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FOREWORD

In 1971, the ANSI N45.8 Committee was organized to develop standards for high reliability air cleaning equipment for

nuclear facilities and corresponding tests to confirm performance of the equipment. Two standards, ASME
ASME N510, were published in 1975 and 1976.

N509 and

In 1976, under the accredited organization rules, the Committee was reorganized as the ASME Committee

bn Nuclear

Air and Gas Treatment. The scope of responsibility increased to include the development of codes and Istahdards for
design, fabrication, inspection, and testing of air cleaning and conditioning components and appurtenandes used in

systemns in nuclear facilities. ASME AG-1, approved by the American National Standards Institute (ANS
30, 1985 and issued on February 28, 1986, was the new Code resulting from the increased(scope. The fi
editioh was approved by ANSI on May 22, 2017.

activifies. Construction, as used in this Foreword, is an all-inclusive term relating to material, design, fabricati

) on April
st revised

Code contains mandatory requirements, specific prohibitions, and nonmandatdry,guidance for cojnstruction

b1, inspec-

tion, festing, and certification. The Code does not address all aspects of these activities and those not dpecifically
addressed may be considered. The Code is neither a handbook nor a replacément for education, experjence, and

the ude of engineering judgment. The phrase “engineering judgment” refers to-technical judgments made
edgeaple designers experienced in the application of the Code. Engineering‘judgments must be consistent

by knowl-
with Code

philogophy and such judgments shall never be used to overrule mandatdry requirements or specific prohibitions of the

Code. [The user is cautioned to carefully review these Code requirements.for suitability to specific applications
nucledr power and nuclear fuel cycle facilities.

other than

The Code requirements established by the Committee shall not be interpreted as approving, recommending, or endor-

sing any proprietary design.

ThgCommittee on Nuclear Air and Gas Treatment meets regularly to consider revisions of the Code requirethents, new

Code fequirements as dictated by technological development, Code Cases, and requests for interpretation

5. Only the

Comnyittee on Nuclear Air and Gas Treatment has the-authority to provide official interpretations of this Cod¢. Requests
for reyisions, new Code requirements, Code Cases; orinterpretations shall be addressed to the Secretary in Writing and

shall give full particulars in order to receive eonsideration and action. (See the Correspondence With the
page.)

Committee

Following approval by the ASME Commiittee on Nuclear Air and Gas Treatment, ASME AG-1-2023 was agproved by

ANSI ds an American National Standarden'February 28, 2023. The requirements of this Standard take effect up
date.

bn its issue
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CORRESPONDENCE WITH THE COMMITTEE
ON NUCLEAR AIR AND GAS TREATMENT

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus|of concerned interests. Users of ASME codes and standards may correspond with the committees to-propose
revisions ¢r cases, report errata, or request interpretations. Correspondence for this Code should be sent €9 the staff
secretary hoted on the committee’s web page, accessible at https://go.asme.org/CONAGTcommittee.

Revisions and Errata. The committee processes revisions to this Code on a continuous basis to incerporate clanges
that appe;lr necessary or desirable as demonstrated by the experience gained from the applicationofthe Code. Apgroved
revisions will be published in the next edition of the Code.

In additjon, the committee may post errata on the committee web page. Errata become geffective on the date posted.
Users can|register on the committee web page to receive e-mail notifications of posted-errata.

This Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals shojuld be
as specificlas possible, citing the paragraph number(s), the proposed wording, and adetailed description of the rgasons
for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The|most common applications for cases are
(1) tq permit early implementation of a revision based on an urgent need
(2) tq provide alternative requirements
(3) tq allow users to gain experience with alternative or potential additional requirements prior to incorpojration
directly infto the Code
(4) tq permit the use of a new material or process
(b) Usefs are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be consldered
as approving, recommending, certifying, or endorsinglany proprietary or specific design, or as limiting in any whpy the
freedom of manufacturers, constructors, or owners'to choose any method of design or any form of construction that
conforms fo the Code.
(c) Aprpposed case shall be written as a question and reply in the same format as existing cases. The proposal shdll also
include thg following information:
(1) alstatement of need and backgreund information
(2) the urgency of the case (e:g., the case concerns a project that is underway or imminent)
(3) the Code and the paragraph, figure, or table number(s)
(4) the edition(s) of the €ode to which the proposed case applies
(d) A cdse is effective foruse when the public review process has been completed and it is approved by the coghizant
supervisolly board. Approved cases are posted on the committee web page.

Interpretations. ~ Upon request, the committee will issue an interpretation of any requirement of this Code. An|inter-
pretation fan be issued only in response to a request submitted through the online Interpretation Submittal F¢rm at
https://gdasme:org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic p-mail
confirming receipt.

ASME does not act as a consultant for specific engineering problems or for the general application or understanding of
the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer should
seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers can
track the status of their requests at https://go.asme.org/Interpretations.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “
device, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

” o«

certify,” “rate,” or “endorse” any item, construction, proprietary
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Committee Meetings. The CONAGT Standards Committee regularly holds meetings that are open to the public.
Persons wishing to attend any meeting should contact the secretary of the committee. Information on future committee
meetings can be found on the committee web page at https://go.asme.org/CONAGTcommittee.
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1 GENERAL

The ASME Co

ORGANIZATION OF ASME AG-1

de on Nuclear Air and Gas Treatment

Section GJ: Filters
Section GK: Mist Eliminators

consists

f Divisions I through IV. All divisions are

broken dgwn into sections designated by two capital
letters. Eafh division is made up as follows:

Division |
Sectign AA:
Sectign AB:

Division |

Conditigning
Sectign BA:
Sectign DA:
Sectign SA:
Sectign HA:
Sectign RA:
Sectign CA:
Sectign FA:
Sectidn FB:
Sectidn FC:
Sectidn FD:
Sectign FE:
Sectign FF:
Sectign FG:

General Requirements

System Design Guide

: Ventilation Air Cleaning and Ventilation Air

Fans and Blowers
Dampers and Louvers
Ductwork

Housings

Refrigeration Equipment
Conditioning Equipment
Moisture Separators
Medium Efficiency Filters
HEPA Filters

Type Il Adsorber Cells
Type III Adsorbers
Adsorbent Media
Mounting Frames for Air*€leaning

Eqyipment

Sectidn FH:

Other Adsorbers

Sectiqn FI: Metal Media Filters
Sectidn FJ: Low Efficieney Filters

Sectign FK:
Sectign FL:
Sectign FM:
Sectign FN:
Sectign \[A:

Special HEPA Filters
Deep*Bed Sand Filters
High-Strength HEPA Filters
Filter Media: High Efficiency
Instrumentation and Controls

Sectiom GM—NobleGas Hotd=tp Media

Division IV: Testing Procedures

Section TA: Field Testing of Air Treatment Syjstems

Section TB: Field Testing of Gas-Processing Sy

2 SECTIONS

Sections are divided into-articles, subarticles,
graphs, and, where necessary, subparagraphs and sy
paragraphs.

3 ARTICLES

Articles are designated by the application letter
cated aboye_for the sections, followed by Arabic nu
in unitsyof 1000, such as BA-1000 or RA-2000. \
possible, articles dealing with the same topi
given the same number in each section in accor
with the following:

stems

para-
bsub-

5 indi-
mbers
Vhere
s are
dance

Article
Number Title
1000 Introduction
2000 Referenced Documents
3000 Materials
4000  Structural Design
5000 Inspection and Testing
6000 Fabrication, Joining, Welding, Brazing,
Protective Coating, and Installation
7000 Packaging, Shipping, Receiving, Storage, and
Handling
8000 Quality Assurance
9000 Nameplates and Stamping

Division III: Process Gas Treatment

Section GA:
Section GB:
Section GC:
Section GE:
Section GF:
Section GG:
Section GH:

Heat Exchangers

Noble Gas Hold-Up Equipment

Gas Compressors and Exhausters
Hydrogen Recombiners and Igniters
Gas Sampling

Scrubbers

Cyclones

The numbering of articles and the material contai

ned in

the articles may not, however, be consecutive. Because the
complete outline may cover phases not applicable to a
particular section or article, the rules have been prepared

with some gaps in the numbering.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as

BA-1100 or RA-1200.
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5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as BA-
2130, and generally have no text. When a number such as
BA-1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS

Paragraphs are numbered in units of 1, such as BA-2131
or RA-2132.

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lowercase
letters in parentheses to major subparagraph numbers,
such as BA-1111.1(a) or RA-1111.2(b). When further
subdivisions of minor subparagraphs are necessary,
subsubparagraphs are designated by adding Arabic
numerals in parentheses to the subparagraph designation,
such as BA-1111(a)(1) or RA-1111(a)(2).

7 SUBPARAGRAPHS

Subjparagraphs, when they are major subdivisions of a
paragraph, are designated by adding a decimal followed
by ong or more digits to the paragraph number, such as
BA-1111.1 or RA-1111.2. When they are minor subdivi-
sions ¢fa paragraph, subparagraphs may be designated by
lowerfase letters in parentheses, such as BA-1111(a) or
RA-1111(b).

9-APPENDICES

Appendices pertaining to each section appéar at the end
of each section and are designated with the section prefix.
Nonmandatory appendices are designated by letters of the
alphabet, and mandatory appendices are des]gnated by
Roman numerals. Metric appendices carry the spme desig-
nators as customary appendices, with the prdfix “M.”
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ASME AG-1-2023
SUMMARY OF CHANGES

Followingapproval by the ASME AG Committee and ASME, and after publicreview, ASME AG-1-2023 was approved by the
American [National Standards Institute on February 28, 2023.

ASME AG-[1-2023 includes the following changes identified by a margin note, (23).

Page Location Change

1 AA-1100 Last sentence added

1 AA-1300 First paragraph revised

1 AA-1400 (1) Definitions of accessories, accidenty activated carbon, bdffle,

bed/adsorber bed, blank/blank area, broadened response
spectrum filter case, engineened safety features, filter medjum,
grade or type, HEPA filter;dndependent filter test laboratqry,
intervening element, margin, mechanical leak, most penetrdfing
particle size, nozzleyoperating pressure, particle size,
penetration, penetrometer, quality control program,
Refrigerant-11Refrigerant-12, Refrigerant-123, residence tfme,
sealants, separator, test aerosol, virgin activated carbon, wall
effect, and\zero period acceleration (ZPA) added

(2) Definitions of active component, housing, quality contro
program, safe shutdown earthquake (SSE), service factor, sipgle
failure, and witness points revised

(3)Definitions of broadband response spectrum, nuclear safety
function, and quality control examination deleted

Article AA-2000 References updated
AA-3100 Third paragraph revised in its entirety
16 AA-4323 Cross-reference updated
16 Table AA-4332-1 Former Table AA-4323-1 redesignated
16 AA-4331 Revised
16 AA-4332.1 Revised
17 AA-4340 First sentence revised
17 AA-435172 First sentence revised
19 AA-4355.3 (1) Second sentence revised
(2) Figure 4355.3-1 deleted
19 AA-4355.4 (1) Second sentence revised
(2) Figure AA-4355.4-1 deleted
20 AA-4356.4 (1) New figure reference added
(2) Figure AA-4356.4-1 deleted
20 Figure AA-4356.4-1 General note revised
22 AA-4430 AA-4431 and AA-4432 revised
25 AA-6310 (1) Subparagraph (g) revised
(2) Subparagraphs (k)(1)(-a) through (k)(1)(-g) editorially
revised
28 AA-6334.2 In second sentence, reference updated
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Page Location Change

29 AA-6410 In subparas. (e) and (g), references updated
30 AA-6432.2 Second sentence revised

30 AA-6513 First paragraph revised

31 AA-6524 First and second sentences revised

31 AA-6530 Subparagraphs (a) and (b) revised

31 AA-6541 In AA-6541.1 and AA-6541.2, in-text references updated
32 AA-6550 Revised

37 AA-10120 Second paragraph editorially revised

38 AA-10410 Subparagraph (a) revised

47 AA-A-6100 Second sentence revised

60 Article AA-C-1000 Last sentence revised

60 Article AA-C-2000 Subparagraph (a) revised

63 AB-4100 First paragraph revised

63 AB-4300 Subparagraphs (a) and (b) revised

64 AB-4400 Second paragraph revised

64 AB-4420 Subparagraph (p) revised

75 BA-1400 (1) First sentence added

(2) Definition of operating pressure deleted
(3) Definition of-orientation revised
(4) Definitions ‘of plenum fans and propeller fans added

76 Article BA-2000 References(updated

77 Article BA-3000 Revisedin its entirety

77 Article BA-4000 (1) Infirst paragraph, last sentence added
(2) In BA-4110, subparas. (f), (g), (i), and (1) revised

78 BA-4121 Revised

78 BA-4122 Cross-reference updated

78 BA-4130 Added, and subsequent paragraphs redesignated

78 BA-4140 Former BA-4130 revised in its entirety

79 BA-4150 Former BA-4140 revised

79 BA-4160 Former BA-4150 revised

79 BA-4170 Former BA-4160 revised in its entirety

79 BA-4200 Revised

80 BA-4300 Revised in its entirety

82 BA-4400 Revised in its entirety

83 Article BA-5000 Revised in its entirety

84 Article BA-6000 BA-6100 and BA-6110 revised

84 Article BA-7000 BA-7100 and BA-7300 revised

85 Article BA-8000 BA-8220 and BA-8300 revised

90 DA-1400 (1) Definitions of accessories and performance test(s) deleted
(2) Definitions of pressure relief and operating pressure added

111 SA-1400 Definition of accessories deleted

127 SA-B-1221 Subparagraph (c) editorially revised

138 SA-B-1330 Reference in last sentence updated

147 HA-1400 Definition of housing deleted

152 HA-4600 Subparagraph (f) revised
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Page
179
183
202
205
205

206
207
207
208
209
209
210
211
212
212
214
216
217
217
217
217
218
219
222
222

222
223
223
224
225
227
228
232
232
233
234

234
235
237

Location

RA-6131.2
RA-7630

Table RA-A-1000-1
CA-1300

CA-1420

Change

Editorially revised

First sentence editorially revised

The word safety deleted twice in RA-4200
Revised

(1) Definitions of brackish water, fresh water component support,
intervening element, and nozzle deleted
(2) Definition of coil ratings revised

Article CA-2000

Rererences updated

CA-3240 Subparagraphs (a) and (b) revised

Article CA-4000 CA-4100 and CA-4110(e) revised

CA-4122 Subparagraph (a) revised

CA-4126 Revised in its entirety

CA-4131 Revised in its entirety

CA-4210 Subparagraph (e) revised

CA-4422 Subparagraphs (d) and (e) revised

CA-4427 Subparagraph (b) revised

CA-4430 CA-4431 and CA-4432(c)(2)4qevised

CA-5230 Revised

CA-7200 Revised in its entirety

CA-7300 Revised in its entirety

CA-7400 Revised in itsxentirety

CA-7500 Revised in:ifs entirety

CA-8110 Subparagraph (b) revised

Table CA-8121-1 Revised

CA-9400 Revised

FA-1100 Revised

FA-1400 (1) Introductory sentence revised
(2) Definition of moisture separator revised

FA-3140 Grade references updated

FA-4210 Revised in its entirety

FA-5100 Last sentence deleted

Table FA-4100*1 Revised

FA-5130 Revised

TablesFA-A-1000-1 “Responsible Party” for “FA-4000” revised

Section FB Revised in its entirety

Nonmandatory Appendix FB-A Last sentence revised

Table FB-A-1000-1 Revised

Nonmandatory Appendix FB-B Added

FC-1400

Article FC-2000
FC-3160
Figure FC-4110-1

(1) Introductory sentence added

(2) Definitions of HEPA filter, independent filter test laboratory,
medium, particle size, penetrometer, and test aerosol deleted

(3) Definition of lot added

References updated
Revised in its entirety

Revised
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Page Location Change
237 Figure FC-4110-2 Revised
238 Figure FC-4110-3 Revised
241 Figure FC-4142-1 Revised
240 FC-4150 Revised
241 FC-5100 Subparagraph (f) added
247 FD-1400 (1) Introductory sentence revised
(2) Definitions of baffle, bed/adsorber bed, blank/blank area,
margin, mechanical leak, penetration, rejrigerant-11,
refrigerant-12, residence time, and wall effect deleted
(3) Definition of lot added
251 FD-5332 First sentence revised
252 Table FD-6100-1 In "Height" column, millimeters for "Body"“revised
259 FE-1400 (1) Definitions of baffle, bed/adsorber béd, blank/blanK area,
margin, mechanical leak, penetration; refrigerant-11,
refrigerant-12, residence timegsahd wall effect deleted
(2) Definition of channeling réyised
278 FF-1300 First sentence revised
278 FF-1400 (1) Introductory sentence revised
(2) Definitions of activated carbon, grade or type, and Virgin
activated carben, deleted
(3) Definition @f.Jot added
279 Article FF-3000 In second. pdragraph, last sentence revised
302 FH-6400 Reference updated
306 Section F] Revigsed in its entirety
310 Nonmandatory Appendix FJ-A Last'sentence updated
310 Table FJ-A-1000-1 “Items” for “FJ-7000” and “FJ-9000” revised
311 Nonmandatory Appendix FJ-B Added
312 FK-1400 Definitions of filter case, HEPA filter, independent filter |test
laboratory, particle size, penetrometer, and test aeroso| deleted
313 Article FK-2000 References updated
314 FK-3160 Revised in its entirety
322 FK-4170 Added
322 FK-4200 First sentence revised
350 FL-B-4100 Second paragraph editorially revised
352 Section FM Added
374 FN-1130 (1) Introductory sentence added
(2) Definitions of most penetrating particle size, particle size,
penetrometer, and test aerosol deleted
381 1A-1400 (1) Infrnﬂnr‘fnry sentence added
(2) Definition of channel deleted
382 Article 1A-2000 References updated
383 [A-4120 In first paragraph, last sentence revised
384 [A-4210 Revised
385 1A-4420 Second paragraph revised
385 [A-4531 First paragraph revised
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Page
394

396
401
402
413
415
415
415
427

430
430
444

454

455
455
484

Location Change
GA-1400 (1) Definitions of accident, component support, intervening
element, and nozzle deleted
(2) Definition of building structure revised
GA-4100 Subparagraphs (e) and (u) revised
GA-4432 Subparagraph (c) revised
GA-4532 Subparagraph (c) revised
GC-1400 Introductory sentence added
GC-3500 Cross-references updated
GC-4122 Cross-references updated
GC-4124 Cross-references updated
GE-1400 (1) Definition of accident deleted
(2) Definition of severe accident revised
GE-4110 Subparagraph (g) revised
GE-4400 In-text reference “ANSI/AISC 360" updated
GM-1300 (1) Introductory sentence revised
(2) Definitions of activated carben,'grade or type, and virgi
activated carbon deleted
TA-1400 (1) Introductory sentence, revised
(2) Definition of HEPA (high efficiency particulate air) filten
deleted
TA-3100 In Note, second sentence revised
TA-3230 Last sentence*editorially revised
Division V Added

~
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(23)

(23)

ASME AG-1-2023

Division |
General Requirements

SECTION AA

AA-1]
Thi

ARTICLE AA-1000
INTRODUCTION

00 SCOPE

b Code provides requirements for the performance,

desigh, fabrication, installation, inspection, acceptance

testin
and g
Code
systerf

AA-1

The
used i
is acc

AA-1]

Thi
syste
syste
syste
systerf
guida

The
ment
featur]
gener
other

b, and quality assurance of equipment used in air
as treatment systems in nuclear facilities. This
also provides nonmandatory guidance for
hs involving components covered by this Code.

00 PURPOSE

purpose of this Code is to ensure that equipment
h nuclear facilities for air and gas treatment systems
bptable in all aspects of design and operation.

300 APPLICABILITY

5 Code applies only to individual ‘components in a
m. This Code does not coyerrany functional
m design requirements dr sizing of complete
ns, or any operating €haracteristics of these
hs. However, it does provide supplemental design
ice.

requirements of ASME AG-1 for air and gas treat-
components'may be used for engineered safety
es systems.aitd normal systems in nuclear power
ation facilities, and for air cleaning systems in
nucléar facilities. The design and procurement

specif
and ¢

the application.

ications shall delineate the design, qualification,

AA-1400 DEFINITIONS AND TERMS

Each Code section shall delineate the definitions and
terms unique to that section. Definitions that have
common application are listed in this Article.

COMMON ARTICLES

acceptance test: a test made upon_completion

of fabrica-

tion, installation, repair, or modification of a ugit, compo-

nent, or part to verify to the\user or Owner th
meets specified requinénients.

accessories: components of a duct system or g
that are required)to make the system or ¢
operate in acCordance with design. Exary
turning vanes, diffusers, solenoid valves
switches, indicating lights, pressure regul
gaskets.

accident: an undesired condition at a nuclear p
orfacility that involves unplanned equipment
malfunctions. See also beyond design-basis eve
design-basis accidents (DBA), and severe accid|

activated carbon: a family of carbonaceous §
manufactured by processes that develop adsorj
erties.

active component: any component that must
mechanical motion or change of state d
course of accomplishing its intended function

air density: 0.075 Ib/ft® (1.201 kg/m?) for st
This corresponds to air at a pressure of 29
(760 mm Hg) at a temperature of 69.8°F (21|

specific volume of 13.33 ft*/lb (0.832 m?/kg).

airflow (cfm, acfm, scfm, acms, scms): expressed
cubic feet of air per minute (cfm). Actual cfm
cubic foot of air with a density at actual existing
Standard cfm (scfm) is a cubic foot of air with
density. The terms “acms” and “scms” corres

ht the item

omponent
bmponent
nples are
position
tors, and

bwer plant
failures or
nt (BDBE),
ent.

ubstances
tive prop-

perform a
uring the

ndard air.
.92 in. Hg
°C) with a

in terms of
[acfm) is a
onditions.
h standard
pondingly

dard conditions.

and stan-

allowable deflection, d,): the deflection resulting from each
of the component loading conditions defined in AA-4212.

allowable stress value, S: the maximum stress
used in the design.

limit to be

assembly: two or more devices sharing a common

mounting or supporting structure.
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baffle: a nonperforated member oriented substantially
perpendicular to the direction of airflow, connected to

wall or divider of the cell, and having the purpose of

preventing wall effects and channeling.

bed/adsorber bed: alayer of adsorbent contained between
two perforated sheets spaced at a specified distance; also,
the assembly of perforated and nonperforated members
that comprises the volume into which the adsorbent is
packed, due to nonuniform packing segregation, irregular

contamination: any unwanted material in the air

or on

surfaces. For the purpose of this Code, contamination
is usually assumed to be hazardous or radioactive.

contamination zone: an isolated area that is or that could
become contaminated and that is designed to facilitate

decontamination.

Contractor: any organization under contract for furn

ishing

items or services to an organization operating in compli-

ance with this Code. Itincludes the terms vendor, su

pplier,

sizes or sh DTS Ufgl amutes; oT L,‘libpldLClllCllL Ufgl anutes by
direct impgingement of high-velocity air.

blank/blank area: a nonperforated area within the perfo-
rated portlions of a perforated sheet or screen.

broadened| response spectrum: a response spectrum that
describes the motion indicating that multiple frequency
excitation [predominates.

certificate|of compliance: a written statement attesting
that the njaterials are in accordance with specified re-
quirements.

certificate|of conformance: a document signed or other-
wise auth¢nticated by an authorized individual certifying

the degred to which items or services meet specified re-
quirements.
Certified Material Test Report (CMTR): a document

provided |by the Material Manufacturer or Material
Supplier 3nd signed by an authorized individual that
contains dufficient data and information to verify the
physical ahd chemical properties of the furnished mate-+
rial.

componenjt: a constituent of any referenced item.-For
example, gn adsorber is a component of an air‘cleaning
unit. An aif cleaning unit and ducts are components of the
air cleanirlg system.

component conditions: operating conditions of a compo-
nent referffed to as Service Level A, Service Level B, Service
Level C, orx Service Level D.

contained|space: a building, building space, room, cell,
glove bo¥, or other erctesed volume in which air
supply angl exhaust are_controlled.

contamindlted exhaust'system: an air cleaning system that
is designgd to.remove harmful or potentially harmful

subcontractor, and Fabricator, and subtier levels-of
where appropriate, but excludes Material Supplie
Material Manufacturers.

decibel (dB): a numerical expression of the relative
ness of a sound, which is a dimensionless quantity, U
express a level in logarithmic terms\of the ratio of a
tity to a reference for sound pré€ssure, which is (
dyne/cm?; for sound power;ithat reference is 10

decontamination: the removal of contamination frd
air or surfaces.

design specification:a concise document defining teg
requirements in ‘sufficient detail to form the basi
product, material, or process that indicates, when 3
priate, thé procedure or means that determines w
or not the given requirements are satisfied. The
specification includes requirements for perfor
anditesting.

design working pressure: the maximum allowable w
pressure for which a specific part of a system is des

device: an item, component, or accessory that is u|
connection with, or as an auxiliary to, other items of
ment.

driver: a prime mover that produces rotational
input to the driven equipment. For the purpose
Code, the term driver will be understood to bean AC

these
's and

loud-
sed to
quan-
.0002
12

m the

hnical
for a
ppro-
ether
esign
ance

rking
igned.
Ked in
Pquip-

bower
f this
nduc-

tion motor. Other types of drivers are not covered by this

section of the Code.
duct: an air or gas path enclosure.

effective width: a reduced width of plate that is effec
carrying loads after the local buckling stress hasg
exceeded. These effective plate regions are adjac
stiffeners, or at corners where two or more j

five in

been
ent to
oined

particulat¢s,niists, or gases from the air or gas exhausted plates stiffen one another. Forty to fifty plate thickhesses
from a COMWM&—aumMMMh the

contaminated space: any enclosed or outdoor space with
actual or potential airborne concentrations of hazardous
or radioactive materials that may cause one or both of the
following:

(a) unacceptable damage or dose to personnel and
equipment occupying the space

(b) contamination of other spaces

stiffeners.

Engineer: as used in this document, the Engineer

is the

individual or organization designated by the Owner to
be responsible for the original design or modification
to the original design of air and gas treatment systems,

and is responsible for determining the performan
rameters for the system.

ce pa-
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engineered safety feature (ESF): a nuclear air treatment
system, HVAC system, gas processing system, or compo-
nent that serves to control and limit the consequences of
releases of energy and radioactivity.

engineered safety features function: a term applying to any
component, system, or structure performing a function
that is necessary to ensure

(a) the integrity of the reactor coolant pressure
boundary or primary coolant boundary

hold points: pre-established critical steps in manufac-
turing and testing that require the manufacturer to
advise the QAR (quality assurance representative)
before proceeding further with the work, subject to
the approval of the work up to that point by the QAR.
The manufacturer shall not proceed with the work
past the hold point except by written agreement from
the purchaser or authorized agent.

housing: a duct section that encloses and provides access

(b) rthrecapabitity toshut dowmr thre reactor—amd Tmain=
tain if in a safe shutdown condition

(c) |the capability to prevent or mitigate the conse-
quendes of plant conditions that could result in potential
offsitd exposures

equipment: all HVAC components, including ductwork,
housings, plenums, fans, cleaning and refrigeration
devicgs, dampers, and structural supports.

Fabrigator: as used in this Code, this term refers to the
organjzation that assembles, forms, or constructs compo-
nentsfor use in air or gas treatment systems for the Owner
or the|Owner’s designee. Fabricators receive materials for
fabricption from a Material Supplier and Material Manu-
facturgr.

filter gase: the outer frame of an axial flow filter in which
the filter pack is sealed.

filter medium: a porous material that separates the solid
partides or liquid droplets from the air or gas passing
through it. The plural form is media.

full-lopd heat run: a test to determine the driver tempera-
ture rise. The driver must be run at full load until the driver
tempdrature stabilizes. Driver winding temperatures are
then thken, or resistance of the windings is taken and the
tempdrature calculated.

gradel or type: the manufacturef’s, designation for an
adsorpent having a given set of performance capabilities
and physical properties, manufactured according to a
fixed pet of procedures.

grourd acceleration?)the acceleration of the ground
resultfing from th¢ motion of a given earthquake. The
maxipum ground acceleration is obtained from the
ground response spectrum as the acceleration at high
frequé¢ncies_(in excess of 33 Hz).

harsh|environment: an adverse environment caused by a

(0 OTIT OT ITOT € COTITPOTIETICS, eactrof witich Ty pe used for
moving, cleaning, heating, cooling, humidifying, or dehu-
midifying the air or gas stream and that provides connec-
tions to adjacent ductwork, instrumentation, and ancillary
systems..

independentfilter test laboratory;an autonomoys body not
affiliated with a HEPA filtér manufacturer o supplier
subject to this Code but capable of performing the
tests necessary to demonstrate the ability of HEPA
filters to meet this,Cade.

interspace: any space other than the contaminpted space
or the protected space where the air cleaning|system or
parts may.belocated. The interspace may be ¢onsidered
contaminated if its concentration of airborne dontamina-
tion ishigher than the concentration inside thatlpart of the
air'cleaning system located within the intergpace. The
interspace may be considered clean if its conjcentration
of airborne contamination is lower than the conjcentration
inside the partof the air cleaning system located within the
interspace.

intervening element: a structure in the supportlpad path of
an ASME BPVC-stamped component that is not designed
to the requirements of that Code but is located between
the component support and the nuclear facilify building
structures.

leak tightness: the condition of a componert, unit, or
system where leakage through the pressure|boundary
isless than a specified value at a specified differgntial pres-
sure.

low cycle fatigue: a progressive fracture or dumulative
fatigue of a material that may occur in less than 1,000
cycles due to a localized stress concentration

manufacturer’s qualified standard or material: p standard
or material used by a particular manufacturer|that is not
identifiable to an indnch‘v-rm‘ngnhpd standard. Where

postulated design accident event that results in more
severe environmental conditions than would normally
be expected had the accident event not occurred.

HEPA filter: high efficiency particulate air filter. A throw-
awa, extended-medium dry-type filter with a rigid casing
enclosing the full depth of the pleats. The filter shall exhibit
a minimum efficiency of 99.97% when tested with an
aerosol of 0.3 pum diameter test aerosol particles.

this type of standard or material is used, proof of accept-
ability will be demonstrated by the manufacturer’s design
calculations or tests.

margin: an unperforated area at the side or end of, or
around the perforated area of a perforated sheet or screen.

Material Manufacturer: as used in this Code, this term
refers to an organization that certifies that metallic or
nonmetallic material furnished is in compliance with re-
quirements of the basic material specifications. In


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

addition, the Material Manufacturer supervises and
directly controls one or more of the operations that
affect the material properties required by the material
specification, and verifies the satisfactory completion
of all the requirements of the material specification
performed prior to that certification.

Material Supplier: as used in this Code, this term refers to
an organization that supplies metallic or nonmetallic
material produced and certified by Material Manufac-

ating license by the regulatory authority having lawful
jurisdiction.

particle size: the apparent linear dimension of the particle
in the plane of observation, as observed with an optical
microscope; or the equivalent diameter of a particle
detected by instrumentation. The equivalent diameter
is the diameter of a reference sphere having known prop-
erties and producing the same response inn the sensing
instrument as the particle being measured.

turers, bufdoes ot peT form Iy Operations thataffect
the materfal properties required by the material specifi-
cation.

maximum Heflection value, d,,.,: the maximum deflection,
including lequipment tolerances, that can be sustained
without impairing system function.

mechanicdl leak: the measure of the directleakage through
metal parts of the adsorber or its joints due to defects in
materials pr fabrication methods.

most penetrating particle size: that particle size for which
the penetrption of the filter medium by the test aerosolis a
maximum/|at a specified velocity.

narrow bahd response spectrum: a response spectrum that
describes [the motion indicating that a single frequency
excitation [predominates.

natural frdquency: the frequency at which a linear-elastic
structure will tend to vibrate once it has been set into
motion. A §tructure can possess many natural frequencies.
The lowegt of these is called the fundamental natural
frequency| Each natural frequency is associated with a
mode shape of deformation.

those fun¢tiofisyof the plant necessary for subsequent
operation|without undue risk to the health and safety

penetration: the exit concentration of a given gas-frpm an
air cleaning device, expressed as percentage of inlet
concentration.

penetrometer: adevice for generating a testaerosol gnd for
evaluating the aerosol particle penetration and air|resis-
tance of fabricated HEPA filters,

performance test: a test made oh.an individual prodjiction
item or lot of a product to vérify its performance in pccor-
dance with specified requirements.

periodic maintenancé_regularly scheduled equipment
upkeep.
plenum: a section”of duct in the airflow path that| has a
sufficient cross-sectional area and depth to cause supstan-
tial reduction in flow velocities. The plenum may cpntain
flow adjlistment devices and may collect and distribute
several air or gas streams.

protected space: any enclosed or outdoor space that hasits
concentrations of airborne toxic or radioactive materials
limited to acceptable levels by action of a cleaning system.

quality control administration: the management and/docu-
mentation that ensures that the specified quality cpntrol
examination is performed.

quality control program: the comparison of the phlysical,
chemical, or other characteristics of a material, cpmpo-
nent, part, or appurtenance to specified acceptancg stan-
dards.

refrigerant-11: trichlorofluoromethane in accordance
with ASHRAE 34.

refrigerant-12: dichlorodifluoromethane in accordance
with ASHRAE 34.

refrigerant-123: 2,2-dichloro-1,1,1-trifluoroethane in
accordance with ASHRAE 34.

required respanse snectrum [RRS): the response spectrum
1 £ £ t + +

of the public are designed to remain functional.

operating pressure: the positive or negative pressure that
may occur during normal operation. Included are pres-
sures of normal design airflows and impact pressures
from rapid changes of other devices in a system.

Owner: the organization legally responsible for the
construction and/or operation of a nuclear facility,
including, but not limited to, one who has applied for,
or who has been granted, a construction permit or oper-

issued by the user or the user’s agent as part of the user’s
specification for proof testing, or artificially created to
cover future applications. The RRS constitutes a require-
ment to be met.

residence time: the calculated time that a contaminant gas
or vapor remains in contact with the adsorbent at a speci-
fied volume flow rate, based on net unbaffled screen areas
and thickness of the bed.
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resonance: a structural response to a dynamic input, char-
acterized by vibration of the structure at its natural
frequency.

response spectrum: a plot of the maximum response of
single degree of freedom bodies, at a damping value
expressed at a percent of critical damping of different
natural frequencies, when these bodies are rigidly
mounted on the surface of interest (that is, on the
ground for the ground response spectrum or on the
floor
surfade is subjected to the motion of a given earthquake
as madified by an intervening structure.

safe shutdown earthquake (SSE): the earthquake that
prodyces the maximum vibratory ground motion for
which| structures, systems, and components are designed
to perform their function. Itisbased upon evaluation of the
maximum earthquake potential considering regional and
local geology and seismology and specific characteristics
of local subsurface material.

sealants: materials used for the following purposes:
(a) |hold the filter media in position in the frame
(b) |attach gaskets
(c) |splice media

separqtor: device used to support and position folds in the
filter media to provide air passage.

servicg factor: the allowable loading above the nameplate
rating]

shutdgwn: the procedure of making a reactor subcritical or
the sthte of a reactor in a subcritical condition.

singlelfailure: a random occurrence that results.in loss of
capabljlity of a component to perform its intended func-
tion. Multiple failures resulting from a §ingle occurrence
are cdnsidered to be a single failurg:

sound]| an alteration in pressure, stréss, particle displace-
ment,jand particle velocity thatis)propagated in an elastic
materjial, or the superposition.of such propagated altera-
tions.

sound|power: the totalenergy radiated by a source per unit
of timle.

sound|power level,'L,,: the amount of power radiated from a
noise ource-relative to a reference power level. In deci-
bels, it is. I0.times the logarithm to the base 10 of the ratio
ofthe

cousticnowerin wattsto the reference power The
t $

structural analysis report: a document that, through the
use of applicable and recognized mathematical techni-
ques, verifies the equipment under consideration
possesses sufficient structural integrity to withstand
the specified combination of normal, abnormal, and
design-basis event loads. Acceptance criteria shall be
defined by the design specification.

structures and supports: the entire range of structural
elements used to fill either or both functions of carrying
T Loy with struc-
tural stability. The term includes hangers)which are
generally considered to be those elerhents fhat carry
the weight from above with the supperting| members
being mainly in tension. Likewise, the ternp includes
supports that carry the weight-from below with the
supporting members being/mainly in compression. The
term also includes spring-loaded sway braces] snubbers,
and other devices use€d~to provide structurgl stability
during any of the specified operating conditigns.

test aerosol: a dispérsion of particles in air for festing the
penetration of\filter media or filters.

test respbnsé spectrum (TRS): the responke that is
constructed using analysis or derived using|spectrum
analysis equipment based on the actual motion of the
testmachine.

total enclosed, air over (TEAOQ): a driver in:lended for
cooling by a minimum flow of air over the difiver.

water gauge: the measure of pressure expressef as height
of water column in inches or millimeters.

virgin activated carbon: a material that hag not seen

service and has not been reactivated.

wall effect: partial gas stream bypass of the ads¢rbent that
occurs along an unbaffled metal to adsorbent interface.

witness points: operations in manufacturing gnd testing
that require the manufacturer to advise the quglity assur-
ance representative (QAR) before proceeding|further so
that the subsequent operation may be witnesged by the
QAR.

zero period acceleration (ZPA): the acceleration] of a parti-
cular building floor (or equipment mounting) resulting
from the motion of a given earthquake. The [maximum
floor acceleration is obtained from the flooj response
spectrum as the acceleration at high frequencies (in

reference power is 10712 w.

L= 10logW/10™ 12

stiffeners: internal or external members used to reinforce
duct, housing, and plenums, which may be used to
transmit loads and reactions to supports.

excess of 33 Hz).

ARTICLE AA-2000
REFERENCED DOCUMENTS

Each Code section shall delineate the referenced docu-
ments applicable to that section. References applicable to
Section AA or that have common application are listed in
this section. Unless otherwise shown or noted, the latest
edition and addenda are applicable. Individual facilities
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may be designed to different editions and addenda of the
documents than those listed below. It is the responsibility
of the end user to reconcile the design-basis edition and
addenda of these documents to the editions and addenda
provided herein.

AISC 325. Steel Construction Manual, 15th Edition. Amer-
ican Institute of Steel Construction.

AISID100-2017.Cold-Formed Steel Design Manual. Amer-
ican Iron and Steel Institute.

ASTM D4227-2005 (R2017). Standard Practice for Quali-
fication of Coating Applicators for Application of Coat-
ings to Concrete Surfaces. ASTM International.

ASTM D4228-2005 (R2017). Standard Practice for Quali-
fication of Coating Applicators for Application of Coat-
ings to Steel Surfaces. ASTM International.

ASTM D4537-12 (R2018). Standard Guide for Establishing
Procedures to Qualify and Certify Personnel Performing
Coating and Lining Work Inspection in Nuclear Facil-
ities ASTM International

APA PS 1-09. Structural Plywood. APA — The Engineered
Wood Association.

ASHRAE 34. Designation and Safety Classification of
Refrigefants. American Society of Heating, Refriger-
ating arld Air-Conditioning Engineers.

ASHRAE 52.2-2017. Method of Testing General Ventila-
tion AirjCleaning Devices for Removal Efficiency by
ParticlefSize. American Society of Heating, Refrigerating
and Air{Conditioning Engineers.

ASHRAE Terminology: A Comprehensive Glossary of
Terms for the Built Environment. American Society
of Heatlng, Refrigerating and Air-Conditioning Engi-
neers.

ASME B31.1. Power Piping. The American Society of
Mechanjcal Engineers.

ASME Boiler and Pressure Vessel Code, Section II. Mate-
rials. THe American Society of Mechanical Engineers.

ASME Boiler and Pressure Vessel Code, Section III. Rules
for Congtruction of Nuclear Facility Components. The
Americgn Society of Mechanical Engineers.

ASME Boilpr and Pressure Vessel Code, Section V. Nondes-
tructive|Examination. The American Society of Mechan-
ical Englineers.

ASME Boilper and Pressure Vessel Code, Section:VIII. Rules
for Congtruction of Pressure Vessels — Bivision 1. The
Americgn Society of Mechanical Engineers.

ASME Boiler and Pressure Vessel Code,.Section IX. Quali-
fication| Standard for Welding,\Bfazing, and Fusing
Procedyres; Welders; Brazers;-and Welding, Brazing,
and Fusing Operators. The Américan Society of Mechan-
ical Englineers.

ASME NQA-1. Quality Assurance Requirements for
Nuclear] Facility Applications. The American Society
of Mechanical Etigineers.

ASNT SNT-T€=1A-2016. Recommended Practice for
Personall Qualification and Certification in Nondestruc-

ASTM D5161A-04. Standard Guide for Specifyinglhspec-
tion Requirements for Coating and Lining Work {Metal
Substrates). ASTM International.

ASTM E165/E165M-18. Standard Practice for Liquid
Penetrant Examination for Genetal Industry. ASTM
International.

AWS A2.4-2012. Standard Symbdls for Welding, Bffazing,
and Nondestructive Examination. American Wglding
Society.

AWS A3.0M/A3.0-2010. Standard Welding Tern{s and
Definitions Including Terms for Adhesive Bonding,
Brazing, Soldering, Thermal Cutting, and Thermal
Spraying. American Welding Society.

AWS A5.8M}A5.8-2019. Specification for Filler Methls for
Brazing‘and Braze Welding. American Welding S¢ciety.

AWS C¥1M/C1.1-2019. Recommended Practicgs for
Resistance Welding. American Welding Society.

AWS (C3.3-2008 (R2016). Recommended Practides for
Design, Manufacture, and Examination of Critical
Brazed Components. American Welding Society|

AWSD1.1/D1.1M-2020. Structural Welding Code — Steel.
American Welding Society.

AWSD1.3/D1.3M-2018. Structural Welding Code —{ Sheet
Steel. American Welding Society.

AWSD1.6/D1.6M-2017. Structural Welding Code —|Stain-
less Steel. American Welding Society.

AWSD9.1/D9.1M-2018. Sheet Metal Welding Code. Amer-
ican Welding Society.

AWS 749.1-2012. Safety in Welding, Cutting and |Allied
Processes. American Welding Society.

DOE HDBK-1169-2003. Nuclear Air Cleaning Handbook.
U.S. Department of Energy.

ERDA 76-21-1976. Nuclear Air Cleaning Handbook.
National Technical Information Service.

IEEE 112-2017. Standard Test Procedure for Polyphase
Induction Motors and Generators. Institute of Eleftrical

tive TesSting. American SOCIety for Nondestructive
Testing.

ASTM A370-19. Standard Test Methods and Definitions
for Mechanical Testing of Steel Products. ASTM Inter-
national.

ASTM A380 /A380M-17. Standard Practice for Cleaning,
Descaling, and Passivation of Stainless Steel Parts,
Equipment, and Systems. ASTM International.

ASTM D3843-16. Standard Practice for Quality Assurance
for Protective Coatings Applied to Nuclear Facilities.
ASTM International.

and Electronics Engineers.

IEC/IEEE 60780-323-2016.Nuclear Facilities — Electrical
Equipment Important to Safety — Qualification. Insti-
tute of Electrical and Electronics Engineers.

IEEE 334-2006 (R2012). Standard for Qualifying Contin-
uous Duty Class 1E Motors for Nuclear Power Gener-
ating Stations. Institute of Electrical and Electronics
Engineers.
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IEEE 344-2013. Standard for Seismic Qualification of Class
1E Equipment for Nuclear Power Generating Stations.
Institute of Electrical and Electronics Engineers.

NCIG-01. Visual Weld Acceptance Criteria for the Struc-
tural Welding at Nuclear Power Plants, Revision 2.
Nuclear Construction Issues Group.

NCIG-03. Training Manual for Inspectors of Structural
Welds at Nuclear Power Plants Using the Acceptance
Criteria of NCIG-01, Revision 1. Nuclear Construction

AA-3200 MATERIAL SUBSTITUTION

Substitute materials may be used provided they are
equivalent to or exceed the stated requirements. In addi-
tion, other materials permitted by Section III of the ASME
Boiler and Pressure Vessel Code (hereafter referred to as
ASME BPVC) are acceptable materials. The materials
selected shall be evaluated for suitability with service
conditions and compatibility with other materials used
in the system or component.

Issyes Grmlp

NEMA MG-1-2016. Motors and Generators. National Elec-
trichl Manufacturers Association.

SSPC-FP 10. Near-White Metal Blast Cleaning. Association
for Materials Protection and Performance.

Specifiication for the Design, Fabrication and Erection of
Stryctural Steel for Buildings, ninth edition. American
Institute of Steel Construction.

UL 586. UL Standard for Safety High-Efficiency, Particu-
late] Air Filter Units. Underwriters’ Laboratories.

UL 90p. UL Standard for Safety Air Filter Units. Underwri-
terd Laboratories.

ARTICLE AA-3000
MATERIALS

AA-3100 GENERAL

Materials of construction for all components and acces:
soriegshall conform to the ASME or ASTM materialispéci-
ficatidns listed in Table AA-3100-1. The latest edition of
the mpterial specification should be used, unless other-
wise gpecified.

Each section of this Code may also delineate material
requifjements applicable to that section:

Allgwable stress values, S or S,,,, ised for design, shall be
determnined as follows:

(a)|Where ASME material\specifications are refer-
enced} the allowable stress)values for the material and
grade|used shall be obtained from ASME BPVC, Section
II, Paqjt D.

(b)|Where ASTM“material specifications are refer-
enced] if an identical ASME material specification is avail-
able, the allowable stress values shall be as noted in (a).

(c) [If.ASTM or other code material specification are
used and there is no equivalent ASME material specifica-

AA-3300 MATERIAL TESTING

When required by the design specificatior, material
shall be tested in accordance with the‘applicable material
specification. Supplemental material testing, when
required, shall be performéd in accordgdnce with
Article AA-3000.

AA-3400 CERTIFICATION OF MATERIAL

The design specifications shall require thqt Material
Manufacturers‘or Material Suppliers provid¢ Certified
Material Test Reports for all pressure boundaryland struc-
tural materials required for proper function|of the air
systenixcomponents. Specific requirements or|additional
requirements or both may be provided in ¢ach Code
Section.

All other components used in the constfuction of
components and accessories shall be provided with a
Manufacturer’s certificate of conformance copering the
ASME, ASTM, or other material specificatipn, grade,
and class, if applicable.

)

ARTICLE AA-4000
STRUCTURAL DESIGN

AA-4100 SCOPE

This Article contains the minimum requirg¢ments for
structural design of equipment for which this Code is ap-
plicable. Nonmandatory Appendices AA-A thrpugh AA-C
contain guidance on implementing these rulef.

AA-4110 Environmental Qualification

Equipment shall be qualified to meet the environmental

aditian. n ifiad fortha oo iz
T T

tion, then the allowable stress values shall be calculated to
be 0.6 S, (yield stress) as noted in the material specifica-
tions.

(d) Ifthe allowable stress values cannot be determined
asnotedin (a), (b), or (c), then tests in accordance with the
procedures outlined in ASTM A370 shall be performed to
obtain the allowable stress values.

conditions-speeified-for-the-equipmer isions Il and

IIT of this Code.

AA-4200 DESIGN CRITERIA

This subarticle contains the load, stress, deflection, and
other criteria for the design of equipment. Verification of
equipment design shall be based on calculations or tests,
or a combination of both.
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Table AA-3100-1
Allowable Materials

ASME ASTM
Designator Designator Publication Title
Carbon Steel Plate, Sheet, and Strip
SA-36/SA-36M A36/A36M Standard Specification for Carbon Structural Steel
A242/A242M Standard Specification for High-Strength Low-Alloy Structural Steel
SA-283/SA-283M A283/A283M Standard Specification for Low and Intermediate Tensile Strength Carbon Steel
Plates
SA-285/SA-285M A285/A285M Standard Specification for Pressure Vessel Plates, Carbon Steel, Low- ahd
Intermediate-Tensile Strength
SA-414/SA-414M A414/A414M Standard Specification for Steel, Sheet, Carbon, and High-Strength, Low-Alloy
for Pressure Vessels
A514/A514M Standard Specification for High-Yield-Strength, Quenched.and Tempered Alloy
Steel Plate, Suitable for Welding
SA-515/SA-515M A515/A515M Standard Specification for Pressure Vessel Plates, Carbon Steel, for
Intermediate- and Higher-Temperature Service
SA-516/SA-516M A516/A516M Standard Specification for Pressure Vessel Plates,'Carbon Steel, for Modefate-
and Lower-Temperature Service
SA-568/SA-568M A568/A568M Standard Specification for Steel, Sheet, €arbon, Structural, and High-Strepgth,
Low-Alloy, Hot-Rolled and Cold-Rolled, General Requirements for
A606 Standard Specification for Steel; Sheet and Strip, High-Strength, Low-Alloy,
Hot-Rolled and Cold-Rolled,)with Improved Atmospheric Corrosion
Resistance
A635/A635M Standard SpecificationforSteel, Sheet and Strip, Heavy-Thickness Coils,|Hot-
Rolled, Alloy, Carbon, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability, General Requirements for
A653/A653M Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zincilron
Alloy-Coated’ (Galvannealed) by the Hot-Dip Process
A659/A659M Standard-Specification for Commercial Steel (CS), Sheet and Strip, Carbon (0.16
Maximum to 0.25 Maximum Percent), Hot-Rolled
A879/A879M Standard Specification for Steel Sheet, Zinc Coated by the Electrolytic Prqcess
for Applications Requiring Designation of the Coating Mass on Each Sufface
SA-1008/FA-1008M A1008/A1008M Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, fligh-
Strength Low-Alloy, High-Strength Low-Alloy with Improved FormalHjility,
Solution Hardened, and Bake Hardenable
SA-1011/pA-1011M A1011/A1011M Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural,
High-Strength Low-Alloy, High-Strength Low-Alloy with Improved
Formability, and Ultra-High Strength
Carbon Sgeel Forgings and Castings
A27/A27M Standard Specification for Steel Castings, Carbon, for General Applicatipn
A148/A148M Standard Specification for Steel Castings, High Strength, for Structural
Purposes
SA-216/SA-216M A216/A216M Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welfling,
for High-Temperature Service
A668/A668M Standard Specification for Steel Forgings, Carbon and Alloy, for General

Carbon Steel Pipe, Tubing, and Fittings

SA-53/SA-53M

SA-105/SA-105M
SA-106/SA-106M

SA-134

SA-135

A53/A53M

A105/A105M
A106/A106M

A134

A135/A135M

1 P
ITITUUS N IdD UST

Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless

Standard Specification for Carbon Steel Forgings for Piping Applications

Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service

Standard Specification for Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS
16 and Over)

Standard Specification for Electric-Resistance-Welded Steel Pipe
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Table AA-3100-1

Allowable Materials (Cont’d)

ASME
Designator

ASTM
Designator

Publication Title

Carbon Steel Pipe, Tubing, and Fittings (Cont'd)

SA-181/SA-181M
SA-182/SA-182M

SA-209/SA-209M

A181/A181M
A182/A182M

A209/A209M

Standard Specification for Carbon Steel Forgings, for General-Purpose Piping

Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe
Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

Standard Specification for Seamless Carbon-Molybdenum Alloy-Steel Boiler

SA

234 /SA-234M
SA-335/SA-335M
SA-420/SA-420M

SA

450/SA-450M

SA-530/SA-530M

Strufctural Carbon Steel Bars and Shapes

SA-36/SA-36M

A234/A234M
A335/A335M
A420/A420M
A450/A450M

A519
A530/A530M

A36/A36M
A108
A500/A500M

A501
A510/A510M

A575
A576
A588/A588M

Stainless Steel Plate, Sheet, and, Strip

SA-240/SA-240M

SA

480/SA-480M

SA-666

A240/A240M

A480/A480M

A666

Stainless-Steel Forgings and Castings

SA-A17/SA<217M

A217/A217M

Q 1 ool
aIra Juperiedcer raoes

Standard Specification for Piping Fittings of Wrought Carbon,Steel
Steel for Moderate and High Temperature Service

Standard Specification for Seamless Ferritic Alloy-Steel Pipe for H
Temperature Service

Standard Specification for Piping Fittings of Wrought’Carbon Steel
Steel for Low-Temperature Service

Standard Specification for General Requirements for Carbon, and
Steel Tubes

Standard Specification for Seamless Garben and Alloy Steel Mechani

Standard Specification for General‘Requirements for Specialized C
Alloy Steel Pipe

Standard Specification\for Carbon Structural Steel

Standard Specification for Steel Bar, Carbon and Alloy, Cold-Finis

and Alloy
igh-

and Alloy
.ow Alloy

al Tubing
rbon and

hed

Standard Specification for Cold-Formed Welded and Seamless Carbon Steel

Structural’\T'ubing in Rounds and Shapes

Standard-Specification for Hot-Formed Welded and Seamless Car]
Structural Tubing

Standard Specification for General Requirements for Wire Rods a
Round Wire, Carbon Steel, and Alloy Steel

Standard Specification for Steel Bars, Carbon, Merchant Quality, M
Standard Specification for Steel Bars, Carbon, Hot-Wrought, Speci

Standard Specification for High-Strength Low-Alloy Structural Stee
ksi [345 MPa] Minimum Yield Point, with Atmospheric Corrosion }

Standard Specification for Chromium and Chromium-Nickel Stain
Plate, Sheet, and Strip for Pressure Vessels and for General Apy

Standard Specification for General Requirements for Flat-Rolled Sta)
Heat-Resisting Steel Plate, Sheet, and Strip

Standard Specification for Annealed or Cold-Worked Austenitic Stai
Sheet, Strip, Plate, and Flat Bar

Standard Specification for Steel Castings, Martensitic Stainless and|

on Steel
hd Coarse

-Grades

hl Quality

, up to 50
esistance

ess Steel
lications
nless and

hless Steel

Alloy, for

Pressure-Containing Parts-Suitable-for High-Temperature-Servi
i=] 4 O r

ce

SA-351/SA-351M
SA-484 /SA-484M

A351/A351M
A484/A484M

A743/A743M

A744/A744M

Standard Specification for Castings, Austenitic, for Pressure-Containing Parts

Standard Specification for General Requirements for Stainless Steel Bars,

Billets, and Forgings

Standard Specification for Castings, Iron-Chromium, Iron-Chromium-Nickel,

Corrosion Resistant, for General Application

Standard Specification for Castings, Iron-Chromium-Nickel, Corrosion

Resistant, for Severe Service
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Table AA-3100-1
Allowable Materials (Cont’d)

ASME ASTM

Designator Designator Publication Title

Stainless Steel Pipe, Tubing, and Fittings

SA-213/SA-213M A213/A213M Standard Specification for Seamless Ferritic and Austenitic Alloy-Steel Boiler,
Superheater, and Heat-Exchanger Tubes
A269 Standard Specification for Seamless and Welded Austenitic Stainless Steel

Tubing for General Service

SA'312/S 312:V‘l' ASlZ/’ASl"?V: Slalll}all«‘l SPCL‘I‘iLaL;UAI fUl stlll‘leb, ‘V‘V’C}L}Cb‘l, dllb} :ICGV;:‘)’ \.;U}L; ‘V‘V’Ul :\C
Austenitic Stainless Steel Pipes
SA-376/SA-376M A376/A376M Standard Specification for Seamless Austenitic Steel Pipe for High-
Temperature Service
SA-403/SA-403M A403/A403M Standard Specification for Wrought Austenitic Stainless SteelPiping Fitfings
SA-450/SA-450M A450/A450M Standard Specification for General Requirements for Carbon, and Low Alloy
Steel Tubes
A511 Standard Specification for Seamless Stainless Ste€l ,Mechanical Tubing pnd
Hollow Bar
A554 Standard Specification for Welded Stainless Steel Mechanical Tubing
A632 Standard Specification for Seamless and Welded Austenitic Stainless Stieel
Tubing (Small-Diameter) for General'Service
Stainless|Steel Structural Bars and Shapes
SA-276 A276 Standard Specification for Stainless Steel Bars and Shapes
SA-479/SA-479M A479/A479M Standard Specification forStainless Steel Bars and Shapes for Use in Boilerg and
Other Pressure Véssels
A493 Standard Specification for Stainless Steel Wire and Wire Rods for Cold Heqding
and Cold Forging
A555/A555M Standard Specification for General Requirements for Stainless Steel Wirq and
Wire Rods
A580/A580M Standard Specification for Stainless Steel Wire
A581/A581M Standard Specification for Free-Machining Stainless Steel Wire and Wire Rods
A582/A582M Standard Specification for Free-Machining Stainless Steel Bars
Cast Iron
SA-47 /SAt47M A47/A47M Standard Specification for Ferritic Malleable Iron Castings
A48/A48M Standard Specification for Gray Iron Castings
Al26 Standard Specification for Gray Iron Castings for Valves, Flanges, and Ripe
Fittings
SA-536 A536 Standard Specification for Ductile Iron Castings
Nonferrous Alloys
B3 Standard Specification for Soft or Annealed Copper Wire
B8 Standard Specification for Concentric-Lay-Stranded Copper Conductors, flard,
Medium-Hard, or Soft
SB-26/SBE26M B26/B26M Standard Specification for Aluminum-Alloy Sand Castings
B33 Standard Specification for Tin-Coated or Annealed Copper Wire for Electrical
Purposes
SB-62 B62 Standard Specification for Composition Bronze or Ounce Metal Castings
B68/B68M Standard Specification for Seamless Copper Tube, Bright Annealed
B75/B75M Standard Specification for Seamless Copper Tube
B88 Standard Specification for Seamless Copper Water Tube
B88M Standard Specification for Seamless Copper Water Tube (Metric)
SB-98/SB-98M B98/B98M Standard Specification for Copper-Silicon Alloy Rod, Bar and Shapes
B105 Standard Specification for Hard-Drawn Copper Alloy Wires for Electric

Conductors

10
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Table AA-3100-1
Allowable Materials (Cont’d)

ASME ASTM
Designator Designator Publication Title

Nonferrous Alloys (Cont’d)

SB-108 B108 Standard Specification for Aluminum-Alloy Permanent Mold Castings
B122/B122M Standard Specification for Copper-Nickel-Tin Alloy, Copper-Nickel-Zinc Alloy
(Nickel Silver), and Copper-Nickel Alloy Plate, Sheet, Strip, and Rolled Bar
SB-152 B152/B152M Standard Specification for Copper Sheet, Strip, Plate, and Rolled Bar
SB-1187/SB-187M B187/B187M Standard Specification for Copper, Bus Bar, Rod, and Shapes and [General
Purpose Rod, Bar, and Shapes
B206/B206M Standard Specification for Copper-Nickel-Zinc (Nickel Silver) Wire arjd Copper-
Nickel Alloy Wire
SB-209 B209 Standard Specification for Aluminum and Aluminum-Alloy Sheet gnd Plate
B209M Standard Specification for Aluminum and Aluminum-Alloy Sheet gnd Plate
(Metric)
SB-2[10 B210/B210M Standard Specification for Aluminum and ‘Aluminum-Alloy Drawn|Seamless
Tubes
SB-211 B211/B211M Standard Specification for Aluminumyand Aluminum-Alloy Rolled jor Cold
Finished Bar, Rod, and Wire
SB-221 B221 Standard Specification for Aliminnum and Aluminum-Alloy Extrudpd Bars,
Rods, Wire, Profiles, and Tubes
B221M Standard Specification for Aluminum and Aluminum-Alloy Extrudpd Bars,
Rods, Wire, Profilessand Tubes (Metric)
B250/B250M Standard Specification for General Requirements for Wrought Copper Alloy
Wire
SB-308/SB-308M B308/B308M Standard Specification for Aluminum-Alloy 6061-T6 Standard Stryctural
Profile$
B344 Standard Specification for Drawn or Rolled Nickel-Chromium and|Nickel-

Chromium-Iron Alloys for Electrical Heating Elements

Othé¢r Material

A740 Standard Specification for Hardware Cloth (Woven or Welded Galvaijized Steel
Wire Fabric)

Bolts, Nuts, Fasteners, and Hardware

SA-193/SA-193M A193/A193M Standard Specification for Alloy-Steel and Stainless Steel Bolting fpr High
Temperature or High Pressure Service and Other Special Purpdse
Applications

SA-194/SA-194M A194/A194M Standard Specification for Carbon Steel, Alloy Steel, and Stainless Stepl Nuts for
Bolts for High Pressure or High Temperature Service, or Both

SA-307 A307 Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 60 000
PSI Tensile Strength

SA-320/SA-320M A320/A320M Standard Specification for Alloy-Steel and Stainless Steel Bolting fpr Low-
Temperature Service

SA-325 A325 Standard Specification for Structural Bolts, Steel, Heat Treated, 12J0/105 ksi
Minimum Tensile Strength

A325M Standard Specification for Structural Bolts, Steel, Heat Treated 830 MPa

Minimum Tensile Strength (Metric)

SA-354 A354 Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs,
and Other Externally Threaded Fasteners

SA-449 A449 Standard Specification for Hex Cap Screws, Bolts and Studs, Steel, Heat Treated,
120/105/90 ksi Minimum Tensile Strength, General Use

A489 Standard Specification for Carbon Steel Lifting Eyebolts

SA-563 A563 Standard Specification for Carbon and Alloy Steel Nuts

SA-574 A574 Standard Specification for Alloy Steel Socket-Head Cap Screws

11
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Table AA-3100-1
Allowable Materials (Cont’d)

ASME ASTM
Designator Designator Publication Title
Coatings
A123/A123M Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel
Products
A153/A153M Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware
A308/A308M Standard Specification for Steel Sheet, Terne (Lead-Tin Alloy) Coated by the

B633
B766

Gasket Materials
D1056

:IUL Dip Fl ULTCSS
Standard Specification for Electrodeposited Coatings of Zinc on Iron-and

Standard Specification for Electrodeposited Coatings of Cadmium

Standard Specification for Flexible Cellular Materials $.Sponge or Expa
Rubber

Bteel

hded

AA-4210
All load

Load Criteria

as specified in the design specification or the
applicablelequipment section of this Code shall be taken
into accouptin designing equipment and shall include, but
not be limiited to, the loads listed in AA-4211.

AA-421

additional dynamic loads (ADL): loads resulting from
system eXcitation due to structural motion caused by
safety reljef-valve actuation and other hydrodynamic
loads due|to design-basis accident (DBA), small pip€
break accident (SBA), and intermediate pipe break a¢ci-
dent (IBA); also, liquid slosh in tanks and vessels-and
mechanicdl shock loads.

Loads

constraint|of free end displacement loads, T: leads caused
by constrdint of free end displacement that'results from
thermal of other movements.

deadweigHt (DW): the weight of equipment or ductwork
including gupports, stiffeners, insulation, all internally or
externally|mounted components or accessories, and any
contained [fluids.

design pregsure differential (DPD): dynamic pressure loads
resulting firom a DBA) IBA, or SBA.

design wir
tornado,
that could

d, Wxloeads due to design hurricane, design
riether abnormal meteorological condition

normalloads, N:loads consisting of normal operating pres-

sure differential, systerm operating pressure trangients,
deadweight, external loads, and inertia loads.

N ="NOPD + DW + EL + FML or

N= SOPT + DW + EL + FML
normal operating pressure differential (NOPD)): the

maximum positive or negative pressure differential
that may occur during normal plant operation, including
plant start-up and test conditions; included are pressures
resulting from normal airflow and damper or|valve
closure.

seismic loads: loads that are the result of either an|
ating basis earthquake (OBE) or a safe shutdown
quake (SSE). Both orthogonal components ¢f the
horizontal seismic excitation are applied simultangously
with the vertical seismic loading. These seismic fordes are
applied in the directions that produce worst-case stfesses
and deflections.

oper-
earth-

system operational pressure transient (SOPT): ovefpres-
sure transient loads due to events such as frapid
damper, plenum or housing door, and valve closyre, or
other normal loads thatresultin a short duration pré¢ssure
differential.

AA-4212 Load Combinations. The load combinptions

e |
OocCaT T CquCITery -

external loads (EL): applied loads caused by attached
piping, accessories, or other equipment.

fluid momentum loads (FML): loads due to the force
created by a moving air mass in the duct where flow
experiences a change in velocity (in magnitude or direc-
tion).

live loads, L: loads occurring during construction and
maintenance and loads due to snow, ponded water,
and ice.
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to be considered for equipment design are given in
Table AA-4212-1.

AA-4213 Service Conditions. The equipment design
specification or the applicable equipment section of
this Code shall identify the loads and shall designate
the appropriate design and service limits for design of
equipment systems. The design and service loads shall
be established considering all plant and system operating
conditions anticipated or postulated to occur during the
intended service life of the equipment systems.
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Table AA-4212-1
Load Conditions

Component
Service Level Load Combination
A N+T
N+ L
B N+ W+ Tand N + OBE + T + ADL
C [Note (1)] N+ W+ Tand N + SSE + ADL
D N + DPD + SSE + ADL

AA-4220 Stress Criteria: Limits

The maximum normal stress limits for the service levels
defined in AA-4212 are stipulated in AA-4320 and in
AA-4330.

AA-4230 Deflection Criteria: Limits

The maximum deflection d,,a, including all equipment
tolerances, that may be sustained so that equipment func-

tion is not impaired shall be determined. This maximum

GENERAL NOTES:

(a) Copstraint of free end displacement loads, external loads, addi-

tiohal dynamic loads, and fluid momentum loads are associated
with the service level of concern and are not, in general, the same
fo1] all service levels.

(b) If particular equipment design criteria require additional load
combinations, those requirements shall be stated in the equip-
mdnt design specification.

NOTE: |(1) The SSE loading in Service Level C may be replaced with the
OBE lopding if component operability is required during or after a
seismiq event and operability can be assured by test or analysis.

AA44214 Design and Service Limits

AA-4214.1 Design Limits. The limits for design
loadirnlg are designated as design limits.

AA-4214.2 Service Limits. The equipment design
speciffcation may designate service limits as defined in
(a) thyough (d).

(a) |Level A Service Limits. Level A service limits are
those pets of limits that must be satisfied for allloads iden-
tified jn the equipment design specification'to'which the
equipment may be subjected in the performance of its
specified normal service function.

(b) |Level B Service Limits. Level(B)service limits are
those pets of limits that must be satisfied for all loads iden-
tified [in the equipment design_specification for which
these fpervice limits are designated. Equipment must with-
stand|load combinations. specified for Level B service
limits|without damage that would require repair.

(c) |Level C Service Limits. Level C service limits are
those pets of limitsthat must be satisfied for all loads iden-
tified |in the equipment design specification for which
these [seryice limits are designated. These sets of limits
permift large deformations in areas of structural discon-

deflection may be defined in the equipmentdg
ification or the applicable equipment sectiobrof this Code.
Alternatively, it may be determined by‘analysiqg or test, or
both. The allowable deflections for the load corpbinations
of AA-4212 are as shown in Tablé)AA-4230-1.

sign spec-

AA-4240 Other Criteria

AA-4241 Vibration ISelation. Types of vibration isola-
tion devices and theirzefficiencies shall be as specified in
the equipment design specification or the applicable
equipment s€ction of this Code. Vibration| isolation
devices shdll be designed with adequate regtraints to
resist the 10ads generated under any service |evel.

t. Consid-
between
ments, as
rances or

AA-4242 Provisions for Relative Moveme
eration shall be given to the relative motio
équipment systems and their supporting elg
this will affect ability to function. When cle:
travel ranges, or both, are required to accgmmodate
movements of equipment systems and their §upporting
elements, sufficient design margins shall be introduced
to allow for fabrication and installation tolergnces.

AA-4243 Structural Attachments. Structufal attach-
ments may be of either the integral or the npnintegral
type, as defined in AA-4243.1 and AA-4243.2

Table AA-4230-1
Deflection Limits

Service Level Deflection Limit

A [Note (1)] dan < 0.6d, b
B [Note (1)] dan < 0.6d, b
C [Note (2)] dant < 0.9d, b
D [Note (2)] dant < 0.9d,nhx

tinuity~

(d) Level D Service Limits. Level D service limits are
those sets of limits that must be satisfied for all loads iden-
tified in the equipment design specification for which
these service limits are designated. These sets of limits
permit gross and general deformations with some conse-
quent loss of dimensional stability and permit damage
requiring repair, which may require removal of the
component from service.
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GENERAL NOTES:

(a) If particular equipment design criteria require more restrictive
limits on deflections, those requirements will be stated in the
applicable equipment section of this Code.

(b) Deflections shall be limited to prevent transmission of excessive
load to other components such as filter frames, coils, bearings,
and access doors.

NOTES:

(1) Deflections shall be limited to values that prevent buckling in
primary load carrying elements.

(2) Deflections shall be limited to values as described in AA-4323.
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AA-4243.1 Integral Attachments

(a) Integral attachments are those fabricated as an
integral part of the equipment. Consideration shall be
given to local stresses induced in equipment by integral
attachments.

(b) Integral attachments used as part ofan assembly for
the support or guiding of the equipment may be welded
directly to the equipment, provided the design is adequate
for all applicable service conditions and load combina-

include, but are not necessarily limited to, the following,
may be required to determine the limiting case:

(a) elastic analysis based on maximum stress theory

(b) elastic analysis based on maximum deflection

(c) elastic analysis based on allowable buckling stress
(see AA-4323)

AA-4312.2 Linear-Type Systems and Supports:
Analysis Procedures. Elastic analysis based on
maximum stress theory in accordance with the rules of

tions set fforth in AA-4ZTZ and the requirements ol
AA-6300 qre met.

AA-4243.2 Nonintegral Attachments. Nonintegral
attachmerts are those that are bolted, pinned, clamped
to, or bear on the equipment. Consideration shall be
given to the mechanical connection and local stresses
induced ir] the equipment by nonintegral attachments.

AA-4244 Rotating Equipment. For ductwork system
design, frgquency of rotating equipment shall be consid-
ered.

AA-4300| DESIGN OF EQUIPMENT SYSTEMS AND

THEIR SUPPORTING ELEMENTS
AA-4310 |General Requirements

AA-431]
ability of

Acceptability. The requirements for accept-
the design of equipment systems and their
supports dre given in AA-4311.1 through AA-4311.3.

AA-4311.1 The design shall be such that the allow:
able stresges will not exceed the limits given in this subar-
ticle. Deslgn stress values, S, yield strength,-Sj-and
ultimate sfrength, S,, are given in Article AA-3000 refer-
ences. These values form the basis for determining allow-
able stres$, depending on analysis type;

AA-4311.2 For self-limiting loads under Service
Level D, lofalized material yieldingis permitted, provided
thatyieldipg does not form a mechanism that would result

in collapse of the structure.

AA-4311.3 For configurations where compressive
stresses ofcur, criticahbuckling shall be considered.

AA-4312 Basis\for'Determining Stresses in Design by
Analysis. Thetheory of failure for combining stresses for
the desigr] of~equipment systems and their supporting
elements use
maximum stress theory. In the maximum stress theory,
the controlling stresses are the membrane and bending
stresses.

AA-4312.1 Plate- and Shell-Type Components:
Analysis Procedures. The analysis procedures for plate
and shell-type systems shall be in accordance with the
rules of AA-4320. Consideration shall be given to the
governing mode of failure. Several analyses that might

14

AA-2330 shall be used Tor the design of lIneaj-type
systems.

AA-4312.3 Applicability of Mathematical Analysis.
The design procedure that may be used\shall be [either
analysis or test, or a combination{ and is dependent
upon the nature of the structural system under condidera-
tion. The choice shall be based‘efrthe practicality [of the
method for the type, size, shape, and complexity of the
equipment, and the reliability of the conclusionf. The
analysis method is not recommended for complex ¢quip-
ment that cannot be modeled to correctly describe the
static and dynamicStructural characteristics of the gquip-
ment. Furtherfmore, analysis without testing may pe ac-
ceptable only if structural integrity alone can gnsure
the desigh intended function. If mathematical aralysis
is inadéquate for all or part of the design verifidation,
a suitable test program shall be implemented in pccor-
dance with the rules of AA-4350.

AA-4313 Terms Related to Design by Analysi
terms used in the design of equipment system
their supports are shown in AA-4313.1 thj
AA-4313.11.

AA-4313.1 Gross Structural Discontinuity.
structural discontinuity is a geometric or material
tinuity that affects the stress or strain distri
throughout the entire thickness of the member.
discontinuity-type stresses are those portions
actual stress distributions that produce net b
and membrane force resultants when inte
through the thickness. Examples of gross struftural
discontinuities are junctions between parts of different
diameters or thicknesses, and flange-to-shell junctions.

5. The
s and
ough

Gross

AA-4313.2 Normal Stress. Normal stress fs the
component of stress normal to the plane of refefence,
i - idtribu-
tion of normal stress is not uniform throughout the thick-
ness of a part. Therefore, the normal stressis considered to
be made up of two components, one of which is uniformly
distributed and equal to the average value of stress across
the thickness under consideration, and the other of which
varies from this average value with the location across the
thickness.
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AA-4313.3 Membrane Stress. Membrane stressis the
component of normal stress that is uniformly distributed
and equal to the average of stress across the thickness of
the section under consideration.

AA-4313.4 Bending Stress. Bending stress is the
variable component of normal stress described in
AA-4313.2. The variation may or may not be linear
across the thickness.

S. Shear stress is the compao-

member has been reached. Any increase in load must
be accompanied by a stable primary structure until a
failure mechanism defined by the lower bound
theorem of limit analysis is reached in the primary struc-
ture.

AA-4313.11 Collapse Load: Lower Bound. The
collapse load is the load at which deformations of an
ideally plastic structure increase without bound. If, for
a given load, any system of stresses can be found that

nent ¢f stress tangent to the plane of reference.

-4313.6 Primary Stress. Primary stress is any
normjal stress or a shear stress developed by an
impoded loading that is necessary to satisfy the laws of
equilfbrium of external and internal forces and
momgnts. The basic characteristic of a primary stress
is thaf it is not self-limiting. Primary stresses that consid-
erablyf exceed the yield strength will result in failure or, at
least, [in gross distortion. A general primary membrane
stress|is one that is so distributed in the structure that
no reglistribution of load occurs as a result of yielding.
An example of primary stress is general membrane
in a circular cylindrical shell due to distributed
live 1dads.

-4313.7 Secondary Stress. Secondary stress is a
normpl stress or a shear stress developed by the
constfaint of adjacent material or by self-constraint of
the stfructure. The basic characteristic of a secondary
stres$ is that it is self-limiting. Local yieldingcand
minoj| distortions can satisfy the conditions that cause
the stfess to occur, and failure from one application of
the styess is not to be expected. An example{ofiSecondary
stress|is bending stress at a gross structural discontinuity.

-4313.8 Peak Stress. A peak'stress includes an
incrempent added to primary or (secondary stresses by
a strefps riser, such as a notch(

ree End Displacement. Free end displacement
consipts of the relative.motions that would occur
betwegen an attachmentand connected structure or equip-
ment [if the two members were separated. Examples of
such rpotions arethose that would occur because of rela-
tive thermal expansion of ductwork, piping, equipment,
and gquipment supports, or because of movements
impoged’upon the equipment by sources other than

everywhere satisiies equilibrium and nowhete exceeds
the material yield strength, the load is atjor|below the
collapse load. This is the lower bound,theordm of limit
analysis, which permits calculation,of a’lower bound to
the collapse load.

AA-4320 Design Verification of Plate- apd Shell-
Type Components and Their Sypporting
Elements

AA-4321 Stress‘Analysis. A detailed stress pnalysis of
all major structural’plate- and shell-type comp¢nents and
their supporting elements shall be prepared in sufficient
detail to show that each of the stress limiLations of
Table AA*4321-1 is satisfied when the comppnent and
its supporting elements are subjected to the 1gad combi-
nations of AA-4212.

AA-4322 Stress Limits

AA-4322.1 Design Loads. The maximum normal
stress limits are satisfied for the design loading combina-
tions as stipulated in AA-4212, or as stated in|the equip-
ment design specification if the requirements |of eqgs. (1)

Table AA-4321-1
Plate- and Shell-Type Components: Primarfy Stress

the piping.

AA-4313.10 Limit Analysis. Limit analysis is a
method used to compute the maximum load or combina-
tion of loads a structure made of ideally plastic (nonstrain
hardening) material can carry. Among the methods used
in limit analysis is a technique that assumes elastic,
perfectly plastic, material behavior, and a constant
level of moment or force in those redundant structural
elements in which the level of membrane yield, plastic
hinge formation, or critical buckling load in the

15

Allowables
Stress Category
Service General Membrane, Membrane anfl Bending,

Level o, [Note (1)] o1 + 0, [Nete (2)]
A 1.0S [Note (3)] 1.58
B 1.08 1.58
C 1.28 1.85
D Lesser of 1.5S or Lesser of 2.25S or 0.6S,

0.4S, [Note (3)]
NOTES:

(1) General membrane stress o; is the average membrane stress
across the solid section, excluding discontinuities and concentra-
tions.

(2) Bending stress o5 is the linearly varying portion of stress across
the solid section under consideration, excluding effects of discon-
tinuities and concentrations.

(3) S=design stress; S, = ultimate stress. See Article AA-3000 refer-
ences.
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Table AA-4331-1
Linear-Type Systems:
Primary Stress Allowables

Stress Category

(c) Level C Service Limits. Level C service limits are satis-
fied for the service conditions of AA-4214.2(c) for which
theselimits are designated in the design specification if the
requirements of egs. (1) and (2) are not exceeded by more

Stress From than 20%.
General Constraint of (d) Level D Service Limits. Level D service limits are
Service Load-Induced Free End satisfied for the service conditions of AA-4214.2(d) for
Level Stress Displacements which these limits are designated in the equipment
A 3 [Note (1)] 33 design specification if the requirements of eqs. (3) and
B 5 . (4) are met
C [Note| (2)] 1.53 NA o1 < lesser of 1.5S or 0.4S,, (3)
D [Note (2)] ﬂ(g) hot to NA
F ' o1 + 0 < lesser of 2.25S or 0.6S,, 4
0.78, =
exceed T S) where
S, = specified minimum ultimate tensile strenjgth of

GENERAL NPTE: NA = not applicable.

NOTES:

(1) S refers to the primary allowable stresses developed in ASME
BPVC, $ection III, Division 1, Subsection NF, NF-3322.1
through| NF-3322.8.

F, = allowable tensile stress

S, = ulftimate stress

S, = yi¢ld stress

Values dre found in Article AA-3000 references.

(2) Loads shall not exceed 0.67 times the critical buckling load of the
primary] framing system.

and (2) aile met (see AA-4322.2 for service limits asso-
ciated with the service levels of AA-4212).

oy < 1.08 8y
01+ 0y < 1.5 (2)

where
S = ddgsign stress value from Article AA-3000 refer-

erjces
= mpmbrane stress
bdnding stress

01
O, =

AA-4322.2 Service Limits. The maximum normal
stress limits for Service Levels A through D are as stipu-
lated belop.

(a) Level A(Service Limits. Level A service limits are
satisfied fpr\the service conditions of AA-4214.2(a) for

material found in Article/AA-3000 refererjces.

Other terms are as defined in AA-4322.1.

AA-4323 Buckling ‘and Stress Limits Set by Bugkling
Stress Criteria. The‘allowable deflection due to compres-
sive loads shallbelimited to prevent post-buckling failure
in the platexBuckling stresses shall be verified apainst
Service Level D allowable values of Table AA-433[1-1.

ARA-4323.1 Local Yielding and Buckling. The
maximum stress for the load-carrying capacfity of
plates shall be based on the post-buckling behayior of
the plate.

(a) When buckling governs, deflections shpll be
computed based on effective width concept.
(b) When local yielding governs, deflections shall be
computed based on the average or reduced sectidn.

AA-4323.2 Lateral Buckling. Critical lateral bulckling

stresses shall be computed based on moment registing
capacity.
AA-4323.3 Flexural Buckling. Maximum stfesses

shall be computed based on stability consideratiops.

AA-4323.4 Torsional Buckling. Maximum [shear
stresses shall be computed based on the torsional cajpacity
of the section.

AA-4330 Design Verification of Linear-Type
Systems by Analysis

which these Iimits are designated in the equipment
design specification if the requirements of eqs. (1) and
(2) are met.

(b) Level B Service Limits. Level B service limits are
satisfied for the service conditions of AA-4214.2(b) for
which these limits are designated in the equipment
design specification if the requirements of eqs. (1) and
(2) are met.

16

AA-4331 Stress Analysis. A detailed stress analysis of
all major linear-type equipment shall be prepared in suffi-
cient detail to show that each of the stress limitations of
Table AA-4331-1and AA-4332 is satisfied when the equip-
ment is subjected to the load combinations of AA-4212.

AA-4332 Stress Limits

AA-4332.1 Level A and Level B Limits. Level A and
Level B limits are consistent with those given in ASME
BPVC, Section III, Division 1, Subsection NF. The allowable

(23)
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stress for the combined mechanical loads and effects that
result from constraint of free end displacements (see
AA-4313.9), but not thermal or peak stresses, shall be
limited to 3 times the stress limits of ASME BPVC,
Section III, Division 1, Subsection NF.

AA-4332.2 Level CLimits. The stress values for Level
Climits may be increased by 50% over the values given in
ASME BPVC, Section III, Division 1, Subsection NF.
Constrained free end displacement and differential

checks shall be performed for the component or
support load condition as specified in AA-4323.

AA-4341.3 The functionality of the equipment shall be
ensured using the method outlined in AA-4350.

AA-4342 Functionality of Electrical Systems. Oper-
ability of electrical systems and their supporting elements
shall be ensured using the method outlined in AA-4350.

Primalry stresses shall not exceed 0.67 times the critical
buckling strength of the primary framing system. In such
analygis, local instabilities, such as compression, flange,
and web buckling shall be evaluated. In addition,
overall buckling in compression members shall be eval-
uated

A‘tl-\-4332.3 Level D Limits. If the equipment design
ification specifies service loads for which Level D
are designated, the following rules shall be used
luating them independently of all other design
and s¢rvice loadings:

(a) |The allowable stresses presented in ASME BPVC,
Section III, Division 1, Subsection NF, may be increased
by a factor of 1.2 (S,/F,), but not to exceed a factor of
0.7 (4u/F¢), where S, is the specified minimum yield
strength of the material, F, is the allowable tensile
stress} and S, is the ultimate tensile stress.

(b) |Primary stresses shall not exceed 0.67 times the
criticpl buckling strength of the primary franting
system. In such analysis, local instabilities.such as
compyession, flange, and web buckling shall be évaluated.
In addlition, overall buckling in compression ‘members
shall glso be evaluated.

SuppaE‘I't motion effects need not be considered.

spec
limits
in evd

AA-4B40 Functionality Requirements

Thd stress limits specified by this Code do not ensure
that the equipment will be able to perform the required
functipn. Functionality is‘ensured by following the rules
stipulated below.

AA-4341 Functionality of Mechanical Systems. The
methq@ds of AA-4341.1, AA-4341.2, or AA-4341.3 shall
be uspd to_ensure operability of mechanical systems
and their@upporting elements.

AIA -4

- 4 ne e e cve d
AA-4322 and AA-4332 shall be reduced to the Levels Band
C stress limits, respectively.

AA-4341.2 The deflections at all critical locations
shall be calculated and ensured to be within the allowable
valuesin AA-4230. These critical locations shall be given in
the applicable equipment section of this Code or by the
equipment design specification, or by both. Furthermore,
for equipment where buckling is of concern, deflection

AA-4350_Desian Verification bv_Seismi

Qualification Testing

AA-4351 General. Design verification by seigmic quali-
fication testing shall be in accordancéwith the rjules of this
subarticle. Seismic tests are to beperformed by|subjecting
the equipment to vibratory motion that condervatively
simulates that postulated<at,the equipment|mounting
during the OBE and an:SSE. In addition, other loads
that may occur concufrently with the seismic event
shall be accounted.for (see AA-4212). The ryles of this
subarticle are, consistent with and complenmentary to
IEEE 344.

AA-4351.1 Equipment Mounting. The eqyipment to
be tested'shall be mounted on the test mafhine in a
manner that simulates the intended service mounting.
The-mounting method shall be the same as that recom-
nrended for actual service, which includes the recom-
mended bolt size and configuration, weld p4ttern, and
type. The effect of all attached hardware such af electrical
connections, conduit, sensing lines, piping, and ductwork
shall be considered. The method of mounting [the equip-
ment to the test machine shall be documented and shall
include a description of any interposing fiytures and
connections. Effect of such fixtures and connections
shall be evaluated if they are only used during qualification
and not for inservice mounting. Equipment drientation
shall be along the major and minor axes for eachjtest condi-

toring equipment shall be used to allow deter

dpplied vVIDIratio cvels. ddd OIl LO tner
of the test machine, as many points of the equipment shall
be monitored as needed to provide information for eval-

uating the test results.

AA-4351.3 Exploratory Tests. Exploratory vibration
tests required for all qualification tests except multiple
frequency tests (see AA-4356) shall be run on equipment
toaid in the determination of the test method that will best
qualify or determine the dynamic characteristics of the
equipment. As per AA-4352, the type of test required

17
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to qualify equipment for various applications shall be
dependent on the nature and dynamic characteristics
of the equipment and the required response spectrum
(RRS). If it can be shown that the equipment is not in reso-
nance at any frequency within the frequency range of
interest, it shall be considered to act as a rigid body
and analyzed or tested accordingly. If there are reso-
nances, one of the various methods of AA-4352 or
other justifiable methods shall be used.

The exp i
(the level ghall be chosen to give a usable signal to noise
ratio on the vibration sensing equipment) continuous
sinusoidal sweep at a rate no greater than 2 octaves
per minute over the frequency range equal to or
greater thgn that to which the equipment is to be qualified.
If the confjguration of the equipment is such that critical
natural frequencies cannot be ascertained due to either
the complexity of the equipment or the inaccessibility
of critical |parts, the exploratory test is not adequate. If
the configlhration of the equipment is such that critical
natural frgquencies cannot be ascertained, seismic quali-
fication shall be accomplished by proof testing with a
random input motion that shall generate a test response
spectrum [TRS) to envelop the RRS. An acceptable alter-
native shall be to qualify the equipment by a fragility test
as describpd in AA-4351.7.

It must|be noted that for certain equipment, due to
geometricfor material nonlinearities, a low level resonant
frequency|search may not be a conclusive determinant of
equipment resonances. In those cases, a higher level input
shall be used and the exploratory tests rerun.

AA-4

B51.4 Seismic Qualification Tests. Seismic
qualificatipn tests designed to show acceptable-perfor-
mance of pquipment during and following ‘an SSE shall
be precedpd by one or more OBE tests{ Tlte number of
OBE tests[shall be given in the equipinent design speci-
fication apd shall be followed by ene SSE test. Each
minimum [test duration shall belgiven in the equipment
design spdcification.

AA-4B51.5 Equipment Loads During Testing.
Seismic qualificatieh_tests of equipment shall be
performed with the‘equipment subjected to the combined
loads identified in\AA-4212. These loads shall be simu-
lated and [showi to be equal to or greater than those
expected. [f afly load is not included during these tests,

specification and need not be tested to its ultimate
capability.

AA-4351.7 Fragility Testing. Fragility testing shall
be used to qualify the equipment by determining its ulti-
mate capability for performing its function. Equipment
fragility shall be demonstrated by using sine beat, contin-
uous sine, transient, or multifrequency excitation to
random-type waveforms. A measurement of the equip-
ment’s fragility level for a particular excitation demon-
strates 1ts ultimate capability to perform Its fuhction
while subject to that motion.

AA-4351.8 Device Testing. Devices shall be
under simulated operating conditions.to eithé¢r the
levels dictated by expected servide/requirements or
their ultimate capability. The devicés shall be mdunted
on the shake table in a manner that:dynamically simjulates
the in-service mounting conditions. If a device is intended
to be mounted on a panel, the-panel shall be included in the
test setup, or the response at the device mounting location
shall be monitored jn the assembly test (see AA-4351.9),in
which case the device shall be mounted directly o the
shake table if the in-service excitation can be simylated.
Devices shall'be tested using the methods described in
AA-4352.

fested

ARA-4351.9 Assembly Testing. Large complex gssem-
blies shall be tested under simulated operating conditions
and monitored for proper functional performjance;
however, it may not always be practical to simulpte all
systems simultaneously. Itisacceptable to test such ¢quip-
ment in an inoperative mode with the actual or simplated
devices installed. The test shall determine the vibjration
response at the device location by either direct mepsure-
ment at full excitation or determination of the transfer
function from the assembly mounting points fo the
device mounting point. The resulting vibration regponse
of the device at its location in the assembly shall he less
than the vibration to which the device is qualified. The test
methods described in AA-4352 shall be used.

AA-4352 Test Methods. Present test methods
ally fall into two major categories: proof testin
AA-4351.6) and fragility testing (see AA-4351.7)). The
choice of method will depend upon the nature of the gquip-
ment and the expected vibration environment. Congidera-
tion shall be given to the choice of single axis or mpltiple

bener-
b (see

justification for the absence of the load shall be provided.

AA-4351.6 Proof Testing. Proof testing is used to
qualify equipment for a particular application or to a parti-
cular requirement. A proof test requires that the equip-
ment be subjected to one of the tests described in AA-4352
to the particular response spectrum or time history
defined for the mounting location of the equipment. An
attempt to determine the failure threshold of the equip-
ment need not be made. The equipment shall be tested to
the performance requirement of the equipment design

18

axis testing as described in AA-4358.

A proof test seismic simulation waveform shall

(a) produce a TRS that closely envelops the RRS or the
applicable portions thereof, using single or multiple
frequency input motion

(b) have a peak amplitude equal to or greater than the
zero period acceleration (ZPA) of the RRS

(c) have atest duration in accordance with the require-
ments of AA-4357
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AA-4353 Artificially Broadened Required Response
Spectra. If single frequency tests are to be conducted
to artificially broadened response spectra, tests shall
be conducted at frequency intervals on either side of
the center frequency of the response spectra. If the
center frequency in the broadened area is f,, testing
shall be conducted at this frequency and also at the
frequencies f; + Af., f. £ 2Af,, ..., fo £ nAf,, where Af,
corresponds to a Y to Y5 octave interval, until the

For a test at any frequency, a series of beats are used to
represent low cycle fatigue effects, with a sufficient pause
between the beats so that there is no significant super-
position of equipment response motion (see AA-4358
for requirements on the axial relationships for the test).

AA-4355.4 Decaying Sine Test. A test at any
frequency shall consist of the application of decaying sinu-
soids of peak acceleration corresponding to that for which
the equipment is to be qualified. The decaying sinusoids

entire broadened area has been caovered. The TRS gener-
ated during each individual test shall have at least the
same [amplitude as the original narrow-band response
spectijum.

AA44354 Damping Selection. The damping value used
in andlyzing the test machine motions that generate the
TRS shall be the same damping value as that of the RRS.

AA-4355 Single Frequency Tests. If it can be shown
that the equipment has no resonances, only one reso-
nanceg, or distinct resonances that are widely spaced
such that the resonance interaction does not reduce
the friagility level, single frequency testing may be used
to qudlify the equipment.

AA-4355.1 Derivation of Test Input Motion. For any
input waveform, the shake table motion shall produce a
TRS agceleration at the test frequency that is at least equal
to thaft given by the RRS. Additionally, the input motion
shall He adjusted to produce a TRS thatenvelops the RRS at
all fr¢quencies, as described in AA-4353. Also, the
maxirhum acceleration of the shake table motion«shall
be at Jeast equal to the ZPA value of the RRS.

-4355.2 Continuous Sine Test. A test at any
frequency shall consist of the application of a continuous
sinusg@idal motion corresponding to the-maximum accel-
eratiopn to which the equipment is-te-be qualified for the
appropriate duration (see AA-4357). The selection of the
peakipputacceleration and thelength of time the testis to
be rur} shall produce atleagtth€ maximum response accel-
eratiop given in AA-4355:7 The peak input acceleration
must be at least equal.te-the ZPA of the RRS, except at low
frequgncies where'the RRS is below the ZPA for which the
value fof the RRS'"must be met (see AA-4358 for require-
mentq on the\axial relationships for the test).

+4355.3 Sine Beat Test. A test at any frequency
shall densist-efthe-application-ofsine-beats-ofpeakacee
eration corresponding to that for which the equipment is
to be qualified. The sine beats consist of a sinusoid at the
frequency and amplitude of interest, as shown in IEEE 344,
Figure 2. The number of cycles per beat and the peak
amplitude of the beat are chosen in accordance with
the criteria of AA-4355.1. The peak amplitude of the
beat shall at least be equal to the ZPA of the RRS,
except at low frequencies where the RRS is below the
ZPA for which the value of the RRS must be met.

consist of a single frequency of exponentially decaying
amplitude, as shown in IEEE 344, Figure 3| The peak
amplitude and decay rate are chosen,'to obfain a TRS
from the shake table motion that envelopp the RRS
(see AA-4355.1). The peak amplitude of th¢ sinusoid
shall at least be equal to the ZPA“of the RRS| except at
low frequencies where thé,RRS is below tHe ZPA for
which the value of the RRS.thust be met.

For a test at any frequency, a series of decdying sinu-
soids are used with a¢sufficient pause between the sinu-
soids so that there¢'is no significant superpgosition of
equipment response motion. The frequencies jof interest
are the natural'frequencies of the equipment bg¢ing tested
(see AA-4358 for requirements on the axial rellationships
for the test).

AA-4356 Multiple Frequency Tests. When the seismic
ground motion has not been strongly filtered, the floor
motion retains the broadband characteristjc. In that
case, multifrequency testing shall be used for quialification.
It is used as a general qualification method as Jong as the
TRS envelops the RRS. Specific input excitation|to the test
machine shall include a time history motion cansisting of
random and complex wave shapes.

The test machine input excitation waveformd described
in the following subparagraphs shall be employed to test
to an RRS level. Other inputs that are not specififally refer-
enced here may also be employed, provided that they
envelop the RRS.

AA-4356.1 Derivation of Test Input Motidn. For any
waveform, the test machine motion must be adjusted so
that the TRS envelops the RRS over the frequ¢ncy range
for which the particular test is designed;|and, as a
minimum, the test machine acceleration njust equal
the ZPA of the RRS. This comparison mus§ be made
using equivalent values of damping. The adjystment of

shall be made considering the following factors:

(a) The RRS may have motion amplification over a
narrow or broadband of frequencies.

(b) The input excitation waveform may be one of
several multiple frequency types.

(c) The equipment being tested may have one of many
possible dynamic characteristics.

For assemblies or devices where the dynamic response
results from numerous interacting modes, the shake table
input excitation must be adjusted so that the TRS envelops
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Figure AA-4356.4-1
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the RRS oyer a frequency range that includes all natural
frequencids of the equipment up to the ZPA.

AA-4B56.2 Time History Test. A test may be
performegl by applying to the equipment a specified
time history that has been synthesized to simulate the
required ipput to the equipment. It shall be demonstrated
thatthe acfual test machine motion was equal to or greater;
than the rpquired motion.

A time History record may be synthesized to match the
RRS using simulation techniques. The duratiénof the
input excitation must be sufficient to simulate the
effects of p seismic event. Alternatively, the ‘equipment
design spe¢cification may contain time ‘history data for
use in tesfing.

AA-4356.3 Random Motion Test. A test shall be
performed by applying to the €quipment a random excita-
tion, the apnplitude of whiehiis controlled in 1/3 octave or
narrower [frequency bandwidth filters with individual
output gain controls..The excitation shall be controlled
to providd a TRS, that equals or exceeds the RRS.

The pe}k valtiedof the input excitation shall equal or

exceed the.ZPA of the RRS. The duration of the
random excitation-shall be-as described-in AA-4357

includes the natural frequencies of the equipmgnt up
to the ZRANfrequency (see IEEE 344, Figure 4). The
optimum number of oscillations per beat shall be deter-
mined from a plot showing the ratio between the %P6 and
5%\spectrum damping values (as provided in IEEE 344,
Figure 5) and the oscillations per beat, as shown in Figure
AA-4356.4-1.

When more than one frequency of sine beats is required
to meet the bandwidth of a spectrum, the beats shall be
initiated simultaneously. However, if the bandwidth of the
peak value of the RRS has been widened to accoynt for
uncertainty due to building frequency analysils, the
beats shall be applied in sequence or the technigpes of
AA-4353 shall be applied.

AA-4356.5 Complex Wave Test. This test nfay be
performed by subjecting the equipment to a njotion
that has been generated by summing a group df sine
beats or decaying sinusoids. The frequencies pf the
component signals shall be spaced at 4 octdve or
narrower frequency intervals to cover the range required
by the RRS. The decaying sinusoids shall have indiyvidual
decay rate controls covering the range of 4% to 10%. Each
frequency must have individual amplitude and jphase

AA-4356.4 Random Motion With Sine Beat Test. To
meetan RRS thatincludes a moderately high peak random
excitation, it is acceptable to adjust the random input, as
described in AA-4356.3, to equal or exceed as much of the
RRS as possible without using a peak input acceleration
substantially greater than the ZPA. A sine beat or beats
shall be superimposed with random input motion to
provide a composite excitation, so that the TRS equals
or exceeds the entire RRS over a frequency range that

controls. All frequencies shall be initiated simultaneously
with the phase controls set to shape the peak amplitude of
the composite waveform. The decay rate shall be varied,
and the amplitude of each frequency shall be varied to
optimize the fit of the TRS to the RRS. The peak accelera-
tion of the test table during composite waveform excita-
tion shall be greater than or equal to the ZPA of the RRS.
The test shall consist of several applications of the motion
spaced apartin time so that no significant superposition of
response motion occurs. The number of applications of the
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motion must be justified as being representative of the
strong motion portion of the SSE. The number of applica-
tions shall be such that the total duration of the middle-
frequency components equals the duration of the SSE (see
AA-4357).

AA-4356.6 Other Tests. The following factors shall
be considered to justify the test method employed to
qualify equipment:

(a) bandwidth of the RRS compared to that of the TRS
and effuipment characteristics and responses

(b) |duration of the test compared to the defined seismic
event

(c) |peak acceleration of the test input and the ampli-
ficatidn observed

(d) |natural modes and frequencies of vibration of the
equipnent

(e) |typical damping of the equipment

(f) |fragility levels

(g) |total number of cycles and the simulation of fatigue
failuré

AA-44357 Test Duration. The number of required OBE
eventp per 40-yr-plant-life shall be a minimum of five
unlesq stated otherwise in the equipment design specifi-
cation.

Thd
shall }
ment{

number of tests run as proof tests (see AA-4351.6)
ave an appropriate input level to fulfill the require-
of AA-4351.4. The OBE tests shall be followed by at
least gne SSE test. The duration of each test shall at least
equallthe strong motion portion of the original time
historly used to obtain the RRS for the SSE and.shall be
a minimum of 30 sec for a multifrequency.tést, and a
minimum of 15 sec for a single frequency test. Credit
may He taken for any test preceding the SSE test if it is
shown to be greater than or equaliniseverity to the
requifed OBEs. Fragility test durations shall at least
equal|the time duration for the stfong motion portion
of the|SSE to properly account-for vibration buildup.

AA+4358 Single- and Multiaxis Tests. Single-axis tests
are pgrmitted if the tests*are designed to reflect conser-
vativdly the seismic\event at the equipment mounting
locations, or if-the equipment being tested can be
shown to respond independently in each of the three
orthoponaltaxes or otherwise withstand the seismic
eventptitsmountinglocation. Thisis the case ifequipment
axis couplingiszere-erverylow-EorexampleHa-deviced
normally mounted on a panel that amplifies motion in one
direction, or if a device is restrained to have motion in one
direction, single-axis testing of the device is permitted.

If the preceding considerations do not apply, multiaxis
testing shall be used. The minimum is biaxial testing with
simultaneous inputs in a principal horizontal axis and the
vertical axis. Independent random inputs are preferred
and, if used, the test shall be performed in two steps
with the equipment rotated 90 deg in the horizontal
plane for the second step. If independent random

21

inputs are not used (such as with single-frequency
tests), four tests shall be run. First, with the inputs in
phase; second, with one input 180 deg out of phase;
third, with the equipment rotated 90 deg horizontally
and the inputs in phase; and fourth, with the same equip-
ment orientation as in the third step but with one input
180 deg out of phase.

AA-4360 Design of Bolts

for the load combinations of AA-4212 shallbe
in accordance with ASME BPVC, Section\1I,
Subsection NF, NF-3324.

ivision 1,

AA-4400 DOCUMENTATION REQUIREMENTS

The equipment design verification shall be dgcumented
by a certified design verification report (DVR], in accor-
dance with the rulesgiven in this section. This|document
may be based on one'of three types of verifigation, or a
combination of the’following:

(a) designverification stress report

(b) design Verification test report

(c) design verification by comparative evaluation

Factors considered in choosing a particulpr type of
design verification shall be included in the DYR.

AA-4410 Certification of Design Verific

A certificate of design verification shall bg
with the DVR. This certificate shall include

(a) description and identification of e
covered by the DVR, including the name of
the plant location, the Owner, location of the
in the plant, and its function

(b) statement of compliance with Article AA-4000 and
the equipment design specification requiremgnts

(c) date, revision, and report identification pumber of
the analysis or test program

(d) names and signatures of responsibl
performing, reviewing, and approving the desig
tion

ion
provided
quipment

the plant,
bquipment

P persons
n verifica-

AA-4420 Equipment Description

The DVR shall include a detailed descriptfion of the
equipment being qualified. Outline drawingp showing
cqtipmentinterface—potntsanchortoeations, weights,
and locations of major components shall be included.
In addition, plant-specific information such as building
location and elevation shall be reported if appropriate.
Any appropriate tag numbers and equipment model
numbers, where applicable, shall be included.

PO 5o v
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(23) AA-4430 Operating Features

AA-4431 Critical Functions. Equipment critical func-
tions in all modes of operation shall be fully described
in the DVR.

AA-4432 Critical Components. All components critical
to the performance of the functions of the equipment shall
be identified in the DVR.

AA-4433 Failure Modes and Evaluation Criteria. For

(b) identification of the test facility performing the test
and the test dates

(c) list of test equipment used and certified calibration
records for each

(d) laboratory mounting details for the equipment
tested and a comparison of this to in-service mounting;
justification for all differences must be addressed

(e) method used to simulate significant in-service
interface loads, if applicable

all critical components listed, the potential failure modes
being congidered in the design shall be described in the
DVR.In adfition, the evaluation criteria used to verify that
the critical components will not enter a failure mode shall
be defined in the DVR.

AA-4440| Report Content

AA-444]1 Design Verification Report. The DVR shall
address all of the following items:
(a) des¢ription of analytical method used
(b) desfription of mathematical model in sufficient
detail to ajlow reconstruction of the model by referring
only to the report content
(c) list pf the static loads considered
(d) method of developing dynamic loadings, including
(1) identification of response spectra and damping
values usdd
(2) njethod of combining modes
(3) nmethod of combining spatial components of
dynamic lpads
(4) assurance that rigid body motions are included
(e) load combinations considered, including intetface
loading effects and differential movement of (multiple
equipment supports
(f) evidence of verification of all compliter programs
used
(g) justffication of methods and assumptions used for
manual calculations
(h) resylts of analyses, including
(1) fdilure mode analysis:
(2) dlescription of significant mode shapes and
natural frequencies.
(3) ldcation and\value of maximum stresses.
(4) 1qcation_and value of maximum deformations.
(5) allowable interface loads.
(6) re¢action data at equipment supports; these data

Cﬂ variables to he measured dnring and after dvnamic
motion and the accuracy required for each meastrpment
(g) number, type, and location of each sensor used to
measure important equipment function ahd, motign
(h) description of vibration input to theitest equipment
including
(1) single or multiaxis
(2) single or multifrequeney,
(3) if multifrequency, type‘used (sine beat, rapdom)
(i) evidence that all significant modes were adequately
excited
(j) evidence that, fer multifrequency tests, thle test
response spectra (TRS) enveloped the required regponse
spectra (RRS)
(k) datashowing that the functions as defiy
AA-4431 were not compromised during or after thej
lated, dyfhiamic loading
(1) ~results of measurements performed to verify
ment functionality
(m) maximum equipment response (displace
during most violent tests
(n) maximum reactions at equipment supfports
(measured or calculated)
(o) list of all anomalies during the DVT and the resolu-
tion of each
(p) equipment modifications made during the VT, if
any, and justification for using test data without retg¢sting,
or full report of any retesting accomplished
(q) summary of results of DVT and conclusions

ed in
simu-

Pquip-

ment)

Hrawn

AA-4443 Design Verification by Comparative Eyalua-
tion Report. If the equipment design being verifi¢d has
been previously verified to different criteria, or|if the
equipment design is similar to a design previously veri-
fied, it may be acceptable to verify the current desjgn by
comparative evaluation.

Whether the basis for design verification is analysis or
11 £ il PRV 2 arcad-lois Aqu /1/1/11 oF ‘I\ul\ /]/1/12

may be reported in a summary form only if foundation
loads are to be included. Otherwise, detailed listings of
individual supportreactions for each load case considered
shall be included.

(7) summary of maximum anchor bolt or anchor
weld stresses compared to allowable limits.

AA-4442 Design Verification Test. The DVR shall
address all of the following items:

(a) detailed test procedure used for the equipment
design verification test (DVT)

22

testat-efthe-peintsrequired-by— 444

must be addressed. In addition, any differences
between the previous design verification method and
the requirements of Article AA-4000 must be identified
and justified as conservative. Any differences in equip-
ment design between the previously verified design
and the design being considered must also be shown

to be conservative.
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ARTICLE AA-5000
INSPECTION AND TESTING
AA-5100 GENERAL
AA-5110 Scope and Applicability

This Article contains general requirements for the
examination, inspection, and testing of materials and
equipment.

standard ]-1 letters on standard Jaeger-type test charts for
near vision.

AA-5222 Remote Visual Inspection. In some cases,
remote visual examination may have to be substituted
for direct examination. Remote visual inspection may
use visual aids such as mirrors, telescopes, borescopes,
fiber optics, cameras, or other instruments. Such
systems shall have a resolution capability at least equiva-
lent to that obtainable by direct visual observation.

ThedTequirements of this Article are applicable to the
extenft they are specifically invoked by other Code
sectiops. Unique requirements are given in each section.

AA-5120 Responsibility for Procedures

Whlen an inspection or test is required by
Articl¢ AA-5000 or by any other section, written inspec-
tion dr testing procedures shall be developed by the
partiels performing the test or inspection subject to the
specific requirements of this Code. The inspection or
testing shall be performed by personnel qualified in accor-
dance|with Article AA-8000 and with applicable portions
of the| other sections.

AA-5130 Measuring and Test Equipment

Corftrol and calibration of measuring and test equip-
ment |(M&TE) shall be in accordance with ASME NQA-
1, Part I, Requirement 12.

AA-5200 VISUAL INSPECTION
AA-5210 Scope

Thip Article contains methods and requirements for
visual inspection. The criteria for interpretation of
visual| inspection are not included @nythis Article, since
such ¢riteria are included in the other Code sections.

AA-5220 Description of Method

Visyial inspection is generally used to determine such
thingd as surface condition, alignment of mating surfaces,
shape| or evidence, of leaking.

AA15221 Direct Visual Examination. Direct visual

examinatiofi:usually may be made when access is suffi- Code.
cient [to.place the eye within 24 in. (610 mm) of the
surfa i =

30 deg to the surface to be examined. Mirrors may be
used to improve the angle of vision, and aids such as a
magnifying lens may be used to assist inspections. The
specific part, component, vessel, or section thereof
shall be illuminated to a minimum of 50 fc (540 lx) for
general inspection and to a minimum of 100 fc (1 080
Ix) for the detection or study of small anomalies.
Visual inspection personnel shall successfully pass an
annual visual examination to ensure natural or corrected
near distance acuity so that they are capable of reading

AA-5230 Requirements

When required by the referencing Code’section, visual
inspections shall be performed.

AA-5240 Inspection Checklist

When required by the referencing Code sectidn, a check-
list shall be used to plan.visual inspections and to verify
that the required observations were perforimed. This
checklist shall establish minimum inspectioh require-
ments to be fallowed by the manufacturer.

AA-5250°Reports

Whenrrequired by another section of thjs Code, a
written report shall be provided and shall cpntain the
following as a minimum:

(a) the inspection procedure used, date of §he inspec-
tion results, and inspector’s signature

(b) identification of instruments, equipment} tools, and
documents to the extent that they or their equiyalents can
be identified for future examinations

(c) observations and dimensional checks specified by
the respective test data and reports develoged during
inspection and testing

(d) conclusion and recommendation by vistial inspec-
tion and testing personnel

(e) reference to previous reports if this report is for
reinspection and testing

AA-5300 WELDED CONNECTIONS

Examination, inspection, and testing of weldq shall be in
accordance with Article AA-6000 and other sectjons of this

AA-5410 Before Bolting

Flange seating surfaces shall be visually examined for
cleanliness and acceptable surface finish. Flange faces
shall be examined for compliance with tolerances for
mutual parallelism and axial alignment, as well as for
planarity of each flange.

Gaskets shall be visually examined to ensure confor-
mance with specified dimensional tolerances and
freedom from tears, breaks, or other defects.
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AA-5420 After Bolting

Bolts in all bolted connections shall be examined to
ensure bolts are in place. A uniform sampling of 25%
of all bolts in a bolted connection shall be tested with
a calibrated torque wrench.

Torquing requirements shall be established for each
bolted connection.

If any bolt in the sample fails to meet torque require-
ments, all bolts in the connection shall be retorqued.

AA-6120 Materials

AA-6121 Material Selection. Materials to be used in
the fabrication of components, parts, and appurtenances
shall conform to the requirements of Article 3000 of each
Code section.

AA-6122 Material Identification. Materials to be used
in the fabrication and installation of components, parts,
and appurtenances shall be identified on fabrication
ed in

and-installation plans and snecifications as regui
r r 1

Gaskets|in bolted connections shall be visually exam-
ined for uphiform compression.

AA-5500| FABRICATION TOLERANCES

Equipmlent and components shall be examined for
conformance to tolerances required by this Code and
by the dedign specification. Refer to other Code sections
for specifif requirements.

PRESSURE AND LEAK TESTING

b and leak testing of equipment and components
shall be pefformed in accordance with the requirements of
this Code.[Refer to the other Code sections for specific
testing requirements.

AA-5600

Pressur

AA-5700 | PERFORMANCE AND FUNCTIONAL

TESTING

bhall be performed to ensure that prototype and
h equipment possess dynamic and functional
stics that meet requirements of this €ode
design specification.

the characteristics that may be determined by
fluid flow rates and pressures, air filter perfor-
bctrical quantities, bearing ¢peration, rotor
nd sound power level.

Testing
productio
character
and of the

Among
testing arg
mance, el
balance, a

AA-5800| SEISMIC TESTING

Refer td AA-4350 for the-requirements of structural
design veifification by testing.

ARTICLE AA-6000
ATION, JOINING, WELDING, BRAZING,
CTIVE COATING, AND INSTALLATION

FABRIC
PROT

Article AA-8000.

AA-6123 Repair of Material With Defects. M:
with defects that are discovered or produced d
the fabrication and installation processes may be
provided the defects are repairedsin“accordance
the requirements of Article AA-8000, and for
repairs, in accordance with AA*6300.

terial
uring
used,

with
weld

AA-6130 Control of Fabrication and Installgtion

Processes
main-
ation
hts of

Quality control procedures shall be prepared and|
tained current for all fabrication and instal
processes inraccordance with the requireme
Article AA-8000.

AA-6200 FABRICATION PROCESSES
AA-6210 Cutting, Forming, and Bending

Material may be cut to shape and size by any meais that
does not degrade the mechanical or chemical propeities of
the material below the minimum specified valuep. The
method or methods selected shall not create cfitical
stress areas, such as less than accepted corner rafii.

When thermal cutting is used, consideration sHall be
given to preheating the material.

Forming and bending of pressure-retaining par{s that
are to meet requirements of ASME BPVC, Section| III or
Section VIII shall conform to the applicable Article or
Articles of the applicable section of this Code.

AA-6220 Forming Tolerances

Forming tolerances shall be defined in the design
ification, drawings, and manufacturer’s design
ments.

spec-
docu-

AA-6100 GENERAL
AA-6110 Scope and Applicability

This Article contains general requirements for the fabri-
cation, joining, welding, brazing, protective coating, and
installation of components, parts, and equipment.

The requirements of this Article are applicable to the
extent they are invoked by the other sections. Unique re-
quirements are given in each Code section.
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Formed parts outside the toterances specified after the
completion of all forming, assembly, and welding opera-
tions shall be rejected. Repairs may be made to formed
parts to correct unacceptable tolerances in accordance
with AA-6123.

AA-6230 Fitting and Aligning

Parts that are to be assembled or joined by mechanical
means (e.g., bolts) or welding shall be fitted, aligned, and
when necessary, retained in position during assembly.
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Attachments that are welded to the component during
construction but are not incorporated into the final
component, such as alignment lugs or straps, tie
straps, braces, preheat equipment, and postweld heat
treatment equipment, are permitted provided the
following requirements are met:

(a) Attachment material shall be identified by ASTM or
ASME specification number and shall be certified when
required by another Code sectlon

(b) C i elding
to thelcomponent materlal and the attachment and subse-
quent|removal do not reduce the component’s structural
integrjity below the minimum specified value.

(c) [The welder and welding procedure shall be quali-
fied i accordance with AA-6300.

(d) |[The immediate area around the temporary attach-
ment ghall be marked in an acceptable manner so that,
after attachment removal, the area can be examined in
accordlance with the requirements of Article AA-5000.

(e) |[The temporary attachment shall be completely
remoped by mechanical means such as machining,
shear|ng, clipping, or grinding, or by thermal cutting,
in accprdance with AA-6210.

AA-6P40 Welded Joints

Manpufacturer’s fabrication drawings shall provide
complete information regarding location, type, size,
and ektent of all welds. Field and shop welds shall be
clearly identified.

Meinbers to be joined by welding shall be brought.into
corredt alignment when necessary and held in position by
bolts, flamps, or temporary weld attachments-nieeting the
requiements of AA-6230, until the welding is‘completed.

Welding shall conform to the requirerients of AA-6300.

AA-6250 Mechanical Joints

AA+6251 Fasteners and Threéaded Joints. Fasteners
and threaded joints shall\be provided with locking
devicgs or other means tovprevent loosening under the
vibratory loads expetCted during system operation. The
threadls of all bolts or studs shall be engaged for the
full length of thetthread in the nut unless specified other-
wise dn manufacturer’s design drawings or specifications.
Thread engagément of all bolts and studs shall be as speci-
fied oh the drawings.

tion-type joints shall be free of oil, paint, lacquer, galva-
nizing, or other plating.

AA-6254 Removal of Thread Lubricants. All thread
lubricants or compounds shall be removed from surfaces
that are to be welded.

AA-6255 Bolted Connections. Surfaces of bolted parts
in contact with the bolt head and nut shall not have a slope
of more than 1:20 with respect to a plane normal to the

are the 3 ength bolted part
has a slope of more than 1:20, a beveled washker shall be
used to compensate for the lack of parallelism. Bolts
loaded in pure shear shall not have threads [located in
the load-bearing part of the shank'tunless permitted by
the design specification or mantfacturer’s spegcification.

AA-6256 Precautions/Before Bolting.|All parts
assembled for bolting shallvhave contact sugfaces free
from scale, chips, or other deleterious materigl. Surfaces
and edges to be joinedshall be smooth, uniforin, and free
from fins, tears, cracks, and other defects that would
degrade the strength of the joint.

AA-6257’ Bolt Tension. All high strength [structural
bolts shall be tightened to a bolt torque eqal to that
given‘ii'the design specification or manufactufrer’s spec-
ification. Tightening shall be done by the tfirn-of-nut
method or with properly calibrated wrenches.|Bolts tigh-
tened by means of a calibrated wrench shall ble installed
with a hardened washer under the nut or bolt hdad, which-
ever is the element turned in tightening. Hardened
washers are not required when bolts are tightened by
the turn-of-nut method, except that hardenefd washers
are required under the nut and bolt head |when the
bolts are used to connect material having { specified
yield point less than 40.0 ksi (276 MPa).

AA-6258 Locking Devices. Threaded fastenprs, except
high-strength bolts, shall be provided with locking devices

to prevent loosening during service. Elastic|stop nuts
(when compatible with service temperature)f locknuts,
jam nuts, and drilled and wired nuts are all acceptable
locking devices. Upset threads may serve §s locking
devices.

AA-6300 WELDING REQUIREMENTS

AA-6310 General

AA-6252 Structural and Pressure Boundary
Fasteners. Type, size, and spacing of structural and pres-
sure boundary fasteners shall be selected to meet the
maximum stresses anticipated for the worst load combi-
nation and shall be documented by calculations.

AA-6253 Thread Lubricants. Any lubricant or
compound used in threaded joints shall be acceptable
for the service conditions and shall not react unfavorably
with any contact material. Contact surfaces within fric-

25

(a) Scope. The requirements of AA-6300 apply to the
preparation of welding procedure specifications, the
qualification of welding procedures, welders, and
welding operators for all types of manual and machine
welding processes, and to the workmanship, weld
quality, and inspection of weldments produced during
the manufacture of equipment and components.

(23)
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The requirements of this subarticle are applicable to the
extent they are invoked by the other sections. Unique re-
quirements are given in each section.

(b) Responsibility. Each manufacturer is responsible for
the welding done by its organization and shall conduct the
tests required in this Code to qualify the welding proce-
dures used in the construction of the weldments built
under this Code, the performance of welders and
welding operators who apply these procedures, and

(-e) AWS D1.3
(-f) AWS D1.6
(-g) AWS D9.1
(2) Welding of performance qualification test
samples shall be performed in accordance with the manu-
facturer’s qualified welding procedure for the process
used.
(3) Welding procedure qualification of coated base
metals qualifies the procedure for uncoated base metals,
but not vice versa

the inspeg¢tions rpqnirpd for wm‘km;mchip and weld
quality vetification.

(c) Recqgrds. Each manufacturer shall maintain a record
of the resylts obtained in welding procedure and welder
and welding operator performance qualifications. These
1l be certified by the manufacturer and shall be
accessible[for review.

(d) Bage Metal

(1) Bpse metals to be joined by welding shall be one
or a combjfination of those listed in Article 3000 of each
Code section.

(2) Rpst inhibitive coatings, galvanized coatings, or
anti-spatt¢r compounds may remain on the metal to be
joined prpvided the welding procedure is qualified
with thesq materials present.

Metals. Filler metals selected shall be one or a
combinatipn of those listed in ASME BPVC, Section II, Part
C and shall be compatible with the welding process used
and the bpse metal designated on the manufacturer’s
drawings.

(f) Procgsses.Joining processes under this specification
shall inclufle oxyfuel gas welding (OFW), shielded metal-
arc weldinlg (SMAW), submerged-arc welding (SAW), gas
metal-ard welding (GMAW), flux-cored arc(welding
(FCAW), das tungsten-arc welding (GTAW), plasma-arc
welding (PAW), resistance welding (RW), stud-arc
welding (§W), and carbon-arc welding- (CAW).

(g) Terms and Definitions. Terms-and’definitions shall
be interpreted in accordance with;AWS A3.0M/A3.0.

(h) Symols. Symbols used orfthe manufacturer’s draw-
ings shall pe in accordance.with ANSI/AWS A2.4.

(i) Safety Precautions, Safety precautions shall conform
to the latgst edition of\ANSI/AWS Z49.1.
dard Units of Measurement. The values stated in
ary units’are to be regarded as the standard.

(SHhequivalents of U.S. customary units as
given are ppproximate.

(4) Base metal sensitization shall be considj’ed in
selecting the welding process and filler-metals for
welding procedures developed for welding'stainlesg steel.

AA-6320 Workmanship
AA-6321 Preparation of Base Metal

AA-6321.1 Surfaces and edges to be welded shall be
free from fins, tears, cracks, ahd discontinuities that would
adversely affect the quality or strength of the|weld.
Surfaces to be welded and surfaces adjacent to 4 weld
shall also be free from loose mill scale, slag, rust, mojsture,
grease, and foreign material that would prevent proper
welding. Milkscale that can withstand wire brushjing, a
thin rustéinhibitive coating, or anti-spatter compound
may remain.

AA-6321.2 Galvanized surfaces need not have the zinc
coating removed before welding, provided the wglding
procedure is qualified with the galvanizing preseipt.

AA-6322 Joint Fit-Up

AA-6322.1 Joints to be welded shall be brouglit into
correct alignment within the tolerances required py the
qualified welding procedure.

AA-6322.2 When tack welds are used to assemiple the
joint for welding and are incorporated into the fina] weld,
they shall be made with electrodes meeting the require-
ments of the final welds.

AA-6322.3 Tack welds not incorporated into thfe final
welds shall be removed.

AA-6323 Weld Cleaning

AA-6323.1 Where cleaning of base metals is redquired,
it shall be accomplished by wire brushing, grinding,

(k) Welding Procedure and Performance Qualification
(1) Qualification of the manufacturer’s welding
procedure specifications and welder and welding
operator performance shall be in accordance with the re-
quirements of one or more of the following, as defined in
each Code section:
(-a) ASME BPVC, Section IX
(-b) AWS C1.1M/C1.1
(-c) AWS C1.3
(-d) AWS D1.1
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blasting, solvents, or other suitable means that are unin-
jurious to the material or weld quality.

AA-6323.2 Before welding over previously deposited
metal, slag, if present, shall be removed and the weld and
adjacent base metal shall be brushed clean. This require-
ment shall apply not only to successive layers, but also to
successive beads and to the crater area when welding is
resumed after any interruption.
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Figure AA-6324.2-1
Acceptable and Unacceptable Weld Profiles

Size

Size
Size

| size _\

(a) Desirable Fillet Weld Profiles

N

(b) Acceptable Fillet Weld Profiles

>

GENERAL NOTE: Permission granted by the American Welding Society.

-6323.3 Upon completion, the weld and adjacent
areas [shall be cleaned of all slag, excessive spatter, soot,

Size Size Size Size Size
Insufficient Excessive Excessive Overlap Insufficient Inadequate
throat convexity undercut leg penetration
{c) Unacceptable Fillet Weld Profiles
,—\
A | I’
N ]L
2™ s
U4 A )
4 LY
et
Excessive Insufficient Excessive Overlap
convexity. throat undercut

(e) Unacceptable Butt Weld Profiles

AA-6324.3 The faces of fillet welds may pe slightly
convex, flat, or slightly concave, as shown|in Figure

dirt, or any residue from welding. Welds shall be left in a
condition ready for subsequent inspection.

AA-6324 Weld Quality

AA-6324.1 The sizes and lengths of welds shall be no
less than those specified by design requirements and
detail drawings.

AA-6324.2 Weld profiles shall be in accordance with
the acceptable weld profiles shown in Figure AA-6324.2-1.

AA-6324.2-1, illustrations (a) and (b), with none of the
unacceptable profiles shown in illustration (c).

AA-6324.4 Groove welds shall preferably be made
with slight or minimum reinforcement except as may
be otherwise provided. In the case of butt and corner
joints, the reinforcement shall not exceed % in. (3.2
mm) in height and shall have a gradual transition to
the plane of the base metal surface. See Figure
AA-6324.2-1, illustration (d). They shall be free of the
discontinuities shown for butt joints in illustration (e).

27
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AA-6330 Inspection and Testing of Welds
AA-6331 Butt and Fillet Welds

AA-6331.1 Production welds shall be inspected. As a
minimum, visual inspection shall be made. Welds that
conform to the following criteria shall be acceptable:

(a) fusion: complete fusion is required
(b) penetration: required joint penetration as specified
for the application

AA-6334 Nondestructive Testing (NDT) Methods and
Acceptance Criteria

AA-6334.1 When nondestructive testing other than
visual inspection is required, it shall be so stated in
the manufacturer’s drawings and specifications.

AA-6334.2 Surface inspection, when required, shall
be performed using the dye penetrant method. The stan-
dard methods set forth in ASTM E165/E165M shall be

(c) reinforcement of welds in butt joints: a maximum of
0.125 in. (B.2 mm) face reinforcement and 0.125 in. (3.2
mm) root [reinforcement

(d) thrdat and convexity of fillet welds: a minimum weld
leg size, §s required on the design drawings, with
maximum/|convexity not to exceed 0.125 in. (3.2 mm)

(e) porpsity or slag inclusion: a maximum of three
visible padres or slag inclusions, or both, that do not
exceed 0[25¢t/in. (0.25t/25.4 mm) of weld, and a
maximuny] of one visible pore or slag inclusion that
does not|exceed 0.5t/in. (0.5t/25.4 mm) of weld,
where t is| the thinner base metal thickness

(f) unddrcut: no undercut exceeding 0.15¢, where t is
0.125 in. (8.2 mm) or thinner, or exceeding % in. (0.79
mm), whefe t exceeds 0.125 in. (3.2 mm)

(g) cragks: no cracks are permitted

AA-6B31.2 Completed welds shall be visually
inspected|for location, size, and length in accordance
with the rdquirements of applicable manufacturer’s draw-
ings and gpecifications.

AA-6331.3 When specified by the Engineer, the weld
acceptance criteria of NCIG-01 may be used in lielnof the
criteria off AA-6324 and AA-6331.1 for structtwes and
supports fabricated to the requirements of the AISC Spec-
ification fdr the Design, Fabrication and Efection of Struc-
tural Steel for Buildings and AWS D1(1.

AA-6332 Resistance Spot Welds.-The diameter of the
spot and cross section of the nugget'shall be in accordance
with the sifzes specified on detaildrawings and in welding
procedure| specifications:

AA-63338 Stud Welding

AA-6333.1 Thedesign of studs shall be suitable for arc
welding td stéel)members with automatically timed stud
welding equipment. An arc shield shall be furnished for all

neadfor-dua nana frant tacoaction oo dtha accax tance
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criteria shall be in accordance with AA-6331,

AA-6334.3 For detecting surface o1 subsyrface
discontinuities, radiographic or ultrasenic inspgction
may be used. Radiographic or ultrasonic insp¢ction
shall be used only when joint designs require multiple
pass welds. The standard methods set forth in JASME
BPVC, Section V shall be useéd-for inspection and accep-
tance criteria and shall.be in accordance with the
following:

(a) No cracks are permitted.
(b) Not morersthan three individual discontinpities,
with the greatest’dimension being less than %, |times
the base metal thickness per linear inch (25.4 njm) of
weld, are*petrmitted.

AA-6335 Inspector Qualifications

AA-6335.1 Personnel performing visual inspections
shall meet the requirements of ASME NQA-1, Part I,
Requirement 2 to a Level I capability and be wgrking
under the supervision of a Level II or Level III indiyidual,
or shall be Level II or Level III individuals.

ictive
T-TC-
[ and
idual,
el 111,

AA-6335.2 Personnel performing nondestr
testing shall be qualified in accordance with SN
1A. Only individuals qualified for NDT Level
working under an NDT Level II or Level III indiv
or individuals qualified for NDT Level II or Ley
may perform nondestructive testing.

AA-6335.3 Personnel performing visual inspéections
to the requirements of AA-6331.3 shall be trained inpccor-
dance with NCIG-03 with regard to the acceptance cfiteria
of NCIG-01.

AA-6336 Repairs. Defects in welds or base metals may
be repaired in accordance with the applicable wglding

studs and pins over 10 gauge diameter. At the time of
welding, the studs shall be free from rust, rust pits,
scale, oil, paint, galvanizing, plating, and other deleterious
material that would adversely affect the welding opera-
tion. After welding, stud ferrules shall be broken free for
visual inspection.

AA-6333.2 Stud weld reinforcement shall be as speci-
fied by the manufacturer’s drawings and procedure.
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code and the applicable equipment section of this
Code. Weld repairs shall be performed by qualified
welders using qualified procedures and inspected to
the original acceptance criteria.

(23)
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AA-6400 BRAZING
AA-6410 General

(a) Scope. The requirements of AA-6400 apply to the
preparation of brazing procedure specifications, the quali-
fications of brazing procedures, brazers and brazing
operators for all types of manual and machine brazing
processes, and the workmanship, braze quality, and
inspection of brazements produced during the manufac-

(2) Brazing of performance qualification test
samples shall be performed in accordance with the manu-
facturer’s qualified brazing procedure for the process
used.

AA-6420 Workmanship

AA-6421 Preparation of Base Metal. Surfaces and
edges to be brazed shall be free from fins, tears,
cracks, and discontinuities that would adversely affect

ture f!:quiyuu:ut Clllc‘l LUlll}}UllClltb. Bl ClLills b}ld}} 1UC ill
accordlance with this subarticle unless specific require-
mentq are given in the applicable equipment section of
this Cpde.

(b) |Responsibility. Each manufacturer is responsible for
the brpzing done by its organization and shall conduct the
tests fequired in this subarticle to qualify the brazing
proceflures used in the construction of the brazements
built iinder this Code, the performance of brazers and
brazirjg operators who apply these procedures, and the
inspections required for workmanship and braze
quality verification.

(c) |Records. Each manufacturer shall maintain a record
of the|results obtained in brazing procedure, and brazer
and bfazing operator performance qualifications. These
recorfds shall be certified by the manufacturer and
shall be accessible for review.

(d) |Base Metals. Base metals to be joined by brazing
shall He as listed in each section of this Code and applicable
to thaft section.

(e) [Filler Metals. Filler metals selected shall be oné.or a
combination of those listed in ASME BPVC, Section-ll, Part
C or Ap.8M/A5.8 and shall be compatible with'the’brazing
process used and the base metal designated'en the manu-
facturer’s drawings.

(f) Processes. Joining processes underthis specification
shall Include torch brazing (TB)(furhace brazing (FB),
induction brazing (IB), resistance.brazing (RB), and dip
brazirjg (DB).

(g) | Terms and Definitions) Terms and definitions shall
be interpreted in accofdance with AWS A3.0M/A3.0.

(h) |Symbols. Symbolsused on the manufacturer’s draw-
ings shall be in accerdance with ANSI/AWS A2.4.

(i) |Safety Precautions. Safety precautions shall conform
to the| latest.edition of ANSI/AWS Z49.1.

() |Standard Units of Measurement. The values stated in
the UK._customary units are to bhe regarded as the stan-

the quality of StrengtiT of the brazement. surfaces to be
brazed and surfaces adjacent to a brazement shall also
be free from loose mill scale, slag, rust, moisture,
grease, and foreign material that would’prevént proper
brazing.

AA-6422 Joint Fit-Up. Joints to be brazed shall be
brought into correct alignment within the folerances
required by the qualified:brazing procedure.

AA-6423 Cleaning

AA-6423.YWhere cleaning of base metals if required,
it shall be accomplished by wire brushing| grinding,
blasting, solvénts, pickling, or other suitable means.

AA-6423.2 Upon completion, the brazemerjt and adja-
centareas shall be cleaned of flux residues and pxide scale
formed during the brazing process.

AA-6430 Inspection and Testing
AA-6431 Visual Examination

AA-6431.1Visual examination of brazed joints is used
for estimating the soundness by external appeagance, such
as continuity of the brazing filler metal, size, cgntour, and
wetting of fillet along the joint, and, where appiopriate, to
determine if filler metal flowed through the joimt from the
side of application to the opposite side.

AA-6431.2 Brazed joints shall be inspecte
means prior to mechanical or section tests. As a
visual inspection shall be made. The results of
examination shall meet the following require

(a) Braze metal shall be presentatall edges

(b) No unfused brazing filler metal shall b¢ present.

(c) Undercutting shall have a maximum depth of 5% of
the base metal thickness, or 0.010 in. (0.254 mm), which-
ever is less

1 by visual
minimum,
the visual
nents:

fthe joint.

dard. The metric (SI) equivalents of U.S. customary units as
given are approximate.
(k) Brazing Procedure and Performance Qualification
(1) Qualification of the manufacturer’s brazing
procedure specifications, and brazer and brazing operator
performance, shall be in accordance with the require-
ments of one or more of the following:
(-a) ASME BPVC, Section IX
(-b) ANSI/AWS C3.3
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(d) Individual pores shall have a maximum diameter of
0.015 in. (0.381 mm), and the minimum space between
such pores shall be 0.5 in. (12.7 mm).

(e) Thesum ofall pore diameters shall be a maximum of
0.030 in. (0.762 mm) in each linear inch of joint.

(f) No cracks are permitted.

AA-6431.3 Mechanical or section tests, when
required, shall be accomplished in accordance with the
applicable code specified in AA-6410.
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AA-6432 NDT Methods and Acceptance Criteria

AA-6432.1 When nondestructive testing other than
visual inspection is required, it shall be so stated in
the manufacturer’s drawings and specifications.

AA-6432.2 Surface inspection, when required, shall
be performed using the dye penetrant method. The stan-
dard methods set forth in ASTM E165/E165M shall be
used for dye penetrant inspection, and the acceptance
criteria s i

AA-6
discontiny

32.3 For detecting surface or subsurface
ities, other nondestructive methods may be
used. The|standard methods set forth in ASME BPVC,
Section V [shall be used for NDT inspection. The extent
of examingtion and acceptance criteria shall be stipulated
in the profurement documents.

AA-643

AA-6433.1 Personnel performing visual inspections
shall meef the requirements of ASME NQA-1, Part |,
Requirement 2, to a Level I capability and shall be
working under the supervision of a Level II or Level III
individual] or shall be Level II or Level III individuals.

Inspector Qualifications

AA-6433.2 Personnel performing NDT shall be qual-
ified in accprdance with SNT-TC-1A. Only individuals qual-
ified for NDT Level I and working under an NDT Level Il or
Level Ill individual, or individuals qualified for NDT Level
I or Leve] IlI, may perform NDT.

AA-6434 Repairs. Defects in base metals or brazed
joints maly be repaired in accordance with written
repair prgcedures mutually agreed upon between the
manufactyrer and purchaser. Repairs shall be performed
by qualifipd brazers in accordance withythe qualified
brazing grocedure specification. (Repairs shall be
inspected [to the original acceptancé criteria.

The main criteria for coating systems are to provide
corrosion protection, facilitate decontaminability of the
exposed surfaces to radioactive nuclide contamination,
and provide assurance that coatings will not fail in a
manner that will compromise the function of a structure,
system, or component.

AA-6511 ServiceLevellAreas. Service Level lareasare
areas inside the reactor-containment where coating
failure could affect the operation of post accident

uids and, thereby, impair sale shutdown. sgrvice
Level I protective coating system shall conform/fo the
design specification.

AA-6512 Service Level Il Areas. Service Level IJ
are areas where coating failure cotild impair, b
prevent, normal operating performiance. The fu
of Service Level Il protective coatings is to provide forro-
sion protection and facilitate"decontaminability in|those
areas outside the reactor-containment subject to radiation
exposure and radionuclide contamination.

AA-6513 Servicelevellll Areas. Service Level II] areas
are areas outside.the reactor containment where cpating
failure could.adversely affect the function of a strycture,
system, ar. component. Service Level III coatings may
include-linings used in areas such as service water
systems, essential cooling water heat exchanger
channel heads, and emergency diesel generatpr air
intakes.

AA-6514 Stainless Steel and Galvanized Surfaces.
Stainless steel and galvanized surfaces are not normally
coated. When protective coatings are applied to|these
surfaces, the applicable requirements for the sgrvice
level area for protective coatings where they will be
installed shall apply.

areas
t not
hction

AA-6520 Design Considerations for Coating

AA-6521 General. Clearly define the areas to which
AA-6500| CLEANING AND.COATING protective coatings are to be applied, and idgntify
those areas where coatings are not to be applied.

AA-6510 |General
AA-6522 Coating System Selection and Evalujation.
The degign specification shall specify the required  coating system selection should be consisten{ with
coating s¢rvice levels for both internal and external plant-specific design specification for the int¢nded
surfaces ¢f the equipment. Coating level designation coating service level area application. ASTM [}5144
shall be d ’Eermi?ed based on equip-mentJloJcation, func- 5rovides useful information on relevant standarfds for
tion, and effeetof Luatuls o_yatcul omrmtencded Lulupuucut Selectlng, testlng, and evaluatlng Coatlngs for use in

or system performance.

The design specification shall contain the Owner’s
plant-specific quality assurance requirements and licen-
sing commitments.

ASTM D5144 provides useful guidance in determining
appropriate service levels for protective coating used in
nuclear power plants. ASTM D5144 also provides defini-
tions for pertinent terms used for classification of coating
systems within the service levels described below.
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nuclear power plants. When possible, coating systems
should complement the coatings already in use at the
facility (i.e., currently or previously used materials
should be considered for use whenever possible to mini-
mize impact on future maintenance coating).

AA-6523 Surface Preparation. Surface preparation for
both uncoated (new) and previously coated surfaces shall
be equal to or better than that used in the qualification
testing of the coating system intended for use. In those
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cases where qualification testing of the coating system
was not required, then surface preparation requirements
may be specified in the design specification based on the
desired service life required for the applied coating
system.

AA-6524 Coating Work Processes Requirements. Re-
quirements for surface preparation and coating applica-
tions processes for Service Level I and III coating work
shall be established in accordance with the design spec-

AA-6541 Component Cleanliness

AA-6541.1 Cleanliness of Moisture Separators.
Metal parts of the moisture separator shall be cleaned
and degreased in accordance with ASTM A380/A380M
before any welding.

AA-6541.2 Cleanliness of Filter Cells. Metal surfaces
shall be cleaned and degreased in accordance with ASTM
A380/A380M before any welding, installation of gaskets

ificatipn. ASTM D5144 provides guidance for require-
mentq for surface preparation and coating applications.
Coatinlg work process requirements may also be estab-
lished|for Service Level Il coating work based on criticality.
The fqllowing Society of Protective Coatings* documents
provifle useful information relevant to coating work
procegses: SSPC-SP COM, “Surface Preparation Commen-
tary”;[SSPC-PA 1, “Shop Field and Maintenance Painting”;
and S$PC-PA Guide 3, “A Guide to Safety in Paint Applica-
tion.” Additionally, the coating manufacturer’s published
technjcal requirements for the given coating or coating
systemn should be considered when developing coating
work [process requirements.

AA-6530 Repair of Coating System

(a) |Service Level I and III coating systems that require
repaiy due to damage or defects in the original coating
systerh shall be repaired in accordance with the require-
mentd of this subarticle.

(b) |Other coatings should be repaired in accordance
with the applicable sections of this subarticle and the
coating manufacturer’s written instructions unléss other-
wise dtipulated in the plant-specific design(spgecification.

(c) |Galvanized surfaces that have been damaged and
requife repair with a protective coating system shall
be repaired in accordance with-the' requirements of
this sybarticle for the applicable.coating service level loca-
tion.

AA-6b40 Cleanliness

Eqyipment internals shall, as a minimum, be shop
cleangd and be prepared for shipment per the require-
mentg of ASME NQA-1. Cleanliness levels shall be the
same [as for:the fluid systems of which the equipment
isapaft.The deSIgn spec1f1cat10n shall 1dent1fy theinternal
cleanline 3
minimum, ASME NQA 1 PartII SubpartZ 1 ClassD clean-
liness level shall apply.

! Formerly known as Steel Structures Painting Council. Referenced
SSPC documents can be found in the SSPC publication “Systems and
Specifications — Steel Structures Painting Manual,” Volume 2.

or seal pads, and filling with adsorhent

AA-6541.3 Cleanliness of Type Il Adsgrbers. All
surfaces shall be cleaned prior to~acceptance. No
halogen bearing materials or carbon'steel §ools shall
be used to clean the stainless steel surfaced. Cleaning
shall be performed in accordanee’ with the grocedures
contained in Article AA-6000%and the manyfacturer’s
written procedure.

AA-6541.4 Cleantliness of Mounting Frames. All
surfaces shall be ¢leaned per Article AA-6000 prior to
acceptance. No halogen bearing materials pr carbon
steel tools shall be used to clean frames congtructed of
stainless steel’ Cleaning shall be performed in dccordance
with the.manufacturer’s written procedure.

AA-6541.5 Cleanliness of Control Panel§. Cleaning
and coating shall be in accordance with AA-6500.

AA-6542 Surface Preparation. Surface preparation,
finishing, and coating of all equipment and cqmponents
shall be in accordance with the design speci%ication. In

lieu of specified standards, cleaning, finighing, and
coating shall be in accordance with the manyfacturer’s
written procedures. Surface preparation, finisH, and coat-
ings that are compatible with the environmental condi-
tions shall be provided in the design specificdtion.

AA-6543 Cleaning and Finishing. This pubarticle
covers the cleaning prior to surface preparation,
coating, or painting. Surfaces shall meet the following re-
quirements:

(a) Surfaces shall be free of particle contami
as sand, metal chips, weld slag, or weld spatt]

oil, grease, soil, dust, or foreign matter befo
mechanical or chemical surface preparatio

degreasers shall not be used for surface preparation.
AA-6543.1 Surface Preparation

(a) Surface preparation of metal surfaces for air
cleaning equipment and material located inside the
containment building shall conform to the following re-
quirements:

(1) All welds shall be continuous where feasible, free
from sharp projections and spatters, and blended
smoothly into the base metal. The surface shall be
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cleaned in accordance with SSPC-SP 10, as appropriate.
The abrasive shall be selected to produce an anchor
pattern that is compatible with the substrate and the
coating system used and acceptable to the coating manu-
facturer.

(2) All loose foreign material shall be removed.
Crevices, gouges, deep pitting, and joints shall be filled,
where required, with a suitable material compatible
with the substrate and the coating system used

(3) here snecig mstancesmake i
to employ blasting, alternative methods of surface
preparatign may be used, provided the surface prepara-
tion is adegquate for the coating system and the intended
service.

(b) Surtfface preparation of metal surfaces for air
cleaning ¢quipment and material located outside the
containmgnt building shall conform to the following re-
quirements:

(1) A]l welds shall be continuous, free from spatter
and sharp projections, and blended smoothly into the base
metal.

(2) Tlhe minimum surface preparation shall be
commercial blast cleaning as specified in SSPC-SP 6

and to a yisual degree of cleanness as described in
SSPC-VIS
(3) The abrasive shall be selected to produce an

anchor pattern that is compatible with the coating
system used and acceptable to the coating manufacturer.

(4) Where special circumstances make it impractical
to employ blasting, alternative methods of surface
preparatidn may be used, provided the surface prepara-
tion is adegquate for the coating system and the intended
service.

(c) Surfaces prepared for coating shall not be allowed
to deteriofate below minimum surface preparation re-
quirements or to be contaminated in-ahy/way between
completion of the preparation phase -and coating applica-
tion. If vigible deterioration has~oecurred, the surface
preparatidn shall be repeated:

AA-6%43.2 Coating,and‘Application. Coating and
application shall be in aceordance with the following re-
quirements:

(a) Coating matefial mixing and thinning procedures
shall conform-~to-those outlined in SSPC-PA 1 and to
the recommendations of the Coatlng manufacturer

(b) Appheationegtipme HSEaHe S
shall conform to the requlrements ofSSPC PA 1 and to the
recommendations of the coating manufacturer.

(c) Coating materials and application equipment shall
be suitable for the intended purpose and shall be main-
tained in satisfactory operating condition for the proper
coating application.

(d) Application of coating shall conform to the require-
ments of SSPC-PA1 and to the recommendations of the
coating manufacturer.
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(e) The dry film thickness of each coat and of the entire
coating system shall conform to the requirements of the
design specification.

(f) No coating materials shall be applied to the coil heat
transfer surfaces unless specifically required by the design
specification.

(g) Quality assurance and quality control for coating
materials, surface preparation, and coating application,
including procedures and personnel qualifications neces-

0 provide equate
confidence that the coating work will satisfy service rondi-
tions, shall conform to the design specification.require-
ments.

AA-6544 Coating of Filter MountingFrames. Cpating
of the frames, if applicable, shall bein accordanc¢ with
AA-6500.

AA-6550 Quality Assurance Requirements and
Documentation

(a) Service Level] and I1I coating work shall confgrm to
the quality assurance requirements of the design specifi-
cation. Servicelllevels I and I1I coating work is considered a
special process as defined in 10 C.F.R. 50, Appendix B,
Criterion 9,

(b). Quality assurance requirements for Service Level I
coatihgs are not mandatory (unless otherwise cominitted
to~in plant-specific quality assurance program or ¢lesign
specification) and should be established based on thg criti-
cality of the work scope.

(c) Documentation shall be provided to the Owpner in
accordance with the requirements of Article AA-8000.

AA-6551 Quality Assurance Program. A quality pssur-
ance program for Service Levels I and III coating work
shall be established in accordance with the design spec-
ification. ASTM D3843 provides guidance for achieving the
objectives of the Owner’s Quality Assurance Programh with
respect to coatings work. Quality assurance requirefnents
may also be established for Service Level II coating work
based on criticality. Service Levels I and III coating work is
considered a special process as defined in 10 C.F|R. 50,
Appendix B, Criterion 9.

AA-6552 Inspection. Coating work shall be inspected
by protective coatings inspection personnel qualifi¢gd and
certified in accordance with the plant-specific quality
assurance program or design specification. Service
Level I and III coating work shall be inspected in accor-
dance with plant-specific quality assurance program or
design specification. ASTM D5161 provides guidance in
selecting appropriate inspection attributes for coating
inspection work.

AA-6553 Coating Inspector’s Qualification. Personnel
performing inspections of Service Levels I and III coating
work shall be qualified in accordance with the plant-spe-
cific quality assurance program or design specification.

(23)
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ASTM D4537 provides an acceptable means for qualifying
personnel for inspection of coating work.

AA-6554 Quality Control Process. Quality control
procedures for Service Level I and III coating work
shall be established in accordance with the plant-specific
quality assurance program or design specification. ASTM
D3843 provides guidance for achieving the objectives of a
quality control process with respect to coatings work.
Quality control requirements may also be established

erecting, leveling, aligning, securing, doweling,
connecting, cleaning, lubricating, final adjusting,
inspecting, and all other operations necessary to make
the equipment operable.

(b) The equipment manufacturer shall be responsible
for advising the Owner or designee of field connections or
services required for the proper and safe operation of the
equipment as specified in the design specification. These
requirements shall be explained in the installation proce-

for Sefrvice Level 11 coating work based on criticality.

AA{6555 Coating Applicator’s Qualifications. Per-
sonngl applying protective coatings in Service Levels I
and I|I applications shall be qualified in accordance
with the plant-specific quality assurance program or
design specification. ASTM D4227 (concrete substrates)
and AFTM D4228 (steel substrates) provide an acceptable
mean$ for qualifying personnel for applications of protec-
tive cpatings.

AA16556 Control of Coating Manufacturing. Unless
otheryvise stipulated in plant-specific quality assurance
program or design specification, coating materials shall
be m3nufactured under the provisions of 10 C.F.R. 50
(2019), Appendix B, or be commercially dedicated.
ASTM| D3843 provides an acceptable means for estab-
lishing quality assurance criteria and documentation re-
quirements to be imposed on coating manufacturers of
coatinlg materials.

AA-6
AA-6

(a) |[Handling and rigging requirements for assembled
compénents or subassemblies shall beidentified in manu-
factuger’s installation procedures\in' accordance with
Article AA-7000. Manufacturer’s procedures shall
include the classification of-the’item to be handled as
defingd in ASME NQA-1.

(b) |Items that will beshandled or supported during
installation by a crafe-or other lifting device shall be
equipped with lifting eyes or other means to maintain
the it¢m in proper*orientation without exceeding struc-
tural design ihtegrity of the assembly while being handled
or sugported. The design specification shall identify any
specidl rigging requirements or restrictions for final erec-

500 INSTALLATION REQUIREMENTS
510 Handling and Rigging

dures The equipment manufacturer shall make provi-
sions in the design of its equipment for thg required
field connections.

(c) Alignment markings where required for the proper
field positioning and connection of parts or subjssemblies
shall be shown on the manufacturer’s installation draw-
ings.

AA-6630 Temporary. Field Attachments

(a) Field attachments to equipment and|ducts not
specified in the design drawings, the design spegcification,
or this Code are permitted only when authorized in
writing by the equipment manufacturer, Qwner, or
Owner’s_designee. The method of attachment shall
meet, the' requirements of the drawings, spegifications,
or this' Code, as applicable, and neither the attachment
nor the method of attachment shall advergely affect
present or future performance, reliability, or|structural
integrity of the item or the installed system. Temporary
attachments shall be removed before delively or final
acceptance of the installed system, whicheverl|is applica-
ble.

(b) Unauthorized attachments shall not bg made to
equipment or ducts and, when discovered, shall be
removed in a manner that will not affect the jmmediate
or future performance, reliability, or structural integrity of
the item or the system. The equipment manufacturer or
the Owner or the Owner’s designee, as applicalle, shall be
advised of the unauthorized attachment and shall review
the impact of such attachment. The method of femoval or
repair, or both, if necessary, shall be authorited by the
equipment manufacturer or the Owner or the Owner’s
designee. If the attachment does adversgly affect
immediate or future performance or reliability, and
removal of the attachment or repair does not eliminate
the adverse result, the item affected shall be feplaced.

tion.

AA-6620 Field Assembly

(a) Where equipment requires component assembly
during final installation, the equipment manufacturer
shall provide detailed written procedures for making
the proper final assembly. Installation procedures shall
include requirements for all other interfacing services,
such as electrical, piping, supports, and ductwork. Instal-
lation procedures shall also address assembling, setting,
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ARTICLE AA-7000
PACKAGING, SHIPPING, RECEIVING, STORAGE,
AND HANDLING

AA-7100 GENERAL
AA-7110 Scope and Applicability

This Article contains general requirements for packa-
ging, shipping, receiving, storage, and handling of compo-

included to ensure compliance with the provisions of
Article AA-7000 and each Code section.

AA-7220 Personnel Qualifications

Those personnel who perform inspection, examination,
and testing activities at the job site to ensure compliance to
this Code shall be qualified in accordance with ASME NQA-
1, Part I, Requirement 2. Offsite inspection, examination,
or testing shall be audited and monitored by personnel

nents, parfs, and equipment.

The requirements of this Article are applicable to the
extentthey are invoked by the other Code sections. Unique
requirements are given in each respective Code section.

AA-7120 |Responsibility

The reqyiirements for the activities covered by this Code
are identiffed in this Article and in each Code section. The
establishment of practices and procedures, and the
providing|of resources for personnel, equipment, and
services rlecessary to implement the requirements of
this Code| may be delegated to other organizations,
and such Helegation shall be documented. However, it
is the responsibility of each organization performing
work covdred by this Code to comply with procedures
and instryctions issued for the project and to conform
to the requirements of this Code as it is applicable to
its work.

AA-7200 |GENERAL REQUIREMENTS

This Article contains requirements that are tobe
fulfilled by organizations responsible for performing
any segmgnt of work described in each Code.séction.

This Article establishes measures acceptable for the
packaging| shipping, receiving, storage,(and handling of
air and gds treatment items to be incorporated in the
nuclear power plant and for the inspections, examina-
tions, testng, and documentation _to verify conformance
to specified requirements.

This Article is intended)te supplement ASME NQA-1,
Part 11, Suppart 2.2. The\provisions of this Article shall
replace these respeetive sections and subsections of
ASME NQA-1, Paxt/Il, Subpart 2.2. The balance of
ASME NQA-1,-Part II, Subpart 2.2, shall apply and be
part of this Code.

Wito are quatiffed Tmaccordance witit ASMENQA-1,
Part I, Requirement 2.

AA-7230 Classification of Items

The requirements for activities coyéréd by this Article
(packaging, shipping, receiving, stofiage, and handlinjg) are
divided into four levels with respect to protg¢ctive
measures to prevent damage;-deterioration, or coptami-
nation of the items, basedGpon the important pHysical
characteristics and not upon the important fundtional
characteristics of the(item with respect to safety|relia-
bility, and operation. It should be recognized, hoyever,
that within the scope of each level there may be a
range of conitrols and that the detailed requirenents
for an itémJare dependent on the importance pf the
item to(8afety or reliability. Items, once classified, shall
be restricted to that level or higher for each of the packa-
giflg, shipping, receiving, storage, and handling ¢pera-
tions. Any package unit or assembly made up of|items
of different levels shall be classified to the highest
level designated for any of the respective parts, finless
the higher level subassembly or part can be padkaged
to its respective level while still attached to thg total
assembly or is totally protected within the assgmbly.
The balance of the unit or assembly may be cla§sified
to a lower level. If the unit is disassembled, g level
shall be indicated for each part.

Items covered by this Code are given the appropriate
protection classification level in accordance with the
provisions of ASME NQA-1, Part II, Subpart 2.2, Article
202 and these levels and detailed requirements arg deli-
neated in each equipment section of this Code.

AA-7300 PACKAGING
AA-7310 General

Terms Used-rArticleAA7F000thatretate—to \.luality
assurance are defined in ASME NQA-1, Part II, Subpart
2.2. Additional terms are defined in Part I, Article 400.

AA-7210 Planning, Procedures, and Instructions

The design specification and drawings for air and gas
treatment items shall include provisions for accom-
plishing the packaging, shipping, receiving, storage, and
handling activities described in this Code. The preparation
and control of procedures and work instructions for these
activities shall be provided. Sufficient details shall be
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This subarticle contains the requirements for packaging
items for protection against corrosion, contamination,
physical damage, or any effect that would lower the
quality or cause the item to deteriorate during the
time it is shipped, handled, and stored.

Implementation of AA-7300 is accomplished by
applying the appropriate criteria contained in ASME
NQA-1, Part I, Subpart 2.2, concerning cleaning, preser-
vatives, desiccants, inert gas blankets, cushioning, caps
and plugs, barrier and wrapping materials, tapes, blocking


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

and bracing, containers, marking, other quality assurance
provisions, and documentation.

AA-7320 Level of Packaging

The packaging criteria are divided into four levels corre-
sponding to the levels designated by AA-7230.

AA-7400 SHIPPING

(b) Inaddition to the specific responsibilities delegated
to the Fabricator, Material Supplier, and Material Manu-
facturer by the Owner or designee, the following shall
apply:

(1) Each member of the chain depicted in
Figure AA-8130-1 shall be responsible for evaluating
and qualifying the suppliers of contracted services or
material from the next level down, i.e., the Fabricator
shall be responsible for evaluating and qualifying the

Thissubarticle coversthe requirements for ]nnding and Material anp]ipr'q lelifv Assurance Prngr“ m, and so
shipment of items as defined in AA-7230. Described herein forth.
are erjvironmental protection during transit, procedures (2) Each member of the chain depicted in
to mirjimize damage in transit, precaution required when Figure AA-8130-1 shall be responsible|for notifying the
handling items during loading and transit, and identifica- party that qualified their program of. planned modifica-

tion apd inspection on overseas shipments.

Thg mode of transportation used shall be consistent
with the protection classification of the item and with
the pgckaging methods used.

ARTICLE AA-8000
QUALITY ASSURANCE

AA-8
AA-8

Thif Article contains general requirements for the
quality assurance of components, parts, and equipment.
The rdquirements of ASME NQA-1 apply to the component,
parts,|and equipment covered by this Code.

Thg requirements of Article AA-8000 are appli¢able to
the extent they are specifically invoked by ea¢h Code
sectiop. Additional or supplemental requirements may
also be given in each Code section.

100 GENERAL
110 Scope and Applicability

AA-8

Thd organization invoking(this Code for the design,
constfuction, and acceptance testing of equipment,
parts,|and componentswsed in air and gas treatment
systerps in nuclear facilities shall be responsible for speci-
fying Jany additional ‘requirements and appropriately
relating them to-spécific items or services.

120 Responsibility

AA-8130_Responsibilities of Fabricators, Material

Suppliers, and Material Manufacturers

tions that might affect the quality(ofthe delivergd product.

(3) The Fabricator, Material Supplier, and Material
Manufacturer shall be respdnsible for establ{shing and
maintaining an identification and verificatiofp program
for the traceability of-material while under thgir control.

(4) The Fabricator, Material Supplier, anjd Material
Manufacturep shall be responsible for cgntrolling
quality durifng 'manufacture and fabrication)including
control ofimanufacturing processes, testing, expmination,
repair, and treatment of the material, including subcon-
tracted-services.

Figure AA-8130-1
Hierarchy of Responsibility

Owner

Fabricator

(a) Some or all of the responsibilities of lower tier orga-
nizations may be assumed by any higher tier organization
(e.g., the Owner may assume some of the responsibilities,
such as certifying test results, of the Material Manufac-
turer). The organization assuming lower tier responsi-
bility shall meet the requirements noted herein for
that organization.
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Material
Supplier

1

Material
Manufacturer
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AA-8200 IDENTIFICATION AND CONTROL OF
ITEMS

AA-8210 Documentation

Documents for procurement of material and subcon-
tracted services shall include requirements necessary
to ensure their compliance with ASME NQA-1 and the
additional requirements of this paragraph. Measures
shall be established to ensure that all purchased and fabri-
cated materi f f
of this parfagraph.

Measures shall be established for identification and
control of material, including partially processed material,
throughoyt the manufacturing and fabrication process
and during shipment. These measures shall ensure that
identification is maintained either on the material or
on recordd traceable to the material through manufacture
and fabricgtion. Welding filler metal for use in repair of the
material shall also be controlled in accordance with this
paragraph

AA-8220 | Identification and Completed Material

(a) ldemtification of material from the Material Manu-
facturer shall consist of marking the material with its ap-
plicable specification and grade, heat number or heat code,
and any afditional marking required by this section to
facilitate tfaceability of the results of all tests and exam-
inations pe¢rformed on it; except that, for those materials
for which| the Material Manufacturer’s certificates of
conformarjce are allowed, heat number or heat code iden-
tification rjeed notbe indicated either on the material oron
the certifi¢ates. Alternatively, a marking symbol or'code
that identiffies the material with the material certification
may be us¢d, and such symbol or code shall be\explained in
the Certifi¢d Material Test Report or Certificate of Confor-
mance, as|applicable. Certificates of eonformance shall
meet the fequirements of NQA-1,'Réquirement 7, para.
503.

(b) Physkical identification ‘ohvindividual material used
inthe assembly of a compenent by heat number or code, or
specificatipn and gradé¢, need not be done provided the
completed assembly<is®marked with a unique identifica-
tion numbgr that is traceable to documentation that iden-
tifies thg material used in the assembly by the
requirements-of (a).

(b) Welding and brazing materials shall be clearly iden-
tified by marking on the package or container to ensure
positive identification of the material. The package or
container marking shall include the heat or lot
number, as applicable, a control marking code that iden-
tifies the materials with the Certified Material Test Report,
and other information such as specification, grade, clas-
sification number, supplier’s name, and trade designation.

AA-8240 Certified Material Test Reports

The Certified Material Test Report, when requireq
include the actual results of all required chemical‘an
mechanical tests, and examinations.

, shall
lyses,

AA-8250 Records of Examinations and Testp

All characteristics required tolbe reported by the|mate-
rial specifications and by thisssection shall be tracegble to
the results recorded. Recordsshall identify the prodedure
and revision to which an examination or tesft was
performed and includethe recorded results of exdmina-
tions and tests. Medsures shall be established so tHat the
status and restlts/of any required examination ar]d test

can be determined for the material.

AA-8300 QUALITY ASSURANCE RECORDS

Documentation required by this section and each|of the
other sections shall be prepared, maintained, and
submitted to the Owner for recording as requiied by
the applicable section and ASME NQA-1.

ARTICLE AA-9000
NAMEPLATES AND STAMPING

AA-9100 SCOPE AND APPLICABILITY

This Article contains general requirements of
plates for components and equipment.

The requirements of this Article are applicable
extent they are specifically invoked by the other
sections. Unique requirements are given in each
section.

Stamping is required only for those compopnents
constructed in accordance with ASME BPVC. No|other
third party inspection or certification is requirjed by

name-

to the
Code
Code

AA-8230 Marking Requirements for Small
Products

(a) Except as required by the material specification,
small parts need not be individually marked provided
they are packed in packages or containers that are
clearly identified by legible marking to ensure positive
identification of the material up to the point of use.

36

this Code.

AA-9200 REQUIREMENTS

Each item shall have a nameplate, except as otherwise
permitted by this Code. Nameplate information shall be as
required by (a) through (e).

(a) manufacturer’s name

(b) manufacturer’s serial number and, if applicable,
model number

(c) capacity in appropriate units
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(d) operating temperature and pressure

(e) other data prescribed by the specific equipment
section of this Code

The data shall be in characters not less than %, in. (2.4
mm) high. All nameplate marking shall be stamped,
etched, cast, or impressed on the nameplate. Nameplates
shall be of a noncorrosive material. Stamping directly on
items, where permitted by the respective equipment
section of this Code and used in lieu of a nameplate,
shall i = i =
interrupted dot die stamps. The selected
ing method shall not result in any harmful contam-
inatioh or sharp discontinuities.

AA-9

Ifthe nameplate is marked before itis affixed to the item,
the mpnufacturer shall ensure that the nameplate with a
corred¢t marking has been applied to the appropriate item.

Theg nameplate shall be attached by a method that will
notaffect the structural or operational integrity of the item
and t)lIat shall ensure permanent attachment during the
life expectancy of the component.

10 Attachment of Nameplates

AA-9

Thelocation of the nameplate shall be shown on the as-
constfucted drawing. It should be readily visible when the
compgnent is installed. Nameplates shall be located so
insulation does not obscure nameplate data.

P20 Location of Nameplates

ARTICLE AA-10000
REPAIR AND REPLACEMENT OF COMPONENTS

AA-lIloo GENERAL
AA-10110 Scope

Thig Article establishes the requirements for repair and
repladement activities for components designed to the re-
quireInents of this Codet

AA-10120 Applicability

Thip Article’applies to repairs and replacements of
compénents_designed to the requirements of this Code.
Further, this*Article may apply to components designed
to thel requirements of ASME N509.

(b) The subject activity involves a component, compo-
nent part, or a load-bearing member of a component
support.

(c) The subjectactivity is a repair or replacement other
than a routine maintenance replacement item.

AA-10122 Code Edition Reconciliation. The repair or
replacement activities shall meet the requirements of the
original ASME AG-1 construction Code or as allowed in (a),
(b), and (c).

ay beused
in lieu of the original construction Code editioh if appro-
priate documentation is prepared in accerdange with (c).

(b) If the repair cannot be performed in accordance
with the original construction Cede, alternatjve techni-
ques and processes may be used‘provided recpnciliation
as described in (c) is proyided to demongtrate the
adequacy of the substituteMor its intended purpose.

(c) Ifalater edition 6fthe construction Codelis used for
a replacement, the, following requirements shall be met:

(1) Only thetechnical requirements affecting the
material, design, fabrication, and examination of the re-
placementieed to be reconciled.

(2)~For design purposes, the reconcilig
includeya structural analysis report or othg
that demonstrates satisfactory use of the
loading conditions.

(3) Any changes in mechanical interface, fits, and
tolerances required by the later edition of the construction
Code shall be reviewed to ensure they do not |mpact the
required performance.

(4) Administrative requirements do not
reconciled.

(5) The administrative requirements of|either the
construction Code of the item being repladed or the
construction Code of the item used for replacement
shall be met.

tion shall
r method
specified

heed to be

AA-10200 WELDING

Prior to authorizing repairs/replacements
welding, a Welding Procedure Specification
make the repair/replacement shall be prepare
uated for suitability. If the repair/replacement is due to
failure of a weld, this evaluation shall corsider the
cause(s) of failure in the determination that the selected
procedure is suitable. [

involving
(WPS) to
l and eval-

This section covers repair and replacement of items not
subject to the requirements of ASME BPVC, Section XI.

Routine maintenance replacements (see AA-10410) are
excluded from this Article of the Code.

AA-10121 Criteria. The repair or replacement activity
is within the scope of this Article if all three of the criteria
listed below apply.

(a) The subject activity applies to a part of an air or gas
treatment system.

37

Welding procedures and welders shall be qualified in
accordance with the welding requirements specified by
the construction Code for the particular component.

AA-10300 REPAIRS

Repair operations shall be performed according to
written instructions that delineate the following essential
requirements below, as applicable:

(a) the description of the flaw.
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(b) the procedures that will be used to perform the
repair (e.g., special process welding, heat treatment).

(c) the evaluation for the suitability of the repair proce-
dures.

(d) the flaw removal/isolation method, the method of
measuring any cavity created by removing the flaw, and
dimensional requirements for reference points during and
after the repair.

(e) the preservice examination requirements after the

AA-10430 Additional Documentation

In addition to the requirements of AA-10420, written
procedures, instructions, or similar documents shall be
available that include the documents described below.
If the installing contractor is other than the Owner, all
such documents shall be Owner approved prior to
commencement of the work.

AA-10431 Replacements Involving Welding or

repair.

(f) the[Nondestructive Examination (NDE) method
that revedled the flaw shall be repeated. If the repair
includes the complete removal of the flaw, the NDE
method required by the construction Code revealing
the flaw nfeed not be repeated.

(g) the [testing requirements after completion of the
repair.
AA-10400 REPLACEMENTS

AA-10410 Routine Maintenance

The following replacements are considered routine
maintenarjce items and are not covered by this Article:

(a) instfuments

(b) eledtrical wire and cable, including terminations
and markings

mance.

recurrenc¢ shall be incofporated into the specification.

AA-10423 Monitoring Plan. In cases where the failure
cause canmpot be identified, a monitoring plan for the re-
placement component shall be established and imple-
mented. Thisyplan shall include the following:

(a) iderrtifrcati
tored

(b) description of and location within the system of the
instrumentation required to perform the monitoring func-
tion and to record the data

(c) frequency of physical inspection and sampling
activities

(d) criteria for determining the end of the replacement
and component’s useful life (prior to complete failure) and
steps to be taken when such determination has been made
that the useful life is at an end
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Rra7in,g

(a) the construction Code governing the installation of
the replacement
(b) applicable welding procedure spegifications [WPS)
or brazing procedure specifications (BPS) and prodedure
qualification records (PQR)
(c) applicable heat treatment’ procedures
(d) applicable NDE procedutes
(e) applicable procedurésfor preservice examipation
(f) applicable system pressure test procedures
(g) acceptance critenja

AA-10432 Replacements Involving Mechgnical
Joining

(a) théconstruction procedure or Code governipg the
installation of the replacement

(b).torque or tension values in accordance with the
Contractor’s Installation Manual, site procedures, oEboth

(c) applicable procedures for preservice examihation

(d) applicable system pressure test procedures

AA-10500 RECORDS
AA-10510 General Requirements

The provisions of ASME NQA-1, Requireme
Quality Assurance Records, shall apply.

ht 17,

AA-10520 Records Index

The records shall be indexed. The records aj
indices thereto shall be accessible.

d the

AA-10530 Lifetime Records

The records listed in Table AA-10530-1 shall be flassi-
fied as lifetime records. The installing Contractor shall be
responsible for the retention and maintenance of|those
Tecords while they are under the Contractor s control.
The Owner shall be responsible for retention and main-
tenance of those records transferred from the Contractor.
The Owner shall define when the actual transfer shall
occur.
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AA-10540 Nonpermanent Records

The records listed in Table AA-10540-1 shall be classi-
fied as nonpermanent records. The organization

L Index to lifetime records performing the repair or replacement activity shall be
2. Manufacturer’s data reports, if applicable responsible for their retention for the period specified
3. Design specification in Table AA-10540-1. In no case will there be a need
4. Stress report for nonpermanent records to be maintained for longer
5. Material certification than 10 yr after the installation is complete.
6. Suitability evaluation report
7 System pressure test reports
8 Final NDE reports
9 Welding and brazing procedures and PQRs
Table AA-10540-1
Nonpermanent Repair and Replacement Records
Record Retention Period
Quality] assurance (QA) program manual 3 yr after superseded or invalidated
QA prdcedures 3 yr after superseded or invalidated
Installdtion and NDE procedures 10 yr after superseded or invalidated
Personhel qualification records 3 yr after superseded or invalidated
Audit rleports 3 yr after completion of report
Calibrafion records Until recalibration
Proces$ sheets, travelers; or checklists 10 yr after completion
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NONMANDATORY APPENDIX AA-A
DESIGN AND QUALIFICATION BY ANALYSIS

ARTICLE AA-A-1000
INTRODUCTION

In many cases, the primary acceptance criterion for
design verjification is maintenance of structural integrity.
If such is the case, analysis is a very practical means of
demonstrating acceptability of equipment. Analysis has
the advarftage of being relatively simple, and it has
good reprpducibility and auditability. Furthermore, if a
piece of efjuipment similar to one previously analyzed
is to be ipvestigated, a significant reduction in effort
may be afhieved simply by revision of the existing
analysis.

Structufal analysis is accomplished by manual engi-
neering calculations, finite element calculations, or a
combinatipn of the two. The objective of this Appendix
is to provide some insight for the designer in application
of conventional finite element techniques to sometimes
unconvertional equipment designs found in HVAC
systems. Nlanual calculations are adequately covered in
engineering texts and the literature. Several categoriés
of HVAC efijuipment are discussed, and specific examples
are given for an air handling unit and a duct support.

In chodsing an analysis method, manual or finite
element, nany factors must be considered. Some of
these factpors and the methods of choice are listed in
Table AA-A-1000-1.

ARTICLE AA-A-2000
FINITE ELEMENT METHOD

The prdgcise solution_of complex discrete-parameter
structurall analysis’ problems is commonly referred to
as the finite element method (FEM). The energy
concept is|commonly used in formulating the problem’s
solution. Theload vectors, stiffness, mass, and, sometimes,

Use of the FEM is no more powerful nor accuratp than
the designer’s skill and knowledge of its-use.|[Many
modeling decisions and assumptions must be |made
with the awareness of the resulting impact.on the sglution
accuracy. Considerations particular torHVAC equipment
are discussed in detail in Article AA3A=4000. The depigner
follows these steps in performingd finite element anplysis:

(a) The decision is made thatithe FEM is a valid njethod
for the problem.

(b) The equipment design is reduced to a mathenpatical
model by

(1) locating/major structural elements such asfframe
members and{sheet metal (frame members are fepre-
sented by beam elements and sheet metal by plate or
shell elements)

(2)docating nodes (intersection points of stryctural
elemients, anchorage points, external loading points,
device mounting points)

(3) defining connectivity (identifying nodes af ends
and corners of structural elements)

(4) defining material properties

(5) locating and defining supported masses

(6) defining internal and external loadings

(c) The above information is coded and enteredl on a
computer for subsequent analysis.

(d) The resulting output is examined, combinefl, and
evaluated to determine if stresses, displacements, etc.,
are within allowable limits.

Guidelines specifically related to HVAC equipment
undergoing a FEM analysis are given in the follpwing
Articles.

Table AA-A-1000-1

damping matrices are constructed from geometry and
loading information developed by the designer. For all
but the simplest problems, this matrix work is done
entirely by a finite element computer program. The
FEM program then performs all of the matrix manipula-
tions necessary to arrive at a solution. For example, given
the structural geometry, boundary conditions, and exter-
nally applied forces and/or displacements, the program
will compute the displacements, support reactions, and
internal forces for the equipment components.

Analysis Considerations

Analysis Consideration Manual FEM
Problem size Small Large
Problem complexity Simple Complex
Nature of loading Static, simple, Static,

dynamic dynamic
Number of combined loads Few Many
Existence of irregularities (holes, Few, simple Many,
discontinuities) complex
Design iterations Few Many
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ARTICLE AA-A-3000
EQUIPMENT CONSTRUCTION

Equipment for air and gas treatment systems is gener-
ally fabricated with metal that lends itself to linear-elastic
or inelastic analysis techniques. Framing systems for such
equipment are generally constructed of AISC-standard
cold-rolled shapes or formed shapes made by bending
sheet metal steel. The standard shapes used are primarily
angles, structural tubing, and channels, although W

installed using detachable connections such as bolts,
screws, clamps, racks, or rollers.

ARTICLE AA-A-4000
MODELING TECHNIQUES

Finite element modeling of HVAC equipment involves
many considerations that are beyond the scope of this
Appendix. The analyst must have a working knowledge

sectigns are often used as floor members. Bent-up
shapds are used in a wide variety of forms such as
angleq, channels, hat sections, U, C, and Z sections. Struc-
tural nembers, as in the case of sheet metal, may be made
of cafbon steel or stainless steel. These structural
memlbers and sheet metal may be connected using
welded, bolted, riveted, Pittsburgh lock, or mechanical-
type donnections.

For|welded-type connections, the gas-arc weld process
using standard E50, E60, or E70 electrodes is commonly
used. Common types of welds are fillet welds, butt welds,
groovge welds, and plug welds. Sheet metal may be welded
to striyictural framing members using intermittent welds.

Bolfs used in the construction of housings and struc-
tural jomponents of equipment are usually of low strength
coated carbon steel and are generally small in diameter
[less than %, in. (18 mm)]. Anchor bolts used to hold down
a franing system may be of either low strength or high
strength steel.

Eqdipment may be wall or floor mounted, or suspended
from the ceiling. External supports are usually used for
wall dnd ceiling supported equipment and semetimes
for flpor mounted equipment where the equipment
must pe elevated. Most external supports are trapeze-
type moment frames or simple trusses-or, in the case
of walll mounted units, cantilever supports may be
used.|Cantilever supports are usually braced against
side syay. Supports may be attached to clips, baseplates,
or cast-in-place embedments. Floor mounted equipment,
especfally large air handlihg units, often has no external
suppdrts. Integral supports such as base-frame footings,
runnejs, or clips are)bolted directly to the floor.

Equipment may-be attached to existing structures with

or andhdpbolts. Installed anchors are drilled-in expansion
dlld grouted d OI' DO OI' DO pDlaCEd IO
existing inserts.

Nonstructural components must be supported. These
include, but are not limited to, filters, cooling coils,
heating coils, fans (or fan internal components, such as
bearings, shafts, fan wheels, and inlet and outlet
cones), motors, screens, registers, grilles, dampers, tran-
sitions, ductwork connections, control and monitoring
instruments, tubing and piping, compressors, chillers,
and access doors and panels. Since most of these compo-

nents must be removable for servicing, they are generally

of thebehavior of the structure amd—its tomponents
under various types of loadings and the goveri}ing accep-
tance criteria for the particular load conibination.
(a) This Article addresses the formulation] of equip-

ment models for five categories of HVAC equ]pment:

(1) air-handling units (AHU)

(2) fans

(3) instruments and ‘controls (I&C) cabif

(4) duct supports

(5) equipment supports (e.g., refrigerat
ment, filters, cooling coils, heating elements,

(b) The equipment may be separated in

modeling systems such as

(1).the framing system or skeleton, W
consist\of structural members modeled us
type, finite elements

(2) sheet metal housing covering the ptructural
framing, which may be modeled using plate-type finite
elements; in some cases, the structural framihg may be
formed by making standing seams from [the sheet
metal housing without the use of additional |structural
load-bearing members; these membery may be
modeled using beam-type finite elements

(3) the connections between the structyiral frame
and sheet metal housing, which may be modeled using
shear-type finite elements or appropriate boundary
conditions

(4) nonstructural components within tHe housing
and their local support systems; these components
may be modeled using an equivalent mass and stiffness
with appropriate boundary conditions, and the local
supports may be modeled using beam-type finite elements

(5) equipment supports consisting of structural
members attached to the floor using anchorg or welds;
the supports may be modeled using beam-{ype finite
elements, and the anchors and welds are mjodeled by

ets

on equip-
btC.)
0 various

hich may
ng beam-

AA-A-4100 AIR HANDLING UNIT (AHU) MODEL

Formulating a model for an AHU requires a fabrication
and assembly drawing showing the external framing and
internal components. The external framing could be
modeled using beam-type elements with the skin repre-
sented by plate-type elements. In developing a plate mesh,
care should be exercised in keeping the aspectratio of each
element to a minimum (preferably below 2). Provision

41
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should be made for representing internal components
such as heating elements, cooling coils, filters, and
dampers by an appropriate mass and stiffness representa-
tion at nodal points where these components are attached.
Supports for such components are modeled using beam-
type elements with the proper boundary conditions repre-
senting a fixity, release, or a combination for developing
end forces and moments. The attachment of the equip-
ment skid to the floor should also be represented to

Figure AA-A-4300-1. This model can be used to
perform a deadweight and dynamic analysis.

AA-A-4400 DUCT SUPPORTS

Duct supports can be modeled using beam elements;
however, duct mass and flexibility should be properly
simulated. The natural frequency of the ductwork can
be dominated by either hanger displacement or duct
deflection. The interaction of the ductwork with the

obtain the proper reaction loads and overturning
moments.lAn example of a mathematical model for an
AHU is shown ahead in Figure AA-A-7200-1. This
model car be used to perform a deadweight analysis,
an internal pressure analysis (with the internal pressure
applied o] the plate elements of the AHU), external duct
and piping loads applied at the connections to the AHU,
and dynarpic loads, as applicable.

AA-A-4200 FAN MODEL

A modelfor fans is developed using the assembly draw-
ings and fan component specifications. Components of
structural [importance to the model include the support
framework, the bearing supports, fan shaft, and the fan
housing sheet metal. Nonstructural components such
as the fan| wheels and the bearings are represented in
the mode|s by masses lumped at appropriate nodes.
The fan hodel is composed of nodes connected by
beam and plate finite elements. The base, vertical
supports, g3nd the bearing supports are modeled with pris-
matic bearp elements. The fan shaft is modeled as a simply.
supported| beam with a node in the center at which the
mass of the fan wheel is lumped. The fan housingsis bolted
or welded to the supporting framework. Nodes are
included jn the model at the approximate locations
where th¢ beams of the framework ate)connected to
the platesfused to model the fan housinig. Nodes repre-
senting arJchor bolts are restrained against translation.
A typical mathematical model.used to analyze the fans
is shown [in Figure AA-A-4200-1. This model can be
used to de¢termine the dynamic behavior and perform
a detailed|stress analysis)of the fan.

AA-A-4300 INSTRUMENTS AND CONTROLS (I&C)
CABINETS

ting a model for an I&C cabinet reguires an
o 1

Formul

supports should be represented through appropriate
spring and mass boundary conditions. A saniple’model
for duct supports is shown in Figure AA<A-4400-1.
This model may be used to perform a deadweight, cgncen-
trated load, and dynamic analysis.

AA-A-4500 EQUIPMENT SUPPORTS

Equipment supports can'be modeled using
elements. The mass andrstiffness of the equip
should be included with.the beam elements that rep
the framework. Thé attachment of the frame to th¢ floor
should be represented through accurate boundary fondi-
tions. A samplelof such a model, a refrigeration system
support, is'shown in Figure AA-A-4500-1. This model
can be used for evaluating the equipment suppqrt for
deadweight, operating loads, and dynamic loads.

beam
ment
Fesent

ARTICLE AA-A-5000
ANALYSIS

The structural and stress analyses necessaty for
designing the equipment and supports lisled in
Article AA-A-4000 should be performed usirg the
methods outlined in this Article. Other methods
meeting the intent of this Article may also be|used.
These analyses would use the models similar to[those
shown in Article AA-A-4000.

AA-A-5100 STATIC LOADS

Equipment and supports can be analyzed for
loads, which may include the following loads d
in AA-4211:

(a) deadweight

(b) design pressure differential load

(c) live loads

static
pfined

assembly and fabrication drawing showing the cabinet
framework, component supporting structures, [&C
components, and their attachment to the supporting
structures. The cabinet framework can be modeled
using beam elements and the panels using plate elements.
The I&C supportstructures may be modeled using beam or
plate elements at their proper locations. The component
mass mustbe incorporated in the finite-element represen-
tation. A model of an I&C cabinet is shown in

42

(d) constraint of free end displacement loads (static or
static equivalent)

(e) external loads (static)

(f) inertia loads (static equivalent)

(g) design wind load
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Figure AA-A-4200-1

Isometric View of a Typical Fan Model

Y 7/

43



https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

Figure AA-A-4300-1
Isometric View of a Typical I&C Cabinet Model
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Figure AA-A-4400-1

Isometric View of a Typical Duct Support Model
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Figure AA-A-4500-1
Isometric View of a Typical Refrigeration Equipment Support

<

AA-A-5200 DYNAMIC ANALYSIS
AA-A-5210 Dynamic-Loads

Dynamif analy$es/should be performed to determine
the stressds and/or deflections of equipmentand supports
for the applicable dynamic loads, which may include the

Nonmandatory Appendix N can be used to verify the
adequacy of the equipment and supports.

AA-A-5230 Input Motion

(a) The input motion representing the dynamik load
will be applied at the location or locations at which

following [oads defmed mn AA-2ZTT:
(a) seismic loads
(b) additional dynamic loads

AA-A-5220 Dynamic Analysis Techniques

Dynamic analysis can be performed using either
response spectrum or time history techniques. Equivalent
static analysis can also be performed, if justified. Dynamic
analysis methodology outlined in ASME BPVC, Section III,

the equipment and supports are supported from the
primary structure (often a building floor, beam, or
wall). If the equipment and supports are attached to
an intervening component, the flexibility of the compo-
nent providing the load path to the primary structure
will be considered in defining the input motion.

(b) If the equipment and supports are connected to
more than one supporting structure having different
motions, the dynamic analysis should be performed
using response spectra that envelop the individual
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response spectra for each support as input motion. If
significant, the relative difference in displacements
between support locations may also have to be consid-
ered.

AA-A-5240 Two-Step Analysis

Stresses and loads in the equipmentand supports due to
dynamic loads may be determined by a twostep analysis.
In the first step, the equivalent dynamic loads and accel-

imposed. These limits must be satisfied as required by
AA-4323.

AA-A-6300 SUPPORT LOADS

Equipment models must allow estimation of loads at all
interfacing support points. (Characteristics of the
supports must be included in the model.) The resultant
support loads must be coordinated through the equip-
ment support interface points to those responsible for

eratiofTs, OT botiT, appiicable to the vartous elements of the
equipment and supports, are determined from the
dynarpic analysis of a simplified model. In the second
step, these loads are applied statically to a detailed
mode] to determine the design stresses and loads, or both.

ARTICLE AA-A-6000
EVALUATION OF RESULTS

Thq results of the analyses should be presented in a
formaft with convention, nomenclature, bases, modeling,
and ifjput data clearly stated. The analyses must be veri-
fied and the reproducible input preserved in accordance
with dppropriate quality assurance requirements. Docu-
mentdtion must meet the requirements of AA-4400.

AA-A-6100 STRESSES

Strd
requi
servi
level
of AA
larly,
must
limitg
AA-43
given

sses should be combined in accordance with the
rements of AA-4212 to allow evaluation of all
e level stresses against the respective service
imits of Table AA-4321-1 and the requirements
4321 for plate- and shell-type componénts. Simi-
all service level stresses for linear-type systems
be evaluated against the respective’service level
of Table AA-4332-1 and the,requirements of
23. Acceptance criteria for thése evaluations are
in AA-4214.

AA-A+6200 DEFLECTIONS
AA-A+6210 Linear

Bedause of critical operating or functional require-
mentg, the equipment specifications may place limits
upon the deflections at identified points of the equipment
undergoing analysis. The equipment must be modeled to

design of the supporting structure.

AA-A-6400 CONNECTION LOADING

Assumptions regarding connections (integnal struc-
tural connections and attachment of deviced) must be
evaluated upon completion of the analyses. The analyses
results must be used to énsure that internal|structural
connections and confiections that attach individual
devices to the equipment are adequate.

AA-A-6500 DEVICE LOADING

The method of analysis described in this Appgndix is not
intendedfor, nor is it generally adequate for, dperational
qualification for active equipment. However, proper atten-
tionto modeling and to the type of output required will
allow the analysis to provide information as to the static or
dynamic field to which the device must be qualjfied. After
identification of this environment, the device can be qual-
ified by the method given in AA-4351.8.

ARTICLE AA-A-7000
SAMPLE PROBLEMS

AA-A-7100 SCOPE

This Article presents sample analyses of an a
unit (AHU) and a duct support.

r handling

AA-A-7200 SAMPLE AHU ANALYSIS

Computer generated plots of the mathematichl model of
a sample AHU are shown in Figure AA-A-720041, illustra-
tions (a) and (b). Illustration (a) shows the [structural
framework, internal bracing, and duct attachment
frames. Illustration (b) shows the triangular plate finite

pI‘OVl [S] L}lib illfUl IlldLiUIl dl Llleﬂ bpﬂbifil, pUiIlLb. TllC filld‘l
analysis must demonstrate that the deflection will not
exceed the stated limit for the respective service levels

identified.

AA-A-6220 Nonlinear

Normally, Service Levels C and D will notrequire evalua-
tion of linear (elastic) deflections. However, deflection
limits that are controlled by buckling stress criteria are

47

element mesh used to model the external sheet metal
skin of the AHU. There are a number of components
on the inside of the unit, such as a filter, heating
element, cooling coil, and dampers. Some of the compo-
nents have attachment frames that add stiffness to the
structure and are therefore included in the model. The
masses of the components are included in the model
by lumping mass at appropriate nodes. The AHU is
attached to the floor via an integral base composed of
channel skids. The channels are included in the model


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

AN

XX

/
7

L

A

/

/
/

\
\

\ £

>/,\X\

\

VRN



https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

Figure AA-A-7
Computer Plots of Finite Element Model of Sample AH
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as beam elements. The left end of the AHU is attached to a
wall. There is no sheet metal covering on that end of the
unit. Several gaps will be noticed in the mesh in other
places on the unit. It is at these locations that ducts
attach to the AHU; therefore no elements are necessary.
One feature of the model that should be noted is that, in
each plane of the triangular plate mesh, the elements are
oriented as randomly as possible to prevent development

of an unrealistic stiffness bias in one direction.

The mo
are coded
program.
frequencie
a respons
with a md
dynamicr
element s
tions. Alg
model nod

The program calculates deflections, natural
s, and mode shapes. The program then does
e analysis by combining modal responses
thod defined by the analyst. The static and
psults are then combined to calculate individual
[resses, frame deflections, and support reac-
0, accelerations may be calculated at the
es.

AA-A-7300 DUCT SUPPORT (HANGER) SAMPLE

A duct 9
hardware
considere
on the out

(a) duc

(b) fran

(c) brad

(d) bas

(e) duc

(f) duct]

(g) sup

(h) adjd

The foll
tion of on

PROBLEM

upport would appear to be a simple piece of
to evaluate. In fact, many variables must be
d because they may have significant effects
fome of the analysis. Among these variables are
support frame

e connection details

ing

eplates

size and span lengths

construction

ported accessories and insulation

cent supports and duct branches

bwing paragraphs give a step‘by-step descrip-
b possible method for analysis.

AA-A-7310 Hanger Model

The har

ger is modeled fromyan as-installed drawing

that documents geometry-thember sizes, joint fittings,

baseplate
drawing is

AA-A-7:
as comple

, welds, and_anchor bolts. A typical as-built
shown in“Figure AA-A-7310-1.

11 Baseplates. Baseplates are modeled either
ely Festrained or as ground springs if the base-

plate flexil

frequency. The model should provide all possible compo-
nents of baseplate loading. See Figure AA-A-7311-1.

AA-A-7312 Connections. If special joint fittings are
used, joint flexibility members are included in the
hanger model.

50

AA-A-7320 Analysis

AA-A-7321 Spring Calculations. A unit load is applied
(divided evenly among the four duct nodes) to the hanger
model in each principal direction. The average duct dis-
placement is determined for each case, and the effective
spring rates of the hanger are calculated in each principal
direction.

average duct displacement is determined for eac
and the effective hanger weight is calculated in,eac}h
cipal direction as the product of the effective sprin

from AA-A-7321 and the average duct displacemg

AA-A-7323 Allowable Loads. For-each load c
AA-A-7321, the maximum allowable load that sal
the following criteria is determired:

(a) An interaction equation relating reaction
from the hanger modelat the baseplate location to
able baseplate or anchor bolt loads is satisfied.

(b) Aninteractidod equation relating member end
from the hangerumnodel to appropriate weld str
allowable joint fitting loads is satisfied.

(c) Integbity of transverse braces is verified
memberryend loads from the hanger model.

(d)\Duct displacements are within allowable v3

{¢) Member stresses from the hanger model are
allowable values.

AA-A-7324 Duct Beam Properties. The equi
beam properties of rectangular ducts are deterr
The duct is fabricated with walls slightly buckled;
fore, only the corner area is considered when calcy
bending properties. The effective corner length ca
with duct construction (see Figure AA-A-7324-1
shear modulus is reduced to account for shear]
gasket material and for web buckling. Equiy

AA-A-7322 Effective Hanger Weight. A unit load is

. The
case,
prin-
g rate
nt.

hse of
tisfies

loads
hllow-

loads
PSS or

using

lues.
ithin

Falent
hined.
there-
lating
N vary
. The
ng of
alent

corner length and shear moduli are best deterjnined

by modal test curve fits.
The equivalent beam properties of round dud

ts are

determined. The full cross section is assumed efflective

in bending. The shear modulus is reduced to ad
for gasket material and for web buckling. Eff
beam properties vary with ductwork constructig
are best determined by modal test curve fits.

count
pctive
n and

e duct

run is developed using equivalent springs and masses at
each duct location. The intermediate nodes between
hanger locations are included to model significant
midspan masses such as dampers (see Figure
AA-A-7325-1).

The fundamental frequency of the duct run is then
determined; these results are used to determine appro-
priate seismic loads for the duct supports.
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The load cases are combined and loads in the hanger
springs are determined. Each hanger is evaluated using an
interaction equation relating hanger loads to allowable
loads generated in AA-A-7323. The ductwork layout
and system model may be adjusted until all hangers
qualify.

The integrity of the duct itself is evaluated using
member end loads from the system model. Interaction
equations can be used to establish that the duct is
within allowable load limits established by analysis or
test. Alternatively, duct integrity can be evaluated by
relating maximum corner stress to theoretically equiva-
lent allowable stress generated by test or analysis.

51
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Figure AA-A-7311-1
Ductwork Support Baseplate Model

Basepiate

Special fitting
v 1

Duct

o
<@
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Figure AA-A-7324-1
Effective Duct Cross Section
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Figure AA-A-7325-1
Typical Duct System Model

55
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NONMANDATORY APPENDIX AA-B
SEISMIC QUALIFICATION BY TESTING

The tes|
provides
test progr

The tes
develope
minimum
level of un

The conj
preparing
tory testp
to-one cor
test plan

The disd
represent
specific ec
particular
should be

ARTICLE AA-B-1000
TEST PLAN

t plan is an important document in that it
he control for performing all aspects of the
hm.
[ plan outline contained in this Appendix is
d as an effort to provide guidance for
acceptability requirements and to instill a
formity without asserting mandatory controls.
mentary is provided for guidance to the user in
a test plan in accordance with the nonmanda-
an outline. The commentary is arranged in one-
respondence with the items shown in the typical
utline.
ussion is general in nature and is intended to be
tive only; the development of a test plan for
uipment may vary due to unique features of
equipment, but the level of presentation
equivalent to that shown herein.

This copnmentary addresses only qualification testing

done in {
testing, m|
analysis.

OUTLI

laboratory. It does not address ingsitu
odal survey methods, or combined test and

ARTICLE AA-B-2000
NE FOR TYPICAL SEISMIC TEST PLAN

AA-B-2190 PURPOSE

AA-B-2200 SCOPE

AA-B-2300 TEST SPECIMENS

AA-B-24090SPECIAL EQUIPMENT OR FIXTURES (IF

AA-B-2600 TEST REQUIREMENTS

(a) number of simultaneous axes for test [bia:
triaxial)
(b) test machine capabilities
(1) force
(2) displacement
(3) frequency
(4) stiffness (machine/system/specimen cg
response)
(5) control (ability to produce required
motion)
(c) excitation
(1) type
(2) duration
(3)Aevel
(d)ihstrumentation
(1) control
(2) structural monitoring
(-a) accelerometers
(-b) strain gauges
(-c) load cells
(-d) stress coat
(-e) low voltage differential transmitters
(-f) other
(3) equipment monitoring
(-a) flow rates
(-b) contact chatter
(-c) input or output
(-1) voltage
(-2) amperage
(-d) component cycling
(-e) pressure boundary
(-f) pressure level

rial or

upled

input

AA-B-2700 ACCEPTANCE/FAILURE CRITERI{-\

REQUIRED)

AA-B-2500 TEST SETUP

(a) specimen orientation
(b) specimen/fixture interface

(c) test

machine interface

(d) services for specimen operation
(e) special external loads

56

AA-B-2800 TEST PROCEDURE

(a) calibration

(1) specimen

(2) test equipment/instrumentation
(b) sequence of tests

(1) exploratory tests

(2) order of specimens tested

(3) order of applied tests

(-a) inspection
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(-b) operation under normal conditions

(-c) operation under extreme conditions

(-d) aging, if applicable (thermal, radiation,
mechanical cycling)

(-e) dynamic testing with in-process functional
testing (OBE and SSE levels)

(-f) postaccident testing, if applicable

(-g) inspection of equipment

(-h) fragility testing, if required

(2) the Contractor’s responsibility for retest,
whether required because of failure of test items, test
fixtures, test equipment, or other causes

(3) whether the testing is straightforward qualifica-
tion testing to specific requirements, or whether it is of a
research and development nature (involving time and
materials)

(g) any other identifiable boundaries or parameters
that will enhance the Contractor’s ability to understand

(c] in-pracess evaluation the requirements,_estimate and schedule the testing
(1) test input (comparison of TRS versus RRS)
(2) monitoring of seismic response AA-B-3300 TEST SPECIMENS
(B) monitoring of equipment function ) ) L £ .
(%) data acquisition A unique identification and quantiti€s of the specific
(d) |test data items to be tested should be prévided. THis should
(1) data obtained or used as input include, where appropriate, tag-humber, m¢del, type,
(k) type of record class, size, or other distingdishing identificatipn.
(B) format of data
() level of reduction AA-B-3400 SPECIALZEQUIPMENT OR FIXTURES

>
P
=]

2900 FINAL REPORT

ARTICLE AA-B-3000
COMMENTARY ON OUTLINE FORTYPICAL SEISMIC
TEST PLAN

AA-B}3100 PURPOSE

The
that c

purpose should be a brief and distinct statement
early identifies the objectives of the test program.

AA-Br3200 SCOPE

Thi§ section should precisely definéithe boundaries
of the¢ test requirements for the /Specific equipment
and tpst(s). Inclusion of sufficiedt detail in this section
will ultimately result in increaséd,efficiency and will mini-
mize the possibility of changes. It should include, where
appropriate, concise, detdiled statements concerning the
followling:

(a) |a general deseription of the specific test item(s) to
be tedted

(b) |any requiitements for design, fabrication, modifica-
tion, packaging; handling, or shipping of testitems and test
fixtures

(C] mnfing/incfn"nﬁnn oftestitemsandtestfixtureson

Any special equipment or test fixtures should be iden-
tified, and an agsignment for their responsibility should be
made. If notprovided by the Contractor, these gquipment
or fixtures.must be provided to the Contraftor (with
adequate‘instructions for use), or, if the Comtractor is
to buyor fabricate them, adequate definition must be
provided for fabrication purposes.

AA-B-3500 TEST SETUP

The test plan should include a complete desfcription of
the total test setup, including, but not limifed to, the
following:

(a) Specimen Orientation. Depending upon fhe size of
the test items and the capabilities of the test machine, it
may be possible to test multiple axes (two or three). For
very large equipment, it may be possible to te§t only one
axis at a time; however, qualification by single-gxis testing
should be avoided (see AA-4358). The test itemms may be
designed such that they will function in only ore attitude,
thus requiring that the test machine be manilpulated to
excite certain axes of the test items.

Whatever the requirements, the orientation of the
specimen must be identified, consistent with|its opera-
tional limitations and the capabilities of the tedt machine.

(b) Specimen/Fixture Interface. Where a special test
fixture is required, the specimen/fixture intefface must

test machine

(d) testsetup, including special control and data acqui-
sition instrumentation and recording requirements

(e) any data organization, data reduction, data proces-
sing, or data analysis required by the Contractor

(f) contractual terms

(1) the Contractor’s responsibility for providing

labor or other resources for repairs, modifications, or
other corrective actions

57

be defined, and any performance requirements placed
upon the fixture, such as stiffness, must be identified
and verified prior to or during the test. Methods of attach-
ment of the specimen to the fixture, such as hole patterns,
welding, materials, or other items, must be specified and
must represent the actual installation.

(c) Test Machine Interface. The specimen/test machine,
or fixture/test machine interface(s), or both, must be
specified. This interface must represent, to an acceptable
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degree, the anticipated attachment characteristics of the
actual installation.

(d) Service for Specimen Operation. Where the testing is
required to demonstrate continued operation during and
following a seismic excitation and where this operation
can only be verified by measuring an equipment opera-
tional output such as fluid flow, electrical current or
voltage, and heating or cooling capability, external
services may have to be supplied. These services may
be an oil i i
source, elgctrical load, or other services. These require-
ments shduld be clearly defined in the test plan.

(e) Spefial External Loads. Some test items, during
normal operation, are acted upon by mechanical or
other loads produced by other equipment. These loads
may result from operation of attached motors, fans,
hydraulic,|[mechanical, or pneumatic actuators, or other
reactive types of equipment. Where these force,
momentuin, or torque producing attached components
are significant, the magnitude and orientation of these
reactions must be simulated.

AA-B-3600 TEST REQUIREMENTS

(a) Numpber of Simultaneous Axes for Test. Depending
upon the [size of the test item and the capabilities of
the test npachine, it may be possible to test multiple
axes: thrde simultaneous axes of test are preferable.
For very large equipment, it may only be possible to
test two ¢r even a single axis, contingent upon test
machine dapabilities and availability. Justification must
be developed for testing with single-axis input metion
(see AA-4B58). This justification could be based upon a
unique fegture of the test item (directional sensitivity).
It may be|possible to increase the excitation level and
test the irjdividual axes separately whére) the test item
is too large for existing test machines.

(b) Test Machine Capabilities. Before a Contractor is
selected fo perform the seismic testing, a thorough
review of st machine capabilities should be made. Assur-
ance should be established)that the test machine selected
can meet the requireménts. It should be determined that

(1) the test machine has the capability, including
reserve, to providesthe necessary force to drive the
test table gnd the test item to the required accelerations.

(2) njachine displacement capabilities are accept-

be required prior to selection of a test table. This is rec-
ommended in lieu of theoretical plots, such as the usual
force/frequency/velocity/acceleration charts. A degree of
informed judgment is necessary in the critique of actual
response plots to recognize what is and what is not ac-
ceptable.

(4) theplotrecommended in (3) will provide clues to
the existence of unwanted system resonances in the
frequency range of interest. This plot incorporates parti-

i i i i rings,
servos, and actuators into an integral response. [tdops not,
however, include the effects of the mass and lcerfter of
gravity of the test item, which may be significant. A judg-
ment should be made as to the necessity of.securinga plot
as mentioned in (3) using a simulated)test item, before
committing to a particular test miachine. Large test
item weights or high centers ofigravity, or both, comlpared
to that of the test table are major factors entering info this
decision.

(5) the plot recommended in (3) will sho
control capabilities of'the bare test table. If a
made using a simtlated testitem as in (4), control cg
ities will be even better demonstrated.

(c) Excitation. All aspects of the required excitation
should be‘defined as follows:

(1L)<The type of excitation, such as sine sweep, sine
dwellysine beat, time history, response spectra (either
synthesized or extracted from a particular| time
history), complex wave, or other, should be shown in
the test plan.

(2) The duration of the excitation, the sweep rpte, or
the number of beats as well as the cycles per beat shguld be
identified as appropriate.

(3) The full acceleration level of the excitatiqn and
any intermediate level(s) that may be required shou|d also
be included in the plan.

(d) Instrumentation. Instrumentation is generally of
three types: control, structural monitoring, and fungtional
monitoring.

(1) Control instrumentation is necessary to p
systems responsible for controlling the test inpu
equipment is an integral part of the test machine

(2) Structural monitoring may be required Where
limitations of accelerations, stresses, strains, displace-
ments, or forces are important to the function pf the
test item, or are required by a code or specifidation.

rovide
. This

able. Because Tmamny test MTACHINES are diSpracenent
limited in the low frequency range, if the test requirements
include frequencies below 5 Hz, a check of the machine
displacement capabilities should be made and compared
to those required.

(3) machines that are displacement-limited at the
low end of the frequency stroke capability. Similarly,
high frequency response, especially precise control at
high frequencies, is often difficult to attain on very
large machines. It is recommended that a plot of test
table response (throughout the frequency range involved)
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Well-known standard components are available for
measuring these parameters, either statically or dynami-
cally.

(3) Pass/fail indicators for some equipment func-
tions may involve special measurements of equipment
output. Both standard and nonstandard equipment
may be used for these measurements.
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AA-B-3700 ACCEPTANCE AND FAILURE CRITERIA

Acceptance and failure criteria are not always readily
quantifiable. Engineering judgment to identify and assign
somewhat arbitrary, but meaningful, limits to measurable
parameters is sometimes required. Other cases are more
easily defined. The equipment specification or specific
code section may be explicit as to what constitutes
failure. An interruption of flow rate, voltage, current,
or other equipment output may be considered a

factors, that the equipment continues to function (or
that a failure is identified), and that the type, quality,
and quantity of data is acceptable. Failure to perform
in-process monitoring may resultin additional tests, addi-
tional time, and unnecessary wear and tear on the test
item.

(d) Thedataitems (stresses, strains, flow rates, voltage,
current, chatter time, etc.), type of data record (perma-
nent, nonpermanent, oscillograph, magnetic tape, hard
record maovies vidpntnpp etc]) data format and the

Eallur 3,.and these par}flmeters ?rle r.eadllyfmeasurable. degree to which the Contractor is to reduce’or
xcegsive conta.ct C a.tter, violation of a pres§ure process the test data must be specified:

boundary, excessively high or low pressures, or failure

for a component to cycle may also constitute failure.

Failurg criteria should be realistic; and, if possible, allow-
ances|should be made for insignificant anomalies that are
unimportant to the function of the equipment, consistent
with the service level being tested. Acceptance and failure
criterfa must be identified in the test plan.

AA-B3800 TEST PROCEDURE

The test procedure should be given in the test plan. It
should be defined in considerable detail and preferably in
the sgquence in which it will be performed.

(a) |Any required calibration of either the test item, test
equipment, or instrumentation must be included in the
test pfocedure.

(b) |The order of test items, the sequence of testing, and
a defipition of the specific tests must be clearly defined.

(c) |A constant evaluation of the in-process work.must
be made and should be a distinct requirement of.the test
proceflure. Feedback or process sampling mustbe contin-
uous fo ensure that the test input is accurate, that the
specimen response is consistent with other known

otherwise

AA-B-3900 FINAL REPORT

The final report, upon successful compleffion of the
testing, shall serve as a qualification documgnt for the
test item. The basis for«the qualification detqrmination
must be fully explained. The final repoft should
contain, as a minimum

(a) the objective of the test

(b) a description of the test item and its fu

(c) adesgription of the specific function(s) oy
to be verified by the test

(d)..the test procedure

(e), a synopsis of the test results

(f) an appendix for the test data that contains selected
data and references the location of data tak¢n but not
submitted

(g) summary, conclusions, and recommendations

(h) all test anomalies along with their disposition

(i) any other pertinent supporting data

(j) signature (preferably a Professional Engiheer attes-
tation) and date

nction
feature(s)
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NONMANDATORY APPENDIX AA-C
QUALIFICATION BY A COMBINATION OF ANALYSIS AND
TESTING

ARTICLE AA-C-1000
INTRODUCTION

ctors control the design of a qualification
[f qualification is to be achieved by analysis
only, all assumptions used in the analysis mustbe justified.
Iftesting alone is used for qualification, all applicable loads
shall be silnulated during the test, unless it can be shown
that the simultaneous application of certain loads is not
necessary [for assuring functionality.

Many f
program.

ARTICLE AA-C-2000
QUALIFICATION BY ANALYSIS ONLY

Analyti¢al calculations alone may be adequate as a
qualificatipn method for the following:

(a) equjpment that requires only that structural integ-
rity be mdintained to ensure functionality

(b) equjpment that is structurally simple

(c) equjpment having a response that is linearcor a
simple nonlinear behavior

(d) eqdipment in which the superposition of load
conditiong, or combinations, or both, are.too complex
for testing

ARTICLE AA-C-3000
UALIFICATION BY TESTING ONLY

htion by testing'enly is recommended when the
following fonditions are fulfilled:

(a) The|structural‘configuration of the equipment is
highly confplex and\beyond the capability of mathematical
modeling fechniques.

(b) The|response of the equipment is expected to be

Q
Qualific

(c) The test machine allows the simulation of pctual
mounting.
(d) Itis possible to monitor the functional capab

active equipment during the test.

lity of

ARTICLEAA-C-4000
SUPPORTING TEST

AA-C-4100 COMMON APPLICATIONS

Supporting tests may be used to determine

(a) deflection limits within which operability is
tained

(b)cdynamic parameters needed for construct
verifying mathematical models

{c) damping values

(d) assumptions to be used in the analysis

(e) the amount of nonlinearity involved

main-

ng or

AA-C-4200 DYNAMIC AND STATIC SUPPOR
TESTS

Supporting tests may be static or dynamic. A dyjnamic
testshall be conducted using a test machine or singl¢ point
exciters.

After collecting the needed information|from
supporting tests, analytical techniques shall be ufed to
show, in a reliable way, that the structural integrity or
operability of equipment, or both, are maintainjed. It
must be noted that, without supporting tests, analytical
calculations may not provide sufficient evidence foil oper-
ability assurance.

AA-C-4210 Dynamic Supporting Tests

[ING

highly nonlinear.

AA-C-3100 TESTING PROGRAM CONSIDERATIONS

When a qualification by testing program is being consid-
ered, the following factors are important to the validity of
the program:

(a) The test machine is capable of producing the
required motion.

(b) The applicable loads are of a simple nature, or it is
possible to simulate them.

60

For dynamic supporting tests, the equipment shall be
excited by dynamic forcing functions by using a shake
table or single point exciters applied at a sufficient
number of points. The excitations shall be of sufficient
strength to excite all significant modes. Typical data
obtained from these tests are

(a) dynamic characteristics of the equipment (natural
frequencies, mode shapes, and damping factors)
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(b) cross-coupling effects, i.e., the response in any
direction due to the excitation in any other direction
(in the locations where installing accelerometers is
impractical, the cross-coupling may be estimated based
on the response at the available locations)

(c) the significance of the response of the equipment to
vibratory motion to determine the necessity of combining
the nozzle loads with seismic loads

AA-C-4220 Static Supporting Tests

Static supporting tests are conducted by applying static
forces to the equipment. Typical data obtained from these
tests are

(a) static deflections and flexibility parameters that are
needed for constructing a mathematical model

(b) distortions, due to nozzle loads, for example, and
the deformation limits within which the equipment
would maintain its functionality

61
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SECTION AB
SYSTEM DESIGN GUIDE

ARTICLE AB-1000
INTRODUCTION

AB-1100 |SCOPE

This sedtion provides supplementary guidance for the
performance, design, installation, testing, and mainte-
nance of pir treatment systems in nuclear facilities.
This sectifon is not intended to replace or supersede
any other [section of this Code.

AB-1200 |PURPOSE

The purpose of this section s to provide guidance for the
performaice, design, installation, testing, and mainte-
nance of 3ir treatment systems in nuclear facilities in
accordange with the requirements of this Code and to
capture the applicable system design information
contained [in ASME N509.

AB-1300 |APPLICABILITY

The components and arrangements described.in.this
section can be used in both pressurized watet reactor
(PWR) and boiling water reactor (BWR) nuclear.air treat-
ment syst¢ms.

AB-1400

The def
those liste

DEFINITIONS AND TERMS

nitions provided in-this section supplement
H in AA-1400 and invother sections of this Code.

leak detection and isolation system: the control and ihstru-
mentation system that detects and monitors leakage from
the reactor coolant pressure boundary and(hitiated isola-
tion of the leakage source.

h BWR
olant.

bf the

light water reactor (LWR): anuclear reactor such as
or PWR that uses ordinary or “light” water as a ¢

primary containment: the portion or portions
containment system designed to withstand ahd/or
control the pressures resulting from a postylated
rupture of the reactofcoolant pressure boundaiy and
provide an essentfal leak-tight fission product bayrier.

secondary contdinment: the portion of the contaihment
system that\encloses the primary containment and is
designed to-provide holdup, treatment, and a conJrolled
release point for fission products that may escape pijfimary
contaihment.

system: the set of components required to perfprm a
design function.

ARTICLE AB-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall suppl
those listed in Article AA-2000. Unless otherwise
fied, the latest edition shall apply.

Pment
speci-

AMCA Publication 201. Fans and Systems. Air Movement
and Control Association International.

ANSI/AMCA Standard 99-10. Standards Handbodk. Air

air treatment system: the System that maintains tempera- Movement and Control Association International.
ture and hiimidity andir'emoves contaminants from the air ANSI/SMACNA 006. HVAC Duct Construction Stardards
through the use of components such as moisture separa- — Metal and Flexible. Sheet Metal and Air Conditjoning
tors, heatdrs, HEPAfilters, and carbon adsorbers. Contractors’ National Association

boiling wqter teactor (BWR): a power plant that uses ASHRAE Handbook—Refrigeration (2014). Am¢rican
nuclear fission to prndnrn steam to drive turbines and Saociety of Hpnﬁng Rpfrigprnﬁng and Air-Condit] oning

generate electrical power.

design-basis accident (DBA): a postulated accident that a
plant mustbe designed and built to withstand per 10 C.F.R.
100. For DBAs not covered by this definition, the Owner is
responsible for defining the applicable DBA.

exfiltration: the movement of air out of a building.
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Engineers.

ASME B31.5. Refrigeration Piping and Heat Transfer
Components. The American Society of Mechanical Engi-
neers.

NFPA 90A-2009. Installation of Air-Conditioning and
Ventilation Systems. National Fire Protection Associa-
tion.
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ARTICLE AB-3000
FUNCTIONAL DESCRIPTION

This Article provides a brief description of the air treat-
ment systems used at nuclear power facilities. The design
requirements are specified or established by the license
basis of each facility.

AB-3100 POWER GENERATION FACILITIES

ARTICLE AB-4000
TYPICAL AIR TREATMENT SYSTEM

AB-4100 SYSTEM FUNCTION

An SGTS incorporates some or all of the components
that may be used in any other air treatment system.
This may be determined by the specific application
and facility requirements. The SGTS treats air from the
primary or secondary containment to reduce radioactivity

Air fireatment systems are used to maintain habitable
conditions in critical areas under DBA conditions and limit
expospre during normal plant operation. Both of these
functipns are designed to meet a facility’s licensing re-
quirements. The systems described herein are not
intended for all nuclear facility air treatment systems.

AB-3]110 Air Treatment Systems for DBA
Requirements

Air treatment systems must operate under postulated
DBA ¢onditions. The stand-by gas treatment system
(SGTY) is representative of similar filtration systems
comnjonly used at BWR sites. It is an atmospheric
cleanyp system used in case of an accident in the contain-
ment puilding housing the reactor.

ThgSGTS is normally in standby mode. It is activated by
a number of signals derived from plant parameters. Upon
activdtion, the SGTS draws and filters air from the
seconfary containment atmosphere to create negativie
presspire surrounding the primary containment. This
ensures that airborne radionuclides leaking from-the
primdry containment are filtered before discharge to
outdopr atmosphere via a vent stack, thus kéeping radio-
activelreleases below acceptable limits in accordance with
reguldtions.

AB-3]120 Normal Operation Systems

Air [treatment systems filter, potentially contaminated
areas|to limit the releas€ of-airborne contaminants to
the atmosphere. Thesessystems are usually designed to
maintpin the buildidgat a slightly negative pressure to
prevepnt exfiltratien-of contaminants at LWR sites. They
are prjovided id the reactor, radwaste, turbine, fuel hand-
d otherduxiliary buildings. Another air treatment
is the containment ventilation and release system,
which|is'designed to maintain a habitable environment for

prior to discharge to the outside atmosphere;)This treated
air must be within the limits specified in 10 C,F.R. 100. The
signals that activate the SGTS include but are nof limited to
(a) leak detection
(b) low reactor water level
(c) high drywell pressure
(d) high radiation on théreactor building refuel floor
(e) high radiation in‘the' reactor building fecondary
containment exhaust
The SGTS maintains a negative pressure of
(0.06 kPa) or greater in the secondary containment rela-
tive to the outside atmosphere when the §econdary
containment S isolated within a specified tinje frame.
Other.systems similar to the SGTS designed| to clean a
building’s air may have positive or negative pfessure re-
quiréments relative to the atmosphere or to other areas of
the building.

25 in. wg

AB-4200 SYSTEM BOUNDARIES

The boundaries include all components
between the entry and exit devices.

hnd areas

AB-4300 SYSTEM INTERFACES

The air treatment system interfaces with dther plant
systems. These may include typical controls| electrical
power, fire protection, and building systenms such as
normal ventilation systems. These interfaceg maintain
the air treatment design requirements.

The SGTS has interfaces which the air treatmpnt system
may or may not incorporate, including but not limited to
the following:

(a) logic and control system. Various coptrols are
needed to initiate a secondary containment isolation
and start the SGTS. Additional controls are peeded to
monitor the operating SGTS parameters such af tempera-

equipment maintenance and facilitate personnel entry
into containment as required prior to and during unit
shutdown.
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ture, flow, building negative pressure, damper positions,
and presence of fire in the filter train.

(b) process radiation monitoring system. The normal
operating reactor building HVAC (RBHVAC) system
includes redundant radiation monitors that initiate the
SGTS when radiation levels in the reactor and/or fuel
handling building exhaust stream exceed predetermined
postaccident set points.

(23)
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(c) main control room panels. SGTS parameters are
monitored remotely and the SGTS may be manually
initiated from the main control room. Various dampers
and/or valves may be manipulated from this location.

(d) radioactive drain system. The drain lines from the
filter housing of the SGTS are connected to the high
conductivity waste system.

(e) makeup water system for loop seals.

(f) electric power distribution system The SGTS is fed
power for 2 2 3
toring sysfem equlpment.

(g) atmpspheric control system. This system provides a
method fof inerting and de-inerting the primary contain-
ment prior to and after power operations. The use of
nitrogen gnsures that hydrogen and oxygen concentra-
tions are fero prior to an unanticipated occurrence.

(h) Thelfire protection system monitors the SGTS for
smoke or fire and either sounds an alarm or automatically
isolates the operating SGTS unit, initiating a fire suppres-
sion system or providing an alarm indication for such
initiation.

(i) RBHVAC system. The RBHVAC shuts down and
isolates thle reactor building and initiates the SGTS and
alignment

(j) stack. The SGTS typically discharges to the plant
ventilation} stack.

AB-4400| SYSTEM DESIGN

A typical air treatment system will be in either standby
mode or cpntinuous operation. Depending on the desigh
basis, redundancy and seismic consideration may,be
imposed uton the design. The system should incorporate
some or a|l of the components described in AB-4410(a)
through AB-4410(f) to accomplish its designfunction.

An SGTYtypically consists of two 100% redundant inde-
pendent tifains powered by independent/class 1E sources
(commonl]y standby diesel genetators). The SGTS is
usually lodated in the reactor buildihg, a seismic Category
I structurg.

AB-4410

SGTS aif-cleaning units typically include the following
internal c¢mponénts:

(a) Prefilters-are required in air-cleaning units when
design inlpt\particulate concentrations may render the

SGTS Typical{Components

(d) Moisture separators (demisters) are required when
entrained water droplet concentration may be greater
than 1 lb. (0.45 kg) of water per 1,000 cfm (1700 m*/
h) of airflow.

(e) Heaters should be used for air-cleaning units with
adsorbers when the relative humidity of air to the
adsorber must be controlled to less than or equal to 70%.

(f) Postfilters should be provided to retain carbon fines
when adsorbers are used in air- cleanlng unlts If the

p p p p = = filter
banks, the post filter may be a medlum eff1c1ency filter.
If there is an upstream HEPA filter bank, the use of a
HEPA filter downstream for carbon finefiltration will
necessitate injection and sample manifeld use during
in-place leak testing.

Each filter train may include a\ihoisture sepqrator,
heater, prefilter, HEPA filter,lifilet space heatef with
fan, charcoal adsorber, fire protection, post filtef, and
adsorber cooling system:

AB-4420 SGTS Required Design Parameters

The followingdesign parameters should be specified to
meet the requifements of this section:
(a) volumetric airflow rate, cfm (m3/h)
(1)-minimum flow rate
{2) maximum flow rate
(3) design flow rate
(b) design pressures, in. wg (Pa)
(1) maximum operating pressure
(2) leak test pressure
(3) maximum design pressure
(4) structural capability pressure (usually
mined by component designer)
(c) pressure-time transient (if applicable), in. wg/sec
(kPa/sec)
(d) maximum and minimum gas temperature,
and density, Ib/ft® (kg/m?)
(e) maximum inlet relative humidity, %
(f) entrained liquid water (mass flow rate), Ib/min
(kg/min)
(g) concentrations of specific contaminants in
airstream
(h) required decontamination factors for
contaminant
(i) component radiation integrated life dose (rafl) and

maximum dose rate (raﬂ/hr}

Heter-

oy (oc)’

each

HEPA filter prematurely ineffective due to an unaccept-
able increase in pressure drop affecting design flow rate.
On other air-cleaning units, prefilters are recommended
only when it is desired to increase HEPA filter life.

(b) HEPA filters are required in all air-cleaning units
when filtration of inlet particulate matter requires a
minimum factory-tested efficiency of 99.97% on 0.3
um challenge particles.

(c) Adsorbers are required when air-cleaning units are
designed for removal of adsorbable elements and
compounds.

(j) maximum dirty filter pressure differential, in. wg
(kPa)

(k) structural loadings

() duct, fans, and housing maximum permissible leak
rate, cfm (m®/h), and associated operating pressure, in. wg
(kPa)

(m) environmental design conditions including
temperature, pressure, and relative humidity

(n) expected duration and environmental conditions of
storage area

(23)
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(o) particle size distribution and quantity of aerosols
and contaminants under normal and accident conditions
(if known)

(p) classification

(q) number of adsorber test canisters per adsorber
bank

(r) heater capacity, watts, voltage, and temperature
differential, if applicable

(s) fire suppression system requirements

tions or alignment, fan status, system airflow, building
dp, and functioning of support equipment (such as a
cooling system). Interlocks and alarms are provided to
protect the system from abnormal operating conditions
and ensure that the design objectives of the system
(i.e., internal temperature, humidity, pressure drop
across filtration system components, electrical operating
parameters for fan and heater) are met.

ecay heat rnn]ing air required_cfm [m3’/h)

¥
AB-4500 SYSTEM OPERATION

A tyjpical air treatment system may be in either standby
moder continuous operation. The operational character-
istics hould be derived from the specific design require-
mentq of the system and facility.

For|example, the SGTS is maintained in standby condi-
disready to function during abnormal plant opera-
oth filter trains start automatically upon receipt of

the secondary containment or refueling floor
tion exhaust signal. Either filter train can also

10 Recommendation for Control of Hedt) of
Radioactive Decay and Heat of Oxidation

Wh
condi
oxida
be pr
beds
ioding

b1 the system is shut down following ah’accident
ion and the heat of radioactive decay or heat of
ion or both may be significant;-a> means should
pbvided to remove this heat from the adsorbent
to limit temperatures_to-prevent significant
desorption. For this purpose, a minimum circula-
tory ajrflow should be available for all operational modes
of th¢ air-cleaning unitiand should be based on the
maximum possible radioactivity loading on the adsorbent
beds. [Water deluge systems are not acceptable for this
purpase.

AB-4500_SYSTEM INTERLOCKS AND ALARMS

System attomaticenrecetptotanaceiaentsigns
(indicating a LOCA, fuel handing accident, etc.) or manual
from the main control room. Interlocks between the oper-
ating and redundant filtration trains are provided to start
the standby train on failure of the operating train or upon
loss of power to the operating fan. There are alarms for
high filter differential pressure (dp) and loss of airflow and
there are filter dp and airflow indications for the proper
functioning of the system in the main control room and/or
on a local control panel, depending on the system design.
Interlocks and alarms may ensure proper damper posi-
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ARTICLE AB-5000
COMPONENT DESIGN

AB-5100 FILTER TRAIN COMPONENTS
AB-5110 Description

The filter train is a sequential collection of ajr cleaning
and dehumidifying components enclosed by|a housing
that may provide connections to adjacent [ductwork
and piping. Each of these components may b used for
moving, cleaning, heating, or dehumidifying thelairstream.
In order to properly design an air treatment gystem, the
makeup ofthe process stream should be identified. The
presencerof other particulates, gases, and chemicals
should. be determined. All the contaminants, both parti-
culdte and gaseous, should be evaluated, including their
cohcentration levels and particle sizes. Volat]le organic
compounds, entrained water, and acids may plso affect
the performance of various system compopents and
should be addressed in the design of the system and
its individual components. To properly desigh and size
the system, the design flow should be considerfed as well.

AB-5120 Applications

This subarticle considers the design of and require-
ments for air treatment systems used to refain filters
and/or adsorbers. Some systems may hayve only a
single bank of HEPA filters with a bank of|prefilters
(to extend the life of the HEPA filter). Somfe systems
may incorporate multiple banks of HEPA filters|for redun-
dancy. Radioactive gaseous (e.g., iodine) releages should
be controlled, and this may require one or moie banks of
adsorbers. The adsorber bed design is based or] residence
time, iodine loading, and adsorbent efficiency] A bank of
demisters may also be used, resulting in as many as six or
mere-banks-eieo Hseries—fabriedted into a
single filter housing. For more detailed design guidance
and requirements for these components, see other appli-
cable articles or paras. in this section and the applicable
sections of this Code.

AB-5130 Cautions and Concerns

Air treatment system components should be designed
to withstand the maximum pressure differential each
component may experience due to normal operating
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pressure, test pressure, transient pressure conditions due
to rapid closure of dampers, or anticipated system upsets
that would render the system inoperable. The maximum
design pressure should be equal to or greater than the
maximum pressure differential after allowing for the
venting effect of permanent openings and pressure
relief devices in the system. The Designer should refer
to Section AA and applicable individual Code sections
for guidance. When testing the system, the commissioning

(g) Ducts should be equipped with low leakage access
hatches at strategic points to allow for cleaning.

(h) In personnel entry systems, there should be a
minimum of 3 ft (0.9 m) from mounting frame to mounting
frame between banks of components to allow for ease of
maintenance. If components will be replaced between
mounting frames, the bank-to-bank dimension should
be the maximum length of the component plus a
minimum of 3 ft (0.9 m). When determining maintenance

agent shommwmwwdmgwid_mmm“mpjble to
sections where filters are not installed. damage permanently installed testing manifolds-gre.

NOTE: Filtefs are usually installed after construction to prevent
premature Joading.

AB-5140 [Recommendations for Installation

Air treafment systems should be set in place without
filter elenjents installed. This is to prevent damage to
the filtering elements and their clamping mechanisms
during ingtallation. Additionally, it is good practice to
install an|initial set of prefilter elements (excluding
carbon adlsorbers) immediately after installation. This
initial filt¢r set will remove construction debris. Prior
to systenp start up, the initial construction filters
should be|discarded.

AB-5150 [Recommendations for Maintainability

Air treapment systems should be designed for ease in
maintenar|ce, testing, and inspection.

(a) Air freatment systems that allow personnel entry
should be pither located at floor level or equipped with-a
permanent service gallery at least 4 ft (1.2 m) wide.with
permanent stairs or fixed ladders.

(b) Air freatment systems that do not allow personnel
entry shoyld be located at a height above thefloor or work
gallery lepel convenient for access(based on human
factors anfl the design of the housing.

(c) Thelarea in which the air treatment unit is located
should beserved by a clear aisle wide enough to accom-
modate sefvicing of internakeomponents and equipment.

(d) A clpar area adjaeerit to the housing door or hatch
should be provided to'allew servicing of the air treatment
unit; a spage atleast4 ft (1.2 m) wide by 7 ft (2.1 m) high is
recommerjded, The clear work space may also serve as
aisle spacg if it.can be used while servicing the air treat-
ment unit, lorit ma j
air treatment unit.

(e) Clearance of 18 in. (0.45 m) is recommended above
the housing to allow for installation and inspection. For
systems containing Type III adsorbers, adequate clear-
ance should be provided above the adsorber to easily
allow proper filling and removal of the adsorber media.

(f) Internal elevated work galleries for personnel entry
air treatment systems should be designed in accordance
with OSHA (Occupational Safety and Health Act) require-
ments.
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(i) Some design features that contribute~to ke
maintenance exposures as low as reasonably-achi
(ALARA) are

(1) location

(2) shielding

(3) use oftechniques such.asbag-in/bag-out tq
mize airborne contamination

eping
bvable

mini-

AB-5160 Recommendations for Fire Detection

Atwo-stage fire detection system should be installed for
each adsorber uhit) Detailed requirements for the instru-
ments are contained in Section IA.

Temperature sensors should be installed upstreajm and
downstream of the adsorber unit for the first stage plarm.
Downhstream temperature sensors should be desighed to

well as localized hot spots that may occur within the bed.
Locating the sensor within the adsorbent bed is n¢t rec-
ommended. The CO detector system should sound an
alarm for taking necessary actions, such as initiating
fire control systems and isolating the syst¢m to
contain the fire and minimize the release of potentially
harmful contaminated gas and/or particulates to the en-
vironment.

AB-5170 Recommendations for Fire Protection

Alr treatment systems should be designed, fabri-
cated, and installed to minimize the use of combustibles.
Filter media, sealants, gaskets, and insulation should meet
the requirements in applicable sections of this Code. Fire
protection in or around housings should be designed to
accomplish the following objectives:

(1) prevent fires from affecting the operation of the
ventilation system
(2) protect the filtration function
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(3) prevent the release of material that has accumu-

lated on filters

(b) The potential for nozzle plugging or corrosion in
housing deluge systems should be considered during
design.

(c) General area sprinklers should be provided within
all process areas.

(d) Processhazardsinside and outside housings should
be controlled.

(e] Plant fire protection prm‘pdnrpq should include re-

AB-5220 Applications

The decision to use heaters in the system should be
based on the requirements of test conditions for main-
taining carbon efficiencies as defined in the design spec-
ification. Ifthe heaters are credited for maintaining carbon
efficiencies, heaters should be installed and designed to
reduce the relative humidity of the incoming air to no
greater than 70%. If the carbon efficiency is credited
for relative humidity of incoming air at 95%, heaters

quiretklents to take appropriate action.

(f) Fire protection systems, when provided, may use
water| deluge, inert gases [e.g., halon, carbon dioxide
(COZ)|l, or other extinguishing agents as appropriate
for thp hazard.

(g) |If water deluge systems are used, deluge nozzles
shoulfd be permanently mounted within the housing
and lpcated to ensure that both deep-seated and
surfage fires can be extinguished. Nozzles should be
piped|to an accessible location outside the housing and
provifled with redundant leak-tight isolation outside
screw and yoke valves and a connection suitable for
manual attachment to the plant’s fire protection
systern. Permanently connected fire protection systems
are npt recommended, but may be used in lieu of
manugl hose connections.

(h) |Ifthe fire hazard analysis requires that a fire protec-
tion system be provided for an air treatment unit, the fire
protegtion system should be manually actuated. Auto:
matid water deluge systems are not recommended
becauke spurious actuation of automatic detection“and
proteg¢tion systems may significantly degrade @dsorber
capalility and damage the adsorber. If permanently
connegted fire protection systems are installed, provision
shouldl be made to activate an alarm uponiihitiation of flow
of extinguishing agent (e.g., water,halon, carbon dioxide).

(i) Ifcarbondoesbecome wet, threwet carbon should be
remoyed from the adsorber to-prevent structural damage
tothepdsorber due to chentical interaction. Before placing
the ajr-treatment unit_back in service, the adsorber
housing should be théroughly dried and visually inspected
for corrosion damage) and adsorber leak testing should be
perfofmed pey’Section TA and ASME N511.

Seefapplicable’sections of this Code and referenced stan-
dards|for(guidance on fire protection.

are not required in the system. Their use may decrease
the radioiodine removal performance of the-darbon.
The heater should be sized for the maximum pirflow for
which the filtration system is designed."Deper]ding upon
the design airflow of the filtration-unit, the hedter should
be designed with either single-stage or multiple-stage
control. For smaller systéms [i.e., 1,500 cfm (2550
m3/h) or less], a single*stage control system will
usually be adequate, For larger systems thaf routinely
see a significant¢variance in inlet condit{ons (e.g.,
airflow, humidity); a'multistage silicon controller rectifier
(SCR) may be.more appropriate. For a single-stage on/off
control system, the heater will typically be on &t all times
the system‘is in operation. An alternative is tp have the
heaterturn on only when the relative humidity feaches the
set(point. For larger systems in which inlet fonditions
vary, the multistage SCR will turn the heatef on or off
in steps to match either the changes in airflow or the
changes in inlet relative humidity.

AB-5230 Cautions and Concerns

Airflow distribution through the heater is very impor-
tant. The heater should be installed in a locatfion where
there are minimal disturbances upstream gnd down-
stream of the heater. Heaters should not be ipstalled in
close proximity to other components that may be affected
by the radiant heat from the heating elementk.

AB-5240 Recommendations for Installation

The location of the heater relative to othef filtration
components is also important. Although botlH prefilters
and HEPA filters are designed to withstand high levels
of humidity, the heater should be located dgwnstream
of any moisture separators and immediately| upstream
of the particulate filters.

AB-5200 HEATERS
AB-5210 Description

Heaters are installed in filtration systems primarily to
reduce the relative humidity of the air entering the carbon
adsorber. Heaters are not typically required for filtration
systems that do not utilize carbon adsorbers. For more
detailed design guidance for this component, see
Section CA.
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AB-5250 Recommendations for Maintainability

Adequate space both upstream and downstream of the
heating coil should be provided for inspection. For inser-
tion type heaters, adequate pull space should also be
provided in the event the heater needs to be replaced.
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AB-5260 Recommendations for Fire Protection

Where adequate airflow is provided and overtempera-
ture switches are installed to prevent overheating of the
temperature element, electric heaters should not require
any additional fire protection.

AB-5300 FANS
AB-5310 Description

design situations where large variations in postulated
operating environments exist, sets of fan performance
curves showing developed pressure, volumetric
airflow, efficiency, and brake horsepower for each oper-
ating scenario should be generated. Even if systems are
only operated postaccident, fan performance data for
normal conditions is needed so system performance
can be tested and validated as part of site acceptance
and maintenance programs.

Many specific applications require accessories tg allow
Fans arp a critical component of any air treatment  the fan to function properly for the intended appli¢ation.
system, 4s they supply the energy to move gases  These items include but are not limited to
through thhe system. For more detailed design guidance (a) backdraft dampers
for this cdmponent, see Section BA. Additional detailed (b) shaft seals
engineerirlg information can be found in AMCA standards (c) inlet boxes
and publidations. (d) shaft or inlet guards
.. For more detailed design guidance for these pcces-
AB-5320 (Applications sories, see Section BA.

The prifnary types of fans used in nuclear air handling
applicatiops are centrifugal and axial. Centrifugal fans
have a radially outward flow path through the impeller
while axidl fans have airflow parallel to the shaft axis.
Both cenfrifugal and axial fans are available with
several different discharge designations, drive arrange-
ments, far] bearing support configurations, motor loca-
tions, and|intakes. ANSI/AMCA Standard 99-10 defines
fan dischgrge designations, drive arrangements, and
inlet box 3nd motor positions.

AB-5330

A majorfchallenge in designing the fan for an air treat-
ment systdm is addressing the wide range of systeniresis-
tance expgcted during normal operation. It is necéssary to
consider bpth clean filter operation (to ensure proper resi-
dence timp is maintained in adsorbers] and dirty filter
operation] (to ensure the fan can ‘operate safely at
maximum|system resistance) because of the anticipated
extended pperating times and particulate loading of the
HEPA filtefs inside an air filtration system. System resis-
tance curyes generated by the Design Engineer should
include logses from all ductwork, dampers, coils, housings,
and filterq (both cleansand dirty) associated with oper-

Cautions and Concerns

AB-5340 Recommendations for Installation

Fans may be located on the upstream or downstream
side of the air-filtration equipment. Fans are upually
located on theclean side of filtration and gas clganing
equipment to reduce the dust and contaminant lgading
on the fan wheel and casing. In typical HVAC applications,
fans.afelocated on the cool side of the process to pfolong
mator and bearing life.

It is important to note that placing the fan on the lown-
stream side of the filtration equipment puts the filgration
system under negative pressure, which provides a[possi-
bility for unfiltered inleakage to get into the system and be
distributed by the fan. However, placing the fan ¢n the
upstream side of the filtration equipment puts the|filtra-
tion system under positive pressure, which resiylts in
leakage out to the surrounding environment angl may
subject the fan to contaminated air. Although the bgnefits
and detriments of each design depend on the application
and location, a review of the end use configuratign will
typically determine which position is opfimal.
Nonmandatory Appendix SA-B contains tables that iden-
tify leakage classifications and duct configuratiops for
systems relative to component placement. While
sheet
using
ist be

ating the fir treatifent system. It is often necessary to ~ Nonmandatory Appendix SA-B may be useful for
perform deveraliterations of the system resistance ~ Mmetal housings, some applications specify that h
curve, starting with preliminary information and  Must be leak tight. In those cases, the housing m
concluding—withrfirrat dcaigu Trrformatiomras ttbecomes seal-welded-and Hﬂcignm1 for the worst-case pd

available from suppliers.

Fan manufacturers typically rate fan performance at
standard conditions (29.92 in Hg, 70°F, 0% humidity,
which correlates to a density of 0.075 lbm/ft?). It is
the responsibility of the Owner’s Design Engineers to
determine the range of environmental conditions in
which the air treatment system operates and clearly
show that information in the design specification. Fans
that operate in postaccident conditions may be subjected
to elevated temperatures, pressures, and moisture. In
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sitive
or negative pressure.

The following factors should be considered when
selecting fan drives and arrangements:

(a) The fan must physically fit within the specified
space, with proper distance from inlets or outlets to
housing walls, ductwork transitions, or other system
components that may affect fan operation. AMCA Publica-
tion 201 details proper fan inlet and outlet design param-
eters. Accessibility for maintenance should also be
considered during the design phase.
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(b) Direct-drive fans are preferred. Belt-driven fans
allow more performance adjustability and may feature
a smaller packaging space, but tend to require more main-
tenance than direct-driven fans. Using belts in a harsh en-
vironment is generally not recommended. If performance
adjustability during operation is required, fans with adjus-
table blade pitch and/or variable speed drives offer alter-
natives to a belt-driven design.

(c) Placement of the fan components (i.e., bearings,
motor i i i
potential contaminants is critical for fan functional perfor-
mancg. Particulates may damage bearings or motors that
are npt completely sealed, and radioactive or toxic
contaminants may make fan maintenance difficult due
to radiation exposure to personnel. In addition, bearing
placeent may result in a large operating temperature
differlence, depending on proximity to the fan and
airstream.

AB-5850 Recommendations for Maintainability

Farl maintenance procedures are based on several
factoqs, including fan arrangement, room congestion,
and efjuipment design and features. For example, belt-
driven} fans require periodic belt inspection, tensioning,
and replacement to ensure reliability. The ability to
inspeft fan components without excessive equipment
disasdembly allows identification of potential problems
befor¢ they occur.

When fan bearings are within a closed housing,
extendled lubrication lines may be used to perform preven-
tive mfaintenance without entering the housing. However,
the anhount of grease consumed by the bearingsshould be
considered relative to the grease line length:Long grease
lines ay extend the dwell time for thé\grease before it
reaches the bearing, and this may result in separation of
the oil and thickeners, thereby réducing the lubrication
effectlveness. In addition, the'lines require purging to
remoye air pockets upon initialjinstallation. An alternative
to grdase lines for bearings that are inaccessible are
mechanical automatedigreasers that can be mounted

ns for Fire Protection

AB-5400 VALVES, PIPING, COOLING COILS
AB-5410 Description

Valves, piping, and coils may be used as part of housing
drains, fire protection systems, or heating/cooling
processes. Additional guidance can be found in ASME
B31.1; ASME B31.5; ASME BPVC, Sections VIII and I, Divi-
sion 1; and NFPA standards.

- ications

d to main-
boundary,

In an air treatment system, valves may be€juse
tain an air pressure boundary, a water pressure
or both. Article HA-4000 and Nonmandatory| Appendix
HA-B contain requirements on.fire protection and
housing drains that are applieable for desigh require-
ments.

In an air treatment system, piping may be usef as part of
either the fire protection’system, the housing aind conden-
sate drain system, or the process flow system. Pepending
on the design and function, the piping may maintain an air
pressure boundary or a water pressure boundgry or both.

An air treatment system may also perforh a condi-
tioning.function. In that case, coils may be ysed as an
air-toswater heat exchanger (or air-to-re;Ligerant).
Sectipn CA contains requirements for coils.

AB-5430 Cautions and Concerns

Valves used for shut-off or isolation should He full port,
globe style valves, suitable for system prepsure and
temperature design service conditions and plant design
basis. The valve material should match that of the
piping to which it is attached, unless consideration has
been given to the corrosion potential between the dissim-
ilar metals.

Piping for drain lines that are part of thq pressure
boundary of the air treatment unit and used for|conveying
water or air should be designed, fabricated, and tested in
accordance with ASME B31.1, ASME B31.5, or ASME BPVC,
Section 11, as applicable.

Refrigerant piping should be designed, fabricated, and
tested in accordance with ASME B31.5. Additional
guidance is found in the 2014 ASHRAE Handbook—
Refrigeration.

Piping for process flow should be designed,
and tested in accordance with ASME B31.1 or A

fabricated,
SME BPVC,

Fans do not generally require any specific fire protec-
tion measures. However, their power source may be tied
to control circuitry that secures their operation coinci-
dental with a smoke alarm. Ensure that the fan motors
are properly protected against overload conditions.
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Section 11, as applicable.

AB-5440 Recommendations for Installation

Valves and piping should be installed by qualified per-
sonnel to the applicable specification requirements.

Valves and piping should be located so as not to impede
access for maintenance activities.

Manually operated valves should be located in readily
accessible locations.
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AB-5450 Recommendations for Maintainability

Valves and piping should be maintained in accordance
with applicable facility procedures and commitments.

Isolation valves should be provided where beneficial to
aid maintenance activities and component replacement.

Valves should be oriented to facilitate in-place mainte-
nance activities.

Loop seals, when provided, should include provisions
for filling.

ments. Any sealant used should be qualified for its
applicable environment.

In leakage-critical applications, field connections to
duct supports should not cause a pressure boundary
breach.

Section DA and Mandatory Appendix DA-I should be
used to quantify required damper leakage for a given
application. For example, a flow control damper (with
no isolation function) that also serves as ductwork air
pressure boundarv in a contaminated environment

AB-5460
Piping
systems s

Recommendations for Fire Protection

hnd valves associated with fire protection
hould conform to the applicable NFPA stan-
dards. The¢ Engineer specifying the equipment should
determind which NFPA standards apply to the system
being desipned and require these in the design specifica-
tion.

AB-5500
AB-5510

A ductwork system provides an enclosed passage
through which air is transferred from point to point
and does ot typically include air treatment components
such as filters or adsorbers. A damper is an operable
device us¢d to control pressure or flow by varying the
air path afea. Ductwork requirements are dictated by
Section SA. Additional information can be found in
SMACNA pP06. Damper requirements are dictated by
Section DA.

DUCT AND DAMPERS

Description

AB-5520

Ductwo
from the 4

Applications

'k is typically used for transporting air to and
ir treatment housing. Ductwdrk systems may
contain fgatures and accessories including plenums,
extractors| grilles, diffusers, flexible ¢dnnections, insula-
tion, testing ports, and access\panels. Duct supports
transmit lpads from the ductwerk to appropriate load-
bearing stiructures. Air dugts for air treatment systems
are typicplly manufactyred of coated carbon steel
(often galyanized) or-stainless steel.

Dampers may belused in an air treatment system for
flow contfol, pressure control, fire control, balancing,
isolation,| backdraft prevention, or pressure relief.
Dampers € i i i i T i
Figures DA-II-1000-1 through DA-II-1000-6.

AB-5530 Cautions and Concerns

This Code allows for various types of longitudinal seam
design, including both welded and mechanical lock-type
seams. Welded seam ductwork is generally preferred for
air treatment systems carrying radioactive matter.
Mechanical lock-type seams will usually require an elas-
tomeric sealant for ductwork to meet leakage require-
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while carrying clean air under negative pressugf may
require a zero-leakage or low-leakage frame/(Class A
or Class B) with a seat leakage requirement of Class IV.

AB-5540 Recommendations fordnstallation

Ensure that access doors and Jor panels are provided in
the ductwork for surveillance 6f. dampers or other gquip-
ment in the air treatment(system requiring insppction
and/or maintenance, as”well as possible ducfwork
cleaning.

When using conipanion angle frames to connec{ duct-

ness gauges to verify proper field installation. A
solution is to use a gasket that exhibits incrg
compression force due to nonconstant cross s
geometry and provide a fixed torque value for all cpmpa-
nion frame fasteners. This allows the gasket to havelinitial
soft compression that fills gaps from varying syirface
profiles, but then firms up as bolts are tightlened,
which allows consistent torque values while avgiding
excessive gasket extrusion from the companion|angle
frame perimeter.

asing
bction

AB-5550 Recommendations for Maintainability

Ductwork systems typically require little maintephance,
with the exception of occasional cleaning and the rejplace-
ment of companion frame gaskets, access door and/or
panel gaskets, or flexible connections.

AB-5560 Recommendations for Fire Protection

Ductwork and dampers do not t requife any
special fire protection if no flammable particulate is
being carried by the air. Fire damper construction is speci-
fied in Section DA.

AB-5600 INSTRUMENTATION
AB-5610 Description

All systems require some form of instrumentation.
Instruments are used to monitor, control, and transmit
alarms based on various system changes. For more
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detailed design guidance for this component, see
Section IA.

AB-5620 Applications

The following are some of the applications for which
instruments are used for measurement and monitoring:

(a) airflow

(b) fluid flow

(c) air temperature

AB-5700 HOUSINGS
AB-5710 Description

This section provides guidance for air treatment system
housings, which are the portions of air treatment units
that enclose air treatment components and provide
connections to adjacent ductwork. For additional
guidance, see Section HA.

AB-5720 Applications

(d) [ftutdtemperature

(e) (differential pressure Housings enclose and provide access to the different
6] press'ur.e components of air treatment, air conditioning, dr air hand-
(9) h.umldllty ling units, such as HEPA filters, prefilters, gdsorbers,
(}'1) Ylbratlon moisture separators, cooling.and heat]ng coils,
(1') fire and/or smoke dampers, mounting frames,-and fans. They also

carbon monoxide

0
AB-5

Insfruments should be installed in locations that allow
the d¢vices to measure a representative sample of the
condifion within the air treatment system for which
they gre intended. Care should be taken not to install
ents in dead air spaces, in areas of nonuniform
, or in areas of extreme turbulence.

30 Cautions and Concerns

ed connection. This will make replacement
easier] in the event that the instrumentation fails.

Each instrument must be selected to operate properly
within} the environment in which it will be installed-~The
rangefand accuracy of the instrument should be selected to
matcH the requirements of the value being measured. For
examjple, a differential pressure gauge with an accuracy of
0.5% |s not required when measuring:the pressure drop
acrosg a HEPA filter.

AB-5640 Recommendations for Installation

See|Table IA-C-1220-1 4oy guidelines for the type and
locatipn of the instruments used in an air treatment
systerp.

AB-5

Rou
shoul

550 Recommendations for Maintainability

tine-maintenance and calibration of instruments
l be performed in accordance with the manufac-

connect to adjacent ductwork, instrumentation| and ancil-

lary systems.

AB-5730 Cautions\and Concerns

Housings sheuld’be designed and construct
stand structural and pressure loadings acd
Section HA«

For systems protected with water deluge fireprotection
systems, drains should be of a number and sizp that may
readily remove water from the unit when the fjre protec-
tion system is fully activated.

Drain lines should be welded to the unit houging and be
of the same material alloy as the unit housing.

Loop seals should be used when moisture peparators
and/or condensing cooling coils are used. lloop seals
should be properly designed considering thejr location
and corresponding positive or negative pressjire.

Each housing compartment should have flpor drains
that meet all allowable air leakage critefia. When
piped to a common drain system, individual @irain lines
should include valves or be otherwise protected. There
should be enough space from the housing td the valve
to be able to manipulate it in case of a fire. Check
valves are not recommended.

Drains should be protected against freezing,
ble.

bd to with-
ording to

if applica-

AB-5740 Recommendations for Installation

Filter housings should be located inside the puilding to

dati
T CCOTIIIICTICa CrOTY:

turer’

AB-5660 Recommendations for Fire Protection

Other than monitoring for a carbon bed fire, there are no
specific recommendations regarding fire protection of
instruments. However, instruments may be used to
initiate action in the event of a fire. Examples are to
trip the fan off in the event of a fire or to open or
close certain dampers when smoke is detected.
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minimize the cprnnd of contamination

Horizontal airflow with filter faces in a vertical position
is recommended.

Layout of the housing and banks of components within
the housing should provide for access to both sides of each
bank of components for maintenance and testing and for
uniform airflow through each bank of components.

Mounting frames for all components (moisture separa-
tors, prefilters, heaters, HEPA filters, adsorbers, and post
filters) should be of all-welded construction and welded
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into the housing to prevent trapping of contamination
between frame and housing.

Housings should be rigged into place without filter
elements in place. This is to prevent damage to the filtering
elements and their clamping mechanisms during installa-
tion.

AB-5750 Recommendations for Maintainability

Housings should be designed for ease in maintenance,

the environment. Negative-pressure, roof-mounted hous-
ings are susceptible to water intrusion during periods of
rain and snow melt. Housings in outside locations may act
as condensers in cold weather, depending on the relative
humidity of the process stream they serve, and this can
result in damage to filter components, especially carbon
adsorbers.

In addition to adequate space adjacent to the housing,
the provision of overhead clearance for bulk-loaded

testing, mmmmv—mwwﬂﬂm—‘l
During housing layout, sufficient space shoeyld be

provided for removal and replacement and maintenance
of comporjents.

AB-5760 | Recommendations for Fire Protection

Fire protection requirements should be considered
depending on the individual component requirement.
Refer to HA-4248 for fire protection recommendations
for systens.

ARTICLE AB-6000
INSTALLATION

AB-6100 |SYSTEMS

Generallly applicable criteria for the installation of
assembled components and subassemblies as well as
the field[assembly of components is specified in
AA-6600.|This Code requires that the manufacturer
provide d¢tailed manuals for the operation, installation
and maingenance of all housing-related items. Certain
sections refer to the requirements of NFPA 90A*2009
as well as|those of AA-6600.

Additional guidance for the location and installation of
nuclear aif treatment systems and compenents may be
found in )OE HDBK-1169-2003.

AB-6200| HOUSINGS

Access fpr maintenance, including periodic surveillance
testing, sould be consideréd when locating housings.
There shpuld be sufficient space adjacent to the
housing tp allow for cthange out of components and
testing activities Al possible interferences to housing
access (inqluding piping, seismic supports, and ductwork)
should be| studied carefully during the housing layout

provided for inlet and outlet duct transitions to dssure
adequate airflow distribution and propeér fan perfor-
mance.

AB-6300 COMPONENTS

Applicable criteria for the.installation of assembled
components and subassémblies as well as thq field
assembly of components(is specified in AA-660(. This
Code requires that thiey manufacturer provide ddtailed
manuals for the operation, installation, and maintgnance
of all housing-related items. Additional guidanfe for
componentjinstallation may be found in DOE HDBK-
1169-2003.

Prionsto component installation, housing moynting
frames,’ clamping devices, and individual compdnents
should be thoroughly inspected for compliance fo the
désign specifications.

HEPA filters and prefilters (as applicable) shotpild be
installed with pleats vertical to prevent sagginlg and
damage over time.

Individual clamping of filter elements and mg@dular
adsorber elements should be provided for in the
housing design. Common clamping of these compg@nents
is discouraged.

Installation of adsorbent in bulk-loaded systems|(Type
I1I) should be performed in accordance with a prodedure
that assures the adsorbent is loaded at its maximum
packing density.

ARTICLE AB-7000
TESTING

Article AA-5000 specifies generally applicable cfiteria
for the inspection and testing of materials and equipment.

process.

The general area surrounding the housing should be
sufficient to allow it to be cordoned off as a contamination
zone to facilitate the safe removal and replacement of filter
elements and/or bulk activated carbon.

Housings should not be suspended in free overhead
space or placed on the roof of buildings that do not
have adequate roof access. Building roof locations are
generally undesirable, but when such locations must
be used, housings should be adequately protected from

Article TA-4000 specifies the field acceptance tests nec-
essary to verify compliance with the Owner’s design speci-
fications.

Provisions for testing should be considered from the
beginning of the design process and documented in a
system test plan.

Adequate test ports, both in number and location,
should be provided for in the design to facilitate the
following:

(a) housing leak tests/structural capability tests
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(b) mounting frame leak tests (if required)

(c) airflow capacity measurement

(d) airflow distribution measurement

(e) air/aerosol mixing measurement

(f) injection and sampling during the in-place leak test

All test, injection, and sampling ports should be clearly
identified both on drawings and on equipment.

Depending on the outcome of certain acceptance tests,
changes to test portlocation may be necessary. Therefore,
consideration shounld he given to the provision of alterna-

housing to accommodate limited probe length. In these
cases, top-access test ports may be preferable.

Manufacturer-qualified injection and sampling mani-
folds should be clearly identified.

Where proper sampling manifold operation depends on
sampling flow rate, or if any other restrictions for manifold
use are specified by the manufacturer, this information
should be clearly marked at the manifold sampling
point on the housing.

tive t¢st, injection, and sampling ports, especially when
field modifications may require additional engineering
analygis.

For[systems not designed for personnel entry, access to
internfal system components is limited by the location and
numbpr of available test ports. Certain acceptance tests
such ps airflow distribution require access to each
filter|element. The low velocities internal to the
housihg typically permit measurement of the airflow
distripution by a hot wire anemometer. However, the
probellength of the hot wire anemometer limits access
to filter elements. When laying out housing test ports,
the limitations of available measurement equipment
should be considered. For example, side-access test
ports|may be insufficient in a two-wide HEPA filter

ARTICLE AB-8000
TYPICAL STANDBY GAS TREATMENFFILTRATION
SYSTEM

AB-8100 Air Treatment Systems for DBA
Requirements

Air treatment systemS$)shall operate under postulated
DBA conditions. The(SGTS is representative|of similar
filtration systems(dommonly used at BWR sitps. It is an
atmospheric.cléanup system used in case of gccident in
the contaimment building housing the reactoi]. A typical
SGTS issshown in Figure AB-8100-1.
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Division I
Ventilation Air Cleaning and
Ventilation Air Conditioning

ARTICLE BA-1000
INTRODUCTION

BA-1100 SCOPE

Thif section provides requirements for the perfor-
mancg, design, fabrication, installation, inspection, accep-
tance [testing, and quality assurance for fan equipment
used ih air and gas treatment systems in nuclear facilities.

BA-1200 PURPOSE

The
ment

purpose of this section is to ensure that fan equip-
s acceptable in all aspects of design and operation.

BA-1300 APPLICABILITY

Thi§ section applies only to fans acting as individual
compénents in a system and includes the driver, drive,
and rjelated fan accessories. This section does not
cover [equipment whose primary)purpose is to compress
air or|gas. Although fans used in nuclear facilities may
produce a change in density of air or gas being moved,
henc¢ providing compression or rarefaction, the
primdry purpose ¢f‘the fans is to move air or gas. No
limity on speed;-compression, density, temperature,
powet, or size'gestrict the applicability of this section.

Thif seetion does not cover any functional system
desigh tequirements, sizing of complete air handling
syste atimg 3 eTTStT EST
systems. Additionally, ejectors, gas compressors,
gravity roof ventilators, and positive displacement-type
air moving units are not within the scope of this Code.

The responsibility for meeting each requirement of this
section shall be assigned by the Owner or designee using
Nonmandatory Appendix BA-B as a guide.

, O dIIy Op¢t a O

SECTION BA
FANS AND BLOWERS

75

BA-1400 DEFINITIONS AND TERMS

The definitions ahd'terms described below dre specific
to this section, For other definitions and flerms, see
AA-1400.

axial fans:‘fans in which the airflow is parallel to the
rotatingshaft. The three groups of axial fans arg propeller,
tubeaxial, and vaneaxial.

blocked tight/shut off: a condition of fan operatjon accom-
panied by a complete closure of the inlet or outlet, permit-
ting no airflow.

brake horsepower: the power delivered to thg fan input
shaft (does not include any drive losses other than the
fan bearings).

centrifugal fan: a fan rotor or wheel with blad¢s within a
scroll-type housing that includes driving njechanism
supports for either belt drive or direct connpction. Air
enters the housing through one or two inlets concentric
with the rotating shaft. Air is expelled through| the wheel
blades into the surrounding housing and the [fan outlet.

critical speed: the speed that corresponds tp the first
natural frequency of the rotating element|(impeller
and shaft assembly) when mounted on rigid $upports.

design pressure: the maximum allowable pressure for
which a specific component is designed.

design speed: the maximum speed (revolytions per
design temperature: the maximum air temperature at
which a fan can be continually operated.

direct connected: a method of connection whereby the
driver and fan wheel are positively connected in line
to operate at the speed of the driver.

dynamic losses: losses in the total pressure that result from
disturbances in the airflow caused by change in direction
or velocity of the airstream, or both, such as an unducted
fan inlet or outlet.

(23)
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fan: an air moving device composed of a wheel or blade
and housing. Fans transfer mechanical energy and cause
the flow of air by increasing the total pressure of the
moving air.

fan air density: the density of the air corresponding to the
pressure and temperature at the fan inlet.

fan arrangement number: an Air Movement and Control
Association (AMCA International) standard configuration
designation that indicates bearing location, means of

operating speed: the actual speed (revolutions per minute)
at which the supplied fan is to perform. This may be a
range of speeds for variable frequency drives and variable
speed drives.

operating temperature: the air temperature in the fan
during normal conditions.

orientation: the designation of rotation and discharge of a
centrifugal fan. Direction of rotation is as viewed from the
drive side for all fans. Rotation is defined as clockwise or

motor support, position of motor, and method of coupling
the motor|to the fan. Arrangements are shown in AMCA
99-2404, 99-2410, and 99-3404.

fan flow rqte: the volumetric rate at fan air density.

fan operating range: the stable portion of the performance
curve whdre the fan will operate free of a stall or surge
condition.

fan performance curves: curves that give static or total
pressure and power input over a range of air volume
flow rate [at a stated inlet density and fan speed. Fan
performarjce curves may include static and mechanical
efficiency| The range of air volume flow rate usually
extends from shutoff (zero airflow) to free delivery
(zero static pressure).

fan powerlinput: the power required to drive the fan and
any elemepts in the drive train that are considered a part
of the fan|

fan static gressure, Pg: the difference between the fan total
pressure and the fan velocity pressure (corresponding to
average vdlocity through outlet). Therefore, the fan static
pressure if the difference between the static pressure at
the fan ouftlet and the total pressure at the fan\inlet.

fan total ¢
pressure 4
fan inlet.

ressure, P,: the difference between the total
t the fan outlet and the total préssure at the

free delively condition: a conditign,during which the fan
static prespure is zero and flow/ateis at a maximum value.

inlet bell (bell mouth): a fan'er*duct inlet opening made in
the shape pf a bell openingto streamline the inlet airflow,
minimize gir turbulence;dnd thereby reduce the inlet loss

in air pregsure.

inlet/outlet cones:conical duct sections added to the inlet
or outlet of axial fans. The inlet cone minimizes air turbu-

counterclockwise. Discharge is defined as up blast,|down
blast, top horizontal, bottom horizontal, top angulay up or
down, and bottom angular up or down. Metor pdsition
(belt drive) is defined as W, X, Y or Z for arranggment
1/3 belt drive fans and “Left” or “Right’/for arrangpment
9 fans. Orientations are given in AMCA 99-2406.

peak design temperature: the ghdximum temperatjure at
which a fan can operate for aspecific time.

plenum fans: Special type of centrifugal fan desighed to
operate without a hQusing, and typically usgd for
plenum pressurization.

propeller fans: Speeial type of axial fan designed to operate
withouta casing; and is typically situated in a hole ina wall
or partitién. May also be called panel fans and chayacter-
ized by @llow pressure, relatively flat flow versus pressure
curve,

enclo-
of the
of the
trans-

scroll casing, housing, volute: stationary protective
sures designed to divert the flow of air into the inlet
impeller and to direct the flow from the discharge
impeller. The enclosure may also affect the energy
formation of the airstream.

stall/surge limit: the stall limit is that point of an axjial fan
near the peak of the pressure curve at a particular|blade
angle that corresponds to the minimum flow rate atwhich
the fan may be operated without separation of afirflow
over the blades. The surge limit is that point of a ¢entri-
fugal fan near the peak of the pressure curve that [corre-
sponds to the minimum flow rate at which the fan ¢an be
operated without instability.

system resistance curve: the plot of the total of all system
pressure losses, such as filters, coils, dampers, and duct-
work versus airflow.

variable inlet vanes: moveable vanes located in a fah inlet
that form an integral part of the fan (whether addedl to or

lence. The outtetToOME TECOVETS Static PrESSUTE:

inlet transitions (boxes): sections of ducting added to
centrifugal fans in place of standard duct elbows, designed
to provide predictable fan inlet conditions. Inlet box posi-
tions are shown in AMCA 99-2405.

maximum speed: see design speed.

operating point: a point on the fan performance curve that
represents the fan performance for a given system.
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incorporated as part of an inlet bell) to control fan perfor-
mance.

ARTICLE BA-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall supplement
those listed in Article AA-2000. Unless otherwise speci-
fied, the latest edition shall apply.
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ABMA 8.2. Ball and Roller Bearing Mounting Accessories,
Inch Design. American Bearing Manufacturers Associa-
tion.

ABMA 9. Load Ratings and Fatigue Life for Ball Bearings.
American Bearing Manufacturers Association.

ABMA 11. Load Ratings and Fatigue Life for Roller Bear-
ings. American Bearing Manufacturers Association.
AMCA 99. Standards Handbooks. Air Movement and

Control Association International.
AMCA 201 Fans and Svystems Air Maovement and Control

Materials shall be selected to meet the requirements of
the design specification in regard to acceptable structural
and environmental conditions. Maximum allowable
design stress values shall be calculated by the procedures
in Article AA-4000. Environmental conditions include
corrosion, temperature, moisture, and radiation, where
applicable. Use of aluminum and zinc in the presence
of corrosive vapors is not recommended and limitation
shall be specified in the design specification.

Asspciation International.

AMCA| 204. Balance Quality and Vibration Levels for Fans.
Air [Movement and Control Association International.

MCA 210 ANSI/ASHRAE 51. Laboratory Methods
of Testing Fans for Certified Aerodynamic Rating. Air
Moyement and Control Association International.

AMCA 300. Reverberant Room Method for Sound Testing
of Hans. Air Movement and Control Association Inter-
natjonal.

AMCA 301. Methods for Calculating Fan Sound Ratings
Frgm Laboratory Test Data. Air Movement and
Corftrol Association International.

AMCA 311. Certified Ratings Program — Product Rating
Marpual for Fan Sound Performance. Air Movement and
Corftrol Association International.

ASHRAE 68. Laboratory Method of Testing to Determine
the[Sound Power in a Duct (AMCA Std. 330). American
Soclety of Heating, Refrigerating and Air-Conditioning
Engineers.

ASHRAE Systems and Equipment Handbook: Fans. Amer-
ican} Society of Heating, Refrigerating and Air:-Condi-
tiorling Engineers.

IEEE §0780-323-2016. International Standdrd— Nuclear
Fac|lities — Electrical Equipment Impottant to Safety-
Qudlification. Institute of Electrical~and Electronics
Engineers.

IEEE [112. IEEE Standard Test-Procedure for Polyphase
Indfiction Motors and Generaters. Institute of Electrical
and| Electronics Engineers:

ARTICLE BA-3000
MATERIALS

BA-3100-GENERAL

BA-3200 MATERIAL SUBSTITUTION

Substitute materials are allowable provided|they meet
or exceed the requirements specified.in‘Table AA-3100-1
and the design specification. The'materials selpcted shall
be evaluated for suitability with:service conditions and
compatibility with otherdmaterials in the pystem or
component. Restrictions.on"material shall bg noted in
the design specification:

BA-3300 MATERIAL TESTING

When required by the design specificatioy
shall be tested in accordance with the applicab
specification. Supplemental material test
required, shall be performed in accordance wit

, material
e material
ng, when
AA-3100.

BA-3400 CERTIFICATION OF MATERIAL

The Manufacturer shall obtain Certified Malterial Test
Reports (CMTRs) of chemical and physical properties
of material and hardware used for all pressure(boundary,
rotating and structural components, and related acces-
sories. This includes both manufactured and purchased
components such as the fan impeller compdnents, fan
shafts, driver support plates, housings/casings)pedestals,
support structures, and weld material, as applidable to the
style of fan. This excludes components such as fan drivers,
drives, bearings, wiring, instrumentation, and nameplates.
Driver material shall be selected such that the drivers
meet the electrical and mechanical requiremg¢nts of the
design specification and applicable industry|specifica-
tions. A Certificate of Conformance shall bg provided
by the OEM for all pressure boundary, rofating and
stress components, and driver materials. CMTRs shall
be made available when required by the Design Specifi-
cation.

Materials for fan components and accessories shall be
capable of meeting all requirements of Article BA-4000.
Materials shall be in conformance with the ASTM or ASME
materials listed in Table AA-3100-1. The latest edition of
the material specification should be used, unless other-
wise specified. Exceptions to this requirement for
nonstructural items, such as instrumentation, shall be
determined by the owner or designee, and noted in
the design specification.
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ARTICLE BA-4000
DESIGN

Design of fans shall be in accordance with the require-
ments of this section and of those portions of Section AA
invoked in this section. Guidance on fan system design
consideration is contained in Nonmandatory Appendix
BA-A. Exceptions to these requirements, or additional
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requirements needed for the application, shall be clearly
stated in the Design Specification.

BA-4100 DESIGN CONDITIONS
BA-4110 Performance

Fans shall be selected to provide the specified flow rate
and pressure requirements while operating in the stable
region of the fan curve. Fans shall not be selected to

BA-4123 Environmental Considerations. The
following aging mechanisms affecting life expectancy
shall be considered as a minimum:

(a) radiation

(b) temperature variation range

(c) pressure variation range

(d) corrosive chemicals and moisture conditions

(e) erosive particles in airstreams

(f) duty cycles

Operate inthre—stal-or—unstabte lCSiUll of-thre—famr—curve:
Details of|fan inlet and discharge conditions shall be
considered and documented in support of fan sizing
and selectjon. Fans shall be sized with consideration of
dynamic lgsses that may be encountered. System charac-
teristics $hall be considered using AMCA 201. The
following|fan data shall be established in support of
the fan selection:

(a) fan ftype and blade shape

(b) airflow, actual ft3/min (m?*/min)

(c) tota] pressure to be developed, in. wg (mm wg)

(d) maximum allowable discharge velocity, ft/min
(m/min)

(e) air
(kg/m®)

(f) minfmum operating and maximum air density
expected, |b/ft® (kg/m?)

(g) ambient temperatures, °F (°C)

(h) dethils of intake and discharge transitions that
affect fan performance

(i) indiyidual, series, or parallel fan operation

(j) fan ¢perating range, if required

(k) altitude

Hensity at which the fan is to be rated, Ib/ft?

BA-4120

BA-412]1 General. Fans, including driviers, drives, bear-
ings, and akcessories shall be environmertally qualified in
accordanfe with qualification _reqguirements of this
section, and those imposed under Article AA-4000.
They shall be designed to operate continuously, while
exposed td the environmental conditions caused by postu-
lated accidents for a peniod of time, as referenced in 10 CFR
50.49, IEEE 323, and:IEEE 334. This applies to fans used
during nofmal plantroperation and to fans on standby
status intdnded for operation under accident conditions
only. Exc¢ptionis and additions to the environmental
condition attbeclearty stated edesigmrspecificas
tion.

Environmental Conditions

BA-4122 Aging. The aging mechanisms listed in
BA-4123 shall be applied to the equipment and compo-
nents. Design qualification shall be specified in accordance
with IEEE 627. A list of recommended spare parts and
their expected life shall be provided for the equipment
and components that are not expected to last for the
life of the plant under specific environmental conditions.
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BA-4130 Seismic Conditions

Fans, including drivers, drives, bearings, and pcces-
sories shall be seismically qualified if required by the
design specification in accordance with,qualificatipn re-
quirements of this section, and those imposed pnder
Article AA-4000. They shall be designed to ofjerate
continuously, while exposed to‘the seismic conditions
caused by postulated accidents for a period of tilne, as
referenced in 10 CFR 5049, IEEE 323, and IEEE 344.
This applies to fans uged during normal plant opejration
and to fans on standby status intended for operationjunder
accident conditiongs only. Exceptions and additions|to the
seismic conditions shall be clearly stated in the ¢lesign
specificatioh,

BA-4140 Loading

Fans, including drivers, drives, bearings, and
sories shall be designed to withstand the foll
loads. Exceptions and additions to the loading cond
shall be clearly stated in the design specification.

hcces-
wing
itions

BA-4141 Loads and Stresses. Normal loaded corsist of
the following:

(a) positive or negative pressure differential trarsients
imposed on the fan housingand/or impeller due to nformal
operation

(b) rotating loads imposed on the impeller ¢
normal operation

(c) thrustloadsimposed on the impeller due to normal
operation

(d) forces imposed on the fan in any of its mofes of
operation, including a single failure of any interpcting
component

(e) loads imposed on fan inlet and outlet by duft and
accessory connections

(f) loads i e
conduit connections

(g) loads imposed on the fan bearings

(h) loads imposed due to deadweight

(i) loads due to lifting the component itself

(j) loads imposed due to thermal growth from envir-
onmental conditions

(k) loads imposed due to seismic conditions

Fans shall be designed such that both static and dynamic
stresses have an appropriate safety margin and do not
equal or exceed material yield stress. Fans and their

ue to

ctrical

(23)

(23)


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

(23)

ASME AG-1-2023

components shall satisfactorily withstand the effect of all
stresses and loads under start up, continuous operation,
and accident conditions. This includes operating condi-
tions specified in the design specification; however, it
does not include effects due to misuse of the equipment
by the Owner.

Rotors, impellers, foundations, and supports shall not
have a natural frequency within +20% of all operating
speeds to avoid resonance frequency Addltlonal consid-

is prqvided. This does not include applications that
requife the use of a fan that does not have a housing,
i.e. pl¢gnum or propeller fans.

BA-4150 Leakage

Fanfs are subject to the leakage criteria when the loca-
tion of the fan and direction of leakage impose a contam-
inatioh burden in the space housing the fan or the space
supplied with air by the fan. The design specification shall
determine the applicable leakage criteria.

BA-4160 Support Boundary

BA-4161 General. The support boundary for the fan
shall be the fan’s point of attachment to its foundatien
and i§ dependent upon the style and configuration of
the fan. Various fan points of attachment are\the fan
housing, cradle, footers, brackets, or base structure. Foun-
dation}s include concrete, steel within buildings, or struc-
tural [members of an air handling unit: The Design
Speci:Lcation shall clearly state the boundary support re-
quirements and applicable responsibilities.

At minimum, the following data shall be provided by fan
supplier:

(a) |size, number, and, type of anchorage attachment

(b) |anchorage loads‘tesbe imposed on the attachment
pointg

)

BA14162 Centrifugal Fan Support Boundary. The
suppart boundary for a centrifugal fan is the attachment
point [fot>the fan base to the building, or the structural

overall weight’and center of gravity

or the structural members of an air handling unit, or struc-
tural steel within the building. The following data shall be
specified:
(a) size, number, and type of anchorage attachment
(b) anchorage loads to be imposed on the attachment
points

BA-4170 VIBRATION

BA-4171 General. Final balancmg shall be performed
turer and
s shall be
essary, to

results documented After mstallatlon fan
checked and rebalanced by the Owner, if ‘he
correct for changes due to handling, shipping, and final
support structure conditions. Exceptions and additions
to the vibration requirements.shall be clearly stated in
the design specification.

BA-4172 Balance and:Vibration. Balance pnd vibra-
tion shall be in accordance with AMCA 204 fah category
BV-4 or as specifiéd in the design specificatign. The fan
shall be rigidly,moeunted and the measurements be made
at the bearings.of the rotating components. When such
measurements are not practical, it is accgptable to
make the'measurements on the shortest direct thechanical
path betveen the transducer and the bearings, fuch as the
fanhousing for axial fans. Measurements should be taken
inboth the radial and axial directions.

BA-4200 SELECTION

BA-4210 Fans

BA-4211 General. Fan application principalg shall be in
accordance with AMCA 201 and ASHRAE Syptems and
Equipment Handbook-2116, Chapter 21 Fans, which
provide guidance as to what effect the syst¢gm and its
connections to the fan have on fan performarjce. Excep-
tions and additions to the selection requirements shall be
clearly stated in the design specification.

BA-4211.1 Application. Each fan shall hav{
a numbering that uniquely identifies that fan

BA-4211.2 Duty. The duty of the fan} shall be
described by the operating and idle time perjiods, their
frequency, and the corresponding fan load charpcteristics.

BA-4211.3 Fan Configuration. The fan

atitleand

discharge,

members of an air handling unit, or structural Steel
within the building. The following data shall be specified:
(a) size, number, and type of anchorage attachment
(b) anchorage loads to be imposed on the attachment
points

BA-4163 Axial Fan Support Boundary. The support
boundary for an axial fan is at the inlet and outlet
mounting flanges unless the axial fan is base mounted.
The support boundary for a base-mounted axial fan is
the attachment point for the fan housing to the building,
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the design specification.

BA-4211.4 Fan Environment. The environmental
conditions, including airstream and gas stream contami-
nants, of BA-4120 that can affect the operability, service
life, maintainability, or need for special features as to
construction or materials of the fan shall be included
in the design specification.
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BA-4211.5 Special Limitations. Special limitations,
such as space, weight, outlet velocity, fan speed, sound
power level, and driver nameplate horsepower, that influ-
ence fan selection shall be considered and included in the
design specification.

BA-4212 Performance Rating. Fan performance rating
shall, at a minimum, consist of the following information
for all fan operating points:

(a) flow rate at fan inlet, actual ft*/min (m*®/min)

(b) fan an statiCc pressure, in. wg (Imm wg

(c) fan

(d) fan

(e) fan

(f) fan

otal an
ir density, Ib/ft* (kg/m?)
ir temperature, °F (°C)
perating speed, rpm
ower input, hp (kW)

Pressure and Flow Relationships. Fans shall

iations in flow or pressure due to system re-
quirements or density (temperature) changes.

BA-4220

BA-422] Information Required for Driver Selection.
Informatipn required for driver selection shall, at a
minimum,| consist of the following:

(a) fan $peed torque curve with operating brake horse-
power point identified

(b) fan finertia applied to the driver shaft

(c) external forces acting on the driver shaft

(d) driver rated electrical power source

(e) environmental requirements

(f) driver and fan physical orientation

(g) applicable standards such as IEEE afid NEMA re-
quirements

(h) spage heater requirements, as applicable

(i) minijmum air velocity over dfiver when required

(j) vibration monitoring requiréments, as applicable

BA-4222 Special Limitations Belt drives shall be
permitted|only in areas that are accessible for mainte-
nance dufing normal and accident conditions. The
number of belts selected shall allow for a single belt
failure without lgss/of function. In use of either direct
or belt driyes, the'equipment shall be capable of operating
under thd specified conditions while performing its

Drivers

required by the design specification, it shall be in accor-
dance with AMCA 99. Exceptions and additions to the
construction requirements shall be clearly stated in the
design specification.

BA-4320 Fans

BA-4321 Safety Rotating elements shall be protected
by housings, shrouds, guards, or frames as applicable to
the fan type, for personnel safety. Sheaves, belts, and

injury. Missile guards shall be provided for'cou
Unless required by the design specifications guarfls are
not required to prohibit missile penetration. D¢signs
shall be of the quick-removal typesand allow ephse of
inspection and greasing. Arrows shall clearly inflicate
the direction of fan rotation ‘and airflow and sHall be
permanently displayed oncach fan housing.

BA-4322 Attachmernit Points. The method of mopinting
the fan shall be specified in the design specificatiqn and
may include mpunting methods such as inlet/putlet
flanges, footer$,) cradles, base structure, or brackegs.

BA-4323 ‘Structural Components: Housings, Casings,
Footers, Brackets, and Mounts. Major componentp shall
be constructed to successfully support their design loads
and, loads due to lifting of the component itself. [Holed
flanges shall be capable of successfully supp¢rting
lifting loads; otherwise, lifting lugs shall be installed. If
special lifting devices are required, or the component
is required to lift additional loads other than itself, or
the component is required to lift the loads of s¢veral
assembled components, it shall be clearly dgfined
within the design specification.

BA-4324 Impellers. Rotors and wheels shhll be
protected by a fan housing or shroud. No portion of a
rotor or wheel shall extend outside of the hous|ng or
shroud, except for plenum and propeller fans. Wheels
may be of various design types including airfoil (AF)|back-
ward-curved (BC), backward-inclined (BI), rad}al-tip
(RT), forward-curved (FC), and radial blade[(RB).
Rotors may be of various design types including fixed
pitch, adjustable pitch, controllable pitch, and mixedl flow.

BA-4325 Blade Angle and Tip Clearance. Adj

intended safety-related function, which includes applica-
ble environmental and seismic criteria per the design
specification.

BA-4300 CONSTRUCTION
BA-4310 General

The materials for fans and their related accessories shall
be in accordance with the requirements of Section BA and
Table AA-3100-1. When spark-resistant construction is
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pifrh blades shall have r‘nrrncpnnr‘ling blade angln_ indi-
cated on the fan performance curve. Proper blade angle
should be checked when the rotor is in the housing by
verifying the tip angle of the blade. After adjusting
blades to the proper angle, blade locking devices shall
be torqued and verified. Blades shall have sufficient tip
clearance such that no contact is made with the casing
during normal and postulated accident conditions, and
shall include both the effects of environmental, tempera-
ture, and seismic vibration.
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BA-4326 Bearings and Lubricants. Bearings shall be
rolling-element type with an L-10 service life under
normal operating conditions established in accordance
with ABMA 9 and ABMA 11. Bearing life shall meet the
requirements of the design specification. For bearings
which require lubrication, fittings which are accessible
without interrupting fan operation, shall be provided.
For drivers within the fan casing, both supply and

ing lubricants shall be capable of withstanding envir-
onmehtal conditions for both normal and postulated acci-
dent without loss of function for the predetermined
qualifijed life.

BA-+4327 Gaskets. Gaskets shall be of a material that is
capablle of withstanding environmental conditions for
both rformal and postulated accident without loss of func-
tion for the predetermined qualified life.

BA14328 Paint and Protective Coatings. Unless other-
wise gpecified in the design specification, items which are
not comprised of stainless steel, aluminum, copper, or zinc
plated, and which require paint as a protective coating,
shall pe in accordance with the design specification.
Comppnents that are an exception to this requirement
include: pillow block bearings, instrumentation, shafts;
couplings, seals, and lubrication lines and driver.

BA-43830 Drivers and Drives

BA44331 General. Drivers shall conform te/NEMA MG-
1 and [provisions shall be made for solidigrounding of the
driveyl. Drivers required to operate o VEDs must be speci-
fically]designed for that application. All fan drivers shall be
selectpd to reach operating spe€d under the lowestvoltage
conditions as defined in the(design specification. Drivers

ance with.applicable requirements of NEMA MG-
IEEE 112. Performance shall be verified by
test.or\Certification as specified for each require-
.Ratédservice factor shall be aminimum of 1.0 unless

ifitedotherwise

If specified, fan drives shall be qualified in accordance
with IEEE 344. Motor supports and hangers shall be
designed to withstand all seismic and operating loads
with the motor in its normal operating orientation
without impairment of operating characteristics.

Certified motor data sheets and dimension drawings
showing major dimensions, dimensional tolerances,
base or mounting dimensions, and other data needed
for installation of the motor shall be furnished to the
ifi i equired by the

Qwne D e

IEEE standards shall also be furnished.

BA-4332 Alignment and Adjustment, Direct drives
shall be provided with a method jof adjustment. Belt
drives shall be provided with an-adjustable driver base
to allow a full range of belt tensionh adjustmept.

BA-4333 Sheaves. Minimum and maximym sheave
arrangement shall be limited per NEMA MG-1.

BA-4340 Accessories

BA-4341 Geperal. Accessories shall be specjfied in the
design specification in accordance with the gpplication
requireménts for the subject fan. Unless ptherwise
noted,.they shall meet the following minimum criteria:

(a) Materials shall be compatible with both jormal and
postulated accident conditions.

(b) Accessories shall not interfere or adveisely affect
the design requirements of Section BA.

(c) Major components shall be constructed fo success-
fully support their design loads and loads due to lifting of
the component itself. Holed flanges shall be fapable of
successfully supporting lifting loads; otherwise, lifting
lugs shall be installed. If special lifting d¢vices are
required, or the component is required to liftJadditional
loads other than itself, or the component is reqiired to lift
the loads of several components assembled tpgether, it
shall be clearly defined within the design specification.

BA-4342 Typical Components

BA-4342.1 Inspection Panels/Doors. Sha]l be made
of the same type of material as the housing to yhich they
are providing access. When leakage criteria i$ imposed,
gasket seals shall be used made from matefial which
meets the applicable environmental c¢nditions
imposed in the design specification.

Motors shall be sized to supply maximum mechanical
load demand without exceeding the rated horsepower
under all identified operating conditions and produce
the required torque and acceleration as required by
the driven equipment under the most adverse voltage,
frequency, and conditions specified, and shall be designed
for the starting sequence specified by the Engineer.

If specified, motors shall comply with IEEE 323. In addi-
tion, drives located inside containment shall be qualified
in accordance with IEEE 334.

BA-4342.2 Variable Inlet Vanes. Are only recom-
mended for use on centrifugal fans and not axial fans.
For centrifugal fans, they shall be capable of reducing
the rated volume flow to at least 30% of design, and
shall be flanged and bolted to or built as an integral
part of the fan inlet. Manual actuation shall be with a
locking quadrant. Electric, pneumatic, or noncombustible
electrohydraulic actuators for remote, or automatic
operation, of variable inlet vanes shall be mounted on
the fan housing or shall be provided with a common


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

structural support base. When remote inaccessible actua-
tion is required, the vane actuation position shall be
displayed at an accessible location. Vane assemblies for
double inlet centrifugal fans shall be connected
through a common control shaft for simultaneous opera-
tion.

BA-4342.3 Inlet/Outlet Screen Guards. Shall be
bolted to the fan and capable of being removed.

fan and/of mating components.

BA-4342.5 Shaft Seals. Shall not be subject to speci-
fied leakage criteria and values unless required by the
design specification. Shaft seal types include labyrinth,
floating byishing, close clearance annulus, felt or cloth,
and honeycomb. Shaft seals shall minimize leakage
from or irfto fans over the range of specified operating
condition$ and during periods of idleness. Seals shall
be designfd to operate for conditions that may vary
during staft-up, normal operation, shut-down, or postu-
lated accident conditions.

BA-4342.6 Vibration Isolators. Shall be of the
seismic type and designed, or have provisions in the
overall ddsign, such that the seismic requirements of
the design specification are satisfied.

BA-41
environme
design spe

42.7 Instrumentation. Shall not be subject to
ntal or seismic criteria unless required by the
cification.

BA-4400( REPORTS AND CALCULATIONS

Performance and sound calculations shall*be in accor-
dance with the appropriate AMCA specification. Excep-
tions and| additions to these reguiréments shall be
clearly stated in the design specification.

BA-4410

BA-441] Rating Calculations. Calculations and tests
used to obtain fan ratings shall be in accordance with
AMCA 21(, and shall include the effects on performance
ofall shaftpnd bearing blockages, accessories which arean
integral pqrt of the fan, and other means of control asso-
ciated with thie fan. Componen 1ch as shutoff da
which are a separate system component and not an inte-
gral part of the fan, shall not be included in the fan ratings.
Fan power requirements shall include the effects of
bearing friction and any other losses due to the
drivers that are supplied as an integral part of the fan.

BA-4412 Documentation of Final Rating Data. A
constant-speed performance curve shall be prepared,
which contains complete identification information
such as fan size, type, system and fan duty, fan speed,
and fan air density and temperature. The performance

Performance Rating

dampe

82

curve shall show fan total pressure or fan static pressure,
and fan horsepower versus flow rate from free delivery to
shutoff. The operating point of rating as well as the permis-
sible operating range over which stable operation will
occur shall be clearly identified. Unstable portions of
the performance curve shall be clearly labeled.

BA-4420 Equipment Sound Production: Sound
Level Data Report

H level
AMCA

enrequired by the design speciiication, a soun
data report shall be prepared in accordance with
300. The sound level data in the report shall-be)expyessed
as sound power level in dB (referenced to. 1 *10** W) for
eight octave bands. The report shall statewhether the data
were obtained from tests of the actualfan or by calcylation
from test data of a similar fan.

BA-4430 Design Verification Considerations|

BA-4431 Verification by Analysis. When verification
of design by analysis is-selected, the results of the arjalysis
shall be in the form‘of a design verification report (DVR).
The DVR shall&atisfy the report and comparative eyvalua-
tion requirements specified in Section AA-4440. The DVR
shall address the applicable structural design refuire-
ments. 6f)Article AA-4000, requirements of Sectign BA,
and the exceptions and additions within the design spec-
ification. The DVR shall be deemed to be designed vé¢rified
if’'these requirements are archived.

The DVR shall address, as a minimum, the stre$s and
deflection of the following fan components in both the
normal and accident conditions:

(a) housings, including flanges and mounting supports

(b) blades

(c) hub

(d) rotors/impellers

(e) shafts

(f) bearings/bearing supports

(g) driver supports

(h) weld filler material

(i) driver

(j) optional accessories

BA-4432 Verification by Testing. When verification by
testing is selected, a design verification test prodedure
(DVTP) shall be established. The test procedure

tested and the respective test methods and acceptance
values. Upon completion of the testing, a design verifica-
tion report (DVR) shall document the results. The DVR
shall satisfy the report and testing requirements specified
in Section AA-4440, Section BA, and the exceptions/addi-
tions within the design specification. The DVR shall be
deemed to be designed verified if these requirements
are achieved.
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ARTICLE BA-5000
INSPECTION AND TESTING

Inspection and testing of fans shall be in accordance
with the requirements of this Section and of AA-5100,
AA-5200, AA-5400, and AA-6430.

BA-5100 FAN INSPECTION AND TESTING
BA-5110 Test Facilities

Fans and their drivers shall be aerodynamic perfor-
mance tested in terms of airflow rate, pressure develop-
ment, power consumption, air density, speed of rotation,
and efficiency rating, in accordance with AMCA 210.
Performance tolerance shall be in accordance with
AMCA 211 unless otherwise indicated in the design spec-
ification.

BA-5230 Sound Tests

Tes} facilities shall be capable of testing fans in accor-
dance| with AMCA specifications, unless otherwise noted
in thq design specification. The facility shall have the
space| power, and instrumentation to conduct perfor-
manc¢ and mechanical operating tests without compro-
mising the data or intent of the test. Tests may either be
perfofmed on full-size fans or scaled models depending
upon fhe size, arrangement, or scope of supply.

BA-5]120 Instrument Calibration

An yipdated listing of all test instrumentation and equip-
ment [shall be maintained along with a description of
methdds used to calibrate each instrument, the calibration

intervial, and the date of the last calibration. Calibration
intervils shall be a maximum of 1 yr or the Manufacturer's
minimum requirement, whichever is less, and shall be

tracedble to the National Institute of Standards and Tech-
nology (NIST), formerly known as the National Bureau of;
Standfrds.

BA-5130 Qualification Records

Recprds shall be maintained in the test fa¢ility to verify
that al test facility qualification requirements are met.

BA-5

Dodumentation shall be required for all testing, and
shall Include a report that details test procedures, test
setup$, and test results.

|40 Documentation

BA-5
BA-5

Performance ratings may be based on test results of a
fan thit.stiidentical as to type and size, or of a smaller,

geom btrically similar F::n’ that has been tested in accor-

P00 FAN TESTING

P10 Performance Ratings

PTTOTt0 TeSTE, WTTttelr teSt procedures gontaining
details of the testing and acceptance criteriashall be estab-
lished. Acceptance criteria shall be in.accérdance with
AMCA 311 unless otherwise indicated inthe d¢sign spec-
ification.

Fan sound power level data.shall be deter
reported in decibels (dB) for each of the eigh
dized octave bands in accotfdance with either of the
following two methods:yAMCA 300 Reverbefant Room
Method for Sound\Testing of Fans or AMCA 330
(ASHRAE 68) Laboratory Method of Testing: In-Duct
Sound Power Measurement Procedure for Fans.

mined and
t standar-

BA-5240“Mechanical Tests

Méchanical tests shall be conducted to verify the basic
intégrity and function of mechanical parts. These tests
include the following.

BA-5241 Overspeed Tests. Written test procedures
containing details of the testing and acceptance criteria
shall be established.

The impeller of each centrifugal fan shall be
tested to a minimum of 15% above its operatin
a minimum of 3 min duration. The impeller of|each axial
fan shall be overspeed tested to a minimum of 25% above
its operating speed for a minimum of 1 min ¢luration.

Visual inspection shall be performed both pfior to and
after completion of the testing to ensure acceptability of
each impeller.

On fans where excessive size, arrangement, ¢r scope of
supply prohibit overspeed testing due to exces$ive power
requirements, procedures to reduce power requirements
may be used.

overspeed
b speed for

BA-5242 Leakage Tests.
BA-5242.1 Housing. Housing leakage tests required

dance with AMCA 210. Performance ratings established
for a fan may be applied to several identical fans of
the same type and size, with the same nominal dimensions,
regardless of fan orientation.

BA-5220 Performance Tests

Prior to testing, written test procedures containing
details of the testing and acceptance criteria shall be estab-
lished.
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by BA4 - shal-beconductedonthefanthodsing, pres-
surized to alevel atleast 1.25 times the fan operating pres-
sure, using a soap solution at all welds and joints. The
acceptance criteria shall call for the absence of any

visible bubble formation.

BA-5242.2 Shaft. Shaftleakage tests required by BA-
4141 shall be conducted on the fan with the shaft and seal
assembled, the shaft rotating at the normal fan operating
speed, the fan openings sealed closed, and the fan
subjected to the normal fan operating pressure. The
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fan wheel shall be removed prior to the shaft leakage test,
or provision shall be made to account for the increase in air
temperature if the fan wheel is left in place.

BA-5243 Mechanical Run Tests. Fans shall be given a
mechanical run test, for a minimum of 1 hr until the bear-
ings reach a stabile temperature of no greater than
+/- 30°F over a 10 min period. Instrumentation shall
be used to verify the stabilized bearing temperature.
Vibration readings shall be taken on the bearings and

Typical ASME NQA-1 Level 2/Level B requirements
include packaging in accordance with good commercial
practice, shipped within an enclosed carrier, and
stored in a weather-tight ventilated and heated building.

Typical ASME NQA-1 Level 3/Level C requirements
include those requirements of Level 2/Level B and the
addition of the following: if the driver is equipped with
space heaters, the space heaters may be energized in
storage, in lieu of providing moisture barrier wrapping
and internal desiccant

shall be ii accordance with the previously delfined
limits. Axipl fans may have vibration readings taken on
the fan caking. Visual inspection shall be performed to
determing any sign of excessive wear or mechanical
defect. These tests possibly require the addition of
special nopstandard monitoring equipment or modifica-
tion such ds motors or external bearings with thermocou-
ples, milldd vibration mounting pads, and special non-
standard [vibration pickups. Exception and additions
shall be clearly stated in the design specification.

ARTICLE BA-6000
FABRICATION AND INSTALLATION OF
ENTRIFUGAL AND AXIAL FANS

Fabrication and installation shall be in accordance with
the requirpments of this section and of Article AA-6000.

BA-6100 (FABRICATION

Written|fabrication documentation such as drawings,
bills of mfaterial, procedures, and work instructions
shall be esfablished and used during the fan manufacture.

BA-6110

Materigls shall conform to the réquirements of
Article BA}F3000.

Selection of Materials

BA-6200(INSTALLATION

Installation shall be in.dceordance with the require-
ments of AA-6600.

ARTICLE BA-7000
PACKAGING; SHIPPING, RECEIVING, STORAGE,

BA-7100 GENERAL

Packaging, shipping, receiving, storage, and handling of
fans shall be in accordance with the requirements of this
section and the applicable requirements of
Article AA-7000.
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BA-7200 PACKAGING

Fans shall be prepared for shipment injaccordande with
ASME NQA-1, Protection Level C, when shipped |[direct
without the driver, or when shipped with the diriver
installed to a supplier who will,assemble the fan with
another piece of equipment."\When the fan is|to be
shipped to the jobsite withthe driver installed, pr¢para-
tion shall be in accordance with Protection Level [B.

BA-7300 SHIPPING

Shipping shall be in accordance with the applica
quirementsof* Article AA-7000.

ble re-

BA-7400 RECEIVING

Receiving at the job site or intermediate location, fwhere
additional work is to be performed or for long term
storage, shall be accomplished in accordance with the
provisions of Article AA-7000. It shall be the requirgment,
at any receiving point, to have adequate descriptipns of
items to permit suitable inspection for conformpance,
damage acknowledgement, and proper documentjtion.

BA-7500 STORAGE

Fans shall be stored in accordance with ASME N
When the fans are packaged to Protection Level ¢, they
shall be stored in accordance with Storage Level 3.[When
packaging is Protection Level B, the fans, driverf, and
accessories shall be stored in accordance with Sgorage
Level 2.

One copy of the storage procedure shall be attached to
the equipment or crate at time of shipment. The sforage
procedure shall cover both short term and long tern] (over

QA-1.

BA-7600 DRIVERS SHIPPED SEPARATELY
BA-7610 Short-Term

Any driver that is to be used within 6 months of ship-
ment shall be packaged according to good commercial
practice, shipped within an enclosed carrier, and
stored in a weather-tight ventilated and heated building,
equivalent to ASME NQA-1, Storage Level 2.
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BA-7620 Long-Term (Over 6 Months)

Any driver thatis to be stored for a period of 6 months or
longer must be packaged per ASME NQA-1, Protection
Level B. If the driver is equipped with space heaters,
the space heaters may be energized in storage, in lieu
of providing moisture barrier wrapping and internal
desiccant.

(g) Operating, Installation, and Maintenance Manuals.
(h) Recommended Spare Parts List.
(i) Recommended Storage Instructions.

ARTICLE BA-9000
NAMEPLATES AND OPERATING AND
MAINTENANCE MANUALS

BA-0100 GENERAI

————ARTICLE-BA-8000
QUALITY ASSURANCE

BA-8100 GENERAL

Fanls, fan drivers, drives, and related fan accessories
covered under this section shall be manufactured, fabri-
cated |installed, inspected, and tested in accordance with
the prpvisions of a quality assurance program meeting the
requifements of Article AA-8000.

BA-8200 REQUIRED DOCUMENTATION FOR FANS
BA-8210 Certified Fan Performance Curves

Dodumentation shall be established to verify that the
certified fan performance curves were generated in accor-
dance| with AMCA 210.

BA-8220 Material Certification

Perfnanent documentation shall be established and
mainfained for the life of the plant. Documentation
shall jnclude objective evidence demonstrating compli-
ance [with requirements previously stated within
Sectign BA, applicable requirements of Article AA, and
excepfions and additions to these requirements clearly
stated in the design specification.

BA-8300 DRAWINGS AND-DOCUMENTATION

Dodumentation from the manufacturer to the owner, or
its degignee, shall incliide ‘the following:

(a) |A Certificate,of Conformance ensuring material re-
quirements of Section BA-3400 are met.

(b) |Outline‘drawings of major components such as fan
and applicable accessories, to allow proper fit into instal-
lation| bills.of material, including materials of construction

All items manufactured under the requifem¢nts of this
section shall be identified to ensure compliande with the
requirements of AA-8200 and Article AA-900:1:. Records,
as necessary to ensure compliance with AA-82(0, shall be
maintained by the responsible organization in dccordance
with the approved quality dssurance prograni.

BA-9200 FANS
BA-9210 Required Nameplate Data

Each fan assembly shall be provided with a legibly
marked ndmeplate giving the identifying name, normal
fan capacity, manufacturer, fan type, size| rotation,
rating, maximum speed, and mark numbers, as|applicable
to_this section and Article AA-9000.

BA-9220 Drivers

Each driver shall have one or more en
embossed nameplates of stainless steel, W
minimum, shall convey the data required
MG-1.

braved or
hich as a
by NEMA

BA-9300 ACCEPTABLE METHODS FOR MARKING
ACCESSORIES

Each accessory shall be marked with the n
manufacturer or a distinctive marking, which
code, by which it is identified as the product of 3
manufacturer.

hme of the
may be in
particular

BA-9400 OPERATING AND MAINTENAN
MANUALS

The manufacturer shall provide an operatingand main-
tenance manual for the equipment furnished. The manual

CE

and a'\plirah]n \Mirihg diagrnmc

(c) Welding Procedures.

(d) Test Procedures, Test Reports, and Performance
Curves.

(e) Seismic, Environmental Qualification, and Missile
Penetration Reports.

(f) Design Verification Report.
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shatt tnciude
(a) recommended spare parts list, including a descrip-
tion of each part and a drawing that identifies the location
of each part
(b) recommended maintenance procedure, including a
periodic servicing schedule


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

NONMANDATORY APPENDIX BA-A
FAN SYSTEM CONSIDERATIONS

ARTICLE BA-A-1000
FAN SYSTEM CONSIDERATIONS

BA-A-11J0 SYSTEM CHARACTERISTICS

System
aerodynar
in relation|
characteri
resistance
resistance

Fesistance is an expression that establishes the
hic and friction losses of an air handling system
to the flow rate through that system. A system
stic can be described as having a fixed system
or a variable system resistance. A fixed system
is one in which the system resistance usually

varies as the square of the change in flow rate and all oper-

ating poin
line. A var
one active
the ratio o
The entirg
mined be
the fan s¢g
the fan pe

s always fall along the same system resistance
able system resistance is one in which at least
component of the system is capable of varying
f flow to resistance pressure, such as a damper.

range of system operation should be deter-
fore a fan selection is made to ensure that
lected will operate on the stable portion of
rformance curve.

BA-A-12Q0 SYSTEM EFFECTS ON FAN

Actual o
outlet cof
and swirl{
performar
to be affd
should be¢
effect fact]

AMCA 201.

PERFORMANCE

ystem configurations often provide inlet and
ditions that cause uneven velgocity profiles
. This can seriously alter the fan’s predicted
ce. The amount a fan’s (performance is likely
cted is called a “system effect factor” and

added to the system resistance. System
ors for fan systems may be estimated using

BA-A-13

0 FAN'AND SYSTEM MATCHING

If the systemresistance curve, composed of the resis-
tance to flow{ of the system and the appropriate system

the designed cfm when installed in the system. Thep
intersection of the system resistance curveandt

performance curve determine the actual flow’'ratq.

BA-A-1400 FAN-SYSTEM CAPACITY CONTR

A fan and system operate at'the intersection
system resistance curve and*the fan perforn
curve. This principle always holds true. Ther
once a fanisinstalled, the only way to change the ops
pointisto change eitherthe system resistance curvel
fan performance cutve.

The principalymethod of changing the system cy
through use_ of a control damper. Since a control d
simply adds)or removes the amount of restriction
airflow within the system, the fan continues to ope
some point on its original performance curve. The
amoutlet or inlet damper to control an axial fan shot
be permitted unless loading conditions are comy
evaluated, as excessive dampering may cause

(a) the fan blades to stall, which may cause s
instability and possible fan failure.

(b) the driver cooling capability to be reduced,
may cause an overloading condition.

(c) the fan power characteristic to increase at re
flow rates, which may cause an overloading conditio
acceptable methods to change the fan performance]
of a fan are variable inlet vanes on a centrifugal {3
blade angle change on an axial fan.

BA-A-1500 MULTIPLE FAN SYSTEMS

When fans of equal rating operate in series
handles the same flow rate and approximately or]
of the total system pressure. When fans of equal
operate in parallel, each fan handles one-half the

bint of
he fan

DL

pf the
hance
pfore,
rating
orthe

rve is
hmper
to the
Fate at
use of
Id not
letely

ystem
which

duced
n. The
curve
n and

each
e-half
rating
total
ivers

flow rate at the same pressure. Fans and di

effect factor, has been accurately determined, the fan
selected will develop the equivalent and necessary pres-

sure to me

et the system requirements, and should deliver
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should be sized so that if one fan should fail, the remaining
fan remains stable and does not overload its driver.
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NONMANDATORY APPENDIX BA-B
DIVISION OF RESPONSIBILITY

Thi
assuni
Code
an ar

5 Appendix is intended to identify the roles normally
ed by the organizations responsible for fulfilling
requirements when not specifically addressed in
icle or subarticle. These are guidelines to assist

with Code compliance and are not to be cofstrued as

legal or contractual responsibilities unless 9
by the Owner or designee.
Table BA-B-1000-1 begins on the“following

o invoked

page.
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Table BA-B-1000-1

Division of Responsibility

3200
3400
4110
4110(a)
4110(b)

4110(c)
4110(d)
4110(e)
4110(f)
4110(g)

4110(h)
4110(i)
4110(j)
4121
4132

4133
4141
4151
4151(a)
4151(b)

4210

42111
4211.2
4211.3
4211.4
4211.5

4212(a)
4212(b)
4212(c)
4212(d)
4212(e)
4212(f)

4220
4221(a)
4221(b)
4221(c)
4221(d)
4221(e)

4221(f)
4221(g)
4221(h)
4221(i)
4341(d)
4411

BA- Item Responsible Party
Limitations on materials Engineer
Certificate of conformance Manufacturer
Performance Engineer
Fan type and blade shape Engineer
Airflow Engineer
Total pressure Engineer
Maximum discharge velocity Engineer
Air density at rating Engineer
Maximum air density expected Engineer
Operating temperature Engineer

Details of intake and discharge transitions
Parallel fan operation

Peak design temperature

Post accepted design time

Internally generated missile analysis

Loading conditions

Leakage criteria, ducting
Centrifugal fan support boundary
Size and type of anchorage
Anchorage loads

Fans

Title and numbering
Duty cycle

Fan configuration
Environment
Limitations

Flow rate

Fan pressure
Air density

Air temperature
Fan ‘speed

Ean power input

Engineer/Manufacturer
Engineer

Engineer

Engineer

Manufacturer

Engineer

Engineer
Engineer/Manufacturer
Engineer/Manufacturer
Manufacturer

Engineer/Manufacturer
Engineer
Engineer
Engineer
Engineer
Engineer

Engineer
Engineer
Engineer
Engineer
Manufacturer
Manufacturer

Drivers Engineer/Manufacturer
Speed torque curve Manufacturer
Inertia Manufacturer
External forces Manufacturer

Power source
Environmental

Driver and fan orientation

Standards

Heater requirements

Air velocity over driver

Inspection panel requirements predetermined life
Rating calculations

Engineer/Manufacturer
Engineer

Engineer/Manufacturer
Engineer

Engineer
Engineer/Manufacturer
Engineer

Manufacturer

88
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Table BA-B-1000-1
Division of Responsibility (Cont’d)

BA- Item Responsible Party

4412 Documentation of rating Manufacturer

4421 Sound level data report Manufacturer/Engineer
4431 Design verification stress report Manufacturer

4432 Design verification test procedure Manufacturer

4432 Design verification test report Manufacturer

5112.3 Periodic inspections of test facility for qualification Engineer

5113, $150, 5200 Final test report Manufacturer

5122 Test procedure details Manufacturey

6100 Fabrication procedures Manufacturer

7000 Packaging, shipping, receiving, storage, and handling procedures Manufacturer

8000 Documentation for Code verification Manufacturer/Enginger
8220 Material certification report contents Manufacturer

9400 Operating and maintenance manuals Manufacturer

89
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SECTION DA
DAMPERS AND LOUVERS

ARTICLE DA-1000
INTRODUCTION

DA-1100 [SCOPE

This seftion provides requirements for the perfor-
mance, des$ign, fabrication, installation, inspection, accep-
tance testing, and quality assurance for dampers and
louvers ysed in air and gas treatment systems in
nuclear fafilities.

DA-1200 |[PURPOSE

The purpose of this section is to ensure that dampers
and louvefs are acceptable in all aspects of design and
operation,

DA-1300
DA-1310

Valves whose design, manufacture, test, and installation
are covered by ASME BPVC, Section Il or ASME B31.4 are
excluded ffom this section even though they maybe'used
to perfornp the function of a damper.

APPLICABILITY

Exclusion of Items

DA-1320

While certain minimum functional-requirements of
damper a¢tuators and accessories-are included in this
section, it s not intended to inClude specific dimensional
or materigl design requirements for these items.

Exclusion of Specific Designs

DA-1330

Thereq
that comp
DA-1410.
mating fl:
limits are the damper or louver assembly, ﬂange or frame

Boundary. Limits

irements’of this Code are limited to those parts
Fise a‘damper or louver assembly as defined in
While general requirements are included for

DA-1400 DEFINITIONS AND TERMS

The definitions and terms described below are specific
to this section. For other definitions and terms, see
AA-1400.
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DA-1410 Components

damper: an operable device used for the(putrppse of
controlling pressure, flow volume, or flowidirection in
air or gas systems.

damper and louver actuators (operators):
(a) heat or temperature opetated actuator: a flevice
using heat or temperature towreleéase the damper Qlades.
(b) manual actuators: devices that permit the blddes of
a damper to be positioned(by the direct or indirect|appli-
cation of manual forcé,including such devices as levers,
chain falls, gearbox€s, and screw jacks.
(c) power-operated actuators: devices using an external
energy source to position the damper or louver blades in
response‘te_a controlled signal.
(d) self-contained actuators: devices and/or forcgs such
as counterweights, springs, gravity, or airstream pre¢ssure
used to actuate the blade(s).

damper assembly: an assembly consisting of a damper,
integrally mounted actuator, and any accessories reguired
for its operation. The term also refers to a combination of
two or more damper assemblies with interconnpcting
linkage to permit operation as a single unit.

louver: a fixed or adjustable device comprised of mpiltiple
blades that, when mounted in an opening, permits the flow
of air but inhibits the entrance of other elements, s|ich as
rain or snow.

DA-1420 Function

back draft prevention: preventing reversal of flow|

balancing: fixing the position of one or more damgers to
establish a flow or pressure relationship in a system.

aration.

flow control: varying or maintaining volumetric flow
within a system in response to a signal.

isolation: separating a system or a portion of a system from
selected flow paths.

pressure control: varying or maintaining a pressure within
a system or space in response to a signal, or varying or
maintaining a differential pressure between parts of a
system or between spaces in response to a signal.


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

pressure relief: limiting differential pressures across a
duct, casing, or building wall to a predetermined value.

tornado control: controlling airflow automatically to
prevent the transmission of tornado pressure surges.

DA-1430 Configuration

See Mandatory Appendix DA-II for illustration of the
following terms.

frame design pressure: the maximum positive or negative
differential pressure that may occur between the inside
and outside of the damper frame, which is the sum total of
the operating pressure and all other possible additional
pressure differentials.

operating pressure: the maximum positive or negative
differential pressure that may occur during normal opera-
tion. Included are pressures of normal design airflows and
impact pressures from rapid changes of other devices in a

adjugr ble louver: a louver in which the blades may be
reposjtioned.

curtal
that f
uous

damp

h-type damper: a damper with interlocking blades
1d together, and open and unfold to form a contin-
Festrictive barrier such as in a curtain type fire
T,

fixed Jouver: a louver in which the blades do not move.

oppos
that r

bd blade damper: a multiblade damper having blades
btate in opposite directions.

parallel blade damper: a multiblade damper having blades
that rptate in the same direction.

poppef damper: a single-blade damper with linear blade
movement always perpendicular to the seat.

singld-blade damper: a damper having one centrally
pivotdd, balanced blade or one edge-pivoted unbalanced
blade.

slide date guillotine damper: a damper with blades which
move perpendicular to the airstream and are supported by
parallpl guides.

wing blade damper: a damper with one or more pairs of
edge-pivoted blades rotating in opposite dinections about
a comfmon central support member.

DA-1440 Leakage and Blade Operating
Positioning

fail-sdlfe position: the positionrassumed by the blades upon
loss of the controlling signal:

frame| leakage: the amiount of air or gas that will pass
through the frame-(external pressure boundaries) of a
dampegr at a specific-differential pressure across the pres-
sure houndary. with the damper either open or closed.

normql operating position: the normal operating position
of thell6uver or damper blades in response to a control

SYSLEIIL.

pressure drop: the system static pressure 1gss inffluid pres-
sure caused by the flow of air or gas-through a full or
partially open component.

DA-1460 Temperature

ambient design temperattres: the highest and lowest
temperature surroundijng-the exterior of the lamper or
louver.

internal design temperatures: the highest apd lowest
temperaturecof the air or gas passing through the
damper or_louver.

DA-1470- Tests

qudlification test(s): a test(s) that establishep the suit-
ability of a component for a given application| generally
made on either a prototype or a sample from a typical
production lot of the component.

DA-1480 Construction

fire damper construction: construction suitable to pass the
criteria of UL 555 for fire dampers for dynamjic systems
and labeled under the UL Follow-Up Service requirements
for fire resistance construction for 1% hr or B hr.

Fements of
PDA-3120.

NOTE: Such construction will satisfy the requi
DA-3211, DA-4220, and the temperature limits of

bnent and
Qir or gas

gastight construction: fabrication of a comp
component housing to prohibit passage of
through the external pressure boundaries.

DA-1490 Torque

breakaway torque: the torque required to move|the blades
from the closed and sealed position with the| operating
design pressure being applied across the closed blades.

signal.
seat leakage: the amount of air or gas that will pass

between or around the blades when in a closed position
at a specific differential pressure across the blades.

DA-1450 Pressure

blade design pressure: the maximum positive or negative
differential pressure that may occur across the blades,
which is the sum total of the operating pressure and
all other possible additional pressure differentials.

91

dynamic torque: the torque required to move the damper
orlouver blades in either direction while being acted upon
by the forces, at all blade positions from full open to near
closed, created by the airflow and the pressure drop.

friction torque: the torque required to overcome friction of
such items as bearings, stuffing boxes, and linkage.

seating torque: the torque required to properly seat the
seals and limit the leakage to the specified amount.
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ARTICLE DA-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall supplement
those listed in Article AA-2000. Unless otherwise speci-
fied, the latest edition shall apply.

AMCA 500-D. Laboratory Methods for Testing Dampers
for Rating. Air Movement and Control Association Inter-
national.

DA-3212 Galvanic Corrosion. The possibility of
galvanic corrosion due to the relative potentials of
aluminum, copper, and their alloys should be considered
when used in conjunction with each other, or with steel or
other metals and their alloys.

DA-3213 Corrosive Vapors. Aluminum and zinc shall
not be used in the presence of corrosive vapors unless
protected by coatings or other suitable means designed
to prevent deterioration of the metal.

AMCA 500FL-Taboratory Methods for Testing LOUvers for
Rating. Air Movement and Control Association Interna-
tional.

NFPA 904. Standard for the Installation of Air-Condi-
tioning And Ventilating Systems. National Fire Protec-
tion Asgociation.

UL 555. UL Standard for Safety Fire Dampers. Underwri-
ters LaHoratories.

UL 555C. UYL Standard for Safety Ceiling Dampers. Under-
writers [Laboratories.

ARTICLE DA-3000
MATERIALS

DA-3100
DA-3110

Materia
shafts, an
specificati

ALLOWABLE MATERIALS

Materials of Construction

s used in the construction of frames, blades,
1 linkages shall conform to requirements of
bns for materials given in Table AA-3100*1-

DA-3120 |Allowable Stress

Allowablle stress values for the design of frames, blades,
shafts, and linkages are specified in Article’'AA-4000.

At temppratures above 650°F (343°C) for ferrous mate-
rial or 20(0°F (93°C) for nonferrous material, the special
limitationg cited in DA-3211 shallapply.

DA-3130

Bearing
DA-4250.

Bearing Materiatls

materials shallconform to the requirements of

DA-3140 |Seal Materials

Seal materials-shall-conform—to-therequirements of————————————PESIGN——————

DA-4260.

DA-3200 SPECIAL LIMITATIONS ON MATERIALS

DA-3210 Metals

DA-3211 Physical Properties Reduction. The reduc-
tionin the physical properties of metals at higher tempera-
tures must be recognized and factored into the design of
dampers used in high temperature application, particu-
larly where fire hazard is involved.

92

DA-3220 Nonmetallic Materials

The use of nonmetallic materials such as plasticyg, elas-
tomers, and similar substances is peérmitted In the
construction of components providedthat in the selection
of these materials, consideration is given to

(a) destruction where fire hazatds exist, includinig toxi-
city

(b) degradation of propeérties caused by tempe
increase, radiation exposure, chemical exposur
aging

(c) maintainability

Fature
b, and

DA-3230 Deterioration of Materials in Servi

It is the‘responsibility of the Owner or the Owner’s
designeeto identify the environment in which the compo-
nents must operate so that the manufacturer can sel¢ct the
grade of materials to meet the conditions stated [in the
design specification.

Ce

DA-3300 CERTIFICATION OF MATERIALS

The manufacturer shall make available, as a min,
certified test reports of chemical and physical properties
of material and hardware for stress components sfich as
related accessories including frames, blades, shafts, and
linkages. For those ASTM materials which do not have
physical testing required by the ASTM specifidation,
testing should be performed per ASTM A370.

All other components used in the construction
damper shall be provided with a manufacturer’s
cate of conformance covering the ASME or ASTM m
specification, grade, and class, if applicable.

Imum,

of the
ertifi-
hterial

ARTICLE DA-4000

DA-4100 GENERAL DESIGN

Design of dampers and louvers shall be in accordance
with the requirements of Section DA and of those portions
of Section AA invoked in Section DA.
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DA-4110 Requirements of Design Specifications

Design specifications prepared by the Owner or
designee in sufficient detail to provide a complete
basis for design and manufacture in accordance with
this Code shall include the following, as applicable:

(a) reference to this Code

(b) function, as defined in DA-1420

(c) configuration, as defined in DA-1430

(d) maximum allowable seatand frame leakage and the

(e) maximum seat and frame leakage at design pres-
sures

(f) maximum closure and opening time at stated condi-
tions

(g) materials of construction

(h) bearing design life

(i) seal design life

(j) actuator torque supplied

(k) damper or louver torque required

speciffc differential pressures, as defined in DA-1440 and
Mandatory Appendix DA-I

(e) |pressures, as defined in DA-1450

(f) kemperatures, as defined in DA-1460

(g) [volumetric flow rate at defined temperature, pres-
sure, and density

(h) [maximum relative humidity of the air or gas stream

(i) Imaximum design pressure drop at design volu-
metri¢ flow rate

(j) |composition, concentration, and nature of the
entrained contaminants in the air or gas stream

(k) [normal operating position and fail-safe position of
blade

(1) |installation parameters

(m)| mounting configuration and support, i.e., flange
mounted, inside-of-duct mounted, wall or cantilevered
mounfing

(n) |orientation of damper and direction of airflow

(o) |blade orientation relative to frame

(p) |maximum closure and opening time

(q) |actuator data, as required by DA-4300

(r) lanticipated number of operating cycles (e.g.;Specify
numbkgr for two-position or state “continuous eperation”
for mpdulating service)

(s) lallowable materials per Article DA-3000

(t) kpecial requirements for blades) frames, linkages,
seals, [and bearings

(u) |accessories required and miounting location

(v) lany and all anticipated_internal and external load-
ings dther than pressures

(w)| combination of foading conditions, seismic re-
quirements, and thie\design transients applicable to the
appropriate service level per Article AA-4000

() actuator environmental and seismic qualifications

(m) verification of structural integrity, performance,
and qualification in accordance with Agticle AA-4000

(n) actuator position or orientation

(o) ULfireresistance rating and UL\installati
tions

(p) manufacturer’s recommended replacerpent parts
list

bn instruc-

DA-4130 Performance Requirements

DA-4131 Seat Leakage. Seat leakage shall e equal to
or less than tHe amount shown in Mandatory] Appendix
DA-I for thé\class specified in the design spedification.

DA-4132 Frame Leakage. Frame leakage sh
to or less than the amount shown in Mandatory
DADfor the class specified in the design sped

1 be equal
Appendix
ification.

DA-4133 Pressure Drop. Pressure drop shall be less

than or equal to that stated in the design spgcification
at the design volumetric flow rate.

DA-4134 FireRatings. Fire dampers shallhdvea 1% hr
or 3 hrrating in accordance with UL 555 as detdrmined by
NFPA 90A and NFPA 803.

DA-4135 Fire Damper Closure. The fire da
close against the specified volumetric flow rate
fied operating pressure.

mper shall
and speci-

DA-4136 Cycle Time. The damper must cyc
to full closed or full closed to full open withi
specified in the design specification.

e full open
h the time

DA-4200 TECHNICAL REQUIREMENTS

(x) |radiatienintegrated life dose and maximum dose =~ DA-4210 Structural
rate (rad/unit time
(y)( fini/sh and co;tin requirements DA-4211 General. Dampers or louverg shall be
) . ‘(fr d a1l 1 oy designed in accordance with the structural requirements
IITT TTSISUAIILT ldl.llls Ul 1 /77 111 U O 11T

DA-4120 Requirements of the Manufacturer

When required by the design specifications, documen-
tation provided by the manufacturer to the Owner or
designee shall include the following, as applicable:

(a) mounting connection details

(b) weight and center of gravity

(c) service connections, size, type, and locations

(d) pressure drop at rated flow
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given in Article AA-4000. Structural requirements and
load definitions are given in DA-4212 through DA-4214.

DA-4212 Support Boundary

DA-4212.1 Methods of Support. A damper or louver
assembly may be supported by one or more of several
methods. It may be line supported as an assembly inserted
into a run of duct; it may have its support at its end attach-
ments to the duct and be totally supported by that line of
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duct; or it may be flange mounted to a bulkhead type of
building structure or auxiliary structure.

(a) Line-Supported Assembly. The supportboundary for
this case shall be the interface flanges or other mechanical
connections designed to transfer all components of load
across the joints.

(b) Bulkhead- or End-Supported Assembly. The support
boundary for this case shall also be the interface flanges or
other mechanical connections or structural connections
designed t

(c) Sidq-, Top-, or Bottom-Supported Assembly. The
support bpundary for this case shall be the attachment
point for the assembly. Although support to the building
superstrugture, auxiliary steel, equipment foundation, or
other strukture represents ground for the damper, that
support is| not included in the scope of this section.

DA-4212.2 Documentation. The damper or louver
manufactyrer shall be responsible for providing all infor-
mation nefessary to define the support boundary inter-
faces. The|interface control information to be specified
shall include but not necessarily be limited to the
following:

(a) identification of any special support requirements
as well as the configuration and size of the damper flanges.

(b) magnitudes and directions of all loads imposed on
the anchofage points, including all static, dynamic, and
operationgl loads resulting from the installed assembly.
Load datal shall be provided in a form that shall allow
combinafions to be considered as required in
Article AAF4000.

(c) othgr information, such as bending moments, shear
forces, axigl loads, torsional moments, or stiffnessrequire-
ments necpssary to ensure that the damper or louver can
perform itp required function under all desigh.conditions.

DA-4213 Loads. Loads to be considered-are as given in
AA-4211 gdnd AA-4212 with the following clarifications.

DA-4213.1 Normal Loads..Normal loads, N, shall
include thg following:

actuator Idad: the load or {oads imposed by the actuator to
a specific prea of the dssembly.

deadweight load: theNoad imposed by the weight of all
componenits of thesassembly.

externally poncentrated load: the load or loads imposed by
the applicationefan-externa-foree-te-atimited-areaofthe

sures resulting from rapid change of other devices in a
system.

DA-4213.2 Thermal Loads. Thermal loads, T, shall
include loads resulting from constraint of forces and dis-
placements caused by temperature variations.

DA-4213.3 Other Loads. Other specific load condi-
tions such as shock loads due to pressure transients
shall be provided in the design specification to allow

i i uired
under AA-4212 and compared to the applicablé-service
limits required under AA-4214 and AA-4230, and|other
criteria imposed under AA-4240 and stress linjits of
this section.

DA-4214 Structural Verification.-The technicgl and
documentation requirements of Article AA-400( shall
apply to verification of design.by.ahalysis, test, or compar-
ison.

DA-4215 Special Considerations

(a) Frame deflection under normal and upset] plant
conditions (Sepvice Levels A and B) shall not exceed
Yseo of the span in any direction, or % in. (3.175{ mm),
whichever is'less.

(b) Blade edge or centerline deflection under normal
and upset plant conditions (Service Levels A and B) shall
notexceed Y44 of the blade length (or diameter) of Y in.
(3.175 mm), whichever is less.

(c) The blade edge and centerline deflection under
loads due to normal plant conditions shall not|allow
the leakage criteria to be exceeded.

(d) Firedamper design shallbe based onloadsimposed
on damper blades when closing with design volumetric
flow rate and pressures present.

DA-4220 Thermal Expansion

To prevent binding and restraint of free movemeht, the
design shall provide for the relative motions that|occur
between components due to variations of tempefature
and coefficients of expansion. Such provisions for Hiffer-
ential expansion shall include, as a minimum, the
following:

(a) blade end clearances

(b) bearing clearances

(c) longitudinal movement of the shafts

assembly.

normal equipment interface load: the normal externally
applied load or loads from other equipment attached
to the assembly.

operating pressure load: the load resulting from the
maximum positive or negative differential pressure
that may occur during normal operation. Included are
loads imposed by normal design airflows and impact pres-

(d) sealing capabilities
DA-4230 Torque

DA-4231 Torque Determinations. In determining the
torque required to actuate the blades, the manufacturer
shall consider the blade position and direction of the
applied torque to produce the desired movement. At
the maximum specified operating pressure this determi-
nation shall include, as a minimum, the following torque
components:
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(a) breakaway torque
(b) dynamic torque
(c) friction torque
(d) seating torque

DA-4232 Actuator Torque. The actuator and asso-
ciated linkage shall deliver to the damper or louver a
minimum of 1% times the maximum torque as deter-
mined in DA-4231, except for self-contained actuators
used to counterbalance a specific force, and shall be

DA-4252 Bearing Types

DA-4252.1 Metallic Sleeve Bearings. Sintered sleeve
bearing material shall be lubricant-impregnated bronze or
stainless steel. Solid sleeve bearing material shall be
bronze or stainless steel and shall be lubricated prior
to shipment, and provisions should be made for lubrica-
tion in the field.

DA-4252.2 Nonmetallic Sleeve Bearings. Nonme-

desigfied to match the required torque. Actuators shall
be evlaluated in both directions for the maximum
torqug, at the beginning of the blade movement, while
strokihg the blades through the full range of movement.
Orienfation of dampers shall be taken into consideration
when [selecting operators and actuators.

DA-4p40 Linkage

DA+
the af
requit

(a)

4241 Linkage Components. The linkage includes
ms, brackets, pivots, bars, levers, and fasteners
ed to perform the following functions:
interconnect the blades of multibladed dampers or
louvers so they act in unison

(b)|interconnect the actuator and blades so as to
provide the desired operation

DA
the fo

4242 Linkage Design. Linkage design shall include
lowing minimum requirements:

(a) |Brackets, arms, and levers shall be of a length and
stiffngdss to provide stable operation of the blades at the
maxipum specified operating pressure and airflow
withofit flutter or binding at all blade positions:

(b) |The linkage system shall be designed-to.transmit
sufficlent torque to each blade to set the seals of each
and eyery blade at the maximum specifiéd operating pres-
sure and airflow to limit leakage to leSs than the specified
leakage.

(c)|All linkage components, shall be designed to
transiit a minimum of 14 times the torque required
by D4-4231 without eXeeeding the allowable stress
listed |in Article AA-4000:

(d) |Ifalinkage system is designed to be field adjustable,
suitable locking devices, such as jam nuts, shall be
provided.

(e) [The linkage system shall be designed to be compa-
tible yith the actuator selected for the application.

tallic sleeve hearings ie phenolic nylon_and similar
materials, may be used subject to the limiltations of
DA-3220.

DA-4252.3 Rolling Element Bearings. Pjemounted
bearing assemblies, flanges, orpillow blocKs shall be
self-aligning and mounted in-such a manner as to be
replaceable. Grease fittings’shall be provided when the
lubricant must be periodically renewed. Flanges and
pillow blocks are to beymade of steel, malldable iron,
or cast iron.

DA-4253 Bearing Design

(a) Bearing running surfaces of sleeve beafings shall
have a finish as recommended by the bearing manufac-
turers

(b) Sleeve bearings shall be contained to prgvent axial
displacement and to prevent rotational movement except
between the intended bearing surfaces.

(c) Sleeve bearings shall have a bearing lopd surface
diameter difference as recommended by tHe bearing
manufacturer to provide rotational clearance

(d) Sleeve bearing wall thickness shall be
mended by the bearing manufacturer.

(e) Rolling element bearings shall be sizef to allow
bearings to be slipped onto the shaft. The maxithum clear-
ance in shaft diameter shall be as recommenllled by the
bearing manufacturer, plus clearance for thergnal expan-
sion.

as recom-

DA-4254 Bearing Loading

hrustload
ifacturer’s

(a) Sleeve bearingloading on the radial and
areas shall not exceed 67% of the bearing man
recommended static load rating.

(b) Sleeve bearing radial load area shall, as ajminimum,
be equal to one-quarter of the diameter times|the length
supported by the bearing housing or damper/louver

DA-4250 Bearings
DA-4251 General Application

(a) Bearings shall permit axial shaft movement to
provide for operating clearances and differential expan-
sion in both vertical and horizontal installations.

(b) Bearing materials shall be selected for the loading
and environmental conditions to which the bearings will
be subjected.

95

frame.

(c) When sleeve bearings are subjected to thrust loads,
a thrust washer shall be used to transmit the load to the
bearing, or the load transmitting member shall meet the
requirement of DA-4252.1.

(d) Maximum radial or thrust loading on rolling
element bearings shall not exceed the bearing manufac-
turer’s recommended static load rating.
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(e) The calculated load on each bearing shall consist of
all design forces applied to that bearing, including that of
the actuator and linkage.

DA-4260 Seals

DA-4261 General. Seals may be used to reduce seat
leakage and frame leakage to the degree required by
the design specification. The control of seat leakage
requires seals such as metal or elastomer blade edges,
stops, or feats: €O OI O aIe [eaRage may TequiTe
shaft sealq such as stuffing boxes or cover plates.

DA-426R Design. The seal design shall maintain the
specified lpakage limits during the design life of the seal.

Where the design life of the assembly exceeds the life
expectancy of the seal material, the seals shall be replace-
able, and the means of attaching the seal or installing the
packing inla stuffing box shall be so designed to facilitate
their repldcement. When environmental or system condi-
tions preyent the use or the replacement of elastomer
seals, metgl seals or seats shall be considered.

DA-426B Material. Selection of seal material by the
damper manufacturer shall be based on specific
system design performance requirements and environ-
mental copditions to which it is exposed.

Physical characteristics of the seal material, such as
compressipn set, tensile strength, hardness, and elasticity,
must be verified by generic or individual tests prior to
determining the material to be used for a particular
seal as well as determining the design life of that seal:

The desjgn life of the seal is the length of time that\the
seal will fynction properly while the seal material experi-
ences mild degradation of its molecular structure-caused
by the agihg process of the environment.

DA-4270| Frame Construction

DA-4271 Frame Construction 'Class A, Class B, or
Class C. Dampers requiring-frame construction to
Leakage Rate Class A or ‘€hass B (see Mandatory
Appendix |DA-I) shall be/provided with stuffing boxes,
gasketed|cover platéds,)or other sealing devices to
reduce frpme leakage to less than or equal to that
stated in the design/specification. Frame Class C shall
have no cpnsideration of leakage.

DA-4272_Gasket and Packing Material Requirements

DA-4282 Accessibility. The arrangement of actuators
and accessories shall provide accessibility for removal and
replacement of each component.

DA-4283 Mounting Structure Material. The structure
for mounting actuators and accessories shall be fabricated
of material listed in DA-3110. Structures shall be designed
as required by Article AA-4000.

DA-4284 Attachment of Actuators and Accessories.
A ato and 3 essorie ha he attached to the
mounting structure with removable fasteners,(of|mate-
rials listed in DA-3110, sized to conform to.the fstress
limitations stated in Article AA-4000.

DA-4285 Linkage Adjustabiljty: The actpator
mounting or linkage shall permit adjustmgnt to
achieve the required positionirig of the blades at each
end of the actuator movement.

DA-4300 ACTUATORS

DA-4310 Power-Operated Actuators

DA-4311 Torque Required. The actuator shpll be
capable of providing the torque required by DA-4232.

DA-4312 Forces and Loads on Actuators. Deteffmina-
tion ef\actuator capability shall include considerafion of
forees transmitted to the actuator directly, through the
mounting, and through the linkage; especially side
loads on extended rods, and impact loads caused bylaccel-
eration and deceleration of blades.

DA-4313 Acceleration and Deceleration Ljoads.
Actuator design shall include consideration of|loads
caused by acceleration and deceleration of conrnected
components such as blades, springs, and counterbalances.

DA-4314 Actuator Voltage or Pressure Load Rating.
The actuator rating shall be based on the minimum/|speci-
fied voltage or pressure.

DA-4315 Power Actuator Specification Require-
ments. The design specification shall include the following
as a minimum to establish requirements for acfuator
performance:

(a) function

(1) two-position or modulating
(2) fail open, closed, or last position

Gasketand packing materials shall conform to the require-
ments of DA-3220, DA-3230, and DA-4263.

DA-4280 Mounting of Actuators and Accessories

DA-4281 Mounting Structure. Each actuator and/or
accessory shall be provided with a rigid structure suitable
for mounting such devices.

[3) DOWET tO Open OT POWET tO ClOSE
(b) power source
(1) type (such as electric, pneumatic, hydraulic)
(2) characteristics (such as voltage, pressure, and
their ranges)
(c) control signal characteristics
(d) frequency of actuation
(e) damper opening and closing time
(f) environmental conditions
(g) mountinglocation and any limitations on space and
orientation
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(h) manual override requirements

(i) accumulator sizing requirements

(j) actuator environmental and seismic qualifications
(k) type of motion (linear or rotary)

DA-4320 Manual Actuators

Manual actuators should be equipped with locking
devices and position indicators.

DA-4321 Torque Regquirements. Manual actuators

DA-4450 Environmental Design Requirements

Electrical devices such as position indicating switches,
limit switches, and all other electrical components shall
comply with the applicable IEEE standard(s) stated in the
design specification. All other pneumatic, hydraulic, or
other type of accessories shall be suitable for the environ-
ment specified in the design specification.

DA-4460 Piping of Pneumatic Actuators

shall pe capable of delivering the torque required by
DA-4232. Manual actuator components shall be sized
as reduired by Article AA-4000.

DA{4322 Forces and Loads on Actuators. Determina-
tion of manual actuator capability shall include considera-
tion df forces transmitted to the actuator directly and
through the linkage, including side loads on extended rods.

DA
to opg

4323 Maximum Input Forces. Input force required
rate manual actuators shall not exceed 40 Ib.

DA-4B30 Self-Contained Actuators

Selftcontained actuators shall be capable of delivering
the torque required by DA-4231.

DA-4340 Heat- or Temperature-Operated

Actuators
Hedt- or temperature-operated actuators such as
fusibl¢ links shall be in accordance with NFPA 90A.,

DA-4E00 ACCESSORIES
DA-4

As 1
louve
Sory €
mancg

10 Accessory Requirements

equired by the design specification, the damper or
assembly shall be provided withappropriate acces-

quipment to provide proper-function and perfor-
of the assembly.

DA-4420 Auxiliary Energy Source

When required by the design specification, actuators
shall be provided‘with an auxiliary energy source, such
as spijfings, cotuiterweights, or accumulators.

DA-4130-Modulating Actuator Requirements

For pneumatically actuated dampers orilduvers, the
pneumatic piping system required for the,oferation of
the assembly shall be arranged tofprovidp a single
field connection for each supply,“er a confrol signal
source for each assembly. Pneumatic piping sygtem mate-
rials and installation shall conform to the requifements of
the design specification. Ripessizes shall be pfovided to
ensure operation within‘the specified operatiphg time.

DA-4470 Electrical Wiring Requirements

For electrically actuated dampers or louverd, intercon-
necting electri¢al wiring required for the operdtion of the
actuators and accessories shall not be installed, unless
specifically required by the design specificatipn.

When interconnecting electrical wiring is r¢quired by
thie-design specification, the design specificqtion shall
specifically identify all interface materials and ipstallation
requirements for each assembly.

ARTICLE DA-5000
INSPECTION AND TESTING

Inspection and testing of louvers and dampdrs shall be
in accordance with the requirements of this Article and of
AA-5100, AA-5200, AA-5300, AA-5410, AA-p500, and
AA-5800. The manufacturer shall be responsibl¢ for estab-
lishing the written visual examination proceldures and
necessary tolerances to ensure that the prgducts are
built to the manufacturer’s drawings. Examination proce-
dures shall include appropriate checklists to perify that
the required observations were performed. Written
reports of visual inspection shall contain, as a
minimum, the requirements of AA-5200.

DA-5100 TESTING

WhenTequired by the design Speciiication, actuators 1or
modulating service shall be provided with a pilot posi-
tioner or similar device to ensure controlled positioning
of the damper in response to the control signal.

DA-4440 Position Indicators

When required by the design specification, local posi-
tion indicators shall be provided to enable surveillance
and operability verification.
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The purpose of this subarticle is to ensure the perfor-
mance of the damper or louver prior to its installation.
Acceptance shall be based on the performance require-
ments of DA-4130. The use of the test shall be at the discre-
tion of the Engineer as related to the service requirements.
Specifictests required by the Engineer shall be specified in
the design specification.
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DA-5110 Pressure Drop Testing

Pressure drop data shall be based on tests performed in
accordance with the applicable AMCA standard per
Article DA-2000. The AMCA standard figure number
used shall be stated with the pressure drop data.

DA-5120 Cycle Time and Cycle Repetition

DA-5121 Requlred Cycles. The damper or louver
assembly,
10 times
to verify

rom the full-open to the full-closed position
e free operation of all parts and the correct

adjustment, positioning, and seating of all blades.
DA-5122 Pneumatic Air Pressure. The minimum
specified dir pressure shall be used for pneumatic opera-

tors during cycling.

DA-5123 Cycle Time. The maximum time for operation
of any of the cycles shall be compared with the allowable
specified dycle time. If the specified time is exceeded, the
necessary| correction shall be made and the cycle test
repeated.

DA-5124 Operational Requirements. Determine that
movement of the blades, actuators, and linkage shall
be smooth and without hesitation, and limit switches
operate inf their intended position.

DA-5130 [Frame Leakage Testing for Frame

Leakage Class A, B, or C

Pressur
side of thg
surized to
blades pat
be in accd
with the |
for Leaka
outlined i

b plates shall be bolted to the inlet and outlet

damper. The chamber created shall be, pres-
the specified frame design pressure(with the
tially open. Testing for Leakage Class A shall
rdance with the bubble method-of DA-5141,
ubble solution applied to the.frame. Testing
be Class B shall use a calibrated flowmeter
h DA-5143. Leakage shall-be equal to or less
than the gmount shown in Mandatory Appendix DA-I
for the leakage class specified.inf the design specification.
Frame Clags C shall have{nie consideration of leakage.

DA-5140

Seatleal
cycle time
testing. Lei
Mandatory Appendlx DA-L

DA-5141 Seat Leakage Test for Leakage Class 0
Dampers (Bubble Method). The damper shall be
bolted to a pressure chamber that is then pressurized
to the specified blade design pressure. A bubble solution
(a commercial test solution or a solution consisting of
equal parts liquid detergent, glycerine, and water)
shall be applied to the damper seat area to be tested.
A few moments later, but before the soap solution can

Seat Leakage Testing

xage testing shall be performed or verified after
and cycle repetltlon testmg and frame leakage
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dry, check the wetted areas and mark places where
bubbles are being generated.

Unless otherwise specified, a leak indication is any
bubble % in. (1.58 mm) diameter that forms in 1 sec,
or a bubble %; in. (7.14 mm) that forms in 1 min.

DA-5142 Seat Leakage Test for Leakage Class |
Dampers. The damper shall be bolted to a pressure
chamber that is then pressurized to the specified blade
design pressure using compressed air of instrument air
quality. The Inlet compressed air line shall have p cali-
brated flowmeter capable of resolving flow toAvithin
+10% of allowable leakage in the line to,measyre all
air passing through the damper.

DA-5143 Seat Leakage Test for Leakage Clasf Il or
Class Il Dampers or Louvers. Leakage data shall be
based on tests performed in aleordance with the [appli-
cable AMCA standard perArticle DA-2000 or |other
approved methods.

DA-5144 Seat Leakage Test for Leakage Class IV
Dampers and Louvers. Seat Leakage Class V] shall
have no consideration of leakage.

DA-5145 :Fire Damper Closure Test. The fire da
shall be tested in accordance with AMCA 500-D
Figure.54, Figure 5.5, or Figure 5.7 for wall o1 floor
transfer applications; and Figure 5.1, Figure .2, or
Figure 5.3 for applications of the damper in ducty with
dampers installed in their intended position. For
closure under dynamic airflow conditions, the damper
shall be tested at the specified volumetric floy rate
when open and to the maximum operating prgssure
when closed.

mpers
using

ARTICLE DA-6000
FABRICATION, FINISHING, AND INSTALLAT

Article AA-6000 shall apply for fabrication, fin
and installation, except that the design and seismic|quali-
fications of the damper assembly are based on the damper
assembly being adequately supported for the apprdpriate
loads. The Owner or designee shall provide suppofts for
the damper assembly to ensure that the damper is
adequately supported as required by the manufacfurer’s
requ1rements and DA-4212. All of the weldlng cofles or

ION
shing,

UL f1re dampers shall be in accordance with the manufac-
turer’s UL installation instructions.

DA-6100 WELDING AND BRAZING

Specific welding and brazing parameters shall conform
to the requirements of Article AA-6000.
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ARTICLE DA-7000
PACKAGING, SHIPPING, AND STORAGE

Packaging, shipping, and storage of damper and louver
assemblies shall be in accordance with the requirements
of Article AA-7000. Implementation requires an ASME
NQA-1 classification level for packaging, shipping,
receiving, storage, and handling of all items. Such classi-
fication is as follows:

(a) dampers or louvers only: Level C

ARTICLE DA-9000
NAMEPLATES, STAMPING, AND MANUALS

Article AA-9000 requirements for nameplates,
stamping, and manuals shall apply, except that the name-
plate shall require only the following information:

(a) manufacturer’s name

(b) equipment, tag, or mark number information as
supplied by the purchaser

(c) size

(b) |electric actuator: Level B

(c) |actuator, other than electric: Level C

(d) |accessories: Level B

(e) |dampers or louvers with electric actuators or acces-
soriest Level B

ARTICLE DA-8000
QUALITY ASSURANCE

Qudlity assurance of dampers and louvers shall be in
accorflance with the requirements of Section DA and
Articl¢ AA-8000.

DA-8100 DAMPER AND LOUVER PERFORMANCE

Dodumentation shall be established to verify that
dampler and louver performance complies with the
testing criteria of Article DA-5000.

DA-8300 QUALITY ASSURANCE RECORDS

Dodumentation shall be prepared, maintaihed, and
submitted to the Owner for record in accordance with
the rgquirements of Article DA-9000.

DA-9100 NAMEPLATES AND STAMPING

In those instances when the damper otdouvef assembly
consists of several frames that may'be independently
removable, each such frame shall bear requiired piece
part markings.

Actuators and accessofies’included in the| assembly
shall be marked with ¢he name of the manufacturer or
a distinctive markingywhich may be in code| by which
it is identified as a-product of a particular manufacturer.

DA-9200 -MANUALS

The manufacturer shall provide a manual dqr manuals
for the'équipment furnished. The manual shall include a
recammended spare parts list and recommengled instal-
lation, maintenance, and operational procedufes.
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MANDATORY APPENDIX DA-I
SEAT AND FRAME LEAKAGE

Table DA-I-1000-1

Maximum|Permissible Seat Leakage Rate, scfm/ft? (scmh/m?), of Damper or Adjustable Louver Face Area-at 1n. wg
(25.4 mm wg) Differential Pressure
Dampér Blade Leakage Class II Leakage Class JII
Length o1f Diameter, Leakage Class 0 Leakage Class I (Moderate Leakage) (Normal Leakage)
in. {mm) (Zero Leakage) (Low Leakage) [Note (1)] [Note (1] Leakage Class IV

Up to 12 (3d5) [Note (2)] [Note (3)] 15 (275) 60.(1:100) [Note (1]
Up to 24 (610) [Note (2)] [Note (3)] 10 (180) 40(730) [Note ()]
Up to 36 (915) [Note (2)] [Note (3)] 8 (145) 32 (585) [Note (1]
Up to 48 (1420) [Note (2)] [Note (3)] 8 (145) 32 (585) [Note (1]
Up to 60 (1325) [Note (2)] [Note (3)] 6 (110) 27 (495) [Note ()]
Up to 72 (1430) [Note (2)] [Note (3)] 5 (90) 25 (455) [Note ()]
NOTES:

(1) The tota] maximum permissible leak rate is determined by multiplying the above quantities by the damper area in square feet (square
times tHe square root of the specified blade design pressure in inches water‘gauge (millimeters water gauge divided by 25.4).

(2) Leakagd shall be zero as determined by the bubble method damper leakage test per DA-5141.
(3) Low leakage is the greater of 1 scfm/ft* or 1 scfm (18.3 scmh/m? or 1.7 scinh) at the blade shutoff pressure differential in inches wat}

(millimgters water gauge).

(4) Leakaggq Class 1V is for applications where leakage is of no consideration.

Table DA-1-1000-2

neters)

I gauge

Maximum Permissible Frame Leakage Rate Classes at
Frame Design Pressure

Leakage
Rate Class Permissible Leakage Rate
A Zero leakage [Note (1)]
B 1 scfm (1.7 scmh) total leakage
C No consideration of leakage

NOTE: (1) Leakage shall be zero as determined by the bubble method
per DA-5130.
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MANDATORY APPENDIX DA-II
DAMPER AND LOUVER CONFIGURATIONS

101



https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

Figure DA-11-1000-1
Parallel-Blade Dampers

o

Centrally Pivoted Blades

|

J

Edge Pivoted Biades
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Figure DA-11-1000-2
Wing-Blade Damper

Figure DA-li-1000-3
Poppet 'Damper

Actuated

nmay

)
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Figure DA-11-1000-6
Slide-Gate Guillotine Damper
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Figure DA-11-1000-7
Curtain-Type Dampers
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Figure DA-11-1000-8
Louver
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NONMANDATORY APPENDIX DA-A
DIVISION OF RESPONSIBILITY

This Apj
assumed
Code reqy
an article

endix is intended to identify the roles normally
y the organizations responsible for fulfilling
irements when not specifically addressed in
or subarticle. These are guidelines to assist

with Code compliance and are not to be constryed as

legal or contractual responsibilities unless-$a in
by the Owner or designee.
Table DA-A-1000-1 begins on the following pag

voked

o
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Table DA-A-1000-1
Division of Responsibility

DA- Item Responsibility

3211

Fire hazard

Owner or designee

3211 Reduction of properties Manufacturer
3212 Galvanic corrosion Owner or designee
With interface Owner or designee
With components Manufacturer
3213 Prohibition of aluminum and zinc Owner or designee
3220(a Fire hazard Owner or designee
3220(b Degradation of properties Manufacturer
3220(c Maintainability Manufacturer
3230 Environmental conditions affecting material selection Owner or designee
3300 CMTR Manufacturer
3300 Allow certificate of conformance Owner or_designee
4110(b Damper function Owner..or.designee
4110(c Damper configuration Owfer or designee
4110(d Allowable leakage Owmer or designee
4110(e Design pressures Owner or designee
4110(f) Design temperatures Owner or designee
4110(g Volume flow rate Owner or designee
4110(h Relative humidity Owner or designee
4110(i) Design pressure loss Owner or designee
4110(j) Entrained contaminants Owner or designee
4110(K] Normal blade position Owner or designee
4110(K] Fail-safe position Owner or designee
4110(D) Dimension and space for installation Owner or designee
4110(nq) Mounting configuration and support Owner or designee
4110(n Orientation and direction of airflow Owner or designee
4110(o Blade orientation Owner or designee
4110(p Operating time Owner or designee
4110(q Actuator data Owner or designee
4110(r Seismic requiremefts Owner or designee
4110(s Allowable materials Owner or designee
4110(t Special requirements Owner or designee
4110(u Accessopies required and mounting Owner or designee
4110(v Loads, other than pressure loads Owner or designee
4110( Loading combinations and design transients Owner or designee
4110(x Radtatiomrdoserate Swirer-ordesigmee
4110(y) Finish and coating requirements Owner or designee
4110(z) Fire resistance rating Owner or designee
4120(a) Mounting connection details Manufacturer
4120(b) Weight and center of gravity Manufacturer
4120(c) Service connections Manufacturer
4120(d) Pressure loss at rated flow Manufacturer
4120(e) Leakage Manufacturer
4120(f) Operating time Manufacturer
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Table DA-A-1000-1
Division of Responsibility (Cont’d)

DA- Item Responsibility
4120(g) Materials of construction Manufacturer
4120(h) Bearing design life Manufacturer
4120(1) Seal design life Manufacturer
4120(j) Actuator torque Manufacturer
4120(k) Damper torque Manufacturer
4120(1) [Actuator qualifications Manufacturer
4120(m) Verification reports Manufacturer
4120(n) Actuator position or orientation Manufacturer
4120(0) Fire resistance rating Manufacturer
4120(p) Replacement parts list Manufacturer
4130 Gastight construction requirements Owner or designee
4212 Damper/support boundary interface Manufacturer
4212.1(a) |Design verification stress report (DVSR) Manufacturer,
4212.1(b) [Design verification test procedure (DVTP) and design verification test report (DVTR) Manufacturer
4212.1(c) |Design verification by comparative evaluation report (DVCER) Manufacturer
4220 Thermal expansion clearances Manufacturer
4240 Requirement for interconnecting wiring and interfaces Owner or designee
4315(a) Actuator function Owner or designee
4315(b) Actuator power source Owner or designee
4315(c) Control signal characteristics Owner or designee
4315(d) Frequency of actuation Owner or designee
4315(e) [Damper opening and closing time Owner or designee
4315(f) Environmental conditions Owner or designee
4315(g) Mounting location and space limitations Owner or designee
4315(h) INormal override requirements Owner or designee
4315(i) IAccumulator sizing Owner or designee
4315()) Qualification requirements Owner or designee
4315(k) Type of motion Owner or designee
4410 Requirement for accessorie§ Owner or designee
4420 Requirement for auxiliar'y, energy source Owner or designee
4430 Requirement foppositioner Owner or designee
4450 Qualificationestandard for electrical devices Owner or designee
5100 Requirement for test Owner or designee
5143 IApproval-of alternate test method Owner or designee
6000 Finishinlg of materials Owner or designee
6000 Structural support for dampers Owner or designee
6100 Welding requirements Owner or designee
7000 Packaging, shipping, receiving, storage, and handling Manufacturer/Supplier/Contractor/Owner or

designee
8000 Quality assurance All parties
9000 Nameplates, stamping, and manuals Manufacturer/Supplier/Contractor
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SECTION SA
DUCTWORK

ARTICLE SA-1000
INTRODUCTION

SA-1100 SCOPE

Thip section provides requirements for the perfor-
mancg, design, fabrication, installation, inspection, accep-
tance| testing, and quality assurance for ductwork,
including ductwork accessories, ductwork supports,
and dpct-mounted equipment, used in air and gas treat-
ment gystems in nuclear facilities.

SA-1200 PURPOSE

The purpose of this section is to ensure that ductwork,
accesqories, and ductwork supports are acceptable in all
aspects of design and operation.

SA-1300 APPLICABILITY

Thi$ section applies only to ductwork and accessories,
plenujns, and ductwork supports. It does not cover sizing
of corpplete air handling systems or any operating char-
acteriptics of such systems. Ductwork interface points, as
applidd to this section, are shown in.Figure SA-1300-1.

SA-1400 DEFINITIONS AND-TERMS

The definitions and terms‘described below are specific
to thils section. For other/definitions and terms, see
AA-1400.

constfuction docyments: the drawings, specifications,
installation instructions, procedures, and engineering
suppdrt data produced by an engineering service organi-
zation, cofistructor, supplier, or contractor that are issued
to theffield for installation and that define the design of, or

ductwork supports: external structural membdrs used to
transmit loads between the ductwork and-the ¢lesignated
load-bearing structure.

extractor: a multivaned device located at duct hranch and
duct diffuser collar outlets for'diverting airflqw.

grille: a louvered or pexforated device for trpnsferring
and/or directing airflow:

insulation, acoustié: a'material typically attached to the
internal duct surface that has sound attenuatihg proper-
ties.

insulatigon,external: a material attached to thle external
duct surface that has heat transfer resisting groperties.

insulation, internal: amaterial attached to the infernal duct
surface that has heat transfer resisting propefties.

leak test pressure: the static pressure, acting irf the direc-
tion of the operating pressure (positive or negdtive), used
for establishing leakage rates. This pressufe usually
equals or exceeds the highest operating pressure of
the item being tested but does not exceed ftructural
capability pressure.

maximum design pressure: the static pressur¢ to which
ductwork may be subjected and still refjuired to
remain intact and that is used as the starting point for
structural design. This pressure shall equal |or exceed
the maximum operating pressure and/or tes{ pressure,
whichever is greater.

maximum operating pressure: the maximum static pres-
sure to which the ductwork will be subjected and still
be required to continue its function. Statid pressure
resulting from off-normal operating conditiohs that do
not render the system inoperable (e.g., dlosure of
branch dampers or registers) shall be congidered as

modification to, systems, structures, or components.

diffuser: a circular, square or rectangular air distribution
outlet composed of deflecting members discharging
supply air in one or more directions and planes and
arranged to promote mixing of supply air with room air.

ductwork: accessories, ducts, and plenums required to
convey air from one or more intake points through
one or any combination of air supply, treatment, and/
or conditioning equipment to one or more points of
discharge.

maximtmroperating-pressure—the-maximum operating
pressure shall equal or exceed the normal operating pres-
sure and may be equal to the maximum design pressure
but may not exceed it.

normal operating pressure: the static pressure that corre-
sponds to the normal design operating mode of the duct-
work but does not include the static pressure that may be
experienced in off-normal operating modes during which
the system is required to continue to perform its function.

panel: a pressure boundary member of ductwork.
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Figure SA-1300-1
Ductwork and Ductwork Support — Interface Boundary

Flexible connections
(Code Section SA)

Duct
(Code Section SA) PN
t - N Housings: for filters,
X g N * adsorbers, moisture
R 'S H
T = POLttoroy Y Gy
T i >’ heating coils, dampers,
Internal External . //I | mounting frames, fans,
component component et )
with frame (by other Code sections) L |

(by other Code sections)

| (e |

il

Interface boundaries for
equipment to ductwork

I etc. (Code Section HA)

I

Instrumentation
(Code Section 1A)

Pipe, valve and fittings ¢ NN

(by others) I o N

External insulation
(Code Section SA)

Duct-mounted accessories

(y:gther) Access panels

(Code Section SA)
Existing building steel (by others)

. \(_, < Dampers
(Code SectionDA)
Fans

Air distribution devices (Code Section BA)

Building (Code Section SA)

structure Typical duct support
/ (by others) (Code Section SA)

il ininimia | s Duct

I

Ductwork suppart

e
¢ & i Internal components
M {by other Code sections)

SR

a N
| __;' e
Scopé€ bf'Section SA i
External components /
—_— - Interface boundary (by other Code sections)

Scope of others .
Section A-A

Internal insulation
(Code Section SA)

112


https://asmenormdoc.com/api2/?name=ASME AG-1 2023.pdf

ASME AG-1-2023

register: a combination of grille and damper assembly
covering an opening located in the side-wall, ceiling,
floor, or duct.

silencer: a sound control device that provides acoustical
attenuation.

splitter damper: a manually positioned single-blade
damper located at duct branch connections for diverting
airflow into the branch duct.

ARTICLE SA-2000
REFERENCED DOCUMENTS

The
those
fied, t

codes and standards listed below shall supplement
listed in Article AA-2000. Unless otherwise speci-
he latest edition shall apply.

AISC
Stre
AMCA

48. Specification for Structural Joints Using High-

ngth Bolts. American Institute of Steel Construction.

201. Fans and Systems. Air Movement and Control
Asspciation International.

ASHRAE 70. Method of Testing the Performance of Air
Outflets and Air Inlets. American Society of Heating,
Reffigerating, and Air-Conditioning Engineers.

ASHRAE Handbook: Fundamentals. American Society of
Hedting, Refrigerating, and Air-Conditioning Enginéers.

Industrial Ventilation: A Manual of Recommendéd Prac-

tice] American Conference of Governmental Industrial

Natiopal Fire Codes. 1991 Edition. Nattenal Fire Protec-
tior] Association.

NFPA|90A. Standard for the Installation of Air-Condi-
tiorjing and Ventilating Systéms. National Fire Protec-
tior] Association.

SMACNA 1520. Round Industrial Duct Construction Stan-
darfls. Sheet Metalvand Air-Conditioning Contractors’
Natjonal Association.

SMACNA 1922/ Rectangular Industrial Duct Construction
Stamdards. (liich-Pound Version). Sheet Metal and Air-
Conditieniing Contractors’ National Association.

SMACNA(1943. Rectangular Industrial Duct Construction

ARTICLE SA-3000
MATERIALS

SA-3100 GENERAL

For components of ductwork and ductwork supports,
the supplier shall make available, as a minimum, certified
test reports of critical attributes. For those ASTM mate-
rials that do not have physical testing required by the
ASTM specification, tensile testing shall be performed
per ASTM A370.

All other components used in the constiucti
work shall be provided with a manufacttirer’s ce
conformance covering the ASME, ASTM, or oth
specification, grade, and class, if applicable.

bn of duct-
rtificate of
br material

SA-3200 MATERIAL SUBSTITUTION

Measures shall be established for controlling
tifying material substitutions throughout thd
turing and installation process.

and iden-
manufac-

SA-3300 MATERIAL TESTING

When\required by the design specificatioy
shall be'tested in accordance with the applicab
speeification. Supplemental material test
required, shall be performed in accord3
Article AA-3000.

, material
e material
ng, when
nce with

SA-3400 MATERIAL SPECIFICATIONS

Material for ductwork and ductwork suppot
capable of meeting all requirements of Articl
Materials shall be in conformance with the A
rials listed in Table AA-3100-1. Substitute mat
be equivalent to or exceed the requirement
AA-3100-1, as determined by the Owner or d

Materials selected shall be evaluated for suita
service conditions and compatibility with othe
used in duct construction.

The ASTM numbers in Table AA-3100-1 d
chemical composition and a material thickne
grade designation is usually required to dete
minimum strength of the material. If the spe
material has an assigned minimum yield a
strength, these values shall be used for design| purposes.

O

ts shall be
b SA-4000.
TM mate-
brials shall
5 of Table
esignee.

bility with
" materials

esignate a
ss limit. A
rmine the
Cific grade
hd tensile

Standards (SI Version). Sheet Metal and Air-Condi-
tioning Contractors’ National Association.
SMACNA 1958. HVAC Systems Duct Design. Sheet Metal
and Air-Conditioning Contractors’ National Association.
SMACNA 1966. HVAC Duct Construction Standards: Metal
and Flexible. Sheet Metal and Air-Conditioning Contrac-
tors’ National Association.

113

Tf values have not been established and assigned, then
tests in accordance with the procedures outlined in
Article AA-3000 shall be performed to ensure that the
strength of the material meets the required design
stress values.
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ARTICLE SA-4000
DESIGN

SA-4100 GENERAL

Ductwork and ductwork supports shall be designed in
accordance with the requirements of Article AA-4000 and
this section.

SA-4200 DESIGN CRITERIA

(h) Component Load (CL). CL shall be added to the DW
case as part of normal loads (N) when determining duct-
work support load combinations as defined in AA-4212.
For other component load criteria, see the following
sections and other applicable Division II Code sections:

(1) Article BA-4000, for fans and blowers
(2) Article CA-4000, for conditioning equipment
(3) DA-4210, for dampers and louvers
(4) HA-4200, for housings
ntrols

SA-4210

SA-421
load defin

(a) Add
Design Pr
External L
tial (NOPI
(SOPT). Th

(b) Con
These are
duct cons
constructi
ignored. K
of the effe

(c) Live
design sp
not be le

Load Criteria

| Ductwork Loads. The following loads and
tions shall be considered:

itional Dynamic Loads (ADL), Deadweight (DW),
pssure Differential (DPD), Design Wind (W),
bads (EL), Normal Operating Pressure Differen-
), and System Operational Pressure Transient
ese loads and terms are as defined in AA-4211.
straints of Free End Displacement Loads (T).
loads caused by thermal movements. When
truction uses gasketed companion angle
bn, effects of T for normal operations may be
or postulated accident conditions, a review
ct of T is necessary.

Loads (L). Live loads shall be defined in the
bcification (see SA-4600). The live load shall
5s than a construction manload of 250 1b
(113.4 kg). The load shall be applied at the mid-span
of the duft, or midpoint of a stiffener, or within.a
panel. When applied to a panel, the load shall(be
assumed to be distributed over 10 in.” (64.5 cm?).

(d) Normal Operating Pressure Differential\(NOPD).
This is as defined in AA-4211 with the following clarifica-
tion: for epse of design, a duct system may be designed
using one [pressure value that envelops NOPD and SOPT
(see AA-4211). NOPD and SOPT may bepositive or nega-
tive pressfires. Worst case shall be eonsidered in design.

(e) Seispic Loads (SL). Thesé loads are the result of the
envelope df the operating basis‘€éarthquake (OBE) and the
safe shutdown earthquake(SSE).

(f) Hydpostatic Loads(HY) From Accumulated Conden-
sate, Watdr Deluge’Systems, or Moisture Separators. The
hydrostatic load.shall be conservatively established by
documentpd analysis based on ductwork configuration,
accessorilesy and component function. HY shall be

(5) ArticleTA-4000 forinstrumentationandc
(6) Article RA-4000, for refrigeration equipnj
(7) FA-4300, for moisture separators

(8) FB-4300, for medium efficiency filters
(9) FC-4300, for HEPA filters

(10) FD-4300, for Type II adsotbér cells
(11) FE-4400, for Type III adsorber cells
(12) FG-4200, for mounting frames

(13) FH-4300, for Type'IV adsorber cells
(14) FK-4300, for special HEPA filters

SA-4212 Ductworkcload Combinations. The applica-
ble component loading shall be combined in accoildance
with Table AA-4212-1.

ent

SA-4213 Service Conditions. The requiremehpts of

AA-4213 apply.

SA-4214 Design and Service Limits. The requirenents

of AA-4214 apply.

SA-4215 Ductwork Support Loads. The definition of
loads per SA-4211 for L, NOPD, and SL shall also b¢ used
for duct supports. The definition of loads per AA-4211
for DW, EL, and ADL shall also be used for duct
supports. HY and CL as defined in SA-4211(g) shall
be treated as a DW load when the loads haye an
effect on the supports. The fluid momentum ldad as
defined in AA-4211 is not typically a significanf load
for supports and may be neglected.

SA-4216 Ductwork Support Load Combination
applicable support loading shall be combined in
dance with Table AA-4212-1.

5. The
hccor-

SA-4220 Stress Criteria

Detailed stress analysis of the ductwork and dug
supports shall be prepared in a