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FOREWORD

Responding to an evident need and at the request of The American Society of Mechanical
Engineers, the American Standards Association initiated Project B31 in March 1926, with ASME

£ il faall

1 | s s ha ) 1 4] ' - 1 | - 4] L 1 Joa £
as—sote-administrativesponsor—Tthebreadth-of-thefield-involved—required—that-membership—of
the Sectional Committee be drawn from some 40 engineering societies, industries, government
bureaus, institutes, and trade associations.

The initial publication in 1935 was the American Tentative Standard Code for Pressure Riping.
Revisions from 1942 through 1955 were published as the American Standard Code for [Pressure
Piping, ASA B31.1. Then it was decided that the various industry sections, beginning with
ASA B31.8-1955, Gas Transmission and Distribution Piping Systems, be published as separate
documents. The first Petroleum Refinery Piping Code Section was designated*ASA B31.3-1959.
ASA B31.3 revisions were published in 1962 and 1966. In 1967-1969, theé\Arherican Standards
Association became first the United States of America Standards Institute, then the American
National Standards Institute. The Sectional Committee became Amlerican National Standards
Committee B31, and the Code was renamed the American National‘\Standard Code for Pressure
Piping. The next B31.3 revision was designated ANSI B31.341973. Addenda were published
through 1975. The Standards Committee was reorganized in)1978 as a Committee operating
under ASME procedures with ANSI accreditation. It is now«the ASME Code for Pressure Piping,
B31 Committee. The Section committee structure remains.'essentially unchanged.

As a result of preliminary studies, it was concluded-that gaps exist between existing piping
and pipeline codes and standards, and hydrogen infrastructure applications. A Project Team was
formed under the B31 Standards Committee to_develop a new B31.12 Code for hydrogen piping
and pipelines. The Project Team was subsequently restructured under the B31 Standards
Committee as a Section Committee.

The first edition of the B31.12 Code applies to design, construction, operation, and maintenance
requirements for piping, pipelines, and distribution systems in hydrogen service. Typical applica-
tions are power generation, process.plants, refining, transportation, distribution, and automotive
filling stations. This Code is composed of Part GR, General Requirements, including common
requirements referenced bywall other parts; Part IP, Industrial Piping; and Part PL, Pipelines,
including distribution systems. These Parts incorporate information specific to hydrogen service
and either reference orineorporate applicable parts of ASME B31.3, Process Piping; ASME B31.1,
Power Piping; ASME B31.8, Gas Transmission and Distribution Piping Systems; ASME B31.8S,
Managing System\Integrity of Gas Pipelines; and Section VIII, Division 3 of the ASME Boiler
and Pressure Vessel Code, where appropriate.

Material performance factors have been included to account for the adverse effects of hydrogen
gas on thedmechanical properties of carbon and low alloy steels operating within the hydrogen
embrittlement range. Many materials included in B31.3 have been omitted from B31.12’s tables
due’to their unsuitability for hydrogen service. Rules have been added for conversion or retrofit
of existing pipeline and distribution systems from natural gas or petroleum to hydrogen service.
Parts covering commercial, residential, and nonmetallic systems will be added in future editions.
Material performance factors will be reevaluated as materials research data is developed and

Copyright ASME International
Provided by IHS under license with ASME

understanding of hydrogen embrittlement of carbon and low alloy steels increases.

ASME B31.12-2008 was approved by the American National Standards Institute on
December 3, 2008.

ASME B31.12-2011 was approved by the American National Standards Institute on June 7, 2011.

ASME B31.12-2014 was approved by the American National Standards Institute on
October 24, 2014.
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ASME B31.12-2014
SUMMARY OF CHANGES

Pr\”nun'ng appros al hy the B31 Committece and AQ]\/[F', and after pnh]in review ASME B31.12-2014.

was approved by the American National Standards Institute on October 24, 2014.
Changes given below are identified on the pages by a margin note, (14), placed nextto’the
affected area.
Page Location Change
2-11 GR-1.5 Definitions of elevated temiperature fluid
service and ventilatéd/location revised
18, 24 GR-2.1.3 Subparagraph (d).revised
64 GR-5.17 Subparagraph: (a) revised
81 IP-3.1 Revised
90 IP-3.8.2 Subparagraph (c) revised
106 IP-8.2.2 Second paragraph added
107 Table IP-8.1.1-1 MSS SP-134 added
108 1P-9.6.1 Subparagraphs (a) through (c) deleted
1P-9.6.3.1 Revised
109 Table IP-9.6.3-1 Revised
115 Table 1P-10:4'3-2 Revised
135, 136 PL-3.7.1 Subparagraphs (b)(1)(-a), (b)(1)(-b),
(b)(2)(-c), (b)(2)(-d), and (b)(2)(-e)
revised
153, 154 PL-3.21 Subparagraph (o) revised
159, 160 Mandatory Appendix II (1) Under ASME Standards, API 579/
ASME FFS-1 replaced by API 579-1/
ASME FFS-1
(2) CSA HGV 4.10-2008 and
MSS SP-134-2012 added
216 A-1 (1) Paragraph A-1.1 heading added
(2) Paragraph A-1.2 added

NOTE: A separate supplement containing Case 186 follows this edition.
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PART GR
GENERAL REQUIREMENTS

GR-1.1 SCOPE

is Codeis applicable to piping in gaseous and liquid
hydtogen service and to pipelines in gaseous hydrogen
servjce. This Code is applicable up to and including the
join{ connecting the piping to associated pressure vessels
and |equipment but not to the vessels and equipment
themselves. It is applicable to the location and type of
support elements but not to the structure to which the
support elements are attached. The design for pressure
and fremperature shall be in accordance with the require-
menjts of Part IP for industrial piping and Part PL for
pipdlines. This Code is presented in the following parts
and [appendices:

welding, brazing, heat treating, forming, testing,
ction, examination, operation, and maintenance.

(c) Part PL”"— Pipelines. Part PL sets forth require-
menjts_for)components, design, installation, and testing
of hiydfogen pipelines.

Chapter GR-1
Scope and Definitions

be subject exclusively to the requirements of ohe of the
two parts. It is notintended that this edition of ghis Code
be applied réetroactively to existing hydrogen |systems.

GR-<1.2° RESPONSIBILITIES

GR-1.2.1 Owner

The owner shall have overall responsibility fof compli-
ance with this Code and for establishing the| require-
ments for design, construction, examination, inspection,
testing, operation, and maintenance of the fydrogen
piping or pipeline system.

GR-1.2.2 Designer

The designer is responsible to the owner for assurance
that the engineering design of piping or the|pipeline
system complies with the requirements of this Code
and with any additional requirements establjshed by
the owner.

GR-1.2.3 Construction Organization

The construction organization of piping and| pipeline
systems is responsible for providing materials} compo-
nents, and workmanship in compliance with th¢ require-

(d) Mandatory Appendices I through IX

(e) Nonmandatory Appendices A through F

Each part defines requirements for piping or pipelines,
as applicable, within its scope. The requirements are
different for different aspects of components, design,
fabrication, installation, assembly, erection, inspection,
examination, and testing. It is required that each part
be used in conjunction with the General Requirements
section but independent of the other parts. The joint
connecting piping governed by two different parts shall

el o1 11 . . 1 .
HIICTIES O UIIS L OUT Al HIC CITZ HICTTHI TS UCSTE 1.

GR-1.2.4 Owner’s Inspector

The owner’s Inspector is responsible to the owner to
verify that all required examinations, inspections, and
testing are complete. The owner’s Inspector verifies that
all required certifications and records have been com-
pleted. Also, the owner’s Inspector is responsible for
verification of the construction organization’s quality
systems program implementation.
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GR-1.3 INTENT OF THE CODE

(a) Itis the intent of this Code to set forth engineering
requirements deemed necessary for safe design, con-
struction, and installation of piping and pipeline sys-
tems in hydrogen service.

(b) Engineering requirements of this Code, while con-
sidered necessary and adequate for safe design, gener-
ally employ a simplified approach to the subject. A

systems are found in this paragraph. For additional
terms relating to

(a) welding and brazing, see ASME Boiler & Pressure
Vessel Code Section IX or AWS Standard A3.0

(b) nondestructive examination, see ASME BPV Code
Section V

(c) materials, see ASME BPV Code Section II, Parts A,
B, and D

(d) welding materials, see ASME BPV Code Section II,

designe
shall haye the latitude to do so; however, the approach
must beldocumented in the engineering design and its
validity faccepted by the owner. The approach used shall
provide(details of design, construction, examination,
inspectign, and testing.

(c) Piping elements should, insofar as practicable,
conform| to the specifications and standards listed in
this Codp. Piping elements neither specifically approved
nor spedifically prohibited by this Code may be used,
provided they are qualified for use as set forth in applica-
ble partg of this Code.

(d) THe engineering design shall specify any unusual
requirerhents for a particular service. Where service
requirements necessitate measures beyond those
required| by this Code, such measures shall be specified
by the efjgineering design. Where so specified, the Code
requires [that they be accomplished.

(e) Cqde requirements include specific provisions
applicablle to hydrogen service. These requirements shall
include, put shall not be limited to, selection and applica-
tion of materials, components, and joints. Service
requirenjents include prohibitions, limitations, and con-
ditions, puch as temperature and pressure lindits/or a
requirenjent for safeguarding. Code requirements for a
piping dr pipeline system are established by the most
restrictive requirements that apply to anyielement of the
system.

("Qﬂﬂ]’\]ﬂ f\F nr\ﬁ]vn‘\o a - maore rigcorous Qﬂﬂ]‘IQIQ
T O (o)

GR-1.4 | PACKAGED EQUIPMENT REQUIREMENTS

Also ifcluded within théseope of this Code is piping
that intdrconnects pieces or stages within a packaged
equipmgnt assembly foh piping or pipeline systems. This

“Code exfludes thesfollowing:

(a) the exclusiohs specifically limited by Part IP,

;:Industrial Piping or Part PL, Pipelines

(b) pipifig-that is required to conform to another Code

Part C

alloy steel: steel to which one or more alloying.elements
other than carbon have been deliberately‘added [e.g.,
chromium, nickel, molybdenum) to achiéve a partigular
physical property.
ambient temperature: temperature of the surrounfling
medium, usually used to referto the temperature of the
air in which a structure is situatéd or a device operptes.

anneal heat treatment: heating'to and holding at a suifable
temperature and then cooling at a suitable rate for puch
purposes as reducingshardness, improving machingabil-
ity, facilitating cold working, producing a desired mjicro-
structure, or ebtaining desired mechanical, physicql, or
other properties.

anode: electrode of an electrochemical cell at which| oxi-
dationyoccurs. Electrons flow away from the anode in
thesexternal circuit. Corrosion usually occurs, and metal
iens enter the solution at the anode.

arc cutting: group of cutting processes wherein the[sev-
ering or removing of metals is affected by melting with
the heat of an arc between an electrode and the |pase
metal (includes carbon-arc cutting, metal-arc cutting,
gas metal-arc cutting, gas tungsten-arc cutting, plagma-
arc cutting, and air carbon-arc cutting). See also oxjgen-
arc cutting.

arc welding: group of welding processes wherein coples-
cence is produced by heating with an electric arc orjarcs,
with or without the application of pressure and with or
without the use of filler metal.

assembly: joining together of two or more piping corppo-
nents by bolting, welding, screwing, brazing, or uge of
packing devices as specified by the engineering depign.
autogenous welding: fusion welding method using [heat
to join two pieces of metal without the addition of filler
metal.

(c) tubes, Tube headers, crossovers, and manitolds ot

;'fired heaters that are internal to the heater enclosure

(d) power boilers, pressure vessels, heat exchangers,
pumps, compressors, and other fluid handling or pro-
cessing equipment, including internal piping and con-
nections for external piping

GR-1.5 TERMS AND DEFINITIONS

Some of the terms relating to piping components, and
the fabrication and erection of piping and pipeline

MITTOMatic wetd g, wetding withrequipment that per-
forms the welding operation without adjustment of the
controls by an operator.

backfill: material placed in a hole to fill the space around
the anodes, vent pipe, and buried components of a
cathodic protection system.

backing ring: material in the form of a ring used to sup-
port molten weld metal.

base material: material of the piping component, plate,
or other metallic products.
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basic allowable stress, S: stress value for any material
determined by the appropriate stress basis found in this
Code.

bolt design stress: stress used to determine the required
cross-sectional area of bolts in a bolted joint.

brazement: assembly whose component parts are joined
by brazing.

brazing otal joining process w 2in coalescence is
prodquced by use of a nonferrous filler metal having a
melfing point above 427°C (800°F) but lower than that
of the base metals being joined. The filler metal is distrib-
uted between the closely fitted surfaces of the joint by
capillary attraction.

brazing procedure specification (BPS): document that lists
the parameters to be used in construction of brazements
in ag¢cordance with requirements of this Code.

brittle fracture: fracture with little or no plastic
defgrmation.

butt|joint: joint between two members aligned approxi-
matgly in the same plane.

buttlap joint: combination of butt and lap that has a
machined reduction of the wall thickness to allow the
inseftion of a designated lap distance between the two
members, designed for brazing.

carbn steel: considered by common custom to be carbofx
stee] when no minimum content is specified or required
for gluminum, boron, chromium, cobalt, molybderum,
nickel, niobium, titanium, tungsten, vanadium; zirco-
niuth, or any other element added to obtaih a desired
alloying effect; when the specified minimtim for copper
doeg not exceed 0.40%; or when the maximum content
spedified for any of the following)elements does not
exceed the following percentagest

(a) copper: 0.60%

(b) manganese: 1.65%

(c} silicon: 0.60%

In|all carbon steels)small quantities of certain residual
elenjents unavoidably retained from raw materials are
sometimes found but are not specified or required, such
as cppper, hicKel, molybdenum, and chromium. These
ents-are considered as incidental and are not nor-
mally ‘determined or reported.

cathodic protection (CP): technique by which under-
ground metallic pipe is protected against deterioration
(rusting and pitting).

cell (electrochemical cell): system consisting of an anode
and a cathode immersed in an electrolyte so as to create
an electrical circuit. The anode and cathode may be dif-
ferent metals or dissimilar areas on the same metal
surface.

certification: written testimony of qualification.
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check valve: valve designed to permit flow in one
direction and to close automatically to prevent flow in
the reverse direction.

class location (or location class): geographic area along the
pipeline classified according to the number and proxim-
ity of buildings intended for human occupancy and
other characteristics that are considered when prescrib-
ing design factors for construction, operating pressures,

i ipeli 2 ins located in
mainte-
nance requirements.

coating: liquid, liquefiable, or mastig\composifion that,
after application to a surface, is convérted intp a solid
protective, decorative, or functional adherent film.

coating system: complete number and types|of coats
applied to a substrate inja¢predetermined ordgr. (When
used in a broader sense;‘surface preparation, [pretreat-
ments, dry film thickwess, and manner of application
are included.)

cold expandedipe: seamless or welded pipe that s formed
and then-cold expanded while in the pipe mill so that
the circuinference is permanently increased by at least
0.50%:

cold) spring: intentional deformation of pipin;
assembly to produce a desired initial displace
stress.

during
ent and

cold spring factor: ratio of the amount of cold spring
provided to the total computed temperature eNpansion.

cold springing: fabrication of piping to an actupl length
shorter than its nominal length and forcing it into posi-
tion so that it is stressed in the erected conditjon, thus
compensating partially for the effects producdd by the
expansion due to an increase in temperature.

complete weld joint penetration (CWJP): includes the depth
of bevel and root penetration, plus the required I.D. and
O.D. reinforcement.

concave (suckback): internal condition of the rgot bead,
having an abrupt concave condition with shaifp edges.

concavity: internal root bead that is properly fused to and
completely penetrates the pipe wall but whose|center is
below the inside surface of the pipe wall.

: ; , assem-
bler, or installer responsible for all functions involved
in the design, fabrication, and erection of the hydrogen
piping system.

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

control piping: all piping, valves, and fittings used to
interconnect air, gas, or hydraulically operated control
apparatus or instrument transmitters and receivers.
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corrosion: deterioration of a material, usually a metal,
which results from a reaction with its environment.

crack: very narrow elongated defect caused by metallur-
gical or mechanical conditions.

crevice corrosion: localized corrosion of a metal surface
at, or immediately adjacent to, an area that is shielded
from full exposure to the environment because of close
proximity of the metal to the surface of another material.

distribution main (or gas main): segment of pipeline in a
distribution system installed to convey gas to individual
service lines or other mains.

documented: condition of being in written form, graphic
form, or both.

double submerged-arc welded pipe: pipe having a longitudi-
nal butt joint produced by at least two passes, one of
which is on the inside of the pipe. Coalescence is pro-

cryogenid conditions: low temperature conditions, usually
at or below 123 K (-239°F).

current: flow of electric charge.

defect: impperfection of a type and magnitude exceeding
acceptalfle criteria.

dents: indlentations of the pipe or distortions of the pipe’s
circular ¢ross section that change the curvature of a por-
tion of the pipe wall, resulting in a change of the diame-
ters without necessarily reducing its thickness.

design life: period of time used in design calculations,
selected [for the purpose of verifying that a replaceable
or permanent component is suitable for the anticipated
period of service. Design life does not pertain to the life
of a pipeline system, because a properly maintained and
protectegl pipeline system can provide liquid transporta-
tion seryice indefinitely.

design minimum temperature: lowest component tempera-
ture exppcted in service.

design piessure: pressure used in design calculations in
Parts IP pnd PL of this Code, determined by the design
procedujres applicable to the materials and(locations
involved.

design tefnperature: in a pipeline systefit)'the maximum
or minifnum temperature at the doincident pressure
(minimym or maximum) expected during service. Refer
to para.|IP-2.1.4 for design temperature for piping
systems

Designer| person or orgahization in responsible charge
of the enjgineering design.

detect: to[sense of 6btain a measurable in-line inspection
indicatign frofan anomaly in a pipeline.

displacenfenpstress range: corresponding stress differential

torced by hcaliug withramretectricarcorarcs between
the bare metal electrode or electrodes and the work| The
welding is shielded by a blanket of granular fukible
material on the work. Pressure is not used,and filler
metal for the inside and outside welds is obtained from
the electrode or electrodes.

ductility: measure of the capability;-of a material to be
deformed plastically before fracturing.

elastic distortion: changes~of-dimensions of a material
upon the application ofia.stress within the elastic rgnge.
Following the release¢of an elastic stress, the material
returns to its original’dimensions without any pefma-
nent deformation,

elasticity: property of a material that allows it to reqover
its originaldimensions following deformation by a sfress
below its*elastic limit.

electrical interference: any electrical disturbance pn a
metallic structure in contact with an electrolyte capised
by stray current(s).

electric-fusion-welded (EFW) pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced ir} the
preformed tube by manual or automatic submergegl arc
welding (SAW).

electric-resistance-welded (ERW) pipe: pipe producdd in
individual lengths or in continuous lengths from c¢iled
skelp and subsequently cut into individual lengths, hav-
ing a longitudinal butt joint wherein coalescence is[pro-
duced by the heat obtained from resistance of the [pipe
to the flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.

electrode:
(a) component of a welding electrical circuit that ter-
minates at the arc, molten conductive slag, or base rhetal
(b) conductor used to establish contact with an plec-
trolyte and through which current is transferred fo or

produced by the difference between strains in the
extreme displacement condition and the original (as-
installed) condition (or any anticipated condition with
a greater differential effect), which remains substantially
constant during any one cycle of operation. The displace-
ment stress range is used as the criterion in the design
of piping for flexibility.

dissimilar metals: different metals that could form an
anode/cathode relationship in an electrolyte when con-
nected by an electrically conductive path.

from the etectrotyte

electrolyte: chemical substance containing ions that
migrate in an electric field.

elevated temperature fluid service: a fluid service in which
the piping metal temperature has a design or sustained
operating temperature equal to or greater than the tem-
perature 25°C (50°F) below the temperature identifying
the start of time-dependent properties listed under
“Notes — Time-Dependent Properties” (Txx) at the end
of Table 1A of the ASME Boiler and Pressure Vessel
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Code, Section II, Part D, for the welded base metals. For
materials not listed in Section II, Part D, the temperature
shall be where the creep rate or stress rupture criteria
in para. IP-2.2.7 governs the basic allowable stress value
of the welded base metals. When the base metals differ,
the lower temperature value shall be used for the joint.

engineering design: detailed design governing a piping
or pipeline system, developed from process and
mechani . . o
menjts, and including all necessary specifications, draw-
ingsf and supporting documents.

environment: surroundings or conditions (physical,
cherhical, mechanical) in which a material exists.

erectfon: complete installation of a piping system in the
locafions and on the supports designated by the engi-
neerfing design, including any field assembly, fabrica-
tionf examination, inspection, and testing of the system
as required by this Code.

erosipn: progressive loss of material from a solid surface
due to mechanical interaction between that surface and
a fldid or solid particles carried with the fluid.

evalyation: analysis and determination of a facility’s fit-
nesq for service under the current operating conditions.

exanpination: direct physical inspection of the piping and
pipdlines by a person; may also include the use of nonde-
struftive examination techniques (NDE). Examination
is refjuired by this Code to verify the integrity and qual-
ity qf hydrogen piping or pipeline systems.

exaniner: person who performs quality control'exnonde-
strugtive examinations.

fabriration: preparation of piping components for assem-
bly, including cutting, machining, thréading, grooving,
fornjing, bending, welding, brazirlg, heat treating, exam-
inatjon/inspection, and testingj.required for joining of
pipd components into subassemblies. Fabrication may
be gerformed in the shoplor in the field.

face pf weld: exposed surface of a weld on the side from
whi¢h the welding\was done.

failue: generakterm used to imply that a part in service
has pecome eompletely inoperable; is still operable but
is irjcapable of satisfactorily performing its intended
fundtion;-or has deteriorated seriously, to the point that

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

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

flammable: fluid that under ambient or expected
operating conditions is a vapor or produces vapors that

T f T ait—The term
thus may apply, depending on service conditions, to
fluids defined for other purposes as{flammable or
combustible.

flux: chemical compound applied to the joint|surfaces
to promote wetting and prevent oxide formatign during
the brazing operation.

flux-cored arc welding (FGAW): arc welding process that
uses an arc between a cohtinuous filler metal glectrode
and the weld pool{The process is used with ghielding
gas from a flux contained within the tubular dlectrode,
with or withgut additional shielding from an ekternally
supplied gas)‘and without the application of fessure.

fracture.toughness: resistance of a material to failure from

the extension of a crack.

fusion: melting together of filler material and bgse mate-
rial, or of base material only, that results in coallescence.

galvanic anode: metal that provides sacrificial pfotection
to another metal that is more noble when elgctrically
coupled in an electrolyte. This type of anode is|the elec-
tron source in one type of cathodic protection|

galvanic corrosion: accelerated corrosion of|a metal
because of an electrical contact with a more noble metal
or nonmetallic conductor in a corrosive electrplyte.

gas metal-arc welding (GMAW): arc-welding prdcess that
produces coalescence of metals by heating them with
an arc between a continuous filler metal (confumable)
electrode and the work. Shielding is obtained entirely
from an externally supplied gas or gas mixtuie.

gas service line: piping installed between a main, [pipeline,
or other source of supply and the meter set agsembly.

gas tungsten-arc welding (GTAW): arc-welding process
that produces coalescence of metals by heating them
with an arc between a single tungsten (noncongumable)

it hasb liolo] fo £ L d
1 A5 PVCUCUITIC UTITITICITAUVIC U UTiouIC TUT CUTIUIITUCTU U OoTC .

fatigue: phenomenon leading to fracture of a material
under repeated or fluctuating stresses having a maxi-
mum value less than the tensile strength of the material.

ferrous material: material that contains by weight more
iron than any single element, having a carbon content
generally less than 2% and containing other elements.
A limited number of chromium steels may contain more
than 2% of carbon, but 2% is the usual dividing line
between steel and cast iron.

clectrode—ard—the—work: Shicldiug Ts—obtaimed from a
gas or gas mixture. Pressure may or may not be used,
and filler metal may or may not be used.

gaseous hydrogen (GH,) system: assembly of components
to which hydrogen is delivered, stored, and used in the
gaseous form. The system may include storage vessels,
piping, valves, relief devices, compressors, vacuum sys-
tem, expansion joints, and gages.

girth weld: complete circumferential butt weld joining
pipe or components.
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gouge: mechanically induced metal loss, which causes
localized elongated grooves or cavities.

grinding: reduction in wall thickness by removal of mate-
rial by hand filing or power disk grinding.

groove weld: weld made in the groove between two mem-
bers to be joined.

ground temperature: temperature of the earth at pipeline
depth.

impact testing: test designed to give information on how
a specimen of a known material will respond to a sud-
denly applied stress, e.g., shock. The test ascertains
whether the material is tough or brittle. A notched test
piece is normally employed, and the two methods in
general use are either Izod or Charpy test. The result is
usually reported as the energy in foot-pounds or kilo-
joules required to fracture the test piece.

imlnprprHnn- discontinuityv or irrpgn]arih thatis detected

hardness] ability of a material to resist permanent pene-
tration Hy a much harder body.

hardness [testing: can be divided into two groups, macro-
hardnes$§ testing and microhardness testing. Macrohard-
ness testling refers to testing with loads equal to or over
1 kg; microhardness testing refers to 1000 g or 1 kg.
Brinell, Rockwell, and Vickers are examples of macro-
hardnes$§ testers; Micro-Vickers and Knoop are examples
of microhardness testers.

heat affected zone (HAZ): that portion of the base material
which hgs not been melted but whose mechanical prop-
erties orf microstructure have been altered by the heat
of weldihg, brazing, forming, or cutting.

heat treatynent: heating and cooling a solid metal or alloy
in such 4 way as to obtain desired properties. Heating
for the dole purpose of hot working is not considered
heat treatment. If a weldment is heated and cooled, then
the term| postweld heat treatment is used.

high-prespure distribution system: gas distribution piping
system that operates at a pressure higher than the stan-
dard seryice pressure delivered to the customer. In'such
a systen, a service regulator is required on each-service
line to cpntrol the pressure delivered to the ctustomer.

hoop stregs, Sy: stress in a pipe of wall thickness, f, acting
circumfdrentially in a plane perpendijetilar to the longitu-
dinal ax]s of the pipe, produced.by-the pressure, P, of
the fluid in a pipe of diameter, B,/ and determined by
Barlow’q formula, Sy = PD/2t:

hot taps:[branch piping connections made to operating
pipeline$, mains, or ether facilities while they are in
operatipn. The branch piping is connected to the
operating line, abd the operating line is tapped while
it is under gas.pressure.

hydrogen| embrittlement (HE): loss of ductility of a metal

by examination.

impressed current: electric current supplied by\a dg¢vice
employing a power source that is external t6 the plec-
trode system. (An example is direct current for catfodic
protection.)

incident: unintentional release of.gas due to the faflure
of piping or a pipeline.

inclusion: nonmetallic phase; such as an oxide, sulfide,
or silicate particle, in a\métal.

indication: finding of@nondestructive testing technique.
It may or may not be a defect.

indication, liedr¥in magnetic particle, liquid penetfant,
or similar examination, a closed surface area, marking
or denoting a discontinuity requiring evaluation, whose
longest’dimension is at least three times the widfh of
the“indication.

1iidication, rounded: in magnetic particle, liquid penetfant,
or similar examination, a closed surface area, marking
or denoting a discontinuity requiring evaluation, whose
longest dimension is less than three times the wid}h of
the indication.

in-line inspection (ILI): pipeline inspection technique that
uses devices known in the industry as intelligeft or
smart pigs. These devices run inside the pipe and [pro-
vide indications of metal loss, deformation, and ¢ther
defects.

in-process examination: includes the verification of docu-
mentation for the required quality, personnel qualffica-
tions, and material and special process procedures, z]]ong
with inspection of the fabrication steps required for join-
ing of pipe components.

inspection: denotes verifying the performance of expmi-
nation and tests by an Inspector.

resultiné, from cl‘UbUllJLiUll of ll_ydlugcu.

hydrogen stress cracking: cracking that results from the
presence of hydrogen in a metal in combination with
tensile stress. It occurs most frequently with high-
strength alloys.

hydrostatic test: pressure test in which the vessel or sys-
tem is filled completely with water or another liquid.
Pressure is then applied to the liquid for the required
time, and the outside of the component is visually
examined.

Inspector (owner’s): responsible for verifying that all
required quality examinations, NDE, inspections, and
testing are complete and that all certifications and rec-
ords have been completed to the extent necessary to
satisfy compliance to the requirements of this Code, the
engineering design, and the construction organization’s
quality systems program.

instrument piping: all piping, valves, and fittings used to
connect instruments to main piping, pipelines, other
instruments and apparatus, or measuring equipment.
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integrity: capability of the pipeline to withstand hoop
stress due to operating pressure plus a margin of safety
required by this Code.

integrity assessment: process that includes inspection of
pipeline facilities, evaluating the indications resulting
from the inspections, examining the pipe using a variety
of techniques, evaluating the results of the examinations,
charactenzmg the evaluat1on by defect typeand sever1ty,
and
through analys1s.

intengranular corrosion: preferential corrosion at or along
the grain boundaries of a metal (also known as intercrys-
tallihe corrosion).

interfnal design pressure: internal pressure used in calcula-
tiorfs or analysis for pressure design of a piping
comjponent.

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

liquid hydrogen (LH,) system: assembly of components to
whi¢h hydrogen is delivered, stored, and used in the
liquid form. The system may include storage vessels,
piping, valves, relief devices, pumps, vacuum system,
expqnsion joints, and gages.

liquid penetrant examination (PT): examination method
whejreby the metal (ferrous or nonferrous) surface to be
exarpined is coated with a red-dyed penetrating oil. This
pen¢trant is drawn into the surface defects by capillary
actign. After a sufficient time, the excess penetrant is
rempved from the surface to be examined, and a‘white
devé¢loper is sprayed over the entire surface The dye,
whi¢h has penetrated any surface defects, jis drawn to
the qurface by the developer, and the location, geometry,
and|size of the defects can be determined. This test
is cqnsidered to be nondestructive because it does not
destroy the usefulness of the part being inspected.

locaton class (or class location): geographic area along
the jpipeline, classified<agcording to the number and
proyimity of buildings\intended for human occupancy
and |other characteristics that are considered when pre-
scrifing design‘faetors for construction, operating pres-
surgs, and _methods of testing pipelines and mains
locafed inthearea, and applying certain operating and
maintenance requirements.

the welding operatlon under the constant observation
and control of a welding operator. The equipment may
or may not load and unload the workpieces.

magnetic particle examination (MT): nondestructive test
method utilizing magnetic leakage fields and suitable
indicating materials to disclose surface and near-surface
discontinuity indications.

manual welding: welding operation performed and con-
trolled completely by hand.

maximum allowable hoop stress: maximum hoop stress per-
mitted by this Code for the design of a piping or pipeline
system. It depends on the material used, location of
the pipe, operating conditions, and other limitations
imposed by the designer in conformance with this Code.

maximum allowable operating pressure (MAOP): maximum
pressure at which a gas system may be operated in
accordance with the provisions of this Code.

: eqnal fluid
pressure perm1tted by thls Code for a presqure test,
based upon the material and location irtvelvedl.

maximum operating pressure (MOP): sométimes referred
to as maximum actual operating pressure, is the highest
pressure at which a piping system is operated |[during a
normal operating cycle.

may: term that indicates,a¢provision is neither|required
nor prohibited.

mechanical damage: type of metal damage in 4 pipe or
pipe coating caused by the application of an|external
force. Mechafiical damage can include denting, coating
removal, metal removal, metal movement, coldfworking
of the underlying metal, and residual stressesany one
of which can be detrimental.

mechanical joint: joint for the purpose of mechanical
strength or leak resistance, or both, in which thejmechan-
ical strength is developed by threaded, groovefl, rolled,
flared, or flanged pipe ends; or by bolts, pins] toggles,
or rings; and the leak resistance is developed by threads
and compounds, gaskets, rolled ends, or machjned and
mated surfaces.

mechanized welding: welding with equipmlent that
requires manual adjustment of the equipment controls
in response to visual observation of the welding, with
the torch, gun, or electrode holder held by a m¢chanical
device.

metal loss: any of a number of types of anomaligs in pipe
in which metal has been removed from the pip¢ surface,
usually due to corrosion or gouging.

microalloying: use of small amounts of alloying gdditions
of elements, such as vanadium, niobium, and tfitanium,
which are strong carbide and nitride formers, tp achieve
improvements in strength, toughness, and wgldability
through specific thermomechanical processing steps.

ched and
]omed on a line blsectmg the angle of ]unctlon so as to
produce a change in direction of more than 3 deg.

modulus of elasticity: measure of the stiffness or rigidity
of a material. It is actually the ratio of stress to strain
in the elastic region of a material. If determined by a
tension or compression test, it is also called Young’s
modulus or the coefficient of elasticity.

monitoring regulator: pressure regulator installed in series
with another pressure regulator that, in an emergency,
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automatically assumes control of the pressure down-
stream of the station, in case that pressure exceeds a set
maximum.

nominal: numerical identification of dimension, capacity,
rating, or other characteristic used as a designation, not
as an exact measurement.

nominal outside diameter (or diameter): as-produced or as-
specified outside diameter of the pipe.

electrode, through which oxygen is directed to the work-
piece. For oxidation-resistant metals, a chemical flux or
metal powder is used to facilitate the reaction.

parallel encroachment: portion of the route of a pipeline
or main that lies within, runs in a generally parallel
direction to, and does not necessarily cross the rights-
of-way of a road, street, highway, or railroad.

peening: mechanical working of metals using impact

nominal pipe size (NPS): NPS is followed, when appro-
priate, by the specific size designation number without
an inch pymbol.

nondestriictive examination (NDE): inspection technique
that dogs not damage the item being examined. This
techniqye includes visual, radiographic, ultrasonic, elec-
tromagnktic, and dye penetrant methods.

nondestryctive testing (NDT): actual application of a non-
destructfve testing method or a nondestructive testing
techniqe.

nonferroys: metal that does not contain iron as a main
ingrediept.

normal dperating pressure: predicted pressure (sum of

static hepd pressure, pressure required to overcome fric-

tion losges, and any backpressure) at any point in a

piping system when the system is operating under a set
of predi¢ted steady-state conditions.

. normalizing: process in which a ferrous metal is heated
. to a suifable temperature above the transformation
- range afd is subsequently cooled in still air at roem
- temperalure.

- operating company (or operator): individual, pattnership,
. corporatfion, public agency, owner, agent, or-other entity
~ currently responsible for the designs.construction,
inspectign, testing, operation, and m@aintenance of the
piping dnd/or pipeline facilities and’having fiduciary
responsipility for such facilities.

outlet hedder: length of pipe it which one or more outlets
for branth connection have'\been formed by extrusion,
using a dlie or dies to_control the radii of the extrusion.

overpresspte protection:-provided by a device or equip-
ment insfalled infa piping system that prevents the pres-
sure in the system or part of the system from exceeding
a predetprmineéd value.

oxidation:
molecule.

oxygen cutting (OC): group of thermal cutting processes
that severs or removes metal by means of the chemical
reaction between oxygen and the base metal at elevated
temperature. The necessary temperature is maintained
by the heat from an arc, an oxyfuel gas flame, or other
source.

oxygen-arc cutting (OAC): oxygen-cutting process that
uses an arc between the workpiece and a consumable

blows.

pig: device run inside a pipeline to clean or inspect the
pipeline, or to batch fluids.

pig trap (or scraper trap): ancillary item of'pipeline equip-
ment, such as a launcher or receiver,with associated [pipe
work and valves, for introducing@pig into a pipelife or
removing a pig from a pipelirie.

pigging: use of any independent, self-contained deyice,
tool, or vehicle that m@yes’ through the interior of the
pipeline for inspecting, dimensioning, or cleaning

pipe: pressure-tight cylinder used to convey a fluid or
transmit a fluid\pressure, ordinarily designated “gipe”
in applicable “material specifications. Materials dpsig-
nated “tube” or “tubing” in the specifications are trdated
as pipe,when intended for pressure service. Typ¢s of
pipé,according to the method of manufacture, indude
electric-resistance-welded pipe, electric-fusion-wejlded
pipe, double submerged-arc-welded pipe, and s¢am-
less pipe.

pipeline: all parts of physical facilities through wthich
product moves in transportation, including pipe, valves,
tittings, flanges (including bolting and gaskets), regula-
tors, pressure vessels, pulsation dampeners, relief
valves, and other appurtenances attached to pipe; gom-
pressor units; metering stations; regulator stationsjand
fabricated assemblies. Included within this definjtion
are gas transmission lines, transporting gas from produc-
tion facilities to onshore locations, and gas stofage
equipment of the closed pipe type, which is fabridated
or forged from pipe or fabricated from pipe and fittjngs.

pipe-supporting elements:
(a) fixtures: fixtures include elements that transfejr the
load from the pipe or structural attachment to the [sup-
porting structure or equipment. They include hanging-
VDT ITXTUOIT 0 a dITZger TOUS, 5P g arngers, sway
braces, counterweights, turnbuckles, struts, chains,
guides, and anchors; and bearing-type fixtures, such as
saddles, bases, rollers, brackets, and sliding supports.
(b) structural attachments: structural attachments
include elements that are welded, bolted, or clamped to
the pipe, such as clips, lugs, rings, clamps, clevises,
straps, and skirts.

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

piping components (for piping or pipelines): mechanical ele-
ments suitable for joining or assembly into pressure-
tight, fluid-containing piping systems. Components
include pipe, tubing, fittings, flanges, gaskets, bolting,
valves, and such devices as expansion joints, flexible

pressure regulating station: consists of equipment installed
for automatically reducing and regulating the pressure
in the downstream pipeline or main to which it is con-
nected. Included are piping and auxiliary devices such
as valves, control instruments, control lines, the enclo-
sure, and ventilation equipment.

pressure relief station: consists of equipment installed to
vent gas from a system being protected to prevent the
gas pressure from exceeding a predetermined limit. The

joints, pressure hoses, traps, strainers, in-line portions
of ifjstruments, and separators.

piping elements: any material or work required to plan
and|install a piping or pipeline system. Elements of
pipipg include design specifications, materials, compo-
nenfs, supports, fabrication, examination, inspection,
and [testing.

piping installations: designed piping or pipeline systems
to which a selected Code edition applies.

pittipg: localized corrosion of a metal surface that is
conflined to a small area and takes the form of cavities
calldd pits.

plasipa arc cutting (PAC): arc cutting process that uses a
congtricted arc and removes molten metal with a high
velogity jet of ionized gas issuing from the constricting
orifike.

plasia arc welding (PAW): arc-welding process that uses
a constricted arc between a nonconsumable electrode
and [the weld pool (transferred arc), or between the.elec-
trode and the constricting nozzle (nontransferréd-arc).
Shielding is obtained from the ionized gas issuinig from
the forch, which may be supplemented by ah auxiliary
soutce of shielding gas. The process is used without the
application of pressure.

plastic deformation: permanent deformation caused by
stregsing beyond the elastic limjt’

pneymatic test: test in which air or gas is introduced
and |pressurized to a désignated level, performed on a
pressure vessel or system.

postiveld heat tredtment (PWHT): heat treatment subse-
quent to welding.

prehgating: application of heat to the base material imme-
diately before or during a forming, welding, or cutting
prodess.

gas may be vented into the atmosphere or iht¢ a lower
pressure system capable of safely abserbing the gas
being discharged. Included in the statién ate piping and
auxiliary devices, such as valves, control instruments,
control lines, the enclosure, and ventilating eqpipment.

pressure test: measure of thestrength of a pipgline that
is filled with a fluid, sealed, and subjected to pressure.
It is used to validate integrity and detect conptruction
defects and defective_njaterials.

procedure qualification record (PQR): document listing all
pertinent datd,)including the essential vjariables
employed and the test results, used in qualifying the
weldingprecedure specification or brazing pgocedure
specification.

protéctive coating: coating applied to a surface tp protect
the/substrate from corrosion.

purging gas (backing gas): gas, such as argonf helium,
nitrogen, or reactive gas, which is employed tq exclude
oxygen from the root side (opposite from the|welding
side) of weld joints.

qualification: demonstrated skill and knowledge, along
with documented training and experience, required for
personnel to properly perform the duties of a spg¢cificjob.

quality control examination: examination that applies to
quality control functions performed by the manfifacturer
(for components only), fabricator, or erector. Jeference
in this Code to an examiner is to a person who performs
quality control examinations under the congtruction
organization’s quality systems program.
radiographic examination/inspection (RT): use of K-rays or
nuclear radiation, or both, to detect discontinuities in
material and to present their images on a 1ecording
medium.

reinforcement, branch: required to sustain the prpssure as

pressure limiting station: consists of equipment that under
abnormal conditions will act to reduce, restrict, or shut
off the supply of gas flowing into a system to prevent
the gas pressure from exceeding a predetermined value.
While normal pressure conditions prevail, the pressure
limiting station may exercise some degree of control of
the flow of the gas or may remain in the wide open
position. Included in the station are piping and auxiliary
devices, such as valves, control instruments, control
lines, the enclosure, and ventilating equipment.

determined by desigr, and inctudes wetd reirforcement
and component thickness and reinforcing rings or

saddles.

reinforcement, weld joint: weld material in excess of the
specified fillet weld size, depth of groove, and O.D. and
LD. surfaces.

residual stress: stress present in an object in the absence
of any external loading. It results from the fabricating
process, heat treatment, or mechanical working of
material.
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resistivity: measure of the ability of an electrolyte (e.g.,
soil) to resist the flow of electric charge (e.g., cathodic
protection current). Resistivity data are used to design
a groundbed for a cathodic protection system.

right of way (ROW): strip of land on which pipelines,
railroads, power lines, and other similar facilities are
constructed. It secures the right to pass over property
owned by others; ROW agreements only allow the right

size of weld:

(a) fillet weld: leg lengths (the leg length for equal-leg
welds) of the sides, adjoining the members welded, of
the largest triangle that can be inscribed within the weld
cross section. For welds between perpendicular mem-
bers, the definitions in Fig. GR-3.4.7-1 apply.

NOTE: When the angle between members exceeds 105 deg, size
is of less significance than effective throat (see also throat of a
fillet weld).

ofi ingress and egress forthe nﬂﬂrahnﬂc and maintenance
of the facility. The width of the ROW can vary and
is usually determined based on negotiation with the
affected landowner or by legal action.

risk: medsure of potential loss in terms of both the inci-
dent propability (likelihood) of occurrence and the mag-
nitude of the consequences.

root spaging: separation between the members to be
joined bl welding, at the root of the joint (sometimes
noted ag root opening or open root).

rupture: omplete failure of any portion of the piping or
pipeline|caused by the application of a load larger than
the piping or pipeline can resist.

rust: corfosion product consisting of various iron oxides
and hydfrated iron oxides. (This term properly applies
only to jron and ferrous alloys.)

safeguarding: provision of protective measures to mini-
mize th¢ risk of accidental damage to the piping or
pipeline|or to minimize the harmful consequences of
positive [failure.

seal weld|{ weld intended primarily to provide jointtight-
ness agafinst leakage in metallic piping.

(b) groove weld: joint penetration (depth of bevel[plus
the root penetration when specified). The size©f,a grpove
weld and its effective throat are the same.

slag inclusion: nonmetallic solid material ‘entrappdd in
weld metal or between weld metal,and base metan[.
sile

specified minimum tensile strength: minimum te
strength prescribed by the specification under which
a material is purchased from the manufacturer. [It is
expressed in pounds pes.square inch.

specified minimum yield strength (SMYS): minimum Yield
strength prescribed by the specification under which
a material is-purchased from the manufacturer. It is
expressed in ‘pounds per square inch.

steel: material that contains by weight more iron [than
any sifigle element, having a carbon content geneyally
less.than 2% and containing other elements. A linjited
number of chromium steels may contain more tthaI 2%
of carbon, but 2% is the usual dividing line betyeen
steel and cast iron.

stop valve: valve installed for stopping the flow of grod-
uct in a pipe.

strain: increase in length of a material expressed pn a

seam weldl: longitudinal welds made in pipe manufactur-  ynit length basis (e.g., inches per inch or millimpters
ing or ir] the fabrication process. per millimeter).
seamless pipe: wrought tubular product made withouta  stress: resultant internal force per unit area that rdsists

welded geam. It is manufactured by hot-working steel  change in the size or shape of a body acted on by ext¢rnal
and, if ngcessary, by subsequently cold-finishing thehot-  forces. In this Code, “stress” is often used synonymdusly
worked ftubular product to\produce the desired shape,  with unit stress.

dimensipns, and propezbe. stress concentration: discontinuity in a structure or chhnge
semiautonatic arc welding: arc welding with equipment  in contour that causes a local increase in stress.

that confrols only the filler metal feed. The advance of L ntal

the welding is.manually controlled.

shall (angl shalV'not): used to indicate that a provision is

a mandatery-Cedereqirerment

stress corrosion cracking (SCC): form of environm
attack of a metal involving an interaction of a local crro-
sive environment and tensile stresses in the mptal,

resulting in formation and orowth of cracks
o (&)

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

should: term which indicates that a provision is recom-
mended as good practice but is not a mandatory Code
requirement.
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stress level: level of tangential or hoop stress, usually
expressed as a percentage of specified minimum yield
strength.

stress relieving: heating a metal to a suitable temperature,
holding at that temperature long enough to reduce resid-
ual stresses, and then cooling slowly enough to minimize
the development of new residual stresses.

structure-to-soil potential: potential difference between
the surface of a buried or submerged metallic structure

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 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

and the electrolyte that is measured with reference to
an electrode in contact with the electrolyte.

submerged arc welding (SAW): arc welding process that
produces coalescence of metals by heating them with
an arc or arcs between a bare metal electrode or elec-
trodes and the work. The arc is shielded by a blanket
of granular, fusible material on the work. Pressure is
not used, and filler metal is obtained from the electrode
and sometimes from a supplemental source (welding

that are or can be exposed to view before, during, or
after manufacture, fabrication, assembly, erection, exam-
ination, or testing. This examination includes verifica-
tion of Code and engineering design requirements for
materials, components, dimensions, joint preparation,
alignment, welding, brazing, bolting, threading, or other
joining method, supports, assembly, and erection.

weld: localized coalescence of metal wherein coalescence
is produced by heating to suitable temperatuyes, with

rod,|flux, or metal granules).

surgey: measurements, inspections, or observations
intefded to discover and identify events or conditions

or without the application of pressure, and with or with-
out the use of filler metal.

welder: one who is capable of performing a nfanual or

that|indicate a departure from normal operation of the  semiautomatic welding operation.\(THis term [is some-
pipdline. times erroneously used to denote a welding machine.)
temperature: measure of the thermal energy contained in  welding operator: one who Gpgrates machine| mecha-
a material. It is normally expressed in degrees Celsius  nized, or automatic d¥ semiautomatic pvelding
(°C)|or degrees Fahrenheit (°F). equipment.
tensyle strength: highest unit tensile stress (referred to the welding procedure spegification (WPS): document]that lists
origjnal cross-section area) a material can sustain before the parameters tdbe used in construction of weldments
failyre. in accordance with requirements of this Code
tensyle stress: stress that elongates the material. weldment;-assembly whose component parts afe joined
throqts of a fillet weld: by welding.

(a) theoretical throat: perpendicular distance from the yield-strength: strength at which a material ejkhibits a

hypptenuse of the largest right triangle that can be  specified limiting permanent set or produces a ppecified
inscfibed in the weld cross section to the root of the joint total elongation under load. The specified linjiting set

(b) actual throat: shortest distance from the root of a or elongation is usually expressed as a percgntage of
fillet weld to its face

(c
rein
face

effective throat: minimum distance, minus any
orcement (convexity), between the weld réot’and
of a fillet weld

toe of weld: junction between the face of a@weld and base

gage length. Its values are specified in the variqus mate-
rial specifications acceptable under this Code.

GR-1.6 B31.12 APPENDICES

material. GR-1.6.1 Mandatory Appendices
:‘;tnm bformation range: temperature range in which a phase ~ Appendix Title
thar ge is initiated and complefed: I Design of Above-Ground Hydrogen Gas [Pipeline
-trangmission line: segment of pipeline installed in a trans- Facilities
‘misdion system or between storage fields. I Reference Standards
- pel defined with th , 111 Safeguarding
é:tu e} defined with theterm pipe. v Nomenclature
tungsten electrode: nenfiller-metal electrode used in arc M (In preparation)
weldling or cuttihg) made principally of tungsten. VI Preparation of Technical Inquiries

L VII Gas Leakage and Control Criteria
ultrdsonic: high>frequency sound. VIIT (In preparation)
ultrgsonie examination/inspection (UT): examination using IX Allowable Stresses and Quality Factors fdr Metallic
high-frequency sound to determine wall thickness and Piping, Pipeline, and Bolting Materials
to deteetthe presenee of-defeets: GWWW
vault: underground structure that may be entered and  Appendix Title
that is designed to contain piping and piping compo-

A Precautionary Considerations

nents (such as valves or pressure regulators).

B Alternative Rules for Evaluating Stress Range

ventilated location: location where leaking hydrogen can- C Recommended Practices for Proof Testing of
not reach a concentration of 4% by volume in air for Pipelines in Place
all credible scenarios. See Nonmandatory Appendix A, D Estimating Strain in Dents
A-1.2 E Sample Calculations for Branch
para. 2. ' ons for
. L . . Reinforcement in Piping
visual examination/inspection (VT): observation of the por- F Welded Branch Connections and Extruded

tion of components, joints, and other piping elements

11

Headers in Pipeline Systems
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GR-1.6.3 Status of Appendices

For status of Appendices, see the first page of each
Appendix for details that will indicate whether it
contains Code requirements, precautionary considera-
tions, guidance, or supplemental information.

GR-1.7 NOMENCLATURE

Dimensional and mathematical symbols used in this

Code ar¢ listed in Mandatory Appendix IV, with defini-
tions. Uppercase and lowercase English letters are listed
alphabeffically, followed by Greek letters.

12
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Chapter GR-2
Materials

G R-I_1_G.E|SIERM._REQI.I.IREMLEISITq
Tlhis Chapter states limitations and required qualifica-

tion$ for materials based on their inherent properties for
use| in hydrogen systems (see Nonmandatory
Appendix A for guidance). Their use in piping is also
subjpct to requirements and limitations in other parts of

(b) T—Tvr*]rn(ron may affect materials r']1FFprnntly than
other ﬂulds The effects may be of a generdhapature or
be temperature and/or pressure specific:Issues the
designer should address include but dre not limited to

(1) hydrogen embrittlement
(2) property changes at low, temperature

(3) property changes atailtta low temperptures

this |Code. Specific requirements are as follows: .
(a) Selection of materials t ist deterioration i (4) hydrogen permeatiorvrates
a) Selection of materials to resist deterioration in ser- : . . .
5) electrostatic ch buildup/dischargg lec-
vice|is not addressed completely in this Code. The fol- (5) electrostatic chatge'buildup/dischargg in elec

lowing should be considered:
(1) temperature and pressure effects of process

trically nonconductivé-materials

GR-2.1.1 Materials and Specifications

reactions, properties of reaction or decomposition prod- (a) Listed, Materials. Materials listtd  in
ucts} and hazards from instability of contained fluids. Table GR%2.1.1-1 are suitable for piping megting the

(2) use of cladding, lining, or other protectivemate-  requirermients of Part IP. Materials likted in
rialg to reduce the effects of corrosion, erosion, and  Taple GR-2.1.1-2 are suitable for pipelines mepting the
abrdsion.

(3) information on material performance in corro-
environments found in publications such as “The
rosion Data Survey,” published by the National
ciation of Corrosion Engineers (NACE).

(4) hydrogen permeation rates through metals.
Infofmation on this topic is included in DOT-I-05-01,
“Chpracterization of Leaks from CompressedHydrogen
Systems and Related Components.”

(5) the possibility of exposure ofithe piping to fire
and [the melting point, degradation témperature, loss of
strefgth at elevated temperatute, and combustibility of
the piping material under stich*exposure.

(6) the susceptibility.tobrittle failure or failure from
thermal shock of the piping material when exposed to
fire pr to fire-fightifigsmeasures, and possible hazards
fronp fragmentation of the material in the event of failure.

sive
Cor
Ass

(7) the ability of thermal insulation to protect pip-

requirements of Part PL.

(b) Unlisted Materials. Unlisted materialy may be
tised, provided they conform to a published gpecifica-
tion covering chemistry, physical and mechanifal prop-
erties, method and process of manufactdre, heat
treatment, and quality control, and otherwise jmeet the
requirements of this Code. Allowable stresseq shall be
determined in accordance with the applicable gllowable
stress basis of this Code or a more conservatiye basis.

(c) Unknown Materials. Materials of unknowh specifi-
cation shall not be used for pressure-containirlg piping
components.

(d) Reclaimed Materials. Reclaimed pipe aphd other
piping components may be used, provided they meet
the requirements of (a) or (b) above and otherwise meet
the requirements of this Code. Sufficient cleaping and
inspection shall be performed to determine minimum
wall thickness and freedom from defects.

ifpg 1ga%nst failtire climief fire exposure (e.g.,lits stgbil'ity, GR-2.1.2 Temperature Limitations
alrfeir:)e sistgnce, and ability to remain in place during The engineering design shall verify that materials that

meet other vprlnirnmnnfc of the Code are sui able for

(8) the possibility of adverse electrolytic effects if
the metal is subject to contact with a dissimilar metal.

(9) the compatibility of packing, seals, and O-rings
with hydrogen.

(10) the compatibility of materials, such as cements,
solvents, solders, and brazing materials, with hydrogen.

(11) the possibility of pipe support failure resulting
from exposure to low temperatures (which may embrit-
tle the supports) or high temperatures (which may
weaken them).

13

service throughout the operating temperature range.
Cautionary and restrictive temperature limits for piping
systems are noted in the tables in Mandatory
Appendix IX. It is assumed that pipelines will be oper-
ated near ambient temperature; therefore, cautions and
restrictions due to elevated temperature are not pro-
vided in Mandatory Appendix IX. If a pipeline is to be
operated significantly above or below ambient tempera-
ture, refer to the cautions and restrictions for piping
systems.
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Table GR-2.1.1-1 Material Specification Index for Piping and Pipe

Components
Spec. No. Title

ASTM

A36 Carbon Structural Steel [Note (1)]

A53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless [Note (2)]

A105 Carbon Steel Forgings for Piping Applications [Note (2)]

A106 Seamless Carbon Steel Pipe for High-Temperature Service [Note (2)]

AT3% Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over) [Note (1)]

A135 Electric-Resistance-Welded Steel Pipe [Note (2)]

A139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over) [Note (2)]

Al167 Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip [Note (2)]

A179 Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser Tubes [Note (2)}

A181 Carbon Steel Forgings for General-Purpose Piping [Note (2)]

A182 Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and ValveS)and
Parts for High-Temperature Service [Note (2)]

A204 Pressure Vessel Plates, Alloy Steel, Molybdenum [Note (2)]

A213 Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat*Exchanger
Tubes

A216 Steel Castings, Carbon, Suitable for Fusion Welding, for High-Temperature Service

A234 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High
Temperature Service [Note (2)]

A240 Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure
Vessels and for General Applications [Note (3)]

A249 Welded Austenitic Steel Boiler, Superheater, Heat:Exchanger, and Condenser Tubes

A269 Seamless and Welded Austenitic Stainless SteeljTubing for General Service

A283 Low and Intermediate Tensile Strength Carbon ‘Steel Plates [Note (1)]

A299 Pressure Vessel Plates, Carbon Steel, Manganese-Silicon [Note (2)]

A302 Pressure Vessel Plates, Alloy Steel, Marnganese-Molybdenum and Manganese-
Molybdenum-Nickel [Note (2)]

A312 Seamless, Welded, and HeavilynCold Worked Austenitic Stainless Steel Pipes [Note (2)]

A333 Seamless and Welded Steel\Pipe for Low-Temperature Service [Notes (2) and (4)]

A334 Seamless and Welded-Carbon and Alloy-Steel Tubes for Low-Temperature Service
[Notes (2) and (4)]

A335 Seamless FerriticyAlloy-Steel Pipe for High-Temperature Service [Note (2)]

A350 Carbon and Low=Alloy Steel Forgings Requiring Notch Toughness Testing for Piping
Components [Note (2)]

A358 Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-
Temperature Service and General Applications

A369 carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperature Service

A376 Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service

A381 Metal-Arc-Welded Steel Pipe for Use With High-Pressure Transmission Systems [Note (2)]

A387 Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum [Note (5)]

A403 Wrought Austenitic Stainless Steel Piping Fittings

A409 Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature Service

A420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service
[Note (2)]

ALG1 {'nnfriﬁng:ll\ll Cast Austonitic Stool Dirr_\n for l-ligh Tnmpnr:hnrn Seornvice

A479 Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels
[Note (3)]

A516 Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service
[Note (5)]

A524 Seamless Carbon Steel Pipe for Atmospheric and Lower Temperatures [Note (2)]

A537 Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon Steel [Note (5)]

A587 Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry [Note (2)]
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Table GR-2.1.1-1 Material Specification Index for Piping and Pipe

Components (Cont’d)

Spec. No.

Title

ASTM (Cont’d)

Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures [Note (2)]

Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures
[Note (2)]

Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High
Temperatures [Note ()]

A671
A672

A691

B21
B26
B42
B43

B61
B62
B68
B75

B88
B96

B98

B127
B133
B148
B150
B152

B165
B169
B171
B187

B209
B210
B211
B221

B241
B247
B280
B283
B345

B361

B466
B467
B491
B547

Naval Brass Rod, Bar, and Shapes
Aluminum-Alloy Sand Castings

Seamless Copper Pipe, Standard Sizes
Seamless Red Brass Pipe, Standard Sizes

Steam or Valve Bronze Castings [Note (6)]

Composition Bronze or Ounce Metal Castings [Note (6)]
Seamless Copper Tube, Bright Annealed

Seamless Copper Tube

Seamless Copper Water Tube

Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Bar for Gengral Purposes and
Pressure Vessels

Copper-Silicon Alloy Rod, Bar and Shapes

Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and\Strip
Copper Rod, Bar, and Shapes

Aluminum-

Aluminum

Bronze Sand Castings
Bronze Rod, Bar, and Shapes

Copper Sheet, Strip, Plate, and Rolled Bat.

Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube

Aluminum

Bronze Plate, Sheet, Stfip, and Rolled Bar

Copper-Alloy Condenser Tube_Plates
Copper Bar, Bus Bar, Rod, and Shapes

Aluminum
Aluminum
Aluminum
Aluminum

Aluminum.
Aluminum

and Aluminum-Alloy Sheet and Plate

and Aluminum-Alloy Drawn Seamless Tubes

and Aluminum-Alloy Bar, Rod, and Wire

and Aluminum-Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes

and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube
and Aluminum-Alloy Die Forgings, Hand Forgings, and Rolled Ring Forgings

Seamless Copper Tube for Air Conditioning and Refrigeration Field Service
Copper and Copper-Alloy Die Forgings (Hot-Pressed)

Aluminum

and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube for Gas and

Oil Transmission and Distribution Piping Systems
Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings

Seamless Copper-Nickel Pipe and Tube
Welded Copper-Nickel Pipe

Aluminum
Aluminum

and Aluminum-Alloy Extruded Round Tubes for General-Purpose Applications
and Aluminum-Alloy Formed and Arc-Welded Round Tube

i o v (501
CTITe T pe [Note (ZJT

GENERAL NOTES:
(@) The design pressure shall not exceed 15,000 psi for all materials unless otherwise noted, provided
the material suitability is demonstrated by tests in hydrogen, such as per Article KD-10 of ASME

BPV Code Section VIII, Division 3.
(b) See Mandatory Appendix Il for reference dates of specifications.
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Table GR-2.1.1-1 Material Specification Index for Piping and Pipe
Components (Cont’d)

NOTES:

(1) For nonpressure applications only.

(2) The design pressure shall not exceed 6,000 psi unless the material suitability is demonstrated by
tests in hydrogen, such as per Article KD-10 of ASME BPV Code Section VIII, Division 3.

(3) Austenitic grades only.

(4) Grades containing Ni additions above 0.50 shall not be used.

(5) The design pressure shall not exceed 4,500 psi unless the material suitability is demonstrated by

tests in hydrogen, such as per Article KD-10 of ASME BPV Code Section VIII, Division 3.
(6) Brass and bronze castings that are polymer impregnated should not be used.

16
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Table GR-2.1.1-2 Material Specification Index for Pipelines

Spec. No. Grade Description
ASTM
A53 A Electric resistance welded, seamless 30,000 psi
A53 B Electric resistance welded, seamless 35,000 psi
A106 A Seamless 30,000 psi
A106 B Seamless 35,000 psi
A106 C Seamless 40,000 psi
A135 A Electric resistance welded 30,000 psi
A135 B Electric resistance welded 35,000 psi
A139 A Electric fusion welded 30,000 psi
A139 B Electric fusion welded 35,000 psi
A139 C Electric fusion welded 42,000 psi
A139 D Electric fusion welded 46,000 psi
A139 E Electric fusion welded 52,000 psi
A333 1 Seamless, electric resistance welded 30,000 psi
A333 6 Seamless, electric resistance welded 35,000.psi
A333 10 Seamless, electric resistance welded 65,000, psi
A381 Class Y-35 double submerged-arc welded 35,000 psi
A381 Class Y-42 double submerged-arc Welded 42,000 psi
A381 Class Y-46 double submerged-arg;welded 46,000 psi
A381 Class Y-48 double submerged+are welded 48,000 psi
A381 Class Y-50 double submerged-arc welded 50,000 psi
A381 Class Y-52 double submérged-arc welded 52,000 psi
A381 Class Y-56 double submerged-arc welded 56,000 psi
A381 Class Y-60 double‘submerged-arc welded 60,000 psi
A381 Class Y-65 double submerged-arc welded 65,000 psi [Note (1)]
API
API 5L A Electric resSistance welded, double submerged-arc welded 30,000 psi
API 5L B Electric resistance welded, seamless, double submerged-arc welded 35,000 psi
API 5L X42 Electric resistance welded, seamless, double submerged-arc welded 42,000 psi
API 5L X52 Electric resistance welded, seamless, double submerged-arc welded 52,000 psi
API 5L X56 Electric resistance welded, seamless, double submerged-arc welded 56,000 psi
API 5L X60 Electric resistance welded, seamless, double submerged-arc welded 60,000 psi
API 5L X65 Electric resistance welded, seamless, double submerged-arc welded 65,000 psi
[Note (1)]
API 5k X70 Electric resistance welded, seamless, double submerged-arc welded 70,000 psi
[Note (1)]
API 5L X80 Electric resistance welded, seamless, double submerged-arc welded 80,000 psi
[Note (1)]
GENERAL NOTES:
(@) The maximum operating pressure (MOP) shall not exceed 3,000 psi for all materials unless other-

wise noted, provided the material suitably is demonstrated by tests in hydrogen, such as per
Article KD-10 of ASME BPV Code Section VIII, Division 3.

(b) Grades containing Ni additions above 0.50 shall not be used.

(c) See Mandatory Appendix Il for reference dates of specifications.

NOTE:

(1) MOP shall be less than 1,500 psi.
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(a) Upper Temperature Limits, Listed Materials. A listed
material may be used at a temperature above the maxi-
mum for which a stress value or rating is shown, only if

(1) there is no prohibition in Appendix IX or else-
where in the Code and

(2) the engineering design verifies the serviceabil-
ity of the material in accordance with para. GR-2.1.2(d)

(b) Lower Temperature Limits, Listed Materials

(1) A listed material may be used at any tempera-

exceed the stress value or rating at the minimum temper-
ature in the tables of Appendix IX or the component
standard.

(6) Impact testing is not required for the following
combinations of weld metals and design minimum
temperatures:

(-a) for austenitic stainless steel base materials
having a carbon content not exceeding 0.10%, welded
without filler metal, at design minimum temperatures

ture not{lower than the minimum shown in the tables
in Appeandix IX, provided that the base metal, weld
deposits| and heat affected zone (HAZ) are qualified as
requiredl by the applicable entry in Column A of
Table GR-2.1.2-1.

(2) For carbon steels with a letter designation in
the minimum temperature column of Table IX-1A, the
minimum temperature is defined by the applicable
curve and Notes in Fig. GR-2.1.2-1. If a design minimum
metal temnperature-thickness combination is on or above
the curvp, impact testing is not required.

(3) A listed material may be used at a temperature
lower than the minimum shown in Table IX-1A or
Fig. GR{.1.2-1 (including Notes), unless prohibited in
Table GR-2.1.2-1, Table IX-1A, or elsewhere in the Code,
and proyided that the base metal, weld deposits, and
HAZ ar¢ qualified as required by the applicable entry
in Colupan B of Table GR-2.1.2-1. (Tabular values for
Fig. GRP.1.2-1 are provided in Table GR-2.1.2-2.)

(4) Where the stress ratio defined in Fig. GR-2.1.2-2
is less thlan one, Fig. GR-2.1.2-2 provides a further basis
for the upe of carbon steels covered by (1) and (2) above,

without fimpact testing.

(-f) For design minimum temperatures of —48°C
(-55°F) gnd above, the minimum design metal tempera-
ture without impact testing determined in: (b)(2) above,
for the given material and thickness,~may be reduced
by the amount of the temperature reduction provided
in Fig. GR-2.1.2-2 for the applicable stress ratio. If the
resulting temperature is lowerthan the minimum design
metal temperature, impaet testing of the material is not
required, Where this is‘applied, the piping system shall
also conjply with the.following requirements:

(-1) The'piping shall be subjected to a hydro-
static tegt at ng less than 1% times the design pressure.
(-2)7Except for piping with a nominal wall
thicknesp of 13 mm (% in.) or less, the piping system

of —101°C (-150°F) and higher

(-b) for austenitic weld metal
(-1) having a carbon content not exceefling
0.10%, and produced with filler metalsconformirjg to
AWS A5.4, A5.9, A5.11, A5.14, or A5.22\at’design rpini-

mum temperatures of —101°C (-150°F)*and highen or
(-2) having a carbon content exceeding 0.[.0%,
and produced with filler/inetals conforming to
AWS A5.4, A5.9, A5.11, A5.14,°6r A5.22 at design thini-
mum temperatures of —48°C (-55°F) and higher
(c) Temperature LimitsyUnlisted Materials. An unlfsted
material, acceptable under para. GR-2.1.1(b), sha]l be
qualified for service at all temperatures within a sfated
range, from design minimum temperature to dgsign
(maximum) témperature, in accordance with (d) b¢low.
(d) Verification of Serviceability
(1), When an unlisted material is to be used, or
when'd listed material is to be used above the highest
temperature for which stress values appear in the tgbles
of Appendix IX, the designer is responsible for denon-
strating the validity of the allowable stresses and ¢ther
limits used in design and of the approach taken in ysing
the material, including the derivation of stress datd and
the establishment of temperature limits.
(2) Data for the development of design limits phall
be obtained from a sound scientific program carried out
in accordance with recognized technology for botlh the
material and the intended service conditions. Factqrs to
be considered include
(-a) applicability and reliability of the data, gspe-
cially for extremes of the temperature range
(-b) resistance of the material to deleterfous
effects of the fluid service and of the environthent
throughout the temperature range
(-c) determination of allowable stresses in agcor-
dance with para. IP-2.2.6

GR-2.1.3 Impact Testing Methods and Acceptanc
Criteria

shall be safeguarded (see Mandatory Appendix III) from
external loads, such as maintenance loads, impact loads,
and thermal shock.

(-b) For design minimum temperatures lower
than —48°C (-55°F), impact testing is required for all
materials, except as provided by Note (5) of
Table GR-2.1.2-1.

(5) The allowable stress or component rating at any
temperature below the minimum shown in the tables
of Mandatory Appendix IX or Fig. GR-2.1.2-1 shall not
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(a) General. When impact testing is required by
Table GR-2.1.2-1, provisions elsewhere in this Code, or
the engineering design, it shall be done in accordance
with Table GR-2.1.3-1 using the testing methods and
acceptance criteria described in (b) through (e) below.

(b) Procedure. Impact testing of each product form of
material for any specification (including welds in the
components) shall be done using procedures and appa-
ratus in accordance with ASTM A370 and in confor-
mance with impact testing requirements of the
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Table GR-2.1.2-1 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Column A

Design Minimum Temperature At or Above Min. Temp. in Table IX-1 or

. Column B
Fig. GR-2.1.2-1 Design Minimum Temperature
(b) Weld Metal and Heat Affected Below Min. Temp. in Table IX-1
Type of Materiat (@) Base Metat Zone (HAZ) [Note (1T of Fig. GR-Z.TR-1

1 Other carbon steels, low A-1 (a) No additional A-1 (b) Weld metal deposits shall be  B-1 Except as providediin Notes (2)
and intermediate alloy requirements impact tested per para. GR-2.1.3 if and (3), heat freat-base fetal per
steels, high alloy ferritic design min. temp. < —29°C applicable/ASTM specificption listed
steels, duplex stainless (~20°F), except as provided in in para. GR-2.1.3(b); ther} impact
steels Notes (2) and (3), and except as test base' metal, weld deposits, and

follows: for materials listed for HAZ per para. GR-2.1.3 [{ee Note
Curves C and D of Fig. GR-2.1.2-1, ()]. When materials are lised at
where corresponding welding con- design min. temp. below|the
sumables are qualified by impact assigned curve as permitted by

% testing at the design minimum tem- Notes (1) and (2) of Fig. BR-2.1.2-1,

jg perature or lower in accordafice weld deposits and HAZ shall be

g with the applicable AWS specifica- impact tested [see Note {1)].

° tion, additional testing is not

-l’.:’ required.

2 Austenitic stainless A-2 (a) If: A-2 (b) Weld“metal deposits shall be ~ B-2 Base metal and weld njetal depos-

steels (1) carbon content by analysis impact testéd per para. GR-2.1.3 if its shall be impact testeq per para.

> 0.1%, or desjgn min. temp. < —29°C (-20°F) GR-2.1.3. See Notes (1), [2), and (4).

(2) material is not in solution except as provided in para. GR-
heat treated condition, 271.2(b) and in Notes (2) and (4)

then impact test per para.

GR-2.1.3 for design min. temp:

< =29°C (-20°F) except as_pro-

vided in Notes (2) and"(4)

3 Aluminum, copper, A-3 (a) No additignal A-3 (b) No additional requirements B-3 Engineering design shajl be
nickel, and their alloys; requirements unless filler metal composition is assured by suitable tests|[see Note
unalloyed titanium outside the range for base metal (5)] that base metal, weldl deposits,

composition; then test per column and HAZ are suitable at the design
B-3 min. temp.
i)
S
E 4 An unlisted material shall_conform to a published specification. Where composition, heat treatment, and product form are comparable fto those of
g a listed material, requirements for the corresponding listed material shall be met. Other unlisted materials shall be qualified as requirdd in the
E applicable sectiontoficolumn B.
(72}
5
NOTHS:
(1) Impact-tests that meet the requirements of Table GR-2.1.1-1, which are performed as part of the weld procedure qualificatior], will sat-
igfyall reqwrements of para GR 2.1. 2(b) and need not be repeated for production welds.
2 N dnd the

stress ratio deﬁned in Flg GR 2.1.2-2 does not exceed 0.3 times S.

(3) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm
(0.098 in.). Under these conditions, the design minimum temperature shall not be less than the lower of —48°C (-=55°F) or the mini-
mum temperature for the material in Table IX-1A.

(4) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5 mm
(0.098 in.).

(5) Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), and/or other
tests, conducted at or below design minimum temperature. See also para. GR-2.1.3(d).
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Fig. GR-2.1.2-1 Minimum Temperatures Without Impact Testing for Carbon Steel Materials
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GENERAL INOTES:
(@) See Tgble IX-1A for designated curve for a listed material.
(b) See Tdble GR-2.1.2-2 for)tabular values.
(c) Any cdrbon steel material may be used to a minimum temperature of —29°C (-20°F).
NOTES:
(1) X grades of-ARIN5L, and ASTM A381 materials, may be used in accordance with Curve B if normalized or quenched and tempered.
(2) The following’materials may be used in accordance with Curve D if normalized:
(a) STM AGS16 plafo’ all gr:rioc

(b) ASTM A671 pipe, Grades CE55, CE60, and all grades made with ASTM A516 plate
(c) ASTM A672 pipe, Grades E55, E60, and all grades made with ASTM A516 plate
(3) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design mini-
mum temperature below —29°C (-20°F), except as provided in Table GR-2.1.2-1, A-3(b).

(4) Impact testing in accordance with para. GR-2.1.3(b) is required for any design minimum temperature below —48°C (-55°F), except as
permitted by Note (2) in Table GR-2.1.2-1.

(5) For blind flanges and blanks, T shall be ¥, of the flange thickness.
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Table GR-2.1.2-2 Tabular Values for Minimum Temperatures Without Impact Testing

for Carbon Steel Materials
Nominal _ Design Minimum Temperature
Thickness, T Curve A Curve B Curve C
[Note (5)] [Note (1)] [Note (2)] [Note (2)] Curve D

mm in. °C °F °C °F °C °F °C °F
6.4 n.'n: (\'_I' 1[ ’10.(\ 20, _/rO.’J LL _I'O.’.) _55

7.9 0.3125 -9.4 15 -28.9 -20 -48.3 -55 -48.3 -55
9.5 0.375 -9.4 15 -28.9 -20 -48.3 -55 -48.3 =55
10.0 0.394 -9.4 15 -28.9 -20 -48.3 -55 —48.3 -55
111 0.4375 -6.7 20 -28.9 -20 -41.7 —43 ~48.3 =55
12.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 -48.3 -55
14.3 0.5625 2.8 37 -21.7 -7 -35.0 -31 -45.6 -50
15.9 0.625 6.1 43 -16.7 2 -32.2 <26 -43.9 -47
17.5 0.6875 8.9 48 -12.8 9 -29.4 421 -41.7 —43
19.1 0.75 11.7 53 -9.4 15 -27.2 =17 -40.0 =40
20.6 0.8125 14.4 58 -6.7 20 -25.0 -13 -38.3 -37
22.2 0.875 16.7 62 -3.9 25 -23.3 -10 -36.7 =34
23.8 0.9375 18.3 65 -1.7 29 -21y7 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 ~19.4 -3 -34.4 -30
27.0 1.0625 22.2 72 2.2 36 -18.3 -1 -33.3 -28
28.6 1.125 23.9 75 3.9 39 -16.7 2 -32.2 -26
30.2 1.1875 25.0 77 5.6 42 -15.6 4 -30.6 -23
31.8 1.25 26.7 80 6.7 44 -14.4 6 -29.4 =21
33.3 1.3125 27.8 82 7.8 46 -13.3 8 -28.3 -19
34.9 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -18
36.5 1.4375 30.0 86 9:4 49 -11.1 12 -26.7 -16
38.1 1.5 31.1 88 106 51 -10.0 14 -25.6 -14
39.7 1.5625 32.2 90 11.7 53 -8.9 16 -25.0 -13
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.9 93 13.9 57 -7.2 19 -23.3 -10
44.5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
47.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
49.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -5
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
51.6 2.0325 37.8 100 17.8 64 -2.8 27 -19.4 -3
54.0 2.125 38.3 101 18.3 65 -2.2 28 -18.9 -2
55.6 2.1875 38.9 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 38.9 102 19.4 67 -1.1 30 -17.8 0
58.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 2
61.9 2.4375 40.6 105 21.1 70 0.6 33 -16.1 3
63.5 2.5 40.6 105 21.7 71 1.1 34 -15.6 4
65.1 2.5625 41.1 106 21.7 Z1 1.7 35 =150 5
66.7 2.625 41.7 107 22.8 73 2.2 36 -14.4 6
68.3 2.6875 41.7 107 22.8 73 2.8 37 -13.9 7
69.9 2.75 42.2 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 42.2 108 23.9 75 3.9 39 -13.3 8
73.0 2.875 42.8 109 24.4 76 4.4 40 -12.8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 43.3 110 25.0 77 5.0 41 -11.7 11

GENERAL NOTE:
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Fig. GR-2.1.2-2 Reduction in Minimum Design Metal Temperature Without Impact Testing
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GENERAL NOTES:
(@) The stfess ratio is definéd“as the maximum of the following:
(1) [hominal pressure stress (based on minimum pipe wall thickness less allowances) divided by S at the design minimum
tempefature.
(2) [for piping*¢omponents with pressure ratings, the pressure for the condition under consideration divided by the pressure rat|ng at

moments in the piping system shall be calculated using nominal dimensions and the stresses shall be calculated using section proper-
ties based on the nominal dimensions less corrosion, erosion, and mechanical allowances.
(b) Loadings coincident with the metal temperature under consideration shall be used in determining the stress ratio as defined above.
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Table GR-2.1.3-1 Impact Testing Requirements for Metals

Column A Column B
Materials Tested by the Manufacturer [Note (1)] Materials Not Tested by the Manufacturer or
Test or Those in Table GR-2.1.2-1 Requiring Impact Those Tested But Heat Treated During or After
—Characteristics fests Oty omWetds Fabrication
w»| Number of A-1 The greater of the number required by B-1 The number required by the.appliqable spec-
.f_g tests (@) the material specification or ification listed in para. GR-21.3(h
% (b) the applicable specification listed in para. [Note (2)]
= GR-2.1.3(b) [Note (2)]
f=
S Location and orientation A-2 As required by the applicable specification listed in para. GR-2.1.3(b).
a of specimens
[~
Tests by A-3 The manufacturer B-3 The fabyicator or erector
Test piece for prepara- A-4 One required for each welding procedure, for each type offiller metal (i.e., AWS E-XXXX|classifica-
tion of impact spec- tion), and for each flux to be used. Test pieces shall be”subjected to essentially the sane heat
imens treatment (including time at temperature or temperatures and cooling rate) as the erecfed piping

will have received.

Number of test pieces A-5 B-5

[Note (3)] (@) One piece, thickness T, for each range of (@ One piece from each lot of materigl in each
material thickness from 7/2 to T+ 6 mm specification and grade including heat treat-
Y, in) ment [Note (4)] unless

(b) Unless required by the enginegringsdesign, (b) Materials are qualified by the fabr|cator or

pieces need not be made from,each lot, nor erector as specified in sections B-] and B-2
from material for each job, provided that above, in which case the requiremlents of
welds have been tested @9 required by sec- section A-5 apply

tion 4 above, for the same type and grade
of material (or for.the same P-Number and
Group Number in BPV Code, Section IX),
and of the ,same thickness range, and that
records Of the tests are made available

Location and orientation 6
of specimens (@) Weld* metal: across the weld, with notch in the weld metal; notch axis shall be normal tp material
sutface, with one face of specimen < 1.5 mm (Y in.) from the material surface
(b)/Heat affected zone (HAZ): across the weld and long enough to locate notch in the HAZ hfter etch-

ing; notch axis shall be approximately normal to material surface and shall include as much as
possible of the HAZ in the fracture

Tests on Welds in Fabrication or Assembly

Tests by 7 The fabricator or erector

NOTE[S:

(1) A certified reportof impact tests performed (after being appropriately heat treated as required by Table GR-2.1.2-1, item B-3)| by the

manufacturér shall be obtained as evidence that the material (including any welds used in its manufacture) meets the requirpments of

this Code ‘and that

(a) (the'tests were conducted on specimens representative of the material delivered to and used by the fabricator or erectgr, or

(b)~the tests were conducted on specimens removed from test pieces of the material which received heat treatment separgtely in

tRe Same manner as the material Uncluding neat treatment by the manuracturer) S0 as to De representative of the fmished piping

(2) If welding is used in manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

(3) The test piece shall be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if required) per
para. GR-2.1.3. If this is not possible, preparation of additional test pieces is required.

(4) For purposes of this requirement, “lot” means the quantity of material described under the “Number of tests” provision of the specifica-
tion applicable to the product term (i.e., plate, pipe, etc.) listed in para. GR-2.1.3(b).
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specifications in the following table, except that specific
requirements of this Code that conflict with require-
ments of those specifications shall take precedence:

Product Form ASTM Spec. No.

Table GR-2.1.3-2 Charpy Impact Test
Temperature Reduction

Actual
Material Thickness

[See Para. GR-2.1.4(c)] Temperature
Pipe A333 or Charpy Impact Reduction
Tube A334 Specimen Width Below Design
Fittings A420 Along the Notch Minimum
Forgings A350 [Note (1)] Temperature
Fncf€ngc A352 T m T of
Bolting A320 ’
Plate A20 10 (full size 0.394 0 0
GENERAL NOTE: Titles of referenced standards not listed in the standard bar)
Specificatjons Index for Mandatory Appendix IX are as follows: 9 0.354 0 0
A20, Gengral Requirements for Steel Plates for Pressure Vessels, 8 0.315 0 0
and A370] Test Methods and Definitions for Mechanical Testing
of Steel Poducts. 7.5 (4 size bar) 0.295 2.8 5
7 0.276 4.4 8
(c) Tegt Specimens. Each set of impact test specimens 6.67 (% size ban 0.262 5.6 10
shall comsist of three specimen bars. All impact tests 6 0236 8.3 15
shall be made using standard 10 mm (0.394 in.) square 5 (Y, size bar) 0.197 11.1 20
cross seftion Charpy V-notch specimen bars, except 4 0.157 16.7 30
when the material shape or thickness does not permit. 3.33 (¥ size bap 0.131 19.4 35
Charpy mpact tests may be performed on specimens 3 0118 22. 40
of full material thickness, which may be machined to 2.5 (%, sizeshan 0:098 27.8 50

remove[surface irregularities. Alternatively, such

material| may be reduced in thickness to produce the GENERAL NOTE: These temperature reduction criteria do not fapply

largest |possible Charpy subsize specimen (see whenrTable GR-2.1.3-3 specifies lateral expansion for min|mum

Table GR-2.1.3-2). The test specimens shall be in the TL. ~ requived values.

directior]. If TL specimens cannot be obtained, then LT . NOTE:

specime hs may be used. (1) Straight line interpolation for intermediate values is perm{tted.
(d) Tedt Temperatures. For all Charpy impact tests, the

test temperature criteria in (1) and (2) below shall-be minimum temperature by an amount equal to the differ-

observed. The test specimens, as well as the-handling  ence (referring to Table GR-2.1.3-2) between the tenjper-

tongs, shall be cooled for a sufficient length ‘of'time to
reach the test temperature. Pipeline material may be

ature reduction corresponding to the actual matprial
thickness and the temperature reduction corresponding

tested agcording to Annex G in API/Specification 5L,  to the Charpy specimen width actually tested.
44th edifion, 2007. (e) Acceptance Criteria
(1) For Materials of ThicknessEqual to or Greater Than (1) Minimum Energy Requirements. Except for polt-

10 mm (
V-notch

.394 in.). Where the largest attainable Charpy
Epecimen has a width along the notch of at least

ing materials, the applicable minimum energy reqjiire-
ments for carbon and low alloy steels with spedified

8 mm (0315 in.), the Chafpy test using such a specimen minimum tensile strengths less than 656 MPa (95 ksi)
shall be[conducted at-a temperature not higher than  shall be those shown in Table GR-2.1.3-3.
the desipn minimum-temperature. Where the largest (2) Lateral Expansion Requirements. Other cafbon

possible|test speCimen has a width along the notch less
than 8 mum (05315 in.), the test shall be conducted at a
temperafure lower than the design minimum tempera-

and low alloy steels having specified minimum tepsile
strengths equal to or greater than 656 MPa (95 ksi), all
bolting materials, and all high alloy steels (P-Nos.|6, 7,

ture by hel amount shown in Table GR-2 1 3-2 for that
specimen width.

(2) For Materials With Thickness Less Than 10 mm
(0.394 in.). Where the largest attainable Charpy V-notch
specimen has a width along the notch of at least 80%
of the material thickness, the Charpy test of such a speci-
men shall be conducted at a temperature not higher than
the design minimum temperature. Where the largest
possible test specimen has a width along the notch of
less than 80% of the material thickness, the test shall
be conducted at a temperature lower than the design

24

and 8) shall have a lateral pypnnqinn nppncifp the dotch
of not less than 0.38 mm (0.015 in.) for all specimen
sizes. The lateral expansion is the increase in width of
the broken impact specimen over that of the unbroken
specimen measured on the compression side, parallel to
the line constituting the bottom of the V-notch (see
ASTM A370).

(3) Weld Impact Test Requirements. Where two base
metals having different required impact energy values
are joined by welding, the impact test energy require-
ments shall conform to the requirements of the base
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Table GR-2.1.3-3 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]
Other Than Fully

Fully Deoxidized

Specified Minimum Number of Specimens Ste—els W
Tensile Strength [Note (1)] J ft-lbf J ft-lbf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
NVinimum for 1 specimen T6 TO TO 7
Over 448 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over|517 but not including 656 MPa Average for 3 specimens 27 20
(99 ksi) Minimum for 1 specimen 20 15

656 MPa and over [Note (3)]

(b) Steels in P-Nos. 6, 7, and 8

Minimum for 3 specimens

Minimum for 3 specimens

Lateral Expansion

0.38 mm (0.015 in.)

0.38 mm (0.015 in.)

NOTHS:
ee para. GR-2.1.3(e)(4) for permissible retests.

olting over M 52, requirements of this Table shall apply.

material having a specified minimum tensile strength
mos} closely matching the specified minimumstensile
gth of the weld metal.

(4) Retests

(-a) For Absorbed Energy Criteria. When the aver-

the minimum valu€¢ pefmitted for a single speci-
, a retest of three @dditional specimens shall be
made. The value for.&ach of these retest specimens shall
equal or exceed fthe(réquired average value.

(-b) For_bLateral Expansion Criterion. If the value
of lafteral expansion for one specimen in a group of three
is below ©:38 mm (0.015 in.) but not below 0.25 mm
(0.01 in.),.and if the average value for three specimens

q

Hnergy values in this Table are for standard size specimens. For subsize specimgns, these values shall be multiplied by the rptio of the
gctual specimen width to that of a full-size specimen, 10 mm (0.394 in.).

Fpr bolting of this strength level in nominal sizes M 52 (2 in.) and underjxthe impact requirements of ASTM A320 may be applied. For

s

(-c) For Erratic Test Results. When an errdtic result
is caused by a defective specimen or there is unjcertainty
in the test procedure, a retest will be allowed,

GR-2.1.4 Fluid Service Requirements for Matgrials

(a) General. Requirements in para. GR-2.1.4|apply to
pressure-containing parts. They do not apply tp materi-
als used for supports, gaskets, packing, or bolting.

(b) Specific Material Considerations — Metals.| The fol-
lowing are some specific considerations that should be
evaluated when selecting certain metals in piping:

(1) Irons — Cast, Ductile, Malleable, and High Silicon
(14.5%). Due to their lack of ductility and their|sensitiv-
ity to thermal and mechanical shock, these matprials are
prohibited.

(2) Carbon Steel, and Low and Intermediate Alloy Steels

equ 1stor exceeds 038 mm (0.015 in). a retest of three
additional specimens may be made, each of which must
equal or exceed the specified minimum value of 0.38 mm
(0.015 in.). In the case of heat-treated materials, if the
required values are not obtained in the retest or if the
values in the initial test are below the minimum allowed
for retest, the material may be reheat treated and
retested. After reheat treatment, a set of three specimens
shall be made. For acceptance, the lateral expansion of
each of the specimens must equal or exceed the specified
minimum value of 0.38 mm (0.015 in.).

(-a) the possible conversion of carbides to graph-
ite during long-time exposure to temperatures above
427°C (800°F) of carbon steels, plain nickel steel, carbon-
manganese steel, manganese-vanadium steel, and
carbon-silicon steel

(-b) the possible conversion of carbides to graph-
ite during long-time exposure to temperatures above
468°C (875°F) of carbon-molybdenum steel, manga-
nese-molybdenum-vanadium steel, and chromium-
vanadium steel

25
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(-¢) the advantages of silicon-killed carbon steel
(0.1% silicon minimum) for temperatures above 482°C
(900°F)

(-d) the possibility of damage due to hydrogen
exposure at elevated temperature (see API RP 941)!

(-e) the possibility of sulfidation in the presence
of hydrogen sulfide at elevated temperatures

(3) High Alloy (Stainless) Steels

(-g)_the possibility of stress corrosion cracking

(-b) the compatibility with aluminum of thread
compounds used in aluminum threaded joints to pre-
vent seizing and galling.

(-c) the possibility of corrosion from concrete,
mortar, lime, plaster, or other alkaline materials used in
buildings or structures.

(-d) the susceptibility of Alloy Nos. 5083, 5086,
5154, and 5456 to exfoliation or intergranular attack, and
the upper temperature limit of 66°C (150°F) shown in

of austenitic stainless steels exposed to media such as
chloridey and other halides either internally or exter-
nally; thle latter can result from improper selection or
applicat{on of thermal insulation, or from use of marking
inks, paipts, labels, tapes, adhesives, and other accessory
materialp containing chlorides or other halides

Appendix IX to avoid such deterioration.
(6) Copper and Copper Alloys

(-a) the possibility of dezincification’of Hrass

alloys

(-b) the susceptibility to stresszcorrosion cragking

of copper-based alloys exposed to fluids such as anjmo-

(-p) the susceptibility to intergranular corrosion ~ nia or ammonium compounds
of austehitic stainless steels sensitized by exposure to (-c) the possibility of ufistable acetylide foyma-
temperdtures between 427°C and 871°C (800°F and  tion when exposed to acetylene
1,600°F)jas an example, stress corrosion cracking of sen- (7) Lead, Tin, and Lead=Tin Alloys. Shall not be fised

sitized rhetal at room temperature by polythionic acid
(reactior] of oxidizable sulfur compound, water, and air);
stabilizefl or low carbon grades may provide improved
resistande (see NACE RP0170)!

in hydrogen service,
(8) Titaniummgand-Titanium Alloys. The possibilify of
deterioration of titanium and its alloys exists.

(9) Zirconium and Zirconium Alloys. The possibility

(-f) the brittleness of ferritic stainless steels at  of deterioration of zirconium and zirconium alloys

room temperature after service at temperature above exists.
371°C (7P0°F) (10) Tantalum. Above 299°C (570°F), the possibility
(4) Nickel and Nickel Base Alloys of\reactivity of tantalum with all gases except the Jnert
(-) should be avoided due to hydrogen embrit- . cgases. Below 299°C (570°F), the possibility of embrjttle-
tlement foncerns ment of tantalum by nascent (monatomic) hydrogen (but
(-b) should be avoided in services where the not molecular hydrogen). Nascent hydrogen is prodjiced
material|can be susceptible to grain boundary atfack by galvanic action or as a product of corrosion by ceftain

(-1) nickel and nickel base alloys-10t con-
taining ¢hromium when exposed to small quantities of
sulfur afl temperatures above 316°C (600°F)
(-2) nickel base alloys contaifiif)g chromium at
temperdtures above 593°C (1,100%F) under reducing
conditiohs

(5) Nluminum and Aluminum Alloys
(-f) if welding or thermal cutting is performed
on alumfinum castings,the stress values in Mandatory
Appendix IX and( component ratings listed in
Table IP18.1.1-1 arésnot applicable. It is the engineering
design’sresponsibility to establish such stresses and rat-
ings conpistent\with the requirements of this Code.

chemicals.
(11) Metals With Enhanced Properties. The pospible
loss of strength, in a material whose properties have
been enhanced by heat treatment, during long-contifued
exposure to temperatures above its tempefing
temperature.
(12) Materials With Limited Service. The desirability

of specifying some degree of production impact testi
in addition to the weld procedure qualification fests,
when using materials with limited low-temperaturg ser-
vice experience below the minimum temperature sfated
in Table IX-2.
(c) Cladding and Lining Materials. Materials with
metallic cladding or metallic lining may be used in a¢cor-
dance with the following provisions:

! Titles of referenced documents are:

API RP 941, Steels for Hydrogen Service at Elevated
Temperatures and Pressures in Petroleum Refineries and
Petrochemical Plants

NACE MRO0175, Sulfide Stress-Cracking Resistant Metallic
Materials for Oil Field Equipment

NACE RP0170, Protection of Austenitic Stainless Steel in
Refineries Against Stress Corrosion Cracking by Use of
Neutralizing Solutions During Shutdown

NACE RP0472, Methods and Controls to Prevent In-Service
Cracking of Carbon Steel (P-1) Welds in Corrosive Petroleum
Refining Environments

26

(1) If piping components are made from integrally
clad plate conforming to ASTM A263, Corrosion-
Resisting Chromium Steel Clad Plate, Sheet, and Strip;
ASTM A264, Stainless Chromium-Nickel Steel Clad
Plate, Sheet, and Strip; or ASTM A265, Nickel and
Nickel-Base Alloy Clad Plate, Sheet, and Strip, pressure
design in accordance with rules in Chapter IP-3 may be
based upon the total thickness of base metal and clad-
ding after any allowance for corrosion has been
deducted, provided that both the base and cladding
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metals are acceptable for Code use under para. GR-2.1.1,
and provided that the clad plate has been shear tested
and meets all shear test requirements of the applicable
ASTM specification. The allowable stress for each mate-
rial (base and cladding) shall be taken from the tables
of Appendix IX or determined in accordance with the
rules in para. IP-2.2.6, provided, however, that the allow-
able stress used for the cladding portion of the design
thickness shall never be greater than the allowable stress

outer materials, and of any bond between them, shall
be considered.

(4) Fabrication by welding of clad or lined piping
components, and the inspection and testing of such com-
ponents, shall be done in accordance with applicable
provisions of the ASME BPV Code, Section VIII,
Division 1, UCL-30 through UCL-52, or the provisions of
Chapters IP-9 and IP-10, whichever are more stringent.

used for the base portion.

(2) For all other metallic clad or lined piping com-
ents, the base metal shall be an acceptable Code
rial as defined in para. GR-2.1.1 and the thickness
in pressure design in accordance with Chapter IP-3
shal] not include the thickness of the cladding or lining.
The pllowable stress used shall be that for the base metal
at the design temperature. For such components, the
cladding or lining may be any material that, in the judg-

Ppon
mat
used

GR-2-1-5 Deteriorationm of Matertats imServitg

Selection of material to resist deterioration ih service
isnot completely addressed in this CodeyItis the design-
er’s responsibility to select materidls suitabl¢ for the
fluid service. Recommendations based on expetfience are
presented for guidance im “para. GR-P2.1 and
Nonmandatory Appendix A,

mer|t of the engineering design, is suitable for the GR-2.2 JOINING AND AUXILIARY MATERIALS
intepded service and for the method of manufacture When selecting materials such as adhesives, cements,
and [assembly of the piping component. solvents, soldérs, brazing materials, packing, and

(3) Except for components designed in accordance
withl provisions of (c)(1) above, fluid service require-
menjts for materials stated in this Code shall not restrict

O-rings for-miaking or sealing joints, the designer shall
considertheir suitability for the intended servire. (Con-
sideration’ should also be given to the possib]e effects

theif use as cladding or lining in pipe or other compo-  of thejoining or auxiliary materials on the fluid han-
nenfs. Fluid service requirements for the outer material ~_dled.) In some applications, the fluid being|handled
(incjuding those for components and joints) shall govern, *contains nonhydrogen constituents, which shall be con-

except that temperature limitations of both inner and

sidered in the material selection.

27

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 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

Chapter GR-3
Welding, Brazing, Heat Treating, Forming, and Testing

GR-3.1 _GENERAI

This Chapter provides requirements for welding,
brazing, fheat treating, forming, and testing for all fabri-
cating anpd erection of piping components, in addition to

the requirements of Parts IP and PL, and the engineering
design.
GR-3.2 | WELDING AND BRAZING

The wplding and brazing requirements of this Chapter
shall apply to the construction of all weldments and
brazements for qualifications and production, in addi-
tion to the requirements of Parts IP and PL.

GR-3.2.1

See Chapter GR-2 for restrictions due to material com-
patibility with hydrogen process applications. Require-
ments fof welding and brazing processes, heat treatment,
and podtweld heat treatment shall be based on the
selected materials. Dissimilar material connections
involving welding or brazing of piping components or
attachmfents to those piping components shall bexas
required| by the engineering design.

GR-3.2.2
Each ¢onstruction organization (fabricator and erec-

tor) is r¢sponsible per ASME BPV Caode Section IX.

GR-3.2.3

The f
welding

Material Compatibility

Responsibility

Methods and Processes

llowing methods ar¢ acceptable for manual
and brazing, semiautomatic welding, and/or
mechanjzed welding ortbrazing. See Chapter GR-1,
ASME BPV Code Section IX para. QW/QB-492, and
AWS A3.0 for terms.and definitions.

(a) The manualwelding includes SMAW, GTAW, and

GR-3.2 4 Qualification Testi | Certificati
Requirements

The procedure specifications and personnekqualifica-

tions, testing, and certification shall conféorm tq the
requirements of this Chapter and the following:

(a) Part IP and ASME BPV Code-Section IX.

(b) Part PL and API Standard 1104 or ASME [BPV

Code Section IX. When weldets/or welding operators are
employed for compressor-station piping constructi¢n in
accordance with Part PIsefthis Code, their qualifications
shall have been based:on'the destructive mechanica] test
requirements of ASME BPV Code Section IX or|API
Standard 1104<Qualifications by nondestructive expmi-
nation (NDE) using the radiographic (RT) method, phall
be permitted when specified by the engineering depign.
The radiographic examination procedure and techniique
shall\imeet the requirements of ASME BPV (ode
Section V, Article 2 or API Standard 1104.|The
radiographic acceptance criteria shall meet the reqiire-
ments of ASME Section IX, para. QW-191.2 or|API
Standard 1104.

(c) Additional requirements of the engineefring
design.

GR-3.2.5 Method and Process Requirements

(a) All welding methods and processes shall indlude
the following requirements:
(1) Welding materials (see para. GR-3.3 for reqjiire-
ments applicable to welding materials).
(2) The requirements for preheating shall b per
para. GR-3.5 and Table GR-3.5-1, and as shown in} the
engineering design specification, and shall apply when
welding the test sample(s).

PAW prgcesses.
. . . (3) The requirements for PWHT shall be per para.
b) Th tomat 1d ludes GMAW and
FC( A)W i;fi:::l omatic welding fhctides an GR-3.6.1 and Table GR-3.6.1-1, and as shown in the ¢

ngi-

(c) The mechanized welding methods include pro-
grammed or operator-controlled functions.
(1) The processes with filler metal include GTAW,
GMAW, FCAW, PAW, and SAW.
(2) The processes without filler metal (autogenous)
shall be performed utilizing the GTAW or PAW process.
(d) Manual torch brazing.
(e) Additional welding or brazing processes may be
used when permitted by the engineering design or
owner.
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neering design specilication, and shall apply when post-
weld heat treating the test sample(s).

(4) When hardness testing is required by this Code
or the engineering design, those requirements shall be
met when qualifying WPS/PQR(s).

(5) When consumable inserts are used, their suit-
ability shall be demonstrated by a qualifying WPS/PQR.

(6) Shielding and backing gas used for welding
pipe joints shall be per ASME BPV Code Section II,
Part C, specification SFA-5.32.
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(7) Backing rings of ferrous or nonferrous material
are permitted, if allowed by the engineering design and
included in the supporting WPS/PQR(s).

(8) For procedure or performance qualification,
where the base metal will not withstand the 180 deg
guided bend required by ASME BPV Code Section IX,
a qualifying welded specimen is required to undergo
the same degree of bending as the base metal, within
5 deg.

(-a) stringer, weave bead, and oscillation shall be
identified.

(-b) orifice, cup, or nozzle size limits.

(-¢) oscillation rate, width, and dwell time limits.

(-d) the wire and travel speed limits. The allow-
able tolerance shall be as specified/qualified per
WPS/PQR.

(-e) all welds with filler material shall be multiple
passes per side. Autogenous welds without filler mate-

(b} The additional mandatory (essential) variables for
mechanized welding shall include the following:
(1) Joints. Weld joint details include backing, root
spading, and alignment.
(2) Welding With Addition of Filler Metal. Joint
desipns for tubing or pipe shall be groove welds (single
vee,|double vee, or U) or fillet and socket weld joints.
(3) Welding Without Filler Metal (Autogenous
Welding). Weld joint geometry shall be square-butt sin-
gle yelded.
(4) Base Metals. Material specification, standard,
P-Np., subgroup number, and actual base metal thick-
nesq limits shall be supported by the PQR. For autoge-
nou$ welding of P-8 materials where two heats with
diffdring sulfur content (> 0.005%) are to be joined, con-
sultfNonmandatory Appendix A, para. A-3.1.2, for
guidance.
(6) Filler Metals. Filler metal shall conform to the
reqyirements of ASME BPV Code Section II, Part C and
Sectjon IX, or to a proprietary specification agreed\to
between the employing contractor and owner. Fillermet-
als thay be in the form of welding wire (solid, or cored)
or cpnsumable inserts.
(-a) diameter range of filler wire or consumable
inseft configuration

(-b) a change from one AWS:classification (per
404.12) of filler metal to anpther or to a proprietary
metal

(-c) each designated-~flux for SAW
(6) Gas. Each type(or nominal composition of the
inerf gas used for shielding or plasma shall be docu-
mernted in the WPS/and supported by a PQR. Backing
gas phall be used.in accordance with ASME BPV Code
Sectjon II, Part\C, specification SFA-5.32.
(7) Electvical Characteristics

(*a)) the welding current/polarity, actual amper-
age pnd voltage, pulse control, and interpass tempera-

QW
fille

rial shall be limited to a single pass.
(-f) single electrode per torch (single or dual torch
usage).
(-g) mechanized weldingf functiorn}s (pro-
grammed or operator control) shall be suppprted by
the PQR.
(c) All brazing methods and processes shal
the following requiremeits;

(1) Base Metals. Fheselected material spedification,
P-No., and subgroup.number for the BPS shall be sup-
ported by the PQR with the same material spedification,
P-No., and subgroup number.

(2) Brazing Materials. Limited to a melting
ature above’538°C (1,000°F). Filler wire shal
placedvor hand (face) fed. The product form
(filléx)“shall not be permitted. (See para. GR
brazing materials requirements.)

(3) Brazing Flux and Gas. Flux shall be limited to the
type specified /qualified per BPS/PQR. Fuel gap shall be
limited to the type specified/qualified per BPp/PQR.

(4) Temperature of Brazing Cycle and Flux. The braz-
ing cycle temperature shall be limited to a maxyimum of
871°C (1,600°F). The flux selection shall be pctive at
149°C (300°F) above the maximum filler metal [liquidus.
The temperatures shall be specified/qualiffied per
BPS/PQR.

(5) Brazing Joint Detail. The type of brazing joint
detail shall be limited to the type specified/fualified
per BPS/PQR, which shall be representative of the pro-
duction brazement. For details, see Fig. GR-3.3-1.

(6) Precleaning Method. Shall be limited tof the type
specified/qualified method per BPS/PQR.

(7) Internal Purging. Shall be limited to ipert gas.
The type shall be specified/qualified per BPS/POR.

(8) Postbraze Cleaning. Shall be limited to the
method specified/qualified per BPS/PQR.

(9) Posthraze Heat Treatment Shall be pcrformed

include

temper-
be pre-
of paste
3.3.4 for

ture. The allowable tolerance shall be as specified/
qualified per WPS/PQR.

(-b) tungsten electrodes in accordance with
ASME BPV Code Section II, Part C, specification
SFA-5.12 shall be limited to classification, shape (tip
angle and flat size), and type documented on the PQR.

(-c) arc gap control (tip to work distance).

(-d) control arc start (initiation) and stop
(termination).

(8) Technique
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when specified by the engineering design. Postbraze
heat treatment shall be limited to the type specified/
qualified method per BPS/PQR.

(10) Brazements included in a piping system that
is subjected to a temperature 538°C (1,000°F) and greater
shall require tests in addition to those of ASME BPV
Code Section IX. These tests shall be considered a part
of the qualification procedure for such design tempera-
tures. Two tension tests on production type joints are
required, one at the design temperature and one at 1.05T
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(where T is the design temperature in degrees
Fahrenheit). Neither of these production-type joints shall
fail in the braze metal.

(11) For procedure or performance qualification
of test specimens, testing shall be as required per
ASME BPV Code Section IX.

GR-3.2.6 Procedure Qualification by Others

(a) Welding procedures for manual and semiauto-

has satisfactorily passed a performance qualification test
using the designated BPS.

GR-3.2.7 Performance Qualification by Others

(a) Welder (manual and semiautomatic) performance
qualification made for or by another construction orga-
nization may be accepted subject to the approval of the
Inspector. The Inspector shall be satisfied that

matic welding qualified by others may be used subject
to the approval of the Inspector, provided that the fol-
lowing donditions are met:

(1) —acceptarnce 15 Hmited to quatification o piping
using the same or equivalent WPS, wherein theessential
variables are within the limits in the Qualifyihg Cpde

(1) [The Inspector shall be satisfied that (2) the construction organization shall have

(-h) welding procedures and their qualifications obtained a copy from the previous constriiction organi-

meet thq requirements of the qualifying Code zation of the performance qualification test redord,
(-h) construction organizations participating in ~ Showing the name of the consttuetion organization,

the interphange have a Quality Control System/Quality name of the welder, procedute, identification, date of

Assuranfe Program that describes the operational con-
trol of WPS development and procedure qualifications

(-f) the construction organization has adopted
the WPS
(-f1) the construction organization has not made
any chamge in the welding procedure

successful qualification, and.the date that the individual
last used the procedure orpressure piping
(3) the welding ¢processes are limited to SMAW,
GMAW, FCAW, GTAW, or a combination thereof
(4) by certifying signature, the construction organi-
zation accepts’responsibility for both the welder quhlifi-

(2) [The welding processes are limited to SMAW,  cation and\the qualification record (WPQR)
GMAW, [FCAW, GTAW, or a combination thereof. (5) ‘eonstruction organizations participating i the
(3) By certifying signature, the construction organi-  interchange have a Quality Control System/Quhlity
zation agcepts responsibility for both the WPS and the ~ Assurance Program that describes the operational [con-
POR. trol of welder qualifications, testing, certification, cpnti-
(4) The construction organization has at least one . \“ nuity, and record maintenance.

currently employed welder or welding operator who;
while infits employ, has satisfactorily passed a performi-
ance qualification test using the designated WPS.

(b) Mé¢chanized welding procedure qualifications by
others afe not allowed.

(c) Brazing procedures for the manualkmethod quali-
fied by ¢thers may be used subjectto-the approval of
the Inspector, provided that the-following conditions
are met:

(b) Welder operator qualifications for mechaniz¢d or
automatic welding by others shall not be allowed,
(c) Brazer (manual) performance qualification made
for or by another construction organization may befsub-
ject to approval by the Inspector. The Inspector shdll be
satisfied that
(1) acceptance is limited to qualification on piping
using the same or equivalent BPS, wherein the essential

(1) [The Inspector shalldba satisfied that variables are within the limits in the qualifying C¢de
(-f) brazing procedures and their qualifications ,(2) the construction or'gamzatlon ghall ave
meet thq requiremengs$the qualifying Code obtained a copy from the previous construction organi-
(-h) construcida organizations participating in zation of the performance qualification test reqord,

the interfhange Have a Quality Control System/Quality

Assuranfe Pregram that describes the operational con-

trol of BPS_dévelopment and procedure qualifications
(-£)the construction organization has adopted

showing the name of the construction organization,
name of the brazer, procedure identification, date of
successful qualification, and the date that the individual
last used the procedure on pressure piping

the BPS
(-d) the construction organization has not made
any change in the brazing procedure

(2) The brazing process(es) and method are limited
to silver filler metal/manual torch brazing.

(3) By certifying signature, the construction organi-
zation accepts responsibility for both the BPS and the
PQR.

(4) The construction organization has at least one
currently employed brazer who, while in its employ,

30

(3) the brazing process(es) and method are limited
to silver filler metal/manual torch brazing

(4) by certifying signature, the construction organi-
zation accepts responsibility for both the brazer qualifi-
cation and the qualification record (BPQR)

(5) all construction organizations participating in
the interchange have a Quality Control System/Quality
Assurance Program that describes the operational con-
trol of brazer qualifications, testing, certification, conti-
nuity, and record maintenance
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GR-3.2.8 Welder Operator Qualifications

Welder operator qualifications with or without filler
material (autogenous welding) shall be limited to the
mechanized WPS/PQR and ASME BPV Code Section
IX, or API Standard 1104. Three consecutive, acceptable
samples shall be required to support welder operator
qualification testing.

GR-3.2.9 Welding and Brazing Records

members are austenitic, the satisfactory use of such
materials shall be demonstrated by a welding procedure
qualified as required by para. GR-3.2.4.

(c) Nonferrous Backing Rings. Backing rings of nonfer-
rous material may be used, provided the engineering
design approves their use and the welding procedure
using them is qualified as required by para. GR-3.2.4.
Nonmetallic backing shall be prohibited.

(d) Backing rings shall be solid, formed, or machined,

(a) Each construction organization shall maintain
doctimented records of the following;:
(1) WPS(s)/BPS(s) and PQR(s) for the duration of
use
(2) performance qualifications of the welders,
brazers, and welding operators
(3) dates and test results of procedure and perform-
qualifications
(4) unique identification of the WPS/BPS/PQR
(5) identification number or symbol assigned to
welder and welding operator
(6) identification of the production weldment or
brazement and the personnel who performed the weld-
ing pr brazing

(b} Records shall be made available to the Inspector.

GR

Welder, brazer, or welding operator requalification
test$ for the welding or brazing process(es) shall-be
required if the welder, brazer, or welding operator isnot
engdged in a given process of welding or brazihg for
6 m¢nths or more. Requalification for each process shall
be pgerformed in accordance with the qualifying code,
ASME BPV Code Section IX or API Standard 1104.

thei

ancg

each

3.2.10 Requalification Requirements

GI:[.B WELDING AND BRAZING MATERIALS

e requirements for qualifications and construction
of weldments and brazeméntsof piping components are
proyided below.

GR-3.3.1 Electrodés-and Filler Metal

Electrodes_and’filler metal shall conform to the
requirements,of ASME BPV Code Section II, Part C. An

which may be of the flat or tapered design. [Refer to
PFI Standard ES-1.)
GR-3.3.3 Consumable Inserts

Consumable inserts may be used, provided|they are

of the same nominal composition as the filler metal and
will not cause detrimental alloying of the supsequent
weld deposit. The welding/rocedure using corjsumable
inserts shall be qualifiéd as required by para. GR-3.2.4.
The consumable insert shall be used for welding the
root pass of butt welded pipe components fequiring
complete weld Yjoint penetration (CWJP) utiljzing the
GTAW or PAW processes.

GR-3.3:4 “Brazing Materials

Brazing materials shall conform to the requirements
of ASME BPV Code Section II, Part C, except fof brazing
material not yet incorporated into Section II, P4rt C that
may be used with the owner’s approval if a procedure
qualification test is successfully made.

GR-3.4 CONSTRUCTION OF WELDMENTS

(a) The construction of weldments shall indlude the
following;:
(1) weld joint connections for piping comnfponents

(2) weld metal buildup and weld repairs

(3) qualification of procedures, welders, ahd weld-

ing operators
(b) Weldments for fabrication and erection|shall be
made in accordance with a qualified procedure and by
qualified welders or welding operators.
(c) Each qualified welder and welding operator shall
be assigned a unique identification symbo]. Unless

elecfrode orfiller metal not yetincorporated in SectionIl, ~ otherwise specified in the engineering design, each
Part| C_may be used with the owner’s approval if a  pressure-containing weld or adjacent area|shall be
prodeduire qualification test is first successfully made marked with the identification symbol of the Wwelder or

(See Nonmandatory Appendix A of ASME B31.12.)
GR-3.3.2 Weld Backing Material

When backing rings are used, they shall conform to
the following;:

(a) Ferrous Metal Backing Rings. These shall be of
weldable quality. Sulfur content shall not exceed 0.05%.

(b) If two abutting surfaces are to be welded to a third
member used as a backing ring, and one or two of the
three members are ferritic and the other member or
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welding operator. In lieu of marking the weld, appro-
priate records shall be filed.

(d) Welding shall not be performed when the temper-
ature of the metal surface within 305 mm (12 in.) of the
point of welding in all directions is lower than 16°C
(60°F). The work area and surfaces to be welded shall
be protected from wind and moisture conditions caused
by ice, rain, snow, and running or standing water.

(e) For preheat, see para. GR-3.5 in addition to the
specific requirements of Parts IP and PL.
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(f) For postweld heat treat, see para. GR-3.6 in addi-
tion to the specific requirements of Parts IP and PL.

(g) Peening is prohibited for all weldments, including
weld metal buildup and repairs.

(h) Valve end connections requiring welding, preheat
or postweld heat treatment procedures, or both shall
preserve the seat tightness of the valve.

(i) Thermal arc, fuel cutting, and fuel heating pro-
cesses shall be allowed. Oxyacetylene cutting shall be

(2) Thermal cutting or fuel cutting for end prepara-
tion is acceptable if the surface is reasonably smooth,
true, and free of slag. The thermal cutting shall be fol-
lowed by mechanical preparation to achieve the final
weld joint end detail. Discoloration (oxidation)
remaining from the cutting method shall be removed.

(b) Alignment for Welding

(1) Alignment shall be maintained in accordance

with the WPS. See Nonmandatory Appendix A,

restrictedl to carbon steel materials.

GR-3.4.1 Welding Repairs

Welding repairs shall be made using a welding proce-
dure qualified in accordance with para. GR-3.2.4. The
WPS and supporting qualifications shall be as permitted
by the gngineering design. Welding repairs shall be
made by welders or welding operators qualified in
accordafice with para. GR-3.2.4. Preheating and heat
treatmerft shall be as required for the original weldment,
base material, or specified WPS. For the original weld-
ment, babe material shall be as required by the applicable

contour and dimension from that specified by,
is not permitted.

eld metal buildup shall be allowed whien
restoring the specified nominal thickness of pipe compo-
nents or|attachments. Weld metal buildup shall not be
allowed fo increase thickness or to alter alignment. Com-
pleted weld metal buildup shall be examined by a volu-
metric njethod. All weld buildup shall be as permitted
by the ephgineering design.

(b) Babe metal repairs shall.be blended uniformly into
the surrpunding surface. Weld metal buildup used to
restore the weld end detail\shall be machined uniformly
tour of the(pipe component. Repairs of weld-
ments shall be blended uniformly to the required weld
reinforcgment.

(c) Adqceptance of all weld repairs shall be in accor-
dance wjithsthe requirements of Part IP or PL.

para. A-3.7 for guidance on alignment of welds supject
to cyclic service.
(2) Tack welds shall be made with thé filler

or welding operator. Tack welds shall, be remov
fused within the root pass weld. Permanent tack
shall be examined visually for défects and, if fourd to
be defective, shall be removed{ All bridge tacks shdll be
removed prior to welding the root pass or subsequent
deposit.

(c) Circumferential Autogenous Butt Welds. Prepardtion
and alignment shall be specified in the WPS suppdrted
by the POR as‘follows: The ends to be welded shalll be
prepared by machining or facing to provide an extepded
land or, a‘square end that meets the requirements of
Fig. GR-3:4.3-1 and Fig. GR-3.4.3-2.

(@)X Circumferential Groove Butt Welds

(1) End preparation for groove welds shall be s
fied in the WPS.

(2) Pipe component ends shall be trimmed as
shown in Fig. GR-3.4.3-3 and Fig. GR-3.4.3-5 to cojrect
internal misalignment. Such trimming shall not refluce
the finished wall thickness below the required minithum
wall thickness, t,,. To fit backing rings, see Fig. GR-3.1.3-6
and Fig. GR-3.4.3-7, or for consumable inserts| see
Fig. GR-3.4.3-8.

(3) Pipe component ends may be bored to allow
for a completely recessed backing ring, provided the
remaining net thickness of the finished ends is nof less
than t,,.

(4) It is permissible to size pipe ends of the ame
nominal size to improve alignment if wall thickiness
requirements are maintained.

(5) When a butt or miter groove weld joins [pipe
component ends of unequal wall thickness and ope is
more than 1% times the thickness of the other, end plepa-

beci-

GR-3.4.2 Cleaning of Component Surfaces

Internal and external surfaces to be thermally cut or
welded shall be cleaned to remove paint, oil, rust, scale,
grease, slag, oxides, and other deleterious material that
would be detrimental to the base metal.

GR-3.4.3 Joint Preparation and Alignment

(a) Preparation of Pipe Component Ends
(1) Mechanical cutting and machining methods are
acceptable.
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ration and geometry shall be in accordance with accept-
able designs for unequal wall thickness in ASME B16.25
and ASME B16.5.

(6) Buttweld fittings manufactured in accordance
with ASME B16.9 may be trimmed to produce an angular
joint offset in their connections to pipe or other buttweld
tittings without being subject to design qualifications in
accordance with para. IP-3.8.2, provided the total angu-
lar offset produced between the two jointed parts does
not exceed 3 deg.
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Fig. GR-3.4.3-1 Geometry of Weld Joint Detail Single Vee Groove Butt With Extended Land

Included
Bevel angle
angle
Radius \(
/__ Pipe wall
thickness
L
A
Root opening —|<—

Fig. GR-3.4.3-2 Geometry of Weld Joint Detail Square Butt Weld

Y

= [ =
Root opening —>|<— f
Pipe wall
thickness

Fig. GR-3.4.3-3 Unequal Pipe Component Thicknesses, Thicker Components Bored for Alignment

Included Bevel angle

\</ angle

/
K
f < s
¢

L Permitted Round / .\
misalignment corner N
o 30 deg max.

Fig. GR3:4.3-4 Geometry of Weld Joint Detail Single Vee Groove Butt, Open Root

Included Bevel angle

N\ Vs ¢

= \ ‘/ Pi;;ej v'\(/all
thickness
/¥ |

Root opening _>‘ ‘4_ L Face thickness
of land
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Fig. GR-3.4.3-5 Unequal Pipe Component Thicknesses, Thicker Components Taper-Bored to Align

Included Bevel angle

angle

\ f
T < s

\ t
o C ¢
L Permitted \*

misalignment F 30 deg max.

Fig| GR-3.4.3-6 Geometry of Weld Joint Detail Single Vee Groove Butt, Continuous Flat Backing Ring

Included Bevel angle
angle

‘
%Pipe wall

thickness 19 mm

¢ |<_ (3/4 in. _>| 5 mm
Root opening—/ V ) L Face thickness :\\I (316 in.)

of land 2 Break
Backing ring corners

N

Fig. GR-3.4.3-7 Geometry of Weld Joint Detail Single Vee Groove Butt, Continuous Tapered Backing Ring

Included Bevel angle

( angle

2 <~ Pipe wall 19 mm 5 mm
| 4 thickness |<_(3/4 in.) > (%16 in.)
L) Y
Root openingj 4 Face thickness
T_ ~ ofland L Break A
Backing ring corners
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Fig. GR-3.4.3-8 Geometry of Weld Joint Detail Single Vee Groove Butt, Consumable Insert

Included

angle Bevel angle
Radius \*/
T 3mm (Ygin.) x 4 mm (%3, in.)
with slight radius on edges
/ /__ Pipe wall —>|W|<—

thickness O_:i

) -

) Y *

r

Consumable insert

Fig. GR-3.4.3-9 Preparation and Alignment of Pipe Branch to Pipe Header Connection

SFA-5.30 Class 5 inserts

—>Tb<—
g e !
\ m
TR

(7) Inside surfaces of pipe component ends to be
joingd in butt or miter groove welds _shall be aligned
witlfin the dimensional limits in~the WPS and engi-
neetrfing design.

(8) If the external surfaces of the pipe components
are fpot aligned, the weld shall'be tapered between them.
(e} Longitudinal Welds.)End preparation and align-
ment of longitudinal‘gtoove welds shall conform to the
reqiirements of para."GR-3.4.3(d).

(f} Branch Connection Welds

(1) Branghconnections that abut the outside surface
of tHe runspipe shall be contoured for groove welds that
mee} theZWPS requirements (see Fig. GR-3.4.3-9).

g = root gap-per welding specification .
m = the,Jésser of 3.2 mm ('/gin.) or 0.5 T,

GR-3.4.4 Welding of Circumferential Joints

(a) Circumferential butt welds of pipe components
with the addition of filler metal shall be complete weld
joint penetration welds; shall be made with a sihgle vee,
double vee, or other suitable type of groove details; and
may include backing rings, consumable inser{s, or the
open root condition. Complete weld joint pepetration
for groove welds includes the depth of beyel, root
penetration, plus the required I.D. and O.D. reinforce-
ment. The geometry of weld deposit for single vee
groove butt/open root is shown in Fig. GR-3.4.4-1.

(b) The in-process weld deposit cleaning shall include
the removal of all slag, oxides, and other deleterious

(2) Run Qpenings. for branch connections shall not
deviate from the required contour more than m. In no
case shall deviations of the shape of the opening cause
the root spacing tolerance limits of the WPS to be
exceeded. The addition of weld metal to correct the
shape of the opening or the root spacing tolerance
requires a qualified weld repair procedure, approved by
the engineering design. See para. GR-3.4.1.

(3) Connections that require the pipe branch to pen-
etrate into the pipe header shall not be permitted unless
approved by the engineering design.

materials to prevent inclusion of impurities in the weld
deposit.

(c) The method and extent of cleaning and removal
shall be determined based on the specified base material
and weld metal. The method of cleaning or removal
shall not be detrimental to the base material or weld
deposit.

(d) Root pass welding of circumferential butt welds
without the addition of filler material (autogenous) shall
be done utilizing GTAW or PAW processes, mechanized
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Fig. GR-3.4.4-1 Geometry of Weld Deposit Single Vee Groove Butt, Open Root

0.D. weld reinforcement

¢ Weld cover pass(es)

!

Pipe wall
thickness

{

Weld fill

pass(es) %

or manu
processe
the weld

(e) Th
with a ¥
done uti

i
~N— Weld root

T\ T_ pass(es)
I.D. weld

reinforcement

Fig. GR-3.4.4-2 Geometry of Weld Deposit Root Single Vee Groove Butt With Extended Land
(Without Filler Metal)

Included

\( angle

Bevel angle

Radius

f

pe wall
thickness

Y

‘%Pi

Sl

Root opening

Fig. GR-3.4.4-3 Geometry of Weld Deposit Square Butt End (Without Filler Metal)

Y
!

Pipe wall
thickness

e 7

Rogtiepening —>|<—

=

b1, along with théseombination of other welding

5 with the addition of filler material to complete
joint (see_Fig/GR-3.4.4-2).

e welding of pipe components (pipe or tube)

vall thickness maximum of 0.156 in. shall be

izing GTAW or PAW processes, mechanized or

The weld shall form a gradual transition not excee
a slope of 30 deg from the smaller to the larger dian|
component. This condition may be met by the add
of weld buildup, if necessary, beyond what would o
wise be the edge of the weld.

(b) Welding of Higher Strength Pipe to Welding

ding
eter
tion

her-

Neck

manual,

without the addition of filler metal (autogenous Elanges With Unequal Thicknesses

welding) (see Fig. GR-3.4.4-3). See Nonmandatory
Appendix A for autogenous weld quality criteria.

GR-3.4.5 Weld End Transition

(1) When the materials joined have equal SMYS,
there shall be no restriction on the minimum slope.

(2) Neither pipe component thickness nor their

sum, f; + t,, shall exceed 0.5¢.

(a) Pipe Component Diameters and Wall Thickness.
When pipe components with different outside diameters
or wall thicknesses are welded together, the welding
end of the component with the larger outside diameter
shall fall within the envelope defined by solid lines in
Fig. GR-3.4.5-1.

(3) When the SMYS of the sections to be joined are
unequal, the value of tp shall at least equal the mating
wall thickness times the ratio of SMYS of the pipe to
SMYS of the flange.

(4) Welding shall be in accordance with the speci-
fied WPS.
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Fig. GR-3.4.5-1 Welding End Transition — Maximum Envelope

1.5tmin ——>

L )
Note (1) L —Radius = 0.05tqin

Outside

45 deg max. |_—Radius = 0.05¢m,

Note (2
30 deg max. 2

~

~ \[Note (3)

N ~ \
S e Pipe Side
Component or Fitting \\ T 'f [ P
\ II thom Imin Maximum [Note (4)]
\\ Minimum 1.0tpin

30 deg max.‘\‘ Pid
-

7
7
Note (5)
\ Maximum
Inside I\ slope 1:3
| ; .
Note (1) | Radius > 0,05¢in

1
Inside . .
2t din transition region —
NOTHS:

(1) Where transitions using maximum slope do not intersect inside or outside surface, as shown by phantom outlines, maximum| slopes
shown or alternate radiizshall be used.

(2) Weld bevel shown jsyferillustration only.

(3) The weld reinforeenient permitted by Table GR-3.4.6-1 may lie outside the maximum envelope.
(4) The maximum_thickness at the end of the component is

(a) the greater of tyi, + 4 mm (0.16 in.) or 1.15ty,;, when ordered on a minimum wall basis
(b) thelgreater of ty, + 4 mm (0.16 in.) or 1.10t,,, When ordered on a nominal wall basis
(5) The valte' of t.;, is whichever of the following is applicable:

(@)"the minimum ordered wall thickness of the pipe

(b) 0.875 times the nominal wall thickness of pipe ordered to a pipe schedule wall thickness that has an undertolerance of 12.5%
(¢) the minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the
joint is between two components
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(c) Requirements for Components Having Unequal
Thicknesses, Unequal Strengths, or Both

Table GR-3.4.6-1 Weld Reinforcement

Wall Thickness, T,, mm (in.)

Height, mm (in.)

(1) When the SMYSs of the sections to be joined [Note (1)] [Note (2)]
are unequal, the deposited weld metal shall have a mini-
mum yield strength at least equal to the SMYS of the <6 (1/4) ) < 1-51(1/16)
section having the higher strength. > ?3( (/é/) )anddilis( (/i; i z 543))
(2) Sharp notches or grooves at the edge of the weld z 25 (1)2 and= s (322)

where it joins a slanted surface shall be avoided.
(3) For joining unequal thicknesses of equal SMYS,

NOTES:

the rules|given herein apply, except there is no minimum
angle lirhit to the taper.
(4) The maximum thickness, tp, for design pur-
poses shiall not be greater than 1.5¢.
(d) Raquirements to Components With Unequal Inside
Diameterp

(1) T, is the nominal wall thickness of the thinner of two
components joined by a butt weld.

For all butt groove welds (single and double), height)is th
lesser of the measurements made from the surfaces of th
adjacent components; for single groove welds, k:D.
reinforcement (internal protrusion) is included in a weld
(Fig. GR-3.4.4-1). The minimum weld_reinforcement 0.D. 0|

@

0D

(1) For components that will operate in pipelines shall be flush to the adjoining surfaces. For fillet welds and
(Part PL) at hoop stresses of less than 20% of the SMYS, added reinforcement to nonbutt{groove welds, height is
if the nominal wall thicknesses of the adjoining ends do measured from the theoretical.throat (Fig. GR-3.4.7-1); intprnal
not vary[more than 3.2 mm (% in.), no special treatment protrusion does not apply.

is necesspry, provided the joint design meets the require-

ment of the WPS.

(2) For components that will operate in pipelines  design. Height/0f reinforcement or internal protrysion
(Part PL) at hoop stresses of 20% or more than the SMYS, [see Table GR*34.6-1, Note (2)] in any plane thrgugh
and for gll components in piping (Part IP), if the nominal ~ the weld shall be within the limits of the applidable
wall thidkness of the adjoining ends does not vary more  height ¥alue in the table. Weld metal shall mprge
than 2.4|mm (%, in.), no special treatment is necessary, smopthly into the component surfaces.
provided the joint design meets the requirement of the The completed weld reinforcement shall meet th¢ fol-
WPS. Where the nominal internal offset is more than _Jewing quality conditions:

24 mm % in.) apd there is no access to the inside of (a) When welding pipe component connections| the

the pipe|for welding, the transition shall be made by@,  surface of the weld shall, as a minimum, be flush ith

taper cuf on the inside end of the thicker section, The  the outer surface of pipe components.

taper a l? shall not be greater thar} 30 deg. . (b) As-welded surfaces are permitted; however the
(e) Reguirements to Components With Unequal)Outside  surface of welds shall be sufficiently free from cdarse

Diamete ripples, grooves, overlaps, abrupt ridges, and valleys to

(1) Where the external offset does-not exceed one- meet the following:
half of the thinn.er section, the trapsition may be made (1) The surface condition of the finished weld phall
by welding, provided the angle of rise of the weld surface b suitable for the proper interpretation of the inspegtion

half of the thinner sectiom;-that portion of the offset over

and nondestructive examinations. In those cases wihere
there is a question regarding the evaluatjon/
interpretation, the actual weld surface condition phall
be compared for verification.

Ut shall be tapered-as shown in Fig. GR-3.4.5-1. (2) Undercuts shall not exceed 1.0 mm (%, in.) and
(f) CopnponentDiameters. For components with both  shall not encroach on the minimum required pipe fom-

unequal|inside diameters and unequal outside diame- ponent thickness.

ters, the joint-design shall provide the proper weld tran- (3) If the surface of the weld requires grindirg to

sition wjithin the maximum envelope for the outside meet the above criteria. care shall be taken to awvoid

diameters. For the inside diameters, the joint design
shall be machined to allow for the proper transition as
shown in Fig. GR-3.4.5-1. Particular attention must be
paid to proper alignment under these conditions. Weld
metal buildup shall not be applied to achieve the internal
transition.

GR-3.4.6 Weld Reinforcement

Weld reinforcement shall be in accordance with
Table GR-3.4.6-1 unless altered by the engineering

38

reducing the weld or base material below the minimum
required thickness.

(c) Concavity on the root side of a single welded cir-
cumferential butt weld is permitted when the resulting
thickness of the weld is at least equal to the thickness
of the thinner member of the two sections being joined
and the contour of the concavity is smooth without sharp
edges. The internal condition of the root surface of a
circumferential weld, which has been examined by radi-
ography, is acceptable only when there is gradual change
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Fig. GR-3.4.6-1 Geometry of Weld Deposit S

Max. 4 mm (%/3,

Weld size not less than
minimum thickness

ingle Vee Groove Butt, Open Root With Concavity

0.D. weld reinforcement

in.)

¢ Weld cover pass(es)

4

Pipe wall
thickness

Weld fill

pass(es) <—

\

surface of pipe

Surface of
perpendicular

/— member j

Inside surface of the weld
preparation and outside

Fig. GR-3.4.7-1

— Concavity

Internal condition of the root
surface concavity; contour is
smooth without sharp edges

Fillet Weld Size
Surface af

/__ perpendicular

member

O

Convex Concave Conyex N Cor|cave
. fillet weld . fillet weld fillet weld fillet weld
Siz Size of
W weld
Surface of Surface of
horizontal + [— horizontal \ \ \
member }) { } { member } ) {

Theoretical throat

Equal Leg Fillet Weld [Note (1)]

Theoretical throat

Unequal Leg Fillet Weld [Note (2)]

NOTHS:
(1) The size of an equal leg fillet weld is the leg length of the largest inscribed isosceles right triangle (theoretical throat = 0.7¢07 X size).
(2) The size of an unequal leg fillet weld is the leg length of the largest right triangle that can be inscribed within the weld crosg section
[e.g., 13 mm x 19 mm (% in. x ¥, in)].
in the density, as indicated in the-radiograph (see connected directly to the run pipe. The illustrations are
Fig.|GR-3.4.6-1). typical and are not intended to exclude acceptable types
] . of construction not shown.
GR-3.4.7 Fillet and Socket.Welds (b) Figures GR-3.4.9-1 through GR-3.4.9-3 show basic
Fiflet welds (including ‘socket welds) may vary from  types of weld attachments used in the fabrigation of
conyex to concave. Thesize of a fillet weld is determined branch connections. The location and minimum size of
as shown in Fig. GR-3.4.7-1. attachment welds shall conform to the requjrements
Typical weld details for double welded slip-on flanges ~ herein. Welds shall be calculated in accordapce with
are ghown inFig. GR-3.4.7-2; minimum welding dimen-  para. IP-3.4.2 but shall be not less than the siz¢s shown
sionp for ether socket welding components are shown  in Fig. GR-3.4.9-2.
in Flg, GR-3.4.7-3 and MSS SP-119. (c) The nomenclature and symbols used hefein, and

GR-3.4.8 Seal Welding of Threaded Joints (See
Fig. GR-3.4.7-1 for Fillet Weld)

Seal welds shall cover all exposed threads. Seal weld-

ing of threaded joints shall not be used for liquid hydro-
gen service.

GR-3.4.9 Welded Branch Connections

(a) Figures GR-3.4.9-1 through GR-3.4.9-4 show
acceptable details of branch connections, with and with-
out added reinforcement, in which the branch pipe is
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in Fig GR-349-2 and Fig GR-349-3 are
r = minimum %5 in. radius inside corner of
branch or header pipe
Ty = nominal thickness of branch
te = lesser of 0.7T, or 6 mm (% in.)
Ty = nominal thickness of header
Ty = minimum thickness of branch
tmin = lesser of Ty, or T,
T, = nominal thickness of reinforcing pad or

saddle
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6 mm (7/, in.)

(a) Front and Back Welds

The weld deposit connecting the pipe end to the flange face '@t the I.D. shall not result in a weld buildup or under

L

Xmin

-—

A<

Fig. GR-3.4.7-2 Typical Details for Double-Welded Slip-On Flanges

R

R

>

]

\The lesser of Tor‘_JA

6 mm ('/zim)

o} |«

C,(min) =1,

but not less than
3mm (Ygin.)

Y

(b) Face and Back Welds

t, = nominal pipe wall
thickness

{ Approximately 2 mm (", in.)
before welding

B.4.7-3 Minimum Welding Dimensions for Socket Welding Components to Pipe Including Fit-Up D

ut of

ptail
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- Sacket weld fitting
S
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Fig. GR-3.4.9-1 Typical Welded Branch Connections

Vent hole

(c) Angular Branch"Without Added Reinforcement (d) Angular Branch With Added Reinforcen
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Fig. GR-3.4.9-2 Acceptable Details for Pipe Branch Attachment Welds
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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 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

Fig. GR-3.4.9-3 Acceptable Detail for Branch Connection of Pipe Fitting

J

CWJP
F required

GENHRAL NOTE: Complete weld joint penetration (CWJP) required.

‘/-’_\|
—

[ v—/ ! |
\nmj I

(a) Contour Outlet Fitting

Branch connections, inclfiding pipe and branch
ection fittings [see Chapter GR-1 and paras. IP-3.4

the branch pipe by a complete weld joint penetration
groove weld finished with a cover fillet weld having a
throat dimension not less than t. (see Fig. GR-3.4.9-2).

(f) The outer edge of a reinforcing pad or saddle
shall be attached to the run pipe by a fillet weld hav-
ing a throat dimension not less than 05T, (see
Fig. GR-3.4.9-2).

(¢) Reinforcing pads and saddles shall have a good
fit with the parts to which they are attached. A vent
hole shall be provided at the side (not at the crotch) of
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Fig. GR-3.4.9-4 Acceptable Details for Branch Attachment Suitable for 100% Radiography
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r

]

1

:‘

~/

il

(b) Extruded Header Outlet

between
welding
made in
es have
etal and
plugged
of fluids
nforcing
pable of

any pad or saddle to reveal leakage in the weld
branch and run, and to allow venting during
and heat treatment. A pad or saddle may be
more than one piece if joints between pie
strength equivalent to pad or saddle parent nj
if each piece has a vent hole. Vent holes may be
during service to prevent, for example, entry
that may cause corrosion between pipe and re
pad, but the plugging material shall not be cz
sustaining pressure within the crevice.
completed weld between branch and run shall
before adding a pad or saddle.

irs of the
be made

GR-3.4.10 Mitered Joints

Mitered joints may be used in LH, piping systems
under the following conditions:

(a) Full-penetration welds should be used in joining
miter segments.

(b) A joint stress analysis has been performed, and
the appropriate safety committee has approved.
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(c) The number of full-pressure or thermal cycles will
not exceed 7,000 during the expected lifetime of the pipe
system.

GR-3.4.11 Fabricated or Flared Laps

Fabricated or flared laps are not permitted. Only
forged laps are permitted.

GR-3.4.12 Attachment Welds

severe thermal gradients inherent in welding. The neces-
sity for preheating and the temperature to be used shall
be specified in the engineering design and demonstrated
by procedure qualification. The requirements and rec-
ommendations herein apply to all welding methods and
processes and their applications.

(a) Requirements. Required minimum preheat tem-
peratures for materials based on the P-Numbers are
given in Table GR-3.5-1.

Structfiral attachments may be made by complete pen-
etration,| partial penetration, or fillet welds.

Low ehergy capacitor discharge welding may be used
for the yelding of temporary attachments directly to
pressure| parts provided that they be removed prior to
subjectirlg the piping system to operating pressure or
temperafure. After their removal, the affected areas shall
be examjned by visual, MT, or PT in accordance with the
requirenpents of Part GR and the specific requirements
of Part [P or PL. Welding procedures and personnel
qualificaftions are required.

This thethod of welding may also be used for the
permangnt attachment of nonstructural items, such as
strain gdges or thermocouples, provided that

(a) a welding procedure specification is prepared,
describing the capacitor discharge equipment, materials
to be joijted, and techniques of application. The qualifi-
cation of the procedure is required.

(b) th¢ minimum thickness of the material to which
the attaghment is to be made is 2.3 mm (0.090 in.).

(c) th¢ power input is based on the equipment manu-
facturer’s recommendation or limits.

GR-3.4.13 Requirement for Fabricating and Attaching

Pipe Supports

(a) Faprication of standard pipe hangersiand supports
shall be[in accordance with the requirements of MSS
SP-58 and the specific requirements of Part IP or PL.
Special hangers, supports, anchors, and guides, not
defined|as standard types of hanger components in
MSS SP-p8, shall be welded in/accordance with the spe-
cific reqpiirements of Parts:IP and PL.

(b) Atfachment welds for hangers, supports, guides,
and anchors to the-piping system shall conform to the
specific fequireménts of Parts IP and PL.

(c) Welding tequirements for fabrication and erection
shall be[invaecordance with para. GR-3.2.4, using the
specifiedrgtratifted— A atorg—with—quatified
welders and welding operators.

(d) Examination of weldments, and fabricating and
attaching pipe supports, shall be in accordance with
Chapter GR-4 and the specific requirements of Part IP
or PL.

GR-3.5 PREHEATING FOR WELDMENTS

Preheating is used, along with heat treatment, to mini-
mize the detrimental effects of high temperature and
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(b) Unlisted Materials. Preheat requirementsyfdr an
unlisted material shall be specified/qualifiédin} the
WPS/PQR.

(c) Temperature Verification

(1) Preheat temperature shall be checked by upe of
temperature-indicating crayons, thermocouple pyr¢me-
ters, or other suitable means to efsurte that the temjpera-
ture specified in the WPS is‘obtained prior to|and
maintained during welding;

(2) Thermocouples.may be temporarily attaghed
directly to pressure-céntaining parts using the capaitor
discharge method of’welding. WPS and performance
qualification are‘required. After thermocoupleg are
removed, the€ atéas shall be examined by NDE vjsual
and PT or"MT for evidence of defects to be repairgd.

(d) Prehéat Zone. The preheat zone shall exter]d at
least 25)mm (1 in.) beyond each edge of the weld.

(el Temperature Maintenance. The temperature
not fall below the prescribed minimum preheat temj
ture during welding.

(f) Specific Requirements

(1) Dissimilar Materials. When materials having dif-
ferent preheat requirements are welded together,|it is
recommended that the higher temperature showpn in
Table GR-3.5-1 be used.

(2) Interrupted Welding. 1f welding is interrugpted,
the rate of cooling shall be controlled or other mleans
shall be used to prevent detrimental effects in the piping.
The preheat specified in the WPS shall be applied bg¢fore
welding is resumed.

bhall

era-

GR-3.6 HEAT TREATMENT

Heat treatment is used to avert or relieve the detrifnen-
tal effects of high temperature and severe tempergture
gradients inherent in welding and to relieve residual
stresses created by bending and forming. Providions
in para. GR-3.9 are basic practices that are suitable for
most bending and forming operations but not necessar-
ily appropriate for all service conditions. See
Nonmandatory Appendix A for a discussion of when
additional heat treatment should be considered.

GR-3.6.1 Postweld Heat Treatment Requirements

(a) Postweld heat treatment shall be in accordance
with para. GR-3.6, Table GR-3.6.1-1, and the require-
ments found in Parts IP, PL, and the engineering design.
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Table GR-3.5-1 Preheat Temperatures

Min. Preheat
Temperature
Base Metal Nominal Thickness Specified Min. Tensile Required
P-No. or S-No [Note (2)] Strength, Base Metal [Note (3)]
[Note (1)] Base Metal Group mm in. MPa ksi °C °F
1 Carbon steel <25 <1 < 490 <71 80 175
> 25 =1 All All 80 175
Ak Adt 490 ++ &5 175
3 Alloy steels, <13 <Y < 490 <71 80 175
Ccr< %% >13 A All All 80 175
All All > 490 >71 80 175
4 Alloy steels, All All All All 150 300
Yo% < Cr< 2%
5A, 5B Alloy steels, All All All All 175 350
2Y.% < Cr
< 9Cr max.
Note (4) Nonferrous All All All All 24 75
NOTEHS:
(1) B-Number or S-Number from ASME BPV Code Section IX, QW/QB-422.
(2) Yee para. GR-3.6.2 for governing thickness.
(3) Hreheat and interpass temperature shall be as specified/qualified per the applicable WPS/PQR.
(4) Nonferrous materials minimum preheat and maximum interpass shall be gperythe applicable WPS/PQR.
Table GR-3.6.1-1 Requirements for Postweld Heat Treatment of Weldments
Specified di .
Nominal Min. Tensile Holding|Time
Baske Metal Thickness Strength, Metal Nominal W4ll Min.
P-Nol or S-No [Note (2)] Base Metal Temperature Range [Note (3)] Time
[Note (1)] Base Metal Group mm in. MPa ksi °C °F min/mm hrfin.  hr
1 Carbon steel <20 <%, All All None None .. N
> 20 >3, All Al 595-650 1,100-1,200 2.4 1
3 Alloy steels, Cr < %% <20 <3 <490 <71 None None e B P
> 20 >, All Al 595-720 1,100-1,325 2.4 1
All All > 490 >71 595-720 1,100-1,325 2.4 1
4 Alloy steels,%,% < Cr < 2% <13 <Y <490 <71 None None .. . .
[Note (4)] >13 > 1/2 All All 705-745 1,300-1,375 2.4 1
All All > 490 >71 705-745 1,300-1,375 2.4 1
5p, 5B Alloysteels (2%,% < Cr < 10%)
[Note (4)] < 3% Crand < 0.15% C <13 <Y All All None None . . ..
< 3% Crand £0.15% C > 13 >Y All All 705-760 1,300-1,400 2.4 1
> 3% Cror>0.15% C All All All All 705-760 1,300-1,400 2.4 1
8 High Q”n\ll ch::nlc, austenitic All All All All Naone. Naone.

GENERAL NOTES:

(@) PWHT cycle shall be supported by the specified/qualified WPS/PQR.

(b) Part PL PWHT weldments of P-No. 1 or S-No. 1 materials shall be exempted up to and including 32 mm (1Y in.) thickness.

NOTES:

(1) P-Number or S-Number from ASME BPV Code Section IX, QW/QB-422.

(2) See para. GR-3.6.2 for governing thickness.

(3) For holding time in SI metric units, use min/mm (minutes per mm) thickness. For U.S. units, use hr/in. thickness.

(4) Temperatures listed for some P-No. 4, 5A, and 5B materials may be higher than the minimum tempering temperatures specified in the
ASTM specifications for the base material. For higher-strength normalized and tempered materials, there is consequently a possibility
of reducing tensile properties of the base material, particularly if long holding times at the higher temperatures are used.
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(b) Postweld heat treatment to be used for production
weldments shall be specified/qualified in the desig-
nated WPS/PQR.

(c) See para. GR-3.7 for specific and alternative heat
treat requirements.

GR-3.6.2 Governing Thickness

For preheat and PWHT, the term nominal thickness is
the thickness of the weld as defined below.

Austenitic welding materials may be used for welds to
ferritic materials when the effects of service conditions,
such as differential thermal expansion due to elevated
temperature, or corrosion, will not adversely affect the
weldment.

GR-3.6.3 Dissimilar Materials

(a) Postweld heat treatment of welded joints between

(a) groove welds (girth and longitudinal) — thickness
includifhg maximum reinforcement allowed by

(b) fillet welds — the throat thickness of the weld.

(c) paftial penetration welds — the depth of the weld
groove, plus throat thickness of cover weld.

(d) repair welds — in material or weld deposit, the
depth of the repair cavity plus the weld reinforcement
thicknesp.

(e) in |the case of branch connections, metal (other
than we]d metal) added as reinforcement, whether an
integral part of a branch fitting or attached as a reinforc-
ing pad ¢r saddle, shall not be considered in determining
heat treatment requirements. Heat treatment is required,
howevet, when the thickness through the weld in any
plane thfough the branch is greater than twice the mini-
mum material thickness requiring heat treatment, even
though the thickness of the components at the joint is
less tha the minimum thickness. Thickness through
the weld for the details shown in Fig. GR-3.4.9-2 and
Fig. GR3.4.9-3 shall be computed using the following
formulag:

(1) bketch (1) = T, + ¢, _ _
(2) pketch (2) = greater of T, + t, oI, + £,
(f) in fthe case of fillet welds at double*welded slip-

on flangps and piping connections ODN-50 (NPS 2) and
smaller, [for seal welding of threaded joints in piping
DN 50 (INPS 2) and smaller, and fot attachment of exter-
nal nonjpressure parts such as lugs or other pipe-
supporting elements in all-pipe sizes, heat treatment is
required| when the thickriess through the weld in any
plane is more than twice the minimum material thick-
ness reqiiiring heat treatment (even though the thickness
of the components at the joint is less than that minimum
thicknesp), éxcept as follows:

(1)

of required for P-No. 1 materials when weld

dissimilar ferritic metals or ferritic metals using disgimi-
lar ferritic filler metal shall be at the higher of thétenfper-
ature ranges in Table GR-3.6.1-1 for the mpaterials in
the joint.

(b) Postweld heat treatment of welded joints indlud-
ing both ferritic and austenitic cemponents and filler
metals shall be as required for the ferritic materipl or
materials unless otherwise speCified in the enginegring
design.

GR-3.6.4 Methods of Heating

The heating method shall provide the heating cycle for
maintaining thee fequired metal temperature, uniforfnity,
and control:

(a) Fuwrace Heating. Fuel gas or electric sha
allowed.

(1) Heating an assembly in a furnace shoulfl be
used when practical; however, the size or shape of the
unit or the adverse effect of a desired heat treatment on
one or more components, where dissimilar materials are
involved, may dictate alternative procedures.

(2) An assembly may be postweld heat treatdd in
more than one heat in a furnace, provided there |is at
least a 300 mm (1 ft) overlap of the heated secfions
and the portion of the assembly outside the furnajce is
shielded so that the temperature gradient is not hartpful.

(3) Direct impingement of flame on the assembly
is prohibited.

1 be

(b) Local Heating. Fuel gas, electrical inductio
resistance shall be allowed.

(1) Welds may be locally PWHT by heating 4
cumferential band around the entire component
the weld located in the center of the band. The width
of the band heated to the PWHT temperature for girth
welds shall be at least three times the wall thicknegss at

h, or

cir-
with

throat thickness is 16 mm (% in.) or less, regardless of
base metal thickness.

(2) not required for P-No. 3, 4, 5A, or 5B materials
when weld throat thickness is 13 mm (% in.) or less,
regardless of base metal thickness, provided that not
less than the recommended preheat is applied and the
specified minimum tensile strength of the base metal is
less than 490 MPa (71 ksi).

(3) not required for ferritic materials when welds
are made with filler metal that does not air harden.

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

46

the weld of the thickest part being joined.

(2) For nozzle and attachment welds, the width of
the band heated to the PWHT temperature shall extend
beyond the nozzle weld or attachment weld on each
side at least two times the header thickness and shall
extend completely around the header.

(3) Where the nozzle or attachment weld heating
band includes a girth weld or a bent or formed section,
the heat band shall extend at least 25 mm (1 in.) beyond
the ends thereof.
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GR-3.6.5 PWHT Heating and Cooling Requirements

Above 335°C (600°F), the rate of heating and cooling
shall not exceed 335°C/h (600°F/hr) divided by one-
half the maximum thickness of material in inches at the
weld, but in no case shall the rate exceed 335°C/h
(600°F/hr). The cooling cycle shall provide the required
or desired cooling rate and may include cooling in a
furnace, still air, by apphcatlon of local heat or insula-

othdr suitable methods to ensure that the requirements
are fnet. See para. GR-3.4.12 for attachment of thermo-
couples by the capacitor discharge method of welding.

GR-3

If|a weldment is allowed to cool prior to heat treat-
, the rate of cooling shall be controlled, or other
ans shall be used to prevent detrimental effects in

piping.
3.6.8 Partial Heat Treatment

When an entire piping assembly to be heat treated
canjot be fitted into the furnace, it is permissible to heat
treaf in more than one heat, provided there is at least
300 mm (1 ft) overlap between successive heats and that
partp of the assembly outside the furnace are protected
fronm} harmful temperature gradients.

.6.7 Delayed Heat Treatment

B.7 SPECIFIC AND ALTERNATIVE HEAT TREAT
REQUIREMENTS

- When warranted by experience-orknowledge of ser-
‘vice| conditions, alternative methods of heat treatment
“or ekceptions to the basic heat treatment provisions of
:pard. GR-3.6.1 may be adopted as provided in paras.
‘GR-B.7.1 and GR-3.7.2,

,‘EGR

GR

Ap indicated\in’para. GR-3.6, basic practices may
reqyire modification to suit service conditions, in some
casep. In such cases, the engineering design may specify
morp stringent requirements, including heat treatment
and
specify less stringent heat treatment and hardness
requirements, including none.

When provisions less stringent than those in para.
GR-3.6 are specified, the engineering design must dem-
onstrate to the owner’s satisfaction the adequacy of
those provisions

(a) by comparable service experience, considering
service temperature and its effects, frequency and inten-
sity of thermal cycling, flexibility stress levels, probabil-
ity of brittle failure, and other pertinent factors or

3.7.1 Exceptions-to Basic Requirements
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(b) by demonstrating that the base metal, welds, and
heat-affected zone would be adversely affected by the
otherwise required heat treatment

In addition, appropriate tests shall be conducted,
including WPS qualification tests.

GR-3.7.2 Alternative Heat Treatment

N ormahzmg, normahzmg and tempermg, or anneal-
i reatment
that the
ind base
ch treat-
the engi-

after weldmg, bendmg, or formmg, pr0v1ded
mechanical properties of any affected weld
metal meet specification requirementsfafter su
ment and that the substitution is approved by
neering design.

GR-3.8 CONSTRUCTION-OF BRAZEMENTS

The construction®f ‘brazements shall incJude the
following;:
(a) brazed piping components shall be allowyed to be
used for serviees within temperature limits spgcified by
the engindering design.
(b) brazed joint connections for fabrication and erec-
tion of,piping components (see Fig. GR-3.8-1)

(¢) ‘repair of defective brazements.

(d) brazed joints of test specimens required for all
qualification of procedures and brazers.

(e) each qualified brazer shall be assigned ar{ identifi-
cation symbol. Unless otherwise specified in fhe engi-
neering design, each pressure-containing brazpment or
adjacent area shall be marked with the identification
symbol of the brazers. In lieu of marking the brpzement,
appropriate records shall be filed.

(f) brazing shall not be performed when the fempera-
ture of the metal surface within 305 mm (12 in.) of the
point of brazing in all directions is lower than 16°C
(60°F). The work area and surfaces to be braged shall
be protected from wind and moisture condition}s caused
by ice, rain, snow, and running or standing whter.

(g) valve end connections requiring brazing ghall con-
sider procedures to preserve the seat tightneps of the
valve.

(h) fuel heating methods and gases sha
specified/qualified by a BPS/PQR.

11 be as

All brazed joint designs shall be suitable for the
intended critical service of hydrogen applications. There
are two basic types: lap and butt.

(a) Thelap joint for tubular parts requires the selection
of preformed fittings, such as couplings, reducers,
elbows, and flanges [see Fig. GR-3.8-1, sketch (a)].

(b) Buttlap joint for tubular parts requires a machining
preparation to develop a socket type of connection [see
Fig. GR-3.8-1, sketch (b)].
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Fig. GR-3.8-1 Joints for Tubular Components

-

I;V yd | T
D
|
1 N 1
I Y | C =JjoInt cleararnce
D = diameter of lap area
c F = shear strength of brazed filler metal
J =joint integrity factor of 0.8
(a) Lap Joint L =length of lap area
=[W(D-W)TI1/JFD
T =tensile strength of weakest member
th th = thickness of thinner.jeint member
+ W = wall thickness of weakest member
[ — Z|
} T
D
% > 7 l
< L >
(b) Buttlap Joint
GR-3.8.3 Couplings With Internal Stops (3) If a power-driven wire wheel is used, |care
All cduplings (fittings) for newly constructed and should be exercised to prevent burnishing. Burnishing
repair bfazements shall be manufactured with internal can result in surface oxide embedment, which interferes
stops. The stops shall control the internal gap betweén with the proper wetting of the base metal by the filler
the pipe| component ends. For requirements of brazed ~ Metal: A base metal surface that is too smooth fmay
joint prepsure fittings, see ASME B16.50. not effectively allow filler metal wetting of the faying

GR-3.8.3 Repairs

joints that have been found to-be.defective may
dzed, where feasible, after (thofough cleaning,
by emplpying the same brazing procedure used for the
original prazement.

GR-3.8.4

Internpl and external{strfaces to be brazed shall be
properly] cleaned. The/requirements apply to all base
materialf and filler metal.

(a) CHemicalsurface cleaning shall be used to remove
contamihants_that pr0h1b1t quahty brazmg The affected

Precleaning and'Surface Prep

slag, ox1des, and other deleterlous material that would
be detrimental to the base metal.

(b) Mechanical Surface Preparation

(1) Mechanical surface preparation shall be per-

formed by wire brushing, grinding, buffing, and pol-
ishing when required, to remove harmful defects such
as fissures, pits, gouges, folds, laps, or oxides.

- (2) Such methods are also used for removing objec-
tionable surface conditions, roughening faying surfaces,
and preparation.
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surfaces.

(c) The method and extent of cleaning, removal{and
preparation shall be determined based on the spedified
material of pipe components. The method shall n¢t be
detrimental to the specified base materials or pipe
components. The type of acceptable cleaning matdrials
shall be included in the engineering depign
specifications.

(d) Braze stopoff shall not be used unless appr
by the engineering design.

ved

GR-3.8.5 Joint Preparation, Alignment, and Brazihg

(a) Preparation of Pipe Component Ends. Mechanical
cuttmg and machmmg methods shall be applicable to
a , The
methods shall be spec1f1c to the materlal type, such as
copper, copper alloys, and austenitic stainless steels.

(b) Preparation of Joints

(1) The ends to be brazed with filler metal shall be
prepared by machining or facing to provide a square
end or joint detail that meets the requirements of
Fig. GR-3.8-1.

(2) The brazed joints shall be properly cleaned,
along with the areas of the inside and outside surfaces
for a minimum distance of 25 mm (1 in.).
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(c) Alignment for Brazing

(1) Alignment using mechanical alignment tools
may be used to maintain alignment of the joint to be
brazed.

(2) The joint clearance shall be maintained within
the specified limits of the BPS/PQR to achieve the proper
capillary action to distribute the molten filler metal
between the surfaces of the base metal during the braz-
ing operation.

protect them until the brazing temperature is reached.
It must remain active throughout the brazing cycle, since
the molten filler metal should displace the flux from the
joint at the brazing temperature.

(1) Flux shall be applied to the joint faces and adja-
cent surfaces.

(2) Excess flux will not compromise joint quality
and provide for flux removal, since residues will be less
loaded with metal oxide and more soluble in water.

(3) The specified lap of each joint type shall be
inserted for alignment and maximum strength at
oint.
Joint Brazing. All brazements for hydrogen service
be considered critical. The following requirements
apply:
(1) Brazed joints are limited to tubular lap or butt-
lap jpints and shall meet the more stringent requirements
of this Code or the engineering design. See
Nonymandatory Appendix A, para. A-3.3 for AWS C3.3,
Recgmmended Practices for the Design, Manufacture,
and |Examination of Critical Brazed Components.
(2) Use brazed fittings manufactured in accordance
ASME B16.50.
(3) Manually apply the brazing filler metal by face-
feeding into the joint. Preplaced brazing filler metal may
be ifp the form of rings, strips, or shims. Visual observa-
tion|after brazing shall show the required penetration
and [filler on both sides of the joint.
(4) The joint must allow for proper purge gas back-
bf the pipe component I.D. when required.
(5) Specified fluxes shall be applied to the joint sur-
facep to promote wetting and prevent oxide(formation
during the brazing operation.
(6) All brazed joints shall have complete penetra-
whether brazed from one side’ot from both sides.

fully
the
(d
shall
shall

with

ing

tion

GR-]

Biazing fluxes shall be applied to remove oxides and
confaminants from base materials to ensure good-
quality brazed jointssThey remove only surface oxides
and [tarnish; other.edntaminants (oil, grease, lubricants,
and [protective coating) must be removed either mechan-
ically or chemically before brazing.
(a) Flux.selection shall be based on
(1) ‘base material type.

(2) filler material type

8.8.6 Brazing Fluxes

(3) Applying flux to surfaces adjacent to [the joint
helps prevent oxidation of the workpiece'and| may act
as a flux reservoir, draining flux into joint:

(4) Using too little flux, howevef, can lead tp prema-
ture flux exhaustion and inadequate coverage| produc-
ing unsound or unsightly brazed joints.

GR-3.8.7 Brazing Process

(a) Torch Brazing. The required heat for thg brazing
cycle shall be produced by a controlled fuel gps flame.
The fuel gas (e.gs acetylene, propane, or naturpl gas) is
to be combusSted with air, compressed air, or] oxygen.
The specific combination selected is dependent on the
amount of heat required to bring the particulat compo-
nents 0 the brazing temperature in the requined time.

(b)*Equipment (e.g., gages, hoses, torch body} and tip)
s§hall be suitable in design and construction foy the par-
ticular application. It shall be capable of profucing a
neutral or reducing flame and shall produce|uniform
heating of the joint area. Multiple heating tip$ may be
used to progressively raise the pipe component fempera-
ture for brazing.

(c) Brazing Cycle. The brazing time and temperature
shall be controlled within the following requiements:

(1) using a neutral flame
(2) uniform heating of components to the
temperature
(3) care not to remove flux from the components
by the force of the flame
(4) brazing temperature (filler metal liquidus) shall
be held for the minimum time required to pfoduce a
satisfactory joint
(5) controlling the time and temperatu
brazing cycle shall be such as to
(-a) effect the capillary flow (wetting gction) of
the filler metal alloying of the base metal component

brazing

Fe of the

(3) flux temperature range. For manual torch braz-
ing, select a flux that is active at 56°C (100°F) below the
solidus of the brazing filler metal and that remains active
up to 167°C (300°F) above the filler metal liquidus.

Flux performance is affected by the brazing time and
temperature. To control flux exhaustion, prolonged heat-
ing cycles and heating above the flux temperature limits
shall be avoided.

(b) Flux Application. To protect the surfaces to be
brazed effectively, the flux must completely cover and

surfaces

(-b) limit excessive dilution of the filler into the
base metal, promoting base metal erosion and formation
of brittle compounds, which leads to a loss of base metal
ductility

GR-3.8.8 Post-Braze Cleaning

(1) Completed brazed joints cleaning shall include the
removal of all flux residue, oxides, and other surface
contaminants to allow for post-inspection/examination.

LB
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(b) The method and extent of cleaning and removal
shall be determined based on the specified base material
and filler metal. The method of cleaning or removal shall
not be detrimental to the base material or brazed deposit.

GR-3.9 FORMING OF PIPE COMPONENTS

Pipe may be bent and components may be formed by
any hot or cold method that is suitable for the material

(1) for P-Nos. 1 through 5A and 5B materials, where
the maximum calculated fiber elongation after bending
or forming exceeds 50% of specified basic minimum
elongation (in the direction of severest forming) for the
applicable specification, grade, and thickness. This
requirement may be waived if it can be demonstrated
that the selection of pipe and the choice of bending or
forming process provide assurance that, in the finished
condition, the most severely strained material retains at

the interfded service, and the severity of the bending or
forming|process. When selecting material for hydrogen
service, [consideration shall be given to the effects of
cold wotking, which may promote lower resistance to
hydrogeh embrittlement, while hot working enhances
resistande to hydrogen embrittlement. The finished sur-
face shall be free of cracks and substantially free from
buckling. Thickness after bending or forming shall be
not less fhan that required by the engineering design.

GR-3.9.1

(a) FI
betweern

Bending Requirements

pttening. Flattening of a bend, the difference

maximum and minimum diameters at any
cross seqtion, shall not exceed 8% of nominal outside
diametef for internal pressure and 3% for external pres-
sure. R?IOV&I of metal shall not be used to achieve these
requirenpents.

(b) Bending Temperature

(1) Cold bending of ferritic materials shall be done
at a temperature below the transformation range.

(2) Hot bending shall be done at a temperature
above the transformation range and in any case within
a tempefature range consistent with the material’ and
the interjded service.

(c) Cofrugated and Other Bends. Dimensions and con-
figuratign shall conform to a design qualified in accor-
dance wijith para. IP-3.8.2 or PL-3.7/{as applicable.

(d) Hqt Bending and Forming. After hot bending and
forming| heat treatment is required for P-Nos. 1, 3, 4,
5A, and| 5B materials inallthicknesses. Durations
and temperatures shall* be in accordance with
Table GRR-3.6.1-1.

least 10% elongation.
(2) for any material requiring impact testinlg, wihere
the maximum calculated fiber elongation after’bending
or forming will exceed 5%.
(3) when specified in the engineering design.

GR-3.9.2 Post-Heat Treatment

Post-heat treatment, when 4equired for pipe corppo-
nents after bending or forming, shall be performgd in
accordance with _papa. GR-3.6, inclugling
Table GR-3.6.1-1.

GR-3.10 TESTING

The testing‘methods shall apply to the constru
of pipe components and qualification of welding
brazing procedures in accordance with the requirery
of ASME BPV Code Section IX, Parts IP and PL,
thie engineering design as follows:

(a) hardness testing for production weldments
brazements, per ASTM A370, acceptance criteria
Parts IP and PL, and the engineering design

(b) hardness testing for qualification of WPS/BP$ per
ASME BPV Code Section IX, the requirements of Pafts IP
and PL, and the engineering design

(c) impact testing for production weldments|and
brazements, per ASTM A370, testing temperafure,
Parts IP and PL, and the engineering design

(d) impact testing for qualification of WPS per
ASME BPV Code Section IX, testing temperature|and
criteria, Parts IP and PL, and the engineering design

(e) mechanical testing for qualification of WPS/[BPS,
per ASME BPV Code Section IX, methods ASTM A370

tion
and
ents
and

and
per

(e) Cold Bending-and Forming. After cold bending and (f) metallurgical testing for qualification of
forming{ heat treatment is required (for all thicknesses, WPS/BPS, per ASME BPV Code Section IX
and with temperature and duration as given in (g) leak testing for production weldments|and
Table GR43.671-1) when any of the following condi-  brazements, per ASTM E432, acceptance criterig per
tions exist: PartsH—amdt PL, arcHthe cuéiucc1iué dcoiéu
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Chapter GR-4
Inspection, Examination, and Testing

degree recognized by ABET (A.'I’; North Charles Street,

is Code distinguishes between inspection (see para.
.2), examination (see para. GR-4.3), and testing (see
. GR-4.11). Inspection applies to functions per-

GR-4.2 INSPECTION

GR-4.2.1 Responsibility

Itfis the owner’s responsibility, exercised through the
owrler’s Inspector, to verify that all required examina-
tionp and testing have been completed and to inspect
the piping to the extent necessary to be satisfied that it
conforms to all applicable examination requirements of
this |Code and of the engineering design.

.2.2 Rights of the Owner’s Inspector

e owner’s Inspector and the Inspector’s-delegates
shal] have access to any place where work.'concerned
with the piping installation is being performed. This
inclpdes manufacture, fabrication)heat treatment,
assembly, erection, examination, dnd ‘testing of the pip-
ing pr pipelines. They shall have the right to audit any
exarpination, to inspect thelpiping or pipelines using
any [examination method specified by the engineering
desipn, and to review alleertifications and records neces-

Baltimore, MD 21201) shall be considered equivalent to
1 year of experience, up to 5 years total

(c) In delegating performance of inspegtion, the own-
er’s Inspector is responsible for determining that a per-
son to whom an inspection function is deldgated is
qualified to perform that function.

GR-4.3 EXAMINATION

Examination applies’to quality control functjons per-
formed by the manufacturer (for components oply), fab-
ricator, or erector. Reference in this Code to an
“examiner! is'to a person who performs qualitly control
examinations. In addition, nondestructive exanjinations
(NDE):such as VT, RT, UT, PT, and MT methqds used,
as defined in para. GR-4.3.4, shall meet the requirements
oféhis Chapter.

GR-4.3.1 Responsibility

The construction organization (manufacturer
tor, or erector) shall be responsible for

(a) examinations applying to quality control functions

(b) ensuring the Examination System Qualification
for NDE shall be in compliance with ASME BPV Code
Section V, Article 14 and the applicable NDE methods;
ASTM E1212; and the applicable requirements of this
Code

(c) NDE procedures and personnel qualification/
certification

(d) providing materials, components, and workman-
ship in accordance with the requirements of this Code

fabrica-

saryf to satisfy theJowner’s responsibility stated in . X )
pard. GR-4.2.1. and of the engineering design [see para. GR-1}3(b)]

(e) performing all required quality examinatjons, and
GR-4.2.3 Qualifications of the Owner’s Inspector NDE methods and testing _

(f) preparing suitable records of examinatjons and

(a) The€owner’s Inspector shall be designated by the
ownler'and shall be the owner, an employee of the owner,

tests for the Inspector’s use

an employee of an engineering or scientific organization,
or an employee of a recognized insurance or inspection
company acting as the owner’s agent. The owner’s
Inspector shall not represent nor be an employee of the
manufacturer, fabricator, or erector unless the owner is
also the manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall have not less than
10 years of experience in the design, fabrication, or
inspection of industrial piping or pipelines. Each 20%
of satisfactorily completed work toward an engineering

51

GR-4.3.2 Requirements

Prior to initial operation, each piping installation,
including components and workmanship, shall be
examined in accordance with the applicable require-
ments of Part GR and the specific requirements of Part IP
or PL, and to any greater extent specified by the engi-
neering design. Weld joints not included in the extent
of examinations required by Part IP or PL or by the
engineering design are acceptable if they pass VT and
the leak test required by para. GR-4.11.
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(a) When PWHT is required by this Code and/or the
engineering design, final examination of RT or UT, when
required, shall be performed after completion of any
heat treatment.

(b) For a welded branch connection, the examination
of and any necessary repairs to the pressure-containing
weld shall be completed before any reinforcing pad or
saddle is added.

(¢) Examinations shall be performed in accordance

(e) Magnetic Particle Examination. MT of castings is
covered in para. IP-2.2.8. MT of welds and of compo-
nents other than castings shall be performed in accor-
dance with the requirements of Part GR, the specific
requirements of Part IP or PL, and ASME BPV Code
Section V, Article 7.

(f) Eddy Current Examination. The method for eddy
current examination of pipe and tubing shall follow the
general guidelines of ASME BPV Code Section V,

with a written procedure that conforms to one of the
following;:
(1) fuality control examinations based on the con-

Article 8.

GR-4.3.5 Special Methods

structior| organization’s Quality System Program If a method not specified herein isjtolbe used} the
(2) nondestructive examinations based on the acceptance criteria shall be specifiednn.the enginegring
requirentents of this Code design (see paras. GR-4.7 and GR*4:8).
(d) The employer shall certify records of the examina-
tion profedures employed, showing dates and results
of procedlure qualifications, and shall maintain them and GR-4.4 PERSONNEL QUALIFICATION AND
make them available to the owner’s Inspector. CERTIFICATION
GR-4.3.3 Quality Control Examinations (a) Quality Control Qualification and Certification. |Per-
i o . sonnel who perfofm quality control examinations phall
Quality control examinations shall include the  haye training)and experience commensurate with} the
requirenfents of the construction organization’s Quality  heeds of the specified quality control function. The gfuali-
System Program for materials, products, components,  fication and certification shall be in accordance with the

workmahship, quality documents, procedures and per-
sonnel qualifications, construction, and subcontract
services.

GR-4.3.4

NDE required by this Code, by the engineering design,
or by thg owner’s Inspector shall be performed inaccor-
dance wjith one of the methods specified herein:

(a) Vibual Examination. VT shall be performed in
accordarjce with the requirements of ParfGR, the specific
requirenjents of Part IP or PL, and~ASME BPV Code
Section Y, Article 9. Records of individual visual exami-
nations gre required, which inehide in-process and final
visual examination.

(b) Rafliographic Examinafion. RT of castings is cov-
ered in para. IP-2.2.8. Radiography of welds and of com-

Nondestructive Examination Methods

applicable requirements of the construction orgapiza-
tion’s Quality System Program and documented pfoce-
dures. Personnel who perform the quality control
examination shall not perform the production wogk.

(b) NDE Qualification and Certification. Personnelfwho
perform NDE shall have training and experience ¢om-
mensurate with the needs of the specified NDE method.
The qualification and certification shall be in accordance
with the applicable requirements of the employing|con-
struction organization’s Quality System Progfam,
including the written practice and documented pfoce-
dures. Personnel who perform the NDE examingtion
shall not perform the production work. This Jode
requires qualification of NDE personnel to be in a¢cor-
dance with ASME BPV Code Section V, Subsection A,
Article 1, including one of the following:

ponentq other than'castings shall be performed in (1) SNT-TC-1A, Personnel Qualification [and
accordarjce with therequirements of Part GR, the specific ~ Certification in Nondestructive Testing
requirenpents «©f \Part IP or PL, and ASME BPV Code (2) ANSI/ASNT CP-189, ASNT Standard for

Section Y, Article 2.
(c) Ultrasonic Examination. UT of castings is covered

Qualification and Certification of Nondestruqtive
Testing Personnel

in para. IP-2.2.8. UT of welds shall be performed in
accordance with the requirements of Part GR, the specific
requirements of Part IP or PL, and ASME BPV Code
Section V, Article 5.

(d) Liquid Penetrant Examination. PT of castings is cov-
ered in para. IP-2.2.8. PT of welds and of components
other than castings shall be performed in accordance
with the requirements of Part GR, the specific require-
ments of Part IP or PL, and ASME BPV Code Section V,
Article 6.

52

(3) a national or international central certification
program, such as the ASNT Central Certification
Program (ACCP), may be used to fulfill the examination
requirements as specified in the employer’s written
practice

(c) The employing construction organization shall
certify records of the QC examiners and NDE personnel,
showing dates and results of personnel qualifications,
and shall maintain and make these records available to
the owner’s Inspector.
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GR-4.5 EXTENT OF REQUIRED EXAMINATION AND
TESTING

The extent of the examination and testing shall con-
form to the requirements of this Code or to any greater
extent specified in the engineering design for specific
hydrogen piping or pipeline systems.

GR-4.6 ACCEPTANCE CRITERIA

(d) if all the items examined as required by (c) above
are acceptable, the defective item(s) shall be repaired
or replaced and reexamined as specified, and all items
represented by the additional sampling shall be
accepted.

(e) if any of the items examined as required by (c)
above reveals a defect, all items represented by the pro-
gressive sampling shall be either

(1) repaired or replaced and reexamined as

Atceptance criteria shall meet the applicable require-
ments specified in Part IP or PL and the engineering
design.

GR-f1.7 SUPPLEMENTARY EXAMINATION

Ahy of the examination methods described in para.
GR-{.3.4 may be specified by the engineering design to
supplement the examination required by Part IP or PL.
Supplementary examination to be performed and any
acceptance criteria that exceed the requirements in the

applicable Part(s) shall be specified in the engineering
design.
GR-#+.8 EXAMINATIONS TO RESOLVE UNCERTAINTY

Ahy method may be used to resolve doubtful indica-
tions. Acceptance criteria shall be that for the required
exarpination in Part IP or PL.

GR-4.9 DEFECTIVE COMPONENTS AND

WORKMANSHIP

Ah examined item with one or more defects (imperfec-
tion§ of a type or magnitude exceeding the acceptance
critgria of this Code) shall be repaired or replaced, and
the flew work shall be reexaminéd by the same methods,
to te same extent, and by the same acceptance criteria
as required for the origindl ' work.

GR-4.10 PROGRESSIVE SAMPLING FOR

EXAMINATION

When required random examination reveals a
defect, then!

(a) two additional samples of the same kind (if
welded or brazed }'m'nfq byv the same welder brazer or

required, or
(2) fully examined and repaired or replacgd as nec-
essary, and reexamined as necessary to meet thg require-
ments of this Code.
(f) if any of the defective items are reppired or
replaced, reexamined, and a defect is again detected in
the repaired or replaced item,”continued pr¢gressive
sampling in accordance with (a), (c), and (p) is not
required based on thetdefects found in the repair. The
defective item(s) shallbe repaired or replaced and reex-
amined until acceptance as specified. Spot or] random
examination (whichever is applicable) is then p¢rformed
on the remairiing unexamined joints.

GR-4.11 " TESTING

After construction of the piping system and after com-
pletion of the applicable examinations and repairs, but
prior to the initial operation, each piping sysfem shall
be tested to ensure tightness. The test method afd extent
of testing shall be as required by the applicable Part IP
or PL.

(a) The tests shall be in accordance with the
tion organization’s Quality System Program a
mented procedures.

(b) The construction organization’s quality control
examiner shall verify and maintain record of gll tests.

(c) The owner’s Inspector shall verify that [the tests
have been completed in accordance with the| require-
ments of this Code and the engineering desigh.

onstruc-
hd docu-

GR-4.12 RECORDS

(a) Responsibility. It is the responsibility of
struction organization, the fabricator, and thg
as applicable, to prepare the records require
construction organization’s Quality System Program,
this Code, and the engineering design, along [with the

the con-
erector,
l by the

operator) shall be given the same type of examination.

(b) if the items examined as required by (a) above
are acceptable, the defective item shall be repaired or
replaced and reexamined as specified, and all items rep-
resented by these two additional samples shall be
accepted.

(c) if any of the items examined as required by
(a) above reveals a defect, two further samples of the
same kind shall be examined for each defective item
found by that sampling.

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

53

appticabte requirernents of ASMEBPV-CodeSection V
for the specific NDE methods.

(b) Retention of Records. Unless otherwise specified by
the engineering design, records shall be retained for at
least 5 years after the record is generated for the project.

GR-4.13 NDE DEFINITIONS
The following terms apply to any type of examination:

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping.
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complete examination: is required of the weldment, full
pipe component circumferential and longitudinal welds.

designated lot: that quantity of piping to be considered
in applying the requirements for examination in this
Code. The quantity or extent of a designated lot should
be established by agreement between the contracting
parties before the start of work. More than one kind of
designated lot may be established for different kinds of
piping wark

random examination: complete examination of a percent-
age of a specified kind of item in a designated lot of
piping. Random examination will not ensure a fabrica-
tion product of a prescribed quality level throughout.
Items not examined in a lot of piping represented by
such examination may contain defects that further exam-
ination could disclose. Specifically, if all radiographically
disclosable weld defects must be eliminated from a lot
of piping, 100% RT must be specified

54
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Chapter GR-5
Operation and Maintenance

(2) 1n+acrr1+v mgn:\(rnmpnf ﬁrna-r:\m as rwn
(o]

ribed in

GI:IJ_G.EN.ERN
is Chapter references operating and maintenance

prodedures affecting the safety of hydrogen transmission
and (distribution facilities. Because of the many different
hydfogen fluid services and many different types of
pipihg and pipeline systems addressed by this Code, it
is npt possible to prescribe a detailed set of operating
and|maintenance procedures that will encompass all
casep. It is possible, however, for each operating com-
pany to develop operating and maintenance procedures
basgd on the provisions of this Code, its experience,
and [its knowledge of its facilities and conditions under
whig¢h they are operated that will be adequate from the
standpoint of public safety.

GR

Edch operating company having industrial piping,
pipdline, and commercial and residential systems within:
the $cope of this Code shall

(a) have a written plan covering operating and main-
tenance procedures in accordance with the requiréments
of this Code.

(b} have an emergency plan covering facility failure,
acciflents, leakage, and other emergencies.

(c} operate and maintain its facilities in conformance
withl these plans.

(d) modify the plans from time'to time as experience
dictqtes, and as exposure of-the public to the facilities
and [changes in operating,conditions require.

(e} provide training-for employees in procedures
estaplished for their-eperating and maintenance func-
tion. The training shall be comprehensive and designed
to fgrepare émployees for service in their area of
resppnsibility:

(f] prepare and maintain records showing successful
impleméntation of above items (a) through (e).

5.2 OPERATION AND MAINTENANCE PLAN

ASME B31. 85 as modlﬁed by ( ) and (c) belc w. Plans
shall give particular attention to those pertiops of the
facilities presenting the greatest hazatrd, to the public,
either in the event of an emergency or becausp of con-
struction or extraordinary maintenahce requirpments.
(b) Integrity Management of Piping Systems. The integ-
rity management process fordndustrial piping [shall use
ASME B31.8S as a basiss ASME B31.8S was written to
provide guidance forintegrity management of| pipeline
systems, and therefore’contains requirements, [informa-
tion, and terminology that are not always applicable to
piping systemis. Compatibility of all materials ysed with
hydrogen $hall be factored into the integrity [manage-
ment progess. The guidance provided by ASME B31.85
shall be-followed with modifications as stat¢d in (1)
through (5) below:
(1) The following suggested listing of failfire mode
factors for industrial piping shall be used in|place of
those listed in para. 2.2 of ASME B31.8S:
(-a) external corrosion
(-b) internal corrosion
(-c) hydrogen-induced cracking (HIC) aipd conse-
quent reduction of physical properties
(-d) fatigue
(-e) manufacturing defects
(-1) defective pipe seam
(-2) defective pipe
(-f) welding/fabrication/erection relatdd
(-1) defective pipe girth weld
(-2) defective attachment weld
(-3) defective pipe threads/flange fa¢ing
(-4) improperly hung/supported pipe
(-g) equipment
(-1) gasket, O-ring, packing failure
(-2) valve failure
(-3) pressure regulator failure

GR-5.2.1 Essential Features of the Operating and
Maintenance Plan

(a) Content. The plan prescribed in para. GR-5.2(a)
shall contain detailed instructions for employees cov-
ering operating and maintenance procedures for hydro-
gen facilities during normal operations and repairs, and
either (1) or (2) as described below.

(1) items described in paras. GR-5.3, GR-5.12, and
GR-5.18.
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(-4) compressor, pump failure
(-h) mechanical damage
(-1) damage inflicted by first, second, or third
party with immediate failure
(-2) damage with delayed failure
(-3) vandalism
(-i) operation
(-1) incorrect or inadequate operational
procedure
(-2) operator error
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(-j) weather related or outside force
(-1) cold/hot weather
(-2) heavy rain/flood
(-3) lightning
(-4) windstorm
(-5) earth movement
This listing is for illustrative purposes and may not
be a complete listing of specific piping system threats.

(2) instructions for the prompt and effective
response to a notice of each scenario, including those
responsible

(3) instructions for the dissemination of informa-
tion to emergency responders and the public for each
scenario

(4) personnel responsible to respond to each of the
scenarios listed in the emergency plans

(2) Hydrostatic test pressure (TP) shall be limited (5) personnel responsible for updating the plan
to the pressure calculated per para. IP-10.6.2. The maxi- (6) instructions for reporting and documenting the
mum tegting interval shall be 10 yr. Inline examination emergency
is normallly applied to pipelines or buried piping specifi- (b) Training Program. Bach operating conipany phall

cally degigned for this type of assessment and should
be a reqyirement for piping systems only when the pip-
ing is splecifically designed for inline examination.

(3) The predicted failure pressure level described
in para.[7.2.1 of ASME B31.8S shall be 1.1 times the
hydrostdtic pressure calculated by para. IP-10.6.2. The
ordinate[values of the predicted failure pressure divided
by the hfydrostatic test pressure in Fig. 4 shall be used.

(4) Paragraphs 7.2.2,7.3.2, and A3 of ASME B31.8S
shall bel applied to all forms of hydrogen-induced
cracking

(5) In no case shall the interval between construc-
tion and the first required reassessment of integrity
exceed 5|yr. Piping systems converted from another ser-
vice to lyydrogen service shall be assessed at the time
of convgrsion, and reassessment of integrity shall be
done within 5 yr of conversion.

(c) Infegrity Management of Pipeline Systems. The
integrity] management process for hydrogen pipelines
shall follow ASME B31.8S except as shown below;

(1) Pipelines with design pressures < 15200 kPa
(2,200 pgi) whose material of construction has a SMYS <

358 MPa (52 ksi) should be considered\as Location
Class 3 pipelines unless they are operating in Location
Class 4 areas. Pipelines with ‘design pressures

> 15 200[kPa (2,200 psi) whose.material of construction
has a SMYS < 358 MPa (52 ksi)should be considered as
Locatior| Class 4 pipelines. ‘Al/'pipelines whose material
of constjuction has a SNIYS > 358 MPa (52 ksi) shall be
considerpd as Location)Class 4 pipelines.

(2) Integrity management processes should take
into accgunt the émibrittlement effects of dry hydrogen
gas on carben steel pipeline materials and welds used
to join piiperseéctions.

have a program for informing, instructing,-and training
employees responsible for executing.emergency pfoce-
dures. The program shall acquaint’the employee with
the emergency procedures and hew to promptly|and
effectively handle emergency ‘situations. The program
may be implemented by oralinstruction, written insfruc-
tion, and, in some instafees, group instruction, follqwed
by practice sessions,~The program shall be establiphed
and maintained ©n & continuing basis with provision
for updating a§ necessitated by revision of the wrjtten
emergency, procedures. Program records shall be nain-
tained to establish what training each employee has
received ‘and the date of such training.
(e)Liaison
(1) Each operating company shall establish
maintain liaison with utility, fire, police, and public
cials and public communications media.
(2) Emergency procedures shall be prepardd in
coordination with the public officials.
(3) Each operating company shall have a mleans
of communicating with the public officials and piblic
communications media during an emergency.
(d) Educational Program. An educational program
shall be established to enable customers and the gemeral
public to recognize and report a hydrogen emergency
to the operating company officials and emergg¢ncy
response agencies. The educational program calledl for
under this section should be tailored to the opergtion
and environment, and should be conducted in each| lan-
guage that is significant in the community served. Qper-
ators of distribution systems should communicate their
programs to consumers and the general public in fheir
distribution area. Operators of transmission sysfems

and
offi-

GR-5.2.2 Essential Features of the Emergency Plan

(a) Written Procedures. Each operating company shall
establish written procedures that will minimize the haz-
ard resulting from an emergency. The procedures shall
provide instructions to operating and maintenance per-
sonnel. The procedures shall describe the following;:

(1) a process for prompt and adequate handling of
all calls that concern emergencies, whether they are from
customers, the public, employees, or other sources, and
classifying emergencies that require response
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should communicate theil programs to residents along
their pipeline right-of-way. The programs of operators
in the same area should be coordinated to properly direct
reports of emergencies and to avoid inconsistencies.

GR-5.2.3 Failure Investigation

Each operating company shall establish procedures
to analyze all failures and accidents for the purpose of
determining the cause and to minimize the possibility
of a recurrence. This plan shall include a procedure to
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select samples of the failed facility or equipment for
laboratory examination when necessary.

GR-5.2.4 Prevention of Accidental Ignition

Smoking, open flames, and spark-producing devices
shall be prohibited in and around structures or areas
under the control of the operating company containing
hydrogen facilities (such as compressor stations, meter

made of nylons or other synthetics, silk, or wool will
lower the potential for static buildup.

GR-5.2.5 Blasting Effects

Each operating company shall establish procedures
for protection of facilities in the vicinity of blasting activ-
ities. The operating company shall

(a) locate and mark its piping or pipeline when explo-
sives are to be detonated within distances as specified

and 1a4 I | 4+l Tz 1. J1s
regtiator—stations—and—eother-hydrogenhandhing
equipment) where possible leakage of hydrogen consti-
tute a hazard of fire or explosion. Each operating com-
panly shall take steps to minimize the danger of
acciglental ignition of hydrogen as follows:

(a) When a hazardous amount of hydrogen is to be

in company plans. Consideration should be gi\]len to the
marking of minimum blasting distances frdny'the piping
or pipelines depending upon the type of plasting
operation.

(b) determine the necessity and extent of gbserving
or monitoring blasting activities, based upon the prox-

ven ed' into open air, each potential source of igniti.on imity of the blast with respect’to the piping or gipelines,
shal] first be removed from the area and adequate fire the size of charge, and seil conditions.
extipguishers shall be provided. All flashlights, lighting () conduct a leak saxvey following each [plasting

fixtyres, extension cords, and tools shall be of a type

operation near its piping or pipelines.

appfoved for hazardous atmospheres.
(b) Signs shall be posted to warn others approaching
or eptering the area of the hazard. GR-5.3  MAINTENANCE REQUIREMENTS
(c) To prevent accidental ignition by electric arcing, The provisions of this paragraph are applicaple to all

an agdequate bonding cable should be connected to each
side| of any piping that is to be parted or joined, and

pipingtand pipelines.
GR:5:3.1 Corrosion Control

any [cathodic protection rectifiers in the area shall be

turned off. Procedures shall be established for evalugting the
(d) When cutting by torch or welding is to be per-.t% need for and effectiveness of a corrosion cortrol pro-

fornped, a thorough check shall first be made for thé’ gram. Corrective actions commensurate with the condi-

presence of a combustible hydrogen mixture in the area
outdide of the pipeline. If found, the mixture shall be
eliminated before starting welding or cutting- Monitor-

tions found shall be taken.

GR-5.3.1.1 External Corrosion of Buried Fadilities
(a) Evaluation

ing ¢f air mixture should continue throughout progress (1) The records available as a result of leakage sur-
of work. ) o o veys and normal maintenance work shall be promptly

(e} Should welding be anticipated:on a pipeline filled o yiewed for evidence of continuing corrosiof. When-
with hydrogen and the safety chetk under para. (d)  oyer a buried facility is exposed during normal mainte-
aboye has been completed satisfactorily, the hydrogen  3nce or construction activities, a visual exafnination
pressure shall be controlled.to keep a slight positive ¢} 11 be made of the coating condition and any|exposed

prespure in the pipeline atthe welding area before start-
ing york. Precautions shotild be taken to prevent a back-
draff from occurring-at the welding area.

(f] Before cutting by torch or welding on a line that
may| contain/a mixture of hydrogen and air, it shall be
made safe by displacing the mixture with hydrogen, air,
or ah infert*gas. Caution must be taken when using an
inerf gasto provide adequate ventilation for all workers

metal surface.
(2) Electrical survey methods may be used as an
indication of suspected corrosive areas wher¢ surface
conditions permit sufficiently accurate measyrements.
Such surveys are most effective in nonurban [environ-
ments. Common survey methods include, buf are not
limited to, the following;:
(-a)_structure-to-soil potentials

in the area.

(g) Precautions shall be taken to avoid static electricity
. discharges in the presence of combustible mixtures.
- Potential static discharge sources include
(1) flowing fluids containing liquid or solid parti-
. cles, which may generate static charges, particularly in
- pipes or vessels during transfer.
: (2) people, who can take on static charges and
© should ground themselves before touching or using
tools on hydrogen dewars or vents. Avoiding clothing
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(-b) surface potentials (cell-to-cell), known as
close interval surveys
(-c) soil resistivity measurements
(-d) rectifier checks
(3) The continued effectiveness of a cathodic pro-
tection system shall be monitored in accordance with
para. GR-5.3.1.1(c).
(b) Corrective Measures
(1) If continuing corrosion that, unless controlled,
could result in a condition that is detrimental to public
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or employee safety is found, corrective measures shall
be taken to mitigate further corrosion on the piping
system or segment. Corrective measures shall be contin-
ued in effect as long as required to maintain a safe
operating system. Corrective measures may include any
or a combination of the following:

(-a) provisions for proper and continuous opera-
tion of cathodic protection systems

(-b) application of protective coating

surface and a saturated copper—copper sulfate reference
electrode contacting the electrolyte.

(-d) A facility-to-electrolyte voltage at least as
negative (cathodic) as that originally established at the
beginning of the Tafel segment of the E-log I curve is
measured.

(-e) A net protective current from the electrolyte
into the structure surface is measured by an earth current
technique applied at predetermined current discharge

|

) installation of galvanic anode(s)

(-g) other effective measures as determined by
sound efgineering practice

(anodic) points of the facility.

(-f) application of impressed current (-f) Other means demonstrate adequate\coptrol
(-p) electrical isolation of corrosion has been achieved.
(-f) stray current control (d) Electrical Interference. Adverse electrical interfer-

ence from structures as determined by field tests shgll be
mitigated. Facilities for mitigating electrical interfeffence

(2) When experience or testing indicates the above ~ shall be p‘eriodically .mon.itorec?. )
mitigatign methods will not control continuing corro- (e) Casings. Electrical isolation of cathodically [pro-
sion to ah acceptable level, the segment shall be recondi- tected pipelines and mainS:from metallic casings|that

tioned of replaced and suitably protected.

are part of the underground system shall be maintafined
as necessary to ensure effectiveness of cathodic protec-

(c) Cathodic Protection ; ; e

(1) [Examinations shall be made as required to tion. Electrical meastirements and examinations shqll be
maintaih continuous and effective operation of the made as necessaryto provide timely evidence of shorts
cathodid protection system that would advefsely affect cathodic protection. If fhere
(2) [Flectrical tests shall be made periodically to is evidence.of shorts between the carrier pipe and cdsing
determiffe that the piping system is protected in accor- that render cathodic protection of the pipeline or fnain
d th th licable criteri ineffeétive, or if evidence of corrosion of the carrier [pipe
ance © apphicable criteria. inside the casing is found, remedial measures shafll be

(3) 'he type, frequency, and location of examina-
tions and tests shall be adequate to establish with reason-
able acctiracy the degree of protection provided on the
piping system. Frequency should be determined consid-

taken to lower the corrosion rate to an acceptable Ipvel.

GR-5.3.1.2 External Corrosion of Above-Grqund
Facilities. Facilities exposed to the atmosphere shdll be

ering the following: periodically examined for indication of surface c¢rro-
(-f) condition of pipe sion. Where corrosion is taking place to the extent| that
(-p) method of cathodic protection public or employee safety may be affected, the fagility
(-}) corrosiveness of the environment shall be reconditioned or replaced. Special considergtion
(41) probability of loss or {interruption of shall be given to surfaces near the ground line.

protectign _ _ . ' . GR-5.3.1.3 Internal Corrosion. An internal corrgsion

) (-p) operating experience, including examina-  control program shall include the following;

tions andl leak investigations (a) The program for the detection, prevention, or niti-

() design life ofithe cathodic protection

gation of detrimental internal corrosion shall indlude

installat{on the following:
(-§) public and émployee safety (1) examination of leak and repair records for |ndi-
(4) Where the\tests or surveys indicate that ade-  cation of the effects of internal corrosion
quate prptectiond6es not exist, corrective measures shall (2) visual examination of accessible internal|sur-
be taken|. faces and evaluation for internal corrosion when|any
(5) A Yacility is considered to be adequately pro- part of a pipeline is removed

tected when it meets one or more of the following:

(-a) A negative (cathodic) voltage of at least
0.85 V is measured between the facility surface and a
saturated copper—copper sulfate reference electrode con-
tacting the electrolyte.

(-b) A minimum negative (cathodic) voltage shift
of 300 mV is produced by the application of protective
current.

(-¢) A minimum negative (cathodic) polarization
voltage shift of 100 mV is measured between the facility
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(3) analysis of the gas to determine the types and
concentrations of any corrosive agents if evidence of
internal corrosion is discovered

(4) analysis of any liquids and solids removed by
pigging, draining, or cleanup, to determine the presence
of corrosive materials and evidence of corrosion
products

(b) Where it is determined that detrimental internal
corrosion is taking place, the operating company shall
take measures to correct it. One or more of the following
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protective or corrective measures may be used to control
detrimental internal corrosion:

(1) removal of corrosive agents. If the piping system
can effectively launch, pass, and receive cleaning pigs,
a cleaning program may be implemented or existing
pigging frequencies increased. Careful consideration
shall be given when choosing the type of cleaning pig
to ensure that a thorough cleaning is achieved and to
prevent damage to the piping system and, if applicable,

effective for determining if potentially hazardous leak-
age exists. The extent and frequency of the leakage sur-
veys shall be determined by the operating company,
considering the operating pressure, hoop stress level,
piping age, class location, and whether the transmission
line transports hydrogen without an odorant. In no case
shall the interval between surveys exceed 12 months.

to the internal coating system.
(2) an effective chemical treatment may be applied
in a nanner and quantity to protect all affected portions
of the piping system.
(3) addition of fittings for removal of contaminants
from low spots, or positioning of the piping to reduce
holdup of contaminants.
(4) application of an internal coating.

Internal corrosion control measures shall be evalu-
by a program that includes
(1) periodically checking any chemical additive
b
(2) evaluation of corrosion coupons and test spools
briodic intervals.
(3) periodically checking corrosion probes to help
evalliate control of pipeline internal corrosion.
(4) maintaining a record of the internal condition
of the pipe, of leaks and repairs from corrosion, and
corrpsivity of gas, liquids, or solids. The record should
be used as a basis for changes in the cleaning schedule,
cherhical treatment program, or gas treatment facility.
(5) periodic measurements of piping cemponent
remgpining wall thickness.

(d) Where examination, observation, ot record analy-
sis indicates internal corrosion is taking place to an
extent that may be detrimental to-public or employee
safefy, that portion of the system-shall be repaired or
reconditioned, and steps shall be’taken to mitigate the
intefnal corrosion.

(c
ated|

syst

atp

GR-

Ifjthe extent of.cottosion has reduced the strength of
a fadility below that needed for the prescribed allowable
opefating préssure, that portion shall be repaired, recon-
ditigned, er\réplaced, or the operating pressure shall be
redyced;Commensurate with the remaining strength of
the gofroded pipe. For steel pipelines, the remaining

.3.2 Repair of Corroded Pipe

GR-55—REPAIR PROCEDURES ——

The provisions in paras. GR-5.5 through'GR-5.10 are
applicable to all piping, pipelines, and mains.

(a) If at any time a defect is evident, temporpry mea-
sures shall be employed immediately to prtect the
property and the public. If itVis not feasible |to make
permanent repairs at the time)of discovery, pgrmanent
repairs shall be made as’soon as feasible as described
herein. The use of a welded patch as a repaiy method
is prohibited. If the-facility is not taken out of service,
the operating pressure shall be at alevel that will provide
safety during the’repair operations.

(b) Before'opening any piping to atmosphergq, the sys-
tem shallbepurged so that the concentration offflamma-
ble gas.is less than the lower flammability linpit in air.
Before reintroducing flammable gas into a|system,
redtice the concentration of air in the piping fo a level
that prevents a combustible mixture.

(c) A full encirclement welded split sleqve with
welded ends shall have a design pressure at lepst equal
to that required for the maximum allowable dperating
pressure of the pipe being repaired. See the requirements
for the applicable Part of this Code. If conditiors require
that the sleeve carry the full longitudinal strgsses, the
sleeve shall be at least equal to the design stfength of
the pipe being repaired. Full encirclement slegves shall
not be less than 100 mm (4 in.) long.

(d) If the defect is not a leak, this Code pe
circumferential fillet welds to be omitted in cert
If circumferential fillet welds are not made, thd
dinal welds may be butt welds or fillets to a
The circumferential edges, which would hs
sealed had the fillet weld been made, should
with a coating material such as enamel or rj:stic, S0
that corrosive elements will be kept out of the aea under
the sleeve. Prior to the installation of a sleeve,|the pipe
body shall be examined by ultrasonic methods [for lami-

mits the
hin cases.
longitu-
side bar.
ve been
e sealed

strength of corroded pipe may be determined in accor-
dance with ASME B31G, Manual for Determining the
Remaining Strength of Corroded Pipelines, or other
accepted method.

GR-5.4 LEAKAGE SURVEYS

Each operating company shall provide for periodic
leakage surveys of the facility in its operating and main-
tenance plan. The types of surveys selected shall be
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nations where sleeve fillet welds will be made.

GR-5.6 INJURIOUS DENTS AND MECHANICAL

DAMAGE

(a) Plain dents are injurious if they exceed a depth
of 6% of the nominal pipe diameter. Plain dents of any
depth are acceptable, provided strain levels associated
with the deformation do not exceed 2% strain. Strain
levels may be calculated in accordance with
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Nonmandatory Appendix D or other engineering meth-
odology. In evaluating the depth of plain dents, the need
for the segment to be able to safely pass an internal
examination or cleaning device shall also be considered.
Any dents that are not acceptable for this purpose should
be removed prior to passing these devices through the
segment, even if the dent is not injurious.

(b) All external mechanical damage with or without
concurrent visible indentation of the pipe is considered

is permitted to a depth of 10% of the nominal pipe wall
with no limit on length. Grinding is permitted to a depth
greater than 10% up to a maximum of 40% of the pipe
wall, with metal removal to a length given by the follow-
ing equation:

1/2

injurioug.
(c) Dénts that contain corrosion are injurious if
the corfosion is in excess of what is allowed by
para. GR-5.3.2.
(d) Dgnts that contain stress corrosion cracks or other

L=112 J(Dt)” ot \2 - J
]

{ L\l.lu/I - U.ll/

|

where

cracks afe injurious. a4 = measured maximum depth-of ground areg, in.
(e) Dents that affect ductile girth or seam welds are D = nominal outside diamet&’of pipe, in.

injurioug if they exceed a depth of 2% of the nominal L = maximum allowablétongitudinal exteft of

pipe diameter, except those evaluated and determined round area. in

to be saf¢ by an engineering analysis that considers weld _ & . S o

quality, fondestructive examinations, and operation of t = nominal wall thickness of pipe, in.

the facility are acceptable provided strain levels associ-
ated with the deformation do not exceed 2%.

(f) Dents of any depth that affect nonductile welds,
such as facetylene girth welds or seam welds that are
prone td brittle fracture, are injurious.

GR-5.6.

(a) Injurious dents and mechanical damage shall be
removed or repaired by one of the methods below, or
the operfating pressure shall be reduced. The reduced
pressure|shall not exceed 80% of the operating pressure
experienced by the injurious feature at the time\of dis-
covery. fressure reduction does not constitute a’perma-
nent reppir.

Permanent Field Repairs of Injurious Dents

Grinding shall.produce a smooth contour in the jpipe
wall. The remaining wall thickness shall be verified.
After grinding, the surface shall be examined for cifacks
using a‘fiondestructive surface examination method
capablejof detecting cracks. If grinding within the depth
and\Jength limitations fails to completely remov¢ the
damage, the damage shall be removed or repairdd in
accordance with para. GR-5.6.1.

(4) Dents containing stress corrosion crackingmay
be repaired by grinding out the cracks to a length]and
depth permitted in para. GR-5.6.1 for corrosion in plain
pipe. The wall thickness shall be checked using yltra-
sonic testing. After grinding, the surface shall be exam-

(b) Removal of injurious dents or meehanical damage ined .for .cracks using a nondestruc.tive surfface
shall be performed by taking the facility out of service, ~ €Xamination .method capable of detec.tlr}g C.racl< 5. .If
cutting put a cylindrical piece of pipe, and replacing  grinding within the depth and length limitations [fails

same with pipe of equal or gréatet design pressure; or
ing the defect by<hot tapping, provided the
entire dé¢fect is removed,
(c) Repairs of injuriods dents or mechanical damage
shall be performed ‘as-described below.
(1) [Plain dénts containing corrosion, dents con-
taining $tressscorrosion cracking, and dents affecting
ductile glirth-welds or seams may be repaired with either

to completely remove the damage, the damage shdll be
removed or repaired by installing a full encirclefnent
sleeve.

GR-5.6.2 Permanent Field Repairs of Mechanical
Damage

(a) If a dent or mechanical damage is repaired with
a sleeve not designed to carry maximum allowjable

a full entir€lement sleeve with open ends or with ends
welded to the pipe.

(2) External mechanical damage, and all dents
affecting acetylene girth welds or seam welds that are
known to exhibit brittle fracture characteristics, may be
repaired with a full encirclement steel sleeve with ends
welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage provided
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding
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operating line pressure, the dent shall first be filled with
incompressible filler. If the sleeve is designed to carry
maximum allowable operating line pressure, the incom-
pressible filler is recommended but not required.

(b) Nonmetallic composite wrap repairs proven
through reliable engineering tests and analysis are
acceptable for repair of injurious dents or mechanical
damage.

(c) Allrepairs shall pass nondestructive examinations
and tests as provided in para. GR-5.10.
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GR-5.7 PERMANENT REPAIR OF WELDS WITH
DEFECTS

(a) All circumferential butt welds found to have
defects shall be repaired in accordance with the require-
ments of para. GR-3.4.1, provided the facility can be
taken out of service. Repairs on welds may be made
while the facility is in service, provided the weld is not
leaking, the pressure has been reduced so that the hoop
stregstsbetow of the-speciftedmintmunrytetdof-the
pipd, and grinding of the defective area can be limited so
that|there will remain the larger of 20% of the nominal
walland 3 mm (% in.) thickness in the pipe weld.

(b) Defective welds that cannot be repaired as
desdribed in (a) and that in the judgment of the operating
company are not feasible to remove from the facility by
replacement, may be repaired by the installation of a full
encifclement welded split sleeve using circumferential
fillet welds.

(c) If a manufacturing defect is found in a double
subimerged arc welded seam or high frequency ERW
searf, a full encirclement welded split sleeve shall be
installed.

(d) If a manufacturing defect is discovered in a low
freqpiency ERW weld seam or any seam having a factor
E legs than 1.0, or if hydrogen stress cracking is found
in afly weld zone, a full encirclement welded split sleeve
desipned to carry maximum allowable operating pres-
sure| shall be installed.

(e} All repairs performed under (a), (b), (c), and™(d)
aboye shall be tested and examined as requited by
pargd. GR-5.10.

GR-5.8 PERMANENT FIELD REPAIR.OF LEAKS AND

NONLEAKING CORRODED-AREAS
(a

If feasible, the facility shall-be taken out of service
and [repaired by cutting out a’cylindrical piece of pipe
and |inserting a new piece-of pipe of equal or greater
desipn strength.

(b If it is not feaSible to take the facility out of service,
repdirs shall be made by the installation of a full encircle-
ment welded split sleeve or with deposited weld metal
in ag¢cordance*with (e) below. If nonleaking corrosion is
repdired-with a full encirclement welded split sleeve,
the gireumferential fillet welds are optional.

should not be attempted on pipe that is thought to be
susceptible to brittle fracture.

(f) All repairs performed under (a), (b), and (d) above
shall be tested and examined in accordance with the
requirements of para. GR-5.10.

GR-5.9 PERMANENT FIELD REPAIR OF HYDROGEN
STRESS CRACKING IN HARD SPOTS AND

f service
b of pipe
br design

(a) 1f feasible, the facility shall be taken out
and repaired by cutting out a cylindrieal piec
and replacing same with pipe of equal or'great
strength.

(b) If itis not feasible to take the.facility out of service,
repairs shall be made by the ifistallation of a fulllencircle-
ment welded split sleeve/In the case of stress ¢orrosion
cracking, the fillet welds\ate optional. If the fillet welds
are made, pressurizadtion of the sleeve is optignal. The
same applies to hydfogen stress cracking in hard spots,
except that a flathard spot shall be protected wjith hard-
enable filler 0r'by pressurization of a fillet weldgd sleeve.

(c) Allrepairs performed under (a) and (b) above shall
be tested ‘and examined as required by para. GR-5.10.

GR-5.10 TESTING AND EXAMINATION OF REPAIRS

The provisions are provided in the appplicable
Chapters, IP-10 for industrial piping or PL-3 for
pipelines.

GR-5.10.1 Testing of Replacement Pipe Sections

When a scheduled repair to a facility is madle by cut-
ting out the damaged portion of the pipe as a|cylinder
and replacing it with another section of pipe, the¢ replace-
ment section of pipe shall be subjected to a|pressure
test. The replacement section of pipe shall be ftested to
the pressure required for a new facility installpd in the
same location. The tests may be made on the piipe prior
to installation, provided nondestructive tests|meeting
the requirements of the applicable Part of this {Code are
made on all field girth butt welds after installation. If
the replacement is made under controlled fire cgnditions
(hydrogen in the facility), full encirclement welded split
sleeves may be used to join the pipe sections ifistead of
butt welds.

(c) If the leak is due to a corrosion pit, the repair may
be made by the installation of a properly designed bolt-
on leak clamp.

(d) A small leak may be repaired by welding a nipple
over it to vent the hydrogen while welding and then
installing closure on the nipple.

(e) Small corroded areas may be repaired by filling
them with deposited weld metal from low-hydrogen
electrodes. When using this method, precautions shall
be taken to prevent burn-through. This method of repair
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GR-5.10.2 Nondestructive Examination of Repairs

If defects are repaired by welding, the welds shall be
examined in accordance with the applicable Part of this
Code. All sleeve welds shall be radiographed.

GR-5.11 VALVE MAINTENANCE
GR-5.11.1 Piping and Transportation Pipeline Valves

Valves that are required to be operated during an
emergency shall be examined periodically and partially
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operated at least once a year to provide safe and proper
operating conditions.
(a) Routine valve maintenance procedures shall

include, but not be limited to, the following:

(1) servicing in accordance with written procedures
by adequately trained personnel

(2) accurate system maps for use during routine or
emergency conditions

GR-5.11.5 Prevention of Accidental Operation

Precautions shall be taken to prevent accidental opera-
tion of any valve covered by paras. GR-5.11.1 and
GR-5.11.2. Accidental valve operation by hydrogen com-
pany personnel and the general public should be consid-
ered in taking these precautions. Some recommended
actions to be taken are as follows:

(a) lock valves in aboveground settings readily acces-

(3)

tampering, etc., as required (b) lock valves located in vaults, if the vault is teddily
(4) pmployee training programs to familiarize per- accessible to the general public

sonnel with the correct valve maintenance procedures (c) identify the valve by tagging, color coding, of any

(b) Enpergency valve maintenance procedures include

other means of identification

(1) written contingency plans to be followed during

any typq of emergency . . GR-5.12 TRANSMISSION PIPELINE MAINTENANCE
(2) fraining personnel to anticipate all potential

hazards The provisions of this paragtaph are applicable to
(3) ffurnishing tools and equipment as required, transmission pipelines @nd are in addition to those

including auxiliary breathing equipment, to meet antici-
pated ethergency valve servicing and/or maintenance
requirenjents

described in para. GR-5.2

GR-5.12.1 Continuing Surveillance of Pipelines

As a means.0f maintaining the integrity of its pipgline

GR-5.11|2 Distribution System Valves system, eachoperating company shall establish|and
Valve, the use of which may be necessary for the safe implement,procedures for continuing surveillance ¢f its
i facilities."Studies shall be initiated and action shalll be

operatioh of a hydrogen distribution system, shall be

takeftwhere unusual operating and maintenance cqndi-

checked[and serviced, including lubrication where nec- : b as fail eakage hi 4 )
essary, at sufficiently frequent intervals to assure their ~ [1ONS occur, such as failures, leakage history, drgp in
satisfact tlow efficiency due to internal corrosion, or substajntial

ry operation. Examination shall include check-
ing of aljgnment to permit use of a key or wrench and

changes in cathodic protection requirements.
When such studies indicate the facility is in unsatipfac-

clearing [from the valve box or vault any debris that o e
would infterfere with or delay the operation of thevalve. tory condition, a planned program shall be initiated to
Valves irf hydrogen service shall be checked and serviced aban(.tlc.)n, replace, or recond}t?on and proof test. If such
at least 4nnually. a facility cannot be reconditioned or phased outf the
maximum allowable operating pressure shall be redficed
GR-5.11l3 Service Line Valves commensurate with the requirements describdd in

Outside shutoff valves installed in“service lines sup-
plying places of public assembly, such as theaters,
churcheg, schools, and hospitals; shall be examined and
serviced| including lubricatiofl where necessary, at suffi-
ciently frequent intervals'to assure their satisfactory
operatiopn. The examination shall determine if the valve
is accesgible, if the“alignment is satisfactory, and if the

Part PL.

GR-5.12.2 Pipeline Patrolling

Each operating company shall maintain a per
pipeline patrol program to observe surface condifions
on and adjacent to the pipeline right-of-way, indicafions
of leaks, construction activity other than that perfojmed
by the company, natural hazards, and any other fattors

odic

T/aIVef b 011,1 vault,11f u}sled, contzfuns (fieﬁrls tlhat would affecting the safety and operation of the pipeline. Pajtrols
%nter ere|wit 4 (_je ay the operation of the valve. Unsat- g}, ) pe performed at least once each year in Locations
isfactory conditions encountered shall be corrected. Class 1 and 2_at least once each 6 months in Location

Valves in hydrogen service shall be checked and serviced
at least annually.

GR-5.11.4 Valve Records

A record shall be maintained for locating valves cov-
ered by paras. GR-5.11.1 and GR-5.11.2. This record may
be maintained on operating maps, separate files, or sum-
mary sheets, and the information on this record shall
be readily accessible to personnel required to respond
to emergencies.
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Class 3, and at least once each 3 months in Location Class
4. Weather, terrain, size of line, operating pressures, and
other conditions will be factors in determining the need
for more frequent patrol. Main highways and railroad
crossings shall be examined with greater frequency and
more closely than pipelines in open country.

(a) Maintenance of Cover in Cross-Country Terrain. If
the operating company learns as a result of patrolling
that the cover over the pipeline in cross-country terrain
does not meet the original design, it shall determine
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whether the cover has been reduced to an unacceptable
level. If unacceptable, the operating company shall pro-
vide additional protection by replacing cover, lowering
the line, or other means.

(b) Maintenance of Cover at Road Crossings and Drainage
Ditches. The operating company shall determine by
periodic surveys if the cover over the pipeline at road
crossings and drainage ditches has been reduced below
the requirements of the original design. If the operating

GR-5.14 DECOMMISSIONING OF TRANSMISSION
FACILITIES

Operators planning the decommissioning (temporary
disconnect) of transmission facilities shall develop pro-
cedures for the decommissioning of facilities from ser-
vice. The procedures shall include the following:

(a) Facilities to be decommissioned shall be isolated
and sealed from all sources and supplies of gas such as

company determines that the normal cover provided at
the {ime of pipeline construction has become unaccept-
ably| reduced due to earth removal or line movement,
the pperating company shall provide additional protec-
tion|by providing barriers, culverts, concrete pads, cas-
ing, [lowering the line, or other means.

(c) Pipeline Leak Records. Records shall be made cov-
ering all leaks discovered and repairs made. All pipeline
breaks shall be reported in detail. These records along
withl leakage survey records, line patrol records, and
othgr records relating to routine or unusual examina-
tionp shall be kept in the file of the operating company,
as lgng as the section of line is not abandoned.

(d) Pipeline Markers

(1) Signs or markers shall be installed where it is
condidered necessary to indicate the presence of a pipe-
line [at road, highway, railroad, and stream crossings.
Additional signs and markers shall be installed along
the femainder of the pipeline at locations where there
is a [probability of damage or interference.

(2) Signs or markers and the surrounding right-of-
shall be maintained so markers can be easily read
are not obscured.

way|
and
(3) The signs or markers shall include the words
“Hyjdrogen Pipeline,” the name of‘the operating com-
pany, and the telephone number.where the operating
comjpany can be contacted.

GR-5.13 ABANDONING OF TRANSMISSION

FACILITIES

Eqchoperating company shall have a plan in its
opefating and malntenance procedures for abandomng
tranST
ing provisions:

(a) Facilities to be abandoned shall be disconnected
from all sources and supplies of hydrogen, such as other
pipelines, mains, crossover piping, meter stations, con-
trol lines, and other appurtenances.

(b) Facilities to be abandoned in place shall be purged
of hydrogen and the ends sealed.

(c) Precautions shall be taken to ensure that a combus-
tible mixture is not present after purging.
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ether-pipelines—meatascrossoverpipiagmeter stations,

control lines, and other appurtenances.

(b) Purging of facilities to be decomifiissioped with
an inert material is not required. The decommnjissioned
facility may be left containing hydrogen at a|reduced
pressure, but the facility should\be free of defrimental
corrosive contaminants.

(c) After the facilities have been decommissi
maintenance procedures\shéll continue to be a
if the facility were still\in service.

(d) The cathodic'protection shall be maintaihed with
the periodic examinations and record keeping to con-
tinue as if the facility were still in service.

(e) Forfstations where hydrogen remalins, the
Emergenéy Shut Down (ESD) system shall rgmain in
servicerSome modification to the ESD systen} may be
required to allow for a low pressure ESD. The hgzardous
gas and fire detectors should remain in servicg to blow
the units and piping down, if necessary. :

ned, the
bplied as

GR-5.15 RECOMMISSIONING OF TRANSMISSION
FACILITIES

Operators planning to recommission (redctivate)
transmission facilities temporarily removed from service
shall develop written procedures for recommjssioning
facilities to service. The procedures shall indlude the
following;:

(a) Before a facility is recommissioned, alll mainte-
nance and cathodic protection records shall be feviewed
to ensure that the condition and integrity of the facility
has been maintained during the decomm{ssioned
period.

(b) Facilities to be recommissioned that hgave been
decommissioned for an extended period of time shall
be repressured incrementally.

(c) A leak survey shall be performed after tHe facility
defects
or leaks discovered shall be repalred before the facility
is back in full operation.

GR-5.16 REPOSITIONING A PIPELINE IN SERVICE

When repositioning a pipeline in service, the follow-
ing are some of the factors that shall be considered:

(a) deflection

(b) diameter, wall thickness, and grade of pipe

(c) pipeline pressure
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(d) type of girth welds

(e) test and operating history

(f) presence of defects

(g) existing curvature

(h) bends

(i) valves and fittings

(j) terrain and soil conditions

(k) personnel safety considerations

(a) To determine the integrity of an in-service pipeline
by strength testing, the pipeline shall be strength tested
at a pressure that will cause a hoop stress of at least
90% of the SMYS in the segment with the lowest design
or rated pressure in the section tested, except as pro-
vided in (b) below.

(b) For pipelines in which stress corrosion cracking
(SCC) has been identified, defects may be mitigated by

() additional stresses caused by repositioning of the __Pressure testing to a pressure that will create a hoop

pipeline stress of at least 100% of the SMYS at the high point
elevation.

14 GR-5.17 TESTING FOR INTEGRITY ASSESSMENT (c) Following the strength test periodsa-leak]test

OF IN-SERVICE PIPELINES

The inftegrity of an in-service pipeline may be deter-

~ mined bl pressure testing for strength and leaks. Com-
~ parison
- pressures will demonstrate that the integrity of the pipe-
* line has ot been reduced, if new test pressures are equal
| to or grdater than previous test pressures. If there was

of new test pressures with previous test

should be performed. The leak test pressure’should be
at least 1.10 times the pipeline maximum allowjable
operating pressure (MAOP).

GR-5.17.2 Pressure Hold Period

(a) The strength test pressure shall be held for a thini-
mum time period of “%4-h except for those lines with
known SCC, which dre to be pressure tested in agcor-

no prevjous strength test with which to compare the 3. o with (b) belot.

current }Ilest, a minimum specified margin of safety can (b) The pressure test for SCC shall be held lon

be established. A strength test, however, will notindicate P e 5
. o . enough for the test pressure to stabilize, in most qases

ongoing|deterioration of the pipeline that has not pro- U h or less

gressed|to the point where defects fail during the : )

strength|test. Refer to Nonmandatory Appendix C for
hydrostdtic testing guidelines. Integrity is defined here
as the capability of the pipeline to withstand hoop stress
due to ¢perating pressure plus a margin of safety
required|by this section. In-service pipeline is defined here
as a pipgline that has been or is in service.

For piping and pipelines made from materials\that
may frafture at a pressure lower than the hydrotest
pressurp when in service, all of the following are
required

(a) Thie critical crack size shall be calctilated consider-
ing the possibility of both fracture and plastic collapse,
using t%e FAD approach des¢riped in API 579-1/

ASME HFS-1, Fitness-For-Service, Level 2 or 3 or other
proven firacture mechanicsymethod.
(b) The piping or pipeline shall be examined to verify
no existihg cracks are@pproaching the critical crack size.
(c) The anticipated.crack size based on the calculated
crack grpwth rat€ will not exceed the critical size in
twice the timetto the next scheduled evaluation.

GR-5.17

1 \Pressure Test Levels

(c) The'leak test pressure should be maintainedl for
as long’as necessary to detect and locate or evaluatq any
leakage of test media. Additional leak test methodsmay
be'employed if detection of leakage of the test media is
not practical due to very small leaks, such as may be
experienced after testing for SCC.

GR-5.17.3 Time Interval Between Tests

The time interval between pressure tests shall be bpsed
upon an engineering critical assessment to prefent
imperfections from growing to critical sizes. That ¢ngi-
neering critical assessment shall include the folloying
considerations:

(a) Risk to the Public. The first consideration in { test
or retest should be the exposure that the public cpuld
have to a failure of a given pipeline.

(b) Stress Level of Previous Test. Testing shows thaft the
higher the stress level of the strength test, the smjaller
the remaining flaw will be. Smaller remaining flawq will
result in a longer time before the flaw could be expdcted
to grow to a critical size if not mitigated. This meang that
increasing the ratio of the test pressure to the operdting

When establishing test pressures for a test section,
the maximum test pressure shall be determined by the
operator to prevent damage to the pipeline and its com-
ponents. Consideration must be given to the effect of
test section elevation differences on the test pressure.
Whenever test pressure will cause a hoop stress in excess
of 100% of the specified minimum yield strength
(SMYS), refer to Nonmandatory Appendix C for guid-
ance on yield monitoring. The minimum test pressure
shall be as required by (a) through (c) below.
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pressure may potentially increase the retest interval.

(c) Corrosion Rate. The corrosion rate on a given pipe-
line depends upon the aggressiveness of the corrosive
environment and the effectiveness of corrosion control
measures.

(d) Maintenance. Deterioration of the pipeline is also
a function of the timing and effectiveness of actions to
correct such conditions as corrosion control deficiencies,
external force damage, and operating conditions that
increase the potential for corrosion. The effectiveness
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of programs to prevent damage by excavation affects
pipeline maintenance.

(e) Other Examination Methods. In-line examination,
external electrical surveys of coating condition and
cathodic protection levels, direct examination of the
pipe, monitoring of internal corrosion, monitoring of
gas quality, and monitoring to detect encroachment are
methods that can be used to predict or confirm the pres-
ence of defects that may reduce the integrity of the

sound judgment, and knowledge of the system. Once
established, frequencies shall be reviewed periodically
to affirm that they are still appropriate. The frequencies
of the leakage survey shall at least meet the following;:

(a) Distribution systems in a principal business dis-
trict should be surveyed at least annually. Such surveys
shall be conducted using a combustible gas detector and
shall include tests of the atmosphere, which will indicate
the presence of hydrogen in utility manholes, at cracks

pipdline.

GR-5.18 DISTRIBUTION PIPELINE MAINTENANCE

Distribution mains shall be patrolled in areas where
necgssary to observe factors that may affect safe opera-
tion| The patrolling shall be considered in areas of con-
struftion activity, physical deterioration of exposed
pipipg and supports, or any natural causes that could
resuft in damage to the pipe. The frequency of the patrol-
lingfshall be determined by the severity of the conditions
that|could cause failure or leakage and the subsequent
hazgrds to public safety.

GR-5.19 LEAKAGE SURVEYS

E3ch operating company having a hydrogen distribu-
tion[system shall set up, in its operating and mainte-
nanfe plan, a provision for the making of periodic
leakhge surveys on the system.

GR

Tlhe types of surveys selected shall be.effective for
detgrmining if potentially hazardous leakage exists. The
follqwing are some procedures that may. be employed:
(a) surface hydrogen detection stitveys

(b) subsurface hydrogen detector'surveys (including
barHole surveys)

(c) vegetation surveys

(d) pressure drop test

(e} bubble leakagestest

(f] ultrasonic leakKage test

.19.1 Types of Surveys

GR-5.19.2 Erequency of Surveys

tion, operating pressure, and any other known condition
(such as surface faulting, subsidence, flooding, or an
increase in operating pressure) that has significant
potential to either initiate a leak or to cause leaking
hydrogen to migrate to an area where it could result in
a hazardous condition. Special one-time surveys should
be considered following exposure of the hydrogen distri-
bution system to unusual stresses (such as those
resulting from earthquakes or blasting). The leakage sur-
vey frequencies shall be based on operating experience,

in the pavement and sidewalks, and at other Jocations
providing opportunity for finding hydrogern l¢aks.

(b) The underground distribution system oytside the
areas covered by (a) above shall be) strveyefl as fre-
quently as experience indicates necessary, buf not less
than once every 5 yr for odorized hydrogen, angl not less
than once every 12 months €01 nonodorized hjydrogen.

GR-5.20 LEAKAGE INVESTIGATION AND A(QTION
GR-5.20.1 Leakage Classification and Repair

Prior to taking any action, any immediate haard shall
be controlled'by such emergency actions as evacuation,
blockingyan’area off, rerouting traffic, elirhinating
sources, of ignition, ventilating, or stopping [the flow
of hydrogen. Leaks shall be evaluated, classified, and
caontrolled by first determining the perimeter of|the leak.
When this perimeter extends to a building vall, the
investigation shall continue into the building. Based on
an evaluation of the location and/or magnitpide of a
leak, one of the following leak grades shall be gssigned,
thereby establishing the leak repair priority:

(a) Grade 1 is a leak that represents an existing or
probable hazard to persons or property and|requires
immediate repair or continuous action until tle condi-
tions are no longer hazardous.

(b) Grade 2 is a leak that is recognized as bging non-
hazardous at the time of detection but requir¢s sched-
uled repair based on probable future hazard.

(c) Grade 3 is a leak that is nonhazardous at|the time
of detection and can be reasonably expected tp remain
nonhazardous.

The leak shall then be located and repaired

GR-5.20.2 Investigation of Reports From Outpside
Sources

Any notification from an outside source (such as

tomer, or general public) reporting a leak, explosion,
or fire that may involve hydrogen pipelines or other
hydrogen facilities shall be investigated promptly by
the operating company. If the investigation reveals a
leak, the leak should be classified and action taken in
accordance with the criteria in para. GR-5.20.1.

GR-5.20.3 Odor or Indications From Foreign Sources

When potentially hazardous leak indications (such as
gasoline vapors, natural, sewer, or marsh gas) are found
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to originate from a foreign source or facility or customer-
owned piping, they shall be reported to the operator of
the facility and, for Grade 1 leaks, to emergency response
agencies. When the company’s pipeline is connected to
a foreign facility (such as the customer’s piping), neces-
sary action, such as disconnecting or shutting off the
flow of hydrogen to the facility, shall be taken to elimi-
nate the potential hazard.

Consideration shall be given to any effects the abandon-
ment may have on an active cathodic protection system.

(b) In cases where a main is abandoned, together with
the service lines connected to it, insofar as service lines
are concerned, only the customer’s end of such service
lines need be sealed as stipulated above.

(c) Service lines abandoned from the active mains
should be disconnected as close to the main as
practicable.

GR-5.20p%~Fottowup EXamimations (d) All valves left in the abandoned segment shbuld
While|the excavation is open, the adequacy of leak  be closed. If the segment is long and there arefew] line
repairs ghall be checked by using acceptable methods. ~ valves, consideration should be given to plugging the

The perimeter of the leak area shall be checked. In the
case of [a Grade 1 leak repair as defined in para.
GR-5.2011, where there is residual hydrogen in the
ground, p followup examination should be made as soon
as practifable after allowing the soil atmosphere to vent
and stabflize, but in no case later than 1 month following
the repajir. In the case of other leak repairs, the need

for a followup examination should be determined by
qualified personnel.
GR-5.21 REPAIR, TESTING, AND EXAMINATION OF
MAINS OPERATING AT HOOP STRESS
LEVELS AT OR ABOVE 30% OF THE
SPECIFIED MINIMUM YIELD STRENGTH
Repaif procedures shall be in accordance with the

requirenjents of para. GR-5.5. Testing and examination
of repairs shall be in accordance with the requirements
of para. [GR-5.10.

GR-5.221 REQUIREMENTS FOR ABANDONING,
DISCONNECTING, AND REINSTATING

DISTRIBUTION FACILITIES

GR-5.22|1 Abandoning of Distribution Facilities

Each ¢perating company shall have a plan for aban-
doning active facilities, stich as service lines, mains,
control ljnes, equipment,‘and appurtenances for which
there is o planned use{The plan shall also include the
following provisions.

(a) If the facilities are abandoned in place, they shall
be physifally.disconnected from the piping system. The
open enfls.of-all abandoned facilities shall be capped,

plugged

or otheruise nFFﬂr‘H‘rn].‘/ sealed. The need for

segment at intervals.

(e) All above-grade valves, risers, and vault and yalve
box covers shall be removed. Vault-and ‘valve box yoids
shall be filled with compacted backfill material.

GR-5.22.2 Decommissioned.Service

ned
hall

Whenever service to alcustomer is decommissi
(temporarily disconnected), one of the following
be complied with:

(a) The valve 4¢hat is closed to prevent the flow of
hydrogen to the customer shall be provided with a Jock-
ing device or'@ther means designed to prevent the open-
ing of the valve by persons other than those authotized
by the operating company.

(b)AX mechanical service or fitting that will prdvent
the flow of hydrogen shall be installed in the sefvice
line or in the meter assembly.

(c) The customer’s piping shall be physically digcon-
nected from the hydrogen supply and the open pipe
ends sealed.

GR-5.22.3 Test Requirements for Reinstating
Decommissioned Service Line

Facilities previously decommissioned shall be tgsted
in the same manner as new facilities before bping
reinstated.

Service lines decommissioned because of main refew-
als or other planned work shall be tested from the point
of disconnection to the service line valve in the Jame
manner as new service lines before reconnecting, except

(a) when provisions to maintain continuous sefvice
are made, such as by installation of a bypass, any poftion
of the original service line used to maintain continfious
service need not be tested, or

(b) when the service line has been designed, instdlled,

purging the abandoned facility to prevent the develop-
ment of a potential combustion hazard shall be consid-
ered. Any combustion hazard shall be eliminated.
Abandonment shall not be completed until it has been
determined that the volume of hydrogen contained
within the abandoned section poses no potential hazard.
Air or inert gas may be used for purging, or the facility
may be filled with water or other inert material. If air
is used for purging, the operating company shall ensure
that a combustible mixture is not present after purging.
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Tested, and maintained I accordance with the require-
ments of this Code

GR-5.22.4 Maintenance Records

(a) Whenever any portion or section of an existing
underground distribution piping system is uncovered
for operating or maintenance purposes, or for the instal-
lation of new facilities, the following information shall
be recorded:

(1) the condition of the surface of bare pipe, if pitted
or generally corroded
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(2) the condition of the pipe surface and of the
protective coating where the coating has deteriorated
to the extent that the pipe is corroding underneath

(3) any damaged protective coating

(4) any repairs made

(b) Distribution piping condition records shall be ana-
lyzed periodically. Any indicated remedial action on the
piping system shall be taken and recorded.

(2) Periodic sampling and testing of hydrogen in
storage shall be made to determine that the level of
contaminants contained in the stored hydrogen is below
that which might cause internal corrosion or interfere
with the safe operations of the storage plant.

(3) The pressure-control and pressure-limiting
equipment shall be examined and tested periodically to
see if it is in a safe operating condition and has adequate
capacity.

ressor units shall be established by the operating
any. The operating company shall ensure that the

parg. GR-5.23.3 and all devices except rupture disks shall
be operated periodically to determine that they open at
the forrect set pressure. Any defective or inadequate
equipment found shall be promptly repaired or replaced.
All gemote-control shutdown devices shall be examined
and [tested at least annually to determine that they func-
tion|properly.

(c) Repairs to Station Piping. For station piping
opetating at hoop stress levels at or above 40% of thie
spedified minimum yield strength, repairs shall be done
in a¢cordance with para. GR-5.5, and testing and*exami-
nation of repairs shall be done in accordatice with
parg. GR-5.10.

(d) Isolation of Equipment for Maintenanceor Alterations.
The|operating company shall establish procedures for
isoldtion of units or sections of piping for maintenance,
and [for purging prior to returning units to service, and
shall follow these established procedures in all cases.

(e} Storage of Combustible Materials. All flammable or
conmbustible materials.in quantities beyond those
required for everyday-iise or other than those normally
used in compressor buildings shall be stored in a sepa-
ratel|structure,built of noncombustible material, located
awal fromqthier compressor building. All aboveground

dan

(b) Each operating company shall follow [the plan
described in (a) above and keep records_that detail the
examination and testing work done and‘the c¢nditions
found.

(c) All unsatisfactory conditions found
promptly corrected.

shall be

GR-5.23.3 Maintenance of Pressure-Limiting jand
Pressure-Regulating Stations

(a) Condition and,Adequacy. Pressure-limiting sta-
tions, relief devices,’and other pressure-reguldting sta-
tions and equipment shall be periodically examjined and
tested, in order to determine that they

(1) are In good mechanical condition. Visupl exami-
nation\shall be made to determine that equipment is
properly installed and protected from dirt, ligquids, or
othér conditions that might prevent proper operation.
When part of the installation, the following|shall be
included in the examination:

(a) station piping supports, pits, and vaults for
general condition and indications of ground settlement.
See para. GR-5.23.4 for vault maintenance.
(b) station doors and gates and pit vaylt covers
to ensure that they are functioning properly jand that
access is adequate and free from obstructions
(c) ventilating equipment installed i station
buildings or vaults, for proper operation and for evi-
dence of accumulation of water, ice, snow, |or other
obstructions.
(d) control, sensing, and supply lines f
tions that could result in a failure.
(e) all locking devices for proper operation.
(f) station schematics for correctness.
(2) have needed capacity and reliability foy the ser-

r condi-

oil gr gasoline storage tanks shall be protected in accor- vice in which they are employed and are set to[function
recwith NFPA 30. at the correct pressure.
(a) At least once each calendar vear opera-

GR-5.23.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition
(a) Each operating company having a pipe-type or
bottle-type holder shall prepare, and place in its files, a
plan for routine examination and testing of the facilities
that has the following provisions:
(1) Procedures shall be followed to enable the detec-
tion of external corrosion before the strength of the con-
tainer has been impaired.
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tional check shall be made. If acceptable operation is
not obtained during the operational check, the cause of
the malfunction shall be determined and the compo-
nents shall be adjusted, repaired, or replaced as required.
After repair, the component shall again be checked for
proper operation.

(b) At any time a change is made that affects the
needed capacity, a review shall be made to ensure that
the combined capacity of the relief devices on each pip-
ing system is adequate to limit the pressure at all times
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to values prescribed by the engineering design. This
review should be based on the operating conditions
that create the maximum probable requirement for relief
capacity in each case, even though such operating condi-
tions actually occur infrequently or for only short peri-
ods of time, or both. If it is determined that the relieving
equipment is of insufficient capacity, steps shall be taken
to install new or additional equipment to provide ade-
quate capacity.

(3) Examination frequency shall not be less than

annually.
(e) District Pressure

(1) Every distribution system supplied by more
than one district pressure-regulating station shall be
equipped with devices that record the hydrogen pres-
sure in the district.

(2) On distribution systems supplied by a single
district pressure-regulating station, the operating com-

(b) Ré¢pairs to Station Piping. For station piping
operating at hoop stress levels at or above 40% of the
specified minimum yield strength, repairs shall be done
in accordance with para. GR-5.5, and testing and exami-

pany shall determine the necessity of installing, puch
devices in the district, considering the numbetof|cus-
tomers supplied, the operating pressures, and the cqdpac-
ity of the installation.

nation ¢f repairs shall be done in accordance with (3) If there are indications of abnormal high o1 low
para. GR-5.10. » i pressure, the regulator and the auxiliary equipment phall
(c) Abpormal Conditions. Whenever abnormal condi- 1. ayamined. and the necessary measures shall be

tions ard imposed on pressure or flow control devices,
the incident shall be investigated and a determination
made as|to the need for examination or repairs, or both.
Abnornfal conditions may include regulator bodies,

which arfe subjected to erosive service conditions or con-

taminanfs from upstream construction and hydrostatic
. properly.
testing.
(d) Stgp Valves GR-5.23.4°V .
-5.23.4 Vault Maintenance
(1) An examination of stop valves that includes an

operatiopal check shall be made to ensure that the valves
will opetate and are correctly positioned. (Caution shall
be used fo avoid any undesirable effect on pressure dur-
ing operptional checks.) The following shall be included
in the eyamination:
(-f) station inlet, outlet, and bypass valves
(-p) relief device isolating valves
(-f) control, sensing, and supply line yalves

(2) The examination procedure shall include the
following;:
(-f) acheck for proper position(ofjall valves. Spe-
cial attemtion shall be given to regulator station bypass
valves, rplief device isolating valves; and valves in con-
trol, senging, and supply lines,
(-p) restoration of alllocking and security devices
to proper position.

employed to rectify any unsafisfactory operating cqndi-
tions. Periodic examinatipns-of single district presgure-
regulating stations net,equipped with devices|that
record hydrogen pressure shall be made to deterpnine
that the pressure-regulating equipment is functioping

Each, vault housing a pressure-limiting, presqure-
religf, or pressure-regulating station shall be examfined
to\determine its condition each time the equipment is
examined and tested in accordance with para. GR-5.23.3.
For any vault which personnel enter, the atmosphere
shall be tested for combustible gas. If the atmosphere
is hazardous, the cause shall be determined. The yault
shall be examined for adequate ventilation. The cqndi-
tion of the vault covers shall be carefully examinegl for
hazards. Unsatisfactory conditions disclosed shall be
corrected. No welding may be done if a combustibl¢ gas
mixture is present. Maintenance work performed in the
vault shall be in accordance with procedures develpped
per para. GR-5.23.3, with particular consideration given
to the monitoring of the atmosphere and safety prtec-
tion for personnel in the vault.
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Chapter GR-6
Quality System Program for Hydrogen Piping and
Pipeline Systems

GR

5.1 QUALITY SYSTEM PROGRAM

Tlhis Chapter provides requirements for development
of (Quality System Programs. The purpose is to ensure
quality is achieved for all hydrogen piping and pipeline
systems by meeting the requirements of this Code and
any |additional requirements specified by the owner at
all pghases (design, construction, testing and inspection,
implementation, and maintenance).

Tlhe Quality System Program (QSP) shall be based on
the Puality System description of this Chapter, which
inclfides applicable areas of this Code. In addition,
appfopriate areas of ANSI/ASQC Q9000 series stan-
dards may be referred to and included when developing
the quality program, which should also include specific

‘project and jurisdictional requirements for hydrogen

gisyst PmS.

- Each organization shall be responsible for developing

-a Q3P. The Quality System shall include a quality mari<

‘ual, |quality policy and objective, structure of organiza-

jtion documented procedures, and work instrtictions.

‘Thege documents shall follow a formal documentcontrol
program like that described in ANSI/ASQC Q9000
reqyirements.

Tle Quality System shall provide fer interface with

(b) Table of Contents. The table of contents.of the qual-
ity manual shall list the number and titlé of each section
and its location.

(c) Review, Approval, and Revision. Evidenge of the
review, approval, revision stats; and date of the quality
manual shall be clearly indicated in the manugl. Where
practical, the nature of the{change shall be identified in
the document or the appropriate attachments.

(d) Quality Policyantd Objectives. The quality
shall include a statement of the quality policy
objectives for quality. The actual quality goalf
these objectives may be specified in another p
Quality ‘System documentation as determine
organization.

(e)>References. The quality manual shall con]iain a list
of-documents referred to, but not includedl, in the
manual.

manual
and the
to meet
rt of the
by the

GR-6.3 QUALITY SYSTEM FUNCTIONS

The following processes/functions shall be
documented:
(a) Engineering and Design Control. Organizafions pre-

R . aring designs for construction or modificdtions to
the pwner and jurisdiction. The QSF" shall be rev'lewed Eydroéen reflgated facilities shall have a formgl design
.for. pcceptance by. t.he owner K shall be subject to process that ensures adequate approval and reyiew, and
jurigdictional participation. verifies documented requirements (including applicable

codes such as ASME B31.12) are met. The progfam shall

GR-6.2 QUALITY, MANUAL ensure Fhat currer'1t. dqcuments (%.e., drawing , des:,ign

calculations, specifications, and instructions) [required

Tlhe quality manual shall be a written document that for the construction (fabrication, assembly, prection,

incliides thegedpe of the Quality System, organizational ~ welding, heat treating, inspection, examinatjion, and

infofmatien, 6rganizational policy, objectives, and the  testing) of hydrogen piping and pipeline systems are

orgdniZafion’s management structure. The organiza-  approved in a formal manner and made avaflable for
tion|s Upper management shall approve the manual. Pol- construction.

icies may include a high-level approach addressing
quality system processes. Information about the organi-
zation, such as name, location, and means of communi-
cation, shall be included, as well as additional
information, such as its line of business and a brief
description of its background, history, and size.

(a) Title and Scope. The title and/or scope of the qual-
ity manual shall define the organization to which the
manual applies. The manual shall reference the Quality
System standards on which the Quality System is based.
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(b) Procurement of Materials and Products

(1) The purchasing process shall include strict
adherence to all the engineering design requirements
for compliance with this Code, ensuring that all materi-
als and products are compatible with the hydrogen sys-
tem under the conditions they shall be used and shall
conform to the specifications approved by engineering
design responsible for their selection. Materials and
products to be purchased shall be clearly identified to
this extent.

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

(2) All materials and products that are input to the
project shall be subjected to the same levels of purchas-
ing controls, regardless of whether they are obtained
from external suppliers or from the originating organiza-
tion (i.e., “in-house”). External products are normally
obtained by contract. “In-house” products can be
obtained using internal acquisition procedures and
controls.

(c) Supcontractor Control. The subcontractor services
shall be|controlled by the processes of procurement,
quality feview, and surveillance, including receiving
inspectign supported by the proper documentation. The
organization shall ensure that the subcontractor shall
provide products and services that comply with subcon-
tract requirements and the organization’s Quality
System/] The organization shall be responsible for
approval of all subcontract services.

(d) Cqntrol of Materials and Products. The Quality

Chapter GR-5, in addition to the Quality System func-
tions required by this Chapter.

(g) Quality Control Operations. The Quality System
shall include procedures to ensure conformance with
engineering design and the specific requirements con-
tained in this Code.

(1) Quality Control Examination. The organization
shall assign qualified personnel (examiners) to perform
ity examinations and testing. The organization shall
certify the personnel as to their education, training, qual-
ification, and experience, sufficiently evidencing fheir
ability to perform the assigned functions.

(2) Nondestructive Examination

(-a) The organization responsible’ for providing
the NDE (VT, RT, UT, PT, MT) shall be in compliance
with Chapters GR-4 and IP-10, afid para. PL-3.19.

(-b) The Quality Systen¥process shall provide for
the assignment of qualified INDE personnel to perform
nondestructive examinations. The organization ghall
certify the personnelas.to their education, training, qual-
ification, and experiénce, sufficiently evidencing fheir
ability to perform ‘the assigned functions.

ery. Identification is based on applicable drawings, spec- (3) Calibration and Measurements. The Quality
ificatioms, or other documents. When required or  System ghall

specified, complete traceability of material or product (-a) establish and maintain documented pfoce-
shall be maintained by issuing unique or batch control  dures'to control, calibrate, and maintain inspection, fnea-
numberg and/or markings. The identification and trace-  suring, and test equipment used by the organizatign to
ability ppocedure shall be fully documented to provide - (Zdemonstrate compliance

objectivle evidence of compliance with this Code in (-b) establish extent and frequency of calibrgtion

accordarce with this requirement.

(e) Copistruction Plan. The processes of construction
shall incjude procedures for fabrication, assembly, han-
dling, stprage and preservation, forming, and-erection,
in addition to the special processes of welding, brazing,
heat tredting, and postweld heat treating:

(1) Welding and Brazing. Welding/and brazing con-
trols shalll include development,'qualification, certifica-
tion, anfl maintenance of procedures and personnel
records. [The assignment of procedures and the personnel
to perfprm the construction of weldments and
brazements to the properly selected joint connections
shall alsp be included, along with the maintenance of
records, fhe unique‘identification of the joint connection,
and the|identification of personnel performing the
connectipry

and measurements, and maintain records as evidence
of control

(-c) define the process employed for the caljbra-
tion of inspection, measuring, and test equipnjent,
including details of equipment type, unique idenItIIﬁca—
tion, location, frequency of checks, check method,
acceptance criteria, and the action to be taken When
results are unsatisfactory

(-d) identify inspection, measuring, and|test
equipment with a suitable indicator or approved identi-
fication record to show the calibration status

(-e) maintain calibration records for inspedtion,
measuring, and test equipment

(-f) assess and document the validity of preyious
inspection and test results when inspection, measufing,
or test equipment is found to be out of calibration

(2) Heat Treatment. Heat treatment controls shall
include documented procedures, work instructions, and
related instruments and equipment, along with the qual-
ification of personnel, to ensure the selected process and
method are used for all heat treat applications, such as
forming or postweld heat treat.

(f) Operation and Maintenance Plan. The organization
responsible for the operation and maintenance plan
(Chapter GR-5), applicable to Parts IP, PL, and CRP,
shall include in their QSP the related requirements of

70

(-g) ensure that handling, preservation, and stor-
age of inspection, measuring, and test equipment is such
that the accuracy and fitness for use are maintained

(4) Receiving Inspection Control. The process for
receiving inspection shall include the requirements of all
applicable documents, such as purchasing, engineering
drawings, specifications, and governing codes and stan-
dards. The receiving inspection shall include the docu-
mented records, certifications, and test reports. The
receiving inspection control shall provide for inspection,
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examination, testing, identification, and traceability
when applicable.

(5) Testing. The testing processes shall be docu-
mented and ensure verification of applicable require-
ments. Testing responsibilities, process, and applicable
records shall be identified and documented. The process
includes inspection and also inspection by the owner
with jurisdictional participation when required.

(6) Personnel Qualification/Certification. The process

approving, issuing, and implementing documents shall
be documented, with processes and responsibilities
identified. The method for identifying and numbering
documents shall be documented and also shall ensure
that each document has a unique identifier. The number-
ing should also include records identified in (2) below.

(2) A procedure describing the control of records
as output to the procedures shall be prepared. The loca-
tion and responsibilities for maintaining records shall

requires documented procedures for qualification/certi-
fication of personnel who perform functions of special
prodesses (welding, brazing, and heat treating), quality
confrol, inspection, testing, and nondestructive
exarhination.

(7) Control of Nonconformity and Corrective and
Preventive Action. The Quality System shall

(-a) identify personnel with the authority and
resppnsibility to report nonconformities at any stage
of al process in order to ensure timely detection and
disposition of nonconformities. Authority for response
to npnconformities shall be defined to maintain compli-
ancq to the requirements. The personnel shall identify
and|control the nonconforming condition, along with
segrpgation and disposition.

(-b) establish an effective and efficient process to

be identified. Records include output from, processes,
drawings, engineering analysis, specificatiors| meeting
minutes, contractual agreements, radiggraphs|applica-
ble Certificates of Compliance, personnel qualifications,
etc. The records shall be available to. authoriz¢d users.
(3) The forms used in the QSP and any|detailed
procedures for their use shdllybe available fof review.
Procedures shall make fiecessary reference|to these
forms, their issue, maintenance, identificatfon, and
retrieval.
(i) Quality Audit\Control. The Quality System shall
provide for intérnal and external audits. The| internal
audit processy{sometimes called first-party audits, shall
be conducted on, or on the behalf of, the orggnization
itself for management review and other intefnal pur-
poses.)The Quality System shall demonstrate [the free-

. . . o, . e dom from responsibility for the activity being|audited.
proyide for review and disposition of identified noncon- .
s - L The external audits are generally termed sec¢nd- and
fornpities. Review of nonconformities shall be conducted . . .
. A third-party audits. Second-party audits are c¢gnducted
by guthorized personnel to determine if any trends_or . : ) . .
. . by parties having an interest in the organizatfon, such
pattprns of occurrence require attention. . .
as customers or by other persons on their behalf. Third-

(-¢) provide for a corrective action proceddre to
inclfide evaluation of the nonconformance. Personnel
frorI appropriate disciplines shall participate'in the cor-
rectjve action process. The preventive acfion process
shal]l implement the necessary agtion to prevent
recufrrence.

(-d) ensure that authorized/responsible person-
nel document all nonconformities, corrective action, and
previentive action.

party audits are conducted by external, ind¢pendent
auditing organizations. The quality audits shalllbe docu-

(W) Quality Documentland Data Control (k) Owner Inspection. The program shall describe the
(1) The programishall include the provisions for  operations sufficiently to permit the owner to determine
revising QSP doeufments to maintain currency, along  at what stages specific inspections are to be performed.
with the issuance'of the documents and their implemen- ~ See para. GR-4.2 for owner’s Inspector respongibilities

tatign. The title'of the individual authorized to approve
revisions;-issuance, and implementation shall be
inchllded. The process for preparing, revising, reviewing,

(1) Jurisdictional Participation. The Quality System
shall provide for participation by the jurisdicti¢n, based
on the governing requirements of the jurisdiction.
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PART IP

___INDUSTRIAL PIPING

IP-1.1 |SCOPE

Rules for this Part have been developed for hydrogen
service ihcluded in petroleum refineries, refueling sta-
tions, chemical plants, power generation plants, semi-
conducfor plants, cryogenic plants, hydrogen fuel
applianges, and related facilities.

IP-1.1.1

This RBart includes requirements for materials and
componients, design, fabrication, assembly, erection;
inspectign, examination, testing, operation, and mainte-
nance of piping, and applies to piping for liquid and
gaseoud hydrogen and joints connecting piping to
equipmgnt.

Content and Coverage

IP-1.1.2| Exclusions

(a) Thiis Part excludes tubes, tube headers, crossovers,
and marjifolds of fired heaters) which are internal to the
heater efclosure, and pressure’vessels, heat exchangers,
pumps, fompressors, and other fluid handling or pro-
cessing equipment, including internal piping and con-
nections|for external\piping.

(b) Elgvated {emperature fluid service is excluded.
Refer to ASMEB31.3, Chapters I through VI for applica-
ble requjrements.

Chapter IP-1
Scope and Responsibilities

by the owner as being in high pressure fluid servife, it
shall meet the rfeqtiirements of ASME B31.3, Chapter IX
for materials/and components, design, fabricafion,
assembly, erection, inspection, examination, and testing.

IP-1:2° RESPONSIBILITIES
IP-1.2.1 Owner
Paragraph GR-1.2 applies.

IP-1.2.2 Designer
Paragraph GR-1.2 applies.

IP-1.2.3 Construction Organization
Paragraph GR-1.2 applies.

IP-1.2.4 Owner’s Inspector
Paragraph GR-1.2 applies.

IP-1.3 INTENT
Paragraph GR-1.3 applies.

IP-1.4 DETERMINING CODE REQUIREMENTS

(C) A 1[;51[ PLCDDMIC ﬂuid DCIV;LC iD d ﬂblid [l § VikC
for which the owner specifies the use of ASME B31.3,
Chapter IX for piping design and construction. High
pressure is considered herein to be pressure in excess
of that allowed by the ASME B16.5 Class 2500 rating
for the specified design temperature and material group.
However, there are no specified pressure limitations for
the application of these rules. When piping is designated
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Code requirements for design and construction
include service requirements, which affect selection and
application of materials, components, and joints. Service
requirements include prohibitions, limitations, and con-
ditions, such as temperature or pressure limits. Code
requirements for a piping system shall be the most
restrictive of those which apply to any of its elements.
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Chapter IP-2
Design Conditions and Criteria

IP-2.1 _DESIGN CONDITIONS

This Chapter provides the qualifications of the
Designer, defines the temperatures, pressures, and forces
applicable to the design of piping, and states the consid-
eratfon that shall be given to various effects and their
congequent loadings. In addition, the selection of pres-
surep, temperatures, forces, and other conditions may
be ipfluenced by unusual conditions. (For cautionary
congiderations, see Nonmandatory Appendix A.)

IP-2

Tﬂ:e Designer is the person(s) in charge of the engi-
neetfing design of a piping system and shall be experi-
enceéd in the use of ASME B31 piping codes. The
qualifications and experience required of the Designer
will| depend on the complexity and criticality of the
system, and the nature of the individual’s experience.
Thelowner’s approval is required if the individual does
not meet at least one of the following criteria:

(a) completion of an accredited engineering degreé;
requiring the equivalent of 4 yr or more of study, plus
a minimum of 5 yr of experience in the design of'related
prespure piping.

(b) professional engineering registration,recognized
by the local jurisdiction, and experience“in the design
of r¢lated pressure piping.

(c) completion of an accredited engineering techni-
cianfor associate degree, requifing the equivalent of at
least 2 yr of study, plus a minimum of 10 yr of experience
in the design of related ptessure piping.

1.1 Qualifications of the Designer

standards mav differ from the conditions. gnvorning the
rating of components designed in accordax]me with
Chapter IP-3.

(d) When a pipe is separated into individualiged pres-
sure-containing chambers (includingjacketed piping,
blanks, etc.), the partition wall shall be design¢d on the
basis of the most severe coincident temperatufe (mini-
mum or maximum) and differential pressure [between
the adjoining chambers eXpected during servife.

IP-2.1.3 Required Pressure Containment or Relief

(a) Provision shall be made to safely contain ¢r relieve
(see para. IP#7.2.3) any expected pressure to which the
piping may be'subjected. Piping not protected by a pres-
sure-relieying device, or that can be isolated from a
pressute-relieving device, shall be designed for at least
the highest pressure that can be developed.

(b) Sources of pressure to be considered include ambi-
ent influences, pressure oscillations and| surges,
improper operation, reaction of hydrogen with other
elements or compounds, external fire, static head, and
failure of control devices.

IP-2.1.4 Design Temperature

The design temperature of each component irfa piping
system is the temperature at which, under the c¢incident
pressure, the greatest thickness or highest component
rating is required in accordance with para. IP-R.1.2. (To
satisfy the requirements of para IP-2.1.2, diffegent com-
ponents in the same piping system may have [different

(d) 15 yr of experience in the design of related pres- ~ design temperatures.) In estal.alishing design empera-
surepiping. Experience'in the design of related pressure ~ tures, consider at least the.ﬂu'ld temperatures ambllent
piping is satisfied by piping design experience that ~ temperatures, solar radiation, hgatmg or F?Olmg
incljides design.calculations for pressure, sustained ~ medium temperatures, and the applicable proyisions of
loads, occasiehal loads, and piping flexibility. para. IP-2.1.6.

IP-2]1.2Design Pressure IP-2.1.5 Design Minimum Temperature
(aThe design pressure of each component in a piping The design minimum temperature is the lowlest com-

system shall be not less than the pressure at the most
severe condition of coincident internal or external pres-
sure and temperature (minimum or maximum) expected
during service.

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

(c) When more than one set of pressure-temperature
conditions exist for a piping system, the conditions gov-
erning the rating of components conforming to listed
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ponent temperature expected in service. This tempera-
ture may establish special design requirements
and material qualification requirements. See also
paras. IP-2.1.7(c) and GR-2.1.2(b).

IP-2.1.6 Component Design Temperature

The component design temperature shall be the fluid
temperature unless calculations, tests, or service experi—
ence based on measurements support the use of another
temperature.
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IP-2.1.7 Ambient Effects

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

(b) Atmospheric Icing. Where the design minimum
temperature of a piping system is colder than 0°C (32°F),
the possibility of moisture condensation and buildup of
ice shal

ba considered —and vrovisionssmadeintha
4 r

thermal expansion and contraction of the piping are
prevented by restraints or anchors.

(2) Loads Due to Temperature Gradients. These loads
arise from stresses in pipe walls resulting from large
rapid temperature changes or from unequal temperature
distribution, as may result from a high heat flux through
a comparatively thick pipe or stratified two-phase flow
causing bowing of the line.

(3) Loads Due to Differences in Expansion

design t
surfaces
valves, {]
ing, and

avoid resultant malfunctions. This applies to
of moving parts of shutoff valves, control
ressure relief devices including discharge pip-
other components.
(c) Loy Ambient Temperature. Consideration shall be
given tof low ambient temperature conditions for dis-
placement stress analysis.

IP-2.1.8

(a) Impact. Impact forces caused by external or inter-
nal condjtions (including changes in flow rate, hydraulic
shock, liquid or solid slugging, and flashing) shall be
taken info account in the design of piping.

(b) Wind. The effect of wind loading shall be taken
into acqount in the design of exposed piping. The
method [of analysis may be as described in ASCE 7,
Minimym Design Loads for Buildings and Other
Structurgs, or the applicable model building code.

(c) Eafthquake. The effect of earthquake loading shall
be takef into account in the design of piping. The
method pf analysis may be as described in ASME B31E
or ASCH 7.

(d) Vibration. Piping shall be designed, arranged, and
supported so as to eliminate harmful effects of vibration,
* which mnjay arise from such sources as impact, pressure
' pulsation, turbulent flow vortices, résonance in com-
- pressors| and wind.
© (e) Discharge Reactions. Piping shall be designed,
- arranged, and supported se~as’to withstand reaction
- forces diie to letdown or discharge of fluids.

. (f) Wdight Effects. Thie/following weight effects, com-

bined with loads and. forces from other causes, shall be
taken info account'in the design of piping:

(1) Live Loars” These loads include the weight of

the medjunmi-tyansported or the medium used for test.

Snow anpdyice loads due to both environmental and

Dynamic Effects

Characteristics. These loads result from differences in
thermal expansion where materials with different ther-
mal expansion coefficients are combined, asjinvbimjetal-
lic, lined, jacketed, or metallic-nonmetallic piping

(h) Effects of Support, Anchor, and Terminal Movements.
The effects of movements of piping-stupports, anchors,
and connected equipment shall'\be taken into accpunt
in the design of piping. Thes¢/ movements may result
from the flexibility and/ oz thermal expansion of equip-
ment, supports, or anchors, and from settlement, fidal
movements, seismic,‘or'wind sway. Pipe supportf for
thin wall vacuum jaeketed pipe should be locatdd at
points on thesjacket with doubler plates or lpad-
spreading saddleés.

(i) Rediged Ductility Effects. The harmful effecfs of
reduced\ductility shall be taken into account i} the
designcof piping. The effects may, for example, rpsult
fromrhydrogen embrittlement, welding, heat treatrent,
forming, bending, low operating temperatures, or ambi-
ent temperatures.

(j) Cyclic Effects. Fatigue due to pressure cycling, ther-
mal cycling, and other cyclic loadings along with Jocal
stress levels which may be increased by the presenfe of
discontinuities, internal misalignment, and excess|root
penetration shall be considered in the design of piping.
Particular care must be exercised in the design of piping
in dry hydrogen gas service. See Nonmandalory
Appendix A.

(k) Air Condensation Effects. At operating tempera-
tures colder than —191°C (-312°F) in ambient air, coniden-
sation and oxygen enrichment occur. These shall be
considered in selecting materials, including insulafion,
and adequate shielding and/or disposal shall be
provided.

IP-2.2 DESIGN CRITERIA

operating conditions shall be considered.

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

(g) Thermal Expansion and Contraction Effects. The fol-
lowing thermal effects, combined with loads and forces
from other causes, shall be taken into account in the
design of piping:

(1) Thermal Loads Due to Restraints. These loads
consist of thrusts and moments, which arise when free
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This paragraph states pressure-temperature ratings,
stress criteria, design allowances, and minimum design
values, together with permissible variations of these fac-
tors, to be applied to the design of piping.

IP-2.2.1 Pressure-Temperature Design Criteria

The material performance factor, M, shall be consid-
ered when determining design criteria. Refer to
Mandatory Appendix IX, Tables IX-5B and IX-5C.
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IP-2.2.2 Listed Components Having Established
Ratings

Except as limited elsewhere in this Code, pressure—
temperature ratings contained in standards for piping
components listed in Table IP-8.1.1-1 are acceptable for
design pressures and temperatures in accordance with
this Code. The provisions of this Code may be used to
extend the pressure—-temperature ratings of a component
beyond the ratings of the listed standard, provided the

(a) Tension. Basic allowable stresses, S, in tension for
metals and design stresses, S, for bolting materials, listed
in Table IX-1 and Table IX-4, respectively, are determined
in accordance with para. IP-2.2.7. In equations elsewhere
in the Code where the product SE appears, the value S
is multiplied by one of the following quality factors:'

(1) casting quality factor, Ec, as defined in para.
IP-2.2.8 and tabulated for various material specifications
in Table IX-2, and for various levels of supplementary

owrnjer approves.

IP-2{2.3 Listed Components Not Having Specific

examination in Table IP-2.2.8-1
(2) longitudinal weld joint factor, E;, as dpfined in
para. IP-2.2.9 and tabulated for various'materigl specifi-

Ratings cations and classes in Table IX-3A, and for varigus types
S¢me of the standards for components in  of joints and supplementary “examinaflions in
Table 1P-8.1.1-1 (e.g., ASME B16.9 and ASME B16.11)  Table IP-2.2.9-1
stat¢ that pressure—temperature ratings are based on The stress values in TableIX-1 and Table|IX-4 are
strajght seamless pipe. Except as limited in the standard ~ grouped by materials and’ product forms, angl are for
or e|sewhere in this Code, such a component, made of  stated temperatures up-fo the limit provided|in para.
a material having the same allowable stress as the pipe, =~ GR-2.1.2(a). Straight-line interpolation betweer| temper-
shall be rated using not more than 87.5% of the nominal ~ atures is permissible. The temperature intendpd is the

thickness of seamless pipe corresponding to the sched-
ule, weight, or pressure class of the fitting, less all allow-
ancgs applied to the pipe (e.g., thread depth and/or

corrpsion allowance).
IP-2
(a

whi
may

2.4 Unlisted Components

Components not listed in Table IP-8.1.1-1, but
th conform to a published specification or standard,
be used within the following limitations:
(1) The designer shall be satisfied that composition,
medhanical properties, method of manufacture;,’and
quality control are comparable to the corresponding
chatfacteristics of listed components.

design temperature (see para. IP-2.1.4). Matdrial per-
formance factors located in Tables IX-5 are grquped by
material¢type, material tensile or yield strenigth, and
maximum system design pressure. Straight-ling interpo-
latién.is permissible.

(h) Shear and Bearing. Allowable stresses in shear shall
be 0.80 times the basic allowable stress in tensfon tabu-
lated in Table IX-1A or Table IX-4. Allowable|stress in
bearing shall be 1.60 times the allowable stress in} tension.
Shear allowable stress must be multiplied by the appro-
priate material performance factor, My.

(c) Compression. Allowable stresses in con]pression
shall be no greater than the basic allowable sfresses in

(2) Pressure design shall be verified ih accordance  tension as tabulated in Mandatory Appendix IX] Consid-
with Chapter IP-3. eration shall be given to structural stability.
(b} Other unlisted components shall be qualified for . 5
pressure design as required by‘\para. IP-3.8.2. IP-2.2.7 Bases for Design Stresses
IP-2{2.5 Ratings at Junction of Different Services The bases for establishing design stress values for
. ) bolting materials and allowable stress values for other
When two services thatoperate at different pressure/ metallic materials in this Code are as follows: :
temperature conditions are connected, the valve segre-
gating the two sefvices shall be rated for the more severe ~ ———— ;
If a component is made of castings joined by longitudjnal welds, -

servjce conditien. If the valve will operate at a different
temperature'due to its remoteness from a header or piece
of equipment, this valve (and any mating flanges) may
be selected on the basis of the different temperature,

both a casting and a weld joint quality factor shall be apjplied. The :
equivalent quality factor, E, is the product of Ec (see Table IX-2) '
and E; (see Table IX-3A). :

% These bases are the same as those given in ASME BPV Code
Section II, Part D. Stress values in Mandatory Appendix IX at

prov
on each side of the valve. For piping on either side of
the valve, however, each system shall be designed for
the conditions of the service to which it is connected.

IP-2.2.6 Allowable Stresses and Other Stress Limits

The allowable stresses defined in (a), (b), and (c) below
shall be used in design calculations unless modified by
other provisions of this Code. The material performance
factor, My, as shown in Mandatory Appendix IX,
Tables IX-5B and IX-5C, shall be used in Chapter IP-3.

MR PR TR ot Jd il + a | tack
T Cam W IS ta o T T e T CO PTESSUIt—TestsS
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temperatures below the creep range generally are the same as those
listed in Section II, Part D, Tables 5A and 5B, and in Table 3 for
bolting, corresponding to those bases. They have been adjusted as
necessary to exclude casting quality factors and longitudinal weld
joint quality factors. Stress values at temperatures in the creep
range generally are the same as those in Section II, Part D, Tables 1A
and 1B, corresponding to the bases for Section VIII, Division 1.
Stress values for temperatures above those for which values are
listed in the BPV Code, and for materials not listed in the BPV
Code, are based on those listed in Appendix A of the 1966 Edition
of ASA B31.3. Such values will be revised when reliable mechanical
property data for elevated temperatures and/or for additional
materials become available to the Committee.
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(a) Bolting Materials. Design stress values at tempera-
ture for bolting materials shall not exceed the lowest of
the following:

(1) except as provided in (3) below, the lower of
one-fourth of specified minimum tensile strength at
room temperature, St, and one-fourth of tensile strength
at temperature

(2) except as provided in (3) below, the lower of
two-thirds of specified minimum yield strength at room

Instead, either 75% of the stress value in Table IX-1A or
two-thirds of the yield strength at temperature listed in
ASME BPV Code Section II, Part D, Table Y-1 should
be used.

(d) Unlisted Materials. For a material that conforms to
para. GR-2.1.1(b), the tensile (yield) strength at tempera-
ture shall be derived by multiplying the average
expected tensile (yield) strength at temperature by the
ratio of St (S,) divided by the average expected tensile

temperdture, Sy, and two-thirds of yield strength at
temperature

(3) ht temperatures below the creep range, for bolt-
ing matdrials whose strength has been enhanced by heat
treatmerft or strain hardening, the lower of one-fifth of
St and dne-fourth of Sy (unless these values are lower
than cofresponding values for annealed material, in
which cgdse the annealed values shall be used)

(4) fwo-thirds of the yield strength at temperature
[see (d) pelow]

(56) 100% of the average stress for a creep rate of
0.01% p¢r 1000 h

(6) p7% of the average stress for rupture at the end
of 100 040 h

(7) B0% of minimum stress for rupture at the end
of 100 0¢0 h

(b) Other Materials. Basic allowable stress values at

temperafure for materials other than bolting materials

shall no{ exceed the following:

(1) the lower of one-third of St and one-third of
tensile sfrength at temperature

(2) pxcept as provided in (3) below, the lower of
two-thifds of Sy and two-thirds of yield strength at
temperature

(3) for austenitic stainless steels and, nickel alloys

having sfmilar stress—strain behavior, the:lower of two-

thirds of Sy and 90% of yield strength-at temperature
[see (c) below]

(4) 100% of the average stress for a creep rate of
0.01% p¢r 1000 h

(5) 7% of the average'stress for rupture at the end
of 100 040 h

(6) B0% of the minimum stress for rupture at the
end of 1p0 000 h

(7) for structural grade materials, the basic allow-

able strgss.shall be 0.92 times the lowest value deter-
mined i
(8) in the application of these criteria, the yield
strength at room temperature is considered to be SyRy
and the tensile strength at room temperature is consid-
ered to be 1.157Rt
(c) Application Limits. Application of stress values
determined in accordance with (b)(3) above is not recom-
mended for flanged joints and other components in
which slight deformation can cause leakage or malfunc-
tion. [These values are shown in italics or boldface in
Table IX-1A, as explained in Note (7) of the table.]
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(yield) strength at room temperature.

IP-2.2.8 Casting Quality Factor, E¢

thall
[1re—
d in

(a) The casting quality factors, Ec, defined herein
be used for cast components net.having press
temperature ratings established‘bystandards lists
Table IP-8.1.1-1.

(b) Basic Quality Factors. Static castings that con
to the material specification and have been vis

nation. Table IP-2.2.8-2 states the acceptance criteri
the examination methods specified in the Not
Table IP-2.2.8-1. Quality factors higher than those s
in Table IP-2.2.8-1 do not result from combining [tests
(2)(a) and (2)(b), or (3)(a) and (3)(b). In no case shall the
quality factor exceed 1.00. Several of the specifications
in Mandatory Appendix IX require machining df all
surfaces and/or one or more of these supplementary
examinations. In such cases, the appropriate increpsed
quality factor is shown in Table IP-2.2.8-1.

]

(a) Basic Quality Factors. The weld joint quality fac-
tors, E;, tabulated in Table IX-3A are basic factors for
longitudinal welded joints for pressure-containing com-
ponents as shown in Table IP-2.2.9-1.

(b) Increased Quality Factors. Table IP-2.2.9-1 also indi-
cates higher joint quality factors that may be substituted
for those in Table IX-3A for certain kinds of welds if
additional examination is performed beyond that
required by the product specification.
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Table IP-2.2.8-1 Increased Casting

Table IP-2.2.8-2 Acceptance Levels for Castings

-
Qﬂallty Factor S, L

S
in

ipplementary Examination Factor,
Accordance With Note(s) E.

o)

®)IE
B
1 a
D a
0)IE!

0.85
or 2)(b) 0.85
or 3)(b) 0.95
d 2)(@) or (2)(b) 0.90
d 3)@ or B)( 1.00
or (2)(b) and (3)(a) or (3)(b) 1.00

GENE
are a
AS
AS
AS
AS
AS

AS
M9

NOTH
(1) N

[

@

©)

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

5 follows:

ME B46.1 Surface Texture (Surface Roughness, Waviness

and Lay)

M E114  Practice for Ultrasonic Pulse-Echo Straight-Beam

Testing by the Contact Method

M E125  Reference Photographs for Magnetic Particle

Indications on Ferrous Castings

M E142  Method for Controlling Quality of Radiographic

Testing

[M E165  Practice for Liquid Penetrant Inspection Method

M E709  Practice for Magnetic Particle Examination

S SP-53  Quality Standard for Steel Castings and Forgings
for Valves, Flanges and Fittings and Other
Piping Components — Magnetic Particle
Examination Method

S:

achine all surfaces to a finish of 6.3 um R,*(250 pin. R, per
SME B46.1), thus increasing the effectiveness of surface
kamination.

(@) Examine all surfaces of each-casting (magnetic material
nly) by the magnetic particle ‘method in accordance with
STM E709. Judge acceptability in accordance with MSS SP-53,
sing reference photos«mASTM E125.

(b) Examine all suffaces of each casting by the liquid pene-
ant method, in acedrdance with ASTM E165. Judge acceptabil-
y of flaws and weld repairs in accordance with Table 1 of
SS SP-53,susing ASTM E125 as a reference for surface flaws.

(@) Fullinexamine each casting ultrasonically in accordance
ith ASTME114, accepting a casting only if there is no evi-
enice.of depth of defects in excess of 5% of wall thickness.

(B _Fully radicgraph-each-castingin-accordance-with
b4 ST S

Acceptance Acceptable
Material Examined Applicable Level Disg¢onti-
Thickness, T Standard  (or Class) nujties
Steel ASTM E446 1 Types A, B, C
T<25mm
(1in)
Steel ASTM E446 2 Types A, B, C
T> 25 mm,
<51 mm
(2 in.)
Steel ASTM E186 2 Categoriefs A, B, C
T>51 mm,
<114 mm
(4Y, in)
Steel ASTM E280 2 Categorief A, B, C
T>114 mm,
<3805 mm
(12 in.)

Aluminum and ASTM E155 Shown in| reference
magnesium radiographs
Copper, Ni-Cu ASTM E272 2 Codes A,|Ba, Bb

Bronze ASTM E310 2 Codes A fnd B
GENERAL NOTE: Titles of ASTM standards referenced i this Table
are as follows:
E155 Reference Radiographs for Inspection of Alumiqum and
Magnesium Castings
E186 Reference Radiographs for Heavy-Walled (2 to 4%-in. [51
to 114-mm]) Steel Castings
E272 Reference Radiographs for High-Strength Coppdgr-Base
and Nickel-Copper Castings
E280 Reference Radiographs for Heavy-Walled (4% t¢ 12-in.
[114 to 305-mm)]) Steel Castings
E310 Reference Radiographs for Tin Bronze Castings
E446 Reference Radiographs for Steel Castings Up to 2 in.

(51 mm) in Thickness

ASTM E142. Judge in accordance with the stated acceptance
levels in Table IP-2.2.8-2.
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Table IP-2.2.9-1 Longitudinal Weld Joint Quality Factor, E;

No.

Type of Joint

Type of
Seam

Examination

Factor,

Electric resistance
weld

—

Straight

As required by
listed specifications

1.00

Electric fusion weld

(

(@) Single butt weld

vith or without filler
metal)

Straight

As required by
listed specifications
or this Code

Additionally spot
radiographed
[NOt€ £1)]

Additionally 100%
radiographed per
para. IP-10.4.5.3
and Table
IP-10.4.3-1

(b) Double butt weld

vith or without filler
metal)

Strajght
[except as
provided in 3
below]

As required by
listed specifications
or this Code

Additionally spot
radiographed
[Note (1)]

Additionally 100%
radiographed per
para. IP-10.4.5.3
and Table
IP-10.4.3-1

er other specificatiofis

API 5L

Submerged arc weld
(SAW)

Gas metal arc weld
(GMAW)

Combined GMAW,

Straight with one
or two seams

As required by
specification

SAW

TED

NOTE:

(1) Spot radiography for longitudinal groove welds required to have a weld joint factor, £;, of 0.90 requires examination by radiography in
accordance with para. IP-10.4.5.3 of at least 300 mm (1 ft) in each 30 m (100 ft) of weld for each welder. Acceptance criteria are those
stated in Table IP-10.4.3-1 for radiography for the type of joint examined.
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IP-2.2.10 Limits of Calculated Stresses Due to
Sustained Loads and Displacement Strains
(a) Internal Pressure Stresses. Stresses due to internal
pressure shall be considered safe when the wall thick-
ness of the piping component, including any reinforce-
ment, meets the requirements of para. IP-3.2.

system.” N shall be increased by a factor of 10
for all materials that are susceptible to hydro-
gen embrittlement (carbon and low alloy steels)
when the system design temperature is within
the hydrogen embrittlement range [up to 150°C
(300°F)].

(b) External Pressure Stresses. Stresses due to external Sc = basic allowable stress® at minimum metal tem-
pressure shall be considered safe when the wall thick- perature expected during the displacement
ness of the piping component, and its means of stiffen- cycle under analysis
ing, [meet the requirements of para. IP-3.2. S, = basic allowable stress” at maximumymktal tem-

(c) Longitudinal Stresses, S;. The sum of the longitudi- perature expected during the displacement
nal $tresses, S;, in any component in a piping system, cycle under analysis
due(to sustained loads such as pressure and weight, .
shal| not exceed the product SM; Sy is defined in (d) When the computed stress rangeaties, whether from

belgw. My is as shown in Mandatory Appendix IX,
Tables IX-5B and IX-5C. The thickness of pipe used in
calcplating S; shall be the nominal thickness, T, minus
mechanical, corrosion, and erosion allowance, ¢, for the
locafion under consideration. The loads due to weight

thermal expansion or other conditions, Sg is defined as
the greatest computed displacément stress rahge. The
value of N in such cases can‘be calculated by |eq. (1d)

N = Np+X@®N) fori =1,2,...,n (1dy®

shoyld be based on the nominal thickness of all system where
components unless otherwise justified in a more rigor- N = numberof cycles of maximum comppited dis-
ous pnalysis. This Code allows the use of B31 Case 178 plaCement stress range, Sg
(Prgqviding an Equation for Longitudinal Stress for N; = sumber of cycles associated with displacement
Sustpined Loads in ASME B31.3 Construction). The use Stress range, S;
shal] be based on acceptance by the engineering design. 15 Si/Se

(d) Allowable Displacement Stress Range, S,. The com- Si*= any computed displacement stregs range

putdd displacement stress range, Sg, in a piping system
[see|para. IP-6.1.5(d)(1)] shall not exceed the allowable
displlacement stress range, S4, calculated by eq. (1a)

Sy = f(1.255, + 0.25Sy) (1a)

When S, is greater than S;, the difference.between
them may be added to the term 0.255; injeq. (1a). In
that| case, the allowable stress range is‘\cdlculated by

smaller than Sg

IP-2.2.11 Limits of Calculated Stresses Due fo
Occasional Loads

(a) Operation. The sum of the longitudinal|stresses,
51, due to sustained loads, such as pressure andl weight,
and of the stresses produced by occasional logds, such
as wind or earthquake, may be as much as 1.33 fimes the
basic allowable stress given in Mandatory Apgendix IX

eq. (1b)
_ times the material performance factor, M.
Sa = FIA.25(5c + 50 5 1] (1b) The allowable stress for occasional loads of shjort dura-
Fgr egs. (1a) and (1b): tion, such as surge, extreme wind, or earthqufike, may
/| = stress range factor’ calculated by eq. (1c).* In  be taken as the strength reduction factor timegs 90% of

egs. (1a) and (Ib),-S, and S, shall be limited to
a maximum, 0f\}38 MPa (20 ksi) when using a
value of fSI0

f=60MN)"2<10 (1c)

maximum value of stress range factor
12 for ferrous materials with specified mini-
mum tensile strengths < 517 MPa (75 ksi) and

the yield strength at temperature times M for fnaterials
with ductile behavior. This yield strength shpll be as
listed in ASME BPV Code Section II, Part D, Table Y-1
(ensure materials are suitable for hydrogen segvice; see
API 941), or determined in accordance with para.
IP-2.2.7(d). The strength reduction factor represents the
reduction in yield strength with long-term exposure of
the material to elevated temperatures and, in th¢ absence

at metal temperatures < 371°C (700°F)

1.0 otherwise

equivalent number of full displacement cycles
during the expected service life of the piping

N

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

4 The minimum value for fis 0.15, which results in an allowable
displacement stress range, S4, for an indefinitely large number
of cycles.

79

of more applicable data, shall be taken as 1.0 for austen-
itic stainless steel and 0.8 for other materials. For
castings, the basic allowable stress shall be multiplied
by the casting quality factor, E.. Where the allowable

5 The designer is cautioned that the fatigue life of materials in
hydrogen gas service within the hydrogen embrittlement range
[up to 150°C (300°F)] and at elevated temperature may be reduced.

% For castings, the basic allowable stress shall be multiplied by
the applicable casting quality factor, Ec. For longitudinal welds,
the basic allowable stress need not be multiplied by the weld
quality factor, E;.
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stress value exceeds two-thirds of yield strength at tem-
perature, the allowable stress value must be reduced as
specified in para. IP-2.2.7(c). Wind and earthquake forces
need not be considered as acting concurrently. At tem-
peratures warmer than 427°C (800°F), use 1.335, M.

(b) Test. Stresses due to test conditions are not subject
to the limitations in para. IP-2.2.6. It is not necessary
to consider other occasional loads, such as wind and
earthquake, as occurring concurrently with test loads.

IP-2.2.13 Mechanical Strength

When necessary, the thickness shall be increased to
prevent overstress, damage, collapse, or buckling due
to superimposed loads from supports, ice formation,
backfill, transportation, handling, or other causes.
Where increasing the thickness would excessively
increase local stresses or the risk of brittle fracture, or
is otherwise impracticable, the required strength may be

obtained through additional supports, braces, or. gther
IP-2.2.12 Allowances means without an increased wall thickness. Parti¢ular
In determining the minimum required thickness of =~ consideration should be given to the mechanical

a piping component, allowances shall be included for
corrosiof, erosion, and thread depth or groove depth.

strength of small pipe connections(to pipinfg or

equipment.

80
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Chapter IP-3
Pressure Design of Piping Components

= sum of the mechanical allowances (thread or

-1 GENERAI Table IP-32-1 Values of Coefficient Y for t < D/6
Components manufactured in accordance with Temperature, °C (°F)

dards listed in Table IP-8.1.1-1 shall be considered < 482 > 621

hble for use at pressure—temperature ratings in (900 510 538 566 593 (1,150

rdance with para. IP-2.2.2 or para IP-2.2.3, as appli- Materials & Lower) (950) (1,000) (1,050) (1,10p) & Up)

. The rules in para. IP-3.2 are int.ended for pressure [ .. 0.4 05 o 0.7 0.7 0.7

pn of components not covered in Table IP-8.1.1-1, steels

nay be used for a special or more rigorous design N

lich components, or to satisfy requirements of Austenitic 0.4 QR 0.4 0.4 0.5 0.7

steels

. IP-2.2.3.

Designs shall be checked for adequacy of mechani-

trength under applicable loadings enumerated in o

. IP-2.1. Adequacy of mechanical strength may be for performance factor tables and application

onstrated by methods described in CSA HGV 4.10, potes. )

hes for compressed hydrogen gas and hydrogen rich P = “internal design gage pressure

nixtures. S5 stress value for material from Table IX-1A

T" = pipe wall thickness (measured or minimum
per purchase specification)

.2 STRAIGHT PIPE t = pressure design thickness, as calcylated in
The required thickness of straight sections of pipé accordance with para. ¥P_3'2'1 forintey r'1a1 pres-
be determined in accordance with eq. (2) sure or as determined in accordance With para.

IP-3.2.2 for external pressure
tyo=t+c 2) tm = minimum required thickness, irjcluding
mechanical, corrosion, and erosion aljowances
The minimum thickness, T, for the pipe'selected, con- Y = coefficient from Table IP-3.2-1, valid fqr t <D /6
ring the manufacturer’s minus_toletance, shall be and for materials shown. The value ¢f Y may
ess than t,,. be interpolated for intermediate templeratures.
The following nomenclatiire is used in the equa- = (d+2)/(D+d+2)fort=2D/6
p for pressure design of Gtaight pipe: IP-3.2.1 Straight Pipe Under Internal Pressure

groove depth) plus corrosion and erosion (a) Fort < D/6, the internal pressure design thickness
allowances For threaded components, the  for straight pipe shall be not less than that calculated
nominal\thread depth (dimension h of in accordance with either eq. (3a) or (3b)
ASMEBY.20.1, or equivalent) shall apply. For
machihed surfaces or grooves where the toler- b= __PD (3a)
ance is not specified, the tolerance shall be 2(SEM; + PY)
assumed to be 0.5 mm (0.02 in.) in addition to PD
the cpnrﬂ'ﬁar‘ anﬂﬂ of the cut t = m (3b)
D = outside diameter of pipe as listed in tables of
standards or specifications, or as measured (b) For t 2 D/6 or for P/SEM; > 0.385, calculation
d = inside diameter of pipe. For pressure design  of pressure design thickness for straight pipe requires
calculation, the inside diameter of the pipe is special consideration of factors such as theory of failure,
the maximum value allowable under the pur- effects of fatigue, and thermal stress.
chase specification. . .
E = quality factor from Table IX-2 or Table IX-3A IP-3.2.2 Straight Pipe Under External Pressure
My = material performance factor that addresses loss To determine wall thickness and stiffening require-

Copyright ASME International

of material properties associated with hydro-
gen gas service. See Mandatory Appendix IX
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ments for straight pipe under external pressure, the pro-
cedure outlined in ASME BPV Code Section VIII,
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Fig. IP-3.3.1-1 Nomenclature for Pipe Bends

Intrados —,—\

Fig. IP-3.3.3-1 Nomenclature for Miter Bends

Extrados

Division|
using ag
length b
with UC
the valu
lesser of
tempera

(a) 1.8
this Code

(b) 0.p times the yield strength tabulated in
ASME BPV Code Section II, Part D, Table Y-1 for materi-
als listed therein

(The gymbol D, in ASME BPV Code Section VIII is
equivalent to D in this Code.)

1, UG-28 through UG-30 shall be followed,
the design length, L, the running centerline
btween any two sections stiffened in accordance
-29. As an exception, for pipe with D/t < 10,
 of S to be used in determining P, shall be the
the following values for pipe material at design
fure:

times the stress value from Table IX-1A of

CURVED AND MITERED SEGMENTS OF PIPE
Pipe Bends

IP-3.3
IP-3.3.1

‘The mfinimum required thickness, t,, of a bend, after

IP-3.3.2 Elbows

Manufactired elbows not in accordance with jpara.
IP-3.1 shall be qualified as required by para. IP-3.82 or
desighed in accordance with para IP-3.3.1, except as
provided in para. GR-3.4.3(d)(6).

IP-3.3.3 Miter Bends

An angular offset of 3 deg or less (angle p in
Fig. IP-3.3.3-1) does not require design considergtion
as a miter bend. Mitered joints may be used in lifuid

bénding in its finished form, shall be determined in . ) o 1
: . hydrogen piping under the following conditions: a joint
accordarjce with egs. (2) and (3¢c) . . .
stress analysis has been performed and enginedring
. PD 3 design has approved the joint, the number of full-
" 2(SEMy/I + PY) (3¢) pressure or thermal cycles will not exceed 7 000 dyring
) o . the expected lifetime of the pipe system, and complete
where af the intrados (inside bend radius) joint penetration welds shall be used in joining rpiter
_ segments. Acceptable methods for pressure design of
[ = ARyD) -1 (3d) . . . . .
ZAR,D) - 2 multiple and single miter bends are given in (a) anfl (b)
below.
at the eXtrados (outside bend radius)
P = SEMAT - c)[ T-c¢ (4a)
_ 4(Ry/D) + 1 "= Vz _ _ }
I=IRD 2 (3e) L(T = ¢) + 0.643 tan 0./ (T - ¢)
L - o s - SEMAT =c){ Ry =1y \
and at the stdewattom the bernd centertine Tadius, T, = ! (4b)
1 \Rl - 0.57’2)

I = 1.0. In egs. (3d) and (3e),
R; = bend radius of welding elbow or pipe bend

Thickness variations from the intrados to the extrados
and along the length of the bend shall be gradual. The
thickness requirements apply at the midspan of the
bend, y/2, at the intrados, extrados, and bend centerline
radius. The minimum thickness at the end tangents shall
not be less than the requirements of para. IP-3.2 for
straight pipe (see Fig. IP-3.3.1-1).

Copyright ASME International
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(a) Multiple Miter Bends. The maximum allowable
internal pressure shall be the lesser value calculated from
egs. (4a) and (4b). These equations are not applicable
when 6 exceeds 22.5 deg.

(b) Single Miter Bends

(1) The maximum allowable internal pressure for
a single miter bend with angle #not greater than 22.5 deg
shall be calculated by eq. (4a).
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(2) The maximum allowable internal pressure for
a single miter bend with angle 6 greater than 22.5 deg
shall be calculated by eq. (4c)

SEMAT - o[ T-c¢
2 [(T —¢) + 1.25 tan 6,/r,(T - ¢)

(c) The miter pipe wall thickness, T, used in eqs. (4a),
(4b), and (4c) shall extend a distance not less than M
fro S ) i

P, =

] (4c)

= the larger of 2.5(r,T)%5 or tan 6 (Ry — ry)

TIe length of taper at the end of the miter pipe may

be included in the distance, M.

(d) The following nomenclature is used in eqgs. (4a),

(4b) and (4c) for the pressure design of miter bends:

= same as defined in para. IP-3.2

. = same as defined in para. IP-3.2

same as defined in para. IP-3.2

= maximum allowable internal pressure for
miter bends

R} = effective radius of miter bend, defined as the

shortest distance from the pipe centerline to

the intersection of the planes of adjacent

miter joints

mean radius of pipe using nominal wall T

same as defined in para. IP-3.2

T = miter pipe wall thickness (measured or mini-

mum per purchase specification)

& = angle of change in direction at miter joint

20

f = angle of miter cut

\
Il

;i
M
P

A
Il

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

A D
Ry = tan—6 * 2 ®)
whejre A has the following-empirical values:
(1) For SI (Metric) uhits

IP-3.4 BRANCH CONNECTIONS

(a) Except as provided in (b) below, the requirements
in paras. IP-3.4.1 through IP-3.4.3 are applicable to
branch connections made in accordance with the follow-
ing methods:

(1) fittings (tees, extruded outlets, branch outlet fit-
tings per MSS SP-97, laterals, crosses)

(2) unlisted cast or forged branch connection fit-
er DN 80
(NPS 3), attached to the run pipe by welding

(3) welding the branch pipe directly o the fun pipe,
with or without added reinforcementy/as coyvered in
para. GR-3.4.9

(b) The rules in paras. IP-3.411 through IP{3.4.3 are
minimum requirements, valid.ohly for branch connec-
tions in which (using the nomenclature of Fig. IP-3.4.2-1)

(1) the run pipe diameéter-to-thickness ratjo, D,,/T),
is less than 100 and‘the branch-to-run diamefer ratio,
Dy/Dy, is not greatey than 1.0

(2) for run pipe with D;/T}, 2100, the branch diame-
ter, Dy, is less(than one-half the run diameter,|D,,

(3) angle B is at least 45 deg

(41 the axis of the branch intersects th¢ axis of
the cun

{c) Where the provisions of (a) and (b) above are not
met, pressure design shall be qualified as required by
para. IP-3.8.2.

(d) Other design considerations relating t
connections are stated in para. IP-3.4.4.

branch

IP-3.4.1 Strength of Branch Connections

A pipe having a branch connection is weakened by
the opening that must be made in it and, unlesq the wall
thickness of the pipe is sufficiently in excesp of that
required to sustain the pressure, it is necessarf to pro-
vide added reinforcement. The amount of reinfprcement
required to sustain the pressure shall be defermined
in accordance with para. IP-3.4.2 or IP-3.4.3. Tlhere are,
however, certain branch connections which have ade-
quate pressure strength or reinforcement as constructed.
It may be assumed without calculation that p branch
connection has adequate strength to sustain th¢ internal
and external pressure which will be applied t¢ it if

(a) the branch connection utilizes a listed fitting in
accordance with Chapter IP-3

(F=¢); mm A
<13 25
13< (T -c)<22 2(T - ¢)
>22 [2(T - ¢)3] + 30
(2)7For U.S. Customary units
(T - ¢), in. A
<05 1.0
05<(T-c)<0.88 2(T - ¢)
>0.88 [2(T - ¢)3]+1.17

IP-3.3.4 Curved and Mitered Segments of Pipe
Under External Pressure

The wall thickness of curved and mitered segments
of pipe subjected to external pressure may be deter-
mined as specified for straight pipe in para. IP-3.2.2.
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(b) the branch connection is made by welding a
threaded or socket welding coupling or half coupling
directly to the run in accordance with para. GR-3.4.9,
provided the size of the branch does not exceed DN 50
(NPS 2) nor one-fourth the nominal size of the run. The
minimum wall thickness of the coupling anywhere in
the reinforcement zone (if threads are in the zone, wall
thickness is measured from root of thread to minimum
outside diameter) shall be not less than that of the
unthreaded branch pipe. In no case shall a coupling or
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half coupling have a rating less than Class 2000 per
ASME B16.11.

(c) the branch connection utilizes an unlisted branch
connection fitting (see para. GR-1.2), provided the fitting
is made from materials listed in Mandatory
Appendix IX, Table IX-1A and provided that the branch
connection is qualified as required by para. IP-3.8.2.

IP-3.4.2 Reinforcement of Welded Branch

only. When the branch does intersect the longi-
tudinal weld of the run, the product SEW {of
the stress value, S, the appropriate weld joint
quality factor, E;, from Table IX-3A, and the
weld joint strength reduction factor, W [see
para.IP-2.2.10(a)]} for the run pipe shall be used
in the calculation. The product SEW of the
branch shall be used in calculating t.

smaller angle between axes of branch and run

B

Connections

(b) Required Reinforcement Area. The reinforcerLent

i Added reinforcement 1 1jequ1re.3d to me.et the criteria area, Ay, required for a branch connection undey int¢rnal
in (b) angl (c) below when it is not inherent in the compo- .

. . pressure is
nents of [the branch connection. Sample problems illus-
trating the calculations for branch reinforcement are Ay = t,di(2 - sin B) (6)
shown inh Nonmandatory Appendix E.

(a) Ndmenclature. The nomenclature below is used in For a branch connection undefeXternal pressure,|area
the prespure design of branch connections. It is illus- A1 is one-half the area calculated by eq. (6), using fas f;
trated ir| Fig. IP-3.4.2-1, which does not indicate details ~ the thickness required for.external pressure.
for consfruction or welding. Some of the terms defined (c) Available Area. The area available for reinfgrce-
in AppeIdix E, para. E-2 are subject to further definitions ~ ment is defined as
or variafions, as follows:

b = |subscript referring to branch A+ As+ Az Ay (6a)

d, = [effective length removed from pipe at branch These areastare all within the reinforcement zong and

= |[Dy — 2(T, — ¢)]/sin B for branch intersections are furtheNefined below.
where the branch opening is a projection of the (1), Area A, is the area resulting from excess thick-
branch pipe inside diameter (e.g., pipe-to-pipe [ as5Gn the run pipe wall
fabricated branch)
d, = [half-width of reinforcement zone Ay = (2dy — di)(Ty — t, — ©) (7)
=|dy or (Ty, — ¢) + (T}, — ¢) + d1/2, whichever is ) ) )
greater, but in any case not more than D, (?) Area Az is the area resulting from excess thick-
h = [subscript referring to run or header ness in the branch pipe wall

Ly = ;eri)ght of reinforcement zone outside\of run As = 2Ly(T, — t, — C)/sin B ®)

= [2.5(T}, - ¢) or 2.5(T}, - c) + T, whichever is less If the allowable stress for the branch pipe wall if less

T, = [branch pipe thickness (measured or minimum than that for the run pipe, its calculated area mu$t be

per purchase specification) except for branch  reduced in the ratio of allowable stress values of the
connection fittings (see para. GR-1.2). For such  branch to the run in determining its contributios to
connections, the value of T}, for use in calculat- area As.

ing Ly, d, and Aj is the thickness of the reinforc- (3) Area A, is the area of other metal provided by
ing barrel (minimum per purchase welds and properly attached reinforcement [see para.
specification), provided that the barrel thick-  TP-3.4.2(f)]. Weld areas shall be based on the minithum
ness is uniform and extends at least to the Ly dimensions specified in para. GR-3.4.9, except that Irger
limit (see Fig. IP-3.4.2-1). dimensions may be used if the welder has been sp¢cifi-

T, = |header'pipe thickness (measured or minimum  cally instructed to make the welds to those dimensjons.

per-piurchase specification) (d) Reinforcement Zone. The reinforcement zone|is a
T, = Iminimum thickness of reinforcing l‘il’lg or sad- parn"p]r\gram whaose ]pngfh extends a distance of 4, on
dle made from pipe (use nominal thickness if  each side of the centerline of the branch pipe, and whose
made from plate) width starts at the inside surface of the run pipe (in its
= 0, if there is no reinforcing ring or saddle corroded condition) and extends beyond the outside
t = pressure design thickness of pipe, according  surface of the run pipe a perpendicular distance L,.

to the appropriate wall thickness equation or
procedure in para. IP-3.2. For welded pipe,
when the branch does not intersect the longitu-
dinal weld of the run, the basic allowable stress,
S, for the pipe may be used in determining
t, for the purpose of reinforcement calculation

84

(e) Multiple Branches. When two or more branch con-
nections are so closely spaced that their reinforcement
zones overlap, the distance between centers of the open-
ings should be at least 1% times their average diameter,
and the area of reinforcement between any two openings
shall be not less than 50% of the total that both require.
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Each opening shall have adequate reinforcement in
accordance with paras. IP-3.4.2(b) and (c). No part of
the metal cross section may apply to more than one
opening or be evaluated more than once in any com-
bined area. (Consult PFI Standard ES-7 for detailed rec-
ommendations on spacing of welded nozzles.)
(f) Added Reinforcement

(1) Reinforcement added in the form of a ring or

saddle as part of area A, shall be of reasonably constant

Ls = height of reinforcement zone

= 0.7yDyT,

r, = radius of curvature of external contoured por-
tion of outlet, measured in the plane containing
the axes of the header and branch

T, = corroded finished thickness of extruded outlet,
measured at a height equal to r, above the out-
side surface of the header

width. A vent hole shall be provided in accordance with
para. GR-3.4.9(g).

(2) Material used for reinforcement may differ from
that of the run pipe, provided it is compatible with
run and|branch pipes with respect to weldability, heat
treatmeft requirements, galvanic corrosion, thermal
expansiqn, etc.

©(3) [if the allowable stress for the reinforcement
materiallis less than that for the run pipe, its calculated
area mupst be reduced in the ratio of allowable stress
values i determining its contribution to area A,.

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

IP-3.4.3| Reinforcement of Extruded Outlet Headers

(a) Exfruded Outlets. The principles of reinforcement
stated ih para. IP-3.4.2 are essentially applicable to
extruded outlet headers. An extruded outlet header is
a length [of pipe in which one or more outlets for branch
connectipn have been formed by extrusion, using a dje
or dies t¢ control the radii of the extrusion. The extruded
outlet prpjects above the surface of the header a distance,
h,, at legst equal to the external radius of th¢ outlet, r,
(i.e., hy ¥ r,). Extruded outlets in the run pipe, at the
attachment of the branch pipe, should be\buttwelded.

(b) Prgssure Design. The rulesin para.JP-3.4.3 are min-
imum requirements, valid only. within the limits of
geometry shown in Fig. IP-3.43:1/and only where the
axis of the outlet intersects and-is perpendicular to the
axis of the header. Where\these requirements are not
met, or where nonintegral-material such as a ring, pad,
or saddlp has been added to the outlet, pressure design
shall be (qualified as required by para. IP-3.8.2.

(c) Ndmenclature. The nomenclature used herein is
illustrat¢d ifvFig. IP-3.4.3-1. Note the use of subscript
x, signiflyiig extruded. Refer to para. IP-3.4.2(a) for

(d) Limitations on Radius, r,. The external conftour
radius, r,, is subject to the following limitations:
(1) minimum r,: the lesser of 0.05D3'er 38|mm
(1.50 in.)

(2) maximum r, shall not exceed

(-a) for Dy < DN 200 (NPS 8), 32 mm (1.25 |n.)
(-b) for D, > DN 200 (NPS8), 0.1D; + 13|mm
(0.50 in.)
(3) for an external contour with multiple radi, the
requirements of (1) and2)-above apply, considering the
best-fit radius over a 45 deg arc as the maximum rgdius
(4) machining shall not be employed in ordé¢r to
meet the aboverequirements
(e) Requiréd/Reinforcement Area. The required ar¢a of
reinforcement is defined by

Ay = Ktydy C)]

where K is determined as follows:
(1) For Dy/D;, > 0.60, K = 1.00.
(2) For 0.60 > Dy/Dy, > 0.15, K = 0.6 + %(Dy/D},).
(3) For Dy/D;, <0.15, K = 0.70.
(f) Available Area. The area available for reinforcefnent
is defined as

Az + A3 + A4 > A] (9a)

These areas are all within the reinforcement zond and
are further defined below.
(1) Area A, is the area resulting from excess thick-
ness in the header wall:

Ay = (2dy = d)(Ty — ty — ©) (10)

(2) Area Ajis the area resulting from excess thick-
ness in the branch pipe wall:

nomenclature not listed here.

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

d, = half-width of reinforcement zone (equal to d,)

h, = height of the extruded outlet. This must be
equal to or greater than r, [except as shown in
sketch (b) in Fig. IP-3.4.3-1].

3 =20 =1 =0 (11)

(3) Area Ay is the area resulting from excess thick-
ness in the extruded outlet lip:

Ay = er[Tx - (Tb - C)] (12)

(g) Reinforcement of Multiple Openings. The rules of
para. IP-3.4.2(e) shall be followed, except that the
required area and reinforcement area shall be as given
in para. IP-3.4.3.
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Fig. IP-3.4.3-1 Extruded Outlet Header Nomenclature
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Fig. IP-3.4.3-1 Extruded Outlet Header Nomenclature (Cont’d)

| o | Branch pipe
T A e d & i il ar nozzle
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| Limits of
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® ! e
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+ I

n dy "
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GENERAL INOTES:
(@ This Fi
(b) Sketch

(h) Idgntification. The manufacturer shall establish the
design pessure and temperature for each extruded otit-
let head¢r and shall mark the header with this informa-
tion, together with the symbol “B31.12” (indjeating the
applicable Code Section) and the manufacturer’s name
or trademark.

{d) Condition Where K= 1.00 and d, < dy

zure illustrates the nomenclature of para. IP-3.4.3. It does not indicate ¢omplete details or a preferred method of constructipn.
(b) shows method of establishing T, when the taper encroaches on the crotch radius.

In such cases, it is recommended that the design be
conservative and that consideration be given to th¢ use
of tee fittings or complete encirclement typgs of
reinforcement.

(c) Adequate flexibility shall be provided in a gmall
line that branches from a large run, to accommddate

IP-3.4.4( Additional Design Considerations thermal expansion and other movements of the 1grger
The requirements of paras. IP-374 through IP-3.4.3 are line. Calculations of displacements and rotations at{spe-
intended to ensure satisfactory performance of a branch cific locations may be required where clearance grob-
lems are involved. In cases where small-size branch

connectipn subject only to pressure. Engineering design

shall alsp consider the following: pipes attached to stiffer run pipes are to be calculated
(a) In|addition to jpréssure loadings, external forces separately, the linear and angular movements of the
and moyements are applied to a branch connection by ~ junction point must be calculated or estimated for

thermal pxpansiéw and contraction, dead and live loads,
and movlemerit.of piping terminals and supports. Special
considerptiornishall be given to the design of a branch
connecti

bnto withstand these forces and maovements

proper analysis of the branch.

(d) 1f ribs, gussets, or clamps are used to stiffer} the
branch connection, their areas cannot be counted as|con-

(b) Branch connections made by welding the branch
pipe directly to the run pipe should be avoided under
the following circumstances:

(1) when branch size approaches run size, particu-
larly if pipe formed by more than 1.5% cold expansion,
or expanded pipe of a material subject to work harden-
ing, is used as the run pipe

(2) where repetitive stresses may be imposed on
the connection by vibration, pulsating pressure, temper-
ature cycling, etc.
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tributing-to-the-reinforcement-areadetermined-inpara.
IP-3.4.2(c) or IP-3.4.3(f). However, ribs or gussets may
be used for pressure-strengthening a branch connection
in lieu of reinforcement covered in paras. IP-3.4.2
and IP-3.4.3 if the design is qualified as required by
para. IP-3.8.2.

(e) For branch connections that do not meet the
requirements of para. IP-3.4(b), integral reinforcement,
complete encirclement reinforcement, or other means of
reinforcement should be considered.
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Table IP-3.5-1 ASME BPV Code Section VIII,
Division 1 References for Closures

of reinforcement required shall be determined in accor-
dance with the subparagraphs below except that it shall
be considered that the opening has adequate reinforce-
ment if the outlet connection meets the requirements in
para. IP-3.4.1(b) or (c).

(3) Reinforcement for an opening in a closure shall
be so distributed that reinforcement area on each side
of an opening (considering any plane through the center
of the opening normal to the surface of the closure) will

Concave to Convex to
Type of Closure Pressure Pressure
Ellipsoidal UG-32(d) UG-33(d)
Torispherical UG-32(e) UG-33(e)
Hemispherical UG-32(f) UG-33(c)
Conical (no transition UG-32(g) UG-33(f)
to knuckle)
Toricgnical UG-32(h) UG-33(f)
Flat (pressure on UG-34
either side)

IP-3J4.5 Branch Connections Under External Pressure

Piessure design for a branch connection subjected to
extefnal pressure may be determined in accordance with
pard. IP-3.4, using the reinforcement area requirement
stat¢d in para. IP-3.4.2(b).

IP-3.5 CLOSURES

(a) Closures not in accordance with either para. IP-3.1
or (b) below shall be qualified as required by para.
IP-3|8.2.

(bp For materials and design conditions covered
therpin, closures may be designed in accordance with
the fules in ASME BPV Code Section VIII, Division
calcpilated from eq. (13):

tw =t+c (13)

where

d = sum of allowances defined. in para. IP-3.2

I = pressure design thickness)) calculated for the
type of closure and diréction of loading, shown
in Table IP-3.5-1, except that the symbols used
to determine ¢ shall be

E = same as defined in para. IP-3.2

P = design, gage pressure

S = S times W and My, with S, My, and W as
definednin para. IP-3.2

t,{ = mifhitaum required thickness, including
mechanical, corrosion, and erosion allowance

(c

(1) The rules in (2) through (7) apply to openings

not larger than one-half the inside diameter of the

closure as defined in Section VIII, Division 1, UG-36. A

closure with a larger opening should be designed as a

reducer in accordance with para. IP-3.7 or, if the closure
is flat, as a flange in accordance with para. IP-3.6.

(2) A closure is weakened by an opening and,
unless the thickness of the closure is sufficiently in excess
of that required to sustain pressure, it is necessary to
provide added reinforcement. The need for and amount

equal at least one-half the required area in thgt plane.
(4) The total cross-sectional area requiréd|for rein-
forcement in any given plane passing through the center
of the opening shall not be less than that d¢fined in
Section VIII, Division 1, UG-37(b), UG-38, and UG-39.
(5) The reinforcement areajand reinforcenfent zone
shall be calculated in accordance with para. IIP-3.4.2 or
IP-3.4.3, considering the stbscript & and other r¢ferences
to the run or header_pipe as applying to the closure.
Where the closure is_curved, the boundaries of|the rein-
forcement zone shall follow the contour of thg closure,
and dimensions(of the reinforcement zone shal] be mea-
sured parallel to and perpendicular to thq closure
surface.
(6)\If'two or more openings are to be locpted in a
closure, the rules in paras. IP-3.4.2 and IP-3.48 for the
reinforcement of multiple openings apply.
(7) The additional design considerations f¢r branch
connections discussed in para. IP-3.4.4 apply efjually to
openings in closures.

IP-3.6 PRESSURE DESIGN OF FLANGES AND
BLANKS

IP-3.6.1 Flanges

(a) Flanges not in accordance with para. IP-B.1 or (b)
or (c) below shall be qualified as required py para.
IP-3.8.2.

(b) A flange may be designed in accordapce with
ASME BPV Code Section VIII, Division 1, Appendix 2,
using the allowable stresses and temperature [limits of
the B31.12 Code. Nomenclature shall be as d¢fined in
Appendix 2 except as follows:

P = design gage pressure

S, = bolt design stress at atmospheric temperature

Sy = bolt design stress at design temperatiire

- —5+—tHe appro-
priate quality factor, E, from Tables IX-2 or
IX-3A; and the performance factor, My (see
Mandatory Appendix IX)] for flange or pipe
material; see para. IP-2.2.7(c).

(c) The rules in (b) above are not applicable to a
flanged joint having a gasket that extends outside the
bolts (usually to the outside diameter of the flange).
For flanges that make solid contact outside the bolts,
Section VIII, Division 1, Appendix Y should be used.
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(d) See Section VIII, Division 1, Appendix S or
ASME PCC-1 for considerations applicable to bolted
joint assembly.

IP-3.6.2 Blind Flanges

(a) Blind flanges not in accordance with either
para. IP-3.1 or (b) below shall be qualified as required
by para. IP-3.8.2.

(b) A blind flange may be designed in accordance

IP-3.7.2 Eccentric Reducers

Eccentric reducers not in accordance with para. IP-3.1
shall be qualified as required by para. IP-3.8.2.

IP-3.8 PRESSURE DESIGN OF OTHER
COMPONENTS

with eq.[(14). The minimum thickness, considering the

manufadturer’s minus tolerance, shall be not less than t,,
by =t+c (14)

To calfulate t, the rules of Section VIII, Division 1,

¢ = pum of allowances defined in para. IP-3.2
P = |nternal or external design gage pressure
Sf = product SEMf [of the stress value, S; the appro-

riate quality factor, E, from Table IX-2 or IX-3A;
nd the material performance factor, My (see
andatory Appendix IX)] for flange material;
ee para. IP-2.2.10(e).

ressure design thickness, as calculated for the
iven styles of blind flange, using the appro-
riate equations for bolted flat cover plates in
G-34

IP-3.6.3| Blanks

The mjinimum required thickness of a permaneitt
blank (representative configurations shown in
Fig. IP-3.6.3-1) shall be calculated in accordancée with
eq. (15)

3P
by = dy /—16SEMf+ c (15)
where
¢ =|sum of allowances défined in para. IP-3.2
d, =|inside diameter of gasket for raised or flat-face

flanges, or the.gasket pitch diameter for ring
joint and fully<retained gasketed flanges

E =|same as defined in para. IP-3.2
My =|same a§ defined in para. IP-3.2

P =|design\gage pressure

S =|same as defined in para. IP-3.2

IP-3.8.1 Listed Components

Other pressure-containing components manufactjired
in accordance with standards in Table IP-§.1/1-1 mgy be
utilized in accordance with para. IP-3.1:

IP-3.8.2 Unlisted Components and Elements

Pressure design of unlisted”components and gther
piping elements to which the rules in para. IP-3.]l do
not apply shall be based(on calculations consistent with
the design criteria of this Code. These calculations phall
be substantiatedby one or more of the means stat¢d in
(a) through (d)‘below, considering applicable dyndmic,
thermal, ahd cyclic effects in paras. IP-2.1.7 thrqugh
IP-2.1.8 fas.well as thermal shock. Calculations and docu-
mentation showing compliance with (a), (b), (c), of (d),
and\(e) shall be available for the owner’s approval:

(a) extensive, successful service experience upder
comparable conditions with similarly proportigned
components of the same or like material.

(b) experimental stress analysis, such as describ¢d in
ASME BPV Code Section VIII, Division 2, Annex p-F.

(c) proof test in accordance with ASME B16.9, MSS
SP-97, CSA HGV 4.10, or ASME BPV Code Section |VIII,
Division 1, UG-101.

(d) detailed stress analysis (e.g., finite elerhent
method) with results evaluated as described in Se¢tion
VIII, Division 2, Part 5. The basic allowable stress from
Mandatory Appendix IX, Table IX-1A shall be usgd in
place of the allowable stress, S, in Section VIII, Divisipn 2,
where applicable. At design temperatures in the dreep
range, additional considerations beyond the scofe of
Division 2 may be necessary.

(e) For any of the above, the design engineer [may
interpolate between sizes, wall thicknesses, and predsure

IP-3.7 REDUCERS
IP-3.7.1 Concentric Reducers

(a) Concentric reducers not in accordance with
para. IP-3.1 or (b) below shall be qualified as required
by para. IP-3.8.2.

(b) Concentric reducers made in a conical or reversed
curve section, or a combination of such sections, may
be designed in accordance with the rules for conical and
toriconical closures stated in para. IP-3.5.
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classes, and may determine analogies among related
materials.

IP-3.8.3 Metallic Components With Nonmetallic
Pressure Parts

Components not covered by standards listed in
Table IP-8.1.1-1, in which both metallic and nonmetallic
parts contain the pressure, shall be evaluated by applica-
ble requirements of para. IP-3.8.2.
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Fig. IP-3.6.3-1 Blanks

1704

IP-3{8.4 Expansion Joints

(a

The design of metallic bellows-type expansion

joinfts shall be in accordance with ASME B31\5;

Apq
this
(b
be q
(c
pipi

endix X. See also Nonmandatory Appendix-A of
Code for further design considerations.

The design of other types of expansiohjoints shall
ualified as required by para. IP-3.8.2.
Bellows-type expansion joints tsed in hydrogen
hg systems may be convoluted-ortoroidal, and may

or njay not be reinforced. (Lap{welded tubing shall not

be 4

(d
ther
no d
full

sed.)

Although a fatigue life able to withstand the full
mal motion cycleswshall be a design requirement, in
ase shall the life of the bellows be less than 1 000
thermal movenient and pressure cycles.

N :

(e) Expansion joints shall be marked to g
direction of flow. Unless otherwise stated in tH
specifications, flow liners shall be provided w
velocities exceed the following values:

Expansion Joint Gas,
Diameter, in. ft/sec
<6 4
>6 25

(f) In all piping systems containing bell
hydrostatic end force caused by pressure, as w
bellows spring force and rigid external anchox
rod configuration, must resist the guide frictiq

(g) The expansion joints shall be installed in
accessible for scheduled inspection and all circ
tial welds should be 100% radiographed to ass
ity welds.

how the
e design
hen flow

Liquid,
ft/sec

2
10

ws, the
Pll as the
5 or a tie
n force.

ocations
imferen-
lire qual-
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Chapter IP-4
Service Requirements for Piping Components

VALVES AND SPECIALTY COMPONENTS

IP-4.1.2 Specific Requirements.

llowing requirements for valves shall also be
pplicable, by other pressure-containing piping
bnts, such as traps, strainers, and separators.
mandatory Appendix A, para. A-7 for valve
considerations.

Valves

sted  Valves. Valve standards listed in
8.1.1-1 are suitable for use, except as stated in
4.1.2.

listed Valves. Unlisted valves may be used only
dance with para. IP-2.2.4, unless pressure—
fure ratings are established by the method set
ASME B16.34.

A bolted bonnet valve, whose bonnet is securg
the body by fewer than four bolts or by a Usbolt,
not be used.

IP-4.2 BOLTING AND TAPPED HOLES FOR
COMPONENTS

(a) Bolting. Bolting for comiponents conforming
listed standard shall be in‘ddcordance with that stan
if specified therein.

(b) Tapped Holes. Tapped holes for pressure-retai
bolting in metali€ piping components shall be of §
cient depth thatvthe thread engagement will be at
seven-eighths of the nominal thread diameter.

d to
shall

to a
Hard

ning
uffi-
[east

Copyright ASME International

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

92

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

Chapter IP-5
Service Requirements for Piping Joints

IP-5.1__SCOPE

(2) Filletweldsmav alsobe used toattach reinforce-

Pijping joints shall be selected to suit the piping mate-
rial, [with consideration of joint tightness and mechanical
stremgth under expected service and test conditions of
prespure, temperature, and external loading. Layout of
pipihg should, insofar as possible, minimize stress on
joings, giving special consideration to stresses due to
thermal expansion and operation of valves (particularly
a vallve at a free end).

IP-5.2 WELDED JOINTS

Joints may be made by welding in any material for
whi¢h it is possible to qualify welding procedures, weld-
ers, ind welding operators in conformance with the rules
in ppra. IP-9.2.

IP-5

Welds shall conform to the following:

2.1 Welding Requirements

(a) Welding shall be in accordance with para. IP-9.6.12

(b) Preheating and heat treatment shall be in aceor-
dange with para. IP-9.9.

(c) Examination shall be in accordahee with
Chapter IP-10.

(d) Acceptance criteria shall be/ those in
Tables 1P-10.4.3-1 and IP-10.4.3-2.
IP-5]2.2 Specific Requirements

(a) Backing Rings and Consumable Inserts. If backing

ringp are used where the résulting crevice is detrimental,
e.g.,| subject to embrittlement, corrosion, vibration, or
othgr degradation resulting from service, they shall be
rempved and the-intérnal joint faces ground smooth.
Whgn it is impractical to remove the backing rings, weld-
ing withoutdbacking rings or using consumable inserts
or rpmovable nonmetallic backing rings should be
congideréd.
(b)_Sacket Welds

ment and structural attachments, to supplement the
strength or reduce stress concentration of primaty welds,
and to prevent disassembly of joints.

(d) Seal Welds. Seal welds (para. GR-3.4.8
used only to prevent leakage of threaded joints
not be considered as contributing any streng
joints.

may be
hnd shall
h to the

IP-5.3 FLANGED JOINTS

IP-5.3.1 Listed‘and Unlisted Flange Joints

(a) Listed Flange Joints. Listed flanges, bla
gaskets are suitable for use, except as stated e
in para»1P-5.3.

(b)> Unlisted Flange Joints. Unlisted flanges} blanks,
and gaskets may be used only in accordance with
para. IP-2.2.4.

hks, and
sewhere

-

IP-5.3.2 Selection, Design, and Installation g
Flanged Joints

The following factors should be considered [for leak-
free flanged joints:
(a) service conditions, e.g., external loads,
moments, and thermal insulation
(b) flange rating, type, material, facing, arjd facing
finish
(c) design for access to the joint
(d) installation (see ASME PCC-1)
(1) condition of flange mating surfaces
(2) joint alignment and gasket placement before
bolt up
(3) specifications for tightening bollts (see
para. IP-5.3.5)

(4) implementation of specified a

procedures
r

bending

Esembly

(1) Socket welded joints (para. GR-3.4.7) should be
avoided where crevice corrosion or severe erosion may
occur.

(2) A drain or bypass in a component may be
attached by socket welding, provided the socket dimen-
sions conform to Fig. 4 in ASME B16.5.

(c) Fillet Welds

(1) Fillet welds in accordance with para. GR-3.4.7
may be used as primary welds to attach socket welding
components and slip-on flanges.
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IP-5.3.3 Flange Facings

Flange facings shall be suitable for the intended ser-
vice and for the gaskets and bolting employed.
IP-5.3.4 Flange Gaskets

(a) Seating Load. Gaskets shall be selected so that the
required seating load is compatible with the flange rat-
ing, facing, strength of the flange, and bolting.
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(b) Materials. Gasket materials shall be suitable for
the service conditions. Gasket materials not subject to
cold flow should be considered for temperatures signifi-
cantly above or below ambient.

(c) Full-Face Gaskets. Use of full-face gaskets with flat-
faced flanges should be considered when using gasket
materials subject to cold flow for low pressure and vac-
uum services at moderate temperatures. When such gas-
ket materials are used in other fluid services, the use

ASME B16.24, MSS SP-42, or MSS SP-51 specification,
the bolting material shall be no stronger than low yield
strength bolting unless

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

(-b) sequence and torque limits for bolt-up are
specified, with consideration of sustained loads,
displacement strains, and occasional loads (see
paras. IP-2.2.10 and IP-2.2.11), and strength of the flanges

of tongue and groove or other gasket-confining flange
facings dhould be considered.

(d) Faring Finish. The effect of flange facing finish
should He considered in gasket material selection.

IP-5.3.5

Bolting includes bolts, bolt studs, studs, cap screws,
nuts, an¢l washers.

(a) Bolting Procedures. The use of controlled bolting
procedyres should be considered in high, low, and
cycling femperature services, and under conditions
involving vibration or fatigue, to reduce

(1) the potential for joint leakage due to differential
thermal expansion

(2) the possibility of stress relaxation and loss of
bolt tendion

(b) Thermal Cycling. If stress relaxation and loss of
bolt tensfon is possible due to thermal cycling, bolt hard-
ware shgll be strain hardened.

(c) Additional considerations for bolting materials to
be determined.

(d) Lidted Flange Bolting. Listed bolting is suitable for
use, exc¢pt as stated elsewhere in Chapter IP-8:

(e) Unllisted Flange Bolting. Unlisted bolting may be
used only in accordance with para. IP-5.3,

(f) Selection Criteria. Bolting selected shall be ade-
quate td seat the gasket and maintajn’ joint tightness
under all design conditions.

(g) Spkcific Bolting

(1) Low Yield Strength Bolting. Bolting having not
more than 207 MPa (30.ksi) specified minimum yield
strength shall not be ised for flanged joints rated
ASME BJ16.5 Class 400-and higher, nor for flanged joints
using mfetallic gaskets, unless calculations have been
made showing\adequate strength to maintain joint
tightness.

(2)

Flange Bolting

arhon Steel Rnlﬁng Fyr’ppf where limited by

IP-5.3.6 Tapped Holes for Flange Bolting

Tapped holes for flange bolts shall be (of suffifient
depth that the thread engagement will bé at least s¢ven-
eighths of the nominal thread diameter.

IP-5.3.7 Joints Using Flanges of Different Ratings

Where flanges of different atihgs are bolted togdther,
the rating of the joint shalLnot exceed that of the lpwer
rated flange. Bolting torque shall be limited so excegsive
loads are not imposed.on the lower-rated flange.

IP-5.3.8 Metal-to-Nonmetal Flanged Joints

Joints where a metallic flange is bolted to a nonmjetal-
lic flange should be avoided. However, when such jpints
are necessary, both flanges shall be flat faced and |full-
faced gaskets are preferred. If gaskets that extend jonly
t\the inner edge of the bolts are used, the bolting togque
shall be limited to prevent overloading the nonmetallic
flange.

IP-5.3.9 Slip-On Flanges

(a) Slip-on flanges shall be double welded as shown
in Fig. GR-3.4.7-2 when the service is
(1) subject to cyclic loading
(2) at temperatures below —101°C (-150°F)
(b) The space between the welds in double-wejlded
slip-on flanges shall be vented.
(c) Slip-on flanges shall be avoided where many
temperature cycles are expected, particularly i
flanges are not insulated.

arge
the

IP-5.3.10 Socket Welding and Threaded Flanges

(a) Socket welding flanges are subject to the reqjiire-
ments for socket welding in para. IP-5.2.2(b).
(b) Threaded flanges are subject to the requiren

ents

other provisions of this Code, carbon steel bolting may
be used with nonmetallic gaskets in flanged joints rated
ASME B16.5 Class 300 and lower for bolt metal tempera-
tures at —29°C to 204°C (-20°F to 400°F), inclusive. If
these bolts are galvanized, heavy hexagon nuts, threaded
to suit, shall be used.

(3) Bolting for Metallic Flange Combinations. Any
bolting that meets the requirements of para. IP-5.3.5 may
be used with any combination of flange material and
facing. If either flange is to the ASME B16.1,
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for threaded joints in para. IP-5.5.

IP-5.4 EXPANDED JOINTS

(a) Adequate means shall be provided to prevent sep-
aration of the joint. Safeguarding is required.

(b) Consideration shall be given to the tightness of
expanded joints when subjected to vibration, differential
expansion or contraction due to temperature cycling, or
external mechanical loads.
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IP-5.5 THREADED JOINTS
IP-5.5.1 Taper-Threaded Joints

Requirements below apply to joints where the threads
of both mating components conform to specifications for
general purpose taper pipe threads, NPT, in accordance
with ASME B1.20.1.

(a) Below 20 670kPa (3,000 psig). Taper-threaded joints
may be used on systems with design pressures below

be used in accordance with para. IP-5.5, provided that
the type of fitting selected is also adequate for pressure
and other loadings. The design shall be qualified as
required by para. IP-3.8.2 and other requirements to be
determined for straight-threaded joints. Components of
proprietary joints not listed in Table IP-8.1.1-1 shall not
be interchanged or intermixed with components from
another manufacturer.

Pressure design of straight-threaded joints shall be

20 60 kPa3;000psig):

(b 20 670 kPa (3,000 psig) to 48 280 kPa (7,000 psig).
Taper-threaded joints may be used on systems with
desipn pressures from 20 670 kPa (3,000 psig) through
48 2B0 kPa (7,000 psig) when specified by the engi-
neetfing design.

(c) Above 48 280 kPa (7,000 psig). Taper-threaded
joinfs shall not be used on systems with design pressures
aboye 48 280 kPa (7,000 psig).

(d) Taper-Threaded Joints. For mechanical strength,
malg-threaded components shall be at least Schedule
160 [in nominal wall thickness. The nominal thickness
of Sfhedule 160 piping is listed in ASME B36.10M for
DN [15 (NPS %). Male-threaded components shall have
a mjnimum wall thickness of the threaded section that
resullts in stresses less than 50% of yield for piping listed
in ASME B16.11 for sizes smaller than DN 15 (NPS %).
See [Table IP-8.1.1-1 for male-taper threaded compo-
nents/joints. Provision should be made to counteract
forcgs that would tend to unscrew taper-threaded joints:

(e} Thread Sealants. Taper-threaded joints with suit-

able| thread sealants are acceptable for hydrogen’ gas
insidle buildings.
(f] Seal Welding. Seal welding taper-threaded joints
should be considered for hydrogen gas inside buildings.
Tapgr-threaded joints shall not be seal welded unless
the ¢omposition of the metals in thejoint is known and
proper procedures for those metals are followed. Thread
sealgants shall not be used afid, the weld material shall
covdr the full circumfereritial length of the thread.

IP-5|5.2 Straight-Threaded Joints

Tlhreaded joints~ih which the tightness of the joint is
proyided by a seating surface other than the threads,
e.g.|a unioncomprising male and female ends joined
with a threaded union nut, or other constructions shown
typifallyan Fig. IP-9.14-1, may be used.

(al) ernighf-Thvpnf]od ITniwfc ananvming ta Listed

based on calculations consistent with design| require-
ments of this Code. These calculations shall'bée substanti-
ated by testing in accordance with torbe-defermined
procedures and protocols. The testing“shall fonsider
such factors as assembly and disassembly, cycliqloading,
vibration, shock, hydrogen embrittlement, [thermal
expansion and contraction}-and other factgrs to be
determined.

IP-5.5.3 Tubing Joints

Flared, flareless, and compression-type tubing joints
may be used., The tubing joints shall be suitable for the
tubing to be-ifsed. Tubing components shall nof be used
beyond the‘\pressure-temperature limits desighated by
the manufacturer or the applicable standards.

(#)\Tubing Joints Conforming to Listed Standafds. Tub-
ingjjoint standards listed in Table IP-8.1.1-1 arg suitable
for use. Designs shall be checked for adequacy of
mechanical strength under applicable loadings|enumer-
ated in para. IP-2.1.

(b) Tubing Joints Not Conforming to Listed Qtandards.
The design shall be qualified as required by para.
IP-3.8.2. Designs shall be checked for adequate fnechani-
cal strength under applicable loadings enumg¢rated in
para. IP-2.1. Designers shall also consider assenbly and
disassembly, hydrogen embrittlement, and othér factors
applicable to the particular application. Mating of com-
ponents from different manufacturers shall be permitted
only when specified in the engineering desig].

IP-5.6 CAULKED JOINTS

Caulked joints such as bell type joints sha
used.

1 not be

IP-5.7 BRAZED AND SOLDERED JOINTS

Standards. Straight-threaded joints listed in
Table IP-8.1.1-1 are suitable for use. Joint designs listed
in Table IP-8.1.1-1 shall be qualified as required by para.
IP-3.8.2 and other requirements for straight-threaded
joints to be determined. Joints listed in Table IP-8.1.1-1
shall conform to ANSI-approved design standards that
allow interchange and intermix of components from one
manufacturer with those of another manufacturer.

(b) Pressure Design of Unlisted Straight-Threaded Joints.
Straight-threaded joints not listed in Table IP-8.1.1-1 may

IP-5.7.1 Soldered Joints

Soldered joints and fillet joints made with solder metal
shall not be used.

IP-5.7.2 Brazed Joints

(a) Brazed joints are prohibited in piping systems
with design conditions greater than Class 300.

(b) Brazed joints made in accordance with the provi-
sions in paras. GR-3.2, GR-3.8, IP-9.6.1, and IP-9.11 are
suitable. They shall be safeguarded. The melting point

g5
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of brazing alloys shall be considered where possible
exposure to fire is involved.

(c) Fillet joints made with brazing filler metal are not
permitted.

IP-5.8 SPECIAL JOINTS

Special joints are those not covered in paras. IP-5.1
through IP-5.7. The design shall be qualified as required

by para. IP-3.8.2 and other requirements to be deter-
mined. Specific requirements are as follows:

(a) Joint Integrity. Separation of the joint shall be pre-
vented by a means with sufficient strength to withstand
anticipated conditions of service.

(b) Joint Interlocks. Either mechanical or welded inter-
locks shall be provided to prevent separation of any joint.

(c) Bell and Gland Type Joints. Bell type and gland type
joints shall not be used.
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Chapter IP-6
Flexibility and Support

IP-6.1 _ELEXIBILITY OF PIPING

(q) r)fc‘gﬂﬂfomawf Strains

In{ addition to the design requirements for pressure,
weight, and other loadings, hydrogen piping systems
subjpct to thermal expansion and contraction or to simi-
lar movements imposed by other sources shall be
desipned in accordance with the requirements for the
evalliation and analysis of flexibility and stresses speci-
fied |herein.

Ah example of piping system stress analysis is shown
in Appendix S of ASME B31.3.

IP-6/1.1 Requirements

Piping systems shall have sufficient flexibility to pre-
venf thermal expansion or contraction or movements of
pipihg supports and terminals from causing

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

(b} leakage at joints

(c) detrimental stresses or distortion in piping and.
valvles or in connected equipment (e.g., pumps and tur~
binegs), resulting from excessive thrusts and moments in
the piping

IP-6{1.2 Specific Requirements

In| para. IP-6.1, concepts, data, and methods are given
for determining the requirements forflexibility in a pip-
ing pystem and for assuring that:the system meets all
of these requirements. In brief, these requirements are
(a that the computed stress range at any point due
to diisplacements in th€ system shall not exceed the
alloyvable stress range.established in para. IP-2.2.10.

(bp that reactiofidforces computed in para. IP-6.1.6
shall not be detrimental to supports or connected
equipment.

(¢} that.computed movement of the piping shall be
withlin any prescribed limits and properly accounted for
in the flexibility calculations. If it is determined that a

(1) Thermal Displacements. A piping system will
undergo dimensional changes with any changp in tem-
perature. If it is constrained from free expansion or con-
traction by connected equipment and|restraintp such as
guides and anchors, it will be displaced from |its unre-
strained position.

(2) Restraint Flexibility. If/restraints are not consid-
ered rigid, their flexibility may be considlered in
determining displacement stress range and regctions.

(3) Externallyinposed Displacements. Externally
caused movement of restraints will impose Hisplace-
ments on thelpiping in addition to those relatedl to ther-
mal effects: Movements may result from tidal| changes
(dock piping), wind sway (e.g., piping support¢d from a
tall slender tower), or temperature changes in cpnnected
equipment. Movement due to earth settlement, since it
is*a single-cycle effect, will not significantly jnfluence
fatigue life. A displacement stress range greater than
that permitted by para. IP-2.2.10(d) may be allpwable if
due consideration is given to avoidance of ¢xcessive
localized strain and end reactions.

(4) Total Displacement Strains. Thermal displace-
ments, reaction displacements, and externally [imposed
displacements all have equivalent effects on tHe piping
system, and shall be considered together in det¢rmining
the total displacement strains (proportional ¢leforma-
tion) in various parts of the piping system.

(b) Displacement Stresses

(1) Elastic Behavior. Stresses may be considpred pro-
portional to the total displacement strains in |a piping
system in which the strains are well-distributed and not
excessive at any point (a balanced system). Ifayout of
systems should aim for such a condition, which is
assumed in flexibility analysis methods providg¢d in this
Code.

(2) Owerstrained Behavior. Stresses cannot be consid-

piping system does not have adequate inherent flexibil-
ity, means for increasing flexibility shall be provided
in accordance with para. IP-6.1.8. Alternative rules for
evaluating the stress range are provided in Appendix B.

IP-6.1.3 Concepts

Concepts characteristic of piping flexibility analysis
are covered in the following paragraphs. Special consid-
eration is given to displacements (strains) in the piping
system, and to resultant bending and torsional stresses.

ered proportional to displacement strains throughout a
piping system in which an excessive amount of strain
may occur in localized portions of the system (an unbal-
anced system). Operation of an unbalanced system in
the creep range may aggravate the deleterious effects
due to creep strain accumulation in the most susceptible
regions of the system. Unbalance may result from one
or more of the following;:

(-a) highly stressed small size pipe runs in series
with large or relatively stiff pipe runs.
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(-b) a local reduction in size or wall thickness, or
local use of material having reduced yield strength (e.g.,
girth welds of substantially lower strength than the base
metal).

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

(-d) variation of piping material or temperature

is necessary. Examples include buried lines containing
hot fluids, double-wall pipes, and parallel lines with
different operating temperatures, connected together at
more than one point.

(d) Cold Spring. Cold spring is the intentional defor-
mation of piping during assembly to produce a desired
initial displacement and stress. Cold spring is beneficial
in that it serves to balance the magnitude of stress under
initial and extreme displacement conditions. When cold

in a line [When differences in the elastic modulus within
a piping|system will significantly affect the stress distri-
bution, the resulting displacement stresses shall be com-
puted bgsed on the actual elastic moduli at the respective
operating temperatures for each segment in the system
and ther} multiplied by the ratio of the elastic modulus
at ambienht temperature to the modulus used in the anal-
ysis for [each segment. Unbalance should be avoided
or minithized by design and layout of piping systems,
particulgrly those using materials of low ductility. Many
of the effects of unbalance can be mitigated by selective
use of c¢ld spring. If unbalance cannot be avoided, the
designer] shall use appropriate analytical methods in
accordarjce with para. IP-6.1.5, to assure adequate flexi-
bility as flefined in para. IP-6.1.1. The effect of cold spring
may be feduced over time and cycles.
(c) Displacement Stress Range

(1) In contrast with stresses from sustained loads,
such as|internal pressure or weight, displacement
stresses may be permitted to attain sufficient magnitude
to cause|local yielding in various portions of a piping
system. [When the system is initially operated at the
conditiop of greatest displacement (highest or lowest
temperafure, or greatest imposed movement) from its
installed| condition, any yielding or creep brings about
a reductfon or relaxation of stress. When'the system is
later retfirned to its original conditioh (or a condition
of oppodite displacement), a reversal and redistribution
of stressgs occurs which is referredto as self-springing.
It is sim{lar to cold springing (in)its effects.

(2) While stresses resulting from displacement
strains diminish with time due to yielding or creep,
the algebraic difference between strains in the extreme
displacement conditioh and the original (as-installed)
conditioh (or any anticipated condition with a greater
differentfial effect) remains substantially constant during
any one| aycle’ of operation. This difference in strains
produce i i ial i
placement stress range, which is used as the criterion
in the design of piping for flexibility. See para.
IP-2.2.10(d) for the allowable stress range, S, and para.
IP-6.1.5(d)(1) for the computed stress range, Sg.

(3) Average axial stresses (over the pipe cross sec-
tion) due to longitudinal forces caused by displacement
strains are not normally considered in the determination
of displacement stress range, since this stress is not sig-
~ nificant in typical piping layouts. In special cases, how-
- ever, consideration of average axial displacement stress

spring is properly applied, there is less likelihogd of
overstrain during initial operation; hence, it.is\re¢om-
mended especially for piping materials of limited diictil-
ity. There is also less deviation from)as-instdlled
dimensions during initial operation, so that hangerq will
not be displaced as far from their original settings. Inas-
much as the service life of a pipinig system is affdcted
more by the range of stress vatiation than by the magni-
tude of stress at a given tifie, no credit for cold sgring
is permitted in stress range calculations. Howevdr, in
calculating the thrusts and moments where actual feac-
tions as well as their-range of variations are signififant,
credit is givendoricold spring.

IP-6.1.4 Properties for Flexibility Analysis

Thefollowing paragraphs deal with properties of|pip-
ing.materials and their application in piping flexibility
stress analysis:

(a) Thermal Expansion Data

(1) Values for Stress Range. Values of thermal| dis-
placements to be used in determining total displacement
strains for computing the stress range shall be dpter-
mined from Appendix C of ASME B31.3 as the algebraic
difference between the value at maximum metal tenjper-
ature and that at the minimum metal temperaturg for
the thermal cycle under analysis.

(2) Values for Reactions. Values of thermal displace-
ments to be used in determining total displacemnent
strains for computation of reactions on supports|and
connected equipment shall be determined as the glge-
braic difference between the value at maximum (or rpini-
mum) temperature for the thermal cycle under anatysis
and the value at the temperature expected dufring
installation.

(b) Modulus of Elasticity. The reference modul{is of
elasticity at 21°C (70°F), E;, and the modulus of elasficity
at maximum or minimum temperature, E,, shall be
taken as the values shown in Appendix C of ASME B31.3
for the temperatures determined in (a)(1) or (2) above.
For materials not included in Appendix C of
ASME B31.3, reference shall be made to authoritative
source data, such as publications of the National
Institute of Standards and Technology.

(c) Poisson’s Ratio. Poisson’s ratio may be taken as 0.3
at all temperatures for all metals. More accurate and
authoritative data may be used if available.
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(d) Allowable Stresses

(1) The allowable displacement stress range, Sy,
and permissible additive stresses shall be as specified
in para. IP-2.2.10(d) for systems primarily stressed in
bending and/or torsion.

(2) The stress intensification factors in Appendix D
of ASME B31.3 have been developed from fatigue tests
of representative piping components and assemblies
manufactured from ductile ferrous materials. The allow-

y = resultant of total displacement strains,
mm (in.), to be absorbed by the piping system

WARNING: No general proof can be offered that this equation
will yield accurate or consistently conservative results. It should
be used with caution in configurations such as unequal leg
U-bends or near-straight “sawtooth” runs, for large thin-wall
pipe (i 2 5), or where extraneous displacements (not in the direc-
tion connecting anchor points) constitute a large part of the total
displacement. There is no assurance that terminal reactions will

and [austenitic stainless steels. Caution should be exer-
cisedl when using egs. (1a) and (1b) (para. IP-2.2.10) for
alloyvable displacement stress range for some nonferrous
materials (e.g., certain copper and aluminum alloys) for
othgr than low-cycle applications.

(e) Dimensions. Nominal thicknesses and outside

diameters of pipe and fittings shall be used in flexibility
calcplations.
(f] Flexibility and Stress Intensification Factors. In the
absgnce of more directly applicable data, the flexibility
factgr, k, and stress intensification factor, i, shown in
Appendix D of ASME B31.3 shall be used in flexibility
calcyilations in para. IP-6.1.5. For piping components or
attathments (such as valves, strainers, anchor rings, or
bandls) not covered in the table, suitable stress intensifi-
catign factors may be assumed by comparison of their
sigrjificant geometry with that of the components
shown.

ableLdisplacement stress range is based on tests of carbon

IP-6{1.5 Flexibility Analysis

(a) Formal Analysis Not Required. No formal(analysis
of aflequate flexibility is required for a piping system
that
(1) duplicates, or replaces without significant
charge, a system operating with~a\successful service
recopd

(2) can readily be judged adequate by comparison
witll previously analyzed(systems

(3) is of uniform size) has no more than two points
of fikation, no intermediate restraints, and falls within
the limitations of-empirical eq. (16)

be acceptably low, even if a piping system falls within the limita-
tions of eq. (16).

(b) Formal Analysis Requirements
(1) Any piping system that does notmeet fhe crite-

ria in (a) above shall be analyzed by)a simplified) approx-
imate, or comprehensive method of analysis, as
appropriate.
(2) A simplified or approximate method may be
applied only if used within‘the range of configurations
for which its adequacy,has been demonstratedl.
(3) Acceptable\ecomprehensive methods of analysis
include analytical’and chart methods which provide an
evaluation of the forces, moments, and stressds caused
by displacement strains [see para. IP-6.1.3(a)].
(4). Gomprehensive analysis shall take int¢ account
stress \intensification factors for any compongnt other
than“straight pipe. Credit may be taken for the extra
flexibility of such a component.
(c) Basic Assumptions and Requirements. Jtandard
assumptions specified in para. IP-6.1.4 shall be ffollowed
in all cases. In calculating the flexibility of p piping
system between anchor points, the system|shall be
treated as a whole. The significance of all paits of the
line and of all restraints introduced for the pyrpose of
reducing moments and forces on equipment [or small
branch lines, and also the restraint introduced by sup-
port friction, shall be recognized. Consider all fisplace-
ments, as outlined in para. IP-6.1.3(a), ¢ver the
temperature range defined by para. IP-6.1.4(a).
(d) Flexibility Stresses
(1) Therange of bending and torsional strepses shall

be computed using the reference modulus of plasticity
at 21°C (70°F), E,, except as provided In para.
IP-6.1.3(b)(2)(-d), and then, combined in ac¢ordance

_by K 16y  Wwith eq. (17) to determine the computed displacement
(L -uy? stress range, Sg, which shall not exceed the gllowable
stress range, S,, in para. IP-2.2.10(d).
whejre
D = outside diameter of pipe, mm (in.) Sp = /Sy + 48/ 17)
E, = reference modulus of elasticity at 21°C (70°F),
- where
MPa (ksi) M. = torsional ¢
Ki = 208 000S4/E,, (mm/m)? [30S/E, (in./ft)’] ¢ = torsionatmomen
- Sy = resultant bending stress
L = developed length of piping between anchors, .
S; = torsional stress
m (ft) B
S4 = allowable displ = Mi/2z
4 = allowable displacement stress range per para. Z = section modulus of pipe

IP-2.2.10, eq. (1a), MPa (ksi)
U = anchor distance, straight line between anchors,
m (ft)

(2) The resultant bending stresses, S, to be used in
eq. (17) for elbows, miter bends, and full-size outlet
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Fig. IP-6.1.5-1 Moments in Bends

M;

My

D

M

branch dpnnections (Legs 1, 2, and 3) shall be calculated
in accordlance with eq. (18), with moments as shown in
Fig. IP-6{1.5-1 and Fig. IP-6.1.5-2.

. 2 . 2
5, = (i:M;) Z+ (iM,) 18)
where
ij = [in-plane stress intensificatien factor from
Appendix D of ASME B31.3
i, = lout-plane stress intensification factor from
Appendix D of ASME-B31.3
M; = [in-plane bending moment
M, = |out-plane bending moment
Sy = [resultant bending stress

Z = [section modulus of pipe

(3) I'he resultant bending stress, Sy, to be used in
eq. (17) for feduicing outlet branch connections shall be
calculatdd \ifr accordance with egs. (19) and (20), with

o

N
.

i; = in-plane stress intensification factor from
Appendix D of ASME B31.3
= out-plane stress intensification factor from
Appendix D of ASME B31.3
7, = mean branch cross-sectional radius
Sy = resultant bending stress
T, = thickness of pipe matching branch
T, = thickness of pipe matching run of tee or header
exclusive of reinforcing elements
Ts = effective branch wall thickness, lesser of T|and
Z, = effective section modulus for branch

Z, = w*Ts (21)

(e) Required Joint Quality. Any joint at which Sg
exceeds 0.854 (as defined in para. IP-2.2.10) and the
equivalent number of cycles, N, exceeds 7 000 shalll be
100% examined as defined herein. Piping to be fised
under these conditions shall be examined to the extent

moments as shown in Fig. IP-6.1.5-2.
For header (Legs 1 and 2)

)2 ; 2

For branch (Leg 3)

Sy = ——— (20)

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

specified herein or to any greater extent specified in the
engineering design. Acceptance criteria are as stated in
para. IP-10.5 and in Table IP-10.4.3-1.
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IP-10.5.1 apply, with the following exceptions:

(-a) All fabrication shall be examined.

(-b) All threaded, bolted, and other joints shall
be examined.

(-c) All piping erection shall be examined to ver-
ify dimensions and alignment. Supports, guides, and
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Fig. IP-6.1.5-2 Moments in Branch Connections

Leg 3

P
|

. AN

Leg 1

poirjts of cold spring shall be checked to ensure’that
movlement of the piping under all conditions of-startup,
opefation, and shutdown will be accommodated with-
out undue binding or unanticipated constraint.

(2) Other Examination. All circurbferential butt and
mitgr groove welds shall be examined\by 100% radiogra-
phy|in accordance with para.(IP-10.5.2. Alternatively,
when specified by the engifieering design, ultrasonic
exafnination 100% shall be)performed in accordance
with} para. IP-10.5.5. Socket welds and branch connection
weldls that are not rddiographed shall be examined by
magnetic particle-e¥liquid penetrant methods in accor-
dange with para."#P-10.5.4 or IP-10.5.3.

(3) In.process examination in accordance with
parg. IP-10:5:1(c)(8), supplemented by appropriate non-
desfructive examination, may be substituted for the
exarnination rpr}nirpd in (b) above on a weld-for-weld

R, for the extreme displacement conditions, copsidering
the temperature range defined in para. IP-6J1.4(a)(2),
and using E,. The designer shall consider instafitaneous
maximum values of forces and moments in thq original
and extreme displacement conditions [s¢e para.
IP-6.1.3(c)], as well as the reaction range, in makjing these
evaluations.
(a) Maximum Reactions for Simple Systems. For a two-
anchor piping system without intermediate rpstraints,
the maximum instantaneous values of reactign forces
and moments may be estimated from egs. (22) and (23).
(1) For Extreme Displacement Conditions,|R,,. The
temperature for this computation is the maxjmum or
minimum metal temperature defined in para.
IP-6.1.4(a)(2), whichever produces the larger reaction

basis if specified in the engineering design or specifically
authorized by the Inspector.

(4) Certification and Records. The requirements of
para. IP-10.5.10 apply.

IP-6.1.6 Reactions

Reaction forces and moments to be used in design
of restraints and supports for a piping system, and in
evaluating the effects of piping displacements on con-
nected equipment, shall be based on the reaction range,

R, = rl12C|En 2)
\ 2k
where
C = cold-spring factor varying from zero for no

cold spring to 1.0 for 100% cold spring. (The
factor 2/3 is based on experience, which shows
that specified cold spring cannot be fully
assured, even with elaborate precautions.)
E, = reference modulus of elasticity at 21°C (70°F)
= modulus of elasticity at maximum or mini-
mum metal temperature

m
3
|
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R = range of reaction forces or moments (derived resistance to movement, and other causes. When expan-
from flexibility analysis) corresponding to the  sion joints or other similar devices are provided, the
full displacement stress range and based on E,  stiffness of the joint or device should be considered in

R,, = estimated instantaneous maximum reaction  any flexibility analysis of the piping.

force or moment at maximum or minimum
metal temperature

(2) For Original Condition, R,. The temperature for
this computation is the expected temperature at which

IP-6.2 PIPING SUPPORTS

The design of support structures (not covered by this
Code) and of supporting elements (see definitions of

’Fhe pipitfg1s to be assembled. R, = CROTCIR, WRICREVeT — pining and pipe-supporting elements in para. GR-1.5)
is greater, where nomenclature is as in (a)(1) above and  ghal] be based on all concurrently acting loads trangmit-
S E ted into such supports. These loads, defined’in para.
Ci=1- S:_Ea (23) IP-2.1, include weight effects, loads introduced by] ser-
" vice pressures and temperatures, vibration, wind, egrth-
where quake, shock, and displacement strain [see fara.
Ci =|estimated self-spring or relaxation factor; use IP'6'1'3(?)]' o )
zero if value of C; is negative For piping containing gas ©r vapor, weight cal¢ula-
R, =|estimated instantaneous reaction force or  tionsneed notinclude the weight of liquid if the designer
moment at installation temperature has taken specific precautions against entrance of lifquid
St =|computed displacement stress range [see para. into the pi.ping, fand if Fh? Piping is not to be subjecté¢d to
1P-6.1.5(d)] hydrost.atlc testing dtinitial construction or subsequent
S, =|see definition in para. IP-2.2.10(d) Inspections.
(b) Mpximum Reactions for Complex Systems. For IP-6.2.1 Qbjectives
multianghor piping systems, and for two-anchor sys- The layout and design of piping and its suppofting
tems wilh intermediate restraints, egs. (22) and (23) are  eleménts shall be directed toward preventing the
not applicable. Each case must be studied to estimate  follewing:
location) nature, and extent of local overstrain, and its (a) piping stresses in excess of those permittdd in
effect or| stress distribution and reactions. this Code
(b) leakage at joints
IP-6.1.7| Calculation of Movements (c) excessive thrusts and moments on connefted
Calculations of displacements and rotations atspécific ~ equipment (such as pumps and turbines)
locationy may be required where clearance\ptoblems (d) excessive stresses in the supporting]| (or
are invojved. In cases where small-sizetbranch pipes  Testraining) elements
attached| to stiffer run pipes are to be-caleulated sepa- (e) resonance with imposed or fluid-indgced
rately, tHe linear and angular movemtetts of the junction ~ vibrations
point myst be calculated or estimated for proper analysis (f) excessive interference with thermal expansiorfand
of the bjanch. contraction in piping which is otherwise adequgtely
flexible
IP-6.1.8| Means of Increasing Flexibility (g) unintentional disengagement of piping froth its
The layout of piping-eften provides inherent flexibility ~ SUPPOTts o S . .
through changes in.diréction, so that displacements pro- (h) excessive piping sag in piping requiring drain-
duce chiefly berfding and torsional strains within pre- 8¢ slope
scribed| limitsy*The amount of axial tension or (i) excessive distortion or sag of piping subjeft to
compregsiofi_strain (which produces large reactions)  creep under conditions of repeated thermal cycling
usually is-small (1) _excessive heat flow, exposing supporting elenjents

Where the piping lacks built-in changes of direction,
or where it is unbalanced [see para. IP-6.1.3(b)(2)], large
reactions or detrimental overstrain may be encountered.
The designer should consider adding flexibility by one
or more of the following means: bends, loops, or offsets;
swivel joints; corrugated pipe; expansion joints of the
bellows or slip-joint type; or other devices permitting
angular, rotational, or axial movement. Suitable anchors,
ties, or other devices shall be provided as necessary to
resist end forces produced by fluid pressure, frictional
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to temperature extremes outside their design limits

IP-6.2.2 Analysis

In general, the location and design of pipe-supporting
elements may be based on simple calculations and engi-
neering judgment. However, when a more refined analy-
sis is required and a piping analysis, which may include
support stiffness, is made, the stresses, moments, and
reactions determined thereby shall be used in the design
of supporting elements.

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 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

IP-6.2.3 Stresses for Pipe-Supporting Elements

Allowable stresses for materials used for pipe sup-
porting elements, except springs, shall be in accordance
with para. IP-2.2.6. However, the following factors need
not be applied to the allowable stresses for welded pip-
ing components that are to be used for pipe-supporting
elements:

(a) longitudinal weld joint factors, E;

(bl-material Poanrmanro factor, A/fj as-identified in

guides) shall be provided, where necessary, to control
movements or to direct expansion into those portions
of the system which are designed to absorb them. The
design, arrangement, and location of restraints shall
ensure that expansion joint movements occur in the
directions for which the joint is designed. In addition
to the other thermal forces and moments, the effects of
friction in other supports of the system shall be consid-
ered in the design of such anchors and guides.

Tables IX-5B and IX-5C
IP-6/2.4 Materials

(a)) Permanent supports and restraints shall be of
material suitable for the service conditions. If steel is
cold-formed to a centerline radius less than twice its
thickness, it shall be annealed or normalized after
forning.

(b} Cast, ductile, and malleable iron may be used for
rolldrs, roller bases, anchor bases, and other supporting
elenjents subject chiefly to compressive loading. Cast
iron|is not recommended if the piping may be subject
to impact-type loading resulting from pulsation or vibra-
tion| Ductile and malleable iron may be used for pipe
and [beam clamps, hanger flanges, clips, brackets, and
swiyel rings.

(c) Steel of an unknown specification may be used for
pipg-supporting elements that are not welded directly
to pfessure-containing piping components. (Compatible
intefmediate materials of known specification may.be
weldled directly to such components.) Basic allowable
stregs in tension or compression shall not exceed .82 MPa
(12 ksi) and the support temperature shall bewithin the
range of —29°C (-20°F) to 343°C (650°F). For stress values
in shear and bearing, see para. IP-2.2.6(b).

(d) Wood or other materials may-be used for pipe-
supporting elements, providedthe-supporting element
is poperly designed, considering temperature, strength,
and [durability.

(e} Attachments welded to the piping shall be of a
material compatibleswith the piping and service. For
othgr requirementsysee para. IP-6.2.7(b).

IP-6{2.5 Threads

Sdrew_threads shall conform to ASME Bl.1 unless
othgr threads are required for adjustment under heavy
loadis. Turnbuckles and adjusting nuts shall have the

(3) Piping layout, anchors, restraints, guides, and
supports for all types of expansion joints|shall be
designed in accordance with Appendix\X, parp. X301.2
of ASME B31.3.

(b) Inextensible Supports Other~Than Anc
Guides’

(1) Supporting elements/shall be designe
mit the free movement, ©f piping caused by
expansion and contraction.

(2) Hangers include pipe and beam clamps, clips,
brackets, rods, straps, chains, and other devides. They
shall be propertioned for all required loads. Safe loads
for threaded\parts shall be based on the root atea of the
threads.

(3):Sliding supports (or shoes) and brack
be designed to resist the forces due to friction in
tothe loads imposed by bearing. The dimensig
support shall provide for the expected movems
supported piping.

(c) Resilient Supports’

(1) Spring supports shall be designed t
supporting force, at the point of attachment to
equal to the load as determined by weight balar|
lations. They shall be provided with means tq prevent
misalignment, buckling, or eccentric loadirlg of the
springs, and to prevent unintentional disengagement of
the load.

(2) Constant-support spring hangers provide a sub-
stantially uniform supporting force throughout the
range of travel. The use of this type of spring hanger is
advantageous at locations subject to appreciable move-
ment with thermal changes. Hangers of this tyge should
be selected so that their travel range exceeds pxpected
movements.

(3) Means shall be provided to prevent oy
ing spring hangers due to excessive deflecti
recommended that all spring hangers be provi

fiors and

1 to per-
thermal

ets shall
addition
ns of the
nt of the

exert a
the pipe,
ce calcu-

erstress-
ns. It is
Hed with

full length of internal threads engaged. Any threaded
adjustment shall be provided with a locknut, unless
locked by other means.

IP-6.2.6 Fixtures

(a) Anchors and Guides
(1) A supporting element used as an anchor shall
be designed to maintain an essentially fixed position.
(2) To protect terminal equipment or other (weaker)
portions of the system, restraints (such as anchors and
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position indicators.

(d) Counterweight Supports. Counterweights shall be
provided with stops to limit travel. Weights shall be
positively secured. Chains, cables, hangers, rocker arms,
or other devices used to attach the counterweight load
to the piping shall be subject to the requirements of (b)
above.

7 Various types of inextensible (solid) and resilient supports are
illustrated in MSS SP-58.
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(e) Hydraulic Supports. An arrangement utilizing a
hydraulic cylinder may be used to give a constant sup-
porting force. Safety devices and stops shall be provided
to support the load in case of hydraulic failure.

IP-6.2.7 Structural Attachments

External and internal attachments to piping shall be
designed so that they will not cause undue flattening of

Chapter GR-3. Consideration shall be given to the local-
ized stresses induced in the piping component by weld-
ing the integral attachment, as well as differential
thermal displacement strains between the attachment
and the component to which it is attached. Welds shall
be proportioned so that the shear stresses meet the
requirements of para. IP-2.2.6(b). If the allowable stress
values differ between the piping component and the
attachment material, the lower of the two values shall

the p1pe excessivetocatizedbermdr 1324 stresses;or ot
thermal gradients in the pipe wall. It is important that
attachments be designed to minimize stress concentra-

tion, pagticularly in cyclic services.

be used. ]In

(1) Integral reinforcement, complete encircleiment
reinforcement, or intermediate pads of suitable glloy
and design may be used to reduce contamination or

(a) Nenintegral Attachments. Nonintegral attach-  undesirable heat effects in alloy piping:
ments, ih which the reaction between the piping and (2) Intermediate pads, integralreinforcement, gom-
the attaghment is by contact, include clamps, slings, plete encirclement reinforcement;or-ether means of pein-
cradles,|U-bolts, saddles, straps, and clevises. If the forcement may be used to distribtite stresses.
weight df a vertical pipe is supported by a clamp, it is IP-6.2.8 Structural Connections
recommended to prevent §l1ppage that the clamp be The load from piping-and pipe-supporting elenjents
located below a flange, fitting, or support lugs welded (including restraints and braces) shall be suitably tfans-
to the pipe. mitted to a pressure'vessel, building, platform, sugfport
(b) Infegral Attachments. Integral attachments include  gtrycture, foundation, or to other piping capable of ear-
plugs, eqrs, shoes, plates, trunnions, stanchions, struc-  ing the load 4vithout deleterious effects.
tural shgpes, and angle clips, cast on or welded to the The use:of pads or other means of pipe attachmejnt at
piping. The material for integral attachments attached  support‘peints should be considered for piping systems
by welding shall be of good weldable quality. [See para.  subjecF’to wear and pipe wall metal loss from relative
IP-6.2.4(¢) for material requirements.] Preheating, weld- ~ movement between the pipe and its supports (e.g., from
ing, and heat treatment shall be in accordance with _wave action on offshore production applications).
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Chapter IP-7
Specific Piping Systems

IP-7.1 INSTRUMENT PIPING (d) As an alternative to (c) above, stop.valyes shall
P-711.1 s be so constructed and arranged that they can e locked
-711.1 Scope o 7
or sealed in either the open or closed position.
Instrument piping within the scope of this Code
inclfides all piping and piping components used to con-  IP-7.2.2 Pressure Relief Discharge Piping
nect| instruments to other piping or equipment. It does Discharge lines from pressare-telieving safety devices
not include instruments, or permanently sealed fluid-  ghq]] be designed to prevént dccumulation of naterials
filledl tubing systems furnished with instruments as tem- that may cause flow blockdge, e.g., dirt, watet ice, etc.
perdture or pressure responsive devices. When discharging ditegtly to the atmosphere, discharge
. shall not impinge en other piping or equipment and
IP-7}1.2 Requirements shall be directed away from platforms and other areas
Instrument piping shall meet the applicable require-  used by personnel. Reactions on the piping sy$tem due
ments of the Code and the following: to actuatign of safety relief devices shall be copsidered,
(af Consideration shall be given to the mechanical  and adequate strength shall be provided to withstand
strefigth (including fatigue) of small instrument connec- these. téactions.
tion to piping or apparatus (see para. IP-3.4.4). Consideration shall be given to the temperature
(b) When blowing down or bleeding instrument pip- \Miicrease of hydrogen during depressurizatipn when
ing pontaining hydrogen, consideration shall be given )\ designing a system (negative Joule-Thompsdn coeffi-
to safe disposal. cient). Refer to CGA G5.5 for additional guidqnce.
IP-7.2.3 Pressure-Relieving Devices
IP-7.2 PRESSURE-RELIEVING SYSTEMS
(a) Pressure-relieving devices required py para.
Plessure-relieving systems within the scope of this IP-2.1.3 shall be in accordance with ASME BPV Code
Codg shall conform to the following requirements. Section VIII, Division 1, UG-125(c), UG-126,|UG-127,
. \ .. and UG-132 through UG-136, excluding UG-135(e) and
IP-72.1 Stop Valves in Pressure-Relief Piping UG-136(c). The t efms “design pressuri,,s and “piping
When installing stop valves between piping and pro-  system” shall be substituted for “maximum gllowable
tective devices, or between pfotective devices and points ~ working pressure” and “vessel,” respectively,|in these
of dfscharge, the stop valves shall meet the requirements ~ paragraphs. The required relieving capacity of any pres-
of () or (b) and either.(¢c) or (d), below. sure relieving device shall include consideration of all
(a) Full-area stop-yalves may be installed on the inlet ~ piping systems that it protects.
and/ or discharge side of pressure relieving devices. (b) Relief set pressure’ shall be in accordahce with
(b) Stop valves of less than full area installed on the Section VIII, Division 1.
inle{and / o'discharge side of pressure relieving devices (c) The maximum relieving pressure'’ shhll be in
shal] not-cause pressure drops that reduce the relieving ~ accordance with Section VIII, Division 1.
capdcity.below that required, nor adversely affect the
proper-opet atior-of-the pPrEestiit retievir 5 devices: “The design pressiire Tor pressure relief is the maximum design

(c) Stop valves installed in pressure relief piping shall
be so constructed or positively controlled that the closing
of the maximum number of block valves possible at
one time will not reduce the pressure relieving capacity
provided by the unaffected relieving devices below the
required relieving capacity.
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pressure permitted, considering all components in the piping
system.

9 Set pressure is the pressure at which the device begins to relieve,
e.g., lift pressure of a spring-actuated relief valve, bursting pressure
of a rupture disk, or breaking pressure of a breaking pin device.

10 Maximum relieving pressure is the maximum system pressure
during a pressure relieving event.
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Chapter IP-8
Dimensions and Ratings of Components

DIMENSIONAL REQUIREMENTS.

IP-8 2 RATINGS OF COMPONENTS

Listed Piping Components

Dimensional standards for piping components are

listed in
tained in
shall als

IP-8.1.2

Dime
Table IP
form to
as pract
as to pr
standar
Chapter

IP-8.1.3

The d
otherwis
or speci
applica
Mandat

Table IP-8.1.1-1. Dimensional requirements con-
specifications listed in Mandatory Appendix IX
b be considered requirements of this Code.

Unlisted Piping Components

hsions of piping components not listed in
8.1.1-1 or Mandatory Appendix IX shall con-
hose of comparable listed components insofar
cable. In any case, dimensions shall be such
vide strength and performance equivalent to
d components except as provided in
1P-3.

Threads

imensions of piping connection threads not
e covered by a governing component standare
ication shall conform to the requirements- of
ble standards listed in Table IP-8-11-1 or
ry Appendix IX.

IP-8.2.1 Listed Components

The pressure-temperature ratings of compon
listed in Table IP-8.1.1-1 are accepted for pressure dg
in accordance with Chapter IP-3.

IP-8.2.2 Unlisted Components

The pressure—temperature ratings’of unlisted pij
components shall conform tocthe applicable provis
of Chapter IP-3.

Thermowell design shall include guidance f
ASME PTC 19.3 TW, ir{ addition to the requiren
stated in this document.

IP-8.3 REFERENCE DOCUMENTS

The documents listed in Table IP-8.1.1-1 contain A
ences toieodes, standards, and specifications not 1
in Table IP-8.1.1-1. Such unlisted codes, standards
specifications shall be used only in the context o
listed documents in which they appear.

ents
sign

ping

ions

rom
ents

pfer-
sted
and

the

The design, materials, fabrication, assembly, exanmina-

tion, inspection, and testing requirements of this
are not applicable to components manufactured in a
dance with the documents listed in Table IP-8.]|
unless specifically stated in this Code or the lj
document.

Code
FCor-
11-1,
Sted
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Table IP-8.1.1-1 Component Standards (14)

Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws (Inch Series) ASME B18.2.1
Square and Hex Nuts (Inch Series) ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Pipe Flanges and Flanged Fittings: NPS %, Through NPS 24 Metric/Inch Standard ASME B16.5
Factory-Made Wrought Buttwelding Fittings ASME B16.9
Face-fo-Fate—amd—Emd=To-EmdDimensions of vatves ASME B16.10
Forged Fittings, Socket-Welding and Threaded ASME B16.11
Ferrops Pipe Plugs, Bushings, and Locknuts With Pipe Threads ASME B16.14
Valvgs — Flanged, Threaded, and Welding End ASME B16.34
Orifide Flanges ASME B16.36
Largg Diameter Steel Flanges: NPS 26 Through NPS 60 Metric/Inch Standard ASME B16.47
Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings ASME B16.50
Class| 150 Corrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends MSS|SP-42
Wrought Stainless Steel Butt-Welding Fittings [Note (1)] MSS|SP-43
Class| 150LW Corrosion Resistant Cast Flanges and Flanged Fittings MSS|SP-51
Socket-Welding Reducer Inserts MSS|SP-79
Bronze Gate, Globe, Angle and Check Valves MSS|SP-80
Class| 3000 Steel Pipe Unions, Socket-Welding and Threaded MSS|SP-83
Integfally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends MSS|SP-97
Instrgment Valves for Code Applications MSS|SP-105
Factory-Made Wrought Belled End Socket-Welding Fittings MSS|SP-119
Valves for Cryogenic Service Including Requirements for Body/Bonnet Extensions MSS|SP-134
Metallic Pipe and Tubes [Note (2)]
Weldpd and Seamless Wrought Steel Pipe ASME B36.10M
Stain|ess Steel Pipe ASME B36.19M
Spec|fication for Threading, Gaging and Thread Inspection of Casigg, Tubing, and Line Pipe Threads APl 4B
Flanged Steel Pressure-Relief Valves API 326
Check Valves: Flanged, Lug, Wafer and Butt-welding APl 494
Meta| Plug Valves — Flanged, Threaded and Welding Ends APl 499
Bolted Bonnet Steel Gate Valves for Petroleum and Natural Gas Industries APl 400
Steel|Gate, Globe and Check Valves for Sizes DN 200.and Smaller for the Petroleum and Natural Gas Industries API 402
Corrosion-Resistant, Bolted Bonnet Gate Valves — Flanged and Butt-Welding Ends API 403
Meta| Ball Valves — Flanged, Threaded and Butt-Welding Ends API 408
Buttdrfly Valves: Double Flanged, Lug- and-Wafer-Type API 409
Misc¢llaneous
Unifi¢d Inch Screw Threads (UN and UNR Thread Form) ASME B1.1
Pipe [Threads, General Purpose (Ingh) ASME B1.20.1
Hose|Coupling Screw Thread$ (Inch) ASME B1.20.7
Metallic Gaskets for Pipe €langes — Ring-Joint Spiral Wound, and Jacketed ASME B16.20
Nonnpetallic Flat Gaskets/for Pipe Flanges ASME B16.21
Buttwelding Ends ASME B16.25
Steel|Line Blanks ASME B16.48
Surface Texturé\(Surface Roughness, Waviness, and Lay) ASME B46.1
GENHRAL 'NOTE: It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the approyed edition
refergnces, along with the names and addresses of the sponsoring organizations, are shown in Mandatory Appendix .

NOTES:

(1) The ratings for MSS SP-43 fittings cannot be calculated based on straight seamless pipe as is done for ASME B16.9 buttwelding fit-
tings. See Section 3 of MSS SP-43 for specific pressure-temperature ratings of CR fittings.

(2) See also Mandatory Appendix IX.
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Chapter IP-9
Fabrication, Erection, and Assembly

GENERAL

1IP-9.6.3.1 Methods

gen piping systems shall be constructed in
ce with the requirements of this Chapter and
fied requirements of Chapters GR-1 and IP-2.
irements apply to all fabrication, erection, and
/ operations or processes, whether performed
b or at a construction site.

RESPONSIBILITY
ra. GR-1.2.

CONTENT AND COVERAGE

fontent and coverage of this Chapter,
GR-1, and Chapter IP-2 shall apply in their

PACKAGED EQUIPMENT PIPING
nnecting piping is described in para. GR-1.4-

EXCLUSIONS
ra. GR-1.4(a).

FABRICATION AND ERECTION

Metallic piping materials and-components shall be

prepared
ments in|
ters of H
Part GR

for fabrication and\erection by the require-
cluded in this Chapter and the additional chap-
art IP, along with'the general requirements of
and mandatory appendices. When required by

the engiheering [esign specifications, the nonmanda-

tory app

(1s) 1P-9.6.1

endices shall become mandatory.

Welding and Brazing

ther
with
with

(a) Hardness testing shall be carried out using)e|
the Vickers HV 10 or HV 5 method in accordance
ASTM E92, or the Rockwell method in accérdance
ASTM E18 using the 15N scale.

(b) For aluminum and aluminum alloy matetials,
hardness testing shall be carried oitin accordance with
ASTM B648.

(c) The HRC method maywonly be used for welding
procedure qualificationif the design stress doeq not
exceed two-thirds of SM¥S and the welding procedure
specification includes postweld heat treatment.

(d) Other hardfiess testing methods for welding|pro-
cedure qualification may be used when specified i the
engineering design.

(e) The hardness survey shall be performed at
different Jocations. These include three different
tions-equally spaced (top, middle, bottom) on the
metal and its corresponding HAZ on each side o
weld. An alternate survey may be used if specifig
the engineering design.

nine
oca-
veld

the
d in

IP-9.6.3.2 Acceptance Criteria. Hardness tedting
limits after PWHT shall be per Table IP-9.6.3-1. Qther
hardness testing limits shall be based on the material
specification and/or the engineering design.

IP-9.6.3.3 Records. The hardness data sha
reported on the qualified WPS/PQR.

1 be

IP-9.7 CONSTRUCTION OF WELDMENTS
See para. GR-3.4.

IP-9.7.1 Welding Repairs
See para. GR-3.4.1.

IP-9.7.2 Cleaning of Pipe Component Surfaces

Welding and brazing shall conform to the require-
ments described in para. GR-3.2.

IP-9.6.2

Welding and Brazing Materials

For welding and brazing materials, see para. GR-3.3.

IP-9.6.3

Procedure Qualification Hardness Tests

Hardness testing shall be conducted for welding pro-
cedure qualification tests for those materials with accept-
ance criteria described in Table IP-9.6.3-1.
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oee para. GR-5.4.2.

IP-9.7.3 Joint Preparation and Alignment
See para. GR-3.4.3.

IP-9.7.4 Welding of Circumferential Joints
See para. GR-3.4.4.

IP-9.7.5 Weld End Transition
See para. GR-3.4.5.
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Table IP-9.6.3-1 Hardness Testing Acceptance Criteria

Base Metal Vickers HV Rockwell 15N
P-No. or S-No. Maximum Maximum
[Note (1)] Base Metal Group Hardness Hardness
1 Carbon steel 200 67
3 Alloy steels, Cr < Y% 225 69
4 Alloy steels, Y% < Cr < 2% 225 69
5A, 5B Alloy steels, 2Y,% < Cr < 10% 241 71
NOTH
(1) A-Number or S-Number from ASME BPV Code Section IX, QW/QB-422.

IP-9
54
IP-9
S4
IP-9
S4
IP-9
S4
IP-9
S4
IP-9
S4

IP-9
S4

IP-9

Fq
GR-

IP-9
S4

IP-9
S4

IP-9

7.6 Weld Reinforcement
e para. GR-3.4.6.

7.7 Fillet and Socket Welds
e paras. GR-3.4.7 and IP-5.2.2(b) and (c).

7.8 Seal Welding of Threaded Joints
e paras. GR-3.4.8 and IP-5.2.2(d).

7.9 Welded Branch Connections
e para. GR-3.4.9.

7.10 Mitered Joints
e para. GR-3.4.10.

7.11 Fabricated or Flared Laps
e para. GR-3.4.11.

.8 PREHEATING FOR WELDMENTS
e para. GR-3.5 and Table GR-3.5.

L9 HEAT TREATMENT

B.6.

9.1 Postweld Heat-Treatment Requirements
e para. GR-3:6.1 and Table GR-3.6.1-1.

9.2 Governing Thickness
e para-\GR-3.6.2.

9.3~ Dissimilar Materials

r weldments or bent and, formed pipe, see para.

IP-9.9.7 Delayed Heat Treatment
See para. GR-3.6.7.

IP-9.9.8 Partial Heat Treatment
See para. GR-3.6.8.

IP-9.10 SPECIFIC AND ALTERNATIVE HEAT
TREATMENT REQUIREMENTS

See pafa.\GR-3.7.

IP-9.41 CONSTRUCTION OF BRAZEMENTS
See para. GR-3.8.

IP-9.12 BENDING AND FORMING OF PIPE
TUBE

The requirements of para. GR-3.9 apply, in
to the following requirements:

(a) Bending Procedure. Pipe shall be hot or
in accordance with a written procedure to ar
that will result in surfaces free of cracks and
The procedure shall address at least the follo
applicable:

(1) material specification and range of
thickness

(2) range of bend radii and fiber elongati

(3) minimum and maximum metal tem
during bending

(4) method of heating and maximum hol

(5) description of bending apparatus an
dure to be used

AND

addition

old bent
y radius
buckles.
wing, as

5ize and

on
perature

H time
d proce-

See para. GR-3.6.3.

IP-9

.9.4 Methods of Heating

See para. GR-3.6.4.

IP-9

.9.5 PWHT Heating and Cooling Requirements

See para. GR-3.6.5.

IP-9

.9.6 Temperature Verification

See para. GR-3.6.6.
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(6) mandrels or material and procedure used to fill
the bore

(7) method for protection of thread and machined
surfaces

(8) examination to be performed

(9) required heat treatment

(10) postheat treatment dimensional adjustment
technique

(b) Forming Procedure. Piping components shall be

formed in accordance with a written procedure. The
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temperature range shall be consistent with material
characteristics, end use, and specified heat treatment.
The thickness after forming shall be not less than
required by design. The procedure shall address at least
the following, as applicable:

(1) material specification and range of size and
thickness

(2) maximum fiber elongation expected during
forming

(2) Special care shall be used in assembling flanged
joints in which the flanges have widely differing
mechanical properties. Tightening to a predetermined
torque is recommended.

(3) ASME PCC-1 may be used as a guide for assem-
bling flanged joints.

(c) Bolt Length. Bolts should extend completely
through their nuts. Any bolts that fail to extend com-
pletely through their nuts shall be considered acceptably

(3)
during b
4
(5)
to be us
(6)
nal supg
(7)
(8)
(c) Re
of pipe :

minimum and maximum metal temperature
ending

method of heating and maximum hold time
Hescription of forming apparatus and procedure
b

materials and procedures used to provide inter-
ort during forming

bxamination to be performed

Fequired heat treatment

juired Heat Treatment. For bending and forming
Ind tube, para. GR-3.9.1 applies.

IP-9.13

Chapt
the follo

ASSEMBLY AND ERECTION

er IP-6 shall apply in its entirety, in addition to
wing requirements.

IP-9.13.

(a) Pij
to bring
. duces a

| Alignment

ing Distortions. Any distortion of pipe or tube
it into alignment for joint assembly that intro-
Hetrimental strain in equipment or piping com-
" ponents [is prohibited.

© (b) Cofd Spring. Before assembling any joints:to be
 cold spiung, guides, supports, and anchors shall be
- examined for errors that might interfere,with desired
- movement or lead to undesired movement. The gap or
- overlap [of piping prior to assembly shall be checked
* against the drawing and correctegdif the gap varies from
the gap ppecified in the drawjfig:-"Heating sufficient to
cause plastic deformation ofthe piping shall not be used
to help in closing the gapsbecause it defeats the purpose
of cold dpringing.

(c) Fldnged Joints.“Before bolting up, flange faces shall
be alignéd to the/design plane within 1 mm in 200 mm
(46 in./ft) measuted across any diameter; flange bolt
holes shhll bealigned within 3 mm (% in.) maximum
offset.

engaged if the lack of complete engagement is nat fnore
than one thread.
(d) Gaskets. No more than one gasket shall’be
between contact faces in assembling a flanged joirft.
(e) Flange Facings. The flange facing shall be suifable
for the intended service and gasket and bolting
employed.

1sed

IP-9.14 THREADED JOINTS

Paragraph IP-5.5 shall'apply in its entirety, in addjtion
to the following requirements:

(a) Thread Cofpound or Lubricant. Any compour]
lubricant used/on threads shall be suitable for the se
conditionshand shall not react with either the se
fluid or ‘the piping material.

(b)~Joints for Seal Welding. A threaded joint to be
welded shall be made up without thread compoun
jeint containing thread compound that leaks during|
testing may be seal welded in accordance with }
IP-5.5.1(f), provided all compound is removed
exposed threads.

(c) Straight Threaded Joints. Typical joints uping
straight threads, with sealing at a surface other thaf the
threads, are shown in Fig. IP-9.14-1. Care shall be thken
to avoid distorting the seat when incorporating puch
joints into piping assemblies by welding or brazinfe.

d or
vice
vice

seal
d. A
leak
bara.
rom

IP-9.15 TUBING JOINTS

Paragraph IP-5.5.3 shall apply in its entirety, in 4
tion to the following requirements:

(a) Flared Tubing Joints. The sealing surface of the
shall be examined for imperfections before asser]
and any flare having imperfections shall be rejectdd.

(b) Flareless and Compression Tubing Joints. Wher¢ the
manufacturer’s instructions call for a specified numnber

ddi-

flare
hbly,

IP-9.13.2 Flanged Joints

Paragraph IP-5.3 shall apply in its entirety, in addition
to the following requirements:

(a) Preparation for Assembly. Any damage to the gas-
ket seating surface that would prevent gasket seating
shall be repaired, or the flange shall be replaced.

(b) Bolting Torque

(1) In assembling flanged joints, the gasket shall be
uniformly compressed to the proper design loading.
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of turns of the nut, these shall be counted from the point
at which the nut becomes finger tight.

IP-9.16 EXPANDED JOINTS AND SPECIAL JOINTS

Paragraph IP-5.8 shall apply in its entirety, in addition
to the following requirements: Expanded and special
joints (as defined in para. IP-5.8) shall be installed and
assembled in accordance with the manufacturer’s
instructions. The manufacturer’s instructions shall be
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Fig. IP-9.14-1 Typical Threaded Joints Using Straight Threads

L L L 2

ZAA

4

(a) (b) (c}

GENHRAL NOTE: Threads are ASME B1.1 straight threads.

perthitted to be modified by the engineering design.
Joint members shall be adequately engaged.

IP-9.17 PIPE ATTACHMENTS AND SUPPORTS

Sde paras. GR-3.4.12 and GR-3.4.13, and Chapter IP-6.

IP-9.18 CLEANING OF PIPING

Conbiderations.

S¢e Nonmandatory Appendix A, Precautionary
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Chapter IP-10
Inspection, Examination, and Testing

IP-10.1 —SCOPE

(f) Paragranh GR-4.11 applies toexaminationrecords.
7 5T TT

This (hapter includes the requirements for inspec-
tions byl owner, quality control examinations, nonde-
structive examinations, and specified tests by the
construction organization. Inspection, examination, and
testing shall be in compliance with the requirements of
Chapter$ GR-4 and GR-6, as well as the applicable spe-
cific reqpirements in this Chapter and the engineering
design.

IP-10.2 | RESPONSIBILITY

Refer fo para. GR-4.2.1 for the owner’s responsibility.

The cdnstruction organization shall be responsible for
all examfinations applying to quality control functions
and nonfdestructive examination. See para. GR-4.3.1.

IP-10.3| INSPECTIONS BY OWNER’S INSPECTOR

Inspedtions by owner’s Inspector include inspections,
verificatjons, and audits of the construction of piping
systems| which include fabrication, welding, heat treat-
ment, agsembly, erection, examination, and testing; in
additionfto the construction organization’s doctiimented
procedutes, personnel qualifications, and quality control
records. [See para. GR-4.2.

IP-10.4 ( EXAMINATION REQUIREMENTS

Prior po initial operation, €agh’piping installation,
including components ard workmanship, shall be
examinefd in accordance ‘with the requirements of this
paragraph. The type and any additional NDE examina-
tions required by engineering design, and the acceptance
criteria fo be applied, shall be specified.

(a) Fof base.metal groupings of P- and S-Nos. 3, 4,
5A, 5B, and‘5C€ materials, final NDE examination shall
be performed after completion of any heat treatment

In addition, the examiner shall provide the In$pg¢ctor
with a certification that all the quality control reqire-
ments of the Code and of the engineering‘design have
been carried out.

IP-10.4.1 Quality Control Examinations

Quality control examinatiorr extént, acceptance drite-
ria, and methods shall be in decefdance with the Quality
System Program described-in Chapter GR-6.

IP-10.4.2 Extent of Required NDE Examinations

Piping systemis, components, weldmentsf or
brazements shall’be examined to the extent specifi¢d in
Table IP-10:4.2-1 and any greater extent specified i the
engineering' design. This Part differentiates extemt of
examination for lower pressure piping based on the Joca-
tion'of the piping. A ventilated location is a location where
leaking hydrogen cannot reach a concentration of 4%
by volume in air.

IP-10.4.3 Acceptance Criteria

(a) Acceptance Criteria for Welds. Weld imperfections
shall be limited as specified in Table IP-10.4.3-1|and
Table IP-10.4.3-2. (See Table IP-10.4.3-3 for letter synjbols
used in Table IP-10.4.3-1.)

(b) Acceptance Criteria for Brazed Joints. The folloying
are unacceptable for brazed joints:

(1) cracks

(2) lack of fill

(3) voids in brazed deposit

(4) porosity in brazed deposit

(5) flux entrapment

(6) noncontinuous fill

(7) base metal dilution into brazed deposit

(8) unsatisfactory surface appearance of the brazed
deposit and base metal, caused by overheating resujting

(b) For a welded branch connection, the examination
of, and any necessary repairs to, the pressure-containing
weld shall be completed before any reinforcing pad or
saddle is added.

(c) Paragraph GR-4.4 applies
qualification.

(d) Paragraph GR-4.7 applies to supplementary
examination.

(e) Paragraph GR-4.8 applies to examinations to
resolve uncertainty.

to personnel

in porous and oxidized surfaces

IP-10.4.4 Procedures

Any examination shall be performed in accordance
with a written procedure that conforms to one of the
methods specified in para. IP-10.4.5, including special
methods [see para. IP-10.4.5.1(b)]. Procedures shall be
written as required in ASME BPV Code Section V,
Article 1, T-150. The employer shall certify records of
the examination procedures employed, showing dates
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Table IP-10.4.2-1 Required Nondestructive Examinations

Design Conditions up to
Class 150 in
Ventilated Location

Design Conditions up‘to
Class 150 Not in
Ventilated Location

Design Conditions
Above Class|150

Girth|and miter groove welds 100% VT 100% VT 100% VT
te (1)] 5% random hardness testing 5% rand@m RT or UT 10% random RT o UT
[Note (2)] 5% random hardness testing 20% random hardijess
[Note (2)] testing [Note (2)
Long|tudinal groove welds 100% VT 100% VT 100% VT
5% random RT or UT 5% random RT or UT 10% random RT o UT
5% random hardness testing 5% random hardness testing 20% random hardijess
[Note (2)] [Note (2)] testing [Note (2)
Filletjwelds 100% VT 100% VT 100% VT
10% random PT or MT 10% random PT or MT 20% random PT ol MT
5% random hardness testing 5% random hardness testing 20% random hardijess
[Note (2)] [Note (2)] testing [Note (2)
Brazgd joints 100% VI 100% VT Not permitted
NOTES:
(1) dirth and miter groove welds inclide) other complete joint penetration weldments such as for branch connections and fabricdted laps.
hen it is impractical to RT or{UT, complete joint penetration branch connection weldments due to inaccessibility, such weldd shall be

@ H

Copyright ASME International

kamined by MT or PT, along with the required VT.
ardness testing is only<equired for those materials with acceptance criteria described in Table IP-10.4.3-2.
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Table IP-10.4.3-1 Acceptance Criteria for Weldments and Methods for Evaluating Weld Imperfections

Piping Design
Design C sign Conditions
up to Clags 150 in up to Class 150
a Ventjlated Not in a Ventilated Design Conditions
Location Location Above Class 150
Type of Weld Type of Weld Type of Weld
ypP yp P Examination’Method
[ [ [
3 3 3 o
g % g % g % Weld Imperfection E
o 1<) o ce . o <
8 5 8 5 8 5 The criteria value for the type = s ‘?
= = = . = = of weld and design pressure is = ;'E’ a
o = o < - £ identified by the letter symbol g2 o3
£ 2 £ 2 £ 2 for the measure and acceptablex~, <2 ‘go 2 ‘2‘ k3
£ 2 2 T £ 2 3 value limits of each 3 S B 8
] S T © S T © S e NDE method. s £s = 5
A A A A A A A A Cracks v v v
B B B Lack of fusion and incomplete v v
penetration
C C C C C C C C C Surface _potosity; inclusions, v v v
slag ‘ar\tungsten
D D N/A D D N/A D D N/A  Internal porosity e v
F F N/A F F N/A E E N/A _“internal inclusions, slag or - v
tungsten; elongated
indications
H H H H H H G G G Depth of undercut v v
J J N/A ) J N/A | I N/A  Depth of surface concavity v v
K K K K K K K K K Weld surface finish 0.D. v v
and I.D.
L L L L L L L L L Weld reinforcement 0.D. v v
and I.D.
GENERAL INOTES:
(@ Girth gnd miter groove.welds include other complete joint penetration weldments such as for branch connections and fabricated laps.
(b) Fillet Welds include socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement, and supports.
(©) Weld imperfectionssare evaluated by one or more of the types of examination methods given, as specified in para. IP-10.4, or by {he
engindering design’
(d) "N/A"[indicates the Code does not establish acceptance criteria or does not require evaluation of this kind of imperfection for thid type
of welfl. See-Table IP-10.4.3-3 for letter symbols.
(e) Checklindicatesexaminationtrethod—seneralyusedforevaluating thiskind-ef-weldtmpetfection:

(f) Ellipsis (...) indicates examination method not generally used for evaluating this kind of weld imperfection.

(g) Criteria given are for required examination method(s). More stringent criteria may be specified in the engineering design.

(h) Longitudinal groove welds (single or double) include straight seam only. Criteria are not intended to apply to welds made in accor-
dance with a standard listed in Table IP-8.1.1-1 or Table IX-1A.
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Table IP-10.4.3-2 Hardness Testing Acceptance Criteria for Weldments

Base Metal Maximum Vickers HV Rockwell 15N
P-No. or S-No. Brinell Maximum Maximum
[Note (1)] Base Metal Group Hardness Hardness Hardness
1 Carbon steel 200 200 67
3 Alloy steels, Cr < 4% 225 225 69
4 Alloy steels, %% < Cr < 2% 225 225 69
5A, 5B Alloy steels, 2%,% < Cr < 10% 241 241 71
NOTH

(1) A-Number or S-Number from ASME BPV Code Section IX, QW/QB-422.

Table IP-10.4.3-3 Criterion Value Notes for Table.IP-10.4.3-1

Criterion
Symiol Measure Acceptable Value Limits [Note (1)]
A Cracks None of weld deposit, HAZ and BM
B Lack of fusion and incomplete penetration None of weld deposit or weld deposit to BM
C Surface porosity; inclusions, slag or tungsten None of weld deposit
D Size and distribution of internal porosity See ASME BPV Code Section VIII, Division 1, Appendix 4
E Internal inclusions, slag or tungsten; elongated indications _
Individual length < Tw/4 and < 4 mm (%; in)
Individual width < Tw/4 and < 2.5 mm (%, in.)
Cumulative length < Ty in any 12 Ty weld length
F Internal inclusions, slag or tungsten; elongated indications _
Individual length <Tw/3 _
Individual width < 2.5 mm (4, in.) and < Ty/3
Cumulative length < Ty in any Ty, weld length
G Depth of undercut None allowed
H Depth of undercut [Note (2)] <1 mm (Y%, in) and < _TW/4
| Depth gfxoet surface concavity None below pipe component I.D.
J Depth.of root surface concavity [Note (3)] Total joint thickness, including weld reinforcepent, > _TW
K Weld surface of 0.D. finish [Note (4)] Roughness average < 12.5 um R, (500 win. R}) per
ASME B46.1
L Weld reinforcement 0.D. and I.D. [Note (5)] See Table GR-3.4.6-1
NOTES:

(1) Where two limiting values are separated by "and," the lesser of the values determines acceptance. Tw is the nominal wall thickness of
the thinner of two components joined by a butt weld.

(2) Depth of undercut shall be applied to the 0.D. and I.D. surfaces.

(3) Concavity on the root side of a single groove weld is permitted when the resulting thickness of the weld is at least equal to the thick-
ness of the thinner member of the two sections being joined and the contour of the concavity is smooth without sharp edges.

(4) Weld metal reinforcement, 0.D. and 1.D., shall merge smoothly into the weld surfaces.

(5) For all butt groove welds (single and double), height is the lesser of the measurements made from the surfaces of the adjacent compo-
nents. For single groove welds, I.D. reinforcement (internal protrusion) is included in a weld (see Fig. GR-3.4.4-1). Weld reinforcement,
0.D. or I.D., may be flush to the adjoining surfaces. For fillet welds and added reinforcement to nonbutt groove welds, height is mea-
sured from the theoretical throat (see Fig. GR-3.4.7-1). Internal protrusion does not apply.
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and results of procedure qualifications, and shall main-
tain them and make them available to the Inspector.

IP-10.4.5 Types of Examination

IP-10.4.5.1 General

(a) Methods. Except as provided in (b), any examina-
tion required by this Code, by the engineering design,
or by the Inspector shall be performed in accordance

IP-10.4.5.4 Liquid Penetrant (PT). Liquid penetrant
examination for weldments and components shall be
performed in accordance with ASME BPV Code
Section V, Article 6.

IP-10.4.5.5 Magnetic Particle (MT). Magnetic parti-
cle examination for weldments and components shall
be performed in accordance with ASME BPV Code
Section V, Article 7.

with ong-ef-the-methods-specified-herein- - —

(b) Spkcial Methods. If a method not specified herein IP-10.4.5.6 !Jltrason!c E)Samlnatlon wumn )
is to be ysed, it and its acceptance criteria shall be speci- () Ultraso.ruc examination shall b? perform.ed mn
fied in tHe engineering design in enough detail to permit accordance with ASME BPV Code .SEC’FIOH AL Artl( le 5,
qualificaftion of the necessary procedures and examiners. ~ €X°€P t th?t thg following alterpe}tlve' i permitted for

basic calibration blocks specified in*T-542.2.1]and

IP-10}4.5.2 Visual (VT). Visual examination shallbe  T-542.8.1.1 (reference ASTM E164)rWhen the basic|cali-
perfornjed in accordance with ASME BPV Code  bration blocks have not received héat treatment in agcor-
Section Y, Article 9, including the following: dance with T-542.1.1(c) and T;542.8.1.1, transfer methods

(a) materials, components, and products conform to  shall be used to correlate-the responses from the basic
the spec]fied requirements calibration block and the component. Transfer is acfom-

(b) applicable procedures with proper qualifications  plished by noting the difference between respopses
and certjfications are used received from the same reference reflector in the basic

(c) wdlding or brazing personnel have proper qualifi- calibration blogksand in the component, and corre¢ting
cations dnd certifications for the difference. The reference reflector may pe a

(d) as$embly of threaded, bolted, and otherjoints con- ~ V-notch (which must subsequently be removed), an
forms to| the applicable requirements of Chapter IP-9 angle béam'search unit acting as a reflector, or any g¢ther

(e) alignment, supports, and cold spring are in accor- reflector that will aid in accomplishing the tranjsfer.
dance wjith the engineering design When the transfer method is chosen as an alternatiye, it

(f) forl weldments shall be used with the following minimum requirempnts:

(1) |oint preparation and cleanliness (1) Fgr sizes < DN 50 (NPS 2), use once in eaclp ten

(2) preheating/interpass temperatures welded joints e.zxammed.

(3) fit-up, joint clearance, and internal alignthent (2) For sizes > _DN 50 (NPS 2) and < DN 450
prior to joining (NPS. 18), use once in each 1.5 m (5 ft) of welfling

(4) filler material examined. .

(5) velding position and electrode (3) fqr sizes > DN 450 (NPS 18), use once for pach

(6) welding condition of the rootpass after clean- welded joint examined, . .
ing, either external and, where acéessible, internal, or . (4) Each type of rpatenal, and each S1z€ an.d wall
aided by| liquid penetrant or magfiefic particle examina- thickness, shall be cons@e.red separately in applying the
tion when specified in the engincering design transfer method. In. addition, the transfer mgtl}od shall

(7) [welding slag reafoyal and weld condition be used at least twice on each type of weld joint.
between| passes (5) The reference level for monitoring disconfinu-

(8) |mperfections-afe acceptable ities shall be modified to r?ﬂect the transfer corre¢tion

(9) pppearance-of the finished weldment to be suit- when the tr'ansfer methc?d 'S u.sec.l. . .
able for hdditiondLNDE and leak tests (6) A linear-type discontinuity is unacceptaljle if

(¢) fof brazements the amplitude of the indication ei<ceeds the reference

(1) yerification of brazing position, cleaning, flux- lgvel and its length exceed35 6 mm (% in.) for T,, < 119 mm
ing, braZimgtemperature, proper wettin,g arct Ld}l)iﬂdry (ain.), L./ for 19 mm (7 in) < Tl'l <57 mm (2/]in.),
acti,on ! / or 19 mm (% in.) for T,, > 57 mm (2% in.).

(2) visual examination shall include postbraze
cleaning of brazed deposit and affected base metal
(3) imperfections are acceptable

IP-10.4.5.3 Radiographic Examination (RT). Exami-
nations for weldments and components shall be per-
formed in accordance with ASME BPV Code Section V,
Article 2, referencing ASTM E390 for steel fusion welds
and ASTM E1648 for aluminum fusion welds.
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(b) For ultrasonic examination of longitudinal welds,
the following requirements shall be met:

(1) A calibration (reference) standard shall be pre-
pared from a representative sample. Longitudinal (axial)
reference notches shall be introduced on the outer and
inner surfaces of the standard, in accordance with
Fig. 2(c) of ASTM E213, to a depth not greater than the
larger of 0.1 mm (0.004 in.) or 4% of specimen thickness
and a length not more than 10 times the notch depth.
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(2) The pipe or tubing shall be scanned in both
circumferential directions in accordance with
Supplemental Requirement S1 of ASTM E213. Removal
of external weld reinforcement of welded pipe may be
necessary prior to this examination.

(3) Any indication greater than that produced by
the calibration notch represents a defect; defective pipe
and tubing shall be rejected.

(1) Where the owner or the engineering design con-
siders hydrostatic leak testing impracticable, either a
pneumatic test in accordance with para. IP-10.7 or a
combined hydrostatic-pneumatic test in accordance
with para. IP-10.8 may be substituted, recognizing the
hazard of energy stored in compressed gas.

(b) Where the owner or the engineering design con-
siders both hydrostatic and pneumatic leak testing
impracticable, the alternative specified in para. IP-10.10

Hardness
testipg for production weldments shall be as follows: may be used.' A sensitiv§ leak test in accordajce with
(a) Hardness readings shall be taken with a portable para. IP-10.9 is also required.
hardlness tester in accordance.with ASTM A833 or IP-10.5.2 Requirements
ASTM E110. Other hardness testing techniques may be ) )
applied when specified by the engineering design. The requirements in (a) through™(f) apply|to more
(b) Hardness testing survey of circumferential weld- than one pr? of leak test:
ments shall be performed as follows: (a) Limitations on P ressuye
(1) For piping <NPS 6, one test is required per weld. (1) Stress Exceeding Xield Strength. If the fest pres-
(2) For piping 6 < NPS < 12, two tests are required ~ SUTe would produce anominal pressure stress of longitu-
per weld. dinal stress in excess of yield strength| at test
(3) For piping > NPS 12, three tests are required temperature, thektest pressure may be reducgd to the
per veld. maximum pressure that will not exceed the yield
(4) Tests at multiple locations on a weld shall be strength agtyst ’femperatgre (see para. IP-2.2.7 .
equglly spaced. The tests shall include weld metal and (2) Test'Fluid Expansion. If a pressure tesf is to be
its cprresponding HAZ on each side of the weld. maintained for a period of time and the test flyid in the
(5) Longitudinal welds require testing at one loca- systemis subjecfc to thermal expansion, precautions shall
tionfin 20 ft of weldments; multiple location testing shall pectaken to f1v§)1d EXCESSIve pressure. o
be at equally spaced intervals. The tests shall include ~ (3) Preliminary Pneumatic Test. A prelimipary test
weldl metal and its corresponding HAZ on each side of," USINg air atno more than 170 kPa (25 psi) gage|pressure
the Weld. may be made prior to hydrostatic testing {o locate
(c) Non-PWHT (as-welded condition) hardness_test- major leaks. )
ing phall be conducted of the following: (b) Other Test Requirements _
(1) base metal Group P-1, carbon steél:wéldments (1) Examination for Leaks. A leak test shall pe main-
made utilizing SAW or FCAW process. The hardness tained for at least 10 min, and all joints and cornections
testing method, area of survey, andtacceptance limits ~ shall be examined for leaks.
shal] be specified by the engineering: design. (2) Heat Treatment. Leak tests shall be c¢nducted
(2) weldments containing carbon steel filler metal after any heat treatment has been completed.
withh a minimum of 1.6% Mn: The hardness testing (3) Low Test Temperature. The possibility pf brittle
method, area of survey, ahd acceptance limits shall be fracture shall be considered when conducting leak tests
spedified by the engingering design. at metal temperatures near the ductile-brittle tfansition
(d) Production weldments that do not meet the hard- temperatu.re. . .
nesq test requireménts (hard welds) shall be removed (c) Special Provisions for Testing
and |replaced. The-use of additional heat treatment that (1) Piping Components and Subassemblied Piping
may| correct{thé hardness of the weldment requires a ~ components and subassemblies may be tested efther sep-
supportirig-WPS/PQR with approval of the engineering ~ arately or as assembled piping.
desipn. (2) Flanged Joints. Flanged joints used to connect
piping campanents and subassemblies that Have pre-

IP-10.5 TESTING
IP-10.5.1 Required Leak Tests

Prior to initial operation, and after completion of the
applicable examinations and repairs required by para.
IP-10.4, each piping system shall be tested to ensure
tightness. Visual observation shall be made of a hydro-
static leak test performed in accordance with ASME BPV
Code Section V, Article 10 and para. IP-10.6, except as
provided herein.
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viously been tested, and flanged joints at which a blank
or blind is used to isolate equipment or other piping
during a test, need not be leak tested in accordance with
para. IP-10.5.1.

(3) Closure Welds. The final weld connecting piping
systems or components that have been successfully
tested in accordance with para. IP-10.5 need not be leak
tested, provided the weld is examined in-process in
accordance with para. IP-10.4.5.2(f) and passes with
100% radiographic examination in accordance with
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para. IP-10.4.5.3 or 100% ultrasonic examination in
accordance with para. IP-10.4.5.6.

(d) Externally Pressured Piping. Piping subject to
external pressure shall be tested at an internal gage
pressure 1.5 times the external differential pressure but
not less than 105 kPa (15 psi).

(e) Jacketed Piping

(1) The internal line shall be leak tested on the basis
of the internal or external design pressure, whichever

limitations of para. IP-10.5.2(a)(1) is required, bellows-
type expansion joints shall be removed from the piping
system or temporary restraints shall be added to limit
main anchor loads if necessary.

IP-10.5.4 Limits of Tested Piping

Equipment that will not be tested shall be either dis-
connected from the piping or isolated by blinds or other
means during the test. A valve may be used, provided

is more ¢ritical. This test must be performed before the
jacket is|completed if it is necessary to provide visual
access tq joints of the internal line as required by para.
IP-10.5.3(a).

(2) 'he jacket shall be leak tested in accordance
with pafa. IP-10.5.1 on the basis of the jacket design
pressure| unless otherwise specified in the engineering
design.

(f) Repairs or Additions After Leak Testing. If repairs or
additions are made following the leak test, the affected
piping shall be retested, except that for minor repairs
or additjons, the owner may waive retest requirements
when precautionary measures are taken to ensure sound
construction.

IP-10.5.3 Preparation for Leak Test

(a) Joipts Exposed. All joints, welds (including struc-
tural attpchment welds to pressure-containing compo-
nents), ahd bonds shall be left uninsulated and exposed
for exanpination during leak testing, except that joints
previoudly tested in accordance with this Code may
be insulated or covered. All joints may be primed and
painted prior to leak testing unless a sensitive Jeak test
(para. I-10.9) is required.

(b) Temporary Supports. Piping designed for vapor or
gas shall be provided with additional-téemporary sup-
ports, if necessary, to support the weight of test liquid.

(c) Piging With Expansion Joints

(1) An expansion joint that depends on external
main anchors to restrain préssure end load shall be
tested ir] place in the piping system.

(2) A self-restrainéd expansion joint previously
shop tepted by théumanufacturer [see ASME B31.3
Append|x X, pafa. X302.2.3(a)] may be excluded from
the systdm under test, except that such expansion joints
shall be [installed in the system when a sensitive leak

the valve (including its closure mechanism) is suifable
for the test pressure.

IP-10.6 HYDROSTATIC LEAK TEST

IP-10.6.1 Test Fluid

The fluid shall be water unless‘there is the possibility
of damage due to freezing ont¢,adverse effects of water
on the piping or the process (see Nonmandafory
Appendix B). In that case, another suitable nonfoxic
liquid may be used. If.the liquid is flammable, its flash
point shall be atAdeast 49°C (120°F), and considergtion
shall be given {0\the test environment.

IP-10.6.2 -Test Pressure

Except\ds provided in para. IP-10.6.3, the hydrostatic
test.pressure at any point in a metallic piping syftem
shall’be as follows:

(a) not less than 1.5 times the design pressure

(b) when the design temperature is greater thar the
test temperature, the minimum test pressure at the ;toint
under consideration shall be calculated by eq. [24).
When the piping system contains more than one npate-
rial or more than one design temperature, eq. (24) phall
be used for every combination, excluding pipe support-
ing elements and bolting, and the maximum calculated
value of Pr is the minimum test gage pressure.

Pr = 1.5PR, (24)

where
P = internal design gage pressure
Pr minimum test gage pressure
R, = ratio of S7/S for components without egtab-
lished ratings, but shall not exceed 6.5
= ratio of the component pressure rating af the
test temperature to the component pregsure

test in atcordance with para, TP-10.9 is required
(3) A piping system containing expansion joints
shall be leak tested without temporary joint or anchor
restraint at the lesser of 150% of design pressure for a
bellows-type expansion joint or the system test pressure
determined in accordance with para. IP-10.5. In no case
shall a bellows-type expansion joint be subjected to a test
pressure greater than the manufacturer’s test pressure.
(d) When a system leak test at a pressure greater than
the minimum test pressure specified in (c) above or
greater than 150% of the design pressure within the

Ldlillg dl LUII[PUlltfllL L‘ltfbigll LClllPULdLLU. fOl‘
components with established ratings, but shall
not exceed 6.5
S = stress value at design temperature (see
Table IX-1A)
St = stress value at test temperature

Alternatively, for carbon steel piping with a minimum
specified yield strength not greater than 290 MPa
(42 ksi), the test pressure for the assembly of compo-
nents, excluding pipe supporting elements and bolting,
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may be based on R, for any of the components in the
assembly.

(c) If the test pressure as defined above would pro-
duce a nominal pressure stress or longitudinal stress in
excess of the yield strength at test temperature, the test
pressure may be reduced to the maximum pressure that
will not exceed the yield strength at test temperature
[see paras. IP-2.2.7(c) and (d)]. For metallic bellows
expansion joints, see ASME B31.3 Appendix X, para.

the pressure shall be gradually increased in steps until
the test pressure is reached, holding the pressure at each
step long enough to equalize piping strains. The pres-
sure shall then be reduced to the design pressure before
examining for leakage in accordance with para.
IP-10.5.2(b)(1).

IP-10.8 HYDROSTATIC-PNEUMATIC LEAK TEST

X302.2.3(a). It a combination hydrostatic—-pneumatic lea k test is
. . . used, the requirements of para. IP-10.7 shall bemet, and
IP-10.6.3 Hydrostatic Test of Piping With Vessels as the pressure in the liquid-filled part of-the piping shall
a System not exceed the limits stated in para AP-10.6.
(a) When the test pressure of piping attached to a
vessel is the same as or less than the test pressure for  |p.10.9 SENSITIVE LEAK TEST
the Vessel, the piping may be tested with the vessel at
the piping test pressure. The test shall be in agcordance with the [Gas and
() When the test pressure of the piping exceeds the ~ Dubble Test method spetified in ASME BI'V Code
vessel test pressure and it is not considered practicable ~ Section V, Article 107or by another method| demon-
to igolate the piping from the vessel, the piping and strated to have equal sensitivity. Sensitivity of the test
9 7 -3 . . s
vessel may be tested together at the vessel test pressure, ~ Shall be not less'than 107 atm*ml/s under test condi-
provided the owner approves and the vessel test pres- tions. The tést pressure shall be at least .the lesser of
sure| is not less than 77% of the piping test pressure 105 kPa (15 psi) gage or 25% of the design pressure.
calcfilated in accordance with para. IP-10.6.2(b). The pressure shall be gradually increased untfl a gage
(c) The provisions of para. IP-10.6.3 do not affect the pressure the .le.sser (?f one—half. the.test pressure or
pressure test requirements of any applicable vessel code. 179/KPa (25 psi) is attained, at which time a prdliminary
check shall be made. Then the pressure shall He gradu-
ally increased in steps until the test pressure is|reached,
IP-10.7 PNEUMATIC LEAK TEST the pressure being held long enough at each} step to
IP-1p.7.1 Precautions equalize piping strains.
Ppeumatic testing involves the hazard of released
enefgy stored in compressed gas. Particular\care must IP-10.10 ALTERNATIVE LEAK TEST
ther 3for§ be taken to m.inimize the chance of brittle fai.l- The following procedures and leak test method may
ure during a pneumatic leak test. Test temperature is  pe used only under the conditions stated |in para.
impprtant in this regard and must-be'considered when  1p_10.5.1(b).
the fesigner chooses the material~of construction. See
parg. IP-10.5.2(b)(3) and Nopmandatory Appendix B. IP-10.10.1 Examination of Welds
. . Welds, including those used in the manufgacture of
IP-10.7.2 Pressure Relje{\Device welded pipe and fittings, which have not been qubjected
Alpressure relief device shall be provided, having a  to hydrostatic or pneumatic leak tests in acfordance
set pressure not higher than the test pressure plus the with this Code, shall be examined as follows:
less¢r of 345 kPav(50 psi) or 10% of the test pressure. (a) Circumferential and longitudinal grooye welds
. with complete weld joint penetration shall be gxamined
IP-1p.7.3 Jeot Fluid by the required NDE method in addition to the visual
The gasused as test fluid, if not air, shall be nonflam-  examination, in accordance with para. [[P-10.4,
mablle @nd nontoxic Table IP-104 3-1_and Table IP-104 3-3

IP-10.7.4 Test Pressure
The test pressure shall be 110% of design pressure.

IP-10.7.5 Procedure

The pressure shall be gradually increased until a gage
pressure, which is the lesser of one-half the test pressure
or 170 kPa (25 psi), is attained, at which time a prelimi-
nary check shall be made, including examination of
joints in accordance with para. IP-10.4.5.2. Thereafter,
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(b) All welds, including structural attachment welds,
not covered in (a) above, shall be examined using the
liquid penetrant method in para. IP-10.4.5.4 or, for mag-
netic materials, the magnetic particle method in para.
1P-10.4.5.5.

IP-10.10.2 Flexibility Analysis

A flexibility analysis of the piping system shall have
been made in accordance with the requirements of
ASME B31.3, para. 319.4.2(b), if applicable, or (c) and (d).
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IP-10.10.3 Test Method

The system shall be subjected to a sensitive leak test
in accordance with para. IP-10.9.

IP-10.11 MECHANICAL AND METALLURGICAL

When

the tests
for the d

(a) M4
Destruct]
ing mat
for proc
material
ble parts
standard

(b) M
of the nf
samples
procedu

TESTING

requlred by des1gn matenal specifications, and

may be requ1red in addltlon to the test required
onstruction of the piping system.

chanical Tests (Tensile, Charpy Impact, and Bend).
ive testing of the materials, components, weld-
brials, and welding and brazing test samples,
bdure qualification, shall be conducted per the
specification, the engineering design, applica-
of this Code, and the ASME or ASTM testing
s.

tallurgical Tests (Chemistry). Testing conducted
jaterials and components, along with the test
for the qualification of welding materials and
fes for welding and brazing, shall be conducted

per the material specification, the engineering design,
applicable parts of this Code, and the ASME or ASTM

testing standards.
(c) Ferrite Tests

IP-10.12 RECORDS OF TESTING

The records include the constructlon orgamzat10ns
control

processes.

(a) Responsibility. It is the responsibility of the
struction organization (piping design manufacturer,
ricator, and erector), as applicable, to prepare the req
required by the construction organization’s QSP
documented procedures, along withithe applicable }
of this Code, the engineering desigh, and the appli
requirements of ASME or ASTM standards for the
cific testing methods.

(b) Retention of Records,.Hnless otherwise specifie
the engineering design, owner, or jurisdiction, the s

fied records shall’be-retained for at least 5 yr aftef

record is generated for the project.

con-
fab-
ords
and
barts
able

spe-
d by

beci-

the
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PART PL
PIPELINES

PL-1.1 SCOPE

the point of final use.
PL-1.2 CONTENT AND COVERAGE

nen
exa

hydtogen pipelines.

Rules for this Part of the Code apply to transmission
pipdlines, distribution pipelines, and service lines used
for fransporting hydrogen from a production facility to

T}:s Part sets forth requirements for materials, compo-

Chapter PL-1
Scope and Exclusions

PL-1.3 EXCLUSIONS

This Part éxcludes the following:

ered by the ASME Boiler and Pressure Vessel

(a) design/and manufacture of pressure vegsels cov-

Code

(b)\pipeline systems with temperatures abgve 450°F

or’below —80°F

(c) pipeline systems with pressures above 3}000 psig

s, design, fabrication, assembly, erection, inspection,  than 20 ppm (dew point at 1 atm = —67°F)
ination, testing, operation, and maintenange of

10% by volume

(d) pipeline systems with a moisture conterjt greater

(e) pipeline systems with a hydrogen contentjless than
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Chapter PL-2
Pipeline Systems Components and Fabrication Details

PL-2.1 PURPQSE

(e) API 600

The purpose of this Chapter is to provide require-
ments fdr hydrogen pipeline systems covering

(a) spgcifications for, and selection of, all items and
accessorles that are a part of the pipeline system, other
than the| pipe itself

(b) acgeptable methods of making branch connections

(c) provisions to address the effects of temperature
changes

(d) methods for support and anchorage of exposed
and burfed pipeline systems

PL-2.2 |PIPING SYSTEM COMPONENTS

All components of pipeline systems, including valves,
flanges, [fittings, headers, special assemblies, etc., shall
be desighed in accordance with the requirements of this
section gnd recognized good engineering practices to
withstar|d operating pressures and other specified load-
ings. Components shall be designed to withstand the
specified field test pressure without failure, impairment
of their $erviceability, or leakage detectable by thel-test
procedute.

PL-2.2.1| Unlisted Components

Comppnents not listed in Mandatory Appendix II, but
which cgnform to a published specitication or standard,
may be fised within the following jJlimitations:

(a) Thie designer shall be satisfied that composition,
mechanjcal properties, method of manufacture, and
quality fontrol are comparable to the corresponding
charactetistics of listédycomponents.

(b) Pressure desigh shall be verified in accordance
with para. PL-3yZ1.

PL-2.2.2| Valves and Pressure-Reducing Devices

(f) API 602

(2) Valves having shell (body, bonnet, cover, angl/ or

end flange) components made of cast or'ductile |iron
shall not be used in hydrogen service.
(3) Pipeline valves purchased to API 6D reqjire-
ments shall be capable of passinigithe pressure fests
described in API 6D Annex C, para. C4, using he]ium
as the test medium. Other vdlves shall be capable of
passing the pressure tests.described in API 598, using
helium as the test mediusit.
(b) Threaded valves, shall be threaded accordir}g to
ASME B1.20.1 ox/APT 5B.
(c) Pressurefreducing devices shall conform td the
requirements+of this Code for valves in comparablq ser-
vice conditions.

PL-2,23 Flanges

(a) Flange Types and Facings
(1) Line or end flanges shall conform to al} the
requirements of one of the following standards:
(-a) ASME B16 series standards liste¢l in
Mandatory Appendix II
(-b) MSS SP-44
Flanges cast or forged integral with fittings or vdlves
are permitted in sizes and pressure classes coverefl by
the standards listed above, subject to the facing, bolting,
and gasketing requirements of this paragraph and the
requirements for bolting and gaskets below.
(2) Threaded flanges that comply with ASME B16.5
are permitted.
(3) Lapped flanges are permitted in sizes and pres-
sure classes established in ASME B16.5.
(4) Slip-on welding flanges are permitted in fizes
and pressure classes established in ASME B16.5. Blip-
on flanges of rectangular section may be substituted
for hubbed slip-on flanges provided the thickneps is

increased as required to prodiice equivalent strenoth as
I I 1 (&4

(@1) Valves shall conform to standards and specifica-
tions referenced in this Code and shall be used only in
accordance with the service recommendations of the
manufacturer.

* (1) Valves manufactured in accordance with the fol-
lowing standards may be used:

(-a) ASME B16.34
(-b) ASME B16.38
(-c) API 6D
(-d) API 609

determined by calculations made in accordance with
ASME BPV Code Section VIII, Division 1, Appendix 2.

(5) Welding neck flanges are permitted in sizes and
pressure classes established in ASME B16.5, MSS SP-44,
and ASME B16.47 for large flanges. The bore of the
flange should correspond to the inside diameter of the
pipe used. For allowable weld end detail, see para.
GR-3.4.5.

(6) Cast iron and cast ductile iron flanges shall not
be used in hydrogen service.
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(b) Bolting

(1) For all flange joints, the bolts or stud bolts used
shall extend either completely through the nuts or one
thread short of the full nut.

(2) For all flange joints, the bolting shall be made
of alloy steel conforming to ASTM A193, ASTM A320,
or ASTM A354, or of heat-treated carbon steel conform-
ing to ASTM A449. However, bolting may be made of
Grade B of ASTM A307 for ASME B16.5 Class 150 and

and temperature ratings based on stresses for pipe of
the same or equivalent material. For adequacy of fitting
design, the actual bursting strength of fittings shall be
at least equal to the computed bursting strength of pipe
of the designated material and wall thickness.
(2) Steel socket-welding fittings shall comply with
ASME B16.11.
(b) Special Fittings. When special, forged, wrought, or
welded fittings are required to dimensions differing

300 flanges at temperatures between —30°C (-20°F) and
2009C (400°F).
(3) Alloy-steel bolting material conforming to
M A193 or ASTM A354 shall be used for insulating
bes if such bolting is made 3 mm (% in.) undersized.
(4) The materials used for nuts shall conform to
M A194 or ASTM A307. ASTM A307 nuts may be
only with ASTM A307 bolting.
(5) All carbon and alloy-steel bolts, stud bolts, and
nuts shall be threaded in accordance with the fol-
ng thread series and dimension classes required by
(E B1.1:
(-a) Carbon Steel. All carbon-steel bolts and stud
shall have coarse threads having Class 2A dimen-
5, and their nuts shall have Class 2B dimensions.
(-b) Alloy Steel. All alloy-steel bolts and stud
bolt$ of 25 mm (1 in.) and smaller nominal diameter
shal] be of the coarse-thread series; nominal diameters
28 mpm (1% in.) and larger shall be of the 8-thread series.
Boltp and stud bolts shall have a Class 2A dimension
theif nuts shall have a Class 2B dimension.
(6) Bolts shall have regular square heads or*heavy
gonal heads conforming to ASME B18.2.1 and shall
heavy hexagonal nuts conformingto,the dimen-
5 of ASME B18.2.2.
Gaskets
(1) Material for gaskets shall be capable of with-
ding the maximum pressure/and of maintaining a
under any credible conditions to which it might be
lected in service. Gaskeéts should be designed to
d complete failure\of/seal during a fire.
(2) Gaskets uséd under pressure and at tempera-
5 above 250°F shall be of noncombustible material.
(3) Flat-ring gaskets with an outside diameter
hding to the inside of the bolt holes may be used with
d-face steel flanges, or with lapped steel flanges.
(4)Rings for ring joints shall be of dimensions

AST]
flan

AST]
used

thei
lowt
ASN

bolt
sion|

hex4
havg
sion|

(c

stan|
seal
subj

avoi
ture|

exte
raisg

from those of regular shapes specified in the.applicable
referenced standards, the provisions of para.| PL-2.2.6
shall apply.

(c) Branch Connections

(1) Fabricated branch connections on s
shall meet the design requiremrents of paras. Pl
PL-2.4.

(2) Mechanical fittings may be used for mz
taps on pipelines and niairts, provided they are
for the operating pressure and temperature of
line or main.

(3) MSS P97 fittings are acceptable.

(d) SpecialGomponents Fabricated by Welding

(1) This section covers piping system components
other ‘than assemblies consisting of pipe and fittings
joinédby circumferential welds.

(2) All welding shall be performed usin
dures and operators that are qualified in ac
with the requirements of para. GR-3.2.4.

(3) Branch connections shall meet the
requirements of paras. PL-2.3 and PL-2.4.

(4) Prefabricated units, other than regular
factured buttwelding fittings, that employ plate
gitudinal seams, as contrasted with pipe that
produced and tested under one of the spec
listed in this Part, shall be designed, construd
tested under requirements of the ASME BI
Section VIII, Division 1. These requirement$ are not
intended to apply to such partial assemblied as split
rings or collars, or to other field-welded details.

(5) Prefabricated units produced under th{s section
of the Code shall withstand a pressure test without fail-
ure, leakage, distress, or distortion other thgn elastic
distortion at a pressure equal to the test pr¢ssure of
the system in which they are installed, eith¢r before
installation or during the system test. When siich units
are to be installed in existing systems, they|shall be

eel pipe
-2.3 and

king hot
Hesigned
the pipe-

g proce-
Fordance

b design

y manu-
and lon-
has been
fications
ted, and
V Code

establisthed T ASME B16-20- The materiat for these Tings
shall be suitable for the service conditions encountered
and shall be softer than the flanges.

(56) The insulating material shall be suitable for the
temperature, moisture, and other conditions where it
will be used.

PL-2.2.4 Fittings Other Than Valves and Flanges

(a) Standard Fittings
(1) Steel butt welding fittings shall comply with
either ASME B16.9 or MSS SP-75 and shall have pressure
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pressure tested before installation, unless the complete
system is pressure tested after installation.

PL-2.2.5 Pressure Design of Other
Pressure-Containing Components

Pressure-containing components that are not covered
by the standards listed in Mandatory Appendix II and
for which design equations or procedures are not given
herein may be used when the design of similarly shaped,
proportioned, and sized components has been proven
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satisfactorily by successful service under comparable
service conditions. (Interpolation may be made between
similarly shaped components with small differences in
size or proportion.) In the absence of such service experi-
ence, the pressure design shall be based on an analysis
consistent with the design requirements in this Code
and substantiated by at least one of the following;:

(a) proof tests, as prescribed in UG-101 of ASME BPV
Code Section VIII, Division 1

The construction shall accommodate the stresses in the
remaining pipe wall due to the opening in the pipe or
header, the shear stresses produced by the pressure act-
ing on the area of the branch opening, and any external
loadings due to thermal movement, weight, vibration,
etc. The following paragraphs provide design rules for
the usual combinations of the above loads, except for
excessive external loads.

(b) The reinforcement required in the crotch section

(b) eXperimental stress analysis, as prescribed in
Section VIII, Division 2

(c) finjite element analysis

PL-2.2.6
(a) QY

is a pres

Closures

ick Opening Closures. A quick opening closure
bure-containing component (see para. PL-2.2.5)
used for|repeated access to the interior of a piping sys-
tem. It {s not the intent of this Code to impose the
requirenpents of a specific design method on the designer
or manufacturer of a quick opening closure. Quick open-
ing closires shall have pressure and temperature ratings
equal tofor in excess of the design requirements of the
piping system to which they are attached. Quick open-
ing closures shall be equipped with safety locking
devices|in compliance with the ASME BPV Code,
Section YIII, Division 1, UG-35(b). Weld end preparation
shall be [in accordance with para. GR-3.4.3.

(b) Closure Fittings. Closure fittings commonly
referred fto as “weld caps” shall be designed and manu-
factured|in accordance with ASME B16.9 or MSS SP-75:
[See parf. PL-2.2.4(a)(2).]

(c) Clgsure Heads. Closure heads such as flat,.ellipsoi-
dal [othgr than in para. PL-2.2.4(b)], sphericalf{onconical
heads arp permitted for use under this Part. Such items
may be[designed in accordance with:Section VIII,
Division 1. For closure heads not designed to
Section YIII, Division 1, the maximumrallowable stresses
for mateyials used in these closure-heads shall be estab-
lished umder the provisions ef\para. PL-3.7 and shall not
exceed a[50% SMYS. If welds'are used in the fabrication
of these|heads, they shall*be examined in accordance
with theprovisions of this Part. Closure heads shall have
pressure| and temperature ratings equal to or in excess
of the design requifement of the piping system to which
they are(attached.

of a welded branch connection shall be determine't by
the rule that the metal area available for reinfOrcement
shall be equal to or greater than the required arqa as
defined in this paragraph as well as in Nonmanddtory
Appendix E

(c) The required cross-sectional‘asea, AR, is deffined
as the product of d times ¢

AR ="dt

where
greater of the length of the finished opening in
the hedder wall measured parallel to the axis of
the rvn or the inside diameter of the brinch
connection
nominal header wall thickness required by para.
PL-3.7.1 for the design pressure and tempera-
ture. When the pipe wall thickness includ% an
allowance for corrosion or erosion, all difnen-
sions used shall result after the anticipated| cor-
rosion or erosion has taken place.
(d) The area available for reinforcement shall b¢ the
sum of

(1) the cross-sectional area resulting from
excess thickness available in the header thickness
the minimum required for the header as defined i
above and that lies within the reinforcement ardg
defined in (e) below.

(2) the cross-sectional area resulting from
excess thickness available in the branch wall thicness
over the minimum thickness required for the branch
and that lies within the reinforcement area as deffined
in (e) below.

(3) the cross-sectional area of all added reinfogcing
metal that lies within the reinforcement area, as deflined

any
over

h (c)

a as

any

PL-2.3 REINFORCEMENT OF FABRICATED BRANCH
CONNECTIONS

PL-2.3.1 Branch Connection Requirements

All fabricated branch connections shall meet the fol-
lowing requirements:

(1) When branch connections are made to pipe in the
form of a single connection or in a header or manifold
as a series of connections, the design must be adequate
to control the stress levels in the pipe within safe limits.
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in (e) below, including that of solid weld metal that is
conventionally attached to the header and/or branch.
(e) The area of reinforcement, shown in
Nonmandatory Appendix F, is defined as a rectangle
whose length shall extend a distance, d, on each side of
the transverse centerline of the finished opening and
whose width shall extend a distance of 2% times the
header wall thickness on each side of the surface of the
header wall. In no case, however, shall it extend more
than 2% times the thickness of the branch wall from the
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outside surface of the header or of the reinforcement,
if any.

(f) The material of any added reinforcement shall
have an allowable working stress at least equal to that of
the header wall, except that material of lower allowable
stress may be used if the area is increased in direct ratio
of the allowable stress for header and reinforcement
material, respectively
&
may|be of spec1f1cat10ns dlffermg from those of the pipe,
proyided the cross-sectional area is made in direct pro-
portion to the relative strength of the pipe and reinforce-
merft materials at the operating temperatures, and
proyided it has welding qualities comparable to those
of t:[e pipe. No credit shall be taken for the additional
stregth of material having a higher strength than that
of the part to be reinforced.

() When rings or saddles cover the weld between
brarjch and header, a vent hole shall be provided in the
ring| or saddle to reveal leakage in the weld between
brarjch and header, and to provide venting during weld-
ing And heat-treating operations. Vent holes should be
plugged during service to prevent crevice corrosion
between pipe and reinforcing member, but no plugging
material that would be capable of sustaining pressure
within the crevice should be used.

(i) The use of ribs or gussets shall not be considered as
contributing to reinforcement of the branch connectior
Thig does not prohibit the use of ribs or gussets™for
purpposes other than reinforcement, such as stiffening.

(j] The branch shall be attached by a weld for the full

thickness of the branch or header wall plus a-fillet weld,
as r¢quired by para. GR-3.4.9. The use of Concave fillet
weldls is preferred to further minimize corner stress con-
cenfration. Ring or saddle reinforcement shall be
atta¢hed as required by para. GR-3.4.9. When a full fillet
is npt used, it is recommended that the edge of the
reinforcement be relieved-or chamfered at approxi-
mately 45 deg to mergewith the edge of the fillet. (See
Nonmandatory Appendix F.)
(kp Reinforcement rings and saddles shall be accu-
ratel]y fittedto\the parts to which they are attached.
Pardgraph GR?3.4.9 describes some acceptable forms of
reinforcement.

(I Btanch connections attached at an angle less than
85 deg to the run become progressively weaker as the
angle decreases. Any such design must be given individ-
ual study, and sufficient reinforcement must be provided
to compensate for the inherent weakness of such con-
struction. The use of encircling ribs to support the flat
or reentering surfaces is permissible and may be
included in the strength calculations. The designer is
cautioned that stress concentrations near the ends of
partial ribs, straps, or gussets may defeat their reinforc-
ing value.

PL-2.3.2 Special Requirements

In addition to the requirements of para. PL-2.3.1,
branch connections must meet the requirements
described in Table PL-2.3.2-1.

(a) Smoothly contoured wrought steel tees of proven
design are preferred. When tees cannot be used, the
reinforcing member shall extend around the circumfer-
ence of the header Pads, partial saddles, or other types

(b) Smoothly contoured tees of proven design are pre-
ferred. When tees are not used, the reinforcinglmember
should be of the complete encirclement type, [but may
be of the pad type, saddle type, ,or|a weldifg outlet
fitting type.

(c) The reinforcement membernmay be of the gomplete
encirclement type, pad typefsaddle type, or[welding
outlet fitting type. The edges of reinforcement members
should be tapered to-the*header thickness. It §s recom-
mended that legs offillet welds joining the rejnforcing
member and header do not exceed the thickngss of the
header.

(d) Reinforcement calculations are not reqyiired for
openingsS50 mm (2 in.) and smaller in diametef, or inte-
grallyreinforced forged branch outlet fitting copforming
to MSS SP-97. Care should be taken to providg suitable
protection against vibrations and other exterrfal forces
to which these small openings are frequently spibjected.

(e) All welds joining the header, branch, and|reinforc-
ing member shall meet the requirements jof para.
GR-3.4.9. See Nonmandatory Appendix E.

(f) The inside edges of the finished openihg shall,
whenever possible, be rounded to a 3 mm (% inl) radius.
If the encircling member is thicker than the hepder and
is welded to the header, the ends shall be taperpd down
to the header thickness and continuous fillet w¢lds shall
be made.

(g) Reinforcement of openings is not mapdatory;
however, reinforcement may be required fo} special
cases involving pressures over 690 kPa (100 psi), thin
wall pipe, or severe external loads.

(h) If a reinforcement member is required|and the
branch diameter is such that a localized type of geinforce-
ment member would extend around more than half the
circumference of the header, then a complete|encircle-
ment type of remforcement member shall pe used, *

hoop stress, or a smoothly con-
toured wrought steel tee of proven design may be used.

(i) The reinforcement may be of any type meeting the -
requirements of para. PL-2.3.1.

PL-2.4 MULTIPLE OPENINGS AND EXTRUDED
OUTLETS

PL-2.4.1 Reinforcement of Multiple Openings

(a) When two or more adjacent branches are spaced
at less than two times their average diameter (so that
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Table PL-2.3.2-1 Reinforcement of Fabricated Branch Connections, Special
Requirements

Ratio of Design Hoop
Stress to Minimum
Specified Yield Strength

Ratio of Nominal Branch Diameter to Nominal Header Diameter

in the Header 25% or Less

More Than 25% Through 50%

More Than 50%

20% or less (g

More than 20% (), @

© (h)
0] (h), ()

through 50%

More than 50% (@, ), (&

(b), (&) @, (e), ()

GENERAL NOTE:

their effdctive areas of reinforcement overlap), the group
of openipgs shall be reinforced in accordance with para.
PL-2.3. The reinforcing metal shall be added as a com-
bined refnforcement, the strength of which shall equal
the combined strengths of the reinforcements that would
be requifed for the separate openings. In no case shall
any portion of a cross section be considered to apply to
more thqn one opening or be evaluated more than once
in a confbined area.

(b) en more than two adjacent openings are to be
provided with a combined reinforcement, the minimum
distance|between centers of any two of these openings
shall preferably be at least 1 times their average diame-
ter, and [the area of reinforcement between them shall
be at legdst equal to 50% of the total required for these
two opehings on the cross section being considered.

(c) When the distance between centers of twoadjacent
openings is less than 1% times their average diamheter, as
considered under (b) above, no credit for geinforcement
shall be [given for any of the metal between these two

(d) Ay number of closely spaced adjacent openings
in any afrangement may be r¢inforced as if the group
were trdated as one assumied opening of a diameter
enclosing all such openings.

PL-2.4.2| Extruded Qutlets

(a) Thie rules inthis paragraph apply to steel extruded
outlets [n which the reinforcement is integral. An
extruded outlet is defined as an outlet in which the

The letters in the Table correspond to the subparagraphs of para. PL-2.3.2.

(d) See Nonmandatory Appendix F for the pertinent
dimensions and limiting conditions.
(e) The required area is defined as

A = Kt,D,

where

1.0 fép d/D > 0.60

0.6+ %(d/D) for 0.60 > d/D > 0.15
= 020 for d/D < 0.15

The'design must meet the criterion that the reinfgrce-
ment area defined in (f) below is not less tharn the
required area.

(f) The reinforcement area shall be the sum of greas
A1 + Ay + Az as defined below.

(1) Area A; is the area lying within the reinf¢rce-
ment zone resulting from any excess thickness available
in the run wall, i.e., A1 = D(T, - t,).

(2) Area A, is the area lying within the reinfgrce-
ment zone resulting from any excess thickness available
in the branch pipe wall, i.e., A, = 2L(T}, — t).

(3) Area Aj;is the area lying within the reinfgrce-
ment zone resulting from excess thickness availablle in
the extruded outlet lip, i.e., A3 = 27, (T, — tp).

(g) For reinforcement of multiple openings, the fules
in para. PL-2.4.1 shall be followed, except thaf the
required area and the reinforcement area shall He as
given in para. PL-2.4.2.

(h) The manufacturer shall be responsible for egtab-

extrudec lishing and marking, on the section containing extrifided
t 5 outlets, the Tollowing: the design pressure, femperature,

of the run that is equal to or greater than the radius of
curvature of the external contoured portion of the outlet,
as required by para. GR-3.4.9 and Fig. GR-3.4.9-4. See
Nonmandatory Appendix F.

(b) These rules do not apply to any nozzles or branch
connections in which additional nonintegral material is
applied in the form of rings, pads, or saddles.

(c) These rules apply only to cases where the axis of
the outlet intersects and is perpendicular to the axis of
the run.

and that these values were established under provisions
of this Code. The manufacturer’s name or trademark
shall be marked on the section.

PL-2.5 EXPANSION AND FLEXIBILITY

PL-2.5.1 Application

Paragraph PL-2.5 is applicable to piping meeting the
definition of unrestrained piping in para. PL-2.6.1(c).
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Table PL-2.5.2-1 Thermal Expansion of Carbon
and Low Alloy Steel

Table PL-2.5.5-1 Modulus of Elasticity for Carbon
and Low Alloy Steel

Total Expansion, in./100 ft

Modulus of Elasticity,

Temperature, °F Above 32°F Temperature, °F psi x 10°

32 0.0 -100 30.2

60 0.2 70 29.5
100 0.5 200 28.8

300 28.3

125 0.7 400 577
>0 0.7 500 27.3
175 1.1
200 1.3
225 1.5
250 17 (f) The total range in temperature'shall be considered
300 2.2 in all expansion calculations, whether piping is cold
350 2.6 sprung or not. In addition to the expansion of the line
400 3.0 itself, the linear and angular{movements of the equip-
450 3.5 ment to which it is attachéd shall be consider¢d.

PL-2.5.2 Amount of Expansion

Tlhe thermal expansion of the more common grades
of sfeel used for piping may be determined from
Table PL-2.5.2-1. For materials not included in
Table PL-2.5.2-1 or for more precise calculations, refer-
encd may be made to authoritative source data.

PL-2.5.3 Flexibility Requirements

(a) Pipeline systems shall be designed to have suffiz
cienf flexibility to prevent thermal expansion or contrac-
tion from causing excessive stresses in the piping
material, excessive bending or unusual load$\at joints,
or updesirable forces or moments at points.of connection
to equipment or at anchorage or guide points. Formal
calcyilations shall be performed wheréreasonable doubt
exisfs as to the adequate flexibility,of the system. See
pard. PL-2.6.6 for further guidance:

(b} Flexibility shall be provided by the use of bends,
loops, or offsets, or provision shall be made to absorb
thermal changes by thé use of expansion joints of the
bellpws type . If expansion joints are used, anchors or
ties pf sufficient strténgth and rigidity shall be installed
to pfovide for ehd-forces due to fluid pressure and other
cauges.

(c) In_calculating the flexibility of a piping system,
the gystemi shall be treated as a whole. The significance

(g) Flexibility calculations shall be based on the mod-
ulus of elasticity corresponding to the lowest fempera-
ture of the operational cycle.

(h) In order to modify the effect of expangion and
contractiof),jfuns of pipe may be cold sprung. Cold
spring may be taken into account in the calculations of
the reactions, provided an effective method of gbtaining
the designed cold spring is specified and used. pee addi-
tioral discussion of cold spring in para. IP-6.1.3(d).

PL-2.5.4 Reactions

(a) Reaction forces and moments to be usgqd in the
design of restraints and supports for a piping system,
and in evaluating the effects of piping displacements on
connected equipment, shall consider the full frange of
thermal displacement conditions plus weight ahd exter-
nal loads. Cold spring may be useful for majntaining
reactions within acceptable limits.

(b) The reactions for thermal displacementq shall be
calculated using the elastic modulus corresponding to
the lowest temperature of an operational cyclg¢.

(c) Consideration shall be given to the loadjcarrying
capacity of attached rotating and pressure-cqntaining
equipment and the supporting structure.

PL-2.5.5 Modulus of Elasticity

The modulus of elasticity for carbon and lpw alloy
steel at various temperatures is given in Table P|.-2.5.5-1.
Values between listed temperatures may be| linearly

of all parts of the line and all restraints. suich as rigid
supports or guides, shall be considered.

(d) Calculations shall take into account stress intensi-
fication factors found to exist in components other than
plain straight pipe. Credit may be taken for the extra
flexibility of such components. The flexibility factors
and stress intensification factors shown in ASME B31.8,
Appendix E, Table E-1 may be used.

(e) Properties of pipe and fittings for these calcula-
tions shall be based on nominal dimensions, and the
joint factor E shall be taken as 1.00.

interpolated.

PL-2.6 DESIGN FOR LONGITUDINAL STRESS
PL-2.6.1 Restraint

(a) The restraint condition is a factor in the structural
behavior of the pipeline. The degree of restraint may
be affected by aspects of pipeline construction, support
design, soil properties, and terrain. This paragraph is
applicable to steel piping. For purposes of design, this
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Code recognizes two axial restraint conditions,
“restrained” and “unrestrained.” Guidance in categoriz-
ing the restraint condition is given below.

(b) Piping in which soil or supports prevent axial dis-
placement of flexure at bends is restrained. Restrained
piping may include the following;:

(d) The nominal bending stress in straight pipe or
large-radius bends due to weight or other external
loads is

SB = M/Z

. . . . here
(1) straight sections of buried piping w . . . .
(2) bends and adjacent piping buried in stiff or con- M = })be r}dmg moment across the pipe cross section,
solidated soil o -1 .. L4 .3
(3) |sections of above-ground piping on rigid S 7 PP ee i AR
supp Or’_“ ) ) ) ) (e) The nominal bending stress in fittings and cothpo-
(c) Piping that is freed to displace axially or flex at | onts due to weight or other external loads|is
bends is[unrestrained. Unrestrained piping may include
the following: Sp = My/Z
(1) jabove-ground piping that is configured to
accommpdate thermal expansion or anchor movements where My, is the resultant intensified moment acrosp the
through [flexibility fitting or component. The résultant moment shall be
(2) pends and adjacent piping buried in soft or  calculated as
unconsolidated soil
(3) pn unbackfilled section of otherwise buried Mg [0.75i:Mi%e+ (0.75,M,) + M2, Tb-in.
pipeline[that is sufficiently flexible to displace laterally
or whicl} contains a bend where . . o
(4) pipe subject to an end cap pressure force i; = inzplane stress intensification factor from
ASME B31.8 Appendix E, Table E-1
PL-2.6.2 Calculation of Longitudinal Stress i, =;out-of-plane stress intensification factor from
Components ASME B31.8 Appendix E, Table E-1
(a) The longitudinal stress due to internal pressure in A= in-plane bending moment
restraindd pipelines is M, = out-of-plane bending moment
M,; = torsional moment
S, = 035y
The product 0.75; = 1.0.
where (f) The stress due to axial loading other than thefmal
Su =|hoop stress, psi expansion and pressure is
(b) The longitudinal stress due to internal pressure in Sy = R/A
unrestrajned pipeline is
s - 05S where
p = 055 A = pipe metal cross-sectional area
where R = external force axial component
Sy =|hoop stress, psi . o .
" P P PL-2.6.3 Summation of Longitudinal Stress in
(c) The longitudinal.stréss due to thermal expansion Restrained Pipe
in restrained pipe is (a) The netlongitudinal stresses in restrained pip are
ST:EOI(Tl_TZ) SL:Sp+ST+Sx+SB
Wh;rez L S ——— S—t—tHre—amrbiert Note that S;, Sz Sy, or S can have negative valuds.
temperature o P (b) The maximum permitted value of Sy shall not
T, = pipe temperature at the time of installation, tie- exceed 0.9ST, where S is the spec1f1gd minimum yield
in, or burial, 1/°F strength per para. PL-3.7.1(a) and T is the temperature
T, = warmest or coldest pipe operating tempera- derating factor per Table PL-3.7.1-3.
ture, °F (c) Residual stresses from construction are often pres-
a = coefficient of thermal expansion, 1/°F ent, for example, bending in buried pipelines where

If a section of pipe can operate either warmer or colder
than the installed temperature, both conditions for T,
may need to be examined.
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spanning or differential settlement occurs. These stresses
are often difficult to evaluate accurately, and can be
disregarded in most cases. It is the engineer’s responsi-
bility to determine if such stresses should be evaluated.
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PL-2.6.4 Combined Stress for Restrained Pipe

(a) The combined biaxial stress state of the pipeline
in the operating mode is evaluated using the calculation
in either (1) or (2) below

(1) Sy - S
(2) (St - SiSu + SH)'/*

The maximum permitted value for the combined biax-
ial stress is kST, where S is the specified minimum yield
strengﬂ‘\ perpara PI1-371(a) Tisthe temperatire derat-

NOTE: No general proof can be offered that this empirical equa-
tion always yields conservative results. It is not applicable to sys-
tems used in severe cyclic conditions. It should be used with
caution in configurations such as unequal leg U-bends having
L/U > 2.5, nearly straight “sawtooth” runs, where i > 5 due to
thin-walled design, or where displacements not in the direction
connecting anchor points constitute a large part of the total dis-
placement. There is no assurance that terminal reactions will be
acceptably low even if a piping system falls within the limitations
of (a)(3) above.

ing factor per Table PL-3.7.1-3, and k is defined in (b) (b) Any piping system that does not meet.ohe of the
and|(c) below. criteria in (a) above should undergo a flexibiljty stress
(© g y
(b) For loads of long duration, the value of k shallnot ~ analysis by a simplified, approximate, of)comprehensive
excded 0.90. method, as deemed appropriate.
(¢} For occasional nonperiodic loads of short dura- o
tion| the value of k shall not exceed 1.0. PL-2.6.7 Flexibility Stresses and-Stresses Dule to
(d) Sp in para. PL-2.6.3 is calculated considering both Periodic or Cyclic Loading
the fensile and compressive values of Sg. Calculations and good. practices for pipeling compo-
(e} Stresses induced by loads that do not occur simul-  nents subject to stresses due to periodic or cyclif loading
tangously need not be considered to be additive. should conform to‘para. IP-2.2.10.
(f) The biaxial stress evaluation described above
applies only to straight sections of pipe. PL-2.6.8 Local Stresses
PL-2.6.5 Summation of Longitudinal Stresses in (a) Highulocal stresses are usually generated|at struc-
e Unrestrained Pipe tural diScontinuities and sites of local lgadings.
o P ' ) o Althotigh they may exceed the material yield ptrength,
(a) The net longitudinal stress in unrestrained pipe is  sych“stresses may often be disregarded because they
S = Sp+ St Se psi are localized in influence and may be self-lithiting or
L= OPFOXT OB P relieved by local deformation. Examples includg stresses
(b) The maximum permitted longitudinal stress;ifiy  in branch connections caused by pressure or|external
unrdstrained pipe is loads, or stresses at structural discontinuities. This Code
does not fully address the maximum allowalple value
5.<0.755T for local stresses. It is the engineer’s respongbility to
determine whether such stresses must be evaluated.
whejre . . .
g .. . (b) The maximum allowable sum of circunjferential
S|= specified minimum yield stréngth per para. ¢ due to i ) d i al
PL-3.7.1(a) stress due to internal pressure and circumferentia
Tl= ¢ e ture deratine fact Table PL-3.7.1-3 through-wall bending stress caused by surfacp vehicle
= temperature derating factorper 1able i-o.7. 1 loads or other local loads is 0.9ST, where S is the ppecified
PL-2.6.6 Flexibility Analysis for Unrestrained Piping minimum yield strength per para. PL-3.7.1(a)|and T is
. s . the temperature derating factor per Table PL-$.7.1-3.
(a) There is no need for foermal flexibility analysis for . o
. .. . (c) Localstresses in (a) or (b) above caused by periodic
an ynrestrained piping'system which o . N .
(1) duplicate@lor replaces, without significant " repetitive loads may require further limitptions in
P epraces, & consideration of fatigue.
chanjge, a system _operating with a successful record
(2) can pe'readily judged adequate by comparison
with previously analyzed systems PL-2.7 SUPPORTS AND ANCHORAGE FOR
(3) Gsyof uniform size, has no more than two points EXPOSED PIPING
of fixation, no intermediate restraints, and falls within
the limitations of the following empirical equation: PL-2.7.1 Pipingand-Equiprment
K> DY/(L - U Piping and equipment shall be supported in a substan-
- tial and workmanlike manner, so as to prevent or reduce
where excessive vibration, and shall be anchored sufficiently
D = nominal outside diameter of pipe, in. to prevent undue strains on connected equipment.
K = 0.03 for U.S. Customary units L .
L = developed length of piping between anchors, ft PL-2.7.2 Provision for Expansion
U = straight line separation between anchors, ft Supports, hangers, and anchors should be so installed
Y = resultant of total displacement strains, in., to be as not to interfere with the free expansion and contrac-

absorbed by the system

tion of the piping between anchors.
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PL-2.7.3 Materials, Design, and Installation

All permanent hangers, supports, and anchors shall
be fabricated from durable incombustible materials, and
designed and installed in accordance with good engi-
neering practice for the service conditions involved. All
parts of the supporting equipment shall be designed
and installed so that they will not be disengaged by
movement of the supported piping.

PL-2.8.2 Anchorage at Bends

If the pipe is anchored by bearing at the bend, care
shall be taken to distribute the load on the soil so that
the bearing pressure is within the capability of the soil
involved.

PL-2.8.3 Restraint Due to Soil Friction

Where there is doubt as to the adequacy of restraint

PL-2.7.4[ Forces on Pipe Joints friction, calculations shall be made and indichted
(a) Al] exposed pipe joints shall be able to sustain the anchoring shall be installed.
maximum end force due to the internal pressure, i.e., . .
the design pressure times the internal area of the pipe PL-2.8.4 Forces on Pipe Joints
as well ps any additional forces due to temperature If anchorage is not provided at the bend (see para.
expansign or contraction or to the weight of pipe and  PL-2.8.2), pipe joints that are close to-the points of thrust
contents origin shall be designed to sustain(the longitudinal pull-
(b) If fompression or sleeve-type couplings are used  out force. If such provision isot made in the manyifac-
in expoged piping, provision shall be made to sustain  ture of the joints, bracing.oi:strapping that absorbg the
the longftudinal forces noted in (a) above. If such provi-  pressure thrust shall be-provided.
sion is ot made in the manufacture of the coupling,
suitable pracing or strapping shall be provided, but such PL-2.8.5 Supports for Buried Piping
design npust not interfere with the normal performance R . :
of th%nco ipling nor with its proper maintenfnce Attach- In pipelines, especially those that are highly strgssed
ments mulz. A rr%eet the 1o uili')errll:)ents of para PL.- b 75 from internal‘pressure, uniform and adequate sugport
! para. e of the pipein the trench is essential. Unequal settlenjents
PL-2.7.5| Attachment of Supports or Anchors may produce added bending stresses in the pipe. Laferal
(@) 1f the pipe is designed to operate at a hoop stress thrists"at branch connections may greatly increas¢ the
fless th 2%5 fth & ified p . ield tp th stresses in the branch connection itself, unless the fill is
Otr ests . aln Oort erspimhler nr;lmrr];um yig dsgfrngﬂ ’ . (thoroughly consolidated or other provisions are made
:0 ?ﬁeu ) esup POTEs o ahchors may be welde €YY ™o resist the thrust. Rock shield shall not be draped jover
(b) IIf”I;e. pipe is designed to operate at a hoop stress .the pipg unless Suit?ble backf.ill and padding are placed
of 20% of more of the specified minimum yield strength, in the ditch tf) prpv1de a continuous and adequate sup-
. . port of the pipe in the trench.
support pf the pipe shall be furnished by a mémbper that Wh . de i lidated badkfill
completely encircles it. Where it is necessary to provide Ch Openings are made m a consoldated bagxh
positive attachment, as at an anchor, the\pipe may be to connect new branches to an existing line, care phall
welded o the enciréling member: th,e Shpport shall be be taken to provide firm foundation for both the hepder
attached| to the encircling membe; 4ndl not to the pipe. and the branch in order to prevent differential move-
The conhection of the pipe tp~the encircling member ments.
shall be |by continuous welds, rather than intermittent . .
welds. If there are continuous welds, a vent hole shall PL-2.8.6 Interconnection of Underground Lines
be provided at the side_6f'the encircling member. Vent Underground lines are subjected to longitudinal
holes may be pluggéd)during service to prevent, e.g.,  stresses due to changes in pressure and temperature.
entry of Injuriousfluids, but the plugging material shall ~ For long lines, the friction of the earth will preyent
not be cqpable of\sustaining pressure. changes in length from these stresses, except for seyeral
hundred feet adjacent to bends or ends. At these |oca-
PL-2.8 | ANCHORAGE FOR BURIED PIPING tions, the movement, if unrestrained, may be of cons]der-

PL-2.8.1 Pipe Bends or Offsets

Bends or offsets in buried pipe cause longitudinal
forces that must be resisted by anchorage at the bend,
by restraint due to friction of the soil, or by longitudinal
stresses in the pipe.
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able magnitude. If a connection to a relatively
unyielding line or other fixed object is made at such a
location, the line shall have ample flexibility to compen-
sate for differential movement, or the line shall be pro-
vided with an anchor sufficient to develop the forces
necessary to limit the movement.

Licensee=University of Tennessee/5622000001, User=bao, zhou
Not for Resale, 07/08/2016 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

Chapter PL-3
Design, Installation, and Testing

r“ﬁh]DQ Qﬂ{q streets Qﬁ{‘] rngr‘]c T]"\Q-‘/I ]nphr\mp maore preva-

PL-3.1.1 Conditions

Tlhe design requirements of this Code are intended to
addfess conditions encountered in the hydrogen gas
tranpmission industry. Conditions that may cause addi-
tionpl stress in any part of a line or its appurtenances
shal] be further addressed following recognized good
englneering practice. Examples of such conditions
inclfide long self-supported spans, unstable ground,
medhanical or acoustic vibration, weight of special
hments, earthquake-induced displacements, tem-
ture and pressure differential, and the soil and con-

erature and pressure differences shall be taken as
ifference between the lowest and highest values

ol or minimize adverse effects of the hydrogen gas

ponents when either of the fellowing may be a
ern:

Composition. For certain applications, such as for
cells, pure hydrogen is-traiisported. A pipeline may
Eport blends of hydregen and other fuel gases such
ethane, propane, etc:Potential concern may include
rogen leak detéction along cross-country pipelines.
may requiré advanced investigative assessments.

(b) Additivess,;When an odorant or chemical is used,
the pffect_of ehemical composition of these additives
shoyld beyinvestigated for ensuring negligible impact
on :Faterial degradation.

fuel
tran

as
hyd
This

lent, and the possibility of damage to the pipeline
becomes greater, with larger concentrations of huildings
intended for human occupancy. Determining the
Location Class provides a method|ef assessing the
degree of exposure of the line tg damage.

(a) A survey of building density shall be cafried out
(see paras. PL-3.2, PL-3.3, and/PL-3.4) to determine the
operational and design requirements necessarfy to pro-
tect the integrity of the pipeline in the presence of activi-
ties that might cause-damage.

(b) If buildings\intended for human occuppncy are
found to be @vithin the potential impact area pf a pro-
posed hydtogen pipeline, a full risk assessmen} shall be
carried out (see para. PL-3.5).

PL=3.2 BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

PL-3.2.1 Determination of Number of Buildings
Intended for Human Occupancy

(a) To determine the number of buildings [ntended
for human occupancy for a pipeline, lay out a zone
Yi-mile wide along the route of the pipeline [with the
pipeline on the centerline of this zone, and djvide the
pipeline into random sections 1 mile in length $uch that
the individual lengths will include the maximfyim num-
ber of buildings intended for human occupandy. Count
the number of buildings intended for human o¢cupancy
within each 1-mile zone. For this purpose, each{separate
dwelling unit in a multiple dwelling unit building is to
be counted as a separate building intended fof human
occupancy. It is not intended here that a full mile of
lower stress level pipeline shall be installed if fthere are
physical barriers or other factors that will limif the fur-
ther expansion of the more densely populategl area to
a total distance of less than 1 mile. It is intendkd, how-

PL-3.1.3 Damage

The most significant factor contributing to the failure
of a hydrogen gas pipeline is damage to the line caused
by third-party activities. Damage can occur during con-
struction of other facilities in the right-of-way associated
with providing services for dwellings and other com-
mercial or industrial enterprises. These services include
water, gas and electrical supply, sewage systems, drain-
age lines and ditches, buried power and communication
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ever, that where no such barriers exist, significant allow-
ance shall be made in determining the limits of the lower
stress design to provide for probable further develop-
ment in the area.

(b) When a cluster of buildings intended for human
occupancy indicates that a basic mile of pipeline should
be identified as a Location Class 2 or Location Class 3,
the Location Class 2 or Location Class 3 shall be termi-
nated no closer than 660 ft from the nearest building in
the cluster.
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(c) For pipelines shorter than 1 mile in length, a
Location Class that is typical of the Location Class that
would be required for 1 mile of pipeline with the same
building population density shall be assigned.

PL-3.2.2 Location Classes for Design and
Construction

(a) Location Class 1. A Location Class 1 is any 1-mile
section that has ten or fewer buildings intended for

be adequate to assure integrity at all times during the
life of the facilities.

PL-3.3.2 Dense Concentration

Pipelines near places of public assembly or concentra-
tions of people, such as churches, schools, multiple
dwelling unit buildings, hospitals, or recreational areas
of an organized nature in Location Class 1, 2, or 3, shall
meet requirements for Location Class 4.

human pccupancy. A Location Class 1 is intended to
reflect areas such as wasteland, deserts, wetlands, moun-
tains, grpzing land, farmland, and sparsely populated
areas.
(1)
ASME B
service g
(2)
Class 1 Y
or less t
maximu,
exceptio
(b) Lo
section t
intended
intended
is intern]
Class 3,
industrid
(c) Lo
section

Class 1, Division 1. As recognized in
B1.8, this Division is not applicable to hydrogen
nd is not recognized in this Code.
Class 1, Division 2. This Division is a Location
where the design factor of the pipe is equal to
han 0.72 and has been tested to 1.1 times the
I operating pressure. [See Table PL-3.7.1-5 for
hs to design factor.]
fation Class 2. A Location Class 2 is any 1-mile
hat has more than 10 but fewer than 46 buildings
for human occupancy. A Location Class 2 is
to reflect areas where the degree of population
ediate between Location Class 1 and Location
such as fringe areas around cities and towns,
1 areas, ranch or country estates, etc.
ation Class 3. A Location Class 3 is any 1-mile
that has 46 or more buildings intended for
human ¢ccupancy, except when a Location Class 4 pre-
vails. A Location Class 3 is intended to reflect areds such
as subuiban housing developments, shopping centers,
residentfal areas, industrial areas, and other populated
areas nof meeting Location Class 4 reqtiiztéments.

(d) Logation Class 4. Location Class.4’includes areas
where nfultistory buildings are prevalent, where traffic
is heavy| or dense, and where there may be numerous
other utflities undergroundsMultistory means four or
more floprs above ground, including the first or ground
floor. THe depth of basements or number of basement
floors is[immaterial,

CONSIDERATIONS NECESSARY FOR
CONCENTRATIONS OF PEOPLE IN
HLOCAHION-CLASS1-OR2

PL-3.3

PL-3.3.3 Low Concentration

Concentrations of people referred to in paras. PL8.3.1
and PL-3.3.2 above are not intended toq.inelude groups
of fewer than 20 people per instance jor location, but are
intended to cover people in an outside area as wdll as
in a building.

PL-3.4 INTENT

PL-3.4.1 Definition

Location Class\(1, 2, 3, or 4) as described in the p
ous paragraphs'is defined as the general descripti
a geographic area having certain characteristics
basis for prescribing the types of design, construg
and ndethods of testing to be used in those locatior
in dreas that are comparable. A numbered Location ¢
does not necessarily indicate that a particular dg
factor suffices for all construction in that particular
tion or area.

Fevi-
n of
as a
tion,
s, or
[lass
sign
oca-

PL-3.4.2 Future Development

When classifying locations, consideration shall be
given to the possibility of future development of the
area. If such future development appears likely to be
sufficient to change the Class Location, this shall be
taken into consideration in the design and testing of the
proposed pipeline.

PL-3.5 RISK ASSESSMENT

(a) The potential impact radius of a proposed hyjdro-
gen pipeline shall be determined according to parg. 3.2
of ASME B31.8S, “Managing System Integrity of| Gas
Pipelines,” modified by the substitution of the folloyving

in formula (1):

PL-3.3.1 Consequences of Failure

In addition to the criteria contained in para. PL-3.2,
additional consideration shall be given to the possible
consequences of a failure near areas where a concentra-
tion of people is likely, such as a church, school, multiple
dwelling unit, hospital, or recreational area of an orga-
nized character in Location Class 1 or 2. If the facility
is used infrequently, the requirements of para. PL-3.3.2
need not be applied. However, the depth of cover shall
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r =047 [pd

(b) If one or more buildings intended for human occu-
pancy are found to be within the potential impact area
of a proposed hydrogen pipeline, a full risk assessment
shall be carried out. A method of risk assessment suit-
able for hydrogen pipelines is contained in section 4.6
of Compressed Gas Association G-5.6, “Hydrogen
Pipelines Systems 2005.”
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Table PL-3.6.1-1 Location Class

Original [Note (1)] Current
Location Number of Location Number of
Class Buildings Class Buildings Maximum Allowable Operating Pressure (MAOP)

Designed to Option A [Note (2)]

1 Division 2 0-10 1 11-25 Previous MAOP but not greater than 50% S,, [Note (3)]
1 0-10 2 26-45 0.800 X test pressure but not greater than 50% S,
1 0-10 2 46-65 0.667 X test pressure but not greater than 50% S,,
1 0-10 3 66+ 0.667 X test pressure but not greater thany50f% S,
1 0-10 4 Note (4) 0.555 X test pressure but not greater than '40f% S,
2 11-45 2 46-65 Previous MAOP but not greater than 60%’S,,
2 11-45 3 66+ 0.667 X test pressure but not gréater than 50f6 S,,
2 11-45 4 Note (4) 0.555 X test pressure but not greater than 40f% S,
3 46+ 4 Note (4) 0.555 X test pressure butnot\gteater than 406 S,,

Designed to Option B [Note (5)]

1 Difsion 2 0-10 1 11-25 Previous MAOP but\not'greater than 72% S,, [Note (3)]
1 0-10 2 26-45 0.800 X test préssure but not greater than 72f% S,
1 0-10 2 46-65 0.667 X testipressure but not greater than 60f6 S,
1 0-10 3 66+ 0.667 X test pressure but not greater than 60f% S,
1 0-10 4 Note (4) 0.555, X ‘test pressure but not greater than 5006 S,,
2 11-45 2 46-65 Prévious MAOP but not greater than 60% S,
2 11-45 3 66+ 04667 X test pressure but not greater than 60f6 S,
2 11-45 4 Note (4) 0.555 X test pressure but not greater than 40f% S,
3 46+ 4 Note (4) 0.555 X test pressure but not greater than 406 S,,

NOTES:

(1) At time of design and construction.

A

(2) Fpr use with design option A, prescriptive design method, paraz,PL-3.7.1(b)(1). Existing hydrogen pipelines not designed to this Code
shall use this portion of the Table for location class and MAQP changes.

(3) 9 is the maximum allowable operating stress, calculated)as specified minimum yield strength X Hy, where H is the materia| perform-
ance factor from Mandatory Appendix IX, Table IX-5A(or IX-5B. Material performance factors account for the adverse effects of hydrogen
gas on the mechanical properties of carbon steels(used in the construction of pipelines.

(4) Muultistory buildings become prevalent.

(5) Fpr use with design option B, performance baséd method, para. PL-3.7.1(b)(2).

PL-3.6 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED FOR
HUMAN OCCUPANCY

PL-3.6.1 Continuing.Surveillance

stress levels, frequency of patrolling, and ¢athodic
protection requirements, as additional byiildings
intended for human occupancy are constructed.

(c) When there is an increase in the number jof build-
ings intended for human occupancy to or near the upper
limit of the Location Class listed in Table PL-B.6.1-1, a
study shall be completed within 6 months of p¢rception
of the increase. The study shall include

Upon initiating{hydrogen service in a pipeline
desipned and constructed or converted to hydrogen ser-
vicg, the gperating company shall determine the
Locgtion €lass in accordance with Table PL-3.6.1-1.

(a) EXisting pipelines or mains operating at hoop
stredslevels in excess of 20% of Qppriﬁpr] minimum vield
strength shall be monitored at intervals not exceeding
3 years to determine if additional buildings intended
for human occupancy have been constructed. The total
number of buildings intended for human occupancy
shall be counted to determine the current Location Class

(1) the design, construction, and testing prpcedures
followed in the original construction and a comparison
of such procedures with the applicable provisions of this
Code.

(2) the physical conditions of the pipeline or main
to the extent that this can be ascertained from current
tests and evaluation records.

in accordance with the procedures specified in paras.
PL-3.2.2(a) and (b).

(b) In accordance with the principles stated in para.
PL-3.1, the operating company shall determine the
changes that should be made, such as limiting operating

(3) operating and maintenance history of the pipe-
line or main.

(4) the maximum operating pressure and the cor-
responding operating hoop stress. The pressure gradient
may be taken into account in the section of the pipeline
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or main directly affected by the increasing number of
buildings intended for human occupancy.

(5) the actual area affected by the increase in the
number of buildings intended for human occupancy
and physical barriers or other factors that may limit the
further expansion of the more densely populated area.

(d) The study shall determine if a change of Location
Class is needed. If needed, the patrols and leakage sur-

the requirements of Chapter PL-3, using the design fac-
tor obtained from Table PL-3.7.1-1 or Table PL-3.7.1-2
for the appropriate design option and Location Class.

PL-3.6.3 Pressure-Relieving or Limiting Devices

Where the MAOP of a section of pipeline or main is
lowered in accordance with para. PL-3.6.2 and becomes
less than the MAOP of the pipeline or main of which it

veys shall immediately be adjusted to the intervals . part—a—stitable—tmeenfined—pressure-refieving or
estab.hs ned by the operating company for the new pressure-limiting device shall be installed in accordpance
Locatior) Class. with provisions of paras. PL-3.13.1 and PL-3.13.2.
(e) Needed changes in operating conditions and pipe-
line facilities operation shall be implemented within  pj.3 ¢ 4 Review of Valve Locations
18 months after the change in Location Class.
Where the study required in para, PL-3.6.1 indi¢ates
PL-3.6.2| Confirmation or Revision of MAOP that the Location Class has chariged, the sectionaljzing
valve locations shall be reviewed to determine if agcess
If the study described in para. PL-3.6.1 indicates that 15 the valves has been affected. Access routes td the
the established MAOP of a section of pipeline or main  yajyes shall be evaluated:Phe effects of evacuating the
is not cqmmensurate with the existing Location Class, pipeline in the vicinity; of the valves shall be determined.
and the gection is in satisfactory physical condition, the  New routes and evacuation and valve location glans
MAOP ¢f that section shall be confirmed or revised  gha11 pe developed as required.
within 18 months following the Location Class change
as folloys: PL-3.6.5 Concentrations of People in Location
(a) If the section involved has been previously tested classes 1 and 2
in place[for a period of not less than 2 h, the MAOP
shall be fonfirmed or reduced so that it does not exceed (@), Where a facility such as a hospital, school, hotel,
that allgwed in Table PL-3.6.1-1 for design options A  OF recreational area of an organized character such|as a
or B. sports facility, fairground, or amusement park, is puilt
(b) If fhe previous test pressure was not high enough, ~ 1€ar an ex.isting steel p.ipeline in Locat.ion Class 1 pr 2,
to allow|the pipeline to retain its MAOP or to achieve cons@eratlon shall be given to the PQSSlble consequlence
an accebtable lower MAOP in the LocationClass  °f afailure, even though the probability of such an ogcur-
accordinlg to (a) above, the pipeline may either retain rence is very uplikely if the line.is des.igned, construfted,
its MA(JP or become qualified for an acceptable lower and operated in accorda.u?ce with th.ls Code.
MAGOP f{f it is retested at a higher testipressure for a .(1) Where such fac1hty.results in frequent corjcen-
period of not less than 2 h in compliarice/with the appli-  trations of people, the requirements of (b) below phall
cable prpvisions of this Code. If the-new strength test apply.
is not performed during the 18-month period following (2) However, (b) below need not be applied if the
the Locaftion Class change, the' MAOP must be reduced facility is used so infrequently that the probability| that
s0 as to [not exceed the design pressure commensurate  the pipeline fails while it is occupied is acceptably(low.
with th¢ requirements éf Table PL-3.6.1-1 for design This can be determined by a risk assessment carried out
options A or B at thelend of the 18-month period. How-  per para. PL-3.5.
ever, if the test is performed any time after the 18-month (b) Pipelines near a place of public assembly as|out-
period hias expited, the MAOP may be increased to the lined in (a) above shall have a maximum allowable roop
level it youldyhave achieved if the test had been per-  stress not exceeding 40% SMYS, or the operating ¢om-
formed fluring that 18-month period. pany may make the study described in para. PL-3.4.1(c)

(c) An MAOP that has been confirmed or revised
according to (a) or (b) above shall not exceed that estab-
lished by this Code. Confirmation or revision according
to para. PL-3.6.2 shall not preclude the application of
para. PL-3.14.

(d) Where operating conditions require that the
existing MAOP be maintained, and the pipeline cannot
be brought into compliance as provided in (a), (b), or
(c) above, the pipe within the area of the Location Class
change shall be replaced with pipe commensurate with
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and determine that compliance with the following will
result in an adequate level of safety.

(1) The segment is hydrostatically retested for at
least 2 h to a minimum stress level of 100% of S,,,.

(2) Patrols and leakage surveys are conducted at
intervals consistent with those established by the
operating company for Location Class 3.

(3) If any nearby facility is likely to encourage addi-
tional construction activity, provide appropriate pipe-
line markers.
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Table PL-3.7.1-1 Basic Design Factor, F
(Used With Option A)

Table PL-3.7.1-3 Temperature Derating Factor, 7,
for Steel Pipe

Location Class Design Factor, F

Temperature Derating

Temperature, °F Factor, T
Location Class 1, Division 2 0.50
Location Class 2 0.50 250 or less 1.000
Location Class 3 0.50 300 0.967
Location Class 4 0.40 350 0.933
400 0.900
450 0.867
Table PL-3.7.1-2 Basic Design Factor, F GENERAL NOTE: For intermediate temperatures,intefpolate for
(Used With Option B) derating factor.
Location Class Design Factor, F
Location Class 1, Division 2 0.72 herein are tabulated for convenjence in
Location Class 2 0.60 Table IX-1B.
Location Class 3 0.50 T = temperature defating factor obtairfed from
Location Class 4 0.40 Table PL-3.7.1-3
t = nominal walthickness, in.
NOTE: See additiofal requirements for minimum walf thickness
PL-3.7 STEEL PIPELINE in (b)(5) below,
(14) PL-3.7.1 Steel Piping Systems Design Requirements (b) Fracture Control and Arrest. A fracture tgughness
. , . criterion ‘or other method shall be specified tp control
(af Steel Plpe Design Formula. The (?les1gn pressure for  fracture propagation when a pipeline is designed to
stee} gas piping systems or the nominal wa.ll thickness operate at a hoop stress over 40% of the speciffed mini-
for 4 grven design pressure shall be determined by the fum yield strength. When a fracture toughness|criterion
follqwing formula [for limitations, see (b) below]: is used, control shall be achieved by ensuring that the
25t pipe has adequate ductility. Two options are prgvided on
P = - FETHy fracture control. Option A (prescriptive design|method)
shall be used with design factors, F, speg¢ified in
whelre Table PL-3.7.1-1. Option B (performance-basefl design
[} = nominal outside diameter of pipejiit. method) shall be used with design factors, F, ppecified
H = longitudinal joint factor obtdined from  in Table PL-3.7.1-2 or with design factors spdcified in
Table IX-3B of Mandatory Appéndix IX Table PL-3.7.1-1. The pipe material tensile requirements
H = design factor obtained from Table PL-3.7.1-1or  shall be specified on the purchasing specification and
Table PL-3.7.1-2 as applicable, depending upon shall comply with the chemical and tensile requirements
the fracture contr6l option specified in (b) of API 5L Product Specification Level 2 (PSI.2), with
below used in thé design. In setting the values supplementary testing as follows:
of the designifagtor, F, due consideration has (1) Option A (Prescriptive Design Method).| The fol-
been givensand allowance has been made for  lowing requirements apply:
the varipusiunderthickness tolerances provided (-a) Brittle Fracture Control. To ensure|that the
for inMthe pipe specifications listed and  pipe has adequate ductility, fracture toughneds testing
approved for usage in this Code. shall be performed in accordance with the testing proce-
H} = _fnaterial performance factor from Table IX-5A.  dures of Annex G of API 5L. These can be applied pro-

Material performance factors account for the

struction of pipelines.

design pressure, psig [see also (b) below]
specified minimum yield strength, psi, stipu-
lated in the specifications under which the pipe
was purchased from the manufacturer or deter-
mined in accordance with (c) below. The speci-
fied minimum yield strengths of some of the
more commonly used pipeline steels whose
specifications are incorporated by reference

wn I
Il
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viding test specimens meet the minimum sizesg
222 ¢ z oughness testing for brittle fracture
control is not required for pipe sizes under 4.5 in.
(114.3 mm). The test temperature shall be the colder of
32°F (0°C) or the lowest expected metal temperature
during service or during pressure testing, if the latter is
performed with air or gas, having regard to past
recorded temperature data and possible effects of lower
air and ground temperatures. The average shear value
of the fracture appearance of three Charpy specimens
from each heat shall not be less than 80% for full-thick-
ness Charpy specimens, 85% for reduced-size Charpy
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specimens, or 40% for drop-weight tear testing
specimens.

(-b) Ductile Fracture Arrest. To ensure that the
pipeline has adequate toughness to arrest a ductile frac-
ture, the pipe shall be tested in accordance with Annex G
of API5L. This can be applied providing test specimens
meet the minimum sizes given in Table 22 of API 5L.
Toughness testing for ductile fracture control is not
required for pipe sizes under 4.5 in. (114.3 mm). The

base metal, the weld metal, and the heat affected zone
(HAZ) of welded joints, welded with the same qualified
welding procedure specification (WPS) as intended for
the piping manufacturing. A change in the welding pro-
cedure requires retesting of welded joints (weld metal
and HAZ). The test specimens shall be in the TL direc-
tion. If TL specimens cannot be obtained from the weld
metal and the HAZ, then LT specimens may be used.
The values of Ky shall be obtained by use of the test

test temperature shall be the colder of 32°F (0°C) or the
lowest expected metal temperature during service. The
average [of the Charpy energy values from each heat
shall meet or exceed the requirements specified by the
following equation:

CVN = 0.008(RT)*> g2

where
CVN
R
T

O

(-
strength

= full-size specimen CVN energy, ft-1b
radius of pipe, in.

nominal pipe wall thickness, in.

= hoop stress due to design pressure, ksi

r) Pipe Strength. Maximum ultimate tensile
of the pipe shall not exceed 100 ksi.
1) Weld Metal Strength. Maximum ultimate ten-
gth of the weld metal shall not exceed 100 ksi.
p) Yield Strength. Minimum specified yield
shall not exceed 70 ksi.
[) Charpy Tests. Weld procedure shall be quali-
[harpy tests. Three specimens from weld metal
e specimens from heat affected zone shall.be
test temperature specified in (b)(1)(-b)rabove.
n Charpy energy per specimen fracture area of
cimen shall meet the following criteria:
(-1) 20 ft-Ib for full-size CYN'\Specimens or
in.2 for subsize CVN spe¢iniens for pipe not
g 56 in. outside diameter
(-2) 30 ft-lb for full{size CVN specimens or
in.? for subsize CVN specimens for pipe out-
side diagneter > 56 in.
(2) Option B (Performance-Based Design Method).
The follgwing requirements apply:
(-f) The pipe'and weld material shall be qualified
for adequate tesistance to fracture in hydrogen gas at

or abovelthe design pressure and at ambient temperature
usjng th npp]ir‘qh]p rules pros ided in Article KD-10 of

|

sile strer
(-
strength

|

fied by (
and thre
tested af
Minimu
each spe

161 ft-1b)
exceedirn

242 ft-lb

method described in KD-1040. The lowest measpired
value of Ky shall be used in the pipeline design/analysis.
(-2) When using Option B, the material [per-
formance factor, Hy, used in para. PL-3.7.1(p) shall bg 1.0.
(-3) The values obtained in (a)»above may be

not exceed the valuestof the material used in the quplifi-
cation tests by moré_than 5%. The welded joints phall
meet the requirenvents of the welding procedure spgcifi-
cation (WPS) used for qualifying the construdtion
material.

(-4) Calculate maximum Kj4 required at d¢sign
pressure for the following elliptical surface crack. Where
Kpiisthe applied stress intensity factor, the critical qrack
size is developed by applicable fatigue loading. Fafigue
design rules specified in Article KD-10 shall be usefl, or
depth = t/4, length = 1.5t, where t is the pipe |wall
thickness.

(-5) Measure Ky in H, gas as specifie
KD-1040. Ky is the threshold stress intensity facto

(-6) Ky shall be equal to or higher thar
calculated value of Kj4. In any case, Ky shall not bg
than 50 ksi*,/in.

(-b) Phosphorus content of pipe material
not exceed 0.015% by weight. The pipe material shg
manufactured with inclusion shape controlled pract

(-c) Pipe material shall meet all applicable
of API 5L, PSL 2.

(-d) Brittle fracture control: All rules specifig
subpara. (b)(1)(-a) above shall be met.

(-e) Ductile fracture arrest: All rules specifig
subpara. (b)(1)(-b) shall be met.

(-f) Maximum ultimate tensile strength o

d in

r.
the
less

thall
11 be
ices.
ules

d in

d in

the

ASME BPV Code Section VIII, Division 3, except as
shown below.

(-1) The purpose of this test is to qualify the
construction material by testing three heats of the mate-
rial. The threshold stress intensity values, Kjy, shall be
obtained from the thickest section from each heat of the
material and heat treatment. The test specimens shall
be in the final heat-treated condition (if applicable) to
be used in pipe manufacturing. A set of three specimens
shall be tested from each of the following locations: the
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pipe shall not exceed 110 ksi.

(-g) Maximum ultimate tensile strength of the
weld metal shall not exceed 110 ksi.

(-h) Minimum specified yield strength shall not
exceed 80 ksi.

(3) Limitations on Design Pressure, P, in Para.
PL-3.7.1(a). The design pressure obtained by the for-
mula in para. PL-3.7.1(a) shall be reduced to conform
to the following: P shall not exceed 85% of the mill test
pressure for all pipes in the pipeline, provided, however,
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Table PL-3.7.1-4 Nominal Chemical Composition Within a
Specification/Grade

Material Specification/Grade
(Same Nominal Chemical Composition)

Carbon Content, %

Sulfur Content, %

C-Mn Steels
Al <0.10 < 0.005
A2 <0.10 > 0.005 but <0.010
A3 > 0.10 but £0.20 < 0.005
A4 > 0.10 but £ 0.20 > 0.005 but £ 0.010
A5 > 0.20 < 0.005
A6 > 0.20 > 0.005 but £ 0.010
C—Mn-Microalloy Steels (HSLA)
B1 <0.12 < 0.007
B2 <0.12 > 0.007¢hut < 0.010
B3 > 0.12 but £0.20 <0.007
B4 > 0.12 but £0.20 > 0,007 but <0.010
B5 > 0.20 < 0.007
B6 > 0.20 > 0.007 but £0.010

that[pipe, mill tested to a pressure less than 85% of the
presgure required to produce a hoop stress equal to the
spedified minimum yield, may be retested with a mill
typd hydrostatic test or tested in place after installation.
In the event the pipe is retested to a pressure in excess
of the mill test pressure, then P shall not exceed 85% of
the fetest pressure rather than the initial mill test pres:
sure] It is mandatory to use a liquid as the test medium\in
all t¢sts in place after installation where the test préssure
excgeds the mill test pressure. This paragraphlis not to
be cpnstrued to allow an operating pressure-or design
pregsure in excess of that provided\for by para.
PL-3.7.1(a).

(4) Limitations on Specified Minipium Yield Strength,
S, i Para. PL-3.7.1(a)

(-a) When pipe that fias. been cold worked for
meeting the SMYS is subséquently heated to a tempera-
ture| higher than 900°E<(482°C) for any period of time
or ofer 600°F (315°C)for more than 1 hr, the maximum
alloyvable pressurerat which it can be used shall not
excged 75% of ‘the’ value obtained by use of the steel
pipq designdermula given in para. PL-3.7.1(a).

(-b) It no case where the Code refers to the speci-
fied [miniphum value of a mechanical property shall the
higHer{actnal value of a property be substituted in the

shall also.be)given to loading due to transportation or
handlingof the pipe during construction, weight of
water'during testing, and soil loading and othef second-
ary, loads during operation, such as earthquak¢ or soil/
ground movements. See para. PL-3.7.3(d) for spggested
methods to provide additional protection. Clonsider-
ation should also be given to welding or m¢chanical
joining requirements. Standard wall thicknesq, as pre-
scribed in ASME B36.10M, shall be the least|nominal
wall thickness used for pipe 4 in. and below. Hipe sizes
above 4 in. shall have a wall thickness of at leagt 0.25 in.
(-b) Transportation, installation, or repajr of pipe

shall not reduce the wall thickness at any ppint to a
thickness less than 87.5% of the nominal wall thickness
as determined by para. PL-3.7.1(a) for the desjgn pres-
sure to which the pipe is to be subjected.
(6) Design Factors, F, and Location Claspes. The
design factor in Table PL-3.7.1-1 shall be usegl for the
designated Location Class when using the (Pption A
methodology. All exceptions to basic design factors to
be used in the design formula for Option A methodology
are given in Table PL-3.7.1-5. The design factor in
Table PL-3.7.1-2 shall be used for the dedignated
Location Class when using the Option B metHodology.
All exceptions to basic design factors to be usgd in the

steel pipe design formula given in para. PL-3.7.1(a). If
the actual value is less than the specified minimum value
of a mechanical property, the actual value may be used,
when it is permitted by the Code.

(5) Additional Requirements for Nominal Wall
Thickness, t, in Para. PL-3.7.1(a)

(-a) The nominal wall thickness, ¢, required for
pressure containment as determined by para. PL-3.7.1(a)
may not be adequate for other forces to which the pipe-
line may be subjected (see para. PL-3.1.1). Consideration
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design formula for Option B methodology are given in
Table PL-3.7.1-6.

(7) The longitudinal joint factor shall be in accor-
dance with Mandatory Appendix IX, Table IX-3B.

(8) The temperature derating factor shall be in
accordance with Table PL-3.7.1-3.

PL-3.7.2 Protection of Pipelines and Mains From
Hazards
(a) When pipelines and mains must be installed
where they will be subject to natural hazards, such as
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Table PL-3.7.1-5 Design Factors for Steel Pipe Construction (Used With Option A)

Location Class

1,
Facility Div. 2 2 3 4

Pipelines, mains, and service lines 0.50 0.50 0.50 0.40
Crossings of roads, railroads without casing:

(@ Private roads 0.50 0.50 0.50 0.40

(b) Unimproved public roads 0.50 0.50 0.50 0.40

() Rodds, highways, or public streets, with hard surface and railroads 0.50 0.50 0.50 0.40
Crossings pf roads, railroads with casing:

(@ Private roads 0.50 0.50 0.50 0.40

(b) Unimproved public roads 0.50 0.50 0.50 0.40

(© Rodds, highways, or public streets, with hard surface and railroads 0.50 0.50 0.50 0.40
Parallel encroachment of pipelines and mains on roads and railroads:

(@ Private roads 0.50 0.50 0.50 0.40

(b) Unimproved public roads 0.50 0.50 0.50 0.40

(© Rodds, highways, or public streets, with hard surface and railroads 0.50 0.50 0.50 0.40
Fabricated|assemblies 0.50 0.50 0.40 0.40
-Pipelines ¢n bridges 0.50 0.50 0.50 0.40
;Pressure/fow control and metering facilities 0.50 0.50 0.50 0.40
‘Compressgr station piping 0-50 0.50 0.50 0.40
jNear concgntration of people in Location Class 1, 2, or 3 (see para. PL-3.3.2) 0.40 0.40 0.40 0.40

Table PL-3.7.1-6 Design Factors for Steel Pipe‘Construction (Used With Option B)
Location Class
1:
Facility Div. 2 2 3 4

Pipelines, [mains, and service lines 0.72 0.60 0.50 0.40
Crossings pf roads, railroads without casing:

(@ Private roads 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.60 0.60 0.50 0.40

() Rodds, highways, or public streets, with hard surface and railroads 0.60 0.50 0.50 0.40
Crossings pf roads, railroads with casing:

(@ Private roads 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.72 0.60 0.50 0.40

(© Rodds, highways, or public streets, with hard surface and railroads 0.72 0.60 0.50 0.40
Parallel encroachment of pipelines and mains on roads and railroads:

(@) Privfate roads 0.72 0.60 0.50 0.40

(b) Unimproved pubticrroads 0.72 0.60 0.50 0.40

(©) Rodds, highways; or public streets, with hard surface and railroads 0.60 0.60 0.50 0.40
Fabricated|assémbtlies 0.60 0.60 0.50 0.40
Pipelines ¢n'bridges 0.60 0.60 0.50 0.40
Pressure/ftow comntrotamd-metering factiites 060 060 050 0.40
Compressor station piping 0.50 0.50 0.50 0.40
Near concentration of people in Location Classes 1 and 2 (see para. PL-3.3.2) 0.50 0.50 0.50 0.40
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washouts, floods, unstable soil, landslides, earthquake-
related events (such as surface faulting, soil liquefaction,
and soil and slope instability characteristics), or other
conditions that may cause serious movement of, or
abnormal loads on, the pipeline, reasonable precautions
shall be taken to protect the pipeline, such as increasing
the wall thickness, constructing revetments, preventing
erosion, and installing anchors.

(b) Where pipelines and mains cross areas that are

cover may be added provided that it remain in place
throughout the operation of the pipeline.

(b) Clearance Between Pipelines or Mains and Other
Underground Structures. There shall be at least 18 in. of
clearance between any buried pipeline and any other
underground structure not used in conjunction with the
pipeline. When such clearance cannot be attained, pre-
cautions to protect the pipe shall be taken, such as the
installation of casing, bridging, or insulating material.

northally under water or subject to flooding (i.e., lakes,
bayyq, or swamps), sufficient weight or anchorage shall
be applied to the line to prevent flotation.

(c) Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
wat¢rway bed, water velocities, deepening of the chan-
nel, pr changing of the channel location in the waterway,
desipn consideration shall be given to protecting the

(c) Casing Requirements Under Railroads)
Roads, or Streets. Casings shall be designed to

designed for this pressure with/a design factor

the carrier pipe. Casingweénts should be installed, and

pipdline or main at such crossings. The crossing shall  they should be protected from the weather tq prevent
be lpcated in the more stable bank and bed locations. ~ water from entering;the casing. Requirements for cross-
The|depth of the line, location of the bends installed in  ings within casing.of railroads and highways afe shown
the banks, wall thickness of the pipe, and weighting of  in Table PL-3.7.1-5.
the line shall be selected based on the characteristics of (d) Additional Underground Pipe Protection. The pipe
the waterway. design ‘factor, F, shall be in accordanfe with
(d) Where pipelines and mains are exposed, such as  Table PI-3.7.1-5 for the crossing of roads and failroads.
at spans, trestles, and bridge crossings, the pipelines  The guidance provided by API RP 1102, Steel Pipelines
and [mains shall be reasonably protected by distance or  ~Crossing Railroads and Highways; GRIf Report
barrfcades from accidental damage by vehicular traffic .\ No. 91/0284, Guidelines for Pipelines (rossing

or ofher causes.

PL-3.7.3 Cover, Clearance, and Casing Requirenients

for Buried Steel Pipelines and Mains

Highways; or Gas Piping Technology Comymittee’s
Guide Material Appendix G-15, Design of Uncased
Pipeline Crossings of Highways and Railroadg, may be
considered for design and installation of pipeline cross-

ing. The pipeline operator shall evaluate the jneed for

(a) Cover Requirements for Mains. Buriéd,mains shall . . . . .
be installed with a cover not less than 36,in. Where this extending add1t1onal. pipe p .rotec’aon over the PP cline
covgr provision cannot be met or where external loads When the road or ral Iroad r1gh’F-of-way Wldt,h is unde-
may| be excessive, the main shalfb} encased, bridged fined, based on anticipated loading from trafficlor heavy
or designed to withstand any.stieh anticipated external equipment perfor.mmg maintenance activities ac%]e}cent
loads. Where farming or other.eperations might result in to the %‘oac} of raEl.r(c)lad. Vargmg degreei Of, a id1t1.ona1
deepp plowing; in areas subject to erosion; or in locations P rotection from third-party damage to a burieq main or

pipeline crossing within (or parallel to) the right-of-way

whepre future grading is'likely, such as road, highway,
railrpad, and ditch<ressings; additional protection shall
be pgrovided [see (d) below for suggested methods to
proyide additional protection].

(1) Buried pipelines shall be installed with a cover
not less than 36 in. for normal excavation, or not less than
24 in. for rock excavation. Minimum cover in agricultural

of road or railroad may be achieved using the fpllowing
techniques, or variants thereof, singly or in compination:
installed
(d)]. Ifa

(1) A physical barrier or marker may be
above or around the pipe [see para. GR-5.12.2
physical barrier is used, the potential conflict|with the
right-of-way maintenance activities should Be recog-

areas shall be not less than 48 in.

(2) When considering converting an existing pipe-
line transporting other fluids to hydrogen gas transmis-
sion services, a depth of cover survey shall be performed
to ensure that the existing pipeline has cover that meets
the requirements of this section. Although depth of cover
of 48 in. is preferred in agricultural areas, any converted
pipeline in agricultural areas must have a minimum of
36 in. of cover, provisions must be made to lower the
pipeline to provide this minimum cover, or additional

139

niized. Physical batrier or marker methods include

(-a) a concrete or steel barrier placed above the
pipe

(-b) a concrete slab placed vertically adjacent to
the pipe on each side and extended above the top of
pipe elevation

(-c) damage-resistant coating material, such as
concrete

(-d) extra depth of cover additional to that
required in (a)(1) above
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Table PL-3.7.5-1 Maximum Degree of Bending

Deflection of Minimum Radius of

not less than the minimum permitted by para.
PL-3.7.1(a). This may be demonstrated through appro-
priate testing. Note that cold bending may make line

Nominal Pipe Longitudinal Axis, Bend in Pipe
Size deg Diameters pipe more susceptible to the effects of hydrogen
embrittlement.
Smalle;;han 12 See para. |32L-3.7.5(a) 183 (4) For pipe smaller than NPS 12, the requirements
14 27 2? D of (a)(1) above must be met, and the wall thickness after
16 2.4 24D bending shall not be less than the minimum permitted
18 2.1 27D by para. PL-3.7.1(a). This may be demonstrated through
20 and lgrger 1.9 30D appropriate testing.
(5) Hot bends made on cold worked or heatirdated
pipe shall be designed for lower stress levels-in a¢cor-
() buried high-visibility warning tape placed  dance with para. PL-3.7.1(b)(4).
parallel fo and above the pipe (b) Factory-made, wrought-steel welding elbows or
(-f) pipe casing [see (c) above] transverse segments cut therefrém may be used for
(2) A heavier wall thickness than is required by the changes in direction, provided that the arc length fnea-
pipe desjgn factor, F, in accordance with Table PL-3.7.1-1 sured along the crotch is at least'} in. on pipe sizes NPS 2
or Table|PL-3.7.1-5, may be used. and larger.
(3) Pipeline alignment should be as straight and
perpendjcular to the road or railroad alignment as possi- ~ PL-3.7.6 Pipe Surface Requirements Applicable t¢
ble, to gromote reliable marking of the pipe location Pipelines and Mains to Operate at a Hopp
through [the right-of-way and at the right-of-way limits. Stress of 20% or More of the Specified
Additional underground pipe protection shall be used Minjmum Yield Strength
in conjuhction with an'eff.ective edgcational program Gouges,"gtooves, and notches have been found {o be
[para. GR-5.2.2(d)], continuing surveillance of pipelines ;1 jmportant cause of pipeline failures, and all harfnful
(para. 9R—5:12.1), pipeline patrolling .(para. GR_5:12’2)’ defécts of this nature must be prevented, eliminatefd, or
and utilization Of. programs tbat provide .notlflce?tl.on o repaired. Precautions shall be taken during manufacture,
operators regarding impending excavation activity, if hauling, and installation to prevent the gouging or
availablg. grooving of pipe.
PL-3.7.4| Installation of Steel Pipelines and Mains — (a) Detection of Gouges and Grooves
Construction Specifications (1) Examination shall be made to determine|that
) . the coating machine does not cause harmful gouggs or
All cohstruction work performed on piping systems grooves.
in accordlance with the requirements of this Code shall (2) Lacerations of the protective coating shall be
be done|in accordance with constructien:specifications full ined prior to th ir of th tike t
which shall cover all phases of theswork, and shall be carelu y e)f?rr}lllne . prior fo E repair ot the coatupg to
in sufficient detail to cover the requirements of this Code. determme.: 1t the plPe s.ur ace has been (?lamaged.
(3) Field examination of uncoated pipe shall erfsure
PL-3.7.5| Bends, Elbows, and-Miters in Steel that gouged or grooved pipe will not get into the finiphed
Pipelines and Mains pipeline or main.
(a) CHanges in direetién and orientation may be made () erld. Re.pazr of Gouges and Grooves
by the uge of bends, elbows, or miters under the follow- (1) Injurious gouges or grooves shall be remqved.
ing limifations: (2) Gouges or grooves may be removed by grinding
(1) A bend\shall be free from buckling, cracks, or 0 @ smooth contour, provided that the resulting [wall
other evjdence of mechanical damage. thickness is not less than the minimum prescribefl by
(2) Themaximum Hpgrpp thaning an a field cold this Code for the conditions of usage [see para.

bend may be determined by either method in
Table PL-3.7.5-1. The first column expresses the maxi-
mum deflection in an arc length equal to the nominal
outside diameter, and the second column expresses the
minimum radius as a function of the nominal outside
diameter.

(3) A field cold bend may be made to a shorter
minimum radius than permitted in (a)(2) above, pro-
vided the completed bend meets all other requirements
of this section and the wall thickness after bending is
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PL-3.7.1(b)(5)(-b)].

(3) When the conditions outlined in (2) above can-
not be met, the damaged portion of pipe shall be cut out
as a cylinder and replaced. Insert patching is prohibited.

(c) Dents

(1) A dent may be defined as a depression that
produces a gross disturbance in the curvature of the pipe
wall (as opposed to a scratch or gouge, which reduces
the pipe wall thickness). The depth of a dent shall be
measured as the gap between the lowest point of the
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dent and a prolongation of the original contour of the
pipe in any direction.

(2) A dent, as defined in (1) above, which contains
a stress concentrator such as a scratch, gouge, groove,
or arc burn, shall be removed by cutting out the damaged
portion of the pipe as a cylinder.

(3) All dents that affect the curvature of the pipe
at the longitudinal weld or any circumferential weld
shal] be removed. All den hat exceed a maximu
depth of  in. in pipe NPS 12 and smaller or 2% of the
nonfinal pipe diameter in all pipe greater than NPS 12
shal| not be permitted in pipelines or mains intended
to operate at hoop stress levels of 40% or more of the
spedified minimum yield strength. When dents are
remgpved, the damaged portion of the pipe shall be cut
out ps a cylinder. Insert patching and pounding out of
the glents is prohibited.

(d) Notches and Arc Burns

(1) Notches on the pipe surface can be caused by
medhanical damage in manufacture, transportation,
handlling, or installation, and when determined to be
mechanically caused, shall be treated the same as gouges
and [grooves in (a) above.
(2) Stress concentrations that may or may not
invdlve a geometrical notch may also be created by a
prodess involving thermal energy in which the pipe sur-
face|is heated sufficiently to change its mechanical or
metpllurgical properties. These imperfections are
termped “metallurgical notches.” Examples include™an
arc hurn produced by accidental contact with a welding
elecfrode or a grinding burn produced by excessive force
on { grinding wheel. Metallurgical notchesimay result
in eyen more severe stress concentrations than a mechan-
ical jnotch and shall be prevented or\eliminated in all
pipdlines intended to operate at(hoop stress levels of
20%| or more of the specified minimum yield strength.
(3) Arc burns shall be_éliminated as follows:

(-a) The metallurgical notch caused by arc burns
shal|] be removed by grinding, provided the grinding
: doeg not reduce the-remaining wall thickness to less
. tharjthe minimu prescribed by this Code for the condi-
- tionp of use.

: (-b). Inall other cases, repair is prohibited, and
. the portien of pipe containing the arc burn must be cut
" out ps'd cylinder and replaced with a good piece. Insert

PL-3.7.7 Miscellaneous Operations Involved in the
Installation of Steel Pipelines and Mains

(a) Handling, Hauling, and Stringing. Care shall be
taken in the selection of the handling equipment and in
handling, hauling, unloading, and placing the pipe so
as not to damage the pipe.

(b) Installation of Pipe in the Ditch. On pipelines
operating at hoop stress levels of 20% or more of the
ifi ini i it is important that

imized. The pipe shall fit the ditch without the use of
external force to hold it in place until the backfill is
completed. When long sections of pipe that have been
welded alongside the ditch are lpwered in, car¢ shall be
exercised so as not to jerk the pipe‘or impose arfy strains
that may kink or put a permanent bend in the pipe.
Slack loops are not prohibited by this paragraph where
laying conditions renderstheir use advisable.
(c) Backfilling

(1) Backfilling shall be performed in a mfanner to
provide firmsupport under the pipe.

(2) 1f thete are large rocks in the material tp be used
for backfill, Care shall be used to prevent damage to the
coating by such means as the use of rock-shield material,
by mhaking the initial fill with rock-free mategial suffi-
cierit to prevent damage, or by installing a pjrotective
coating on the pipe to prevent damage from|rocks or
other debris.

(3) Where the trench is flooded to consoljdate the
backfill, care shall be exercised to see that thp pipe is
not floated from its firm bearing on the trench bottom.

PL-3.8 HOT TAPS

A hot tap shall not be considered a routine pfocedure,
but shall be used only when there is no practica| alterna-
tive. A hot-tap thermal analysis program shall] be used
to review, analyze, and provide the product flow and
weld parameters during the hot tap. Examples pf condi-
tions where hot tapping is not permitted are ag follows:

(a) with a pipe wall thickness less than|6.4 mm
(0.250 in.)

(b) if the hardness of the pipeline is measurefl greater
than 225 BHN (Brinell hardness number)

(c) where the hot-tap fitting will not have a ¢learance
greater than 75 mm (3 in.) from a girth weld

" patching is prohibited. Care shall be exercised to ensure
that the heat of grinding does not produce a metallurgi-
cal notch.

(-¢) Complete removal of the metallurgical notch
created by an arc burn can be determined as follows:
After visible evidence of the arc burn has been removed
by grinding, swab the ground area with a 20% solution
of ammonium persulfate. A blackened spot is evidence
of a metallurgical notch and indicates that additional
grinding is necessary.

lLZ/\ Lhcu havc dITy type Uf hucuml huiug OT bOa’til‘lg
(e) upstream of rotating or reciprocating equipment,
unless the equipment is protected by a strainer or filter

PL-3.9 PRECAUTIONS TO PREVENT COMBUSTION
OF HYDROGEN-AIR MIXTURES DURING
CONSTRUCTION OPERATIONS

PL-3.9.1 Leakage Prevention

Operations such as gas or electric welding and cutting
with cutting torches cannot be safely performed on

141
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hydrogen gas pipelines, mains, or auxiliary equipment,
unless all possibility of leakage of hydrogen into the
work area is eliminated. The following procedures are
recommended:

(a) removal of a pipe spool between the pressurized
pipeline and the work area

(b) closure of two valves, with continuous monitoring
of an open vent valve by means of a hydrogen gas

PL-3.10.2 Test Required to Prove Strength of
Pipelines and Mains

Pipelines shall be tested at a pressure of at least 150%
of MAOP for at least 2 h. Water is the preferred medium.
PL-3.10.3 Test Level

In selecting the test level, the designer or operating
company should be aware of the provisions of para.

detector (double block and bleed) PL-3 6 and the relationship bhetween test pressure and
(c) clgsure of an integral double block and bleed  operating pressure when the pipeline experiéndes a
valve, with continuous monitoring of the open body  future increase in the number of dwellings interidefl for
vent valye human occupancy.
(d) clgsure of a valve, and installation of a blind flange .
or specfacle blind on the downstream flange of the ~ PL-3.10.4 Crossings
valve or Other provisions of this Code ndtwithstanding, pipe-
(e) us¢ of a venturi air mover to draw hydrogen gas  lines and mains crossing highwdys and railroads jmay
away frqm the work area be tested in each case in the same manner and tg¢ the
same pressure as the pipeline on each side of the
PL-3.9.2| Purging of Pipelines crossing.
When|a pipeline is to be placed in service, the air in PL-3.10.5 Location Classes 3 and 4
it shall He displaced. In order to avoid the creation of a . . . . .
combustfible mixture, a slug of inert gas shall be intro- Air or inert gas .testmg may be used mn Locz tlop
duced bdtween the hydrogen and air. The hydrogen gas (.?lasses 3 and¥4, provided that all of the following cqndi-
flow shalll then be continued without interruption until tions applys ) . .
all the afir and inert gas have been removed from the (@) TI;e maximum }_“?OP str.es's durmS the test ig le§s
facility. The vented gases shall be monitored and the than 50 /o of the specified mlminum yleld sfliengh mn
vent cloded before any substantial quantity of hydrogen Locatlop Class 3 and }ess than. 40% of the specified rhini-
gas is rdleased to the atmosphere. Dead-ended legs of : &M yield Stréngth in Location Clas's 4. o
(b) The maximum pressure at which the pipeligje or

the pipeline system that cannot be swept by inert gas
must be|pressure purged.

main is to be operated does not exceed 80% of the nhaxi-
mum field test pressure used.

PL-3.9.3| Accidental Ignition (c) The pipe involved is new pipe having a longifudi-
. o ) nal joint factor, E, in Mandatory Appendiy IX,
Whengver the accidental ignition in the ‘open air of  Tuple IX-3B of 1.00.
hydrogeh gas—air mixture might be likely-to cause per-
sonal infury or property damage, precautions shall be ~ PL-3.10.6 Records
taken. Fpr example: The operating company shall maintain in its filg, for
(a) prohibit smoking and operr-flames in the area the useful life of each pipeline and main, records show-
(b) ingtall a metallic bond{atound the location of cuts ing the procedures used and the data developed in egtab-
in gas pjipes to be madesby* means other than cutting lishing its MAOP.
torches
(c) tae precautionstb prevent static electricity sparks ~ PL-3.10.7 Leak Tests for Pipelines or Mains
(d) prpvide a fire extinguisher of appropriate size and (a) Each pipeline and main shall be tested after [con-
type, in pccordarice with NFPA 10 struction and before being placed in operation to derpon-
strate that it does not leak. If the test indicates that a|leak
exists the leak or leaks shall be located and elimindted.

PL-3.10 TESTING AFTER CONSTRUCTION
PL-3.10.1 Pipeline Testing

Pipeline systems shall be tested after construction to
the requirements of this Code except for pretested fabri-
cated assemblies, pretested tie-in sections, and tie-in
connections. The circumferential welds of welded tie-in
connections not pressure tested after construction shall
be examined by radiographic, ultrasonic, or other non-
destructive methods in accordance with para. PL-3.19.2.
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(b) The test procedure used shall be capable of disclos-
ing all leaks in the section being tested and shall be
selected after giving due consideration to the volumetric
content of the section and to its location. This requires
the exercise of responsible and experienced judgment,
rather than numerical precision.

(c) In all cases where a line is to be stressed in a
strength proof test to a hoop stress level of 20% or more
of the specified minimum yield strength of the pipe,
and gas or air is the test medium, a leak test of at least
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10 min duration shall be made at a pressure in the range
from 100 psi to that required to produce a hoop stress
of 20% of the minimum specified yield, or the entire
length of the pipeline shall be examined with a hydrogen
detector while the hoop stress is held at approximately
20% of the specified minimum yield.

(d) All testing of pipelines and mains after construc-
tion shall be done with due regard for the safety of
employees and the public during the test. When air or

(e) a communications system be established
(f) transfer of the completed pipeline system to those
responsible for its operation

PL-3.11.5 Documentation and Records

The following commissioning records shall be main-
tained as permanent records:

(a) cleaning and drying procedures

(b) cleaning and drying results

inerf gas is used, suitable steps shall be taken to keep
persons not working on the testing operations out of
the festing area when the hoop stress is first raised from
50%]of the specified minimum yield to the maximum test
stregs, and until the pressure is reduced to the maximum
opetating pressure.

.11 COMMISSIONING OF FACILITIES

.11.1 Procedures

itten procedures shall be established for commis-
ng. Procedures shall consider the need to isolate
the pipeline from other connected facilities and the
trangfer of the constructed pipeline to those responsible
for {ts operation. Commissioning procedures, devices,
and |fluids shall be selected to ensure that nothing is
intrgduced into the pipeline system that will be incom-
patible with the hydrogen gas to be transported, or with
the materials in the pipeline components.

PL-3.11.2 Cleaning and Drying Procedures

Consideration shall be given to the need foxcleaning
and|drying the pipe and its components-beéyond that
reqyired for removal of the test medium.

PL-3.11.3 Functional Testing of Equipment and
Systems

Ak a part of commissioning; all pipeline and compres-
sor §tation monitor and cofitrol equipment and systems
shal| be fully function-tested, especially including safety
systems such as pig#rap interlocks, pressure and flow
morljitoring systems; and emergency pipeline shutdown
systems. Consideration should also be given to per-
fornjing a figfal'test of pipeline valves before the hydro-

PL-3.

p
Transported Hydrogen Gas

Written start-up procedures shall be prepared before
introducing the transported hydrogen into the system
and shall require the following:

(a) the system be mechanically complete and
operational

(b) all functional tests be performed and accepted

(c) all necessary safety systems be operational

(d) operating procedures be available

(c) function-testing records of pipeline mor]itoring
(d) control equipment systems
(e) completed prestart checklist

PL-3.12 PIPE-TYPE AND BOTTLE-TYPE HOLPERS
PL-3.12.1 Pipe-Type Holders

A pipe-type holder shall’be designed, installed, and
tested in accordance with the provisions of this Code
applicable to a pipelifie installed in the same|location
and operated at-the same maximum pressure,|

PL-3.12.2 Bottle-Type Holders

Bottle-type holders shall be located on langl owned
or undet the exclusive control and use of the dperating
company.

PL-3.12.3 Installation of Pipe-Type and Bottle-Type
Holders

(a) The storage site shall be entirely surrounfled with
fencing to prevent access by unauthorized pegsons.

(b) The minimum clearance between contaihers and
the fenced boundaries of the site is fixed by the maxi-
mum operating pressure of the holder as follqws:

(1) less than 1,000 psi, 25 ft
(2) 1,000 psi or more, 100 ft

(c) The minimum distance between pipe c¢ntainers

or bottles shall be determined by the following|formula:

3DPF
€= 1,000
where
C = minimum clearance between pipe contliners or

bottles, in.
= outside diameter of pipe container or bottle, in.
design factor [see para. PL-3.7.1(a)]

»)
[

e, psig

(d) Bottles shall be buried with the top of each con-
tainer below the normal frost line, but in no case closer
than 24 in. to the surface. Pipe-type holders shall be
tested in accordance with the provisions of para.
PL-3.10.2 for a pipeline located in the same Location
Class as the holder site, provided, however, that in any
case where the test pressure will produce a hoop stress
of 80% or more of the specified minimum yield strength
of the pipe, water shall be used as the test medium.
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PL-3.12.4 Special Provisions Applicable to
Bottle-Type Holders Only

Bottle-type holders shall be designed according to
ASME BPV Code Section VIII, Division 1.

PL-3.12.5 General Provisions Applicable to Both
Pipe-Type and Bottle-Type Holders

Provision shall be made to prevent the formation or

accumulation nfliqnidq inthe holder rnnnprfing piping

have an adequate pressure rating, the MAOP of a pipe-
line or main shall be the design pressure determined in
accordance with para. PL-3.7.1(a) for steel.

(2) the pressure obtained by dividing the pressure
to which the pipeline or main is tested after construction
by 1.4.

(3) the maximum safe pressure to which the pipe-
line or main should be subjected based on its operating
and maintenance history.

and aux
interfere
ment. Rq
provisio
adequat
line and
design p

liary equipment that might cause corrosion or
with the safe operation of the storage equip-
lief valves shall be installed in accordance with
hs of this Code that will have relieving capacity
e to limit the pressure imposed on the filling
thereby on the storage holder to 110% of the
ressure.

PL-3.13| CONTROL AND LIMITING OF HYDROGEN

GAS PRESSURE

Basic Requirement for Protection Against
Accidental Overpressuring

PL-3.13.

Every [pipeline, main, distribution system, customer’s
meter arld connected facilities, compressor station, pipe-
type holder, bottle-type holder, container fabricated
from pipe and fittings, and all special equipment, if
connectdd to a compressor or to a hydrogen gas source
where the failure of pressure control or other causes
might repult in a pressure that would exceed the MAOP
of the fafility, shall be equipped with suitable pressure-
relieving or pressure-limiting devices. Any devicesised
for contiolling the pressure of a hydrogen gas pipeline
shall haye a set point no greater than the MAOP of the
pipeline
PL-3.13.2 Control and Limiting of Gas Pressure in

Holders, Pipelines, and AU Facilities That

Might at Times Be Bottle Tight

(a) Suitable types of protective devices to prevent
overpregsuring of such fagilities include
(1) ppring-loaded-relief valves of types meeting the
provisiohs of the ASME BPV Code, Section VIII
(2) pilot-lodded backpressure regulators used as
relief valves, so-designed that failure of the pilot system
or contrl liies will cause the regulator to open
3) . - .
of Section VIII, Division 1
(b) The maximum allowable operating pressure for
steel pipelines or mains is, by definition, the maximum
operating pressure to which the pipeline or main may
be subjected in accordance with the requirements of this
Code. For a pipeline or main, the MAOP shall not exceed
the least of the following three items:
(1) the design pressure (defined in para. GR-1.5) of
the weakest element of the pipeline or main. Assuming
that all fittings, valves, and other accessories in the line
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PL-3.13.3 Control and Limiting of Hydrogen Ga$s
Pressure in High-Pressure Steel
Distribution Systems

hain,
at a
11 be
uate
and
brate

(a) Each high-pressure distribution system or 1
supplied from a source of hydrogen gas that is
higher pressure than the MAQP for the system, sh
equipped with pressure reguldtihg devices of adeq
capacity and designed to-meet the pressure, load,
other service condition§under which they will op
or to which they may-be subjected.

(b) In additionte the pressure regulating devices
scribed in (a) above, a suitable method shall be provj
to prevent aceidental overpressuring of a high-preq
distribution system. Suitable types of protective de}
to preyent overpressuring of high-pressure distriby
systends include

(1) relief valves as
PL-3.13.2(a)(1) and (2).

(2) weight-loaded relief valves.

(3) a monitoring regulator installed in series
the primary pressure regulator.

(4) a series regulator installed upstream fronj
primary regulator and set to limit the pressure ox
inlet of the primary regulator continuously to the M
of the distribution system or less.

(6) an automatic shutoff device installed in s
with the primary pressure regulator and set to shy
when the pressure on the distribution system reaches
the MAOP or less. This device must remain closed hintil
manually reset. It should not be used where it might
cause an interruption in service to a large number of
customers.

(6) spring-loaded, diaphragm-type relief valv:

pre-
ided
sure
rices
tion

prescribed in p4ras.

with

the
)} the
AOP

bries
t off

PS.

PL-3.13.4 Maximum Allowable Operating Pressu

This pressure shall be the maximum pressure to which
the system can be subjected in accordance with the
requirements of this Code. It shall not exceed either of
the following:

(a) the design pressure of the weakest element of the
system as defined in para. GR-1.5

(b) the maximum safe pressure to which the system
should be subjected based on its operation and mainte-
nance history
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PL-3.13.5 Control and Limiting of the Pressure of
Hydrogen Gas Delivered From
High-Pressure Distribution Systems

When the pressure of the hydrogen gas and the
demand by the customer are greater than those applica-
ble under the provisions of this paragraph, the require-
ments for control and limiting of the pressure of
hydrogen gas delivered are included in para. PL-3.13.3.

than 60 psi. A device shall be installed between the
secondary regulator and the service regulator to limit
the pressure on the inlet of the service regulator to 60 psi
or less in case the secondary regulator fails to function
properly. This device may be either a relief valve or an
automatic shutoff that shuts if the pressure on the inlet
of the service regulator exceeds the set pressure (60 psi
or less) and remains closed until manually reset.

(a)1f the MAQOP of the distribution system js 60 psig (2) a. service regulator and a monitoring regulator
or less, and a service regulator having the characteristics St to limit to a maximum safe value the pressyre of the
listefl below is used, no other pressure limiting device ~ 835 delivered to the customer.
is required: (3) a service regulator with a reliefwalve yented to

(1) a pressure regulator capable of reducing distri- the outside atmosphere, with the relief valve seft to open
butipn line pressure, psi, to pressures recommended for SO that the pressure of gas going to-the customer shall
houpehold appliances, inches of water column not gxceed a maximum safe \_/alue. The relief valve may

(2) a single port valve with orifice diameter no be either bl'llk into the service regulator or thay be a
greafter than that recommended by the manufacturer for ~ Separate unit installed downstream from the sefvice reg-
the naximum gas pressure at the regulator inlet ulator. Thls.combmatlon may be used .alone only in cases

(3) a valve seat made of resilient material designed where the inlet presstre on t},1e service regule tor does
to withstand abrasion of the hydrogen gas, impurities not exceed the r.nanufacturer S Sf:.lf.e working |pressure
in ghs, and cutting by the valve, and designed to resist rating of the service regulator, and itis not re@mmended
perthanent deformation when it is pressed against the for use whess the mlet.pressgre on the service fegulator
valve port .exceeds 125.psi. For higher inlet pressures, thg method

(4) pipe connections to the regulator not in (1) Qx(2) above should be used.
excqeding NPS 2 . . . PL:3.13.6 Requirements for Design of Pressure-Relief

. |®) the capability under normal operating condi- and Pressure-Limiting Installationj
tion$ of regulating the downstream pressure within the
necgssary limits of accuracy and of limiting the buildup (a) Pressure-relief or pressure-limiting devicps except
of pfessure under no-flow conditions to no more than ~ rupture disks shall
509 over the normal discharge pressure maintained (1) be constructed of materials such that the opera-
undpr flow conditions tion of the device will not normally be impaired by

(6) a self-contained service regulator with/no exter-  corrosion of external parts by the atmosphere of internal
nal $tatic or control lines parts by gas

(b) If the MAOP of the distribution.system is 60 psig (2) have valves and valve seats that are flesigned
or I¢ss, and a service regulator met-having all of the not to stick in a position that will make the devige inoper-
chatacteristics listed in (a) aboyeis used, or if the gas ative and result in failure of the device to pdrform in
contpins materials that seriously.interfere with the oper- ~ the manner for which it was intended
ation of service regulators, stitable protective devices (3) be designed and installed so that they can be
shal| be installed to prévent unsafe overpressuring of  readily operated to determine if the valve is [free, can
the ¢ustomer’s appliances, should the service regulator ~ be tested to determine the pressure at which they will
fail. [Some of the suitable types of protective devices to ~ operate, and can be tested for leakage when in the closed
previent overpressuring of the customers’ appliances are  position

(1) a monitoring regulator (b) Rupture discs shall meet the requirenjents for
(2) asrelief valve design as set out in the ASME BPV Code, Secfion VIII,
(3).an automatic shutoff device Division 1.

T i i rts of all

the service regulator or as a separate unit.

(c) If the MAOP of the distribution system exceeds
60 psig, suitable methods shall be used to regulate and
limit the pressure of the gas delivered to the customer
to the maximum safe value. Such methods may include
the following;:

(1) a service regulator having the characteristics
listed in (a) above and a secondary regulator located
upstream from the service regulator. In no case shall the
secondary regulator be set to maintain a pressure higher

pressure relief devices shall be located where gas can
be discharged into the atmosphere without undue haz-
ard. As it is likely that hydrogen will ignite spontane-
ously when released, consideration should be given to
all exposures in the immediate vicinity when deciding
on the location of a vent to atmosphere. API 521 should
be used to determine a safe setback distance from hydro-
gen vents. The possibility of ignition may be reduced
by injecting an inert gas into the vent stack. Where
required to protect devices, the discharge stacks or vents

g
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shall be protected with rain caps to preclude the entry
of water. A permanent flare shall be installed if the
presence of a flame at the stack or vent is considered
unacceptable. A discharge rod welded to the vent must
be extended above the gas discharge point so normal
venting GHj is always below the flammability point at
the discharge rod tip for systems with static vent stacks
where ignition of the vented GH, is a concern.

(d) The size of the openings, pipe, and fittings located

capacity and shall be set to operate to prevent the pres-
sure from exceeding the following levels:

(1) Other than in low-pressure distribution sys-
tems, the required capacity is at the MAOP plus 10%.

(2) For low-pressure distribution systems, the
required capacity is a pressure that would cause the
unsafe operation of any connected and properly
adjusted gas burning equipment.

(3) When more than one pressure-regulating or

between| the system to be protected and the pressure

compressor station feeds into the pipeline or distribytion

relieving device and the vent line shall be of adequate ~ system and pressure relief devices are installedat puch
size to pfrevent hammering of the valve and to prevent  stations, the relieving capacity at the remotestationmay
impairment of relief capacity. be taken into account in sizing the relief devices at fach
(e) Pr¢cautions shall be taken to prevent unauthorized ~ station. In doing this, however, the assumed refote
operatioh of any stop valve that will make a pressure re.li(.eving capacity must b.e limited to, the Capacity. the
relief valve inoperative. This provision shall not apply ~ PIping system to transmit gas to\the remote locati¢n or
to valve$ that will isolate the system under protection 0 the capacity of the remoté.selief device, whichever
from its gource of pressure. Acceptable methods forcom- 1S less.
plying with this provision are as follows: (4) Where the safety.device consists of an additjonal

regulator thatis associated with or functions in comlpina-

(1) Lock the stop valve in the open position. Instruct ) . . .
authorizpd personnel of the importance of not inadver- tion with one Or rpore regulator§ In a Series arrange ept
tently legving the stop valve closed and of being present ;%lceoggeoclkosrslgzlllt }Z}elerr}:;fisesu;;;:eac}}):glil sg :ﬁ’:ﬁe Il?e, SCI;:::
during the entire pgrigd that the stop Ya}lve is closed so ducted to determine that t}.1e equipment will operafte in
,{Sz‘t]e&:ﬁz’ lcoacr;égi( it in the open position before they a satisfaetoty manner to prevent any pressure in excess
) . . of the(@stablished MAOP of the system, should any one
2) nsta}l dupllfzate relief valves, each having ade- ¢ yye" aqsociated regulators malfunction or remajn in
quate cgpacity by itself to protect the system, and 0 wide-open position.
arrange fhe isolating valves or three-way valve so that
mechanifally it is possible to render only one safety
device ifoperative at a time. PL-3.14 UPRATING
(f) Prgcautions shall be taken to prevent unauthotized This section preseribes minimum requirement} for
operatioh of any valve that will make pressure limiting uprating pipelines or mains to higher MAOPs
devices noperative. This provision applies-toisolating (1) A higher MAOP established under this' sedtion
valves, blypass valves, and valves on controlor float lines may not exgcee d the design pressure of the weakes{ ele-
that are Ipcated between the pressure limiting device and ment in the segment to be uprated. It is not intended that
the systgm that the device protects. A-method similarto 3 | requirements of this Code be' applied retroact{vely
(e?(l) ab. ve Sh?u be considered axadptable in complying to such items as road crossings, fabricated assemblies,
with thiy provision. minimum cover, and valve spacings. Instead/ the
(§) When a monitoringregtilator, series regulator, sys- requirements for these items shall meet the criteria df the
tem relief, or system Shutoff is installed at a district operating company before the uprating is perforfned.
regulatof station to.protect a piping system from over- (b) A plan shall be prepared for uprating that ghall

pressur
installed|

ng, thesinstallation shall be designed and
to prevent any single incident, such as an explo-
sion in 4 vaudt'or damage by a vehicle, from affecting
the opergtion of both the overpressure protective device

include a written procedure that will ensure complipnce
with each applicable requirement of this section.

(c) Before increasing the MAOP of a segment thaf has
been operating at a pressure less than that determlined

and the district regulator (see para. PL-3.15). Special
attention shall be given to control lines. All control lines
shall be protected from falling objects, excavations by
othérs, or other foreseeable causes of damage, and shall
be designed and installed to prevent damage to any one
control line from making both the district regulator and
the overpressure protective device inoperative.

(h) Each pressure relief station, pressure limiting sta-
tion, or group of such stations installed to protect a
piping system or pressure vessel shall have sufficient

146

by para. PL-3.13.2(b), the following investigative and
corrective measures shall be taken:

(1) The design, initial installation, method, and
date of previous testing, Location Classes, materials,
and equipment shall be reviewed to determine that the
proposed increase is safe and consistent with the require-
ments of this Code.

(2) The condition of the line shall be determined
by leakage surveys, other field examinations, and exami-
nation of maintenance records.
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(3) Repairs, replacements, or alterations disclosed
to be necessary by (c)(1) and (c)(2) above shall be made
prior to the uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed
MAOP.

(e) When gas upratings are permitted under (b)
above, the gas pressure shall be increased in increments,

or difficulties created by taking it out of service or
because of other operating conditions, a higher MAOP
may be established in Location Class 1 as follows:

(-a) perform the requirements of (c) above.

(-b) select a new MAOP consistent with the con-
dition of the line and the design requirements of this
Code, provided the new MAOP does not exceed 80%
of that permitted for a new line to operate under the
same conditions and the pressure is increased in incre-

with} a leak survey performed after each incremental = ments as provided in (c) above

incr¢ase. The number of increments shall be determined

by the operator after considering the total amount of

the pressure increase, the stress level at the final MAOP, PL-3.15 VALVES

the known condition of the line, and the proximity of  pj.3 151 Required Spacing of Valves

the Jine to other structures. The number of increments ) o ) )

shal| be sufficient to ensure that any leaks are detected (a) Sectionalizing valvesshall be installed in new

befdre they can create a potential hazard. Potentially ~ fransmission p1pehne§ at tl}e. time of constructi¢gn. When

hazqrdous leaks discovered shall be repaired before fur- ~ determining the sectionalizing valve spacing,|primary

ther|increasing the pressure. A final leak survey shall ~ consideration shall besgiven to locations thaf provide

be cpnducted at the higher MAOP. continuous accessibility to the valves. Othef factors
(f} The new MAOP shall not exceed the pressure involve the conservation of gas, time to blow down

allowed by the steel pipe design formula [para. the isolated Section, continuity of gas service, rjecessary

PL-1.7.1(a)]. oPer.ating flexibility, expec.ted futu.re c’h.eve opment
(9) Records for uprating, including each investigation w1th1.n. the valve spacing section, and significar t.natural

required by this section, corrective action taken, and conch.tlons that may adversely affect the operdtion and

prespure test conducted, shall be retained as long as the segyity of t.he line. . . . .

faciltties involved remain in service. (b) Notwithstanding the considerations in (f) above,
(i) The MAOP of steel pipelines or mains may be the spacing between valves‘ on a new transmigsion line

incre¢ased after compliance with (c) above and one\of shall not excg?d the following: . .

the Jollowing provisions: (1) 20 miinareas of predommantly Locat%cn Class 1

(1) If the physical condition of the line.as deter- (2) 15 minareas of predommantly LocatynClassZ

mingd by (c) above indicates the line is capable of with- (3) 10 fiin areas of predonynantly Locat.lcn Class 3

standing the desired higher operating pressure, is in (4) 5mi 1n areas (_)f pre-domlnantly Locatlon(?lassél

gengral agreement with the design requirements of this _(C) The spacing defined in (_b) above may be ad]ustefi

Codg, and has previously been testedto a pressure equal slightly to permita Valx./e tobe 1nsta11§('l. N a mOorg accessl-

to of greater than that required-by-this Code for a new ble locatlor.l, w1t}.1 continuous accessibility being the pri-

line [for the proposed MAOP-the'line may be operated ~ ™ary consideration. . ) )

at te higher MAOP. (d) No valves shall be installed in a confined space

(2) 1f the physical<ondition of the line as deter-  ©F in a vault unless adequate ventilation is prpvided.

mingd by (c) above indicates that the ability of the line . s e . .

to withstand the higher maximum operating pressure PL-3.15.2 Spacing of Valves on Distribution Mains

has pot been satisfactorily verified or that the line has Valves on distribution mains, whether for opgrating or

not been pregiously tested to the levels required by this ~ emergency purposes, shall be installed in high{pressure

Codp for anew line for the proposed higher MAOP, the  distribution systems in accessible locations to r¢duce the

line|may be operated at the higher MAOP if it shall ~ time to shut down a section of main in an emergency.

sucdesstully withstand the test required by this Code _In determining the spacing of the valves, consjderation

for a new line to operate under the same conditions.
(3) If the physical condition of the line as deter-
mined by (c) above verifies its capability of operating
. atahigher pressure, a higher MAOP may be established
- according to para. PL-3.13.2(b) using, as a test pressure,
* thehighest pressure to which the line has been subjected,
- either in a strength test or in actual operation.
3 (4) Ifitis necessary to testa pipeline or main before
. it can be uprated to a higher MAOP, and if it is not
- practical to test the line either because of the expense

147

should be given to the operating pressure and size of
the mains and local physical conditions, as well as the
number and type of consumers that might be affected
by a shutdown.

PL-3.15.3 Location of Valves

(a) Transmission System Valves
(1) Sectionalizing block valves shall be accessible
and protected from damage and tampering. If a blow-
down valve is involved, it shall be located where the
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gas can be blown to the atmosphere without undue
hazard.

(2) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations, an
operating device to open or close the valve shall be
readily accessible to authorized persons. All valves shall
be suitably supported to prevent settlement or move-
ment of the attached piping.

(3) Blowdown valves shall be provided so that each

(3) In the design of vaults for pressure-limiting,
pressure-relieving, and pressure-regulating equipment,
consideration shall be given to the protection of the
installed equipment from damage, such as that resulting
from an explosion within the vault that may cause por-
tions of the roof or cover to fall into the vault.

(4) Where piping extends through the vault struc-
ture, provision shall be made to prevent the passage of

gases Qr ]ir}nir]c ﬂ'\rnngh the nppning and to avert strains

section pf pipeline between main-line valves can be

in the piping. Equipment and piping shall be stifably

blowr} wn to open a.tmosphere or.ﬂy. The sizes a.nd sustained by metal, masonry, or concrete supports{ The
capacity|of the connections for blowing dow'n. the line o) piping shall be placed and supported iin the yault
shal.l be suc'h that under emergency condl‘tlons the so that its exposure to injury or damage |is reducgd to
section jof line can be blown down as rapidly asis ..

racticalple. ’
P (56) Vault openings shall bedocated so as to thini-

(4) TThis Code does not require the use of automatic
valves, nfor does the Code imply that the use of automatic
valves pfesently developed will provide full protection
to a piping system. Their use and installation shall be
at the discretion of the operating company.

(b) Diktribution System Valves
valve shall be installed on the inlet piping of
lator station controlling the flow or pressure

mize the hazards of tools or other“objects falling on the
regulator, piping, or other equipment. The control piping
and the operating parts of-the equipment installed phall
not be located under,a vault opening where workimen
can step on them wlieh entering or leaving the vaylt or
pit, unless such _pdrts are suitably protected.

(6) Whefievér a vault opening is to be located a
equipment that could be damaged by a falling c

bove
bver,

valve angl the regulator or regulators shall be sufficientto ~ a circulai¢over should be installed or other suifable
permit the operation of the valve during an emergency,  precautions should be taken.
such as p large gas leak or a fire in the station. (¢) Accessibility shall be considered in selecting 4 site
(2) |[Valves on distribution mains, whether for  _for a vault. Some of the important factors to congider
operating or emergency purposes, shall be located in a_\\in selecting the location of a vault are as follows:
manner hat wiu provide ready access and facilitate the'ir (1) Exposure to Traffic. The location of vaulls in
operati n durlr.lg an emergency. Where a valye Ts street intersections or at points where traffic is heayy or
installed|in a.burled box or enclo.sure., (?nly 1.‘eady access dense should be avoided.
to the offerating stem or mechanism is implied. T'he box .
or enclosure shall be installed in a manner to avoid (2) Expos.ure to Fl(?oz.img. Vaults .should nqt be
transmitfing external loads to the maint loce.ated at points of minimum ele\'/atlor}, near datch
basins, or where the access cover will be in the cdqurse
of surface waters.
PL-3.16| VAULT PROVISIONS FOR DESIGN, (3) Exposure to Adjacent Subsurface Hazards. Vaults
CONSTRUCTION, AND INSTALLATION OF should be located as far as is practical from water, plec-
PIPELINE COMPONENTS tric, steam, or other facilities.

(a) Valves and pregsute control stations shall prefera- (d) The top of the vault shall contain a ventilgtion
bly be irfstalled abowe-ground. Where it is not desirable ~ system designed to prevent the buildup of hydrqgen.
to instal] valves¢above ground, valves shall be placed  Vents associated with the pressure-regulating or pres-
in a condrete vault that has adequate ventilation. Vaults  sure-relieving equipment must not be connected t¢ the

shall be [used”only when there is no other practicable
alternatile!

vault ventilation.
L)
{e

Sofiua

(b) Vaults for valves, pressure-relieving, pressure-
limiting, or pressure-regulating stations, etc., shall be
designed and constructed in accordance with the follow-
ing provisions:

(1) Vaults shall be designed and constructed in
accordance with good structural engineering practice to
meet the loads that may be imposed on them.

(2) Sufficient working space shall be provided so
that all of the equipment required in the vault can be
properly installed, operated, and maintained.
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(1) Provisions shall be made to minimize the
entrance of water into vaults. Nevertheless, vault equip-
ment shall always be designed to operate safely if
submerged.

(2) No vault containing hydrogen gas piping shall
be connected by means of a drain connection to any
other substructure, such as a sewer.

(3) Electrical equipment in vaults shall conform to
the requirements of ANSI/NFPA 70.
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PL-3.17 LOCATION FOR CUSTOMERS’ METER AND
REGULATOR INSTALLATIONS

(a) All hydrogen gas metering and associated facili-
ties shall be installed above grade and fully protected.

(b) Customers’ meter installations shall not be used
at a maximum operating pressure higher than the manu-
facturer’s rating for the meter.

(c) Meter and regulator installations shall be pro-

dframa vandalicoy o d Jdonoon
v taa

that exposure to excessive heat could adversely affect the
ability of the valve to prevent the flow of hydrogen gas.

(3) Avalveincorporated in a meter bar that permits
the meter to be bypassed does not qualify under this
Code as a service line valve.

(4) Service line valves on service lines with pressure
in excess of 60 psig, installed either inside buildings
or in confined locations outside buildings where the
blowing of gas would be hazardous, shall be designed

tectee—+row Re-ceiRase

(d) Meters and service regulators shall not be installed
whelre rapid deterioration from corrosion or other causes
is likely to occur, unless proven measures are taken to
protect against such deterioration.

and constructed to minimize the possibilify of the
removal of the core of the valve accidentally.or|willfully
with ordinary household tools.

(5) The operating company shalljmake ces
the service line valves installed on high-pressuge service

tain that

(e} A suitable protective device, such as a backpres- i itable for thi her b K hei
surejregulator or a check valve, shall be installed down- nes fre tsulta be or t 15 .use,t}ellt ter ; y mad iné t tilr
streqm of the meter under the following conditions: own fests or by reviewlnighe tests ma y the

(1) If the nature of the utilization equipment is such manuiacturers. - /
that|it may induce a vacuum at the meter, install a back- (6) On service linesdesigned to operate at pressures
pressure regulator downstream from the meter in excess of 60 psig,.the service line valves shall be the
(2) Install a check valve or equivalent if the utiliza- equivalent of a pressure lubricated valve or a needle
tion type valve. Other types of valves may be usqd where

equipment might induce a backpressure or the gas

utilifation equipment is connected to a source of oxygen . . .
or ¢ mpress% d Eir Y& they areuitable for this kind of service.
(f] All service regulator vents and relief vents, where (c) Location of Service Line Valves

tests by the~thanufacturer or by the user indicate that

(1 Service line valves shall be installed of all new

required, shall terminate in the outside air in rain- and ) ! 4 : - )
inseft-resistant fittings. The open end of the vent shall Fvice lines '(mcludmg replac':ements) in aflocation
be lgcated where the gas can escape freely into the atmo- veadily accessible from the outside.

sphgre and away from any openings into the buildings
if a gegulator failure resulting in the release of gas occurs.
At Ipcations where service regulators might bé_sub-
merged during floods, either a special antifldod type
breajther vent fitting shall be installed or-the-vent line
shal] be extended above the height of the expected flood
waters.

(gp All meters and regulators shall be installed in such
a mgnner as to prevent undue stresses on the connecting
pipihg and/or the meter. Lead (Pb) connections or other
connpections made of material that can be easily damaged
shall not be used. The dse of standard weight close (all

(2) Valves shall be located upstream of the meter
if there is no regulator, or upstream of the regulator if
there is one.

(3) All service lines operating at a pressute greater
than 10 psig and all service lines NPS 2 or lagger shall
be equipped with a valve located on the sefvice line
outside of the building, except that whenever gas is
supplied to a theater, church, school, factory,|or other
building where large numbers of persons assgmble, an
outside valve will be required, regardless of the size of
the service line or the service line pressure.

(4) Underground valves shall be located fn a cov-

threpd) nipples is prohibited. ered durable curb box or standpipe designed fo permit
ready operation of the valve. The curb box or sfandpipe

PL-3.18 HYDROGEN GAS SERVICE LINES shall be suPported m'dep’endently of the servife 11F1§.
L. . (d) Location of Service Line Connections to Matn Piping.
PL-3.18.1_General Provisions Applicable to Steel It is recommended that service lines be connected to

Lines

(a
installed at a depth that will protect them from excessive
external loading and local activities, such as gardening,
landscaping, etc. It is required that a minimum of 24 in.
of cover be provided. Pipeline warning tape shall be
placed 6 in. above the service line.

(b) Types of Valves Suitable for Service Line Valves

(1) Valves used as service line valves shall meet the
applicable requirements of para. PL-2.2.2.

(2) The use of soft seat service line valves is not
recommended when the design of the valves is such

149

either the top or the side of the main. The connection

listallation of Service Iines Service lines shall be to the top of the main is preferred to minimize the possi-

bility of dust and moisture being carried from the main
into the service line.

(e) Testing of Service Lines After Construction. Each ser-
vice line shall be tested after construction and before
being placed in service to demonstrate that it does not
leak. The service line connection to the main need not
be included in this test if it is not feasible to do so. Test
requirements are as follows:

(1) Service lines to operate at a pressure of less than
1 psig, which do not have a protective coating capable
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of temporarily sealing a leak, shall be given a standup
air or gas pressure test at not less than 10 psig for at
least 5 min.

(2) Service lines to operate at a pressure of less
than 1 psig, which have a protective coating that might
temporarily seal a leak, and all service lines to operate
at a pressure of 1 psig or more, shall be given a standup
air or gas pressure test for at least 5 min at the proposed
maximum operating pressure or 90 psig, whichever is

(2) Steel service lines, where installed underground
under buildings, shall be encased in a gas-tight conduit.
When such a service line supplies the building it sub-
tends, the conduit shall extend into a normally usable
and accessible portion of the building. At the point
where the conduit terminates, the space between the
conduit and the service line shall be sealed to prevent
the possible entrance of any gas leakage. The casing
shall be vented at a safe location.

greater. $ervice lines of steel, however, that are operating
at hoop [stress levels of 20% or more of the specified
minimEm yield strength shall be tested in accgrdance PL-3.19 INSPECTION AND EXAMINATION
with the requirements for testing mains. (See para. Inspection and NDE examinations ¢@f weldments or
PL-3.10. brazements for the construction of pipeline sys{ems
L intended to operate at hoop stress levels of 20% or more
PL-3.18.0 Steel Service Lines of the specified minimum yield ‘stfength are
(a) Design of Steel Service Lines (a) The quality of each welded or brazed conne¢tion

(1) Bteel pipe, when used for service lines, shall ~ shall be examined by visgalinspection.
conformito the applicable requirements of Chapter GR-2. (b) Inaddition, when'$pecified by engineering depign,

(2) Bteel service pipe shall be designed in accor- Welds shall be gxamir.led through r.adiogrjaphic exanfina-
dance wjith the requirements of para. PL-3.7.1. Where tion, ultrasonic festing, magnetic particle testing, or
the presgure is less than 100 psig, the steel service pipe ~ Other comparable’and acceptable methods of nopde-
shall be |designed for at least 100 psig pressure. structive testing. o _

(3) PBteel pipe used for service lines shall be installed (c) Theollowing minimum number of field fbutt
in such 4 manner that the piping strain or external load- ~ Welds shall be selected on a random ba51s,by the organi-
ing shal] not be excessive. zatien (fabricator/erector) from each day’s construgtion

(4) |All underground steel service lines shall be for examingtion. .Eac}} weld so selected shal'l be exam-
joined by threaded and coupled joints, compression-type ined over its entire circumference. The minimum|per-
fittings, [or by qualified welding or brazing methods, centages shall. b(? as follows or as specified by
procedufes, and operators. engmeerm;g design: ) )

(b) Ingtallation of Steel Service Lines in Bores gj 1(5)(;0 gi xggz 12 II:SEZEEE 82: ;

(1) When coated steel pipe is to be installed as a (3) 40 0/0 of welds in Location Class 3'
service line in a bore, care shall be exercised .to prevent 00 3 3 ’
damage [to the coating during installation: (4) 75% o of welds in Lo.catlon Class 4. )

(2) When a service line is to be/installed by boring (5_) 100% of .the wel.ds In compressor s.tatlops, and
or drivinng, and coated steel pipe-is'to be used, it shall at quor or “a“,gable Tver Crossings, ma]or hlgl.r way
not be used as the bore pipe or dfive pipe and left in ~ CTOSSIN8S, and railroad crossings, if practlcalf but ih no
the grouind as part of the service line unless it has been ~ <25¢ less than 90%. All tie-in wel.ds not subjected|to a
demonstirated that the coating is sufficiently durable to pressure p rC.)Of t'est shall be examined.
withstar}d the boring of.driving operation in the type of (d). Examlnatlgn Of. brazements shall be selected as
soil involved withoutsignificant damage to the coating. specified by engineering design.

Where sifgnificant’damage to the coating may result from ] . .

boring ¢r driying, the coated service line should be PL-3.19.1 InsPe_Ct'or' Provision (Quality

installedin arrpversized bore or casing pipe of sufficient Examinations)

diametef to accommodate the service pipe. (a) The organization (fabricator/erector) shall fpro-

(c) Coated Pipe. In exceptionally rocky soil, coated
pipe shall not be inserted through an open bore if signifi-
cant damage to the coating is likely.

(d) Installation of Service Lines Into or Under Buildings

(1) Underground steel service lines, when installed
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or otherwise
protected against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall to prevent
entry of gas or water into the building.
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vide the required procedures and qualified personnel
suitable for inspections and examinations. Chapters
GR-4 and GR-6 apply.

(b) The installation inspection provisions for pipe-
lines and other facilities to operate at hoop stresses of
20% or more of the specified minimum yield strength
shall be adequate to make possible the following exami-
nations at sufficient intervals to ensure good quality of
workmanship:

(1) fit-up of the joints before the weld is made
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(2) root pass before subsequent weld passes are
applied

(3) completed welds before they are covered with
coating

(4) surface of the pipe for serious surface defects
just prior to the coating operation [see para.
PL-3.7.6(a)(2)]

(56) condition of the ditch bottom just before the
pipe-s lowered in, except for offshore pipelines

(d) the assembly of threaded, bolted, and other joints
shall satisfy the examiner that they conform to the appli-
cable requirements of para. PL-2.2. When leak testing is
to be performed, all threaded, bolted, and other mechan-
ical joints shall be examined.

(e) examination during erection of piping, including
checking of alignment, supports, and cold spring.

(f) examination of erected piping for evidence of
defects that would require repair or replacement, and

(6) surface of the pipe coating as it is lowered into
ditch to find coating lacerations that indicate the
might have been damaged after being coated

(7) fit of the pipe to the ditch before backfilling
(8) repairs, replacements, or changes ordered
before they are covered

(9) special tests and examinations as are required
by the specifications, such as nondestructive testing of
weldls and electrical testing of the protective coating
(10) backfill material prior to use and observe back-
fill grocedure to ensure no damage occurs to the coating
in thhe process of backfilling

the
pip§

PL-3.19.2 Examination Requirements

Examination of welds must be conducted by NDE
personnel. Chapter GR-4 applies. The following exami-
natipn and tests for quality control of welds on hydrogen
pipdline systems must be conducted:

(a) Each weld shall be visually examined.

(b) In addition, all butt welds shall be examined
through radiographic examination or ultrasoni¢-testing.
Fillgt and socket welds shall be examined by-magnetic
partlicle testing, or other comparable and acceptable
methods of nondestructive testing. Each weld shall be
exathined over its entire circumference.

(c) If a circumferential weld ¢cgtirs in a bend section,
or if|postweld heat treating has been performed, nonde-
strugtive testing shall be done after these procedures.

PL-3.19.3 Verifications and Examinations

Qfuality controlverifications and NDE visual examina-
tiong shall be-performed based on the following require-
ments. NDE\visual examination shall be as defined in
Chapter/GR-1. Visual examinations of welds and compo-
nents shall be performed in accordance with ASME BPV

for other evident deviations from the intent ofithle design.
(g) 100% visual examination of all joints carrying non-

odorized hydrogen in areas accessiblé)te thq general
public.
(h) in-process examination comprising of ¢xamina-

tion of welding and brazing, including
(1) applicable procedures with proper qualifica-
tions and certifications

(2) welding or brazing personnel with proper quali-
fications and certifications

(3) joint preparation and cleanliness

(4) prehéating

(5) fitcup, joint clearance, and internal alignment
prior to joining

(6) filler material

(7) welding position and electrode

(8) brazing position, cleaning, fluxing, brazing tem-
perature, proper wetting, and capillary action

(9) welding condition of the root pqss after

cleaning — external and, where accessible, infernal —
aided by liquid penetrant or magnetic particle ¢xamina-
tion when specified in the engineering design|
(10) welding slag removal and weld ¢
between passes
(11) appearance of the finished joint to be
for final NDE and leak tests

(i) Acceptance Criteria for Weldments. ND|
examination criteria shall be based on the requ
of API 1104 and the specified requirements
neering design.

(j) Acceptance Criteria for Brazements. Final ¢xamina-
tion of brazements shall be performed basedl on the
definition of visual examination. Visual exagnination
shall include postbraze cleaning of brazed deI:)sit and
affected base metal. The following indications}| defects,
or conditions are unacceptable:

ndition
suitable
E visual

irements
of engi-

Code Section V, Article 9, including the following:

(a) materials, components, and products shall satisfy
the Quality Control examiner that they conform to speci-
fied requirements.

(b) 100% visual examination of all weldments and
brazements.

(c) 100% visual examination of longitudinal weld-
ments used for the fabrication of pipe and pipe compo-
nents. This does not include the manufacturing of pipe
or pipe components to a specification or standard.
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(1) cracks

(2) lack of fill

(3) voids in brazed deposit

(4) porosity in brazed deposit

(5) flux entrapment

(6) noncontinuous fill

(7) base metal dilution into brazed deposit

(8) unsatisfactory surface appearance of the brazed
deposit and base metal, caused by overheating resulting
in porous and oxidized surfaces
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PL-3.19.4 Radiographic Examination

Radiographic examination shall be performed based
on the following requirements:
(a) Weldments and Components
(1) Examinations shall be performed in accordance
with API 1104 or ASME BPV Code Section V, Article 2,
referencing ASTM E390, Standard Reference

Radiographs for Steel Fusion Welds, and ASTM E1648,
Standard-ReferenceRadiographs—forExaminationof

(b) Brazements and Components. The extent of mag-
netic particle examination and the acceptance criteria
shall be specified by engineering design.

PL-3.19.7 Ultrasonic Examination

Ultrasonic examinations shall not be substituted for
radiography. Ultrasonic examination shall be used when
specified by engineering design and shall be performed
based on the following requirements:

Alumindm Fusion Welds. (a) Ultrasonic examination of welds shall be [per-

(2) When radiographic examination is required for forrr.led in accqrdance with API1104 or ASMEBPY (ode
completg joint penetration weldments (circumferential, ~ Section V, Article 5'. ]
longitudfinal, branch, and miter joint connections), the (b) Acceptance criteria shall be based’on APT 104.
full lenpgth i f f th 1d shall b .

oenptn of cicumierence of The Weld Shal %€ pL-3.19.8 Hardness Control and Testing
radiographed.

(3) |Acceptance criteria shall be based on the Hardness testing shall be condticted for weldingland
requirenfents of API 1104 and the specific requirements ~ brazing procedure qualificatiofitests, hot and cold [bent
of enginkering design. formed piping, pipe components, production weld-

(b) Brizements and Components. The extent of radio- ~ ments, and brazementst
graphic fexamination and the acceptance criteria shall (a) Welding Procedute Qualifications. Hardness teting
be specified by engineering design. for welding procedure qualification for materials fgund
in Table GR-2.1.152 shall be carried out using eithef the
PL-3.19.5 Liquid Penetrant Examination Vickers HVY0 or HV 5 method in accordance ith
Liquid penetrant examination (for ferrous or nonfer- QSTM 592’ or the EOCkWQH nllethod 1? ac.cordanceawith
rous materials) shall be performed based on the follow- STM 18 using t © 15N scale. For atuminum andaiu-
ing requjrements: minunalloy materials, hardness testing shall be cafried
out in accordance with ASTM B648.
(a) Weldments and Components .
. . The HRC method may be used for welding procedure
(1) Examinations shall be performed in accordance e ;
. . . qualification if the design stress does not exceed fwo-
with ASME BPV Code Section V, Article 6. . . e
. o thirds of SMYS and the welding procedure specificdtion
(2) [Liquid penetrant examination shall be per= .
‘ 3 1 weld ) hvd . includes postweld heat treatment.
ormed on all welds connecting to hydrogen piping sys- Other hardness testing methods for welding pfoce-
tem confponents which are not radiographed: d lificati ;
N ). ure qualification may be allowed when permittefl by
.(3) cher examinations shall be as specified by engineering design.
engineeting design. o Hardness survey shall be performed at nine diff¢rent

.( 4) [Acceptance criteria shall b.e' basec} onthe  5cations. These include three different locations eqtally
requlre.menfcs of API 1104 and the specific requirements spaced (top, middle, bottom) on the weld metal|and
of enginpering design. o its corresponding HAZ on each side of the weld| An

(b) Brygzements and Compgnents. The extent of liquid  j)ternate survey may be specified by the material spgcifi-
penetrarjt examination and\the acceptance criteria shall  ation and/or the engineering design.
be specified by engineeting design. (1) Hardness testing limits after PWHT shall b¢ per
PL-3.196 M i Particle E .. Table IP-10.4.3-2. Other hardness testing limits shall be
-3.19. agngie¥article Examination based on the material specification and/or the ¢ngi-
Magné¢tic particle examination (for ferrous materials)  neering design.
shall be perfornied based on the following requirements: (2) The hardness data shall be reported on the qual-
(a) Wdldments and Components ified WPS/POR.

(1) Examinations shall be performed in accordance
with ASME BPV Code Section V, Article 7.

(2) Magnetic particle examination shall be per-
formed on all welds connecting to hydrogen piping sys-
tem components which are not radiographed.

(3) Other examinations shall be as specified by
engineering design.

(4) Acceptance criteria shall be based on the
requirements of API 1104 and the specific requirements
of engineering design.
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(b) Brazing Procedure Qualifications. The hardness test-
ing method, area of survey, and acceptance limits shall
be in accordance with ASTM E92 for materials found
in Table GR-2.1.1-1. For aluminum and aluminum alloy
materials, hardness testing shall be carried out in accor-
dance with ASTM B648.

(c) Production Weldments

(1) Hardness testing minimum shall be based on
the following design criteria:
(-a) < 40% SMYS: 5%
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(-b) = 40% SMYS: 20%
(-¢) 22,000 psig and all cyclic service: 100%

(2) Hardness readings shall be taken with a porta-
ble hardness tester in accordance with ASTM A833 or
ASTM E110. Other hardness testing techniques may be
applied when specified by the engineering design.

(3) Hardness testing survey shall be performed as
follows:

(-a) The minimum number of hardness test loca-

PL-3.21 STEEL PIPELINE SERVICE CONVERSIONS

The intent of this section is to set out requirements to
allow an operator of a pipeline previously used for ser-
vice not covered by this Code to qualify that pipeline
for service under this Code. For a dual service pipeline
used alternately to transport natural gas under
ASME B31.8 or hydrogen under this Code, only the

initial conversion to hydrogen service requires qualifica-
Hon I'och'ng The I:n”nnn’ng pvnnor]I we-shallbe Followed:

tionp shall be based on pipe diameters: < NPS 6, one
test fequired; 6 < NPS <12, two tests required; > NPS 12,
threg tests required.

(-b) Testing at multiple locations shall be at
equdlly spaced intervals of 0 deg, 90 deg, and 180 deg.
The ftests shall include weld metal and its corresponding
HAZY on each side of the weld.

(4) Hardness testing conditions and limits are as

or FCAW process shall be surveyed for hardness.
(-b) Non-PWHT (as-welded condition) weld-

mernts containing carbon steel filler metal with a mini-

murh of 1.6% Mn shall be surveyed for hardness.

(-c) Hardness testing shall be conducted after

PWHT of completed weldments for materials found in

Table GR-2.1.1-2.

(-d) The maximum hardness is 237 BHN. Other

hardness limits shall be as specified by the engineering

design.

Production Brazements. The hardness testing

method, area of survey, and acceptance limits shall be

spedified by the engineering design.

(e} Hot Bent and Formed Piping. The hardness testing
method, area of survey, and acceptance limits shall be
spedified by the material specification and/or the engi-
neeffing design.

(f] Cold Bent and Formed Piping. The hardness testing
method, area of surveyand acceptance limits shall be
spedified by the material specification and/or the engi-
neeffing design.

(gP Pipe Compouents. The hardness testing method,
areal of survey, ‘and acceptance limits shall be specified
by the material specification and/or the engineering
desipn.

(a) A risk assessment shall be carried qutjaccording
to para. PL-3.5, if the potential impact calculatipn [para.
PL-3.5(a)] requires this.

(b) Prepare a written procedure utlining th¢ steps to
be followed during the study and conversign of the
pipeline system. Note any unusual conditiond relating
to this conversion.

(c) Maintain for the lifé0f the pipeline a gecord of
the studies, inspections, tests, repairs, replacemgnts, and
alterations made injednnection with conversign of the
existing pipeline-to hydrogen service under th)is Code.

(d) Study<ll available information on the|original
pipeline désigh, inspection, and testing. Particulrar atten-
tion should be paid to welding procedures ysed and
other yoining methods, internal and external| coating,
piperand other material descriptions.

(e) Study available operating and maintenafice data,
including leak records, inspections, failures, [cathodic
protection, and internal corrosion control pragtices.

(f) Consider the age of the pipeline and the Jength of
time it may have been out of service.

(¢) Examine all above-ground segments of the pipe-
line for physical condition. During the exarlfnation,
identify the material, where possible, for comparison
with available records.

(h) Establish the number of buildings near the pipe-
line or main intended for human occupancy and deter-
mine the design factor for each segment in acfordance
with para. PL-3.2 and Table PL-3.7.1-1.

(i) The MAOP shall be determined by the stegl piping
design formula in para. PL-3.7.1(a), taking intq account
any changes in Location Class since original ¢onstruc-
tion. It shall not exceed 2,220 psi.

(j) The material performance factor, Hy, shall pe deter-
mined from Chapter GR-2 and the hydrostatic|test data
available, using the material description from| the mill
certificates if these are in the owner’s pOssess ion.

PL-3.20 REPAIR OR REMOVAL OF DEFECTIVE
WELDS IN PIPING INTENDED TO OPERATE
AT HOOP STRESS LEVELS OF 20% OR
MORE OF THE SPECIFIED MINIMUM YIELD
STRENGTH

Defective welds shall be repaired or removed. If a
repair is made, it shall be in accordance with API 1104.
Welders performing repairs shall be qualified in accor-
dance with para. GR-3.2.4.

(k) If the original mill certificates are unavailable, the
material description shall be determined by chemical
and physical analysis of samples of the pipeline material.
The sampling rate shall be one examination per mile
of pipeline. The material performance factor, Hy, for a
pipeline shall be the lowest value obtained from any of
the samples.

(I) The pipe material shall be qualified to meet either
Option A or Option B requirements for fracture control
and arrest shown in para. PL-3.7.1(b). If the material
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cannot be qualified, the MAOP shall be selected to limit
hoop stress to 40% SMYS of the pipe at all points on
the pipeline.

(m) An evaluation shall be carried out for any factors
that may have caused a reduction in wall thickness dur-
ing the operating life of the pipeline. These include
imperfect cathodic protection, internal corrosion caused
by products or contaminants being transported, and
damage due to surface activities.

pipeline shall be done using a suitable internal inspec-
tion device. The wall thickness, t, used in the steel piping
design formula [see para. PL-3.7.1(a)] shall be the mini-
mum wall thickness determined by the internal inspec-
tion. Alternatively, suitability of the pipeline may be
evaluated by using the rules of ASME B31G.

(p) 1f internal inspection of the pipeline is not carried
out, a hydrostatic test shall be performed. The test
pressure to be used to confirm the MAOP calculated in

(n) Weld and base metal coupons shall be subject to {1 above Shat be the Lest pressure Ootaned at I %gh

. ) elevation point of the minimum strength test_sé¢tion

lellborato 'y analysis to assess the presence of weld 1nch%- and shall not be higher than the pressure.-fequirdd to
sions (sych as slag), hardness, yield strength, and ulti- produce a stress equal to the yield strength’ as dpter-

mate tersile strength. A minimum of one sample per
mile shquld be examined.

mined by testing.
() Determine that all valves, flanges, and dther

(0) If there is reason to believe that there has been a pressure-rated components have-adequate ratings
reductiop in wall thickness since original construction, (r) The pipeline depth of cever/is to be as statgd in
measurement of wall thickness along the length of the  para. PL-3.7.3.
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MANDATORY APPENDIX |
DESIGN OF ABOVEGROUND HYDROGEN GAS PIPELINE
FACILITIES

I-1 | COMPRESSOR STATIONS

I-1.1 Compressor Station Design

H1.1.1 Location of Compressor Building. The main
comjpressor building for hydrogen gas compressor sta-
tiong shall be located at such clear distances from adja-
cent| property not under control of the company as to
minfmize the hazard of communication of fire to the
comjpressor building from structures on adjacent prop-
erty| Sufficient open space should be provided around
the Puilding to permit the free movement of firefighting
equipment.

111.1.2 Building Construction. All compressor sta-
tion|buildings that house hydrogen gas piping or equip-
ment handling hydrogen gas shall be constructed of
non¢ombustible or limited combustible materials.
IH1.1.3 Exits. A minimum of two exits shall be pro-
viddd for each operating floor of a main compressor
builfling, basements, and any elevated walkway-or plat-
fornp 10 ft or more above ground or floor lével. Individ-
ual ¢ngine catwalks shall not require two-exits. Exits of
eacl] such building may be fixed ladders, stairways, etc.
The maximum distance from any point on an operating
floof to an exit shall not exceed 75 ft, measured along
the ¢enterline of aisles or walkways. Exits shall be unob-
strugted doorways located so as to provide a convenient
posdibility of escape and'shall provide unobstructed pas-
sagd to a place of safety. Door latches shall be of a type
that|can be readily‘opened from the inside without a
key.[All swinging doors located in an exterior wall shall
swing outward.

|
orp
pressor station in an emergency shall be prov1ded with
a minimum of two gates. These gates shall be located
so as to provide a convenient opportunity for escape to
a place of safety. Any such gates located within 200 ft
of any compressor plant building shall open outward
and shall be unlocked (or capable of being opened from
the inside without a key) when the area within the enclo-
sure is occupied. Alternatively, other facilities affording
a similarly convenient exit from the area may be
provided.

1.1.4)Fenced Areas. Any fence that may hamper
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I-1.2 Electrical Facilities
All electrical equipment and wiring installed
gen gas transmission and distributioh compre
tions shall conform to the requirements of N
insofar as the equipment corhimercially avail
mits. Electrical installations 1o¢ated in hazarda
as defined in NFPA 70, and that are to remain
tion during compressor;station emergency sh
as provided in para.-#-1.3.2.1(a), shall be des
conform to NFPA/0'for Class I, Division 1 requ
I-1.3 Compréssor Station Equipment
I-1.3.1\Fire Protection. Fire protection
should\be provided in accordance with the A
Insurance Association’s recommendations. I
pumps are a part of such facilities, their operat
fiot be affected by emergency shutdown facili
I-1.3.2 Safety Devices
I-1.3.2.1 Emergency Shutdown Facilities
(a) Each transmission compressor station sha
vided with an emergency shutdown system

n hydro-
ssor sta-
IFPA 70,
ble per-
us areas,
n opera-
utdown,
igned to
rements.

acilities
\merican

the fire
ion shall
ies.

station and the station hydrogen gas pipinjg
down. Operation of the emergency shutdow
also shall cause the shutdown of all hydrogen

gas is not hkely to create a hazard t0 the compressor
station or surrounding area, or cause any fire. Any blow-
down shall be made to an unconfined space.

(b) Each compressor station supplying hydrogen gas
directly to a distribution system shall be provided with
emergency shutdown facilities located outside the com-
pressor station buildings, by means of which all hydro-
gen gas can be blocked out of the station. These
shutdown facilities can be either automatic or manually
operated, as local conditions designate.
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I-1.3.2.2 Engine Overspeed Stops. Every compres-
sor prime mover, except electrical induction or synchro-
nous motors, shall be provided with an automatic device
that is designed to shut down the unit before the maxi-
mum safe speed of either the prime mover or driven
unit is exceeded.

1-1.3.3 Pressure Limiting Requirements in
Compressor Stations

1-1.3 apack s5H it
protectiye devices of sufficient capacity and sensitivity
shall be|installed and maintained to ensure that the
MAOP pf the station piping and equipment is not
exceeded by more than 10%.

I-1.3.3.2 Installation. A pressure relief valve or
pressure] limiting device, such as a pressure switch or
unloading device, shall be installed in the discharge line
of each positive displacement transmission compressor
between|the gas compressor and the first discharge block
valve. If i pressure relief valve is the primary overprotec-
tion devfice, the relieving capacity shall be equal to or
greater than the capacity of the compressor. If the relief
valves oh the compressor do not prevent the possibility
of overpressuring the pipeline as specified in para.
PL-3.13, p pressure-relieving or pressure-limiting device
shall be installed on the pipeline to prevent it from being
‘overpregsured beyond the limits required by this Code.
“Any pregsure relief shall discharge to unconfined space
-and be remote from any hazards.

: I-1.3.3.3 Venting. Vent lines provided to exhaust
‘the hydrpgen gas from the pressure relief valves to atmio-
‘sphere shall be extended to a location where the hydro-
‘gen gas may be discharged without undue hazard. Vent
lines shdll have sufficient capacity so that they“will not
inhibit the performance of the relief valve.\Any pressure
relief shpll apply to unconfined space and be remote
from any hazards. See CGA G-5.5-2004.

I-1.3.¢+ Cooling and Lubrication Failures. All hydro-
gen gas fompressor units shall-be equipped with shut-
down of alarm devices tovactivate in the event of
inadequgite cooling or ltbrication of the units.

I1-1.3.p Explosion Prevention
I-1.3.5.1 Mufflers. The external shell of mufflers
for engirjes using*hydrogen gas as fuel shall be designed

in accordlancewith good engineering practice and shall
be consttucted of ductile materials. It is recommended

I-1.3.6 Hydrogen Gas Detection and Alarm Systems

I-1.3.6.1 Each compressor building in a compres-
sor station where hazardous concentrations of hydrogen
gas may accumulate shall have a fixed hydrogen gas
detection and alarm system unless the building is con-
structed so that at least 50% of its upright side area
is permanently open to the atmosphere or adequately
ventilated by forced (Class 1, Division 1, as defined by

I-1.3.6.2  Except when shutdown of the syst¢m is
necessary for maintenance, each hydrogen gas-dete¢tion
and alarm system required by this section, shall

(a) continuously monitor the compressor building for
a concentration of hydrogen gas inmair*of not more fthan
25% of the lower explosive limit
(b) warn persons about to €nter the building and|per-
sons inside the building of the danger if that conceptra-
tion of hydrogen gas is;exeeeded

I-1.3.6.3 TheEpmpressor building configurgtion
shall be considefed in selecting the number, type |and
placement of-detectors and alarms.

I1-1.3.6.4 Alarm signals shall be unique|and
immediately recognizable, considering backgrqund
noise-aid lighting, to personnel who are inside or inpme-
diately outside each compressor building.

I-1.4 Compressor Station Piping

I-1.4.1 Hydrogen Gas Piping. The following arejgen-
eral provisions applicable to all hydrogen gas piping:
(a) Specifications for Hydrogen Gas Piping. All compres-
sor station hydrogen gas piping, other than instrurhent,
control, and sample piping, to and including connec-
tions to the main pipeline, shall be of steel and shalf use
a design factor, F, per Table PL-3.7.1(e)(2).
(b) Installation of Hydrogen Gas Piping. The provigions
of para. PL-3.7.4 shall apply, where appropriatp, to
hydrogen gas piping in compressor stations.
(c) Testing of Hydrogen Gas Piping. All hydroger} gas
piping within a compressor station shall be tested pfter
installation in accordance with the provisions of para.
PL-3.10.5 for pipelines and mains in Class 3 locatjons,
except that small additions to operating stations peed
not be tested where operating conditions make it

that all compartments of the muffler be manufactured
with vent slots or holes in the baffles to prevent hydrogen
gas from being trapped in the mulffler.

I-1.3.5.2 Building Ventilation. Ventilation shall be
ample to ensure that employees are not endangered
under normal operating conditions (or such abnormal
conditions as a blown gasket, packing gland, etc.) by
accumulations of hazardous concentrations of flamma-
ble hydrogen gases in rooms, sumps, attics, pits, or simi-
larly enclosed places, or in any portion thereof.

Tmpracticattotest:

(d) Identification of Valves and Piping. All emergency
valves and controls shall be identified by signs. The
function of all important hydrogen gas pressure piping
shall be identified by signs or color codes.

I-1.4.2 Fuel Gas Piping. The following are specific
provisions applicable to compressor station fuel hydro-
gen gas piping only:

(a) All fuel hydrogen gas lines within a compressor
station that serve the various buildings and residential
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areas shall be provided with master shutoff valves
located outside of any building or residential area.

(b) The pressure-regulating facilities for the fuel
hydrogen gas system for a compressor station shall be
provided with pressure-limiting devices to prevent the
normal operating pressure of the system from being
exceeded by more than 25%, or the MAOP by more
than 10%.

(c) Suitable provision shall be made to prevent fuel

I-2.2.7 Piping in which liquids may accumulate
shall be provided with drains or drips.

I-2.2.8 The arrangement of piping and supports
shall be designed to provide not only for safety under
operating stresses, but also to provide protection for the
piping against detrimental sagging, external mechanical
injury, abuse, and damage due to unusual service condi-
tions other than those connected with pressure, tempera-

hydfogen gas from entering the power cylinders of an

‘ 1 . -1 il
LUIC, 4l SCIVILT VIUIdUUIL.

may be specified by the manufacturers of the instrument,
control apparatus, or sampling device, provided that the
safety of the pipe or tubing as installed is at least equal
to that otherwise required under the Code.

I-2.2.6  Piping that may contain liquids shall be
protected by heating or other suitable means from dam-
age due to freezing.

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

157

engine and actuating moving parts while 'work is in 1-2.2.9  Suitable precautions shall be takeh to pro-
progress on the engine or on equipment driven by the  tect against corrosion (see para. GR-5.811;2).
engine.
& I-2.2.10  Joints between sections of tubing and/
-2 | DESIGN OF INSTRUMENT, CONTROL, AND or Pipe, or between tubing angqr pipe and yalves or
ittings, shall be made in a manner suitable for [the pres-
SAMPLE PIPING X

sure and temperature conditions, such as by means of
::,I-2.:] Scope flared, flareless, and compiréssion type fittings, jor equal,
© 111 The requirements given in this section apply or they may be of the‘brazed, screwed, or SOCk? -welded
“to tHe design of instrument, control, and sampling piping ~ tyPe- If screwed-end valves are to be used with flared,
for gafe and proper operation of the piping itself and flare}ess, or cogpression .typ.e flttlngs, adapters are
“do ot cover design of piping to secure proper function- required. Sliptype expansion joints shall not [be used;
“ing pf instruments for which the piping is installed. expansiqn; shall be compensated for by providing flexi-

bility within the piping or tubing system itself.

12.1.2  This section does not apply to permanently
clos¢d piping systems, such as fluid-filled, temperature 1-2.2.11  After instrument, control, and sarpple pip-
resppnsive devices. ing’has been installed and filled with hydrogen/all joints

i ! ] shall be examined using a hydrogen gas dete¢tor. Any
I-2.2 Materials and Design leaks detected shall be repaired before the gystem is

I2.2.1  The materials employed for valves, fittings, =~ accepted for operational service.
tubihg, and piping shall be designed to meet the particu-

1 diti £ ice.
ar (onditions of service I3 MISCELLANEOUS PIPING ASSEMBLIES

42.2.2  Takeoff connections and attaching bosses, . . .
fittimgs, or adapters shall be made of suitable material ~ 1-3.1 Design and Location of Metering and Pressure/
and [shall be capable of withstanding.the maximum ser- Flow Control
vice| pressure and temperature of the piping or equip- 1-3.1.1  All pipi d pipi " ¢
merjt to which they are attached. They shall be designed T PIPIgG and pipmg componsifis, up 1o

. . : . ) and including the outlet stop valve(s) of inflividual
to sdtisfactorily withstand all siresses without failure by

- meter and pressure/flow control runs, shall| meet or
fatigue. . . . .

exceed the maximum design pressure of the inlpt piping

12.2.3 A shutoff\valve shall be installed in each  system. Threaded reducing bushings should nojt be used
takepff line as near‘as-practicable to the point of takeoff. ~ in pressure/ flow control facilities where they afe subject
Blowdown valves.shall be installed where necessary for  to high-frequency piping vibrations. The design require-
the |safe operation of piping, instruments, and  ments of para. PL-3.3 and Table PL-3.7.1(e)(2)|apply to
equipment. the design requirements of this section.

I 2.'2.4 Piping sgbject to clogging from 591id5 or I-3.1.2  All piping shall be tested in acfordance
dep sits shatt-be-provided-with-suitable-conneetionsfor—yithrpara PI=3-10and the Location Class Tequirements
cleaning. of Table PL-3.7.1(e)(2). Instrumentation devices such as

I-2.2.5  Pipe or tubing required under this section ~transmitters, recorders, controllers, etc., excluding test-

ing instrumentation, should be isolated from the piping
during the test. Test fluids shall be removed from piping
and piping components, and the piping purged. Purge
gas for cold gaseous hydrogen (GH,) lines shall be gas-
eous helium (GHe).

I-3.1.3  Safety setbacks from sources of ignition or
other potential hazards may be required.
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I-3.2 Metering Facilities

Particular consideration and attention shall be given
to sizing meter run blowdowns and/or flow restricting
plates for turbine and positive displacement meters.
Rapid depressurization of meter runs can damage or
destroy meters due to meter overspin and high differen-
tials and can endanger personnel.

I-3.3 Other (Nonmandatory) Considerations for
Meteri rees

G = gas gravity (0.0695)
P = minimum pipeline pressure, psia
R = universal gas constant
= 10.73 ft**psia/(Ib-mol*°R)
T = flowing gas temperature, °R
u, = erosional velocity, ft/sec
Z = compressibility factor at specified temperature
and pressure, dimensionless

1-3.3. Meter proving reduces measurement uncer-
tainty. Where meter design, size, and flow rate allow,
consider] installing meter proving taps.

I-3.3.2  Upstream dry hydrogen gas filter(s) should
be consiflered when installing rotary or turbine meters.
Particuldtes and pipeline dust can contaminate meter
lubricatihg oil and damage bearings and other internal
meter cqmponents.

I-3.4 Pressure/Flow Control Facilities

Overpressure protection shall be provided

e of
onitor regulator in series with a controlling
(each regulator run)

(b) adpquately sized relief valve(s) downstream of the
controllihg regulator(s)

(c) ovprpressure shutoff valve(s) upstream or down-
stream df the controlling regulator(s)

Installption of alarm devices which indicate primary
(controlling) regulator failure are useful and should be
considered for monitor regulator systems.

I-3.4.2  Each regulator supply, control, and-sénsing
line shall have a separate isolation valve fof isolation
purpose$ during regulator setup and maintenance, and
to prevent a safety device (i.e., monitor, regulator) from

up (intefnal and external) of regulators, control valves,
instrumpntation, pilot controls, and valve actuation
equipmgnt caused by moisture saturated instrument air
or hydrggen gas, or.external ambient conditions.

1-3.4{4 Sound pressure levels of 110 dbA and
greater ghall-be‘avoided to prevent damage to control
equipmgnt-and piping.

High hydrogen gas velocities in piping increase tyrbu-
lence and pressure drop, contribute to excessive sqund
pressure levels (aerodynamic noise), and can cause ipter-
nal piping erosion. Acoustically induged vibration i the
piping shall be avoided at all timés:

I-3.5 Other (Nonmandatory):Considerations for
Pressure/Flow Confrol Facilities

Installation of cofiical reducers immediately d¢wn-
stream of a regulafor or control valve will allow a fnore
gradual expansion of hydrogen gas to larger pipingfand
reduce turbulence and pressure drop during hydrpgen
gas expansion.

I:3.6  Electrical Facilities and Electronic Equipment
for Pressure/Flow Control and Metering
Facilities

I1-3.6.1  All electrical equipment and wifing
installed in pressure/flow control facilities and metgring
facilities shall conform to the requirements of NFPA 70
or other applicable electrical codes. Additional AP]land
AGA references are listed in Mandatory Appendix II.

I-3.6.2  Electronic control, monitoring, and hyjdro-
gen gas measurement equipment shall be progerly
grounded and isolated from piping to help prevent ¢ver-
pressure/accidental shutoff situations caused by equip-
ment failure due to lightning strikes and electfical
transients and to prevent safety hazards caused by fault
currents. Electrical isolation equipment for corrdsion
control purposes should not be installed in buildings
unless specifically designed to be used in combustible
atmospheres

I-3.4.5— Hydrogen gas velocities in piping should
not exceed the erosional velocity at peak conditions.
Lower velocities are recommended. The erosional veloc-
ity, u,, is calculated by:'

100

29GP
ZRT

U, =

1 Mohitpour, M., H. Golshan, and A. Murray. Chapter 3 in Pipeline
Design & Construction: A Practical Approach, 3d ed. New York: ASME
Press, 2007.

I-3.6.3  Uninterruptible power sources or redun-
dant backup systems shall be considered to help prevent
overpressure/unintentional shutoff situations caused by
power outages.

I-3.6.4 A useful reference for electronic hydrogen
gas measurements is API Manual of Petroleum
Measurement Standards, Chapter 21, Section 1 —
Electronic Gas Measurement.
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MANDATORY APPENDIX Il
REFERENCE STANDARDS

This_Mandatory Appendix provides a listing of standards incorporated in this Code by reference, and the names and addresses of the
spongoring organizations. It is not practical to refer to a specific edition of each standard throughout the Code text; instead, the freference
dateq for the specific editions are shown. For ASME codes and standards, specific edition reference dates are not provided;'vathgr, the lat-
est ppblished edition in effect at the time this Code is specified is the specific edition referenced by this Code. Subsequent issugs and revi-
siong of these referenced standards and any new standards incorporated in the Code by reference in Code Addenda, will lbe listeq (after
reviey and acceptance by the Code Committee) in revisions of this Mandatory Appendix. All identical specifications.are’indicated| by the
ASMH/originating organization symbols.

AISC|Publication ASME Standards ASNT Standard
MO16¢ (Manual of Steel Construc- B1.1 SNT TC-1A-2001
tioh, Allowable Stress Design, B1.20.1

9t Edition, 1989) B1.20.3 ASQ Standards

B1.20.7
APl Recommended Practice B16.1 Q9000-1
B16.3 Q9000-2
RP 941, 5th Ed., 1997 B16.4 Q9000-3
B16.5
API Ypecifications B16.9 ASTM Specifications
B16.10
5B-1996 B16.11 A20-96a
5L-2407 B16.14 A36-05
API €D B16.15 A53-07
API 609 B16.18
B16.20 A105-05
API Standards B16:21 A106-06
B16.22 A134-96 (R2005)
526, (1995 B16.24 A135-05
594, 2004 B16.25 A139-04
599,[2002 B16.26 A167-99 (R2004)
600, 12001 B16.28 A179-90 (R2001)
602, [2005 B16.33 A181-06
603,2001 B16.34 A182-08
608, [2002 B16.36
1104}, 2005 B16.38 A204-03 (R2007)
B16.39 A210
ASCEH Standard B16.42 A213-08
B16.47 A216-93 (R1998)
ASCE| 7-05 B16.48 A234-07
B16.50 A240-07
ASME Boiler-and Pressure Vessel B18.2.1 A249-08
Cofle B18.2.2 A263-94a
B31E A264-94a
Section I, Part A B31G A265-94a
Section Il, Part B B31.1 A269-08
Section I, Part C B31.2 A276-97
Section Il, Part D B31.3 A283-03
Section V B31.4 A285-01
Section VIII, Division 1 B31.8 A299-04
Section VIII, Division 2 B31.8S
Section VIII, Division 3 B36.10M A302-03 (R2007)
Section IX B36.19M A307-07
B46.1 A312-08
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REFERENCE STANDARDS (CONT’D)

ASTM Specifications (Cont’d)

GTI Standard

A320-08 B127-05 GRI Report No. 91/0284 9 (1991)
A325-07a B133-93a
A333-05 B148-97 (R2003, E2005) MSS Standard Practices
A334-96 B150-03
A335-06 B152-06 (E2008) SP-6-2001
A350-07 B165-05 SP-9-2001
A354-07 R169/R169M-01 SP.25.1998
A358-08 B171/B171M-99 SP-42
A369-06 B187-00 SP-43
A370-97a SP-44
A376-06 B209-96 SP-45
A381-96 (R2005) B210-95 SP-51
A387-06 B211-95a SP-53
A395-99 (R2004) B221-96 SP-55
B241-96 SP-58
A403-07 B247-95a SP-65,
A409-08 B280-99 SR-72
A420-07 B283-99 SP-75
A437-06 SP-79
A451-06 B345-96 SP-80
A453-04 B361-95 SP-81
A479-06a B466/B466M-98 SP-83
B467-88 (R1997) SP-88
A508/A50BM-05 B491-95 SP-95
A516-06 B547-95 SP-97
A524-96 (R2005) SP-105
A530-98 AWS Standard SP-119
A537-06 SP-134-2012
A563-07 A3.0 (2001)

A587-96 (R2005)

A671-06
A672-06
A675-03 (F2005)
A691-98 (R2007)

A723/A72BM-02

AWWA Standard
C302-1995
CDA-Publication

Copper Tube Handbook (latest

NACE Publications

Corrosion Data Survey, 1985
MR0175-2003
RP0169-2002
RP0472-2005

NFPA Specifications

A789-05b publication)

A790-05b 1963-1998

A815-04 CGA Publications NFPA 10
NFPA 30

B21-06 G-4.1-1996, 4th Ed. NFPA 55

B26-05 G-5.5 NFPA 70

B42-02 (ER003)
B43-98 (RR004)

CSA Publications

PFI Standards

B61-02
B62-02 HGV 4.10-2008 ES-7-2004
B68-02 7245.1 (2007) ES-21-2004
B75-02
B88-03 EJMA Publication
B96-06 SAE Specifications
B98-03 EJMA Standards, 8th Ed. (2003)
J 513-1999
) 514-2001
J 518-1993

GENERAL NOTE: The issue date shown immediately following the hyphen after the number of the standard (e.g., B16.9-1978, C207-1978,
and A47-77) is the effective date of the issue (edition) of the standard. Any additional number shown following the issue date and prefixed
by the letter “R” is the latest date of reaffirmation [e.g., C101-1967 (R1977)]. Any edition number prefixed by the letter “A” is the date of the
latest addenda accepted [e.g., B16.36-1975 (A1979)].
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Specifications and standards of the following organizations appear in this Mandatory Appendix:

AISC American Institute of Steel Construction AWS American Welding Society
One East Wacker Drive, Suite 700 8669 NW 36 Street,
Chicago, Illinois 60601-1802 No. 130
(312) 670-2400 Miami, Florida 33166
WWW.aisc.org (305) 443-9353 or (800) 443-9353
WWW.aws.org
API American Petroleum Institute
Pabteations—and-Distribttion-Seeton DA Copper-BevetopmentAssoctationtre
1220 L Street, NW 260 Madison Avenue
Washington, DC 20005-4070 New York, New York 10016
(202) 682-8375 (212) 251-7200
www.api.org www.copper.org
ASCH| The American Society of Civil Engineers CGA Compressed Gas Association;™ne.
1801 Alexander Bell Drive 14501 George Carter Way:
Reston, Virginia 20191-4400 Suite 103
(703) 295-6300 or (800) 548-2723 Chantilly, Virginia 20151
www.asce.org (703) 788-2700
www.cganet.com
ASM American Society of Mechanical Engineers
Two Park Avenue CSA CSA Group
New York, New York 10016-5990 178 Rexdale Boulevard
(212) 591-8500 or (800) 843-2763 Tofonto, Ontario MO9W 1R3
www.asme.org Canada
(416) 747-4044 or (800) 463-6727
ASME Order Department www.csa-international.org
22 Law Drive
Box 2900 EJMA Expansion Joint Manufacturers Association
Fairfield, New Jersey 07007-2900 25 North Broadway
(973) 882-1170 or (800) 843-2763 Tarrytown, New York 10591
(914) 332-0040
ASNT American Society for Nondestructive Testing, Inc, WwWw.ejma.org
P.O. Box 28518
1711 Arlingate Lane GTI Gas Technology Institute
Columbus, Ohio 43228-0518 1700 South Mount Prospect Road
(614) 274-6003 or (800) 222-2768 Des Plaines, IL 60018
www.asnt.org (847) 768-0500
www.gastechnology.org
ASQ American Society for Quality
P.0. Box 3005 MSS Manufacturers Standardization Society of the
Milwaukee, WI 53201-3005 and Fittings Industry, Inc.
(800) 248-1946 127 Park Street, NE
WWW.asq.org Vienna, Virginia 22180-4602
(703) 281-6613
AST ASTM Intepnational www.mss-hg.com
100 BarnHarbor Drive
West/Conshohocken, Pennsylvania 19428-2959 NACE NACE International
(610).'832-9585 1440 South Creek Drive
Wwww.astm.org Houston, Texas 77084-4906
(281) 228-6200
AWWA——American-Water-Wors—Assectation WA REEETOFE
6666 W. Quincy Avenue
Denver, Colorado 80235 NFPA National Fire Protection Association
(303) 794-7711 or (800) 926-7337 1 Batterymarch Park
WWW.awwa.org Quincy, Massachusetts 02169-7471
(617) 770-3000 or (800) 344-3555
www.nfpa.org
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PFI Pipe Fabrication Institute SAE Society of Automotive Engineers
655-32nd Avenue, Suite 201 400 Commonwealth Drive
Lachine, Quebec H8T 3G6 Warrendale, Pennsylvania 15096-0001
Canada (724) 776-4841 or (877) 606-7323
(514) 634-3434 WWW.Sae.org

www.pfi-institute.org

GENERAL NOTE TO LIST OF ORGANIZATIONS:  Some of the organizations listed above publish standards that have been approved as American
National Standards. Copies of these standards may also be obtained from:

ANSI American National Standards Institute, Inc.
25 West 43rd Street
New York, New York 10036
(212) 642-4900
Www.ansi.org
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MANDATORY APPENDIX IlI
SAFEGUARDING

I11-1_SCOPE

-3 __SAFEGUARDING BY PLANT LAYOUT AND

Sdfequarding is the provision of protective measures

guafding. In some instances, however, engineered safe-
guafds must be provided.

andatory Appendix III outlines some considerations
perfaining to the selection and utilization of safe-
guafding. Where safeguarding is required by the Code,
it is pecessary to consider only the safeguarding that will
be spitable and effective for the purposes and functions
stat¢d in the Code or evident from the designer’s analy-
sis df the application.

ing failure, considered intelation to the environment,
nizing the possibléyhazards ranging from large

ent |or surface temperature extremes, degree of
ventilatien, proximity of fired equipment, etc.
the probable extent of operating, maintenance,

OPERATION

Representative features of plant layout-and qperation
which may be evaluated and selectively utilizegdl as safe-
guarding include

(a) plant layout features/such as open-aiy process
equipment structures, spacing and isolation of hazard-
ous areas, buffer areas between plant operatjons and
populated communities; or control over plant|access

(b) protective installations, such as fire proteq¢tion sys-
tems, barricadés or shields, ventilation to|remove
released hydrdgen, and instruments for remote monitor-
ing and eonirol

(c) operating practices, such as restricted access to
protessing areas; work permit system for hgzardous
work; or special training for operating, maintenance,
and emergency crews

(d) means for safe discharge of hydrogen |released
during pressure-relief device operation, blowdown,
cleanout, etc.

(e) procedures for startup, shutdown, and jmanage-
ment of operating conditions, such as gradual| pressur-
ization or depressurization, and gradual wafmup or
cooldown, to minimize the possibility of pipir|g failure

lll-4 ENGINEERED SAFEGUARDS

Engineered safeguards that may be evalugted and
selectively applied to provide added safeguarding
include

(a) means to protect piping against possible failures,
such as

(1) thermal insulation, shields, or procesq controls

and other personnel exposure, as well as reasonably
probable sources of damage to the piping from direct
or indirect causes.

(e) the probable need for grounding, bonding, or spe-
cialized electrostatic discharge techniques to mimimize
ignition of released hydrogen due to accumulation of
static charges.

(f) the safety inherent in the piping by virtue of mate-
rials of construction, methods of joining, and history of
service reliability.

to protect from excessively high or Tow temperature and
thermal shock

(2) armor, guards, barricades, or other protection
from mechanical abuse

(3) damping or stabilization of process or fluid flow
dynamics to eliminate or to minimize or protect against
destructive loads (e.g., severe vibration pulsations,
cyclic operating conditions)

(b) means to protect people and property against

harmful consequences of possible piping failure, such
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as confining and safely disposing of escaped hydrogen
by shields for flanged joints, valve bonnets, or gages

(c) limiting the quantity or rate of hydrogen escaping
by automatic shutoff or excess flow valves, additional
block valves, flow-limiting orifices, or automatic shut-
down of pressure source

(d) limiting the quantity of hydrogen in process at
any time, where feasible
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MANDATORY APPENDIX IV
NOMENCLATURE

Units [Note (1)]

u.s.
Symiol Defmition ST Qustomary
A Factor for determining minimum value of Ry . S
A, Cross-sectional area of pipe mm? in.2
Asf Conveyed fluid cross-sectional area considering nominal pipe thickness less allowances mim? in.?
Asp Pipe cross-sectional area considering nominal pipe thickness less allowances mm? in.2
Ay Area required for branch reinforcement mm? in.2
A, Area available for branch reinforcement in run pipe mm? in.2
As Area available for branch reinforcement in branch pipe mm? in.2
Ay Area available for branch reinforcement in pad or connection mm? in.2
C Cold spring factor
C Material constant used in computing Larson—Miller parameter - -
Cx Size of fillet weld, socket welds other than flanges mm in.
G Estimated self-spring or relaxation factor
c Sum of mechanical allowances (thread or groove depth) plus corrosiontand’erosion allowances mm in.
¢ Sum of internal allowances mm in.
Co Sum of external allowances mm in.
D Outside diameter of pipe as listed in tables of standards and~specifications or as measured mm in.
Dy, Outside diameter of branch pipe mm in.
Dy, Outside diameter of header pipe mm in.
d Inside diameter of pipe mm in.
dy Inside diameter of branch pipe mm in.
dg Inside or pitch diameter of gasket mm in.
dy Inside diameter of header pipe mm in.
dy Design inside diameter of extruded outlet mm in.
o dy Effective length removed from pipe at branch mm in.
©d, Half-width of reinforcement zone mm in.
E Quality factor - -
CE Modulus of elasticity (at spécified condition) MPa ksi
S Eg Reference modulus ofelasticity at 21°C (70°F) MPa ksi
T E, Casting quality factor
CE Joint quality.factor . .
CEp Modulus of\élasticity at maximum or minimum temperature MPa ksi
En Modulus\of’elasticity at the temperature of the condition MPa ksi
E; Modulus of elasticity at test temperature MPa ksi
Fa Axial force N lbff x 1,000
(kips)
Fsa Sustained axial force including the effects of weight, other sustained loads, and internal N b
pressure
f Stress range factor
f Stress range reduction factor
fm Maximum value of stress range factor
g Root gap for welding mm in.
h Flexibility characteristic
hy Material performance factor from Mandatory Appendix IX, Table IX-5A. Material performance
factors account for the adverse effects of hydrogen gas on the mechanical properties of car-
bon steels used in the construction of pipelines.
hy Height of extruded outlet mm in.
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Units [Note (1)]

u.S.
Symbol Definition Sl Customary
i Stress intensification factor
iq Axial force stress intensification factor
i In-plane stress intensification factor
iy Out-plane stress intensification factor
is,i In-plane sustained stress index
is,o Out-plane sustained stress index
K Factor determined by ratio of branch diameter to run diameter
K Factor for statistical variation in test results (see para. IP-3.8.4)
K1 Constant in empirical flexibility equation
k Flexibility factor
L Developed length of piping between anchors m ft
Ly Height of reinforcement zone outside run pipe mm in
Ls Height of reinforcement zone for extruded outlet mm in
LMP Larson—Miller parameter, used to estimate design life
M Length of full thickness pipe adjacent to miter bend mm in
Mg Material performance factor that addresses loss of material properties associated with_hydro-
gen gas service. See Mandatory Appendix IX for performance factor tables and.application.
M; In-plane bending moment N-mm in.-lpf
Mo Out-plane bending moment N-mm in.-lpf
Ms,; In-plane bending moment for the sustained condition being evaluated N-mm in.-lpf
Mo Out-plane bending moment for the sustained condition being evaluated N-mm in.-lpf
Mg Sustained torsional moment N-mm in.-lpf
Mf Torsional moment N-mm in.-pf
m Misfit of branch pipe mm in
N: Equivalent number of full displacement cycles
Niﬁ Equivalent number of full operating cycles
NE Number of cycles of maximum computed displacement stress range
Ng Number of cycles of maximum computed operating stress range
N; Number of cycles associated with displacemént stress range, S; (i = 1, 2, ...)
N; Number of cycles associated with operating stress range, S; (i = 1, 2, ...)
N; Number of fatigue tests performed o, 'develop the material factor, X,
P Design gage pressure kPa ps
P> See BPV Code, Section VIII,(Diyision 1, UG-28 . ..
P; Gage pressure during sefvice condition i kPa ps
P; Piping maximum intefnallpressure for load case j = 1; multiple cases subscripted, 2, 3, ... kPa ps
P Maximum allowable‘internal pressure for miter bends kPa ps
Prax Maximum allgwable gage pressure for continuous operation of component at maximum design kPa ps
temperature
Ps Limiting{design pressure based on column instability, for convoluted U-shaped bellows kPa ps
Pr Minimum test gage pressure kPa ps
R Range of reaction forces or moments in flexibility analysis N or N-mm Ibf or i.-Ibf
Ra Ectiraatad tnctantanaaiic raqction foren ar moomant ot tnctallatine fnmpnr—;hnrn MNoor N oo Ihf or |1_lbf
Rm Estimated instantaneous maximum reaction force or moment at maximum or minimum metal N or N-mm Ibf or in.-lbf
temperature
Runin Minimum ratio of stress ranges (see para. IP-3.8.4 for further details)
Rr Ratio of the average temperature-dependent trend curve value of tensile strength to the room
temperature tensile strength
Ry Ratio of the average temperature-dependent trend curve value of yield strength to the room
temperature yield strength
R1 Effective radius of miter bend mm in.
Ry Bend radius of welding elbow or pipe bend mm in.
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Units [Note (1)]

u.s.

Symbol Definition Sl Customary
ri Ratio of lesser computed displacement stress range, S;, to maximum computed stress range,

SE(iZ 1, 2,)
I Ratio of lesser computed operating stress range, S;, to maximum computed stress range,

SE(I = 1, 2,)
ry ——Bxterral-contotrrtadius—of-extruded—outtet R in.
r Mean radius of pipe using nominal wall thickness, T mm in.
S Basic allowable stress for metals MPa ksi
S Bolt design stress MPa ksi
S Allowable stress for metals MPa ksi
S Stress intensity MPa ksi
Sa Allowable stress range for displacement stress MPa ksi
Sa Bolt design stress at atmospheric temperature MPa ksi
Sa Stress due to axial force MPa ksi
Sy Bolt design stress at design temperature MPa ksi
Sy Resultant bending stress MPa ksi
Se Basic allowable stress at minimum metal temperature expected during the displacement cycle MPa ksi

under analysis
Sd Allowable stress from Table IX-1A for the material at design temperature MPa ksi
Se Computed displacement stress range MPa ksi
Se Maximum operating stress range MPa ksi
S¢ Allowable stress for flange material or pipe MPa ksi
Sy Mean long-term hydrostatic strength (LTHS) kPa psi
Sh Basic allowable stress at maximum metal temperature expected during the displacement cycle MPa ksi

under analysis
S A computed displacement stress range smaller than S0l = 1, 2, ...) MPa ksi
Si A computed operating stress range smaller than Sg (b= 1, 2, ...) MPa ksi
S Equivalent stress during service condition, i (the\higher of S,; and S;) MPa ksi
S Sum of longitudinal stresses MPa ksi
So Operating stress MPa ksi
Son Allowable operating stress limit MPa ksi
Som Greatest of maximum operating stress and maximum operating stress range MPa ksi
Spi Equivalent stress for pressure-diiting service condition, i MPa ksi
Ss Mean short-term burst stress kPa psi
Ssa Stress due to the sustained axial force summation kPa psi
Ssb Stress due to the indexed sustained bending moments’ vector summation kPa psi
Sst Stress due to th€ ststained torsional moment kPa psi
Sr Specified minimum tensile strength at room temperature MPa ksi
Sr Allowablestress at test temperature MPa ksi
S Torsignal“stress MPa ksi
St Totdlsstress range for design fatigue curves applying to austenitic stainless steel expansion psi

jeints
Sy Specified minimum yield strength at room temperature MPa ksi
S, Yield strength (BPV Code) MPa ksi
Sy Yield strength at temperature MPa ksi
s Miter spacing at pipe centerline mm in.
T Pipe wall thickness (measured or minimum per purchase specification) mm in.
Ty Branch pipe wall thickness (measured or minimum per purchase specification) mm in.
T Crotch thickness of branch connections mm in.
Te Design temperature during service condition, i (temperature corresponding to S; Table IX-1A) °C °F
Th Header pipe wall thickness (measured or minimum per purchase specification) mm in.
Ti Actual temperature during service condition, i °C °F
T; Pipe maximum or minimum metal temperature for load case j = 1; multiple cases sub- °C °F
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Units [Note (1)]

u.S.

Symbol Definition Sl Customary
T Minimum thickness of reinforcing ring or saddle made from pipe (nominal thickness if made mm in.

from plate)
Ts Effective branch wall thickness mm in.
T, Corroded finished thickness of extruded outlet mm in.
T, Mirtrt-thickress-ef-fabricatedtap R H
T Nominal wall thickness of pipe mm in
T, Nominal branch pipe wall thickness mm in
T Nominal header pipe wall thickness mm in
7, Nominal thickness of reinforcing ring or saddle mm in
T Nominal wall thickness, thinner of components joined by butt weld mm in
t Pressure design thickness mm in
ty Pressure design thickness of branch mm in
t. Throat thickness of cover fillet weld mm in
ty Pressure design thickness of header mm in
t; Total duration of service condition, i, at pressure, P;, and temperature, T; h hr
tm Minimum required thickness, including mechanical, corrosion, and erosion allowances mm in
tmin For branch, the smaller of T, or T, mm in
t,i Rupture life of a component subjected to repeated service conditions, i, and stfess; S; h hn
U Straight line distance between anchors m ft
u Creep-rupture usage factor, summed up from individual usage factors, t;/t;
X Factor for modifying the allowable stress range, S;, for bellows expafisjon joint (see para.

IP-3.8.4 for further details)
X1 Ring reinforcement area mm? in.
X5 Fillet weld reinforcement area mm? in.
Xmin Size of fillet weld to slip-on or socket welding flange mm in
4 Coefficient for effective stressed diameter
Y+ Single acting support — a pipe support that proyides support to the piping system in only the

vertically upward direction
y Resultant of total displacement mm in
Z Section modulus of pipe mm> in.
Ze Effective section modulus for branch mm? in.
a Angle of change in direction atiter joint deg deg
B Smaller angle between axes-of branch and run deg deg
AT, Range of temperature change-for full cycle °C °F|
AT, Range of temperature ehange for lesser cycle (n = 1, 2, ...) °C °F
10 Angle of miter cut deg deg
GENERAL WOTE: For Codereference to this Mandatory Appendix, see para. GR-1.7.
NOTE:
(1) Note that the use/of*these units is not required by the Code. They represent sets of consistent units (except where otherwise statgd)

that may be used in computations, if stress values in ksi and MPa are multiplied by 1,000 for use in equations that also involve pres-
sure i psi-afid kPa values.

168

Copyright ASME International
Provided by IHS under license with ASME Licensee=University of Tennessee/5622000001, User=bao, zhou
No reproduction or networking permitted without license from IHS Not for Resale, 07/08/2016 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

MANDATORY APPENDIX V

(In preparation)

169

Copyright ASME International
Provided by IHS under license with ASME Licensee=University of Tennessee/5622000001, User=bao, zhou
No reproduction or networking permitted without license from IHS Not for Resale, 07/08/2016 15:44:03 MDT


https://asmenormdoc.com/api2/?name=ASME B31.12 2014.pdf

ASME B31.12-2014

MANDATORY APPENDIX VI
PREPARATION OF TECHNICAL INQUIRIES

Vi-1.3 Other Inquiries

Vi-1 II[BD.DJ.IL[I.DN
VI-1.1 Technical Inquiries

This Mandatory Appendix provides guidance to users
of this (ode for submitting technical inquiries to the
Commitfee. Technical inquiries include requests for revi-
sions or pdditions to the Code rules, requests for Cases,
and reqpests for Code interpretations as described
below.

VI-1.1.1 Code Revisions. Code revisions are consid-
ered to gccommodate new data or technological devel-
opmentp, address administrative requirements,
incorporjate Cases, or to clarify Code intent.

VI-1.1£2 Cases. Casesrepresentalternatives oraddi-
tions to ¢xisting Code rules. Cases are written as a ques-
tion and reply, and are usually intended to be
incorporated into the Code at a later date. When used,
Cases pfescribe mandatory requirements in the same
sense as|the text of the Code. However, users are cau-
tioned that not all jurisdictions or owners accept Cases.
The mogt common applications for Cases are

(a) to[permit early implementation of an approved
Code reyision based on an urgent need

(b) to|permit the use of a new materidl for Code
construction

(c) to jgain experience with new matetials or alterna-
tive rules prior to incorporation directly into the Code

VI-1.14.3 Code Interpretations! Code Interpretations
provide flarification of thetmeaning of existing rules in
the Codg¢, and are alsoresented in question and reply
format.| Interpretations do not introduce new
requirenjents.

VI-1.2 (ommittee Consideration

The ABME B31 Committee, Code for Pressure Piping

ASME does not act as a consultant on specifie ¢ngi-
neering problems, or on the general application or
understanding of the Code rules. If, based-onthe inquiry
information submitted, it is the opihion off the
Committee that the inquirer should“seek professjonal
assistance, the inquiry will be returned with the re¢om-
mendation that such assistance be obtained. Inqyiries
that do not comply with\\the provisions of [this
Mandatory Appendix or)provide the informaftion
needed for the Committee’s full understanding will be
returned for further(clarification. Inquiries seeking the
rationale for Code requirements will be returned.

VI-2 GENERAL REQUIREMENTS

All inquiries shall meet the following requiremgnts:

VI=2.1 Scope/Purpose

Involve a single rule or closely related rules inj the
scope of the Code. An inquiry letter concerning ynre-
lated subjects will be returned. Specify whethef the
inquiry involves:

(a) a revision of present Code rule(s)

(b) a new or additional Code rule(s)

(c) a proposed Case or

(d) a Code interpretation

VI-2.2 Background

Provide concisely the information needed fof the
Committee’s understanding of the inquiry, being sufre to
include reference to the applicable Code section, edifion,
addenda, paragraphs, figures, and tables. If sketchef are
provided, they shall be limited to the scope of the
inquiry. The inquiry statement shall be technically] cor-
rect and should be editorially correct.

will consider written requests for interpretations and
revisions of the Code rules, and develop new rules if
dictated by technological development. The Code rules,
Cases, and Code interpretations issued by the Commit-
tee are not to be considered as approving, recommend-
ing, certifying, or endorsing any proprietary or specific
design, or as limiting in any way the freedom of manu-
facturers, constructors, or owners to choose any method
of design or any form of construction that conforms to
the Code rules.

VI-2.3 Presentations

The inquirer may desire or be asked to attend a meet-
ing of the Committee, to make a formal presentation or
to answer questions from the Committee members with
regard to the inquiry. Attendance at a Committee meet-
ing shall be at the expense of the inquirer. The inquirer’s
attendance or lack of attendance at a meeting shall not
be a basis for acceptance or rejection of the inquiry by
the Committee.
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VI-2.4 Submittals

All inquiries shall be in English and preferably be
submitted in typewritten form; however, legible hand-
written inquiries will be considered. All inquiries shall
include the name, mailing address, telephone number,
fax number, and e-mail address, if available, of the
inquirer and be mailed to the following: Secretary,
ASME B31 Committee; Two Park Avenue; New York,
NY 10016-5990

paragraphs in the Code that reference the paragraphs
that are to be revised or added.

VI-4 CASES

Requests for Cases shall provide a statement of need
and background information similar to that defined in
paras. VI-3.2 and VI-3.3, respectively, for Code revisions
or additions. The urgency of the Case (e.g., project

VI-31 CODE REVISIONS OR ADDITIONS

Re¢quests for Code revisions or additions shall provide
the following:

VI-3
Fgr revisions, submit a copy of the appropriate rules as
they| appear in the Code, marked up with the proposed
revision. For additions, provide the recommended
worling referenced to the existing Code rules.

1 Proposed Revision(s) or Addition(s)

VI-3|2 Statement of Need

Phovide a brief explanation of the need for the revi-
sions) or addition(s).

VI-3

Include any data or changes in technology that form
the basis for the request that will allow the Committee
to adlequately evaluate the proposed revision(s) or addi¢
tion(s). Sketches, tables, figures, and graphs should be
subinitted, as appropriate. When applicable, identify
any[pertinent paragraph in the Code thatwould be
affeqted by the revision(s) or addition(s); arnd identify

3 Background Information

underway or imminent, new procedure, et¢.)|must be
defined. The proposed Case should identify the Code
location, and be written in a Question and Reply format.

VI-5 CODE INTERPRETATIONS

Requests for Code interprétations shall be s
using the following structufe:

ibmitted

VI-5.1 Proposed Question(s)

The inquiry shall be stated in a condensed anfd precise
question fofmat, omitting superfluous background
informatien and, where appropriate, composedl in such
a way.that “yes” or “no” (perhaps with provisos) would
be an acceptable reply.

VI=5.2 Proposed Reply(ies)

Provide a proposed reply stating what it is[believed
that the Code requires, and that clearly and ¢oncisely
answers the proposed question. If, in the inquir¢r’s opin-
ion, a revision to the Code is needed, recommended
wording shall be provided in addition to infprmation

justifying the change.
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MANDATORY APPENDIX Vil
GAS LEAKAGE AND CONTROL CRITERIA

VI-1 SCOPE

small substructures (other than hwr]vngow-nccnﬂiﬂfﬂr] sub-

This Mandatory Appendix provides criteria for detec-
tion, grqding, and control of hydrogen gas leakage in
pipeline$ and underground piping in process units.

VII-2 DEFINITIONS

NOTE: [hese definitions are applicable to this Mandatory
Appendix| only.

bar hole: |hole that is made in the soil or paving for the
specific purpose of testing the subsurface atmosphere
with a hlydrogen detector.

building:lany structure that is normally or occasionally
entered py humans for business, residential, or other
purpose$, and in which hydrogen gas could accumulate.

enclosed ppace: any subsurface structure, such as vaults,
catch bagins, or manholes, of sufficient size to accommo-
date a person, and in which hydrogen gas could
accumulpte.

follow-up inspection: an inspection performed afterc
repair hgs been completed to determine the effectiveness
of the rejpair.

gas detector: a device capable of detecting and measuring
hydrogeh gas concentrations in the atmosphere.

hydrogentassociated substructure: a device or facility uti-
lized by|a hydrogen gas company such as a valve box,
vault, tgst box, or vented casihg pipe, which is not
intended for storing, transmitting, or distributing hydro-
gen gas.

LEL: the lower explosive-limit of the gas (hydrogen)
being trgnsported; thisis reported to be approximately
18% by yolume in‘air by NASA, NSS 1740.16.

LFL: the[lower-flammable limit of the gas (hydrogen)
being trgnsported; this is reported to be approximately

structures): any subsurface structures that are of induffi-
cient size to accommodate a person, such astelephone
and electrical ducts and conduit or non-hydrogen-
associated valve and meter boxes, and in which hydro-
gen gas could accumulate or migrate.

tunnel: a subsurface passageway dargeé enough for a|per-
son to enter and in which, hydrogen gas c¢uld
accumulate.

VII-3 LEAKAGE SURVEY AND TEST METHODS
VII-3.1 Surveys-and Methods

The following hydrogen gas leakage surveys and test
methods miay be employed, as applicable, singly ¢r in
combination, in accordance with written procedurgs:

(a)sdrface hydrogen gas survey

(b) subsurface gas detector survey (including barfhole
surveys)

(c) vegetation survey

(d) pressure drop test

(e) bubble leakage test

(f) ultrasonic leakage test

Other survey and test methods may be employpd if
they are deemed appropriate and are conductdd in
accordance with procedures that have been tested|and
proven to be at least equal to the methods listed iny this
section.

VII-3.2 Surface Hydrogen Gas Detection Survey

VIII-3.2.1 Definition. This survey is a continpious
sampling of the atmosphere at or near ground levdl for
buried hydrogen gas facilities and adjacenft to
aboveground hydrogen gas facilities with a gas det¢ctor
system capable of detecting a concentration of 50 ppm
of hydrogen gas in air at any sampling point.

4%, by voliime in air by NNASA _NSS 1740 16
ppm: parts per million

prompt action: consists of dispatching qualified personnel
without delay for evaluating and, where necessary, abat-
ing the existing or probable hazard.

reading: repeatable deviation on a gas detector, expressed
in LEL. Where the reading is in an unvented enclosed
space, consideration should be given to the rate of dissi-
pation when the space is ventilated and the rate of accu-
mulation when the space is resealed.

VII-3.2.2 Procedure. Equipment used to perform
these surveys may be portable or mobile. For buried
piping, sampling of the atmosphere shall take place,
where practical, at no more than 2 in. above the ground
surface. In areas where the piping is under pavement,
samplings shall also be at curb line(s), available ground
surface openings (such as manholes, catch basins, sewer,
power and telephone duct openings, fire and traffic sig-
nal boxes, or cracks in the pavement or sidewalk), or
other interfaces where the venting of hydrogen gas is
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likely to occur. Sampling shall be adjacent to exposed
piping.

VII-3.2.3 Utilization. The use of this survey method
may be limited by adverse conditions (such as excessive
wind, excessive soil moisture, or surface sealing by ice
or water). The survey shall be conducted at speeds slow
enough to allow an adequate sample to be continuously
obtamed by placement of equlpment mtakes over the
mos
the
cond

ocatron of hydrogen gas fac1ht1es and any adverse
litions that might exist.

ViI-3
\

.3 Subsurface Hydrogen Gas Detection Survey

1I-3.3.1 Definition. This survey is a sampling of
ubsurface atmosphere with a gas detector or other
ce capable of detecting 0.5% hydrogen gas in air at
bample point.

the
devi
the

VII-3.3.2 Procedure. The survey shall be conducted
by performing tests with a gas detector in a series of
available openings (enclosed spaces and small substruc-
turef) and/or bar holes, over and/or adjacent to the
hydtogen gas facility. The location of the hydrogen gas
faciljty and its proximity to buildings and other struc-
turep shall be considered in the spacing of the sample
poirfts. Sampling points shall be as close as possible to
the fnain or pipeline, and never further than 15 ft (4.6 m)
latefally from the facility. Along the route of the main
or pjpeline, sampling points shall be placed at twice_the
distance between the pipeline and the nearest building
wall, or at 30 ft (9.2 m), whichever is shorter,but“in no
case|need the spacing be less than 10 ft (3 m)._The sam-
pling pattern shall include sample points)adjacent to
servjce taps, street intersections, and known branch con-
nectjons, as well as sampling point§iever or adjacent to
buried service lines at the building/wall.

11-3.3.3 Utilization. Gdod judgment shall be used
termine when available openings (such as man-
, vaults, or valve\bokes) are sufficient to provide

(b) amount and type of vegetation
(c) visibility conditions (such as lighting, reflected
light, distortions, terrain, or obstructions)

VII-3.4.3 Utilization. This survey method shall be
limited to areas where adequate vegetation growth is
firmly established. This survey shall not be conducted
under the following conditions:

(a) soil moisture content abnormally high

od, such

( c) Vegetatlon in an accelerated growth, per
as in early spring

Other acceptable survey methods_shall be
locations within a vegetation survey area wher|
tion is not adequate to indicate the.presence of

used for
P vegeta-
leakage.

VII-3.5 Pressure Drop Test

VII-3.5.1 Definition. \\This is a test to det¢rmine if
an isolated segment(of pipeline loses pressutge due to
leakage.

VII-3.5.2 Procedure. Facilities selected for
drop tests shall first be isolated and then teq
following)criteria shall be considered in det
test parameters:

(&) \Test Pressure. A test conducted on existi
tiés solely for the purpose of detecting leakagg
performed at a pressure at least equal to the g
pressure.

(b) Test Medium. The test medium may be hfydrogen,
an inert gas, or water.

(c) Test Duration. The duration of the test shall be of
sufficient length to detect leakage. The followjing shall
be considered in the determination of the durption:

(1) volume under test

(2) time required for the test medium tq
temperature stabilized

(3) sensitivity of the test instrument

(d) Utilization. Pressure drop tests shall be 4
to establish the presence or absence of a leak on
cally isolated segment of a pipeline. Normally,
of test will not provide a leak location; therefore
on which leakage is indicated may require furth
ation by another detection method so that the
be located, evaluated, and graded.

VII-3.6 Bubble Leakage Test

pressure
ted. The
brmining

hg facili-
shall be
perating

become

sed only
p specifi-
this type
facilities
er evalu-
eak may

N efinition. Ihis survey uses visual obser-
vations to detect abnormal or unusual indications in
vegetation.

VII-3.4.2 Procedure. All visual indications shall be
evaluated using an appropriate detector. Personnel per-
forming these surveys shall have good all-around visibil-
ity of the area being surveyed, and their speed of travel
shall be determined by taking into consideration the
following;:

(a) system layout
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VII-3.6.1 Definition. This is the application of soapy
water or other bubble-forming solutions on exposed pip-
ing to determine the existence of a leak.

VII-3.6.2 Procedure. The exposed piping systems
shall be reasonably cleaned and completely coated with
the solution. Leaks are indicated by the presence of bub-
bles. The bubble-forming solution shall not be used on
piping unless it has been determined by investigation
or test that the piping is adequately resistant to direct
contact with the solution.
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VII-3.6.3 Utilization. The test method may be used
for the following:

(a) testing exposed aboveground portions of a system
(such as meter set assemblies or exposed piping or
bridge crossing)

(b) testing a tie-in joint or leak repair that is not
included in a pressure test

VII-3.7 Ultrasonic Leakage Test

(b) on a regular schedule, giving consideration to the
type and usage of the instrument involved. Gas detectors
shall be checked for calibration at least once each month
while in use.

(c) at any time it is suspected that the instrument’s
calibration has changed.

VII-5 LEAKAGE CLASSIFICATION AND ACTION

VII-3.7.1 Definition. This is the testing of exposed
piping fgcilities with an instrument capable of detecting
the ultrdsonic energy generated by escaping gas. The
instrumlent used shall be suitable for the pressure
involved.

VII-3.
by this 1

7.2 Procedure. In the testing of a gas facility
hethod, the following shall be considered:

(a) Line Pressure. As the line pressure increases, the
magnitude of the ultrasonic energy generated by a leak
increaseg.

(b) Logation of Facility. Objects near or surrounding a
facility Being tested may reflect or attenuate the ultra-
sonic enprgy generated, making it difficult to detect or
pinpoin{ the leak.

(c) Legk Frequency. A number of leaks in a given area
can creafe a high ultrasonic background level that may
reduce the detection capabilities of this type of test.

(d) Type of Facility. Pneumatic and gas-operated
equipmgnt generate ultrasonic energy. The location and
amount [of this type of equipment shall be known te.
determine if the ultrasonic background is too high. Per-
sonnel cpnducting this test shall scan the entire drea to
eliminatp the tracking of reflected indications." Ultra-
sonic inglications of leakage shall be verified and/or
pinpointed by one of the other acceptablesurvey or test
methodd

Vii-3
used for
if the ult
meter re

shall be

7.3 Utilization. The dltrasonic test may be
the testing of exposed piping facilities; however,
rasonic background, lével produces a full-scale
hding with the gain set at midrange, the facility
tested by some‘other survey method.

Vil-4 |

\(ll-4.1 1VIaintenance of Instruments

NSTRUMENTS FOR THE DETECTION OF GAS

CRITERIA
VII-5.1 General

The following establishes a procedure by which
age indications of flammable gas can’be’ graded
controlled. When evaluating any hydtegen gas leak
cation, the preliminary step is to.detérmine the per
ter of the leak area. When this périmeter extends
building wall, the investigation  shall continue int
building.

eak-
and
ndi-
ime-
to a
the

VII-5.2 Leak Grades

Based on an evaluation of the location and /or m4
tude of a leak))orte of the following leak grades sh
assigned, thereby establishing the leak repair prio

(a) Grade 1 is a leak that represents an existin
probable hazard to persons or property and req
imrhediate repair or continuous action until the cdg
tions are no longer hazardous.

(b) Grade 2 is a leak that is recognized as being
hazardous at the time of detection, but requires sd
uled repair based on probable future hazard.

(c) Grade 3 is a leak that is nonhazardous at the ftime
of detection and can be reasonably expected to refnain
nonhazardous.

gni-
1l be
Fity:

g or
lires
ndi-

hon-
hed-

VII-5.3 Leak Classification and Action Criteria

Criteria for leak classification and leakage contrg
provided in Tables VII-5.3-1, VII-5.3-2, and VII-5.3-3
examples of leak conditions provided in the table
presented as guidelines and are not exclusive. The j
ment of the operating company personnel at the g
is of primary importance in determining the g
assigned to a leak.

1 are
The
b are
1dg-
cene
rade

VII-5.4 Reevaluation of a Leak

“Each instrument utilized for leak detection and evalu-
ation shall be operated in accordance with the manufac-
turer’s recommended operating instructions and tested
daily or prior to use to ensure proper operation.

VII-4.2 Calibration of Instruments

Each instrument utilized for leak detection and evalu-
ation shall be calibrated in accordance with the manufac-
turer’s recommended calibration instructions as follows:

(a) after any repair or replacement of parts.
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Whetrateaktstobereevattatedo{seeactiorreritetia in
Table VII-5.3-2 and Table VII-5.3-3), it shall be classified
using the same criteria as when the leak was first
discovered.

VII-6 PINPOINTING
VIl-6.1 Scope

Pinpointing is a systematic process of tracing a
detected hydrogen gas leak to its source.
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Table VII-5.3-1 Leak Classification and Action Criteria: Grade 1

Grade¢ Definition

Action Criteria

Examples

1 A leak that represents an
existing or probable haz-
ard to persons or prop-
erty, and requires
immediate repair or con-
tinuous action until the
conditions are no longer
hazardous.

Requires prompt action

[Note (1)] to protect life
and property, and
continuous action until
the conditions are no
longer hazardous.

)

@
G

@)

(5)
©)

@

Any leak that, in thejudgment of operating personnel a|
scene, is regarded‘as an immediate hazard

Escaping gas-that has ignited

Any indication/of gas that has migrated into or under a
or into,a_tunnel

Any, reading at the outside wall of a building, or where
likelysmigrate to an outside wall of a building

ARy reading of 80% LEL or greater in an enclosed space
Any reading of 80% LEL or greater in small substructure]
which gas would likely migrate to the outside wall of a
Any leak that can be seen, heard, or felt, and that is in
that may endanger the general public or property

the

pbuilding
bas would
K from

building
a location

“NOTE

'(1) The prompt action in some instances may require-ofe or more of the following:
(a) implementing company emergency plan\(see para. GR-5.2.2)

(b) evacuating premises

(¢) blocking off an area

(d) rerouting traffic

(e) eliminating sources of ignition
(f venting the area

(g) stopping the flow of gas by closing valves or other means
(h) notifying police and, fire departments
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Table VII-5.3-2 Leak Classification and Action Criteria: Grade 2

Grade Definition Action Criteria Examples
2 A leak that is nonhazard- Leaks shall be repaired or cleared within (1) Leaks requiring action ahead of ground freezing
ous at the time of detec- 1 calendar year, but no later than or other adverse changes in venting conditions.
tion, but justifies 15 months from the date the leak Any leak that, under frozen or other adverse
scheduled repair based was reported. In determining the soil conditions, would likely migrate to a
on probable future repair priority, criteria such as the fol- building.
hazard lowing shall be considered: (2) Leaks requiring action within 6 months
(1) amount and migration of gas (a) Any reading of 40% LEL or greater under a
(2) proximity of gas to buildings and sidewalk in a wall-to-wall paved area that
subsurface structures does not qualify as a Grade 1 leak
(3) extent of pavement (b) Any reading of 100% LEL or greater unfler a
(4) soil type and soil conditions (such street in a wall-to-wall paved atea that|has
as frost cap, moisture, and natural significant gas migrationjandsdoes not|qual-
venting) ify as a Grade 1 leak
Grade 2 leaks shall be reevaluated at (c) Any reading less th.an 80% LEL in .smal sub-
. structures from whigh gas would likely
least once every 6 months until . ¢
cleared. The frequency of reevaluation migrate, Freatmg a probable future hazard
. . (d) Any reading‘between 20% LEL and 80% LEL
shall be determined by the location .
. in an enclosed space
and magnitude of the leakage . - .
condition. (e) Any reading on a pipeline operating at|hoop
stress levels of 30% SMYS or greater, ih a
Grade 2 leaks may vary greatly in Class 3 or 4 location, which does not dqual-
degree of potential hazard. Some ify as a Grade 1 leak
Grade 2 leaks, when evaluated by the @ Any leak that, in the judgment of operdting
above criteria, may justify scheduled company personnel at the scene, is of [suffi-
repair within the next 5 working days. cient magnitude to justify scheduled repair
Others will justify repair within 30
days. During the working day on
which the leak is discovered, these' sit-
uations shall be brought to.the*atten-
tion of the individual respgnsible for
scheduling leak repair.
On the other hand, many Grade 2 leaks,
because of theif location and magni-
tude, can b€ scheduled for repair on
a normal routine basis with periodic
reinspection as necessary.
Table VII-5.3-3 Leak Classification and Action Criteria: Grade 3
Grade Definition Action Criteria Examples
3 A\leak that is nonhazardous These leaks shall be reevaluated during Leaks requiring reevaluation at periodic int¢rvals

at the time of detection
and can be reasonably
expected to remain non-

hazardous

the next scheduled survey or within
15 months of the date reported,
whichever occurs first

(1) Any reading of less than 20% LEL in an
enclosed space

(2) Any outdoor readings where it is unlikely
that the gas could migrate to a building
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VII-6.2 Procedure

(a) Determine the migration of gas by establishing
the outer boundaries of the indications. This will define
the area in which the leak will normally be located.
These tests shall be made with a gas detector without
expending excessive effort providing sample points.

(b) Locate all gas lines to narrow the area of a search,
giving particular attention to the location of valves, fit-
tings, tees, and stubs. Connections have a relatively high

bracket the area more closely. For example, test holes
may be spaced 6 ft (2 m) apart initially. The 6-ft (2-m)
spacing between the two highest test holes might then
be probed with additional test holes with spacing as
close as 12 in. (300 mm).

(g) Additional tests include taking gas detector read-
ings at the top of a bar hole or using a manometer or
bubble-forming solution to determine which bar hole
has the greatest positive flow. Other indications are dust

proRability of leakage. Caution shall be exercised to pre-  particles blowing from the bar holes, the sounpd of gas
venf damage to other underground structures during  coming from the bar hole, or the feel of gas'flow on a
barring or excavating. sensitive skin surface. On occasion, sunlight djffraction
(c) Identify foreign facilities in the area of search. Look ~ can be observed as the hydrogen)gas vents to the
for gvidence of recent construction activities that could  atmosphere.
hav¢ contributed to the leakage. Hydrogen gas may also (h) When hydrogen gas is found in an und¢rground
migfate and vent along a trench provided for other conduit, tests at available openings may be usg¢d to iso-
utilities. late the source, in additiohrte the techniques pfeviously
(d) Place evenly spaced bar or test holes over the  mentioned. Many time$:the leak is found at thefintersec-
suspected leaking gas line and trace the gas to its source  tjon of the foreign conduit and a hydrogen gas|line, and
by iflentifying the test holes with the highest readings. particular attentien‘shall be given to these lodations.
All bar holes shall be of equal depth and diameter, and (i) When the pattern of the gas detector readings has
down to the pipe depth where necessary, to obtain con-  g¢abilized,«thé bar hole with the highest readling will
sistgnt and worthwhile readings. All gas detector.read- usually inpoint the leak.
ings §hall be ta.ken at an equal. erth. Only the highest (j) When and where piping has been expdsed, test
sustpined readings shall be utilized. with\bubble-forming solution, particularly fo locate
(e} High readings are found frequently in more than ller leak & /P Y
. o . smadller leaks.
one [adjacent bar hole, and additional techniques are
necgssary to determine which reading is closest to the i} :
proljable source. Many of the bar hole readings will VIl-6.3 Precautions
normally decline over a period of time, but it may be Unusual situations, which are unlikely but [possible,
desirable to dissipate excess hydrogen gas from the = may complicate these techniques. For example,|multiple
undprground locations to hasten this processi:Evalua-  leaks, which give confusing data, can occur. To ¢liminate
tion| methods shall be used with caution-to-avoid the  this potential complication, the area shall be r¢checked
distprting of the venting patterns. after repairs are completed. Hydrogen gas may ¢ccasion-
(f] Once the underground leakage hasbeenidentified,  ally form pockets and give a strong indication|until the
addftional holes and deeper holés\shall be probed to  cavity in which the pocket has formed has been vented.
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MANDATORY APPENDIX ViII

(In preparation)
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MANDATORY APPENDIX IX
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING, PIPELINE, AND BOLTING MATERIALS

IX-1 INTRODUCTION

Mandatory Appendix IX contains the following tables:
(a) Table IX-1 for basic allowable stresses and speci-
fied[minimum yield strengths

(b) Table IX-2, Basic Casting Quality Factors, E.

(c} Table IX-3 for longitudinal joints factors

(d) Table IX-4, Design Stress Values for Bolting
Matprials

(e} Table IX-5 for material performance factors

IX-2| TABLE IX-1

Tlhis table is split into two tables by usage: Table IX-1A,
Basif Allowable Stresses in Tension for Metal Piping
Matprials; and Table IX-1B, Specified Minimum Yield
Strepgth for Steel Pipe Commonly Used in Pipeline
Systpms.
Tlhe specifications noted are either ASTM or API stan-
dards. The material classifications listed include the
follqwing;:
(a) carbon steel
- pipes and tubes
- pipes (structural grade)
- plates and sheets
- plates and sheets (structtral)
- forgings and fittings
- castings
(b} low and intermediate alloy steel
- pipes
plates
- forgingssand fittings
- castings
(c} stainless steel
- ‘pipes and tubes

- forgings
- castings
(e) nickel and nickel alloy
- pipes and tubes
- plates and sheets
- forgings and fittings
- rod and bar
(f) aluminum alloys
- seamless pipes-and tubes
- welded pipes and tubes
- structdral tubes
- plates and sheets
- forgings and fittings
~_castings

IX-3 TABLE IX-3

This table is split into two tables by usage: Taljle IX-3A,
Basic Quality Factors for Longitudinal Weld |Joints in
Pipes, Tubes, and Fittings, E; and Tabl¢ IX-3B,
Longitudinal Joints Factors for Pipeline Materjals.

The specifications noted are either ASTM or API stan-
dards. The material classifications listed indlude the
following;:

(a) steel

- carbon steel
- low and intermediate alloy steel
- stainless steel

(b) copper and copper alloys

(c) nickel and nickel alloys

(d) aluminum alloys

IX-4 TABLE IX-5
This table is split into the following three {ables by

- plates and sheets
- forgings and fittings
- bar
- castings
(d) copper and copper alloys
- pipes and tubes
- plates and sheets
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials
Specifications Are ASTM Unless Otherwise Indicated

ASME B31.12-2014

Specified Min.
P-No. or Min. S"Lth’ks" Min.
S-No. Temp., °F Temp.
Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300
Carbon Steel
Pipes and Tubes [Note (5)]
A285 Gr. A A672 1 A45 (38)(40)(44) B 45 24 15.0 146 | 14.2
Smls & ERW APl 5L S-1 A25 (38)(40)(50)(55) B 45 25 15.0 __15.0] 14.5
A179 1 A (38)(40) -20 47 26 154N\.15.0 | 14.2
A139 S-1 A (10b)(50) A 48 30 16.07 16.0 | 16.0
A587 1 (38)(40) -20 48 30 16.0 16.0| 16.0
A53 1 A (38)(40)(55) B 48 30 16.0 16.0]16.0
A106 1 A 38) B 48 30 16.0 16.0| 16.0
A135 1 A (38)(40) B 48 30 16.0 16.0]16.0
A369 1 FPA (38) B 48 30 16.0 16.0| 16.0
API 5L S-1 A (38)(40)(50)(55) B 48 30 16.0 16.0| 16.0
A285 Gr. A672 1 A50 (38)(40)(44) B 50 27 16.7 16.4]16.0
A524 1 I 38) -20 55 30 18.3 18.3]|17.7
A333 1 1 (38)(40) —50 55 30 18.3 18.3|17.7
A334 1 1 (38)(40) -50 55 30 18.3 18.3|17.7
A285 Gr. A671 1 CA55 (40)(44) A 55 30 18.3 18.3|17.7
A285 Gr. A672 1 A55 (38)(40)(44) A 55 30 18.3 18.3|17.7
A516 Gr. 45 A672 1 C55 (38)(44) C 55 30 18.3 18.3|17.7
A516 Gr. 40 A671 1 CC60 38)(44) C 60 32 20.0 19.5|18.9
A516 Gr. 40 A672 1 C60 (38)(44) C 60 32 20.0 19.5|18.9
A139 S-1 B (10b) A 60 35 20.0 20.0]20.0
A135 1 B 38)(40) B 60 35 20.0 20.0|20.0
A524 1 | 38) -20 60 35 20.0 20.0|20.0
A53 1 B (38)(40)(55) B 60 35 20.0 20.0|20.0
A106 1 B 38) B 60 35 20.0 20.0|20.0
A333 1 6 (38) -50 60 35 20.0 20.0]20.0
A334 1 6 38) -50 60 35 20.0 20.0|20.0
A369 1 FPB (38) -20 60 35 20.0 20.0|20.0
A381 S1 Y35 - A 60 35 20.0 20.01]20.0
API 5L S-1 B (38)(40)(50)(55) B 60 35 20.0 20.01]20.0
A139 S-1 C (10b) A 60 42 20.0 20.0|20.0
A139 S-1 D (10b) A 60 46 20.0 20.0|20.0
APl 5L S-1 X42 36)(50)(55) A 60 42 20.0 20.01(20.0
A381 S-1 Y42 A 60 42 20.0 20.01]20.0
A381 S-1 Y48 A 62 48 20.6 19.7|18.7
A381 S-1 Y46 A 63 46 21.0 21.0|21.0
A381 S-1 Y50 A 64 50 21.3 20.3]119.3
A516 Gr. 45 A671 1 CC65 (38)(44) B 65 35 21.7 21.3]20.7
A516 Gr. 45 A672 1 C65 (38)(44) B 65 35 21.7 21.3]20.7
A139 S-1 E (10b) A 66 52 22.0 22.0 22.0
API 5L S-1 X52 36)(50)(55) A 66 52 22.0 22.0 22.0
A381 S-1 Y52 A A 66 52 22.0 22.0 22.0
A516 Gr. 70 A671 1 CC70 (38)(44) B 70 38 23.3 23.1 225
A516 Gr. 70 A672 1 C70 (38)(44) B 70 38 23.3 23.1 225
. A106 1 C 38) B 70 40 23.3 23.3 233
A537 Cl. 1 (£ 21/2 in. thick) A671 1 CD70 (44) D 70 50 23.3 23.3 229
A537 Cl. 1 (£ 21/2 in. thick) A672 1 D70 (44) D 70 50 23.3 23.3 229
A537 Cl. 1 (£ 21/2 in. thick) A691 1 CMSH70 (44) D 70 50 23.3 23.3 229
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.
400 500 600 650 700 750 800 850 900 950 1,000 Grade No.
Carbon Steel
Pipes and Tubes [Note (5)]
13.7 13.0 11.8 11.6 11.5 10.3 9.0] 7.8 6.5 | 4.5 2.5 A45 A672
13.9 o o A25 APl 5L
13.5 12.8 12.1 11.8 11.5 10.6 9.2] 7.9 6.5 4.5 2.5 . off A179
.. oo A A139
16.0 16.0 14.8 14.5 14.4 10.7 9.3] 7.9 o A587
16.0 16.0 14.8 14.5 14.4 10.7 9.3 7.9 6.5 | 4.5 2.5 A A53
16.0 16.0 14.8 14.5 14.4 10.7 9.3] 7.9 6.5 | 4.5 215 A A106
16.0 16.0 14.8 14.5 14.4 10.7 9.3] 7.9 6.5 | 4.5 25 A A135
16.0 16.0 14.8 14.5 14.4 10.7 9.3] 7.9 6.5 | 4.5 2.5 FPA A369
16.0 16.0 14.8 14.5 14.4 10.7 9.3] 7.9 6.5 | &5 2.5 A API 5L
15.4 14.6 13.3 13.1 13.0 11.2 9.6 8.1 6.5 4.5 2.5 A50 A672
17.2 16.2 14.8 14.5 14.4 12.0 10.2] 8.3 6.5 4.5 2.5 1] A524
17.2 16.2 14.8 14.5 14.4 12.0 10.2] 8.3 6.5 ) 4.5 2.5 1 A333
17.2 16.2 14.8 14.5 14.4 12.0 10.2] 8.3 6.5 4.5 2.5 1 A334
17.2 16.2 14.8 14.5 14.4 12.1 10.2] 8.4 6.5 | 4.5 2.5 CA55 A671
17.2 16.2 14.8 14.5 14.4 12.1 10.2] 8.4 6.5 | 4.5 2.5 A55 A672
17.2 16.2 14.8 14.5 14.4 12.1 10.2 8.4 6.5 | 4.5 2.5 C55 A672
18.3 17.3 15.8 15.5 15.4 13.0 10.8 87 6.5 4.5 2.5 CC60 A671
18.3 17.3 15.8 15.5 15.4 13.0 10.8] 8.7 6.5 4.5 2.5 Cc60 A672
.. B A139
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 B A135
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 | A524
20.0 18.9 17.3 17.0 16.5 13:0 10.8] 8.7 6.5 4.5 2.5 B A53
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 B A106
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 6 A333
20.0 18.9 17.3 17.0 16¢5 13.0 10.8] 8.7 6.5 4.5 2.5 6 A334
20.0 18.9 17.3 17.0 165 13.0 10.8] 8.7 6.5 4.5 2.5 FPB A369
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 Y35 A381
20.0 18.9 17.3 17.0 16.5 13.0 10.8] 8.7 6.5 4.5 2.5 B API 5L
|.. C A139
|... D A139
20.q | X42 API 5L
20.0 Y42 A381
17.8 16.9 16.0 15.5 Y48 A381
21.0 Y46 A381
18.4 174 16.5 16.0 Y50 A381
20.0 18.9 17.3 17.0 16.8 13.9 11.4] 9.0 6.5 4.5 2.5 CCé65 A671
20.0 18.9 17.3 17.0 16.8 13.9 11.4] 9.0 6.5 4.5 2.5 C65 A672
|... E A139
220 X52 APl 5L
22.0 Y52 A381
21.7 20.5 18.7 18.4 18.3 14.8 12.0] 9.3 6.5 4.5 2.5 CC70 A671
21.7 20.5 18.7 18.4 18.3 14.8 12.0] 9.3 6.5 4.5 2.5 Cc70 A672
22.9 21.6 19.7 19.4 19.2 14.8 12.0 C A106
22.9 22.9 22.6 22.0 21.4 CD70 A671
22.9 22.9 22.6 22.0 21.4 D70 A672
22.9 22.9 22.6 22.0 21.4 CMSH70 A691
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
P-No. or Min. —Strength, ksi Min.
S-No. Temp., °F Temp.
Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes [Note (5)] (Cont’d)
API 5L S-1 X56 (34)(36)(47)(50)(55) A 71 56 23.7 23| 23.7
- A381 S-1 Y56 (B34)(36)(47) A 71 56 23.7 _..23.7 | 23.7
A299 (> 1]in. thick) A671 1 CK75 (38)(44) A 75 40 250N\.24.4 | 23.7
A299 (> 1]in. thick) A672 1 N75 (38)(44) A 75 40 25.0 24.4 | 23.7
A299 (> 1]in. thick) A691 1 CMS75 (38)(44) A 75 40 25.0 24.4]23.7
A299 (< 1]in. thick) A671 1 CK75 (38)(44) A 75 42 25.0 25.0|24.8
A299 (< 1]in. thick) A672 1 N75 (38)(44) A 75 42 25.0 25.0]24.8
A299 (< 1]in. thick) A691 1 CMS75 (38)(44) A 75 42 25.0 25.0|24.8
API 5L S-1 X60 (34)(36)(47)(50)(55) A 75 60 25.0 25.0]25.0
API 5L S-1 X65 (34)(36)(47)(50)(55) A 77 65 25.7 25.7|25.7
API 5L S-1 X70 (34)(36)(47)(50)(55) A 82 70 273 2731273
API 5L S-1 X80 (34)(36)(47)(50)(55) A 90 80 30.0 30.0| 30.0
A381 S-1 Y60 (B4)(47) A 75 60 25.0 25.0]25.0
Pipes (Qtructural Grade) [Note (5)]
A570 Gr. I3 A134 S-1 (10a)(10¢) I -20 52 33 159 15.9]15.9
A570 Gr. 36 Al134 S-1 (10a)(10¢) H -20 53 36 16.3 16.3]16.3
A570 Gr. 40 A134 1 (10a)(10¢) I -20 55 40 169 16.9|16.9
A570 Gr. 45 Al134 S-1 (10a)(10¢) H -20 60 45 18.4 18.4|18.4
A570 Gr. 0 A134 1 (10a)(@00) I -20 65 50 19.9 19.9]19.9
Plates and Sheets
A516 1 55 (38) C 55 30 18.3 18.3|17.7
A516 1 60 (38) C 60 32 20.0 19.5|18.9
A516 1 65 (38) B 65 35 21.7 21.3|20.7
A516 1 70 (38) B 70 38 233 23.1|225
(£ 2% in. fthick) A537 1 cl.1 Ce D 70 50 23.3 23.3]229
(> 1 in. th|ck) A299 1 (38) A 75 40 25.0 24.4|23.7
(£ 1 in. th|ck) A299 1 (38) A 75 42 25.0 25.0]24.8
Plates and Sheets (Structural)
AS70 S-1 30 (100)(38) I A 49 30 15.0 15.0| 15.0
A570 S-1 33 (100(38) [ A 52 33 159 15.9|15.9
A570 S-1 36 (1009)(38) I A 53 36 16.3 16.3|16.3
A570 S-1 40 (100)(38) [ A 55 40 169 16.9]16.9
A36 1 ... (100)(51) I A 58 36 17.8 16.9]16.9
A570 S-1 45 (100)(38) [ A 60 45  18.4 18.4|18.4
A570 S-1 50 (1009)(38) I A 65 50 19.9 19.9]19.9
Forgingg and-Fittings [Note (5)]
A350 1 LF1 (11)(38)(40) -20 60 30 20.0 183 17.7
A181 1 Cl. 60 (11)(38)(40) A 60 30 20.0 183 17.7
A420 1 WPL6 38) =50 60 35 20.0 20.0 20.0
A234 1 WPB (38)(40) B 60 35 20.0 20.0 20.0
A350 1 LF2 1138 =50 70 36 233 219 213
A105 1 e (11)(38)(40) -20 70 36 233 219 213
A181 1 cl. 70 (11)(38)(40) A 70 36 233 219 213
A234 1 WPC (38)(40) B 70 40 233 23.3 233
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.
400 500 600 650 700 750 800 850 900 950 1,000 Grade No.

Carbon Steel (Cont’d)
Pipes and Tubes [Note (5)] (Cont’d)

23.7 |l X56 API 5L
23.7 Y56 A381
22.9 21.6 19.7 19.4 19.2 15.7 12.6] 9.5 6.5 4.5 2.5 CK#A5 A671
22.9 21.6 19.7 19.4 19.2 15.7 12.6] 9.5 6.5 4.5 2.5 N75 A672
22.9 21.6 19.7 19.4 19.2 15.7 12.6] 9.5 6.5 4.5 2.5 CMS75 A691
24.Q 22.7 20.7 20.4 20.2 - e | . e . .o d CK75 A671
24.0 22.7 20.7 20.4 20.2 . o - e - <) N75 A672
24.Q 22.7 20.7 20.4 20.2 - o e . A o CMS75 A691
254 X60 APl 5L
.4l ... X65 APl 5L
273l X70 API 5L
30.4 | X80 API 5L
25.0 Y60 A381
Pipes (Structural Grade) [Note (5)]
15.9 A134
[16.3 A134
[16.9 Al134
[18.4 A134
(19.9 Al134
Plates ang Sheets
17.2 16.2 14.8 14.5 14.4 12.0 10.2] 8.3 - - R 55 A516
18.3 17.3 15.8 15.5 15.4 1229 10.8] 8.6 e e ce 60 A516
20.0 18.9 17.3 17.0 16.8 13.8 11.4] 8.9 - e A 65 A516
21.7 20.5 18.7 18.4 18.3 14.7 12.0] 9.2 e . . 70 A516
22.9 22.9 22.6 22.0 21%, Ce o c. e c. e .1 A537
22.9 21.6 19.7 19.4 19.2 15.6 12.6] 9.5 6.5 4.5 2.5 A A299
24.0 22.7 20.7 20.4 20.2 15.6 12.6] 9.5 6.5 4.5 2.5 c. A299
Plates and Sheets (Structural)
15.0 15.0 13.8 13.5 13.4 10.5 | 30 A570
15.9 15.9 14.7 14.4 14.3 11.2 e | e Ce e . 33 A570
16.3 16.3 1530 14.7 14.6 11.4 o - - - . 36 A570
16.9 16.9 15.6 15.3 15.2 11.6 | 40 A570
16.9 16.9 16.9 16.9 16.9 o A36
18.4 1%2.2 15.7 15.4 15.2 12.2 e 45 A570
19.9 18:6 17.2 16.9 16.7 12.9 o - A . Ce 50 A570
Forgings and Fittings [|~Iote (5)]
17.2 16.2 14.8 14.5 14.4 13.0 10.8] 7.8 5.0] 3.0 1.5 LF1 A350
17.2 16.2 14.8 14.5 14.4 13.0 10.8] 8.7 6.5 | 4.5 2.5 Cl. 60 A181
20.0 18.9 17.3 17.0 16.8 13.0 10.8] 7.8 5.0 3.0 1.5 WPL6 A420
20.0 18.9 17.3 17.0 16.8 13.0 10.8] 8.7 6.5 | 4.5 2.5 WPB A234
20.6 19.4 17.8 17.4 17.3 14.8 12.0] 7.8 5.0 3.0 1.5 LF2 A350
20.6 19.4 17.8 17.4 17.3 14.8 12.0] 9.3 6.5 | 4.5 2.5 e A105
20.6 19.4 17.8 17.4 17.3 14.8 12.0] 9.3 6.5 | 4.5 2.5 Cl. 70 A181
22.9 21.6 19.7 19.4 19.2 14.8 12.0] e | e Ce WPC A234
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated
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Specified Min.
P-No. or Min. S“Lth’ks" Min.
S-No. Temp., °F Temp.
Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300
Carbon Steel (Cont’d)
Castings [Note (5)]
A216 1 WCA (38) -20 60 30 200 183|177
A352 1 LCB (11)(38) -50 65 35 21.7_ 243207
A216 1 WCB (11)(38) -20 70 36  233\.21.9](21.3
A216 1 wcc (11)(38) -20 70 40  23.37 233|233
Low and Iptermediate Alloy Steel
Pipes [Note (5)]
YhCr=YM A335 3 P2 -20 55 30 183 18.3|17.5
Cr-Y4Mq A387 Gr. 2 Cl. 1 A691 3 Y5CR (13)(44) -20 55 33 183 18.3|183
c-Y%Mo A335 3 P1 (39) -20 55 30 183 183|175
Cc-Y%Mo A369 3 FP1 (39) -20 55 30 183 183|175
YCr=Y%M A369 3 FP2 -20 55 30 183 18.3|17.5
1Cr-%Mo|A387 Gr. 12 Cl. 1 A691 4 1CR (13)(44) -20 55 33 183 18.3|183
PACEAL A426 3 CP2 (12) -20 60 30 18.4 17.7|17.0
1%Si-Y,Mo A335 3 P15 -20 60 30 18.8 18.2|17.6
1%Si-Y,Mo A426 3 CP15 12) -20 60 30 18.8 18.2|17.6
1Cr-%Mo A426 4 CP12 12 -20 60 30 18.8 18.3]|17.6
5Cr-Y4Mot1Y4Si A426 58 CP5b 12 -20 60 30 188 179|171
3Cr-Mo A426 5A  CP21 12 -20 60 30 18.8 18.1|17.4
2Cr-%Mo A369 4 FP3b -20 60 30 20.0 185|175
1Cr-%Mo A335 4 P12 -20 60 32 20.0 18.7]18.0
1Cr-%,Mo A369 4 FP12 -20 60 32 20.0 18.7]18.0
1Y,cr-%Mo A335 4 P11 -20 60 30 20.0 18.7|18.0
1Y,cr-Y%Mo A369 4 FP11 -20 60 30 20.0 18.7]18.0
1Y,Cr-Y%Mo A387 Gr. 11 Cl. 1 A691 4 1Y4CR (13)(44) -20 60 35  20.0 20.0|20.0
5Cr-;Mo|A387 Gr. 5 Cl. 1 A691 58 ¢ 5CR (13)(44) -20 60 30  20.0 18.1|17.4
. 5Cr-YMo A335 5B.\\ P5 -20 60 30 20.0 18.1|17.4
: 5Cr-Y,Mo}-Si A335 5B P5b -20 60 30 20.0 18.1|17.4
-~ 5Cr-YMot-Ti A335 5B P5c -20 60 30 20.0 18.1|17.4
- 5Cr-Y;Mo A369 58 FP5 -20 60 30  20.0 18.1|17.4
" 9Cr-1Mo A335 58 P9 -20 60 30 20.0 18.1|17.4
: 9Cr-1Mo A369 5B FP9 -20 60 30  20.0 18.1|17.4
- 9Cr-1Mo A387 Gr. 9 Cl. 1 A691 5B 9CR -20 60 30 20.0 18.1|17.4
" 3Cr-1Mo A335 5A P21 -20 60 30  20.0 18.7|18.0
3Cr-1Mo A369 5A  FP21 -20 60 30 20.0 18.7|18.0
3Cr-1Mo A387 Gr..2¥ Gl 1 A691 5A  3CR (13)(44) -20 60 30 20.0 185|181
2Y,Cr—1Mp A387Gr. 22 Cl. 1 A691 5A  2Y,CR (13)(44)(48)(49) -20 60 30 20.0 18.5]18.0
2Y,Cr-1Mp A369 5A  FP22 (48)(49) -20 60 30  20.0 18.5[18.0
21/,,Cr—1MJ A335 pla P &89 =20 60 30 00—185 18.0
c-Y%Mo A426 3 CP1 12)(39) -20 65 35 217 217 217
C-Mo A204 Gr. A A672 3 L65 (13)(39) (44) -20 65 37 217 21.7 21.7
C—Mo A204 Gr. A A691 3 CM65 (13)(39)(44) -20 65 37 217 217 217
3%Ni A203 Gr. E A671 9B  CF71 (13)(42)(44) -20 70 40 233 ... ...
C—Mo A204 Gr. B A672 3 L70 (13)(39) (44) -20 70 40 233 233 233
C-Mo A204 Gr. B A691 3 CM70 (13)(39)(44) -20 70 40 233 233 233
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.

400 500 600 650 700 750 800 850 900 950 1,000 Grade No.

Carbon Steel (Cont’d)

Castings [Note (5)]

17.2 16.2 14.8 14.5 14.4 13.0 10.8] 8.6 6.5 4.5 2.5 WCA A216
20.9 18.9 17.3 17.0 16.8 13.8 11.4] 8.9 6.5 4.5 2.5 LCB A352
20.6 19.4 17.8 17.4 17.3 14.8 12.0] 9.3 6.5 4.5 2.5 WCEB A216
22.9 21.6 19.7 19.4 19.2 14.8 12.0] 9.3 6.5 4.5 2.5 WCC A216

Low and Intermediate fAlloy Steel

Pipes [Note (5)]

16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 5.9 P2 A335
18.3 17.9 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 5.9 l/ZCR A691
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 |12.7 8,2 4.8 P1 A335
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 |12.7 872 4.8 FP1 A369
16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 12.8 9.2 5.9 FP2 A369
18.3 17.9 17.3 16.9 16.6 16.3 15.9 15.4 14.0 11.3 7.2 1CR A691
16.3 15.6 14.9 14.6 14.2 13.9 13.5 13.2 12:5 10.0 6.3 CP2 A426
17.0 16.5 15.9 15.6 15.3 15.0 14.4 13.8 125 10.0 6.3 P15 A335
17.0 16.5 15.9 15.6 15.3 15.0 14.4 13.8 12.5 10.0 6.3 CP15 A426
17.7] 16.5 15.9 15.7 15.4 15.1 14.8 14.2 13.1 11.3 7.2 CP12 A426
16.2 15.4 14.5 14.1 13.7 13.3 12.8 12.4 10.9 9.0 5.5 CP5b A426
16.8 16.1 15.5 15.2 14.8 14.5 13.9 1322 12.0 9.0 7.0 CP21 A426
16.4 16.3 15.7 15.4 15.1 13.9 13.5 13.1 12.5 10.0 6.2 FP3b A369
17.5 17.2 16.7 16.2 15.6 15.2 150 14.5 12.8 11.3 7.2 P12 A335
17.5 17.2 16.7 16.2 15.6 15.2 45.0 14.5 12.8 11.3 7.2 FP12 A369
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 9.3 6.3 P11 A335
17.5 17.2 16.7 16.2 15.6 152 15.0 14.5 12.8 9.3 6.3 FP11 A369
19.7 18.9 18.3 18.0 17.6 173 16.8 16.3 15.0 9.9 6.3 11/4CR A691
17.2 17.1 16.8 16.6 16,3 13.2 12.8 12.1 10.9 8.0 5.8 5CR A691
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 P5 A335
17.2 17.1 16.8 16.6 16:3 13.2 12.8 12.1 10.9 8.0 5.8 P5b A335
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 P5c A335
17.2 17.1 16.8 1676 16.3 13.2 12.8 12.1 10.9 8.0 5.8 FP5 A369
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 P9 A335
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 FP9 A369
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 11.4 10.6 7.4 9CR A691
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.0 12.0 9.0 7.0 P21 A335
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.0 12.0 9.0 7.0 FP21 A369
17.9 17:9 17.9 17.9 17.9 17.9 17.8 14.0 12.0 9.0 7.0 3CR A691
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 21/;,CR A691
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 FP22 A369
17. 17°¢ 179 179 179 179 178 75 1278 1078 7.8 P A335
21.7 21.3 20.7 20.4 20.0 16.3 15.7 14.4 |12.5 10.0 6.3 CP1 A426
20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 |13.7 8.2 4.8 L65 A672
20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 |13.7 8.2 4.8 CM65 A691
CF71 A671
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 |13.7 8.2 4.8 L70 A672
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 |13.7 8.2 4.8 CM70 A691
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
P-No. or Min. S“Lth’ks" Min.
S-No. Temp., °F Temp.

Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300
Low and Intermediate Alloy Steel (Cont’d)
Pipes [Note (5)] (Cont’d)
1Y,cr-YMo A426 4 CP11 12 -20 70 40 233 233|233
2Y,Cr-1M A426 5A  CP22 (12)(48) -20 70 40 2332337233
C-Mo A20 Gr. C A672 3 L75 (13)(39)(44) -20 75 43 256\.25.0]25.0
C-Mo A20 Gr. C A691 3 CM75 (13)(39)(44) -20 75 43 25.07 25.0]25.0
Plates
PACETA A387 3 201 -20 55 33 183 183|183
1Cr-YMo A387 4 12 Cl 1 -20 55 33 183 183|183
1Y,Cr-%Mo A387 4 11CL 1 -20 60 35  20.0 20.0]20.0
5Cr-Y4Mo A387 58 5CL1 -20 60 30 20.0 18.1|17.4
3Cr-1Mo A387 5o 21CL1 -20 60 30 20.0 18.5]18.1
2Y,Cr-1Mp A387 5A  22CL1 (48) -20 60 30 20.0 18.5]18.0
Cc-%Mo A204 3 A (39) -20 65 37 217 217|217
1Cr-YMo A387 4 12 Cl. 2 -20 65 40 217 21.7]|217
=Y%M A387 3 2ClL2 -20 70 45 233 17.5|17.5
Cc-,Mo A204 3 B (39 -20 70 40 233 23.3|23.3
Cr—-Mn-Si A202 4 A -20 75 45  25.0 23.9]|228
Mn-Mo A302 3 A -20 75 45  25.0 25.0]25.0
Cc-%Mo A204 3 C (39) -20 75 43 25.0 25.0]25.0
1Y,cr-Y%Mo A387 4 11 ClL 2 -20 75 45 25.0 25.0]25.0
5Cr-YMo A387 58 5Cl2 -20 75 45  25.0 24.9]|24.2
3Cr-Y%Mo A387 5A 21ClL2 -20 75 45  25.0 250|245
2Y,Cr-1M A387 5A 22ClL2 (48) -20 75 45  25.0 25.0|24.5
Mn-Mo A302 3 B -20 80 50  26.7 26.7]26.7
Mn-Mo-N A302 3 o -20 80 50 267 26.7|26.7
Mn-Mo-N A302 3 D -20 80 50  26.7 26.7]26.7
Cr—-Mn-Si A202 4 B -20 85 47  28.4 27.1|25.8
Forging4 and Fittings [Note (5)]
C-Y;Mo A234 3 WP1 (39) -20 55 30 18.3 18.3|17.5
1Cr-YMo A182 4 F12 Cl. 1 (11) -20 60 30 20.0 18.7|18.0
1Cr-Y%Mo A23% 4 WP12 Cl. 1 . -20 60 32 20.0 18.7]18.0
1Y,cr-Y%Mo A182 4 F11 Cl. 1 (11) -20 60 30 20.0 18.7|18.0
1Y,Cr-%Mo A234 4 WP11 ClL.1 ... -20 60 30 20.0 18.7]18.0
2Y,Cr-1Mp A182 ... F22cCl1 (11)(48)(49) -20 60 30 20.0 18.5(18.0
2Y,Cr-1M A234 5A WP22Cl.1 (48) -20 60 30 20.0 18.5]18.0
YhCr=YM A182 3 F2 (11) -20 70 40 233 233|233
C-%Mo A182 3 F1 (11)(39) -20 70 40 233 23.3]233
1Cr-Y%Mo A182 4 F12CL2 (11 =20 70 40 233 2331233
1Cr-Y5Mo A234 4 WP12 Cl. 2 -20 70 40 233 23.3 233
1Y,Cr-%Mo A182 4 F11 Cl. 2 (11) -20 70 40 233 233 233
1Y,Cr-YMo A234 4 WP11 CL 2 ... -20 70 40 233 233 233
2Y,Cr-1Mo A182 5A  F22ClL.3  (11)(@48) -20 75 45  25.0 25.0 245
2Y,Cr-1Mo A234 5A WP22 CL.3 (48) -20 75 45  25.0 25.0 24.5
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.
400 500 600 650 700 750 800 850 900 950 1,000 Grade No.

Low and Intermediate Alloy Steel (Cont’d)
Pipes [Note (5)] (Cont’d)

23.3 22.9 22.3 21.6 20.9 15.5 15.0 14.4 13.7 9.3 6.3 CP11 A426
23.3 22.9 22.3 21.6 20.9 17.5 17.5 16.0 14.0 11.0 7.8 CP22 A426
24.7 23.3 22.5 22.1 21.7 18.8 18.8 18.3 [13.7 8.2 4.8 L75 A672
247 23.3 22.5 22.1 21.7 18.8 18.8 18.3 |13.7 8.2 4.8 CM75 A691
Plates

18.3 17.9 17.3 16.9 16.6 13.8 13.8 13.4 12.8 9.2 5.9 2CL1 A387
18.3 17.9 17.3 16.9 16.6 16.3 15.9 15.4 14.0 11.3 A2 12ClL 1 A387
19.7 18.9 18.3 18.0 17.6 17.3 16.8 16.3 13.7 9.3 6.3 11Cl 1 A387
17.2 17.1 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 5CL1 A387
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.0 12.0 90 7.0 21 Cl. 1 A387
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 8.0 22 Cl. 1 A387
20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 |13.7 8.2 4.8 A A204
21.7 21.7 20.9 20.5 20.1 19.7 19.2 18.7 180 11.3 7.2 12 ClL 2 A387
17.5 17.5 17.5 17.5 17.5 17.5 17.5 16.8 1445 10.0 6.3 2 Cl2 A387
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 3.7 8.2 4.8 B A204
21.6 20.5 19.3 18.8 17.7 15.7 12.0 7.8 5.0 3.0 1.5 A A202
25.0 25.0 25.0 25.0 25.0 18.3 17.7 16.8 13.7 8.2 4.8 A A302
24.7 23.3 22.5 22.1 21.7 18.8 18.8 18.3 |13.7 8.2 4.8 C A204
25.0 24.3 23.5 23.1 22.7 22.2 21.6 21.1 13.7 9.3 6.3 11 Cl 2 A387
2479 23.9 23.6 23.2 22.8 16.5 160 15.1 10.9 8.0 5.8 5ClL2 A387
247 23.9 23.8 23.6 23.4 23.0 22.5 19.0 13.1 9.5 6.8 21 ClL 2 A387
24.7 23.9 23.8 23.6 23.4 23.0 22.5 21.8 17.0 11.4 7.8 22 Cl. 2 A387
26.7 26.7 26.7 26.7 26.7 19.6 18.8 17.9 13.7 8.2 4.8 B A302
26.7 26.7 26.7 26.7 26.7 19.6 18.8 17.9 13.7 8.2 4.8 C A302
26.7 26.7 26.7 26.7 26,7 19.6 18.8 17.9 13.7 8.2 4.8 D A302
24.9 23.2 21.9 21.3 19.8 17.7 12.0 7.8 5.0 3.0 1.5 B A202
Forgings and Fittings [Note (5)]

16.9 16.3 15.7 15.4 15.1 13.8 13.5 13.2 |12.7 8.2 4.8 WP1 A234
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 11.3 7.2 F12 Cl. 1 A182
17.5 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 11.3 7.2 WP12 Cl. 1 A234
17.5 17.2 16y7 16.2 15.6 15.2 15.0 14.5 12.8 9.3 6.3 F11 Cl. 1 A182
17.9 17.2 16.7 16.2 15.6 15.2 15.0 14.5 12.8 9.3 6.3 WP11 Cl. 1 A234
17.9 17.9 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 F22 Cl. 1 A182
17.9 174, 17.9 17.9 17.9 17.9 17.8 14.5 12.8 10.8 7.8 WP22 Cl. 1 A234
22.5 217 20.9 20.5 20.1 17.5 17.5 17.1 |15.0 9.2 5.9 F2 A182
22.5 21.7 20.9 20.5 20.1 17.5 17.5 17.1 13.7 8.2 4.8 F1 A182
22. 21.7 20,9 20,5 201 19.7 19.2 18.7 18.0 113 7.2 F12 ClL 2 A182
22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 WP12 Cl. 2 A234
22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 F11 Cl. 2 A182
22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 13.7 9.3 6.3 WP11 Cl. 2 A234
24.1 23.9 23.8 23.6 23.4 23.0 22.5 21.8 17.0 11.4 7.8 F22 Cl. 3 A182
24.1 23.9 23.8 23.6 23.4 23.0 22.5 21.8 17.0 11.4 7.8 WP22 Cl. 3 A234
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
P-No. or Min. S“Lth’ks" Min.
S-No. Temp., °F Temp.

Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300

Low and Intermediate Alloy Steel (Cont’d)
Castings [Note (5)]
C—%Mo A352 3 LC1 11)3B9 -75 65 35 21.7 215, 20.5
C—l/zMo A217 3 WC1 1139 =20 65 35 21.7 . 24.5] 20.5
1Y,cr-YMo A217 4 WC6 (1) -20 70 40  233\.23.3|233
21/4Cr—1M A217 5A WC9 (11) =20 70 40 23.37 23.3|23.1
Stainless $teel [Notes (6), (7)]
Pipes and Tubes [Note (5)]
18Cr—8Ni fube A213 8 TP304L (15)(30) —425 70 25 16.7 16.7| 16.7
18Cr—8Ni fube A249 8 TP304L (15)(30) —425 /0 25 16.7 16.7| 16.7
18Cr—8Ni fube A269 8 TP304L (15)(30) —425| 70 25 16.7 16.7| 16.7
18Cr-8Ni pipe A312 8 TP304L . —425 70 25 16.7 16.7| 16.7
Type 304L{A240 A358 8 304L B0)(54) —425| 70 25 16.7 16.7| 16.7
16Cr—-12N{|-2Mo tube A213 8 TP316L (15)(30) -425 70 25 16.7 16.7| 16.7
16Cr—12N}-2Mo tube A249 8 TP316L (15)(30) —425 70 25 16.7 16.7| 16.7
16Cr—-12N{|-2Mo tube A269 8 TP316L (15)(30) —425] 70 25 16.7 16.7| 16.7
16Cr—12N|-2Mo pipe A312 8 TP316L Ce —425 70 25 16.7 16.7| 16.7
Type 316L|A240 A358 8 316L B0)(54) —425| 70 25 16.7 16.7| 16.7
18Cr—8Ni A451 8 CPF8 22)(24) —425 70 30 20.0 20.0| 19.8
18Cr—10N|-Cb pipe A312 8 TP347 e —425 75 30 20.0 20.0| 20.0
Type 347 p240 A358 8 347 (25)(36) —425 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A376 8 TP347 (25)(30) —425 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A409 8 TP347 25)(30) —425 75 30 20.0 20.0| 20.0
16Cr—-12N{|-Mo tube A213 8 TP316 (15)(22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
16Cr—12N}|-Mo tube A249 8 TP316 (15)(22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
16Cr—12N|-Mo tube A269 8 TR316 (15)(22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
16Cr—12N|-2Mo pipe A312 8 TP316 22)(24) —425 75 30 20.0 20.0| 20.0
Type 316 A240 A358 8 316 (22)(24)(26)(30) —425 75 30 20.0 20.0] 20.0
16Cr—12N|-2Mo pipe A376 8 TP316 (22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
16Cr-12N|-2Mo pipe A409 8 TP316 (22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
16Cr—12N|-2Mo pipe A312 8 TP316H 22 -325 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A376 8 TP347H (25)(30) -325 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A312 8 TP347 (24) —425 75 30 20.0 20.0| 20.0
Type 347 A240 A358 8 347 (24)(25)(30) —425 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A376 8 TP347 (24)(25)(30) —425 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A409 8 TP347 (24)(25)(30) —425 75 30 20.0 20.0| 20.0
18Cr—10N|-Cb pipe A312 8 TP347H (15)(22)(24)(26)(30) -325 75 30 20.0 20.0| 20.0
18Cr-8Ni fube A213 8 TP304 —425 75 30 20.0 20.0| 20.0
18Cr—8Ni fube A249 8 TP304N - -320 75 30 20.0 20.0| 20.0
18Cr-8Ni fube A269 8 TP304 (15)(22)(24)(26)(30) —425 75 30 20.0 20.0| 20.0
18Cr—8Ni pipe A312 8 TP304 22)(24) —425 75 30 20.0 20.0 20.0
Type 304 A240 A358 8 304 (22)(24)(26)(30) —425 75 30 20.0 20.0 20.0
18Cr—8Ni pipe A376 8 TP304 (16)(22)(24)(26)(30) —425 75 30 20.0 20.0 20.0
18Cr-8Ni pipe A376 8 TP304H (22)(26)(30) -325 75 30 20.0 20.0 20.0
18Cr—8Ni pipe A409 8 TP304 (22)(24)(26)(30) —425 75 30 20.0 20.0 20.0
18Cr-8Ni pipe A312 8 TP304H 22 -325 75 30 20.0 20.0 20.0
18Cr-10Ni-Mo A451 8 CPF8M 22)(24) —425 70 30 20.0 20.0 20.0
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.

400 500 600 650 700 750 800 850 900 950 1,000 Grade No.

Low and Intermediate Alloy Steel (Cont’d)

Castings [Note (5)]

19.7 18.9 18.3 18.0 17.6 e Ce e Ce Ce . LC1 A352
19.7 18.9 18.3 18.0 17.6 16.2 15.8 15.3 |13.7 8.2 4.8 wcC1 A217
22.5 21.7 20.9 20.5 20.1 19.7 19.2 18.7 14.5 11.0 6.9 wce A217
22.5 22.4 22.4 22.2 21.9 21.5 21.0 19.8 17.0 11.4 7.8 WC9 A217

Stainless Steel [Nolﬁs 6), (7]

Pipes and Tubes [Note (5)]

15.8 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 TP304L A213
15.8 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 TP304L A249
15.8 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 TP304L A269
15.8 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 979 7.8 TP304L A312
15.8 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 304L A358
15.5 14.4 13.5 13.2 12.9 12.6 12.4 121 11.8 11.5 11.2 TP316L A213
15.5 14.4 13.5 13.2 12.9 12.6 12.4 12.1 118 11.5 11.2 TP316L A249
15.5 14.4 13.5 13.2 12.9 12.6 12.4 12.1 118 11.5 11.2 TP316L A269
15.5 14.4 13.5 13.2 12.9 12.6 12.4 12.1 11.8 11.5 11.2 TP316L A312
15.5 14.4 13.5 13.2 12.9 12.6 12.4 124 11.8 11.5 11.2 316L A358
17.5 16.4 15.7 15.3 15.1 14.9 14.8 12,9 12.7 12.3 10.8] CPF8 A451
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| TP347 A312
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0] 347 A358
20.4 19.9 19.3 19.0 18.6 18.5 184 18.2 18.1 18.1 18.0| TP347 A376
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0] TP347 A409
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] TP316 A213
19.3 17.9 17.0 16.7 16.3 16:1 15.9 15.7 15.5 15.4 15.3] TP316 A249
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] TP316 A269
19.3 17.9 17.0 16.7 16,3 16.1 15.9 15.7 15.5 15.4 15.3| TP316 A312
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] 316 A358
19.3 17.9 17.0 16.7 T6:3 16.1 15.9 15.7 15.5 15.4 15.3| TP316 A376
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] TP316 A409
19.3 17.9 17.0 1677 16.3 16.1 15.9 15.7 15.5 15.4 15.3 TP316H A312
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| TP347H A376
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| TP347 A312
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| 347 A358
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| TP347 A376
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| TP347 A409
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0 TP347H A312
18.7 1245 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304 A213
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304N A249
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304 A269
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304 A312
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 304 A358
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304 A376
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304H A376
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304 A409
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 TP304H A312
19.4 18.1 171 16.7 16.2 15.8 15.5 14.7 14.4 14.0 13.4 CPF8M A451
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Specified Min.
P-No. or Min. S“Lth’ks" Min.
S-No. Temp., °F Temp.
Material Spec. No. [Note (1)] Grade Notes [Note (2)] Tensile Yield to 100 200 300

Stainless Steel [Notes (6), (7)] (Cont’d)

Plates and Sheets
18Cr—8Ni A240 8 304L 3B0) —425 70 25 16.7 16:7| 16.7
16Cr—-12N{-2Mo A240 8 316L 30) -425 70 25 16.7 __16.7] 16.7
18Cr—10N|-Ch A240 8 347 30) —425 75 30 200\.20.0 | 20.0
16Cr—-12N{-2Mo A240 8 316 (24)(25)(30) -425 75 30 20.0~ 20.0| 20.0
18Cr—10N|-Ch Al67 8 347 (24)(25)(30) —425 75 30 20.0 20.0| 20.0
18Cr-10N|-Cb A240 8 347 (24)(30) -425 75 30 20.0 20.0] 20.0
18Cr—8Ni A240 8 304 (22)(24)(30) —425 75 30 20.0 20.0| 20.0

Forgingg and Fittings [Note (5)]
18Cr—8Ni A182 8 F304L (11)(18) —425 70 25 16.7 16.7| 16.7
18Cr-8Ni A403 8 WP304L 2731 -425 70 25 16.7 16.7] 16.7
16Cr—-12N{-2Mo A182 8 F316L 11)(18) —425 70 25 16.7 16.7| 16.7
16Cr—-12N{-2Mo A403 8 WP316L 27)(31) -425 70 25 16.7 16.7] 16.7
18Cr—10N|-Ch A182 8 F347 (1117 —425 75 30 20.0 20.0| 20.0
18Cr-10N|-Cb A403 8 WP347 2731 =425 75 30 20.0 20.0] 20.0
16Cr-12N{-2Mo A403 8 WP316H 22)27)(31) -325 75 30 20.0 20.0| 20.0
16Cr—-12N{-2Mo A182 8 F316H 111722 -325 75 30 20.0 20.0] 20.0
18Cr—10N|-Ch A403 8 WP347H 2731 -325 75 30 20.0 20.0| 20.0
18Cr-10N|-Cb A182 8 F347 (11)(LAQ2) -425 75 30 20.0 20.0] 20.0
18Cr—10N|-Ch A403 8 WP347 4)2%)(31) —425 75 30 20.0 20.0| 20.0
18Cr-10N|-Cb A182 8 F347H (ANA7) -325 75 30 20.0 20.0] 20.0
18Cr—10N|-Ch A182 8 F348H (117 -325 75 30 20.0 20.0| 20.0
16Cr—-12N{-2Mo A182 8 F316 11)(17)(22)(24) -325 75 30 20.0 20.0] 20.0
16Cr-12N{-2Mo A403 8 WR316 22)24)(27)(31) —425 75 30 20.0 20.0| 20.0
18Cr—8Ni A182 8 F304 11)(17)(22)(24) -425 75 30 20.0 20.0] 20.0
18Cr—8Ni A403 8 WP304 22)24)(27)(31) —425 75 30 20.0 20.0| 20.0
18Cr-8Ni A403 8 WP304H 22)(27)(31) -325 75 30 20.0 20.0] 20.0
18Cr—8Ni A182 8 F304H (111722 -325 75 30 20.0 20.0| 20.0

Bar
18Cr—8Ni A4T79 8 304 22)(24)(26) —425 75 30 20.0 20.0|20.0

Castingg [Note (5)]
18Cr—8Ni A351 8 CF3 (11) —425 70 30 20.0 20.0|19.7
17Cr-10N{-2Mo A351 8 CF3M 11) —425 70 30 20.0 18.0|17.4
18Cr—8Ni A351 8 CF8 (11)(22)(23)(26) —425 70 30 20.0 20.01 20.0
18Cr-10N{-2Mo A351 8 CF8M (11)(22)(23)(25) —425 70 30 20.0 20.0| 20.0
18Cr—8Ni A351 8 CF3A 1137 —425 77 35 23.3 23.3|226
18Cr—8Ni A351 8 CF8A (112237 =425 77 35 23.3 23.3|226
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Spec.
400 500 600 650 700 750 800 850 900 950 1,000 Grade No.

Stainless Steel [Notes (6), (7)] (Cont’d)
Plates and Sheets

15.6 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 304L A240
15.5 14.4 13.5 13.2 12.9 12.6 12.4 12.1 11.8 11.5 11.2 316L A240
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 13.0] 347 A240
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] 316 A240
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| 347 Al67
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18,0 347 A240
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13-8 304 A240

Forgings and Fittings [Note (5)]

15.4 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9.9 7.8 F304L A182
15.4 14.8 14.0 13.7 13.5 13.3 13.0 12.8 11.9 9:9 7.8 WP304L A403
15.5 14.4 13.5 13.2 12.9 12.6 12.4 12.1 11.8 11.5 11.2 F316L A182
15.5 14.4 13.5 13.2 12.9 12.6 12.4 121 11.8 11.5 11.2 WP316L A403
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| F347 A182
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| WP347 A403
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] WP316H A403
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3 F316H A182
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| WP347H A403
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0]| F347 A182
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0| WP347 A403
20.4 19.9 19.3 19.0 18.6 18.5 184 18.2 18.1 18.1 18.0 F347H A182
20.4 19.9 19.3 19.0 18.6 18.5 18.4 18.2 18.1 18.1 18.0 F348H A182
19.3 17.9 17.0 16.7 16.3 16:1 15.9 15.7 15.5 15.4 15.3] F316 A182
19.3 17.9 17.0 16.7 16.3 16.1 15.9 15.7 15.5 15.4 15.3] WP316 A403
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8] F304 A182
18.7 17.5 16.4 16.2 160 15.6 15.2 14.9 14.6 14.4 13.8] WP304 A403
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 WP304H A403
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.6 14.4 13.8 F304H A182

Bar
18.7 17.5 16.4 16.2 16.0 15.6 15.2 14.9 14.7 14.4 14.1| 304 A479

Castings [Note (5)]

17.6 16.4 156 15.2 15.1 14.9 14.7 e R . e CF3 A351

16.4 16.0 15.4 15.0 14.6 14.4 14.0 13.2 R . . CF3M A351

18.7 1744 16.4 16.1 15.9 15.5 15.1] 14.4 14.2 13.9 12.2] CF8 A351

19.4 18.1 17.1 16.7 16.2 15.7 15.6| 14.7 14.5 14.0 13.1] CF8M A351

21.§ 20.5 19.3 18.9 17.6 . . e ce R o CF3A A351

21.8 20.5 19.3 18.9 17.6 ce o e ce e o CF8A A351
191
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated
P-No.
s-;oor Min Specified Min.
Spec. [Notes (1), Temper Temp., °F M
Material No. (56)] UNS No. [Note (8)] Size Range, in. Notes [Note (2)] Tensile Yield
Copper and Copper Alloy
Pipes and Tubes [Note (5)]
Cu pipe B42 31 C10200, C12000, C12200 061 —452 30 9
Cu tube B75 31 C10200, €12000, C12200 050, 060 . —452 30 9
Cu tube B68 S-31 C12200 050, 060 (21) —452 30 9
Cu tube B88 S-31 C12200 050, 060 1) —452 30 9
Cu tube B280 S-31 C12200 060 1) —452 30 9
Red brass pjpe B43 32 C23000 061 R ce —452 40 12
90Cu—10Ni B467 34 C70600 WO050, WO61 > 4.5 0.D. (15) =452 38 13
90Cu—10Ni B466 34 C70600 Annealed . (15) —452 38 13
90Cu—10Ni B467 34 C70600 WO050, WO61 < 4.5 0.D. (15) -452 40 15
70Cu—30Ni B467 34 C71500 WO050, WO61 > 4.5 0.D. (15) —452 45 15
80Cu—20Ni B466 34 C71000 Annealed < 4.5 0.D. (15) —452 45 16
Cu pipe B42 31 C10200, C12000, C12200 H55 NPS 21/2 thru 12 15)(29) -452 36 30
Cu tube B75 31 €10200, €12000, C12200 H58 (15)(29) —452 36 30
Cu tube B88 S-31 C12200 H55 1521029 —452 36 30
70Cu-30Ni B466 34 C71500 060 Cen (15) -452 52 18
70Cu—30Ni B467 34 C71500 WO050, WO61 < 4.5/0.D. (15) —452 50 20
Cu pipe B42 31 C€10200, €12000, C12200 H80 NRS 1/8 thru 2 15)(29) —452 45 40
Cu tube B75 31 C€10200, €12000, C12200 H80 (15)(29) —452 45 40
Plates anfl Sheets
Cu B152 31 €10200, C10400, C10500 025 15)(21) —452 30 10
Cu B152 31 C10700, C12200, C12300 025 A (15)(21) —452 30 10
90Cu—10Ni B171 34 C70600 4 < 2.5 thk. (15) —452 40 15
Cu-Si B96 33 C65500 061 e . —452 52 18
70Cu-30Ni B171 34 C71500 e < 2.5 thk. (15) —452 50 20
Al-bronze B169 35 C61400 025, 060 < 2.0 thk. (14) —452 70 30
Forgings
Cu B283 S-31 C11000 (15) —452 33 11
High Si-bropze (A) B283 S-33 C65500 (15) —452 52 18
Forging brags B283 a 37700 (15) -325 58 23
Leaded navl brass B283 a C48500 (15) -325 62 24
Naval brass, B283 S-32 C46400 (15) —425 64 26
Mn—bronze |(A) B283 S-32 C67500 (15) -325 72 34
Castings [Notes (5), (52), (53)]
Composition} bronze B62 a 83600 (11) -325 30 14
Leaded Ni-bronze B584 a C97300 -325 30 15
Leaded Ni-bronze B584 a €97600 -325 40 17
Leaded Sn—pronze B584 El €92300 -325 36 16
Leaded Sn—pronze B584 a €92200 -325 34 16
Steam bronge B61 a 92200 (11) -325 34 16
Sn-bronze B584 b €90300 -325 40 18
Sn-bronze B584 b C90500 L. -325 40 18
Leaded Mn-bronze B584 a C86400 (11) -325 60 20
Leaded Ni-bronze B584 a €97800 . -325 50 22
No. 1 Mn-bronze B584 b 86500 S -325 65 25
Al-bronze B148 S-35 €95200 11) —425 65 25
Al-bronze B148 S-35 €95300 . —425 65 25
Si—Al-bronze B148 S-35 C95600 -325 60 28
Al-bronze B148 S-35 C95400 -325 75 30
Mn-bronze B584 a C86700 -325 80 32
Al-bronze B148 S-35 €95500 —452 90 40
High strength Mn-bronze B584 b 86200 -325 90 45
High strength Mn-bronze B584 b C86300 -325 110 60
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)], at Metal Temperature, °F [Note (4)]

Min.
Temp. Spec.
to 100 150 200 250 300 350 400 450 500 550 600 650 700 UNS No. No.
Copper and Copper Alloy
Pipes and Tubes [Note (5)]
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 PN PN P R C10200, etc. B42
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 . e ce e C10200, etc. B75
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 Ce AN A . C12200 B68
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 e e e e C12200 B88
6.0 5.1 4.8 4.8 4.7 4.0 3.0 1.5 0.8 e A A A C1220Q B280
8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 . . A A A C23000 B43
8.7 8.4 8.3 8.0 7.8 7.7 7.6 7.5 7.3 7.0 6.0 e e €70600 B467
8.7 8.4 8.3 8.0 7.8 7.7 7.6 7.5 7.3 7.0 6.0 A . C70600 B466
10.0 9.7 9.5 9.3 9.0 8.7 8.7 8.6 8.0 7.0 6.0 . . oA C70600 B467
10.0 9.6 9.5 9.2 9.1 8.8 8.6 8.4 8.2 8.1 8.0 7.9 7.8 C71500 B467
10.7 10.6 10.5 10.4 10.3 10.1 9.9 9.6 9.3 8.9 8.4 7.7 7.0 C71000 B466
12.0 12.0 12.0 12.0 11.6 11.4 10.5 P e PN . P e C10200, etc. B42
12.0 12.0 12.0 12.0 11.6 11.4 10.5 . C10200, etc. B75
12.0 12.0 12.0 12.0 11.6 11.4 10.5 C12200 B88
12.0 11.6 11.3 11.0 10.8 10.6 10.3 10.1 9.9 9.8 9.6 9.5 9.4 C71500 B466
13.3 12.7 12.3 12.1 11.8 11.7 11.6 11.5 11.4 11.3 1172 111 10.4 C71500 B467
15.0 15.0 15.0 15.0 14.7 13.7 4.3 PN e P e PN RN C10200, etc. B42
15.0 15.0 15.0 15.0 14.7 13.7 4.3 e e [ e e e C10200, etc. B75
Plates and Sheets
6.7 5.8 5.5 5.2 5.1 4.0 3.0 1.5 0.8 Ce A A A C10200, etc. B152
6.7 5.8 5.5 5.2 5.1 4.0 3.0 1.5 0.8 PN PN PN R C10700, etc. B152
10.0 9.7 9.5 9.3 9.0 8.7 8.7 8.6 8.0 7.0 6.0 e A C70600 B171
12.0 12.0 11.9 11.7 10.0 5.0 C65500 B96
13.3 12.7 12.3 121 11.8 11.7 11.6 11:5 11.4 11.3 11.2 111 10.4 C71500 B171
20.0 20.0 19.9 19.8 19.6 19.4 19.2 19.1 19.0 Ce A A . C61400 B169
orgings
7.3 6.7 6.5 6.3 5.0 3.8 2.5 1.5 0.8 e Ce e e C11000 B283
12.0 10.0 10.0 10.0 10.0 5:0 2.0 A . A e A . C65500 B283
15.3 12.5 12.0 11.2 10.5 75 2.0 A e PN . . e C37700 B283
16.0 15.2 15.0 14.1 13.0 8.5 2.0 e e e e Ce A C48500 B283
17.3 15.8 15.3 14.2 13.0 9.0 2.0 A . Ce A A A C46400 B283
22.7 12.9 12.0 11.2 1045 7.5 2.0 RN e PN PN RN e C67500 B283
Castings [Notes (5), (5p), (53)]
9.4 9.4 9.4 N4 9.1 8.9 8.6 8.5 . Ce A A . C83600 B62
10.0 C97300 B584
10.0 7.5 7.3 6.9 6.3 Ce e .. . P A A A C97600 B584
10.6 9.0 9.0 9.0 8.5 8.0 7.0 . . . P A A €92300 B584
10.6 10.6 10.6 10.6 10.6 10.6 10.3 A e . P PN Cen €92200 B584
10.6 10:6 10.6 10.6 10.6 10.6 10.3 9.6 9.0 6.3 A A ce €92200 B61
12.0 10:0 9.5 9.3 8.5 8.0 7.0 A . . P . - C90300 B584
12.0 12.0 12.0 12.0 12.0 11.9 11.0 C90500 B584
13.3 12.8 12.0 11.3 10.5 7.5 e e e e e e e C86400 B584
14.6 10.4 9.4 8.5 7.5 7.0 . . e N P . e C97800 B584
16.6 14.8 13.4 12.0 10.5 7.5 e e e e e ce e C86500 B584
16.3 15.7 15.2 14.7 14.5 14.2 14.2 14.2 14.2 11.7 7.4 A A €95200 B148
16.3 15.7 15.2 14.7 14.5 14.2 14.2 14.2 14.2 11.7 7.4 PN RN C95300 B148
18.8 C95600 B148
20.0 18.8 18.0 17.3 16.3 15.6 14.8 12.9 11.0 Ce P A A C95400 B148
21.3 17.5 15.3 12.9 10.5 7.5 P e PN C86700 B584
26.6 22.5 21.0 19.5 18.0 16.5 15.0 13.5 12.0 cen Ce ce A C95500 B148
30.0 19.5 17.3 16.5 10.5 7.5 e . A . PN A . €86200 B584
36.6 23.3 19.0 14.8 10.5 7.5 Ce e e e e Ce e C86300 B584
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Sspeaflettri] A?(m
Spec. S-No. UNS Temper Temp., °F M
Material No. [Note (2)] No. [Note (9)] Size Range, in. Notes [Note (2)] Tensile Yield
Nickel and Nickel Alloy [Note (7)]
Pipes and Tubes [Note (5)]
Ni-Cu B165 42 NO4400Q Annealed 50D —325 70 25
Ni-Cu B725 S-42 N04400 Annealed > 5 0.D. -325 70 25
Ni—Cu B165 42 N04400 Annealed <5 0.D. -325 70 28
Ni—Cu B725 S-42 N04400 Annealed <5 0.D. . -325 70 28
Ni—Cu B165 42 N04400 Str. rel. (35) -325 85 55
Ni—Cu B725 S-42 NO04400 Str. rel. (35) -325 85 55
Plates [and Sheets
Ni—Cu B127 42 N04400 H.R. plt. ann. -325 70 28
Ni—Cu B127 42 N04400 H.R. plt. as . 325 75 40
Forgings and Fittings [Note (5)]
Ni—Cu B564 42 N04400 Annealed () -325 70 25
Ni—Cu B366 42 N04400 ©27) -325 70 25
Rod ar{d Bar
Ni—Cu B164 42 N04400 Ann. forg. All (14) -325 70 25
Ni—Cu B164 42 N04400 H.W. All except hex, ®\2Y -325 80 40
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Min.
Temp. UNS Spec.
to 100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 No. No.
Nickel and Nickel Alloy [Note (7)]
Pipes and Tubes [Note (5)]
16 147 137 132 132 132 132 132 130 127 118 20 N0440Q B165
16.f 14.7 13.7 13.2 13.2 13.2 13.2 13.2 13.0 12.7 11.8 8.0 e Ce NO0440 B725
18.y 16.4 15.4 14.8 14.8 14.8 14.8 14.8 14.6 14.2 11.0 8.0 A e NO440( B165
18.f 16.4 15.4 14.8 14.8 14.8 14.8 14.8 14.6 14.2 11.0 8.0 . e NO440 B725
28.B 21.2 21.2 21.0 21.0|| N0440( B165
28.B 212 21.2  21.0 21.0]| ... N0440q B725
Plates and Sheets
18.f 16.4 15.4 14.8 14.8 14.8 14.8 14.8 14.6 14.2 11.0 8.0 N e NO440 B127
25.p 23.5 21.9 21.2 21.2 21.2 21.2 21.2 20.9 20.3 8.2 4.0 /. . A N0440¢ B127
Forgings and Fittings [Note (5)]
16.f 14.7 13.7 13.2 13.2 13.2 13.2 13.2 13.0 12.7 11.0 8.0 A . N0440(¢ B564
16.f 14.7 13.7 13.2 13.2 13.2 13.2 13.2 13.0 12.7 11.0 8.0 . . NO440 B366
Rod|and Bar
16.f 14.7 13.7 13.2 13.2 13.2 13.2 13.2 13.0 12.7 11.0 8.0 . . N0440¢ B164
26.p 20.0 20.0 20.0 20.0 20.0 20.0 19.2 18.5 M5 8.5 4.0 - . N0440¢ Bl164
195
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated
Basic Allowable Stress, S, ksi [Note (3)] at
o
P-No. Min. 3 Metal Temperature, °F [Note (4)]
Specified R
or Temp., Mi Min.
S-No. Size or °F st Itnh ksl Temp.

Spec. [Note Thickness [Note otrength, kST o

No. (1)] Grade Temper Range, in. Notes (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy

Seamless| Pipes and Tubes
B210 21 1060 0, H112, H113 . (15)(28) —452 8.5 2.5 1.7 1.7 1.6 1.5 13"\1.1] 0.8
B241 21 1060 0, H112, H113 Ce (15)(28) —452 8.5 2.5 1.7 17 1.6 1.5 ~13) 1.1] 0.8
B345 S-21 1060 0, H112, H113 e (15)(28) —452 8.5 2.5 1.7 1.7 1.6 15 ¥3 1.1] 0.8
B210 21 1060 H14 . (15)(28) -452 12 10 40 4.0 4.0 »3.0r 26 1.8 1.1
B241 21 1100 0, H112 - (15)(28) -452 11 3 20 20 20719 1.7 13| 1.0
B210 21 1100 H113 e (15)(28) -452 11 3.5 2.3 2.3~ 23 23 17 13| 1.0
B210 21 1100 H14 Ce (15)(28) -452 16 14 5.3 53¢/53 49 28 19| 11
B210 21 3003 0, H112 ce (15)(28) -452 14 5 3.3\W\.3%3 33 3.1 24 18| 1.4
B241 21 3003 0, H112 . (15)(28) —452 14 5 3.3 33 33 31 24 18| 1.4
B345 S-21 3003 0, H112 e (15)(28) -452 14 5 33 33 33 31 24 18| 1.4
B491 S-21 3003 0, H112 e (15)(28) -452 14 5 3.3 33 33 3.1 24 18| 1.4
B210 21 3003 H14 PN (15)(28) -452 20 17 6.7 6.7 6.7 48 4.3 3.0 23
B210 21 3003 H18 Ce (15)(28) -452 27 24 9.0 90 89 63 54 3.5 25
B241 21 3003 H18 - (15)(28) =452 727 24 9.0 9.0 89 6.3 54 35| 25
B345 S-21 3003 H18 e (15)(28) -452 \27 24 9.0 9.0 89 6.3 54 3.5 25
B210 21 Alclad 3003 0, H112 ce (15)(28) 452 13 4.5 30 3.0 3.0 28 22 1.6 1.3
B241 21 Alclad 3003 0, H112 . (15)(28) =452 13 4.5 30 3.0 3.0 28 22 1.6 1.3
B345 S-21 Alclad 3003 0, H112 e (15)(28) -452 13 4.5 30 3.0 3.0 28 22 1.6 1.3
B210 21 Alclad 3003 H14 . (15)(28) -452 19 16 6.0 6.0 6.0 43 39 27/ 21
B210 21 Alclad 3003 H18 e (15)(28) -452 26 23 8.1 81 80 57 49 32| 2.2
B210 22 5052 6] (15) -452 25 10 6.7 6.7 6.7 6.2 56 41| 23
B241 22 5052 6] A 15) -452 25 10 6.7 67 67 6.2 56 41| 23
B210 22 5052 H32 P 1529 =452 31 23 10.3 10.3 10.3 7.5 6.2 4.1 23
B210 22 5052 H34 . (15)28) -452 34 26 11.3 11.3 11.3 84 6.2 4.1 2.3
B241 25 5083 0, H112 A 28) -452 39 16 10.7 10.7 ...
B210 S-2% 5083 0, H112 PN 28) -452 39 16 10.7 10.7 ...
B345 S-2% 5083 0, H112 Ce 28) -452 39 16 10.7 10.7 ...
B241 25 5086 0, H112 ) 28) -452 35 14 93 93 ...
B210 S-2% 5086 0, H112 . (28) -452 35 14 9.3 93 ...
B345 S-2% 5086 0, H112 ce 28) -452 35 14 93 93 ...
B210 S-2§ 5086 H32 A 28) -452 40 28 13.3 133 ...
B210 S-2% 5086 H34 e (28) -452 44 34 14.7 147 ...
B210 22 5154 0 Ce . -452 30 11 7.3 73 ...
B210 22 5154 H34 - (28) -452 39 29 133 130 ... ... ... ...
B241 22 5454 OH112 e (28) -452 31 12 80 80 80 74 55 41| 3.0
B210 25 5456 0, H112 . 28) -452 41 19 12.7 12.7 ...
B241 S-2% 5456 0, H112 P 28) -452 41 19 12.7 12.7 ...
B210 23 6061 T4 28) -452 30 16 10.0 10.0 10.0 9.8 9.2 79| 5.6
B241 23 6061 T4 (28)(41) -452 26 16 87 87 87 85 80 79 5.6
B345 S-23 6061 T4 28)(41) -452 26 16 8.7 87 87 85 80 79| 5.6
B210 23 6061 T6 (28) -452 42 35 14.0 14.0 14.0 13.2 11.3 7.9 5.6
B241 23 6061 T6 (28)(41) -452 38 35 12.7 12.7 12.7 12.1 106 7.9 5.6
B345 S-23 6061 T6 (28)(41) -452 38 35 12.7 12.7 12.7 12.1 106 7.9 5.6
B210 23 6061 T4, T6 wld. Ce (19)(41) -452 24 80 80 80 79 74 61 43
B241 23 6061 T4, T6 wld. . (19)(41) -452 24 80 80 80 79 7.4 6.1 43
B345 S-23 6061 T4, T6 wld. . (19)(41) -452 24 80 80 80 79 7.4 61 43
B210 23 6063 T4 e 28) -452 22 10 6.7 6.7 6.7 67 6.7 3.4 20
B241 23 6063 T4 < 0.500 28) -452 19 10 6.7 67 67 67 6.7 3.4 20
B345 S-23 6063 T4 < 0.500 (28) -452 19 10 6.7 6.7 67 6.7 6.7 3.4 20
B241 23 6063 T5 < 0.500 28) -452 22 16 7.3 73 72 68 6.1 3.4 20
B345 S-23 6063 T5 < 0.500 (28) -452 22 16 7.3 73 7.2 68 6.1 3.4 20
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)] at

Metal Temperature, °F [Note (4)]

P-No. Min.
Specified .
or Temp., Mi Min.
S-No. Size or °F st mh‘ ksl Temp.

Spec. [Note Thickness [Note M to

No. (1)] Grade Temper Range, in. Notes (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy (Cont’d)

Seamless Pipes and Tubes (Cont’d)
B210| 23 6063 T6 (28) -452 33 28 11.0 11.0 10.5 9.5"\/.0| 3.4 2.0
B241| 23 6063 T6 (28) -452 30 25 10.0 10.0 9.8 £9:Q) 6.6] 3.4 2.0
B345| S-23 6063 T6 (28) -452 30 25 10.0 10.0 9.8 90 6.6 3.4 2.0
B210| 23 6063 T4, T5, T6 wld. -452 17 5.7 5.7 ‘57 56 52| 3.0 20
B241| 23 6063 T4, T5, T6 wld. -452 17 57 57\.57 56 52 3.0 20
B345| S-23 6063 T4, T5, T6 wld. -452 17 57~ 57 57 56 52| 3.0 2.0

Welded Pipes and Tubes
B547| 25 5083 0] -452 40 18 12.0 12.0 ...

Strgctural Tubes
B221| 21 1060 0, H112 (28)(46) —452 8.5 2.5 1.7 1.7 1.6 15 13| 1.1 0.8
B221| 21 1100 0, H112 (28)(46) —452 11 3 2.0 20 20 19 171 1.3 1.0
B221| 21 3003 0, H112 (28)(46) =452\ V14 5 33 33 33 3.1 24 18 1.4
B221| 21 Alclad 3003 0, H112 (28)(46) &4527 13 4.5 30 3.0 3.0 28 22| 1.6 1.3
B221| 22 5052 0] (46) ~-452 25 10 6.7 6.7 6.7 6.2 56| 41 23
B221| 25 5083 0] (46) -452 39 16 10.7 10.7 ...
B221| 25 5086 0] (46) -452 35 14 93 93 ...
B221| 22 5154 (0] (46) -452 30 11 73 73 .0 oo oo el e
B221| 22 5454 (0] (46) —452 31 12 8.0 80 80 7.4 55| 41 3.0
B221| 25 5456 0] (46) -452 41 19 12.7 12.7 ...
B221| 23 6061 T4 (28)41)(46) -452 26 16 87 87 87 85 8.0| 77 53
B221| 23 6061 T6 ©@8)(41)(46) —452 38 35 12.7 12.7 12.7 12.1 106 7.9 5.6
B221| 23 6061 T4, T6 wld. (19)(41)(46) -452 24 80 80 80 79 7.4 61 43
B221| 23 6063 T4 <0.500 (14)(28)(46) -452 19 10 6.4 6.4 64 64 6.4 3.4 20
B221| 23 6063 T5 < 0.500 (14)(28)(46) —452 22 16 7.3 73 7.2 68 6.1 3.4 20
B221| 23 6063 T6 (28)(46) -452 30 25 10.0 10.0 9.8 9.0 6.6] 3.4 20
B221| 23 6063 T4, T5, T6 wld. (46) -452 17 57 57 57 56 52| 3.0 20

Plafes and Sheets
B209| 21 1060 (0] e ce -452 8 2.5 1.7 17 16 15 1.3] 1.1 0.8
B209| 21 1060 H112 0.500-1.000 (14)(28) -452 10 5 33 32 29 19 17| 14 1.0
B209| 21 1060 H12 (28) -452 11 9 3.7 3.7 34 23 20| 1.8 1.1
B209| 21 1060 H14 (28) -452 12 10 40 40 4.0 3.0 26| 1.8 1.1
B209| 21 1100 0] e e -452 11 3.5 2.3 23 23 23 171 1.3 1.0
B209| 21 1100 H112 0.500-2.000 (14)(28) -452 12 5 33 33 33 25 22| 1.7 1.0
B209| 21 1100, H12 (28) —452 14 11 47 47 47 3.2 28| 19 1.1
B209| 21 1100 H14 (28) —452 16 14 5.3 53 53 37 28] 1.9 11
B209| 21 3003 0] - e -452 14 5 33 33 33 3.1 24| 1.8 1.4
B209| 21 3003 H112 0.500-2.000 (14)(28) -452 15 6 40 40 3.9 3.1 24| 18 1.4
B209| 2% 3003 H12 (28) —452 17 12 5.7 5.7 57 4.0 36| 3.0 23
B209 — 21 3003 H14 (23) =452 20 17 6./ 6.7 6./ 438 43 3.0 23
B209 21 Alclad 3003 (6] 0.006-0.499 (43) -452 13 4.5 30 3.0 3.0 28 22 16 1.3
B209 21 Alclad 3003 0 0.500-3.000 (45) —452 14 5 3.0 30 3.0 28 22 16 1.3
B209 21 Alclad 3003 H112 0.500-2.000 (28)(43) -452 15 6 36 3.6 35 28 22 16 1.3
B209 21 Alclad 3003 H12 0.017-0.499 (28)(43) -452 16 11 5.1 51 51 36 32 27 21
B209 21 Alclad 3003 H12 0.500-2.000 (28)(45) —452 17 12 5.1 51 51 3.6 32 27 21
B209 21 Alclad 3003 H14 0.009-0.499 (28)(43) -452 19 16 6.0 6.0 60 43 39 27 21
B209 21 Alclad 3003 H14 0.500-1.000 (28)(45) -452 20 17 60 60 60 43 39 27 21
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)] at
Metal Temperature, °F [Note (4)]

P-No. Min. o pecified
or Temp., ) Min.
S-No. Size or °F Min. Temp.

Spec. [Note Thickness [Note S"Lth’kﬂ to

No. (1)] Grade Temper Range, in. Notes (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy (Cont’d)

Plates anfl Sheets (Cont’d)
B209 22 3004 (6] A e -452 22 8.5 5.7 5.7 57 57 5.7/\38] 23
B209 22 3004 H112 e (28) -452 23 9 6.0 60 6.0 6.0 _.58) 3.8 2.3
B209 22 3004 H32 - 28) -452 28 21 93 93 93 7.0 58 3.8 23
B209 22 3004 H34 - 28) -452 32 25 10.7 10.7 10.7 8.0 ,58 3.8 23
B209 22 Alclad 3004 (6] 0.006-0.499 (43) -452 21 8 5.1 51 54 51 51 3.4 21
B209 22 Alclad 3004 (6] 0.500-3.000 (45) -452 22 8.5 5.1 51 (51 " 51 51 3.4 21
B209 22 Alclad 3004 H112 0.250-0.499 (28)(43) -452 22 8.5 5.4 54 /574 5.4 52 3.4 21
B209 22 Alclad 3004 H112 0.500-3.000 (28)(45) -452 23 9 5.4 /5.4V54 54 52 3.4 21
B209 22 Alclad 3004 H32 0.017-0.499 (28)(43) -452 27 20 84, 84 84 63 52 3.4 21
B209 22 Alclad 3004 H32 0.500—2.000 (28)(45) -452 28 21 84 8.4 8.4 63 52 3.4 21
B209 22 Alclad 3004 H34 0.009-0.499 (28)(43) -452 31 24 96 9.6 9.6 7.2 52 34 21
B209 22 Alclad 3004 H34 0.500-1.000 (28)(45) -452 32 25 96 96 9.6 7.2 52 3.4 21
B209 S-21 5050 6] e e -452 18 6 4.0 4.0 4.0 4.0 4.0 28| 1.4
B209 S-21 5050 H112 Ce 28) -452 20 8 5.3 53 53 53 53 28| 1.4
B209 S-21 5050 H32 . 28) =452 /22 16 7.3 73 73 55 53 28| 1.4
B209 S-21 5050 H34 PN 28) -452 \25 20 8.3 83 83 6.3 53 28| 1.4
B209 22 5052 & 5652 6] e e 452 25 9.5 63 63 63 6.2 56 41| 23
B209 22 5052 & 5652 H112 0.500-3.000 (14)(28) -452 25 9.5 6.3 6.3 63 6.2 56 41| 2.3
B209 22 5052 & 5652 H32 . 28) -452 31 23 10.3 10.3 103 7.5 6.2 4.1 23
B209 22 5052 & 5652 H34 . 28) -452 34 26 11.3 113 113 8.4 6.2 4.1 2.3
B209 25 5083 6] 0.051-1.500 (14) -452 40 18 12.0 12.0 ...
B209 25 5083 H32 0.188-1.500 (14)(28) -452 44 31 14.7 14.7 ...
B209 25 5086 (6] A A -452 35 14 93 93 ...
B209 25 5086 H112 0.500-1.000 (14)(28) -452 35 16 9.3 93 ...
B209 25 5086 H32 Ce (28) -452 40 28 13.3 133 ...
B209 25 5086 H34 A 28) —452 44 34 14.7 14.7 ...
B209 22 5154 & 5254 0 . A -452 30 11 7.3 73 ...
B209 22 5154 & 5254 H112 0.500-3.000 (14)(28) -452 30 11 7.3 73 ...
B209 22 5154 & 5254 H32 o 28) -452 36 26 12.0 12.0 ...
B209 22 5154 & 5254 H34 ™ 28) -452 39 29 13.0 13.0 ...
B209 22 5454 0] A . -452 31 12 80 80 80 7.4 55 41f 3.0
B209 22 5454 H112 0.500-3.000 (14)(28) -452 31 12 80 80 80 74 55 41| 3.0
B209 22 5454 H32 e 28) -452 36 26 12.0 12.0 120 7.5 55 4.1 3.0
B209 22 5454 H34 A 28) -452 39 29 13.0 13.0 13.0 7.5 55 41| 3.0
B209 25 5456 (6] 0.051-1.500 (14) -452 42 19 12.7 12.7 ...
B209 25 5456 H323 0.188-0.499 (14)(28) —452 46 33 153 153 ...
B209 23 6061 T4 Ce (28)(41) -452 30 16 10.0 10.0 10.0 9.8 9.2 79| 5.6
B209 23 6061 T6 . 28) -452 42 35 14.0 14.0 14.0 13.2 11.2 79| 5.6
B209 23 6061 T651 0.250-4.000 (14)(28) -452 42 35 14.0 14.0 14.0 13.2 11.2 7.9 5.6
B209 23 6061 T4, T6 wld. . (19)(41) -452 24 Ce 80 80 80 79 7.4 61| 4.3
B209 23 Alclad 6061 T4 A (28)(43) -452 27 14 90 90 90 88 83 7.1 5.0
B209 23 Alelad 6061 T451 0.250-0.499 (28)(43) -452 27 14 90 90 90 88 83 7.1 5.0
B209 23 Alclad 6061 1451 0.500-3.000 (2)(45) =452 30 16 90 90 90 33 33 1 5.0
B209 23 Alclad 6061 T6 Ce (28)(43) -452 38 32 12.6 12.6 12.6 119 101 7.1 5.0
B209 23 Alclad 6061 T651 0.250-0.499 (28)(43) -452 38 32 12.6 12.6 12.6 11.9 10.1 7.1 5.0
B209 23 Alclad 6061 T651 0.500-4.000 (28)(45) —452 42 35 12.6 12.6 12.6 11.9 10.1 7.1 5.0
B209 23 Alclad 6061 T4, T6 wld. e (19)(41) -452 24 . 80 80 80 79 7.4 6.1 43

Forgings and Fittings [Note (5)]
B247 21 3003 H112, H112 wld. - 11@33) -452 14 5 3.3 33 33 31 24 18 1.4
B247 25 5083 0, H112, H112 wid. ... (11)(27)(28) -452 38 16 10.7 10.7 ... ... ... .. ...
B247 23 6061 T6 e (11)(28) -452 38 35 12.7 12.7 12.7 12.1 106 7.9 5.6
B247 23 6061 Té6 wld. Ce 11)(19) -452 24 - 80 80 80 79 74 6.1 43
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)
Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi [Note (3)] at

0|
P-No. Min. Metal Temperature, °F [Note (4)]

or Temp., Sp;lc'lfled Min.
S-No. Size or °F st mh‘ ksl Temp.

Spec. [Note Thickness [Note m to

No. (1)] Grade Temper Range, in. Notes (2)] Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy (Cont’d)

Forgings and Fittings [Note (5)] (Cont’d)
B361| S-21 WP1060 0, H112 PN (14)(15)(20)(27)(28) —452 8 2.5 1.7 1.7 1.6 1.5°\1.3] 1.1 0.8
B361| S-21 WP1100 0, H112 . (14)(15)(20)(27)(28) -452 11 3 20 2.0 20 19 1.7] 1.3 1.0
B361| S-21 WP3003 0, H112 . (14)(15)(20)(27)(28) -452 14 5 3.3 3.3 3.3 341 24| 1.8 1.4
B361| S-21 WP Alclad 3003 O, H112 e 14)(15)(0(27)(28)(43) -452 13 4.5 3.0 3.0 p3.0,28 22| 1.6 1.3
B361| S-25 WP5083 0, H112 A (14)(20)(27)(28) -452 39 16 10.7 10.7 ...
B361| S-22 WP5154 0, H112 PN (20)(27)(28) —452 30 11 7.3 73N ..
B361| S-23 WP6061 T4 e (14)(20)(27)(28)(41) —452 26 16 8.7 /87 87 85 8.0| 7.7 5.6
B361| S-23 WP6061 T6 A (14)(20)(27)(28)(41) -452 38 35 1277, 12.7 12.7 12.1 10.6] 7.9 5.6
B361| S-23 WP6061 T4, T6 wld. PN (19)20)(27)(41) —452 24 RN 8.0 80 80 79 74| 6.1 43
B361| S-23 WP6063 T4 Ce (14)(20)(27)(28) -452 18 9 6.0 6.0 6.0 6.0 6.0] 3.4 20
B361| S-23 WP6063 T6 A (14)(20)(27)(28) -452 30 25 10.0 10.0 9.8 9.0 6.6] 3.4 2.0
B361| S-23 WP6063 T4, T6 wld. . (20)(27) -452 17 Ce 57 57 57 56 52| 3.0 2.0

Castings [Note (5)]
B26 443.0 F A (1132 =452 17 6 4.0 4.0 4.0 4.0 4.0 4.0 3.0
B26 356.0 T6 R 1132 =452 30 20 10.0 10.0 10.0 8.4 ... e e
B26 356.0 T71 C (1132 -452 25 18 83 83 83 81 73| 55 24
GENHRAL NOTES:
(@) The allowable stress values, P-Number or S-Number assignments,\and minimum temperatures in this Table, together with thg refer-

(s
() T
t
t
©

)

—~ Q> — —h

NOTH
@

@

©)

Inced Notes and single or double bars, are requirements of this~Code.
hbles IX-5A, IX-5B, and IX-5C provide for use in designing.carbon steel, and low and intermediate alloy, piping and pipeline|systems
hat will have a design temperature within the hydrogensembrittlement range of the selected material [recommended lowest $ervice
bmperature up to 150°C (300°F)].
otes (1) through (9) and (56) are referenced in.table headings, and in headings for material type and product form; Notes (10) and
llowing are referenced in the Notes column for'specific materials. Notes marked with an asterisk (*) restate requirements fqund in
he text of the Code.
t this time, metric equivalents have not'heen provided in Appendix IX’s tables. To convert stress values in Table IX-1A to Mia at a
ven temperature in degrees Celsiusy-determine the equivalent temperature in degrees Fahrenheit and interpolate to calculafe the
fress value in ksi at the given temperature. Multiply that value by 6.895 to determine basic allowable stress, S, in MPa at thhe given
bmperature.
S:

*See ASME Section IX fordescription of P-Number and S-Number groupings. P-Numbers are indicated by number or by a nyimber fol-
lowed by a letter (e,g\8+0r 5B). S-Numbers are preceded by an S (e.g., S-1).
*The minimum temperature shown is that design minimum temperature for which the material is normally suitable without mpact
testing other than that required by the material specification. However, the use of a material at a design minimum temperature below
—29°C (-20°F)\is”established by rules elsewhere in this Code, including para. GR-2.1.2(b) and other impact test requiremenits. For car-
bon steel§ wjth a letter designation in the Min. Temp. column, see para. GR-2.1.2(b)(2), and the applicable curve and Notef in

Fig. GR-2.1:2-1.
*The-stress values in Table IX-1A and the design stress values in Table IX-4 are basic allowable stresses in tension in accordance
withpara. IP-2.2.6(a). For pressure design, the stress values from Table IX-1A are multiplied by the appropriate quality factgr, E (£,

)

5)

from Table IX-3 or E; from lables IK-4A and 1X-4B). Stress values 1n shear and bearing are stated m para. 1P-2.2.6(bJ; those In com-
pression in para. IP-2.2.6(c).

*A single bar (]) adjacent to a stress value indicates that use of the material above (if the bar is to the right) or (if the bar is to the
left) below the corresponding temperature is affected as described in a referenced Note. A single bar adjacent to the Min. Temp.
value has the same significance. A double bar (||) adjacent to a stress value indicates that use of a material is prohibited above the
corresponding temperature or above some lower temperature, depending on location (as described above) and on the referenced
Note. A double bar to the left of Min. Temp. indicates prohibition below that temperature. Where no stress values are listed, a mate-
rial may be used in accordance with para. GR-2.1.2 unless prohibited by a double bar.

*The quality factors for castings, £, in Table IX-2 are basic factors in accordance with para. IP-2.2.8(b). The quality factors for longitu-
dinal weld joints, E; in Tables IX-3A and IX-3B are basic factors in accordance with para. IP-2.2.9(a). See paras. IP-2.2.8(c) and
IP-2.2.9(b) for enhancement of quality factors. See also para. IP-2.2.6(a), footnote 1.
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

NOTES (Cont’d):
The stress values for austenitic stainless steels in this Table may not be applicable if the material has been given a final heat

©
@
®

©

(10)

(11)

(12)
(13)
(14)
(15)

(16)
a7

(18)
19

(20)
(21
(22)
(23)
(24)
(25
(26)
27

(28)

29

treat

ment other than that required by the material specification or by reference to Note (25) or (26).

*Stress values printed in italics exceed two-thirds of the expected yield strength at temperature. Stress values in boldface are equal
to 90% of expected yield strength at temperature. See paras. IP-2.2.7(b)(3) and (c).
For copper and copper alloy materials, the following symbols are used in the Temper column:
(@) 025 = hot rolled, annealed
(b) 050 = light annealed

G

@

For 1

888

*For
Stres
pern
*Thi
*For
Prop|
For
test.
For g
For 1
For 1
The
dian
proc
Ligh
Yield
teris
This
aboy
For {]
For ¢

060 = soft annealed

061 = annealed

WO50 = welded, annealed

WO061 = welded, fully finished, annealed

H55 = light drawn

H58 = drawn, general purpose

H80 = hard drawn
ickel and nickel alloy materials, the following abbreviations are used in the Temper column:

Ann. = annealed
forg. = forged
H.R. = hot rolled
HW. = hot worked
plt. = plate

r. = rolled

rel. = relieved

str. = stress

Fe are restrictions on the use of this material in the text of the Code as follows:
Temperature limits are —29°C to 186°C (—20°F to 366°F).
Pipe shall be safeguarded when used outside the temperature limitsiin (a) above.
See Table GR-2.1.2-1.

pressure-temperature ratings of components made in accordance*with standards listed in Table IP-8.1.1-1, see para. IP-8.2.1.

itted by para. IP-3.8.

casting quality factor is applicable only when propef«supplementary examination has been performed (see para. IP-2.2.8).
use under this Code, radiography shall be performed-after heat treatment.
prties of this material vary with thickness or sizeéwStress values are based on minimum properties for the thickness listed.
se in Code piping at the stated stress values,_the required minimum tensile and yield properties must be verified by tensilg
If such tests are not required by the material specification, they shall be specified in the purchase order.

ipe sizes = DN 200 (NPS 8) with wall thicknesses > Sch. 140, the specified minimum tensile strength is 483 MPa (70 ksi).
haterial thickness above 127 mm_(5.in!), the specified minimum tensile strength is 483 MPa (70 ksi).
haterial thickness above 127 mm\(5'in.), the specified minimum tensile strength is 448 MPa (65 ksi).

eter less than 51 mm (2.in.) and a D/t value less than 15. This requirement may be waived if it can be shown that the welfling
bdure to be used will ¢onsistently produce welds that meet the listed minimum tensile strength of 165 MPa (24 ksi).
weight aluminum alley:welded fittings conforming to dimensions in MSS SP-43 shall have full penetration welds.

ics.

unstabilized grade of stainless steel increasingly tends to precipitate intergranular carbides as the carbon content increases|
e 0.03%Also see para. GR-2.1.4(b)(3).

bmpgratures above 427°C (800°F), these stress values apply only when the carbon content is 0.04% or higher.

pmperatures above 538°C (1,000°F), these stress values apply only when the carbon content is 0.04% or higher.

For t
ture
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of 1093°C (2,000°F) minimum.

Q

For temperatures above 538°C (1,000°F), these stress values may be used only if the material has been heat treated by heating to a
minimum temperature of 1038°C (1,900°F) and quenching in water or rapidly cooling by other means.

Stress values shown are for the lowest-strength base material permitted by the specification to be used in the manufacture of this
grade of fitting. If a higher-strength base material is used, the higher stress values for that material may be used in design.

For welded construction with work-hardened grades, use the stress values for annealed material; for welded construction with precipi-

tation-hardened grades, use the special stress values for welded construction given in the Table.
If material is welded, brazed, or soldered, the allowable stress values for the annealed condition shall be used.
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s values in Appendix IX may be used to calculate ratings forduhlisted components, and special ratings for listed components, as

minimum tensile strength for‘'weld (qualification) and stress values shown shall be multiplied by 0.90 for pipe having an oufside

strength is not.stated in the material specification. The value shown is based on yield strengths of materials with similar charac-
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Table IX-1A Basic Allowable Stresses in Tension for Metal Piping Materials (Cont’d)

NOTES (Cont’d):

(30)

(B1)

(B2

B33
(B4)

(€3
(36)

B7
(38)

(€1)

(40)
(41)

(42)

43)
(44)

(45)

(46)
(47)

(48)
(49)

(50)

(51)
(52)
(53)
(54)
(55)
(56)
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The specification permits this material to be furnished without solution heat treatment or with other than a solution heat tr

eatment.

When the material has not been solution heat treated, the minimum temperature shall be —29°C (-20°F) unless the material is

impact tested per para. GR-2.1.3.
Impact requirements for seamless fittings shall be governed by those listed in this Table for the particular base material sp

ecification

in the grades permitted (ASTM A312, A240, and A182). When ASTM A276 materials are used in the manufacture of these fittings,

the Notes, minimum temperatures, and allowable stresses for comparable grades of ASTM A240 materials shall apply.
*The stress values given for this material are not applicable when either welding or thermal cutting is employed [see para.

GR-2.1T.ZB)G)I
Stress values shown are applicable for "die" forgings only.

This material may require special consideration for welding qualification. See the ASME BPV Code, Section IX, QW/@B+422.|For use in
this Code, a qualified WPS is required for each strength level of material.
The maximum operating temperature is arbitrarily set at 260°C (500°F) because hard temper adversely affects ‘design stresq in the
creep rupture temperature ranges.
Pipe produced to this specification is not intended for high temperature service. The stress values applyjto either non-expanded or
cold-expanded material in the as-rolled, normalized, or normalized and tempered condition.
Because of thermal instability, this material is not recommended for service above 427°C (800°F)
Conversion of carbides to graphite may occur after prolonged exposure to temperatures above«427°C (800°F). See para.
GR-2.1.4(b)(2)(a).
Conversion of carbides to graphite may occur after prolonged exposure to temperatures, abeve 468°C (875°F). See para.
GR-2.1.4(b)(2) (b).
For temperatures above 482°C (900°F), consider the advantages of killed steel. Se€ para. GR-2.1.4(b)(2)(c).
For stress-relieved tempers (T451, T4510, T4511, T651, T6510, and T6511), stress,values for material in the listed temper fhall be
used.
The minimum temperature shown is for the heaviest wall permissible by the\specification. The minimum impact test tempefature for
lighter walls of ASTM A203 Grade E material shall be as follows:
(a) for plate thickness 51 mm (2 in.) maximum, —101°C (-150°F)
(b) for plate thickness above 51 mm (2 in.) to 76 mm (3 in.), =87°C (-125°F)
Stress values shown are 90% of those for the corresponding cere material.
For use under this Code, the heat treatment requirements fof’pipe manufactured to ASTM A671, A672, and A691 shall be ds required
by para. GR-3.6 for the particular material being used.
The tension test specimen from plate 12.7 mm (% in.Yand thicker is machined from the core and does not include the claflding
alloy; therefore, the stress values listed are those for materials less than 12.7 mm (% in.).
This material may be used only in nonpressure applications.
These materials are normally microalloyed with,'€b, V, and/or Ti. Supplemental specifications agreed to by manufacturer angl pur-
chaser commonly establish chemistry more réstrictive than the base specification, as well as plate rolling specifications and require-
ments for weldability (i.e., C-equivalent)\and toughness.
For service temperature above 4542C(850°F), weld metal shall have a carbon content above 0.05%.
Stress values shown are for matérials in the normalized and tempered condition, or when the heat treatment is unknown. [f material
is annealed, use the following-valtie above 950°F: at 1,000°F, 8.0 ksi.
The pipe grades listed below,produced in accordance with CSA (Canadian Standards Association) Z245.1, shall be considefed as
equivalents to API 5L and\tréated as listed materials.
APl 5L CSA 72451

A25 172

A 207

B 241

X42 290

X52 359

X56 386

X60 414

X65 448

X70 483

X80 550
For nonpressure applications only.
Brass and bronze castings that are polymer impregnated should not be used.
Alloys with constituents that melt at temperatures less than 120% of a laminar hydrogen flame temperature should be avoided.
Austenitic grades only.
Furnace butt welds are prohibited.
The letter “a” indicates alloys that are not recommended for welding and that, if welded, must be individually qualified. The letter

“b” indicates copper base alloys that must be individually qualified.
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