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FOREWORD

ASME formed an Ad Hoc Task Group on Post Construction in 1993 in response to an increased need for recognized and
generally accepted englneerlng standards for the 1nspect10n and mamtenance of pressure equlpment after it has been
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ahd was approved by ANSI as an American National Standard on August 12, 2013. This 2019 revision contz

Formed the Post Constructlon Commlttee (PCC) in 1995. The scope of this commlttee was to develo;
standards addressing common issues and technologies related to post-construction activities and to
r consensus committees in the development of separate, product-specific codes and standards,addre
countered after initial construction for equipment and piping covered by Pressure Technology Code
5. The BPTCS covers non-nuclear boilers, pressure vessels (including heat exchangers),\piping and p
hts, pipelines, and storage tanks.

 selects standards to be developed based on identified needs and the availability of véluniteers. The PCC fo
mmittee on Inspection Planning and the Subcommittee on Flaw Evaluationin 1995.In1998, a Task Group u
egan preparation of Guidelines for Pressure Boundary Bolted Flange Joint Asseémbly, and in 1999 the Sub

documents.
bcommittees were charged with preparing standards dealing with several aspects of the in-service inspe
Lenance of pressure equipment and piping. ASME PCC-1, Guidelines-for'Pressure Boundary Bolted Flange
, provides guidance and is applicable to both new and in-service belted flange joint assemblies. ASME P|
h Planning Using Risk-Based Methods, provides guidance on¢the'preparation of a risk-based inspection
ions found at any stage of assembly, installation, inspectign, operation, or maintenance are then evalu
ropriate, using the procedures provided in API 579-1/ASME FFS-1, Fitness-for-Service. If it is determinec
e required, guidance on repair procedures is provided in the appropriate portion of ASME PCC-2, Rep
Equipment and Piping. To provide all stakeholdersdnvolved in pressure equipment with a guide to idg
ns related to pressure equipment integrity, ASME‘PTB-2, Guide to Life Cycle Management of Pressure E
bority, has been prepared.

fthese documents are Codes. They provide recognized and generally accepted good practices that may be ug
pn with post-construction codes, such-as.API 510, API 570, and NBBI NB-23, and with jurisdictional req

t edition of ASME PCC-1 was approved for publication in 2000. The 2010 revision was approved by the A
bnal Standards Institute (ANSI)"as an American National Standard on January 14, 2010. The 2013 rey
many updates and a major mew Appendix A titled “Training and Qualification of Bolted Joint Assembly]

fupdates. The mostnotable of these updates are the removal of the reference torque tables (Tables 1M and
bles in Appendix Ovintroducing the Target Torque Index and the insertion of a new Appendix Q titled “Co
or the Use of Powered Equipment.” This revision was approved by ANSI as an American National Standa
7, 2019.
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CORRESPONDENCE WITH THE PCC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

revisions

Propo

| ke . Val adeds. det Fal u 1 141 d.d ke
Ul a Ldot, alltl atttilUullly GUIHIITIIITITTHITIITTLIITES. WUTTTOPUIIUTIILT STIUUIU DT aUultsoostu tu.

Secretary, PCC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

ing Revisions. Revisions are made periodically to the Standard to incorporate changées that appear nece

Esary

or desirable, as demonstrated by the experience gained from the application of the Standard: Approved revisions will be
published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals.should be as specific as pos
citing thgq paragraph number(s), the proposed wording, and a detailed description of the reasons for the propgosal,
including any pertinent documentation.

sible,

Proposing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementation of

an approy

immediafely upon ASME approval and shall be posted on the ASME’Committee web page.

Reques
Standard
existing (
Case app

Interpn
Standard
Committg

Reques
form is ag
automati

If the I
Committg

€.

cessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will recei
C e-mail confirming receipt.

e at the above address.-The request for an interpretation should be clear and unambiguous. It is furthe

red revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effdctive

ts for Cases shall provide a Statement of Need and Background Information. The request should identifly the
and the paragraph, figure, or table number(s), and be\written as a Question and Reply in the same fornjat as

ases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the progosed
ies.
petations. Upon request, the PCC Standards,Committee will render an interpretation of any requirement

fthe

Interpretations can only be rendered ih response to a written request sent to the Secretary of the PCC Standlards

ts for interpretation should preferably be submitted through the online Interpretation Submittal Form| The

ve an

hquirer is unable to use.thé online form, he/she may mail the request to the Secretary of the PCC Standlards

[ rec-

ommendg¢d that the Inquirer.submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.

Edition: Cite the applicable edition of the Standard for which the interpretation is being requgsted.

Question Phrase the question as a request for an interpretation of a specific requirement suitable for
general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way thata
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

viii
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

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,” “
devige,oractvity:

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The PCC Standards Committee regularly holds meetings and/or telephone confer-
ence$ that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secrgtary of the PCC Standards Committee.
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Following - he ASM ommittee and ASME anda
the Ameijican National Standards Institute on January 17, 2019.
ASME P(C[C-1-2019 includes the following changes identified by a margin note, (19).
Page Location Change
1 1 First paragraph editorially revised
1 4 (1) Subparagraphs (a), (a)(2), (b), (c),.and (c)(1) revised
(2) Tables 1M and 1 deleted and subsequent tables redesignated
3 7 (1) Second paragraph and subparas. (b) and (d) revised
(2) Subparagraphs (e) and (f)(deleted and subpara. (g)
redesignated as (e)
3 8.2 (1) Revised
(2) Footnote 6 added.and subsequent footnotes redesignateld
4 9.1 Editorially revised
4 10 Note deleted
8 Table 2 Formerly Table 3, Notes editorially revised
9 12 Revised 'in its entirety
9 13 Finalparagraph revised
10 14.2 Subparagraph (f) and third paragraph following subpara. (p|
revised
11 Table 3.1 Formerly Table 4.1, General Note added
13 15 Third and final paragraphs revised
14 151 Revised in its entirety
14 16.2 Revised
14 16.3 Revised
14 16.4 Revised
15 16.5 Revised
17 16.6 Address of AWS updated
17 16.% Revised
17 16.8 Revised
17 1610 Revised
17 16.11 Revised
17 16.12 Revised
17 16.13 Added and subsequent paragraphs redesignated
17 16.15 Formerly 16.14, revised
17 16.16 Formerly 16.15, revised
21 A-1.2 Definition of senior bolting assembler moved for alphabetical
order
22 A-1.3.1 Revised
X

ASME PCC-1-2019
SUMMARY OF CHANGES
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Page Location Change

22 A-1.3.2 Revised

22 A-1.3.3 Revised

22 A-1.3.5 Revised

29 A-2.4 Editorially revised

29 A-2.4.1 Subparagraph (a)(2) revised
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GUIDELINES FORPRESSURE BOUNDARY BOLTED FLANGE JOINT
ASSEMBLY

1 SCOPE

These guidelines for bolted flange joint assemblies

joint assemblers. Alternative features and methods for
specific applications may be used subject to endorsement
by the user

(BFJAs) apply principally to pressure-boundary flanged
j with ring-type gaskets that are entirely within
ircle enclosed by the bolt holes and with no
contjct outside this circle.! These guidelines may be selec-
tively applied to other joint geometries. By selection of
thos¢ features suitable to the specific service or need,
thes¢ guidelines may be used to develop effective joint
assembly procedures for the broad range of sizes and
service conditions normally encountered in industry.

Users are cautioned that the guidelines contained in
ASME PCC-1 have been developed generically and are rec-
ommended for general applications. They may not neces-
be suitable for all applications. Precautionary
cons|derations are provided in some cases but should
not e considered as all-inclusive. Sound engineering
practices and judgment should be used to determine
the applicability of a specific method or part of a
metHod to a specific application. Each joint assembly
procgdure should be subject to an appropriate review
by qualified personnel. While this guideline covers
joint|assembly within the scope of ASME Pressure Fech-
nology Codes and Standards, it may be used on equipment
consfructed in accordance with other codes(and stan-
dards.

Gulidance on troubleshooting BFJAs not providing leak-
tight|performance is also provided insthis document (see
Appdndix P).

2 INTRODUCTION

A BFJAis a complex mechanical device; therefore, BFJAs
that provide leak-free,service are the result of many selec-
tiong/activities having been made/performed within a
relatjvely narrew.band of acceptable limits. One of the
activjties essential to leak-free performance is the joint
assembly-process. The guidelines outlined in this docu-
ment coyer the assembly elements essential for a high
level i i i i
designed/constructed BF]JAs. It is recommended that
written procedures, incorporating the features of these
guidelines that are deemed suitable to the specific appli-
cation under consideration, be developed for use by the

! Rules for design of bolted flanges with ring-type gaskets are covered
in Mandatory Appendix 2 of ASME Boiler and Pressure Vessel Code
(ASME BPVC), Section VIII, Division 1; see also ASME BPVC, Section
VIII, Division 1, Nonmandatory Appendix S for supplementary consid-
erations for bolted flanges that are helpful to the designer of Appendix 2
flanges.

NOTE: Within the context of this Guideline, the-tdrm “user”
includes the user and their authorized agent»as r¢corded in
either the contract documents or the written,assembly proce-
dures (see para. 14.1).

3 TRAINING AND QUALIFICATION OF BOLTED
JOINT ASSEMBLY PERSONNEL

It is recommended that the user provide, or e]rrange to
have provided, as appropriate, essential training and
qualification in-accordance with Appendix|A of the
bolted joint dssembly personnel who will be [expected
to follow procedures developed from this Guideline.
See section F-2 of Appendix F for comrments on
accepting flange joint assembly procedures notjcurrently
listed*in these guidelines.
The qualification of assemblers in accordgnce with
Appendix A may be considered portable subject to the
guidance in para. A-5.3.5.

4 CLEANING AND EXAMINATION OF FLANGE AND
FASTENER CONTACT SURFACES

Before assembly is started, clean and examine flange
and fastener contact surfaces as described in this section.
With one exception, remove all indicatiops of the
previous gasket installation from the gaskef contact
surfaces; use approved solvents and/or qoft-wire
brushes, if required, for cleaning to prevent surface
contamination and damage to existing surfage finish.
Avoid using carbon steel brushes on stainless stefl flanges.
The exception based on experience is residugl flexible
graphite that may remain in the surface finish grooves
when either a flexible graphite clad or a spirpl-wound
gasket with flexible graphite filler is to be used jps the re-
placement gasket.
a) Examine the gasket contact surfaces of bokh mating
joint flanges for compliance with recommended surface
finish (see Appendix C) and for damage to surface
finish such as scratches, nicks, gouges, and burrs. Indica-
tions running radially across the facing are of particular
concern. Refer to sections D-2 and D-3 of Appendix D for
guidelines covering recommended limits on gasket
contact surface imperfections and their locations.
(1) It is recommended that surface-finish
comparator gages be available to joint assembly person-
nel.
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(2) Report any questionable imperfections for
appropriate disposition. If machining or weld repair of
imperfections is deemed to be required, see ASME
PCC-2, Article 305 for repair considerations.
Appendix C provides recommended final surface finishes.

(b) When working with problematic or critical service
[see Note (1) of Table 2] flanges of large diameter with leak
histories or suspect fabrication, it is recommended to
check gasket contact surfaces of both joint flanges for flat-

(2) Strong consideration should be given to repla-
cing bolts of any size should it be found that they have
been abused or nonlubricated during previous assem-
blies.

(3) Thread dies generally do not result in a smooth,
reconditioned surface; therefore, turning bolt threads in a
lathe is the preferred method to recondition costly
fasteners. The process will remove thread material; there-
fore, the user is cautioned to ensure the tolerance limits of

ness, botfrradtatty amd circumferemnttatty. This Tmay be
accomplished in some cases using a machinist’s straight
edge and feeler gages, but using either a securely mounted
run-out/flatness gage or field machining equipment
capable ¢f providing accurate total indicator readings
is recomrhended. Section D-1 of Appendix D provides flat-
ness tolefance recommendations.

If macHining or weld repair is deemed to be required to
achieve the required flatness, see ASME PCC-2, Article 305
for repaif considerations. Appendix C provides recom-
mended final surface finishes.

(c) Exdmine bolt? and nut threads and washer faces of
nuts for [damage such as rust, corrosion, and burrs;
replace/forrect any damaged components. Likewise
bolt/nut combinations for which the nuts will not turn
freely by|hand past where they will come to rest after
tightening should be replaced/corrected; this includes
tapped Hole threads. (See ASME PCC-2, Article 303,
which cojvers repair of damaged tapped hole threads.)
If separate washers are scored or cupped from previous
use, replace with new through-hardened washers?
(surface-hardened washers are not suitable). The condi=
tion of prgviously used bolts/nuts has a large influenceon
the perfofmance of a bolted joint assembly. The/following
guidelinep relating to the reuse of bolts/nuts.are offered
for consifleration:

(1) YWhen using bolts and nuts of Common grade as
fasteners| the use of new bolts and nuts up to M30 (1% in.)
diamete} is recommended whien bolt load-control
methods puch as torque or tension are deemed necessary
(see Appg¢ndix N). For larget.bolt diameters, it is recom-
mended that the cost ofcleaning, deburring, and recon-
ditioning be companed ‘to the replacement cost and
considerpd in the assessment of critical issues of the
assembly. When{assessing the cost, consider that
working with-anid reconditioning fasteners in the field
may be more-éxpensive than replacement and that the

ASME BT Tfor the origimat class of fitspecifted arg not
exceeded. Any fastener with thread dimensjonq less
than the minimum major diameter or thé minimum
pitch diameter should be replaced.
(4) Nuts are generally replaced rather'than recpndi-
tioned.
Appendix N provides supplementary informati¢n on

the bolt reuse topic.
(d) Examine nut-bearing er'washer-bearing surfages of
flanges for coating, scores, burrs, visual evidence of ofit-of-
squareness (indicatedby'‘ineven wear), etc. Coatingq over
approximately 0.13 mim'(0.005 in.) thick should be dither
removed or reduced in thickness; remove all coatirlg for
critical joints,Roughness, gouges, and protrusions should
be removed. from these surfaces. On severely damaged
flanges, machining this area may be required, in which
case thre, minimum acceptable residual flange thickness
must\be considered. The use of through-hardened, flat
washers* may be appropriate to provide smootl and
square nut-bearing surfaces.

5 ALIGNMENT OF FLANGED JOINTS

Proper alignment of all joint members is the ess¢ntial
element of flange joint assembly. It results in maximum
sealing surface contact, maximum opportunity for
uniform and design-level gasketloading, and reduced fric-
tion between the nutand the flange. Guidelines for aligning
flanged joints are provided in Appendix E.

6 INSTALLATION OF GASKET

Place a new gasket in position after determining the
absence of (or having made correction for) unacceptable
gasket sealing surface imperfections and flatness foler-
ance deviations, as well as joint alignment considerations
(see Appendices D and E).

Reuse of a gasket is not recommended. However, the

results of recomditiominmg camr beunpredictable—Whem
coated bolts are used, the remaining corrosion protection
and self-lubricating functions are additional considera-
tions with respect to continued use or replacement.

2 “Bolt” as used herein is an all-inclusive term for any type of threaded
fastener that may be used in a pressure-boundary BFJA such as a bolt,
stud, stud bolt, or cap screw.

3 Use of washers is optional. However, it is generally recognized that
the use of through-hardened steel washers will improve the translation
of torque input into consistent bolt stretch. See Appendix M for a suitable
through-hardened washer specification guideline.

substrates of grooved metal gaskets with facing layers
may be reused after having been reconditioned and
refaced in a manner consistent with the original
product specification. The reinstallation of gaskets so

* Flat washers protect the nut-contact surface of the flange from
damage and provide a smooth and low-friction turning surface for
the nuts. These are important considerations when torquing
methods (either manual or hydraulic) are used for bolt tightening.
Flat washers also promote improved load distribution. See
Appendix M for a suitable through-hardened washer purchase specifi-
cation guideline.
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refurbished is not considered gasket reuse since the
sealing performance of the gasket has been restored.
For other gasket types, experience has clearly shown
that only a new gasket will reliably provide the necessary
plastic deformation and elastic recovery characteristics
essential to achieve an effective seal. Visual or physical
inspection of a used gasket for apparent damage is not
sufficient to detect such sealing surface factors as
work-hardening, brittleness, or the effects of heat or inter-

through the flange bolt holes to avoid possible contamina-
tion with solid particles that could create unwanted reac-
tion torque. Lubrication should be applied irrespective of
the tightening method used.

(e) Do not apply either approved lubricant or unap-
proved compounds to the gasket or gasket-contact
surfaces; protect against inadvertent application to
these surfaces.

actiofrwitir theservice fiutd:
Verify that the gasket complies with the dimen-
siondl (0.D., L.D., thickness) and material specifications.
(b] Position the gasket to be concentric with the flange
[.D., [taking suitable measures to ensure that it is
adequately supported during the positioning process.
No pprtion of the gasket should project into the flow path.
(c) Ensure that the gasket will remain in place during
the jpint assembly process; a very light dusting of spray
adhefive on the gasket (not the flange) may be used. Parti-
cular| care should be taken to avoid adhesive chemistry
that|is incompatible with the process fluid or could
resuft in stress corrosion cracking or pitting of the
flangde surfaces. Do not use tape strips radially across
the dasket to hold it in position. Do not use grease.

7 LUBRICATION OF “WORKING” SURFACES®

rication reduces the coefficient of friction and
results in less required torque to achieve a given
tensjon, improves the consistency of achieved lead
from|bolt to bolt within the joint, and aids in the.subse-
quenit disassembly of the fasteners.

When reusing bolts or if lubricant is applied-inconsis-
tently, the nut factor will change and therefore the torque
valules should be adjusted accordingly (refer to
Appdndix K).

(a] Ensure that the lubricant i§ chemically compatible
with fthe bolt/nut/washer materjals and the process fluid.
Particular care should be tdkei to avoid lubricant chem-
istry|that could contribute)to stress corrosion cracking,
galvdnic corrosion, oXygen auto-ignition, etc.

(b} Ensure thatthe lubricant has proven to be suitable
for the expected ‘range of application temperature(s) and
antisgize requirements.

(c] Before“lubricant is applied to the bolt and nut
thredds, fiuts must run freely by hand past where they
will tome to rest after tightening. If nuts will not turn

8 INSTALLATION OF BOLTS— |

Install bolts and nuts so they are hand-tightl with the
marked ends of the bolts and nuts located on [the same
side of the joint and facing outward to facilitate irjspection;
then snug up to 15 N-m (10 ft-1b) to 30 N-m (20 [ft-1b), but
not to exceed 20% of the Target Torque (see sectfion 12). If
nuts do not hand tighten, check for cause and hake nec-
essary corrections.

8.1 Bolt/Nut Specifications

Verify compliance with bolt and nut specjfications
[materials, didmeter, length of bolts, thread pitch, and
nut thickness equal to the nominal bolt diameter
(heavychex series nuts)].

8.2 Bolt Lengths

Check bolts for adequate length. This length should
consider the presence of washers, nut height, and required
thread protrusion. The requirements in the new construc-
tion codes® are based on complete thread engagpment for
the full depth of the nut. However, it has been shown that
the full strength in a threaded fastener can be developed
with one thread less than complete thread engagement
(see para. 16.15 references), a potential consfideration
in certain post-construction situations. The uge of bolt
tensioners requires that the threaded portipn of the
bolt extend at least one bolt diameter beyond the
outside nut face on the tensioner side of the joint. Galva-
nized or coated bolts may require special tensioper puller
sleeves.

8.2.1 Excess thread protrusion can hinder jdint disas-
sembly due to corrosion, paint, or damage. A prqctice that
facilitates joint disassembly (see section 15) is to fully
engage the nut on one end (no bolt projectioh beyond
the nut) so that all excess threads are located on the oppo-

freely by hand, check for cause and make necessary
corrections/replacements.

(d) Apply lubricant liberally and completely to the nut
contact faces and to the threads on both ends of the bolts
past where the nuts will come to rest after tightening; the
lubricant should be applied after the bolts are inserted

®The term “working” surfaces refers to those interfaces between
fastener components and/or fasteners and flanges that slide past
one another during tightening or loosening.

'S = R £l | 4 H 1. RIAN
STTC CTIO LACES ST Catprotr asSToITr oy OTriaoIre T ut ShOuld

be minimized.

8.2.2 When the effective stretching length (L.g; see
para. 10.2) is short,” the total initial bolt elongation
(AL; see para. 10.2) resulting from the determined
Target Bolt Stress (see section 12) will be a

® Thread engagement is covered in UG-13 of ASME BPVC, Section VII],
Division 1 and para. 335.2.3 of ASME B31.3.

7 A bolt having an effective length shorter than 5 times its nominal
diameter is generally considered to be “short.”
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proportionately small value, thereby resulting in a signif-
icant percentage reduction in the post-assembly bolt
stress due to normal gasket creep, embedment losses,
and joint heat-up. The sensitivity to this occurrence
should be given careful attention along with other joint
considerations when selecting the level of Target Bolt
Stress.

9 NUMBERING OF BOLTS

It is recognized by Nonmandatory Appendix S of ASME
BPVC, Section VIII, Division 1 that the initial tightening of
the bolts in a joint comprising flanges designed in accor-
dance with Mandatory Appendix 2 of that Division is a
prestressing operation and that the level of required
Target Bolt Prestress can vary considerably above the
Code-tabulated design-stress value. This is an acceptable
and usually required practice. Appendix S states that “...an
initial bolt stress higher than the design value may, and in

9.1 Nuanering of Bolts When a Single Tool Is Used

When ¢ither the Legacy or Modified Legacy method is
used, the| corresponding bolt-numbering systems are as
follows:

(a) A dystem whereby each bolt location, starting with
number 1 and continuing through N (where N is the total
number df bolts in the joint), is numbered sequentially on
the flangg in a clockwise manner. This system was used in
ASME PCL-1-2000. It has been retained (and therefore is
reference¢d as the Legacy method). The cross-pattern
passes afe completed using the pattern outlined in
Table 3. [This numbering system allows, for example,
the quicl identification of bolt number 20 in a 40-bolt
flange byt requires a reference table such as Table 3
for the tightening sequence during the tightening process.

(b) An]alternative numbering system for the Legacy
method (|see Table 3.1) is designed so that the number
assigned [at each bolt location represents the sequential
order for|tightening that bolt; in other words, the cross-
pattern tightening sequence is identified by the assigned
bolt numper and, therefore, a separate reference table is
not requlired during the tightening process.For the
purposeq of joint assembly, the Table 3 and'\Tdble 3.1
numbering systems are considered equivalent.

See Appendix F for joint assembly patteriis and torque-
increment combinations that require fess-assembly effort
than the [Table 3 and the Table 34 niethods.

9.2 Nu
Use

bering of Bolts When Multiple Tools Are

See Appendix F (Altennative Patterns #4 and #5).

10 TIGHTENING.OF BOLTS

Using the ‘selected tightening method/load-control
technique {see para. 10.1), tighten the joint using

TITOST CASES, MUST, DE devetoped 1T the tghtemmng opera-
tion, and it is the intent of this Division that such a prdctice
is permissible, provided it includes necessary‘and appro-
priate provision to ensure against excessive flahge d{stor-
tion and gross crushing of the gasket.”-For joints custom
designed in accordance with Appendix 2ya common fange
of Target Bolt Prestress that is often-found acceptabple is
around 40% to 70% of the specified minimum pield
strength of the bolt material {seealso para. 8.2.2 regafding
the effect of short bolts on the determination of the Thrget
Torque value). This range is normally only exceeded in
exceptional cases thathave been assessed by a quallified
engineer. Howeyér, any maximum Target Bolt Predtress
must be selected to ensure that all three of the [joint
components.— bolts, flange, and gasket — are str¢ssed
within aceeptable limits. (See also para. 0-1.2.)

Section 12 provides guidance on the determinatipn of
thesassembly Target Torque value.

Appendix O outlines a method to determing the
assembly bolt stress for a given flange joint (polt,
flange, gasket assembly). The method is based|on a
formula and flange stress limits that are supportgd by
and consistent with elastic-plastic FEA work. A calculption
is provided that uses an example-specific maximum ajlow-
able gasket stress; however, the user must provid¢ this
information. Tables for maximum bolt load limitf are
provided for ASME B16.5/B16.47 Series A flange§ and
the method to calculate the assembly bolt loafl for
other standard and nonstandard flanges is outlinedl.

10.1 Tightening Method/Load-Control Technjque

(a) Several tightening methods are available sufh as
hand wrench, slug/hand wrench, impact wrgnch,
torque tools, and tension tools. Also, several Joad-
control techniques are available. Thus, several compina-
tions of specific joint assembly methods/techniquels are
available for consideration.

either the torque increment rounds shown in Table 1
and either the companion Table 3 or Table 3.1 cross-
pattern tightening sequences when using a single tool
as described in section 11, or one of the alternative tight-
ening procedures shown in Alternatives #1, #2, and #3 of
Appendix F.

Alternatives #4 and #5 illustrate alternative group
numbering systems and tightening sequences when
simultaneously using multiple tools.

(b) Four such combinations that are commonly used
are listed as follows in ascending order of bolt-load
control accuracy; however, the implied bolt-load
control accuracy is dependent on assembly procedures,
specific material properties, and operator training and
competency:

(1) tightening with hand or impact wrenches. Hand
wrenches are practical only for bolts approximately 25
mm (1 in.) in diameter and smaller.
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Table 1 Torque Increments for Legacy Cross-Pattern Tightening Using a Single Tool

Step Loading

Install Hand tighten, then “snug up” to 15 N-m (10 ft-1b) to 30 N-m (20 ft-1b) (not to exceed 20% of Target Torque). Check flange gap around
circumference for uniformity. If the gap around the circumference is not reasonably uniform, make the appropriate adjustments by
selective tightening before proceeding.

Round 1  Tightento 20% to 30% of Target Torque (see section 12). Check flange gap around circumference for uniformity. If the gap around the
circumference is not reasonably uniform, make the appropriate adjustments by selective tightening/loosening before proceeding.

Round 2  Tightento 50% to 70% of Target Torque (see section 12). Check flange gap around circumference for uniformity. If the gaparound the
circumference is not reasonably uniform, make the appropriate adjustments by selective tightening/loosening béfore proceeding.

Round 3  Tighten to 100% of Target Torque (see section 12). Check flange gap around circumference for uniformity, If the gap [around the
circumference is not reasonably uniform, make the appropriate adjustments by selective tightening/lpesening before proceeding.

Round 4 Continue tightening the bolts, but on a circular clockwise pattern until no further nut rotation occufs at the Round 3 Tagget Torque
value. For indicator bolting, tighten bolts until the indicator rod retraction readings for allbolts are within the spedified range.

Round 5 Time permitting, wait a minimum of 4 h and repeat Round 4; this will restore the short-term creep relaxation/embedmgnt losses. If

completed.

the flange is subjected to a subsequent test pressure higher than its rating, it may be desirable to repeat this round aftdr the test is

2) tightening with hand-operated or auxiliary-
powgred tools with torque measurement. Hand-operated
torqu wrenches are practical only for bolts with assembly
torqye less than approximately 700 N-m (500 ft-1b).

[3) tightening with tensioning tools that apply an
axial[load to the bolt with force measurement.

4) any tightening method used with bolt elongation
(strefch) orload-control measurement. Bolt materials and
properties vary within bolt types and thiS_must be
accolinted for when using these methods!

(c] The selection of the tightening method/load-
contfol technique for the joint unider consideration
should be made based on past experience with similar
joints and full consideration of-theisks (safety, environ-
menfal, financial) associated-with potential leaks for the
service conditions under/consideration. For example, it is
widédly recognized that\the most accurate bolt preload
contfol method (£10% or less) is direct measurement
of rg¢sidual bolt elongation (stretch) after tightening
(see |para. 102}, whereas large bolt load variations are
possible when'any tightening method alone, not followed
by stfetch/load verification, is used. Use of hydraulic bolt
tensipners results in accurate application of initial axial

(d) Regarding direct measurement of residual bolt
elongation, it should be recognized that, if yltrasonic
or‘danicrometer elongation control is used, initial bolt
length readings must be obtained and documgnted for
each bolt for which bolt elongation is to be determined;
additionally, compensation mustbe made for tempperature
changes in the bolt after the initial length meagurement.
For accuracy, the instrument should be calibratefl to prop-
erly read the bolts being tightened. Information|stored in
the instrument or tabled values may be too generic to
produce the desired level of accuracy. For bolts con-
structed with a centerline indicator (gagq) rod as
shown in Figures 1 and 2, neither initial length [measure-
ments nor temperature compensation is requiregl, thereby
allowing direct determination of the true bolt eJongation
(and hence bolt stress) for both initial assemblyfand trou-
bleshooting purposes during operation.

(e) Proprietary force-sensing devices that cah provide
accurate and reliable real-time (increaging and
decreasing) bolt tension readings/printouts are|available
from several manufacturers.

10.2 Bolt Elongation (Bolt Stretch) Determination

load to the bolts; however, this initial load is decreased
due to transfer-load losses when the load from the
hydraulic bolt tensioner is transferred to the nut on
the tensioner side of the joint. Therefore, if tensioners
are employed to obtain the target residual preload, use
the procedure recommended by personnel who are
experienced and qualified in controlled bolting services.
Most tensioning tools require additional bolt length.

When bolt elongation (bolt stretch) measurement is
selected as the load-control technique to be used, the
required bolt elongation is computed according to the
following equation (assumes the bolt is threaded full

length):
AL < (Sh X Leff) A
E Ay
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(19) Table 2 Recommended Tool, Tightening Method, and Load-Control Technique Selection Based on Service Applications

Service
Applications
[Note (1)] Tools [Note (2)] Tightening Method Load-Control Technique
Mild Service Manual or auxiliary-powered tools Pattern single or multibolt Consistent procedures per industry best practices
tightening procedures or torque control
Intermediate Manual or auxiliary-powered tools or Pattern single or multibolt See Note (3)
Service torque- or tension-measuring tools tightening procedures
Critical Service Torque- or tension-measuring tools Pattern single or multibolt Torque or tension control with final bolt
tighteningprocedures elongationHoadverifteatiomoptionatiNote (4)]

GENERAL NOTE: See para. 10.1.

NOTES:
(1) Service] Applications should be designated by the user and should consider governing design conditions (pressure, temperature} etc.),
mechanical criteria (bolt diameter, flange diameter, gasket type, etc.), joint leakage history, and fluid service category:

(a) An|example of Mild Service is Category D Fluid Service as defined in ASME B31.3.

(b) An|example of Intermediate Service is Normal Fluid Service as defined in ASME B31.3.

(c) Examples of Critical Service include service requirements as defined by local jurisdictional requirements [example for United States fis CFR
1910.119 (QSHA PSM rule)], lethal substance service as defined in ASME BPVC, Section VIII, Division 1, or Category M'Fluid Service as defined inf ASME
B31.3.
(2) All too]s shall be regularly and properly maintained and calibrated.
(3) Itisreqognized that many joints are regularly tightened using impact wrenches or manual tools with no precise load control. Experiende may

prove this is sufficient for certain applications, but unmeasured tightening is not recommended forintermediate Service applications wjithout

careful consideration of the risks.
(4) Wherejpast practice with specific or similar equipment warrants or where testing/research validates, elongation and load verification rhay be

waived.
where 10.3(Tightening Method/Load-Control Technjque
A, = foot area, mm? (in.?). See Appendix H for bolt Selection
root areas.

Table 2 shows an example of an approach to seldcting

Ay = fensile stress area, mm? (in.?). See Appendix H
the tools, tightening method, and load-control techpique

for bolt tensile stress areas. X

E = modulus of elasticity, MPa (ksi) suitable to the need.
Lege = pffective stretchinglength, mm (in.). The:conven- NOTE: Table 2 is provided as an illustration; due consideratjion of
fional assumption is that the effective 'stretching specific conditions and factors applicable to the joint yinder
ength in a through-bolted joint system is the consideration should be given when selecting the appropriate
Histance between mid-thickness' of the nuts, tightening method/load-control technique combination|for a
where the nominal thickness-of a heavy hex given application.

Keries nut is one nomimal .bolt diameter. By
the same standard, the effective length of the 10.4 Start-Up Retorque

porti9n of a bolt thatyis s.tudded int-o a tapped Onjoints thatare problematic, or have been determpined
ole is one-half of-a*nominal bolt diameter. to have insufficient buffer against leakage in accordance
Sp = [Farget Bolt Sttess (root area), M_Pa (ksi). It is with Appendix O, a start-up retorque may be perfornjed to
n(?ted that baltstresses c.omputed n accordar.lc.e decrease the likelihood of leakage during operatjion.?
V‘_”th Maudatory Appendix 2 of Section VIII, Divi- Start-up retorque is performed when the temperature
ion 1.0 ASME BPVC are based on root area. If of the flange or bolts is between 150°C (300°F) and
Target Bolt Stress (tensile stress area) is used, 230°C (450°F) or within 24 h of unit start-up iff the
drop the A,/A; term from the AL computation. s : ° I This
bolt elongation.(bolt stretch), mm (in.).. Select a temperature range and time window are selected to
.toleran.cg on this computed value and include it allow for the maximum amount of gasket relaxation
in the joint assembly procedure. prior to retightening while avoiding significant evapora-
tion of lubricating oils from the antiseize product. Loss of
lubricating oils greatly reduces the accuracy of the torque.

AL

8fjoint-tightening activities are performed on pressurized equipment,
there is a risk of gasket blowout due to the disruption of the joint. Gasket
blowout or leakage may occur at a location around the periphery of the
joint other than the one being tightened. This risk should be considered,
particularly with respect to personnel in the vicinity of the joint.
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The applied torque is sometimes adjusted to account for
changes in antiseize nut factor at the average start-up
retorque temperature. Start-up retorque is typically
not recommended for PTFE-based gaskets. Where
start-up retorque is not practical, live tightening at a
later stage of operation using turn-of-nut may be used

ASME PCC-1-2019

as an alternative.

The start-up retorque is performed in accordance with

the following procedure:

(a

upr
the o

bolti
post
leakd
furth

er in ASME PCC-2.

11 TIGHTENING SEQUENCE

11.1

Se
(a
(b
num
()
nativ
state
Th
the
Figuy
pattd

Single-Tool Usage

ect from the following:

pering system.

d limitations f0r their application is essential.

48-b

peration can be performed safely. Start-up retorque
shou]d notbe considered the same as live tightening or hot
g (see Appendix B). Live tightening or hot bolting are
assembly activities usually undertaken due to
ge or maintenance requirements and are covered

The Table 3 Legacy pattermahd numbering system.
The Table 3.1 modified Legacy pattern and

The alternative pattérn sequences shown in Alter-
es #1, #2, and #3w9fAppendix F; compliance with the

e torque increment round-tightening information for
'able 3 Legacy pattern is detailed in Table 1 (see
es 3 and 4 for an illustration of the Legacy cross-
rn tightening sequence for a 12-bolt flange and a
plt(flange, respectively, the latter illustrating the

11.2 Multiple-Tool Usage

Follow the procedures outlined in Alternatives #4 and

#5 of Appendix F.

11.3 Measurement of Gaps

For the purpose of maintaining parallelism during the

initial tightening passes of assembly, take meas

urements

of the gap between flanges around the circumference.

vicdSUI'c C d U dUju C dl € U CO
this point if the flanges remain parallel.\Me€3
gap between flanges at eight or more equally sp
tions of good-quality flange surface around the @
ence. Use a measuring device that*allows
comparison between points. Gap’ measuren
not intended as indicators/of-gasket stresg
bolts in the vicinity of th€ low readings (sma
between flanges), until'the gap is uniform {
0.25 mm (0.010 in.).“¥Hnecessary, bolts at thg
of the highest readihgs (largest gap between
can be tightened.)However, if the difference
required to-keep the gap uniform is greater t
disassemblethe joint and locate the source of the

12 TARGET TORQUE DETERMINATION

Guidance on determination of Target Tor
Appendix O.

13 JOINT PRESSURE AND TIGHTNESS TE

Bolted joint assemblies should be tested to e7]

ded past
sure the
hced loca-
ircumfer-
for good
ents are
. Loosen
llest gap
o within
location
flanges)
n torque
han 50%,
problem.

que is in

STING

sure leak

tightness. Subject to code/regulatory requirenents, the

user should establish

(a) the type of leak test (e.g., visual, bubblg
solution, sniffer)

(b) test fluid (e.g, air, inert gas, water, serv

(c) test pressure (e.g., low pressure or up {
mandated visual inspection pressure)

(d) acceptance criteria (often simply “no d
leaks”)

The user is also cautioned to consider that th
of using “temporary” gaskets for pressure or
testing of systems that include bolted flange joi
blies has resulted in numerous incidents of injury
injury to assembly personnel due to “blowout”
these alternative gasket materials/types. T}

-forming

ce fluid)
0 a code-

etectable

P practice
tightness
ht assem-
rand near
failure of
he use of

bolt-grouping concept). Counterpart illustrations of
certain alternative pattern sequences are covered in

Appendix F.

NOTE: The cross-pattern bolt-tightening sequence and multi-
round tightening are necessary to counter the elastic interaction
that occurs when tightening bolts. See Appendix I for additional
information regarding elastic interaction (or bolt cross-talk).

substitute gaskets during testing instead of those

designed

as the final seal for the joint is not recommended.

Refer to ASME PCC-2, Article 501 for general g

ood prac-

tices for pressure and tightness testing of pressure equip-

ment.

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.

(19)


https://asmenormdoc.com/api2/?name=ASME PCC-1 2019.pdf

ASME PCC-1-2019

Table 3 Legacy Cross-Pattern Tightening Sequence and Bolt-Numbering System When Using a Single Tool

No. of
Bolts Tightening Sequence for Cross-Pattern Passes [Note (1)]

4 1-3-2-4

8 1-5-3-7 - 2-6-4-8

12 1-7-4-10 - 2-8-5-11 - 3-9-6-12

16 1-9-5-13 - 3-11-7-15 — 2-10-6-14 — 4-12-8-16

20 1-11-6-16 — 3-13-8-18 —» 5-15-10-20 - 2-12-7-17 = 4-14-9-19

24 1-15-7-17 = 4-10-1U-24 = 4-14-6-4U — O-1/-11-45 — 5-15-7-41 — 0-16-14-244

28 1-15-8-22 — 4-18-11-25 — 6-20-13-27 - 2-16-9-23 — 5-19-12-26 — 7-21-14-28 — 3-17-10-24

32 1-17-9-25 — 5-21-13-29 - 3-19-11-27 - 7-23-15-31 - 2-18-10-26 — 6-22-14-30 — 4-20-12-28 — 8-24-16-32

36 1-2-3-519-20-21-10-11-12 - 28-29-30 - 4-5-6 —» 22-23-24 —» 13-14-15 - 31-32-33 > 7-8-9 —» 25-26-27 —» 16~17-18 - 34435-36

40 1-2-3-4 - 21-22-23-24 - 13-14-15-16 — 33-34-35-36 — 5-6-7-8 — 25-26-27-28 - 17-18-19-20 - 37-38¢39:40 — 9-10-1]1-12
29-30-31-32

44 1-2-3-4 - 25-26-27-28 - 13-14-15-16 — 37-38-39-40 — 5-6-7-8 — 29-30-31-32 — 17-18-19-20 —» 44-42-43-44 - 9-10-1]1-12
33-34-35-36 — 21-22-23-24

48 1-2-3-4 - 25-26-27-28 —» 13-14-15-16 - 37-38-39-40 — 5-6-7-8 — 29-30-31-32 - 17-18-19-20°> 41-42-43-44 —» 9-10-11-12
33-34-35-36 — 21-22-23-24 — 45-46-47-48

52 1-2-3-4 - 29-30-31-32 - 13-14-15-16 — 41-42-43-44 — 5-6-7-8 - 33-34-35-36 — 17-18-19-20 — 45-46-47-48 — 21-22-2B-24 |
49-50-51-52 — 25-26-27-28 - 9-10-11-12 — 37-38-39-40

56 1-2-3-4 - 29-30-31-32 - 13-14-15-16 — 41-42-43-44 — 21-22-23-24 - 49;50:51-52 - 9-10-11-12 — 37-38-39-40 J
25-26-27-28 — 53-54-55-56 — 17-18-19-20 — 45-46-47-48 — 5-6-7-8 % 33/34-35-36

60 1-2-3-4 - 29-30-31-32 > 45-46-47-48 — 13-14-15-16 - 5-6-7-8 — 37-38:39-40 — 21-22-23-24 — 53-54-55-56 —» 9-10-11-12 J
33-34-35-36 — 49-50-51-52 — 17-18-19-20 — 41-42-43-44 — 5758:59-60 — 25-26-27-28

64 1-2-3-4 - 33-34-35-36 - 17-18-19-20 - 49-50-51-52 - 9-10-11-12/% 41-42-43-44 — 25-26-27-28 - 57-58-59-60 — 5-6(-7-8
37-38-39-40 — 21-22-23-24 - 53-54-55-56 — 13-14-15-16 %\45-46-47-48 — 29-30-31-32 - 61-62-63-64

68 1-2-3-4 - 37-38-39-40 — 21-22-23-24 — 53-54-55-56 — 9-10-11-12 — 45-46-47-48 — 29-30-31-32 - 61-62-63-64
17-18-19-20 — 57-58-59-60 — 33-34-35-36 — 5-6-7-8.%%/41-42-43-44 — 13-14-15-16 - 49-50-51-52 — 25-26-27-28 J
65-66-67-68

GENERAL NOTES:

(a) See Taple 3.1 covering an alternative to the Legacy patterfi-numbering system.

(b) See Appendix F for Alternative #1 (Modified Legacy), which uses the same numbering system as the Legacy method (Table 3 or Table 3{1) but
a diffegent torque increment than thatin Table 1. Alternatives #2 and #3 from Appendix F use both a different pattern than that in Tabje 3 or
Table 3.1 and a different torque increment thanithat in Table 1. Compliance with the limitations of the application of these alternatjves is
essentfal.

(c) See Appendix F for Alternatives #4 and #5 for alternative group numbering and tightening sequence when simultaneously using myiltiple
tools.

NOTE: (1)|SeeFigures 3 and 4 forillustrations of Legacy cross-pattern tightening sequences and bolt-numbering system when using a single tool.

14 RECOQRDS 14.2 Joint Assembly Records

Considpration should be given to the preparation of a Joint assembly records may include the following infor-
joint assgmbly recerd for each assembled joint, particu- mation:

larly thoge that‘are deemed to be in critical service or (a) joint location or identification

deemed fo be prone to leakage. (b) joint class and size

(c) specifications and conditions of flanges, fasteners,

14.1 Documentation of Authorized Agent

As described in the Note at the end of section 2, the term
“user” is understood to include the user or their author-
ized agent. Such authorization should be recorded in
either the contract documents or the written assembly
procedures.

washers (including nut- or washer-bearing surfaces), and
gaskets

(d) date of activity (assembly, disassembly, pressure
test, etc.)

(e) names of assemblers/workers

(f) name of inspector or responsible person

(g) disassembly method

(h) adverse disassembly conditions, such as the pres-
ence of nut seizing or thread galling

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.
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(19) Table 3.1 Alternative to Legacy Cross-Pattern Tightening Sequence and Bolt-Numbering System When Using a Single

Tool
No. of
Bolts Bolt-Numbering Sequence to Be Marked Clockwise on Flange [Note (1)]

4 1,3 2,4

8 1,53,7,2,6,4,8

12 1,95,3,11,7, 2,10, 6, 4, 12,8

16 1,9,5,13,3,11, 7,15, 2, 10, 6, 14, 4, 12, 8, 16

2p 5475513319155 1810 67 4426125616

2K 1,17,9,5,13, 21, 3,19, 11, 7, 15, 23, 2, 18, 10, 6, 14, 22, 4, 20, 12, 8, 16, 24

2B 1,25,17,9,5, 13, 21, 3, 27, 19, 11, 7, 15, 23, 2, 26, 18, 10, 6, 14, 22, 4, 28, 20, 12, 8, 16, 24

3p 1, 25,17,9, 5,13, 21, 29, 3, 27, 19, 11, 7, 15, 23, 31, 2, 26, 18, 10, 6, 14, 22, 30, 4, 28, 20, 12, 8, 16, 24, 32

3p 1, 33, 25,17, 9, 5, 13, 21, 29, 3, 35, 27, 19, 11, 7, 15, 23, 31, 2, 34, 26, 18, 10, 6, 14, 22, 30, 4, 36,2820, 12, 8, 16, 24, 32

4p 1,33,25,17,9,5,13, 21, 29,37, 3,35,27,19,11, 7,15, 23, 31, 39, 2, 34, 26, 18, 10, 6, 14, 22, 30, 38,4, 36, 28, 20, 12, 8, 16, 24, 32, 40

44 1,41,33,25,17,9,5,13,21,29,37,3,43,35,27,19,11, 7,15, 23,31, 39, 2,42, 34,26,18, 10, 6, 14, 22530, 38, 4, 44, 36, 28,20, 12, 8, 16,
24, 32, 40

4B 1,41,33,25,17,9,5,13,21,29,37,45, 3,43,35,27,19,11,7,15, 23,31, 39,47, 2,42, 34, 26,1810, 6, 14,22, 30, 38,46, 4, 44, 36, 28, 20,
12, 8, 16, 24, 32, 40, 48

5p 1,49,41,33,25,17,9,5,13,21,29,37,45,3,51,43,35,27,19,11,7,15, 23,31, 39,47,2,50,42, 34,26,18,10, 6,14, 22, 30, $8,46,4, 52,
44, 36, 28, 20, 12, 8, 16, 24, 32, 40, 48

5p 1,49,41,33,25,17,9,5,13, 21, 29,37,45,53, 3,51,43, 35,27,19,11, 7,15, 23,81, 39,47,55, 2,50, 42, 34, 26, 18, 10, 6, 14, 22, 30, 38,
46, 54, 4, 52, 44, 36, 28, 20, 12, 8, 16, 24, 32, 40, 48, 56

6p 1,57,49,41,33,25,17,9,5,13, 21,29,37,45,53, 3,59, 51,43, 35,27,19,11, 7,15, 23, 31, 39,47, 55, 2,58, 50, 42, 34, 26, 18, 10, 6, 14,
22, 30, 38, 46, 54, 4, 60, 52, 44, 36, 28, 20, 12, 8, 16, 24, 32, 40,-48, 56

6f 1,57,49,41,33,25,17,9,5,13,21,29,37,45,53, 61, 3,59,51,43,85,27,19,11, 7, 15,23, 31, 39,47,55, 63, 2, 58,50, 42, 34, 26, 18, 10,
6, 14, 22, 30, 38, 46, 54, 62, 4, 60, 52, 44, 36, 28, 20, 12,8, 16, 24, 32, 40, 48, 56, 64

6B 1,65,57,49,41,33,25,17,9,5,13,21,29,37,45,53,61, 3;67,59,51,43, 35,27,19,11, 7,15,23, 31, 39,47, 55, 63, 2, 66,58, 50, 42, 34,
26, 18, 10, 6, 14, 22, 30, 38, 46, 54, 62, 4, 68, 60,52, 44, 36, 28, 20, 12, 8, 16, 24, 32, 40, 48, 56, 64

7R 1,65,57,49,41,33,25,17,9,5,13,21,29,37,45, 53,61, 69, 3,67,59,51,43,35,27,19,11, 7,15, 23,31,39,47,55,63,71, %, 66, 58,50,
42, 34, 26, 18, 10, 6, 14, 22, 30, 38, 46, 54, 62, 70, 4, 68, 60, 52, 44, 36, 28, 20, 12, 8, 16, 24, 32, 40, 48, 56, 64,|72

7p 1,73,65,57,49,41,33,25,17,9,5,13, 21,29, 37,45,53,61,69,3,75,67,59,51,43,35,27,19,11, 7,15, 23,31, 39,47, 55, 43,71, 2, 74,
66, 58, 50, 42, 34, 26, 18, 10, 6, 14, 22,130, 38, 46, 54, 62, 70, 4, 76, 68, 60, 52, 44, 36, 28, 20, 12, 8, 16, 24, 32, 40, 4§, 56, 64, 72

8p 1,73,65,57,49,41,33,25,17,9,5,13,21,29,37,45,53,61,69,77,3,75,67,59,51,43,35,27,19,11,7,15,23,31,39,47,5%,63,71,79,
2,74,66,58,50,42,34,26,18410,6,14,22,30,38,46,54,62,70,78,4,76,68,60,52,44,36,28,20,12,8,16,24,32,40,48,56,64,72,
80

8ft 1,81,73,65,57,49,41,33,25)17,9,5,13,21,29,37,45,53,61,69,77,3,83,75,67,59,51,43,35,27,19,11,7,15,23,31,39,47,55,63,
71,79,2,82,74,66,58,50,42,34,26,18,10,6,14,22,30,38,46,54,62,70,78,4,84,76,68,60,52,44,36,28,20,12, 8,16, 24,32, 40,
48, 56, 64, 72, 80

8B 1,81,73,65,57,49,41,33,25,17,9,5,13,21,29,37,45,53,61,69,77,85, 3,83,75,67,59,51,43, 35,27,19,11, 7,15, 23,31, 39,47, 55,
63,71,79,8%2,82,74,66,58,50,42,34,26,18,10,6,14,22,30, 38,46,54,62,70,78,86,4,84,76,68,60,52,44,36,28,20,12,8, 16,
24, 32, 40,48, 56, 64, 72, 80, 88

GENERAL NOTE: See section 9.
NOTE} (1) The.number assigned at each bolt location represents the sequential order for tightening the bolt.

11
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Figure 3 Example Legacy and Alternative to Legacy Numbering Sequences for 12-Bolt Joint

(a) Legacy (see Table 3)

(i) leak history

(j) bolts, nuts, and washers used

(k) flatness measurements, when made (see
Appendiy D)

(1) asspmbly procedure and tightening method used,
including applicable Target Prestress values as per the
indicated| tightening method

(m) urjanticipated problems and their solution$

(n) todql data such as type, model, pressure setting, and
calibratidn identification

(o) toql access or safety issues

(p) reqommendations for future assembly procedures
and joint|maintenance and repairs

Examplles of three different/types of joint assembly
records dre shown in Figures™5-through 7. An example
of a joint| leakage record is.shown in Form P-3.4.

Often, [the first stepfin-maintaining joint assembly
records i§ to uniquely.identify each joint. The unique iden-
tifier shotqild ideally be permanently fixed to the joint using
a markinlg or tag\system that enables an assembler to
verify that they have the correct joint prior to working
on it. Su¢h '@ system enables storage of joint assembly

(b) Alternative to Legacy (see Table 3.1)

The firstpurpose is achieved by increasing the re§pon-
sibility<of the individual involved in assembling the|joint
by, maintaining a record of their actions and identity. The
second purpose is achieved by documenting the actual
parameters used and observations made during[joint
assembly. This information will be useful if the [joint
leaks during operation, or for guidance during fyiture
assembly of the joint. It is essential that any deviations,
comments, observations, or changes to the assembly
procedure are fed back into the joint assembly r¢cord
system, such that the assembly procedure may be
updated prior to the next joint maintenance activity.

Users should decide what level of detail to record hased
on their own needs and resources. Due to the large
numbers of pressure-boundary bolted joints assembled
during construction and maintenance activities, itf may
not be practical to maintain a record of all joint assembly
parameters (i.e., the example record shown in Figure 7).
Therefore, this sort of record is often completed and
archived only until the next assembly for joints| that
are the most critical or most likely to leak. The shortened
record (i.e., the example records shown in Figures 5 and 6)

records against the unique joint identifier and minimizes
the potential hazard associated with disassembly of the
wrong joint.

Joint assembly records have the following two
purposes:

- They facilitate joint assembly quality control by
recording the individual responsible for a particular
portion of the joint assembly process.

- They provide a record of the joint assembly para-
meters that were used and the lessons learned.

typically does not include all the joint assembly para-
meters or observations and is typically discarded after
the unit start-up. This means that the second purpose
is not achieved, but the more important effect of
improving joint assembly quality control is still attained.

There is typically also a register of joints that is main-
tained, in addition to the joint assembly records, which
tracks the progress of each joint, whether there is an
assembly record or not. The register may incorporate
the use of the joint assembly records by requiring
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Figure 4 Example of 48-Bolt Flange Bolt Grouping

@ ® o
Group
7 6

Group

Group Bolts
1 1-2-3-4
2 5-6-7-8
3 9-10-11-12
4 13-14-15-16
5 17-18-19-20
6 21-22-23-24
7 25-26-27-28
8 29-30-31-32
9 33:34:35-36
10 37-38-39-40
11 41-42-43-44
12 45-46-47-48
Tightening sequerce for
12-groups:
1-7-4-10
2-8-5-11
3-9-6-12
(The 12-group sequence
is the same as a 12-bolt
sequence; see Figlire 3.)

GENERAL NOTE: This Figure is an illustration of how belts may be grouped for tightening. Bolts may be grouped and tightened treating each

group|
poten

visugl confirmation of a completed record prior to the joint
regidter being updated to\show that the joint may be
returlned to service.

Anl additional note)of guidance is that the tendency to
provjde or requestjtoo much information on the joint
assembly recordsshould be avoided. It should not be
cons]dered a substitute for written assembly procedures
or agsembler qualification.

as one bolt in the tightening sequence. A suggested number of bolts for a group is the number contained within a 30 deg ar¢. However,
ial gasket damage or flange misalignment should be considered when bolts are grouped.

liquid in
the first
ill direct

movement. Due to the possibility of residual
the pipe along with any unrelieved pressure
bolts loosened should be in a location that W
any pressure release away from the assembler. Gienerally,
for joints in the vertical plane, this will be at the ftop of the
joint and then at the bottom to drain the liquid.

When significant numbers of bolts are loosgned, the
elastic recovery of the clamped parts can resulf in exces-
sive loads on the relatively few remaining bolt, making

15 JOINT DISASSEMBLY

Before any joint is disassembled, it is essential that
assurance be obtained from personnel in responsible
charge of the management of the system that all pressure,
including that due to aliquid head, has been removed from
the system and that proper procedures have been
followed to ensure that joints may be safely opened.

A sufficient number of loosened nuts should be left in
place until all tension has been relieved, to guard against
falling components, pipe spring, or other unanticipated

13

furtherdisassembly difficuttamd—somretimres causing
galling” between the nut and bolt sufficient to result in
torsional failure of the bolt as further loosening is
attempted. The reported incidents of disassembly difficul-
ties have typically involved

(a) flanges larger than DN 600 (NPS 24)

(b) flange thicknesses greater than 125 mm (5 in.)

9 Experience has shown that, when SA-193 Gr B7 bolts are used, the
galling incidents can be avoided by using higher strength SA-194 Gr 4
nuts rather than SA-194 Gr 2 or 2H nuts.
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Figure 5 Example Short Assembly Record

S

Date of installation:

Gasket description:

Final torque used:

Joint assembled

15.1.5 Proceed with bolt loosening and nut removal in a
circular pattern, remembering to reaffirm that all pressure
on the joint has been released and that the joint has sepa-
rated prior to removing all bolts and nuts.

An aid such as a hydraulic or manual flange spreader
may be used if necessary to separate the joint.

15.1.6 If the bolts start galling during final disassembly
(i.e., when performing the step in para. 15.1.5), then
retighten all loosened bolts (if possible) to the position

Hiy: Sign:

Jq@int inspected
By: Sign:

Notes/Problems:

\ Return completedrecordto________
(Name)

(c) bolt diameters M45 (1%, in.) and larger

Accordlingly, use of a joint disassembly procedure may
be desiraple for joints involving components meeting all
the criterja of (a) through (c) above or where galling of the
bolts has peen or is found to be problematic. Also, use of a
joint disgdssembly procedure may be prudent for joints
involving components for which high local strains
could be|detrimental (e.g., glass-lined equipment, leds
ring joipts) or joints where the gasket is to-be
removed |for analysis.

15.1 Disassembly Load Control

15.1.1 | When a joint disassembly load}control proce-
dure is deemed appropriate, start.by loosening one
bolt completely, while noting the.amount of nut turn it
takes to fully relieve the boltload from assembled to
the finger-tight condition.

15.1.2 | Retighten the lgose bolt to approximately 7 of
the turn tp fully relieve'the load (e.g., if the nut comes loose
after twolflats of nfovement, then retighten by turning the
nut 7/, flafs from firiger tight, i.e., to a position %, of a flat
less than|the-original amount of nut turn).

obtained after performing the step in para. 1513 or
para. 15.1.4 and then recommence at the step\in para.
15.1.4.

16 REFERENCES

16.1 General

The following is a list of publications referenced i this
Guideline.

16.2 API Publications

API Standard 660) Shell-and-Tube Heat Exchangers
API Recommended Practice 686, Recommended Practice
for Machinery Installation and Installation Desigh
Publisher:"American Petroleum Institute (API)f 200
Massdchusetts Avenue NW, Suite 1100, Washinjgton,
DC20001-5571 (www.api.org)

16.3 ASME Publications

ASME B1.1, Unified Inch Screw Threads (UN and|UNR
Thread Form)

ASME B1.13M, Metric Screw Threads: M Profile

ASME B16.5, Pipe Flanges and Flanged Fittings: NPS Y%,
Through NPS 24 Metric/Inch Standard

ASME B16.20, Metallic Gaskets for Pipe Flanges:
Joint, Spiral-Wound, and Jacketed

ASME B16.47, Large Diameter Steel Flanges: NHS 26
Through NPS 60 Metric/Inch Standard

ASME B31.3, Process Piping

ASME B46.1, Surface Texture (Surface Roughness, Wavi-
ness, and Lay)

ASME PCC-2, Repair of Pressure Equipment and Piping

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990

Ring-

15.1.3 ~Proceedima tircular pattermarournd the joirnt
and loosen each bolt by approximately ' of the turn of nut
required to fully relieve the load (e.g., if the nut comes
loose after two flats of movement, then loosen each
nut by ¥, of a flat).

15.1.4 For particularly problematic joints, continue to
proceed in a circular pattern around the joint and loosen
each bolt by a further % of the turn of nut required to fully
relieve the load (e.g., in the above example, a further %, of a
flat).

L hY
(WWW.dSIIT. UL 5)

16.4 ASME Boiler and Pressure Vessel Code

Section II, Part A — Ferrous Material Specifications:

SA-105/SA-105M, Specification for Carbon Steel Forgings,
for Piping Applications

SA-182/SA-182M, Specification for Forged or Rolled Alloy
and Stainless Steel Pipe Flanges, Forged Fittings, and
Valves and Parts for High-Temperature Service
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Figure 6 Example Medium-Length Assembly Record

FRONT

O

~

BACK

O

4 N

Joint Identification: Joint Assembly Sign-Off:
Plant name: (1) Disassembled flange inspected
Equipment/Dwg. no.: (2) Gasket inspected pre-installation
Joint ""‘“""ip"if\l" Ao (O; BUil. plU‘illbldii (I’lb‘U‘lUllllillgl
Joint Description: By: Sign:
Diameter: (4) Joint aligned
Pressure rating: By: Sign:
Gasket type/size: (5) Bolts lubricated
Bolt/nut specification: By: Sign;
Bolt size and length: (6) Joint snug tightened
Washer description: By: Sign:
Assembly Parameters: (7) Joint 100% asSembled
Assembly method: By: Sign:
Assembly bolt stress: (8) Joint leak tested (pressure = )
Lubricant used: By: Sign:
Assembly torque: (9) FinalQC sign-off
Pump pressure: Sign: Date:
Tool Identification: Notes/Problems:
List tool calibration identifiers:

i

=

o

SA-1P3/SA-193M, Specification for Allgy-Steel and Stain-
legs Steel Bolting for High-Temperature or High Pres-
sufe Service and Other Special-Purpose Applications

SA-1p4/SA-194M, Specification forCarbon and Alloy Steel
Nyts for Bolts for High-Pressure or High-Temperature
Sefvice, or Both

SA-4b3/SA-453M, Specification for High-Temperature
Bdlting, With Expansion Coefficients Comparable to
Austenitic Stainless Steels

SA-540/SA-540M, Specification for Alloy-Steel Bolting
Mdterials for” Special Applications

SA-6P3, Specification for Precipitation-Hardening Stain-
legs afnid Heat-Resisting Steel Plate, Sheet, and Strip

Return completedrecordto_______
(Name)

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10P16-5990
(www.asme.org)

16.5 ASTM Publications

ASTM A240/A240M, Specification for Chronpium and
Chromium-Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels and for General Applications

ASTM A829/A829M, Standard Specification [for Alloy
Structural Steel Plates

ASTM F436/F436M, Standard Specification for Hardened

Steel Washers Inch and Metric Dimensions

Section II, Part B— Nonferrous Material Specification:

SB-637, Specification for Precipitation-Hardening Nickel
Alloy Bars, Forgings, and Forging Stock for High-
Temperature Service

NOTE: ASME SA and SB material specifications are used in ASME

PCC-1. ASTM material specifications may also be used or taken to

apply, as allowed by the applicable code of construction, for the

joint being considered.

Section VIII, Division 1 — Rules for Construction of Pres-
sure Vessels

ASTM F606/F606M, Standard Test Methods for Deter-
mining the Mechanical Properties of Externally and
Internally Threaded Fasteners, Washers, Direct
Tension Indicators, and Rivets

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)
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Figure 7 Example Long Assembly Record

Joint Identification:
Plant name:

Joint description/number:

Equipment/Dwg. no.:

Joint Description:
Diameter:

Pressure rating:

Gasket type and materials:

Gasket size (0.D., I.D., and thickness):

Bolt/nut specification:

Bolt size: Bolt length:____~"

Washer description:

Assembly Description:
Disassembly procedure required? Yes/No
Assembly method to be used:

Keep failed gasket? Yes/No

Target assembly bolt stress:

Torque or tension setting required:

Assembly re-torque required? Yes/No
Lubricant to be used:

Re-torque torque value:

Other special instructions:

Tool Identification:

List tool and pump (if applicable) unique calibration identifiers:

Joint Assembly Sign-Off:
(1) Disassembled flange inspected

(2) Gasket inspected pre-install

Joint Assembly Parameter Records:
Nut/washer bearing surface condition:
Flange finish and flatness:

(3) Bolt pre-install (free-running) Max. radial defect: Defect depth:
By: Sign: Max. run-out: Max. warp:
(4) Joint alignment
By: Sign: Joint alignment:
(5) Bolts lubricated Max. axial gap:
By: Sign: Max. alignment load:
(6) Joint sndg'tightened
By: Sign: Joint in-process alignment:
(7) Joint100% assembled Max. gap difference @ snug:
By: Sign: Max. gap difference @ tight:
(8) “Joint leak tested Final pump pressure used:
By: Sign:
(9) Final QC sign-off Joint leak test:
Qign' Date: Test pressure leak: Yes /Na

Notes/Problems:

Action taken if leaked:

Return completed record to

(Name)

16
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16.6 AWS Publication

AWS A5.14/A5.14M:2011, Specification for Nickel and
Nickel-Alloy Bare Welding Electrodes and Rods —
10th edition

Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166 (www.aws.org)

16.7 European Committee for Standardization

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park Street,
NE, Vienna, VA 22180 (www.mss-hq.org)

16.12 PIP Publication

PIP VESV1002, Fabrication Specification for Vessels:
ASME Code Section VIII, Divisions 1 and 2
Publisher: Process Industry Practices (PIP), Construction

Publication

EN 1591-1, Flanges and their joints — Design rules for
gasketed circular flange connections — Part 1: Calcula-
tion

Publjsher: European Committee for Standardization
(CEN), Avenue Marnix 17, B-1000 Brussels, Belgium
(WMww.cen.eu)

16.8| ISO Publications

ISO 4789-2, Assembly tools for screws and nuts — Hand
togque tools — Part 2: Requirements for calibration and
defermination of measurement uncertainty

ISO 7005-1, Pipe flanges — Part 1: Steel flanges for indus-
tripl and general service piping systems

ISO R7509, Petroleum and natural gas industries —
Compact flanged connections with IX seal ring

Publfsher: International Organization for Standardization
(I§0), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzekrland
(www.iso.org)

16.9| U.S. Department of Labor/Occupational

Safety and Health Administration Publication

29 CFR 1910.119, Process Safety~-Management of Highly
Hazardous Chemicals

Publfsher: Occupational Safety & Health Administration
(OFHA), U.S. Department of Labor, 200 Constitution
Avenue, Washington,” DC 20210 (www.osha.gov)

16.10 Japanese Standards Association Publication

JSA JIS.B2251, Bolt Tightening Procedure for Pressure
Boundary Flanged Joint Assembl

Publisher: Japanese Standards Association (JSA), 4-1-24
Akasaka Minato-ku, Tokyo 107-8440 Japan
(www.jsa.or.jp)

16.11 MSS Publication

MSS SP-9, Spot Facing for Bronze, Iron and Steel Flanges

Industry Institute, The University of Texas fit Austin,
3925 West Braker Lane (R4500), Austin,~TX 78759
(www.pip.org)

16.13 TEMA Publication

Standards of the Tubular Exchanger Manufactuters Asso-
ciation
Publisher: Tubular Exchanger Manufacturers Association,
Inc. (TEMA), 25 North Broadway, Tarrytown, NY 10591
(www.tema.org)

16.14 WRC"Publications

WRGEB1ulletin 449, Guidelines for the Design andl Installa-
tion of Pump Piping Systems

WRC Bulletin 538, Determination of Pressure
Joint Assembly Bolt Load

Publisher: Welding Research Council (WRC),| P.O. Box
201547, Shaker Heights, OH 44120
(www.forengineers.org/welding-research-copncil)

Boundary

16.15 VDI Publication

VDI 2230, Systematic calculation of high duty bolted joints
— Joints with one cylindrical bolt

Publisher: Verein Deutscher Ingenieure (VDI), P|0. Box 10
11 39, 40002 Dusseldorf, Germany (www.vdi.de)

16.16 Other Publications

Bickford,]. H.,An Introduction to the Design and Behavior of
Bolted Joints, Marcel Dekker, Inc., New York|(1995)
Bickford, ]J. H., and Nassar, S., eds., Handbook of|Bolts and

Bolted Joints, Marcel Dekker, Inc., New York|(1998)

—WA—= i i ~Foad Loss

Factors and Target Stress Limits,” ASME 2014 Pressure
Vessels and Piping Conference, PVP2014-28685,
Anaheim, CA, USA, July 20-24, 2014, DOI: 10.1115/
PVP2014-28685
(http://proceedings.asmedigitalcollection.asme.org/
proceeding.aspx?articleid=1937878)

Brown, W.,and Long, S.,“Acceptable Levels of Corrosion for
Pressure Boundary Bolted Joints,” ASME 2017 Pressure
Vessels and Piping Conference, PVP2017-65507,
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Kikuchi, T., Omiya, Y., and Sawa, T.,“Effects of Nut Thinning
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Under Internal Pressure,” ASME 2011 Pressure
Vessels and Piping Conference, Volume 2: Computer

DOI: 10.1115/PVP2013-97191
(http://proceedings.asmedigitalcollection.asme.org/
proceeding.aspx?articleid=1815358)

Koves, W. ]., “Design for Leakage in Flange Joints Under
External Loads,” ASME 2005 Pressure Vessels and
Piping Conference, Vol. 2: Computer Technology,
PVP2005-71254, pp. 53-58, Denver, CO, USA, July
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APPENDIX A
TRAINING AND QUALIFICATION OF BOLTED JOINT ASSEMBLY
PERSONNEL

A-1 INTRODUCTION

A-1.

A-1.1.1 Background. This Appendix was developed in
resppnse to a need expressed by some in the bolting
services industry. It provides guidelines for establishing
unifdrm criteria for training and qualifying bolted joint
assenbly personnel. It also provides guidelines for
qualjty control of the program. The recommendations
outliped in this Appendix are intended as a guideline,
and they may be applied differently by different user orga-
nizatlions. The judgment either to apply or to not apply
thesq guidelines rests entirely with the user. A user or-
ganifation may use its in-house, company-specific
progfam that is managed, audited, and maintained by
an ir-house qualified employee. The organization may
or mpy not use the services of an Appendix A-Qualified
Boltihg Specialist.

Uspr organizations who choose to use provisions of this
Appé¢ndix should specify the level of qualification
requjred. Examples include the following:

(a] Anorganization may require only one Appendix A-
Quallfied Bolting Specialist who workswith a number of
boltihg assemblers.

(b} An organization may _require that a group of
Appgndix A-Qualified Bolting\Specialists work in the or-
ganigation.

(c) An organization may require each assembly team
worHingin a planttode,asaminimum, led by an individual
who |s an Appendix A-Qualified Senior Bolting Specialist.

Seg also para A-1.1.4.

| Scope

A-1.1.2- Qualified Bolting Specialists, Qualified Senior
Bolting.Specialists, and Qualified Bolting Specialist

(b) Additional supplemental qualification
obtained on the basic training to extendthe qual
duties, and responsibilities to include

(1) powered equipment
(2) heat exchanger pressure-boundary bolted joints
(3) special pressurezbetindary bolted joinits

The process for obtaining the various levels pf qualifi-

cation are outlined, \for information, in Figure A-1.

A-1.1.3 Qualification. ASME PCC-1, section
mends thatjeint assemblers and supervisors b
by an organization in accordance with the reqy
contained in this Appendix.

Inthe qualification process, the Qualifying Organization
conducts training, demonstrations, and pradtical and
written examinations to determine a person’s general
knowledge of bolted joint assembly and related|technical
areas. No determination is made of an individual{s capabil-
ities in applying that knowledge within a spedific work
environment or under actual working conditions.

[t remains the sole responsibility of the employer of the
individual to determine the individual’s compgtency for
the task assigned.

A-1.1.4 Covered Assembly Activities. This Appendix
can be applied to any person who is involved in the
assembly/disassembly or quality assurance pctivities
concerned with pressure vessel, piping, and tank
bolted joints. It applies to persons typically ¢gmployed
by, but not limited to, the following:

(a) jurisdictional authorities

(b) manufacturers, installers, and maint
equipment

(c) equipment owners and their employees

(d) contract bolted joint assembly personnel

(p) labor organizations

5 may be
fications,

3 recom-
qualified
irements

hiners of

Instruetors

(a) This Appendix includes requirements for the
training, qualification, duties, and responsibilities of
Qualified Bolting Specialists, Qualified Senior Bolting Spe-
cialists, and Qualified Bolting Specialist Instructors
engaged in the assembly and disassembly, including
inspection and quality assurance, of

(1) pressure vessel pressure-boundary bolted joints
(2) piping pressure-boundary bolted joints
(3) storage tank pressure-boundary bolted joints
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(f) educational institutes

A-1.1.5 Exempt Assembly Activities. This Appendix
does not cover personnel engaged in the assembly of
structural-type bolted joints or pressure-boundary
body joints on rotating equipment. These types of
bolted joints are not covered by the minimum training
curriculum outlined in this Appendix.
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Figure A-1 Appendix Procedure Flowchart

The program shall include

(e) quality assurance (section A-5)

(a) training of fundamentals (para. A-2.3)
(b) practical demonstration and examination (para. A-2.4)

(c) experience requirements (paras. A-2.2, A-3.1, and A-4.1)
(d) maintenance requirements (paras. A-2.6, A-3.3, and A-4.3)

Qualifying Organization creates a Qualification Program that complies with ASME PCC-1, Appendix A.

2

Qualifying Organization should
contract and submit the Qualification
Program to an independent Review

Organization

Review Organization
determines that the

Qualification Program
complies with ASME PCC-1,
Appendix A

v

Dualifying Organization conducts training
and assessment of individuals

A

Individual No

passes?

Qyalifying Organization'‘feviews and assesses

\ 4

Review Organization conducts
ongoing reviews of
Qualification Program

Yes

No

Qualification Program
passes?

individual expérience and qualification <
maintenance (reference letters)
Individual No
passes? Qualifying Organization collects and
collates user feedback periodically (para. A-5.5)
Yes v
Review Organization periodically
Qualifying Organization qualifies Joint Assembler collates user feedback from
Qualifying Organizations (para. A-5.5)
20
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(19) A-1.2 Definitions

Terms used in this Appendix have the meanings speci-
fied in the following definitions. Other terms used have the
meanings specified in section A-3 of this Appendix.

ASME: The American Society of Mechanical Engineers.

backup wrench: the tool used to secure the nut or bolt head
opposite to the one being turned or torqued.

bolting assembler: a person meeting the experience quali-

powered equipment: hydraulic or pneumatic joint
assembly equipment, such as a hydraulic torque
wrench, pneumatic torque wrench, or hydraulic bolt-
tensioning equipment.

pressure vessel joints: gasketed bolted joints that comprise
the pressure-boundary closure between two flanges or
between a flange and a blind. The gaskets for these
joints are generally located entirely within the circle
enclosed by the bolt holes, with no contact outside this

ficatifons of para. A-2.2 who is engaged in the assembly of
boltdd joints in accordance with the recommendations
contgined in ASME PCC-1 but has notyetreceived training
and qualification from a Qualifying Organization.

bolting instructor: a person meeting the experience quali-
fications of para. A-4.1 who is engaged in the assembly of
boltdd joints and the training of bolting assemblers in
accofdance with the recommendations contained in
ASME PCC-1 but has not yet received training and quali-
fication from a Qualifying Organization.

boltipg trainee: a person undergoing training to become a
Quallfied Bolting Specialist.

currgnt edition: the edition of the referenced code or stan-
dard|that is specifically cited in ASME PCC-1 or was in
effect at the time of publication of this edition of ASME

heat|exchanger/tubesheet joints: gasketed bolted joints
that comprise the pressure-boundary closure betwegen
the lubesheet and the mating shell and tubeside girth
flanges and that require special assembly considerations
(see para. A-2.3.3). The gaskets for these joints ate gener-
ally Ipcated entirely within the circle enclosed.by the bolt
holeg, with no contact outside this circle;.however, this is
not intended to exclude other configurations, such as flat-
faced flanges, from this Appendix.

Indu§try Organization: an organization that represents the
interpsts of users of bolted-joint assemblers.

latest edition: the latest edition in effect at the time of refer-

ence

Matéyial Safety DataSheet (MSDS): a data sheet for chemi-
cals fhat defines-important information such as the levels
of tokicity, flammability, and first-aid actions required.

persdnalprotective equipment (PPE): the safety equipment
(safety\glasses, safety boots, earplugs, etc.) required to

circle; however, this is not intended to exelyde other
configurations, such as flat-faced flanges, from thiis Appen-
dix.

Qualification Manual: the documentation of the
tion Program in accordance with(para. A-5.2.

Qualifica-

Qualification Program: a Qualifying Organjization’s
program, which is used to-qualify bolting asjemblers,
senior bolting assemblers,and bolting instructors.

Qualified Bolting Specialist: a person qualified by a Quali-
fying Organization*as meeting the requirements of
section A-2 of this Appendix.

Qualified Belting Specialist Instructor: a person
by a Qualifying Organization as meeting the requ
of sectioh A-4 of this Appendix.

qualified
irements

Qualified Senior Bolting Specialist: a person qua
Qualifying Organization as meeting the requirg
section A-3 of this Appendix.

ified by a
ments of

Qualifying Organization: an organization that updertakes
the training, demonstration, and practical and theoretical
examinations outlined in this Appendix to qualiffy a bolted
joint assembler.

Review Organization: an independent organizgtion that
conducts quality control reviews of the Quallification
Program. Guidance for selection of Review Orgdnizations
is provided in para. A-5.3.2.

ring-type joints (RTJ): flanges fitted with metal
joint gaskets (as detailed in ASME B16.20).

senior bolting assembler: a person meeting the e
qualifications of para. A-3.1 who is engagg¢d in the
assembly of bolted joints in accordance with the recom-
mendations contained in ASME PCC-1 but hajs not yet
received training and qualification from a Qualjfying Or-
ganization.

ring-type

kKperience

special joints: any site- or process-specific flanged connec-

perform the assembly task.

piping joints: similar to pressure vessel joints; however,
considerations relating to alignmentand external loadings
on the joints can govern design and assembly require-
ments. The gaskets for these joints are generally
located entirely within the circle enclosed by the bolt
holes, with no contact outside this circle; however, this
is not intended to exclude other configurations, such
as flat-faced flanges, from this Appendix.
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tion requiring different or additional instruction or
considerations for assembly (such as clamped connectors,
valve bonnets, and valve body joints).

subject-matter expert (SME): an individual considered
knowledgeable in the field of bolted joint assembly. Guid-
ance for selection of SMEs is given in para. A-5.4.
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A-1.3 Reference Documents

Where the referenced standard or code does notinclude
an effective date and a specific edition is not referenced in
ASME PCC-1, the latest edition of the code or standard
should be used.

A-1.3.1 API Standards

API Standard 660, Shell-and-Tube Heat Exchangers

API RecopamendedPractice B E-686-Re
mendef Practice for Machinery Installation and Instal-
lation Design, Chapter 6, Sections 4.6 through 4.9 and

husetts Avenue NW, Suite 1100, Washington,
01-5571 (www.api.org)

A-1.3.2 ASME Codes and Standards

ASME B1.1, Unified Inch Screw Threads (UN and UNR
Thread Form)

ASME B1l.7, Screw Threads: Nomenclature, Definitions,
and Lefter Symbols

ASME B16.5, Pipe Flanges and Flanged Fittings: NPS %,
Through NPS 24 Metric/Inch Standard

ASME B16.20, Metallic Gaskets for Pipe Flanges: Ring-
Joint, §piral-Wound, and Jacketed

ASME B16.47, Large Diameter Steel Flanges: NPS 26
Through NPS 60 Metric/Inch Standard

ASME B3]1.3, Process Piping

ASME B4p.1, Surface Texture (Surface Roughness, Wavis
ness, ahd Lay)

ASME BPYC, Boiler and Pressure Vessel Code, Section VIII,
Divisiop 1, Mandatory Appendix 2 and Nonmandatory
Appendlix S

ASME PCLC-2, Repair of Pressure Equipment and Piping,
Article$ 303, 305, and 501

Publishey: The American Society of Méchanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.psme.org)

A-1.3.3 PIP Publication

PIP VESY1002, Eabrication Specification for Vessels:
ASME odé Section VIII, Divisions 1 and 2

NOTE: Seejalso API Recommended Practice 686 /PIP REIE-686 in

A-1.3.4 U.S. Federal Regulations

29 CFR 1910.119, Process Safety Management of Highly
Hazardous Chemicals

Publisher: Occupational Safety & Health Administration
(OSHA), U.S. Department of Labor, 200 Constitution
Avenue, Washington, DC 20210 (www.osha.gov)

WRC Bulletin 449, Guidelines for the Design and Insgalla-
tion of Pump Piping Systems

Publisher: Welding Research Council (WRC), P.O
201547, Shaker Heights, OH 44120
(www.forengineers.org/weldingsresearch-council)

Box

A-1.3.6 Handbook

Bickford, ]. H., An Introduction to the Design and Behaior of
Bolted Joints, Marce) Dekker, Inc., New York (1995)

A-2 REQUIREMENTS FOR QUALIFIED BOLTING
SPECIALISTS

A-2.1 (QQualifications

A Qualified Bolting Specialist shall have receivefl the
training and shall possess practical experien¢e to
comply with the requirements outlined in this se¢tion.
A Qualified Bolting Specialist shall verify that he of she
meets the qualifications in paras. A-2.2 through A-P.6.

A-2.2 Experience

The bolting assembler shall have worked in the|field
with the assembly of bolted joints for at legst 6
months full time, or the equivalent part-time peripd as
defined in Table A-1. The experience may be obtdined
prior to the required training and practical examinations
asoutlined in para. A-2.3 and para. A-2.4, respectively. The
experience shall be sufficiently broad to ensure the|indi-
vidual has had exposure to more than half of the aspects
covered in the training outlined in para. A-2.3. The experi-
ence should be documented by references from Senior
Bolting Assemblers, Qualified Senior Bolting Speciglists,
or Qualified Bolting Specialist Instructors indicating

para. A-1.3.1.

Publisher: Process Industry Practices (PIP), Construction
Industry Institute, The University of Texas at Austin,
3925 West Braker Lane (R4500), Austin, TX 78759
(www.pip.org)

22

that thefretdexperfence obtaimed meets theTequirements
ofthis Appendix. An example reference sheet is supplied in
Form A-1. At least one reference should be from a super-
visor at the individual’s current or previous place of work.
An individual may obtain the field experience subsequent
to completion of the training, in which case they are not
considered qualified until such time as they have sufficient
experience to obtain their qualification.
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Table A-1 Guidance for Work-Site Experience

Equivalent Time

Work-Site Experience Assessed

Frequent (joint assembly on a daily All time worked

basis)

Infrequent but with intense periods Half time worked
(joint assembly at least 1 week
per month and at least a total of

one-third the time worked in a year)

(4) working around heavy equipment (cranes and
bundle pullers)

(5) awareness of asbestos gaskets and fiber insula-
tion or refractory dust

(b) General Personal Joint Assembly Equipment Require-

ments

(1) PPE — use of appropriate PPE is required at all
times

(2) flashlight, for checking gasket alignment/condi-

~ .
uarter—mme

worked

Sporagte-foint-assembly-—at=
frequency less than that for
“Infrequent”)

In[the case of an individual with powered equipment,
heat|exchanger, or special joint supplemental qualifica-
tiong, the experience shall include at least one-quarter
of the time spent working on those items of equipment.
Whete the frequency of working on such equipment is less
than|this, the time period prior to achieving the supple-
menfal qualification shall be extended until an equivalent
peridd has passed.

A-2.B Training of Fundamentals

Thie Qualified Bolting Specialist shall have adequate
trainjng on the fundamentals of the assembly, operation,
and quality assurance of bolted joints. Practical and theo-
retichl examinations shall be given at the end of such
trairing to ensure, to the satisfaction of a Qualified
Bolting Specialist Instructor, that the candidate\has
attalned awareness in the topics outlined in (a)
throygh (t) below. The curriculum of this training shall
ensufe candidates are aware of the importance of the
following issues when working with bolted joints.
While some areas, such as healthiand safety, are
outside the scope of ASME PCC-1}.for completeness in
descfibing a typical training. course, they have been
inclfided for purposes, efiawareness only. As a
minijum, the following topics shall be addressed:

(a) General Health.and Safety Precautions. Discuss
comipnon health issues-and safety precautions per the re-
quirgments of applicable government health and safety
regulatory bodies and plant-specific regulations.
Ensure awadreness in areas such as hazardous chemi-
calsfgases; personal protective equipment (PPE),
hazafd\éommunication, procedures for opening process

LOIl 11T JOIIIT
(3) tape measure, for checking componerlnt dimen-
sions
(4) wire brush (material specific; e.g7, stairjless steel
for stainless flanges and bolts)
(5) cleaner (material and preeess-mediumh compa-
tible) and light dusting of gasket adhesive fof vertical
flanges; see para. 6(c),
(6) basic joint alighment equipment (pryibar, drift
pins; see Appendix E)
(7) site or cerporate guidelines
(c) Principles of Bolt Elongation, Bolt Load, apd Gasket
Stress
(1) relationship between bolt stress and bdlt elonga-
tion (see para. 10.2)
(2) relationship between bolt stress arld gasket
stress during assembly and operation (presjsure and
temperature effects)
(3) influence of bolt length on bolt-load lgss due to
gasket creep relaxation and surface embedment loss
(4) relationship between applied torjque and
achieved bolt stress/load
(5) bolting terminology, including commjon terms
found in the field and their relationship to each other
(e.g., kips, psig, psi, 1b, ft-Ib, N-m, ksi, tpi)
(d) Functionality of Gasket and Seal
(1) purpose of a gasket
(2) effect of gasket stress on leak rate
(3) effect of bolt-load loss (creep/relaxation and
operating conditions) on joint leakage and ové¢rall joint
reliability
(e) Gasket Types and Their Limitations
(1) summary of common gasket types and materials
(2) sensitivity of different gasket types to fassembly
procedures
(3) maximum allowable gasket stress
(4) minimum required gasket stress

equipment or piping, hearing protection, confined
space entry, scaffold safety, personal fall protection, stair-
ways and ladders, rigging, respiratory protection,
asbestos considerations, walking and working surfaces,
and job safety analysis, including

(1) common procedures for work permits and
ensuring system isolation

(2) finger pinch points with assembly and alignment
equipment

(3) injury from tightening tools

{5 awaremness of thereed forchemicatcompatibility
(6) awareness of temperature limits
(f) Bolt Types and Their Limitations

(1) brief detail of common bolting specifications,
including yield strength

(2) nut-bolt combinations, nut strength versus bolt
strength

(3) generic material temperature limits

(4) materials for stress-corrosion-cracking environ-
ments
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Form A-1  Example Reference Sheet

ASME PCC-1 Appendix A Qualification: Confirmation of Work-Site Experience
Please type or print legibly and return to the applicant.

INSTRUCTIONS

APPLICANT: Complete items 1 and 2, then forward this form to the individual serving as your work-experience reference.
All work-experience references must have worked with you at least during the time period being validated.

REFERENCE: The following individual is applying to receive qualification as a Bolting Specialist per the qualifications.and
requiremgnts outlined in Appendix A of ASME PCC-1. Your name has been given as a reference to verify the required
Minimun Work-Site Experience. The ASME PCC-1 Appendix A Qualifying Organization is charged with the respensibility g
qualifying only those individuals who have demonstrated a proficiency in the assembly, operation, and quality assurance ¢f
bolted joints. Your assistance in helping make that determination is appreciated.

=

Applicant Information

1. Applicgnt’s name:

(First) (Middle) (Last) (Sr., Jr., 1l

2. Mailing address:

(Street address)

(City) (State) (Country) (Postal code)

Reference Information

3. Referepce’s name:

(First) (Middle) (Last) (Sr., Jr., 1l

4. Mailing address:

(Street address)

(City) (State) (Country) (Postal code)

5. Work phone: Home phone: Email:

6. Are yol a_(select one)

Saniar Daltins A
SEHOFSOHHREASSEH

bler2 [ | N [1 Vas
blert—No———¥es

If yes, state experience:
____Qualified Senior Bolting Specialist? [] No [] Yes

If yes, Qualifying Organization and number: Expiration date:

____Qualified Senior Bolting Specialist Instructor? [] No [] Yes

If yes, Qualifying Organization and number: Expiration date:

24
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Form A-1 (Back)

7. What is your business relationship to the applicant?

8. How many years have you known the applicant?

9. Keeping in mind the intent to ensure that applicants for Bolting Specialist qualification have broad, prior work-site
rience in bolted joint assembly that meets the intent of ASME PCC-1 Appendix A, para. A-2.2:

exp¢g
a) Do you confirm that the applicant has worked in the field with the assembly of bolted joints for (please echeek ¢pne)

at least 6 months full-time, with frequent joint assembly on a daily basis?

[] No L[] Yes

at least 1 year with infrequent joint assembly, with intense periods occurring at least’1 week per month an
at least a total of one-third of the time worked in that year?

[] No L[] Yes

at least 2 years with multiple, sporadic periods of joint assembly?

I No L[] Yes

b) In your estimation, has the applicant’s bolted joint assembly work’experience been sufficiently broad for him/her

fo develop a wide range of skills and knowledge necessary to form the foundation for further training and ultimat
ualification as a Qualified Bolting Specialist?

[ No L[] Yes

10. Po you recommend the applicant for qualification'as a Qualified Bolting Specialist? [ ] No [ Yes

Date:

11. Bignature of reference:
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(5) corrosion resistance
(6) coatings for assembly and disassembly
(g) Identification of Correct Joint Components

(1) bolt and nut identification marks

(2) installation of bolts and studs such that marked
ends are all on same side of joint, with nut identification
marks facing out, to facilitate inspection

(3) flange identification marks

(4) gasket identification marks and spiral-wound

(1) flange-face gasket contactsurface inspection (see
section 4 and Appendix D)

(2) acceptable levels of surface imperfections corre-
sponding to different gasket types

(3) boltinspection (thread form, corrosion, and free-
running nut for triggering replacement; see section 4 and
Appendix N)

(4) inspection of flange and nut contact surfaces (for
galling, paint, or corrosion; see section 4)

gasket cqlortodesamd types

(5) wse of piping-arrangement drawing or system
diagram |to identify and verify correct materials for
gasket ar]d fasteners

(h) Manual Torque joint Tightening

(1) yorking parts of a torque wrench

(2) setting required torque values on common types
of wrenches

(3) bolting procedures (number of cross-pattern
passes) fequired to achieve desired bolt torque (see
section 9

(4) accuracy of bolt torque tightening versus that of
manual tightening

(5) yariables affecting torque

(i) ThgImportance of Using the Specified Lubricant (see

section 7

(1) purpose of lubricant

(2) effect of type of lubricant

(3) yhere to use lubricant (under nut and on bolt
threads)

(4) limitations of lubricants, including oxygen igni-
tion, oxidption, temperature, shelf life, catalyst poisoning;
and stresp corrosion cracking (compatibility with process

fluid and|materials of construction)
(5) amount of lubricant to be used
(6) ¢ontamination of lubricants during.assembly
(7) interpreting the label and MSDS)information

(j) Techniques Used for Load Control
(1) techniques used for load control by torque
measureinent
(2) techniques used faxNoad control by hydraulic
tension
3

strain

echniques uSéd- for load control by length or
easurement (see paras. 10.1 and 10.2 and
Figures 1| and 2)
(4) pccuracy of each method and relationship to
service of joint criticality (see Table 2)
(k) Cak . .
Equipment
(1) requirements for maintenance of common field
equipment
(2) inspection of common field equipment (espe-
cially torque wrenches)
(3) familiarization with methods for calibrating
common field equipment
(4) importance and frequency of calibration
() Inspection and Reporting Defects or Faults

26

{5)JOIt gap MEasSUTeNent (Se€ Secton 11)
(6) joint tolerances and alignment (see Appenc
(7) joint-tightness leak check (see section 13)
(m) Procedure for Preparing a Joint for CloSure
(1) general workflow for inspecting and prepat
joint for closure
(2) methods for holding gasKet-in place (inclyding
the detrimental effects of excessive adhesive and use
of nonapproved methods such-as heavy grease or ftape;
see section 6)
(3) system cleanlinéss requirements
(n) Gasket Handling) ‘Preparation, and Installatiop
(1) use of asirigle, new (not used or damaged) ghsket
for final installation (see section 6)
(2) final inspection of gasket seal surface and ghsket
(dimensions, type, and damage)
(3),ensuring gasket can be inserted into joint wi
damage
(4) ensuring gasketis correctly located (use of f]
bolts or light dusting of approved adhesive sprays
(o) Sources of Information on Joint Assembly
(1) ASME PCC-1
(2) corporate and site standards and specifications
for gaskets and piping
(3) corporate and site standards for joint assembly
(4) corporate and site standards and specifications
for bolt loads and assembly techniques
(p) Safe Joint Disassembly and Assembly
(1) ensuring pressure isolation, valve-tag
systems, and safe work practices (see section 15)
(2) verification of pressure isolation, gas dete
and safe entry into system
(3) temporary support and/or rigging consi
tions for joint components
(4) working on internal joints and high-levgl or
below-grade joints (scaffold and confined-space enjtry)
(q) Joint Assembly Procedures

ix E)

ing a

hout

ange

ging
rtion,

lera-

L load

(2) reason for needing pattern passes in procedure

(3) reason for needing multiple passes in procedure
(see Appendix I)

(4) measurement of joint gaps during assembly (see
para. 11.1)

(5) hydraulic or pneumatic testing of joint after
assembly (see section 13)

(6) measurement of joint gaps after assembly (see
para. 11.1)
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(7) use of proprietary backup wrenches and align-
ment tools, which may improve safety and speed of
assembly

(r) Ensuring Correct Use of Additional Joint Components

(1) use of through-hardened washers (see
Appendix M).

(2) use of conical disk (Belleville) spring washers.

(3) use of spacers or bolt collars for the purpose of
additional effective length and elongation.

studE, reaction washers, tensioning nuts, direct- (1) potential for inspection work-hold

tensjon-indicating washers, and other special-purpose
accegsories.
[5) use of proprietary nuts, washers, etc. There are
innoyative proprietary nuts, washers, and other mechan-
ical and hydraulic devices that assist the assembly process
and thay have the capability to improve bolt-load accuracy
and geduce scatter. Awareness of those devices should be
included. Detailed training on the application of these
deviges is available from the supplier and/or manufactur-
er.
[6) use and misuse of locking devices and locking
compounds.

(s)| Importance of Joint Quality-Assurance Procedures,
Certification, and Records
(1) joint assembly procedures and typical forms
[2) joint assembly records (see section 14)
[3) certification systems for tracking equipment cali-
bratipn
[4) the importance of a Joint Traveler sheet or
assembly tag

(t)| Joint Disassembly
(1) reasons for requiring a disassemblj.procedure
Section 15)
[2) disassembly procedures and. critical issues
[3) use of nut splitters

(see

A-P.3.1 Piping-Specific Training Required for All
Boltjng Specialists. This training forms part of the
basif training to be given to all Qualified Bolting
Spedialists. As a minimum, the following shall be
addrpssed:

(a] assembly technique and gasket recognition in rela-
tion o flange“face type
(1) flat'faCe versus raised face versus RT] and their
apprppriate gaskets
[2)(understanding of ASME B16.5 and ASME B16.47

(7) failure potential of brittle cast flanges on valves,
pumps, and similar equipment
(b) tightening piping joints connecting to rotating
equipment
(1) the need to ensure equipment alignment (shaft
alignment) is not affected by external loads caused by
assembly of piping connected to the rotating equipment
(2) equipment-allowable nozzle loads and moments
(3) purpose of piping expansion joints
f devices
point to
ath
nd orien-

ensure that there is no blockage in the.felief g
(2) correctinstallation, gaskets, handling, g
tation of rupture disks and discharge lines
(3) confirmation of piping-status by
inspector (if required)
(d) tightening piping §oints on and arourd piping
expansion joints and spring hangers with cold}set
(1) methods of safely restraining bellows fand cold-
set spring hangerns
(2) ensuringrestraints are removed prior

certified

to opera-
tion
(3) how/to recognize and report if too mugh force is
required to bring the flanges together (see Appendix E)
(e)~importance of alignment and gap uniformity
(1) Appendix E flange alignment tolerancgs
(2) tighter limits required for shorter or stiff spans
(3) importance of the bolts passing freely through
the bolt holes so that the nuts rest parallel to the flange
(f) selecting the target bolt-assembly load
(1) parameters that determine appropriatg boltload
(flange size, gasket type, flange class, flange type, flange
material, bolt material, piping service)
(2) determination of correct load from gasket speci-
fications and bolt size or flange class charts for t¢grque and
hydraulic tensioning (see section 12)
(3) discussion of the advantages and disad
of the tightening methods
(g) selecting appropriate bolt-tightening todling
(1) acceptable methods in relation to bolt size
(2) naturally occurring clearance problenjs related
to general styles of tooling such as hand torque Wwrenches,
torque multipliers, and impact wrenches
(3) where to look for guidance (user specjfications,
company guidelines, tool manufacturer websitgs)

A-2.3.2 Additional Training Required to |Obtain a

vantages

nominal pipe size and pressure class

(3) common flange types, including slip-on, weld
neck, socket weld, and lap joint/stub end

(4) installation and operational characteristics
(rotation, stiffness, flange sealing area, etc.) of common
flange types

(5) the importance of multipoint tightening on RT]
and lens ring joints

(6) the potential consequences of mating flat-faced
flanges to raised-face flanges
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Powered Equipment Supplemental Qualification. The
curriculum shall ensure candidates have a thorough
understanding of the following aspects of joint disas-
sembly, assembly, and tightening using hydraulic or pneu-
matic-driven equipment. As a minimum, the following
shall be addressed:
(a) general health and safety precautions

(1) safety and securing of high-pressure fluids,

fittings, and hoses during operation

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.


https://asmenormdoc.com/api2/?name=ASME PCC-1 2019.pdf

ASME PCC-1-2019

(2) placement and removal of backup wrench under
high loads

(3) pinch points relative to hydraulic or pneumatic
torque equipment and backup wrenches

(4) dangersassociated with socket failure underload
from using the incorrect or a low-quality socket

(b) hydraulic and pneumatic torque joint tightening

(1) working parts of hydraulic and pneumatic torque

equipment

A-2.3.3 Additional Training Required to Obtain a Heat
Exchanger Supplemental Qualification. The curriculum
shall ensure candidates have a thorough understanding of
the following aspects of joint disassembly, assembly, and
tightening for exchanger joints. As a minimum, the
following shall be addressed:

(a) types of exchangers [Tubular Exchanger Manufac-
turers Association (TEMA) designations] and their joints

(1) joint configurations, terminology, and locations

(2) WoTKITTg parts of a fydrautic pump amnd
hydraulid/pneumatic regulator

(3) troubleshooting hydraulic wrench, hose, hose
connectidns, and pump failures

(4) method of setting Target Torque

(5) method of using a hydraulic torque wrench

(6) bingle-point tightening versus simultaneous
multiple-point tightening, and influence on the assembly
procedurg

(c) joimt tightening using tensioning equipment

(1) yorking parts of a hydraulic bolt tensioner

(2) yorking parts of a hydraulic pump and hydraulic
regulator

(3) method of setting correct bolt load (formulas for
calculatirlg the target bolt load) for the number of tools in
relation o the number of bolts in the joint

(4) method of using a hydraulic bolt tensioner

(5) troubleshooting of tensioner, hose, hose connec-
tions, and pump failures

(6) Wise of a single tensioner versus simultaneous use
of multiple tensioners and the influence of each on the
assembly| procedure (see Appendix L)

(7) effect of elastic recovery (indicated tensiofier
load in r¢lation to final bolt load, need for overtension,
and the [effect of bolt grip-length to bolt-diameter

ratio; seq para. 8.2.2)
(d) calibration and maintenance of hydraulic bolt-
tightening equipment
(1) requirements for maintenance of common
hydraulid field equipment
(2) inspection of hydraulic hoses and cylinders

(3) familiarizationwith methods for calibrating
common fhydraulic fieldyequipment
(4) importance-and frequency of calibration
(e) selpcting appropriate bolt-tightening tooling
(1) acceptable methods in relation to bolt size
(2) paturdlly occurring clearance problems related

(2)gasketcontigurations for tie aifferemt types of
joints
(3) confined gaskets versus unconfinedgaskets
(4) measurement of final joint gaps as almeasyre of
success

(b) bundle pushing and considerations for assembly

(1) bundle and channel oriefitation to align pfping
and pass-partition groove(s)

(2) risks during pushing\(damage to the flangg-face
or shell gasket)

(c) tubesheet joint.considerations, shell-side g
damage, and recompression of shell-side gaskets on
sheet joints

(1) second\gasket compression (more asse
passes may be'required)

(2) «isks if the shell-side gasket seal is broken ywhen
the channel is removed (if bundle is not being pulled)

(3) inspection of pass-partition surfaces (pass-parti-
tion flush with flange facing)

(4) consideration of tightening shoulder-type
from both sides

(5) gasket pass-partition alignment

(d) breech-lock exchangers (optional)

(1) general sealing configuration of breechflock
exchangers
(2) special procedures for assembly of breech
(manufacturer’s instructions)

A-2.3.4 Additional Training Required to Obtqin a
Special Joint Supplemental Qualification. The qurri-
culum shall ensure candidates have a thorough under-
standing of all significant aspects of joint disasseibly,
assembly, and tightening for special joints. A compr¢hen-
sive listing of the requirements is outside the scope of
these guidelines. However, the general approach [used
in the previous sections for piping and excharlgers
should be followed in formulating a training curriculum
for special joints. The following general sections should, as

hsket
tube-

mbly

bolts

lock

to generat-stytesoftootimgsuchrashydrauticimntime
ratchets, hydraulic square-drive ratchets, fixed-size
tensioners, variable-size tensioners, hydraulic nuts, and
mechanical jack nuts

(3) bolt-load limitation of hydraulic tensioners as
related to pressure, ram size, bolt size, and bolt length

(4) use of comparative angle of nut rotation method
when standard hydraulic tooling will not work (insuffi-
cient space for hydraulic equipment for one or two bolts)

28

a minimum, be covered:

(a) seal surface preparation

(b) the importance of alignment and gap uniformity

(c) gasket handling, preparation, and installation

(d) specific assembly steps, tooling, or procedures
pertinent to the joint in consideration

(e) safety considerations, includinglockout, depressur-
ization, electrical isolation, and special work permits
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A-2.4 Practical Examination

The Qualified Bolting Specialist shall demonstrate his or
her understanding in the assembly of bolted joints by
taking part in at least one of the following range of
bolted joint practical demonstrations and witnessing
the other demonstrations. The demonstrations are
designed to highlight significant aspects of the training
curriculum and shall be performed in the presence,
and t i i ifi i iali
Instructor. In addition, a practical examination of each
candidate, requiring the assembly of at least two
jointg, shall be required. The criteria for pass/fail shall
include measurement of the obtained gasket deformation
and Holt-load variation and shall be assessed by a Qualified
Bolting Specialist Instructor. The examination shall
include all aspects of joint quality assurance that have
been|taught in the course.

In faddition, for heat exchanger or special joint supple-
mental qualification, the practical examination shall
include the assembly of a typical joint that falls within
the fupplemental qualification being sought. For
powg¢red-equipment supplemental qualification, a joint
shall|be assembled using both hydraulic tensioning and
hydrhulic torque equipment.

Thie following demonstrations are suggested to high-
light|several critical points of joint assembly. Alternative
demg@nstrations or modifications to the outlined details
may|be substituted for any of the demonstrations;
provjded the desired learning points are still achieved,
as judged by the Qualified Bolting Specialist Instructor.

A

P.4.1 Importance of Gasket Placement

(a] Perform the following on a flange test rig having
four jor more bolts:
(1) Assemble a four-bolt, small-diameter flange with
aspifal-wound gasket withoutinnerand outer rings, using
a tightening pattern, and ensure that about half of the
gasket width is not on the raised-face portion on one side.
[2) Assemble a clas$ 300, four-bolt, small-diameter
flange with a class 150.8piral-wound gasket with outer
ring,[with the gaskét(in a vertical position, using a tight-
ening pattern, andensure that the outer ring of the gasket
is logated against the bolts.
(3) Assenible a four-bolt, small-diameter flange with
a spifal-wound gasket withoutinner and outer rings, using
a tightening pattern, and ensure the gasket is centrally

load on the two upper bolts to bring the flanges into
proper alignment:

(1) Assemble a joint with an expanded PTFE gasket,
without aligning the flanges first (use flange bolts to align
the joint).

(2) Assemble a joint with an expanded PTFE gasket,
aligning the flanges using external means (e.g., come-
along, chain-block).

(b) After each assembly, observe the gasket compres-
ket after
disassembly to demonstrate uneven loading'when initial
alignment of the flanges is not performed:

A-2.4.3 Importance of Bolt Assembly Pattern

(a) Perform the following oni a*flange test 1fig having
four or more bolts:
(1) Assemble a four-bolt, small-diameter flange with

an expanded PTFE gaSket without using a tightening
pattern (i.e., using eircular passes only).
(2) Assembléa four-bolt, small-diameter flange with

an expanded PTEE gasket using a tightening pdttern per
ASME PCC:1:
(b) Observe gasket appearance, and measur¢ the final
thickness of the gasket after disassembly to derponstrate
unevén’loading when cross-pattern tightening ignot used.

A-2.4.4 Importance of Bolt Assembly Pattern and
Correct Gasket Selection. Perform the following test
on a flange test rig having eight or more bolts [=NPS 6):

(a) Assemble a joint with a spiral-wounld gasket
without inner and outer rings, without using a tightening
pattern (i.e., using circular passes only).

(b) Assemble a joint with a spiral-wound gasket with
inner and outer rings, without using a tightening pattern
(i.e., using circular passes only).

(c) Assemble a joint with a spiral-woun|d gasket
without inner and outer rings, using a tightening pattern.

(d) Assemble a joint with a spiral-wound gasket with
inner and outer rings, using a tightening pattejn.

(e) After each assembly, carefully remove edach of the
above gaskets from the rig and inspect for damage to
gasket sealing in the form of uneven compressior or extru-
sion of the gasket windings.

A-2.4.5 Reaction of Different Types of Gaskets to
Standard Tightening Procedure. Perform the ffollowing
on a flange test rig having four or more bolts) with the

located on the raised face.
(b) Inspect each gasket after disassembly to demon-
strate uneven compression when not properly located.

A-2.4.2 Importance of Joint Alignment Prior to
Assembly

(a) Perform the following on a flange test rig having
four or more bolts and equipped with a spring system
that requires approximately 50% of the assembly bolt

capability to measure bolt load, stress, or elongation:

(a) Assemble a four-bolt, small-diameter flange with a
spiral-wound gasket withoutinner and outer rings, using a
tightening pattern, and ensure the gasket is centrally
located on the raised face. Monitor the bolt load,
stress, or elongation during the tightening to see when
it stabilizes (number of passes).

(b) Repeat with a spiral-wound gasket with inner and
outer rings.
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(c) Repeat with a corrugated- or grooved-metal gasket
that has graphite facing.

A-2.4.6 Demonstration of the Effect of Lubricants.
Perform tightening of a bolt using manual torque
control with an instrumented bolt to measure the
achieved bolt load.

(a) Assemble abolt without lubricant to a torque value.

(b) Assemble the same bolt with lubricant to the same
torque value.

the Qualification Program at least once every 3 yr to main-
tain his or her qualification.

A-2.6.3 The Qualifying Organization is responsible for
determining that the individual candidate is qualified (see
section A-5).

A-3 REQUIREMENTS FOR QUALIFIED SENIOR
BOLTING SPECIALISTS

(c) Compare the different achieved bolt loads.

A-2.5 Duties

The dulties of a Qualified Bolting Specialist include the
following:
(a) be|able to assemble pressure vessel, piping, and
tank bolted joints in accordance with all aspects of the

training ¢utlined in this Appendix

(b) bepble to interpret and follow specific written joint
assembly| procedures

(c) provide guidance and assistance to trainee and
bolting ajsemblers

(d) understand and complete correctly the joint
assembly quality-assurance procedures and forms as
required [by his or her employer

(e) corpplete and ensure that the client receives appro-
priate dpcumentation of joint assembly work [see
para. A-2{3(s)]

A-2.6 Maintenance and Renewal of Qualifications

A-2.6.]
Bolting S
(a) be

To maintain the qualifications as a Qualified
pecialist, an individual shall
ome familiar with the applications of(tnew tech-
nology in[gaskets, flanges, fasteners, assembly’equipment,
and joint|assembly techniques.

(b) mgintain knowledge of current localadministrative
or operafing procedures necessary to-discharge duties.

(c) majintain knowledge of the-thost recent revisions of
ASME PCL-1 and other applieable’ standards, as listed in
para. A-1{3.

(d) mdintain awarenéss-of new techniques and tech-
nologies |n bolted joint assembly and disassembly.

(e) actjvely participate in selected meetings, seminars,
and educptional ‘\programs related to duties.

(f) havle workplace access to the latest edition of ASME
PCC-1 apd\the applicable documents referenced in

A-3.1 Qualifications

A Qualified Senior Bolting Specialist shall have rec
the training and practical experience, and shallposse
qualifications outlined in section A-2-for the Qua
Bolting Specialist. In addition, he or“she shall

(a) have demonstrated aptitudé for leadership, agmin-
istration, and quality assurancg:

(b) have demonstrated knowledge of the appli
standards and problemSJoften found during
assembly.

(c) have demonstrated ability to perform the adminis-
trative and technical duties described in para. A-3.p.

(d) have had ‘at least 2 yr full-time experience (gr the
equivalentpart-time experience, as defined in Table/ A-1)
as a Qualified Bolting Specialist. Experience as a bglting
assembler (in a job having a description that complies
with\the duties outlined in para. A-2.5) maly be
counted at one-half that obtained as a Qualified Bglting
Specialist. The experience should be documented by fefer-
ences from senior bolting assemblers, Qualified Senior
Bolting Specialists, or Qualified Bolting Specialist Ingtruc-
tors, indicating that the field experience obtained rheets
the requirements of this Appendix. An example refefence
sheet is supplied in Form A-1.

(e) haveready access to the latest edition of ASME|
1, as well as workplace access to the current editions
documents referenced in para. A-1.3.

(f) take an active role in bolted-joint failure anglysis
and identification and implementation of correftive
action at the company or plant sites where he of she
is employed.

bived
sthe
ified

table
oint

PCC-
fthe

A-3.2 Duties

The duties of a Qualified Senior Bolting Specialigt are
identical to those of the Qualified Bolting Specjalist
(para. A-2.5) with the addition of those described in

para. A-1.3.

(g) attest to his or her compliance with (a) through (f)
and provide atleast two references from co-workers or his
or her employer upon qualification and triennial renewal
of qualification. At least one reference shall be from a
supervisor at the individual’s current or previous place
of work.

A-2.6.2 The Qualified Bolting Specialist shall take and
pass the Training of Fundamentals portion (para. A-2.3) of
the assessment in accordance with the requirements of

30

paras. A-3.2.1 and A-3.2.2.

A-3.2.1 Administrative. The administrative duties of a
Qualified Senior Bolting Specialist include, but are not
limited to, the following:

(a) providing on-the-job training to bolting assemblers
and bolting trainees
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(b) maintaining and analyzing records, including those
for joint assembly procedures, inspections, and Qualified
Bolting Specialist performance, including meeting the re-
quirements of section A-2

(c) ensuring that Qualified Bolting Specialists, bolting
assemblers, and other personnel under his or her super-
vision perform their duties in accordance with the guide-
lines of ASME PCC-1 and all applicable site standards and

any updates that have occurred in the preceding 3 yr to the
Training of Fundamentals portion (para. A-2.3) of ASME
PCC-1, Appendix A. If no changes to para. A-2.3 have
occurred, then that portion of the requalification
process may be omitted. The requalification process,
test format, and test content shall be outlined in the Quali-
fication Manual.

A-3.3.3 The Qualifying Organization is responsible for

requirements . g . . .o
?d TR A T e T T T e T T e determining that the individual candidate is qualified (see
U ion A-5).

with|ASME PCC-1 section A-5)
(e} maintainingaworkplace copy of the latest edition of

ASME PCC-1, as well as the current edition of the docu-
men{s referenced in para. A-1.3

A-B.2.2 Technical. The technical duties of a Qualified
Senigr Bolting Specialist include, but are notlimited to, the
folloying:

(a) reviewing assembly procedures and inspection
repofts, and ensuring enforcement of legally adopted re-
quirgments

(b] reviewing applications for waivers and variances,
and making recommendations, as required, to proper
authgrities

(c) ensuring clientreview of joint assembly procedures
and feceipt of appropriate joint assembly documentation

(d] investigating complaints and accidents

(e) helping to develop company policies and proce-
duref

0}
Qual

presenting on-site orientation courses for both
fied Bolting Specialists and bolting assemblers

A-3.

A-B.3.1 To maintain the qualifications; a Qualified
Senigr Bolting Specialist shall

(a] conform to the requirements of para. A-2.6.

(b] spend a minimum of 20% _of time working in the
field [with Qualified Bolting Specialists, Qualified Senior
Bolting Specialists, trained bolting assemblers, trained
senipr bolting assemblers, bolting assemblers, or
senidr bolting assemblers.

(c) assist with/the amendment of existing work-site
assembly procedures deemed inadequate or unsafe, or
the developmént of revised work-site assembly proce-
dure} for-unusual conditions or equipment.

(d] attest to his or her compliance with (a) through (c)

B Maintenance of Qualifications

A-4 REQUIREMENTS FOR QUALIFIED BO
SPECIALIST INSTRUCTORS

L TING

A-4.1 Qualifications

A Qualified Bolting Spéecialist Instructor shall have
received the trainingwand practical experi¢nce and
shall possess the qualifications outlined in segtion A-3
for the Qualified Senior Bolting Specialist and, injaddition,
shall

(a) have.demonstrated aptitude for teaching, leader-
ship, admiinistration, and quality assurance.

(b) have demonstrated knowledge of the applicable
codés\and problems often found during joint dssembly.

fc) have demonstrated ability to perform thg adminis-
trative and technical duties in para. A-4.2.

(d) have at least 4 yr of full-time experiende (or the
equivalent part-time experience, as defined in
Table A-1) as a Qualified Senior Bolting Specialigt. Experi-
ence as a senior bolting assembler (in a job|having a
description that complies with the duties oytlined in
para. A-3.2) may be counted at one-third that|obtained
as a Qualified Senior Bolting Specialist. Experience as a
bolting instructor (in a job having a description that
complies with the duties outlined in para. A44.2) may
be counted at one-half that obtained as a QQualified
Senior Bolting Specialist. The experience should be docu-
mented by references from senior bolting asgemblers,
Qualified Senior Bolting Specialists, or Qualifigd Bolting
Specialist Instructors, indicating that the field ekperience
obtained meets the requirements of this Appgndix. An
example reference sheet is supplied in Form A-1.

(e) have in his or her personal possession the latest
edition of ASME PCC-1, as well as workplace faccess to
the current editions of the documents refejenced in

and previde-atleasttworeferencesfromree-workerserhis
or her employer upon qualification and triennial renewal
of qualification. At least one reference should be from a
supervisor at the individual’s current or previous place of
work.

A-3.3.2 The Qualified Senior Bolting Specialist shall be
required to renew their qualification at least once every 3
yr. The qualification renewal process shall include a state-
ment of compliance with the requirements of para. A-3.3.1
and shall include a short test or quiz designed to highlight
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para. A-1.3.

A-4.2 Duties

The duties of a Qualified Bolting Specialist Instructor
are identical to those of the Qualified Bolting Specialist
(para. A-2.5) with the addition of those described in
paras. A-4.2.1 and A-4.2.2.
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A-4.2.1 Administrative. The administrative duties of a
Qualified Bolting Specialist Instructor include, but are not
limited to, the following:

(a) providing on-the-job training to Qualified Bolting
Specialists, bolting assemblers, and bolting trainees

(b) maintaining and analyzing records, including those
for joint assembly procedures, inspections, and Senior
Bolting Specialist performance, including meeting the re-
quirements of section A-3

(c) engurimgtatSeTio g Spectd arace 0
her supefgvision perform their duties in accordance with
the requirements of section A-3

(d) pr¢paringjointassembly procedures in accordance
with the fguidelines of ASME PCC-1

(e) madintaining a personal copy of the latest edition of
ASME PC[-1, as well as having ready workplace access to
the currept edition of documents referenced in para. A-1.3

A-4.2.2 Technical. The technical duties of a Qualified
Bolting Specialist Instructor include, but are not limited to,
the following:

(a) reyiewing assembly procedures and inspection
reports, gnd ensuring enforcement of legally adopted re-
quiremerjts

(b) reyiewing applications for waivers and variances,
and making recommendations to proper authorities as
required

(c) mediating disputes

(d) infprmally answering questions relating to ASME
PCC-1, arld submitting written requests for official inter-
pretation| as required, to the secretary of the ASME Pres-
sure Technology Post Construction Committee

(e) inviestigating complaints and accidents

(f) devieloping company policies and procedures, and
advocatinjg adoption of the latest nationalicodes

(g) pré¢paring and presenting training-courses for both
Qualified Bolting Specialists and nengualified bolting
assemblefrs

(h) pré¢paring on-site orientationcourses for both Qual-
ified Boltjng Specialists and fionqualified bolting assem-
blers

A-4.3

A-4.3.1 To maintain the qualifications, a Qualified
Bolting Specialist Instructor shall

(a) confermy’'to the requirements of para. A-3.3 and
attend o ofet e ohe eSSt A
seminar or workshop per year related to one or more
of the duties described in para. A-4.2.

(b) spend a minimum of 10% of work time in the field
with the Qualified Bolting Specialists, Qualified Senior
Bolting Specialists, bolting assemblers, or senior
bolting assemblers.

(c) attestto his or her compliance with (a) and (b) and
provide at least two references from co-workers or his or
her employer upon qualification and triennial renewal of

aintenance.of Qualifications
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qualification. At least one reference shall be from a super-
visor at the individual’s current or previous place of work.

A-4.3.2 The Qualified Bolting Specialist Instructor
shall be required to renew their qualification at least
once every 3 yr. The qualification renewal process
shall include a statement of compliance with the require-
ments of para. A-4.3.1 and shall include a short test or quiz
designed to highlight any updates that have occurred in
the preceding 3 yrto the Training of Fundamentals portion
(para. A-2.3) of this Appendix. If no changes to para, A-2.3
have occurred, then that portion of the qualificftion
renewal process may be omitted. The qualification
renewal process, test format, and test content shgll be
outlined in the Qualification Manual.

e for
(see

A-4.3.3 The Qualifying Organization is responsib
determining that the individualcandidate is qualified
section A-5).

A-5 QUALITY ASSURANCE
A-5.1 Scope

This sectiohgrovides recommended minimum reduire-
ments for a'Qualification Manual that each Qualifying Or-
ganizationl should have. The Qualification Manual
provides written documentation demonstrating compli-
ance*with this Appendix. The Qualifying Organizafions
should be subject to an initial and periodic review by
an independent Review Organization for quplity
control purposes as described in this section.

A-5.2 Qualification Manual

Organizations should have a Qualification Program that
includes all those planned and systematic actions nleces-
sary to provide confidence that the requirements of this
Appendix will be complied with. This program shoulld be
documented in a Qualification Manual, which shHould
include a training course syllabus and example exarmina-
tion documents. The Qualification Manual shall b the
basis for demonstration of compliance to the Reviey Or-
ganization. The Qualification Program should include the
elements described in paras. A-5.2.1 through A-5.2}4.

A-5.2.1 Authority, Responsibility, Equipment/ and

Personnel

g a 4 harge
of the Qualification Program shall be clearly established
and documented. They should have the organizational
freedom and administrative and technical expertise nec-
essary to implement the program.

(b) Personnel records should be maintained for all
persons with a direct involvement in the program and
should include the education, training, and experience
of each person.
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(c) The Qualifying Organization should maintain test
and demonstration equipment capable of performing
the practical examinations and demonstrations outlined
in para. A-2.4. If additional supplemental qualifications
(powered equipment, heat exchanger, or special joint)
are offered by the organization, suitable equipment for
the examination of those joint types is also required.
In addition, the Qualifying Organization shall maintain
sufficient joint assembly equipment on hand during theo-

Quallification Program should clearly delineate the
metHod of evaluating whether applicants meet the re-
quilements of Qualified Bolting Specialists
(section A-2), Qualified Senior Bolting Specialists
(section A-3), or Qualified Bolting Specialist Instructors
(sectjon A-4).

Thie methods of evaluation shall include, but are not
limitgd to, the following:

(a] written and/or oral examinations

(b} practical examinations of joint assembly skill

(c) verification of employment and field experience

(d] verification of attendance or successful completion
at educational institutions

Thie above methods shall demonstrate compliance with
sectipn A-2 for Qualified Bolting Specialists, section A-3 for
Qualjfied Senior Bolting Specialists, or section A-4 for
Quallfied Bolting Specialist Instructors.

Mgans shall be provided to ensure that Qualified Bolting
Specjalists meet the maintenance of qualificatign provi-
sionq of para. A-2.6, that Qualified Senior Bolting Special-
ists meet the maintenance of qualification regilirements of
para] A-3.3, and that Qualified BoltingSpecialist Instruc-
tors meet the maintenance of qualification requirements
of pdra. A-4.3. The Qualification"Pregram shall include
provjsions to detail how training, experience, examina-
tiong, and a meeting, semihar, or education program
can lje accepted as meeting the criteria for maintenance
of qualification. A list.of currently approved training
courfes, experience/ examination, meetings, seminars,
and ¢ducation pregrams should also be maintained on
file. The information should be made known to all Qual-
ified [Bolting\Specialists, Qualified Senior Bolting Special-
ists, ind‘Qualified Bolting Specialist Instructors who are
qualified by the Qualifying Organization.

requirements outlined in this Appendix with applicable
regional, national, or international codes and standards.

A-5.3 Procedures for Quality Control

A-5.3.1 Application. Qualifying Organizations should
contract a suitable Review Organization to determine if
the content of their program meets the requirements
outlined in this Appendix.

3- ion. The
Qualifying Organization should consider the\impartiality
and integrity of the Review Organizatioh,and also the
qualifications of the SMEs used by the Review Prganiza-
tion when awarding the contract. Suitable Review Orga-
nizations may include insurance-companies authorized to
write boiler or pressure vesselinsurance; regcognized
standards organizations gqualified by ANSI oy interna-
tional, designated standardsteview bodies; induptry orga-
nizations; or other sifmilar impartial organizations.

A-5.3.3 Evaluation of Qualification Program. The
Qualificatiom Program should be evaluated by the
Review Organization for compliance with this Appendix
initially @nd”at each review. The Qualificatiop Manual
should be the Review Organization’s guide for reviewing
the Qualifying Organization’s continued compliaince with
theaccepted Qualification Program.

A-5.3.4 Qualifying Organization Reviews. The Quali-
fying Organization should be subject to a periodic review
by the Review Organization at a frequency not tq exceed 2
yr.

A-5.3.5 Portability of Qualifications. The infent of the
guidelines in this Appendix is to establish a basis for stan-
dard industry qualification of assemblers. Idgally, the
qualification received by an assembler should b¢ portable
in nature. Portability achieves the following four goals:

(a) The qualification has value to assemblerf, as they
may take it with them between jobs at different work sites.

(b) Itreduces the efforts required of each user, spreads
the work of qualification across industry, and nhaximizes
use and productivity of assemblers.

(c) The user may rely on the holder of the qu
to have obtained, ata minimum, the level of comy
defined by the required training and experiencg
in this Appendix.

(d) ltassists users in evaluating the quality and level of

lification
etency as
outlined

A-5.2.3 Revisions to Standards. Provisions shall be
included in the program to update it in conformance
with revisions to ASME PCC-1 and to the reference stan-
dards listed in para. A-1.3. Copies of these standards shall
be kept on file.

A-5.2.4 International Qualifications. Organizations
that qualify persons as being qualified to assemble
joints per this Appendix should supplement the training
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experience of contract labor.

However, for those goals to be achieved, it may be nec-
essary for users to accept varied Qualification Programs
given by different Qualifying Organizations.

To achieve that level of acceptance, it is recommended
that the users identify Review Organizations that maintain
an acceptable level of SME knowledge and review ability to
ensure that the requirements of para. A-5.3.3 are met to a
level satisfactory to the user. Delegating the responsibility
of quality review to independent Review Organizations
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maximizes the likelihood of portability being achieved;
minimizesreliance on user resources; and allows endorse-
ment of programs at the corporate, rather than site, level
of the user organization.

Ideally, users will collaborate within international,
national, regional, or industry groups to identify accept-
able Review Organizations. This facilitates portability of
qualification among those organizations and minimizes
the likelihood that Qualifying Organizations will

(a) an individual with sufficient experience and back-
ground to qualify as a Qualified Senior Bolting Instructor

(b) a mechanical or structural engineer with experi-
ence in the assembly, maintenance, and operation of
bolted joints

(c) amechanical or structural engineer with experience
in the design and analysis of bolted joints

A-5.5 Program Effectiveness

require ore Lhdﬂ oNne REVIEW UT'gdllIZdl0Il 1O IIIect
the requI‘lements of the applicable users.

When |a new Qualifying Organization seeks to be
accepted| by a user, it is recommended that the user
primarily| review and endorse the associated Review Or-
ganizatioh, rather than each individual Qualifying Organ-
ization.

A-5.4 DEﬁnition of Terms

A-5.41 Subject Matter Expert. The objective in
selecting the SMEs is to have a knowledge and experience
base to pfovide a comprehensive review of the Qualifica-
tion Manpal.
(a) Selection of SMEs should be based on the following
criteria:
(1) knowledge — possesses knowledge in the field of
bolted jolnt assembly
(2) ¢xperience — has worked in the field of bolted
joint assgmbly
(b) Th following factors may be useful in selecting the
SMEs:
(1) training — has documentation proving-their
successfiil completion of training programs in-bolted
joint assgmbly
(2) ¢redentials and certifications — possesses appli-
cable angl appropriate credentials or cértifications, or
both, explected of an expert in bolted-jeint assembly
(3) éxperience — years of practical experience

A-5.4.]
review tg
following

Balance of Knowledge)The composition of the
am should includeat' least one of each of the
SMEs:

To track the effectiveness of the Qualification Program
offered, the Qualifying Organization should collect| data
from users, or their designees, regarding the'succgss of
the program.

For the purposes of this activity, itis"suggested
success should be defined as a reduction in safety and
environmental incidents related tobolted joint assembly.
It is the responsibility of the Qualifying Organization and
the Review Organization te ‘define the process by which
these measures are established and to define the crjteria
for determining success. The following suggested indica-
tors of success are provided for guidance:

(a) percentage ‘of qualified assemblers used in
period or project versus in previous periods or prq

(b) reduction or increase in the number of se
bolted-joint leakage incidents (involving injury oy
shutdown) compared to previous periods

(¢) reduction or increase in the number of 1
bolted-joint leakage incidents (not involving inju
unit shutdown) compared to previous periods

(d) reduction or increase in the number of injury
dents associated with bolted joint assembly

(e) percentage improvement in the apparent Ky
edge of the assemblers used versus previous pe
or projects

(f) reduction orincrease in the operational leak rates of
bolted joints (if monitored) compared to previous pefiods

The data should be collected as a percentage incredse or
decrease. The data collected by this process should be
provided to the Review Organization. The Review Ofgan-
ization should make such data public, to provide a means
of evaluating the effectiveness of its review process.

that

this
jects
rious
unit

inor
[y or

inci-

owl-
Fiods
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APPENDIX B
DESCRIPTION OF COMMON TERMS

B-1 TIGHTENING TERMS
four-boltmg or elght boltmg the removal of every bolt

preppration for breaklng the ]omt (typlcally for bllndlng
or valve removal) during a shutdown. The unit is offline to
do tHlis, as in the requirements for half-bolting outlined in
ASME PCC-2. However, as the joint is not broken, the line
may |still contain process fluid. There is a small risk of
leakdge with this procedure. This activity is performed
to speed up blinding or valve removal during shutdown.
An epgineering and risk analysis of the four-bolting or
eightt-bolting operation should be carried out to establish
that fhe operation can be performed safely.

half-bolting: the removal of every other bolt (so the flange
is leff with half the number of bolts) during plant depres-
surization, usually when the system is close to atmo-
sphefric pressure. The procedure generally consists of
remdving every second bolt, relubricating them, reinstal-
ling them, and retightening to a specified torque. The
remdining bolts are then removed, relubricated, rein-
stallgd, and retightened to a specified torque such that
all bplts have been reinstalled. There is a small risk\of
leakdge with this procedure, particularly if the system
is acfidentally repressurized. An engineering and risk
analysis of the half-bolting operation should be’ carried
out fo establish that the operation can be)performed
safely. Refer to ASME PCC-2 for further information on
jointftightening activities once the unitis fully operational.

hot Rolting: the sequential remg@val and replacement of
boltg on flanged joints while/the unit is under reduced
operpting pressure. The procedure generally consists
of removing one bolt at‘@a time in a flange, relubricating
it, re|nstalling it (or a‘hew bolt), and retightening it to a
specified torque. Hotboltings can be performed while the
unit|is online_or-once the unit is depressurized. If
performed while the unit is online, consideration of
the 1fisk oftleakage includes the number of bolts in the
flangeand the hazard associated with the contained
process fluid _Hot hnlfing is used either to rpplnr‘p

hot torque: see start-up retorque.

Ilve tlghtenmg tlghtenlng all bolts on a joint while the unit
gd of time.

hydraulic torque, or hydraulic tension. Howevér, torque
can typically no longer be considered accurate after more
than a few days of operation. Therefore, other t¢chniques
such as turn-of-nut or tensioning are prefefred. Hot
bolting is also an option, butshere is a higher associated
risk with that activity due/to the associated requction in
gasket stress if the tightening is performed whil¢ the joint
is pressurized. Live tightening should not be c¢nsidered
the same as start-up retorque, which is performgd as part
ofthe assembly operation; live tightening is an ogerational
activity that‘miay be performed on a periodi¢ basis to
recover relaxation (typically on high-temperature
joints that have a history of leakage) or as al reaction
to joint'leakage. An engineering and risk aralysis of
the live-tightening operation should be carrigd out to
éstablish that the operation can be performed safely.
Refer to ASME PCC-2 for further information|on joint-
tightening activities once the unit is fully operptional.

odd-bolting: see half-bolting.
online tightening: see live tightening.

start-up retorque: tightening all bolts on a jointwhile the
unit is coming up to operating temperature in p circular
pass until the nuts no longer turn. Start-up retogque (also
referred to as hot torque) is performed to indrease the
residual operational stress on the gasket (t¢ recover
initial gasket relaxation), to minimize the likdlihood of
leakage. It is typically performed while thle unit is
online but may also be performed prior to qperation
using heating pads to bring the flange up to temperature.
Since this activity will only increase the load on the gasket,
the risk of leakage is significantly lower than [for other
activities (such as hot bolting).

turn-of-nut: tightening all bolts on a joint while the unit is
in operation or during a turnaround, without lisassem-

corroded or defective bolts or to proactively increase
the gasket stress to prevent leakage (in high-temperature
or cyclic services) or to reseal a small stable leak.

NOTE: Hot bolting while the unit is online to increase gasket
stress or seal a small stable leak is not recommended or required
if turn-of-nut tightening can be used. An engineering and risk
analysis of the hot-bolting operation should be carried out to
establish that the operation can be performed safely. Refer to
ASME PCC-2 for further information on joint-tightening activities
once the unit is fully operational.
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bling the joint. Turn-of-nut is used either to proactively
increase the gasket stress to prevent leakage (in high-
temperature or cyclic services) or to reseal a small
stable leak. If this procedure is performed while the
unit is online, there is a small risk of additional
leakage. However, since the load on the gasket will
only increase, the risk of leakage is significantly lower
than for other activities (such as hot bolting). Turn-of-
nut involves tightening the joint by turning one nut on
each bolt by a specific amount. Turn-of-nut does not
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require knowledge of the nut factor and therefore can be
applied at any stage during the life of the joint. An engi-
neering and risk analysis of the turn-of-nut operation
should be carried out to establish that the operation
can be performed safely. Turn-of-nut is used only for
low-pressure, nonhazardous services if the gasket is a
fiber-sheet gasket style, as that gasket type has a tendency
to degrade in service and could blow out if retightened
while operating.

(0.04 in.) compression during assembly. It is not appro-
priate to classify gaskets as hard or soft based solely on
physical hardness or softness of the gasket material itself.
For example, 1.5-mm (Y-in.) thick PTFE, flexible-
graphite, or fiber gaskets do not have sufficient compres-
sion to be classified as soft gaskets. See also soft-faced
gaskets.

NOTE: RT] gaskets and lens gaskets are a special case and are
addressed separately in sections D-3 and F-3.

B-2 GASKET TERMS

hard-faced gaskets: gaskets that are constructed entirely
from metal and do not have a soft filler material on the
faces thdt come into contact with the flange seating
surfaces pr have insufficient filler material to fill imper-
fections @n the flange faces. It may not be acceptable to
categorize by gasket type as extremely thin gaskets or
gaskets without sufficient filler will not fill imperfections
and thergfore are categorized as hard-faced gaskets.
Metal-faded gaskets, such as flat metal, RT], or double-
jacketed paskets, are categorized as hard-faced gaskets.
See also hard gaskets.

hard gasHets: includes grooved-metal gaskets, corrugated-
metal gagdkets, and flat, solid-metal gaskets. Hard gaskets
are typicdlly defined as gaskets that have less than 1.0 mm
(0.04 in)) compression during assembly. Generally
speaking, it is not appropriate to classify gaskets as
hard or s¢ft based solely on physical hardness or softness
of the gasket material itself. For example, 1.5-mm (¥ ¢-in.)
thick PTFE, flexible-graphite, or fiber gaskets are classified
as hard daskets. See also hard-faced gaskets.

NOTE: RT
addressed|

gaskets and lens gaskets are a special case and are
separately in sections D-3 and F-3.

soft-faced
have a s
contact
gaskets
rubber,
flange se
filler exis

gaskets: gaskets that are constiucted from or
ft filler material on the faces'that come into
vith the flange seating surfaces. Soft-faced
have sufficient soft filler (such as graphite,
r PTFE) that botli\the gasket substrate and
hting surface finish-will be filled and additional
s on the gasketsuch thatany small imperfections
will also Be filled as the'gasket is compressed between the
flanges. If may noetbe acceptable to categorize by gasket
type as ektrentely thin sheet gaskets or gaskets without
sufficien filler/or facing will not fill imperfections and
thereforé_are categarized as hard-faced gaskets See

B-3 TENSIONER LOAD/BOLT STRESS TERMS

applied tensioner load: the load applied to, the/bolt by the
tensioner (i.e., prior to load loss).

assembly bolt stress: the Target BoltyStress for a
assembly to obtain the desired<target gasket s
(refer to Appendix O).

joint
[ress

bolt load loss factor (BLLF): when using hydrpulic
tensioners and less than’t00% tensioner coveragq (i.e.,
other than having a tensioner fitted to each holt),
when the second{set of bolts is tensioned, the resjdual
tensioner loadfon the first set of bolts is reduced.| This
loss of bolt load (expressed as a fraction of the origjnally
applied tensioner load) is termed the BLLF. The BLLF
occurs,.when more than one tensioning pass is applied.
[t cafivbe eliminated by performing 100% tensioner
coverage. Alsoreferred to as flange load loss factor (FILLF).

flange load loss factor (FLLF): see bolt load loss flictor
(BLLF).

nut load loss factor (NLLF): when using hydr
tensioners, the load is transferred from the tensioner
to the nut as the tensioner pressure is releasefl. As
part of this process, the thread and nut deflect, which
releases some of the load originally established by the
tensioner. This loss of load (expressed as a fractipn of
the originally applied tensioner load) is termed the
NLLF. The NLLF occurs at all times when using hydtaulic
tensioners (i.e., it cannot be reduced without redesign of
the joint). Also referred to as tool load loss factor (TLLF).

hulic

residual tensioner load: theload remaining on the boltjafter
release of the tensioner pressure (i.e., after load loss).

tensioner coverage: terminology referring to the pefcen-
tage of the number of tensioners as compared t¢ the
number of bolts on the joint. For example, 100% tensjoner

also soft gaskets.

soft gaskets: includes gaskets where the movement
between the flange faces during assembly is relatively
large, e.g., PTFE, spiral-wound, and compressed-fiber
or flexible-graphite-sheet gaskets. Soft gaskets are typi-
cally defined as gaskets that have more than 1.0 mm
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TOVETage TEqUITES a tensionerto befittedtoevery bott (i.e.,
all bolts tensioned simultaneously), 50% tensioner
coverage requires one tensioner to be fitted to every
second bolt, and 25% coverage requires one tensioner
to be fitted to every fourth bolt.

tool load loss factor (TLLF): see nut load loss factor (NLLF).
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APPENDIX C
RECOMMENDED GASKET CONTACT SURFACE FINISH FOR

Seg Table C-1.

Table C-1 Recommended Gasket Contact Surface Finish)for Various Gasket Types

Gasket Contact Surface Finish

[Note (1)]
Gasket Description pm pin.

Spiralfwound 3.2-6.4 125-250
Soft-faced metal core with facing layers such 3.2-6.4 125-250

as fllexible graphite, PTFE, or other

confformable materials
Flexihle graphite reinforced with a metal 3.2-6.4 125-250

intdrlayer insert
Grooved metal 1.6 max. 63 max.
Flat splid metal 1.6 max. 63 max.
Flat npetal jacketed 2.5 max. 100 max.
Soft cht sheet, thickness <1.5 mm (Y inl) 3.2-6.4 125-250
Soft clit sheet, thickness >1.5 mm (% ¢\inl) 3.2-13 125-500
NOTE} (1) Finishes listed are average-<Surface roughness values and apply to either the serrated concentric or serrated spiral finish oh the gasket
contaft surface of the flange.
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APPENDIX D
GUIDELINES FOR ALLOWABLE GASKET CONTACT SURFACE
FLATNESS AND DEFECT DEPTH

(19) D-1 FLANGE FACE FLATNESS TOLERANCES

Existirlg industry flatness tolerance limits' do not
include gn assessment of the ability of the gasket to
tolerate jmperfections. The tolerances in Table D-1M/
Table D-1 are dependent on the type of gasket employed
and are cftegorized based on the initial axial compression
of the gagket to the final assembled load.

The imperfections and flange flatness limits listed in this
Appendilx are intended as inspection guidance. If
exceeded, then engineering judgment should be used
to deternjine whether the particular defect is acceptable.
Such det¢rminations should consider factors such as the
actual gasket construction, flange flexibility, bolt spacing,
jointleakhge history, and the risk associated with leakage.

Soft gqskets (see Appendix B) are more tolerant of
flange flafness imperfections but are typically more diffi-
cult to assemble. Hard gaskets (see Appendix B) have less
compresgion than soft gaskets and, while this can help
with imgroved assembly due to less bolt interaction
(cross-talk), it generally means that hard gaskets are
more serfsitive to flange flatness out-of-tolerance. It is
suggested that load-compression test results for the
gasket bding used be obtained from the gasket manufac-
turer to determine which of the listed flatness tolerance
limits shquld be employed. Some types-of gaskets, such as
expanded or microcellular PTFE-€lastomers, and flexible
graphite, [with sufficient initialthickness and applied load,
may provyide suitable sealing.performance to justify the
use of laffger tolerances

The highest and lowest measurements around the
entire cifjcumference of the gasket seating surface may
be recoded andvthe differences between the two
compared tothe sum of the radical and circumferential
limits stdted™in Table D-1M/Table D-1. Mating flanges

the flange faces is complimentary, such that the
seating surfaces follow the same pattern:\This is fpund
in multipass exchanger joints and.is often causqd by
thermal distortion. In this case, it is\conservative to dalcu-
late the overall gaps between the flanges at points arpund
the circumference and use thésirigle-flange tolerandes as
shown in Table D-1M/Table D-1 to determine acgept-
ability of the gap.

D-2 FLANGE FACE IMPERFECTION TOLERANCES

The tolerafices shown in Table D-2M/Table D-P are
separated fnto two categories, depending on the ghsket
being employed in the joint (see Appendix B).|Care
shouldcbe taken to ensure the correct tolerancef are
employed for the gasket being installed. It is impojrtant
terhote that the tolerances apply to the gasket septing
surface (area where the gasket seats both initially and
finally after assembly).

D-3 RTJ GASKETS

Flanges for RT] gaskets are typically inspected for flange
flatness and seating surface imperfections in a diffgrent
manner than that for raised-face flanges. The flangg flat-
ness and groove dimensions are examined prior to|joint
disassembly by inspection of the gap between the puter
edges of the raised faces. If the gap at any location arpund
the joint circumference is less than 1.5 mm (0.062 in.),
then consideration should be given to repair or rema-
chining of the groove at the next opportunity. This glim-
inates the risk of the flange faces touching dyring
assembly, which can lead to joint leakage. Onc¢ the
joint is disassembled, the gasket seating surface| (see
Figure D-5) should be inspected for damage in accordance

that have only one possible alignment configuration
may also be gauged to determine that any waviness of

! For example: PIP VESV1002, Fabrication Specification for Vessels:
ASME Boiler and Pressure Vessel Code Section VIII, Divisions 1 and
2 (March 2012), para. 4.4.3.13; and API 660, 9th ed., Table 5.

il 1 : 1: 1c 1 1 1 : e
WILIT UIT TTYUITTIIITIIL TI5ICU 10T TIdIU 5d5KELS 11 able

D-2M/Table D-2.
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Table D-1M Flange Seating Face Flatness Tolerances (Metric)

Measurement Hard Gaskets Soft Gaskets
Acceptable variation in circumferential flange seating surface flatness T1 < 0.15 mm T1 < 0.25 mm
Acceptable variation in radial (across surface) flange seating surface T2 < 0.15 mm T2 < 0.25 mm
flatness
Maximum acceptable pass-partition surface height vs. flange face -0.25 mm < P < 0.0 mm -0.50 mm < P < 0.0 mm

GENERAL NOTE: See Figures D-1 and D-2 for description of T1 and T2 measurement methods.

Table D-1 Flange Seating Face Flatness Tolerances (U.S. Customary)

Measurement Hard Gaskets Soft Gaskets
Accepftable variation in circumferential flange seating surface flatness T1 < 0.006 in. TI'< 0.01 in
Accepftable variation in radial (across surface) flange seating surface T2 < 0.006 in. T2 < 0.01 in|
flathess
Maxirhum acceptable pass-partition surface height vs. flange face -0.010 in. < P < 0.0 in. -0.020 in. < P < (.0 in.

GENERAL NOTE: See Figures D-1 and D-2 for description of T1 and T2 measurement methods.

Figure D-1 Flange Circumferential Variation{Tolerance, T1

Align the measurement tool and set the datum at four points
around the circumference. Take measurements around the
full circumference to compare to tolerance T7. Increment out
6 mm (0.25 in.) and repeat measurement. Repeat until entire
gasket seating surface (gray region) has been measured.

I
\M T1=the maximum acceptable
T difference between the highest and

| lowest measurement for each
circumferential line of measurement.
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Align the measurement tool and set
the datum at four points around the

cir

seating surface. Take measurements
aldng radial lines across the gasket
sdating surface (gray region) every
20p mm (8 in.) or less until the entire
gagket seating surface has been

ASME PCC-1-2019

Figure D-2 Flange Radial Variation Tolerance, T2

T2 = the maximum acceptable
difference across each radial
line of measurement

cumference on the inner edge of the

g

.
.

8 in._)

200 .
ZoUTm

measured.
i P = axial height from the inner edge of
the flange seating surface to the
pass-partition plate seating surface
Table D{2M Allowable Defect Depth vs. Width Across Table D-2 Allowable Defect Depth vs. Width Across|Face
Face (Metric) (U.S. Customary)
Measurpment Hard-Faced Gaskets Soft-Faced\Gaskets Measurement Hard-Faced Gaskets Soft-Faced Gapkets
rqg < w/4 <0.76 mm <1.27.mm rqg < w/4 <0.030 in. <0.050 in|
w/4 < ry <|w/2 <0.25 mm <0.76 mm w/d <rg<w/2 <0.010 in. <0.030 in|
w/2 <ry <|3w/4 Not allowed <0.13 mm w/2 <ry<3w/4 Not allowed <0.005 in|
rq > 3w/4 Not allowed Not allowed rq > 3w/4 Not allowed Not allowed
GENERAL NOTES: GENERAL NOTES:
(a) See Figures D-3 and D-4 for description of defect measurement (a) See Figures D-3 and D-4 for description of defect measurgment
and for definition of w. and for definition of w.
(b) Defectfepth is measured fronrthe peak of the surface finish to the (b) Defectdepth is measured from the peak of the surface finishto the
botton} of the defect. bottom of the defect.
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Figure D-3 Flange Surface Damage Assessment: Pits and Dents

Gasket seating surface /

w
Pits and dents S oy

N Do not locally polish, grind, or buff
ry seating surface (remove burrs only)

ry = projected radial distance across
seating surface

d = radial measurement between
defects

d=rg w = radial width of gasket Seating

surface

Scattered; ry=the sum of ry;

Figure D-4 Flange Surface Damage Assessment: Scratches and Gouges

Scratches
and gouges

I'd

Do not locally polish, grind, or buff
seating surface (remove burrs only)

rqy = projected radial distance across ra

Seatng surface >

41

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.



https://asmenormdoc.com/api2/?name=ASME PCC-1 2019.pdf

(19)

ASME PCC-1-2019

Figure D-5 RTJ Gasket Seating Surface Assessment

Oval Octagonal
RTJ RTJ

e A

Seating Seating w*/s . \ /
surface (W) surface (w)

Gasket seating width w = d/2 or 4w*/3
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APPENDIX E
FLANGE JOINT ALIGNMENT GUIDELINES

E-1 GENERAL

Prpper alignment of all joint members is the essential
element of flange joint assembly. It results in maximum
seatipg surface contact and maximum opportunity for
unifdrm gasket loading, and it improves the effectiveness
of al] bolt tightening methods. The following guidelines
apply for aligning mating flanges.

GUIDELINES FOR ALIGNING FLANGES

Out-of-tolerance conditions should be corrected
re the gasket is installed to avoid damaging it.
minimum or reasonable adjustments should be
mad¢ after the gasket is installed.

(b) When aligning requires more force than can be
exerfed by hand or common hand and hammer alignment
tools|such as spud wrenches and alignment pins, consult
an engineer.

(c) Proper alignment will result in the bolts passing
throygh the flanges at right angles and the nuts resting
flat 4gainst the flanges prior to tightening.

(d] Before using jacks or wrench devices, a pipe stress
analysis may be appropriate, especially if the pipe is old or
it is puspected that the walls have thinned from use.

(e] If the flanges that are in need“of aligning are
connected to pumps or rotating-equipment, great care
must be taken to prevent introducing a strain into the
equipment housing or bearings.Measuring the movement
in th¢ equipment to ensupethat its aligned condition is not
distyrbed is a common.and necessary practice. (See
“pargllelism” and “retational-two hole” under para. E-2.4.)

(f)] The best practice is to repair the misaligned compo-
nent by replacingit correctly, removing and reinstalling it

E-2

(aJ
befo
Only

E-2.1 Large Piping Connected to Load-Sensitive

Equipment

It is recognized that more stringent alignment toler-
ances may be required for large piping conpected to
load-sensitive equipment,such as machinery. For
machinery, refer to APl Recommended Pradtice 686,
Chapter 6, Sections 4.6 throdgh 4.9 and Figurg B-4.

E-2.2 Critically Stiff Piping System

Stringent aligniment tolerance guidelines that ppply to a
critically stiff piping system such as may be connlected to a
pump or other rotating equipment nozzle are cpvered in
para. 1.2.2°of WRC Bulletin 449 (Guidelines for the Design
anddnstallation of Pump Piping Systems). This|guideline
accounts for the stiffness of the system and is|based on
misalignment not causing more than 20% of the pump
nozzle allowable loading. Where rotating equipment is
not involved, a tolerance 4 times as large may he consid-
ered.

E-2.3 Stiff or Troublesome Piping Systems

For very stiff or troublesome piping systems ldrger than
DN 450 (NPS 18), it may be beneficial and morg econom-
ical to consider the special guidelines of para. 1.2{3 of WRC
Bulletin 449 concerning the modification or rebufilding of a
portion of the system to assure acceptable alignment.

E-2.4 Terms and Definitions

centerline high/low: the alignment of piping jor vessel
flanges so that the seating surfaces, the inside|diameter
ofthe bore, or the outside diameter of the flange§ match or

meet with the greatest amount of contact surfhce.

1n1‘Fh i prﬁperly aligned position, or using uniform heat to Tolerance is usually measured by placing a strgight edge
retie /el ¢ o 'stressgs. f the fl on the outside diameter of one flange and extendjng it to or

(9] wrjoints where one or more of the flanges are not over the mating flange. This is done at four poinks around
attached to piping or vessels, suchas cover plates and tube

bundles, use ample force to accomplish the best aligned
condition.

(h) Once the flanges are aligned, install the gasket and
tighten the fasteners completely, and then release the
aligning devices. Follow this rule as closely as possible.
External forces have less effect on properly loaded joints.

43

the flange, approximately 90 deg from each other. The
tolerance is 1.5 mm (% in.) at any point (see Figure E-1).

excessive spacing or gap: a condition where two flanges are
separated by a distance greater than twice the thickness of
the gasket when the flanges are at rest and the flanges will
not come together using reasonable force (see Figure E-2).
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Figure E-1 Centerline High/Low

<—15mm(/16|n)max

-
—

parallelism: the alignment of piping or vessel flanges so
that there are equal distances between the flange faces at
all points around the circumference of the joint, therefore

making the flange faces parallel to each other.

The tolerance is usually determined by measuring the
closest and farthest distances between the flanges and
comparing. An acceptable practice is a difference no
greater than 0.8 mm (% in.) at the 0.D. of the sealing

surface, achieved using a force of no greater than

10%

NOTE: See para. E-2.4.

Figure E-2 Excessive Spacing or Gap

N
—

N

NOTE: See para. E-2.4.

Figure E-3 Parallelism

=

Figure E-4 Rotational-Two Hole

m 0.8 mm
.) difference
en the widest

NOTE: See para. E-2t4.

Of tiTe TITaxITITuIT toTque O boit toad {or any boty

Figure E-3).

rotational-two hole: the alignment of piping-or v|

(see

essel

flanges so that the bolt holes align with €ach ofther,

allowing the fasteners to pass through' perpendi
to the flanges.

The tolerance is measured by observing a 90-deg
where the fastener passes throuigh the flanges or the
are within 3 mm (% inJ%f perfect alignment
Figure E-4).

When no external‘alignment devices are used
flanges should be brought into contact with the un|

pressed gasket unifermly across the flange faces usin

than the equivalént of 10% of the total target asse

cular

hngle
holes
(see

, the
com-
b less
mbly

bolt load. When aligning the flanges, no single bolt should

be tighténed above 20% of the single bolt maxi
torque<or target bolt load.

When external alignment devices are used, the flz
should be brought to the compressed gasket thick

uniformly across the flange faces using an ext
load equivalent to less than 20% of the total t
assembly bolt load.

If more force is required to bring the flange gap

compliance, consult an engineer.

mum

nges
ness
brnal
rget

into

®

3 mm (/g in.) max.

C R
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APPENDIX F
ALTERNATIVES TO LEGACY TIGHTENING SEQUENCE/PATTERN

(19) F-1 EXISTING PROCEDURES

In [recent years, there has been successful implementa-
tion |of joint assembly patterns and torque-increment
combinations that require less assembly effort than the
ASME PCC-1 Legacy method and, for certain gaskets,
thes¢ procedures may actually improve the resulting
gasket stress and compression distribution versus the
Legacy method. These alternative procedures have
recejved wide acceptance for their performance and
are gresented (along with the limitations for their appli-
catiop) to offer the user alternatives to the Legacy method.
A supmary of the procedures is presented in Table F-1. It
isredjommended that the user carefully evaluate any alter-
nativle procedure prior to implementing its use on pres-
surel equipment and ensure its applicability and
perfqrmance. Users should critically review the following
cautipns and concerns with use of any alternative, non-
Legafy, assembly procedure:

(a] localized overcompression of the gasket

(b] uneven tightening resulting in flange distortion

(c) nonuniform application of gasket seating(load

(d) excessive load/unload of the gasket during
assembly

(e} resulting nonparallel flanges

NOTH: Each of the assembly patterns diScussed in this Appendix
involyes incremental tightening in steps that are expressed as
percentages of Target Torque (the'torque calculated to produce
the final desired load or clampijfig,force in the joint). The percen-
tage Yalues assigned to theSeyintermediate steps are approxi-
mate|and not exact, as their“purpose is to promote even and
gradyal application<®fload, and to avoid conditions that
might irreparably damage a gasket. Even the Target Torque
numbers shouldbellooked upon as the center of an acceptable
rangd, and net\das absolute point values (Appendix 0). Within
each Pass,ifitermediate or final, consistency and gradual appli-
catioh of Toad around the joint is the goal. The term “Target
Torquie”should not be taken to imply that the assembly patterns

grouping should be employed, and the groups may be
tightened as though they were individudl*bolts.
Alternative Assembly Patterns #1, #2, and #3 are
provided for single-bolt tightening, whereas Alternative
Assembly Procedures #4 and #5\are provided for two-
and four-bolt simultaneous tightening, respectjvely.

F-1.1 Alternative Assembly Pattern #1

This pattern uses the same pattern as thle Legacy
method; however; the stress levels are increaped more
rapidly, which‘allows fewer pattern Pasges to be
performedrand less overall effort. For examiple, on a
24-bolt flange, the use of Alternative Pattern #1 requires
a minimum of 72 tightening actions as opposed o 120 for
the Legacy pattern. This method has been sug¢cessfully
applied in limited applications across the full range of
gaskets and joint configurations.

Tightening sequence for Pattern #1 is described in (a)
through (d) below. An example is provided in Figure F-2. A
step-by-step example is shown in Figure F-7.

(a) Pass 1a: Proceed in the pattern ouflined in
Figure F-2 and tighten the first four bolts af 20% to
30% of Target Torque.

(b) Pass 1b: Tighten the next four bolts at 5096 to 70%
of Target Torque.

(c) Passes 1c and 2: Tighten all subsequent bolts at
100% of Target Torque until all pattern P3sses are
complete.

(d) Pass 3 onward: Tighten in circular Passe§ until the
nuts no longer turn.

For soft gaskets,1 a minimum of two pattern Rasses are
required.

For hard gaskets, a minimum of one pattein Pass is
required.

For problematic joints, it is recommended that an addi-
tional pattern Pass be completed above the minimum

listed here are applicable only to torque control methods of
assembly. The patterns are also applicable to other methods
of joint assembly, such as tension and uncontrolled. Assembly
of flanges with a large number of bolts will benefit from grouped
bolting (tightening groups of three or four bolts). Refer to Table
3.

The Legacy pattern/numbering system is illustrated in
Figure F-1 for a 24-bolt joint for use in comparing it with
the single-tool alternative procedures that follow.
Depending on the number of bolts on the flange, bolt

required.

F-1.2 Alternative Assembly Pattern #2

This pattern uses a modified bolting pattern that is
simpler to follow than the Legacy pattern and does not
require the assembler to mark the bolt numbers on
the flange, as the next loose bolt in any given quadrant
will always be the next bolt to tighten. Pattern #2A of

1 Soft and hard gaskets are described in Appendix B.
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Figure F-1 Legacy Pattern Numbering System

Figure F-2 Alternative Assembly Pattern #1 (Modified
Legacy Pattern)

GENERAL NOTE: The following is the tightening sequence for the
Legacy patfern for 24 bolts:

(a) Pags 1 — 20% to 30% of Target Torque: 1-13-7-19 — 4-16-10-
22 > 2-14-B-20 - 5-17-11-23 - 3-15-9-21 - 6-18-12-24

(b) Pags 2 — 50% to 70% of Target Torque: Same pattern as Pass 1.

(c) Pag§s 3 — 100% of Target Torque: Same pattern as Pass 1.

(d) Pays 4 — 100% of Target Torque, in circular pattern, until nuts
do not turn}1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-
22-23-24 4 1-2-3, etc.

(e) Pags5 (optional) —100% of Target Torque (performed 4 h after
Pass 4), in fircular pattern, until nuts do not turn.

Figure F{3 follows a star pattern, whereas Pattern #2B
applies the load in a circular manner. Figure F-8 presents
a step-byfstep example of Pattern #2A.\This method has
been sucgessfully applied in limited applications across
the full range of gaskets and\joint configurations
commonly found in refining applications.

Tightening sequence forPattern #2 is described in (a)
through (d) below.

(a) Pass 1a: Proceed in one of the Figure F-3 patterns
and tighten the first\four bolts to 20% to 30% of Target
Torque.

(b) Pass 1b:+Tighten the next four bolts at 50% to 70%
of Target] Terque.

GENERAL NOTE:(The following is a 24-bolt example of a tighfening
sequence for Rattern #1:
(a) Passda — 20% to 30% of Target Torque: 1-13-7-19
(b) (Pass 1b — 50% to 70% of Target Torque: 4-16-10-22
(¢) “Pass 1c — 100% of Target Torque: 2-14-8-20 - 5-17-11-43 - 3-
1549-21 — 6-18-12-24
(d) Pass 2 (if second pattern pass specified) — 100% of [arget
Torque: 1-13-7-19 - 4-16-10-22 - 2-14-8-20 - 5-17-11-23 —| 3-15-
9-21 - 6-18-12-24
(e) Pass 3 onward — 100% of Target Torque, in circular pjttern,
until nuts do not turn: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-
19-20-21-22-23-24 - 1-2-3, etc.

For problematic joints, it is recommended that an pddi-
tional pattern Pass be completed above the minimum
required.

F-1.3 Alternative Assembly Pattern #3

This bolting pattern initially tightens only four bolts to
bring the jointinto alignment and begin seating the ggsket,
prior to commencing the circular Passes. It is fpuch
simpler, does not require the assembler to mark the
bolt numbers, and requires less effort as the tight¢ning
sequence reduces movement from one side of the

(c) Passes 1c and 2: Tighten all subsequent bolts at
100% of Target Torque until all pattern Passes are
complete.

(d) Pass 3 onward: Tighten in circular Passes until the
nuts do not turn.

For soft tc__r,askets,1 a minimum of two pattern Passes is
required.

For hard gaskets,1 a minimum of one pattern Pass is
required.

flange to the other. This method has been successfully
applied in limited applications using harder gaskets in
joint configurations commonly found in refining applica-
tions, and has been qualified in experimental evaluations
as suitable for spiral-wound and fiber-sheet gasket types.?

2“Bolt Tightening Procedure for Pressure Boundary Flanged Joint
Assembly,” JSA JIS B 2251, 2008.
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Figure F-3 Alternative Assembly Pattern #2 (Quadrant Pattern)

2A: Star Sequence [Note (1)] 2B: Circular Sequence [Note (2)]

:
he following is a 24-bolt example of the Star Sequence:
) Pass 1a — 20% to 30% of Target Torque: 1-13-7-19
) Pass 1b — 50% to 70% of Target Torque: 2-14-8-20
Pass 1c — 100% of Target Torque: 3-15-9-21 — 4-16-10-22 — 5-17-11-23"— 6-18-12-24
) Pass 2 (if second pattern Pass specified) — 100% of Target Torque: 1-13¢7-19 — 2-14-8-20 = 3-15-9-21 - 4-16-10-22 —» 5-17-11}-23 - 6-18-

Pass 3 onward — 100% of Target Torque (until nuts do not turn): 412-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24 - 1-2-

he following is a 24-bolt example of the Circular Sequence (suitable only for >16-bolt flanges):

(q) Pass 1a — 20% to 30% of Target Torque: 1-7-13-19
(B) Pass 1b — 50% to 70% of Target Torque: 2-8-14-20
(4) Pass 1c — 100% of Target Torque: 3-9-15-21 —-4-10-16-22 - 5-11-17-23 - 6-12-18-24
(4) Pass 2 (If second pattern Pass specified) — 100%ef Target Torque: 1-7-13-19 — 2-8-14-20 - 3-9-15-21 — 4-10-16-22 - 5-11-17-23 - 6-12-
18-24
(4) Pass 3 onward — 100% of Target Torque (until nuts do not turn): 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22-43-24 — 1-2-
3, etc.
Tightening sequence for (Pattern #3 is described in (a) F-1.4 Alternative Assembly Pattern #4:
throygh (d) below. An example is provided in Figure F-4. A Simultaneous Multibolt Tightening| Pattern
step-by-step example, is shc_)wn in Figure F-9. _ _ (Group Numbering System)
(a) Pass la: Proceed in the pattern outlined in
Figure F-4 and.tighten four bolts, equally spaced at 90 The simultaneous use of multiple tools spacgd evenly
deg apart, tg“20% to 30% of Target Torque. around a flange has been shown to give equal or even
(b] Pas§1b: Tighten the same four bolts to 50%to 70%  superior tightening parity, and parallel closute, in less
of TdrgetForque. time than using a single tool in a cross-patfern (see
(c)Ps Ty 3 igure F- his method has been successfully applied
Target Torque. in limited applications across the full range of gaskets
(d) Pass 1d onward: Tighten in circular Passes at 100% and joint configurations commonly found in refining

of Target Torque until the nuts no longer turn. and petrochemical applications.

As apractical matter, multibolt tightening works best on
larger flanges [bolt diameters M20 (¥ in.) or larger], with
hydraulic tools connected to a common pressure source.
One tool per every four to eight bolts in the flange should
be used in even-numbered groups of tools equally distrib-
uted around the flange. For very critical and/or time-
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Figure F-4 Alternative Assembly Pattern #3
(Circular Pattern)

sensitive bolting jobs, 50% or even 100% tool coverage is
recommended.

NOTE: A minimum of four bolts are tightened simultaneously.

F-1.4.1 Group Numbering. Number the flange with the
bolt sequence groups corresponding to the number of
bolts in the flange and the number of tools employed
(for this example, assume as shown in Figure F-5, with
four tools being used to tighten).

GENERAL NOTE: The following is the tightening sequence for Alter-

native Assqmbly #3:
(a) Pags 1la — 20% to 30% of Target Torque: 1-13-7-19
(b) Pags 1b — 50% to 70% of Target Torque: 1-13-7-19
(c) Pags 1c — 100% of Target Torque: 1-13-7-19

(d) Pags 1d onward — 100% of Target Torque, in circular pattern,
not turn: 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-

until nuts d
19-20-21-2p-23-24 - 1-2-3, etc.

Figure F-5 Alternative Assembly,Pattern #4
(Multibolt Legacy Pattern)

CESNOPS

¢

(aJ Markthe bolts atthe 17, 3, 6, and 9 o’clock positions
with the number one.
(b) Moving clockwise, split the angles between the
marked bolts and number the next group as ntimber| two.
(c) Splitthe remaininglarge angles as evenly as you can
and continue numbering the groups until all bolts are
numbered. All bolts are now numbered in groups at 90
deg from each of their own namber.

F-1.4.2 Tightening. Tightening is accomplishg¢d in
three Passes.
(a) Passes la and-1b: Tighten approximately|one-
fourth of the bolts to 50% of the Target Torque. In
this example, tighten all of the 1s and then all of the
2s to 50% of‘the Target Torque. It is not necessafry to
do the remiaining bolts because the purpose of this
initial Pass is to seat the gasket and square up the
flange.Flange alignment and gap should be chegked.
The Yemaining bolts will have loosened so time c3n be
saved at this point by snugging them again.
(b) Pass 1c: Tighten all of the bolts to 100% df the
Target Torque beginning with the 3s, then the 4s,|then
the 5s, then the 6s, and then returning to the 14 and
then the 2s.
(c) Pass 2 (check Pass): Beginning from the end of the
previous Pass at 100% of the Target Torque, movg the
tools clockwise one bolt at a time until the nugs no
longer turn. This is the check Pass that compenjates
for elastic interaction and brings all bolts into parity.
This same procedure is used regardless of the number of
tools. The only exception would be 100% coverage where
tightening is done in one Pass. A modified Legacy palttern
for Passes listed above is shown in Figure F-10.

F-1.5 Alternative Assembly Pattern #5

The following describes a simultaneous multibolt fight-
ening pattern with a final circular pattern with two or

_| 24-BOLT FLANGE
4 TOOLS AT ONCE

O

more tools {refer to Figure F-6:

(a) Pass 1a: Tighten bolts equally spaced 180 deg apart
on opposite sides of the joint to 20% to 30% of Target
Torque, then rotate tools 90 deg and simultaneously
tighten these two bolts to 20% to 30% of Target Torque.

(b) Pass 1b: Simultaneously tighten the first two bolts
to 50% to 70% of Target Torque, then rotate tools 90 deg
and simultaneously tighten these two bolts to 50% to 70%
of Target Torque.
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Figure F-6 Alternative Assembly Pattern #5
(Multibolt Quadrant Pattern)

more effective and result in better sealing performance
or less assembly effort for a given application.
However, caution should be used in accepting new
assembly procedures. There are, generally, two viable
options for accepting bolted joint assembly procedures
that are not listed in these guidelines.

(a) Option 1 is to use it and learn if it works by experi-
ence.

(b) Option 2 is to test a proposed procedure in an

GENERAL NOTE: The following is a 24-bolt example of Alternative
Pattenn #5:
(4) Passla— Simultaneously, 20% to 30% of Target Torque: 1& 13

then 4 & 19
(B) Pass1b— Simultaneously, 50% to 70% of Target Torque: 1 & 13
then 1 & 19

(¢) Pass1lc— Simultaneously, 100% of Target Torque: 1 & 13 then?
& 19
(q) Pass 1d onward — Circular pattern, two tools 180 deg-apart,
100%]|Target Torque until all nuts do not turn

(c) Pass 1c: Simultaneously tighten the first two bolts to
100% of Target Torque, then potate tools 90 deg and
simyltaneously tighten these two bolts to 100% of
Target Torque.

(d] Pass1donward: Tighten all bolts, simultaneously in
groups of two 180 degeapart, in circular Passes at 100% of
Targgt Torque untilthe nuts no longer turn.

A dtep-by-stepexample of a modified Legacy pattern for

Pass¢s listedcabeve is shown in Figure F-11.
F-1.6 Modified Pattern Summary
Table : R0 : e

fied in this Appendix. Figures F-7 through F-11 show Alter-
native Assembly Patterns indicated in paras. F-1.1 through
F-1.5, respectively.

F-2 DEVELOPING NEW PROCEDURES

The procedures contained in section F-1 are not
intended to be all-encompassing or to limit the develop-
ment of application-specific alternative procedures. New
alternative procedures may be developed that may be

51

EXPETITENtal SEtUg amnd to IMeasure Certain pgrameters
(such as uniformity of bolt preload, even gasketicompres-
sion, and physical damage to the gaskets) flanges, and
bolts) versus defined pass-fail criteria/Limitjations of
applying the experimental results,to,facility applications
and comparison to existing proeedures (section F-1)
should be considered.

Option 1 is difficult te implement across
because it requires peepl€ who closely monjtor their
bolting success rate”and are able to diffdrentiate
between bolting pfocedure-induced failurje versus
other causes, (ificorrect flange design, inconrect bolt
load specification, incorrect gasket selection, [incorrect
boltassembly, etc.). Successful completion of a hydrostatic
test is.not*considered sufficient evidence to copfirm the
acceptability of an assembly procedure. Bolting contrac-
tors, may not have sufficient knowledge of the Jong-term
operating success of their procedure to b¢ able to
comment on the applicability of the procedure to a
given application.

Implementing a new procedure to “see if {t works”
should be done with caution and may npt be an
option, as usually the consequences of faijure will
outweigh any advantage. Another possibility to imple-
ment this option is to use a bolting contractor’s ekperience
or other facility’s experience to prove the methjod works
(this often means relying on secondhand infofmation).
However, this process also requires the [input of
someone knowledgeable enough to determine if the
experience in the other facilities will tranglate into
your facility. The user is required to determine iffhis parti-
cular application is within the limits of the pr¢gcedure.

There are many facilities that are successfylly using
alternative procedures developed over time and
thereby are reducing their workload considerably, but
over a limited range of gasket, flange types, and pperating
conditions. Their experience and the applicability of the
ther facil-
and judg-
ment should be used to determine the applicability of a
specific procedure or part of a procedure to a given appli-
cation.

industry

F-3 RTJ AND LENS-TYPE GASKETS

RTJ and lens-type gaskets have additional considera-
tions that must be accounted for when determining the
most appropriate assembly procedure. The axial
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Pass 1c¢: 100% Target Torque

Pass 1b: 50% to 70% Target Torque

Pass 1a: 20% to 30% Target Torque

ASME PCC-1-2019

Pass 3 onward: 100% Target Torque

Pass 2 (cont’d):"100% Target Torque

Pass 2: 100% Target Torque
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Figure F-8 Alternative Pattern #2A: Quadrant Pattern: Star Sequencing (Single Tool)
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Pass 1c: 100% Targlzt Torque

Pass 1b: 50% to 70% Target Torque

Pass 3 onward: 100% Tafget Torque

Pass 2 (cont'd): 100% Target Torque

Pass 1a: 20% to [30% Target Torque

Pass 2: 100% Target Torque
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movement of the flanges is significant for these gasket
types. In addition, they are sensitive to flange misalign-
ment either prior to or during joint assembly. Due to
the large amount of axial movement of the flanges
during assembly, the mechanical interaction (reduction
of neighboring bolt load when a bolt is tightened) can
be significant. Therefore, it is necessary to perform
multiple pattern passes to ensure uniform joint
closure, and multlple final circular passes to ensure
that
RTJ flanges (>NPS 12), this may mean performlng four
pattgrn passes and six or more circular passes, even

when employing an alternative assembly procedure
such as the one outlined in para. F-1.2 or para. F-1.3.
Significant advantage (reduction in the number of
passes) is possible by using multiple tightening heads
(two, four, or more) to simultaneously tighten bolts on
the joint. This has the effect of bringing the joint together
more uniformly and reduces the effect of mechanical inter-
action. In addition, it is recommended that the tightening
procedure incorporate gap measurement (measurement
Jjsed faces
or ﬂange see para. 11.2) duringjoint assemblyThe reduc-
tion in gap should be uniform during asserhbly, which indi-
cates correct seating of the gasket.
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APPENDIX G
asy USE OF CONTRACTORS SPECIALIZING IN BOLTING SERVICES

DELETED
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APPENDIX H
BOLT ROOT AND TENSILE STRESS AREAS

Seg Tables H-1M and H-1.
Table H-1M Bolt Root and Tensile Stress Areas (Metri¢ Threads)

Bolk Size, Basic Thread Root Area | Tensile Stress Area
Degignation [Note (1)]  mm? [Notes (2), (3)] in.? [Note (4)] mni? [Notes (2), (5)] in.? [Note [4)]
M19 x 1.75 72 0.1122 84 0.1307
M14 x 2 100 0.1546 115 0.178
M14 x 2 138 0.214 157 0.243
M2(d x 2.5 217 0.336 245 0.379
M27 x 2.5 272 0.422 303 0.470
M24 x 3 313 0.485 353 0.547
M27 x 3 414 0.641 459 0.712
M3( x 3.5 503 0.780 561 0.869
M33 x 3.5 629 0.975 694 1.075
M34 x 4 738 1.144 817 1.266
M39 x 4 890 1.379 976 1.513
M47 x 4.5 1018 1.578 1121 1.738
M4{ x 4.5 1195 1.852 1306 2.024
M4q x 5 1343 2.082 1473 2.283
M57 x 5 1615 2.504 1758 2.725
M54 x 5.5 1863 2.887 2030 3.147
M64 x 6 2467 3.824 2676 4.148
M77 x 6 3222 4.994 3460 5.362
M8( x\6 4077 6.319 4344 6.733
M90 x 6 5287 8.195 5591 8.666
M100 x 6 6652 10.31 6995 10.84

NOTES:

(1) Metric thread designations are given in bolt size (mm) and pitch (mm) (e.g., M14 x 2 refers to a 14-mm-diameter bolt with a 2-mm-pitch

thread).
(2) Therootand tensile stress areas are based on coarse-thread series for sizes M64 and smaller, and 6-mm-pitch thread series for sizes M68 and
larger.

(3) Therootareais computed from the cross-sectional area taken from the “Minimum Minor Diameter (Rounded Form), ds,” found in Table 14 of
ASME B1.13M for the respective Basic Thread Designation, assuming a Tolerance Class of 6g.

(4) The equivalent root and tensile stress areas in U.S. Customary units represent a soft conversion of their respective values in SI units.

(5) The tensile stress area is computed from the formula provided in Nonmandatory Appendix B, para. B-1 of ASME B1.13M.
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Table H-1 Bolt Root and Tensile Stress Areas (Inch Series)

Bolt Size, in. Threads per Inch

Root Area

Tensile Stress Area

in.2 [Notes (1), (2)]

mm? [Note (3)]

in.2 [Notes (1), (4)]

mm? [Note (3)]

A 13 0.1257 81 0.1419 92
5/8 11 0.202 130 0.226 146
A 10 0.302 195 0.334 215
A 9 0.419 271 0.462 298
1 8 0.551 356 0.606 391
1Y 8 0.728 470 0.790 510
1} 8 0.929 599 1.000 645
13 8 1.155 745 1.233 795
1} 8 1.405 907 1.492 963
15 8 1.68 1084 1.78 1148
13 8 1.98 1277 2.08 1342
17 8 2.30 1486 2.41 1555
2 8 2.65 1711 277 1787
27 8 3.42 2208 3.56 2297
2} 8 4.29 2769 4.44 2865
23 8 5.26 3393 5.43 3503
3 8 6.32 4080 6.51 4200
37 8 7.49 4831 7.69 4961
3} 8 8.75 5645 8.96 5781
33 8 10.11 6522 10.34 6671
4 8 11.57 7462 11.81 7619
NOTES:
(1) The ropt and tensile stress areas are based on coarse-threadseries for sizes 1 in. and smaller, and 8-pitch thread series for sizes 1' /g in. and
larger.
(2) Thg ropt area is taken from ASME B1.1 Table 6 (Basic Dimensions for Coarse-Thread Series) and Table 11 (Basic Dimensions for 8-Thread
Series) under the column labeled “Section at Mintor Diameter at D - 2hj,.”
(3) The equivalent root and tensile stress areas«in\SI units are a soft conversion of their respective values in U.S. Customary units.
(4) The tefsile stress area is taken from ASME B1.1 Table 6 (Basic Dimensions for Coarse-Thread Series) and Table 11 (Basic Dimensiong for 8-
Thread Series). See Nonmandatory Appendix B, para. B-1 of ASME B1.1 for thread tensile stress area formulas.
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APPENDIX |
INTERACTION DURING TIGHTENING

I-1 ELASTIC INTERACTION

El(

stic interaction, sometimes called bolt cross-talk, can

be ekplained as follows: As a joint is tightened, it
compresses. Most of the compression occurs in the
gaskpt, but additional compression also occurs in the
flange. Local flange distortion under the bolt also is impor-

tant.
addif

Subsequent tightening of individual bolts causes
ional gasket compression and reduces the preload

of prieviously tightened bolts.

I-2 COUNTERING THE EFFECTS OF ELASl'I'IC

INTERACTION

The various joint assembly patterns coverg¢d in this
document have been developed (injorder to apply load
to the gasket reasonably uniformly during the tightening

process,1 and to counter the effects of elastic int

eractions

caused by the tightening process. The first bolts fightened

in a given Pass receive\the most interaction
reduction); the last’bolts tightened receive 1

(preload
one, and

the in-between bolts receive an intermediat¢ amount

of interaction,, The purpose of the final Passq

s, during

which the<full Target Torque is applied in rjotational
order, is'to reduce the remaining interaction gffects to

a practical minimum.

61

LIf the bolts are tightened only in rotational order instead of as
described herein, nonuniform compression of the gasket will occur

and, as a result, the flanges are likely to become “cocked”
outer perimeter of flanges will not be uniform), an indicato

(i.e., gap at
r of nonuni-

form gasketloading and potential leakage. Additional tightening may not

bring the flanges back parallel, and damage to the gasket
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APPENDIX J
CALCULATION OF TARGET TORQUE

Deternjining the appropriate torque value to apply to a
given fasflener set can be problematic. The difficulty is not
in the foymulas themselves but in accurately predicting
the all-important friction coefficients upon which the
calculatipns depend. Surface friction conditions can
vary wid¢ly due to factors such as relatively loose manu-
facturing|tolerances for standard threads, thread condi-
tionissuegs, new versus reused bolts and nuts, the presence
of hardefjed washers versus turning on the flange face,
variationf in nut dimensions, and the presence of coatings
and lubri¢ants. Even ifthese friction conditions are experi-
mentally [determined with sufficient confidence, the fact
remains [that rigorous calculation of torque to a high
degree of precision is generally unnecessary given the
typically wide range of gasket sealing stresses available
for most pressurized bolted joints. Consistency of applied
torque and load within these broad ranges is usually much
more imyortant to the success of the joint than achieving a
particulal pinpoint torque value.

The mathematical model relating the applied torque
and tension in the bolt (preload) is generally given by

F
2

Hydy
+ 24
cosf

r

T

T= D,

This ca
forms to

n be simplified for metric and.\Unified thread

Doy,
2
hpproximately {from VDI 2230) to

Do,
2

T = F|0.15915p + 0.5773Sp;d, +

or more

T= F{O.lép + 0.58u,d, +

NOTE:

d, = basic pitch diameter of the thread, mm,(inJ) (For
metric threads, d, = d - 0.6495p; for inch threads,
d, =d - 0.6495/n.)

d; = inner bearing diameter of the nut face, mm| (in.)

d, = outer bearing diameter of the.nut face, mm (in.)

F = bolt preload, N (Ib)

n = number of threads perinch, in.”! (applies td inch
threads)

p = pitch of the threadymim (For inch threads, this is
normally quoted@s threads perinch, n;i.e,p=1/
n.)

T = total tightening torque, N-mm (in.-1b)

B = half included angle for the threads, deg (i.¢., 30
deg.for metric and Unified threads)

U, = ceefficient of friction for the nut face or boltjhead

U, =>coefficient of friction for the threads

The preload F can be determined from

F = APy
where

A, = tensile stress area of the thread, mm? (in.?] (see
Appendix H)

Py, = percentage utilization factor for material [yield
strength (default value typically 50%; i.g., Po,
=0.5)

0, = minimum yield strength of the bolt materigl, N/
mm? (Ib/in.?)

Additional information on torque formulas ang the
effect of friction factors may be found in the Handbook
of Bolts and Bolted Joints." Chapter 3 provides detjailed
formulas. Chapters 12 and 32 provide substantial pddi-
tional theoretical and experimental information and ¢qua-

tions, including the more specific formula that is shown
above. This formula applies to standard 60-deg thread

¢ 0.16p 15 the torque to stretch the bolt.
¢ 0.58u.d; is the torque to overcome thread friction.
De”n

is the torque to overcome face friction.

where
D, = effective bearing diameter of the nut face, mm
(in.)
= (d, + d})/2
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angle ASME fasteners and has the advantage of discretely
reflecting the three specific resistance components as
provided above. The same discrete approach is also
used in EN 1591-1, ISO 27509, and VDI 2230.

A simplified formula for calculating Target Torque is
presented in Appendix K. Long experience has shown
the “nut factor” method to be equally effective as the
more complex formulas. While the nut factor method

1 Bickford, J.H, and Nassar, S., eds., Handbook of Bolts and Bolted joints,
Marcel Dekker, Inc., New York (1998).
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does not address all of the variables that can affect the
torque-preload relationship, it produces similar and
fully acceptable values for the assembly of flanges
under this Guideline.
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APPENDIX K
NUT FACTOR CALCULATION OF TARGET TORQUE

A comljnon method for calculating Target Torque is the

use of th
(S Units)

(U.S. Customary Units)

where

n
= 13
n
=T

N= T O
1

K is af
constant
of Kin mg
ally cons
cient of f]
coefficien
to nut fa

Publis}
able fron
taken to ¢
cation be
pressure
alloy ste

e following formula:
T = K D F/1000 (K-1M)
T=KDF/12 (K-1)

minal diameter of the bolt, mm (in.)
rget bolt load, N (1b)

it factor (see below)

hirget Torque, N-m (ft-1b)

) experimentally determined dimensionless
related to the coefficient of friction. The value
stapplications at ambient temperature is gener-
dered to be approximately equal to the coeffi-
Fiction plus 0.04." Based on the above, friction
ts of 0.16 and 0.12 correspond approximately.
tors of 0.20 and 0.16.
ed tables of experimental nut factors arecayvail-
a number of sources; however, caré must be
nsure that the factors are applicable to the appli-
ng considered. Typical nut factors\for industrial
vessel and piping applications using SA-193 low-
el bolts range from 0.16 t0/0.23 at ambient

temperature. It is worthwhile to note the sensitiv
obtained load to an applied torque from(relat
small changes in nut factor. For examples a ch
from 0.1 to 0.3 does not result in a 20% chan
torque, but a 200% change. Insuffieient applicati
lubricant to the working surfaces ‘will have the ¢
of adding significant variability’to the obtained bolt

ty of
vely
ange
be in
bn of
ffect
load.

It should also be noted that'\recent research has shown

there to be nut factor dependence on bolt material
diameter, and assembly temperature. These factors c
significant” and should not be ignored when selectin
nut factor or antiseize compound. The user is ad
either to seek;test results conducted on similar
and antiseize“specifications or to conduct nut f;
trials (siz€rand material) with their own condit
Nut factor trials can be conducted relatively easily by
eninga bolt using torque and measuring the obtaine
load by calibrated ultrasonic measurement, use of g
brated load cell, or measuring pressure rise on a hydi
tensioner. In addition, the maximum temperature list|
the manufacturer for a given antiseize product ha
been found to be a reliable indicator that the pr
will improve disassembly of the joint after operati
elevated temperature. Once again, it is recomme
that test results on similar materials and operating c
tions be sought to guide the user on the approp
product to be employed in a given service.

bolt
an be
g the
ised
bolt
hctor
ions.
ight-
| bolt
cali-
aulic
ed by
5 not
duct
bn at
nded
bndi-
riate

L“An Introduction to the Design and Behavior of Bolted Joints,”

Bickford, p.

233.

2n test results, the effect of temperature was found to halve the nut
factor over the ambient temperature range often found in the field [0°C to
40°C (32°F to 100°F)] for one antiseize product. Inaddition, the nut factor
has been found to increase by 30% with SA-193 B8M bolts, by compar-

ison to SA-193 B7 bolt material tests.

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.


https://asmenormdoc.com/api2/?name=ASME PCC-1 2019.pdf

ASME B16.5 FLANGE BOLTING INFORMATION

ASME PCC-1-2019

APPENDIX L

Seg Table L-1.
Table L-1 ASME B16.5 Flange Bolting Information
Flahge Size Class 150 Class 300 | Class 400 | Class 600 | Class 900 Class 1500 Clags 2500
(NPS) # Size # Size # Size # Size # Size # Size # Size
Y 4 A 4 Y 4 Y 4 Y 4 A 4 A 4 %,
A 4 Y 4 Y 4 % 4 % 4 A 4 A 4 %,
1 4 A 4 % 4 % 4 A 4 A 4 A 4 A
1Y, 4 Y 4 A 4 % 4 A 4 A 4 A 4 1
1Y%, 4 A 4 % 4 % 4 %, 4 1 4 1 4 1%
2 4 A 8 A 8 s 8 A 8 A 8 A 8 1
2%, 4 A 8 A 8 A 8 %, 8 1 8 1 8 1Y%
3 4 A 8 % 8 % 8 A 8 A 8 1% 8 1Y,
3Y, 8 A 8 % 8 A 8 A
4 8 %% 8 v 8 A 8 A 8 1Y% 8 1Y, 8 1Y
5 8 A 8 A 8 A 8 1 8 1Y, 8 1Y%, 8 1%,
6 8 % 12 A 12 A 12 1 12 1% 12 1% 8 2
%, 12 A 12 1 12 1% 12 1% 12 1% 12 2
10 12 %% 16 1 16 1% 16 1Y, 16 1% 12 1% 12 2Y,
12 12 A 16 1% 16 1Y, 20 1Y, 20 1% 16 2 12 2%,
14 12 1 20 1Y% 20 1Y, 20 1% 20 1Y%, 16 2Y,
16 16 1 20 1Y, 20 1% 20 1Y%, 20 1% 16 2%
18 16 1% 24 1Y, 24 1% 20 1% 20 1% 16 2%,
20 20 1Y% 24 1Y, 24 1Y%, 24 1% 20 2 16 3
24 20 1Y, 24 1% 24 1% 24 1% 20 2% 16 3%
65
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APPENDIX M
WASHER USAGE GUIDANCE AND PURCHASE SPECIFICATION
FOR THROUGH-HARDENED WASHERS

M-1 WA

SHER USAGE GUIDANCE

M-1.1 Usage

The us
joints is @
the use o
the tran
providin
for the n

Washe
damage
consider

e of washers on pressure boundary bolted flange
ptional. However, it is generally recognized that
f through-hardened steel washers will improve
lation of torque input into bolt preload by
b a smooth and low friction bearing surface
it.

s protect the contact surface of the flange from
aused by a turning nut. These are important
tions when torquing methods (either manual

or hydratilic) are used for bolt tightening.

This A
hardene
within th
hardeneq
interior nj

bpendix specifies the procurement of through-
l washers for bolted flange joints covered
e scope of this Guideline. The use of surface-

washers is not recommended since the soft
haterial under direct compression will flow plas-

tically, cqusing washer cupping and thinning with asso-

ciated re

M-1.2

The
Appendi;
with spot
of standa
flanges
systems)
for Bronz

The in
enable th
the head
shank or

Huction in preload.

Izrmensions
oytside diameter of the washers~detailed in this

¢ was selected to enable their“use on flanges
faces or back facing megeting the requirements
rd ISO 7005-1 (Piping flanges — Part 1: Steel
for industrial and general service piping
for metric flangesiand MSS SP-9 (Spot Facing
e, Iron and Steel Flanges) for inch flanges.

ide diameter-of these washers was selected to
bir use unider the nut. Use of these washers under
of a belt'may lead to interference with the bolt
undethead fillet.

M-1.4 Existing Standards

Washersinaccordance with ASTM F436 have been
previously on piping flanges. Howe¥er;, the use of 4
F436 washers may lead to interference with the spot
back facing on the flanges. Also; ASTM F436 doe
provide dimensions for ce¥tain nominal sizes ne|
for pipe or vessel flanges: The intent of the Ty

used
\STM
face/
5 not
eded
pe 1

washer in this Appendix is to specify a washer of the

same general materidl as an ASTM F436 washe

- but

with revised dimensions to make them compaltible

with pipe or<essel flanges.

M-1.5 Previous Material

Figures 1 and 2 in the original edition of ASME HCC-1

referenced ASME SA-540 for the manufacture of wa
for elevated temperature. This Appendix does
continue the use of this material due to material

thers
not
cost

and manufacturing concerns. Discontinuation off the

use of SA-540 material does not imply that this ma
is technically deficient.

terial

Table M-1 Recommended Washer Temperature Limits

Material Type Single-Use [Note (1)] Reuse [Notq (2)]
1 425°C (800°F) [Note (3)] 205°C (400%F)
4 540°C (1,000°F) 400°C (7501F)
5 650°C (1,200°F) 425°C (8001F)
6 815°C (1,500°F) 550°C (1,025°F)
7

M-1.3 Washer Temperature

NOTES:

(1) Single-use temperature limits are based on replacement when-

Washer temperature limits are shown in Table M-1.
Note that in operation, actual bolting (studs, nuts, and
washers) temperature may be lower than process fluid
temperature.

For uninsulated joints, ASME B31.3 (Process Piping)
considers flange bolting temperature to be 80% of
fluid temperature.

66

(2)

(3

ever the existing washer has been exposed to temperature in
excess of the corresponding reuse limit.

Reuse temperature limits are based on not exceeding the
tempering temperature of the particular material such that
the material is not subject to annealing (softening).

Field experience indicates that the use of Type 1 material at
temperatures above 315°C (600°F) can lead to difficulty at disas-
sembly due to galling between washer and nut as a result of soft-
ening of the washer.
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M-1.6 Material Application

Types 1 and 4 washer materials are intended for use
with steel fasteners such as Grade 2H, 4, or 7 steel nuts per
ASME SA-194. The Type 4 washer material is an alloy steel
with a higher temperature limit. Types 5 and 6 washer
materials are intended for use with austenitic steel
fasteners such as Grade 8 austenitic steel nuts per
ASME SA-194. The Type 6 washer material is a precipi-

tatiophardening stainless steel that has increased corro-

M-2.3.2 Washers up to and including 100 mm (4 in.)
nominal size shall be through-hardened, except Type 7
material.!

M-2.3.3 Minimum tempering (precipitation) tempera-
tures shall be as follows:

(a) For Type 1, 205°C (400°F)

(b) For Type 4, 370°C (700°F)

(c) For Type 5, 425°C (800°F)

(d) For Type 6, 550°C (1,025°F)

sion [resistance as compared to Type 5 washer material.
Type 7 washer material is intended for use with austenitic
steel|fasteners such as Grade 8 nuts per ASME SA-194 in
low-{emperature applications where other materials may
become brittle. For the purposes of this Appendix, low-
temperature applications refer to temperatures
between -45°C (-50°F) and -185°C (-300°F).

M-1J7 Installation

Tolavoid any concerns about the effect of washer mark-
ings ¢n the performance of the washer to nutinterface, itis
recommended that these washers be installed with the
marKed face toward the flange surface.

M-2| PURCHASE SPECIFICATION FOR THROUGH-
HARDENED WASHERS

M-2{1 Scope

M42.1.1 This Appendix covers the chemical, mechan*
ical, and dimensional requirements for through-hardened
steellwashers for use with fasteners having nominal sizes
of 14 mm to 100 mm and % in. to 4 in. These-washers are
interlded for use on pressure-containing flanges with bolts
or styids and nuts. These washers are suitable for use with
low-glloy steel and austenitic stee}-fasteners covered in
ASME SA-193 and ASME SA-194.

M-2.1.2 The types of washers covered are
(a] Type 1 — Carbon,steel

(b} Type 4 — Low-alloy steel

(c) Type 5 — Maftensitic steel

(d] Type 6 — Precipitation hardening steel
(e} Type 7 ~<-Austenitic steel

M-2]2 Ordering Information

Onders for washers under this specification shall

M-2.4 Chemical Composition

Washers shall conform to the chemical composition
specified in Table M-2.

M-2.5 Mechanical Properties

Types 1, 4, and 5 washérs,shall have a hardress of 38
HRC to 45 HRC. Type 6 washers shall have a hardphess of 33
HRC to 42 HRC. Type-Z washers shall have a hardhess of 20
HRC to 23 HRC.

M-2.6 Dimensions and Tolerances

M-2.6.X Washers shall conform to the dijnensions
shownin Table M-3 or Table M-4 with tollerances
shown in Table M-5 or Table M-6 as applicablg.

M-2.6.2 Washers shall have a multidirectiongl lay with
a surface roughness not exceeding 3.2 um (125 pin.) in
height including any flaws in or on the surfac¢. Surface
roughness shall be as defined in ASME B46.1.

M-2.7 Workmanship, Finish, and Appearance

Washers shall be free of excess mill scale, ex¢ess coat-
ings, and foreign material on bearing surfaces. Afc and gas
cut washers shall be free of metal spatter.

M-2.8 Sampling and Number of Tests

M-2.8.1 A lot of washers shall consist of all material
offered for inspection at one time that has the [following
common characteristics:

(a) same nominal size

(b) same material grade

(c) same heat treatment

M-2.8.2 From each lot described in para. M{2.8.1, the
number of specimens tested for each required|property

include the following:
(a) nominal size
(b) type (see para. M-2.1.2)
(c) quantity (number of pieces)

M-2.3 Materials and Manufacture

M-2.3.1 Steel used in the manufacture of washers shall
be produced by the open-hearth, basic-oxygen, or electric-
furnace process.

shall be as specified in Table M-7.

M-2.9 Test Methods: Hardness

M-2.9.1 A minimum of two readings shall be taken 180
deg apart on at least one face at a minimum depth of 0.38
mm (0.015 in.).

! Type 7 material is an austenitic steel that does not harden through
heat treatment. This alloy derives galling resistance through chemical
composition rather than hardness.
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Table M-2 Chemical Requirements

Composition, % (max.)

Element Type 1 Type 4 [Note (1)] Type 5 [Note (2)] Type 6 [Note (3)] Type 7 [Note (4)]
Phosphorus 0.050 0.040 0.040 0.040 0.060
Sulfur 0.060 0.050 0.030 0.030 0.030
NOTES:

(1) Type 4 low-alloy steel washers shall be manufactured from SAE number 4130 or 4140 steel listed in ASTM A829.

(2) Type 5 martensitic steel washers shall be manufactured from UNS S41000 steel listed in ASTM A240.

(3) Type 6 precipitation hardening steel washers shall be manufactured from UNS S17400 steel listed jn ASTM A693

(4) Type 7 austenitic steel washers shall be manufactured from UNS S21800 steel listed in ASTM A240.
M-2.9.2 Hardness tests shall be performed in accor-  Table M-3 Dimensional Requirements for Metric Washers
dance with the Rockwell test method specified in ASTM
F606/F6Q6M.
M-2.10 Product Marking
M-2.10.1 Washers shall be marked with a symbol, or
other disfinguishing marks, to identify the manufacturer
or privatg label distributor, as appropriate.
M-2.10.2 Washers shall be marked with the type, “1,”
“4) “5” “b,” or “7,” as applicable.
M-2.10.3 All marking shall be depressed and located
on the same face of the washer.
Nominal Outside Diameter, Inside Diameter, Thickness,
Sizey mm 0.D.,, mm L.D., mm T, hm
14 28 15 3
16 30 17 4
20 37 21 3
24 44 25 q
27 50 28 q
30 56 31 6
33 60 34 q
36 66 37 q
39 72 42 i
42 78 45 6
45 85 48 6
48 92 52
52 98 56 q
56 105 62 q
64 115 70 6
76 135 82 6
82 145 88 6
90 160 96 6
95 165 101 6
100 175 107 6

68

GENERAL NOTE: Tolerances are as noted in Table M-5.
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Table M-4 Dimensional Requirements for U.S.
Customary Washers

- - 0.D.

| L
rl b
Outside Inside Thickness,
Diameter, 0.D. | Diameter, L.D. T
Nomipal Size, in. mm in. mm in. mm in.
A 27.0 1.063 143 0.563 3.2 0.125
% 334 1313 175 0.688 4.0 0.156
%, 38.1 1.500 20.7 0.813 4.8 0.188
A 436 1.718 23.8 0938 5.6 0.219
1 50.0 1.968 27.0 1.063 6.4 0.250
11/8 54.8 2.156 30.2 1.188 6.4 0.250
1Y, 60.3 2375 334 1313 64 0.250
1% 659 2.593 365 1438 6.4 0.250
11/2 714  2.812 39.7 1563 6.4 0.250
15/8 77.8  3.062 429 1.688 6.4 0.250
1%, 82.6 3.250 46.1 1.813 6.4 .0.250
1% 87.3 3.438 49.2 1938 6.4 \0.250
2 93.7 3.688 54.0 2125 (64 0.250
2Y, 1048 4.125 60.3 2375 6.4 0.250
2Y, 1159 4.563 66.7.42.625 6.4 0.250
2%, 127 5.000 730 2875 6.4 0.250
3 138.1 5.438 79.4 3125 64 0.250
3% 149.2 5.875 857 3375 64 0.250
3% 160.4 56.313 921 3.625 6.4 0.250
33/4 17314 6.813 984 3.875 6.4 0.250
4 1826 7.188 1048 4.125 6.4 0.250
GENERAL NOTEr Tolerances are as noted in Table M-6.
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Table M-5 Dimensional Tolerances for Metric Washers

Tolerance, mm, for Nominal Size of

14 mm Through | 20 mm Through | 30 mm Through | 45 mm Through | 82 mm Through
Dimensional Characteristics 16 mm 27 mm 42 mm 76 mm 100 mm
Inside diameter, 1.D. -0, +0.4 -0, +0.5 -0, +0.6 -0, +0.7 -0, +0.9
Outside diameter, O.D. -1.3, +0 -1.6, +0 -1.9, +0 -2.2, 40 -2.5, 40
Thickness, T +0.15 +0.20 +0.20 +0.20 +0.20
Flatness (max. deviation from straight edge 0.25 0.30 0.40 0.50 0.80
placed op_cut side)
Concentricity, FIM [Note (1)] (inside diameter 0.3 0.5 0.5 0.5 Q.5
to outside diameter)
Burr heighf (max. projection above adjacent 0.25 0.40 0.40 0.50 0.65
washer durface)
NOTE: (1)|Full indicator movement.
Table M-6 Dimensional Tolerances for U.S. Customary Washers
Tolerance for Nominal.Size of
<1 in. 1 in. Through 1% in. | >1%.in. Through 3 in. >3 in.
Dimengional Characteristics mm in. mm in. mm in. mm in.
Inside dianpeter, L.D. -0, +0.81 -0, +0.032 -0, +0.81 -0, +0.032.> -0, +1.60 -0, +0.063 -0, +1.60 -0, +0.063
Outside digmeter, O0.D. +0.81 +0.032 +0.81 +0.032 +1.60 +0.063 +1.60 +0.06
Thickness, |T +0.13 +0.005 +0.13 +0.005 +0.13 +0.005 +0.13 +0.005
Flatness (nfax. deviation from straight 0.25 0.010 0.38 0.015 0.51 0.020 0.81 0.032
edge plafed on cut side)
Concentricjty, FIM [Note (1)] (inside 0.81 0.032 0.81 0.032 1.60 0.063 1.60 0.063
diametei| to outside diameter)
Burr heighf (max. projection above  0.25 0.010 0.38 0.015 0.51 0.020 0.64 0.025
adjacent|washer surface)
NOTE: (1)|Full indicator movement.
Table M-7 Sampling
Numbgr of Pieces in Lot Number of Specimens
800 and ufpder 1
801 to 8000 2
8001 to 22000 3
Over 22000 5
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APPENDIX N
DEFINITIONS, COMMENTARY, AND GUIDELINES ON THE REUSE
OF BOLTS

N-1 [TERMS AND DEFINITIONS

abuspd: any form of explicit or implicit treatment that
damgges the integrity of the fastener, such as uncontrolled
tightpning, overtightening, tightening without sufficient
lubrifation, or process operational extremes.

bolt
forg
drillg

bolt
emp
tapp

com
indu
ered
indu
SA-1
and

with integral head: threaded fastener with a fixed/
bd head on one end and employing a nut or a
d and tapped hole on the other end.

without integral head: fully threaded fastener
oying two nuts or one nut and a drilled and
ed hole.

non grades: materials common to the facility/
try in satisfactory quantity and price as to be consid-
the normal material to use. For example, the refining
try common grades of threaded fasteners would be
D3 B7 bolts and SA-194 2H nuts or SA-193 B16 bolts
bA-194 4 or 7 nuts.

contnolled reuse: the first and subsequent uses thereafter
havel been conducted and documented under specific
thredd engagement, locations, torque, tensiony)lubrication,
inspgection, nut replacement, handling,.cleaning, and
installation guidelines.

critidal issues: any issue that ditectly contributes to or
resufts from the proper orimproper assembly of a
joint| Critical issues incredse with the criticality of the
joint| and therefore the fastener cost factor usually
remdins.

hten: tightening again as in a subsequent assembly.
Hoes not jiicthude tightening the fastener again as in to
the nut\to“a tighter position from a static position.

retig
This
turn

reusq: to-use more than once.

tighfan- apnnlvload to the throaded fastener sustem
e+ —apPpry—toda—to—+the—+hiFredaea—+astener—Systen

N-2 GENERAL COMMENTARY

The following discussions are limited to site
application:

(a) Successful flange joint agsembly is subjectito a large
number of variables in both joint design and fi¢ld condi-
tions. The fastener system materials, quality, apd condi-
tion have a large influence over the total outcpme.

(b) While it is recognized that even new fastgners may
produce +30% variation in bolt load when torqued, it is
also recognized that when properly installed|and well
lubricated) the majority of the fasteners willl produce
loads jn.the +15% variation range with many falling
into*the +10% variation range. This is why forque is
successful for many applications. Keeping|as many
tastenersinthe 10% to 15% variation range is very impor-
tant.

(c) When the threads of new fasteners engdge under
load, they wear on each other. The surfaces and friction
change and therefore their performance i§ forever
changed. Dry or poorly lubricated fastener$ tend to
create higher friction conditions, while well-llibricated
fasteners tend to create lower friction conditipns. Each
subsequent engagement of the same thrqads will
produce similar results until an optimum or minimum
condition occurs. Depending on the fastener|size, the
load change may vary from a few hundred popinds to a
few thousand pounds.

(d) The axial compression of a nut, and the ex
the bolt within the nut, have to be reconciled by|means of
other types of deformation, since thread contact requires
the same deformation of nut and bolt along the bearing
surfaces of the two thread systems. The reconciling influ-
ences of this incompatible simple axial strain Have been
identified to be

and field

ension of

through some means of turning of the nut or direct tension.

uncontrolled reuse: the first and any subsequent uses
thereafter have been conducted without documentation.

use: the process whereby a threaded fastener or group of
such fasteners is installed in a joint and tightened for the
purpose of obtaining and maintaining a seal between the
flanges.

71

(1) thread bending (threads act as cantilevers)

(2) thread recession (lateral expansion of the nut
accompanying the compressive axial stress, plus lateral
expansion due to radial component of thread load)

(3) nut wall bending (nut becomes slightly conically
shaped due to higher radial loadings at first engaged
threads, thereby shifting some load to the adjacent
threads)
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The bottom-line result of this load transfer from bolt
to nutis that the first threads of engagement are subjected
to a high unitloading since a major part of the load tends to
transfer through these first threads.

(e) From the previous points it can be seen that
working and reworking the same threads in a proper
installation can be beneficial.

(1) Inthe case of bolts with an integral head, itis very
simple to rework the same threads over and over from

trically around the bolt circle so that they are surrounded
by old fasteners.

(i) Tightening methods that do not apply friction loads
to the threads during the loading process, such as
hydraulic or mechanical tensioning, usually do not
have a detrimental effect on the threads due to the
lack of friction during the loading.

(j) While factors such as handling, transporting, and
storage are very important, suffice it to say that those

assembly[toassembly by Simply property instating tie
same nuf on the same bolt each time. Since the flange
determings the grip length (effective stretching length),
the same|threads are always being worked.

(2) In the case of bolts without integral head, it is
virtually] impossible to work and rework the same
threads given the current workforce practices. When it
becomeq necessary to reuse bolts without integral
heads, stifict control is advised to ensure that the threaded
fastenerg are correctly installed with some means of
determinfing that you are working the same threads. A
complet¢ change of the nuts is also a step that may
create more uniformity.

(f) Whien using torque devices without a measurement
of load o1] elongation, determination of the friction condi-
tion of a fastener is difficult. However, creating similar and
fairly prgqdictable conditions on a group of fasteners is
more prgctical. Starting with new threaded fasteners
and tredting them all the same is an effective and
common pvay to minimize load variability from bolt to bolt.

(g) Continuous reuse is an option when you have
adequately attended to the issues herein discussed.

(h) Ifanadequate boltreuse systemis used, itisadvised
that the fasteners be periodically replaced based-on the
following:

6]
gral insp¢
nut not 1
leakage.

)
that all b
and mors

perational fatigue or abuse, surface.and/or inte-
ctions, mechanical integrity inspections, galling,
unning freely, difficult disassembly, or joint

foneboltinajointis replaced, itisrecommended
blts be replaced. Ifiall/bolts cannot be changed,
than one bolt/s ehanged, space them symme-

Shattbe doTe 1T @ Tanmer to Preserve pott tie quality
and integrity of the fastener and fastener threads.
(k) Working with and reconditioning fasténers ip the

field is expensive and unpredictable when cempargd to
the cost of new. Reconditioning/replacement consiflera-
tions could include

(1) number of bolts to recoudition

(2) availability of new balts

(3) labor cost

(4) criticality of the BE]

(5) condition of previously applied coatings

N-3 GUIDELINES

(a) When using bolts and nuts of common grade for
fasteners up'to M30 (1% in.) diameter, the use ofl new
bolts and*nuts is recommended when bolt-load control
methods such as torque or tension are deemed necegsary.
For larger diameters, it is recommended that the cgst of
cleaning, deburring, and reconditioning be compargd to
the replacement cost and considered in the assessm¢nt of
critical issues of the assembly.

(b) Strong consideration should be given to replacing
bolts of any size should it be found that they have |been
abused or nonlubricated during previous assembligs.

(c) Thread dies generally do not yield a highly clganed
reconditioned surface; therefore, turning bolt threads in a
lathe is the preferred method to recondition cpstly
fasteners. Although preferred, this process will renove
thread material and tolerance limits specified in ASME
B1.1 must be maintained.

(d) Nuts are not generally reconditioned.
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APPENDIX O
ASSEMBLY BOLT STRESS DETERMINATION

0-1 [INTRODUCTION

0-1.1 Scope

intent of this Appendix is to provide guidance for
the determination of an appropriate assembly bolt stress
with|due consideration for joint integrity. The detailed
procgdures provided in this Appendix are intended for
flange joints for which controlled assembly methods
are o be used. Provisions are made for both a simple
apprpach and for a joint component approach.

Thie historic use of a common single bolt stress across all
flange sizes and ratings (e.g., 50 ksi or 345 MPa) can result
sket stress that does not provide sufficient margin to

olt stress can result in loading bolts past their
strength, as in the case of austenitic stainless
. For this reason, the approaches outlined in this

Thie provisions of this Appendix consider thatthe ASME
PCCH1 guidelines for the joint component condition
(flange surface finish, bolt spacing, flange rigidity, bolt
condjtion, etc.) are within acceptablelimits.

Thie methodology outlined in(thisS" Appendix assumes
that|the gaskets being used,undergo a reasonable
amowunt (>15%) of relaxation during the initial stages
of operation, such that.the effects of operational loads
reasing the belt:stress need not be considered
asket relaxation will exceed any operational bolt-
load [increase).Jh.some rare cases, this may not be the
case| and the/limits should then also be checked at
both|the ambient and operating bolt stress and tempera-
tured. Eormost standard applications, this will not be nec-
essalty

J

In addition, the methodology is for ductile materials
(strain at tensile failure in excess of 15%). For brittle mate-
rials, the margin between the specified assembly bolt
stress and the point of component failure may be consid-
erably reduced and, therefore, additional safety factors
should be introduced to guard against such failure.

The method does not consider the effect of fatigue,
creep, or environmental damage mechanisms on either
the bolt or flange. These additional modes of failure
may also need to be considered for applications where
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they are found and additional reductions in)pssembly
bolt stress may be required to avoid joint 'cdmponent
failure.
0-1.3 Definitions
A, = bolt root area;ymm? (in.?)
A, = gasket area [1/4 (Gop® - Gip|[)], mm®
(in.%)*
Gip, Gop. = gasket-sealing element inn¢r/outer
diameter, mm (in.)
K = nut‘factor (for bolt material andtempera-
ture)
njy. = number of bolts
Prax = maximum design pressure, MPa (psi)
S,q = flange yield stress at assembly, MPa (psi)
Sy, = flange yield stress at operation, MPa (psi)
Shmax = maximum permissible bolt stijess, MPa
(psi)
Sbmin = minimum permissible bolt stiess, MPa
(psi)
Sbse) = selected assembly bolt stress, NPa (psi)
Sfmax = maximum permissible bolt stregs prior to
flange damage, MPa (psi)
S9max = maximum permissible gasket stress, MPa
(psi)
S9min-o = minimum gasket operating stifess, MPa
(psi)
S9min.s = minimum gasket seating stress, MPa (psi)
Sgr = target assembly gasket stress, MPa (psi)
T, = assembly bolt torque, N-m (ft-1b)
T; = Target Torque Index based on g unit bolt
stress, N-m/MPa (ft-1b/ksi)
Ofmax = single flange rotation at Sf,.,, deg
609max = maximum permissible single flgnge rota-
tion for gasket at the maximum pperating
temperature, deg
¢u = holt r‘]iamahav" mm (in)
¢, = fraction of gasket load remaining after

relaxation

! Where a gasket has additional gasket area, such as a pass partition
gasket, which may not be as compressed as the main outer sealing
element due to flange rotation, then a reduced portion of that area,
such as half the additional area, should be added to 4,.
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0-2 ASSEMBLY BOLT STRESS SELECTION

Itis recommended that bolt assembly stresses be estab-
lished with due consideration of the following joint integ-
rity issues:

(a) Sufficient Gasket Stress to Seal the Joint. The
assembly bolt stress should provide sufficient gasket
stress to seat the gasket and sufficient gasket stress
during operation to maintain a seal.

(b) Damage to the Gasket The assembly holt stress

section 0-4 on the joint component approach, may also
be considered, as deemed necessary.

0-3.2 Determining the Appropriate Bolt Stress

The appropriate bolt stress for a range of typical joint
configurations may be determined via eq. (O-1).
(0-1)

g
Sbge| = SgTTbAh

should npt be high enough to cause overcompression
(physicalldamage) of the gasket or excessive flange rota-
tion of the flange, which can also lead to localized gasket
overcompression.

(c) Dajnage to the Bolts. The specified bolt stress should
bebelow the boltyield point, such thatbolt failure does not
occur. In pddition, the life of the bolt can be extended by
specifying an even lower load.

during operation or that successive assemblies will not
be able |to seal due to excessive flange rotation.
Leakage qlue to flange rotation may be due to concentra-
tion of the gasket stress on the gasket outer diameter
causing damage or additional relaxation. Another poten-

tial issue |s the flange face outer diameter touching, which
reduces the effective gasket stress.

Howevgr, it is also important to consider the practical-
ities invojved with the in-field application of the specified
bolt stregs. If a different assembly stress is specified-for
each flange in a plant, including all variations of standard
piping flgnges, then it is unlikely, without a sighificant
assembly|quality assurance plan, that success will actually
be imprqved in the field by comparisen‘to a simpler
method. Pepending on the complexity ;of the joints in a
given plant, a simple approach-(e.g., standard bolt
stress pef size across all standdrd flanges) may actually
be more|effective in preventing leakage than a more
complex|approach that includes consideration of the
integrity fof all joint components.

This Appendix outlines two approaches: the simpler
single-as$embly bolt stress approach (which is simpler
to use byt may-result in damage to joint components)
and a mqre_complex joint component-based approach
that conslidérs the integrity of each component

The average bolt stress across the joints considered may
then be selected and this value can be convérted ihto a
torque table using eq. (0-2M) for metric units or eq.
(0-2) for U.S. Customary units.

T, = ShyiK Appy,/100Q (p-2M)

T, = SbgelK Ab¢b/12 (0-2)

As an alternative to these equations, Tables 0-3.2-1M
and 0-3.2-1 provide reference tables that tabulate Tharget
Torque indices, Ti/based on egs. (0-2M) and (0-2) uging a
unitbolt stress (€.g.ysubstituting a value of 1 for Shg.)| with
nut factors on0.15, 0.18, and 0.2. The final assembly bolt
torque may.then be obtained by using eq. (0-3). An
examplenis shown in Notes (2) and (3) in Tdbles
0-3.2-XM and 0-3.2-1.

The nut factors provided in Tables 0-3.2-1M and
0-3.2-1 represent examples and may vary from ajctual
values. Refer to Appendix K for guidance in determjining
nut factors.

If another bolt stress or nut factor is required, thep the

table may be converted to the new values using eq. (|0-3),
where Sb’s, T',, and K’ are the original values.
Sb,
b= K, sel Ty = TIE,SbseI (0-3)
K’ Sb' K

0-4 JOINT COMPONENT APPROACH

0-4.1 Required Information

There are several values that must be known prior to
calculating the appropriate assembly bolt stress usirlg the
joint component approach.

(a) The maximum permissible flange rotation (69max)
at the assembly gasket stress and the gasket operpting
temperature must be obtained from industry test|data

0-3 SIMPLE APPROACH

0-3.1 Required Information

In order to determine a standard assembly bolt stress
across all flanges, it is recommended that, as a minimum,
the target gasket stress, Sgr, for a given gasket type be
considered. Further integrity issues, as outlined in
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or from the gasket manufacturer. There is presently no
standard test for determining this value; however,
typical limits vary from 0.3 deg for expanded PTFE
gaskets to 1.0 deg for typical graphite-filled metallic
gaskets (per flange). A suitable limit may be determined
for a given site based on calculation of the amount of rota-
tion that presently exists in flanges in a given service using
the gasket type in question.
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(b) The maximum permissible bolt stress (Sh,.x) must
be selected by the user. This value is intended to eliminate
damage to the bolt or assembly equipment during
assembly and may vary from site to site. It is typically
in the range of 40% to 70% of ambient bolt yield
stress (see section 10).

(c) The minimum permissible bolt stress (Sb,i,) must
be selected by the user. This value is intended to provide a
lower limit such that bolting inaccuracies do not become a

(i) The gasketrelaxation fraction (¢4) mustbe obtained
from industry test data or from the gasket manufacturer
for the gasket in flange assemblies of similar configuration
to the ones being assessed. A default value of 0.7 may be
used if data are not available.

0-4.2 Determining the Appropriate Bolt Stress

Once the limits are defined, it is possible to use the
following process for each joint configuration. This

software

signiffcart poTHOTT Of tire 5_peuued dSSEMDIy DOITSIesSs, process can be performed using a spreadsheetol
if;e" Thel\{/a_lue 155tyl£)1§ally in the range of 140 MPa to 245 program, which allows the determination ofumany values
a (20 ksi to, 35 ksi). o simultaneously.
(d] The maximum permissible bolt stress for the flange

(Sfmax) must be determined, based on the particular flange
conflguration. This may be found using either elastic
closgd-form solutions or elastic-plastic finite element
analysis, as outlined in section O-5. In addition, when
the limits are being calculated, the flange rotation at
that [load should also be determined (6fax). Example
flange limit loads for elastic closed-form solutions and
elastiic-plastic finite element solutions are outlined in
Tabl¢s 0-4.1-1M through 0-4.1-7.

(e)] The target assembly gasket stress (Sgr) should be
selegted by the user in consultation with the gasket man-
ufacturer. The target gasket stress should be selected to be
near [the upper end of the acceptable gasket stress range,
as thiis will give the most amount of buffer against joint
leakdge.

(f)| The maximum assembly gasket stress (Sgmax) must
be obtained from industry test data or from the gasket
mantfacturer. This value is the maximum compressive
stre§s at the assembly temperature, based-on full
gaskpt area, which the gasket can withstand without
pernfanent damage (excessive leakage or lack of elastic
recopery) to the gasket sealing element. Any value
provjded should include consideratipn of the effects of
flange rotation for the type of flange being considered
in increasing the gasket stress locally on the outer
diamjeter.

(9] The minimum gasket seating stress (Sgmin-s) must
be obtained from industry test data or from the gasket
manyfacturer. Thisvalue is the minimum recommended
compressive stress at the assembly temperature and is
basefl on full<gasket area. The value is the stress that
the gasket'should be assembled to in order to obtain
adequate-redistribution of any filler materials and

Step 1. Determine the Target Bolt StreSs in adcordance
with eq. (0-1).
Step 2. Determine if the bolt upper limit coptrols

Sbge] = min. (Sbeely Sbmax) (0-4)

Step 3. Determine if-the bolt lower limit conptrols

Shgere="Mmax. (Sbeel, Sbmin) (0-5)
Step 4. Determine if the flange limit controlf®
Sbge] = min. (Sbgg, Sfmax) (0-6)
Step5. Check if the gasket assembly seating stress is
achieved.
Sbge] ngin-S[Ag/(Abnb)] (0-7)
Step 6. Check if the gasket operating stresq is main-
tained.’
Shge] > [ngin-OAg + (”/4>PmaxGI.D,2]/<¢gAb 1b) (0-8)
Step 7. Checkifthe gasket maximum stress is xceeded.
Sbsel < ngaX[Ag/(Ab"h)] (0-9)

Step 8. Check if the flange rotation limit is ¢xceeded.
SbSEl < Sfmax (egmax/efmax) (0-10)

If one of the final checks (Step 5 through $tep 8) is
exceeded, then judgment should be used to determine
which controlling limit is more critical to integrity and,

2 In some cases (e.g., high-temperature stainless steel flangps) the yield
strength of the flange may reduce significantly during operatjon. In those

ensure ammitiatseat between thegasketamd—the
flange faces.

(h) The minimum gasket operating stress (Sgmin-o)
must be obtained from industry test data or from the
gasket manufacturer. This value is the minimum recom-
mended compressive stress during operation and is based
on full gasket area. This is the gasket stress that should be
maintained on the gasket during operation in order to
ensure the leakage does not occur.
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cases, the flange limit should be reduced by the ratio of the yields (Sfpax
Syo/Sya). A useful ratio for determining if this adjustment must be
performed is to compare the reduction in yield to the amount of relaxa-
tion occurring; if the reduction ratio exceeds the relaxation, the effect
should be included. This check is expressed as follows: the reduction
factor should be included if (S,,/S,q) < 1.25¢,. The additional reduction
in gasket relaxation (1.25 term) is included to capture possible variances
in actual relaxation versus test or assumed values.

3 Note that this simple treatment does not take into account the
changes in bolt load during operation due to component elastic inter-
action. A more complex relationship for the operational gasket stress
may be used in lieu of this equation that includes the effects of
elastic interaction in changing the bolt stress.
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therefore, what the selected bolt load ought to be. A table
of assembly bolt torque values can then be calculated
using eq. (0-2M) or eq. (0-2). An example table of
assembly bolt stresses and torque values using this
approachisoutlined in Tables 0-4.2-1 and 0-4.2-2, respec-
tively.

0-4.3 Example Calculation
NPS 3 Class 300 Carbon Steel RFWN Flange Operating at

Note that for some flanges (e.g., NPS 8, class 150) the
additional limits [eq. (O-7) through eq. (0-10)] are not
satisfied. In those cases, engineering judgment should
be used to determine which limits are more critical to
thejointintegrity, and the value of Sh,. should be modified
accordingly. It should be noted that the values presented
are not hard limits (i.e., flange leakage will not occur if the
gasket stress falls 0.1 psi below the limit) and therefore
some leeway in using the values is to be considered

Ambient [Temperature (Identical Limits Used as Those in
Table 0-#-2.1) with a spiral-wound gasket per ASME
B16.20 apd nut factor per Table 0-4.2-2
A, § 03019 in?
np A 8
Apyny, 3 242 in?
Ay F 5.17 in?
¢p F 0.75 in.
Pmax ¥ 750 psig (0.75 ksi)
¢y F 0.7
Gip. ¥ 4.00 in.
Determine Bolt Stress

Equation (P-1) Shse; = 30(5.17/2.42) = 64 ksi
Equation ({-4) Shse; = min. (64, 75) = 64 ksi
Equation ({-5) Shse; = max. (64, 35) = 64 ksi

Table 0-4.1-2 Sfmax = 63 ksi (note: Sy, = S,4)
Equation (P-6) Sbse = min. (64, 63) = 63 ksi
Additional [hecks

Equation ({-7) Shger 2 12.5 (5.17/2.42) 2 26.7 ksi v

Equation ({-8) Shger 2 [6.0 x 5.17 + (11/4) x 0.75 x 4.00%]/00.7 x

2.42) = 24 ksi v

Equation (-9)  Shge < 40 (5.17/2.42) < 85 ksi v/
Table 0-4.1-4 Ofmax = 0.32 deg

Equation (P-10)  Sbge < 63 (1.0/0.32) < 297-Ksi v/
Equation ({-2) T, = 63,000 x 0.2 x0.3019 x 0.75/12

Tp = 240 ft-1b

TTOTTITAl:

0-5 DETERMINING FLANGE LIMITS
0-5.1 Elastic Analysis

A series of elastic analysis limits.have been determined
that allow the calculation of the dpproximate assembly
bolt stress that will cause significant permanent defgrma-
tion of the flange. Since thigbolt stress is approximatg, and
the flange material yiel@>tehds to be lower bound] it is
considered appropriate to use these limits without thodi-
fication or additional safety factor. An explanation ¢f the
limits and equations used to determine the bolt stregs can
be found in WRC Bulletin 538.

0-5.2 Finite Element Analysis

Acmore accurate approach to determining the appro-
priate limit on assembly bolt load is to analyz¢ the
joint using elastic-plastic nonlinear finite element analy-
sis (FEA). An explanation of the requirementf for
performing such an analysis is outlined in WRC Bulletin
538. It is not necessary to rerun the analysis for minor
changes to the joint configuration (such as diff¢rent
gasket dimensions or minor changes to the flange material
yield strength) as linear interpolation using the ratio ¢f the
change in gasket moment arm or ratio of the different{yield
strength can be used to estimate the assembly bolt dtress
limit for the new case.
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(19) Table 0-3.2-1M Reference Values (Target Torque Index) for Calculating Target Torque Values for Low-Alloy Steel

Bolting Based on Unit Prestress of 1 MPa (Root Area) (Metric Series Threads)

Basic Thread

Target Torque Index, T;, N-m/MPa (ft-lb/ksi), at Nut Factor, K, of

Designation 0.15 0.18 0.2
M12 x 1.75 0.13 (0.66) 0.16 (0.80) 0.17 (0.88)
M14 x 2 0.21 (1.07) 0.25 (1.28) 0.28 (1.42)
M16 x 2 0.33 (1.69) 0.40 (2.03) 0.44 (2.25)
M20 x 2.5 0.65 (3.31) 0.78 (3.97) 0.87 (4.42)
M22 275 090457 08529 206107
M24 Kk 3 1.13 (5.73) 1.35 (6.87) 1.50-(7.63)
M27 k 3 1.68 (8.52) 2.01 (10.2) 223 (11.4)
M30 3.5 2.26 (11.5) 2.72 (13.8) 302 (15.3)
M33 Kk 3.5 3.11 (15.8) 3.74 (19.0) 4.15 (21.1)
M36 Kk 4 3.99 (20.3) 4.78 (24.3) 5.31 (27.0)
M39 Kk 4 5.20 (26.5) 6.24 (31.8) 6.94 (35.3)
M42 4.5 6.41 (32.6) 7.70 (39.1) 8.55 (43.5)
M45 Kk 4.5 8.07 (41.0) 9.68 (49.2) 10.8 (54.7)
M48 k 5 9.67 (49.2) 11.6 (59.0) 12.9 (65.6)
M52 k 5 12.6 (64.1) 15.1 (76:9) 16.8 (85.4)
M56 Kk 5.5 15.6 (79.6) 18:8.(95.5) 20.9 (106)
M64 k 6 23.7 (120) 28.4 (145) 31.6 (161)
M72 k 6 34.8 (177) 41.8 (212) 46.4 (236)
M80 Kk 6 48.9 (249) 58.7 (299) 65.2 (332)
M90 Kk 6 71.4 (363) 85.7 (436) 95.2 (484)
M10q x 6 99.8 (507) 120 (609) 133 (677)

GENERAL NOTES:
(a) The root areas are based on coarse-thread series, for'sizes M68 and smaller, and 6-mm pitch thread series for sizes M70 and
dptermination of root area for metric threads\is/based on a 6g tolerance.

(b) T
d
A
(
{

examy

value,
assem

This d

here are many ways of calculating Target Torque values for bolted pressure joints. The basis for Target Torque Index values in th
bscribed below. When conditions vary€rom those considered in this Table, such as different bolt materials or different coatiy

pbpendix K or Appendix ] to compute appropriate torque values.
) The tabulated Target Torque valués are based on working surfaces that comply with sections 4 and 7.

le, for an M20 bolt using as/nutfactor of 0.2
T; = Sbge) K Ay, ¢h,/1000 = 1 X 02 X 217 X 20/1000 = 0.87

) When the Target Torque Index, T;, is determined, this value is multiplied by the selected assembly bolt load Sbs to arrive at the
Tp. For example/the'M20 bolt in (2) is in the NPS 3 Class 300 flange described in the example calculation in para. 0-4.3, for which
bly bolt stress,\Shze), is 434 MPa. The Target Torque becomes

T, = Shge) X T; = 434 MPa X 0.87 N-m/MPa = 378 N-m

hlculated value is rounded up to the nearest 5 N-m to become 380 N-m.

larger. The

is Table are
gs, refer to

') The Target Torque Index, T¢ s determined from eq. (O-2), for the nut factor indicated and applying a unit bolt load of 1 MPa fpr Sb.,. For

final torque
the selected

77

Licensed to Luigi A. Cardenas. Single-user license only. Copying, networking, and sharing prohibited.


https://asmenormdoc.com/api2/?name=ASME PCC-1 2019.pdf

ASME PCC-1-2019

(19) Table 0-3.2-1 Reference Values (Target Torque Index) for Calculating Target Torque Values for Low-Alloy Steel

Bolting Based on Unit Prestress of 1 ksi (Root Area) (Inch Series Threads)

Nominal Bolt Size,

Target Torque Index, T;, ft-Ib/ksi (N-m/MPa), at Nut Factor, K, of

in. 0.15 0.18 0.2

% 0.79 (0.15) 0.94 (0.19) 1.05 (0.21)

%% 1.58 (0.31) 1.89 (0.37) 2.10 (0.41)

% 2.83 (0.56) 3.40 (0.67) 3.78 (0.74)

A 4.58 (0.90) 5.50 (1.08) 6.11 (1.20)

1 6.09 (1.35] 827 (1.03) 918 (181)

1% 10.2 (2.01) 12.3 (2.42) 13.7 (2.68)

1Y, 14.5 (2.85) 17.4 (3.43) 19.4 (3.81)

1% 19.9 (3.90) 23.8 (4.68) 2645 (5.20)

1Y%, 26.3 (5.18) 31.6 (6.22) 3547(6.91)

1% 34.1 (6.71) 41.0 (8.05) 45.5 (8.95)

1%, 43.3 (8.52) 52.0 (10.2) 57.8 (11.4)

1% 53.9 (10.6) 64.7 (12.7) 71.9 (14.1)

2 66.3 (13.0) 79.5 (15.6) 88.3 (17.4)

2Y, 96.2 (18.9) 115 (22.7) 128 (25.2)

2Y, 134 (26.4) 161 (31.6) 179 (35.2)

2%, 181 (35.6) 217 (42:7) 241 (47.4)

3 237 (46.6) 284((55.9) 316 (62.1)

3% 304 (59.8) 365 (71.8) 406 (79.8)

3% 383 (75.3) 459 (90.3) 510 (100)

3%, 474 (93.2) 569 (112) 632 (124)

4 579 (114) 694 (137) 771 (152)

GENERAL NOTES:

(a) The ropt areas are based on coarse-thread series forsize$ 1 in. and smaller, and 8-pitch thread series for sizes 1% in. and largefr. The
deternjination of root area for inch series threads iis based on a 2A tolerance.

(b) There 4re many ways of calculating Target Torque values for bolted pressure joints. The basis for Target Torque Index values in this Talple are
descrilhed below. When conditions vary from‘these considered in this Table, such as different bolt materials or different coatings, r¢fer to
Appenflix K or Appendix ] to compute appropriate torque values.

(1) Thp tabulated Target Torque values ‘are)based on working surfaces that comply with sections 4 and 7.

(2) Thg Target Torque Index, T;, is detefmined from eq. (0-2), for the nut factor indicated and applying a unit boltload of 1 ksi for Sbs,. For expmple,
for a %, in. |bolt using a nut factor of 02

T; = Sbge) K Ay b,/12 = 1,000 X 02 X 0.302 X 0.75/12 = 3.78

where the yalue of 1,000 représehts 1,000 psi rather than 1 ksi to maintain consistency in units.

(3) When the Target Torque Index, T} is determined, this value is multiplied by the selected assembly bolt load Shg, to arrive at the final forque
value, T, Fqr example, the¥-in. bolt in (2) is in the NPS 3 Class 300 flange described in the example calculation in para. 0-4.3, for which the sdlected
assembly bplt stress, by is 63 ksi. The Target Torque becomes

Tj, = Sbge] X T; = 63ksi X 3.78 ft—Ib/ksi = 238 ft—Ib

This calculdte@ malue is rounded up to the nearest 5 ft-b to become 240 ft-Ib.
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