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FOREWORD

The general philosophy underlying this Power Piping Code is to parallel those provisions of
Section I, Power Boilers, of the ASME Boiler and Pressure Vessel Code, as they can be applied
to power piping systems. The Allowable Stress Values for power piping are generally consistent
with those assigned for power boilers. This Code is more conservative than some other piping
codes, reflecting the need for long service life and maximum reliability in power plant installations.

The Power Piping Code as currently written does not differentiate among the design, fabrication,
and erection requirements for critical and noncritical piping systems, except for certain stress
calculations and mandatory nondestructive tests of welds for heavy wall, high temperature
applications. The problem involved is to try to reach agreement on how to evaluate criticality,
and to avoid the inference that noncritical systems do not require competence in design, fabrication,
and erection. Someday such levels of quality may be definable, so that the need for the many
different piping codes will be overcome.

There are many instances where the Code serves to warn a designer, fabricator, or erector
against possible pitfalls; but the Code is not a handbook, and cannot substitute for education,
experience, and sound engineering judgment.

Nonmandatory Appendices are included in the Code. Each contains information on a specific
subject, and is maintained current with the Code. Although written in mandatory language, these
Appendices are offered for application at the user’s discretion.

The Code never intentionally puts a ceiling limit on conservatism. A designer is free to specify
more rigid requirements as he feels they may be justified. Conversely, a designer who is capable
of a more rigorous analysis than is specified in the Code may justify a less conservative design,
and still satisfy the basic intent of the Code.

The Power Piping Committee strives to keep abreast of the current technological improvements
in new materials, fabrication practices, and testing techniques; and endeavors to keep the Code
updated to permit the use of acceptable new developments.

vii
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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, under the direction of
ASME Committee B31, Code for Pressure Piping.

Rules for each Section have been developed consider-
ing the need for application of specific requirements for
various types of pressure piping. Applications consid-
ered for each Code Section include

B31.1  Power Piping: piping typically found in elec-
tric power generating stations, in industrial
and institutional plants, geothermal heating
systems, and central and district heating and
cooling systems

Process Piping: piping typically found in
petroleum refineries; chemical, pharmaceuti-
cal, textile, paper, semiconductor, and cryo-
genic plants; and related processing plants
and terminals

Pipeline Transportation Systems for Liquids
and Slurries: piping transporting products
that are predominately liquid between plants
and terminals and within terminals, pump-
ing, regulating, and metering stations
Refrigeration Piping and Heat Transfer
Components: piping for refrigerants and
secondary coolants

Gas Transmission and Distribution Piping
Systems: piping transporting products that
are predominately gas between sources and
terminals, including compressor, regulating,
and metering stations; and gas gathering
pipelines

Building Services Piping: piping typically
found in industrial, institutional, commercial,
and public buildings, and in multi-unit resi-
dences, which does not require the range of
sizes, pressures, and temperatures covered in
B31.1

Hydrogen Piping and Pipelines: piping in
gaseous and liquid hydrogen service, and
pipelines in gaseous hydrogen service

B31.3

B31.4

B31.5

B31.8

B31.9

B31.12

This is the B31.1 Power Piping Code Section. Hereafter,
in this Introduction and in the text of this Code
Section B31.1, where the word Code is used without
specific identification, it means this Code Section.

It is the owner’s responsibility to select the Code
Section that most nearly applies to a proposed piping
installation. Factors to be considered by the owner
include limitations of the Code Section, jurisdictional
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requirements, and the applicability of other codes and
standards. All applicable requirements of the selected
Code Section shall be met. For some installations, more
than one Code Section may apply to different parts of the
installation. The owner is also responsible for imposing
requirements supplementary to those of the selected
Code Section, if necessary, to assure safe piping for the
proposed installation.

Certain piping within a facility may be subject to other
codes and standards, including but not limited to

— ASME Boiler and Pressure Vessel Code, Section III:
nuclear power piping

— ANSI Z223.1/NFPA 54 National Fuel Gas Code:
piping for fuel gas from the point of delivery to the
connection of each fuel utilization device

— NFPA Fire Protection Standards: fire protection sys-
tems using water, carbon dioxide, halon, foam, dry
chemical, and wet chemicals

— NFPA 85 Boiler and Combustion Systems Hazards
Code

—building and plumbing codes, as applicable, for pota-
ble hot and cold water, and for sewer and drain systems

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 eliminate
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 ensure uniform application of
principles and to guide selection and application of pip-
ing elements. The Code prohibits designs and practices
known to be unsafe and contains warnings where cau-
tion, but not prohibition, is warranted.

The specific design requirements of the Code usually
revolve around a simplified engineering approach to a
subject. Itis intended that a designer capable of applying
more complete and rigorous analysis to special or
unusual problems shall have latitude in the develop-
ment of such designs and the evaluation of complex or
combined stresses. In such cases the designer is responsi-
ble for demonstrating the validity of his approach.

This Code Section includes the following:

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



(b) requirements for design of components and
assemblies, including pipe supports

(c) 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

(¢) requirements for operation and maintenance of
piping systems

It is intended that this edition of Code Section B31.1
not be retroactive. Unless agreement is specifically made
between contracting parties to use another issue, or the
regulatory body having jurisdiction imposes the use of
another issue, the latest edition issued at least 6 months
prior to the original contract date for the first phase of
activity covering a piping system or systems shall be
the governing document for all design, materials, fabri-
cation, erection, examination, and testing for the piping
until the completion of the work and initial operation.

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

Code users will note that clauses in the Code are not
necessarily numbered consecutively. Such discontinu-
ities result from following a common outline, insofar as
practicable, for all Code Sections. In this way, corres-
ponding 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 Committee
B31, Code for Pressure Piping, which is organized and
operates under procedures of The American Society of
Mechanical Engineers which have been accredited by
the American National Standards Institute. The
Committee is a continuing one, and keeps all Code
Sections current with new developments in materials,
construction, and industrial practice. New editions are
published at intervals of two to five years.

When no Section of the ASME Code for Pressure
Piping, specifically covers a piping system, at the user’s
discretion, he/she may select any Section determined
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to be generally applicable. However, it is cautioned that
supplementary requirements to the Section chosen may
be necessary to provide for a safe piping system for
the intended application. Technical limitations of the
various Sections, legal requirements, and possible appli-
cability 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.

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 H covering preparation of techni-
cal inquiries). The Committee will not respond to inquir-
ies requesting assignment of a Code Section to a piping
installation.

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

A Case is the prescribed form of reply to an inquiry
when study indicates that the Code wording needs clari-
fication or when the reply modifies existing require-
ments of the Code or grants permission to use new
materials or alternative constructions. The Case will be
published as part of a Case Supplement issued to the
applicable Code Section.

The ASME B31 Standards Committee took action to
eliminate Code Case expiration dates effective
September 21, 2007. This means that all Code Cases in
effect as of this date will remain available for use until
annulled by the ASME B31 Standards Committee.

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 satisfactory
usage and specific data to permit establishment of allow-
able stresses, maximum and minimum temperature lim-
its, and other restrictions. Additional criteria can be
found in the guidelines for addition of new materials
in the ASME Boiler and Pressure Vessel Code, Section II.
(To develop usage and gain experience, unlisted materi-
als may be used in accordance with para. 123.1.)

Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary, ASME B31
Committee, Two Park Avenue, New York, NY
10016-5990.
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ASME B31.1-2016

POWER PIPING

Chapter |
Scope and Definitions

100 GENERAL

This Power Piping Code is one of several Sections of
the American Society of Mechanical Engineers Code for
Pressure Piping, B31. This Section is published as a sepa-
rate document for convenience.

Standards and specifications specifically incorporated
by reference into this Code are shown in Table 126.1. It
is not considered practical to refer to a dated edition of
each of the standards and specifications in this Code.
Instead, the dated edition references are included in an
Addenda and will be revised yearly.

100.1 Scope

Rules for this Code Section have been developed con-
sidering the needs for applications that include piping
typically found in electric power generating stations, in
industrial and institutional plants, geothermal heating
systems, and central and district heating and cooling
systems.

100.1.1  This Code prescribes requirements for the
design, materials, fabrication, erection, test, inspection,
operation, and maintenance of piping systems.

Piping as used in this Code includes pipe, flanges,
bolting, gaskets, valves, pressure-relieving valves/
devices, fittings, and the pressure-containing portions
of other piping components, whether manufactured in
accordance with Standards listed in Table 126.1 or spe-
cially designed. It also includes hangers and supports
and other equipment items necessary to prevent
overstressing the pressure-containing components.

Rules governing piping for miscellaneous appurte-
nances, such as water columns, remote water level indi-
cators, pressure gages, gage glasses, etc., are included
within the scope of this Code, but the requirements for
boiler appurtenances shall be in accordance with
Section I of the ASME Boiler and Pressure Vessel Code,
PG-60.

The users of this Code are advised that in some areas
legislation may establish governmental jurisdiction over
the subject matter covered by this Code. However, any
such legal requirement shall not relieve the owner of
his inspection responsibilities specified in para. 136.1.

100.1.2 Power piping systems as covered by this
Code apply to all piping and their component parts
except as excluded in para. 100.1.3. They include but
are not limited to steam, water, o0il, gas, and air services.

(A) This Code covers boiler external piping as defined
below for power boilers and high-temperature, high-
pressure water boilers in which steam or vapor is gener-
ated at a pressure of more than 15 psig [100 kPa (gage)];
and high temperature water is generated at pressures
exceeding 160 psig [1 103 kPa (gage)] and/or tempera-
tures exceeding 250°F (120°C).

Boiler external piping shall be considered as piping
that begins where the boiler proper terminates at

(1) the first circumferential joint for welding end
connections; or

(2) the face of the first flange in bolted flanged
connections; or

(3) the first threaded joint in that type of connec-
tion; and that extends up to and including the valve or
valves required by para. 122.1.

The terminal points themselves are considered part of
the boiler external piping. The terminal points and pip-
ing external to power boilers are illustrated by
Figs. 100.1.2(A.1), 100.1.2(A.2), 100.1.2(B.1), 100.1.2(B.2),
100.1.2(B.3), and 100.1.2(C).

Piping between the terminal points and the valve or
valves required by para. 122.1 shall be provided with
Data Reports, inspection, and stamping as required by
Section I of the ASME Boiler and Pressure Vessel Code.
All welding and brazing of this piping shall be per-
formed by manufacturers or contractors authorized to
use the ASME Certification Mark and appropriate
Designators shown in Figs. PG-105.1 through PG-109 of
Section I of the ASME Boiler and Pressure Vessel Code.
The installation of boiler external piping by mechanical
means may be performed by an organization not holding
an ASME Certification Mark. However, the holder of a
valid ASME Certification Mark, Certificate of
Authorization, with an “S,” “A,” or “PP” Designator
shall be responsible for the documentation and hydro-
static test, regardless of the method of assembly. The
quality control system requirements of Section I of the

(16)
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Fig. 100.1.2(A.1) Code Jurisdictional Limits for Piping — An Example of Forced Flow Steam Generators With
No Fixed Steam and Water Line

Turbine valve or
Code stop valve
para. 122.1.7(A)
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Dt -~ --
_____ From feed
pumps

Alternatives
para. 122.1.7(B.9)

Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
technical responsibility. Refer to ASME BPVC Section | Preamble.

o&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble, fifth, sixth, and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(A). Applicable
ASME B31.1 Editions and Addenda are referenced in ASME BPVC Section |, PG-58.3.

O----= Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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Fig. 100.1.2(A.2) Code Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced Flow
Steam Generators With No Fixed Steam and Water Line
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Alternatives para. 122.1.7(B.9)

Administrative Jurisdiction and Technical Responsibility
Boiler Proper - The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total
administrative jurisdiction and technical responsibility. Refer to ASME BPVC Section | Preamble.
@®—— Boiler External Piping and Joint (BEP) - The ASME BPVC has total administrative jurisdiction
(mandatory certification by stamping the Certification Mark with the appropriate Designator,
ASME Data Forms, and Authorized Inspection) of BEP. The ASME Section Committee B31.1 has
been assigned technical responsibility. Refer to ASME BPVC Section | Preamble, fifth, sixth,
and seventh paragraphs and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions
and Addenda are referenced in ASME BPVC Section |, PG-58.3.
O———— Nonboiler External Piping and Joint (NBEP) - The ASME Code Committee for Pressure Piping,
B31, has total administrative and technical responsibility.
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(16) Fig. 100.1.2(B.1) Code Jurisdictional Limits for Piping — Drum-Type Boilers
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Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
technical responsibility. Refer to ASME BPVC Section | Preamble.

e&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda
are referenced in ASME BPVC Section |, PG-58.3.

O----- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.



(16) Fig. 100.1.2(B.2) Code Jurisdictional Limits for Piping — Isolable Economizers Located in Feedwater Piping and Isolable
Superheaters in Main Steam Piping (Boiler Pressure Relief Valves, Blowoff, and Miscellaneous Piping for Boiler Proper Not
Shown for Clarity)
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Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
technical responsibility. Refer to ASME BPVC Section | Preamble.

e&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda
are referenced in ASME BPVC Section |, PG-58.3.

O----- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.
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Fig. 100.1.2(B.3) Code Jurisdictional Limits for Piping — Nonintegral Separately Fired Superheaters
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Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and

technical responsibility. Refer to ASME BPVC Section | Preamble.

o&——— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda

are referenced in ASME BPVC Section |, PG-58.3.

O-—--- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative jurisdiction and technical responsibility.

ASME Boiler and Pressure Vessel Code shall apply.
These requirements are shown in Mandatory Appendix ]
of this Code.

The valve or valves required by para. 122.1 are part
of the boiler external piping, but do not require ASME
Boiler and Pressure Vessel Code, Section I inspection
and stamping except for safety, safety relief, and relief
valves; see para. 107.8.2. Refer to PG-11.

Pipe connections meeting all other requirements of
this Code but not exceeding NPS % (DN 15) may be
welded to pipe or boiler headers without inspection and
stamping required by Section I of the ASME Boiler and
Pressure Vessel Code.

(B) Nonboiler external piping includes all the piping
covered by this Code except for that portion defined
above as boiler external piping.

100.1.3  This Code does not apply to the following;:

(A) economizers, heaters, pressure vessels, and
components covered by Sections of the ASME Boiler
and Pressure Vessel Code.

(B) building heating and distribution steam and con-
densate piping designed for 15 psig [100 kPa (gage)] or

less, or hot water heating systems designed for 30 psig
[200 kPa (gage)] or less.

(C) piping for hydraulic or pneumatic tools and their
components downstream of the first block or stop valve
off the system distribution header.

(D) piping for marine or other installations under
Federal control.

(E) towers, building frames, tanks, mechanical equip-
ment, instruments, and foundations.

(F) piping included as part of a shop-assembled pack-
aged equipment assembly within a B31.1 Code piping
installation when such equipment piping is constructed
to another B31 Code Section (e.g., B31.3 or B31.9) with
the owner’s approval. See para. 100.2 for a definition of
packaged equipment.

100.1.4 This Code does not provide procedures for
flushing, cleaning, start-up, operating, or maintenance.

100.2 Definitions

Some commonly used terms relating to piping are
defined below. Terms related to welding generally agree
with AWS A3.0. Some welding terms are defined with

(16)
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Fig. 100.1.2(C) Code Jurisdictional Limits for Piping — Spray-Type Desuperheater
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Administrative Jurisdiction and Technical Responsibility

Boiler Proper — The ASME Boiler and Pressure Vessel Code (ASME BPVC) has total administrative jurisdiction and
technical responsibility. Refer to ASME BPVC Section 1 Preamble.

@—— Boiler External Piping and Joint (BEP) — The ASME BPVC has total administrative jurisdiction (mandatory
certification by stamping the Certification Mark with the appropriate Designator, ASME Data Forms, and Authorized
Inspection) of BEP. The ASME Section Committee B31.1 has been assigned technical responsibility. Refer to ASME
BPVC Section | Preamble and ASME B31.1 Scope, para. 100.1.2(A). Applicable ASME B31.1 Editions and Addenda
are referenced in ASME BPVC Section |, PG-58.3.

O———- Nonboiler External Piping and Joint (NBEP) — The ASME Code Committee for Pressure Piping, B31, has total
administrative and technical responsibility.
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specified reference to piping. For welding terms used in
this Code, but not shown here, definitions of AWS A3.0
apply.

alteration: a change in any item described in the original
design that affects the pressure-containing capability of
the pressure-retaining component.

anchor: a rigid restraint providing substantially full fixa-
tion, permitting neither translatory nor rotational dis-
placement of the pipe.

annealing: see heat treatments.

arc welding: a group of welding processes wherein coales-
cence 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.

assembly: the joining together of two or more piping
components by bolting, welding, caulking, brazing, sol-
dering, cementing, or threading into their installed loca-
tion as specified by the engineering design.

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

backing ring: backing in the form of a ring that can be
used in the welding of piping.
ball joint: a component that permits universal rotational
movement in a piping system.

base metal: the metal to be welded, brazed, soldered,
or cut.

branch connection: the attachment of a branch pipe to the
run of a main pipe with or without the use of fittings.

braze welding: a method of welding whereby a groove,
fillet, plug, or slot weld is made using a nonferrous filler
metal having a melting point below that of the base
metals, but above 840°F (450°C). The filler metal is not
distributed in the joint by capillary action. (Bronze weld-
ing, formerly used, is a misnomer for this term.)

brazing: a metal joining process wherein coalescence is
produced by use of a nonferrous filler metal having a
melting point above 840°F (450°C) but lower than that
of the base metals joined. The filler metal is distributed
between the closely fitted surfaces of the joint by capil-
lary action.

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

capacitor discharge welding (CDW): stud arc welding pro-
cess in which DC arc power is produced by a rapid
discharge of stored electrical energy with pressure
applied during or immediately following the electrical
discharge. The process uses an electrostatic storage sys-
tem as a power source in which the weld energy is stored
in capacitors.

cold spring: the intentional movement of piping during
assembly to produce a desired initial displacement and
reaction.

component: component as used in this Code is defined
as consisting of but not limited to items such as pipe,
piping subassemblies, parts, valves, strainers, relief
devices, fittings, pipe supports and hangers, etc.

specially designed component: a component designed in
accordance with para. 104.7.2.

standard component: a component manufactured in
accordance with one or more of the standards listed in
Table 126.1.

covered piping systems (CPS): piping systems on which
condition assessments are to be conducted. As a mini-
mum for electric power generating stations, the CPS
systems are to include NPS 4 (DN 100) and larger of
the main steam, hot reheat steam, cold reheat steam,
and boiler feedwater piping systems. In addition to the
above, CPS also includes NPS 4 (DN 100) and larger
piping in other systems that operate above 750°F (400°C)
or above 1,025 psi (7 100 kPa). The Operating Company
may add other piping systems to the scope of covered
piping systems.

creep strength enhanced ferritic steel: steel in which the
microstructure, consisting of lower transformation prod-
ucts such as martensite and bainite, is stabilized by
controlled precipitation of temper-resistant carbides,
carbonitrides, and/or nitrides.

defect: a flaw (imperfection or unintentional discontinu-
ity) of such size, shape, orientation, location, or proper-
ties as to be rejectable.

discontinuity: a lack of continuity or cohesion; an inter-
ruption in the normal physical structure of material or
a product.

employer: the owner, manufacturer, fabricator, contractor,
assembler, or installer responsible for the welding, braz-
ing, and NDE performed by his organization including
procedure and performance qualifications.

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

equipment connection: an integral part of such equipment
as pressure vessels, heat exchangers, pumps, etc.,
designed for attachment of pipe or piping components.

erection: the complete installation of a piping system,
including any field assembly, fabrication, testing, and
inspection of the system.

examination: denotes the procedures for all nondestruc-
tive examination. Refer to para. 136.3 and the definition
for visual examination.

expansion joint: a flexible piping component that absorbs
thermal and/or terminal movement.
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fabrication: primarily, the joining of piping components
into integral pieces ready for assembly. It includes bend-
ing, forming, threading, welding, or other operations
upon these components, if not part of assembly. It may
be done in a shop or in the field.

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

failure: a physical condition that renders a system or
component unable to perform its intended function(s)
or is a hazard to personnel safety.

failure analysis: the process of collecting and evaluating
data to determine the damage mechanism(s) and cause
of a failure.

filler metal: metal to be added in welding, soldering,
brazing, or braze welding.

fillet weld: a weld of approximately triangular cross sec-
tion joining two surfaces approximately at right angles
to each other in a lap joint, tee joint, corner joint, or
socket weld.

fire hazard: situation in which a material of more than
average combustibility or explosibility exists in the pres-
ence of a potential ignition source.

flaw: an imperfection or unintentional discontinuity that
is detectable by a nondestructive examination.

full fillet weld: a fillet weld whose size is equal to the
thickness of the thinner member joined.

fusion: the melting together of filler metal and base metal,
or of base metal only, that results in coalescence.

gas blow: a process to clean and remove debris from
the gas supply piping by releasing gas (flammable or
nonflammable) at a high pressure and velocity through
the piping system while venting to atmosphere.

gas purge: a process to purge air from the flammable gas
supply piping, typically conducted at a low pressure
and velocity.

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.

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

heat affected zone: portion of the base metal that has not
been melted, but whose mechanical properties or micro-
structure have been altered by the heat of welding or
cutting.

heat treatments

annealing, full: heating a metal or alloy to a tempera-
ture above the critical temperature range and holding
above the range for a proper period of time, followed
by cooling to below that range. (A softening treatment
is often carried out just below the critical range, which
is referred to as a subcritical anneal.)

normalizing: a process in which a ferrous metal is
heated to a suitable temperature above the transforma-
tion range and is subsequently cooled in still air at room
temperature.

postweld heat treatment: any heat treatment subsequent
to welding.

preheating: the application of heat to a base metal
immediately prior to a welding or cutting operation.

stress-relieving: uniform heating of a structure or por-
tion thereof to a sufficient temperature to relieve the
major portion of the residual stresses, followed by uni-
form cooling.

imperfection: a condition of being imperfect; a departure
of a quality characteristic from its intended condition.

indication: the response or evidence from the application
of a nondestructive examination.

inert gas metal arc welding: an arc welding process
wherein coalescence is produced by heating with an
electric arc between a metal electrode and the work.
Shielding is obtained from an inert gas, such as helium
or argon. Pressure may or may not be used and filler
metal may or may not be used.

inspection: denotes the activities performed by an
Authorized Inspector, or an owner’s Inspector, to verify
that all required examinations and testing have been
completed, and to ensure that all the documentation for
material, fabrication, and examination conforms to the
applicable requirements of this Code and the engi-
neering design.

integrally reinforced branch outlet fitting: a branch outlet
fitting that is welded directly to a run pipe, where the
branch fitting and the deposited weld metal used to
attach the fitting to the run pipe are designed by the
fitting manufacturer to provide all the reinforcement
required by this Code without the addition of separate
saddles or pads. The attachment of the branch pipe to
the fitting is by butt welding, socket welding, threading,
or by a flanged connection. Integrally reinforced branch
outlet fittings include those fittings conforming to
MSS SP-97.

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

joint penetration: the minimum depth of a groove
weld extends from its face into a joint, exclusive of
reinforcement.

low energy capacitor discharge welding: a resistance weld-
ing process wherein coalescence is produced by the rapid
discharge of stored electric energy from a low voltage
electrostatic storage system.

manual welding: welding wherein the entire welding
operation is performed and controlled by hand.

maximum allowable stress: the maximum stress value that
may be used in the design formulas for a given material
and design temperature.
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maximum allowable working pressure (MAWP): the pres-
sure at the coincident temperature to which a boiler or
pressure vessel can be subjected without exceeding the
maximum allowable stress of the material or pressure—
temperature rating of the equipment. For this Code, the
term “MAWP” is as defined in the ASME Boiler and
Pressure Vessel Code, Sections I and VIII.

may: used to denote permission; neither a requirement
nor a recommendation.

mechanical joint: a joint for the purpose of mechanical
strength or leak resistance, or both, where the mechani-
cal strength is developed by threaded, grooved, rolled,
flared, or flanged pipe ends, or by bolts, pins, and com-
pounds, gaskets, rolled ends, caulking, or machined and
mated surfaces. These joints have particular application
where ease of disassembly is desired.

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

nominal thickness: the thickness given in the product
material specification or standard to which manufactur-
ing tolerances are applied.

normalizing: see heat treatments.

Operating Company: the owner, user, or agent acting on
behalf of the owner, who has the responsibility for per-
forming the operations and maintenance functions on
the piping systems within the scope of the Code.

owner: the party or organization ultimately responsible
for operation of a facility. The owner is usually the one
who would be granted an operating license by the regu-
latory authority having jurisdiction or who has the
administrative and operational responsibility for the
facility. The owner may be either the operating organiza-
tion (may not be the actual owner of the physical prop-
erty of the facility) or the organization that owns and
operates the plant.

oxygen cutting: a group of cutting processes wherein the
severing of metals is effected by means of the chemical
reaction of oxygen with the base metal at elevated tem-
peratures. In the case of oxidation-resistant metals, the
reaction is facilitated by use of a flux.

oxygen gouging: an application of oxygen cutting wherein
a chamfer or groove is formed.

packaged equipment: an assembly of individual compo-
nents or stages of equipment, complete with its intercon-
necting piping and connections for piping external to
the equipment assembly. The assembly may be mounted
on a skid or other structure prior to delivery.

peening: the mechanical working of metals by means of
hammer blows.

pipe and tube: the fundamental difference between pipe
and tube is the dimensional standard to which each is
manufactured.
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A pipe is a tube with a round cross section conforming
to the dimensional requirements for nominal pipe size
as tabulated in ASME B36.10M, Table 1, and
ASME B36.19M, Table 1. For special pipe having a diam-
eter not listed in these Tables, and also for round tube,
the nominal diameter corresponds with the outside
diameter.

A tube is a hollow product of round or any other cross
section having a continuous periphery. Round tube size
may be specified with respect to any two, but not all
three, of the following: outside diameter, inside diame-
ter, wall thickness; types K, L, and M copper tube may
also be specified by nominal size and type only. Dimen-
sions and permissible variations (tolerances) are speci-
fied in the appropriate ASTM or ASME standard
specifications.

Types of pipe, according to the method of manufac-
ture, are defined as follows:

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

(B) furnace butt welded pipe

(B.1) furnace butt welded pipe, bell welded: pipe pro-
duced in individual lengths from cut length skelp, hav-
ing its longitudinal butt joint forge welded by the
mechanical pressure developed in drawing the furnace
heated skelp through a cone shaped die (commonly
known as a “welding bell”) that serves as a combined
forming and welding die.

(B.2) furnace butt welded pipe, continuous welded:
pipe produced in continuous lengths from coiled skelp
and subsequently cut into individual lengths, having its
longitudinal butt joint forge welded by the mechanical
pressure developed in rolling the hot formed skelp
through a set of round pass welding rolls.

(C) electric fusion welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced in the
preformed tube by manual or automatic electric arc
welding. The weld may be single (welded from one
side), or double (welded from inside and outside) 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 butt joint, a lap joint, or a
lock seam joint.

(D) electric flash welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced, simulta-
neously over the entire area of abutting surfaces, by
the heat obtained from resistance to the flow of electric
current between the two surfaces, and by the application
of pressure after heating is substantially completed.
Flashing and upsetting are accompanied by expulsion
of metal from the joint.
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(E) double submerged arc welded pipe: pipe having a
longitudinal butt joint produced by the submerged arc
process, with at least two passes, one of which is on the
inside of the pipe.

(F) seamless pipe: pipe produced by one or more of
the following processes:

(E.1) rolled pipe: pipe produced from a forged billet
thatis pierced by a conical mandrel between two diamet-
rically opposed rolls. The pierced shell is subsequently
rolled and expanded over mandrels of increasingly
larger diameter. Where closer dimensional tolerances
are desired, the rolled pipe is cold or hot drawn through
dies, and machined.

One variation of this process produces the hollow shell
by extrusion of the forged billet over a mandrel in a
vertical, hydraulic piercing press.

(F2) forged and bored pipe: pipe produced by boring
or trepanning of a forged billet.

(F.3) extruded pipe: pipe produced from hollow or
solid round forgings, usually in a hydraulic extrusion
press. In this process the forging is contained in a cylin-
drical die. Initially a punch at the end of the extrusion
plunger pierces the forging. The extrusion plunger then
forces the contained billet between the cylindrical die
and the punch to form the pipe, the latter acting as a
mandrel.

(F4) centrifugally cast pipe: pipe formed from the
solidification of molten metal in a rotating mold. Both
metal and sand molds are used. After casting, the pipe
is machined, to sound metal, on the internal and external
diameters to the surface roughness and dimensional
requirements of the applicable material specification.

One variation of this process utilizes autofrettage
(hydraulic expansion) and heat treatment, above the
recrystallization temperature of the material, to produce
a wrought structure.

(E5) statically cast pipe: pipe formed by the solidifi-
cation of molten metal in a sand mold.

pipe supporting elements: pipe supporting elements con-
sist of hangers, supports, and structural attachments.

hangers and supports: hangers and supports include
elements that transfer the load from the pipe or struc-
tural attachment to the supporting structure or equip-
ment. They include hanging type fixtures, such as
hanger rods, spring hangers, sway braces, counter-
weights, turnbuckles, struts, chains, guides, and
anchors, and bearing type fixtures, such as saddles,
bases, rollers, brackets, and sliding supports.

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

porosity: cavity-type discontinuities formed by gas
entrapment during metal solidification.

postweld heat treatment: see heat treatments.
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preheating: see heat treatments.

pressure: an application of force per unit area; fluid
pressure (an application of internal or external fluid
force per unit area on the pressure boundary of piping
components).

Procedure Qualification Record (PQR): a record of the weld-
ing data used to weld a test coupon. The POR is a record
of variables recorded during the welding of the test
coupons. It also contains the test results of the tested
specimens. Recorded variables normally fall within a
small range of the actual variables that will be used in
production welding.

qualified (personnel): individuals who have demonstrated
and documented abilities gained through training and/
or experience that enable them to perform a required
function to the satisfaction of the Operating Company.

readily accessible: for visual examination, readily accessi-
ble inside surfaces are defined as those inside surfaces
that can be examined without the aid of optical devices.
(This definition does not prohibit the use of optical
devices for a visual examination; however, the selection
of the device should be a matter of mutual agreement
between the owner and the fabricator or erector.)

Reid vapor pressure: the vapor pressure of a flammable
or combustible liquid as determined by ASTM Standard
Test Method D323 Vapor Pressure of Petroleum Products
(Reid Method).

reinforcement of weld: weld metal on the face of a groove
weld in excess of the metal necessary for the specified
weld size.

repair: the work necessary to restore pressure-retaining
items to a safe and satisfactory operating condition.

restraint: any device that prevents, resists, or limits move-
ment of a piping system.

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

root penetration: the depth a groove weld extends into
the root opening of a joint measured on the centerline
of the root cross section.

seal weld: a weld used on a pipe joint primarily to obtain
fluid tightness as opposed to mechanical strength.

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

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

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 work.
Shielding is obtained from decomposition of the elec-
trode covering. Pressure is not used and filler metal is
obtained from the electrode.
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should: “should” or “it is recommended” is used to indi-
cate that a provision is not mandatory but recommended
as good practice.

size of weld

fillet weld: for equal leg fillet welds, the leg lengths of
the largest isosceles right triangle that can be inscribed
within the fillet weld cross section. For unequal leg fillet
welds, the leg lengths of the largest right triangle that
can be inscribed within the fillet weld cross section.

groove weld: the joint penetration (depth of chamfering
plus the root penetration when specified).

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

soldering: a metal joining process wherein coalescence is
produced by heating to suitable temperature and by
using a nonferrous alloy fusible at temperatures below
840°F (450°C) and having a melting point below that of
the base metals being joined. The filler metal is distrib-
uted between closely fitted surfaces of the joint by capil-
lary action. In general, solders are lead-tin alloys and
may contain antimony, bismuth, silver, and other
elements.

steel: an alloy of iron and carbon with no more than 2%
carbon by weight. Other alloying elements may include
manganese, sulfur, phosphorus, silicon, aluminum,
chromium, copper, nickel, molybdenum, vanadium, and
others depending upon the type of steel. For acceptable
material specifications for steel, refer to Chapter III,
Materials.

stresses

sustained stress: a stress developed by an imposed load-
ing that is necessary to satisfy the laws of equilibrium
between external and internal forces and moments. The
basic characteristic of a sustained stress is that it is not
self-limiting. If a sustained stress exceeds the yield
strength of the material through the entire thickness, the
prevention of failure is entirely dependent on the strain-
hardening properties of the material. A thermal stress is
not classified as a sustained stress. Further, the sustained
stresses calculated in this Code are “effective” stresses
and are generally lower than those predicted by theory
or measured in strain-gage tests.

displacement stress: a stress developed by the self-
constraint of the structure. It must satisfy an imposed
strain pattern rather than being in equilibrium with an
external load. The basic characteristic of a displacement
stress is that it is self-limiting. Local yielding and minor
distortions can satisfy the displacement or expansion
conditions that cause the stress to occur. Failure from one
application of the stress is not to be expected. Further,
the displacement stresses calculated in this Code are
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“effective” stresses and are generally lower than those
predicted by theory or measured in strain-gage tests.!
peak stress: the highest stress in the region under con-
sideration. The basic characteristic of a peak stress is
that it causes no significant distortion and is objection-
able only as a possible source of a fatigue crack initiation
or a brittle fracture. This Code does not utilize peak
stress as a design basis, but rather uses effective stress
values for sustained stress and for displacement stress;
the peak stress effect is combined with the displacement
stress effect in the displacement stress range calculation.

stress-relieving: see heat treatments.

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. Pressure is not
used, and filler metal is obtained from the electrode and
sometimes from a supplementary welding rod.

supplementary steel: steel members that are installed
between existing members for the purpose of installing
supports for piping or piping equipment.

swivel joint: a component that permits single-plane rota-
tional movement in a piping system.

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

throat of a fillet weld

actual: the shortest distance from the root of a fillet
weld to its face.

theoretical: the distance from the beginning of the root
of the joint perpendicular to the hypotenuse of the larg-
est right triangle that can be inscribed within the fillet
weld cross section.

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

tube: refer to pipe and tube.

tungsten electrode: a nonfiller metal electrode used in arc
welding, consisting of a tungsten wire.

undercut: a groove melted into the base metal adjacent
to the toe of a weld and not filled with weld metal.

visual examination: the observation of whatever portions
of components, joints, and other piping elements that
are exposed to such observation either before, during,
or after manufacture, fabrication, assembly, erection,

! Normally, the most significant displacement stress is encoun-
tered in the thermal expansion stress range from ambient to the
normal operating condition. This stress range is also the stress
range usually considered in a flexibility analysis. However, if other
significant stress ranges occur, whether they are displacement stress
ranges (such as from other thermal expansion or contraction events,
or differential support point movements) or sustained stress ranges
(such as from cyclic pressure, steam hammer, or earthquake inertia
forces), paras. 102.3.2(B) and 104.8.3 may be used to evaluate their
effect on fatigue life.
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inspection, or testing. This examination may include
verification of the applicable requirements for materials,
components, dimensions, joint preparation, alignment,
welding or joining, supports, assembly, and erection.
weld: a localized coalescence of metal that is produced
by heating to suitable temperatures, with or without the
application of pressure, and with or without the use of
filler metal. The filler metal shall 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/Welding Operator Performance Qualification (WPQ):
demonstration of a welder’s ability to produce welds in
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amanner described in a Welding Procedure Specification
that meets prescribed standards.

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

Welding Procedure Specification (WPS): a written qualified
welding procedure prepared to provide direction for
making production welds to Code requirements. The
WPS or other documents may be used to provide direc-
tion to the welder or welding operator to ensure compli-
ance with the Code requirements.

weldment: an assembly whose component parts are
joined by welding.
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Chapter Il
Design

PART 1
CONDITIONS AND CRITERIA

101 DESIGN CONDITIONS
101.1 General

These design conditions define the pressures, temper-
atures, and various forces applicable to the design of
power piping systems. Power piping systems shall be
designed for the most severe condition of coincident
pressure, temperature, and loading, except as herein
stated. The most severe condition shall be that which
results in the greatest required pipe wall thickness and
the highest flange rating.

101.2 Pressure

All pressures referred to in this Code are expressed in
pounds per square inch and kilopascals above atmo-
spheric pressure, i.e., psig [kPa (gage)], unless otherwise
stated.

101.2.2 Internal Design Pressure. The internal
design pressure shall be not less than the maximum
sustained operating pressure (MSOP) within the piping
system including the effects of static head.

101.2.4 External Design Pressure. Piping subject to
external pressure shall be designed for the maximum
differential pressure anticipated during operating, shut-
down, or test conditions.

101.2.5 Pressure Cycling. This Code does not
address the contribution to fatigue in fittings and com-
ponents caused by pressure cycling. Special consider-
ation may be necessary where systems are subjected to
a very high number of large pressure cycles.

101.3 Temperature

101.3.1  All temperatures referred to in this Code,
unless otherwise stated, are the average metal tempera-
tures of the respective materials expressed in degrees
Fahrenheit, i.e., °F (Celsius, i.e., °C).

101.3.2 Design Temperature

(A) The piping shall be designed for a metal tempera-
ture representing the maximum sustained condition
expected. The design temperature shall be assumed to
be the same as the fluid temperature unless calculations
or tests support the use of other data, in which case the
design temperature shall not be less than the average of
the fluid temperature and the outside wall temperature.
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(B) Where a fluid passes through heat exchangers in
series, the design temperature of the piping in each
section of the system shall conform to the most severe
temperature condition expected to be produced by the
heat exchangers in that section of the system.

(C) For steam, feedwater, and hot water piping lead-
ing from fired equipment (such as boiler, reheater, super-
heater, economizer, etc.), the design temperature shall
be based on the expected continuous operating condi-
tion plus the equipment manufacturers guaranteed max-
imum temperature tolerance. For operation at
temperatures in excess of this condition, the limitations
described in para. 102.2.4 shall apply.

(D) Accelerated creep damage, leading to excessive
creep strains and potential pipe rupture, caused by
extended operation above the design temperature shall
be considered in selecting the design temperature for
piping to be operated above 800°F (425°C).

101.4 Ambient Influences

101.4.1 Cooling Effects on Pressure. Where the
cooling of a fluid may reduce the pressure in the piping
to below atmospheric, the piping shall be designed to
withstand the external pressure or provision shall be
made to break the vacuum.

101.4.2 Fluid Expansion Effects. Where the expan-
sion of a fluid may increase the pressure, the piping
system shall be designed to withstand the increased
pressure or provision shall be made to relieve the excess
pressure.

101.5 Dynamic Effects

101.5.1 Impact. Impact forces caused by all external
and internal conditions shall be considered in the piping
design. One form of internal impact force is due to the
propagation of pressure waves produced by sudden
changes in fluid momentum. This phenomena is often
called water or steam “hammer.” It may be caused by
the rapid opening or closing of a valve in the system. The
designer should be aware that this is only one example of
this phenomena and that other causes of impact load-
ing exist.

101.5.2 Wind. Exposed piping shall be designed to
withstand wind loadings. The analysis considerations
and loads may be as described in ASCE/SEI 7, Minimum
Design Loads for Buildings and Other Structures.
Authoritative local meteorological data may also be
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used to define or refine the design wind forces. Where
local jurisdictional rules covering the design of building
structures are in effect and specify wind loadings for
piping, these values shall be considered the minimum
design values. Wind need not be considered as acting
concurrently with earthquakes.

101.5.3 Earthquake. The effect of earthquakes shall
be considered in the design of piping, piping supports,
and restraints. The analysis considerations and loads
may be as described in ASCE/SEI 7. Authoritative local
seismological data may also be used to define or refine
the design earthquake forces. Where local jurisdictional
rules covering the design of building structures are in
effect and specify seismic loadings for piping, these val-
ues shall be considered the minimum design values.
ASME B31E, Standard for the Seismic Design and
Retrofit of Above-Ground Piping Systems, may be used
as an alternate method of seismic qualification or for
guidance in seismic design. Earthquakes need not be
considered as acting concurrently with wind.

101.5.4 Vibration. Piping shall be arranged and
supported with consideration of vibration [see
paras. 120.1(C) and 121.7.5].

101.6 Weight Effects

The following weight effects combined with loads and
forces from other causes shall be taken into account in the
design of piping. Piping shall be carried on adjustable
hangers or properly leveled rigid hangers or supports,
and suitable springs, sway bracing, vibration dampen-
ers, etc., shall be provided where necessary.

101.6.1 Live Load. The live load consists of the
weight of the fluid transported. Snow and ice loads shall
be considered in localities where such conditions exist.

101.6.2 Dead Load. The dead load consists of the
weight of the piping components, insulation, protective
lining and coating, and other superimposed permanent
loads.

101.6.3 Test or Cleaning Fluid Load. The test or
cleaning fluid load consists of the weight of the test or
cleaning fluid.

101.7 Thermal Expansion and Contraction Loads

101.7.1 General. The design of piping systems shall
take account of the forces and moments resulting from
thermal expansion and contraction, and from the effects
of expansion joints.

Thermal expansion and contraction shall be provided
for preferably by pipe bends, elbows, offsets, or changes
in direction of the pipeline.

Hangers and supports shall permit expansion and con-
traction of the piping between anchors.
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101.7.2 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Joints of the corrugated bel-
lows, slip, sleeve, ball, or swivel types and flexible metal
hose assemblies may be used if their materials conform
to this Code, their structural and working parts are of
ample proportions, and their design prevents the com-
plete disengagement of working parts while in service.
In determining expansion joint design criteria, the
designer shall give due consideration to conditions of
service, including, but not limited to, temperature, pres-
sure, externally imposed displacements, corrosion/
erosion, fatigue, and flow velocity.

102 DESIGN CRITERIA
102.1 General

These criteria cover pressure-temperature ratings for
standard and specially designed components, allowable
stresses, stress limits, and various allowances to be used
in the design of piping and piping components.

102.2 Pressure-Temperature Ratings for Piping
Components

102.2.1 Components Having Specific Ratings.
Pressure—-temperature ratings for certain piping compo-
nents have been established and are contained in some
of the standards listed in Table 126.1.

Where piping components have established pressure—
temperature ratings that do not extend to the upper
material temperature limits permitted by this Code, the
pressure—temperature ratings between those established
and the upper material temperature limit may be deter-
mined in accordance with the rules of this Code, but such
extensions are subject to restrictions, if any, imposed by
the standards.

Standard components may not be used at conditions
of pressure and temperature that exceed the limits
imposed by this Code.

102.2.2 Components Not Having Specific Ratings.
Some of the Standards listed in Table 126.1, such as those
for buttwelding fittings, specify that components shall
be furnished in nominal thicknesses. Unless limited else-
where in this Code, such components shall be rated for
the same allowable pressures as seamless pipe of the
same nominal thickness, as determined in paras. 103
and 104 for material having the same allowable stress.

Piping components, such as pipe, for which allowable
stresses have been developed in accordance with
para. 102.3, but that do not have established pressure
ratings, shall be rated by rules for pressure design in
para. 104, modified as applicable by other provisions of
this Code.

Should it be desired to use methods of manufacture
or design of components not covered by this Code or
not listed in referenced standards, it is intended that
the manufacturer shall comply with the requirements

(16)
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of paras. 103 and 104 and other applicable requirements
of this Code for design conditions involved. Where com-
ponents other than those discussed above, such as pipe
or fittings not assigned pressure—-temperature ratings in
an American National Standard, are used, the manufac-
turer’s recommended pressure-temperature rating shall
not be exceeded.

102.2.3 Ratings: Normal Operating Condition. A
piping system shall be considered safe for operation if
the maximum sustained operating pressure and temper-
ature that may act on any part or component of the
system does not exceed the maximum pressure and tem-
perature allowed by this Code for that particular part
or component. The design pressure and temperature
shall not exceed the pressure-temperature rating for the
particular component and material as defined in the
applicable specification or standard listed in Table 126.1.

102.2.4 Ratings: Allowance for Variation From Normal
Operation. The maximum internal pressure and tem-
perature allowed shall include considerations for occa-
sional loads and transients of pressure and temperature.

Itis recognized that variations in pressure and temper-
ature inevitably occur, and therefore the piping system,
except as limited by component standards referred to
in para. 102.2.1 or by manufacturers of components
referred to in para. 102.2.2, shall be considered safe for
occasional short operating periods at higher than design
pressure or temperature. For such variations, either pres-
sure or temperature, or both, may exceed the design
values if the computed circumferential pressure stress
does not exceed the maximum allowable stress from
Mandatory Appendix A for the coincident tempera-
ture by

(A) 15% if the event duration occurs for no more than
8 hr at any one time and not more than 800 hr/yr, or

(B) 20% if the event duration occurs for not more than
1 hr at any one time and not more than 80 hr/yr

102.2.5 Ratings at Transitions. Where piping sys-
tems operating at different design conditions are con-
nected, a division valve shall be provided having a
pressure—temperature rating equal to or exceeding the
more severe conditions. See para. 122 for design require-
ments pertaining to specific piping systems.

102.3 Allowable Stress Values and Other Stress
Limits for Piping Components

102.3.1 Allowable Stress Values

(A) Allowable stress values to be used for the design
of power piping systems are given in the Tables in
Mandatory Appendix A, also referred to in this Code
Section as the Allowable Stress Tables. These tables list
allowable stress values for commonly used materials at
temperatures appropriate to power piping installations.
In every case the temperature is understood to be the
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metal temperature. Where applicable, weld joint effi-
ciency factors and casting quality factors are included
in the tabulated values. Thus, the tabulated values are
values of S, SE, or SE, as applicable.

(B) Allowable stress values in shear shall not exceed
80% of the values determined in accordance with the
rules of para. 102.3.1(A). Allowable stress values in bear-
ing shall not exceed 160% of the determined values.

(C) The basis for establishing the allowable stress val-
ues in this Code Section are the same as those in the
ASME Boiler and Pressure Vessel Code, Section II,
Part D, Mandatory Appendix 1; except that allowable
stresses for cast iron and ductile iron are in accordance
with Section VIII, Division 1, Nonmandatory
Appendix P for Tables UCI-23 and UCD-23, respectively.

102.3.2 Limits for Sustained and Displacement
Stresses
(A) Sustained Stresses

(A.1) Internal Pressure Stress. The calculated stress
due to internal pressure shall not exceed the allowable
stress values given in the Allowable Stress Tables in
Mandatory Appendix A. This criterion is satisfied when
the wall thickness of the piping component, including
any reinforcement, meets the requirements of
paras. 104.1 through 104.7, excluding para. 104.1.3 but
including the consideration of allowances permitted by
paras. 102.2.4, 102.3.3(B), and 102.4.

(A.2) External Pressure Stress. Piping subject to
external pressure shall be considered safe when the wall
thickness and means of stiffening meet the requirements
of para. 104.1.3.

(A.3) Longitudinal Stress. The sum of the longitudi-
nal stresses, S;, due to pressure, weight, and other sus-
tained loads shall not exceed the basic material allowable
stress in the hot condition, S;.

The longitudinal pressure stress, Slp, may be deter-
mined by either of the following equations:

PD,
S p = 4[‘:
or

P dnz
Duz - dnz

Sy =

(B) Displacement Stresses
(B.1) Cyclic Displacement Stress Ranges. The calcu-
lated reference displacement stress range, S (see paras.
104.8.3 and 119.6.4), shall not exceed the allowable stress
range, Sy, calculated by eq. (1A)
Sa = f(1.255. + 0.255;) (1A)

When S, is greater than S;, the difference between
them may be added to the term 0.255, in eq. (1A). In
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that case, the allowable stress range, Sy, is calculated by
eq. (1B)

Su = f(1.255, + 1.25S, - Sy) (1B)

where

cyclic stress range factor” for the total number of
equivalent reference displacement stress range
cycles, N, determined from eq. (1C)

f=6/N"2<10 (1C)

total number of equivalent reference displace-
ment stress range cycles expected during the
service life of the piping. A minimum value for
fis 0.15, which results in an allowable displace-
ment stress range for a total number of equiva-
lent reference displacement stress range cycles
greater than 10° cycles.

basic material allowable stress from Mandatory
Appendix A at the minimum metal tempera-
ture expected during the reference stress range
cycle,? psi (kPa)

basic material allowable stress from Mandatory
Appendix A at the maximum metal tempera-
ture expected during the reference stress range
cycle,? psi (kPa)

Sy

In determining the basic material allowable stresses,
Sc and Sy, for welded pipe, the joint efficiency factor, E,
need not be applied (see para. 102.4.3). The values of
the allowable stresses from Mandatory Appendix A may
be divided by the joint efficiency factor given for that
material. In determining the basic material allowable
stresses for castings, the casting quality factor, F, shall
be applied (see para. 102.4.6).

When considering more than a single displacement
stress range, whether from thermal expansion or other
cyclic conditions, each significant stress range shall be
computed. The reference displacement stress range, S,
is defined as the greatest computed displacement stress
range. The total number of equivalent reference displace-
ment stress range cycles, N, may then be calculated by

eq. (2)

N = Ng+3@°N) fori =1,2,...,n ()
where
NE

number of cycles of the reference displacement
stress range, Sg

! Applies to essentially noncorroded piping. Corrosion can
sharply decrease cyclic life; therefore, corrosion-resistant materials
should be considered where a large number of significant stress
range cycles is anticipated. The designer is also cautioned that the
fatigue life of materials operated at elevated temperatures may be
reduced.

2 For materials with a minimum tensile strength of over 70 ksi
(480 MPa), eqgs. (1A) and (1B) shall be calculated using S. or Sy,
values no greater than 20 ksi (140 MPa), unless otherwise justified.
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N; = number of cycles associated with displacement
stress range, S;
9 = Si/Sk
S; = anycomputed stress range other than the refer-

ence displacement stress range, psi (kPa)

(B.2) Noncyclic Displacement Stress Ranges. Stress
ranges caused by noncyclic movements such as those
due to settlement or uplift of pipe-supporting structures
or components such as buildings, pipe racks, pipe
anchors, or rigid supports will not significantly influence
fatigue life. Stress ranges caused by such movements
may be calculated using eq. (17), replacing S, with an
allowable stress range of 3.05¢ and replacing M with
the moment range due to the noncyclic movement. The
stress ranges due to noncyclic displacements need not
be combined with cyclic stress ranges in accordance with
(B.1) above.

102.3.3 Limits of Calculated Stresses Due to
Occasional Loads

(A) During Operation. The sum of the longitudinal
stresses produced by internal pressure, live and dead
loads and those produced by occasional loads, such as
the temporary supporting of extra weight, may exceed
the allowable stress values given in the Allowable Stress
Tables by the amounts and durations of time given in
para. 104.8.2.

(B) During Test. During pressure tests performed in
accordance with para. 137, the circumferential (hoop)
stress shall not exceed 90% of the yield strength (0.2%
offset) at test temperature. In addition, the sum of longi-
tudinal stresses due to test pressure and live and dead
loads at the time of test, excluding occasional loads, shall
not exceed 90% of the yield strength at test temperature.

102.4 Allowances

102.4.1 Corrosion or Eresion. When corrosion or
erosion is expected, an increase in wall thickness of the
piping shall be provided over that required by other
design requirements. This allowance in the judgment of
the designer shall be consistent with the expected life
of the piping.

102.4.2 Threading and Grooving. The calculated
minimum thickness of piping (or tubing) that is to be
threaded shall be increased by an allowance equal to
thread depth; dimension & of ASME B1.20.1 or equiva-
lent shall apply. For machined surfaces or grooves, where
the tolerance is not specified, the tolerance shall be
assumed to be %, in. (0.40 mm) in addition to the speci-
fied depth of cut. The requirements of para. 104.1.2(C)
shall also apply.

102.4.3 Weld Joint Efficiency Factors. The use of
joint efficiency factors for welded pipe is required by
this Code. The factors in Table 102.4.3 are based on
full penetration welds. These factors are included in the
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Table 102.4.3 Longitudinal Weld Joint Efficiency Factors

No. Type of Joint Type of Seam Examination Factor £
1 Furnace butt weld, con- Straight As required by listed 0.60
tinuous weld Q specification [Note (1)]
2 Electric resistance weld Straight or spiral As required by listed 0.85
Q specification [Note (1)]
3 Electric fusion weld
(@) Single butt weld Straight or spiral As required by listed 0.85
(without filler metal) specification
Additionally 100% 1.00
volumetric exami- [Note (2)]
nation (RT or UT)
(b) Single butt weld Straight or spiral As required by listed 0.80
(with filler metal) specification
4 j 7: ; Additionally 100% 1.00
volumetric exami- [Note (2)]
nation (RT or UT)
(c) Double butt weld Straight or spiral As required by listed 0.90
(without filler metal) )' specification
5
Additionally 100% 1.00
volumetric exami- [Note (2)]
nation (RT or UT)
(d) Double butt weld Straight or spiral As required by listed 0.90
(with filler metal) specification
Additionally 100% 1.00
volumetric exami- [Note (2)]
nation (RT or UT)
4 APl 5L Submerged arc weld Straight with As required by speci- 0.90
(SAW) one or two fication
seams
Gas metal arc weld Additionally 100% 1.00
(GMAW) Spiral volumetric exami- [Note (2)]
nation (RT or U
Combined GMAW, SAW fon "
NOTES:

(1) It is not permitted to increase the longitudinal weld joint efficiency factor by additional examination for joint 1 or 2.

(2) RT (radiographic examination) shall be in accordance with the requirements of para. 136.4.5 or the material specification, as applica-
ble. UT (ultrasonic examination) shall be in accordance with the requirements of para. 136.4.6 or the material specification, as
applicable.
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Table 102.4.5 Bend Thinning Allowance

Minimum Thickness
Recommended Prior to

Radius of Bends Bending
6 pipe diameters or greater 1.06t,,
5 pipe diameters 1.08t,
4 pipe diameters 1.14t,
3 pipe diameters 1.25¢,

GENERAL NOTES:

(@) Interpolation is permissible for bending to intermediate radii.

(b) t, is determined by eq. (7) or (8) of para. 104.1.2(A).

(c) Pipe diameter is the nominal diameter as tabulated in
ASME B36.10M, Tables 1, and ASME B36.19M, Table 1. For
piping with a diameter not listed in these Tables, and also for
tubing, the nominal diameter corresponds with the outside
diameter.

allowable stress values given in Mandatory Appendix A.
The factors in Table 102.4.3 apply to both straight seam
and spiral seam welded pipe.

102.4.4 Mechanical Strength. Where necessary for
mechanical strength to prevent damage, collapse, exces-
sive sag, or buckling of pipe due to superimposed loads
from supports or other causes, the wall thickness of the
pipe should be increased; or, if this is impractical or
would cause excessive local stresses, the superimposed
loads or other causes shall be reduced or eliminated by
other design methods. The requirements of
para. 104.1.2(C) shall also apply.

102.4.5 Bending. The minimum wall thickness at
any point on the bend shall conform to (A) or (B) below.

(A) The minimum wall thickness at any point in a
completed bend shall not be less than required by eq. (7)
or (8) of para. 104.1.2(A).

(A.1) Table 102.4.5 is a guide to the designer who
must specify wall thickness for ordering pipe. In general,
it has been the experience that when good shop practices
are employed, the minimum thicknesses of straight pipe
shown in Table 102.4.5 should be sufficient for bending
and still meet the minimum thickness requirements of
para. 104.1.2(A).

(A.2) The bend thinning allowance in Table 102.4.5
may be provided in all parts of the cross section of
the pipe circumference without any detrimental effects
being produced.

(B) The minimum required thickness, t,, of a bend,
after bending, in its finished form, shall be determined
in accordance with eq. (3) or (4)

by = Do A 3
"= 2EEA+ Py) T )
or
Pd + 2SEA/I + 2yPA

" = T2(SE[l + Py - P)
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Fig. 102.4.5 Nomenclature for Pipe Bends

i End of bend
i (typ.)
Extrados
where at the intrados (inside of bend)
_ 4R/D,) -1
I'=3®py—2 ©®)
and at the extrados (outside of bend)
_ 4R/Dy +1
I'=3®py+2 ©)

and at the sidewall on the bend centerline
I =10

where
R = bend radius of pipe bend

Thickness variations from the intrados to the extrados
and at the ends of the bend shall be gradual. The thick-
ness requirements apply at the center of the bend arc,
at the intrados, extrados, and bend centerline (see
Fig. 102.4.5). The minimum thickness at the ends of
the bends shall not be less than the requirements of
para. 104.1.2 for straight pipe. For bends to conform to
this paragraph, all thickness requirements must be met.

102.4.6 Casting Quality Factors

(A) General. Except for gray iron castings, the use of
a casting quality factor is required for all cast compo-
nents that use the allowable stress values of Mandatory
Appendix A as the design basis. The factor, 0.80 for
castings and 0.85 for centrifugally cast pipe, is included
in the allowable stress values given in Mandatory
Appendix A.

This required factor does not apply to component stan-
dards listed in Table 126.1, if such standards define
allowable pressure-temperature ratings or provide the
allowable stresses to be used as the design basis for the
component.

(16)
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Table 102.4.6(B.1.1) Maximum Severity Level for Casting Thickness 4% in. (114 mm) or Less

Severity Level
Discontinuity <1 in. (25 mm) >1 in. (25 mm) Discontinuity
Category Designation Thick Thick Category Designation Severity Level
For E446 [Castings up to 2 in. For E186 [Castings 2 in. to
(50 mm) Thickness] 4Y, in. (50 mm to 114 mm)
Thickness]
A 1 2
A, B, and Types 1 and 2 of C 2
B 2 3
Type 3 of C 3
C Types 1, 2, 1 3
3, and 4
D, E, and F None
D, E, F and G None None acceptable
acceptable acceptable

(B) For steel materials, a casting quality factor not
exceeding 1.0 may be applied when the following
requirements are met:

(B.1) All steel castings having a nominal body
thickness of 4% in. (114 mm) or less (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or B16.34)
shall be inspected visually (MSS SP-55 may be used for
guidance) as follows:

(B.1.1) All critical areas, including the junctions
of all gates, risers, and abrupt changes in section or
direction and area of weld end preparation shall be
volumetrically examined in accordance with Section V of
the ASME Boiler and Pressure Vessel Code. Radiographs
shall conform to the requirements of ASTM E446,
Reference Radiographs for Steel Castings up to
2 in. (50 mm) in Thickness, or ASTM E186, Reference
Radiographs for Heavy Walled (2 to 4% in. [50 to
114 mm]) Steel Castings, depending upon the section
thickness. MSS SP-54 may be used for guidance. The
maximum acceptable severity level for a 1.0 quality fac-
tor shall be as listed in Table 102.4.6(B.1.1). Where appro-
priate, radiographic examination (RT) of castings may be
supplemented or replaced with ultrasonic examination
(UT), provided it is performed in accordance with
MSS SP-94.

(B.1.2) All surfaces of each casting, including
machined gasket seating surfaces, shall be examined by
the magnetic particle or dye penetrant method after
heat treatment. The examination techniques shall be in
accordance with Article 6 or 7, as applicable, and
Article 9 of Section V of the ASME Boiler and Pressure
Vessel Code. MSS SP-53 and SP-93 may be used for
guidance. Magnetic particle or dye penetrant indications
exceeding degree 1 of Type I, degree 2 of Type II, and
degree 3 of Type III, and exceeding degree 1 of Types IV
and V of ASTM E125, Standard Reference Photographs
for Magnetic Particle Indications on Ferrous Castings,
are not acceptable and shall be removed.
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(B.1.3) Where more than one casting of a particu-
lar design is produced, each of the first five castings shall
be inspected as above. Where more than five castings are
being produced, the examination shall be performed on
the first five plus one additional casting to represent
each five additional castings. If this additional casting
proves to be unacceptable, each of the remaining cast-
ings in the group shall be inspected.

(B.1.4) Any discontinuities in excess of the maxi-
mum permitted in (B.1.1) and (B.1.2) above shall be
removed, and the casting may be repaired by welding
after the base metal has been inspected to ensure com-
plete removal of discontinuities. [Refer to
para. 127.4.11(A).] The complete 4d repair shall be sub-
ject to reinspection by the same method as was used in
the original inspection and shall be reinspected after
any required postweld heat treatment.

(B.2) All steel castings having a nominal body
thickness greater than 4% in. (114 mm) (other than pipe
flanges, flanged valves and fittings, and butt welding
end valves, all complying with ASME B16.5 or B16.34)
shall be inspected visually (MSS SP-55 may be used for
guidance) as follows:

(B.2.1) All surfaces of each casting including
machined gasket seating surfaces, shall be examined by
the magnetic particle or dye penetrant method after
heat treatment. The examination techniques shall be in
accordance with Article 6 or 7, as applicable, and with
Article 9 of Section V of the ASME Boiler and Pressure
Vessel Code. Magnetic particle or dye penetrant indica-
tions exceeding degree 1 of Type I, degree 2 of Type II,
degree 3 of Type III, and degree 1 of Types IV and V of
ASTM E125, Standard Reference Photographs for
Magnetic Particle Indications on Ferrous Castings, shall
be removed.

(B.2.2) All parts of castings shall be subjected to
complete volumetric examination (RT or UT) in accor-
dance with Section V of the ASME Boiler and Pressure
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Table 102.4.6(B.2.2) Maximum Severity Level for
Casting Thickness Greater Than 4% in. (114 mm)

Discontinuity
Category Designation

Severity Level

A, B, and Types 1, 2, and 3 of C 2
D, E, and F None
acceptable

Vessel Code. Radiographs shall conform to the require-
ments of ASTM E280.

The maximum acceptable severity level for a 1.0 qual-
ity factor shall be as listed in Table 102.4.6(B.2.2).
MSS SP-54 may be used for guidance. Where appro-
priate, radiographic examination (RT) of castings may be
supplemented or replaced with ultrasonic examination
(UT), provided it is performed in accordance with
MSS SP-94.

(B.2.3) Any discontinuities in excess of the maxi-
mum permitted in (B.2.1) and (B.2.2) above shall be
removed and may be repaired by welding after the base
metal has been magnetic particle or dye penetrant
inspected to ensure complete removal of discontinuities.
[Refer to para. 127.4.11(A).]

(B.2.4) All weld repairs of depth exceeding 1 in.
(25 mm) or 20% of the section thickness, whichever is
the lesser, shall be inspected by volumetric examination
(RT or UT) in accordance with (B.2.2) above and by
magnetic particle or dye penetrant inspection of the
finished weld surface. All weld repairs of depth less
than 20% of the section thickness, or 1 in. (25 mm),
whichever is the lesser, and all weld repairs of section
that cannot be effectively radiographed shall be exam-
ined by magnetic particle or dye penetrant inspection
of the first layer, of each Y in. (6 mm) thickness of
deposited weld metal, and of the finished weld surface.
Magnetic particle or dye penetrant testing of the finished
weld surface shall be done after postweld heat treatment.

(C) For castiron and nonferrous materials, no increase
of the casting quality factor is allowed except when
special methods of examination, prescribed by the mate-
rial specification, are followed. If such increase is specifi-
cally permitted by the material specification, a factor
not exceeding 1.0 may be applied.

102.4.7 Weld Strength Reduction Factors. At ele-
vated temperatures, seam welds on longitudinal-welded
or spiral-welded pipe can have lower creep strength
than the base material. This reduction is a factor in
determining the minimum wall thickness for longitudi-
nal-welded or spiral-welded pipe (i.e., not seamless),
whether fabricated in accordance with a material specifi-
cation or fabricated in accordance with the rules of this
Code. The weld strength reduction factor, W, is given
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in Table 102.4.7. The designer is responsible to assess
application of weld strength reduction factor require-
ments for welds other than longitudinal and spiral, as
applicable (e.g., circumferential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN OF PIPING
COMPONENTS

The design of piping components shall consider the
effects of pressure and temperature, in accordance with
paras. 104.1 through 104.7, including the consideration
of allowances permitted by paras. 102.2.4 and 102.4. In
addition, the mechanical strength of the piping system
shall be determined adequate in accordance with
para. 104.8 under other applicable loadings, including
but not limited to those loadings defined in para. 101.

104 PRESSURE DESIGN OF COMPONENTS
104.1 Straight Pipe

104.1.1 Straight Pipe Under Internal Pressure.
Straight pipe under internal pressure shall have a mini-
mum wall thickness calculated per para. 104.1.2 if the
pipe is of seamless construction or is designed for sus-
tained operation below the creep range. Straight pipe
under internal pressure shall have a minimum wall
thickness calculated per para. 104.1.4 if the pipe is of
longitudinal-welded or spiral-welded construction
designed for sustained operation within the creep range.
(See para. 123.4 for definition of the creep range.)

104.1.2 Straight Pipe Under Internal Pressure — (16)

Seamless, Longitudinal Welded, or Spiral Welded and
Operating Below the Creep Range

(A) Minimum Wall Thickness. The minimum thickness
of pipe wall required for design pressures and for tem-
peratures not exceeding those for the various materials
listed in the Allowable Stress Tables, including allow-
ances for mechanical strength, shall not be less than that
determined by eq. (7) or (8), as follows:

PD,

_ 3
n = 2GE+ Py T4 @)
_ Pd + 2SEA + 2yPA .
" = T2(SE + Py - D) ®

Design pressure shall not exceed
_ 25E(t, - A) ,
= D=2y - ) ©

3 SF shall be used in place of SE where casting quality factors
are intended. See definition of SE. Units of P and SE must be
identical. Mandatory Appendix A values must be converted to
kPa when the design pressure is in kPa.
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Table 102.4.7 Weld Strength Reduction Factors to Be Applied When Calculating the Minimum Wall

Thickness or Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Weld Strength Reduction Factor for Temperature, °F (°C) [Notes (1)-(7)]
700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Steel Group (371) (399) (427) (454) (482) (510) (538) (566) (593) (621) (649)

CrMo [Notes (8), (9), (10)] e .. 1.00 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64

CSEF (N+T) [Notes (8), (11), (12)] - . - - - 1.00 0.95 0.91 0.86 0.82 0.77

CSEF (Sub Crit) [Notes (8), (13)] R L. e R 1.00 0.50 0.50 0.50 0.50 0.50 0.50

Austenitic stainless (incl. 800H & - - - - - 1.00 0.95 0.91 0.86 0.82 0.77
800HT) [Notes (14), (15)]

Autogenously welded austenitic - . - - - 1.00 1.00 1.00 1.00 1.00 1.00

stainless [Note (16)]

NOTES:

@
@

©)]
@
(5)
©
@
®
©
(10)
(11
(12)

(13)

(14)

(15)

(16)

NP = not permitted.

Longitudinal welds in pipe for materials not covered in this Table operating in the creep regime are not permitted. For the purposes
of this Table, the start of the creep range is the highest temperature where the nonitalicized stress values end in Mandatory
Appendix A for the base material involved.

All weld filler metal shall be a minimum of 0.05% C for CrMo and CSEF materials, and 0.04% C for austenitic stainless in this Table.
Materials designed for temperatures below the creep range [see Note (2)] may be used without consideration of the WSRF or the
rules of this Table. All other Code rules apply.

Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and pass, a 100% volumetric examination (RT or UT). For
materials other than CrMo and CSEF, see para. 123.4(B).

At temperatures below those where WSRFs are tabulated, a value of 1.0 shall be used for the factor W where required by the rules of
this Section. However, the additional rules of this Table and Notes do not apply.

Carbon steel pipes and tubes are exempt from the requirements of para. 102.4.7 and Table 102.4.7.

Basicity index of SAW flux > 1.0.

The CrMo steels include Y,Cr-Y,Mo, 1Cr-%4Mo, 1Y,Cr-Y4Mo-Si, 2Y,Cr-1Mo, 3Cr-1Mo, and 5Cr-%,Mo. Longitudinal welds shall either
be normalized, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.

Longitudinal seam fusion welded construction is not permitted for C-4Mo steel for operation in the creep range [see Notes (2) and
@)1

The CSEF (creep strength enhanced ferritic) steels include Grades 91, 92, 911, 122, and 23.

N+T = normalizing + tempering PWHT.

Sub Crit = subcritical PWHT is required. No exemptions from PWHT are permitted. The PWHT time and temperature shall meet the
requirements of Table 132; the alternate PWHT requirements of Table 132.1 are not permitted.

WSRFs have been assigned for austenitic stainless (including 800H and 800HT) longitudinally welded pipe up to 1,500°F as follows:

Temperature, °F Temperature, °C Weld Strength Reduction Factor
1,250 677 0.73
1,300 704 0.68
1,350 732 0.64
1,400 760 0.59
1,450 788 0.55
1,500 816 0.5

Certain heats of the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of
temper-resistant carbides and carbo-nitrides, can suffer from an embrittlement condition in the weld heat affected zone that can lead
to premature failure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area
mitigates this susceptibility.

Autogenous SS welded pipe (without weld filler metal) has been assigned a WSRF up to 1,500°F of 1.00, provided that the product
is solution annealed after welding and receives nondestructive electric examination, in accordance with the material specification.
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2SE(t,, — A)

— 3
= T2, - A) + 20, (10)

where the nomenclature used above is
(A1) t,, = minimum required wall thickness, in.

(mm)

(A.1.1) If pipe is ordered by its nomi-
nal wall thickness, the manufacturing tol-
erance on wall thickness must be taken
into account. After the minimum pipe
wall thickness t,, is determined by eq. (7)
or (8), this minimum thickness shall be
increased by an amount sufficient to pro-
vide the manufacturing tolerance
allowed in the applicable pipe specifica-
tion or required by the process. The next
heavier commercial wall thickness shall
then be selected from thickness schedules
such as contained in ASME B36.10M or
from manufacturers” schedules for other
than standard thickness.

(A.1.2) Tocompensate for thinning in
bends, refer to para. 102.4.5.

(A.1.3) For cast piping components,
refer to para. 102.4.6.

(A.1.4) Where ends are subject to
forming or machining for jointing, the
wall thickness of the pipe, tube, or com-
ponent after such forming or machining
shall not be less than t,, minus the amount
provided for removal by para. 104.1.2
(A.6.1).
internal design pressure, psig [kPa

(gage)]

(A.2) P

NOTE: When computing the design pressure for a pipe of a
definite minimum wall thickness by eq. (9) or (10), the value of P
obtained by these formulas may be rounded out to the next higher
unit of 10. For cast iron pipe, see para. 104.1.2(B).

(A.3) D, = outside diameter of pipe, in. (mm). For
design calculations, the outside diameter
of pipe as given in tables of standards
and specifications shall be used in
obtaining the value of t,. When calculat-
ing the allowable working pressure of
pipe on hand or in stock, the actual mea-
sured outside diameter and actual mea-
sured minimum wall thickness at the
thinner end of the pipe may be used to
calculate this pressure.

inside diameter of pipe, in. (mm). For
design calculations, the inside diameter
of pipe is the maximum possible value
allowable under the purchase specifica-
tion. When calculating the allowable
working pressure of pipe on hand or in

(Ad)d =
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stock, the actual measured inside diame-
ter and actual measured minimum wall
thickness at the thinner end of the pipe
may be used to calculate this pressure.
(A.5) SE

or SF = maximum allowable stress in material
due to internal pressure and joint effi-
ciency (or casting quality factor) at the
design temperature, psi (MPa). The value
of SE or SF shall not exceed that given
in Mandatory Appendix A, for the
respective material and design tempera-
ture. These values include the weld joint
efficiency, E, or the casting factor, F.
additional thickness, in. (mm)

(A.6.1) To compensate for material
removed in threading, grooving, etc.,
required to make a mechanical joint, refer
to para. 102.4.2.

(A.6.2) To provide for mechanical
strength of the pipe, refer to para. 102.4.4
(not intended to provide for extreme con-
ditions of misapplied external loads or
for mechanical abuse).

(A6) A

(A.6.3) To provide for corrosion and /
or erosion, refer to para. 102.4.1.
(A.7) y = coefficient having values as given in

Table 104.1.2(A)

(B) Thickness of gray and ductile iron fittings con-
veying liquids may be determined from ANSI/AWWA
C110/A21.10 or ANSI/AWWA C153/A21.53. The thick-
ness of ductile iron pipe may be determined by ANSI/
AWWA C115/A21.15 or ANSI/AWWA C150/A21.50.
These thicknesses include allowances for foundry toler-
ances and water hammer.

(C) While the thickness determined from eq. (7) or
(8) is theoretically ample for both bursting pressure and
material removed in threading, the following minimum
requirements are mandatory to furnish added mechani-
cal strength:

(C.1) Where steel pipe is threaded and used for
steam service at pressure above 250 psi (1 750 kPa) or
for water service above 100 psi (700 kPa) with water
temperature above 220°F (105°C), the pipe shall be seam-
less having the minimum ultimate tensile strength of
48,000 psi (330 MPa) and a weight at least equal to
Schedule 80 of ASME B36.10M.

(C.2) Where threaded brass or copper pipe is used
for the services described in (C.1) above, it shall comply
with pressure and temperature classifications permitted
for these materials by other paragraphs of this Code
and shall have a wall thickness at least equal to that
specified above for steel pipe of corresponding size.



(16)

ASME B31.1-2016

Table 104.1.2(A) Values of y

Temperature, °F (°C)

900 1,250

(482) 677)

and 950 1,000 1,050 1,100 1,150 1,200 and

Material Below (510) (538) (566) (593) (621) (649) Above
Ferritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7
Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7
Nickel alloy UNS No. N06690 0.4 0.4 0.4 0.4 0.5 0.7 0.7 cee
Nickel alloys UNS Nos. N06617, 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7

N08800, N08810, N08825

Cast iron 0.0
Other metals [Note (1)] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

GENERAL NOTES:

(@ The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the

Table.

(b) For pipe with a D, /t,, ratio less than 6, the value of y for ferritic and austenitic steels designed for
temperatures of 900°F (480°C) and below shall be taken as

d

y=d+D0

NOTE:

(1) Metals listed in Mandatory Appendix A that are not covered by the categories of materials listed

above.

(C.3) Plain end nonferrous pipe or tube shall have
minimum wall thicknesses as follows:

(C.3.1) For nominal sizes smaller than NPS %
(DN 20), the thickness shall not be less than that specified
for Type K of ASTM BSS.

(C.3.2) For nominal sizes NPS ¥% (DN 20) and
larger, the wall thickness shall not be less than 0.049 in.
(1.25 mm). The wall thickness shall be further increased,
as required, in accordance with para. 102.4.

104.1.3 Straight Pipe Under External Pressure. For
determining wall thickness and stiffening requirements
for straight pipe under external pressure, the procedures
outlined in UG-28, UG-29, and UG-30 of Section VIII,
Division 1 of the ASME Boiler and Pressure Vessel Code
shall be followed.

104.1.4 Longitudinal-Welded or Spiral-Welded Pipe
Operating in the Creep Range. The minimum thickness
of pipe wall required for design pressures and for tem-
perature not exceeding that for the various materials
listed in the Allowable Stress Tables shall not be less
than that determined by eq. (11) or (12) as follows:

by = __PDo A 11
" = 2(SEW + Py) an
_ Pd + 2SEWA + 2yPA )

" = T2(SEW + Py - P)
Design pressure shall not exceed

_ 2SEW(t, - A)
" Dy - 2yt — A)
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_ 2SEW(t, - A)
Td -2yt — A) + 24,

where the nomenclature used above is given in
para. 104.1.2 and

E = weld joint efficiency factor (as given in
Table 102.4.3 and referenced in Mandatory
Appendix A tables)
maximum allowable stress in material due to
internal pressure and joint efficiency at the
design temperature, psi (MPa). The value of
SE shall not exceed that given in Mandatory
Appendix A, for the respective material and
design temperature. These values include the
weld joint efficiency factor, E.
weld strength reduction factor
para. 102.4.7)

SE =

(see

Also see requirements in para. 123.4 and Table 102.4.3.

104.2 Curved Segments of Pipe

104.2.1 Pipe Bends. Pipe bends shall be subject to
the following limitations:

(A) The minimum wall thickness shall meet the
requirements of para. 102.4.5 and the fabrication require-
ments of para. 129.

(B) Limits on flattening and buckling at bends may
be specified by design, depending upon the service, the
material, and the stress level involved. Where limits on
flattening and buckling are not specified by design, the
requirements of para. 129.1 shall be met.
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104.2.2 Elbows. Elbows manufactured in accor-
dance with the standards listed in Table 126.1 are suit-
able for use at the pressure-temperature ratings
specified by such standards, subject to the requirements
of para. 106.

104.3 Intersections

104.3.1 Branch Connections

(A) This paragraph gives rules governing the design
of branch connections to sustain internal and external
pressure in cases where the axes of the branch and the
run intersect, and the angle between the axes of the
branch and of the run is between 45 deg and 90 deg,
inclusive.

Branch connections in which the smaller angle
between the axes of the branch and the run is less than
45 deg or branch connections where the axes of the
branch and the run do not intersect impose special
design and fabrication problems. The rules given herein
may be used as a guide, but sufficient additional strength
must be provided to ensure safe service. Such branch
connections shall be designed to meet the requirement
of para. 104.7.

(B) Branch connections in piping may be made from
materials listed in Mandatory Appendix A by the use
of the following:

(B.1) fittings, such as tees, laterals, and crosses
made in accordance with the applicable standards listed
in Table 126.1 where the attachment of the branch pipe
to the fitting is by butt welding, socket welding, brazing,
soldering, threading, or by a flanged connection.

(B.2) weld outlet fittings, such as cast or forged
nozzles, couplings and adaptors, or similar items where
the attachment of the branch pipe to the fitting is by
butt welding, socket welding, threading, or by a flanged
connection. Such weld outlet fittings are attached to the
run by welding similar to that shown in Fig. 127.4.8(E)
or Fig. 127.4.8(F), as applicable. MSS SP-97 may be used
for design and manufacturing standards for integrally
reinforced forged branch outlet fittings. Couplings are
restricted to a maximum of NPS 3 (DN 80).

(B.3) extruded outlets at right angles to the run
pipe, in accordance with (G) below, where the attach-
ment of the branch pipe is by butt welding.

(B.4) piping directly attached to the run pipe by
welding in accordance with para. 127.4.8 or by socket
welding or threading as stipulated below.

(B.4.1) socket welded right angle branch connec-
tions may be made by attaching the branch pipe directly
to the run pipe provided

(B.4.1.1) the nominal size of the branch does
not exceed NPS 2 (DN 50) or one-fourth of the nominal
size of the run, whichever is smaller.

(B.4.1.2) the depth of the socket measured at
its minimum depth in the run pipe is at least equal to
that shown in ASME B16.11. If the run pipe wall does
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not have sufficient thickness to provide the proper depth
of socket, an alternate type of construction shall be used.

(B.4.1.3) the clearance between the bottom of
the socket and the end of the inserted branch pipe is in
accordance with Fig. 127.4.4(C).

(B.4.1.4) the size of the fillet weld is not less
than 1.09 times the nominal wall thickness of the
branch pipe.

(B.4.2) threaded right angle branch connections
may be made by attaching the branch pipe directly to
the run provided

(B.4.2.1) the nominal size of the branch does
not exceed NPS 2 (DN 50) or one-fourth of the nominal
size of the run, whichever is smaller.

(B.4.2.2) the minimum thread engagement is
six full threads for NPS % (DN 15) and NPS % (DN 20)
branches; seven for NPS 1 (DN 25), NPS 1% (DN 32),
and NPS 1% (DN 40) branches; and eight for NPS 2
(DN 50) branches. If the run pipe wall does not have
sufficient thickness to provide the proper depth for
thread engagement, an alternative type of construction
shall be used.

(C) Branch Connections Not Requiring Reinforcement. A
pipe having a branch connection is weakened by the
opening that must be made in it. Unless the wall thick-
ness of the branch and/or run pipe is sufficiently in
excess of that required to sustain the pressure, it is neces-
sary to provide additional material to meet the reinforce-
ment requirements of (D) and (E) below. However, there
are certain branch connections for which supporting
calculations are not required. These are as follows:

(C.1) branch connections made by the use of a fit-
ting (tee, lateral, cross, or branch weld-on fitting), manu-
factured in accordance with a standard listed in
Table 126.1, and used within the limits of pressure—
temperature ratings specified in that standard.

(C.2) branch connections made by welding a cou-
pling or half coupling directly to the run pipe in accor-
dance with Fig. 127.4.8(F), provided the nominal
diameter of the branch does not exceed NPS 2 (DN 50) or
one-fourth the nominal diameter of the run, whichever
is less. The minimum wall thickness of the coupling
anywhere in the reinforcement zone (if threads are in
the zone, wall thickness is measured from the root of
the thread to the minimum O.D.) shall not be less than
that of the unthreaded branch pipe. In no case shall the
thickness of the coupling be less than extra heavy or
Class 3000 rating.

Small branch connections NPS 2 (DN 50) or smaller
as shown in Fig. 127.4.8(G) may be used, provided ¢, is
not less than the thickness of schedule 160 pipe of the
branch size.

(C.3) integrally reinforced fittings welded directly
to the run pipe when the reinforcements provided by
the fitting and the deposited weld metal meets the
requirements of (D) below.
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(C.4) integrally reinforced extruded outlets in the
run pipe. The reinforcement requirements shall be in
accordance with (G) below.

(D) Branch Connections Subject to Internal Pressure
Requiring Reinforcement

(D.1) Reinforcement is required when it is not pro-
vided inherently in the components of the branch con-
nection. This paragraph gives rules covering the design
of branch connections to sustain internal pressure in
cases where the angle between the axes of the branch
and of the run is between 45 deg and 90 deg. Subpara-
graph (E) below gives rules governing the design of
connections to sustain external pressure.

(D.2) Figure 104.3.1(D) illustrates the notations
used in the pressure-temperature design conditions of
branch connections. These notations are as follows:

b subscript referring to branch
Doy outside diameter of branch, in. (mm)
D,y outside diameter of header, in. (mm)

d; inside centerline longitudinal dimension
of the finished branch opening in the run
of the pipe, in. (mm)

[Dob - Z(Tb - A)]/sm o

“half width” of reinforcing zone, in. (mm)
the greater of d; or (T, — A) + (T, — A) +
dq1/2but in no case more than D,,, in. (mm)
subscript referring to run or header
altitude of reinforcement zone outside of
run, in. (mm)

25(T, = A) + t, or 2.5(T, — A), whichever
is smaller

actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
branch or header pipe, in. (mm)
required minimum wall thickness, in.
(mm), of the branch or header pipe as
determined by use of eq. (7) or (8) in
para. 104.1.2(A)

thickness of attached reinforcing pad, in
Example A, in. (mm); or height of the larg-
est 60 deg right triangle supported by the
run and branch outside diameter projected
surfaces and lying completely within
the area of integral reinforcement, in
Example B, in. (mm)

angle between axes of branch and run, deg

dy

Ly

Ty, Ty

tmb/ tmh

a

(D.2.1) If the run pipe contains a longitudinal
seam that is not intersected by the branch, the stress
value of seamless pipe of comparable grade may be
used to determine the value of t,;, for the purpose of
reinforcement calculations only. If the branch intersects
a longitudinal weld in the run, or if the branch contains
a weld, the weld joint efficiency for either or both shall
enter the calculations. If the branch and run both contain
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longitudinal welds, care shall be taken to ensure that
the two welds do not intersect each other.

(D.2.2) The required reinforcement area in square
inches (square millimeters) for branch connections shall
be the quantity

Ay = Ag(2 — sin @) = (ty, — A)dqy (2 — sin @)

For right angle connections, the required reinforce-
ment becomes

Ay = Ag = (ty — A)dy

The required reinforcement must be within the limits

of the reinforcement zone as defined in (D.2.4) below.
(D.2.3) The reinforcement required by (D.2) shall

be that provided by any combination of areas A;, A,,
Az, Ay, and As, as defined below and illustrated in
Fig. 104.3.1(D) where

Aq area provided by excess pipe wall in the run
(2dy = dy)(Ty, = tun)
area, in.? (mm?), provided by excess pipe wall
in the branch for a distance L, above the run
2L4 (T;, - tmb)/sin o
area provided by deposited weld metal beyond
the outside diameter of the run and branch,
and for fillet weld attachments of rings, pads,
and saddles
area provided by a reinforcing ring, pad, or
integral reinforcement. The value of A, may
be taken in the same manner in which excess
header metal is considered, provided the weld
completely fuses the branch pipe, run pipe,
and ring or pad, or integral reinforcement.
For welding branch connections refer to
para. 127.4.8.
area provided by a saddle on right angle
connections
(O.D. of saddle — D)t
pressure design area expected at the end of
service life
(tun = A)dy

Az

Az

Ay

Ag

Portions of the reinforcement area may be composed
of materials other than those of the run pipe, but if the
allowable stress of these materials is less than that for
the run pipe, the corresponding calculated reinforce-
ment area provided by this material shall be reduced in
the ratio of the allowable stress being applied to the
reinforcement area. No additional credit shall be taken
for materials having higher allowable stress values than
the run pipe.

(D.2.4) Reinforcement Zone. The reinforcement
zone is a parallelogram whose width shall extend a
distance d, on each side of the centerline of the branch
pipe, and whose altitude shall start at the inside surface
of the run pipe and extend to a distance L, from the
outside surface of the run pipe.
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Fig. 104.3.1(D) Reinforcement of Branch Connections
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104.1.2(A.6)] 1- Branch

Example A

Explanation of areas:

Area A, — available reinforcement area (excess wall) in header Area A, — metal in ring, pad, or integral reinforcement
N . . . . .
k\ Area A, — available reinforcement area (excess wall) in branch I]]]]II]II]]]H] Area A; — metal in saddle parallel to run (see Detail)

Area A; — available reinforcement area fillet weld metal VA Area Ag — pressure design area (expected
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Fig. 104.3.1(D) Reinforcement of Branch Connections (Cont’d)
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GENERAL NOTES:

(@) This Figure illustrates the nomenclature of para. 104.3.1(D).

(b) Required reinforcement area = A; = Ag 2 —sin @) = (t,, — A)d; (2 - sin a).

(c) Available reinforcement areas = A; + A, + As + A, + As (as applicable).

(d) Available reinforcement areas > required reinforcement area.

NOTES:

(1) When a ring or pad is added as reinforcement (Example A), the value of reinforcement area may be taken in the same manner in which excess header metal is
considered, provided the weld completely fuses the branch pipe, header pipe, and ring or pad. Typical acceptable methods of welding that meet the above
requirement are shown in Fig. 127.4.8(D), sketches (c) and (d).

(2) Width to height of rings and pads shall be reasonably proportioned, preferably on a ratio as close to 4:1 as the available horizontal space within the limits of the
reinforcing zone along the run and the outside diameter of the branch will permit, but in no case may the ratio be less than 1:1.

(3) Reinforcement saddles are limited to use on 90 deg branches (Example A Detail).
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(D.2.5) Reinforcement of Multiple Openings. It is
preferred that multiple branch openings be spaced so
that their reinforcement zones do not overlap. If closer
spacing is necessary, the following requirement shall be
met. The two or more openings shall be reinforced in
accordance with (D.2), with a combined reinforcement
that has a strength equal to the combined strength of the
reinforcement that would be required for the separate
openings. No portion of the cross section shall be consid-
ered as applying to more than one opening, or be evalu-
ated more than once in a combined area.

When more than two adjacent openings are to be pro-
vided with a combined reinforcement, the minimum
distance between centers of any two of these openings
should preferably be at least 1% times their average
diameter, and the area of reinforcement between them
shall be at least equal to 50% of the total required for
these two openings.

(D.2.6) Rings, Pads, and Saddles. Reinforcement
provided in the form of rings, pads, or saddles shall not
be appreciably narrower at the side than at the crotch.

A venthole shall be provided at the ring, pad, or saddle
to provide venting during welding and heat treatment.
Refer to para. 127.4.8(E).

Rings, pads, or saddles may be made in more than
one piece, provided the joints between pieces have full
thickness welds, and each piece is provided with a
vent hole.

(D.2.7) Other Designs. The adequacy of designs
to which the reinforcement requirements of para. 104.3
cannot be applied shall be proven by burst or proof
tests on scale models or on full size structures, or by
calculations previously substantiated by successful ser-
vice of similar design.

(E) Branch Connections Subject to External Pressure
Requiring Reinforcement. The reinforcement area in
square inches (square millimeters) required for branch
connections subject to external pressure shall be

0.5t,,d1 (2 — sin @)

where t,, is the required header wall thickness deter-
mined for straight pipe under external pressure, using
procedures outlined in UG-28, UG-29, UG-30, and UG-31
of Section VIII, Division 1, of the ASME Boiler and
Pressure Vessel Code.

Procedures established heretofore for connections sub-
ject to internal pressure shall apply for connections sub-
ject to external pressure provided that D,,, Dy, and ¢,
are reduced to compensate for external corrosion, if
required by design conditions.

(F) Branch Connections Subject to External Forces and
Moments. The requirements of the preceding para-
graphs are intended to ensure safe performance of a
branch connection subjected only to pressure. However,
when external forces and moments are applied to a

branch connection by thermal expansion and contrac-
tion, by dead weight of piping, valves, and fittings, cov-
ering and contents, or by earth settlement, the branch
connection shall be analyzed considering the stress
intensification factors as specified in Mandatory
Appendix D. Use of ribs, gussets, and clamps designed
in accordance with para. 104.3.4 is permissible to stiffen
the branch connection, but their areas cannot be counted
as contributing to the required reinforcement area of the
branch connection.
(G) Extruded Outlets Integrally Reinforced

(G.1) The following definitions, modifications,
notations, and requirements are specifically applicable
to extruded outlets. The designer shall make proper wall
thickness allowances in order that the required mini-
mum reinforcement is ensured over the design life of
the system.

(G.2) Definition. An extruded outlet header is
defined as a header in which the extruded lip at the
outlet has an altitude above the surface of the run that
is equal to or greater than the radius of curvature of the
external contoured portion of the outlet; i.e., i, > 7,. See
nomenclature and Fig. 104.3.1(G).

(G.3) These rules apply only to cases where the axis
of the outlet intersects and is perpendicular to the axis
of the run. These rules do not apply to any nozzle in
which additional nonintegral material is applied in the
form of rings, pads, or saddles.

(G.4) The notation used herein is illustrated
in Fig. 104.3.1(G). All dimensions are in inches
(millimeters).

D,, = outside diameter of branch pipe
D,, = outside diameter of run
d, = corroded internal diameter of branch pipe

d. = corroded internal diameter of extruded
outlet measured at the level of the outside
surface of the run

= corroded internal diameter of run

h, = height of the extruded lip. This must be

equal to or greater than r,, except as shown
in (G.4.2) below.

Lg = altitude of reinforcement zone

0.7 /DypT,

actual wall thickness (by measurement) or

the minimum wall thickness permissible

under the purchase specification of the
branch pipe minus the corrosion allow-

ance, in. (mm)

T, — A = actual wall thickness (by measurement) or
the minimum wall thickness permissible
under the purchase specification of the
header pipe minus the corrosion allow-
ance, in. (mm)

T, = corroded finished thickness of extruded
outlet measured at a height equal to 7,
above the outside surface of the run

[Qu
3

T,-A =
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Fig. 104.3.1(G) Reinforced Extruded Outlets
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NOTES:

(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.
(2) Sketch to show method of establishing T, when the taper encroaches on the crotch radius.
(3) Sketch is drawn for condition where k = 1.00.
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tpy — A required thickness of branch pipe
according to wall thickness eq. (7) or (8)
in para. 104.1.2(A), but not including any
thickness for corrosion

required thickness of the run according to
eq. (7) or (8) in para. 104.1.2(A), but not
including any allowance for corrosion
half width of reinforcement zone (equal
to d.)

radius of curvature of external contoured
portion of outlet measured in the plane
containing the axes of the run and branch.
This is subject to the following limitations:

(G.4.1) Minimum Radius. This dimension
shall not be less than 0.05D,;, except that
on branch diameters larger than NPS 30
(DN 750), it need not exceed 1.50 in.
(38 mm).

(G.4.2) Maximum Radius. For outlet pipe
sizes 6 in. (150 mm) nominal and larger,
this dimension shall not exceed 0.10D,; +
0.50 in. (0.10D,, + 12.7 mm). For outlet
pipe sizes less than NPS 6 (DN 150), this
dimension shall be not greater than
1.25 in. (32 mm).

(G.4.3) When the external contour con-
tains more than one radius, the radius of
any arc sector of approximately 45 deg
shall meet the requirements of (G.4.1) and
(G.4.2) above. When the external contour
has a continuously varying radius, the
radius of curvature at every point on the
contour shall meet the requirements of
(G.4.1) and (G.4.2) above.

(G.4.4) Machining other than grinding
for weld cleanup shall not be employed
in order to meet the above requirements.

tuy — A

a1

(G.5) Required Area. The required area is defined as
A7 = K (tyn — A) d,
where K shall be taken as follows:
For D,/D,;, greater than 0.60,
K = 1.00
For D,,/D,;, greater than 0.15 and not exceeding 0.60,
K = 0.6 + % Doy/Do
For D,,/D,;, equal to or less than 0.15,
K =070

The design must meet criteria that the reinforcement
area defined in (G.6) below is not less than the
required area.
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(G.6) Reinforcement Area. The reinforcement area
shall be the sum of areas

A+ Ay + Ay

as defined below.

(G.6.1) Area A is the area lying within the rein-
forcement zone resulting from any excess thickness
available in the run wall.

A = dc(Th - tmh)

(G.6.2) Area A, is the area lying within the rein-
forcement zone resulting from any excess thickness
available in the branch pipe wall.

Ay = 2L8(Tb - tmb)

(G.6.3) Area A, is the area lying within the rein-
forcement zone resulting from excess thickness available
in the extruded outlet lip.

Ay =21, [T, - (Tb - A)]

(G.7) Reinforcement of Multiple Openings. It is pre-
ferred that multiple branch openings be spaced so that
their reinforcement zones do not overlap. If closer spac-
ing is necessary, the following requirements shall be
met. The two or more openings shall be reinforced in
accordance with (G) with a combined reinforcement that
has a strength equal to the combined strength of the
reinforcement that would be required for separate open-
ings. No portion of the cross section shall be considered
as applying to more than one opening, or be evaluated
more than once in a combined area.

(G.8) In addition to the above, the manufacturer
shall be responsible for establishing and marking on the
section containing extruded outlets, the design pressure
and temperature. The manufacturer’s name or trade-
marks shall be marked on the section.

104.3.3 Miters. Miter joints, and the terminology
related thereto, are described in Mandatory Appendix D.
A widely spaced miter with

b
0<9 \/;deg

shall be considered to be equivalent to a girth butt-
welded joint, and the rules of this paragraph do not
apply. Miter joints, and fabricated pipe bends consisting
of segments of straight pipe welded together, with 6
equal to or greater than this calculated value may be
used within the limitations described below.
(A) Pressure shall be limited to 10 psi (70 kPa) under
the following conditions:
(A.1) The assembly includes a miter weld with
0>22.5 deg, or contains a segment that has a dimension

B < 6t,
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(A.2) The thickness of each segment of the miter is
not less than that determined in accordance with
para. 104.1.

(A.3) The contained fluid is nonflammable, non-
toxic, and incompressible, except for gaseous vents to
atmosphere.

(A.4) The number of full pressure cycles is less than
7,000 during the expected lifetime of the piping system.

(A.5) Full penetration welds are used in joining
miter segments.

(B) Pressure shall be limited to 100 psi (700 kPa) under
the conditions defined in (A.2), (A.3), (A4), and (A.5)
above, in addition to the following;:

(B.1) the angle 6 does not exceed 22.5 deg

(B.2) the assembly does not contain any segment
that has a dimension

B < 6t,

(C) Miters to be used in other services or at design
pressures above 100 psi (700 kPa) shall meet the require-
ments of para. 104.7.

(C.1) When justification under para. 104.7 is based
on comparable service conditions, such conditions must
be established as comparable with respect to cyclic as
well as static loadings.

(C.2) When justification under para. 104.7 is based
on an analysis, that analysis and substantiating tests
shall consider the discontinuity stresses that exist at the
juncture between segments; both for static (including
brittle fracture) and cyclic internal pressure.

(C.3) The wall thickness, t;, of a segment of a miter
shall not be less than specified in (C.3.1) or (C.3.2) below,
depending on the spacing.

(C.3.1) For closely spaced miter bends (see
Mandatory Appendix D for definition)

P 2 -1/R
s = oA —7/R)

(C.3.2) For widely spaced miters (see Mandatory
Appendix D for definition)

ts = ty(1 + 0.64/r/t; tan 6)

(The above equation requires an iterative or quadratic
solution for f,.)

104.3.4 Attachments. External and internal attach-
ments to piping shall be designed so as not to cause
flattening of the pipe, excessive localized bending
stresses, or harmful thermal gradients in the pipe wall.
It is important that such attachments be designed to
minimize stress concentrations in applications where the
number of stress cycles, due either to pressure or thermal
effect, is relatively large for the expected life of the
equipment.

32

104.4 Closures

104.4.1 General. Closures for power piping sys-
tems shall meet the applicable requirements of this Code
and shall comply with the requirements described in
(A) or (B) below. Closures may be made

(A) by use of closure fittings, such as threaded or
welded plugs, caps, or blind flanges, manufactured in
accordance with standards listed in Table 126.1, and
used within the specified pressure-temperature rat-
ings, or

(B) in accordance with the rules contained in the
ASME Boiler and Pressure Vessel Code, Section I, Power
Boilers, PG-31, or Section VIII, Pressure Vessels,
Division 1, UG-34 and UW-13, calculated from

th =t+A

where

pressure design thickness, calculated for the
given closure shape and direction of loading
using appropriate equations and procedures in
Section I or Section VIII, Division 1 of the ASME
Boiler and Pressure Vessel Code

The definition of A and the symbols used in determining
t shall have the definitions shown herein, instead of
those given in the ASME Boiler and Pressure Vessel
Code.

Attachment of a welded flat permanent closure with
only a single fillet weld is not permitted.

104.4.2 Openings in Closures. Openings in closures
may be made by welding, extruding, or threading.
Attachment to the closure shall be in accordance with
the limitations provided for such connections in para.
104.3.1 for branch connections. If the size of the opening
is greater than one-half of the inside diameter of the
closure, the opening shall be designed as a reducer in
accordance with para. 104.6.

Other openings in closures shall be reinforced in accor-
dance with the requirements of reinforcement for a
branch connection. The total cross-sectional area
required for reinforcement in any plane passing through
the center of the opening and normal to the surface of
the closure shall not be less than the quantity of dst,
where

ds = diameter of the finished opening, in. (mm)

t = as defined in (B) above

104.5 Pressure Design of Flanges and Blanks

104.5.1 Flanges — General

(A) Flanges of sizes NPS 24 (DN 600) and smaller,
that are manufactured in accordance with ASME B16.1
and B16.5, shall be considered suitable for use at the
primary service ratings (allowable pressure at service
temperature) except the slip-on flanges to ASME B16.5

(16)
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shall be limited in application to no higher than Class 300
primary pressure service rating. Refer to para. 127.4.4.

For flanges larger than NPS 24 (DN 600), and manufac-
tured in accordance with the Specifications and
Standards listed in Table 126.1, the designer is cautioned
about the dimensionally different designs that are avail-
able, as well as the limitations of their application.

Flanges not made in accordance with the
Specifications and Standards listed in Table 126.1 shall
be designed in accordance with Section VIII, Division 1
of the ASME Boiler and Pressure Vessel Code, except
that the requirements for fabrication, assembly, inspec-
tion, and testing, and the pressure and temperature lim-
its for materials of this Code for Pressure Piping shall
govern. Certain notations used in the ASME Code,
namely, P, §,, Sy, and S, shall have the meanings
described below instead of those given in the ASME
Code. All other notations shall be as defined in the
ASME Code.

P = design pressure, psi (kPa) (see paras. 101.2.2
and 101.2.4)

Ss = bolt design stress at atmospheric temperature,
psi (kPa)

Sy = bolt design stress at design temperature, psi
(kPa)

Sf = allowable stress for flange material or pipe, psi

(kPa) (see para. 102.3.1 and Allowable Stress
Tables) (stress values converted from MPa to
kPa)

For certain specific applications, see the limitations of
paras. 122.1.1(F), (G), and (H).

(B) These flange design rules are not applicable to
flat face designs employing full face gaskets that extend
beyond the bolts.

(C) The bolt design stress in (A) above shall be as
established in Section VIII, Division 1 of the ASME Boiler
and Pressure Vessel Code, Nonmandatory Appendix P
for ferrous materials.

(D) Application of bolting materials for flanged joints
is covered in para. 108.5.

104.5.2 Blind Flanges

(A) Blind flanges manufactured in accordance with
the standards listed in Table 126.1 shall be considered
suitable for use at the pressure-temperature rating speci-
fied by such standards.

(B) The required thickness of blind flanges not manu-
factured in accordance with standards in Table 126.1
shall be calculated from eq. (13).

ty, =t+A (13)
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where

t = pressure design thickness as calculated for the
given style of blind flange from the appropriate
equations for bolted flat cover plates in Section I
of the ASME Boiler and Pressure Vessel Code.
Certain notations used in these equations,
namely, P and SE [see para. 104.1.2(A),
footnote 3], shall be considered to have the mean-
ings described in para. 104.1.2(A) instead of
those given in the ASME Code. All other nota-
tions shall be as defined in the ASME Code.

104.5.3 Blanks
(A) The required thickness of permanent blanks (see
Fig. 104.5.3) shall be calculated from the equation

tn =t+ A

where
pressure design thickness as calculated from

eq. (14)
[ 3p
dg 16SE

See para. 104.1.2(A), footnote 3.

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

(14)

de

(B) Blanks to be used for test purposes only shall have
a minimum thickness not less than the pressure design
thickness t specified above except that P shall be not
less than the test pressure and SE [see para. 104.1.2(A),
footnote 3] may be taken as the specified minimum
yield strength of the blank material if the test fluid is
incompressible.

(C) Attachment of a welded flat permanent blank
with only a single fillet weld is not permitted.

104.6 Reducers

Flanged reducer fittings manufactured in accordance
with the Standards listed in Table 126.1 shall be consid-
ered suitable for use at the specified pressure-
temperature ratings. Where butt welding reducers are
made to a nominal pipe thickness, the reducers shall be
considered suitable for use with pipe of the same nomi-
nal thickness.

104.7 Other Pressure-Containing Components

104.7.1 Listed Components. Pressure-containing
components manufactured in accordance with the stan-
dards listed in Table 126.1 shall be considered suitable
for use under normal operating conditions at or below
the specified pressure-temperature ratings. However,
the user is cautioned that where certain standards or
manufacturers may impose more restrictive allowances
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Fig. 104.5.3 Types of Permanent Blanks
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for variation from normal operation than those estab-
lished by this Code, the more restrictive allowances shall
apply.

104.7.2 Specially Designed Components. The pres-
sure design of components not covered by the standards
listed in Table 126.1 or for which design formulas and
procedures are not given in this Code shall be based on
calculations consistent with the design criteria of this
Code. These calculations shall be substantiated by one
or more of the means stated in (A), (B), (C), and (D)
below.

(A) extensive, successful service experience under
comparable conditions with similarly proportioned
components of the same or similar material

(B) experimental stress analysis, such as described in
the ASME Boiler and Pressure Vessel Code, Section VIII,
Division 2, Annex 5-F

(C) proof test in accordance with either ASME B16.9;
MSS SP-97; or the ASME Boiler and Pressure Vessel
Code, Section I, A-22

(D) detailed stress analysis, such as finite element
method, in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 2, Part 5,
except that the basic material allowable stress from the
Allowable Stress Tables of Mandatory Appendix A shall
be used in place of S,

For any of (A) through (D) above, it is permissible to
interpolate between sizes, wall thicknesses, and pressure
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classes and to determine analogies among related
materials.

Calculations and documentation showing compliance
with this paragraph shall be available for the owner’s
approval, and, for boiler external piping, they shall be
available for the Authorized Inspector’s review.

104.8 Analysis of Piping Components

To validate a design under the rules in this paragraph,
the complete piping system must be analyzed for condi-
tions and criteria dealing with the effects of thermal
expansion, weight, other sustained loads, and applicable
occasional loads such as those described in para. 101.
Each component in the system must meet the limits in
this paragraph. For pipe and fittings, the pressure term
in egs. (15) and (16) may be replaced with the alternative
term for S;, as defined in para. 102.3.2(A.3). The pressure
term in egs. (15) and (16) may not apply for bellows
and expansion joints. When evaluating stresses in the
vicinity of expansion joints, consideration must be given
to actual cross-sectional areas that exist at the expan-
sion joint.

104.8.1 Stress Due to Sustained Loads. The effects
of pressure, weight, and other sustained mechanical
loads shall meet the requirements of eq. (15).

(U.S. Customary Units)

_ PD, , 0.75iM,
L= 4, Z

<1065, (15)

(16)

(16)



ASME B31.1-2016

(SI Units)

PD,

, 0.75iM,
(1 000)4t,

SL= 7

<108,

where

| = stress intensification factor (see Mandatory
Appendix D). The product 0.75i shall never
be taken as less than 1.0.

M, = resultant momentloading on cross section due
to weight and other sustained loads, in-1b
(mm-N) (see para. 104.8.4)

S, = basic material allowable stress at maximum
(hot) temperature [see para. 102.3.2(B)]

S = sum of the longitudinal stresses due to pres-
sure, weight, and other sustained loads

Z = section modulus, in.? (mm?®) (see para. 104.8.4)

104.8.2 Stress Due to Occasional Loads. The effects
of pressure, weight, other sustained loads, and occa-
sional loads including earthquake shall meet the require-
ments of eq. (16).

(U.S. Customary Units)

PD, 075My 075iMy . 1
a, "t Tz Tz = (10
(SI Units)
PD, 0.75iM,  0.75iM
o 0/otMa M < ks,
(1 000)4t,, Z Z

Terms same as para. 104.8.1, except

k = 1.15 for occasional loads acting for no more
than 8 hr at any one time and no more than
800 hr/yr [see para. 102.3.3(A)]
1.2 for occasional loads acting for no more than
1 hr at any one time and no more than 80 hr/yr
[see para. 102.3.3(A)]
resultant moment loading on the cross section
due to occasional loads, such as thrusts from
relief/safety valve loads, from pressure and
flow transients, and earthquake, in.-1b (mm-N)
[see paras. 102.3.3(A) and 104.8.4]

104.8.3 Stress Due to Displacement Load Ranges.
The effects of thermal expansion and other cyclic loads
shall meet the requirements of eq. (17).

Mg

iMc
Z <54

Sg (17)
Terms same as para. 104.8.1, except
Mc = resultant moment loading range on the cross
section due to the reference displacement load
range. For flexibility analyses, the resultant
moment due to the ambient to normal
operating load range and eq. (1A) are typically
used, in.-Ib (mm-N) [see paras. 102.3.2(B),
104.8.4, and 119.7].
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Fig. 104.8.4 Cross Section Resultant
Moment Loading

o

104.8.4 Moments and Section Modulus
(A) Foregs. (15), (16), and (17), the resultant moments
for straight through components, curved pipe, or weld-
ing elbows may be calculated as follows:

M; = (M, + M7 + M.H)V?

where
j = A, B, or C as defined in paras. 104.8.1, 104.8.2,
and 104.8.3
Z = section modulus of piping, in.®> (mm?

(B) For full outlet branch connections, calculate the
resultant moment of each leg separately in accordance
with (A) above. Use Z, section modulus, in egs. (15),
(16), and (17) as applicable to branch or run pipe.
Moments are taken at the junction point of the legs. See
Fig. 104.8.4.

(C) For reduced outlets, calculate the resultant
moment of each leg separately in accordance with (A)
above. Moments are to be taken at the junction point of
the legs, unless the designer can demonstrate the validity
of a less conservative method. See Fig. 104.8.4. For the
reduced outlet branch, except for branch connections
covered by Mandatory Appendix D, Fig. D-1,

My, Mg,
Mc = M@+ Mg?+ M.

and
Z = mr’t, (effective section modulus)
r, = branch mean cross-sectional radius, in.
(mm)
t, = effective branch wall thickness, in. (mm)

lesser of t,, or ity in eq. (17), or lesser of
tn or 0.75it,,, where 0.75i > 1.0, in egs. (15)
and (16)
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For the reduced outlet branch connections covered by

Fig. D-1,
My, Mg,
MC = \/Mx32 + My32 + Mz32

and

Z = 2T,

If L; in Fig. D-1, illustrations (a), (b), and (c) equals or
exceeds 0.5 /;T}, then 7, can be taken as the radius to
the center of T, when calculating the section modulus
and the stress intensification factor. For such a case,
the transition between branch pipe and nozzle must be
evaluated separately from the branch connection.

For the main run outlets,

MA/ MB/
Mc = M2+ My% + M.
= Mo + M2 + M2
and
Z = section modulus of pipe, in.> (mm?)
PART 3
SELECTION AND LIMITATIONS OF PIPING
COMPONENTS
105 PIPE

105.1 General

Pipe conforming to the standards and specifications
listed in Mandatory Appendix A shall be used within
the range of temperatures for which allowable stresses
are given within the limitations specified herein.

105.2 Metallic Pipe

105.2.1 Ferrous Pipe

(A) Furnace butt welded steel pipe shall not be used
for flammable, combustible, or toxic fluids.

(B) Ductile iron pipe may be used for design pressures
within the ratings established by the standards and spec-
ifications listed in Tables 126.1 and A-5 and Notes
thereto, and the limitations herein and in para. 124.6.
Ductile iron pipe shall not be used for flammable, com-
bustible, or toxic fluids. Temperature limits for the use
of ductile iron pipe are often determined by the type of
elastomeric gasket used in the pipe joints, or the lining
material used on the internal surface of the pipe. It is
the reponsibility of the Designer to determine whether
these components are suitable for use in the particular
application being considered. See para. 106.1(E).

105.2.2 Nonferrous Pipe

(A) Copper and brass pipe for water and steam ser-
vice may be used for design pressures up to 250 psi
(1 750 kPa) and for design temperatures to 406°F (208°C).
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(B) Copper and brass pipe for air may be used in
accordance with the allowable stresses given in the
Allowable Stress Tables.

(C) Copper tubing may be used for dead-end
instrument service with the limitations stated in
para. 122.3.2(D).

(D) Copper, copper alloy, or aluminum alloy pipe or
tube may be used under the conditions stated in
para. 124.7. Copper, copper alloy, or aluminum pipe or
tube shall not be used for flammable, combustible, or
toxic fluids except as permitted in paras. 122.7 and 122.8.

105.3 Nonmetallic Pipe

(A) Rules and service limitations for plastic and
elastomer-based piping materials, with or without fabric
or fibrous material added for pressure reinforcement,
are given in Mandatory Appendix N. These materials
include thermoplastics and reinforced thermosetting
resins.

(B) Metallic piping lined with nonmetals may be used
for fluids that would corrode or be contaminated by
unprotected metal. See para. 122.9 and Mandatory
Appendix N.

(C) Reinforced concrete pipe may be used in accor-
dance with the specifications listed in Table 126.1 for
water service up to 150°F (65°C).

(D) A flexible nonmetallic pipe or tube assembly may
be used in applications where

(D.1) satisfactory service experience exists

(D.2) the pressure and temperature conditions are
within the manufacturer’s recommendations

(D.3) theconditions described in paras. 104.7,124.7,
and 124.9 are met

106 FITTINGS, BENDS, AND INTERSECTIONS

106.1 Fittings

(A) Threaded, flanged, grooved and shouldered
socket-welding, buttwelding, compression, push-on,
mechanical gland, and solder-joint fittings made in
accordance with the applicable standards in Table 126.1
may be used in power piping systems within the mate-
rial, size, pressure, and temperature limitations of those
standards, and within any further limitations specified
in this Code. Material for fittings in flammable, combus-
tible, or toxic fluid systems shall in addition conform
to the requirements of paras. 122.7 and 122.8.

(B) Fittings not covered by the Standards listed in
Table 126.1 may be used if they conform to para. 104.7.

(C) Cast buttwelding steel fittings not covered by the
dimensional standards listed in Table 126.1 may be used
up to the manufacturer’s pressure and temperature rat-
ings, provided they are radiographed in accordance with
MSS SP-54. Fittings with discontinuities in excess of
those permitted by MSS SP-54 shall be rejected. The
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purchaser may allow the repair of a rejected fitting pro-
vided it is reexamined and accepted in accordance with
the requirements of MSS SP-54.

(D) Fabricated ends for grooved and shouldered type
joints are acceptable, provided they are attached by full
penetration welds, double fillet welds, or by threading.
Fabricated ends attached by single fillet welds are not
acceptable.

(E) Elastomeric gasket bell end fittings complying
with applicable standards listed in Table 126.1 may be
used for water service. Temperature limits for gray and
ductile iron fittings using ANSI/AWWA C111/A21.11
joints are 150°F (65°C) for push-on joints and
120°F (49°C) for mechanical joints, based on standard
water service gasket and lining materials. Fittings of this
type using alternative materials, as allowed by AWWA
C111, may be used for nonflammable, nontoxic service
to 212°F (100°C), where suitability for the fluid and
operating conditions has been established by test or
experience. Temperature limits for bell and spigot fit-
tings in nonmetallic pipe shall be per para. 105.3.

106.2 Bends and Intersections

Bends and extruded branch connections may be used
when designed in accordance with the provisions of
paras. 104.2 and 104.3, respectively. Miters may be used
within the limitations of para. 104.3.3.

106.3 Pipe Couplings and Unions

(A) Cast iron and malleable iron pipe couplings shall
be limited in application as referenced in paras. 124.4
and 124.5, respectively.

(B) Straight thread couplings shall not be used.

(C) Class 3000 steel pipe unions constructed in accor-
dance with the MSS standard SP-83 may be used, pro-
vided the system design conditions are within the
standard’s listed pressure-temperature ratings.

106.4 Flexible Metal Hose Assembly

(A) Flexible metal hose assemblies may be used to
provide flexibility in a piping system, to isolate or control
vibration, or to compensate for misalignment. The
design conditions shall be in accordance with para. 101
and within the limitations of the assembly as recom-
mended by the manufacturer. The basis for their applica-
tion shall include the following service conditions:
thermal cycling, bend radius, cycle life, and the possibil-
ity of corrosion and erosion. Installation shall be limited
to a single-plane bend, free from any torsion effects
during service conditions and nonoperating periods.
Type of end-connector components shall be consistent
with the requirements of this Code.

(B) A flexible metal hose assembly, consisting of one
continuous length of seamless or butt welded tube with
helical or annular corrugations, is not limited as to appli-
cation in piping systems that are within the scope of
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this Code, provided that the conditions described in
(A) above are met. For application subject to internal
pressure the flexible element shall be contained within
one or more separate layers of braided metal perma-
nently attached at both coupling ends by welding or
brazing. For application in toxic fluid systems, it is rec-
ommended that the designer also review the standards
published by the relevant fluid industry for any addi-
tional safety and materials requirements that may be
necessary.

(C) A flexible metal hose assembly consisting of
wound interlocking metal strips may be applied to atmo-
spheric vent systems only and shall not be used in sys-
tems that convey high temperature, flammable, toxic,
or searching-type fluids. Where applicable, as deter-
mined by the designer and within the limitations
described in para. 122.6 and those imposed by the manu-
facturer, this type of hose assembly may be used at
pressure relieving devices.

107 VALVES

107.1 General

(A) Valves complying with the standards and specifi-
cations listed in Table 126.1 shall be used within the
specified pressure-temperature ratings. Unless other-
wise required in the individual standards and specifica-
tions listed in Table 126.1, such steel valves shall be
pressure tested in accordance with MSS SP-61.

(B) Valves not complying with (A) above shall be of
a design, or equal to the design, that the manufacturer
recommends for the service as stipulated in para. 102.2.2.
Such valves shall be pressure tested in accordance with
MSS SP-61.

(C) Some valves are capable of sealing simultaneously
against a pressure differential between an internal cavity
of the valve and the adjacent pipe in both directions.
Where liquid is entrapped in such a valve and is subse-
quently heated, a dangerous rise in pressure can result.
Where this condition is possible, the owner shall provide
means in design, installation, and/or operation to
ensure that the pressure in the valve shall not exceed
the rated pressure for the attained temperature. A relief
device used solely for the overpressure protection from
such entrapped fluid and conforming to (A) or (B) above
need not comply with the requirements of para. 107.8.
Any penetration of the pressure retaining wall of the
valve shall meet the requirements of this Code.

(D) Only valves designed such that the valve stem is
retained from blowout by an assembly that functions
independently of the stem seal retainer shall be used.

(E) Materials used for pressure retention for valves
in flammable, combustible, or toxic fluid systems shall
in addition conform to the requirements of paras. 122.7
and 122.8.
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(F) When selecting diaphragm valves in accordance
with MSS standard SP-88, the designer shall specify
the proper category pressure—temperature rating for the
system design conditions, and should consider the
expected in-service and shelf lives of the diaphragm
material.

(G) Pressure regulating valves may have pressure rat-
ings in accordance with ANSI/FCI Standard 79-1. Regu-
lators having two static pressure ratings, i.e., inlet vs.
outlet, shall be installed with adequate overpressure pro-
tection devices to prevent excessive downstream pres-
sure resulting from any system failure. Refer to
paras. 122.5 and 122.14.

107.2 Marking

Each valve shall bear the manufacturer’s name or
trademark and reference symbol to indicate the service
conditions for which the manufacturer guarantees the
valve. The marking shall be in accordance with
ASME B16.5 and B16.34. MSS SP-25 may also be used
for guidance.

107.3 Ends

Valves may be used with flanged, threaded, butt weld-
ing, socket welding, or other ends in accordance with
applicable standards as specified in para. 107.1(A).

107.4 Stem Threads

Where threaded stem valves are used, stem threads
may be internal or external with reference to the valve
bonnet. Outside screw and yoke design shall be used
for valves NPS 3 (DN 80) and larger for pressures above
600 psi (4 135 kPa). This requirement is not applicable
to quarter-turn valves that comply with all other provi-
sions of this Code.

107.5 Bonnet Joints

Bonnet joints may be of flanged, welded, pressure seal,
union type, or other design, except that screwed bonnet
connections in which the seal depends on a steam tight
threaded joint shall not be permitted as source valves
in steam service at pressures above 250 psi (1 750 kPa).

107.6 Bypasses

Sizes of bypasses shall be in accordance with
MSS SP-45 as a minimum standard. Pipe for bypasses
shall be at least schedule 80 seamless, and of a material
of the same nominal chemical composition and physical
properties as that used for the main line. Bypasses may
be integral or attached.

107.8 Pressure-Relieving Valves and Devices

107.8.1 General. Pressure-relieving valves and
devices shall conform to the requirements specified in
this Code for flanges, valves, and fittings for the pres-
sures and temperatures to which they may be subjected.
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107.8.2 Pressure-Relieving Valves on Boiler External
Piping. Safety, safety-relief, and power-actuated
pressure-relieving valves on boiler external piping shall
be in accordance with para. 122.1.7(D.1) of this Code.

107.8.3 Pressure Relief Requirements on Nonboiler
External Piping

(A) Reheater safety valves on reheat piping shall con-
form to para. 122.1.7(D.1).

(B) Safety, safety-relief, relief, and pilot-operated
pressure relief valves shall be in accordance with UG-126
of ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1.

(C) Nonreclosing pressure relief devices, such as rup-
ture disks, pin devices/valves, and spring-loaded nonre-
closing devices shall be in accordance with UG-127 of
Section VIII, Division 1.

(D) Valves and devices in (B) and (C) above shall be
constructed, manufactured, rated, and marked in accor-
dance with the requirements of UG-128 through UG-132
and UG-136 through UG-138 of Section VIII, Division 1.

(E) An ASME Code Stamp and capacity certification
are not required for valves with set pressures 15 psig
[100 kPa (gage)] and lower.

107.8.4 Nonmandatory Appendix. For nonmanda-
tory rules for the design of safety valve installations,
see Nonmandatory Appendix II of this Code.

108 PIPE FLANGES, BLANKS, FLANGE FACINGS,
GASKETS, AND BOLTING

108.1 Flanges

Flanges shall conform to the design requirements of
para. 104.5.1 or to the standards listed in Table 126.1.
They may be integral or shall be attached to pipe by
threading, welding, brazing, or other means within the
applicable standards specified in Table 126.1.

108.2 Blanks

Blanks shall conform to the design requirements of
para. 104.5.3.

108.3 Flange Facings

Flange facings shall be in accordance with the applica-
ble standards listed in Tables 112 and 126.1. When bolt-
ing Class 150 standard steel flanges to flat face cast iron
flanges, the steel flange shall be furnished with a flat
face. Steel flanges of Class 300 raised face standard may
be bolted to Class 250 raised face cast iron.

108.4 Gaskets

Gaskets shall be made of materials that are not injuri-
ously affected by the fluid or by temperature. They shall
be in accordance with Table 112.
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108.5 U.S. Customary Bolting

108.5.1 General

(A) Bolts, bolt studs, nuts, and washers shall comply
with applicable standards and specifications listed in
Tables 112 and 126.1. Bolts and bolt studs shall extend
completely through the nuts.

(B) Washers, when used under nuts, shall be of forged
or rolled material with steel washers being used under
steel nuts and bronze washers under bronze nuts.

(C) Nuts shall be provided in accordance with the
requirements of the specification for the bolts and bolt
studs.

(D) Alloy steel bolt studs shall be either threaded full
length or provided with reduced shanks of a diameter
not less than that at the root of the threads. They shall
have ASME heavy hexagonal nuts. Headed alloy bolts
shall not be used with other than steel or stainless steel
flanges.

(E) All alloy steel bolt studs and carbon steel bolts or
bolt studs and accompanying nuts shall be threaded in
accordance with ASME B1.1 Class 2A for external
threads and Class 2B for internal threads. Threads shall
be the coarse-thread series except that alloy steel bolting
1% in. and larger in diameter shall be the 8-pitch-thread
series.

(F) Carbon steel headed bolts shall have square, hex,
or heavy hex heads (ASME B18.2.1) and shall be used
with hex or heavy hex nuts (ASME B18.2.2). For bolt
sizes smaller than % in., square or heavy hex heads and
heavy hex nuts are recommended. For bolt sizes larger
than 1% in., bolt studs with a hex or heavy hex nut on
each end are recommended. For cast iron or bronze
flanges using % in. and larger carbon steel headed bolts,
square nuts may be used.

108.5.2  For the various combinations of flange
materials, the selection of bolting materials and related
rules concerning flange faces and gaskets shall be in
accordance with para. 108 and Table 112.

108.5.3 Bolting requirements for components not
covered by para. 108.5.2 shall be in accordance with
para. 102.2.2.

108.6 Metric Bolting

108.6.1 General. The use of metric bolts, bolt studs,
nuts, and washers shall conform to the general require-
ments of para. 108.5, but the following are allowed:

(A) Threads shall be in accordance with
ASME B1.13M, M profile, with tolerance Class 6g for
external threads and Class 6H for internal threads.

(B) Threads shall be the coarse-thread series for size
M68 and smaller, and 6 mm fine-pitch for M70 and larger
sizes, except that alloy steel bolting M30 and larger shall
be the 3 mm fine-pitch.

(C) Nuts shall be heavy hex in accordance with
ASME B18.2.4.6M. Headed bolts shall be either hex or
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heavy hex in accordance with ASME B18.2.3.5M and
B18.2.3.6M, respectively. Heavy hex heads are recom-
mended for headed bolt sizes M18 and smaller.

(D) Bolt studs are recommended in lieu of headed
bolts for sizes M39 and larger.

108.6.2 Responsibilities When Specifying or
Allowing Metric Bolting

(A) The piping designer is responsible for specifying
the metric bolt size to be used with each class and size
of flange.

(B) The designer shall ensure that the selected metric
size will fit within the flange bolt holes, and that ade-
quate space exists for bolt heads, nuts, and the assem-
bly tool.

(C) In those instances where the selected metric bolt
size is smaller in root thread area than the corresponding
U.S. Customary size, the designer shall ensure that the
selected size is capable of the required assembly torque
and of producing the required gasket loading to ade-
quately seal at design pressure. Further, the designer
shall ensure sufficient contact area exists between the
flange metal and both the nut and bolt head to withstand
the required bolt loading. If not, larger bolting or a
higher flange class shall be selected.

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

110 PIPING JOINTS

The type of piping joint used shall be suitable for the
design conditions and shall be selected with consider-
ation of joint tightness, mechanical strength, and the
nature of the fluid handled.

111 WELDED JOINTS
111.1 General

Welded joints may be used in any materials allowed
by this Code for which it is possible to qualify WPSs,
welders, and welding operators in conformance with
the rules established in Chapter V.

All welds shall be made in accordance with the appli-
cable requirements of Chapter V.

111.2 Butt Welds

111.2.1 Design of Butt Welds. The design of butt
welds shall include the evaluation of any expected joint
misalignment [para. 127.3(C)] that may result from speci-
fication of joint geometries at variance with the recom-
mendations of this Code.

111.2.2 Backing Rings for Butt Welds. If backing
rings are used in services where their presence will result
in severe corrosion or erosion, the backing ring shall be
removed and the internal surface ground smooth. In
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such services, where it is impractical to remove the back-
ing ring, consideration shall be given to welding the
joint without a backing ring, or with a consumable type
insert ring.

111.3 Socket Welds

111.3.1 Restrictions on size of socket welded com-
ponents are given in paras. 104.3.1(B.4), 122.1.1(H), and
122.8.2(C). Special consideration should be given to fur-
ther restricting the use of socket welded piping joints
where temperature or pressure cycling or severe vibra-
tion is expected to occur or where the service may accel-
erate crevice corrosion.

111.3.2 Dimensions for sockets of socket welding
components shall conform to ASME B16.5 for flanges
and ASME B16.11 for fittings. Assembly of socket
welded joints shall be made in accordance with
para. 127.3(E).

111.3.3 A branch connection socket welded
directly into the wall of the run pipe shall be in accor-
dance with requirements of para. 104.3.1(B.4).

111.3.4 Drains and bypasses may be attached to
a fitting or valve by socket welding, provided the socket
depth, bore diameter, and shoulder thickness conform
to the requirements of ASME B16.11.

111.4 Fillet Welds

Fillet welds shall have dimensions not less than the
minimum dimensions shown in Figs. 127.4.4(B),
127.4.4(C), and 127.4.8(D).

111.5 Seal Welds

Seal welding of connections, including threaded joints,
may be used to avoid joint leakage, but the welding shall
not be considered as contributing any strength to the
joint. Also see para. 127.4.5. Seal welded threaded joints
are subject to the limitations of para. 114.

112 FLANGED JOINTS

Flanged joints shall conform to paras. 108 and 110 and
Table 112.

113 EXPANDED OR ROLLED JOINTS

Expanded or rolled joints may be used where experi-
ence or test has demonstrated that the joint is suitable
for the design conditions and where adequate provisions
are made to prevent separation of the joint.

114 THREADED JOINTS

Threaded joints may be used within the limitations
specified in para. 106 and within the other limitations
specified herein.
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114.1

All threads on piping components shall be taper pipe
threads in accordance with the applicable standards
listed in Table 126.1. Threads other than taper pipe
threads may be used for piping components where tight-
ness of the joint depends on a seal weld or a seating
surface other than the threads, and where experience or
test has demonstrated that such threads are suitable.

114.2

114.2.1
(A) Threaded joints are prohibited where any of the
following conditions is expected to occur:
(A.1) temperatures above 925°F (496°C), except as
permitted by paras. 114.2.2 and 114.2.3
(A.2) severe erosion
(A.3) crevice corrosion
(A.4) shock
(A.5) vibration
(B) The maximum size limitations in Table 114.2.1
apply to threaded joints in the following services:
(B.1) steam and water at temperatures above 220°F
(105°C)
(B.2) flammable gases, toxic gases or liquids, and
nonflammable nontoxic gases [also subject to the excep-
tions identified in paras. 122.8(B) and 122.8.2(C.2)]

114.2.2 Threaded access holes with plugs, which
serve as openings for radiographic inspection of welds,
are not subject to the limitations of para. 114.2.1 and
Table 114.2.1, provided their design and installation
meets the requirement of para. 114.1. A representative
type of access hole and plug is shown in PFI ES-16.

114.2.3 Threaded connections for insertion type
instrument, control, and sampling devices are not subject
to the temperature limitation stated in para. 114.2.1 nor
the pressure limitations stated in Table 114.2.1 provided
that design and installation meet the requirements of
paras. 104.3.1 and 114.1. At temperatures greater than
925°F (495°C) or at pressures greater than 1,500 psi
(10 350 kPa), these threaded connections shall be seal
welded in accordance with para. 127.4.5. The design and
installation of insertion type instrument, control, and
sampling devices shall be adequate to withstand the
effects of the fluid characteristics, fluid flow, and
vibration.
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Pipe with a wall thickness less than that of standard
weight of ASME B36.10M steel pipe shall not be
threaded, regardless of service. See para. 104.1.2(C.1) for
additional threading limitations for pipe used in

(A) steam service over 250 psi (1 750 kPa)

(B) water service over 100 psi (700 kPa) and 220°F
(105°C)
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Table 112 Piping Flange Bolting, Facing, and Gasket Requirements
(Refer to Paras. 108, 110, and 112)

Flange A Mating With Flange B

Item Flange A Flange B Bolting Flange Facings Gaskets
(@ Class 25 cast iron Class 25 cast iron (@) (1) “Low strength” (@)(1) Flat (@)(1) Flat ring nonmetallic to
[Notes (1), (2), and (3)] ASME B16.21, Table 1
(@)(2) “Higher strength” or (@)(2) Flat (@)(2) Full face nonmetallic to
“low strength” ASME B16.21, Table 1
[Notes (1) through (5)]
(b) Class 125 cast iron Class 125 cast iron, “Low strength” Flat Flat ring; nonmetallic to
Class 150 steel and stainless [Notes (1), (2), and (3)] ASME B16.21, Table 2
steel (excluding MSS SP-51),
or
Class 150 ductile iron
(© Class 125 cast iron, Class 125 cast iron, “Higher strength” or “low Flat Full face nonmetallic to
Class 150 bronze, Class 150 bronze, strength” [Notes (1) ASME B16.21, Table 2
MSS SP-51 stainless steel, or Class 150 steel and stainless through (7)] [Notes (8), (9)]
Nonmetallic steel (including MSS SP-51),
Class 150 ductile iron, or
Nonmetallic
(d) Class 150 steel and stainless Class 150 steel and stainless (d)(1) “Low strength” (d)(1) Raised or flat on one (d)(1) Flat ring nonmetallic to
steel (excluding MSS SP-51), steel (excluding MSS SP-51), [Notes (1), (2), and (3)] or both flanges ASME B16.5, Annex C,
or or Group la, Table C1
Class 150 ductile iron Class 150 ductile iron [Note (10)]
(d)(2) “Higher strength” (d)(2) Raised or flat on one (d)(2) Ring style to
[Notes (3), (4), and (5)] or both flanges ASME B16.5, Annex C,
Groups la and Ib,
Table C1 [Notes (10)
and (11)]
(d)(3) “Higher strength” or (d)(3) Flat (d)(3) Full face
“low strength” nonmetallic to
[Notes (1) through (5)] ASME B16.5, Annex C,
Group la material
(e) Class 150 steel and stainless Class 150 steel and stainless “Higher strength” Ring joint Ring joint to ASME B16.20

steel (excluding MSS SP-51)

steel (excluding MSS SP-51)

[Notes (3), (4), and (5)]
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(Refer to Paras. 108, 110, and 112)

Table 112 Piping Flange Bolting, Facing, and Gasket Requirements (Cont‘d)

Flange A Mating With Flange B

Item Flange A Flange B Bolting Flange Facings Gaskets

® Class 250 cast iron Class 250 cast iron, H(1) “Low strength” (1) Raised or flat on one (f(1) Flat ring nonmetallic to
Class 300 steel and stainless [Notes (1), (2), and (3)] or both flanges ASME B16.21, Table 3

lsteel, ord e i (f(2) “Higher strength” or (M (2) Flat (M (2) Full face nonmetallic to
Class 300 ductile iron “low strength” ASME B16.21, Table 6
[Notes (1) through (5)] (Class 300)

(® Class 300 bronze Class 250 cast iron, “Higher strength” or “low Flat Full face nonmetallic to
Class 300 bronze, strength” [Notes (1) ASME B16.21, Table 11
Class 300 steel and stainless through (7)] [Note (8)]

steel, or

Class 300 ductile iron

() Class 300 ductile iron Class 300 steel and stainless (M) (1) “Low strength” (h)(1) Raised or flat on one or (h)(1) Flat ring nonmetallic to

steel, or
Class 300 ductile iron

[Notes (1), (2), and (3)]

both flanges

ASME B16.5, Annex C,
Group la, Table C1
[Note (10)]

(h)(2) “Higher strength”
[Notes (3), (4) and (5)]

(h)(2) Raised or flat on one or
both flanges

(h)(2) Ring style to
ASME B16.5, Annex C
[Notes (10) and (11)]

(h)(3) “Higher strength” or
“low strength”
[Notes (1) through (5)]

(h)(3) Flat

(h)(3) Full face
nonmetallic to
ASME B16.5, Annex C,
Group la material
[Note (10)]
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Table 112 Piping Flange Bolting, Facing, and Gasket Requirements (Cont’d)
(Refer to Paras. 108, 110, and 112)

Flange A Mating With Flange B

Item Flange A Flange B Bolting Flange Facings Gaskets
@ Class 300 and higher classes, Class 300 and higher classes, (1) “Low strength” (i)(1) Raised or flat on one or (@i)(1) Flat ring nonmetallic to
steel and stainless steel steel and stainless steel [Notes (1), (2), and (3)] both flanges; large or ASME B16.5, para. 6.11
small male and female; and Annex C,
large or small tongue Group la material
and groove [Note (10)]
@i(2) “Higher strength” (i)(2) Raised or flat on one or (H(2) Ring style to
[Notes (3), (4), and (5)] both flanges; large or ASME B16.5, para. 6.11
small male and female; and Annex C
large or small tongue [Notes (10) and (11)]
and groove
(i)(3) “Higher strength” ()(3) Ring joint (i)(3) Ring joint to
[Notes (3), (4), and (5)] ASME B16.20
0] Class 800 cast iron Class 800 cast iron “Low strength” Raised or large male and Flat ring nonmetallic to
[Notes (1), (2), and (3)] female ASME B16.21, Table 4

GENERAL NOTES:

(@) Bolting (including nuts), flange facing, and gasket selection (materials, dimensions, bolt stress, gasket factor, seating stress, etc.) shall be suitable for the flanges, service conditions,
and hydrostatic tests. There shall be no overstressing of the gasket or flanges from the expected bolt loading or external bending loads.

(b) Unless otherwise stated, the flange facing described applies to both flanges A and B.

(c) For flanges other than to ASME B16.1, in sizes larger than NPS 24 (DN 600) [NPS 12 (DN 300) in Class 2500], gasket dimensions should be verified against the flanges specified
(e.g., MSS SP-44 and API 605).

(d) The effective seating of a full face gasket shall extend to the outside edge of the flange. For flat or raised face flanges, a flat ring or ring style gasket shall be self-centering,
extending to the inner edge of the bolt holes or bolts. Where the joint contains a cast iron, bronze, nonmetallic, or MSS SP-51 stainless steel flange, the effective gasket seating
shall extend to the outside diameter of the gasket.

() Unconfined nonmetallic gaskets shall not be used on flat or raised face flanges if the expected normal operating pressure exceeds 720 psi (4 950 kPa) or the temperature exceeds
750°F (400°C). Metal gaskets, spiral wound gaskets of metal with nonmetallic filler, and confined nonmetallic gaskets are not limited as to pressure or temperature provided the gas-
ket materials are suitable for the maximum fluid temperatures.

910¢C-1°1€9 JWSY
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Table 112 Piping Flange Bolting, Facing, and Gasket Requirements (Cont’d)
(Refer to Paras. 108, 110, and 112)

NOTES:

6y

)
(3)

)

5)
(6)

@)

®
)

(10)

(11)

“Low strength” bolting shall conform to ASTM:

A193, Grade B8A, B8CA, BSMA, or BSTA A307, Grade B [bolting to A307, Grade B shall
A193, Class 1, Grade B8, B8C, B8M, or B8T not be used at temperatures greater than
400°F (200°0)]

A320, Class 1, Grade B8, B8C, B8M, or B8T

Nuts for “low strength” bolting shall conform to the grade of ASTM A194 or A563 as required by the bolting specification.

For temperatures below —20°F (-29°C), bolting conforming to the ASTM A320 classes and grades listed, respectively, in Note (4) “higher strength” and Note (1) “low strength” shall
be used. For this bolting to ASTM A320, Grades L7, L7A, L7B, L7C, and L43, the nuts shall conform to ASTM A194, Grade 4 or 7 with impact requirements of A320. For bolting to
the other grades of A320, the nuts shall conform to A320.

“Higher strength” bolting shall conform to ASTM:

A193, Grade B5, B6, B6X, B7, B7M, or B16 A354, Grade BC or BD
A193, Class 2, Grade B8, B8C, B8M, or B8T
A437, Grade B4B, B4C, or B4D
A320, Grade L7, L7A, L7B, L7C, or L43
A320, Class 2, Grade B8, B8C, B8F, B8M, or A453, Grade 651 or 660
B8T

Nuts for “higher strength” bolting shall conform to the grade of ASTM A194, A437, A453, A563, or A564, as required by the bolting specification.
Additionally, for joints containing bronze flanges, nonferrous bolting conforming to the following may be used:

ASTM B98, UNS (65100, C65500, and C66100; half ASTM B164, UNS N04400 and N04405; hot finish;
hard; to 350°F (177°C) maximum 550°F (288°C) maximum
ASTM B150, UNS C61400, to 500°F (260°C) maximum ASTM B164, UNS N04400, cold drawn, cold drawn and
ASTM B150, UNS C63000 and C64200, to 550°F stress relieved, or cold drawn and stress equalized;
(288°C) maximum and N04405, cold drawn, to 500°F (260°C)
maximum

Where a flanged joint contains dissimilar materials (e.g., bronze flanges with steel bolting) and has a design temperature exceeding 300°F (149°C), the differences in coefficients
of expansion shall be considered.

For bronze flanges where “low strength” or nonferrous bolting is used, nonmetallic gaskets having seating stresses greater than 1,600 psi shall not be used.

For stainless steel flanges to MSS SP-51 and for nonmetallic flanges, preference shall be given to gasket materials having the lower minimum design seating stress as listed in
ASME B16.5, Table C1, Group la.

Where asbestos sheet, fiber, or filler material for gaskets is specified in ASME B16.5, this limitation shall not apply to ASME B31.1 applications. Any nonmetallic material suitable
for the operating conditions may be used in lieu of asbestos provided the requirements of Table 112 are met.

For items (d)(2), (h)(2), and ())(2), where two flat face flanges are used in a joint and the gasket seating width (considering both the gasket and the flanges) is greater than that of
an ASME B16.5 flange having a standard raised face, the gasket material shall conform to ASME B16.5, Annex C, Group la.

910¢-1°1€9 JWSY
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Table 114.2.1 Threaded Joints Limitations

Maximum Size

Maximum Pressure

NPS DN psi MPa
3 80 400 3
2Y 65 500 3.5
2 50 600 4
1Y, 40 900 6
1Y, 32 1,000 7
1 25 1,200 8
< <20 1,500 10

GENERAL NOTE: For instrument, control, and sampling lines, refer
to para. 122.3.6(A.5).

115 FLARED, FLARELESS, AND COMPRESSION
JOINTS, AND UNIONS

Flared, flareless, and compression type tubing fittings,
and cast copper alloy fittings for flared copper tubes,
may be used for tube sizes not exceeding 2 in. (50 mm)
and unions may be used for pipe sizes not exceeding
NPS 3 (DN 80) within the limitations of applicable stan-
dards and specifications listed in Table 126.1. Pipe
unions shall comply with the limitations of para. 114.2.1.

In the absence of standards, specifications, or allow-
able stress values for the material used to manufacture
the fitting, the designer shall determine that the type
and the material of the fitting selected is adequate and
safe for the design conditions in accordance with the
following requirements:

(A) The pressure design shall meet the requirements
of para. 104.7.

(B) A suitable quantity of the type, size, and material
of the fittings to be used shall meet successful perform-
ance tests to determine the safety of the joint under
simulated service conditions. When vibration, fatigue,
cyclic conditions, low temperature, thermal expansion,
or hydraulic shock are expected, the applicable condi-
tions shall be incorporated in the test.

115.1 Compatibility

Fittings and their joints shall be compatible with the
tubing or pipe with which they are to be used and shall
conform to the range of wall thicknesses and method
of assembly recommended by the manufacturer.

115.2 Pressure-Temperature Ratings

Fittings shall be used at pressure-temperature ratings
not exceeding the recommendations of the manufac-
turer. Unions shall comply with the applicable standards
listed within Table 126.1 and shall be used within the
specified pressure-temperature ratings. Service condi-
tions, such as vibration and thermal cycling, shall be
considered in the application.
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115.3 Threads

See para. 114.1 for requirements of threads on piping
components.

115.4 Fitting and Gripping

Flareless fittings shall be of a design in which the
gripping member or sleeve shall grip or bite into the
outer surface of the tube with sufficient strength to hold
the tube against pressure, but without appreciably dis-
torting the inside tube diameter. The gripping member
shall also form a pressure seal against the fitting body.

When using bite type fittings, a spot check shall be
made for adequate depth of bite and condition of tubing
by disassembling and reassembling selected joints.

Grip-type fittings that are tightened in accordance
with manufacturer’s instructions need not be disassem-

bled for checking.

116 BELL END JOINTS

116.1 Elastomeric-Gasket Joints

Elastomeric-gasket bell end joints may be used for
water and other nonflammable, nontoxic service where
experience or tests have demonstrated that the joint is
safe for the operating conditions and the fluid being
transported. Provisions shall be made to prevent disen-
gagement of the joints at bends and dead ends, and to
support lateral reactions produced by branch connec-
tions or other causes.

116.2 Caulked Joints

Caulked joints, if used, shall be restricted to cold water
service, shall not use lead as the caulking material in
potable water service, and shall be qualified as specially
designed components in accordance with para. 104.7.2.
Provisions shall be made to prevent disengagement of
the joints at bends and dead ends, and to support lateral
reactions produced by branch connections or other
causes.

117 BRAZED AND SOLDERED JOINTS
117.1 Brazed Joints

Brazed socket-type joints shall be made with suitable
brazing alloys. The minimum socket depth shall be suffi-
cient for the intended service. Brazing alloy shall either
be end-fed into the socket or shall be provided in the
form of a preinserted ring in a groove in the socket. The
brazing alloy shall be sufficient to fill completely the
annular clearance between the socket and the pipe or
tube. The limitations of paras. 117.3(A) and (D) shall

apply.
117.2 Soldered Joints

Soft soldered socket-type joints made in accordance
with applicable standards listed in Table 126.1 may be
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used within their specified pressure-temperature rat-
ings. The limitations in paras. 117.3 and 122.3.2(E.2.3)
for instrument piping shall apply. The allowances of
para. 102.2.4 do not apply.

117.3 Limitations

(A) Brazed socket-type joints shall not be used on
systems containing flammable or toxic fluids in areas
where fire hazards are involved.

(B) Soldered socket-type joints shall be limited to sys-
tems containing nonflammable and nontoxic fluids.

(C) Soldered socket-type joints shall not be used in
piping subject to shock or vibration.

(D) Brazed or soldered joints depending solely upon
a fillet, rather than primarily upon brazing or soldering
material between the pipe and sockets, are not
acceptable.

118 SLEEVE COUPLED AND OTHER PROPRIETARY
JOINTS

Coupling type, mechanical gland type, and other pro-
prietary joints may be used where experience or tests
have demonstrated that the joint is safe for the operating
conditions, and where adequate provision is made to
prevent separation of the joint.

PART 5
EXPANSION, FLEXIBILITY, AND PIPE-SUPPORTING
ELEMENT

119 EXPANSION AND FLEXIBILITY
119.1 General

In addition to the design requirements for pressure,
weight, and other sustained or occasional loadings (see
paras. 104.1 through 104.7, 104.8.1, and 104.8.2), power
piping systems subject to thermal expansion, contrac-
tion, or other displacement stress producing loads shall
be designed in accordance with the flexibility and dis-
placement stress requirements specified herein.

119.2 Displacement Stress Range

Piping system stresses caused by thermal expansion
and piping displacements, referred to as displacement
stresses, when of sufficient initial magnitude during sys-
tem startup or extreme displacements, relax in the maxi-
mum stress condition as the result of local yielding or
creep. A stress reduction takes place and usually appears
as a stress of reversed sign when the piping system
returns to the cold condition for thermal loads or the
neutral position for extreme displacement loads. This
phenomenon is designated as self-springing (or shake-
down) of the piping and is similar in effect to cold
springing. The extent of self-springing depends upon
the material, the magnitude of the displacement stresses,
the fabrication stresses, the hot service temperature, and
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the elapsed time. While the displacement stresses in the
hot or displaced condition tend to diminish with time
and yielding, the sum of the displacement strains for
the maximum and minimum stress conditions during
any one cycle remains substantially constant. This sum
is referred to as the strain range. However, to simplify
the evaluation process, the strain range is converted to
a stress range to permit the more usual association with
an allowable stress range. The allowable stress range
shall be as determined in accordance with
para. 102.3.2(B).

119.3 Local Overstrain

Most of the commonly used methods of piping flexibil-
ity and cyclic stress analysis assume elastic or partly
elastic behavior of the entire piping system. This
assumption is sufficiently accurate for systems where
plastic straining occurs at many points or over relatively
wide regions, but fails to reflect the actual strain distribu-
tion in unbalanced systems where only a small portion of
the piping undergoes plastic strain, or where, in piping
operating in the creep range, the strain distribution is
very uneven. In these cases, the weaker or higher
stressed portions will be subjected to strain concentra-
tions due to elastic follow-up of the stiffer or lower
stressed portions. Unbalance can be produced

(A) by use of small pipe runs in series with larger or
stiffer pipe, with the small lines relatively highly stressed

(B) by local reduction in size or cross section, or local
use of a weaker material

(C) in a system of uniform size, by use of a line config-
uration for which the neutral axis or thrust line is situ-
ated close to the major portion of the line itself, with
only a very small offset portion of the line absorbing
most of the expansion strain

Conditions of this type should preferably be avoided,
particularly where materials of relatively low ductility
are used.

119.5 Flexibility

Power piping systems shall be designed to have suffi-
cient flexibility to prevent piping displacements from
causing failure from overstress of the piping compo-
nents, overloading of anchors and other supports, leak-
age at joints, or detrimental distortion of connected
equipment. Flexibility shall be provided by changes in
direction in the piping through the use of fittings, bends,
loops, and offsets. When piping bends, loops, and offsets
are not able to provide adequate flexibility, provisions
may be made to absorb piping displacements by utiliz-
ing expansion, swivel, or ball joints, or flexible metal
hose assemblies.

119.5.1 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Except as stated in para.
101.7.2, these components may be used where experi-
ence or tests have demonstrated that they are suitable
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for expected conditions of pressure, temperature, ser-
vice, and cyclic life.

Restraints and supports shall be provided, as required,
to limit movements to those directions and magnitudes
permitted for the specificjoint or hose assembly selected.

119.6 Piping Properties

The coefficient of thermal expansion and moduli of
elasticity shall be determined from Mandatory
Appendices B and C, which cover more commonly used
piping materials. For materials not included in those
Appendices, reference shall be to authoritative source
data such as publications of the National Institute of
Standards and Technology.

119.6.1 Coefficient of Thermal Expansion. The coef-
ficient of thermal expansion shall be determined from
values given in Mandatory Appendix B. The coefficient
used shall be based on the highest average operating
metal temperature and the lowest ambient metal tem-
perature, unless other temperatures are justified.
Mandatory Appendix B values are based on the assump-
tion that the lowest ambient metal temperature is 70°F
(20°C). If the lowest metal temperature of a thermal
range to be evaluated is not 70°F (20°C), adjustment of
the values in Mandatory Appendix B may be required.

119.6.2 Moduli of Elasticity. The cold and hot mod-
uli of elasticity, E. and Ej, shall be as shown in Mandatory
Appendix C, Table C-1 for ferrous materials and
Table C-2 for nonferrous materials, based on the temper-
atures established in para. 119.6.1.

119.6.3 Poisson’s Ratio. Poisson’s ratio, when
required for flexibility calculations, shall be taken as 0.3
at all temperatures for all materials.

119.6.4 Stresses. Calculations for the stresses shall
be based on the least cross section area of the component,
using nominal dimensions at the location under consid-
eration. Calculation for the reference displacement stress
range, Sg, shall be based on the modulus of elasticity,
E., at room temperature, unless otherwise justified.

119.7 Flexibility Analysis

119.7.1 Method of Analysis. All piping shall meet
the following requirements with respect to flexibility:
(A) Itshall be the designer’s responsibility to perform
an analysis unless the system meets one of the following
criteria:

(A.1) The piping system duplicates a successfully
operating installation or replaces a system with a satis-
factory service record.

(A.2) The piping system can be adjudged adequate
by comparison with previously analyzed systems.

(A.3) The piping system is of uniform size, has not
more than two anchors and no intermediate restraints,
is designed for essentially noncyclic service (less than
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7,000 total cycles), and satisfies the following approxi-
mate criterion:
U.S. Customary Units

DY _. S
L-u?" YL,
SI Units
DY Sa
Ly <208 000 E.
where

D = nominal pipe size (NPS), in. (mm)

E. = modulus of elasticity at room temperature,
psi (kPa)

L = developed length of pipe (total length of pipe
taken along the piping longitudinal axes),
ft (m)

Sa = allowable displacement stress range deter-
mined in accordance with para. 102.3.2(B),
eq. (1A), psi (kPa)

U = anchor distance (length of straight line between
the anchors), ft (m)

Y = resultant displacement between the anchors to

be absorbed by the piping system, in. (mm)

WARNING: No general proof can be offered that this equation
will yield accurate or consistently conservative results. It was
developed for ferrous materials and is not applicable to systems
used under severe cyclic conditions. It should be used with cau-
tion in configurations such as unequal leg U-bends, or near
straight “saw-tooth” runs, or for large diameter thin-wall pipe, or
where extraneous displacements (not in the direction connecting
anchor points) constitute a large part of the total displacement,
or where piping operates in the creep range. There is no assurance
that anchor reactions will be acceptably low, even when a piping
system meets the above requirements.

(B) All systems not meeting the above criteria, or
where reasonable doubt exists as to adequate flexibility
between the anchors, shall be analyzed by simplified,
approximate, or comprehensive methods of analysis that
are appropriate for the specific case. The results of such
analysis shall be evaluated using para. 104.8.3, eq. (17).

(C) Approximate or simplified methods may be
applied only if they are used for the range of configura-
tions for which their adequate accuracy has been
demonstrated.

(D) Acceptable comprehensive methods of analysis
include: analytical, model tests, and chart methods that
provide an evaluation of the forces, moments, and
stresses caused by bending and torsion from the simulta-
neous consideration of terminal and intermediate
restraints to thermal expansion of the entire piping sys-
tem under consideration, and including all external
movements transmitted to the piping by its terminal
and intermediate attachments. Correction factors shall
be applied for the stress intensification of curved pipe



(16)

ASME B31.1-2016

and branch connections, as provided by the details of
these rules, and may be applied for the increased flexibil-
ity of such component parts.

119.7.3 Basic Assumptions and Requirements. In
calculating the flexibility or displacement stresses of a
piping system between anchor points, the system
between anchor points shall be treated as a whole. The
significance of all parts of the line and of all restraints,
such as supports or guides, including intermediate
restraints introduced for reducing moments and forces
on equipment or small branch lines, shall be considered.

Flexibility calculations shall take into account stress-
intensifying conditions found in components and joints.
Credit may be taken when extra flexibility exists in such
components. In the absence of more directly applicable
data, the flexibility factors and stress-intensification fac-
tors shown in Mandatory Appendix D may be used.!
Alternatively, B31] may be used to determine stress-
intensification factors.

Dimensional properties of pipe and fittings used in
flexibility calculations shall be based on nominal
dimensions.

The total reference displacement range resulting from
using the coefficient of thermal expansion determined
in accordance with para. 119.6.1 shall be used, whether
or not the piping is cold sprung. Not only the expansion
of the line itself, but also linear and angular movements
of the equipment to which it is attached, shall be
considered.

Where simplifying assumptions are used in calcula-
tions or model tests, the likelihood of attendant underes-
timates of forces, moments, and stresses, including the
effects of stress intensification, shall be evaluated.

119.8 Movements

Movements caused by thermal expansion and load-
ings shall be determined for consideration of obstruc-
tions and design of proper supports.

119.9 Cold Spring

The beneficial effect of judicious cold springing in
assisting a system to attain its most favorable position
sooner is recognized. Inasmuch as the life of a system
under cyclic conditions depends on the stress range
rather than the stress level at any one time, no credit
for cold spring is allowed with regard to stresses. In
calculating end thrusts and moments acting on equip-
ment, the actual reactions at any one time, rather than

* The stress-intensification factors in Mandatory Appendix D
have been developed from fatigue tests of representative commer-
cially available, matching product forms and assemblies manufac-
tured from ductile ferrous materials. The allowable stress range is
based on tests of carbon and stainless steels. Caution should be
exercised when applying eqgs. (1) and (13) for the allowable stress
range for certain nonferrous materials (e.g., copper and aluminum
alloys) for other than low-cycle applications.
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their range, are significant. Credit for cold springing is
accordingly allowed in the calculation of thrusts and
moments, provided an effective method of obtaining the
designed cold spring is specified and used.

119.10 Reactions

119.10.1 Computing Hot and Cold Reactions. In a
piping system with no cold spring or an equal percent-
age of cold springing in all directions, the reactions
(forces and moments) of R;, and R,, in the hot and cold
conditions, respectively, shall be obtained from the reac-
tion, R, derived from the flexibility calculations based
on the modulus of elasticity at room temperature, E,,
using egs. (18) and (19).

R, = (1 - 2/3C) (% R) (18)
R. = = CR, or
_ [ 60 E)
=" [1 o @)} 49

whichever is greater, and with the further condition that

(S, (E)

o 2d g

(Se) (Epn)

where

cold spring factor varying from zero for no
cold spring to 1.00 for 100% cold spring
modulus of elasticity in the cold condition,
psi (MPa)

modulus of elasticity in the hot condition,
psi (MPa)

maximum reaction for full expansion range
based on E_, which assumes the most severe
condition (100% cold spring, whether such
is used or not), Ib and in.-Ib (N and mm-N)
maximum reactions estimated to occur in
the cold and hot conditions, respectively, Ib
and in.-Ib (N and mm:-N)

computed thermal expansion stress range,
psi (MPa)

basic material allowable stress at maximum
(hot) temperature, without the 20 ksi limita-
tion as noted in para. 102.3.2(B)

Rcz Rh =

SE=

If a piping system is designed with different percent-
ages of cold spring in various directions, egs. (18) and
(19) are not applicable. In this case, the piping system
shall be analyzed by a comprehensive method. The cal-
culated hot reactions shall be based on theoretical cold
springs in all directions not greater than two-thirds of
the cold springs as specified or measured.

119.10.2 Reaction Limits. The reactions computed
shall not exceed limits that the attached equipment can

(16)
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sustain. Equipment allowable reaction limits (forces and
moments) on piping connections are normally estab-
lished by the equipment manufacturer.

120 LOADS ON PIPE-SUPPORTING ELEMENTS
120.1 General

(A) The broad terms “supporting elements” or “sup-
ports” as used herein shall encompass the entire range
of the various methods of carrying the weight of pipe
lines, insulation, and the fluid carried. It, therefore,
includes “hangers” that are generally considered as
those elements that carry the weight from above, with
the supporting members being mainly in tension. Like-
wise, it includes “supports” that on occasion are deline-
ated as those that carry the weight from below, with the
supporting members being mainly in compression. In
many cases a supporting element may be a combination
of both of these.

(B) In addition to the weight effects of piping compo-
nents, consideration shall be given in the design of pipe
supports to other load effects introduced by service pres-
sure, wind, earthquake, etc., as defined in para. 101.
Hangers and supporting elements shall be fabricated
and assembled to permit the free movement of piping
caused by thermal expansion and contraction. The
design of elements for supporting or restraining piping
systems, or components thereof, shall be based on all
the concurrently acting loads transmitted into the sup-
porting elements.

(C) Where the resonance with imposed vibration
and/or shock occurs during operation, suitable damp-
eners, restraints, anchors, etc., shall be added to remove
these effects.

120.2 Supports, Anchors, and Guides

120.2.1 Rigid-Type Supports

(A) The required strength of all supporting elements
shall be based on the loadings as given in para. 120.1,
including the weight of the fluid transported or the fluid
used for testing, whichever is heavier. The allowable
stress in supporting equipment shall be as specified in
para. 121.2.

(B) Exceptions may be made in the case of supporting
elements for large size gas or air piping, exhaust steam,
relief or safety valve relief piping, but only under the
conditions where the possibility of the line becoming
full of water or other liquid is very remote.

120.2.2 Variable and Constant Supports. Load cal-
culations for variable and constant supports, such as
springs or counterweights, shall be based on the design
operating conditions of the piping. They shall not
include the weight of the hydrostatic test fluid. However,
the support shall be capable of carrying the total load
under test conditions, unless additional support is pro-
vided during the test period.
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120.2.3 Anchors or Guides. Where anchors or
guides are provided to restrain, direct, or absorb piping
movements, their design shall take into account the
forces and moments at these elements caused by internal
pressure and thermal expansion.

120.2.4 Supplementary Steel. Where it is necessary
to frame structural members between existing steel
members, such supplementary steel shall be designed
in accordance with American Institute of Steel
Construction specifications, or similar recognized struc-
tural design standards. Increases of allowable stress val-
ues shall be in accordance with the structural design
standard being used. Additional increases of allowable
stress values, such as allowed in para. 121.2(I), are not
permitted.

121 DESIGN OF PIPE-SUPPORTING ELEMENTS

121.1 General

Design of standard pipe-supporting elements shall be
in accordance with the rules of MSS SP-58. Allowable
stress values and other design criteria shall be in accor-
dance with this paragraph. Supporting elements shall
be capable of carrying the sum of all concurrently acting
loads as listed in para. 120. They shall be designed to
provide the required supporting effort and allow pipe-
line movement with thermal changes without causing
overstress. The design shall also prevent complete
release of the piping load in the event of spring failure
or misalignment. All parts of the supporting equipment
shall be fabricated and assembled so that they will not
be disengaged by movement of the supported piping.
The maximum safe loads for bolts, threaded hanger rods,
and all other threaded members shall be based on the
root area of the threads. MSS SP-58 may be used for
guidance with respect to selection and application of
pipe hangers and supports.

121.2 Allowable Stress Values

(A) Allowable stress values tabulated in MSS SP-58
or in Mandatory Appendix A of this Code Section may
be used for the base materials of all parts of pipe-
supporting elements.

(B) Where allowable stress values for a material speci-
fication listed in Table 126.1 are not tabulated in
Mandatory Appendix A or in MSS SP-58, allowable
stress values from Section II, Part D, Tables 1A and 1B
of the ASME Boiler and Pressure Vessel Code may be
used, provided the requirements of para. 102.3.1(B) are
met. Where there are no stress values given in Section II,
Part D, Tables 1A and 1B, an allowable stress value of
25% of the minimum tensile strength given in the mate-
rial specification may be used, for temperatures not
exceeding 650°F (345°C).

(C) For a steel material of unknown specification, or
of a specification not listed in Table 126.1 or MSS SP-58,
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an allowable stress value of 30% of yield strength (0.2%
offset) at room temperature may be used at temperatures
not exceeding 650°F (345°C). The yield strength shall be
determined through a tensile test of a specimen of the
material and shall be the value corresponding to 0.2%
permanent strain (offset) of the specimen. The allowable
stress values for such materials shall not exceed 9,500 psi
(65.5 MPa).

(D) The allowable shear stress shall not exceed 80%
of the values determined in accordance with the rules
of (A), (B), and (C) above.

(E) The allowable compressive stress shall not exceed
the value as determined in accordance with the rules of
(A), (B), or (C) above. In addition, consideration shall
be given to structural stability.

(F) The allowable bearing stress shall not exceed 160%
of the value as determined in accordance with the rules
of (A), (B), or (C) above.

(G) The allowable stress in tension determined from
(A), (B), or (C) above shall be reduced 25% for threaded
hanger rods.

(H) The allowable stress in partial penetration or fillet
welds in support assemblies shall be reduced 25% from
those determined in accordance with (A), (B), (C), or
(D) above for the weaker of the two metals joined.

() If materials for attachments have different allow-
able stress values than the pipe, then the allowable stress
for the weld shall be based on the lower allowable stress
of the materials being joined.

(J) Increases in the allowable stress values shall be
permitted as follows:

(J.1) an increase of 20% for short time overloading
during operation.

(].2) an increase to 80% of the minimum yield
strength at room temperature during hydrostatic testing.
Where the material allowable stress has been established
in accordance with the rules of (C) above, the allowable
stress value during hydrostatic testing shall not exceed
16,000 psi (110.3 MPa).

121.3 Temperature Limitations

Parts of supporting elements that are subjected princi-
pally to bending or tension loads and that are subjected
to working temperatures for which carbon steel is not
recommended shall be made of suitable alloy steel, or
shall be protected so that the temperature of the support-
ing member will be maintained within the appropriate
temperature limits of the material.

121.4 Hanger Adjustments

Hangers used for the support of piping, NPS 2%
(DN 65) and larger, shall be designed to permit adjust-
ment after erection while supporting the load. Screwed
adjustments shall have threaded parts to conform to
ASME B1.1.
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Table 121.5 Suggested Steel Pipe Support

Spacing
Suggested Maximum Span

Nominal Diameter Watfer St::‘;\m, Ga.s,
Pipe Size, Nominal, Service or Air Service

NPS DN ft m ft m
1 25 7 2.1 9 2.7
2 50 10 3.0 13 4.0
3 80 12 3.7 15 4.6
4 100 14 4.3 17 5.2
6 150 17 5.2 21 6.4
8 200 19 5.8 24 7.3
12 300 23 7.0 30 9.1
16 400 27 8.2 35 10.7
20 500 30 9.1 39 11.9
24 600 32 9.8 42 12.8

GENERAL NOTES:

(@) Suggested maximum spacing between pipe supports for hori-
zontal straight runs of standard and heavier steel pipe at maxi-
mum operating temperature of 750°F (400°C).

Does not apply where span calculations are made or where
there are concentrated loads between supports, such as
flanges, valves, specialties, etc.

The spacing is based on a fixed beam support with a bending
stress not exceeding 2,300 psi (15.86 MPa) and insulated pipe
filled with water or the equivalent weight of steel pipe for
steam, gas, or air service, and the pitch of the line is such
that a sag of 0.1 in. (2.5 mm) between supports is
permissible.

(b)

©

Class 2 fit turnbuckles and adjusting nuts shall have
the full length of thread in engagement. Means shall be
provided for determining that full thread length is in
engagement. All screw and equivalent adjustments shall
be provided with suitable locking devices.

121.5 Hanger Spacing

Supports for piping with the longitudinal axis in
approximately a horizontal position shall be spaced to
prevent excessive sag, bending and shear stresses in the
piping, with special consideration given where compo-
nents, such as flanges and valves, impose concentrated
loads. Where calculations are not made, suggested maxi-
mum spacing of supports for standard and heavier steel
pipe are given in Table 121.5. Vertical supports shall be
spaced to prevent the pipe from being overstressed from
the combination of all loading effects.

121.6 Springs

The springs used in variable or constant effort type
supports shall be designed and manufactured in accor-
dance with MSS SP-58.
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121.7 Fixtures

121.7.1 Anchors and Guides

(A) Anchors, guides, pivots, and restraints shall be
designed to secure the desired points of piping in rela-
tively fixed positions. They shall permit the piping to
expand and contract freely in directions away from the
anchored or guided point and shall be structurally suit-
able to withstand the thrusts, moments, and other loads
imposed.

(B) Rolling or sliding supports shall permit free move-
ment of the piping, or the piping shall be designed to
include the imposed load and frictional resistance of
these types of supports, and dimensions shall provide
for the expected movement of the supported piping.
Materials and lubricants used in sliding supports shall
be suitable for the metal temperature at the point of
sliding contact.

(C) Where corrugated or slip-type expansion joints,
or flexible metal hose assemblies are used, anchors and
guides shall be provided where necessary to direct the
expansion into the joint or hose assembly. Such anchors
shall be designed to withstand the force specified by
the manufacturer for the design conditions at which the
joint or hose assembly is to be used. If this force is
otherwise unknown, it shall be taken as the sum of the
product of the maximum internal area times the design
pressure plus the force required to deflect the joint or
hose assembly. Where expansion joints or flexible metal
hose assemblies are subjected to a combination of longi-
tudinal and transverse movements, both movements
shall be considered in the design and application of the
joint or hose assembly.

Flexible metal hose assemblies, applied in accordance
with para. 106.4, shall be supported in such a manner
as to be free from any effects due to torsion and undue
strain as recommended by the manufacturer.

121.7.2 Other Rigid Types

(A) Hanger Rods. Safe loads for threaded hanger rods
shall be based on the root area of the threads and 75%
of the allowable stress of the material as provided in
para. 121.2(G). In no case shall hanger rods less than
% in. (9.5 mm) diameter be used for support of pipe
NPS 2 (DN 50) and smaller, or less than % in. (12.5 mm)
diameter rod for supporting pipe NPS 2% (DN 65) and
larger. See Table 121.7.2(A) for carbon steel rods.

Pipe, straps, or bars of strength and effective area equal
to the equivalent hanger rod may be used instead of
hanger rods.

Hanger rods, straps, etc., shall be designed to permit
the free movement of piping caused by thermal expan-
sion and contraction.

(B) Welded link chain of % in. (5.0 mm) or larger
diameter stock, or equivalent area, may be used for pipe
hangers with a design stress of 9,000 psi (62 MPa)
maximum.
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(C) Cast iron in accordance with ASTM A48 may be
used for bases, rollers, anchors, and parts of supports
where the loading will be mainly compression. Cast iron
parts shall not be used in tension.

(D) Malleable iron castings in accordance with
ASTM A47 may be used for pipe clamps, beam clamps,
hanger flanges, clips, bases, swivel rings, and parts of
pipe supports, but their use shall be limited to tempera-
tures not in excess of 450°F (230°C). This material is
not recommended for services where impact loads are
anticipated.

(E) Brackets shall be designed to withstand forces and
moments induced by sliding friction in addition to other
loads.

121.7.3 Variable Supports

(A) Variable spring supports shall be designed to
exert a supporting force equal to the load, as determined
by weight balance calculations, plus the weight of all
hanger parts (such as clamp, rod, etc.) that will be sup-
ported by the spring at the point of attachment to the
pipe.

(B) Variable spring supports shall be provided with
means to limit misalignment, buckling, eccentric load-
ing, or to prevent overstressing of the spring.

(C) It is recommended that all hangers employing
springs be provided with means to indicate at all times
the compression of the spring with respect to the approx-
imate hot and cold positions of the piping system, except
where they are used either to cushion against shock or
where the operating temperature of the piping system
does not exceed 250°F (120°C).

(D) It is recommended that the support be designed
for a maximum variation in supporting effort of 25%
for the total travel resulting from thermal movement.

121.7.4 Constant Supports. On high temperature
and critical service piping at locations subject to appre-
ciable movement with thermal changes, the use of con-
stant support hangers, designed to provide a
substantially uniform supporting force throughout the
range of travel, is recommended.

(A) Constant support hangers shall have a support
variation of no more than 6% throughout the total travel
range.

(B) Counterweight type supports shall be provided
with stops, and the weights shall be positively secured.
Chains, cables, hanger and rocker arm details, or other
devices used to attach the counterweight load to the
piping, shall be subject to requirements of para. 121.7.2.

(C) Hydraulic type supports utilizing a hydraulic
head may be installed to give a constant supporting
effort. Safety devices and stops shall be provided to
support the load in case of hydraulic failure.

(D) Boosters may be used to supplement the opera-
tion of constant support hangers.
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Table 121.7.2(A) Carrying Capacity of Threaded ASTM A36, A575, and A576
Hot-Rolled Carbon Steel

Max. Safe Load at Rod

Nominal
Rod Root Area of Temp. of 650°F (343°C)
Diameter, in. Thread, in.2 b kN
A 0.0678 730 3.23
Y 0.126 1,350 5.98
A 0.202 2,160 9.61
A 0.302 3,230 14.4
A 0.419 4,480 19.9
1 0.551 5,900 26.2
1Y, 0.890 9,500 42.4
1% 1.29 13,800 61.6
1%, 1.74 18,600 82.8
2 2.30 24,600 109
2Y, 3.02 32,300 144
2% 3.72 39,800 177
2%, 4.62 49,400 220
3 5.62 60,100 267
3Y, 6.72 71,900 320
3Y, 7.92 84,700 377
3%, 9.21 98,500 438
4 10.6 114,000 505
4Y, 121 129,000 576
4Y, 13.7 146,000 652
4%, 15.4 165,000 733
5 17.2 184,000 819

GENERAL NOTES:

(@) Tabulated loads are based on a minimum tensile stress of 50 ksi (345 MPa) divided by a safety
factor of 3.5, reduced by 25%, resulting in an allowable stress of 10.7 ksi.

(b) Root areas of thread are based upon the following thread series: diameters 4 in. and below —
coarse thread (UNC); diameters above 4 in. — 4 thread (4-UN).

() The corresponding table for metric size rods is available in MSS SP-58.

121.7.5 Sway Braces. Sway braces or vibration
dampeners shall be used to control the movement of
piping due to vibration.

121.7.6 Shock Suppressors. For the control of pip-
ing due to dynamic loads, hydraulic or mechanical types
of shock suppressors are permitted. These devices do
not support pipe weight.

121.8 Structural Attachments

121.8.1 Nonintegral Type

(A) Nonintegral attachments include clamps, slings,
cradles, saddles, straps, and clevises.

(B) When clamps are used to support vertical lines,
it is recommended that shear lugs be welded to the pipe
to prevent slippage. The provisions of para. 121.8.2(B)
shall apply.

(C) In addition to the provision of (B) above, clamps
to support vertical lines should be designed to support
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the total load on either arm in the event the load shifts
due to pipe and/or hanger movement.

121.8.2 Integral Type

(A) Integral attachments include ears, shoes, lugs,
cylindrical attachments, rings, and skirts that are fabri-
cated so that the attachment is an integral part of the
piping component. Integral attachments shall be used
in conjunction with restraints or braces where multiaxial
restraint in a single member is to be maintained. Consid-
eration shall be given to the localized stresses induced
into the piping component by the integral attachments.
Where applicable, the conditions of para. 121.8.1(C) are
to apply.

(B) Integral lugs, plates, angle clips, etc., used as part
of an assembly for the support or guiding of pipe may
be welded directly to the pipe provided the materials
are compatible for welding and the design is adequate
for the temperature and load. The design of hanger lugs
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for attachment to piping for high temperature service
shall be such as to provide for differential expansion
between the pipe and the attached lug.

121.9 Loads and Supporting Structures

Considerations shall be given to the load carrying
capacity of equipment and the supporting structure.
This may necessitate closer spacing of hangers on lines
with extremely high loads.

121.10 Requirements for Fabricating Pipe Supports

Pipe supports shall be fabricated in accordance with
the requirements of para. 130.

PART 6
SYSTEMS

122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMS

Except as specifically stated otherwise in this Part 6,
all provisions of the Code apply fully to the piping
systems described herein.

122.1 Boiler External Piping; in Accordance With
Para. 100.1.2(A) — Steam, Feedwater, Blowoff,
and Drain Piping

122.1.1 General. The minimum pressure and tem-
perature and other special requirements to be used in
the design for steam, feedwater, blowoff, and drain pip-
ing from the boiler to the valve or valves required by
para. 122.1 shall be as specified in the following para-
graphs. Design requirements for desuperheater spray
piping connected to desuperheaters located in the boiler
proper and in main steam piping are provided in
para. 122.4.

(A) Itisintended that the design pressure and temper-
ature be selected sufficiently in excess of any expected
operating conditions, not necessarily continuous, to per-
mit satisfactory operation without operation of the over-
pressure protection devices. Also, since the operating
temperatures of fired equipment can vary, the expected
temperature at the connection to the fired equipment
shall include the manufacturer’s maximum temperature
tolerance.

(B) In a forced flow steam generator with no fixed
steam and water line, it is permissible to design the
external piping, valves, and fittings attached to the pres-
sure parts for different pressure levels along the path
through the steam generator of water-steam flow. The
values of design pressure and the design temperature
to be used for the external piping, valves, and fittings
shall be not less than that required for the expected
maximum sustained operating pressure and tempera-
ture to which the abutted pressure part is subjected
except when one or more of the overpressure protection
devices covered by PG-67.4 of Section I of the ASME
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Boiler and Pressure Vessel Code is in operation. The
steam piping shall comply with the requirements for
the maximum sustained operating conditions as used
in (A) above, or for the design throttle pressure plus 5%,
whichever is greater.

(C) Provision shall be made for the expansion and
contraction of piping connected to boilers to limit forces
and moments transmitted to the boiler, by providing
substantial anchorage at suitable points, so that there
shall be no undue strain transmitted to the boiler. Steam
reservoirs shall be used on steam mains when heavy
pulsations of the steam currents cause vibration.

(D) Piping connected to the outlet of a boiler for any
purpose shall be attached by

(D.1) welding to a nozzle or socket welding fitting

(D.2) threading into a tapped opening with a
threaded fitting or valve at the other end

(D.3) screwing each end into tapered flanges, fit-
tings, or valves with or without rolling or peening

(D.4) bolted joints including those of the Van
Stone type

(D.5) blowoff piping of firetube boilers shall be
attached in accordance with (D.2) above if exposed to
products of combustion or in accordance with (D.2),
(D.3), or (D.4) above if not so exposed

(E) Nonferrous pipe or tubes shall not exceed NPS 3
(DN 80) in diameter.

(F) American National Standard slip-on flanges shall
not exceed NPS 4 (DN 100). Attachment of slip-on
flanges shall be by double fillet welds. The throats of
the fillet welds shall not be less than 0.7 times the thick-
ness of the part to which the flange is attached.

(G) Hub-type flanges shall not be cut from plate
material.

(H) American National Standard socket welded
flanges may be used in piping or boiler nozzles provided
the dimensions do not exceed NPS 3 (DN 80) for
Class 600 and lower, and NPS 2% (DN 65) in Class 1500.

(I) The use of expansion joints of all types, swivel
and ball joints, and flexible metal hose assemblies as
described in para. 101.7.2 is prohibited.

122.1.2 Steam Piping
(A) The value of P to be used in the formulas in
para. 104 shall be as follows:

(A.1) For steam piping connected to the steam
drum or to the superheater inlet header up to the first
stop valve in each connection, the value of P shall be
not less than the lowest pressure at which any drum
safety valve is set to blow, and the S value shall not
exceed that permitted for the corresponding saturated
steam temperature.

(A.2) For steam piping connected to the super-
heater outlet header up to the first stop valve in each
connection, the design pressure, except as otherwise pro-
vided in (A.4) below shall be not less than the lowest
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pressure at which any safety valve on the superheater
is set to blow, or not less than 85% of the lowest pressure
at which any drum safety valve is set to blow, whichever
is greater, and the S value for the material used shall
not exceed that permitted for the expected steam
temperature.

(A.3) For steam piping between the first stop valve
and the second valve, when one is required by para.
122.1.7, the design pressure shall be not less than the
expected maximum sustained operating pressure or 85%
of the lowest pressure at which any drum safety valve
is set to blow, whichever is greater, and the S value for
the material used shall not exceed that permitted for
the expected steam temperature.

(A.4) For boilers installed on the unit system (i.e.,
one boiler and one turbine or other prime mover) and
provided with automatic combustion control equipment
responsive to steam header pressure, the design pressure
for the steam piping shall be not less than the design
pressure at the throttle inlet plus 5%, or not less than
85% of the lowest pressure at which any drum safety
valve is set to blow, or not less than the expected maxi-
mum sustained operating pressure at any point in the
piping system, whichever is greater, and the S value for
the material used shall not exceed that permitted for
the expected steam temperature at the superheater out-
let. For forced-flow steam generators with no fixed
steam and water line, the design pressure shall also be
no less than the expected maximum sustained operating
pressure.

(A.5) The design pressure shall not be taken at less
than 100 psig [700 kPa (gage)] for any condition of ser-
vice or material.

122.1.3 Feedwater Piping
(A) The value of P to be used in the formulas in
para. 104 shall be as follows:

(A.1) For piping from the boiler to and including
the required stop valve and the check valve, the mini-
mum value of P except as permitted in para. 122.1.3(A.4)
shall exceed the maximum allowable working pressure
of the boiler by either 25% or 225 psi (1 550 kPa), which-
ever is the lesser. For an installation with an integral
economizer without valves between the boiler and econ-
omizer, this paragraph shall apply only to the piping
from the economizer inlet header to and including the
required stop valve and the check valve.

(A.2) For piping between the required check valve
and the globe or regulating valve, when required by
para. 122.1.7(B), and including any bypass piping up to
the shutoff valves in the bypass, the value of P shall be
not less than the pressure required to feed the boiler.

(A.3) The value of P in the formula shall not be
taken at less than 100 psig [700 kPa (gage)] for any
condition of service or material, and shall never be less
than the pressure required to feed the boiler.
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(A.4) Inaforced flow steam generator with no fixed
steam and water line, the value of P for feedwater piping
from the boiler to and including the required stop
valve may be in accordance with the requirements of
para. 122.1.1(B).

(B) The S value used, except as permitted in (A.4)
above, shall not exceed that permitted for the tempera-
ture of saturated steam at the maximum allowable work-
ing pressure of the boiler.

(C) The size of the feed piping between the boiler and
the first required valve [para. 122.1.7(B)] or the branch
feed connection [para. 122.1.7(B.4)] shall, as a minimum,
be the same as the boiler connection.

122.1.4 Blowoff and Blowdown Piping. Blowoff and
blowdown piping are defined as piping connected to a
boiler and provided with valves or cocks through which
the water in the boiler may be blown out under pressure.
This definition is not intended to apply to (i) drain pip-
ing, and (ii) piping such as used on water columns, gage
glasses, or feedwater regulators, etc., for the purpose of
determining the operating condition of the equipment.
Requirements for (i) and (ii) are described in
paras. 122.1.5 and 122.1.6, respectively. Blowoff systems
are operated intermittently to remove accumulated sedi-
ment from equipment and/or piping, or to lower boiler
water level in a rapid manner. Blowdown systems are
primarily operated continuously to control the concen-
trations of dissolved solids in the boiler water.

(A) Blowoff piping systems from water spaces of a
boiler, up to and including the blowoff valves, shall be
designed in accordance with (A.1) to (A.4) below. Two
shutoff valves are required in the blowoff system; spe-
cific valve requirements and exceptions are given in
para. 122.1.7(C).

(A.1) The value of P to be used in the formulas in
para. 104 shall exceed the maximum allowable working
pressure of the boiler by either 25% or 225 psi (1 550 kPa)
whichever is less, but shall be not less than 100 psig
[690 kPa (gage)]. The exception to this requirement per-
tains to miniature boilers as described in Section I,
Parts PEB and PMB of the ASME Boiler and Pressure
Vessel Code, where the value of P to be used in the
formulas in para. 104 shall be 100 psi [690 kPa (gage)].

(A.2) The allowable stress value for the piping
materials shall not exceed that permitted for the temper-
ature of saturated steam at the maximum allowable
working pressure of the boiler.

(A.3) All pipe shall be steel except as permitted
below. Galvanized steel pipe and fittings shall not be
used for blowoff piping. When the value of P does not
exceed 100 psig [690 kPa (gage)], nonferrous pipe may
be used and the fittings may be bronze, cast iron, mallea-
ble iron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain aqueous
environments.
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When the value of P exceeds 100 psig [690 kPa (gage)],
the fittings shall be steel, and the thickness of pipe and
fittings shall not be less than that of Schedule 80 pipe.

(A.4) The size of blowoff piping shall be not less
than the size of the connection on the boiler, and shall
be in accordance with the rules contained in the ASME
Boiler and Pressure Vessel Code, Section I, PG-59.3,
PMB-12, and PEB-12.

(B) The blowdown piping system from the boiler, to
and including the shutoff valve, shall be designed in
accordance with (B.1) through (B.4) below. Only one
shutoff valve is required in the blowdown system.

(B.1) The value of P to be used in the formulas in
para. 104 shall be not less than the lowest set pressure
of any safety valve on the boiler drum.

(B.2) The allowable stress value for the piping
materials shall not exceed that permitted for the temper-
ature of saturated steam at the maximum allowable
working pressure of the boiler.

(B.3) All pipe shall be steel except as permitted
below. Galvanized steel pipe and fittings shall not be
used for blowdown piping. When the value of P does
not exceed 100 psig [690 kPa (gage)], nonferrous pipe
may be used and the fittings may be bronze, cast iron,
malleable iron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain aqueous
environments.

When the value of P exceeds 100 psig [690 kPa (gage)],
the fittings shall be steel and the thickness of pipe and
fittings shall not be less than that of Schedule 80 pipe.

(B.4) The size of blowdown piping shall be not less
than the size of the connection on the boiler, and shall
be in accordance with the rules contained in the ASME
Boiler and Pressure Vessel Code, Section I, PG-59.3,
PMB-12, and PEB-12.

(C) The blowoff and blowdown piping beyond the
required valves described in (A) and (B) above are classi-
fied as nonboiler external piping. The requirements are
given in para. 122.2.

122.1.5 Boiler Drains

(A) Complete drainage of the boiler and attached pip-
ing shall be provided to the extent necessary to ensure
proper operation of the steam supply system. The pipe,
fittings, and valves of any drain line shall not be smaller
than the drain connection. Double valving shall be
required for each boiler drain connection except as per-
mitted in (C) and (D) below.

(B) 1If the drain lines are intended to be used both as
drains and as blowoffs, then two valves are required
and all conditions of paras. 122.1.4, 122.1.7(C), and 122.2
shall be met.

(C) Miniature boilers constructed in accordance with
the rules contained in the ASME Boiler and Pressure
Vessel Code, Section I, Parts PMB and PEB may use a
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single valve where drain lines are intended to be used for
both blowoff and periodic automatic or manual flushing
prior to startup. The single valve shall be designed for
blowoff service but need not have locking capability.

(D) When a drain is intended for use only when the
boiler is not under pressure (pressurizing the boiler for
rapid drainage is an exception), a single shutoff valve
is acceptable under the following conditions: either the
valve shall be a type that can be locked in the closed
position, or a suitable flanged and bolted connection that
accepts a blank insert shall be located on the downstream
side of the valve. When a single valve is used, it need
not be designed for blowoff service. Single valves on
miniature boilers constructed in accordance with the
rules contained in the ASME Boiler and Pressure Vessel
Code, Section I, Parts PMB and PEB do not require
locking capability.

(E) Drain piping from the drain connection, including
the required valve(s) or the blanked flange connection,
shall be designed for the temperature and pressure of
the drain connection. The remaining piping shall be
designed for the expected maximum temperature and
pressure. Static head and possible choked flow condi-
tions shall be considered. In no case shall the design
pressure and temperature be less than 100 psig [690 kPa
(gage)] and 220°F (105°C), respectively.

122.1.6 Boiler External Piping — Miscellaneous
Systems

(A) Materials, design, fabrication, examination, and
erection of piping for miscellaneous accessories, such as
water level indicators, water columns, gage cocks, and
pressure gages, shall be in accordance with the applica-
ble sections of this Code.

(B) The value of P to be used in the formulas in
para. 104 shall be not less than the maximum allowable
working pressure of the boiler except as provided by
para. 122.1.1(B).

(C) Valve requirements for water level indicators or
water columns, special gage glass and gage cock require-
ments, minimum line sizes, and special piping configu-
rations required specifically for cleaning, access, or
reliability shall be in accordance with PG-60 of Section I
of the ASME Boiler and Pressure Vessel Code.

122.1.7 Valves and Fittings. The minimum pressure
and temperature rating for all valves and fittings in
steam, feedwater, blowoff, and miscellaneous piping
shall be equal to the pressure and temperature specified
for the connected piping on the side that has the higher
pressure, except that in no case shall the pressure be
less than 100 psig [690 kPa (gage)], and for pressures
not exceeding 100 psig [690 kPa (gage)] in feedwater
and blowoff service, the valves and fittings shall be equal
at least to the requirements of the ASME standards for
Class 125 cast iron or bronze, or Class 150 steel or bronze.

(A) Steam Stop Valves. Each boiler discharge outlet,
except safety valve or safety relief valve connections, or
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reheater inlet and outlet connections, shall be fitted with
a stop valve located at an accessible point in the steam-
delivery line and as near to the boiler nozzle as is conve-
nient and practicable.

(A.1) Boiler stop valves shall provide bidirectional
shutoff at design conditions. The valve or valves shall
meet the requirements of para. 107. Valves with resilient
(nonmetallic) seats shall not be used where the boiler
maximum allowable working pressure exceeds 150 psig
(1035 kPa) or where the system design temperature
exceeds 366°F (186°C). Valves of the outside screw and
yoke, rising stem style are preferred. Valves other than
those of the outside screw and yoke, rising stem style
shall meet the following additional requirements:

(A.1.1) Each valve shall be equipped with a posi-
tion indicator to visually indicate from a distance
whether the valve is open or closed.

(A.1.2) Quarter turn valves shall be equipped
with a slow operating mechanism to minimize dynamic
loadings on the boiler and attached piping. Either a
quick-opening manual quarter-turn valve or an auto-
matic solenoid valve may be used on miniature boilers
constructed in accordance with the rules contained in
the ASME Boiler and Pressure Vessel Code, Section I,
Parts PMB and PEB. Manual quarter-turn valves shall
be provided with a handle or other position indicator
to indicate from a distance whether the valve is open
or closed.

(A.2) In the case of a single boiler and prime mover
installation, the stop valve required herein may be omit-
ted provided the prime mover throttle valve is equipped
with an indicator to show whether it is opened or closed,
and it is designed to withstand the required boiler
hydrostatic test.

(A.3) When two or more boilers are connected to
a common header, or when a single boiler is connected
to a header having another steam source, the connection
from each boiler having a manhole opening shall be
fitted with two stop valves having an ample free-blow
drain between them. The preferred arrangement consists
of one stop-check valve (located closest to the boiler)
and one valve of the style and design described in (A.1)
above. Alternatively, both valves may be of the style
and design described in (A.1) above.

When a second stop valve is required, it shall have a
pressure rating at least equal to that required for the
expected steam pressure and temperature at the valve,
or a pressure rating at least equal to 85% of the lowest
set pressure of any safety valve on the boiler drum at
the expected temperature of the steam at the valve,
whichever is greater.

(A.4) All valves and fittings on steam lines shall
have a pressure rating of at least 100 psig [690 kPa (gage)]
in accordance with the applicable ASME standard.

(B) Feedwater Valves

(B.1) The feedwater piping for all boilers, except
for high temperature water boilers complying with the
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requirements of (B.8) below, and for forced flow steam
generators with no fixed steam and water line comply-
ing with the requirements of (B.9) below, shall be pro-
vided with a check valve and a stop valve or cock
between the check valve and the boiler. The stop valve
or cock shall comply with the requirements of (C.5)
below.

(B.2) The relative locations of the check and stop
(or cock) valves, as required in (B.1) above, may be
reversed on a single boiler-turbine unit installation.

(B.3) If a boiler is equipped with a duplicate feed
arrangement, each such arrangement shall be equipped
as required by these rules.

(B.4) When the supply line to a boiler is divided
into branch feed connections and all such connections
are equipped with stop and check valves, the stop and
check valves in the common source may be omitted.

(B.5) When two or more boilers are fed from a com-
mon source, there shall also be a globe or regulating
valve in the branch to each boiler located between the
check valve and the source of supply. A typical arrange-
ment is shown in Fig. 100.1.2(B.1).

(B.6) A combination stop and check valve in which
there is only one seat and disk, and in which a valve
stem is provided to close the valve, shall be considered
only as a stop valve, and a check valve shall be installed
as otherwise provided.

(B.7) Where an economizer or other feedwater heat-
ing device is connected directly to the boiler without
intervening valves, the feed valves and check valves
required shall be placed on the inlet of the economizer
or feedwater heating device.

(B.8) The recirculating return line for a high tem-
perature water boiler shall be provided with the same
stop valve, or valves, required by (B.1) and (B.3) above.
The use of a check valve in the recirculating return line
is optional. A check valve shall not be a substitute for
a stop valve.

(B.9) The feedwater boiler external piping for a
forced flow steam generator with no fixed steam and
water line may terminate up to and including the stop
valve(s) and omitting the check valve(s) provided that
a check valve having a pressure rating no less than the
boiler inlet design pressure is installed at the discharge
of each boiler feed pump or elsewhere in the feedline
between the feed pump and the stop valve(s).

(B.10) Wherever globe valves are used within BEP
feedwater piping for either isolation or regulation, the
inlet shall be under the disk of the valve.

(C) Blowoff Valves

(C.1) Ordinary globe valves as shown in
Fig. 122.1.7(C), illustration (a), and other types of valves
that have dams or pockets where sediment can collect,
shall not be used on blowoff connections.

(C.2) Y-type globe valves as shown in
Fig. 122.1.7(C), illustration (b) or angle valves may be
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Fig. 122.1.7(C) Typical Globe Valves

)

used in vertical pipes, or they may be used in horizontal
runs of piping provided they are so constructed or
installed that the lowest edge of the opening through
the seat is at least 25% of the inside diameter below the
centerline of the valve.

(C.3) The blowoff valve or valves, the pipe between
them, and the boiler connection shall be of the same
size except that a larger pipe for the return of condensate
may be used.

(C.4) For all boilers [except electric steam boilers
having a normal water content not exceeding 100 gal
(380 L), traction-purpose, and portable steam boilers;
see (C.11) and (C.12) below] with allowable working
pressure in excess of 100 psig [690 kPa (gage)], each
bottom blowoff pipe shall have two slow-opening
valves, or one quick-opening valve or cock, at the boiler
nozzle followed by a slow-opening valve. All valves
shall comply with the requirements of (C.5) and (C.6)
below.

(C.5) When the value of P required by
para. 122.1.4(A.1) does not exceed 250 psig [1 725 kPa
(gage)], the valves or cocks shall be bronze, cast iron,
ductile iron, or steel. The valves or cocks, if of cast iron,
shall not exceed NPS 2% (DN 65) and shall meet the
requirements of the applicable ASME standard for Class
250, as given in Table 126.1, and if of bronze, steel, or
ductile iron construction, shall meet the requirements
of the applicable standards as given in Table 126.1 or
para. 124.6.

(C.6) When the value of P required by para.
122.1.4(A.1) is higher than 250 psig [1 725 kPa (gage)],
the valves or cocks shall be of steel construction equal
at least to the requirements of Class 300 of the applicable
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(b)

ASME standard listed in Table 126.1. The minimum pres-
sure rating shall be equal to the value of P required by
para. 122.1.4(A.1).

(C.7) 1If a blowoff cock is used, the plug shall be
held in place by a guard or gland. The plug shall be
distinctly marked in line with the passage.

(C.8) A slow-opening valve is a valve that requires
at least five 360 deg turns of the operating mechanism
to change from fully closed to fully opened.

(C.9) On a boiler having multiple blowoff pipes, a
single master valve may be placed on the common blow-
off pipe from the boiler, in which case only one valve
on each individual blowoff is required. In such a case,
either the master valve or the individual valves or cocks
shall be of the slow-opening type.

(C.10) Two independent slow-opening valves, or a
slow-opening valve and a quick-opening valve or cock,
may be combined in one body and may be used provided
the combined fitting is the equivalent of two indepen-
dent slow-opening valves, or a slow-opening valve and
a quick-opening valve or cock, and provided further that
the failure of one to operate cannot affect the operation of
the other.

(C.11) Only one blowoff valve, which shall be either
a slow-opening or quick-opening blowoff valve or a
cock, is required on traction and/or portable boilers.

(C.12) Only one blowoff valve, which shall be of a
slow-opening type, is required for the blowoff piping
for forced circulation and electric steam boilers having
a normal water content not exceeding 100 gal (380 L).
Electric boilers not exceeding a normal water content of
100 gal (380 L) and a maximum MAWP of 100 psig
[690 kPa (gage)] may use a quick-opening manual or
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Table 122.2 Design Pressure for Blowoff/Blowdown Piping Downstream
of BEP Valves

Boiler or Vessel Pressure

Design Pressure [Note (1)]

MAWP kPa (gage) psig kPa (gage)
Below 250 1725 Note (2) Note (2)
250-600 1725-4 135 250 1725
601-900 4 136—-6 205 400 2760
901-1,500 6 206-10 340 600 4135
1,501 and higher 10 341 and higher 900 6 205

NOTES:

(1) The allowable stress value for the piping material need not exceed that permitted for the tempera-
ture of saturated steam at the design pressure.

(2) For boiler or vessel pressures below 250 psig [1 725 kPa (gage)], the design pressure shall be
determined in accordance with para. 122.1.4(B.1), but need not exceed 250 psig [1 725 kPa

(gage)].

slow-opening automatic quarter-turn valve up to NPS 1
(DN 25). Electric boilers not exceeding a normal water
content of 100 gal (380 L) but with a MAWP greater
than 100 psig [690 kPa (gage)] shall only use either a
slow-opening type manual or automatic valve, regard-
less of size.
(D) Pressure-Relieving Valves

(D.1) Safety, safety-relief, and power-actuated
pressure-relieving valves shall conform to the require-
ments of PG-67, PG-68, PG-69, PG-70, PG-71, PG-72, and
PG-73 of Section I of the ASME Boiler and Pressure
Vessel Code.

122.2 Blowoff and Blowdown Piping in Nonboiler
External Piping

Blowoff and blowdown piping systems shall be, where
possible, self-draining and without pockets. If unavoid-
able, valved drains at low points shall allow system
draining prior to operation. In order to minimize pipe-
line shock during the operation of blowoff systems, 3D
pipe bends (minimum) should be used in preference to
elbows, and wye or lateral fittings should be used in
preference to tee connections.

(A) From Boilers

(A.1) Blowoff piping, located between the valves
described in para. 122.1.4(A) and the blowoff tank or
other point where the pressure is reduced approximately
to atmospheric pressure and cannot be increased by
closing a downstream valve, shall be designed for the
appropriate pressure in accordance with Table 122.2. The
provisions of paras. 122.1.4(A.3) and 122.1.7 shall apply.
The size of non-BEP blowoff header to the safe point of
discharge shall not be smaller than the largest connected
BEP blowoff terminal [see para. 122.1.4(A.4)].

(A.2) Blowdown piping, in which the pressure can-
not be increased by closing a downstream valve, shall
be designed for the appropriate pressure and tempera-
ture in accordance with Table 122.2. The provisions of
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para. 122.1.4(B.3) shall apply. The size of non-BEP blow-
down piping between the shutoff valve described in
para. 122.1.4(B) and the flow control valve shall not
be smaller than the BEP boiler shutoff valve [see para.
122.1.4(B.4)] unless engineering calculations confirm
that the design flow rate can be achieved with a smaller
piping size without flashing the blowdown prior to the
flow control valve.

(A.3) When the design pressure of Table 122.2 can
be exceeded due to closing of a downstream valve, calcu-
lated pressure drop, or other means, the entire blowoff
or blowdown piping system shall be designed in accor-
dance with paras. 122.1.4(A) and 122.1.7 for blowoff and
para. 122.1.4(B) for blowdown piping.

(A.4) Non-BEP blowdown piping downstream of
the flow control valve shall not be smaller — and prefera-
bly will be larger — than the connection on the boiler
[see para. 122.1.4(B.4)].

(B) From Pressure Vessels Other Than Boilers

(B.1) The design pressure and temperature of the
blowoff piping from the pressure vessel to and including
the blowoff valve(s) shall not be less than the vessel
MAWP and corresponding design temperature.

122.3 Instrument, Control, and Sampling Piping

(A) The requirements of this Code, as supplemented
by para. 122.3, shall apply to the design of instrument,
control, and sampling piping for safe and proper opera-
tion of the piping itself.

(B) The term “Instrument Piping” shall apply to all
valves, fittings, tubing, and piping used to connect
instruments to main piping or to other instruments or
apparatus or to measuring equipment as used within
the classification of para. 100.1.

(C) The term “Control Piping” shall apply to all
valves, fittings, tubing, and piping used to interconnect
pneumatically or hydraulically operated control appara-
tus, also classified in accordance with para. 100.1, as well
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as to signal transmission systems used to interconnect
instrument transmitters and receivers.

(D) The term “Sampling Piping” shall apply to all
valves, fittings, tubing, and piping used for the collection
of samples, such as steam, water, oil, gas, and chemicals.

(E) Paragraph 122.3 does not apply to tubing used in
permanently closed systems, such as fluid-filled temper-
ature responsive devices, or the temperature responsive
devices themselves.

(F) Paragraph 122.3 does not apply to the devices,
apparatus, measuring, sampling, signalling, transmit-
ting, controlling, receiving, or collecting instruments to
which the piping is connected.

122.3.1 Materials and Design. The materials uti-
lized for valves, fittings, tubing, and piping shall meet
the particular conditions of service and the requirements
of the applicable specifications listed under general
paras. 105, 106, 107, and 108 with allowable stresses in
accordance with the Allowable Stress Tables in
Mandatory Appendix A.

The materials for pressure retention components used
for piping specialties such as meters, traps, and strainers
in flammable, combustible, or toxic fluid systems shall
in addition conform to the requirements of paras. 122.7
and 122.8.

122.3.2 Instrument Piping
(A) Takeoff Connections

(A.1) Takeoff connections at the source, together
with attachment bosses, nozzles, and adapters, shall be
made of material at least equivalent to that of the pipe
or vessel to which they are attached. The connections
shall be designed to withstand the source design pres-
sure and temperature and be capable of withstanding
loadings induced by relative displacement and vibra-
tion. The nominal size of the takeoff connections shall
not be less than NPS % (DN 15) for service conditions
not in excess of either 900 psi (6 200 kPa) or 800°F
(425°C), and NPS % (DN 20) (for adequate physical
strength) for design conditions that exceed either of
these limits. Where the size of the main is smaller than
the limits given above, the takeoff connection shall not
be less than the size of the main line.

(A.2) To prevent thermal shock to the main steam
line by contact with the colder condensate return from
the instrument, steam meter or instrument takeoff con-
nections shall be lagged in with the steam main. For
temperature in excess of 800°F (425°C), they may also
be arranged to make metallic contact lengthwise with
the steam main.

(B) Valves

(B.1) Shutoff Valves. Shutoff valves shall be pro-
vided at takeoff connections. They shall be capable of
withstanding the design pressure and temperature of
the pipe or vessel to which the takeoff adapters or nip-
ples are attached.
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(B.2) Blowdown Valves

(B.2.1) Blowdown valves at or near the instru-
ment shall be of the gradual opening type. For subcritical
pressure steam service, the design pressure for blow-
down valves shall be not less than the design pressure
of the pipe or vessel; the design temperature shall be
the corresponding temperature of saturated steam. For
all other services, blowdown valves shall meet the
requirements of (B.1) above.

(B.2.2) When blowdown valves are used, the
valves at the instrument as well as any intervening fit-
tings and tubing between such blowdown valves and
the meter shall be suitable at 100°F (40°C) for at least
1% times the design pressure of the piping system, but
the rating of the valve at the instrument need not exceed
the rating of the blowdown valve.

(B.2.3) When blowdown valves are not used,
instrument valves shall conform to the requirements of
(B.2.1) above.

(C) Reservoirs or Condensers. In dead end steam ser-
vice, the condensing reservoirs and connecting nipples,
which immediately follow the shutoff valves, shall be
made of material suitable for the saturated steam tem-
perature corresponding to the main line design pressure.

(D) Materials for Lines Between Shutoff Valves and
Instruments

(D.1) Copper, copper alloys, and other nonferrous
materials may be used in dead end steam or water ser-
vices up to the design pressure and temperature condi-
tions used for calculating the wall thickness in
accordance with para. 104 provided that the temperature
within the connecting lines for continuous services does
not exceed 406°F (208°C).

Where water temperature in the reservoir of condens-
ers is above 406°F (208°C), a length of uninsulated steel
tubing at least 5 ft (1.5 m) long shall immediately follow
the condenser ahead of the connecting copper tubing to
the instrument.

(D.2) The minimum size of the tubing or piping is
a function of its length, the volume of fluid required to
produce full scale deflections of the instrument, and the
service of the instrument. When required to prevent
plugging as well as to obtain sufficient mechanical
strength, the inside diameter of the pipe or tube should
not be less than 0.36 in. (9.14 mm), with a wall thickness
of not less than 0.049 in. (1.25 mm). When these require-
ments do not apply, smaller sizes with wall thickness
in due proportions may be used. In either case, wall
thickness of the pipe or tube shall meet the requirements
of (D.3) below.

(D.3) The piping or tubing shall be designed in
accordance with para. 104 with consideration for water
hammer.

(E) Fittings and Joints

(E.1) For dead end steam service and for water
above 150°F (65°C), fittings of the flared, flareless, or
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socket welding type, or other suitable type of similar
design shall be used. The fittings shall be suitable for
the header pressure and corresponding saturated steam
temperature or water temperature, whichever applies.
For supercritical pressure conditions the fittings shall
be suitable for the design pressure and temperature of
the main fluid line.

(E.2) For water, oil and similar instrument services,
any of the following types may be used, within the
pressure-temperature limitations of each:

(E.2.1) For main line hydraulic pressures above
500 psi (3 450 kPa) and temperatures up to 150°F (65°C),
steel fittings either of the flared, flareless, socket welded,
fusion welded, or silver brazed socket type shall be used.

(E.2.2) For main line pressures up to 500 psi
(3450 kPa) and temperatures up to 150°F (65°C), the
fittings may be flared or silver brazed socket type,
inverted flared or flareless compression type, all of brass
or bronze.

(E.2.3) For pressures up to 175 psi (1 200 kPa) or
temperatures up to 250°F (120°C), soldered type fittings
may be used with water-filled or air-filled tubing under
adjusted pressure-temperature ratings. These fittings
are not recommended where mechanical vibration,
hydraulic shock, or thermal shock are encountered.

122.3.3 Control Piping
(A) Takeoff Connections
(A.1) Takeoff connections shall be in accordance
with para. 122.3.2(A.1).
(B) Valves
(B.1) Shutoff valves shall be in accordance with
para. 122.3.2(B.1).
(C) Materials
(C.1) The same materials may be used for control
lines as for instrument lines, except that the minimum
inside diameter shall be 0.178 in. (4.52 mm) with a mini-
mum wall thickness of 0.028 in. (0.71 mm), provided
that this wall thickness is not less than that required by
para. 122.3.2(D.3). If a control device has a connection
smaller than ¥ in. (6.0 mm), the size reduction from the
control tubing to the control device shall be made as
close to the control device as possible.
(D) Fittings and Joints
(D.1) Fittings and joints shall be in accordance with
para. 122.3.2(E.2).

122.3.4 Sampling Piping
(A) Takeoff Connections
(A.1) Takeoff connections shall be in accordance
with para. 122.3.2(A.1).
(B) Valves
(B.1) Shutoff valves shall be in accordance with
para. 122.3.2(B.1).
(B.2) Blowdown valves shall be of the gradual
opening type and shall be suitable for main line design
pressure and temperature.
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(C) Materials
(C.1) The materials to be used for sampling lines
shall conform to minimum requirements for the main
line to which they connect.
(D) Fittings and Joints
(D.1) For subcritical and supercritical pressure
steam, and for water above 150°F (65°C), fittings of the
flared, flareless, or socket welding type, or other suitable
type of similar design shall be used. The fittings shall be
suitable for main line design pressure and temperature.
(D.2) For water below 150°F (65°C), fittings and
joints shall be suitable for main line design pressure and
temperature and shall be in accordance with
para. 122.3.2(E.2).

122.3.6 Fittings and Joints
(A) All fittings shall be in accordance with standards
and specifications listed in Table 126.1.

(A.1) Socket welded joints shall comply with the
requirements of para. 111.3.

(A.2) Flared, flareless, and compression type fit-
tings and their joints shall comply with the requirements
of para. 115.

(A.3) Silver brazed socket type joints shall comply
with the requirements of paras. 117.1 and 117.3.

(A.4) Solder type joints shall comply with the
requirements of paras. 117.2 and 117.3.

(A.5) The use of taper threaded joints up to and
including NPS % (DN 15) is permitted at pressures up
to 5,000 psi (34 500 kPa) in dead-end service from outlet
end and downstream of shutoff valve located at instru-
ment, at control apparatus, or at discharge of sample
cooler.

122.3.7 Special Safety Provisions

(A) Connecting piping subject to clogging from solids
or deposits shall be provided with suitable connections
for cleaning.

(B) Connecting piping handling air and gases con-
taining moisture or other extraneous materials shall be
provided with suitable drains or settling chambers or
traps.

(C) Connecting piping that may contain liquids shall
be protected from damage due to freezing by heating
or other adequate means.

122.3.8 Supports. Supports shall be furnished as
specified in para. 121 not only for safety but also to
protect the piping against detrimental sagging, external
mechanical injury abuse, and exposure to unusual ser-
vice conditions.

122.3.9 Installations

(A) Instrument, control, and sampling piping shall
be inspected and tested in accordance with paras. 136
and 137.

(B) The inside of all piping, tubing, valves, and fit-
tings shall be smooth, clean, and free from blisters, loose

(16)
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mill scale, sand, and dirt when erected. All lines shall be
cleaned after installation and before placing in service.

122.4 Spray-Type Desuperheater Piping for Use on
Steam Generators, Main Steam, and Reheat
Steam Piping

(A) Valves and Piping Arrangement

(A.1) Eachspraywater pipe connected to a desuper-
heater shall be provided with a stop valve and a regulat-
ing (spray control) valve. The regulating valve shall be
installed upstream of the stop valve. In addition, if the
steam generator supplies steam to a steam turbine, a
power-operated block valve® shall be installed upstream
of the regulating valve.

(A.2) A bypass valve around the regulating valve
is permitted.

(A.3) A bypass valve around the power-operated
block valve is prohibited.

(A.4) On a superheater or reheater desuperheater,
a drain valve shall be installed between the power-
operated block valve and the regulating valve.

(A.5) If the spraywater supply is from the boiler
feedwater system and its source is not downstream of
the feedwater check valve required by para. 122.1.7, a
check valve shall be provided in the spraywater piping
between the desuperheater and the spraywater source.

(A.6) It is recommended that the valves and piping
be arranged to provide a head of water on the down-
stream side of the stop valve.

(A.7) A typical arrangement is shown in Fig. 122.4.

(A.8) Provisions shall be made to both steam and
water systems to accommodate the operating conditions
associated with this service including: water hammer,
thermal shock and direct water impingement. The con-
nection for the spraywater pipe should be located per
the requirements established by the manufacturer so that
complete flow mixing is achieved prior to any bends,
elbows, or other flow directional changes being
encountered.

(A.9) Insertable-type desuperheaters, which
include an integral stop and spraywater regulating
valve, may be used within the limitations established
by the manufacturer. If this type is used, the individual
stop and regulating valves shown in Fig. 122.4 may be
omitted. All other requirements described in para. 122.4
shall apply.

(A.10) For Desuperheaters Located Within Main Steam
or Reheat Steam Piping. The steam system to be desuper-
heated shall be provided with proper drainage during
all water flow conditions. The drainage system shall
function both manually and automatically.

® For information on the prevention of water damage to steam
turbines used for electric power generation, see ASME TDP-1.

61

(B) Design Requirements
(B.1) The value of P to be used in the formulas of
para. 104 shall be as follows:

(B.1.1) For piping from the desuperheater back
to the stop valve required by (A.1) above, the value of P
shall be equal to or greater than the maximum allowable
working pressure of the desuperheater.

(B.1.2) For the remainder of the spraywater pip-
ing system, the value of P shall be not less than the
maximum sustained pressure exerted by the spraywater.

(B.2) The stop valve required by (A.1) above shall
be designed for the pressure requirement of (B.1.1) above
or the maximum sustained pressure exerted by the
spraywater, whichever is greater.

(B.3) The S value used for the spraywater piping
shall not exceed that permitted for the expected
temperature.

NOTE: The temperature varies from that of the desuperheater
to that of the spraywater source and is highly dependent on the
piping arrangement. It is the responsibility of the designer to deter-
mine the design temperature to be used for the various sections
of the piping system.

122.5 Pressure-Reducing Valves

122.5.1 General. Where pressure-reducing valves
are used, one or more pressure-relieving valves or
devices shall be provided on the low pressure side of
the system. Otherwise, the piping and equipment on
the low pressure side of the system shall be designed to
withstand the upstream design pressure. The pressure-
relieving valves or devices shall be located adjoining
or as close as practicable to the reducing valve. The
combined relieving capacity provided shall be such that
the design pressure of the low pressure system will not
be exceeded if the reducing valve fails open.

122.5.2 Bypass Valves. Hand-controlled bypass
valves having a capacity no greater than the reducing
valve may be installed around pressure-reducing valves
if the downstream piping is protected by pressure-
relieving valves or devices as required in para. 122.5.1
or if the design pressure of the downstream piping sys-
tem and equipment is at least as high as the upstream
design pressure.

122.5.3 Design of Valves and Pressure-Relieving
Valves and Devices. Pressure-reducing and bypass
valves, and pressure-relieving valves and devices, shall
be designed for inlet pressure and temperature condi-
tions. Pressure-relieving valves and devices shall be in
accordance with the requirements of para. 107.8 of this
Code.

122.6 Pressure Relief Piping

Pressure relief piping within the scope of this Code
shall be supported to sustain reaction forces, and shall
conform to the requirements of paras. 122.6.1 and
122.6.2.



ASME B31.1-2016

Fig. 122.4 Desuperheater Schematic Arrangement
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GENERAL NOTE:

122.6.1 Piping to Pressure-Relieving Valves and
Devices

(A) There shall be no intervening stop valve(s)
between piping being protected and the protective
valve(s) or device(s).

(B) Diverter or changeover valves designed to allow
servicing of redundant protective valves or devices with-
out system depressurization may be installed between
the piping to be protected and the required protective
valves or devices under the following conditions:

(B.1) Diverter or changeover valves are prohibited
on boiler external piping and reheat piping.

(B.2) One hundred percent (100%) of the required
relieving capacity shall be continuously available any
time the system is in service.

(B.3) Positive position indicators shall be provided
on diverter or changeover valves.

(B.4) Positive locking mechanisms and seals shall
be provided on diverter or changeover valves to pre-
clude unauthorized or accidental operation.

(B.5) Diverter or changeover valves shall be
designed for the most severe conditions of pressure,
temperature, and loading to which they are exposed,
and shall be in accordance with para. 107.

(B.6) Provision shall be made to safely bleed off the
pressure between the isolated protective valve or device
and the diverter or changeover valve.

~_.

Regulating valve

Stop valve
From spray

water source

Block valve

Drain valve — required on superheater and

reheater desuperheaters
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This Figure is a schematic only and is not intended to show equipment layout or orientation.

122.6.2 Discharge Piping From Pressure-Relieving
Valves and Devices

(A) There shall be no intervening stop valve between
the protective valve(s) or device(s) and the point of
discharge.

(B) When discharging directly to the atmosphere, dis-
charge shall not impinge on other piping or equipment
and shall be directed away from platforms and other
areas used by personnel.

(C) Itis recommended that individual discharge lines
be used, but if two or more reliefs are combined, the
discharge piping shall be designed with sufficient flow
area to prevent blowout of steam or other fluids. Sec-
tional areas of a discharge pipe shall not be less than
the full area of the valve or device outlets discharging
thereinto, and the discharge pipe shall be as short and
straight as possible and so arranged as to avoid undue
stresses on the valve(s) or device(s).

(D) Discharge lines from pressure-relieving valves
and devices within the scope of this Code shall be
designed to facilitate drainage.

(E) When the umbrella or drip pan type of connection
is used, the discharge piping shall be so designed as to
prevent binding due to expansion movements.

(F) Drainage shall be provided to remove water col-
lected above the seat of the pressure-relieving valve or
device.
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(G) Carbon steel materials listed in Mandatory
Appendix A may be used for discharge piping that is
subjected to temperatures above 800°F (427°C) only dur-
ing operation of pressure-relieving valves [see
para. 107.8.3(B)] provided that

(G.1) the duration of the pressure-relieving valve’s
operation is self-limiting

(G.2) the piping discharges directly to atmosphere

(G.3) the allowable stresses for carbon steel materi-
als at temperatures above 800°F (427°C) shall be taken
from Section II, Part D, Table 1A for materials applicable
to Section I and Section VIII, Division 1 of the ASME
Boiler and Pressure Vessel Code

122.7 Piping for Flammable or Combustible Liquids

122.7.1 General. Piping for flammable or combusti-
ble liquids including fuel and lubricating oils is within
the scope of this Code. Piping for synthetic lubricants
having no flash or fire point need not meet the require-
ments of para. 122.7.

The designer is cautioned that, among other criteria,
static electricity may be generated by the flowing fluid.
Additionally, the designer is cautioned of the extreme
chilling effect of a liquefied gas flashing to vapor during
loss of pressure. This is a factor for determining the
lowest expected service temperature relative to the pos-
sibility of brittle fracture of materials. Consideration
shall also be given to the pressure rise that may occur
as a cold fluid absorbs heat from the surroundings.

122.7.2 Materials

(A) Seamless steel or nickel alloy piping materials
shall be used in all areas where the line is within 25 ft
(7.6 m) of equipment or other lines having an open flame
or exposed parts with an operating temperature above
400°F (204°C). Seamless steel or nickel alloy pipe shall
also be used for fuel oil systems located downstream of
burner shutoff valve(s). The burner shutoff valve(s) shall
be located as close to the burner as is practical.

(B) In all other areas, piping systems may include
pipe or tube of steel, nickel alloy, copper, or brass con-
struction. Copper tubing shall have a thickness not less
than that required by para. 104.1.2(C.3), regardless of
pressure. Refer also to paras. 105, 124.6, and 124.7(A).

Wherever materials other than steel or nickel alloy are
used, they shall be so located that any spill resulting
from the failure of these materials will not unduly expose
persons, buildings, or structures, or can be readily con-
trolled by remote valves.

(C) For lubricating oil systems, steel tubing is an
acceptable alternative to steel pipe.

(D) Polyethylene (PE) and reinforced thermosetting
resin (RTR) pipe may be used for flammable or combusti-
ble liquids, in buried installations only, in accordance
with Mandatory Appendix N.
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122.7.3 Piping Joints

(A) Welded joints shall be used between steel or nickel
alloy piping components where practicable. Where
bolted flanged joints are necessary, the gasket material
shall be suitable for the service. Where threaded joints
and compression fittings are unavoidable, the following
requirements shall be met:

(A.1) For threaded joints, the pipe thickness shall
be not less than Extra Strong regardless of pressure or
type of material.

(A.2) The requirements of para. 114 shall apply to
all threaded joints.

(A.3) Threaded joints and compression fittings
shall be assembled carefully to ensure leak tightness.
Threaded joints shall meet the requirements of para.
135.5. Compression fittings shall meet the requirements
of paras. 115 and 135.6. A thread sealant, suitable for
the service, shall be used in threaded joints unless the
joint is to be seal welded or a gasket or O-ring is used
to provide sealing at a surface other than the threads.

(B) Threaded joints in copper or brass pipe shall be
subject to the same limitations as for steel pipe in (A.1),
(A.2), and (A.3), above.

(C) Copper tubing shall be assembled with flared,
flareless, or compression type joints as prescribed in
para. 115, or brazed in accordance with para. 117. Soft
solder type joints are prohibited.

(D) RTR pipe shall be adhesive bonded in accordance
with the pipe manufacturer’s recommended procedures.

(E) Pipe joints dependent on the friction characteris-
tics or resiliency of combustible materials for mechanical
or leak tightness of piping shall not be used inside
buildings.

(F) Steel tubing shall be assembled with fittings in
accordance with para. 115, or with socket weld fittings.

122.7.4 Valves and Specialties. Valves, strainers,
meters, and other specialties shall be of steel or nickel
alloy construction. As an alternative, ductile or mallea-
ble iron or copper alloy valves and specialties may be
used, subject to the restrictions in paras. 124.6 and 124.7,
where metal temperatures do not exceed 400°F (204°C).

122.8 Piping for Flammable Gases, Toxic Fluids
(Gases or Liquids), or Nonflammable Nontoxic
Gases

(A) Although some gases are liquefied for storage or
transport, they shall be considered as gases if their Reid
vapor pressure is greater than 40 psia [2 068.6 mm Hg
(absolute)] at 100°F (37.8°C).

(B) Threaded joints and compression fittings may be
used subject to the limitations of para. 114.2.1(B) and
other specific limitations identified below, except they
are permitted at connections to refillable storage contain-
ers and associated pressure regulators, shutoff valves,
pumps, and meters, to a maximum pressure of 5,000 psig
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[34 475 kPa (gage)], provided the size does not exceed
NPS % (DN 20).

122.8.1 Flammable Gas

(A) Some of the common flammable gases are acety-
lene, ethane, ethylene, hydrogen, methane, propane,
butane, and natural or manufactured gas used for fuel.
It shall be the designers’ responsibility to determine
the limiting concentrations (upper and lower explosive
limits) and the properties of the gas under consideration.
The use of explosive concentrations shall be avoided,
or the piping shall be designed to withstand explosive
forces.

Vent lines shall be routed in such a way as to avoid
explosive concentrations while venting. Each flammable
gas vent point shall be subjected to a hazard analysis
that requires owner approval. The hazard analysis shall
address

(A.1) dissipation of the flammable gases

(A.2) avoiding explosive concentrations

(A.3) mitigating possible ignition sources by stop-
ping hot work and other means

(A.4) impingement of gases on nearby objects

(A.5) foreign objects propelled by venting

(A.6) chilling effect from the venting operation

(A.7) protection of people by evacuation, by use of
appropriate personal protective equipment, or by other
means

The chilling effect from venting is a factor for
determining the lowest expected service temperature
relative to the possibility of brittle fracture of materials.

(B) Materials. Steel piping, subject to the limitations
in para. 105, shall be used for all flammable gases, except
as otherwise permitted in (B.2), (B.3), and (B.4) below.

(B.1) Welded joints shall be used between steel
components where practicable. Where bolted flanged
joints are necessary, the gasket material shall be suitable
for the service. Where threaded joints and compression
fittings are unavoidable, the following requirements
shall be met:

(B.1.1) For threaded joints, the pipe thickness
shall be not less than Extra Strong regardless of pressure
or type of material.

(B.1.2) Threaded joints and compression fittings
may be used subject to the limitations of para. 122.8(B).

(B.1.3) Threaded joints and compression fittings
shall be assembled carefully to ensure leak tightness.
Threaded joints shall meet the requirements of
para. 135.5. Compression fittings shall meet the require-
ments of paras. 115 and 135.6. A thread sealant, suitable
for the service, shall be used in threaded joints unless
the joint is to be seal welded or a gasket or O-ring
is used to provide sealing at a surface other than the
threads.

(B.2) For hydrogen systems, the following alterna-
tive materials may be used:

(B.2.1) seamless steel tubing with welded joints.
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(B.2.2) seamless copper or brass pipe or tubing
with brazed, threaded, or compression fitting joints.
Threaded fittings shall not exceed NPS % (DN 20). For
protection against damage, tubing shall be installed in
a guarded manner that will prevent damage during con-
struction, operation, or service. Valves with suitable
packing, gages, regulators, and other equipment may
also consist of copper alloy materials. Safety relief
devices shall be vented individually, and connected vent
piping shall be designed to convey the fluid, without
pockets, to the outside atmosphere; and then directed
away from equipment ventilation systems, and vents
from other systems.

(B.3) For fuel gas instrumentation and control,
seamless copper tubing subject to the following restric-
tions may be used:

(B.3.1) The design pressure shall not exceed
100 psi (690 kPa).

(B.3.2) Tubing shall not exceed % in. (15.9 mm)
nominal outside diameter.

(B.3.3) Alljoints shall be made with compression
or flared fittings.

(B.3.4) Copper tubing shall not be used if the fuel
gas contains more than 0.3 grains (19.4 mg) of hydrogen
sulfide per 100 ft>/min (47 liters/sec) of gas at standard
conditions.

(B.3.5) Consideration shall be given in the design
to the lower strength and melting point of copper com-
pared to steel. Adequate support and protection from
high ambient temperatures and vibration shall be
provided.

(B.3.6) Tubing shall be installed in a guarded
manner that will prevent damage during construction,
operation, and service.

(B.4) Polyethylene (PE) pipe may be used for natu-
ral gas service, in buried installations only, in accordance
with Mandatory Appendix N.

(C) Valves and Specialties. Valves, strainers, meters,
and other specialties shall be of steel or nickel alloy
construction. As an alternative, ductile iron or copper
alloy valves and specialties may be used, subject to the
restrictions in paras. 124.6 and 124.7, where metal tem-
peratures do not exceed 400°F (204°C).

(D) For in-plant fuel gas distribution system(s) where
the use of a full-relieving-capacity safety or safety-relief
valve(s) as described in para. 107.8.3(B) could create an
undue venting hazard, an alternative pressure limiting
design may be substituted. The alternative design shall
include all provisions below.

(D.1) Tandem Gas Pressure Reducing Valves. To pro-
tect the low pressure system, two gas pressure reducing
valves capable of independent operation shall be
installed in series. Each shall have the capability of clos-
ing off against the maximum upstream pressure, and of
controlling the pressure on the low pressure side at or
below the design pressure of the low pressure system,
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in the event that the other valve fails open. Control lines
must be suitably protected, designed, and installed so
that damage to any one control line will not result in
over pressurizing the downstream piping.

(D.2) Trip Stop Valve. A fail-safe trip stop valve shall
be installed to automatically close, in less than 1 sec, at
or below the design pressure of the downstream piping.
It shall be a manually reset design. The pressure switch
for initiating closure of the trip stop valve shall be hard-
wired directly to the valve tripping circuit. The pressure
switch shall be mounted directly on the low pressure
piping without an intervening isolation valve. The trip
stop valve shall be located so that it is accessible and
protected from mechanical damage and from weather
or other ambient conditions that could impair its proper
functioning. It may be located upstream or downstream
of the tandem gas pressure reducing valves. The trip
stop valve and all upstream piping shall be designed
for the maximum upstream supply pressure. The trip
stop valve may also serve as the upstream isolation valve
of a double-block and vent gas supply isolation system.
Provision shall be made to safely bleed off the pressure
downstream of the trip stop valve.

(D.3) Safety Pressure Relief. The low pressure sys-
tem shall be protected from any leakage through the
pressure-reducing valves, when closed, by a safety-relief
valve constructed and designed in accordance with
para. 107.8.3(B), and sized for the possible leakage rate.

122.8.2 Toxic Fluids (Gas or Liquid)

(A) For the purpose of this Code, a toxic fluid is one
that may be lethal, or capable of producing injury and/
or serious illness through contact, inhalation, ingestion,
or absorption through any body surface. It shall be the
designers’ responsibility to adopt the safety precautions
published by the relevant fluid industry which may be
more stringent than those described in this Code for
toxic fluids. In addition, the piping shall be installed
in such a manner that will minimize the possibility of
damage from external sources.

(B) Preferably, pipe and pipe fittings should be seam-
less steel. Wall thickness shall not be less than that in
Table 122.8.2(B).

If the fluid is known to be corrosive to the steels in
Table 122.8.2(B), the materials and wall thickness
selected shall be suitable for the service. (Refer to
para. 104.1.2.)

(C) Welded joints shall be used between steel compo-
nents where practicable. Backing rings used for making
girth butt welds shall be removed after welding. Miter
welds are prohibited. Fabricated branch connections
(shaped branch pipe welded directly to run pipe) may
be used only if other types of branch connections permit-
ted by para. 104.3.1 are not available. Socket welded
joints shall be used only with steel materials and shall
notbe larger than NPS 2Y% (DN 65). Where bolted flanged
joints are necessary, socket weld or welding neck flanges
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Table 122.8.2(B) Minimum Wall Thickness
Requirements for Toxic Fluid Piping

Carbon and Low Stainless and

Alloy Steel Nickel Alloy Steel
(Mandatory (Mandatory
Appendix A, Appendix A,
Tables Tables
Size A-1 and A-2) A-3 and A-4)

NPS 2 (DN 50) and Schedule 10S

smaller

Extra strong

Larger than NPS 2 Schedule 5S

(DN 50)

Standard weight

shall be used. Gasket materials shall be suitable for the
service. Compression fittings are prohibited. Where the
use of threaded joints is unavoidable, all of the following
requirements shall be met:

(C.1) The pipe thickness shall be not less than Extra
Strong, regardless of pressure or type of material.

(C.2) Inaddition to the provisions of para. 122.8(B),
threaded joints and compression fittings may be used
at connections to refillable storage containers and associ-
ated pressure regulators, shutoff valves, pumps, and
meters to a maximum pressure of 50 psig [345 kPa
(gage)], provided the size does not exceed NPS 2
(DN 50).

(C.3) Threaded joints shall be assembled carefully
to ensure leak tightness. The requirements of para. 135.5
shall be met. A thread sealant, suitable for the service,
shall be used unless the joint is to be seal welded or a
gasket or O-ring is used to provide sealing at a surface
other than the threads.

(D) Steel valves shall be used. Bonnet joints with
tapered threads are not permitted. Special consideration
shall be given to valve design to prevent stem leakage
to the environment. Bonnet or cover plate closures and
other body joints shall be one of the following types:

(D.1) union

(D.2) flanged with suitable gasketing and secured
by at least four bolts

(D.3) proprietary, attached by bolts, lugs, or other
substantial means, and having a design that increases
gasket compression as fluid pressure increases

(D.4) threaded with straight threads sufficient for
mechanical strength, metal-to-metal seats, and a seal
weld made in accordance with para. 127.4.5, all acting
in series

(E) Tubing not larger than % in. (16 mm) O.D. with
socket welding fittings may be used to connect instru-
ments to the process line. An accessible root valve shall
be provided at the process lines to permit isolating the
tubing from the process piping. The layout and mount-
ing of tubing shall minimize vibration and exposure to
possible damage.
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(F) The provisions of para. 102.2.4 are not permitted.
The simplified rules for analysis in para. 119.7.1 (A.3)
are not permitted. The piping system shall be designed
to minimize impact and shock loads. Suitable dynamic
analysis shall be made where necessary to avoid or mini-
mize vibration, pulsation, or resonance effects in the
piping. The designer is cautioned to consider the possi-
bility of brittle fracture of the steel material selected over
the entire range of temperatures to which it may be
subjected.

(G) For dry chlorine service between —20°F (-29°C)
and 300°F (149°C), the pipe material shall not be less in
thickness than seamless Extra Strong steel.

(H) Toxic fluid piping shall be pneumatic leak tested
in accordance with para. 137.5. Alternatively, mass spec-
trometer or halide leak testing in accordance with
para. 137.6, and a hydrostatic test in accordance with
para. 137.3 may be performed.

(I) Whereitis not possible to avoid venting toxic gases
(such as discharges from safety relief devices where con-
tainment is impractical), vent lines shall be routed in
such a way as to avoid exposing personnel to hazardous
concentrations while venting. Each toxic gas vent point
shall be subjected to a hazard analysis that requires
owner approval. The hazard analysis shall address the
following;:

(1.1) dissipation of the toxic gases

(1.2) avoiding exposing personnel to toxic concen-
trations by vent point location, by evacuation, by use of
appropriate personal protective equipment, or by other
means

(1.3) foreign objects propelled by venting

(1.4) chilling effect from the venting operation [see
para. 122.8.1(A)]

122.8.3 Nonflammable Nontoxic Gas

(A) Piping for nonflammable and nontoxic gases,
such as air, oxygen, carbon dioxide, and nitrogen, shall
comply with the requirements of this Code, except as
otherwise permitted in (B) below. The designer is cau-
tioned of the extreme chilling effect during rapid expan-
sion. This is a factor for determining the lowest expected
service temperature relative to the brittle fracture of the
material selected.

(B) Threaded joints and compression fittings may be
used subject to the conditions of para. 122.8(B).

122.9 Piping for Corrosive Liquids and Gases

Where it is necessary to use special material, such as
glass, plastics, or metallic piping lined with nonmetals,
not listed in Table 126.1, for conveying corrosive or haz-
ardous liquids and gases, the design shall meet the
requirements of para. 104.7.

122.10 Temporary Piping Systems

Prior to test and operation of the power plant and
its included piping systems, most power and auxiliary
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service piping are subjected to flushing or chemical
cleaning to remove internal foreign material such as rust
particles, scale, welding or brazing residue, dirt, etc.,
which may have accumulated within the piping during
the construction period. This Code does not address the
flushing or cleaning operations. Temporary piping, that
is piping attached to the permanent piping system
whose function is to provide means for introducing and
removing the fluids used in the flushing or cleaning
operations, shall be designed and constructed to with-
stand the operating conditions during flushing and
cleaning. The following minimum requirements shall
apply to temporary piping systems:

(A) Each such system shall be analyzed for compli-
ance with para. 103.

(B) Connections for temporary piping to the perma-
nent piping systems that are intended to remain, shall
meet the design and construction requirements of the
permanent system to which they are attached.

(C) The temporary systems shall be supported such
that forces and moments due to static, dynamic and
expansion loadings will not be transferred in an unac-
ceptable manner to the connected permanent piping
system. Paragraphs 120 and 121 shall be used as guid-
ance for the design of the temporary piping systems
supporting elements.

(D) The temporary systems shall be capable of with-
standing the cyclic loadings that occur during the flush-
ing and cleaning operations. Particular attention shall
be given to the effects of large thrust forces that may be
generated during high velocity blowing cycles. Where
steam piping is to be subjected to high velocity blowing
operations, continuous or automatic draining of trapped
or potentially trapped water within the system shall
be incorporated. Supports at the exhaust terminals of
blowdown piping shall provide for restraint of potential
pipe whip.

(E) Where necessary, temporary systems containing
cast iron or carbon steel material subject to chemical
cleaning shall be prewarmed to avoid the potential for
brittle failure of the material.

(F) Where temporary piping has been installed and
it does not comply with the requirements of this Code
for permanent piping systems, it shall be physically
removed or separated from the permanent piping to
which it is attached prior to testing of the permanent
piping system and prior to plant startup.

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or
equipment operating at different pressures shall not be
connected to discharge through the same trap.

122.11.2 Discharge Piping. Trap discharge piping
shall be designed to the same pressure as the inlet piping
unless the discharge is vented to atmosphere, or is oper-
ated under low pressure and has no stop valves. In no
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case shall the design pressure of trap discharge piping
be less than the maximum discharge pressure to which
it may be subjected. Where two or more traps discharge
into the same header, a stop valve shall be provided in
the discharge line from each trap. Where the pressure
in the discharge piping can exceed the pressure in the
inlet piping, a check valve shall be provided in the trap
discharge line. A check valve is not required if either the
stop valve or the steam trap is designed to automatically
prevent reverse flow and is capable of withstanding a
reverse differential pressure equal to the design pressure
of the discharge piping.

122.12 Exhaust and Pump Suction Piping

Exhaust and pump suction lines for any service and
pressure shall have pressure-relieving valves or devices
of suitable size unless the lines and attached equipment
are designed for the maximum pressure to which they
may accidentally or otherwise be subjected, or unless a
suitable alarm indicator, such as a whistle or free blow-
ing pressure-relieving valve, is installed where it will
warn the operator.

122.13 Pump Discharge Piping

Pump discharge piping from the pump up to and
including the valve normally used for isolation or flow
control shall be designed for the maximum sustained
pressure exerted by the pump and for the highest coinci-
dent fluid temperature, as a minimum. Variations in
pressure and temperature due to occasional inadvertent
operation are permitted as limited in para. 102.2.4 under
any of the following conditions:

(A) during operation of overpressure relieving valves
designed to protect the piping system and the attached
equipment

(B) during a short period of abnormal operation, such
as pump overspeed

(C) during uncontrolled transients of pressure or
temperature
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122.14 District Heating and Steam Distribution
Systems

122.14.1 General. Where pressure-reducing valves
are used, one or more pressure-relieving valves or
devices shall be provided on the low pressure side of
the system. Otherwise, the piping and equipment on
the low pressure side of the system shall be designed to
withstand the upstream design pressure. The pressure-
relieving valve(s) or device(s) shall be located adjoining
or as close as practicable to the reducing valve. The
combined relieving capacity provided shall be such that
the design pressure of the low pressure system will not
be exceeded if the reducing valve fails open.

122.14.2 Alternative Systems. In district heating
and steam distribution systems where the steam pres-
sure does not exceed 400 psi (2 750 kPa) 