid

Service in Chapters [ through VII, as well as elements suit-
able for 0 bhar flinid cargionc may ha ucad

(1) raw, intermediate, and finished chemicals

(2) petroleum products

(3) gas, steam, air, and water

(4) fluidized solids

(5) refrigerants

(6) cryogenic fluids

(c) See Figure 300.1.1 for a diagram illustrating the

application of B31.3 piping at equipment. The joint con-
necting piping to equipment is within the scope of B31.3.

e et S vice st oe—aStar

(6) Hor piping designated as High Pressure Fluid
Service, fll requirements are found in Chapter IX.
These rul¢s apply only when specified by the owner. Para-
graph dedignations begin with “K”

(7) Hor piping designated as High Purity Fluid
Service, a]l requirements are found in Chapter X. Para-
graph dedignations begin with “U.”

(8) Requirements for Normal Fluid Service in
Chapters| I through VI are applicable under severe
cyclic conditions unless alternative requirements for
severe cy¢lic conditions are stated.

(9) Requirements for Normal Fluid Service in
Chapters| I through VI are applicable for Elevated
Temperature Fluid Service unless alternative require-
ments fopr Elevated Temperature Fluid Service are
invoked.

(e) Appendices. Appendices of this Code contain Code
requireménts, supplementary guidance, or other informa-
tion. See para. 300.4 for a description of the status of each
Appendix

(f) Code Cases. ASME issues Code Cases that are appli-
cable to this Code. The Code Cases

(1) modify the requirements of this Code

(2) are applicable from the issue date until the Cases
are annulled

(3) may be used only when approved by the owner.
When so approved, the Code Cases shall-be specified in the
engineering design and become requirements of this Code.

300.1 Scope

Rules fqr the Process-Piping Code Section B31.3" have
been developed considering piping typically found in
petroleum refineries; onshore and offshore petroleum
and naturjal gassproduction facilities; chemical, pharma-
ceutical, textile;paper, ore processing, semiconductor, and
cryogenic|plants: food and beverage processing facilities:

300.1.2 Packaged Equipment Piping. Also included
within the scope of this Code is piping that intercoetinects
pieces or stages within a packaged equipmentiassembly.

300.1.3 Exclusions. This Code excludesithe follgwing:
(a) piping systems designed forrinternal gage [pres-
sures at or above zero but less than 105 kPa (1§ psi),
provided the fluid handled is‘aonflammable, nonftoxic,
and not damaging to human tissues as defined in
300.2, and its designémperature is from 429°C
(-=20°F) through 186°C (366°F)
(b) power boilers‘in accordance with ASME BPVC,?
Section I and bpilér external piping that is requited to
conform to ASME/B31.1
(c) tubes;tube headers, crossovers, and manifolds of
fired heaters that are internal to the heater enclogure
(d).pressure vessels, heat exchangers, pymps,
compressors, and other fluid handling or procgssing
equipment, including internal piping and connegtions
for external piping

300.1.4 Rounding. The rules described in this [para-
graph apply unless otherwise specified in the Code or
the engineering design. For purposes of detern]ining
conformance with specified limits in this Code, an
observed value or a calculated value shall be roynded
“to the nearest unit” in the last right-hand significant
digit used in expressing the requirement, in accorflance
with the rounding method of ASTM E29, Using Signifficant
Digits in Test Data to Determine Conformance with $peci-
fications. ASTM E29 requires that when rounding a
number to one having a specified number of significant
digits, choose that which is nearest. If two choicgs are
possible, as when the digits dropped are exactly 3 5 or
a 5 followed only by zeros, choose that ending|in an
even digit. See Appendix F, para. F300.1.4.

and related processing plants and terminals.
300.1.1 Content and Coverage

(a) This Code prescribes requirements for materials
and components, design, fabrication, assembly, erection,
examination, inspection, and testing of piping.

(b) This Code applies to piping for all fluids, including

1 B31 references here and elsewhere in this Code are to the ASME B31
Code for Pressure Piping and its various Sections, which are identified
and briefly described in the Introduction.

2 ASME BPVC references here and elsewhere in this Code are to the
ASME Boiler and Pressure Vessel Code and its various Sections as
follows:

Section I, Rules for Construction of Power Boilers

Section II, Materials, Parts C and D

Section III, Rules for Construction of Nuclear Facility Components,
Division 1, Subsection NH

Section V, Nondestructive Examination

Section VIII, Rules for Construction of Pressure Vessels, Divisions 1,
2, and 3

Section IX, Welding, Brazing, and Fusing Qualifications
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Figure 300.1.1 Diagram Illustrating Application of B31.3 Piping at Equipment

4
/

f___

{ Power boilers in accordance
with BPV Code Section I

-f Boiler external piping which

is required to conform to B31.1

N

Tubes, tube headers,
crossovers and manifolds
of fired heaters, internal
to the heater enclosure

f——‘——7

Legend

Piping outside the scope

) Definitions

he of the terms relating to pipingare defined below.
elding, brazing, and solderingterms not shown here,
tions in accordance with AWS Standard A3.0° apply.

rdened steel: a steel that hardens during cooling in
bm a temperature @bove its transformation range.

| heat treatment:See heat treatment.

itting: a greup of cutting processes wherein the
ing or rémoving of metals is effected by melting
the heat of an arc between an electrode and the
metal. (Includes carbon-arc cutting, metal-arc

g, ‘gas metal-arc cutting, gas tungsten-arc cutting

f_..f Packaged equipment piping

—

S

Pressure vessels;.heat
exchangers, pumps, com-
pressors and’other fluid
handling.6r processing
equipment, including in-
ternal.piping and con-
nections for external
piping

Piping within the scope of B31.3

[AL NOTE: The means by which piping is attached to equipment is within the scope of the applicable piping code.

assembly: the joining together of two or mg
components by bolting, welding, bonding,
brazing, soldering, cementing, or use of

devices as specified by the engineering desigi].

re piping
screwing,
packing

autogenous weld: a weld made by fusion of the lpase metal

without the addition of filler metal [see also gas
arc welding (GTAW)].

automatic welding: welding with equipment tha
the welding operation without adjustment of th
by an operator. The equipment may or may nd
the loading and unloading of the work.

backing filler metal: see consumable insert.

tungsten-

performs
e controls
t perform

plasma-arc cutting, and air carbon-arc cutting.) See
also oxygen-arc cutting.

arc welding (AW): a group of welding processes that
produces coalescence of metals by heating them with
an arc or arcs, with or without the application of pressure
and with or without the use of filler metal.

3 AWS A3.0M/A3.0, Standard Welding Terms and Definitions,

Including Terms for Adhesive Bonding, Brazing, Soldering, Thermal
Cutting and Thermal Spraying

backing ring: material in the form of a ring used to support

molten weld metal.
balanced piping system: see para. 319.2.2(a).

base material: the material to be brazed, soldere
or otherwise fused.

basic allowable stress: see stress terms frequen

d, welded,

tly used.

bolt design stress: see stress terms frequently used.
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bonded joint: a permanent joint in nonmetallic piping
made by one of the following methods:

(a) adhesivejoint: ajoint made by applying an adhesive
to the surfaces to be joined and pressing them together

(b) butt-and-wrapped joint: a joint made by butting
together the joining surfaces and wrapping the joint
with plies of reinforcing fabric saturated with resin

(c) heat fusion joint: a joint made by heating the
surfaces to be joined and pressing them together to
achieve fysien

chemical plant: an industrial plant for the manufacture or
processing of chemicals, or of raw materials or intermedi-
ates for such chemicals. A chemical plant may include
supporting and service facilities, such as storage,
utility, and waste treatment units.

cold spring: see para. 319.2.4.

compression type tube fittings: tube fittings consisting of a
flareless, mechanical grip connection, including a body,
nut, and single or dual ferrules. See also para. U306.6.

(d) hotlgasweldedjoint: ajoint made by simultaneously
heating the surfaces to be joined and a filler material with a
stream of hot air or hot inert gas, then pressing the
surfaces fogether and applying the filler material to
achieve fysion

(e) solvent cemented joint: a joint made by using a
solvent cément to soften the surfaces to be joined and
pressing them together

(f) elertrofusion joint: a joint made by heating the
surfaces tp be joined using an electrical resistance wire
coil that lemains embedded in the joint.

bonder: ope who performs a manual or semiautomatic
bonding dperation.

bonding operator: one who operates machine or automatic
bonding dquipment.

bonding grocedure: the detailed methods and practices
involved in the production of a bonded joint.

bonding pfocedure specification (BPS): the document that
lists the parameters to be used in the construction .of
bonded jgints in accordance with the requirements_of
this Code

borescopi¢ examination: a visual examination.aided by a
mechanicfl or electromechanical device to\examine the
inside diajmeter of inaccessible welds.

branch copnection fitting: an integrally-reinforced fitting
welded to[a run pipe and connected.to a branch pipe by a
buttweldihg, socket welding, threaded, or flanged joint;
includes a branch outlet fitting'‘¢onforming to MSS SP-97.

brazing: 4 metal joining.process wherein coalescence is
produced| by use of a‘nonferrous filler metal having a
melting point above 427°C (800°F), but lower than
that of thg base.metals being joined. The filler metal is
distributgd_between the closely fitted surfaces of the
joint by capillary attraction.

connections for external piping: those integral partsofindi-
vidual pieces of equipment that are designedfor aftach-
ment of external piping.

consumable insert: preplaced filler metal that is complete-
ly fused into the root of the joint and becomes part pf the
weld.

damaging to human tissues: for\the purposes of this|Code,
this phrase describes a fluid-sérvice in which expospre to
the fluid, caused by leakage under expected operating
conditions, can harmyskin, eyes, or exposed miicous
membranes so that irreversible damage may fesult
unless prompt-restorative measures are taken. (Restora-
tive measures may include flushing with water, adinis-
tration of antidotes, or medication.)

design. minimum temperature: see para. 301.3.1.
design pressure: see para. 301.2.
design temperature: see para. 301.3.

designer: the person or organization in responsible charge
of the engineering design.

displacement stress range: see para. 319.2.3.
elements: see piping elements.

engineering design: the detailed design governing a piping
system, developed from process and mechanical require-
ments, conforming to Code requirements, and including
all necessary specifications, drawings, and suppgrting
documents.

equipment connection: see connections for external giping.

erection: the complete installation of a piping system|in the
locations and on the supports designated by the|engi-
neering design including any field assembly, fabridation,
examination, inspection, and testing of the syst¢m as
required by this Code.

butt joint: a joint between two members aligned approxi-
mately in the same plane.

Category D: see fluid service.
Category M: see fluid service.

caulked joint: a joint in which suitable material (or mate-
rials) is either poured or compressed by the use of tools
into the annular space between a bell (or hub) and spigot
(or plain end), thus comprising the joint seal.

examination, examiner: see paras. 341.1 and 341.2.

examination, types of: see para. 344.1.3 for the following:
(a) 100% examination
(b) random examination
(c) spot examination
(d) random spot examination

extruded outlet header: see para. 304.3.4.
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fabrication: the preparation of piping for assembly,
including cutting, threading, grooving, forming,
bending, and joining of components into subassemblies.
Fabrication may be performed in the shop or in the field.

face of weld: the exposed surface of a weld on the side from
which the welding was done.

face seal fitting: a High Purity Fluid Service fitting that
incorporates two machined faces and a metallic gasket
within an external/internal nut configuration to attain

(d) High Pressure Fluid Service: a fluid service for which
the owner specifies the use of Chapter IX for piping design
and construction; see also para. K300.

(e) High Purity Fluid Service: a fluid service that
requires alternative methods of fabrication, inspection,
examination, and testing not covered elsewhere in the
Code, with the intent to produce a controlled level of clean-
ness. The term thus applies to piping systems defined for
other purposes as high purity, ultra high purity, hygienic,

or-asantic

a high leak integrity seal. See also para. U315.3(b).

filler material: the material to be added in making metallic
or nonmetallic joints.

fillet \weld: a weld of approximately triangular cross
sectipn joining two surfaces approximately at right
angles to each other in a lap joint, tee joint, or corner
joint.|(See also size of weld and throat of a fillet weld.)

flammable: for the purposes of this Code, describes a fluid
that Under ambient or expected operating conditions is a
vapot or produces vapors that can be ignited and continue
to bufn in air. The term thus may apply, depending on
servi¢e conditions, to fluids defined for other purposes
as flammable or combustible.

fluid service: a general term concerning the application ofa
piping system, considering the combination of fluid prop-
ertieg, operating conditions, and other factors that estab-
lish fthe basis for design of the piping system. See
Appendix M.
(a)| Category D Fluid Service: a fluid service in whigh all
of the following apply:
7) the fluid handled is nonflammable, nentoxic, and
not damaging to human tissues as defined in para. 300.2
?) the design gage pressure does not exceed 1 035
kPa ([L50 psi)
3) the design temperature isnot/greater than 186°C
(3669F)
4) the fluid temperature.caused by anything other
than [atmospheric conditions is not less than -29°C
(-2096)
(b)| Category M Fluid Service: a fluid service in which
both pf the following apply:
7) the fluidis'so highly toxic thata single exposure to
a very small ‘qiiantity of the fluid, caused by leakage, can
prodpcelserious irreversible harm to persons on
breathing-or bodily contact, even when prompt restora-

OS5t pties

(f) Normal Fluid Service: a fluid service pejftaining to
most piping covered by this Code, i.e., not subject to the
rules for Category D, Category M, Elevated Temperature,
High Pressure, or High Purity Fluid Service.

full fillet weld: a fillet weld whosé size is equal td the thick-
ness of the thinner member joined.

fusion: the melting together of filler materiall and base
material, or of base matetial only, that results|in coales-
cence.

gas metal-arc welding (GMAW): an arc-weldirlg process
that produgesicoalescence of metals by heafing them
with an af¢ between a continuous filler metal| (consum-
able) electrode and the work. Shielding is|obtained
entirely from an externally supplied gas, or gas
mikture. Some variations of this process are dalled MIG
or CO, welding (nonpreferred terms).

gas tungsten-arc welding (GTAW): an arc-welding process
that produces coalescence of metals by heating them with
an arc between a single tungsten (nonconsumable) elec-
trode and the work. Shielding is obtained from algas or gas
mixture. Pressure may or may not be used and fjller metal
may or may notbe used. (This process has sometiimes been
called TIG welding.)

gas welding: a group of welding processes whergin coales-
cence is produced by heating with a gas flame |or flames,
with or without the application of pressure, and with or
without the use of filler material.

groove weld: a weld made in the groove betveen two
members to be joined.

heat affected zone: that portion of the base material which
has not been melted, but whose mechanical prdperties or
microstructure have been altered by the heat df welding,
brazing, soldering, forming, or cutting.

tive measures are taken
(2) after consideration of piping design, experience,

service conditions, and location, the owner determines
that the requirements for Normal Fluid Service do not
sufficiently provide the leak tightness required to
protect personnel from exposure

(c) Elevated Temperature Fluid Service: a fluid service
in which the piping metal temperature is sustained equal
to or greater than T, as defined in Table 302.3.5, General
Note (b).

heattreatment-the fellowingterms-deseribearious types
and processes of heat treatment:

(a) annealing: heating to and holding at a suitable
temperature above the transformation temperature
range, followed by slow cooling to well below the trans-
formation temperature range.

(b) normalizing: heating a ferrous metal to a tempera-
ture above the transformation temperature range,
followed by cooling in room-temperature still air to
well below the transformation temperature range.
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(c) quenching: when used as a part of a heat-treating
operation, a rapid cooling process that results in micro-
structural stabilization or changes in material properties
that would not have occurred without rapid cooling.

(d) recommended or required heat treatment: the appli-
cation of heat to a metal section subsequent to a cutting,
forming, or welding operation, as provided in para. 331.

(e) solution heat treatment: heating an alloy to a suit-
able temperature, holding at that temperature long
enough tgalew epterin
solid soluftion, and then cooling rapidly enough to hold
the constituents in solution.

(f) stress-relief: uniform heating of a structure or
portion thereof to a sufficient temperature below the
transfornation temperature range to relieve the major
portion of the residual stresses, followed by uniform
cooling slowly enough to minimize development of
new residual stresses.

(g) tempering: reheating a hardened metal to a
temperafure below the transformation range to
improve toughness.

(h) trdnsformation range: the temperature range over
which a phase change occurs.

(i) trapsformation temperature: the temperature at
which a ghase change begins or ends. In metals, phase

clamp joint: a tube outside-diameter union
consisting of two neutered ferrules having flat faces
with a cdncentric groove and mating gasket that is
secured with a clamp, providing a nonprotruding, récess-
less prodiict contact surface. See also para. U3(15;3(b).

indication, linear: in nondestructive examination, an
indication having a length greater than 3 times its width.

indicatipn, rounded: in nondestructive.examination, an
indication with a length equal to or less than 3 times its
width. These indications may,be_circular, elliptical,
conical, or irregular in shape, and’/may have tails.

inline gortions of instryments: pressure-containing
portions ¢f instruments<that are in direct contact with
the fluid when installed in'a piping system. Permanently
sealed flujd-filled tubing systems furnished with instru-
ments as [temperatute- or pressure-responsive devices,
e.g., pressure(gages, pressure transmitters, and transdu-
cers, are ¢xcluded.

manual welding: a welding operation performed and
controlled completely by hand.
may: a term that indicates a provision is neither
required nor prohibited.
mechanical joint: a joint for the purpose of mechanical
strength or leak resistance, or both, in which the mechan-
ical strength is developed by threaded, grooved, rolled,
flared, or flanged pipe ends; or by bolts, pins, toggles,
or rings; and the leak resistance is developed by
2 —gasketsroled-ened lking,
or machined and mated surfaces.
miter or miter bend: for the purposes of this Cade, fwo or
more straight sections of pipe matched and.joined in a
plane bisecting the angle of junction so as to produce a
change in direction greater than 3 deg:
nominal: anumerical identificatiomof dimension, dapac-
ity, rating, or other characteristic,used as a designiation,
not as an exact measurement:
Normal Fluid Service: seéfluid service.
normalizing: see hedt treatment.
notch-sensitive: describes a metal subject to reduction in
strength in the presence of stress concentration. The
degree of notch ‘sensitivity is usually expressed 3s the
strength determined in a notched specimen divided by
the strength determined in an unnotched specjmen,
and can‘be obtained from either static or dynamic|tests.
NPS: nominal pipe size (followed, when appropridte, by
the*specific size designation number without ar] inch
symbol).
orbital welding: automatic or machine welding in which
the electrode rotates (orbits) around the circumferepce of
a stationary pipe or tube.
owner: the person, partnership, organization, or|busi-
ness ultimately responsible for design, construftion,
operation, and maintenance of a facility.
oxygen-arc cutting (OAC): an oxygen-cutting prjocess
that uses an arc between the workpiece and a consujnable
electrode, through which oxygen is directed to the work-
piece. For oxidation-resistant metals, a chemical flux or
metal powder is used to facilitate the reaction.
oxygen cutting (0C): a group of thermal cytting
processes that severs or removes metal by medns of
the chemical reaction between oxygen and the| base
metal at elevated temperature. The necessary tenfpera-
ture is maintained by the heat from an arc, an oxyfuel
gas flame, or other source.

in-process examination: see para. 344.7.

inspection, Inspector: see para. 340.

integrally reinforced branch connection fitting: see
branch connection fitting.

joint design: the joint geometry together with the
required dimensions of the welded joint.

listed: for the purposes of this Code, describes a material
or component that conforms to a specification in
Appendix A, Appendix B, or Appendix K or to a standard
in Table 326.1, A326.1, or K326.1.

oxygen gouging: thermal gouging that uses an oxygen
cutting process variation to form a bevel or groove.

packaged equipment: an assembly of individual pieces
or stages of equipment, complete with interconnecting
piping and connections for external piping. The assembly
may be mounted on a skid or other structure prior to
delivery.

petroleum refinery: an industrial plant for processing or
handling of petroleum and products derived directly from
petroleum. Such a plant may be an individual gasoline
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recovery plant, a treating plant, a gas processing plant
(including liquefaction), or an integrated refinery
having various process units and attendant facilities.

pipe: a pressure-tight cylinder used to convey a fluid or
to transmit a fluid pressure, ordinarily designated “pipe”
in applicable material specifications. Materials designated
“tube” or “tubing” in the specifications are treated as pipe
when intended for pressure service. Types of pipe,
according to the method of manufacture, are defined
as follewrs:

(b) structural attachments: structural attachments
include elements that are welded, bolted, or clamped
to the pipe, such as clips, lugs, rings, clamps, clevises,
straps, and skirts.

piping: assemblies of piping components used to
convey, distribute, mix, separate, discharge, meter,
control, or snub fluid flows. Piping also includes pipe-
supporting elements, but does not include support struc-
tures, such as building frames, bents, foundations, or any

(a)| electric resistance-welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths,
havinjg a longitudinal butt joint wherein coalescence is
prodiiced by the heat obtained from resistance of the
pipe to the flow of electric current in a circuit of which
the plpe is a part, and by the application of pressure.

(b)| furnace butt welded pipe, continuous welded: pipe
prodiiced in continuous lengths from coiled skelp and
subsdquently cut into individual lengths, having its lon-
gitudinal butt joint forge welded by the mechanical pres-
sure |developed in passing the hot-formed and edge-
heated skelp through a set of round pass welding rolls.

(c)| electric-fusion welded pipe: pipe having a longitu-
dinal [butt joint wherein coalescence is produced in the
prefdrmed tube by manual or automatic electric-arc
weldlng. The weld may be single (welded from one
side)|or double (welded from inside and outside) and
may lbe made with or without the addition of filler metal.

(d)| double submerged-arc welded pipe: pipe having a
longifudinal buttjoint produced by atleast two passes, one
of which is on the inside of the pipe. CoaleScence is
prodpced by heating with an electric arc or arcs
betwpen the bare metal electrode or electrodes and
the wprk. The welding is shielded by asblanket of granular
fusiblle material on the work. Pressure is not used and filler
metalfor the inside and outside welds is obtained from the
electrjode or electrodes.

(e)| seamless pipe: pipe~produced by piercing a billet
followed by rolling or dtawing, or both.

(f) | spiral (helical seam) welded pipe: pipe having a
helicgl seam with(a butt, lap, or lock-seam joint that is
weld¢d using ancelectrical resistance, electric fusion, or
double-subnierged arc welding process.

pipe-supporting elements: pipe-supporting elements
consigt offixtures and structural attachments as follows:

xehudedfromthis-Code{see—para 300.1.3).

aaHpRIaRt-a
COorp e T CxtraaC o o oo SO a5t C—para

piping components: mechanical elements{suitable for
joining or assembly into pressure-tight(fluid-¢ontaining
piping systems. Components include pipg; tubirlg, fittings,
flanges, gaskets, bolting, valves, and devices such as
expansion joints, flexible joints;.pressure hoses, traps,
strainers, inline portions of instrliments, and sgparators.
piping elements: any material or work required to plan
and install a piping systemi. Elements of piping include
design specifications, materials, components,|supports,
fabrication, examihation, inspection, and testing.
piping installation: designed piping systems o which a
selected Code edition and addenda apply.
piping subassembly: a portion of a piping system that
consists of one or more piping components.
piping system: interconnected piping subject to the
same set or sets of design conditions.
plasma arc cutting (PAC): an arc cutting prpcess that
uses a constricted arc and removes molten metal with
a high velocity jet of ionized gas issuing |from the
constricting orifice.
postweld heat treatment: see heat treatment.
preheating: the application of heat to the basg material
immediately before or during a forming, wglding, or
cutting process. See para. 330.
procedure qualification record (PQR): a document listing
all pertinent data, including the essential [variables
employed and the test results, used in qualjfying the
procedure specification.
process unit: an area whose boundaries are designated
by the engineering design within which reactions, separa-
tions, and other processes are carried out. Examples of
installations that are not classified as procesg units are
loading areas or terminals, bulk plants, comfpounding
plants, and tank farms and storage yards.
quench annealing: see solution heat treatmgent under
heat treatment.

(a) fixtures: Tixtures include elements that transfer the
load from the pipe or structural attachment to the
supporting structure or equipment. They include
hanging type fixtures, such as hanger rods, spring
hangers, sway braces, counterweights, turnbuckles,
struts, chains, guides, and anchors; and bearing type
fixtures, such as saddles, bases, rollers, brackets, and
sliding supports.

quenching: see heat treatment.

readily accessible (for visual examination): those
surfaces that can be examined from a distance of not
more than 600 mm (24 in.) and at an angle of not less
than 30 deg to the surface to be examined.

reinforcement: see paras. 304.3 and A304.3. See also
weld reinforcement.

representative: a person, partnership, organization, or
business designated by the owner to carry out selected
responsibilities on the owner’s behalf.
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room temperature: temperature between 10°C and 38°C
(50°F and 100°F).

root opening: the separation between the members to
be joined, at the root of the joint.

safeguarding: provision of protective measures of the
types outlined in Appendix G, where deemed necessary.
See Appendix G for detailed discussion.

seal bond: a bond intended primarily to provide joint
tightness against leakage in nonmetallic piping.

(a) basic allowable stress: this term, symbol S, repre-
sents the stress value for any material determined by the
appropriate stress basis in para. 302.3.2

(b) bolt design stress: this term represents the design
stress used to determine the required cross-sectional area
of bolts in a bolted joint

(c) hydrostatic design basis: selected properties of
plastic piping materials to be used in accordance with
ASTM D2837 or D2992 to determine the HDS [see (d)

seal weld—a—weld-intended-primarily-teprovide
tightness pgainst leakage in metallic piping.

semiautiomatic arc welding: arc welding with equipment
that contrpls only the filler metal feed. The advance of the
welding i§ manually controlled.

severe dyclic conditions: conditions applying to specific
piping components or joints for which the owner or the
designer fetermines that construction to better resist
fatigue Joading is warranted. See Appendix F,
para. F30[1.10.3 for guidance on designating piping as
being under severe cyclic conditions.

shall: aterm that indicates a provision is a Code require-
ment.

shieldeq metal-arc welding (SMAW): an arc welding
process that produces coalescence of metals by heating
them with an arc between a covered metal electrode
and the work. Shielding is obtained from decomposition
of the eleg¢trode covering. Pressure is not used and filler
metal is gbtained from the electrode.

should: p term that indicates a provision is recommend-
ed as goof practice but is not a Code requirement.

size of weld:

(a) fillet weld: the leg lengths (the leg length for gqual-
leg welds] of the sides, adjoining the members welded, of
the largest triangle that can be inscribed within the weld
cross sectjon. For welds between perpendicular members,
the definifions in Figure 328.5.2A apply.

NOTE: Wh¢n the angle between members e€Xceeds 105 deg, size
is of less significance than effective threat (see also throat of a
fillet weld)

(b) grgove weld: the joifit-penetration (depth of bevel
plus the rjoot penetratien{when specified). The size of a
groove weld and its_éeffective throat are the same.

slag incjusion: nonmetallic solid material entrapped in
weld metal or betwween weld metal and base metal.

soldering:.atoetal joining process wherein coalescence
is produced hy heating to snitable temperatures and hy

below]-for-the-material
(d) hydrostatic design stress (HDS): the maxjmum
continuous stress due to internal pressure(to be| used
in the design of plastic piping, determined from the hydro-
static design basis by use of a service (design) fagtor
submerged arc welding (SAW): ancarc*welding piocess
that produces coalescence of metals’hy heating themp with
anarcorarcs between a bare metdlelectrode or electirodes
and the work. The arc is shielded by a blanket of grapular,
fusible material on the worK.Pressure is notused and filler
metal is obtained from‘he electrode and sometimeq from
a supplemental source) welding rod, flux, or metal|gran-
ules).
tack weld: ajweld made to hold parts of a weldmpnt in
proper alignment until the final welds are made.
tempering: see heat treatment.
thermoplastic: a plastic that is capable of being re¢peat-
edly'softened by increase of temperature and harderjed by
decrease of temperature.
thermosetting resin: a resin capable of being changed
into a substantially infusible or insoluble product when
cured at room temperature, or by application of|heat,
or by chemical means.
throat of a fillet weld:
(a) theoretical throat: the perpendicular distancg from
the hypotenuse of the largest right triangle that can be
inscribed in the weld cross section to the root of th¢ joint
(b) actual throat: the shortest distance from the root of
a fillet weld to its face
(c) effective throat: the minimum distance, minys any
reinforcement (convexity), between the weld root and the
face of a fillet weld
toe of weld: the junction between the face of a weld and
the base material.
tube: see pipe.
tungsten electrode: a nonfiller-metal electrode used in
arc welding or cutting, made principally of tungsté¢n.

using a nonferrous alloy fusible at temperatures below
427°C (800°F) and having a melting point below that
of the base metals being joined. The filler metal is distrib-
uted between closely fitted surfaces of the joint by capil-
lary attraction. In general, solders are lead-tin alloys and
may contain antimony, bismuth, and other elements.

solution heat treatment: see heat treatment.

stress ratio: see para. 323.2.2(b).

stress relief: see heat treatment.

stress terms frequently used:

unbalanced piping system: see para. 319.2.2(b).

undercut: a groove melted into the base material adja-
cent to the toe or root of a weld and left unfilled by weld
material.

visual examination: see para. 344.2.1.

weld: a localized coalescence of material wherein
coalescence is produced either by heating to suitable
temperatures, with or without the application of pressure,
or by application of pressure alone, and with or without
the use of filler material.
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Table 300.4 Status of Appendices in B31.3

Appendix Title Status
A Allowable Stresses and Quality Factors for Metallic Piping and Bolting Materials Requirements
B Stress Tables and Allowable Pressure Tables for Nonmetals Requirements
C Physical Properties of Piping Materials Requirements (1)
D Flexibility and Stress Intensification Factors Requirements (1)
E Reference Standards Requirements
E GuidaneeandPrecautionary-Considerations Gutdanee{2)
G Safeguarding Guidance (2)
H Sample Calculations for Branch Reinforcement Guiddnce
] Nomenclature Information
K Allowable Stresses for High Pressure Piping Requirement} (3)
L Aluminum Alloy Pipe Flanges Specification |(4)
M Guide to Classifying Fluid Services Guidance (2)
N Application of ASME B31.3 Internationally Guidance (2)
Q Quality System Program Guidance (2)
R Use of Alternative Ultrasonic Acceptance Criteria Requirement§ (5)
S Piping System Stress Analysis Examples Guidance (2)
\ Allowable Variations in Elevated Temperature Servicé Guidance (2)
w High-Cycle Fatigue Assessment of Piping Systems Requirementf
X Metallic Bellows Expansion Joints Requirement$
Z Preparation of Technical Inquiries Requirement} (5)

NOTEY:

(1) Cdntains default requirements, to be used unless more directly applicable data are available.

(2) Cqntains no requirements but Code user is responsible_fot considering applicable items.

(3) Cqntains requirements applicable only when use of.Chapter IX is specified.

(4) Cdntains pressure-temperature ratings, materials, dimensions, and markings of forged aluminum alloy flanges.

(5) Cgntains administrative requirements.

weld coupon: a sample weld used to determine weld
acceptance. Types of weld coupons.are defined as follows:

(a)| primary weld coupon:made prior to the start of
produiction welding to establish a benchmark of weld
accepftance

(b)| production weld coupon: made when any of the
conditions in pard, U341.4.5 exist and used to compare
againpt a corresponding primary weld coupon to demon-
stratq continuéd’acceptability of welds during production
welding

weld ‘Cotipon examination: see para. U344.8.1.

welding procedure specification (WPS): the document
that lists the parameters to be used in constfuction of
weldments in accordance with requirements of|this Code.
weldment: an assembly whose component|parts are
joined by welding.

300.3 Nomenclature

Dimensional and mathematical symbols used in this
Code are listed in Appendix ], with definitions and location
references to each. Uppercase and lowercage English
letters are listed alphabetically, followed by Gredek letters.

weldremnjorcenment: weld material In €xcess of the speci-
fied weld size.

welder: one who performs a manual or semi-automatic
welding operation. (This term is sometimes erroneously
used to denote a welding machine.)

welding operator: one who operates machine or auto-
matic welding equipment.

welding procedure: the detailed methods and practices
involved in the production of a weldment.

300.4 Status of Appendices

Table 300.4 indicates for each Appendix of this Code
whether it contains Code requirements, guidance, or
supplemental information. See the first page of each
Appendix for details.
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Chapter I
Design

PART 1
CONDITIONS AND CRITERIA

301 DES|GN CONDITIONS

Paragrgdph 301 states the qualifications of the Designer,
defines the temperatures, pressures, and forces applicable
to the desfign of piping, and states the consideration that
shall be given to various effects and their consequentload-
ings. See also Appendix F, para. F301.

301.1 Qualifications of the Designer

The Depigner is the person(s) in charge of the engi-
neering d¢sign of a piping system and shall be experienced
in the use|of this Code. The qualifications and experience
required ¢f the Designer will depend on the complexity
and criticality of the system and the nature of the indivi-
dual’s experience. The owner’s approval is required if the
individual does not meet at least one of the following
criteria:

(a) Corppletion of a degree, accredited by an indepen-
dent agenlcy [such as ABET (U.S. and international)yNBA
(India), CTI (France), and CNAP (Chile)], in engineering,
science, of technology, requiring the equivalent of at least
4 years of full-time study that provides expesure to funda-
mental sybject matter relevant to the (design of piping
systems, plus a minimum of 5 years.experience in the
design of related pressure piping,

(b) Professional Engineering\registration, recognized
by the lo¢al jurisdiction, and experience in the design
of related| pressure piping

(c) Completion of anfagcredited engineering technician
or associates degreesrequiring the equivalent of at least 2
years of study, plusia’minimum of 10 years experience in
the design ofrelated pressure piping.

(d) Fifteén~years experience in the design of related

301.2 Design Pressure
301.2.1 General

(a) The design pressure of each compofient in a piping
system shall be not less than the pressure at the|most
severe condition of coincident intérpdl or external|pres-
sure and temperature (minimufir or maximum) expgected
during service, except as previded in para. 302.2.4.

(b) The most severe condition is that which resylts in
the greatest required component thickness and the
highest component rating.

(c) When more. than one set of pressure-temperature
conditions exist“for a piping system, the conditions
governing-the'rating of components conformipg to
listed stahdards may differ from the conditions govdrning
the rating of components designed in accordancg with
parai, 304.

{d) When a pipe is separated into individualized|pres-
sure-containing chambers (including jacketed pjping,
blanks, etc.), the partition wall shall be designeéd on
the basis of the most severe coincident temperjature
(minimum or maximum) and differential pregsure
between the adjoining chambers expected dpiring
service, except as provided in para. 302.2.4.

301.2.2 Required Pressure Containment or Reljef

(a) Provision shall be made to safely contain or rglieve
(see para. 322.6.3) any expected pressure to whigh the
piping may be subjected. Piping not protected by a|pres-
sure-relieving device, or that can be isolated from a|pres-
sure-relieving device, shall be designed for at leapt the
highest expected pressure.

(b) Sources of pressure to be considered influde
ambient influences, pressure oscillations and S{Irges,

improper operation, decomposition of unstable fluids,
static head, and failure of control devices.

pressure piping:

Experience in the design of related pressure piping is
satisfied by piping design experience that includes design
calculations for pressure, sustained and occasional loads,
and piping flexibility.

(c) The allowances of para. 302.2.4(f) are permitted,
provided that the other requirements of para. 302.2.4
are also met.

301.3 Design Temperature

The design temperature of each component in a piping
system is the temperature at which, under the coincident
pressure, the greatest thickness or highest component
rating is required in accordance with para. 301.2. (To
satisfy the requirements of para. 301.2, different
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components in the same piping system may have different
design temperatures.)

In establishing design temperatures, consider at least
the fluid temperatures, ambient temperatures, solar
radiation, heating or cooling medium temperatures,
and the applicable provisions of paras. 301.3.2,
301.3.3, and 301.3.4.

301.3.1 Design Minimum Temperature. The design
minimum temperature is the lowest component tempera-

301.4.3 Atmospheric Icing. Where the design
minimum temperature of a piping system is below 0°C
(32°F), the possibility of moisture condensation and
buildup of ice shall be considered and provisions made
in the design to avoid resultant malfunctions. This
applies to surfaces of moving parts of shutoff valves,
control valves, pressure-relief devices including discharge
piping, and other components.

301.4.4 Low Ambient Temperature. Consideration

ture gxpected in service. This temperature may establish
special design requirements and material qualification re-
quirements. See also paras. 301.4.4 and 323.2.2.

301.3.2 Uninsulated Components

(a)] For fluid temperatures below 65°C (150°F), the
component temperature shall be taken as the fluid
tempgerature unless solar radiation or other effects
result in a higher temperature.

(b)| For fluid temperatures 65°C (150°F) and above,
unlesp a lower average wall temperature is determined
by test or heat transfer calculation, the temperature
for uninsulated components shall be no less than the
following values:

7) valves, pipe, lapped ends, welding fittings, and
components having wall thickness comparable to
f the pipe — 95% of the fluid temperature

) flanges (except lap joint) including those on
s and valves — 90% of the fluid temperature

3) lap joint flanges — 85% of the fluid temperature
4) bolting — 80% of the fluid temperature

other]
that

fitting

.3.3 Externally Insulated Piping. The corhponent
desigh temperature shall be the fluid temperature unless
lations, tests, or service experience based on

this effect shall be considered in establishing component
desigh temperatures.

301.3.4 Internally Insulated Piping. The component
desigh temperature shall'be based on heat transfer calcu-
lationfs or tests.

301.4 Ambient Effects
Sed Appendix F, para. F301.4.
30 i

shall be given to low ambient temperature _donditions
for displacement stress analysis.

301.5 Dynamic Effects

301.5.1 Impact. Impact forces caused by ekternal or
internal conditions (including-changes in flow rate,
hydraulic shock, liquid oxsolid slugging, flaghing, and
geysering) shall be taken\into account in the|design of
piping. See Appendix F, para. F301.5.1.

301.5.2 Wind. The effect of wind loading shall be taken
into account in the'design of exposed piping. THe analysis
considerations and loads may be as described jn ASCE 7.
Authoritative local meteorological data may algo be used
to define‘or refine the design wind loads.

301.5.3 Earthquake. The effect of earthqua
shall be taken into account in the design of p
analysis considerations and loads may be as
in ASCE 7. Authoritative local seismological
also be used to define or refine the design e
loads.

301.5.4 Vibration. Piping shall be designed,|arranged,
and supported to eliminate excessive and harniful effects
of vibration that may arise from such sources ps impact,
pressure pulsation, turbulent flow vortices, reqonance in
compressors, external vortex shedding (e.g., wind), and
acoustically induced vibration.

ke loading
ping. The
described
data may
hirthquake

301.5.5 Discharge Reactions. Piping shall bg
arranged, and supported so as to withstand
forces due to let-down or discharge of fluids.

designed,
reaction

301.6 Weight Effects

The following weight effects, combined with
forces from other causes, shall be taken into acc
design of piping.

loads and
untinthe

Tha caonlinag of
4 —TFhe-cooling-of
a gas or vapor in a piping system may reduce the pressure
sufficiently to create an internal vacuum. In such a case,
the piping shall be capable of withstanding the external
pressure at the lower temperature, or provision shall be
made to break the vacuum.

301.4.2 Fluid Expansion Effects. Provision shall be
made in the design either to withstand or to relieve
increased pressure caused by the heating of static fluid
in a piping component. See also para. 322.6.3(b)(2).

11

301.6.1 Live Loads. These loads include the weight of
the medium transported or the medium used for test.
Snow and ice loads due to both environmental and oper-
ating conditions shall be considered.

301.6.2 Dead Loads. These loads consist of the weight
of piping components, insulation, and other superimposed
permanent loads supported by the piping.

(18)
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301.7 Thermal Expansion and Contraction Effects

The following thermal effects, combined with loads and
forces from other causes, shall be taken into account in the
design of piping. See also Appendix F, para. F301.7.

301.7.1 Thermal Loads Due to Restraints. These loads
consist of thrusts and moments that arise when free
thermal expansion and contraction of the piping are
prevented by restraints or anchors.

302 DESIGN CRITERIA
302.1 General

Paragraph 302 states pressure-temperature ratings,
stress criteria, design allowances, and minimum design
values together with permissible variations of these
factors as applied to the design of piping.

302.2 Pressure-Temperature Design Criteria

301.7.2| Loads Due to Temperature Gradients. These
loads aris¢ from stresses in pipe walls resulting from large
rapid temperature changes or from unequal temperature
distributipn as may result from a high heat flux through a
comparatjively thick pipe or stratified two-phase flow
causing bpwing of the line.

301.7.3| Loads Due to Differences in Expansion Char-
acteristic$. These loads result from differences in thermal
expansior] where materials with different thermal expan-
sion coefficients are combined, as in bimetallic, lined,
jacketed, pr metallic-nonmetallic piping.

301.8 Effects of Support, Anchor, and Terminal
Movements

The eff¢cts of movements of piping supports, anchors,
and conngcted equipment shall be taken into account in
the design of piping. These movements may result from
the flexibflity and/or thermal expansion of equipment,
supports,|or anchors; and from settlement, tidal move-
ments, or|wind sway.

301.9 Reduced Ductility Effects

The hafmful effects of reduced ductility shall be taken
into accoynt in the design of piping. The effects may, for
example, result from welding, heat treatment, forming,
bending, pr low operating temperatuces, including the
chilling effect of sudden loss of pressure on highly volatile
fluids. Low ambient temperatures-expected during opera-
tion shall [be considered.

301.10 Qyclic Effects

Fatigue|
other cyc
of piping.

due to pressure cycling, thermal cycling, and
ic loadings shall be considered in the design
See-Appendix F, para. F301.10.

302.2.1 Listed Components Having Established
Ratings. Except as limited elsewhere in the Codeg,|pres-
sure-temperature ratings contained in standards for
piping components listed in Table 326.1are acceptable
for design pressures and temperatutres in accorgdlance
with this Code. When the owner-approves, provisions
of this Code may be used to extend the pressure-tenjpera-
ture ratings of a component beyond the ratings contlained
in the listed standard.

302.2.2 Listed Components Not Having Specific
Ratings

(a) Some of the standards for fittings in Table B26.1
(e.g., ASME:B16.9 and B16.11) state that presgure-
temperature ratings are based on straight seamless
pipe. Sueh fittings shall be rated as calculated for straight
seamless pipe with the same allowable stresses 3s the
fitting and the nominal thickness corresponding fo the
wall thickness or class designation of the fitting, less
all applicable allowances (e.g., thread depth and coryosion
allowance), and considering the manufacturing under-
tolerances of the fittings and the pipe.

(b) For components with straight or spiral (helical
seam) longitudinal welded joints, the pressure gating
as determined for seamless pipe shall be multiplied by
the weld joint strength reduction factor, W, as d¢fined
in para. 302.3.5(e).

(c) Other listed components not addressgd in
para. 302.2.1 or 302.2.2(a) shall have their presgure-
temperature ratings established in accordance with the
rules in para. 304.

302.2.3 Unlisted Components. Piping componenjts not
listed in Table 326.1 may be used subject to all ¢f the
following requirements:

(a) The material shall comply with para. 323.

(b) The designer shall be satisfied that the desfign is

301.11 Air Condensation Effects

At operating temperatures below -191°C (-312°F) in
ambient air, condensation and oxygen enrichment occur.
These shall be considered in selecting materials, including
insulation, and adequate shielding and/or disposal shall
be provided.

12

suitable for the intended service.
(c) Pressure-temperature ratings shall be established
in accordance with the rules in para. 304.

302.2.4 Allowances for Pressure and Temperature
Variations. Occasional variations of pressure, tempera-
ture, or both may occur in a piping system. Such variations
shall be considered in selecting design pressure
(para. 301.2) and design temperature (para. 301.3).
The most severe coincident pressure and temperature

(18)

(18)
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shall determine the design conditions unless all of the
following criteria are met:

(a) The piping system shall have no pressure-
containing components of gray iron or other nonductile
metal.

(b) Circumferential pressure stresses (based on
minimum pipe wall thickness, less allowances) shall
not exceed the yield strength at temperature (see
para. 302.3 of this Code and S, data in ASME BPVC,

SectigpHPRart- D Table Y13

severe service condition. Where multiple valves are
used (e.g., in a double block and bleed arrangement),
all of the valves shall be rated for the more severe
service condition. If the valve(s) will operate at a different
temperature due to remoteness from a header or piece of
equipment, the valve(s) (and any mating flanges) may be
selected on the basis of the different temperature. For
piping on either side of the valve, however, each
system shall be designed for the conditions of the

caruica o which & 10 copmpactad
Servree—+to—WrHentiS—cohheeteas

(c)| Combined stresses shall not exceed the limits estab-
lished in para. 302.3.6.

(d)| The total number of pressure-temperature varia-
tions fabove the design conditions shall not exceed 1000
durinjg the life of the piping system.

(e)|In no case shall the increased pressure exceed the
test piressure used under para. 345 for the piping system.

(f) |Occasional variations above design conditions shall
remaln within one of the following limits for pressure
desigh.
7) Subject to the owner’s approval, it is permissible
to exg¢eed the pressure rating or the allowable stress for
presspre design at the temperature of the increased condi-
tion By not more than

(-a) 33% fornomorethan 10hatanyonetimeand
bre than 100 h/y, or

(-b) 20% for no more than 50 hatany one time and
no mpre than 500 h/y
The effects of such variations shall be determined hy:
the designer to be safe over the service life of the piping
system by methods acceptable to the owner."(See
Appepdix V.)
?) When the variation is self-limiting((e,g., due to a
pressure-relieving event), and lasts no more than 50 h at
any ohe time and not more than 500 by, it is permissible
to ex¢eed the pressure rating or the allowable stress for
presspire design at the temperatureef the increased condi-
tion By not more than 20%.

(g)| The combined effeets-of the sustained and cyclic
variafions on the seryiceability of all components in
the system shall have'been evaluated.

(h)| Temperature variations below the minimum
tempprature shown in Appendix A are not permitted
unlegs the_requirements of para. 323.2.2 are met for
the lqwest-temperature during the variation.

(i) |The-application of pressures exceeding pressure-

no m

302.3 Allowable Stresses and Other-Stress Limits

302.3.1 General. The allowable stresses d
paras. 302.3.1(a), (b), and (c) shall be used in degign calcu-
lations unless modified by other’provisions of this Code.

(a) Tension. Basic allowabléstresses, S, in tension for
metals listed in Tables A-Tvahd A-1M, and desigh stresses,
S, for bolting materialsdisted in Tables A-2 and 4-2M were
determined in accordatice with para. 302.3.2.

In equations elsewhere in the Code where th
SE appears, the'value Sis multiplied by one of thd
quality factors:*

(1) easting quality factor E. as dd
para, 302:3.3 and tabulated for various materia
tions in Table A-1A, and for various levels of st
tary’examination in Table 302.3.3C, or

(2) longitudinal weld joint factor E; as dlefined in
302.3.4 and tabulated for various material spefifications
and classes in Table A-1B, and for various typds of joints
and supplementary examinations in Table 302.3.4

The stress values in Tables A-1, A-1M, A-2, and A-2M are
grouped by materials and product forms, and are for
stated temperatures up to the limit prqvided in
para. 323.2.1(a). Straight-line interpolation| between
temperatures is permissible. The temperaturq intended
is the design temperature (see para. 301.3).

(b) Shearand Bearing. Allowable stresses in ghear shall
be 0.80 times the basic allowable stress in tenkion tabu-
lated in Appendix A. Allowable stress in bearing shall be
1.60 times that value.

(c) Compression. Allowable stresses in compression
shall be no greater than the basic allowable gtresses in
tension as tabulated in Appendix A. Considergtion shall
be given to structural stability.

efined in

e product
following

fined in
specifica-
pplemen-

temperature ratings of valves may under certain condi-
tions cause loss of seat tightness or difficulty of operation.
The differential pressure on the valve closure element
should not exceed the maximum differential pressure
rating established by the valve manufacturer. Such appli-
cations are the owner’s responsibility.

302.2.5 Ratings at Junction of Different Services.
When two services that operate at different pressure-
temperature conditions are connected, the valve segre-
gating the two services shall be rated for the more

13

! Ifa component is made of castings joined by longitudinal welds, both a
casting and a weld joint quality factor shall be applied. The equivalent
quality factor E is the product of E,, Table A-1A, and Ej, Table A-1B.
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302.3.2 Bases for Design Stresses.” The bases for
establishing design stress values for bolting materials
and basic allowable stress values for other metallic mate-
rials in this Code are specified in (a), (b), (c), and (d). In the
application of these criteria, the yield strength at tempera-
ture is considered to be SyRy and the tensile strength at
temperature is considered to be 1.1S7R7, where

Rr =ratio of the average temperature-dependent trend
curve value of tensile strength to the room temperature

(c) Malleable Iron. Basic allowable stress values at
temperature for malleable iron shall not exceed the
lower of the following:

(1) one-fifth of St
(2) one-fifth of the tensile strength at temperature

(d) Other Materials. Basic allowable stress values at
temperature for materials other than bolting materials,
gray iron, and malleable iron shall not exceed the
lowest of the following:
rd of

tensile strergth
Ry = ratjio of the average temperature-dependent trend
curve valfie of yield strength to the room temperature
yield strehgth
St = specified minimum tensile strength at room
temperatyre
Sy=spefified minimum yield strength at room tempera-
ture
(a) Bolting Materials. Design stress values at tempera-
ture for bdlting materials shall not exceed the lowest of the
following]
(1) 4t temperatures below the creep range, for
bolting materials whose strength has not been enhanced
by heat trpatment or strain hardening, the lowest of one-
fourth of §7, one-fourth of tensile strength at temperature,
two-thirds of Sy, and two-thirds of yield strength at
temperatyre
(2) 4t temperatures below the creep range, for
bolting nfaterials whose strength has been enhanced
by heat tfeatment or strain hardening, the lowest of
one-fifth |of S7, one-fourth of the tensile strength at
temperatpre, one-fourth of Sy, and two-thirds of the
yield strephgth at temperature (unless these values;are
lower thap corresponding values for annealed(material,
in which tase the annealed values shall be used)
(3) 100% of the average stress for a-creep rate of
0.01% per 1000 h
(4) 47% of the average stress forrupture at the end
of 100000 h
(5) 80% of minimum stress'fer rupture at the end of
100000 K

oot

tensile strength at temperature.

(2) exceptasprovidedin (3) below, the lower of two-
thirds of Sy and two-thirds of yield strength at tenpera-
ture.

(3) for austenitic stainless steels and nickel plloys
having similar stress-strain béhavior, the lower of
two-thirds of Sy and 90% of yield’strength at temperature
[see (e)].

(4) 100% of the average stress for a creep rhte of
0.01% per 1000 h.

(5) for temperatures up to and including §
(1,500°F), 67% ,of the average stress for rupture
end of 100 000 h:

(6) fortemperatures higher than 815°C (1,SJ:O°F),
(100 x Fyy3)% times the average stress for ruptyre at
the end)of 100000 h. F,,, is determined from the
slope,n, of the log time-to-rupture versus log gtress
plot at 100000 h such that log Fayg = 1/n. Fyygshall
not exceed 0.67.

(7) 80% ofthe minimum stress for rupture at th
of 100000 h.

For structural grade materials, the basic alloyable
stress shall be 0.92 times the lowest value determined
in (d)(1) through (7).

(e) Application Limits. Application of stress vlalues
determined in accordance with (d)(3) is not recomihend-
ed for flanged joints and other components in whichslight
deformation can cause leakage or malfunction.

(1) These values are shown in italics or boldface in
Table A-1, as explained in Note (4a) to Appendix A Tpbles.

15°C
ht the

eend

(b) Grqgy Iron. Basic allowable stress values at tempera- Instead, either 75% of the stress value in Table A-1 ot two-
ture for gray iron shall not exceed the lower of the thirds of the yield strength at temperature listed in ASME
following; BPVC, Section 1, Part D, Table Y-1 should be used}

(1) ane-tenthl'ef Sy (2) Stress values determined in accordance with
(2) one-ténth of the tensile strength at temperature (d)(3) are not identified in Table A-1M. See Notg (4b)
to Appendix A. When using Table A-1M, two-thirds of
the yield strength at temperature Tisted in ASME BPVC,

2 These bases are the same as those for ASME BPVC, Section 111, Class 1
materials, given in ASME BPVC, Section II, Part D. Stress values in B31.3,
Appendix A, at temperatures below the creep range generally are the
same as those listed in ASME BPVC, Section II, Part D, Tables 2A and 2B,
and in Table 3 for bolting, corresponding to those bases. They have been
adjusted as necessary to exclude casting quality factors and longitudinal
weld joint quality factors. Stress values at temperatures in the creep
range generally are the same as those in ASME BPVC, Section II, Part
D, Tables 1A and 1B, corresponding to the bases for ASME BPVC,
Section VIII, Division 1.

14

Section II, Part D, Table Y-1 should be used.

302.3.3 Casting Quality Factor, E,.

(a) General. The casting quality factors, E., defined
herein shall be used for cast components not having pres-
sure-temperature ratings established by standards in
Table 326.1.
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Table 302.3.3C Increased Casting Quality Factors, E.

Supplementary Examination
in Accordance With Note(s) Factor, E,
0.85
0.85
0.95
0.90
1.00

1.00

€Y

(2)(a) or (2)(b)

(3)(a) or (3)(b)

(1) and (2)(a) or (2)(b)

(1) and (3)(a) or (3)(b)

(2)(a) or (2)(b) and (3)(a) or (3)(b)

(b) Basic Quality Factors. Castings of gray and malle-
able iron, conforming to listed specifications, are assigned
a basic casting quality factor, E., of 1.00 (due to their
conservative allowable stress basis). For most other
metals, static castings that conform to the material spec-
ification and have been visually examined as required by
MSS SP-55, Quality Standard for Steel Castings for Valves,
Flanges and Fittings and Other Piping Components —
Visual Method, are assigned a basic casting quality

GENERAL NOTE: Titles of standards referenced in this Table’s Notes

are as[follows:
AJME B46.1 Surface Texture (Surface Roughness, Waviness

and Lay)

Guide for Radiographic Examination

Practice for Ultrasonic Pulse-Echo Straight-Beam

Contact Testing

Reference Photographs for Magnetic Particle Indi-

cations on Ferrous Castings

Practice for Liquid Penetrant Examination for

General Industry

Guide for Magnetic Particle Testing

Quality Standard for Steel Castings and Forgings

for Valves, Flanges, Fittings, and Other Piping

Components — Magnetic Particle Examination

Method

Quality Standard for Steel Castings and Forgings

for Valves, Flanges, Fittings, and Other Piping

Components — Liquid Penetrant Examination

Method

ASTM E94
5TM E114

>

APTM E125

>

5TM E165

>

bTM E709
MSS SP-53

MSS SP-93

NOTES§:

(1) Machine all surfaces to a finish of 6.3 pm R, (250 pin. R, in aecor-
dgqnce with ASME B46.1), thus increasing the effectiyeness of
surface examination.

(2)

(a
only)
E7009.

(b
metho
dance
(3)

(a) Fully examine each cagting-tltrasonically in accordance with
ASTM E114, accepting a casting'only if there is no evidence of depth
of defects in excess of 5% of\wall thickness.

(b} Fully radiograph,each casting in accordance with ASTM E94.
Judge ip accordance with-the stated acceptance levels in Table 302.3.3D.

Examine all surfaces of each casting (ferromagnetic material
y the magnetic particle method in aceordance with ASTM
udge acceptability in accordance with MSS 'SP-53, Table 1.

Examine all surfaces of each casting by the liquid penetrant
, in accordance with ASTM E165/Judge acceptability in accor-

ith SP-93, Table 1.

factor; castings—that-meet specifi-
cation requirements only for chemical analysjs, tensile,
hydrostatic, and flattening tests, and vistal‘expmination
are assigned a basic casting quality factor of (.80. Basic
casting quality factors are tabulated for listed|specifica-
tions in Table A-1A.

(c) Increased Quality Factors. Casting qualijty factors
may be increased when supplementary examinations
are performed on eachiveasting. Table 302.3(3C states
the increased casting“quality factors, E., that may be
used for various cembinations of supplementdry exami-
nation. Table 302.3.3D states the acceptance driteria for
the examipation methods specified in the[Notes to
Table 302.373C. Quality factors higher than those
shownuin, Table 302.3.3C do not result from ¢ombining
tests¥(2)(a) and (2)(b), or (3)(a) and (3)(b). In no case
shall the quality factor exceed 1.00.

Several of the specifications in Appendix A require
machining of all surfaces and/or one or morg of these
supplementary examinations. In such cases, the appro-
priate increased quality factor is shown in Taple A-1A.

o6f-0-80—Centrifugal

L
o

302.3.4 Weld Joint Quality Factor, E;

(a) Basic Quality Factors. The weld joint qual
Ej, tabulated in Table A-1B are basic factors for
spiral (helical seam) welded joints for
containing components as shown in Table 30

(b) Increased Quality Factors. Table 302.3.4f also indi-
cates higher joint quality factors that may be spibstituted
for those in Table A-1B for certain kinds of welds if addi-
tional examination is performed beyond that r¢quired by
the product specification.

ty factors,
traight or
ressure-
.3.4.

302.3.5 Limits of Calculated Stresses Due to
Sustained Loads and Displacement Strains

(a) Internal Pressure Stresses. Stresses due 10 internal
pressure shall be considered safe when the wall thickness

15

of the piping component, including any reinforcement,
meets the requirements of para. 304.

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thickness
of the piping component, and its means of stiffening, meet
the requirements of para. 304.

(c) Stresses Due to Sustained Loads, S;. The stresses due
to sustained loads, S, in any componentin a piping system
(see para. 320), shall not exceed S;,, where S}, is the basic
allowable stress provided in Table A-1 or Table A-1M at

(18)
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Table 302.3.3D Acceptance Levels for Castings

For egs. (1a) and (1b)
f = stress range factor,? calculated by eq. (1c)*

Material Acceptance
Examined Applicable  Level (or Acceptable f (see Fig. 302.3.5) = 6.O(N)_0'2 <f (1)
Thickness, T Standard Class) Discontinuities
Steel ASTM E446 1 Types A, B, C fm = maximum value of stress range factor; 1.2 for
T <25 mm ferrous materials with specified minimum
(1 in) tensile strengths <517 MPa (75 ksi) and at
Steel ASTM E446 2 Types A, B, C metal temperatures <371°C (700°F); otherwise
T > 25 mm, fm =10
<51 mm N—= equivalent number of full displacement ¢ycles
(2 in) during the expected service life of the_fJiping
Steel ASTM E186 2 Categories A, B, C system5
T> 51 mpm, S. = basic allowable stress® at minimium metal
= }14 i temperature expected during.the’displacgment
(472 in) i cycle under analysis
Steel ASTM E280 2 Categories A, B, C = 138 MPa (20 ksi) maximim
:;01514m;:m' S, = basic allowable stress® at maximum metal
(12 in) temperature expeeted'during the displacgment
Aluminum 4gnd ~ ASTM E155 Shown in reference cycle under analgses
magnesium radiographs = 138 MPa (20 Ksi) maximum
Copper, Ni{Cu ~ ASTM E272 2 Codes A, Ba, Bb S, = stress dueto sustained loads; in systems where
Bronze ASTM E310 2 Codes A and B supports§ hiay be active in some conditions and

GENERAL NOTE: Titles of ASTM standards referenced in this Table
are as folloys:

E155 [Reference Radiographs for Inspection of Aluminum and
[Magnesium Castings

E186 [Reference Radiographs for Heavy-Walled (2 to 4-%-in.
50.8 to 114 mm)) Steel Castings

E272 [Reference Radiographs for High-Strength Copper-Base
hnd Nickel-Copper Alloy Castings

E280 [Reference Radiographs for Heavy-Walled (4-Y% to 12-in.
114 to 305 mm)) Steel Castings

E310 [Reference Radiographs for Tin Bronze Castings

E446 [Reference Radiographs for Steel Castings,Up to 2 in. (50.8
Imm) in Thickness

the metal [temperature for the operating condition being
consideref.

(d) Alfowable Displgcement Stress Range, S,. The
computed displacement stress range, Si, in a piping
system (see para. 319.4.4) shall not exceed the allowable
displacement stress range, S, (see paras. 319.2.3 and
319.3.4), ¢alculated by eq. (1a)

Sp = f(1.23S, + 0.25S,) (1a)

inactive'in others, the maximum valpe of
sustained stress, considering all support qondi-
tionts, shall be used

When the computed stress range varies, whlether
from thermal expansion or other conditions,|Sg is
defined as the greatest computed displacement $tress
range. The value of N in such cases can be calcylated

by eq. (1d)
N=NE+Z<7',»5Ni)fori= 1,2 .0 (1)

Ng = number of cycles of maximum computed dis-
placement stress range, Sg
N; = number of cycles associated with displacgment
stress range, S;

ri = Si/Sg
S; = any computed displacement stress range sipaller
than S¢

When the total number of significant stress cycles flue to
all causes exceeds 100 000, and with the owner’s appjroval,
the designer may elect to apply the alternative fjtigue

When S, is greater than S;, the difference between
them may be added to the term 0.25S;, in eq. (1a). In
that case, the allowable stress range is calculated by
eq. (1b)

Sy = fI1.25(S. + Sp) — Szl (1b)

ASSESSIENt TUIES T Appendix W tosatisty thredisplace-
ment stress range requirements of this paragraph and of

3 Applies to essentially noncorroded piping. Corrosion can sharply
decrease cyclic life; therefore, corrosion resistant materials should
be considered where alarge number of major stress cycles is anticipated.

*The minimum value for fis 0.15, which results in an allowable dis-
placement stress range, Sy, for an indefinitely large number of cycles.

% The designer is cautioned that the fatigue life of materials operated at
elevated temperature may be reduced.

6 For castings, the basic allowable stress shall be multiplied by the
applicable casting quality factor, E.. For longitudinal welds, the basic
allowable stress need not be multiplied by the weld quality factor, E;.
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Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

Type of Factor,
No. Type of Joint Seam Examination E;
1 | Furnace butt weld, Straight As required by listed specification 0.60
continuous weld Q [Note (1)]
2 | Electric resistance Straight or spiral (helical seam) | As required by listed specification 0.85
weld Q [Note (1)]

3 Electric fusion weld

(a) Single butt weld

(with or without filler

Straight or spiral (helical seam)

As required by listed specification(or, 0.80
this Code

Additionally spot radiograplied“in 0.90
accordance with para. 341.5.1

Additionally 100% radiegraphed in 1.00
accordance with-para. 344.5.1 and
Table 341.3.2

(b) Double butt weld

(with or without filler
metal)

Straight or spiral (helical seam)
(exceptas provided in 4 below)

As required by‘listed specification 0.85
or this,€ode

Additiénally spot radiographed in 0.90
accordance with para. 341.5.1
Additionally 100% radiographed in 1.00

accordance with para. 344.5.1 and
Table 341.3.2

4 |[Specific specification

API 5L, electric fusion

weld, double butt

Straight (with one or two
seams) or spiral (elical seam) | Aqditionally 100% radiographed in 1.00

As required by specification 0.95

accordance with para. 344.5.1
and Table 341.3.2

NOTE:| (1) It is not permitted to increase the joint quality factor\by additional examination for joint 1 or 2.

paral 319. A significant stress cycle is.defined in
para.|W300. When the alternative rules of Appendix W
are applied, the calculations shall be decumented in
the engineering design.

(e)| Weld joint Strength Reductien Factor, W. At elevated
temperatures, the long-term strength of weld joints may
be lower than the long-termstrength of the base material.

Th¢ weld joint strengthreduction factor, W, is the ratio
of thelnominal stress to:cause failure of a weld joint to that
of the corresponding-base material for an elevated
temperature condition of the same duration. It only
applies at wéld locations in longitudinal or spiral
(helidal seam)\Welded piping components. The designer
is regpornsible for the application of weld joint strength
redudtion factors to other welds (e.g., circumferential).

for the occasional load or permissible variation [condition.
It is also not required when calculating the pllowable
stress range for displacement stresses, S,, in (d).

For other than occasional loads or permissible varia-
tions, W shall be in accordance with Tablgp 302.3.5
except as provided in (f).

(f) Alternative Weld Strength Reduction Factgrs. A weld
strength reduction factor other than that|listed in
Table 302.3.5 may be used in accordance with one of
the following criteria:

(1) Creep test data may be used to deteymine the
weld joint strength reduction factor, W. However, the
use of creep test data to increase the factor] W above
that shown in Table 302.3.5 is not permitted for the
CrMo and Creep Strength Enhanced Ferritic (CSEF)

When determining the required wall thickness for
internal pressure in accordance with para. 304, for
each coincident operating pressure-temperature condi-
tion under consideration, the product of the basic allow-
able stress and the applicable weld quality factor, SE, shall
be multiplied by W.

W is equal to 1.0 when evaluating occasional loads, e.g.,
wind and earthquake, or when evaluating permissible
variations in accordance with para. 302.2.4. Application
of Wisnotrequired when determining the pressure rating

steels materials, as defined in Table 302.3.5. Creep
testing of weld joints to determine weld joint strength
reduction factors, when permitted, should be full thick-
ness cross-weld specimens with test durations of at
least 1000 h. Full thickness tests shall be used unless
the designer otherwise considers effects such as stress
redistribution across the weld.

(2) With the owner’s approval, extensive successful
experience may be used to justify the factor W above that
shown in Table 302.3.5. Successful experience must
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Figure 302.3.5 Stress Range Factor, f
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All other materials

Ferrous materials, specified minimum tensile strehgth =517 MPa (75 ksi),
and at design metal temperatures =371°C (700°F)

include same or like material, weld metal composition, and (-a) the weld strength reduction factor times 90%
welding process under equivalent, or more severe; of the yield strength at the metal temperature for thejocca-
sustained|operating conditions. sional condition being considered
(-b) four times the basic allowable stress provided
.302.3.6 Limits of Calculated Stresses Due'to Occa- in Appendix A
sional Lopds (-c) for occasional loads that exceed 10 h ovpr the
(a) Opegration. Stresses due to occasidnalloads may be  life of the piping system, the stress resulting in 3 20%
calculated using the equations for stréssidue to sustained ~ creep usage factor in accordance with Appendix V
loads in plara. 320.2. For (-a), the yield strength shall be as listed in ASME
(1) Subject to the limits of pata. 302.2.4, the sum of ~ BPVC, Section I, Part D, Table Y-1 or determined in gccor-
the stressps due to sustained:loads, such as pressure and ~ dance with para. 302.3.2. The strength reduction factor
weight, S}, and of the stresses produced by occasional represents the reduction in yield strength with|long-
loads, su¢h as wind afid ‘earthquake, may be as much term exposure of the material to elevated tempergtures
as 1.33 times the basic allowable stress provided in and, in the absence of more-applicable data, shall be taken
Table A-1 or Tabl¢/A-1M at the metal temperature for as 1.0 for austenitic stainless steel and 0.8 for other mate-
the occasjonal €ondition being considered. Wind and  Tials.
earthquakeforces need not be considered as acting For (-b), the basic allowable stress for castingg shall
concurrer Ll_y. also be mn]fiplinr‘l hy the casting qnn]ify factor E-Where

(2) For Elevated Temperature Fluid Service (see
definition in para. 300.2) of materials having ductile beha-
vior, as an alternative to the use of 1.33 times the basic
allowable stress provided in Table A-1 or Table A-1M, the
allowable stress for occasional loads of short duration, e.g.,
surge, extreme wind, or earthquake, may be taken as the
lowest of the following:

18

the allowable stress value exceeds two-thirds of yield
strength at temperature, the allowable stress value
must be reduced as specified in para. 302.3.2(e).

(b) Test. Stresses due to test conditions are not subject
to the limitations in para. 302.3. It is not necessary to
consider other occasionalloads, e.g., wind and earthquake,
as occurring concurrently with test loads.
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302.4 Allowances

In determining the minimum required thickness of a
piping component, allowances shall be included for corro-
sion, erosion, and thread depth or groove depth. See defi-
nition for c in para. 304.1.1(b).

302.5 Mechanical Strength
(a) Designs shall be checked for adequacy of mechan-

thread depth (dimension h of ASME B1.20.1, or
equivalent) shall apply. For machined surfaces
or grooves where the tolerance is not specified,
the tolerance shall be assumed to be 0.5 mm (0.02
in.) in addition to the specified depth of the cut.

D = outside diameter of pipe as listed in tables of stan-
dards or specifications or as measured

d = inside diameter of pipe. For pressure design
calculation, the inside diameter of the pipe is

q l voangth 1 das oo n loadinge Whaw o cnccog
ical strengthunderapplicabletoadings—Whenneeessary

the whll thickness shall be increased to prevent overstress,
damage, collapse, or buckling due to superimposed loads
from supports, ice formation, backfill, transportation, han-
dling| or other loads enumerated in para. 301.

(b)| Where increasing the thickness would excessively
incregse local stresses or the risk of brittle fracture, or is
otherise impracticable, the impact of applied loads may
be mifigated through additional supports, braces, or other
means without requiring an increased wall thickness.
Partiqular consideration should be given to the mechan-
ical srength of small pipe connections to piping or equip-
ment

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

303 GENERAL

Components manufactured in accordance with stan-
dardq listed in Table 326.1 shall be considered suitable
for use at pressure-temperature ratings in accordance
with para. 302.2.1 or para. 302.2.2, as applicable. The
rules|in para. 304 are intended for pressure design of
components not covered in Table 326.1, but may be
used for a special or more-rigorous design of such compo-
nents{ or to satisfy requirements ¢f para. 302.2.2. Designs
shall pe checked for adequacy of mechanical strength as
descrfbed in para. 302.5.

304 PRESSURE DESIGN OF COMPONENTS

304.1 Straight-Pipe
304.1.1 Gengral

(a)] Thenequired thickness of straight sections of pipe
shall pe\determined in accordance with eq. (2)

the-maximumvalne-alowable-underthe purchase
specification.
E = quality factor from Table A-1A or, Tahle A-1B
P = internal design gage pressure
S = stress value for material fdom Tabjle A-1 or
Table A-1M
T = pipe wall thickness (measured or mipimum in

accordance with the purchase specifidation)
t = pressure design‘thickness, as calculated in accor-
dance with para/304.1.2 for internal pfessure or
as determined in accordance with para. 304.1.3
for external pressure
t,, = minimium required thickness, including mechan-
ieal, ‘dorrosion, and erosion allowancefp
W =\weldjoint strength reduction factor in agcordance
with para. 302.3.5(e)
Y, = coefficient from Table 304.1.1, valid for t < D/6
and for materials shown. The value off Y may be
interpolated for intermediate temperatjures. For t

= D/6,
_ d+

T D+d+2

304.1.2 Straight Pipe Under Internal Pressure

(a) Fort < D/6, the internal pressure design|thickness
for straight pipe shall be not less than that calculated in
accordance with either eq. (3a) or eq. (3b)

t = B (3a)
2(SEW + PY)
_ . Pld+2) (3b)

2[SEW — P(1 — Y)]

(b) Fort=D/6 or for P/SE > 0.385, calculati¢n of pres-
sure design thickness for straight pipe requires special

th=t+c (2)

The minimum thickness, T, for the pipe selected,
considering manufacturer’s minus tolerance, shall be
not less than t,,

(b) The following nomenclature is used in the equa-
tions for pressure design of straight pipe:

¢ = sum of the mechanical allowances (thread or

groove depth) plus corrosion and erosion allow-

ances. For threaded components, the nominal

consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.

304.1.3 Straight Pipe Under External Pressure. To
determine wall thickness and stiffening requirements
for straight pipe under external pressure, the procedure
outlined in ASME BPVC, Section VIII, Division 1, UG-28
through UG-30 shall be followed, using as the design
length, L, the running centerline length between any
two sections stiffened in accordance with UG-29. As an
exception, for pipe with D,/t < 10, the value of S to be
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Table 304.1.1 Values of Coefficient Y for t < D/6

Temperature, °C (°F)

482 (900) 510 538 566 593 621 649 677 (1,250)
Material and Below (950) (1,000) (1,050) (1,100) (1,150) (1,200) and Above
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7
Nickel alloys 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7
UNS Nos. N06617,
N08800, N08810,
and NO8$25
Gray iron 0.0
Other ductile metals 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

used in determining P,, shall be the lesser of the following

values for
(a) 1.5

pipe material at design temperature:
times the stress value from Table A-1 or

Table A-1M of this Code, or

(b) 0.9
BPVC, Seq
therein

times the yield strength tabulated in ASME
tion II, Part D, Table Y-1 for materials listed

(The symbol D, in ASME BPVC, Section VIl is equivalent
to D in thjs Code.)

304.2 Cuyrved and Mitered Segments of Pipe

304.2.1
t,,, of a be
determing

Pipe Bends. The minimum required thickness,
nd, after bending, in its finished form, shall be
d in accordance with eqgs. (2) and (3c)

PD

t=——— (3(:)
2[(SEW/I) + PY]
where at the intrados (inside bend radius)
_ 4®yD) -1 (3d)
4(R;/D) -2
and at the¢ extrados (outside bend radius)
_ 4(Ry/D) +4 3e)
4(Ry/D)Y(F\2
and at thd sidewall on thé bénd centerline radius, I = 1.0,
and wherg

Figure 304.2.1 Nomenclature for Pipe Bends

R; = bend radius of welding elbow or pipe bend

Thickness variations from.the'intrados to the extirados
and along the length of thebend shall be gradual. The
thickness requirements\apply at the mid-span ¢f the
bend, y/2, at the intrados, extrados, and bend centgrline
radius. The minindum thickness at the end tangentq shall
not be less than the requirements of para. 304|1 for
straight pipe, (See Figure 304.2.1).

304.2.2. Elbows. Manufactured elbows not in gccor-
dance-with para. 303 shall be qualified as requirgd by
parav 304.7.2 or designed in accordance [with
para. 304.2.1, except as provided in para. 328.4.2(b)(6).

304.2.3 Miter Bends. An angular offset of 3 deg qr less
(angle ain Figure 304.2.3) does not require design c¢nsid-
eration as a miter bend. Acceptable methods for pregssure
design of multiple and single miter bends are given|in (a)
and (b) below.

Figure 304.2.3 Nomenclature for Miter Bends

Int

rados —,—\

\ Extrados

22
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(a) Multiple Miter Bends. The maximum allowable
internal pressure shall be the lesser value calculated
from eqs. (4a) and (4b). These equations are not applica-
ble when 6 exceeds 22.5 deg.

(T —¢), mm A
<13 25
13<(T—¢)<22 2(T - ¢)
>22 [2(T - ¢)/3] + 30

- SEW(T — c)f T—¢ (4a) (2) For U.S. Customary units
" r l(T —¢) + 0.643tan 0,/ro(T — ¢) (T =¢), in. A
<0.5 1.0
0.5 < (T —-c¢c)<0.88 2(T — o)
B, = SEW(T - C) [ DRl _n? ] (4b) >0.88 [2(T _ C)/3] + 117

LA CIST orTT

(b)| Single Miter Bends

7) The maximum allowable internal pressure for a
singlg miter bend with angle 0 not greater than 22.5 deg
shall pe calculated by eq. (4a).

?) The maximum allowable internal pressure for a
singlg miter bend with angle 0 greater than 22.5 deg shall
be calculated by eq. (4c)

_ SEW(T — ¢) T—c¢ (4¢)

r (T = ¢) + 1.25tan 0,/ro(T — ¢)

(c)| The miter pipe wall thickness, T, used in egs. (4a),
(4b), and (4c) shall extend a distance not less than M from
the irfside crotch of the end miter welds where

M E the larger of 2.5(r,T)*® or tan 6 (Ry - r3)

]

The length of taper at the end of the miter pipe may be
includled in the distance, M.

(d)| The following nomenclature is used in eqs. (4a),
(4b), and (4c) for the pressure design of miter bends:
c|= same as defined in para. 304.1.1
E|= same as defined in para. 304.1.1
P,,|= maximum allowable internal pressure for miter
bends
R,| = effective radius of miter bend, defined as the
shortest distance from(the pipe centerline to
the intersection of’the planes of adjacent
miter joints
r,| = mean radius of,pipe using nominal wall T

304.2.4 Curved and Mitered Segments)of: P|ipe Under
External Pressure. The wall thickness of cyrved and
mitered segments of pipe subjected to external pressure
may be determined as specified for straight pipe in
para. 304.1.3.

304.3 Branch Connections
304.3.1 General

(a) Except as pfovided in (b) below, the reqpirements
in paras. 304.3.2 through 304.3.4 are applicable to branch
connections~made in accordance with the following
methods:

(1) fittings (tees, extruded outlets, branch outlet
fittings-in accordance with MSS SP-97, lateralg, crosses)
(2) unlisted cast or forged branch connectijon fittings
(see para. 300.2), and couplings not over DN 8D (NPS 3),
attached to the run pipe by welding
(3) welding the branch pipe directly to th¢ run pipe,
with or without added reinforcement, as cpvered in
para. 328.5.4

(b) The rules in paras. 304.3.2 through 304.3.4 are
minimum requirements, valid only for branch cdnnections
in which (using the nomenclature of Figure 3p4.3.3)

(1) the run pipe diameter-to-thickness ratiio (Dy/Tx)
isless than 100 and the branch-to-run diametetr{ratio (D,/
Dy) is not greater than 1.0

(2) for run pipe with D,/T, 2 100, the branch
diameter, D,, is less than one-half the run diameter, D,

(3) angle f is at least 45 deg

S|= same as defined in para. 304.1.1
T|= miter pipgwddlT thickiess (measured or minimum (4) theaxisofthebranchintersects the axi§oftherun
in accordance with the purchase specification) (c) Where the provisions of (a) and (b) aboe are not
W|= samelas defined in para. 304.1.1 met, pressure design shall be qualified as reguired by
a| = angle“of change in direction at miter joint para. 304.7.2. . . . .
- 5p (d) Other design considerations relating fo branch
0l=\Gnele of miter cut connections are stated in para. 304.3.5.

For compliance with this Code, the value of R; shall be
not less than that given by eq. (5)

R=2 42 (5)
tan 0 2

where A has the following empirical values:
(1) For SI units

304.3.2 Strength of Branch Connections. A pipe
having a branch connection is weakened by the
opening that must be made in it and, unless the wall thick-
ness of the pipe is sufficiently in excess of that required to
sustain the pressure, it is necessary to provide added re-
inforcement. The amount of reinforcement required to
sustain the pressure shall be determined in accordance
with para. 304.3.3 or 304.3.4. There are, however,
certain branch connections that have adequate pressure
strength or reinforcement as constructed. It may be
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assumed without calculation that a branch connection has Figure K328.5.4) and extends at least to the L,
adequate strength to sustain the internal and external limit (see Figure 304.3.3).
pressure that will be applied to it if T, = minimum thickness of reinforcing ring or saddle
(a) the branch connection is made with a listed branch made from pipe (use nominal thickness if made
type fitting such as an ASME B16.9 or ASME B16.11 tee, or from plate)
MSS SP-97 branch connection fitting. See para. 303. = 0 if there is no reinforcing ring or saddle
(b) the branch connection is made by welding a listed t = pressure design thickness of pipe, according to
threaded or socket welding coupling or listed half coupling the appropriate wall thickness equation or proce-
directly to the run in accordance with para. 328.5.4, dure in para. 304.1. For welded pipe, when the
provided ghe-size-ef-the-branch-doesnot-execeed-BN-50 brarech—dees—noetinterse he—tongitedinal
(NPS 2) por one-fourth the nominal size of the run. weld of the run, the basic allowable, strgss, S,
The minifnum wall thickness of the coupling anywhere for the pipe may be used in determining |t for
in the reipforcement zone (if threads are in the zone, the purpose of reinforcement calculation|only.
wall thickness is measured from root of thread to When the branch does intersect the longitiidinal
minimum| outside diameter) shall be not less than that weld of the run, the product SEW (of the ptress
of the unthreaded branch pipe. In no case shall a coupling value, S; the appropriate weldjoint quality factor,
or half coypling have arating less than Class 3000 in accor- E;, from Table A-1B; and the weld joint strength
dance with ASME B16.11. reduction factor, W; See*para. 302.3.5) for the run
(c) the|branch connection utilizes an unlisted branch pipe shall be used in-the calculation. The product
connectioh fitting (see para. 300.2), provided the fitting is SEW of the branch shall be used in calculating t,.
made from materials listed in Table A-1 or Table A-1M and B = smaller angle.between axes of branch and run
provided|that the branch connection is qualified as
required by para. 304.7.2. (b) Requiréd Reinforcement Area. The reinforc¢ment

area, A, required for a branch connection under infernal

304.3.3 Reinforcement of Welded Branch Connec- )
pressure-is

tions. Added reinforcement is required to meet the
criteria in|(b) and (c) when itis not inherent in the compo-
nents of the branch connection. Sample problems illus-
trating the calculations for branch reinforcement are
shown in|Appendix H.

(a) Nomenclature. The nomenclature below is used:in
the pressyre design of branch connections. It is illustrated
in Figure|304.3.3, which does not indicate details for
constructjon or welding. Some of the terms defined in
Appendix|| are subject to further definitions‘or variations,
as followsg:

b = sybscript referring to branch

d; = effective length removed from-pipe at branch. For
branch intersections where the branch opening is
a|projection of the bfanch pipe inside diameter
(8.g., pipe-to-pipe‘fabricated branch), d; = [D,

Al = thd1<2 — sin ﬂ) (6)

For'a branch connection under external pressure, area A;
is one-half the area calculated by eq. (6), using as {;, the
thickness required for external pressure.
(c) Available Area. The area available for reinforce-
ment is defined as
Ay + A3 + A4 > A (6a)

These areas are all within the reinforcement zone and are
further defined below.

(1) Area A; is the area resulting from excess thick-
ness in the run pipe wall

Ay = (2dy — d) (T, — t, = ©) ™

(2) Area Aj; is the area resulting from excess thick-

" 2(Ty - c)l/sin ﬁ ness in the branch pipe wall
d, = “Ralf width’_of reinforcement zone Ay = 2Ly(T) — ¢ )/sin (8)
3 = 2L4(Ty = tp — ¢)/sin

= dj or (Ty$z£) + (Ty, - ¢) + di/2, whichever is

greaterbut in any case not more than Dy If the allowable stress for the branch pipe wall is les§ than

h = stpscrlpt re:ferrmg to run or hea(.ier . that for the run pipe, its calculated area must be redufged in

Ly =h 3 . €Tatio of allowable Stress values of the branch to the run
= 2.5(Ty - _C) or _Z'S(Tb -+ Ty wh1che_ver 1 le_ss in determining its contributions to area As.

T, = branch pipe thickness (measured or minimum in (3) Area A, is the area of other metal provided by

accordance with the purcha.se sp.ecilflcatlon) welds and properly attached reinforcement. [See (f).]

except for branch connection fittings (see 4|4 areas shall be based on the minimum dimensions

para. 300.2). For such connections the value of specified in para. 328.5.4, except that larger dimensions

T} for ufse}in cal.cuflatipg L4l,)d2, arlld A? iS_ the thick- may be used if the welder has been specifically instructed
ness of the remtorcing barre (_mlnlmum per to make the welds to those dimensions.
purchase specification), provided that the

barrel thickness is uniform (see

24
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(d) Reinforcement Zone. The reinforcement zone is a
parallelogram whose length extends a distance, d,, on
each side of the centerline of the branch pipe and
whose width starts at the inside surface of the run
pipe (in its corroded condition) and extends beyond
the outside surface of the run pipe a perpendicular
distance, Ly.

(e) Multiple Branches. When two or more branch
connections are so closely spaced that their reinforcement
zones-overlap-the-distance-between-centers-oef-the-epen
ings ghould be at least 1% times their average diameter,
and the area of reinforcement between any two openings
shall pe not less than 50% of the total that both require.
Each ppening shall have adequate reinforcement in accor-
dancg with (b) and (c). No part of the metal cross section
may dpply to more than one opening or be evaluated more
than ¢gnce in any combined area. (Consult PFI Standard ES-
7, Miimum Length and Spacing for Branch Connections,
for dptailed recommendations on spacing of welded
nozzlgs.)

(f) | Added Reinforcement
7) Reinforcement added in the form of a ring or
saddlp as part of area A4 shall be of reasonably constant
width.
?) Material used for reinforcement may differ from
that of the run pipe provided it is compatible with run and
brandh pipes with respect to weldability, heat treatment
requifements, galvanic corrosion, thermal expansion, etc.
3) If the allowable stress for the reinforcement
material is less than that for the run pipe, its calculated
area must be reduced in the ratio of allowable stress
valuep in determining its contribution to areay.

4) No additional credit may be taken(for*a material
having higher allowable stress value than the run pipe.

304.3.4 Reinforcement of Extruded Outlet Headers

(a) The principles of reinforcement stated in
para.|304.3.3 are essentially-applicable to extruded
outlef headers. An extruded outlet header is a length
of pipee in which one or mare outlets for branch connection
have been formed by extrusion, using a die or dies to
contrpl the radiinof-the extrusion. The extruded outlet
projerts abové,the surface of the header a distance h,
at legst equal'to the external radius of the outlet r,
(i.e., My 24r5).

(b)[ The rules in this paragraph are minimum require-

(c) Nomenclature. The nomenclature used herein is
illustrated in Figure 304.3.4. Note the use of subscript
x signifying extruded. Refer to para. 304.3.3(a) for nomen-
clature not listed here.

d, = the design inside diameter of the extruded outlet,
measured at the level of the outside surface of the
header. This dimension is taken after removal of
all mechanical and corrosion allowances, and all
thickness tolerances.

halfw entzon al to d,)
= height of the extruded outlet. This rhugt be equal
to or greater than r, [except as shewn |n illustra-
tion (b) in Figure 304.3.4].
Ls = height of reinforcement zone
= 0.7, /Dy T,
ry = radius of curvature of éxternal contourgd portion
of outlet, measured,ih the plane contpining the
axes of the header and branch
T, = corroded finished thickness of extruded outlet,
measurediat a height equal to r, dbove the
outside surface of the header

(d) Linditations on Radius ry. The externdl contour
radius,\Iy is subject to the following limitations:
(1) minimum r, — the lesser of 0.05D, pr 38 mm
(2250 in.)
(2) maximum r, shall not exceed
(a) for D, < DN 200 (NPS 8), 32 mm ([1.25 in.)
(b) for D, = DN 200, 0.1D, + 13 mm (.50 in.)
(3) for an external contour with multiplg radii, the
requirements of (1) and (2) above apply, consiflering the
best-fit radius over a 45-deg arc as the maximpim radius
(4) machiningshall notbe employed in order to meet
the above requirements
(e) Required Reinforcement Area. The requiiled area of
reinforcement is defined by
A = Ktyd,, (9

where K is determined as follows:
(1) For D,/Dy, > 0.60, K = 1.00.
(2) For 0.60 = D,/Dj > 0.15, K = 0.6 + “4(D,/Dp,).
(3) For D,/Dy, < 0.15, K = 0.70.
(f) Available Area. The area available for reinforcement
is defined as
Ay + A3+ Ay 2 A (9a)

ments, valid only within the limits of geometry shown in
Figure 304.3.4, and only where the axis of the outlet inter-
sects and is perpendicular to the axis of the header. Where
these requirements are not met, or where nonintegral
material such as a ring, pad, or saddle has been added
to the outlet, pressure design shall be qualified as required
by para. 304.7.2.

These areas are all within the reinforcement zone and
are further defined below.

(1) Area A; is the area resulting from excess thickness
in the header wall

4y = (2dy — d)(Tj — t, — ©) (10)

(2) Area Aj; is the area resulting from excess thickness
in the branch pipe wall

Ay =2Ls(T, — t, — ¢) (11
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(3) Area A, is the area resulting from excess thickness
in the extruded outlet lip
Ay =2r [T, — (T, — o)] (12)
(g) Reinforcement of Multiple Openings. The rules of
para. 304.3.3(e) shall be followed, except that the required
area and reinforcement area shall be as given in this para-
graph.
(h) Identification. The manufacturer shall establish the

304.3.6 Branch Connections Under External Pres-
sure. Pressure design for a branch connection subjected
to external pressure may be determined in accordance
with para. 304.3.1, using the reinforcement area require-
ment stated in para. 304.3.3(b).

304.4 Closures
304.4.1 General

desigp-pressure-and-temperatureforeachextrudedoutlet (a) Closures not in accordance with para. 303 or (b)
headgr and shall mark the header with this information, shall be qualified as required by para. 304Z.2.
together with the symbol “B31.3” (indicating the applica- (b) For materials and design conditiong covered
ble C¢de Section) and the manufacturer’s name or trade- ~ therein, closures may be designed inf accordpnce with
mark rules in ASME BPVC, Section VIII, Division 1, falculated
. . . . from eq. (13)
304.3.5 Additional Design Considerations. The re- ty =t +4 (13)
quirements of paras. 304.3.1 through 304.3.4 are intended
to engure satisfactory performance of a branch connection where
subjeft only to pressure. The designer shall also consider ¢ = sum of allowdnces defined in para. 3(4.1.1
the fqllowing: t = pressure design thickness, calculated fgr the type
(a)| Inaddition to pressure loadings, external forces and of closureyand direction of loading, [shown in
movements are applied to a branch connection by thermal Tablel304.4.1, except that the symbo|s used to
exparjsion and contraction, dead and live loads, and move- determine t shall be as follows:
ment|of piping terminals and supports. Special considera- E = same as defined in para. 304.1.1
tion shall be given to the design of a branch connection to P = design gage pressure
withstand these forces and movements. S = S times W, with S and W as defined in
(b)| Branch connections made by welding the branch para. 304.1.1
pipe flirectly to the run pipe should be avoided under t, = minimum required thickness, including mechan-

the fdllowing circumstances:
1) when branch size approaches run size, particu-
larly if pipe formed by more than 1.5% cold expansion), or
exparjded pipe of a material subject to work hardening, is
used ps the run pipe
?) where repetitive stresses may be imposed on the
conngction by vibration, pulsating pressure, temperature
cycling, etc.
In such cases, it is recommended that the design be
consedrvative and that consideration be given to the use of
tee fittings or complete encirclement types of reinforce-
ment
(©)
that H
expal
para.

Adequate flexibility shall be provided in a small line
ranches from-a‘arge run, to accommodate thermal
sion and other movements of the larger line (see
319.6),

(d)| If ribs,gussets, or clamps are used to stiffen the

brang¢h.connection, their areas cannot be counted as
contr'hn’ring to the reinforcement area determined in

ical, corrosion, and erosion allowance

304.4.2 Openings in Closures

(a) The rules in (b) through (g) apply to op¢nings not
larger than one-half the inside diameter of the closure as
defined in the ASME BPVC, Section VIII, Division 1, UG-36.
A closure with a larger opening should be desjgned as a
reducer in accordance with para. 304.6 or, if the closure is
flat, as a flange in accordance with para. 304.5.

(b) Aclosureisweakened by an openingand,junless the
thickness of the closure is sufficiently in excgss of that
required to sustain pressure, it is necessary fo provide
added reinforcement. The need for and amount of rein-
forcement required shall be determined in agcordance
with the subparagraphs below except that it shall be
considered that the opening has adequate reinforcement
if the outlet connection meets the requirgments in
para. 304.3.2(b) or (c).

para. 304.3.3(c) or 304.3.4(f). However, ribs or gussets
may be used for pressure-strengthening a branch connec-
tion in lieu of reinforcement covered in paras. 304.3.3 and
304.3.4 if the design is qualified as required by
para. 304.7.2.

(e) For branch connections that do not meet the re-
quirements of para. 304.3.1(b), integral reinforcement,
complete encirclement reinforcement, or other means
of reinforcement should be considered.

27

(c) Reinforcement for an opening in a closure shall be
so distributed that reinforcement area on each side of an
opening (considering any plane through the center of the
opening normal to the surface of the closure) will equal at
least one-half the required area in that plane.

(d) The total cross-sectional area required for rein-
forcement in any given plane passing through the
center of the opening shall not be less than that
defined in ASME BPVC, Section VIII, Division 1, UG-37
(b), UG-38, and UG-39.


https://asmenormdoc.com/api2/?name=ASME B31.3 2018.pdf

ASME B31.3-2018

Figure 304.3.4 Extruded Outlet Header Nomenclature

This Figure illustrates the nomenclature of para. 304.3.4. It does not indicate complete details or a preferred method of construction.

Corrosion

allo

Mill tolerance

(c) [Note (2)]

Limits of Centerline of
reinforcement branch
zone |
. |«—— Dp —
b > v |
c | b——
N NOTE: - .
f Taper bore inside Cxtrosron
4| 30deg max. | Ay ” diameter taper
' f 7 [if required, see
Lg | h Tx l illustration (d)] to
X - match branch pipe
Y * | 1:3 maximum taper.
ATA [ l'
Header t T, > dy —|—
+ | Tﬁ 'h X i Header Extruded outlet
¥ xtruded outle
7 — Extruded
jvance, ¢ D A outlet
(b) TNlote (1)]
Mill tolerance dy
(a)
- D, > Branch pipe
Tp—>] l— | or nozzle
c>||e—d, >
‘ _>| Limits of
b L_ ”'\1 reinforcemen
X - - - B zone
Thickness, measured p‘ »
or minimum per purchase § 4 Lg
specification | L
A ;E/ ! \E; Extruded outlet
h 8% % = A4 ‘ %
X (1] dy — J’:y/!
Y 2 Y
| W 4 Required area '7
t, T
LR / L A=K () (@) 7 G Header
y i t | 022277 ,
R ) .
D, dp cCls 2 < a2 >

3
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Figure 304.3.4 Extruded Outlet Header Nomenclature (Cont’d)

Branch pipe
T _>= Dy >| or nozzle
b= le—————d >
. | Limits of
b > l reinforcement
e ! ®
— 4 () g
4 A L Extruded outlet
. x \Vg N
x 7 dy ;
* N N
T Header
A [} i Required area
Th 1 s 7AW
¥ 'J A, //////,J\
o, 12
h dp - do > dy — >

é Mill tolerance

(d) [Note (3)]
NOTEY:
(1) Hlpstration to show method of establishing T, when the taper encroaches*on the crotch radius.
(2) Hlpstration is drawn for condition where K = 1.00.
(3) Hlpstration is drawn for condition where K = 1.00 and d, < dp.

(f) If two or more openings are to be log¢ated in a
closure, the rules in paras. 304.3.3 and 304.3.4 for the re-

Table 304.4.1 ASME BPVC References for.Closures ; . .
inforcement of multiple openings apply.

Concave to Convex to (g) The additional design considerations fpr branch
Type of Closure Pressure Pressure connections discussed in para. 304.3.5 apply pqually to
Ellipsqidal UG-32(d) UG-33(d) openings in closures.
Torispherical UG-32(e) UG-33(e)
Hemisbherical udi32(h) UG-33(c) 304.5 Pressure Design of Flanges and Blanks
Conicdl (no transition UG-32(g) UG-33(f) 304.5.1 F[anges — General
to khuckle)
Toricohical UG-32(h) UG-33(f) (a) Flanges not in accordance with parg. 303, or
Flat (fressure on UG-34 304.5.1(b) or (d), shall be qualified as required by
eithpr side) para. 304.7.2.
GENERAL NOTE:, Paragraph numbers are from ASME BPVC, Section (b) Aflange may be designed in accordance with ASME
VIIL Division 1_' ’ BPVC, Section VIII, Division 1, Mandatory Appendix 2
(Rules for Bolted Flange Connections with Ring Type

(e) The reinforcement area and reinforcement zone
shall be calculated in accordance with para. 304.3.3 or
304.3.4, considering the subscript h and other references
to the run or header pipe as applying to the closure. Where
the closure is curved, the boundaries of the reinforcement
zone shall follow the contour of the closure, and dimen-
sions of the reinforcement zone shall be measured parallel
to and perpendicular to the closure surface.

Cnckpfc) ar ASME BPVC _Section VIII_Division 2, 4.16

(Design Rules for Flanged Joints), using the allowable

stresses and temperature limits of this Code. Nomencla-

ture shall be as defined in Appendix 2, except as follows:
P = design gage pressure

S, = bolt design stress at atmospheric temperature
S, = bolt design stress at design temperature
S = product SEW [of the stress value, S; the appro-

priate quality factor, E, from Table A-1A or
Table A-1B; and weld joint strength reduction

(18)
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Figure 304.5.3 Blanks
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falctor in accordance with para. 302.3.5(e)] for factor per para. 302.3.5(e)] for flange materigl. See
flainge or pipe material. See para. 302.3.2(e). para. 302.3.2(e).
t = pressure design thickness, as calculated f¢r the
(c) Therulesin (b) above are notapplicable to a flangéed given styles of blind flange, using the appropriate
joint havjng a gasket that extends outside the bolts equations for bolted flat cover plates in U¢-34
(usually tp the outside diameter of the flange),
(d) Foy flanges that make solid contact outside the
bolts, ASME BPVC, Section VIII, Division<lAppendix Y
should bd used. 304.5.3 Blanks
(e) See|Section VIII, Division 1, Appendix S, for consid- (a) Blanks not in accordance with para. 33 or
erations gpplicable to bolted joint.assembly. 304.5.3(b) shall be qualified as required by para. 3(4.7.2.
304.5.2 Blind Flanges (b) The minimum rgquired th_ickness_ of a permane_nt
blank (representative configurations shown in
(a) Blifd flanges not in‘accordance with para. 303 or Figure 304.5.3) shall be calculated in accordanceg with
304.5.2(b) shall be qualified as required by para. 304.7.2. eq. (15)
(b) Ablind flange may be designed in accordance with 3P (15)
eq. (14). The minimdm thickness, considering the manu- tn = 8\ 16SEW te
facturer’s|minus tolerance, shall be not less than ¢,
th=t+c (14) where
¢ = sum of allowances defined in para. 304.1.]
To calculate t, the rules of ASME BPVC, Section VIII, Divi- dg = inside diameter of gasket for raised or flat face

sion 1, UG-34 may be used with the following changes in

m of allowances defined in para. 304.1.1

internal or external design gage pressure

nomenclature:
c = su
P =
Sf =

product SEW [of the stress value, S; the appro-

priate quality factor, E, from Table A-1A or
Table A-1B; and weld joint strength reduction

30

flanges, or the gasket pitch diameter for ring

joint and fully retained gasketed flanges
= same as defined in para. 304.1.1
= design gage pressure
same as defined in para. 304.1.1
= same as defined in para. 304.1.1
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304.6 Reducers
304.6.1 Concentric Reducers

(a) Concentric reducers not in accordance with
para. 303 or 304.6.1(b) shall be qualified as required
by para. 304.7.2.

(b) Concentric reducers made in a conical or reversed
curve section, or a combination of such sections, may be
designed in accordance with the rules for conical and tori-

clocsracciat

304.7.4 Expansion Joints

(a) Metallic Bellows Expansion Joints. The design of
bellows type expansion joints shall be in accordance
with Appendix X. See also Appendix F, para. F304.7.4
for further design considerations.

(b) Slip Type Expansion Joints

(1) Pressure-containing elements shall be in accor-
dance with para. 318 and other applicable requirements of
this Code.

conicpl-elosures—stated—in—para 30443~

T pora oot

304.6.2 Eccentric Reducers. Eccentric reducers not in
accorfdance with para. 303 shall be qualified as required by
para.|(304.7.2.

304.

304.7.1 Listed Components. Other pressure-
contdining components manufactured in accordance
with ftandards in Table 326.1 may be utilized in accor-
dancg with para. 303.

T Pressure Design of Other Components

304.7.2 Unlisted Components. Pressure design of
unlisted components to which the rules elsewhere in
para.|304 do not apply shall be based on the pressure
desigh criteria of this Code. The designer shall ensure
that fthe pressure design has been substantiated
throfigh one or more of the means stated in (a)
throﬂ‘gh (d). Note that designs are also required to be
checKed for adequacy of mechanical strength as described
in para. 302.5. Documentation showing compliance with
this ppragraph shall be available for the owner’s approval.

(a)| extensive, successful service experiencé.under
comparable conditions with similarly prepertioned
comppnents of the same or like material.

(b)| experimental stress analysis, such as described in
ASMH BPVC, Section VIII, Division 2;~Annex 5.F.

(c)|proof test in accordance with ASME B16.9, MSS SP-
97, of ASME BPVC, Section VHI, Division 1, UG-101.

(d)| detailed stress analysis (€g., finite element method)
with fesults evaluated as.described in ASME BPVC, Section
VIII, Division 2, Part 5::The basic allowable stress from
Table]A-1 or Table A<¥M'shall be used in place of the allow-
able dtress, S, in Division 2 where applicable. Load design
factoys used ir,a Pivision 2 evaluation shall be consistent
with the desigh bases in para. 302.3.2. At design tempera-
turesfinth€ creep range, additional considerations beyond
the s¢ope of Division 2 may be necessary

(2) External piping loads shall not impose| excessive
bending on the joint.
(3) The effective pressure thrust.areq shall be
computed using the outside diameter. of the plipe.
(c) Other Types of Expansion Joint-The design of other
types of expansion joint shall be gualified as rgquired by

para. 304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

305 PIPE

Pipé-includes components designated as
“tubing” in the material specification, when
for pressure service.

305.1 General

Listed pipe may be used in Normal Fluid Servjice except
as stated in paras. 305.2.1 and 305.2.2. Unlisted pipe may
be used only as provided in para. 302.2.3.

“tube” or
intended

305.2 Specific Requirements

305.2.1 Pipe for Category D Fluid Ser
following carbon steel pipe may be used only fo
D Fluid Service:

API 5L continuous welded (furnace butt-welded)

ASTM A53, Type F

ASTM A134 made from other than ASTM AR85 plate

Vice. The
- Category

305.2.2 Pipe Requiring Safeguarding. Whep used for
other than Category D Fluid Service, the following carbon
steel pipe shall be safeguarded:

ASTM A134 made from ASTM A285 plate

ASTM A139

(e) For any of the above, the designer may interpolate
between sizes, wall thicknesses, and pressure classes, and
may determine analogies among related materials.

304.7.3 Metallic Components With Nonmetallic Pres-
sure Parts. Components not covered by standards listed in
Table 326.1, in which both metallic and nonmetallic parts
contain the pressure, shall be evaluated by applicable re-
quirements of para. A304.7.2 as well as those of
para. 304.7.2.

31

305.2.3 Pipe for Severe Cyclic Conditions

(a) Except as limited in (b) through (d), only the
following pipe may be used under severe cyclic conditions:
(1) pipe listed in Table A-1A, where E, = 0.90,” or
(2) pipe listed in Table A-1B, where E; > 0.90”
(b) For API5L pipe, only the following materials may be
used:

7 See para. 302.3.3.
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Grade A or B, seamless

Grade A or B, SAW, str. seam, E; = 0.95

Grade X42, seamless

Grade X46, seamless

Grade X52, seamless

Grade X56, seamless

Grade X60, seamless
(c) For copper pipe, only ASTM B42 may be used.
(d) For copperalloy pipe, only ASTM B466 may be used.

Elevated Temperature Fluid Service, all longitudinal or
spiral (helical seam) welds in P-No. 4 or P-No. 5 materials
shall be ekamined by 100% radiography or 100% ultra-
sonic examination. Acceptance criteria are as stated in
para. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service, upless otherwise specified.

306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

Fittingd, bends, miters, laps, and branch connections
may be uped in accordance with paras. 306.1 through
306.5. Pipe and other materials used in such components
shall be quitable for the manufacturing or fabrication
process ahd the fluid service.

306.1 Pipe Fittings

306.1.1| Listed Fittings. Listed fittings may be used.in
Normal Fluid Service in accordance with para. 303:

306.1.4 Unlisted Fittings. Unlisted fittings may be
used only|in accordance with para. 302.2.3.

306.1.3| Specific Fittings

(a) Proprietary welding branch outletfittings thathave
been design proof tested successfully as prescribed in
ASME B14.9, MSS SP-97, or ASME-BPVC, Section VIII, Divi-
sion 1, UG-101 may be used.within their established
ratings.

(b) Th¢lap thickness.of a proprietary “Type C”lap-joint
stub-end buttwelding fitting shall conform to the require-
ments of para. 3064.2 for flared laps.

306.1.41 Fittings for Severe Cyclic Conditions

306.2 Pipe Bends
306.2.1 General

(a) Apipebend madeinaccordance with paras.332.2.1
and 332.2.2, and verified for pressure design in accor-
dance with para. 304.2.1, is suitable for the same
service as the pipe from which it is made.

(b) Apipe bend made in accordance with para. 332.2.2,
but not meeting the flattening limits of para. 332.2.1, may

e-guatifie e esignbypara: —F2-and shall
not exceed the rating of the straight pipe from whigh it is
made.

306.2.2 Corrugated and Other Bends:Bends of|other

designs (such as creased or corrugated) shall be qualified
for pressure design as required by, para. 304.7.2.

ha-g d forn ad ECTER 04 Q
B€-9 1ot tl > caams o

306.2.3 Bends for Severe Cyclic Conditions. A pipe
bend designed as creased.@ricorrugated shall not be
used under severe cyclic.conditions.

306.3 Miter Bends

306.3.1 General. Except as stated in para. 306{3.2, a
miter bend made in accordance with para. 304.2.8 and
welded in accordance with para. 311.1 is suitabje for
use in Normal Fluid Service.

306.3.2 Miter Bends for Category D Fluid Servjce. A
miter bend that makes a change in direction at a pingle
joint (angle a in Figure 304.2.3) greater than 43 deg,
or is welded in accordance with para. 311.1, mpy be
used only for Category D Fluid Service.

306.3.3 Miter Bends for Severe Cyclic Conditigns. A
miter bend to be used under severe cyclic condjtions
shall be made in accordance with para. 304.2.3 and
welded in accordance with para. 311.1, and shalll have
an angle « (see Figure 304.2.3) < 22.5 deg.

306.4 Laps

The following requirements do not apply to fiftings
conforming to para. 306.1, specifically lap-joint stub
ends conforming to ASME B16.9, nor to laps integrally
hot-forged on pipe ends, except as noted in
paras. 306.4.3 and 306.4.4(a).

306.4.1 Fabricated Laps. A fabricated lap is sulitable
for use in Normal Fluid Service, provided that all of

(a) Only the following fittings may be used under
severe cyclic conditions:

(1) forged.

(2) wrought, seamless or welded. If welded, requires
100% radiograph of welds in accordance with
para. 344.5.1 and Table 341.3.2.

(3) cast, with factor E, > 0.90.”

(b) Fittings conforming to MSS SP-43, MSS SP-119, and
proprietary “Type C” lap-joint stub-end welding fittings
shall not be used under severe cyclic conditions.

the following requirements are met:

(a) The outside diameter of the lap shall be within the
dimensional tolerances of the corresponding ASME B16.9
lap-joint stub end.

(b) The lap thickness shall be at least equal to the
nominal wall thickness of the pipe to which it is attached.

(c) The lap material shall have an allowable stress at
least as great as that of the pipe.

(d) Welding shall be in accordance with para.311.1 and
fabrication shall be in accordance with para. 328.5.5.
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306.4.2 Flared Laps. See para. 308.2.5 for require-
ments of lapped flanges for use with flared laps. A
flared lap is suitable for use in Normal Fluid Service,
provided that all of the following requirements are met:

(a) The pipe used shall be of a specification and grade
suitable for forming without cracks, surface buckling, or
other defects.

(b) The outside diameter of the lap shall be within the
dimensional tolerances of the corresponding ASME B16.9

307 VALVES AND SPECIALTY COMPONENTS

The following requirements for valves shall also be met
as applicable by other pressure-containing piping compo-
nents, such as traps, strainers, and separators. See also
Appendix F, paras. F301.4 and F307.

307.1 General

307.1.1 Listed Valves. A listed valve is suitable for use
in Normal Fluid Service, except as stated in para. 307.2.

THHe—Stoao—etr

The radius of fillet shall not exceed 3 mm (% in.).
The lap thickness at any point shall be at least 95%
of thd minimum pipe wall thickness, T, multiplied by the
ratio pfthe pipe outside diameter to the diameter at which
the 1qp thickness is measured.

(e)| Pressure design shall be qualified as required by
para.|(304.7.2.

)
(d)

306.4.3 Forged Laps. A lap integrally hot-forged on a
pipe gnd is suitable for Normal Fluid Service only when the
requifements of para. 332 are met. Its dimensions shall
conform to those for lap-joint stub ends given in ASME
B16.9.

306.4.4 Laps for Severe Cyclic Conditions
(a)

A forged lap-joint stub end in accordance with
para.|306.1 or a lap integrally hot-forged on a pipe end
in actordance with para. 306.4.3 may be used under
severg cyclic conditions.

(b)| A fabricated lap to be used under severe cyclic
condfitions shall conform to the requirements of
para.[306.4.1, except that welding shall be in aegcordance
with para. 311.1. A fabricated lap shall conform'to a detail
showh in Figure 328.5.5, illustration (d).or-(e).

(c)| A flared lap is not permitted under severe cyclic

condiftions.

306.%5 Fabricated Branch Connections

Th¢ following requirements do not apply to fittings
conforming to para. 306.1:

306.5.1 General:-Afabricated branch connection made
and Yerified for-pressure design in accordance with
paral 304.3¢{,and welded in accordance with
para.[311.15is suitable for use in Normal Fluid Service.

306.5.2 Fabricated Branch Connections for Severe

307.1.2 Unlisted Valves. Unlisted valves may be used
only in accordance with para. 302.2.3. Unless [pressure-
temperature ratings are established, by/the nfethod set
forth in ASME B16.34, pressure design shall b¢ qualified
as required by para. 304.7.2.

307.2 Specific Requirements

307.2.1 Bonnet Bolting. A bolted bonnet valve whose
bonnet is secured to the body by less than four Qolts, or by
a U-bolt, may be wsed only for Category D Fluid Service.

307.2.2 Stem Retention. Valves shall be dgsigned so
that the €tem seal retaining fasteners (e.g.| packing,
gland fasteners) alone do not retain the stem. Specifically,
the design shall be such that the stem shall not be capable
of.removal from the valve, while the valve is under pres-
sure, by the removal of the stem seal retainer (¢.g., gland)
alone.

308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

308.1 General

308.1.1 Listed Components. A listed flange| blank, or
gasketis suitable for use in Normal Fluid Service, exceptas
stated elsewhere in para. 308.

308.1.2 Unlisted Components. Unlisted flanges,
blanks, and gaskets may be used only in a¢cordance
with para. 302.2.3.
308.2 Specific Requirements for Flanges

See Appendix F, paras. F308.2 and F312.

Cyclic Conditions. A fabricated branch connection to
be used under severe cyclic conditions shall conform
to the requirements of para. 306.5.1, except that
welding shall be in accordance with para.311.1, with fabri-
cation limited to a detail equivalent to Figure 328.5.4D,
illustration (2) or (4), or to Figure 328.5.4E.

306.6 Thermowells

Thermowells shall comply with ASME PTC 19.3 TW
where applicable.

33

Table 308.2.1 Permissible Sizes/Rating Classes for
Slip-On Flanges Used as Lapped Flanges

Maximum Flange Size

Rating Class DN NPS
150 300 12
300 200 8

GENERAL NOTE: Actual thickness of the slip-on flange at the bolt
circle shall be atleast equal to the minimum required flange thickness
for lapped flanges in ASME B16.5.

(18)
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308.2.1 Slip-On Flanges

(a) Aslip-on flange shall be double-welded as shown in
Figure 328.5.2B when the service is
(1) subject to severe erosion, crevice corrosion, or
cyclic loading
(2) flammable, toxic, or damaging to human tissue
(3) under severe cyclic conditions
(4) at temperatures below -101°C (-150°F)
(b) The use of slip-on flanges should be avoided where

309 BOLTING

Bolting includes bolts, bolt studs, studs, cap screws,
nuts, and washers. See also Appendix F, para. F309.

309.1 General

309.1.1 Listed Bolting. Listed bolting is suitable for use
in Normal Fluid Service, except as stated elsewhere in
para. 309.

many large temperature cycles are expected, particularly
if the flaniges are not insulated.

(c) Slig-on Flanges as Lapped Flanges. A slip-on flange
may be used as a lapped flange only as shown in
Table 308{2.1 unless pressure design is qualified in accor-
dance with para. 304.5.1. A corner radius or bevel shall
conform to one of the following as applicable:

(1) Hor an ASME B16.9 lap joint stub end or a forged
lap (see pqra. 306.4.3), the corner radius shall be as speci-
fied in ASME B16.5, Tables 9 and 12, dimension r.

(2) Hor a fabricated lap, the corner bevel shall be at
least half the nominal thickness of the pipe to which the lap
is attachef (see Figure 328.5.5).

(3) Hor a flared lap see para. 308.2.5.

308.2.2| Expanded-Joint Flanges. A flange having an
expanded-joint insert is subject to the requirements
for expanfled joints in para. 313.

308.2.3 Socket Welding and Threaded Flanges. A
socket welding flange is subject to the requirements
for socket welds in para. 311.2.2. A threaded flange»is
subject tp the requirements for threaded joints-in

para. 314

308.2.4 Flanges for Severe Cyclic Conditions. Unless
it is safegpharded, a flange to be used undersevere cyclic
conditionf shall be welding neck conforming to ASME
B16.5 or|ASME B16.47, or a similarly proportioned
flange degigned in accordance with_para. 304.5.1.

308.2.5 Flanges for Flared-Metallic Laps. For a flange
used with| a flared metalliclap (para. 306.4.2), the inter-
section of face and beréishall be beveled or rounded

approximptely 3 mm'{(% in.). See also para. 308.2.1(c).

308.3 Flange:Facings

The flange>facing shall be compatible with the gasket
and bolti y

308.4 Gaskets

Gaskets shall be selected so that the required seating
load is compatible with the flange rating and facing, the
strength of the flange, and its bolting. See Appendix F,
para. F308.4.
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only in accordance with para. 302.2.3.

309.1.3 Bolting for Components. Boltirig for cqmpo-
nents conforming to a listed standard shall be in accor-
dance with that standard if specified ‘therein.

309.1.4 Selection Criteria. Bolting selected shpll be
adequate to seat the gasket and{maintain joint tighitness
under all design conditions:

309.2 Specific Bolting

309.2.1 LowYield Strength Bolting. Bolting havi
more than 207 ‘MPa (30 ksi) specified minimum|yield
strength shall not be used for flanged joints fated
ASME B16>5 Class 400 and higher, nor for flgnged
joints using metallic gaskets, unless calculations| have
been{made showing adequate strength to maintain
joint tightness.

hgnot

309.2.2 Carbon Steel Bolting. Except where limited by
other provisions of this Code, carbon steel bolting may be
used with nonmetallic gaskets in flanged joints Jrated
ASME B16.5 Class 300 and lower for bolt metal tenpera-
turesat—29°Cto 204°C (-20°F to 400°F), inclusive. Iffthese
bolts are galvanized, heavy hexagon nuts, threaded tp suit,
shall be used.

309.2.3 Bolting for Metallic Flange Combinations.
Any bolting that meets the requirements of pard. 309
may be used with any combination of flange malterial
and facing. If either flange is to the ASME B16.1, ASME
B16.24 manufactured from an ASTM B61 or an ASTM
B62 casting, MSS SP-42, or MSS SP-51 specification,
the bolting material shall be no stronger thap low
yield strength bolting unless

(a) both flanges have flat faces and a full-face gagket is
used, or

rified,
with consideration of sustained loads, displacement
strains, occasional loads (see paras. 302.3.5 and
302.3.6), and strength of the flanges

309.2.4 Bolting for Severe Cyclic Conditions. Low
yield strength bolting (see para. 309.2.1) shall not be
used for flanged joints under severe cyclic conditions.

(18)
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309.3 Tapped Holes

Tapped holes for pressure-retaining bolting in metallic
piping components shall be of sufficient depth that the
thread engagement will be at least seven-eighths times
the nominal thread diameter.

(1) Socket dimensions shall conform to ASME B16.5
for flanges and ASME B16.11 or MSS SP-119 for other
socket-welding components.

(2) Weld dimensions shall not be less than those
shown in Figures 328.5.2B and 328.5.2C.

(c) Socketwelds larger than DN 50 (NPS 2) shall notbe
used under severe cyclic conditions.
(d) A drain or bypass in a component may be attached

b.2 may be

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING DY socket welding, provided the socket dimensions
JOINTS conformto-Figure4—in-ASME-B16-5-
311.2.3 Fillet Welds
310 GENERAL (a) Filletweldsinaccordance withpara. 328.
Piping joints shall be selected considering joint tight- used as primary welds to attach socket welding compo-
ness pnd mechanical strength under expected service nents and slip-on flanges.
and t¢st conditions of pressure, temperature, and external (b) Fillet welds may also b€ iised to attach

loading. See para. 302.5.

311 WELDED JOINTS

Joimts may be made by welding in any material for which
it is possible to qualify welding procedures, welders, and
weld|ng operators in conformance with the rules in
Chapter V.

311.1] General

Welds shall conform to the following:

(a)| Welding shall be in accordance with para. 328.

(b)] Preheating and heat treatment shall be in accor<
dancg with paras. 330 and 331, respectively.

(c) Examination shall be in accordance 'with
para.|341.4.

(d)] Acceptance criteria shall be in accordance with
para.|341.3.2.

311.2
311.2.1 Backing Rings and ,Consumable Inserts

(a)| If a backing ring is used where the resulting crevice
is defrimental (e.g., subject to corrosion, vibration, or
severg cyclic conditions), it should be removed and the
internal joint face ground smooth. When it is impractical
to relLove the backing ring in such a case, consideration
shall pe given torwelding without backing rings or to the
use df consitmable inserts or removable nonmetallic
backipg rings.

Specific Requirements

reinforce-
ment and structural attachments, to supplgment the
strength or reduce stress concentration of primary
welds, and to prevent.disassembly of joints.

311.2.4 Seal Welds. Seal welds (para. 328.5
used only to.prévent leakage of threaded joints
not be considered as contributing any stren
joints.

3) may be
and shall
bth to the

312, FLANGED JOINTS
See Appendix F, para. F312.1.
312.1 Joints Using Flanges of Different Ratings

Where flanges of different ratings are bolted together,
the rating of the joint shall not exceed that of|the lower
rated flange. Bolting torque shall be limited so that exces-
sive loads will not be imposed on the lower ratef flange in
obtaining a tight joint.

312.2 Metal to Nonmetal Flanged Joints|

Where a metallic flange is bolted to a nonmetallic flange,
both should be flat-faced. A full-faced gasket is preferred. If
a gasket extending only to the inner edge of the bolts is
used, bolting torque shall be limited so that the nonme-
tallic flange is not overloaded.

312.3 Flanged Joint Assembly
See para. 335.2.5.

(b)

cyclic conditions.

Qaalos 1 Les : Joall ] 1 ]
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311.2.2 Socket Welds

(a) Socket welded joints (para. 328.5.2) should be
avoided in any service where crevice corrosion or
severe erosion may occur.

(b) Socketwelded joints shall conform to the following:

35

313 EXPANDED JOINTS

(a) Expanded joints shall not be used under severe
cyclic conditions. For other services, adequate means
shall be provided to prevent separation of the joint. If
the fluid is toxic or damaging to human tissue, safe-
guarding is required.

(18)
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(18) Table 314.2.1 Minimum Schedule of Components With

External Threads

314.2 Specific Requirements
314.2.1 Taper-Threaded Joints. For joints in which the

ed in

Ermo-

Notch- Size Range threads of both mating components conform to ASME
) Sensiti‘ve [Note (2)] Minimum B1.20.1,
Szi_l‘l,li(cie [ll:]d:tt:r(l;)l] DN NPS [i]c:tzdg;] (a) the minimum thickness of components with
Normal Yes <40 <1, 80 exFernal threads shall be the greater of ¢,, in accordanFe
Soete0 2 40 with para. 304.1.1 and the schedule shown in
Table 314.2.1

>150 >6 None (b) threaded components shall be checked for

No =150 =6 *0 adequacy of mechanical strength as describ

>150 >6 None para. 302.5

Category D| Either All All None (c) threaded components of a specialty nature that are

NOTES: not subject to external moment loading,®uch as th
(1) Carbon| steel is generally considered to be notch sensitive, meter wells, may be used under severe. cyclic conditions

whereds stainless steel is generally considered to be not A coupling having straight threads may be used or

notch sensitive.

For sizgds over DN 50 (NPS 2), the joint shall be safeguarded (see
Appendix G) for a fluid service that is flammable, toxic, or dama-
ging tofhuman tissue.

Minimym schedules 40 and 80 are listed in ASME B36.10M, which
areiderjtical to schedules 40S and 80S listed in ASME B36.19M for
DN 15(Q (NPS 6) and smaller.

(2)

3

(b) Comnsideration shall be given to the tightness of
expanded|joints when subjected to vibration, differential
expansion] or contraction due to temperature cycling, or
external rechanical loads.

314 THREADED JOINTS
314.1 General

Threadegd joints are suitable for Normal Fluid-Service
except as $tated elsewhere in para. 314. Theyumay be used
under sepere cyclic conditions only/as*provided in
paras. 314.2.1(c) and 314.2.2.

(a) Thieaded joints should be dvaided in any service
where crevice corrosion, severe erosion, or cyclic loading
may occuf.

(b) WHen threaded jeints are intended to be seal
welded, thread sealingcompound shall not be used.

(c) Layput of piping.employing threaded joints should,
insofar a$ possiblé, minimize stress on joints, giving
special consideration to stresses due to thermal expansion
and operaltion of valves (particularly a valve at a free end).

ly for
Category D Fluid Service, and @enlyvwith taper-threaded

mating components.

314.2.2 Straight-Threaded Joints. Threaded joipts in
which the tightness of‘the joint is provided by a s¢ating
surface other than/the-threads (e.g., a union compfising
male and femaleends joined with a threaded union njut, or
other constructions shown typically in Figure 33p.3.3)
may be used. If such joints are used under s¢vere
cyclic conditions and are subject to external momen{load-
ings, safeguarding is required.

315 TUBING JOINTS
315.1 General

In selecting and applying flared, flareless, and conj
sion type tubing fittings, the designer shall consid
possible adverse effects on the joints of such fact
assembly and disassembly, cyclic loading, vibr
shock, and thermal expansion and contraction.

pres-
br the
rs as
htion,

315.2 Joints Conforming to Listed Standards

Joints using flared, flareless, or compression type tubing
fittings covered by listed standards may be used in Nprmal
Fluid Service provided that

(a) the fittings and joints are compatible with the
tubing with which they are to be used (considering
maximum and minimum wall thickness) and aref used
within the pressure-temperature limitations qf the
fitting and the joint

Provisionlsheuld-be madetocounteractforcesthatwould
tend to unscrew the joints.

(d) Except for specially designed joints employing lens
rings or similar gaskets, threaded flanges in which the pipe
ends project through to serve as the gasket surface may be

used only for Category D Fluid Service.

36

L) 4l s dn £, | | 1 | |
Oy —trejortsaresarcgtuaraca wirenmusea uiracr-severe

cyclic conditions

315.3 Joints Not Conforming to Listed Standards

Joints using flared, flareless, or compression type tubing
fittings notlisted in Table 326.1 may be used in accordance
with para. 315.2 provided that the design is qualified in
accordance with para. 304.7.2.

(18)
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316 CAULKED JOINTS

Caulked joints such as bell type joints shall be limited to
Category D Fluid Service and to a temperature not over
93°C (200°F). They shall be used within the pressure-
temperature limitations of the joint and pipe. Provisions
shall be made to prevent disengagement of joints, to
prevent buckling of the piping, and to sustain lateral reac-
tions produced by branch connections or other causes.

318.2.3 Bell and Gland Type Joints. Bell-type and (18)

gland-type joints used under severe cyclic conditions
shall be safeguarded.

PART 5
FLEXIBILITY AND SUPPORT

319 PIPING FLEXIBILITY

317 SOLDERED AND BRAZED JOINTS
317.1 Soldered Joints

Solfered joints shall be made in accordance with the
provigions of para. 333 and may be used only in Category
D fluifl service. Fillet joints made with solder metal are not
permjtted. The low melting point of solder shall be consid-
ered where possible exposure to fire or elevated tempera-
ture is involved.

317.2 Brazed and Braze Welded Joints

(@)
with
Fluid
that 3
They
melti
possi

(b)

perm

Brazed and braze welded joints made in accordance
he provisions in para. 333 are suitable for Normal
Service. They shall be safeguarded in fluid services
re flammable, toxic, or damaging to human tissue.
shall not be used under severe cyclic conditions. The
g point of brazing alloys shall be considered where
ble exposure to fire is involved.

Fillet joints made with brazing filler metal are nat
tted.

318 BPECIAL JOINTS

cial joints are those not covered elsewhere in
er II, Part 4, such as bell typesand packed gland
oints.

Spé
Chap
type

318.]

318.1.1 Listed Joints. Joints using listed components
are stiitable for Normal ‘Fldid Service.

318
comy
requi

General

.1.2 Unlisted-Jaints. For joints that utilize unlisted
onents, pressure design shall be qualified as
red by pafa: 304.7.2.

318.2 Specific Requirements

319.1 Requirements

319.1.1 Basic Requirements. Piping systemsi|shall have
sufficient flexibility to prevent thermal exppnsion or
contraction or movements of piping supports pnd term-
inals from causing

(a) failure of piping or supports from ovefstress or
fatigue

(b) leakage at joints

(c) detrimental stresses or distortion in piiping and
valves or in confiected equipment (e.g., pymps and
turbines), resulting from excessive thrusts and
moments in‘the piping

319.1.2 “Specific Requirements. In para. 319 concepts,
datagand methods are given for determining thle require-
ments'for flexibility in a piping system and fof assuring
that the system meets all of these requirements. In brief,
these requirements are that

(a) the computed stress range at any point ¢
placements in the system shall not exceed the
stress range established in para. 302.3.5

(b) reaction forces computed in para. 319.5 shall not be
detrimental to supports or connected equipmpgnt

(c) computed movement of the piping shall[be within
any prescribed limits, and properly accounted|for in the
flexibility calculations

If it is determined that a piping system doe
adequate inherent flexibility, means for incre
ibility shall be provided in accordance with p4

ue to dis-
allowable

not have
ising flex-
ra. 319.7.

319.2 Concepts

Concepts characteristic of piping flexibility amalysis are
covered in the following paragraphs. Special ¢onsidera-
tion is given to displacements (strains) in the piping
system, and to resultant axial, bending, and torfional dis-
placement stress ranges.

318.2.1 Joint Integrity. Separation of the joint shall be
prevented by a means that has sufficient strength to with-
stand anticipated conditions of service.

318.2.2 Joint Interlocks. Either mechanical or welded
interlocks shall be provided to prevent separation of any
joint used for a fluid service that is flammable, toxic, or
damaging to human tissues, of any joint to be used under
severe cyclic conditions, and of any joint exposed to
temperatures in the creep range.

37

319.2.1 Displacement Strains

(a) Thermal Displacements. A piping system will
undergo dimensional changes with any change in
temperature. If it is constrained from free expansion
or contraction by connected equipment and restraints
such as guides and anchors, it will be displaced from
its unrestrained position.
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(b) Restraint Flexibility. If restraints are not considered
rigid, their flexibility may be considered in determining
displacement stress range and reactions.

(c) Externally Imposed Displacements. Externally
caused movement of restraints will impose displacements
on the piping in addition to those related to thermal
effects. Movements may result from tidal changes
(dock piping), wind sway (e.g., piping supported from
atall slender tower), or temperature changes in connected

modulus at ambient temperature to the modulus used
in the analysis for each segment.

Unbalance should be avoided or minimized by design
and layout of piping systems, particularly those using
materials of low ductility. Many of the effects of unbalance
can be mitigated by selective use of cold spring. If unba-
lance cannot be avoided, the designer shall use appro-
priate analytical methods in accordance with
para. 319.4 to assure adequate flexibility as defined in

equipmengt-
Movement due to earth settlement, since it is a single
cycle effe¢t, will not significantly influence fatigue life. A
displacement stress range greater than that permitted by
para. 302)3.5(d) may be allowable if due consideration is
given to avoidance of excessive localized strain and end
reactions.
(d) Tdtal Displacement Strains. Thermal displace-
ments, repction displacements, and externally imposed
displacenjents all have equivalent effects on the piping
system, and shall be considered together in determining
the total dlrsplacement strains (proportional deformation)
in variouq parts of the piping system.

319.2.2| Displacement Stresses

(a) Elastic Behavior. Stresses may be considered
proporti¢nal to the total displacement strains in a
piping system in which the strains are well-distributed
and not ¢xcessive at any point (a balanced system).
Layout of systems should aim for such a condition,
which is afsumed in flexibility analysis methods provided
in this Cofe.

(b) Overstrained Behavior. Stresses cannot be.consid-
ered propgortional to displacement strains throughout a
piping system in which an excessive amount of strain
may occuf in localized portions of the system (an unbal-
anced system). Operation of an unbalanced system in the
creep range may aggravate the deleterious effects due to
creep strafin accumulation in themost susceptible regions
of the system. Unbalance mayresult from one or more of
the following:

(1) highly stressed smiall size pipe runs in series with
large or relatively stiff\pipe runs.

(2) allocal reduction in size or wall thickness, orlocal
use of mpterial \hdving reduced yield strength (for
example, |girth)welds of substantially lower strength
than the hase metal).

nara—210 1
pPotra—oTrrrs

319.2.3 Displacement Stress Range

(a) In contrast with stresses from sustainedloadd, such
as internal pressure or weight, displacement stressef may
be permitted to attain sufficient magnitude to causg local
yielding in various portions of a piping system. Wh¢n the
system is initially operated at the condition of greatest
displacement (highest or lowest temperature, or greatest
imposed movement) from=-its installed conditioy, any
yielding or creep brings about a reduction or relajation
of stress. When the’system is later returned to its orjiginal
condition (or a¢condition of opposite displacement), a
reversal and ‘vedistribution of stresses occurs that is
referred to as'self-springing. It is similar to cold springing
in its effects.

(b)~While stresses resulting from displacement sfrains
diminish with time due to yielding or creep, the alg¢braic
difference between strains in the extreme displacgment
condition and the original (as-installed) condition (¢r any
anticipated condition with a greater differential dffect)
remains substantially constant during any one cyle of
operation. This difference in strains produces a ¢orre-
sponding stress differential, the displacement gtress
range, that is used as the criterion in the design of
piping for flexibility. In evaluating systems where
supports may be active in some conditions anf not
others (e.g., pipes lifting off supports), this difference
in strains may be influenced by the changing distrihution
of sustained load. In such cases, the displacement ftrain
range is based on the algebraic difference betwegn the
calculated positions of the pipe that define the ijange.
In addition to the displacement strain, each calcylated
position shall include the sustained loads pres¢nt in
the condition under evaluation. See para. 302.3.5(d)
for the allowable stress range, Sy, and para. 319.4.4(a)
for the computed displacement stress range, S.

(3) aline configuration in a system of uniform size in
which the expansion or contraction must be absorbed
largely in a short offset from the major portion of the run.

(4) variation of piping material or temperature in a
line. When differences in the elastic modulus within a
piping system will significantly affect the stress distribu-
tion, the resulting displacement stresses shall be
computed based on the actual elastic moduli at the respec-
tive operating temperatures for each segment in the
system and then multiplied by the ratio of the elastic
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319.2.4 Cold Spring. Cold spring is the intentional
deformation of piping during assembly to produce a
desired initial displacement and reaction. Cold spring
is beneficial in that it serves to balance the magnitude
of the reaction under initial and extreme displacement
conditions. When cold spring is properly applied there
is less likelihood of overstrain during initial operation;
hence, it is recommended especially for piping materials
of limited ductility. There is also less deviation from as-
installed dimensions during initial operation, so that


https://asmenormdoc.com/api2/?name=ASME B31.3 2018.pdf

ASME B31.3-2018

hangers will not be displaced as far from their original
settings.

Inasmuch as the servicelife of a piping system is affected
more by the range of stress variation than by the magni-
tude of stress at a given time, no credit for cold spring is
permitted in stress range calculations. However, in calcu-
lating the thrusts and moments where actual reactions as
well as their range of variations are significant, credit is
given for cold spring.

(e.g., certain copper and aluminum alloys) for other
than low cycle applications.

319.3.5 Dimensions. Nominal thicknesses and outside
diameters of pipe and fittings shall be used in flexibility
calculations.

319.3.6 Flexibility and Stress Intensification Factors.
The flexibility factors, k, and stress intensification factors,
i, shall not be less than unity. In the absence of more

319.3

The following paragraphs deal with properties of piping
materials and their application in piping flexibility stress
analypis.

319

(a)| Values for Stress Range. Values of thermal displace-
ments to be used in determining total displacement
strairfs for computing the stress range shall be determined
from Appendix C as the algebraic difference between the
valuel at maximum metal temperature and that at the
minimum metal temperature for the thermal cycle
undef analysis.

(b)| Values for Reactions. Values of thermal displace-
ments to be used in determining total displacement
strains for computation of reactions on supports and
conngcted equipment shall be determined as the algebraic
difference between the value at maximum (or minimum)
temperature for the thermal cycle under analysis and the
value|at the temperature expected during installation.

319.3.2 Modulus of Elasticity. The reference-modulus
of elasticity at 21°C (70°F), E,, and the modulus of elas-
ticity jat maximum or minimum temperature; E,,, shall be
takenfas the values shown in Appendix.Cfor the tempera-
tures|determined in para. 319.3.1(a) or(b). For materials
not ifcluded in Appendix C, referehce shall be made to
authqritative source data, such as publications of the
Natiopal Institute of Standards and Technology.

319
as 0.3

Properties for Flexibility Analysis

.3.1 Thermal Expansion Data

.3.3 Poisson’s Ratio. Poisson’s ratio may be taken

319

(a)

Licabla data tha nnv;knny faetor, k, and

Q1
TTeCtr opprreaort—tatta e TrExtoTe

stress intensification factor, i, shown in‘Agpendix D
shall be used for flexibility calculations deqcribed in
para. 319.4.

Flexibility factors and stress intensification fgctors may
be developed in accordance witlhASME B31], Nponmanda-
tory Appendices B and A, respectively.

For piping components gr‘attachments (suchfas valves,
strainers, anchor rings;‘or bands) not cqvered in
Table D300, suitable_Stress intensification faftors may
be assumed by comparison of their significant|geometry
with that of the éomponents shown. The validity of any
assumptions-isthe responsibility of the designef. If two or
more of £he’geometries shown in Appengix D are
combined, their combined k and i might be significantly
differént from the values shown. Examples include trun-
nigns on elbows and branch connection fittings|welded to
ahything other than straight pipe.

319.4 Flexibility Analysis

319.4.1 Formal Analysis Not Required. o formal
analysis of adequate flexibility is required fof a piping
system that

(a) duplicates, or replaces without significanf change, a
system operating with a successful service regord

(b) canreadily be judged adequate by comparison with
previously analyzed systems

(c) is of uniform size, has no more than twa points of
fixation, no intermediate restraints, and falls yithin the
limitations of empirical eq. (16)°

Dy

at all temperatuses for all metals. More accurate and 7 <K (16)
o . . (L-0)
authdritative data’may be used if available.
where
3.4 Qloiable Stresses D = outside diameter of pipe, mm (in.)
Thé-dllowable displacement stress range, S,, and E, = reference modulus of elasticity at 21fC (70°F),
permﬁccih]n additive stresses shall be as cpnr‘iﬁ'nd in MPa (kﬁl)
para. 302.3.5(d) for systems primarily stressed in Ky = 208 000 S,/E,, (mm/m)*

bending and/or torsion.

(b) The stress intensification factors in Appendix D
have been developed from fatigue tests of representative
piping components and assemblies manufactured from
ductile ferrous materials. The allowable displacement
stress range is based on tests of carbon and austenitic
stainless steels. Caution should be exercised when
using eqs. (1a) and (1b) (para. 302.3.5) for allowable dis-
placement stress range for some nonferrous materials

39

30 S,/E,, (in./ft)?

8 WARNING: No general proof can be offered that this equation will
yield accurate or consistently conservative results. It is not applicable
to systems used under severe cyclic conditions. It should be used with
caution in configurations such as unequal leg U-bends or near-straight
“sawtooth” runs, or for large thin-wall pipe (i 2 5), or where extraneous
displacements (not in the direction connecting anchor points) constitute
alarge part of the total displacement. There is no assurance that terminal
reactions will be acceptably low, even if a piping system falls within the
limitations of eq. (16).
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L = developed length of piping between anchors, m
()
S, = allowable displacement stress range in accor-
dance with eq. (1a), MPa (ksi)
U = anchor distance, straightline between anchors, m
(f
y = resultant of total displacement strains, mm (in.),
to be absorbed by the piping system
319.4.2
(a) Any piping system that does not meet the criteria in
para. 319J4.1 shall be analyzed by a simplified, approxi-
mate, or ¢gomprehensive method of analysis, as appro-
priate.

(b) Asimplified or approximate method may be applied
only if used within the range of configurations for which its
adequacy|has been demonstrated.

(c) Acdeptable comprehensive methods of analysis
include apalytical and chart methods that provide an
evaluatiof of the forces, moments, and stresses caused
by displagement strains (see para. 319.2.1).

(d) Comprehensive analysis shall take into account
stress intensification factors for any component other
than straight pipe. Credit may be taken for the extra flex-
ibility of guch a component.

319.4.3
dard ass
followed

piping sy

Basic Assumptions and Requirements. Stan-
imptions specified in para. 319.3 shall be
n all cases. In calculating the flexibility of a
tem between anchor points, the system shall
be treatefl as a whole. The significance of all parts of
the line [and of all restraints introduced fof the
purpose df reducing moments and forces on equipment
or small branch lines, and also the restraint introduced by
support friiction, shall be recognized. Consider all displace-
ments, as joutlined in para. 319.2.1, over\the temperature
range deflned by para. 319.3.1.

319.4.4) Flexibility Stresses

(a) The axial, bendingsand torsional displacement
stress ranges shall be.computed using the reference
modulus df elasticity at21°C (70°F), E,,, exceptas provided

= axial stress intensification factor. In the absence
of more-applicable data, i, = 1.0 for elbows, pipe
bends, and miter bends (single, closely spaced,
and widely spaced), and i, = i, (or i when
listed) in Appendix D for other components;
see also para. 319.3.6.

i, = torsional stress intensification factor. In the

absence of more-applicable data, i, = 1.0; also

see para. 319.3.6.

lq

ondi-

tions being evaluated

S, = axial stress range due to displacement ‘strjains
= iF./A,
S, = bending stress range due to displacement strains
S; = torsional stress range due to displacement
strains
= i ;M,/2Z
Z = section modulus of ‘pipe; see para. 319.3.5
(b) The bending stréss'range, S;, to be used in eq. (17)

for elbows, miter bends/and full size outlet branch connec-
tions (Legs 1, 2,.and 3) shall be calculated in accorflance
with eq. (18), with‘fmoments as shown in Figures 319.4.4A

and 319.4.4B
VM) + (ipM,)* (18)
Sp =
V4
where
i; = in-plane stress intensification factoy; see
para. 319.3.6
i, = out-plane stress intensification factor; see
para. 319.3.6
M; = in-plane bending moment range betweep any
two conditions being evaluated
M, = out-plane bending moment range betweeph any

two conditions being evaluated

(c) The bending stress range, Sp, to be used in ed. (17)
for reducing outlet branch connections shall be calcylated
in accordance with egs. (19) and (20), with momefts as
shown in Figure 319.4.4B.

For header (Legs 1 and 2)

in para. 3119.2.2(b)(4), and then combined in accordance
: - : VM) + (ioMo) 19
with eq. ([17) te.determine the computed displacement Sp= i ool (19)
stress range, S, which shall not exceed the allowable dis- Z
placement stress range, Sy, in para. 302.3.5(d). Seealso -, (Les3) useeat20) whenioriisitaken
For-branch{leg2}useeq whenierizist

eq. (1d) and Appendix S, Example 3 for the greatest
computed displacement stress range.

Sp = () + Sp)* + (25, an
where
A, = cross-sectional area of pipe; see para. 319.3.5
F, = axial force range between any two conditions

being evaluated

40

=]
from Appendix D; when both i;and i, are taken from ASME
B31] or determined by experimental or analytical means,
e.g, ASME B31], Nonmandatory Appendix A, use eq. (19)

JEM)? + (iM,)*

_ (20)
Ze
where
r, = mean branch cross-sectional radius
Tb = thickness of pipe matching branch
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Figure 319.4.4A Moments in Bends

My

T

JED

of the material or if the piping operates at temperatures in
the creep range of the material.

319.5.1 Maximum Reactions for Simple Systems. For
a two-anchor piping system without intermediate
restraints, the maximum instantaneous values of reaction
forces and moments may be estimated from eqs. (21) and
(22).

(a) For Extreme Displacement Conditions, R,,. The
temperature for this computation is the maximum or

"o
oY

T, | thickness of pipe matching run of tee or header
exclusive of reinforcing elements

Ts [= effective branch wall thickness, lesser of T, and (i)
(Tp)

Z, |= effective section modulus of branch

nry?Ts; see para. 319.3.5

319.5 Reactions

Reaction forces and moments used-to design restraints
and qupports for a piping systemr, and to evaluate the
effects of piping displacement enh connected equipment,
shall be based on the maxifmum load from operating condi-
tions| including weight,\pressure, and other sustained
loads| thermal displdeement; and, where applicable, occa-
sional loads. The\reactions shall be calculated using the
modulus of elasticity at the temperature of the condition,
E,, (E}; may:beused instead of E,,, when it provides a more
consdrvative result). The temperature of the condition
may différin different locations within the piping system.

minimum metal temperature defined |in para.
319.3.1(b), whichever produces the largei~redction.
Ry = R(l - E)E—m (21
3 )E,
where
= cold-spring factor varying from zero fpr no cold
spring to 1.0 for'100% cold spring. (The factor
two-thirds isased on experience shqwing that
specified,cold spring cannot be fully assured,
even with elaborate precautions.)
E, = referénce modulus of elasticity at 21{C (70°F)
E,, = modulus of elasticity at maximum or |minimum
metal temperature
R =y range of reaction forces or momentg (derived
from flexibility analysis) correspondjng to the
full displacement stress range and bgsed on E,
R,, = estimated instantaneous maximum reaction
force or moment at maximum or minimum
metal temperature
(b) For Original Condition, R,. The temperatyre for this
computation is the expected temperature at which the
piping is to be assembled.
R, = CR or C{R, whichever is greater, where nomen-
clature is as in para. 319.5.1(a) and
G=1- (22)
SEE
= estimated self-spring or relaxation factor; use
zero if value of C; is negative
R, = estimated instantaneous reaction|force or
moment at installation temperature
Sr = computed displacement stress rdnge (see
para. 319.4.4)
S, = see definition in para. 302.3.5(d)

Where cold spring is used in the piping system, experi-
ence has shown that it cannot be fully assured. Therefore,
the reactions shall be computed both with the assumption
that only two-thirds of the design cold spring is present,
and with four-thirds of the design cold spring present.

If it is necessary to determine the reactions at ambient
temperature, the designer shall consider loads at that
condition, including the design cold spring and self
springing of piping. Self springing may occur if the oper-
ating stressin the piping system exceeds the yield strength

41

319.5.2 Maximum Reactions for Complex Systems.
For multianchor piping systems and for two-anchor
systems with intermediate restraints, eqs. (21) and
(22) are not applicable. Each case must be studied to esti-
mate location, nature, and extent of local overstrain, and
its effect on stress distribution and reactions.
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Figure 319.4.4B Moments in Branch Connections

Leg 3

Leg 1 %

319.6 Cglculation of Movements

Calculations of displacements and rotations at-specific
locations fnay be required where clearance problems are
involved. In cases where small-size branchypipes attached
to stiffer fun pipes are to be calculated separately, the
linear anfd angular movements of the junction point
must be dalculated or estimated for proper analysis of
the branch.

319.7 Means of Increasing Flexibility

The layput of pipingoften provides inherent flexibility
through ¢hanges.in’ direction, so that displacements
produce ¢hiefly\bending and torsional strains within
prescribedl limits. The amount of axial tension or compres-

other devices shall be provided as necessary to fesist
end forces produced by fluid pressure, frictional [resis-
tance to movement, and other causes. When expansion
joints or other similar devices are provided, the stiffness
ofthejoint or device should be considered in any flexjbility
analysis of the piping.

320 ANALYSIS OF SUSTAINED LOADS
320.1 Basic Assumptions and Requirements

Sustained conditions may be evaluated by detailed anal-
ysis, approximate methods, or simplified means sych as
span tables. When detailed analysis is performed, the
stress due to sustained loads, S;, shall be computed
and combined as described in this paragraph and shall

sion straill (Whicli produces large reactions) usuaily is
small.

Where the piping lacks built-in changes of direction, or
where it is unbalanced [see para. 319.2.2(b)], large reac-
tions or detrimental overstrain may be encountered. The
designer should consider adding flexibility by one or more
of the following means: bends, loops, or offsets; swivel
joints; corrugated pipe; expansion joints of the bellows
or slip-joint type; or other devices permitting angular,
rotational, or axial movement. Suitable anchors, ties, or

not exceed the allowable described in para. 302.3.5(c).
See Appendix S, Example 2 for guidance on loading condi-
tions and support scenarios that result in the greatest S;,
for each operating condition being considered. The loads
due to weight should be based on the nominal thickness of
all system components unless otherwise justified in a
more rigorous analysis. Section moduli used to
compute the stresses in this paragraph shall be based
on nominal pipe dimensions less allowances, i.e., the
sum of mechanical (thread or groove depth), internal
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and external corrosion, and erosion allowances. Areas
used to compute the stresses in this paragraph assume
nominal pipe dimensions less allowances affecting the
inside diameter of the pipe, i.e., the sum of mechanical
and internal corrosion and erosion allowances. It is the
responsibility of the designer to determine sustained
stress indices, I, I;, I,, and I,, when a piping component
is not explicitly addressed in Appendix D, e.g., base-ells,
reducing elbows, crosses, close proximity findings, etc., as
well

nds
BeRaS; ot

S nlknuy.—- ninabha or-riters r\f]r\nv H«nn 90 Ann OF
S5pipe tHe €£-6

1My
Se=—- (23q)
where
I, = sustained torsional momentindex. In the absence

of more-applicable data, I, is taken as 1.00.
M, = torsional moment due to sustained loads, e.g.,
pressure and weight

The equation for the stress due to sustained longitudinal

suppérted by a trunnion. Sustained stress indices shall not
be loyer than 1.00.

320.2 Stress Due to Sustained Loads

The¢ equation for the stress due to sustained loads, such
as pressure and weight, Sy, is provided in eq. (23a). Equa-
tions for the stress due to sustained bending moments, S,
are presented in egs. (23b1) and (23b2).

SL= V(S + $)% + (289)° (23a)
_ VUM + (1M)* (23b1)

V4

For branch (Leg 3 in Figure 319.4.4B), use eq. (23b2) only
when|/;or I, is based upon i, i;, or i, taken from Appendix D;
when| both /; and I, are taken from ASME B31] or deter-
minegl by experimental or analytical means, e.g., ASME

B31],|Nonmandatory Appendix D, use eq. (23b1).
_ N IM)* + (I,M,)* (23b2)
Ze
wherge
I;| = sustained in-plane moment index. In the absence

of more-applicable data, /; iStaken as the greater
of 0.75i; or 1.00.

I,| = sustained out-plangé moment index. In the
absence of more-applicable data, I, is taken as
the greater of Q:%5I, or 1.00.
M;|= in-plane moment due to sustained loads, e.g.,
pressure and weight
M,| = out-plane. moment due to sustained loads, e.g.,
pressute and weight
Z| = sustained section modulus. Z in egs. (23b1) and
(23c) is descrlbed in para. 319 4.4 but is
pipe dlmenswns less allowances see para 320 1
Z, = sustained effective section modulus. Z, in

eq. (23b2) is described in para. 319.4.4, using
i; from Appendix D in T calculation, but Z, is
computed in this paragraph using nominal
pipe dimensions less allowances; see para. 320.1.

The equation for the stress due to sustained torsional
moment, S;, is
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force, S, 1S
I(l F(Z

S (23d)

Ap

where
A, = cross-sectional area-of the pipe, copsidering
nominal pipe dimensiens less allowgnces; see
para. 320.1

F, = longitudinal force due to sustained lpads, e.g.,
pressure an@>weight
I, = sustaineddengitudinal force index. In the absence

of mafe-applicable data, I, is taken ag 1.00.

The sustained longitudinal force, F,, includes the
sustained force due to pressure, which is P}A unless
the_piping system includes an expansion jojnt that is
not-designed to carry this force itself, wher¢ P; is the
internal operating pressure for the conditjon being
considered, Ar= nd?/4, and d is the pipe insidd diameter
considering pipe wall thickness less applicable allow-
ances; see para. 320.1. For piping systems that contain
expansion joints, it is the responsibility of the¢ designer
to determine the sustained longitudinal force diie to pres-
sure in the piping system.

321 PIPING SUPPORT
321.1 General

The design of support structures (not covered by this
Code) and of supporting elements (see defipitions of
piping and pipe supporting elements in pata. 300.2)
shall be based on all concurrently actingloads trpnsmitted
into such supports. These loads, defined in para. 301,
include weight effects, loads introduced by seyvice pres-
sures and temperatures, vibration, wind, earthquake,
shock, and dlsplacement strain (see para 3192.2).

need not 1nclude the welght of 11qu1d 1f the de51gner has
taken specific precautions against entrance of liquid into
the piping, and if the piping is not to be subjected to hydro-
static testing at initial construction or subsequent inspec-
tions.

321.1.1 Objectives. The layout and design of piping and
its supporting elements shall be directed toward
preventing the following:
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(a) piping stresses in excess of those permitted in this
Code

(b) leakage at joints

(c) excessive thrusts and moments on connected
equipment (such as pumps and turbines)

(d) excessive stresses in the supporting (or
restraining) elements

(e) resonance with imposed or fluid-induced vibra-

coiva dntarfaranca vzth tharmaal aymancioy and
SSHre-Hhterrerenee-wWith o€ T-aiter

within the range of -29°C to 343°C (-20°F to 650°F).
For stress values in shear and bearing, see
para. 302.3.1(b).

(d) Wood or other materials may be used for pipe
supporting elements, provided the supporting element
is properly designed, considering temperature, strength,
and durability.

(e) Attachments welded or bonded to the piping shall
be of a material compatible with the piping and service.

Eor othar raoiiiva aanara 291 2 9
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(f) excsg thermal-expansior
contractidn in piping which is otherwise adequately flex-
ible

(g) unintentional disengagement of piping from its
supports

(h) excpssive piping sag in piping requiring drainage
slope

(i) excq
plastics) s
thermal cycling

(j) excgssive heat flow, exposing supporting elements
to temperfature extremes outside their design limits

321.1.2 Analysis. In general, the location and design of
pipe suppprting elements may be based on simple calcu-
lations anfl engineering judgment. However, when a more
refined arjalysis is required and a piping analysis, which
may incliude support stiffness, is made, the stresses,
moments| and reactions determined thereby shall be
used in the design of supporting elements.

321.1.3
able stre
elements

ssive distortion or sag of piping (e.g., thermo-
ubject to creep under conditions of repeated

Stresses for Pipe Supporting Elements. Allow;

sses for materials used for pipe supporting
except springs, shall be in accordance(with
para. 30R.3.1. Longitudinal weld joint factors, E;,
however, [need not be applied to the allowable stresses
for welded piping components that are te\be used for
pipe supporting elements.

321.1.4

(a) Permanent supports dnd Trestraints shall be of
material $uitable for the service conditions. If steel is
cold-formgd to a centerlineradius less than twice its thick-

Materials

maentc o
ottt requr Crn eSSt =3 ooy =]

321.1.5 Threads. Screw threads shall conform te ASME
B1.1 unless other threads are required for,'adjusfment
under heavy loads. Turnbuckles andradjtsting nuts
shall have the full length of internalrthreads engaged.
Any threaded adjustment shall-be)provided with a

locknut, unless locked by othermedns.

321.2 Fixtures
321.2.1 Anchors and Guides

(a) A supporting, element used as an anchor shgll be
designed to maintain an essentially fixed position.

(b) To protect terminal equipment or other (wgaker)
portions ofithe system, restraints (such as anchors and
guides) shall be provided where necessary to cqntrol
movement or to direct expansion into those pogtions
of the system that are designed to absorb them. The
design, arrangement, and location of restraints|shall
ensure that expansion joint movements occur in the firec-
tions for which the joint is designed. In addition {o the
other thermal forces and moments, the effects of frjiction
in other supports of the system shall be considered in the
design of such anchors and guides.

(c) Piping layout, anchors, restraints, guided, and
supports for all types of expansion joints shall be designed
in accordance with para. X301.2 of Appendix X.

321.2.2 Inextensible Supports Other Than Anghors
and Guides®

(a) Supporting elements shall be designed to plermit
the free movement of piping caused by thermal expansion

ness, it shall be annealed or normalized after forming. and contraction.

(b) Graly, ductil€,,and malleable iron may be used for (b) Hangers include pipe and beam clamps, [clips,
rollers, roller bases; anchor bases, and other supporting brackets, rods, straps, chains, and other devices.|They
elements subject chiefly to compressive loading. Grayiron  ghaj] be proportioned for all required loads. Safe [loads
is not re¢ommended if the plpll’lg may be SUbiECt to for threaded pari—c shall be based on the root atea of

impact-type loading resulting from pulsation or vibration.
Ductile and malleable iron may be used for pipe and beam
clamps, hanger flanges, clips, brackets, and swivel rings.

(c) Steel of an unknown specification may be used for
pipe supporting elements that are not welded directly to
pressure-containing piping components. (Compatible
intermediate materials of known specification may be
welded directly to such components.) Basic allowable
stress in tension or compression shall not exceed 82
MPa (12 ksi) and the support temperature shall be
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the threads.

(c) Sliding Supports. Sliding supports (or shoes) and
brackets shall be designed to resist the forces due to fric-
tion in addition to the loads imposed by bearing. The
dimensions of the support shall provide for the expected
movement of the supported piping.

?Various types of inextensible (solid) and resilient supports are illu-
strated in MSS SP-58.
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321.2.3 Resilient Supports®

(a) Spring supports shall be designed to exert a
supporting force, at the point of attachment to the
pipe, equal to the load as determined by weight
balance calculations. They shall be provided with
means to prevent misalignment, buckling, or eccentric
loading of the springs, and to prevent unintentional disen-
gagement of the load.

(b) Constant-support spring hangers provide a

component by welding the integral attachment, as well
as differential thermal displacement strains between
the attachment and the component to which it is attached.
Welds shall be proportioned so that the shear stresses
meet the requirements of para. 302.3.1(b). If the
allowed stress values differ between the piping compo-
nent and the attachment material, the lower of the two
values shall be used. Where postweld heat treatment
of the piping is required by para. 331, welds for structural

substpntially uniform supporting force throughout the
rangg of travel. The use of this type of spring hanger is
advantageous at locations subject to appreciable move-
ment] with thermal changes. Hangers of this type
should be selected so that their travel range exceeds
expedted movements.

(c)|Means shall be provided to prevent overstressing
spring hangers due to excessive deflections. It is recom-
mended that all spring hangers be provided with position
indicgtors.

321.2.4 Counterweight Supports. Counterweights
shall|be provided with stops to limit travel. Weights
shall|be positively secured. Chains, cables, hangers,
rocker arms, or other devices used to attach the counter-
weight load to the piping shall be subject to the require-

ment$ of para. 321.2.2.

321.2.5 Hydraulic Supports. An arrangement utilizing
a hydraulic cylinder may be used to give a constant
suppprting force. Safety devices and stops shall ‘be
provifled to support the load in case of hydraulic failure.

321.3

Extlernal and internal attachments to piping shall be
designed so that they will not cause.undue flattening
of the pipe, excessive localized _bending stresses, or
harmful thermal gradients in the pipe wall. It is important
that qttachments be designed to minimize stress concen-
tration, particularly in cyglic_services.

Structural Attachments

321.3.1 NonintegratAttachments. Nonintegral attach-
ments, in which the.réaction between the piping and the
attachmentis by ¢ontact, include clamps, slings, cradles, U-
bolts| saddles,/straps, and clevises. If the weight of a
vertidal pipe.is supported by a clamp, it is recommended
to preventslippage that the clamp be located below a
flange, fitting, or support lugs welded to the pipe

321.3.2 Integral Attachments. Integral attachments
include plugs, ears, shoes, plates, trunnions, stanchions,
structural shapes, and angle clips, cast on or welded to
the piping. The material for integral attachments attached
by welding shall be of good weldable quality. [See
para. 321.1.4(e) for material requirements.] Preheating,
welding, and heat treatment requirements shall be in
accordance with Chapter V. Consideration shall be
given to the localized stresses induced in the piping
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rials shall be postweld heat treated. Welds fey[structural
attachments not made directly to pressure-dontaining
materials do not require postweld heat treatment.

(a) Integral reinforcement, complete encirclement re-
inforcement, or intermediate pads*of suitable|alloy and
design may be used to reduce.contamination o undesir-
able heat effects in alloy piping.

(b) Intermediate pads, integral reinfofrcement,
complete encirclementreinforcement, or other means
of reinforcement may be used to distribute styesses.

The design of pipe-supporting elements and the local
effects on the\piping component are the responsibility of
the desigier¥Nonmandatory guidance on the|design of
supports.and attachments may be found as referenced
in ASME BPVC, Section VIII, Division 1, Nonmandatory
Appendix G, G-9. The designer is cautioned that not all
the listed standards and bulletins in G-9|are well
suited for use on branch-diameter-to-run-diameter and
run-diameter-to-run-thickness ratios typical for pipe
support component analyses (e.g., Appendix |A of WRC
Bulletin 537 lists the limitations to WRC Bulletin 537).

321.4 Structural Connections

The load from piping and pipe supporting|elements
(including restraints and braces) shall be suitgbly trans-
mitted to a pressure vessel, building, platform, support
structure, foundation, or to other piping cppable of
bearing the load without deleterious efflects. See
Appendix F, para. F321.4.

PART 6
SYSTEMS

322 SPECIFIC PIPING SYSTEMS

3Z2Z.5 Instrument FIping

322.3.1 Definition. Instrument piping within the scope
of this Code includes all piping and piping components
used to connect instruments to other piping or equipment,
and control piping used to connect air or hydraulically
operated control apparatus. It does not include

1O WRC (Welding Research Council) 537-2010, “Precision Equations
and Enhanced Diagrams for Local Stresses in Spherical and
Cylindrical Shells Due to External Loadings for Implementation of
WRC Bulletin 107.”
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instruments, or permanently sealed fluid-filled tubing
systems furnished with instruments as temperature or
pressure responsive devices.

322.3.2 Requirements. Instrument piping shall meet
the applicable requirements of the Code and the following:
(a) The design pressure and temperature for instru-
ment piping shall be determined in accordance with
para. 301. If more severe conditions are experienced
during blowdown of the piping, they may be treated as

time will not reduce the pressure-relieving capacity
provided by the unaffected relieving devices below the
required relieving capacity.

(c) Asanalternative to (b) above, stop valves shall be so
constructed and arranged that they can be locked or
sealed in either the open or closed position. See
Appendix F, para. F322.6.

322.6.2 Pressure Relief Discharge Piping. Discharge
lines from pressure-relieving safety devices shall be

occasiona‘t variations in accordance with para. 302.2.4.
(b) Conpsideration shall be given to the mechanical
strength (fincluding fatigue) of small instrument connec-
tions to plping or apparatus (see para. 304.3.5).

(c) Insftrument piping containing fluids that are
normally static and subject to freezing shall be protected
by heat tracing or other heating methods, and insulation.

(d) 1If if will be necessary to blow down (or bleed)
instrument piping containing toxic or flammable fluids,
considerafion shall be given to safe disposal.

322.6 Pressure-Relieving Systems

Pressufe-relieving systems within the scope of this
Code shall conform to the following requirements. See
also Appendix F, para. F322.6.

322.6.1 Stop Valvesin Pressure Relief Piping. If one or
more stop valves are installed between the piping being
protected|and its protective device or devices, or between
the protedtive device or devices and the point of discharge,
they shalllmeet the requirements of (a) and either (b) of
(c), below.

(a) A fijll-area stop valve may be installed on the'inlet
side of a pressure-relieving device. A full area stop valve
may be placed on the discharge side ofia pressure-
relieving |device when its discharge is~eonnected to a
common header with other dischargg linles from other
pressure-frelieving devices. Stop valyes of less than full
area may|be used on both the inlet side and discharge
side of prlessure-relieving deviges as outlined herein if
the stop vhlves are of such type and size that the increase
in pressure drop will not feduce the relieving capacity
below that requiredynor adversely affect the proper
operation| of the pressure-relieving device.

(b) Stop valvesito be used in pressure relief piping shall
be so condtructed or positively controlled that the closing
of the makimum number of block valves possible at one

designed to facilitate drainage. When discharging-directly
to the atmosphere, discharge shall not impingé.on [other
piping or equipment and shall be directed awayfrom plat-
forms and other areas used by personnel.Beactions ¢n the
piping system due to actuation of safetyelief device$ shall
be considered, and adequate strengthshall be providled to
withstand these reactions.

322.6.3 Pressure-Relieying*Devices

(a) Pressure-relieving devices requireld by
para. 301.2.2(a) shall*be in accordance with ASME
BPVC, Section VIII{Division 1, UG-125(c), UG-126, UG-
127, and UG-132.through UG-136, excluding UG-1[35(e)
and UG-136(c)> The terms design pressure*" and piping
system shall' be substituted for maximum allowable
workingypressure and vessel, respectively, in these|para-
graphs: The required relieving capacity of any [pres-
sure-relieving device shall include consideration |of all
piping systems that it protects.

(b) Relief set pressure’? shall be in accordanc
Section VIII, Division 1, with the exceptions stated in|
natives (1) and (2), below.

(1) With the owner’s approval, the set pressurf may
exceed the limits in Section VIII, Division 1, providefl that
the limit on maximum relieving pressure stated fn (c)
below will not be exceeded.

(2) For aliquid thermal expansion relief device that
protects only a blocked-in portion of a piping systein, the
set pressure shall not exceed the lesser of the systein test
pressure or 120% of design pressure.

(c) The maximum relieving pressure’® shall |be in
accordance with Section VIII, Division 1, with the gxcep-
tion that the allowances in para. 302.2.4(f) are pernjitted,
provided that all other requirements of para. 302.2{4 are
also met.

with
alter-
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™ The design pressure for pressure relief is the maximum design pres-
sure permitted, considering all components in the piping system.

12 Set pressure is the pressure at which the device begins to relieve, e.g.,
lift pressure of a spring-actuated relief valve, bursting pressure of a
rupture disk, or breaking pressure of a breaking pin device.

3 Maximum relieving pressure is the maximum system pressure during
a pressure-relieving event.
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Chapter Il
Materials

323 GENERAL REQUIREMENTS

Chapter III states limitations and required qualifica-

323.2.2 Lower Temperature Limits, Listed Materials. (18)

Listed materials shall be tested as described in
Table 323.2.2 except as exempted by (d) through (j).

ng at any

B to deter-
xemption
hximum of

condition

hble stress

tions for matertatsbased o theirimterent properties: See Appendix F, para. F323.2.2.
Their{ use in piping is also subject to requirements and (a) The allowable stress or component-rat
limitptions in other parts of this Code [see para. temperature colder than the minimum, shown in Table
300(¢)]- Se(.e also para. 321.1.4 for su.pport mate.rlals, A-1, Table A-1M, or Figure 323.2.2A shall npt exceed
a.nd ppendix F, para. F323, for precautionary considera- the stress value or rating at the minimum temperature
tions, in Table A-1, Table A-1M, or the-component standard.
323.1 Materials and Specifications (b) The stressratio is used in'Figure 323.2.2
mine the allowable reductionrin the impact test ¢

323.1.1 Listed Materials. Any material used in pres-  temperature. The stressratio is defined asthem
sure-pontaining piping components shall conform to a the following:
listed| specification except as provided in para. 323.1.2. (1) circumferential pressure stress for the

323.1.2 Unlisted Materials. Unlisted materials may be under considggation (b.as.ed on minimum pipe yvall thick-
used provided they conform to a published specification ness less gpyjances) divided by the basic allow;

coverjing chemistry, physical and mechanical properties,
methpd and process of manufacture, heat treatment, and
quality control, and otherwise meet the requirements of
this Cpde. See also ASME BPVC, Section II, Part D, Appendix
5. Allpwable stresses shall be determined in accordance
with the applicable allowable stress basis of this Code ora
more|conservative basis.

323
speci
pipin

323.1.4 Reclaimed Materials. Reclaimed pipe and
other| piping components may be'used, provided they
are properly identified as conferming to a listed or
publiphed specification (para..323.1.1 or 323.1.2) and
otherise meet the requirements of this Code. Sufficient
cleanling and inspectioh.shall be made to determine
minirhum wall thickness'and freedom from imperfections
that would be undcceptable in the intended service.

.1.3 Unknown Materials. Materials of inknown
Fication shall not be used for pressuré-containing
P components.

323.7

The¢ designer shall verify that materials that meet other
requirements of the Code are suitable for service

Temperature Limitations

at the condition under consideration.
(2)yfor piping components with pressure ratings, the
pressure for the condition under consideration flivided by
the pressure rating at the condition under congideration.
(3) combined stress due to pressure, dead|loads, live
loads, and displacement strain for the conditjon under
consideration divided by the basic allowabld stress at
the condition under consideration. In calculating this
combined stress, the forces and moments in the piping
system for these combined sustained loads and displace-
ment strains shall be calculated using nominjal dimen-
sions, and the stresses shall be calculated ysing egs.
(23a) through (23d) with all of the stress indjces taken
as 1.0 (I, = I; I, = I; = 1.0) and using section properties
based on the nominal dimensions less cprrosion,
erosion, and mechanical allowances. Also see
Appendix F, para. F323.2.2.
(c) Minimum impact test exemption tenjperature
reduction may be used only when all of the[following
apply:
(1) The piping is not in Elevated Temperdture Fluid
Service.
(2) Local stresses caused by shock loading, thermal
.............. issimilar

throughout the operating temperature range.

323.2.1 Upper Temperature Limits, Listed Materials.
A listed material may be used at a temperature above the
maximum for which a stress value or rating is shown, only
if

(a) there is no prohibition in Appendix A or elsewhere
in the Code

(b) the designer verifies the serviceability of the mate-
rial in accordance with para. 323.2.4
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metals (e.g., austenitic welded to ferritic) are less than
10% of the basic allowable stresses at the condition
under consideration.

(3) The piping is safeguarded from maintenance
loads, e.g., using a valve wheel wrench on a small bore
valve.

(d) Impact testing of the base metal is not required if
the design minimum temperature is warmer than or equal
to the temperature listed in the Min. Temp. column of
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Type of Material

Column A

Design Minimum Temperature at or Warmer Than Minimum
Temperature in

Table A-1, Table A-1M, or Figure 323.2.2A or as Described in
Para. 323.2.2(h)

Column B
Design Minimum
Temperature Colder Than
Minimum Temperature in
Table A-1, Table A-1M,
or Figure 323.2.2A or as
Described in Para. 323.2.2(h)

Listed 1 Gray iron A-1 No additional requirements B-1 No additional requirements
Materials 5 TaTleable and ductile A-2 No additional requirements B-2 Materials designated in
iron; carbon steel in Box 2 shall not be*usgd.
accordance with
Note (1)
(a) Base Metal (b) Weld Metal and Heat
Affected Zone (HAZ) [Note (2)]

3 Other carbon steels; low | A-3 (a) No additional A-3 (b) Weld metal deposits shall | B-3 Except as provided irf] Notes
and intermediate alloy requirements be impact tested in accordance (3)/and (4), heat treat| base
steels; and ferritic, with para. 323.3 if design metdl in accordance with
martensitic, and duplex minimum temperature <-29°C applicable ASTM specffica-
stainless steels (-20°F), except as provided in tion

Notes (3) and (4), and except(as listed in para. 323.3.2] then
follows: for materials listed for impact test base metal, weld
Curves C and D of Figuré deposits, and HAZ in gccor-
323.2.2A, where corresponding dance with para. 323.
welding consumables, are [see Note (2)]. When
qualified by impact\testing at materials are used at
the design minimum temperature below the
temperature, ordower in assigned curve as permitted
accordance with the applicable by Notes (2) and (3) ¢f
AWS spekification, additional Figure 323.2.2A, weld
testing-is not required. deposits and HAZ shall be
impact tested [see Nofe (2)].
4 Austenitic stainless A-4 () If A-4,(b)}Weld metal deposits shall | B-4 Base metal and weld metal
steels (1) carbon content by be impact tested in accordance deposits shall be impdct
analysis >0.1% or with para. 323.3 if design tested in accordance With
(2) material is not in minimum temperature para.323.3.See Notes (), (5),
solution heat treated <-29°C (-20°F) except as and (6).
condition, then impagt provided in para. 323.2.2 and in
test in accordance.with Notes (5) and (6)
para. 323.3 for{design
minimum gemperature
<=29°C (-20°F) except
as provided in
Notes\(5) and (6)

5 Austenitic ductile iron, | A-5((a) No additional A-5 (b) Welding is not permitted | B-5 Base metal shall be mpact

ASTM A571 requirements tested in accordance With
para. 323.3. Do not use
<-196°C (-320°F). Wglding
is not permitted.

6 Aluminum, copper; A-6 (a) No additional A-6 (b) No additional B-6 Designer shall be asgured
nickel, and theix.alloys; requirements requirements unless filler by suitable tests [see
unalloyed titanitm metal composition is outside Note (7)] that base metal,

the range for base metal weld deposits, and HAZ are
composition; then test in suitable at the design
accordance with item B-6 minimum temperaturg

Unlisted 7 An unliSted material shall conform to a published specification. Where composition, heat treatment, and product form are

Materials comparable to those of a listed material, requirements for the corresponding listed material shall be met. Other urflisted
Inaterials shall be qualified as required in the applicable section of column B.
NOTES:
(1) Carbon steels conforming to the following are subject to the limitations in Box B-2: plates in accordance with ASTM A36, A283, and A1011;

pipe in accordance with ASTM A134 when made from these plates; structural shapes in accordance with ASTM A992; and pipe in accordance
with ASTM A53 Type F and API 5L Gr. A25 butt weld.

(2)

requirements of para. 323.2.2, and need not be repeated for production welds.

(3)
4

See paras. 323.2.2(g) through (i).
Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).

Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy all

Under these conditions, and where the stress ratio defined in para. 323.2.2(b) is greater than 0.3, the design minimum temperature shall not
be colder than the lower of -48°C (-55°F) or the minimum temperature for the material in Table A-1 or Table A-1M. See also para. 323.2.2(g).

)
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Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm (0.098 in.).
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)

NOTES: (Cont'd)

(6) Foraustenitic stainless steels, impact testing is not required if the design minimum temperature is warmer than or equal to -104°C (-155°F),
and the stress ratio as defined in para. 323.2.2(b) is 0.3 or less. See also para. 323.2.2(g).

(7) Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), or other tests,
conducted at or colder than design minimum temperature. See also para. 323.3.4.

TablpA—tortabteA—M—exeeptasprovided—in
Tablg 323.2.2, Box A-4(a) for austenitic stainless steel
base material. In some cases, welds will require either
impagt testing or testing as described in Table 323.2.2,
Box B-6 even when the base metal is not required to
be tefted. See (f) for steels or Table 323.2.2, Box A-6
(b) fgr other materials.

(e)| For carbon steels with a letter designation in the
Min. [Temp. column of Table A-1 or Table A-1M, the
minimum temperature is defined by the applicable
curve and Notes in Figure 323.2.2A. If a design
minithum temperature-thickness combination is on or
abovg the curve, impact testing exemption requirements
descrfbed in (d) apply.

(f)|For steel materials, impact testing of welds,
inclugling those made in manufacturing (e.g., for seam
welded pipe and welded tees), is required if either
base material is required to be impact tested or if the
design minimum temperature is colder than -29°C
(-209F), except for manufacturing welds in austenitic
stainless steel base materials having a carbon content
not ekceeding 0.10% and supplied in the solution“heat
treatpd condition or as provided in Table(323.2.2,
Boxeg A-3(b) and A-4(b). For impact testing(ofjproduction
weldyq, see Table 323.2.2, Note (2).

(g)| For steels, impact testing is notrequired for mate-
rial (including welds) if the stress ratio as defined in (b) is
0.3 of less, the design minimum temperature is warmer
than pr equal to -104°C (-155°F), and when (c) applies.

(h)] For carbon, low alley,"and intermediate alloy steel
materials (including welds) that have not been qualified
by impact testing,<{the minimum temperature from
Tablg¢ A-1, Table A-1M, or Figure 323.2.2A may be
redufred to a,teémperature no colder than -48°C
(-557F) by ‘the temperature reduction provided in
Figune 3232.2B when (c) applies. For carbon, low
alloy) and intermediate alloy steel welds that require

(]) Iulyaut tcot;us is1ot lCLiu;l ed—for—the fOllOWing
combinations of weld metals and designyminimum
temperatures:

(1) for austenitic stainless steel,base materials
having a carbon content not exceeding 0.10%, welded
without filler metal, at designminimum temperatures
of -104°C (-155°F) and warmer

(2) for austenitic weld/metal

(-a) having a carbon’content not exceeding 0.10%,
and produced with fillermetals conforming to AWS A5.4,
A5.9,A5.11,A5.14%rA5.22  at design minimumn) tempera-
tures of -1042C (<155°F) and warmer, or

(-b) having a carbon content exceeding (.10%, and
producedwith filler metals conforming to AWS A5.4, A5.9,
A5.11, AS.14, or A5.22" at design minimum tenfperatures
of —48°C (-55°F) and warmer

323.2.3 Temperature Limits, Unlisted Materials. An
unlisted material, acceptable under para. 323.1.2, shall
be qualified for service at all temperatureq within a
stated range, from design minimum tempgrature to
design maximum temperature, in accordqnce with
para. 323.2.4.

323.2.4 Verification of Serviceability

(a) When an unlisted material is to be used, for when a
listed material is to be used above the highest temperature
for which stress values appear in Appendix A, the designer
is responsible for demonstrating the validity of[the allow-
able stresses and other limits used in design and of the
approach taken in using the material, including the deri-
vation of stress data and the establishment of tefnperature
limits.

(b) Data for the development of design limifs shall be
obtained from a sound scientific program carified out in
accordance with recognized technology for| both the

impact testing in accordance with Table 323.2.2, Box
A-3(b), the temperature reduction from
Figure 323.2.2B shall be applied to -29°C (-20°F).

(i) For carbon, low alloy, and intermediate alloy steel
materials (including welds) that have been qualified by
impact testing, the permitted design minimum tempera-
ture may be reduced to a temperature no colder than
-104°C (-155°F) by the temperature reduction from
Figure 323.2.2B when (c) applies.

! Titles of referenced AWS standards are as follows:

AWS A5.4/A5.4M, Specification for Stainless Steel Electrodes for
Shielded Metal Arc Welding

AWS A5.9/A5.9M, Welding Consumables—Wire Electrodes, Strip
Electrodes, Wires, and Rods for Arc Welding of Stainless and Heat
Resisting Steels—Classification

A5.11/A5.11M, Specification for Nickel and Nickel-Alloy Welding
Electrodes for Shielded Metal Arc Welding

A5.14/A5.14M, Specification for Nickel and Nickel-Alloy Bare
Welding Electrodes and Rods

A5.22/A5.22M, Specification for Stainless Steel Flux Cored and
Metal Cored Welding Electrodes and Rods
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(18) Figure 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Table A-1 or Table A-1M for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)

Nominal Thickness, T, in. [Note (1)]
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Nominal Thickness, T, mm [Note (1)]

NOTES:

(1) Forblind flanges and blanks made from materials with a letter designation in the Min. Temp. column of Table A-1 or Table A-1M, T shall be %,
of the tptal thickness, where the total thickness is the thickness of the blind flange or blank including the thickness of the facing(s), if
applicaple.

(2) Any cagbon steel material may bé used to a minimum temperature of -29°C (-20°F) for Category D Fluid Service.

(3) X Gradgs of API 5L, and ASTM“A381 materials, may be used in accordance with Curve B if normalized or quenched and tempeted.
(4) The following materials may-be used in accordance with Curve D if normalized:
(a) ASTM A516 plate, all’grades
(b) ASTM A671 pipelmade from A516 plate, all grades
(c) ASTM A672 pipesmade from A516 plate, all grades

(5) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design mi
temperfture below -29°C (-20°F), except as provided in Table 323.2.2, A-3(b).

(6) Impacttestingin accordance with para. 323.3 is required for any design minimum temperature below -48°C (-55°F), except as permi|
Note (3) in Table 323.2.2.

himum

fted by

50
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(18) Table 323.2.2A Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Figure 323.2.2A for Curves)

Nominal Thickness, Lowest Exemption Temperature

T Curve A Curve B Curve C
[Note (1)] [Note (2)] [Note (3)] [Note (3)] Curve D

mm in. °C °F °C °F °C °F °C °F

6.4 0.25 -9.4 15 -289 -20 -48.3 -55 -48.3 =55

7.9 0.3125 -9.4 15 -289 -20 -48.3 -55 -48.3 -55

9.5 0.375 -9.4 15 -289 -20 -48.3 -55 -48.3 -55
10.0 0.394 -9.4 15 -289 -20 -48.3 -55 -48.3 -55
11.1 0.4375 -6.7 20 -289 -20 -41.7 -43 -48.3 -55
12.7 0.5 -1.1 30 -289 -20 -37.8 -36 -48.3 -55
14.3 0.5625 2.8 37 -21.7 -7 -35.0 -31 —45.6 =50
15.9 0.625 6.1 43 -16.7 2 -32.2 -26 =439 -47
17.5 0.6875 8.9 48 -12.8 9 -29.4 -21 -41.7 -43
19.1 0.75 11.7 53 -9.4 15 -27.2 -17 -40.0 -40
0.6 0.8125 14.4 58 -6.7 20 -25.0 =13 -383 -37
2.2 0.875 16.7 62 -39 25 -23.3 -10 -36.7 -34
238 0.9375 18.3 65 -1.7 29 -21.7 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 -19.4 -3 -34.4 -30
7.0 1.0625 22.2 72 2.2 36 =18.3 -1 -33.3 -28
28.6 1.125 239 75 3.9 39 “16.7 2 -32.2 -26
30.2 1.1875 25.0 77 5.6 42 -15.6 4 -30.6 -23
31.8 1.25 26.7 80 6.7 44 -14.4 6 -29.4 -21
333 1.3125 27.8 82 7.8 46 -13.3 8 -283 -19
349 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -18
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 311 88 10.6 51 -10.0 14 -25.6 -14
39.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -13
413 1.625 33.3 92 12.8 55 -8.3 17 -239 -11
429 1.6875 33.9 93 13.9 57 -7.2 19 -233 -10
44.5 1.75 344 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
47.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
49.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -5
0.8 2.0 372 99 17.2 63 -3.3 26 -20.0 -4
92.4 2.0625 378 100 17.8 64 -2.8 27 -19.4 -3
34.0 2.125 38.3 101 18.3 65 -2.2 28 -18.9 -2
35.6 2.1875 38.9 102 189 66 -1.7 29 -18.3 -1
97.2 2.25 38.9 102 19.4 67 -1.1 30 -17.8 0
98.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 1
40.3 2,375 40.0 104 20.6 69 0.0 32 -16.7 2
41.9 2.4375 40.6 105 211 70 0.6 33 -16.1 3
43.5 2.5 40.6 105 21.7 71 1.1 34 -15.6 4
65t 25625 41+ 166 27 7+ +7 35 15-6 5
66.7 2.625 41.7 107 22.8 73 2.2 36 -14.4 6
68.3 2.6875 41.7 107 22.8 73 2.8 37 -13.9 7
69.9 2.75 42.2 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 42.2 108 239 75 3.9 39 -13.3 8
73.0 2.875 42.8 109 24.4 76 4.4 40 -12.8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 43.3 110 25.0 77 5.0 41 -11.7 11
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Table 323.2.2A Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Figure 323.2.2A for Curves) (Cont’d)

NOTES:
(1) Forblind flanges and blanks made from materials with a letter designation in the Min. Temp. column of Table A-1 or Table A-1M, T shall be %/,
of the total thickness, where the total thickness is the thickness of the blind flange or blank including the thickness of the facing(s), if
applicable.
(2) X Grades of API 5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.
(3) The following materials may be used in accordance with Curve D if normalized:
(a) STM AS16 platp all srades
(b) ASTM A671 pipe made from A516 plate, all grades
(c) ASTM A672 pipe made from A516 plate, all grades

Figure 323.2.2B Reduction in Lowest Exemption Temperature for Steels Without Impact Testing
(See Table 323.2.2B for Tabular Values)

0.9 \
0.7 \
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< 05 N
%) .
o \
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Temperature Reduction, °C (°F)

GENERAL NOTE: See para. 323.2.2(b) to determine stress ratio.
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Table 323.2.2B Tabular Values for Reduction in Lowest Exemption Temperature for Steels Without Impact Testing
(See Figure 323.2.2B for Curve and Applicable Notes)

Reduction in Exemption Temperature Reduction in Exemption Temperature
Stress Ratio °C °F Stress Ratio °C °F
1.00 0 0 0.64 20 36
0.99 1 1 0.63 21 37
0.98 1 2 0.62 21 38
0.97 2 3 0.61 22 40
096 2 Vi) 060 23 1
0.95 3 5 0.59 23 42
0.94 3 6 0.58 24 44
0.93 4 7 0.57 26 46
0.92 4 8 0.56 26 47
0.91 5 9 0.55 27 49
0.90 6 10 0.54 28 91
0.89 6 11 0.53 29 13
0.88 7 12 0.52 31 36
0.87 7 13 0.51 33 19
0.86 8 14 0.50 34 41
0.85 8 15 0:49 36 45
0.84 9 16 048 38 48
0.83 9 17 0.47 40 12
0.82 10 18 0.46 42 16
0.81 11 19 0.45 44 g0
0.80 11 20 0.44 47 45
0.79 12 2% 0.43 50 90
0.78 12 22 0.42 53 96
0.77 13 23 0.41 56 191
0.76 13 24 0.40 60 148
0.75 14 25 0.39 64 115
0.74 14 26 0.38 68 142
0.73 15 27 0.37 72 130
0.72 16 28 0.36 77 138
0.71 16 29 0.35 82 147
0.70 17 30 0.34 87 136
0.69 17 31 0.33 92 146
0,68 18 32 0.32 98 177
6-67 18 33 6-31 164 148
0.66 18 33 0.30 111 200
0.65 19 34 0.30 120 217
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material and the intended service conditions. Factors to be
considered include

(1) applicability and reliability of the data, especially
for extremes of the temperature range

(2) resistance of the material to deleterious effects of
the fluid service and of the environment throughout the
temperature range

(3) determination of allowable stresses in accor-
dance with para. 302.3

323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (b) shall
be observed. The test specimens, as well as the handling
tongs, shall be cooled for a sufficientlength of time to reach
the test temperature.

(a) For Materials of Thickness Equal to or Greater Than
10 mm (0.394 in.). Where the largest attainable Charpy V-
notch specimen has a width along the notch of at least 8
mm (0.3151in.), the Charpy test using such a specimen shall

bacaonductad ot o taramapatiiea mar higharthan tha J esign
De-coRatcteas tHre-RotHgRer—+ €-§ g

323.3 Impact Testing Methods and Acceptance
Criteria

323.3.1| General. When impact testing is required by
Table 32B.2.2, provisions elsewhere in this Code, or
the engingering design, it shall be done in accordance
with Tablg 323.3.1 using the testing methods and accep-
tance crit¢ria described in paras. 323.3.2 through 323.3.5.

323.3.2 Procedure. Impact testing of each product
form of material for any specification (including welds
in the components) shall be done using procedures
and appaiatus in accordance with ASTM A370. For mate-
rial formsjthat are represented by the ASTM specifications
listed belpw, impact tests shall be conducted in confor-
mance with those requirements as well. When conflicts
exist betyeen the specific requirements of this Code
and the regquirements of those specifications, the require-

ments of this Code shall take precedence.
Pr¢duct Form ASTM Spec. No.

Pipe A333
Tube A334
Fittings A420
Forgings A350
Castings A352
Bolting A320
Plate A20

GENERAL NOTE: Titles of referenced standards not listed in the
Specificatiqns Index for Appendix A are A20 General Require-
ments for|Steel Plates for, Pressure Vessels and A370 Test
Methods gnd Definitions/for Mechanical Testing of Steel
Products.

323.3.3| Test-Specimens. Each set of impact test speci-
mens shall cotisist of three specimen bars. All impact tests

ta-temperatire# hran-th
minimum temperature. Where the largest possible test
specimen has a width along the notch less than § mm,
the test shall be conducted at a temperature Jower
than the design minimum temperature by the arount
shown in Table 323.3.4 for that specimen width.

(b) For Materials With Thickaess Less Than 1) mm
(0.394 in.). Where the largest attainable Charpy V-
notch specimen has a widthtalong the notch of at| least
80% of the material thigkness, the Charpy test of such
a specimen shall be ¢onducted at a temperaturje not
higher than the design minimum temperature. Where
the largest possible test specimen has a width plong
the notch of {ess“than 80% of the material thickness,
the test shall be conducted at a temperature Jower
than the*design minimum temperature by an amount
equal to the difference (referring to Table 323.3.4)
between the temperature reduction corresponding to
theactual material thickness and the temperature reduc-
tion corresponding to the Charpy specimen width acfually
tested.

323.3.5 Acceptance Criteria

(a) Minimum Energy Requirements. Except for bplting
materials, the applicable minimum energy requirgment
for carbon and low alloy steels with spedified
minimum tensile strengths less than 656 MPa (9p ksi)
shall be those shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other carbon and
low alloy steels having specified minimum tgnsile
strengths equal to or greater than 656 MPa (93 ksi),
all bolting materials, and all high alloy steels (P-Nos. 6,
7,8, 10H, and 10I) shall have a lateral expansion opposite
the notch of not less than 0.38 mm (0.015 in.) for all
specimen sizes. The lateral expansion is the incregse in
width of the broken impact specimen over that ¢f the
unbroken specimen measured on the comprefgsion

shall be made using standard 10 mm (0.394 in.) square
cross section Charpy V-notch specimen bars, except when
the material shape or thickness does not permit. Charpy
impact tests may be performed on specimens of full mate-
rial thickness, which may be machined to remove surface
irregularities. Alternatively, such material may be reduced
in thickness to produce the largest possible Charpy
subsize specimen. See Table 323.3.4.
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side, parallel to the line constituting the bottom of the
V-notch (see ASTM A370).

(c) Weld Impact Test Requirements. Where two base
metals having different required impact test acceptance
criteria are joined by welding, the impact test acceptance
criteria shall conform to the requirements of the base
material having a specified minimum tensile strength
most closely matching the specified minimum tensile
strength of the weld metal.

(18)
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Table 323.3.1 Impact Testing Requirements for Metals

Column A
Materials Tested by the Manufacturer [Note (1)]

Column B
Materials Not Tested by the Manufacturer

Test or Those in Table 323.2.2 Requiring Impact Tests | or Those Tested But Heat Treated During
Characteristics Only on Welds or After Fabrication
Tests Number of A-1 The greater of the number required by B-1 The number required by the applicable
on tests (a) the material specification or specification listed in para. 323.3.2
Materials (b) the applicable specification listed in [Note (2)]
para. 323.3.2 [Note (2)]
Location and 2 As required by the applicable specification listed in para. 323.3.2.
orientation
of specimens
Tests by A-3 The manufacturer B-3 The fabricator or epector
Tests Test piece for 4 One required for each welding procedure, for each type of filler metal (i’e, AWS E-XKXX
on Welds preparation of classification), and for each flux to be used. Test pieces shall be subjected.to essentially the same
in impact heat treatment (including time at temperature or temperatures and ‘cooling rate) as fhe erected
FaBrication specimens piping will have received.

or fAssembly

Number of test
pieces
[Note (3)]

A-5
(a) One piece, thickness T, for each range of mate-
rial thickness from T/2 to T + 6 mm (% in.)
(b) Unless required by the engineering design,
pieces need not be made from each lot,
nor from material for each job, provided
that welds have been tested as required
by Section 4 above, for the same type and
grade of material (or for the same
P-Number and Group Number, in\the ASME
BPVC, Section IX), and of the same
thickness range, and that records of the
tests are made available

B-5

(a) ,Onelpiece from each lot of rpaterial in
€ach specification and gradd
including heat treatment
[Note (4)] unless

(b) Materials are qualified by th¢ fabricator
or erector as specified in itgms B-1
and 2 above, in which case fthe
requirements of item A-5 agply

Location and
orientation
of specimens

(@) Weld metal: across theweld, with notch in the weld metal; notch axis shall be normallto material

surface, with one, face of specimen <1.5 mm (% in.) from the material surface.
(b) Heat affected zone (HAZ): across the weld and long enough to locate notch in th

HAZ after

etching; netch axis shall be approximately normal to material surface and shall ifclude as

much.as'possible of the HAZ in the fracture.

Tests by

7 The fabrieator or erector

NOTES:

(1) A fertified report of impact tests performed (after being appropriately heat treated as required by Table 323.2.2, item B-3) py the man-
ufpcturer shall be obtained as evideficejthat the material (including any welds used in its manufacture) meets the requirements{of this Code

and that

(a) the tests were conducted/on, specimens representative of the material delivered to and used by the fabricator or erector, o

(b)) thetests were conductedofspecimens removed from test pieces of the material which received heat treatment separately in the Jame manner

as the material (including heat\tréatment by the manufacturer) so as to be representative of the finished piping
elding is used in“manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

2) If

(3) THe test piece shall"be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if fequired) in

acpordance with\para. 323.3. If this is not possible, preparation of additional test pieces is required.

(4) Fqr purposes of this requirement, “lot” means the quantity of material described under the “Number of tests” provision of the gpecification
applicable_to.the product term (i.e., plate, pipe, etc.) listed in para. 323.3.2.
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Table 323.3.4 Charpy Impact Test Temperature
Reduction

Actual
Material Thickness

treated and retested. After reheat treatment, a set of three
specimens shall be made. For acceptance, the lateral
expansion of each of the specimens must equal or
exceed the specified minimum value of 0.38 mm
(0.015 in.).

(3) For Erratic Test Results. When an erratic result is
caused by a defective specimen or there is uncertainty in
the test procedure, a retest will be allowed.

323.4 Fluid Service Requirements for Materials

[See Para. 323.3.4(b)] Temperature
or Charpy Impact Reduction
Specimen Width Below Design
Along the Notch Minimum
[Note (1)] Temperature
mm in. °C °F
10 (full sizg4 standard bar) 0.394 0 0
0.354 0
0.315
7.5 (%, size|bar) 0.295 2.8
7 0.276 44 8
6.67 (% sizg bar) 0.262 5.6 10
6 0.236 83 15
5 (% size bar) 0.197 11.1 20
4 0.157 16.7 30
3.33 (% size bar) 0.131 19.4 35
3 0.118 22.2 40
2.5 (Y, size|bar) 0.098 27.8 50

GENERAL NOTE: These temperature reduction criteria do not apply
when Table[323.3.5 specifies lateral expansion for minimum required
values.

NOTE: (1) [Straight-line interpolation for intermediate valués_is
permitted.

(d) Retgsts

(1) ¥or Absorbed Energy Criteria~When the average
value of the three specimens,equals or exceeds the
minimum value permitted fer'a’single specimen and
the valud for more than ohé/specimen is below the
required|average valu€/or when the value for one
specimen|is below thé minimum value permitted for a
single spdcimen, a-retest of three additional specimens
shall be mpde. Thewvalue for each of these retest specimens
shall equdl or’exceed the required average value.

(2) ForEateral Expansion Criterion. If the value of

323.4.1 General. Requirements in para. 32314 apply to
pressure-containing parts. They do not apply, tomaterials
used for supports, gaskets, packing, or bolting. Se¢ also
Appendix F, para. F323.4.

323.4.2 Specific Requirements

(a) Ductile Iron. Ductile iron'shall not be used for|pres-
sure containing parts at{temperatures below 129°C
(-20°F) (except austenitic ductile iron) or above B43°C
(650°F). Austenitic ductile iron conforming to ASTM
A571 may be uSed at temperatures below 429°C
(-20°F) down~to/the temperature of the impact test
conducted.in ‘accordance with that specificatiop but
not below.>196°C (-320°F).

Valves having bodies and bonnets or covers mgde of
materials conforming to ASTM A395 and meeting the re-
quirements of ASME B16.42 and additional requirements
of ASME B16.34 Standard Class, API 594, API 599, ¢r API
609 may be used within the pressure-temperature ratings
given in ASME B16.42.

Welding shall not be performed in the fabrication or
repair of ductile iron components nor in assembly of
such components in a piping system.

(b) Other Cast Irons. The following shall not be used
under severe cyclic conditions. If safeguarding is provided
against excessive heat and thermal shock and mechganical
shock and abuse, they may be used in other sefvices
subject to the following requirements:

(1) Gray iron shall not be used above ground within
process unit limits in hydrocarbon or other flammable
fluid service at temperatures above 149°C (300°H) nor
at gage pressures above 1 035 kPa (150 psi). In othef loca-
tions the pressure limit shall be 2760 kPa (400 p§i).

(2) Malleable iron shall not be used in any] fluid

service at temperatures below -29°C (-20°F) or above
242°C (ACNOEN and chall moat ha vend 10 flanara flu1d
343°C (650°K} and-shall-net beusedinfl ammable

lateral expansion for one specimen in a group of three
is below 0.38 mm (0.015 in.) but not below 0.25 mm
(0.01 in.), and if the average value for three specimens
equals or exceeds 0.38 mm (0.015 in.), a retest of
three additional specimens may be made, each of
which must equal or exceed the specified minimum
value of 0.38 mm (0.015 in.). In the case of heat
treated materials, if the required values are not obtained
in the retest or if the values in the initial test are below the
minimum allowed for retest, the material may be reheat

service at temperatures above 149°C (300°F) nor at
gage pressures above 2760 kPa (400 psi).

(3) High silicon iron (14.5% Si) shall not be used in
flammable fluid service. The manufacturer should be
consulted for pressure-temperature ratings and for
precautionary measures when using this material.

(c) Other Materials

(1) 1f welding or thermal cutting is performed on
aluminum castings, the stress values in Appendix A
and component ratings listed in Table 326.1 are not
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]
Other Than Fully

Fully Deoxidized

Specified Minimum Number of Specimens Steels Deoxidized Steels
Tensile Strength [Note (1)] Joules ft-1bf Joules ft-1bf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Minimum for 1 specimen 14 10 10 7
Over {48 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 517 but not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15

656 MPa and over [Note (3)]

(b) Steels in P-Nos. 6, 7, 8, 10H, and 101

Minimum for 3 specimens

Minimum for 3 specimens

Lateral Expansion
0.38.mfw (0.015 in.)

038 mm (0.015 in.)

NOTEY:
(1) See para. 323.3.5(d) for permissible retests.

(2) Energy values in this Table are for standard size specimens. For subsize specimens, these€'values shall be multiplied by the ratio pf the actual

specimen width to that of a full-size specimen, 10 mm (0.394 in.).

(3) Fqgrbolting of this strength level in nominal sizes M 52 (2 in.) and under, the impacttequirements of ASTM A320 may be applied. For bolting

ovler M 52, requirements of this Table shall apply.

appligable. It is the designer’s responsibility to establish
such [stresses and ratings consistent with the require-
ment$ of this Code.

?) Lead and tin and their alloys shall not be used in
flammable fluid services.

323.4.3 Cladding and Lining Materials. Materials with
metallic cladding or metallic lining may be used in accor-
dancg with the following provisions:

(a)| If piping components are made from integrally clad
plate |conforming to
1) ASTM A263, Corrosioh-Resisting Chromium
Steel [Clad Plate, Sheet, and.'Strip
) ASTM A264, Stainless Chromium-Nickel Steel
Clad Plate, Sheet, and Strip
3) ASTM A265) Nickel and Nickel-Base Alloy Clad
Plate,| Sheet, and Strip

Then| prgssure design in accordance with rules in
para.[|304-may be based upon the total thickness of

thickness shall never be greater than the allowable
stress used for the base portion.

(b) For all other metallic clad or lined piping compo-
nents, the base metal shall be an acceptable Code material
as defined in para. 323.1 and the thickness usdd in pres-
sure design in accordance with para. 304 shall not include
the thickness of the cladding or lining. The allowgble stress
used shall be that for the base metal at the design tempera-
ture. For such components, the cladding or linihg may be
any material that, in the judgment of the user, |s suitable
for the intended service and for the method off manufac-
ture and assembly of the piping component.

(c) Exceptfor components designed in accordance with
provisions of para. 323.4.3(a), fluid service reqiirements
for materials stated in this Code shall not restrigt their use
as cladding or lining in pipe or other compongnts. Fluid
service requirements for the outer material (including
those for components and joints) shall govefn, except
thattemperature limitations of both inner and ofiter mate-
rials_and of any hond hetween them_ shall he considered.

base ucta} dlld b‘ldddills aftcx au_y al‘luvvauuc fUl CUI'T UbiUll
has been deducted, provided that both the base metal and
the cladding metal are acceptable for Code use under
para. 323.1, and provided that the clad plate has been
shear tested and meets all shear test requirements of
the applicable ASTM specification. The allowable stress
for each material (base and cladding) shall be taken
from Appendix A, or determined in accordance with
therulesin para. 302.3, provided, however, that the allow-
able stress used for the cladding portion of the design

(d) Fabrication by welding of clad or lined piping
components and the inspection and testing of such compo-
nents shall be done in accordance with applicable provi-
sions of ASME BPVC, Section VIII, Division 1, UCL-30
through UCL-52, or the provisions of Chapters V and
VI of this Code, whichever are more stringent.
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323.5 Deterioration of Materials in Service

Selection of material to resist deterioration in service is
not within the scope of this Code. See para. 300(c)(6). Rec-
ommendations based on experience are presented for
guidance in Appendix F, para. F323.

325 MATERIALS — MISCELLANEOUS
325.1 Joining and Auxiliary Materials

When selecting materials such as adhesives, cements,
solvents, solders, brazing materials, packing, and O-rings
for making or sealing joints, the designer shall consider
their suitability for the fluid service. (Consideration
should also be given to the possible effects of the
joining or auxiliary materials on the fluid handled.)
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Chapter IV
Standards for Piping Components

DIMENSIONS AND RATINGS
OF COMPONENTS

Dimensional Requirements

.1.1 Listed Piping Components. Dimensional stan-
! for piping components are listed in Table 326.1.
hsional requirements contained in specifications
in Appendix A shall also be considered requirements
5 Code.

.1.2 Unlisted Piping Components. Piping compo-
not listed in Table 326.1 or Appendix A shall
the pressure design requirements described in
302.2.3 and the mechanical strength requirements
bed in para. 302.5.

.1.3 Threads. The dimensions of piping connection
s not otherwise covered by a governing component
ard or specification shall conform to the require<
5 of applicable standards listed in Table 326.1-or
hdix A.

326.2 Ratings of Components

326.2.1 Listed Components. The pressure
ture ratings of components listedrin Table
accepted for pressure design in accerdance with|

326.2.2 Unlisted Components. The p

rtempera-
326.1 are
para.303.

ressure-

temperature ratings of unlisted piping components

shall conform to the applicable provisions of

326.3 Reference. Documents

The documentslisted in Table 326.1 contain }
to codes, standards, and specifications not
Table 326w1. Such unlisted codes, standards, at
cations\shall be used only in the context of the li
ments-in which they appear.

The design, materials, fabrication, assembly,
tion, inspection, and testing requirements of thi
not applicable to components manufactured
dance with the documents listed in Table 326
specifically stated in this Code or the listed d

bara. 304.

eferences
listed in
nd specifi-
sted docu-

examina-
5 Code are
in accor-
.1, unless
cument.

Mt is not practical to refer to a specific edition of each standard
throughout the Code text. Instead, the approved edition references,
along with the names and addresses of sponsoring organizations, are

shown

in Appendix E.
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Table 326.1 Component Standards

Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws (Inch Series) .. ... ... e ASME B18.2.1
Square and Hex Nuts (INCh Series) . . ... ...ttt e e e ASME B18.2.2

Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series) ..................

Metallic Fittings, Valves, and Flanges

ASME B18.31.2

Gray Iron Pipe F];mgpc and qungt—‘-r‘l Fittings ASME B16.1
Malleable Ifon Threaded Fittings .. ... ... ... .. i e e ASME B16.3
Gray Iron Tlhreaded Fittings . ... ... ... . e ASME B16.4
Pipe Flanges and Flanged Fittings . . ... .. ... e ASMH B16.5
Factory-Mafle Wrought Buttwelding Fittings . . ... ... ... e e e ASMH B16.9
Face-to-Facp and End-To-End Dimensions of Valves . ............ .. i ASME B16.10
Forged Fitt|ngs, Socket-Welding and Threaded . .......... ... . it a N ASME B16.11
Ferrous Pipge Plugs, Bushings, and Locknuts With Pipe Threads .............. ... ... ... ... ... .. . OO ASME B16.14
Cast Bronz¢ Threaded Fittings, Class 125 and 250 [Note (1)] ... Lmdo . ASME B16.15
Cast Coppef Alloy Solder Joint Pressure Fittings .. .......... . s ASME B16.18
Wrought Cgpper and Copper Alloy Solder Joint Pressure Fittings . ........... ... ... . (.. ASME B16.22
Cast Coppef Alloy Pipe Flanges, Flanged Fittings, and Valves: Classes 150, 300, 600, 900, 1500, and 2500 ........ ASME B16.24
Cast Coppef Alloy Fittings for Flared Copper Tubes ............. .o )N ASME B16.26
Valves — Flanged, Threaded, and Welding End . . ......... ... O s ASME B16.34
Orifice Flanjges, Class 300, 600, 900, 1500, and 2500 . .......... ... B0 e ASME B16.36
Malleable Ifon Threaded Pipe Unions, Class 150, 250, and 300 ............ .00 .. . i ASME B16.39
Ductile Iror} Pipe Flanges and Flanged Fittings, Class 150 and 300 ... ... .. 0 . . . ... ASME B16.42
Large Diamter Steel Flanges, NPS 26 Through NPS 60 . ... ... ... .. . i e ASME B16.47
Steel Line BlankKs . ... ... i m e e ASME B16.48
Brazing Joints for Copper and Copper Alloy Pressure Fittings . (). ..o ASME B16.50
Bioprocessing Equipment [Note (2)] ... ..ottt N e e ASME BPE
Pipeline Vajves [Note (3)] -« o v i v ie i s Nl e e e e API 6D
Flanged Steel Pressure-Relief Valves . .. ... ... 0N API 526
Check Valv¢s: Flanged, Lug, Wafer and Butt-welding .. ........... .. e API 594
Metal Plug Valves — Flanged, Threaded, and Welding Ends . ......... ... ... i API 599
Bolted Bonpet Steel Gate Valves for Petroleum and Natural Gas Industries . ............... ... .. e, API 600
Gate, Globe| and Check Valves for Sizes. DN 100 and Smaller for the Petroleum and Natural Gas Industries . ... ... API 602
Corrosion-Hesistant, Bolted Bonnet Gate Valves — Flanged and Butt-Welding Ends .. ........................ API 603
Metal Ball Yalves — Flanged{Threaded, and Welding End .. ........ ... .. .. i, API 608
Butterfly V3lves: Double-flanged, Lug- and Wafer-type ........... ... .. i API 609
Ductile-Irorf and Gray-Iron Fittings, 3 Inch Through 48 Inch (75 mm Through 1200 mm), for Water and Other Liquids AWWA C110
Flanged Duftile~lron Pipe with Ductile-Iron or Gray-Iron Threaded Flanges ............. ... ... ... .. .. ... AWWA C115
Steel Pipe Hlanges for Waterworks Service, Sizes 4 inch Through 144 inch (100 mm Through 3,600 mm) . ....... AWWA C207
Dimensions for Fabricated Steel Water Pipe Fittings .. ....... ... e AWWA (208
Metal-Seated Gate Valves for Water Supply Service . ... ... .. . e AWWA C500
Rubber-Seated Butterfly Valves . ....... ... . e AWWA C504
Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings .......... MSS SP-6
Spot Facing for Bronze, Iron and Steel Flanges . ... ... ... i e MSS SP-9
Standard Marking Systems for Valves, Fittings, Flanges, and Unions ............. .. . .. MSS SP-25
Class 150 (PN 20) Corrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends . . . . MSS SP-42
Wrought Stainless Steel Butt-Welding Fittings Including Reference to Other Corrosion Resistant Materials [Note (4)] MSS SP-43
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Table 326.1 Component Standards (Cont’d)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont'd)

Steel Pipeline Flanges . . ... ..ot e MSS SP-44
Bypass and Drain CONNECtiONS . . . ... ...ttt e e e e e MSS SP-45
Class 150LW Corrosion Resistant Flanges and Cast Flanged Fittings ............. .. .. .. ... .. ... ... .. ...... MSS SP-51
High Pressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets ...................... MSS SP-65
Gray Iron-Gate Valves Elanged and Threaded Ends MSS SP-70
Gray Ifon Swing Check Valves, Flanged and Threaded Ends ......... ... .. .. i MSS SP-71
Ball Vglves With Flanged or Buttwelding Ends for General Service ........... ... ..., MSS SP-72
Specifications for High Test Wrought Buttwelding Fittings . ......... ... . i e MSS SP-75
Gray Iron Plug Valves, Flanged and Threaded Ends .......... ... ... i s MSS SP-78
SockeftWelding Reducer INSErts .. ... ... ..t i MSS SP-79
Bronz¢ Gate, Globe, Angle and Check Valves .. ... .. . . e Ve MSS SP-80
Stainlgss Steel, Bonnetless, Flanged, Knife Gate Valves . ............ ... . . NV MSS SP-81
Class 3000 Steel Pipe Unions, Socket-Welding and Threaded ................... ... .......CeyY. o oot MSS SP-83
Gray Iron Globe and Angle Valves, Flanged and Threaded Ends ... ............. ... ... ...\ o o oot MSS SP-85
Diaphfagm Type Valves . . ... ... e ) MSS SP-88
Swage[d) Nipples and Bull Plugs .. ... ... e MSS SP-95
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and ‘Buttwelding Ends ......... MSS SP-97
Instrument Valves for Code Applications . ... ...... ...t et NN e e MSS SP-105
Cast Cppper Alloy Flanges and Flanged Fittings Class 125, 150, and 300 ... %0 .. ... e MSS SP-106
Factory-Made Wrought Belled End Socket Welding Fittings [Note (5)] .ol oo v v MSS SP-119
Refrigg¢ration Tube Fittings — General Specifications ... ... ... 5 . .. e SAE ]513
Hydraplic Tube Fittings . .. ... ... .ot M T e SAE ]514
Hydraplic Flanged Tube, Pipe, and Hose Connections, FoursBolt Split Flanged Type ........... ... ... ... . .... SAE ]J518

Metallic Pipe and Tubes [Note (6)]

Weldef and Seamless Wrought Steel Pipe . .. ... .00 . e ASME B36.10M
Stainlgss Steel Pipe . .. ..ot e s e e ASME B36.19M
Flanggd Ductile-Iron Pipe with Ductile-Irgn or Gray-Iron Threaded Flanges ............ .. ... ... . oo, AWWA C115
Thicknjess Design of Ductile-Iron Pipe S/, .. . . AWWA C150
Ductil¢-Iron Pipe, Centrifugally Castfor Water ... ... ... e AWWA C151
Steel Yater Pipe 6 inches (150 m) and Larger . . . ... ...ttt e AWWA C200

Miscellaneous

Unifiedl Inch Screw Threads (UN and UNR Thread Form) . ........ . e ASME B1.1
Pipe Threads, Géneral Purpose (Inch) . ... ... i AYME B1.20.1
Drysegl PipetFhreads (InCh) .. ... ... AYME B1.20.3
Hose Qoupling Screw Threads (INch) . ... ... .. o e AYME B1.20.7
Metallte-Gaskets—forRipe-Flanges—Ring:Joint-Spiral-WeundandJacketed——m——mmmm————————————————————— ASME B16.20
Nonmetallic Flat Gaskets for Pipe Flanges ... ...... .. .. i i ASME B16.21
Buttwelding Ends . ... ... ASME B16.25
Surface Texture (Surface Roughness, Waviness, and Lay) . ... ...... ..t ASME B46.1
Thermowells [NOTE (7)] - . v ottt e et e e e e e e e e e e e ASME PTC 19.3 TW
Specification for Threading, Gaging and Thread Inspection of Casing, Tubing, and Line Pipe Threads ............ API 5B
Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings .............. ... .. .. .. .. .. ... .. iu... AWWA C111
Grooved and Shouldered Joints [Note (8)] ... ..ttt it e AWWA C606
Flexible Metal Hose [Notes (9) and (10)] . . ..ottt e e e e e e e BS 6501, Part 1
Pipe Hangers and Supports — Materials, Design, and Manufacture ............ ... ..t MSS SP-58
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Table 326.1 Component Standards (Cont’d)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont'd)
Standard for Fire Hose CONNMECHIONS . . . ...\ttt ittt et et e e e e e e et e e e NFPA 1963

GENERAL NOTES:

(a) Itisnot practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved edition references, along with
the names and addresses of the sponsoring organizations, are shown in Appendix E.

(b) Many of the listed standards allow the use of unlisted materials; see para. 323.1.2.

NOTES:
(1) This standard allows straight pipe threads in sizes < DN 15 (NPS %); see last paragraph of para. 314.2.1.
(2) Part DT of ASME BPE covers dimensions and tolerances for stainless steel automatic welding and hygienic clamp tube fittings.and (

3)

4)
(5

(6)
(7

8

()
(10)

compgnents.

API 61) allows design and calculations for pressure-containing elements to be in accordance with various internationallyrecognized
codesor standards. Only API 6D valves with design and calculations for pressure-containing elements in accordarnce,with ASME B16§
considered a “listed component” for the purpose of this Code.

Cautidnary Note: See MSS SP-43 for special provisions concerning ratings. (In accordance with MSS SP-43, the’pressure ratings for C

e of this Code.

For uge with this Code, the rated pressure of components covered by this standard shall be based on no greater than one-th
hydroptatic test failure pressure (the pressure at fracture or leakage), rather than one-half the hydrostatic test failure pressure sp
in AMWA C606.
Weldihg and brazing to be in accordance with paras. 328 and 333, respectively, in lieu of the referenced specifications in this stg
This sfandard contains recommended materials of construction for certain chemical services; the responsibility for the ultimate sele
materjal is the responsibility of the Owner and is, therefore, not\within the scope of this Code.

rocess

design
34 are

ass CR
for the
SS SP-

hess.)

owells
for the

rd the
ecified

ndard.
tion of
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Chapter V
Fabrication, Assembly, and Erection

327 GENERAL

Metallic piping materials and components are prepared
for agsembly and erection by one or more of the fabrica-
tion processes covered in paras. 328, 330, 331, 332, and
333. When any of these processes is used in assembly or
erection, requirements are the same as for fabrication.

328 WELDING AND BRAZING

Welding and brazing shall conform to the requirements
of thjs Chapter and the applicable requirements of
para.|311.2.

328.1 Responsibility

Eadh employer is responsible for

(a)| the welding and brazing performed by personnel of
its organization

(b)| conducting the qualification tests required to
qualify the welding or brazing procedure specifications
used py personnel in its organization, except as previded
in paras. 328.2.1 and 328.2.2

(c)| conducting the qualification tests-réquired to
qualify the welders, brazers, and operators, except as
provifled in para. 328.2.3

328.2 Welding and Brazing Quatification

Welding and brazing procedure specifications (WPSs
and BPSs) to be followed-in/production welding shall
be pilepared and qualified, and welders, brazers, and
operators shall be gualified as required by ASME
BPV({, Section IX(except as modified by para. 333 for
brazihg of Cateégory D Fluid Service piping and by the
following subparagraphs.

8.2.1 Standard Weldlng Procedure SpeCIflcatlons

by the Amerlcan Weldlng Soc1ety and llsted in ASME
BPVC, Section IX, Appendix E are permitted for Code
construction within the limitations established by
ASME BPVC, Section IX, Article V.

328.2.2 Procedure Qualification by Others. In order to
avoid duplication of effort and subject to the approval of
the owner, WPSs and BPSs qualified by a technically
competent group or agency may be used provided the
following are met:

63

(a) The procedures meet the requiremernit;
BPVC, Section IX and any additional qualificatio
ments of this Code.

(b) The employer has qualified ableast on
brazer, or operator following each\WPS or BP

(c) The employer’s business-itame shall be
each WPS and BPS, and on each qualification
addition, qualificationsrecords shall be si

of ASME
n require-

e welder,
S.

shown on
record. In
bned and

dated by the employer,_thereby accepting responsibility

for the qualifications{performed by others.

328.2.3 Performance Qualification by (
order to avoid duplication of effort and subj

thers. In
ect to the

approval of the owner, an employer may accept the perfor-

mance qualification of a welder, brazer, or oper
by a previous employer. This acceptance is

performance qualifications that were made d
tube test coupons. The new employer shall
WPS or BPS that was followed during qualiff
an equivalent WPS or BPS that is within thg
the essential variables set forth in ASME BPV|
IX. An employer accepting such qualification
obtain a copy of the performance qualific
record from the previous employer. The re
show the name of the employer by whom th
brazer, or operator was qualified and the date of
fication. Evidence shall also be provided that tl
brazer, or operator has maintained qualificatio
dance with QW-322 and QB-322 of ASME BPVC,
except that this evidence may be provided by an
responsible for the individual’s welding or brazi
mance even if not the original qualifying emp
new employer’s business name shall be shoy
qualification record, and it shall be signed 4
by the employer, thereby accepting respons
the qualifications performed by others.

ator made
imited to
n pipe or
have the
cation or
limits of
C, Section
fests shall
tion test
ord shall
e welder,
that quali-
he welder,
L in accor-
Section IX,
employer
ng perfor-
oyer. The
vn on the
nd dated
ibility for

€ employer shall
mamtam copies ofthe procedure and performance quali-

fication records specified by ASME BPVC, Secti

on IX that

shall be available to the Inspector at the location where

welding is being done.

328.3 Welding Materials

328.3.1 Electrodes and Filler Metal. Welding elec-
trodes and filler metal, including consumable inserts,
shall conform to the requirements of ASME BPVC,
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Section II, Part C. An electrode or filler metal not
conforming to the above may be used provided the
WPS and the welders who will follow the WPS have
been qualified as required by ASME BPVC, Section IX.
Unless otherwise specified by the Designer, welding elec-
trodes and filler metals used shall produce weld metal that
complies with the following:

(a) The nominal tensile strength of the weld metal shall

328.4 Preparation for Welding

328.4.1 Cleaning. Internal and external surfaces to be
thermally cut or welded shall be clean and free from paint,
oil, rust, scale, and other material that would be detri-
mental to either the weld or the base metal when heat
is applied.

328.4.2 End Preparation
equal or exceed the

the base e

base metd

minimum specified tensile strength of

&6 of-the-tweo

Is of two ifferent strengths are being joined.

enera
(1) End preparation is acceptable only if thé)s
isreasonably smooth and true, and slag from oxygen

irface
or arc

shall be sjmilar to the nominal chemical analysis of the cutting is cleaned from thermally cut surfaées. Discplora-
major allpying elements of the base metal (e.g., 21/4% tionremaining on a thermally cut surface isnot consifered
Cr, 1% Mp steels should be joined using 2%,% Cr, 1%  detrimental oxidation.

Mo filler metals) (2) End preparation for groove-welds specifijed in

(c) If ba

being joi
metal sha
mediate ¢

se metals of different chemical analysis are
ed, the nominal chemical analysis of the weld
ll be similar to either base metal or an inter-
pmposition, except as specified below for aus-

ASME B16.25, or any other that{meets the WPS, is a
able. [For convenience, the basic bevel angles of
B16.25 and some additional ]J-bevel angles are s
in Figure 328.4.2, illustrations (a) and (b).]

rcept-
ASME
hown

tenitic steels joined to ferritic steels. (b) Circumferential Welds
(d) Wheen austenitic steels are joined to ferritic steels, (1) If companent ends are trimmed as shown in
the weld |metal shall have a predominantly austenitic ~ Figure 328.3¢2,%llustration (a) or (b) to fit bagking

microstrul
(e) For

Ccture.
nonferrous metals, the weld metal shall be that

recommended by the manufacturer of the nonferrous base

rings or ¢onsumable inserts, or as show
Figure 328.4.3, illustration (a) or (b) to correct in
misaligiiment, such trimming shall not reduce the fin

n in
ernal
ished

metal or by industry associations for that metal. wallthickness below the required minimum wall thick-
. . . . ness, ty.
328.3.2] Weld Backing Material. When backing rings (2) Component ends may be bored to allow] for a
are used, [they shall conform to the following:

(a) Fe

rous Metal Backing Rings. These shall be of weld“

able quality. Sulfur content shall not exceed 0.05%:

(b) 1fty
member u
members
are auster

vo abutting surfaces are to be welded to-a.third
sed as a backing ring and one or two of'the three
are ferritic and the other membefior'members
itic, the satisfactory use of su¢hrmaterials shall

be demonstrated by welding procédure qualified as

required

Dy para. 328.2.

completely recessed backing ring, provided the rems3
net thickness of the finished ends is not less than

(3) It is permissible to size pipe ends of the
nominal size to improve alignment if wall thickne
quirements are maintained.

(4) Where necessary, weld metal may be dep
inside or outside of the component to permit alignm
provide for machining to ensure satisfactory seat
rings or inserts.

iining
e

same
5S re-

sited
ent or
ng of

' Backing rings may be of the(continuous machined or (5) When a girth or miter groove weld joins cqmpo-
spllt-band type. Some commehly used types are shownin 445 of unequal wall thickness and one is more thgn 1%
Figure 328.3.2. _ o . times the thickness of the other, end preparatiop and

(c) Nomferrous and Nettmetallic Backing Rings. Backing geometry shall be in accordance with accepftable
rings of npnferrous ornonmetallic material may be used, designs for unequal wall thickness in ASME B16.25.
provided the designer-approves their use and the welding (6) Butt-weld fittings manufactured in accorflance

procedurt

e using*them is qualified as required by

with ASME B16.9 may be trimmed to produ

fe an

para. 328(2. angular joint offset in their connections to pipe|or to
328.3.3 Consumable Inserts. Consumable inserts may otier butt-wetd fittings without being subject to design
be used, provided they are of the same nominal composi- qualifications in accordance with para. 304.7.2, provided

the total angular offset produced between the two jointed
parts does not exceed 3 deg.

tion as the filler metal, will not cause detrimental alloying
ofthe weld metal, and the welding procedure using them is
qualified as required by para. 328.2. Some commonly used
types are shown in Figure 328.3.2.
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Figure 328.3.2 Typical Backing Rings and Consumable Inserts

5 tgm
Ztm (c) Nonmetallic Removable
Backing Ring (Refractory)
¥ le19 MM
3 mmto5 mm (34 in.)

P

/g in. to ‘5/16 in.)

NOTE:

Figure 328.4.2 Typical Butt Weld End Preparation

1
nm to 5 mm l"
/g in. 10346 in.)

<22mm

(a) Butt Joint With Bored Pipe Ends

and Solid or Split Backing Ring [Note (1)]

5 mm

(b) Butt Joint With Taper-Bored Ends
and Solid Backing Ring [Note (1)]

37", deg + 2"/, deg -»

2
A
5 mm
(Tfg in) (%he i

e 4

! b

(a) Wall<Fhickness 6 mm to 22 mm,

Incldsive®( 3/ in. to /g in.)

1.5 mm + 0.8 mm
(16 in. = /35 in.)

o

0 deg. .27/, deg

wy

20 deg * 2"/, deg

1 2] '\ * -
0 deg +2L/2 deg P‘ﬁ

37", deg
1
> in \ + 2_‘/2 deg

-

A @

%
o
%
Typical
Consumable
Inserts

&
. ¥

(1) Refer to ASME B16.25 for detailed dimensional information emwelding ends.

328.4.3 Alignment
(a) Circumferential Welds

(d) Square Ring or |Round
Wire Type

(e) Flat Rectanguldr Ring

(f) Formed Ring Tlype

(g) Y-Type

(1) Inside surfaces of components at epds to be
joined in girth or miter groove welds shall lje aligned
within the dimensional limits in the WPS and the engi-

neering design.

(2) Ifthe external surfaces of the componefts are not
aligned, the weld shall be tapered between them.

(b) Longitudinal Welds. Alignment of lopgitudinal
groove welds (not made in accordance with 4 standard
listed in Table A-1, Table A-1M, or Table 326.1) shall
conform to the requirements of para. 328.4.3(a).

(c) Branch Connection Welds

(1) Branch connections that abut the outsigde surface
of the run pipe shall be contoured for groove yvelds that
meet the WPS requirements [see Figure 328.4.4, illustra-

/ In.) < I j
’ 19 mn’\ (g in)

X
¥

1.5 mm + 0.8 mm
(1/16 in. = 1/32 in.)

{b) Wall Thickness Over 22 mm (7/g.in.)

tions{(a) and-(B1
T \Sadv i |

(2) Branch connections that are inserted through a
run opening shall be inserted at least as far as the inside
surface of the run pipe at all points [see Figure 328.4.4,
illustration (c)] and shall otherwise conform to

para. 328.4.3(c)(1).

(3) Run openings for branch connections shall not
deviate from the required contour more than the dimen-
sion m in Figure 328.4.4. In no case shall deviations of the
shape of the opening cause the root spacing tolerance
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Figure 328.4.3 Trimming and Permitted Misalignment

N\
L b

Permitted
misalignment.
See WPS.

30 deg max.

328.5.2 Fillet and Socket Welds. Fillet welds
(including socket welds) may vary from convex to
concave. The size of a fillet weld is determined as
shown in Figure 328.5.2A.

(a) Typical weld details for slip-on and socket welding
flanges are shown in Figure 328.5.2B; minimum welding
dimensions for other socket welding components are
shown in Figure 328.5.2C or MSS SP-119.

(b) Ifslip-onflangesare single welded, the weld shall be

(a) Thicker Pipe Taper-Bored to Align

JL

Permntted
misalignment.
See WPS.

Round

corner 30 deg

(b) Thicker Pipe Bored for Alignment

limits in tHe WPS to be exceeded. Weld metal may be added
and refinished if necessary for compliance.

(d) Sppcing. The root opening of the joint shall be
within th¢ tolerance limits in the WPS.

328.5 Welding Requirements
328.5.1 General

(a) Welds, including addition of weld metal for align-
ment [payas. 328.4.2(b)(4) and 328.4.3(c)(3)];~shall be
made in dccordance with a qualified procédure and by
qualified welders or welding operators

(b) Eadh qualified welder and weldifigioperator shall be
assigned gn identification symbol. Utiless otherwise speci-
fied in the engineering design, €ach pressure-containing
weld or adjacent area shall be‘marked with the identifica-
tion symblol of the welder.6r-welding operator. In lieu of
marking the weld, apprepriate records shall be filed.

(c) Tackwelds attherootofthejointshall be made with
filler metdl equivalent to that used in the root pass. Tack
welds shdll be‘made by a qualified welder or welding
operator. |Tackwelds shall be fused with the root pass
weld, exdept that those that have cracked shall he

TorrcTroroT

328.5.3 Seal Welds. Seal welding shall be dong by a
qualified welder. Seal welds shall coveryall exposed
threads.

328.5.4 Welded Branch Connections

(a) Figures 328.5.4A through 328.5.4F show a¢cept-
able details of branch conanections with and without
added reinforcement, in*which the branch pipe is
connected directly to the run pipe. The illustrgtions
are typical and are not'intended to exclude acceptable
types of construction not shown.

(b) Figure 328.5.4D shows basic types of weld aftach-
ments used.in the fabrication of branch connectiony. The
location @nd minimum size of attachment welds| shall
conforprto the requirements herein. Welds shall be falcu-
lated in‘accordance with para. 304.3.3 but shall be n¢tless
than the sizes shown in Figure 328.5.4D. Figure 328.5.4F
shows the basic types of attachment welds used with inte-
grally reinforced branch connection fittings. The logation
and the minimum size of the attachment welds|shall
conform to the requirements of (i) below.

(c) The nomenclature and symbols used herdin, in
Figure 328.5.4D, and in Figure 328.5.4F are

Tb = nominal thickness of branch

7, = nominal thickness of header

T, = nominal thickness of the branch weld foy inte-
grally reinforced branch connection fittipgs

(1) as specified by the manufacturer jof the

branch connection fitting

(2) the full depth of the resultant|weld

groove, after fit-up, if no manufacturer’s| weld

thickness is specified

(3) as documented and specified in the

engineering design in accordance [with

para. 300(c)(3), or

removed. Bridge tacks (above the weld) shall be removed.

(d) Peeningis prohibited on the root pass and final pass
of a weld.

(e) Nowelding shall be done if there is impingement on
the weld area of rain, snow, sleet, or excessive wind, or if
the weld area is frosted or wet.

(f) Welding End Valves. The welding sequence and
procedure and any heat treatment for a welding end
valve shall be such as to preserve the seat tightness of
the valve.

(4) calculated and documented in accor-
dance with the requirements of para. 304.7.2
T, = nominal thickness of reinforcing pad or saddle
te = lesser of 0.7 T}, or 6 mm (%, in.)
tmin = lesser of T, or T,

(d) Branch connections, including branch connection
fittings (see paras. 300.2 and 304.3.2), that abut the
outside of the run or that are inserted in an opening in
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Figure 328.4.4 Preparation for Branch Connections

20 mm (in.) .

K ‘
() |

g|= root gap per welding specification
m|= the lesser of 3.2 mm (*/g in.) or 0.5 Ty
Figure 328.5.2A Fillet Weld Size
Surface of perpendicular member Surface of perpendicular member
Convex fillet weld  Size of Concave Convex fillet weld Concavd
. Id i .
Size of Surface of we fillet weld Surface of fillet weld
weld horizontal member horizontal member
Theoretical throat Theoretical throat
Equal Leg Fillet Weld [Note (1)1 Unequal Leg Fillet Weld [Note (2)]
NOTESY:

(1) THe size of an equal leg fillet weld is the leg length of th€\argest inscribed isosceles right triangle (theoretical throat = 0.

(2) TH
1C

-

esize ofunequal leg fillet weld is the leg lengths of the largest right triangle that can be inscribed within the weld cross section [
mm (% in. x %, in)].

gure 328.5.2B Typical Details-for Double-Welded Slip-On and Socket Welding Flange Attachment

77) 772 77

Xmin

(07 x size).
b.g., 13 mmx

Welds

Xmin

4 15m

(a) F

— appro|
The Tesser of 7 or 6 mm {75 In.}

/. —-' *min _-' Xmin —'f Xmin _.u:L

Xmin

(g in.)
. gap

before welding

ront and Back Welds (b) Face and Back Welds (c) Socket Welding

Xmin = the lesser of 1.4 T or the thickness of the hub
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Figure 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

T,,= nominal pipe wall thickness

< >

C, ‘Z—

[ Approximately 1.5 mm (1/16 in.) gap

C,(min.) = 1.09 T, or the thickness
of the socket wall,
whichever is smaller

before welding

\

(a) Without Added
Reinforcement

the run shpll be attached.by fully penetrated groove welds.
The welddshall be finished with cover fillet welds having a
throat dithensiondot less than ¢.. See Figure 328.5.4D,
illustratiops (1).and (2).

(e) Arg¢inforcing pad or saddle shall be attached to the
branch pipe\by either

Socket wall thickness

Figures 328.5.4A, B, C Typical Welded(Branch Connections

(b) With Added
Reinforcement

(c) Angular Branch Without
Added Reinforcement

(g) Reinforcing pads and saddles shall have a gdod fit
with the parts to which they are attached. A vent hol¢ shall
be provided at the side (not at the crotch) of any gad or
saddle to reveal leakage in the weld between brangh and
run and to allow venting during welding and heat treat-
ment. A pad or saddle may be made in more than onefpiece

(1) a fully penetrated groove weld finished with a
cover fillet weld having a throat dimension not less
than ¢, or

(2) a fillet weld having a throat dimension not less
than 0.7t,;,. See Figure 328.5.4D, illustration (5).

(f) Theouteredge ofareinforcing pad or saddle shall be
attached to the run pipe by a fillet weld having a throat
dimension not less than 0.5 i See Figure 328.5.4D, illus-

trations (3), (4), and (5).

ifjoints between pieces have strength equivalent to pad or
saddle parent metal, and if each piece has a vent hole.

(h) Examination and any necessary repairs of the
completed weld between branch and run shall be
made before adding a pad or saddle.

(i) Figure 328.5.4F shows additional integrally rein-
forced branch connections typical of MSS SP-97 fittings
that abut the outside of the run attached by a full pene-
tration groove weld. The welds shall be finished with cover
fillets having a throat dimension notless than ¢.. The cover
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Figure 328.5.4D Acceptable Details for Branch Attachment Welds

{3}

T

/

Y/

\ANNNNANY

(d)

GENER

(a) Contour Outlet Fitting

fillet weld shall fill and.stmoeothly transition to the attach-
ment(weld and run {ipe or fitting.

32§
fabrid

appli
328.5:6 Welding for Severe Cyclic Conditions. A

.5.5 Fabricated Laps. Figure 328.5.5 shows typical
ated laps.Fabrication shall be in accordance with the
able requirements of para. 328.5.4.

AL NOTE: These illustrations show minimum acceptable welds. Welds may be larger than those shown here.

Figure 328.5.4E Acceptable Details for Branch Attachment Suitable for 100% Radiography

Ly

Q7724 :
N ANNNTCN

(e)

(b) Extruded Header Outlet

ified in accordance with para. 328.2.1. Preheatinfg and heat
treatment shall be as required for the original welding. See
also para. 341.3.3.

328.7 Attachment Welds

Structural attachments may be made by com|
etration, partial penetration, or fillet welds

plete pen-

welding procedure shall be employed that provides a
smooth, regular, fully penetrated inner surface.

328.6 Weld Repair

A weld defect to be repaired shall be removed to sound
metal. Repair welds shall be made using a welding proce-
dure qualified in accordance with para. 328.2.1, recog-
nizing that the cavity to be repaired may differ in
contour and dimensions from the original joint. Repair
welds shall be made by welders or welding operators qual-

69

Low energy capacitor discharge welding may be used
for welding temporary attachments (e.g., thermocouples)
and permanent nonstructural attachments without
preheat above 10°C (50°F) or subsequent postweld
heat treatment on P-No. 1 through P-No. 5B and P-No.
15E materials, provided

(a) a Welding Procedure Specification is prepared,
describing the low energy capacitor discharge equipment,
the combination of materials to be joined, and the
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Figure 328.5.4F Acceptable Details for Integrally Reinforced Branch Connections

il %
Manufacturer’s weld

Manufacturer’s weld | | line (if applicable)
line (if applicable) Note (1)
N/ ]
Note (1)

Tm

. Note (2)

o+

(a) Transverse (b) Longitudinal

Manufacturer’s weld

line (if applicable)
Note (3) _\
Heel{\\

/.

/_
1. Note (3
/ T,,,J L e Note (3)
‘ 7 Note (2)
r [

(c) Transverse (d) Longitudinal

Manufacturer’s weld

line (if applicable) Crotch

Manufacturer’s weld
line (if applicable)

Manufacturer’s weld
line (if applicable)

(e) Transverse (f) Longitudinal

GENERAL NOTE: Welds shall be in accordance with para. 328.5.4(i).

NOTES:

(1) Cover fillet weld shall provide a smooth transition to the run pipe with an equal leg fillet at the longitudinal section to an equal leg fillet,
unequal (oblique) leg fillet, or groove butt joint at the transverse section (depending on branch connection size).

(2) Heat treatment requirements shall be in accordance with para. 331.1.3(a).

(3) Cover fillet weld shall provide a smooth transition to the run pipe with an equal leg fillet at the crotch in the longitudinal section to an equal leg
fillet, unequal (oblique) leg fillet, or groove butt joint at the transverse section (depending on branch connection size) to nothing at the heel of
the branch connection fitting in the longitudinal section.

70
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Figure 328.5.5 Typical Fabricated Laps

GENERALNOTE: Laps shall be machined (frontand back) or trued after welding. Plate flanges in accordance with para,304.5 orlap jo

(e)

ntflangesin

accordance with ASME B16.5 may be used. Welds may be machined to radius, as in illustration (e), if necessary to-match ASME B1f6.5 lap joint

flangeg.

techrlique of application; qualification of the welding
procedure is not required

(b)| the energy output of the welding process is limited
to 12p W-sec

(c)|for P-No. 54, P-No. 5B, and P-No. 15E materials, the
maximum carbon content of the material is 0.15%

(d)| after thermocouples are removed, the areas shall be
visually examined for evidence of defects to be repaired

330 PREHEATING

330.]

The¢ preheat requirements herein apply toalltypes of
welding, including tack welds, repair welds, and seal welds
on threaded joints.

33(
the e

General

.1.1 Requirements. Unless specified otherwise in
hgineering design, the minimum preheat tempera-
tures|for materials of various P-Numbers are given in
Table 330.1.1. The thickness.intended in Table 330.1.1
is thaf of the nominal thickness of the thicker component
[as dgfined in para. 331:1.3(c)]. Higher minimum preheat
temperatures may(be required by the WPS or by the engi-
neering design.

330.1.2_Untisted Materials. Preheat requirements for
an urflistedmaterial shall be specified in the WPS.

330.1.4 Preheat Zone. The preheat zone shgll be at or
above the specified minimum temperature in| all direc-
tions from the point of welding for a distarnce of the
larger of 7% mm (3 in.) or 1.5 times th¢ greater
nominalthickness.

Thie'base metal temperature for tack welds shpll be at or
above the specified minimum temperature for p distance
not less than 25 mm (1 in.) in all directions from the point
of welding.

330.2 Specific Requirements

330.2.1 Different P-No. Materials. When w¢lding two
different P-No. materials, the preheat temperature shall be
the higher temperature for the material being welded as
shown in Table 330.1.1.

330.2.2 Interruption of Welding. Aften] welding
commences, the minimum preheat temperafure shall
be maintained until any required PWHT is gerformed
on P-Nos. 3, 4, 5A, 5B, 6, and 15E, except when all of
the following conditions are satisfied:

(a) A minimum of at least 10 mm (% in.) thiickness of
weld is deposited or 25% of the welding groove is filled,
whichever is less (the weld shall be sufficiently fupported
to prevent overstressing the weld if the weldmgnt is to be
moved or otherwise loaded). Caution is advised that the
surface condition prior to cooling should be smooth and

330.1.3 Preheat Temperature Verification

(a) Preheat temperature shall be checked by use of
temperature indicating crayons, thermocouple pyrom-
eters, or other suitable means to ensure that the tempera-
ture specified in the WPS is obtained prior to and
maintained during welding.

(b) Thermocouples may be temporarily attached
directly to pressure-containing parts using the low
energy capacitor discharge method of welding in accor-
dance with para. 328.7.

71

£ £ ol i 43 -
free-of-sharpdiscontintities:

(b) For P-Nos. 3, 4, and 5A materials, the weld is
allowed to cool slowly to room temperature.

(c) For P-Nos. 5B, 6, and 15E materials, the weld is
subjected to an adequate intermediate heat treatment
with a controlled rate of cooling. The preheat temperature
may be reduced to 95°C (200°F) (minimum) for the
purpose of root examination without performing an inter-
mediate heat treatment. Intermediate heat treatment for
P-No. 5B or P-No. 15E materials may be omitted when
using low-hydrogen electrodes and filler metals classified
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Table 330.1.1 Preheat Temperatures

Greater Material

Base Metal P-No. Thickness Additional Limits Required Minimum Temperature
[Note (1)] Base Metal Group mm in. [Note (2)] °C °F
1 Carbon steel <25 <1 None 10 50
>25 >1 %C < 0.30 [Note (3)] 10 50
>25 >1 %C > 0.30 [Note (3)] 95 200
3 Alloy steel, Cr < '5% <13 <Y SMTS < 450 MPa (65 ksi) 10 50
>13 >, SMTS < 450 MPa (65 ksi) 95 200
All All SMTS > 450 MPa (65 ksi) 95 200
4 Alloy steel, %% < Cr All All None 120 250
< 2%
S5A Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 ksi) 200 400
5B Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 Ksi) 200 400
>13 >Y, %Cr > 6.0 [Note (3]} 200 400
6 Martensitic stainless All All None 200 [Note (4)] 400 [Note|(4)]
steel
9A Nickel alloy steel All All None 120 250
9B Nickel alloy steel All All None 150 300
101 27Cr steel All All None 150 [Note (5)] 300 [Note[(5)]
15E 9Cr-1Mo-V CSEF All All None 200 400
steel
All other materials None 10 50
NOTES:
(1) P-Nos. and Group Nos. from ASME-BRVC, Section IX, QW/QB-422.
(2) SMTS o Specified Minimum Tensile-Strength.
(3) Compogition may be based oniadle or product analysis or in accordance with specification limits.
(4) Maximym interpass température 315°C (600°F).
(5) Maintain interpass temperature between 150°C and 230°C (300°F and 450°F).
by the filler metal specification with an optional supple- 331 HEAT TREATMENT
mental diffusible-hydrogen designator of H4 or lower and

suitably cbr

contamination by hydrogen-producing sources. The
surface of the base metal prepared for welding shall be

OV a a

free of contaminants.

(d) After cooling and before welding is resumed, visual

examination of the weld shall be performed to assure that
no cracks have formed.
(e) Required preheat shall be applied before welding is

resumed.
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331.1.1 Postweld Heat Treatment Requirements

(a) PWHT shall be in accordance with the material
groupings (P-Nos. and Group Nos.) and ranges in

Table 331.1.1 except as provided in Table 331.1.2 and
Table 331.1.3. See Appendix F, para. F331.1. The P-
Numbers and Group Numbers are defined in ASME
BPVC, Section IX, Table QW/QB-422. (Note that the P-
Nos. are also listed in Appendix A.)

(18)
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(b) The PWHT to be used after production welding
shall be specified in the WPS and shall be used in qualifying
the welding procedure.

(c) The engineering design shall specify the examina-
tionand/or other production quality control (notless than
the requirements of this Code) to ensure that the final
welds are of adequate quality.

331.1.2 Other Heat Treatments

331.1.4 Heating and Cooling. The heating method
shall provide the required metal temperature, metal
temperature uniformity, and temperature control, and
may include an enclosed furnace, local flame heating, elec-
tric resistance, electric induction, or exothermic chemical
reaction. Above 315°C (600°F), the rate of heating and
cooling shall not exceed 335°C/h (600°F/hr) divided
by one-half the maximum material thickness in inches
at the weld, but in no case shall the rate exceed

(a)Heattreatment for bending and forming shail be i
accorfdance with para. 332.4.

(b)| See Table 302.3.5 for special heat treatment re-
quirgments for longitudinal or spiral (helical seam)
weldg in Elevated Temperature Fluid Service.

331.1.3 Definition of Thicknesses Governing PWHT

(a)| The term control thickness as used in Table 331.1.1
and Table 331.1.3 is the lesser of
7) the thickness of the weld
) the thickness of the materials being joined at the
pr the thickness of the pressure-containing material
weld is attaching a nonpressure-containing material
to a gressure-containing material.

(b)| Thickness of the weld, which is a factor in deter-
minirjg the control thickness, is defined as follows:
1) groove welds (girth and longitudinal) — the
thickgr of the two abutting ends after weld preparation,
including 1.D. machining
?) fillet welds — the throat thickness of the weld
3) partial penetration welds — the depthsofthe
groove
4) material repair welds — the depth of'the'cavity to
be repaired
5) branch welds — the dimensign existing in the
planelintersecting the longitudinal axes,calculated as indi-
cated|for each detail using the thi¢kness through the weld
for tthe details shown in"Eigure 328.5.4D and
Figufge 328.5.4F. This thickness shall be computed
using| the following formulas:
(-a) for Figure,328.5.4D use

ilistration (1) = T, + ¢,

weld
if the

weld

illustration (2) = Tj, + t,

illustration (3) = greater of T + t, or T, + £,

335°C /{600 hr)See-TFable 331441 fer—<€ooling rate
requirements for P-Nos. 7, 101, 114, and 62/materials.

331.1.6 Temperature Verification:yHeat {reatment
temperature shall be checked by thermocoup|e pyrom-
eters or other suitable methods to ensurqg that the
WPS requirements are met. Seg-pava. 328.7 for aftachment
of thermocouples by the low energy capacitor|discharge
method of welding.

(a) If used, the heaf-treatment furnace shgll be cali-
brated such that the"PWHT can be controllped within
the required temperature range.

(b) Any required PWHT shall be as requirfed by the
qualified WRS!

(c) Forwelds that require PWHT in accordance with
Table . 331.1.1, the temperature of the materjal during
PWHT shall be within the range specified. Hpwever, if
specified by the designer, the range may be|extended
as permitted by Table 331.1.2, provided the lower critical
temperature of the material is not exceeded.

331.2 Specific Requirements

Where warranted by experience or knoywledge of
service conditions, alternative methods of heattreatment
or exceptions to the basic heat treatment pravisions of
para. 331.1 may be adopted as proyided in
paras. 331.2.1 and 331.2.2.

331.2.1 Alternative Heat Treatment. Normplizing, or
normalizing and tempering, or annealing may be
applied in lieu of the required heat treatment after
welding, bending, or forming, provided that the mechan-
ical properties of any affected weld and base mietal meet
specification requirements after such treatmerft and that
the substitution is approved by the designer.

331.2.2 Exceptions to Basic Requirements. As indi-
cated in para. 331, the basic practices therein may

illustration (4) = T, + T, + ¢,
illustration (5) = Tj, + .

(-b) for Figure 328.5.4F use T,, + t, for all illustra-
tions
(c) The term nominal material thickness as used in
Table 331.1.3 is the thicker of the materials being
joined at the weld.

73

TeqUITe Modification to SUit Service conditions in some
cases. In such cases, the designer may specify more-strin-
gent requirements in the engineering design, including
heat treatment and hardness limitations for lesser thick-
ness, or may specify less stringent heat treatment and
hardness requirements, including none.

When provisions less stringent than those in para. 331
are specified, the designer must demonstrate to the
owner’s satisfaction the adequacy of those provisions
by comparable service experience, considering service
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Table 331.1.1 Postweld Heat Treatment

Minimum Holding Time at Temperature

for

P-No. and Group No. Holding Temperature Range, Control Thickness [Note (2)]

(ASME BPVC, Section IX, QW/QB-420) °C (°F) [Note (1)] Up to 50 mm (2 in.) Over 50 mm (2 in.)

P-No. 1, Group Nos. 1-3 595 to 650 (1,100 to 1,200) 1 h/25 mm (1 hr/in); 2 hr plus 15 min for each

P-No. 3, Group Nos. 1 and 2 595 to 650 (1,100 to 1,200) 15 min min. additional 25 mm (in.)
over 50 mm (2 in.)

P-No. 4, Group Nos. 1 and 2 650 to 705 (1,200 to 1,300)

P-No. 54, Group No. 1 675 to 760 (1,250 to 1,400)

P-No. 5B, Group No. 1 675 to 760 (1,250 to 1,400)

P-No. 6, Grqup Nos. 1-3 760 to 800 (1,400 to 1,475)

P-No. 7, Grqup Nos. 1 and 2 [Note (3)] 730 to 775 (1,350 to 1,425)

P-No. 8, Grqup Nos. 1-4 PWHT not required unless required by WPS

P-No. 94, Group No. 1 595 to 650 (1,100 to 1,200)

P-No. 9B, Group No. 1 595 to 650 (1,100 to 1,200)

P-No. 10H, froup No. 1 PWHT not required unless required by

WPS. If done, see Note (4).

P-No. 101, Qroup No. 1 [Note (3)] 730 to 815 (1,350 to 1,500)

P-No. 11A 550 to 585 (1,025 to 1,085) [Note (5)]

P-No. 15E, Group No. 1 705 to 775 (1,300 to 1,425) 1 h/254om (1 hr/in); 1 h/25 mm (1 hr/ig.) up

[Notes (6) and (7)] 30{min*min. to 125 mm (5 in.) plus

15 min for each
additional 25 mn] (in.)
over 125 mm (5 {n.)

P-No. 62 540 to 595 (1,000 to 1,100) See Note (8)

All other materials PWHT as required by WPS In accordance with WPS In accordance with WPS

GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 331.1.3.

NOTES:
(1) The ho

(2) The control thickness is defined in para. 331.1.3.

(3) Cooling
sufficie
(4) If PWH
Alloys §
Alloy S
Alloy S
All othd
(5) Cooling
(6) The mif
(7) The Ni
reached
calculat
exceedd
complig
the PW

(8) Heattreatwithin 14 days after welding. Hold time shall be increased by 1.2 h

ding temperature range is further defined ip-para: 331.1.6(c) and Table 331.1.2.

htly rapid to prevent embrittlement.

' is performed after welding, it shall.be within the following temperature ranges for the specific alloy, followed by rapid
31803 and S32205 — 1020°C t0~1'100°C (1,870°F to 2,010°F)

2550 — 1040°C to 1120°C (1,900°F to 2,050°F)

2750 — 1025°C to 1125°C [1,880°F to 2,060°F)

rs — 980°C to 1040°€(1,800°F to 1,900°F)

rate shall be >165%€:(800°F)/h to 315°C (600°F)/h.

himum PWHT holdifgtemperature may be 675°C (1,250°F) for nominal material thicknesses [see para. 331.1.3(c)] <13 mm
Mn content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum temperatu
during PWHT shall be the A; (lower transformation or lower critical temperature) of the filler metal, as determined by analy]
ion or byitest, but not exceeding 800°C (1,470°F). If the 800°C (1,470°F) limit was not exceeded but the A, of the filler me
d orif the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be reweldd
ntfiller metal and subjected to a compliant PWHT. If the 800°C (1,470°F) limit was exceeded, the weld and the entire area affe

rate shall not be greater than 55°C (100°F) per hour in the range above 650°C (1,200°F), after which the cooling rate shall be

poling:

1/2 11’1)
e to be
kis and
al was
d with
tted by

-t ] 1 if 1 challl ormalized-and-tem d—prior-to-reinstallation
P P

(800°F) at a rate <280°C (500°F)/h.
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foreach 25mm (1in.) over 25 mm (1 in.) thickness. Cool to 425°C
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Table 331.1.2 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels, P-Nos. 1
and 3

Minimum Holding Time at
Decreased Temperature,
h [Note (1)]

Decrease in Specified Minimum
Temperature, °C (°F)

band heated to the specified temperature range shall
extend beyond the nozzle weld or attachment weld on
each side at least two times the run pipe thickness,
and shall extend completely around the run pipe. Guidance
for the placement of thermocouples on circumferential
butt welds is provided in AWS D10.10, Sections 5, 6,
and 8. Special consideration shall be given to the place-
ment of thermocouples when heating welds adjacent to
large heat sinks such as valves or fittings, or when joining
materials

30 (50) 2

55 (100) 4

85 (150) [Note (2)] 10

110 (400) [Note (2)] 20

NOTESY:

(1) Timesshown apply to thicknesses <25 mm (1in.). Add 15 min/25

mn (15 min/in.) of thickness for control thicknesses >25 mm (1

in]) (see para. 331.1.3).
(2) Adlecrease >55°C (100°F) below the minimum specified tempera-
tufe is allowable only for P-No. 1, Group Nos. 1 and 2 materials.

temperature and its effects, frequency and intensity of
thermal cycling, flexibility stress levels, probability of
brittle failure, and other pertinent factors. In addition,
apprqpriate tests shall be conducted, including WPS quali-
ficatign tests.

33]
(a)

.2.3 Dissimilar Materials

Heat treatment of welded joints between dissimilar
ferrit]c metals or between ferritic metals using dissimilar
ferriticfiller metal shall be at the higher of the temperature
ranges in Table 331.1.1 for the materials in the joint/This
may require the use of material transition joint designs.
(b)| Heat treatment of welded joints including both
ferrific and austenitic components and(filler metals
shall pe as required for the ferritic material or materials
unlesp otherwise specified in the engineering design.

33]
allow
cooli
used

33]

.2.4 Delayed Heat Treatment. If a weldment is
ed to cool prior to heat treatment, the rate of
hg shall be controlléd Jor other means shall be
to prevent detrimental effects in the piping.

.2.5 Partial Heat Treatment. When an entire
pipinlg assembly ‘to) be heat treated cannot be fitted
into the furnace; it is permissible to heat treat in more
than pne heat,provided there is at least 300 mm (1 ft)
overlap between successive heats, and that parts of the
assembly outside the furnace are protected from

.......

subjected to the heat source shall exceed the lower critical
temperature of the material except as\permitted by
para. 331.2.1. Particular care must be|exercised when
the applicable PWHT temperature is close to the[material’s
lower critical temperature, such as for P-No. 15§ materials
or when materials of different R-Nos. are being jgined. This
method may not be used foraustenitizing heat tifeatments.

332 BENDING AND,FORMING
332.1 General

Pipe may~be bent and components may be
any hot or'€old method thatis suitable for the m
fluid,service, and the severity of the bending d
process.” The finished surface shall be free of qracks and
stbstantially free from buckling. Thickness aftdr bending
or forming shall be not less than that required by the
design.

ormed by
terial, the
r forming

332.2 Bending

332.2.1 Bend Flattening. Flattening of a
difference between maximum and minimum
at any cross section, shall not exceed 8% o
outside diameter for internal pressure and 3% fd
pressure. Removal of metal shall not be used
these requirements.

bend, the
diameters
f nominal
r external
[0 achieve

332.2.2 Bending Temperature

(a) Cold bending of ferritic materials shall b¢ done at a
temperature below the transformation range.

(b) Hot bending shall be done at a temperature above
the transformation range and in any case| within a
temperature range consistent with the material and

the intended service.

harmful temperature gradients. This method may not
be used for austenitizing heat treatments for ferritic mate-
rials.

331.2.6 Local Heat Treatment. Welds may be locally
postweld heat treated by heating a circumferential band
around the entire component with the weld located in the
center of the band. The width of the band heated to the
specified temperature range shall be at least three times
the wall thickness at the weld of the thickest part being
joined. For nozzle and attachment welds, the width of the
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332-2.3-Corrugated-and-OtherBends-Dbimensions and
configuration shall conform to the design qualified in
accordance with para. 306.2.2.

332.3 Forming

The temperature range for forming shall be consistent
with material, intended service, and specified heat treat-
ment.

! For pipe bending, PFI Standard ES-24, Pipe Bending Methods,
Tolerances, Process and Material Requirements, may be used as a guide.
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.
(ASME BPVC, Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
mm (in.) [Note (2)]

Type of Weld

Additional Limitations Required for
Exemption From PWHT [Notes (3)-(5)]

P-No. 1, all Group Nos.

All

All

A preheat of 95°C (200°F) is applied prior to
welding on any nominal material thickness

>25 mm (1 in.)

Multiple layer welds are used when the nominal

material thickness >5 mm (% in.) [Not

e (6]]

P-No. 3, Grjoup Nos. 1 and 2

P-No. 4, Grjoup No. 1

P-No. 54, Group No. 1

<16 mm (% in.)

<16 mm (% in.)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (% in.)

<16 mm (% in.)

<16 mum (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (% in.)

All

Groove

Socket and fillet welds

Sealwelds and
non-load-carrying
attachments [Note (7)]

Groove

Socket and fillet welds

Seal welds and

non-toad

A preheat of 95°C (200°F) is applied ptio]
welding on any nominal material-thickn
>13 mm (% in.)

A specified carbon content of the base ma
<0.25%

Multiple layer welds aredised when the nd
material thickness 5 mim (% in.) [Not

Mandatory preheat has been applied

Specified carben content of the base mate
<0.15%

Multiplé layer welds are used when the ng
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Throat thickness of the fillet weld or the 5
weld <13 mm (% in.)

Specified carbon content of the pipe mate
<0.15%

Nominal material thickness of the pipe <1
(% in)

Multiple layer welds are used when the nd
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied
Multiple layer welds are used when the ng
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Specified carbon content of the base mate
<0.15%

Multiple layer welds are used when the nd
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

Throat thickness of the fillet weld or the {
weld <13 mm (% in.)

Specified carbon content of the pipe mate
<0.15%

Nominal thickness of the pipe <5 mm (%

Multiple layer welds are used when the ng
material thickness >5 mm (% in.) [Not

Mandatory preheat has been applied

to
ess

erials

minal

e (6]]

rials

minal

e (6)]
ocket
rial

b mm

minal

e (6)]

minal

e (6]]

rials

minal

e (6)]
ocket
ial
in.)

minal

e (6)]

lds-are—

d-when-thend

P-No. 5B, Group No. 1

P-No. 6, Group Nos. 1-3

All

SFFYHRE:

o
attachments [Note (7)]

All

Matinlalasvzar iz
Ve pre-Taye W

material thickness >5 mm (% in.) [Not

No exemptions from PWHT

minal

e (6)]

Specified carbon content of the base materials

<0.08%

Nominal material thickness <10 mm (% in.)
Weld filler metal is A-No. 8, A-No. 9, or F-No. 43

composition [Note (8)]
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-No. and Group No.

(ASME BPVC, Section IX, Control Thickness, Additional Limitations Required for
QW/QB-420) [Note (1)] mm (in.) [Note (2)] Type of Weld Exemption From PWHT [Notes (3)-(5)]
P-No. 7, Group No. 1 All All Specified carbon content of the base materials

<0.08%

Nominal material thickness <10 mm (% in.)
Wald fillax retal-s Q No- 8' q No- g’ or
F-No. 43 composition [Note (8)]

P-No.|7, Group No. 2 No exemptions from PWHT

P-No.|8, all Group Nos. All All PWHT neither requited nor prohibit¢d

P-No.|9A, Group No. 1 All All Specified carbep/content of the pipe material
<0.15%

Nominaléaterial thickness <13 mm |(% in.)
Mandatory preheat has been applied

P-No.[9B, Group No. 1 All All Nominal material thickness <16 mm % in.) and
the WPS has been qualified using 3§ material

of equal or greater thickness than pised in the
production weld

P-No.|10H, Group No. 1 All All PWHT neither required nor prohibit¢d

P-No.|10], Group No. 1 All All PWHT neither required nor prohibited for
nominal material thickness <13 min (% in.)

P-No.|11A <50 mm (2 in.) All

P-No.|15E No exemptions from PWHT
P-No.|62 No exemptions from PWHT
NOTESY:

(1) If differences with the P-No.Adisted in Appendix A are found, the P-No. listed in ASME BPVC, Section IX, Table QW/QB-422|applies.

(2) THe control thickness is defined in para. 331.1.3.

(3) THe nominal material thickress is defined in para. 331.1.3(c).

(4) N¢ exemptions are permitted for PWHTs required by the designer or the WPS.

(5) Additional exemptions for welds made in accordance with para. 328.7 may be taken for the materials addressed.

(6) Single-layer or.singlé-pass welds may be exempted from PWHT, provided the WPS has been qualified using single-pass welds with +10% heat
input and that all other conditions for exemption are met.

(7) Ndn-load-carrying attachments are defined as items where no pressure loads or significant mechanical loads are transmitted |through the
atfachment to the pipe or pressure-containing material.

(8) THe A*Nos. and the F-Nos. are found in ASME BPVC, Section IX, Tables QW-442 and QW-432, respectively.
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332.4 Required Heat Treatment

Heat treatment shall be performed in accordance with
para. 331.1.1 when required by the following.

332.4.1 Hot Bending and Forming. After hot bending
and forming, heat treatmentis required for P-Nos. 3,4, 5, 6,
and 10A materials in all thicknesses. Durations and
temperatures shall be in accordance with para. 331.

332.4.2_Cold Bending and Forming. After cold bending

Specification for Liquid and Paste Fluxes for Soldering of
Copper and Copper Alloy Tube, respectively.

333.3 Preparation and Cleaning

333.3.1 Surface Preparation. The surfaces to be brazed
or soldered shall be clean and free from grease, oxides,
paint, scale, and dirt of any kind. A suitable chemical
or mechanical cleaning method shall be used if necessary
to provide a clean wettable surface.

and form]ng, heat treatment is required (for all thick-
nesses, anid with temperature and duration as given in
Table 331{1.1) when any of the following conditions exist:

(a) for] P-Nos. 1 through 6 materials, where the
maximun] calculated fiber elongation after bending or
forming exceeds 50% of specified basic minimum elonga-
tion (in the direction of severest forming) for the appli-
cable splecification, grade, and thickness. This
requirement may be waived if it can be demonstrated
that the selection of pipe and the choice of bending or
forming process provide assurance that, in the finished
condition| the most severely strained material retains
at least 19% elongation.

(b) for Any material requiring impact testing, where the
maximun] calculated fiber elongation after bending or
forming will exceed 5%.

(c) whé¢n specified in the engineering design.

333 BRAZING AND SOLDERING

333.1 QU
333.1.1

alification

Brazing Qualification. The qualification of
brazing grocedures, brazers, and brazing operators
shall be iph accordance with para. 328.2. For.Category
D Fluid Service at design temperature.fiet over 93°C
(200°F), shich qualification is not required.unless specified
in the engineering design.

333.1.2
solderers

Soldering Qualification. The qualification of
shall be in accordance with the requirements
of ASTM B828, Standard-Practice for Making Capillary
Joints by [Soldering of“€opper and Copper Alloy Tube
and Fittings.

333.2 Brazing.and Soldering Materials
333.2.1{ Brazing Filler Metal and Flux. Brazing filler

333.3.2 Joint Clearance. The clearance between
surfaces to be joined by soldering or brazing'shpll be
no larger than necessary to allow complete capjillary
distribution of the filler metal.

333.3.3 Flux Removal. Residualflux shall be remjoved.

335 ASSEMBLY AND ERECTION
335.1 Alignment

(a) Piping Distortiéns. Any distortion of piping to
itinto alignmentferjointassembly thatintroduces a
mental strain’invequipment or piping compone
prohibited.

(b) ColdSpring. Before assembling any joints to bg cold
sprungjguides, supports, and anchors shall be examined
for érrors that might interfere with desired movement or
lead to undesired movement. The gap or overlap of piping
prior to assembly shall be checked against the drawing
and corrected if necessary. Heating shall not be|used
to help in closing the gap because it defeats the
purpose of cold springing.

(c) Flanged Joints. Unless otherwise specified |n the
engineering design, flanged joints shall be alignled as
described in (1) or (2), and (3).

(1) Before bolting, mating gasket contact su
shall be aligned to each other within 1 mm in 20
(%6 in./ft), measured across any diameter.

(2) The flanged joint shall be capable of being Bolted
such that the gasket contact surfaces bear uniformly pn the
gasket.

(3) Flange boltholes shall be aligned within 3 mm (%
in.) maximum offset.

bring
detri-
nts is

faces
D mm

335.2 Flanged Joints

335.2.1 Preparation for Assembly. Any damage fo the

metal and flux shall comply with AWS A5.8, Specification
for Filler Metals for Brazing and Braze Welding, and AWS
A5.31, Specification for Fluxes for Brazing and Braze
Welding, respectively, or other filler metals and fluxes
that have been qualified in accordance with ASME
BPVC, Section IX.

333.2.2 Soldering Filler Metal and Flux. Soldering
filler metal and flux shall comply with ASTM B32, Standard
Specification for Solder Metal, and ASTM B813, Standard

78

gasket seating surface that would prevent gasket seating
shall be repaired, or the flange shall be replaced.

335.2.2 Bolting Torque

(a) In assembling flanged joints, the gasket shall be
uniformly compressed to the proper design loading.

(b) Special care shall be used in assembling flanged
joints in which the flanges have widely differing mechan-
ical properties. Tightening to a predetermined torque is
recommended.
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Figure 335.3.3 Typical Threaded Joints Using Straight Threads

240 2L 22

Gasket

7 722

VoL 2l 2 2 2Ll

7

(a)

GENERAL NOTE: Threads are ASME B1.1 straight threads.

334
nuts
the f

33"
used

339
ment
quali
desig
sure

.2.3 Bolt Length. Bolts shall extend through their
uch that there is complete thread engagement for
11 depth of the nut.

.2.4 Gaskets. No more than one gasket shall be
between contact faces in assembling a flanged joint.

.2.5 Flanged Joint Assembly. Assembly require-
5 for bolted flanged joints and flanged joint assembler;
fications shall be considered in the engineering
h. For guidance, see ASME PCC-1, Guidelines for Pres-
Boundary Bolted Flange Joint Assembly, and-ASME

[7

(b)

Gasket

V27 27 27 Z

(e)

335.4 Tubing Joints

335.4.X_Flared Tubing Joints. The sealing
the flare.shall be examined for imperfectio
assembly and any flare having imperfection
rejected.

surface of
ns before
5 shall be

335.4.2 Flareless and Compression Tubing Joints.

Where the manufacturer’s instructions call for
number of turns of the nut, these shall be counte
point at which the nut becomes finger tight.

specified
d from the

dinaccor-
modified
to ensure

[

embled in
5,as modi-

taken to
S.

isused to

BPV(} Section VIII, Division 1, NonmandatoryAppendixS.  335.5 Caulked Joints
335.3 Threaded Joints Caulked joints shall be installed and assemble
) dance with the manufacturer’s instructions, ag

335.3.1 Thread Compound or)Lubricant. Any by the engineering design. Care shall be taken

comppund or lubricant used on thréads shall be suitable adequate engagement of joint members.

for thle service temperatures.and shall not react unfavor-

ably ith either the service.fluid or the piping material. ~ 335.6 Expanded Joints and Special Joint
333.3.2 Joints for Seal Welding. A threaded joint to be 335.6.1 General. Expanded joints and special joints (as

seal welded shall be-.made up without thread compound. A defined in para. 318) shall be installed and ass

joint fontaining thread compound that leaks during leak accordance with the manufacturer’s instruction

testing maybe seal welded in accordance with fied by the engineering design. Care shall bg

para.|328.5:3,"provided all compound is removed from ensure adequate engagement of joint member

expogedippeads. 335.6.2 Packed Joints. Where a packed join{
335:3:3Straight ThreadedJoints:- Typicaljoimts using—absorbthernmrat expansion, proper clearamnc

straight threads, with sealing at a surface other than the
threads, are shown in Figure 335.3.3, illustrations (a), (b),
and (c). Care shall be taken to avoid distorting the seat

when

incorporating such joints into piping assemblies

by welding, brazing, or bonding.
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e shall be

provided at the bottom of the socket to permit this move-

ment.

335.9 Cleaning of Piping

This Code does not prescribe mandatory proc

edures for

flushing and cleaning. However, for potential hazards that

may result from performing such procedure

s refer to

Appendix F, para. F335.9 for precautionary considera-

tions.
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335.10 Identification of Piping
See Appendix F, para. F335.10.
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Chapter VI
Inspection, Examination, and Testing

340 INSPECTION

340.1 General

This Code distinguishes between examination (see
para.341) and inspection. Inspection applies to functions
perfofmed for the owner by the owner’s Inspector or the
Inspdctor’s delegates. References in this Code to the
“Inspgctor” are to the owner’s Inspector or the Inspector’s
delegptes.

340.2 Responsibility for Inspection

It i5 the owner’s responsibility, exercised through the
ownelr’s Inspector, to verify that all required examinations
and t¢sting have been completed and to inspect the piping
to thqg extent necessary to be satisfied that it conforms to
all applicable examination requirements of the Code and
of thg engineering design.

340.3 Rights of the Owner’s Inspector

Th¢ owner’s Inspector and the Inspector’s delegates
shall fhave access to any place where work'doncerned
with [the piping installation is being performed. This
includes manufacture, fabrication, héat treatment,
assempbly, erection, examination,-and testing of the
piping. They shall have the right to-audit any examination,
to inspect the piping using any examination method speci-
fied bly the engineering design,'and to review all certifica-
tions| and records necessary to satisfy the owner’s
responsibility stated in.para. 340.2.

340.4 Qualifications of the Owner’s Inspector

(a)| The owner’s Inspector shall be designated by the
ownelr and shall be the owner, an employee of the owner,
an enjployee of an engineering or scientific organization,

accredited engineering degree shall be considerpd equiva-
lent to 1 year of experience, up to 5 years ‘totpl.

(2) have a professional engineering Tegigtration or
nationally recognized equivalent with at leagt 5 years
of experience in the design, fabgication, or expmination
of industrial pressure piping:

(3) be a certified welding inspector or a senior certi-
fied welding inspector as-defined in AWS QC1,[Specifica-
tion for AWS Certification of Welding Inspegctors, or
nationally recognized equivalent with at leagt 5 years
of experience jin the design, fabrication, or expmination
of industrial-ptessure piping.

(4) b®an authorized piping inspector as fefined in
API 5705 Piping Inspection Code: In-service Ipspection,
Ratifig,)Repair, and Alteration of Piping Systems, with
at least 5 years of experience in the design, fabrication,
or examination of industrial pressure piping.

(c) In delegating performance of inspe¢tion, the
owner’s Inspector is responsible for determinfing that a
person to whom an inspection function is delegated is
qualified to perform that function.

341 EXAMINATION

341.1 General

Examination applies to quality control functions
performed by the manufacturer (for compongnts only),
fabricator, or erector. Reference in this Code td an exam-
iner is to a person who performs quality contro] examina-
tions.

341.2 Responsibility for Examination

Inspection does not relieve the manufacturer} the fabri-
cator, or the erector of the responsibility for
(a) providing materials, components, and yworkman-

or th
company acting as the owner’s agent. The owner’s
Inspector shall not represent nor be an employee of
the piping manufacturer, fabricator, or erector unless
the owner is also the manufacturer, fabricator, or erector.
(b) The owner’s Inspector shall meet one of the
following requirements:
(1) have atleast 10 years of experience in the design,
fabrication, or examination of industrial pressure piping.
Each 20% of satisfactorily completed work toward an

emplovee of 3 recognized-insurance or-inspection
r J [=] r

shipimaccordance withrthe Tequitememntsof this Code
and of the engineering design [see para. 300(b)(3)]

(b) performing all required examinations

(c) preparing suitable records of examinations and
tests for the Inspector’s use

341.3 Examination Requirements

341.3.1 General. Prior to initial operation, each piping
installation, including components and workmanship,
shall be examined in accordance with the applicable
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requirements of para. 341. The type and extent of any
additional examination required by the engineering
design, and the acceptance criteria to be applied, shall
be specified. Joints not included in examinations required
by para. 341.4 or by the engineering design are accepted if
they pass the leak test required by para. 345.

(a) ForP-Nos.3,4,5A4,5B,5C, and 15E materials, exam-
inations shall be performed after completion of heat treat-
ment. However, examinations need not be repeated on
welds or pertiens-ofwelds-thatare-subjected-to-additiona
ents and have not been repaired by welding.

weld shall be completed before any reinforcing pad or
saddle is pdded.

341.3.2| Acceptance Criteria. Acceptance criteria shall
be as statpd in the engineering design and shall at least
meet the ppplicable requirements stated below.
(a) W4lds. See Figure 341.3.2 for typical weld imper-
fections.
(1) Hor radiography and visual, see Table 341.3.2.
(2) Hor magnetic particle, see para. 344.3.2.
(3) Hor liquid penetrant, see para. 344.4.2.
(4) Hor ultrasonic, see para. 344.6.2.
(b) Caqtings. Acceptance criteria for castings are speci-
fied in pafa. 302.3.3.

341.3.3 Defective Components and Workmanship.
Defects (imperfections of a type or magnitude not accept-
able by the criteria specified in para. 341.3.2) shall be
repaired, pr the defective item or work shall be replaced-
Discontintiities detected outside the area requiredo*be
examined|during weld joint examinations should be eval-
uated and resolved in a manner acceptable to the owner
and desigher.

Examinption shall be as follows:

(a) Whien the defective item or work is repaired, the
repaired ;l)ortion of the item or work shall be examined.
The examjnation shall use the-same methods and accep-
tance critg¢ria employed for.the+original examination. See
also para|341.3.1(a).

(b) When the defective item or work is replaced, the
new item| or work used to replace the defective item
or work ghall bé\éxamined. The examination shall use
any methHod @nd applicable acceptance criteria that
meet the|requirements for the original examination.

(b) if the items examined as required by (a) above are
acceptable, the defective item shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
and all items represented by these two additional
samples shall be accepted, but

(c) if any of the items examined as required by (a)
above reveals a defect, two further samples of the
same kind shall be examined for each defective item
found by that sampling

cH—if-al-the-Htems-exam a £ y nbove
are acceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified in para.341.3.8, and
all items represented by the additional sampling sHall be
accepted, but

(e) if any of the items examinedas required by (c)
above reveals a defect, all items/vépresented by the
progressive sampling shall be €ither

(1) repaired or replaced and reexamin
required, or

(2) fully examined and repaired or replaced ap nec-
essary, and reexamineéd as necessary to meet the require-
ments of this Code

(f) Ifany ofthe'defective items are repaired or replaced,
reexaminedyand a defect is again detected in the repaired
or replaced item, continued progressive sampling in
accordance with (a), (c), and (e) is not required pased
on the new defects found. The defective item(s)|shall
beirepaired or replaced and reexamined until accegtance
as specified in para. 341.3.3. Spot or random examination
(whichever is applicable) is then performed oj the
remaining unexamined joints.

bd as

341.4 Extent of Required Examination

341.4.1 Examination — Normal Fluid Service. I
in Normal Fluid Service shall be examined to the ¢
specified herein or to any greater extent specified
engineering design. Acceptance criteria are as sta
para. 341.3.2 and in Table 341.3.2, for Normal
Service unless otherwise specified.

(a) Visual Examination. At least the following shall be
examined in accordance with para. 344.2:

(1) sufficient materials and components, selected at
random, to satisfy the examiner that they conform to
specifications and are free from defects.

(2) at least 5% of fabrication, as defin
para. 300.2

iping
Xtent
n the
ed in
Fluid

bd in

See also para. 341.31I(a).

341.3.4 Progressive Sampling for Examination. When
required spot or random examination reveals a defect,
then

(a) two additional samples of the same kind (if welded
or bonded joints, by the same welder, bonder, or operator)
from the original designated lot shall be given the same
type of examination

82

(3) 100% of all completed welds, except those in
components made in accordance with a listed standard.
See para. 341.5.1(a) for examination of longitudinal welds
required to have a joint factor, Ej; of 0.90.

(4) random examination of the assembly of
threaded, bolted, and other joints to satisfy the examiner
that they conform to the applicable requirements of
para. 335. When pneumatic testing is to be performed,
all threaded, bolted, and other mechanical joints shall
be examined.
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Figure 341.3.2 Typical Weld Imperfections

NN AN

Lack of fusion between weld bead and base metal

a) Side Wall f

SONSSANNS

(b) Lack of Fusion Between

&\Wﬁ/ AN\N\G

Incomplete filling at root on one side only

(c) Incomplete Penetration due to Internal
Misalignment

AN

Root bead fused to both inside surfaces but
center of root slightly below inside
surface of pipe (not incomplete penetration)

(e) Concave Root Surface (Suck-Up)

1\\\%\&\\

Adj Passes

|

Incomplete filling at root

(d) Incomplete Penetration
of Weild Groove

External undercut

/

Internal undercut

(f) Undercut
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(5) random examination during erection of piping,
including checking of alignment, supports, and cold
spring.

(6) examination of erected piping for evidence of
defects that would require repair or replacement, and
for other evident deviations from the intent of the design.

(b) Other Examination

(1) Not less than 5% of circumferential butt and

miter groove welds shall be examined fully by random

(a) Visual Examination. The requirements of

para. 341.4.1(a) apply with the following exceptions:

(1) All fabrication shall be examined.

(2) All threaded, bolted, and other joints shall be
examined.

(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guides, and
points of cold spring shall be checked to ensure that move-

ment of the piping under all conditions of startup, opera-
fiom and chytdosn uall bha accaaadarad vzt ut undue

radigeraphyinaccordanece—withpara—344-5-6+b¥
randpm ultrasonic examination in accordance with
para.344.6. The welds to be examined in each designated
lot shall include the work product of each welder or
welding operator whose welds are part of the lot. The
work| of welders depositing only tack welds need not
be represented as part of the lot. Welds shall also be
selectled to maximize coverage of intersections with lon-
gitudjnal joints. When a circumferential weld with an
intergecting longitudinal weld(s) is examined, at least
the afljacent 38 mm (1'% in.) of each intersecting weld
shall pe examined. In-process examination in accordance
with para. 344.7 may be substituted for all or part of the
radiographic or ultrasonic examination on a weld-for-
weld |basis if specified in the engineering design or spe-
cifical]ly authorized by the Inspector.

?) Not less than 5% of all brazed joints shall be
examlined by in-process examination in accordance
with para. 344.7, the joints to be examined being selected
to engure that the work of each brazer making the produc-
tion jpints is included.

(c)| Certifications and Records. The examiner shall be
assured, by examination of certifications, records, and
other| evidence, that the materials and components are
of the specified grades and that they *have received
required heat treatment, examination,»and testing. The
exam|ner shall provide the Inspector with a certification
that a]l the quality control requirements of the Code and of
the epgineering design have-been carried out.

34]1.4.2 Examination‘— Category D Fluid Service.
Pipirjg and piping €lements for Category D Fluid
Servife as designatéd in the engineering design shall
be vijually examined in accordance with para. 344.2 to
the extent necessary to satisfy the examiner that compo-
nenty, materials, and workmanship conform to the re-

oo G STrat o v vy i o e Ce o ottt o vv ey

binding or unanticipated constraint.

(b) Other Examination. All circumferential butt and
miter groove welds and all fabricated branch donnection
welds comparable to those shown in Figure 3285.4E shall
be examined by 100% radiography in accordpnce with
para. 344.5, or (if specified in"the engineerirlg design)
by 100% ultrasonic examination in accordgance with
para. 344.6. Socket weldsiand branch connectlion welds
that are not radiographed shall be examined by magnetic
particle or liquid penetrant methods in accordance with
para. 344.3 or,3444.

(c) In-process examination in accordance with
para. 344¢7) sdpplemented by appropriate nondestructive
examination, may be substituted for the examination
requited in (b) above on a weld-for-weld basis if specified
in the engineering design or specifically authorized by the
Tnspector.

(d) Certification and Records. The requir¢ments of
para. 341.4.1(c) apply.

341.4.4 Examination — Elevated Temperature Fluid
Service. Piping in Elevated Temperature Flujd Service
shall be examined to the extent specified hefein or to
any greater extent specified in the engineering design.
Acceptance criteria are as stated in para. 341.3.2 and
in Table 341.3.2, for Normal Fluid Service, unl¢ss the re-
quirements for severe cyclic conditions apply| or other-
wise specified.

(a) Visual Examination. The requirements of
para. 341.4.1(a) apply with the following exceptions:

(1) All fabrication shall be examined.
(2) All threaded, bolted, and other joints shall be
examined.
(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guldes, and

quirements of this Code and the engineering design. points of cold spring shall be checked to ensure that move-
Accepmmwmwﬁwmwwm&dp, opera-

in Table 341.3.2, for Category D fluid service, unless other-
wise specified.

341.4.3 Examination — Severe Cyclic Conditions.
Piping to be used under severe cyclic conditions shall
be examined to the extent specified herein or to any
greater extent specified in the engineering design. Accep-
tance criteria are as stated in para. 341.3.2 and in
Table 341.3.2, for severe cyclic conditions, unless other-
wise specified.

tion, and shutdown will be accommodated without undue
binding or unanticipated constraint.

(b) Additional Examination. The examination require-
ments of para. 341.4.1(b) apply with the following excep-
tions:

(1) Fabrication for longitudinal and spiral (helical
seam) welds in P-No. 4 and P-No. 5 materials, except
those in components made in accordance with a listed
specification, shall be examined by 100% radiography
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in accordance with para. 344.5, or by 100% ultrasonic
examination in accordance with para. 344.6.

(2) Socket welds and branch connection welds in P-
No. 4 and P-No. 5 materials that are not radiographed or
ultrasonically examined shall be examined by magnetic
particle or liquid penetrant methods in accordance
with para. 344.3 or 344.4.

(c) Additional Examination Required for Autogenous
Welds, Without Filler Metal, in Austenitic Stainless Steel
and AusteniticHi; F -
pipe shalll receive nondestructive examination in accor-
dance with the material specification. Autogenously
welded ekpansion joint bellows shall be examined in
accordande with para. X302.2.2(c).

(d) Ceytification and Records. The requirements of
para. 341|4.1(c) apply.

341.5 Sypplementary Examination

Any of|the methods of examination described in
para. 344 may be specified by the engineering design
to supplement the examination required by
para. 341|4. The extent of supplementary examination
to be performed and any acceptance criteria that differ
from thosp in para. 341.3.2 shall be specified in the engi-
neering dpsign.

341.5.1| Spot Radiography

(a) Lonpgitudinal Welds. Spot radiography for longitu-
dinal grodve welds required to have a weld joint factor E;
of 0.90 rdquires examination by radiography in accor¢
dance with para. 344.5 of at least 300 mm (1 ft)_in
each 30 m (100 ft) of weld for each welder or welding
operatorl Acceptance criteria are those stated in
Table 341{3.2 for radiography under Normal¥luid Service.

(b) Circumferential Butt Welds and Other Welds. It is
recommended that the extent of examination be not
less than[one shot on one in each 20 welds for each
welder or] welding operator. Unless-otherwise specified,
acceptance criteria are as stated in Table 341.3.2 for radio-
graphy unjder Normal Fluid-Service for the type of joint
examined

(c) Prqgressive Sampling for Examination. The provi-
sions of para. 3413.4 are applicable.

(d) Wdlds toBe~-Examined. The locations of welds and
the points|at which they are to be examined by spot radio-
graphy shall{be selected or approved by the Inspector.

342 EXAMINATION PERSONNEL

342.1 Personnel Qualification and Certification

Personnel performing nondestructive examination to
the requirements of this Code shall be qualified and certi-
fied for the method to be utilized following a procedure as
described in ASME BPVC, Section V, Article 1, T-120(e) or

.

For in-process examination, the examinations-shall be
performed by personnel other than those performing the
production work.

343 EXAMINATION PROCEDURES

Any examination shall be pefformed in accordanc¢ with
a written procedure that conforms to one of the methods
specified in para. 344, including special methodg (see
para. 344.1.2). Procedures shall be written as required
in ASME BPVC, Section V, Article 1, T-150. The employer
shall make the.examination procedures employed javail-
able to the Inspector.

344 TYPES OF EXAMINATION

344.1 General

344.1.1 Methods. Except as provided in para. 344.1.2,
any examination required by this Code, by the engingering
design, or by the Inspector shall be performed in accor-
dance with one of the methods specified herein.

344.1.2 Special Methods. If a method not spegified
herein is to be used, it and its acceptance criterial shall
be specified in the engineering design in enough detail
to permit qualification of the necessary proceglures
and examiners.

344.1.3 Definitions. The following terms apply to any
type of examination:

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping’

random examination®: complete examination of a pgrcen-
tage of a specified kind of item in a designated lot of pjping’

341.5.2 Hardness Tests. Hardness tests are not
required to verify proper heat treatment except as other-
wise specified in the engineering design.

341.5.3 Examinations to Resolve Uncertainty. Any
method may be used to resolve doubtful indications.
Acceptance criteria shall be those for the required exam-
ination.

! A designated lot is that quantity of piping to be considered in applying
the requirements for examination in this Code. The quantity or extent of a
designated lot should be established by agreement between the
contracting parties before the start of work. More than one kind of desig-
nated lot may be established for different kinds of piping work. See Pipe
Fabrication Institute Standard ES-48, Random Examination, for exam-
ples of lot selection.

2 Random or spot examination will not ensure a fabrication product of a
prescribed quality level throughout. Items not examined in a lot of piping
represented by such examination may contain defects that further exam-
ination could disclose. Specifically, if all radiographically disclosable
weld defects must be eliminated from a lot of piping, 100% radiographic
examination must be specified.
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spot examination®: a specified partial examination of each
of a specified kind of item in a designated lot of piping,* e.g,,
of part of the length of all shop-fabricated welds in a lot of
jacketed piping

random spot examination®: a specified partial examination
of a percentage of a specified kind of item in a designated
lot of piping’

344.2 Visual Examination

(1) Alinear indication is one having a length greater
than three times its width.

(2) A rounded indication is one of circular or ellip-
tical shape with a length equal to or less than three times
its width.

(b) Examination. All surfaces to be examined shall be
free of

(1) relevant linear indications

(2) relevant rounded indications >5.0 mm (% in.)

[2) foriy oy smnarn palayant porindad s dicat i
ons 1n a
oot rinere-ferevaitrounaeaihaies

344.2.1 Definition. Visual examination is the direct
obsefvation of the external and internal portions of
comppnents, joints, and other piping elements that are
readilly accessible or can be exposed to view before,
durinjg, or after manufacture, fabrication, assembly, erec-
tion, examination, or testing. This examination includes
verififation of Code and engineering design requirements
for mpterials, components, dimensions, joint preparation,
alignent, welding, bonding, brazing, bolting, threading,
or other joining method, supports, assembly, and erection.

344.2.2 Method. Visual examination shall be
performed in accordance with ASME BPVC, Section V,
Article 9. Examination shall be by the direct visual tech-
nique. The use of a remote visual technique and the accep-
tance|criteria beyond the requirements of this Code shall
be a matter of agreement between contracting parties
prior|to the start of fabrication.

Regords of individual visual examinations are not
required except for those of in-process examinations
as specified in para. 344.7.

344.3 Magnetic Particle Examination

344.3.1 Method. Examination of castings.s covered in
para.302.3.3. Magnetic particle examination of welds and
of components other than castings shall be performed in
accorfdance with ASME BPVC, Section V, Article 7.

344.3.2 Acceptance Criteria..Magnetic particle indica-
tions|are caused by the attraction of the test media to
surfalce or near-surface*discontinuities in the area
under test. However all such indications are not neces-
sarilylimperfectians, since excessive roughness, magnetic
permgability yariations, etc.,, may produce nonrelevant
indications. Tnadvertent accumulation of particles not
relatdd to_magnetic attraction is classified as a false indi-
catiop. Indications shall be verified as being relevant,

line separated by 1.5 mm (% in.) or less, €dge to edge

344.4 Liquid Penetrant Examination

344.4.1 Method. Examination of castings is ¢overed in
para. 302.3.3. Liquid penetrant.examination of welds and
of components other than castings shall be perfformed in
accordance with ASME BRVE, Section V, Article 6.

344.4.2 AcceptanceCriteria. Liquid penetrant indica-
tions are caused by.the bleed-out of a visible or fluorescent
dye from a surface discontinuity in the area ynder test.
However, all-sdch indications are not necessarfily imper-
fections, since’excessive roughness, poor surfacg prepara-
tion, etc.,”may produce nonrelevant indications.
Inadvzertent evidence of penetrant not related to actual
bleed-out is classified as a false indication. Indications
shall be verified as being relevant, nonrelevant, or
false. Additional surface preparation and/or pther test
methods may be used as needed to verify the|relevance
of an indication.

An indication of an imperfection may be larggr than the
imperfection that causes it; however, the size df the indi-
cation is the basis for acceptance evaluation. Only indica-
tions that have any dimension greater than 1.5 mm (Y
in.) shall be considered relevant.

(a) Indications

(1) Alinear indication is one having a length greater
than three times its width.
(2) A rounded indication is one of circuldr or ellip-
tical shape with a length equal to or less than three times
its width.

(b) Examination. All surfaces to be examingd shall be
free of

(1) relevant linear indications
(2) relevant rounded indications >5.0 mth (¥ in.)
(3) four or more relevant rounded indicqdtions in a

nonrelevant, or false. Additional surface preparation
and/or other test methods may be used as needed to
verify the relevance of an indication.

An indication of an imperfection may be larger than the
imperfection that causes it; however, the size of the indi-
cation is the basis for acceptance evaluation. Only indica-
tions that have any dimension greater than 1.5 mm (%
in.) shall be considered relevant.

(a) Indications

89

1
[The Separated by 1.5 MM ( /1 IN.) OF IeSS, edge to edge

344.5 Radiographic Examination

344.5.1 Method. Radiography of castings is covered in
para. 302.3.3. Radiography of welds and of components
other than castings shall be performed in accordance with
ASME BPVC, Section V, Article 2. For the purpose of image
quality indicator (IQI) selection, for welds with reinforce-
ment, the thickness used shall be the nominal wall

(18)
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thickness, T,, plus the allowable external reinforcement
and internal reinforcement (protrusion) combined.

344.5.2 Extent of Radiography

(a) 100% Radiography. This applies only to girth and
miter groove welds and to fabricated branch connection
welds comparable to Figure 328.5.4E, unless otherwise
specified in the engineering design.

(b) Random Radiography. This applies only to girth and

(e) The reference level for monitoring discontinuities
shall be modified to reflect the transfer correction when
the transfer method is used.

344.6.2 Acceptance Criteria. Acceptance criteria shall
be as described in (a) or (b).

(a) A linear-type discontinuity is unacceptable if the
amplitude of the indication exceeds the reference level
and its length exceeds

(1) 6 mm (Y in.) for T, < 19 mm (¥ in.)

miter gropve welds.

(c) Spqt Radiography. This requires a single exposure
radiograph in accordance with para. 344.5.1 at a point
within a $pecified extent of welding. For girth, miter,
and brangh groove welds, the minimum requirement is

(1) fpr sizes <DN 65 (NPS 2%), a single elliptical
exposure [encompassing the entire weld circumference

(2) for sizes >DN 65, the lesser of 25% of the inside
circumferpnce or 152 mm (6 in.)

For longitudinal welds, the minimum requirement is
152 mm (6 in.) of weld length.

344.6 Ultrasonic Examination

344.6.1 Method. Examination of castings is covered in
para. 302.3.3; other product forms are not covered. Ultra-
sonic examination of welds shall be performed in accor-
dance with ASME BPVC, Section V, Article 4, except that the
alternativp specified in (a) and (b) below is permitted for
basic calipration blocks specified in T-434.2.1 and T-
434.3.

(a) When the basic calibration blocks have not received
heat treafment in accordance with T-434.1.5, transfer
methods shall be used to correlate the responses*from
the basic falibration block and the component. Transfer
is accomplished by noting the difference between
response$ received from the same reference reflector
in the bapic calibration block and inJthe component
and correfting for the difference,

(b) Th¢ reference reflector,may be a V-notch (which
must subsequently be removed), an angle beam search
unit actirlg as a reflecton,‘or any other reflector that
will aid irf accomplishing the transfer.

(c) When the transfer method is chosen as an alterna-
tive, it shall be usedy at the minimum

(1) forsizes<DN 50 (NPS 2), once in each ten welded
joints examined

(2) T,/3 for 19 mm (%4 in) <T, < 57 mm 2]
(3) 19 mm (% in.) for T,, > 57 mm (24 1n.)
(b) The fracture-mechanics-based ultrasonic examina-

tion acceptance criteria in Appendix Rumay be used if all
requirements of Appendix R are mét:

4 m)

344.7 In-Process Examination

344.7.1 Definition. In-ptocess examination comprises
examination of the following, as applicable:
(a) joint preparatign‘and cleanliness
(b) preheating
(c) fit-up, joint clearance, and internal alignment
to joining
(d) variables specified by the joining procedure,
including filler material
{1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing temperpture,
proper wetting, and capillary action
(e) (for welding) condition of the root pass|after
cleaning — external and, where accessible, intermal —
aided by liquid penetrant or magnetic particle examina-
tion when specified in the engineering design
(f) (for welding) slag removal and weld con
between passes
(g) appearance of the finished joint

prior

lition

344.7.2 Method. The examination is visual, in §
dance with para. 344.2, unless additional method
specified in the engineering design.

ccor-
S are

345 TESTING
345.1 Required Leak Test

Prior to initial operation, and after completion
applicable examinations required by para. 341,

bf the
each

2) f
each 1.5 m (5 ft) of welding examined

(3) for sizes >DN 450, once for each welded joint
examined

(d) Each type of material and each size and wall thick-

ness shall be considered separately in applying the
transfer method. In addition, the transfer method shall
be used at least twice on each type of weld joint.

. A0 AR S C AR P2 2 = Vol oty -
OSIZES ~UIN OU dITU S UNN FOoU (NS 16, UIICE IIT

90

piping-system—shall-be—tested—to—ensure-tightness. The
test shall be a hydrostatic leak test in accordance with
para. 345.4 except as provided herein.

(a) Atthe owner’soption, a piping system in Category D
fluid service may be subjected to an initial service leak test
in accordance with para. 345.7, in lieu of the hydrostatic
leak test.

(b) Where the owner considers a hydrostatic leak test
impracticable, either a pneumatic test in accordance with
para. 345.5 or a combined hydrostatic-pneumatic test in
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accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.

(c) Where the owner considers both hydrostatic and
pneumatic leak testing impracticable, the alternative
specified in para. 345.9 may be used ifboth of the following
conditions apply:

(1) a hydrostatic test would
(a) damage linings or internal insulation

(b) contaminate a process that would be hazard-
rrociva orinanapativa in tho nracanen o fonaictiien

(c) Low Test Temperature. The possibility of brittle
fracture shall be considered when conducting leak
tests at metal temperatures near the ductile-brittle tran-
sition temperature.

345.2.3 Special Provisions for Testing

(a) Piping Components and Subassemblies. Piping
components and subassemblies may be tested either sepa-
rately or as assembled piping.

ouS, GB¥F #the-presence-of moistur e
(c) require significant support modifications for
the hydrostatic test load or
(d) present the danger of brittle fracture due to
low metal temperature during the test
?) a pneumatic test would

(a) presentan undue hazard of possible release of
energy stored in the system or
(b) present the danger of brittle fracture due to
low metal temperature during the test

(d)| Unless specified in the engineering design, lines

open [to the atmosphere, such as vents or drains down-
stream of the last shutoff valve, need not be leak tested.

345.2 General Requirements for Leak Tests

Re
type
34%.2.1 Limitations on Pressure

(a)| Reduced Test Pressure. If the test pressure would
prodyce a circumferential or longitudinal stress (baséd on
minirthum pipe wall thickness) in excess of yield\strength
attesttemperature or is greater than 1.5 times.the compo-
nent rating at test temperature, the test pressure may be
reduded to the maximum pressure that will not exceed the
lesser of the yield strength or 1.5 timgsacomponentrating
at tegt temperature. [See para.302.3.2.] For metallic
bellpws expansion joints,“see Appendix X,
para.(X302.2.3(a).

(b)| Test Fluid Expansiofi. 1fa pressure test is to be main-
tainedl for a period of timeand the test fluid in the system is
subjeft to thermal expansion, precautions shall be taken to
avoid| excessive pressure.

(c)| Preliminary Pneumatic Test. A preliminary test
using|air atznosmore than 170 kPa (25 psi) gage pressure
may e made prior to hydrostatic testing to locate major
leaks

juirements in para. 345.2 apply to more than one
pf leak test.

(b Flanged joints. Flanged joints used tp connect
piping components and subassemblies_that have
previously been tested, and flanged jdints at which a
blank or blind is used to isolate equipment or other
piping during a test, need not be leak tested in afcordance
with para. 345.1.

(c) Closure Welds. The findl/weld connect
systems or componentsythat have been sug¢cessfully
tested in accordance with para. 345 need n¢t be leak
tested provided the weld is examined in-procesf in accor-
dance with para,’344.7 and passes with 100% radio-
graphic examination in accordance with paral 344.5 or
100% ultrasonic examination in accordance with
para. 344%6.

(d) Iustrument Connections. Threaded joints, tubing
joints;or a combination of these joints used fo connect
instruments to previously leak tested piping| need not
be leak tested in accordance with para. 345.1

(e) See also Appendix F, para. F345.2.3.

ng piping

345.2.4 Externally Pressured Piping

(a) Except as provided in (b) below, piping systems
subject to external pressure shall be tested at gn internal
gage pressure 1.5 times the external differential pressure,
but not less than 105 kPa (15 psi).

(b) Asanalternative toleak testing under inte¢rnal pres-
sure, piping systems designed for vacuum sefvice only
may be subjected to a vacuum leak test method, fechnique,
and acceptance criteria specified by the owner. The
vacuum leak test shall be performed following a
written procedure complying with the applicpble tech-
nical requirements of ASME BPVC, Section |V, Article
10. Leak-testing personnel shall be qualified anf certified
as required by ASME BPVC, Section V, Article 1} T-120(e)

or (f).
345.2.5 Jacketed Piping

345.2.2 Other Test Requirements

(a) Examination for Leaks. The leak test pressure shall
be maintained for at least 10 min and then all joints and
connections shall be examined for leaks. The test pressure
may be reduced to not less than the design pressure while
performing this examination.

(b) Heat Treatment. Leak tests shall be conducted after
any heat treatment has been completed.
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(a) The internal line shall be leak tested on the basis of
the internal or external design pressure, whichever results
in a higher test pressure. This test must be performed
before the jacket is completed if it is necessary to
provide visual access to joints of the internal line as
required by para. 345.3.1.

(b) The jacket shall be leak tested in accordance with
para. 345.1 based on the jacket design conditions. The test
pressure is permitted to be lower when so specified in the
engineering design.
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345.2.6 Repairs or Additions After Leak Testing. If
repairs or additions are made following the leak test,
the affected piping shall be retested, except that for
minor repairs or additions the owner may waive retest
requirements when precautionary measures are taken
to assure sound construction.

345.2.7 Test Records. Records shall be made of each

piping system during the testing, including
(a) date of test

be temporarily removed or temporary restraints shall
be added to resist the pressure thrust forces.

(b) Self-restrained metallic bellows expansion joints
(i.e, tied, hinged, pressure balanced, etc.) have restraint
hardware designed to resist the pressure thrust forces.
Except as limited in para. 345.3.3(c), a piping system
containing self-restrained expansion joints shall be
leak tested in accordance with para. 345. A self-restrained
expansion joint previously shop tested by the manufac-

fuapap i accapedanon zith Anaaan di zbha ave uded
tHH e Haeeoraanee eher

(b) identification of piping system tested

(c) tesf fluid

(d) tesf pressure

(e) certification of results by examiner

These rpcords need not be retained after completion of
the test if|a certification by the Inspector that the piping
has satisfactorily passed pressure testing as required by
this Codelis retained.

345.3 Preparation for Leak Test

345.3.1| Joints Exposed

(a) Exdept as provided in (b) and (c) below, all joints,
welds (indluding structural attachment welds to pressure-
containing components), and bonds shall be left uninsu-
lated and|exposed for examination during leak testing.

(b) Joimts previously tested in accordance with this
Code may| be insulated or covered.

(c) At the owner’s option, joints in Category D Fluid
Service that are subject to a hydrostatic leak test
(para. 345.4) or an initial service leak test
(para. 34{5.7) may be insulated and have protective
weather sheathing installed prior to leak testing.-Consid-
eration shpll be given to increasing the test period to allow
time for fossible leakage to pass through the insulation
and weather sheathing.

(d) All joints may be primed and painted prior to leak
testing upless a sensitive leak test(para. 345.8) is
required.

345.3.2 Temporary Supports. Piping designed for
vapor or gas shall be proyided with additional temporary
supports, [f necessary, to'support the weight of test liquid.

345.3.3 PipingWith Expansion Joints

(a) Uniyestrained expansion joints depend on external
main anchorsto resist pressure thrust forces. Except as

X _paay 3

t with-Appendixray-be-exe
from the system to be leak tested, except when a sensitive
leak test in accordance with para. 345.8 is\reqyiired.
Restraint hardware for all types of expansion Joints
shall be designed for the pressure thrust forces at the
test pressure.

(c) When a metallic bellows expansion joint is insftalled
in the piping system subject to dJeak test and the legk test
pressure determined in ateordance with paral 345
exceeds the pressure of thé-test performed by the|man-
ufacturer in accordanée with Appendix X, the required
leak test pressure shallbe reduced to the manufactprer’s
test pressure.

345.3.4 Limits of Tested Piping. Equipment thatlis not
to be tested'shall be either disconnected from the pipfing or
isolated-by blinds or other means during the test. A|valve
may beused provided the valve (including its clpsure
mechanism) is suitable for the test pressure.

345.4 Hydrostatic Leak Test

345.4.1 Test Fluid. The fluid shall be water ynless
there is the possibility of damage due to freezing|or to
adverse effects of water on the piping or the prjocess
(see para.F345.4.1). In that case another suitable nontoxic
liquid may be used. If the liquid is flammable, its flash{point
shall be at least 49°C (120°F), and consideration shall be
given to the test environment.

345.4.2 Test Pressure. Except as providgd in
para. 345.4.3, the hydrostatic test pressure at gvery
point in a metallic piping system shall be as folloys:

(a) not less than 1.5 times the design pressure,

(b) when the design temperature is greater thgn the
test temperature, the minimum test pressure, 3t the

limited in para. 345.3.3(c), a piping system containing
unrestrained expansion joints shall be leak tested
without any temporary restraints in accordance with
para. 345 up to 150% of the expansion joint design pres-
sure. If the required test pressure exceeds 150% of the
expansion joint design pressure and the main anchors
are not designed to resist the pressure thrust forces at
the required test pressure, for that portion of the test
when the pressure exceeds 150% of the expansion
joint design pressure, the expansion joint shall either
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point under consideration, shall be calculated psing
eq. (24).
Py = 15PSx/S (24)
where
P = internal design gage pressure
Pr = minimum test gage pressure
S = allowable stress at component design tempera-
ture for the prevalent pipe material; see
Table A-1 or Table A-1M
St = allowable stress at test temperature for the

prevalent pipe material; see Table A-1 or
Table A-1M
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(c) in those cases where the piping system may not
include pipe itself, any other component in the piping
system, other than pipe-supporting elements and
bolting, may be used to determine the S7/S ratio based
on the applicable allowable stresses obtained from
Table A-1 or Table A-1M. In those cases where the
piping system may be made up of equivalent lengths
of more than one material, the S7/S ratio shall be
based on the minimum calculated ratio of the included

Thereafter, the pressure shall be gradually increased in
steps until the test pressure is reached, holding the pres-
sure at each step long enough to equalize piping strains.
The pressure shall then be reduced to the design pressure
before examining for leakage in accordance with
para. 345.2.2(a).

345.6 Hydrostatic-Pneumatic Leak Test

If a combination hydrostatic-pneumatic leak test is

34%.4.3 Hydrostatic Test of Piping With Vessels as a
System’

(a)| Where the test pressure of piping attached to a
vesse] is the same as or less than the test pressure for
the vessel, the piping may be tested with the vessel at
the plping test pressure.

(b)| Where the test pressure of the piping exceeds the
vesse] test pressure, and it is not considered practicable to
isolate the piping from the vessel, the piping and the vessel
may pe tested together at the vessel test pressure,
provifled the owner approves and the vessel test pressure
is notlless than 77% of the piping test pressure calculated
in acqordance with para. 345.4.2(b).

345.% Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing involves the
ofreleased energy stored in compressed gas. Parti<
cular pare must therefore be taken to minimize the charnce
of brjttle failure during a pneumatic leak test: ‘Fest
tempprature is important in this regard and-must be
consiflered when the designer chooses the ‘material of
consfruction. See para. 345.2.2(c) and Appendix F,
paras| F323.4 and F345.5.1.

345.5.2 Pressure Relief Device./A pressure relief
devide shall be provided, having a set pressure not
highdr than the test pressute/plus the lesser of 345
kPa (PO psi) or 10% of the test pressure.

.5.3 Test Fluid:,The gas used as test fluid, if not air,
e nonflammable and nontoxic.

.5.4 Test Pressure. The test pressure shall be not
an 1. I\times the design pressure and shall not
the-Jesser of

(a)| 1433 times the design pressure

used, the requirements of para. 345.5 shall b4 met, and
the pressure in the liquid filled part of the ‘piping shall
not exceed the limits stated in para. 345.4.2.

345.7 Initial Service Leak Test

This test is applicable only tgpiping in Categdry D Fluid
Service, at the owner’s option."See para. 345.1(a).

345.7.1 Test Fluid. The test fluid is the senvice fluid.

345.7.2 Procedure. During or prior to initial pperation,
the pressure shallbe gradually increased in stegs until the
operating préssure is reached, holding the pressure at
each stepAong enough to equalize piping strains. A pre-
liminary.check shall be made as described in para. 345.5.5
if the service fluid is a gas or vapor.

345.7.3 Examination for Leaks. The examipation for
leaks required by para. 345.2.2(a) shall be ¢onducted
while the system is at operating pressure. It is permissible
to omit examination for leaks of joints and cdnnections
previously tested in accordance with this Codp.

345.8 Sensitive Leak Test

345.8.1 Precautions. The precautions degcribed in
para. 345.5.1 shall be considered when applicable.

345.8.2 Method. The test shall be the Bubble Test —
Direct Pressure Technique in accordance wjith ASME
BPVC, Section V, Article 10, Mandatory Appéndix I or
another leak test method that has a demonstrdted sensi-
tivity not less than 10~3 std mL/s under test donditions.

When the Bubble Test — Direct Pressure Tefhnique is
used

(a) the test pressure shall be at least the lesker of 105
kPa (15 psi) or 25% of the design pressure.

(b) the pressure shall be gradually increased until a
gage pressure equal to the lesser of one-half thd test pres-

(b) thepressurethatwould exceed 90% of the pressure
described in para. 345.2.1(a)

345.5.5 Procedure. The pressure shall be gradually
increased until a gage pressure that is the lesser of
one-half the test pressure or 170 kPa (25 psi) is attained,
at which time a preliminary check shall be made, including
examination of joints in accordance with para. 341.4.1(a).

3 The provisions of para. 345.4.3 do not affect the pressure test require-
ments of any applicable vessel code.
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sure or 170 kPa (25 psi) is attained, at which time a pre-
liminary check shall be made. Then the pressure shall be
gradually increased in steps until the test pressure is
reached, the pressure being held long enough at each
step to equalize piping strains.

345.9 Alternative Leak Test

The following procedures and leak test method may be
used only under the conditions stated in para. 345.1(c).

(18)
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345.9.1 Examination of Welds. Welds, including those
used in the manufacture of welded pipe and fittings, that
have not been subjected to hydrostatic or pneumatic leak
tests in accordance with this Code, shall be examined as
follows:

(a) Circumferential, longitudinal, and spiral (helical
seam) groove welds shall be 100% radiographed in accor-
dance with para. 344.5 or 100% ultrasonically examined
in accordance with para. 344.6.

345.9.3 Test Method. The system shall be subjected to
a sensitive leak test in accordance with para. 345.8.

346 RECORDS
346.2 Responsibility

It is the responsibility of the piping designer, the man-
ufacturer, the fabricator, and the erector, as applicable, to
prepare the records required by this Code and by the engi-

(b) All welds; including structural attachment-welds;
not coverled in (a) above, shall be examined using the
liquid penetrant method (para. 344.4) or, for magnetic
materials, the magnetic particle method (para. 344.3).

345.9.7 Flexibility Analysis. A flexibility analysis of
the piping system shall have been made in accordance
with the fequirements of para. 319.4.2(b), if applicable,
or (c) and (d).

neering design.

346.3 Retention of Records

Unless otherwise specified by the enginleering design,
the following records shall be retained for at least 5|years
after the record is generated for theproject:

(a) examination procedures

(b) examination personnel.qualifications

(c) examination reports

94
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Chapter VII
Nonmetallic Piping and Piping Lined With Nonmetals

A30q GENERAL STATEMENTS

(a)| Chapter VII pertains to nonmetallic piping and to
piping lined with nonmetals.

(b)| The organization, content, and paragraph designa-
tions [of this Chapter correspond to those of the first six
Chapters (the base Code). The prefix A is used.

(c)| Provisions and requirements of the base Code apply
only @s stated in this Chapter.

(d)| Metallic piping that provides the pressure contain-
ment{for a nonmetallic lining shall conform to the require-
ments of Chapters I through VI, and to those in Chapter VII
not limited to nonmetals.

(e)| This Chapter makes no provision for piping to be
used under severe cyclic conditions.

(f) |With the exceptions stated above, Chapter I applies
in its|entirety.

PART 1
CONDITIONS AND CRITERIA

A301 DESIGN CONDITIONS

Parfagraph 301 appliesin its entirety, with the exception
of paras. 301.2 and 301.3. See below:

A301.2 Design Pressure
Paffagraph 301.2 applies-in-its entirety, except that

referg¢nces to paras. A30224'and A304 replace references
to paras. 302.2.4 and 304, respectively.
A301.3 Design.Temperature

Parfagraph,301:3 applies with the following exceptions.

A3|013.1 Design Minimum Temperature.
Paragraph 301.3.1 applies; but see para. A323.2.2,

A302 DESIGN CRITERIA

Paragraph A302 states pressure-temperatute ratings,
stress criteria, design allowances, and tinim@im design
values, together with permissible variation$ of these
factors as applied to the design ‘of piping.

A302.1 General

The designer shall be-satisfied as to the adequacy of the
nonmetallic material\and its manufacture, congidering at
least the following;

(a) tensile‘compressive, flexural, and shear strength,
and moduliis of elasticity, at design temperature (long
term and Short term)

(b).-Creep rate at design conditions

(e) design stress and its basis

(d) ductility and plasticity

(e) impact and thermal shock properties

(f) temperature limits

(g) transitiontemperature — melting and vaporization

(h) porosity and permeability

(i) testing methods

(j) methods of making joints and their effidiency

(k) possibility of deterioration in service

A302.2 Pressure-Temperature Design Crjiteria

A302.2.1 Listed Components Having Established
Ratings. Paragraph 302.2.1 applies, except thatjreference
to Table A326.1 replaces reference to Table 326.1.

A302.2.2 Listed Components Not Having Specific
Ratings. Nonmetallic piping components for which
design stresses have been developed in adcordance
with para. A302.3, but which do not have speific pres-
sure-temperature ratings, shall be rated by rules for pres-
sure design in para. A304, within the range of
hown in

temperatures for which stresses are

rather than para. 323.2.2.

A301.3.2 Uninsulated Components. The component
design temperature shall be the fluid temperature,
unless a higher temperature will result from solar radia-
tion or other external heat sources.

Appendix B, modified as applicable by other rules of
this Code.

Piping components that do not have allowable stresses
or pressure-temperature ratings shall be qualified for
pressure design as required by para. A304.7.2.

A302.2.3 Unlisted Components. Paragraph 302.2.3
applies, except that references to Table A326.1 and
paras. A304 and A323 replace references to
Table 326.1 and paras. 304 and 323, respectively.

(18)
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A302.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure or temperature, or both, above design conditions
are not permitted. The most severe conditions of coinci-
dent pressure and temperature shall be used to determine
the design conditions for a piping system. See paras. 301.2
and 301.3.

(b) Metallic Piping With Nonmetallic Lining. Allow-

A302.3.2 Bases for Allowable Stresses and Pres- (18)

sures!

(a) Thermoplastics. The method of determining HDS is
described in ASTM D2837. HDS values are given in
Table B-1 for those materials and temperatures for
which sufficient data have been compiled to substantiate
the determination of stress.

(b) Reinforced Thermosetting Resin (Laminated). The
design stress (DS) values for materials listed in

ances for [pressure and temperature variations provided
in para. 302.2.4 are permitted only if the suitability of the
lining material for the increased conditions is established
through ptior successful service experience or tests under
comparablle conditions.

A302.2|5 Rating at Junction of Different Services.
When tw¢ services that operate at different pressure-
temperatyre conditions are connected, the valve segre-
gating the two services shall be rated for the more

severe sefvice condition.

A302.3 Allowable Stresses and Other Design
Limits
A302.3

(a) Table B-1 contains hydrostatic design stresses
(HDS). Tables B-2 and B-3 provide listings of specifications
that meet the criteria of paras. A302.3.2(b) and (c), respec-
tively. Tables B-4 and B-5 contain allowable pressures.
These HD§ values, allowable stress criteria, and pressures
shall be uged in accordance with the Notes to Appendix B,
and may be used in design calculations (where the allow-
able stress S means the appropriate design stress),except
as modifigd by other provisions of this Code. Use of hydro-
static design stresses for calculations otherthan pressure
design hap not been verified. The bases for determining
allowablp stresses and pressures.dre outlined in
para. A30R.3.2.

(b) Th¢ stresses and allowable_pressures are grouped
by materigls and listed for stated temperatures. Straight-
line interpolation between temperatures is permissible.

1 General

Table B-2 shall be one-tenth of the minimumsté¢nsile
strengths specified in ASTM C582 and are valid oply in
the temperature range from -29°C (-209E) thfough
82°C (180°F).

(c) Reinforced Thermosetting Resin and Reinfprced
Plastic Mortar (Filament Wound gnd Centrifugally |Cast).
The hydrostatic design basis stress (HDBS) valugs for
materials listed in Table B-3\shall be obtained hy the
procedures in ASTM D2992-and are valid only aff 23°C
(73°F). HDS shall be obtained by multiplying the HDBS
by a service (design) factor” selected for the applidation,
in accordance with{procedures described in ASTM D992,
within the following limits:

(1) Whensing the cyclic HDBS, the service (d
factor F shall not exceed 1.0.

(2)-When using the static HDBS, the service (d
factorFshall not exceed 0.5.

(d)” Other Materials. Allowable pressures in Tabl¢s B-4
and B-5 have been determined conservatively|from
physical properties of materials conforming to the
listed specifications, and have been confirmed by ¢xten-
sive experience. Use of other materials shall be qualified as
required by para. A304.7.2.

psign)

bsign)

! Titles of ASTM Specifications and AWWA Standards refefenced
herein are as follows:

ASTM C14, Concrete Sewer, Storm Drain, and Culvert Pipe

ASTM C301, Method of Testing Vitrified Clay Pipe

ASTM (582, Contact-Molded Reinforced Thermosetting Plasti
Laminates for Corrosion Resistant Equipment

ASTM D2321, Practice for Underground Installation of Therm
Pipe for Sewers and Other Gravity-Flow Applications

ASTM D2837, Test Method for Obtaining Hydrostatic Design Bhsis for
Thermoplastic Pipe Materials or Pressure Design Basis for Thermo-

(RTP)

plastic
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plastic Pipe Products

ASTM D2992, Practice for Obtaining Hydrostatic or Pressure Design
Basis for “Fiberglass” (Glass-Fiber-RTR) Pipe and Fittings

ASTM D3839, Underground Installation of Fiberglass Pipe

AWWA €900, Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated
Fittings, 4 In. Through 60 In. (100 mm Through 1,500 mm)

AWWA (€950, Glass-Fiber-Reinforced Thermosetting Resin Pressure
Pipe

2 The service (design) factor, F, should be selected by the designer after
evaluating fully the service conditions and the engineering properties of
the specific material under consideration. Aside from the limits in
paras. A302.3.2(c)(1) and (2), it is not the intent of this Code to
specify service (design) factors.
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A302.3.3 Limits of Calculated Stresses Due to
Sustained Loads®

(a) Internal Pressure Stresses. Limits of stress due to
internal pressure are covered in para. A304.

(b) External Pressure Stresses. Stresses due to uniform
external pressure shall be considered safe when the wall
thickness of the component and its means of stiffening
have been qualified as required by para. A304.7.2.

(c) External Loading Stresses. Design of piping under

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Paragraph 303 applies, except that references to
Table A326.1 and para. A302.2.1 replace references to
Table 326.1 and para. 302.2.1. For nonmetallic compo-
nents, reference to para. A304 replaces reference to

exterpal loading shall be based on the following:

7) Thermoplastic Piping. ASTM D2321 or AWWA
€900
) Reinforced Thermosetting Resin (RTR) and Rein-
forcefl Plastic Mortar (RPM) Piping. ASTM D3839 or
Appendix A of AWWA C950.

(B) Strain and possible buckling shall be considered
when| determining the maximum allowable deflection in
(1) o11 (2) above, but in no case shall the allowable diame-
tral deflection exceed 5% of the pipe inside diameter.
4) Nonmetallic piping not covered in (1) or (2)
above shall be subjected to a crushing or three-edge
bearing test in accordance with ASTM C14 or C301;
the aljlowable load shall be 25% of the minimum value
obtained.

A3
sion

(a)

2.3.4 Limits of Calculated Stresses Due to Occa-
Loads

Operation

7) For other than RTR and RPM piping, the sumof
stres§es in any component in a piping system due to
sustalined loads, such as pressure and weight;and of
the stresses produced by occasional loads; such as
wind for earthquake, shall not exceed the limits in the ap-

para 304

A304 PRESSURE DESIGN OF PIPING
COMPONENTS

A304.1 Straight Pipe
A304.1.1 General

(a) The required thickness of straight sectigns of pipe

shall be determined by-eq. (25).

tn=t+c (25)

The minimum thickness T for the pipe|selected,

considering manufacturer’s minus tolerancg, shall be

not less than t,,.

(b) . The following nomenclature is used in
tions for pressure design of straight pipe:

¢ = the sum of mechanical allowances (thread or

groove depth) plus corrosion and erosfion allow-

ance. For threaded components, the nominal

thread depth (dimension h of ASME B1.20.1 or

equivalent) shall apply. For machined surfaces

or grooves where the tolerance is not|{specified,

the tolerance shall be assumed to be 0.5 mm (0.02

in.) in addition to the specified depth pf the cut.

the equa-

plicajle part of para. A302.3.3. D = outs?de diarrlleter of pipe
?) For RTR and RPM piping, tlfe sum of stresses due F = service (desTgn) factor. See para. A302.3.2(c).
to opprating loads plus stresses due to occasional loads P = mte.rnal design gage pressure _ .
may Be as much as 1.33 times(the limits in the applicable S = designstress from applicable Table in Appendix B
part ¢f para. A302.3.3. T = pipe wall thickness (measured or minimum in
3) Wind and earthguake forces need not be consid- accordance with the purchase specifidation)
ered ps acting concurrently. t = pressure design thickness, as calculatedl in accor-
(b)| Test. Stress¢s'due to test conditions are not subject dance Wit}} para. A304.1.2 for inFernal pressure or
to thq limitations-in para. A302.3.3. It is not necessary to as determined in accordance with parg A304.1.3
consifler other{occasional loads, such as wind and earth- for ?Xternal pressure . _
quake, as-eccurring concurrently with test loads. tm = minimum required thickness, including mechan-
ical, corrosion, and erosion allowancep
A302.4-Allewances

Paragraph 302.4 applies in its entirety.
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A304.1.2 Straight Nonmetallic Pipe Under Internal
Pressure. The internal pressure design thickness, ¢,
shall be not less than that calculated by one of the
following equations, using stress values listed in or
derived from the appropriate table in Appendix B:

(a) Thermoplastic Pipe [see para. A302.3.2(a)]
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__PD
25+ P

(Table B-1) (26a)

(b) RTR (Laminated) Pipe [see para. A302.3.2(b)]*

P DP(Table B2) (26b)

28 +

(¢) RTR (Filament Wound) and RPM (Centrifugally Cast)
Pipe [see para. A302.3.2(c)]®
PD

t= (Table B-3) (26¢)

subjected only to internal or external pressure. The
designer shall also consider paras. 304.3.5(a), (c), and (d).

A304.4 Closures

Closures not in accordance with para. A303 shall be
qualified as required by para. A304.7.2.

A304.5 Pressure Design of Nonmetallic Flanges
A304.5.1 General

200 D
[oF amn uaw 3

A304.1.3 Straight Pipe Under External Pressure

(a) Ndnmetallic Pipe. The external pressure design
thickneds, t, shall be qualified as required by
para. A30¢.7.2.

(b) Mdtallic Pipe Lined With Nonmetals

(1) The external pressure design thickness, ¢, for the
base (out¢r) material shall be determined in accordance
with paral 304.1.3.

(2) The external pressure design thickness, t, for the
lining mpterial shall be qualified as required by
para. A30@.7.2.

A304.2 Curved and Mitered Segments of Pipe
A304.2

ness, t,,
as for strg

A304.2]2 Elbows. Manufactured elbows not in accor-
dance with para. A303 shall be qualified as required by
para. A30@.7.2.

A304.2]3 Miter Bends. Miter bends shall be qualified as
required by para. A304.7.2.

1 Pipe Bends. The minimum required thick-
f a bend, after bending, shall be determined
ight pipe in accordance with para. A304.1.

A304.3 Branch Connections

A304.3
weakened
unless th
excess of

1 General. A pipe having a branch connection s

by the opening that must be made in it and,
e wall thickness of the-pipe is sufficiently in
that required to sustain the pressure, it is nec-
essary to |provide added/reinforcement. The amount of
reinforcement shall be qualified as required by
para. A30@.7.2 except-as provided in para. A304.3.2.

A304.3
be assumg
has adequ g A al 3 X 3
pressure that will be applied to itifit utilizes a fitting (a tee,
lateral, or cross) in accordance with para. A303.

A304.3.3 Additional Design Considerations. The re-

quirements of paras. A304.3.1 and A304.3.2 are intended
to assure satisfactory performance of a branch connection

2 Branch Connections Using Fittings. It may
d.without calculation that a branch connection
i i nd extern

3 The internal design pressure thickness, t, shall not include any thick-
ness of the pipe wall reinforced with less than 20% by weight of reinfor-
cing fibers.
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3, or
ed by

(a) Flanges not in accordance with para. A3
A304.5.1(b) or (d) shall be qualified as_fequir
para. A304.7.2.

(b) Flanges for use with flat ring gaskets mpay be
designed in accordance with ASME'BPVC, Section VIII,
Division 1, Appendix 2, except thatthe allowable stiresses
and temperature limits of thisCdde shall govern. Ngmen-

clature shall be as defined in"ASME BPVC, except fpr the
following:
P = design gage pressure
S, = bolt design stréss at atmospheric temperagure*
S, = bolt design'stress at design temperature*
Sf = allowable stress for flange material [from

Table.B-1, B-2, or B-3

(c)Therulesin (b) above are notapplicable to a fl
jointvhaving a gasket that extends outside the
(usually to the outside diameter of the flange).

(d) For flanges that make solid contact outsid
bolts, ASME BPVC, Section VIII, Division 1, Apper]
should be used.

A304.5.2 Blind Flanges. Blind flanges not in 4
dance with para. A303 may be designed in accor
with para. 304.5.2, except that allowable stress, S,
be taken from Tables in Appendix B. Otherwise
shall be qualified as required by para. A304.7.2.

hinged
bolts

e the
dix Y

ccor-
Hance
shall
they

A304.6 Reducers

Reducers not in accordance with para. A303 shpll be
qualified as required by para. A304.7.2.

A304.7 Pressure Design of Other Components

A304.7.1 Listed Components. Other pre;s
containing components, manufactured in accorq

sure

A1th ndardsin pDle A 61D

in para. A304, may be utilized in accordance with
para. A303.

A304.7.2 Unlisted Components. Pressure design of
unlisted components and joints, to which the rules else-
where in para. A304 do not apply, shall be based on calcu-
lations consistent with the design criteria of this Code.
Calculations shall be substantiated by one or both of
the means stated in (a) and (b) below, considering

* Bolt design stresses shall not exceed those in Table A-2 or Table A-2M.
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applicable ambient and dynamic effects in paras. 301.4
through 301.11.

(a) extensive, successful service experience under
comparable design conditions with similarly propor-
tioned components made of the same or like material

(b) performance test under design conditions
including applicable dynamic and creep effects, continued
for a time period sufficient to determine the acceptability
of the component or joint for its design life

Foy . i j
between sizes, wall thicknesses, and pressure classes,
and may determine analogies among related materials.

A304.7.3 Nonmetallic Components With Metallic
Pressure Parts. Components not covered by standards
in Taple A326.1, in which both nonmetallic and metallic
parts|contain the pressure, shall be evaluated by applica-
ble r¢quirements of para. 304.7.2 as well as those of
para.[(A304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE
Lis
to thd

para.
dancd

ed pipe may be used in Normal Fluid Service, subject
limitations of the pressure-containing material and
A323.4. Unlisted pipe may be used only in accor-
with para. A302.2.3.

A306 FITTINGS, BENDS, MITERS, LAPS,.AND
BRANCH CONNECTIONS

General. Fittings, bends, mitersslaps, and branch
connections may be used in(accordance with
paras} A306.1 through A306.5. Pipe€ and other materials
used |n such components shall be'suitable for the manu-
factuffing process and the-fluid service.

A306€

A306.1.1 Listed Fittings. Listed fittings may be used in
Normal Fluid Sétvice subject to limitations on materials.

.1 Pipe Fittings

A306.1.2: Unlisted Fittings. Unlisted fittings may be
used jonly7n accordance with para. A302.2.3.

A306.3 Miter Bends

Except as specified in para. 306.3.2, a miter bend that
conforms to para. A304.2.3 may be used in Normal Fluid
Service.

A306.4 Fabricated or Flared Laps

The following requirements do not apply to fittings
conforming to para. A306.1.

6.4.1 Fabricated Laps

(a) The requirements in paras. 306.4.1{a)and (b) shall
be met.
(b) Lap material shall be suitable foy the service condi-
tions. Pressure design shall be qualified as refquired by
para. A304.7.2.

A306.4.2 Flared Laps.Flared laps shall not
nonmetallic piping.

be used in

A306.5 Fabricated Branch Connections

The following requirements do not apply
conforming to' para. A306.1.

A306:5.1 General. A fabricated branch c¢nnection
made.by bonding the branch pipe directlly to the
hedder pipe, with or without added reinfor¢ement as
stated in para. 328.5.4, and shown in Figurg 328.5.4,
may be used in Normal Fluid Service, provided|that pres-
sure design is qualified as required by para. 4304.7.2.

bd branch
h. A328.5.

to fittings

A306.5.2 Specific Requirements. Fabricat
connections shall be made as specified in par

A307 VALVES AND SPECIALTY COMPONENTS

Paragraph 307 applies in its entirety, except that in
para. 307.1.2 references to paras. A303.2.3 and
A304.7.2 replace references to paras. 302.2.3 and
304.7.2, respectively.

A308 FLANGES, BLANKS, FLANGE FACIN
GASKETS

A308.1 General

GS, AND

Paragraph 308.1 applies, except that in parja. 308.1.2
reference to para. A302.2.3 replaces ref¢rence to

A306.2 Pipe Bends

A306.2.1 General. A bend made in accordance with
para. A332 and verified for pressure design in accordance
with para. A304.2.1 shall be suitable for the same service
as the pipe from which it is made.

A306.2.2 Corrugated and Other Bends. Bends of other
designs (such as creased or corrugated) shall be qualified
for pressure design as required by para. A304.7.2.
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A308.2 Nonmetallic Flanges
A308.2.1 General

(a) Flanges shall be adequate, with suitable facing,
gasketing, and bolting, to develop the full rating of the
joint and to withstand expected external loadings.

(b) The designer should consult the manufacturer for
ratings of flanges.
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A308.2.2 Threaded Flanges. Threaded flanges are
subject to the requirements for threaded joints in
para. A314.

A308.3 Flange Facings
Paragraph 308.3 applies in its entirety.

A308.4 Limitations on Gaskets
See alsq_Appendix F, para. F308.4

A311.2.2 Seal Bonds. A seal bond may be used only to
prevent leakage of a threaded joint and only if it has been
demonstrated that there will be no deleterious effect on
the materials bonded.

A311.2.3 Joints Limited to Category D Fluid Service.
Joints that have been examined in accordance with
para. 341.4.2 may be used only for Category D Fluid
Service.

A308.
material
gasket sh

L1 Lining Used as Facing or Gasket. Lining
bxtended over the flange face and used as a
i1l conform to para. 308.4.

A309 BC

Bolting
nuts, and

LTING

includes bolts, bolt studs, studs, cap screws,
washers. See Appendix F, para. F309.

A309.1 General

Paragrdph 309.1 applies in its entirety.

A309.2 ¢

Any bolting that meets the requirements of para. 309.1
may be used with any combination of flange materials and
flange facings. Joint assembly shall conform to the require-
ments of para. A335.2.

ppecific Bolting

A309.3 T

Tapped
componel
qualified

[apped Holes in Nonmetallic Components

holes for pressure-retaining bolting in piping
1ts may be used provided pressure design-is
hs required by para. A304.7.2.

PART 4
SERVICE REQUIREMENTS FOR PIPING
JOINTS

FLUID

A310 GE

Paragrg

NERAL

ph 310 appliesdn its entirety.

A311 BONDED JOINTS IN PLASTICS
A311.1 Generat

Bonding i i -
examination shall be in accordance with para. A341.4.1
for use in Normal Fluid Service, subject to the limitations
of the material.

A311.2 Specific Requirements

A311.2.1 Fillet Bonds. A fillet bond may be used only in
conjunction with a qualified hot gas welding procedure for
bonding (see para. A328.5.2).
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A312 FLANGED JOINTS

The designer should consult the manufactur¢r for
ratings of flanged joints in nonmetallic piping and in
piping lined with nonmetals.

A313 EXPANDED JOINTS
Paragraph 313 applies in<its\éntirety.

A314 THREADED JOINTS
A314.1 General

A threaded(joint is suitable for use in Normal
Service, subject to the limitations of the material ;Td re-
quirements-€lsewhere in para. A314. A joint conformjing to
para, 314.1(d) shall not be used.

Fluid

A314.2 Specific Requirements
A314.2.1 Thermoplastic Piping

(a) Polyethylene (PE) pipe and tubing shall not be
joined by threaded joints.
(b) Threaded joints in other thermoplastic piping

conform to all of the following:

(1) The pipe wall shall be atleast as thick as Sch
80 as defined in ASTM D1785.

(2) Threads shall be NPT, and shall conform to
B1.20.1 or ASTM F1498.

(3) Threads shall conform to applicable standajrds in
Table A326.1.

(4) A suitable thread sealant shall be used.

shall
edule

ASME

A314.2.2 Reinforced Thermosetting Resin Piping.
Threaded joints in reinforced thermosetting [resin
(RTR) piping shall conform to the following:

(a) External threads shall be factory cut or mold;
special thick-walled pipe ends.

(b) Matching internal threads shall be factory cut or
molded in the fittings.

(c) Threading of plain ends of RTR pipe is not
permitted, except where such threads are limited to
the function of a mechanical lock to matching internal
threads factory cut or molded in the bottom portions
of fittings with deep sockets.

ed on
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(d) Factory cut or molded threaded nipples, couplings,
or adapters, bonded to plain-end RTR pipe and fittings,
may be used where it is necessary to provide connections
to threaded metallic piping.

A314.2.3 Reinforced Plastic Mortar Piping. Threaded
joints are not permitted in reinforced plastic mortar
(RPM) piping.

A315 TUBING JOINTS

(a) Seals for joints in thermoplastic piping shall
conform to ASTM D3139.

(b) Seals for joints in RTR and RPM piping shall
conform to ASTM D4161.

PART 5
FLEXIBILITY AND SUPPORT

A319-FLEXIBILITY OF NONMETALLICPIPING

Paragraph 315 appliesin its entirety, subject to material
limitdtions, exclusion of 315.2(b) regarding severe cyclic
conditions, and replacement of references to Table 326.1
and para. 304.7.2 with references to Table A326.1 and
para.|A304.7.2, respectively.

A316) CAULKED JOINTS
Paragraph 316 applies in its entirety.

A318

Spd
Chapf
type

A318(1 General

Par
para.
ence

SPECIAL JOINTS

cial joints are those not covered elsewhere in
er VII, Part 4, such as bell type and packed gland
oints.

agraph 318.1 applies in its entirety, except that, in
318.1.2, reference to para. A304.7.2 replaces refer<
fo para. 304.7.2.

A318.2 Specific Requirements

Pa
para.

fagraph 318.2 applies with the éxception of
318.2.3.

A318.3 Piping Lined With Nonmetals
A318.3.1 Welding of Metallic Piping

(a)
para.
to mg

(b)

those

General. Joints made.in accordance with the rules in
A329.1 may be used in/Normal Fluid Service, subject
terial limitations.

Specific Requirements. Welds shall be limited to
that do netaffect the serviceability of the lining.

A3]

(a)| General Flared ends of linings made in accordance

8.3.2«Flared Linings

A319.1 Requirements

A319.1.1 Basic Requirements. Piping/systems shall be
designed to prevent thermal expansion or contraction,
pressure expansion, or movenient of piping|supports
and terminals from causing

(a) failure of piping or‘supports from ovefstrain or
fatigue

(b) leakage at joints

(c) detrimentalstresses or distortion in piping or in
connected equipment (e.g., pumps), resulting frjom exces-
sive thrustssand moments in the piping

A319.1.2" Specific Requirements

data are
flexibility

(a)~In para. A319, guidance, concepts, and
given to assist the designer in assuring adequate
in piping systems. No specific stress-limiting ¢riteria or
methods of stress analysis are presented, sinfe stress—
strain behavior of most nonmetals differs cofsiderably
from that of metals covered by para. 319 apd is less
well defined for mathematical analysis.

(b) Piping systems should be designed and laid out so
that flexural stresses resulting from displacemgnt due to
expansion, contraction, and other movement|are mini-
mized. This conceptrequires special attention tq supports,
terminals, and other restraints, as well as to the techniques
outlined in para. A319.7. See also para. A319.p.2(b).

(c) Further information on design of thermoplastic
piping can be found in PPI Technical Report TR-21.

A319.2 Concepts

A319.2.1 Displacement Strains. The concep
imposed by restraint of thermal expansion or cdntraction,
and by external movement, described in para. 319.2.1,
apply in principle to nonmetals. Nevertheless, thie assump-

s of strain

with therulesin para. A3Z9.Z may be used in Normal Fluid
Service, subject to material limitations.

(b) Specific Requirements. Flaring shall be limited to
applications that do not affect the serviceability of the
lining.

A318.4 Flexible Elastomeric Sealed Joints

Flexible elastomeric seals conforming to the following
may be used in Normal Fluid Service, subject to material
limitations:

101

tiomthat-stresses—tht nghuut the pipius a_yotc ns can be
predicted from these strains because of fully elastic beha-
vior of the piping materials is not always valid.

(a) In thermoplastics piping, displacement strains are
not likely to produce immediate failure but may result in
detrimental distortion. Progressive deformation may
occur upon repeated thermal cycling or on prolonged
exposure to elevated temperature.
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(b) Inbrittle piping (e.g., porcelain and glass) and some
RTR and RPM piping, the materials show rigid behavior
and develop high displacement stresses up to the point of
sudden breakage due to overstrain.

(c) RTR and RPM piping are assumed to display linear
elastic behavior, having displacement stresses propor-
tional to displacement strains.

A319.2.2 Displacement Stresses

(a) Elq . 3 2 :
ment strajns will produce proportional stress over a suffi-
ciently wigle range to justify an elastic stress analysis is not
always valid for nonmetals. RTR and RPM piping shall be
designed for linear elastic behavior, having displacement
stresses groportional to displacement strains. In brittle
piping, strains initially will produce relatively large
elastic stifesses. The total displacement strain must be
kept small, however, since overstrain results in failure
rather than plastic deformation. In thermoplastic
piping, strjains generally will produce stresses of the over-
strained (|plastic) type, even at relatively low values of
total displpcement strain. If a method of flexibility analysis
thatassunpes elastic behavior is selected for thermoplastic
piping, the designer shall demonstrate its validity for the
piping system under consideration and shall establish safe
limits for |computed stresses.

(b) Overstrained Behavior. Stresses cannot be consid-
ered progortional to displacement strains throughout a
piping system in which an excessive amount of strain
may occuf in localized portions of the piping [an unbal¢
anced system; see para. 319.2.2(b)] or in which elastic
behavior ¢f the piping material cannot be assumed: Over-
strain shall be minimized by system layout and ‘excessive
displacempents shall be minimized by special joints or
expansior] devices (see para. A319.7).

Behavior. The amption that dispiace-

A319.2{3 Cold Spring. Cold spring_is the intentional
deformatjon of piping during assembly to produce a
desired initial displacement.gr_reaction. Cold spring
may be bpneficial in serving to’ balance the magnitude
of the redction under initial’and extreme displacement
conditions. When cold/spring is properly applied, there
is less likplihood ofteverstrain during initial operation.
There is afso less\déviation from as-installed dimensions
during infitial-operation, so that hangers will not be
displaced|as;far from their original settings. No credit

A319.3.2 Modulus of Elasticity. Appendix C lists
representative data on the tensile modulus of elasticity,
E, for several nonmetals as obtained under typical labo-
ratory rate of strain (loading) conditions. More precise
values of the short-term and working estimates of effec-
tive moduli of elasticity for given conditions ofloading and
temperature may be obtainable from the manufacturer.
For materials and temperatures not listed, refer to
ASTM or PPI documents, or to manufacturer’s data.

a)—Beecauseo i-viscoelasticitythe-e ivesmoduli
of thermoplastics under actual conditions of ‘us¢ will
depend on both the specific course of the strain (or
load) with time and the specific characteristicgs-of thqg ther-
moplastic.

(b) The modulus may also vary with the orientatjon of
the specimen. Because the reinforcement plays a sjgnifi-
cantrole in developing the physical properties for RT|R and
RPM piping, the modulus may* vary with the typg and
orientation of the reinforcément.

A319.3.3 Poisson’s-Ratio. Poisson’s ratio varies widely
depending upondnaterial and temperature. For that
reason, simpliffed formulas used in stress analysis for
metals may. nét be valid for nonmetals. For RTR and
RPM piping,“Poisson’s ratio varies with the orienfation
of the reinforcement.

A319.3.4 Dimensions. Nominal thicknesse$ and
outside diameters of pipe and fittings shall be used in flex-
ibility calculations.

A319.4 Analysis

A319.4.1 Formal Analysis Not Required. No fprmal
analysis is required for a piping system that
(a) duplicates, or replaces without significant change, a
system operating with a successful service record
(b) canreadily be judged adequate by comparison with
previously analyzed systems, or
(c) is laid out with a conservative margin of inHerent
flexibility, or employs joining methods or expansior joint
devices, or a combination of these methods, in accorflance
with manufacturers’ instructions

A319.4.2 Formal Analysis Requirements. For a piping
system that does not meet the above criteria, the degigner
shall demonstrate adequate flexibility by simplified,
approximate, or comprehensive stress analysis, uging a

for cold springtsper mitted-irstress range catcutations;
or in calculating thrusts and moments.

A319.3 Properties for Flexibility Analysis

A319.3.1 Thermal Expansion Data. Appendix C lists
coefficients of thermal expansion for several nonmetals.
More precise values in some instances may be obtainable
from manufacturers of components. If these values are to
be used in stress analysis, the thermal displacements shall
be determined as stated in para. 319.3.1.

Tethod tat can be Snown to be vaild for the specific
case. If substantially elastic behavior can be demonstrated
for the piping system [see para. A319.2.2(a)], methods
outlined in para. 319.4 may be applicable.

A319.5 Reactions

Paragraph 319.5 may be applicable if a formal stress
analysis can be shown to be valid for the specific case.
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A319.6 Movements

Special attention shall be given to movement (displace-
ment or rotation) of piping with respect to supports and
points of close clearance. Movements of the run pipe at the
junction of a small branch connection shall be considered
in determining the need for flexibility in the branch pipe.

A321.5.3 Supports for Brittle Piping. Brittle piping,
such as glass, shall be well supported but free of hindrance
to expansion or other movement. Not more than one
anchor shall be provided in any straight run without
an expansion joint.

. - PART 6
A319.7 Means of Increasing Flexibility SYSTEMS
Pipinglayeut-oftenprovidesadequate—inherentflex
ibility through changes in direction, wherein displace-  A322 SPECIFIC PIPING SYSTEMS
ment$ produce chiefly bending and torsional strains of . .
low magnitude. The amount of tension or compression A322.3 Instrument Piping

straif
small
Wh
addit
the fq
flexib
jointg
axial
shall
prodt
ment,

(which can produce larger reactions) usually is

ere piping lacks inherent flexibility or is unbalanced,
onal flexibility shall be provided by one or more of
llowing means: bends, loops, or offsets; swivel or
le joints; corrugated, bellows, or slip-joint expansion
; or other devices permitting angular, rotational, or
Imovement. Suitable anchors, ties, or other devices
be provided as necessary to resist end forces
ced by fluid pressure, frictional resistance to move-
and other causes.

A321

Par

A321

A3]
quire
shall |
and 1

(@)
such
loads
supp
place
pipin

(b)
sive ]
to pr

(c)
guard

(d)

PIPING SUPPORT
agraph 321 applies in its entirety.

L5 Supports for Nonmetallic Piping

21.5.1 General. In addition to other applicable’re-
ments of para. 321, supports, guides, and‘danchors
be selected and applied to comply withtheprinciples
equirements of para. A319 and the.following:
Piping shall be supported, guidedyand anchored in
h manner as to prevent damage t0 the piping. Point
and narrow areas of contact/between piping and
rts shall be avoided. Suitable padding shall be
H between piping and.supports where damage to
b may occur.

Valves and equipiiient that would transmit exces-
ads to the piping shall be independently supported
bvent suchgloads.

Considération shall be given to mechanical
ing An‘traffic areas.

Manufacturers’ recommendations for support shall

Paragraph 322.3 applies in its entirety, e
references to paras. A301 and A302.2.4 replace 1
to paras. 301 and 302.2.4, respectively.

ccept that
eferences

A322.6 Pressure-Relieving Systems

Paragraph 322,6\applies in its entirety, gxcept for

para. 322.6.3. See~para. A322.6.3.

bh 322.6.3
e shall be

A322.6.3 Overpressure Protection. Paragra
applies, except that maximum relieving pressu
in accordance with para. A302.2.4.

PART 7
MATERIALS

A323 GENERAL REQUIREMENTS

A323.1 Materials and Specifications

Paragraph 323.1 applies except for para. 32
para. A323.1.4.

A323.1.4 Reclaimed Materials. Reclaim
components may be used, provided they ard
identified as conforming to a listed or publish
cation (see para. 323.1.1) and otherwise meet th
ments of this Code. The user shall verify that co
are suitable for the intended service. Sufficien
examination, and testing shall be performed to
the minimum available wall thickness and freé
any of the following to an extent that would be
able in the intended service:

(a) imperfections

3.1.4. See

bd piping
properly
bd specifi-
erequire-
mponents
E cleaning,
etermine
dom from
unaccept-

il 1
ISIUTTTU.

be co

A321.5.2 Supports for Thermoplastic, RTR, and RPM
Piping. Supports shall be spaced to avoid excessive sag or
deformation at the design temperature and within the
design life of the piping system. Decreases in the
modulus of elasticity with increasing temperature and
creep of material with time shall be considered when ap-
plicable. The coefficient of thermal expansion shall be
considered in the design and location of supports.

103

(c) absorption of deleterious substances

A323.2 Temperature Limitations

The designer shall verify that materials that meet other
requirements of the Code are suitable for service
throughout the operating temperature range. Also see
the Notes for Tables B-1 through B-5 in Appendix B.
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A323.2.1 Upper Temperature Limits, Listed Materials

(a) Except as provided in (b) below, a listed material
shall not be used at a design temperature higher than the
maximum for which a stress value or rating is shown, or
higher than the maximum recommended temperature in
Table A323.4.2C for RTR materials and in Table A323.4.3
for thermoplastics used as linings.

(b) A listed material may be used at a temperature
higher than the maximum stated in (a) above if there
ibition in Appendix B or elsewhere in the
Code, and if the designer verifies the serviceability of
the materfial in accordance with para. 323.2.4.

A323.22 Lower Temperature Limits, Listed Materials

(a) Materials for use at design minimum temperatures
below cerfain limits must usually be tested to determine
that they have suitable toughness for use in Code piping.
Table A3743.2.2 sets forth those requirements.

(b) When materials are qualified for use at tempera-
tures below the minimum temperature listed in
Appendix B, the allowable stresses or pressures shall
not exceedl the values for the lowest temperatures shown.

(c) Seeflsotherecommendedlimitsin Table A323.4.2C
for reinforced thermosetting resin pipe and in
Table A323.4.3 for thermoplastics used as linings.

A323.2|3 Temperature Limits, Unlisted Materials.
Paragrapll 323.2.3 applies.

A323.2/4 Verification of Serviceability. When an
unlisted npaterial is to be used, or when a listed material
is to be used above or below the limits in Appendix™B,
Table A323.4.2C, or Table A323.4.3, the designer shall
comply wijith the requirements of para. 323.2.4.

A323.4 Kluid Service Requirements for
Nonmetallic Materials

A323.4/1 General

(a) Nommetallic materialsishall be safeguarded against
excessive|temperature, shock, vibration, pulsation, and
mechanicgal abuse in ajl*fluid services.

(b) Requirements-inpara. A323.4 apply to pressure-
containing parts.“Th€y do not apply to materials used
for supports, gaskets, or packing. See also Appendix F,
para. FA3R3:4.

(d) The precautions of Appendix F,
paras. F323.1(a) through (c) are considered.
(2) They shall be safeguarded when used in other
than Category D Fluid Service.
(3) PVCand CPVCshallnotbe usedin compressed air
or other compressed gas service.

(b) Reinforced Plastic Mortars (RPM) Piping. This

piping shall be safeguarded when used in other than Cat-
egory D Fluid Service.
: g. This
piping shall be safeguarded when used in toxic‘or|flam-
mable fluid services. Table A323.4.2C gives(the r¢com-
mended temperature limits for reinfojrced
thermosetting resins.

(d) Borosilicate Glass and Porcelain

(1) They shall be safeguardedyhen used in toxic or
flammable fluid services.
(2) They shall be safeguarded against large, [rapid
temperature changes in {luid services.

A323.4.3 Piping Lined With Nonmetals

(a) Metallic Riping Lined With Nonmetals. Fluid s¢rvice
requirementsfor the base (outer) material in para. 323.4
govern except as stated in (d) below.

(b) Noumetallic Piping Lined With Nonmetals.|Fluid
servieeequirements for the base (outer) mateiial in
para323.4.2 govern, except as stated in (d) belgw.

{c) Nonmetallic Lining Materials. The lining may Be any
material that, in the judgment of the user, is suitable fpr the
intended service and for the method of manufacture and
assembly of the piping. Fluid service requirements in
para. A323.4.2 do not apply to materials used as linings.

(d) Properties ofboth the base and lining materials, and
of any bond between them, shall be considered in ¢stab-
lishing temperature limitations. Table A323.4.3 givds rec-
ommended temperature limits for thermoplastic
materials used as linings.

A323.5 Deterioration of Materials in Service
Paragraph 323.5 applies in its entirety.

A325 MATERIALS — MISCELLANEOUS
Paragraph 325 applies in its entirety.

DART Q

A323.4.2 Specific Requirements

(a) Thermoplastics
(1) They shall not be used in flammable fluid service

above ground, unless all of the following are met:

(a) The size of the piping does not exceed DN 25
(NPS 1).

(b) Owner’s approval is obtained.

(c) Safeguarding in accordance with Appendix G is
provided.

THRNT U

STANDARDS FOR PIPING COMPONENTS

A326 DIMENSIONS AND RATINGS OF
COMPONENTS

A326.1 Requirements

Paragraph 326 applies in its entirety except that refer-
ences to Table A326.1 and Appendix B replace references
to Table 326.1 and Appendix A, respectively.
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Table A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals

Column A
At or Above Listed Column B
Minimum Below Listed Minimum
Type of Material Temperature Temperature

Listed nonmetallic materials | No added requirement | The designer shall have test results at or below the lowest expected service temperature
which assure that the materials and bonds will have adequate toughness and are
suitable at the design minimum temperature.

Unlisted materials An unlisted material shall conform to a published specification. Where composition, properties, and product form
are comparable to those of a listed material, requirements for the corresponding listed material shall be met.
Other unlisted materials shall be qualified as required in Column B.

GENERAL NOTE: These requirements are in addition to the requirements of the material specification.

Tablg A323.4.2C Recommended Temperature Limits for Table A323.4.3 Recommended Temperature Limits for

Reinforced Thermosetting Resin Pipe Thermoplastics Used as Linings
Recommended Temperature Limits Materials Minimum Maxiimum

Materials Minimum Maximum [Note (1)] °C °F °C °F

Refin Reinforcing °C °F °C °F PFA -198 -325 260 500

Epoxy Glass fiber -29 -20 149 300 PTFE -198 -325 260 500
Phenolic Glass fiber -29 -20 149 300

Furan Carbon -29 -20 93 200 FEP -198 -325 204 400

Furan Glass fiber -29 -20 93 200 ECTFE -198 -325 171 340

Polyester Glass fiber -29 -20 93 200 ETFE -198 -325 149 300
Vinyl ¢ster Glass fiber -29 -20 93 200

GENERAL NOTE: These temperature limits apply only to materials PVDF -18 0 135 275

listed find do not reflect evidence of successful use in specific fluid PP -18 0 107 225

servicgs at these temperatures. The designer should consult the.man- PVDC -18 0 79 175

ufactufer for specific applications, particularly as the temperature

limits hre approached. GENERAL NOTE: These temperature limits are based jon material

tests and do not necessarily reflect evidence of succefsful use as
piping component linings in specific fluid services at these tempera-
tures. The designer should consult the manufacturer for specific appli-
cations, particularly as temperature limits are approached.

A326.4 Abbreviations in Table/A326.1 and

Appendix B NOTE: (1) See para. A326.4 for definitions of materialf.

The abbreviations tabulated/below are used in this
Chapter to replace lengthy-phrases in the text, in the
titles pf standards in Table:A326.1, and in the Specification ~ Table continued
Inde):lfor Appendix B./Those marked with an asterisk (*) Abbreviation Term
are in accordance.with ASTM D1600, Standard Termi- HDBS Hydrostatic Design Basis Stress
nology for Abbreviated Terms Relating to Plastics. HDSt
Those¢ items marked with a dagger (1) are in accordance

Hydrostatic Design Stress

. - . PB*t Polybutylene-1

with |JASTM,'F412, Standard Terminology Relating to
| S PE*t Polyethylene
Plastic Riping Systems. )
REX Cross-tinked-polyethylene

Abbreviation Term PFA* Perfluoro (alkoxyalkane)
ABS*t Acrylonitrile-butadiene-styrene plastics PP*t Polypropylene
BPS Bonding Procedure Specification PQR Procedure Qualification Record
CPVC*t Chlorinated poly(vinyl chloride) plastics PRt Pressure rating
DRt Dimension ratio PTFE* Polytetrafluoroethylene
DS Design stress PVC*t Poly(vinyl chloride)
E-CTFE* Ethylene-chlorotrifluoroethylene PVDC* Poly(vinylidene chloride)
ETFE* Ethylene-tetrafluoroethylene copolymer PVDF* Poly(vinylidene fluoride)
FEP* Perfluoro (ethylene-propylene) copolymer RPM Reinforced plastic mortar
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Table continued

Abbreviation Term
RTP Reinforced thermosetting plastic
RTR Reinforced thermosetting resin
SDRtT Standard dimension ratios
SIDRT Standard inside diameter dimension ratio
WPS Welding Procedure Specification

(8) testsand examinations other than those required
by para. A328.2.5

(9) acceptance criteria for the completed test
assembly

A328.2.2 Procedure Qualification by Others. Subject
to the specific approval of the Inspector, a BPS qualified by
others may be used provided that

(a) the Inspector satisfies him/herself that the
proposed qualified BPS has been prepared and executed

PART 9
FABRICATION, ASSEMBLY, AND ERECTION

A327 GENERAL
Piping
assembly
processes
any of the
requiremg

materials and components are prepared for
and erection by one or more of the fabrication
in paras. A328, A329, A332, and A334. When
se processes is used in assembly and erection,
ents are the same as for fabrication.

A328 B(Q

Paragrg
RTR, and
paras. A3
ments of

A328.1 E

Each er
personnel
in paras.
required
bonding {
bonding d

NDING OF PLASTICS

ph A328 applies only to joints in thermoplastic,

RPM piping. Bonding shall conform to
8.1 through A328.7 and the applicable require-
para. A311.

onding Responsibility

hployer is responsible for the bonding done by
of his/her organization and, except as provided
A328.2.2 and A328.2.3, shall conduct the
performance qualification tests to qualify
rocedure specifications (BPS) and bonders or
perators.

A328.2 Bonding Qualifications
A328.2
(a) Qu

1 Qualification Requirements

hlification of the BRS to be used, and of the
performgnce of bonders and bonding operators, is
required.|To qualify a BPS, all tests and examinations
specified therein andiifrpara. A328.2.5 shall be completed
successfully.

(b) In gdditionto the procedure for making the bonds,
the BPS shall-specify at least the following:

by aresponsible recognized organization with expertise in
the field of bonding

(b) by signature, the employer acceptsoth th
and procedure qualification record (PQR)as his/he

(c) the employer has at least one curréently emp
bonder who, while in his/her employ} has satisfad
passed a performance qualification test usin
proposed qualified BPS

A328.2.3 Performance Qualification by Ot
Without the Inspector!s specific approval, an emp
shall not accept a performance qualification test
by a bonder or boading operator for another emp
Ifapproval s given, itis limited to work on piping usi
same or equivalent BPS. An employer accepting| such
performance qualification tests shall obtain a cdpy of
the petformance qualification test record from the
previous employer, showing the name of the employer
byiwhom the bonder or bonding operator was quallified,
the date of such qualification, and the date the bonder or
bonding operator last bonded pressure piping under such
performance qualification.

e BPS
I own
loyed
torily
o the

hers.
loyer
made
loyer.
hg the

shall
wner
used
bd by
quali-

A328.2.4 Qualification Records. The employer
maintain a self-certified record, available to the d
or owner’s agent and to the Inspector, of the BPS
and the bonders or bonding operators employ
him/her, and showing the dates and results of BPS
fications and bonding performance qualifications.

A328.2.5 Qualification Tests. Tests, as speciffed in
para. A328.2.1(a), shall be performed to qualify| each
BPS and the performance of each bonder and bopding
operator. Test assemblies shall conform to (a) below
and the test method shall be in accordance with gither
(b) or (c).

(a) Test Assembly. The assembly shall be fabricated in
one pipe size in accordance with the BPS and shall cantain

(1) aftmmatertatsanmd-suppties{inchuding storage Te-
quirements)

(2) tools and fixtures (including proper care and
handling)

(3) environmental requirements (e.g., temperature,
humidity, and methods of measurement)

(4) joint preparation

(5) dimensional requirements and tolerances

(6) cure time

(7) protection of work

106

at Teast one of each different type of joint identified in the
BPS. More than one test assembly may be prepared if nec-
essary to accommodate all of the joint types or to assure
thatatleast one of each joint type is loaded in both circum-
ferential and longitudinal directions. The size of pipe and
fittings in the assembly shall be as follows:

(1) When the largest size to be qualified is DN 100
(NPS 4) or smaller, the test assembly shall be the largest
size qualified.
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Table A326.1 Component Standards

Standard or Specification Designation

Nonmetallic Fittings, Valves, and Flanges

Process Glass Pipe and Fittings ... ... ... . ASTM C599
Threaded PVC Plastic Pipe Fittings, Sch 80 . . ... ... e ASTM D2464
PVC Plastic Pipe Fittings, Sch 40 . ... ... . e ASTM D2466
PVC Plastic Pipe Fittings, Sch 80 . ... ... ... e ASTM D2467
Socket:Type ARBS Plastic Pipe Fittings Sch 40 STM D2468
Thermjoplastic Gas Pressure Pipe, Tubing, and Fittings ... ...... ... ... . i e ASTM D2513
Reinfofced Epoxy Resin Gas Pressure Pipe and Fittings .. ............ .. i ASTM D2517
Plastic| Insert Fittings for PE Plastic Pipe ........ ... . . AISTM D2609
Socket}Type PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing ......................... (). ASTM D2683
CPVC Plastic Hot- and Cold-Water Distribution Systems . ............ ... . i ASTM D28#6/D2846M
Butt Heat Fusion PE Plastic Fittings for PE Plastic Pipe and Tubing ................ .. ... ...~ N ... ..., ASTM D3261
PB Plaktic Hot- and Cold-Water Distribution Systems . .............. ... STt ASTM D3309
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)] .. ... ..ttt mNe e i ASTM D3840
Machie Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . ... {+.................. ASTM D4024
Contadt Molded Fiberglass RTR Flanges [Note (1)] ... ... ot e N e e e s ASTM D5421
Fiberglass Pressure Pipe Fittings .. ... ... ... e e e e ASTM D5685
Threaded CPVC Plastic Pipe Fittings, Sch 80 . . .. .. ... et et ASTM F437
SockefType CPVC Plastic Pipe Fittings, Sch 40 .. ... ... .. . SN e ASTM F438
CPVC Plastic Pipe Fittings, Schedule 80 ... ....... .. . o ASTM F439
Electrgfusion Type PE Fittings for Outside Diameter Controlled PE Pipe and Tubing ....................... ASTM F1055
PlastictLined Ferrous Metal Pipe, Fittings, and Flanges [Notes(2), (3),and (4)] ......... .. ..., ASTM F1545
Pressure-Rated Polypropylene (PP) Piping Systems .« (st ... oo ASTM F2389
Plastic| Industrial Ball Valves [Notes (2) and (3)] .€ .90 oo e MSS SP-122
Nonmetallic Pipes and Tubes

PE Line Pipe .. .o API 15LE
Low Plessure Fiberglass Line Pipe (. g 5. ..ottt e API 15LR
Reinfofced Concrete Low-Head Pressure Pipe . ... ... ... . i i JASTM C361
Process Glass Pipe and Fittiigs s . . . . . oottt i e e e e JASTM C599
ABS Plastic Pipe, Sch@0)and 80 . . .. ... ... e ASTM D1527
PVC Plastic Pipe, SE40, 80 and 120 ... ... ...ttt ASTM D1785
PE Plagtic Pipe'(SIDR-PR) Based on Controlled Inside Diameter ................ ... ... ..., AISTM D2239
PVC Plastic_Pressure-Rated Pipe (SDR Series) . ... ... ..t e ASTM D2241
ABS PIastiC Pipe (SDR-PR) ... ...t e ASTM D2282
Classification for Machine-Made RTR Pipe . .. ... ... e e ASTM D2310
PE Plastic Pipe, Sch 40 & 80, Based on Outside Diameter ... .......... ..ttt ASTM D2447
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings ... ....... .. .. . i et ASTM D2513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings .. ... ... ... ... ... . i ASTM D2517
PB Plastic Pipe (SDR-PR) . . ..t e e ASTM D2662
PB Plastic TUDING . . ..ottt e e ASTM D2666
Joints for IPS PVC Pipe Using Solvent Cement . .. .. .. .. ...ttt ettt es ASTM D2672
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Table A326.1 Component Standards (Cont’d)

Standard or Specification Designation

Nonmetallic Pipes and Tubes (Cont’d)
PE Plastic TUDINg . . . ... ASTM D2737
CPVC Plastic Hot- and Cold-Water Distribution System . ........... ... . i e ASTM D2846/D2846M
Filament-Wound Fiberglass RTR Pipe [Note (1)] .. .. .ottt ASTM D2996
Centrifugally Cast Fiberglass RTR Pipe ... ... ... e ASTM D2997
PB Plastic Hipe (SDR-PR) Based on Outside Diameter . ... ...... ... .ttt e s ASTM [D3000
PE Plastic Hipe (DR-PR) Based on Controlled Outside Diameter . ........... ... ..t ASTM [D3035
PB Plastic Hot- and Cold-Water Distribution Systems . .. ... ... ... i e ASTM [D3309
Fiberglass TR Pressure Pipe [Note (1)] .. ..o vttt e e e e e e ASTM [D3517
Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (1)] . ... ..ot ASTM [D3754
CPVC Plastif Pipe, Sch 40 and 80 .. .. ... ..ottt e ASTM F441/F441M
CPVC Plastif Pipe (SDR-PR) . ...ttt e e N ASTM F442/F442M
Crosslinked| Polyethylene/Aluminum/Crosslinked Polyethylene (PEX-AL-PEX) Pressure Pipe .......\0~7. ... .. ASTM|F1281
Polyethyleng/Aluminum/Polyethylene (PE-AL-PE) Composite Pressure Pipe .............. ... % . ..uon... ASTM|F1282
Polyolefin Hipe and Fittings for Corrosive Waste Drainage Systems [Notes (2) and (3)] ... .} .. ..ot ASTM|[F1412
Plastic-Linefl Ferrous Metal Pipe, Fittings, and Flanges [Notes (2), (3), and (4)] . ... .« S i, ASTM|F1545
PVDF Corrgsive Waste Drainage Systems . ........ ... . Al h i ASTM|F1673
Pressure-Rdted Polypropylene (PP) Piping Systems . ... ... ... e s i ASTM|F2389
Metric and [nch-sized Crosslinked Polyethylene (PEX) Pipe ... ... ... . . . %8 e ASTM F2788/FR788M
Reinforced Loncrete Pressure Pipe, Steel Cylinder Type, for Water and\@ther Liquids ...................... AWWA C300
Prestressed| Concrete Pressure Pipe, Steel Cylinder Type, for Water.and Other Liquids ..................... AWWA C301
Reinforced [oncrete Pressure Pipe, Noncylinder Type .. ... ... o AWWA C302
Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings;4 In. Through 60 In. (100 mm Through 1,500 mm) AWWA C900
Fiberglass Hressure Pipe .. ... ... .. e AWWA C950
Miscellanepus
Contact-Molded RTP Laminates for CorrosionResistant Equipment .. ......... ... ... . ... . ... ASTM C582
Threads for] Fiberglass RTR Pipe (60 degrstub) [Note (1)] . ..o vn it e ASTM [D1694
Solvent Cenpents for ABS Plastic Pipe @nd Fittings ... ... ... ...ttt e ASTM [D2235
Solvent Cenpents for PVC Plastic Riping Systems .. ....... ... .. .. i i ASTM |D2564
Joints for Plastic Pressure Pipes‘Using Flexible Elastomeric Seals . ........... ... .. ... ASTM [D3139
Fiberglass RTR Pipe Joints/Using Flexible Elastomeric Seals [Note (1)] .. ...« .o ASTM [D4161
Design and [Construction-of Nonmetallic Enveloped Gaskets for Corrosive Service ......................... ASTMN F336
Solvent Cenpents-for"CPVC Plastic Pipe and Fittings .. ......... ..t e ASTNMI F493
Taper Pipe [Threads 60° for Thermoplastic Pipe and Fittings .. ........... ... i, ASTM|[F1498
Metal InserCFittings for Polyethylene/Aluminum/ Polyethylene and Crosslinked Polyethylene/Aluminum;

Crosslinked Polyethylene Composite Pressure Pipe ............ ... ... i, ASTM F1974

GENERAL NOTE: It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved edition
references, along with the names and addresses of the sponsoring organizations, are shown in Appendix E.

NOTES:

(1) The term “fiberglass RTR” takes the place of the ASTM designation “fiberglass (glass-fiber-reinforced thermosetting resin).”

(2) This Standard allows the use of unlisted materials; see para. 323.1.2.

(3) This Standard contains no pressure-temperature ratings.

(4) Cautionary Note: A metallic piping component lined with nonmetal requires proper interaction between liner and host metallic piping
component. This is demonstrated by qualification testing required in ASTM F1545. The designer should review this documentation for
compliance.
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(2) When the largest size to be qualified is greater
than DN 100 (NPS 4), the size of the test assembly shall be
between 25% and 100% of the largest piping size qual-
ified, but shall be a minimum of DN 100 (NPS 4).

(b) Burst Test Method. The test assembly shall be
subjected to a burst test in accordance with the applicable
sections of ASTM D1599.° The time to burst in this stan-
dard may be extended. The test is successful if failure initi-
ates outside of any bonded joint.

(©) :
subje
than

rted to hydrostatic pressure of at least Prfor notless
I hr with no leakage or separation of joints.
7) For thermoplastics, Pr shall be determined in

accorfdance with eq. (27)
Pr= o‘soT(M) (27)
-T
wherg
D |= outside diameter of pipe

Sy |[= mean long-term hydrostatic strength (LTHS) in
accordance with ASTM D2837. Use twice the
23°C (73°F) HDB design stress from Table B-1
if listed, or use manufacturer’s data.

Ss |= mean short-term burst stress in accordance with
ASTM D1599,5 from Table B-1 if listed, otherwise
from manufacturer’s data

T |= nominal thickness of pipe
(2)] For RTR (laminated and filament-wound) and RPM,
P7shall be 3 times the manufacturer’s allowable pressure

for th

(3)
loade
tions.

A3
bond
(a)
cific h
(b)
abilit)

e components being joined.
The test shall be conducted so that the;joint is
d in both the circumferential and longitudinal direc-

28.2.6 Performance Requalification. Renewal of a
ng performance qualificatidn jS required when

a bonder or bonding operator has not used the spe-
onding process for a period of 6 months or more, or
there is specific reason to question the individual’s
 to make bonds that meet the BPS

A328

A3]
rioraf
not sj

.3 Bonding-Materials and Equipment

28.3.1 Materials. Bonding materials that have dete-
ed by.exposure to air or prolonged storage, or will
bréad smoothly, shall not be used in making joints.

A328.4 Preparation for Bonding

Preparation shall be defined in the BPS and shall specify
such requirements as

(a) cutting

(b) cleaning

(c) preheat

(d) end preparation

(e) fit-up

. onding Requirements
A328.5.1 General

ccordance
(BPS) that
B.2. Manu-
rials, and
b prepara-

(a) Production joints shall be made only in a
with a written bonding procedure specification
has been qualified in accordance with para. A32
facturers of piping materjals;/bonding mate
bonding equipment should‘bé consulted in th¢
tion of the BPS.

(b) Production joints shall be made only by qualified
bonders or bondihg operators who have apjpropriate
training or experience in the use of the applicable BPS
and have satisfactorily passed a performance quialification
test that was performed in accordance with d qualified
BPS.

(c) “Each qualified bonder and bonding opet
be.assigned an identification symbol. Unless
specified in the engineering design, each
containing bond or adjacent area shall be st
otherwise suitably marked with the iden
symbol of the bonder or bonding operator. Ide
stamping shall not be used and any marking p
shall not be detrimental to the piping material
marking the bond, appropriate records may b

(d) Qualification in one BPS does not qualify
or bonding operator for any other bonding pr

(e) Longitudinal joints are not covered in p

ator shall
ptherwise
pressure-
enciled or
tification
htification
hint or ink
In lieu of
e filed.

a bonder
ocedure.
hra. A328.

A328.5.2 Hot Gas Welded Joints in Thermoplastic
Piping®

(a) Preparation. Surfaces to be hot gas welde
shall be cleaned of any foreign material. For butt
joining edges should be beveled at 20 deg to 40
mm (% in.) root face and root gap.

(b) Procedure. Joints shall be made in accord
the qualified BPS.

Dyoneh Coppnactione A foliioatnd o
FEHRE—C6#1 S—r1aot

d together
welds, the
Heg with 1

ance with

A328.3.2 Equipment. Fixtures and tools used in
making joints shall be in such condition as to perform
their functions satisfactorily.

® Titles of referenced standards and specifications are listed in
Table A326.1, except ASTM D1599, Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings;
ASTM D2657, Practice for Heat Fusion Joining of Polyolefin Pipe and
Fittings; ASTM D2855, Practice for Making Solvent-Cemented Joints
with PVC Pipe and Fittings; and ASTM F1290, Practice for
Electrofusion Joining Polyolefin Pipe and Fittings.
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te} h connec-
tion shall be made by inserting the branch pipe in the
hole in the run pipe. Dimensions of the joint shall
conform to Figure 328.4.4, illustration (c). The hole in
the run pipe shall be beveled at 45 deg. Alternatively,
a fabricated branch connection shall be made using a
manufactured full reinforcement saddle with integral
socket.

r=4 T1CCTrot TCatCC—oTarC
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Figure A328.5.3 Thermoplastic Solvent Cemented Joint

\F

A328.5.4 Heat Fusion Joints in Thermoplastic Pi

(a) Preparation. Surfaces to be heat fused tog
shall be cleaned of all foreign material.

ping®

ether

(b) Procedure. Joints shall be made in accordance with

the qualified BPS. The general procedures in ASTM D
Techniques I — Socket Fusion, I[I — Butt Fusion, and
Saddle Fusion, provide a suitable basis for developm
such a procedure. Uniform heating of both surfaces
joined and assembly of these surfaces shall prod

A328.5
Piping®
(a) P
surfaces
D2855 f
D2235 fo
before sd
fitting so
full socke
(b) Prd
the qualif
for develo|
PVC, CPV(
and D223
surfaces
shall pro
visual evi
end of thd
See Figur
(c) Br
tion shall
ment sa

|
|
|
\
Socket Joint

3 Solvent Cemented Joints in Thermoplastic

eparation. Thermoplastic pipe and fitting
thall be prepared in accordance with ASTM
r PVC, ASTM F493 for CPVC, and ASTM
I ABS. A dry fit test of each joint is required
lvent cementing. The pipe shall enter the
ket between one-third and two-thirds of the
E depth when assembled by hand.

cedure. Joints shall be made in accordance with
ed BPS. ASTM D2855 provides a suitable basis
pment of such a procedure. Solvent cements for
,and ABS shall conform to ASTM D2564,D2846,
5, respectively. Application of cement to both
o be joined and assembly of these surfaces
Huce a continuous bond between them with
dence of cement at least flush with the outer
fitting bore around the entire joint perimeter.
b A328.5.3.

inch Connections. A fabricated brahch connec-
be made using a manufactured)full reinforce-
ddle with integral branch socket. The

reinforcement saddle shall be selvent cemented to the

run pipe

ver its entire contaet'surface.

Figure A328.5.4 Thermoplastic Heat Fusion Joints

continuous homogeneous bond between then
shall produce a small fillet of fused material-3
outer limits of the joint. See Figure A328.5:4.for t
heat fusion joints. Fixtures shall be usedrto align cg
nents when joints are made.

(c) Branch Connections. A fabricated branch co
tion is permitted only where molded fittings are un
able.

A328.5.5 Electrofusion’Joints in Thermopl
Piping®

(a) Preparation! Surfaces to be heat fused tog
shall be cleaned"of all foreign material.

(b) Procedure. Joints shall be made in accordanc
the qualified'BPS. The general procedures in ASTM K
Technigue T — Coupling Procedure and Technique
Saddle Procedure, provide a suitable basis for the
opment of such a procedure. See Figure A328.5.5.

A328.5.6 Adhesive Joints in RTR and RPM Pip

(a) Procedure. Joints shall be made in accordanc
the qualified BPS. Application of adhesive to the su

2657,
I —
ent of
to be
uce a
n and
t the
pical
mpo-

nnec-

avail-

astic

ether

b with
1290,
I —
level-

b with
-faces

tobejoined and assembly of these surfaces shall prodluce a

continuous bond between them and shall seal over a
to protect the reinforcement from the service flui
Figure A328.5.6.

(b) Branch Connections. A fabricated branch co
tion shall be made using a manufactured full rein
ment saddle having a socket or integral leng
branch pipe suitable for a nozzle or coupling. The
in the run pipe shall be made with a hole saw; th

I cuts
. See

nnec-
force-
th of

hole
e cut

N

> >

-
Y

7L

Socket Joint Butt Joint

110

Saddle Joint
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Figure A328.5.5 Thermoplastic Electrofusion Joints

Figurp A328.5.6 Fully Tapered Thermosetting Adhesive
Joint

T J—

edged of the hole shall beisealed with adhesive at the time
the saddle is bonded to*the run pipe.

A328.5.7 Butt-and-Wrapped Joints in RTR and RPM
Piping®

(a)| Precedure. Joints shall be made in accordance with
the qpalified BPS. Application of plies of reinforcement

‘F7
|
Coupling %
\ .
Wire
; Saddle
Wire / coils | / tapping tee
l\\ 14 coils ( — I G}
| | ] ]
*\ e — D
N mat
| N — —
|
l
N \
Coupling Butt Saddle

Figure A328.5.7 Thermosetting Wrapped Joints

T — 2 7

Butt and Wrapped
Joint

Overwrapped
Bell and Spigot Joint

A328.6 Bonding Repair

Defective material, joints, and other workmahnship that
fails to meet the requirements of this Code and df the engi-
neering design shall be repaired or replaced. See also

saturated with catalyzed resin to the surfaces to be
joined shall produce a continuous structure with them.
Cuts shall be sealed to protect the reinforcement from
the service fluid. See Figure A328.5.7.

(b) Branch Connections. For a fabricated branch
connection made by inserting the branch pipe into a
hole in the run pipe, the hole shall be made with a
hole saw.

para. 341.3.3.

A328.7 Seal Bonds

If threaded joints are to be seal bonded in accordance
with para. A311.2.2, the work shall be done by qualified
bonders and all exposed threads shall be covered by the
seal bond.
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A329 FABRICATION OF PIPING LINED WITH
NONMETALS

A329.1 Welding of Metallic Piping

A329.1.

(a) Par
semblies

1 General

agraph A329.1 applies only to welding subas-
of metallic piping that have previously been

lined with nonmetals.

(b) We

ding that conforms to para. A329.1 may be used

A334 JOINING NONPLASTIC PIPING
A334.1 Borosilicate Glass Piping

Short unflanged pieces used to correct for differ

ences

between fabrication drawings and field dimensions may

be cut to length and finished in the field.

A334.2 Repair of Defects

Defective material, joints, and other workmanship in

in accord

A329.1
shall conf]
following

(a) Mo
suit many
in the eng

(b) We
continuity

(c) Ifa
replaced.

(d) Qug
rial does 11
other wel
rials.

A329.2 |
A329.2

(a) Pay
linings in
tals.

(b) Fla
in accord

(c) Flai

nce with para. A318.3.1.

2 Specific Welding Requirements. Welding
prm to the requirements of para. 328 and the
additional requirements:

lifications made in preparation for welding to
facturer’s recommendations shall be specified
ineering design.

ding shall be performed so as to maintain the
of the lining and its serviceability.

lining has been damaged, it shall be repaired or

lification to one WPS for a specific lining mate-
ot qualify a welder or welding operator for any
ling procedure involving different lining mate-

Flaring of Nonmetallic Linings
1 General

agraph A329.2 applies only to the flaring of
bipe that has previously been lined with nonme-

ing that conforms to para. A329.2 may be used
nce with para. A318.3.2.
ing shall be performed only in aceardance with

awritten flaring procedure specification,and only by qual-

ified oper
ence in t
specificati

A332 BE
A332.1 G

Paragrd

htors who have appropriate‘training or experi-
he use of the applicable/flaring procedure
on.

NDING AND_FORMING

eneral

ph 332:kapplies in its entirety.

. sections, where static sparking could cause ignit
A332.2 Bending q bl oot e E _EA32344a).

Paragraph 332.2 applies, except para. 332.2.2.

A332.3 Forming

Paragraph 332.3 applies, except for heat treatment.

112

nonplastic piping that fail to meet the requireme
para. A334 or of the engineering design shall bewrey
or replaced.

nts of
aired

Completed repairs and replacements shiall be exanined,

subject to the same limitations on imperfections :
original work.

A335 ASSEMBLY AND ERECTION

A335.1 Alignment
Paragraph 335.1, applies in its entirety.

A335.2 Flanged’and Mechanical Joints
Paragraph.335.2 applies in its entirety.
A335:2.5 Nonmetallic Bolted Joints

(a)-Bolted joints in nonmetallic piping m
assembled with any combination of flange materiz
flange facings, except that the following apply
other than flat face flanges and full face gaskets are

(1) consideration shall be given to the strength
flanges, and to sustained loads, displacement strain
occasional loads described in paras. A302.3.3
A302.3.4

(2) an appropriate bolt-up sequence shall be
fied

(b) Appropriate limits shall be specified for b
torque, and those limits shall not be exceeded.

(c) Flat washers shall be used under bolt head|
nuts.

s the

y be
1 and
Wwhen
used:
of the
5, and

and

speci-
lt-up

s and

A335.2.6 Metallic Piping Lined With Nonmetals. In

assembling mechanical joints in metallic piping
with nonmetals, consideration shall be given to 1
for maintaining electrical continuity between

lined
heans
pipe
on of

A335.3 Threaded Joints

Paragraph 335.3 applies except for para. 335.3.2. See

para. A335.3.2.

A335.3.2 Joints for Seal Bonding. A threaded joint to
be seal bonded shall be made up without thread
compound. A joint containing thread compound that
leaks during leak testing may be seal bonded in
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accordance with para. A328.6, provided all compound is
removed from exposed threads.

A335.3.4 Tools, Nonmetallic Piping. Either strap
wrenches or other full circumference wrenches shall
be used to tighten threaded pipe joints. Tools and
other devices used to hold or apply forces to the pipe
shall be such that the pipe surface is not scored or
deeply scratched.

can be injured or broken by blows that do not dent or
break the pipe.

A335.8.2 Borosilicate Glass Piping. In addition to the
precaution in para. A335.8.1, borosilicate glass piping
components shall be protected from weld spatter. Any
component so damaged shall be replaced. Flanges and
cushion inserts shall be carefully fitted and aligned to
pipe, fittings, and valve ends. Gaskets shall be of the
construction recommended for the joint. Installation

A335-3- iping—ln—assembling
threafled joints in RTR and RPM piping, where threads
may be exposed to fluids that can attack the reinforcing
material, threads shall be coated with sufficient resin to
cover the threads and completely fill the clearance
betwgen the pipe and the fitting.

A3353.4 Tubing Joints

A335.4.1 Flared Joints in Thermoplastic Tubing. In
addiftion to preparation in accordance with
para.|335.4.1, the end of the tubing shall be cut perpen-
diculdr to the tube centerline, preferably with a tubing
cutter specially made for thermoplastic tubing. No cuts,
scratthes, dirt, or surface damage to either inside or
outsifle diameter are permitted on the pipe end to be

A335.4.2 Flareless and Compression Tubing Joints.
Paragraph 335.4.2 applies.

A335.5 Caulked Joints
Paragraph 335.5 applies.

A335.6 Special Joints

Parfagraph 335.6 applies, except that\expanded joints
are npt permitted.

A3B5.6.3 Flexible Elastomeric Sealed Joints.
Asserpbly of flexible elastomeric sealed joints shall be
in acqordance with the manufacturer’s recommendations
and the following:

(a)| Seal and bearing-surfaces shall be free from inju-
rious|imperfections.

(b)| Any lubricant used to facilitate joint assembly shall
be compatiblewith the joint components and the intended
servige.

(c)| Pxoper joint clearances and piping restraints (if not

and torquing of bolts shall be in accordancg with the
manufacturer’s recommendations.

A335.9 Cleaning of Piping
See Appendix F, para. F335.9:

PART 10
INSPECTION, EXAMINATION, AND TESTING

A340 INSPECTION
Paragraph 340 applies in its entirety.

A341 EXAMINATION

A341.1 General
Paragraph 341.1 applies.

A341.2 Responsibility for Examination
Paragraph 341.2 applies in its entirety.

A341.3 Examination Requirements

A341.3.1 Responsibility for Examfnation.
Paragraph 341.3.1 applies, except for (a)l and (b),
which apply only for metals.

A341.3.2 Acceptance Criteria. Acceptande criteria
shall be as stated in the engineering design,|and shall
at least meet the applicable requirements foj bonds in
Table A341.3.2 and requirements elsewhere in the Code.

A341.3.3 Defective Components and Workmanship.
Paragraph 341.3.3 applies in its entirety.

A341.3.4 Progressive Sampling for Examination.
Paragraph 341.3.4 applies in its entirety.

integral in the joint design) shall be provided to prevent
joint separation when expansion can occur due to thermal
and/or pressure effects.

A335.8 Assembly of Brittle Piping

A335.8.1 General. Care shall be used to avoid
scratching of brittle nonmetallic piping in handling and
supporting. Any scratched or chipped components
shall be replaced. Care shall be used in handling glass-
lined and cement-lined metal pipe because the lining

A341.4 Extent of Required Examination

A341.4.1 Examination Normally Required. Piping in
Normal Fluid Service shall be examined to the extent
specified herein or to any greater extent specified in
the engineering design. Acceptance criteria are as
stated in para. A341.3.2 unless otherwise specified.

(a) Visual Examination. At least the following shall be
examined in accordance with para. 344.2:
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Table A341.3.2 Acceptance Criteria for Bonds

Type of Imperfection

Thermoplastic Material

Hot Gas Welded Joint Solvent Cemented Joint

Heat Fusion Joint

RTR and RPM Materials
[Note (1)] — Adhesive
Cemented Joint

Cracks

Unfilled areas in joint
Unbonded areas in joint
Inclusions of charred material

Unfused filler material inclusions

None permitted
None permitted
None permitted
None permitted

None permitted

Not applicable
None permitted
None permitted
Not applicable
Not applicable

None permitted
None permitted
None permitted
None permitted

Not applicable

None permitted
None permitted
None permitted
None permitted

None permitted

Protrusion
bore, %

bf material into pipe Cement, 5

f pipe wall thickness

Not applicable

0% Fused material, 25%  Adhesive, 25%

NOTE: (1)

(1) materials and components in accordance with

para. 341

4.1(a)(1).

(2) atleast 5% of fabrication. For bonds, each type of
bond madge by each bonder and bonding operator shall be
representgd.

(3) 100% of fabrication for bonds other than circum-
ferential, ¢xcept those in components made in accordance

with a lis

ed specification.

(4) dassembly and erection of piping in accordance
with parak. 341.4.1(a)(4), (5), and (6).

(b) Other Examination. Not less than 5% of all bonded
joints shall be examined by in-process examination in
accordange with para. 344.7, the joints to be examined
being sel¢cted to ensure that the work of each bonder
and bondling operator making the production joints is

examined

(c) Ce
applies.

A341.4
Piping a
Service a

tifications and Records. Paragraph 341.4:1(c)

2 Examination — Category D Fluid Service.
nd piping elements for Category D Fluid
5 designated in the engineering design shall

be visually examined to the extent neéCessary to satisfy

the exami
ship conf
engineeri

her that components, materials, and workman-
rm to the requirements of this Code and the
g design.

A341.5 Supplementary Examination

A341.5]1 General-Any applicable method of examina-
tion descifibed-in;para. 344 may be specified by the engi-

neering d
by para. A

bsign-to supplement the examination required

D 41

RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

A343 EXAMINATION PROCEDURES