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(02)

FOREWORD

The need for a natlonal code for pressure p1p1ng

this heed the Amerlcan Englneerlng Standards Comrnlt—
tee (later changed to the American Standards Associa-
tion) initiated Project B31 in March 1926 at the request
of the American Society of Mechanical Engineers, and
with that society as sole sponsor. After several years’
work by Sectional Committee B31 and its subcommit-
tees) a first edition was published in 1935 as an American
Tenflative Standard Code for Pressure Piping.
Alrevision of the original tentative Standard was
begiin in 1937. Several more years’ effort was given to
securing uniformity between sections and to eliminating
divdrgent requirements and discrepancies, as well as to
keeping the Code abreast of current developments in
weldling technique, stress computations, and references
to ngw dimensional and material standards. During this
peripd a new section was added on refrigeration piping,
prepared in cooperation with the American Society of
Refrjigeration Engineers and complementing the Ameri-
can [Standard Code for Mechanical Refrigeration. This
work culminated in the 1942 American Standard Code
for Pressure Piping.

Stipplements 1 and 2 of the 1942 Code,-which
app¢ared in 1944 and 1947 respectively, introduced new
dimpnsional and material standards, a new/formula for
pipq wall thickness, and more comprehensive require-
merits for instrument and control-piping. Shortly after
the 1942 Code was issued, progedures were established
for handling inquiries that require explanation or inter-
prethtion of Code requiremients, and for publishing such
inqyiries and answers i\ Mechanical Engineering for the
information of all concerned.

Continuing incréases in the severity of service condi-
tionp, with concurrent developments of new materials
and [designséeqnal to meeting higher requirements, had
poirfted te.the need by 1948 for more extensive changes
e _Code than could be provided by supplements

dards Association and the sponsor to reorganize the
sectional committee and its several subcommittees, and
to invite the various interested bodies to reaffirm their
representatives or to designate new ones. Following its
reorganization, Sectional Committee B31 made an inten-
sive review of the 1942 Code, and a revised Code was
approved and published in February 1951 with the des-
ignation ASA B31.1-1951, which included

(a) a general revision and extension of requirements
to agree with practices current at the time

( b) revision of references to ex1st1ng d1mens1ona1 stan-
erreks—a aterts ddition of
references to new ones

(c) clarification of ambiguous or conflicting] require-
ments

Supplement No. 1 to B31.1 was,approved gnd pub-
lished in 1953 as ASA B31.1a-1953. This supplement and
other approved revisions weredncluded in a neyv edition
of B31.1 published in 1955“wijth the designatjon ASA
B31.1-1955.

A review by B31 Executive and Sectional Conmittees
in 1955 resulted in_aZdecision to develop and publish
industry sections, as separate Code documents of the
American Stanidard B31 Code for Pressurq Piping.
Shortly theréafter, separate Code documents Were pre-
pared foreach of the then existing piping systems within
the Amefican Standard B31 Code for Pressurg Piping.

The \American Standards Association was refonstitu-
ted as the United States of America Standards|Institute
in.1966, and as the American National Standatds Insti-
tute, Inc., in 1969. The B31 Sectional Committee was
redesignated as American National Standards Commit-
tee B31 Code for Pressure Piping. In Decemlbper 1978,
American National Standards Committee B31 yvas reor-
ganized as the ASME Code for Pressure Piping 31 Com-
mittee, under procedures developed by the American
Society of Mechanical Engineers and accreflited by
ANSI.

By 1977 the technology of slurry pipeline trgnsporta-
tion had developed enough to permit the pr¢paration
of a Code, and in that year representatives of the slurry
pipeline transportation industry asked the B31 Commit-
tee to prepare such a Code. The B31 Committde agreed
to the request and ANSI/ASME B31.11-198¢, Slurry
Transportation Piping Systems, was the result of that
effort. After approval by the B31 Committee arjJd ASME
(the sponsor), that Code was approved by the American
National Standards Institute on June 3, 1986.

Following publication of the 1986 edition, tle B31.11
Section Committee revised the references to|existing
dimensional standards and material specificatfions and
added new references. Other clarifying and editorial
revisions were made in order to improve the text. These
revisions led to the publication of an addenda to B31.11.
Addenda “a” to B31.11 was approved and published in
1988 as ANSI/ASME B31.11a-1988.

The 2002 Edition of B31.11 is an inclusion of the pre-
viously published addenda into the 1989 Edition along
with numerous revisions to the text and updated refer-
ences. This 2002 Edition was approved by the American
National Standards Institute on August 5, 2002 and des-
ignated as ASME B31.11-2002.
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists
of a number of individually published Sections, each an
AmericapriN aHSta ~after— s c
tion and| in the text of this Code Section B31.11, where
the word “Code” is used without specific identification,
it meanq this Code Section.

The Cpde sets forth engineering requirements deemed
necessarfy for safe design and construction of pressure
piping. While safety is the basic consideration, this factor
alone will not necessarily govern the final specifications
for any piping system. The designer is cautioned that
the Codg¢ is not a design handbook; it does not do away
with the need for the designer or for competent engi-
neering [udgment.

To the|greatest possible extent, Code requirements for
design afe stated in terms of basic design principles and
formulag. These are supplemented as necessary with
specific fequirements to assure uniform application of
principlgs and to guide selection and application of pip-
ing elements. The Code prohibits designs and practices
known tp be unsafe and contains warnings where cau-
tion, buf not prohibition, is warranted.

This Jode Section includes

(a) references to acceptable material specifications
and component standards, including dimensional
requirenjents and pressure-temperature ratings

(b) rejquirements for design of compenents and
assemblies, including pipe supports

(c) requirements and data for evaluation and limita-
tion of §tresses, reactions, and movements associated
with pressure, temperature changes, and other forces

(d) gdidance and limitatiens on the selection and
application of materials,;)¢émponents, and joining
methods

(e) requirements.forthe fabrication, assembly, and
erection [of piping

(f) requirementsfor examination, inspection, and test-
ing of piping

(g) procedures for operation and maintenance that
are essential to public safety

(h) provisions for protecting pipelines from external
corrosion and internal corrosion/erosion

It is intended that this Edition of Code Section B31.11
and any subsequent addenda not be retroactive. Unless
agreement is specifically made between contracting par-
ties to use another issue, or the regulatory body having
jurisdiction imposes the use of another issue, the latest
edition and addenda issued at least 6 months prior to
the original contract date for the first phase of activity

viii

covering a piping system or systems shall be the govern-
ing document for all design, materials, fabrication, erec-

som-examination-and-testing—for-thepiping-mt the
completion of the work and initial operation.

Users of this Code are cautioned against making
of Code revisions without assurance that they,are ac
able to the proper authorities in the jurisdiction W
the piping is to be installed.

Code users will note that paragraphs in the Cod
not necessarily numbered consecutively. Such discpnti-
nuities result from followingta‘eommon outline, ingofar
as practicable, for all Codé-Sections. In this way, cofres-
ponding material is corfespondingly numbered in most
Code Sections, thus facilitating reference by those who
have occasion toduse more than one Section.

The Code isqunder the direction of ASME Commy
B31, Code for{Pressure Piping, which is organized|
operates under procedures of The American Socie
Mechanical Engineers which have been accredite
the Amnerican National Standards Institute. The (
mittee is a continuing one and keeps all Code Sec
current with new developments in materials, cons
tion, and industrial practice. Addenda are issued pe
ically. New editions are published at intervals of 3]
years.

When no Section of the ASME Code for Pressure
ing specifically covers a piping system, at his discr¢tion
the user may select any Section determined to be g¢ner-
ally applicable. However, it is cautioned that supplefnen-
tary requirements to the Section chosen may be
necessary to provide for a safe piping system fof the
intended application. Technical limitations of the pari-
ous Sections, legal requirements, and possible applica-
bility of other Codes or Standards are some of the faftors
to be considered by the user in determining the appjlica-
bility of any Section of this Code.

The Committee has established an orderly proce
to consider requests for interpretation and revisid
Code requirements. To receive consideration, inqy

use
fept-
here

P are

ittee
and
y of
1 by
om-
ions
fruc-
iod-
to 5

Pip-

dure
n of
iries
p the
mandatory appendix covering preparation of technical
inquiries).

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

A Case is the prescribed form of reply to an inquiry
when study indicates that the Code wording needs clari-
fication or when the reply modifies existing require-
ments of the Code or grants permission to use new
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materials or alternative constructions. Proposed Cases
are published in Mechanical Engineering for public
review. In addition, the Case will be published as part
of a Case Supplement issued to the applicable Code
Section.

A Case is normally issued for a limited period, after
which it may be renewed, incorporated in the Code, or
allowed to expire if there is no indication of further need
for the requirements covered by the Case. However, the

has been shown. Materials may be covered by a Case.
Requests for listing shall include evidence of satisfactory
usage and specific data to permit establishment of allow-
able stresses, maximum and minimum temperature lim-
its, and other restrictions. Additional criteria can be
found in the guidelines for addition of new materials
in the ASME Boiler and Pressure Vessel Code, Section
II and Section VIII, Division 1, Appendix B. (To develop
usage and gain experience, unlisted materials may be

proyisions of a Case may be used after its expiration or
witldrawal, providing the Case was effective on the
origjnal contract date or was adopted before completion
of te work, and the contracting parties agree to its use.
Materials are listed in the stress tables only when
sufficient usage in piping within the scope of the Code

used in accordance with para. 1123.1.)

Requests for interpretation and suggestions|for revi-
sion should be addressed to the Secretary, APME B31
Committee, Three Park Avenue, New York, NIY 10016-
5990.

ix
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ASME B31.11-2002
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.11-

2002 was approved by the American Standards Institute on August 5, 2002.

ASME B31.11-2002 includes editorial changes, revisions, and corrections introduced in ASME
B31.11a-1991, as well as the following changes identified by a margin note (02).

Page Location Change
vi Foreword (1) Editorially revised
(2) Last paragraph added
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SLURRY TRANSPORTATION PIPING SYSTEMS

CHAPTER |

SCOPE AND DEFINITIONS

(02) 1100 GENERAL STATEMENTS

(a) This Slurry Transportation Piping Systems Code
is ofie of several sections of the ASME B31 Code for
Presure Piping. This Section is published as a separate
dociment for convenience.

(b) The requirements of this Code are adequate for
safefy under conditions normally encountered in the
movlement of slurry by pipelines. Requirements for all
abngrmal or unusual conditions are not specifically pro-
vidgd for, nor are all details of engineering and construc-
tion|prescribed. All work performed within the Scope
of this Code shall comply with the safety standards
expiessed or implied.

(c) The primary purpose of this Code is to establish
requirements for safe design, construction, inspection,
testing, operation, and maintenance of slurry transpor-
tatiqn piping systems for protection of the general public
and joperating company personnel, as well as\for reason-
able| protection of the piping system against vandalism
and pccidental damage by others, andteasonable protec-
tion|of the environment.

(d) This Code is concerned with’employee safety to
the pxtent that it is affected” by basic design, quality
of npaterials and workmanship, and requirements for
congtruction, inspectior, testing, operation, and mainte-
nange of slurry transpertation piping systems. Existing
indystrial safety regulations pertaining to work areas,
safelwork practices, and safety devices are not intended
to bg supplanted by this Code.

(e} Thetdesigner is cautioned that the Code is not a
desipn.randbook. The Code does not do away with the

ally revolve around a simplified engineering approach
to a subject. It is intended that a designer capable of
applying more complete and rigorous analysis to special
or unusual problems shall have latitude in the develop-
ment of such designs and the evaluation of complex or
combined stresses. In such cases, the designer is respon-
sible for demonstrating the validity of his approach.
(/) This Code shall not be retroactive, i.e., construed
as applying to slurry piping systems installed before

the date of issuance shown on the document tjtle page,
insofar as design, materials, construction, agsembly,
inspection, and testing are ¢concerned. It is ihtended,
however, that the provisions of this Code shall pe appli-
cable, within 6 monfhs"after date of issuande, to the
relocation, replacemient, conversion, and upfating or
other changes in-the existing piping systems; ahd to the
operation, m@aintenance, and corrosion control of new
or existing, piping systems. After Code revigions are
approvediby ASME and ANSI, they may be|used by
agreement between contracting parties beginriing with
the date of issuance. Revisions become r?ljndatory
fequirements for new installations 6 months fafter the
date of issuance, except for piping installationg or com-
ponents contracted for or under construction| prior to
the end of the 6 month period.

(¢) The users of this Code are advised that|in some
areas legislation may establish governmental|jurisdic-
tion over the subject matter covered by this Cogle. Users
are cautioned against making use of revisionq that are
less restrictive than former requirements withotfit having
assurance that they have been accepted by the proper
authorities in the jurisdiction where the piping is to be
installed.

1100.1 Scope

1100.1.1 Rules for this Code section hdve been
developed considering the needs for applications, which
include piping transporting aqueous slurries [between

ments for the design, materials, construction,
inspection,-testi aeration,a ai ande of pip-
ing transporting aqueous slurries of nonhazardous
materials, such as coal, mineral ores, concentrates, and
other solid materials.

Piping consists of pipe, flanges, bolting, gaskets,
valves, relief devices, fittings, and the pressure con-
taining parts of other piping components. It also
includes hangers and supports, and other equipment
items necessary to prevent overstressing the pressure
containing parts. It does not include support structures
such as frames of buildings, stanchions, or foundations,

(02)


https://asmenormdoc.com/api2/?name=ASME B31.11 2002.pdf

(02)

(02)

ASME B31.11-2002

or any equipment such as defined in para. 1100.1.2(b).

Also included within the scope of this Code are

(a) primary and auxiliary slurry piping at storage
facilities, pipeline terminals, pump stations, and pres-
sure reducing stations, including piping up to the first
valve of attached auxiliary water lines

(b) slurry piping, storage facilities, and other equip-
ment located on property which has been set aside for
the slurry transportation system

1100.1.1-1100.2

column buckling: buckling of a beam or pipe under com-
pressive axial load in which loads cause unstable lateral
deflection, also referred to as upheaval buckling.

connectors: component, except flanges, used for the pur-
pose of mechanically joining two sections of pipe.

corrosion: the deterioration of a material, usually a metal,
by reaction with its environment.

defect: an imperfection of sufficient magnitude to warrant

(c) thpse aspects of operation and maintenance of
slurry tfansportation piping systems relating to the
safety afd protection of the general public, operating
company personnel, environment, property, and the pip-
ing syst¢ms [see paras. 1100(c) and (d)].

1100.1.2 This Code does not apply to:

(a) auxiliary piping, such as for water, air, steam,
lubricatihg oil, gas, and fuel

(b) pressure vessels, heat exchangers, pumps, meters,

of tempgrature
(2) pbove 15 psig [103 kPa (gage)] if design temper-
ature is pelow —20°F (-30°C) or above 250°F (120°C)
(d) piping within the battery limits of slurry pro-
cessing plants and other non-storage facilities
(e) th¢ design and fabrication of proprietary items of
equipmgnt, apparatus, or instruments

1100.2 |Definitions

Some |of the terms commonly used in theCode are
defined pelow.'

accidentaf loads: any unplanned load ori¢embination of
unplanned loads caused by human intervention or natu-

kling in the pipe.Wall or excessive cross-sectional defor-
mation daused'by loads acting alone or in combination
with hydlrostatic pressure.

rejection.

ductile iron: a gray iron base metal to which an innoalﬂant
is added to the molten state so that upon solidificafion,
the graphite is present in the form of sphéres or nodules
randomly distributed in a matrix of ferrite. A minifpum
tensile strength of 60,000 psi (207 MPa) is required.

engineering design: the detailed design developed from
operating requirements and/conforming to (ode
requirements, including-all'necessary drawingsfand
specifications, governirig-a piping installation.
erosion: destruction of 'materials by the abrasive a¢tion
of moving fluids{usually accelerated by the presenfe of
solid particles,

erosion corrdsion: a corrosion reaction accelerated by the
relative tovement of the corrosive fluid and the metal
surface’

general corrosion: uniform or gradually varying lofs of
wall thickness over an area.

girth weld: a complete circumferential butt weld joining
pipe or components.
imperfection: a discontinuity or irregularity thht is
detected by inspection.
internal design pressure: internal pressure used in cal¢ula-
tions or analysis for pressure design of a piping ¢om-
ponent.

malleable iron: a cast iron which, after being cast as white
iron, is converted by heat treatment into matrix of fdrrite
containing randomly distributed particles of tempeq car-
bon and substantially free from all combined carbdn. A
minimum tensile strength of 50,000 psi (345 MPhp) is
required.

maximum steady state operating pressure: maximum pres-
sure (sum of static head pressure, pressure requirgd to
overcome friction losses, and any back pressure) af any

cast iron: a generic term for the family of high carbon-
silicon-iron casting alloys including gray iron, white
iron, malleable iron, and ductile iron.

cold springing: deliberate deflection of piping, within its
yield strength, to compensate for anticipated thermal
expansion.

! Welding terms that agree with AWS Standard A3.0 are marked
with an asterisk (*). For welding terms used in this Code but not
shown here, definitions in accordance with AWS A3.0 apply.

Peirt-tR-a—pinine—svstari-when i
pointina-pipiresystemwhen-the-systemis-operating
under steady state conditions.

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

nominal pipe size (NPS): see ASME B36.10M p. 1 for defi-
nition.
operating company: owner or agent currently responsible

for the design, construction, inspection, testing, opera-
tion, and maintenance of the piping system.
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pipe: a tube, usually cylindrical, used for conveying a
fluid or transmitting fluid pressure, normally desig-
nated “pipe” in the applicable specification. It also
includes any similar component designated “tubing”
used for the same purpose. Types of pipe, according to
the method of manufacture, are defined as follows:

(a) double submerged arc welded pipe: pipe having a lon-
gitudinal or spiral butt joint produced by at least two
passes, one of which is on the inside of the pipe. Coales-

ASME B31.11-2002

bearing type fixtures, such as saddles, bases, rollers,
brackets, and sliding supports.

(b) structural attachments: structural attachments
include elements which are welded, bolted, or clamped
to the pipe, such as clips, lugs, rings, clamps, clevises,
straps, and skirts.
pressure: unless otherwise stated, pressure is expressed

in pounds per square inch above atmospheric pressure,
ie gage pressiire (Pqig\ and the pqnix alent SI units.

cende is produced by heating with an electric arc or arcs
between the bare metal electrode, or electrodes, and the
work. The welding is shielded by a blanket of granular,
fusilple material on the work. Pressure is not used, and
fillef metal for the inside and outside welds is obtained
fron the electrode or electrodes.

(b} electric fusion welded pipe: pipe having a longitudi-
nal ¢r spiral butt joint wherein coalescence is produced
in the preformed tube by manual or automatic electric
arc welding. The weld may be single or double and may
be made with or without the use of filler metal. Spiral
weldled pipe is also made by the electric fusion welded
prodess with either a lap joint or a lockseam joint.

(c) electric induction welded pipe: pipe, produced in
indiyidual lengths or in continuous lengths from coiled
skelp, having a longitudinal or spiral butt joint wherein
coalpscence is produced by the heat obtained from resist-
ancq of the pipe to induced electric current and by appli-
catign of pressure.

(d) electric resistance welded pipe: pipe produced in indi-
vidyal lengths or in continuous lengths from, ¢oiled
skelp, having a longitudinal or spiral butt jointiwherein
coalpscence is produced by the heat obtainedfrém resist-
ancq of the pipe to the flow of electric currerit in a circuit
of which the pipe is a part, and by the-application of
pressure.

(e} furnace butt welded pipe, continious welded pipe: pipe
produced in continuous lengths from coiled skelp and
subgequently cut into indiyidual lengths, having its lon-
gituflinal butt joint forgé welded by the mechanical pres-
sure developed in rolling the hot formed skelp through
a sef of round passwelding rolls.

(f| seamless pipe pipe produced by piercing a billet
follqwed by<rolling or drawing or both.

pipe|nontinal wall thickness: the wall thickness listed in
applicable pipe specifications or dimensional standards

shall: “shall” or “shall not” is used to indicale that a
provision is mandatory.

should: “should” or “may” or “it isnrecommended” is
used to indicate that a provision is‘not mandgtory but
is recommended as good pragctice.

slurry: a two-phase mixture of solid particles infan aque-
ous phase.

soil liguefaction: a sdilcondition, typically cqused by
dynamic cyclic loaditig (e.g., earthquake, wavgs) where
the effective sheat strength of the soil is redufed such
that the soil @xhibits the properties of a liquid}.

span: a séotien of pipe that is unsupported.

weight.coating: any coating applied to the pipeline for
the pirpose of increasing the pipeline specifiq gravity.
arc welding*: a group of welding processes [wherein
coalescence is produced by heating with an elgctric arc
or arcs, with or without the application of pres$ure, and
with or without the use of filler metal.

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

fillet weld*: a weld of approximately triangular ¢ross sec-
tion joining two surfaces approximately at right angles
to each other in a lap joint, tee joint, or corney joint.

full fillet weld*: a fillet weld the size of which ig equal to
the thickness of the thinner member joined.

gas welding*: a group of welding processes [wherein
coalescence is produced by heating with a gas|flame or
flames, with or without the application of presgure, and
with or without the use of filler metal.

qas metal arc welding*: an arc welding process| wherein

included in this Code by reference. Ihe listed wall thick-
ness dimension is subject to tolerances as given in the
specification or standard.

pipe supporting elements: pipe supporting elements con-
sist of fixtures and structural attachments as follows:
(a) fixtures: fixtures include elements which transfer
the load from the pipe or structural attachment to the
supporting structure or equipment. They include hang-
ing rods, spring hangers, sway braces, counterweights,
turnbuckles, struts, chains, guides, and anchors, and

coalescence is produced by heating with an electric arc
between a filler metal (consumable) electrode and the
work. Shielding is obtained from a gas, a gas mixture
(which may contain an inert gas), or a mixture of a gas
and a flux. (This process has sometimes been called “Mig
welding” or “CO, welding.”)

gas tungsten arc welding™: an arc welding process wherein
coalescence is produced by heating with an electric arc
between a single tungsten (nonconsumable) electrode
and the work. Shielding is obtained from a gas or gas
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mixture (which may contain an inert gas). Pressure may
or may not be used, and filler metal may or may not
be used. (This process has sometimes been called “Tig
welding.”)

semiautomatic arc welding*: arc welding with equipment
that controls only the filler metal feed. The advance of
the welding is manually controlled.

shielded metal arc welding*: an arc welding process

1100.2

used, and filler metal is obtained from the electrode and
sometimes from a supplementary welding rod.

tack weld*: a weld made to hold parts of a weldment in
proper alignment until subsequent welds are made.

weld*: a localized coalescence of metal wherein coales-
cence is produced by heating to suitable temperatures,
with or without the application of pressure, and with
or without the use of filler metal. The filler metal shall

wherein reeatescence—is—produeced—by—heating—with—an
electric 4rc between a covered metal electrode and the
work. Shielding is obtained from decomposition of the
electrod¢ covering. Pressure is not used, and filler metal
is obtairfed from the electrode.

submergad arc welding®: an arc welding process wherein
coalescence is produced by heating with an electric arc
or arcs petween a bare metal electrode or electrodes
and the work. The welding is shielded by a blanket of
granulay fusible material on the work. Pressure is not

haveametting pointapproximatety thesame as thepase
metal.

welder*: one who is capable of performing @ manupl or
semiautomatic welding operation.

welder operator”: one who operates machines or quto-
matic welding equipment.

welding procedures™: the detailed methods and practices,
including joint welding procediires, involved in the|pro-
duction of a weldment.
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CHAPTER Il
DESIGN

P
CONDITIONS AND CRITERIA

1101 DESIGN CONDITIONS
110{1.1 General

Pgragraph 1101 defines the pressures, temperatures,
and|various forces applicable to the design of slurry
tranpportation piping systems. It also takes into account
congiderations that shall be given to ambient and
mechanical influences and various loadings.

110{l.2 Pressure

1101.2.1 Maximum Steady State Operating Pressure.
The|maximum steady state operating pressure shall be
the qum of the static head pressure, pressure to overcome
ion losses, and any back pressure. Pressure rise

. 1104.1.2). Credit may be given,\in the appropriate
er, for hydrostatic external préssure in modifying

par

110[1.3, Temperature

atic fluid
in a pipeline component.

1101.4.2 Fluid Freeze. Consideration“in the design
shall be given to the possibility of freezing of fluid in a
piping component.

1101.5 Dynamic Effects

1101.5.1 Impact. Impaet forces caused Hy either
external or internal €onditions shall be considered in
the design of pipingrsystems.

1101.5.2 Wind. The effect of wind loading| shall be
provided forin the design of suspended piping.

1101,5:3 Earthquake. Consideration in thf design
shallbe'given to piping systems located in regiops where
earthquakes are known to occur.

1101.5.4 Vibration. Stress resulting from vibjration or
resonance shall be considered and provided for|in accor-
dance with accepted engineering practice.

1101.5.5 Subsidence. Consideration in thp design
shall be given to piping systems located in regiohs where
subsidence is known to occur.

1101.5.6 Waves and Currents. The effects pf waves
and currents shall be provided for in the desigr} of pipe-
lines across waterways and offshore.

1101.6 Weight Effects

The following weight effects combined with Ipads and
forces from other causes shall be taken into agcount in
the design of piping that is exposed, suspenddd, or not
supported continuously.

1101.6.1 Live Loads. Live loads include the weight
of the slurry transported and any other extranequs mate-
rials siich as ice or snow. that adhere to the 7 ipe, The

1101.3.1 Design Temperature Range. The design tem-
perature range is the range of the material temperature
expected at the pressure boundary wall during normal
operation. Engineers are cautioned to give attention to
low temperature material properties and the potential
freezing of the aqueous slurry.

1101.4 Ambient Influences

1101.4.1 Fluid Expansion Effects. Provision shall be
made in the design to prevent, withstand, or relieve

impact of wind, waves, and currents are also considered
live loads.

1101.6.2 Dead Loads. Dead loads include the weight
of the pipe, components, coating, backfill, and unsup-
ported attachments to the piping.

1101.7 Thermal Expansion and Contraction Loads

Provisions shall be made for the effects of thermal
expansion and contraction in all piping systems.
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1101.8 Relative Movement of Connected
Components

The effect of relative movement of connected compo-
nents shall be taken into account in the design of piping
and pipe supporting elements.

1101.9 Potential Slurry Erosion-Corrosion

The effects of potential slurry erosion-corrosion shall
be considered in the design of piping piping compo-

1101.8-1102.3.1

slurry in the piping system and shall be capable of with-
standing the pressures and temperatures to which they
will be subjected in service.

1102.2.2 Components Not Having Specific Ratings.
Piping components not having established pressure rat-

ings may be qualified for use as specified in paras. 1104.7
and 1123.1(b).

1102.2.3 Ratings: Normal Operating Conditions. For

nents, and ancillary equipment (see para. 1163).

1101.10| Other Design Considerations

The designer should consider that the combination
of solidg and liquids present in slurry pipelines may
require ¢lesign criteria differing from those applicable
to liquid|or gas pipelines. These criteria include, but are
not limitled to, the following: pipeline slope limitations,
pressure] effects of density differential, equipment mal-
function| due to solids accumulation, and shutdown/
restart effects.

DESIGN CRITERIA
General

1102
1102.1

Paragraph 1102 pertains to ratings, stress criteria,
design gllowances, and minimum design values, and
formulafes the permissible variations of these factors
used in fhe design of slurry transportation piping sys-
tems within the scope of this Code.

The dpsign requirements of this Code are adequate
for publfc safety under conditions usually encountered
in slurry|transportation piping systems within the'scope
of this (ode, including lines within villages/ towns,
cities, anpd industrial areas. However, the.design engi-
neer shall provide reasonable protectionte prevent dam-
age to the pipeline from unusual @xternal conditions
which njay be encountered in river.crossings, offshore
and inlapd coastal water areas, bridges, areas of heavy
traffic, long self-supported spans, unstable ground,
vibration), seismic disturbances, weight of special attach-
ments, of forces resulting from abnormal thermal condi-
tions. Some of the protective measures which the design
engineell may provide are encasing with steel pipe of
larger djameter,~adding concrete protective coating,
increasihg thie wall thickness, lowering the line to a
greater depth, or indicating the presence of the line with
additional markers.

1102.2 Pressure-Temperature Ratings for Piping
Components

1102.2.1 Components Having Specific Ratings.
Within the temperature limits of —20°F (-30°C) to 250°F
(120°C), pressure ratings for piping components shall
conform to those stated for 100°F (40°C) in the standards
listed in Table 1123.1. The nonmetallic components shall
be made of materials which are compatible with the

normal operation, the maximum steady state opergting
pressure shall not exceed the pressure-temperaturd rat-
ings of the components used.

1102.2.4 Allowance for Variations From Normal Qper-
ations. Surge pressures in a slurry pipeline are prodjiced
by change in the velocity of the moving stream |that
results from shutting down of.a pump station or pymp-
ing unit, closing of a valve, or'blockage of the mgving
stream.

Surge pressure attenuates (decreases in intensity) as
it moves away fromcits point of origin.

Surge calculations shall be made, and adequate |con-
trols and protective equipment shall be provided, so
that the level<of pressure rise due to surges and qther
variations from normal operations shall not exceefl by
more thah 10% the internal design pressure at any point
in the\piping system and equipment.

1102.2.5 Ratings: Considerations for Different Pres-
sure Conditions. When two lines that operate at diffg¢rent
pressure conditions are connected, the valve segregating
the two lines shall be rated for the more severe sefvice
condition. When a line is connected to a piece of equip-
ment which operates at a higher pressure condition [than
that of the line, the valve segregating the line fronp the
equipment shall be rated for at least the operating cqndi-
tion of the equipment. The piping between the fnore
severe conditions and the valve shall be designdd to
withstand the operating conditions of the equipmeht or
piping to which it is connected.

1102.3 Allowable Stress Values and Other Stress
Limits
1102.3.1 Allowable Stress Values

(a) The allowable stress value S to be used for dgsign
calculations in para. 1104.1.2 for new pipe of known

S = 0.80 E X specified minimum yield strength of
the pipe, psi (MPa)

where
0.80 = design factor based on nominal wall thick-
ness. In setting the design factor, due consid-
eration has been given to, and allowance has
been made for, the various underthickness
and defect tolerances provided for in the spec-
ifications approved by the Code.

(02)
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1102.3.1-1102.4.4

E = weld joint factor (see para. 1102.4.3 and Table
1102.4.3)

Table 1102.3.1(a) is a tabulation of examples of allow-
able stresses for reference use in slurry transportation
piping systems.

(b) The allowable stress value S to be used for design
calculations in para. 1104.1.2 for used (reclaimed) pipe
of known specifications shall be in accordance with (a)

above and the limitations in para. 1105.2.1(b).

ASME B31.11-2002

(b), (c), or (d), except as permitted by other subpara-
graphs of para. 1102.3.

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thick-
ness of the piping components meets the requirements
of paras. 1103 and 1104.

(c) Allowable Expansion Stresses. The allowable stress
values for the equivalent tensile stress in para.
1119.6.4(b) for restrained lines shall not exceed 90% of

(cp The allowable stress value S to be used for design
calcplations in para. 1104.1.2 for new or used (reclaimed)
pipq of unknown, or ASTM A 120, specification shall
be established in accordance with the limitations in para.
1103.2.1(c) and the following:

5 = 0.80 E X minimum yield strength of the pipe,
psi (MPa) [24,000 psi (165 MPa) or yield
strength determined in accordance with paras.
1137.6.6 and 1137.6.7]

where

0.0 = design factor based on nominal wall thick-
ness. In setting the design factor, due consid-
eration has been given to, and allowance has
been made for, the various underthickness
and defect tolerances provided for in the spec-
ifications approved by the Code.

E = weld joint factor (see Table 1102.4.3)

(d) The allowable stress value S, to be used for design

calcyilations in para. 1104.1.2 for pipe which has béer

cold worked in order to meet the specified minimum

yielfl strength and is subsequently heated to"600°F

(300pC) or higher (welding excepted), shall be75% of

the fipplicable allowable stress value as determined by

pard. 1102.3.1(a), (b), or (c).

(e} Allowable stress values in shear‘shall not exceed
45%|of the specified minimum yield strength of the pipe,
and [allowable stress values in bedring shall not exceed
90%of the specified minimum yield strength of the pipe.
(f] Allowable tensile and’/compressive stress values
for aterials used in structural supports and restraints
shall not exceed 66% of the specified minimum yield
stremgth. Allowable stress values in shear and bearing
shal] not exceed45% or 90% of the specified minimum
yieldl strength, respectively. Steel materials of unknown
spedificatioils may be used for structural supports and
restiaints; provided a yield strength of 24,000 psi (165

the specified minimum yield strength of the, pipe. The
allowable stress range S, in para. 1119.6.4(¢) for unre-
strained lines shall not exceed 72% of the specifjed mini-
mum yield strength of the pipe.

(d) Additive Longitudinal Stresses. The sum of fhe longi-
tudinal stresses due to pressure, weight, and gther sus-
tained external loadings [seépara. 1119.6.4(c)] |shall not
exceed 75% of the allowable stress value specified for S4
in 1102.3.2(c). The thickness of pipe used in calculating
longitudinal stresses §hall not include allowamces cov-
ered in paras. 1102.4.1 and 1102.4.2.

1102.3.3 Limits of Calculated Stresses Due|to Occa-
sional Loads

(a) Qperation. The sum of the longitudinal stresses
produced by pressure, live and dead loads, ahd those
produced by occasional loads, such as wind pr earth-
quake, shall not exceed 88% of the specified minimum
yield strength of the pipe. It is not necessary to|consider
wind and earthquake as occurring concurrently.

(b) Test. Stresses due to test conditions are n¢t subject
to the limitations of para. 1102.3. It is not rjecessary
to consider other occasional loads, such as wind and
earthquake, as occurring concurrently with |the live,
dead, and test loads existing at the time of tegt.

1102.4 Allowances

1102.4.1 Corrosion and/or Erosion. When ¢orrosion
and/or erosion is expected, an increase in wall thickness
of the piping, use of inhibitors, internal linings, or coat-
ings, and/or other provisions shall be considerg¢d. These
provisions, in the judgment of the designer,|shall be
consistent with the desired expected life of tHe piping
system.

1102.4.2 Threading and Grooving. An allowance for
thread or groove depth (in. or mm) shall be inqluded in
A_in the equation in para. 1104.1.1 when threaded or

MPayorfess 15 used:

(¢) In no case where the Code refers to the specified
minimum value of a mechanical property shall a higher
value of the property be used in establishing the allow-
able stress value.

1102.3.2 Limits of Calculated Stresses Due to Sus-
tained Loads and Thermal Expansion

(a) Internal Pressure Stresses. The calculated stresses
due to internal pressure shall not exceed the applicable
allowable stress value S determined by para. 1102.3.1(a),

grooved pipe is allowed by this Code (see para. 1114).

1102.4.3 Weld Joint Factors. Longitudinal or spiral
weld joint factor E for various types of pipe is listed in
Table 1102.4.3.

1102.4.4 Wall Thickness and Defect Tolerances. Wall
thickness tolerances and defect tolerances for pipe shall
be as specified in applicable pipe specifications or
dimensional standards included in this Code by refer-
ence in Mandatory Appendix I.

(02
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(02) Table 1102.3.1(a) Tabulation of Examples of Allowable Stresses for Reference Use in Piping
Systems Within the Scope of This Code

Allowable Stress Value, S,

Specified Min. —20°F to 250°F
Yield Strength, (-30C° to 120°0),
Specification No. Grade psi (MPa) Weld Joint Factor, E psi (MPa)

Seamless
API 5L A25 25,000 (172) 1.00 20,000 (138)
API 5L, ASTM A 53, ASTM A 106 A 30,000 (207) 1.00 24,000 (166)
API 5L, ASTM A 53, ASTM A 106 B 35,000 (241) 1.00 28,000 (193)
ASTM A 106 C 40,000 (278) 1.00 32,0001222)
ASTM A 333 6 35,000 (241) 1.00 25,000 (174)
ASTM A 524 | 35,000 (241) 1.00 28,000 (193)
ASTM A 524 I} 30,000 (207) 1.00 24,000 (166)
APl 5L X42 42,000 (289) 1.00 33,600 (231)
API 5L X46 46,000 (317) 1.00 36,800 (254)
API 5L X52 52,000 (358) 1.00 41,600 (286)
API 5L X56 56,000 (386) 1.00 44,800 (309)
API 5L X60 60,000 (413) .00 48,000 (330)
API 5L X65 65,000 (448) 1.00 52,000 (258)
API 5L X70 70,000 (482) 1.00 56,000 (386)
Furnace Biitt Welded, Continuous Welded
ASTM A 5] e 25,000 (172) 0.60 20,000 (138)
API 5L Clapses | and Il A25 25,000 (172) 0.60 20,000 (138)
Electric Rgsistance Welded and Electric Flash Welded
API 5L A25 25,000 (172) 1.00 20,000 (138)
API 5L, ASTM A 53, ASTM A 135 A 30,000 (207) 1.00 24,000 (166)
API 5L, ASTM A 53, ASTM A 135 B 35,000 (241) 1.00 28,000 (193)
API 5L X42 42,000 (289) 1.00 33,600 (231)
APl 5L X46 46,000 (317) 1.00 36,800 (254)
API 5L X52 52,000 (358) 1.00 41,600 (286)
API 5L X56 56,000 (386) 1.00 44,800 (309)
APl 5L X60 60,000 (413) 1.00 48,000 (330)
API 5L X65 65,000 (448) 1.00 52,000 (358)
APl 51 X70 70,000 (482) 1.00 56,000 (386)
ASTM A 333 6 35,000 (241) 1.00 25,000 (174)
Electric Fugion Welded
ASTM A 134 0.80
ASTM A 139 A 30,000 (207) 0.80 24,000 (166)
ASTM A 139 B 35,000 (241) 0.80 28,000 (193)
ASTM A 671 - Note (1) 1.00 [Notes (2) & (3)]
ASTM A 671 ... Note (1) 0.80 Note (4)
ASTM A 672 - Note (1) 1.00 [Notes (2) & (3)]
ASTM A 672 ... Note (1) 0.80 Note (4)
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Table 1102.3.1(a) Tabulation of Examples of Allowable Stresses for Reference Use in Piping
Systems Within the Scope of This Code (Cont’d)

Allowable Stress Value, S,

Specified Min. —-20°F to 250°F
Yield Strength, (-30°C to 120°C),
Specification No. Grade psi (MPa) Weld Joint Factor, E psi (MPa)

Submerged Arc Welded

API 5L A 30,000 (207) 1.00 24,000 (166)
API 5L B 35,000 (241) 1.00 28,0004(193)
API 5L X42 42,000 (289) 1.00 33,6001(431)
API 5L X46 46,000 (317) 1.00 36,300 (454)
API 5L X52 52,000 (358) 1.00 414,600 (186)
API 5L X56 56,000 (386) 1.00 44,800 (309)
API 5L X60 60,000 (413) 1.00 48,000 (30)
API 5L X65 65,000 (448) 1.00 52,000 (358)
API 5L X70 70,000 (482) 1.00 56,000 (196)
API 5L X80 80,000 (551) 1.00 57,600 (197)
ASTM A 381 Y35 35,000 (241) 1.00 28,000 (193)
ASTM A 381 Y42 42,000 (290) 1:00 33,600 (432)
ASTM A 381 Y46 46,000 (317) 1.00 36,800 (154)
ASTM A 381 Y48 48,000 (331) 1.00 38,400 (165)
ASTM A 381 Y50 50,000 (345) 1.00 40,000 (376)
ASTM A 381 Y52 52,000 (358) 1.00 41,600 (186)
ASTM A 381 Y60 60,000 (413) 1.00 48,000 (330)
ASTM A 381 Y65 65,000 (448) 1.00 52,000 (358)
GENHRAL NOTES:

(@) Allowable stress values S shown in this table are equal to 0.80°F (weld joint factor) X specified minimum yield strength

the pipe.

(b) Allowable stress values shown are for new pipe of knowir’specification. Allowable stress values for new pipe of

nknown specification, ASTM A 120, or used (reclaimed) pipe shall be determined in accordance with para. 1102.3.1.
(©) r some Code computations, particularly with-regard to branch connections [see para. 1104.3.1(d)(3)] and expansion,

flexibility, structural attachments, supports, andrestraints (Chapter Il, Part 5), the weld joint factor £ need not be

cpnsidered.

(d) Fpr specified minimum vyield strength.ofother grades in approved specifications, refer to that particular specification.
(e) Allowable stress value for cold worked_pipe subsequently heated to 600°F (300°C) or higher (welding excepted) shall

He 75% of the value listed in this table.
(f) Qefinitions for the various types of pipe are given in para. 1100.2.

(g) Metric stress levels are given_in MPa (1 megapascal = 1 million pascals).

NOTES:

(1) Yee applicable plateispecification for yield strength and refer to para. 1102.3.1 for calculation of S.

(2) Fpctor applies forGlasses 12, 22, 32, 42, and 52 only.
(3) Radiography mustbe performed after heat treatment.
(4) Factor applies for Classes 13, 23, 33, 43, and 53 only.

PART 2 1104 PRESSURE DESIGN OF COMPONENTS

PRESSURE DESIGN OF PIPING COMPONENTS

1103 CRITERIA FOR PRESSURE DESIGN OF
PIPING COMPONENTS

The design of piping components, considering the

1104.1 Straight Pipe

1104.1.1 General

(a) The nominal wall thickness of straight sections of
effects of pressure, shall be in accordance with para.  Steel pipe shall be equal to or greater than f,, determined

1104. In addition, the design shall provide for dynamic ~ in accordance with

and weight effects included in para. 1101 and design
criteria in para. 1102.

t,=t+A

(02
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Table 1102.4.3 Weld Joint Factor, E
Weld Joint Factor, E

Pipe Mfd. Pipe Mfd.
Specification No. Pipe Type [Note (1)] Before 1959 After 1958
ASTM A 53 Seamless 1.00 1.00
Electric resistance welded 0.85 [Note (2)] 1.00
Furnace lap welded 0.80 0.80
Furnace butt welded 0.60 0.60
ASTM A 106 Seamless 1.00 1.00
ASTM A 134 Electric fusion (arc) welded, single 0.80 0.80
or double pass
ASTM A 135 Electric resistance welded 0.85 [Note (2)] 1.00
ASTM A 139 Electric fusion welded, single or 0.80 0.80
double pass
ASTM A 155 Electric fusion welded 0.90 1.00
ASTM A 381 Electric fusion welded, double - 1.00
submerged arc welded
ASTM A 672 Electric fusion welded Lol 1.00 [Note (3)]
API 5L Seamless 1.00 1.00
Electric resistance welded 0.85 [Note (2)] 1.00
Electric flash welded 0.85 [Note (2)] 1.00
Electric induction welded C 1.00
Submerged arc welded - 1.00
Furnace lap welded 0.80 0.80 [Note (4)]
Furnace butt welded 0.60 0.60
API 5LU Seamless e 1.00
Electric resistanece welded - 1.00
Electric flash*welded C 1.00
Electric induction welded - 1.00
Submerged arc welded .. 1.00
Known Knewn Note (5) Note (6)
Unknown Seamless 1.00 [Note (7)] 1.00 [Note (7)]
Unknown Electric resistance or flash welded 0.85 [Note (7)] 1.00 [Note (7)]
Unknown Electric fusion welded 0.80 [Note (7)] 0.80 [Note (7)]
UnknowH Furnace lap welded or over NPS 4 0.80 [Note (8)] 0.80 [Note (8)]
Unknoewn Furnace butt welded or NPS 4 0.60 [Note (9)] 0.60 [Note (9)]
and smaller
NOTES:
(1) Definitions for the various pipe types (weld joints) are given in para. 1100.2.

—A-wetd—ointfactorof—-0-may-betsed—foretecticresistance-wetded-oretectricfash—wetded—pipe
manufactured prior to 1959 where:

(a) pipe furnished under this classification has been subjected to supplemental tests and/or heat
treatments as agreed to by the supplier and the purchaser, and such supplemental tests and/or heat
treatment demonstrates the strength characteristics of the weld to be equal to the minimum tensile
strength specified for the pipe; or

(b) pipe has been tested as required for a new pipeline in accordance with para. 1137.4.1.

(3) For classes and grades that have been hydrostatically and nondestructively tested to specification
requirements.
(4) Manufacture was discontinued and process deleted from API 5L in 1962.

10
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Notes to Table 1102.4.3 (Cont’d)
NOTES:

ASME B31.11-2002

(5) Factors shown above for pipe manufactured before 1959 apply for new or used (reclaimed) pipe if
pipe specification and pipe type are known, and it is known that pipe was manufactured before 1959
or not known whether manufactured after 1958.

(©)

Factors shown above for pipe manufactured after 1958 apply for new or used (reclaimed) pipe if pipe

specification and pipe type are known, and it is known that pipe was manufactured after 1958.

@

is known.

®

Factor applies for new or used pipe of unknown specification and ASTM A 120 if type of weld joint

Factor applies for new or used pipe of unknown specification and ASTM A 120 if type of weld joint

©)

(b) The nomenclature described below is used in the
equations for pressure design of straight pipe.
nominal wall thickness, in. (mm), satisfying
requirements for pressure and allowances
pressure design wall thickness as calculated in
accordance with para. 1104.1.2 for internal pres-
sure, in. (mm). As noted under para. 1102.3.1,
in setting design factor, due consideration has
been given to, and allowance has been made
for, the various underthickness and defect toler-
ances provided for in the specifications
approved by the Code
sum of allowances for threading and grooving
as required under para. 1102.4.2; corrosion and
erosion as required under para. 1102.4.1; and
increase in wall thickness, if used, as protective
measure under para. 1102.1, in. (mny)
internal design pressure (see para: 1101.2.2),
psi (bar).
nominal outside diameter of\pipe, in. (mm)
applicable allowable stress.value in accordance
with para. 1102.3.1(a), (b), (c), or (d), psi (MPa)

ty| =

1104.1.2 Straight Pipe\Under Internal Pressure. The

intefnal pressure designiwall thickness ¢ of steel pipe
shal] be calculatedby:
,_PD(, _PD
T 25 (? 7208

1104.1.3 Straight Pipe Under External Pressure.
Slur|

v fransportation pipelines mav be subject to condi-
t 1 J

is known to be furnace lap welded, or for pipe over NPS 4 if type of joint is unknown.
Factor applies for new or used pipe of unknown specification and ASTM A 120 if type of weld joint
is known to be furnace butt welded, or for pipe NPS 4 and smaller if type of joint is unknown.

1104.2 Curved Segments of)Pipe

Changes in directionray be made by bending the
pipe in accordance withipara. 1106.2.1 or installing fac-
tory made bends or-elbows in accordance wjith para.
1106.2.3.

1104.2.1~Pipe Bends. The wall thickness| of pipe
before beénding shall be determined as for strajght pipe
in accordance with para. 1104.1. Bends shall meet the
flattening limitations of para. 1134.7.1(b).

1104.2.2 Elbows

(a) The minimum metal thickness of flanged or
threaded elbows shall not be less than specified for the
pressures and temperatures in the applicable American
National Standard or the MSS Standard Practjce.

(b) Steel butt welding elbows shall comply with
ASME B16.9, ASME B16.28, or MSS SP-75, gnd shall
have pressure-temperature ratings based on the same
stress values as were used in establishing the |pressure
and temperature limitations for pipe of the|same or
equivalent materials.

1104.3 Intersections

1104.3.1 Branch Connections. Branch cornections
may be made by means of tees, crosses, integrplly rein-
forced extruded outlet headers, or welded conhections,
and shall be designed in accordance with the| require-
ments listed in (a) through (e) of this paragrpph. The
possibility of erosion should be considered In slurry

tions during construction and operation where the exter-
nal pressure exceeds the internal pressure (e.g., vacuum
within the pipe or pressure outside the pipe when sub-
merged). The pipe wall selected shall provide adequate
strength to prevent collapse; all appropriate engineering
design factors shall be taken into consideration, includ-
ing, but not limited to, mechanical properties, variations
in wall thickness permitted by the material specifica-
tions, ellipticity (out-of-roundness), bending stresses,
and external loads.

11

service wherever piping discontinuities occur.
(a) Tees and Crosses

(1) The minimum metal thickness of flanged or
threaded tees and crosses shall not be less than specified
for the pressures and temperatures in the applicable
American National Standard or the MSS Standard
Practice.

(2) Steel butt welding tees and crosses shall comply
with ASME B16.9 or MSS SP-75, and shall have pressure
and temperature ratings based on the same stress values

(02
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as were used in establishing the pressure and tempera-
ture limitations for pipe of the same or equivalent
material.

(3) Steel butt welding tees and crosses may be used
for all ratios of branch diameter to header diameter, and
all ratios of design hoop stress to specified minimum
yield strength of the adjoining header and branch pipe,
provided they comply with (2) preceding.

(b) Integrally Reinforced Extruded Qutlet Headers

1104.3.1

(1) ‘tntegrally reinforced extruded outlet headers
may be fised for all ratios of branch diameter to header
diametet, and all ratios of design hoop stress to specified
minimum yield strength of the joining header and
branch gipe, provided they comply with (2) through (8)
immedidtely following.

(2) When the design meets the limitations on geom-
etry confained herein, the rules established are valid and
meet thelintent of the Code. These rules cover minimum
requirenpents and are selected to assure satisfactory per-
formancg of extruded headers subjected to pressure. In
additionp, however, forces and moments are usually
applied {o the branch by such agencies as thermal expan-
sion and contraction; vibration; dead weight of piping,
valves, gnd fittings; covering and contents; and earth
settlemeht. Consideration shall be given to the design
of extrudled headers so that they will withstand these
forces arjd moments. In slurry pipelines, the possibility
of erosign should be considered in the design of branch
connectipns.

(3) PDefinition
(a) An extruded outlet header is defined as a header
in which{the extruded lip at the outlet has a hejightabove
the surface of the header which is equal to or greater

t, = required thickness of the branch pipe
according to the wall thickness equation (see
para. 1104.1.2)

T, = actual nominal wall thickness of branch

t, = required thickness of the header according to
the wall thickness equation (see para. 1104.1.2)

T, = actual nominal wall thickness of header

T, = finished thickness of extruded outlet measured
at a height equal to r, above the outside surface
of the header

r1 = half-width of reinforcement zone (eq@al'tp D,)

1, = radius of curvature of external conteuired [por-

tion of outlet measured in the plane‘contaiping
the axes of the header and branch. This is[sub-
ject to the following limitatiens.

(a) Minimum Radius{JEhis dimension phall
not be less than 0.054 except on branch digme-
ters larger than NRS30, which need not exceed
1.50 in. (38 mm):

(b) Maximum Radius. For outlet pipe
NPS 8 and_larger, this dimension shal] not
exceed-0¢10d + 0.50 in. (13 mm). For outletpipe
sizeS)less than NPS 8, this dimension shall not
be.greater than 1.25 in. (32 mm).

(c) When the external contour contjains
more than one radius, the radius of any arc
sector of approximately 45 deg shall meef the
requirements of the preceding (a) and (b).

(d) Machining shall not be employdd in
order to meet the preceding requirement.

(56) Required Area. The required area is defindd as
A = KD, where K shall be taken as follows.
(a) Where d/D > 0.60, K = 1.00.

bizes

b) Where d/D 1 d £0.60, K = (.
than thelradius of curvature of the exterhal contoured )/ D( ) ere 4/D > 0.15 an 060, Q-6+
portion pf the outlet; i.e., i, > r,. See @Oomenclature and 3 (.c) Where d/D < 0.15, K = 0.70
Fig. 1103.3.1(b)(3). . The design must meet the following criteria: The pein-

. 4 Tbese rules. do not apply t(? any .noz.zle M forcement area defined in (6) is not less than| the
which aglditional nonintegral material is applied in the ., quired area.
form of tings, pads, or saddles. (6) Reinforcement Area. The reinforcement area phall
() These rules apply only to cases where the axis be the sum of A; + A, + As, defined as:
of the oytlet intersects, and is perpendicular to, the axis (a) Area A;. The area lying within the reinfdrce-
of the hgader. ment zone resulting from any excess thickness available
(4) Nomendlature. The notation used herein is illus- in the header wall; i.e.,
trated in|Fig1104.3.1(b)(3). All dimensions are in inches
(millime}ets): Ay = D, (T, - t)
dd i Qut51de dlémeter of branch p lPe (b) Area A,. The area lying within the reinforce-
c = internal diameter of branch pipe ment zone resulting from any excess thickness available
D = outside diameter of header in the branch pipe wall; i.e.,
D, = internal diameter of header
D, = internal diameter of extruded outlet measured Ay = 2L (T) - t)
ho— Et t hﬁtle;]f}ll of t?e Zu:f?e frfface Oi Eeader 1 (c) Area As. The area lying within the reinforce-
o = height of the extruded Lp. 1S must be equa ment zone resulting from excess thickness available in
to or greater than r,, except as shown in (4)(b). the extruded outlet lip; i.e
L = height of the reinforcement zone T

0.7 /dT,

12

Az = 21, (T, = Ty)
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Limits of
reinforcement zone d of branch

b~ ——d,
30.deg |

+

NOTE: Taper bore inside
I max. by diameter (if required)

h to match branch pipe
1:3 maximum taper.

L =
o
. "o

|
) &
Sketch to show method / -1 o
W of establishing T, when ,h r_-I-t‘h (
the taper encroaches ?
on the crotch radius ?Dc F ri1=D,
]

Reinforcement

_,r Tp b : | zone

=
T
DO

-

r
L

ho

l

! ;
\ 1 Sketch is drawn for

| | condition where K = 1.00

@)
_ ,

¢
\
RIE

\ = Do—~

<~ . MAN
= 157 \\\ Required area & !
T LY | A = Kt X Do) \
I'1 I‘1
D
D
l | ¢ fet— o Reinforcement
75 Jo zone
b dc

Sketch is drawn for
condition where K 4.00

-
T T Required area
| th h o
1 " N\ 4 = Kit, X D)
m
D D,

Fig. 1104.3.1(b)(3) Reinforced Extruded Outlets
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(7) Reinforcement of Multiple Openings. The require-
ments outlined in para. 1104.3.1(e) shall be followed,
except that the required area and reinforcement area
shall be as given in the preceding (5) and (6).

(8) The manufacturer shall be responsible for estab-
lishing the design pressure and temperature under pro-
visions of ASME B31.11, and for marking, as shown, the
design pressure and temperature, and the manufactur-
er’s name or trademark, on sections containing extruded

1104.3.1

encirclement type of reinforcement member shall be
used, regardless of the design hoop stress; or a smoothly
contoured wrought steel tee or cross of proven design,
or an extruded header, may be used.
(6) The reinforcement shall be designed in accor-
dance with para. 1104.3.1(d).
(d) Reinforcement of Single Openings
(1) When welded branch connections are to be
made to pipe in the form of a single connection, or in

outlets:
(design pressure and temperature)

Established under provisions of ASME B31.11
(manufacturer’s name or trademark)

(c) Wqlded Branch Connections. Welded branch connec-
tions shall be as shown in Figs. 1104.3.1(c)(1),
1104.3.1(c)(2), and 1104.3.1(c)(3). Design shall meet the
minimumn requirements listed in Table 1104.3.1(c) and
describefl by 1104.3.1(b)(1) — (4). Where reinforcement
is requirpd, (5) and (6) above shall apply.

(1) pmoothly contoured wrought tees or crosses of
proven design or integrally reinforced extruded headers
are preferred. When such tees, crosses, or headers are not
used, the reinforcing member shall extend completely
around |the circumference of the header [see Fig.
1104.3.1fc)(1) for typical constructions] . The inside
edges of fthe finished opening shall be rounded wherever
possiblefto a % in. (3 mm) radius. If the encircling mem-
ber is tHicker than the header, and its ends are to be
welded o the header, the ends shall be chamfered (at
approxirnately 45 deg) down to a thickness not in excess
of the hehder thickness, and continuous fillet welds shiall
be madd Pads, partial saddles, or other types of-local-
ized reirjforcements are prohibited.

(2) I'he reinforcement member may be.ofthe com-
plete engirclement type [see Fig. 1104.3.1(¢)(1)] , pad or
saddle type [see Fig. 1104.3.1(c)(2)] , Or)welding outlet
fitting tyjpe. Where attached to the header by fillet weld-
ing, the[edges of the reinforcethent member shall be
chamfered (at approximately 45)deg) down to a thick-
ness notfin excess of the header thickness. The diameter
of the holle cut in the headet pipe for a branch connection
shall notlexceed the otitside diameter of the branch con-
nection by more than Y, in. (6 mm).

(3) Reinfordement for branch connections with a
hole cut[NPS.2:pipe size or smaller is not required [see
Fig. 1104.3:1(¢)(3) for typical details]; however, care shall
be taken

o vrovide—suitable Brotection—acainet vibra

a header or manifold as a series of connections| the
design shall be adequate to control the stressi\lévels in
the pipe within safe limits. The constructién shall ftake
into account the stresses in the remaining pipe wall due
to the opening in the pipe or header, the shear str¢sses
produced by the pressure acting onfthe area of the branch
opening, and any external loading due to thermal move-
ment, weight, vibration, etcs and shall meet the rpini-
mum requirements listediin Table 1104.3.1(c).|The
following paragraphs provide design rules basefl on
stress intensification ‘created by the existence of a|hole
in an otherwise symmietrical section. External loadjngs,
such as those dtie to thermal expansion or unsuppqrted
weight of cémnécting pipe, have not been evalujted.
These factors should be given attention in unusual
designs ‘or“under conditions of cyclic loading.
Whet pipe which has been cold worked to mee} the
specified minimum yield strength is used as a header
containing single or multiple welded branch corjnec-
tions, stresses shall be in accordance with gara.
1102.3.1(d).
(2) The reinforcement required in the crotch se¢tion

of a welded branch connection shall be determinef by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required cfoss-
sectional area as defined in 1104.3.1(d)(3) and in| Fig.
1104.3.1(d)(2).
(3) The required cross-sectional area Ay is deffined

as follows:

AR = dth

where
= length of the finished opening in the header
wall measured parallel to the axis of the header
design header wall thickness required by para.
1104.1.2. For welded pipe, when the branch Hoes

th =

tions and other external forces to which these small
branch connections are frequently subjected.

(4) Reinforcement of openings is not mandatory;
however, reinforcement may be required for cases
involving pressure over 100 psi (689 kPa), thin wall pipe,
or severe external loads.

(5) If a reinforcement member is required, and the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than one-
half the circumference of the header, then a complete
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not intersect the longitudinal or spiral weld of
the header, the allowable stress value for seam-
less pipe of comparable grade may be used in
determining ¢, for the purpose of reinforcement
calculations only. When the branch does inter-
sect the longitudinal or spiral weld of the
header, the allowable stress value S of the header
shall be used in the calculation. The allowable
stress value S of the branch shall be used in
calculating t,.
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Optional weld

’I///II///I‘/'./

Optional weld \

A SIS/ 1170

. N
N
: N
N
A
P P
A 2
Z A
7 %,
wrsrrrssrias) a rrrrssimssssrsts.

These longitudinal
welds may be

located anywhere ! |

around circumference

Yl i

GENERAL NOTE: GENERAL NOTE:

Since fluid pressure is exerted Rrovide hole in reinforcement to reveal

on both sides of pipe metal under tee, leakage in buried welds and to provide

the pipe metal does not provide venting during welding and heat

reinforcement. treatment [see para. 404.3.1(d)(8)].
Tee Type Not required for tee type.

Sleeve Type

Optional weld Optional weld Optional weld

\

4
Qi 282288288

Optional weld

WL L R LR LK J

]

Ly,

SR

N

AN N

Q222222222 222220222222220) B N NN

Saddle and Sleeve Type Saddle Type

GENERAL NOTE:
If the encircling member for tee, sleeve, or saddle type is thicker than the header and its ends are to be welded to the
header, the ends shall be chamfered (at approximately 45 deg) down to a thickness not in excess of the header thickness.

Fig. 1104.3.1(c)(1) Welding Details for Openings With Complete Encirclement Types of Reinforcement
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Branch

Header

y e AR tahtn ARRuaY AN Sheheiete y ca\uue N - N A A A o S

Pad

Same as Fig. Same as Fig.
404.3.1(c)(3) 404.3.1(c)(3)
or
Header Header
DS SN AL A AR AR R AN U A AN S A SN A RN SN RN LA Y é\\ AR aShhhae S AN NN A e
Saddle
M = | nominal wall thickness of pad reinforcement Tp = nominal wall thickness of header
member Wy (min.) = the smaller of T, ,M, or 3/g in. (10 mm)
M, = | nominal wall thickness of) saddle at branch end W, (max.) = approx. T,
M, = | nominal wall thickness\of saddle at header end W5 (min.) = the smaller of 0.7 Ty, 0.7 M, or /2 in. (13 mm)
N =716 in.(1.5 mm) (mi.n.), 1/5.3 |n (3 mm) (max.) (unless W3 (max.) = approx. T},
back welded,dr .backmg strip is used) Wy (min.) = the smaller of 0.7 T, 0.7 My, or 1/2 in. (13 mim)
Ty = | nominal wall-thickness of branch . )
Wy (min.) = the smaller of Ty, My, or 3/g in. (10 mm)

GENERAL NOTES:

(a) All welds are to have equal leg dimensions and a minimum throat equal to 0.707 X leg dimension.

(b) It the reintorcing member Is thicker at its edge than the header, the edge shall be chamfered (at
approximately 45 deg) down to a thickness such that leg dimensions of the fillet weld shall be
within the minimum and maximum dimensions specified above.

(c) A hole shall be provided in reinforcement to reveal leakage in buried welds and to provide venting
during welding and heat treatment [see para. 404.3.1(d)(8)].

Fig. 1104.3.1(c)(2) Welding Details for Openings With Localized-Type Reinforcement
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Branch

45 deg min.

“7

or

ASME B31.11-2002

Branch

w1

45 deg min.

AL

| N\

Header

wl

Th
Ty
N

M6 in.

GENERAL NOTE:

nominal wall thickness of header
nominal wall thickness of branch
the smaller of Ty, T} or 3/gin. (10 mm)
(1.5 mm) (min.),
unless back welded or backing strip is used

When a welding saddle is used, it shall be insertéd over this type
of connection. See Fig. 404.3.1(c)(2).

Table 1104.3.1(c) Design.Criteria for Welded Branch Connections

///

V777 %

Headpr

A\

222

‘

/g in. (3 mm) (foax:)

Hig. 1104.3.1(c)(3) Welding Details for Openings Without Reinforcement Other Than in Headef and
Branch Walls

Branch Connection to Nominal Header Diameter

Ratio of Diameter of Hole Cut for

Ratio of Design Hoop Stress
to Specified Min. Yield
Strength of the Header

25% or Less

More Than 25%

Through 50% More Than 50%

20% or less (4)
More than 20% thraugh 50% 2 &0
More than 50% 2 &0

() (4) & (5)
)] (6]
@) @)

(4) The area-available for the reinforcement shall
be the sum of

(a) the’cross-sectional area resulting from any
excess thickness available in the header thickness (over
the inimum requlred for the header as defmed in para.

as defmed in para. 1104.3. 1(d)(5)

(b) the cross-sectional area resulting from any
excess thickness available in the branch wall thickness
(over the minimum thickness required for the branch)
and which lies within the reinforcement area as defined
in para. 1104.3.1(d)(5); and

(c) the cross-sectional area of all added reinforc-
ing metal, including weld metal, which is welded to the
header wall and lies within the reinforcement area as
defined in para. 1104.3.1(d)(5).

17

(5) The reinforcement area is shownl in Fig.
1104.3.1(d)(2) and is defined as a rectangle whope length
shall extend a distance d [see para. 1104.3.1({)(3)] on
each side of the transverse centerline of the|finished
opening and whose width shall extend a distan ce of 2%
k lle surface
of the header wall except that in no case shall it extend
more than 2% times the thickness of the branch wall
from the outside surface of the header or of the reinforce-
ment, if any.

(6) 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
to the allowable stresses for header and reinforcement
material, respectively.
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1104.3.1

ps- tb
L =smaller of 27/2 T}, |
or22 Ty +M

T
| ,.,Tb/\/

———— o

K_'[_'_ - I—

7.

Tl

|
1
2/2Th| d

A1=(Th"th)d
Az=2(Tn_tb)L
A; =

where
Th

d=

(7)

ment m

[he material used for ring, or saddle reinforce-
y be of specification§ differing from those of
the pipel provided the crogs-sectional area is made in
correct groportions to therelative strength of the pipe
and reinforcement matetials at the operating tempera-
tures, and provided'it-has welding qualities comparable
to those|of the pipe. No credit shall be taken for the
additiongl strength of material having a higher strength
of the part to be reinforced.

weld between branch and header a vent hole shall be
provided in the ring or saddle to reveal leakage in the
weld between branch and header and to provide venting
during welding and heat treating operations. Vent holes
shall be plugged during service to prevent crevice corro-
sion between pipe and reinforcing member, but no plug-
ging material shall be used that would be capable of
sustaining pressure within the crevice.

(9) The use of ribs or gussets shall not be considered
as contributing reinforcement to the branch connection.

“Area of reinforcement” enclosed by
Reinforcement area required A, = dit,
Area available as reinforcement =

summation of area of all added reinforcemént, including
weld areas that lie within the “area of reinforcement”
A, + A, + A; must be equal to or greater thanr A,

nominal wall thickness of headér

T, = nominal wall thickness of branch

t, = design branch wall thickness required by para. 404.1.2
t, = design header wall thickness required by para. 404.1.2
length of the finished opening in the header wall
(measured paralleh to the axis of the header)

M = actual (by measurement) or nominal

thickness-of added reinforcement

Fig. 1104.3.1(d)(2) Reinforcement of Branch Connections
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lines

A+ A + A

This does not prohibit the use of ribs or gusset:
purposes other than reinforcements, such as stiffeni

weld W; as shown in Figs. 1104.3.1(c)(2)
1104.3.1(c)(3). The use of concave fillet welds is prefe

approxnnately 45 deg) down to such a thickness that
leg dimensions of the fillet weld shall be within the
minimum and maximum dimensions specified in Fig.
1104.3.1(c)(2).

(11) Reinforcement rings and saddles shall be accu-
rately fitted to the parts to which they are attached.
Figures 1104.3.1(c)(1) and 1104.3.1(c)(2) illustrate some
acceptable forms of reinforcement.

Branch connections attached at an angle of less than
90 deg to the header become progressively weaker as
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the angle becomes smaller. Any such design shall be
given individual study, and sufficient reinforcement
shall be provided to compensate for the inherent weak-
ness of such a construction. The use of encircling ribs
to support the flat or reentering surfaces is permissible
and may be included in the strength considerations. The
designer is cautioned that stress concentrations near the
ends of partial ribs, straps, or gussets may defeat their
reinforcing value, and their use is not recommended.

ASME B31.11-2002

shall be considered suitable for use at the pressure-tem-
perature ratings as set forth in para. 1102.2.1.

(b) It is permissible to inside taper bore the hubs on
welding neck flanges having dimensions complying
with ASME B16.5 when they are to be attached to thin
wall pipe. It is recommended that the taper shall not be
more abrupt than 1:3 MSS SP-44, 26 in. (660 mm) and
larger “pipeline” flanges are designed for attachment to
thin wall pipe and are preferred for this service.

(e} Reinforcement of Multiple Openings

(1) Two adjacent branches should preferably be
spaded at such a distance that their individual effective
areaf of reinforcement do not overlap. When two or
morp adjacent branches are spaced at less than two times
theif average diameter (so that their effective areas of
reinforcement overlap), the group of openings shall be
reinforced in accordance with para. 1104.3.1(d). The rein-
forcing metal shall be added as a combined reinforce-
menjt, the strength of which shall equal the combined
stremgths of the reinforcements that would be required
for fhe separate openings. In no case shall any portion
of a|cross section be considered to apply to more than
one fopening or be evaluated more than once in a com-
bined area.

(2) When more than two adjacent openings are to
be grovided with a combined reinforcement, the mini-
murh distance between centers of any two of these open-
ingg| shall preferably be at least 1% times their average
diameter, and the area of reinforcement between thém
shal] be at least equal to 50% of the total required for
thede two openings on the cross section beingcon-
sidefed.

(3) When two adjacent openings @5 considered
undpr para. 1104.3.1(e)(2) have a distance between cen-
ters|of less than 1% times their average diameter, no
crediit for reinforcement shall be(given for any of the
metal between these two openings.

(4) When pipe which has been cold worked to meet
the dpecified minimum yield’strength is used as a header
contpining single or_mtiltiple welded branch connec-
tion)s, stresses shallvbe in accordance with para.
1104.3.1(d).

(5) Any siumber of closely spaced adjacent open-
ings} in any arrangement, may be reinforced as if the
group were treated as one assumed opening of a diame-
ter ¢nclesing all such openings.

(c) Where conditions require the use of flanges other
than those covered in para. 1108.1, the flanged shall be
designed in accordance with Appendixl of Secfion VIII,
Division 1, of the ASME Boiler and Pressure Vespel Code.

(d) Slip-on flanges of rectangular cross section shall be
so designed that flange thicknéss is increased tq provide
strength equal to that of the corresponding hubbed slip-
on flange covered by ASME B16.5, as determined by
calculations made insaceordance with the ASMEE Boiler
and Pressure Vessel€0de, Section VIII, Divisipn 1.

1104.6 Reddcers

(a) Reducer fittings manufactured in accordgqnce with
ASME'B16.5, ASME B16.9, or MSS SP-75 shall have pres-
sure~temperature ratings based on the same strgss values
aséWere used in establishing the pressure-tenjperature
limitations for pipe of the same or equivalent material.

(b) Smoothly contoured reducers fabricat¢d to the
same nominal wall thickness and of the sam¢ type of
steel as the adjoining pipe shall be considered suitable
for use at the pressure-temperature ratings of the adjoin-
ing pipe. Seam welds of fabricated reducers|shall be
inspected by radiography or other accepted nomdestruc-
tive methods (visual inspection excepted).

(c) Where appropriate, changes in diametey may be
accomplished by reducing elbows, tees, or valves.

1104.7 Pressure Design of Other Pressure
Containing Components

Pressure containing components which are|not cov-
ered by the standards listed in Table 1123.1| and for
which design equations or procedures are not given
herein may be used where the design of sjmilarly
shaped, proportioned, and sized components has been
proved satisfactory by successful performange under

1104.3.4 Attachments. External and internal attach-
ments to piping shall be so designed that they will not
cause flattening of the pipe, excessive localized bending
stresses, or harmful thermal gradients in the pipe wall.
See para. 1121.1 for design of pipe supporting elements.

1104.5 Pressure Design of Flanges and Blanks

1104.5.1 Flanges: General
(a) The design of flanges manufactured in accordance
with para. 1108.1 and the standards listed in Table 1123.1

19

comparable service conditions. (Interpolation may be
made between similarly shaped proven components
with small differences in size or proportion.) In the
absence of such service experience, the pressure design
shall be based on an analysis consistent with the general
design philosophy embodied in this Code, and substan-
tiated by at least one of the following:

(a) proof tests (as are described in UG-101 of Section
VIII, Division 1, of the ASME Boiler and Pressure Vessel
Code);

(02
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(b) experimental stress analysis (such as described in
Appendix 6 of Section VIII, Division 2, of the ASME
Boiler and Pressure Vessel Code);

(c) engineering calculations.

1104.7-1106.2.2

Table 1106.2.1(b) Minimum Radius
of Field Cold Bends

Minimum Radius of
Bend in Pipe Diameters

Nominal Pipe Size (NPS)

12 and smaller 18D
PART 3 14 21
DESIGN APPLICATIONS OF PIPING COMPONENTS 16 24
SELECTION AND LIMITATIONS 18 27
20 and larger 30

1105 PIPE
1105.2 |Metallic Pipe

1105.2.1 Ferrous Pipe

(a) New pipe of the specifications listed in Table
1123.1 mjay be used in accordance with the design equa-
tion of ppra. 1104.1.2 subject to the testing requirements
of paras| 1137.1.4, 1137.4.1, and 1137.4.3.

(b) Uded pipe of known specification listed in Table
1123.1 mjay be used in accordance with the design equa-
tion of ppra. 1104.1.2 subject to the testing requirements
of paras| 1137.4.1, 1137.6.1, 1137.6.3, and 1137.6.4.
or used pipe of unknown, or ASTM A 120,
specification may be used in accordance with the design
equatior] of para. 1104.1.2 with an allowable stress value
as specifjed in para. 1102.3.1(c), and subject to the testing
requirements of paras. 1137.4.1, 1137.4.3, 1137.6.1,
1137.6.3|1137.6.4, and 1137.6.5, if 24,000 psi (165 MPa)
yield stgength is used to establish an allowable stress
value; of para. 1137.4.1, and paras. 1137.6.1 through
1137.6.7 | inclusive, if a yield strength above 24,000 psi
(165 MP4) is used to establish an allowable stress value:

(d) Pipe that has been cold worked in order tg meet
the spedified minimum yield strength and(is'subse-
quentlyheated to 600°F (300°C) or higher (welding
excepted) shall be limited to a stress value as noted in
para. 1102.3.1(d).

(e) Cofited or Lined Pipe. External or'internal coatings
or liningps of cement, plastics, or.ether materials may be
used on|steel pipe conforming-to the requirements of
this Codp. These coatings orlihings shall not be consid-
ered as adding strength.

1106 FITTINGS, ELBOWS, BENDS, AND

NTERSECTIONS
1106.1 [Fittings

GENERAL NOTE: In some cases, thin wall pipe will require, thp use
of an internal mandrel when being bent to the minimum|radii
tabulated above.

departing from dimensionsdisted in the standprds
referred to in para. 1106.1 A(a)or 1106.1.1(b) may be ised
provided the design mieets the requirements of phras.
1103 and 1104.

1106.2 Bends/and Intersections

1106.2.1\ Bends Made From Pipe

(a) Bénds may be made by bending the pipe When
they afe designed in accordance with para. 1104.2.1f and
made in accordance with para. 1134.7.1.

{b) Except as permitted under para. 1106.2.1(c)} the
minimum radius of field cold bends shall be as shown
in Table 1106.2.1(b).

(c) Bends may be made by bending the pipe in pizes
NPS 14 and larger to a minimum radius of 18D; howgver,
bending pipe to radii approaching 18D that will eet
requirements in para. 1134.7.1(b) will be depenflent
upon wall thickness, ductility, ratio of pipe diametpr to
wall thickness, use of bending mandrel, and skﬂ of
bending crew. Test bends shall be made to determine
that the field bending procedure used produces bends
meeting the requirements of para. 1134.7.1(b), and|that
the wall thickness after bending is not less thar] the
minimum permitted by the pipe specification.

1106.2.2 Mitered Bends. In systems intendefl to
operate at a hoop stress of more than 20% of the spedjified
minimum yield strength of the pipe, miter bend$ are
prohibited. Miter bends not exceeding 12% deg mdy be

usedin cychﬁmc npnvahﬁr] ata hnnp stress of 20% o less

1106.1.1 General

(a) Steel Butt Welding Fittings. When steel butt welding
fittings [see paras. 1104.2.2(b), 1104.3.1(a)(2), and
1104.3.1(a)(3)] are used, they shall comply with ASME
B16.9, ASME B16.28, or MSS SP-75.

(b) Steel Flanged Fittings. When steel flanged fittings
[see paras. 1104.3.1(a)(1) and 1104.5.1] are used, they
shall comply with ASME B16.5.

(c) Fittings Exceeding Scope of Standard Sizes. Fittings
exceeding scope of standard sizes or otherwise

20

of the specified minimum yield strength of the pipe,
and the minimum distance between miters measured
at the crotch shall not be less than one pipe diameter.
When the system is to be operated at a hoop stress of
less than 10% of the specified minimum yield strength
of the pipe, the restriction to 12% deg maximum miter
and distance between miters will not apply. Deflections
caused by misalignment up to 3 deg are not considered
miter bends. The designer is cautioned that the disconti-
nuities inherent in a mitered bend may cause erosion.
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1106.2.3 Factory-Made Bends and Elbows

(a) Factory-made bends and factory-made wrought
steel elbows may be used provided they meet the design
requirements of paras. 1104.2.1 and 1104.2.2 and the
construction requirements of para. 1134.7.2. Such fittings
shall have approximately the same mechanical proper-
ties and chemical composition as the pipe to which they
are welded.

(b) If factory-made elbows are used in cross-country

ASME B31.11-2002

1106.6.3 Closure Heads. Closure heads, such as flat,
ellipsoidal (other than in para. 1106.6.2 above), spherical,
or conical heads, are allowed for use under this Code.
Such items shall be designed in accordance with Section
VIII, Division 1, of the ASME Boiler and Pressure Vessel
Code. The maximum allowable stresses for materials
used in these closure heads shall be established under
the provisions of para. 1102.3.

If welds are used in the manufacture of these heads,

lineg, care should be taken to allow for passage of pipe-
line [scrapers.

1106.2.4 Wrinkle Bends. Wrinkle bends shall not
be used.

1106.3 Couplings

Chst, malleable, or wrought iron threaded couplings
are prohibited.

1106.4 Reductions

1106.4.1 Reducers. Reductions in line size may be
made by the use of smoothly contoured reducers
sele¢ted in accordance with ASME B16.5 or ASME B16.9,
as applicable; MSS SP-75; or smoothly contoured
redycers may be designed as provided in para. 1104.6.

1106.4.2 Orange Peel Swages. Orange peel swages
shal] not be used.

110p6.5 Intersections

Intersection fittings and welded branch connections
are permitted within the limitations listed in paza. 1106.1
(see|para. 1104.3 for design).

1106.6 Closures

1106.6.1 Quick-Opening Closures. A quick-opening
clospire is a pressure-containing-component (see para.
1104.7) used for repeated aecess to the interior of a com-
ponent of a piping systemIt is not the intent of this
Code to impose the.regtfirements of a specific design
method on the designer or manufacturer of a quick open-
ing flosure.

Qpick-opening closures used for pressure contain-
ment undetithis Code shall have pressure and tempera-
turd ratings equal to or in excess of the design
requirements of the piping systems to which they are

they shall be 100% radiographically inspected [in accor-
dance with the provisions of Section VIIL{Rivjsion 1.
Closure heads shall have pressure and)tenfperature
ratings equal to or in excess of the requiréments of para.
1101.2.2. It is not the intent of this*Code to ejtend the
design requirements of Section-VHI, Division 1} to those
components which use closdre heads as part ¢f a com-
plete assembly.

1106.6.4 Fabricated Closures. Orange peel bull plugs
are prohibited on systems operating at a hoop|stress of
more than 20% of‘the specified minimum yield|strength
of the pipe. Fishtails are permitted for NPS 3 pipe and
smaller, opérating at less than 100 psi (689 kPa).|Fishtails
on pipe larger than NPS 3 are prohibited.

1106:6.5 Blind Flange Closures. Blind flangg
shall ‘conform to para. 1108.

closures

1106.8 Special Fittings and Connections

Cast, forged, wrought, or welded steel fittings dif-
fering from those specified in the applicable American
National Standards and MSS Standard Practicgs will be
permitted provided that their design is in acfordance
with para. 1104.7.

1107 VALVES
1107.1 General

(a) Steel valves conforming to standards angl specifi-
cations listed in Table 1123.1 may be used in |the sizes
and for the pressure-temperature ratings estabjlished in
these standards. These valves may contain cerfain cast,
malleable, or wrought iron parts as provid¢d for in
API 6D.

(b) Cast iron valves conforming to standqrds and
specifications listed in Table 1123.1 may be uged. Care
shall be exercised to prevent excessive mechanjcal load-
ings (see para 1108 54) as pravided in para 1123.2.4.

attached. See paras. 1101.2.2 and 1102.2.
Quick-opening closures shall be equipped with safety
locking devices in compliance with Section VIII, Divi-
sion 1, UG-35(b) of the ASME Boiler and Pressure Vessel
Code.
Weld end preparation shall be in accordance with
para. 1134.8.6.

1106.6.2 Closure Fittings. Closure fittings commonly
referred to as “weld caps” shall be designed and manu-
factured according to ASME B16.9 or MSS SP-75.

21

(c) Working pressure ratings of the steel parts of steel
valves are applicable within the temperature limitations
of —20°F (-30°C) to 250°F (120°C) (see para. 1101.3.1).
Where resilient, rubberlike, or plastic materials are used
for sealing, they shall be capable of withstanding the
fluid, pressures, and temperatures specified for the pip-
ing system.

(d) Valve seats and exposed inner surfaces may be
treated for the specific slurry impingement problems
involved.
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1107.8 Special Valves

Special valves not listed in the standards of Table
1123.1 shall be permitted, provided that their design is
of at least equal strength and tightness, they are sub-
jected to the same test requirements as covered in these
standards, and structural features satisfy the material
specification and test procedures of valves in similar
service set forth in the listed standards.

1107.8-1108.5.5

in para. 1108.4.2(b)] as to pressure, provided that the
gasket material is suitable for the service temperature.
These types of gaskets are recommended for use with
small male and female or small tongue and groove fac-
ings. They may also be used with steel flanges with any
of the following facings: large male and female, large
tongue and groove, or raised face.

(d) Asbestos composition gaskets may be used as per-
mitted in ASME B16.5. This type of gasket may be used

1108 FLANGES, BLANKS, FLANGE FACINGS,
ASKETS, AND BOLTING

1108.1 [Flanges

1108.1.1 General

(a) Flgnged connections shall conform to the require-
ments of paras. 1108.1, 1108.3, 1108.4, and 1108.5.

(b) Stdel Flanges Within Scope of Standard Sizes. Flanges
conformjng to ASME B16.5 or MSS SP-44 are permitted
for the pressure-temperature ratings shown in para.
1102.2.1{The bore of welding neck flanges should corre-
spond t¢ the inside diameter of the pipe with which
they are[to be used. See para. 1104.5.1 for design.

(c) Cakt Iron Flanges. Cast iron flanges are prohibited
except for those which are an integral part of cast iron
valves, gressure vessels, and other equipment and pro-
prietary [items [see paras. 1107.1(b) and 1123.2.4(b)].

(d) Stpel Flanges Exceeding Scope of Standard Sizes.
Flanges pxceeding the scope of standard sizes or other-
wise departing from dimensions listed in ASME B16.5
or MSS $P-44 may be used provided they are desigred
in accordlance with para. 1104.5.1.

1108.3 [Flange Facings

1108.8.1 General

(a) Stgel or cast iron standard flanges)shall have con-
tact face$ in accordance with ASME\B16.5, ASME B16.1,
b SP-6.

and shall'be capab € pressures and
temperatures to which they will be subjected in service.

1108.4.2 Standard Gaskets

(a) Gaskets conforming to ASME B16.20 or ASME
B16.21 may be used.

(b) Metallic gaskets other than ring type or spirally
wound metal asbestos shall not be used with ASME
Class 150 or lighter flanges.

(c) The use of metal or metal jacketed asbestos (either
plain or corrugated) is not limited [except as provided
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with any of the various flange facings except small fnale
and female or small tongue and groove.

(e) Rings for ring joints shall be of dimensiens egtab-
lished in ASME B16.20. The materials for these fings
shall be suitable for the service conditions encountered
and shall be softer than the flanges.

1108.4.3 Special Gaskets. Special gaskets, including
insulating gaskets, may be used'provided they are fuit-
able for the temperatures,pressures, fluids, and ¢ther
conditions to which they~may be subjected.

1108.5 Bolting

1108.5.1 General

(a) Boltsor stud bolts shall extend completely thr
the nuts:

(b)-.Nuts shall conform with ASTM A 194 or A|325,
except that A 307 Grade B nuts may be used on AFBME
Classes 150 and 300 flanges.

ugh

1108.5.2 Bolting for Steel Flanges. Bolting shall|con-
form to ASME B16.5 or MSS SP-44 except as provjided
in paras. 1108.5.3 and 1108.5.5.

1108.5.3 Bolting for Insulating Flanges. For insplat-
ing flanges, % in. (3 mm) undersize bolting may be 4sed,
provided that alloy steel bolting material in accordance
with ASTM A 193 or A 354 is used and provided|that
the designer has assured adequacy of such bolting for
the service conditions.

1108.5.4 Bolting Steel to Cast Iron Flanges. When
bolting ASME Class 150 steel flanges to ASME (lass
125 cast iron flanges, heat treated carbon steel or alloy
steel bolting (ASTM A 193) may be used only when
both flanges are flat face and the gasket is full fface;
otherwise, the bolting shall have a maximum tehsile
strength no greater than the maximum tensﬂe stre

steel flanges to ASME Class 250 cast iron flanges, the
bolting shall have a maximum tensile strength no greater
than the maximum tensile strength of ASTM A 307
Grade B. Good practice indicates that the flange should
be flat faced.

1108.5.5 Bolting for Special Flanges. For flanges
designed in accordance with para. 1104.5.1, bolting shall
conform to the applicable section of Section VIII, Divi-
sion 1, of the ASME Boiler and Pressure Vessel Code.

(02)

(02)

(02)
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1109-1119.6.1

1109 USED PIPING COMPONENTS AND
EQUIPMENT

Used piping components, such as fittings, elbows,
bends, intersections, couplings, reducers, closures,
flanges, valves, and equipment, may be reused. Reuse
of pipe is covered by paras. 1105.2.1(b) and (c). However,
such components and equipment shall be cleaned and
examined; reconditioned, if necessary, to ensure that
they o '5-““‘- e he-in eRcec—Se ‘.‘3
ound; and free of defects.

Infaddition, reuse shall be contingent on identification
of tHe specification under which the item was originally
prodquced. Where the specification cannot be identified,
use pf steel shall be restricted to a maximum allowable
opetating pressure based on a yield strength of 24,000
psi (165 MPa) or less.

PART 4
SELECTION AND LIMITATION OF PIPING JOINTS

1111 WELDED JOINTS

111{1.2 Butt Welds

Buitt welded joints shall be in accordance with Chap-
ter Y.

1112 FLANGED JOINTS
111

Flanged joints shall meet the requirements of(para.
1108§.

P.1 General

1114 THREADED JOINTS
1114.1 General

All external pipe threads on pipirlg components shall
be thper pipe threads. Theyyshall be line pipe threads
in adcordance with API 5B/0x NPT threads in accordance
with ASME B1.20.1. AlKinternal pipe threads on piping

Lgast nemiinal wall thickness for threaded pipe shall
be sfandard wall (see ASME B36.10M).

ASME B31.11-2002

conditions to determine the safety of the joint; and

(b) adequate provision is made to prevent separation
of the joint and to prevent longitudinal or lateral move-
ment beyond the limits provided for in the joining
member.

PART 5
EXPANSION, FLEXIBILITY, STRUCTU

RAL
RAINTS

A
£l

1119 EXPANSION AND FLEXIBILITY
1119.1 General

(a) This Code is applicable to both abovegrqund and
buried piping and covers all classes of materialf permit-
ted by this Code. Formal caleulations shall be|required
where reasonable doubt eXists as to the adequat¢ flexibil-
ity of the piping.

(b) Piping shall be designed to have sufficien} flexibil-
ity to accommodate expansion or contraction without
causing excessive/stresses in the piping materil, exces-
sive bending‘moments at joints, or excessive forces or
moments jat’points of connection to equipment or at
anchorage or guide points. Allowable fojces and
moments on equipment may be less than for|the con-
nécted piping.

(c) Expansion calculations are necessary fqr buried
lines if significant temperature changes are ¢xpected,
such as when the line is to carry a heated slurry|Thermal
expansion of buried lines may cause movement{at points
where the line terminates, changes in dire¢tion, or
changes in size. Unless such movements are r¢strained
by suitable anchors, the necessary flexibility[shall be
provided.

(d) Expansion of aboveground lines may be prevented
by anchoring them so that longitudinal expapsion, or
contraction, due to thermal and pressure clanges is
absorbed by direct axial compression or tensipn of the
pipe, in the same way as for buried piping. In addition,
beam bending stresses shall be included, and the possi-
ble elastic instability of the pipe, and its suppprts, due
to longitudinal compressive forces, shall be considered.

1119.5 Flexibility

1119.5.1 Means of Providing Flexibility. Styesses in
pipe induced by movement of piping or connedted com-

1118 SLEEVE, COUPLED, AND OTHER
PROPRIETARY JOINTS

1118.1 General

Steel connectors and swivels complying with API 6D
may be used. Sleeve, coupled, and other proprietary
joints, except as limited in para. 1123.2.4(b), may be used,
provided:

(a) a production joint has been subjected to similar
service conditions or to tests under simulated service

23

ponents shall be limited to levels defined in para. 1102.3.
Bends, loops, offsets, or joints suitable for the intended
service may be used to limit such stresses.

1119.6 Properties

1119.6.1 Coefficient of Thermal Expansion. The linear
coefficient of thermal expansion for carbon and high-
strength low-alloy steel may be taken as 6.5 x 107® in./
in./°F for temperatures up to 250°F (11.7 x 107® mm/
mm/°C for temperatures up to 120°C).
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1119.6.2 Modulus of Elasticity. Flexibility calcula-
tions shall be based on the modulus of elasticity of 30
x 10° psi (210 MPa) for steel at ambient temperature.

1119.6.3 Poisson’s Ratio. Poisson’s ratio shall be
taken as 0.3 for steel.

1119.6.4 Stress Values
(a) General. There are fundamental differences in
loading conditions for the buried, or similarly restrained,

1119.6.2-1119.7.3

in the header and branch portions are to be
considered separately), in.-Ib (N-m)

bending moment out of, or transverse to, plane
of member, in.-1b (N-m)

torsional moment, in.-Ib (N - m)

stress intensification factor under bending in
plane of member [from Fig. 1119.6.4(c)]
stress intensification factor under bending out
of, or transverse to, plane of member [from

~

portions|of the piping and the aboveground portions not
subject tp substantial axial restraint. Therefore, different
limits or} allowable longitudinal expansion stresses are
necessarfy.

(b) Restrained Lines. The net longitudinal compres-
sive streps due to the combined effects of temperature

rise and| slurry pressure shall be computed from the
equatior]:
S, = Ea(T, - Ty) - vS,,
where
S, = |longitudinal compressive stress, psi (MPa)
Sy = |hoop stress due to slurry pressure, psi (MPa)
T; = |temperature at time of installation, °F (°C)
T, = [maximum or minimum operating temperature,
OF (OC)
E = [modulus of elasticity of steel, psi (MPa)
a = |linear coefficient of thermal expansion, in./
in./ °F (mm / mm / °C)
v = |Poisson’s ratio = 0.30 for steel
Note that the net longitudinal stress becomes com=
pressivelfor moderate increases of T, and that according
to the commonly used maximum shear theory of failure,

this comjpressive stress adds directly to the hoop stress
to increape the equivalent tensile stress available to cause
yielding| As specified in para. 1102.3.2(e),'this equivalent
tensile sfress shall not be allowed tg~exceed 90% of the
specified minimum yield strength-of the pipe, calculated
for nomjnal pipe wall thickness:Béam bending stresses
shall be|included in the lefgitudinal stress for those
portiong of the restrained\line which are supported
aboveground.

(c) Unrestrained Lines. Stresses due to expansion for
those pqrtions of the piping without substantial axial
restraint[shallsbecombined in accordance with the fol-

Fig. 1119.6.4(c)]

Z section modulus of pipe, in.? (mm?)
The maximum computed expansion stress.range —
Sg without regard for fluid pressure stress; base¢l on
100% of the expansion, with modulus'of elasticity for
the cold condition — shall not exceed the allowable
stress range S4, where S4 = 0.726f specified minithum
yield strength as noted in para: 1102.3.2(c).
The sum of the longitudinal stresses due to presgure,
weight, and other sustainéd external loadings shalf not
exceed 0.755, in accordance with para. 1102.3.2(d)}.
The sum of the longitudinal stresses produced by pres-
sure, live and dead loads, and those produced by ¢cca-
sional loads stichvas wind or earthquake, shall not exceed
88% of the:specified minimum yield strength of the pipe,
in accordance with para. 1102.3.3(a). It is not necedsary
to consider wind and earthquake as occurring corncur-
reritly.
As noted in para. 1102.3.3(b), stresses due to test|con-
ditions are not subject to the limitations of para. 1102.3.
It is not necessary to consider other occasional lgads,
such as wind and earthquake, as occurring concurr¢ntly
with the live, dead, and test loads existing at the ffime
of test.

1119.7 Analysis

1119.7.3 Basic Assumptions and Requirements

(a) The effect of restraints, such as support frigtion,
branch connections, lateral interferences, etc., shall be
considered in the stress calculations.

(b) Calculations shall take into account stress int
fication factors found to exist in components other fthan
plain straight pipe. Credit may be taken for extra flexibil-
ity of such components. In the absence of more dirpctly
applicable data, the flexibility factors and stress intefsifi-
bd.

bnsi-

lowing gquation: cation factors shown in Fig. 1119.6.4(c) may be us

. - (c) Nominal dimensions of pipe and fittings shdll be
Sp = VS + 45 used in flexibility calculation.
where (d) Calculations of pipe stresses in loops, ben.d.s, and
Sp = stress due to expansion, psi (MPa) offsets 'shall be based on the total range from minimum
S, = ivalent bendi . to maximum temperature normally expected, regardless
b equivalent bending stress, psi (MPa) N -
_ \/Z—MZ /7 of whether piping is cold sprung or not. In addition
= JEM)” + (iM,) to expansion of the line itself, the linear and angular
S = M;/2Z = torsional stress, psi (MPa) movements of the equipment to which it is attached
M; = bending moment in plane of member (for  shall be considered.

members having significant orientation, such
as elbows or tees; for the latter, the moments

24

(e) Calculations of thermal forces and moments on
anchors and equipment, such as pumps, meters, and
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Stress Intensification

Factor

Flexibility Flexibility
Factor, i io Characteristic,
Description k [Note (2)] [Note (2)] h Sketch
M
Welding elbow, )
INotes (3), (4), (5), (6), (7)) 165 0.9 0.75 R 3
or pipe bend h h"s h”s r?
Closdly spaced
[“i er b?”)d,( . ©. 0 1.52 0.9 0.75 cot 6 ts
Ngtes (3), (4), (5), (7 ; > 2 2 2
/. /. /.
skr(1+tan 6) h”s h7s h?s r
i B
t
Widely spaced % K [
[“i er b?n)d’( 0. @] 1.52 0.9 0.75 1+cotdt % " ) ) "
Ndtes (3), (4), (7), (8 ; 2 2 T2«
skr(1+tan 6) h”s h% h” \4\ e r{1+fot o)
2
.
Weld|ng tee [Notes (3), (4)] f -]
eld|ng tee [Notes (3), ) 0.9 |
pef ASME B16.9 0.75i, + 0.25 7 4 4; w _|:_r
3
Reinfprced (/ ) $-
einfprced tee [ 1 ¢
1 5
[Ngtes (3), (4), (9] 1 0.75i, +:0(25 0.9 (t+%T)"% Ti [ ! = 3 t
with pad or saddle h”s & ? | TT
Pad Saddle
Y /f\ A
Unreinforced ) 0.9 t [4 | _D—Lt
falricated tee [Notes (3), (4)] 1 0.75i + 0.25 7 - ‘—n E— Y
3
Ft
Extruded welding tege __,..__I. S — Y
[Ngtes (3), (4), (2D} ' r
r, b 0.05d 1 0.75i, + 0.25 0;/9 (1 + rf")é te Y
t. 4 1.5t h’s !
rO
7 d i
Butt welded joint, reducer, 1.0
. 1
or welding neck flange
Double welded slip-on 1 1.2

flange

Fig. 1119.6.4(c)

Flexibility Factor, k, and Stress Intensification Factor, i
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Stress Intensification

Factor

Flexibility Flexibility
Factor, i iy Characteristic,
Description k [Note (2)] [Note (2)] h Sketch
Fillet welded joint (single 1 1.3
welded), or single welded
slip-on flange
Lapped flange (with 1 1.6
ANSI B16.9 lap-joint stub)
Threaded pipe joint, 1 2.3
or threafled flange
Corrugated straight pipe, or 5 2.5
corrugatied or creased bend
[Note (10)
100
80 Flexibility factor for.
|~ elbows k = 1.65/h
60 N -
/ Flexibility factor for
40 |~ miters k = 1.52/h%s
30 \ <
N N e
\ v Stress intensification
- 20 A factor i = 0.9/h%3
o
g -
8
S8
.g z 10 \ e N,
E = L~
3 8 "
E< N
22 & N
0 © N N \
7
4
3 h, N
\ \\
2 \\
1.5 N \
1 O
0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 0.6 08 1.0 1.5

Characteristic h
Chart A

Fig. 1119.6.4(c) Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)
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1.00 7\
~ 075 /
Q =
- /
8 o050 S
5 //’\ N ;
O 0375 /,/ \\ 1 End flanged C; = h'
™ 2 Ends flanged C; = h'3
0.25
Chart B
NOTES:
(1) |In-plane.

(2) |Out-of-plane.
(3) [For fittings and miter bends, the flexibility factors k and stress intensification factors i in the Table applyyto*bending
in any plane and shall not be less than unity; factors for torsion equal unity. Both factors apply overdthe-€ffective arc
length (shown by heavy center lines in the sketches) for curved and miter elbows, and to the intefsection point for
tees.
(4) |The values of k and i can be read directly from Chart A by entering with the characteristic h@Computed from the
equations given, where

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

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

d = outside diameter of branch

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

r, = see Note (11)

s = miter spacing at center line

t = nominal wall thickness of: part itself, for elbows and curved or mitered bends; matching pipe, for welding

tees; run or header, for fabricated tees (provided that if thiekn€ss is greater than that of matching pipe,
increased thickness must be maintained for at least one run 0.D. to each side of the branch 0.D.).

t. = the crotch thickness of tees

6 = one-half angle between adjacent miter axes, deg
(5) [Where flanges are attached to one or both ends, the values of k and i in the Table shall be corrected by the factors
C; given below, which can be read directly from Chatt B, entering with the computed h: one end flanged, h/6> 1;
both ends flanged, h'/>> 1.
(6) |The engineer is cautioned that cast butt welding.elbows may have considerably heavier walls than that of the pipe
with which they are used. Large errors may be jintroduced unless the effect of these greater thicknesses is considered.
(7) |In large diameter thin wall elbows and bends, pressure can significantly affect the magnitude of flexibility and stress
intensification factors. To correct valugs.obained from Table for the pressure effect, divide:

7. Y.
s P (r\s [R\"s
Flexibility factor k by 1+6 E (;) (7)
. e . P (1" R\
Stress intensification factor i by 1+3.25 Elz r
C

where

E. = cold=modulus of elasticity

P =gage pressure

(8) |Also_ificludes single miter joint.

(9) |WhedT> 1%t, use h = 4.05 Y,.

(10) |Factors shown apply to bending; flexibility factor for torsion equals 0.9.

(11) Radius of curvature of external contoured portion of outlet measured in the plane containing the axes of the run and

branch. This is subject to the following limitations:

(@ minimum radius r,: the lesser of 0.05d or 38 mm (1.5 in.);

(b) maximum radius r, shall not exceed:
(1) for branches DN200 (NPS 8) and larger, 0.10d + 13 mm (0.50 in);
(2) for branches less than DN200 (NPS 8), 32 mm (1.25 in.);

(¢ when the external contour contains more than one radius, the radius on any arc sector of approximately 45 deg
shall meet the requirements of (a) and (b) above; and

(d) machining shall not be employed in order to meet the above requirements.

Fig. 1119.6.4(c) Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)
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heat exchangers, shall be based on the difference

between

installation temperature and minimum or max-

imum anticipated operating temperature, whichever is

greater.

1120 LOADS ON EQUIPMENT

1120.1

General

Forces and moments transmitted to connected equip-

1119.7.3-1122.6.2

(e) The applicable sections of MSS SP-58 for materials
and design of pipe hangers and supports, and of MSS
SP-69 for their selection and application, may be used.

PART 6
OTHER SPECIFIC PIPING

1122 DESIGN REQUIREMENTS

ment, su
and puny
will prey

1121
1121.1

(a) Sul
without
without
that mig

(b) Br
prevent

(c) Al
minimiz
the attad
clamps 3
fulfill th

(d) It
allowabl|
shall be
encirclin|
by full ¢

ch as valves, strainers, tanks, pressure vessels,
ping machinery, shall be kept within limits that
rent damage to equipment.

DESIGN OF PIPE SUPPORTING ELEMENTS
Supports, Braces, and Anchors

pports shall be designed to support the pipe
causing excessive local stresses in the pipe and
mposing excessive axial or lateral friction forces
ht prevent the desired freedom of movement.

hces and damping devices may be required to
vibration of piping.

attachments to the pipe shall be designed to
b the added stresses in the pipe wall because of
hment. Nonintegral attachments, such as pipe
nd ring girders, are preferred where they will
e supporting or anchoring functions.

pipe is designed to operate above 20% of its
e stress, all attachments to be welded to the pipe
attached to a cylindrical member completely.
o the pipe, which shall be welded to the pipe
ncirclement welds.

1122.3 Instrument and Other Piping

Allinstrument and other piping connected o prithary

slurry piping and which operates at aspres
exceeding 15 psi (103 kPa) shall be construeted in a
dance with the provisions of this Code.

1122.6 Pressure Disposal Piping

Pressure disposal or relief\piping between the {
sure origin point and reliéfdevice shall be in accord|
with this Code.

sure
LCOr-

Dres-
ance

1122.6.1 Stop/Valves in Piping for Pressure Religving

Safety Devices{ A full area stop valve may be inst
between origin point and relief device, provided
such valvecan be locked or sealed in the open posij

hlled
that
tion.

1122;6.2 Discharge Piping for Pressure Relieving

Safety Devices. Disposal piping from a relief device
be‘connected to a suitable disposal facility, which
be a pit, sump, or tank. This disposal piping shall
no valve between the relief device and disposal fa
unless such valve can be locked or sealed in the

position.

bhall
may
have
ility
pen
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CHAPTER Il
MATERIALS

1123.2.4 Cast lrons

112B.1 Acceptable Materials and Specifications

(a) The materials used shall conform to the specifica-
tiong listed in Table 1123.1 or shall meet the requirements
of thlis Code for materials not listed. Specific editions of
standards incorporated in this Code by reference, and
the pames and addresses of the sponsoring organiza-
tionp, are shown in Mandatory Appendix I since it is
not practical to refer to a specific edition of each standard
in Table 1123.1 and throughout the Code text.

(b) Except as otherwise provided in this Code, materi-

als which do not conform to a listed specification or
standard shall be qualified for use by petitioning the
Code Committee for approval. Complete information

shall be supplied to the Code Committee, and Code
Conjmittee approval shall be obtained before the mate-
rial pay be used.

112B.2 Limitations on Materials

123.2.1 General

(a) The designer shall give consideration to the signif-
icarlce of temperature on the performande of the
material.

(b) The designer shall give considexation to the effects
of cqrrosion, erosion (see Chapter VAI); and other deteri-
oratjon and provide suitable means‘to mitigate deterio-
ratign of the materials in service:

11
1123

23.2.3 Steel. Steels-for pipe are shown in Table
1.

(a) Cast irons, including ductile and mallea
not be used for pressure containing parts:in
paras. 1107.1(a) and (b) except as proyided
1123.2.4(c).

(b) Cast irons, including ductile and mallea
not be used in pressure vessels and other eq
in para. 1100.1.2(b) and in proprietary items
1100.1.2(e) except as providéd in para. 1123.2.

(c) Cast irons including ductile and mallg
acceptable for use provided the safety of the
selection is demenstrated by one of the follow

(1) an established history of safe operation
lar parts ot itéms operating under comparabl
conditions$

(2)va satisfactory proof test of prototype pr
partstor items under simulated service condit

The designer is cautioned to give attentio
mechanical and impact loadings and low ten
limitations of cast irons.

ble, shall
alves in
in para.

ble, shall
uipment
in para.
L(c).

able are
material
ing:

for simi-
e service

bduction
ons

n to the
perature

1125 MATERIALS APPLIED TO MISCELLANEOUS

PARTS
1125.3 Gaskets

Limitations on gasket materials are covered
1108.4.

1125.4 Bolting

Limitations on bolting materials are covered
1108.5.

in para.

in para.
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Table 1123.1 Material Standards

Standard or Specification Designation

Pipe
Pipe, Steel, Black & Hot-Dipped, Zinc-Coated Welded & Seamless .. .. ... ..ottt ASTM A 53
Seamless Carbon Steel Pipe for High-Temperature Service ....... ... i i e i i ASTM A 106
Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and OVEI) ... ..ittttin ettt ettt iee e iee e ASTM A 134
Electric-Resistance-Welded Steel Pipe . ... ...ttt e e e e e e e ASTM A 135
Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 @nd OVEI) .. uuutu ittt ettt et e e e e e e e e e e e e e e eeeeeeeeens ASTM A 139
Seamless pnd Welded Steel Pipe for Low Temperature Service ... .........ueuniiiunitint i, ASTM A 333
Metal-Arc-Welded Steel Pipe for Use with High-Pressure Transmission Systems .. .........iiiinitiineiinenneennn. ASTWA 381
Seamless [Carbon Steel Pipe for Atmospheric and Lower TEMPeratlures . ... ......oe et etnn e e eineeneenns ASTM A 524
General Rgquirements for Specialized Carbon and Alloy Steel Pipe ... .ottt i i it B ASTM A 530
Electric-Fupion-Welded Steel Pipe for Atmospheric and Lower Temperatures .............uuuiiiieiinnnnnneeepees- ASTM A 671
Electric-Fugion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures ............covunvenne.fa . ASTM A 672
[T T T PP 5 DI API 5L
Fittings, Valves, and Flanges
Pipe Flanges and Flanged Fittings ... ..ottt e i e it ittt it ettt e e et ee e ASME B16.5
Forgings, Qarbon Steel, for Piping COmMponents ... ... ...ttt it e it ASTM A 105
Gray Iron (astings for Valves, Flanges, and Pipe Fittings ..........ouiiiiiiin i ™ i i i i ASTM A 126
Forgings, Qarbon Steel, for General-Purpose Piping ........ccuiiniiiiinnnnn e )M ASTM A 181
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service ........... ASTM A 182
Steel Cast|ngs, Carbon, Suitable for Fusion Welding, for High Temperature Service ¢ o Ny ..ot ASTM A 216
Steel Cast|ngs, Martensitic Stainless and Alloy, for Pressure Containing Parts;Suitable for High-Temperature

ST =] 07 of = PP ASTM A 217
Piping Fitt{ngs of Wrought Carbon Steel and Alloy Steel for Moderate and-Etevated Temperatures ..................... ASTM A 234
Forgings, ¢arbon and Low-Alloy Steel, Requiring Notch Toughness Testing for Piping Components ..................... ASTM A 350
Ferritic Duftile Iron Pressure-Retaining Castings for Use at Elevated Temperatures .............c.oviniiineinennennann. ASTM A 395
Piping Fittjngs of Wrought Carbon Steel and Alloy Steel for Low Temperature Service . ........coviiiiniin e nnennenn. ASTM A 420
Steel Castings Suitable fOr Pressure SEIVICE . ... ...t N ettt ettt et e e ie e et e ee e eenennes ASTM A 487
Forgings, Qarbon and Alloy Steel, for Pipe Flanges, Fittings;\Valves, and Parts for High-Pressure Transmission

S BIVICE [h ottt ettt e e e e e e e e e e, ASTM A 694
Wellhead EQUIPMENT ..o B e et et et e et et e et e e jPI 6A
Pipeline Valves, End Closures, Connectors and SWIVElS . ...ttt it it it et e et et eieannn Pl 6D
Steel Gate| Valves, Flanged and Buttwelding Ends .. ... ottt et et et et et et et et et et et AHl 600
Compact arbon Steel Gate Valves .. (. g ottt ittt it ettt et et et et et e e e e e e ARl 602
Class 1504 Corrosion Resistant Gate YalVes . . ... ... oot e e et e e AHl 603
Quality Stdndard for Steel Castings. for Valves, Flanges and Fittings and Other Piping Components .................... MSS BP-55
Specificatipn For High Test Wrought Welding Fittings . ...... .. ot e e e i e MSS BP-75
Bolting
Alloy-Steell and-Stainless Steel Bolting Materials for High-Temperature Service ..........c.uiiiiiiin e nnenn. ASTM A 193
Carbon anf Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Service ............ccooiiiiiiinnaa... ASTM A 194
Carbon Steel Externally Threaded Standard Fasteners . ..........iitin it etn e ieiieeeeneeneenennennennennan ASTM A 307
Alloy Steel Bolting Materials for Low-Temperature ServiCe . .. ... ...ttt ittt ittt ee e e ASTM A 320
High-Strength Bolts for Structural Steel JOINts . .. ...ttt e e et et et e ASTM A 325
Quenched and Tempered Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners .............cccciveuien... ASTM A 354
Quenched and Tempered Steel Bolts and StUdS . ... ...ttt e e ettt e et ASTM A 449
Heat Treated Steel Structural Bolts, 150 ksi (1035 MPa) Minimum Tensile Strength ........ ... ... .. i, ASTM A 490
Structural Materials
General Requirements for Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use ...................... ASTM A 6
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Table 1123.1 Material Standards (Cont’d)

Standard or Specification Designation
Structural Materials (Cont’d)
General Requirements for Steel Plates for Pressure VeSSelS ... .uuiun e in ittt ittt ettt et et e ei e ASTM A 20
General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought and Cold-Finished ............ ... ... . ... . .... ASTM A 29
SHUCHUIAl StEEL .ttt et e e e e e ASTM A 36
Pressure Vessel Plates, Alloy Steel, Manganese-Vanadium . ...... ...ttt ie ittt ie e eneeneeneans ASTM A 225
HighStrength Low-Alloy Structural Steel ... ...ttt e i it it ittt e e e ettt et eeennn ABPTM A 242
Low @nd Intermediate Tensile Strength Carbon Steel Plates, and Bars ..........oitiiiiiiniin e iiiienennannn ABTM A 283
Presqure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength . ... ... . it ABPTM A 285
Hightrength Low-Alloy Structural Manganese Vanadium Steel . .........iiuiiniiiinii ittt it ik APTM A 441
Presqure Vessel Plates, Carbon Steel, Improved Transition Properties . ...... ..ottt he e e ABTM A 442
Genefal Requirements for Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled ......... ..o et ABTM A 505
Steel|Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled, Regular Quality ........... .. ..o 80T L. ABPTM A 506
Steel| Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled, Drawing Quality ...........coviiiiniie il ennennnn.. ABTM A 507
High(ield-Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding .......... ... \8 o oo, APTM A 514
Presqure Vessel Plates, Carbon Steel, for Intermediate- and Higher-Temperature Service ........Coa . . i, ABTM A 515
Presqure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service ......... \ 7~ .. ... .coiiiunann. APTM A 516
Presqure Vessel Plates, Alloy Steel, High-Strength, Quenched and Tempered .......... 7 . . .. i, APTM A 517
Presqure Vessel Plates, Heat Treated, Carbon-Manganese-Silicon Steel ........... /NS ittt APTM A 537
High5trength Low-Alloy Columbium-Vanadium Steels of Structural Quality ...... &) Vo it APTM A 572
Strucfural Carbon Steel Plates of Improved ToUghnNess . ....o ottt e it it it it et et et e i ABTM A 573
Steel|Bars, Carbon, Merchant Quality, M-Grades . .. ...ttt e d ettt te e te e eeeeneennn APTM A 575
Steel|Bars, Carbon, Hot-Wrought, Special Quality . ... .. ..o oniimi i e e et e APTM A 576
Normialized High-Strength Low-Alloy Structural Steel . ... ... ... ¥ i e e APTM A 633
Steel| Bars, Carbon, Merchant Quality, Mechanical Properties . ... . o8 . . i i i i i ee e ee e ABPTM A 663
Steel|Bars, Carbon, Hot-Wrought, Special Quality, Mechanical Prgperties ........ ... oot APTM A 675
Misc¢llaneous
Pipe Hangers and Support Materials, Design and Manufacture . ........ ..ot iin ittt iieeneennn MSS SP-58
GENHRAL NOTE: Specific editions of standdfds incorporated in this Code by reference, and the names and addresses of the
spongoring organizations, are shown in.Appendix A, since it is not practical to refer to a specific edition of each standard
in Table 1123.1 and throughout the Code text. Appendix A will be revised at intervals as needed, and issued in the next
editign of the Code.
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1126-1126.3

CHAPTER IV
DIMENSIONAL REQUIREMENTS

1126 R REMEN R
S5TANDARD AND NONSTANDARD PIPING
OMPONENTS (See Table 1126.1)
1126.1 |Standard Piping Components
Certain material specifications listed in Table 1123.1

shall comply with these standards and specifications
unless the provisions of para. 1126.2 are met.
1126.2

The djmensions for nonstandard piping components
shall be|such as to provide strength and performance

Nonstandard Piping Components

para. 1104. Wherever practical, these dimensions
conform to those of comparable standard compon|

1126.3 Threads

The dimensions of all piping connection thread
otherwise covered by a governing‘component stan
or specification shall conform to the requirements g
applicable standards listed ‘ittTable 1123.1 (see j
1114.1).

nder
hall
ents.

not
Hard
f the

bara.
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Table 1126.1 Dimensional Standards (02)
Standard or Specification Designation

Pipe
Welded and Seamless Wrought Steel Pipe . ... oot e e e et e ASME B36.10M
Stainless Steel Pipe .. oot e ASME B36.19M
Line Pipe (Combination of former APl Spec. 5L, 5LS, and 5LX) .. ..ottt e APl 5L
Fittian, Valves, and Flanges
Pipe Flanges and Flanged Fittings .. ... ...ttt e ettt e et e et e et e APME B16.5
Factofy-Made Wrought Steel Buttwelding Fittings . ...... ..ttt i i i it e e e i eee e oo ABME B16.9
Face-fo-Face and End-to-End Dimensions of Valves . .. ... ..ottt i i et e e e e ASME B16.10
Metallic Gaskets for Pipe Flanges — Ring Joint, Spiral-Wound, and Jacketed........... ... ... oo 00t ASME B16.20
Nonnpetallic Flat Gaskets for Pipe Flanges . ...... ..ot iR ASME B16.21
BUttWelding ENds ...ttt e ettt ASME B16.25
Wrought Steel Buttwelding Short Radius Elbows and Returns ...ttt N e ASME B16.28
WellHead EQUIPMENt . ..ot e e e e e ettt e AT e APl 6A
Pipellne Valves, End Closures, Connectors and SWIVElS ... ...ttt i i s e et e e eeinennens APl 6D
Steel| Gate Valves, Flanged and Buttwelding Ends ....... ..ot it it i e API 600
Compact Carbon Steel Gate ValVes . .. ov vt n ettt it et et ettt e e N et it e e e e APl 602
Class| 150, Corrosion Resistant Gate Valves . ... N i APl 603
Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flangesyof Valves and Fittings ............. MSS SP-6
Standard Marking System for Valves, Fittings, Flanges and Unions ....... . .0 . i MSS SP-25
Steel|Pipe Line Flanges . ... ..ottt NN e MSS SP-44
Presqure Testing of Steel Valves . .. ..ottt e e e e e et ettt ittt it i et e MSS SP-61
Buttarfly Valves .. ... I e MSS SP-67
Cast Jron Gate Valves, Flanged and Threaded Ends ......... 0N it i i i e e et et et eie s SS SP-70
Cast Jron Swing Check Valves, Flanged and Threaded Ends . ... 0. ..ttt ee e eie e MSS SP-71
Spec|fication for High Test Wrought Welding Fittings . ... 007 . .ottt e e e SS SP-75
Cast Jron Plug Valves, Flanged and Threaded ENdS ... 0. oottt et ittt et ettt et ie e eeennn MSS SP-78
Misce¢llaneous
Unifigd Inch Screw Threads (UN and UNR.THread FOrmM) . ..ottt et et et ettt \SME B1.1
Pipe [Threads, General Purpose (INCH) K. oottt e e e et ettt et ettt eiaeas ASME B1.20.1
Dry Seal Pipe Threads (INCh) . ... . bt ettt ettt e e e ettt e e e e ettt nns ASNE B1.20.3
Thredding, Gaging, and Thredd Inspection of Casing, Tubing, and Line Pipe Threads .......... ... .. ... .. oiiu.... API 5B
Pipe Hangers and Suppofts—Selection and Application ........ ..o i i i MSS SP-69
GENHRAL NOTE:, Specific editions of standards incorporated in this Code by reference, and the names and addresses of the
spongoring organizations, are shown in Appendix A, since it is not practical to refer to a specific edition of each standard
in Table 1126.1"and throughout the Code text. Appendix A will be revised at intervals as needed, and issued in the next
editign of*the Code.
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1134-1134.5

CHAPTER V
CONSTRUCTION, WELDING, AND ASSEMBLY

1134 CONSTRUCTION (c) In nnnci-rnr'h'ng Pipo]inn hrnccingq of railrq qu’
highways, streams, lakes, rivers, etc., safety precautjons,
1134.1 (General such as signs, lights, guardrails, etc., shall be maintafined
New ¢onstruction and replacements of existing sys-  inthe interest of public safety. The crossings shall comply
tems shdll be in accordance with the requirements of  with the applicable rules, regulations,,and restricfions
this Chapter. Where written specifications are required,  of regulatory bodies having jurisdiction.
they' shall be in s'ufficient detail to ensure thafc 'the 1134.3.3 Survey and Marking/The route shall bdsur-
requirenents of this Code shall be met. Such specifica- =44 ked. and suchy Ki hall b -
yed and marked, and such’/marking shall be npain

tions shall include specific details on handling of pipe,
equipmgnt, materials, welding, and all construction fac-
tors whikh contribute to safety and sound engineering
practice|It is not intended herein that all construction
items bg covered in full detail, since the specification
should He all-inclusive. Whether covered specifically or
not, all cpnstruction and materials shall be in accordance
with go¢d engineering, safety, and sound construction
methodd and techniques.

1134.2

The operating company shall make provisions for
suitable [inspection of pipeline and related facilities by
qualified inspectors to assure compliance with the cef-
structior} specifications. Qualification of inspectiofper-
sonnel ahd the type and extent of inspection shall-be in
accordarce with the requirements of para. 1136./Repairs
required|during new construction shall betin accordance
with patas. 1134.5, 1134.8, and 1161.1:2:

Inspection

11343

1134.8.1 Location. Right,ef.way should be selected
so as to minimize the probability of encroachment from
future irjdustrial or urban‘development.

1134.3.2 Construction Requirements. Inconvenience
to the lgndownersshould be held to a minimum, and
safety off the public shall be given prime consideration.

(a) All blasting shall be in accordance with governing
regulatic 2 2
fied personnel, and shall be performed so as to provide
adequate protection to the general public, livestock,
wildlife, buildings, telephone, telegraph and power
lines, underground structures, and any other property
in the proximity of the blasting.

(b) In grading the right of way, every effort shall be
made to minimize damage to the land and prevent
abnormal drainage and erosive conditions. The land is
to be restored to as near the original condition as is
practical.

Right of Way

34

tained as long as necessary.dufing construction.

1134.4 Handling, Hauling, Stringing, and Storing

Care shall be exereised in handling or storing of pipe,
casing, coating fnaterials, valves, fittings, and dther
materials to prevent damage. When applicable, railroad
or marine trafsportation of pipe shall meet the reqjiire-
ments of API RP 5L1, API RP 5L5, and API RP 506. In
the event'pipe is yard coated or mill coated, adequate
precautions shall be taken to prevent damage tq the
coating when hauling, lifting, and placing on the fight
of way. Pipe shall not be allowed to drop and strike
objects which will distort, dent, flatten, gouge, or rjotch
the pipe or damage the coating, but shall be liftgd or
lowered by suitable and safe equipment.

1134.5 Damage to Fabricated Items and Pipe

(a) Fabricated items, such as scraper traps, manifplds,
volume chambers, etc., shall be inspected before asgem-
bly into the mainline or manifolding, and injurjious
defects shall be repaired in accordance with provigions
of the standard or specifications applicable to their fnan-
ufacture.

(b) Pipe shall be inspected before coating and bé¢fore
assembly into the mainline or manifolding. Distorftion,
buckling, denting, flattening, gouging, groovep
notches, and all harmful defects of this nature sha

prescrlbed in API 5L and 5LU or by grmdmg, prov1ded
the resulting wall thickness is not less than that permit-
ted by the material specification.

(2) When conditions outlined in (b)(1) cannot be
met, the damaged portion shall be removed as a cylinder.
Insert patching is not permitted. Weld-on patching,
other than complete encirclement, is not permitted in
pipelines intended to operate at a hoop stress of more
than 20% of the specified minimum yield strength of
the pipe.
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Table 1134.6(a) Minimum Cover for Buried Pipelines

For Normal For Rock Excavation
Excavation, Requiring Blasting or Removal
Location in. (mm) by Equivalent Means, in. (mm)
Industrial, commercial, and residential areas 36 (914) 24 (610)
River and stream crossings 48 (1 219) 18 (457)
Drainage ditches at roadways and railroads 36 (914) 24 (610)
Any other area 30 (762) 18 (457)

(3) Notches or laminations on pipe ends shall not
be rppaired. The damaged end shall be removed as a
cylimder and the pipe end properly rebeveled.

(4) Distorted or flattened lengths shall be dis-
carded.

(5) A dent (as opposed to a scratch, gouge, or
grogve) may be defined as a gross disturbance in the
curvjature of the pipe wall. A dent containing a stress
condentrator, such as a scratch, gouge, groove, or arc
burl, shall be removed by cutting out the damaged
portfion of the pipe as a cylinder.

(6) All dents which affect the curvature of the pipe
at the seam or at any girth weld shall be removed as in
(b)(8). All dents that exceed a maximum depth of Y, in.
(6 mm) in pipe NPS 12 and smaller or exceed 2% of the
nonfinal pipe diameter in sizes greater than NPS 12, ifa
pipdlines intended to operate at a hoop stress of more
thar| 20% of the specified minimum yield strength of
the pipe, shall be eliminated. Insert patching, overlay, or
poupding out of dents shall not be permitted\irpipelines
intefded to operate at a hoop stress of, mere than 20%
of the specified minimum yield strength of the pipe.
(7) Buckled pipe shall be replaced as a cylinder.

113#.6 Ditching

(a) Depth of the dit¢h)shall be appropriate for the
route location, surfacde-use of land, terrain features, and
load imposed by-réadways and railroads. All buried
pipdlines shall be-installed below the normal level of

A minimum clearance of 12 in. (305 mm) shall be pro-
vided between the outside of any\buried pipe of compo-
nent and the extremity of-any other undefground
structure, except for
(1) drainage tile, which shall have a nfinimum
clearance of 2 in. (51(mm)
(2) as permitted-under para. 1161.1.1(d)
(d) Ditching operations shall follow good
practice and Consideration of public safety. AP]
provides, guidance.

pipeline
RP 1102

1134.7..Bends and Elbows

Changes in direction, including sags or oyerbends
fequired to conform to the contour of the ditcl, may be
made by bending the pipe or using factory-mafle bends
or elbows. (See limitations in para. 1106.2.)

1134.7.1 Bends Made From Pipe

(a) Bends shall be made from pipe having will thick-
nesses determined in accordance with para.[1104.2.1.
When hot bends are made in pipe which has Been cold
worked in order to meet the specified minimyim yield
strength, wall thicknesses shall be determined py using
the lower stress values in accordance with para.
1102.3.1(d).

(b) Bends shall be made in such a manner gs to pre-
serve the cross-sectional shape of the pipe, and shall be
free from buckling, cracks, or other evidence of nechani-
cal damage. The pipe diameter shall not be reduced at
any point by more than 6% of the nominal diamjeter, and
the completed bend shall pass the specified siging pig.

cultfvation, and consideration should be given to the . ; .
depth of the'frost line. A minimum cover not less than (c) Thfc.s minmum radius of field cold bendg shall be
that[shown in Table 1134.6(a) shall be provided except as specified in para. 11.06'2'1(b)'
whelre the cover provisions of Table 1134.6(a) cannot be (d) Tangents approximately 6 ft (1829 mm) |n length

met. Pipe may be installed with less cover if additional
protection is provided to withstand anticipated external
loads and to minimize damage to the pipe by external
forces.

(b) Width and grade of the ditch shall provide for
lowering of the pipe into the ditch to minimize damage
to the coating and to facilitate fitting the pipe to the ditch.

(c) Location of underground structures intersecting
the ditch route shall be determined in advance of con-
struction activities to prevent damage to such structures.

35

are preferred on both ends of cold bends.

1134.7.2 Factory-Made Bends and Elbows

(a) Factory-made wrought steel welding bends and
factory-made elbows may be used subject to the limita-
tions in para. 1106.2.3, and transverse segments cut
therefrom may be used for changes in direction provided
the arc distance measured along the crotch is at least 2
in. (51 mm) on pipe size NPS 4 and larger.

(b) If the internal diameter of such fittings differs by
more than % in. (5 mm) from that of the pipe, the fittings
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shall be treated as indicated in Fig. 1134.8.6(a)-(2) or use
a transition nipple not less than one-half pipe diameter
in length with acceptable joint designs as illustrated in
Fig. 1134.8.6(a)-(1).

1134.8 Welding

1134.8.1 General
(a) Scope. Welding herein applies to the arc and gas

welding

of pine ioints in both wrought and cast steel
i ) e}

1134.7.2-1134.8.5

welded, preheated, and stress relieved as prescribed in
the ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1, and Section IX.

(c) Welder requalification tests shall be required if
there is some specific reason to question a welder’s abil-
ity or the welder is not engaged in a given process of
welding (i.e., arc or gas) for a period of 6 months or more.

(d) Qualification Records. The welding procedure fol-
lowed during the qualifying tests shall be recorded in

materiall
apparaty
installat
equipmsg
slip-on f

5 as applied in pipelines and connections to
s or equipment. This includes butt joints in the
on of pipe, valves, flanges, fittings, and other
nt, and fillet welded joints in pipe branches,
anges, etc. It does not apply to the welding of

longitudfinal or spiral joints in the manufacture of pipe

and fitti
(b) W
as used i
establish
tained it
(c) Sa
welding
cated.

hgs.
Iding Terms. Definitions pertaining to welding
n this Code conform to the standard definitions
ed by the American Welding Society and con-
) ANSI/AWS A3.0 and API 1104.

e Practices in Cutting and Welding. Cutting and
shall begin only when safe conditions are indi-

1134.8.2 Welding Processes and Filler Metal

(a) Wq
ing, sub
gas metd
using a
techniqu

lding shall be done by shielded metal arc weld-
merged arc welding, gas tungsten arc welding,
1 arc welding, or oxyacetylene welding process
manual, semiautomatic, or automatic welding
e, or a combination of these techniques.

(b) Filler metal shall comply with the requirements

of API 1

104.

1134.8.3 Welding Qualifications

(a) Pr
ing proc
welds, 4
qualifieg
Boiler arf
procedu
ing prac
weather
sary. The
the weld

(b) Al
Pressure

or to any welding covered by this'\Code, a weld-
bdure suitable for providing sound and ductile
nd each welder or welding eperator, shall be
under API 1104 or Section IX of the ASME
d Pressure Vessel Code))The qualified welding
e shall specify the preheating and stress reliev-
fices that are to-be-followed when materials or
conditions make either or both of them neces-
welding ptocédure shall be adhered to during
ing perfotrmed under this Code.
I 1104-ahd Section IX of the ASME Boiler and
Vessel Code contain sections entitled “Essential

”

Variable are-applicable to welding procedures
and also to welders. These sections shall be followed
except that, for the purposes of this Code, all carbon
steels which have a carbon content not exceeding 0.32%
(heat analysis) and a carbon equivalent (C + % Mn) not
exceeding 0.65% (heat analysis) are considered to come
under material grouping P-No. 1. Alloy steels having
weldability characteristics demonstrated to be similar
to these carbon steels shall be welded, preheated, and
stress relieved as prescribed for such carbon steels in
paras. 1134.8.8 and 1134.8.9. Other alloy steels shall be

36

detail. Records of the tests that establish the qualificd
of a welding procedure shall be retained as longas
procedure is in use. A record of the qualified wel
showing the date and results of the tests, sha
retained during the construction involved and
months thereafter.

(e) The operating company shall"be responsibl
qualification of procedures arid welders.

tion
that
Hers,
1 be
or 6

b for

1134.8.4 Welding Stapdards. All the welding ¢lone

under this Code shall bejperformed under a specific:
which embodies the‘minimum requirements of
Code and shall encompass the requirements of API
except as provided in paras. 1134.8.3(a) and (b).

1134.8.5. Welding Quality
(a) Inspéction Methods
(1), The quality of welding shall be checked by
destfuictive methods or by removing completed wel
selected and designated by the inspector for destru
testing.
(2) Nondestructive inspection shall consi
radiographic examination or other acceptable noj
structive methods. The method used shall produce

tion
this
104,

hon-
s as
Ctive

5t of
nde-
ndi-

cations of defects which can be accurately interp
and evaluated. Radiographic examination,

eted
hen

employed, shall meet requirements under Radiographic

Procedure in API 1104. The welds shall be evaluat

on

the basis of para. 1134.8.5(b). Films shall be retained
during the construction involved and for 6 months tlhere-

after.

(3) To be acceptable, completed welds which
been removed for destructive examination shall
the requirements of API 1104 for Welder Qualificg
by Destructive Testing. Trepanning methods of te
shall not be used.

have
meet
tion
ting

(4) When the pipeline is to be operated at a

stress of more than 20% of the specified minimum yield

girth welds, selected at random by the operating com-
pany, shall be inspected by radiographic or other
accepted nondestructive methods (visual inspection
excepted) for 100% of the circumference, except in the
following locations, where 100% of the girth welds shall
be inspected by radiographic or other accepted nonde-
structive methods (visual inspection excepted)

(a) within populated areas, such as residential
subdivisions, shopping centers, and designated com-
mercial and industrial areas
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(b) river, lake, and stream crossings within an
area subject to frequent inundation; and river, lake, and
stream crossings on bridges

(c) railroad or public highway rights of way,
including tunnels, bridges, and overhead railroad and
road crossings

(d) offshore and inland coastal waters

(e) old girth welds in used pipe

(f) tie-in girth welds not hydrostatically tested in

ASME B31.11-2002

(C + % Mn) in excess of 0.65% (heat analysis) shall be
preheated. Preheating may also be required for steels
having lower carbon or carbon equivalent when condi-
tions exist that either limit the welding technique that
can be used, or tend to adversely affect the quality of
the weld. Interpass temperature control may also be
required, whereby the base material is maintained at a
specified temperature for the fusing of beads other than
the stringer bead.

accordance with para. 1137.4.1

(b) Standards of Acceptability. Standards of acceptabil-
ity for inadequate penetration and incomplete fusion,
burg-through, slag inclusions, porosity or gas pockets,
cradks, accumulation of discontinuities, and under-
cuttjng, as set forth under Standards of Acceptability—
Nondestructive Testing in API 1104, are applicable to
the dletermination of the size and type of defects located
by visual inspection, radiography, or other nondestruc-
tive[methods. They shall not be used to determine the
quality of welds that are subjected to destructive testing.

1134.8.6 Types of Welds, Joint Designs, and Transi-
tion|Nipples

(a) Butt Welded Joints. Butt welds may be made by
manjual or automatic welding processes. The transition
betyeen ends of unequal thickness may be accom-
plished by taper or welding as shown in Fig. 1134.8.6(a)-
(2), pr by means of a prefabricated transition nipple not
less [than one-half pipe diameter in length with acceptz
able|joint designs as illustrated in Fig. 1134.8.6(a)-(1)‘or
as cpmpatible with the welding system.

(1) Manual. Manually welded joints may be of the
sing]e vee, double vee, or other suitable type.of groove.
Joint designs shown in Fig. 1134.8.6(a)-(1)-er applicable
compinations of these joint design details are recom-
mernded for ends of equal thickness:

(2) Automatic. Automatically ,welded joints may be
of various configurations of joint design suitable for the
weldling process, pipe grade, and wall thickness.

(b) Fillet Welds. Filletwelds may be concave to slightly
conyex. The size of afillet weld is stated as a leg length
of the largest inseribed right isosceles triangle as shown
in Hg. 1134.8.6(b) covering recommended attachment
detdils of flanges.

(b) When welding dissimilar materials having differ-
ent preheating requirements, the material feq{jiring the
higher preheat shall govern.

(c) Preheating may be accomplished by any
method, provided that it is uniform'and that the
ature does not fall below the pzxeseribed mininj
ing the actual welding operations.

(d) The preheating teniperature shall be checked by
the use of temperature indicating crayons, thermocouple
pyrometers, or other'suitable method to assurg¢ that the
required temperature is obtained prior to, afd main-
tained during, the welding operation.

1134.8.9 Stress Relieving

(1) Welds'in all carbon steels shall be stress relieved
when the wall thickness exceeds 1 % in. (32 mnj). Welds
in carbon steels in thickness above 1 in. (32[mm) up
teand including 1 % in. (38 mm) may be exempted from
stress relieving if a minimum preheating temjperature
of 200°F (93°C) is used. When the welded joint|connects
parts that are of different thicknesses but of simitlfr mate-
rials, the thickness to be used to determine the stress
relieving requirements shall be the thicker off the two
parts joined; or in the case of branch connectior]s or slip-
on flanges, the thickness of the pipe or headet.

(b) In welds between dissimilar materials, |if either
material requires stress relieving, the joint shall require
stress relieving.

1134.9 Tie-In

Gaps left in the continuous line constructiof at such
points as river, canal, highway, or railroad dqrossings
require special consideration for alignment and welding.
Sufficient equipment shall be available and cpre exer-
cised not to force or strain the pipe to proper alignment.

suitable
temper-
um dur-

(c}) TackWelds. Tack welding, as for all other welding, =~ 1134.10 Installation of Pipe in the Ditch
shalf he'déne by qualified welders. It is very important that stresses introduced into the
113%.8.7 Removal or Repair of Defects —____ PIpeiIe by constructiorr be-mmimimmized—Thepipe shall

(a) Weld Defects. Authorization for repair of welds,
removal and repair of weld defects, and testing of weld
repairs shall be in accordance with API 1104.

(b) Pipe Defects. Laminations, split ends, or other
defects in the pipe shall be repaired or removed in accor-
dance with para. 1134.5(b).

1134.8.8 Preheating and Interpass Temperature
(a) Carbon steels having a specified carbon content
in excess of 0.32% (heat analysis) or a carbon equivalent
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fit the ditch without the use of external force to hold it
in place until the backfill is completed. When the pipe
is lowered into the ditch, care shall be exercised so as
not to impose undue stress in the pipe. Slack loops may
be used where laying conditions render their use
advisable.

1134.11 Backfilling

Backfilling shall be performed in a manner that pro-
vides firm support of the pipe. When there are large


https://asmenormdoc.com/api2/?name=ASME B31.11 2002.pdf

ASME B31.11-2002

+5 deg

30 deg ~0 deg

# t> 7/8 in.
(22 mm) max. A V %
_Y  — 1 3/4 in.

116 in. = 1/35 in. (1.5 mm = 0.75 mm)

377/, deg
=21/, deg

1/16 in. = 1/32 in.

1134.11-1134.13.1

(1.5 mm = 0.75 mm)

/V\ 10 deg *+ 1 deg

}

Rounded
377/, deg
J +21/, deg

¢

Standard End Preparation

f

' (2o*mm)V %J

(b) Standard End Preparation

!

rocks in [the backfill material, care shall be exercised to
prevent flamage to thejpipe and coating by such means
as the ude of a rock shield material, or by filling initially
with a rqck-free material sufficient to prevent rock dam-
age. Where the ditch is flooded, care shall be exercised
so that The pipé is not floated from the bottom of the
ditch prior(to backfill completion.

of Pipe of Butt Welding Fittings and Vo in. + 1 in. (1.5 mm < 075 mrh)
Optional End Preparation of 16 - — /32 - - =V
Pipe 7/g '"'_(22 mm) and (c) Standard End Preparation,
Thinner Pipe and Fittings Over
7/g in. (22 mm)-Fhickness
Standard End Preparations
30 deg tg ggg to 377/, ded
30 deg "2 deg 371/, deg +21/, de
—0 deg =21/, deg
10 deg + 1 deg|
60 deg
/ to \ I o g
80 deg / g7,
[
AN
~
% @ | m
I
(d) (e)

Acceptable Combinations of Pipe End Preparations

Fig. 1134.8.6(a)-(1) . '‘Acceptable Butt Welded Joint Design for Equal Wall Thickness

()

such crossings. The design shall employ sound ¢ngi-
neering and good pipeline practice with minimum |haz-
ard to the facility and due consideration of public sgfety.
Construction shall be so organized as to result in thini-
mal interference with traffic or the activities of adjdcent

property owners.

1134-13-1 #rers,

1134.12 Restoration of Right of Way and Cleanup

These operations shall follow good construction prac-
tices and consideration of private and public safety.

1134.13 Special Crossings

Water, railroad, and highway crossings require spe-
cific considerations not readily covered in a general
statement since all involve variations in basic design.
The pipeline company shall obtain required permits for
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streams, lakes, and inland bodies of water are individual
problems, and the designer shall investigate composi-
tion of bottom, variation in banks, velocity of water,
scouring, and special seasonal problems. The designer
shall determine whether the crossing is to be underwa-
ter, overhead on a suspension bridge, or supported on
an adjacent bridge. Continuity of operation and the
safety of the general public shall be the controlling fac-
tors both in design and in construction. Where required,
detailed plans and specifications shall be prepared that
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(a) (b) (c)
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|

:4) [Note (1)] \
(e)
(d)

30 deg max-_to 14 deg min.
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30 deg max. to 14 deg min.
(1:4) [Note (1)] \
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A } tpINote (21 ¥ Ve ¢
¢ 30.deg max. to 14 deg r;N

(1:4) [Note (1)] \

w

(f)

NHRAL NOTES:

The sketches in Fig. 1134.8.6(a)-(2) illustrate acceptable prepartions for joining pipe ends having unequal wall
thicknesses and/or meterials of unequal specified mifimum yield strength by butt welding.

The wall thickness of the pipes to be joined, beyond the joint design area, shall comply with the design requirements
df this Code.

hen the specified minimum yield strengths of the pipes to be joined are unequal, the deposited weld metal shall
have mechanical properties at least equal‘to those of the pipe having the higher strength.

The transition between ends of unequal thickness may be accomplished by taper or welding as illustrated or by means
df a prefabricated transition nipple-not less than one-half of the pipe diameter in length.

Sharp notches or grooves at.the edge of the weld where it joins a slanted surface shall be avoided.

Fpr joining pipes of unequabwall thicknesses and equal specified minimum yield strengths, the rules given herein
dpply, except there is ne ' minimum angle limit to the taper.

Excessive root pass-penetration and other internal surface irregularities should be minimized, as they are turbulence
ifducers whcih can cause accelerated downstream localized erosion, particularly in abrasive slurry systems (see para.
1101.9).

Fpr Unequal Jnternal Diameters

(1) If the_wominal wall thicknesses of the adjoining pipe ends do not vary more than 34, in. (2.5 mm), no special
tfeatmrent.is necessary provided full penetration and bond is accomplished in welding. See sketch (a).

(@), Where the nominal internal offset is more than 34, in. (2.5 mm) and there is no access to the inside of the pipe
forwelding the transition shall he made by a taper cuut on the inside end of the thicker pipp See sketch (h) The taper
angle shall not be greater than 30 deg nor less than 14 deg.

(3) For hoop stresses of more than 20% of the specified minimum yield strength of the pipe, where the nominal
internal offset is more than 34, in. (2.5 mm) but does not exceed one-half the wall thickness of the thinner pipe, and
there is access to the inside of the pipe for welding, the transition may be made with a tapered weld. See Sketch (c)
The land on the the thicker pipe shall be equal to the offset plus the land on the abutting pipe.

(4) Where the nominal internal offset is more than one-half the wall thickness of the thinner pipe, and there is
access to the inside of the pipe for welding, the transition may be made with a taper cut on the inside end of the
thicker pipe [see sketch (b)], or by a combination taper weld to one-half the wall thickness of the thinner pipe and a
taper cut from that point [see sketch (d)].

Fig. 1134.8.6(a)-(2) Acceptable Butt Welded Joint Design for Unequal Wall Thickness

39


https://asmenormdoc.com/api2/?name=ASME B31.11 2002.pdf

(02)

ASME B31.11-2002

Notes to Fig. 1134.8.6(a)-(2) (Cont’d)

(i) For Unequal External Diameters

1134.13.1-1134.15.1

(1) Where the external offset does not exceed one-half the wall thickness of the thinner pipe, the transition may be
made by welding [see sketch ()], provided the angle of the rise of the weld surface does not exceed 30 deg and both

bevel edges are properly fused.

(2) Where there is an external offset exceeding one-half the wall thickness of the thinner pipe, that portion of the off-
set over one-half the wall thickness of the thinner pipe shall be tapered. See sketch (f).

Internal and External Diameters

@

(1) Where there is both an internal and an external offset, the joint design shall be a combination of sketches (a)
to (f). See sketch (f). Particular attention shall be paid to proper alignment under these conditions.

NOTES:

(1) No mipimum when materials joined have equal yield strength [see General Note (f)].
(2) Maximum thickness tp for design purposes shall not be greater than 1.5t.

take intg account these and any special considerations
or limitafions imposed by the regulatory body involved.

(a) Underwater Construction. Plans and specifications
shall deqcribe the position of the line showing relation-
ship of the pipeline to the natural bottom and the depth
below nfean low water level when applicable. To meet
the conditions set out in para. 1134.13.1, heavier wall
pipe maly be specified. Approach and position of the
line in the banks is important, as is the position of the
line acrgss the bottom. Special consideration shall be
given to[depth of cover and other means of protecting
the pipeline in a surf zone. Special consideration shall
be given| to protective coating, the use of concrete jack-
eting, of the application of river weights. Complete
inspectign shall be provided. Precautions shall be taken
during qonstruction to limit stress below the level that
would produce buckling or collapse due to out-of-
roundness of the completed pipeline.

1134.
used to

13.2 Overhead Structures. Overhead strtictures
suspend pipelines shall be designed-and con-
structed|on the basis of sound engineerifig and within
the restgfictions or regulations of the governing body
having jjurisdiction. Detailed plang afid specifications
shall be prepared where required; and adequate inspec-
tion shall be provided to asgute complete adherence
thereto.

1134.13.3 Bridge Attachments. Special requirements
are involved in this type of crossing. The use of higher
strength|lightweightsteel pipe, proper design and instal-
lation ofhanger’s,and special protection to prevent dam-
age by tle eléments, bridge, and approach traffic shall be
considerpd,”Any agreed upon restrictions or precautions

(b) Installation of uncased carrier,_pipe is prefefred.
Installation of carrier pipe, or casing‘if used, shall be
in accordance with API RP 1102/As specified in para.
1161.1.2(f), if casing is used, cedted carrier pipe shqll be
independently supported cutside each end of the cgsing
and insulated from the gasing throughout the cased sec-
tion, and casing end$; shall be sealed using a durpble,
electrically nonconductive material.

(c) The sumrofithe circumferential stresses dyge to
internal design’pressure and external load in pipe
installed under railroads or highways without uge of
casing shall not exceed the allowable circumferential
stressésynoted in para. 1102.3.2(e).

1134.14 Offshore and Inland Coastal Water
Construction

Plans and specifications shall describe alignment of
the pipeline, depth below mean water level, and depth
below bottom if ditched. Special consideration shdll be
given to depth of cover and other means of prote¢ting
the pipeline in the surf zone. Consideration shall be
given to use of weight coating(s), anchors, or dther
means of maintaining position of the pipe under anptici-
pated conditions of buoyance and water motion. (om-
plete construction inspection shall be provigled.
Precautions shall be taken during construction to |imit
stress below the level that would produce bucklirjg or
collapse due to out-of-roundness of the completed pipe-
line. API RP 1111 may be used as a guide.

1134.15 Block and Isolating Valves

1134.15.1 General
(2) Installation of block and icn]m‘ing valves shall be

shall be contained in the detfailed specifications. Inspec-
tors shall assure themselves that these requirements
are met.

1134.13.4 Railroad and Highway Crossings

(a) The safety of the general public and the prevention
of damage to the pipeline by reason of its location are
primary considerations. The great variety of such cross-
ings precludes standard design. The construction speci-
fications shall cover the procedure for such crossings,
based upon the requirements of the specific location.
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considered to facilitate operation and maintenance of
the pipeline system.

(b) Valves shall be at accessible locations to permit
isolation of the piping system and shall be protected
from possible damage or tampering. Where an operating
device to open or close the valve is provided, it shall be
protected and be accessible only to authorized persons.

(c) Stresses in pipe caused by differential settlement
or movement of the valve or attached piping shall be
limited to levels defined in para. 1102.3.
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(1) Lap Joint Flange

Qx\x

x - 1.4t
‘ s\ 1.4t
A|//l

1/pin.
(13 mm) max.

L_ N

Front and back weld

(3) Slip-on Welding Flange

r

Size of weld

{

Theoretical
throat

(5) Convex Fillet Weld

Valves shall be‘matked or spotted by survey tech-
niqyes to facilitate{quick location when operation is
required.

1134.15.2<Mainline Valves
(a) Mainline block valves shall be installed on the
upsf{réanrside of major river crossings and public water

(or tif preferred)

Fig-1134.8.6(b) Recommended Attachment Details of Flanges

(2) Weld Neck Flange

X

\\w\ 1.4t
A2
0707t —»| | A

Front and back weld

(4) Slip-on Welding Flange

Theoretical

throat ~

Size of weld {
(6) Concave Fillet Weld

to the main line, they shall be made in accordance with
para. 1104.3.1. When such connections or additions are
made to coated lines, all damaged coating|shall be
removed and replaced with new coating material in
accordance with para. 1161.1.2(h). This protective coat-
ing should include the attachments.

Supply IeberUifb. Ei(‘[le[ d b‘lU(_k or &_1[6(.1( Vd‘lVE bildli be
installed on the downstream side of major river cross-
ings and public water supply reservoirs.

(b) Mainline block valves should be installed as
required for maintenance and operating purposes or as
otherwise dictated consistent with the type of slurry
being transported.

1134.16 Connections to Main Lines

Where connections to the main line, such as branch
lines, jump-overs, relief valves, air vents, etc., are made
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1134.17 Scraper Traps

(a) Scraper traps are to be installed as deemed neces-
sary for good operations. All pipe, valves, fittings, clo-
sures, and appurtenances shall comply with appropriate
sections of this Code.

(b) Scraper traps on mainline terminations and tied
into connection piping or manifolding shall be anchored
below ground with adequate concrete anchors when
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required and suitably supported above ground to pre-
vent transmission of line stresses due to expansion and
contraction to connecting facilities.

(c) Scraper trap and its components shall be assem-
bled in accordance with para. 1135 and pressure tested
to the same limits as the main line. See para. 1137.4.

1134.18 Line Markers

Adequate pipeline location markers indicating cau-

1134.17-1134.21.2

local soil conditions, and utilization and arrangement
of the equipment to provide the optimum in operating
ease and maintenance access. Machinery shall be han-
dled and mounted in accordance with recognized good
practice and be provided with such protective covers as
to prevent damage during construction. Recommenda-
tions of installation details provided by manufacturers
for auxiliary piping, setting, and aligning shall be con-
sidered.

tion for [the protection of the pipeline, the public, and
persons performing work in the area shall be installed

d allied facilities shall be done under construc-
ifications. Such specifications shall cover all
the work under contract and shall be in suffi-
il to ensure that the requirements of this Code
shall be [met. Such specifications shall include specific
details ¢n soil conditions, foundations and concrete
work, steel fabrication and building erection, piping,
welding| equipment and materials, and all construction
factors dontributing to safety and sound engineering
practice.

1134.20.2 Location. Pump statiogsjand terminals
should He located on the pipeline owner’s fee or leased
property| to assure that proper safety precautions may
be appligd. Sufficient open space shall be provided for
access off maintenance and safety equipment. The station
or terminal should be fericed in such a manner as to
minimize trespass.Roadways and gates should be
located fo give ready ingress to and egress from the
facilities

1134.20.3”Building Installation. Buildings shall be
located gnd constructed to comply with detailed plans

1134.20.5 Pump Station and Terminal Piping. All|pip-
ing, including, but not limited to, main unit intercorjnec-
tions, manifolds, scraper traps, etc., which canbe supject
to the mainline pressure shall be constrteted in agcor-
dance with this Code.

1134.20.6 Controls and Protective Equipment. Pres-
sure controls and protective equipment, including pres-
sure limiting devices, regulators, controllers, rplief
valves, and other safety devices, as shown on the draw-
ings or required by the specifications, shall be installed
by competent and skilled workers. Installation shdll be
accomplished with careful handling and minifhum
exposure ofinstruments and devices to inclethent
weather conditions, dust, or dirt to prevent damjage.
Also, piping, conduits, or mounting brackets shall not
cause the instruments or devices to be distorted ¢r to
be:n‘any strain. Instruments and devices shall be
installed so that they can be checked without undue
interruptions in operations. After installation, controls
and protective equipment shall be tested under cqndi-
tions approximating actual operations to assure ftheir
proper functioning.

1134.20.7 Fire Protection. Fire protection, when|pro-
vided, shall be in accordance with good enginegring
practice. If the system installed requires the servicps of
fire pumps, their motive power shall be separate from
the station power so that their operations will ngt be
affected by emergency shutdown facilities.

1134.21 Tankage and Holding Ponds

1134.21.1 General. All construction work perforqmed
on storage, holding ponds, and working tankage, [and
allied equipment, piping, and facilities shall be ¢lone
under construction specifications. Such specificafions
shall cover all phases of the work under contract|and
shall be in sufficient detail to ensure that the reqgjire-

and specifications. The excavation for and installation
of foundations and erection of the building shall be done
by craftsmen familiar with the respective phase of the
work, and all work shall be done in a safe and workman-
like manner. Inspection shall be provided to assure that
the requirements of the plans and specifications are met.

1134.20.4 Pumping Equipment and Prime Movers.
Installation of pumping equipment and prime movers
shall be covered by detailed plans and specifications
that have taken into account the variables inherent in
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ments of the Code shall be met. Such specifications shall
include specific details on soil conditions, foundations
and concrete work, tank fabrication and erection, piping,
welding, equipment and materials, dikes, and all con-
struction factors contributing to safety and sound engi-
neering practice.

1134.21.2 Location. Tankage or holding ponds
should be located on the pipeline owner’s fee or leased
property to assure that proper safety precautions may
be applied. Sufficient open space should be left around
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1134.21.2-1135.4

the holding pond or tankage facilities and associated
equipment to provide access for maintenance and area
cleanup. The entire facility should be fenced to minimize
trespass. Roadways and gates should be located to give
ready ingress to and egress from the facilities.

1134.21.3 Tankage. Tanks for storage or handling
slurries may have open tops and shall be constructed
in accordance with any of the following API 650, API

12--ARL12-E o AVWWA-D100—Alternativelv—such
AP 2o AWOANA DR Aderpatively—

ASME B31.11-2002

and/or moisture-proof enclosures for such special gear
as relays, small switches, and electronic components.
In no case shall the frames of electric motors or other
grounded electrical equipment be used as the ground
connection for electrical welding.

1134.23 Slurry Metering

(a) Slurry metering should be accomplished by use
of measurement equipment which is compatible with

tanls shall be designed and constructed in accordance
with other accepted good engineering practices. Provi-
sionp should be made to contain possible slurry spills.

1134.21.4 Foundations. Tank foundations shall be
congtructed in accordance with plans and specifications
whi¢h shall take into account local soil conditions, type
of t4nk, usage, and general locations.

1134.21.5 Holding Ponds

(a) When required, holding ponds shall be con-
strugted to plans and specifications and shall be of suffi-
cienf size to contain slurry discharged during normal
and [emergency operating conditions.

(b) Holding ponds shall be so located as to insure that
prodess water is retained for reuse or meets the water
quatty standards of the area prior to disposal.

113

1134.22.1 General. Electrical installations for light-
ing,[power, and control shall be covered by detailed
planys and specifications, and installations shall be in
accdrdance with codes applicable to the specific-type of
circyitry and classification of areas for elegtrical installa-
tion| Inspection shall be provided and all*eircuitry shall
be t¢sted before operation to assure that the installation
was|made in workmanlike mannétyand to provide for
the fontinuing safety of personnel and equipment.
Installations shall be made injaccordance with ANSI/
NFHA 70.

1134.22.2 Care and Handling of Materials. All electri-
cal ¢quipment andinstruments shall be carefully han-
dled and properly stored or enclosed to prevent damage,
detqrioration, Qt contamination during construction.
Paclaged components are not to be exposed until instal-
latign. Equipment susceptible to damage or deteriora-
tion] by exposure to humidity shall be adequately

.22 Electrical Installations

the slurry being measured.
(b) Access to metering facilities should\be" festricted
to authorized personnel.
(c) Assembly of the metering facility conjponents
shall be in accordance with para. 1135.

1135 ASSEMBLY OF PIPING COMPONENTS
1135.1 General

The assembly, of’the various piping components,
whether done ima shop or as a field erection) shall be
done so that.the completely erected piping ¢onforms
with the réquirements of this Code and with th¢ specific
requireménts of the engineering design.

1135.2 Bolting Procedures

(a) All flanged joints shall be fitted up so|that the
gasket contact faces bear uniformly on the gasket and
are made up with uniform bolt stress insofar as|is practi-
cable. Alignment and tightening shall not resultfin exces-
sive stress in adjacent piping.

(b) Inbolting gasketed flanged joints, the gagket shall
be properly compressed in accordance with tHe design
principles applicable to the type of gasket used.

(c) All bolts or studs shall extend completely| through
their nuts.

1135.3 Pumping Unit Piping

(a) Piping to pumping units shall be so designed and
supported that when assembled to the pumi flanges
and valves, it should be relatively free of sfress and
should not add unacceptable stress or load to the pump
frame.

(b) The design and assembly shall take intq account
the forces of expansion and contraction to minimize their
effect within the assembly. T

protected by using appropriate means such as plastic
film enclosures, desiccants, or electric heating.

1134.22.3 Installation. The installation of electrical
materials shall be made by qualified personnel familiar
with details of electrical aspects and code requirements
for such installation. At all times care shall be exercised
to prevent damage to the insulation of cable and wiring.
All partial installations shall be protected from damage
during construction. The installation design and specifi-
cations shall give consideration to the need for dust-
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(c) All valves and fittings on pumping units shall
carry pressure ratings equal to or higher than required
for line operating pressures.

(d) Welding shall be in accordance with para. 1134.8
of the Code.

(e) Bolting shall be in accordance with para. 1135.2.

1135.4 Manifolds

(a) All components within a manifold assembly,
including valves, flanges, fittings, headers, and special
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assemblies, shall be capable of withstanding design pres-
sures specified for the installation.

(b) Pressure containing meter and scraper trap assem-
blies shall be subject to the same assembly requirements
as manifolds.

(c) Manifold headers with multiple outlets shall have
outlets designed as covered in paras. 1104.3.1(b) and (e)
and as illustrated in Figs. 1104.3.1(b)(3) and
1104.3.1(d)(2), respectively. Manifold headers with mul-

1135.4-1135.5

(e) All welding on manifolds and headers shall con-
form to para. 1134.8.

(f) Final assembly of all components shall minimize
stresses. The entire assembly shall be adequately sup-
ported.

1135.5 Auxiliary Slurry Piping

(a) All auxiliary piping between main units and auxil-

tiple ouflets may be assembled with the use of jigs to
assure alignment of outlets and flanges with other com-
ponents| The fabricated unit shall be stress relieved
before r¢gmoval from the jig.

(d) Manifold headers may be assembled with the use
of jigs to assure alignment of components. Stress reliev-
ing shoyld be considered.

iclly LUllllJUllCll‘LD bllall 1L}E dbbClll}JICd ill d WUll\llld lllke
manner and in accordance with the applicable-code.

(b) All welded auxiliary lines shall be assemblgd in
accordance with the requirements of this Code with|spe-
cial provisions, as required, for assembly'to minimize
stresses, and for adequate support orrestraint to rpini-
mize vibration.
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CHAPTER VI
INSPECTION AND TESTING

113

records

ensiure _proper ﬁ]:\r‘*omnnf {'\F pine. Permanen
I I Ir T

113p.1 General

Cpnstruction inspection provisions for pipelines and
relafed facilities shall be adequate to assure compliance
with the material, construction, welding, assembly, and
testing requirements of this Code.

1136.2 Qualification of Inspectors

Injspection personnel shall be qualified by having
knowledge and experience in the work to be inspected.
Such personnel shall be capable of performing one or
morg of the following inspection services:

(a) right of way and grading

(b) use of explosives

(c) ditching

(d) road and railroad casings and crossings

(e} pipe and material handling
(f] bending
(g) line up and pipe surface inspection
(h) welding
(i) coating
(j) tie-in and lowering
(k) backfilling and clean up
(I} pressure testing
() special services for testing and.inspection of facili-
ties,|such as station construction, tiver crossings, electri-
cal installation, radiography, corrosion control, double
joinfing, etc., as may be required

113

1136.5.1 Visual

(a) Material

(1) All{piping components shall be visually
insplected:to  ensure that no mechanical damage has
occyrred’during shipment and handling prior to being
connected into the piping system

5.5 Type and Extent,of Examination Required

shall be kept showing the location as installed of each

material specification and grade, type, pipé dize, wall

thickness, and manufacturer of the pipe,
(b) Construction

(1) Visual inspection for detection of surfade defects
in the pipe shall be provided-fon each job just phead of
any coating operation and dufring the lowering-in and
backfill operation.

(2) The pipe swabbing operation to provide a clean
surface inside the\pipe shall be inspected for thor-
oughness.

(3) Befote welding, the pipe shall be exanpined for
damage-free bevels and proper alignment of the joint.

(4). All welding operations shall be insgected to
verify \that welding is being performed in acfordance
with ‘established welding procedures.

(5) The stringer bead shall be inspected,| particu-
larly for cracks, before subsequent beads are dpplied.

(6) The completed weld shall be cleahed and
inspected prior to coating operations, and irregularities
that could protrude through the pipe coating| shall be
removed.

(7) When the pipe is coated, inspection
made to determine that the coating machine
cause harmful gouges or grooves in the pipe

(8) Lacerations of the pipe coating
inspected prior to repair of the coating to see iff the pipe
surface has been damaged. Damaged coating pnd pipe
shall be repaired before the pipe is lowered in the ditch.

(9) All repairs, changes, or replacements|shall be
inspected before they are covered up.

(10) The condition of the ditch shall be ihspected
before the pipe is lowered in to assure proper depth and
protection of pipe and coating. Where a ditch isfrequired
for offshore, the condition of the ditch and thelfit of the
pipe to the ditch shall be inspected, if feasibld

shall be
does not
urface.

bhall be

(2) All pipe shall be cleaned inside and outside, as
necessary to permit good inspection, and shall be visu-
ally inspected to discover any defects which might
impair its strength or tightness. Careful attention shall
be given to the overall condition of the pipe, internal
and external appearance, bends, buckling, flattening,
degree of pitting, or other surface defects, such as seams,
cracks, grooves, gouges, dents, and arc burns.

(3) On systems where pipe is telescoped by grade,
wall thickness, or both, particular care shall be taken to
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(11) The fit of pipe to ditch shall be inspected before
the backfilling operations. For pipelines offshore, the
backfill shall be inspected, if feasible.

(12) Except for pipelines offshore, the backfill oper-
ation shall be inspected for quality and compaction of
backfill, placement of material for the control of erosion,
and possible damage to the pipe coatings.

(13) Cased crossings shall be inspected during
installation to determine that the carrier pipe is sup-
ported, sealed, and insulated from the casing.
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(14) River crossings shall have thorough inspection,
and shall be surveyed and profiled after construction.

(15) All piping components other than pipe shall be
inspected to ensure damage-free condition and proper
installation.

(16) Stringing operations shall be inspected to ver-
ify use of proper pipe handling techniques and that the
pipe is not being damaged.

(17) When explosives are used during grading and

1136.5.1-1137.4.1

(1) All slurry transportation piping systems within
the scope of this Code, regardless of stress, shall be
tested after construction.

(2) Systems to be operated at a hoop stress of more
than 20% of the specified minimum yield strength of
the pipe shall be hydrostatically tested in accordance
with para. 1137.4.1.

(3) Systems to be operated at a hoop stress of 20%
or less of specified minimum yield strength of pipe may

ditching|operations, inspections shall be made to verify
use of pyoper techniques and maintenance of records.
(18)| The bending operations shall be inspected to

verify thiat the maximum allowable angle of bend is not
exceeded and that there is no wrinkling or excessive
flattening of the pipe.

1136.5.2 Supplementary Types of Examination

(a) Figld and shop welds shall be tested in accordance
with para. 1134.8.5.

(b) Radiographic inspection of welds shall be per-
formed n accordance with para. 1134.8.5.

(c) Cdated pipe shall be inspected in accordance with
para. 1161.1.2.

1136.6

(a) Injurious defects of fabricated items and in pipe
wall shall be repaired or eliminated in accordance with
para. 1134.5.

(b) We¢lding defects shall be repaired in accordance
with para. 1134.8.7.

(c) Holidays or other damage to coating shall*be
repaired|and reinspected.

Repair of Defects

TESTING
General

1137
1137.1

(a) In
is neces
system 4

order to meet the requiremients of this Code, it
bary that tests be madé upon the completed
nd upon component parts of the finished sys-
tem. WHen reference in this, Code is made to tests or
portions|of tests described:in other codes and specifica-
tions, they shall be considered as a part of this Code.

(b) Shpuld leaks-occur on tests, the line section or
comporfent pagrt/shall be repaired or replaced and
retested [in acCordance with this Code.

1137.1.3 Testing of Fabricated Items

be subjected to a leak test in accordance with, para.
1137.4.3 in lieu of the hydrostatic test specified in‘para.
1137.4.1.

(4) When testing piping, in no casé\shall the
pressure exceed that stipulated in the standards or speci-
fications (except pipe) incorporatedint-this Code by ref-
erence and listed in Table 1123.1 fonthe weakest elepnent
in the system, or portion of system, being tested.

(5) Equipment not to.be\subjected to test pregsure
shall be disconnected from-the piping or otherwisq iso-
lated. Valves may be used if the valves, including clgsing
mechanisms, are suitable for the test pressure.

(b) Testing Tie=Ins. Because it is sometimes necegsary
to divide a pipeline into test sections and install test
heads, connecting piping, and other necessary appfirte-
nances fortesting, or to install a pretested replacement
sectiof}y it is not required that tie-in welds be tefted;
however, tie-in welds and girth welds joining ler|gths
of ‘pretested pipe shall be inspected by radiographiic or
other accepted nondestructive methods in accordance
with para. 1134.8.5(a)(4) if the system is not pregsure
tested after tie-in. After such inspection, the joint shll be
coated and inspected in accordance with para. 1161.1.2
before backfilling.

(c) Testing Controls and Protective Equipment. All
trols and protective equipment, including pressure
iting devices, regulators, controllers, relief valves,|and
other safety devices, shall be tested to determine|that
they are in good mechanical condition; of adeqfate

test

con-
lim-

capacity, effectiveness, and reliability of operatiof for
the service in which they are employed; functionifng at
the correct pressure; and properly installed and [pro-
tected from foreign materials or other conditions|that
might prevent proper operation.

1137.2 Test Liquid

The test liquid shall be water or another nonhagard-

(a) Fabricated items, such as scraper traps, manifolds,
volume chambers, etc., shall be hydrostatically tested
to limits equal to or greater than those required of the
completed system. This test may be conducted sepa-
rately or as a part of the completed system.

(b) In testing fabricated items before installation, the
applicable paragraphs of specifications listed in Table
1123.1 shall apply.

1137.1.4 Testing After New Construction
(a) Systems or Parts of Systems

46

ous liquid.

1137.4 Test Pressure

1137.4.1 Proof Testing

(a) Portions of slurry piping systems to be operated at
a hoop stress of more than 20% of the specified minimum
yield strength of the pipe shall be subjected at any point
to a hydrostatic proof test equivalent to not less than
1.1 times the internal design pressure at that point (see
para. 1101.2.2) for not less than 4 hr. When lines are
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1137.4.1-1137.6.7

tested at pressures which develop a hoop stress, based
on nominal wall thickness, in excess of 90% of specified
minimum yield strength of the pipe, special care shall
be used to prevent overstrain of the pipe.

(1) No further tests are required for those portions
of piping systems where all of the pressured components
are visually inspected during the proof test to determine
that there is no leakage. This can include lengths of pipe
which are pretested for use as replacement sections.

ASME B31.11-2002

Table 1137.6.5 Minimum Number of Test Welds
Nominal Pipe Size (NPS)

Number of Lengths per Test

Less than 6 400
6 through 12 200
Larger than 12 100

GENERAL NOTE: All test specimens shall be selected at random.

(2) Onthose portions of piping systems not visually
inspected while under test, the proof test shall be fol-
low¢d by a leak test equivalent to not less than 1.1 times
the ihternal design pressure for not less than another 4 hr.

(b) API RP 1110 may be used for guidance for the
hydfostatic test.

(c} If the testing medium in the system will be subject
to thermal expansions during the test, provisions shall be
made for relief of excess pressure. Effects of temperature
chanjges shall be taken into account when interpretations
are nade of recorded test pressures.

(d) After completion of the hydrostatic test, it is
impprtant in cold weather that the lines, valves, and
fittijgs be drained completely of any water to avoid
damjage due to freezing.

1137.4.3 Leak Testing A 1-hr hydrostatic or pneu-
matjc leak test may be used for piping systems to be
opefated at a hoop stress of 20% or less of the specified
minjmum yield strength of the pipe. The hydrostatic
test pressure shall be not less than 1.25 times the internal
design pressure. The pneumatic test gauge pressure
shal] be 100 psi (689 kPa) or that pressure which would
produce a nominal hoop stress of 25% of the specified
minfmum yield strength of the pipe, whichever is less.

113f.6 Qualification Tests

Where tests are required by other sections of this
Codg, the following procedures shall be used.

1137.6.1 Visual Examination. Used or new pipe to be
laid [shall be visually.examined in accordance with para.
1134.5.1.

1137.6.3 Determination of Wall Thickness:|When a
nominal wall thickness is not known, dt'shall be deter-
mined by measuring the thickness at quarter points on
one end of each piece of pipe. If the lot of pipe {s known
to be of uniform grade, size,~and nominal thickness,
measurement shall be made{énnot less than §% of the
individual lengths, but not less than 10 lengths; thickness
of the other lengths may.be verified by applying a gage
set to the minimum thickness. Following such measure-
ment, the nominal wall thickness shall be takén as the
next nominal wall thickness below the average|of all the
measurement§ taken, but in no case greater than 1.14
times the)least measured thickness for all pipe under
NPS 20rand no greater than 1.11 times the least theasured
thickness for all pipe NPS 20 or larger.

1137.6.4 Determination of Weld Joint Factor. If the
type of longitudinal or spiral weld joint is knpwn, the
corresponding weld joint factor E (Table 11024.3) may
be used. Otherwise, as noted in Table 1102.4.3} factor E
shall not exceed 0.60 for pipe NPS 4 and smalldgr, or 0.80
for pipe over NPS 4.

1137.6.5 Weldability. For steel pipe of ynknown
specification, weldability shall be determined ag follows.
A qualified welder shall make a girth weld in [the pipe.
This weld shall be tested in accordance with thg require-
ments of para. 1134.8.5. The qualifying weld| shall be
made under the most severe conditions unde¢r which
welding will be permitted in the field and ysing the
same procedure as to be used in the field. The pipe
shall be considered weldable if the requirementp of para.
1134.8.5 are met. At least one such test weld|shall be
made for each number of lengths to be used |as listed

1137.6.2"'Bénding Properties in Table 1137.6.5.
(ay For pipe of un.kn own spe'C1flca't10n. or ASTN.[ A 1137.6.6 Determination of Yield Strength. When the
120,|bending properties are required if minimum vyield

strength used for design is above 24,000 psi (165 MPa)
and after the type of joint has been identified in accor-
dance with para. 1137.6.4. For pipe NPS 2 and under,
the bending test shall meet the requirements of ASTM
A 53 or API 5L. For pipe larger than NPS 2, flattening
tests shall meet the requirements of ASTM A 53 or
API 5L.

(b) The number of tests required to determine bend-
ing properties shall be the same as required in para.
1137.6.6 to determine yield strength.
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specified o yietdstrengthy o tensile
strength, or minimum percent of elongation of pipe is
unknown, the tensile properties may be established as
follows.

Perform all tensile tests prescribed by API 5L or API
5LU, except that the minimum number of such tests
shall be as shown in Table 1137.6.6.

1137.6.7 Minimum Yield Strength Value. For pipe of
unknown specification, the minimum yield strength
may be determined as follows.
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Table 1137.6.6
Minimum Number of Tensile Tests

Nominal Pipe Size (NPS) Number of Lengths per Test

Less than 6 200
6 through 12 100
Larger than 12 50

GENERAL NOTE: All test specimens shall be selected at random.

1137.6.7-1137.7

(b) the minimum value of any yield strength test,
except that in no case shall this value be taken as greater
than 52,000 psi (358 MPa)

(c) 24,000 psi (165 MPa) if the average yield-tensile
ratio exceeds 0.85
1137.7 Records

A record shall be maintained in the files of the

operating company regarding design, construction, and
testing of each slurry transportation piping system

Average the value of all yield strength tests for a test
lot. The minimum yield strength shall then be taken as
the less¢r of the following:

(a) 806 of the average value of the yield strength tests

within the scope of this Code. These records shall iruj}ude
material specifications; route maps and alignment sheets
for “as-built” condition; location of each pip€size, gtade,
wall thickness, type, specification, and 'manufactirer;
coatings; and test data. These records shall be kept for
the life of the facility.

48
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CHAPTER VII
OPERATION AND MAINTENANCE PROCEDURES

115

PROCEDURES AFFECTING THE SAFETY OF
SLURRY TRANSPORTATION PIPING
SYSTEMS

115p0.1 General

(a Ttisnotpossible to prescribe in this Code a detailed
set ¢f operating and maintenance procedures that will
encqmpass all cases. It is possible, however, for each
opetating company to develop operating and mainte-
nange procedures based on the provisions of this Code,
and|the company’s experience and knowledge of its
faciljties and conditions under which they are operated.
Such operating and maintenance procedures should be
adequate from the standpoint of public and employee
safefy.
(b) The methods and procedures set forth herein serve
as a|general guide, but do not relieve the individual or
opefating company from the responsibility for prudent
actipn that current particular circumstances make
advisable.

(c) It must be recognized that local conditions((such
as tﬂ\ee effects of temperature, characteristics of the line
contents, and topography) will have considerable bear-
ing pn the approach to any particular maintenance and
repair job.

1150D.2 Operation and Maintepance Plans and
Procedures

Each operating company having a transportation pip-
ing system within the Scope of this Code shall

(a) have written plans'and instructions for employees
covgring operating.and maintenance procedures for the
tranpportation piping system during normal operations
and [mainteriance in accordance with the purpose of this
Codp (essential features recommended for inclusion in
the plans for specific portions of the system are given
in phras 1151 and 1152)

e-a orreviewing ¢ ges-in-conditions
affecting the integrity and safety of the piping
including provisions for periodic patrollf
reporting of construction activity, and ¢hanges jn condi-
tions, especially in industrial, commercial, and) residen-
tial areas, and at river, railroad, and highway drossings,
in order to consider the possibility of providing addi-
tional protection to prevent'damage to the pipeline in
accordance with para. 110241

(e) establish liaisomwith local authorities who issue
construction permits:ift urban areas to prevent gccidents
caused by excavators

(f) establish procedures to analyze all failfires and
accidents for)the purpose of determining the chuse and
to minimize the possibility of recurrence

(g). thaintain necessary maps and records to [properly
administer the plans and procedures, including records
listed in para. 1155

(h) have abandonment procedures before abgndoning
piping systems, including the requirements in para. 1157

(i) in establishing plans and procedures, givg particu-
lar attention to those portions of the system that may
present a hazard to the public or employees in the event
of emergencies or because of construction or extraordi-
nary maintenance requirements

(j) operate and maintain its piping system ifi confor-
mance with these plans and procedures

(k) modify the plans and procedures fromy
time as experience and conditions dictate

time to

1151 PIPELINE OPERATION AND MAINTENANCE
1151.1 Operating Pressure

(a) Care shall be exercised to assure that at qny point
in the piping system the maximum steagdly state
operating pressure and static head pressure with the
line in a static condition do not exceed at that point the

(b) have a plan for external corrosion and internal
corrosion—erosion control of new and existing piping
systems, including requirements and procedures pre-
scribed in Chapter VIII

(c) have a written emergency plan as indicated in
para. 1154 for implementation in the event of system
failures, accidents, or other emergencies; acquaint appro-
priate operating and maintenance employees with the
applicable portion of the plan; and establish liaison with
appropriate public officials with respect to the plan

49

internal design pressure and pressure ratings for the
components used as specified in para. 1102.2.3, and that
the level of pressure rise due to surges and other varia-
tions from normal operation does not exceed the internal
design pressure at any point in the piping system and
equipment by more than 10% as specified in para.
1102.2.4.

(b) A piping system shall be qualified for a higher
operating pressure when the higher operating pressure
will produce a hoop stress of more than 20% of the

(02
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specified minimum yield strength of the pipe in accor-
dance with para. 1156.

(c) If any part of a piping system is derated to a lower
operating pressure in lieu of repair or replacement, the
new maximum steady state operating pressure shall be
determined in accordance with para. 1151.7.

(d) For existing systems utilizing materials produced
under discontinued or superseded standards or specifi-
cations, the internal design pressure shall be determined

1151.1-1151.6.2

of the crossings, and at any time it is felt that the cross-
ings are in danger as a result of floods, storms, or sus-
pected mechanical damage.

1151.6 Pipeline Repairs

1151.6.1 General. Repairs shall be covered by a main-
tenance plan [see para. 1150.2(a)] and shall be performed
under qualified supervision by trained personnel. The
maintenance plan shall consider the appropriate infor-

the issuq of the applicable code or specification in effect

using t{ allowable stress and design criteria listed in
at the time of the original construction.

1151.2 |Communications

A communications facility shall be maintained to
assure safe pipeline operations under both normal and
emergency conditions.

1151.3 |Markers

(a) Markers shall be installed to indicate the presence
of each line on each side of a public road, railroad, and
navigable water crossing to properly identify the system.
Markers|are not required for pipelines offshore.

(b) Pipeline markers at crossings, aerial markers when
used, and other signs shall be maintained so as to indi-
cate the jpresence of the line. These markers shall show
the namg¢ of the operating company and, where possible,
an emergency telephone contact. Additional pipeline
markers| shall be installed along the line in areas of
development and growth to protect the system frem
encroachiment. API RP 1109 may be used as guidahce.

1151.4 [Right-of-Way Maintenance

(a) Thie right of way should be maintaihed for clear
visibility] and to provide the maintenance crews reason-

able acc¢ss to the system.
(b) Adcess shall be maintained.to valve locations.
ersion ditches ordikes shall be maintained
peded to protect.against washouts of the line

on and 4 A
of leaks construction activity other than that performed
by the company, and any other factors affecting the
safety and operation of the pipeline. Special attention
shall be given to such activities as road building, ditch
cleanouts, excavations, and similar encroachments to the
pipeline system. Patrols should be made at intervals not
exceeding one per month.

(b) Underwater crossings shall be inspected periodi-
cally for sufficiency of cover, accumulation of debris, or
for any other condition affecting the safety and security
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mation contained in APIstandard 1104 and APIRP 1111.
It is essential that all personnel working on(pipgline
repairs understand the need for careful planning of the
job and be briefed as to the procedure tolbe follow¢d in
accomplishing the repairs.

1151.6.2 Permanent Repairs for Pipelines Operating
at a Hoop Stress of More Than*20% of the Spedified
Minimum Yield Strength of the Pipe

(a) Limits and Dispositions\of Imperfections

(1) Gouges and, gteoves having a depth grgater
than 12%% of the nominal wall thickness shall be
removed or repaited:

(2) Dentsmeeting any of the following condi
shall be removed or repaired:

(3).'dents which affect the pipe curvature af the
pipe seam or at any girth weld
(b) dents containing a scratch, gouge, or grpove
(c) dents exceeding a depth of 7%% of the npmi-
nal pipe diameter

(3) All arc burns shall be removed or repaired.

(4) All cracks shall be removed or repaired.

(56) All welds found to have imperfections not meet-
ing the standards of acceptability in para. 1134.8.5(}) for
field welds or the acceptance limits in the appropfriate
specifications for the grade and type of pipe sha]l be
removed or repaired.

(6) General Wall Thickness Reduction. Pipe shafl be
replaced, or repaired if the area is small, or operat¢d at
areduced pressure (see para. 1151.7) if the wall thicKness
is less than the minimum thickness required byf the
design pressure, decreased by an amount equal t¢ the
manufacturing tolerance applicable to the pipe or ¢om-
ponent.

(7) Local Wall Thickness Reduction. Pipe shal]l be
repaired, replaced, or operated at a reduced predsure
(see para. 1151.7) if the local wall thickness is less fthan
= 2ased
by an amount equal to the manufacturmg tolerance
applicable to the pipe or component. This applies if the
length of the affected area is greater than that permitted
by Eq. (1).

The following method applies only when the thick-
ness of the remaining wall is not less than 20% of the
nominal wall thickness of the pipe. This method is not
applicable to regions in the longitudinal weld area. The
affected area must be clean to bare metal. Care shall be
taken in cleaning affected areas of a pressurized pipe

ions

(02)

(02)
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nominal outside diameter of the pipe, in. (mm)
nominal wall thickness of the pipe minus gen-
eral wall thickness reduction, in. (mm)
maximum depth of the local wall thickness
reduction, in. (mm)

(8) Areas where grinding has reduced the
remaining wall thickness to less than the minimum
thickness required by the pipe specifications tolerance
may be analyzed in the same way as localized wall
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1151.6.2(a)(7)~Parameters Used in Analysis

of the Strength of Corroded Areas

n the.degfee of metal loss is significant.

L = 1.12B /D¢, 1)

thickness reduction [see para. 1151.6.2(a)(7)] fo deter-
mine if ground areas need to be replaced ‘or fepaired,
or if the operating pressure needs toche-redyced (see
para. 1151.7).
(9) All pipe containing leaks shall be removed or
repaired.
(b) Allowable Pipeline Repdits
(1) If feasible, the pipeline shall be taken out of
service and repaired by-cutting out a cylindrikal piece
of pipe containingsthe’/imperfection and repldcing the
same with pipelmeeting the requirements|of para.
1101.2.2 and having a length of not less than|one-half
of the dianteter.
(2) 1Yit’is not feasible to take the pipeliffe out of
service,\repairs may be made by the installation of a
full*encirclement welded or mechanically applied split
sleeve in accordance with para. 1151.6.2(c).
(a) For repairs of dents, either a harden:
material, such as epoxy, shall be used to fill [the void
between the sleeve and the pipe to restore thq original
contour of the pipe, or the carrier pipe shall be tapped
through the sleeve or other means provided tolequalize
the internal pressures of the carrier pipe and the sleeve.
(b) For repairs to nonleaking cracks, the carrier
pipe shall be tapped through the pressure cgntaining
sleeve or other means provided to equalize thg internal
pressures of the carrier pipe and the sleeve.
(3) If it is not feasible to take the pipeliffe out of
service, imperfections may be removed by grinding or
hot tapping. When grinding, the ground areaq shall be
smoothly contoured and be in accordance wjith para.
1151.6.2(a)(8). When hot tapping, the portior] of pipe
containing the imperfection shall be completely
removed.
(4) If it is not feasible to take the pipeli}e out of

ble filler

service, minor leaks and small corroded areaf, except
for cracks, may be repaired by the installation df a patch

where

B

L

( ¢/t

2
11c¢/t, - 0.15) -1

maximum allowable longitudinal extent of the
affected area as shown in Fig. 1151.6.2(a)(7),
in. (mm)

a value not to exceed 4.0 which may be deter-
mined from the above equation or Fig.

1151.6.2(a)(7)
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or welded fitting in accordance with paras. 1151.6.2(c)(5)
and (8). Pipe containing arc burns, grooves, and gouges
may be repaired with patches or welded fitting if the
arc burn or notch is removed by grinding.

(5) If it is not feasible to take the pipeline out of
service, imperfections in welds produced with a filler
metal, small corroded areas, gouges, grooves, and arc
burns may be repaired by depositing weld metal in
accordance with para. 1151.6.2(c)(9). Weld imperfec-
tions, arc burns, gouges, and grooves shall be removed
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by grinding prior to depositing the weld filler metal.
(c) Repair Methods

(1) All welders performing repair work shall be
qualified in accordance with para. 1134.8.3 or API stan-
dard 1104. They shall also be familiar with safety precau-
tions and problems associated with cutting and welding
on pipe. Cutting and welding shall commence only after
compliance with para. 1134.8.1(c).

(2) The qualification test for welding procedures to

1151.6.2-1151.7

procedure qualifications shall be in accordance with
para. 1151.6.2(c)(2).

(10) Where repairs are made to a coated pipe, all
damaged coating shall be removed and new coating
applied in accordance with para. 1161.1.2. Replacement
pieces of pipe, welded patches, and full encirclement
welded split sleeves used in making repairs shall also
be coated when installed in a coated line.

(11) Pipe containing liquid shall be examined to

be used [on pipe containing a liquid shall consider the
cooling pffects of the pipe contents on the soundness
and medhanical properties of the weld. Welding proce-
dures o1} pipe not containing liquid shall be qualified
in accordlance with para. 1134.8.3.

(3) Materials used for pipeline repairs shall be in
accordarjce with at least one of the specifications or
standards listed in Table 1123.1, or as otherwise required
by this Code.

(4) Temporary repairs may be necessitated for
operating purposes and shall be made in a safe manner.
Such temporary repairs shall be made permanent or
replaced|in a permanent manner as described herein as
soon as practical.

(5) Welded patches shall have rounded corners and
imum dimension of 6 in. along the pipe axis. The

shall be [imited to pipe sizes NPS 12 and less and con-
form to API 5L, Grade X42 and lower. Patches shall be
attached| by fillet welds. Insert patching is prohibited:
Special donsideration shall be given to minimize stress
concentrptions resulting from the repair.

(6) Full encirclement welded split sleeves installed
to repairfleaks or otherwise to contain internal pressure
shall haye a design pressure of not lessithan the pipe
being reppaired and shall be fully welded,both circumfer-
entially oind longitudinally. Length of full encirclement
split sle¢ves shall not be lessthtan 4 in. (100 mm). If
the sleeye is thicker than the\pipe being repaired, the
circumf¢rential ends shall\be chamfered (at approxi-

ment, cfrcumferéntial welding is optional. Special
considerption’shall be given to minimize stress concen-
trations fesulting from the repair.

(7) Mechanically applied full encirclement repair
fittings shall meet the design requirements of paras.
1101.2 and 1118.

(8) Welded fittings used to cover pipeline imperfec-
tions shall not exceed NPS 3 and shall have a design
pressure of not less than the pipe being repaired.

(9) For repairs involving only deposition of a weld
filler metal, welding processes shall be in accordance
with the requirements of the appropriate pipe specifica-
tion for the grade and type being repaired. Welding
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determine that the material is sound and of adequate
thickness in the areas to be affected by grindifig, ¥yeld-
ing, cutting, or hot tapping operations.

(12) If the pipeline is not taken outrof service, the
operating pressure shall be reduced to a level which will
provide safety during the repair operations.

1151.6.3 Testing Repairs to Pipelines Operating]“at a
Hoop Stress of More Than 20%.of the Specified Minimum
Yield Strength of the Pipée

(a) Testing of Replacement Pipe Sections. When a sched-
uled repair to a pipelinte is made by cutting out a se¢tion
of the pipe as a ¢ylinder and replacing it with angther
section of pipejthe replacement section of pipe shdll be
subjected to apressure test. The replacement secti¢gn of
pipe shall'be tested as required for a new pipelinpe in
accordance with para. 1137.4.1. The tests may be rhade
on thepipe prior to installation provided radiogrgphic
onother acceptable nondestructive tests (visual ingpec-
tion excepted) are made on all tie-in butt welds pfter
installation.

(b) Examination of Repair Welds. Welds made dyring
pipeline repairs shall be examined by accepted nonde-
structive methods or visually examined by a qualffied
inspector.

1151.7 Derating a Pipe Segment to a Lower
Operating Pressure

Pipe containing local wall thickness reduction or greas
repaired by grinding where the remaining materipl in
the pipe does not meet the requirements of para.
1151.6.2(a)(7) may be derated to a lower operating pres-
sure in lieu of a replacement or repair.

(1) Lower operating pressure may be based on para.
1104.1.2 and the actual remaining wall thickness of the
pipe; or

(b) Lower operating pressure may be determined by

grinding is not in the girth or longitudinal weld or
related heat affected zone.

1-067 (;)
P, = 1.1P; RGE (2)
NG+ 1
where
G = 0.893L//Dt, (3)

(02)
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1151.7-1152.6

a value not to exceed 4.0 in Eq. (3). If G exceeds
4.0, Eq. (4) instead of Eq. (2) shall be used.

L = longitudinal extent of the affected area as
shown in Fig. 1151.6.2(a)(7), in. (mm)

P; = derated internal design gage pressure, psi (kPa)

P; = original internal design gage pressure, based

on specified nominal wall thickness of the pipe
(see para. 1104.1), psi (kPa)
For t,, ¢, and D, see para. 1151.6.2(a)(7). For values of
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1152 PUMP STATION, TERMINAL, AND STORAGE
OPERATION AND MAINTENANCE

1152.1 General

(a) Starting, operating, and shutdown procedures for
all equipment shall be established, and the operating
company shall take appropriate steps to see that these
procedures are followed. These procedures shall outline
preventive measures and systems checks required to

G g]leater than 4.0,

Py =11P; (1 -c/t,) (4)

NOTE: In Eq. (4), P; shall not exceed P;.

115[1.8 Valve Maintenance

Pjpeline valves shall be inspected and serviced where
necgssary and operated fully or partially at least once
eacl] year to prove operability.

1151.9 Railroads and Highways Crossing Existing
Pipelines

(a

new

When an existing pipeline is to be crossed by a
road or railroad, the operating company shall ana-
lyze| the pipeline in the area to be crossed in terms of
the hew anticipated external loads. If the sum of the
circymferential stresses caused by internal pressure and
newlly imposed external loads (including both live and
deagl loads) exceeds 0.90 SMYS (specified minimium
yielf strength), the operating company shall’install
mechanical reinforcement, structural protection, or suit-
able| pipe to reduce the stress to 0.90 SMYSror less, or
reditribute the external loads acting en“the pipeline.
API|1102 provided methods that may\be used to deter-
ming the total stress caused by internal pressure and
extefnal loads. API 1102 also prevides methods to check
cyclic stress components for fatigue failure.

(b) Modifications to existing pipelines in service at a
proposed railroad or highway crossing should conform
to details as contained in API RP 1102. See para.
1161.1.2(f) if casifg)is used. Casing is generally not rec-
ommended, btitay be required to meet some highway
or railway specifications.

(c) Testing and inspection of replaced pipe sections
shal| conform to the requirements of para. 1151.6.3. All

ensure the proper functioning of all shutdown|, control,
and alarm equipment.

(b) Periodic measurement and monitoring of flow and
recording of discharge pressures shall be proyided for
detection of deviations from the steady state gperating
conditions of the system.

1152.2 Controls and Protective Equipment

Controls and protective equipment,including pres-
sure limiting deviges; regulators, controllets, relief
valves, and other\safety devices, shall be subjected to
systematic periodic inspections and tests, at legst annu-
ally, to detérmine that they are

(a) in‘good mechanical condition

(b)_adequate from the standpoint of capacity|and reli-
ability” of operation for the service in which |they are
employed

(c) set to function at the correct pressure

(d) properly installed and protected fron] foreign
materials or other conditions that might prevent proper
operation

1152.3 Storage Facilities

Storage facilities handling the slurry shall bd
cally inspected, and appropriate records shall
tained.

periodi-
be main-

1152.4 Storage of Combustible Materials

All flammable or combustible materials in quantities
beyond those required for everyday use or other than
those normally used in pump houses shall be|stored a
suitable distance from the pump hoyse. All
aboveground oil or gasoline storage tanks shall be pro-
tected in accordance with ANSI/NFPA 30.

1152.5 Fencing

new girth welds in the carrier pipe shall be radiographed
or inspected by other acceptable nondestructive meth-
ods (visual inspection excepted).

1151.10 Platform Risers

Riser installations shall be visually inspected annually
for physical damage and corrosion in the splash zone
and above. The extent of any observed damage shall be
determined, and, if necessary, the riser installation shall
be repaired or replaced.
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Station, terminal, and storage areas shall be main-
tained in a safe condition and should be fenced and
locked, or attended, for the protection of the property
and the public.

1152.6 Signs

(a) Suitable signs shall be posted to serve as warnings
in hazardous areas.

(b) Classified and high voltage areas shall be ade-
quately marked and isolated.
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(c) Caution signs shall be displayed indicating the
name of the operating company and, where possible,
an emergency telephone contact.

1153 CORROSION-EROSION CONTROL

Control of external corrosion and internal corrosion-
erosion, including tests, inspections, and appropriate
corrective measures, shall be as prescribed in Chapter

1152.6-1156

(a) necessary operational data

(b) pipeline patrol records

(c) corrosion and corrosion-erosion records as
required under para. 1166

(d) leak and break records

(e) records relating to routine or unusual inspections,
such as external or internal line conditions when cutting
line or hot tapping

(f)_pipeline repair records

VIIL

1154 EMERGENCY PLAN

(a) A ritten emergency plan shall be established for
implemgntation in the event of system failures, acci-
dents, of other emergencies, and shall include proce-
dures f¢r prompt and expedient remedial action,
minimizjng property damage, protecting the environ-
ment, and limiting accidental discharge from the piping
system.

(b) The plan shall provide for acquainting and train-
ing of pgrsonnel responsible for the prompt execution
of emergency action. Personnel shall be informed about
charactefistics of the slurry in the piping systems and
the propler practices in the handling of accidental dis-
charge and repair of the facilities.

(c) Pr¢cedures shall cover liaisons with state and local
agencies| for dissemination of information on location
of system facilities and characteristics of the slurry trans-
ported.

(d) Consideration should be given to establishing
commurfication with residents along the piping system
to recognize and report a system emergency to the
appropriate operating company personnel. This could
include pupplying a card, sticker, or-equivalent with
names, dddresses, and telephone numbérs of operating
company personnel to be contacted.

(e) In|the formulation of emetgency procedures for
limiting |accidental discharge‘from the piping system,
the operpting company shall give consideration to

(1) formulating,and placing in operation proce-
dures fof an area cooperative pipeline leak notification
emergency actionsystem between operating companies
having giping.systems in the area

(2) preduction of pipeline pressure by ceasing pump-
ing operations on the piping system. opening the system

1156 QUALIFYING A PIPING SYSTEM FOR™A
HIGHER OPERATING PRESSURE

(a) In the event of up-rating an existing piping syftem
when the higher operating pressure will produce a roop
stress of more than 20% of the spécified minimum yield
strength of the pipe, the following investigative|and
corrective measures shall’be-taken.

(1) The design and previous testing of the piping
system and the matetials and equipment in it shajll be
reviewed to deteérmine that the proposed increage in
maximum steddy state operating pressure is safe|and
in general agréement with the requirements of this CJode.

(2) The'conditions of the piping system shall be
determined by leakage surveys and other field ingpec-
tions,'examination of maintenance and corrosion cohtrol
records, or other suitable means.

(3) Repairs, replacements, or alterations in the
ing system disclosed to be necessary by steps (1)
(2) above shall be made.

(b) The maximum steady state operating pregsure
may be increased after compliance with (a) above|and
one of the following provisions.

(1) The system may be operated at the increpsed
maximum steady state operating pressure if the phyjsical
condition of the piping system as determined by (a)
above indicates that the system is capable of withstand-
ing the desired increased maximum steady dtate
operating pressure in accordance with the depign
requirement of this Code, and the system has previqusly
been tested for a duration and to a pressure equal o or
greater than that required in paras. 1137.4.1(a) and (¢) for
a new piping system for the proposed higher maxithum
steady state operating pressure.

(2) If the physical condition of the piping syftem

as determined hy (n\ above indicates that the abili y of

pip-
and

to delivery storage on either side of the leak site, and
expeditious closing of block valves on both sides of the
leak site

(3) rapid transportation of qualified personnel and
necessary equipment to the leak site

1155 RECORDS

For operation and maintenance purposes, the follow-
ing records shall be properly maintained:
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the system to withstand the increased maximum steady
state operating pressure has not been satisfactorily veri-
fied, or the system has not been previously tested to the
levels required by this Code for a new piping system for
the proposed higher maximum steady state operating
pressure, the system may be operated at the increased
maximum steady state operating pressure if the system
shall successfully withstand the test required by this
Code for a new system to operate under the same condi-
tions.
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(c) In no case shall the maximum steady state
operating pressure of a piping system be raised to a
value higher than the internal design pressure permitted
by this Code for a new piping system constructed of
the same materials. The rate of pressure increase to the
higher maximum allowable steady state operating pres-
sure should be gradual so as to allow sufficient time for
periodic observations of the piping system.

(d) Records of such investigations, work performed,

ASME B31.11-2002

1157 ABANDONING A PIPING SYSTEM

In the event of abandoning a piping system, it is
required that:

(a) facilities to be abandoned in place shall be discon-
nected from all sources of the transported liquid, such
as other pipelines, meter stations, control lines, and other
appurtenances; and

(b) facilities to be abandoned in place shall be purged

and [pressure tests conducted shall be preserved as long
as the facilities involved remain in service.

of the transported liquid and vapor with an.inert mate-
rial and the ends sealed.
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