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FOREWORD

{This Foreword is not a part of American National Standard, Functional Qualifications Requirements for
Power Operated Active Valve Assemblies for Nuclear Power Plants, ANSI B16.41.)

This Standard is one of a series of power plant equipment standards provided to assure that equipment will
function as specified. The Standard was developed under sponsorship of the American Society of Mechanical
Engineers (ASME). Its development was initiated by the American National Standards Committee N45 on
Reactor Plants and Their Maintenance. In October, 1972, the N45 Committee established a task force to pre-
pare a series of standards to assure that valves would function as specified. In 1974, the task force was reas-
signed to American National Standards Committee B16 and designated Subcommittee H.

Power operated active valve assemblies are required to perform their functions under specified operating
conditions. It is the purpose of the series of standards on active valves to provide requirements for:

(1) the preparation of Functional Specifications;

(2) the qualification of the design of valves, actuators, and the combination thereof (valve assemblies) by
test and analysis for the intended service; and

(3) production testing of valve assemblies manufactured for specific applications.

The purpose of the foregoing is to provide assurance that the valve assemblies in service will function as
required under all specified operating conditions. Only those conditions considered to uniquely affect the
operability of valve-actuator combination (as opposed to either the valve or actuator alone) are developed
within ANSI B16.41. Integrity of the pressure retaining boundary of the valve, covered by codes developed by
the ASME Boiler and Pressure Vessel Committee, is excluded from the scope of this Standard.

The first standard to be issued in the series is ANSI N278.1-1975, which covers the preparation of Func-
tional Specifications.

This Standard provides a method for qualification of power operated active valve assemblies that will provide
an acceptable level of assurance of functional operability. This qualification is based on tests demonstrating the
ability of the valve assembly to perform its function under extreme adverse conditions of pressure, mechanical
loading, flow dynamics, temperature, and vibration. The testing involves imposition of certain of these condi-
tions in combination, and others individually, all exceeding maximum levels expected in service. It is recognized
that in the extremity of certain adverse plant events involving need for valve operation, loading combinations
not specifically tested in this qualification may be imposed on valves. The adverse effects of such combinations
have been considered by the Committee, and it has been concluded that this qualification will provide a high
degree of assurance of functional operability for all such combinations.

It is recognized that in testing a complete series of valves of a given type, for example NPS 6, 8, 10, 12, 14,
16, 18, 20, 24, 28, 32, and 36 valves, all Class 600 gate valves, much of the test time, work, and expense will be
unproductive, in that no useful information will be produced by the later tests. If the various sizes are uniformly
designed and proportioned, it will be expected that all valves will perform uniformly in the tests. Conversely, if
on the test of the first valve a specific design weakness is discovered, similar weakness will be found in all the
other valve sizes.

It has been proposed that in such case, if for example, an 8 in. valve and 18 in. valve were tested successfully,
it should be possible to infer from such results that all the other valves, none being less than half or more than
double the size of a valve that was actually tested, should be qualified as to acceptable design, provided such
untested designs can be shown to be, in fact, geometrically similar to the test-qualified sizes.

Such generic qualification is considered to be potentially acceptable, subject to due consideration of the
degrees of variation from exact geometric similarity of two valves of different size, and the possibility of scale
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factors, such as changing relativity between surface roughness vs. length dimensions, having some unanticipated
adverse effect on functional performance. In the absence of clear, demonstrable practical limits on extrapolation
of functional design qualification, the Committee has made it obligatory for a determination to be made by the
plant owner or his designee (ultimately by the licensing agency) that design qualification “by proxy” will be
acceptable in each individual case, as a condition for the use of the candidate qualification method.

In this Standard, provision has been made for such qualification, with the expectation that generic qualifica-
tion will be a practical way to maximize the cost-effectiveness of the design qualification process. References in
this Standard to “Parent” and “Candidate” valve assemblies are addressing this undertaking. The Term “Parent”
is intended to be understood in the family sense, that is, as the elder in a family of generic offspring having
strong resemblance to the parent.

The “Candidate” is the nominee for family membership until it is shown that the rules of Annex J are
satisfied and the Candidate is accepted as Qualified by the owner or his designee.

In recognition of this external control on the candidate qualification process, Annex J is identified as supple-
mentary information which is not an integral part of this Standard. It should not be inferred that the Guidance
provided in Annex J is optional in the candidate qualification process, but rather that the candidate qualifica-
tion process is nonmandatory and subject to specific acceptance in each individual case by the owner or his
designee.

Annexes A through H and K are integral parts of the body of the proposed Standard which, for reasons of
convenience, are placed after the main text. Annex J provides supplementary information that is not an integral
part of the Standard.

Approval for the 1983 revision to this Standard was granted by ANSI on January 6, 1983.

iv
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AMERICAN NATIONAL STANDARD

FUNCTIONAL QUALIFICATION REQUIREMENTS FOR
POWER OPERATED ACTIVE VALVE ASSEMBLIES
FOR NUCLEAR POWER PLANTS

1 SCOPE

1.1 This Standard establishes the requirements for
functional qualification of power operated active
valve assemblies for nuclear power plants. It is not
intended that this Standard be applied to power op-
erated relief valves and self-operated valves such as
check and pressure relief valves. It is the responsibil-
ity of the plant owner or his designee to identify
those active valves which require qualification under
this Standard and to identify the functional qualifi-
cation requirements, as associated with Annexes A
through H, which shall be met. "

1.2 Functional qualification of a parent valve as-
sembly consists of testing as specified herein to dem-
onstrate that a valve assembly can perform its re-
quired function under test conditions. Annex J is a
guide to provide functional qualification of a candi-
date valve assembly by analyses that demonstrate de-
sign similarity to a parent valve assembly. Any use of
Annex J for qualification of a candidate valve for a
specific application in a nuclear power plant shall be
the responsibility of the plant owner or his designee.

1.3 Qualification testing, inspecting, and reporting
as specified herein shall be performed in accordance
with the applicable requirements of ANSI/ASME
NQA-1 or its equivalent.

1.4 A Functional Qualification Report(s) is required
to document compliance with this Standard. An Ap-
plication Report(s) is required to document qualifica-
tion of a valve assembly for a specific nuclear plant
application.

Provided by IHS under license with ASME
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2 REFERENCES

The standards or codes referenced in this Standard
are listed in Annex K. The text of this Standard indi-
cates whether use of a referenced standard or code is
mandatory or reference is for information only.

3 DEFINITIONS

The following definitions are provided to assure a
uniform understanding of selected terms as they are
used in this Standard.

aging—the cumulative effect of operating cycles and
environmental and system conditions imposed on the
valve assembly

application report—documentation for a specific ap-
plication showing that the required pressure ratings,
qualification loading levels, and operating condition
capabilities are equaled or exceeded by the corre-
sponding pressure ratings, qualification loadings, and
operating condition capabilities shown in the Func-
tional Qualification Report(s)

cold working pressure—the valve pressure rating at
100°F (38°C)

design life—the time or operating cycles (or both)
for which satisfactory performance is required
Functional Qualification Report—documentation of
tests or analyses (or both) performed in accordance
with this Standard

maximum motive power—the electrical, fluid, or me-
chanical power provided when voltage or actuator
pressure is at the highest value for which the valve as-
sembly is to be qualified

minimum motive power—the electrical, fluid, or me-
chanical power provided when voltage or actuator
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pressure is at the lowest value for which the valve as-
sembly is to be qualified -

motive power—the electrical, fluid, or mechanical
power required to operate the valve assembly

normal motive power—the electrical, fluid, or me-
chanical power provided when voltage or actuator
pressure is at its normal or nominal value

operating cycle—the movement of a valve closure
member through its full stroke under defined operat-
ing conditions, terminating with a return to the start-
ing position
power operated active valve assembly—a valve assem-
bly that must perform a mechanical motion to fulfilt
its function through the application of motive power
valve assembly—a valve-actuator combination includ-
ing those functional accessories which are directly
mounted thereon:

(a) test valve assembly—a valve assembly selected
for qualification testing

(b) parent valve assembly—a test valve assembly
which has been qualified by all appropriate testing
required by this Standard

(c) candidate valve assembly—a valve assembly to
be qualified by:

(1) analyses that demonstrate design similarity
with the parent valve assembly; or
(2) analyses as described in (1) above in com-

bination with appropriate testing of the candidate
valve assembly

(d) qualified candidate valve assembly—a valve as-
sembly which has been qualified in accordance with
the definition above

4 FUNCTIONAL SPECIFICATION

The functional requirements for a valve assembly
shall be provided in a specification prepared in ac-
cordance with ANSIN278.1-1975.

5 FUNCTIONAL QUALIFICATION
REQUIREMENTS

Functional qualification shall be demonstrated by
tests, by analyses, or by a suitable combination there-
of, based on the requirements provided herein and
corresponding operating requirements in the Func-
tional Specification. Qualification of the valve-actu-
ator is established by conformance with 1IEEE-382.

AMERICAN NATIONAL STANDARD

As applicable, the functional qualification shall dem-
onstrate the following:

(a) Valve sealing capability

(b) Cold cyclic operability

(¢) Hot cyclic operability

(d) Operability under maximum pipe reaction
end-loading

(e) Operability during and after loading represen-
tative of the maximum seismic incident

(f) Operability during and after vibratory distur-
bances

(g) Flow interruption capability

(h) Adequacy of the materials of construction to
survive environmental and aging effects

5.1 Qualification of Parent Valve Assemblies

Qualification of a parent valve assembly in accord-
ance with this Standard demonstrates that the parent
valve assembly will perform its function for the indi-
vidual test conditions and qualifies the parent valve
assembly design for operating conditions shown in
the Functional Qualification Report. Functional
Qualification Tests qualify the valve assembly for the
test orientation(s).

5.1.1 Test Plan. A Test Plan shall be prepared with
appropriate inspection and test record forms to de-
fine test objectives, test fluids, test instrumentation,
conditions of the test, orientation, permissible main-
tenance or adjustments, and acceptance criteria.
Where prequalified parts of the valve assembly (ie.,
valve-actuator, etc.) are utilized as part of the valve
assembly qualification, the Test Plan shall reference
the report upon which such prequalification is based.

5.1.2 Testing

5.1.2.1 Installation for Tests. A test valve assem-
bly shall be selected as representative of the produc-
tion valves and shall be supported as required to per-
mit testing in accordance with the applicable Annex.
Electric, pneumatic, or hydraulic connections for
motive power shall be provided as required.

5.1.2.2 Orientation.
required by the Test Plan.

Orientation shall be as

5.1.2.3 Test Sequence and Requirements. The
applicable tests in the following test groupings shall
be conducted in accordance with the referenced An-
nexes and in the group sequence listed below on the
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Provided by IHS under license with ASME

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS

Not for Resale, 04/17/2014 13:40:36 MDT



Copyright ASME International

AMERICAN NATIONAL STANDARD

same test valve assembly. Individual tests within a
numerical grouping may be conducted in any se-
quence or in any combination with other tests within
that numerical grouping.

Group 1
(a) Leakage (Annex A)
(b) Cold cyclic (Annex B)

Group 2
(a) Hot cyclic (Annex C)
(b) End loading (Annex D)
(c) Exploratory Vibration (Annex E)
(d) Vibration Endurance (Annex H)
(e) Seismic (Annex F)
(f) Flow interruption capability (Annex G)

Group 3: Cold cyclic (Annex B)
Group 4: Leakage (Annex A)

5.1.2.4 Environmental and Aging Effects. Valves
covered by this Standard are characterized by the
use of metal for all components which provide the
pressure containing boundaries and operating load
bearing or transmitting functions. The use of non-
metallic materials is confined to applications involv-
ing substantially total confinement in compressure
loadings, as in stem seal packing and in joint sealing
gaskets. The use of metal in valve components pro-
vides basic assurance against loss of operability from
environmental and aging effects, such as radiation,
elevated environmental temperature, and impinging
chemical sprays. Qualification of plastic and elasto-
meric materials requires exposure to aging radiation
and thermal environments which are equivalent to the
maximum for which the valve is to be qualified. This
radiation and thermal aging shall be performed as
specified in IEEE-382, followed by tests of the aged
specimens to demonstrate that the specimens are cap-
able of performing their required function. The se-
quential testing program required by this Standard
provides assurance that the valve assembly can func-
tion under a wide range of operating conditions. Pe-
riodic inservice testing prescribed by the ASME Code,
Section XI, may provide assurance that aging does
not unacceptably affect valve assembly operability
during normal plant service conditions.

5.1.3 Inspection

5.1.3.1 Inspections of the test valve assembly
shall be performed prior to and upon completion of

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

ANS! B16.41-1983

the qualification test series in accordance with a
written Test Plan (see 5.1.1).

5.1.3.2 Pretest Inspection. Pretest inspection shall
be performed according to the Test Plan for such
items as the following:

(a) Control settings

(b) Securing of fasteners

(c) Motive power drive system

(d) Test equipment calibration

5.1.3.3 Intermediate Inspection. To assist in eval-
uation of the test valve assembly, inspections may be
made at intermediate times during the qualification
testing program. If some condition is exhibited dur-
ing the sequence of the testing which requires main-
tenance or adjustment of a part, acceptance of the
test must be evaluated according to the limitations of
the Test Plan. Aside from any adjustments or other
changes which are required to perform the various
tests, no alterations, adjustments, or maintenance are
allowed other than those stipulated in the Test Plan
without the qualification tests being reinitiated. Any
such maintenance or adjustments shall be fully de-
scribed and evaluated in the Functional Qualifica-
tion Report.

5.1.3.4 Posttest Inspection. The test valve shall
be disassembled and inspected after completion of
the group of tests of 5.1.2.3. Significant damage and
changes shall be recorded and evaluated and be in-
cluded in the Functional Qualification Report de-
scribed in 5.1.4.

5.1.4 Reports

5.1.4.1. A Functional Qualification Report shall
be prepared for each parent valve assembly qualified
in accordance with this Standard. This report shall
provide complete identification of the valve by type,
size, pressure rating, actuator, and other data as
appropriate, including qualification Test Plan, test
results, and inspections. Any specific limitations that
restrict qualification shall be stated.

5.1.4.2 The Functional Qualification Report shall
contain a summary of the parameters established by
the functional qualification testing and analysis. Each
Functional Qualification Report shall be certified to
be correct and complete and to be in compliance
with this Standard, by one or more Registered Pro-
fessional Engineers representing the organization re-
sponsible for the functional qualification.
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5.2 Qualification of Candidate Valve Assemblies

Qualification of a ‘candidate valve in accordance
with this Standard is based on the individual test
conditions for the parent valve and the guidance for
qualification of candidate valve assemblies given in
Annex J. Any use of Annex J for qualification of a
candidate valve for a specific application in a nuclear
power plant shall be the responsibility of the plant
owner or his designee. It is the objective of the fol-
lowing qualification requirements to verify that the
candidate valve will perform its intended function
and that it qualifies for the operating conditions
shown in the Functional Qualification Report.

5.2.1 Requirements

A candidate valve assembly shall satisfy the func-
tional qualification requirements specified in 5.1.
This may be accomplished by similarity analysis or
by a combination of testing and similarity analyses
in accordance with Annex J. The testing or analysis
shall show that the qualification of the parent valve
assembly constitutes a valid basis for conclusion that
the design of the candidate valve assembly is of at least
equivalent adequacy for its intended function.

5.2.2 Candidate Valve Testing

Any testing that is required for candidate valve
qualification shall be performed in accordance with
the appropriate Annex (A through J) of this Standard.
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5.2.3 Reports

The Functional Qualification Report for a quali-
fied candidate valve assembly shall contain the fol-
lowing, as applicable:

(a) a summary of the functional parameters;

(b) the Test Plan;

(c) test results;

(d) inspection reports for the parent valve assem-
bly (assemblies) and for the candidate valve assembly;

(e) an explanation of how conformance with the
requirements of 5.1.2.3 is achieved, including expla-
nation of all items treated as “not applicable;” and

(f) the analyses used to show that the candidate
valve assembly satisfies the requirements of this
Standard for design similarity with the parent valve
assembly.

Each Functional Qualification Report shall be
certified to be correct and complete, and to be in
compliance with this Standard, by one or more Reg-
istered Professional Engineers representing the or-
ganization responsible for the functional qualifica-
tion.

6 APPLICATION REPORT

The suitability of a valve assembly that has been
qualified in accordance with this Standard to meet
the requirements of a Functional Specification for a
specific application shall be documented in an Appli-
cation Report. The Application Report shall be cer-
tified to be correct and complete, and to be in com-
pliance with this Standard, by one or more Regis-
tered Professional Engineers.
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ANNEX A
VALVE LEAKAGE TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

A1 SCOPE

The valve leakage test establishes, by measurement,
the mainseat valve leakage rate and, by observation or
measurement, the packing leakage rate of the test
valve.

A2 LEAKAGE CLASSIFICATION

Classification of valves relative to mainseat leakage
is provided in ANSI N278.1-1975.

The initial valve leakage test establishes the base
line performance of the valve being tested. Leakage
rates measured subsequent to other tests in the quali-
fication test series shall be recorded in the Functional
Qualification Report for comparison with the initial
test and to establish a basis to verify the valve applica-
tion.

A3 TEST SETUP REQUIREMENTS

A3.1 The test valve assembly shall be installed in a
fixture that will permit control of the pressurization
of both the upstream and downstream flow ports.
Motive power connections shall be functionally equiv-
alent to an actual installation. Orientation of the valve
assembly shall be as required to satisfy the provisions
of 5.1.2.2. Provision shall be made to measure main-
seat leakage and, the packing leakage as set forth in
A.4.1 and A.4.2, respectively.

A3.2 The test working fluid may be water (that may
contain a corrosion inhibitor), steam, air, or an inert
gas, whichever is appropriate to the test.
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A3.3 Both the rated pressure for the valve and the
maximum rated seat sealing differential pressure shall
be defined in the Functional Qualification Report
(the pressure used in these tests determines the quali-
fication pressure rating). A higher test pressure may
be selected to establish margin for the downward
qualification of candidate valves similar to the parent
valve being tested. In addition, the valve is to be iden-
tified as bidirectional or unidirectional, in which case
the direction of pressurization is defined.

A4 TEST CONDUCT

A4.1 For measurement of mainseat leakage, a valve
closure shall be effected by the actuator using mini-
mum motive power, and with the test assembly at its
rated test pressure. Pressure on one side of the closure
shall be relieved to establish a differential pressure in
the direction resulting in the most adverse seating
condition for bidirectional valves. For example, a
globe valve shall be tested with pressure under the
disk, unless the valve is restricted to unidirectional
service only in the reverse direction. Leakage shall
be collected from the low pressure side of the closure
or otherwise measured by appropriate means. The
test shall be a minimum of 5 min or a longer period
deemed adequate to establish the leakage rate.

NOTE: For double disk gate valves, differential pressure may
be applied to the bonnet cavity and leakage rates measured
for each mainseat.

A4.2 Packing leakage shall be observed at cold work-
ing pressure with the valve in the partially open posi-
tion. For valves without leakoff connections, packing
leakage shall be observed and the leak rate estimated.
For valves with lantern rings and leakoff connections,
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leakage- at the leakoff connections shall be measured
and recorded. For valves utilizing diaphragms or bel-
lows to achieve zero stem leakage, and that also utilize
back-up packing, the packing test shall be performed
with the diaphragm or bellows removed or with pres-
sure equalized on both sides of the diaphragm or
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bellows. The initial packing leakage test shall be per-
formed after fully cycling the test valve assembly 10
times. The leakage rate test duration shall be ade-
quate to determine the leakage rate, but no less than
S min.
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ANNEX B
COLD CYCLIC TEST

This Annex is an integral part of American Nationa! Standard B16.41,
and is placed following the main text for convenience,

B1 SCOPE

The cold cyclic test demonstrates the capability of
a test valve assembly to open and close under adverse
combinations of motive power and system pressure
with the assembly at room temperature not exceed-
ing 100°F (38°C). The basis for qualification is the
maximum time to open and/or close the valve.

B2 TEST SETUP REQUIREMENTS

The test valve assembly shall be installed in a fix-
ture as specified in A3.

B3 TEST CONDUCT

B3.1 An initial test run shall be made consisting of
one full operating cycle utilizing normal motive power.
With the valve open, the fixture is pressurized at the
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rated test pressure and a valve closure initiated and
timed. One side of the closure is then depressurized
to establish the rated differential operating pressure
in the most adverse direction for opening the valve.
An opening is then initiated and timed. Differential
pressure need not be maintained after the test valve
assembly is unseated.

B3.2 The second test series consists of three full op-
erating cycles performed with the test fixture depres-
surized utilizing the maximum motive power for
actuation. Each half cycle of the operation shall be
timed. ’

B3.3 The third test series consists of three full op-
erating cycles utilizing minimum motive power. The
sequence for performance of the testing is the same
as for B3.1.

[
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ANNEX C
HOT CYCLIC TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

C1 SCOPE

The hot cyclic test demonstrates capability of a
test valve assembly to open and close under adverse
combinations of motive power and system pressure
with the assembly operated at a qualification tem-
perature in excess of 100°F (38°C). The basis for
qualification is the maximum time to open and the
maximum time to close the valve.

C2 QUALIFICATION REQUIREMENT

The test is required only when the valve assembly
is to be qualified for operation at a fluid temperature
exceeding 200°F (93°C), except that for valves having
components made of plastic or elastomeric materials
which operate at temperatures exceeding 100°F
(38°C), testing is required for qualification.

C3 TEST SETUP REQUIREMENTS

The test valve assembly shall be installed in a fix-
ture as specified in A3. Provision shall be made for
regulating the working fluid temperature and timing
of the valve operation.

C4 TEST CONDUCT

C4.1 An initial test run shall be made consisting of
one full operating cycle utilizing normal motive power.
With the valve open, the fixture is pressurized to the
rated test pressure and the working fluid temperature
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is raised to the qualification temperature level. The
valve metal temperature shall reach approximately
steady state conditions before initiation of operation.
A valve closure is then made and timed. One side of
the closure is then depressurized to establish the rated
differential operating pressure across the valve in the
most adverse direction for opening the valve. An open-
ing is then initiated and timed. Differential pressure
need not be maintained after the test valve assembly
is unseated.

C4.2 The second test series consists of three full op-.
erating cycles using minimum motive power for valve
actuation. The sequence for each cycle of operation
is the same as for C4.1.

€C4.3 The final test run is begun with the valve open,
the text fixture pressurized at the rated test pressure,
and the rated temperature established at steady state
condition. A valve closure is initiated using the maxi-
mum motive power and the closure timed. With the
valve closed, the test fixture shall be allowed to cool
to steady state equilibrium with ambient air, no higher
than 100°F (38°C). One side of the closure is de-
pressurized to establish the rated differential oper-
ating pressure across the valve in the most adverse
direction for opening the valve. An opening cycle is
then performed using minimum motive power for
actuation, and the opening timed. Differential pres-
sure need not be maintained after the test valve
assembly is unseated.
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ANNEX D
PIPE REACTION END LOADING QUALIFICATION TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

D1 SCOPE

The pipe reaction end loading test demonstrates
the operability of the valve assembly after being sub-
jected to pipe end loading forces for which the valve
is to be qualified.

D2 QUALIFICATION REQUIREMENTS

The end loading qualification test shall be appli-
cable only to valve assemblies whose application in-
volves significant imposed end loading reactions (e.g.,
a valve without significant loading is a drain valve
with piping attached to one end only).

D3 MAGNITUDE OF THE END LOADING
MOMENT

The valve manufacturer determines the magnitude
of the end loading force for the valve qualification.
The test loading to be applied shall be at least equal
to the moment F,S, as defined in NB-3500.1 The
values of § and SMYS used shall be those of ASME
Code, Class 1, materials. The test loading may be in-
creased, if desired, to qualify candidate valves whose
size, pressure ratings, and/or dimensional parameters
may require downward adjustments of the qualified
end loading force. The loading test bending moment
shall be greater than that for which the test valve
assembly is to be qualified by a factor equal to the
ratio:

Actual test bar yield strength of body material X G,
based on measured dimensions

SMYS of body material X G based on minimum
drawing dimensions

I References identified by NB refer to Subsection NB of
Section III of the ASME Boiler and Pressure Vessel Code.
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where SMYS is the specified minimum yield strength,
and G, is the section modulus as defined in NB-
3500.1

D4 TEST OPERATING PRESSURE

The minimum test operating pressure is the 100°F
(38°C) pressure rating selected for qualification of
the valve assembly. A higher pressure may be desig-
nated to permit qualification of candidate valves re-
quiring downward adjustment from the parent valve
pressure rating. The test operating pressure shall be
greater than that for which the test valve assembly is -
to be qualified by a factor equal to the ratio:

Actual test bar yield strength of body material
SMYS of body material

D5 TEST SETUP REQUIREMENTS

The test valve assembly shall be installed in a fix-
ture as specified in A3 with end pieces capable of
transmitting the test end loading. The test arrange-
ment may be such that a constant moment is applied
over the entire length of the valve body and the valve
body subjected to at least the normal axial tensile
forces produced in the end closures by the simulta-
neous application of full test pressure. Alterative
arrangements which impose shear loadings and vari-
able moments over the length of the valve body are
acceptable provided the moment is at least equal to
the minimum required at any point in the valve body.
The test moment shall be applied in the plane and
mode most likely to adversely affect test valve assem-
bly operability. For most gate and globe valves this
is normally considered to be in the plane of the stem
and pipe center lines, and tending to close the bonnet
bore.
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D6 TEST CONDUCT

D6.1 With the valve in the open position, the test op-
erating pressure is established in the valve assembly,
and while pressure is maintained, the test loading
moment is applied to the valve assembly. The test
loading moment is then reduced to 2/3 of the origi-
nal value and the test pressure is also reduced to 2/3 of
the initial pressure or to the maximum rated pres-
sure, whichever is greater. A valve closure cycle is
then effected using minimum motive power. The
closure time shall be observed and recorded. Follow-
ing closure, a valve leakage test is conducted in
accordance with A4.

D6.2 With test loading moment at the same value as
for the valve closure operation, a valve opening is made
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utilizing minimum motive power with maximum
closure differential pressure, for which the test valve
assembly is to be qualified and applied in the direction
producing the greatest resistance to the valve opening.
Differential pressure need not be maintained after
the test valve assembly is unseated. During this opera-
tion the opening time shall be observed and recorded.

D7 EXEMPTION

Valves installed in piping by bolting between pipe
flanges and having a cylindrical cross section (except
for through holes for bolting and entrance of the
valve stem) of such proportions that the length of
the valve parallel to the pipe run is equal to or less
than the inside diameter of the valve are exempt from
this qualification test.
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ANNEX E
EXPLORATORY VIBRATION TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience,

E1 SCOPE

The exploratory vibration test shall be used to
determine the fundamental frequency of the test
valve assembly. The exploratory vibration test de-
scribed in this Annex requires the use of a shake
table.! The fundamental frequency determined by
this test is used to identify the test assembly as flexi-
ble or rigid, as required by Annex F.

€2 TEST SETUP REQUIREMENTS

E2.1 The test valve assembly shall be mounted on
a shake table utilizing a suitable fixture.

E2.2 The assembly shall be filled with fluid (see
A3.2), but pressurization is not required.

E2.3 The shake table shall be capable of inducing
sinusoidal vibration as required in E3,

E2.4 Suitable instrumentation shall be provided to
at least measure frequency and acceleration of the
valve body and of the actuator.

E2.5 The stroke position shall be determined by
preliminary test so as to produce to lowest natural
frequency for the valve assembly.

E3 EXPLORATORY VIBRATION TEST

The test valve assembly shall be given an explora-
tory vibration test over a range of frequencies?

10ther methods of exploratory vibration testing are in
preparation,
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from 5 Hz to the maximum frequency to be quali-
fied in each of three mutually perpendicular axes.
In no case shall the maximum vibration frequency be
less than 40 Hz.

Vibration shall be essentially sinusoidal with am-
plitudes to produce an applied acceleration of 0.2 g
minimum. Exploratory vibration shall be performed
by a sweep of the full frequency range to be qualified
at a rate not exceeding one octave per minute. Reso-
nance is defined as actuator response at a frequency
at which the acceleration response of the actuator
exceeds the test acceleration value by a factor of
three or greater. Response measurements shall be
made in the direction of input and two other mutu-
ally perpendicular axes. Each test frequency, in each
axis at which resonance occurs, shall be recorded.

21f desired, the frequency range for test of a parent valve
may be extended to aid in qualification of a candidate
valve, Fundamental frequency caiculations shall be made
for the parent and candidate valve assemblies, with all
such calculations being made using the same method.
The fundamental frequencies (fn) thus calculated shall
be used to determine the required vibration test range

as follows:
from:
(fn) Parent Valve
. X 5 Hz
(fn) Max. Any Candidate Valve
to:
(fn) Parent Valve

X 40 Hz (or maximum

(fn) Min. Any Candidate Valve frequency qualified)

If the above computation produces a frequency range re-
quirement for the candidate valve with limits outside the
actual test range of the parent valve, the candidate valve
must be qualified by an exploratory vibration test through
required frequency range.

11
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ANNEX F
SEISMIC LOADING TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

F1 SCOPE

The seismic test demonstrates the operability of a
test valve assembly when subjected to a loading
representative of the selected seismic load qualifica-
tion level.

F2 QUALIFICATION REQUIREMENT

' F2.1 The qualification test method shall be based on

whether the test valve assembly is flexible (i.e., has a
fundamental frequency less than 33 Hz) or rigid (i.e.,
has a fundamental frequency greater than or equal to
33 Hz) in its least rigid axis. If the test valve assembly
has a fundamental frequency less than 33 Hz, identi-
fied as a resonance as defined in E3 (Vibration Test),
it shall be seismically qualified by test in accordance
with the applicable requirements of IEEE-382 and
the seismic load testing procedures of this Annex are
not applicable. If the test valve assembly has a funda-
mental frequency of 33 Hz or greater, the procedure
of this Annex is applicable.

F2.2 Seismic qualification of the valve-actuator shall
have been established in accordance with IEEE-382.

F2.3 Functional accessories shall be rigidly attached
to the valve assembly. The accessories that have not
been qualified as part of the actuator shall be seismi-
cally qualified in accordance with IEEE-382. During
the seismic qualification, the accessories shall be
operationally checked and monitored during testing
to assure that no malfunction occurs.
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F3 MAGNITUDE OF THE SEISMIC LOADING

The valve manufacturer determines the magnitude
of the loading required to simulate the effect of the
“g” value of seismic acceleration for which the test
valve assembly is to be qualified. This is calculated
considering the mass supported from the valve body
in the valve assembly. Torsional as well as bending
effects shall be considered. More than one calculation
may be required if various orientations of the valve
assembly are to be qualified. These values are the
qualification seismic loadings.

The test seismic load shall be obtained by upward
adjustment of the qualification seismic load such
that the highest calculated test yield strength utiliza-
tion of yoke, yoke clamp, or yoke bolting shall be
equal to or greater than the highest calculated quali-
fication yield strength utilization of any of these ele-
ments, where:

(a) the test yield strength utilization is the calcu-
lated primary membrane plus bending stress due to
test seismic load, test pressure, and actuator and yoke
dead weight load divided by the actual test bar yield
strength; and

(b) the qualification yield strength utilization is
the calculated primary membrane plus bending stress
due to qualification seismic load, qualification pres-
sure, and actuator and yoke dead weight load divided
by the specified minimum yield strength.

If desired, the test seismic loading may be in-
creased to permit qualification of candidate valve
assemblies whose dimensional parameters may re-
quire downward adjustment of the seismic qualifica-
tion rating.

F4 TEST OPERATING PRESSURE

The test operating pressure is the same as in D4.
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F5 TEST SETUP REQUIREMENTS

The test valve shall be installed in a fixture with
suitable provisions for imposing the static test load(s).

The test load(s) shall be applied in a direction pro-
ducing maximum loading in the least rigid plane of
the actuator mounting (causing greatest deflection
under load). The test load(s) shall be applied to the
yoke-actuator structure such that the resulting forces,
moments, and torque acting on the yoke-actuator
structure in the region from the actuator mounting
flange to the valve body are at least equal to the cal-
culated forces and moments that result from the
application of uniform seismic acceleration [simu-
lated by the test load(s)] to the valve assembly.

13
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F6 TEST CONDUCT

With the valve in the open position, test operating
pressure is established in the valve assembly, and
while pressure is maintained, the test seismic loading
force(s) shall be applied to deflect the valve assem-
bly. The deflection at the center of gravity of the
yoke-actuator structure in the direction of the appli-
cation of the load(s) relative to the valve body shall
be measured and recorded. The test pressure is now
relaxed to the rated operating pressure and the seis-
mic loading to the qualification seismic load. With
these levels, a cold cyclic test series is performed
according to B3.

-
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ANNEX G
FLOW INTERRUPTION CAPABILITY TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

G1 SCOPE

The flow interruption capability test is a demon-
stration of the valve assembly capability to close
against substantial flow. See Annex J, J4 for model-
ing rules.

G2 TEST SETUP REQUIREMENTS

The test valve assembly shall be installed in a pipe
run connected to a reservoir to supply the required
flow and simulate the desired operating fluid condi-
tions. Instrumentation shall be provided to simul-
taneously record the valve travel and upstream and
downstream pressures. Supplementary instrumenta-
tion shall be provided to measure flow or permit cal-
culation of flow during the closure part of the cycle.
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G3 TEST CONDUCT

Prior to initiation of flow, the working fluid
conditions shall be raised to the pressure and tem-
perature for which the valve is to be qualified. Also,
with the valve in the open position, the valve body
shall be heated by circulation of steam or other
suitable means so that the seat area is at the approxi-
mate test temperature. The timing of flow initiation
and closure initiation shall be such that during closure
of the final 10% of the valve flow area the differential
pressure is at least equal to the maximum pressure
rating for which the valve is to be qualified. The valve
closure is to be effected using the minimum motive
power qualification level for actuation. Immediately
following completion of the valve closure, an observa-
tion shall be made of the seat leakage under full
differential pressure.
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ANNEX H
ENDURANCE TEST

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

H1 SCOPE

The endurance test demonstrates the effects of a
vibratory environment on the valve assembly. The
test is intended to induce an arbitrary but reasonable
level of vibratory excitation in the valve assembly
representative of normal plant induced vibration. It
is not intended to be a qualification test in itself nor
a test to any specific plant environment.

H2 TEST SET-UP REQUIREMENTS

H2.1 The test valve assembly shall be mounted on a
shake table utilizing a suitable fixture.

H2.2 The assembly shall be filled with fluid (see
A3.2), but pressurization is not required.

H2.3 Electrical, hydraulic, or pneumatic connections
shall be attached to the actuator in accordance with
the manufacturer’s recommended method.

H2.4 The shake table shall be capable of inducing
sinusoidal motion as required in H3.1.

H2.5 Suitable means of measurement of vibration
frequency and acceleration shall be assured.

H3 TEST CONDUCT

H3.1 Sinusoidal motion shall be applied by exposing
the valve assembly to 0.5 g or such reduced accelera-
tion necessary at low frequencies to not exceed 0.025
in. double amplitude with the frequency sweeping
from 5 to 100 to 5 Hz at a rate of 2 octaves per min-
ute. Ninety minutes of vibration shall be applied along
each orthogonal axis. Modulating valve assemblies
shall be operated continuously at between 20% and
80% stroke.

H3.2 The input motion to the valve assembly shall be
monitored and controlled using accelerometers lo-
cated on the test fixture adjacent to the mounting
surface of the valve assembly.

H3.3 At the conclusion of the endurance test for each
axis, with the assembly vibrating at 33 Hz, the
valve shall be operated to perform one full operating
cycle in accordance with B3.3, except that pressuri-
zation of the valve assembly is not required. The
cycle time shall be observed and recorded.

15
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ANNEX J

GUIDANCE FOR QUALIFICATION OF CANDIDATE
VALVE ASSEMBLIES

This Annex is not part of American National Standard B16.41,
It is included for supplementary guidance and its use is subject to the conditions stated in 5.2,

J1 SCOPE

This Annex contains guidelines for a method in-
tended to demonstrate functional qualification of a
candidate valve assembly. The procedure is based on
analysis to illustrate a degree of design similarity be-
tween a candidate valve assembly and a parent valve
assembly. Depending upon the degree of design simi-
larity, qualification of a candidate valve assembly
can be demonstrated by analysis or a combination of
analysis and testing.

J2 REQUIREMENTS

J2.1 Analyses shall make suitable allowances for dif-
ferences in dimensions, performance characteristics,
working fluid, orientation, and other applicable
parameters. The analytical method must be based on
similarity between parent valve assembly and candi-
date valve assembly sufficient to justify the use of
simple rules of proportionality for such allowances.
For such qualification, a candidate valve assembly
shall be limited in basic valve inside diameter
@,, in NB -3500)! between 50% and 200% of the
parent valve assembly, and in pressure rating between
90% and 200% of the parent valve assembly.

J2.2 The requirements for similarity and evaluation
of differences shall include, where applicable, but not
be limited to the following:

(a) Valves are of identical type (gate, globe, ball,
etc.). Valve body and bonnet assemblies are generally

IReferences identified by NB refer to Subsection NB of
Section III of the ASME Boiler and Pressure Vessel Code.

similar in appearance, with the principal difference
being overall size and/or weight.

(b) Valve-actuators and accessories may be of
different types and appearance, provided the perfor-
mance parameters satisfy the requirements of this
Annex.

(c) Dimensional ratios of the basic body shape
of the candidate valve assembly differ from the cor-
responding ratios of the parent valve by an amount
not exceeding 25% of the difference from unity of
the corresponding ratios in the parent valve assembly,
including: :

(1) width of flow passage at crotch section to
basic valve inside diameter (d,y,);

(2) inside diameter of body neck (or greatest
internal width of body neck if cavity is not circular)
tod,,;

(3) greatest internal width of flow passage to
dp.

Example: If ratio (c)(1) above in the parent valve
assembly is 1.2, the difference between the ratio and
unity is 0.2; £25% of 0.2 is £0.05, therefore the ac-
ceptable range of ratio (c)(1) above for the candidate
valve assembly is 1.15 to 1.25.

(d) Dimensional ratios of basic sections are
evaluated. The smallest of these ratios shall be used
to determine the limiting multiple of qualification
pressure rating of the parent valve assembly which
may be applied to the candidate valve assembly,
including:

(1) in the body section midway from body
neck to pipe end: minimum design wall thickness to
inside diameter, or to inside width and to inside
height if section is not circular;
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(2) in the body section of crotch—See A-A Fig.
NB-3545.2(a)-1' : minimum design wall thickness to
width of flow passage;

(3) in Fig. NB-3545.1(a)-1': 4,,, to Ay;

(4) in the body neck section at crotch: minj-
mum design wall thickness, excluding fillet to run
section, to inside diameter, or to inside width and
to inside height if section is not circular.

Examples:

(a) If ratios for the candidate valve assembly
are all equal to or greater than ratios for the parent
valve assembly, except that (d)(3) above is 0.96 times
the value for the parent valve assembly, the candidate
valve assembly qualification pressure rating is limited
to 96% of the qualification pressure rating of the
parent valve assembly.

(b) If ratios for the candidate valve assem-
bly are 1.53, 1.79, 1.50, and 1.90 times the values
for the parent valve assembly, the candidate valve
qualification pressure rating is limited to 150% of the
qualification pressure rating of the parent valve
assembly.

(e) Inseat geometry, for example, taper angles are
substantially equal.

(f) Stem packing is in similar-geometric form in
parent valve assembly and candidate valve assembly.

(g) The ratio of calculated stalled thrust and/or
stalled torque of the actuator at maximum motive
power to stem compressive and/or torsional yield
strength (calculated load to produce yield in stem),
or buckling load (whichever is limiting), is no greater
in the candidate valve assembly than in the parent
valve assembly.

(h) For the condition of minimum motive power,
the ratio of the rated thrust and/or rated torque of
the actuator of the candidate valve assembly to the
calculated required stem thrust and/or torque for
the working pressure conditions is no less than the
equivalent ratio for the parent valve assembly.

(i) The average closure velocity of the parent
valve is greater than or equal to the average closure
velocity of the candidate valve, with velocity expressed
in inches (millimeters) per second for linear motion
and degrees per second for angular motion.

(j) Ratios indicative of ability of body-yoke-
actuator mounting to preserve operational geometry
while sustaining combined seismic, pressure, and dead
weight loading are evaluated. The smallest of these
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ratios shall be used to determine the limiting multi
ple of the qualification seismic load for which a
parent valve assembly has been qualified to be used
as the qualification seismic load rating for the candi-
date valve assembly, including:

(1) the stem deflection angle (angle between
the seismic load-deflected stem center line and the
bonnet center line) in the parent valve assembly to
the stem deflection angle in the candidate valve
assembly;

(2) the relative yoke to stem stiffness:

moment of inertia of yoke
in its least rigid direction
moment of inertia of valve stem section

in the candidate valve assembly to the yoke to stem
stiffness of the parent valve assembly;

(3) the highest calculated yield strength utiliza-
tion based on superimposed seismic, dead weight,
and rated pressure loading of yoke (least rigid direc-
tion), yoke clamp (if applicable), or yoke bolting
(if applicable) in the parent valve assembly to the cor-
responding highest yield strength utilization of any
of these elements in the candidate valve assembly.

Examples: .
(a) If the smallest of the ratios defined in
(GX1), (§)(2), and (§)(3) above is 0.91, the seismic
load qualification value for the candidate valve as-
sembly must be reduced by whatever amount is re-
quired to increase that ratio to 1.0.

(b) If all of the ratios defined in (j)(1),
(§)(2), and (jX3) above are equal to or greater than
1.25, the seismic qualification loading for the candi-
date valve assembly may be made greater than that
for the parent valve assembly by an amount that will
change the smallest ratio to 1.0. Note that the change
in seismic loading is not the same as the limiting ratio,
because pressure and dead weight loading remain
constant.

(k) The method of mounting the actuator is
similar to that in the parent valve assembly.

(1) Attached functional accessories are mounted
on the candidate valve assembly in a manner similar
to the way they are mounted on the parent valve
assembly.

(m) Differences in materials of candidate valve
assembly components compared to corresponding
parent valve assembly components are acceptable,
provided (not applicable to packing):
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(1) Appropriate adjustments in qualification
rating "parameters ar¢ made based on the relative
yield strengths of the materials.

(2) Due consideration is given to functional
performance capabilities of materials and combina-
tions of materials. Variations will be considered
acceptable in this regard if any one of the following
is satisifed:

(a) there is no functional rubbing contact
or possible incidental rubbing contact between two
components;

(b) all points of rubbing contact are pro-
tected as by hard facing;

(c) both candidate valve assembly and
parent valve assembly have materials such as ferritic,
austenitic, or martensitic steels in rubbing contact in
a similar combination, and the differential hardness
specified in candidate valve assembly is equal to or
greater than that in parent valve assembly;

(d) a combination of materals in rubbing
contact is changed but does not have unprotected
austenitic stainless steel in place of another type,
carbon steel in place of martensitic, or any unpro-
tected material in place of hard surfacing.

J3 CANDIDATE VALVE TESTING

J3.1 If candidate valve testing is required, a test vaive
assembly shall be selected as representative of the
production valves.

J3.2 If all the requirements of J2.1 and J2.2 are met,
no testing of the candidate valve is required.

J3.3 If any of the requirements of J2.2 (b), (f), (h),
and (i) are not satisfied by a candidate valve assem-
bly, new tests in accordance with Annexes A, B, C,
and G shall be made on either the parent valve
assembly appropriately modified, or the candidate
valve assembly.

J3.4 If J2.2 (g) is not satisfied, a new test in accord-
ance with Annex B shall be made on either the par-
ent valve assembly appropriately modified, or the
candidate valve assembly.

435 If J2.2 (j), (k), and/or (1) is/are not satisfied,
new tests in accordance with Annexes E and F (and H
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if applicable), shall be made on either the parent valve
assembly appropriately modified or the candidate
valve assembly.

J3.6 If a fundamental frequency of 33 Hz or greater,
as required in F2.1 for use in Seismic Loading Test
procedure of Annex F, is not determined based on
fundamental frequency calculations for the candidate
valve assembly, the candidate valve assembly shall
be seismically qualified by test in accordance with
the applicable requirements of IEEE-382. For the
purpose of this determination, fundamental fre-
quency calculations shall be made for the parent
valve assembly and for the candidate valve assembly,
both by the same method. The calculation method
may be wholly analytical, or may involve the use of
actual measured load-deflection characteristics of
the valve-actuator assembly ‘as the basis for funda-
mental frequency calculation. In any case, the cal-
culation, without adjustment of constants or arbi-
trary factors, is required to produce a predicted
fundamental frequency within 20% of the observed
value for the parent valve. A correction factor shall be
determined for the parent valve assembly defined as
the ratio between the observed resonance frequency .
found in E3 and the-calculated fundamental frequen-
cy, and that correction factor shall be applied to the
candidate valve calculated fundamental frequency
value.

J3.7 New tests, if and as required by J3.3, J3.4, J3.5,
and/or J3.6, will complete the qualification for the
candidate valve assembly, which can then be identi-
fied as a “test qualified candidate valve assembly.”

J3.8 Other candidate valve assemblies may be quali-
fied by reliance upon the original parent valve assem-
bly and upon the “test qualified candidate valve
assembly’” for satisfying those requirements of J2.2
which necessitated the testing for that valve assem-
bly. The limitations of J2.1 shall be satisfied by other
candidate valve assemblies with respect to both the
parent valve assembly and the “test qualified candi-
date valve assembly” considered as a “parent valve
assembly.”

J3.9 If any of J2.2 (a), (c), (d), (e), or (m) are not
satisfied, a complete new qualification shall be made.
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J4 FLOW INTERRUPTION CAPABILITY
TESTING

Qualification of a candidate valve assembly by
analyses showing generic similarity with a parent
valve assembly as indicated in J2 may be provided,
subject to the provisions of 5.2, by reference to an
alternative “parent,” of at least 8 in. nominal size,

which would otherwise be prohibited by the “200%”
dimensional constraint specified in J2.1, for Flow
Interruption Test (Annex G) only. For such qualifica-
tion, the pressure rating range shall be limited to
between 90% and 110% of the alternate parent
assembly. Such qualification is subject to all other
applicable requirements of Annex J.
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AMERICAN NATIONAL STANDARD ANSI B16.41-1983

ANNEX K
REFERENCES

This Annex is an integral part of American National Standard B16.41,
and is placed following the main text for convenience.

The following is a list of standards and specifications referenced in this Standard showing the year of
approval.

ASME Publications (Approved as American National Standards)

ANSI N278.1-1975 Self-Operated and Power-Operated Safety-Related Valves,
Functional Specification Standard

ANSI/ASME BPV-III-1980 ASME Boiler and Pressure Vessel Code, Nuclear Power
Plant Components

ANSI/ASME BPV-XI-1980 ASME Boiler and Pressure Vessel Code, Rules for Inservice Inspection of
Nuclear Power Plant Components

Drafts (Not Approved or Published)

IEEE-382 Standard for Qualification of Safety Related Valve Actuators

Publications of the following organizations appear on the above list:

ASME The American Society of Mechanical Engineers
345 East 47th Street, New York, New York 10017

IEEE Institute of Electrical and Electronics Engineers
345 East 47th Street, New York, New York 10017

Publications appearing above which have been approved as American National Standards
may also be obtained from:

ANSI American National Standards Institute, Inc.
1430 Broadway, New York, New York 10018
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AMERICAN NATIONAL STANDARDS FOR PIPING,
PIPE FLANGES, FITTINGS, AND VALVES

{Published by The American Society of Mechanical Engineers)

TITLE OF STANDARD

Pipe Threads (Except Dryseal) 1968 . . . .. .. ... ... .. L i B2.1
Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250and 800, 1975 ................. B16.1
Malleable-Iron Threaded Fittings, Class 150and 300, 1977 . ..., ... ... ... . ... ... B16.3
Cast Iron Threaded Fittings, Class 125 and 250,1977 . .. ... . o i i B16.4
Steel Pipe Flanges and Flanged Fittings, Including Ratings for Class 150, 300, 400, 600, 900,

1500, and 2500, 1981 . . .. o it e e e e B16.5
Factory-Made Wrought Steel Buttwelding Fittings, 1978 ... ......... ... ... ... .. oL, B16.9
Face-to-Face and End-to-End Dimensions of Ferrous Valves, 1973 . . . . . .. .. ... .. . oL B16.10
Forged Steel Fittings, Socket-Welding and Threaded, 1980 .. . ... ........ . ... ... ... .. Bl16.11
Cast Iron Threaded Drainage Fittings, 1977 . . .. . . .. .. o it i e B16.12
Ferrous Pipe Plugs, Bushings, and Locknuts with Pipe Threads, 1977 ... .................... B16.14
Cast Bronze Threaded Fittings, Class 125and 250,1978 . ... ... ... ... .. L. B16.15
Cast Copper Alloy Solder Joint Pressure Fittings, 1978 ... ... ... ... ... .. ... .. oLt B16.18
Ring-Joint Gaskets and Grooves for Steel Pipe Flanges, 1973 . ... .................. ... ... B16.20
Nonmetallic Flat Gaskets for Pipe Flanges, 1978 . . .. ... ... . . i B16.21
Wrought Copper and Copper Alloy Solder Joint Pressure Fittings, 1980 ... .................. B16.22
Cast Copper Alloy Solder Joint Drainage Fittings, DWV, 1976 ... ........................ B16.23
Bronze Pipe Flanges and Flanged Fittings, Class 150and 300, 1979 .. .. ... ... .. .. ... .. ... B16.24
Buttwelding Ends, 1979 . .. ... . i e B16.25
Cast Copper Alloy Fittings for Flared Copper Tubes, 1975 .. . ... .. ... ... B16.26
Wrought Steel Buttwelding Short Radius Elbows and Returns, 1978 . .. .. .................. B16.28
Wrought Copper and Wrought Copper Alloy Solder Joint Drainage Fittings, DWV, 1980 .. ........ B16.29
Non-Ferrous Pipe Flanges, 150, 300, 400, 600, 900, 1500 and 25001b, 1971 ... .. ............ B16.31
Cast Copper Alloy Solder Joint Fittings for Sovent Drainage Systems, 1979 .. ................ B16.32
Small Manually Operated Metallic Gas Valves in Gas Distribution Systems Whose Maximum

Allowable Operating Pressure Does Not Exceed 60 psig or 125 psig, 1981 ............... B16.33
Steel Valves, Flanged, and Buttwelding End, 1981 . ... ... .. ... .. .. .. .. ... . . . ... B16.34
Steel Orifice Flanges, Class 300, 400, 600, 900, 1500 and 2500, 1975 and 1979 .. .. ... B16.36 and B16.36a
Hydrostatic Testing of Control Valves, 1980 ... ... ... ... ... . . . i, B16.37
Large Manually Operated Metallic Gas Valves in Gas Distribution Systems Whose Maximum

Allowable Operating Pressure Does Not Exceed 125 psig (8.6 bar, gage), 1978 . .. .......... B16.38
Malleable Iron Threaded Pipe Unions, Class 150,250 and 300, 1977 . ...................... B16.39
Manually Operated Termoplastic Gas Shut-Offs and Valves in Distribution Systems, 1977 . ...... .. B16.40
Fynctional Qualification Requirements for Power Operated Active Valve Assemblies

for Nuclear Power Plants, 1983 . . .. .. .. .. . i i i e e Bi16.41
Ductile Iron Pipe Flanges and Flanged Fittings, Class 150and 300,1979 .. .................. B16.42
Power Piping, 1980 . . . ... .ottt e B31.1
Fuel Gas Piping, 1968 . . . . .. .. it i e e B31.2
Chemical Plant and Petroleum Refinery Piping, 1980 ... ... ... ... ... .. ... .. .. o .. B31.3
Liquid Petroleum Transportation Piping Systems, 1979 . . ... ... . ... ... ... . oL, B31.4
Refrigeration Piping, 1974 . . . .. ... ... i e e e B31.5
Gas Transmission and Distribution Piping Systems, 1982 . .. .. .. .. ... . ... .. ... ... ... ... .. B31.8
ASME Guide for Gas Transmission and Distribution Piping Systems, 1980 (Not an American National Standard)
Welded and Seamless Wrought Steel Pipe, 1979 . . . .. .. . i i B36.10
Stainless Steel Pipe, 1076 . . . . .. .. .. it e e e e B36.19

Self-Operated and Power-Operated Safety-Related Valves, Functional Specification Standard, 1975 . .. N278.1

The ASME Publication Catalog shows a complete list of all Standards published by the Society.

The catalog, and. binders for holding these Standards, are available upon request.
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