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Date of Issuance: December 15, 1989

The 1989 Edition of this Code is being issued with an automatic update
service that includes Addenda, Interpretations, and Cases. The next Edition
is scheduled for publication in 1992,

The use of an Addenda allows revisions made in response to public re-
view comments or committee actions to be published on a regular basis;
revisions published in Addenda will become effective 6 months after the
Date of Issuance of the Addenda.

ASME issues written replies to inquiries concerning interpretations of
technical aspects of the Code. The Interpretations are not part of the Code
or the Addenda and are published in a separate supplement.

Periodically certain actions of the ASME B31 Committee will be published
as Cases. While these Cases do not constitute formal revisions of the Code,
they may be used in specifications, or otherwise, as representing consid-
ered opinions of the Committee. The Cases are not part of the Code or the
Addenda and are published in a separate supplement.

The user of the Code will note that metric equivalents of U.S. Customary
units appear in many places in this Code. The values stated in U.S. Custom-
ary units are to be regarded as the standard, unless otherwise agreed be-
tween contracting parties.

ASME is the registered trademark of the American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria
for American National Standards. The Consensus Committee that approved the code or stan-
dard was balanced to assure that.individuals from competent and concerned interests have
had an opportunity to participate. The proposed code or standard was made available for
public review and comment which provides an opportunity for additional public input from
industry, academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device,
or activity.

ASME does not take any position with respect to the validity of any patent rights asserted
in connection with any items mentioned in this document, and does not undertake to insure
anyone utilizing a standard against liability for infringement of any applicable Letters Patent,
nor assume any such liability. Users of a code or standard are expressly advised that determina-
tion of the validity of any such patent rights, and the risk of infringement of such rights, is
entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is.not
to be interpreted as government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations issued in accordance with govern-
ing ASME procedures and policies which preclude the issuance of interpretations by individual
volunteers.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

Copyright © 1989 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All Rights Reserved
Printed in U.S.A.
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FOREWORD

The need for a national code for pressure piping
became increasingly evident from 1915 to 1925. To
meet this need the American Engineering Standards
Committee (later changed to the American Standards
Association) initiated Project B31 in March 1926 at the
request of the American Society of Mechanical Engi-
neers, and with that society as sole sponsor. After sev-
eral years’ work by Sectional Committee B31 and its
Subcommittees, a first edition was published in 1935 as
an American Tentative Standard Code for Pressure
Piping.

A revision of the original tentative Standard was
begun in 1937. Several more years’ effort was given to
securing uniformity between sections and to eliminat-
ing divergent requirements and discrepancies, as well
as to keeping the Code abreast of current developments
in welding technique, stress computations, and refer-

ences to new dimensional and material standards. Dur-

ing this period a new section was added on refrigeration
piping, prepared in cooperation with the American So-
ciety of Refrigeration Engineers and complementing
the American Standard Code for Mechanical Refriger-
ation. This work culminated in the 1942 American
Standard Code for Pressure Piping.

Supplements 1 and 2 of the 1942 Code, which ap-
peared in 1944 and 1947, respectively, introduced new
dimensional and material standards, a new formula for
pipe wall thickness, and more comprehensive require-
ments for instrument and control piping. Shortly after
the 1942 Code was issued, procedures were established
for handling inquiries that require explanation or inter-
pretation of Code requirements, and for publishing
such inquiries and answers in Mechanical Engineering
for the information of all concerned.

Continuing increases in the severity of service condi-
tions, with concurrent developments of new materials
and designs equal to meeting higher requirements, had
pointed to the need by 1948 for more extensive changes
in the Code than could be provided by supplements
alone. The decision was reached by the American Stan-
dards Association and the sponsor to reorganize the
Sectional Committee and its several Subcommittees,
and to invite the various interested bodies to reaffirm

iii

their representatives or to designate new ones. Follow-
ing its reorganization, Sectional Committee B31 made
an intensive review of the 1942 Code, and a revised
Code was approved and published in February 1951
with the designation 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 existing dimensional
standards and material specifications, and the addition
of references to new ones; and

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

Supplement No. 1 to B31.1 was approved and pub-
lished in 1953 as ASA B31.1a-1953. This Supplement
and other approved revisions were included in a new
edition of B31.1 published in 1955 with the designation
ASA B31.1-1955.

A review by B31 Executive and Sectional Commit-
tees in 1955 resulted in a decision to develop and pub-
lish industry sections as separate Code documents of
the American Standard B31 Code for Pressure Piping.
Shortly thereafter, separate Code documents were pre-
pared for each of the then existing piping systems
within the American Standard B31 Code for Pressure
Piping.

The American Standards Association was recon-
stituted as the United States of America Standards In-
stitute in 1966, and as the American National Stan-
dards Institute, Inc., in 1969. The B31 Sectional
Committee was redesignated as American National
Standards Committee B31 Code for Pressure Piping. In
December 1978, American National Standards Com-
mittee B31 was reorganized as the ASME Code for
Pressure Piping B31 Committee, under procedures de-
veloped by the American Society of Mechanical Engi-
neers and accredited by ANSI.

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

Following publication of the 1986 edition, the
B31.11 Section Committee revised the references to
existing dimensional standards and material specifica-

iv

tions 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 ad-
denda to B31.11. Addenda “a” to B31.11 was approved
and published in 1988 as ANSI/ASME B31.11a-1988.
This new edition of B31.11 is an inclusion of the
previously published addenda into the 1986 edition.
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ASME B31.11-1989 Edition
Summary of Changes

Editorial revisions and Errata that were approved after the issuance of Addenda a of the 1986 edition have been
incorporated into the pages of the 1989 Edition. The following Summary of Changes lists the major changes.

Page Location Change
iv Foreword Revised
v—-viii Personnel Revised
15 Para. 1104.3.1(b)(8) Revised
34 Table 1123.1 (1Y Under Pipe, title of ASTM A 134 corrected by Errata

(2) Under Fittings, Valves, and Flanges, titles of ASTM A 216
and ASTM A 217 corrected by Errata

35 Table 1123.1 Under Structural Materials, title of ASTM A 29 corrected by
Errata
36 Table 1123.1 (1) Under Structural Materials, title of ASTM A 507 cor-

rected by Errata

(2) Under Miscellaneous, title of MSS SP-58 corrected by
Errata

ix
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of

-a number of individually published Sections, each an

American National Standard. Hereafter, in this Intro-
duction and in the text of this Code Section B31.11,
where the word “Code” is used without specific identi-
fication, it means this Code Section.

The Code sets forth engineering requirements
deemed necessary 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 Code is not a design handbook; it
does not do away with the need for the designer or for
competent engineering judgment.

To the greatest possible extent, Code requirements
for design are stated in terms of basic design principles
and formulas. These are supplemented as necessary
with specific requirements to assure uniform applica-
tion of principles and to guide selection and application
of piping elements. The Code prohibits designs and
practices known to be unsafe and contains warnings
where caution, but not prohibition, is warranted.

This Code Section includes:

(@) references to acceptable material specifications

and component standards, including dimensional re-
quirements and pressure-temperature ratings;

(b) requirements for design of components and as-
semblies, including pipe supports;

(¢) requirements and data for evaluation and limita-
tion of stresses, reactions, and movements associated
with pressure, temperature changes, and other forces;

(d) guidance and limitations on the selection and
application of materials, components, and joining
methods;

(e) requirements for the fabrication, assembly, and
erection of piping;

(f) requirements for examination, inspection, and
testing of piping;

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

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

It is intended that this Edition of Code Section

xi

B31.11 and any subsequent Addenda not be retroac-
tive. Unless agreement is specifically made between
contracting parties to use another issue, or the regula-
tory body having jurisdiction imposes the use of an-
other issue, the latest Edition and Addenda issued at
least 6 months prior to the original contract date for the
first phase of activity covering a piping system or sys-
tems shall be the governing document for all design,
materials, fabrication, erection, examination, and test-
ing for the piping until the completion of the work and
initial operation.

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

Code users will note that paragraphs in the Code are
not necessarily numbered consecutively. Such discon-
tinuities result from following a common outline, inso-
far as practicable, for all Code Sections. In this way,
corresponding material is correspondingly numbered
in most Code Sections, thus facilitating reference by
those who have occasion to use more than one Section.

The Code is under the direction of ASME Commit-
tee B31, Code for Pressure Piping, which is organized
and operates under procedures of The American Soci-
ety of Mechanical Engineers which have been accred-
ited by the American National Standards Institute. The
Commiittee is a continuing one and keeps all Code Sec-
tions current with new developments in materials, con-
struction, and industrial practice. Addenda are issued
periodically. New editions are published at intervals of

3 to 5 years.

When no Section of the ASME Code for Pressure
Piping specifically covers a piping system, at his discre~
tion the user may select any Section determined to be
generally applicable. However, it is cautioned that sup-
plementary requirements to the Section chosen may be
necessary to provide for a safe piping system for the
intended application. Technical limitations of the vari-
ous Sections, legal requirements, and possible applica-
bility of other Codes or Standards are some of the
factors to be considered by the user in determining the
applicability of any Section of this Code.
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The Committee has established an orderly procedure
to consider requests for interpretation and revision of
Code requirements. To receive consideration, inquiries
must be in writing and must give full particulars (see
Mandatory Appendix covering preparation of techni-
cal 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 clar-
ification or when the reply modifies existing require-
ments of the Code or grants permission to use new
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

xii

need for the requirements covered by the Case. How-
ever, the provisions of a Case may be used after its
expiration or withdrawal, providing the Case was ef-
fective on the original contract date or was adopted
before completion of the 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
has been shown. Materials may be covered by a Case.
Requests for listing shall include evidence of satisfac-
tory usage and specific data to permit establishment of
allowable stresses, maximum and minimum tempera-
ture limits, 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 IT and Section VIII, Division 1, Appendix
B. (To develop usage and gain experience, unlisted ma-
terials may be used in accordance with para. 1123.1.)

Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary, ASME B31
Committee, 345 East 47th Street, New York, NY
10017.
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ASME B31.11-1989 Edition

1100-1100.1.1

CHAPTER 1
SCOPE AND DEFINITIONS

1100 GENERAL STATEMENTS

(a) This Slurry Transportation Piping Systems Code
is one of several sections of the ASME B31 Code for
Pressure Piping. This Section is published as a separate
document for convenience. :

(b) The requirements of this Code are adequate for
safety under conditions normally encountered in the
movement of slurry by pipelines. Requirements for all
abnormal or unusual conditions are not specifically
provided for, nor are all details of engineering and
construction prescribed. All work performed within
the Scope of this Code shall comply with the safety
standards expressed or implied.

(¢) The primary purpose of this Code is to establish
requirements for safe design, construction, inspection,
testing, operation, and maintenance of slurry transpor-
tation piping systems for protection of the general pub-
lic and operating company personnel, as well as for
reasonable protection of the piping system against van-
dalism and accidental damage by others, and reason-
able protection of the environment.

(d) This Code is concerned with employee safety to
the extent that it is affected by basic design, quality of
materials and workmanship, and requirements for con-
struction, inspection, testing, operation, and mainte-
nance of slurry transportation piping systems. Existing
industrial safety regulations pertaining to work areas,
safe work practices, and safety devices are not intended
to be supplanted by this Code.

(e) The designer is cautioned that the Code is not a
design handbook. The Code does not do away with the
need for the engineer or competent engineering judg-
ment. The specific design requirements of the Code
usually revolve around a simplified engineering ap-
proach to a subject. It is intended that a designer capa-
ble of applying more complete and rigorous analysis to
special or unusual problems shall have latitude in the
development of such designs and the evaluation of
complex or combined stresses. In such cases, the de-
signer is responsible for demonstrating the validity of
his approach.
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@ This Code shall not be retroactive, i.e., con-
strued as applying to slurry piping systems installed
before the date of issuance shown on the document
title page, insofar as design, materials, construction,
assembly, inspection, and testing are concerned. It is
intended, however, that the provisions of this Code
shall be applicable, within 6 months after date of issu-
ance, to the relocation, replacement, conversion, and
uprating or other changes in the existing piping sys-
tems; and to the operation, maintenance, and corro-
sion control of new or existing piping systems. After
Code revisions are approved by ASME and ANSI,
they may be used by agreement between contracting
parties beginning with the date of issuance. Revisions
become mandatory or minimum requirements for new
installations 6 months after the date of issuance, ex-
cept for piping installations or components contracted
for or under construction prior to the end of the 6
month period.

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

1100.1 Scope

1100.1.1 This Code prescribes minimum require-
ments for the design, materials, construction, assembly,
inspection, testing, operation, and maintenance of pip-
ing transporting aqueous slurries of nonhazardous ma-
terials, such as coal, mineral ores, concentrates, and
other solid materials, between a slurry processing plant
or terminal and a receiving plant or terminal (see Fig.
1100.1.1). ,

Piping consists of pipe, flanges, bolting, gaskets,
valves, relief devices, fittings, and the pressure contain-
ing parts of other piping components. It also includes
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1100.1.1-1100.2

I' - "I ‘
| Slurry preparation plant, mineral
1 dressing, or other facility or

Transfer line --> transportation mode

| |<— Pipeline terminal

\— Storage facilities

I '4-—- Pump station
Pipeline ~—»»| Storage
-—-':l facilities

Storage ~— Pump station
facilities

]_ Plant facility or
—_ transportation
Pipeline terminal r~ '__J mode

M —— |

GENERAL NOTE:
Facilities indicated by solid lines are within the scope of ASME

B31.11.

FIG. 1100.1.1 SCOPE OF ASME B31.11

hangers and supports, and other equipment items nec-
essary to prevent overstressing the pressure containing
parts. It does not include support structures such as
frames of buildings, stanchions, or foundations, 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;

(c) those aspects of operation and maintenance of
slurry transportation piping systems relating to the
safety and protection of the general public, operating
company personnel, environment, property, and the
piping systems [see paras. 1100(c) and (d)].

1100.,1.2 This Code does not apply to:

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

(b) pressure vessels, heat exchangers, pumps, me-
ters, and other such equipment including internal pip-
ing and connections for piping;

ASME B31,11-1989 Edition

(c¢) piping designed for internal pressures:

(1) ator below 15 psig [103 kPa (gage)] regardless
of temperature;

(2) above 15 psig [103 kPa (gage)] if design tem-
perature is below —20°F (—30°C) or above 250°F
(120°C).

(d) piping within the battery limits of mining opera-
tions, slurry processing plants, other producing facili-
ties, and the receiving plant;

(e) the design and fabrication of proprietary items of
equipment, apparatus, or instruments.

- 1100.2  Definitions

Some of the terms commonly used in the Code are
defined below. !

cast iron — a generic term for the family of high car-
bon-silicon—-iron casting alloys including gray iron,
white iron, malleable iron, and ductile iron

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

defect — an imperfection of suﬁicxent magnitude to
warrant rejection

ductile iron — a gray iron base metal to which an in-
noculant is added to the molten state so that upon
solidification, the graphite is present in the form of
spheres or nodules randomly distributed in a matrix of
ferrite. A minimum tensile strength of 60,000 psi (207
MPa) is required.

engineering design — the detailed design developed
from operating requirements and conforming to Code
requirements, including all necessary drawings and
specifications, governing a piping installation

erosion — destruction of materials by the abrasive ac-
tion of moving fluids, usually accelerated by the pres-
ence of solid particles

erosion corrosion — a corrosion reaction accelerated by
the relative movement of the corrosive fluid and the
metal surface

girth weld — a complete circumferential butt weld join-
ing pipe or components

Imperfection — a discontinuity or irregularity which is
detected by inspection

internal design pressure — internal pressure used in
calculations or analysis for pressure design of a piping
component

1Welding terms which agree with AWS Standard A3.0 are marked
with an asterisk (¥). For welding ferms used in this Code but not
shown here, definitions in accordance with AWS A3.0 apply.
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malleable iron — a cast iron which, after being cast as
white iron, is converted by heat treatment into matrix
of ferrite containing randomly distributed particles of
temper carbon and substantially free from all combined
carbon. A minimum tensile strength of 50,000 psi (345
MPa) is required.

maximum steady state operating pressure — maximum
pressure (sum of static head pressure, pressure required
to overcome friction losses, and any back pressure) at
any point in a piping system when the system is operat-
ing under steady state conditions

operating company — owner or agent currently respon-
sible for the design, construction, inspection, testing,
operation, and maintenance of the piping system

pipe — a tube, usually cylindrical, used for conveying
a fluid or transmitting fluid pressure, normally desig-
nated “pipe” in the applicable specification. It also in-
cludes any similar component designated *“tubing”
used for the same purpose. Types of pipe; according to
the method of manufacture, are defined as follows:

(a) electric resistance welded pipe — pipe produced
in individual lengths or in continuous lengths from
coiled skelp, having a longitudinal or spiral butt joint
wherein coalescence is produced by the heat obtained
from resistance of the pipe to the flow of electric cur-
rent in a circuit of which the pipe is a part, and by the
application of pressure

(b) furnace butt welded pipe, continuous welded pipe
— pipe produced in continuous lengths from coiled
skelp and subsequently cut into individual lengths, hav-
ing its longitudinal butt joint forge welded by the me-
chanical pressure developed in rolling the hot formed
skelp through a set of round pass welding rolls

(c) electric fusion welded pipe — pipe having a lon-
gitudinal or spiral butt joint wherein coalescence is
produced in the preformed tube by manual or auto-
matic electric arc welding. The weld may be single or
double and may be made with or without the use of
filler metal. Spiral welded pipe is also made by the
electric fusion welded process with either a lap joint or
a lockseam joint,

(d) double submerged arc welded pipe — pipe hav-
ing a longitudinal or spiral butt joint produced by at
least two passes, one of which is on the inside of the
pipe. Coalescence is produced by heating with an elec-
tric arc or arcs between the bare metal electrode, or
electrodes, and the work. The welding is shielded by a
blanket of granular, fusible material on the work. Pres-
sure is not used, and filler metal for the inside and
outside welds is obtained from the electrode or elec-
trodes.

1100.2

(e) seamless pipe — pipe produced by piercing a bil-
let followed by rolling or drawing or both

() electric induction welded pipe — pipe, produced
in individual lengths or in continuous lengths from
coiled skelp, having a longitudinal or spiral butt joint
wherein coalescence is produced by the heat obtained
from resistance of the pipe to induced electric current
and by application of pressure

pipe nominal wall thickness — the wall thickness listed
in applicable pipe specifications or dimensional stan-
dards included in this Code by reference. The listed
wall thickness dimension is subject to tolerances as
given in the specification or standard.

Dpipe supporting elements — pipe supporting elements
consist of fixtures and structural attachments as fol-
lows:

(a) fixtures — fixtures include elements which
transfer the load from the pipe or structural attachment
to the supporting structure or equipment. They include
hanging rods, spring hangers, sway braces, counter-
weights, turnbuckles, struts, chains, guides, and an-
chors, and bearing type fixtures, such as saddles, bases,
rollers, brackets, and sliding supports.

(b) structural attachments — structural attach-
ments 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 ex-
pressed in pounds per square inch above atmospheric

pressure, i.e., gage pressure (psig) and the equivalent SI
units

shall — “shall” or “shall not” is used to indicate that
a provision is mandatory

should — “‘should” or “may” or “it is recommended”’

is used to indicate that a provision is not mandatory but
is recommended as good practice

slurry — a two-phase mixture of solid particles in an
aqueous phase

arc welding* — a group of welding processes wherein
coalescence is produced by heating with an electric arc
or arcs, with or without the application of pressure, and
with or without the use of filler metal

automatic welding* — welding with equipment which
performs the entire welding operation without constant
observation and adjustment of the controls by an oper-
ator. The equipment may or may not perform the load-
ing and unloading of the work.

fillet weld* — a weld of approximately triangular cross
section joining two surfaces approximately at right an-
gles to each other in a lap joint, tee joint, or corner joint
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Sull fillet weld* — a fillet weld the size of which is 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 pressure, and
with or without the use of filler metal

gas metal arc welding* — an arc welding process
wherein coalescence is produced by heating with an
electric arc between a filler metal (consumable) elec-
trode 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 some-
times 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 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 equip-
ment which controls only the filler metal feed. The
advance of the welding is manually controlled,
shielded metal arc welding® — an arc welding process
wherein coalescence is produced by heating with an
electric arc between a covered metal electrode and the

ASME B31,11-1989 Edition

work. Shielding is obtained from decomposition of the
electrode covering. Pressure is not used, and filler metal
is obtained from the electrode.

submerged arc welding* — an arc welding process
wherein coalescence is produced by heating with an
electric arc or arcs between a bare metal electrode or
electrodes and the work. The welding is shielded by a
blanket of granular, fusible material on the work. Pres-
sure is not used, and filler metal is obtained from the
electrode and sometimes from a supplementary weld-
ing 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 coa-
lescence is produced by heating to suitable tempera-
tures, with or without the application of pressure, and
with or without the use of filler metal. The filler metal
shall have a melting point approximately the same as
the base metal,

welder* — one who is capable of performing a manual
or semiautomatic welding operation

welder operator* — one who operates machines or au-
tomatic welding equipment

welding procedures* — the detailed methods and prac-

tices, including joint welding procedures, involved in
the production of a weldment
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1101-1101.5.6

CHAPTER II
DESIGN

PART 1
CONDITIONS AND CRITERIA

1101 DESIGN CONDITIONS
1101.1 General

Paragraph 1101 defines the pressures, temperatures,
and varijous forces applicable to the design of slurry
transportation piping systems. It also takes into ac-
count considerations that shall be given to ambient and
mechanical influences and various loadings.

1101.2  Pressure

1101.2.1 Maximum Steady State Operating Pres-
sure. The maximum steady state operating pressure
shall be the sum of the static head pressure, pressure to
overcome friction losses, and any back pressure. Pres-
sure rise above maximum steady state operating pres-
sure due to surges and other variations from normal
operations is allowed in accordance with para.
1102.2.4,

1101.2.2 Internal Design Pressure. The piping com-
ponent at any point in the piping system shall be de-
signed for an internal design pressure that shall not be
less than the maximum steady state operating pressure
at that point and not less than the static head pressure
at that point with the line in a static condition (see para.
1104.1.2). Credit may be given, in the appropriate man-
ner, for hydrostatic external pressure in modifying the
internal design pressure for use in calculations involv-
ing the pressure design of piping components (see para.
1104.1.3).

1101.2.3 External Design Pressure, The piping com-
ponent shall be designed to withstand the maximum
possible differential between external and internal pres-
sures to which the component will be exposed.
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1101.3 Temperature

1101.3.1 Design Temperature Range. The design
temperature range is the range of the material tempera-
ture expected at the pressure boundary wall during
normal operation. Engineers are cautioned to give at-
tention 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
excessive pressure caused by the heating of static 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. Impact forces caused by either ex-
ternal or internal conditions shall be considered in the
design of piping systems.

1101.5.2 Wind. The effect of wind loading shall be
provided for in the design of suspended piping.

1101.5.3 Earthquake. Consideration in the design
shall be given to piping systems located in regions
where earthquakes are known to occur.

1101.5.4 Vibration. Stress resulting from vibration
or resonance shall be considered and provided for in
accordance with accepted engineering practice.

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

1101.5.6 Waves and Currents. The effects of waves
and currents shall be provided for in the design of
pipelines across waterways and offshore.

I nformati on Handl i ng Services,

19¢



ASME B3L.11 89 WM 0759670 007493t 5 1N

1101.6-1102,2.4

1101.6 Weight Effects

The following weight effects combined with loads
and forces from other causes shall be taken into ac-
count in the design of piping that is exposed, sus-
pended, or not supported continuously.

1101,6.1 Live Loads, Live loads include the weight
of the slurry transported and any other extraneous ma-
terials, such as ice or snow, that adhere to the pipe. The
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.

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 com-
ponents, and ancillary equipment (see para. 1163).

1101.10 Other Design Considerations

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

1102 DESIGN CRITERIA
1102,1 General

Paragraph 1102 pertains to ratings, stress criteria,
design allowances, and minimum design values, and
formulates the permissible variations of these factors

ASME B31.,11-1989 Edition

used in the design of slurry transportation piping sys-
tems within the scope of this Code.

The design requirements of this Code are adequate
for public safety under conditions usually encountered
in slurry transportation piping systems within the
scope of this Code, including lines within villages,
towns, cities, and industrial areas. However, the design
engineer shall provide reasonable protection to prevent
damage to the pipeline from unusual external condi-
tions which may be encountered in river crossings, off-
shore and inland coastal water areas, bridges, areas of
heavy traffic, long self-supported spans, unstable
ground, vibration, seismic disturbances, weight of spe-

" cial attachments, or forces resulting from abnormal

thermal conditions. Some of the protective measures
which the design engineer may provide are encasing
with steel pipe of larger diameter, adding concrete pro-
tective coating, increasing the 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 com-
ponents shall be made of materials which are compati-
ble with the slurry in the piping system and shall be
capable of withstanding 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 normal operation, the maximum steady state oper-
ating pressure shall not exceed the pressure-tempera-
ture ratings of the components used.

1102,2.4 Allowance for Variations From Normal
Operations, Surge pressures in a slurry pipeline are
produced by change in the velocity of the moving
stream that results from shutting down of a pump sta-
tion or pumping unit, closing of a valve, or blockage of
the moving stream.

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

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

1102.2.5 Ratings — Considerations for Different
Pressure Conditions. When two lines that operate at
different pressure conditions are connected, the valve
segregating the two lines shall be rated for the more
severe service condition. When a line is connected to a
piece of equipment which operates at a higher pressure
condition than that of the line, the valve segregating the
line from the equipment shall be rated for at least the
operating condition of the equipment. The piping be-
tween the more severe conditions and the valve shall be
designed to withstand the operating conditions of the
equipment 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 de-

sign calculations in para. 1104.1.2 for new pipe of
known specification shall be established as follows:

§ = 0.80 E X specified minimum yield strength of the
pipe, psi

where

0.80 = design factor based on nominal wall thickness.
In setting the design factor, due consideration
has been given to, and allowance has been
made for, the various underthickness and de-
fect tolerances provided for in the specifica-
tions approved by the Code.

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 al-
lowable stresses for reference use in slurry transporta-
tion piping systems.

(b) The allowable stress value S to be used for de-
sign 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).

(¢) The allowable stress value S to be used for de-
sign calculations in para. 1104.1.2 for new or used (re-
claimed) pipe of unknown, or ASTM A 120, specifica-
tion shall be established in accordance with the
limitations in para. 1105.2.1(c) and the following;:

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

1102.2.4-1102.3.2

where ]

0.80 = design factor based on nominal wall thickness.
In setting the design factor, due consideration
has been given to, and allowance has been
made for, the various underthickness and de-
fect tolerances provided for in the specifica-
tions approved by the Code.

E = weld joint factor (see Table 1102.4.3)

(d) The allowable stress value S, to be used for de-
sign calculations in para. 1104.1.2 for pipe which has
been cold worked in order to meet the specified mini-
mum yield strength and is subsequently heated to 600°F
(300°C) or higher (welding excepted), shall be 75% of
the applicable allowable siress value as determined by
para. 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 bearing shall not
exceed 90% of the specified minimum yield strength of
the pipe.

() Allowable tensile and compressive stress values
for materials used in structural supports and restraints
shall not exceed 66% of the specified minimum yield
strength. Allowable stress values in shear and bearing
shall not exceed 45% or 90% of the specified minimum
yield strength, respectively. Steel materials of unknown
specifications may be used for structural supports and
restraints, provided a yield strength of 24,000 psi (165
MPa) or less is used.

(g) In no case where the Code refets to the specified
minimum value of a mechanical property shall a higher
value of the property be used in establishing the allowa-
ble 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), (b), (c), or (d), except as permitted by other
subparagraphs of para. 1102.3.

(b) External Pressure Stresses. Stresses due to exter-
nal pressure shall be considered safe when the wall
thickness of the piping components meets the require-
ments of paras. 1103 and 1104.

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

(d) Additive Longitudinal Stresses. The sum of the
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Table 1102.3.1(a)

TABLE 1102.3.1(a) )
TABULATION OF EXAMPLES OF ALLOWABLE STRESSES FOR REFERENCE USE IN PIPING SYSTEMS WITHIN
THE SCOPE OF THIS CODE

ASME B31.11-1989 Edition

Specified
Min. Yield Weld Allowable Stress Value S,
Spec. Strength, Joint —20°F to 250°F (—30°C to 120°C),
No. Grade psi (MPa) Factor £ psi (MPa)
Seamless
API 5L A25 25,000 (172)- 1.00 20,000 (138)
API 5L, ASTM A 53, A 30,000 (207) 1.00 24,000 (166)
ASTM A 106
API 5L, ASTM A 53, B 35,000 (241) 1.00 28,000 (193)
ASTM A 106
ASTM A 106 C 40,000 (278) 1.00 32,000 (222)
ASTM A 524 I 35,000 (241) 1.00 28,000 (193)
ASTM A 524 11 30,000 (207) 1.00 24,000 (166)
API 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) 1,00 48,000 (330)
API 51 X65 65,000 (448) 1.00 52,000 (258)
API 5L X70 70,000 (482) 1.00 56,000 (386)
API 5LU . uso 80,000 (551) 1.00 64,000 (441) ‘
API 5LU U100 100,000 (689) 1.00 80,000 (551)
Furnace Butt Welded, Continuous Weld
ASTM A 53 . 25,000 (172) 0.60 20,000 (138)
API 5L Classes I and II A25 25,000 (172) 0.60 20,000 (138)
Electric Resistance Welded and Electric Flash Welded
API 51 A25 25,000 (172) 1.00 20,000 (138)
API 5, ASTM A 53, A 30,000 (207) 1.00 24,000 (166)
ASTM A 135
API 5L, ASTM A 53, B 35,000 (241) 1.00 28,000 (193)
ASTM A 135
API 5L X4a2 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) 1.00 48,000 (330)
API 5L X65 65,000 (448) 1.00 52,000 (358)
API 5L X70 70,000 (482) 1.00 56,000 (386)
API 5LU uso 80,000 (551) 1.00 64,000 (441)
API 5LU U100 100,000 (689) 1.00 80,000 (551)
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TABLE 1102.3.1(a) (CONT'D)
TABULATION OF EXAMPLES OF ALLOWABLE STRESSES FOR REFERENCE USE IN PIPING SYSTEMS WITHIN
THE SCOPE OF THIS CODE

Table 1102.3.1(a)

Specified
Min. Yield Weld Allowable Stress Value S,

Spec. Strength, Joint —20°F to 250°F (—30°C to 120°C),

No. Grade psi (MPa) Factor £ psi (MPa) ‘
Electric Fusion 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 (1 1.00 (2)(3)
ASTM A 671 (1) 0.80 (4)
ASTM A 672 ) 1.00 (2)(3)
ASTM A 672 (1) 0.80 (4)
Submerged Arc Welded
API 5L A 30,000 (207) 1.00 24,000 (166)
API 5L B 35,000 (241) 1.00 28,000 (193)
API 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) 1.00 48,000 (330)
API 5L Xé65 65,000 (448) 1.00 52,000 (358)
API 5L X70 70,000 (482) 1.00 56,000 (396)
API 5LU uso 80,000 (551) 1.00 64,000 (441)
API 5L.U U100 100,000 (689) 1.00 80,000 (551)
ASTM A 381 Y35 35,000 (241) 7 1.00 28,000 (1_93)
ASTM A 381 Y42 42,000 (290) 1.00 33,600 (232)
ASTM A 381 Y46 46,000 (317) 1.00 36,800 (254)
ASTM A 381 Y48 48,000 (331) 1.00 38,400 (265)
ASTM A 381 Y50 50,000 (345) 1.00 40,000 (276)
ASTM A 381 Y52 52,000 (358) 1.00 41,600 (286)
ASTM A 381 Y60 60,000 (413) 1.00 48,000 (330)
ASTM A 381 Y65 65,000 (448) 1.00 52,000 (358)

GENERAL NOTES:

(a) Allowable stress values S shown in this Table are e

qual to 0.80 £ (weld joint factor) X specified minimum yield strength of the pipe.

(b) Allowable stress values shown are for new pipe of known specification. Allowable stress values for new pipe of unknown specification, ASTM

A 120, or used (reclaimed) pipe shall be determined in accordance with para. 1102.3.1.

(c) For some Code computations, particularly with regard to branch connections [see para. 1104.3.1(d)(3)1 and expansion, flexibility, structural
attachments, supports, and restraints (Chapter II, Part 5), the weld joint factor £ need not be considered.

(d) For specified minimum yield strength of other 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 be 75% of the value

listed in this Table.

(f) Definitions 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).
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1102.3.2~1104.1.1

TABLE 1102.3.1(a) (CONT'D)
NOTES:

(1) See applicable plate specification for yield strength and refer to para. 1102,3.1 for calculation of S,

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

longitudinal stresses due to pressure, weight, and other
sustained external loadings [see para. 1119.6.4(c)] shall
not exceed 75% of the allowable stress value specified
for S in (c) above. The thickness of pipe used in calcu-
lating longitudinal stresses shall not include allowances
covered in paras. 1102.4.1 and 1102.4.2.

(e) Additive Circumferential Stresses, The sum of
the circumferential stresses due to internal design pres-
sure and external load in pipe installed under railroads
or highways without use of casing [see paras.
1134.13.4(c) and 1151.8(b)] shall not exceed by more
than 15% the applicable allowable stress value S deter-
mined by para. 1102.3.1(a), (b), (c), or (d).

1102.3.3 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the longitudinal stresses
produced by pressure, live and dead loads, and those
produced by occasional loads, such as wind or 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 not sub-
ject to the limitations of para. 1102.3. It is not necessary
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 test.

1102.4 Allowances

1102.4.1 Corrosion and/or Erosion, When corrosion
and/or erosion is expected, an increase in wall thick-
ness of the piping, use of inhibitors, internal linings, or
coatings, and/or other provisions shall be considered.
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 inches) shall be included in
A of Eq. (1) (see para. 1104.1.1) when threaded or
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.

ASME B31.11-1989 Edition

1102.4.5 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 Appendix A.

PART 2
PRESSURE DESIGN OF PIPING
COMPONENTS

1103 CRITERIA FOR PRESSURE DESIGN
OF PIPING COMPONENTS

The design of piping components, considering the
effects of pressure, shall be in accordance with para.
1104, In addition, the design shall provide for dynamic
and weight effects included in para. 1101 and design
criteria in para. 1102.

1104 PRESSURE DESIGN OF
COMPONENTS

1104.1  Straight Pipe

1104.1.1 General

(a) The nominal wall thickness of straight sections
of steel pipe shall be equal to or greater than ¢,, deter-
mined in accordance with Eq. (1):

t, =t+ 4 ¢))

(6) The nomenclature described below is used in the
equations for pressure design of straight pipe.
t, = nominal wall thickness, in. (mm), satisfying
requirements for pressure and allowances
t = pressure design wall thickness as calculated in
accordance with para. 1104.1.2 for internal
pressure, in. (mm). As noted under para.
1102.3.1, in setting 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 specifica-
tions approved by the Code

10
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TABLE 1102.4.3
WELD JOINT FACTOR £

Weld Joint Fa-ctor E

Spec. Pipe Mfd.. Pipe Mfd.
No. Pipe Type (1) Before 1959 After 1958
ASTM A 53 Seamless 1.00 ' 1.00
Electric resistance welded 0.85 (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, 0.80 0.80
single or double pass
ASTM A 135 Electric resistance welded 0.85 (2) 1.00
ASTM A 139 Electric fusion welded, 0.80 0.80
single or double pass
ASTM A 155 Electric fusion welded 0.90 1.00
ASTM A 381 Electric fusion welded, e 1.00

double submerged arc welded

ASTM A 672 Electric fusion welded e 1,00 (3)
API 5L Seamless 1.00 1.00
Electric resistance welded 0.85 (2) 1.00
Electric flash welded 0.85 (2) 1.00
Electric induction welded e 1.00 -
Submerged arc welded . 1.00
Furnace lap welded 0.80 0.80 (4)
Furnace butt welded 0.60 : 0.60
API 51U Seamless “e 1.00
Electric resistance welded e 1.00
Electric flash welded . 1.00
Electric induction welded e 1.00
Submerged arc welded e 1.00
Known Known (5) (6)
Unknown Seamless 1.00 (7) 1.00 (7)
Unknown Electric resistance or flash 0.85 (7) 1.00 (7)
welded
Unknown Electric fusion welded 0.80 (7) 0.80 (7)
Unknown Furnace lap welded or over 0.80 (8) 0.80 (8)
NPS 4
Unknown Furnace butt welded or NPS 4 0.60 (9) 0.60 (9)
and smaller
NOTES:

(1) Definitions for the various pipe types (weld joints) are given in para. 1100.2.
(2) A weld joint factor of 1.0 may be used for electric resistance welded or electric flash welded pipe
manufactured prior to 1959 where:

(a) pipe furnished under this classification has been subjected to supplementai 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,

11
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TABLE 1102.4.3 (CONT'D)

NOTES (CONT’D):

ASME B31.11-1989 Edition

(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.
(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,
(6

~

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,

7

~

known.
(8

=

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

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

A = 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 pro-
tective measure under para. 1102.1

P; = internal design pressure (see para. 1101.2.2),
psi (Pa)

D = nominal outside diameter of pipe, in. (mm)

S = applicable allowable stress value in accordance
with para. 1102.3.1(a), (b), (c), or (d), psi
(MPa)

1104.1.2 Straight Pipe Under Internal Pressure. The
internal pressure design wall thickness ¢ of steel pipe
shall be calculated by Eq. (2):

P;D

f=a5 @

1104.1.3 Straight Pipe Under External Pressure.
Slurry transportation pipelines may be subject to condi-
tions during construction and operation where the ex-
ternal pressure exceeds the internal pressure (e.g., vac-
uum within the pipe or pressure outside the pipe when
submerged). The pipe wall selected shall provide ade-
quate strength to prevent collapse; all appropriate engi-
neering design factors shall be taken into consideration;
including, but not limited to, mechanical properties,
variations in wall thickness permitted by the material
specifications, ellipticity (out-of-roundness), bending
stresses, and external loads.

1104.2

Changes in direction may be made by bending the
pipe in accordance with para. 1106.2.1 or installing

Curved Segments of Pipe

12

factory made bends or elbows in accordance with para.
1106.2.3.

1104.2,1 Pipe Bends, The wall thickness of pipe
before bending shall be determined as for straight 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 Practice.

(b) Steel butt welding elbows shall comply with
ANSI B16.9, ANSI B16.28, or MSS SP-75, and 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

1104.3.1 Branch Connections. Branch connections
may be made by means of tees, crosses, integrally rein-
forced extruded outlet headers, or welded connections,
and shall be designed in accordance with the require-
ments listed in (a) through (e) below. The possibility of
erosion should be considered in slurry 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 com-
ply with ANSI B16.9 or MSS SP-75, and shall have

Intersections
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pressure and 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 material.

(3) Steel buit welding tees and crosses may be
used for all ratios of branch diameter to header diam-
eter, and all ratios of design hoop stress to spec-
ified minimum yield strength of the adjoining header
and branch pipe, provided they comply with (2)
above.

(b) Integrally Reinforced Extruded Outlet Headers

(1) Integrally reinforced extruded outlet headers
may be used for all ratios of branch diameter to header
diameter, and all ratios of design hoop stress to speci-
fied minimum yield strength of the joining header and
branch pipe, provided they comply with (2) through (8)
immediately following.

(2) When the design meets the limitations on ge-
ometry contained herein, the rules established are valid
and meet the intent of the Code. These rules cover
minimum requirements and are selected to assure satis-
factory performance of extruded headers subjected to
pressure. In addition, however, forces and moments are
usually applied to the branch by such agencies as ther-
mal expansion and contraction; vibration; dead weight
of piping, valves, and fittings; covering and contents;
and earth settlement. Consideration shall be given to
the design of extruded headers so that they will with-
stand these forces and moments. In slurry pipelines, the
possibility of erosion should be considered inthe design
of branch connections.

(3) Definition

(a) An extruded outlet header is defined as a
header in which the extruded lip at the outlet has a
height above the surface of the header which is equal
to or greater than the radius of curvature of the exter-
nal contoured portion of the outlet; i.e., 2, > 7,. See
nomenclature and Fig. 1104.3.1(b)(3).

(b) These rules do not apply to any nozzle in
which additional nonintegral material is applied in the
form of rings, pads, or saddles.

{c) These rules apply only to cases where the
axis of the outlet intersects, and is perpendicular to, the
axis of the header.

(4) Nomenclature. The notation used herein is il-
lustrated in Fig. 1104.3.1(b)(3). All dimensions are in
inches (millimeters).

d = outside diameter of branch pipe
d, = internal diameter of branch pipe
D = outside diameter of header
D, = internal diameter of header
D, = internal diameter of extruded outlet measured
at the level of the outside surface of header

f
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h, = height of the extruded lip. This must be equal
to or greater than r,, except as shown in (4)(b)
below.

L = height of the reinforcement zone
= 0.7VdT,

t, = required thickness of the branch pipe accord-
ing to the wall thickness equation [Eq. (2)]

T, = actual nominal wall thickness of branch

t;, = required thickness of the header according to
the wall thickness equation [Eq. (2)]

T, = actual nominal wall thickness of header

T, = finished thickness of extruded outlet measured
at a height equal to », above the outside sur-
face of the header

ry = half-width of reinforcement zone (equal to D,)

r, = radius of curvature of external contoured por-

tion of outlet measured in the plane containing
the axes of the header and branch. This is
subject to the following limitations.

(a) Minimum Radius. This dimension shall
not be less than 0.05d except on branch diame-
ters larger than NPS 30, which need not ex-
ceed 1.50 in. (38 mm).

(b) Maximum Radius. For outlet pipe sizes
NPS 8 and larger, this dimension shall not
exceed 0.10d + 0.50 in. (13 mm). For outlet
pipe sizes less than NPS 8, this dimension shall
not be greater than 1.25 in. (32 mm).

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

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

(5) Required Area. The required area is defined as
A = Kt,D, where K shall be taken as follows.

(a) Where d/D > 0.60, K = 1.00.

(b) Where d/D > 0.15 and < 0.60, K = 0.6
+ (¥4)d/D. :

(¢) Where d/D < 0.15, K = 0.70.

The design must meet the following criteria: The
reinforcement area defined in (6) below is not less than
the required area.

(6) Reinforcement Area. The reinforcement
area shall be the sum of 4, + 4, + A5, as defined
below:

(a) Area A,. The area lying within the rein-
forcement zone resulting from any excess thickness
available in the header wall; i.e.,

Al = Do (Th - th)
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Fig. 1104.3.1(h)(3) ASME B31.11-1989 Edition
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1104.3.1

TABLE 1104.3.1(c)
DESIGN CRITERIA FOR WELDED BRANCH CONNECTIONS

Ratio of Design Hoop

Ratio of Diameter of Hole Cut for

Branch Connection to Nominal Header Diameter

Stress to Specified
Min. Yield Strength
of the Header

25% or Less

More Than 25%

Through 50% More Than 50%

20% or less
More than 20% through 50%

More than 50%

(4)

(2)

(2)

4) (4)(5)

(3) (2) (1)

3) (2) (1)

(b) Area A,. The area lying within the rein-
forcement zone resulting from any excess thickness
available in the branch pipe wall; i.e.,

A4y = 2L (Tp — &)

(c) Area A;. The area lying within the rein-
forcement zone resulting from excess thickness availa-
ble in the extruded outlet lip; i.e.,

Az =2r, (T, — Tp)

(7) Reinforcement of Multiple Openings. The re-
quirements outlined in para. 1104.3.1(e) shall be fol-
lowed, except that the required area and reinforcement
area shall be as given in (5) and (6) above.

(8) The manufacturer shall be responsible for es-
tablishing the design pressure and temperature under
provisions of ASME B31.11, and for marking, as
shown, the design pressure and temperature, and the
manufacturer’s name or trademark, on sections con-
taining extruded outlets:

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

(¢c) Welded Branch Connections. Welded branch
connections 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 minimum requirements listed in Table 1104.3.1(c)
and described by (1), (2), (3), and (4) above. Where
reinforcement is required, (5) and (6) above shall
apply.

(1) Smoothly 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 ex-
tend completely around the circumference of the

15
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header [see Fig. 1104.3.1(c)(1) for typical construc-
tions]. The inside edges of the finished opening shall be
rounded wherever possible to a ¥ in. (3 mm) radius.
If the encircling member 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, and
continuous fillet welds shall be made. Pads, partial sad-
dles, or other types of localized reinforcements are pro-
hibited.

(2) The reinforcement member may be of the
complete encirclement type [see Fig. 1104.3.1(c)(1)],
pad or saddle type [see Fig. 1104.3.1(c)(2)], or welding
outlet fitting type. Where attached to the header by
fillet welding, the edges of the reinforcement member
shall be chamfered (at approximately 45 deg.) down to
a thickness not in excess of the header thickness. The
diameter of the hole cut in the header pipe for a branch
connection shall not exceed the outside diameter of the
branch connection by more than %4 in. (6 mm).

(3) Reinforcement for branch connections with a
hole cut NPS 2 pipe size or smaller is not required [see
Fig. 1104.3.1(c)(3) for typical details]; however, care
shall be taken to provide suitable protection against
vibrations 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 in-
volving pressure over 100 psi (689 kPa), thin wall pipe,
or severe external loads.

(5) If areinforcement member is required, and the
branch diameter is such that a localized type of rein-
forcement member would extend around more than
one-half the circumference of the header, then a com-
plete 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.
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Fig. 1104.3.1(c)(D) ASME B31.11-1989 Edition

Optional weld

LLLAS S S RX T
'»///«ﬁ////ﬂ///.)

These longitudinal
welds may be

located anywhere ! |
around circumference

ik

GENERAL NOTE: GENERAL NOTE:
Since fluid pressure is exerted Provide 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. 1104.3.1(d)(8)].
Tee Type Not required for tee type.
Sleeve Type
N N
N N
N N
Optional weld Optional weld Optional weld N N Optional weld
erniit/ls s § § § 5\\\\\\\\\\\‘ /
rarosRELs ] PSS e

i — - — e — S—— d—

e et o e w—

. ""l’l""l""‘vllll-l-;.l.;;l-lll.l.::' .
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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ASME B31,11-1989 Edition Fig. 1104.3.1(c)(2)

i ' AR URRRNARNIARARR

”~
===

or
Header
Pad
. Same as Fig. Same as Fig.
1104.3.1 {c) (3) 1104.3.1 (c) (3)
or
Header
Saddle
M = nominal wall thickness of pad reinforcement T, = nominal wall thickness of header
member W, {min.) = smaller of T,, M, or 3/8 in. {10 mm)
M, = nominal wall thickness of saddle at branch end W, (max.) = approximately 7,
M, = nominal wall thickness of saddle at header end W, (min.) = smaller of 0.7 T,, 0.7 M, or 1/2 in. (13 mm)
N = 116 in. (1.5 mm) min,, 1/8 in. {3 mm) max., W; (max.) = approximately T,
unless back welded or backing strip is used W; (min.) = smaller of 0.7 T,, 0.7 M,, or 1/2 in. (13 mm)
T, = nominal wall thickness of branch W, (min.) = smaller of T,, M,, or 3/8 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) If the reinforcing 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. 1104.3.1(d)(8)].

FIG. 1104.3.1(c)(2) WELDING DETAILS FOR OPENINGS WITH LOCALIZED TYPE REINFORCEMENT
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Fig. 1104.3.1(c)(3) ASME B31.11-1989 Edition

l«— Branch \ \‘/- Branch
\ ‘I
45 deg. min./.\ \\ w1
N N . \
N \ \ N \ 45 deg. min,
Vid. Y :

N ‘,] L, Header | Header ‘

GENERAL NOTE:
When a weiding saddle is used, it shall be inserted over this type
of connection, See Fig. 1104.3.1(c) (2).

Ty = nominal wall thickness of header
Tp = nominal wall thickness of branch
Wq(min.) = the smaller of T, T}y or 3/8 in. {10 mm).
N = 1/16in. (1.6 mm)} {min.), 1/8 in. (3 mm)} (max.}

unless back welded or backing strip is used

FIG. 1104.3.1(c)(3) WELDING DETAILS FOR OPENINGS WITHOUT REINFORCEMENT OTHER THAN THAT IN
HEADER AND BRANCH WALLS
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(6) The reinforcement shall be designed in ac-
cordance 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
a header or manifold as a series of connections, the
design shall be adequate to control the stress levels in
the pipe within safe limits. The construction shall take
into account the stresses in the remaining pipe wall due
to the opening in the pipe or header, the shear stresses
produced by the pressure acting on the area of the
branch opening, and any external loading due to ther-
mal movement, weight, vibration, etc.; and shall meet
the minimum requirements listed in Table 1104.3,1(c).
The following paragraphs provide design rules based
on stress intensification created by the existence of a
hole in an. otherwise symmetrical section. External
loadings, such as those due to thermal expansion or
unsupported weight of connecting pipe, have not been
evaluated, These factors should be given attention in
unusual designs or under conditions of cyclic loading.

When pipe which has been cold worked to meet the
specified minimum yield strength is used as a header
containing single or multiple welded branch connec-
tions, stresses shall be in accordance with para.
1102.3.1(d).

(2) The reinforcement required in the crotch sec-
tion of a welded branch connection shall be determined
by the rule that the metal area available for reinforce-
ment shall be equal to or greater than the required
cross-sectional area as defined in (3) below and in Fig,
1104.3.1(d)(2).

(3) The required cross-sectional area Ay is de-
fined as follows:

AR = dth

where

d = length of the finished opening in the head-
er wall measured parallel to the axis of the
header .

t, = design header wall thickness required by para.
1104.1.2. For welded pipe, when the branch
does not intersect the longitudinal or spiral
weld of the header, the allowable stress value
for seamless pipe of comparable grade may be
used in determining #, for the purpose of rein-
forcement calculations only, When the branch
does intersect 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 .

19

1104.3.1

(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 minimum required for the header as defined in
para. 1104.1.2) and which lies within the reinforcement
area as defined in para. 1104.3.1(d)(5) below;

(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) below;

(c) the cross-sectional area of all added rein-
forcing 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) below.

(5) The reinforcement area is shown in Fig,
1104.3.1(d)(2) and is defined as a rectangle whose
length shall extend a distance d [see para.
1104.3.1(d)(3)] on each side of the transverse centerline
of the finished opening and whose width shall extend
a distance of 214 times the header wall thickness from
the outside surface of the header wall, except that in no
case shall it extend more than 215 times the thickness
of the branch wall from the outside surface of the

“header or of the reinforcement, 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 allowa-
ble stress may be used if the area is increased in direct
ratio to the allowable stresses for header and reinforce-
ment material, respectively.

(7) The material used for ring or saddle reinforce-

‘ment may be of specifications differing from those of

the pipe, provided the cross-sectional area is made in
correct proportions to the relative strength of the pipe
and reinforcement materials at the operating tempera-
tures, and provided it has welding qualities comparable
to those of the pipe. No credit shall be taken for the
additional strength of material having a higher strength
than that of the part to be reinforced.

(8) When rings or saddles are used which cover
the 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 corrosion between pipe and reinforcing mem-
ber, but no plugging materijal shall be used that would
be capable of sustaining pressure within the crevice.

(9) The use of ribs or gussets shall not be consid-
ered as contributing reinforcement to the branch con-
nection. This does not prohibit the use of ribs or gussets
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Fig. 1104.3.1(d)(2)

T
[ Tb/\/

g tb
L =smaller of 2-1/2 Ty, | fe— g

or2-12Tp + M '

ASME B31.11-1989 Edition

|

_ (/L 4/
“

d - d

“Area of reinforcement” enclosed by
Reinforcement area required A, = dt,

Area available as reinforcement = A, + A, + A,

A =T, - t)d
A =2(T,-t)L

— ———I\ines

T > I-L
~ >

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

where
T, = nominal wall thickness of header
T, = nominal wall thickness of branch

t, = design branch wall thickness required by para. 1104.1.2

t

d = length of the finished opening in the header wall
{measured parallel to the axis of the header)
M = actual (by measurement) or nominal

thickness of added reinforcement

design header wall thickness required by para. 1104.1.2

FIG. 1104.3.1(d)(2) REINFORCEMENT OF BRANCH CONNECTIONS
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for purposes other than reinforcements, such as stiffen-
ing.

(10) The branch shall be attached by a weld for
the full thickness of the branch or header wall plus a
fillet weld W, as shown in Figs. 1104.3.1(c)(2) and
1104.3.1(c)(3). The use of concave fillet welds is pre-
ferred to minimize corner stress concentration. Ring or
saddle reinforcement shall be attached as shown by Fig.
1104.3.1(c)(2). If the reinforcing member is thicker at
its edge than the header, the edge shall be chamfered
(at approximately 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 ac-
curately 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
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 rec-
ommended. '

(e) Reinforcement of Multiple Openings

(1) Two adjacent branches should preferably be
spaced at such a distance that their individual effective
areas of reinforcement do not overlap. When two or
more adjacent branches are spaced at less than two
times their 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 reinforcing metal shall be added as a
combined reinforcement, the strength of which shall
equal the combined strengths of the reinforcements
that would be required for the separate openings. In no
case shall any portion of a cross section be considered
to apply to more than one opening or be evaluated more
than once in a combined area.

(2) When more than two adjacent openings are to
be provided with a combined reinforcement, the mini-
mum distance between centers of any two of these
openings shall preferably be at least 1Y% times their
average diameter, and the area of reinforcement be-
tween them shall be at least equal to 50% of the total
required for these two openings on the cross section
being considered.
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(3) When two adjacent openings as considered
under para. 1104.3.1(¢)(2) have a distance between cen-
ters of less than 1%4 times their average diameter, no
credit 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 specified minimum yield strength is used as a
header containing single or multiple welded branch
connections, stresses shall be in accordance with para.
1102.3.1(d).

(3) Any number of closely spaced adjacent open-
ings, in any arrangement, may be reinforced as if the
group were ireated as one assumed opening of a diame-
ter enclosing all such openings.

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 accord-
ance with para. 1108.1 and the standards listed in Table
1123.1 shall be considered suitable for use at the pres-
sure-temperature 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 ANSI 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.

(c) Where conditions require the use of flanges other
than those covered in para. 1108.1, the flanges shall be
designed in accordance with Appendix II of Section
VIII, Division 1, of the ASME Boiler and Pressure
Vessel Code. ) :

(d) Slip-on flanges of rectangular cross section shall
be so designed that flange thickness is increased to
provide strength equal to that of the corresponding
hubbed slip-on flange covered by ANSI B16.5, as deter-
mined by calculations made in accordance with the
ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1.

1104.6 Reducers

(a) Reducer fittings manufactured in accordance
with ANSI B16.5, ANSI B16.9, or MSS SP-75 shall
have pressure~temperature ratings based on the same

I nformati on Handl i ng Services,

19¢



ASME B31.11 &89 mm 0759L70 0074952 3 W

1104.6-1106.2.1

stress values as were used in establishing the pressure—
temperature limitations for pipe of the same or equiva-
lent material.

(b) Smoothly contoured reducers fabricated to the
same nominal wall thickness and of the same type of
steel as the adjoining pipe shall be considered suitable
for use at the pressure-temperature ratings of the ad-
joining pipe. Seam welds of fabricated reducers shall be
inspected by radiography or other accepted nonde-
structive methods (visual inspection excepted).

(c) Where appropriate, changes in diameter 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 similarly
shaped, proportioned, and sized components has been
proved satisfactory by successful performance under
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 Sec-
tion VIII, Division 1, of the ASME Boiler and Pressure
Vessel Code);

(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.

PART 3
DESIGN APPLICATIONS OF PIPING
COMPONENTS SELECTION AND
LIMITATIONS

1105 PIPE
1105.2 Maetallic Pipe

1105.2.1 Ferrous Pipe

(a) New pipe of the specifications listed in Table
1123.1 may be used in accordance with the design equa-
tion of para. 1104.1.2 [Eq. (2)] subject to the testing
requirements of paras. 1137.1.4, 1137.4.1, and
1137.4.3.

(b) Used pipe of known specification listed in Table
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1123.1 may be used in accordance with the design equa-
tion of para. 1104.1.2 [Eq. (2)] subject to the testing
requirements of paras. 1137.4.1, 1137.6.1, 1137.6.3,
and 1137.6.4.

(c) New or used pipe of unknown, or ASTM A 120,
specification may be used in accordance with the design
equation of para. 1104.1.2 [Eq. (2)] with an allowable
stress value as specified 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 strength is used to establish an allowa-
ble stress value; or para. 1137.4.1, and paras. 1137.6.1
through 1137.6.7, inclusive, if a yield strength above

'24,000 psi (165 MPa) is used to establish an allowable

stress value.

(d) Pipe that has been cold worked in order to meet
the specified minimum yield strength and is subse-
quently heated 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) Coated or Lined Pipe. External or internal coat-
ings or linings of cement, plastics, or other materials
may be used on steel pipe conforming to the require-
ments of this Code. These coatings or linings shall not
be considered as adding strength.

1106 FITTINGS, ELBOWS, BENDS, AND
INTERSECTIONS

1106.1

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
ANSI B16.9, ANSI B16.28, or MSS SP-75.

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

(c) Fittings Exceeding Scope of Standard Sizes. Fit-
tings exceeding scope of standard sizes or otherwise
departing from dimensions listed in the standards re-
ferred to in para. 1106.1.1(a) or 1106.1.1(b) may be
used provided the design meets the requirements of
paras. 1103 and 1104.

Fittings

1106.2

1106.2.1 Bends Made From Pipe

(a) Bends may be made by bending the pipe when
they are designed in accordance with para. 1104.2.1
and made in accordance with para. 1134.7.1.

(b) Except as permitted under para. 1106,2.1(c), the

Bends and Intersections
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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
14 21
16 24
18 27
20 and larger 30

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

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 sizes
NPS 14 and larger to a minimum radius of 18D; how-
ever, bending pipe to radii approaching 18D that will
meet requirements in para. 1134.7.1(b) will be depen-
dent upon wall thickness, ductility, ratio of pipe diame-
ter to wall thickness, use of bending mandrel, and skill
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 than the
minimum permitted by the pipe specification.

1106.2.2 Mitered Bends. In systems intended to op-
erate at a hoop stress of more than 20% of the specified
minimum yield strength of the pipe, miter bends are
prohibited. Miter bends not exceeding 1244 deg. may
be used in systems operated at a hoop stress of 20% or
less 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 1245 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 discon-
tinuities inherent in a mitered bend may cause erosion.

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 fit-
tings shall have approximately the same mechanical
properties and chemical composition as the pipe to
which they are welded.
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(b) If factory made elbows are used in cross-country
lines, 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

Cast, 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 se-
lected in accordance with ANSI B16.5 or ANSI B16.9,
as applicable; MSS SP-75; or smoothly contoured re-
ducers may be designed as provided in para. 1104.6.

1106.4.2 Orange Peel Swages. Orange peel swages
shall not be used.

1106.5 Intersections

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

1106.6  Closures

1106.6.1 Quick Opening Closures. A quick opening
closure is a pressure containing component (see para.
1104.7) used for repeated access to the interior of a
component of a piping system. It is not the intent of this
Code to impose the requirements of a specific design
method on the designer or manufacturer of a quick
opening closure.

Quick opening closures used for pressure contain-
ment under this Code shall have pressure and tempera-
ture ratings equal to or in excess of the design require-
ments of the piping systems to which they are attached.

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 com-
monly referred to as “weld caps” shall be designed and
manufactured according to ANSI B16.9 or MSS SP-75.

1106.6.3 Closure Heads. Closure heads, such as flat,
ellipsoidal (other than in para. 1106.6.2 above), spheri-
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cal, 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 Pres-
sure Vessel Code. The maximum allowable stresses for
materials used in these closure heads shall be estab-
lished under the provisions of para. 1102.3.

- If welds are used in the manufacture of these heads,
they shall be 100% radiographically inspected in ac-
cordance with the provisions of Section VIII, Division
1.

Closure heads shall have pressure and temperature
ratings equal to or in excess of the requirements of para.
1101.2.2. It is not the intent of this Code to extend the
design requirements of Section VIII, Division 1, to
those components which use closure heads as part of a
complete 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, operating at less than 100 psi (689
kPa). Fishtails on pipe larger than NPS 3 are prohib-
ited.

1106.6.5 Blind Flange Closures. Blind flange clo-
sures shall conform to para. 1108,

1106.8

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

Special Fittings and Connections

VALVES

General

1107
1107.1

(a) Steel valves conforming to standards and
specifications listed in Table 1123.1 may be used in the
sizes and for the pressure-temperature ratings estab-
lished in these standards. These valves may contain
certain cast, malleable, or wrought iron parts as pro-
vided for in API 6D.

(b) Cast iron valves conforming to standards and
specifications listed in Table 1123.1 may be used. Care
shall be exercised to prevent excessive mechanical load-
ings (see para. 1108.5.4) as provided in para. 1123.2.4.

(c) Working pressure ratings of the steel parts of
steel valves are applicable within the temperature limi-
tations of —20°F (—30°C) to 250°F (120°C) (see para.
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1101.3.1). Where resilient, rubberlike, or plastic mate-
rials are used for sealing, they shall be capable of with-
standing the fluid, pressures, and temperatures speci-
fied for the piping system.

(d) Valve seats and exposed inner surfaces may be

treated for the specific slurry impingement problems

involved.

1107.8

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.

Special Valves

1108 FLANGES, BLANKS, FLANGE
FACINGS, GASKETS, AND BOLTING
1108.1 Flanges

1108.1.1 General

(a) Flanged connections shall conform to the re-
quirements of paras. 1108.1, 1108.3, 1108.4, and
1108.5.

(b) Steel Flanges Within Scope of Standard Sizes.
Flanges conforming to ANSI 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 correspond to the inside diameter of the pipe
with which they are to be used. See para. 1104.5.1 for
design.

(c) Cast Iron Flanges. Cast iron flanges are prohib-
ited except for those which are an integral part of cast
iron valves, pressure vessels, and other equipment and
proprietary items [see paras. 1107.1(b) and
1123.2.4(b)].

(d) Steel Flanges Exceeding Scope of Standard Sizes.
Flanges exceeding the scope of standard sizes or other-
wise departing from dimensions listed in ANSI B16.5
or MSS SP-44 may be used provided they are designed
in accordance with para. 1104.5.1.

1108.3

1108.3.1 General

(a) Steel or cast iron standard flanges shall have
contact faces in accordance with ANSI B16.5, ANSI
B16.1, and MSS SP-6.

(b) Special flange facings are permissible provided
they are capable of sustaining a hydrostatic test pres-

Flange Facings
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sure equal to 1.5 times rated working pressure. See
para. 1108.5.4 for bolting steel to cast iron flanges.

11084 Gaskets

1108.4.1 General, Gaskets shall be made of material
which is compatible with the slurry in the piping sys-
tem and shall be capable of withstanding the pressures
and temperatures to which they will be subjected in
service.

1108.4.2 Standard Gaskets

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

(b) Metallic gaskets other than ring type or spirally

- wound metal asbestos shall not be used with ANSI

Class 150 or lighter flanges.

(c) The use of metal or metal jacketed asbestos (ei-
ther plain or corrugated) is not limited [except as pro-
vided in para. 1108.4.2(b)] as to pressure, provided that
the gasket material is suitable for the service tempera-
ture. These types of gaskets are recommended for use
with small male and female or small tongue and groove
facings. 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
permitted in ANSI B16.5. This type of gasket may be
used with any of the various flange facings except small
male and female or small tongue and groove.

(e) Rings for ring joints shall be of dimensions estab-
lished in ANSI B16.20. The materials for these rings
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 suit-
able for the temperatures, pressures, fluids, and other
conditions to which they may be subjected.

1108.5 Bolting

1108.5.1 General

(a) Bolts or stud bolts shall extend completely
through the nuts.

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

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

1108.5,3 Bolting for Insulating Flanges, For insulat-
ing flanges, 8 in. (3 mm) undersize bolting may be
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used, provided that alloy steel bolting material in ac-
cordance 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 ANSI Class 150 steel flanges to ANSI Class 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 face; other-
wise, the bolting shall have a maximum tensile strength
no greater than the maximum tensile strength of
ASTM A 307 Grade B. When bolting ANSI Class 300
steel flanges to ANSI 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,
Division 1, of the ASME Boiler and Pressure Vessel
Code.

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). How-
ever, such components and equipment shall be cleaned
and examined; reconditioned, if necessary, to ensure
that they meet all requirements for the intended service
and are sound; and free of defects.

In addition, reuse shall be contingent on identifica-
tion of the specification under which the item was origi-
nally produced. Where the specification cannot be iden-
tified, use of steel shall be restricted to a maximum
allowable operating 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
1111,2  Butt Welds

Butt welded joints shall be in accordance with Chap-
ter V.
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1112 FLANGED JOINTS
11121

Flanged joints shall meet the requirements of para.
1108.

General

1114 THREADED JOINTS
1114.1

All external pipe threads on piping components shall
be taper pipe threads. They shall be line pipe threads
in accordance with API 5B, or NPT threads in accord-
ance with ANSI/ASME B1.20.1. All internal pipe
threads on piping components shall be taper pipe
threads, except for sizes NPS 2 and smaller with design
pressures not exceeding 150 psi (1034 kPa), in which

" case straight threads may be used.

Least nominal wall thickness for threaded pipe shall

be standard wall (see ANSI/ASME B36.10M).

General

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
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 §
EXPANSION, FLEXIBILITY,
STRUCTURAL ATTACHMENTS,
SUPPORTS, AND RESTRAINTS

1119 EXPANSION AND FLEXIBILITY
1119.1

(a) This Code is applicable to both aboveground and
buried piping and covers all classes of materials permit-
ted by this Code. Formal calculations shall be required
where reasonable doubt exists as to the adequate flexi-
bility of the piping.

General
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(b) Piping shall be designed to have sufficient flexi-
bility to accommodate expansion or contraction with-
out causing excessive stresses in the piping material,
excessive bending moments at joints, or excessive forces
or moments at points of connection to equipment or at
anchorage or guide points. Allowable forces and mo-
ments on equipment may be less than for the connected
piping.

(c) Expansion calculations are necessary for buried
lines if significant temperature changes are expected,
such as when the line is to carry a heated slurry, Ther-
mal expansion of buried lines may cause movement at
points where the line terminates, changes in direction,
or changes in size. Unless such movements are re-
strained by suitable anchors, the necessary flexibility
shall be provided.

(d) Bxpansion of aboveground lines may be pre-
vented by anchoring them so that longitudinal expan-
sion, or contraction, due to thermal and pressure
changes is absorbed by direct axial compression or ten-
sion of the pipe, in the same way as for buried piping.
In addition, beam bending stresses shall be included,
and the possible elastic instability of the pipe, and its
supports, due to longitudinal compressive forces, shall
be considered.

1119.5  Flexibility

1119.5.1 Means of Providing Flexibility. Stresses in
pipe induced by movement of piping or connected com-
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

1119.6.1 Coefficient of Thermal Expansion, The lin-
ear coefficient of thermal expansion for carbon and
high strength low alloy steel may be taken as 6.5 X
106 in. / in. / °F for temperatures up to 250°F (11.7
% 10~% mm / mm / °C for temperatures up to 120°C).

Properties

1119.6.2 Modulus of Elasticity. Flexibility calcula-
tions shall be based on the modulus of elasticity of 30
X 108 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 re-
strained, portions of the piping and the aboveground
portions not subject to substantial axial restraint.
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Therefore, different limits on allowable longitudinal ex-
pansion stresses are necessary.

(b) Restrained Lines. The net longitudinal compres-
sive stress due to the combined effects of temperature
rise and slurry pressure shall be computed from the
equation:

St = Ea(Ty, — T1) — vSy,

where

St = longitudinal compressive stress, psi (MPa)

S}, = hoop stress due to slurry pressure, psi (MPa)

T} = temperature at time of installation, °F (°C)

T, = maximum or minimum operating tempera-

ture, °F (°C)

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-
pressive for moderate increases of 7%, and that accord-
ing to the commonly used maximum shear theory of
failure, this compressive stress adds directly to the
hoop stress to increase the equivalent tensile stress
available to cause yielding. As specified in para.
1102.3.2(c), this equivalent tensile stress shall not be
allowed to exceed 90% of the specified minimum yield
strength of the pipe, calculated for nominal pipe wall
thickness. Beam bending stresses shall be included in
the longitudinal stress for those portions of the re-
strained line which are supported aboveground.

(¢) Unrestrained Lines. Stresses due to expansion
for those portions of the piping without substantial
axial restraint shall be combined in accordance with the
following equation:

Sk = stress due to expansion, psi (MPa)
S, = equivalent bending stress, psi (MPa)

=V@EM)? + (,M,)*/ 2

S; = M,/2Z = torsional stress, psi (MPa)

; = bending moment in plane of member (for
members having significant orientation, such
as elbows or tees; for the latter, the moments
in the header and branch portions are to be
considered separately), in.—1b (N - m)

M, = bending moment out of,, or transverse to, plane

of member, in~Ib (N . m)
M, = torsional moment, in.—lb (N - m)
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i; = stress intensification factor under bending in
plane of member [from Fig. 1119.6.4(c)]

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

Z = section modulus of pipe, in.? (mm?)

The maximum computed expansion stress range
— S8 without regard for fluid pressure stress, based on
100% of the expansion, with modulus of elasticity for
the cold condition — shall not exceed the allowable
stress range S 4, where §4 = 0.72 of specified minimum
yield strength as noted in para. 1102.3.2(c).

The sum of the longitudinal stresses due to pressure,
weight, and other sustained external loadings shall not
exceed 0.75S, in accordance with para. 1102.3.2(d).

The sum of the longitudinal stresses produced by
pressure, live and dead loads, and those produced by
occasional loads such as 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
necessary to consider wind and earthquake as occur-
ring concurrently.

As noted in para. 1102.3.3(b), stresses due to test
conditions are not subject to the limitations of para.
1102.3. It is not necessary to consider other occasional
loads, such as wind and earthquake, as occurring con-
currently with the live, dead, and test loads existing at
the time of test.

1119.7  Analysis

1119.7.3 Basic Assumptions and Requirements

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

(b) Calculations shall take into account stress inten-
sification factors found to-exist in components other
than plain straight pipe. Credit may be taken for extra
flexibility of such components. In the absence of more
directly applicable data, the flexibility factors and stress
intensification factors shown in Fig. 1119.6.4(c) may be
used.

(¢) Nominal dimensions of pipe and fittings shall be
used in flexibility calculation.

(d) Calculations of pipe stresses in loops, bends, and
offsets shall be based on the total range from minimum
to maximum temperature normally expected, regard-
less of whether piping is cold sprung or not. In addition
to expansion of the line itself, the linear and angular
movements of the equipment to which it is attached
shall be considered.

(e) Calculations of thermal forces and moments on
anchors and equipment, such as pumps, meters, and
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Factor Factor Characteristic
Description k i () ip (2) h Sketch
£,
i 3,4,5,6,7 K)
Woelding elbow,3:4:9:6: 1.65 0.9 0.76 0" I’
or pipe bend h hH2/3 h2/3 r2
A = Bend radius
& —*"t
C',‘t’se'g S‘;agjf’w 1,652 0.9 0.75 cot 0 ts.
e 9';1' + tan 0) 1676 n2/3 h2/3 2 2 3 r
<r . r
scot 8
R=
2
¥,
i &
Widely spaced 1.52 0.9 0.75 1 4+ cot @ t — N ¥
miter bend,>" /" - ) r
/576 12/3 12/3 2 LY )
s > r{1 + tan 8) T
r{1 +cot9)
R=
2
—v,
Welding tee34 0.9 ' . 4
7517, 0.26 - 4 - ] =7
per ANSI B16.9 ! 07805 + 4.4 r

h2/3 r l

Reinforced tee,3:4.2 , 0.9 (t + %T)5/2
with pad or saddle L 0.75i + 0.26 h2/3 $372 , 7--*— [ ! t
Pad

5
>
"

Unreinforced s 0.9 K3
fabricated tee3.4 ! 078/, + 025 h2/3 | _Tt
FIG. 1119.6.4(c) FLEXIBILITY FACTOR ¥ AND STRESS INTENSIFICATION FACTOR /
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ASME B31.11-1989 Edition - Fig, 1119.6.4(c)
‘ Flexibility Stress ::‘::t'::'f'c“'°" Flexibility
Factor Characteristic
Description k i (1) io {2) h Sketch
Butt welded joint, reducer, . .
R 1 1.0
or welding neck flange
Double welded slip-on 1 1.2

flange

Fillet welded joint (single
welded), or single welded 1 1.3
slip-on flange

Lapped flange (with

ANSI| B16.9 lap-joint stub) 1 1.6
Threaded pipe joint, 1 23
or threaded flange )
Corrugated straight pipe, or 5 25 .

corrugated or creased bend 19

NOTES:

(1) In-plane.

(2) Out-of-plane.

(3) For fittings and miter bends, the flexibility factors & and stress intensification factors 7 in the Table apply to bending in any plane and shall not
be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines in the sketches)
for curved and miter elbows, and to the intersection point for tees. )

(4} The values of & and / can be read directly from Chart A by entering with the characteristic # computed from the equations given, where

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

7 = pad or saddle thickness, in. {mm)

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

& =-miter spacing at centerline

t = nominal wall thickness of: part itself, for elbows and curved or miter bends; matching pipe, for welding tees: run or header, for fabricated
tees {provided that if thickness is greater than that of matching pipe, increased thickness must be maintained for at least one run O.D.
to each side of the branch 0.D.).

0 = one-half angle between adjacent miter axes, deg.

(B) Where flanges are attached to one or both ends, the values of & and / in the Table shall be corrected by the factors C; given below, which can
be read directly from Chart B, entering with the computed 4 : one end flanged, h1/6 > 1. both ends flanged, /3 > 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 introduced 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 values obtained from Table for the pressure effect, divide:

P P 7/3 R 1/3
Flexibility factor & by 1+ 6 7:': (?) (7)

P ’ 65/2 A 2/3
Stress intensification factor / by 1+ 3.26 = (_t) (-;-)

c
where
£, = cold modulus of elasticity

P = gage pressure
(8) Also includes single miter joint.
(9) When T > 1%t use h = 4.06 t/.
(10) Factors shown apply to bending: flexibility factor for torsion equals 0.9.

FIG. 1119.6.4(c) FLEXIBILITY FACTOR & AND STRESS INTENSIFICATION FACTOR / (CONT’D)
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Flexibility factor for

80 |~ elbows k = 1.65/h
60 N >
// Flexibility factor for
40 \ |~ miters k = 1.62/h%
S N e
\ e Stress intensification
< 20 N - |~ factor i = 0.9/h*
5«
&5 16 ™
.g g \ pd < N
53 IS
835 g N
£ 4= N \
2 2 N
‘ﬂ-) @
n

3 \ NN
\\
2 N

1.6 ] \\ \ ‘
1 N

0.02 0.03 0.04 0.06 0.10 0.156 0.2 0.3 04 06 081.0 15 2
Characteristic
Chart A
1.00
fmunt”

0.75 7/

U~ e /

: — T S

8 080 ,\ 3

5 T N e
© 0375 1 End flanged C,; = h

™~ 2 Ends flanged C, = A"

"

0.25
Chart B

FIG. 1119.6.4(c) FLEXIBILITY FACTOR & AND STRESS INTENSIFICATION FACTOR / (CONT’D)
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heat exchangers, shall be based on the difference be-
tween installation temperature and minimum or maxi-
mum anticipated operating temperature, whichever is
greater.

1120 LOADS ON EQUIPMENT

1120.1 General

Forces and moments transmitted to connected
equipment, such as valves, strainers, tanks; pressure
vessels, and pumping machinery, shall be kept within
limits that will prevent damage to equipment.

1121 DESIGN OF PIPE SUPPORTING
ELEMENTS

1121.1  Supports, Braces, and Anchors

(a) Supports shall be designed to support the pipe
without causing excessive local stresses in the pipe and
without imposing excessive axial or lateral friction
forces that might prevent the desired freedom of move-
ment.

(b) Braces and damping devices may be required to
prevent vibration of piping.

(c¢) All attachments to the pipe shall be designed to
minimize the added stresses in the pipe wall because of
the attachment. Nonintegral attachments, such as pipe
clamps and ring girders, are preferred where they will
fulfill the supporting or anchoring functions.

(d) If pipe is designed to operate above 20% of its
allowable stress, all attachments to be welded to the
pipe shall be attached to a cylindrical member com-
pletely encircling the pipe, which shall be welded to the
pipe by full encirclement welds.

31

1119,7.3-1122.6.2

(e) The applicable sections of MSS SP-58 for materi-
als 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

1122,3 Instrument and Other Piping

All instrument and other piping connected to pri-
mary slurry piping and which operates at a pressure
exceeding 15 psi (103 kPa) shall be constructed in ac-
cordance with the provisions of this Code.

1122.6 Pressure Disposal Piping

Pressure disposal or relief piping between the pres-
sure origin point and relief device shall be in accord-
ance with this Code.

1122,6.1 Stop Valves in Piping for Pressure Reliev-
ing Safety Devices. A full area stop valve may be in-
stalled between origin point and relief device, provided
that such valve can be locked or sealed in the open
position. .

1122.6.2 Discharge Piping for Pressure Relieving
Safety Devices, Disposal piping from a relief device
shall be connected to a suitable disposal facility, which
may be a pit, sump, or tank. This disposal piping shall
have no valve between the relief device and disposal
facility unless such valve can be locked or sealed in the
open position.
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1123-1125.4

CHAPTER III
MATERIALS

1123 MATERIALS — GENERAL
REQUIREMENTS

1123,1  Acceptable Materials and Specifications

(a) The materials used shall conform to the specifi-
cations listed in Table 1123.1 or shall meet the require-
ments of this Code for materials not listed. Specific
editions of standards incorporated in this Code by ref-
erence, and the names and addresses of the sponsoring
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. Appen-
dix A will be revised at intervals as needed, and issued
in Addenda to this Code.

‘ (b) Except as otherwise provided in this Code, mate-
rials 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
Committee approval shall be obtained before the mate-
rial may be used.

1123.2 Limitations on Materials

1123,2,1 General

(a) The designer shall give consideration to the sig-
nificance of temperature on the performance of the
material.

(b) The designer shall give consideration to the ef-
fects of corrosion, erosion (see Chapter VIII), and
other deterioration and provide suitable means to miti-
gate deterioration of the materials in service.

1123.2.3 Steel. Steels for pipe are shown in Table
1123.1.
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1123.2.4 Cast Irons

(a) Cast irons, including ductile and malleable, shall
not be used for pressure containing parts in valves in
paras. 1107.1(a) and (b) except as provided in para.
1123.2.4(c).

(b). Cast irons, including ductile and malleable, shall
not be used in pressure vessels and other equipment in
para, 1100.1.2(b) and in proprietary items in para.
1100.1.2(e) except as provided in para. 1123.2.4(c).

(¢) Cast irons including ductile and malleable are
acceptable for use provided the safety of the material
selection is demonstrated by:

(1) an established history of safe operation for
similar parts or items operating under comparable ser-
vice conditions; or

(2) a satisfactory proof test of prototype produc-
tion parts or items under simulated service conditions.

The designer is cautioned to give attention to the
mechanical and impact loadings and low temperature
limitations of cast irons.

1125 MATERIALS APPLIED TO

MISCELLANEOUS PARTS
11253 Gaskets

Limitations on gasket materials are covered in para.
1108.4.

11254 Bolting

Limitations on bolting materials are covered in para.
1108.5. '
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Table 1123.1 ASME B31.11-1989 Edition
TABLE 1123.1
MATERIAL AND DIMENSIONAL STANDARDS
Standard or Specification Designation
Pipe
Welded and Seamless Wrought Steel Pipe . . . . . . oo v i ity it e e e e e e ANSI/ASME B36.10M
Stainless Steel Pipe . . . . .. . L e ANSI/ASME B36.19M

Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless : . . .. oo oo v oo o oo oo .. ASTM A 53
Seamless Carbon Steel Pipe for High-Temperature SErvice . . . . v v v v v o oo e e e e ASTM A 106

Pipe, Steel, Black and Hot-Dipped Zinc-Coated (Galvanized) Welded and Seamless, for Ordinary Uses . ... .. ASTM A 120
Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and OVer) . . .. o v o v v s oo s oo, ASTM A 134
Electric-Resistance-Welded Steel PIpe . . . . . o v vt it e e et e e e ASTM A 135
Efectric-Fusion (Arc)-Welded Steel Pipe (Sizes NPS 4 and Over) . . ... oo oo v os oo, ASTM A 139
Spiral-Welded Steel or Iron Pipe . . . v vt i vt i st i e e e ASTM A 211
Ductile Iron Pressure Pipe . ........... e e e e e e e e e e e e e ASTM A 377
Metal-Arc-Welded Steel Pipe for Use with High-Pressure Transmission Systems . ........ ... .. . ... ASTM A 381
Seamless Carbon Steel Pipe for Atmospheric and Lower Temperatures . . ... ....... .. . .. ..., ASTM A 524
General Requirements for Specialized Carbon and Alloy Steel Pipe .. v i ASTM A 530
Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower Temperatures . .. ................. ASTM A 671
Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate Temperatures . . ............ ASTM A 672
Electric-Fusion-Welded Steel Pipe for High-Pressure Service at High Temperatures . . ... ............ ASTM A 691
Line Pipe (Combination of former API Spec. 5L, 5LS, and 5LX) . ... ... e E e e e e e e e e API 51
Ultra-High Test Heat Treated Line PIPe . . o v v v v v i et et e i e e e e e e e API 5LU
Fittings, Valves, and Flanges .
Cast Iron Pipe Flanges and Flanged FIttings . . . . v ccu v v vt i e et e e oo oo e e, ANSI Blé.1
Cast Iron Threaded Fittings . . . . . . ..ottt it s e e ANSI B16.4
Pipe Flanges and Flanged Fittings . .. . ... ... . it i i, N ANSI Bl6.5
Factory-Made Wrought Steel Buttwelding Fittings « . .. ... ... .o i vt n e e e, ANSI B16.9
Face-to-Face and End-to-End Dimensions of Ferrous Valves . . . .. ... v oo v in oo, ANSI B16.10
Forged Steel Fittings, Socket-Welding and Threaded . . . . . . .. . vt o v s e e ANSI Bl6.11
Ring-Joint Gaskets and Grooves for Steel Pipe Flanges . . . ..o v v v vt v e e i e e e o ANSI B16.20
Nonmetallic Flat Gaskets for Pipe Flanges . . . . .o v v it i s it e e e e e e e ANSI B16.21

Buttwelding Ends . . . . ..o e e ANSI B16.25

............................. ANSI B16.28
Valves — Flanged and Buttwelding End . .. ................. T ST ANSI Bl6.34
- Forgings, Carbon Steel, for Piping Components . . . . . v i ittt it e e e ' ASTM A 105
Gray Iron Castings for Valves, Flanges, and Pipe Fittings . . ... .. .. ... ve oo e ... e e ASTM A 126
Forgings, Carbon Steel, for General-Purpose PIping . . . . . . o v vt ittt e e e e ASTM A 181
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature
SeVICE L ASTM A 182
Steel Castings, Carbon, Suitable for Fusion Welding, for High-Temperature Service ., .. ............. ASTM A 216
Steel Castings, Martensitic Stainless and Alloy, for Pressure Containing Parts, Suitable for High-Temperature
SBIVICE e e ASTM- A 217
Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatures , .. ..... ASTM A 234
34
i i i i i i [«
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TABLE 1123.1 (CONT'D)
MATERIAL AND DIMENSIONAL STANDARDS

Table 1123.1

Standard or Specification

Designation

Fittings, Valves, and Flanges (Cont’d)

Forgings, Carbon and Low-Alloy Steel, Requiring Notch Toughness Testing for Piping Components . .. .. ...
Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures . . ... ... ..o ...

Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service . . . . . ... oo v oo

Cast Iron (Ferritic Nodular) for Valves, Flanges, Fittings, and Other Piping Components (Discontinued —
Replaced by A395) . . . . v i it v i i i . .

...............................

Steel Castings Suitable for Pressure ServiCe & o v v v v v v vt v et e et e e e e e e e

Ductile Iron Castings . v v v v v v i i i e e e e e e e e e e e e e e e

Forgings, Carbon and Alloy Steel, for Pipe Flanges, Fittings, Valves, and Parts for High-Pressure Transmission
Service .

..........................................................

Pipeline Valves, End Closures, Connectors and SWIVEIS . . . .« v v v v v v it i e it e e e et e e et e r s e
Steel Pipe Line Flanges . . v v v i i i ittt i it et e e e e e e e e e e

Steel Castings for Valves, Flanges and Fittings and Other Piping Components
Cast Iron Gate Valves, Flanged and Threaded Ends ... ....... .

Cast Iron Swing Check Valves, Flanged and Threaded Ends
Ball Valves With Flanged or Butt-Welding Ends for General Service
High Test Wrought Welding Fittings . ........... .
Cast Iron Plug Valves

Bolting

Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service
Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Service . ........ N

Carbon Steel Externally Threaded Standard Fasteners . . . . . . i i v vt v it i vt ettt e et e e s e
Alloy Steel Bolting Materials for Low-Temperature Service . . . v v v v v v v v v v b e e e e e e et as o e s e

High-Strength Bolts for Structural Steel Joints . . . v v v v v it v vt eyt e e e e e e e
Quenched and Tempered-Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners . .. ... ......
Quenched and Tempered Steel Bolts and StUS . . v v v v v v v v v it o et et e e e e e e
Heat Treated Steel Structural Bolts, 150 ksi (1035 MPa) Minimum Tensile Strength . . . . ... ... .....

Structural Materials

General Requirements for Rolled Steel Plates, Shapes, Sheet Piling, and Bars for Structural Use
General Requirements for Steel Plates for Pressure Vessels

Structural Steel . . . .. .. i i e e e e e .
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....................

.......................

..............................
.........................
..............................

...................................................

...................

General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought and Cold-Finished . . ... .. s

...............................

ASTM A 350
ASTM A 395

ASTM A 420

ASTM A 445
ASTM A 487

ASTM A 536

ASTM A 694
ASTM A 707

API 6D
MSS SP-44
MSS SP-55
MSS SP-70

MSS SP-71
MSS SP-72
MSS SP-75
MSS SP-78

ASTM A 193
ASTM A 194
ASTM A 307
ASTM A 320

ASTM A 325M
ASTM A 354
ASTM A 449
ASTM A 490

ASTM A 6
ASTM A 20
ASTM A 29
ASTM A 36

ASTM A 225
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Table 1123.1 ASME B31.11-1989 Edition

TABLE 1123.1 (CONT'D)
MATERIAL AND DIMENSIONAL STANDARDS

Standard or Specification Designation

Structural Materials (Cont’d)

High-Strength Low-Alloy Structural Steel . . . . . . . it i ittt it e e e e e e e ASTM A 242
Low and Intermediate Tensile Strength Carbon Steel Plates, Shapes, and Bars . . . . . .o v v v v v v n v v v un ASTM A 283
Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength . . . . . . . . v o v v s v v ... ASTM A 285
High-Strength Structural Steel (Discontinued) . . . . . . . . s ittt it it s et e ASTM A 440
High-Strength Low-Alloy Structural Manganese Vanadium Steel . . . . . v v v vt vt e e e e et e e e e e e ASTM A 441
Pressure Vessel Plates, Carbon Steel, Improved Transition Properties . . v o v v v v v v v o e e e ee s ASTM A 442
General Requirements for Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled . . ... . ... ......... ASTM A 505
Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Rofled, Regular Quality . .. ........ . 'ovvv.... ASTM A 506
Steel Sheet and Strip, Alloy, Hot-Rolled and Cold-Rolled, Drawing Quality . . . .. ... ... v ovv s vnnn. ASTM A 507
High-Yield-Strength, Quenched and Tempered Alloy Steel Plate, Suitable for Welding . . . . . ... ... .. ... - ASTM A 514
Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-Temperature Service . . . . .......... ASTM A 515
Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service . . . . . . v o v v v v w v . ASTM A 516
Pressure Vessel Plates, Alloy Steel, High-Strength, Quenched and Tempered . . . . . .. .. . . oo v v oo s .. ASTM A 517
High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Quality . . . . . v oo v v oo v s on ... ) ASTM A 572
Structural Carbon Steel Plates of Improved Toughness . . . . . .. T ASTM A 573
Steel Bars, Carbon, Merchant Quality, M-Grades . . ......... e e e e e e e e e ASTM A 575
Steel Bars, Carbon, Hot-Wrought, Special Quality .. ......... e e e e e . ASTM A 576
Normalized High-Strength Low-Alloy Structural Steel . . . . ... vttt vt e e e e et ASTM A 633
Steel Bars, Carbon, Merchant Quality, Mechanical Properties . . .. .. .. .. ... 'vevn s nnnnnnn ASTM A 663
Steel Bars, Carbon, Hot-Wrought, Special Quality, Mechanical Properties . . .. . ... .o oo v v n v on.. ASTM A 675

Miscellaneous

Unified Screw Threads ...... e e e e e e e T N ANSI B1.1

Pipe Threads o o o v o e e e e e e e e e e e e e e, ANSI/ASME B1.20.1
Dry Seal Pipe Threads . . . ............. e e e e e e e e e ANSI B1.20.3
Pipe Hangers and Supports — Materials, Design and Manufacture . . .. .. .. ..o v v vt v e v e e, MSS SP-58

GENERAL NOTE:

Specific editions of standards incorporated in this Code by reference, and the names and addresses of the sponsoring 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 revisions will be issued in Addenda to this Code.
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CHAPTER 1V
DIMENSIONAL REQUIREMENTS

1126 DIMENSIONAL REQUIREMENTS
FOR STANDARD AND
NONSTANDARD PIPING
COMPONENTS ‘

1126.1 Standard Piping Components

Certain material specifications listed in Table 1123.1
contain dimensional requirements which are require-
ments of para. 1126. Dimensions of piping components
shall comply with these standards and specifications
unless the provisions of para. 1126.2 are met.

I 1126.2 Nonstandard Piping Components

The dimensions for nonstandard piping components
shall be such as to provide strength and performance
equivalent to standard components or as provided
under para. 1104. Wherever practical, these dimen-
sions shall conform to those of comparable standard
components.

1126.3 Threads

The dimensions of all piping connection threads not
otherwise covered by a governing component standard
or specification shall conform to the requirements of
the applicable standards listed in Table 1123.1 (see
para. 1114.1).

37
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1134-1134.5

CHAPTER V
CONSTRUCTION, WELDING, AND ASSEMBLY

1134 CONSTRUCTION

1134.1 General

New construction and replacements of existing sys-
tems shall be in accordance with the requirements of
this Chapter. Where written specifications are required,
they shall be in sufficient detail to ensure that the re-
quirements of this Code shall be met. Such specifica-
tions shall include specific details on handling of pipe,
equipment, materials, welding, and all construction
factors which contribute to safety and sound engineer-
ing practice. It is not intended herein that all construc-
tion items be covered in full detail, since the specifica-
tion should be all-inclusive. Whether covered
specifically or not, all construction and materials shall
be in accordance with good engineering, safety, and
sound construction methods and techniques.

1134.2 Inspection

The operating company shall make provisions for
suitable inspection of pipeline and related facilities by
qualified inspectors to assure compliance with the con-
struction specifications. Qualification of inspection per-
sonnel and the type and extent of inspection shall be in
accordance with the requirements of para. 1136. Re-
pairs required during new construction shall be in ac-
cordance with paras. 1134.5, 1134.8, and 1161.1.2.

11343  Right of Way

1134.3.1 Location. Right of way should be selected
so as to minimize the probability of encroachment from
future industrial or urban development.

1134.3.2 Construction Requirements. Inconvenience
to the landowner should be held to a minimum, and
safety of the public shall be given prime consideration.

(a) All blasting shall be in accordance with govern-
ing regulations, shall be performed by competent and
qualified personnel, and shall be performed so as to
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provide adequate protection to the general public, live-
stock, 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,

(c) In constructing pipeline crossings of railroads,
highways, streams, lakes, rivers, etc., safety precau-
tions, such as signs, lights, guardrails, etc., shall be
maintained in the interest of public safety. The cross-
ings shall comply with the applicable rules, regulations,
and restrictions of regulatory bodies having jurisdic-
tion. '

1134.3.3 Survey and Marking. The route shall be
surveyed and marked, and such marking shall be main-
tained as long as necessary during construction.

11344 Handling, Hauling, Stringing, and Storing

Care shall be exercised in handling or storing of pipe,
casing, coating materials, valves, fittings, and other ma-
terials to prevent damage. When applicable, railroad or
marine transportation of pipe shall meet the require-
ments of API RP 511, API RP 5L5, and API RP 5L6.
In the event pipe is yard coated or mill coated, adequate
precautions -shall be taken to prevent damage to the
coating when hauling, lifting, and placing on the right
of way. Pipe shall not be allowed to drop and strike
objects which will distort, dent, flatten, gouge, or notch
the pipe or damage the coating, but shall be lifted or
lowered by suitable and safe equipment.

1134.5 Damage to Fabricated Items and Pipe

(a) Fabricated items, such as scraper traps, mani-
folds, volume chambers, etc., shall be inspected before
assembly into the mainline or manifolding, and injuri-
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ous defects shall be repaired in accordance with provi-
-sions of the standard or specifications applicable to
their manufacture.

(b) Pipe shall be inspected before coating and before
assembly into the mainline or manifolding. Distortion,
buckling, denting, flattening, gouging, grooves, or not-
ches, and all harmful defects of this nature shall be
prevented, repaired, or removed as specified herein.

(1) Injurious gouges, grooves, or notches shall be
removed or repaired by the use of welding procedures
prescribed in API 5L and SLU; or by grinding, pro-
vided the resulting wall thickness is not less than that
permitted by the material specification.

(2) When conditions outlined in (1) above 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 per-
mitted in pipelines intended to operate at a hoop stress
of more than 20% of the specified minimum yield
strength of the pipe.

(3) Notches or laminations on pipe ends shall not
be repaired. The damaged end shall be removed as a
cylinder 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
groove) may be defined as a gross disturbance in the
curvature of the pipe wall. A dent containing a stress
concentrator, such as a scratch, gouge, groove, or arc
burn, shall be removed by cutting out the damaged
portion of the pipe as a cylinder.

(6) All dents which affect the curvature of the
pipe at the seam or at any girth weld shall be removed
as in (5) above, All dents that exceed a maximum depth
of Y in. (6 mm) in pipe NPS 12 and smaller or exceed
2% of the nominal pipe diameter in sizes greater than
NPS 12, in pipelines intended to operate at a hoop
stress of more than 20% of the specified minimum yield
strength of the pipe, shall be eliminated. Insert patch-
ing, overlay, or pounding out of dents shall not be
permitted in pipelines intended to operate at a hoop
stress of more than 20% of the specified minimum yield
strength of the pipe.

(7) Buckled pipe shall be replaced as a cylinder.

1134.6  Ditching

(a) Depth of the ditch shall be appropriate for the
route location, surface use of land, terrain features, and
load imposed by roadways and railroads. All buried
pipelines shall be installed below the normal level of
cultivation, and consideration should be given to the
depth of the frost line. A minimum cover not less than
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that shown in Table 1134.6(a) shall be provided except
where the cover provisions of Table 1134.6(a) cannot
be met. Pipe may be installed with less cover if addi-
tional 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.

{¢) Location of underground structures intersecting
the ditch route shall be determined in advance of con-
struction activities to prevent damage to such struc-
tures. A minimum clearance of 12 in. (305 mm) shall
be provided between the outside of any buried pipe or
component and the extremity of any other under-
ground structure, except for:

(1) drainage tile, which shall have a minimum
clearance of 2 in. (51 mm); and
(2) as permitted under para. 1161.1.1(d).

(d) Ditching operations shall follow good pipéline
practice and consideration of public safety. API RP
1102 provides guidance.

1134.7 Bends and Elbows

Changes in direction, including sags or overbends
required to conform to the contour of the ditch, may
be made by bending the pipe or using factory made
bends or elbows. (See limitations in para. 1106.2.)

1134.7.1 Bends Made From Pipe

(a) Bends shall be made from pipe having wall
thicknesses 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 mini-
mum yield strength, wall thicknesses shall be deter-
mined by using the lower stress values in accordance
with para. 1102.3.1(d).

(b) Bends shall be made in such a manner as to
preserve the cross-sectional shape of the pipe, and shall
be free from buckling, cracks, or other evidence of
mechanical damage. The pipe diameter shall not be
reduced at any point by more than 6% of the nominal
diameter, and the completed bend shall pass the speci-
fied sizing pig.

(¢) The minimum radius of field cold bends shall be
as specified in para. 1106.2.1(b).

(d) Tangents approximately 6 ft (1829 mm) in
length 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-
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1134,7.2-1134.8.3

TABLE 1134.6(a)
MINIMUM COVER FOR BURIED PIPELINES

Location

Excavation, in. (mm)

For Rock Excavation
Requiring Blasting
or Removal by
Equivalent Means, in. (mm)

For Normal

Industrial, commercial, and residential areas
River and stream crossings

Drainage ditches at roadways and railroads
Any other area

36 (914) 24 (610)
48 (1219) 18 (457)
36 (914) 24 (610)
30 (762) 18 (457)

tions in para. 1106.2.3, and transverse segments cut
therefrom may be used for changes in direction pro-
vided 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 %16 in. (5§ mm) from that of the pipe, the
fittings 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).

11348 Welding

1134.8.1 General

(a) Scope. Welding herein applies to the arc and gas
welding of pipe joints in both wrought and cast steel
materials as applied in pipelines and connections to
apparatus or equipment. This includes butt joints in the
installation of pipe, valves, flanges, fittings, and other
equipment, and fillet welded joints in pipe branches,
slip-on flanges, etc. It does not apply to the welding of
longitudinal or spiral joints in the manufacture of pipe
and fittings.

(b) Welding Terms. Definitions pertaining to weld-
ing as used in this Code conform to the standard defi-
nitions established by the American Welding Society
and contained in ANSI/AWS A3.0 and API 1104.

(¢c) Safe Practices in Cutting and Welding. Cutting
and welding shall begin only when safe conditions are
indicated.

1134.8.2 Welding Processes and Filler Metal

(a) Welding shall be done by shielded metal arc
welding, submerged arc welding, gas tungsten arc
welding, gas metal arc welding, or oxyacetylene weld-
ing process using a manual, semiautomatic, or auto-
matic welding technique, or a combination of these
techniques.

(b) Filler metal shall comply with the requirements
of API 1104. :

41

1134.8.3 Welding Qualifications

(a) Prior to any welding covered by this Code, a
welding procedure suitable for providing-sound and
ductile welds, and each welder or welding operator,
shall be qualified under API 1104 or Section IX of the
ASME Boiler and Pressure Vessel Code. The qualified
welding procedure shall specify the preheating and
stress relieving practices that are to be followed when
materials or weather conditions make either or both of
them necessary. The welding procedure shall be ad-
hered to during the welding performed under this
Code.

(b) API 1104 and Section IX of the ASME Boiler
and Pressure Vessel Code contain sections entitled Es-
sential Variables which are applicable to welding pro-
cedures 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 exceed-
ing 0.32% (heat analysis) and a carbon equivalent (C
+ ¥4Mn) not exceeding 0.65% (heat analysis) are
considered to come under material grouping P-No. 1.
Alloy steels having weldability characteristics demon-
strated 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 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
ability 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
followed during the qualifying tests shall be recorded in
detail. Records of the tests that establish the qualifica-
tion of a welding procedure shall be retained as long as
that procedure is in use. A record of the qualified weld-
ers, showing the date and results of the tests, shall be
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retained during the construction involved and for 6
months thereafter.

(e) The operating company shall be responsible for
qualification of procedures and welders.

1134.8.4 Welding Standards. All the welding done
under this Code shall be performed under a specifica-
tion which embodies the minimum requirements of
this Code and shall encompass the requirements of
API 1104, except as provided in paras. 1134.8.3(a)
and (b).

1134.8.5 Welding Quality
(a) Inspection Methods

(1) The quality of welding shall be checked by
nondestructive methods or by removing completed
welds as selected and designated by the inspector for
destructive testing,

(2) Nondestructive inspection shall consist of ra-
diographic examination or other acceptable nonde-
structive methods. The method used shall produce in-
dications of defects which can be accurately interpreted
and evaluated, Radiographic examination, when em-
ployed, shall meet requirements under Radiographic
Procedure in API 1104. The welds shall be evaluated
on the basis of para. 1134.8.5(b). Films shall be retained
during the construction involved and for 6 months
thereafter.

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

(4) When the pipeline is to be operated at a hoop
stress of more than 20% of the specified minimum yield
strength of the pipe, a minimum of 10% of each day’s
girth welds, selected at random by the operating com-
pany, shall be inspected by radiographic or other ac-
cepted nondestructive methods (visual inspection ex-
cepted) for 100% of the circumference, except in the
following locations, where 100% of the girth welds
shall be inspected by radiographic or other accepted
nondestructive methods (visual inspection excepted):

(a) within populated areas, such as residential
subdivisions, shopping centers, and designated com-
mercial and industrial areas;

(b) river, lake, and stream crossings within an
area subject to frequent inundation; and river, lake, and
stream crossings on bridges;

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

(d) offshore and inland coastal waters;
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(e) old girth welds in used pipe;
() tie-in girth welds not hydrostatically tested
in accordance with para. 1137.4.1.

(b) Standards of Acceptability. Standards of accept-
ability for inadequate penetration and incomplete fu-
sion, burn-through, slag inclusions, porosity or gas
pockets, cracks, accumulation of discontinuities, and
undercutting, as set forth under Standards of Accept-
ability — Nondestructive Testing in API 1104, are ap-
plicable to the determination of the size and type of
defects located by visual inspection, radiography, or
other nondestructive 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
manual or automatic welding processes. The transition
between ends of unequal thickness may be accom-
plished by taper or welding as shown in Fig.
1134.8.6(a)-(2), or by means of a prefabricated transi-
tion nipple not less than one-half pipe diameter in
length with acceptable joint designs as illustrated in
Fig. 1134.8.6(a)-(1) or as compatible with the welding
system.

(1) Manual, Manually welded joints may be of
the single vee, double vee, or other suitable type of
groove. Joint designs shown in Fig. 1134.8.6(a)~(1) or
applicable combinations of these joint design details are
recommended for ends of equal thickness.

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

(b) Fillet Welds. Fillet welds may be concave to
slightly convex. The size of a fillet weld is stated as a
leg length of the largest inscribed right isosceles trian-
gle as shown in Fig. 1134.8.6(b) covering recommended
attachment details of flanges.

(c) Tack Welds. Tack welding, as for all other weld-
ing, shall be done by qualified welders.

1134.8.7 Removal or Repair of Defects

(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
accordance 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 equiva-

COPYRI GHT 1999 Anerican Soci ety of Mechani cal

Cct ober

28, 1999 08:19:51

Engi neers

I nformati on Handl i ng Services,

19¢



"ASME B31.11 &9 EW 0759670 00

ASME B31.11-1989 Edition

1/16 in. £ 1/32 in. (1.5 mm * 0.75 mm)
1/16

+5 deg.

30 deg. -0 deg.

37-1/2 deg.
+ 2-1/2 deg.

T

.
.

\ 7/8in. \\§
{22 mm) max. \
N TR

.

\\\\
.
{b) Standard End Preparation
of Butt Welding Fittings and
Optional End Preparation of

Pipe 7/8 in. (22 mm) and
Thinner

(a) Standard End Preparation
of Pipe

Standard End Preparations

+ 5 deg. 37-1/2 deg.

30 deg. _ g gog. .-'-\ +2-1/2 deg

\< .

\

(e)

EhAE

4971 7 W

Fig. 1134.8.6(a)~(1)

in. £ 1/32 in. (1.5 mm * 0.76 mm)

v
(Sé‘t;',?,;*s\ N

=F

1/16 in £ 1/32in. (1.6 mm + 0.756 mm)

10 deg. = 1 deg.

Rounded
t> 7/8 in. 37-1/2 deg.
(22 mm) e 221 /2 deg.

{c) Suggested End Preparation,
Pipe and Fittings Over
7/8 in. {22 mm) Thickness

to 37-1/2 deg.
% 2-1/2 deg.

10 deg. + 1 deg.

o o
@ @
T T
n o
+ 1

37-1/2 deg.
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FIG. 1134.8.6(a)-(1) ACCEPTABLE BUTT WELDED JOINT DESIGN FOR EQUAL WALL THICKNESSES
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i i

3/32 in. (2.6 mm) max.

(a) {b) (c)

1/2t max.

I

30 deg. max. to 14 deg. min, (1:4)1

t
() (e)

30 deg. max. to 14 deg. min. {1:4)1

{f) : (g)

NOTES:
(1) No minimum when materials joined have equal yield strength [see General Note {f)].
(2) Maximum thickness tp for design purposes shall not be greater than 1.6t

FIG. 1134.8.6(a)-(2) ACCEPTABLE BUTT WELDED JOINT DESIGN FOR UNEQUAL WALL THICKNESSES
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GENERAL NOTES:

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

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

{(c) When the specified minimum vyield 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.

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

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

{f) For joining pipes of unequal wall thicknesses and equal specified minimum yield strengths, the rules given herein apply, except there is no .

minimum angle limit to the taper.
{g) Excessive root pass penetration and other internal surface irregularities should be minimized, as they are turbulence inducers which can
cause accelerated downstream localized erosion, particularly in abrasive slurry systems {see para. 1101.9).

INTERNAL DIAMETERS UNEQUAL .

(1) If the nominal wall thicknesses of the adjoining pipe ends do not vary more than 3/32 in. (2.5 mm), no special treatment is necessary provided
full penetration and bond is accomplished in welding. See sketch (a).

(2) Where the nominal internal offset is more than 3/32 in. (2.5 mm) and there is no access to the inside of the pipe for welding, the transition
shall be made by a taper cut on the inside end of the thicker pipe. See sketch (b). 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
3/32 in. (2.6 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 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-haif 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}].

EXTERNAL DIAMETERS UNEQUAL

{5) 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
{e)]. provided the angle of rise of the weld surface does not exceed 30 deg. and both bevel edges are properly fused.

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

INTERNAL AND EXTERNAL DIAMETERS UNEQUAL

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

FIG. 1134.8.6(a)-(2) ACCEPTABLE BUTT WELDED JOINT DESIGN FOR UNEQUAL WALL THICKNESSES (CONT'D)

lent (C + ¥%4Mn) in excess of 0.65% (heat analysis) the required temperature is obtained prior to, and
shall be preheated. Preheating may also be required for maintained during, the welding operation.
steels having lower carbon or carbon equivalent when
conditions exist that either limit the welding technique 1134.8.9 Stress Relieving
that can be used, or tend to adversely affect the quality (a) Welds in all carbon steels shall be stress relieved
of the weld. Interpass temperature control may also be when the wall thickness exceeds 1}4 in. (32 mm).
required, whereby the base material is maintained at a Welds in carbon steels in thickness above 1% in. (32
specified temperature for the fusing of beads other than mm) up to and including 115 in. (38 mm) may be
the stringer bead. exempted from stress relieving if a minimum preheat-

(b) When welding dissimilar materials having differ- ing temperature of 200°F (93°C) is used. When the
ent preheating requirements, the material requiring the welded joint connects parts that are of different thick-
higher preheat shall govern. nesses but of similar materials, the thickness to be used

(c) Preheating may be accomplished by any suitable to determine the stress relieving requirements shall be
method, provided that it is uniform and that the tem- the thicker of the two parts joined; or in the case of
perature does not fall below the prescribed minimum branch connections or slip-on flanges, the thickness of
during the actual welding operations. the pipe or header.

(d) The preheating temperature shall be checked by (b) In welds between dissimilar materials, if either
the use of temperature indicating crayons, thermocou- material requires stress relieving, the joint shall require

‘ ple pyrometers, or other suitable method to assure that stress relieving.
45
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(1) Lap Joint Flange {2) Weld Neck Flange
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(or t if preferred) "-

Front and back weld Front and back weld

1/2 in. {13 mm) max.

(3) Slip-on Flange {4) Slip-on Flange

Theoretical |/

throat 7
I

Theoretical { I_ » l

throat Size of weld

Size of weld |

(5) Convex Fillet Weld (6) Concave Fillet Weld

FIG. 1134.8.6(b) RECOMMENDED ATTACHMENT DETAILS OF FLANGES
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11349 Tie-In

Gaps left in the continuous line construction at such
points as river, canal, highway, or railroad crossings
require special consideration for alignment and weld-
ing. Sufficient equipment shall be available and care
exercised not to force or strain the pipe to proper align-
ment.

1134.10 Installation of Pipe in the Ditch

It is very important that stresses induced into the
pipeline by construction be minimized. The pipe shall
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 advis-
able,

1134.11 Backfilling

Backfilling shall be performed in a manner that pro-
vides firm support of the pipe. When there are large
rocks in the backfill material, care shall be exercised to
prevent damage to the pipe and coating by such means
as the use of a rock shield material, or by filling initially
with a rock-free material sufficient to prevent rock
damage. Where the ditch is flooded, care shall be exer-
cised so that the pipe is not floated from the bottom of
the ditch prior to backfill completion.

1134.12 Restoration of Right of Way and Cleanup

These operations shall follow good construction
practices 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
such crossings. The design shall employ sound engi-
neering and good pipeline practice with minimum haz-
ard to the facility and due consideration of public
safety. Construction shall be so organized as to result

in minimal interference with traffic or the activities of

adjacent property owners.

1134.13.1 Water Crossings, Crossings of rivers,
streams, lakes, and inland bodies of water are individ-
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ual problems, and the designer shall investigate compo-
sition 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
factors both in design and in construction. Where re-
quired, detailed plans and specifications shall be pre-
pared that take into account these and any special con-
siderations or limitations imposed by the regulatory
body involved.

(a) Underwater Construction. Plans and specifica-
tions shall describe the position of the line showing
relationship of the pipeline to the natural bottom and
the depth below mean low water level when applicable.
To meet the conditions set out in para. 1134.13.1,
heavier wall pipe may be specified. Approach and po-
sition of the line in the banks is important, as is the
position of the line across the bottom. Special consid-
eration shall be given to depth of cover and other
means of protecting the pipeline in a surf zone. Spe-
cial consideration shall be given to protective coating,
the use of concrete jacketing, or the application of
river weights. Complete inspection shall be provided.
Precautions shall be taken during construction to
limit stress below the level that would produce buck-
ling or collapse due to out-of-roundness of the com-
pleted pipeline.

1134.13.2 Overhead Structures. Overhead structures
used to suspend pipelines shall be designed and con-
structed on the basis of sound engineering and within
the restrictions or regulations of the governing body
having jurisdiction. Detailed plans and specifications
shall be prepared where required, and adequate inspec-
tion shall be provided to assure complete adherence
thereto.

1134.13.3 Bridge Attachments. Special requirements
are involved in this type of crossing. The use of higher
strength lightweight steel pipe, proper design and in-
stallation of hangers, and special protection to prevent
damage by the elements, bridge, and approach traffic
shall be considered. Any agreed upon restrictions or

precautions shall be contained in the detailed specifica- -

tions. Inspectors shall assure themselves that these re-
quirements are met.

1134.13.4 Railroad and Highway Crossings

(a) The safety of the general public and the preven-
tion of damage to the pipeline by reason of its location
are primary considerations. The great variety of such
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crossings precludes standard design. The construction
specifications shall cover the procedure for such cross-
ings, based upon the requirements of the specific loca-
tion.

(b) 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, coated carrier pipe
shall be independently supported outside each end of
the casing and insulated from the casing throughout
the cased section, and casing ends shall be sealed using
a durable, electrically nonconductive material.

(¢) The sum of the circumferential stresses due to
internal design pressure and external load in pipe in-
stalled under railroads or highways without use of cas-
ing shall not exceed the allowable circumferential
stresses noted in para. 1102.3.2(e).

Offshore and Inland Coastal Water
Construction

1134.14

Plans and specifications shall describe alignment of
the pipeline, depth below mean water level, and depth
below bottom if ditched. Special consideration shall be
given to depth of cover and other means of protecting
the pipeline in the surf zone. Consideration shall be
given to use of weight coating(s), anchors, or other
means of maintaining position of the pipe under antici-
pated conditions of buoyance and water motion. Com-
plete construction inspection shall be provided. Precau-
tions shall be taken during construction to limit stress
below the level that would produce buckling or collapse
due to out-of-roundness of the completed pipeline. API
RP 1111 may be used as a guide.

1134.15

1134.15.1 General

(a) Installation of block and isolating valves shall be
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 operat-
ing device to open or close the valve is provided, it shall
be protected and be accessible only to authorized per-
sons.

(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,

(d) Valves shall be marked or spotted by survey
techniques to facilitate quick location when operation
is required.

Block and Isolating Valves
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1134.15,2 Mainline Valves

(a) Mainline block valves shall be installed on the
upstream side of major river crossings and public water
supply reservoirs. Either a block or check valve shall be
installed on the downstream side of major river cross-
ings and public water supply reservoirs.

(b) Mainline block valves should be installed as re-
quired 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
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
coating should include the attachments.

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 appropri-
ate sections of this Code.

(b) Scraper traps on mainline terminations and tied
into connection piping or manifolding shall be an-
chored below ground with adequate concrete anchors
when required and suitably supported above ground to
prevent 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-
tion for the protection of the pipeline, the public, and
persons performing work in the area shall be installed
over each line on each side of a public road, railroad,
and navigable water crossing. Markers are not required
for pipelines offshore. API RP 1109 may be used for
guidance.

1134.19 Corrosion-Erosion Control

Protection of ferrous pipe and components from ex-
ternal corrosion and internal corrosion—erosion shall be
as prescribed in Chapter VIIL
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1134.20 Pump Station and Terminal Construction

1134.20.1 General. All construction work performed
on pump stations, terminals, equipment installations,
piping, and allied facilities shall be done under con-
struction specifications. Such specifications shall cover
all phases of the work under contract and shall be in
sufficient detail to ensure that the requirements of this
Code shall be met. Such specifications shall include
specific details on soil conditions, foundations and con-
crete work, steel fabrication and building erection, pip-
ing, welding, equipment and materials, and all con-
struction factors contributing to safety and sound
engineering practice.

1134.20,2 Location. Pump stations and terminals
should be located on the pipeline owner’s fee or leased
property to assure that proper safety precautions may
be applied. Sufficient open space shall be provided for
access of maintenance and safety equipment. The sta-
tion or terminal should be fenced in such a manner as
to minimize trespass. Roadways and gates should be
located to give ready ingress to and egress from the
facilities.

1134.20.3 Building Installation. Buildings shall be
located and constructed to comply with detailed plans
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
workmanlike manner. Inspection shall be provided to
assure that the requirements of the plans and specifica-
tions 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
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.

1134.20.5 Pump Station and Terminal Piping. All
piping, including, but not limited to, main unit inter-
connections, manifolds, scraper traps, etc., which can
be subject to the mainline pressure shall be constructed
in accordance with this Code.
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1134.20.6 Controls and Protective Equipment. Pres-
sure controls and protective equipment, including pres-
sure limiting devices, regulators, controllers, relief
valves, and other safety devices, as shown on the draw-
ings or required by the specifications, shall be installed
by competent and skilled workmen. Installation shall
be accomplished with careful handling and minimum
exposure of instruments and devices to inclement
weather conditions, dust, or dirt to prevent damage.
Also, piping, conduits, or mounting brackets shall not
cause the instruments or devices to be distorted or to
be in any strain. Instruments and devices shall be in-
stalled so that they can be checked without undue inter-
ruptions in operations. After installation, controls and
protective equipment shall be tested under conditions
approximating actual operations to assure their proper
functioning.

1134.20.7 Fire Protection. Fire protection, when
provided, shall be in accordance with good engineering
practice. If the system installed requires the services of
fire pumps, their motive power shall be separate from
the station power so that their operations will not be
affected by emergency shutdown facilities.

1134.21 Tankage and Holding Ponds

1134.21.1 General, All construction work performed
on storage, holding ponds, and working tankage, and
allied equipment, piping, and facilities shall be done
under construction specifications. Such specifications
shall cover all phases of the work under contract and
shall be in sufficient detail to ensure that the require-
ments of the Code shall be met. Such specifications
shall include specific details on soil conditions, founda-
tions and concrete work, tank fabrication and erection,
piping, welding, equipment and materials, dikes, and
all construction factors contributing to safety and
sound engineering 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
the holding pond or tankage facilities and associated
equipment to provide access for maintenance and area
cleanup. The entire facility should be fenced to mini-
mize 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: ANSI/API 650,
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API 12-D, API 12-F, or AWWA D100. Alternatively,
such tanks shall be designed and constructed in accord-
ance with other accepted good engineering practices.
Provisions should be made to contain possible slurry
spills.

1134.21.4 Foundations. Tank foundations shall be
constructed in accordance with plans and specifications
which shall take into account local soil conditions, type
of tank, usage, and general locations.

1134.21.5 Holding Ponds

(a) When required, holding ponds shall be con-
structed to plans and specifications and shall be of suf-
ficient size to contain slurry discharged during normal
and emergency operating conditions.

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

1134.22 Electrical Installations

1134.22.1 General. Electrical installations for light-
ing, power, and control shall be covered by detailed
plans and specifications, and installations shall be in
accordance with codes applicable to the specific type of
circuitry and classification of areas for electrical instal-
lation. Inspection shall be provided and all circuitry
shall be tested before operation to assure that the instal-
lation was made in workmanlike manner and to pro-
vide for the continuing safety of personnel and equip-
ment. Installations shall be made in accordance with
ANSI/NFPA 70.

1134.22.2 Care and Handling of Materials. All elec-
trical equipment and instruments shall be carefully
handled and properly stored or enclosed to prevent
damage, deterioration, or contamination during con-
struction. Packaged components are not to be ex-
posed until installation. Equipment susceptible to
damage or deterioration by exposure to humidity
shall be adequately 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
specifications shall give consideration to the need for
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dust- and/or moisture-proof enclosures for such special
gear as relays, small switches, and electronic compo-
nents. 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
the slurry being measured.

(b) Access to metering facilities should be restricted
to authorized personnel.

(c) Assembly of the metering facility components
shall be in accordance with para., 1135.

1135 ASSEMBLY OF PIPING
COMPONENTS

1135.1 General

The assembly of the various piping components,
whether done in a shop or as a field erection, shall be
done so that the completely erected piping conforms
with the requirements of this Code and with the specific
requirements 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 prac-
ticable. Alignment and tightening shall not result in
excessive stress in adjacent piping.

(b) In bolting gasketed flanged joints, the gasket
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

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

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

(¢) All valves and fittings on pumping units shall

Pumping Unit Piping
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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,

11354 Manifolds

(@) All components within a manifold assembly, in-
cluding valves, flanges, fittings, headers, and special

assemblies, shall be capable of withstanding design

pressures specified for the installation.

(b) Pressure containing meter and scraper trap as-
semblies shall be subject to the same assembly require-
ments 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
multiple outlets may be assembled with the use of jigs
to assure alignment of outlets and flanges with other
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components, The fabricated unit shall be stress relieved
before removal from the jig.

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

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

() 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 aux-
iliary components shall be assembled in a workmanlike
manner and in accordance with the applicable code.

(b) All welded auxiliary lines shall be assembled in
accordance with the requirements of this Code with
special provisions, as required, for assembly to mini-
mize stresses, and for adequate support or restraint to
minimize vibration.
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1136-1136.5.1

CHAPTER VI
INSPECTION AND TESTING

1136 INSPECTION

1136.1 General

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

1136.2

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

(a) right of way and grading;

(b) use of explosives;

(c) ditching;

(d) road and railroad casings and crossings;

(¢) pipe and material handling;

(f bending;

(g) line up and pipe surface inspection;

(h) welding;

(i) coating;

() tie-in and lowering;

(k) backfilling and clean up;

(1) pressure testing;

(m) special services for testing and inspection of
facilities, such as station construction, river crossings,
electrical installation, radiography, corrosion control,
double jointing, etc., as may be required.

Qualification of Inspectors

1136.5 Type and Extent of Examination Required

1136,5.1 Visual
(a) Material
(1) Al piping components shall be visually in-
spected to ensure that no mechanical damage has oc-
curred during shipment and handling prior to being
connected into the piping system.

53

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 im-
pair 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 ensure proper placement of pipe. Permanent records
shall be kept showing the location as installed of each
material specification and grade, type, pipe size, wall
thickness, and manufacturer of the pipe.

(b) Construction

(1) Visual inspection for detection of surface de-
fects in the pipe shall be provided for each job just
ahead of any coating operation and during the lower-
ing-in and backfill operation.

(2) The pipe swabbing operation to provide a
clean surface inside the pipe shall be inspected for
thoroughness.

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

(4) All welding operations shall be inspected to
verify that welding is being performed in accordance
with established welding procedures.

(3) The stringer bead shall be inspected, particu-
larly for cracks, before subsequent beads are applied.

(6) The completed weld shall be cleaned and in-
spected prior to coating operations, and irregularities
that could protrude through the pipe coating shall be
removed. .

(7) When the pipe is coated, inspection shall be
made to determine that the coating machine does not
cause harmful gouges or grooves in the pipe surface.

(8) Lacerations of the pipe coating shall be in-
spected prior to repair of the coating to see if the pipe
surface has been damaged. Damaged coating and pipe
shall be repaired before the pipe is lowered in the ditch.
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(9) All repairs, changes, or replacements shall be
inspected before they are covered up.

(10) The condition of the ditch shall be in-
spected before the pipe is lowered in to assure proper
depth and protection of pipe and coating. Where a
ditch is required for offshore, the condition of the
ditch and the fit of the pipe to the ditch shall be in-
spected, if feasible.

(11) The fit of pipe to ditch shall be inspected
before the backfilling operations. For pipelines off-
shore, the backfill shall be inspected, if feasible.

(12) Except for pipelines offshore, the backfill op-
eration 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 in-
stallation to determine that the carrier pipe is sup-
ported, sealed, and insulated from the casing.

(14) River crossings shall have thorough inspec-
tion, and shall be surveyed and profiled after construc-
tion.

(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
verify use of proper pipe handling techniques and that
the pipe is not being damaged.

(17) When explosives are used during grading
and ditching operations, inspections shall be made to
verify use of proper techniques and maintenance of
records.

(18) The bending operations shall be inspected to
verify that 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) Field and shop welds shall be tested in accord-
ance with para. 1134.8.5.

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

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

1136.6 Repair of Defects

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

(b) Welding defects shall be repaired in accordance
with para. 1134.8.7.

(c) Holidays or other damage to coating shall bc
repaired and reinspected.
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TESTING

General

1137
11371

(a) In order to meet the requirements of this Code,
it is necessary that tests be made upon the completed
system and 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 specifi-
cations, they shall be considered as a part of this
Code.

(b) Should leaks occur on tests, the line section or
component part shall be repaired or replaced and re-
tested in accordance with this Code.

1137.1.3 Testing of Fabricated Items

(a) Fabricated items, such as scraper traps, mani-
folds, 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
separately 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

(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
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 case shall the test
pressure exceed that stipulated in the standards or
specifications (except pipe) incorporated in this Code
by reference and listed in Table 1123.1 for the weakest
element in the system, or portion of system, being
tested.

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

(b) Testing Tie-Ins. Because it is sometimes neces-
sary to divide a pipeline into test sections and install
test heads, connecting piping, and other necessary ap-
purtenances for testing, or to install a pretested replace-
ment section, it is not required that tie-in welds be
tested; however, tie-in welds and girth welds joining
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lengths of pretested pipe shall be inspected by radio-
graphic or other accepted nondestructive methods in
accordance with para. 1134.8.5(a)(4) if the system is
not pressure tested after tie-in. After such inspection,
the joint shall be coated and inspected in accordance
with para. 1161.1.2 before backfilling.

(c) Testing Controls and Protective Equipment. All
controls and protective equipment, including pressure
limiting devices, regulators, controllers, relief valves,
and other safety devices, shall be tested to determine
that they are in good mechanical condition; of adequate
capacity, effectiveness, and reliability of operation for
the service in which they are employed; functioning 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 nonhazard-
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 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 por-
tions of piping systems where all of the pressured com-
ponents 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 replace-
ment sections.

(2) On those portions of piping systems not visu-
ally inspected while under test, the proof test shall be
followed by a leak test equivalent to not less than 1.1
times the internal design pressure for not less than
another 4 hr.

(6) API RP 1110 may be used for guidance for the
hydrostatic test.

(c) If the testing medium in the system will be sub-
ject to thermal expansions during the test, provisions
shall be made for relief of excess pressure. Effects of
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temperature changes shall be taken into account when

interpretations are made of recorded test pressures.
(d) After completion of the hydrostatic test, it is

important in cold weather that the lines, valves, and

fittings be drained completely of any water to avoid -

damage due to freezing.

1137.4.3 Leak Testing, A 1 hr hydrostatic or pneu-
matic leak test may be used for piping systems to be
operated at a hoop stress of 20% or less of the speci-
fied minimum yield strength of the pipe. The hydro-
static test pressure shall be not less than 1.25 times
the internal design pressure. The pneumatic test
gauge pressure shall be 100 psi (689 kPa) or that pres-
sure which would produce a nominal hoop stress of
25% of the specified minimum yield strength of the
pipe, whichever is less.

1137.6  Qualification Tests

Where tests are required by other sections of this
Code, 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,
1136.5.1.

1137.6.2 Bending Properties

() For pipe of unknown specification or ASTM A
120, bending properties are required if minimum yield
strength used for design is above 24,000 psi (165 MPa)
and after the type of joint has been identified in accord-
ance 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, API
5L, or API 5LU.

(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.

1137.6.3 Determination of Wall Thickness. When a '

nominal wall thickness is not known, it shall be deter-
mined by measuring the thickness at quarter points on
one end of each piece of pipe. If the lot of pipe is known
to be of uniform grade, size, and nominal thickness,
measurement shall be made on not less than 5% of the
individual lengths, but not less than 10 lengths; thick-
ness of the other lengths may be verified by applying a
gage set to the minimum thickness. Following such
measurement, the nominal wall thickness shall be taken
as the next nominal wall thickness below the average
of all the measurements taken, but in no case greater
than 1.14 times the least measured thickness for all pipe
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TABLE 1137.6.5 TABLE 1137.6.6
MINIMUM NUMBER OF TEST WELDS MINIMUM NUMBER OF TENSILE TESTS
Nominal Pipe Size Number of Lengths Nominal Pipe Size Number of Lengths
(NPS) per Test (NPS) per Test

Less than 6 400 Less than 6 200

6 through 12 200 6 through 12 100
Larger than 12 100 Larger than 12 50
GENERAL NOTE: All test specimens shall be selected at random. GENERAL NOTE: All test specimens shall be selected at random.
under NPS 20 and no greater than 1,11 times the least 5LU, except that the minimum number of such tests
measured thickness for all pipe NPS 20 or larger. shall be as shown in Table 1137.6.6.

1137.6.4 Determination of Weld Joint Factor, If the 1137.6.7 Minimum Yield Strength Value, For pipe
type of longitudinal or spiral weld joint is known, the of unknown specification, the minimum yield strength
corresponding weld joint factor E (Table 1102.4.3) may be determined as follows.
may be used. Otherwise, as noted in Table 1102.4.3, Average the value of all yield strength tests for a test
factor E shall not exceed 0.60 for pipe NPS 4 and lot. The minimum yield strength shall then be taken as
smaller, or 0.80 for pipe over NPS 4. the lesser of the following:

(a) 80% of the average value of the yield strength

1137.6.5 Weldability, For steel pipe of unknown
specification, weldability shall be determined as fol- . .
lows. A qualified welder shall make a girth weld in the (b) the minimum value of any yield strength test,
. : . . except that in no case shall this value be taken as
pipe. This weld shall be tested in accordance with the reater than 52,000 psi (358 MPa);
requirements of para. 1134.8.5. The qualifying weld &7 ) 24,000 poi (1 65 MP if the ayerage yield_tensile
shall be made under the most severe conditions under ratii) exc;e ds I())SS 5 2 caveragey
which welding will be permitted in the field and using R
the same procedure as to be used in the field. The pipe
shall be considered weldable if the requirements of 11377 Records
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 . . . .
ating company regarding design, construction, and

in Table 1137.6.5. ; . L ,
testing of each slurry transportation piping system
1137.6.6 Determination of Yield Strength, When the within the scope of this Code. These records shall in-

tests;

A record shall be maintained in the files of the oper-

specified minimum yield strength, minimum tensile clude material specifications; route maps and align-
strength, or minimum percent of elongation of pipe is ment sheets for “as-built” condition; location of each
" unknown, the tensile properties may be established as pipe size, grade, wall thickness, type, specification, and
follows. manufacturer; coatings; and test data. These records

Perform all tensile tests prescribed by API 5L or API shall be kept for the life of the facility.
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1150-1150.2

CHAPTER VII
OPERATION AND MAINTENANCE PROCEDURES

1150 OPERATION AND MAINTENANCE
PROCEDURES AFFECTING THE
SAFETY OF SLURRY
TRANSPORTATION PIPING
SYSTEMS

1150.1

(a) Tt is not possible to prescribe in this Code a
detailed set of operating and maintenance procedures
that will encompass all cases. It is possible, however,
for each operating company to develop operating and
maintenance procedures based on the provisions of this
Code, and the company’s experience and knowledge of
its facilities and conditions under which they are oper-
ated. Such operating and maintenance procedures
should be adequate from the standpoint of public and
employee safety.

(b) The methods and procedures set forth herein
serve as a general guide, but do not relieve the individ-
ual or operating company from the responsibility for
prudent action that current particular circumstances
make advisable.

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

General

1150.2 Operation and Maintenance Plans and
Procedures

Each operating company having a transportation
piping system within the scope of this Code shall:

(a) have written plans and instructions for employ-
ees covering operating and maintenance procedures for
the transportation piping system during normal opera-
tions and maintenance in accordance with the purpose
of this Code (essential features recommended for inclu-
sion in the plans for specific portions of the system are
given in paras. 1151 and 1152);

57

(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 ap-
propriate operating and maintenance employees with
the applicable portion of the plan; and establish liaison
with appropriate public officials with respect to the
plan; .

(d) have a plan for reviewing changes in conditions
affecting the integrity and safety of the piping system,
including provisions for periodic patrolling and report-
ing of construction activity, and changes in conditions,
especially in industrial, commercial, and residential
areas, and at river, railroad, and highway crossings, in
order to consider the possibility of providing additional
protection to prevent damage to the pipeline in accord-
ance with para. 1102.1;

(e) establish liaison with local authorities who issue
construction permits in urban areas to prevent acci-
dents caused by excavators;

() establish procedures to analyze all failures and
accidents for the purpose of determining the cause and
to minimize the possibility of recurrence;

(g) maintain necessary maps and records to prop-
erly administer the plans and procedures, including
records listed in para. 1155;

(h) have abandonment procedures before abandon-
ing piping systems;

(i) in establishing plans and procedures, give partic-
ular 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;

(i) operate and maintain its piping system in confor-
mance with these plans and procedures;

(k) modify the plans and procedures from time to
time as experience and conditions dictate.
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1151-1151.6.2

1151 PIPELINE OPERATION AND
MAINTENANCE
1151.1 Operating Pressure

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

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
variations from normal operation does not exceed the
internal design pressure at any point in the piping sys-
tem and equipment by more than 10% as specified in
para. 1102.2.4.

() 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
specified minimum yield strength of the pipe in accord-
ance with para. 1156.

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

1151.2

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

Communications

1151.3 Markers

(a) Markers shall be installed to indicate the pres-
ence 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
indicate the presence of the line. These markers shall
show the name 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
from encroachment. APl RP 1109 may be used as
guidance.

11514 Right of Way Maintenance

(a) The right of way should be maintained for clear
visibility and to provide the maintenance crews reason-
able access to the system.
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(b) Access shall be maintained to valve locations.

(c) Diversion ditches or dikes shall be maintained
where needed to protect against washouts of the line
and erosion of the landowner’s property.

1151.5

(a) Bach operating company shall maintain a peri-
odic pipeline patrol program to observe surface condi-
tions on and adjacent to the pipeline right of way,
indication of leaks, construction activity other than
that performed by the company, and any other factors
affecting the safety and operation of the pipeline. Spe-
cial attention shall be given to such activities as road
building, ditch cleanouts, excavations, and similar en-
croachments to the pipeline system. Patrols should be
made at intervals not exceeding once 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
of the crossings, and at any time it is felt that the
crossings are in danger as a result of floods, storms, or
suspected mechanical damage.

Patrolling

1151.6

1151.6.1 General, Repairs shall be covered by a
maintenance plan [see para. 1150.2(a)] and shall be
performed under qualified supervision by trained per-
sonnel, The maintenance plan shall consider the appro-
priate information contained in API RP 1107 and API
RP 1111. It is essential that all personnel working on
pipeline repairs understand the need for careful plan-
ning of the job and be briefed as to the procedure to be
followed in accomplishing the repairs.

Pipeline Repairs

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

(a) Limits and Dispositions of Imperfections

(1) Gouges and grooves having a depth greater
than 12149% of the nominal wall thickness shall be
removed or repaired.

(2) Dents meeting any of the following conditions
shall be removed or repaired:

(a) dents which affect the pipe curvature at the
pipe seam or at any girth weld;

(b) dents containing a scratch, gouge, or
groove; or

(c) dents exceeding a depth of 74% of the
nominal pipe diameter.,

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

(4) All cracks shall be removed or repaired.
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(5) All welds found to have imperfections not
meeting the standards of acceptability in para.
1134.8.5(b) for field welds or the acceptance limits in
the appropriate specifications for the grade and type of
pipe shall be removed or repaired. '

(6) General Wall Thickness Reduction. Pipe shall
be replaced, or repaired if the area is small, or operated
at a reduced pressure (see para. 1151.7) if the wall
thickness is less than the minimum thickness required
by the design pressure, decreased by an amount equal
to the manufacturing tolerance applicable to the pipe or
component.

(7) Local Wall Thickness Reduction. Pipe shall be
repaired, replaced, or operated at a reduced pressure
(see para. 1151.7) if the local wall thickness is less than
the minimum required by the design pressure, de-
creased by an amount equal to the manufacturing toler-
ance applicable to the pipe or component. This applies
if the length of the affected area is greater than that
permitted by Eq. (3).

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
when the degree of metal loss is significant.

L = 1.12B VD, 3

where

11c/1, —0.15

L = maximum allowable longitudinal extent of the
affected area as shown in Fig. 1151.6.2(a)(7),
in. (mm) 'J
B = a value not to exceed 4.0 which may be deter-
mined from the above equation or Fig.
1151.6.2(a)(7)
= nominal outside diameter of the pipe, in. (mm)
t, = 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 remain-
ing wall thickness to less than the minimum thickness
required by the pipe specifications tolerance may be
analyzed in the same way as localized wall thickness
reduction [see para. 1151.6.2(a)(7)] to determine if
ground areas need to be replaced or repaired, or if the
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1151.6.2

operating pressure needs to be reduced (see para.
1151.7).

(9) All pipe containing leaks shall be removed or
repaired.

(b) Allowable Pipeline Repairs

(1) If feasible, the pipeline shall be taken out of
service and repaired by cutting out a cylindrical piece
of pipe containing the imperfection and replacing the
same with pipe meeting the requirements of para.
1101.2.2 and having a length of not less than one-half
of the diameter.

(2) If it is not feasible to take the pipeline 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 hardenable
filler material, such as epoxy, shall be used to fill the
void between the sleeve and the pipe to restore the
original contour of the pipe, or the carrier pipe shall be
tapped through the sleeve or other means provided to
equalize the internal pressures of the carrier pipe and
the sleeve.

(b) For repairs to nonleaking cracks, the car-
rier pipe shall be tapped through the pressure contain-
ing sleeve or other means provided to equalize the in-
ternal pressures of the carrier pipe and the sleeve.

(3) If it is not feasible to take the pipeline out of
service, imperfections may be removed by grinding or
hot tapping. When grinding, the ground areas shall be
smoothly contoured and be in accordance with para.
1151.6.2(a)(8). When hot tapping, the portion of pipe
containing the imperfection shall be completely
removed.

(4) If it is not feasible to take the pipeline out of
service, minor leaks and small corroded areas, except
for cracks, may be repaired by the installation of a
patch 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
by grinding prior to depositing the weld filler metal.

(¢) Repair Methods

(1) All welders performing repair work shall be
qualified in accordance with para, 1134.8.3 or API RP
1107. They shall also be familiar with safety precau-
tions and problems associated with cutting and welding
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on pipe. Cutting and welding shall commence only
after compliance with para. 1134.8.1(c).

(2) The qualification test for welding procedures
to be used on pipe containing a liquid shall consider the
cooling effects of the pipe contents on the soundness
and mechanical properties of the weld., Welding proce-
dures on pipe not containing liquid shall be qualified in
accordance with para. 1134.8.3,

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

(4) Temporary repairs may be necessitated for op-
erating 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 a maximum dimension of 6 in. along the pipe
axis. The patch material shall be of a similar or higher
grade with a wall thickness similar to the pipe being
repaired. Patches shall be limited to pipe sizes NPS 12
and less and conform to API 5L, Grade X42 and
lower. Patches shall be attached by fillet welds. Insert
patching is prohibited. Special consideration shall be
given to minimize stress concentrations resulting from
the repair.,

(6) Full encirclement welded split sleeves in-
stalled to repair leaks or otherwise to contain internal
pressure shall have a design pressure of not less than
the pipe being repaired and shall be fully welded, both
circumferentially and longitudinally. Length of full en-
circlement split sleeves shall not be less than 4 in. (100
mm). If the sleeve is thicker than the pipe being re-
paired, the circumferential ends shall be chamfered (at
approximately 45 deg.) down to the thickness of the
pipe. For full encirclement split sleeves installed for
repair by reinforcement only and not for internal pres-
sure containment, circumferential welding is optional.
Special consideration shall be given to minimize stress
concentrations resulting 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 imper-
fections 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 specifi-
cation for the grade and type being repaired. Welding
procedure qualifications shall be in accordance with
para. 1151.6.2(c)(2). :
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(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. Replace-
ment pieces of pipe, welded patches, and full encircle-
ment 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
determine that the material is sound and of adequate
thickness in the areas to be affected by grinding, weld-
ing, cutting, or hot tapping operations.

(12) If the pipeline is not taken out of 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 Pipe

(a) Testing of Replacement Pipe Sections. When a
scheduled repair to a pipeline is made by cuiting out a
section of the pipe as a cylinder and replacing it with
another section of pipe, the replacement section of pipe
shall be subjected to a pressure test. The replacement
section of pipe shall be tested as required for a new
pipeline in accordance with para. 1137.4.1. The tests
may be made on the pipe prior to installation provided
radiographic or other acceptable nondestructive tests
(visual inspection excepted) are made on all tie-in butt
welds after installation.

(b) Examination of Repair Welds. Welds made dur-
ing pipeline repairs shall be examined by accepted non-
destructive methods or visually examined by a qualified
inspector.

11517 Derating a Pipe Segment to a Lower

Operating Pressure

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

(@) 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

Eq. (4) or (6).
1 — 0.67 (:7)

1151.6,2-1151,10
where

G =0.893 L /V D, : )
= a value not to exceed 4.0 in Eq. (5). If G ex-
ceeds 4.0, Eq. (6) instead of Eq. (4) shall be

used.
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)
L = longitudinal extent of the affected area as
shown in Fig. 1151.6.2(a)(7), in. (mm)
For ¢t,, ¢, and D, see para. 1151.6.2(a)(7).
For values of G greater than 4.0,

Py = 1.1P; (1 — c/t,) 6

NOTE: In Eq. (6), P; shall not exceed P;.

1151.8 Valve Maintenance

Pipeline valves shall be inspected and serviced where
necessary and operated fully or partially at least once
each year to prove operability.

11519 Railroads and Highways Crossing Existin

Pipelines '

(a) 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 casing is used. Casing is generally not
recommended, but may be required to meet some high-
way or railway specifications.

(b) The sum of the circumferential stresses due to
internal design pressure and external load in pipe in-
stalled under railroads or highways without use of cas-
ing shall not exceed the allowable circumferential stress
noted in para. 1102.3.2(e).

(c) Testing and inspection of replaced pipe sections
shall conform to the requirements of para. 1151.6.3. All
new girth welds in the carrier pipe shall be radio-
graphed or inspected by other acceptable nondestruc-
tive methods (visual inspection excepted).

1151.10 Platform Risers

Riser installations shall be visually inspected annu-
ally for physical damage and corrosion in the splash

P; = 11P; @ zone and above. The extent of any observed damage
1 — __067"_ shall be determined, and, if necessary, the riser installa-
L, VG? + 1 tion shall be repaired or replaced.
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1152-1154

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 out-
line preventive measures and systems checks required
to ensure the proper functioning of all shutdown, con-
trol, and alarm equipment.

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

1152.2

Controls and protective equipment, including pres-
sure limiting devices, regulators, controllers, relief
valves, and other safety devices, shall be subjected to
systematic periodic inspections and tests, at least annu-
ally, to determine that they are:

{a) in good mechanical condition;

(b) adequate from the standpoint of capacity and
reliability of operation for the service in which they are
employed;

(c) set to function at the correct pressure;

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

Controls and Protective Equipment

1152.3

Storage facilities handling the slurry shall be periodi-
cally inspected, and appropriate records shall be main-
tained.

Storage Facilities

11524

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 house. All above-
ground oil or gasoline storage tanks shall be protected
in accordance with ANSI/NFPA 30.

Storage of Combustible Materials

1152.5

Station, terminal, and storage areas shall be main-
tained in a safe condition and should be fenced and

Fencing
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locked, or attended, for the protection of the property
and the public.

1152.6

(a) Suitable signs shall be posted to serve as warn-
ings in hazardous areas.

(b) Classified and high voltage areas shall be ade-
quately marked and isolated.

(c) Caution signs shall be displayed indicating the
name of the operating company and, where possible, an
emergency telephone contact.

Signs

1153 CORROSION-EROSION CONTROL

Control of external corrosion and internal corro-
sion—erosion, including tests, inspections, and appro-
priate corrective measures, shall be as prescribed in
Chapter VIIL

1154 EMERGENCY PLAN

(a) A written emergency plan shall be established
for implementation in the event of system failures, acci-
dents, or other emergencies, and shall include proce-
dures for prompt and expedient remedial action, mini-
mizing property damage, protecting the environmerit,
and limiting accidental discharge from the piping sys-
tem,

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

(c) Procedures shall cover liaisons with state and
local agencies for dissemination of information on loca-
tion of system facilities and characteristics of the slurry
transported.

(d) Consideration should be given to establishing
communication with residents along the piping system
to recognize and report a system emergency to the
appropriate operating company personnel. This could
include supplying a card, sticker, or equivalent with
names, addresses, and telephone numbers of operating
company personnel to be contacted.

(e) In the formulation of emergency procedures for
limiting accidental discharge from the piping system,
the operating company shall give consideration to:

(1) formulating and placing in operation proce-
dures for an area cooperative pipeline leak notification
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emergency action system between operating companies
having piping systems in the area;

(2) reduction of pipeline pressure by ceasing
pumping operations on the piping system, opening the
system 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:

(a) necessary operational data;

(b) pipeline patrol records;

(c) corrosion and corrosion—erosion records as re-
quired under para. 1166;

(d) leak and break records;

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

() pipeline repair records.

1156 QUALIFYING A PIPING SYSTEM
FOR A HIGHER OPERATING
PRESSURE

(@) In the event of up-rating an existing piping sys-
tem when the higher operating pressure will produce a
hoop stress of more than 20% of the specified mini-
mum yield strength of the pipe, the following investiga-
tive and corrective measures shall be taken.

(1) The design and previous testing of the piping
system and the materials and equipment in it shall be
reviewed to determine that the proposed increase in
maximum steady state operating pressure is safe and in
general agreement with the requirements of this Code.

(2) The conditions of the piping system shall be
determined by leakage surveys and other field inspec-
tions, examination of maintenance and corrosion con-
trol records, or other suitable means.

(3) Repairs, replacements, or alterations in the
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1154-1157

piping system disclosed to be necessary by steps (1) and
(2) above shall be made. ’

(b) The maximum steady state operating pressure
may be increased after compliance with (a) above and
one of the following provisions.

(1) The system may be operated at the increased
maximum steady state operating pressure if the physi-
cal condition of the piping system as determined by (a)
above indicates that the system is capable of withstand-
ing the desired increased maximum steady state operat-
ing pressure in accordance with the design requirement
of this Code, and the system has previously been tested
for a duration and to a pressure equal to or greater than
that required in paras. 1137.4.1(a) and (c) for a new
piping system for the proposed higher maximum steady
state operating pressure.

(2) If the physical condition of the piping system
as determined by (a) above indicates that the ability of
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.

(c). In no case shall the maximum steady state oper-
ating 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,
and pressure tests conducted shall be preserved as long
as the facilities involved reémain in service.

1157 ABANDONING A PIPING SYSTEM

Piping systems to be abandoned in place shall be
filled with an inert material and isolated from operating
facilities.
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1160-1161.1.1

CHAPTER VIII
CORROSION AND EROSION CONTROL

1160 GENERAL

(a) This Chapter prescribes minimum requirements
and procedures for protection of ferrous pipe and com-
ponents from external corrosion and internal corrosion
and erosion and is applicable to new piping installa-
tions and existing piping systems.

(b) External corrosion on buried or submerged pipe-
lines or piping exposed to the atmosphere shall be con-
trolled, consistent with condition of the piping system
and the environment in which the system is located, by
application of these corrosion control requirements and
procedures. Application of some corrosion control
practices requires a significant amount of competent
judgment in order to be effective in mitigating corro-
sion, and deviation from the provisions of this Chapter
is permissible in specific situations, provided the oper-
ating company can demonstrate that the objectives ex-
pressed herein have been achieved.

(c) Satisfactory external corrosion control may re-
quire protective measures other than, and in addition
to, those shown herein. Each operating company shall
evaluate, initially and on occasion of any facility expan-
sion or other significant change, the possibility of need
for such additional measures. Any such additional
measures shall be given the same consideration as the
specific mandatory requirements of this Code. Proce-
dures, including those for design, installation, and
maintenance of cathodic protection systems, shall be
prepared and carried out by, or under the direction of,
persons qualified by training or experience in corrosion
control methods. NACE RP-01-69 and RP-06-75 pro-
vide a guide for procedures to implement requirements
described herein and to monitor and maintain cathodic
protection systems. See para, 1161.1.1(c) for further
recommendations.

(d) Internal erosion, internal corrosion, and internal

erosion—corrosion require special consideration in
slurry piping systems. Erosion and corrosion are recog-
nized individually as well as in combination. Seldom
can either one be fully eliminated from consideration.
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In some cases, the presence of erosion can greatly accel-
erate the corrosive effects of the slurry medium through
removal of protective scales, oxides, or films. The use
of inhibitors and/or erosion—corrosion allowance may
provide suitable means for dealing with the issue. Other
means may be appropriate.

(e) Personnel shall be provided with equipment and
instrumentation necessary to accomplish the monitor-
ing and control requirements.

1161 EXTERNAL CORROSION — BURIED
OR SUBMERGED PIPELINES

1161.1 New Installations

1161,1.1 General

(a) Control of external corrosion of new buried or
submerged piping systems shall be provided for each
component in the system except where the operating
company can demonstrate by tests, investigations, or
experience in the area of application that a detrimental
corrosive environment does not exist. However, within
12 months after installation, the operating company
shall electrically inspect the buried or submerged sys-
tem, If the electrical inspection indicates that a corro-
sive condition exists, the piping system shall be cathodi-
cally protected. If cathodic protection is not installed,
the piping system shall be electrically inspected at in-
tervals not exceeding 5 years, and the system shall be
cathodically protected if electrical inspection indicates
that a corrosive condition exists.

(b) Control of external corrosion of buried or sub-
merged pipe and components in new installations, in-
cluding new pump stations, storage facilities, and ter-
minals; and relocating, replacing, or otherwise
changing existing piping systems; shall be accom-
plished by the application of an effective protective
coating supplemented with cathodic protection and
suitable drainage bonds in stray current areas. Materi-
als shall be selected with consideration given to the type
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of supplemental corrosion protection and to the envi-
ronment.

(c) For piping systems offshore, special attention
shall be given to control external corrosion of the pipe-
line risers in the “splash” zone. Refer to NACE RP-06-
75 which provides additional guidelines for special cor-
rosion measures required by the offshore environment.

(d) Where adequate provisions for corrosion control
have been made, the minimum clearance of 12 in. (300
mm) between the outside of any pipe installed under-
ground and the extremity of any other underground
structure specified in para. 1134.6(c) may be reduced.

(e) The same care taken to protect buried or sub-
merged pipelines should be taken for the transition area
between buried or submerged pipelines and sections
exposed to atmosphere.

1161.1.2 Protective Coating

(a) Protective coatings used on buried or submerged
pipe and components shall:

(1) mitigate corrosion;

(2) have sufficient adhesion to the metal surface to
effectively resist underfilm migration of moisture;

(3) be ductile enough to resist cracking;

(4) have strength sufficient to resist damage due to
handling and soil stress;

(5) have properties compatible with any supple-
mental cathodic protection.

(b) Welds shall be inspected for irregularities that
could protrude through the pipe coating, and any such
irregularities shall be removed.

(c) Pipe coating shall be inspected, both visually and
by a holiday detector, just prior to lowering pipe into
the ditch, and any holiday or other damage to the
coating detrimental to effective corrosion control shall
be repaired and reinspected.

(d) Thermal insulating type coating, if used, shall
have low moisture absorption characteristics and pro-
vide high electrical resistance. Insulating coatings shall
be inspected in accordance with established practices at
the time of application and just prior to lowering pipe
into the ditch, and any detected holidays shall be re-

paired and reinspected. After backfilling, consideration

may be given to checking the pipe with an aboveground
type of holiday detector if ground conditions permit.

(e) Pipe shall be handled during the lowering-in op-
eration in such a manner as to prevent coating damage.
In addition, provisions shall be made to protect the pipe
and its coating from subsequent environmental damage
and backfilling by the use of rock shield, ditch padding,
and/or any other suitable protective measures.

(f) If coated carrier pipe is installed by boring, driv-
ing, or other similar method, precautions shall be taken

66

ASME B31.11-1989 Edition

to minimize damage to the coating during installation.
When casing is used (see paras. 1134.13.4 and 1151.9),
carrier pipe shall be independently supported outside
each end of the casing and insulated from the casing
throughout the length of cased section, and casing ends
shall be sealed using a durable, electrically nonconduc-
tive material.

(g) The backfilling operation shall be monitored for
quality, compaction, and placement of material to pre-
vent damage to pipe coating.

(k) Where a connection is made to a coated pipe, all
damaged coating shall be removed from, and new coat-
ing applied on, the attachments as well as the pipe.

1161.1.3 Cathodic Protection System

(a) A cathodic protection system, if deemed neces-
sary by inspection, shall be installed not later than 1
year after inspection.

(b) Any cathodic protection system provided by a
galvanic anode or an impressed current system shall
mitigate corrosion and provide a method of determin-
ing the degree of cathodic protection achieved on the
buried or submerged piping system.

{c) Cathodic protection shall be controlled so as not
to damage the protective coating, pipe, or components.

(d) Owners of known underground structures which
may be affected by installation of a cathodic protection
system shall be notified of said installation, and, where
necessary, bonding surveys shall be conducted by the
parties involved.

(e) Electrical installations shall be made in accord-
ance with the National Electrical Code and applicable
local codes.

1161.1.4 Electrical Isolation

(a) Buried or submerged coated piping systems shall
be electrically isolated at all interconnections with for-
eign systems except where arrangements are made for
mutual cathodic protection or where underground me-
tallic structures are electrically interconnected and
cathodically protected as a unit.

(b) An insulating device shall be installed where
electrical isolation of a portion of a piping system from
pump stations, storage facilities, and similar installa-
tions is necessary to facilitate the application of corro-
sion control. The insulating device shall not be installed
where a combustible atmosphere is anticipated unless
precautions are taken to prevent arcing.

(c) Consideration shall be given to the prevention of
damage to piping systems due to lightning fault cur-
rents when installed in close proximity to electric trans-
mission tower footings, ground cables, or counterpoise.
Studies in collaboration with the operator of such elec-
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tric transmission systems shall be made on common
problems of corrosion and electrolysis. NACE RP-01-
77 may be used as a guide.

(d) Electrical tests shall be made to locate any unin-
tentional contacts with underground metallic struc-
tures, and, if such contacts exist, each one shall be
corrected.

(e) When a pipeline is separated, a bonding conduc-
tor of sufficient current carrying capacity shall be in-
stalled across the points of separation and retained dur-
ing the period of separation.

1161.1.5 Test Leads ,
(a) Except where impractical on piping systems off-

shore or in wet marsh areas, sufficient test leads shall

be installed on all buried or submerged coated piping
systems for taking electrical measurements to indicate
adequacy of the cathodic protection. 7

(b) Test leads shall be installed as follows.

(1) Special attention shall be given to the manner
of installation of test leads used for corrosion control
or testing, and leads shall be attached to the pipe in
such manner as to minimize stress and fo prevent sig-
nificant damage. Leads may be attached directly on the
pipe with the low temperature welding process using
aluminum powder and copper oxide and limiting the
charge to a 15 g cartridge, or with soft solders or other
materials that do not involve temperatures exceeding
those for soft solders.

(2) Slack shall be provided to prevent test leads
from being broken or damaged during backfilling.

(3) Leads shall be insulated from the conduit in
which they are contained.

(4) Bond points shall be made watertight, and
bared test lead wires, pipe, and components shall be
protected by electrical insulating material compatible
with original wire insulation and pipe coating.

1161.1.6 Electrical Interference

(a) If an impressed current type cathodic protection
system is used, the anodes shall be located so as to
minimize adverse effect on existing underground metal-
lic structures. :

(b) The possibility of external corrosion induced by
stray electrical currents in the earth shall be recog-
nized. These stray currents are generated by sources
remote from, and independent of, the piping system,
and are more predominant in highly industrialized
areas, mining regions, and locales containing high volt-
age dc electrical power ground beds. Foreign company
pipeline cathodic protection systems are also a com-
mon source of stray earth currents. The protection of
the piping system against stray current induced corro-
sion shall be provided by metallic bonds, increased ca-
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thodic protection, supplemental protective coatings, in-
sulating devices, or galvanic anodes.

1161.2 Existing Piping Systems

Conversion of existing nonslurry piping systems to
slurry service must meet the requirements for new in-
stallations as stipulated in para. 1161.1, The conversion
date of such piping systems shall be regarded as the
installation date for the purposes of this Code.

The operating company shall establish procedures
for determining the external condition of existing non-
slurry piping systems and take action appropriate for
the conditions found, including, but not limited to, the
following.

(a) Examine and study records available from previ-
ous inspections and conduct additional inspections
where the need for additional information is indicated.
The type, location, number, and frequency of such in-
spections shall be determined by consideration of such .
factors as knowledge of the condition of the piping
system and environment, and public or employee safety
in the event of leakage. Corrective measures shall be in
accordance with para. 1161.4.

(b) Install cathodic protection in accordance with
para. 1161.1.3, if deemed necessary upon inspection, on
all buried or submerged piping systems that are coated
with an effective external surface coating material, ex-
cept at pump stations, storage facilities, and terminals.
All buried or submerged piping at pump stations, stor-
age facilities, and terminals shall be electrically in-
spected and cathodic protection installed or aug-
mented, where necessary.

(c) Operating pressures on bare piping systems shall
not be increased until such systems are electrically in-
spected and other appropriate action taken regarding
condition of pipe and components. The requirements of
para. 1156 shall also be complied with in the event of
up-rating.

(d) Consideration should also be given to the instal-
lation of electrical isolation devices, electrical interfer- -
ence bonds, or test leads where they do not already
exist. These shall be installed in accordance with the
requirements for new installations as found in para.
1161.1. ‘

1161.3 Monitoring

(a) Cathodic protection facilities for new or existing
piping systems shall be maintained in a serviceable con-
dition, and, except where impractical on systems off-
shore, electrical measurements and inspections of cath-
odically protected buried or submerged piping systems,
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including tests for stray electrical currents, shall be
conducted at least once each calendar year, but with
intervals not exceeding 15 months, to determine that
the cathodic protection system is operating properly
and that all buried or submerged piping is protected in
accordance with applicable criteria. Appropriate cor-
rective measures shall be taken where tests indicate that
adequate protection does not exist.

(b) Evidence of adequate level of cathodic protec-
tion shall be determined by one or more of the criteria
listed in Section 6, Criteria for Cathodic Protection,
NACE RP-01-69.

(c) The type, number, location, and frequency of
tests shall be adequate to establish with reasonable ac-
curacy the degree of protection provided on all piping
within limits of each cathodic protection system, and
shall be determined by considering:

(1) age of the piping system and operating experi-
ence, including bell hole inspections and leakage survey
data;

(2) condition of pipe at time of application of ca-
thodic protection and method of applying protection;

(3) corrosiveness of environment;

(4) probability of loss of protection due to activity
of other construction, reconstruction, or other causes
in the area;

(5) method of applying cathodic protection and
design life of cathodic protection installation;

(6) public and employee safety.

(d) Test leads required for cathodic protection shall
be maintained so that electrical measurements can be
obtained to insure adequate protection.

(e) Cathodic protection rectifiers or other impressed
current power source shall be inspected at intervals not

exceeding 2 months.
(P All connected protective devices, including re-
verse current switches, diodes, and interference bonds,

failure of which would jeopardize structure protection,
shall be checked at intervals not exceeding 2 months.
Other interference bonds shall be checked at least each
calendar year but at intervals not exceeding 15 months,

(g) Bare components in a piping system that are not
protected by cathodic protection shall be electrically
inspected at intervals not exceeding 5 years. The results
of this inspection and leak records for the piping com-
ponents inspected shall be analyzed to determine the
location of localized active corrosion areas. Cathodic
protection shall be applied at such areas. Inspections
and analysis of leak and repair records shall be repeated
at intervals not exceeding 5 years.

(h) Buried or submerged piping components ex-
posed for any reason shall be examined for indications
of external corrosion, Discovery of active corrosion,
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general pitting of the component’s surface, or a leak
caused by corrosion shall be investigated further to
determine the cause and extent of the corrosion, and
whether cathodic protection shall be installed or aug-
mented to mitigate corrosion or whether the piping
system or a portion thereof shall be treated as indicated
in paras. 1161.4(b), (c), and (d).

1161.4

(a) Criteria on corrosion limits and disposition of
corroded pipe are specified in paras. 1151.6.2(a)(6) and
(7).

(b) Where inspections or leakage history indicate
that active corrosion of metal is taking place in any
portion of a piping system to the extent that a safety
hazard is likely to result, that portion of the system
shall be treated as specified in para. 1151.6.2(a)(6) or
(7), and in case of external corrosion of buried or sub-
merged piping, cathodic protection shall be installed or
augmented to mitigate the external corrosion.

(c) Pipe that is replaced because of external corro-
sion shall be replaced with coated pipe.

(d) If a portion of the piping system is repaired,
reconditioned, or replaced, or if operating pressure is
reduced because of external corrosion, the need for
protection of that portion from such corrosion deterio-
ration shall be considered and corrective measures
taken to control the corrosion.

Corrective Measures

1162 EXTERNAL CORROSION — PIPING
EXPOSED TO ATMOSPHERE

1162.1 New Installations

Pipe and components that are exposed to the atmo-
sphere shall be protected from external corrosion by
use of corrosion resistant steel or application of protec-
tive coating or paint, unless the operating company can
demonstrate by test, investigation, or experience in area
of application that a corrosive atmosphere does not
exist. Protective coating or paint shall be applied to a
clean surface and shall be of a suitable material to
provide adequate protection from the environment.

1162.2

Conversion of existing nonslurry piping systems to
slurry service must meet the requirements for new in-
stallations as stipulated in para. 1162.1. The conversion
date of such piping systems shall be regarded as the
installation date for the purposes of this Code.

Pipe and components in existing nonslurry systems

Existing Piping Systems
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that are exposed to the atmosphere shall be inspected
in accordance with a planned schedule, and any neces-
sary corrective measures shall be taken in accordance
with para. 1162.4.

1162.3 Monitoring

Monitoring techniques shall be utilized at intervals
not exceeding 3 years to determine the effectiveness of
the protective measures or the extent of any corrosion.
Appropriate corrective measures shall be taken where
examinations or moniforing techniques indicate that
adequate protection does not exist.

1162.4 Corrective Measures

(a) Criteria on corrosion limits and disposition of
corroded pipe are specified in paras. 1151.6.2(2)(6) and
.

(b) Where inspection or leakage history indicate

that active corrosion of metal is taking place in any

portion of a piping system to the extent that a safety
hazard is likely to result, that portion of the system
shall be treated as specified in para. 1151.6.2(a)(6) or
(7), and protective coating or paint shall be repaired or
applied to mitigate the corrosion.

(c) Pipe that is replaced shall be replaced with cor-
rosion resistant steel pipe or coated or painted pipe.

(d) If a portion of the piping system is repaired,
reconditioned, or replaced, or if operating pressure is
reduced because of corrosion, the need for protection
of that portion from such corrosion deterioration shall
be considered and corrective measures taken to control
the corrosion.

1163 INTERNAL EROSION-CORROSION
CONTROL

1163.1 New Installations

(a) It is usually necessary to control erosion—corro-
sion of slurry pipelines to mitigate premature failure of
the line due to reduced wall thickness. Inhibition and/
or control of the pH, particle size, and flow velocity of
the slurry or internal coating of the pipe may be used
to limit erosion—corrosion of slurry pipelines. Other
means of dealing with this effect, such as periodic re-
placement of components or wear plates, are accept-
able. See NACE RP-01-75 for guidance. '

(b) If inhibitors are used, they shall be of a type that

will not cause deterioration of any piping components
and shall be used in sufficient quantity to mitigate inter-
nal corrosion.
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(c) If internal coatings are used to control erosion—
corrosion, they shall meet the quality specifications and
minimum dry film thickness established in the industry
and be inspected in accordance with industry recom-
mended practices. On piping joined by welding or other
methods exposing parent metal at the joints, internal
coatings shall include provisions for joint protection
such as the use of a suitable corrosion inhibitor.

(d) Wherever changes in flow direction or bounda-
ries occur, such as bends, reducers, obstructions, or
discontinuities, localized erosion—corrosion is possible.
Means shall be provided to control local erosion—corro-
sion, such as piping geometry, velocity, particle size
distribution, flow regime, wear plates, or other suitable
means. Excessive weld penetration, high—low condition
of a girth weld, sharp changes in direction, and eccen-
trically located gaskets should be avoided. )

1163.2  Existing Piping Systems

Conversion of existing nonslurry piping systems to
slurry service must meet the requirements for new in-
stallations as stipulated in para. 1163.1. The conversion
date of such piping systems shall be regarded as the
installation date for the purposes of this Code.

The operating company shall establish procedures
for determining the internal condition of its existing
nonslurry piping system and take appropriate action
for the conditions found, including, but not limited to,
examination and study of records available from previ-
ous inspections, and additional inspections and investi-
gations where the need for additional information is
indicated. Corrective measures shall be in accordance
with para. 1163.4.

1163.3 Monitoring

(a) Initial monitoring techniques and frequencies
shall be suitable to determine the effectiveness of the
internal erosion-corrosion control program. Subse-
quent monitoring shall be conducted each calendar
year at intervals not exceeding 15 months.

(b) Areas where accelerated localized erosion—cor-
rosion is likely to occur shall be monitored more fre-
quently than stipulated in (a) above as experience dic-
tates.

(c) Whenever any pipe or component in a piping
system can be visually examined internally, or any pipe
or component is removed from a piping system for any
reason, the internal surfaces shall be examined for evi-
dence of general erosion—corrosion as well as localized
erosion—corrosion. If evidence of such abnormalities is
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found, then further examinations of the piping system
shall be made to determine its extent.

(d) Corrective actions shall be taken on the basis of
the above examinations,

1163.4 Corrective Measures

(a) Criteria on erosion—corrosion limits and disposi-
tion of eroded-corroded pipe are specified in paras.
1151.6.2¢a)(6) and (7).

(b) Where inspections or leakage history indicate
that active erosion—corrosion of metal is taking place in
any portion of a piping system to the extent that a
safety hazard is likely to result, that portion of the
system shall be treated as specified in para.
1151.6.2(a)(6) or (7). Corrective measures shall be
taken or augmented to mitigate the internal erosion—
corrosion.

(¢) If a portion of the piping system is repaired,
reconditioned, or replaced, or if operating pressure is
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reduced because of internal erosion—corrosion, the need
for protection of that portion from such deterioration
shall be considered.

1166 RECORDS

(a) Records and maps showing the location of cath-
odically protected piping, cathodic protection facilities,
and neighboring structures affected by or affecting the
cathodic protection system shall be maintained and
retained for as long as the piping system remains in
service.

(b) Results of tests, surveys, and inspections re-
quired by this Chapter to indicate the adequacy of
corrosion and erosion control measures, as well as rec-
ords relating to routine or unusual inspections, such as
internal or external line conditions when cutting or hot
tapping the line, shall also be maintained for the service
life of the piping system.
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APPENDIX A
REFERENCED STANDARDS'

. A 105/A 105M-85b A 505-78
A 106-852 A 506-73 (R80) SP-6-1980
A 120-84 A 507-73 (R80) SP-25-1978 (R83)
A 126-84 A 515/A 515M-82 SP-44-1985
A 134-80 (R85) A 516/A 516M-84 SP-55-1985
A 135-842 A 517/A 517M-84 *SP-58-1983
A 139-84 A 524-842 SP-61-1977
A 530-85b SP-67-1983
A 181/A 181M-85a SP-69-1983
A 182-85¢ A 572/A 572M-85 SP-70-1984
A 193/A 193M-85a A 573/A 573M-85 SP-71-1984
A 194/A 194M-85 A 575-81 SP-75-1983
A 576-81 SP-78-1977
A 216/A 216M-84b
A 217/A 217M-85 A 633-84
A 225/A 225M-82 API Standards and Other
A 234/A 234M-85 A 663-85 Publications
A 242-85 A 671-80
A 672-81 Std. 5B, 11th Ed., 1985
A 283/A 283M-84a A 675-85 Spec. 5L, 35th Ed., 1985

Specific editions of standards incorporated in this Code by reference, and the names and addresses of the
sponsoring organizations, are shown in this Appendix. It is not practical to refer to a specific edition of each
standard throughout the Code text; instead, the specific edition reference dates are shown here. Appendix
A will be revised at intervals as needed, and issued in Addenda to this Code. An asterisk (*) is used to indicate
those standards that have been accepted as American National Standards by the American National

Standards Institute (ANSID).

ASTM Specifications
A 6/A 6M-85

A 20/A 20M-85

A 29/A 29M-85

A 36/A 36M-84a

A 53-84a

A 285/A 285M-82

ASTM Specifications (Cont’d)

A 441/A 441M-85
A 442/A 442M-82
A 449-84a

A 487/A 487M-83a
A 490/A 490M-85

A 694/A 694M-85a

NACE Standards

RP-01-69 (1983 Rev.)
RP-01-75
RP-01-77 (1983 Rev.)
RP-06-75

MSS Standard Practices

(Incorporates 5LS and 5LX)

Spec. 5LU, 3rd Ed,, 1980

A 307-84

A 320/A 320M-85a NFPA Codes RP 5L1, 3rd Ed., 1972

A 325-85

A 350-84a *30-1984 Spec. 6A, 14th Ed., 1983 &
%70-1984 Supp. 2-1985

A 354-84b Spec. 6D, 18th Ed., 1982 &

A 381-81 Supp. 3-1985

A 395-80 AWS Standards

*A3.0-1985

71

Cct ober

28, 1999

COPYRI GHT 1999 Anerican Soci ety of Mechanical Engineers
08:19:51

I nformati on Handl i ng Services,

19¢



Appendix A

REFERENCED STANDARDS?! (CONT’D) .

*ASME B31.11 &9 MM 0759L70 0074998 5 mm

ASME B31.11-1989 Edition

API Standards and Other
Publications (Cont'd)

Spec. 12B, 12th Ed., 1977 &

Supp. 2-1985

Spec. 12D, 9th Ed., 1982 &
Supp. 2-1985

Spec. 12F, 8th Ed., 1982 &
Supp. 2-1985

API Standards and Other
Publications (Cont’d)

RP 1102, 5th Ed., 1981
Std. 1104, 16th Ed., 1983
RP 1107, 2nd Ed., 1978
RP 1109, 2nd Ed., 1985
RP 1110, 2nd Ed., 1981
RP 1111, 1st Ed., 1976

ASME Codes and Standards
(Cont'd)

*B1.1-1982 & 1984 Addenda
*B1.20.1-1983
*B1.20.3-1976 (R1982)

*B16.5-1981
*B16,9-1978 & 1981 Addenda

*B16.10-1973
*B16.20-1973
*B16.21-1978
*B16.25-1979
*B16.28-1978

Publ. 2015, 3rd Ed., 1985
Publ. 2200, 2nd Ed., 1983
Publ. 2201, 3rd Ed., 1985

RP 500C, 2nd Ed., 1984

Std. 600, 8th Ed., 1981

Std. 602, 5th Ed., 1985

Std. 603, 4th Ed,, 1984

*Std, 620, 7th Ed., 1982 &
Rev. 1, 1985

*Std, 650, 7th Ed,, 1980

*“B36,10M-1985
*B36.19M-1985

ASME Codes and Standards

*ASME Boiler and Pressure
Vesse! Code, 1986 &
Addenda

NOTES:
(1) The issue date shown immediately following the number of the standard (e.g., A 53-84a, B1.1-1982, and SP-6-1980) is the effective date

of issue (edition) of the standard,
(2) Approved only If mill hydrostatic test is performed.

Specifications and standards of the following organizations appear in Appendix A:

ANSI  American National Standards Institute, Inc. AWS  American Welding Society .
1430 Broadway P.0. Box 351040
New York, NY 10018 550 N.W. LeJeune Road
212 354-3473 Miami, FL 33135
305 443-9353
APIL American Petroleum Institute
1220 L Street, N.W, MSS  Manufacturers Standardization Soclety of the Valve and
Washington, D.C. 20005 Fittings Industry, Inc.
202 682-8000 127 Park Street, N.E.
Vienna, VA 22180
ASME The American Society of Mechanical Engineers 703 281-6613
345 East 47th Street
New York, NY 10017 NACE National Assoclation of Corrosion Engineers
212 705-7722 P.0. Box 218340
ASME Order Department o aay
22 Law Drive
Box 2300
Fairfield, NJ 07007-2300 NFPA
201 882-1167

National Fire Protection Association
Batterymarch Park
Quincy, MA 02269

ASTM American Society for Testing and Materials 6?7 770-3000

1916 Race Street
Philadelphla, PA 19103
215 299-5400
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Appendix B

APPENDIX B
PREPARATION OF TECHNICAL INQUIRIES

B-1 INTRODUCTION

The ASME B31 Committee, Code for Pressure Pip-
ing, will consider written requests for interpretations
and revisions of the Code rules, and develop new rules
if dictated by technological development. The Commit-
tee’s activities in this regard are limited strictly to inter-
pretations of the rules or to the consideration of revi-
sions to the present rules on the basis of new data or
technology. As a matter of published policy, ASME
does not approve, certify, rate, or endorse any item,
construction, proprietary device, or activity, and, ac-
cordingly, inquiries requiring such consideration will
be returned. Moreover, ASME does not act as a consul-
tant on specific engineering problems or on the general
application or understanding of the Code rules. If,
based on the inquiry information submitted, it is the
opinion of the Committee that the inquirer should seek
professional assistance, the inquiry will be returned
with the recommendation that such assistance be ob-
tained.

Inquiries that do not provide the information needed
for the Committee’s full understanding will be re-
furned.

B-2 REQUIREMENTS

Inquiries shall be limited strictly to interpretations of
the rules or to the consideration of revisions to the
present rules on the basis of new data or technology.
Inquiries shall meet the following requirements:

(a) Scope. Involve a single rule or closely related
rules in the scope of the Code. An inquiry letter con-
cerning unrelated subjects will be returned.
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(b) Background. State the purpose of the inquiry,
which would be either to obtain an interpretation of
Code rules, or to propose consideration of a revision to
the present rules. Provide concisely the information
needed for the Committee’s understanding of the in-
quiry, being sure to include reference to the applicable
Code Section, Edition, Addenda, paragraphs, figures,
and tables. If sketches are provided, they shall be lim-
ited to the scope of the inquiry.

(c) Inquiry Structure

(1) Proposed Question(s). The inquiry shall be
stated in a condensed and precise question format,
omitting superfluous background information, and,
where appropriate, composed in such a way that “yes”
or “no” (perhaps with provisos) would be an acceptable
reply. The inquiry statement should be technically and
editorially correct.

(2) Proposed Reply(ies). Provide a proposed reply
stating what it is believed that the Code requires.

If in the inquirer’s opinion a revision to the Code is
needed, recommended wording shall be provided in
addition to information justifying the change.

B-3 SUBMITTAL

Inquiries should be submitted in typewritten form;
however, legible handwritten inquiries will be consid-
ered. They shall include the name and mailing address
of the inquirer, and be mailed to the following address:

Secretary

ASME B31 Committee

345 East 47th Street

New York, NY 10017
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INDEX

Abandoning a piping system ........... 000 000, 1157
Accidental ignition, preventionof ............... 1152.7
Additive circumferential stresses ......... <. 1102.3.2(e),
1134.13.4(c), 1151.9(b)
Additive longitudinal stresses ............... 1102.3.2(d)
Allowable stresses and other stress limits ......... 1102.3
Allowances and tolerances, wall thickness ........ 1102.4
Ambient influences ............... i .. 1101.4
Anchoring .........c.c000inn. 1119.1(c), (d), 1121.1(c)
Assembly of piping components .................. 1135
Attachments to piping . ...voviivnvennnenann.. 1104.3.4
Auxiliary piping ........ C e er i as e 1122
Backfilling .......... et ter et et i nneans 1134.11
Bending, properties, unidentified pipe ........... 1137.6.2
Bends, pipe
design ....viiiiiiii i [P 1104.2.1
fabrication ........... .ottt 1134.7.1
flattening . .......ocoiiiiii it i, . 1134.7.1(b)
mitered bends ........ i 1106.2.2, 1134.7.2
1adills it i i i e e 1106.2.1(b)
wrinkle bends .. ....... et ....1106.2.4
Boling «.vviiiiiiiiiiririnnnicnnnenns 1108.5, 1125.4
procedure (... . i iiiii i i e 1135.2
specifications ........iiiiieiennan «....Table 1123.1
Branch connections .......c.cvvvvnvvnnranenn. 1104.3.1
Building installation ........................ 1134.20.3
Buttwelds ......oovviiviiniinnnn, 1111.2, 1134.8.6(a)
type groove and joint design ............. 1134.8.6(a)
Casings under railroads and highways ...... 1134.13.4(b),
1151.9(a), 1161.1.2(f)
Castiron............ Ceeer e Cher e 1123.2.4
flanges . ....o. i i i 1108.1.1(c)
ValVES t it i i i et e 1107.1(b)
Cathodic protection system ............civ0un.n 1161.1.3
Changes affecting safety ..................... 1150.2(d)
Circumferential stresses, additive ............ 1102.3.2(e),

1134.13.4(c), 1151.9(b)

Index
Clearance, pipelines and underground
SITUCTUIES 4t iivvne e ennnnnnnenns . 1134.6(c)
Closures
design .............. e N 8 (1 X
selection and limitations ..................... 1106.6

Coating, protective, application and
inspection ... 1136.5.1(b), 1151.6.2(c)(10), 1161.1.2,
1162.1(c), 1163.1, 1164(a)
Cold worked steel pipe, special

requirements ....... Table 1102.3.1(a), 1102.3.1(d),
1105.2.1(d), 1134.7.1(a)
Combined stress calculations .................. 1119.6.4
Combustible materials, storage of ........... Vel 11524
Communications «....vovvurrvnieerirrnnnennnns 1151.2
Connections to main lines ...... P & k7 8 1)
Construction specifications . .................... 1134.1
Contraction, thermal .................... e 1101.7
Control piping .....covviiiviiiiiiiiiiniian... 1122.3
Corrective measures for erosion—corrosion
control .......... et ae s . 1163.4
Corrosion limits ................... + 1151.6.2(2)(6), (7)
Corrosion recOrds ... vv v rir e enenans 1155, 1165
Coupled joints ........covvvvinnn.n, N 1118.1
Couplings ....ovvvvniiiniiiiiiiiiii i, 1106.3
Cover, minimum for buried _ '
pipelines ....................L, Table 1134.6(a)
Crosses .
design ........0 s, Vet ieieaieiaa 1104.3.1(a)
selection and limitations ..................... 1106.5
Crossings ....oviiiiviinnieiiniianieenennn, 1134.13
bridge attachments ....................... 1134.13.3
highway crossings ................. 1134.13.4, 1151.9
overhead structures ............o0vvvun.nn. 1134.13.2
railroad crossings .. ................ 1134.13.4, 11519
river and stream crossings ................. 1134.13.1
safety precautions ...................... 1134.3.2(c)
underground Structures ...............00.... 1134.6(c)
underwater construction ......,......... 1134.13.1(a)
Currents, dynamic effects ............¢0ccvvnen. 1101.5.6
Curved segments of pipe . .........ovvivennn. i 1104.2
Cutting and welding, safe practicesin ....... 1134.8.1(c),

1151.6.1, 1151.6.2(c)(1), 1152.7(c)
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Dead loads .. .. ovviien it 1101.6.2 Erosion—corrosion control
Definitions . ...ovvviiiiin i, veeen, 11002 pipelines
Derating, operating pressure ..............0000n 1151.7 cathodic protection system ................ 1161.1.3
Design COrrective MEastreS ... .vuvvvevovnenensnns 1163.4
auxiliary and other specific piping ........... ol 1122 electrical interference............oovvvvnn. 1161.1.6
conditions . ....ov it i e e s 1101 electrical isolation .............. oo iviinn 1161.1.4
(0§ 1153 ¢ 7 T PN 1102, 1103 electrical test leads . .....c.ovvvii i, 1161.1.5
expansion and flexibility ..........c.covviiinn 1119 external corrosion ...1134.19, 1153, 1160, 1161, 1163
external pressure ..... AP . 1101.2.3, 1104.1.3 infernal corrosion......... 1134,19, 1153, 1160, 1162
factor ....vivviiininn e 1102.3.1 monitoring ........coveivnses 1161.3, 1162.3, 1163.3
internal pressure ..........c0000... 1101.2.2, 1104.1.2 protective coatings, application and
loads on pipe supporting elements .......... ... 1120 inspection ............. 1136.5.1(b), 1151.6.2(c)(10),
pipe supporting elements ..........c00c i 1121 1161.1.2, 1162.1(c), 1163.1, 1164(a)(3)
pressure design of piping components ............ 1104 pump stations, tank farms, and terminals .. .1161.1.1(b),
closures ..o vt e el 11044 1161.2(b)
curved segments of pipe ........... ... .00 1104.2 Expansion, allowable stresses ............... 1102.3.2(c)
flanges o .o vvviv i i i aa. 11045 Expansion,ﬂuideffects,..................;...1101.4.2
intersections .........oviviiiiiiiiiiinans 1104.3 Expansion, thermal ............... ..o 1101.7
reducers ......oiiiniinn e e 1104.6 Expansion and flexibility . ........oovvviiv i 1119
straight pipe . ...cooviiiiiiiiii i i 1104.1 Expansion coefficient ....................oo00. 1119.6.1
other pressure containing components ....... 11047 External corrosion ....... 1134.19, 1153, 1160, 1161, 1163
selection and limitations of piping components External design pressure ............. 1101.2.3, 1104.1.3
fittings, elbows, bends, and intersections ........ 1106 Extruded outlet headers .......... b 1104.3.1(b)
flanges, facings, gaskets, and bolting ........... 1108
PIPE ¢ v it i i i vesa .. 1105
valves ........ e e 1107
selection and limitation of piping joints Fabrication (construction) .........cocovvveniinnon 1134
flanged ....... et et 1112 Fencing ............o0vun.. 1134.20.2, 1134.21.2, 1152.5
sleeve, coupled, and other patented joints , ...... 1118 Ferrous pip€ ..o ovvvvvvvnnvninen e 1105.2.1
threaded .....cvvvvvv i 1114 Fillet welds ... ... e e 1134.8.6(b)
welded ....... s e 1111 Fire protection . ......ovviiivini i inennenns 1134.20.7
temMPerature . ......vviiirineireeineennens 1101.3.1 Firewalls, dikes or .. ..vvi i i 1134.21.5
Dikes or firewalls . . ..........civiinin., 1134215 Fish tails and flat closures .................... 1106.6.3
Dimensional requirements .......... e 1126 Fittings
Disposal piping ...... PR A 1122.6 design .... 1104.2.2, 1104.3.1(a), 1104.5, 1104.6, 1104.7
Ditching ...... Ch e N 1134.6 dimensions ........iiiiiiaan BN 1126
Dynamic effects .. ...ovviiiiii it 1101.5 flexibility and stress intensification factors .. 1119.6.4(c)
installation ............ e el 11347
materials ......... e s 1123
selection and limitations .......... Cheeae 1106, 1108
Flanged joints, selection and limitation ............. 1112
Flanges
Earthquake, dynamic effect ............... ..,.1101.5.3 attachment, welding details for ........... 1134.8.6(b)
Elbows bolting . ..ovvvvv v ..., 1108.5, 1125.4
design ...viiuii i i 1104.2.2 bolting specifications ...... e Table 1123.1
installation ...,......... e 1134.7.3 cast iron ...... ... e e 1108.1.1(c)
selection and limitations .................... 1106.2.3 fACINES . ooyt i i e e 1108.3
Electrical installations ....... cven e 113422, 1161.1.3(0) pressure design ..o vvviinn it 1104.5
Electrical interference, corrosion control ........ 1161.1.6 selection and limitations ...........c.vevninenn.. 1108
Electrical isolation, corrosion control ........... 1161.1.4 specifications ...... . . i Table 1123.1
Electrical test leads for corrosion control ........ 1161.1.5 Flattening, pipe bends ....... e 1134.7.1(b)
Emergency plan ....... ciesrereseeese. . 1150.2(c), 1154 Flattening test for pipe ......vovvvvnnen vl 1137.6.2(8)
Erosion-corrosion allowance .................. 1102.4.1 Flexibility, expansion and ..........cooiiiiiin, 1119
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Flexibility factors...... F 1119.6.4(c) storage and working tankage ................ 1134.21

’ Fluid expansion effect .........ccovviiinnninn, 1101.4.2 valves .............. Y .o.. 113415
Instruments and other auxiliary piping .... 1122.3, 1135.5

Intensification factors ............... Figure 1119.6.4(c)

Gas pockets, WeldS «.vervnnnnrrenennnns, 1134.8.5(b) Internal cor.rosion ............ 1134.19, 1153, 1160, 1162

Gaskets, selection and limitation ................ 1108.4 Internal design presst.xre T 1101.2.2

General COFTOSION . ... v e, 1151.6.2(2)(6) Internal pressure design equation for pipe ....... 1104.1.2

General statements .. .............. T ...1100 Interpass temperature for welding ........... 1134.8.8(a)

Girth Welds . ....vevuersirrseiinnennneinns, 11343 Intersections

Gouges in pipe.......... 1134.5, 1136.5.1(2)(2), 1151.6.2 design ...... Pererreesneeaio, REETEEEEE 1104.3

Groove type, butt welds ... ................ 1134.8.6(2) selection and limitations ..................... 1106.5

Grooves in pipe . ........ 1134.5, 1136.5.1(2)(2), 1151.6.2 Iron,-cast, malleable, and wrought ............, 1123.2.4

Grooving allowance . ...........c.coivvniennn, 1102.4.2

Joint factor E for weld seam of pipe ........... 1102.4.3

Hangers and SUPPOTES . .o\ vvvueeeenenineenensns ..1121 determination of ............... .. .0, 1137.6.4

Headers, extruded outlet................... 1104.3.1(b) Joint selection and limitations

5 1104.4 flanged joints ...l 1112

Highway crossings ......... e 1134.13.4, 1151,9 sleeve, coupled, and other patented joints......... 1118

Holder (Storage), pipe « . vvcvsuverenenes ... 1134.21.3(9) threaded joinfs . ......cvvinvieininenennnds. 1114

Hottaps ....ooovvvnenn 1151.6.1, 1151.6.2(b), 1151.6.2(c) welded joints ....... ... .o il il i, 1111

Hydrostatic test ..... 1137.1.4(a)(2), 1137.4.1, 1151.6.3(a)

Lapped flanges .......ovviiiiiiiiininennn, 1108.1.1(b)

Ignition, prevention of accidental ............... 1152.7 Leak records .......vvviveninrnnnveneroneennens 1155

. Impact, dynamic effect ....................... 1101.5.1 Leak repairs . ......ovvvevennnennnnann, 1151.6:2(b), (c)
i Imperfections, limits and disposition ......... 1151.6.2(a) Leak tests for pipelines to operate at 20% or less of

Inland coastal water construction .............. 1134.14 SMYS ..., 1137.1.4(a)(3), 1137.4.3

Inquiries «..ovvviiinniiin it Appendix B Limitations )

Inspection fittings, elbows, bends, and intersections .......... 1106
during construction ........... Cereaaes 1134.2, 1136 flanges, facings, gaskets, and bolting ............. 1108
operation and maintenance materials .. ... .. .. e i i i i 1123.2

pipelines ...l i e 1151 PIPE i e Fe e 1105
pump stations, terminals, and tank farms ....... 1152 VaALVES vttt i i e e et e 1107
welding ........ooii i, .. 1134.8.5, 1151.6.3 Limits of imperfections .........coveevnn... 1151.6.2(a)

Inspector qualification ......................... 1136.2 Line markers .................. 1102.1, 1134.18, 1151.3

Installation Loads
connections to main lines ................... 1134.16 currents, dynamic effects ........ becenreenee 1101.5.6
electrical facilities ............. 1134.22.3, 1161.1.3(c) dead ... e e e 1101.6.2
electrical test leads ................iiiiin 1161.1.5 external ......... e 1134.13.4(c), 1151.9(b)
instrument and other auxiliary piping .......... 1135.5 1101.6.1
linemarkers .....ovvviiiinennenen.. 1134.18, 1151.3 occasional . ... it e e 1102.3.3
liquid metering facilities .................... 1134.23 pipe supporting elements ................c.0..u. 1120
liquid strainers and filters . .................. 1134.24 sustained and thermal expansion ............. 1102.3.2
manifolds ....... . ittt e 1135.4 waves, dynamic effects ..................... 1101,5.6
pipeintheditch .....................c.... 1134.11 wind ... e e e 1101.5.2
protective coatings .. .......iuiue.ns. 1161.1.2, 1163.1 Localized corrosion pitting . .............. 1151.6.2(a)(7)
pump station, tank farm, and terminal Location of

facilities . . ... i i 1134.20 pump stations .. ....vii il i e 1134.20.2

pumping unit piping ......... e 1135.3 storage and working tankage ............... 1134.21.2

SCIAPET trAPS o vt vi v iveciveieinneenerananns 1134.17 ValVeS . uii i i i e e 1134.15

’ special crossings . .......ovviiiiii i, 1134.13 Longitudinal stresses ..........o.vvvvuuuns. 1102.3.2(d)
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Longitudinal weld seam joint factor E for coated or lined .......... et 1105.2.1(e)
pipe ..... e e .1102.4.3 cold worked steel, special .
limitations ... ........ Table 1102.3.1(a), 1102.3.1(d),
1134,7.1(a), 1105.2.1(d)
Maintenance dents ...........0.e0s 1134.5, 1136.5.1(a)(2), 1151.6.2
PIPEHNE © .\t vvvtttttte i 1151 o 3 T I 1104.1
plans and procedures . ... .........uv.... e, 1150 end of preparations, standard ............. 1134.8.6(2)
pump stations, terminals, and tank farms ......... 1152 expansion and flexibility ,...................... 1119
relief valves, pressure limiting devices, etc. ... ... 1152.3 flattening, test for ............. R 1137.6.2(a)
N L 1. I gouges and grooves .... 1134.5, 1136.5.1(a)(2), 1151.6.2
Malleable ffon . .......cvorvererineeeinneeens 1123.2.4 handling, hauling, stringing, and storing....... - 11344
Markers, line .. ... e 1102.1, 1134.18, 1151.3 hangers ...oooviiiiiinn L H1211G0)
Materials ..... R | U holder for storage .............. ... ..., 1134.21.3(d)
lmitations . ..o v i 1123.2 inspection ...... Prerrrreesiie ceeeeneeen0 1136
qualification of «.......c..ovviivnnsinns...1123.1(b) installation of, in the ditch .................. 1134.10
specifications .......... . i i iiiiniiien 1123.1 installation of, special crossings .............. 1134.13
Maximum steady state operating pressure . ... .. 1101.2.2, joint factor E for weld seam ................ 1102.4.3
1151.1, 1151.7, 1156(b) - limitations of design values............... 1102.3.1(g)
Meters ........ e, e i 1134.23 protection from unusual external conditions ..., 1102,1
Mitered bends protective coatings ........ 1136.5.1(b), 1151.6.2(c)(10),
FADIICAtON .+ \vv 't eeteeeeneee e, 1134.7.2 1161.1.2, 1162.1(c), 1163.1, 1164(2)(3)
TITIEREIONS + 1 1 v s ss e vnesernsnenenensess 110622 qualification of ASTM A 120, ............ 1105.2.1(c)
Modulus of elasticity .......... e ....1119.6.2 reuse of ..o v i i e 1105.2,1(b), (¢)
Monitoring, cotrosion control ..... 1161.3, 1162.3, 1163.3 selection and limitations ............. veveneenn 1105
Monitoring, flow ......oviviviiiiiiiniiian. 1152.1(b) specifications, list of .......Table 1123.1, Table 1126.1
Multiple openings, reinforcement ... ... veeee. 1104.3.1¢0) specified minimum yield strength ....Table 1102.3.1(a) -
supporting elements, loads and design ..... 1120, 1121 .
surface requirements ..........ooovieiiiiaen 1134.,5
Nominal wall thickness .......covvevenneinas .. 1104.1.1 BESEING . oo ++ 2 1137, 115163, 1156(b)
Normal operating conditions ................ ..1102.2.3 th::eads. St 1114.1, 1126.3
Normal operation, variations from ............. 1102.2.4 unfflentfﬁed or used, limitations ........ 1105.2.1(b), (c)
unidentified, S value .................... 1102.3.1(c)
used, Svalue ..ottt 1102.3.1(b)
welding . ....ooi i e e e 11348
Offshore and inland coastal water construction ... 1134,14 Pipeline repairs ............ i 1151.6
Operating pressure .......1101.2.2, 1151.1, 1151.7, 1156 Pipelines on bridges . . ........vveruneeinnnnns 1134.13.3
Operation and maintenance Pipe-type holders (storage) .......... veeonn 113421.3)
pipeline ... i i el 1151 Piping
plans and procedures . .......vveiiiiiiiiia., 1150.2 abandoning of ......... e e 1157
procedures affecting safety .......... ... 1150 anchorage for .
pump station, terminal, and tank farm ........... 1152 buried ..o 1119.1(b), (c), 1119.7.3()
qualifying for a higher operating pressure ........1156 exposed ... ..ieiuin. 1119,1(d), 1119.7.3(e), 1121.1
records ...... R AR P 1155 control, instrument, and other auxiliary ........ 1122.3,
Orange peel bull plugs ............ c0vveve...1106.6.3 1135.5
Orange peel swages .....oovvvvvvn v, 1106.4.2 hangers ........... e U . 1121.1¢)
Organizations, standards and specifications of ... App. A pressure disposal ........... ... e, 1122.6
Overpressuring, protection against .............. 1102.2.4 SUPPOILS fOr o . .'vvvnen.s T 1120, 1121
testing ..o vvh i Cer e 1137, 1151.6.3
. welding . ...ovviiin it i e e 1134.8
Patrolling ...... e i e vl 11515 Pitting, localized corrosion, evaluation of . .. 1151.6.2(a)(7)
Pipe, steel Plan, emergency ........ooovvniiivinn, 1150.2(c), 1154
bends. ... it 110421 Plans and procedures, operation and '
buckles ....... P N 1134.5, 1136.5.1(a)(2) . maintenance .............. e e 1150
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Platform risers ..........ccoiivnnnevennn e 1151.10
Plugs, orange peel bull .............c.c0vnenn, 1106.6.3
Pneumatic, testing ........... et et 1137.4.3
PoisSSON’s 1atio +vvuvveen e iiiiinniien s 1119.6.3
Preheating, and interpass temperature for
welding ....ooiiiiiii it i i 1134.8.8
Pressure
derating . ......ooiviiviiiiinrnannnennnn, .. 11517
design ...iiieiiiiiiiiiianan, Ceeeanas 1101.2, 1104
disposal pIping .......ovviiiiiin i, 1122.6
limiting devices
capacity of ... 1102.2.4
installation ..... ettt Ve 1134.20.6
teSting . vvvivren i, 1137.1.4(c), 1152.2
maximum steady state -
operating .. ... et etaeaeaan .1101,2.2, 1151.1, 1156
qualifying for higher operating .................. 1156
ratings . ...... ... 0n, S B (¢ 23]
testing «........0un. e 1137, 1151.6.3, 1156(b)
Prevention of accidental ignition ................ 1152.7
Procedures, operation and maintenance ............ 1150
Procedures, pipe bending ..........o0viiien.., 1134.7.1
Procedures and welders, qualification of .. ... ,...1134.8.3
Proof tests ..... e ea i, PN vo.. 11047
Proprietary items .. ... ...oviii i, 1100.1.2(g)
limitations . ......... et ieeeeean e 1123.2.4(b)
Protection

pipelines against unusual external conditions .... 1102.1
Protective coatings ......... 1136.5.1(b), 1151.6.2(c)(10),
1161.1.2, 1162.1(c), 1163.1, 1164(a)(3)

Pump stations, tank farms, and terminals ....... 1134.20
building installation ....... ettt 1134.20.3
corrosion control .............. 1161.1.1(b), 1161.2(b)
electrical facilities ...................... ... 113422
fenced areas ......vvvvvevnvnnnnns 1134.20.2, 1152.5
fire protection . .......ooiiiiii il 1134.20.7
location .......... e it ..1134.20.2
operation and maintenance ..................... 1152
piping ...... el e 1134.20.5
pressure disposal piping ............ ... ..., 1122.6
pumping equipment and prime movers .......1134.204
safety devices ........covviiiiiiiiiin, 1134.20.6
testing v ovvuve it i e e 1137, 1156(b)

Qualification
INSPECEOTS « v vv vt vr et itenanniiinnanee. 1136.2
materials ......... Vi e e 1123
procedures and welders . ...........c 000l 1134.83
records, welding ....... PPN 1134.8.3(d)

Qualifying system for higher pressure .............. 1156
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Radiograph examination
CrOSSiNgs ....oovuvuns e e 1134.8.5
field welds............ e .. 1134.8.5, 1151.6.3
procedures ........ .00 eiiiiinnanaan. 1134.8.5(a)(2)
te-ins ..., 1134.8.5, 1137.1.4(b), 1151.6.3
Radius, pipe bends ......... e a e 1106.2.1(b)
Railroad crossings ...........coo0vun. 1134.13.4, 1151.9
Railroad transportation of pipe ..... e 11344
Ratings, pressure ........covveeneeeernnncennenn 1102.2
Records
corrosion of pipelines ....... e ... 1155, 1165
design, construction, and testing .............. 1137.7
inspections ......... e reaea e 1155(e), 1165(b)
pipelineleaks ......... ..ol iiiiiiiinl, 1155(d)
pipeline patrol ................... eree s 1155(b)
qualifying system for higher pressure ......... 1156(d)
welders qualification tests ................ 1134.8.3(d)
welding procedures .......... Cerien e 1134.8.3(d)
Reducers
design ...........co i, e 1104.6
selection and limitations ............., vesena. 11064
Referenced standards .................... Appendix A
Reinforcement '
extruded outlets ........................ 1104.3.1(b)
welded branch connections .. ...... 1104.3.1(c), (d), ()
Relief valves
inspection and testing of ........... 1137.1.4(c), 1152.2
installation ................coiiiiinln .. ..1134,20.6
Removal or repair of defects or imperfections
arcburns ........ciiiiiiiena.. 1134.8.7(a), 1151.6.2
welds .....oooviiiiin., voeee. 1134.8.7(0), 1151.6,2
Other «.\vvvvevrinennns. 1134.5, 1134.8.7(c), 1151.6.2
Repairs, pipeline ..... Cennees e 1151.6
Repairs, testing ...........cccivivinnenn, ...1151.6.3
Responsibility for qualification of procedures and
welders .......ooiiiiiiiiii, .ol 1134.8.3(e)
Reuse of steel pipe .................... 1105.2.1(b), (©)
Right of way ....... e e 1134.3, 1151.4
Risers, platform ..............co0iiiininn... 1151.10
Road and highway crossings .......... 1134.13.4, 1151.9
Safety devices
installation .................ciiiinin.. 1134.20.6
MAINENANCE .. iivvtriienn e ennnnnreennns 1152.2
teSting . vvr it i e 1137.1.4(c), 1152.2
Scope ........ e iaraseaeaes e ore.. 11001
Scraper traps .. ....iviiiineiiaaa.., e 1134,17
3 1 1 T 1152.6
Slag inclusions, welds ..................... 1134.8.5(b)
Smoking .......... . il e e 1152.7
Spacing of valves ................... ... .., 1134.15.2
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Index
Specification ASTM A 120 pipe, systems or parts of systems ....... veeeess 1137.1.4(2)
qualification ..........coiiiiiiiiin 1105.2.1(c) tiedins ..........0 0. 1134.8.5, 1137.1.4(b), 1151.6.3
Specifications unidentified or used steel pipe ........... Vol 11376
electrical installations ............ 1134.22, 1161.1.3(e) WeElding . ..o e i i 1134.8.5
st of voveeverv i iiiiiinaanse. . Appendix A Tests
material . .............. RN e 1123.1 corrosion control .............. 1161.3, 1162.3, 1163.3
pipeline construction ........cviiviiiiiiiiees 1134.1 leak, for pipelines to operate at 20% or less of
pump station ¢onstruction .......... A 1134.20 SMYS .. 1137.1.4(a)(3), 1137.4.3
storage and working tankage ................ 1134.21 qualification, unidentified or used steel pipe ..... 1137.6
Specified minimum yield strength ......Table 1102.3.1(a) welding .....oovvviiiin i 1134.8.5, 1151.6.3(b)
Spiral weld seam joint factor E for pipe......... 1102.4.3 Thermal expansion ............ e 1119
Standards, dimensional . ... .. .o i 1126.1 coefficient of .. ... .ot i 1119.6.1
Standards and speciﬁcations Table 423.1, Appendix A Thickness, steel pipe
Standards of acceptability of welds ........ . 1134.8.5(b) design .. ..., e veeel. 110401
Storage and working tankage ........... 1134.21, 1152.3 determination, unidentified or used ........... 1137.6.3
Storage of combustible materials ................ 11524 Tie-ins........ ... 1134,8,5, 1134.9, 1137.1.4(b), 1151.6.3
Stress Tolerances, wall thickness and defect ........... 1102.4.5
analysis (flexibility) .......... e . 1119.7 Transition nipples ......... o0 1134.7.3(b), 1134.8.6(a)
calculations, combined .......... e 1119.6.4
intensification factors.......... .. .. Figure 1119.6.4(c)
limits . ettt AR 1102.3 Undercutting welds ...............covun.t. 1134.8.5(b)
occas‘lonal loads ...cvvvvnininnn, REEXEY 1102.3.3 Unidentified or used steel pipe
sustained loads and thermal expansion ... . ..1102.3.2 Hmitations .. ... ... 'vevevvenieennn. 1105.2.1(b), ©
relieving ...... ERERE ... 113489, 1135.4.3, 1135.4.4 qualiﬁcation LESES v v vverenns R, . 1137.6
Streslses, allowable S Peereeeseenees 1102.3 bending Properties . ...........oeeruneernes 1137 6.2
Subsidence, dynamic effect ........ e ;v..1101.5.5 minimum yield strength value ............ .1137.6.7
Supports, braces and anchors ..., 1121.1 B 1137.6.1
Surface defects ... v..vvienaniinenn . 11345, 113651 wall thickness ......... FEPUTRR 1137.6.3
Surveying and staking or marking .............. 1134.3.3 weld seam joint factor £ ..vovvvereinnnnss 1137.6.4
Swages, orange peel ...... T 1106.4.2 weldability .. ... e e 1137.6.5
yield strength determination ............... 1137.6.6
Tankage .....oovvvivenrnrenirienacnnes 1134.21, 1152.3
Tank farms, pump stations, and terminals .. 1134.20, 1152 ValYes . )
Taps, hot «..ovvn... ceveree 115161, 1151.6.2(6), (0) dimensional requirements ........... ... ... 000, 1126
Tees installation and location .......vvvvvvunrrnes 1134.15
design ......e.... T 1104.3.1(a) maintenance
selection and limitations ........ veverieeae.. 11065 pipeline ... 11518
TEINPEIAILE « « + v v v v et e e eerneeoraenennonens 1101.3 relief valves, etc. .......ooiiiiiin 1152.2
Terminals, pump stations, and tank materials ... ...ttt i i e e 1123
farms . . ... e 1134.20, 1152 selection and limitations ........... P 8 (11
Test leads, corrosion control ........... .00 1161.1.5 spacing ....... Peserrsersenstee v 1134152
Test pressure .......... A 1137.4 specification and standards .............. Table 1123.1
Test requirements .............. 1137’ 1151.6.3, 1156(b) testing relief valves, etc. ........... 1137.1.4(c), 1152.2
Testing .. ... i o 1137 Vibration, dynamic effect .............. e 1101.5.4
after construction . ... vvviiii il 1137.1.4
fabricated items ... oo iv v e i 1137.1.3
leak ..ovvvinninnnens e e 1137.4.3 Wall thickness, steel pipe
pressure limiting devices ........ovvvvnnn, 1137.1.4(a) allowances and tolerances . ................ ... 11024
qualifying for higher operating pressure ..... 1156(b)(2) least nominal ........ e e 1104.1
FECOTAS v vvvviransnnernrsrneaeees 11377, 1156(d) unidentified or used steel pipe ...............1137.6.3
FEPAILS ¢ vttt it i i i 1151.6.3 Waves, dynamic effects ..............ocviiien 1101.5.6
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Weight effects ........ ittt i e e, 1101.6
Weldability, unidentified or used steel pipe ...... 1137.6.5
Welded branch connections ......... 1104.3.1(c), (d), (e)
Welders
qualification of ...........ocviiiiiii i, 1134.8.3
requalification requirements .............. 1134.8.3(c)
Welding ....viiiiiiiiii it it 1134.8
arcburns ......o00iiien. 1134.8.7(a), 1136.5.1(a)(2),

1151.6.2(a)(3), (b)(4), (b)(5)
details for openings

with encirclement ............ Figure 1104.3.1(c)(1)
with localized reinforcement . . .. Figure 1104.3.1(c)(2)
without reinforcement ......... Figure 1104.3.1(c)(3)
end treatment, acceptable :
equal thickness .............. Figure 1134.8.6(a)-(1)
unequal thickness............ Figure 1134.8.6(a)-(2)
fillermetal ......ovoviiiiiiniiiiinii., 1134.8.2
general ........ . o0ty et 1134.8.1
inspection and tests ........ 1134.8.5(a), 1136.5.1(b)(4),
(b)(5), 1136.5.2(a), (b), 1151.6.3
MaiNtenance ......vviiivviiien it 1151.6
preheating and interpass temperature for ...... 1134.8.8
PPOCESSES & v vt v s e aninrnensosnsenentaessss 1134.8.2
procedure ...ttt e 1134.8.3
qualification of procedures and welders ...... 1134.8.3,
1151.6.2(c)(1), (c)(2)
qualification records .................... 1134.8.3(d)
responsibility for qualification ............ 1134.8.3(e)
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Index
safe practices in cutting and welding ....... 1134.8.1(c),
' 1151.6.1, 1151.6.2(c)(1), 1152.7(c)
standards of acceptability ................ 1134.8.5(b)
stress relieving . ...... ... . o iiiiioi e, 1134.8.9
BEIINS & v o vt v iv e i it e tterneenennannnnns 1134.8.1(b)
tests ... innn . 1134.8.5(a), 1136.5.2(a), (b), 1151.6.3
variables ........... ... . i i, 1134.8.3(b)
Welds
burn-through areas ..................... 1134.8.5(b)
cracks in ...vvii i i e e 1134.8.5(b)
discontinuities in .............. .. 0., 1134.8.5(b)
fillet ...oovviiii i e 1134.8.6(b)
BaS POCKELS v vv ittt it it i 1134.8.5(b)
inadequate penetration and incomplete
fusion ............. e 1134.8.5(b)
POTOSILY « o v vvvein e ieene i eanenenns 1134.8.5(b)
removal or repair of defects .............. 1134.8.7(b)
slag inclusions ............ v ereaee ... 1134.8.5(b)
BACK v e e e e 1134.8.6(c)
BYPES Of vt i e 1134.8.6
undercutting .. ... .v it i 1134.8.5(b)
Wind, dynamic effect ............... ... ..., 1101.5.2
Wrinklebends ............oiiiiiiiiiiiaan,, 1106.2.4
Yield strength
specified minimum, steel pipe........ Table 1102.3.1(a)
unidentified or used steel pipe ...... 1137.6.6, 1137.6.7
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B31.5
B31.8
B31.9
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ASME CODE FOR PRESSURE PIPING, B31

B0 a1 PPN 1989
Fuel Gas PIping ..ottt ittt ittt it tnstie et aneeneatarnanseanns 1968
Chemical Plant and Petroleum Refinery Piping ........oooviiiiiiiive i iannn 1987
Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhydrous

Ammonia, and AlCohols . ... .o i i i e i et e Cenean 1989
Refrigeration PiIping ... ivuitiiiii ittt ittt tts e rir ettt 1987
Gas Transmission and Distribution Piping Systems ..........ciiiiiiiniivriiinienenns 1989
Building Services Piping . .....oiiiiiiiiiii it e vo.. 1988
Slurry Transportation Piping Systems ............ e e e e 1989

B31G-1984 Manual for Determining the Remaining Sirength of Corroded Pipelines: A Supplement

B31 Guide

to B31, Code for Pressure Piping
Corrosion Control for ANSI B31.1 Power Piping Systems

COPYRI GHT 1999 Anerican Soci ety of Mechanical Engineers

Cct ober

28, 1999

08:19:51

I nformati on Handl i ng Services,

19¢



