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FOREWORD

e need for a national code for pressure piping

became increasingly evident from 1915 to 1925. To meet

this
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need ne d d d
mittee (later changed to American Standards
riation, then changed to United States of America
lards Institute, and now known as the American
nal Standards Institute) initiated project B31 in
h 1926, at the request of The American Society of
anical Engineers and with that Society the sole
nistrative sponsor. Because of the wide field
ved, Sectional Committee B31, later changed to
lards Committee, was composed of representatives
me 40 different engineering societies, industries,
Fnment bureaus, institutes, and trade associations.
several years’ work, the first edition was published
35 as an American Tentative Standard Code for
ure Piping.

prder to keep the Code abreast of current develop-
5 in piping design, welding, stress computations,
Himensional and material standards and specifica-
and increases in the severity of service conditions,

revisjons, supplements, and new editions of the Code

were|published as follows:

B31.1-1942  American Standard Code for:Rressure
Piping

B31.1a-1944 Supplement 1

B31.1b-1947 Supplement 2

B31.]-1951  American Standard‘Code for Pressure
Piping

B31.1a-1953  Supplement A~te/B31.1-1951

B31.1-1955 American Standard Code for Pressure

8 o o6 ocle—was—published to
cover Gas Transmission and Distributiop Piping
Systems. In 1955, after a review by B3t~Execptive and
Sectional Committees, a decision was'made tp develop
and publish other industry sections)as sepajrate code
documents of the American Standard Code for Pressure
Piping.
The first edition of Refrigeration Piping was published
as ASA B31.5-1962, superseding Section 5 of BB1.1-1955.
This Section was revised in 1966. Following| approval
by the Sectional Committee and the sponsor,|this revi-
sion was approved by the United States off America
Standards Institute on September 8, 1966, ahd desig-
nated USAS, _B31.5-1966. Revision of this Segtion was
approved ‘on April 18, 1974 by the American| National
Standards Institute and designated ANSI B31.5-1974.
In December 1978, the American National $tandards
Committee B31 was reorganized as the ASMH Code for
Pressure Piping, B31 Committee under prpocedures
developed by the American Society of M¢chanical
Engineers and accredited by the American|National
Standards Institute. The Code designation|was also
changed to ANSI/ASME B31.
Previous editions of this Code include those of 1983,
1987, 1989, 1992, 2001, 2006, 2010, and 2013. In this, the
2016 Edition, new additions and revisions have been
made to the text, shown in the Summary off Changes
page.
This Code was approved as an American|
Standard on April 12, 2016.

National
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(16)

INTRODUCTION

The ASME B31 Code for Pressure Piping consists of
a number of individually published Sections, each an
Americapn National Standard, under the direction of

The Code includes the following;:
(a) references to material specifications and compo-
nent standards that are ar(‘prab]P for Code usage

ASME C¢mmittee B31, Code for Pressure Piping. Rules
for each $ection reflect the kinds of piping installations
considergd during its development. This is the B31.5
Refrigerdtion Piping and Heat Transfer Components
Code Section. Hereafter, in this Introduction and in the
text of thjs Code Section B31.5, when the word “Code”
is used without specific identification, it means this Code
Section. [This Section also includes nonmandatory
appendifes containing referenced standards
(Nonmarjdatory Appendix A), information instructing
users on the preparation of technical inquiries
(Nonmar{datory Appendix B) and the selection of appro-
priate piping codes (Nonmandatory Appendix C), and
nomencldture (Nonmandatory Appendix D).

It is thie owner’s responsibility to select the Code
Section that most nearly applies to a proposed piping
installatjon. Factors to be considered by the owner
include ljmitations of the Code Section, jurisdictional
requirempnts, and the applicability of other codes and
standards. All applicable requirements of the selected
Code Section shall be met. For some installations mote
than one Code Section may apply to different parts efthe
installatign. The owner is also responsible for jimposing
requiremgnts supplementary to those of the Code if nec-
essary to assure safe piping for the proposediinstallation.
(See Nonmandatory Appendix C.)

The Cgde engineering requirements deemed neces-
sary for gafe design and construction of refrigeration,
heat trangfer components, and secondary coolant piping
systems. While safety is theyconsideration of this Code,
this factdr alone will net necessarily govern the final
specifications for any(pressure piping system.

The Cqde is not a-design handbook. Many decisions
that mus{ be madé€ to produce a sound piping installa-
tion are pot specified in detail within this Code. The
Code dogstnot serve as a substitute for sound engi-

(b) references to acceptable dimensional standargls for
the elements comprising piping systems

(c) requirements for the pressure design of comppnent
parts and assembled units

(d) requirements for the evaluatien and limitatjon of
stresses, reactions, and movementsassociated with|pres-
sure, temperature, and externalforces, and for the design
of pipe supports

(e) requirements for thé fabrication, assembly, and
erection of piping systems

(f) requirements for examination, inspection} and
testing of piping-systems

It is the intent of the Code that this not be retrogctive
and that, unless agreement is specifically made between
contracting.parties to use other issues, or the regulatory
body having jurisdiction imposes the use of other igsues,
the latest Code, issued 6 months prior to the orjginal
contract date for the first phase of activity covering a
piping system(s), be the governing document for all
design, materials, fabrication, erection, examingtion,
and testing activities for the piping system(s) until the
completion of the work and initial operation.

Manufacturers and users of piping are cautioned
against making use of revisions less restrictive thap for-
mer requirements without having assurance thaf they
have been accepted by the proper authorities ih the
jurisdiction where the piping is to be installed.

Users of this Code are advised that in some locdtions
legislation may establish jurisdiction over the siibject
matter of this Code.

Attention of Code users is directed to the fact that the
numbering of the Divisions and the text therein| may
not be consecutive. This is not the result of editorfial or
printing errors. An attempt has been made to follow a
uniform outline of the various Sections. Thereforg, the
same subject, in general, appears under the same hum-

neeringj dgulcuio 1|J_y theownerand-the dtbisllcl.

The Code contains basic reference data and formulas
necessary for design. It is intended to state these require-
ments in terms of basic design principles to the fullest
possible extent, supplemented with specific require-
ments, where necessary, to obtain uniform interpretation
of principle. It contains prohibitions in areas where prac-
tices or designs are known to be unsafe. In other areas
the Code contains warnings or “flags” where caution is
known to be necessary, but where it is considered that
a direct prohibition would be unwarranted.

ber-and submumber i att-Sections:

The Committee is a continuing one and is organized
to keep the Code current with new developments in
materials, construction, and usage. New Editions are
published at 3-yr to 5-yr intervals.

The Committee has established an orderly procedure
to consider requests for interpretation and revision of
Code requirements. To receive consideration, inquiries
must be in writing and must give full particulars. (See
Nonmandatory Appendix B covering preparation of
technical inquiries.)

viii
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The approved reply to an inquiry will be sent directly
to the inquirer. In addition, the question and reply will
be published as part of an Interpretation supplement
issued to the applicable Code Section.

A Case is the prescribed form of reply when study
indicates that the Code wording needs clarification, or
when the reply modifies existing requirements of the
Code or grants permission to use new materials or

alternative constructions. The Case will be published as
part of a Case supplement issued to the applicable Code
Section.

Requests for interpretations or suggestions for revi-
sions should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York,
NY 10016-5990.

ix
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ASME B31.5-2016
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.5-2016

Page
viii

il
10, 16, 18, 20, 21

Location
Introduction
500

Table 502.3.1

11 1 A . b NG PR 1-Q 1 1 —F . A 1 a5 SNna
dsS dPlJIUVCu Uy LIS AITICTICAIT INAUOIALD oldItddIds HIISUtUle OIT APIIL 12, ZUI10.

IASME B31.5-2016 consists of editorial changes, revisions, and corrections identified by a margin
hote, (16), placed next to the affected area.

Change

Third paragraph revised
Last paragraph added

(1) For second line of 95Cu—5Ni
condenser tube ASTM B111, second
line of Coppep-tube ASTM B280, and
first line of Copper tube ASTM B743,
Note (4)‘reference added

(2) For third line of 70Cu-30Ni pipe and
tube;ASTM B467, Notes (4) and (5)
references added

(3)For first, fourth, sixth, and ninth lines
of Iron Castings — Gray, Note (8)
reference added

(4) For all Iron Castings — Gray lines,
Note (9) reference deleted

(5) For all Iron Castings — Ferritc ductile
and Austenitic ductile lines, Note (8)
reference deleted

(6) Note (8) revised

B5 508.3 Revised
508.5:2 Revised in its entirety
B6 514 Subparagraphs (b) and (f) revised
Table 514 Title revised
B7 517 Subparagraph (f) added
11 Table 519.3.6 Title revised to match the rest of the table
on pages 42 and 43
19, 54 523.2.2 (1) For subpara. (f)(7), last sentence
deleted
(Z) Subparagraphs (t)(s) and (1)(9)
deleted
523.2.3 Revised
523.2.4 Revised in its entirety
61, 62 527.3.5 For subpara. (c), last two sentences
added
64, 65 Figure 527.3.5-5 Added
70 Table 531.2.1 For first P-No. 5 line, Minimum Wall and

Other entry revised
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ASME B31.5-2016

REFRIGERATION PIPING AND HEAT TRANSFER COMPONENTS

Chapter |

500 | GENERAL STATEMENTS

Thlis Refrigeration Piping and Heat Transfer
Components Code is a Section of the American Society
of Mechanical Engineers Code for Pressure Piping, B31.
This [Section is published as a separate document for
simplicity and for convenience of Code users. The users
of th{s Code are advised that in some areas legislation
may establish governmental jurisdiction over the subject
matter covered by the Code. The owner of a piping
installation shall choose which piping code(s) are appli-
cabl¢ to the installation and shall have the overall
resppnsibility for compliance with this Code. (See
Nongnandatory Appendix C.) The owner of a complete
pipirg installation shall have the overall responsibility:
for cpmpliance with this Code.

It is required that the engineering design specify-any
specipl requirements pertinent to the particulat service
involved. For example, the engineering design shall not
for ahy service specify a weld quality lower than that
stipylated in para. 527.3.2(d) for the Code-required
visugl examination quality and fdr the types of welds
involved; but where service requirements necessitate
addefd quality and more extensive nondestructive exam-
inatipn, these are to bespecified in the engineering
design and any revisionithéreto, and when so specified,
the (Jode requires that'they be accomplished.

The Code genérally employs a simplified approach
for njany of its ¥équirements. A designer may choose to
use g more complete and rigorous analysis to develop
design dnd construction requirements. When the
designerdecides to take this approach, the designer shall

Scope and Definitions

500.1.1 This Code prescribes\requirements for the
materials, design, fabricatior-assembly, eredtion, test,
and inspection of refrigeraht, heat transfer comnponents,
and secondary coolant piping for temperatuses as low
as —320°F (-196°C), whether erected on the pgemises or
factory assembled; eXcept as specifically exclugled in the
following paragraphs.

500.1.3
following:
(a), any self-contained or unit systems subject to the
requirements of Underwriters Laboratorieq or other
nationally recognized testing laboratory
(b) water piping, other than where water is used as
a secondary coolant or refrigerant
(c) piping designed for external or internal gage pres-
sure not exceeding 15 psi (105 kPa) regardless of size
(d) pressure vessels, compressors, or pumpsd, but does
include all connecting refrigerant and secondafy coolant
piping starting at the first joint adjacent to such
apparatus

This Code shall not apply to any of the

500.2 Definitions

For convenience in reference, some of the mpore com-
mon terms relating to piping are defined in this
subdivision.

Most welding definitions were taken from|the AWS
Welding Handbook, Volume 1, 7th Edition. Heat treat-
ment terms were taken from ASM Metals Hlandbook
Properties and Selection of Materials, Vplume 1,
8th Edition.

arc welding: a group of welding processes whergin coales-

provide details and calculations demonstrating that
design, contruction, examination, and testing are con-
sistent with the criteria of this Code. The details shall
be documented in the engineering design.

500.1 Scope

Rules for this Code Section have been developed con-
sidering the needs for applications that include piping
and heat transfer components for refrigerants and sec-
ondary coolants.

Copyright ASME International
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cence is produced by heating with an electric arc(s),
with or without the application of pressure and with or
without the use of filler metal.

automatic welding: welding with equipment that per-
forms the entire welding operation without constant
observation and adjustment of the controls by an opera-
tor. The equipment may or may not perform the loading
and unloading of the work.

backing ring: backing in the form of a ring generally used
in the welding of piping.
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base metal: the metal to be welded, soldered, brazed,
or cut.

brazing: a joining process that produces coalescence of
materials by heating them in the presence of a filler
metal having a liquidus above 840°F (450°C) but below
the solidus of the base metals. Heating may be provided
by a variety of processes. The filler metal distributes
itself between the closely fitted surfaces of the joint by
capillary action. Brazing differs from soldering in that

and the work. Shielding is obtained from a gas or gas
mixture. Pressure may or may not be used and filler
metal may or may not be used. (This process is some-
times called TIG welding.)

gas welding: a group of welding processes wherein
coalescence 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 metal.

gvnn se—zeld: a weld made - in-the grnf\xro between two

soldering filler metals have a liquidus below 840°F
(450°C).

brine: a sgcondary coolant that is a solution of a salt and
water.

butt joint] an assembly of two members lying approxi-
mately ir} the same plane.

compressof: a specific machine, with or without accesso-
ries, for Jompressing a given refrigerant vapor.

condenser] that part of a refrigerating system designed
to liquefy refrigerant vapor by the removal of heat.

condenser|coil: a condenser constructed of pipe or tube,
not enclosed in a pressure vessel.

design pregssure: see section 501.

engineering design: the detailed design developed from
process requirements and conforming to Code require-
ments, including all necessary drawings and specifica-
. tions, goyerning a piping installation.

“equipmend connection: an integral part of such equipment
-as pressfire vessels, heat exchangers, and pumps;
- designed|for attachment to pipe or piping compohents.

“evaporatof: that part of a refrigerating system ‘désigned
" to vaporige liquid refrigerant to produce fefrigeration.

" evaporatof coil: an evaporator constructed of pipe or tube,
not encloped in a pressure vessel.

face of wefd: the exposed surfage~0of’a weld on the side
from which the welding was done.

filler metpl: metal to be-added in making a welded,
brazed, gr soldered joinit

fillet weld: a weld, ef-approximately triangular cross-
section jpining tWeo surfaces approximately at right
angles toleach other in a lap joint, tee joint, corner joint,
or socket|joint:

members to be joined.

header: a pipe or tube (extruded, cast or fabricat¢d) to
which a number of other pipes or tubes are’conngcted.

heat affected zone: that portion of the base metal that has
not been melted, but whose mechanical propertfes or
microstructures have been altefed by the heat of veld-
ing, brazing, or cutting.

heat transfer component: the-pressure containing pgrtion
of equipment used fér heat transfer including pipes,
tubes, coils, or other edmponents and their headefs not
constructed as pressure vessels. (See also evaporatgr coil
and condenser{coil’)

heat treatment
annegling, full: heating a ferrous alloy into the aupteni-
tizing transformation temperature range, holding above
that fange for a proper period of time, followdgd by
oooling slowly through the transformation range.
austenitizing: forming austenite by heating a ferrous
alloy into the transformation range (partial austenitiz-
ing) or above the transformation range (complete
austenitizing).
normalizing: heating a ferrous alloy to a suitable| tem-
perature above the transformation range and sfibse-
quently cooling in air to a temperature substarjtially
below the transformation range.
stress-relief: uniform heating of a structure or pgrtion
thereof to a sufficient temperature below the ctitical
range to relieve the major portion of the residual stresses,
and then cooling slowly enough to minimize the devel-
opment of new residual stresses.
transformation range: the ranges of temperature within
which austenite forms during heating and transforms
to martensite or other microstructure during copling.
The limiting temperatures of the range are determined
by-ecomposition-of-the-ally-and-on-the rate-of charige of
¥ P ¥

fusion: see weld.

gas metal-arc welding (GMAW): an arc welding process
wherein coalescence is produced by heating with an arc
between a continuous filler metal (consumable) elec-
trode and the work. Shielding is obtained entirely from
an externally supplied gas or gas mixture. (Some meth-
ods of this process are called MIG or CO, welding.)

gas tungsten-arc welding (GTAW): an arc welding process
wherein coalescence is produced by heating with an arc
between a single tungsten (nonconsumable) electrode

temperature, particularly on cooling wherein the trans-
formation reaction is lower for rapid quench rates.

high side: the parts of a refrigerating system subjected
to condenser pressure.

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

joint penetration: the minimum depth a groove or flange
weld extends from its face into a joint, exclusive of
reinforcement.
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limited charge system: a system in which, with the com-
pressor idle, the internal volume and total refrigerant
charge are such that the design pressure will not be
exceeded by complete evaporation of the refrigerant
charge.

low side: the parts of a refrigerating system subjected to
evaporator pressure.

manual welding: welding wherein the entire welding
operg tion-is Pannrmnr‘] and controlled ]'\y hand

to the flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.
furnace butt welded, continuous welded: pipe produced
in continuous lengths from coiled skelp heated to
approximately 2,500°F (1 371°C). Immediately after
forming, the pipe edges are superheated by an oxygen
lance to near the melting point. A weld forming roll
applies sufficient lateral force to extrude the cast weld
metal to the I.D. and O.D. It is then reduced by a series

mechgnical joint: a joint obtained by joining of metal parts
throygh a positive holding mechanical construction.

miter|joint: two or more straight sections of pipe matched
and jpined on a plane bisecting the angle or junction so
as to|produce a change in direction.

nomifal: a numerical identification of dimension, capac-
ity, rating, or other characteristic used as a designation,
not as an exact measurement.

peenipg: the mechanical working of metals by means of
impajct blows.

: pipe: p tubular component, usually cylindrical, used for
“conveying fluid and normally designated “pipe” in the
~applicable specification. It also includes similar compo-
‘nentp designated “tube.” Types of welded pipe,
‘according to the method of manufacture, are defined as
“follos:
- doyble submerged-arc welded: pipe having a longitudinal
‘butt joint produced by at least two passes, one of which
is on|the inside of the pipe. Coalescence is produced by
heating with an electric arc or arcs between-the bare
metal electrode or electrodes and the worksThe welding
is shielded by a blanket of granular, fusible‘material on
the Work. Pressure is not used and filler metal for the
insidp and outside welds is obtainéd)from the electrode
or el¢ctrodes.
elegtric-flash welded: pipe havihg a longitudinal butt
joint (wherein coalescence.is_produced, simultaneously
over |the entire area oftabutting surfaces, by the heat
obtained from resistance to the flow of electric current
betwpen the two/surfaces, and by the application of
presgure after heating is substantially completed. Flash-
ing gnd upsetting are accompanied by expulsion of
meta| from-the joint.
elegtrie<frision welded: pipe having a longitudinal or

OI horizontal and vertical rolls 10 1ts 1mal S1z¢.

pipe supporting elements: elements that consist ¢f fixtures
and structural attachments. They do nétinclude support
structures and equipment, such asistanchionf, towers,
building frames, pressure vessels, ‘mechanidal equip-
ment, and foundations.

fixtures: elements that trdnsfer the load fronp the pipe
or structural attachment.to the supporting stfucture or
equipment. They incltide hanging-type fixturds, such as
hanger rods, spring hangers, sway braces,|counter-
weights, turnbuckles, struts, chains, guides) anchors,
and bearingtype fixtures, such as saddles, basgs, rollers,
brackets, @nd/sliding supports.

structural attachments: elements that ard welded,
boltédy.or clamped to the pipe, such as clips, luigs, rings,
clamps, clevises, straps, and skirts.

piping: the pipe and tube for interconnecting the various
parts in a refrigeration system, which includes pipe,
tube, flanges, bolting, gaskets, valves, and fittings; other
pressure-containing parts, such as heat transf¢r compo-
nents, expansion joints, strainers, and filters; dgvices that
serve such purposes as mixing, separating, $nubbing,
distributing, metering, or controlling flow; and|pipe sup-
porting elements.

postheating: the application of heat to an assembly after
a welding, brazing, soldering, or cutting opefation.

preheating: the application of heat to the base metal
immediately before a welding, brazing, soldering, or
cutting operation.

premises: the buildings and that part of the grounds of
one property, where an installation would pffect the
safety of those buildings or adjacent property.

pressure vessel: see Section VIII, Division 1, ASME Boiler
and Pressure Vessel Code (hereinafter referred to as the

spiratbtttjoint-whereirrcoatescence s producedrthe
preformed tube by manual or automatic electric-arc
welding. The weld may be single or double and may be
made with or without the use of filler metal. Spiral
welded pipe is also made by the electric-fusion welded
process with either a lap joint or a lock-seam joint.
electric-resistance welded: pipe produced in individual
lengths, or in continuous lengths from coiled skelp and
subsequently cut into individual lengths, having a longi-
tudinal or spiral butt joint wherein coalescence is pro-
duced by the heat obtained from resistance of the pipe

ASME BPV Code).

refrigerant and refrigerant mixtures: the fluid used for heat
transfer in a refrigerating system that absorbs heat dur-
ing evaporation at low temperature and pressure, and
releases heat during condensation at a higher tempera-
ture and pressure. The safety classification group con-
sists of two characters (e.g., Al or B2). The capital letter
indicates the toxicity and the arabic numeral indicates
the flammability, based on the criteria in Tables 500.2-1
and 500.2-2.
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Table 500.2-1 Refrigerant Safety Classifications

Refrigerant Safety
Number Chemical Name Chemical Formula Group
Methane Series
11 Trichlorofluoromethane CClsF Al
12 Dichlorodifluoromethane CCl,F, Al
12B1 Bromochlorodifluoromethane CBrCIF, Note (1)
13 Chlorotrifluoromethane CCIF; Al
13B1 Bromotrifluoromethane CBrFs5 Al
14 Tetraftuorometnane (carbon tetraltuoride) CF, Al
21 Dichlorofluoromethane CHCL,F B1
22 Chlorodifluoromethane CHCIF, Al
23 Trifluoromethane CHF3 Al
30 Dichloromethane (methylene chloride) CH,Cl, B2
31 Chlorofluoromethane CH,CIF Nqte (1)
32 Difluoromethane (methylene fluoride) CH,F, A2
40 Chloromethane (methyl chloride) CHsCl B2
41 Fluoromethane (methyl fluoride) CHsF Ngte (1)
50 Methane CH4 A3
Ethane Series
113 1,1,2-Trichloro-1,2,2-trifluoroethane CCl,FCCIE, Al
114 1,2-Dichloro-1,1,2,2-tetrafluoroethane CCIF,C€elF, Al
115 Chloropentafluoroethane €CIE,CF5 Al
116 Hexafluoroethane CF3CF3 Al
123 2,2-Dichloro-1,1,1-trifluoroethane CHCL,CF5 B1
124 2-Chloro-1,1,1,2-tetrafluoroethane CHCIFCF3 Al
125 Pentafluoroethane CHF,CF3 Al
134a 1,1,1,2-Tetrafluoroethane CH,FCF3 Al
141b 1,1-Dichloro-1-fluoroethane CH5CCl,F Ngte (1)
142b 1-Chloro-1,1-difluoroethane CH5CCIF, A2
143a 1,1,1-Trifluoroethane CH5CF3 A2
152a 1,1-Difluoroethane CH5CHF, A2
170 Ethane CH5CH; A3
E170 Dimethyl ether CH;0CH; A3
Propane Series
218 Octafluoropropane CF5CF,CF;5 Al
236fa 1,1,1,3,3,3-Hexafluotepropane CF5CH,CF3 Al
245fa 1,1,1,3,3-Pentafltaropropane CHF,CH,CF3 B1
290 Propane CH5CH,CH; A3
Cyclic Organi¢ Compounds
€318 Octafluorocyclobutane -(CFy4- Al
—‘: Miscellapeous Organic Compouhds
K Hydrocarbons
7 600 Butane CH3CH,CH,CH5 A3
. 600a Isobutane CH(CH5),CH; A3
Oxygen Compounds
<610 Ethyl ether CH5CH,0CH,CH; Ndte (1)
611 Methyl formate HCOOCH; B2
Nitrogen Compounds
630 Methyl amine CH3NH, Note (1)
631 Ethyl amine CH5CH,(NH,) Note (1)
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Table 500.2-1 Refrigerant Safety Classifications (Cont’d)

Refrigerant Safety
Number Chemical Name Chemical Formula Group

Inorganic Compounds

702 Hydrogen H, A3
704 Helium He Al
717 Ammonia NH3 B2
718 Water H,0 Al
720 Neon Ne Al
728§ Nitrogen N2 Al
732 Oxygen 0, Note (1)
740 Argon Ar Al
744 Carbon dioxide Co, Al
744A Nitrous oxide N,O Note (1)
764 Sulfur dioxide S0, B1
Unsaturated Organic Compounds
1190 Ethene (ethylene) CH,=CH, A3
1270 Propene (propylene) CH3CH =CH3 A3

GENERAL NOTES:
(@) Rdfrigerant safety classifications per ANSI/ASHRAE 34-2001, addendum h, are shown herelfor convenience. More recent addenda may
agply.
(b) Clsss A: refrigerants for which toxicity has not been identified at concentrations lessthan or equal to 400 ppm (parts per mjllion),
bgdsed on data used to determine Threshold Limit Values—Time Weighted Average)(TW/-TWA) or consistent indices.
(c) Clpss B: refrigerants for which there is evidence of toxicity at concentrations below 400 ppm, based on data used to determjine
TLV-TWA or consistent indices.
(d) Clgss 1: refrigerants that do not show flame propagation when tested in-air‘at 14.7 psia (100 kPa) and 65°F (18°C).
(e) Clpss 2: refrigerants having a lower flammability limit (LFL) of more thah.0.00625 Ib/ft> (0.10 kg/m?) at 70°F (21°C) and 14)7 psia
(1p0 kPa) and a heat of combustion of less than 8,174 Btu/lb (19000 kj/kg).
(® Clpss 3: refrigerants that are highly flammable as defined by haying an LFL of less than or equal to 0.00625 Ib/ft> (0.10 kg/m>) at
7Q°F (21°C) and 14.7 psia (100 kPa) or a heat of combustiorgreater than or equal to 8,174 Btu/lb (19 000 kJ/kg).

NOTE:
(1) N¢ classification assigned as of this date.
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Table 500.2-2 Safety Classifications for Refrigerant Blends

Refrigerant Number Composition (Mass %) Safety Group
Zeotropes
400 R-12/114 (must be specified) Al
401A R-22/152a/124 (53/13/34) Al
401B R-22/152a/124 (61/11/28) Al
401C R-22/152a/124 (33/15/52) Al
402A R-125/290/22 (60.0/2.0/38.0) Al
402B R-125/290/22 (38.0/2.0/60.0) Al
403A R-290/22/218 (5/75/20) Al
403 R-290/22/218 (5/56/39) All
404 R-125/143a/134a (44/52/4) Afl
405 R-22/152a/142b/C318 (45/7/5.5/42.5) Notg (1)
406 R-22/600a/142b (55/4/41) Ap
407 R-32/125/134a (20/40/40) AlL
407 R-32/125/134a (10/70/20) Al
407¢ R-32/125/134a (23/25/52) A
407 R-32/125/134a (15/15/70) All
407 R-32/125/134a (25/15/60) AL
408 R-125/143a/22 (7/46/47) AL
409 R-22/124/142b (60/25/15) AL
409 R-22/124/142b (65/25/10) AL
410 R-32/125 (50/50) AL
410 R-32/125 (45/55) A
411 R-1270/22/152a (1.5/87.5/11.0) Ap
411 R-1270/22/152a (3/94/3) Ap
412 R-22/218/142b (70/5/25) Ap
413 R-218/134a/600a (9/88/3) Ap
414 R-22/124/600a/142b (51.0/28.5/4.0/16.5) AL
414 R-22/124/600a/142b (50.0/39.0/1.5/9.5) AL
415 R-22/152a (82.0/18.0) Ap
415 R-22/152a (25.0/75.0) Ap
416. R-134a/124/600 (59:0/39.5/1.5) AL
417 R-125/134a/600 (46.6/50.0/3.4) AL
418 R-290/22/152a(1.5/96.0/2.5) Ap
419 R-125/134a/E170 (77.0/19.0/4.0) Ap
Azeotropes

500 R-12{152a (73.8/26.2) All
501 R-22/12 (75.0/25.0) AL
502 R:22/115 (48.8/51.2) AL
503 R-23/13 (40.1/59.9) Notg (1)
504 R-32/115 (48.2/51.8) Notq (1)
505 R-12/31 (78.0/22.0) Notq (1)
506 R-31/114 (55.1/44.9) Notq (1)
507 R-125/143a (50/50) AL
508 R-23/116 (39/61) AlL
508 R-23/116 (46/54) AL
509 R-22/218 (44/56) ALl

GENERAL NDTES:

(@) Safety ¢lassifications for refrigerant blends per ANSI/ASHRAE 34-2001, addendum h, are shown here for convenience. More recerjt

addenda may<apply.
(b) Class A} reffigerants for which toxicity has not been identified at concentrations less than or equal to 400 ppm (parts per million),
based ¢n'data used to determine Threshold Limit Values—Time Weighted Average (TLV-TWA) or consistent indices.

(c) Class B:refrigerants for which there is evidence of toxicity at concentrations below 400 ppm, based on data used to determine
TLV-TWA or consistent indices.

(d) Class 1: refrigerants that do not show flame propagation when tested in air at 14.7 psia (100 kPa) and 65°F (18°C).

(e) Class 2: refrigerants having a lower flammability limit (LFL) of more than 0.00625 b/ft> (0.10 kg/m?®) at 70°F (21°C) and 14.7 psia
(100 kPa) and a heat of combustion of less than 8,174 Btu/lb (19 000 kJ/kg).

(® Class 3: refrigerants that are highly flammable as defined by having an LFL of less than or equal to 0.00625 Ib/ft®> (0.10 kg/m>) at
70°F (21°C) and 14.7 psia (100 kPa) or a heat of combustion greater than or equal to 8,174 Btu/lb (19 000 kJ/kg).

NOTE:

(1) No classification assigned as of this date.
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refrigerating system: a combination of interconnecting
refrigerant-containing parts constituting a closed refrig-
erant circuit in which a refrigerant is circulated for the
purpose of extracting heat.

reinforcement of weld: weld metal in excess of the specified
weld size.

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

by using a filler metal having a liquidus not exceeding
840°F (450°C) and below the solidus of the base materi-
als. The filler metal is distributed between the closely
fitted surfaces of the joint by capillary action. Soldering
may be performed manually, ultrasonically, or in a
furnace.

submerged arc welding (SAW): an arc welding process
wherein coalescence is produced by heating an arc(s)
between a bare metal electrode or electrodes and the

root ’Lllbtl VLIJ:L.UIL. thc dcyth (23 6LUUVC VVC}.d C/\‘I:Cl.ldﬂ ;.J.ltU
the rpot of a joint measured on the centerline of the root
cross| section.

seal wpeld: any weld used primarily to provide a specific
degree of tightness against leakage.

seconflary coolant: any liquid used for the transmission
of heat without a change in its state.

self-dontained system: a complete factory-made and
factofy-tested system in a suitable frame or enclosure
that {s fabricated and shipped in one or more sections
and |n which no refrigerant-containing parts are con-
nectgd in the field other than by companion flanges or
blocl valves.

semidgutomatic arc welding: arc welding with equipment
that ¢ontrols only the filler metal feed. The advance of
the welding is manually controlled.

shall:where “shall” or “shall not” is used for a provision
specjfied, that provision is intended to be a Code
ement.

ork. Shielding is obtained from decomposition of
ectrode covering. Pressure is notwused, and filler

: “should” or “it is recommended” is used to indi-
rovisions that are not.sthandatory but recom-

equal leg fillet weld:the leg lengths of the largest isosce-
les right triangle.that can be inscribed within the fillet
weld| cross-section.

grdove weldxthe joint penetration (depth of chamfering
plus [the‘xo0t penetration when specified). The size of
the groove weld and its effective throat are one and

work. The arcis shielded by a blanket of granular fusible
material on the work. Pressure is not uSed jand filler
metal is obtained from the electrodeyand spmetimes
from a supplementary welding rod;

tack weld: a weld made to hold-parts of a we]dment in
proper alignment until the fihal“welds are made.

throat of a fillet weld
actual: the shortestdistance from the root of a fillet
weld to its face.
effective: the minimum distance from the roof of a weld
to its face, les§,any reinforcement.
theoretical: the distance from the beginning ¢f the root
of the joint_perpendicular to the hypotenuse of the larg-
est rightvtriangle that can be inscribed within|the fillet-
weld ‘eross-section.

toe" of weld: the junction between the face of|the weld
and the base metal.

tube: see pipe.

undercut: a groove melted into the base metal adjacent
to the toe or root of a weld and left unfilled by weld
metal.

weld: alocalized coalescence of metals or nonmnjetals pro-
duced by heating the materials to suitable temperatures,
with or without the application of pressure, [and with
or without the use of filler metal.

welder: one who is capable of performing a thanual or
semiautomatic welding operation.

welding operator: one who operates machine or qfutomatic
welding equipment.

welding procedures: the detailed methods and| practices
including all joint welding procedures involyed in the
production of a weldment.

the same.

unequal leg fillet weld: the leg lengths of the largest
right triangle that can be inscribed within the fillet weld
cross-section.

slag inclusion: nonmetallic solid material entrapped in
weld metal or between weld metal and base metal.

soldering: a joining process that produces coalescence of
materials by heating them to a suitable temperature and

weldment: an assembly whase compaonent

joined by welding.

arts are

500.3 Nomenclature

Dimensional and mathematical symbols used in this
Code are listed in Nonmandatory Appendix D, with
definitions and location references to each. Uppercase
and lowercase English letters are listed alphabetically,
followed by Greek letters.
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Chapter Il
Design

PART 1

pressure on the low side during the defrost cycle. This

CONDITIONS AND CRITERIA
501 DESIGN CONDITIONS
501.1 General

Section| 501 defines the temperatures, pressures, and
various fgrces applicable to the design of piping systems.
It also stqtes considerations that shall be given to ambi-
ent and rhechanical influences and various loadings.

501.2 P

501.22 Internal Design Pressure. The piping com-
ponent shall be designed for an internal pressure repre-
senting the most severe condition of coincident pressure
and temperature expected in normal operation or
standby (including fluid head). The most severe condi-
tion of cpincident pressure and temperature shall be
that condjition that results in the greater required piping
componeht thickness and the highest component rating.

Any piping connected to components other than pip-
ing shall have a design pressure no less than the lowest
design gressure of any component to which it is
connectedl.

ssure

501.2B External Design Pressure. The piping com-
ponent shall be designed for an external pressure repre-
senting the most severe condition of coincident pressure
and temperature expected during shutdown or in nor-
mal operation (including fluid head) considering possi-
ble loss of internal pressure. Reffigerant piping systems
shall be ¢lesigned to resist c¢olldpse when the internal
pressure [is zero absolutesand the external pressure is
atmosphgric. This is to permit drying the pipe by evacua-
tion. The|most severe\condition of coincident pressure
and temperaturehall be that condition that results in
the greatgst requited pipe thickness and the highest com-
ponent rgting:

501.25 :
design gage pressure shall be not less than 15 psi
(105 kPa) and, except as noted in para. 501.2.5, shall be
not less than the saturation pressure of the refrigerant
at the following temperatures:

(a) low sides of all systems: 80°F (27°C)

(b) high side of water or evaporatively cooled sys-
tems: 104°F (40°C)
© (c) high sides of air cooled systems: 122°F (50°C)
- Considerations shall be given to low side systems
with hot gas defrost. Such systems impose high side
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may raise the low side design pressure requiremgnts.

501.2.5 Minimum Design Pressure for, Specific
Service
(a) Design pressure for either high or-Jow side|need
not exceed the critical pressure of the refrigerant ynless
the system is intended to operatedat these conditions.
(b) When components of aystem are protected by a
pressure relief device, the design pressure of the piping
need not exceed the setting-of the pressure relief device.
(c) In a compound system the piping between stages
shall be considered the'low side of the next higher|stage
compressor.

501.3 Temperature

In this Code, metal temperature of piping in service is
considered to be the temperature of the fluid conveyed.

501.3.1 Brittle Fracture. Consideration myst be
given to a reduction in impact strength occurripg in
some materials when subjected to low temperafures.
Notch effects should be avoided (see para. 523.2)

501.4 Ambient Influences

501.4.1 Ambient Temperature. In the design of
refrigeration piping systems, consideration myst be
given to the influence of ambient temperature.

501.4.2 Fluid Expansion Effects (Incregased
Pressure). Consideration must be given to expapsion
of liquid refrigerant trapped in or between closed valves
and a means provided to prevent overpressure.

501.5 Dynamic Effects

501.5.1 Impact. Impact forces, including hydfaulic
shock and liquid slugging, caused by either external or
internal conditions shall be considered in the design of

501.5.2 Wind. The effect of wind loading should
be taken into account in the design of exposed piping
as described in SEI/ASCE 7-05.

501.5.3 Earthquake (Seismic Forces). Piping sys-
tems located in regions where earthquakes are a factor
shall be designed for horizontal forces. The method of
analysis may be as described in SEI/ASCE 7-05. How-
ever, this force is not to be considered as acting concur-
rently with lateral wind force.
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501.5.4 Vibration. Piping shall be arranged and
supported with consideration to vibration (see
para. 521.3.5).

501.5.5 Discharge Reactions. Piping systems shall
be designed, arranged, and supported so as to withstand
reaction forces due to let down or discharge of fluids.

501.6 Weight Effects

D1.6.1 Live Loads. The live load consists of the
weight of the fluid transported, and snow and ice loads,
if thq latter will be encountered.

501.6.2 Dead Loads. Dead loads consist of the
weight of the piping components and insulation, and
otheq superimposed permanent loads.

501.6.3 Test Loads.
weight of the test fluid.

The test load consists of the

501.Y Thermal Expansion and Contraction Loads

Wihen a piping system is prevented from free thermal
expansion and contraction as a result of anchors and
restraints, thrusts and moments are set up that must be
taker) into account as required by sections 502 and 519.
Congideration must be given to stresses developed
insidp pipe walls by large rapid temperature changes.of
the cpntents.

502 | DESIGN CRITERIA
502.1 General

Se¢tion 502 pertains to ratings/stress values, stress
critetfia, design allowances, and minimum design values,
and formulates the permissible, variations to these fac-
tors yised in the design of piping.

502.2 Pressure-Temperature Design Criteria for
Piping Companents

502.2.1 Components Having Specific Ratings.
Presgure—tempetature ratings for certain piping compo-
nentg haye been established and are contained in some
of the §taridards listed in Table 526.1.

Either pressure or temperature, or both, may exceed
the design values if the stress in the pipe wall calculated
by the formulas using the maximum expected pressure
during the variation does not exceed the S value allow-
able for the maximum expected temperature during the
variation by more than the following allowances for the
periods of duration indicated:

(a) up to 15% increase above the S value during 10%
of the operating period

b up to 207 increase above
of the operating period

uring 1%

502.2.4 Considerations for Local)Conditions and
Transitions. When two lines thatoperate af different
pressure—temperature conditions are conngcted, the
valve segregating the two lirtes-shall be ratgd for the
more severe condition. When"a line is conngcted to a
piece of equipment that.opérates at a higher pressure—
temperature conditioh~than that of the line, [the valve
segregating the line \from the equipment shal| be rated
for at least the operating condition of the equipment. If,
however, the valve is a sufficient distance from the pipe
or piece ofyequipment operating under the more severe
service condition, with the result that the tethperature
of thisvalve would be lower than the more sevgre service
congdition, this valve may be rated for the most severe
coexistent pressure-temperature condition tq which it
will be actually subjected in normal operation. However,
the piping between the more severe conditior}s and the
valve shall be designed to withstand the operating con-
ditions of the equipment or piping to which it is
connected.

502.2.5 Standards and Specifications. Where there
are manufacturers’ standards of long standing, as is the
case for flanges, valves, and fittings for certain refriger-
ants, these shall be permitted for the particulaf refriger-
ant service listed by the manufacturer.

502.2.6 Use of Criteria. The design conditjons men-
tioned in section 501 determine the thicknesq of metal
or other material required in the piping system. This
thickness can be determined by one of the following
three methods:

(a) acombination of allowable stresses for tle materi-
als at the various temperature and mathemati¢al formu-
las that link together the design condition and the

502.2.2 Ratings: Normal Operating Conditions. For
normal operation the design pressure and design tem-
. perature shall be within the pressure-temperature rat-
ings for all components used.

502.2.3 Ratings: Allowance for Variations From
Normal Operation. It is recognized that variations in
pressure and temperature inevitably occur, and there-
fore the piping system shall be considered safe for occa-
sional operation for short periods at higher than the
design pressure or temperature.

thickness of metal or other material voqn;var‘

(b) a pressure—temperature rating for the individual
components

(c) an outright requirement that certain standardized
components be used or not be used

502.3 Allowable Stresses and Other Stress Limits

502.3.1 Allowable Stress Values

(a) The allowable stress values to be used for design
calculations shall conform to Table 502.3.1 unless other-
wise modified by requirements of this Code.
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Table 502.3.1 Maximum Allowable Stress Values, ksi

ASME B31.5-2016

(Multiply by 1,000 to Obtain psi)

Min. Tensile Min. Yield
Min. Strength, Strength, Longitudinal or
Grade, Type, Temperature, °F ksi ksi Spiral Joint
Material Spec. No. or Class [Notes (1) and (2)] [Note (3)] [Note (3)] Factor
Seamless Carbon Steel Pipe and Tube
Steel pipe ASTM A53 A B 48.0 30.0
Steel pipe ASTM A53 B B 60.0 35.0
Steel pipe ASTM A106 A B 48.0 30.0
Steel pipe ASTM A106 B B 60.0 35.0
Steel pipe ASTM A106 C B 70.0 40.0
Steel tube ASTM A179 -20 47.0 26.0
Steel tube ASTM A192 Ce -20 47.0 26.0
Steel tube ASTM A210 A-1 =20 60.0 37.0
Steel pipe ASTM A333 1 -50 55.0 30.0
Steel pipe ASTM A333 6 -50 60.0 35.0
Steel tube ASTM A334 1 -50 55.0 30.0
Steel tube ASTM A334 6 =50 60,0 35.0
Steel pipe API 5L A B 48,0 30.0
Steel pipe API 5L B B 60.0 35.0
Carbon Stepl Pipe and Tube
Steel pipe ASTM A53 F -20 48.0 30.0 0.6p
Steel pipe API 5L A25 -20 45.0 25.0 0.6p
Electric Resistance Welded Pipe and Tube
Steel pipe ASTM A53 A B 48.0 30.0 0.8p
Steel pipe ASTM A53 B B 60.0 35.0 0.8p
Steel pipe ASTM A135 A B 48.0 30.0 0.8p
Steel pipe ASTM A135 B B 60.0 35.0 0.8p
Steel tube ASTM A178 A -20 47.0 26.0 0.8p
Steel tube ASTM A178 Q =20 60.0 37.0 0.8p
Steel tube ASTM A214 -20 47.0 26.0 0.8p
Steel tube ASTM A226 -20 47.0 26.0 0.8p
Steel pipe ASTM A333 1 -50 55.0 30.0 0.8p
Steel pipe ASTM A333 6 -50 60.0 35.0 0.8p
Steel tube ASTM,A334 1 -50 55.0 30.0 0.8p
Steel tube ASFMA334 6 -50 60.0 35.0 0.8p
Steel pipe ASTM A587 e -20 48.0 30.0 0.8p
Steel pipe API 5L A B 48.0 30.0 0.8p
Steel pipe API 5L B B 60.0 35.0 0.8p
Electric Fusion Welded Pipe

Steel pipe ASTM A134 A283 B 45.0 24.0 0.80

Gr. A
Steel pipe ASTM A134 A283 B 50.0 27.0 0.80

Gr. B
Steel pipe ASTM A134 A283 A 55.0 30.0 0.80

Gr. C

10
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)

(Multiply by 1,000 to Obtain psi)

For Metal Temperatures, °F

Min. Temp.
to 100 150 200 250 300 350 400 Spec. No.
Seamless Carbon Steel Pipe and Tube
13(7 3.7 3.7 3.7 3.7 3.7 3.7 STM A53
1711 17.1 17.1 17.1 17.1 17.1 17.1 ASTM A53
1317 13.7 13.7 13.7 13.7 13.7 13.7 ASTM A106
1711 17.1 17.1 17.1 17.1 17.1 17.1 ASTM A106
2010 20.0 20.0 20.0 20.0 20.0 20.0 ASTM A106
1314 13.4 13.4 13.4 13.4 13.4 13.4 ASTM A179
1314 13.4 13.4 13.4 13.4 13.4 13.4 ASTM A192
1711 17.1 17.1 17.1 17.1 17.1 17.1 ASTM A210
157 15.7 15.7 15.7 15.7 15.7 15.7 ASTM A333
1711 17.1 17.1 17.1 17.1 17.4 17.1 ASTM A333
157 15.7 15.7 15.7 15.7 15.7 15.7 ASTM A334
1711 17.1 17.1 17.1 17.1 171 17.1 ASTM A334
1317 13.7 13.7 13.7 13.7 13.7 13.7 API 5L
1711 17.1 17.1 17.1 17.1 17.1 17.1 API 5L
Carbon Steel Pige and Tube
82 8.2 8.2 8.2 8.2 8.2 8.2 ASTM A53
N7 7.7 7.7 7.7 7.7 7.7 7.7 Pl 5L
Electric Resistance Welded Pipe [and Tube
117 11.7 11.7 1.7 11.7 11.7 11.7 ASTM A53
146 14.6 14.6 14.6 14.6 14.6 14.6 ASTM A53
117 11.7 11.7 11.7 11.7 11.7 11.7 ASTM A135
146 14.6 14.6 14.6 14.6 14.6 14.6 ASTM A135
114 11.4 114 11.4 11.4 11.4 11.4 ASTM A178
146 14.6 14% 14.6 14.6 14.6 14.6 ASTM A178
114 11.4 1T1.4 11.4 11.4 11.4 11.4 ASTM A214
1144 11.4 11.4 11.4 11.4 11.4 11.4 ASTM A226
1314 13.4 13.4 13.4 13.4 13.4 13.4 ASTM A333
14.6 14.6 14.6 14.6 14.6 14.6 14.6 ASTM A333
1314 13% 13.4 13.4 13.4 13.4 13.4 ASTM A334
146 14.6 14.6 14.6 14.6 14.6 14.6 ASTM A334
117 11.7 11.7 11.7 11.7 11.7 11.7 ASTM A587
117 11.7 11.7 11.7 11.7 11.7 11.7 API 5L
146 14.6 14.6 14.6 14.6 14.6 14.6 API 5L
Electric Fusion Welded Pipe
10.3 10.3 10.3 10.3 10.3 ASTM A134
11.4 11.4 11.4 11.4 11.4 ASTM A134
12.6 12.6 12.6 12.6 12.6 ASTM A134
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

Min. Tensile Min. Yield
Min. Strength, Strength, Longitudinal or
Grade, Type, Temperature, °F ksi ksi Spiral Joint
Material Spec. No. or Class [Notes (1) and (2)] [Note (3)] [Note (3)] Factor

Carbon Steel Pipe and Tube (Cont’d)

Electric Fusion Welded Pipe (Cont’d)
Steel Pipe ASTM A134 A283 A 60.0 33.0 0.8p

Gr. D

Copper Brazed Tubing
Steel tube ASTM A254 42.0 250
Low and Infermediate Alloy Steel Pipe and Tube

Seamlesg Alloy Steel Pipe and Tube
3YNi pipe ASTM A333 3 -150 65.0 35.0
Cr—Cu—Ni-Al pipe ASTM A333 4 -150 60.0 35.0
2YNi pipe ASTM A333 7 -100 65.0 35.0
2Ni pipe ASTM A333 9 -100 63.0 46.0
3Y,Ni tube ASTM A334 3 -150 65.0 35.0
2YNi tube ASTM A334 7 -100 65.0 35.0
2Ni tube ASTM A334 9 -100 63.0 46.0

Electric Resistance Welded Pipe and Tube
3Y,Ni pipe ASTM A333 3 <150 65.0 35.0 0.8p
2YNi pipe ASTM A333 7 -100 65.0 35.0 0.8p
2Ni pipe ASTM A333 9 -100 63.0 46.0 0.8p
3Y,Ni tube ASTM A334 3 -150 65.0 35.0 0.8p
2Y4Ni tube ASTM A334 7 -100 65.0 35.0 0.8p
Austenitic $tainless Steel Pipe and Tube

Seamlesg Pipe and Tube
18-8 tube ASTM A213 TP304 —425 75.0 30.0
18-8 tube ASTM A213 TP304L -425 70.0 25.0
18-8 pipe ASTM A312 TP304 —425 75.0 30.0
18-8 pipe ASTM A312 TP304L -425 70.0 25.0
18-8 pipe ASIMA376 TP304 —425 75.0 30.0
18-8 pipe ASTW A376 TP304 -425 70.0 30.0

Welded Ripe and\Tube
18-8 tube ASTM A249 TP304 -425 75.0 30.0 0.8p
18-8 tube ASTM A249 TP304L —425 70.0 25.0 0.85
18-8 pipe ASTM A312 TP304 —425 75.0 30.0 0.85
18-8 pipe ASTM A312 TP304L -425 70.0 25.0 0.85
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

For Metal Temperatures, °F

Min. Temp.

to 100 150 200 250 300 350 400 Spec. No.
Carbon Steel Pipe and Tube (Cont’d)

Electric Fusion Welded Pipe (Cont’d)

13)7 13.7 13.7 13.7 13.7 A e ASTM A134

Copper Braz¢d Tubing
6.0 5.1 4.9 4.8 4.7 4.0 370 ASTM A254
Low and Intermediate Alloy Steel Pipe and Tube

Seamless Alloy Steel Pipe jand Tube
18]6 18.6 18.6 18.6 18.6 18.6 18.6 ASTM A333
1711 17.1 17.1 17.1 17.1 171 17.1 ASTM A333
18]6 18.6 18.6 18.6 18.6 18.6 18.6 ASTM A333
18J0 ASTM A333
186 18.6 18.6 18.6 18.6 18.6 18.6 ASTM A334
18}6 18.6 18.6 18.6 18.6 18.6 18.6 ASTM A334
18J0 ASTM A334

Electric Resistance Welded Pipe |and Tube
15]8 15.8 15.8 15.8 15.8 15.8 15.8 ASTM A333
1518 15.8 15.8 1558 15.8 15.8 15.8 ASTM A333
15|13 ASTM A333
15{8 15.8 15.8 15.8 15.8 15.8 15.8 ASTM A334
15|18 15.8 15.8 15.8 15.8 15.8 15.8 ASTM A334
Austenitic Stainless Steel Pige and Tube

Seamless Pipe |and Tube
20{0 20.0 20.0 19.5 18.9 18.5 18.3 ASTM A213
16|7 16.7 16.7 16.7 16.7 16.5 15.8 ASTM A213
20{0 20.0 20.0 19.5 18.9 18.5 18.3 ASTM A312
16|7 164Z 16.7 16.7 16.7 16.5 15.8 ASTM A312
20{0 20.0 20.0 19.5 18.9 18.5 18.3 NSTM A376
20{0 20.0 18.9 - 17.7 R 17.1 NSTM A376

Welded Pipe jand Tube
1710 170 17.0 16.6 161 157 155 LSTMA249
14.2 14.2 14.2 14.2 14.2 14.0 13.4 ASTM A249
17.0 17.0 17.0 16.6 16.1 15.7 15.5 ASTM A312
14.2 14.2 14.2 14.2 14.2 14.0 13.4 ASTM A312

13
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

Min. Tensile Min. Yield

Copper or Strength, Strength,
Copper ksi ksi
Material Spec. No. Size or Wall, in.  Alloy No. Temper [Note (3)] [Note (3)]

Seamless Copper and Copper Alloy Pipe and Tube

Copper p|p ASTM B4 ALl C10200 Annaalad ({'\41\ Qﬁ_l’\ 9.0
C12200

Copper pip¢ [Note (4)] ASTM B42 Ye—2, incl. C10200  Hard drawn (H80) 45.0 40.0
C12200

Copper pip¢ [Note (4)] ASTM B42 2-12, incl. C10200 Light drawn (H55) 36.0 30.0
C12200

Red brass gipe ASTM B43 All C23000  Annealed (061) 40.0 12.0

Copper tubg ASTM B68 All C10200  Light anneal, soft anneal 30.0 9.0
C12200 (050, 060)

Copper tubg ASTM B75 All C10200  Light anneal, soff*anneal 30.0 9.0
C12200 (050, 060)

Copper tubg [Note (4)] ASTM B75 All C10200  Light drawn) (H55) 36.0 30.0
C12200
C14200

Copper tubg [Note (4)] ASTM B75 Up to 4 C10200 »Hard drawn (H80) 45.0 40.0
C12200

Copper tubg [Note (4)] ASTM B88 All C10200  Drawn general purpose (H58) 36.0 30.0
C12200

Copper tubg ASTM B88 All C10200 Light anneal (050) 30.0 9.0
C12200

Copper tubg [Note (4)] ASTM B111 Up to, 3% incl. C10200  Light drawn (H55) 36.0 30.0
C12200
C14200

Copper tubg [Note (4)] ASTM B111 tp to 3%, incl. C10200  Hard drawn (H80) 45.0 40.0
C12200
C14200

Copper allo] ASTM B111 Up to 3%, incl. C19200  Annealed (061) 38.0 12.0

Red brass dondenser tube ASTM B111 Up to 3%, incl. C23000  Annealed (061) 40.0 12.0

14
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

For Metal Temperatures, °F

100 150 200 250 300 350 400 Spec. No.

Seamless Copper and Copper Alloy Pipe and Tube

6.0 54 49 48 4e? 40 3.6 STM B42
12.9 12.9 12.9 12.9 12.5 11.8 4.3 ASTM B42
103 10.3 10.3 10.3 10.0 9.7 9.4 ASTM B42
8.0 8.0 8.0 8.0 8.0 7.0 5.0 ASTM B43
6.0 5.1 4.9 4.8 4.7 4.0 3.0 ASTM B68
6.0 5.1 4.9 4.8 4.7 4.0 3.0 ASTM B75
10.3 10.3 10.3 10.3 10.0 9.7 9.4 ASTM B75
12.9 12.9 12.9 12.9 1245 11.8 43 ASTM B75
103 10.3 10.3 10.3 10.0 9.7 9.4 ASTM B88
6.0 5.1 4.9 4.8 4.7 4.0 3.0 ASTM B88
10.3 10.3 103 103 10.0 9.7 9.4 ASTM B111
12.9 12.9 12.9 12.9 12.5 11.8 4.3 ASTM B111
8.0 7.1 6.7 6.4 6.2 e . ASTM B111
8.0 8.0 8.0 8.0 8.0 7.0 5.0 ASTM B111

15
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)

ASME B31.5-2016

(Multiply by 1,000 to Obtain psi)

Min. Tensile Min. Yield
Copper or Strength, Strength,
Copper ksi ksi
Material Spec. No. Size or Wall, in.  Alloy No. Temper [Note (3)] [Note (3)]
Seamless Copper and Copper Alloy Pipe and Tube (Cont’d)
Muntz metal-condensertube ASTM B111 Ilp ta31 - el C28000 Annaalad (041\ 500 20.0
Admiralty npetal condenser tube ASTM B111 Up to 3, incl. C44300 Annealed (061) 45.0 15.0
C44400
C44500
Aluminum lronze condenser ASTM B111 Up to 3%, incl. C60800  Annealed (061) 50.0 19.0
tube
Alui”hinum rass condenser ASTM B111 Up to 3%, incl. C68700  Annealed (061) 50.0 18.0
tube
95Cu-5Ni dondenser tube ASTM B111 Up to 3%, incl. C70400  Annealed (061) 38.0 12.0
95Cu-5Ni dondenser tube ASTM B111 Up to 3%, incl. C70400  Light drawn (H55) 40.0 30.0
[Note (4)
90C‘U—10Ni condenser tube ASTM B111 Up to 3%, incl. C70600  Annealed (Q61) 40.0 15.0
80Cu—-20Ni[condenser tube ASTM B111 Up to 3%, incl. C71000  Annealed. (061) 45.0 16.0
70Cu-30Ni|condenser tube ASTM B111 Up to 3, incl. C71500 Annealed (061) 52.0 18.0
Copper tubg ASTM B280 Up to 1% C12200  Softyanneal (060) 30.0 9.0
Copper tubg [Note (4)] ASTM B280 Up to 4% C12200 Drawn general purpose 36.0 30.0
(H58)
Copper silijon A pipe ASTM B315 Up to 12 C65500  Annealed (061) 50.0 15.0
90Cu—10Ni|pipe ASTM B466 Up to 6 070600 Soft anneal (060) 38.0 13.0
70Cu-30Ni|pipe ASTM B466 Up to 6 C71500 Soft anneal (060) 52.0 18.0
Welded Copper and Copper Alloy Pipe and Tube
90Cu—10Ni|pipe and tube ASTM B467 Up to4%%, incl. C70600  Welded and annealed 40.0 15.0
[Note (5) (W061)
90Cu—10Ni|pipe and tube ASTM B467 Qver-4Y, C70600  Welded and annealed 38.0 13.0
[Note (5) (W061)
70Cu-30Ni|pipe and tube ASTM B46Z Up to 4%, incl. C71500  Welded and annealed 50.0 10.0
[Note (5) (W061)
70Cu-30Ni|pipe and tube ASTM B467 Over 4Y, C71500  Welded and annealed 45.0 15.0
[Note (5) (Wo61)
70Cu—30Ni[pipe and tube ASTM B467 Up to 2, incl. C71500  Welded, drawn, and 72.0 40.0
[Notes (4) and (5)] tempered
Copper tubg [Notes (4) and ASTM B543 Up to 3%, incl. C12200  Light cold worked (WC55) 32.0 15.0
)]
Copper alloly tube [Note (5)] ASTM B543 Up to 3%, incl. C19400  Annealed (WO61) 45.0 15.0
Copper alloy tube«[Notes (4) ASTM B543 Up to 3%, incl. C19400 Light cold worked (WC55) 45.0 12.0
and (5)]
Red brass tube”{Note (5)] ASTM B543 Up to 3%, incl. C23000  Annealed (WO61) 40.0 12.0
Red brass tibe [Notes (4) and ASTM B545 Up 1o 54 s, INCl. (25000 Light cold worked (WC55) 42.0 20.0
©))
Admiralty metal tube ASTM B543 Up to 3%, incl. C44300  Annealed (WO61) 45.0 15.0
[Note (5)] C44400
C44500
16
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

For Metal Temperatures, °F

Min. Temp.

to 100 150 200 250 300 350 400 Spec. No.
Seamless Copper and Copper Alloy Pipe and Tube (Cont’d)
1? 2 1‘2'2 1?_‘2 12.1 1‘.1'1 1n.Q r:_: A‘STM Blll
100 10.0 10.0 10.0 10.0 9.8 3.5 IASTM B111
1217 12.2 12.2 12.2 12.0 10.0 6.0 IASTM B111
1210 11.9 11.8 11.7 11.7 6.5 3.3 IASTM B111
80 7.8 IASTM B111
1144 11.4 IASTM B111
10,0 9.7 9.5 9.3 9.0 8.8 8.7 IASTM B111
1047 10.6 10.5 10.4 10.2 10.1 9.9 IASTM B111
1210 11.6 11.3 11.0 10.8 10.5 10.3 IASTM B111
6.0 5.1 4.9 4.8 4.7 4.0 3.0 IASTM B280
90 9.0 9.0 9.0 8.7 8.5 8.2 IASTM B280
10,0 10.0 9.9 9.8 9.7 9.5 6.7 JASTM B315
87 8.4 8.2 8.0 7.8 7.7 7.5 IASTM B466
1210 11.6 11.3 11.0 10.8 10.5 10.3 IASTM B466
Welded Copper and Copper Alloy Pige and Tube
85 8.3 8.1 7.9 7.7 7.5 7.4 IASTM B467
714 7.2 7.0 6.8 6.7 6.5 6.4 IASTM B467
1143 10.9 10.7 10.4 10.2 10.0 9.7 IASTM B467
85 8.2 8.0 7.8 7.6 7.5 7.3 IASTM B467
1715 17.5 17.5 17.5 17.5 17.5 17.5 IASTM B467
718 7.8 7.8 7.8 7.6 7.5 2.6 JASTM B543
85 8.4 8.3 8.1 7.8 7.6 6.0 IASTM B543
10.9 10.9 10.9 10.6 10.1 7.7 6.0 IASTM B543
6.8 6.8 6.8 6.8 6.8 6.0 4.3 JASTM B543
10.2 10.2 10.1 10.0 9.7 6.0 4.3 ASTM B543
8.5 8.5 8.5 8.5 8.5 8.3 3.0 ASTM B543

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:32:31 MDT


https://asmenormdoc.com/api2/?name=ASME B31.5 2016.pdf

ASME B31.5-2016

Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

Min. Tensile Min. Yield
Copper or Strength, Strength,
Copper ksi ksi
Material Spec. No. Size or Wall, in.  Alloy No. Temper [Note (3)] [Note (3)]
Welded Copper and Copper Alloy Pipe and Tube (Cont’d)
Aluminum brass-tube [Mnm (c)] ASTM BC /3 Ilp ta31 - el C68700 Annaalad (\I\I{'\A1\ 500 8.0
95Cu-5Ni tube [Note (5)] ASTM B543 Up to 3%, incl. C70400  Annealed (WO61) 38.0 12.0
90Cu—-10Ni| [Note (5)] ASTM B543 Up to 3%, incl. C70600  Annealed (WO61) 40.0 15.0
90Cu—10Ni| [Notes (4) and (5)] ASTM B543 Up to 3%, incl. C70600  Light cold worked (WC55) 45.0 35.0
70Cu-30Ni| [Note (5)] ASTM B543 Up to 3%, incl. C71500  Annealed (WO61) 52.0 18.0
Copper tubg [Note (4)] ASTM B743 C10200  Drawn general purpose (H58) 36.0 30.0
C10300
C10800
C12000
C12200
Copper tubg ASTM B743 C10200 Light anneal, soft annéal 30.0 9.0
C10300 (050, 060)
C10800
C12000
C12200
Seamless Nickel Base Alloy Pipe and Tube
Nickel and fopper pipe ASTM B165 5 0.D. and N04400 .~ CAnnealed 70.0 38.0
under
Nickel and gopper pipe ASTM B165 Over 5 0O.D. N04400  Annealed 70.0 35.0
Seamless Aluminum Base Alloy Pipe and Tube
3003 tube ASTM B210 0.01 to 0.05 0 14.0 5.0
3003 tube |[Note (6)] ASTM B210 0.01 to 0,05 H14 20.0 17.0
6063 tube |[Note (7)] ASTM B210 0.025-t0,0.50 T6 33.0 18.0
6063 tube ASTM B210 0.025+t0 0.50 T6 welded 17.0 ..
6061 tube |[Note (7)] ASTM B210 0.025 to 0.50 T4 30.0 16.0
6061 tube |[Note (7)] ASTM B210 0.025 to 0.50 T6 42.0 35.0
6061 tube ASTM B210 0.025 to 0.50 T6 welded 24.0 ..
6061 tube |[Note (7)] ASTM B234 0.025 to 0.20 T4 30.0 16.0
6061 tube |[Note (7)] ASTM\B234 0.025 to 0.20 T6 42.0 35.0
6061 tube ASTM'B234 0.025 to 0.20 T6 welded 24.0
3003 tube pr pipe ASTM B241 o 0 14.0 5.0
3003 pipe |[Note (6)] ASTM B241 Under 1 H18 27.0 14.0
3003 pipe |[Note (6)] ASTM B241 1 and over H112 14.0 5.0
5083 tube ASTM B241 C 0 39.0 16.0
6063 tube |[Note (7)] ASTM B241 Up to 0.50, incl. T5 22.0 16.0
6063 tube |[Nete-(7)] ASTM B241 T6 30.0 5.0
6061 tube [[Nate (7)] ASTM R241 T4 26.0 6.0
6061 pipe [Note (7)] ASTM B241 1 and over T6 38.0 35.0
6061 pipe ASTM B241 T6 welded 24.0
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(Multiply by 1,000 to Obtain psi)

Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)

For Metal Temperatures, °F

100 150 200 250 300 350 400 Spec. No.
Welded Copper and Copper Alloy Pipe and Tube (Cont’d)
10.2 101 100 100 99 55 28 STM B543
6.8 6.6 IASTM B543
8.5 8.3 8.1 7.9 7.7 7.5 7.4 IASTM B543
10.9 10.9 10.8 10.4 10.0 9.6 9.4 IASTM B543
10.2 9.8 9.6 9.4 9.2 9.0 8.8 IASTM B543
10.3 10.3 10.3 10.1 10.0 9.8 9.4 IASTM B743
6.0 5.1 4.9 4.8 4.7 4.0 3.0 IASTM B743
Seamless Nickel Base Alloy Pige and Tube
18.7 17.2 16.4 15.7 15:2 14.9 14.7 IASTM B165
16.7 15.3 14.6 14.0 13.6 13.3 13.2 IASTM B165
Seamless Aluminum Base Alloy Pipe and Tube
3.3 3.2 3.1 3.0 2.4 1.8 1.4 IASTM B210
5.7 5.7 5.7 55 4.3 3.0 2.4 IASTM B210
9.4 9.4 9.4 8.3 6.3 3.4 2.0 IASTM B210
4.9 4.9 4.9 4.9 4.9 3.4 2.0 IASTM B210
8.6 8.6 8.6 8.5 8.1 7.1 5.1 IASTM B210
12.0 12.0 12.0 11.7 10.0 7.7 5.2 IASTM B210
6.9 6.9 6(9 6.8 6.5 5.7 4.1 IASTM B210
8.6 8.6 8.6 8.5 8.1 7.1 5.1 IASTM B234
12.0 12.0 12.0 11.7 10.0 7.7 5.2 IASTM B234
6.9 6.9 6.9 6.8 6.5 5.7 4.1 IASTM B234
3.3 3.2 3.1 3.0 2.4 1.8 1.4 IASTM B241
7.7 7.7 7.2 7.2 5.3 3.5 2.5 IASTM B241
3.3 3.2 3.1 3.0 2.4 1.8 1.4 IASTM B241
10.7 10.7 A Ce C.. A A IASTM B241
6.3 6.3 6.1 5.8 5.2 3.4 2.0 IASTM B241
8.6 8.6 8.6 7.5 5.8 3.4 2.0 IASTM B241
7.4 7.4 7.4 7.4 7.0 6.2 4.4 STM B241
10.9 10.9 10.9 10.6 9.1 7.0 5.0 ASTM B241
6.9 6.9 6.9 6.8 6.5 5.7 4.1 ASTM B241
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

Basic Allowable Stress S, ksi

at Metal Temperature, °F

Min. Temp., Specified Mir'l. [Notes (2) and (3)]
ASTM oF Strength, ksi  min. Temp.
Material Spec. No. Grade [Note (2)] Tensile  Yield to 100 200 300 400

Iron Castings
Gray [Note [8)] A48 20 -20 20 2.0 2.0 2.0 2.0
Gray [Note [8)] A278 20 -20 20 2.0 2.0 2.0 2.0
Gray [Note [8)] A126 A -20 21 2.1 201 2.1 2.1
Gray [Note [8)] A48 25 -20 25 2.5 225 2.5 2.5
Gray [Note [8)] A278 25 -20 25 2.5 2.5 2.5 2.5
Gray [Note [8)] A48 30 -20 30 3.0 3.0 3.0 3.0
Gray [Note [8)] A278 30 -20 30 0 3.0 3.0 3.0
Gray [Note [8)] A126 B -20 31 3.1 3.1 3.1 3.1
Gray [Note [8)] A48 35 -20 35 3.5 3.5 3.5 3.5
Gray [Note [8)] A278 35 =20 35 3.5 3.5 3.5 3.5
Gray [Note [8)] A48 40 -20 40 4.0 4.0 4.0 4.0
Gray [Note [8)] A126 C -20 41 4.1 4.1 4.1 4.1
Gray [Note [8)] A278 40 -20 40 4.0 4.0 4.0 4.0
Gray [Note [8)] A48 45 -20 45 4.5 4.5 4.5 4.5
Gray [Note [8)] A48 50 -20 50 5.0 5.0 5.0 5.0
Gray [Note [8)] A278 50 -20 50 5.0 5.0 5.0 5.0
Gray [Note [8)] A48 55 -20 55 5.5 5.5 5.5 5.5
Gray [Note [8)] A48 60 —-20. 60 6.0 6.0 6.0 6.0
Gray [Note [8)] A278 60 £20 60 6.0 6.0 6.0 6.0
Ferritic ductile A395 -20 60 48 9.6 9.6 9.6 9.6

[Note (9)
Ferritic ductile A536 65-45-12 =20 65 45 10.4 10.4 10.4 10.4

[Notes (9 and (10)]
‘Ferritic ductile A536 60-40-18 -20 60 40 9.6 9.6 9.6 9.6

[Notes (9 and (10)]
‘Austenitic quctile A571 D, 2M, Cl. 1 -20 65 30 10.4

[Note (9)

20
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Table 502.3.1 Maximum Allowable Stress Values, ksi (Cont’d)
(Multiply by 1,000 to Obtain psi)

Maximum Allowable Stress, ksi

(Multiply by 1,000 to Obtain psi), for Metal

Min. Min.
Tensile Yield Temperature, °F
Min. Strength,  Strength, [Notes (2) and (3)]

Product ASTM Temp. ksi ksi Min. Temp.

Form Spec. No. Type/Grade  [Note (1)] [Note (3)] [Note (3)] to 100 150 200 250 300 400
Carbop Steel

Plate A285 A B 45 24 12.9 129 129 1229 * 2.9 129
Plate A516 [Note (11)] 55 C 55 30 15.7 15.7 15.7 *15.7 Y5.7 15.7
Plate A516 [Note (11)] 60 C 60 32 17.1 171 17.1 171 17.1 17.1
Plate A516 [Note (11)] 65 B 65 35 18.6 18.6 186+ 18.6 18.6 18.6
Plate A516 [Note (11)] 70 B 70 38 20.0 20.0,~ 20.0 20.0 20.0 20.0
Shee A414 A B 45 25 12.9 1209 129 129 129 129
Shee A414 B A 50 30 14.3 14.3 14.3 143 14.3 14.3
Shee A414 C A 55 33 15.7 15.7 15.7 15.7 35.7 15.7
Shee A414 D A 60 35 1741 17.1 17.1 17.1 17.1 17.1
Shee A414 G A 75 45 204 21.4 214 214 214 214
GENERAL NOTE:  Except where specific omissions of stress values occur in this Table, the values in Section Il, Part D for Section VIII, Division 1,
of the]ASME BPV Code may be used to supplement this Table for allowable stresses.
NOTES:

3]

@
€©)
@)
O]
©
@
®
©
(10)
(11)

fhe minimum temperature is that design minimum temperature for which\the material is suitable without impact testing o
hat required by the specification. See para. 523.2.2 and Table 523.22for temperatures A, B, and C.

fo convert °F to °C, subtract 32 and then multiply by %.

[o convert ksi to MPa, multiply by 6.895.

Where brazed construction is employed, stress values for annéaled material shall be used.

B5% joint efficiency has been used in determining the allowable stress value for welded tube.

For brazed or welded construction or where thermal ctitting is employed, stress value for “O” temper material shall be useg
[he stress values given for this material are not applicable when either brazing, welding, or thermal cutting is used.

For limits on gray iron and malleable iron, see.pata: 523.2.3.

For limits on ductile iron, see para. 523.2.4.

Requires a full ferritizing anneal.

f not normalized.

her than
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For pipe and tube that do not contain longitudinal or
spiral joints, the Table shows the basic allowable stress,
S. It is the allowable hoop stress.

For pipe and tube that do contain longitudinal or
spiral joints, the Table shows the product, SE, of the
basic allowable stress, S, and the longitudinal or spiral
joint factor, E. SE is the allowable hoop stress.

For materials for which Table 502.3.1 shows longitudi-
nal or spiral joint factors, E, divide the SE value shown in

The tensile strength and yield strength are adjusted
to minimum by multiplying the test results by the ratio
of the minimum specified or expected tensile or yield
strength to the actual room temperature tensile or yield
strength for the lot of material under test.

The creep and stress-rupture strengths are determined
by plotting the results of the creep and stress-rupture
tests in the manner described in “Interpretation of Creep
and Stress-Rupture Data” by Francis B. Foley, Metal

the Table pbove by the joint factor, E, to get the allowable
stress, S, |for Code computations in Part 5, Chapter II,
where the joint factor, E, need not be considered.

The strpss values in this Table are grouped according
to tempetature, and in every case the temperature is the
metal temiperature. The stress values in this Table may
be interpolated to determine values for intermediate
temperatjires. Allowable stresses for materials not listed
shall not pxceed those determined using the basis in (b)
for ferroys materials and in (c) for nonferrous materials.

(b) The¢ basis of establishing basic allowable stress
values fof ferrous materials in this Code is as follows.

The mgchanical properties for materials as developed
by the ASME BPV Code were used for establishing stress
values.

At 100{F (38°C) and below, an allowable stress value
was established at the lower value of stress obtained
from using 29% of the specified minimum tensile
strength At room temperature, or 67% of the specified
minimuin yield strength for 0.2% offset at room
temperatpire.

At temperatures above 100°F (38°C) but below 400°F
(205°C), allowable stress values were established that
did not ¢xceed 67% of the average expected yield
strength for 0.2% offset at temperature, ordid not exceed

Progress, furme 1947, pp—951=958:

(d) Allowable stress values in shear shall be(0{80 of
the values obtained from para. 502.3.1 and Table 5(2.3.1,
and allowable stress values in bearing shall be 1}60 of
the values obtained from para. 502.3.1,and Table 5(2.3.1.

(e) When steel materials of unkiiewn specificgtions
are used at a temperature not to exceed 400°F (204°() for
structural supports and restraints, the allowable ptress
value shall not exceed 13.7Ksi (94 MPa).

(f) For components net-having established prespure—
temperature ratings,’allowable stress values may be
adjusted in accordance with para. 502.2.3 for othey than
normal operation:

502.3.2 Limits of Calculated Stresses Due to
Sustained.Loads and Thermal Expansion or Contraftion
(a) Internal Pressure Stresses. The calculated stregs due
to internal pressure shall not exceed the allowable ptress
values given in Table 502.3.1, except as permitted Hy (b),
(o), and (d).
(b) External Pressure Stresses. Stress due to exfernal
pressures shall be considered safe when the wall thick-
ness of the piping component and means of stiffening
meet the requirements of sections 503 and 504.
(c) Allowable Stress Range for Expansion Stres
Systems Stressed Primarily in Bending and Torsion

es in
The

29% of the average expected tendile strength at  expansion stress range, Sg (see para. 519.4.5), shafl not
temperat{ire. exceed the allowable stress range, S4, given by eq. (1):
(c) The basis for establishing-basic allowable stress Sa = f(1.255, + 0.255;) (1)
values fo nonferrous materialsinthis Code is as follows.
The bajsic allowable stress Values for temperatures ~ where
over 100°F (38°C) deterndifed as the lowest of the follow- f = stress-range reduction factor for cyclic cond]tions

ing wher} the tensile 'and yield strengths are obtained
from starjdard shert-fie tests made at the temperature
under copsideration:

(1) 29%-of the tensile strength as adjusted to
minimunj

[see Note (1)] for total number N of full temjpera-
ture cycles over total number of years during
which system is expected to be in active gpera-
tion (read or interpolate from Fig. 502.3.2). By
full temperature cycles is meant the number of

(2) 67% of the yield strength as adjusted to
minimum

(3) the stress producing a creep rate of 0.01% in
1,000 hr

(4) the stress producing rupture in 100,000 hr

At 100°F (38°C) and below, an allowable stress value

was established at the lowest value of stress obtained
by using 29% of the specified minimum tensile strength
at room temperature, or 67% of specified minimum yield
strength at room temperature.

22

Cycles of temperature change from minimum to
maximum temperature expected to be encoun-
tered [see Note (2)].

NOTES:

(1) Applies to essentially noncorrosive services. Corrosion can
sharply decrease cyclic life. Corrosion resistant materials
should be used where a large number of major stress cycles
is anticipated.

(2) If the range of temperature changes varies, equivalent full
temperature cycles may be computed from the equation:

N = NE + 7"15N1 + T’ZSNZ + ...+ r,ISNn
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Fig. 502.3.2 Stress Range Reduction Factors

Cycles per day for 20-yr life [Note (1)]

-

2 3 4

1.0

6 8 10 20 30 40 50

7,300 4
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N\
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9
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o
]

Stress reduction factof, f

o
o

0.5

8 10* 2 3

NOTE:

(1) Adsuming 365-day-per-year operation.

Total number, NV, of cycles during anticipated life

4 6 8) 10°

where In calculating the longitudinal pressure stfess, con-
Ng = number of cycles of full témperature  gider the internal pressure as acting only or] the area
change, AT, for which expansion stress,  agtaplished by the internal diameter.
Sk, has been calculated
N1, Ny, ..., N, = number of cycles ofiless temperature ..
change ATy, AT5 ™\, AT, 502.3.3 Limits of Calculated Stresses Due to
1, 7oy .oty = ATy /AT, ATo/ AT, ..., AT,/ AT Occasional Loads
= ratio of afly, lesser temperature cycle to (a) Operation. The sum of the longitudindl stresses
that fof'Which Sp has been calculated produced by pressure, live and dead loads, §nd those
. produced by occasional loads, such as wind|or earth-
Sa|= maximum z?llowable stress 1"ange (?lue to ther- quake, may not exceed 1.33 times the allowgble stress
mal. EXPACH and contraction, ksi (MP.a) values given in Table 502.3.1. It is not necessafy to con-
Sc|= basic material allowable stress at minimum  gigar wind and earthquake as occurring condurrently.
Efgtl%)lgr}?gﬂa;;f?ggﬁéjrea’n lgls}fa(lk:/llj?oz(f; S (b) Te.st.. Stljesses due to test conditiqns are rfot Sl.,lbjeCt
s, | = Basi terial allowable st ¢ . to the limitations of para. 502.3 of this Codel It is not
d gsic materiat atiowable Sress at MaxXIMum — nace5ary to consider other occasional loads, such as

(hot) normal temperature, ksi (MPa) (use S, not

SE from para. 502.3.1 and Table 502.3.1)

NOTE: Does not include abnormal conditions, such as exposure
to fires.

(d) The sum of the longitudinal stresses (in the cor-
roded condition) due to pressure, weight, and other sus-
tained external loading shall not exceed S;. Where the
sum of these stresses is less than S, the difference
between Sj, and this sum may be added to the term in
parentheses in eq. (1).

23

wind—and-carthquake —as—occurtineconcurrantly with
wind—and-earthquake—as—oceurring—econeurrently

the live, dead, and test loads existing at the time of test.

502.4 Allowances

502.4.1 Corrosion and Erosion. When corrosion or
erosion is expected, an increase in wall thickness of the
components over that dictated by other design require-
ments shall be provided, consistent with the expected
life of the particular piping involved.
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502.4.2 Threading and Grooving. See definition for
¢ in para. 504.1.1(b).

for external pressure, the sum, in. (mm), of cor-
rosion and erosion allowances plus manufac-
turer’s minus tolerance (see para. 502.4.1)

502.4.3 Mechanical Strength. When necessary to D, = outside diameter of pipe, in. (mm)
prevent damage, collapse, or buckling due to superim- d = inside diameter of pipe, in. (mm), excluding
posed loads from supports, backfill, or other causes, metal required for corrosion or erosion allow-
the pipe wall thickness shall be increased, or, if this is ance, manufacturer’s minus tolerance, and any
impractical or would cause excessive local stresses, the allowance required for the depth of internal
factors that would contribute to damage of the piping threads or grooves
shall be Jompensated for by other design methods. P—intermatdesign pressure (see para-561:2-3), psi
Section| 502 pertains to ratings, stress values, stress (kPa), or external design pressufe| (see
criteria, design allowances, and minimum design values, para. 501.2.3), psi (kPa)
and formpulates the permissible variations to these fac- S = apphcable allowable hoop stress n acco.rdance
tors used| in the design of piping. with para. 592.3.1 and Te'lble 502.??.1, psi [kPa)
t = pressure design wall thickness, in. (mm), as
calculated from eqs. (3a)dand (3b) for infernal
pressure, or in accordafice with the proceflures
PART 2 given in para. 504.1.3 for external pressure
DESIGN OF PIPING COMPONENTS tm = minimum required wall thickness, in. (mm),
satisfying requirements for design pressure and
503 CRITERIA FOR DESIGN OF PIPING mechanical, ‘edrrosion, and erosion allowhnces
CAMPONENTS y = coefficient-for materials indicated: for djictile
nonférrous materials, use y = 0.4 (see Note);
The dgsign of piping components, considering the forferritic steels, use y = 0.4 (see Notd); for
effects of pressure, and providing for mechanical, corro- alistenitic steels, use y = 0.4 (see Note). For
sion, and jerosion allowances, shall be in accordance with cast iron, use y = 0.0.
section 5(4. In addition, the designs must be checked for  \rp" [ Dy/tis in the range of 4-6, use y = d/(d + D,) for {luctile
adequacy of mechanical strength under other applicable  adterials.
loadings ps given in section 501. . .
504.1.2 Straight Pipe Under Internal Pressure.| For

504 PRESSURE DESIGN OF PIPING COMPONENTS

metallic pipe with diameter—thickness ratios D,/} > 4,
the internal pressure design wall thickness, ¢, shall be
calculated using eq. (3a) or (3b).

504.1 Straight Pipe = PP
g P t=3 S+ Py (3a)
504.1{1 General or
(1) Th¢ required wall thickness(of straight sections of
pipe shall be .determined in_accordance with eq. (2). = Pd (3b)
(Also, se¢ section 503.) 2(S+Py-"p)
where
thy=t+c ()
P=5 Z—S t2 t
“(b) Th¢ notations described below are used in the oY
equations fofthe pressure design of straight pipe. NOTE: The following simpler alternative equations, whidh give
i . . somewhat greater wall thickness, may be employed:
© ¢ = for(internal pressure, the sum, in. (mm), of the
' mechanical allowances (thread depth, groove ; _ Do
depth, and manufacturer’s minus tolerance) - 28
plus corrosion and erosion allowances (see
para. 502.4.1). For threaded components, the "
nominal thread depth (dimension h of Pd
ASME B1.20.1, or equivalent) shall apply. For t=3 (S-P)
machined surfaces or grooves, where the toler-
ance is not specified, the tolerance shall be where
assumed to be %, in. (0.5 mm) in addition to 25t
the specified depth of the cut. P = D,
24
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504.1.3 Straight Pipe Under External Pressure. To
determine wall thickness and stiffening requirements
for straight pipe under external pressure, the procedure
outlined in the BPV Code, 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
used in determining P, shall be the lesser of the follow-

45 deg impose special design and fabrication problems;
the rules given for angles greater than 45 deg may be
used as a guide, but sufficient additional strength must
be provided to assure safe and satisfactory service, and
these branch connections shall be designed to meet the
requirement of para. 504.7.
(b) Branch connections in piping may be made by the
use of one of the following;:
(1) fittings (tees, laterals, crosses, and multiple

in accor-

ing vatuesforpipe mmateriat-atdesigm temperature: Opening headers, qualitied as fully reintorce
(a)[ 1.5 times the stress value from Table 502.3.1 of this dance with para. 504.7)

Codsg. (2) welding outlet fittings, such as\forgedl nozzles,
()] 0.9 times the yield strength tabulated in SectionIl,  couplings [maximum NPS 3 (DN 75)]/or adaptors or

Part D, Table Y-1 for materials listed therein. (The symbol
D, in| Section VIII of the ASME BPV Code is equivalent
to DJ in this Code.)

504.2 Curved Segments of Pipe

504.2.1 Pipe Bends.
form(to the following:

(a)] The minimum thickness after bending shall not
be legs than as required for straight pipe in accordance
with|para. 504.1.

(b)] The difference between maximum and minimum
diamieters for pipe bends subjected to internal pressure
shou]d not exceed 8% of the nominal outside diameter
of the pipe.

(c)| The difference between maximum and minimum
diamieters for pipe bends subjected to external pressuke
should not be greater than 8% of the nominal outside
diameter of the pipe.

(d)] Bends made with greater flattening thanindicated
abovg shall meet the requirements of para..504.7.

(e)| Bends for use on heat transfer compeonents such as
U-bends (return bends) shall be designied in accordance
with [the requirements of para. 504:7.

504.2.2 Elbows. Elbow§s manufactured in accor-
danc with the standards.Jisted in Table 526.1 shall be
considered suitable for tise’at the pressure—temperature
ratings specified by/such standards, and in the case of
standards under which elbows are made to a nominal
pipe [thickness,sthe elbows shall be considered suitable
for upe withypipe of the same nominal thickness unless
othefwise stated by the fittings standard. Commercially
man factured elbows not made in accordance with the
standa 2
ments of para. 504.7.

Pipe after bending shall con-

504.3 Intersections

504.3.1 Branch Connections
(a) This paragraph gives rules governing the design
of branch connections to sustain internal and external
pressure in cases where the angle between the axes of
the branch and of the run is between 45 deg and 90 deg.
Branch connections in which the smaller angle
between the axes of the branch and the run is less than
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similar items having butt welding; socket|welding,
threaded, or flanged ends for.dttachment of the branch
pipe, such welding outlet fittings being attacljed to the
main pipe by welding
(3) by attaching thebranch pipe directly
pipe by welding (acéeptable methods of makir]
pipe-to-pipe branch connections are con
para. 527.3.5)¢or by threading
(c) Rightlangle branch connections may be| made by
attaching“the branch pipe directly to the run pipe by
socket welding provided
(1) the nominal size of the branch does not exceed
NRS 2 (DN 50) or one-fourth the nominal s]ze of the
run, whichever is lesser.
(2) the depth of the socket in the run is at least
% in. (10 mm) deep with a minimum shoulde} of Yo in.
(1.5 mm) between the bottom of the socket and [the inside
diameter of the run pipe. [Weld metal may be fleposited
on the run pipe to provide the required socket ¢lepth and
to provide any reinforcement required by (f)| and (g).]
(3) the size of the fillet weld is not less [than 1.25
times the nominal branch wall thickness.
(d) Right angle branch connections may be
threading the branch pipe directly to the
provided
(1) the nominal size of the branch does njot exceed
NPS 2 (DN 50) or one-fourth the nominal s]ze of the
run, whichever is lesser.
(2) minimum thread engagement is six fyjll threads
for NPS % (DN 15) and NPS % (DN 20) branclpes, seven
for NPS 1 (DN 25) and NPS 1% (DN 40) branches, and
e1ght for NPS 2 (DN 50) branches [Weld met hl may be
S e itkness for
the requlred thread engagement and to prov1de any rein-
forcement required by (f) and (g). In interpreting (f) and
(g) for connections threaded directly into the run pipe,
no part of the branch pipe may be counted in calculating
the reinforcement area, and the value of d; shall be taken
as the nominal outside diameter of the branch pipe.]
(e) A pipe having a branch connection is weakened
by the opening that must be made in it, and unless the
wall thickness of the pipe is sufficiently in excess of
that required to sustain the pressure, it is necessary to

to the run
g welded

ained in

made by
run pipe
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provide reinforcement. The amount of reinforcement h = subscript referring to run or header

required shall be determined in accordance with (f) and Ly = height of reinforcement zone outside of run
(g). There are, however, certain branch connections for pipe, in. (mm)

which no supporting calculations are required. It may = 2.5(T,— C)or25(T, - C) + t, whichever is less
be assumed without calculation that a branch connection T = minimum wall thickness of pipe or minimum
has adequate strength to sustain the internal and exter- thickness permissible under purchase specifica-
nal pressure that will be applied to it if _ tion, in. (mm)

(1) the branch connection is made by the use of a T = nominal wall thickness of pipe, in. (mm)
fitting (tee, lateral, or cross) manufactured in accordance t = pressure design wall thickness of pipe, in.
with a stpndard tistedim Table 526.1 and used withim (), according tothe appropriate wattthick-
the limitg of pressure—temperature ratings given in the ness equation or procedure in para. 504.1)When
standard] (A butt welding fitting made in accordance the branch does not intersect the longitydinal
with ASME B16.9 shall be of a nominal thickness not weld of the run, use S from para.|502.3.] and
less than [the nominal thickness required for the adjoin- Table 502.3.1, not SE, in determining ¢ fqr the
ing pipe. purpose of reinforcement calculation only. The

(2) the branch connection is made by Weldlng a allowable stress, SE, of the' branch shall bg used
threaded|or socket welding coupling or half coupling in calculating f,,.
directly tp the main pipe using an appropriate type of t, = nominal thickness-Of reinforcing ring or saddle
minimun size weld (see Chapter V) and the nominal in. (mm)
diameter|of the branch does not exceed NPS 2 (DN 50) = 0, if there is g reinforcement pad or saddle
pipe size|and does not exceed one-fourth the nominal B = angle between axes of branch and run, deg
diameter|of the run. The minimum wall thickness of the

coupling Janywhere in the reinforcement zone shall be
not less than that of the branch pipe, and in no case
shall the ¢oupling have a rating less than Class 3000 per
ASME B16.11.

(3) the branch connection is made by welding a
threaded) socket, or butt weld outlet integrally rein-
forced brinch connection fitting to the main pipe, pro-
vided thq fitting is made from materials in accordance
with Table 523.1 and provided the fitting has demion-
strated by full-scale internal pressure destructive tests
that the biranch fitting is as strong as the main erbranch

(2) Required~Area, Aq

(-a) Eer “Internal Pressure. The quantity t,di(2 —

sin B) is khown as the required area; in the case of|right
angle nozzles, the required area becomes t,d; in.? (m?).
The*branch connection must be designed so thatfrein-
foreement area defined in (f)(3) is not less thap the
téquired area.
(-b) For External Pressure. The reinforcement area
required for the branch connections subject to exfernal
pressure need be only 0.5¢,d,(2 — sin B).
(3) Reinforcement Area. The reinforcement areqshall

be the sum of areas A, + A3 + A4 and shall not bg less

pipe (see|para. 504.7). than th ired
(f) Reingforcement of Welded Branch Connections. Addi- an (?ajejj;i Aars;. 4 Ax The area lvine within the
tional reifforcement is required whefi'itis not provided 2 > yine

inherently in the components of the branch connection.
This subparagraph gives rules(governing the design of
branch cqnnections to sustaif ihternal pressure in cases
where the angle between.the axes of the branch and of
the run ig between 45-dég and 90 deg.

(1) Notation. Thenotations described below are

reinforcement zone [defined in (f)(4)] resulting froth any
excess thickness available in the main run pipe wall (A4,)
and branch pipe wall (A3) over that required by the
proper wall thickness equations (i.e., the thicknes§ Tj, —
ty — Cand T}, — t, — C multiplied by appropriate lerjgths)
as in the following example:

used in the presstife design of branch connections. The Ay = 2dy — dy) (T — t, = C) 4)
notationg are illustrated in Fig. 504.3.1-1. Note the use B )
of subscr Az = [2Ls (Ty - t, — O)]/sin B (5)

Fig. 504.3 by Aren Az The area of a er metal within
welding. the reinforcement zone [defined in para. 504.3.1(f)(4)]
b = subscript referring to branch provided by weld metal and other reinforcement metal

C = corrosion allowance, in. (mm) properly attached to the run or branch. In computing
D, = outside diameter of pipe, in. (mm) area of weld metal deposits, the minimum dimensions
d; = actual corroded length removed from run pipe,  required by Chapter V shall be used unless a definite
in. (mm) procedure is employed to instruct the welder to provide

= [Dy - 2T; - O)]/sin B specific larger dimensions, in which case the latter

d, = half-width of reinforcement zone, in. (mm) dimensions may be used in calculations. Deduct mill

dior [(Ty, = C) + (T, = C) + d1/2], whichever is
greater, but in any case not more than D,

26

tolerance from f, when computing area of reinforce-
ment pad.
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Portions of the reinforcement area may be composed
of materials other than those of the main run pipe, but
if the allowable stress of these materials (see para. 502.3.1

(3) Notations. The notations used herein are illus-
trated in Fig. 504.3.1-2. Note the use of subscript x for
extruded outlet. Refer to (f) for notations not listed here.

and Table 502.3.1) is less than that for the main run pipe, d, = half-width of reinforcement zone, in. (mm)
the calculated area for such portions must be reduced (equal to d,)

in the ratio of the allowable stress values before being d, = the corroded design inside diameter of the
credited to the reinforcement area. No additional credit extruded outlet, in. (mm), at the level of the
shall be taken for materials having higher allowable outside surface of the run

stress values than for the main run pipe. he = height of the extruded outlet, in. (mm). This

4 : anr

a parallelJogram whose length shall extend a distance, Ls = height of reinforcement zone, in. (;nm)

d,, on eadh side of the centerline of the branch pipe and = 0.7/Dyp Tx

whose wijidth shall start at the actual corroded inside r. = radius of curvature of externalconfoured por-
surface of the main run pipe and extend to a distance, tion of outlet measured in the.plane contdining
Ly, from the outside surface of the main pipe measured the axis of the run and brfich, in. (mm)| This
perpenditular to this outside surface. is subject to the following/limitations:

(5) Reinforcement of Multiple Openings. When any (a) Minimum Radiusy’ This dimension|shall
two or npore adjacent openings are so closely spaced not be less than 0.B5D,;, except that on bfanch
that their|reinforcement zones overlap, the two or more diameters largerthan NPS 30 (DN 750) itlneed
openings| shall be reinforced in accordance with (f)(2) not exceed 150 in. (38 mm).
with a combined reinforcement that has a strength equal (b) Makimum Radius. For outlet pipe [sizes
to the cogmbined strength of the reinforcement that NPS 8{DN 200) and larger, this dimensior{ shall
would belrequired for the separate openings. No portion not. ekceed 0.10D,, + 0.50 in. (12.7 mm) For
of the crgss section shall be considered as applying to ouitlet pipe sizes less than NPS 8 (DN 200) this
more thaj one opening, or be evaluated more than once dimension shall not be greater than 1.25 in.
in a combpined area. (32 mm).

When more than two adjacent openings are to be (c) When the external contour contains|more
provided|with a combined reinforcement, the minimum than one radius, the radius of any arc secfor of
distance between centers of any two of these openings approximately 45 deg shall meet the require-
should preferably be at least 1.5 times their averagé ments for maximum and minimum radii
diameter] and the area of reinforcement between them (d) Machining shall not be employed in prder
shall be at least equal to 50% of the total required for to meet the above requirements.
these twg openings. T, = corroded finished thickness of extruded ¢utlet

(6) Rings and Saddles. Additional réinforcement at a height equal to r, above the outside syrface
provided|in the form of rings or saddtes shall not be of the run, in. (mm)y
apprecially narrower in the transvérse direction than
in the longitudinal direction. (4) Required Area. The required area is defingd as

(g) Extyuded Outlet Headers Ay = Kt,d, where K shall be taken as follows:

(1) The above principles efreinforcement are essen- (a) For D,/ D, greater than 0.60, K = 1.0(.
tially applicable to extruded.outlet headers. An extruded (b) For D,,/D,; greater than 0.15 and not
outlet header is definechas a header in which the outlet exceeding 0.60,
is extrud¢d using a-die”(or dies) that controls the radii
of the extrusion."The extruded lip at the outlet has a K = 0.6 + % Dy,/ Dy (6)
height alpove-the ‘surface of the run that is equal to
or greatel thaw the radius of curvature of the external (c) For D,;/Dyy, equal to or less than 0.15,|K =

contoured-pertion-of-the-eutlet e fr=+—1See{£)}3)
for notation and Fig. 504.3.1-2.]

(2) When the design meets the limitations of geom-
etry outlined below, the rules herein established are
valid. These rules cover minimum requirements and are
designed to assure satisfactory performance of extruded
outlet headers subjected to pressure. These rules apply
only to cases where the axis of the outlet intersects and
is perpendicular to the axis of the run. These rules do
not apply to any nozzle in which additional nonintegral
material is applied in the form of rings, pads, or saddles.

28

The design must meet the criteria that the reinforce-
ment area defined in (g)(5) is not less than the required
area Aj.

(5) Reinforcement Area. The reinforcement area shall
be the sum of areas A, + Az + A4 as defined below.
(-a) Area A,. The area lying within the reinforce-
ment zone resulting from any excess thickness available
in the run wall.

Ay = dx(Th - th) (7)
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Fig. 504.3.1-2 Extruded Outlet Header Notation

. € Extrusion
Limits of of branch
i taper
reinforcement 1 .
zone A
Dop L__
t
b_ TX [Note (1)]
<30 orborel.D.{if L)
: required to match
Ly|n " branch pipe 1:3 (b)
l lx maximum taper)

\ T
7, /i b kTx

|+ \ YA, !
! !
D, c '
l l"—dz
(a)
; Dob .
tb : l._ ' Reinforcement
7
1 2 @\ Ls |
4 . : |
N~ e @ 1
| | x
T, 1 ' Ty —h— // R;tl’lu:jg ;:e;x 70 /) i }
1 oz @ Note (2] @) B\ A
D c | ¢ - d, i
oh
I (c)
T Dob
tlb,:: ._'-_ @ | @ ’ Reinforcement
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I DYl Kl ||
L T Required are 2N :
" Ze e, //:W////ilé
4 ‘;_ [Note (3)] @/ l
non € a, _L a, =)
|
(d)

GENERAL NOTE: This figure is merely to illustrate the notations of para. 504.3.1(g) and does not indicate complete welding details, or a
preferred method of construction.

NOTES:

(1) Nlustration to show method of establishing Ty when the taper encroaches on the crotch radius.

(2) Ilustration is drawn for condition where K = 1.00.

(3) Illustration is drawn for condition where K = 1.00 and dy < (D,p — 27p).
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(-b) Area As. The area lying within the reinforce-
ment zone resulting from any excess thickness available
in the branch pipe wall.

Az = 2L5(T, - &) ®)

(-c) Area A4 The area lying within the reinforce-
ment zone resulting from any excess thickness available
in the extruded outlet lip.

on the connection due to vibration, pulsating pressure,
temperature cycling, etc., it is recommended that the
design be rather conservative and that consideration be
given to the use of tee fittings or complete encirclement
types of reinforcement.

Use of ribs, gussets, and clamps is permissible to
stiffen the branch connection, but their areas cannot
be counted as contributing to the reinforcement area
defined in (d)(3). Consideration should be given to stress

Ay = 2r(Ty — ty) )
(6) Reinforcement of Multiple Openings. The rules of

(f)(5) shall be followed except that the required area and

reinforcement area shall be as given in (g).

(7) Inh addition to the above, the manufacturer shall
be responsible for establishing and marking, on the
header cqntaining extruded outlets, the design pressure
and templerature and this Code section. The manufactur-
er’s namg or trademark shall be marked on the header.

(h) Mdchanically Formed Tee Connections in Copper
Materials |(Types K, L, M)

(1) These mechanically formed connections shall
be perpendicular to the axis of the run tube (header).
They shall be formed by drilling a pilot hole and drawing
out the tyibe surface to form a collar having a height of

arising fTom a temperature gradient between the piping
and gussets during a sudden change in temperafiire of
the fluid in the piping.

It is not practicable to give definite rules”for design
to accommodate the effects mentioned in’this subjpara-
graph. The purpose is to call themi ’to the attentipn of
the engineer so that from experiefice and judgment he
may adequately provide for thém.

Attention is especially directed to the design of
branches out of large afid-telatively heavy runs.|Ade-
quate flexibility must-be provided in the smaller lne to
accommodate thermal’expansion and other movenents
of the larger lirfe.

small

504.3.2.0penings in Closures
(a) Thérules of this paragraph are intended to
to openings in closures in which the size of the op

rPply
bning

not less than 3 times the thickness of the branch wall. . { ter than 50% of the inside diameter of th
The collafing device shall be such as to assure proper 18 ot greater than o1/ Of the mside diameter ¢l the
fit up of fhe joint. closure (as defined in para. 504.4). Larger openings

(2) The inner branch tube end shall conform to the
shape of |the inner curve of the run tube. Insertion ‘of
the brandh tube shall be controlled to assure aligniment
with spegified depth into the collar without extending
into the flow stream so as to provide internal reinforce-
ment to the collar as illustrated in Fig. 50%:3.1-3.

(3) Branches can be formed up to the run tube size.
Manufacfuring procedures shall be in accordance with
tool manfifacturer’s recommendations.

(4) These types of connections may not be used in
other thah Group Al refrigerant service.

(56) All joints shall be\brazed in accordance with
paras. 528.1 and 528.2

(i) Othpr DesignsssGomponents to which design rules
given in |(c) and\(d) are not applicable shall meet the
requirempnts-ofipara. 504.7.

(j) Thelréguirements of the preceding subparagraphs

should be designed as reducers, or in the case qf flat
closures, the closure shall be designed as a flange in
accordance with para. 504.5.
(b) A closure is weakened by an opening and ynless
the thickness of the closure is sufficiently in excess qf that
required to sustain pressure, it is necessary to prpvide
reinforcement. The need for reinforcement and anpount
of reinforcement required shall be determined in gccor-
dance with the subparagraphs below except that i shall
be considered that the opening has adequate reinforce-
ment if subparas. (1) through (3) apply:
(1) The outlet connection is made by weldjng a
threaded or socket welding coupling or half-coupling
directly to the closure (using an appropriate wdld as
given in Fig. 527.3.5-4 for branch connections).
(2) The nominal diameter of the outlet pipe
not exceed NPS 2 (DN 50) and does not exceed 2

the nominal diameter of the closure

does
50/0 Of

are desigredto assure satisfactory performmance of a
branch connection subjected only to pressure. However,
in addition, external forces and moments are usually
applied to a branch connection by such agencies as ther-
mal expansion and contraction, by dead weight of pip-
ing, valves, and fittings; covering and contents; and by
earth settlement. Special consideration shall be given to
the design of a branch connection to withstand these
forces and moments.

Where the ratio of branch diameter to run diameter
is large or where repetitive stresses may be imposed

30

(3) The minimum wall thickness of the coupling
anywhere in the reinforcement zone shall not be less
than that of the branch pipe and in no case shall a
coupling have a rating less than Class 3000 per
ASME B16.11.

(c) Reinforcement shall be provided for openings in
closures in amount and distribution such that the area
requirements for distribution are satisfied for all planes
passing through the center of the opening and normal
to the surface of the closure.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:32:31 MDT


https://asmenormdoc.com/api2/?name=ASME B31.5 2016.pdf

ASME B31.5-2016

Fig. 504.3.1-3 Mechanically Formed Tee Connections in Copper Materials
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Corrosion allowance
when required

Required area

A 4As + A, 2 A
where
A, E required area, in.2 (mm?) = t,d;
A, [ area lying within the reinforcement zone resulting from any excess thickness available in the header wall
As | area lying within the reinforcement zone resulting from any excess thicknéss in the branch tube wall
A, [ area lying within the reinforcement zone resulting from any excess thickness available in the extruded lip
d; | opening size in header tube
d, E d, = reinforcement zone
T, | minimum wall thickness of tube branch
t, | pressure design wall thickness of tube branch
T, E minimum wall thickness of tube run or header
t, | pressure design wall thickness of tube run or headef
(d)| The total cross section area required for.reinforce- or header. Likewise, where the closure is cyrved, the

;inent in any given plane passing through'the center of

boundaries of the reinforcement zone shall fpllow the

‘the opening shall be not less than the\quantity dst (see contour of the closure, and dimensions of the [reinforce-
Notef below). ment zone shall be measured parallel to and pefpendicu-
lar to the closure surface.
where (f) When two or more openings are to be located
ds |= the diameter, in the plane under consideration, . . P . &
- A . in a closure, the rules given in para. 504.3{1 for the
of the finished,6péning in the corroded condi- . . .

tion, in. (mpd) reinforcement of multiple openings shall apply.

t|= the pressuté design thickness for the closure (g) Attention is directed to the general considerations

according’to the equations and procedures
specified in para. 504.4, in. (mm), except that a
lesser thickness may be used where applicable
if/accordance with the provisions contained in
Section VIIT, Division 1, of the ASME BPV Code

for the design of branch connections discussefl in para.
504.3.1(f) as they are equally applicable to ofjenings in
closures.

504.3.3 Miters. When the maximum str¢ss due to

relative to openings in pressure vessel heads

NOTE: Flat heads that have an opening with a diameter that
does not exceed one-half the head diameter as defined in UG-34
of Section VIII, Division 1 of the ASME BPV Code may have a
total cross section of required reinforcement not less than that
given by the formula A = 0.5dst.

(e) The reinforcement area and reinforcement zone
shall be calculated in accordance with para. 504.3.1 con-
sidering the subscript h and other references to main
run pipe to apply to the closure rather than to the run

31

internal pressure [egs. (3a) and (3b)] does not exceed
50% of the allowable hoop stress, miters may be used
subject to the following limitations:

(a) The number of full pressure or thermal cycles shall
not exceed 7,000 during the expected life of the piping
system.

(b) The direction change for any single assembled
miter weld should not exceed 45 deg.

(c) The centerline distance between adjacent miters
should not be less than one nominal pipe diameter.
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(d) Complete penetration welds shall be used in join-
ing miter segments.

(e) Miter joints with greater directional changes and
closer centerline distances shall conform to para. 504.7.
Deflections caused by misalignments up to 3 deg are
not considered miters.

504.3.4 Attachments. External and internal attach-
ments to piping shall be designed so they will not cause
flattening of the pipe, excessive localized bending

those given in the ASME BPV Code. All other
symbols shall be as defined in the ASME BPV
Code.)

minimum required closure thickness satisfying
requirements for pressure and mechanical, cor-
rosion and erosion allowances, in. (mm)

504.4.2 Flat Plate Closures. The minimum required
thickness, t,, for a flat plate closure (shown in
Fig. 527.3.6-1) shall be determined in accordance with

stresses, ¢r harmful thermal gradients in the pipe wall.
It is impprtant that such attachments be designed to
minimize stress concentrations in applications where the
number df stress cycles, due either to pressure or thermal
effect, is|relatively large for the expected life of the

equipme:E.
504.4 C
504.4]1 General
(a) The¢ required thickness of closures, considering

pressure pnd mechanical, corrosion, and erosion allow-
ances, shall be determined in accordance with eq. (10).

sures

thn =t+c (10)

The minimum thickness for the closure selected, con-
sidering the manufacturer’s minus tolerances, shall not
be less than ¢,

Closurg fittings manufactured in accordance with the
standard$ listed in Table 526.1 shall be considered suit-
able for yse at the pressure-temperature ratings speci-
fied by such standards, and in the case of standards
under whjich closure fittings are made to a nominal pipe
thickness} the closure fittings shall be consideted: suit-
able for fise with pipe of the same nominal thickness.
Commergially manufactured closures notimade in accor-
dance with the standards listed in Table) 526.1 and for
which d¢sign rules are not given in’this paragraph
(para. 504.4) shall meet the requifements of para. 504.7.

(b) The notations described below are used for

eq. (11).
by = d [CP/S +c (11)
where
C = 033 [t /(t, — ¢)] but not lessthan 0.20
¢ = as defined in para. 504.4.4(b)
d = inside diameter of pipein. (mm)
P = as defined in para-504.4.1(b)
S = as defined in para:-504.4.1(b)
T = nominal pipewall thickness, in. (mm)
T, = nominal thickness of plate
t, = required wall thickness of pipe [equal to|t,, of
eq. () ih. (mm)
504.5 Pressure Design of Flanges and Blanks
504:5.1 General
(a)Flanges manufactured in accordance with the
standards listed in Table 526.1 shall be considered suit-
able for use at the pressure-temperature ratings gpeci-

fied by such standards. Flanges not made in accor

ern. Also, certain notations used in the ASME BPV
namely, P, §,, Sy, and S, shall have the meani
described in this paragraph instead of those gi
the ASME BPV Code. All other notations shall

determinjng the pressure design of closures. defined in the ASME BPV Code.

¢ = the sum of thednechanical allowances (thread P = internal design gage pressure (see para
lepth, grooye depth, manufacturer’s minus tol- 501.2.2), psi (kPa). (Flanges subject to exfernal
brances) plus‘corrosion and erosion allowances, pressure should be designed for an infernal
In. (mny){see para. 502.4) ) pressure equal to the external design prespure.)

P = Internal de51gn.pressure (see para. 501.2.2), psi, S, = bolt design stress, ksi (MPa), at 100°F (B8°C)
)r’e%tsrnal design pressure (see para. 501.2.3), (from Section VIII, Division 1, of the ASME

SHAKEA) BPV Code)

S = applicable alllowable stress (t}}e value of S or S, = bolt design stress, ksi (MPa), at design tempera-
product SE) in accordance with para. 502.3.1 ture (from Section VIII, Division 1, of the ASME
and Table 502.3.1, ksi (MPa) BPV Code)

t = pressure design thickness as calculated for the S; = allowable stress, ksi (MPa), for flange material

given closure shape and direction of pressure
loading from the appropriate equations and
procedures in Section VIII, Division 1, of the
ASME BPV Code, in. (mm). (Symbols P and S,
used in these equations, shall have the mean-
ings described in this paragraph instead of
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or pipe (from para. 502.3.1 and Table 502.3.1)

(b) The flange design rules presented in (a) are not
applicable to designs employing flat faced flanges used
with full-face gaskets that extend beyond the bolts, usu-
ally to the outside diameter of the flange. The forces
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and reactions in such a joint are very different from those
found on ring-gasketed joints, and the flange should be
designed to meet the requirements of para. 504.7.

504.5.2 Blind Flanges. Blind flanges manufactured
in accordance with the standards listed in Table 526.1
shall be considered suitable for use at the pressure—
temperature ratings specified by such standards.

(a) The required thickness of blind flanges not manu-
factured in accordance with standards in Table 526.1

(b) Blanks to be used for test purposes only shall be
designed in accordance with eq. (13), except that P shall
be at least equal to the test pressure and S may be as
great as 95% of the specified minimum yield strength
of the blank material. (This applies only if the test fluid
is incompressible.)

504.6 Headers

Headers used on heat transfer components shall be :

shallbe calculated in accordance with eq. (12), consider-
ing fgressure and mechanical, corrosion, and erosion
allowances. The minimum thickness for the blind flange
selected, considering manufacturer’s minus tolerance,
shall|be not less than t,,.
tn =t+c (12)

(b)] The notations described below are used for the
detemining of pressure design of blind flanges:

¢|= sum of the mechanical, corrosion, and erosion

allowances, in. (mm)
internal design pressure (see para. 501.2.2), psi
(kPa), or external design pressure (see
para. 501.2.3), psi (kPa)
applicable allowable stress in accordance with
para. 502.3.1 and Table 502.3.1, ksi (MPa)
pressure design thickness, in. (mm), as calcu-
lated for the given closure shape and direction
of pressure loading from the appropriate equa-
tions and procedures in Section VIII, Division 1,
of the ASME BPV Code. (Symbols R-and S,
used in these equations, shall be considered to
have the meanings described in this paragraph
instead of those given in the ASME BPV Code.
All other symbols shall peyas defined in the
ASME BPV Code.)
minimum required blind flange thickness, sat-
isfying requirements)for pressure and mechani-
cal, corrosion, ahd)erosion allowances, in. (mm)

504.5.3 Blanks
(a)] The presstire design thickness of permanent
blanks (see Fig,504.5.3) shall be calculated in accordance

P

withlegs. (12).;and (13).
t=4d 3P (13)
N 165
where

d, = inside diameter of gasket for raised or flat
(plain) face flanges, or the gasket pitch diameter
for retained gasketed flanges, in. (mm)

P = internal design pressure (see para. 501.2.2), psi
(kPa), or external design pressure (see
para. 501.2.3), psi (kPa)

S = applicable allowable stress in accordance with

para. 502.3.1 and Table 502.3.1, ksi (MPa)
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dcaisucd Trraccordance—withr para: 5643—ard /OI' shall

meet the requirements of para. 504.7. :

504.7 Design of Other Pressure-Containing
Components

Other pressure-containing components manjufactured
in accordance with the standards listed in Table 526.1
shall be considered suitable for use at the jpressure—
temperature ratings.specified by such stpndards.
Pressure-containing components not cover¢d by the
standards listed in Table 526.1 and for whi¢h design
formulas or procedures are not given in this paragraph
(section 504)may be used where they have be¢n proven
satisfactofy by successful performance under compara-
ble serwice conditions. (Where such satisfactofy service
experience exists, interpolation may be mad¢ to other
sized components with a geometrically similgr shape.)
In the absence of such service experience, th¢ pressure
design shall be based on an analysis consigtent with
the general design philosophy embodied in this Code
section and substantiated by at least one of the
following:

(a) proof tests (as described in UG-101 of Se
Division 1, of the ASME BPV Code)

(b) experimental stress analysis

(c) for heat transfer components, proof test{a sample
at three times the design pressure of the component

rtion VIII,

PART 3
DESIGN APPLICATION OF PIPING COMP(Q
SELECTION AND LIMITATIONS

505 PIPE

505.1 General

Pipe, tubes, and other materials conforming to the
standards and specifications listed in Tables 5(02.3.1 and
526.1 shall be used within the limitations of temnperature
and stress given in para. 502.3.1 and Table 502.3.1 and
within the additional limitations contained in this Code.

505.1.1 Additional Limitations for Carbon Steel
Pipe. The wall thickness for refrigerant pipe sizes NPS 6
(DN 150) and smaller shall be no less than Schedule 40
(ASME B36.10M), and for liquid refrigerants in
Groups A2, A3, B2, and B3, pipe sizes smaller than NPS 2
(DN 50) shall be no less than Schedule 80.

ASTM A53 Type F and API 5L A25 PSL 1 furnace
butt welded pipe is permitted in service at temperatures

NENTS
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Fig. 504.5.3 Blanks
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between [-20°F (-29°C) and 366°F (186°C) and design and 526.1 are used, they shall be used within the limita-

pressure hot exceeding 150 psig for use in heat transfer., ~ tions specified in this Code.

compondnts and piping with water-based secondary Other fittings, including those exceeding the rarge of

coolants| The coolants must be nonflammable and sizes in the standards listed in Table 526.1, may belused

nontoxic. provided the designs meet the requiremenjts in
505.1{2 Additional Limitations for Cast.lIron Pipe. section 504.

Cast iron

505.1.3 Pressure Design af ) Other Piping
; Componehts. Pressure design of other piping compo-
~nents shall meet the requirements of para. 504.7.

pipe shall not be used for refrigerant service.

: 505.2 Nonferrous Pipe or.Tube

505.2.1 Copper, copper alloy, aluminum, or alumi-
~ num alloy pipe and.titbe of any size may be used for any
- refrigerant servicéslhiere compatible with the refrigerant
‘used and| whefiselected in accordance with the design

rule in gara.~504.1 and allowable stress values in
Table 502.3-1

506.1.2 Bell and Spigot Fittings. Bell and spigot
fittings shall not be used for refrigerant service.
506.2 Bends and Intersections

Bends, miters, and extruded branch connectiong may
be used when they are designed in accordance with the
principles in Chapter II, Part 2.

506.3 Limitation on Materials for Fittings

Malleable iron and cast iron shall not be used i
plings or fittings for piping containing flammah

cou-
le or

$oio £1.02
|Avzvieassavssv e

505.2.2  Soft annealed copper tubing larger than
1% in. (35 mm) O.D. shall not be used for field assembled
refrigerant piping, unless it is protected from mechanical
damage.

506 FITTINGS, BENDS, AND INTERSECTIONS
506.1 Fittings

506.1.1 General. If fittings complying with applica-
ble standards and specifications listed in Tables 523.1

34

507 VALVES

(a) Valves complying with the standards listed in
Table 526.1 may be used in accordance with the limita-
tions listed in the specific standards and in this Code.

(b) Refrigerant gate valves, ball valves, and plug cocks
shall not be used in liquid refrigerant lines unless consid-
eration is given to the expansion of liquid trapped in
the valve cavities when the valve or cock is closed.
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508 FLANGES, BLANKS, FLANGE FACINGS,
GASKETS, AND BOLTING

508.1 Flanges

508.1.1 General. If flanges complying with applica-
ble standards and specifications listed in Tables 523.1
and 526.1 are used, they shall be used within the limita-
tions specified in this Code.

Other flanges, including those exceeding the range of

moment load (such as raised face flange or a ring-type
gasket) should utilize a fastener having a tensile strength
no higher than that of ASTM A307 Grade B material.
Flanged joints that do not place a moment load on the
flange (such as flat-face flanges with a full-face gasket)
may utilize fasteners with higher tensile strength, as
appropriate. Consideration must also be given to gasket
seating stress when selecting fastener material.

sizes[iIT the standards tisted i Tabte 526.1, may be used
proviided the designs meet the requirements of
sectipn 504.

508.1.2 Screwed Flanges. Screwed flanges are sub-
ject fo restrictions on threaded joints established in
sectipn 514.

D Blanks

inks shall conform to design requirements in
504.5.3.

508.

Bl
para,

508.

Fldqnge facings complying with standards listed in
Tablg 526.1 are suitable for use under this Code. Other
specipl facings may be used provided they meet the
requirements of para. 504.7.

Class 150 steel flanges may be bolted to cast iron
valvgs, fittings, or other cast iron piping components
having Class 125 flanges.

Class 300 steel flanges may be bolted to cast-iron
valvgs, fittings, or other cast iron piping components
having Class 250 flanges.

Bolt strength should be limited when (flange facing
(such as raised face) or gasket design creates a moment
load fon the flanges (see para. 508.5.2).

B Flange Facings

508.4 Gaskets

Selection of suitable materialfor a given service is the
respqnsibility of the userand subject to any applicable
code|or jurisdictional regulation. The material selected
shall[be compatible{ith the fluid and suitable for the
presgure—tempetatiire conditions and shall meet the
requirements of ASME B16.20 or ASME B16.21.

508.

508.5.1 General. If bolts, nuts, and washers com-

b Bolting

PART 4
SELECTION AND LIMITATIONS OF PIPING

510 PIPING JOINTS

510.1 General

The type of piping joint used’shall be suitalple for the
pressure—temperature conditions, and shall b selected
giving consideration to_joint tightness and mjechanical
strength under the sérvice conditions (including thermal
expansion and vibtation) and to the nature of the fluid
handled withzespect to corrosion, erosion, flathmability,
and toxicity.

The following limitations are in addition to gpplicable
requirements in other portions of this Code ection.

JOINTS

511 WELDED JOINTS
511.1 General

Welded joints may be used with any materials for
which it is possible to qualify welding procedulres, weld-
ers, and welding operators in conformapce with
Chapter V.

511.2 Butt Welds

Butt welds shall be made in accordance with the appli-
cable requirements of Chapter V and section §00. When
backing rings are used in services where their use will
result in severe corrosion or erosion, the bagking ring
should be removed and the internal join} ground
smooth. In such services where it is impractical to
remove the backing ring, consideration shall be given to
welding the joint without backing rings, or consumable
inserts may be used.

511.3 Socket Welds

plying with applicable standards and specifications
listed in Tables 523.1 and 526.1 are used, they shall be
used within the limitations specified in this Code and
shall also be subject to the requirements of Chapter III
and paras. 508.3 and 508.5.2(a) and (b).

508.5.2 Bolting for Cast Iron Flanges. The use of
cast iron flanges (paired with another cast iron or a
forged steel flange) requires consideration of the type
of facing and gasket when selecting the appropriate
fastener. A joint type that will place the flanges in a
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511.3.1 Socket welds shall be made in accordance
with the applicable requirements of Chapter V and
section 500. Dimensions of socket welding piping joints
shall conform to ASME B16.5 for flanges and
ASME B16.11 for fittings, and the weld dimensions shall
be not less than the minimum dimensions shown in
Figs. 527.3.3-2 and 527.3.3-3.

511.3.2 Socket welded connections inserted
directly into the wall of the run pipe shall be in accor-
dance with requirements of para. 504.3.1(c).
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511.3.3 Drains and bypasses may be attached to
a fitting or valve by socket welding, provided the socket
depth, bore diameter, and shoulder thickness conform

511.4 Fillet Welds

Table 514 Minimum Thickness of
External Threaded Components

i Notch . Minimum Wall
to the requirements of ASME B16.5. Sensitive Size Range Thickness
Material DN NPS [Note (1)]
Fillet welds shall be made in accordance with the Yes [Note (2)] < 40 <1% Sch. 80
applicable requirements of Chapter V and section 500. 2(5)_ 150 ; 6 22: 28
Fillet welds shall not have dimensions less than the g '
minimunrdimTensions thWIlillFisb. 527.3.3—2, 527.3.3-3, Ne-fhete{3}] =56 =2 Seh—10S
65-150 2Y,-6 Séhs 10S

and 527.3.5-4.
511.5 Seal Welds

Seal we¢lds may be used to avoid joint leakage; how-
ever, they shall not be considered as contributing any
strength fo the joint (see also para. 527.3.4).

512 FLANGED JOINTS

Flanggd joints shall meet the requirements of
section 508.

513 EXPANDED JOINTS

Expanded joints may be used where experience or
tests have¢ demonstrated that the joint is suitable for the
condition}s and where adequate provisions are made in
the desigh to prevent separations of the joints.

(16) 514 THREADED JOINTS

(a) Thieaded joints may be used within the limits
stated in|paras. 514(b) through (f).

(b) en used, all pipe threads shall be .taper pipe
threads where the tightness of joint depends upon the
seating of the thread. Tapered pipe threadsshall conform
to the requirements of ASME B1.20(1.)Straight threads
on pipe jpints that depend upon a seating surface other
than the |thread are allowed within the limitations of
section 518 if the thread rootdsno deeper than a standard
pipe threpd.

(c) Threaded joints Jarger than NPS 4 (DN 100) should
not be uged in refrigerant service.

(f) External threaded components may be used in
accordance with Table 514 and its Notes.

515 FLARED, FLARELESS, AND COMPRESSION
JOINTS

515.1 Selection and Application

In selecting and applying flared, flareless, and com-
pression type tube fittings, the designer shall consider
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GENERAL NOTE: Use the greater of para. 504.1.1;) paras.

through (e), or this Table.

NOTES:

(1) Nominal wall thickness is listed for carbon steel in ASMH
B36.10M and for Sch. 40S in ASME B36.19M.

(2) For example, carbon steel.

(3) For example, austenitic staipleégsisteel.

514(b)

the adverse effects.on the joints of such factors as agsem-
bly and disassembly, cyclic loading, vibration, shock,
thermal expansion and contraction, and the probl¢m of
frost growith'between the tube and fitting.

515.2 \Piping Joints With Applicable Standards

Piping joints using flared, flareless, or comprgssion
fittings may be used within the limitations of applicable
standards or specifications listed in Table 526.1 and the
following requirements:

(a) Fittings and their joints shall be suitable fqr the
tubing with which they are to be used with considefation
to minimum tubing wall thickness and method of agsem-
bly recommended by the manufacturer.

(b) Fittings shall not be used in services that exceed
the manufacturer’s maximum pressure-temperpture
recommendations.

515.3 Piping Joints Without Applicable Standards

For piping joints using flared, flareless, or comnjpres-
sion fittings for which there are no applicable stanglards
or specifications listed in Table 526.1, the engineer|shall
determine that the type of fitting selected is adefuate
and safe for the design conditions and that it mee}s the

i 33 - wing

requirements:

(a) The pressure design shall meet the requirements
of para. 504.7.

(b) A suitable quantity of the type and size of fitting
to be used shall meet successful performance tests to
determine the safety of the joint under simulated service
conditions. When vibration, fatigue, cyclic conditions,
low temperature, thermal expansion, hydraulic shock,
or frost growth are anticipated, the applicable conditions
shall be incorporated in the test.
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517 BRAZED AND SOLDERED JOINTS

Brazed and soldered socket type joints may be used
with the following limitations for the attachment of
valves, fittings, and flanges to nonferrous pipe and
tubing:

(a) Soldered joints shall not be used for piping con-
taining other than Group A1l refrigerants or any other
toxic or flammable fluid.

(b) Bores and depths of sockets of brazed and soldered

519.1.2 Expansion Strains. Expansion strains may
be taken up in two ways, either primarily by bending
or torsion, in which case only the extreme fibers at the
critical location are stressed to the limit, or by axial
compression and tension, in which case the entire cross-
sectional area over the entire length is substantially
equally stressed.

(a) Bending or torsional flexibility may be provided
by the use of bends, loops, or offsets; or by swivel joints,

fittings shall conform to the dimensions in ASME B16.18
or ABME B16.22. Depths of sockets for brazed fittings
only [may conform to MIL-F-1183].

(c)| Brazed socket type joints may be used provided
it is fletermined that the fittings are adequate and safe
for tHe design conditions in accordance with the require-
ment listed in section 515 for flared and flareless fittings.

(d)] The piping systems should be kept free of flux
and ¢ther foreign materials.

(e)| Solder joints shall not be used for temperatures in
excegs of those given in ASME B16.22.

(f)| The design shall take into account that braze meth-
ods thay reduce the strength of the heated base material
to that of the annealed state.

SLEEVE COUPLED AND OTHER NOVEL OR
PATENTED JOINTS

Coupling type, mechanical gland type, and other patt
ented or novel type joints may be used provided ade-
quat¢ provisions are made to prevent separation*of’the
jointg and provided a prototype joint has been stibjected
to pefformance tests to determine the safety of the joint
unddr simulated service conditions. When vibration,
fatigue, cyclic conditions, low temperature, thermal
expapsion, or hydraulic shock are antjcipated, the appli-
cable conditions shall be incorporated in the tests.

518

PART 5
EXPANSION, FLEXIBILITY, STRUCTURAL
ATTACHMENTS,CSUPPORTS, AND RESTRAINTS

519 | EXPANSION-AND FLEXIBILITY
519.1 General

The following clauses define the objectives of piping
flexibility analysis and alternative ways in which these

ball joints, corrugated pipe, or expansion joihts of the
bellows type permitting angular movement| Suitable
anchors, ties, or other devices shall be provided as neces-
sary to resist end forces from fluid¢pressure, ffrictional,
or other resistance to joint movement and other causes.

(b) Axial flexibility may be provided by ¢xpansion
joints of the slip-joint or bellows types. Pip¢ running
from anchors to the jointSundst be guided where neces-
sary to keep the pipe ffom bowing because of ¢nd forces
originating in the joint-from fluid pressure, frigtion, and
deformation of the'bellows. Anchors must beladequate
for these forees plus the force arising from friction in
the guides.'For design and selection of expangion joints
of the bellows type, reference to the standaids of the
Expansion Joint Manufacturers Assocjation is
recommended.

519.2 Concepts

Concepts peculiar to piping flexibility anglysis and
requiring special consideration are explained n the fol-
lowing paragraphs.

519.2.1 Stress Range. As contrasted with stresses
from sustained loads (such as internal prgssure or
weight), stresses caused by thermal expansi¢gn in sys-
tems stressed primarily in bending and torsiop are per-
mitted to attain sufficient initial magnitude| to cause
local yielding or creep. The attendant relakation or
reduction of stress in the hot condition leads to the
creation of a stress reversal when the componeht returns
to the cold condition. This phenomenon is designated
as self-springing of the line and is similar ir effect to
cold springing. The amount of self-springing depends
on the initial magnitude of the expansion dtress, the
material, the temperature, and the elapsed tifne. While
the expansion stress in the hot condition tends|to dimin-

can be realized.

519.1.1 Objectives. Piping systems shall be
designed to have sufficient flexibility to prevent thermal
expansion from causing either of the following;:

(a) failure of piping or anchors from overstress or
overstrain

(b) leakage at joints

(c) detrimental distortion of connected equipment
(pumps, turbines, or valves) resulting from excessive
thrusts and moments

ish with time, the arithmetic sum of the expansion
stresses in the hot and cold conditions during any one
cycle remains substantially constant. This sum, referred
to as the stress range, is the determining factor in the
thermal design of piping.

519.2.2 Expansion Range. In computing the stress
range, the full thermal expansion range from the mini-
mum to maximum metal temperature normally
expected during installation and operation shall be used,
whether the piping is cold sprung or not. Linear or
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angular movements of the equipment to which the pip-
ing is attached shall be included. For values of the unit
thermal expansion range, refer to para. 519.3.1.

Where substantial anchor or terminal movements are
anticipated as a result of tidal changes (unloading dock
piping) or wind sway (piping attached to slender
towers), these effects shall be considered analogous to
terminal movements caused by thermal expansion.

519.2.3 Cold Spring. Cold spring is recognized as

determined from Table 519.3.1 as the algebraic difference
between the unit expansion shown for the maximum
normal operating metal temperature and that for the
minimum normal operating metal temperature. For
materials not included in this Table, reference shall be
made to authoritative source data, such as publications
of the National Institute of Standards and Technology.

519.3.2 Moduli of Elasticity. The cold and hot mod-

uli of elasticity E.and F, rpcpp(*fivplv shall be taken

beneficial in that it serves to balance hot and cold stresses
without ¢lrawing on the ductility of the material, for
which regson it is recommended in particular for materi-
als of reldtively low ductility. In addition, it helps assure

from Table 519.3.2 for the minimum and maxim@np nor-
mal operating metal temperatures in Table 519:3.2. For
materials not included in these Tables, réference|shall
be made to authoritative source data, stich as puplica-

minimum departure from as-erected hanger settings.  tions of the National Institute of\Standardg and
Inasmuch) as the life of a system under cyclic conditions Technology.

depends [primarily on the stress range rather than the

stress levpl at any one time, no credit for cold Spring is 519.3.3 Poisson’s Ratio. ‘RoiSson’s ratio is the|ratio
given for stress range CalculatiOHS. In Calculating end Of the unlt deformation at rlght angles to the dirf Ction

thrusts aind moments where actual reactions at any one
time rathler than their range are considered significant,
cold sprihg is credited. (See para. 519.4.6.)

519.2
methods
behavior

4 Local Overstrain. All the commonly used
of piping flexibility analysis assume elastic
pf the entire piping system. This assumption is
sufficient]y accurate for systems where plastic straining
occurs at|many points or over relatively wide regions,
but fails to reflect the actual strain distribution in unbal-
anced sygtems where only a small portion of the piping
undergogs plastic strain, or where, in piping operating
in the cre¢p range, the strain distribution is very uneyen:
In these fases, the weaker or higher stressed poftions
will be syibjected to strain concentrations due(to)elastic
followup|of the stiffer or lower stressed portions. Unbal-
ance can |pe produced

(a) by pise of small pipe runs in series/with larger or
stiffer pige with the small lines relatively highly stressed

(b) by local reduction in size ot eross section, or local
use of a yeaker material

(c) in gsystem of uniform\size, by use of a line config-
uration f¢r which the néutral axis (actually, the wrench
axis) is sjtuated close\to the major portion of the line
with only a very small portion projecting away from it
absorbing most of the expansion strain

Conditjons.ef this type should preferably be avoided,
particulaflyWhere materials of relatively low ductility

of the load to the unit deformation in the directibn of
the load, and may be-taken as 0.3 at all tempergtures
for all metals. However, more-accurate data may bgused
if available.

519.3.4 Allowable Expansion Stress Range.| The
allowablébasic expansion stress range, S 4, and perinissi-
ble additive stresses shall be as specified in paras.
502.3:2(c) and (d) for systems primarily stressed in bend-
ing or torsion.

519.3.5 Dimensions. Nominal dimensions of pipe
and fittings, and cross-sectional areas, moments off iner-
tia, and section moduli based thereon shall be uded in
flexibility calculations, including the permissible pddi-
tive stresses.

519.3.6 Flexibility and Stress Intensification
Factors. Calculations shall take into account gtress
intensification factors found to exist in componentsjother
than plain straight pipe. Credit may be taken fqr the
extra flexibility of such components. In the absernce of
more directly applicable data, the flexibility and ptress
intensification factors shown in Table 519.3.6 may be
used. For piping components or attachments (such as
valves, strainers, anchor rings, or bands) not covefed in
the Table, suitable stress intensification factors mhay be
assumed by comparison of their significant gemlnetry

are used; if unavoidable, they should be mitigated by
the judicious application of cold spring.

519.3 Properties

The following paragraphs deal with materials and
geometric properties of pipe and piping components
and the manner in which they are to be used in piping
flexibility analysis.

519.3.1 Unit Thermal Expansion Range. The ther-
mal expansion range, ¢, in./100 ft (mm/m), shall be

38

with that of the nnmpnnaﬂfc shown

519.4 Analysis for Bending Flexibility

The following paragraphs establish under what cir-
cumstances and in what manner piping flexibility analy-
ses are to be made where the system primarily derives
its flexibility from bending or torsional strains.

519.4.1 Calculations/Tests. Formal calculations or
model tests shall be required only where reasonable
doubt exists as to the adequate flexibility of a system.
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Table 519.3.1 Thermal Expansion Data, e (IP and SI)

Linear Thermal Expansion (IP), in./100 ft

Temperature Range 70°F to

Material -325 -150 -50 70 200 300 400
Carbon steel, carbon moly -2.37 -1.45 -0.84 0.00 0.99 1.82 2.70
Nickel steel (3Y,Ni) -2.25 -1.48 -0.84 0.00 1.01 1.84 2.69
Nickel steel (9Ni) -2.27 -1.43 -0.81 0.00 0.98 1.77 2.57
Austenitic stainless steels -3.85 -2.27 -1.24 0.00 1.46 2.61 3.80
Ductilg iron A -1.29 -0.77 0.00 0.94 1.72 2.56
Monel| (67Ni-30Cu) -2.62 -1.79 -0.98 0.00 1.22 2.24 3.25
Coppér (99.90Cu) €12000, C12200 -3.70 -2.28 -1.28 0.00 1.51 2767 3.88
Red bfass (85Cu) C23000 -3.88 -2.24 -1.29 0.00 1.52 2.76 4.05
Coppér nickel (90Cu—10Ni) C70600 -4.10 -2.26 -1.29 0.00 1.49 2.62 3.77
Coppér nickel (70Cu—30Ni) C71500 -3.15 -1.95 -1.13 0.00 1433 2.40 3.52
Alumipum -4.68 -2.88 -1.67 0.00 2.00 3.66 5.39
Copp¢r silicon (3Si) C65500 -4.21 -2.31 -1.32 0.00 1.51 2.67 3.88
Linear Thermal Expansion (SI), mm/m
Temperature Range 21°C to
Material -198 -101 -46 21 93 149 204
Carbop steel, carbon moly -1.97 -1.21 -0.70 0.00 0.82 1.52 2.25
Nickel[steel (3Y4Ni) -1.87 -1.23 -0.7Q 0.00 0.84 1.53 2.24
Nickel[ steel (9Ni) -1.89 -1.19 -0.68 0.00 0.82 1.48 2.14
Austenitic stainless steels -3.21 -1.89 £1.03 0.00 1.22 2.18 3.17
Ductilg iron e -1.07 -0.64 0.00 0.78 1.43 2.13
Monelf (67Ni-30Cu) -2.18 -1.49 -0.82 0.00 1.02 1.84 2.71
Coppér (99.90Cu) C12000, C12200 -3.08 -1.90 -1.07 0.00 1.26 2.22 3.23
Red bfass (85Cu) C23000 -3.23 +h87 -1.07 0.00 1.27 2.30 3.37
Coppdr nickel (90Cu—10Ni) C70600 -3.42 ~1.88 -1.07 0.00 1.24 2.18 3.14
Coppér nickel (70Cu—30Ni) C71500 -2.62 -1.62 -0.94 0.00 1.11 2.00 2.83
Aluminhum -3.90 -2.40 -1.39 0.00 1.67 3.05 4.49
Copp¢r silicon (3Si) C65500 -3.51 -1.92 -1.10 0.00 1.26 2.22 3.23
519.4.2 Flexibility. Adequatetlexibility may gener- Sa = allowable stress range from eq. (1), ksi (MPa),
ally e assumed to be avaitable in systems that include stress range reduction factoy, f, where
(a)| are duplicates of suadcessfully operating installa- more than 7,000 cycles of movement are antici-
tions|or replacements‘of\sSystems with a satisfactory ser- pated during the life of the installation (see
vice record Fig. 502.3.2)
_(b) can Pe readily adjudged adequate by comparison U = anchor distance (length of straight lifie joining
with prev10usly anal}{zed systems ' anchors), ft (m)
(C.) al.‘e of umforrp size, haye no mor.e than two Pomts Y = resultant of movements to be absorbefl by pipe-
of flxatlon. and no 1nter_med1at.e restraints, are designed line, in. (mm)
for eksentially noncyclic service (less than 7,000 total

cycles), and satisfy the following approximate criterion:

(LD—O{I)Z : % (14)
where
D, = outside diameter of pipe, in. (mm)
E. = modulus of elasticity of the piping material in
the cold condition, ksi (MPa)
L = developed length of piping between anchors,

ft (m)
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519.4.3 Methods of Analysis. Systems that do not
meet the requirements of para. 519.4.2 shall be analyzed
by a method appropriate to the hazard entailed by fail-
ure of the line, the importance of maintaining continuous
service, the complexity of the layout, and strain sensitiv-
ity of the pipe material. Simplified or approximate meth-
ods may be applied without correction only if they are
used for the range of configurations for which their
adequate accuracy has been demonstrated. Accompa-
nying any flexibility calculation, there shall be an
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Table 519.3.2 Moduli of Elasticity, E (IP and SI)

Moduli of Elasticity (IP), psi [Note (1)]

Temperature, °F

Material -325 -150 -50 70 200 300 400
Carbon stegl, carbon 0.30 or less 31.4 30.5 30.0 29.5 28.8 28.3 27.7
Cast iron A A A 13.4 13.2 12.9 12.6
Monel (67Ni-30Cu) 27.8 27.1 26.6 26.0 25.4 25.0 24.7
Copper (99{90Cu) C12000, C12200 18.0 17.6 17.3 170 16.6 16.3 16.0
Red brass (B5Cu) C23000 18.2 17.7 17.5 170 16.6 16.4 15.8
Copper nicktel (90Cu—10Ni) C70600 19.0 18.6 18.3 18.0 17.6 17.3 16.9
Copper nicktel (70Cu-30Ni) C71500 22.3 22.8 22.4 22.0 21.5 21.1 20.7
Aluminum 11.1 10.6 10.3 10.0 9.6 9.2 8.7
Copper siliqon (3Si) C65500 15.9 15.5 153 15.0 14.6 14.4 14.1

Moduli of Elasticity.(S1), kPa [Note (2)]
Temperature, °C
Material -198 =101 -46 21 93 149 204
Carbon ste¢l, carbon 0.30 or less 216 210 207 203 198 195 191
Cast iron e ce .. 92.4 91.0 88.9 86.9
Monel (67Ni-30Cu) 192 187 183 179 175 173 170
Copper (99[90Cu) C12000, C12200 124 121 119 117 114 112 110
Red brass (@5Cu) C23000 125 122 121 117 114 113 109
Copper nicktel (90Cu-10Ni) C70600 131 128 126 124 121 119 117
Copper nictel (70Cu—30Ni) C71500 154 157 155 152 148 145 143
Aluminum 77 73 71 69 66 63 60
Copper silidon (3Si) C65500 110 107 105 103 101 99 97
NOTES:
(1) Ein ps| = tabulatedalues multiplied by 10°.
(2) Ein kPa = tabulated values multiplied by 10°.
40
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Table 519.3.6 Flexibility Factor, k, and Stress Intensification Factor, i (16)
100
80 Flexibility factor
|~ elbows, k = 1.65/h
60 e
N
/ Flexibility factor f05r/6
40 miters, k = 1.52/h
N ) / /
30 \\ Y\ L~
\ / Stress intensificatzion
= 20 A\ = / / factor, i = 0.9/h"/3
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8% 15 N
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2 \\
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Characteristic, h
Chart A
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Table 519.3.6 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Flexibility Flexibility Factor
Characteristic, Factor, i iy
Description h k [Note (1)] [Note (2)] Illustration
-
7
x
We:\?ing elbow or pipe bend TR 1.65 0.9 0.75 r
otes (3)=(7 - e e
[ (=] 2 h 5 75 A= bend radiys
Closely spaced miter bend —
[Notes (3), (), (5), and (7)], E(M) 1.52 09 0.75
s<r(1 +tan ) r2\ 2 h% YA Y,
Widely spa¢ed miter bend —
[Notes (3), (4), (7), and (8)], T (1_c0t0> 1.52 09 0.75
s2r(1 +tan 6) r 2 h% h ZA
Welding te¢ ASME B16.9 T . 0.9
INotes (3) and (4] a4l 1 0.75i, %.9.25 29
h%
Reinforced fabricated _ 5
tee with pad or saddle (T +,1)"% v} 0.75i, + 0.25 0.9
[Notes (3), (4), and (9)] %y n%
Unreinforced fabricated tee T
r 1 0.75i, + 0.25 0.9
[Notes (3) and (4)] r W
Butt Wt?lde joint, reducer, or 1 1.0 1.0
welding meck flange
Double-welfled slip-ofiflange 1 1.2 1.2
42
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Table 519.3.6 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Flexibility Flexibility Factor
Characteristic, Factor, i iy
Description h k [Note (1)] [Note (2)] Illustration

Fillet welded joint (single- ... 1 1.3 1.3

welded), socket welded flange,

or single-welded slip-on flange
Lap flarge—fwith-ASMEBT6-S : +6 +6

lap-joint stub)
Threaded pipe joint or . 1 2.3 2.3

threaded flange
Corrugated straight pipe, or . 5 2.5 2.5

corrugated or creased bend

[Nofe (10)]
GENERAL NOTE: For reference, see Table 519.3.6 figure on page 41.
NOTES:
(1) In-plane.
(2) put-plane.
(3) for fittings and miter bends the flexibility factors, k, and stress intensification factefs, /, in the Table apply to bending in gdny plane

@)

)

(©)
@

hnd shall not be less than unity; factors for torsion equal unity.

Both factors apply over the effective arc length (shown by heavy centerlines ifthe sketches) for curved and miter elbows
ntersection point for tees. The values of k and i can be read directly from Chart A by entering with the characteristic, h, ¢
rom the equations given where

R = bend radius of welding elbow or pipe bend, in. (mm)

r = mean radius of matching pipe, in. (mm)

s = miter spacing at centerline, in. (mm)

T = pad or saddle thickness, in. (mm)

7 = nominal wall thickness, in. (mm), of: part itself for'elbows and curved or miter bends; matching pipe for weld-
ing tees; run or header for fabricated tees (provided that if thickness is greater than that of matching pipe,
increased thickness must be maintained for ‘at least one run outside diameter to each side of the branch out-
side diameter).

6 = one-half angle between adjacent miteraxes, deg

Where flanges are attached to one or both ends, the values of k and T in the Table shall be corrected by the factors C; gi
below, which can be read directly from Chart B; entering with the computed h: one end flanged, h% > 1; both ends flangdg

[he engineer is cautioned that cast pbutt'welding elbows may have considerably heavier walls than that of the pipe with w
hre used. Large errors may be intfoduced unless the effect of these greater thicknesses is considered.
n large-diameter thin-wall elb6Ws.and bends, pressure can significantly affect the magnitude of flexibility and stress inten
actors. To correct values obtajnéd from the Table for the pressure effect, divide
a) flexibility factor, k, by
1/3 R 1/
7

3

b) stress ntensification factor, i, by

and to the
mputed

en
d, h > 1.
hich they

sification

A A
143252 (é) (R) ’
c\T r
vhere
E. = cold modulus of elasticity, ksi (MPa)
P = internal design pressure, psi (kPa)

(8 Also includes single-miter joint.
(9) When T>1.5T,use h = 4.05T/r.
(10) Factors shown apply to bending; flexibility factor for torsion equals 0.9.
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adequate statement of the method and any simplifying
assumptions used.

519.4.4 Standard Assumptions. Standard assump-
tions specified in para. 519.3 shall be followed in all
cases. In calculating the flexibility of a piping system
between anchor points, the system shall be treated as a
whole. The significance of all parts of the line and of all
restraints, such as solid hangers or guides, including
intermediate restraints introduced for the purpose of

Fig. 519.4.5-1 Bends

My

o P

reducing |moments and forces on equipment or small
branch lihes, and also the restraint introduced by sup-
port friction, shall be recognized. Not only the expansion
of the lin¢ itself, but also linear and angular movements
of the equipment to which it is attached shall be
considerqd.

519.4/5 Flexibility Stresses

(a) Berlding and torsional stress shall be computed
using the¢ as-installed modulus of elasticity, E; (E;
E. at insfallation temperature) and then combined in
accordange with eq. (15) to determine the computed
stress rarjge, Sg, which shall not exceed the allowable
stress rarjge, S,, in para. 502.3.2.

M;

W05
N
o

&

Mo

M

Se =[Sy + 457 (15)
(2)ZFor branch (Leg 3),
where
M; = forsional moment, in.-Ib (N-m) _J GMY)* + (M) 18
Sy = fesultant bending stress, ksi (MPa) b= Z, (18)
S; = forsional stress, ksi (MPa)
= M/2Z where : -
Z = fection modulus of pipe, in.3 (mm3) i; = in-plane stress intensification factor
i, = out-plane stress intensification factor
(b) Th¢ resultant bending stresses, S;, ksi (MPa), to r,, = mean branch cross-sectional radius, in. {(mm)
be used ih eq. (15) for elbows and miter.bends shall be S, = resultant bending stress, ksi (MPa)
calculatedl in accordance with eq. (16), with moments as T, = nominal wall thickness of pipe matdhing
shown in| Fig. 519.4.5-1. B branch, in. (mm)
T, = nominal wall thickness of pipe matching fun of
S — (M) € (,M,)* (16) tee or header exclusive of reinforcing elements,
b Z in. (mm)
Ts = effective branch wall thickness, in. (mm)
whe?e . . . (lesser of T, and ijb)
i; = [in-plane sfeds intensification factor from Z, = effective section modulus for branch of tee,
Table 519.3.6 in.? (mmd)
i, = |out-plané stress intensification factor from —

Table)519.3.6

M; = |inyplane bending moment, in.-1b (N-m) (d) Allowable stress range, S4, and permissible pddi-
M, = out-plane bending moment, in.-Ib (N-m) tive stresses shall be computed in accordance with
Z = sectional modulus of pipe, in.* (mm?) paras. 519.2.1 and 519.2.2.

(c) The resultant bending stresses, S;, to be used in
eq. (15) for branch connections shall be calculated in
accordance with egs. (17) and (18) with moments as
shown in Fig. 519.4.5-2.

(1) For header (Legs 1 and 2),

MY+ M)

) = ~ 17)

44

519.4.6 Reactions. The reactions (forces and
moments), R, and R, in the hot and cold conditions,
respectively, shall be obtained from the reaction range,
R, derived from the flexibility calculations, using
egs. (19) and (20).

In the design of anchors and restraints and in the
evaluation of some mechanical effects of expansion on
terminal equipment (such as pumps and heat
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Fig. 519.4.5-2 Branch Connections

m

Leg 3

:

Leg 2

Leg 1

bewa
|

exchpngers) either reaction range, R (see definition E. = modulus of elasticity in the cold ¢ondition,
below), or instantaneous values of reaction: forces and ksi (kPa)
moments in the hot or cold condition may be'of signifi- E;, = modulus of elasticity in the hot ¢ondition,
canc¢. Determination of the latter may be complicated ksi (kPa)
by tHe difficulty of performing the desired cold spring R = range of reaction forces or momets corres-
and py other factors. Thus their\determination may ponding to the full expansion range based
require an elaborate engineering-calculation, the basis on E., Ib (N) or in.-Ib (N-m)
of which should be clearly-setforth. In the absence of R, R; = maximum reaction forces or monpjents esti-
a better procedure, in the-case of one-material, uniform- mated to occur in the cold and hot condi-
temperature, two-anchor.systems without intermediate tions, respectively, Ib (N) or in.-Ip (N-m)
consfraints, the hot dnd'cold reactions may be estimated Sg = maximum computed expansipn stress
by tHe following formulas: range at any point in the line, ksi (MPa)
(see paras. 519.2.1 and 519.2.2)
R, = (1 -%0C) %R (19) S, = basic material allowable stress at fnaximum
c (hot) normal temperature, ksi (MIPa) (use S,
R = CR or C.R. whichever is ereater o0 not SE, from para. 502.3.1 and Tabje 502.3.1)

where
C = cold spring factor varying from 0 for no
cold spring to 1 for 100% cold spring

NOTE: Factor % appearing in eq. (19) accounts for observation
that specified cold spring cannot be fully assured, even with elabo-
rate precautions.

G

= estimated self-spring or relaxation factor;
use zero if value becomes negative

1- ShEc/SEEh
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519.4.7 Reaction Limits. The computed reactions
shall not exceed limits that connected equipment, specif-
ically strain sensitive components, such as pumps, com-
pressors, valves, strainers, tanks, and pressure vessels,
can safely sustain.

519.4.8 Movements. Calculation of displacements
and rotations at specific locations may be required where
clearance problems are involved. In cases where small-
size branch lines attached to stiff main lines are to be
calculated separately, the linear and angular movements
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of the junction point must be calculated or estimated
for proper analysis of the branch.

520 DESIGN OF PIPE SUPPORTING ELEMENTS
520.1 General

Loads on equipment supporting, bracing, guiding, or
anchoring piping include, in addition to weight effects,

(c) For requirements pertaining to springs, see
para. 521.3.2.

(d) For requirements pertaining to anchors and
guides, see paras. 521.1.3 and 521.1.4.

(e) The principles in para. 502.3.1(d) are not applicable
to design of springs.

(f) Pipe support and hanger components conforming
to the requirements of para. 502.3.1 may have an increase
in their working stress to 80% of minimum yield strength

loads due_to service pressure and temperatures vibra-
tion, wind, earthquake, shock, erection contingencies
(including testing), thermal expansion and contraction,
and diffefential settlement of foundations, all as defined
in sectionn 501. The design of all elements supporting
or restraining pipe shall have regard to the degree of
probability of concurrence of loads and whether they
are sustajned or tend to relax themselves as defined in
para. 519{2.1.

520.1{1 Objectives. Supporting elements shall be
designed|to prevent the loadings and deflections due to
the influ¢nces delineated in para. 520.1 from causing
one of thp following:

(a) piping stresses in excess of those permitted in this
Section of the Code

(b) leakage at joints

(c) detrimental distortion of connected equipment
(such as [pumps, turbines, valves, etc.) resulting from
excessive| forces and moments

(d) exgessive stresses in the pipe supporting (or
restraininjg) elements themselves

(e) resgnance with imposed vibrations

(f) excgssive interference with the thermal expansion
and contraction of a piping system that is otherwise
adequately flexible

(g) unintentional disengagement of(the piping from
its supports

(h) excpssive piping sag in systems requiring drain-
age slopd

520.1.2 Allowable Stresses’in Piping. The design of
piping-sypport elements.shall be such that the sustained
piping stfesses shallsnhot exceed the allowable value as
defined ih paras./502.3.2(d) and 523.2.2(f)(4).

520.1{3 Allowable Stresses in Piping Support and
Restraint|Components
(a) Thea a aterte
parts of supporting and restraint assemblies shall not
exceed the appropriate S value taken from para. 502.3.1
and Table 502.3.1 including Notes except as permitted
in 520.1.3(b). It is not necessary to include joint factors.
The allowable stress shall be reduced 25% for threaded
members and for welds in support assemblies or for
attachments to piping. For threaded members stresses
shall be based on the root area of the threads.
(b) An increase in allowable stress of 20% shall be
allowed for short-time overloading conditions.
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at room temperature for the period of hydrostatid test-
ing. This applies only to supports that have been [engi-
neered by the designer and not to standardatalog jtems
unless they have been carefully analyzed by the
designer.

520.1.4 Materials — Steel., Al equipment fof per-
manent supports and restraints shall be fabricated|from
durable materials suitable-for the service condifions.
Unless otherwise permitted in para. 520.1.5, steelfshall
be used for pipe supporting elements. All materialgshall
be capable of meeting the respective standard spegifica-
tions given in-Table 523.1 with regard to the tests and
physical prepérties.

Parts of supporting elements that are subjected pjrinci-
pally to;bending or tension loads and that are subjected
to wérking temperatures for which carbon steel {s not
recommended shall be made of suitable alloy steel, or
shall be protected so that the temperature of the sugport-
ing members will be maintained within their temjpera-
ture limits.

520.1.5 Materials Other Than Thos¢ in
Para. 520.1.4. Cast iron may be used for roller bases,
rollers, anchor bases, brackets, and parts of pipe sugport-
ing elements upon which the loading will be mnfainly
that of compression. Malleable or nodular iron cagtings
may be used for pipe clamps, beam clamps, hanger
flanges, clips, bases, swivel rings, and parts of pipg sup-
porting elements. Treated wood may be used for] pipe
supporting elements that are primarily in comprgssion
when the metal temperatures are at or below anfbient
temperature.

Materials other than those listed in Table 523.1f may
be employed to take advantage of their superior prpper-

accordance

7 OowWa

with the principles given in para. 502.3.1.

520.1.6 Protective Coatings

(a) Under conditions causing mild corrosion, such as
atmospheric rusting, which are not of an intensity to
warrant the use of corrosion resistant materials, a dura-
ble protective coating, such as hot-dipped galvanizing,
weather resistant paint, or other suitable protection,
should be applied to all parts after fabrication or after
installation.
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(b) Under any conditions, exposed screw threads on
parts of the equipment where corrosion resistant materi-
als are not used shall be greased immediately after fabri-
cation. Paints, slushes, or other suitable protective
coatings may be used instead of grease.

520.1.7 Threaded Components. Threads shall be in
accordance with ASME B1.1, except that other thread
forms may be used to facilitate adjustment under heavy
loads. All threaded adjustments shall be provided with

521.3 Design Details

521.3.1 General

(a) Hanger Rods. Safe axial loads for threaded hanger
rods shall be based on the root area of the threads and
subject to 25% reduction in allowable stress as in para.
520.1.3(a). Pipe, straps, or bars of strength and effect
area equal to the equivalent hanger rod may be used
instead of hanger rods. See Table 521.3.1.

lock puts or be locked by other positive means. Turn-
buckles and adjusting nuts shall have the full length of
threald in service. Means shall be provided for determin-
ing that full length of thread is in service.

521 | DESIGN LOADS FOR PIPE SUPPORTING

ELEMENTS

521.1 General

521.1.1 Forces and moments at pipe supporting
elements caused by thermal expansion or contraction
shall|be determined as necessary.

521.1.2 Weight calculations for gas, vapor, or
safety valve discharge piping should not include the
weight of liquid if the possibility of these lines containing
liquigl is remote and provided the lines are not subjected
to hyldrostatic tests.

521.1.3  Restraints, such as anchors and guidés;
shall[be provided where necessary to control movement
or to| direct expansion and/or other effects into those
portipns of the system that are adequate to absorb them

i for the purpose of protecting terminal eqtiipment and/
© or other (weaker) portions of the system. The effect of
- frictipn in other supports of the systeém shall be consid-
- ered fin the design of such anchers-and guides.

521.1.4 Anchors or guides‘for expansion joints of
- the cprrugated or slip-typé (6r variants of these types)
i shalljpe designed to resistend forces from fluid pressure
and frictional or other*applicable resistance to joint
movement, in addition to other loadings.

521.2 Resilient'Variable-Support and Constant-

Support Types

Rehctioerts or load calculations for resilient or constant

(b) Chains. Chain may be used for pipe hapgers and
shall be designed in accordance with (a).

(c) Sliding Supports. Sliding supports'(or shoes) and
brackets shall be designed to resistythe forcps due to
friction in addition to the loads“imposed by bearing.
The dimensions of the support’shall provide for the
expected movement of the’supported piping.

(d) At point of suppert'subject to horizonfal move-
ment, the movement shall be provided for by the swing
of long hanger rods ‘or chains or by the use df trolleys,
rollers, sliding, dr)swinging supports.

(e) Covering. on insulated piping shall be [protected
from damage at all hanger locations. Saddles| bases, or
suitableshields properly constructed and secured to the
covered pipe shall be used at points of roller, [pase, and
trapéze support.

(f) Lugs, plates, angle clips, etc., used as part of an
assembly for the support or guiding of pipp may be
welded directly to the pipe provided the material is of
good weldable quality and the design is addquate for
the load. Preheating, welding, and postheating shall be
in accordance with the rules of Chapter V.

(g) See MSS SP-58 for typical design details.

521.3.2 Spring Supports. Spring type|supports
shall be provided with means to prevent misallignment,
buckling, or eccentric loading of the spring, and to pre-
vent unintentional disengagement of the load.[Materials
shall be in accordance with the provisions [of paras.
520.1.4 and 520.1.5. Constant support spring hangers
shall be designed to provide a substantially uniform
supporting force throughout the range of travel. All
spring elements shall be provided with means|of adjust-
ment for the pipe position in the operating ar{d nonop-
erating condition. Means shall be provided tp prevent

efforttype supports, SUctT a5 Springs or weigit toaded
supports and braces, shall be based on the maximum
working conditions of the piping. However, the support
shall be capable of carrying the total load under test
conditions, unless additional support is provided for
the test period. The amount of variation that can be
tolerated shall be determined by incorporating the
change in supporting effect in the flexibility analysis or
shall be based on such considerations as bending effect,
control of piping elevation, allowable terminal
reactions, etc.
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OV clo.ucooius the ofuius drre—to-excesstre—deflections. It
is desirable that all spring hangers be provided with
position indicators.

521.3.3 Counterweights. Counterweights when
used instead of spring hangers shall be provided with
stops to prevent overtravel. Weights shall be positively
secured. Chains, cables, hanger and rocker arm details,
or other devices used to attach the counterweight load
to the piping, shall be subject to requirements of
para. 521.3.1.
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Table 521.3.1 Minimum Sizes of Straps, Rods, and Chains for Hangers

Minimum Stock Size, in. (mm)

Nominal Pipe Size Component
NPS (DN) (Steel) Exposed to Weather Protected From Weather
1 and smaller Strap Y in. (3 mm) thick Y16 in. (1.5 mm) thick x %, in. (19 mm) wide
[1in. (25 mm)]
Above 1 Strap Y, in. (6 mm) thick Y in. (3 mm) thick x 1 in. (25 mm) wide

[1in. (25 mm)]
3

2 and smallec Rad 3/ in_(10 mm) diameter -0 (10 mm) diameter
[2 in. (50 mm)]

Above 2 Rod Y, in. (13 mm) diameter Y5 in. (13 mm) diameter
[2 in. (50 mm)]

2 and smaller Chain %6 in. (5 mm) diameter or %6 in. (5 mm) diameter or eg(ivalent arep
[2 in. (50 mm)] equivalent area

Above 2 Chain 3% in. (10 mm) diameter or %4 in. (10 mm) diameter of equivalent arda
[2 in. (50 mm)] equivalent area

All sizes Bolted clamps %6 in. (5 mm) thick; bolts %4 in. %6 In. (5 mm)athick; bolts 3% in. (10 mm

(10 mm) diameter diameter

GENERAL NDTE:  For nonferrous materials, the minimum stock area shall be increased by the ratio of.allowable stress of steel to the allpwable
stress of thle nonferrous material.

521.3/4 Hydraulic-Type Supports. An arrangement
utilizing p constant hydraulic head may be installed to
give a cqnstant supporting effort. Safety devices and
stops shdll be provided to support the load in case of
hydrauliq failure.

521.35 Sway Braces or Vibration Dampeners. Sway
braces arld vibration dampeners may be used to limif
the movement of piping due to vibration.
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Chapter Il
Materials

523 MATERIALS — GENERAL REQUIREMENTS

minimum temperature listed unless they meet the

523.1 Materials and Specifications

The materials used shall conform to the specifications
listed in Table 523.1 or shall meet the requirements of
this Code for materials not so established.

523.1.1 Listed Materials

(a)] Any material used in pressure containing piping
components shall conform to a listed specification except
as prpvided in para. 523.1.2.

(b)| Materials manufactured to specification editions
othey than those listed in Nonmandatory Appendix A
meet|the requirements of this Code, provided
1) the material meets the listed edition’s require-
menfs for chemical composition and heat treatment
condjtion
2) the material grain size requirements are the
as the listed edition
3) the material toughness requirements are the
as the listed edition
4) the material tensile and yield strength requires
mentp are the same as the listed edition
5) the material has been tested and examined in
dance with the requirements of the listed edition

523.1.2 Unlisted Materials. Unlisted faterials may
be used provided they conform to a published specifica-
tion ¢overing chemistry, physical, ané-mechanical prop-
ertigs, method and process of\mlanufacture, heat
treatinent, and quality control and otherwise meet the
requirements of this Code,-Allowable stresses shall be
detefmined in accordance-with the applicable allowable
stresg basis of this Code\of a more conservative basis.

523.1.3 Unknown'Materials. Materials of unknown
speciffication shall.not be used for pressure-containing

same

Ssame¢

lished specification (para. 523.1.1 or 523.1.2) and other-
wise meet the requirements of this Code. Sufficient
cleaning and inspection shall be made to determine min-
imum wall thickness and freedom from imperfections
that would be unacceptable in the intended service.

523.2 Limitations on Materials
523.2.1 General. The materials listed in
Table 502.3.1 shall not be used at design metal tempera-

tures above those for which stress values are given in
the Table. The materials shall not be used below the
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requirements of para. 523.2.2.

523.2.2 Impact Tests. Materials subject [to design
metal temperatures below the minimum tethperature
listed in Table 502.3.1 and in (f)(5), except |for those
exempted in (f)(4) and (f)(5), shall be impact|tested as
required by UG-84 of SectionyVIII, Division|1, of the
ASME BPV Code. The folléwing requirements{shall also
be met:

(a) A welded testsection shall be preq]
each P-Number @nd Group Number as d4
ASME Section IX_.and in accordance with U(G-84(e).

(b) If the material to be used is not certified, test sec-
tions shall)be’ prepared from each piece of pipe, plate, :

or tubing used.
(c)x®he set of impact-test specimens shall
across the weld (the metal tested is the weld mietal) with
the notch in the weld, and one set shall be taker] similarly
with the notch at the fusion line (the metal tegted is the
base metal).
(d) Impact test specimens shall be cooled to p temper-
ature not higher than the lowest temperature| to which
the pipe, plate, or tubing may be subjecfed in its
operating cycle.
(e) One set of impact-test specimens with the notch
in the weld metal and one set with the nofch in the
heat-affected zone shall be made for each range of pipe
thicknesses as required by ASME Section IX.
(f) The following materials are exempted
requirements for impact testing:

(1) Impact tests are not required for aluminum:
Types 304 or CF8, 304L or CF3, 316 or CF8M, and 321
austenitic stainless steel; copper; red brass} copper—
nickel alloys; and nickel-copper alloys.

(2) Impact tests are not required for bolting mate-
rial conforming with A193, Grade B7, for use afltempera-
tures not lower than —-55°F (-48°C).

from the

P q g materi-
als conforming with A320, Grades L7, L10, and L43, at
temperatures above —150°F (-101°C) or above —225°F
(-143°C) for A320, Grade L9.

(4) Impact tests are not required for ferrous materi-
als used in fabricating a piping system for metal temper-
atures colder than —20°F (-29°C) down to —150°F
(-101°C), provided the maximum circumferential or
longitudinal tensile stress resulting from coincident
pressure, thermal contraction, or bending between
supports does not exceed 35% of the allowable stress

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:32:31 MDT

ared for -
fined by :

be taken i‘

(16)


https://asmenormdoc.com/api2/?name=ASME B31.5 2016.pdf

ASME B31.5-2016

Table 523.1 Acceptable Materials — Specifications

Component Specification Material
Bolting ASTM A193 Alloy steel and stainless steel bolting materials for high-temperature service

ASTM A194 Carbon and alloy steel nuts for bolts for high pressure and high-temperature
service

ASTM A307 Carbon steel bolts and studs, 60 ksi (414 MPa) tensile

ASTM A320 Alloy steel bolting materials for low-temperature service

ASTM A325 Structured bolts, steel, heat treated, 120/105 ksi, minimum tensile strength

ASTM A354 Quenched and tempered alloy steel bolts, studs, and other externally threaded
fasteners

ASTM B21 Naval brass rod, bar, and shapes

ASTM B98 Copper-silicon alloy rod, bar, and shapes

ASTM B211 Aluminum and aluminum alloy bar, rod, and wire

Fittings, valves, flanges ASTM A47 Ferritic malleable iron castings

ASTM A48 Gray iron castings

ASTM A105 Forgings, carbon steel, for piping components

ASTM A126 Gray iron castings for valves, flanges, and pipe fittings

ASTM A181 Forgings, carbon steel for general purpose piping

ASTM A182 Forged or rolled alloy steel pipe flanges, forged-fittings, and valves and paft for
high-temperature service

ASTM A197 Cupola malleable iron

ASTM A216 Steel castings, carbon, suitable for fusion’welding for high-temperature seryice

ASTM A217 Steel castings, martensitic stainless,and alloy, for pressure-containing part$ suit-
able for high-temperature service

ASTM A234 Piping fittings of wrought carbon steel and alloy steel for moderate and elgvated
temperatures

ASTM A278 Gray iron castings for pressure-containing parts for temperatures up to 650°F
(345°0)

ASTM A350 Forgings, carbon and-low alloy steel, requiring notch toughness testing for |piping
components

ASTM A351 Castings, austenitic, austenitic—ferritic (duplex) for pressure-containing parfs

ASTM A352 Steel castings, ferritic and martensitic, for pressure-containing parts, suitaljle for
low-temperature service

ASTM A395 Fertitie- ductile iron for pressure retaining castings for use at elevated temppra-
tures

ASTM A403 Wrought austenitic stainless steel piping fittings

ASTM A420 Piping fittings of wrought carbon steel and alloy steel for low-temperature $ervice

ASTM A522 Forged or rolled 8% and 9% nickel alloy steel flanges, fittings, valves, and |parts
for low-temperature service

ASTM A536 Ductile iron castings

ASTM AB71 Austenitic ductile iron castings for pressure-containing parts suitable for loy tem-
perature service

ASTM, A743 Castings, iron—chromium, iron—chromium—nickel, and nickel base, corrosiop resis-
tant, for general application

ASTM A744 Castings, iron—chromium—nickel and nickel base, corrosion resistant, for sgvere
service

ASTM B16 Free-cutting brass rod, bar, and shapes for use in screw machines

ASTM B21 Naval brass rod, bar, and shapes

ASTM B26 Aluminum alloy sand castings

ASTM B61 Steam or valve bronze castings

ASTM B62 Composition bronze or ounce metal castings

ASTM B85 Aluminum alloy die castings

ASTM B124 Copper and copper alloy forging rod, bar, and shapes

ASTM B179 Aluminum alloys in ingot form for sand castings, permanent mold castings, and
die castings

ASTM B247 Aluminum and aluminum alloy die forgings, hand forgings, and rolled ring
forgings

ASTM B283 Copper and copper alloy die forgings (hot pressed)
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Table 523.1 Acceptable Materials — Specifications (Cont’d)

ce

Component Specification Material
Fittings, valves, flanges ASTM B361 Factory-made wrought aluminum and aluminum alloy welding fittings
(cont’d) ASTM B584 Copper alloy sand castings for general applications
AWWA C110 Gray iron and ductile iron fittings NPS 2 (DN 50) through NPS 48 (DN 1200) for
water and other liquids
Steel pipe ASTM A53 Pipe, steel, black and hot dipped, zinc coated, welded and seamless
[Note (1)]
ASTM A1Q6 Seamless carbon stee| pipe for high-temperature service
ASTM A134 Pipe, steel electric-fusion (arc) welded [sizes NPS 16 (DN 400) and;oMer]
ASTM A135 Electric-resistance welded steel pipe
ASTM A139 Electric-fusion (arc) welded steel pipe [sizes NPS 4 (DN 100)-and ove
ASTM A312 Seamless and welded austenitic stainless steel pipe
ASTM A333 Seamless and welded steel pipe for low-temperature serviee
ASTM A358 Electric-fusion welded austenitic chromium—nickel allpy steel pipe for|high tem-
perature service
ASTM A376 Seamless austenitic steel pipe for high-temperature central-station sefvice
ASTM A409 Welded large outside diameter austenitic steel\pipe for corrosive or high tempera-
ture service
ASTM A587 Electric resistance-welded low carbon steel pipe for the chemical industry
API 5L Line pipe
[Note (1)]
Nonfefrous pipe ASTM B42 Seamless copper pipe, standard sizes
ASTM B43 Seamless red brass pipe, 'standard sizes
ASTM B165 Nickel-copper alloy (UNS'N04400) seamless pipe and tube
ASTM B241 Aluminum and aluminum alloy seamless pipe and seamless extruded|tube
ASTM B302 Threadless coppet/pipe
ASTM B315 Seamless coppeér alloy pipe and tube
ASTM B345 Aluminum_and aluminum alloy seamless pipe and seamless extruded|tube for
gas andoil transmission and distribution piping systems
ASTM B466 Seamtess copper—nickel alloy pipe and tube
ASTM B467 Welded copper—nickel pipe
Steel fube ASTM A178 Etectric-resistance welded carbon steel boiler tubes
ASTM A179 Seamless cold-drawn low carbon steel heat exchanger and condenser|tubes
ASTM A192 Seamless carbon steel boiler tubes for high pressure service
ASTM A210 Seamless medium-carbon steel boiler and superheater tubes
ASTM A213 Seamless ferritic and austenitic alloy steel boiler, superheater, and hdat
exchanger tubes
ASTM A214 Electric-resistance welded carbon steel heat exchanger and condenself tubes
ASTM)A226 Electric-resistance welded carbon steel boiler and superheater tubes fpr high
pressure service
ASTM A249 Welded austenitic steel boiler, superheater, heat exchanger and condg¢nser tubes
ASTM A254 Copper brazed steel tubing
ASTM A269 Seamless and welded austenitic stainless steel tubing for general ser
ASTM A271 Seamless austenitic chromium—nickel steel still tubes for refinery serfice
ASTM A334 Seamless and welded carbon and alloy steel tubes, for low-temperature service
Nonfefrous tube ASTM B68 Seamless copper tube, bright annealed
ASTM B75 Seamless copper tube
ASTM B88 Seamless copper water tube
ASTM BIIT Copper and copper alloy seamless condenser tubes and ferule stock
ASTM B165 Nickel-copper alloy (UNS N04400) seamless pipe and tube
ASTM B210 Aluminum alloy drawn seamless tubes
ASTM B234 Aluminum and aluminum alloy drawn seamless tubes for condensers and heat
exchangers
ASTM B280 Seamless copper tube for air conditioning and refrigeration field service
ASTM B315 Seamless copper alloy pipe and tube
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Table 523.1 Acceptable Materials — Specifications (Cont’d)

Component Specification Material
Nonferrous tube ASTM B466 Seamless copper—nickel pipe and tube
(cont’d) ASTM B743 Seamless copper tube in coil
Steel plate ASTM A36 Structural steel
ASTM A240 Heat-resisting chromium and chromium—nickel stainless steel plate, sheet, and
strip for pressure essels
ASTM A283 Low and intermediate tensile strength carbon steel plates
ASTM A285 Pressure vessel plates carbon steel low and intermediate tensile strength
ASTM A353 Pressure vessel plates, alloy steel, 9% nickel, double-normalized and tempjered
ASTM A414 Steel, sheet, carbon, for pressure vessels
ASTM A515 Pressure vessel plates, carbon steel, for intermediate- and highertemperatpre
service
ASTM A516 Pressure vessel plates, carbon steel, for moderate- and lower-temperature
service
ASTM A553 Pressure vessel plates, alloy steel, quenched and tempeted 8% and 9% nifkel
ASTM A1008 Steel sheet, carbon cold-rolled, structural quality
ASTM A1011 Steel sheet and strip, carbon hot-rolled, structural\guality
Nonferrous [plate ASTM B96 Copper-silicon alloy plate, sheet, strip, and ¢olled bar for general purposes|and
pressure vessels
ASTM B152 Copper, sheet, strip, plate, and rolled bar
ASTM B171 Copper alloy plate and sheet for préssure vessels, condensers, and heat
exchangers
ASTM B209 Aluminum and aluminum allpy‘sheet and plate
ASTM B248 General requirements for wrought copper and copper alloy plate, sheet, stijp,
and rolled bar
Welding elgctrodes and ASME SFA-5.1 or Carbon steel electrodés for shielded metal arc welding

rods for $teel and iron AWS A5.1
ASME SFA-5.2 or Carbon and lowalloy steel rods for oxyfuel gas welding
AWS A5.2
ASME SFA-5.4 or Stainless-steel electrodes for shielded metal arc welding
AWS A5.4
ASME SFA-5.9 or Barsy.strip, steel electrodes, and rods
AWS A5.9
Welding eldctrodes for AWS A5.3 Aluminum and aluminum alloy covered arc welding electrodes
nonferrods metals ASME SFA-5.6 or. Copper and copper alloy covered electrodes
AWS A5.6
ASME SFA-5.7 of Copper and copper alloy bare welding rods and electrodes
AWS A5.7
ASME"SFEA<5.10 or Bare aluminum and aluminum alloy welding electrodes and rods
AWS-A5.10
AWS7A5.12 Tungsten for arc welding electrodes
Solder and|brazing ASTM B32 Solder metal
metal ASME SFA-5.8 or Filler metals for brazing and braze welding
AWS A5.8
Springs ASTM A125 Steel springs, helical, heat treated
Chains ASTM A413 Carbon steel chain
AST?‘A A':IUU ‘V‘\llcll\.:ll".‘)b LGI:JUII btb‘t‘l L:Icl;ll
ASTM A467 Machine and boil chain
Bars ASTM A663 Steel bars, carbon, merchant quality, mechanical properties
ASTM A675 Steel bars, carbon, hot wrought, special quality, mechanical properties
ASTM B221 Aluminum alloy extended bar, rod, wire, shapes, and tube

GENERAL NOTES:
(@) For specific edition of specifications referred to in this Code, see Nonmandatory Appendix A.
(b) All ASME SFA specifications appear in Section II, Part C, of the ASME BPV Code.

NOTE:

(1) For furnace butt weld pipe, see para. 505.1.1.
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Fig. 523.2.2 Reduction in Minimum Design Metal Temperature Without Impact Testing

Temperature, °C [Note (1)]

0.40 |

0.35 &
0.30 [

7

Note (2)

DA

Ratio of Design Stresses in Tension to Allowable Tensile Sfress

s

5%

0 20 40 60

NOTEY:
(1) Sge para. 523.2.2(f).
(2) Sde para. 523.2.2(f)(4) when ratios\are 0.35 and smaller.

for thermaterials as given in Table 502.3.1. See para.

Temperature, °F [Note (1)]

= AN

80 100 120 0

The following governing thickness applies when

502.3:2-and-seetions-5319-and-520

(5) Or, alternatively, in the temperature range
colder than —20°F (-29°C) down to -55°F (-48°C),
impact tests are not required for ferrous materials used
in fabrication provided the minimum design metal tem-
perature is above the allowable temperature determined
from applying the temperature reduction due to the ratio
from Fig. 523.2.2 to the listed minimum temperature in
Table 502.3.1. For minimum temperature listings of “A”
or “B,” use the minimum temperature corresponding to
the governing thickness shown in Table 523.2.2.

53

H Tsll
using—Fable-523-2-2:
(-a) for a welded part is as follows:

(-1) for butt joints except those for flat heads,
the nominal thickness of the thickest welded joint

(-2) for corner or fillet welds, the thinner of the
two parts joined

(-3) for flat heads, the larger of (f)(5)(-a)(-2) or
the flat component thickness divided by 4

(-4) for welded assemblies composed of more
than two components (e.g., branch-to-run pipe with
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Table 523.2.2 Impact
Exemption Temperatures

(-b) Impact tests are not required for the flanges
listed in (6)(a) for metal temperatures colder than —20°F
(-29°C) and no colder than —55°F (-48°C) provided the

Curve A, °F Curve B, °F
Thickness, in. [Note (1)] [Note (2)] Curve C, °F minimum design metal temperature (MDMT) is above
the allowable temperature determined from applying
0.375 18 -20 =55 the temperature reduction (Fig. 523.2.2). The ratio used
8'15‘375 ;; _13 :;‘2 for determining the temperature reduction is defined
0.5625 37 _1 26 as the design pressure at the MDMT to the maximum
allowable pressure as permitted by ASME B16.5.
0.625 43 > 22 (7)"No 1mpact testing i1s required for carbon) steel
g:?&;ﬁs [5‘2 1(5) :12 0.10 in. (2.5 mm) and thinner, but such materidls|shall
0.8125 57 19 12 not be used at design metal temperatures,'colder] than
—55°F (—48°C).
0.875 61 23 -9
0.9375 65 27 -6 523.2.3 Gray Iron and Malleable lron: Gray iroh and (16)
! 68 31 -3 malleable iron shall not be used fer)piping components
GENERAL NDTE:  For other nominal thickness, see Curves A, B, and in hydrocarbon or other flamyfghle fluid service af tem-
C in Fig. UQS-66 in Section VIll, Division 1, ASME BPV Code. peratures above 300°F (1499€), nor at gage pregsures
NOTES: above 300 psi (2 070 kPa).‘Gray iron or malleablg iron
(1) Curve A. All carbon and low alloy pipe, tube, plates, valves, fit- shall not be used at témperatures below that shoyn in
tings, dnd flanges listed for minimum temperature as “A” in Table 502.3.1, except for nonflammable service where a
Table 5p2.3.1. Use the minimum temperature in Curve A corres- lower limit has been explicitly allowed by the comppnent
ponding to the nominal material thickness in Table 523.2.2. manufacturerstheére is extensive, successful service pxpe-
(2) Curve 'E.. Specifications are'ASTM unless other\le.e noted. Use rience undar Speciﬁc and Comparable conditions. and
the mirfimum temperature in Curve B corresponding to the p ..
nominal material thickness in Table 523.2.2 for the appliéd-stresses are limited to one-tenth of the nate-
() A285 Grades A and B rial’s tensile strength at room temperature.
(b) A414 Grade A . . .
© A515 Grade 60 523.2.4 Ductile (Nodular) Iron. Ductile iron miteri- (16)

(d) A516 Grades 65 and 70 (if not normalized)

(e) API|5L Grades A25, A, and B

() A135 Grades A and B

(g) A53 Grades A and B

(h) A106 Grades A, B, and C

(i) A134 Grade B

() all paterials of Curve A, if produced to fine,grain practice
and normalized

reinforcirlg pad), the governing thickness and permissi-
ble minirhum design metal.temperature of each of the
individugl welded joints.efithe assembly shall be deter-
mined, afd the warmest‘of the minimum design metal
temperatires shall be\irsed as the permissible minimum
design mietal teniperature of the welded assembly

(-y) for.nonwelded flat components is the flat
componept.thickness divided by 4

als may be used in accordance with the following:

(a) Ductile iron shall not be used for piping compo-
nents at gage pressures above 1,000 psi (6 895 kPa).

(b) Ductile iron (except austenitic ductile iron)|shall
not be used at any temperature below that shown in
Table 502.3.1, except for nonflammable service where a
lower limit has been explicitly allowed by the comppnent
manufacturer, there is extensive, successful service pxpe-
rience under specific and comparable conditions, and
the applied stresses are limited to one-tenth of the mnate-
rial’s tensile strength at room temperature.

(c) Austenitic ductile iron conforming to ASTM|A571
may be used at any temperature below —20°F (—p9°C)
down to the temperature of the impact test conducted in
accordance with that specification, but not below —B20°F
(=196°C).

~

523.2.5 Clad and Lined Materials. Clad and |lined

(6) Plawges
(-a) Impact tests are not required for the follow-

ing flanges when used at minimum design metal tem-
peratures no colder than —20°F (-29°C):

(-1) ASME B16.5 flanges of ferritic steel

(-2) ASME B16.47 flanges of ferritic steel

(-3) split loose flanges of SA-216 Grade WCB
when the outside diameter and bolting dimensions are
either ASME B16.5 Class 150 or Class 300, and the flange
thicknesses are not greater than that of either
ASME B16.5 Class 150 or Class 300, respectively

materials may be used in accordance with the applicable
requirements in Part UCL of Section VIII, Division 1, of
the ASME BPV Code.

523.2.6 Nonmetallic Pressure-Containing Compo-
nents. Nonmetallic pressure-containing components,
such as plastics, glass, carbon, rubber, or ceramics, may
be used even if not specifically listed in this Code. Mate-
rials and methods in Chapter VIII of B31.3 are accept-
able. If stress data are not available for establishment of
allowable stresses, the components may be qualified per

54
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para. 504.7. Consideration shall be given to the suitabil- 524 MATERIALS APPLIED TO MISCELLANEOUS

ity of the material for the service temperature, its resist- PARTS

ance to deterioration from the service fluid or

environment, its flammability, its resistance to shock,  524.1 Gaskets

its creep, and its proper support and protection from

mechanical damage. Limitations on gasket materials are covered in
para. 508.4.

523.3 Deterioration of Materials in Service

The selection of materials to resist deterioration in

524.2 Bolting

serviee tcidatha Be-ofthic CodeTiictha racinan

ce-is-outsidethe seope-of thisCodetistherespen
sibilify of the engineer to select materials suitable for Limitations on bolting materials are\cqgvered in
the cpnditions of operation. paras. 508.3, 508.5, and 523.2.2.
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Chapter IV
Dimensional Requirements

526 DIMENSIONAL REQUIREMENTS FOR

526.2 Nonstandard Piping Components

STANDARD AND NONSTANDARD PIPING
CAMPONENTS

526.1 Standard Piping Components

Dimensional standards for piping components are
listed in Table 526.1. Also, certain material specifications
listed in [fable 523.1 contain dimensional requirements
that are r¢quirements of section 526. Dimensions of pip-
ing compjonents shall comply with these standards and
specifications unless the provisions of para. 526.2 are
met.

The dimensions for nonstandard piping comip

ents

shall, where possible, provide strength and performance
equivalent to standard components, except as pernpitted

under section 504. For convenience, dimensions

shall

conform to those of comparable standard compoments.

526.3 Threads

The dimensions of all piping connection threads not

otherwise covered by a governing component sta
or specification shall ‘conform to the requireme
applicable standards'listed in Table 526.1.
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Table 526.1 Dimensional Standards

Standard Designation
Bolting
Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head, and Lag Screws
(INCh SIS . v vt it e e e e e e e ASME B18.2.1
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts (Inch Series). . ASME B18.2.2

Fittings, Valves, Flanges, and Gaskets

Gray lforPipeHanges—andHangedHitngs—Classes 2525 ard 25— ——————— SME B16.1
Mallegble Iron Threaded Fittings: Classes 150 and 300. . . . . . oottt ittt it et et et et et e e e SME B16.3
Gray Ifon Threaded Fittings: Classes 125 and 250 . . . . . . ottt ittt it et e e e et e e e et e e e SME B16.4
Pipe Hanges and Flanged Fittings . . . . . . . o i it i e e e e e SME B16.5
Factorj-Made Wrought Buttwelding Fittings. . . . . . .. ..o i e e e e SME B16.9
Face-tp-Face and End-to-End Dimensions of Valves. . . . ... .. . i e A$ME B16.10
Forged Fittings, Socket-Welding and Threaded . . . . . ... .. . . ittt i i s A$ME B16.11
Ferrouk Pipe Plugs, Bushings, and Locknuts With Pipe Threads . ............. ... ... ....... /2. A$ME B16.14
Cast (opper Alloy Threaded Fittings: Classes 125 and 250 .. ... ... .otttV L. A$ME B16.15
Cast Jopper Alloy Solder Joint Pressure Fittings. . . . . . v vttt it e et et et e et e e A$ME B16.18
Metalljc Gaskets for Pipe Flanges: Ring-Joint, Spiral-Wound, and Jacketed. . . . . ... ... ... .¢po7. ... ... A$ME B16.20
Wrought Copper and Copper Alloy Solder Joint Pressure Fittings . . . . ... ... i OV e e n A$ME B16.22
Cast Jopper Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500,4@nrd 2500 ......... A$ME B16.24
BUWRIAING ENdS. . . . v it e e Y A$ME B16.25
Valved — Flanged, Threaded, and Welding End . . .. .. ....... ... ... ... .S . . ... . ... ... ..... A$ME B16.34
Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings. . . . ... ... .. NN . o ittt A$ME B16.50
Ductilg-lron and Gray Iron Fittings, for Water. . . . . .. ... . e WWA C110
Metal{Seated Gate Valves for Water Supply Service . . ... ... oS e e WWA C500
Refrigg¢ration Tube Fittings General Specifications. . . . . . ... . .. N e ANPBI/SAE J513
Steel f:ate Valves — Flanged and Butt-welding Ends, Bolted Bonnetssi> . . . . o o v ittt i e e e e API 600
Fittingp, Pipe, Cast Bronze, Silver Brazing. . . . . . . .. oo s e e e e MIL-F-1183E
Standgrd Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings. . .. ... MSS SP-6
Spot Hacing for Bronze, Iron, and Steel Flanges. . . . . .o . 0 ottt e MSS SP-9
Standard Marking System for Valves, Fittings, Flanges;.dnd' Unions. . .. ... . ittt ittt e MSS SP-25
Class [150 Corrosion-Resistant Gate, Globe, Angle, and*Check Valves With Flanged and Buttweld Ends. . ... ... MSS SP-42
Wrought Stainless Steel Butt-Welding Fittings e « ¢ « v« v v vttt it e s e e et e e e e MSS SP-43
Bypasp and Drain Connections. . . . . . . e il L o e MSS SP-45
Class [L50LW Corrosion Resistant Cast Flanges and Flanged Fittings. . . . ... ... ... ... . . . MSS SP-51
Pipe Hangers and Supports — Materials,_Design and Manufacture. . . .. ... ... .. .. ... ... .. .. . ... MSS SP-58
Cast Ifon Gate Valves, Flanged and Threaded Ends. . . . . . . ..o ittt it i e e et e et e e MSS SP-70
Cast Ifon Swing Check Valves, Flanged and Threaded Ends . . . ... ... .. ... e, MSS SP-71
Bronz¢ Gate, Globe, Angle, ahdv¥Check Valves . . . . . . o i it e e e e e e e e e MSS SP-80
Integrdlly Reinforced Forged'Branch Outlet Fittings — Socket Welding and Buttwelding Ends. . . ... .. ... .... MSS SP-97
Pipe dnd Tube

Welded and Seaniless Wrought Steel Pipe . . . . . . .ot e ASME B36.10M
StaINlESS StERIPIDE . . . vt e e e e e e e e e ASME B36.19M
Misce(laiieoUs

Unified Inch Screw Threads (UN and UNR Thread FOrm). . . . .. oo ittt e et et et et e e et ASME B1.1
Pipe Threads, General Purpose (INCh) . . . . ..ottt e e e e e e et e e ASME B1.20.1
Dryseal Pipe Threads (INCh) . . . ottt e e et e e et et et e et e e e e e ASME B1.20.3
Safety Standard for Refrigeration Systems . . . . . . ... . e ANSI/ASHRAE 15
Designation and Safety Classification of Refrigerants . . .. ... ... .. it iii i ANSI/ASHRAE 34

GENERAL NOTE: For specific edition of specifications referred to in this Code, see Nonmandatory Appendix A.
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Chapter V
Fabrication and Assembly

527 WELDING

shall not exceed 0.05%. The backing ring material should

527.1 MLterial

527.1{1 Electrodes and Filler Metal. Welding elec-
trodes arjd filler metal, including consumable inserts,
shall conform to the requirements of the ASME BPV
Code, Seftion II, Part C. An electrode or filler metal
not confgrming to the above may be used provided the
welding procedure specification (WPS) and the welders
and welding operators who follow the WPS have been
qualified |as required by ASME Section IX.

Unless|otherwise specified by the designer, welding
electrodep and filler metals used shall comply with the
following:

(1) Th¢ minimum tensile strength of the filler metal
shall equjal or exceed the respective minimum tensile
strength of the base metals joined.

(b) 1f base metals of different minimum tensile
strengths|are to be joined, the nominal tensile strength
of the filler metal shall equal or exceed the respective
minimun tensile strength of the weaker of the two.

(c) Thq nominal chemical composition of the filler
metal shall be like the nominal chemical composition
of the major alloying elements of the base metal:

(d) If base metals of different nominal chemical com-
position gre being joined, the nominal chemical compo-
sition of |the filler metal shall be thé_same as either
base metpl or an intermediate composition, except as
specified|below for austenitic steels joined to ferritic
steels.

(e) Wheen austenitic steels\are joined to ferritic steels,
the filler metal shall have.an austenitic structure.

(f) Forjnonferrous.anetals, the filler metal shall be that
recommepded by, the*manufacturer of the nonferrous
metal or py indistry associations for that metal.

(g) WHereGmpact testing of the WPS is required by
section 527 \the filler metal used shall be of a classifica-

preferably be of the same chemical composition gs the
parts to be joined.

Backing rings may be of the continuousachin
split band type. Some acceptable split types are s
in Fig. 527.1.2.

(b) Nonferrous and Nonmetallic Rings. Backing rings of
nonferrous or nonmetallic materials may be used pro-
vided they have no effect on the' weld or the contpined
fluid. The satisfactory use-of such materials shall be
determined by the qualification of the welding
procedure.

bd, or
hown

527.2 Preparation

527.2.1.Butt Welds
(a) End\Preparation

(1)-Oxygen or arc cutting is acceptable only
cut isreasonably smooth and true and all slag is clé¢
from the flame cut surfaces. Discoloration thaf
remain on the flame cut surface is not considered
detrimental oxidation.

(2) Buttwelding end preparation dimensions
tained in ASME B16.25 or any other angles that
the requirements of the welding procedure are a
able. (For convenience, the basic bevel angles taken
ASME B16.25 are shown in Fig. 527.2.1-1.)

(3) If piping component ends are bored for fjtting
backing rings, such boring shall not result in a finjished
wall thickness after welding less than the minimum
design thickness plus corrosion and erosion allowgnces.
Where necessary, weld metal may be deposited on the
inside of the piping component to provide suffjcient
material for machining to ensure satisfactory seating of
the rings.

(4) If the piping ends are upset, they may be bored

to allow for a completely recessed backing ring] pro-
saded-the vom:n'n;r\g net-thickness-of the finished ends

if the
aned
may
to be

con-
meet
cept-
from

tion in the applicable ASME Section II, Part C filler metal
specification that exhibits absorbed energy (ft-1b) equal
to or greater than that required for the base metals to
be welded at a temperature equal to or lower than the
lowest service temperature for the base metal.

527.1.2 Backing Rings. The use of backing rings is
not mandatory; however, when used, they shall conform
to the following requirements (see also para. 511.2):

(a) Ferrous Rings. Backing rings shall be made from
material of good weldable quality, and the sulfur content
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is not less than the minimum design thickness plus cor-
rosion and erosion allowance.

(b) Cleaning. Surfaces for welding shall be clean and
shall be free from rust, scale, or other material that is
detrimental to welding. Galvanizing must be removed
from the weld zone of galvanized carbon steel.

(c) Alignment. Misalignment of the inside surfaces of
piping components to be joined by butt welding may
result from out-of-roundness, outside diameter toler-
ance, wall thickness tolerance, or from the inclusion in
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Fig. 527.1.2 Typical Joints With Backing Ring

ZaeS

(a) Split Backing Ring

Fig. 527.2.1-1 Butt Welding End Preparation

1 1
7/8in. 371/,deg *2 /2 deg
(22 mm) max.

L 4
T1/16 in. (1.6 mm)
+1/35in. (0.8 mm)

\\\\\\\\\‘\‘\

(b) Split Backing Ring and Knock-Off Spacer Pins

72 Q\Y

SRR

(c) Split Ridge Type Backing Ring

AN

(d) Split Nub Type Backing Ring

GENERAL NOTES:
(@) Uqual width of rings vary from %4 in. (9.5 mm)-and tubes to
1 fn. (25.4 mm) for large pipes and tubés:
(b) Udual spacing at bottom of welds varies/from 3/32 in. (2.4 mm)
to| /5, in. (5.6 mm) diameter and thickness.

the pjping of components having wall thicknesses differ-
ent fjom the wall thicknesses of most of the components.

The inside surfdces of piping components to be joined
by butt weldingsshall be aligned so that the misalignment
at any pointenthe inside circumference does not exceed
Y6 i1 (l6imm) or one-fourth the nominal thickness
of the ¢omponent with the thinnest wall, whichever is

(a) PE Wall Thicknesses
3 /16 in. (5 mm) to
7/g in. (22 mm) Inclusive

10,deg) + 1 deg

371/5 deg [+ 21/, de
7/gin. /2 g /2 ¢}
(22 mm) prax.

T1/16 in. (16 mm)
+1/35ir. (0.8 mm)

(b) PE Wall Thicknesses
Above 7/gin. (22 mm)

Fig. 527.2.1-2 Internal Trimming for Butt Welding of
Piping Components With Internal Misalighment

7 S

tInternal misalignment

smaller-{See Fig5272-1=2,ittustration(a)]

Where it is impossible to adhere to this limit by mov-
ing one component relative to the other, alignment shall
be obtained by internally trimming the component,
extending internally by building up with welding, by
expanding, or by swaging. It is preferred that these
methods of adjustment be applied to such an extent that
the adjoining internal surfaces are approximately flush.
[See Fig. 527.2.1-2, illustration (b).]

However, internal trimming shall not be applied to
such an extent that it results in a piping component wall

(a)

\\‘\\\Q\ 30 deg max.

7

[Internal misalignment
(b)

59
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Fig. 527.3.3-1 Fillet Weld Size

Theoretical throat

Surface of vertical member

¢ Convex fillet weld

Theoretical throat

Surface of vertical member

Concave fillet weld

N
N
A

Size of weld

A
N
N
SoN\&E
\\
N

Theoretical throat

Convex fillet weld

—

ourftace ot

horizontal memm‘

(a) Equal-Leg Fillet Weld [Note (1)]

Surface of vertical member

Surface of
horizontal member\

(b) Unequal-Leg Fillet Weld [Note (2)]

=
\
N

Theoretical throat
/ Surface of vertical member

Concave fillet weld

NOTES:

(1) The sizg of an equal-leg fillet weld is the lég length of the largest inscribed right isosceles triangle. Theoretical throat = 0.707 ¥ size
of weld

(2) The sizg of an unequal-leg fillet weld isy“a by b” for the largest right triangle that can be inscribed within the fillet cross-section.
Theorefjical throat = (a x b) / (@¥+b>)°°.

thickness|less than thé minimum design thickness plus 527.3.2 Butt Welds

corrosion| and erosion allowance. Alignment shall be (a) Butt joints not made in accordance with the|stan-

preserved during.welding.
(d) Spdcing._-The root opening of the joint shall be as
given in the’welding procedure specification.

dards and specifications listed in Table 502.3.1 mpay be
made with a single-V, double-V, or other suitabld type
of groove, with or without backing rings.

527.2.2 Fillet Welds. Piping components that are
joined by means of fillet welds shall be prepared in
accordance with applicable provisions and requirements
of para. 527.2.1. Details of typical fillet welds are shown
in Figs. 527.3.3-1, 527.3.3-2, and 527.3.3-3.

527.3 Procedure

527.3.1 General. No welding shall be done if the
weld area is wet or exposed to high wind or at a metal
temperature below 32°F (0°C).
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(b) Tack welds shall be made by a qualified welder
or shall be removed. Tack welds that are not removed
shall be made with a filler metal that is the same or
equivalent to the electrode to be used for the first pass.
Tack welds that have cracked shall be removed. Before
assemblies are transferred from a location of fit-up to a
location of welding, all joints shall have been adequately
tack welded or partially welded, so as to prevent the
cracking of these welds or the distortion of the assembly
during such transfer. Piping that is to be welded in place
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Fig. 527.3.3-2 Welding Details for Slip-On and
Socket Welding Flanges, and Some Acceptable Types
of Flange Attachment Welds

The lesser of

tyor 1.4T
< The lesser of

shall be properly aligned and adequately supported dur-
ing tack welding and subsequent welding in order to
avoid the cracking of welds.

(c) If the external surfaces of the two components
are not aligned, the weld shall be tapered between the
surfaces.

tyor 1.4T (d) The welding shall be such as to assure that the
- &
Forl,i / | Y T= nominal following requirements are met:
(()6r 7 wall thickness (1) The external surface of butt welds shall be free
wHichever || AV SRR from undercuts greater than 7, in. (0.8 mm) deep, or
is lesser —>| |<— B ) one-half the weld reinforcement, whichever-if smaller.
<—1/,6 in. (2 mm) — ty = hub thickness (2) The thickness of weld reinfofgement|shall not
approx. after welding exceed the following considering théthinner cpmponent
being joined:
The lesser of
<— tyor 1.4T Pipe Wall Reinforcenjent
-1 The lesser of Thickness, in. (mm) Thickness, in) (mm)
tyor1.4T
1 1
= . 74 (6) and under 76 (1.6)
_ T= nominal
Tor[/gin. 77) ¢ wall thickness Over 1/4 (6) throtigh % (13) ?32 (24)
(6 fam) - Over % (13) through 1 (25) % (3)
, N\ @ of pipe 3
wHichever —+— Over 1 (25) %6 (5)
is lesser — |<— B . .
<134 in. (2 mm) — ty; = hub thickness (3) Gracks. None permitted.
approx. after welding (4)\Incomplete Penetration. The total join{ penetra-
tion shall not be less than the thinner of the twjo compo-
The lesser of nents being joined, except to the extent that irjcomplete
<« t,0r1.4T reot penetration is permitted for girth welds|only. The
I — L The lesser of d . .
= epth of incomplete root penetration at the yeld root
tyor 1.4T . 1, -
_ ) of girth welds shall not exceed 7% in. (0.8 mm) or one-
| ¢ = nlc;rtr;:.nakl half the thickness of the weld reinforcement, Whichever
K NN \é\:‘apipelc ress is smaller. The total length of such incomplete foot pene-
. Y tration or at the root shall not exceed 1% in. (38 mm) in
he |n- (1.6 mm) i any 6 in. (152 mm) of weld length.
adprox. before —-ll<— — ty; = hub thickness . .
whlding (5) Lack of Fusion. None permitted.

527.3.3 Socket and Fillet Welds. Fillet welds may
vary from convex to concave. The size of a fillet weld
is determined by the leg length of the largest|inscribed

Fig. 527.3.3-3 Minimum Welding Dimensions right angle triangle as shown in Fig. 527.3.3-l. Typical
Réquired for Socket Welding Components Other fillet weld details for slip-on flanges and sockqt welding
Than Flanges components are shown in Figs. 527.3.3-2 and|527.3.3-3.
B The limitations as to imperfections of these spcket and
“—‘T =nominal wall thickness of pipe fillet welds shall be as set forth in para. 527{3.2(d) for
The |esser B butt welds.
of tf or CR™ IF -
117 527.3.4 Seal Welds. Where seal wglding of
8 == audth of socket flat face
£ threaded joints is performed, external threads shall be
entirely covered by the seal weld. Seal welding shall be
K done by qualified welders.
/16 in. (1.6 mm) 527.3.5 Welded Branch Connections
Tf}et'essef | —F approximately (a) Figures 527.3.5-1, 527.3.5-2, and 527.3.5-3 show
(1) ’ _,,;__or before welding typical details of branch connections, with and without
; added reinforcement. However, no attempt has been
made to show all acceptable types of construction, and
the fact that a certain type of construction is illustrated

Copyright ASME International
Provided by IHS under license with A
No reproduction or networking permit

SME
ted without license from IHS

does not indicate that it is recommended over other

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:32:31 MDT

(16)


https://asmenormdoc.com/api2/?name=ASME B31.5 2016.pdf

ASME B31.5-2016

Fig. 527.3.5-1 Typical Welded Branch Connection
Without Additional Reinforcement

types notillustrated. Whenever possible, branch connec-
tions shall be made in such a manner that the longitudi-
nal seam of welded pipe is not pierced.

(b) Figure 527.3.5-4 shows basic types of weld attach-
ments used in the fabrication of branch connections. The
location and minimum size of these attachment welds
shall conform to the requirements of this paragraph.
Welds shall be calculated in accordance with
para. 504.3.1 but shall be not less than the sizes shown

Fig. 527.3.5-2 Typical Welded Branch Connection
With Additional Reinforcement

OIS/

‘\‘\Q L2

VIS I

Fig. 5
Conn

P7.3.5-3 Typical Welded Angular Branch
fection Without Additional Reinforcement

T Fig—527354

The notations and symbols used in this pafagraph
and in Fig. 527.3.5-4 are as follows:
T, = nominal wall thickness of branch piple, in.
(mm)
t. = 0.7T, and not less than_¥+n. (6 mm) ¢ cept
on thin material 1.4T, i§ acceptable
t, = nominal thickness of teinforcing element (ring
or saddle), in. (mim){f, = 0 if there is no added
reinforcement)
tmin = f.oOr T_"h, whichever is smaller

(c) Branch connections (including specially made
integrally reinforced branch connection fittings) that
abut the outside surface of the run (header) wall, of that
are inserted)through an opening cut in the run (header)
wall, shiall have opening and branch contour wher¢ nec-
essary. to provide a good fit and shall be attach¢d by
means of completely penetrated groove welds. The[com-
pletely penetrated groove welds shall be finished| with
cover fillet welds having a minimum throat dimepsion
not less than ¢, [see Fig. 527.3.5-4, illustrations (a) and
(b)]. The limitations as to imperfection of these groove
welds shall be as set forth in para. 527.3.2(d) fof butt
welds. Figure 527.3.5-5 shows branch connections fusing
integrally reinforced branch outlet fittings we¢lded
directly to the run pipe. The nomenclature and require-
ments of (b) apply.

(d) In branch connections having reinforcement|pads
or saddles, the reinforcement shall be attached by yvelds
at the outer edge and at the branch periphery as follows:

(1) If the weld joining the added reinforcem¢nt to
the branch is a completely penetrated groove weld, it
shall be finished with a cover fillet weld having a mini-
mum throat dimension not less than ¢, the weld at the
outer edge, joining the added reinforcement to the run
(header), shall be a fillet weld with a minimum throat

Copyright ASME International
Provided by IHS under license with A

SME
No reproduction or networking permitted without license from IHS

62

dimmersiorrof 8:5t;, fseeFig—527-3-5-4,iHustrations (c)
and (d)].

(2) If the weld joining the added reinforcement to
the branch is a fillet weld, the throat dimension shall
not be less than 0.7t,, [see Fig. 527.3.5-4, illustration
(e)]. The weld at the outer edge joining the outer rein-
forcement to the run (header) shall also be a fillet weld
with a minimum throat dimension of 0.5¢..

(e) When rings or saddles are used, a vent hole shall
be provided (at the side and not at the crotch) in the
ring or saddle to reveal leakage in the weld between
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Fig. 527.3.5-4 Some Acceptable Types of Welded Branch Attachment Details Showing
Minimum Acceptable Welds

7775 |

v

A.wll\V////////;—%

7777 /%

GENERAL NOTE: Weld dimensions may be larger than the minimum values shown here.
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(16) Fig. 527.3.5-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings
Manufacturer's
weld line
— [Note (1)]
' < Tb
Manufacturer's 2| [Note (4)] 4% Cover weld
weld line © [Note (3)]
[Note (1)] 5 !
- /N 4« Run pipe
o _ T
© Bore may be straight
Q
ol Angle [Note (2] or tapered as shown “— \(—N [
| I [Note {2)]
t. Cover weld |
[Note (2)] [Note (3)]
(1) Tranjsverse View (2) Longitudinal View
(a) 90-deg Branch Fitting
Crotch area
Cover weld Tb
[Note (2)] [Note (4)]
Manufacturer's \\
| weld line —
[Note (1)] X Manufacturer's
< _ > weld line
S Ty [Note (1)]
o Cover weld [Note (4)]
Q0
o [Note (3)] Cover weld
\ [Notes (2) and|(3)]
. \ """ Angle
[\loté (2)] h (Note (2)]
\ I Heel area
\
\
(1) Trarlsverse View (2) Longitudinal View [/~~~
| Elbow
(b) Elbow Branch Fitting
Manufacturer's 7 Manufacturer's
% M AL , weld line b weld line
anufacturer's Note (1
/ weld tine [Note (1)1 [ o
|
E [Note (1)] Crotch area /%/ Heel area
g Cover weld\ Cover weld
o ”Angle [Note (2)] [Note (3)] \/ h% K _y [Notes(2) and (3)]
/3 Caoverweld L // W/ /A
¥ [Note (3)] t, —$/ = )T
| t, [Note (2)] > < T, N
[Note (2)] [Note (4)]

(1) Transverse View
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(c) Lateral Branch Fitting
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Fig. 527.3.5-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES:
(@) Welds shall be in accordance with para. 527.3.5.

(b) Weld attachment details for branch fittings that do not match the schedule or weight designation of the run pipe as defined by MSS
SP-97 Table 1 shall be designed to meet the requirements in paras. 504.3.1 and 504.7.
() The stress intensification factors as required by para. 519.3.6, for the fittings represented by drawings (b-1), (b-2), (c-1), and (c-2),

should be obtained from the fitting manufacturer.
NOTES:

(1) When the fitting manufacturer has not provided a visible scribe line on the branch fitting, the weld line shall be the edge of the first

bgvel on the branch fitting adjacent to the run pipe.

(2) THe minimum cover weld throat thickness, t,, applies when the angle between the branch fitting groove weld face and/the-tlin pipe

sUrface is less than 135 deg. For areas where the angle between the groove weld face and the run pipe surface is 435)deg

the cover weld may transition to nothing.
(3) Cqver weld shall provide a smooth transition to the run pipe.
@) Ty

bran¢h and main run and to provide venting during
weldfng and heat treating operations. Rings or saddles
may [be made in more than the one piece if the joints
betwpen the pieces have adequate strength and if each

shall be measured at the longitudinal centerline of the branch fitting. When T, in the crotch area does mot eéqual T in the
the thicker of the two shall govern in determining the heat treatment in accordance with para. 531.

br greater,

heel area,

being used, the employer'shall either qualify ohe welder
following each SWPS or make demonstratior| welds as
provided by Section IX, Article V.

piecd is provided with a vent hole. A good fit shall be 527.4.3 Pl.'oce.dure Qualification bY Others.| Inorder
provided between reinforcing rings or saddles and the to avoid duplication of effort and subject to thq approval
partd| to which they are attached of the owner, WPSs and BPSs qualified by a technically

527.3.6 Welded Flat Plate Closures.

Figures 527.3.6-1 and 527.3.6-2 show acceptable and
unacgeptable welds for flat plate closures in pipe. See
para|504.4.2 for nomenclature.

527.3.7 Heat Treatment for Welds. Heat treatmient
of welds shall be in accordance with section 531«

527.

Eath employer is responsible for

i Responsibility

competent group or agency may be used proyvided the
following are met:

(a) The WPS or BPS meet the requirements|of ASME
Section IX and any additional qualification reqfiirements
of this Code.

(b) The employer has qualified at least one welder or
welding operator following each WPS or BPS.

(c) The employer’s business name shall be shown on
each WPS or BPS and on each qualification fecord. In
addition, qualification records shall be signed gnd dated
by the employer, thereby accepting responsibiliity for the

(a? the we.1d1r}g and brazing performed by personnel qualifications performed by others.
of hi$ organization

(b)| conducting the qualification tests required to qual- 527.4.4 Performance Qualification by Others. In
ify the Welding Procedure Specifications (WPSs) and  order to avoid duplication of effort and subjpct to the

Brazing Procedure Specitications (BPSs) used by person-
nel |n his organization, except as provided in
para|527.4.3

(c)] conducting-the qualification tests required to qual-
ify the welders’and welding operators, except as pro-
vided inspata. 527.4.4

5274.1 Qualification Requirements. WDPSs and

approval of the owner, an employer may dccept the
performance qualification of a welder, brazer,|or opera-
tor made by a previous employer. This accgptance is
limited to performance qualifications that were made
on pipe or tube test coupons. The new emplpyer shall
have the WPS or BPS that was followed during|qualifica-
tion or an equivalent WPS or BPS that is Within the

BPSs to be followed in production welding shall be pre-
pared and qualified. Welders, brazers, and operators
shall be qualified as required by Section IX of the ASME
Boiler and Pressure Vessel Code, except as modified in
paras. 527.4.2, 527.4.3, and 527.4.4.

527.4.2 Standard Welding Procedures. Standard
Welding Procedure Specifications (SWPSs) published by
the American Welding Society and listed in Appendix E
of ASME Section IX are permitted within the limitations
established by Article V of ASME Section IX. Before

65

timitsof the essential vartables set fortirin ASME
Section IX. An employer accepting such qualification
tests shall obtain a copy of the performance qualification
test record from the previous employer. The record shall
show the name of the employer by whom the welder,
brazer, or operator was qualified and the date of that
qualification. A record shall be available showing use
of each process at no less than 6-mo intervals from the
date of qualification with that process to the date that
the qualification record is transferred to the new
employer. The new employer’s business name shall be
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Fig. 527.3.6-1 Acceptable Welds for Flat Plate Closures

—> ~<—Not less than the
smaller of Tor 1/, in. B
— T
|
Y
a A
b l
a+bnot
less than 2T ‘
7TID —>y «—
45 deg min.
/ 7
Not less than 2T P
d
7 |
Greater of 2t,.0fRH25T ————> — Projection beyond
but need-net.be greater than t,, weld is optional
7_- .
l_ As required for
\}L\ ’7 complete penetration
g 1
d
| 45 deg max.
Bevel is optional
— I — 7_; = nominal thickness of plate

\ _ _
-

GENERAL NOTE: For other acceptable welds, see ASME BPV Code, Section VIII, Division 1. For nomenclature, see para. 504.4.2.
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Fig. 527.3.6-2 Unacceptable Welds for Flat Plate Closures

Incomplete penetration

?

NN

NN\

T~
|
(i

[
T

shown on the qualification record, and it shall be signed
and dlated by the employer, thereby accepting responsi-
bility for the qualifications performed by others.

527.5 Qualification Records

The employer shall maintain copies of the procedure
and performance qualification records specified by
ASMEE Section IX, which shall be available to the owner
or the owner’s agent and the Inspector at the location
where welding is being done.

After completing a welded joint, the welder or weld-
ing qperator shall identify it as his or her work by
applying his or her assigned letter, number, or symbol
as a permanent record in a manner specified by his or,
her employer.

527.6 Defect Repairs

Al] defects in welds requiring repair shall-befemoved
by flgme or arc gouging, grinding, chipping,Jor machin-
ing. All repair welds shall be preheated and postheated
as ogfiginally required, and the basic principles of the
sam¢ welding procedure injtialy used shall be
employed as far as applicable: This recognizes that the
cavity of the weld may notbe’of the same contour or
dimensions as the origiralyjoint.

Pre¢heating may be required on certain alloy materials
of the air hardening type in order to prevent surface
checking or cracking adjacent to the flame or arc gouged
surfafce.

528 | BRAZING AND SOLDERING

528.1.2 Flux. Fluxes that are fluid and chemically
active at the brazing temperature shall be used when
necessary to prevent oxidation of the filler metal and
the surfaces to be joinéd~and to promote frep flowing
of the filler metal.

528.2 Brazing Preparation and Procedures

528.2.1 <Surface and Joint Preparation. Thg surfaces
to be brazed shall be clean and free of grease, oxides,
paint, scale, and dirt of any kind, except as notgd in para.
528.2.5. Any suitable chemical or mechanical cleaning
ntethod may be used to provide a clean wettabjle surface
for brazing. The procedure for joints covered n section
517 shall be as outlined in the Copper Tube Handbook,
published by the Copper Development Assogiation.

528.2.2 Joint Clearance. The tube shall|meet the
dimensional requirements of ASTM B280, ar|d fittings
shall meet the dimensional requirenmpents of
ASME B16.50.

528.2.3 Heating. The joint shall be bropght uni-
formly to brazing temperature in as short g time as
possible to minimize oxidation.

528.2.4 Brazing Qualification. The qualifiication of
brazing procedures and brazing operators shall be in
accordance with the requirements of Part QB, Section IX,
ASME BPV Code.

528.2.5 Oil. Oil used for lubrication during
mechanical expansion of tubing in coils ne¢d not be
removed provided that sample(s) used for procedure
that the

qnn]iﬁ'(‘aﬁnn were in a similar candition an

528.1 Brazing Materials

528.1.1 Filler Metal. The filler metal used in brazing
shall be a nonferrous metal or alloy having a melting
point above 840°F (449°C) and below that of the metal
being joined. The filler metal shall melt and flow freely
with the desired temperature range and, in conjunction
with a suitable flux or controlled atmosphere, shall wet
and adhere to the surfaces to be joined. Brazing material
containing other than residual phosphorus as an impu-
rity is prohibited on joints made of ferrous materials.

requirements of para. 528.2.4 are met.

528.3 Soldering Materials

528.3.1 Solder. The solder metal used in soldering
shall be a nonferrous metal or alloy having a solidus
between 400°F (204°C) and 840°F (449°C) and below that
of the metal being joined. The solder shall melt and
flow freely within the desired temperature range and,
in conjunction with a suitable flux, ASTM B813, shall
wet and adhere to the surface to be joined.

67

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:32:31 MDT


https://asmenormdoc.com/api2/?name=ASME B31.5 2016.pdf

ASME B31.5-2016

528.3.2 Flux. Fluxes that are fluid and chemically
active at the soldering temperature shall be used to
prevent oxidation of the solder or filler metal and the
surfaces to be joined and to promote the free flowing
of the solder.

528.4 Soldering Preparation and Procedure

528.4.1 Surface Preparation. The surfaces to be sol-
dered shall be clean and free from grease, oxides, paint,
scale, andl dirt of any kind. Any suitable chemical or
mechanidal cleaning method may be used to provide a
clean weftable surface for soldering.

528.4|2 Joint Clearance. The tube shall meet the
dimensiopal requirements of ASTM B280, and fittings
shall mjeet the dimensional requirements of
ASME B16.18 or ASME B16.22, as applicable.

528.4{3 Heating. The joint shall be brought to sol-
dering tgmperature in as short a time as possible to
minimize oxidation without localized underheating or
overheating.

528.4. Procedure. Solderers shall follow the proce-
dure as dutlined in ASTM B828.

529 BENDING — HOT AND COLD

529.1 Radii of Bends

Pipe and tube may be bent to any radius that will
result in § bend surface free of cracks and substantially
free of buckles. Out-of-roundness and minimum fin-
ished thidkness of bend shall be such that design require-
ments of pection 504 are met. This shall not prehibit the
use of bepds designed as creased or corrugated.

529.2 Procedure

Pipe arjd tube may be bent by any, hot or cold method
permissible by radii and material characteristics of the
sizes beinjg bent. Bending shall be done within a temper-
ature ranpe consistent with-material characteristics and
end use. Postheat treatnient may be used to achieve this
result.

529.3 Heat Treatment

Heat
paras. 53

freatment shall be in accordance with
1(53132 53133 and 53135

530.2 Heat Treatment

Heat treatment shall be in accordance with
paras. 531.1, 531.3.2, 531.3.3, and 531.3.5.

531 HEAT TREATMENT
531.1 Heating and Cooling Method

Heat treatment may be accomplished by a suitable
i i i i metal
temperature, metal temperature uniformity, and|tem-
perature control, such as an enclosed furnaceylocql fuel
tiring, electric resistance, or electric induction. Cdoling
may be accomplished in a furnace, in air) with the aid
of local thermal control, with the application of he¢at or
insulation, or in any other mannerjrequired to achieve
the desired cooling rate.

531.2 Preheating

531.2.1 Unless otherwise specified in the quallified
procedure specifieation, preheating for welds in mpteri-
als shall be as stipulated in Table 531.2.1. (See Sectipn IX,
ASME BPV Cede, for P-Numbers of materials.)

531.2:20° When welding dissimilar metals having
different)preheat requirements, the preheat tempernature
shall’be that established in the welding procqdure
specification.

531.2.3 The preheat temperature shall be ch
by use of temperature indicating crayons, thermoc
pyrometers, or other suitable methods to ensure
the required preheat temperature is obtained pr
and maintained during the welding operation.

bcked
buple

that
or to

531.3 Postheat Treatment

531.3.1  Unless other postheat treatment is gtipu-
lated in the welding procedure to meet the requiremnents
of para. 531.3.2, post-heat treatment for the welds (ejxcept
seal welds of threaded joints for P-Nos. 1 and 3 matdrials)
shall be as stipulated in Table 531.2.1. Seal welds of
threaded joints for P-Nos. 1 and 3 materials dp not
require postheat treatment.

531.3.2 Postheat treatment shall be performfed as
necessary to restore physical property requirerhents
(such as strength, ductility, and corrosion resistanke, or

530 FORMING
530.1 Procedure

Piping components may be formed by any suitable
method, including hot or cold pressing, rolling, forging,
hammering, spinning, or drawing. Forming shall be
done within a temperature range consistent with mate-
rial characteristics and end use. Postheat treatment may
be used to achieve this result.
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a combination thereof) with respect to material design,
and end use requirements. Physical property require-
ments shall determine the treatment to be performed,
such as stress relief, anneal, or normalize.

531.3.3 The heating method selected for restora-
tion of physical properties desired for parts of any
assembly shall be such as will accomplish this result
without adversely affecting other components. Heating
a fabricated assembly as a complete unit is usually desir-
able. However, the size or shape of the unit or the adverse
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effect of a desired heat treatment on one or more compo-
nents where dissimilar materials are involved may dic-
tate alternative procedures such as heating a section of
the assembly before the attachment of others, or local
circumferential band heating of welded joints in accor-
dance with this section. The hardness limitations of
Table 531.2.1 are mandatory regardless of the heat treat-
ment used.

betwleen dissimilar metals having different postheat
ements shall be established in the welding proce-
specification.

531.3.5 Postheat treatment temperatures shall be
checked by the use of thermocouple pyrometers or other
suitaple equipment to assure that the desired treatment
cyclelhas been accomplished.

531.3.6 If welding is interrupted before completed
and fllowed to cool prior to postheat treatment, ade-
quat¢ heat treatment or controlled rate of cooling shall
be efffected to assure that no detrimental effect to the

worl shall result.

531.3.7 Postheat treatment of welds shall be com-
patible with the analysis of the base materials being
joingd and the weld deposit. Postheat treatment of
weldpd joints shall be established in the welding proce<
dure [specification.

531.3.8 Where Table 531.2.1 indicates thickness as
a facfor in determining the requirement for'post-heat
treatinent, nominal pipe wall thickness of the thicker
pipe |of the governing material that governs the weld
size 1s intended. However, for lugs,supports, or other
exterphal nonpressure-containingaattachments, the throat
thickhess of the attachment weldsshall govern for those
welds.

531.3.9 Local Postheat Treatment

(a)] Local postheat treatment of welded joints shall
require the entire.band to be brought up to uniform
temperature gyer the circumference of the heated pipe
sectipn with'\a'gradual diminishing of temperature out-
ward| frommthe band.

(b)LWhen local heat treating a circumferential weld

535 ASSEMBLY
535.1 General

The assembly of the various piping components,
whether done in a shop or as field erection, shall be
done so that the completely erected piping conforms
with all requirements of this Code and with the specified
requirements of the engineering design.

D o |
T TULTUUIT

535.2.1 All flanged joints shall be fitted ip so that
the gasket contact faces bear unifornily on the gasket.
The joints shall then be progressively tight¢ned in a
diametrically staggered pattern.

535.2.2 Inbolting gasketed flanged jointp, the gas-
ket shall be properly compressed in accordancp with the
design principle applicable to the type of gagket used.

535.2.3  Steel-to-cast-iron flanged joint$ shall be
assembled with éare to prevent damage to the cast-iron
flange (see pafas. 508.3 and 508.5).

535.2:4 Bolt threads shall extend completely
through'the mating nut.

585.2.5 In refacing flanges, dimensions
be reduced below those shown in ASME B16)

must not
5.

535.3 Threaded Piping

535.3.1
shall be made up without any thread compo

535.3.2
shall be suitable for the service conditions and
react unfavorably with the service fluid.

Threaded joints that are to be sepl welded
hind.

Any compound used in threadled joints
shall not

535.3.3 Threaded joints in ferrous metal
conform to ASME B1.20.1. Exposed threads §
coated to inhibit corrosion (see section 514).

pipe shall
hould be

535.3.4 Threaded joints in copper or brass pipe of
standard size shall conform to ASME B16.15.

535.3.5 All threaded joints shall be madg
Backing off for alignment is not permitted.

up tight.

535.4 Welded Joints

the minimum width of the band centered on the weld
shall be the larger of the following;:

(1) twice the width of the weld reinforcement

(2) width of weld reinforcement plus 2 in. (51 mm)

(c) When local heat treating welded branch connec-

tions or other attachments, a circumferential band of the
pipe to which the branch or attachment is welded shall
be heated to the desired temperature. The width of this
band shall extend at least 1 in. (25 mm) beyond the weld
joining the branch or attachment to the pipe.
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All welded joints shall be assembled in accordance
with section 527.
535.5 Brazed Sleeve Joints

All brazed sleeve joints shall be assembled in accor-
dance with paras. 528.1 through 528.2.
535.6 Soldered Sleeve Joints

All soldered sleeve joints shall be assembled in accor-
dance with paras. 528.3 and 528.4.
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Table 531.2.1 Heat Treatment of Welds

Postheat Treatment
Requirement [Notes (4) and (5)]

Preheat Required

ASME Minimum Te“l';e(fg)”’e'
BPV Code, Temperature, Minimum [Notes (6)-(8)]
Section IX, Minimum Wall °F (°C) Wall and Other otes (6)~
P-Nos. Material [Notes (1) and (2)] [Note (3)] [Notes (1) and (2)] Min. Max.
1 Mild steel None None Over %, in. (19 mm) 1,100 (595) 1,200 (650)
required
1 Mild steel All walls 175 (80) Over %, in. (19 mm) 1,100 (595) 1,204 (650)
3 [Note (9)] Carbon moly All walls 175 (80) Over Y in. (13 mm) 1,100 (595) 1,304 (705)
Y5Cr=Y,Mo
4 [Note (9)] Ccr-Y%Mo Up to ¥, in. (19 mm) 300 (150) Over % in. (13 mfa) or 1,300 (705) 1,404 (760)
1Y,Cr-YMo Over %, in. (19 mm) 400 (205) over 4 in. (DN(100)
nominal size; over
0.150 maximum
5 [Note (9)] 2Y4Cr-Mo Up to ¥, in. (19 mm) 300 (150) OvernY4 in. (13 mm) or 1,300 (705) 1,429 (775)
Over %, in. (19 mm) 400 (205) over 4 in. (DN 100)
nominal size; over
0.150 maximum
5 [Note (10)] 5Cr-YMo Up to ¥, in. (19 mm) 300 (150) All walls 1,300 (705) 1,429 (775)
7Cr-Y%Mo Over %, in. (19 mm) 400 (205)
9Cr-Mo
6 High alloy mar- All walls 300 (150) All walls 1,400 (760) 1,504 (825)
tensitic [Note (11)]
TP-410 (12Cn
8 High alloy aus- All walls None All walls None
tenitic required required
9 A333 2YNi All walls 300 (150) Over 5/8 in. (16 mm) 1,100 (595) 1,20( (650)
and 3Y%Ni
NOTES:
(1) Wall fhickness is.defined as the thicker of the two abutting ends after end preparation including inside diameter machining.
(2) The thickness gf Socket, fillet, and seal welds is defined as the throat thickness for pressure and nonpressure retaining welds.
(3) Prehet témperatures shall be checked by use of temperature indicating crayons, thermocouple pyrometers, or other suitable
methpds,
(4) Not applicable to dissimilar metal welds.
(5)  For materials not listed, preheat and postheat treatment shall be in accordance with the qualified Welding Procedure Specification.
(6) Postheat treatment temperatures shall be checked by use of thermocouple pyrometers or other suitable means.
(7) @) The heating rate for furnace, gas, electric resistance, and other surface heating method shall be

(1) 600°F (316°C)/hr maximum for thickness 2 in. (51 mm) and under
(2) 600°F (316°C)/hr divided by one half the thickness for thickness over 2 in. (51 mm)
(b) The heating rate for induction heating shall be
(1) 600°F (316°C)/hr maximum for thickness less than 1% in. (38 mm) at 60 Hz and 400 Hz
(2) 500°F (260°C)/hr maximum at 60 Hz and 400°F (205°C)/hr maximum at 400 Hz for thickness 1% in. (38 mm) and over
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