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FOREWORD TO THE THIRD EDITION

This document is the third edition of the ASME Section VIII — Division 1 Example Problem Manual. The purpose
of this third edition is to update the example problems to keep current with the changes incorporated into the
2021 edition of the ASME B&PV Code, Section VIII, Division 1. The example problems included in the second
edition of the manual were based on the contents of the 2013 edition of the B&PV Code.

Known corrections to paragraph changes and references, design equations, and calculation results have been
made in this third edition. Additionally, some formatting modifications were made to facilitate better use of the
example manual, as applicable.
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FOREWORD TO THE SECOND EDITION

This document is the second edition of the ASME Section VIII — Division 1 example problem manual. The
purpose of this second edition is to update the example problems to keep current with the changes incorporated
into the 2013 edition of the ASME B&PV Code, Section VIII, Division 1. The example problems included in the
first edition of the manual were based on the contents of the 2010 edition of the B&PV Code. In 2011, ASME
transitioned to a two year publishing cycle for the B&PV Code without the release of addenda. The release of
the 2011 addenda to the 2010 edition was the last addenda published by ASME and numerous changes to the
Code were since adopted.

This seqond edition of the example manual includes two new sections covering examples for tube—to—tubesheet
welds and required markings of pressure vessel nameplates. Known corrections to designrequatipns and
results have also been made in this second edition. Additionally, some formatting modifications were made to
facilitatd better use of the example manual, as applicable.
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FOREWORD

This document is the Division 1 Example Problem Manual. In this manual, example problems are solved using
both the Division 1 and Division 2 rules. When the design rule is the same, the example problem is solved using
the Division 2 rules with the Division 1 allowable stress and weld joint efficiency. With this approach, users of
Division 1 will become familiar and adept at using Division 2, and this will also provide a significant training
benefit to the Division 1 user in that Division 2 has been designed as the home for the common rules’ initiative
being undertaken by the ASME Section VIII Committee.

In 2007 ;ASME-—released-a-rew-version-of-the-ASMEB&RV-Code—SectionYH—Division2—Fhis-rew-version of

ToCTTTTICYW Vo T SO TTT

Division|2 incorporated the latest technologies to enhance competitiveness and is structured in a way tg make it
more uger-friendly for both users and the committees that maintain it. In addition to updating-many of the
design-By-analysis technologies, the design-by-rule technologies, many adopted from the Division 1 rulgs, were
modernized. ASME has issued ASME Section VIII — Division 2 Criteria and Commentary, PTB-1-2009 that
provideg background and insight into design-by-analysis and design-by-rule technologies;

The ASME Section VIII Committee is currently undertaking an effort to reviews-and identify common rules
containgd in the Section VIII Division 1, Division 2, and Division 3 B&PV Codes="In this context, commpon rules
are defifed as those rules in the Section VI, Division 1, Division 2, and Division 3 Codes that are identical and
difficult fo maintain because they are computationally or editorially complex, or they require frequent yipdating
becausg of the introduction of new technologies. Common rules\dypically occur in the design-by-fule and
design-y-analysis parts of the code; but also exist in material; fabrication, and examination requirements. A
plan hag been developed to coordinate common rules with thefollowing objectives.

e Common rules in the Section VIII Division 1, 2, and_3\codes should be identical and updated at thie same

timg to ensure consistency.
e Common rules will be identified and published n a single document and referenced by other documents to;
promote user-friendliness, minimize volunieer time on maintenance activities, and increase voluntger time
for incorporation of new technologies tg keep the Section VIII codes competitive and to facilitate publication.
e Core rules for basic vessel designsuch as wall thickness for shells and formed heads, nozzle dedign, etc.
will pe maintained in Division 1; although different from Division 2 these rules are time-proven ang should
rempin in Division1 because they provide sufficient design requirements for many vessels.
e ASNE Section VIII Commititee recognizes that Division 2 is the most technically advanced gnd best
organized for referencing from the other Divisions and recommends that, with the exception of overpressure
protection requirements, common rules identified by the commitiee shall reside in Division 2|and be
refefenced from\Division 1 and Division 3, as applicable.

As a stdrting peift'for the common rules’ initiative, the ASME Section VIII Committee has developed Cofle Case
2695 td permit the use of some the design-by-rule procedures in Division 2 to be used for Diyision 1
construcation

As part of the common rules’ initiative, the ASME Section VIII Committee is working with ASME LLC to create
separate example problem manuals for each Division. These manuals will contain problem examples that
illustrate the proper use of code rules in design. The ASME Section VIl - Division 2 Example Problem Manual,
PTB-3 2009 has been completed and issued.
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PART 1
GENERAL REQUIREMENTS

N 0 e N 11
T.1 INTRODUGCTION .oeutetiiteuietestettstestetestetetesteseesessesesseseesesseseatessesessessesesseneesessessssensesessensasessesessensesessensesessensesessesessensans 1-1
s 100 =SOSR 1-1
1.3 DEFINITIONS ittt ettt ettt sttt ettt st et et et et e st et 1-1
1.4 | ORGANIZATION AND USE ....oouiiiiiiiiirieiirieieiesiereeie et sieseeie et etesae e sbesee e steseesestenessessenessensesesseneesessenessensens Prgeroesnene 1-1
1.5 | COMPARISON OF VIII-1 AND VIII-2 DESIGN RULES ......ooveietirieieetitetesteeete ettt sae e s fEg e e e 1-2
1.6 | MANDATORY APPENDIX 46 (SUPERSEDES ASME CODE CASE 2695).......ccccovvevverreisieennseeens b oo o 1-2
1.7 | V-2 VESSEL CLASSES ...cueeiiieeieieieeesteeetesteseeiestesestesaesssteeesessesessessessssensesessessesessesessessesessensesssbonensessssenfroessens 1-2
1.8 | REFERENCES.....cictiteietiiet ettt sttt et e st st sestessesesteneesessensssessessssensesessensesessesessonfos¥antnesenseneesensendroeseens 1-3
T.9 | TABLES ettt sttt sttt st st st e te st e ebesaenesteneesesteneesesaenessensesfadeesasseneesensenesseneendaeeans 1-4

1.1  Introduction

ASME B&PV Code, Section VIII, Division 1 contains mandatory requirements, specific prohibitions, gnd non-

mandatIry guidance for the design, materials, fabrication, examination,)inspection, testing, and certifi¢gation of

pressurg vessels and their associated pressure relief devices.

1.2 Skope

Exampl¢ problems illustrating the use of the design-by-rule ' methods in ASME B&PV Code, Section VIII,
1 are pfovided in this document. Example problems "are provided for most of the calculation proce
either S| or US Customary units.

1.3 Definitions

The follgwing definitions are used in thissmanual.

1) VII1 — ASME B&PV Code, Settion VIII, Division 1, 2021
2) VIIF2 — ASME B&PV Cade, Section VIII, Division 2, 2021

1.4 Organization and Use

Division
dures in

An intrdduction t6_the example problems in this document is described in Part 2 of this document. The

remaining Partsof this document contain the example problems. All paragraph references without
designafian,-i.e., VIII-1 or VIII-2, see References, are to the ASME B&PV Code, Section VIII, Division

a code
1, 2021

[1], or the ASME B&PVTode, Section Vi, Division T, 2021 2], Tespectively.

The example problems in this manual follow the design by rule methods in ASME B&PV Code, Section VIII,
Division 1. Many of the example problems are also solved using ASME B&PV Code, Section VIII, Division 2
design-by-rule procedures contained in Part 4 of this Code using the allowable stress from VIII-1. In addition,
where the design rules are the same, the VIII-2 format has been used in this example problem manual because

of the user-friendliness of these rules.

1-1
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1.5 Comparison of VIlI-1 and VIII-2 Design Rules

Since many of the design rules in VIII-2 were developed using the principles of VIII-1, it is recommended that
users of this manual obtain a copy of ASME PTB-1-2013 [2] that contains the VIII-2 criteria and commentary on
the technical background to these rules. A comparison of the design-by-rule procedures in VIlI-2 compared with

VIII-1is

shown in Table E1.1.

1.6 Mandatory Appendix 46 (Supersedes ASME Code Case 2695)

In reco

ition of the similarities and the use of the latest technology in developing the design-bv-rule part of VIlI-

2, ASM
VIII-1 al
the ASM
Append
permits

Mandat¢ry Appendix 46 is applicable when using VIII-2 to establish the thicknesswand other design de

compon
Append
restrictid

1.7 V|

The 201
The forr
strength

owable stresses with some limitations. Code Case 2695 is shown in Table E1.2. However, a

x 46. The reference to Mandatory Appendix 46 is made in the re-written VIlI-1, paragraph U-2(
the use of alternative means when design rules do not exist in VIII-1.

ent for an VIII-1 pressure vessel. In addition to the traditional use of-Code Case 2695, M
X 46 permits the use of the Part 5 Design-by-Analysis rules of ViN-2, with additional guida
ns.

lI-2 Vessel Classes

7 edition of VIII-2 introduced a two—class vessel structure in an attempt to attract more users t

margin ¢n UTS for a Class 2 vessel. Class 1 vessels shall use the allowable stresses published in ASM

Code, S
publishg

The des
rules as

e Des|

e The
UDS

e The

o]

o]

ection I, Part D, Subpart 1, Table 2Aor. Table 2B. Class 2 vessels shall use the allowable
d in ASME B&PV Code, Section Il,Part D, Subpart 1, Table 5A or Table 5B.

ign and construction of a Class,_1° vessel is permitted under the following limitations and rela
compared to a Class 2 vessel)

gn margin of 3.0 on UTS;

P,

Fatigue analysis,

Manufacturer’s Design Report (MDR) requires certification only when the following are performegd:

E initially issued Code Case 2695 in September 2011 which permits the use of VIII-2 design rdles with

5 part of

E Task Group U-2(g), Code Case 2695 was modified and incorporated into the 2019\VIII-1, Mandatory

) which

lails of a

ndatory
hce and

b VIII-2.

hat of the two—class structure assigns a Class 1 vessel a design margin of 3.0 on the ultimat¢ tensile
(UTS), to be consistent with pre-2007 editioncof VIII-2 philosophy, while maintaining the 2.4 design

E B&PV
stresses

ation of

User’s Design Spécification (UDS) requires certification only when a fatigue analysis is mandatgd in the

o

are not

Use of Part 5 Design-by-Analysis to determine thickness of pressure parts when design rules

o]

o]

e Part

provided in Part 4 Design-by-Rule,
Use of Part 4.8 to design quick-actuating closures, or
Dynamic seismic analysis.

5 DBA methods shall not be used in lieu of Part 4 DBR, and

e All other aspects of construction including materials, fabrication, examination, and testing shall be in
accordance with the applicable parts of VIII-2.

1-2
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1.8 References
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Table E1.1 — Comparison of Design Rules Between VIII-2 and VIiI-1

Paragraph in
Section Vi, Comments Pertaining to Section VIIl, Division 1
Division 2
4.1 General Requirements, harmonized with VIII-1, i.e. MAWP introduced, etc.
4.2 Design Rules for Welded Joints, a restrictive subset of rules in VIII-1, UG & UW
4.3 Design Rules for Shells Under Pressure, mostly new technology
Design Rules for Shells Under External Pressure and Allowable Compressiye’ Stresses,
4.4 almost identical to CC2286 with exception of stiffening ring requirements at cdne-to-
cylinder junctions
4.5 Design Rules for Shells Openings in Shells and Heads, new technology
4.6 Design Rules for Flat Heads, identical to UG-34
47 Design Rules for Spherically Dished Bolted Covers,%identical to Appendix 1-6 and
' Appendix 14 except Soehren’s stress analysis method for Type 6D Heads is included
4.8 Design Rules for Quick Actuating (Quick Opening) €losures, identical to UG-35.2
49 Design Rules for Braced and Stayed Surfaces, a restrictive subset of rules in parggraph
' UG-47(a)
.10 Design Rules for Ligaments, identicakto paragraph UG-53
1.11 Design Rules for Jacketed Vessels; a more restrictive subset of rules in Appendix 9
.12 Design Rules for Non-circular vessels, identical to Appendix 13 but re-written for clarity
1.13 Design Rules for Layered.Vessels, identical to Part ULW
.14 Evaluation of Vessels Outside of Tolerance, new technology per API 579-1/ASME HFS-1
.15 Design RulesAor-Supports and Attachments, new for VIII-2 using existing technology
.16 Design Rules for Flanged Joints, almost identical to Appendix 2
1,17 Design Rules for Clamped Connections, identical to Appendix 24
1.18 Design Rules for Shell and Tube Heat Exchangers, identical to Part UHX
1.19 Design Rules for Bellows Expansion Joints, identical to Appendix 26
1.20 Design Rules for Flexible Shell Element Expansion Joints, identical to Appendix 5
1. 21 Tube-to-Tubesheet Joint Strength, identical to UW-20

Notes:

1. During the VIII-2 re-write project, an effort was made to harmonize the design-by-rule requirements in
VIII-2 with VIII-1. As shown in this table, based on this effort, the design rules in VIII-2 and VIII-1 are
either identical or represent a more restrictive subset of the design rules in VIII-1.

2. In the comparison of code rules in presented in this table, the term identical is used but is difficult to
achieve and maintain because of coordination of ballot items on VIII-1 and VIII-2. There may be slight
differences, but the objective is to make the design rules identical. The restrictive subset of the rules in
VIII-1 was introduced in VIII-2 mainly in weld details. In general, it was thought by the committee the full
penetration welds should be used in most of the construction details of a VIII-2 vessel.

1-4
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Table E1.2 - ASME BPV Code Case 2695

ASME BPYC.CCBPY-2017

CASE

2695

Approval Date: September 26, 201
Code Gases will remain available for use until annulled by the o pplioble Sondards Comm ittes

Case 2695

Alowing Section V11l, Division 2 Design Rules to Be Used
for Section VI, Division 1 Pressure Vessel

Section VIIl, Division 1; Section VIIl, Division 2

Inguiry: Under what conditions may the design-by-rule
requirements in Part 4 of Section VIIL, Division 2 be used
to design the components for a Section VI, Division 1
pressure vessel?

Reply: It is the opinion of the Committee that the
design-by-rule requirements in Part 4 of Section VI, Di-
vision 2 may be used to design the components for a Sec-
tion VIII, Division 1 pressure vessel, provided the
following conditions are met

{a) The alowable design tensile stress shall be in accor-
dance with UG-23 of Section VIIL Division 1.

() The weld joint effidency shall be established in ac-
cordance with UW-11 and UW-12 of Section VIIL, Division
1

{c} Material impact test exemptions shall be in accor-
dance with the rules of Section VI, Division 1.

(d) If the thideness of a shell section or formed head is
determined using Section V1II, Division 2 design rules, the
following requirements apply:

{1} For design of nozzles, any nozzle and its Pein-
forcement attached to that shell section or forgied head
shall be designed in accordance with Section M1II, Division
2

2] For conical transitions, each githeshel elements
comprising the junction and the junctapitself shall be de-
signed in accordance with Sectign VUL Division 2.

(3} For material impact test exemptons, the required
thickness used in the mincident ratio defined in Sectioh
VIII, Division 1 shall be calculated in accordance with-Sec)
tion VIIL Division 2.

(e] The fatigue analysis soeening in accordande with
Part 4, para. 4.1.1.4 of Section VIII, Divisiog 245 not re-
quired. However, it may be used when réquired by
UG-22 of Section VLI, Division 1.

(1 The provisions shown in Part 4 pf Section VI, Divi-
sion 2 to establish the design thickwlss and for configura-
tion using the design-hy-analysis procedures of Part 5 of
Section VI, Division 2 arenof permitted.

(g} The Design Loads andd.dad Case Combinations spe-
cified in Part 4, para. $4.5.3 of Secton VI, Division 2 are
not required

(h} The primgry Stress chedk specified in Part 4, para.
4.1.6 of Sectipm WL, Division 2 is not required.

(i} Weld Joint details shall be in accordance with Part
4, para. 42 uf Section VIII, Division 2 with the exclusion
of Categery E welds.

({p The tabrication tolerances specified in Part 4, paras.
4CNand 4.4 of Section VIIL Division 2 shall be satisfied.
The provision of evaluation of vessels outside of tolerance
per Part 4, para. 4.14 of Section VIII, Division 2 is not
permitted.

(k] The vessel and vessel components designed using
these rules shall be noted on the Manufacturer's Data
Report.

(1} All other requirements for construction shall com-
ply with Secton VI, Division 1.

{m} This Case number shall be shown on the Manufac-
turer's Data Report.

R g [ w

standands, laws, regulations or other nelevant documents

The Commitee"s fundbion is © establish rules of safety, relating only to pressune integrity, governing the mnstroction of baollers, pressure vessels, tansport
tanks and noder omponents, and inservice inspection for pressure integnty of nudear compon ents and transport Gnks, and ©
o T - T T T T e e T =

amd nud&r cm neznd #he inservice i nspecion of nuckear compaments and tnn:':pnrtnlcs The user of the Code should refer to other pertinent codes,

interpret &iese robes when

g i it g e a1 1 i | 2 3%

1 [2695)
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PART 2
EXAMPLE PROBLEM DESCRIPTIONS

2.1 (= N[ TR
2.2 EeamptEPROBEEMTFORMATFT—T——

2.3 | CALCULATION PRECISION ....coviiiutieietiietieecteeeeteeestesestesstessteesssesssesessessssessssesessessnsessssessnsesssesssseessesessas@yess

21 eneral

ExampTl problems are provided for;

e Par{ 3 — Materials Requirements

e Parf4 — Design by Rule Requirements parts in Section VIII, Division 1
e Parl5 — Design by Analysis

e Pary6 — Fabrication Requirements

e Parf 7 — Examination Requirements

o Parf 8 — Pressure Testing Requirements

A summary of the example problems provided is contained in Table E2.1

2.2 Example Problem Format

In all of the example problems, with the‘exception of tubesheet design rules in paragraph 4.18, t
equations are shown with symbols and\with substituted numerical values to fully illustrate the use of {
rules. Because of the complexity‘\of the tubesheet rules, only the results for each step in the ca
producefr is shown.

If the dgsign rules in VllI-1(are the same as those in VIII-2, the example problems are typically solved (
procedures given in V=2 because of the structured format of the rules, i.e., a step-by-step proc
provided. When this is'done, the paragraphs containing rules are shown for both VIlI-1 and VIII-2.

2.3 Chalculation Precision

ne code
he code
culation

sing the
bdure is

The calpulation precision used in the example problems is intended for demonstration proposes o

nhly; any

intended precision is not implied. In general, the calculation precision should be equivalent to that obtained by

computer implementation, rounding of calculations should only be done on the final results.

2-1
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PART 3
MATERIALS REQUIREMENTS

COMMENTARY ON RULES TO ESTABLISH THE MINIMUM DESIGN METAL TEMPERATURE (MDMT).................... 3-1

EXAMPLE E3.1 — USE OF MDMT EXEMPTIONS CURVES ......cocterieriirieriesiestesieeeeeeeseseeseesessessessessessessesseenes

31 C

Require
steels a
follows:

Paragra
material

Paragra

Paragra
Categor

Paragra
governir
compon
nonweld

Paragra

tempergture reduction curve andra-eoincident ratio defined simply as the required thickness to the

thicknes
MAWP

There a
A brief s

EXAMPLE E5.2 —USE OF MDM | EXEMPTION CURVES WITH STRESS REDUCTION......c.cuvvviieeeiiniiineane.
EXAMPLE E3.3 — DETERMINE THE MDMT FOR A NOZZLE-TO-SHELL WELDED ASSEMBLY .......cccc... O,

ommentary on Rules to Establish the Minimum Design Metal Temperatare (MDMT

ments for low temperature operation for vessels and vessel parts constructéd of carbon and |
re provided in paragraphs UCS-66, UCS-67, and UCS-68. The organization of the requireme

ph UCS-66 — provides rules for exemption of impact test requirements’for carbon and low alloy st
listed in Part UCS.

ph UCS-67 — provides rules for exemption of impact test requirements for welding procedures.

ph UCS-68 — provides supplemental design rules for.carbon and low alloy steels with regard to W
es, Joint Types, post weld heat treatment requirements, and allowable stress values.

ph UCS-66(a) provides impact test exemptiofn“fules based on a combination of material sped|
g thickness, and required MDMT using:'exemption curves. The rules are applicable to ir
ents and welded assemblies comprised of two or more components with a governing thickness.

ed, and cast components are covered with limitation of the exemption rules based on thickness.

ph UCS-66(b) provides for ansadditional reduction of temperature for impact test exemption bag

s. The coincident ratia"can also be determined using a pressure or stress ratio, i.e., design pre
pr calculated stress-to.allowable stress.

e significant changes to paragraphs UCS-66(a), UCS-66(b), and UCS-66(c) in the 2021 edition ¢
ummary of these changes follows.

agraphtUCS-66(a) — The material classifications (Impact Test Exemption Curves) found in Figure

e

bw alloy
nts is as

el base

eld Joint

fication,
dividual
\Welded,

ed on a
nominal
ssure to

fVII-1.

UCS-66
bs when

summarized as follows.

[e]

o

Curve A applies to A/SA-105 forged flanges supplied in the as-forged condition, and

and are

Curve B applies to A/SA-105 flanges produced to fine grain practice and normalized, normalized and

tempered, or quenched and tempered after forging.

VIII-1 does not provide specific guidance to the User as to what grain size constitutes a fine grain practice
an A/SA-105 forging specification. However, General Note (e)(2) of Figure UCS-66 states fine grain
practice is defined as the procedure necessary to obtain a fine austenitic grain size as described in SA-20.

for

3-1
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2) Paragraph UCS-66(b) — The use of this paragraph is no longer applicable to bolts and nuts. The explicit
reference to exclude bolts and nuts in this paragraph was added as a result of the removal of the reference
to bolts and nuts from paragraph UCS-66(b)(1)(-b).

3) Paragraph UCS-66(b)(1)(-c) — The option to reduce an MDMT for a flange when the MDMT is established
based on paragraph UCS-66(c) was removed (see 5) below).

o

than ona
HaH-oHe

Paragraph UCS-66(b) provides a basis to have a colder MDMT than that derived from the Imp
Exemption Curves utilized in UCS-66(a) when the coincident ratio, defined in Figure UCS-66.1

act Test
, is less

aragraph UCS-66(b)(1)(-a) provides guidance on determining the coincident ratio, via Figure-U
nd Figure UCS-66.2, for components stressed in general primary membrane tensile stress.

aragraph UCS-66(b)(1)(-b) applies to components not stressed in general primary)membran

CS-66.1

b tensile

tress and provides guidance on determining the coincident ratio based upen the maximunm design

ressure to maximum allowable pressure of the component.

aragraph UCS-66(b)(1)(-c) applies to flanges, attached by welding and.ptovides the option to dItermine

he coincident ratio using the nozzle neck or shell to which the flange is attached, via paragra
6(b)(1)(-a), in lieu of the coincident ratio determined in paragraph-UCS-66(b)(1)(-b).

h UCS-

4) Pargagraph UCS-66(b)(1)(-d) — Provides specific guidance that lengitudinal stress in the vessel dug¢ to net-

sec
the

5) Paragraph UCS-66(c) — The exemption temperature fot,which impact testing is not required for ferritid

prog
coin

(o]

The follg
provide
paragra

ion bending that results in general primary membrane tensile ‘stress shall be considered when ca
coincident ratio in Figure UCS-66.2.

uced to ASME B16.5 and ASME B16.47 standards has been changed. The paragraph was re-y
cide with the changes noted in paragraph,l4J€S-66(a) and Figure UCS-66.

Charpy Impact testing is not required.for ferritic steel flanges when produced to fine grain prag
supplied in the heat-treated condition’(normalized, normalized and tempered, or quenched and tg
after forging) when used at design temperatures no colder than —20°F.

Charpy Impact testing is not-fequired for ferritic steel flanges supplied in the as-forged conditi
used at temperatures o colder than 0°F.

guidance to the user/designated agent/Manufacturer for determining the impact test exemption
bhs UCS-66(a) and UCS-66(b).

culating

flanges
ritten to

tice and
mpered

bn when

wing logic diagrams) shown in Figure E3.1.1, Figure E3.1.2, and Figure E3.1.3, were developed to help

rules of

3-2
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UCS-66 shall be used to establish
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—Exemptions UG-20(f)———»

UG-20(f)

impact testing exemptions for
steels listed in Part UCS

A

Components such as shells, heads, nozzles,
manways, reinforcing pads, flanges, tubesheets,
flat cover plates, backing strips that remainin
plag i

Exemptions Other rules in this Division—————

——Material Classification——————————

Figure UCS-66:

General Notes (d), (e), (f)

Notes (1), (2), (3), (4)

integrity of the vessel when welded to the

préssure retaining components, shall be treated

as separate components.

Efch component shall be evaluated for impact

tes} requirements based on its individual material
clgssification, governing thickness, and MDMT.

> Thickness————»|

Bolting and Nuts:
Impact Test
Exemption

Temperatures

Impact Testing
Required
(see UG-84)

UCS-66(a)(1)(-a)(-1)-(-5)
UCS-66(a)(1)(-b)-(-e)

MDMT——»| UG-20(b)

igure UC
General Note (c)

Required MDMT

Possible
Reduction
in MDMT?

Yes  Figure UCS-66.2 Note (10)

A A,

Governing

A/ B,CD

Thickness

Exemption Curve:

alculated MDM
colder than Required
MDMT?

Impact Testing
Not Required

1. Change Material

USC-66(b) Specification?

Eigure UCS-66 Impact Test
Exemption Curves

Yes

2. Heat Treatment?

Figure E3.1.1 — Logic Diagram for UCS-66(a)
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The governing
thickness, tg, shall be
determined as follows:

UCS-66(a)(1)

Welded
Component

UCS-66(a)(1)(-a)(-1)

/B(U%ls\
Yes—p- (except in flat

heads and

PTB-4-2021

UCS-66(a)(1)(-a)(-2)

mer, Fille
Lap-Welded

loints

N

UCS-66(a)(1)(-a)(-3)

Flat Head or
Tubesheet

No

Non-Welded
Component

UCS-66(a)(1)(-a)(-4) Yes
¢ If the goveming thickngss
at anyywelded joint
For welded assemblies comprised of exceeds 4 inches and [he
Yes more than two components, the Yes MDMT is colder thar
governing thickness of each welded joint 120°F, impact teste
in the assembly shall be evaluated. material shall be usefi
v v
Goverhing

Thickness,'tg = larger

UCs-66(a)(1)(-c)

Bolted Flangs
Tubesheet, or
Flat Head

No
Governing Governing
Thickness, tg = Thickness, tg = of [thinner of the two
nominal thickness of thinner of the two parts joined, flat
thickest welded joint parts joined eomponent thickness
divided by 4]
UCS-66(a)(1)(-b)
Y
) Y
Casting Yes—————p -9 »-{ Thickness used ir}
largest nominal Figure UCS-66
A

thickness

UCS-66(a)(1)(-d)

Pished Head
with Integral
Flange

UCS-66(a)(1)(-e)

If the goveming thickness of
the non-welded part exceeds
6 inches and the MDMT is
colder than 120°F, impact
tested material shall be used

Yes

L v

Governing Thickness, tg =
larger of [flat flange
thickness divided by 4,
minimum thickness of the
dished portion]

Governing
Thickness, tg =
flat component

thickness divided
by 4

Figure E3.1.2 — Logic Diagram for UCS-66(a)(1)
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Figure UCS-66.1 provides
a basis for the use of
components made of Part
UCS materials to have a UCS-66(b)
colder MDMT than that
derived from UCS-66(a)
without impact testing

(Not permitted for bolts
and nuts)
Figure UCS-66.2
Determine Ratio =
UCS-66(b)(1)(-a) Figure UCS-66.2 Note (2) > (tE*)/(t,-C)
Notes (1), (2), (3), (6)
A Component MDMT may be
e stressed in general reduced as
MD':;szr_risz or Yes— Yes—p| e i
Figure UCS-66.2
Figure UCS-66.2
Detemmine Ratio =
(S*E*)/(SE)
No Notes (1), (2), (3), (6)(7)
i UCS-66(b)(1)(-b)
Components not stressed
No in general primary MDMT may be Figure"UCS-66.2
membrane tensile stress, reduced as Determine Ratio =
suchas fiat heads, YesT—>  Geterminedin [ | \“MDP/MAWP
covers, tubesheets, Fig. UCS-66.2 Notes (1), (3), (8)
flanges
UCS-66(b)(2) ‘
No UCS-66(b)(3)
UCS-66(b)(1)(-c)
IFor required MDMT L Impact Testing i e
colder than -55°F, MDMT may be Not Required Yes ReDS=0E
'Tpaqrégsfg?%.'f Options for flanges reduced by the
m;g:ilals exce attached by —»| same ratio forthe
» S welding shell to whichthe
flange is_atteched No
Figure UCS-66.1
Reduction in
MDMT Without
Impact Testing
UCS-66(b)(3)

Y

@olda’ tha

-55°F but warmer
than -155°F?

ith temperatu

. Impact Testing Yes reduction, is MDM
Determine Not Required colder than
Yes—p Ratio from

required?
Fig. UCS-66.2

No
No

. Impact Testing
Impact:Testing Required
Required (see UG-84)
(see UG-84)

Figure E3.1.3 — Logic Diagram for UCS-66(b)
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3.2 Example E3.1 — Use of MDMT Exemptions Curves

Determine if Impact Testing is required for the proposed shell section. The shell is cylindrical with all Category A
joints made up of Type 1 butt welds which have been 100% radiographically examined.

Vessel Data:

e Material =  SA-516, Grade 70, Normalized

e Nominal Thickness = 1.8125in

e PWHT =  Yes

e MDMT = =20°F

« Corfosion Allowance =  0.1251in

In accondance with paragraph UCS-66(a), the procedure that is used to establish impact testing exemptions is

shown Helow.

Paragraph UCS-66(a): unless exempted by the rules of UG-20(f) or other rules of this Division, Fig. UCS{66 shall

be used|to establish impact testing exemptions for steels listed in Part UCS{ When Fig. UCS-66 is used, impact

testing i$ required for a combination of Minimum Design Metal Temperature (MDMT) and thickness whichl|is below
the curve assigned to the subject material. If a MDMT and thickness .combination is on or above the curvg, impact
testing i$ not required by the rules of this Division.

a) STEP 1 - From the Notes of Figure UCS-66, the appropriate impact test exemption curve for the |material
spdcification SA—516, Grade 70, Normalized is.designated a Curve D material.

b) STEP 2 — The governing thickness to be used'in Figure UCS-66 is determined from paragragh UCS-
66(a)(1)(-a)(-1) through (-a)(-5) based uponif the component under consideration is a welded part,|casting,
flatfnon-welded part, or a dished non-welded part. In this example, the cylindrical shell is a welfed part
attached by a butt joint and the governing thickness is equal to the nominal thickness of the thickes| welded
joirt, see Figure UCS-66.3.

t, = 1.8125 in

c) STEP 3 -The requiredMBMT is determined from paragraph UG-20(b) and is stated in the vessel daja above
as |-20°F .

d) STEP 4 — Interpreting the value of MDMT from Figure UCS-66 is performed as follows. Enter the figure
alopg the @bscissa with a governing thickness of 7, =1.8125 in and project upward until an intgrsection
with the-Curve D material is achieved. Project this point left to the ordinate and interpret the MDMT. This
res| I i MDM ° Another approach to determine the MDM th more

consistency can be achieved by using the tabular values found in Table UCS-66. Linear interpolation
between thicknesses shown in the table is permitted. For a 7, = 1.8125 in and a Curve D material the

following value for MDMT is determined.

MDMT =-T7°F

Since the calculated MDMT of —7°F is warmer than the required MDMT of —20°F', impact testing is required

using only the rules in paragraph UCS-66(a). However, impact testing may still be avoided by applying the rules
of paragraph UCS-66(b) and other noted impact test exemptions referenced in paragraph UCS-66.

3-7
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Additionally, paragraph UCS-68(c) permits a 30°F reduction in impact testing exemption temperature from that
determined in Figure UCS-66 if the component is subject to a Postweld Heat Treatment (PWHT) when not
otherwise a requirement of this Division. Although the vessel under consideration in this example was subject to
PWHT, it was done so because the nominal thickness was in excess of that permitted without PWHT per
paragraph UCS-56. Therefore, the 30°F reduction in impact testing temperature is not permitted.
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3.3 Example E3.2 — Use of MDMT Exemption Curves with Stress Reduction

Determine if impact testing is required for the proposed shell section in E3.1. The shell is cylindrical with all
Category A joints made up of Type 1 butt welds which have been 100% radiographically examined.

Vessel Data:

e Material =  SA-516, Grade 70, Normalized
« Design Conditions = 356 psi @ 300°F
e Insigle Diameter = 150 in

o Nominal Thickness = 1.8125in

e PWHT =  Yes

e MDMT = —20°F

e Weld Joint Efficiency = 1.0

e Corfosion Allowance = 0.125in

o Allofvable Stress at Ambient Temperature = 20000 psi

e Alloyable Stress at Design Temperature = 20000 psi

In accofdance with paragraph UCS-66(b), the procedure thatdis used to determine the exemption from impact

testing 4

Paragra
provideq
from pa

Paragra
without

as dete
testing ¢

a)

b)

ST
S4

ST

wa

ased on a coincident thickness ratio is shown below:

ph UCS-66(b): when the coincident ratio defined’in Figure UCS-66.1 is less than one, Figure U
a basis for the use of components made.of Part UCS material to have a colder MDMT than thaf
agraph UCS-66(a) without impact testing:

ph UCS-66(b)(1)(-a): for such components, and for a required MDMT of —55°F and warmer, th

mpact testing determined in paragraph UCS-66(a) for the given material and thickness may be
mined from Figure UCS-66.2! If the resulting temperature is colder than the required MDMT]

f the material is not required.
FP 1 — The (appropriate impact test exemption curve for the material spe
—516, Grade G40, Normalized from the Notes of Figure UCS-66, was found to be Curve D.

s founditorbe 7, =1.8125in.

(CS-66.1
derived

b MDMT
reduced
, impact

ification

EP 2 — Thegoverning thickness f, to be used in Figure UCS-66, for the welded part under considleration,

ST

EP/3 — The required MDMT is determined from paragraph UG-20(b) and is stated in the vessel da

a above

as

—20°F .

STEP 4 — Interpreting the value of MDMT from Figure UCS-66 or Table UCS-66, MDMT =-7°F .

STEP 5 — Based on the design loading conditions at the MDMT, determine the ratio, R, , using the thickness
basis from Figure UCS-66.2.

_LE
"ot -C4
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Since thie final value of MDMT is colder than the proposed MDMT, impact testing is not required.
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where, ¢, is the required thickness of the cylindrical shell at the specified MDMT of —20°F", using paragraph
UG-27(c)(1).

. PR _ 356(75.125)

" SE-0.6P (20000(1.0)-0.6(356))

where,

=1.3517

50.0 +0.125=75.125in

R= % + Corrosion Allowance =

Thl variables £, t,, and CA are defined as follows:

E = max[E, 0.80] = max[1.0,0.8] =1.0 — Figure UCS - 66.2, Note 3

t, = 1.8125 in
CA=0.125in
Therefore,

_ tE*  13517(1.0)

= = =0.8010
t, —CA 1.8125-0.125

STEP 6 — Interpreting the value of the temperature reduction,»7,, from Figure UCS-66.1 is perfofmed as
follpws. Enter the figure along the ordinate with a value of R =0.8010, project horizontally |until an
intgrsection with the provided curve is achieved. Progject this point downward to the abscissa and jnterpret
T,| Resulting in an approximate value of T}, = 209" .

STEP 7 — The final adjusted value of the MDMT is determined as follows.
MDMT = MDMT,,.., — T, = —1%FK=20°F = -27°F

3-10
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3.4 Example E3.3 — Determine the MDMT for a Nozzle-to-Shell Welded Assembly

Determine if impact testing is required for the proposed nozzle assembly comprised of a shell and integrally
reinforced nozzle. The shell is cylindrical with all Category A joints made up of Type 1 butt welds which have
been 100% radiographically examined. The nozzle parameters used in the design procedure is shown in Figure
E3.3.1.

Vessel Data:

e Matesat =S4 516 Grade 70 Normealized
« Desjgn Conditions = 356 psi @ 300°F
e Insigle Diameter = 150 in

. NorIinaI Thickness = 1.8125in

e PWHT =  Yes

e MDMT = —20°F

e Weld Joint Efficiency = 1.0

e Corfosion Allowance = 0.125in

o Allofvable Stress at Ambient Temperature = 20000 psi

o Allopvable Stress at Design Temperature = 20000 psi
Nozzle:

e Matgrial =~ S4-105

e Outside Diameter = 255in

e Thigkness = 475in

o Allojvable Stress at Ambient Temperature = 20000 psi

o Allopable Stress at Design'Temperature = 20000 psi

The nozzle is inserted through the shell, i.e., set—in type nozzle.

In accofdance with.paragraph UCS-66(a)(1)(-a)(-4), the procedure that is used to establish the gpverning
thickness, 7, , is:shown below.

ParagraphJCS-66(a)(1)(-a)(-4): for welded assemblies comprised of more than two components (e.g., rjozzle-to
shell joint with reinforcing pad), the governing thickness and permissible minimum design metal temperature of
each of the individual welded joints of the assembly shall be determined, and the warmest of the minimum design
metal temperatures shall be used as the permissible minimum design metal temperature of the welded assembly.
See Figure UCS-66.3 Sketch (g) and Figure E3.3.1 of this example.

a) STEP 1 — The appropriate impact test exemption curve for the cylindrical shell material specification
SA—-516, Grade 70, Normalized from the Notes of Figure UCS-66, was found to be Curve D. Similarly,

the appropriate impact test exemption curve for the integrally reinforced nozzle material specification
SA—105 from the Notes of Figure UCS-66, was found to be Curve B.

3-11
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e)
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STEP 2 — The governing thickness of the full penetration corner joint, t, to be used in Figure UCS-66, for

the

welded joint under consideration, was determined per Figure UCS-66.3 Sketch (g).

t,, =min[t,, t.]=min[1.8125, 4.75] =1.8125 in

where,

ST
as

ST

and nozzle material be evaluated, and the warmest minimum design metal temperature shall be use]
asgembly. The procedure is performed as follows.

For

witl

ma

approximate value of MDMT = —7°F . Another approach to determine the MDMT with more con|

carn) be achieved by using the tabular values found in Table UCS-66. Linear interpolation
thigknesses shown in the table is permitted. Fora ¢, = 1.8125%in and a Curve D material the followi

for

Fol the nozzle material, S4—105: Enter the figure along the abscissa with a governing thick

. Similarly, a more accurate value*for MDMT can be achieved by using the tabular values found
UCIS-66. Linear interpolation between thicknesses shown in the table is permitted. For a t, = 1.

and a Curve B material the-following value for MDMT is determined.

Therefore, the.nozzle assembly minimum design metal temperature is determined as follows.

int left to the ordinate and interpret the MDMT. This results in an approximate value of MDMT

t, = Shell thickness, 1.8125 in
t. = Nozzle thickness, 4.75 in

EP 3 — The required MDMT is determined from paragraph UG-20(b) and is stated in the vesselda
—20°F .

EP 4 — Interpreting the value of MDMT from Figure UCS-66 for the welded joint requires-that both

1 a governing thickness of 7, = 1.8125 in and project upward until an intersection with the

ferial is achieved. Project this point left to the ordinate and interpret the MDMT. This resu

MDMT is determined.
MDMT =-7°F

curveD

=1.8125 in and project upward until-an intersection with the Curve B material is achieved. Prg

MDMT.,

curve B

=89°F

a above

the shell
d for the

the cylindrical shell material, SA—516, Grade 70, Normalized : Enter the figure along the abscissa

Curve D

ts in an
sistency
between
hg value

ness of
ject this
= 59°F
n Table
R125 in

MDMT;SA'embly = Warmest I:MDMYTLurve D> MDM];uwe B :|
WMDMT, o = Warmest[-1, 59]
MDMT;Jssembly = 59OF

Applying paragraph UCS-66(b): when the coincident ratio defined in Figure UCS-66.1 is less than one, Figure
UCS-66.1 provides a basis for the use of components made of Part UCS material to have a colder MDMT

tha
ST

n that derived from paragraph UCS-66(a) without impact testing.
EP 5 — Based on the design loading conditions at the MDMT, determine the ratio, R

1s 7

basis from Figure UCS-66.2.

3-12

using the thickness


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

f)

9)

PTB-4-2021

Commentary: VIII-1 does not provide explicit guidance as to which component of a welded assembly shall
R be based upon. This example provides one possible method of satisfying the requirement and is

consistent with ASME Interpretation VI111-1-01-37.

For a welded assembly, the value of R is calculated based upon the assembly’s component with the

governing thickness. In this example the governing thickness of the assembly was based on the cylindrical

shell.

P

"t —CA
Where, £, is the required thickness of the cylindrical shell at the specified MDMT of —20°F, Gsing pgragraph
UG-27(c)(1).
PR 356(75.125
t = = ( ) =1.3517
SE—-0.6P (20000(1.0)-0.6(356))
where,
D 150.0

R= 5 + Corrosion Allowance = — +0.125=75.125 in
The variables £, ¢,, and CA are defined as follows:

E = max[E, 0.80] = max[1.0,0.8] =1.0 =>Figure UCS —66.2, Note 3

t,=1.8125in

CA=0.125in
Therefore,

t E* 1.3517(1.0
R =— = ( ) =0.8010
t, —CA 1.8125-03125

STEP 6 — Interpreting the-valde of the temperature reduction, 7, from Figure UCS-66.1 is perfofmed as
follpws. Enter the figure/along the ordinate with a value of R =0.8010, project horizontally luntil an
intgrsection with the-provided curve is achieved. Project this point downward to the abscissa and jnterpret
T,| This resultstin an approximate value of 7, = 20°F
STEP 7 —The final adjusted MDMT of the assembly is determined as follows.

MDMTa&me =MDMT oy — T, =59°F —20°F =39°F

Since the final adjusted MDMT of the assembly is warmer than the proposed MDMT, impact testing of the nozzle
forging is required.

An MDMT colder than the determined in this example would be possible if the nozzle forging were fabricated from
a material specification that includes the provisions of impact testing, such as SA-350. See UCS-66(g) and
General Note (c) of Figure UG-84.
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Figure E3,3.1 — Nozzle-Shell Detail
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PART 4
DESIGN BY RULE REQUIREMENTS

e 5 1 4-1
4.1 GENERAL REQUIREMENTS ... .iiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 4-1
4.2 WELDED JOINTS ..o 4-5
4.3 INTERNAL DESIGN. PRESSURE 4-13
4.4 | SHELLS UNDER EXTERNAL PRESSURE AND ALLOWABLE COMPRESSIVE STRESSES.......cceeeveveeeeeeeme N 4-67
4.5 | SHELLS OPENINGS IN SHELLS AND HEADS......ccoiiiieieeeeeeeeee SN ...4-153
A6 [FLATHEADS ... ...4-205
4.7 | SPHERICALLY DISHED BOLTED COVERS ......ccceeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee el ...4-217
4.8 | QUICK-ACTUATING (QUICK OPENING) CLOSURES .......cutteeiiieeeeiireeessneeeesaeneeesanseeee g Nessnnneeesannseeess ...4-247
4.9 | BRACED AND STAYED SURFACES.......ccciiiiieeeeeeeeeeeeeeeeeeee e e ...4-249
A.10 [LIGAMENTS ..o N ...4-253
411 [JACKETED VESSELS ... oo e ...4-255
4,12 [ NONCIRCULAR VESSELS ....cceeiiiiieieeeeeeeeeeeeeeeeeeee e S ...4-261
413 [ LAYERED VESSELS .. .o oo ...4-287
4.14 | EVALUATION OF VESSELS OUTSIDE OF TOLERANCE .....cccoeveeeeeeee N ...4-295
4.15 [ SUPPORTS AND ATTACHMENTS ....coiiiiiieieeeeeeeeeeeeeeeeeeeeeeee e e ...4-299
416 [ FLANGED JOINTS. ..o e, ...4-317
4.17 | CLAMPED CONNECTIONS .....coiiiiiieeeeeeeeeeeeeeee e e ...4-339
4.18 | TUBESHEETS IN SHELL AND TUBE HEAT EXCHANGERS .. e eieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e ...4-351
4.19 [ BELLOWS EXPANSION JOINTS ....ccoiiieieeeeeeeeeeeeeeee e e ...4-443
4.20 [ TUBE-TO-TUBESHEET WELDS.......cciiiiiiieeeeeeee e e, ...4-461
421 [ NAMEPLATES ...cooiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeed ... 4-477

4.1 General Requirements

411 |[Example E4.1.1 — Review of General Requirements for a Vessel Design

a) Geperal Requirements

An|engineer is tasked.with developing a design specification for a new pressure vessel that |s to be
cornjstructed in accordance with ASME B&PV Code, Section VI, Division 1 (VIII-1). Mandatory Appgndix 46
allgws the use of ASME B&PV Code, Section VI, Division 2 (VIII-2) design rules for VIII-1 pressure vessels,
to take advantage of the updated design rules. The vessel in question is to be constructed of carbon steel
witlh a cofrosion allowance and a design pressure and temperature of 1650 psig at 300°F. Ag part of
developing the design specification, the following items need to be evaluated.

b) Introduction

The scope of VIII-1 has been established to identify the components and parameters considered in

formulating the rules given in VIII-1 as presented in U-1(a) through U-1(j).

The user of the vessel shall

establish the design requirements for pressure vessels, taking into consideration factors associated with
normal operation, startup and shutdown, and abnormal conditions which may become a governing design
consideration in accordance with U-2(a).

1)

The design temperature shall be established in accordance with UG-20.

4-1
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2) The design pressure shall be established in accordance with UG-21.
3) The design loads shall be established in accordance with UG-22.

Material Requirements

General material requirements as well as specific requirements based on product form and process service

shall be in accordance with UG-4 through UG-15.
Minimum Thickness Requirements

Ba
requirements presented in UG-16.

Corrosion Allowance in Design Equations

The equations used in the design-by-rule procedures of VIII-1 are performed in a cotroded conditi
terin corrosion allowance is representative of loss of metal due to corrosion, erosion, mechanical 3
or ¢ther environmental effects (see UG-25).

Design Basis

1) | The pressure used in the design of a vessel component together with the coincident desig
temperature must be specified. Where applicable, the pressure resulting from static head
included in addition to the specified design pressure (see UG-21).

2) | The specified design temperature shall not be less“\than the mean metal temperature €
coincidentally with the corresponding maximum pressure (see UG-20).

3) | A minimum design metal temperature shall bexdetermined and shall consider the coldest o
temperature, operational upsets, auto refrigeration, atmospheric temperature, and any other s
cooling.

ickness

bn. The
brasion,

n metal

shall be

xpected

perating
purce of

4) | All applicable loads shall be considered in the design to determine the minimum required wall thickness

for a vessel part, see UG-22.
Desgign Allowable Stress

SpICifications for all materials-0f construction and allowable design stresses are determined in acc

with UG-23.

ordance

4-2
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Example E4.1.2 — Required Wall Thickness of a Hemispherical Head

Determine the required thickness for a hemispherical head at the bottom of a vertical vessel considering the
following design conditions. All Category A joints are Type 1 butt welds and have been 100% radiographically

hce with

examined.
Vessel Data:
e Material = SA—-516, Grade 70
o Desjgn-Genditions = 1650-—psieta 3004
e Liguid Head = 60 ft
¢ Liguid Specific Gravity = 0.89
e Insigle Diameter = 96.0 in
e Corfosion Allowance = 0.125 in
e Allovable Stress = 20000 psi
e Weld Joint Efficiency = 1.0
The desjgn pressure used to establish the wall thickness must be adjusted fok the liquid head in accorda
paragraph UG-21.
Dgsign Pressure = Specified Design Pressure+ yph
) 0.89(62.4)(60) )
Ddsign Pressure =1650+ " =1673.140 psig
Section| VIII, Division 1 Solution
In accorplance with UG-32(f), determine the required thickness of the bottom hemispherical head.
‘o PL
28E-0.2P
96.0+2(C0rr0sion Allowance) 96.0+2(0.125) )
L i > = =48.125in
1673.14(48.125) .
2(20000)(1.0) —0.2(1673.14)
t 42.03+ Conrosion Allowance=2.03+0.125=2.155in
The reqlired thickhess of the bottom head is 2.155 in.
Section- Vit Divisiom 2 -Solution Using Vit AliowabieStresses

In accordance with Part 4, paragraph 4.3.5, determine the required thickness of the bottom hemispherical head.
Similarly, the design pressure used to establish the wall thickness must be adjusted for the liquid head in
accordance with Part 4, paragraph 4.1.5.2.a as shown above.

4-3


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

D 0.5P
t=—|exp| — |1
2[ { SE } j

D=96.0+ 2(C0rrosi0n Allowance) =96.0+ 2(0. 125) =96.25in

[ 9625( 05(1673.14)| ) oo
2 20000(1.0)

t =1.8313+ Corrosion Allowance =2.0557+0.125=2.1807 in

The reqlired thickness of the bottom head is 2.1807 in.
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4.2 Welded Joints

4.21

Example E4.2.1 — Nondestructive Examination Requirement for Vessel Design

An engineer is tasked with preparing the design specification for a new pressure vessel that is to be constructed
in accordance with ASME B&PV Code, Section VIII, Division 1 (VIII-1). Based on the process
description, anticipated design data, materials of construction, and welding process, the engineer verifies that
full radiography is not required in accordance with paragraph UW-11(a) and spot radiography in accordance
with paragraph UW-11(b) would be adequate. However, the savings in cost for reduced examination may be

service

offset by the increase in materials and fabrication costs. The designer conducts a comparison for a,cylindrical
shell to aid in the decision for NDE requirements.
Vessel Data:
e Matgrial = SA—-516, Grade 70
e Desjgn Conditions = 725 psig @300°F
¢ Insigle Diameter = 60.0 in
e Corfosion Allowance = 0.125 in
e Alloyable Stress = 20000 psi
o No Pupplemental Loads (see UG-22)
Section| VIIl, Division 1 Solution
For Full|RT Examination, consider the requirements for_a,Category A Type 1 weld in a cylindrical shell. The
required wall thickness in accordance with UG-27(c)(1)\s’computed as shown below.

‘o PR

SE—-0.6P
60.0+2(C0rrosi0n Allowance) 60.0+2(O.125) .
RE = =30.125 in
2
725(30.125) _
t= =1.1163 in
20000(1 .O) - 0.6(725)

t g41.1163+ Corrosion Allowance=1.1163+0.125=1.2413 in
Alternatfvely, for Spot)RT Examination, the required wall thickness for a Category A Type 1 weld in acgordance
with UG}27(c)(1) is.computed as shown below.

. PR

SE—06pP
60.0+ 2(C0rr0si0n Allowance) _60.0+2 (O. 125)

=

=30.125 in

2 2
725(30.125)

20000(0.85)—0.6(725)
1.3185+ Corrosion Allowance =1.3185+0.125=1.4435 in

=1.3185 in
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Full RT Examination when compared to Spot RT Examination results in an approximate 14% reduction in wall
thickness. Cost savings for this reduction in wall thickness will include less material and less welding, and these
reductions may offset the increased examination costs. Other potential savings may include reduced shipping
and reduced foundation costs.

Although the process service description, anticipated design data, materials of construction, and welding
process, did not require that full radiography be performed, it should be noted that because the calculation using
Spot RT Examination produces a required thickness of 1.4435in, Full RT Examination would become
mandatory per Table UCS-57.

Comme
compari
options
seams,
as supp
20).

Section

htary — This example is intended to look only at one specific Category A weld seam and p
son of the differences in vessel wall thickness and examination requirements. Othér-exa
are available (see paragraph UW-11(a)(5)(b)) but require examination of intersecting\Category
which is outside the scope of this example problem. If Category B weld seams wére/considereq
emental loads, then the longitudinal stress equation in UG-27(c)(2) would be ‘evaluated (see

VIII, Division 2 Solution Using VIII-1 Allowable Stresses

For Full
required

~
1l

Alternat
with par

~
|

=~
Il

el

RT Examination, consider the requirements for a Category A Type 1 weld in a cylindrical sh
wall thickness in accordance with paragraph 4.3.3 is computéd as shown below.

ol 2]

= 60.0+ 2(C0rr0si0n Allowance) =60.0+ 2(0.125) =60.25 in

0025 cxpl — 25 |1 |=1.1121'n
2 20000(1.0)

1.1121+ Corrosion Allowance =1.1121+0.125=1.2371in

vely, for Spot RT Examination, the required wall thickness for a Category A Type 1 weld in acg
agraph 4.3.3 is computéd as shown below.

= 60.0 + Z(Corrosion Allowance) =60.0+ 2(0.125) =60.25 in

fovide a
mination
B weld
as well
Endnote

P

l. The

C

ordance

60.25 (GXP(L}% =1.3125 in
> 20000(0.85) |

=

t =1.3125+ Corrosion Allowance=1.3125+0.125=1.4375 in

Similarly, Full RT Examination when compared to Spot RT Examination results in an approximate 14%

reductio

n in wall thickness.
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Example E4.2.2 — Nozzle Detail and Weld Sizing

Determine the required fillet weld size and inside corner radius of a set-in type of nozzle as shown in Figure
UW-16.1(d), (Figure E4.2.2). The vessel and nozzle were designed such that their nominal thicknesses were
established as follows.

Vessel Data:

e Cylinder Thickness = 0.625 in

e Nozzle-Biameter = MES 1O

¢ Nozizle Thickness = Schedule XS — 0.500 in
e Corfosion Allowance = 0.125 in

Adjust variables for corrosion.

+0.625—Corrosion Allowance =0.625-0.125=0.500 in

Section| VIll, Division 1 Solution

t

s

n

= 0.500— Corrosion Allowance =0.500-0.125=0.375 in

The minimum fillet weld throat dimension, t., is calculated as follows¢;See UW-16(b).

The res

0.357 i]would be acceptable.

Note:

Figure
manholg
smooth

Section

=min[t,, ¢, 0.75 in] = min[0.375, 0.500, 0.75 in }=0.375 in
¥ min[0.7¢,; , 0.25 in]
¥ min[ 0.70(0.375),0.25 in |
$0.25 in

ulting fillet weld leg size is determined as, t./0.7 = 0.357 in. Therefore, a fillet weld leg

JW-16.1(d), (Figure E4.2.2). However, paragraphs UG-76(b) and (c) reference; end of no
necks which are to remain unwelded in the completed vessel may be cut by methods that pn
finish and exposed inside edges shall be chamfered or rounded.

VI, Division’2 Solution

The ref¢rencetskeétch per VIII-2 is found in Table 4.2.10, Detail 4, (Figure E4.2.2). The minimum fi
throat d

mension, t., is calculated as follows.

size of

I1I-1 does not provide acceptance criterion for the inside corner radius of the exposed nozzle edge, see

yzles or
pduce a

let weld

t, =min|0.77,, 0.25 in]

t, =0.500 - Corrosion Allowance=0.5-0.125=0.375 in
t, >min[0.7(0.375),0.25 in |
t.20.25in
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The resulting fillet weld leg size is determined as, t./0.7 = 0.357 in. Therefore, a fillet weld leg size of
0.357 in would be acceptable.

The minimum inside corner radius, 7, is calculated as follows.
0.125¢ <7 <0.5¢
t =0.625—Corrosion Allowance =0.625-0.125=0.500 in
0.125(0.500) <p< 0.5(0.500)
0.0625<7<0.250 in

A
v

t>//<t
PR & L

VIII-1, Fig. UW-16.1(d) VIII-2, Table 4.2.10, Detail 4

N

] X

Figure E4.2.:2 — Weld Details
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4.2.3 Example E4.2.3 — Nozzle Detail with Reinforcement Pad and Weld Sizing

Determine the required fillet weld sizes and inside corner radius of a set-in type of nozzle with added
reinforcement pad as shown in Figure UW-16.1(q), (Figure E4.2.3). The vessel and nozzle were designed such
that their nominal thicknesses were established as follows.

Vessel Data:
e Cylinder Thickness = 0.625 in
e Nozgle-Diameter = APPSO
e Nozgle Thickness = Schedule XS — 0.500 in
e Reinforcement Pad Thickness = 0.625 in
e Corfosion Allowance = 0.125 in
Adjust variables for corrosion.
t, £ 0.625—Corrosion Allowance =0.625—-0.125=0.500 in
t, +0.500 — Corrosion Allowance=0.500-0.125=0.375 in
t, ¥ 0.625 - Corrosion Allowance =0.625-0.0=10.625 in
Note: ['he corrosion allowance specified is for internal corrosiod, not external corrosion. Theref
corrosiop allowance of the reinforcement pad thickness is set equal\to zero.
Section| VIIl, Division 1 Solution
The minfmum fillet weld throat dimension, ¢, is calculatéd as follows. See UW-16(b).
t.| =min[z ¢, 0.75 in] = min[0.375, 0.625, 0.75 in] = 0.375 in
t. ¥ min[0.7¢,;,, 0.25 in]
t, ¥ min[0.7(0.375),0.25 in |
t.2025in
The redulting fillet weld legrsize is determined as, t./0.7 = 0.357 in. Therefore, a fillet weld leg

0.375 in would be acceptable.

The min

thi
thi

mum fillet weld throat at the outer edge of the reinforcement pad is calculated as follows.
oat = 0S¢, =0.5min[z , ¢,, 0.75 in]
oat=90.5min[0.500, 0.625, 0.75 in]

pre, the

size of

thi

oat =0.25 in

The resulting fillet weld leg size is determined as, throat/0.7 = 0.357 in. Therefore, a fillet weld leg size of
0.375 in would be acceptable.

The minimum partial penetration weld for the reinforcement pad, t,, is calculated as follows.
t,=0.7t . =0.7min[¢ , ¢, 0.75 in]

t, =0.7min[0.375, 0.625, 0.75 in]

t,=0.2625 in
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imum partial penetration weld for the vessel, t,,, is calculated as follows.

t,=0.7t . =0.7min[¢, ¢, 0.75 in]
¢, =0.7min[0.500, 0.375, 0.75 in]
t,=0.2625 in

The user is reminded that the value of the minimum partial penetration weld for the vessel is established using

corroded dimensions for the shell, t;, and the nozzle, t,.

Since the weld is exposed to the environment

contained within the vessel, the minimum partial penetration weld shall be increased by the design corrosion

allowan

t

w—|

Note: MIlI-1 does not provide acceptance criterion for the inside corner radius of the exposed nozzle e

Figure U
necks w
finish an

Section

LS.

=t, + Corrosion Allowance =0.2625+0.125=0.3875 in

Hesign

W-16.1(q), (Figure E4.2.2). However, paragraphs UG-76(b) and (c) state; end’of nozzles or
hich are to remain unwelded in the completed vessel may be cut by methods that produce a
d exposed inside edges shall be chamfered or rounded.

VIil, Division 2 Solution

The refdg
is calcul

The res

0.375 in would be acceptable.

The min

¥ min[0.7¢,,6mm (0.25 in) ]

¥ min[ 0.7(0.375),0.25
$0.25in

,|> min[0.67,, 0.6¢]
+ 0.625 — Corrosion Allowance =0.625-0.0=0.625 in

1202300 in

rence sketch per VIII-2 is found in Table 4.2.11, Detail 2. The minimum fillet weld throat dimen
pted as follows.

= 0.500 — Corrosion Allowance =0.500—-0.125'=0.375 in

ulting fillet weld leg size is determined as, t./0.7 = 0.357 in. Therefore, a fillet weld leg

mum fillet weld throat dimension, t¢4, is calculated as follows.

0.625 — Corrosion Allowance =0.625-0.125=0.500 in
> minf0:6(0.625),0.6(0.500) |

ge, see
anhole
smooth

sion, t.,

size of
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The resulting fillet weld leg size is determined as, t;/0.7 = 0.429 in. Therefore, a fillet weld leg size of
0.4375 in would be acceptable.

The minimum inside corner radius, 7, is calculated as follows.
0.125¢ <7 <0.5¢

t =0.625— Corrosion Allowance =0.625-0.125=0.500 in
0.125(0.500) <np< 0.5(0.500)
0.0625 <7, <0.250 in

—» '(n [e— —p| tn -
t t
S RN
& t, &
102t t, =0.7t ., ! t,
@ L ¥
/\ vt t, =07t /< vt N
t
VIII-1, Fig. UW-16.1(q) VIII-2, Table.4.2.11, Detail 2

Figure E4.2.3 — Weld Details
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4.3 Internal Design Pressure

4.31 Example E4.3.1 — Cylindrical Shell

Determine the required thickness for a cylindrical shell considering the following design conditions. All Category

A and B joints are Type 1 butt welds and have been 100% radiographically examined.

Vessel Data:

e Material = SA-516_Grade 70_Normalized
. Deign Conditions = 356 psig @300°F

e Insigle Diameter = 90.0 in

e Corfosion Allowance = 0.125 in

e Allopvable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

Determine the inside radius and adjust for corrosion allowance.

DE90.0+ 2(C0rr0si0n Allowance) =90.0+ 2(0. 125) =90.25
i 2 - 90.25in
2

R =45.125in

Section| Vlll, Division 1 Solution

Evaluat¢ per UG-27(c) — The minimum thickness or maximum allowable working pressure of cylindric

shall befthe greater thickness or lesser pressure as given by the following.
UG-27(¢)(1), Circumferential Stress.

AL PR _ 356(45.125)
‘| SE-0.6P 20000(1 .0) — 0.6(356)
t. 0.8119 + Corrosion Allowance =0.8119+0.125=0.9369 in

c

=0.8119 in

UG-27(¢)(2), Longitudinal Stress.
| PR 356(45.125)

2SE +0.4P)" 2(20000)(1.0)+0.4(356)
t, ¥ 0.40024 Corrosion Allowance =0.4002+0.125=0.5252 in

=0.4002 in

t, 7

Therefofesthe required thickness is determined as follows.

bl shells

t =max][r,, 1,] = max[0.9369, 0.5252] = 0.9369 in

c?o
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Section VIII, Division 2 Solution with VIlI-1 Allowable Stresses

Evaluate per VIII-2, paragraph 4.3.3.

t:B exp{i}—l :M exp __ 36 -1{=0.8104 in
2 SE 2 20000(1.0)

t =0.8104 + Corrosion Allowance =0.8104+0.125=0.9354 in

The required thickness is 0.9354 in.
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4.3.2 Example E4.3.2 — Conical Shell

Determine the required thickness for a conical shell considering the following design conditions. All Category A
and B joints are Type 1 butt welds and have been 100% radiographically examined.

Vessel Data:

e Material = SA—-516, Grade 70, Normalized
e Design Conditions = 356 psig @300°F

o Insige-Biameter{argeEnd) = 150-0-i#

. InsiIe Diameter (Small End) = 90.0 in

e Length of Conical Section = 78.0 in

e Corfosion Allowance = 0.125 in

e Allovable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

Adjust for corrosion allowance and determine the cone angle.

D,[=150.0+ 2(C0rr0si0n Allowance) =150.0+ 2(0.125) =150.25%n
D|=90.0+2(Corrosion Allowance)=150.0+2(0.125)=90:25 in
L(=78.0

a - arctan {M} e tar1[0.5(150.72850— 90.25)

} =21.0375 deg

C

Section| VIll, Division 1 Solution

Evaluat¢ per UG-32(g) using the large end diameter of the conical shell.

PD ~ 356(150.25)
2cos[ar](SE-0.6P)  2c08[21.0375](20000(1.0)—0.6(356))

1.4482 + Corrosion Allowance =1.4482+0.125=1.5732 in

. =1.4482 in

t

The required thickness is 1.5732 in.

Section| VIll, Division'2 Solution with VIlI-1 Allowable Stresses

Evaluat¢ per VIN>2, paragraph 4.3.4 using the large end diameter of the conical shell.

LD ( ri—|_\_ 15025 [ [ 356 —|_‘\_‘ 5
“2cos[a]\" T LSE] ) 2eos[21.0375]( | 20000(10) | )T

t =1.4455 + Corrosion Allowance =1.4455+0.125=1.5705 in

The required thickness is 1.5705 in.
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4.3.3 Example E4.3.3 — Spherical Shell

Determine the required thickness for a spherical shell considering the following design conditions. All Category
A joints are Type 1 butt welds and have been 100% radiographically examined.

Vessel Data:

e Material = SA—-542, Type D, Class 4a
e Design Conditions = 2080 psig @ 850°F

e Insige-Biametet = +H49-0-##

e Corfosion Allowance = 0.0 in

e Allovable Stress = 21000 psi

e Weld Joint Efficiency = 1.0

Section| Vlll, Division 1 Solution

Evaluatg¢ per UG-32(f).

L2199 s
2 2
PL 2080(74.5)

= =3.7264 in

2SE—02P  2(21000)(1.0)—0.2(2080)

The reqtired thickness is 3.7264 in.

Section| VIll, Division 2 Solution with VIlI-1 Allowable Stresses

Evaluat¢ per VIII-2, paragraph 4.3.5.

0.5(2080
b exp{ﬁ}—l :149'0 exp ( ) —1|=3.7824 in
2 SE 2 21000(1.0)

The reqiired thickness is 3.7824in.

-~
Il
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Example E4.3.4 — Torispherical Head

Determine the Maximum Allowable Working Pressure (MAWP) for the proposed seamless torispherical head.
The Category B joint joining the head to the shell is a Type 1 butt weld and has been 100% radiographically

examined.

Vessel Data:

e Material = SA—-387, Grade 11, Class 1
o DesjgrFemperature = 650~

. Insijie Diameter = 72.0 in

e Croyn Radius = 72.0 in

e Knugckle Radius = 4.375 in

e Thigkness = 0.625 in

e Corfosion Allowance = 0.125 in

e Allopvable Stress = 17100 psi

e Weld Joint Efficiency = 1.0

e Modulus of Elasticity at Design Temperature = 26.55E +06 psi
e Yield Strength at Design Temperature = 26900~psi

Adjust for corrosion allowance.

Section

+72.0+ Corrosion Allowance =72.0+0.125=72.125 in

=72.0+ 2(C0rr0si0n Allowance) =720+ 2(0.125) =72.25in

4.375+ Corrosion Allowance =4.375+0\125=4.5 in
0.625— Corrosion Allowance =0.625<0.125=0.5 in

VIIl, Division 1 Solution

Evaluat¢ per UG-32(d).

Note, the design equations of UG-32(d) are specific to torispherical heads in which the

meter of
(f) shall

the knugkle radius is 6% of the.inside crown radius, and the inside crown radius equals the outside dia
the skirf. Additionally, if the/ratio t;/L = 0.002, is not satisfied, the rules of Mandatory Appendix 1-4
also be met.
17100)(1.0)(0.5
pL_ SEC_ (17100)(1.0)(05) ~132.9071 psi
0.885L%0.1  (0.885)(72.125)+0.1(0.5)
A .
Nqte: {— = 0.5 = 0.0069} >0.002, therefore the rules of 1-4(f)are not required
L 72.125
Commentary:

The design rules of Mandatory Appendix 1-4(d) are also permitted for the design of torispherical heads and are
in their presentation. The design equations are applicable to torispherical heads with variable head

general

crown radii to knuckle radii proportions, measured as L/r.

Use of the general design equations, however,

introduce potential inconsistencies with the specific equation provided in UG-32(d). These noted
inconsistencies do not produce a significant difference in the required thickness or calculated pressure;
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however, the increased use of computer software to perform vessel design calculations exacerbates these
inconsistencies and provides a source of doubt as to the intended accuracy of such numerical analyses.

Potential inconsistencies with the use of Appendix 1-4(d) include:

a) The knuckle radius is rarely, if ever, exactly equal to 6% of the inside crown radius. In practice, the knuckle
radius is set equal to 6% of the inside crown radius, rounded to the nearest 1/16%", 1/8", or 1/4" inches

bas

ed upon the overall head dimensions.

b) Applicability of applying the design corrosion allowance to the crown radius, L and knuckle radius, 7 when

determining the factor M, as defined below.

Th
fro

As
rep|
rad
ug
M

c) Usq
to
val

s )

specific equations provided in UG-32(d) for torispherical heads with a 6%, knuckle radius is
Equation (4) as follows.

For a 6% knuckle radius, the value of L :L
r 0.06

Therefore, M =1/4 3+\/Z =1/4 ?)Jr‘/L =1.7706
r 0.06

o PLM PL(1.7706)  0885PL
Resulting in, t= = =
2SE-0.2P 2SE-02P SE-0.1P
_ 2SEt 2SEt B SEt
ML +0.2¢ (1.7706)L+0.2t 0.885L+0.1¢

resent dimensions in the corroded\condition”. If a design corrosion allowance is applied to th

will no longer produce the coefficient of 0.885 as shown in UG-32(d).

e of Table 1-4.2 tocobtain the value of M in lieu of the equation as provided in b) above. With r]a
he General Note\ which states, “Use nearest value of L/r; interpolation unnecessary” inte
les of L/r gan'vary by as much as 3%.
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Section VIII, Division 2 Solution with VIlI-1 Allowable Stresses

Evaluate per VIII-2, paragraph 4.3.5.

a)

b)

d)

STEP 1 — Determine, D, assume values for L, r and t (known variables from above).

ST
sat

ST

Sin

ST
Sin

D=7225in
L=72.1251in
r=45in
tr=05in
FP 2 — Compute the head L/D, r/D, and L/t ratios and determine if the following equat
sfied.
0.7< L = 72125 =0.9983;:<1.0 True
D 7225
T4 062342006 True
D 7225
20< {£ = 72125 = 144.25} <2000 True
t 0.5
EP 3 — Calculate the geometric constants Sy, ®¢ns Rin-

-r 72.125&4.5

Jiz  J72.125(05
_NLt 45( )=1.3345 Fad
r .

ce ¢in = B, calculate Ry, asdollows:

R, =0.5D=0.5(72.25)<36.125 in

- 0.5(72.25)-45
B, = arccos {M} = arccos{ ( ) } =1.0842 rad

i

EP 4 — Compute the cogfficients C; and Cs.

ce r/D = 0.0623:< 0.08, calculate C; and C, as follows:

C =931 (%j —0.086 =9.31(0.0623)—-0.086 = 0.4940

C,=125

ons are

) 2
_ C.E,t _ (O.4940)(26.55E+06)(0.5) _ 5353.9445 psi

Pezh
R, ER”’—FJ 1.25(36.125)(36'125 _4.5j
2 2

4-21
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f)  STEP 6 — Calculate the value of internal pressure that will result in a maximum stress in the knuckle equal
to the material yield strength, P,,.

Cyt

RH
C,R, ( iy —1)

Since the allowable stress at design temperature is governed by time-independent properties, is C3 the
material yield strength at the design temperature, or C3 = §,,.

26900(0.5)
36.125 —1]

P =

y

P =

y

=98.8274 psi

2(4.5)

g) STEP 7 — Calculate the value of internal pressure expected to result in a buckling failure of the knuckle,

1.25(36.125)[

Calculate variable G:

P, 5353.9445

eth

G=—uh = 222277 _ 541747
P, 98.8274

Since G > 1.0, calculate P, as follows:

0.77508G —0.20354G* +0.019274G"
P, :( j(P})

1+0.19014G —0.089534G” +0.0093965G”

P - 0.77508(54.1747)—0.20354(54.1747)2+0.019274(54.1747)3
‘ 1+0.19014(54.1747) —0.089534(54.1747)2 +0.0093965(54.1747)
P, =199.5671 psi

3j(98.8274)

h) STEP 8 — Calculate the allowable pressure based on a buckling failure of the knuckle, P,,.

p, =Lu 1OSOTNC 153 0447 i
15 15

i) STEP 9 - Calculate'the allowable pressure based on rupture of the crown, P,..

P = LZSE = 2%7112050)(1'0) =236.2694 psi
~+0.5 : +0.5

t 0.5

j)  STEP 10 — Calculate the maximum allowable internal pressure, P,.

P, =min[P,, P, ]=min[133.0447, 236.2694] =133.0 psi

ak> ~ ac

k) STEP 11 — If the allowable internal pressure computed from STEP 10 is greater than or equal to the design
pressure, then the design is complete. If the allowable internal pressure computed from STEP 10 is less
than the design pressure, then increase the head thickness and repeat steps 2 through 10.

The MAWP is 133.0 psi.
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Example E4.3.5 — Elliptical Head

Determine the Maximum Allowable Working Pressure (MAWP) for the proposed seamless 2:1 elliptical head.
The Category B joint joining the head to the shell is a Type 1 butt weld and has been 100% radiographically

examined.
Vessel Data:
e Material = SA—-516, Grade 70, Norm.
e DesjgrFemperature = 300K
. Insgle Diameter = 90.0 in
e Thidkness = 1.125 in
e Corfosion Allowance = 0.125 in
e Allovable Stress = 20000 psi
e Weld Joint Efficiency = 1.0
e Modulus of Elasticity at Design Temperature = 28.3E+06 psi
e Yielfl Strength at Design Temperature = 33600 psi
Determihe the elliptical head diameter to height ratio, k, and adjust for corrosion allowance.
D 90.0
k F —=—=
2h 2(22.5)
DE90.0+ 2(C0rrosi0n Allowance) =90.0+ 2(0. 125) =90.25 in
L £81.0+ Corrosion Allowance=81.0+0.125=81.125 in
F15.3+ Corrosion Allowance=15.3+0.125=15.425 in

t H41.125— Corrosion Allowance=1.125=0.125=1.0 in

Section| VIII, Division 1 Solution

EvaIuatI per UG-32(c). Note, the_design equations of UG-32(c) are specific to ellipsoidal heads in wi

the min
Addition

P = =442.2333 psi
D+0.2¢ 90.25+0.2(1.0)
Nqte: {% e 811 '1025 = 0.0123} >0.002, therefore the rules of 1-4(f)are not required

r axis (inside depth of head minus the skirt) equals one—fourth of the inside diameter of the h¢g

2SEt  2(20000)(1.0)(1.0)

nich half
ad skirt.

ally, if the ratio t;/L £)0:002, is not satisfied, the rules of Mandatory Appendix 1-4(f) shall also e met.

Commentary: The design rules of Mandatory Appendix 1-4(c) are also permitied for the design of ellipsoidal

heads and are general in their presentation.

The design equations are applicable to ellipsoidal heads with

variable ratios of the major to the minor axis, measured as D/2h. Use of the general design equations,

however, introduce potential inconsistencies with the specific equation provided in UG-32(c).

These noted

inconsistencies do not produce a significant difference in the required thickness or calculated pressure;
however, the increased use of computer software to perform vessel design calculations exacerbates these

inconsis

tencies and provides a source of doubt as to the intended accuracy of such numerical analyses.

Potential inconsistencies with the use of Appendix 1-4(c) include:
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a) Applicability of applying the design corrosion allowance to the major head axis, D and the minor head axis,
h when determining the factor K, as defined below.

o]

The specific equations provided in UG-32(c) for ellipsoidal heads with a major to minor axis ratio of 2:1 is

deri

ved from Equation (1) as follows.

As

represent dimensions in the corroded condition”. If a design corrosion allowance is applied to th
d axis, D and the minor head axis, h when determining the factor K, then the specific efjuations

hed

provided in UG-32(c) for 2:1 ellipsoidal head is no longer applicable as the resulting value of K
longer produce the coefficient of 1.0 as shown in UG-32(c).

b) Us¢ of Table 1-4.1 to obtain the value of K inieu of the equation as provided in b) above. With r]a
he General Note which states, “Use nearest value of D/2h; interpolation unnecessary” intefmediate
vallies of D /2h can vary by as much as\7-=8%.

to

Section

For a 2:1 ellipsoidal head, the value of ;_h =2

Therefore, K:1/6{2+[2—12j2}:1/6[2+(2)2}:1.0

o PDK PD(1.0) PD
Resulting in, t= = =
2SE-0.2P 2SE-02P 2SE-0.2P
2SEt 2SEt 2SEt

T KD+02t (1.0)D+02t D+0.2t

VIll, Division 2 Solution with\VIlI-1 Allowable Stresses

Evaluat¢ per VIII-2, paragraph 4.3.7, and paragraph 4.3.6.

Verify th

rules of \VIlI-2, paragraph:4:3.7.

1.7

Determi

at the elliptical head\diameter to height ratio, k, is within the established limits, permitting the us

<{k=2}£22 True

he the-variables r and L using the uncorroded inside diameter, D.

r= U(%—U.Uéj = 9U.U((2)—.(5)—U.U25j =15.51n

L =D(0.44k +0.02) =90.0(0.44(2.0)+0.02) =81.0 in

4-24

stated in UG-16(e), “...the dimensional symbols used in all)design formulas throughout this |Division
€ major

will no

ference

e of the


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

Proceed with the design following the steps outlined in VIII-2, paragraph 4.3.6.

a) STEP 1 - Determine, D, assume values for L, r and t (determined from paragraph 4.3.7).

D =90.25in
L=81.125in
r=15.425in
t=1.01in
b) STEP2—= CU|||puiU thre—tread L/ID, I/ID, ard L/’f, ratios—and—determime—ifthe fu“uvvillg equations are
sat|sfied.
0.7< £:81'12520.8989 <1.0 True
D 90.25
154254170905 0.06 True
D 90.25
20< £281'125:81.125 <2000 True
t 1.000
c) STEP 3 - Calculate the geometric constants Sy, ®¢n, Ren-
- 0.5(90.25)—-15.425
B, = arccos {M} = arccos ( ) =1.1017 rad
L—r 81.125-15425
\/81.125(1.0
@, = VLt = (10) =0.5839 rad
r 15.425
Since ¢, < Pen, calculate Ry, as follows:

_05D-r  0.5(90.25)-15.425

- r +15.425 = 49.6057 in
cos[ B, —4,] ¢os[1.1017-0.5839]

d) STEP 4 — Compute the coefficients C; and C,.

Since % =0.17090.08, calculate C; and C, as follows:

C =0692 (%) +0.605 =0.692(0.1709)+0.605 = 0.7233

(r) .,

N cin1
= LU 2.0V
\D

yal 1 AL DL
\_/2—1._|‘U .U

e) STEP 5 - Calculate the value of internal pressure expected to produce elastic buckling of the knuckle, P,;p,.

CE+  (0.7233)(28.3E+06)(1.0)’

czR,h(Rzm—rj 1.0157(49.6057)(49'6057

eth —

=43321.6096 psi

—15.425j

4-25


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

f)  STEP 6 — Calculate the value of internal pressure that will result in a maximum stress in the knuckle equal
to the material yield strength, P,,.

Cyt

RH
C,R, ( iy —1)

Since the allowable stress at design temperature is governed by time-independent properties, is C3 the
material yield strength at the design temperature, or C3 = §,,.

33600(1.0)
49.6057 _lj

P =

y

P =

y

=1096.8927 psi

1.0157(49.6057)(2(15 125)

g) STEP 7 — Calculate the value of internal pressure expected to result in a buckling failure of the knuckle,

Calculate variable G:

P, 43321.6096

eth

G=reh = 2222070 39 4948
P 1096.8927

Since G > 1.0, calculate P, as follows:

0.77508G —0.20354G* +0.019274G"
P, = L }(Py)

1+0.19014G —0.089534G” +0.0093965G”

P - 0.77508(39.4948)— 0.20354(39.4948)2 + 0.019274(.’)9.4948)3
‘ 1+0.19014(39.4948) - 0.08953’4(39.4948)2 +0.0093965 (39.4948)3
P, =2206.1634 psi

](1096.8927

h) STEP 8 — Calculate the allowable pressure based on a buckling failure of the knuckle, P,,.

P, = Fy 22061634, 1470.8 psi
1.5 1.5

i) STEP 9 - Calculate'the allowable pressure based on rupture of the crown, P,_.

P - LZSE _ 25(50102050)(1.0) _490.0459 psi
~+0.5 - +0.5

t 1.0

j)  STEP 10 — Calculate the maximum allowable internal pressure, P,.

P,=min[P,, P, ]|=min[1470.8, 490.0459] = 490.0 psi

ac

k) STEP 11 — If the allowable internal pressure computed from STEP 10 is greater than or equal to the design
pressure, then the design is complete. If the allowable internal pressure computed from STEP 10 is less
than the design pressure, then increase the head thickness and repeat STEPs 2 through 10.

The MAWP is 490 psi.
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4.3.6 Example E4.3.6 — Combined Loadings and Allowable Stresses

Determine the maximum tensile stress of the proposed cylindrical shell section considering the following design
conditions and specified applied loadings. All Category A and B joints are Type 1 butt welds and have been
100% radiographically examined.

Vessel Data:

e Material = SA—-516, Grade 70, Normalized
e Desi i _ . o
. InsiIe Diameter = 90.0 in

e Thidkness = 1.125 in

e Corfosion Allowance = 0.125 in

e Allovable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

e Axigl Force = —66152.5 Ibs

e Net[Section Bending Moment = 5.08E +06 in—Ibs
e Torgional Moment = 0.0 in—1bs

Adjust variables for corrosion and determine outside dimensions.

DE90.0+ 2(C0rr0si0n Allowance) =90.0+ 2(0. 125) =90.25 in

R :§:45.125 in

t41.125—Corrosion Allowance=1.125-0.125=1.0 in
D |=90.0+2(Uncorroded Thickness) = 90;0+ 2(1 . 125) =92.251in

Section| Vlll, Division 1 Solution

VIII-1 dpes not provide rules on the loadings to be considered in the design of a vessel. However, UG-22
requires| consideration of such |oadings and the provisions of U-2(g) apply. This example provides one possible
method |of satisfying U-2(g) via Mandatory Appendix 46 as referenced in U-2(g)(1)(a); however, other methods
may alsp be deemed acceptable by the Manufacturer and accepted by the Authorized Inspector.

This example uses Mll-2, paragraph 4.1.5.3 which provides specific requirements to account for both design
loads and design-lead combinations used in the design of a vessel. These design loads and des|gn load
combingtions_(Table 4.1.1 and Table 4.1.2 of VIII-2, respectively) are shown in this example problem jn Table
E4.3.6.1 andJTable E4.3.6.2 for reference. The load factor, {1p, shown in in Table 4.1.2 of VIII-2 is|used to
simulate-the-maximum-anticipated-operating-presstre-acting-simuttaneousty-with-the-oceasionatHoads-specified.

For this example, problem, (1p = 0.9.

Additionally, VIII-1 does not provide a procedure for the calculation of combined stresses. VIII-2, paragraph
4.3.10.2 provides a procedure, and this procedure is used in this example problem with modifications to address
specific requirements of VIII-1.

In accordance with VIII-2, paragraph 4.3.10.2, the following procedure shall be used to design cylindrical,
spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net section axial
force, bending moment, and torsional moment. By inspection of the results shown in Table E4.3.6.3 and Table
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E4.3.6.4, Design Load Combination 5 is determined to be the governing load combination. The pressure, net
section axial force, and bending moment at the location of interest for Design Load Combination are:

b)

Q,P+P =09P+ P, =320.4 psi

F, =—66152.5 Ibs

M =3048000 in—Ibs

STEP 1 — Calculate the membrane stress for the cylindrical shell. Note that the circumferential membrane

stress, 0p,,, is determined based on the equations in UG-27(c)(1) and the longitudinal membrane stress
dug to internal pressure, gy, is determined based on the equations in UG-27(c)(2). The shear ptress is

computed based on the known strength of materials solution.

Note: 8 is defined as the angle measured around the circumference from the direction of the| applied
bending moment to the point under consideration. For this example, problem, 8 =00 deg to njaximize
thelbending stress.

320.4(45.125
o —L[(PR _eploL ( )+0.6(320.4) =1465029 psi
om B\t 1.0 1.0

=i[(@0.2p)+ﬂ( 4F +32MDUCOS[6?]J

21 D;-D*)  z(D}-D*)

[320.4(45.125) o (320.4)] N
1

2(1.0)
TmTI0|  4(-661525)  32(3048000)(92.25)cos[0.0]
7| (92.25) ~(90.25)" |~ 7| (92.25)" ~(90.25)'
7164.9450+(-230.7616)+ 471.1299 = 7405.3133 psi
) {7164.9450+ (-230.7616) —471.1299 = 6463.0535 psz}
16M,D, 16(0.0)(92.25)

o (D -D") ;{(92.25)4 —(90.25)“} oo

sm

STEP 2 — Calculatethe principal stresses.

o, = O.S(O'Hm +o,, +\/(cfgm -o,, )2 +47° )

[0 5(14650 29+ 7405 31 '%’%+4V/(146§0 29 — 7405 31 ’%’%)2 +4(0 0)’ ) =1465029 pnei

7
o, =

0.5 (14650.29 +6463.0535+,)(14650.20 - 6463.0535)” +4(0.0)’ | =14650.29 psi
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2 2
O-Bm + O-vm - \/( O-Bm - O-Sm ) + 47’- )

0.5(14650.29 + 6463.0535 - \/ 14650.29 — 6463. 0535) +4(0 O) )

7405.3133 psz}

=05
{O 5 14650.29 +7405.3133 - \/ 14650.29 —7405. 3133) +4(0 0) )
{646? 0535 pei

Nofe that VIII-2 use an equivalent stress far the acceptance criterion. A combined stress calculatio

1w

Sin
ads

d) ST
@.

ST

o,=0,=0.0 psi For stress on the outside surface

EP 3 — At any point on the shell, the following limit shall be satisfied.

o, :—1 ((71 —0'2)2 +((72 —03)2 +(<73 —0'1)2 ” <S
V2
—0.5

(14650.29—7405.3133)’ +

( , , | =12687.766 psi
2 _(7405.3133—0.0) +(0.0—14650.29) |
(

(14650.29— 6463.0535)’ + 1537167783 psi
1 O . pSl

V2 (6463.0535-0.0)’ +(0.0-14650.29Y’

o, =12687.7766 psi
o, =12716.7783 psi

} < {SzZOOOO psi} True

ould be based on the maximum principal stress; therefore,
max[o,, 0,, 0;]<S

{

=14650.29 psif <{S=20000 psi} True

.45) shallbe satisfied where F,, is evaluated using VIII-2, paragraph 4.4.12.2 with A = 0.15.

EP 4 isThot necessary in this example because the meridional stress, g, is tensile.

ce the maximum tensile principal stress is less than the acceptance criteria, the shell sg
quately designed:
EP 4 — For(ylindrical and conical shells, if the meridional stress, gy, is compressive, then E

h in VIII-

ction is

quation

Section

VIII, Division 2 Solution with VIII-1 Allowable Stresses

Evaluate per VIII-2, paragraph 4.3.10.

The loads transmitted to the cylindrical shell are given in the Table E4.3.6.3. Note that this table is given in
terms of the load parameters shown in VIII-2, Table 4.1.1, and Table 4.1.2 (Table E4.3.6.1 and Table E4.3.6.2

of this example).

The load factor, 1p, shown in in Table 4.1.2 of VIII-2 is used to simulate the maximum

anticipated operating pressure acting simultaneously with the occasional loads specified. For this example,
problem, Qp = 0.9. As shown in Table E4.3.6.2, the acceptance criteria are that the general primary membrane
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stress for each load case must be less than or equal to the allowable stress at the specified design condition.

In accordance with VIII-2, paragraph 4.3.10.2, the following procedure shall be used to design cylindrical,
spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net section axial
force, bending moment, and torsional moment. By inspection of the results shown in Table E4.3.6.3 and Table
E4.3.6.4, Design Load Combination 5 is determined to be the governing load combination. The pressure, net

section axial force, and bending moment at the location of interest for Design Load Combination 5 are as
follows.

Q DLD—“ODLD—Q')“/‘ BT
) PV

F =—66152 5 lbs
M} =3048000 in—1Ibs

Determi

The section of interest is at least 2.5v Rt away from any major structural discontinuity.

2.3VRe =2.5,/(45.125)(1.0) =16.7938 in

Shear fqrce is not applicable.

The shell R/t ratio is greater than 3.0, or:

{

a) STEP 1 — Calculate the membrane stress for the'cylindrical shell. Note that the maximum bendin
ocqurs at @ = 0.0 deg.

R/t=

45.125

:45.125}>3.0 True

PD  320.4(9025)
" E(D,-D) 1.0(92.25-90.25)

=14458.05 psi

he applicability of the rules of VIII-2, paragraph 4.3.10 based on satisfaction of the following
requirements.

g stress

1| PD? AF 32MD, cos[6)]
O = 7| 1oz >t 2 2 + 4 4
E\ D;-D’Cx(D;-D*) z(D)-D')
1| _3204(90.25)° 4(-66152.5) . 32(3048000)(92.25)cos[0.0
" LON(92.25) —(90.25) ;{(92 25)" =(90. 25)2} 7| (92.25)' - (90.25)' |
J7149 8028 +(-230.7616)+471.1299 = 7390.1711 psi]ﬁ
T ™ [HH49-8028-+{=230-76 Ty —47 11299 =6447-9H3 7]
16M,D, 16(0.0)(92.25)

o (D} I—D“) ) 7| (92.25)" - (90.25)' | oo
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STEP 2 - Calculate the principal stresses.

o, = 0.5(09,“ +to,, +\/(agm -0, )2 +47° )

0.5(14458.05+7390.1711+\/(14458.05—7390.1711)2 +4(0.0)° ) =14458.05 psi
O, =

0.5(14458.05+ 6447.9113+,/(14458.05—6447.9113)" +4(0.0)’ ) =14458.05 psi

=}

o, = O.S(aem +o,, —\/(agm -0, )2 +47? )

0.5(14458.05+7390.1711—\/(14458.05—7390.1711)2 +4(0.0)° )

o, =

0.5(14458.05+6447.9113—\/(14458.05—6447.9113)2 +4(0.o)2)

~ [7390.1711 psi
 6447.9113 psi

0,

o,=0,=0.0 psi For stress on the outside surface

EP 3 — At any point on the shell, the following limit shall besatisfied.

1 0.5

o, =$[(0'1 —0'2)2 +(o, —0'3)2 +(O'3—O'1)2J <S

1 |(14458.05-7390.1711)" +(7390.1711-0.0)° ' 125221 psi
ks = 1 psi
2| +(0.0-14458.05)’

e —

0.5
1 |(14458.05-6447.9113)" +(6447.9113-0.0)’
— =12545.4 psi

V2| +(0.0-14458(05)’
{ae =12522.1 psi

< {S =20000 psi} True
o, =12545.4 psi

ce the equivalent stress is less than the acceptance criteria, the shell section is adequately desig

EP 4 —For cylindrical and conical shells, if the meridional stress, o, is compressive, then §
45).shall be satisfied where FE,, is evaluated using VIII-2, paragraph 4.4.12.2 with A = 0.15.

ned.

Fquation

w1, 4 I | lalo o HH Lok ek HI
LT 5 TS TTULTICULT oSSl y T UITS TAAITIPIT UTLAUST UTC TTICTTTUTUTTIAl SUTOS, Ugy , 19 TTTIOIT.
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Table E4.3.6.1 — Design Loads from VIII-2

Table 4.1.1 — Design Loads

Design Load L.
Description
Parameter

P Internal of External Specified Design Pressure (see paragraph 4.1.5.2.a)

P Static head from liquid or bulk materials (e.g., catalyst)
Dcad VVU;yht Uf thc VCODC:, CUI ItCI ItD, al Id appuftcl 1drivco Gt thc :uuat;un Of
interest, including the following:
* Weight of vessel including internals, supports (e.g., skirts, lugs,(Saddles,
and legs), and appurtenances (e.g., platforms, ladders, etc.)
» Weight of vessel contents under design and test conditions
+ Refractory linings, insulation

D + Static reactions from the weight of attached equipmeft, such as motdrs,
machinery, other vessels, and piping
» Transportation loads (the static forces obtained.as equivalent to the
dynamic loads experienced during normal operation of a transport vessgl
[see paragraph 1.2.1.3(b)]
» Appurtenance live loading

L + Effects of fluid flow, steady state or/transient
+ Loads resulting from wave action

E Earthquake loads [see paragraph 4.1.5.3(b)]

w Wind loads [see paragraph 4.1.5.3(b)]

Ss Snow loads

F Loads due to Déflagration
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Table E4.3.6.2 — Design Load Combinations from VIII-2

Table 4.1.2 — Design Load Combinations

General Primary Membrane

Design Load Combination [Note (1) and (2)] Allowable Stress [Note (3]

P+P+D S
P+P+D+1L S
P+ P, +D+S; S
QP + P, + D + 0.75L + 0.755, S
QP + P, + D + (0.6W or 0.7E) S
QP + P, + D + 0.75(0.6W or 0.7E) + 0.75L + 0.75S; S
0.6D + (0.6W or 0.7E) (Note (4)) S
P+D+F See Annex 4-D
Other load combinations as defined in the UDS S

Notes:

—_

The parameters used in the Design Load Combinatien column are defined in Table 4.1.1.

)
2)| See paragraph 4.1.5.3 for additional requirements:
3)| S is the allowable stress for the load case combination [see paragraph 4.1.5.3(c)].
4)| This load combination addresses an overturning condition for foundation design. It does pot

apply to design of anchorage (if any) to thie foundation. Refer to ASCE/SEI 7, 2.4.1 Exceptiop 2
for an additional reduction to W that'may be applicable.
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Table E4.3.6.3 — Design Loads (Net-Section Axial Force and Bending Moment) at the

Location of Interest

Design Load L. Magnitude of Pressure, Force
Description
Parameter and Moment
p Internal or External Specified Design P = 356.0
Pressure (see paragraph 4.1.5.2.a)
Static head from liquid or bulk materials (e.g
I P, =00
catalyst)
The dead weight of the vessel including skirt, Dy = —66152.5 lbs
D contents, and appurtenances at the location .
. Dy =0.0in— Lbs
of interest
L Appurtenance live loading and effects of fluid | Lg = 0.0 lbs
flow Ly = 0:0un — lbs
E Earthquake loads ,
Ey = 0.0in — lbs
Wr = 0.0 lbs
w Wind Loads ,
Wy = 5.08E + 0.6 in — lbs
Sr = 0.0 lbs
S Snow Loads .
Sy =0.0in —lbs
Fr = 0.0 lbs
F Loads due to Deflagration .
Fy =0.0in —lbs
Based on these loads, the shell is required to be designed for the design load combinations shown
E413.6.4. Note that this table is given in terms of the load combinations shown in VIII-2, Table 4.1.
E43.6.2 of this example).
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Table E4.3.6.4 — Design Load Combination at the Location of Interest

General
] Primary
Load . L. Magnitude of Pressure,
Design Load Combination Membrane
Case Force and Moment
Allowable
Stress
P+ P =356.0 psi
1 p+PS_|_D E=—661525 Ibs S
M, =0.0in—-Ibs
P+ P =356.0 psi
2 P+P+D+L F, =-66152.5 Ibs S
M, =0.0in—1Ibs
P+ P =356.0_psi
3 P+P +D+Ss F, =-66152.51bs S
M, =0:0Nn—Ibs
0.9P%+ P. =320.4 psi
4 | 0.9P 4+ P, + D +0.75L + 0.75S, £5/=—-66152.5 Ibs S
M,=0.0in-1bs
09P+P =320.4 psi
5 | 0.9P +P,+ D + (0.6W or 0.7E) F; =-66152.5 Ibs S
M =3048000 in—Ibs
09P+P =320.4 psi
5 (0.9P + P, + D +.0.75(0.6W or 0.7E) + F, =—66152.5 Ibs S
0.75L + 0.75S,) )
M, =2286000 in—Ibs
F,=-39691.5 Ibs
7 0.6D £.(0.6W or 0.7E) M., =3048000 in— Ibs S
P =0.0 psi
8 CI P +D+F F, =—66152.5 Ibs See
Annex 4-D
M —=0-0-n—1tbs
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4.3.7 Example E4.3.7 — Conical Transitions Without a Knuckle

Determine if the proposed large and small end cylinder-to-cone transitions are adequately designed considering
the following design conditions and applied forces and moments. Evaluate the stresses in the cylinder and cone
at both the large and small end junction.

Vessel Data:
e Material = SA—-516, Grade 70, Normalized
e Desi " _ . o
. InsiIe Radius (Large End) = 75.0 in
e Thigkness (Large End) = 1.8125 in
e Cylipder Length (Large End) = 60.0 in
e Insige Radius (Small End) = 45.0 in
e Thigkness (Small End) = 1.125 in
e Cylipder Length (Small End) = 48.0 in
e Thigkness (Conical Section) = 1.9375 in
e Length of Conical Section = 78.0 in
e Corfosion Allowance = 0.125 in
e Allovable Stress = 20000 psi
e Weld Joint Efficiency = 1.0
e Ong-Half Apex Angle (See Figure E4.3.7) = 21.0375 deg
e Axigl Force (Large End) = <99167 lbs
e Net[Section Bending Moment (Large End) = S5.406E +06 in— lbs
e Axigl Force (Small End) = —78104 Ibs
e Net[Section Bending Moment (Small End) )= 4.301E +06 in— lbs
Adjust variables for corrosion.
R,|=75.0+ Corrosion Allowance="75.0+0.125=75.125 in
R(|=45.0+ Corrosion Allowance =45.0+0.125=45.125 in
t, £1.8125 - Corrosion) Allowance =1.8125—0.125 =1.6875 in
tg £1.125 - Corresion Allowance=1.125-0.125=1.0 in
t. E1.9375=Corrosion Allowance=1.9375-0.125=1.8125 in
a F21.0375 deg

Section®VHHBivisien-1-Selutien

Rules for conical reducer sections subject to internal pressure are covered in Appendix 1-5. Rules are provided
for the design of reinforcement, if needed, at the cone-to-cylinder junctions for conical reducer sections and
conical head where all the elements have a common axis, and the half-apex angle satisfies ¢ < 30 deg.
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Large End

Cylindri

“SE-0.6P  20000(1.0)0.6(356)

cal shell thickness per UG-27(c)(1) and conical shell thickness per UG-32(qg).

PR 356(75.125) 13517 in

t =1.3517+ Corrosion Allowance =1.3517+0.125=1.4767 in

t

r

t

r

Appendix 1-5(c)(1), when a cylinder having a minimum length of 2.0,/R, t; is attached to the’large en
cone, d¢termine the ratio P/SgE; and then determine A per Equation (1). Note: if a cylindér is not pr
does not meet the minimum length requirement, A is not calculated.

A

Append

be prov
when th

Small End

t 40.8119 + Cortosion Allowance =0.8119+0.125=0.9369 in

{Cyllnder Length =60.0 zn {2 OyRt, =2. 0\/ 75. 125 (1 6875) 22:5187 in} True

{ A=43.5 deg} {a 21.0375 deg}' reinforkcement is not required at the large end

i¢al shell thickness per UG£27(C)(1) and conical shell thickness per UG-32(qg).

i 2e08[](SE-0.6P) 2¢0s[21.0375](20000(1.0) - 0. 6(356))

_ PD _ 356(2(75.125)) L4482 in

(O N D\ fa [21 arzcllianooolio)

)

o lase\)
LLUDLMJ\UL V.UI1 } LL«UDLLI IJJ\LUUUUKI.U}_U.U\JJU}}

+1.4482 + Corrosion Allowance =1.4482+0.125=1.5732 in

+326.6

= 43.5 deg
20000 1.0)

x 1-5(d)(1), for cones attached to a cylinder having a minimum length of 2.0,/R; t,, reinforcem

ded at the junction of the cone with the large cylinderfor conical heads and reducers without §
e value of A obtained from Equation (1), using the.appropriate ratio P /S E;, is less than a.

x 1-5(c)(3) revisited, since reinforcement:is not required at the large end, k = 1.0.

PR 356(45.125)
SE-0.6P  20000(1.0)-0.6(356)

=0.8119 in

PD ~ 356(2(45.125))

=0.8699 in

d of the
esent or

ent shall

nuckles
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Appendix 1-5(c)(2), when a cylinder having a minimum length of 1.4./Rst, is attached to the small end of the
cone, determine the ratio P /S¢E; and the corresponding A per Equation (6). Note: if a cylinder is not present or
does not meet the minimum length requirement, A is not calculated.

{Cylinder Length=48.0 in} > {1.4\[Ryt, =1.4,[(45.125)(1.0) =9.4045 in] True

A=89 |- 89 |30 1} 3741 deg
S.E, 20000(1.0)

Appendix 1-5(e)(1), for cones attached to a cylinder having a minimum length of 1.4,/Rst, reinforcem
be provided at the junction of the conical shell of a reducer without a flare and the small cylinderrwhen t
of A obtgined from Equation (6), using the appropriate ratio P/SE;, is less than «a.

{A

Appendix 1-5(c)(3) revisited, since reinforcement is required at the small end, determirie the value k. A
the reinforcement will be place on the cylinder, if required.

y 20000
k = = =
SE, 20000(1.0)
where,

Appendix 1-5(e)(1), the required area of reinforcement,4,c, shall be at least equal to that indicateq
following equation when Qg is in tension. At the small.eAd of the cone-to-cylinder juncture, the PRy /2 t
When f, is in compression and the quantity is larger than the PR;/2 term, the design shall be in

tension.

accordance with U-2(g).

+S,E, =20000(1.0) = 20000

=11.8741 deg} < {a =21.0375 deg}; reinforcement is required at the small end

R
A :&[l—éjtan[a]
1 S.E a
1.0(8429.1122)(45.125
A= ( ) )(1—11'8741jtan[21.0375]:3.1861in2
20000(1.0) 21.0375
where,
356(45.125
PR +)+396.8622 =8429.1 122%
| in of cir
O 7 356 (45.129) Ib
2 20 4 (—947.8060) = 7084.4440 ———
[ 2 in of cir |
0. = 8429.1122L Use the maximum positive value
in of cir
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8104 4301E+06 _ 30 0ry b5

__ B M _ 27(45.125)  7(45.125) in of cir
2Ry xR | 78104 4301E+406 _ o o0 o Ibs

27(45.125)  7(45.125) in of cir

The effective area of reinforcement can be determined in accordance with the following:

[=0.78] Rz, (1, —1)+ [ Rs[tfa]}(tc—t,)

| =0.78 \[{45.125)(1.0) (1.0~ 0.8119) + \/[(4:(')18?2((1)';152]5)j(1.8125-0.8699)

=17.8900 in®

ctive area of available reinforcement due to the excess thickness.in the cylindrical shell and
s, exceeds the required reinforcement, A4,.

. =7.8900 in’} 2{4, =3.1861 in"} True

bs not true, reinforcement would need to be added.t0 the cylindrical or conical shell using a thi
reinforcing ring. Any additional area of reinforeement which is required shall be situated
of \/m from the junction, and the centroid of'the added area shall be within a distance of 0.2
junction. In addition, note that in the above-solution, the net-section axial force and net-section
are included as an equivalent axial load'per unit circumference.

VIII, Division 2 Solution with VIII-1 Allowable Stresses

Evaluat¢ per VIII-2, paragraph 4.3.11"

Per VIII42, paragraph 4.3.11 3\the length of the conical shell, measured parallel to the surface of the co
be equad| to or greater thanthe following:

Q

>0.0 | Rda g 4 | Rsle
cos[a] cos[a]
_ 75.125(1.8125) 45.125(1.8125) ,
{L}. £78.0 in} >12.0, - = +1.4, - = =37.2624 in True
L V COUd [21.0375] V COUd [211 G375J J
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Evaluate the Large End cylinder-to-cone junction per Vlli-2, paragraph 4.3.11.4.

a)

b)

d)

e)

STEP 1 — Compute the required thickness of the cylinder at the large end of the cone-to-cylinder junction
using VIII-2, paragraph 4.3.3., and select the nominal thickness, t; (as specified in design conditions).

t, =1.6875 in

STEP 2 - Determine the cone half-apex angle, a, compute the required thickness of the cone at the large
end of the cone-to-cylinder junction using VIII-2, paragraph 4.3.4., and select the nominal thickness, t. (as
specified in design conditions).

ST
equ
Pa

ST

of
ang

ST
shg
res
ling

tra:Lsition (as specified in design conditions).,. The thrust load due to pressure shall not be includeqd
e axial force, F;. Calculate the equivalent line load, X;, using the specified net section axial force, F;,

a =21.0375 deg

EP 4 — Determine the net section axial force,“F;, and bending moment, M;, applied to the

bending moment, M; .
—99167 5406000 Ibs
203 125)+ - =94.8111 —
_F M, _ 7(75. 7(75.125) in
" 2R, 7R; 99167 5406000 _ . geec IbS
27(75.125)  7(75.125)’ T in

Il these

t.=1.81251in
EP 3 — Proportion the cone geometry such that the following equations are satisfied. If 3
ations are not satisfied, then the cylinder-to-cone junction shall be designed inaccordance with VIII-2,
t 5. In the calculations, if 0 deg < a < 10 deg, then use o = 10 deg.
R 5.125
20< R _7 =44.5185+ <500 True
t, 1.6875
t 1.812
1< L=ﬁ=1.0741 <2 True
t, 1.6875
{a =21.0375 deg} < {60 deg} True

conical
as part

[N, and
e 4.3.4,
e 4.34,

EP 5 — Compute the junction transition design parameters (the normalized resultant moment, M
ar force;, @) for the internal pressure and equivalent line load per VIII-2, Table 4.3.3, and Tab
pectively. For calculated values of n other than those presented in VIII-2, Table 4.3.3 and Tab
ar-interpolation of the equation coefficients, C;, is permitted.
_le 18125 094
t, 1.6875

o |Bo_ 73125 ony
&, \1.6875

B= tan[a] = tan[21.0375] =0.3846
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Linear interpolation of the equation coefficients, C; in VIII-2, Table 4.3.3 and Table 4.3.4 is required. The
results of the interpolation are summarized with the following values for C;.

VIII-2, Table 4.3.3 VIII-2, Table 4.3.4
Pressure Pressure . . . .
Equation . ] Equivalent Line | Equivalent Line
Applied Applied . .
Coefficients . . Load Junction Load Junction

Junction Junction Shear
~ a Moment Shear Force
A Moment———Foree

Resultant Resultant
Resultant Resultant
M
MsN QN SN QN
1 -3.079751 -1.962370 -5.706141 ~4:878520
2 3.662099 2.375540 0.004705 0.006808
3 0.788301 0.582454 0.474988 -0.018569
4 -0.226515 -0.107299 -0.218112 -0.197037
5 -0.080019 -0.103635 2241065 2.033876
6 0.049314 0.151522 0.000025 -0.000085
7 0.026266 0.010704 0.002759 -0.000109
8 -0.015486 -0.018356 -0.001786 -0.004071
9 0.001773 0.006551 -0.214046 -0.208830
10 -0.007868 -0.021739 0.000065 -0.000781
11 - -0.106223 0.004724
Forl the applied pressure casé hoth Mg, and Qp are calculated using the following equation.
G+ C, n[H]+C,In[B]+C, (n[H]) +C; (n[B]) +
3 3
M,,0, =—€xp| C;In[H]|In[B]+C, (ln[H]) + G (ln[B]) +
2 2
G, ln[H](ln[B]) +C, (ln[H]) In[B]
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This results in:

[-3.07975143.662099 - In[6.6722]+0.788301-In[0.3846] + |

(-0.226515)(In[6.6722]) +(~0.080019)(1n[0.3846])" +

0.049314-1n[6.6722] - In[0.3846] +

M, =—exp =-10.6148

S 0.026266 (In[6.6722])" +(~-0.015486)(In[0.3846])" +

0001773 1nl6 67221 (1nl0 38461 &
L 1\ L 1)

(~0.007868)(In[6.6722])" -1n[0.3846]

[ ~1.962370+2.375540-In[6.6722]+0.582454 - 1n[0.3846] + |

(~0.107299)(In[6.6722]) +(~0.103635)(In[0.3846])" +

0.151522-In[6.6722]-In [0.3846] +

Oy =—exp =-4.0925

0.010704(1n[6.6722])" +(~0.018356)(In [0.3846]). +
0.006551-1n[6.6722]-(In[0.3846])" +

(~0.021739)(In[6.6722]) -1n[0.3846]

For the Equivalent Line Load case, Mgy and Qy are calculated using the following equation.

¢ +Cm[ ]+ Comf]+ €, (n[ 12 ]) + |

G, (ln [a])2 +C, Jn [szln [a]

Ms :Q ==
TR 1+C,In[ B9+ Cin[a]+ C, (In[ H2]) +

I G (ln[oc])2 +C,,In [HZ ] In[a]
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This results in:
—5.706141+0.474988-In| 6.6722° | +
2.241065~1n[21.0375]+0.002759(ln[6.67222])2 +

(~0.214046) (In[21.0375])" +
(-0.106223)1In 6.6722° |- In[21.0375]
T+0.004705 T 6.6722° |+(-0.21311Z) {20375+

=-0.4912

M, =—exp

0.000025(1n[ 6.6722* )" +(~0.001786)(In[21.0375]) +
0.000065-1In 6.6722° |-1n[21.0375]

~4.878520+(~0.018569)In[ 6.6722 | +
2.033876-In[21.0375] +(—0.000109)(111[6.67222])2 +

(~0.208830)(In[21.0375])" +
0.004724-1In 6.6722° |-1n[21.0375]
1+0.006808 - In[ 6.6722 | +(-0.197037)In[21.0375] +

=-0.1845

QN =—CXp

(—0.000085)(1n[6.67222])2 +(0.004071)(In[21.0375])" +
(~0.000781)In| 6.6722%]-In[21.0375]

Summarizing, the normalized tesultant moment My, and shear force Qy for the internal presdqure and
equivalent line load are as follows:

Internal Pressure: M, =-10.6148, O, =-4.0925
Equivalent Eine Load : M, =-0.4912, O, =-0.1845
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STEP 6 — Compute the stresses in the cylinder and cone at the junction using the equations in VIII-2, Table
4.3.1 for the Large End Junction.

Evaluate the Cylinder at the Large End:

Stress Resultant Calculations:

M, = PeM.,, =356(1.6875) (~10.6148) = ~10760.9194 1S
124]
94.8111(1.6875)(-0.4912) = ~78.5889 "1
My =X,t,M, = m Ib
—514.9886(1.6875)(~0.4912) = 426.8741 ="
n
~10760.9194 +(~78.5889) = ~10839.5083 7115
MS:M5P+MSX: . llbn
~10760.9194 +426.8741 = —10334.0453 L2
in
lbs
0, = Pt,0, =356(1.6875)(~4.0925) = —2458.5694 —
mn
lbs
94.8111(—0.1845) = —17.4926 —
Oy =X, 0y = ”llbs
—514.9886(—0.1845) = 95.0154 —
mn
lbs
—2458.5694+(~17.4926) = ~2476.0620 —
0=0,+0, = e
—2458.5694+95:0154 = —2363.5540 —
124]
i1 [ Sli-037) |
ﬂcy el B = 5 5 =0.1142 in~
R}i; (75.125)’ (1.6875)
356(75.125
356(75:125) | o4 8111 - 13467.0611 122
N = PR, _ 2 in
.= +X, =
Z 356(75.125) Ibs
S ) L (~514.9886) = 12857.2614 —
124
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N, = PR, +2:chRL (_M.cﬁcy +Q)
356(75.125) + 2(0.1 142)(75. 125)(—(—10839.5083 )(0 1 142) + (—2476.0620))
- 356(75.125)+ (0.1142)(75.125)(—(—10334.0453)(0.1142)+(—2363.553))

2
5498.9524 1%
Ny = I
6438.9685 -
T e
K, =10
Stress Calculations:
Determine the meridional and circumferential membrane and bending stresses.
13467.0611
—— =7980.4807 psi
:ﬂ _ 1.6875 d
o (128572018 206 1179 pi
1.6875
6(—10839.5083) .
> =-22838.7994 psi
6M (1.6875) (1.0)
o, = ==
S" tzKpc 6(—10334.0453) .
: =-21773.7909 psi
(1.6875)"(1.0)
24989528 _ 35586384 psi
o _N, |} 1.6875
Om — -
i | O89085 34156850 psi
1.6875
6(0.3)(=10839.5083) .
- =—-6851.6398 psi
6vM (1.6875) (1.0)
Opp = =
LK . 6(0.3)(—10334.0453
L™ pe ( )( : ):—6532.1373 psi
(1.6875) (1.0)
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Check Acceptance Criteria:

=1

Si
ten
cor

IA

o, =71980.4807 psi )
S =1.5(20000) =30000 psi} True

o, =1619.1179 psi {
o, +0,, = 7980.4807 +(—22838.7994) = |-14858.3 psi|
o, —0,, =7980.4807 —(—22838.7994) = 30819.3 psi

< {SPS = 60000 psi} True
o, +0,,=7619.1179+(-21773.7909) = |-14154.7 psi

G =G, = T619.1T79—(—21773.7909)= 293929 psi

o,, =3258.6385 psi )
<{1.58 =1.5(20000) = 30000 psi | True

0, =3815.6850 psi
O + 0y =3258.6385+(—6851.6398) =|-3593.0 psil
G, — Oy =3258.6385—(—6851.6398) =10110.3 psi

e - ) b <{ 8,5 = 60000 psi} True
O om + g, =3815.6850+(—6532.1373) =|-2716.5 psil
o — Oy =3815.6850—(—6532.1373) =10347.8 psi

sile, the condition of local buckling need not be considered: Therefore, the cylinder at the cyl
e junction at the large end is adequately designed.

Evaluate the Cone at the Large End:

Str

bss Resultant Calculations — as determined.above:
M, =M, =—10760.9194 1128
ll’l
78,5889/ 8= 1bs
Mcs)( :MSX = ”/;b
4268741 =1
ll’l
107609194+ (~78.5889) = ~10839.5083 "0
Mcs:McsP+Mch: ln
in—1bs

-10760.9194 +426.8741 = -10334.0453

in

O QOcosl rv L 7\7 sin r/v1
c

22

(~2476.0620)cos[21.0375] + (13467.0611)sin[21.0375]) = 2523.3690 25

in

(~2363.5540) cos[21.0375] +(12857.2614) sin [21.0375]) = 2409.4726 [bs

in

A/—\
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Ro=—Ru T3 464900 in
cos[ar] cos[21.0375]

ﬂm[MrL ( (0 3)) )} =0.1064 in™'

Rt 80.4900)" (1.8125

N, =N, cos[a]-QOsin[a]

Ibs )
\1340/ UOl l)COS[Ll UJ/DJ (—44/0 UOLU)SIH'_LI UJ/DJ —13436 12—
ll’l
NCS =
Ibs

(12857.2614)cos[21.0375] —(~2363.5540) sin[21.0375] = 12848.7353 —
n

PR,

N = +28 R . (—-M —
cl cos [a] IB ( csﬂco Qc)
336(73:125) _ 1 (0, 1064) (80.4900) (— (~10839.5083)(0:7064) ~ 2523.3690)
N - cos[21.0375]
cd
336(75:125) _ 1 (0,1064) (80.4900) (— (~103340433)(0.1064) ~ 2409.4726)
cos[21.0375]
5187.9337 lb—s
NCH = IZ/Z
6217.6021 22
ln
K _=1.0

cpe
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Stress Calculations:

Determine the meridional and circumferential membrane and bending stresses.

13458.2772
2012 94250564 psi
o _N._| 1s1s 7
fe 128487353 _ 588 9574 psi
1.8125
6(-10839.5083) . ...
_ oM, | (18125)(10) o
U RK,. | 6(~10334.0453) 18874.0708 ni
= — . Ay
(1.8125)°(1.0) g
5187.9337
22077200 98623082 psi
LN, _] 18125 -
om — -
fe | 82170021 _ 4430 4012 psi
1.8125
6(0.3)(~10839.5083) .o - i
i .
oM, _ (1.8125)"(1.0)
e 3) (= .
Koo |6(0.3)( 103234 0453) _ 56620013 psi
(1.8125) (1.0)

Check Acceptance Criteria:

o, =1425.2564 psi
o, =7088.9574 psi

IA

S =15(20000) =30000 psi} True

o, +0., =T4252564 +(<19797.2470

s

(= )=|-12371.9906 psil
o, —0,, =T425.2564=(=19797.2470)

(- )

(- )=

27222.5034 psi

< {85 =60000 psi} True

o,, +0,, =7088.9574+(-18874.0708) =|-11785.1 psi|
o, — 0, = 70889574 —(-18874.0708) = 25963.0 psi
G, = 2862,3082 psi
o PP < (1,55 =1.5(20000) = 30000 psi] True
o, =3430.4012 psi

O+ O,y = 2862.3082 +(—-5939.1741) =|-3076.8659 psi|

L AN
Opm —Opp = A(SOA.JUZSL—&—DVJH.I /41) =038UlL.4845 psi

Com + T, =3430.4012+(-5662.2213) =|-2231.8 psil
C o — Ty =3430.4012 - (-5662.2213) = 9092.6 psi

< {SPS =60000 psi} True
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Since the longitudinal membrane stress, oy, and the circumferential membranes stress, gg,, are both
tensile, the condition of local buckling need not be considered. Therefore, the cone at the cylinder-to-cone

jun

ction at the large end is adequately designed.

g) STEP 7 — The stress acceptance criterion in STEP 6 is satisfied for both the cylinder and cone. Therefore,
the design is complete.

Evaluate the Small End cylinder-to-cone junction per VIlI-2, paragraph 4.3.11.5.

a) ST
usi

b) ST

end of the cone-to-cylinder junction using VIII-2, paragraph 4.3.4., t. (as specified in désign conditi

c) ST

equ

Pa

d) ST

e) ST
she
res
ling

EP 2 — Determine the cone half-apex angle, a, compute the required thickness of theicone at t

t 5. In the calculations, if 0 deg < a < 10 deg, then use @ = 10 deg:.

20<| Bs o125 _ 45195 ]<500 True
tg 1.0

1<l 18125 Leinslen Thue
(1.0

{a =21.0375 deg} < {60 deg} True

applied at the conical transition.
—78104.2 N 43010002 —306.8622 lb_s
N F M, 27(45:125) 7 (45.125) in
= +_ =
N - 2 _
2rRg 7Ry 78104.2 3 43010002 — _947.8060 lb_s
27 (45.125) 7 (45.125) in
EP 5 — Compute_the junction transition design parameters (the normalized resultant moment, M

FP T — Compute the required thickness of the cylinder at the small end of the cone-to-cylmderrljunction
ng VIII-2, paragraph 4.3.3., and select the nominal thickness, tg, (as specified in design conditions).

ne small
bNs).

EP 3 — Proportion the cone geometry such that the following equations arel satisfied. If 3l these
ations are not satisfied, then the cylinder-to-cone junction shall be designed'in accordance with VIII-2,

EP 4 — Calculate the equivalent line load, X5, given the net section axial force, Fg, and bending fnoment,

(., and

ar force, Qu)for the internal pressure and equivalent line load per VIlI-2, Table 4.3.5, and Table 4.3.6,
pectivelys For calculated values of n other than those presented in VIII-2, Table 4.3.5 and Tabje 4.3.6,
ar interpolation of the equation coefficients, C;, is permitted.
£ 1.8125
== =1.8125
t,  1.000

e |Bs o [$125 o oias
.\ 1.000

B =tan[a]=tan[21.0375] = 0.3846
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result of the interpolation is summarized with the following values for C;.

VIII-2, Table 4.3.5 VIlI-2, Table 4.3.6
Pressure Pressure . . . .
Coefficients Junction Junction Shear
Moment Shear Force
C; Moment Force
Resultant Resultant
Resultant Resultant M 0
M.EN QN SN N
1 -15.144683 0.569891 0.006792 -0.408044
2 3.036812 -0.000027 0.000290 0.021200
3 6.460714 0.008431 -0.000928 -0.325518
4 -0.155909 0.002690 0.121611 -0.003988
5 -1.462862 -0.002884 0.010581 <0.111262
6 -0.369444 0.000000 -0.000011 0.002204
7 0.007742 -0.000005 -0.000008 0.000255
8 0.143191 -0.000117 0.005957 -0.014431
9 0.040944 -0.000087 02001310 0.000820
10 0.007178 0.000001 0.000186 0.000106
11 -—- -0.003778 0.194433

For the applied pressure case M,y is calculated usifig the following equation

M, =exp

_Cl Cn [H2]+C3ln [a]+C; (ln [HZ ])2 +C, (ln [a])Z +

_C9 In [Hz](ln [0{])2 +C,, (ln [Hz ])2 In[c]

Cyn [Hz ] In[a]+C; (ln [H2])3 +C, (ln [a])3 +
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This results in:

—15.144683+3.036812-In [6.71752] +6.460714-1n [21.0375] +]

(-0.155909) (In[6.7175" ]} +(~1.462862)(In[21.0375])" +

(~0.369444)In[ 6.7175” |-In[21.0375]+

M, =exp =9.2135

0.007742(In[6.7175* ]} +0.143191(In[21.0375]) +

0.040944-1n[ 6.7175" |-(In[21.0375])" +

0.007178(In[6.7175* ]) - In[21.0375]

Forl the applied pressure case Q) is calculated using the following equation,

0. C,+CH+Caa+C,H' +Cya’ +C,,\H’a
Y1+ +Coa+CH +Ca’ +C H

Thip results in:

0.569891+0.008431(6.7175)" +(~0.002884)(21.0375) +
(~0.000005)(6.7175)" +(~0.000087)(21.0375)" +
(~0.003778)(6.7175)" (21.0375)

0, = : =-2.7333
1+(~0.000027)(6.7175)" +0.002690(21.0375) +

0.000000(6.7175)" +(<0.000117)(21.0375)" +
0.000001(6.7175)"(21.0375)

Forl the Equivalent Line Load case; Mgy, is calculated using the following equation,

_(C+CH+0B+C,H*+CB’ +C,HB
N\ 1+C,H#CB+C,H* +C,B’ +C, HB
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This results in:

0.006792 +(~0.000928)(6.7175) +0.010581(0.3846) +

(~0.000008)(6.7175)" +0.001310(0.3846)" +
0.194433(6.7175)(0.3846)

M., = =0.4828

. 1+0.000290(6.7175) +0.121611(0.3846) +
(-0.000011)(6.7175)" +0.005957(0.3846)" +

For

Thi

Summarizing, the normalized resultafitjmoment Mgy, and shear force Qy for the internal presg

equ

L0.000I86(6.7175)(0.3846)

the Equivalent Line Load case, Qy is calculated using the following equation,

C+C, In[H]+C, n[B]+C, (In[H])’ +C, (In[B]) +C, In[H]In[B]
N 3 3 2 2

C,(In[H]) +C;(In[B]) +C,In[H](In[B]) +C,, (In[H])" In{B]

5 results in:

—0.408044+0.021200-ln[6.7175]+(—0.325518)ln[0.3846]+

(~0.003988)(In[6.7175])" +(~0.111262)(In[0;3846])" +

Oy =|0.002204-In|6. 7175] ln[O 3846]+0 000255 - (ln[6 7175])

0. 000106(1n 6.7175])" -In[0.3846]

ivalent line load are as follows:

Internal Pressure : M, =9.2135, Q, =-2.7333
Equivalent Line Load. : M, =0.4828, 0, =-0.1613

[
—0.014431)(In[0.3846])" +0.000820-1n[6.7175] - (In[0.3846])" +
[

*J

=-0.1613

4-53
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STEP 6 — Compute the stresses in the cylinder and cone at the junction using the equations in VIII-2, Table

4.3.2 for the Small End Junction.

Evaluate the Cylinder at the Small End:

Stress Resultant Calculations:

M., = PM., =356(1.000) (9.2135) = 3280.0060 "'
124]
396.8622(1.0000)(0.4828) = ~191.6051 -~ 5
My = XM, = .m Ib
—947.8060(1.0000)(0.4828) = ~457.6007 ———
mn
3280.0060 + (191.6051) = 3471.6111 12
Ms:MsP+MsX: ln lb
3280.0060 +(—457.6007) = 2822.4053 =
i
0, = P1,0, =356(1.0000)(-2.7333) = ~973.0548 ‘25
n
lbs
396.8622(~0.1613) = ~64.0139 —=
Oy = X0y = ZZ’ZS
~947.8060(-0.1613) =152.8811 —
124
Ibs
—973.0548+(~64.0139) = ~1037.0687 —
0=0,+0, = e
—973.0548+152:8811=-820.1737 —~
mn
5 0.25 ) 0.25
- 3(1-(03
|30 OBA=03)) gy,
Rt (45.1250)" (1.000)
356(45.125
356(45125) _ 306.8622 = 8420.1122 125
N = PR, Cx - 2 in
2% 7 |356(45.125) Ibs
S ) 4 (~947.8060) = 7084.4440
mn
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Ne = PRS + 2:chRS (_Msﬂcy _Q)
~ 356(45.125)+2(0.1914)(45.125)(—(3471.61ll)(0.1914)—(—1037.0687))
- 356(45.125)+2(0.1914)(45.125)(—(2822.4053)(0.1914)—(—820.1737))

22500.7769 125

n

20900.5790 25
N

N,=

TIT )

K, =10

Stress Calculations:

Determine the meridional and circumferential membrane and bending stresses:

8429.1122
S s 8429.1122 psi
_ _N._] 10000 g
fs 70834340 _ 2004 4440 psi
1.0000

6(3471.6111)
6M_ | (1.0000)" (1.0)

=20829.6666 psi

“0 7K, | 6(2822.4053) :
L =16934.4318 psi
(1.0000)" (1.0)
22500.7769
S 27 22500.7969 psi
o _No_] 10000 pSl
g 209005790 _ pionn 5700 pi
1.0000
6(03)(BA7LOILL) _ 10 o000 Dsi
__evM, (10000)" (1.0)
" 5K, %(0.3)(2822.4053) _ 5080.3205 psi
(1.0000)" (1.0)
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Check Acceptance Criteria:

o, =8429.1122 psi
{ =7084.4440 psi
o, +0, =8429.1122+(20829.6666) = 29258.8 psi
o, — 0, =8429.1122(20829.6666) = |-12400.6 psil
o, +0,, =7084.4440 +(16934.4318) = 24018.9 psi

} {1.55 =1.5(20000) =30000 psi} True

< {SPS =60000 psi} True

Si
ten
cor

=1

G, —0,, = 108424440 — (16934 4318 =|-9850.0 ps|

{agm =22500.7769

<{1.55 =1.5(20000) = 30000 psi T
06m=20900.5790} { ( ) psi} e

G + Oy = 22500.7769+(6248.8999) = 28749.7 psi

Gy — Ty = 22500.7769 — (6248.8999) = 16251.9 psi <(5,. = 60000 psi) -
G, + G, = 20900.5790 +(5080.3295) = 25981.0 psi | '

Ty — Oy = 20900.5790 —(5080.3295) =15820.2 psi

sile, the condition of local buckling need not be considered: Therefore, the cylinder at the cyl
e junction at the small end is adequately designed.

Evaluate the Cone at the Small End:

Str

bss Resultant Calculations:

M., =M., =3280.0060 =%
li’l
191.6051 AA=1bs
Mch :MSX = ln lb
4576007 =18
ll’l
3280.0060+191.6051 = 34716111 2=1bS
Mcs :McsP +MCSX = ln Zb
3280.0060 +(~457.6007) = 2822.4053 108
ll’l
I8} nne rv L AN _cin r/v1
c —= TS L]

~1037.0687 cos[21.0375] + 8429.1122sin[21.0375] = 2057.9298 25

in

-820.1737 cos[Zl 0375]+7084 4440sm[21 0375] =1777.6603 tbs

in
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R 51290 __ 483476 in

cos[a] cos[21 0375]

ﬂw[ (1 )r ( ( 03)) 0.25:0.1373 in”!

Rt} 48.3476)" (1.8125)°

R_

c

N, =N, cos[a]-QOsin[a]
Ibs )

ké‘l-z.y IILLCOS[LI UJ/DJ \ 105 7. UOZS/)SIH[AI UjIDJ) 0259.001Z4 —

N = in

(7084.4440cos[21.0375] - (~820.1737)sin [21.0375]) = 6906.6602 2=

in
PR

cos[a]
356(45. 125)
cos[21. 0375]

356(45.125) 125)
cos[21. 0375]

38205.1749 25

in
NCH -

35667.6380 125

in

NCH:

2IBCURC ( Mcsﬁco + Qc)
2(0.1373)(48.3476)(~(3471.6111)(0.1373)+2057.9298)

2(0.1373)(48.3476)(—(2822.4053)(0.1373) +1777.6603)

K, =10

Stress Calculations:

Determine the meridional and circumferential membrane and bending stresses:

8239.5612
S259012 _ 15459648 psi
0, = Mo | 8125 p
e fOO06-6602 _ 5016 5711 psi
1.8125
6(3471.6111) -
) — 6340.5406 psi
6l 1(1.8125)°(1.0)
i =5154.8330 psi
(1.8125)° (1.0)
382051749 _ 510787172 psi
N, _| 1R
om -
fe |33067.6380 _ 6678 6068 psi
1.8125
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6(0.3)(3471.6111)
6vM (1.8125)°(1.0)
2K, |6(0.3)(2822.4053)
(1.8125)°(1.0)

=1902.1622 psi

Ogp =

cpe

=1546.4499 psi

Check Acceptable Criteria:

~ 45459648 st _ 1 o5 1 5(20006)=30006-pss] Tre
=3810.5711 psi| J
o, +0, =4545.9648 +(6340.5406) = 10886.5 psi
o, —0,, =4545.9648 —(6340.5406) = |-1794.6 psi| (5, = 60000 psi) .
< = ST rue
o, +0, =3810.5711+(5154.8330) =8965.4 psi " P
., — 0, =3810.5711—(5154.8330) =|-1344.3 psil
a,, =21078.7172
<{1.55 =1.5(20000) = 30000 psi| True
o, =19678.6968

G + 0y =21078.7172+(1902.1622) = 22980.9 psi
Gy — T = 21078.7172—(1902.1622) =19176.6 psi
Oy + 0y = 19678.6968 + (1546.4499) = 212254 Psi
G, — Gy = 19678.6968 — (1546.4499) = 18132.2 psi

< {SPS = 60000 psi} True

Since the longitudinal membrane stress, gg;-and the circumferential membranes stress, gy, @re both
tengile, the condition of local buckling need;fiot be considered. Therefore, the cone at the cylindertto-cone
jungtion at the small end is adequately designed.

=}

g) STEP 7 — The stress acceptance criterion in STEP 6 is satisfied for both the cylinder and cone. Therefore,
theldesign is complete.
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Figure E4.3.7 — Conical Transition
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4.3.8 Example E4.3.8 — Conical Transitions with a Knuckle

Determine if the proposed design for the large end of a cylinder-to-cone junction with a knuckle is adequately
designed considering the following design conditions and applied forces and moments, see Figure E4.3.8 for
details.

Vessel Data:

e Material = SA—-516, Grade 70, Normalized
e Desi i . o
e Insige Diameter (Large End) = 120.0 in

e Insidle Radius (Large End) = 60.0 in

e Knuckle Radius = 10.0 in

e Large End Thickness = 1.0 in

e Cone Thickness = 1.0 in

e  Knugkle Thickness = 1.0 in

e Corfosion Allowance = 0.0 in

e Allovable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

e Ong-Half Apex Angle = 30.0 deg

e Axigl Force (Large End) = —10000\bs

¢ Net|Section Bending Moment (Large End) = 2.0E406 in— lbs

Section| VIll, Division 1 Solution

VIII-1 dges not provide rules for the required thickness of toriconical heads and section subject to presgure and
supplenjental loadings. However, UG-22 requires consideration of such loadings and the provisions qf U-2(g)
apply. This example provides one possible’method of satisfying U-2(g); however, other methods may| also be
deemed acceptable by the Manufactufer'and accepted by the Authorized Inspector.

This exgample accounts for the specified net-section axial force, F;, and bending moment, M;, appligd to the
conical fransition at the location-of the knuckle by calculating an effective pressure, P;. The effective pressure
from thg applied loading @nd the specified design pressure are summed to determine the equivalent pressure,
P, to be|used in the procedure, P, = P + P;.

Evaluat¢ per UG-32(h). The required thickness of the conical portion of a toriconical head or section, jn which
the knugkle radilis’is neither less than 6% of the outside diameter of the head skirt nor less than three times the

knuckle [thickness, shall be determined by UG-32(g) and substituting D; for D. The required thicknegs of the
knuckle lshallbe determined ucing I\/Innrl:\fnry Appnndiv ’I-A(d) with-a modified value of

D, =D-2r(1-cos[a])=120.0-2(10.0)(1-cos[30.0]) =117.3205 in

p=— B 73205 650550,

B 2cos[a] B 2¢0s[30.0]
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The equivalent design pressure is computed as follows.

P =

e

where,

})L_

1L

Determi

equivalgnt design pressure.

M

The req

for the ipternal pressure and applied forcesrand moments.

Determi
32(g) us

t

c

The req
the inten

Section

280.0+(5.3828) = 285.3828 psi
L ]280.0+(~7.2329) = 272.7671 psi

} Use the maximum positive value

4(157.8771)

— 53828 psi
4f, _{ 117.3205 P w

D, [4(—212.1404) J
———————=-7.2329 psi
117.3205
~ 4(2.0E
10000 (2.0 +06)2:157.87711%7_S
_F 4m, | 7(1173205)  7(117.3205) in
"D, D} | - _
7D, 7D, 10000 _4(20E+O6)2=_212.14041%)_S
7 (117.3205)  7(117.3205) in

ne the required thickness of the knuckle per UG-32(h) and Mandatory Appendix 1-4(d) u

=0.25 3+\/Z =0.25 3+,/67'7350 =1.4006
r 10.0

| PLM  285.3828(67.7350)(1.4006)
[ 2SE-02P ~ 2(20000)(1.0)-0.2(285.3828)

=0.6778 in
Lired knuckle thickness is less than the design thickness; therefore, the knuckle is adequately g

he the required thickness of the cone at the knuckle-to-cone intersection at the large end ug
ing the equivalent design pressure.

PD, 285.3828(117.3205)

e 1

! . ~0.9749 i
2cos[a](SE—6P)  2c0s[30.0](20000(1.0)— 0.6(285.3828)) "

uired cone thickness is less than the design thickness; therefore, the cone is adequately desi
nal pressure and applied forces and moments.

VHI-Division 2 Solution with VIlI-1 Allowable Stresses

5ing the

esigned

ing UG-

jned for

Evaluate per VIII-2, paragraph 4.3.12.

a) STEP 1 — Compute the required thickness of the cylinder at the large end of the cone-to-cylinder junction
using VIII-2, paragraph 4.3.3., and select the nominal thickness, t; (as specified in design conditions).

;D exp{i}_l _1200 exp[ 2800 }—1 —0.8459 in
2 SE 2 20000.0
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specified in the design conditions,

t, =1.01in

Since the required thickness is less than the design thickness, the cylinder is adequately designed for

internal pressure.

STEP 2 — Determine the cone half-apex angle, a, compute the required thickness of the cone at the large
end of the cone-to-cylinder junction using VIII-2, paragraph 4.3.4., and select the nominal thickness, t..

a—300 dea
& el

As

Sin

pressure.
STEP 3 — Proportion the transition geometry by assuming a valde for the knuckle radius, 1, and
thigkness, t, such that the following equations are satisfied. <If all these equations cannot be satis
cylinder-to-cone junction shall be designed in accordance with'VIII-2, Part 5.
{tk =1.0 in} > {tL =1.0 in} True
{r, =10.0 in} > {31, =3.0 in} True
r 10.0
—=——=0.1667 ; >{0.03} True
R, 60.0
{0{ =30 deg} < {60 deg} True
STEP 4 — Determine the het section axial force, F;, and bending moment, M;, applied to the
tramsition at the location\of the knuckle. The thrust load due to pressure shall not be included as p3
axigl force, Fy.

z‘C=L exp{i}—l __ 1200 exp[ 280.0 }—1 =0.9768 in
2cos[a] SE 2¢0s[30.0] 20000.0

specified in the design conditions,

t-=1.01in

ce the required thickness is less than the design thickness, the cone isiadequately designed for

F, =-10000)7bs
M, =Q0E +06 in—Ibs

internal

knuckle
fied, the

conical
rt of the

ST

ER’5 — Compute the stresses in the knuckle at the junction using the equations in VIII-2, Table 4

3.7.

Determine if the knuckle is considered to be compact or non-compact.

05 0.5
ar, <2K, ({Rk (a"l tan[a]) +rk}tk)
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{0.5236(10.0)} = {2(0.7)({50.0((0.5236)1 tan[o.5236])0'5 + 10}1]05}

{5.2360 in} < {11.0683 in} True
where,
K, =0.7
n:ﬂﬁ:ﬂ 5236 rad.
180

R, =R, —r, =60.0-10.0=50.0 in

Therefore, analyze the knuckle junction as a compact knuckle.

Stress Calculations:

Determine the hoop and axial membrane stresses at the knuckle:

- PR, (R[Ryt, +L\[Ltc )+ a(PLys, ~05PL,)

O
" Km(tL RLtL+zC,/Lsz)+atkrk
o _IDele
sm 2tk
where,
_1 0.5 1 0.5 )
Ly =R, (e tan[a])" +7, =50.0((0.5236) " tan[0.5236]) ~+10.0 = 62.5038 in
L= o200 Li00-67.7351in
cos[a] cos[0.5236]
P =P+ £y + M,
rL, cos’ [g} zL;, cos’ [g}
_ 2.0E
A\ 10000'0‘0 52361 228 +0'63 5236 |
7(62.5038)” cos = 7(62.5038)’ cos’ =
Pe - P
re0. ~10000.0 2(2.0E +06)
71(62.5038)2c0s2 0'52236 71(62.5038)30053 0'52236

e

284.9125 psi
273.3410 psi
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therefore,

280(0.7)(60.0,/60.0(1.0) +67.7351,/67.7351(1.0) | +

0.5236(280(62.5038)(10.0) - 0.5(284.9125)(62.5038)’

07(1 04/600 10 +1.0,/67. 7351 1.0 )+0 5236 10 (

=35.8767 psi

and

C

=2

Sj
knu
the

=)

ST
cor|

0)
(280(0.7)(60.0,/60.0(1.0) + 67.7351,/67.7351(1.0) )+ |

L0.5236(280(62.5038)(10.0)—0.5(273.3410 62.5038)’)

07(1 0,/60.0(1.0) +1.0,/67.7351(1.0 )+05236 1.0)(10.

=756.6825 psi

RL, _2849125(62.5038) o o i
21, 2(1.0)

RL, _2733410(62.5038) . .o s
21, 2(1.0)

bck Acceptable Criteria:

o,, =35.9 psi
" P L < (5220000 psi) True
O, =156.7 psi

{O‘m =8904.1 psi

< {S = 20000 psi} True
o, =8542.4 psi

ce the longitudinal membrane stress, gy, and the circumferential membranes stress, gy,
ckle are both tensile, the condition of local buckling need not be considered. Therefore, the ki
cylinder-to-cone junction at the large end is adequately designed.

EP 6 — The stress acceptance criterion in STEP 5 is satisfied for the knuckle. Therefore, the g
nplete.

b in the
uckle at

esign is
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60.00 in.

10.00 in.
=

30°

78.00 in.

1.00 in.

Figure E4.3.8 — Knuckle Detail

ts—b ¢

Rs
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4.4 Shells Under External Pressure and Allowable Compressive Stresses
441 Example E4.4.1 — Cylindrical Shell

Determine the Maximum Allowable External Pressure (MAEP) for a cylindrical shell considering the following
design conditions.

Vessel Data:

e Material = SA-—516_Grade 70 _Normalized
. DesJign Temperature = 300°F

e Insigle Diameter = 90.0 in

e Thigkness = 1.125 in

e Corfosion Allowance = 0.125 in

e Unsupported Length = 636.0 in

e Mod of Elasticity at Design Temp = 28.3E+06 psi

e Yield Strength = 33600 psi

Section| VIll, Division 1 Solution

Evaluat¢ per paragraph UG-28(c).
a) STEP 1-UG-28(c)(1), Cylinders having D, /t.
{D 9225

o

=92.25}210 True
t

where,

D, = D+2(Uncorroded Thickness)=90.0+2(1.125)=92.25 in
t =t —Corrosion Allowance =1:125-0.125=1.0 in
L=636.0in

Assume a value for t and~determine the ratios L/D, and D, /t.

i = M =6:8943
D, 9225
% — 92,25

b) STEPZ — Enter Figure G in Subpart 3 of Section I, Part D at the value of /D, determined in STEP 1. For
values of L/D, > 50, enter the chart at a value of L/D, = 50. For values of L/D, < 50, enter the chart
atavalue of L/D, = 0.05.

c) STEP 3 — Move horizontally to the line for the value of D, /t determined in STEP 1. Interpolation may be
made for intermediate values of D, /t; extrapolation is not permitted. From this point of intersection move
vertically downward to determine the value of factor A.

4=0.0002
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d) STEP 4 - Using the value of A calculated in STEP 3, enter the applicable material chart in Subpart 3 of

Section Il, Part D for the material under consideration.
material/temperature line for the design temperature.

Move vertically to an intersection with the
Interpolation may be made between lines for

intermediate temperatures. In cases where the value of A falls to the right of the material/temperature line,

assume and intersection with the horizontal projection of the upper end of the material/temperature line.
For values of A falling to the left of the material/temperature line, see STEP 7.

Per Section Il Part D, Table 1A, a material specification of SA —516 — 70, Normalized is assigned an
External Pressure Chart No. CS-2.

e) ST
fac
fy ST
usi
g) ST
be
h)y ST
sel
gre
The allo|

c

EP 5 — From the intersection obtained in STEP 4, move horizontally to the right and readcthe
or B.

B =2800

EP 6 — Using this value of B, calculate the value of the maximum allowable extetnal working pre

ng the following formula:

4B 4(2800)
D) .
5[ Lo 3 92.25
t 1.0
EP 7 — For values of A falling to the left of the applicable material/temperature line, the value o

calculated using the following formula:
2AF

D
3 o
t

EP 8 — Compare the calculated value ©f P, obtained in STEPS 6 or 7 with P. If P, is smaller

bct a larger value of ¢ and repeat the) design procedure until a value of P, is obtained that is eq
ater than P.

EJ:

=40.7 psi

P = Not required

wable external pressure is P, = 40.7 psi.

t

ommjn ary
As pernpitted in UG-28,~Table G and Table CS-2 may be used to determine the values of A and B i

value of

ssure P,

f P, can

than P,
bal to or

h lieu of

g linear
of such

using Figure G and.Figure CS-2. Linear interpolation or any other rational interpolation method may e used.
Since F|gure G and Figure CS-2 are presented with a log-log scale, it is appropriate to perform log-Iq
interpolation-ef the values of Table G and Table CS-2 to determine the values of A and B. The results
an exerc¢ise produces the following values

A=1.8838FE—-04

B =2702.6 psi

P =39.1 psi
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Section VIll, Division 2 Solution

Evaluate per VIII-2, paragraph 4.4.5.

a) STEP 1 - Assume an initial thickness, t, and unsupported length, L.

t =t—Corrosion Allowance =1.125-0.125=1.0 in
L=636.0in

b) STEP 2 — Calculate the predicted elastic buckling stress, Fj,,.

. T6C,Ef 1.6(0.00919142)(28.3E+06)(1.0)
e p 92.25

o

= 4511.5189 psi

where,

D, = D+2(Uncorroded Thickness)=90.0+2(1.125)=92.25 in

M= zLe _ 6360 _g36459
t
. (92225}_0

0.94 0.94
2 D, = Z(EJ =140.6366
t 1.0

Si

=1

ce 13 < M, < 2(D,/t)%%*, calculate C}, as follows:

C, =1.12M " =1.12(93.6459) """ = 0,00919142

c) STEP 3 — Calculate the predicted inelastic\buckling stress, Fj., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling sttess and
predicted inelastic buckling stress#, The predicted elastic buckling stress, Fj,,, is determined basefl on the
gegmetry of the component and the loading under consideration as provided in subsequent applicable
paragraphs. The predicted.inelastic buckling stress, Fj., is determined using the following procedure.

1) | STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure, Fj,.

F,, =451K35189 psi (as determined in paragraph 4.4.5, STEP 2)

2) | STEP 3.2="Calculate the elastic buckling ratio factor, 4,.
“F, 4511.5189

) = =0.00015942
E  283E+06

3) STEP 3.3 — Solve for the predicted inelastic buckling stress, Fj., through the determination of the
material's tangent modulus, E;, based on the stress-strain curve model at the design temperature per
paragraph 3-D.5.1. The value of Fj. is solved for using an iterative procedure such that the following
relationship is satisfied (see Table 4.4.2).

F
e — 4
E

t
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Commentary:

The model used to develop the stress-strain curve is in paragraph 3-D.3. Though outside the scope
of this example problem, the user is encouraged to develop the stress-strain curve for the material of
interest at the design temperature. Several of the design parameters and supplemental variables
used in the development of the stress-strain curve are also used in the determination of the tangent
modulus.

Per paragraph 3-D.3: Stress-Strain Curve Model / Tangent Modulus Parameters

e Engineering Ultimate Tensile Stress at Temperature o, = 70000 psi
e Engineering Yield Stress at Temperature o, =33600 psi
e 0.2% Engineering Offset Strain &, =0.002

e Stress-Strain Curve Fitting Parameter, see Table 3-D.1 ¢, =0.00002
e Modulus of Elasticity at Temperature E, =283E+06 psi

Engineering yield to engineering tensile ratio,

T _ 33000 _ 5 4800

70000

o

uts

Curve fitting exponent for the stress-strain curve,

|[In[R]+(&,-2,)] [in[0.48]+(0.00002-0.002)]
my = [l+e,|] h{m[l = o.ooooz]}
In W[ite, | in[1+0.002]

Curve fitting constant for the elasticregion of the stress-strain curve,

=0.15984367

1
4o Onllre) _ 38600(1+0.002) ~90926.3215

" (m[1+2,])"C{in[1+0.002])"

Curve fitting expoenent for the stress-strain curve, see Table 3-D.1,

m, = 0.6(1500 — R) = 0.6(1.00—0.4800) = 0.3120

CurveAfitting constant for the plastic region of the stress-strain curve,

O exp[m, | _ 70000-exp[0.3120] _ 137537.6771

A, =

1 ™ (n.qlzn)oﬁlZO

Material parameter for stress-strain curve model,
3.5

K=15(R)’-0.5(R)” —(R)
K =1.5(0.4800)" —0.5(0.4800)"" —(0.4800)"" = 0.34239735
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Stress-Strain curve fitting parameter,
2(@ (o, +&(0,, -0, ))) ~2(70000(33600+0.3424 (70000 -33600)))

K(o, -0,) - 0.3424(70000 - 33600)
H =3.84116670

H =

Per paragraph 3-D.5.1: Tangent Modulus Parameters.

e Tangent Modulus, E;.

e Coefficient used in Tangent Modulus, Dy, D,, D3, D,.

Tangent Modulus:

t

-1
1
E :(E—+D1+D2+D3+D4}

y

Coefficients:

D, =-2
2m1AI["ll']
pot ol 2 I e e Lo e
2 A[m%] [ K(Gws_aw) m
1
(51
e
2m,A4,""™"
1 i
D4——% AE’U : 0',(’”2] K(O':—ays) (1—‘tanh2[H])+mL2o;[’"2 1] tanh® [ H |
2

An example of an iterative solution to determine F. is shown in Table 4.4.2. When u
procedure of paragraph 3-D.5.1, the value of F;. is substituted for o;, which is the value of try

5ing the
e stress

at-which true strain will be evaluated.

The suggested algorithm is an interval-halving approach to “guess” at a value of F;., and determine
the corresponding value of E;. The relationship, F;./E; = A, is checked and based upon the proximity

of the ratio F;./E; to the value of 4., an adjustment is made to the next “guess” of F;.. The

iteration

continues until the relationship F;./E; = A, is satisfied within a specified tolerance, at which point the

iteration process is stopped and the final value of F;. is reported.
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Table 4.4.2 — Algorithm for Computation of Predicted Inelastic buckling Stress, F;..
Read (F,,E)

4k
E
F,,, = MSTS
=0.0

F
TOLA,, =0.00000001

iclow
Ay =1.0

Do While A,,; >TOLA,,
F,

e =0.5(F,, +F,

icup iclow )

g

-1
E :(%+D1 +D, + D, +D4j

Ay =4 -4,
IF(A <o.0)

diff
iclow — F;cg
ELSE
icup = F;cg
END IF
Aug = |Adl.'tf'|
End Do
F_=F

ic = Ticg
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A tabulated summary of the iterative procedure is shown below.

Iteration A e Ficup F iciow Ficg E;

1 1.000000000 70000.0000 0.0000 35000.0000 1.6780582E+06
2 0.020698024 35000.0000 0.0000 17500.0000 2.1133306E+07
3 0.000668659 17500.0000 0.0000 8750.0000 2.8052001E+07
4 0.000152503 8750.0000 0.0000 4375.0000 2.8293447E+07
5 0.000004788 8750.0000 4375.0000 6562.5000 2.8244947E+07
6 0.000072925 6562.5000 4375.0000 5468.7500 2.8278853E+07
7 0.000033969 5468.7500 4375.0000 4921.8750 2.8287838E+07
8 0.000014575 4921.8750 4375.0000 4648.4375 2.8290991E+07
) 0.000004590 4046.43/79 45/5.0000 4011.7/168 2.6292295E+0/
10 0.000000050 4511.7188 4375.0000 4443.3594 2.8292892E+Q7
11 0.000002369 4511.7188 4443.3594 4477.5391 2.8292600E407
12 0.000001159 4511.7188 4477.5391 4494.6289 2.8292450E+07
13 0.000000554 4511.7188 4494.6289 4503.1738 2.8292375E+07
14 0.000000252 4511.7188 4503.1738 4507.4463 2.8292336E+07
15 0.000000101 4511.7188 4507.4463 4509.5825 2.8292317E+07
16 0.000000025 4511.7188 4509.5825 4510.6506 2.8292308E+07
17 0.000000013 4510.6506 4509.5825 4510.1166 2.8292313E+07
18 0.000000006

F,.=4510.1166 psi

EP 4 — Calculate the value of design factor, FS, per paragraph)4.4.2.
O.SSS}, = 0.55(33600.0) =18480.0 psi

ce Fj. < 0.55S,, calculate FS as follows:
F§S=20
EP 5 — Calculate the allowable external pressure, P,.

P =2F, | L |=2(2255.0583)( 220 | = 48.9 psi
D 92.25

o

p o 45101166

. & 2255.0583 psi
FS

EP 6 — If the allowable external pressure, P,, is less than the design external pressure, incrg

to STEP 2.( Repeat this process until the allowable external pressure is equal to or greater

degign extetnal pressure.

The allo|

Combin

requirements of VIII-2, paragraph 4.4.12.

external

walble external pressure is P, = 48.9 psi.

ase the

Il thickness or-feduce the unsupported length of the shell (i.e., by the addition of a stiffening rings) and

han the

cUd LOadings — Cylndarical snells subject 10 extermal pressure and otner 1oadings shall sa

pressure.

4-73
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Example E4.4.2 — Conical Shell

Determine the Maximum Allowable External Pressure (MAEP) for a conical shell considering the following
design conditions.

Vessel Data:

e Material = SA—-516, Grade 70, Normalized
= 300°F
A = 150.0-in
e Thigkness (Large End) = 1.8125 in
¢ Insi¢le Diameter (Small End) = 90.0 in
e Thigkness (Small End) = 1.125 in
e Thigkness (Conical Section) = 1.9375 in
e Axigl Cone Length = 78.0 in
e Ond-Half Apex Angle = 21.0375 deg
e Corfosion Allowance = 0.125 in
e Mod. of Elasticity at Design Temp. = 28.3E+06 psi
e Yield Strength = 33600 psi
Section

VIil, Division 1 Solution

Evaluaté per paragraph UG-33(f): Conical heads and Sections. When the cone-to-cylinder junction is n

of supp
seamles
adjacen
shall beg

prt, the required thickness of a conical head ©r section under pressure on the convex sid
s or of built-up construction with butt joints shall not be less than the minimum required thickne
cylindrical shell and, when a knuckle is not provided, the reinforcement requirement of Appe
satisfied. When the cone-to-cylindér junction is a line of support the required thickness

determimed in accordance with the following-procedure.

ot a line
p, either
s of the
ndix 1-8
shall be

ver, the

For thi§ example, it is assumed ,that the cone-to-cylinder junction is a line of support. Howe
supplemental checks on reinforcetment and moment of inertia per Appendix 1-8 are not performed.
a) STEP 1-UG-33(f)(1), when a < 60 deg and cones having D, /t, = 10.
D, 153.875
—L =——"27-90.9588+>10 True
, 1.6917
where,
[ Inside Diameter +2(Uncorroded Cone Thickness))
. =
t 1150.0+2(1.9375)=153.875 in j

t =t—Corrosion Allowance =1.9375-0.125=1.8125 in
t, =tcos[a]=1.8125-c0s[21.0375]=1.6917 in
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b)

d)

e)

f)

PTB-4-2021

and, per UG-33(g) and Figure UG-33.1, sketch (a):

Inside Diameter + 2(Uncorr0ded Large Cylinder T hickness)
©]150.0+2(1.8125) =153.625 in

Inside Diameter + 2(Uncorr0ded Small Cylinder T hickness)
*190.0+2(1.125)=92.25 in

L D\ 780( 9225

As{

ST

ST
ST
this

ST
Se

majerial/temperature line for the design temperature. Interpolation may be made between

intg
ass
For

Pe
an

ST
fac

ume a value for t, and determine the ratios L,/D; and D, /t,.
L .
. :627926:04056
D, 153.875
Dy 983 _ g 955
, 1.6917
EP 2 — Enter Figure G in Subpart 3 of Section Il, Part D at the value of L/D, equivalent to the

EP 3 — Move horizontally to the line for the value of D, /t-€guivalent to the value of D, /t, deter
EP 1. Interpolation may be made for intermediate valués of D, /t,; extrapolation is not permittefl. From

A
=02.4190 1n
5)

=T, )T 2 Ul s

point of intersection move vertically downward to_determine the value of factor A.

4=0.0045

rmediate temperatures. In cases where the value of A falls to the right of the material/temperaf
ume and intersection with-the horizontal projection of the upper end of the material/temperat
values of A falling to the left of the material/temperature line, see STEP 7.

Section Il Part D,{Table 1A, a material specification of SA — 516, Grade 70, Normalized is §
F-xternal Pressure:Chart No. CS-2.

EP 5 — From-the intersection obtained in STEP 4, move horizontally to the right and read the
or B.

B =17000

value of
D, determined in STEP 1. For values of L,/D; > 50 enter the\chart at a value of L,/D; => 5[0.

mined in

EP 4 — Using the value of A calculated inn"STEP 3, enter the applicable material chart in Subpart 3 of
ction 1l, Part D for the material under consideration. Move vertically to an intersection with the

ines for
ure line,
ure line.

ssigned

value of

STEP 6 — Using this value of B, calculate the value of the maximum allowable external working pressure P,
using the following formula:

p__4B _ 4(17000) - 2492 psi

(D) 5153875
L 1.6917
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The allowable external pressure is P, = 248.7 psi.

c

PTB-4-2021

STEP 7 — For values of A falling to the left of the applicable material/temperature line, the value of P, can
be calculated using the following formula:

= _2AE Not required

STEP 8 — Compare the calculated value of P, obtained in STEPS 6 or 7 with P. If P, is smaller than P,
select a larger value of t and repeat the design procedure until a value of P, is obtained that is equal to or
greater than P.

t

ommjn ary
As pernpitted in UG-28, Table G and Table CS-2 may be used to determine the values of A and B ih lieu of

using Figure G and Figure CS-2. Linear interpolation or any other rational interpolation method may be used.
Since F|gure G and Figure CS-2 are presented with a log-log scale, it is appropriate to perform log-lgg linear
interpolation of the values of Table G and Table CS-2 to determine the valles of A and B. The resulty of such

an exerg¢ise produces the following values.

Section| VlIl, Division 2 Solution

AF4.15546E - 03
B £16867.7 psi
P [=247.1 psi

a

Evaluatg per VIII-2, paragraph 4.4.6. and 4.4.5(

The reqpired thickness of a conical shell*subjected to external pressure loading shall be determined using the

equations for a cylinder by making the following substitutions:

a)

The value of ¢, is substituted'fer ¢t in the equations in paragraph 4.4.5.

t. =t=1.9375- Corrvosion Allowance =1.9375-0.125 =1.8125 in

Fon offset cones,{he cone angle, «, shall satisfy the requirements of paragraph 4.3.4.

The conical shell in this example problem is not of the offset type. Therefore, no additional requirements
arelnecessary.

TheF valte of 0.5(D; + Ds)/ cos[a] is substituted for D, in the equations in VIII-2, paragraph 4.4.5,
(concentric cone design with common center line per VIII-2, Figure 4.4.7 Sketch (a)).

5 0.5(D, +D,) 0.5](150.0+2(1.9375))+(90.0+2(1.9375))
- cos[a] - cos[21.0375]

==132.7215in
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d)

e)

Proceed with the design following the steps outlined in VIII-2, paragraph 4.4.5.

a)

b)

PTB-4-2021

The value of L../cos[a] is substituted for L in the equations in VIII-2, paragraph 4.4.5 where L., is
determined as shown below. For Sketches (a) and (e) in VIII-2, Figure 4.4.7:
Lce = Lc
L 78.0

L= © = =83.5703 in
cos[a] cos[21.0375]

Note that the half-apex angle of a conical transition can be computed knowing the shell geometry with the
following equations. These equations were developed with the assumption that the conical transition
cortains a cone section, knuckle, or flare. If the transition does not contain a knuckle or flare, thg radii of
these components should be set to zero when computing the half-apex angle (see VIII-2, Figure '4.4.7).

If(RL_rk)Z(RS+r/')
a=LF+¢=0.3672—-0=0.3672 rad =21.0375 deg

B= arctan[(RL _rk)_(RS +rf)] = arctan{(%'o_0)_(45'0+0)} =0.3672 rad

L 78.0

c

5 arcsin!(rf + rkL) cos| ,B]] _ alrCsh{(o.o 4 0.03;(2)5 [0.3672]} 0.0 rad

c

STEP 1 — Assume an initial thickness, t, and unsupported length, L (see VIII-2, Figures 4.4.1 and 4{4.2).
t=1.8125in
L =83.5703 in

STEP 2 — Calculate the predicted elastic:buckling stress, Fp,.

_16C,Et 1.6(0.1306633)(28.3E+06)(1.8125)

h=y"

he D 132.7215

=80796.7762 psi

where,

M o= L _ 83.5703 —7.6200

Y Rt
. 132.7215 1.8125
2.0

0.94

. 0.94
5 Da) s 1?2.7215W
T ) 8125

=113.1914

Since 1.5 < M,, < 13, calculate C}, as follows:

0.92 = 0.92 =0.1306633

"~ (M_=0.579)  (7.6200-0.579)
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c)

d)

PTB-4-2021

STEP 3 - Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stress and
predicted inelastic buckling stress. The predicted elastic buckling stress, Fj,,, is determined based on the

geometry of the component and the loading under consideration as provided in subsequent applicable
paragraphs. The predicted inelastic buckling stress, Fj., is determined using the following procedure.

1)

2)

3)

STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure, Fj,,.

F,, =80796.7762 psi (as determined in paragraph 4.4.5, STEP 2)

STEP 3.2 — Calculate the elastic buckling ratio factor, 4,.
_ £, _80796.7762

© E  283E+06

STEP 3.3 — Solve for the predicted inelastic buckling stress, F;., through the determinatio
material’s tangent modulus, E;, based on the stress-strain curve model atthe design temperg
paragraph 3-D.5.1. The value of Fj. is solved for using an iterative procedure such that the f
relationship is satisfied (see Table 4.4.2).

=0.00285501

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.

A tabulated summary of the iterative procedure is shown below.

h of the
ture per
ollowing

Iteration A uir Ficup F iclow Ficg E,
1 1.000000000 70000.0000 0.0000 35000.0000 1.6780582E+06
2 0.018002431 35000.0000 0.0000 17500.0000 2.1133306E+07
3 0.002026933 35000.0000 47500.0000 26250.0000 7.1896405E+06
4 0.000796077 26250.0000 17500.0000 21875.0000 1.3450426E+07
5 0.001228667 26250.0000 21875.0000 24062.5000 9.9795641E+06
6 0.000443832 26250.0000 24062.5000 25156.2500 8.4945724E+06
7 0.000106440 25156.2500 24062.5000 24609.3750 9.2145856E+06
8 0.000184312 25156:2500 24609.3750 24882.8125 8.8489245E+06
9 0.000043051 25156.2500 24882.8125 25019.5313 8.6703335E+06
10 0.000030638 25019.5313 24882.8125 24951.1719 8.7592753E+06
11 0.000006467 25019.5313 24951.1719 24985.3516 8.7147160E+06
12 0.000012020 24985.3516 24951.1719 24968.2617 8.7369735E+06
13 0.000002760 24968.2617 24951.1719 24959.7168 8.7481189E+06
14 0.000001857 24968.2617 24959.7168 24963.9893 8.7425448E+06
15 0.000000450 24963.9893 24959.7168 24961.8530 8.7453315E+06
16 0:000000704 24963.9893 24961.8530 24962.9211 8.7439381E+06
17 0.000000127 24963.9893 24962.9211 24963.4552 8.7432415E+06
18 0.000000162 24963.4552 24962.9211 24963.1882 8.7435898E+06
19 0.000000018 24963.1882 24962.9211 24963.0547 8.7435898E+06
20 0.000000055 24963.1882 24963.0547 24963.1214 8.7436769E+06
21 0.000000018 24963.1882 24963.1214 24963.1548 8.7436333E+06
22 0.000000000

F, =24963.1548 psi

STEP 4 — Calculate the value of design factor, FS, per VIII-2, paragraph 4.4.2.

0.55§, = 0.55(33600.0) =18480.0 psi
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Since 0.55S,, < Fj; < S, calculate FS as follows:

FS=2.407-0.741 i =2.407 —0.741(Mj =1.8565
Sy 33600.0
e) STEP 5 - Calculate the allowable external pressure, P,.
P =2F, | L |=2(134463533) =312 1 _3673 pi
D, 132.7215

_F,_ 24963.1548

, =13446.3533 psi
FS  1.8565

f) STEP 6 — If the allowable external pressure, P,, is less than the design external préssure, incre

ase the

shagll thickness or reduce the unsupported length of the shell (i.e., by the addition©f a stiffening rings) and

go [to STEP 2. Repeat this process until the allowable external pressure is gqual to or greater
degign external pressure.

The maximum allowable external pressure P, = 367.2 psi.

Combingd Loadings — conical shells subject to external pressure~and other loadings shall sat
requirements of VIII-2, paragraph 4.4.12. In this example problem, the conical shell is only subject to
pressure.

han the

isfy the
external
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44.3 Example E4.4.3 — Spherical Shell and Hemispherical Head

Determine the Maximum Allowable External Pressure (MAEP) for a hemispherical head considering the
following design conditions.

Vessel Data:

pherical
bph UG-

pllowing

part 3 of
vith the
ines for

ure line.

e Material = SA—-542, Type D, Class 4a
e Design Temperature = 350°F
¢ Inside-Diameter = 149 0 in
e Thigkness = 2.8125 in
e Corfosion Allowance = 0.0 in
e Modulus of Elasticity at Design Temperature = 29.1E +06 psi
e Yield Strength = 58000 psi
Section| VIII, Division 1 Solution
Evaluat¢ per paragraph UG-28(d). As noted in paragraph UG-33(c), the required thickness of a hemis
head having pressure on the convex side shall be determined in the samé& manner as outlined in paragr
28(d) for determining the thickness for a spherical shell.
a) STEP 1 — UG-28(d)(1), Assume a value for t and calculate the value of factor A using the f
formula:
0.125 0.125
A= = =0.00455
& 77.3125
t 2.8125
where,
D+2(Uncorr0ded Thickness) 149.0+2(2.8125) .
0o = =77.3125in
2 2
t =t —Corrosion Allowarice =2.8125—-0.0=2.8125 in
b) STEP 2 — Using the 4alue of A calculated in STEP 1, enter the applicable material chart in Sub
Segtion I, Part B“for the material under consideration. Move vertically to an intersection
maferial/tempetature line for the design temperature. Interpolation may be made between
intgrmediaté temperatures. In cases where the value of A falls to the right of the material/temperafure line,
asqume“and intersection with the horizontal projection of the upper end of the material/temperat
For values of A falling to the left of the material/temperature line, see STEP 5.
Per Section Il Part D, Table 1A, a material specification of SA — 542 Type D Cl. 4a is assigned an
External Pressure Chart No. CS-2.
c) STEP 3 — From the intersection obtained in Step 2, move horizontally to the right and read the value of

factor B.

B =15700
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d)

f)
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STEP 4 — Using the value of B obtained in STEP 3, calculate the value of the maximum allowable external
working pressure P, using the following formula:

poB 15700 9y

¢ R, 77.3125
t 2.8125
STEP 5 — For values of A falling to the left of the applicable material/temperature line, the value of P, can
be calculated using the following formula:

_0.0625E
’ ) RO ’
t
STEP 6 — Compare the calculated value of P, obtained in STEPS 4 or 5 with P.{If P, is smaller|than P,

select a larger value of t and repeat the design procedure until a value of P, is‘@btained that is eqpal to or
greater than P.

Not required

The allowable external pressure is P, = 571.1 psi.

Commjntag:

As pernpitted in UG-28, Table G and Table CS-2 may be used<to' determine the values of A and B ih lieu of
using Figure G and Figure CS-2. Linear interpolation or any-6ther rational interpolation method may e used.
Since F|gure G and Figure CS-2 are presented with a lag-log scale, it is appropriate to perform log-lgg linear
interpolation of the values of Table G and Table CS-2.t6’determine the values of A and B. The resulty of such
an exergise produces the following values. For_spheres and hemispherical heads, Figure G/Table {5 is not

necessgry as the value of A is calculated directly:

Section| Vlll, Division 2 Solution

A+4.5472918E -03
B +16054.9 psi
P [=584.1 psi

a

Evaluat¢ per VIII-2, paragraph 4.4.7.

a)

b)

STEP 1 — Asstime an initial thickness, t for the spherical shell.

t =2:8125in

Eo.o P Tt TR T | PE L 4 bal
ST_I' < = LdiLUlalc UIC ProuiticU TiastiC DUCRITIY SUTSS, My e-

F,, =0.075E, (RL 28125

=79395.7154 psi
77.3125

j: 0.075(29.1E+06)[

o
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c)

d)

PTB-4-2021

STEP 3 - Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stress and
predicted inelastic buckling stress. The predicted elastic buckling stress, Fj,,, is determined based on the

geometry of the component and the loading under consideration as provided in subsequent applicable
paragraphs. The predicted inelastic buckling stress, Fj., is determined using the following procedure.

1)

2)

3)

STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure, Fj,,.

F,, =79395.7154 psi (as determined in paragraph 4.4.7, STEP 2)

STEP 3.2 — Calculate the elastic buckling ratio factor, 4,.
_F,, _79395.7154

5 = =0.00272838
E  29.1E+06

STEP 3.3 — Solve for the predicted inelastic buckling stress, F;., through the determinatio
material’s tangent modulus, E;, based on the stress-strain curve model atthe design temperg
paragraph 3-D.5.1. The value of Fj. is solved for using an iterative procedure such that the f
relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.

A tabulated summary of the iterative procedure is shown below.

h of the
ture per
ollowing

Iteration A uir Ficup F iclow Ficg E,
1 1.000000000 85000.0000 0.0000 42500.0000 2.0983586E+07
2 0.000702983 85000.0000 42500.0000 63750.0000 6.1671934E+05
3 0.100641174 63750.0000 42500.0000 53125.0000 5.1280086E+06
4 0.007631397 53125.0000 42500.0000 47812.5000 1.2010241E+07
5 0.001252603 47812.5000 42500.0000 45156.2500 1.6580360E+07
6 0.000004897 47812.5000 45156.2500 46484.3750 1.4259656E+07
7 0.000531477 46484:3750 45156.2500 45820.3125 1.5417952E+07
8 0.000243505 45820:3125 45156.2500 45488.2813 1.5999552E+07
9 0.000114722 46488.2813 45156.2500 45322.2656 1.6290170E+07
10 0.000053810 45322.2656 45156.2500 45239.2578 1.6435333E+07
11 0.000024186 45239.2578 45156.2500 45197.7539 1.6507865E+07
12 0.000009578 45197.7539 45156.2500 45177.0020 1.6544117E+07
13 0.000002324 45177.0020 45156.2500 45166.6260 1.6562240E+00
14 0.000001291 45177.0020 45166.6260 45171.8140 1.6553179E+07
15 0.000000515 45171.8140 45166.6260 45169.2200 1.6557709E+07
16 0:000000388 45171.8140 45169.2200 45170.5170 1.6555444E+07
17 0.000000064 45170.5170 45169.2200 45169.8685 1.6556577E+07
18 0.000000162 45170.5170 45169.8685 45170.1927 1.6556011E+07
19 0.000000049 45170.5170 45170.1927 45170.3548 1.6555727E+07
20 0.000000007

F, =45170.3548 psi

STEP 4 — Calculate the value of design margin, FS, per VIII-2, paragraph 4.4.2.

0.55§, = 0.55(58000.0) =31900.0 psi

Since 0.55S,, < F;; < S, calculate the FS as follows:

FS§S=2.407-0.741 % =2.407-0.741

y

(45170.3548

=1.8299
58000.0 j
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e) STEP 5 - Calculate the allowable external pressure, P,.

P =2F, | L |=2(24684.6)[ 2212 1 21796.0 psi
R 773125

[

F, 451703548

=24684.6 psi

o FS 1.8299

f) STEP 6 — If the allowable external pressure, P,, is less than the design external pressure, increase the

h Hodloial | o QT O n bl FH TN Tl lal 4 1 H | t
S MUTOUATTCOS AlITU U U O TLT 4. TA\TPTAl UTS PTULTOS UTTUT TTNTT dlfOVWauTT TAITITIAl PITOSUTT 15 TY Lial 10 or

gre@ater than the design external pressure.
The maximum allowable external pressure P, = 1796.0 psi.

Combingd Loadings — spherical shells and hemispherical heads subject to external pressure and other [oadings
shall salisfy the requirements of VIII-2, paragraph 4.4.12. In this example problem, the tarispherical head is only
subject {o external pressure.
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44.4 Example E4.4.4 - Torispherical Head

Determine the Maximum Allowable External Pressure (MAEP) for a torispherical head considering the following
design conditions.

Vessel Data:

Material = SA—-387, Grade 11, Class 1
Design Temperature = 650°F

Inside-Biameter = 12.0-in

Crown Radius = 72.0 in

Knugkle Radius = 4.375 in

Thigkness = 0.625 in

Cortosion Allowance = 0.125 in

Modulus of Elasticity at Design Temperature = 26.55E +06 psi

Yielfl Strength at Design Temperature = 26900 psi

Section| VIl, Division 1 Solution

As note

side sh4

1 in paragraph UG-33(e), the required thickness of a torispherical head having pressure on thg

for a spherical shell, with the appropriate value of R,,.

a)

b)

STEP 1 — UG-28(d)(1), Assume a value for t and, calculate the value of factor A using the f
formula:
0.125 0.125
A= = =0.00086

ST
Se
ma

inte

R\ (72.625
t 0.500
R = Inside Crown RadiusS-Uncorroded Thickness =72.0+0.625=72.625 in
t =t—Corrosion Allowance = 0.625-0.125=0.500 in
EP 2 — Using the yvalue of A calculated in STEP 1, enter the applicable material chart in Sub

ction |, Part Do.for” the material under consideration. Move vertically to an intersection
ferial/temperattre line for the design temperature. Interpolation may be made between

asqume and’intersection with the horizontal projection of the upper end of the material/temperat
Forl valdes of A falling to the left of the material/temperature line, see STEP 5.

convex

Il be determined in the same manner as outlined in paragraph UG-28(d) for determining the thickness

pllowing

part 3 of
vith the
ines for

rmediatetemperatures. In cases where the value of A falls to the right of the material/temperafure line,

ure line.

Per Section Il Part D, Table 1A, a material specification of SA — 387 — 11, Class 1 is assigned an
External Pressure Chart No. CS-2.

STEP 3 — From the intersection obtained in Step 2, move horizontally to the right and read the value of
factor B.

B =8100
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d)

f)

The allowable external pressure is P, = 55.8 psi.

PTB-4-2021

STEP 4 — Using the value of B obtained in STEP 3, calculate the value of the maximum allowable external
working pressure P, using the following formula:

p__B __ 8100
“"(RY (72625
t 0.500

STEP 5 — For values of A falling to the left of the applicable material/temperature line, the value of P, can

=55.8 psi

be calculated using the following formula:

_ 0.0625E
a (&JZ
t

STEP 6 — Compare the calculated value of P, obtained in STEPS 4 or 5 with P.{If P, is smaller|than P,
select a larger value of t and repeat the design procedure until a value of P, is‘@btained that is eqpal to or
greater than P.

Not required

Commjntag:

As pernpitted in UG-28, Table G and Table CS-2 may be used<to' determine the values of A and B ih lieu of
using Figure G and Figure CS-2. Linear interpolation or any-6ther rational interpolation method may e used.
Since F|gure G and Figure CS-2 are presented with a log-log scale, it is appropriate to perform log-lgg linear
interpolation of the values of Table G and Table CS-2.t6’determine the values of A and B. The resulty of such

an exergise produces the following values. For spheres and torispherical heads, Figure G/Table
necessgry as the value of A is calculated directly:

Section| Vlll, Division 2 Solution

N

5 is not

A +8.6058519E -03
B #8136.2 psi
P =56.0 psi

a

Evaluat¢ per VIII-2, paragraph 4.4.8 and 4.4.7.

The reqpired thickness of a torispherical head subjected to external pressure loading shall be determingd using
the equations:fora spherical shell in VIII-2, paragraph 4.4.7 by substituting the outside crown radius for R,,.

R [=72.0+0.625 =72.625 in

o

Restrictions on Torispherical Head Geometry — the restriction of VIII-2 paragraph 4.3.6 shall apply. See VIII-2
paragraph 4.3.6.1.b and STEP 2 of E4.3.4.

Torispherical heads With Different Dome and Knuckle Thickness — heads with this configuration shall be
designed in accordance with VIII-2, Part 5. In this example problem, the dome and knuckle thickness are the

same.

4-86


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

Proceed with the design following the steps outlined in VIII-2, paragraph 4.4.7.

a) STEP 1 - Assume an initial thickness, t for the torispherical head.

t =0.625— Corrosion Allowance = 0.625—-0.125=0.500 in
b) STEP 2 - Calculate the predicted elastic buckling stress, Fp,.

0.500

L 120.075(26.55E +06)
72.625

F, =0.075E, (
" R

j =13709.1222 psi

o

c) STEP 3 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stfess and
predicted inelastic buckling stress. The predicted elastic buckling stress, Fj,., is determined basefl on the
gegmetry of the component and the loading under consideration as provided in<subsequent applicable
pafagraphs. The predicted inelastic buckling stress, Fj., is determined using the‘following procedure.

1) | STEP 3.1 — Calculate the predicted elastic buckling stress due to external\pressure, Fj,.

F,,=13709.1222 psi (as determined in paragraph 4.4.7, STEP 2)

2) | STEP 3.2 — Calculate the elastic buckling ratio factor, A,.
F,, 13709.1222

— he

, =———=0.00051635
E  26.55E+06

3) | STEP 3.3 — Solve for the predicted inelastic buckling stress, Fj., through the determination of the
material’s tangent modulus, E;, based on thestress-strain curve model at the design temperdture per
paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such that the following
relationship is satisfied (see Table 4.4.2):

SEE EXAMPLE PROBLEM E4.4A\FOR THE ITERATIVE PROCEDURE.

A tabulated summary of the iterative procedure is shown below.

Iteration A s Ficup F iciow Ficg E;

1 1.000000000 60000.0000 0.0000 30000.0000 9.9279405E+05
2 0.029701396 30000.0000 0.0000 15000.0000 1.5506005E+07
3 0000451016 15000.0000 0.0000 7500.0000 2.5857734E+07
4 0.000226303 15000.0000 7500.0000 11250.0000 2.2459426E+07
5 0.000015448 15000.0000 11250.0000 13125.0000 1.9267796E+07
6 0.000164837 13125.0000 11250.0000 12187.5000 2.0970842E+07
7 0.000064813 12187.5000 11250.0000 11718.7500 2.1745287E+07
8 0.000022559 11718.7500 11250.0000 11484.3750 2.2110214E+07
9 0.000003064 11484.3750 11250.0000 11367.1875 2.2286818E+07
10 0.000006310 11484.3750 11367.1875 11425.7813 2.2199012E+07
12 0.000000698 11455.0781 11425.7813 11440.4297 2.2176905E+07
13 0.000000480 11455.0781 11440.4297 11447.7539 2.2165828E+07
14 0.000000108 11447.7539 11440.4297 11444.0918 2.2171369E+07
15 0.000000186 11447.7539 11444.0918 11445.9229 2.2168599E+07
16 0.000000039 11447.7539 11445.9229 11446.8384 2.2167214E+07
17 0.000000035 11446.8384 11445.9229 11446.3806 2.2167906E+07
18 0.000000002

F, =11446.3806 psi
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d) STEP 4 - Calculate the value of design margin, F'S, per VIII-2, paragraph 4.4.2.

Sin

0.55§, = 0.55(26900.0) =14795.0 psi

ce Fy. < 0.55S,, calculate the F'S as follows:

F§S=2.0

e) STEP 5 - Calculate the allowable external pressure, P, .

D ¥ m1 ( ! \\ r\n'\\( 0'500\\ 7Q

fy ST
she
gre

The ma

Combin
requiren
external

I, =241, LR_OJ—2(572317U3}k72625}— 10.8 [/bt

F, 11446.3806

=i =5723.1903 psi
FS 2.0

EP 6 — If the allowable external pressure, P,, is less than the design external{pressure, incr¢ase the

Il thickness and go to STEP 2. Repeat this process until the allowable external pressure is eq
ater than the design external pressure.

imum allowable external pressure P, = 78.8 psi.

1al to or

bd Loadings — torispherical heads subject to external pressure'and other loadings shall safisfy the
nents of VIII-2, paragraph 4.4.12. In this example problem; the torispherical head is only suybject to
pressure.

4-88


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

44.5 Example E4.4.5 - Elliptical Head

Determine the maximum allowable external pressure (MAEP) for a 2:1 elliptical head considering the following
design conditions.

Vessel Data:

Section| VIll, Division 1 Solution

Material = SA—-516, Grade 70, Norm.
Design Temperature = 300°F

Inside-Biameter = 90.0-in

Thidkness = 1.125 in

Corfosion Allowance = 0.125 in

Modulus of Elasticity at Design Temperature = 28.3E+06 psi

Yield Strength = 33600 psi

As notefl in paragraph UG-33(d), the required thickness of an ellipsoidal head' having pressure on thg convex
side shgll be determined in the same manner as outlined in paragraph JG-28(d) for determining the thickness

for a spherical shell, with the appropriate value of R,.

a)

b)

STEP 1 — UG-28(d)(1), Assume a value for t and calculate the value of factor A using the following
formula:

40125 0.125
(R, _(83.025j
t 1.0

R,=K,D, = K,(D+2(Uncorroded’Thickness)) = 0.9(90.0+2(1.125)) = 83.025 in

=0.00151

where,

K, is taken from Table UG —33.1 for a 2:1 ellipse
t =t —Corrosion AHowance =1.125-0.125=1.0 in

STEP 2 — Using the\value of A calculated in STEP 1, enter the applicable material chart in Subpart 3 of
Segtion 1l, Part~DP for the material under consideration. Move vertically to an intersection with the
majerial/temperature line for the design temperature. Interpolation may be made between lines for
intermediate‘temperatures. In cases where the value of A falls to the right of the material/temperafure line,

asqume_and intersection with the horizontal projection of the upper end of the material/temperature line.

Per Section Il Part D, Table 1A, a material specification of SA — 516, Grade 70, Normalized is assigned
an External Pressure Chart No. CS-2.

STEP 3 — From the intersection obtained in Step 2, move horizontally to the right and read the value of
factor B.

B =13800
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The allowable external pressure is P, = 166.2 psi.
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STEP 4 — Using the value of B obtained in STEP 3, calculate the value of the maximum allowable external
working pressure P, using the following formula:

p__B _ 13800
“ (R, _(83.025j
t 1.0

STEP 5 — For values of A falling to the left of the applicable material/temperature line, the value of P, can

=166.2 psi

be calculated using the following formula:

_0.0625E
’ ) RO ’
t
STEP 6 — Compare the calculated value of P, obtained in STEPS 4 or 5 with P.{If P, is smaller|than P,

select a larger value of t and repeat the design procedure until a value of P, is‘@btained that is eqpal to or
greater than P.

Not required

Commjntag:

As pernpitted in UG-28, Table G and Table CS-2 may be used<to' determine the values of A and B ih lieu of
using Figure G and Figure CS-2. Linear interpolation or any-6ther rational interpolation method may e used.
Since F|gure G and Figure CS-2 are presented with a lag-log scale, it is appropriate to perform log-lgg linear
interpolation of the values of Table G and Table CS-2.t6’determine the values of A and B. The resulty of such
an exergise produces the following values. For spheres and elliptical heads, Figure G/Table G is not ngcessary

as the vplue of A is calculated directly.

Section| Vlll, Division 2 Solution

A£1.50557E -03
B +13828.7 psi
P =166.5 psi

a

Evaluat¢ per VIII-2, paragraph 4.4.9 and 4.4.7.

The reqliired thickness of an elliptical head subjected to external pressure loading shall be determined ysing the
equations forea spherical shell in VIII-2, paragraph 4.4.7 by substituting K,D,, for R, where K, is giveh by the

foIIowingF equation.

o o o

2 3
K, =0.25346+0.13995 D, +0.12238 D, -0.015297 D,
2h 2h 2h
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a)

b)
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2
0.25346+0.13995| — 222> |1 0.12038) 222 | _
2(23.0625) 2(23.0625)

3
0.015297| ——=2>__
2(23.0625)

K =

o

=0.900504

D, =90.0+2(1.125)=92.25 in

n e L“ﬂ J — ":3 —23.0625 in

o 4

U

o

R|=K,D, = 0.9005040(92.25) =83.0715 in

STEP 1 — Assume an initial thickness, t for the elliptical head.

t =1.125—-Corrosion Allowance=1.125-0.125=1.0 in
STEP 2 — Calculate the predicted elastic buckling stress, Fj,.

1.0

ij = 0.075(28.3E+06)(—

F, =0.075E, (
" R

=25550.2790 psi
83.07435

STEP 3 — Calculate the predicted inelastic bucklingéstress, F;. see paragraph 4.4.2.

The equations for the allowable compressivesstress consider both the predicted elastic buckling stfess and
predicted inelastic buckling stress. The.predicted elastic buckling stress, Fj,, is determined basefl on the
gegmetry of the component and thelloading under consideration as provided in subsequent applicable
pafagraphs. The predicted inelastie buckling stress, F;., is determined using the following procedure.

1) | STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure, Fj,.

F,, =25550.2790psi (as determined in paragraph 4.4.7, STEP 2)

2) | STEP 3.2 — Calculate the elastic buckling ratio factor, A,.

4, =02 225502790 _ 59090284

VNE 28.3E+06
3) | STEP 3.3 — Solve for the predicted inelastic buckling stress, Fj., through the determination of the
material’s tangent modulus, E;, based on the stress-strain curve model at the design temperdture per
paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such that the following
relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
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A tabulated summary of the iterative procedure is shown below.

d) ST

Iteration A gix Ficup F iciow Ficg E;

1 1.000000000 70000.0000 0.0000 35000.0000 1.6780582E+06
2 0.019954604 35000.0000 0.0000 17500.0000 1.6780582E+07
3 0.000074760 35000.0000 17500.0000 26250.0000 7.1896405E+06
4 0.002748250 26250.0000 17500.0000 21875.0000 1.3450426E+07
5 0.000723506 21875.0000 17500.0000 19687.5000 1.7344726E+07
6 0.000232234 19687.5000 17500.0000 18593.7500 1.9291520E+07
7 0.000060993 18593.7500 17500.0000 18046.8750 2.0230363E+07
8 0.000010768 18593.7500 18046.8750 18320.3125 1.9764850E+07
g 0.000024077 T8320.3125 T8U46.8/7/50 T8T183.5938 T.9998658EF07
10 0.000006404 18183.5938 18046.8750 18115.2344 2.0114783E+Q7
11 0.000002244 18183.5938 18115.2344 18149.4141 2.0056787E+07
12 0.000002065 18149.4141 18115.2344 18132.3242 2.0085802E+07
13 0.000000093 18149.4141 18132.3242 18140.8691 2.0074299E+07
14 0.000000985 18140.8691 18132.3242 18136.5967 2.0078551E+07
15 0.000000445 18136.5967 18132.3242 18134.4604 2.0082177E+07
16 0.000000176 18134.4604 18132.3242 18133.3923 2.0083989E+07
17 0.000000041 18133.3923 18132.3242 18132.8583 2.0084896E+07
18 0.000000026 18133.3923 18132.8583 18133.4253 2.0084442E+07
19 0.000000008

F, =18133.1253 psi

EP 4 — Calculate the value of design margin, FS, per VIlI-2,sparagraph 4.4.2.
0.55§, = 0.55(33600.0) =18480.0 psi

ce Fjc < 0.55S,, calculate the FS as follows:

F§S=2.0

EP 5 — Calculate the allowable external-pressure, P,.

P =2F, | L |=2(9066.5627) 212 | =2183 psi
R, 83.0715
F, =L (181331233 J 9006 5627 psi

“ FS 2.0

EP 6 — If the allowable external pressure, P,, is less than the design external pressure, incrg
Il thicknessand go to STEP 2. Repeat this process until the allowable external pressure is eq
ater than the design external pressure.

imurm:allowable external pressure B, = 218.3 psi.

ase the
Lal to or

Sin
e) ST
fy ST

she

gre
The ma
Combin

bd' | oadinas — ellinsoidal _heads subiect to _external nressure and other loadinas shall sa
~J Ll J T ~J

isfy the

requirements of VIII-2, paragraph 4.4.12.

external

pressure.
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44.6 Example E4.4.6 — Combined Loadings and Allowable Compressive Stresses

Determine the allowable compressive stresses of the proposed cylindrical shell section considering the following
design conditions and specified applied loadings. All Category A and B joints are Type 1 butt welds and have
been 100% radiographically examined.

Vessel Data:

e Material = SA—-516, Grade 70, Norm.
o Desjgh-Conditions = 147 psia (@ 300°F
. Insijie Diameter = 90.0 in

e Thidkness = 1.125 in

e Corfosion Allowance = 0.125 in

e Unsupported Length = 636.0 in

e Modulus of Elasticity at Design Temperature = 28.3E+06 psi

e Yield Strength = 33600 psi

e Applied Axial Force = —-66152.5 Ibs

e Applied Net Section Bending Moment = 5.08E + 06yin — Ibs

e Applied Shear Force = 18762:6.1bs

Adjust variables for corrosion and determine outside dimensions.

D E90.0 +2(Corrosion Allowance) =90.0 + 2(0.125) =90.25 in

REZ 2020 _ys 125 i
2 2

t 941.125— Corosion Allowance =1.125+0:125=1.0 in
D |=90.0+2(Uncorroded Thicknéss) =90.0+ 2(1 . 125) =92.251in
D225 4105

Section| VIll, Division 1 Solution

VIII-1 dpes not proyide rules on the loadings to be considered in the design of a vessel. However, UG-22
requires| consideration of such loadings and the provisions of U-2(g) apply. This example provides one possible
method |of satisfying U-2(g) via Mandatory Appendix 46 as referenced in U-2(g)(1)(a); however, other methods
may alsp be’deemed acceptable by the Manufacturer and accepted by the Authorized Inspector.

This example uses VIII-2, paragraph 4.1 which provides specific requirements to account for both loads and
load case combinations used in the design of a vessel. These loads and load case combinations (Table 4.1.1

and Table 4.1.2 of VIII-2, respectively) are shown in this example problem in Table E4.4.6.1 and Table E4.4.6.2
for reference. The load factor, (1,,, shown in Table 4.1.2 of VIII-2 is used to simulate the maximum anticipated

operating pressure acting simultaneously with the occasional loads specified. For this example, problem, ,, =
1.0.

Additionally, VIII-1 does not provide a procedure for the calculation of combined stresses. VIII-2, paragraph
4.3.10.2 provides a procedure, and this procedure is used in this example problem with modifications to address
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requirements of VIII-1.

In accordance with VIII-2, paragraph 4.3.10.2, the following procedure shall be used to design cylindrical,
spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net section axial
force, bending moment, and torsional moment. By inspection of the results shown in Table E4.4.6.3 and Table
E4.4.6.4, Design Load Combination 5 is determined to be the governing load combination. The pressure, net
section axial force, and bending moment at the location of interest for Design Load Combination are as follows.

QP+P. =(1.0)P+P. =-14.7 psi

£

Vs

a) ST
stré

Osnj
on

ber
ber

=—00152.5 [bs
=3048000 in—Ibs
—11257.6 lbs — Not addressed in VIII —1

and is not included in example

EP 1 — Calculate the membrane stress for the cylindrical shell. Note that théCircumferential mq

, is determined based on the equations provided in UG-27(c)(2). The\Shear stress is compute]
the known strength of materials solution.

mbrane

SS, Ogm, IS determined based on the equations in UG-27(c)(1) and the-longitudinal membrang stress,

d based

applied
mize the

Note: 8 is defined as the angle measured around the circumference from the direction of the
ding moment to the point under consideration. For this example, problem 6 = 0.0 deg to maxi
ding stress.

—14.7(45.125
Oy =i E+O.6P =L ( )+0.6(—14.7) =—672.1575 psi
E\ ¢ 1.0 1.0
32MD 0
O _L (E—O.ZPJ-F all + , 05[]
E|\ 2t z(D; =B%)  z(D;-D")
—14.7(45.125 4(-66152.5
{ 2 (1 0 )—0.2(—14.7)}+ ( > ) >
. (1.0) 7((92.25)" - (90.25)’)
o, =—
sm 1.0
+ 32(3048000)292.25)0054[0.0]
#((92.25)' - (90.25)’)
3 —328.7288 -230.7616+471.1299 = —-88.3605 psi
" 1£328.7288 - 230.7616 —471.1299 = —1030.6203 psi
16M D, 16(0.0)(92.25) L
T = = =007

7(D)-D') x((9225)' ~(90.25)')
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STEP 2 - Calculate the principal stresses.

61 = 05(0'9m +Gsm +\/(G€m _Jsm )2 +4(T)2 )

o = 0.5((—672.1575)+(—1030.6203)+\/((—672.1575)—(—1030.6203))2 +4(0)2)

o, =-672.1575 psi

ST

Nofe that VIII-2 uses an acceptance criterion based on von Mises Stress. Per Mandatory Appendi

acdg

ST
allg

makimum allowable compressive stress shall be limited as prescribed in VIII-2, paragraph 4.4.12

the
Sin

Vau —nq{r\- = O p— /(r\- — \Z_LA(T\Z\
2 - \ Om = = sm V- Om sm) T T\")]

o, = 0.5((—672.1575) +(-1030.6203) —\/((—672.1575)—(—1030.6203))2 +4(0) )

o, =—1030.6203 psi

o,=0,=0.0 psi For stress on the outside surface
EP 3 — Check the allowable stress acceptance criteria.

1r 2 2 27703
o, =$_(01 -0,) +(0,-0,) +(0,—-0)) }

r 0.5

1 | ((-672.1575)—(~1030.6203))" +((~1030.6203)—(0.0))’
V214 ((0.0)=(<672.1575))

o, =906.2200 psi

{Ge =906.2 pSi} < {S =20000 psi} True

eptance criteria for tensile stress in“VIlI-1 is in accordance with UG-23. Therefore,
max[o,, 0,, 0;]<S

{ max[|-672.2], |-1030:6

9 b

0.0H =1030.6 psi} < {S =20000 psi} True

wable compréssive stress using paragraph 4.4.12.2 with A = 0.15. Per Mandatory Appendix

rules ofUG-23(b).

Ce.0), is compressive, {o,,, = —1030.6203 psi}, a compressive stress check is required.

46, the

EP 4 — For cylindrical and conical shells, if the meridional stress, oy, is compressive, then clpeck the

46, the
n lieu of

In accordance with VIII-2, paragraph 4.4.12.2.b, the value of E, is calculated as follows, with A = 0.15.

1)

STEP 4.1 — Calculate the predicted elastic buckling stress, F,,.
Foo C.Et _ O.8499(28.3E+06)(1.0)
xe D 92.25

o

=260728.1301 psi
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where,
Do _ 92.25 — 9225
t 1.0

v oo L 6360
© Rt \f46.125(1.0)

Since D,/t < 1247, calculate C, as follows:

=93.6459

= 409(1.0
¢ =min| —%€ _ 09|=min #, 0.9 | =0.8499
x D 92.25
389 4 o 389+ 2
t .

Since M, = 15, calculate ¢ as follows:

c=1.0
STEP 4.2 — Calculate the predicted inelastic buckling stress, F;., per.paragraph 4.4.3.
The equations for the allowable compressive stress consider,/both the predicted elastic bucklir
and predicted inelastic buckling stress. The predicted elasti¢ buckling stress, F,,, is determing
on the geometry of the component and the loading under consideration as provided in sub

applicable paragraphs. The predicted inelastic buckling stress, Fj., is determined using the f
procedure.

i) STEP 4.2.1 — Calculate the predicted elastic buckling stress, F,,.
F,=260728.1301 psi (as detefmined in STEP 2 above)

i) STEP 4.2.2 — Calculate the elastic buckling ratio factor, 4,.
_F, 260728.1301

: =0.00921301
E 28.3E+06

g stress
d based
sequent
ollowing

i) STEP 4.2.3 — Solve-for the predicted inelastic buckling stress, F;., through the determipation of

the material’'s~tangent modulus, E;, based on the stress-strain curve model at thg
temperature_per paragraph 3-D.5.1. The value of F;. is solved for using an iterative pr
such thattthe following relationship is satisfied (see Table 4.4.2).

SEE.EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
¥, =30967.6147 psi

design
ocedure

STEP 4.3 — Calculate the value of design factor, FS per paragraph 4.4.2.

Since 0.55S,, < Fj; < S, calculate FS as follows:

(30967.6147)21.7241

¥

FS§S=2.407- 0.741(%J =2.407-0.741

STEP 4.4 — Calculate the allowable axial compressive membrane stress as follows:

_ F. _30967.6147
O FS 1.7241

=17961.6117 psi
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STEP 4.5 — Compare the calculated axial compressive membrane stress, oy, to the allowable axial

compressive membrane stress, F,, per following criteria.

{Gsm =1030.6 psi} <{F,=17961.6 psi} True

The allowable compressive stress criterion is satisfied.

Section

VIil, Division 2 Solution

Evaluate_per V-2 paragraph 4 4 12 2

The loa
terms of
of this €
stress fq

In accor
compres
shown i

pressur¢, net section axial force, bending moment, and radial ‘shear force at the loc

s transmitted to the cylindrical shell are given in the Table E4.4.6.3. Note that this table|is
the load parameters shown in VIII-2, Table 4.1.1, and Table 4.1.2. (Table E4.4.6.1 and Table
xample). As shown in Table E4.4.6.2, the acceptance criteria are that the general,primary mg
r each load case must be less than or equal to the allowable stress at the specified.design cond

dance with VIII-2, paragraph 4.4.12.2, the following procedure shall be used\to-determine the 4

N Table E4.4.6.3 and Table E4.4.6.4, Load Case 5 is determined to, be the governing load ca

D> 14.7(7)(90.25)

fq:P

factor,

=328.0341 psif interest for Load Case 5 are as follows. Note,
1A 4(286.6703)

given in
F4.4.6.2
mbrane
tion.

lowable

sive stresses for cylindrical shells that are based on loading conditions.~“By inspection of th¢ results

5e. The
btion o

he load

p» Shown in Table 4.1.2 of VIII-2 is used to simulate the,maximum anticipated operating pressute acting

simultarjeously with the occasional loads specified. For this‘example, problem, ,, = 1.0.
QP+ P =(1.0)P+PS =-14.7 psi
F,|=—66152.5 Ibs
M) =3048000 in—Ilbs
V. E11257.6 Ibs
Commop parameters used in each.of the loading conditions are given in VIII-2, paragraph 4.4.12.2 k.
Per VIII12, paragraph 4.4.12.2.k:
7(D,’ - D) 7(92.25° -90.257) ,
AF = =286.6703 in
4 4
7(BFED!)  7(92.25-90.25%) .
S ¥ = =6469.5531 in
32D, 32(92.25)
PD, 14.7(92.25)
=—2= =678.0375 psi
5= T T ) d
g=M _308EX00 _ 4oy 1599 pei
S 6469.5531
f. F_ 661525 =230.7616 psi

T4 286.6703
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Vsin[¢] 11257.6sin[90.0]

=39.2702 psi
A 286.6703

fV:

Note: ¢ is defined as the angle measured around the circumference from the direction of the applied shear force
to the point under consideration. For this example, problem, ¢ = 90 deg to maximize the shear force.

r,=0.25D,’+D} = 0.25\/(92.252 +90.25% ) =32.2637 in
636.0

T
“JRi J(46.125)10

The valye of the slenderness factor for column buckling, A is calculated in VIII-2, paragraph474.12.2.b.

Per V{2, paragraph 4.4.12.2:
a) EernaI Pressure Acting Alone, (paragraph 4.4.12.2.a) — the allowable_hoop compressive mg¢mbrane

strgss of a cylinder subject to external pressure acting alone, Fy,,, is computed using the equations in VIII-
2, paragraph 4.4.5.

M =93.6459

Frdm Example E4.4.1,
F,, =2255.0583 psi

b) Axial Compressive Stress Acting Alone, (paragraph-4.4.12.2.b) — the allowable axial compressive
mefmbrane stress of a cylinder subject to an axialccompressive load acting alone, F,,, is comput¢d using

the|following equations:
Forl 1. < 0.15 (Local Buckling):
1) | STEP 1 — Calculate the predicted\elastic buckling stress, F,,.

C.E;t 0.8499(28:3E+06)(1.0) _
= = =260728.1301 psi

* D, 92.25
where,
Do _ 9225 — 9225
t 1.0

L L 6360
©JRt \[46.125(1.0)

Since D, /t < 1247, calculate C, as follows:

=93.6459

¢ 409(1.0
C. =min L%D, 0.9 | = min % 0.9 | =0.8499
(389+ j 389472
t .

Since M, = 15, calculate ¢ as follows:
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c=1.0
STEP 2 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stress
and predicted inelastic buckling stress. The predicted elastic buckling stress, F,,, is determined based
on the geometry of the component and the loading under consideration as provided in subsequent
applicable paragraphs. The predicted inelastic buckling stress, F;. , is determined using the following

procedure.

i) STEP 2 1 — Calculate the predicted elastic buckling stress E,_

F_,=260728.1301 psi (as determined in STEP 2 above)

i) STEP 2.2 — Calculate the elastic buckling ratio factor, 4,.
_&_ 260728.1301

) 283E+06

iii) STEP 2.3 — Solve for the predicted inelastic buckling stress, Fj., thfough the determinatic
material’s tangent modulus, E;, based on the stress-strain curveimodel at the design tem
per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such
following relationship is satisfied (see Table 4.4.2).

=0.00921301

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F, =30967.6147 psi

STEP 3 — Calculate the value of design factor, F'S“per paragraph 4.4.2.
Since 0.55S,, < Fj; < S, calculate FS as follows:

FS=2.407—O.741(%J=2.407—0.741 =1.7241

y

(30967.6147)

STEP 4 - Calculate the allowablé axial compressive membrane stress as follows:
_i_ 30967.6147

1

M FS 1.7241
For A > 0.15 and)K, L, /7y < 200, (Column Buckling)

=17961.6117 psi

With F,, calculated, determine the value of A, from paragraph 4.4.12.2.k. For a cylinder
conditions.with one end free and the other end fixed, K;,, = 2.1.

n of the
berature
that the

vith end

{KULV _ 2.1(636.0)

= 41.3964 { <{200} True
r. 322637

kL (F,Fs)  21(636.0)(17961.6117(1.7241))"
pREEL L - = 04359
r, | E 7(322637) 283E+06

y
F,=F,[1-0.74(2,-0.15)]"
F, =17961.6117[1-0.74(0.4359-0.15) | =16725.3381 psi
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Compressive Bending Stress, (paragraph 4.4.12.2.c) — the allowable axial compressive membrane stress

of a cylindrical shell subject to a bending moment acting across the full circular cross section, F,, is
computed using the procedure in paragraph 4.4.12.2.b. For this example, problem, since
0.15<{2,=04359}<1.2, F,,=F,,.

As shown, F, =F =16725.3381 psi

Shear Stress, (paragraph 4.4.12.2.d) — the allowable shear stress of a cylindrical shell, F,,, is computed

using the following equations:

1)

2)

STEP 1 — Calculate the predicted elastic buckling stress, F,,.

1.0

t
— |=0.8(0.1542)(28.3E —— |=37843.7724 psi
J 0.8(0.1542)(28.3 +O6)(92.25) 37843.7724 psi

Fve = avaEy [
D

o

where,
Do 22 _gp55
t 1.0
L 636.0
M, = = =93.6459
©OJR [46.125(1.0)
4.347(1)"j=4.347(92.25)=401.0108
t

Since 26 < {M,, = 93.6459} < {4.347(D,, /t)}, calculate C, as follows:
1492 1.492

= = =0.1542
MY (93.6459)"

Since {D,/t = 92.25} < 500, calculate a,, as follows:
a,=0.8
STEP 2 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations.for'the allowable compressive stress consider both the predicted elastic bucklin
and predicted inelastic buckling stress. The predicted elastic buckling stress, F,,, is determing
on the geometry of the component and the loading under consideration as provided in sub
applicable paragraphs. The predicted inelastic buckling stress, F;., is determined using the f
procedure.

g stress
d based
sequent
ollowing

N~ STEP 21 Calculated fictod slastic buckli .

F,=37843.7724 psi (as determined in STEP 2 above)

4-100


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

e)

PTB-4-2021

i) STEP 2.2 — Calculate the elastic buckling ratio factor, 4,.
_F, 37843.7724

ve

=0.00133724

©  E 283E+06

i) STEP 2.3 — Solve for the predicted inelastic buckling stress, F;., through the determination of the
material's tangent modulus, E;, based on the stress-strain curve model at the design temperature

per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such
following relationship is satisfied (see Table 4.4.2).

SFF EXAMPI F PROBIFMF4 4 1 FOR THFE ITERATIVE PROCEDURFE

that the

F, =20714.3593 psi

bressive

3) | STEP 3 — Calculate the value of design factor, F'S per paragraph 4.4.2.
Since 0.555,, < Fj; < §,,, calculate FS as follows:
F 20714.3593
FS=2.407- 0.741(ij =2.407- 0.741(—) =1.9502
Sy
4) | STEP 4 — Calculate the allowable compressive shear stress as follows:
F 20714.3593
= —==—————=10621.7984 psi
FS 1.9502
Axipl Compressive Stress and Hoop Compression, (paragraph 4.4.12.2.e) — the allowable com
strgss for the combination of uniform axial compression” and hoop compression, F,p,, is computed using
thelfollowing equations:

1)

For A, = 0.15, F,;, is computed using,the following equation with Fj, and F,, evaluated u
equations in VIII-2, paragraphs 4.4.12,2.a and 4.4.12.2.b.1, respectively.

- -0.5
xha
L Fﬁz C2F;caF;ta CZZF;;

I
(17961.6117)2J

0.0559
xha " +
0.8241(17961.61 17)(2255.0583)}

=1853.8375 psi

sing the

: )
(02241 (2755 0502\
{6-8241—{2255-05834

C 7 ]
where,
C - (F,-FS+F,,-FS) o= 17961.6117(1.7241) +2255.0583(2.0) 10
S, 33600
C, =0.0559
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o S 5587957 _ ool

P f, 678.0375
f.=f,+f,=230.7616 +328.0341 = 558.7957 psi

Note: this step is not required since 1, > 0.15.

2) For0.15 < A, £ 1.2, F,p,, is computed from the following equation with F,; = F,p, evaluated using

the equations in VIII-2, paragraph 4.4.12.2.e.1, and F,p, using the following procedure. The
F., used in the calculation for F,;, is evaluated using the equation in VIII-2, paragraph 4.4.

value of
12.2.b.2

3)

4)
fy Co

with F,., = F,p, as determined in VIII-2, paragraph 4.4.12.2.e.1. As noted, the load on the
cylinder due to external pressure does not contribute to column buckling and therefore
compared with f, rather than f,. The stress due to the pressure load does, however, Id
effective yield stress and the quantity in (1 - fq/Sy) accounts for this reduction.

F

xha

=min[F,,, F,,,|=min[1853.8375,1709.3873] =1709.3873 psi

a

F

ahl

=F

xha

=1853.8375 psi

a

F, =F, 1= | Z1726.2404( 123239341 _ 1700 3573 psi
S 33600

)
where,

F,=F,[1-0.74(2 -0.15)]"

F,, =1853.8375[1-0.74(0.4359—0.15)]  =1726.2404 psi

For A, < 0.15, the allowable hoop compressive membrane stress, F,,, is given by the f
equation.

£ =L 18383755549 5208 psi
C,  0.8241

Note: this step is notgequired since 1, > 0.15.

For A, = 1.2, thequles of paragraph 4.4.12.2.e do not apply.

mpressive Bending Stress and Hoop Compression, (paragraph 4.4.12.2.f) — the allowable com

strd
cor

1)

ss for the combination of axial compression due to a bending moment and hoop compression,
nputed.sing the following equations.

An-iterative solution procedure is utilized to solve these equations for C; with F,, and Fp,, e

bnd of a
Fany is
wer the

ollowing

bressive
tha , is

aluated

ueina tha aavatinnc 1n \/IlIl 9 naoraaranho A A 12 92 A and A4 4 12 2 o racnactivaly Eor thic d
oo g tHe—CquatiortS— v T paragrapris— o oo T S o re S p e oY ey O —tits—

problem, since 0.15 < {1, = 0.4359} < 1.2, F,,;, = Fp,.
F,,, =C,C,F,, =(0.9926)(0.0937)(16725.3381) =1555.5672 psi

where,
C - S\ Fu =(471.1299)(2255.0523.°,j=()_()937
L\ F, ) \678.0375 ){16725.3381
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C; (CF+0.6C,)+C" ~1=0

A, FS__ 4(2255.0583)(2.0)
s 33600

y

=5 =4.4631

A tabulated summary of the iterative procedure to solve for C5 is shown below.

2)

Sh¢

Iteration A gix C3, C3 0w C3, Equation ,
1 1.000000000 1.000000000 0.000000000 0.500000000 -9.81697352E-01
2 0.981697352 1.000000000 0.500000000 0.750000000 -8.86747671E-01
3 0.886747671 1.000000000 0.750000000 0.875000000 -6.46606859E-01
4 0.646606859 1.000000000 0.875000000 0.937500000 -3.80785061E-01
5 0.380785061 1.000000000 0.937500000 0.968750000 -1.85787513E-041
6 0.185787513 1.000000000 0.968750000 0.984375000 -6.81664050E-02
7 0.068166405 1.000000000 0.984375000 0.992187500 -3.63864700E-03
8 0.003638647 1.000000000 0.992187500 0.996093750 3.01482310E-02
9 0.030148231 0.996093750 0.992187500 0.994140625 1:31249790E-02
10 0.013124979 0.994140625 0.992187500 0.993164063 4.71093300E-03
11 0.004710933 0.993164063 0.992187500 0.992675781 5.28112000E-04
12 0.000528112 0.992675781 0.992187500 0.9924316441 -1.55727200E-03
13 0.001557272 0.992675781 0.992431641 0.992553711 -5.15082000E-04
14 0.000515082 0.992675781 0.992553711 0992614746 6.38970000E-06
15 0.000006390 0.992614746 0.992553711 0.992584229 -2.54377000E-04
16 0.000254377 0.992614746 0.992584229 0.992599487 -1.24002000E-04
17 0.000124002 0.992614746 0.992599487 0.992607117 -5.88079000E-05
18 0.000058808 0.992614746 0.992607 117 0.992610931 -2.62096000E-05
19 0.000026210 0.992614746 0.992610931 0.992612839 -9.91008000E-06
20 0.000009910 0.992614746 0.992612839 0.992613792 -1.76022000E-06
21 0.000001760 0.992614746 0.992613792 0.992614269 2.31473000E-06
22 0.000002315 0.992614269 0:992613792 0.992614031 2.77253000E-07
23 0.000000277 0.992614031 0.992613792
C, =0.9926

The allowable hoop compressive membrane stress, Fy,,,, is given by the following equation.

[678.0375

F, =F, |2 |=15555672
f 471.1299

b

j =2238.7305 psi

bar Stress and Hoop Compression, (paragraph 4.4.12.2.9) — the allowable compressive stres

con

Note: This load“combination is only applicable for shear stress and hoop compression, in the ab

axi
infq

hbination of shear, F,;,, and hoop compression is computed using the following equations.

b for the

bence of

bl compfessive stress and compressive bending stress. It is shown in this example problem for

rmational purposes only. The effect of shear is accounted for in the interaction equations of par

agraphs

4.4

122hand4412 2 fhrnllgh the variahle k'o

1) The allowable shear stress is given by the following equation with F,, and E,, evaluated using the

equations in VIII-2, paragraphs 4.4.12.2.and 4.4.12.2.d, respectively.

P 0.5

2 2
Eza 2 F;a

Ezha - + E/a T A o
2CF, 2CsF,
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0.5

(10621.7984)’ : (10621.7984)’
ha = +(10621.7984)" | -
2(0.0579)(2255.0583) 2(0.0579)(2255.0583)

F,, =130.5482 psi

where,

fo_ 392702 _ o

> £, 6780375

2)

h)  Axi

The allowable hoop compressive membrane stress, Fy,,,, is given by the following equation.

By 1303482 )50 7185 psi

" C, 0.0579

al Compressive Stress, Compressive Bending Stress, Shear Stress, <and Hoop Comg

ression,

(pa

ragraph 4.4.12.2.h) — the allowable compressive stress for the combination of unifor

Cor
con

1)

2)

3)

npression, axial compression due to a bending moment, and shear in the presence
npression is computed using the following interaction equations.

The shear coefficient is determined using the following equation with F,, from VIII-2, pa
4.4.12.2.d.

2 2
K =10- S =1.0—(M] =0:9999
‘ 10621.7984

va

For A, < 0.15, the acceptability of a membér subject to compressive axial and bending stre
and f,, respectively, is determined using the following interaction equation with F,,, a
evaluated using the equations in VIII-2;;paragraphs 4.4.12.2.e.1 and 4.4.12.2.f.1, respectively.

1.7
Jo + Js £1.0
Ks F;rha Ks F;zha

1.7
( 230.7616 )] +( 471.1299 j:0,3319 <1.0 True

0.9999 (18538375 0.9999(1555.5672)

Note: this step is not required since 1, > 0.15.

For 0.5 < A, < 1.2, the acceptability of a member subject to compressive axial and bending s
faAnd " f,, respectively, is determined using the following interaction equation with F,;, a

m axial
bf hoop

ragraph

5ses, [,

nd tha

tresses,
nd Fypa

evaluated using the equations in VIII-2, paragraphs 4.4.12.2.e.2 and 4.4.12.2.f.1, respectively.

f. 230.7616
K F 0.9999(1709.3873)

s xha

=0.1350
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Since f,/K;Fyna < 0.2, the following equation shall be used:

Jo + &, <1.0
2KSE‘C}'HZ Ks bha

{ 230.7616 j { 1.0024(471.1299)

+ =0.3711 S{I.O} True
0.9999(1555.5672)

2(0.9999)(1709.3873)
where,
- - ~1.0024
| S FS 230.7616(1.7241)
E, 162990.2785

7’E,  7'(28.3E+06) ,
F, = L= =162990.2785 psi

(k) (21(636.0))
r, 32.2637

Note: C,, = 1.0 for unbraced skirt supported vessels, see paragraph 4.4.15.

i) Axipl Compressive Stress, Compressive Bending Stress, and Shear Stress, (paragraph 4.4.12.2,i) — the
allqwable compressive stress for the combination of uniform axial compression, axial compression due to a

bending moment, and shear in the absence of hoop<compression is computed using the following
intgraction equations.

1) | The shear coefficient is determined using the“equation in VIII-2, paragraph 4.4.12.2.h.1 with f,, from
paragraph 4.4.12.2.d.

2 2
K =10- L =1.0—(ﬂj =0.9999
‘ 10621.7984

va

2) |For A, < 0.15 the acceptability of a member subject to compressive axial and bending stresseg, f, and
f», respectively, is determined using the following interaction equation with F,, and Fp, eyaluated
using the equationsiin'VIII-2, paragraphs 4.4.12.2.b.1 and 4.4.12.2.c, respectively.

( 2 )+( /i ]gl.o
KS Xq KSF;MJ

230.7616 N 471.1299 002880 <1.0 True
0.9999(17961.6117) 0.9999(16725.3381)

N

Note: this step is not required since 1, > 0.15.

3) For 0.15 < A, < 1.2 the acceptability of a member subject to compressive axial and bending stresses,
fa and f,, respectively, is determined using the following interaction equation with F,, and Fp,

evaluated using the equations in VIII-2, paragraphs 4.4.12.2.b.2 and 4.4.12.2.c, respectively. The
coefficient A is evaluated using the equations in VIII-2, paragraph 4.4.12.2.h.3.
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f, 2307616
K,F, 0.9999(16725.3381)

s ca

=0.0138

Since f,/KF,, < 0.2, the following equation shall be used:

( /. M Y, jgl.o
2K F,) \K.F,

1.0024(471.1299
230.7616 L( ( )\):0.0351131.0 True

(Ps

L\A(U.yyyy)(lo/m.ﬂm)) Ku.yyyy(lo/za.ijU ]

ragraph 4.4.12.2.j) — The maximum deviation, e, may exceed the value e, given in Vi*2, pe

4.4
tha

bug
an

de

Frg

de:Ermined using VIII-2, Equation 4.4.61, and FS,, is the value of the sfress reduction factor

4.2 if the maximum axial stress is less than F,, for shells designed for axial compression only

kling stress, F',,, is given by VIII-2, Equation (4.4.114). The reduced allswable buckling
(reduced), 1S determined using VIII-2, Equation (4.4.115) where e is the new.maximum deviatio

rmine F,,.

m VIII-2, paragraph 4.4.4.1:

Wh

Frg

e =min[e,, 2¢] = min [1 3007, {2(1.0) = 2.0}] =1.3007in
ere, e, is valid for the following range:

{0.1=0.1(1.0) = 0.1 in} <e, <{0.0282R, <0.0282(46.125) =1.3007 in}

636.0
46.125(1.0)

Rt

o

1.069 1.069
e, =0.0165t[ +3.25J =0.0165(1.0){ +3.25] =2.1920 in

m VIII-2, paragraph 4.4.4.2:

wh

For

e =0.002R, = 0.002(45.625) =0.0913 in

ere,

(D,£D;) (92.25+90.25) '
R = ” = , =45.625 in

axiahcompression only,

ragraph
, or less

h F,.n, for shells designed for combinations of axial compression and external pressure. The change in

stress,
N, Feq is

used to

Vet lhf S F,
{230.7616+471.1299 = 701.8915 psi} <16725.3381 psi True

For axial compression and external pressure,

{f,+ 1+ 1} <F,
{230.7616+471.1299+328.0341=1029.9256 pSi}Sl709.3873 psi True
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&

0.0005(1.3007) ]| |((28.3E +06)(1.0)
(0.0913) }[ 46.125

Since, both criteria are satisfied,

F. =|0.944-10.286log

xe

e

X

'o.ooosﬂ

F_ =|0.944-(0.286log

xe

] =202388.986 psi

Thérefore, The reduced allowable bucking stress 1S defermined as Tollows.

F,-FS, —F,
F ' — _xa xa xe
xa(reduced) F S

xa

17961.6117(1.7241) - (202388.986)
an(reduced) = 1 7241

=-99426.5827 psi

A summary of the allowable compressive stresses are as follows:

Paragraph 4.4.12.2.a, External Pressure Acting Alone
F,| =2255.0583 psi

hq
Paragraph 4.4.12.2.b, Axial Compressive Stress Acting Alone
F | =17961.6117 psi

X

F|=16725.3381 psi

Paragraph 4.4.12.2.c, Compressive Bending Stress
F,| =16725.3381 psi

Paragraph 4.4.12.2.d, Shear Stress
F | =10621.7984 psi

Paragraph 4.4.12.2.e, Axial Compressive Stress and Hoop Compression

F| =1709.3878psi

Paragraph 4.4.12.2.f, Compressive Bending Stress and Hoop Compression

F,|, =1555.5672 psi

F,,. = 22387305 psi

Paragraph 4.4.12.2.g, Shear Stress and Hoop Compression
F,, =130.5482 psi

F,., =2254.7185 psi
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Table E4.4.6.1 — Design Loads from VIII-2

Table 4.1.1 — Design Loads

Design Load L.
Description
Parameter

P Internal of External Specified Design Pressure (see paragraph 4.1.5.2.a)

P Static head from liquid or bulk materials (e.g., catalyst)
Dcad VVU;yht Uf thc VCODC:, CUI ItCI ItD, al Id appuftcl 1drivco Gt thc :uuat;un Of
interest, including the following:
* Weight of vessel including internals, supports (e.g., skirts, lugs,(Saddles,
and legs), and appurtenances (e.g., platforms, ladders, etc.)
» Weight of vessel contents under design and test conditions
+ Refractory linings, insulation

D + Static reactions from the weight of attached equipmeft, such as motdrs,
machinery, other vessels, and piping
» Transportation loads (the static forces obtained.as equivalent to the
dynamic loads experienced during normal operation of a transport vessgl
[see paragraph 1.2.1.3(b)]
» Appurtenance live loading

L » Effects of fluid flow, steady state or/transient
+ Loads resulting from wave action

E Earthquake loads [see paragraph 4.1.5.3(b)]

w Wind loads [see paragraph 4.1.5.3(b)]

Ss Snow loads

F Loads due to Déflagration
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Table E4.4.6.2 — Design Load Combinations from VIII-2

Table 4.1.2 — Design Load Combinations

General Primary Membrane

Design Load Combination [Note (1) and (2)] Allowable Stress [Note (3]

P+P+D S
P+P+D+L S
P+P +D+S, S
QP+P +D+0.75L+0.75S, S
QP+ P +D+(0.6/ or0.7E) 5
QP+ P, +D+0.75(0.6W or0.7E)+0.75L+0.75S, S
0.6D+(0.6/ 0r0.7E) [Note(4)] S
F+D+F See Annex 4-D
Other load combinations as defined in the UDS S

ELedd=

tes:

The parameters used in the Design Load Combinatién column are defined in Table 4.1.1.
See 4.1.5.3 for additional requirements.

S is the allowable stress for the load case combination [see paragraph 4.1.5.3(c)].

This load combination addresses an overturning condition for foundation design. It does hot
apply to design of anchorage (if any)-\to.the foundation. Refer to ASCE/SEI 7, 2.4.1 Exceptiop 2
for an additional reduction to W thatimay be applicable.
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Table E4.4.6.3 — Design Loads (Net-Section Axial Force and Bending Moment)

at the Location of Interest

Design Load L. Magnitude of Pressure, Force
Description
Parameter and Moment
p Internal or External Specified Design P=-14.7 psi
Pressure (see paragraph 4.1.5.2.a)
P, Static head from liquid or bulk materials (e.g., P =0.0 psi
catalyst)
The dead weight of the vessel including skirt, D, =—66152.5 Ibs
D corwtents, and appurtenances at the location D, =0.0 in—Ibs
of interest
Appurtenance live loading and effects of fluid L =0.0 [bs
L .
flow L, =6:0 in—Ibs
E.=0.0[bs
E .
Earthquake loads E, =0.0in —lbs
W.=0.0 lbs
w Wind Loads W,, =5.08E+06 in—Ibs
W, =18762.6 Ibs
S, =0.0 Ibs
S L .
s Snow Loads S, =0.0 in—Ibs
F, =0.0 lbs
F L to Defl ti .
oads due to Deflagration F, =0.0 in—lbs
Based on these loads, the shell is required to be designed for the load case combinations shown fin Table
E4/4.6.4. Note that thisMable is given in terms of the load combinations shown in VIII-2, Table 4.1.p (Table
E44.6.2 of this example).
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Table E4.4.6.4 — Load Case Combination at the Location of Interest

General
] Primary
Load . L. Magnitude of Pressure,
Design Load Combination Membrane
Case Force and Moment
Allowable
Stress
PP—=147 st
1 P+P +D F, =—-66152.5 Ibs S
M, =0.0 in—Ibs
P+P =-14.7 psi
2 P+P +D+L F, =—66152.5 Ibs S
M, =0.0 in—Ibs
P+P =-14.Tpsi
3 P+P +D+S, F, =—-66152.5 Ibs S
M, =00 in—Ibs
QP+ P =-14.7 psi
4 QP+P. +D+0.75L+0.758, F, =-66152.5 Ibs S
M,=0.0in—Ibs
QP+ P =-14.7 psi
F, =-66152.5 Ibs
5 | QP+P +D+(0.6W or07E) , S
M =3048000 in—Ibs
V, =11257.6 Ibs
QP+ P =-14.7 psi
QP+ P+ DF0.75(0.6W or0.7E )+ F, =—66152.5 Ibs
° 1075040755, M, =2286000 in — Ibs S
V, =8443.0 [bs
F,=-39691.5 lbs
7 O.6D+(O.6W orO.7E) ) S
M, =3048000 in —Ibs
P =0.0 psi
g8 | P+D+F F, =—66152.5 Ibs See4A[’)‘”eX

M, =0.0in—Ibs
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4.4.7

Determine if the proposed large and small end cylinder-to-cone transitions are adequately designed considering
the following design conditions and applied forces and moments.

PTB-4-2021

Example E4.4.7 — Conical Transitions without a Knuckle

Vessel Data:
e Material = SA—-516, Grade 70, Norm.
e Design Conditions = —14.7 psig @ 300°F
. nd) = 750717
e Thigkness (Large End) = 1.8125 in
e Insile Radius (Small End) = 45.0 in
e Thigkness (Small End) = 1.125 in
¢ Thigkness (Conical Section) = 1.9375 in
e Length of Conical Section = 78.0 in
e Unsupported Length of Large Cylinder = 732.0 in
e Unsupported Length of Small Cylinder = 636.0 in
e Corfosion Allowance = 0.125 in
e Allovable Stress = 20000 )psi
e Yielfl Strength = 33600 psi
e Modulus of Elasticity at Design Temperature = 28.3E+06 psi
e Weld Joint Efficiency = 1.0
e Ong-Half Apex Angle (See E4.3.2) = 21.0375 deg
e Axigl Force (Large End) = -99167 Ibs
e Net[Section Bending Moment (Large End) = 5.406FE +06 in— Ilbs
e Axigl Force (Small End) = —78104 Ibs
e Net[Section Bending Moment (Small End) = 4.301E+06 in— lbs
Adjust variables for corrosion and determine outside dimensions.
t, £1.8125 - Corrosion Allowance =1.8125-0.125=1.6875 in
to £1.125 - Corrosion Allowance =1.125-0.125=1.0 in
t. E1.9375—Corrgsion Allowance=1.9375-0.125=1.8125 in
R,|="T75.0+Uncorroded Thickness =75.0+1.9375="76.8125 in
R(|=45.0+Uncorroded Thickness =45.0+1.9375=46.125 in
D|=2R, =2(76.8125)=153.625 in
Dy =2R; =2(46.125)=92.25 in
Section VIII, Division 1 Solution

Evaluate per paragraph UG-33(f): Conical heads and Sections. When the cone-to-cylinder junction is not a line
of support, the required thickness of a conical head or section under pressure on the convex side, either
seamless or of built-up construction with butt joints shall not be less than the required thickness of the adjacent
cylindrical shell and, when a knuckle is not provided, the reinforcement requirement of Appendix 1-8 shall be

4-113


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

satisfied. When the cone-to-cylinder junction is a line of support the required thickness shall be determined in
accordance with the following procedure.

For this

example, it is assumed that the cone-to-cylinder junction is a line of support.

Rules for conical reducer sections subject to external pressure are covered in Appendix 1-8. Rules are provided
for the design of reinforcement, if needed, and for verification of adequate moment of inertia, when the cone-to-
cylinder junction is a line of support, for conical reducer sections and conical heads where all the elements have
a common axis, and the half-apex angle satisfies @ < 60 deg.

Large E

In accor

by (b)(1
stiffenin

Append

be prov
when th

{q
A

{A=

Append

nd

dance with Appendix 1-8(b), reinforcement shall be provided at the large end of the cone When
or (b)(2). When the large end of the cone is considered a line of support, the moment of ine
j ring shall be determined in accordance with (b)(3).

x 1-8(b)(1), for cones attached to a cylinder having a minimum length of 2,0y/R} t_s , reinforcem
ded at the junction of the cone with the large cylinder for conical heads and reducers without |
e value of A obtained from Equation (1) using the appropriate ratio P /S¢E; is less than a.

vlinder Length =732.0 zn {2 OyRt, =2. 0\/ 76. 8125)(1 6875) 22.7703 in}True

+104 147 —28195 deg
20000

=2. 8195 a 21 0375 remforcement is required at the large end

x 1-8(a), since reinforcement is required-at the large end, determine the value k. Assun

reinforc¢gment will be place on the cylinder, if\required.

k::

where,
y =

Append

y _ 20000
S.E, 20000(1.0)

=S E = 20000(1.0) =20000

followin

equation'when Q; is in compression. At the large end of the cone-to-cylinder juncture, the PR;

is in corppression. When f; is in tension and the quantity is larger than the PR} /2 term, the design sh

required
tia for a

ent shall
nuckles

ning the

x 1-8(b)(1),(the required area of reinforcement, A,;, shall be at least equal to that indicated by the

/2 term
all be in

accordahce.with U-2(g). The localized stress at the discontinuity shall not exceed the stress values spg

cified in

Appendix 1-5(g)(T) and (2).
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4 _KkOR tan[a]l 1(PR -0, (AJ
" AW 4 0, (24

(1.0)(1061.6955)(76.8125)~tan[21.0375]
20000(1.0)
A, = =1.5650 in’
i 1((14.7)(76.8125)-1061.6955 ( 2.8195 ]
4 1061.6955 21.0375
where,
—-14.7(76.8125
( )+86.1770:—478.3949lb—s
P(RL) 2 in of cir
QL = -{—fi =
2 —14.7(76.8125) Ibs
+(—497.1236) =—1061.6955 ————~
2 in of «¢ir
0= |—1061.6955|_ZL Use the absolute value of the maximunt negative value
in of cir
and,
-99167 N 5.406E+O62 _ 18621770 - lbs .
F M, |27(76.8125) x(76.8125) in of cir
— i_ =
S 27R,  7R; -99167 5.406E + 06 Ibs
- > =-497.1236 ———
27[(76.8125) 7r(76.8125) in of cir

The effdctive area of reinforcement can be determined in accordance with the following:

Dt
A =055 Dyt (t,—1)+ [m}(tc—t,)

4] =0.55] |J(153.625)(1.6875) (1.6875-0.9452) + (153.625)(1.8125) (1.8125-0.3599)
cos[21.0375]
A,] =20.381077y°
where,

t 40,9452 in® (See Example E4.4.1 forMethodology)

t. =0.3590 in’ (See Example E4.4.2 forMethodology)

The effective area of available reinforcement due to the excess thickness in the cylindrical shell and conical
shell, 4, , exceeds the required reinforcement, 4, .

{4,=203810in°} 2{4, =1.5650 i’}  True

If this was not true, reinforcement would need to be added to the cylindrical or conical shell using a thick insert
plate or reinforcing ring. Any additional area of reinforcement which is required shall be situated within a
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distance of /R, t; from the junction, and the centroid of the added area shall be within a distance of 0.25./R, t;
from the junction.

Appendix 1-8(b)(3), when the cone-to-cylinder or knuckle-to-cylinder juncture is a line of support, the moment of
inertia for a stiffening ring at the large end shall be determined by the following procedure.

a)

b)

d)

STEP 1 — Assuming that the shell has been designed and D;, L,;, and t are known, select a member to be
used for the stiffening ring and determine the cross-sectional area Ar; .

Lt Lt 732.0(1.6875) . 83.8196(1.8125)

4 OO0 (02 5Q44 2

aTL — 2 2 HS 2 2 TV U — U 0. J00UJ 10T
where,

L, =732.0 in

L =\ +(R, —R,) =\[78.0°+(76.8125—46.125)’ =83.8196 in
A, =0.0in"  Assume no stiffening ring area

Calculate factor B using the following formula. If F; is a negative\number, the design shgll be in
acgordance with U-2(g).

B E[FLDL j _ 3(5979.9834(153.625)

) =993.3962-psi

4\ 4, ) 4 693.5865
where,
F, =PM + f, tan[ar] =14.7(393.7947) +(497.1236) - tan [ 21.0375] = 5979.9834 Z?—S
mn
£, =|-497.1236| — 25
in of circ
andg,
IV —R, tan|c] Ll R} —R’
2 2 3R, tan[a]
2 2
v —(76.8125)-tan[21.0375] L7320 (76.8125) —(46.125) _ 3937947 in
2 2 3(76.8125)-tan[21.0375]

STEP 2=-Enter the right-hand side of the applicable material chart in Subpart 3 of Section II, Part D for the
maferial under consideration at the value of B determined by STEP 1. If different materials are usefd for the
shell and stiffening ring, use the material chart resulting in the larger value of A in STEP 4.

Per Section Il Part D, Table 1A, a material specification of SA — 516, Grade 70, Normalized is assigned
an External Pressure Chart No. CS-2.

STEP 3 — Move horizontally to the left to the material/temperature line for the design metal temperature.
For values of B falling below the left end of the material/temperature line, see STEP 5.

STEP 4 — Move vertically to the bottom of the chart and read the value of A.

This step is not required as the value of B falls below the left end of the material/temperature line.
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e) STEP 5 — For values of B falling below the left end of the material/temperature line for the design
temperature, the value of A can be calculated using the following:

2(993.3962
4228 _200933962) 60007
E. 283E+06

where,

E = min[Ec,ES,E,_], (min of the cone, shell, or stiffening ring)

fy ST
cird

For

g) ST
I
h) ST
An
If t
cal
and
VIII-1 dg
cone jur
a) Siz
b) Siz
cyl

EP 6 — Compute the value of the required moment of inertia from the formulas for I or I'g.
umferential stiffening ring only,

_AD/ Ay, _ 0.00007(153.625)" (693.5865)

] =81.8454 in*
14.0 14.0

the shell-cone or ring-shell-cone section,

. AD}A,  0.00007(153.625)’ (693.5865
. (153.625) ( ) _105.1226 in'
T 71009 10.9

EP 7 — Determine the available moment of inertia of the ring.only, I, or the shell-cone or ring-sh

EP 8 — When the ring only is used,
=1,

I when the shell-cone- or ring-shell-cone is used,
I>I
ne equation is not satisfied, a new section with a larger moment of inertia must be selected,

culation shall be done again until the equation is met. The requirements of UG-29(b), (c), (d), (e
UG-30 are to be met in attaching stiffening rings to the shell.

es not provide a prgcedure to calculate the available moment of inertia of the shell-cone or ri
ction. The designer/must consider the following options.

e a structuralmember to satisfy the requirement of I > I;.

e a structural member to be used in conjunction with the available moment of inertia of the ¢
nder to'satisfy the requirement of I' > I'.

For the

Bll-cone,

and the
, and (f)

ng-shell-

bne and

c) Thecost of material, fabrication, welding, inspection, and engineering

Small E

nd

In accordance with Appendix 1-8(c), reinforcement shall be provided at the small end of the cone when required
by (c)(1) or (c)(2). When the small end of the cone is considered a line of support, the moment of inertia for a
stiffening ring shall be determined in accordance with (c)(3).

Appendix 1-8(c)(1), for cones attached to a cylinder having a minimum length of 1.4,/ Rst,, reinforcement shall

be provided at the junction of the conical shell of a reducer without a flare and the small cylinder.
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{Cylinder Length=636.0 in} > {2.0\[Ry, =2.0,[(46.125)(1.0) =9.5081 in}  True

Appendix 1-8(a), since reinforcement is required at the small end, determine the value k. Assuming the
reinforcement will be place on the cylinder, if required.
k= y _ 20000
S E 20000(1.0)

where,

v+ S,E, =20000(1.0) = 20000

Appendix 1-8(c)(1), the required area of reinforcement, A, , shall be at least equal to that.indicated by the
following equation when Q is in compression. At the small end of the cone-to-cylinder juncture, the PR{/2 term
is in corppression. When f, is in tension and the quantity is larger than the PR, /2 term), the design shall be in
accordance with U-2(g). The localized stress at the discontinuity shall not exceed the stress values specified in
Appendix 1-5(g)(1) and (2).

_ kO,R tan[a] (1.0)(1252.0151)(46.125)- tan[21.0375]

A, = =01106 in’
‘ S E, 20000(1.0)
where,
—-14.7(46.125
( ) +373.9985 = <3705 105
P(R)) 2 in of cir
Qs = +f‘2 =
2 —14.7(46.125) lbs
+(—912.9963)=—1252.0151‘ :
2 in of cir
0= |—1252.0151|L Use the absolute value of the maximum negative value
‘ in of cir
and
£78104 +4.301E+0? _ 1373.9985 - Ibs ‘
F M {27(46.125)  7(46.125) in of cir
— S i—g <\
/s 27R, 7R} —78104 4301E +06 lbs
’ - 2 = —9129963 .
27 (46.125) 7;(46,125) in of cir
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The effective area of reinforcement can be determined in accordance with the following:

A, =055/ Dyt (1, 1)+ ( D, J(tc—tr)

A4, =0.55),/(92.25)(1.0) (1.0-0.6699) + ((

i COS [(l]

92.25)(1.8125)
cos[21.0375]

](1.8125—0.2669) ~13.121

)
6in

where,

-~
Il

Commentary:

The req
shown
maintain

The effq
shell, A/

If this w
plate or
distancs

from the

£0.2669 in’ (see Example E4.4.2 forMethodology)

4

0.6699 in® (see Example E4.4.1 forMethodology)

ed; however, the small end diameter, Dy, was used in the ratios,’%, /Ds and Dg/t,.

s, exceeds the required reinforcement, 4,..

 =13.1216 i’} 2 {4, =1.1106 in>}  True

bs not true, reinforcement would need to be added to the cylindrical or conical shell using a thi
reinforcing ring. Any additional area of(reinforcement which is required shall be situated
of \/@ from the junction, and the centroid of the added area shall be within a distance of 0.
junction.

uired thickness for the cone at the small end junction, t,, was calculated using the method¢logy as
n Example E.4.4.2. The equivalent cone length, L., and the equivalent cone thickness, §,, were

ctive area of available reinforcement due to the excess thickness in the cylindrical shell and conical

ck insert
within a

b5, /R,

Appendix 1-8(c)(3), when the cone-to-cylinder of knuckle-to-cylinder juncture is a line of support, the mgment of
inertia for a stiffening ring at the smallend shall be determined by the following procedure.
a) STEP 1 - Assuming that.the shell has been designed and Dy, L, and t are known, select a memier to be
usqd for the stiffeningdring and determine the cross-sectional area Ar;.
Lt At 636.0(1.0) 83.8196(1.8125
A ==&+ A4 = ( )+ ( )+O.0:393.9615in2
2 2 2
where,
Ly=636.0 in

L =\ +(R, R} =\[78.0°+(76.8125—46.125)’ =83.8196 in

A =0.0in>  Assume no stiffening ring area

N
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Iculate factor B using the following formula. If F, is a negative number, the design shall be in
accordance with U-2(g).

5677.1577(92.25
B=i KD, |3 ( ) =997.0222 psi
4\ Ay 4 393.9615

where,

F, = PN + f, tan[ar] =14.7(362.3133) +(912.9963) - tan [ 21.0375] = 5677.1577 Z?S

f,=|-912.9963) — 25

in of circ

anq,

ST
ma

shall and stiffening ring, use the material chart resulting:in‘the larger value of A in STEP 4.

Pe
an

ST

Fon values of B falling below the left end:of the material/temperature line, see STEP 5.

ST
Thi
ST

tenpperature, the value of A can be calculated using the following:

wh

2 2
N:Rstan[a]+£+ R} —R;
2 2 bR, tan[a]
2 2
y _ (46:125)-1an[21.0375] ' 636.0 (76.8125) —(46.125)

=362.3133 in
2 2 6(46.125)-tan[21,0375]

EP 2 — Enter the right-hand side of the applicable material-chart in Subpart 3 of Section I, Part
ferial under consideration at the value of B determined by STEP 1. If different materials are use

Section Il Part D, Table 1A, a material specification of SA — 516, Grade 70, Normalized is §
F-xternal Pressure Chart No. CS-2.

EP 3 — Move horizontally to the left to'the material/temperature line for the design metal temg

EP 4 — Move vertically to the bottom of the chart and read the value of A.

5 step is not required as the value of B falls below the left end of the material/temperature line.
EP 5 — For values (of-B falling below the left end of the material/temperature line for thg
(2B _ 2(997.0222)

-8 2 0,00007
E_~283E+06

bre

D for the
d for the

ssigned

erature.

design

I

- LI . ] - 1 bl . Z . yas | L] - o0 . .
Dx - [Illlll_ﬂc’DS’DrJ’ trdl Ly Lrie mirt o) Lrie cone, Srietl, or StUJJEring rirng

STEP 6 — Compute the value of the required moment of inertia from the formulas for I, or I';. For the
circumferential stiffening ring only,

| _AD2 A, 0.00007(92.25)°(393.9615)

] =16.7632 in*
14.0 14.0
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For the shell-cone or ring-shell-cone section,

_ AD?4,,  0.00007(92.25)" (393.9615)

= = =21.5307 in’
© 109 10.9

g) STEP 7 — Determine the available moment of inertia of the ring only, I, or the shell-cone or ring-shell-cone,

I

h) STEP 8 — When the ring only is used,

An

121

S
I when the shell-cone- or ring-shell-cone is used,

I>1

If the equation is not satisfied, a new section with a larger moment of inertia must be selected, |and the

calgulation shall be done again until the equation is met. The requirements of UG<29(b), (c), (d), (e}, and (f)

and UG-30 are to be met in attaching stiffening rings to the shell.
VIII-1 dges not provide a procedure to calculate the available moment of inertia of the shell-cone or ring-shell-
cone jurjction. The designer must consider the following options.
a) Sizp a structural member to satisfy the requirement of I > I;.
b) Size a structural member to be used in conjunction withthe available moment of inertia of the cpne and

cylinder to satisfy the requirement of I' > I's.
c) The cost of material, fabrication, welding, inspectiony and engineering.
Section VIIl, Division 2 Solution with VIII-1 Allowable Stresses
Evaluat¢ per VIII-2, paragraphs 4.4.13 and'4.3.11.
The degign rules in VIII-2, paragraph:*4.3.11 shall be satisfied. In these calculations, a negative yalue of
pressurg shall be used in all applicable equations.
Per VIII{2, paragraph 4.3.11.3\the length of the conical shell, measured parallel to the surface of the cope, shall
be equad] to or greater thanthe following:

Rt Rt
20 |——+14 50
cos[a] cos[a]
{L}. =78'0}> True
75. 125(1 8125) 45 125(1 8125) )
2.0 +1.4 =37.2624 in
1 [h1 anas] [h1 aras]
V L«UDLLL I II J V bUDLLl UJ/JJ

Evaluate the Large End cylinder-to-cone junction per VIlI-2, paragraph 4.3.11.4.

a) STEP 1 — Compute the large end cylinder thickness, t;, using VIII-2, paragraph 4.3.3., (as specified in
design conditions)

t, =1.6875 in

b) STEP 2 — Determine the cone half-apex angle, a, and compute the cone thickness, t., at the large end
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ST
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ng VIII-2, paragraph 4.3.4., (as specified in design conditions)
a =21.0375 deg
t.=1.81251in

EP 3 — Proportion the cone geometry such that the following equations are satisfied. If all these
equations are not satisfied, then the cylinder-to-cone junction shall be designed in accordance with VIII-2,
Part 5. In the calculations if 0 deg < a < 10 deg, then use a = 10 deg.

~99167  5.406E +06 Ibs
- = 94.8111 —
F, M, 27(75.125)  7(75.125) in
Y 2zR,aR; | -99167  5A06E#06 _ o) ooa. Ibs
27(75.125)  z(75.125)° T in

4, linear interpolation of the‘\equation coefficients, C;, is permitted.

I 18125 o741
t, 1.6875

H= B BB 6a0
1,V 1.6875

B= tan[a] = tan[21.0375] =0.3846

Lin

(R, 75125
205 —=+== =44.5185}, <500 True
t, 1.6875 r
1< le I8 anlen True
t, 1.6875
{a =21.0375 deg} <60 deg True
EP 4 — Determine the net section axial force, F;, and bending morent, M;, applied to theg conical

tra:Lsition (as specified in design conditions). The thrust load due to pressure shall not be included as part
e axial force, F;. Calculate the equivalent line load, X;, using-the specified net section axial force, Fj,
and bending moment, M;.

EP 5 — Compute the junction transition.design parameters (the normalized resultant moment, Ay, and
ar force, Q) for the internal pressure and equivalent line load per VIII-2, Table 4.3.3 and VIR, Table
4, respectively. For calculated\values of n other than those presented in VIII-2, Table 4.3.3 and Table

pd. The

par in’rprpnlnﬁnn aof the nqunﬁnn coefficients Fi in VIlI-2 Table 433 and Table 434 is rpqnir

results of the interpolation are summarized with the following values for C; (see VIII-2, paragraph 4.3.11.4
and STEP 5 of E4.3.7).

4-122


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

For the applied pressure case both M, and Q, are calculated using the following equation.

C,+C,In[H]+C,In[B]+C, (n[H]) +C, (n[B]) +|
M,,,0, =—exp| C,In[H]In[B]+C, (In[H])’ +C,(In[B]) +
G In[H](In[B])" +C, (n[H]) In[B]

This results in the following (see VIII-2, paragraph 4.3.11.4 and STEP 5 of E4.3.7):

M, =-10.6148
0, =-4.0925

For the Equivalent Line Load case, My and Qp are calculated using the following equation.

| C +C, ln[HZJJrCS ln[oz]wLC7 (ln[Hz})2 + |

C, (ln[oc])2 +C,, In [szln[a]

M,.0, =
T 1+C,In[ H*]+C, In[a]+ C, ([ H*])+

Cy(In [a])z +C,, ln[H2 ] In[e]

Thip results in the following (see VIII-2, paragraph 4.3.11.4,and STEP 5 of E4.3.7):

M, =—0.4912
0, =—0.1845

Suimmarizing, the normalized resultant moment Mgy, and shear force Qp for the internal press

equivalent line load are as follows:
Internal Pressure : M, =-10.6148, 0, =-4.0925
Equivalent Line Load : M, =-0.4912, O, =-0.1845

f)  STEP 6 — Compute the stresses in the cylinder and cone at the junction using the equations in VIII-

4.3]1 for the Large End Junction.

Evaluate the Cylinder at the Large End:

Strgss Resultant Calculations:

ure and

P, Table

M= PEM,,, = ~14.7(1.6875) (~10.6148) = 444 3413 21— 1S
94.8111(1.6875)(~0.4912) = ~78.5889 711
My =Xt M, = .
. : in—Ilbs

~514.9886(1.6875)(~0.4912) = 426.8741

124)
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in—Ibs

in
in—Ibs

mn

0, = P1,0, =—14.7(1.6875)(~4.0925) = 101.5196 "5

mn

444.3413+(—78.5889) =365.7524
Ms :MSP +MsX =
444.3413+426.8741=871.2154

(nA Q111( N 1945 17 4004 Ibs ]
_l'.Ulll\ V. 10 TJ P N A o et J .

1243

=5 14.9886(—0.1845) =95.0154 lb_s

mn

Oy =X,0y =

101.5196 + (—17.4926) =84.0270 Zb_s

124

101.5196+95.0154 =196.5350 lb_s

mn

ﬂcy{m_vz)] {( 2-(03)) } —0.1142:0"

0=0,+0y =

R}t 75.125)° (1.6875)’
~14.7(75.125
. ( ) 9481112457357 tbs
N =tix, = 2 in
2 —14.7(75.125) Ibs
. +(—514.9886) = —1067.1574 —
mn

N, =PR, +2ﬂcyRL (_Msﬁcy +Q)

v ~14.7(75.125)+2(0:1142)(75.125) (- (365.7524) (0.1142) +84.0270)
" |-14.7(75.125)42(0.1142)(75.125) (- (871.2154)(0.1142) +196.5350)
379250212
Ng — lbln
56007660 =
n
K =10

pe

Stress Calculations:

Determine the axial and hoop membrane and bending stresses.

457.3577
ZWLTT 5710268 psi
o |Z1O6T1S74 a5 3895 psi
1.6875
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6(365.7524)
oM. |(1.6875) (1.0)

S

O-Sb =

=770.6388 psi

WKy | OBTL2054) _yeas oo psi
(1.6875)" (1.0)
DD _ 547409 psi
o Mo _| 16875
S {Mzmsosg psi }
1.6875

6(0.3)(365.7524)
6vM. (1.6875)° (1.0)
=Pk e
K, 16(0.3)(871.2154)
(1.6875)" (1.0)

=231.1916 psi

=550.6942 psi

Check Acceptance Criteria:
o, =—271.0268 psi
{a‘w =—0632.3895 psi
o, +0,=-271.0268+770.6388 = 499.6 psi
o, — 0, =—271.0268—770.6388 =|-1041.7} psi
o, +0, =-632.3895+1835.6472 =12033 psi
o, — 0, =—632.3895—-1835.6472 = [=2468.0| psi

}S {I.SS , not applicable due to_compressive stress}

< {SPS =60000 psi} True

0, =—224.7409 - 1.5S, not applicable due to compressive stress -
< rue
o, =332.3058 1.58 =1:5(20000) =30000 psi
Oy + 0y =—224.7409+231.1916 = 6.5 psi
Oy —Op =—224.7409—231.1916 = |—-455.9| psi
o | » <{S,s =60000 psi} True

Oy + 0y =332:3058+550.6942 = 883.0 psi
— 04, ~332.3058 - 550.6942 = |-218.4| psi

Oy

m

=)

Since the hidop membrane stress, gy,, and the axial membrane stress, g, are compressive, the ¢
of Ipcal’buckling shall be considered. Local buckling is not a concern if the following limits are satis

ondition
ied.

I

Yom =1 ha

Gsm S Fw
Fy, is evaluated using VIII-2, paragraph 4.4.5.1, but substituting F},, with the following equation.

0.4E 1
D

o

he

E., is evaluated using VIII-2, paragraph 4.4.12.2.b with A = 0.15.
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In accordance with VIII-2, paragraph 4.4.5.1, the value of F, is calculated as follows.

1)

2)

3)

4)

5)

6)

STEP 1 — Assume an initial thickness, t and unsupported length, L.
t=1.6875 in
L — Not required, as the equation for F,, is independent of L

STEP 2 — Calculate the predicted elastic buckling stress, Fy,.
_04E¢t 0.4(28.3E+06)(1.6875)

he

=124344.9959 psi

I 1 2 D).
LD, 105.020

STEP 3 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elasti¢ bucklir

g stress

and predicted inelastic buckling stress. The predicted elastic buckling stres§,“f},, is defermined

based on the geometry of the component and the loading under considéeration as pro

yided in

subsequent applicable paragraphs. The predicted inelastic buckling stress/F;., is determing¢d using

the following procedure.

i) STEP 3.1 — Calculate the predicted elastic buckling stress due:to'external pressure, Fj,,.

F,, =124344.9959 psi (as determined in STEP 2 aboVe)

i) STEP 3.2 — Calculate the elastic buckling ratio factor;4,.
_F,, 1243449959

° E 28.3E+06

i) STEP 3.3 — Solve for the predicted inelastic buckling stress, F;., through the determinatic
material’s tangent modulus, E;, based on the stress-strain curve model at the design tem
per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such
following relationship is satisfied\(see Table 4.4.2).

=0.00439382

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F,, =27206.0299 (psi

STEP 4 — Calculate the)value of design factor, FS per paragraph 4.4.2.
Since 0.55S,, <& < S, calculate FS as follows:

FS:2.407—O.741£%]:2.407—0.741 =1.8070

y

(27206.0299)

STEP 5 — Calculate the allowable hoop compressive membrane stress as follows:

n of the
berature
that the

1. 27206.0299

ic

e = =15055.9103 psi
FS 1.8070

STEP 6 — Compare the calculated hoop compressive membrane stress, gg,, to the allowable hoop

compressive membrane stress, F;, per following criteria.

o,, =224.7 psi; <iF, =15055.9 psi True
{ Om } { ha }

Therefore, local buckling due to hoop compressive membrane stress is not a concern.
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In accordance with VIII-2, paragraph 4.4.12.2.b, the value of F,, is calculated as follows, with 1 = 0.15.

1)

2)

STEP 1 — Calculate the predicted elastic buckling stress, F,,.

_C.Et_0.8520(28.3E+06)(1.6875)

=264854.8413 psi

xe D, 153.625
where,
D, = 153.625 =91.0370
[4 1.6875
M, = L 732.0 =64.2944

YRt J168125(16875)

D
Since —= <1247, calculate C, as follows:
t

z 409(1.0
¢ =min| —22¢ 0.9 |=min 4, 0.9 [20.8520
) 389+ 2 389 4 193:025
¢ 1.6875

Since M >15, calculate ¢ as follows:
c=1.0
STEP 2 — Calculate the predicted inelastic buekling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic bucklin
and predicted inelastic buckling stress;* The predicted elastic buckling stress, F,,, is determing
on the geometry of the component and the loading under consideration as provided in sub
applicable paragraphs. The predicted inelastic buckling stress, F;., is determined using the f
procedure.

i) STEP 2.1 — Calculate the predicted elastic buckling stress, F,,.
F,=264854.8413 psi (as determined in STEP 2 above)

i) STEP 2.2~ Calculate the elastic buckling ratio factor, 4,.
F, 264854.8413

xe

=0.00935883

©E 28.3E+06
i)~ STEP 2.3 — Solve for the predicted inelastic buckling stress, Fj., through the determinatic

g stress
d based
sequent
ollowing

n of the

material's Tangent modulus, E;, based on the siress-sirain curve moderl at the design temperature

per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such
following relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F, =31046.7970 psi
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3) STEP 3 — Calculate the value of design factor, F'S per paragraph 4.4.2.

Since O.SSSy <F, < Sy, calculate FS as follows:

FS:2.407—0.741(%J:2.407—0.741 =1.7223

y

(31046.7970)

4) STEP 4 — Calculate the allowable axial compressive membrane stress as follows:
F 31046.7970

I LC
v —

“FS 1.7223

Q L 250 A -
— 10VUZLU.JIJO0T Dbl

5) | STEP 5 — Compare the calculated axial compressive membrane stress, oy, to thecallowable axial
compressive membrane stress, F,, per following criteria.

{0 =632.4 psi} < {Fm =18026.4 psi} True

sm

Therefore, local buckling due to axial compressive membrane stress is not a concern.

Evaluate the Cone at the Large End:

Strgss Resultant Calculations, as determined above.

M., =M, =444.3413 =10
in
~78.5889 l”flbs
MCSX :MSX = ' l}/;b
426.8741 mf N
in
in—Ibs
4443413 +(-78.5889) =365.7524 —
MCS:MCSP+MCSX= | —
in—Ibs

4443413+ 426.8741=871.2154

mn
0. =Qcos[a]+N)sin[a]

84.0270(cos[21.0375]) +(~457.3577)sin[21.0375] = —85.7555 bs

Qc — mn
196.5350(cos[21.0375])+(~1067.1574)sin[21.0375] = ~199.6519 Z?’—S

n

Y R __75133
¢ cos[ar] cos[21.0375]

ﬂw{x;gz)] = 3(1_(20'3)) ~|  =0.1064 in™'
cle (80.4900)" (1.8125)

=80.4900 in
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N, =N, cos[a]-QOsin[a]

—457.3577(cos[21.0375]) - 84.0270sin[21.0375] = —457.0368 bs
Ncs — in
~1067.1574(cos[21.0375])~196.5350sin [21.0375] = —1066.5786 bs
in
PR
NCHZ L +2ﬂcoRC(_Mcsﬁco_Qc)
cos[a]
—14.7(75.125)
2(0.1064)(80.4900)(—(365.7524)(0.1064) —(—85.7555
0=
~14.7(75.125)
2(0.1064)(80.4900)(—(871.2154)(0.1064) — (—199:6519
~380.9244 12
Nc@ = lbln
648.7441 ==
in
K, =10

cpe

Stress Calculations:

Detfermine the axial and hoop membrane and bending stresses.

~457.0368
T 0521582 psi
o N _) 18125 -
‘ le M:_588,4572 psi
1.8125
6(365(7524) :
———=5—"-=1668.0091 psi
oM, | (1.8125) (1.0)
G.s‘b :2—:
K
ek e M:ISM.ISQ psi
(1.8125)°(1.0)
~380.9244
e = 210.1652 psi
>N, _j 1.8125 pszl
Oy = .\l 407441
o [T 2357.9278 psi
{ 1.8125 - J
6(0.3)(365.7524) .
=200.4027 psi
oM, _ (1.8125)° (1.0)
o~ 2 -
K
Koo | 0(03)(8T12154) _ \os sss i
(1.8125)(1.0)
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f)  STEP 6 — Check Acceptance Criteria:
o, =—252.1582 psi
{o;m =-588.4572 psi
o, to,=-252.1582+668.0091=415.6 psi
o, —0,, =—252.1582-668.0091 =|-920.2| psi
o, to,=-588.4572+1591.1853=1002.7 psi

}S {I.SS, not applicable due to compressive Stress}

< {SPS =60000 psi} True

LU.YWI U.Yb —_ 588.45 Ul [IOL'J
c,, =—210.1652 - 1.5S, not applicable due to compressive stress .
< rue
o,, =357.9278 1.58 = 1.5(20000) =30000 psi
Com + 0y =—210.1652+200.4027 =|-9.7| psi
o, —0, =—210.1652—-200.4027 = -410.6 psi
om0 P < (8,5 = 60000 psi) True

0, +0, =357.9278+477.3556 =835.3 psi
o — Oy =357.9278—477.3556 = |-119.4| psi

Sinice the hoop membrane stress, gy, and the axial membrane stress, oy, are compressive, the gondition
of Ipcal buckling shall be considered. Local buckling is not a cencern if the following limits are satisfied.

=1

Gﬂm < F ha
O_sm < F;ca

Fp is evaluated using VIII-2, paragraph 4.4.5.1,-but substituting Fj,, with the following equation.

0.4E 1
he — D

o

where,
t=t =1.8125in
B O.S(DcL +DCS) B 0.5(153.875+93.875)

=132.7215 in
cosfa] cos[21.0375]

DO

E, | is evaluated using VIII-2, paragraph 4.4.12.2.b with A = 0.15 and the following substitutions.
t=t, =18125in

Dy=132.7215 in

L= Lo = L, = 780 =83.5703 in
cos[a] cos[a] cos[21.0375]

Using the procedure shown above for the large end cylindrical shell and the above noted substitutions, the
allowable compressive hoop membrane and axial membrane stresses, F,, and E,,, respectively, are as
follows.
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F,, =15888.9 psi
F  =19150.9 psi

Compare the calculated hoop compressive membrane stress, og,, and axial compressive membrane
stress, og,,, to the allowable hoop compressive membrane stress, F, and axial compressive membrane

stress, F,, per following criteria.

{Ggm =210.2 psi} < {Fha =15888.9 psi} True
_{a_ —5885 neil<{F —191509 pgjl True
SN T )) C xa 1 )

Therefore, local buckling due to hoop and axial compressive membrane stress is not a concern:

STEP 7 — The stress acceptance criterion in STEP 6 is satisfied for both the cylinder an
Therefore, the design is complete.

Evaluate the Small End cylinder-to-cone junction per VIlI-2, paragraph 4.3.11:5.

a)

b)

d)

STEP 1 — Compute the small end cylinder thickness, tg, using VIII-2, paragraph 4.3.3., (as sp€g
degign conditions).

ty=1.0in

d cone.

cified in

STEP 2 — Determine the cone half-apex angle, a, and compute the cone thickness, t., at the sinall end

using VIII-2, paragraph 4.3.4., (as specified in design conditions)
a =21.0375 deg
t-=1.81251in

STEP 3 - Proportion the cone geometrylsuch that the following equations are satisfied. If §

Il these

equations are not satisfied, then the gylinder-to-cone junction shall be designed in accordance with VIII-2,

Paft 5. In the calculations, if 0 deg <. a < 10 deg, then use a = 10 deg.

20< &:45'125:45.125 <500 True
t 1.0
1<) fe 18123 ¢105 ] < True
t 150
{a =24.0375 deg}S60 deg True

STER,4”— Determine the net section axial force, Fs, and bending moment, Mg, applied to the

conical

transition (as specified in design conditions). The thrust load due to pressure shall not be included as part
of the axial force, Fg. Calculate the equivalent line load, Xs, using the specified net section axial force, Fj,

and bending moment, M.

2 —74851(1)4215 GASOIE+06 30 06 1bs
_F M, 7(45.125)  7(45.125) in
Y 2zRg zRY | 78104 4301E+06 _ oo ooy Ibs

27(45.125) ;;(45,125)2 ’ in
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STEP 5 — Compute the junction transition design parameters (the normalized resultant moment, My, and
shear force, Q) for the internal pressure and equivalent line load per VIII-2, Table 4.3.5 and VIII-2, Table
4.3.6, respectively. For calculated values of n other than those presented in VIII-2, Table 4.3.5 and Table
4.3.6, linear interpolation of the equation coefficients, C;, is permitted.

e I8IB gy
t, 10

H — /E— 45'125—K717<
Vi, V10

B= tan[a] = tan[21.0375] =0.3846

Lingar interpolation of the equation coefficients, C; in VIII-2, Table 4.3.5 and Table.4.3.6 is required. The
resplts of the interpolation are summarized with the following values for C; (see, Vill-2, paragraph 4.3.11.5
and STEP 5 of E4.3.7).

Fol the applied pressure case M,y is calculated using the following equation

_Cl +C,In[ B |+Cyln[a]+C, (ln [Hﬂ)z +C; (Infe]) o

M, =exp| Cn[ # |in[a]+C, ([ #2]) +C, (In[a)"+
C, n[ #*)(in[a]) +C, (n[ B* ) nfa]

Thiks results in the following (see VIII-2, paragraph'4-3.11.5 and STEP 5 of E4.3.7).

M, =9.2135

Forl the applied pressure case Q) is calculated using the following equation:

0 - C,+CH’+Caa+CiH* +Cya’ +C,\H’a
Y1+ CH +Ca¥CH +Cya’ +C H

Thip results in the following (see VIII-2, paragraph 4.3.11.5 and STEP 5 of E4.3.7).
0, =-2.7333
For the Equivalent Line Load case, My is calculated using the following equation:

o C +CH+CB+CH*+C,B’+C, HB
* \ 1+C,H+C,B+C,H*+C,B’ +C HB

This results in the following (see VIII-2, paragraph 4.3.11.5 and STEP 5 of E4.3.7).
M, =0.4828

For the Equivalent Line Load case, Qy is calculated using the following equation:
C+C, In[H]+C, In[B]+C, (In[H])' +C; (In[B]) +C, In[H]In[B] +
C, (In[H]) +C, (In[B]) +C, n[H](In[B])" +C,, (In[H])" n[ B]
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This results in the following (see VIII-2, paragraph 4.3.11.5 and STEP 5 of E4.3.7).

QN =-0.1613
Summarizing, the normalized resultant moment Mg, and shear force Qy for the internal pressure and
equivalent line load are as follows:

Internal Pressure : M, =9.2135, 0, =-2.7333
Equivalent Line Load : M, =0.4828, 0, =-0.1613

STEP 6 — Compute the stresses in the cylinder and cone at the junction using the equations in VIlI{2, Table
4.3|2. for the Small End Junction.

Evaluate the Cylinder at the Small End.

Strgss Resultant Calculations.

M, = PEM,, =-14.7(1.0) (9.2135) = ~135.4385 105
mn
396.8629(1.0)(0.4828) = 191.6054 “L 2
M, =X M, = lf[l b
~947.8053(1.0)(0.4828) = —457,6004 ="
mn
in—1Ibs

—135.4385+(191.6054) =56.1669 —
Ms:MsP+MsX: "
—135.4385+ (—457.6004) =-593.0389

in—1Ibs

in
Ibs
0, =Pt;,0, = —14.7(1.0)(—2.7333) =40.1795 —
in
Ibs
396.8629(—0.1613) =-64.0140 —
QX = XSQN = "
Ibs

—947.8053(—0.1613) =152.8810 —
in

40.1795 +(~64.0140) = ~23.8345 125

0=0,+0, = Ibs’”
L40.1795 +152.8810=193.0605 —

mn

ﬂc},zr(lxz)} = 3(1_(?’3)) _| =0.1914in”
R (45.1250)° (1.000)
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—14.7(45.125 Ibs
( )+396.8629=65.1942 —
PR, 2 in
N, = +Xg =
2 —14.7(45.125) lbs
5 + (—947.8053) =-1279.4741 —
in

N, = PR +2:chRS (_Msﬂcy _Q)
J—14.7(45.125)+2(0.1914)(45.125)(—(56.1669)(0.1914)—(—23.8345))

[ -1477(45.125)+ 2(0.1914)(45.125)(—(~593.0389)(0.1914) ~193.0603)
4373238 108
N, = mn
4
20375216 125
mn
K, =10

[2]
P=s

Tss Calculations:
Determine the axial and hoop membrane and bending stresses:

65.1942

=65.1942 psi

s | Z2PATL 1299 4741 psi
6(56.1669)

L —337.0044 psi
oM | (1.0)(1.0)

UK, | 6(-593.0389) ;
— - _3558.2334 psi
(1.0)" (1,0)
—4373938 ;
] _&_ T_—437.3238 psi
Om — o
I M:_zonszm psi
1.0
6(0~3)(f6'1669) =101.1004 psi
s -0 (03
ng_UzVMS: 3503
12K S)(993.
Ko 16(03)( >3 0389) _ 10674700 psi
(1.0) (1.0)
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Check Acceptance Criteria:

Si
loc

=1

Fha

an
In

1)

2)

<

o, =65.1942 psi
o, =—1279.4741 psi

o, +0, =651942+337.0014=402.2 psi
o, —0,, =65.1942-337.0014 =|-271.8] psi
o, +0,, =—1279.4741+(-3558.2334) =|-4837.7| psi

{1.5s =1.5(20000) = 30000 psi }
True

1.5S, not applicable due to compressive stress

< {SPS = 60000 psi} True

O, — 0y =—1279.47/41—(-3558.2554) = 22/8.5 psi
G =—437.3238
{% =-2037.5216

Com + 0y =—437.3238+101.1004 =|-336.2| psi

o — Oy, =—437.3238-101.1004 =|-538.4| psi

O gm + 0y, =—2037.5216+(—1067.4700) = |-3105.0| psi
—0,, =—2037.5216 - (-1067.4700) = |-970.1| psi

} < {I.SS , not applicable due to compressive stress}

<{8,5 =60000 psi}  True

Oy

m

ce the hoop membrane stress gy, and axial membrane stréss’ oy, are compressive, the con
bl buckling shall be considered. Local buckling is not a concern if the following limits are satisfie

Gﬁm < F/m
O-sm S Em
is evaluated using VIII-2, paragraph 4.4.5.4) but substituting Fj,, with the following equation.

0.4E,1
he = D

o

is evaluated using VIII-2, paragraph 4.4.12.2.b with A = 0.15.
ccordance with VIII-2, paragraph 4.4.5.1, the value of Fp, is calculated as follows.
STEP 1 — Assunie an initial thickness, t and unsupported length, L.
t=1.0in
L —"Not required, as the equation for F,, is independent of L

STER. 2 — Calculate the predicted elastic buckling stress, Fj,.

dition of
.

_04F7r O.4(28.3E+06\(1.0)

3)

- =T2Z7T0.027T psi
D 92.25

o

STEP 3 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stress
and predicted inelastic buckling stress. The predicted elastic buckling stress, Fj,, is determined
based on the geometry of the component and the loading under consideration as provided in
subsequent applicable paragraphs. The predicted inelastic buckling stress, Fj., is determined using

the following procedure.
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STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure, Fj,.

F,,=122710.0271 psi (as determined in STEP 2 above)

STEP 3.2 — Calculate the elastic buckling ratio factor, 4,.

A =T (1227100271 _ 5 35133604

° E 28.3E+06

STEP 3.3 — Solve for the predicted inelastic buckling stress, F;., through the determination of the
material's tangent modulus, E;, based on the stress-strain curve model at the design temperature

STEP 4 — Calculate the value of design factor, FS per paragraph 4.4.2.

Since 0.55S,, < Fj; < S, calculate FS as follows:

STEP 5 - Calculate the allowable hoop compressive membrane stress as follows:

per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such|that the
following relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F, =27137.9709 psi

27137.9709
33600

2.407 - 0.741(?" J =2.407 - 0.741(

¥

J: 1.8085

F, 27137.9709

ic

m = Es T 1.8085

=15005.8 psi

STEP 6 — Compare the calculated hoop compressive membrane stress, gg,, to the allowaljle hoop

compressive membrane stress, F;, per following criteria.

Therefore, local buckling due.te hoop compressive membrane stress is not a concern.

o, =2037.5 psi{ <{F, =15005.8 psi True
{ Om } { ha }

In accordance with VIII-2) paragraph 4.4.12.2.b, the value of F, is calculated as follows, With 4 =

0.15.

i)

STEP 6.1 < Calculate the predicted elastic buckling stress, F,,.
~ CxEyt _ 0.8499(28.3E+ 06)(1.0)

F, = 260728.1301 psi
D, 92.25
where,
Uo _ TLLOD 292.25
t 1.0
oL 6360 43459

TRt \[46.125(1.0)
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Since D, /t < 1247, calculate C, as follows:

c 409(1.0
C. = min 40900 , 0.9 [=min % 0.9 [=0.8499
389+ ¢ 3894 =2
( 1.0

Since M,, = 15, calculate ¢ as follows:
=10

ii)

STEP 6.2 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3(

The equations for the allowable compressive stress consider both the predicted, elastic
stress and predicted inelastic buckling stress. The predicted elastic buckling stress
determined based on the geometry of the component and the loading under consider
provided in subsequent applicable paragraphs. The predicted inelastic buckling stress
determined using the following procedure.

1. STEP 6.2.1 — Calculate the predicted elastic buckling stress, F,.
F_,=260728.1301 psi (as determined in STEP 2 above)

2. STEP 6.2.2 — Calculate the elastic buckling ratio:factor, 4,.

4, =B 2007281301 005130}
E  283E+06

3. STEP 6.2.3 — Solve for the predicted’inelastic buckling stress, F;., through the deter

buckling
Fee, is
ption as
, Fic, is

mination

of the material’'s tangent modulus;~E;, based on the stress-strain curve model at th¢ design

temperature per paragraph 3:D:5.1. The value of Fj. is solved for using an
procedure such that the following relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F, =30967:6147 psi

STEP 6.3 — Calculate the value of design factor, F'S per paragraph 4.4.2.

Since 0.5585+<F;; < S, calculate FS as follows:

F$S(=2.407 - 0.741(?" J =2.407 - 0.741(

y

30967.6147
33600

)=1.7241

STEP 6.4 — Calculate the allowable axial compressive membrane stress as follows:

iterative

o F:C 20967 6147
“ RS 1.7241

STEP 6.5 — Compare the calculated axial compressive membrane stress, gy, to the a
axial compressive membrane stress, F,, per following criteria.

{Gsm =632.4 psi} < {Fm =17961.6 psi} True

=17961.6117 psi

Therefore, local buckling due to axial compressive membrane stress is not a concern.

Evaluate the Cone at the Small End.
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Stress Resultant Calculations as determined above.

M., =M, ——135.4385 1210S
1743
1916054 =103
MCSX :MSX = ~ln lb
—457.6004 L2
174
in—1Ibs
~135.4385+191.6054 = 56.1669 ——
Mcs :McsP +MCSX = ln .
in—1Ibs

Qc

R =

—135.4385+ (—457.6004) =-593.0389

n

0. =Qcos[a]+ N, sin[a]

(—23.8345)cos[21.0375]+65.19425in[21.0375] =1.1575 Z{’—S

124

193.0605 cos[21.0375]+(-1279.4741)sin[21.0375] =-279.1120 bs

in

R 451250 _ 45 3476 in

cos[a] B cos [21 .0375]

A [M} {( 3(1-(03)')

Rt}

0.25
S| =0.1373in”!
48.3476)" (1,8125)

N, =N, cos[a]-QOsin|«]

65.1942 cos[21.0375] — (~23.8345 ) sin [21.0375] = 69.4048 25
NCS = ln
(~1279.4741cos[21.0375] - 193.06055in[21.0375] = ~1263.4963 25
in
Ncﬁ = PRb +2ﬂcoRc (_Mcsﬂco +QL)
cosfa]
:1\}‘;':2(32'3172551) +2(0.1373)(48.3476)(~(56.1669)(0.1373) +1.1575) ]
Mo =) 14 L7(45 12;)
_ 2(0.1373)(48.3476)(—(—593.0389)(0.1373 -279.1120
797724855
Nc@ = l’;b
333526192

in
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K =10

cpe

Stress Calculations:

Determine the axial and hoop membrane and bending stresses:

69.4048
=38.2923 psi
o, — N ] 18125 i
fe | 712634963 _ 071014 DSL
C 1.8125 )
6(56.1669) -
: =102.5831 psi
oM, |(18125)°(10)
s téchc 6(_5930389) ‘
k =-1083.1246 psi
(1.8125)’ (1.0)
—797.7248 _ —440.1240 psi
o Ny _] 18125
om — N
fe | 223352019 1040 1445 psi
1.8125
6(03)(S61669) 3 240
2 — i DSt
6vIM.. (1.8125)"(1.0)
O = -

T2
ZLC](vcpc

6(0.3)(~593.0389)
(1.8125)° (1.0)

= £324.9374 psi
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Check Acceptable Criteria:

o, =38.2923 psi 1.5§8 = 1.5(20000) =30000 psi
< True
o, =—697.1014 psi

o, +0, =382923+102.5831=140.9 psi
o, —0,, =38.2923-102.5831=|-64.3| psi
o, +0,, =—697.1014+(~1083.1246) =|-1780.2| psi

1.5S, not applicable due to compressive stress

< {SPS = 60000 psi} True

Si
of |

=1

Fha

wh

an

o,, — 0, =—09/.1014—(-1083.1246) = 580.0 psi
o, =—440.1240
{% =—1840.1445

O + Oy = —440.1240+30.7749 =|-409.3] psi
o — Ogy = —440.1240—30.7749 = |-470.9| psi
Com + 0y, =—1840.1445+(-324.9374) =|-2164.9| psi
—0,, =—1840.1445—(-324.9374) =|-1515.1| psi

} < {1.5S , not applicable due to compressive stress}

< {SPS = 60000 psi} True

Oy

m
ce the hoop membrane stress, gy, and the axial membrane(stress, oy, are compressive, the g
pcal buckling shall be considered. Local buckling is not a concern if the following limits are satis
c,, <F,
o, <F,

is evaluated using VIII-2, paragraph 4.4.5.1, but substituting Fj,, with the following equation.
0.4F ¢t
By =——
D

o

ere,
t=1,=18125in
b 2 05(Dy + D) 0.5(153.875+93.875)

; =132.7215 in
cos[er] cos[21.0375]

is evaluated-tsing VIII-2, paragraph 4.4.12.2.b with A = 0.15 and the following substitutions.
t=ts=1.8125in

Dy=132.7215 in

o be L T80 ersan3in
cos[a] cos[a] cos[21.0375]
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Using the procedure shown above for the large end cylindrical shell and the above noted substitutions, the
allowable compressive hoop membrane and axial membrane stresses, Fj, and E,,, respectively, are as
follows.

F, =15888.9 psi
F,=19150.9 psi
Compare the calculated hoop compressive membrane stress, gy,, and axial compressive membrane

stress, oy, to the allowable hoop compressive membrane stress, Fj, and axial compressive membrane
stregss, F,, per following criteria.

{0,, =697.1 psi} <{F, =15888.9 psi} True
{0, =1840.1 psi} <{F,, =19150.9 psi} True

Therefore, local buckling due to hoop and axial compressive membrane stress is,not a concern.

STEP 7 — The stress acceptance criterion in STEP 6 is satisfied for both the-ylinder and cone. Therefore,
the|design is complete.
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44.8 Example E4.4.8 — Conical Transitions with a Knuckle

Determine if the proposed design for the large end of a cylinder-to-cone junction with a knuckle is adequately
designed considering the following design conditions and applied forces and moments.

Vessel Data:

e Material = SA—-516, Grade 70, Norm.

e Design Conditions = —14.7 psig @300°F

¢ Insige-Biameter-{targe-Enre) = 120-0-i#

e Large End Thickness = 1.0 in

e Insigle Diameter (Small End) = 33.0in

. SmIII End Thickness = 1.0 in

e Knuckle Radius = 10.0 in

e Cone Thickness = 1.0 in

e Knugkle Thickness = 1.0 in

e Length of Conical Section = 73.0 in

e Unsupported Length of Large Cylinder = 240.0 in

e Unsupported Length of Small Cylinder = 360.0n

e Corfosion Allowance = 0.0%n

e Allowable Stress = 20000 psi

e Yielfl Strength = 33600 psi

e Modulus of Elasticity at Design Temperature 3 28.3E+06 psi

e Weld Joint Efficiency = 1.0

e Ond-Half Apex Angle = 30.0 deg

e Axigl Force (Large End) = —10000 Ibs

¢ Net[Section Bending Moment (Large End) = 20E+06in— Ibs

Section| VIIl, Division 1 Solution

VIII-1 dpes not provide design.rules for knuckles or flares under pressure on the convex side. However, in
accordahce with paragraph UG-33(f) for a cone-to-cylinder junction with a knuckle that is a line of support, the
momen{ of inertia calculation of Appendix 1-8 must be performed. The reinforcement calculation, however, is
not required. The_moment of inertia calculation can be performed either by considering the presence of the
knuckle|or by assuming the knuckle is not present whereby the cone is assumed to intersect the fdjacent
cylinder

For thislexample, it is assumed that the cone-to-cylinder junction with a knuckle is a line of support,|and the

knuckle is not present, and the cone is assumed to intersect the adjacent cylinder.
Determine outside dimensions.

D, =120.0+2(Uncorroded Thickness)=122.0 in

R, =60.0+Uncorroded Thickness =60.0+1.0=61.0 in

D, =33.0+2(Uncorroded Thickness)=35.0 in

R, =16.5+Uncorroded Thickness =16.5+1.0=17.5 in
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Evaluate per Mandatory Appendix 1-8. The moment of inertia for a stiffening ring at the large end shall be
determined by the following procedure.

a)

b)

STEP 1 — Assuming that the shell has been designed and D;, L;, and t are known, select a member to be
used for the stiffening ring and determine the cross-sectional area Ay, .

240.0(1.0) 84.9779(1.0
4, ht Lt 2400(10) (19), 6.0 162.4890 in?
2 2 2
where,
L, =240.0 in

L=\ +(R,—=R) =\[73.0°+(61.0~17.5)" =84.9779 in
A, =0.0in"  Assume no stiffening ring area

Calculate factor B using the following formula. If F; is a negative numbegr, the design shgll be in
acdordance with U-2(g).

3(2063.9601(122.0)

] =1162.2470 psi

3(F.D 4 162.4890
B =2 f = Use maximum value
L 3 (1866.4043(122.0)] 105100027
4 162.4890
where,
14.7(134.7106)% (144.9974)- tan[30] = 2063.9601 l{’—s
F, =PM + f, tan[a] = l’;b
14.7(134.7106) +(—197.1793)- tan [30] = 1866.4043 —S
in
and,
+10000 +2.OE+026 _ 144.9974 - Ibs .
F, . M, 27[(61.0) ;;(61_0) in of cir
h= 27R, #R> | —10000 2.0E+06 Ibs
- >=-197.1793 ———
27[(61.0) 7;(61,0) in of cir
and,
—R tanlal I R2 p2
JY A" L/ A A
2 2 3R, tan[a]
2 2
v —(61.0)- tan[30] L2400, (61.0) -(17.5) _ 134.7106 in
2 2 3(61.0)-tan[30]

STEP 2 — Enter the right-hand side of the applicable material chart in Subpart 3 of Section Il, Part D for the
material under consideration at the value of B determined by STEP 1. If different materials are used for the
shell and stiffening ring, use the material chart resulting in the larger value of 4 in STEP 4.
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Per Section Il Part D, Table 1A, a material specification of SA — 516 — 70N is assigned an External
Pressure Chart No. CS-2.

c) STEP 3 — Move horizontally to the left to the material/temperature line for the design metal temperature.
For values of B falling below the left end of the material/temperature line, see STEP 5.

d) STEP 4 — Move vertically to the bottom of the chart and read the value of A.

Thi

e) STF%MM—MW—M&WMMM— i i '
temperature, the value of A can be calculated using the following:

wh

fy ST
cird

For

g) ST

h) ST

and

If t
cal

s step is not required as the value of B falls below the left end of the material/temperature line.

.28 _2(11622470)
" E. 283E+06

=0.00008

bre,

E = min[Ec,ES,Er], (min of the cone, shell, or stiffening ring)

EP 6 — Compute the value of the required moment of inertia from-the formulas for I or I'.
umferential stiffening ring only,

_ AD}4,, _ 0.00008(122.0)" (162.4890)

: =13.8199in*
14.0 14.0
the shell-cone or ring-shell-cone section,
. 2 0.00008(122.0)° (162.4890
;= APy _ (122.0)°( ) 177504 in'

* 10.9 10.9

EP 7 — Determine the available moment of inertia of the ring only, I, or the shell-cone or ring-sh

EP 8 — When the ring only is.used,
=1,

when the shell-cene- or ring-shell-cone is used,
I>1

ne equation is not satisfied, a new section with a larger moment of inertia must be selected,
culatign shall be done again until the equation is met. The requirements of UG-29(b), (c), (d), (e

and

UG-30 are to be met in attaching stiffening rings to the shell

design

For the

Bll-cone,

and the
, and (f)

VIII-1 does not provide a procedure to calculate the available moment of inertia of the shell-cone or ring-shell-
cone junction. The designer must consider the following options.

a) Size a structural member to satisfy the requirement of I > I;.

b) Size a structural member to be used in conjunction with the available moment of inertia of the cone and

cyli

nder to satisfy the requirement of I' > I'.

c) The cost of material, fabrication, welding, inspection, and engineering.
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Section VIII, Division 2 Solution with VIlI-1 Allowable Stresses

Evaluate per VIII-2, paragraphs 4.4.14 and 4.3.12.

The design rules in VIII-2, paragraph 4.3.12 shall be satisfied.

pressure shall be used in all applicable equations.

a)

b)

d)

In these calculations, a negative value of

STEP 1 — Compute the large end cylinder thickness, t;, using VIII-2, paragraph 4.4.5, (as specified in
design conditions)

STEP 2 — Determine the cone half-apex angle, a, and compute the cone thickness, t., atther|3
using VIII-2, paragraph 4.4.5, (as specified in design conditions).

STEP 3 — Proportion the transition geometry by assuming a value for the knuckle radius, 7, and
thigkness, t, such that the following equations are satisfied. If all thesé equations cannot be satis

cylinder-to-cone junction shall be designed in accordance with VIII-2/ Part 5.
{tk =1.0 in} > {tL =1.0 in} True
{rk =10.0 in} > {Stk =3.0 in} True
r, 10.0
k= ——=0.1667 ; > {0.03} True
R, 60.0
{a =30 deg} < {60 deg} True
STEP 4 — Determine the net section-axial force, F;, and bending moment, M;, applied to the
trapsition at the location of the knuckle. The thrust load due to pressure shall not be included as pa
axial force, F;.

ST

De

t,=101n

a =30 deg

t.=1.0in

F, =—-10000 /bs
M, =2.0E +06in*lbs

EP 5 — Compute the stresses in the knuckle at the junction using the equations in VIII-2, Table 4

ermineif the knuckle is considered to be compact or non-compact.

0.5

rge end

knuckle
fied, the

conical
rt of the

3.7.

av < 2K ({Rk (o tan[ozno5 +r,(}t,{)

{0.5236(10.0)} < {2(0.7)({50.0((0.5236)1 tan[0.5236]) +10}1j0‘5}

{5.2360 in} < {11.0683 in) True
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where,
K, =07
a =w7r =0.5236 rad
180
R =R, —r, =60.0-10.0=50.0 in

Therefore, analyze the knuckle junction as a compact knuckle.

Stress Calculations:

Determine the hoop and axial membrane stresses at the knuckle:

PK,, (R\[Rt, + L\JLtc )+ a(PL,5, ~0.5PL,)
Oy, =

" K, (tR, + Lt )atr,

PL,

_Te

sm 2tk

where,

~
I

0.5 1 o'
w =R (¢ tan[a])” +7, =50.0((0.5236) ' tan[0.5236]) * +10.0=62.5038 in
R, 50.0

L = +r = +10.0 = 67.7351d#
© cos[a] " cos[0.5236]
P=P+ £ + 2M,
(94 (94
rL;, cos’® [2} rL;, cos’ {2}
- . 2(2.0E+06
AT - O"o 5236 ( '2) 5236 |
7(62.5038) cos? | 5 7(62.5038)" -cos* | — :
P = - - - -
‘ - 2(2.0E+06
AT 10000'O'o 5236 ( ')o 5236 |
7(62.5038)" -cos? | — : 7(62.5038)’ -cos* | — 5

P 97875 psi
¢ 43213590 psi

therefore;
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(—14.7)(0.7)(60.0, [60.0(1.0) + 67.7351\/W1(1.0))+

0.5236((—14.7)(62.5038)(10.0)—0.5(—9.7875)(62.5038)2)

07(1 0,/60.0(1.0) +1.0,/67.7351(1. o))+o 5236(1.0)(10.0)

( 147 07 (600,/600 10 +67.7351,/67. 7351 10

05236(( 147\(625038\(100\ 05( =21 3590\(625038)

=-323.9558 psi

07(1 0\/600 1.0) +1.0,/67.7351(1. 0))+0 5236(1.0)(10.0)

and,
PL, _-9.7875(62.5038) _ 3058780 psi
21, 2(1.0)
G‘X'm =
PL, _—21.3590(62.5038) _ _667.5093 psi
21, 2(1.0)

Check Acceptable Criteria:
0,, =—324.0 psi - S, not applicable due to eompressive stress
0,, =396.9 psi | 20000 True

o, =-305.9 psi
=—-667.5 psi

}S {S , not applicable due to compressive stress}

Si

=1

local buckling shall be considered., Lacal buckling is not a concern if the following limits are satisfie

Gﬁm < F ha

O-sm S F;ca

Fyd is evaluated using VIlI-2, paragraph 4.4.5.1, but substituting F},, with the following equation.

0.4E
he = D

o

E, | is-€valuated using VIII-2, paragraph 4.4.12.2.b with A = 0.15.

2 ~396.8501 psi

ce the hoop membrane stress gy,;;~and axial membrane stress oy, are compressive, the con

dition of
.

In accordance with VIII-2, paragraph 4.4.5.1, the value of Fj, is calculated as follows.
1) STEP 1 - Assume an initial thickness, t and unsupported length, L.

t=1.0in

L — Not required, as the equation for F,, is independent of L
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STEP 2 — Calculate the predicted elastic buckling stress, Fj,.

o 04Et 0.4(283E+06)(1.0)
" p 122.0

o

=92786.8853 psi

STEP 3 - Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive stress consider both the predicted elastic buckling stress
and predicted inelastic buckling stress. The predicted elastic buckling stress, Fj,, is determined
based on the geometry of the component and the loading under consideration as provided in

subsequent applicable paragraphs. The predicted inelastic buckling stress, F;., is determingd using
the following procedure.

i) STEP 3.1 — Calculate the predicted elastic buckling stress due to external pressure; Fj,,.

F,, =92786.8853 psi (as determined in STEP 2 above)

i) STEP 3.2 — Calculate the elastic buckling ratio factor, 4,.
F,, 92786.8853

— he

© E  283E+06

i) STEP 3.3 — Solve for the predicted inelastic buckling stress, F;., through the determinatign of the
material’s tangent modulus, E;, based on the stress-strain’curve model at the design temperature
per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure such|that the
following relationship is satisfied (see Table 4.4.2):

=0.00327869

SEE EXAMPLE PROBLEM E4.4.2 FOR THE\TERATIVE PROCEDURE.
F, =25689.9738 psi

STEP 4 - Calculate the value of design factor, FS per paragraph 4.4.2.

Since 0.55S,, < F;; < S,, calculatg-KS:as follows:

FS=2.407—0.741(%J=2.407—0.741( =1.8404

y

25689.9738)

STEP 5 - Calculatethe allowable hoop compressive membrane stress as follows:
F, . [25689.9738

C

T ES= T 1.8404

=13958.9077 psi

STEP/6 - Compare the calculated hoop compressive membrane stress, gg,, to the allowaljle hoop
compressive membrane stress, F,, per following criteria.

{0, =324.0 psit <{F, =13958.9 psi} True

Therefore, local buckling due to hoop compressive membrane stress is not a concern.

4-149


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

In accordance with VIII-2, paragraph 4.4.12.2.b, the value of F,, is calculated as follows, with 1 = 0.15.

1)

2)

3)

STEP 1 — Calculate the predicted elastic buckling stress, F,,.

C.Et O.8004(28.3E + 06)(1.0) _
= = =185666.5574 psi

e Do 122.0
where,
& = 122.0 =122.0
[ 1.U

Yoo L 2400
" JRt \J61.0(1.0)

Since D, /t < 1247, calculate C, as follows:

=30.7289

C 409(1.0
C._=min &, 0.9 |=min %2)0
380 +——
( 1.0 j

“ (389+€”)

Since M,, = 15, calculate ¢ as follows:
c=1.0

, 0.9 |=0:8004

STEP 2 — Calculate the predicted inelastic buckling’stress, F;., per paragraph 4.4.3.

The equations for the allowable compressive, stress consider both the predicted elastic bucklir
and predicted inelastic buckling stress. The predicted elastic buckling stress, F,,, is determing
on the geometry of the component and the loading under consideration as provided in sub
applicable paragraphs. The predicted inelastic buckling stress, Fj., is determined using the f
procedure.

i) STEP 2.1 — Calculate the predicted elastic buckling stress, F,,.
F,=185666(5574 psi (as determined in STEP 2 above)

i) STEP 2.2 =Calculate the elastic buckling ratio factor, 4,.
P 185666.5574

NTFE 28.3E+06

i) «STEP 2.3 — Solve for the predicted inelastic buckling stress, F;., through the determinatic
material’s tangent modulus, E;, based on the stress-strain curve model at the design tem

=0.00656066

g stress
d based
sequent
ollowing

n of the
berature

that the

per naraaranh 3.D 51 The value of F. is solved for usina an iterative nrocedure such
Lad Lol J Lol tc ~J Lad

following relationship is satisfied (see Table 4.4.2).
SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
F,=29252.6889 psi

STEP 3 - Calculate the value of design factor, FS per paragraph 4.4.2.

Since 0.55Sy <F < Sy, calculate FS as follows:
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FS=2.407—O.741[%J=2.407—O.741 =1.7619

y

(29252.6889)

4) STEP 4 — Calculate the allowable axial compressive membrane stress as follows:
_F, 29252.6889

L

. =16602.9224 psi
FS  1.7619

5) STEP 5 — Compare the calculated axial compressive membrane stress, g, to the allowable axial

compracseiva-mambrana-c tracc LT narfollowina-critaria
COMmpresoryermermorane-—StresS g PO WG -Crterar

{o,,=6067.5 psi} <{F, =16602.9 psi} True

Therefore, local buckling due to axial compressive membrane stress is not a concern.

STEP 6 — The stress acceptance criterion in STEP 5 is satisfied. Therefore, the desigh is complete
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4.5 Shells Openings in Shells and Heads
4.51 Example E4.5.1 — Radial Nozzle in Cylindrical Shell

Design an integral nozzle in a cylindrical shell based on the vessel and nozzle data below. The parameters used
in this design procedure are shown in Figure E4.5.1.

Vessel and Nozzle Data:

e Desjgn Conditions = 356 psig @300°F
e Corfosion Allowance = 0.125 in

e Weld Joint Efficiency = 1.0

e She]l Material = SA—-516, Grade 70, Nogmialized
e Shell Allowable Stress = 20000 psi

e Yield Strength = 33600 psi

e Nozzle Material = SA—-105

e Nozgle Allowable Stress = 20000 psi

e Shell Inside Diameter = 150.0 in

e Shell Thickness = 1.8125)in

e Nozzle Outside Diameter = 19.0%in

e Nozzle Hub Outside Diameter = 25.5in

e Nozzle Thickness = 1.5in

e Nozgle Hub Thickness = 4.75 in

e Extgrnal Nozzle Projection = 14.1875 in

e Intefnal Nozzle Projection = 0.0in

The nozzle is inserted through the shell, i.e(; set—in type nozzle, see Figure UW-16.1(g).

Establish the corroded dimensions.

Shell:
DE150.0+ 2(C0rrosi0n Allowance) =150.0+ 2(0. 125) =150.25 in
R

| D _1502350c 1554,
2 2

t 941.8128:%Corrosion Allowance =1.8125-0.125=1.6875 in

Nozzle:
t, =1.5—Corrosion Allowance =1.5-0.125=1.375 in
t. =4.75—Corrosion Allowance =4.75—0.125 =4.625 in
_D,-2(t,) 19.0-2(1.375)
! 2

R =8.125in
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Section VIll, Division 1 Solution

Evaluate per UG-37.

The required thickness of the shell based on circumferential stress is given by UG-27(c)(1).

.=

PR 356(75.125)

= =1.3517 in
SE—0.6P  20000(1.0)—0.6(356)

The required thickness of the nozzle based on circumferential stress is given by UG-27(c)(1).

a)

b)

t

rn

ST
1)

2)

3)

4)

1)

2)
3)

PR, 356(8.125)

_ - =0.1462 in
SE—0.6P  20000(1.0)-0.6(356)

EP 1 — Calculate the Limits of Reinforcement per UG-40.

Reinforcing dimensions for an integrally reinforced nozzle per Figures UG-40(g), UG-40(e-1), U
2): See Figure E4.5.1 of this example.

t, =4.625 in
L=7.1875 in
{L=7.1875 in} <{2.5t, =2.5(4.625) =11.5625 in}

t,=1375in
4.625-1.375
=T ST
tan[30]
Dp =255 in

Therefore use UG —40(e—1) =5.6292 in

Finished opening chord length.
d=2R = 2(8.125) =16.25(n
The limits of reinforcement-measured parallel to the vessel wall in the corroded condition.

max[d, R, +t, +t]=max[16.25, {8.125+1.375+1.6875} | =16.25 in

The limits of reinforcement measured normal to the vessel wall in the corroded condition.

min[2.5¢2.5¢, +1,] = min| 2.5(1.6875), {2.5(1.375)+5.6292} | = 4.2188 in

EP 2 —Calculate reinforcement strength parameters per UG-37.

Strength Reduction Factors:

f1=15,/8,=20000/20000=1.0
f,=S,/S, =20000/20000=1.0

fiy=min|S,.S, | /Sv =20000/20000 =1.0
f,4=5,/S, =20000/20000=1.0

Joint Efficiency Parameter: For a nozzle located in a solid plate, E; = 1.0.

G-40(e-

Correction Factor for variation of internal pressure stresses on different planes with respect to the axis
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of the vessel: For a radial nozzle in a cylindrical shell, F = 1.0.

c) STEP 3 - Calculate the Areas of Reinforcement, see Figure UG-37.1 (with Reinforcing Element, per Figure
UG-40(e-1)).

1)

2)

3)

4)

5)

Area Required, A:
A=dt F+2tt F(1-f,,)
A= 16.25(1.3517)(1.0)+2(1.375)(1.3517)(1.0)(1—1.0) =21.9651 in®

ATea Avaitabte i the ollell, Al' Use lalrger value.

A, =d(Et—Ft)-2t (Et—Ft )(1- 1)
16.25(1.0(1.6875)-1.0(1.3517)) -

4, = (1o )10l ) =5.4568 in’
2(1.375){(1.0(1.6875)—1.0(1.3517))(1-1.0)}

A, =2(t+t,)(Et—Ft)-2t (Et—Ft )(1- f.,)
2(1.6875+1.375)(1.0(1.6875)~1.0(1.3517)) -

A, = ( )10 )=10( ) =2.0568 in’
2(1.375){(1.0(1.6875)-1.0(1.3517))(1-1.0)}

A =max[5.4568, 2.0568]=5.4568 in’

Area Available in the Nozzle Projecting Outward, A, .¢Use smaller value:
A, =5(t,—t,) ot
4, =5(1.375-0.1462)(1.0)(1.6875)=10.3680 in’
A, =2(t,—1,)(2.5t, +1,) 1,
4y, =2(1.375-0.1462)(2.5(1:375) +5.6292)(1.0) = 22.2823 in®
A4, = min[10.3680, 22.2823] =10.3680 in’

Area Available in the Nozzle Projecting Inward, Az. Use smaller value:
A, =min[516£.,), 51, f,,, 2ht f,, |
A4,=0.0 since t, = 0.0

Area Available in Welds, A4, A4y, As3, use the following minimum specified weld leg dimensi
Figure&4.5.1 of this example:

DNS, see

Outer Nozzle Fillet Weld Leg : 0.375 in
Outer Llement Fillet Weld Leg: 0.0 1n
Inner Nozzle Fillet Weld Leg : 0.0 in

A, =legf., =(0.375)" (1.0) = 0.1406 in’
A, =0.0 in’
A, =0.0 in®
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Area Available in Element, As:

A;=(D,-d-2t,)t,f,, =(255-16.25-2(1.375))(4.2188)(1.0) = 27.4222 in’

Note: The thickness of the reinforcing pad, t,, exceeds the outside vertical reinforcement zone limit.

Therefore, the reinforcement area in the pad is limited to within the zone.

Total Available Area, A,pqir:

Ay = A+ A+ A+ (A + Ay + Ay ) + A

d) ST

avail
A .. =54568+10.3680+0.0+ (0. 1406+ 0.0+ 0.0) +27.4222=43.3876 in’

avail
EP 4 — Nozzle reinforcement acceptance criterion:

{A =43.3876 inz}Z{A=21.9651 inz} True

avail

Therefore, the nozzle is adequately reinforced.

Commentary:

The pro
although
availabl
in Fig U
it is beli

cedure shown above considered the hub thickened section of the fivzzle as a separate reinforcem
it is integral with the nozzle. The VIII-1 code does not proyide explicit rules for determinatid
b area in the nozzle, A, for thickened integrally reinforced nozzles. However, the various nozzle 4
/V-16.1 consistently indicate the nozzle thickness, t,, is-that of the upper nozzle neck section. TH
bved appropriate to remain consistent with the provided nomenclature and evaluate the hub th

portion ¢f the nozzle as separate reinforcement, paying ¢lose attention to the proper use of the strength r

factor, f

For con
4.625 i
close at

1)

2)

a) ST
1)

L and the limit of reinforcement measured normal to the vessel.

parison purposes, if the value of t,, was re—defined to that of the hub thickened section, whe
, the integrally reinforced nozzle weuld follow the nomenclature of UG-40(e-2). The designer n
ention to the following:

Limit of reinforcement measured parallel to the vessel wall considering the increased nozzle th
and

Limits of reinforcement measured normal to the vessel wall considering the length of the re
section of the nozzle, denoted as L.

EP 1 — Calcuylate the Limits of Reinforcement per UG-40.

Reinfatcing dimensions for an integrally reinforced nozzle per Figure UG-40(e-2).

ent pad,
n of the
ketches
erefore,
ickened
bduction

ret, =
hust pay

ckness,

inforced

t =4.625 m]

2)

3)

e

Dp =0.0in

TG—40(c=2) {l =007 J

Finished opening chord length.
d=2R = 2(8.125) =16.25 in

The limits of reinforcement measured parallel to the vessel wall in the corroded condition.

max|[d, R, +t,+]=max[16.25, {8.125+4.625+1.6875} | =16.25 in
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4) The limits of reinforcement measured normal to the vessel wall in the corroded condition.

min[2.5¢, 2.5¢, +¢,]=min| 2.5(1.6875), {2.5(4.625)+0.0} | = 4.2188 in

b) STEP 2 — Calculate reinforcement strength parameters per UG-37.
Same as provided previously.

c) STEP 3 - Calculate the Areas of Reinforcement, see Figure UG-37.1 (Without Reinforcing Element, per
Figure UG-40(e-2)).

1) | Area Required, A:
A=dt F+2tt F(1-f.)
A= 16.25(1.3517)(1.0) + 2(4.625)(1.3517)(1.0)(1 —1.0) =21.9651 in’

2) | Area Available in the Shell, A;. Use larger value:

A, =d(Et-Ft)-2t (Et-Ft )(1- 1)
16.25(1.0(1.6875)—1.0(1.3517)) -

A4, = (10 )71 ) = 54568 in’
2(4.625){(1.0(1.6875)~1.0(1.3517))(1-1.0)}

A, =2(t+t,)(Et—Ft)-2t (Et—Ft)(1- f,)
2(1.6875+4.625)(1.0(1.6875)~1.0(13517)) -

4, = ( o )19 ) =4.2395 in®
2(4.625){(1.0(1.6875)~1.0(1.3517))(1-1.0)}

4, = max[5.4568, 4.2395]=5.4568.in"

3) | Area Available in the Nozzle Projecting-Outward, A,. Use smaller value:
Ay =5(1,-1,)

4, = 5(4.625 —0.1462)(1.0)(1.6875) =37.7899 in’

Ay, =2(t, -1, (255, +1,) 1,

Ay, =2(4.625-0.1462)(2.5(4.625)+0.0)(1.0) =103.5723 in’
A, =min|37.7899, 103.5723]=37.7899 in’

4) | Area Available in the Nozzle Projecting Inward, A;. Use smaller value:

A, =min[5t. 1., .51, f,,, 2ht, 1, |
A;=0.0 since t; =0.0

5) Area Available in Welds, A4, A4,, A3, use the following minimum specified weld leg dimensions, see
Figure E4.5.1 of this example:

Outer Nozzle Fillet Weld Leg : 0.375 in
Outer Element Fillet Weld Leg : 0.0 in
Inner Nozzle Fillet Weld Leg : 0.0 in
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4, =leg’f., =(0.375)" (1.0) = 0.1406 in

ying the

A, =0.0in’
A, =0.0 in®
6) Area Available in Element, A5:
A4,=0.0 in’
7) Total Available Area, A, ,qi1:
Apu = A+ A+ A+ (A, + Ay + Ay ) + A
A, . =54568+37.7899+0.0+ (0. 1406+ 0.0 + 0.0) +0.0=43.3873 in’
d) STEP 4 — Nozzle reinforcement acceptance criterion:
{4, =43.3873 in*| > {4=21.9651 in’ | True
Therefofe, it is shown that either procedure will provide equivalent total availablerarea, A,,4i;; both satis
required area acceptance criterion.
Section| VIIl, Division 2 Solution with VIiI-1 Allowable Stresses
The progedure, per VIII-2, paragraph 4.5.5, to design a radial nezzle in a cylindrical shell subject to pressure
loading |s shown below.
a) STEP 1 — Determine the effective radius of the shelras follows.
R, = 0.5D, = 0.5(150.25) =75.125 in
b) STEP 2 - Calculate the limit of reinforcement along the vessel wall.
For set—in integrally reinforced nozzles,

L, = min[\/ffft, ZRJ

L, =min| [(75.128)(1.6875), 2(8.125) | = min[11.2594,16.25] = 11.2594 in

Note: This is an-analysis of a single nozzle; therefore, the spacing criterion is automatically satisfied

we
neq

c) ST

e multiple-nozzles in the shell, the spacing requirements for nozzles in VIII-2, paragraph 4.5.1
d to be.checked.

ER.3< Calculate the limit of reinforcement along the nozzle wall projecting outside the vessel su

If there
3 would

face.

For

set—in nozzles,

Ly, =min[1.5, £,]+ /R t, =min[1.5(1.6875),0.0 |+ /8.125(4.625) = 6.1301 in

L,,=L, =14.1875in
L,y =8(t+1,)=8(1.6875+0.0)=13.5 in

L, =min[L,,, L,,, L,,]+¢=min[6.1301, 15.875, 13.5]+1.6875 = 7.8176 in
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d) STEP 4 — Calculate the limit of reinforcement along the nozzle wall projecting inside the vessel surface, if

applicable.
L, =Rt = ,/8.125(4.625) =6.1301 in
L,= Lp,2 =0.0

L, =8(t+1,)=8(1.6875+0.0)=13.5 in

| SN I 4 4 L 1 il 1201 00
‘JI llllll I_ull’ 1412, ‘J13J LlllllL\}-lJ\ll, U-\l,

e) STEP 5 - Determine the total available area near the nozzle opening (see VIII-2, Figure 4.5.1).| Do not
include any area that falls outside of the limits defined by Ly, Lp, and L;.

Fol set—in nozzles,

A=A+ [, (A + A)+ Ay + Ay + Ay + [, 4s

0.85 085
AI:(tLR)~max|:(%j ,1.0}:1.6875(11.2594).ma{(1'3237) ,1.0}

A4, =19.0002 in’

A =min

QR +1) | 150 [ 2(8.125)+4.625

1/(D,. oy )y
(0 0)
ly=1+ =1.6875 =1.6875 in
- 1.2594

,12.0 [=1.3037
J150:25+1.6875 (1.6875)

= [—p,l}:OO
S
| 52 ] 20000
, — min
~ 20000

Sj
\

=}

ce {Ly = 7.8176wn} < {Ly3 = Lyy3 +t = 7.1875 + 1.6875 = 8.875 in}, calculate 4, as follqws, see
-2, Figure 4.5:13;

A, =1 Li=4.625(7.8176) = 36.1564 in®

AE4 L, =0.0

A, =0.512, =0.5(0.375)" =0.0703 in’
A, =05L,=0.0
A, =05L;,=0.0
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A;=min[4;,, 4]

A, =Wt =0.0
A, =Ly, =0.0
4,=0.0

A; =19.0002+1.0(36.1564+0.0)+0.0703+0.0+ 0.0+ 0.0 = 55.2269 in’

STEP 6 — Determine the applicable forces.

For set—in nozzles,

fv=PR,L, =356(10.2644)(7.8176) = 28566.4985 Ibs

L 4.625 ~10.2644 in
R +1 8.125+4.625
ln n n ln -
R 8.125

fo = PR, (Ly +1,) =356(75.9656)(11.2594+4.625) = 4295737997 Ibs

Loy 1.6875

R, =t = o= 75.9656 i
1n{Reff”eff} 1{ ShRs }
R

) 75.125
eff

fy =PR_R, =356(75.9656)(8.125)=219730.4980 Ibs

XS nc

Note: For radial nozzles, R,,. = R,.

ST
at t

EP 7 — Determine the average local primary membrane stress and the general primary membrar
he nozzle intersection.

(fy + /s +fy) _ 28566.4985+429573.7997 +219730.4980

=12274.2866 psi

e A, 55.2269
356(76.9656
Ce = PR, = ( ) =16025.9281 psi
Ly 1.6875
EP 8 — Determiine the maximum local primary membrane stress at the nozzle intersection.

})L = max |:{20-an - O-circ } > O-circ :|

B-=max [{2(12274.2866)—16025.9281}, 16025.9281] =16025.9281 psi

e stress

STEP 9 — The calculated maximum local primary membrane stress should satisfy VIII-2, Equation 4.5.56. If
the nozzle is subjected to internal pressure, then the allowable stress, S;;0w. IS given by VIII-2, Equation
4.5.57. If the nozzle is subjected to external pressure, then the allowable stress is given by VIII-2, Equation
4.5.58 where Fy,, is evaluated in VIII-2, paragraph 4.4 for the shell geometry being evaluated (e.g., cylinder,
spherical shell, or formed head). The allowable stress shall be the minimum of the shell or nozzle material
evaluated at the design temperature.

{P, =16025.9281 psi} <{S

allow

= 1.55E =1.5(20000)(1.0) = 30000 psi}
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j)  STEP 10 — Determine the maximum allowable working pressure at the nozzle intersection.

S, 1.5(20000)(1.0) :
P = allow =1253.1320 psi
24, R, (2(1904.1315) (75.9656)
Aty 55.2269 1.6875
4~ St sty _28566.4985+429573.7997 +219730.4980 _ o0 ais
’ P 356.0
PmaxZ -

_ 5| 1=20000] 22721 _ 44428 psi
R 75.9656

XS

P, =min[P, . P

max max 2

]=min[1253.1320, 444.28]=444.28 psi

The nozZzle is acceptable because P, = 444.28 psi is greater than the specified design pressure of 3]

9.50 in.
14.1875 in. 45°
7.1875in.
l 0.375 in. 4.75in.»<—8.00in.

)

FQJS in——

Figure E4.5.1 — Nozzle Detail
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4.5.2 Example E4.5.2 — Hillside Nozzle in Cylindrical Shell

Design an integral hillside nozzle in a cylindrical shell based on the vessel and nozzle data below. The parameters
used in this design procedure are shown in Figure E4.5.2.

Vessel and Nozzle Data:

e Design Conditions = 356 psig @300°F
e Corfosion Allowance = 0.1251n

e Weld Joint Efficiency = 1.0

e She]l Material = SA—-516, Grade 70, Normalized
e Shell Allowable Stress = 20000 psi

e Shell Yield Strength = 33600 psi

e Nozzle Material = S4-105

e Nozgle Allowable Stress = 20000 psi

e Shell Inside Diameter = 150.0 in

e Shell Thickness = 1.8125n

e Nozzle Outside Diameter = 11.56.un

e Nozgzle Thickness = 1.97in

e Extgrnal Nozzle Projection = 19.0610 in

e Intefnal Nozzle Projection = 0.0in

e Nozzle Offset = 34.875 in

The nozgle is inserted through the shell, i.e., set-intype nozzle, see Figure UW-16.1(d).

Establish the corroded dimensions.

Shell:
DE150.0+ 2(Corr0sion Allowance) =150.0+ 2(0.125) =150.25 in
R D _ 150.25

=75.125in
2

t 91.8125 — Corroesion Allowance =1.8125-0.125=1.6875 in

t £1297 — Corrosion Allowance =1.97—-0.125=1.845 in

2 _Duov -2(¢,) _11.56-2(1.845)
" 2 2

=3.9351in
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Section VI, Division 1 Solution

Evaluate per UG-37.

The required thickness of the shell based on circumferential stress is given by UG-27(c)(1).

.=

PR 356(75.125)

= =1.3517 in
SE—-0.6P 20000(1.0)—0.6(356)

The required thickness of the nozzle based on circumferential stress is given by UG-27(c)(1).

PR, 356(3.935)

- - =0.0708 in
SE—-0.6P  20000(1.0)-0.6(356)

EP 1 — Calculate the Limits of Reinforcement per UG-40.

Reinforcing dimensions for an integrally reinforced nozzle per Figures UG-40(e), UG-40(e-1), U
2): See Figure E4.5.2 of this example:

t, =1.845 in
L~16.0 in

{L=16.0 in} >{2.5t, =2.5(1.845) = 4.6125 in|
t, =1.845 in}

Therefore use UG —40(e—2
4 ( ) {te =0.0

G-40(e-

Note: Figure UG-40 does not provide a sketch for:an integral uniform thickness nozzle with full penetration

weld inserted through the shell without a reinfercing pad. Therefore, sketch (e-1) was used with
Additionally, the value of L is approximate*and is determined by subtracting the flange thickness
external nozzle projection, see Figure E4.5.2.

Finished opening chord length.

i)  Perpendicular to longjtudinal axis, see Figure E4.5.2.

L3517 _ 75.8009 in

R, = Mean Cylinder Radius = R +%’ =75.125+

L, = Offset Length =34.875 in
x, =L, + R, =34.875+3.935=38.81 in

$5= L, —R, =34.875+3.935=30.94 in

n =/R2 —x2 =/75.8009° —38.81%> = 65.1119 in

L, = 0.0.
from the

¥, =R —x. =/75.8009° —30.94” = 69.1989 in

d=\(x,—x%) +(3s—0) =(38.81-30.94)’ +(69.198965.1119)’ =8.8679
i) Parallel to longitudinal axis.

d =2R, =2(3.935)=7.870 in
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The limits of reinforcement measured parallel to the vessel wall in the corroded condition.

i)  Perpendicular to longitudinal axis.
max|[d, R, +1,+]=max|8.8679, {3.935+1.8450+1.6875} | =8.8679 in
i) Parallel to longitudinal axis.

max [d, R, +t,+]=max[7.870, {3.935+1.8450+1.6875} | =7.870 in

The limits of reinforcement measured normal to the vessel wall in the corroded condition.

ST

ST
Ve

min[2.5¢, 2.5, +1,]=min| 2.5(1.6875), {2.5(1.845)+0.0} | = 4.2188 in

EP 2 — Calculate reinforcement strength parameters per UG-37.
Strength Reduction Factors:
f.=S8,/S,=20000/20000=1.0
f,=S,/S,=20000/20000=1.0
f;=min[S,.5, /S, =0
fa=S, / S, =0
Joint Efficiency Parameter: For a nozzle located in a solid\plate, E; = 1.0.

Correction Factor for variation of internal pressure.streésses on different planes with respect to
of the vessel. Figure UG-37 may be used for integrally reinforced openings in cylindrical sh
cones. See UW-16(c)(1).

i)  For an opening perpendicular to the tongitudinal axis, d = 8.8679 in —» F = 0.5.
ii) For an opening parallel to the longitudinal axis, d = 7.870 in — F = 1.0.

EP 3 — Calculate the Areas of Reinfarcement perpendicular to the longitudinal axis, F = 0.5. Se
-37.1.

Area Required, A:

A=dt F+2t t-Fd-f,))

A= 8.8679(1.3517)(0.5) + 2(1.845)(1.3517)(0.5)(1 —1.0) =5.9934 in’
Area Available in the Shell, A;. Use larger value:

Azd(Et—Ft )-2t (Et—Ft )(1-f,)

the axis
ells and

e Figure

(8.8679(1.0(1.6875)—0.5(1.3517)) - }

71 . 2
/

Q_Q 2D
O.J T 1LIN

i 12(1.845){(1.0(1.6875)—O.5(1.3517))(1—1.0)}j )

A, =2(t+1,))(Et-Ft)-2t, (Et—Ft )(1- )

il 2(1.6875+1.845)(1.0(1.6875)—0.5(1.3517)) - iy
2(1.845){(1.0(1.6875)-0.5(1.3517) ) (1-1.0)}

A =max[8.9712, 7.1473]=8.9712 in’
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Therefore, the nozzle is adequately reinforced in the plane perpendicular to the longitudinal axis.
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37.
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Area Available in the Nozzle Projecting Outward, A,. Use smaller value:
A4, = S(tn —-t )frzt = 5(1.845 - 0.0708)(1.0)(1.6875) =14.9698 in’
A4, = 5(tn -t )frztn = 5(1.845 —0.0708)(1.0)(1.845) =16.3670 in’
A, =min[14.9698, 16.3670] =14.9698 in®

Area Available in the Nozzle Projecting Inward, A;. Use smaller value:

A, =min[5tt,f,,,5t1.f.,, 2ht.f,, |

A4,=0.0 since t, = 0.0

Area Available in Welds, A1, A4z, A4z, use the following minimum specified weld leg dimensi
Figure E4.5.2 of this example,

Outer Nozzle Fillet Weld Leg : 0.375in
Outer Element Fillet Weld Leg : 0.0 in
Inner Nozzle Fillet Weld Leg : 0.0 in

A, =leg’f., =(0.375)" (1.0) = 0.1406 in’
A, =0.0 in’®
A4,,=0.0 in®
Area Available in Element, As:
A =(D,-d-2t,)t,f,,=0.0 in’
Total Available Area, Agpqir:
A = A+ Ay + A+ (A, + A A+ 4
A = 8.9712+14.9698+0.0+(0.1406+0.0+0.0)+0.0= 24.0816 in®

avail
EP 4 — Nozzle reinforcemént acceptance criterion:

A =24.0816in"$={4=5.9934 in’ True
{ e }

avail

EP 5 — Calculate the Areas of Reinforcement, parallel to the longitudinal axis, F = 1.0. See Fig
1.

bNS, see

ure UG-

Area Required, A:

A=di F+261 F(1- f)
A=7.870(1.3517)(1.0)+2(1.845)(1.3517)(1.0) (1-1.0) =10.6379 in*
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2) Area Available in the Shell, A;. Use larger value:

A,=d(Et-Ft)-2t (Et—Ft

)(1=1)

7.870(1.0(1.6875)-1.0(1.3517)) -

L= =2.6427 in®
2(1.845){(1.0(1.6875)1.0(1.3517)) (1-1.0)}
A12= (t+tn)(E1t_Ftr)_2t (El )( f )
21 £975 114501 01 £975) 1. 0(12517)\)
216875845 H+-6{1-6875—-6{135+7

( ]
' = 23724 in’
1.0(1.3517))(1-1.0)

4 = max[2.6427, 2.3724] =2.6427 in®

3) | Area Available in the Nozzle Projecting Outward, A,. Use smaller value:
4, =5(t,-1,) fat

A4, = 5(1 .845 - 0.0708)(1.0)(1 .6875) =14.9698 in®

Ay, =5(t,-1,) fiat,

4, = 5(1.845 - 0.0708)(1.0)(1.845) =16.3670 in’

A4, = min[14.9698, 16.3670] =14.9698 in’

4) | Area Available in the Nozzle Projecting Inward, A3*>Use smaller value:

A, m1n[5ttf2 St f,, 2ht f,, ]

4,=0.0 since t; =0.0

5) | Area Available in Welds, A4, A4774%3, use the following minimum specified weld leg dimensipns, see
Figure E4.5.2 of this example;
Outer Nozzle Fillet Weld Leg :
Outer Element Fillet Weld Leg :
Inner Nozzle Fillet Weld Leg :

0.375 inches
0.0 inches
0.0 inches

A, =leg’f, =(0. 375) (1.0)=0.1406 in’
A, =00 in’
Ay = 0.0 in®

6) Area Available in Element A

A,=(D,-d-2t,)t,f,,=0.0 in’
7) Total Available Area, Agyqir:
Ay = A + A, + 4, +(A41 + A, + A, ) + A;
A, =2.6427+14.9698 +0.0 + (0. 1406+ 0.0+ 0.0) +0.0=17.7531 in’

avail
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f)  STEP 6 — Nozzle reinforcement acceptance criterion:
{4y =17.7531in* | 2{4=10.6379 in’ True

avail

Therefore, the nozzle is adequately reinforced in the plane parallel to the longitudinal axis.

Section VI, Division 2 Solution with VIli-1 Allowable Stresses

For a hillside nozzle in a cylindrical shell (see VIII-2, Figure 4.5.4), the design procedure in VIII-2, paragraph 4.5.5

shall be [osedwiththe foftowingsubstitutionsfronT Vit=2, paragrapth 4-5-6:

R | = max K&j, RH}
2

0, b cos | 2 | cos | 22875 1 _ 6 3308 deg =1.0880 rad
75.125

)
1]
(@]
@)

ml
l—_|
= *b

=
| |
Il

. [34.875+3.935
0S _—

=58.8952.deg =1.0279 rad
75.125

R = 75.125(1.0880—1.0279) =4.5150 in

R :max[(4'52150], 3.935} =3.935in

The progedure in VIII-2, paragraph 4.5.5 is‘'shown below.

=

a) STEP 1 - Determine the effectiveradius of the shell as follows:

R, =0.5D, =0.5(150.25) = 75.125 in

b) STEP 2 — Calculate the\limit of reinforcement along the vessel wall:

For integrally reinforced nozzles:

Ly =i JR 1, 2R, | = min| |[75.125(1.6875), 2(3.935) | = 7.87 in

No‘e: This is an analysis of a single nozzle; therefore, the spacing criterion is automatically satisfied| If there
were multiple nozzles in the shell, the spacing requirements for nozzles in VIII-2, paragraph 4.5.13 would
need to be checked.

c) STEP 3 - Calculate the limit of reinforcement along the nozzle wall projecting outside the vessel surface.

For set—in nozzles,

L,y =min[1.56,¢,]+/R £, = min[1.5x1.6875,0]+/3.935(1.845) = 2.6945 in

Ly, =L,, =19.0610 in
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L,,=8(t+t,)=8(1.6875+0.0)=13.5 in
L,=min[L,, L,,, L,;]+t=4.3820 in

d) STEP 4 — Calculate the limit of reinforcement along the nozzle wall projecting inside the vessel surface, if

applicable:
Ly =R 1, =/3.935(1.845) = 2.6945
I I TAWAY
1_4]2 —szrz = V.U

L,=8(t+t,)=8(1.6875+0.0)=13.5 in

L, =min[L,, L,,, L,;]=0.0

e) STEP 5 - Determine the total available area near the nozzle opening (see VIII-2, Figures 4.5.1 anf 4.5.2).
Dojnot include any area that falls outside of the limits defined by Ly, Ly, and L.

Fol set—in nozzles,

A, =4 +fm(A2 +A3)+A41 + A, +Ag+ [, 4

0.85 0.85
4 :(zLR)-maxH%] , 1.0} = 1.6875(7.87)-ma{(%g“J , 1.0} =13.2806

| (2R, +1,) , 2(3.935)+1.845
A=min|{ ————=—1",12.0 [=min ,12.0
(D, +1,)t, J(150.25+1.6875)(1.6875)

2 =0.6067
Af, 0.0¢0.0) ,

Ly =t+| =2 | =1.6875+| w2 |=1.6875 in
- L, 7.87
2520000y

S 20000

S

=22 =00

Tn=7%

Singe {t,=(1.845 in} = {t,, = 1.845 in}, calculate A, as follows:

A=t L, =1.845(4.3820) = 8.0848 in®

A, =1,L,=1.845(0.0)=0.0
A, =0.512 =0.5(0.375) = 0.0703 in®
A, =05I2=00

A, =0.502,=0.0
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A, =Wt =0.0
Ay =Lyt =0.0
4, =0.0

A, =13.2806+1.0(8.0848 +0.0) +0.0+0.0703+ 0.0+ 0.0 = 21.4357 in’

STEP 6 — Determine the applicable forces:

For

ST
at {

ST

set—in nozzles,

fy = PR, L, =356(4.7985)(4.3820) = 7485.6216 Ibs

R o= 1.845 — 4.7985 in
o R 11 {3.935+1.845}
In n n In =4—/— "=
R 3.935

fs = PR, (Ly +1,)=356(75.9656)(7.87 +1.845) = 262730.0662 Ibs

t
R = i = 1.6875 =75.9656 in

" Ry +1y ln[75.125+1.6875}
R, 75.125

f, = PR,R,, =356(75.9656)(3.935) =106412, 1704 Ibs

XS nc

EP 7 — Determine the average local primary-membrane stress and the general primary membrary
he nozzle intersection:

¥ S+ f,)  (7485.6216262730.0662 +106417.1704
s h) | ) _175703550 psi
4, 214357
PR, 356(75.9656)
U = =

v, 1.6875

=16025.9281 psi

EP 8 — Determinetthe maximum local primary membrane stress at the nozzle intersection:

P, = max |:{20-an - Jcirc} > Gcirc:|
P, =max] {2(17570.3550)~16025.9281}, 16025.9281 | =19114.7819 psi

e stress

ST

FP(9 — The calculated maximum local primary membrane stress should satisfy VIII-2. Equation 4

.5.56. If

the nozzle is subjected to internal pressure, then the allowable stress, S;;0w, iS given by VIII-2, Equation
4.5.57. If the nozzle is subjected to external pressure, then the allowable stress is given by VIII-2, Equation
4.5.58 where Fy, is evaluated in VIII-2, paragraph 4.4 for the shell geometry being evaluated (e.g., cylinder,
spherical shell, or formed head). The allowable stress shall be the minimum of the shell or nozzle material
evaluated at the design temperature.

{P, =19114.7819 psi} <{S

allow

= 1.55E =1.5(20000)(1.0) = 30000 psi}
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j)  STEP 10 — Determine the maximum allowable working pressure of the nozzle:

b Sum _ 1.5(20000)(1.0) _ 558.7300 psi
™24, R, 2(1057.9575) 759656

4, t, 214357 L6875
+fy+ 7485.6216 +262730.0662 +106417.1704
Apz(fN js fr) _( o ) ~1057.9575 in?
T

P =5 <= |=20000( 087 | _ 444.28 psi
R 75.9656

P, =min[P_, P, ]|=min[558.73, 444.28]=444.28 psi

max max1> © max2

The nozzle is acceptable because P, = 444.28 psi is greater than the specified desigh pressure of 336 psig.
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Nozzle
¢
£
e 1.97 in. [«»<—3.81in.—
‘E
-
0.375in.
¢ ¢
<—Loﬂ >
R, >R, >
%5.78 in.——
i
Y2
Rm
\
Y1 \\
- X1 >
y

Figure E4.5.2 — Nozzle Detail
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4.5.3 Example E4.5.3 — Radial Nozzle in Ellipsoidal Head

Design an integral radial nozzle centrally located in a 2:1 ellipsoidal head based on the vessel and nozzle data
below. The parameters used in this design procedure are shown in Figure E4.5.3.

Vessel and Nozzle Data:

o Design Conditions = 356 psig @300°F
e Vessel and Nozzle Corrosion Allowance = 0.125 in

o Welgdoint Eﬁibicllby = 6

e Head Material = SA—-516, Grade 70, Norm.
e Hedd Allowable Stress = 20000 psi

e Head Yield Strength = 33600 psi

e Nozgle Material = SA-105

e Nozgle Allowable Stress = 20000 psi

e Head Inside Diameter = 90.0 in

e Height of the Elliptical Head, (2:1) = 22.5 in

e Head Thickness = 1.0 in

e Nozgle Outside Diameter = 15.94in

e Nozzle Thickness = 2.28.in

e Extgrnal Nozzle Projection = 13.5 in

e Nozgzle Internal Projection = 0.0 in

DE90.0+ 2(C0rr0si0n Allowance) =90.0+ 2(0.125) =90.25 in
PULICLE S
t 41.0— Corrosion dAHowance =1.0—-0.125=0.875 in
Nozzle:
t, ¥ 2.28 ~Corrosion Allowance=2.28—-0.125=2.155 in
WD, -2(1,) 15.94-2(2.155)

n

2 2

1349
1282
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VIII, Division 1 Solution

Evaluate per UG-37.

The required thickness of the 2:1 ellipsoidal head based on circumferential stress is given by UG-32(d). However,
per UG-37(a), when an opening and its reinforcement are in an ellipsoidal head and located entirely within a circle
the center which coincides with the center of the head and the diameter of which is equal to 80% of the shell
diameter, ¢, is the thickness required for a seamless sphere of radius K; D, where K; is given in Table UG-37.

Per Table UG-37, for a 2:1 ellipsoidal head where, D /2h = 90.0/2(22.5) =2 - K; = 0.9.

The req

The req
trl’l

a) ST
1)

2)

3)

T T25E—02P ~ 2(20000)(1.0)—0.2(356)

Lired thickness, t,., per the UG-37 definition for nozzle reinforcement calculations.

PDK 356(90.25)(0.9)

=0.7242 in

Lired thickness of the nozzle based on circumferential stress is given by UG-27(¢)(1).

PR 356(5.815)

n

~ SE—0.6P  20000(1.0)—0.6(356)

=0.1046 in

EP 1 — Calculate the Limits of Reinforcement per UG-40.

2): See Figure E4.5.3 of this example.

t.=2.155in

L=12in

{L=12in} <{2.5t, =2(2.155)=43Tin|
Therefore use UG —40(e-2) {in ié;SS in}

Additionally, the valueof’L is approximate and is determined by subtracting the flange thickness
external nozzle prdjection, see Figure E4.5.3.

Finished opening chord length.
dz2R = 2(5.815) =11.63 in

Thelimits of reinforcement measured parallel to the vessel wall in the corroded condition.

4)

Reinforcing dimensions for an integrally reinforced nozzle.per Figure UG-40(e), UG-40(e-1), U

G-40(e-

Note: Figure UG-40 does nat provide a sketch for an integral uniform thickness nozzle with full pepetration
weld inserted through the shell without a reinforcing pad. Therefore, sketch (e-2) was used with ]

L, = 0.0.
from the

max[d, R, +1, +7]=max|11.63, |5.815+2.155+1.0] | =11.63 in

The limits of reinforcement measured normal to the vessel wall in the corroded condition.

min[2.5¢, 2.5¢, +¢,]=min| 2.5(0.875), {2.5(2.155)+0.0} | = 2.1875 in
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b) STEP 2 — Calculate the reinforcement strength parameters per UG-37.

1)

2)
3)

1)

2)

3)

4)

Strength Reduction Factors:
fi= Sn/SV =20000/20000=1.0
f,=S,/S,=20000/20000=1.0
fs=min[S,.S,]/S,=00
f:=58,/8,=0.0

Joint Efficiency Parameter: For a nozzle located in a solid plate, E; = 1.0.

Correction Factor for variation of internal pressure stresses on different planes with respect to
of the vessel: For a nozzle in an ellipsoidal head, F = 1.0.

EP 3 — Calculate the Areas of Reinforcement, see Figure UG-37.1

Area Required, A:
A=dt F+2tt F(1- 1)
A=11.63(0.7242)(1.0)+2(2.155)(0.7242)(1.0)(1-1.0) =8.4224 in®
Area Available in the Shell, A;. Use larger value:

A, =d(Et-Ft)-2t (Et—Ft)(1-f,)

_ {11.63(1.0(0.875)1.0(0.7242)) }:1 Dag i
' 2(2.155)(1.0(0.875)-1.0(0.7242)) (1-1.0) |
A, =2(t+t,)(Et—Ft)-2t (Ex<Ft )(1- 1))
i {2(0.875 +2.155)(1.0(0875)~1.0(0.7242)) } Cootg i
© o |2(2.155)(1.0(0.875)-1.0(0.7242))(1-1.0) |

A, =max[1.7538, 0.9138] =1.7538 in®

Area Available in the\Nozzle Projecting Outward, A,. Use the smaller value:

A21 ( s rn )f;Zt

4, =5(2.155-0.1046)(1.0)(0.875) =8.9705 in’
A22 7 S(tn _trn)-f;‘Ztn

A,y =5(2.155-0.1046)(1.0)(2.155) = 22.0931 in®

A4, =min|8.9705, 22.0931]=8.9705 in

Area Available in the Nozzle Projecting Inward, A5:

A, =min[5t.f., .51, f,,, 2ht, 1, |
A4,=0.0 since t, =0.0
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5) Area Available in Welds, A4, A4,, A43, use the following minimum specified weld leg dimensions, see
Figure E4.5.3 of this example,

Outer Nozzle Fillet Weld Leg : 0.375 in
Outer Element Fillet Weld Leg : 0.0 in
Inner Nozzle Fillet Weld Leg : 0.0 in

4, =leg’ [, =(0.375)" (1.0) = 0.1406 in

4 —00 in?
47 * i

4,,=0.0 in®

6) | Area Available in Element, As:

4,=(D,-d-2t,)t,f,,=0.0 in’

7) | Total Available Area, Agpair:

Apu = A+ A, + A+ (A, + Ay + Ay ) + A

A, . =1.7538+8.9705+0.0+ (0. 1406 +0.0 + 0.0) +0.0= 10.8649 in®

avail
d) STEP 4 — Nozzle reinforcement acceptance criterion:

{A =10.8649 inz}Z{A:8.4224 inz} True

avail

Therefore, the nozzle is adequately reinforced.

Section| VIll, Division 2 Solution with VIilI-1 Allowable Stresses

The profedure, per VIII-2, paragraph 4.5.10,:10-design a radial nozzle in an ellipsoidal head subject to pressure
loading |s shown below.

a) STEP 1 — Determine the effective radius of the ellipsoidal head as follows.

" 2

9D, O3] 0.9(90.25 ,

R, =22 [ 242 (90-29)] 5 [_9025 || _g) 996 in
T 6 2h 6 2(22.625)

b) STEP 2 - Calculate the limit of reinforcement along the vessel wall.

Forl integrally reinforced set—in nozzles in ellipsoidal heads,

Iy=min[ \[R 1, 2R, |=min| [80.9262(0.875), 2(5.8150) |=8.4149 in

Note: This is an analysis of a single nozzle; therefore, the spacing criterion is automatically satisfied. If there
were multiple nozzles in the shell, the spacing requirements for nozzles in VIII-2, paragraph 4.5.13 would
need to be checked.
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STEP 3 — Calculate the limit of reinforcement along the nozzle wall projecting outside the vessel surface.
See VIII-2, Figures 4.5.9 and 4.5.10.

For set—in nozzles in ellipsoidal heads,

Ly =min| 141, +F, R, L, +1]

X, =min| D, +(R, +1,)-cos[0], %}

wh

Si

=1

the

ST
apf

ST
wh

that falls outside ©f-the limits defined by Ly, Lg, and L;.

For

X, =min| 0.0+(5.8150+2.1550)-cos[0.0], gJ =7.97 in

ere,

h D, 22.625 0.0
@ =arctan|| — |- — = arctan . - - =0.0 rad
R) | JR*-D} 45.125) (1/45.125* - 0.0

ce {X, = 7.97 in} < {0.35D; = 0.35(90.25) = 31.5875 in}, calculate'F, as follows:

0.35 0.35
F =C, =min|| % | 1.0|=min (Mj 10 | =0.7295
’ 3 2.1550

refore,

L,, = min| 0.875+0.0+(0.7295)/5.8150(2:1550), 13.5+0.875 | =3.4574 in

EP 4 — Calculate the limit of reinforcement-along the nozzle wall projecting inside the vessel sdirface, if
licable.

Lpr2 =0.0

L, =min| F,\[R t,,L,,]<0.0

EP 5 — Determine the total available area near the nozzle opening (see VIII-2, Figures 4.5.1 and 4.5.2)
ere f,, and f,,, are:given by VIII-2, Equations (4.5.21) and (4.5.22) respectively. Do not include any area

set—in nozzles:

A S8+ [ (A + A+ Ay + Ay + Ay + £, 4s

Sin

A =T, =0875(8 A9 =T36307m

ce {t, = 2.1550 in} = {t,,, = 2.1550 in}, calculate A, as follows:
A, =t L, =2.1550(3.4574) =7.4507 in’

A =1L, =0.0

A4, =0.51% =0.5(0.375)" = 0.0703 in’
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A, =Wt,=0.0
Ay, =(L—t,)t,=0.0
A; =min[4;,, 4;,]=0.0
r _ S, _ 20000 .

S 20000

S

=—2-0.0

/, S

A, =7.363+1.0(7.4507 + 0.0) +0.0703+0.0+0.0 + 0.0(0.0) =14.8840in”

f)  STEP 6 — Determine the applicable forces.
Fo1 set—in nozzles,

fy = PR, L, =356(6.8360)(3.4572) = 8413.4972 Ibs

R o= 2.1550 — 6.8360"in
an R +1 {5.8150+2.1550}
In| > " | In
R 5.8150
PR (L,+t) 356(81.3629)(8.4149+2.1550
fi= o (L ")= ( )( ):153079.5936 Ibs
2 2
t
R, =——% =T 9(;‘52750875 =81.3629 in
In Reﬁ‘ +teﬁ‘ ln|: : +9. }
7&”» 80.9262
A
ty =t+| =& =0.875+( 0.0 j=0.875 in
: AN 8.4149
356(81.3629)(5.8150
fr e ( ) ) — 842162969 s

2 2

g) STEP 7 — Determine the average local primary membrane stress and the general primary membrane stress
at the nozzle intersection.

_ (fy + /s +fy) _ 8413.4972+153079.5936 +84216.2969

=16508.2900 psi
i A, 14.884

PR, 356(81.3629)
o. = =
w2 2(0.875)

=16551.5385 psi
eff
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STEP 8 — Determine the maximum local primary membrane stress at the nozzle intersection.

I)L = max |:{20-avg - O-circ} > O-circj|
P, =max| {2(16508.29)~16551.5385}, 16551.5385 | =16551.5385 psi

STEP 9 — The calculated maximum local primary membrane stress should satisfy VIII-2, Equation 4.5.146.
If the nozzle is subjected to internal pressure, then the allowable stress, S;;;0w, is given by VIII-2, Equation
4.5.57. If the nozzle is subjected to external pressure, then the allowable stress is given by VIII-2, Equation
4.5[58.

{P, =16551.5385} < {5

allow

= 1.55E =1.5(20000)(1.0) = 30000 psi}

STEP 10 — Determine the maximum allowable working pressure of the nozzle.

S _ 1.5(20000)(1.0)

1)‘x — allow
"™ (24,) (R, [2(690.1949)) ( 81.3629
4 ) 2, 14.884 2(0.875)

= 648.6470 psi

Lt fit 1)
’ P
4= 8413.4972+15307395.2936+84216.2969 _ 69041949 in’

max 2

P, =25| | =2(20000)[ -5 _ 4301715 psi
R 81.3629

XS

P

max 2

P, =min[P,

max

| =min[648.647, 430.1715]=430.1715 psi

ax 12

The nozzle is acceptable because B, =430.1715 psi is greater than the specified design pregsure of

356 psiyg.
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13.50 in.
" 2.28in. [« > 5.69 in.

0.375 in.

H?.Q? in.——

Figure E4:5.3 — Nozzle Details
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Example E4.5.4 — Radial Nozzle in Cylindrical Shell

Check the design of an integral radial nozzle in a cylindrical shell based on the vessel and nozzle data below.
Verify the adequacy of the attachment welds. The parameters used in this design procedure are shown in Figure

E4.5.4.

Vessel and Nozzle Data:

e Design Conditions = 425 psig @ 800°F
o Vesgeland-Nozzle-Gorosion-Alowance = 0-0625-+n
e Weld Joint Efficiency = 1.0
e Shell Allowable Stress = 11400 psi
e Nozzle Allowable Stress = 12000 psi
e Shell Inside Diameter = 96.0 in
e She]l Thickness = 2.0 in
¢ Nozile Inside Diameter = 16.0 in
e Nozgle Thickness (seamless) = 1.75 in
The nozgzle has a set—on type configuration and the opening does not pass through a vessel Category A j
Figure UwW-16.1(n). All category A joints are to be fully radiographed (see UW-3).
Establish the corroded dimensions.
Shell:

DE96.0+ 2(C0rrosi0n Allowance) =96.0+ 2(0.0625) =96.125 in

D 96.125

R ¥ 5 = =48.0625 in

t 42.0—Corrosion Allowance =2.0~0.0625=1.9375 in
Nozzle:

t, £1.75—Corrosion Allowance =1.75-0.0625 =1.6875 in

D, +2(Corrasion Allowance) 16.0+2(0.0625) ,
R |= = =8.0625 in
2 2

Section| VI, Division 1 Solution

Evaluateper UG-37

Dint, see

The required thickness of the shell based on circumferential stress is given by UG-27(c)(1).

{ = =
" SE—0.6P 11400(1.0)-0.6(425)

PR 425(48.0625) oo
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The required thickness of the nozzle based on circumferential stress is given by UG-27(c)(1).

a)

b)

rn

PR, 425(8.0625)

= = =0.2917 in
SE -0.6P 12000(1.0)—0.6(425)

STEP 1 - Calculate the required weld sizes per UW-16(d) and Figure UW-16.1 Sketch (n).

1)

2)

ST
1)

2)

3)

4)

ST
1)

Inner perimeter weld:

t,, =07t =0.7(0.75) = 0.525 in

tu =0.875-0.0625=0.8125 in

{twact =0.8125 in} > {twr =0.525 in} True
Outer perimeter weld.

Throat, =0.5¢; =0.5(0.75)=0.375 in

Throat,,, =0.7(weld size) =0.7 (0.75) =0.525in

{Throat,,, =0.525 in} > {Throat, = 0.375 in} True

EP 2 — Calculate the Limits of Reinforcement per UG-40.

Reinforcing dimensions for an integrally reinforced nozzle per Figure UG-40(d). See Figure E
this example.

26.0-19.5
6 =arctan| —2— |=42.9 deg
3.5

Since {0 = 42.9 deg} > {0 = 30 deg}, Figure UG-40 sketch (d) applies and t, = 3.5 in.
Finished opening chord length.
d=2R = 2(8.0625) =16.125 in

The limits of reinforcement measured parallel to the vessel wall in the corroded condition.

max[d, R, +1]=max[16.125, {8.0625+1.6875+1.9375} | =16.125 in

The limits.of reinforcement measured normal to the vessel wall in the corroded condition.

ain(2.5¢, 2.5, +¢,]=min| 2.5(1.9375), {2.5(1.6875)+3.5} | = 4.8438 in

D2 Calarlatath ra+afas mani-atranatb-aranmatare—partlOo-2 7
T J AT uUTratC e TCTIMOTOUCTTC T ST T Iyt T paraimCiCrsS PO O Ut

Strength Reduction Factors:

£, =10 for set —on type nozzle
f,=S,/8,=12000/11400=1.0526 — set f,, =1.0

/5 =min[5,.5,]/S, =min[12000, 11400] /11400 = 1.0
f0=5, /S, =12000/11400 =1.0526 - set f,, =1.0
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Joint Efficiency Parameter: For a nozzle located in a solid plate, E; = 1.0.

Correction Factor for variation of internal pressure stresses on different planes with respect to the axis

of the vessel: For a radial nozzle in a cylindrical shell, F = 1.0.

STEP 4 — Calculate the Areas of Reinforcement, see Figure UG-37.1

1)

2)

3)

4)

o)

Area Required, A:
A=dt F+2tt F(1-f,))

A=16125(18328)(1 0)+2(1 6875)(1 8328)(1 0)(1—-10) =29 5539 ixn>
\ VAN 7] \ VAN VAN VAN J

Area Available in the Shell, A;. Use larger value:
A, =d(Et—Ft)-2t (Et—Ft )(1-f1.)
16.125(1.0(1.9375)—1.0(1.8328)) -
! {2(1.6875)(1.0(1.9375)—1.0(1.8328))(1—1.0)
A, =2(t+t,)(Et—Ft )-2t (Et—Ft)(1- )
2(1.9375+1.6875)(1.0(1.9375)-1.0(1.8328)) -
2T {2(1.6875)(1.0(1.9375)—1.0(1.8328))(1—1.0)

A4 = max[1.6883, 0.7591] =1.6883 in’

} 1.6883 in*

} =0.7591 in®

Area Available in the Nozzle Projecting Outward, A5. Use the smaller value:
Ay =5(t,=1,) fat
A4, = 5(1.6875 —0.2917)(1.0)(1.9375) =13.5218 in’
Ay, =2(1,—1,)(2.5t, +1,) 5
Ay, =2(1.6875-0.29179(2.5(1.6875)+3.5)(1.0) = 21.5477 in®
A, =min[13.5218, 21.5477] =13.5218 in’
Area Available in thesNozzle Projecting Inward, As:

A, =min[d1 1,561, f,,, 2ht, 1, |
A4,=00 since t, =0.0

AreatAvailable in Welds, A4, A42, A43, use the following minimum specified weld leg dimensi

Figure E4.5.4 of this example:

DNS, see

OMLC’ llVTU AL’& lht'lfltlﬁlj ;{’C!’d ch . 0.75 l:’l
Outer Element Fillet Weld Leg : 0.0 in
Inner Nozzle Fillet Weld Leg : 0.0 in

A, =leg*f,, =(0.75)" (1.0) = 0.5625 in’
A, =0.0 in’
A, =0.0 in®
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Area Available in Element, As:
A=(D,-d-2t,)t,f,, =(26.0-16.125-2(1.6875))(2.75)(1.0) = 17.875 in’

Where the value of ¢, is calculated as the average thickness of the reinforcing element.
3.5+2
=

. =275 in
Total Available Area, Agyqir:
Apair =4+ A4, + 4, + (A41 +A,+ 4, ) +4;
A, =16883+13.5218+0.0+ (0.5625 +0.0+ 0.0) +17.875=33.6476 in’

e) STEP 5 - Nozzle reinforcement acceptance criterion:

Th
The loa

a) ST

{4, =33.6476 in” | 2 {4=29.5539 in’} True

Irefore, the nozzle is adequately reinforced.

to be carried by the welds is calculated in accordance with UG-41.

Copsidered; typical nozzle detail with nozzle neck abutting (set<on) the vessel wall.

Pe

Pe

UG-41(b)(1): Weld Load for Strength Path 1-1, W;_4,

UG-41(b)(2): Total Weld Load, W.
W=(4-4)S, =(29.5539-1.6883)(11400) = 317667.8 Ibs

Since W is smaller than W;_;, W maybe used in place of W, _, for comparing weld capacity to we

b) STEP 2 — Determine the allowable stresses of the attachment welds for weld strength path che
allgwable stress of the welds‘should be considered equal to the lesser of the two allowable stresse

Pe

UW-15(c) and UG-45(c), the allowable stresses for grooveffillet welds in percentages of stress

the|vessel material, used with UG-41 calculations are as follows:

1)

2)

Groove Weld/Tension : 74%
Groove Weld Shear : 60%
Fillet- Weld Shear : 49%
Nozzle Neck Shear : 70%

W, =(4y+ A+ 4, + 4,,) S, = (13.5218+17.875+0.5625 +0.0)(11400) = 364336.0 Ibs

EP 1 — Per Figure UG-41.1, sketch (b) Nozzle Attachment Wéld)Loads and Weld Strength Paths to be

d load.

k. The
5 joined.
alue for

Groove Weld Shear:

SM = 0.6(1 1400) = 6840 psi
Fillet Weld Shear:

Sﬁ“_ = 0.49(1 1400) =5586 psi

4-184


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

d)

PTB-4-2021

STEP 3 — Determine the Strength of Connection Elements

1)

2)

ST

ST
Pe

Pe

Groove Weld Shear:

GWS =%(Mean Diameter of Weld )(Weld Leg)(SgWS)

GWS :%(16.875)(0.8125)(6840) =147313.7 Ibs

Fillet Weld Shear:

FWS :%(Nozzle OD)(Weld Leg)(SfWS)
FWS = %(26.0)(0.75)(5590) =171224.7 lbs

EP 4 — Check Weld Strength Paths
Path, = GWS + FWS =147313.7+171224.7 =318538.4 Ibs

EP 5 — Weld Path Acceptance Criteria:

UG-41(b)(1):

Not required, see STEP 1

UG-42(b)(2):

min[PathH, Path, ,, Path373] =W

{Pathl_1 =3 18538.4} 2 {W =3 17667.8} True
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Section VIll, Division 2 Solution

There is no comparable weld detail for this nozzle attachment in VIII-2, Part 4.2. Therefore, no calculation is
performed.

0.0625 in.
- .
Corrosion

Allowance

|
| |
————16.125in———

[ [
- : 19.50 in. : >
| |
0.75in. ‘4 : 26.0in. ; » [«—0.75inC
|<716.0 in.4>|‘ A .
2.00in. | y 1.50 in.
i / .
L : 0.875 m.»i F \ 2.00 in.
[
)

| & ;
lr + | 193750

Fillet Weld
Allowance

Figure E4.5.4 <Nozzle Details
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Example E4.5.5 — Pad Reinforced Radial Nozzle in Cylindrical Shell

Check the design of a radial nozzle in a cylindrical shell based on the vessel and nozzle data below. Verify the
adequacy of the attachment welds. Calculate the shear stresses from the applied nozzle loads and compare to
the acceptance criteria of UG-45. The parameters used in this design procedure are shown in Figure E4.5.5.

Vessel and Nozzle Data:

e Design Conditions = 500 psig @ 400°F
e Ves i 2>+

e Weld Joint Efficiency = 1.0

e Shell Allowable Stress = 13700 psi

e Nozgle Allowable Stress = 13700 psi

e Reinforcement Pad Allowable Stress = 13700 psi

e Shell Inside Diameter = 83.0 in

e Shell Thickness = 2.0 in

e Nozzle Outside Diameter = 16.0 in

e Nozizle Thickness (fabricated from plate) = 0.75 in

e Reinforcement Pad Diameter = 28.25n

. Rei:l:forcement Pad Thickness = 1.5%n

e Applied Shear Load = 25000 lbs

e Applied Torsional Moment = 250000 in—Ibs
The nozgle has a set—in type configuration and the opening does not pass through a vessel Category A j

Figure U
Establis

Shell:

Nozzle:

D

R

t

W-16.1(q). All category A joints are to be fully*radiographed (see UW-3).

h the corroded dimensions.

= 83.0+ 2(C0rr0sion Allowance) =83.0+ 2(0.25) =83.5in
:22ﬁ241'75 in
2 2

2.0—Corrosion Allowance =2.0—-0.25=1.75 in

= 075 — Corrosion Allowance=0.75-0.25=0.5in

pint, see

R - D, —2(Corroded Nozzle Thickness) B 16.0-2(0.5)

n

=75in
2
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Section VIll, Division 1 Solution

Evaluate per UG-37.

The required thickness of the shell based on circumferential stress is given by UG-27(c)(1).

.=

PR 500(41.75) 15578 in

SE—0.6P  13700(1.0)—0.6(500)

The required thickness of the nozzle based on circumferential stress is given by UG-27(c)(1).

rn

a) ST
1)

2)

PR~ 500(7.5)

= =0.2799 in
SE—0.6P  13700(1.0)—0.6(500)

EP 1 — Determine the Minimum Nozzle Thickness per UG-45.

For access openings and openings used only for inspection:
lyg-as =1,
Not applicable

For other nozzles:

lyg-as = max[ta, tb]
where,
t, = min [tw max [z,,, tbzﬂ

t,, the minimum neck thickness required for internal or external pressure using UG-27 and UG;
corrosion allowance), as applicable.~TFhe effects of external forces and moments from supp
loads (see UG-22) shall be considered. Shear stresses caused by UG-22 loadings shall nof
70% of the allowable tensile stress for the nozzle material.

t, =t +Corrosion Allowance =0.2799+0.25=0.5299 in

28 (plus
emental
exceed

tp1, for vessels under.internal pressure, the thickness (plus corrosion allowance) required for pressure

(assuming E =4.0) for the shell or head at the location where the nozzle neck or other co
attaches to thewessel but in no case less than the minimum thickness specified for the materig
16(b).

tyn&max|t,,_, , + Corrosion Allowance, t,; |

hnection
lin UG-

1, =max[1.5578+0.25, 0.0625]=1.8078 in

tp2, for vessels under external pressure, the thickness (plus corrosion allowance) obtained by using the

external design pressure as an equivalent internal design pressure (assuming E = 1.0) in the

formula

for the shell or head at the location where the nozzle neck or other connection attaches to the vessel

but in no case less than the minimum thickness specified for the material in UG-16(b).

t,, =max |t , + Corrosion Allowance, t,;_, |

Not applicable
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tp3, the thickness given in Table UG-45 plus the thickness added for corrosion allowance.
by = trasiruc_as + Corrosion Allowance = 0.328+0.25=0.578 in

therefore,

t, =min [tb3, max[tbl, th]] =min [0.578, max[1.8078, 0.0]] =0.578 in

and,

PPN PRI PPN AW ~aYe Ye)
U et

b) ST
and

As

Me

Me

2
1242

£ - ns570l_0 579 ;.
LUG_45 Lllu\l-ba’ l/bJ lllu\l- 9 U IUJ U A4

Since {t, = 0.75 in} = {tys_45 = 0.578 in} the nozzle thickness satisfies UG-45 critefia

EP 2 — Calculate the maximum membrane shear stress due to the superimposed shear'and torsi
compare to the allowable shear stress.

specified in the definition of t, in UG-45:
S, =0.708 = 0.7(13700) =9590 psi

mbrane shear stress from shear load:
Shear Load 25000
S, = = =1415 psi
‘ 7rt, 7[(7.5)(0.75)
mbrane shear stress from torsional moment:

_ Torsion Load _ 250000
! 2R 27(7.5)°(0.5)

=1418psi

Tofal membrane shear stress:

Sin
c) ST
of {

1)

S, =8,+8,=2122+1415=3537 psi

ce {S;; = 3537 psi} < {S,=)9590 psi} the nozzle is adequately designed for the applied shed

EP 3 — Calculate the required weld sizes per UW-16(d) and Figure UW-16.1 Sketch (q). See Figun
his example.

Outer nozzlefillet weld, based on throat dimensions:
t. =amin[0.25 in, 0.7¢,, ]
e min[0.25 in, 0.7(min[0.75 in, thickness of thinner parts joined])}

bn loads

I loads.

e E4.5.5

;o095 07 (minla7s asN-_025 i
=i 0250 min 0-75-0-5-=0-25-4k

THTT
c

t.., = 0.7(weld leg size) = 0.7(0.375) =0.2625 in

cact

(£, =0.2625 in} > {1, =0.25 in) True

cact
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4)

ST
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Outer reinforcing element fillet weld, based on throat dimensions:
Throat. =0.5t . = O.5(min[0.75 in, thickness of thinner parts joined])
Throat, =0.5(min[0.75, 1.5]) = 0.375 in
Throat,,, =0.7(weld leg size)=0.7(0.875)=0.6125 in
{Throat,,, =0.6125 in} > {Throat, = 0.375 in} True

Reinforcing element groove weld:

t, =07t = 0.7(min[0.75 in, thickness of thinner parts joined])
t,=0.7(min[0.75, 0.5]) = 0.35 in

tows =0.375 in

{twm =0.375 in} > {te =0.35 in} True

Shell groove weld:

t, =07t = 0.7(min[0.75 in, thickness of thinner parts joined])
t, =0.7(min[0.75, 0.5]) = 0.35 in

towe =0.375 in

{twm =0.375 in} > {te =0.35 in} True

EP 4 — Calculate the Limits of Reinforcement per-UG-40.

Reinforcing dimensions for a reinforced nozzle per Figure UG-40 sketch (b-1). See Figure E
this example.

Finished opening chord length.
d=2R = 2(7.5) =15.0%n

The limits of reinforcemént measured parallel to the vessel wall in the corroded condition.

max[d, R, +# ¥1]=max[15.0,{7.5+0.5+1.75} |=15.0 in

The limits ofeinforcement measured normal to the vessel wall in the corroded condition.

min{25¢, 2.5¢, +¢,]=min| 2.5(1.75), {2.5(0.5)+1.5} | =2.75 in

EP 5<Calculate the reinforcement strength parameters per UG-37.

—Strength-Reductionm Factors:
S = Sn/SV 213700/13700 =1.0
fn = SH/SV =13700/13700 =1.0

f;=min[$,.S, ]/S, =min[13700, 13700]/13700 =1.0
f.4=5,/S,=13700/13700 =1.0
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2) Joint Efficiency Parameter: For a nozzle located in a solid plate, E; = 1.0.

3) Correction Factor for variation of internal pressure stresses on different planes with respect to the axis
of the vessel: For a pad reinforced radial nozzle in a cylindrical shell, F = 1.0.

STEP 6 — Calculate the Areas of Reinforcement, see Figure UG-37.1

1) Area Required, A:
A=dt F+2tt F(1-f))
(-o)2(0

2) | Area Available in the Shell, A;. Use larger value:
A, =d(Et-Ft)-2t, (Et—Ft )(1-1.,)
15.0(1.0(1.75)-1.0(1.5578) ) - .,
" {2(0.5)(1.0(1.75) ~1.0(1.5578))(1 —1.0)} S e
A, =2(t+t,)(Et—Ft,)-2t (Et-Ft )(1- f,,)
2(1.75+0.5)(1.0(1.75)-1.0(1.5578)) -
2T {2(0.5)(1.0(1.75)1.0(1.5578))(11.0)
4, = max[2.883, 0.8649] = 2.883 in®

} =0.8649 in’

3) | Area Available in the Nozzle Projecting Outward, A5. Use the smaller value:
Ay =5(t,—t1,,) fot

A4, =5 (0.5 - 0.2799)(1 .O)(l .75) =1.9259 in’

Ay =2(t, -1, )(25, +1.) £

4,, =2(0.5-0.2799)(2:5(0.5)+1.5)(1.0) =1.2106 in’

A4, = min[1.9259, 1.2106] =1.2106 in’

4) | Area Available in the'Nozzle Projecting Inward, A5:

A, =minlsu 7, 561, f,,, 2ht f,, |
4,=0.0 since t, =0.0

5) | Area‘Available in Welds, A4, A4,, A4z, use the following minimum specified weld leg dimensipns, see
Figore E4.5.4 of this example:

Outer Nozzie Filler Weld 1.eg - 037577
Outer Element Fillet Weld Leg : 0.875 in
Inner Nozzle Fillet Weld Leg : 0.0 in

A, =leg* £, =(0.375)" (1.0) = 0.1406 in’

Ay, =leg’ ., =(0.875) (1.0) = 0.7656 in’
A4,=0.0 in’
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6) Area Available in Element, A5:
A;=(D,-d-2t,)t,f,, =(2825-15.0-2(0.5))(1.5)(1.0) =18.375 in’

7) Total Available Area, Agpqii:
Aavail = Al +4,+ A3 +(A41 +A42 + A43)+ A
A . =2.883+1.2106+0.0+ (0.1406 +0.7656 + 0.0) +18.375=23.3748 in®

avail

g) STEP_Z=Nozzle reinforcement acceptance criterion:

-

=23.3748 inz} 2{A=23.367 inz} True

ThIrefore, the nozzle is adequately reinforced.
The load to be carried by the welds is calculated in accordance with UG-41.

a) STEP 1 — Per Figure UG-41.1, sketch (a) Nozzle Attachment Weld Loads and\Weld Strength Paths to be
Copsidered; typical nozzle detail with nozzle neck inserted through (set—in) the vessel wall.

Per UG-41(b)(1):
1) | Weld Load for Strength Path 1-1, W; _;.
W._, = (A2 + A, + A, + A42)SV = (1.2106 +18.375+0.1406 + 0.7656)(13700) =279504.7 lbs

2) | Weld Load for Strength Path 2-2, W, _,.
W,,= (Az + A+ A, + A, + 2tntfr1)Sv
w,.,= (1.2106 +0.0+0.1406+0.0 +2(0.5)(1.75)(1.0))(13700) =41993.2 lbs

3) | Weld Load for Strength Path 3-3, W5L3.
W =(A2 + Ay + A+ Ay + JSV
Ay + A, +28)t f,
(1.2106+0.0+18.375 +
3-3 =

13700) = 304712.7 Ib
0.1406+0.7656+0+2(0.5)(1.75)(1.0)]( ) ’

Pelt UG-41(b)(2):\Total Weld Load, W.
W=(4-4 +2t,f, (Et-Ft,))S,

W <{23.367-2.883+2(0.5)(1.0)(1.0(1.75)~1.0(1.5578))) (13700) = 283263.9 b

Since W is smaller than W5_5, W may be used in place of W5_; for comparing weld capacity to weld load.

b) STEP 2 — Determine the allowable stresses of the attachment welds for weld strength path check. The
allowable stress of the welds should be considered equal to the lesser of the two allowable stresses joined.
Per UW-15(c) and UG-45(c), the allowable stresses for groovef/fillet welds in percentages of stress value for
the vessel material, used with UG-41 calculations are as follows:

Groove Weld Tension : 74%
Groove Weld Shear : 60%
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Fillet Weld Shear : 49%
Nozzle Neck Shear : 70%

1) Fillet Weld Shear — Outer Nozzle Fillet and Outer Element Fillet:

S e =9 S=0.49(137OO)=6713 psi

nfws efw

2) Groove Weld Tension — Nozzle Groove Weld and Element Groove Weld:

St = Segui =0.74(13700):10138 psi

ngwt e

3) | Groove Weld Shear:
S = 0.60(13700) =8220 psi

ws
4) | Nozzle Wall Shear:
S = 0.70(13700) =9590 psi

STEP 3 — Determine the Strength of Connection Elements

1) | Outer Nozzle Fillet Weld Shear:

ONWS = %( Nozzle OD)(Weld Leg)(S,,,,)

ONWS = %(16.0)(0.375)(6713) = 63268.5 JS

2) | Outer Element Fillet Weld Shear:

OEWS = %(Reinforcing Element OD)(Weld Leg)(S eﬁm)

OEWS = %(28.25)(0.875)(6713) = 260653.2 Ibs

3) | Nozzle Groove Weld Tefnsion:

NGWT = %(Nozzle OD)(Weld Leg)(S,,.,)

NGWT =%(16.0)(0.375)(10138) =95548.4 Ibs

4) | Element Groove Weld Tension:

)Pk v, via 7[/7\7 1D
w1

AN 44 — \IVU <l UL/)(

EGWT =%(16.0)(0.375)(10138) =95548.4 Ibs
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Nozzle Wall Shear:

NWS = %(Mean Nozzle Diameter) (tn )(Sm )

NWS =%(15+0.5)(0.5)(9590) —116745.5 Ibs

d) STEP 4 — Check Weld Strength Paths.

1)
2)

3)

e) STEP 5 - Weld Path Acceptance Criteria:

Pe

Pe

Pa

Section| Vlll, Division 2 Solution

Path, , = OEWS + NWS =260653.24+116745.5=377398.7 Ilbs

Path, , = ONWS + EGWT + NGWT = 63268.5+95548.4+95548.4 = 254365.3 Ibs
Path, ; = OEWS + NGWT =260653.2+95548.4 =356201.6 Ibs

UG-41(b)(1):
{Path_, =377398.7 Ibs} > {W,_, = 279504.7 Ibs} True
{Path,_, =254365.3 Ibs} > {W, , =41993.2 Ibs} Ttue
{ Path,_, =356201.6 Ibs} > {W, , =304712.7 Ibs} True
UG-42(b)(2):

min[Path,_,, Path,_,, Path, ;|>W
min [377398.7, 254365.3, 356201.6 Ibs]| > {W =283263.9 Ibs} False

Lh,_, does not have sufficient strength to’resist load W but the weld is acceptable by UG-41(b)(

There i no comparable weld detailfor this nozzle attachment in VIII-2, Part 4.2. Therefore, no calcy

perform

pd.

lation is
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Figure E4.5.5 — Nozzle Details
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4.5.6 Example E4.5.6 — Radial Nozzle in an Ellipsoidal Head with Inside Projection

Check the design of a radial nozzle centrally located in a 2:1 ellipsoidal head based on the vessel and nozzle data
below. Verify the adequacy of the attachment welds. The parameters used in this design procedure are shown
in Figure E4.5.6.

Vessel and Nozzle Data:

e Design Conditions = 150 psig @ 400°F
e Vesge osi ' 0-0-#

e Radiography = Not Performed

e Shell Allowable Stress = 17500 psi

e Nozgle Allowable Stress = 12000 psi

e Head Inside Diameter = 23.625 in

e Head Thickness = 0.1875 in

e Nozgle Outside Diameter = NPS 8 — 8.625%n
e Nozgle Thickness = SCH 20 — 025 in

e Nozgle Internal Projection = 0.500 in

The nozzle has a set—in type configuration with an internal projection./The opening does not pass through a
vessel Gategory A joint, see Figure UW-16.1(i). There is no radiography performed for this vessel.

Establish the dimensions.

Ellipsoidal Head:

DE23.625 in
R =2= 23.625 =11.8125in
2
t=90.1875 in
Nozzle:
t, £0.251n
D, —2(Nozzle Thickness) 8.625-2(0.25) '
R |= = =4.0625 in
2
Section| VIll; Division 1 Solution

Evaluate per UG-37.

The required thickness of the 2:1 elliptical head based on circumferential stress is given by UG-32(d). However,
per UG-37(a), when an opening and its reinforcement are in an ellipsoidal head and located entirely within a circle
the center which coincides with the center of the head and the diameter of which is equal to 80% of the shell
diameter, t,. is the thickness required for a seamless sphere of radius K; D, where K; is given in Table UG-37.

Per Table UG-37, for a 2:1 elliptical head where, D/2h =2 - K; = 0.9.
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head. See UW-12(d).

The required thickness, t,., for the head per UG-37 definition for nozzle reinforcement calculations.

The req red-thickness of the nozzla basad on circumferential strass-is-aiven-bv L1G.27(c\ (1)
J J A\ ANYA

rn

a) STEP 1 - Calculate the required weld sizes per UW-16(d) and Figure UW-16.1 Sketch\(i)? See Figur
of this example.

Outer/Inner nozzle fillet weld, based on throat dimensions,

andg,

b) ST
1)

2)

3)

4)

PDK 150(23.625)(0.9)

- = =0.0912 i
" T2SE—02P  2(17500)(1.0)—0.2(150) "

PR,  150(4.0625)
- SE-0.6P  12000(1.0)-0.6(150)

=0.0512 in

t, or t,>min[0.25 in, 0.7¢,, |

t, or t, >min| 0.25 in, 0.7(min[0.75 in, thickness of thinér parts joined]) |
t, or t, > min| 0.25, 0.7(min[0.75, 0.1875]) | = 0.1313in

t t, = O.7(weld leg size) = 0.7(0.25) =0.175in

lact — “2act

{tlm =t,,,=0.175 in} > {tl =t,=0.1313 in} True

t,+t, >21.25¢ .
t+t, 2 1.25(min[0.75 in, thickness of thinner parts joined])

{t,+1,=0.175+0.175 = 0:350} > {1.25(min[0.75, 0.1875]) =0.2344}  True
EP 2 — Calculate the Limits of Reinforcement per UG-40.
example.

Finished-opening chord length.
d=2R = 2(4.0625) =8.125 in

i o Adrarallal

2% Loaid frainfar P S P to-tbha s PN IRVEPN | T N rradad adibian
e TS UT TCTTMOTOC T T IO N IeasSuUT T U arancT o o vesSSTrwar 1T aTC COUTTOU T U CUTTUTOOTT,

max[d, R, +t,+t]=max[8.125, {4.0625+0.25+0.1875} | =8.125 in

The limits of reinforcement measured normal to the vessel wall in the corroded condition.

i)  Outside of vessel:

min[2.5¢, 2.5¢, +¢,]=min| 2.5(0.1875), {2.5(0.25)+0.0} | = 0.4688 in
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i) Inside of vessel:

min[4, 2.5, 2.5¢]=min[ 0.5, 2.5(0.1875), 2.5(0.5) | = 0.4688 in

STEP 3 — Calculate the reinforcement strength parameters per UG-37.

1)

2)
3)

ST
1)

2)

3)

Strength Reduction Factors:

£, =5, /S, =12000/17500 = 0.6857
£, =S,/8, =12000/17500 = 0.6857

/> =min| S5, ]/S, =min[12000, 0.0]/17500 = 0.0
f.4=5,/8,=0.0/17500=0.0

Joint Efficiency Parameter: For a nozzle located in a solid plate, E; = 1.0.

Correction Factor for variation of internal pressure stresses on different planes¢with respect to
of the vessel: For a radial nozzle in an ellipsoidal head, F = 1.0.

EP 4 — Calculate the Areas of Reinforcement, see Figure UG-37.1
Area Required, A:
A=dt F+2tt F(1-f,)
A=8. 125(0.0912)(1 .O) + 2(0.25)(0.0912)(1 .0)(1 - 0.6857) =0.7553 in’

Area Available in the Shell, A;. Use larger value:
A,=d(Et—Ft)-2t (Et—Ft )(1-f2)
8.125(1.0(0.1875)-1.0(0.0912)) -
= (1.0 )=10( ) =0.7673 in’
2(0.25)(1.0(0.1875)=150(0.0912))(1-0.6857)
A, =2(t+t,)(Et—Ft )=2t (Et—Ft )(1- f,)
2(0.1875+0:25)(1.0(0.1875)-1.0(0.0912) ) -
12 = =0.0691 in®
2(0.25)1.0(0.1875)—1.0(0.0912))(1-0.6857)

A, = max [0:7673, 0.0691] = 0.7673 in’

Area Available in the Nozzle Projecting Outward, A,. Use the smaller value:

N S(tn -1, )~fr2t

A, =5(0.25-0.0512)(0.6857)(0.1875) = 0.1278 in’

A22 = 5 (tn - trn )f;2tn
4, =5(0.25-0.0512)(0.6857)(0.25) = 0.1704 in*
A4, = min[0.1278, 0.1704] =0.1278 in’
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4)  Area Available in the Nozzle Projecting Inward, As:
Ay =min (51, f., 5t f.,, 2ht [, |
4, = min[5(0.1875)(0.25)(0.6857),5(0.25)2 (0.6857), 2(0.5)(0.25)(0.6857)}
A4, = min[0.1607, 0.2143, 0.1714] =0.1607 in®

5) Area Available in Welds, A4, 442, A43, use the following minimum specified weld leg dimensions, see
Figure E4.5.4 of this example:

Outer Nozzle Fillet Weld Leg : 0.25 in
Outer Element Fillet Weld Leg : 0.0 in
Inner Nozzle Fillet Weld Leg : 0.25 in

A, =legf,, =(0.25)" (0.6857) = 0.0429 in’
A, =0.0in’

Ay =legf,, =(0.25)" (0.6857) = 0.0429 in®
6) | Area Available in Element, As:
4;=(D,-d-2t,)t,f,,=0.0 in’

7) | Total Available Area, A, yqii:
Aps = A+ 4+ 4+ (A41 +A4,+ 4, ) + &
A . =0.7673+0.1278+0.1607 + (0.0429 +0.0+ 0.0429) +0.0=1.1416 in*

avail
e) STEP 5 - Nozzle reinforcement acceptanee criterion:

A, . =1.1416 in’ | >{ 4=077553 in’ True
{ 21 |

avail

ThIrefore, the nozzle is adequately reinforced.
The load to be carried by the welds is calculated in accordance with UG-41.

a) STEP 1 — Per Figure:UG-41.1, sketch (a) Nozzle Attachment Weld Loads and Weld Strength Paths to be
Copsidered; typieal.nozzle detail with nozzle neck inserted through (set—in) the vessel wall.

Per UG-41(by(h):
1) | Weld-LLoad for Strength Path 1-1, W;_;.

Weo=(4 + A+ A, +4,)S =(0.1278+0.0+0.0429 +0.0)(17500) = 2987.3 [hs

2) Weld Load for Strength Path 2-2, W, _,.
W, = A+ A+ A, + 5.
A +2-t -t f,
(0. 1278 +0.1607 +0.0429 +
2.2 =

17500) = 7675.2 Ib
0.0429+2(0.25)(0.1875)(0.6857)]( 7500)=7675.2 lbs
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r UG-41(b)(2):

Total Weld Load, IW/.

Sin

ST

allgwable stress of the welds should be considered equal to the lesser of the two altlowable stresse

Pe

the|vessel material, used with UG-41 calculations are as follows:

1)

2)

ST
1)

2)

W=(4-4+2-1,- [, (Et—Ft))S,
0.7553-0.7673+2(0.25)-(0.6857)-
(1.0(0.1875)-1.0(0.0912))

(17500) =367.8 Ibs

EP 2 — Determine the allowable stresses of the attachment welds for weld strength’path che

UW-15(c) and UG-45(c), the allowable stresses for groove/fillet welds in perCentages of stress

Groove Weld Tension : 74%
Groove Weld Shear : 60%
Fillet Weld Shear : 49%
Nozzle Neck Shear : 70%

Fillet Weld Shear — Outer Nozzle Fillet and Inner NozZle Fillet:

AYPIIEY :O.49(12000):588O psi

ofws ifws
Nozzle Wall Shear:
S,.. =0.70(12000) = 8400 psi

nws

EP 3 — Determine the Strength of Connection Elements

Outer Nozzle Fillet Weld Shear:

ONWS = %(Nozzle OD)(Weld Leg)(S,5,, )

ONWS :%(8.625)(0.25)(5880) =19915.7 Ibs

Inner\Nozzle Fillet Weld Shear:

ce W is smaller than W,_; and W,_,, W may be used in place of W,;_; and W,_, for compar|ng weld
capacity to weld load.

k. The
5 joined.
alue for

NS — 2 ( Nozzle ODMIWeld Lea S )
2 \ J\ ST ws )

INWS =%(8.625)(0.25)(5880) =19915.7 Ibs
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3) Nozzle Wall Shear:

NWS = %(Mean Nozzle Diameter)(tn)(Sm)
NWS = %(8.125 +0.25)(0.25)(8400) = 27626.4 Ibs

d) STEP 4 — Check Weld Strength Paths
1) Path,, = ONWS+ NWS =19915.7+27626.4 = 47542.1 lbs

2) | Path, ,=ONWS +INWS =19915.7+19915.7=39831.4 lbs

e) STEP 5 - Weld Path Acceptance Criteria:
Per UG-41(b)(1):

{Path,_, =47542.1 Ibs} > {W,_, =2987.3 Ibs} True

{Pathz_2 =39831.4 lbs} > {WH =7675.2 lbs} True
Per UG-42(b)(2):

min [ Path,_,, Path,_,|>W

min[47542.1, 398314 Ibs] > {W =367.8 lbs} True

Section| Vlll, Division 2 Solution

There i no comparable weld detail for this nozzle-attachment in VIII-2, Part 4.2. Therefore, no calcylation is
performed.

o} o

@ @ <:) 0.1875 in.

8125 iIn—>

*—8.625 in—>
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4.5.7 Example E4.5.7 — Piping Load Evaluation of ASME B16.5 Nozzle Flange

Evaluate the following ASME B16.5 Class 150 Weld Neck Flange attached to a vessel nozzle considering the
anticipated applied axial force and bending moment determined from a pipe flexibility analysis.

Nozzle/Flange and Loading Data:

o Design Conditions = 200 psi @ 300°F
e Flange Material = SA—-105

¢ BoltMaterial = S4—193_Grade BT
. NorLinaI Pipe Size = NPS 10

e ASNIE B16.5 Weld Neck Flange = Class 150

e ASNIE B16.5 Pressure/Temperature Rating = 230 psig @ 300°F
o Gasket Type = Class 150 SWG

e Gasket Outside/Inside Diameter = 12.5in /11.311in

e Extgrnal Tensile Axial Force = 5000 [bs

e Extgrnal Moment = 120000.0 in tbs

Refererice Standards:

ASME B16.5 Pipe Flanges and Flanged Fittings NPS Y Through NRS 24

Table 11-2-1.1 Pressure-Temperature Ratings for Group~1.1 Materials

ASME B16.20 Metallic Gaskets for Pipe Flanges — Ring_Jaint, Spiral-Wound, and Jacketed
Table I-4 Dimensions for Spiral-Wound Gaskets Used with ASME B16.5 Flanges

Section| Vlll, Division 1 Solution

Evaluaté per UG-44(b).

External loads (forces and moments) may be evaluated for flanged joints with welding neck flanges chosen in
accordance with ASME B16.5 and'ASME B16.47 using the following requirements.

1) The vessel MAWP (corrected for the static pressure acting on the flange) at the design temperatur¢ cannot
exdeed the pressurestemperature rating of the flange.

2) The actual assembly bolt load (see Nonmandatory Appendix S) shall comply with ASME|PCC-1,
Nopmandatory Appendix O.

3) ThT bélmaterial shall have an allowable stress equal to or greater than SA — 193, Grade B7,Class 2 at

thelspecified-bolt-size-and-temperature.
g g

4) The combination of vessel MAWP (corrected for the static pressure acting on the flange) with external
moment and external axial force shall satisfy the following equation (the units of the variables in this equation
shall be consistent with the pressure rating).
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16M, +4F,G < zG’[(P,—P,)+F,P, |
16(120000) +4(5000)(11.905) < 7 (11.905)" [ (230-200)+1.2(230) |

False

2158100 in—1I[bs <1622032.3 in—Ibs
where,
F, =5000 /bs
F —12 (por Tahle Tlf;'_AA_L See nguro FAQ'7)
GL Gasket ODz—Gasket ID _ 12.5-11.31 —11.905 in
M| =120000 in —I[bs
P)|=230 psig
P,[=200 psig

Since thie above expression is not satisfied, the Class 150 flange is not adequate-for the proposed comb
of applied loads and design pressure. The designer may consider the following options.

1) Regfluce the applied loads on the nozzle flange via modifications to.the support layout for the piping

2) Usg a Class 300 flange, pending satisfaction of the above expression.

Table UG-44-1
Moment Factor, Fy

Flange Pressure Rating Class

Table

NOTES:

(2) Fu =

(1) Fps = [0.1 + (48 - NPS[]/56.

1, except for-NRS 60, Class 300, in which case Fy = 0.03.

Stanflard Size Range 150 300 600 900 1500 2500
ASME B16|5 <NPS 12 1.2 0.5 0.5 0.5 0.5 0.5
>NPS 12 and 12 0.5 05 0.3 03
<NPS 24
ASME B16{47
Series All 0.6 0.1 0.1 0.1
Series <NPS 48 [Note (1)] [Note (1)] 013 0.13
>NPS 48 0.1 [Note (2)]
GENERAL{NOTES:
(a) The cgmbinations of size ranges and fldnge pressure classes for which this Table gives no moment factor value are outside the scope of this

(b) The dpsigner should consider reducing the moment factor if the loading is primarily sustained in nature and the bolted flange joint oper-
ates at a temperature where gasket creep/relaxation will be significant.

nation

System,
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at Heads

4.6.1 Example E4.6.1 — Flat Unstayed Circular Heads Attached by Bolts

Determine the required thickness for a heat exchanger blind flange.

Blind Flange Data:

e Material = SA4-105

e Desjgn Conditions = 135 psig @ 650°F

e Flange Bolt-Up Temperature = 100°F

e Corfosion Allowance = 0.125 in

e Allopvable Stress = 17800 psi

¢ Allovable Stress at Flange Bolt-Up Temp. = 20000 psi

e Weld Joint Efficiency = 1.0

¢ Mat|ng flange information and gasket details are provided in Example Problem E4.16.1.

Design
the sam

Evaluaté the blind flange in accordance with VIII-1, UG-34 and Appendix 2.

The mirn

load, h¢, in these equations shall be computed based.0f' the flange geometry and gasket material as d

in VIII-1] paragraph 2-5 and Table 2-6.

a) STHP 1 — Calculate the gasket moment_arm, h;, and the diameter of the gasket load reacti
accordance with VIII-1, Table 2-6, and.paragraph 2-3, respectively, as demonstrated in Example
E4.16.1.

See| Flange Design Procedure; STEP 6: h; = 0.875 in
See| Gasket Reaction Diameter, STEP 3: d = G = 29.5in

b) STHP 2 - Calculate.the*operating and gasket seating bolt loads, W = W,,,; and W, in accordance

1, paragraph 2-5;.as'demonstrated in Example Problem E4.16.1.

Des|

Des|

rules for unstayed flat heads and covers are provided in UG-34¢ The rules in this paragn
e as those provided in VlII-2, paragraph 4.6.

gn BoltLoads, STEP 1: W = W,,,; = 111329.5 lbs
gnBolt Loads, STEP 4: W = 237626.3 lbs

aph are

imum required thickness of a flat unstayed circular head; cover, or blind flange that is attaclned with
bolting that results in an edge moment, see VIII-1, Figure UG-34, Sketch (j), shall be calculated by the e
shown below. The operating and gasket seating bolt loads, W = W,,; and W, and the moment arr

juations
h of this
bscribed

bn, d in
Problem

vith VIII-

c) STEP-3=tdentifytheappropriate attactment factor, €;-fromvii=tFigure 9 6=34-Sketohrii——

C=03

d) STEP 4 — The required thickness of the blind flange is the maximum of the thickness required for the
operating and gasket seating conditions.

1)

t=max|t,, ¢, |

The required thickness in the operating condition is in accordance with VIII-1, UG-34, Equation (2).
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= [ o[22 e
SE SEd

t 2(29_5)\/( 0.3(135) ]+[1.9(111329.5)(0.875)J+0.12521.6523 .

’ 17800(1.0) ) | 17800(1.0)(29.5)

2) The required thickness in the gasket seating condition is in accordance with VIlI-1, UG-34, Equation
(2) when P = 0.0.

4 1.9W};G
¢ SEd

1.9(237626.3)(0.875) _
t,=(29.5) ~ +0.125=0.9943 in
20000(1.0)(29.5)

+CA4

t = max[1.6523, 0.9943] =1.6523 in

The required thickness is 1.6523 in.
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Example E4.6.2 — Flat Un-stayed Non-Circular Heads Attached by Welding

Determine the required thickness for an air-cooled heat exchanger end plate. The end plate is welded to the air-
cooled heat exchanger box with a full penetration Category C, Type 7 corner joint.

End Plate Data:

e Material = SA—-516, Grade 70

e Design Conditions = 400 psig @S00°F

L] Sh T SHGII et |3th - 7.125 I:IL

e Long Span Length = 9.25in

e Corfosion Allowance = 0.125 in

e Allowable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

Design Jrules for unstayed flat heads and covers are provided in UG-34. The rules in this paragr

the sam

e as those provided in VlII-2, paragraph 4.6.

Evaluat¢ the welded end plate in accordance with VIII-1, UG-34, and Appendix 13.

The min

a) STE
the

aph are

imum required thickness of a flat unstayed non-circular head<or) cover that is not attached wit bolting
that restlts in an edge moment shall be calculated by the following equations.

P 1 — Determine the short and long span dimensions of the non-circular plate, d and D, respec
corroded state) as demonstrated in Example ProblemE4.12.1.

d=H=7.375in
D =h=9.500 in

Not¢, the variables d and D used in VIII=}-UG-34 are denoted as H and h, respectively, in VIII-1, A

13.
b) STH

c) STH
non
0.2¢

P 2 — Calculate the Z factorsin'accordance with VIII-1, UG-34, Equation (4).

Z =min {2.5,(3.4—(%))} = min{2.5,[3.4 —(@D] =1.5368 in

P 3 — The appropriate attachment factor, C, is taken from VIII-1, paragraph 13-4(f). For end clg
circular vessels constructed of flat plate, the design rules of VIII-1, UG-34 shall be used exq
shall be tsed for the value of C in all the calculations.

ively (in

ppendix

sures of
ept that

C=0.20

d) STEP 4 — Calculate the required thickness using VIII-1, UG-34, Equation (3).

The

t=d |2y ca=7375 1.3368(0.20)(400) 1 15— 07032 in
SE 20000(1.0)

required thickness is 0.7032 in.
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4.6.3 Example E4.6.3 — Integral Flat Head with a Centrally Located Opening

Determine if the stresses in the integral flat head with a centrally located opening are within acceptable limits,
considering the following design conditions. The head, shell and opening detail is shown in Figure E4.6.3. The
vessel is fabricated from Type 304 stainless steel with an allowable stress of 18.8 ksi.

End Plate Data:

e Design Conditions = 100 psig @100°F
e Outsidodi .

e Insidle diameter of shell, Bg = 70 in

e Diameter of central opening, B, = 40 in

e Thigkness of the flat head, t = 3.0in

¢ Thigkness of nozzle above the transition, g,, = 0.5625 in
e Thigkness of nozzle at the flat head, g;,, = 1.125 in

e Length of nozzle transition, h,, = 2.0in

e Thigkness of shell below transition, g = 1.0,in

e Thigkness of shell at head, g, = 2.Qin

e Length of shell transition, A, = 3.0in

e Allopvable stress = 18800 psi

6. The

Design|rules for Integral Flat Head with a Centrally Located Opening are provided in Mj[datory
rences

Evaluat¢ the integral flat head with a single,\eircular, centrally located opening in accordance with VIII-1,
Appendix 14.

a) STHP 1 — Determine the design pressure and temperature of the flat head opening.
See|the specified data above.

b) STHP 2 — Determine the,geometry of the flat head opening.
See| Figure E4.6.3 and\the specified data above.

c) STHP 3 - Calculate the operating moment, M,, using the following equation in accordance with VIII-1,
pardggraph 14-3(a)(1) with reference to paragraphs 2-3, 2-6 and Table 2-6.
Mg=M,+M,=H,h,+M,h,

M _12<Ann(14.44)+2<0n<n(7 <)_27<m’7< in—1Ibs
- - 6223 HH—1bs

where, the flange forces, Hp and Hy, are calculated as follows.
H,= 0.78533P =0.785 (40)2 (100) =125600 /bs

H =0.785B7P =0.785(70)" (100) = 384650 Ibs
H, = H - H, = 384650 —125600 = 259050 /bs
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the moment arms, hp and hy, are calculated as follows:

hD=R+g21" ~13.88+ %_1444 in

_R+g, 13.88+1.125

retation

h, = =7.51in
2 2
where,
D B(‘_Bn 70_40 1 10 122 Q0 _°
A _gln_ —1.120—105.00171
2 2
STHP 4 — Calculate F,V, and f based on B,;, gin, on, and h, using the equations/direct interp
from VIII-1 Table 2-7.1 and Figure 2-7.2, Figure 2-7.3 and Figure 2-7.6 and designate.the resulting values
as K, V,, and f,.
Figyre 2-7.2:
. _ 8 _ 1.125 _
g, 0.5625
hy, =~ B,g0, = 1/(40)(0.5625) =4.751in
h 2.0
L, =——=——=0.421
h,, 4.75
Intefpretation of Figure 2-7.2, F,, = 0.84. From the equations of Table 2-7.1, F, = 0.843.

Figyre 2-7.3:
With g, = 2.0 and h,,, = 0.421:

Inte

Figyre 2-7.6:
With g, = 2.0 and h,,, = 0.421:

Inte

STH
from VIII-1 Table~2-7.1 and Figure 2-7.2, Figure2-7.3 and Figure 2-7.6, and designate the resultin

as K, V;, and ¥
Figyre 2-7~.2:

[pretation of Figure 2-7.3, V,, = 0.25.,From the equations of Table 2-7.1, I, = 0.252.

'pretation of Figure 2746, f,, = 1.5. From the equations of Table 2-7.1, f,, = 1.518.

P 5 — Calculate-F,V, and f based on B, g1, gos,» @and hg using the equations/direct interpretation

j values

hy, ,/BgOS = /(70)(1) =8.37 in

h, = h, :ﬂ_0359
h, 837

Interpretation of Figure 2-7.2, F;, = 0.86. From the equations of Table 2-7.1, F;, = 0.857.
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Figure 2-7.3:

With g, = 2.0 and h,; = 0.359:

Interpretation of Figure 2-7.3, V; = 0.28. From the equations of Table 2-7.1, V; = 0.276.
Figure 2-7.6:

With g, = 2.0 and h,; = 0.359:

Interpretation of Figure 2-7.6, f; = 1.8. From the equations of Table 2-7.1, f, = 1.79.

fy STHP 6 — Calculate Y,T,U,Z,L, e, and d based on K = A/B, using the equations/direct interpretat‘on from
VIIH1 Figure 2-7.1.

k=213
B 40

n

2
y=—1| 0.66845+5.71690] X 108X
K K -1

y=—L o.668a5+571690| L2) g [18]11_5 45
(18)-1 (18 -1

K’ (1+8.55246log,,K) -1 _ (1.8)" (1+8.55246log,,[1.8]) -1 _lsg

(1.04720+1.9448K7 )(K ~1) (104720 +19448(1.8)" ) (1.8-1)

K*(1+8.55246l0g,, K )1 (1.8)" (1:8.5524610g,,[1.8])-1
136136(K” ~1)(K~1)  1.36136((1.8)" ~1)((1.8)-1)

. (K°+1) _ ((1.8)+1) 1S

(K*-1) (.87 -1)

2 3.82)(0.5625)’
- Ugah, _(3:82)( J (475) o
v 0.252
_ L _ 088 g
ho AJ5

3 0.18)+1 ’
potedr £ _(3)(018)+1 (3 .

T d 1.58 23

g) STEP 7 — Calculate the quantity (E8)* for an opening with an integrally attached nozzle using the following
equation, VIII-1, paragraph 14-3(b)(1).
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2
0.91[&"} (B,)V,
* 8
EQ) = o -S
( ) f;7h0n "

o ((;.3162;5]2(40.5625)(0.252)
(E6) = (1.518)(4.75)

(52287) = 269584 psi

wh

n : 1 PR O Q) LC 1 P N AL 4 o =2
C, D1pn 15 CVAIUAICU TTONT Palaylapit £=o dlilU oy 15 CValudicU MUIMT viin=, palayrdplit £2=r1.

B, =B, +g,, =40+0.5625 = 40.5625 in

M, 1518(3756225)
Lg;,B, 2.15(1.125)(40)

=52287 psi

H

h) STHP 8 — Calculate the quantity My using the following equation, VIII-1, paragraph 14-3(c).

)

_ (E6)
H — *
17417, , (E6) (1 N Fr]
gOsBls Mo hOs
269584

=1792262 in—1b

MH=1.74(8.37)(O.276) 269584 [, (0.857)(3)
(1)’ (71.0) +3756225£+ 837 j

where, B is evaluated from paragraph 2-3.

B . =B +g, =70+1.0=71.0 in

STHP 9 — Calculate the quantity X; using the following equation, VIII-1, paragraph 14-3(d).

Fi (0.857)(3)

M —M, |1+ 3756225-1792262| 1+
o 8.37

X, = by } =0.376
M 3756225

O

STHP 10 — Calculate'the stresses at the shell-to-flat head junction in accordance with VIII-1, parag

3(e

Lon

1) and the-opening-to-flat-head junction in accordance with VIII-1, paragraph 14-3(e)(2).

pitudinalhub stress in shell:

_ 1.10£.X,(E) (h,) _ 1.10(1.79)(0.376)(269584)(8.37) _

aph 14-

S : % =21621 psi
(glsj BV (1) (70)(0.276)
gOs
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Radial stress at outside diameter:

Ft 1.91(1792262) 1+M
1.91M | 1+ hs O.GAF M 8.37 N
Sks = = (70)(3)° = 7663 psi
Bt B h,t
: 0.64(0.857)(1792262)
(70)(8.37)(3)
Tanpential stress at outside diameter:
. 0sTM, |1+ 5
X, (EO) t hy, ) 0.64ZF.M,,
STS = - 3 + s
BS Bv[ BshOS[
0.57(1792262) 1+M
(0.376)(269584)(3) B 8.37 N
Sy = 70 (70)(3)°
0.64(1.89)(0.857)(1792262)
(70)(8.37)(3)
S, =3286 psi
Longitudinal hub stress in central opening:
Suo=XS, = (0.376)(52287) =19672 psi
Radial stress at central opening:
S = XS, =(0.376)(8277) = 3114 psi
Where, Sy is evaluated from VIII=1,\paragraph 2-7.
1. 1) M 1°33(3)(0.18)+1)(3756225
g, (33 )i, C(EBEOI)E756225)
Lt’B, (2.15)(3)" (40)
Tanpential stress-at diameter of central opening:
(0.376)(20582)+
0.64Z,F M, .
S5 XSy + == =| 0.64(2.89)(0.857)(1792262) |=9362 psi
S oS { \
()

(70 (L 27\ (2
I} J

\IU}\U.J }

Where, Z; is calculated as follows and St is evaluated from VIII-1, paragraph 2-7.
C 2k 2(18)

= ((1.8)2 _1) =2.89

1
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g M, :(3.47)(3756225)
T ()

’B,
k) STEP 11 — Check the flange stress acceptance criteria in VIII-1, paragraph 14-3(f) with reference to
paragraph 2-8. If the stress criteria are satisfied, then the design is complete. If the stress criteria are not
satisfied, then re-proportion the flat head and/or opening dimensions and go to STEP 3.

—~(1.89)(8277) = 20582 psi

Shell-to-flat-head junction:

(o f\1 /f\1 ) (4 £ 1 (10000 o Yo Yo Va¥al .) fo'al

1 HS — [J.)lj> 1 .)L)f —l.J\lOOUU}—LOLUU [Jblj 17ruc
{Sps =7663 psi} <{S, =18800 psi} True
{STS =3286 psz} { , =18800 psz} True

(S +SRS _(21621+7663)

=14642 psi <S§, =18800 psi} True

(Sus+S5) (21621+3286
{ s + Sis ) )—12454psiSSf=18800pSi True

Opgning-to-flat-head junction:

{840 =19672 psi <1.5S, =1.5(18800) = 28200 35| True
{Spo =3114 psi} <{S, =18800 psi} True
{8y, =9362 psi} <{S, =18800 psi} True

(S0 + SRO (19672+3114)

=11393 psi <§, =18800 psz} True

(Suo+Sr0) (1967249362
{HO ) ):14517psi£Sf:18800psi} True

Streiss acceptance eriteria are satisfied, the design is complete.
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h,= 2.0 in. «_gon = 0.563 in.
A
Y
4
< > Qi = 1.1251m.
t=3.0in.
L «»g1s=2.0in.
he=3.01n. <~ B,=40.0in. >

Jos=1.0in.—> [« Bs=700in.C >

A =72.04dn.

Figure E4.6.3 — Head, Shell, and Nozzle Geometry
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Spherically Dished Bolted Covers

4.71

Determine if the proposed Type D spherically dished bolted cover, used in a heat exchanger application, is
adequately designed considering the following design conditions.

Example E4.7.1 — Thickness Calculation for a Type D Head

See Figure E4.7.1 for details.

Tubesid

Des
Cor
Wel

Shellsid

Des|
Cor
Wel

Flange

Mat
Allo

Allo
Allo

je Data:
gn Conditions

osion Allowance (CAT)
d Joint Efficiency

le Data:

gn Conditions

osion Allowance (CAS)
d Joint Efficiency

Data:

brial

vable Stress at Ambient Temperature

wable Stress at Tubeside Design Temperature
vable Stress at Shellside Design Temperature

Head Data:

Mat
Allo
Allo
Allo
Yiel
Mod

brial

vable Stress at Ambient Temperature

wable Stress at Tubeside Design Temperature
vable Stress at Shellside Design Temperature
 Stress at Shéllside Design Temperature
ulus of Elastieity at Shellside Design Temp.

213 psig @ 400°F
0.125 in
1.0

305 psig @250°F
0.125 in
1.0

SA-105
20000 psi

20000 psi
20000 psi

SA-515, Grade 60
17100 psi

17100 psi

17100 psi

28800 psi
28.55E+06 psi

Bolt Data

e Material = SA4—-193, Grade B7
e Diameter = 0.75 in’

e Cross-Sectional Root Area = 0.302 in’

e Number of Bolts = 20

e Allowable Stress at Ambient Temperature = 25000 psi

e Allowable Stress at Tubeside Design Temperature = 25000 psi

¢ Allowable Stress at Shellside Design Temperature = 25000 psi

4-217
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Gasket Data

e Material = Solid Flat Metal (Iron/Soft Steel)
e Gasket Factor = 5.5

e Gasket Seating Factor = 18000 psi

¢ Inside Diameter = 16.1875 in

e Outside Diameter = 17.0625 in

Design

Append 5 h-reference-to-Mandatory-Appendi . . 5 of Append

the sa
same

Problems E4.16.1 and E4.16.2.

The cal

corrode

Per VI

shall be|determined by the following equations.

a) Intgrnal pressure (pressure on the concave side) — the head thickness shall be determined using A
1-6|, Equation (9).

wh

Thik calculated thickness is increased for corrosion allowance on both the shell and tube side.

b) External pressure (pressure on the convex side) — the head thickness shall be determined in acg

witl

rules for spherically dished bolted covers with ring type gaskets are provided in Ma

e as those provided in VIlI-2, paragraph 4.7. The rules in the paragraphs of Appendix 2
ds those provided in VIII-2, paragraph 4.16 with noted differences as outlined“in E

| condition.

1 Appendix 1-6(g), the thickness of the head for a Type D Head Configuration Figure 1-6 SK

t:(SPLj _5(213)(16.125) _ 0.1674 in
6S 6(17100)

ere,

L=L+CAS =16.0+0.125 =16.125n

t=t+CAS +CAT
t=0.1674+0.125+0.125=0.4174 in

h the rules of paragraph UG-33(c). As noted in paragraph UG-33(c), the required thickng

ndatory

1-6 are
are the
xample

tulations are performed using dimensions in the corroded condition and the uncorroded condiion, and
the morg severe case shall control. This example only evaluates the spherically dished bolted cov

r in the

etch (d)

ppendix

ordance

ss of a

hemispherical head having pressure on the convex side shall be determined in the same mdnner as

outlined in paragraph UG-28(d) for determining the thickness for a spherical shell.

1)

STER-I'— Assume an initial thickness, t, for the spherical shell and calculate the value of factor]

A using

the-following equation.

The specified head thickness shall consider corrosion from the tubeside and shellside, therefore, when
calculating the outside radius of the head, R, the shellside corrosion allowance is deducted from the

head thickness.

0.125  0.125

) G

A= =0.00466
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4)

o)

6)

Th
Eq

moments are determined using VIII-1, Appendix 2.
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where,
Ro =L+t—-CAS=16.0+0.875-0.125=16.75 in
t=t—CAS —CAT =0.875-0.125-0.125=0.625 in

STEP 2 — Using the value of A calculated in STEP 1, enter the applicable material chart in Subpart 3 of
Section Il, Part D for the material under consideration. Move vertically to an intersection with the
material/temperature line for the tubeside temperature. Interpolation may be made between lines for
intermediate temperatures. In cases where the value of A falls to the right of the material/temperature

L <l H. ' H 4lo la H tal + ' £ 4l <l
nric, AooUuUllic [=1B)\V] MICToTULIUT VVILTT uirc HnoriZuriial pIUJU\/lIUII Ul uirc U|J|JUI CIid
material/temperature line. For values of A falling to the left of the material/temperature line; sg
5.

of the
e STEP

Per Section Il Part D, Table 1A, a material specification of SA — 515, Grade-60 'is assigned an

External Pressure Chart No. CS-2.

STEP 3 — From the intersection obtained in Step 2, move horizontally to thelright and read the
factor B.

B=15127

STEP 4 — Using the value of B obtained in STEP 3, calculaté/the value of the maximum g
external working pressure P, using the following equation.

P = B __ 15127 =564.4 psi

“"(R)) (1675
t ) 10.625

STEP 5 — For values of A falling to the left of the applicable material/temperature line, the val
can be calculated using the following equation.

~ 0.0625E

(3

Not required

value of

lowable

ue of B,

STEP 6 — If the allowable external pressure, P,, is less than the design external pressure, incr¢ase the

shell thickness and go to STEP 2.

Since {P, = 5644 psi} > {P = 305 psi}, the specified head thickness is acceptable for
pressure.

flange_thickness of the head for a Type D Head Configuration is determined per Appendi
ation(10). To compute the required flange thickness, the flange operating, and gasket

external

1-6(9),
seating
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Establish the design conditions and gasket reaction diameter.

a) STEP 1 — Determine the design pressure and temperature of the flanged joint.
Tubeside Conditions : P =213 psig at 400°F

b) STEP 2 — Select a gasket and determine the gasket factors m and y from Table 2-5.1.
m=35.5
y=18000 psi

c) STEP 3 - Determine the width of the gasket, N, basic gasket seating width, b, the effective gaske{ seating
dth, b, and the location of the gasket reaction, G.

N = O.S(GOD - GID) =0.5(17.0625-16.1875) = 0.4375 in

w

Frgm Table 2-5.2, Facing Sketch Detail 2, Column |,

p _wrN _(0.125+0.4375)
o 4 -

=0.1406 in

where,

w = raised nubbin width =0.125 in

forp, < 0.25 in,

b=b,=0.1406 in

Therefore, from paragraph 2-3, the location of the-gasket reaction is calculated as follows.

G = mean diameter of the gasket contact face
G =0.5(17.0625+16.1875) =16.625in

Paragraph 2-5 — Calculate the design bolts load for the operating and gasket seating conditions.

a) STEP 1 - Paragraph 2-5(c)(1);'determine the design bolt load for the operating condition.
W,=H+H, = 0.785G°P + 2b(3. 14) GmP  for non—self —energized gaskets
/= 0.785(16.625)2 (213)+ 2(0.1406)(3.14)(16.625)(5.5)(213) =63410.7 Ibs

b) STEP 2 — Paragraph 2-5(c)(2), determine the design bolt load for the gasket seating condition.

W,, =X¥4bGy
W= (3.14)(0.1406) (16.625)(18000) = 132114.1 Ibs

c) STEP 3 - Paragraph 2-5(d), determine the total required and actual bolt areas.

The total cross-sectional area of bolts A, required for both the operating conditions and gasket seating is
determined as follows.

A, =max[4,,, A4,,]=max[2.5364, 5.2846]=5.2846 in’
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where,
= W’”l = 63410.7 =2.5364 in’
Sb 25000
_ w

_132114.1
" S, 25000

m2

=5.2846 in’

The actual bolt area A4, is calculated as follows.

4 (AL bl

Ve

d) ST
For

For

Col
il

a4 - 2
— 0.UR 17T

P
1~
P
op
<P
b
Nt

Vol R DR WAR .Y Ve 7 1.\ oy
Ah — \IVM”’erf of UUllb)kI\UUL ared o orie UUU} — 4

ify that the actual bolt area is equal to or greater than the total required area.

{4,=6.04in’} 2{4, =52846 in’}| True

EP 4 — Paragraph 2-5(e), determine the flange design bolt load.
operating conditions,

W =W, =63410.7 lbs

gasket seating,

(4,+4,)S, (5.2846+6.04)25000

W= = =141557.5lbs
2 2

mmentary:

-1, Appendix 2 does not include an overall step-by-step procedure to design a flange. How

ever, an

organized procedure of the steps taken when-designing a flange is presented in VIII-2, paragraph 4.16.7.
The procedure is applicable to VIII-1, Appéndix 2 and is presented in this example problem to agsist the
designer.
The progcedure in this paragraph can\be used to design circular integral, loose or reverse flanges, sibject to
internal pr external pressure, and ‘external loadings.
a) STEP 1 — Determine thé design pressure and temperature of the flanged joint.
Tubeside Conditions : P =213 psig at 400°F
Shellside Conditions : P =305 psig at 250°F
b) STEP 2 «Determine the design bolt loads for operating condition W, and the gasket seating condition W,
and thée-corresponding actual bolt load area A, paragraph 2-5.

o410 7

W ="63410"77b5 Operaring Condition
W =141557.5 lbs Gasket Seating
A4, =6.04 in’
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STEP 3 — Determine an initial flange geometry (see Figure E4.7.1), in addition to the information required
to determine the bolt load, the following geometric parameters are required.

1)

2)

Flange bore

B=B+2(CAT)=16.25+2(0.125)=16.50 in

Bolt circle diameter
C=18.125in

3)

4)

5)

6)

7)

ST
Fig

ST

Outside diameter of the flange

A=A4 —2(CAS) = 19.625—2(0.125) =19.375 in
Flange thickness, (see Figure E4.7.1)

T=T-2(CAT)=2.3125-2(0.125) = 2.0625 in
Thickness of the hub at the large end

Not Applicable

Thickness of the hub at the small end

Not Applicable

Hub length
Not Applicable

EP 4 — Determine the flange stress factors using the equations/direct interpretation from Table 2
ure 2-7.1 — Figure 2-7.6.

Not Applicable

EP 5 — Determine the flange forees, paragraph 2-3.

Tubeside Conditions:

H, =0.7858°P =(0/785)(16.5)" (213) = 45521.6 Ibs

H =0.785G2P=(0.785)(16.625)’ (213) = 46213.9 Ibs
H, = H~H, = 46213.9-45521.6 = 692.3 Ibs
HE2W —H =63410.7-46213.9=17196.8 Ibs  Operating

7.1 and

Shellside Conditions:

H, =0.785B°P =(0.785)(16.5)" (305) = 65183.5 Ibs

H =0.785G*P =(0.785)(16.625)" (305) = 66174.8 Ibs

H,=H-H,=661748-65183.5=991.3 Ibs
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H = Not Applicable

STEP 6 — Determine the flange moment for the operating condition using paragraph 2-6 for internal
pressure and paragraph 2-11 for external pressure. In these equations, hp is determined from paragraph 1-
6(b), and hy and h; are determined from Table 2-6.

For internal pressure (Tubeside Conditions):

M, =H,h,+Hh.+H;h,

M_=4552] 6(() R17<)+607 q(n 75212)4-17106 R(ﬂ 7<)
M, =50424.8 in—Ibs

Forl external pressure (Shellside Conditions):
M,=H,(h,—h;)+H,(h.—h;)

M, = 65183.5(0.8125—0.75)+991.3(0.7813—0.75)
M, =4105.0 in—Ibs

Frgm paragraph 1-6(b),

_C-B _18.125-16.50
2

=0.8125in

hD

Frgm Table 2-6 for loose type flanges,
_C-G 18.125-16.625

h =0.75in
< 2 2
- h, erhG _ 0.81252+ 0.75 07818

STEP 7 — Determine the flange moment for the gasket seating condition using paragraph 2-6 for| internal
pressure and paragraph 2-11 for-external pressure.

Fon internal pressure (Tubeside Conditions):

18.125-16.625
)J =106168.1 in—1Ibs

M, = W@ =(141557.5)((

Fo1 external pressure (Shellside Conditions):

M =Wh,; =(141557.5)(0.75) =106168.1 in — Ibs

where,

Ayt 4y o _ 528464604

W= ,
2

(25000) =141557.5 Ibs

Paragraph 1-6(g)(2) — the flange thickness of the head for a Type D Head Configuration shall be
determined by the following equations. When determining the flange design moment for the design
condition, M,,, using paragraph 2-6, the following modifications must be made. An additional moment term,
M,., computed as shown in paragraph (1-6(b)) shall be added to M,, as defined in paragraph 2-6. Note that
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this term may be positive or negative depending on the location of the head—-to—flange ring intersection with
relation to the flange ring centroid. Since the head—to—flange ring intersection is above the flange centroid,
the sign of the M,. value is negative.

T' = max [Té ) To:l = max |:]; » Max [Ta(zubeside)’ To(shellside) }}

where,

T, =F+\F*+J +CAS+CAT

PBN4L* — B?

8S(A-B)

5

andg,

T =F+\F*+J +CAS + CAT

PB4 — B?

8S(A-B)

5

STEP 1 — Calculate the additional moment, M,., using paragraph 1-6(b) as follows:

Mr = H"h}"

where,

H, =0.785B*Pcot[ ]

: [ B } : (16.5) 0.5258 rad
B, = arcsin =.aresin =
2L+t 2(16.125)+(0.625) 30.1259 deg

ang,
L=16.0+CAT =16.0+0.125=16.125 in
t=t-CAT - CAS =0.875-0.125-0.125=0.625 in

Commentary:

VIII-1, Appendix 1-6(b) does not include guidance as to a method to calculate the lever arm, h,. of force H,
about the centroid of the flange ring. The procedure shown in Annex E4.7.1 provides one method to
calculate h,.; however, other methods may also be deemed acceptable by the Manufacturer and accepted
by the Authorized Inspector.

Referencing Annex E4.7.1,
h =0.2654 in
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For internal pressure (Tubeside Conditions),

H, =H,cot[B]=0.785B’Pcot[ ]
H,=(0.785)(16.5)" (213)cot[30.1259] = 78447.1 Ibs
M, = H h, =78447.1(0.2654) = 20819.9 in—Ibs

For external pressure (Shellside Conditions),

H,_=H,cot[B]=0.785B8>Pcot[ ]

1
T

ST
inc

For

For

ST

wh

For

H = (0.785)(16.5)2 (305)cot[30.1259] =112330.3 /bs

M, =Hh =1 12330.3(0.2654) =29812.5 in—Ibs

EP 2 — Calculate the modified flange moment for the design condition, M,; using paragn
uding the additional moment, M,..

internal pressure (Tubeside Conditions),

M =M, —M, =50424.8-20819.9 =29604.9 in —lbs

o(z‘ubeside)

external pressure (Shellside Conditions),

M =M, —M, =4105.0-29812.5=-25707.5 in—Ibs

o(shellside)

P 3 — Calculate the flange thickness for the gasket seating condition, 7.

T,=F+\F*+J +CAS +CAS

T, =0.0+4/(0.0)’ +4.0145+0.125+ 0:425 = 22536 in
ere,

 PBNA-B* 0.0(16:5),/4(16.125)" =(16.5) B

85(4-B) 8(20000)(19.375-16.5)
(M, \(A+B)-[ 106168.1 (19.375+16.5) )
J_(SB](A—BJ_((20000)(16.5)}'((19.375—16.5)]_4'0145

FP 4 — Calculate the flange thickness for the operating conditions, Ty (tupeside) @nd To(shettside)-

internal pressure (Tubeside Conditions),

pph 2-6

T i =o.2117+\/(o.2117)2 +1.1194 +0.125+0.125 =1.5407 in
where,
2_ g2 213(16.5)4/4(16.125) —(16.5)
FoPBAL B ( )\/( ) = ):0.2117

8S(4-B) 8(20000)(19.375-16.5)
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(). [ (s

For external pressure (Shellside Conditions),

T =F+~\NF?+J +CAS +CAS

Tty = o.3o31+\/(0.3o31)2 +0.9721+0.125+0.125 =1.5846 in
where,
2_ g2 [305/(16.5)4/4(16.125)* —(16.5)’
o PBAr B [305|(165)4(16.125)' -(165)"

STEP 5 — Determine the required flange thickness using the thicknesses determined in STEHR
STEP 4.

Th
co

external pressure, {MAEP = 560.9 psi} > {Psieusiaze = 305 psi}.

Th
(tu

the|proposed type D spherically dished bolted cover is adequately designed.

8S(4-B) 8(20000)(19.375-16.5)

=5 525 oo eies oo™

T = max [T ¢ ]:)] = max |:T g» Max |:]:;(tubeside)’ To(sheuside) :H

T =max|2.2536, max[1.5407, 1.5846] | =2.2536 in

¢ specified head thickness, {t = 0.875in} > {treq =0.4174 in} for internal pressure (
rditions) and the external pressure (shellside conditions) calculations verified the maximum a

eside conditions), external pressure’ (shellside conditions), and gasket seating conditions. TH

P 3 and

ubeside
lowable

I specified flange thickness, {T = 2.3125in}>{Treq = 2.2536 in} for design internal pressure

erefore,
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Drill (20) 0.8125 in &
Holes for 0.75 in (ZJ Studs

A

N
L.

19.625 in

18.125in B.

17.125in Turp
16.25 in

0.0156 in

071875 in
125/n

0.1875 in—»

[—

e——2.3125 in—>

0.

8751n

"\‘/— See-Detail “A”

0.3125in

Detail “A”

Figure E4.7.1 — Floating Head Geometry
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Annex E4.7.1

ASME VIII-1 does not provide explicit guidance for computing the lever arm, h,.. This Annex provides one
possible method of satisfying U-2(g); however, other methods may also be deemed acceptable by the
Manufacturer and accepted by the Authorized Inspector.

Assumptions used in the development of the procedure include the following.

1) Shellside and tubeside corrosion allowance is applied to the dished head.

2) Tubeside corrosion allowance is only apnlied to the flange ring-inside radius
J rr J J

3) Shejlside corrosion allowance is applied to the outer surfaces of the flange ring.
4) The|lgeometry of the dished head to flange ring is assumed to be rectilinear.
5) Thel|projected thickness of the dished head and associated dimensions are based off of'the angle 3.

6) Thellocation of the dished head to flange ring attachment point is established from the measured vajue from
the |outside depth of the flange ring to the outside base of the head. This\Variable is referenced as
DFKHEAD, (distance from head).

7) The|ring flange is rectangular in shape, i.e., the portion of the flange that is removed by machining for the
gasket surface is not considered.

The levgr arm h,. measured from the centerline of the projected dished head thickness on the flange rijg to the
flange ring centroid is determined geometrically considering thetabove established assumptions. The|variable
DFHEAD along with the inside radius and thickness of the.dished head, L and t, respectively, and the flange
ring rad|us, R set the initial location of the head centerline with the flange ring. The angle B, formegd by the
tangent|to the centerline of the dished head at its\point of intersection with the flange ring and a line
perpendicular to the axis of the dished head is then established. From this point, the dished head and flange
ring are| subject to the applicable tubeside and:shellside corrosion allowances resulting in the final gorroded
geometry from which the corroded lever arm is'determined.

Refer to]Figure AE4.7.1
a) STEP 1 - Establish the variables used in the calculations.

Flahge (uncorroded):

Thickness : T=231251in

Inside Diaméter : B=16.251in

Inside Radius : R= g = % =8.125 in
Hedad Location : DFHEAD =0.3125 in

Spherically Dished Head (uncorroded):
Thickness : t=0875in
Inside Radius : L=16.0in
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d)

f)

9)
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Shellside and Tubeside Corrosion Allowance:

Shellside : CAS =0.125 in
Tubeside : CAT =0.125 in

STEP 2 - Establish the corroded dimensions of the input variables.

t.=t—CAS —CAT =0.875-0.125-0.125=0.625 in
0.625

L, =L+CAT+=160+0.125+ == = 16.4375 in

o)

ST
intg
axi

ST

the

ST

ST

ST

T=T-2(CA4S)=2.3125-2(0.125) = 2.0625 in
R, =R+CAT =8.125+0.125=8.25 in
DFHEAD, = DFHEAD — CAS =0.3125-0.125 = 0.1875 in

EP 3 — Calculate the angle f,; formed by the corroded mean radius of, the dished heag
rsection with the flange ring and the corresponding corroded radius of the-flange ring, measure
5 of the dished head assembly.

.| R . [ 8.25 } 0.5258 rad
p, = arcsin = arcsin =
L 16.4375 30.1259 deg

mc

EP 4 — Calculate the axial adjustment of DFHEAD due«to)the applied tubeside corrosion allow
flange inside radius. See Figure AE4.7.1.

X peypap = CAT -tan [ B,]=0.125- tan[30.1259}= 0.0725 in

EP 5 — Calculate the projected shellside corresion allowance of the dished head on the flange rin

CAS 0.125

X = - _ 01445 in
cos[f,] cos[30.1259]

EP 6 — Calculate the projected corroded dished head thickness on the flange ring, X..

2 0625 _ 7206 in

X = =
© cos[B] co§[30.1259]

EP 7 — Calculate'the moment arm based on the corroded dimensions, h,..

h, =0.5F~[DFHEAD, + X pypip + X .0 | - 0.5X,

cas

h, =0:5(2.0625)—[0.1875+0.0725+0.1445] - 0.5(0.7227) = 0.2654 in

at the
d to the

ance on

g’ XC(lS'
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CAS—¢ CAS/cosB; CAT*tanp,

T
—FE——-———
|

Figure AE4.7.1 — Lever Arm of Floating Head Geometry
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4.7.2 Example E4.7.2 — Thickness Calculation for a Type D Head Using the Alternative Rule in VIII-2,
Paragraph 4.7.5.3

Mandatory Appendix 1-6(h) indicates that the equations for the bolted heads with a dished cover are
approximate in that they do not consider continuity between the flange ring and the dished head. A more exact
method of analysis which takes the continuity of the flange and head into account may be used if it meets the
requirements of U-2(g). The alternate design method provided in VIII-2; paragraph 4.7.5.3 satisfies this
requirement.

Determine if the proposed Type D spherically dished bolted cover is adequately designed, considering the

foIIowingl; design conditions. The spherically dished head is seamless. Evaluate using the alternativerprocedure
in VIlI-2] paragraph 4.7.5.3.

Tubeside Data:

e Desjgn Conditions = 213 psig @400°F
e Corfosion Allowance (CAT) = 0.125 in

e Weld Joint Efficiency = 1.0

Shellside Data:

e Desjgn Conditions = 305 psig @ 250°F
e Corfosion Allowance (CAS) = 0125 in

e Weld Joint Efficiency = 1.0

Flange Data:

e Matgrial = SA—-105

e Alloyable Stress at Ambient Temperature = 20000 psi

e Allofvable Stress at Tubeside Design Temperature = 20000 psi

e Allopvable Stress at Shellside Design Temperature = 20000 psi

Head Data:

e Matgrial = SA-515, Grade 60
e Alloyable Stresg-at. Ambient Temperature = 17100 psi

¢ Allowable Stress at Tubeside Design Temperature = 17100 psi

e Allofvable Stress at Shellside Design Temperature = 17100 psi

e Yielf Stre'ss at Shellside Design Temperature = 28800 psi

e Modulus of Elasticity at Shellside Design Temp. = 28.55E +06 psi

Bolt Data

e Material = SA4—-193, Grade B7
e Diameter = 0.75 in

e Cross-Sectional Root Area = 0.302 in’

e Number of Bolts = 20
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e Allowable Stress at Ambient Temperature = 25000 psi

¢ Allowable Stress at Tubeside Design Temperature = 25000 psi

e Allowable Stress at Shellside Design Temperature = 25000 psi

Gasket Data

o Material = Solid Flat Metal (Iron/Soft Steel)

e Gasket Factor = 5.5

o GasketSeating-Factor = 18000 psi

. Insi:Iie Diameter = 16.1875 in

e Outside Diameter = 17.0625 in

Per VIIl{2, paragraph 4.7.5.3, the following procedure can be used to determine the required head an

thicknes
and rep

a) ST
pre

b) ST
geq

1)

2)

3)

4)

5)

s of a Type D head. This procedure accounts for the continuity between the flange ring and t
esents a more accurate method of analysis.

EP 1 — Determine the design pressure and temperature of the flange.joint. When evaluating
Ssure, a negative value of the pressure is used in all equations of this‘procedure.

Tubeside Conditions : P =213 psig at 400°F
Shellside Conditions : P =305 psig at 250°F

EP 2 — Determine an initial Type D head configuration geometry (see Figure E4.7.1). The f
metry parameters are required.

Flange bore

B=B,, +2(CAT)=16.25+2(0.125)=16.50 in

nom

Bolt circle diameter

C=18.125in
Outside diameter of the flange
A=A-2(CA45)="19.625-2(0.125) =19.375 in
Flange thickness; (see Figure E4.7.1)
T= T—Z(CAS) = 2.3125—2(0.125) =2.0625 in

Mean'héad radius, (see VIII-2, Figure 4.7.5)

d flange
he head

external

ollowing

(L+1,, —CAS)+(L+CAT)

6)

- 2
(16.0+0.875-0.125)+(16.0+0.125)

R= 5 =16.4375 in

Head thickness

t=t, —CAT —CAS =0.875-0.125-0.125=0.625 in
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Initial inside depth of flange to the base of the head, (see Figure E4.7.2).
q,=q,,, —CAS =1.0-0.125=0.875 in

Commentary:

Although the procedure shown in VIII-2, paragraph 4.7.5.3 provides an equation to calculate the lever arm
e of shell discontinuity force V about the centroid of the flange ring, the original development of the

equation did not lend itself well to the consideration of corrosion allowance for the calculation of the

ST
deg

par

ST

erencing Annex E4.7.2,
q =0.9470 in

FP 3 — Select a gasket configuration and determine the location of thezgasket reaction, G,
ign bolt loads for the gasket seating, W, and operating conditions, W,, using the rules g

agraph 4.16. Computations for the following parameters are shownig*Example Problem E4.7.1
G =16.625in

W, =141557.5 Ibs

W =63410.7 Ibs

W.,=-90799.4 [bs

EP 4 — Determine the geometry parameters;

stments
i by the

and the
f VIII-2,

- (C-G) _(18.125-16.625) 5
2 2
~B) (16.625-16)
h2=(G2 ) _(66252105) 0625 in
J_(4-B) (19375-165) ..
2
T _20625 .,
£1.40.625
G A _19375
B 163

= arcsin i = arcsin 16—5 =30.1259 de
g
2R 2(16.4375)

e=g—t| 7o _|=09470- 1| 2.0605-— 2625 102770 in
2| cos[¢] 2 cos[30.1259]
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e
I
—_
|
VR
—
N
&N
<
N—
(@]
Q
—_
-
—_—
Il

1- { 265 (920)}cot[30.1259]=0.9477

)
k,=1- (lgjvjcot[ﬂ = [212625(92?8))}00‘[[30.1259] =0.7909

where,
v=0.3

A= {3(1—%)(?}2} = {3(1—0.32)(12225 T }0'25 =6.5920

e) STEP 5 - Determine the shell discontinuity geometry factors.

0.25

_0275#°-In[K] 0.275(3.3)’ (0.625)-In[1.1742]
b k, - 0.9477

J—(0.2770) =0.7696

_ L1An'tIn[K] e (1.1(6.5920)(3.3)3 (0.625)-In[1.1742]

- 1=2.6726
’ Bk, (16.5)(0.9477) }r

Asin 1), B L
C, = [¢] ky +— |[+——+ 03¢
2 k ) 4nd  tk,
(6.5920)sin[30.1259] |
0.7907 + +
2 0.9477
C, = =4.6951
16.5 1.65(0.2770)

4(3.3)(1.4375) " (0.625)(0.9477)

¢, 165 (1+ 4/1ej _ [( 1.65 ][H 4(6.5920)(0.2770)] 40188

t, B 0.625)(0.9477) (16.5)

f)  STEP 6 — Determing'the shell discontinuity load factors for the operating and gasket seating conditipns.

Opgrating Condition — Tubeside:

2 —
C, =”ip{ecot[¢]+w—hz}—mhl

Q

(0.2770)cot[30.1259] +

c, -| 7163 (213) —63410.7(0.75)
o , 2(09470)(2.0625-0.9470) | 7(0.
16.5 '

C,, =—22831.9 in—Ibs

c _7B’P(4q—Bcot[¢] 035
“ 4 4nd sin[g¢]

4-236


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

4(3.3)(1.4375) sin[30.1259]

c - 7r(16.54): (213)[4(0.9470)—(16.5)cot[30.1259] 0.35 ]

C,, =-90917.8/bs

Operating Condition — Shellside:

]+2q(T—q)_
B

7B’P

G, = 2 {ecot[¢

h2:|_W;h1

2(0.9470)(2.0625 - 0.9470) —(-90799.4)(0:75)

4 —0.0625

c, :[7,@6.5)2(_305)} (0.2770)cot [30.1259]+

16.5
C,, =32693.6 in—Ibs

30
c _ﬂBZP(4C[—BCOt[¢] 0.35}
60 —
4

4nd sin [(15]

4(3.3)(1.4375) sin[30.1259]

60 4
C,, =130187.4 Ibs

_7[(16.5)2(—305)[4(0.9470)—(16.5)cot[30.1259] 0.35 ]

Gagpket Seating Condition:
C3g = —Wgh1 = —(141577.5)(0.75) =—-106168.1 in—Ibs

C,,=0.0

¢ =

g) STEP 7 — Determine the shell discontinuity force and moment for the operating and gasket conditiop.

Opgrating Condition — Tubeside:
_ Czcso — C30C5
© o C,c,-CC,
_ (2.6726(590917.8)) -(-22831.9(4.0188))

£ (2:6726(4.6951))—(0.7696(4.0188)) oAb

AY C1C60 — C30C4
L cc,-CC.

Y- (0.7696(-90917.8)) - (~22831.9(4.6951)) _ 30373 Ihs

“ (2.6726(4.6951))-(0.7696(4.0188))

Operating Condition — Shellside:
— Czcso — C30C5
©C,C,-CC,
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h)

Gagket Seating Condition:

STE
and check the stress criteria for both the operating and gasket conditions.

Ca
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_(2.6726(130187.4)) -(32693.6(4.0188))

~ =22902.6 Ib
“ (2.6726(4.6951))—(0.7696(4.0188)) ’
— GG — GG
© o, -CC,
0.7696(130187.4))—(32693.6(4.6951
do=( ( ) ( ))=—5637.9 Ibs

(2.6726(4.6951))—(0.7696(4.0188))

GG, —C, G (2.6726(0.0))—(-106168.1(4.0188))
GG -GG (2.6726(4.6951))—(0.7696( 40188)
)
)

=45125.0 Ibs

dg

CCy, —C5,C, (0.7696(0.0))—(-106168.1(4.6951))
00, -GG (2.6726(4.6951))—(0.7696(4.0188))

=52748.8 Ibs
EP 8 — Calculate the stresses in the head and at the head to flange junction using VIII-2, Tak

culated Stresses — Operating Conditions — Tubeside (omitting shellside pressure):

PR, _213(164375)

S, = - +0.0=2801.0 pii
" T T 2(0.625) &
v,
Shl :E'FM'FP
2t Bt

_213(16.4375) (~15994.3)¢05[30.1259]
" 2(0.625) 7(16.5)(0.625)

+0.0=2373.9 psi

S, = 6Md;’ = 6(3937.3) - =1166.7 psi
7Bt™  7(16:5)(0.625)

S, =S, —8,s22373.9-1166.7=1207.2 psi
S, =S, 48, =2373.9+1166.7 =3540.6 psi
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1 (#zB°P(4q K +1
S, =—— —~ —cot[g] |-V, +P
” ﬁBT( 4 (B Mj f’”j(KZ—J ‘

7(16.5)" (213)
4
1 4(0.9470) (1.1742)" +1

S = —cot[30.1259] |- || ———5— |+0.0

7(16.5)(2.0625) (16.5) (1.1742) -1

(—15994.3)
S, ==3056.3 psi
_ 0.525n ( ~ 4Md0/1j
P Bk, U B
525(3. 4 3)(6.592
= 0.525(3.3) (-15994.3)— (3937.3)(6.5920) =-3950.7 psi
(16.5)(0.625)(0.9477) (16.5)
S e =S+, ==3056.3+(~3950.7) = =7007.0 psi
S o =S 3y =S ==3056.3—(-3950.7) =894.4 psi
Acg¢eptance Criteria — Operating Conditions — Tubeside:
{ =2801.0 psz} {S,w =17100 psi} True
{8, =2373.9 psi} <{1.5S,, =1.5(17100) = 25650 psi| True
{8, =1207.2 psi} <{1.58, 1= 1.5(17100) = 25650 psi} True
{8, =3540.6 psi} < {L.55,, =1.5(17100) =25650 psi| True
{S,, =-3056.3 psif<{S, =20000 psi} True
{8 s ==700720 psi} <{1.55, =1.5(20000) = 30000 psi} True
{5,405894.4 psi} <{1.55, =1.5(20000) = 30000 psi} True
Calculated Stresses — Operating Conditions — Shellside (omitting tubeside pressure):

PR (-305)(16.4375)

Spw=—r+P. = ~305) =-4315.8 psi
= 2(0.625) #(=309) e
5, - PR Vdocos[¢]+Pe
2 Bt
- (-305)(16.4375) ) (22902.6)cos[30.1259] +(-305) =—37043 psi
2(0.625) 7(16.5)(0.625)
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5, <My O(56379) 606
7B 7(16.5)(0.625)
s =Sy =S,y =—3704.3-(~1670.6) = -2033.7 psi
sy = Sy +S,, =—3704.3+(~1670.6) =—5374.9 psi
——c ot[4]|-7, WK ”W +P
»n-RT
\
7(16.5)" (-305)
4
4(0.8262 1.1742)" +1

S, = 1 (08262) _ y30.1250] |- [ (-1742) LG 505

= 2 (16.5)(1.875) )| | (16.5) (1.1742) <

(22902.6)
S,, =4071.3 psi
~0.525n (V _4Mdoﬂ,j
P Bk, \'“ B
0.525(3.3) 4(55637.9)(6.5920) '

S, = 22902.6 - =5657.1 psi

" (16.5)(0.625)(0.9477) (16.5)
S i =S+ S, =4071.3+5657.129728.4 psi
S o =S5+, =4071.3-5657.1=-1585.8 psi

Acgeptance Criteria — Operating-Conditions — Shellside:
{ =-4315.8 psi} < {S,w =17100 psi} True
{8, =-3704.3psi} < {1.55,, =1.5(17100) = 25650 psi} True
{ S,y =<2033.7 psi} <{1.55,, =1.5(17100) = 25650 psi} True
{ Sy =—5374.9 psi} <{1.5S,, =1.5(17100) = 25650 psi| True
1S, =4071.3 psij<{S, =20000 psi| True
{8 1y =9728.4 psi} <{1.55 , =1.5(20000) =30000 psi] True
{8, =—1585.8 psi} <{1.55, =1.5(20000) =30000 psi] True
Calculated Stresses — Gasket Seating Conditions:

S,,=0.0
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V, cos[p] (45125.0)cos[30.1259]

5, = - 12047 psi
" By 7(16.5)(0.625) P
6M 2718,
oMy O(2TI8Y) _56r )5
7B 7(16.5)(0.625)

S, =S, -8, =1204.7-15621.5=—14416.8 psi
S, =S, +8, =1204,7+15621.5=16826.2 psi

1 K> +1
=1
1 (1.1742)" +1 .

S = —(45125.0))| ——2L T | = -2650.9

“ [ﬁ(16.5)(2.0625)J( ( ))[(1.1742)2 —1] P

_0.525n(,  4M, 2
P Btk \'* B
0.525(3.3) 4(52718.8)(6.3920) ,
= 45125.0 - = —6935.4 psi
(16.5)(0.625)(0.9477) (16.5)
S o =S+, =—2650.9 +(~6935.4) = ~9586.3si
S i =S =S5 ==2650.9—(~6935.4) = 4284.5 psi
Acgeptance Criteria — Gasket Seating Conditions:

{8, =0.0 psi} <{S, =17100 psi} True
{8, =1204.7 psi} <{1.55,5=1.5(17100) = 25650 psi} True
{ S, =—14416.8 psi} <{1.55, =1.5(17100)=25650 psi True
{ S, =168262p8i} <{1.55, =1.5(17100) = 25650 psi] True
{S,, =-2650.9 psif<{S, =20000 psi} True
{Sm=-9586.3 psi} <{1.5S, =1.5(20000) = 30000 psi} True
{5, = 42843 psif <{1.55, =1.5(20000)=30000 psi] True

Since the calculated stresses in both the head and flange ring are shown to be within the acceptance criteria, for
both internal pressure (tubeside conditions), external pressure (shellside conditions), and gasket seating
conditions, the proposed Type D spherically dished bolted cover is adequately designed.
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E4.7.2

Although the procedure shown in VIII-2, paragraph 4.7.5.3 provides an equation to calculate the lever arm e of
shell discontinuity force V about the centroid of the flange ring, the original development of the equation did not
lend itself well to the consideration of corrosion allowance. The variable q is defined as the inside depth of the
flange to the base of the head, see VIII-2, Figure 4.7.5, to establish the location of the dished head to flange ring

attachment point.

However, when the tubeside corrosion allowance is applied to the inside diameter of the

dished head and flange ring, the value of g must change accordingly. Additionally, the value of g must be

adjusted_ta_account for the shellside corrosion allowance acting on the flangp ring

This Annex provides one

method
Manufa

Assumpttions used in the development of the procedure include the following.

1) Shellside and tubeside corrosion allowance is applied to the dished head.

2) Tubpside corrosion allowance is only applied to the flange ring inside radius.

3) Shejlside corrosion allowance is applied to the outer surfaces of the flange ring.

4) The|lgeometry of the dished head to flange ring is assumed to be rectilinear.

5) The|projected thickness of the dished head and associated dimensions are based off of the angle ¢

6) The

the

7) Thelring flange is rectangular in shape, i.e., the portion*of the flange that is removed by machinin

gas

of determining these adjustments to g; however, other methods may also be deemed acceptab
turer and accepted by the Authorized Inspector.

nside depth of the flange ring to the inside base of the head. This variable is referenced as q.

et surface is not considered.

e by the

location of the dished head to flange ring attachment paint)is established from the measured vajue from

j for the

The lever arm e measured from the centerline of.the projected dished head thickness on the flange ring to the

flange ri

hg centroid is determined geometrically-considering the above established assumptions. The variable g

along w(th the inside radius and thickness ©of the dished head, R,,,,,, and t,,m, respectively, and the flapge ring
diametef, B set the initial location of the.head centerline with the flange ring. The angle ¢ formed by thel tangent

to the cénterline of the dished head@tyits point of intersection with the flange ring and a line perpendicul

ar to the

axis of the dished head is then established. From this point, the dished head and flange ring are subjert to the
applicaljle tubeside and shellside corrosion allowances resulting in the final corroded geometry from which the

corrode

Refer to|Figure AE4,7.2

a) ST
Fla

i lever arm is determined.

EP 1 — Establish the variables used in the calculations.
hge (uncorroded):

Fhickmess— ——=23425n

Inside Diameter : B, =16251n

Head Location : q,=1.0in
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Spherically Dished Head (uncorroded):

Thickness : t., =0.875in
Inside Radius : L=16.0in

Shellside and Tubeside Corrosion Allowance:

Shellside CAS =0.125in
Tubeside : CAT =0.125 in

ST

ST
wi
dis

=

ST

ST

flan

ST

EP 2 — Establish the corroded dimensions of the input variables, as previously defined.
t=0.625 in

R=16.4375 in
T =2.0625 in
B=16.51in
q,=0.875in

EP 3 — Calculate the angle ¢ formed by the corroded mean radius of\the dished head at the intg
h the flange ring and the corresponding corroded radius of theflange ring, measured to the ax
ned head assembly.

. | B ) 16.5 0.5258 rad
¢ = arcsin| — |=arcsin| ——— | =
2R 2(16.4375) 30.1259 deg

EP 4 — Calculate the projected tubeside corrosjon’ allowance of the dished head on the flange rin

CAT 0.125

X, = - —0.1445"in
cos[#] cos[30.1259]

P 5 — Calculate the axial adjustment of X,4; due to the applied tubeside corrosion allowanc

ge inside radius.

X,; = CAT -tan[$] 0,125 - tan [30.1259] = 0.0725 in

EP 6 — Calculate the/adjusted value of g based on the corroded dimensions.

4=q,+ X5 X,, =0.875+0.1445-0.0725 = 0.9470 in

rsection
s of the

g, Xcat-

b on the
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Figure AE4.7.2 — “q” Floating Head Geometry
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4.8 Quick-Actuating (Quick Opening) Closures
4.8.1 Example E4.8.1 — Review of Requirements for Quick-Actuating Closures

An engineer is tasked with developing a design specification for an air filter vessel to be equipped with a quick-
actuating closure that is to be constructed in accordance with VIII-1, paragraph UG-35.2.

Design rules for quick—actuating (quick opening) closures are provided in UG-35.2. The rules in this
paragraph are the same as those provided in VIII-2, paragraph 4.8.

As part pf developing the design specification, the following items need to be considered.
a) Scope

Specific calculation methods are not given in paragraph UG-35.2. However, both @general and|specific
design requirements are provided.

b) Geperal Design Requirements

Qu|ck-actuating closures shall be designed such that:

—_

The locking elements are engaged prior to or upon application, of pressure remain engaged [until the
pressure is released.

2) The failure of a single holding element while the vessel is pressurized will not:
i)  Cause or allow the closure to be opened or leaked; or
i) Resultin the failure of any other locking element or holding element; or

i) Increase the stress in any other holding\element by more than 50% above the allowable $tress of
the element.

3) All locking elements can be verified:to be fully engaged by visual observation or other meang prior to
application of pressure to the vessel.

4) The use of multilink compenent, such as a chain, is not permitted.
5) When installed:

i) It may be determined by visual external observation that the holding elements are in sat|sfactory
condition.

i)  All vessels shall be provided with a pressure-indicating device visible from the operating grea and
suitable for detecting pressure at the closure.

6) When a quick-actuating closure is provided as a part, it shall be provided with a Partial Data Report
as meeting the applicable requirements of VIII-1.

7) Supplementary information for the Manufacturer of the pressure vessel and guidance on installation,
operation and maintenance for the owner and user is provided in VIII-1, Nonmandatory Appendix FF.

c) Specific Design Requirements

1) Quick-actuating closures that are held in position by positive locking devices and that are fully
released by partial rotation or limited movement of the closure itself or the locking mechanism and
any closure that is other than manually operated shall be so designed that when the vessel is
installed the following conditions are met (see also VIlI-1, Nonmandatory Appendix FF):
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i)  The closure and its holding elements are fully engaged in their intended operating positio
pressure can be applied in the vessel.

n before

i) Pressure tending to force the closure open or discharge the vessel contents clear of the vessel

shall be released before the closure can be fully opened for access.

i) In the event compliance with the above conditions is not inherent in the design of the closure and

its holding elements, provisions shall be made so that devices to accomplish this can b
when the vessel is installed.

The desianrules of V.1 Mandatorns Annendix 2 mav naot he annlicahle see naraaranh 2.1(
4 v PAREN i o4 b4 ol o 7 1 greE AV

e added

).

The design shall consider the effects of cyclic and other loadings and mechanical-wea
holding and locking elements and sealing surfaces.

Any device or devices that will provide the safeguards described above  within these
requirements will meet the intent of these rules.

If clamps used in the design meet the scope of VIII-1, Mandatory.<Appendix 24 the
requirements shall also be met.

The Manufacturer of a pressure vessel with a quick-actuating clasure shall supply the user
installation, operation, and maintenance manual. The manual should address the topics ¢
Nonmandatory Appendix FF. The intent is for the manualto’stay with the owner or operat
pressure vessel.

Quick-actuating closures that are held in position by a locking mechanism designed for
operation shall be designed such that if an.attempt is made to open the closure when the

under pressure, the closure will leak prior to full disengagement of the locking compong
release of the closure. Any leakage shall be directed away from the normal position of the op

Manually operated closures need jnot satisfy specific design requirements found in (c)(1) abj
pressure vessels equipped with such closures shall be equipped with an audible or visible

on the

specific

h those

with an
f VIII-1,
br of the

manual
essel is
nts and
erator.

ove, but
warning

device that will warn the pperator if pressure is applied to the vessel before the holding eleménts and

locking elements are fally'engaged in their intended position or if an attempt is made to di
the locking mechanism before the pressure within the vessel is released.

sengage
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raced and Stayed Surfaces

Example E4.9.1 — Braced and Stayed Surfaces

Determine the required thickness for a flat plate with welded staybolts considering the following design
condition. Verify that the welded staybolts are adequately designed. See Figure E4.9.1.

Vessel Data:

e Plate Material = SA—-516, Grade 70

e Desjgn Conditions = 100 psig @ 300°F

e Staybolt Material = SA—675, Grade 70

e Staybolt Diameter = 1.5in

e Corfosion Allowance = 0.0 in

e Allovable Stress Plate Material = 20000 psi

e Allopvable Stress Staybolt Material = 20000 psi

e Staybolt Pattern = Equilateral Triangle

* Staybolt Pitch = Py = Prorizonta = Piiagona = 13-0 i
Design Jrules for braced and stayed surfaces are provided in UG-47, UG-48, UG-49, and UG-50. T

ne rules

in thesg paragraphs are the same as those provided in VIlI-2; paragraph 4.9 with the exception that VIII-2

only ing
a) ST
sta

The minimum required thickness for braced and stayed flat plates and those parts that, by thes

req
cal

As{

b) ST
seq
div
the

ludes rules for welded stays. UW-19 also providesrequirements for welded-in stays.

EP 1 — Evaluate per UG-47. Calculate the required thickness of the flat plate, the load carried
ybolt, and the required diameter of the staybolt:

uire staying as flat plates with brages or staybolts of uniform diameter symmetrically spaced,
culated by the following equation.

ume, C = 2.2 from UG-47 with the Welded Staybolt Construction per Figure UW-19.1 Sketch (g

= p L2150 (=290 671514
SC 20000(2.2)

EP 2 — Evaluate per UG-50. UG-50(a) — The required area of a staybolt or stay at its minimu
tion, usually located at the root of the thread, exclusive of any corrosion allowance, is obta
ding theoad on the staybolt computed in accordance with UG-50(b) by the allowable stress
staybolt material and multiplying the result by 1.10.

by each

e rules,
shall be

m cross
ined by
alue for

UG-50(b) — The area supported by a staybolt or stay shall be computed based on the full pitch dimensions,
with a deduction for the area occupied by the stay. The load carried by a stay is the product of the area
supported by the stay and the maximum allowable working pressure.

UG-50(c) — Stays made of parts joined by welding shall be checked for strength using a joint efficiency of
60% for the weld.
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2)

3)

4)
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The area of the flat plate supported by the staybolt, A,, is calculated as follows.

A, = Phovcontat * Putagonat €05 0]) = 4, =15.0(15.0-cos[30]) ~1.7671=193.0886 in’

where,
0 =30 deg, See Figure E4.9.1

A, :%(1.5)2 ~1.7671 in’

S

The load carried by the staybolt, L, is calculated as follows.

L,=4,-P= 193.0886(100.0) =19308.9 /bs

The required area of the staybolt, A,., is calculated as follows.

A, =1.10 Ly :1.10(WJ=1.0620 in’
‘ " 20000

Since {Asb =1.7671 inz} > {Amb =1.0620 inz} , the staybolt is adequately designed.

If the stays are made of parts by welding, the allowable load<on’the welds shall not exceed the
of the weld area (based on the weld dimension parallel:to"the staybolt), the allowable stres
material being welded, and a weld joint factor of 60%.

st < La

where,

L,=E(t-7d,)S, =0.6(0.7151(7)(1.5)) 20000 = 40438.0 /bs
Since {Ly;, = 19308.9 lbs} < {L{, = 40438.0 lbs}, the staybolt is adequately designed.
EP 3 — Evaluate per UW-19(a)(1). Welded-in staybolts shall meet the following requirements:
The configuration is in accordance with the typical arrangements shown in Figure UW-19.1.

Construction_per Figure UW —19.1(e) Satisfied

The required-thickness of the plate shall not exceed 1.5 in (38 mm), but if greater than 0.7]
mm), the staybolt pitch shall not exceed 20 in (500 mm).

{t =0.7151 in} < {1.5 in} Satisfied

product
s of the

5 in (19

The provisions of UG-47 and UG-49 shall be followed.

Satisfied

The required area of the staybolt shall be determined in accordance with the requirements in UG-50.

Satisfied
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30°

¢
g

o ¢
//K 15in. ~

Figure E4.9:1 - Stayed Plate Detail
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410 Ligaments

4101

Example E4.10.1 — Ligaments

Determine the ligament efficiency and corresponding efficiency to be used in the design equations of UG-27 for

a group

of tube holes in a cylindrical shell as shown in Figure E4.10.1.

Design rules for ligaments are provided in UG-53. The rules in this paragraph are the same as those
provided in VIII-2, paragraph 4.10.

EvaIuatJe the tube hole installation pattern in accordance with UG-53.

Comme

diagonal. UG-53(c) states that in addition to the longitudinal ligament, diagonal and circumferential li
shall als

htary: As shown in Figure E4.10.1, three ligaments are produced; longitudinal, circumferen

ial, and
jaments

0 be examined with the least equivalent longitudinal ligament efficiency used to detefmine the minimum

required wall thickness and the maximum allowable working pressure. Considering-only pressure loading, the
circumfgrential ligament can be half as strong as the longitudinal ligament. This is.because the circumferential

ligamen

Therefo

e, the circumferential ligament efficiency is not explicitly calculated.

is subject to longitudinal stress which is essentially half of circumferential stress. By inspection, the
circumfgrential ligament is greater than the longitudinal ligament and thus. will the not govern the

design.

Paragraph UG-53(d) — when a cylindrical shell is drilled for holes which form diagonal ligaments, as ghown in
Figure UG-53.4, the efficiency of these ligaments shall be determined by VIII-1, Figures UG-53.5 and UG-53.6.

Figure
ligamen

a) ST

b) ST

wh

JG-53.5 is used when either or both longitudinal.and circumferential ligaments exist with

EP 1 — Compute the value of p'/p;.
Diagonal Pitch, p'=3.75in
Unit Length of Ligament, p, =3.5 in
" 3.75
P 2008333
p, 45
EP 2 — Compute the efficiency of the longitudinal ligament in accordance with Figure UG-53.5, N

E,,, =100 (M] =100 (4'5;—?? =50%
P .

ere,

liagonal

s. The procedure to determine the equivalent longitudinal ligament efficiency is described in UG-53(e).

ote 4.

Diameter of Tube Holes, d =2.25 in

c) STEP 3 - Compute the diagonal efficiency in accordance with Figure UG-53.5, Note 2.

J+025-(1-0.01-E,, )0.75+J

E, =
diog 0.00375+0.005.J
0.6944+0.25—(1-0.01(50))./(0.75 + 0.6944
diag = i ( ( ))\/( i ) :4756%
0.00375+0.005(0.6944)
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ere,

1 2 2
J=| £ =(3£j —0.6944
)2 4.5

Alternatively, STEP 3 can be replaced with the following procedure.

STEP 3 (Alternate) — Enter Figure UG-53.5 at the vertical line corresponding to the value of the longitudinal
efficiency, Ejyng4, and follow this line vertically to the point where it intersects the diagonal line representing

effi

d) ST
the

therratioofthe—vatue—of [’,/Il’l- Fhen plujt:ui this pUillt i|UIiLU||iaiiy to—the—teftanmd—read—the jiagonal
Ciency of the ligament on the scale at the edge of the diagram.
E e =47.5%
EP 4 — The minimum shell thickness and the maximum allowable working pressure shall be based on
ligament that has the lower efficiency.
E=min| E,,.E,, |=min[50%,47.5%] = 47.5%

In accofdance with UG-53(i) when ligaments occur in cylindrical shells made from welded pipe or tu

their ca

culated efficiency is less than 85% (longitudinal) or 50% (circumiferential), the efficiency to be

UG-27 fo determine the minimum required thickness is the calculated ligament efficiency. In this ¢

appropr

® |n

ate stress value in tension may be multiplied by the factor. 1.18.

—4.50 in.—>

/

stallation Pattern: /\ /\ /7/\

bes and
used in
hse, the

NN \>}

|
75in,"]
Cylindrical Shél | ) TN 6
i T i I I A I .
LongitudipalAxis w w /l W
: | / : i

}
>

U4>

p
\
7<
A
1
N

e All

Finished Hole Diameters are 2.25 in.

Figure E4.10.1 — Installation Pattern
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4.11 Jacketed Vessels
4.11.1 Example E4.11.1 — Partial Jacket

Design a partial jacket to be installed on the outside diameter of a section of a tower in accordance with Figure

9-2, Type 2.

Vessel Data:

e Matgrial SA—-516, Grade 70
e Desjgn Conditions 350 psig @300°F

e Vespel ID 90.0 in

e Nominal Thickness 1.125 in

e Alloyable Stress 20000 psi
e Corfosion Allowance 0.125 in

e Weld Joint Efficiency 1.0

Jacket Data:

e Jacket Type per Figure 9-2 Type 2

e Matgrial SA—-516) Grade 70
e Desjgn Conditions 150-psig @ 400°F
e Jacket ID 96.0 in
e Allowable Stress 20000 psi
e Corfosion Allowance 0.125 in
e Weld Joint Efficiency 1.0
Notes:
1) | Jacket closure will be made using closure members per Figure 9-5 of Mandatory Appendix 9.
2) | Full penetration welds will'be used in the closure.
Establish the corroded dimensions.
L t, —VesseKCorrosion Allowance— Jacket Corrosion Allowance
1 11125 20:125-0.125 = 0.8750 in
Vessel ID+ 2(t, — Jacket Corrosion Allowance)
OD of Inner Shell =
90+2(1.125-0.125)=92.0 in
R = OD of Inner Shell

t,=t, —Jacket Corrosion Allowance=0.5-0.125=0.375in
Rj = Rj + Jacket Corrosion Allowance =48.0+0.125=48.125 in

ID of Jacket = 2(48.125): 96.25 in
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Design rules for jacketed vessels are provided in Mandatory Appendix 9. The rules in this paragraph
are the same as those provided in VIlI-2, paragraph 4.11.
Evaluate the partial jacket per Mandatory Appendix 9:
a) Determine required thickness of partial jacket per UG-27(c)(1).
R.P 48.125(150)
" S,E-0.6P, 20000(1.0)-0.6(150)

=0.3626 in

4 — 4 1 Taolot (Coypncing Al g gpon =02A626 1. N0 125 _ 0 A4R76 12
T OO =O0T o= oo

)
T o aCICT—COTTO0TOTT 1t oOvwarict 1243

7y rj

Select the next available plate thickness>0.4876, use t, =0.5 in

b) Determine maximum jacket space, j, to ensure that proposed jacket is acceptable.

_([D of Jacket)—(OD of Inner Shell) B (96.25—92.0)

jspeciﬁed - B =2.125 in

The maximum of j is determined from paragraph 9-5(c)(5).

_{250%2 J[(f ”f)]
PR, 2
2
2(20000)(0.875) _(0.875+0.375] 361980
150(48.125)

J

Since, {jspeciﬂed = 2.125 in} < {j = 3.6174 in},dhe design is acceptable.

c) Determine thickness of jacket closures. Use closure detail in Figure 9-5, Sketch (f-2).

R j 150 46. O 2 125) .
. =1.414 j =1.414 =1.2107 in
20000

t, =t _+ Jacket Corrosion Allowance =1.2107+0.125=1.3357 in

Usé end closure plates with-a wall thickness of 1.375 in.
d) Determine weld sizes for the closure to shell weld per Figure 9-5, Sketch (f-2).
Jadket to closure\weld:

¢ [To be full penetration with backing strip.

* Filletweld to be equal to t; as a minimum.

C

ureto shettwetd-(a futtpenetratiomwetd-isto-beused;
t. =t —Corrosion Allowance=1.375-0.125=1.25in
t, =0.875
Y =a+b>min[1.5, 1.5 ] =min[ 1.5(1.25), 1.5(0.875) | =1.3125
Y=a+b2>1.3125in

Z = Y_E_l 3125—%—0 8750 in
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Design a half-pipe jacket for a section of a tower using the information shown below.

Vessel Data:

e Material = SA—-516, Grade 70
e Design Conditions = 350 psig @300°F
e Vessel ID = 90.0 in

° Nonpimat-Fhickmess = 1125 1775

e Allowable Stress = 20000 psi

e Corfosion Allowance = 0.125 in

e Applied Axial Force = —78104.2 Ibs

¢ Applied Net Section Bending Moment = 4.301E +06 in—Ibs
Half-Pipe Jacket Data:

e Matgrial = SA—-106, Grade B
o Desjgn Conditions = 150 psig @400°F

Jac

etID

NPS 4 (STD WT) —0.237 in

e Allopvable Stress = 20000¢psi
e Yielfl Stress at Design Temperature = 29900 psi
¢ Minjmum Ultimate Tensile Strength = 60000 psi
e Weld Joint Efficiency = 1.0
e Corfosion Allowance = 0.0 in
Establish the corroded dimensions.
Vessel:

D|=90.0+2¢ =90.0+ 2(1.125) =92.25in

t, ¥t —Corrosion Allowance=1.125-0.125=1.0 in

DED+ 2(C0rrosion Allowance) =90.0+ 2(0.125) =90.25 in
Half-Pipe Jacket:

d,|=45=2t,=4.5- 2(0.237) =4.026 in

73 d—]=@22.013 in

) 2

Design rules for half-pipe jackets are provided in Nonmandatory Appendix EE.
paragraph are the same as those provided in VIII-2, paragraph 4.11.6. However, the design rules from
VIII-2 also provide specific requirements for the use of partial penetration and fillet welds. For
informational purposes, this check is shown prior to the first step of the example problem procedure.

Supplementary check for the acceptability of half-pipe jackets per VIII-2, paragraph 4.11.6.

The rules in this

Verify the

acceptability of a half pipe jacket in accordance with the requirements VIII-2, paragraphs 4.11.6.1 and 4.11.6.2.
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Specified nominal size of 4 NPS is acceptable per VIII-2, paragraph 4.11.6.1.

Material of construction is SA-106, Grade B per ASME Section Il Part D, Table

S, =29.9 ksi (@ 300°F)

S, =60 ksi
S
{ ST = %}9 = 0.498} <0.625 True

Therefore, partial penetration welds can be used. In addition, the vessel is not in cyclic service; th
requirements of paragraph 4.11.6.2 are satisfied.

No
is 1
bag
Ca

Si
jac
Ca

=}

wh
3.

To
Thi

Note: Per VIII-1, paragraph EE-2, when the combination of axial forces and pressure stress is suc

wo

e: This VIII-2, paragraph 4.11.3.3 requirement is not in VIlI-1 Nonmandatory Appéndix EE. Th
ot required in VIII-1 because the above criteria will always be satisfied because’of the allowab
is used in VIII-1.

culate the minimum required thickness for the NPS 4 STD WT half-pipe_jacket.

Pr 150(2.0130)

T= = =0.0179 in
0.85S,—0.6F  0.85(20000)-0.6(150)

et.

culate maximum permissible pressure in the half-pipe, P’, to verify that P’ > P, .

p-£
K

bre, F = min[(1.55 — S’), 1.55]. The.walue of K is determined from VIII-1, Figures EE-1, EE-J
For VIII-2 designs, the value of K .or<(K), for VIlII-2), is also provided below for informational purp

compute P’, the parameter % defined as the actual longitudinal stress in the shell, must be co
5 stress may be computed.using the following thin-wall equations for a cylindrical shell.

Lld be a negative nmber, then S’ shall be taken as zero.

S' = Pressure Stress + Axial Stress + Bending Stress
oD F Mc
4. A4 1

erefore,

s check
e stress

ce {tj = 0.237 in} > {T = 0.0179 in}, the thickness of STD. WT pipe is acceptable for the half-pipe

, or EE-
hSes.

mputed.

h that S’

4.301E+06LM

350(90.25) - . J
( ) 781042 =8289.2283 psi

- +
4(1.0) 286.6703 298408.1359

4301E + 06(92'25

350(90.25) - j
( ) L 781042 =6959.6156 psi

4(1.0) 286.6703 298408.1359
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where,
N I s L T 4 4\ _ . 4
1=—(D}-D*)= 64((92.25) (90.25)" ) =298408.1359 in
_1 2 2 _z 2_ 2\ .2
4=7(D;-D*)= 4((92.25) (90.25)" ) = 286.6703 in
therefore,

[( 1 Q

bl . 1 Q JoIAY
I —lllllll_\l.,)o_k) }, I.JOJ

F =min| (1.5(20000)-8289.2283), 1.5(20000) | = 21710.7717 psi

The value of K is interpreted from Figure EE-3, with D = 90.25 in and t; = 1.0 in.

For
she

=

w

K ~11
VIII-2 designs, the coefficients for the equation Kp are obtained from VIII-2,\Fable 4.11.3 for Nj

Il nominal thickness of 1.0 in.
C1 =-2.5016604F + 02, C2 =1.7178270E + 02, C3 =-4.6844914F + 01
C4 =6.6874346F + 00, C5 =-5.2507555EF -01, C6 =2.1526948E - 02

C, =-3.6091550F - 04, G =C=C,=0.0
h a vessel diameter, D = 90.25 in, the value of Kp is,Calculated as,

K,=C+CD" +C,D+C,D" +C,D* +CP* +C,D’ +C,D* +C,D* + C,\D** =11.2

Therefore, the maximum permissible pressure(in the half-pipe is calculated as,

Sin

217107717
20T G973 s I -1
F 1 3

P = 1217107717 >{R =150 psi} True
————=1923.0 psi V-2
11.2903

ce P' > P;, the half-pipe’design is acceptable.

S 4 and

D03
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4121 Example E4.12.1 — Unreinforced Vessel of Rectangular Cross Section

Using the data shown below, design a rectangular vessel per Appendix 13, Figure 13-2(a) Sketch (1)).

Vessel Data:

e Material

SA—-516, Grade 70

e Desjgn Conditions

¢ Insigle Length (Short Side)
xe Length (Long Side)

o Ovgrall Vessel Length

e Thigkness (Short Side)

e Thigkness (Long Side)

e Thigkness (End Plate)

e Cortosion Allowance

e Insi

e Alloable Stress

o Weld Joint Efficiency (Corner Joint)
e Tubp Outside Diameter

e Tubg Pitch

Adjust variables for corrosion.

400 psig @5S00°F
7.125 in

9.25in

40.0 in

1.0 in

1.0 in

0.75 in

0.125 in

20000 psi

1.0
1.0000 in

23910 in

h%9.25+ 2(Corr0si0n Allowance) =9.25+ 2(0. 125) =9.50 in
H=7.125+2(Corrosion Allowance) =[1.125+ 2(0.125) =7.3751in
t, ¥1.0—Corrosion Allowance=1070.125=0.875 in

t, #1.0—Corrosion Allowance<1.0—-0.125=0.875 in

t, #0.75—Corrosion Allowance =0.75-0.125=0.625 in

Design rules for vessels of noncircular cross section are provided in Mandatory Appendix 13. The rules

in this paragraph produce the same results as those provided in VIII-2, paragraph 4.12. How
nomenglature and formatting of the equations in VIII-2 are significantly different. Therefore, the
will be shown twice, the first time using VIllI-1 nomenclature and equations and secondly using
design procedure, nomenclature, and equations.

Section| VIl Division 1 Solution

tjler, the
xample

Evaluate per Mandatory Appendix 13, Paragraph 13-4(h) — The design equations in this paragraph are based
on vessels in which the ratio of the length of the vessel to the long side or short side lengths (aspect ratio) is

greater than four.

L .
Aspect Ratio =—= 40.0 =4.21
h 95

Satisfied
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Paragraph 13-4(g) — The ligament efficiencies e,, and e, shall only be applied to the calculated stresses for the

plates containing the ligaments.

When e, and e, are less than the joint efficiency E, the membrane and

bending stresses calculated on the gross area of the section shall be divided by e, and e, respectively, to
obtain the stresses based on the net area for the section. The allowable design stresses for membrane and
membrane plus bending shall be calculated as described in paragraph 13-4(b) using E = 1.0. When e,, and e,
are greater than the joint efficiency E, the membrane and bending stresses shall be calculated as if there were

no ligaments in the plate. The allowable design stresses for membrane and membrane plus bending shall be
calculated as described in paragraph 13-4(b) using the appropriate E factor required by paragraph UW-12.

Paragra
uniform
UG-53.

Paragra

b -

K

Paragra

Theé membrane siress on the short side plate, Equation (1):

ph 13-6 — It is assumed that the holes drilled in the long side plates (tube sheet and plug sheg
diameter. Therefore, e, and e, shall be the same value and calculated in accordance With"pz

_p—-d _23910-1.0

= ) =0.5818
p 2.3910
ph 13-5 — Calculate the equation constants.
£1.0 in
The sign of & s positive (+
:cozt—lzt—zzmzo.4375in—>N0te: gnof KB P ( )
2 2 2 The sign of. ¢, is negative (—)
3 3
- bi = M =0.0558 in*
12 12
3 3
|26 100873 _ ossg in'
12 12
= E = m =0.7763
h 9.5
= ]—20( = £0'0558)0.7763 =0.7763
1, 0.0558

ph 13-7(a) — Calculate the membrane and membrane plus bending stresses, short side plate.

s - _400093) 51914 psi
2(2)  2(0.875)

t) are of
ragraph

Th 1 'H & ot 'y Ad 1 b giornl (s = b L2
C UCTIUNTY SUIToS dal LULAUUITIN, STNUTL SIUT PIdlT, LUUAUUIT (o).

121 1+K

1

2
5. :g{_mz e [MH

~1.5(7.375)" +(9.5)"-
_ 400(£0.4375)

A\ 2 _
= T12(0.055) 1+(0.7763)" (0.7763)

1+0.7763

1831.7 psi Outside Surface

{—1831.7 psi Inside Surface }
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The bending stress at Location Q, short side plate, Equation (4):
_ Ph’c [1+a2K}

121 | 14K

~400(9.5)" (£0.4375)| 1+(0.7763)" (0.7763)
0 12(0.0558) 1+0.7763

B 119490.8 psi  Inside Surface

"¢ {"T9490.8 psi_Outside Surjace

ph 13-7(a) — Calculate the membrane and membrane plus bending stresses, long side plate:

Theé membrane stress on the long side plate, Equation (2):

PH 400(7.375)

“2ne, 2(0.875)(0.5818)

m

=2897.4 psi

The bending stress at Location M, long side plate, Equation (5):

2 2
S, - Ph'c 154 1+a°K
127,e, 1+ K

©400(9.5) (£0.4375) [_1.5+£1+(0.7763)2 (0.7763)}]

" 12(0.0558)(0.5818) 1+0:7763

_|-27310.9 psi Inside Surface
™M 127310.9 psi  Ouside Surface

The bending stress at Location Q, long-side plate, Equation (6):

Paragra

~ thc{lmzK}

2L | 14K
~400(9.5)" (£0:4375)| 1+(0.7763)" (0.7763)
T 12(0:0558) 1+0.7763
194998 psi Inside Surface
0 1219490.8 psi Outside Surface

phs18-4(b), 13-4(c), and 13-7, Equations (7) through (10) — Acceptance Criteria:

Short side plate, Membrane Stress:

{8, =2171.4 psi} <{SE =20000(1.0) =20000 psi} True
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Short side plate at Location N, Membrane + Bending Stress:
S, +Sy= 2171.4+(—1831.7) =339.7 psi
{Sm +S,y = 2171.4+(1831.7) =4003.1 psi }
{Sm +8,y =339.7 psi

<{L.5SE =1.5(20000)(1.0)=30000 psi T
Sm+SbN =4003.1 pSl} { ( )( ) psz} rue

Short side plate at Location Q, Membrane + Bending Stress:
S, + 8,0 =2171.4+19490.8 =21662.2 psi

{Sm +8,, = 2171.4+(—19490.8) =-173194 psz}

{Sm +5,, =21662.2 psi
S, +8,,=—17319.4 psi

} <{1.5SE =1.5(20000)(1.0) = 30000 psi} Trtte

Long side plate, Membrane Stress:

{Sm =2897.4 psi} < {S =20000 psi} True

Long side plate at Location M, Membrane + Bending Stress:
S, +S8,, = 2897.4+(—273 10.9) =—-24413.5 psi

{Sm +S,,, =2897.44+27310.9 =30208.3 psi }

{Sm +S,,, =—24413.5 psi

<{1.5SE =1.5(20000)(1.0) = 30000 psi| True
S, +S,,=302083 psi | ' T V)= DSi

False

Long side plate at Location Q, Membrange #Bending Stress:
S, + 8,0 =2897.4+19490.8 =22388.2 psi

{Sm +5,,=2897.4 +(19490.8) =-16593.4 psz}
{Sm +8,, =22388.2 psi

<41.58E =1.5(20000)(1.0) =30000 psi T,
Sm +SbQ = _165934 pSl} { ( )( ) pSl} rue

The acceptance <riteria for membrane and membrane plus bending stresses are satisfied at all Ipcations
exdept for thesmembrane plus bending stress at Location M on the long side plate, {S,, + Sy, }. However,
the|overstress is less than 1%.

Section| VIl -Division 2 Solution with VIlI-1 Allowable Stresses

VIII-2, paragraph 4.12.2, General Design Requirements:

Paragraph 4.12.2.7 — The design equations in this paragraph are based on vessels in which the ratio of the
length of the vessel to the long side or short side lengths (aspect ratio) is greater than four. These equations
are conservatively applicable to vessels of aspect ratio less than four. Vessels with aspect ratios less than four
may be designed in accordance with VIII-2, paragraph 4.12.5 and may be designed in accordance with the
provisions of Part 5.
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L .
Aspect Ratio = 7” = % =421 Satisfied

Paragraph 4.12.2.9 — The openings in this noncircular vessel meet the requirements of VIII-2, paragraph 4.5.2.

VIII-2, paragraphs 4.12.3, 4.12.4 and 4.12.5 — These paragraphs are not applicable to this design.

VIII-2, paragraph 4.12.6, Weld Joint Factors and Ligament Efficiency:

Paragraph 4.12.6.1 — The non-circular vessel is constructed with corner joints typical of VIII-2, paragraph 4.2.

Therefo

re, the weld jninf efficiencies. F'"L and F'U are set to 1 0 at stress calculation locations-in the corn

s of the

vessel.
E,, and
side pla
are set ¢qual to the ligament efficiencies e,,, and e, respectively.

Paragra
of unifo
paragra
VIII-2, p
a) ST
b) ST
c) ST
infq
d) ST
sed
wh
e) ST
4.1
fy ST
4.1

Since there are no welds or hole pattern in the short side plates of the vessel, the weld jointeffi
E, are set to 1.0 for these stress calculation locations. For the stress calculation locations on
es that do not contain welded joints, but do contain a hole pattern, the weld joint efficiencies E,,

ph 4.12.6.3 — It is assumed that the holes drilled in the long side plates (tube’sheet and plug sh

bh 4.10.

_p-d 23910-1.0
p 23910

e =e, =0.5818

aragraph 4.12.7, Design Procedure:
EP 1 — The design pressure and temperature are listed‘in the information given above.
EP 2 — The vessel to be designed is a Type 1 vessel (VIII-1, Figure 13-2(a), Sketch (1)).

EP 3 — The vessel configuration and wall thicknesses of the pressure containing plates are listg
rmation given above.

EP 4 — Determine the location ofi the neutral axis from the inside and outside surfaces. S
tion under evaluation does not _have stiffeners, but has uniform diameter holes, then ¢; = d
bre t is the thickness of the plate.

t, t, 0.875
¢, =c,=+=2=—"-T2=0.4375in
2 2 2
EP 5 — Determine the weld joint factor and ligaments efficiencies as applicable, see VIII-2, p3
P.6, and determine the factors E,,, and E},.

EP 6 +.Complete the stress calculation for the selected noncircular vessel Type, see VIII-]
P.1{and check the acceptance criteria.

ciencies
the long
and Ej

eet) are

rm diameter. Therefore, e, and e, shall be the same value and calculated in accordamce with

d in the

nce the
b, =t/2

ragraph

P, Table

For non-circular vessel Type 1, the applicable table for siress calculations is VINI-2, Table 4.12.2 and the

corl

responding details are shown in VIII-2, Figure 4.12.1

Equation Constants:

b=1.0in
J,. =10
J, =10
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No

=1
Jy =
3 3
b _LOOSTY _ g 558 in
2
3 3
1, =26 100873 _ ossg jn'
2R
=== 0.7763
h
I

K=—2a:( jo 7763 =0.7763
I, 0.0558

menclature for Stress Results:

Sin

s
Sbi ,

SE
Sbi
sh

14
Sbl

LB
Shi

Me

membrane stress, short side.

S5¢ bending stress, short side at point C on the inside and outside surfaces, respectively.
,sgg bending stress, short side at point B on the inside and outside surfaces, respectively.
membrane stress, long side.

S » bending stress, long side at point A on the inside and outside surfaces, respectively.

,S},ﬁ bending stress, long side at point B on the inside and outside surfaces, respectively.

mbrane and Bending Stresses — Critical Locations of Maximum Stress:

Ph 400(9.5)
2(1)E, 2(0.875)(1.0)

2
SE,-C——SSC(CJ Pb‘jzsc[ 1.5H2+h2[1;aKKﬂ
+

=217+4 psi

12(0 1+0.7763

558)(1.0)

S =SS e = —(~1831.7) 04375 =1831.7 psi
c, 0.4375

Syt _ 40010 él (04375)[—1.5(7.375)2+(9.5)2(1+(0'7763)2(0'7763)]]—1831.

[ psi

> CvB( ) PoRJ e [ 1+ 0K |
e 121E, | 1+K |

400
s = 220 12)

)
(9.5)° (1.0)(0.4375)[ [ 1+(0.7763)? (0.7763) .
(0.0558)(1.0) [[ 1+0.7763 ]] =19490.8 psi

S;f_—ssB[c —194908 04375

= -19490.8 psi
75) P
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PH 400(7.375)

2t,E, 2(0.875)(0.5818)

=2897.4 psi

G - _guf & :thsz,c[ 154 1+a’K
g "l 121,E, 1+K

~400(1.0)(9.5)" (1.0)(0.4375) {_1 - [1 +(0.7763)" (0.7763)
( .

1.0)(0.0558)(0.5818) 1+0.7763

ﬂ =-27310.9 psi

(s
{

o
B
s
i

)
S =—5i| S |=—(=27310.9 ( :
S (CJ ( ) 0.4375

S

S* +8 =21662.2 psi

0.4375

J =27310.9 psi

_ PR’y [1 + azK}

12LE, | 1+K

N
]
(=]
—_~~
—
]
N—
—~ =

12(0.0558)(1.0) 1+0.7763

sP = —5[ S = _19490.8 22373 ) _ _19490.8 psi
c, 0.4375

eptance Criteria — Critical Locations of Maximum Stress:

=2171.4 psif <{S=20000 psi}

S5 +8;¢ =2171.4+(~1831.7) = 339,7psi

+8,° =2171.4+1831.7 = 40031 psi }
+8;¢ =339.7 psi

[\5S =1.5(20000) = 30000 psi
+85° =4003.1 psz} { ( ) pSl}

S* +8;7 =2171.4+19490.8 =21662.2 psi }

s 88 = 2174+ (~19490.8) = ~17319.4 psi

1.58 =1.5(20000) =30000 psi
S S = —173194psz} { ( ) psz}

28974 psif <{S=20000 psi}

9.5)(1.0)(0.4375) H1+(0.7763)2 (0.7763)H 80 psi

True

True

True

True

o
i

Sl

+S,! =2897.4+(-27310.9) = —24413.5 psi
+8/4 =2897.4+27310.9 = 30208.3 psi
+8) =-24413.5 psi

<:1.58 =1.5(20000) = 30000 psi
Sy =30208.3 psi } { ( ) pSl}
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S) +S,, =2897.4+(-19490.8) = -16593.4 psi
S! +87 =22388.2 psi
S! +87” =-16593.4 psi

{S; + S =2897.4+19490.8 = 22388.2 psi }

} <{1.58 =1.5(20000) = 30000 psi | True

The acceptance criteria for membrane and membrane plus bending stresses are satisfied at all locations except
for the membrane plus bending stress at Location A on the long side plate, {S}n +S},‘;‘}. However, the

overstressis Tess than 1%.
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412.2 Example E4.12.2 — Reinforced Vessel of Rectangular Cross Section

Using the data shown below, design a rectangular vessel with reinforcement per Appendix 13 Figure 13-2(a)
Sketch (4). The stiffeners are attached with continuous fillets welds on both sides of the member see Figure
UG-30.

Vessel Data:

e Material = SA—-516, Grade 70
e Desi i . o
e Insigle Length (Short Side) = 30.0in

e Insigle Length (Long Side) = 60.0 in

e Overall Vessel Length = 240.0 in

¢ Unstiffened Span Length (pitch) = 12.0 in

e Thigkness (Short Side) = 0.4375 in

e Thigkness (Long Side) = 0.4375 in

e Corfosion Allowance = 0.0 in

e Allovable Stress = 20000 psi

e Weld Joint Efficiency = 1.0

e Yielfl Stress at Design Temperature = 34800 psi

e Modulus of Elasticity at Design Temperature = 28.8E+06 psi
e Modulus of Elasticity at Ambient Temperature = 29.4E +06 psi

Stiffengr Data (W4x13 I-Beam):

e Matgrial = SA-36

e Allopvable Stress = 16600 psi

o Stiffener Yield Stress at Design Temperature = 33000 psi

e Modulus of Elasticity at Design Témperature = 28.8E+06 psi
e Modulus of Elasticity at Ambient, Temperature = 294E +06 psi
o Stiffener Cross Sectional-Area = 3.83 in’

o Stiffener Moment of Inertia = 11.3 in*

o Stiffener Height = 4.125 in

o Stiffener Centerline Distance (Short Side) = 35.0in

o Stiffener Centerline Distance (Long Side) = 65.0 in

Requirefl variables.

h=60.0 in
H =300 in

t, =0.4375 in
t, =0.4375 in

Design rules for vessels of noncircular cross section are provided in Mandatory Appendix 13. The rules
in this paragraph produce the same results as those provided in VIII-2, paragraph 4.12. However, the
nomenclature and formatting of the equations in VIII-2 are significantly different. Therefore, the example
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problem will be shown twice, the first time using VIII-1 nomenclature and equations and secondly using
the VIII-2 design procedure, nomenclature, and equations.

Section VIlI, Division 1 Solution

Evaluate per Appendix 13.
Paragraph 13-4(c) — For a vessel with reinforcement, when the reinforcing members and the shell plate does not
have the same S and S,, values at the design temperature, the total stress shall be determined at the innermost

and outErmos € .cdmposite

section properties shall be used in the bending equations. The total stresses at the innermost and odtermost

fibers fof each material shall be compared to the allowable design stress 13-4(b) for each material.

Paragraph 13-4(h) — The design equations in this paragraph are based on vessels in which the ratip of the
length gf the vessel to the long side or short side lengths (aspect ratio) is greater than four. These equations
are conservatively applicable to vessels of aspect ratio less than four. Vessels withiaspect ratios less than four
may be Hdesigned in accordance with the provisions of U-2(g).

L 240.0
Agpect Ratio=—=—=4.0
h 60.0
Paragraph 13-4(g) — In this example problem, there are no ligamentsiin either the short side or long sid¢ plates.
Therefofe, the allowable design stresses for membrane and membrane plus bending shall be calculated as
describgd in paragraph 13-4(b) using the appropriate E factor.fequired by paragraph UW-12.

Paragraph 13-8(b) — The rules of this paragraph cover-@nly the types of reinforced rectangular crosq section
vessels [shown in Figure 13-2(a) sketches (4), (5), and (6) where welded-on reinforcement members Jare in a
plane pgrpendicular to the long axis of the vesselxhowever, the spacing between reinforcing members need not
be uniform. All reinforcement members attachedto two opposite plates shall have the same moment of inertia.
Reinforging members shall be placed on the outside of the vessel and shall be attached to the platds of the
vessel iy welding on each side of the teinforcing member. For continuous reinforcement, the welding| may be
continuqus or intermittent.

Paragraph 13-8(d)(1) — The (basic maximum distance between reinforcing member centerlines $hall be
determimed by Equation (1)-0fUG-47. This distance is then used to calculate a value of § for the shont side H
and for [the long side h..\A’value of | is then obtained for each value from Table 13-8(d). The valfes thus
obtaineq are used in<thé applicable equations in paragraph 13-8(d)(5) to determine the values of p,|and p,.
The makimum distance between any reinforcing member centerlines shall not be greater than the leagt of the
values df p; and'p,.

For the ghort'side plate, {H = 30.0 in} = {p = 12.0 in}, Equation (1a) and Table 13-8(d)(5).

Calculate the basic maximum distance between reinforcing members, per paragraph UG-47.

20000)2.1
p=1]5€ Z0.4375, /209021 1) 6500 in
P 50

Determine [ per paragraph 13-5.
H 30.0

B==— _=23659
p  12.6800
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Calculate Stress Parameter J from Table 13-8(d).

1
=mi ,— |, 4.0
p mm{ma){ﬁ ,B} }

£ =min| max| 2.3659, !
2.3659

},4.0} =2.3659

From interpolation, J =2.2206

Calculate p; from Equation 1(1a).
/ 20000)2.2206
P =1 S?J = 0.4375\/( 5)0 =13.0390 in

For the |ong side plate, {h = 60.0 in} > {p = 12.0 in}, Equation (1c) and Table 13-8(d)(5).

Calculate the basic maximum distance between reinforcing members, per paragraph UG-47.

/ [(20000)2.1
p=1 % =0.4375 (T) =12.6800 in

Determine [ per paragraph 13-5.

ﬂ:ﬁzﬂ:4‘7391
12.6800

Calculate Stress Parameter ] from Table 13-8(d).

1
= mi ,— |, 4.0
p mm{max[ﬂ ,3} }

S =min| max| 4.7391, ! 4.0|=4.0
4.7391

From direct observation, J =2.0

Calculate p, from Equation (1c).

20000
, =1, =0.4375 —12 3744 in

thefrefare,

7 =min{ p,, p, |=min| 13:0390, 1237441 =12:3744

Since {Paesign = 12.0} < {Paiiow = 12.3744}, the design is acceptable.

Paragraph 13-8(d)(3) — The allowable effective width of shell plate w shall not be greater than the least value of
p computed in paragraph 13-8(d)(5) nor greater than the actual value of p if the actual value of p is less than
that permitted in paragraph 13-8(d)(5). One half of w shall be considered effective on each side of the
reinforcing member centerline, but the effective widths shall not overlap. The effective width shall not be greater

than the actual width available.
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short side plate, calculate w per paragraph 13-8(d)(5), Equation (2) and Table 13-8(e).

E 0.4375(6000
LY 2 ( )(28'8“06]:14.1552 in
JS, LE, 33000  \29.4E+06
where,
A =6000 |/ psi
thereforg;
wmin| p, min[w, p,]|=min[12.0,min[14.1552,13.0390] | =12.0 in
For the long side plate, calculate w per paragraph 13-8(d)(5), Equation (2) and Table 13-8(e).
E 0.4375(6000
whk B8 5 | ( )(28'8E+06]=14.1552 in
\/ST E, V33000 \ 29.4E +06
therefore,
wmin| p, min[w, p,]]=min[12.0, min[14.1552, 12.3744]§=12.0 in

Paragraph 13-8(d)(2) — Equation (2) of paragraph 13-8(d)(5) is uséd\.to compute the maximum effective

the she
section

VIll-1 dges not provide rules for computing the effective’moment of inertia I;; and I,;. This example
one pos

Manufa

A comp

Unless
section

stiffeners are different, their Moduli of Elasticity are the same; therefore, no adjustment to the proc
calculaté the composite section~moment of inertia is required.

Calculate the short side stiffener/plate composite section neutral axis as follows, see Figure E4.12.2.

I t
1 Astif (tl £ 2] + Aplate (21]

<

y

| plate which can be used in computing the effective_moement of inertia I;; and I, of the cg
reinforcement and shell plate acting together) at locations where the shell plate is in compressio

turer and accepted by the Authorized Inspector.

bll the various materials used shave the same Modulus of Elasticity, the evaluation of the cd
ill need to consider the ratio\of the moduli. Although the material specifications for the shell p

(Astif + Aplate )

width of
mposite
n.

brovides

sible method of satisfying U-2(g); however, other methods may also be deemed acceptablg¢ by the

Dsite structure may include the use of two or more different materials, each carrying a part of the load.

mposite
late and
pdure to

EREIL Py Em— 04375(120)/{"427(\

. . + + V. .

= L 2J L 2 J=1.1810m
(3.83+0.4375(12.0))
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Calculate the short side composite section moment of inertia, 1,4, using parallel axis theorem.

h Y () _4Y
I, = ]stif+Astg‘f tl+?_y + 12 +w (tl) y_z
2
4.125
11.3+3.83(0.4375+ —1.1810} +
I, = s , =22.9081 in*
12.0(0.4375 0.4375
¥+12.0(0.4375)(1.1810— —
( T2 N <))
Since the stiffener is continuous around the vessel with a consistent net section, the plate thicknessgs of the
short side and long side are equal, t; = t,, the pitch of stiffeners are equal, w; = wy,, it follows that ¥ for the
short side and long side plates are equal and I;; = I54.
Determine the location of the neutral axis from the inside and outside surfaces. If the section under eyaluation
has stiffeners, then ¢; and ¢, are determined from the cross section of the combined-plate and stiffenef section
using stfength of materials concepts.
For the ghort side plate,
¢, # v =1.1810 in — The sign of c, is positive (+)
¢, Ft,+h —y=04375+4.125-1.1810 =3.3815 in — The sign of c, is negative (—)
For the long side plate,
¢, ¥y =1.1810 in — The sign of c, is positivé (+)
¢, Ft,+h —y=04375+4.125-1.1810 =3:3815 in — The sign of c, is negative (—)
The reijfforcing member does not have the“same allowable stress as the vessel; therefore, the stregs at the
interfacg of the components of the composite section shall be determined. Since the interface petween
compongents is oriented below the composite section neutral axis, the bending equation used to compute the
stress ghall be that considered aciing on the inside surface. The distance between the composite| section
neutral @xis and the interface of the components is calculated as follows.
For the ghort side and long\side plates, respectively,
Citthrertuce) = y—4.51.1810-0.4375=0.7435 in
Citthrertace) = y<t,=1.1810-0.4375=0.7435 in
Paragraph-13-5 — Calculate the equation constants.

a

k:

_H, _H+2(1)+h _30+2(04375)+4125 o
b h+2(t)+h 60+2(0.4375)+4.125

L, _(22.9081
o 222980

= j0.5385 = 0.5385
I, 22.9081
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Paragraph 13-8(e) — Calculate the membrane and membrane plus bending stresses, short side plate.
The membrane stress on the short side plate, Equation (3):

_ Php 50(60.0)12.0

S
" 2(4+pt) 2(3.83+12.0(0.4375))

=1982.4 psi

The bending stress at Location N, short side plate, Equation (5):

Q Ppclr 4112.ﬁ12(1+0{12k\—|

4 o T ek ]

50(12.0)(1.1810)
24(22.9081)

1+(0.5385)" (0.5385)
1+0.5385

[—3(30.0)2 +2(60.0)2[

ﬂ

1+(0.5385)’ (0.5385)}}

1+0.5385

Spv =
50(12.0)(—3.3815)

24(22.9081)

[—3(30.0)2 +2(6O.0)2[

{ }

The bending stress at Location Q, short side plate, Equation (6):

e

3493.6 psi  Inside Surface
—10003.1 psi Qutside Surface

bN

Ph’ pc
127,

1+alk
1+k

bQ

50(60.0)" (12.0)(1.1810)

1+(0.5385) (0.5385)

12(22.9081)

{

® 150(60.0) (12.0)(-3.3815)

14+0.5385

|

1+(0.5385)" (0.5385)

14+0.5385

|
| }

ph 13-8(e) — Calculate the membrane and membrane plus bending stresses, long side plate.

|

6973.5 psi Inside Surface
—19966.9-psi Outside Surface

12(22.908 1)

Sio

Paragra
Theé membrane»stress on the long side plate, Equation (4):

¢y PHp  _ 50(30.0)(12.0)
U 0(A4 +pt,)  2(3.83+12.0(0.4375))

=991.2 psi
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The bending stress at Location M, long side plate, Equation (7):

2 2
S, = Ph” pc {_3+2[1+a1kﬂ
241, 1+k
50(60.0)" (12.0)(+1.1810) o 1+(0.5385)" (0.5385)
24(22.9081) 1+0.5385

S, = - -

50(60.0)" (12.0)(=3.3815) S AER( 5385)"(0.5385)

24(22.9081) 1+0.5385

| —6946.0 psi  Inside Surface
M 119888.2 psi Outside Surface

The bending stress at Location Q, long side plate, Equation (8):
5 - Ph’pc| 1+alk
12r, | 1+k

50(60.0)" (12.0)(1.1810) | 1+(0.5385) (0.5385)
12(22.9081) 1+0.5385

O —

12(22.9081) 1015385

50(60.0)° (12.0)(~3.3815) {1+(O.5385)2 (0.5385)}

{6973.5 psi Inside Surface }
b0 —

—19966.9 psi Outside Surface
Paragraph 13-8(e) — (re—visited) Calculate the membrane plus bending stresses at the interface.
The bending stress at Location/N, short side plate, Equation (5):

2
S, = Ppc YIS l+ak
241, 1+k

- 50(12:0)(0.7435) [3(30.0)2 +2(600) [1+(0.53g5)2 (0,5385)J]
24(22.9081) 1+0.5385

S,=2199.4 psi

Th 1 'H " ot 'y Py I} IR | (s = . Lo
C UCTIUNTY SUIToS dl LULAUUIT L, STIUTL SIUT PIalc, LUUAUUTT (U ).

S _Ph’pe| 1+ ok
121, | 1+k

~50(60.0)"(12.0)(0.7435) | 1+(0.5385) (0.5385)
e 12(22.9081) 1+0.5385

S, =4390.2 psi
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The bending stress at Location M, long side plate, Equation (7):

2 2
5, = Pipe {_3+2[1+a1kﬂ
241, 1+k
~50(60.0)" (12.0)(0.7435) 1+(0.5385)" (0.5385)

-3+
i 24(22.9081) [ 1+0.5385 }
S,,, =—4372.9 psi

Thl bending stress at Location Q, long side plate, Equation (8):

Paragraphs 13-4(b), 13-4(c), and 13-8, Equations (9) through (12) — AcCeptance Criteria:

Pa
deg

apf
Sh¢

Re

Note — membrane stress for a composite.feinforced bar or shapes and plate sections, etc., shall no

the

Pa
oth
exd

Pa

val

Ph’pc| 1+ak
S =L, | ek
21
~50(60.0)"(12.0)(0.7435) | 1+(0.5385) (0.5385)
e 12(22.9081) 1+0.5385

Sy =4390.2 psi

agraph 13-4(b) — Membrane stresses due to pressure and mechanical loads shall not exag
ign stress, S. NOTE — see paragraph 13-4(g) for thevinclusion of the joint efficiency facto
licable.

bl Material, SA — 516, Grade 70: S,,,, = SE = 20000(1.0) = 20000 psi.

nforcement Material, SA — 36: S, = SE.=16600(1.0) = 16600 psi.

following limits.

S=min[S,, S, ]=min[20000, 16600] =16600 psi

ms?

pr cross sections (such as composite reinforced bar or shapes and plate sections, etc.), 9
eed the following limits.

S =min[15SE, 2/3S, |=min[ 1.5(16600)(1.0), 2/3(33000) | = 22000 psi

agraph13-4(c)(2) — When the reinforcing members and the shell plate do not have the same §

es, at the design temperature, the total stress shall be determined at the innermost and outermd

eed the
r, E, as

exceed

agraph 13-4(b)(2) — Any-.combination of membrane plus bending tension or compression s{ress for

hall not

and Sy
st fibers

for

each material. 1he total siresses at the Innermost and outermost Tibers Tor each material

compared to the allowable design stress for each material.

Shell Material, SA — 516, Grade 70:

S =min[1.5(20000)(1.0) =30000 psi, 2/3(34800) = 23200 | = 23200 psi

Reinforcement Material, SA — 36:

S =min[1.5(16600)(1.0) = 24900 psi, 2/3(33000) = 22000 | = 22000 psi
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Short side plate, Membrane Stress:

{Sm =1982.4 psi} < {S = 16000psi} True

Short side plate at Location N, Membrane + Bending Stress:

{Sm +S,y =1982.4+3493.6 =5476.0 psi } - {S = 23200 psz}{True}

S, +S,, =1982.4+ (—10003.1) =-8020.7 psi §'=22000 psi| |True

Shaort side plate at | ocation Q Membrane + anding Stress:

S, +8,, =1982.4+6973.5=8955.9 psi S =23200 psi) [True
<
S, +5,, =1982.4+(~19966.9) = ~17984.5 psi| ~ |.S =22000 psi

True

Long side plate, Membrane Stress:

{Sm =991.2 psi} < {16600 psi} True

Long side plate at Location M, Membrane + Bending Stress:

{Sm +8,, =991.2+(-6946.0) = -5954.8 pSl} y {S =23200 psz} {True}

S +8, =991.2+19888.2=20879.4 psi S =20000 psi| |True

Long side plate at Location Q, Membrane + Bending Stress:

{Sm +8,0 =991.2+6973.5=7964.7 psi } {S = 23200 psl} {True}
<

S, +8,0 = 991.2+(—19966.9) =—18975.F psi §=22000 psi| |True

Paragraph 13-8(e) — Acceptance Criteria for thesmembrane plus bending stresses at the interface.
Short side plate at Location N, Membrane + Bending Stress:

(S, +8,, =1982.4+2199.4=4181.8 psi} < {S =22000 psi) True

Short side plate at Location Q, Membrane + Bending Stress:

{8, +8,, =19824390.2 = 6372.6 psi} <{S=22000 psi} True

Long side plate-at'Location M, Membrane + Bending Stress:

{8, +84,=991.2+(-4372.9) = -3381.7 psi| <{S =22000 psi} True

Longsside plate at Location Q, Membrane + Bending Stress:

{8, +8,,=991.2+4390.2=5381.4 psi} <{S =22000 psi} True

The acceptance criteria for membrane and membrane plus bending stresses are satisfied at all locations;
therefore, the design is complete.
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VIII, Division 2 Solution with VIII-1 Allowable Stresses

Evaluate per VIII-2, paragraph 4.12.

VIII-2, paragraph 4.12.2, General Design Requirements.

Paragraph 4.12.2.3.c — For a vessel with reinforcement, when the reinforcing member does not have the
same allowable stress as the vessel, the total stress shall be determined at the inside and outside surfaces
of each component of the composite section. The total stresses at the inside and outside surfaces shall be

compared to the allowable stress.

i)

i

Pa

length of the vessel to the long side or short side lengths (aspect ratio) «is\\greater than four.

eql

les$ than four may be designed in accordance with VIII-2, paragraph.4.12.5 and may be des

acd

Pa

VIII-2, ppragraph 4.12.3, Requirements for Vessels with(Reinforcement.

Pa
rein
me

Pa
attd
rein
Pa

par

Vill-2, p

These paragraphs are not applicable to this design.

Vill-2, p

For locations of stress below the neutral axis, the bending equation used to compute the_stre
be that considered acting on the inside surface.

For locations of stress above the neutral axis, the bending equation used to compute:the stre
be that considered acting on the outside surface.

ations are conservatively applicable to vessels of aspect ratio less than.foeur. Vessels with aspq

ordance with the provisions of Part 5.
L, 240.0

Aspect Ratio=—"-=—-—=4.0
h  60.0

agraph 4.12.2.9 — There are no specified openings for'this example problem.

forcement members are in a plane perpendicular to the long axis of the vessel. All reinfo
mbers attached to two opposite plates shall have the same moment of inertia.

agraph 4.12.3.5 — Reinforcing\members shall be placed on the outside of the vessel and
ched to the plates of the~vessel by welding on each side of the reinforcing member. For co
forcement, the weldingmay be continuous or intermittent.

agraph 4.12.3 and are covered in STEP 3 of the Design Procedure in VIII-2, paragraph 4.12.7.
aragraphs 4:42.4 and 4.12.5.

Aragraph 4.12.6, Weld Joint Factors and Ligament Efficiency.

ss shall

ss shall

agraph 4.12.2.7 — The design equations in this paragraph are based on vessels‘in which the rafio of the

These
ct ratios
gned in

agraph 4.12.3.1 — Design rules are pfovided for Type 4 configurations where the we¢lded-on

rcement

Shall be
ntinuous

agraph 4.12.3.6 <\The maximum distance between reinforcing members is computed in VIII-2,

Paragraph 4.12.6.1 — The non-circular vessel is constructed with corner joints typical of VIII-2, paragraph
4.2. Therefore, the weld joint efficiencies E;,, and E}, are set to 1.0 at stress calculation locations in the
corners of the vessel. Since there are no welds or hole pattern in either the short side plates or long side
plates of the vessel, the weld joint efficiencies E,, and E, are set to 1.0 for these stress calculation

locations.
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VIII-2, paragraph 4.12.7, Design Procedure.

a) STEP 1 - The design pressure and temperature are listed in the information given above.

b) STEP 2 — The vessel to be designed is a Type 4 vessel.

c) STEP 3 — The vessel configuration and wall thicknesses of the pressure containing plates are listed in the
information given above. The vessel has stiffeners; therefore, calculate the maximum spacing and size of
the stiffeners per VIII-2, paragraph 4.12.3.

VI
VI
val

-2 paragmph 412 36 a — The maximum distance hetween rpinfnrr‘ing member centerlines is

given by

e of p shall be the sum of one-half the distances to the next reinforcing member on each-side.

For the short side plate, where {H = 30.0 in} = {p = 12.0 in},

wh

20000)2.2206
p=t, /% = 0.4375\/ ( 5)0 =13.0390 in

Bre,
24222 99478 194.59 169.99 = 55.822

>t 3 i 5
(lBlmaX) (ﬂlmax) (ﬂlmax) (:Blmax) (ﬂlmax)

J, =—0.26667 + 24222 99.478 N 194.59 (. 5169.99 N 55.822

(2.3659) (23659)" (2.3659)% (2.3659)" (2.3659)’

J, =—0.26667 +

J, =2.2206

1
lmax — i 1>, |° 40
yo! min| max {ﬂ ,BJ }

-2, Equation (4.12.1). In the equations for calculating stresses for reinforced noncircular vessels, the

B = min| max| 2.3659, ! ,4.0 [=2.3659
i 2.3659
B zi = 30.0000 £2.3659 ( for rectangular vessels)
P, 12.680
2.1(20000
Dy = tl\/z'lS = tl\/z'lS =0.4375 g =12.680 in
P P 50
Fon the leng'side plate, where {h = 60.0 in} = {p = 12.0 in},
B A [(20000)2.0000 S
=1,,]— =0. =12. in
P> 2\/ P \/
where,
J, =—0.26667+ 24222 99.4782 N 194.593 B 169.994 N 55.8225
(ﬂlmax) (ﬂlmax) (ﬂlmax) (ﬂlmax) (ﬂlmax)
J, == 026667+ 24222 99.478 194.59 169.99 55.822 _2.0000

(40) (40)  (40) (40)  (40)
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1
2max = ' 20 o |0 40
y3 min ma){ﬂ ﬂj }

B = min| max| 47319, —1.4.0|=4.0
L 4.7319
B, = L - M =4.7319 (for rectangular vessels)
p,, 12.680

the

Si

S

Vv
tha
val

Cor
OV§

wh

\%
ten

pla
4.1

2.1(20000
Doy =1, \/ﬁ e 0.4375\/¥ =12.680 in
P P 50

refore,

p=min|p,, p,|=min[13.0390, 12.3744]=12.3744 in
ce {pdesign = 12.0} < {paﬂow = 12.3744} , the design is acceptable.

-2, paragraph 4.12.3.6.b — The allowable effective widths of shell plate, w; and w, shall not be
h the value given by VIII-2, Equation (4.12.16) or VIII-2, Equation(4.12.17), nor greater than th
e of p if this value is less than that computed in VIII-2, paragraph 4.12.3.6.a. One half of w
sidered effective on each side of the reinforcing member centerline, but the effective widths
rlap. The effective width shall not be greater than the actual width available.

w, =min[ p, min[w,,,. p,]]=min[12.0,min{14.1552, 13.0390] | =12.0 in
w, =min| p, min[w, ., p,]]=min[ 12, min[14.1552, 12.3744]|=12.0 in

ere,

E E 0.4375(6000 .
_ A [ » J_ sz( y}: ( )(28 8E*O6j:14.1552 in

w = =
max \/g E, \/? E, V33000 \29.4E+06
A =6000 4/ psi From Table 4.12.14

-2, paragraph-4:42.3.6.c — At locations, other than in the corner regions where the shell pl
sion, the effective moments of inertia, I;; and I,;, of the composite section (reinforcement g
e acting together) shall be computed based on the values of w; and w, computed in VIII-2, pe
P.3.6%h.

greater
e actual
shall be
bhall not

hte is in
nd shell
ragraph

NO

TE — A composite structure may include the use of two or more different materials. each carryin

g a part

of the load. Unless all the various materials used have the same Modulus of Elasticity, the evaluation of
the composite section will need to consider the ratio of the moduli. Although the material specifications for
the shell plate and stiffeners are different, their Moduli of Elasticity are the same; therefore, no adjustment
to the procedure to calculate the composite section moment of inertia is required.

Calculate the short side stiffener/plate composite section neutral axis as follows, see Figure E4.12.2.
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h t
Astif (tl + 2) + Aplate (é)

. (Astif + Aplate)
3.83(0.4375 S 12 ] " 0.4375(12.0)(0'4375]
- (3.83+0.4375(12.0)) =1.1810 i
Calculate the short side composite section moment of inertia_L , _nsing parallel axis thearem

Sin
the
for

ST
ung
ang

For

For

The reinforcing*member does not have the same allowable stress as the vessel; therefore, the stre

inte
cor

h _2 w( t ’ _t 2
I, = Imf+Amf(f1+?"—yj +%+wl(tl)(y—51j

4.125

2
11.3+3.83(0.4375+ —1.1810) +
I, = . =22.908 1ji*
12.0(0.4375) 0.4375Y’
—+12.0(0.4375)[1.1810— j

ce the stiffener is continuous around the vessel with a consisterit net section, the plate thickn
short side and long side are equal, t; = t,, the pitch of stiffeners are equal, w; = w,, it follow
the short side and long side plates are equal and I;; = Iy}

EP 4 — Determine the location of the neutral axis from’the inside and outside surfaces. If the
er evaluation has stiffeners, then ¢; and ¢, are determined from the cross section of the combin
stiffener section using strength of materials concepts.

the short side plate,
¢,=y=1.18101in
c,=t,+h —y=04375+4125-1.1810=3.3815 in

the long side plate,

¢, =y =1.1810in
c,=t,+h —»=0.4375+4.125-1.1810=3.3815 in

rface.of.the components of the composite section shall be determined. Since the interface
nponents is oriented below the composite section neutral axis, the bending equation used to

psses of
s that y

section
ed plate

5s at the
petween
Compute

the

section neutral axis and the interface of the components is calculated as follows.

For the short side and long side plates, respectively,

Cmeueey = ¥ — 1 =1.1810-0.4375 = 0.7435 in

cy =y—t,=1.1810—-0.4375=10.7435 in

i(interface)
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e) STEP 5 - Determine the weld joint factor and ligaments efficiencies, as applicable, see VIII-2, paragraph
4.12.6, and determine the factors E,, and E,.

E =FE =10
f) STEP 6 — Complete the stress calculation for the selected noncircular vessel Type, see VIII-2, Table
4.12.1, and check the acceptance criteria.

For non-circular vessel Type 4, the applicable table for stress calculations is VIII-2, Table 4.12.5 and the
corresponding details are shown in VIII-2, Figure 4.12.4.

Eqliation Constants:

CH, H+2(t)+h, 30+2(0.4375)+4.125

a, - - =0.5385
b h+2(5,)+h,  60+2(0.4375)+4.125
k=tag - [wjo.ms =0.5385
I, 22.9081

Nomenclature for Stress Results:

S5.|membrane stress, short side.

ng,sgg bending stress, short side at point C on the inside and outside surfaces, respectively.
S38,55E bending stress, short side at point B on the inside and outside surfaces, respectively.
Sk |membrane stress, long side.

Sil sk bending stress, long side at point A on thelinside and outside surfaces, respectively.
S}B, SIB bending stress, long side at point B ofi-the inside and outside surfaces, respectively.
Membrane and Bending Stresses — Critical’Locations of Maximum Stress:

Php 50(60.0)12.0

S: = = =1982.4 psi
" 2(A4 +1,p)E, 2(3:83+0.4375(12.0))1.0 P

2
§;° =—s5;° | | <O | 3 | LK
¢, J\241, E, 1+k
« _ 50(12:0)1.1810
" 24(22.9081)1.0

2
om0y oy HOSBT05)

S;23493.6 psi

¢ ——5:¢| S| = 34936 33811 _10003.1 psi
c 1.1810

i
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1+ak

C.

sB __ sB i
Sbi __Sbo [ ]

co

5 50(60.0)° (12.0)(1.1810)

" 121,,E,

1+k

i

1+(0.5385)" (0.5385)

bi

S =6973.5 psi

12(22.9081)1.0

14+0.5385

| |

Sy =87 (C—W = —6973.5(3'3815\ =—19966.9 psi
¢ ) \1.Is10 )
PHp 50(30.0)(12.0)

Sl

2(4,+1,p)E, 2(3.83+0.4375(12.0))1.0

=991.2 psi

i

¢

s —_gH| o | —_(_6946.0
” b’[c ( ) 1.1810

B Ph’ pc,

st -5t |- 2t {—3+2[1+“12 kﬂ
¢, ) 24L,E, 1+k
4 50(60.0)" (12.0)(1.1810) o 1+(0.5385)" (0.5385)
" 24(22.9081)1.0 1+0.5385
Sy =—-6946.0 psi

3.3815

j=19888.2 psi

1+a’k

B _ IB
Sbi - _Sbo [_
c

o

|

121,,E,
5 50(60.0)"(12.0)(1.1810)

1+k

o

1:(0.5385)" (0.5385)

bi T

12(22.9081)1
S =6973.5 psi

i

Ca
Makimum Stress.

.0

- (C—] > —6973.5(
C

1+0.5385

|

3.3815
1.1810

|

19966.9 psi

culate the bending stresses at the interface of the shell plate and stiffener at the Critical Locations of

o 50(12.0)(0.7435)

" 24(22.9081)1.0
;¢ =2199.4 psi

1+(0.5385)" (0.5385)

1+0.5385

{3(30.0)2 +2(60.O)2[
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s Ph’pc | 1+a’k
" 12I,E,| 1+k

s 50(60.0)° (12.0)(0.7435)[ 1+(0.5385) (0.5385)
" 12(22.9081)1.0 1+0.5385

- Ph’ pc, 349 1+a’k
241, E, 1+k

] =4390.2 psi

Ac

L 50(60.0)° (12.0)

" 24(22.9081 1+0.5385

435){ 3+2(1+(0.5385)2(0.5385)]] Ao o
_ =— .9 psi

" 121,

(0.
)1.0
i _ PR pe, {1+a3k}
i

oo _ 50(60.0)"(12.0)
1)1

0.7435)| 1+(0.5385)" (0.5385)
" 12(22.908

=4390.2(psi
1+0.5385

eptance Criteria — Critical Locations of Maximum Stress: The-stiffener allowable stress, Sg;¢

for
wh
strd

the membrane stress and membrane plus bending stress forthe outside fiber stress acceptance
le the plate allowable stress, S, is used for the membrane plus bending stress for inside fiber a
Ss criteria.

{S; =1982.4 psi} <{S=20000 psi} True

S +8;C =1982.443493.5 = 5476.0_psi _ [1:55 =1.5(20000) =30000 psi| (1
+8;° =1982.4+(~10003.1)5-8020.7 psi| ~ |1.55 =1.5(16600) = 24900 psi | | T/

S+ S =1982.4+6973:528955.9 psi _ [1:55 =1.5(20000) = 30000 psi| (1
S5 48 =1982.4+(~19966.9) = ~17984.5 psi| ~ |1.58 =1.5(16600) = 24900 psi

{S),=991.2 psifS{S =16600 psi} True

Sl

4 £991.2+(—6946.0) = —5954.8 psz} 3 {1 58 =1.5(20000) = 30000 psz} {True

S,
+8/7=991.2+19888.2 =20879.4 psi - 1.5S:1.5(16600)=24900 psi | |Trug

is used

criteria,
lowable

ue
ue

rue

True

Bl
%/_J

(5% S” =991.2+6973.5 = 7964.7 psi 1 (1.55 =1.5(20000) = 30000 psi] (77

ue
TS,{, +8, =991.2+(-19966.9) = -18975.7 psif - 11.55 =1.5(16600) = 24900 pszﬂTme}

The allowable stress of the shell plate and stiffener is limited by the stiffener. Therefore, at the interface of
the shell plate and stiffener, the allowable stress used in the acceptance criteria is that of the stiffener.

S +85C =1982.4+2199.4=4181.8 psi} <{1.55 =1.5(16600) = 24900 psi True
{ m bi

[S5+5;7 =1982.4+4390.2 = 6372.6 psi} <{1.55 =1.5(16600) = 24900 psi}  True
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{SL+5 =991.2+(-4372.9) =-3381.7 psi} <{1.55 =1.5(16600) =24900 psi} True
[S]+57 =991.2+4390.2=5381.4 psi} <{1.55 =1.5(16600) = 24900 psi}, True

The acceptance criteria for membrane and membrane plus bending stresses are satisfied at all locations;
therefore, the design is complete.

W4x13 Agif= 3.83in.7, Ig¢= 11.3in.”

T 1.3190 in.
4125in.  composite Section T 0608,
Neutral Axis v : n.
___________ 1 —
0.4375 in. ° Y y=1.‘IvB1O n.
T Datum Line

12.00 in.

A
\

Figure E4.12.2 — Composite Section Details
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413 Layered Vessels

4.13.1 Example E4.13.1 — Layered Cylindrical Shell

Determine the required total thickness of the layered cylindrical shell for the following design conditions. The
vessel has a corrosion resistant internal liner. Examination requirements are to be in accordance with ULW-50

through

Vessel

e De

e Insi

e Cor
e Allo
o Wel
e Thig
Section

ULW-57.

rial = SA-724, Grade B
gn Conditions = 3600 psig @ 300°F

igle Diameter = 84.0 in
osion Allowance = 0.0 in
vable Stress = 26800 psi
H Joint Efficiency = 1.0
kness of each layer = 0.3125 in
VIIl, Division 1 Solution

Evaluat¢ per ULW-16 and UG-27(c)(1).

ell using

. PR
SE—-0.6P
Ngte:{P=3600 psi}<{0.385SE =0.385(26800)(1.0)=10318 psi}
R ¥ 84 0 =42.0in
3600(42.0) .
= =6.1364 in
26800(1.0)— 0.6(3600)
The required thickness for alllayers is 6.1364 in.
Section VIII, Division’2 Solution with VIII-1 Allowable Stresses
In accordance with-RPart 4, paragraph 4.13.4.1, determine the total thickness of the layered cylindrical sh
Part 4, garagraph4.3.1.
Apf [P Y s4f f 3600 | )

2 Lse] ) 27 26800(10) |

The required thickness for all layers is 6.0383 in.
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4.13.2 Example E4.13.2 — Layered Hemispherical Head

Determine the required total thickness of the layered hemispherical head for the following design conditions.

The vessel has a corrosion resistant internal liner. Examination requirements are to be in accordance with
ULW-50 through ULW-57.
Vessel Data:

e Material = SA—724, Grade B

. DeW i = 2
¢ Insige Diameter = 84.0 in

e Cor
e Allo

e Wel
e Thid

Section

osion Allowance = 0.0 in
vable Stress = 26800 psi
d Joint Efficiency = 1.0

kness of each layer = 03125 in
VI, Division 1 Solution

Evaluaté per ULW-16 and UG-32(f).

/o PL
285E-0.2P
Nate : {P =3600 psi} < {0.66SSE = 0.665(26800)(1.0) =17822 psi}
230 0in
2 2
3600(42.0
i PL (42.0) —2.8593 in
2SE-0.2P  2(26800)(1.0)-0:2(3600)
The reqpiired thickness is 2.8593 in.
Section| VIII, Division 2 Solution with VIII-1 Allowable Stresses
In accondance with Part 4{paragraph 4.13.4.1, determine the total thickness of the layered hemispheri

using Part 4, paragraph 4.3.3.

~
1l

0.5(3600
b exp{ﬁ}—l _34.0 exp ( ) -1[=29178in
2 SE 2 26800(1.0)

cal head

The req

rad thicknace faor all lIavare ic 2 Q917Q 1
HFeETHHEKREeSSHoa1ayers1S—=— o1t~
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4.13.3 Example E4.13.3 — Maximum Permissible Gap in a Layered Cylindrical Shell

Determine if the anticipated maximum permissible gap between any layers, in accordance with ULW-77, for the
cylindrical shell in Example Problem E4.13.1 is adequate, given the specified design cycles. The vessel has a
corrosion resistant internal liner. Examination requirements are to be in accordance with ULW-50 through ULW-

57.

Vessel Data:

° Material = Q4 —7741) Grade B
. DesJign Conditions = 3600 psig @ 300°F
e Insigle Diameter = 84.0 in

e Corfosion Allowance
o Allowable Stress

e Weld Joint Efficiency
e Thigkness per Layer
e Number of Layers

e Spegified Design Cycles
e Anticipated Maximum Gap Height

e  Minimum Ultimate Tensile Strength
e Elagtic Modulus at Temperature

0.0 in
26800 psi
1.0
0.3125 in
20

1.0E+06
0.015-x

95 %si
28.3E+06 psi

Section| VIll, Division 1 Solution

Per ULW-77(d), after weld preparation and before welding circumferential seams, the height of the radial gaps
betweer) any two adjacent layers shall be measured at the ends of the layered section or layered head section
at right angles to the vessel axis and the length.of the relevant radial gap, see Figure ULW-77.

The gag area A, shall not exceed the thickness of a layer, A; < 0.3125 in.
The maximum length of any gap shall not exceed the inside diameter of the vessel, b < 84.0 in.

Where thore than one gap exists)between any two adjacent layers, the sum of the gap lengths shall nof exceed
the inside diameter of the yessel.

The maximum height gfiany gap shall not exceed 0.1875 in.

Section| VI, Division 2 Solution with VIli-1 Allowable Stresses

Commeptary In layered vessel design, the permissible gap height between layers is limited by the nymber of

pressuretyctes apptiedduringoperatiom.—The openingand closure of thegap duetotheapplied pressure cycle
creates a bending moment from which a bending stress and resulting total stress range and stress amplitude
can be calculated. Using an appropriate fatigue curve with the calculated stress amplitude, a permissible
number of pressure cycles can be determined. A comparison between the specified design cycles and the
permissible cycles, based on the gap height, is made to determine acceptance.

The procedure to determine the maximum gap height is iterative as an initial value of the gap height is assumed,
the resulting bending stress and stress amplitude are calculated, and the permissible number of cycles is
determined using as appropriate fatigue curve. If the specified design cycles are less than the determined
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permissible cycles, the gap can be increased until the specified design cycles equal the permissible number of
cycles. Conversely, if the specified design cycles are greater than the calculated permissible cycles, the gap
can be reduced until the specified design cycles equal the permissible number of cycles.

In accordance with VIII-2, paragraph 4.13.12.3.a.1, the maximum gap between any layers shall be evaluated as
follows. For this example, conservatively consider the gap between layers to be located at the outermost layer

of the vessel.

The circumferential stress of the shell and the bending stress due to the gap can be calculated as follows.

Since, {
as follow

AS

The streg

Saé
Since,
follows.

K

€

| R?+R? | (48.25) +(42.0)
RI-R!"  (4825) -(42.0)

P= (3600)=26116.7 psi

Inside Radius + Number of Layers(Layer T hickness)
42.0+20(0.3125)=48.25 in
=R =42.0 in

1.812E,h  1.812(28.3E +06)(0.015)
R 48.25

g

=15941.8 psi

—R =4825in

S, = 15941.8 psi} < {0.71S = 0.71(26800) = 19028 psi}, the total stress range, AS,,, is c4g
.

=5+0.3S, +P =261 16.7+O.3(15941.8)+3600 =34499.2 psi

ss amplitude for fatigue.analysis at the gap is calculated as follows.
_K,AS, 1.0(34499.2)
===

AS, = 34499.2} < {35,, = 3(26800) = 80400 psi}, the fatigue penalty factor, K,, is calcu

=17249.6 psi

=10

Iculated

ated as

The fatigue analysis to determine the permissible number of cycles is in accordance with Annex 3-F, using the
smooth bar design fatigue models per paragraph 3-F.1.2(a) for carbon steel not exceeding 700°F and paragraph
3-F.1.3. Since, UTS = 95 ksi, interpolation of the permissible number of cycles is required using the equations

found in

Paragra

paragraph 3-F.1.2(a)(1) and paragraph 3-F.1.2(a)(2).
ph 3-F.1.2(a) and substituting S, = S,4 = 17249.6 psi - 17.2496 ksi,
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S || = tog 28.3E+03(ﬂ) =1.2368
E, 283E+03

Paragraph 3-F.1.2(a)(1), with {10Y = 1012368 = 17.2504} < 20, the number of permissible cycles is
determined as follows.
B 38.1309—60.1705Y° +25.0352Y*
1+1.80224Y* —4.68904Y* +2.26536Y°

= log{28.3E+03(

o\2 4

oO—cA1ans (1 N [ I oY W-to Wi B Yo Wa oA

U7 —UVU.1 IUJ\l.AJUO} T 4 .UJJL\l £LIJVO0 }
1+1. 80224(1 2368)" —4.68904(1.2368)" +2.26536(1.2368)’
XES.2272

20Q 1”[\
JO

XE

Paragraph 3-F.1.3, the number of design cycles, N can be computed based on the parameter X calcujated for
the appljcable materials as follows.

N¢ =10 =10°%" =168733 cycles

Paragraph 3-F.1.2(a)(2), with {10Y = 1012368 = 17.2504} < 43, the nAumber of permissible cjcles is
determifed as follows.

—9.41749+14.7982Y —5.94Y"

X 12346282 +3.63495Y° 1 218497

i —9.41749+14.7982(1.2368) — 5.94(1.2368)’
1-3.46282(1.2368)+3.63495(1.2368)’ ~3,21849(1.2368)

X 72454

Paragraph 3-F.1.3, the number of design cycles; N can be computed based on the parameter X calcujated for
the appljcable materials as follows.

Nfs =10" =107*** =17595435.¢ycles

Performjng linear interpolation te determine the permissible number of cycles for UTS = 95 ksi.
(Nus — Nso )
(UTS115 —UTSgo)

17595435 -168733)
(115-80)

Ny = Ng, +(UTS95 —UTSgo)

N = 168733+(95—80)(

Ny =76E +06 cycles

Since the estimated permissible number of cycles is greater than the specified design cycles,
{Ngs = 7.6E + 06} = N, = 1.0E + 06, the anticipated gap at the outermost layer, h = 0.015in., is
acceptable.
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4.14 Evaluation of Vessels Outside of Tolerance
4.14.1 Example E4.14.1 — Shell Tolerances

A pressure vessel is constructed from NPS 30 long seam welded pipe. During construction, examination of the
vessel shell indicates peaking at the long seam weld. Peaking is known to lead to in-service damage.
Determine if the design is acceptable.

Vessel Pata

e Material = SA-333, Grade 6

e Desjgn Conditions = 325 psig@ 600 °F
e Pipg Outside Diameter = 30 in

e Wal| Thickness = 0.5in

e Joint Efficiency = 100 %

e Corfosion Allowance = 0.063 in

e Allopvable Stress = 17100 psi@ 600 °F

Examingation Data
. PeaEing distortion & = 033 in

Section| Vlll, Division 1 Solution

Evaluat¢ per UG-80.

The maximum inside diameter is:

D, =30-2(0.5)+0.33=29.33 in

The minimum inside diameter is:

D, =30-2(0.5)=29 in

In accordance with UG-80

Do = 1Dy _ 03311 10 6 _ 1 149 > 1%

ID 29.0

nom

The out|of roundness is not acceptable in accordance with UG-80.
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414.2 Example E4.14.2 — Local Thin Area

For the vessel in Example Problem 1, an arc strike was removed during fabrication by blend grinding that has
resulted in a region of local metal loss. Determine whether the local thin area is acceptable using Appendix 32.

Vessel Data

e Material = SA-333, Grade 6

o Design Conditions = 325 psig@ 600 °F
¢  Pipg-Ouiside-Diametes - 30

e Wall Thickness = 0.5 in

e Joint Efficiency = 100 %

e Futyre Corrosion Allowance = 0.063 in

e Allopvable Stress = 17100 psi

e Supplemental Loads = Negligible

e The|vessel is not in cyclic service (subject to less than 150 cycles).

Examinption Data

Based dn inspection data, the thickness profile measured in the longitudinal direction has a length of 4.Q in. and
measurgd in the circumferential direction has a length of 2.0 in. <Fhe minimum measured thickness wfithin the
LTA is .36 in. The region of local metal loss is located 45 in ‘away from the nearest structural discpntinuity
and is the only region of local metal loss found during inspection.

Section| VIl, Division 1 Solution

Evaluat¢ per Mandatory Appendix 32.

Paragraph UG-32-3, Nomenclature.
L+4.0in
CF2.0in
t, £0.36-C4=0.36+0:63=0.2970 in

The reqiired thickness.of the vessel is determined in accordance with paragraph UG-27(c).

PR 325(14.563)

= =0.2800 in
SE—0:6P  17100(1.0)—0.6(325)

=

where,

Rz%—t +CA:370—0.5+O.063=14.563 in

nom

Paragraph 32-4(h), the edge of an LTA shall not be closer than 2.5v Rt to the centerline of a stiffening ring or
structural support.

Spacing of 45 in> {2.5@ =2.5,/(15-0.5) = 6.847 m} > Satisfied
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Paragraph 32-6(a), a single LTA shall satisfy the following equations, where

{i _927 1.06} >0.9 True
¢ 0.2800

{L=4.0 in} <{JRt = [14.563(0.2800) = 2.0193 in| False
{C=2.0in} <{2L=2(4.0)=8.0 in| True
{t—1, =0.2800-0.2970 =—0.017 in} < 0.1875 in True

Paragraph 32-6(b), the longitudinal stress on the LTA from mechanical loads other than internal presstire shall
not excged 0.3S.

Supplemental loads were noted as negligible.

Paragraph 32-6(c), the thickness of the LTA shall meet the requirements of UG<23(b) and/or U{-28 as
applicafle.

The vespel is not subject to external pressure or loads which produce compressive’stresses.

The LTA must be repaired in accordance with Appendix 32.

Ciwvcumferential
direction

A

Axial
direction

=3

LTA

Figure E4.14.1 — Figure 32-3(a) Nomenclature
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4.15 Supports and Attachments
4151 Example E4.15.1 — Horizontal Vessel Supported by Two Saddles

Determine if the stresses in the horizontal vessel induced by the proposed saddle supports are with acceptable
limits. The vessel is supported by two symmetric equally spaced saddles welded to the vessel, without
reinforcing plates or stiffening rings. All Category A and B joints are Type 1 butt welds and have been 100%
radiographically examined. See Figure E4.15.1

Vessel Data:

e Matgrial = SA—516, Grade 70
e Desjgn Conditions = 1800 psig @175°F
¢ Insige Cylinder Diameter = 60.0 in

e Cylinder Thickness = 3.0in

e Corfosion Allowance = 0.125 in

e Formed Head Type = 2:1 Elliptical

e Head Thickness = 3.0in

e Allovable Stress = 20000 psi

¢ Yield Stress at Design Temperature = 35250 psi

e Weld Joint Efficiency = 1.0

e Shell Tangent to Tangent Length = 292 .0in

e Mategrial = SA—-516, Grade 70
e Saddle Center Line to Head Tangent Ling ;= 41.0 in

e Saddle Contact Angle = 123.0 deg

e Width of Saddles = 8.0 in

e Vespel Load per Saddle = 50459.0 Ibs

Adjust the vessel inside diameter’and thickness by the corrosion allowance.
ID= ID,, +2(Corrosion Allowance)=60.0+2(0.125)=60.25 in
t 4t — Corrosion . Allowance =3.0-0.125=2.875 in

t, ¥, — Corrosion Allowance =3.0—-0.125=2.875 in

OB ID  66.0+60.25

Ri=5 =31.5625 in
R, - OD:ID _66.0+6025 o (oo

(ID,. )+ Corrosion Allowance) +0.5¢,
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VIII, Division 1 Solution

VIII-1 does not provide rules for saddle supported vessels. However, UG-22 requires consideration
loadings and the provisions of U-2(g) apply. This example provides one possible method of satisfying U-2(g) via
Mandatory Appendix 46 as referenced in U-2(g)(1)(a); however, other methods may also be deemed acceptable
by the Manufacturer and accepted by the Authorized Inspector.

of such

The design rules for supports and attachments provided in VIII-2, paragraph 4.15.3 is one of the accepted
analysis procedures for determining the stresses in the shell of a horizontal drum support on two saddle

supportg—THhisprocedure-wittbetisedHnthisexampte probtem—————————————————————————————————

Vill-2, p

a) The stress calculation method is based on linear elastic mechanics and covers modes of f3

eXd

b) Sa
thin

Sin
VII-2, p

The ves
spaced
shear fo
line sati

Be

aragraph 4.15.3.1, Application of Rules:

essive deformation and elastic instability.

idle supports for horizontal vessels shall be configured to provide continuous support for at le
d of the shell circumference, or 6 = 120.0 deg.

ce {6 = 123.0 deg} = {0, = 120.0 deg} the geometry is acceptablg:

aragraph 4.15.3.2, Moment and Shear Force:

sel is composed of a cylindrical shell with formed heads at‘€ach end that is supported by twg
saddle supports. The moment at the saddle, M, the mement at the center of the vessel, M,,
rce at the saddle, T, may be computed if the distancelbetween the saddle centerline and head
sfies the following limit.

{a=41.0 in} <{0.251 =0.25(292.0) = 73:0"in| Satisfied
nding Moment at the Saddle:
_a R, -h,
__ L 2ak
M, =-Qal 1 17
I+-—"
3L

1_( 41.0 j+(31.5625)2 ~(16.5625)’
292.0 2(41.0)(292.0)

4(16.5625)
3(292.0)

M, =—(50459.0)(41.0)| 1-

ilure by

ast one-

equally
and the
tangent

M;=-357533.9 in—Ibs
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Bending Moment at the Center of the Vessel:

Sh

Vill-2, p

a)

b)

The¢ longitudinal membrane plus bending stresses in the cylindrical shell between the supports are

the

At {he top of shell:

Notfe: A load combination that'includes zero internal pressure and the vessel full of contents would

the

At the bottom of the shell:

2(R;—h)
.
oL 12 4a
M=% 4h, L
| —
3L
2[(31.5625)" ~(16.5625)’ |
4y 30459.0(292.0)( (292.0)’ ~4(41.0)
2 4 1, 4(16.5625) 292.0
3(292.0)

M, ==1413685.4 in—Ibs

bar Force at the Saddle

_O(L-2a) 50459.0[292.0-2(41.0)]

T= =33737.54bs
4(16.5625)

4h
L+ 3’" 292.0+

bragraph 4.15.3.3, Longitudinal Stress:

following equations.

PR, M, _1800(31.5625)_ 1413685.4
20 7R 2(2.875)7  7(31.5625)(2.875)

o, = =9723.3 psi

largest compressive stress at the top of the shell and should be checked as part of the design.

m

PR . M, —1800(31'5625)+ 1413685.4
2 xRy 2(2.875)  7(31.5625)(2.875)

O'2=

=10037.6 psi

Th

Thl longitudinal stresses in the cylindrical shell at the support location are given by the following eq

jiven by

provide

uations.
cal shell

values of these stresses depend on the rigidity of the shell at the saddle support. The cylindri

may be considered as suitably stiffened if it incorporates stiffening rings at, or on both sides of the saddle
support, or if the support is sufficiently close defined as a < 0.5R,,, to the elliptical head.

Sin

ce {a = 41.0 in} > {0.5R,,, = 0.5(31.5625) = 15.7813 in}, the criterion is not satisfied.

Therefore, for an unstiffened shell, calculate the maximum values of longitudinal membrane plus bending
stresses at the saddle support as follows.

4-301


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4-2021

At points A and B in VIII-2, Figure 4.15.5:

. 1800(31.5625) —357533.9
20 KgzRy  2(2.875)  0.1114(7)(31.5625)°(2.875)

. PR, M
o, = -

=10237.1 psi

where the coefficient K; is found in VIII-2, Table 4.15.1,

in 2sin®[1.4181
A+sinA-cosA— 23 A | 4181 4sin[1.4181]- cos[1.4181] - S“;LSI]
K = (sin A A\ — [ sinl 1..181 N
Vs —COoS 1 —cos[1.4181
L A J L 1.418 [ U
K, =0.1114
9y 5{(123.0)(&))}
T, =1.4181 rad
6 12 6 12
At fhe bottom of the shell:
) 1800(31.5625 - .
04:PRm LM ( ) 3575339 _9682.1 psi

" = +
2t K/zRy  2(2.875)  0.2003(7)(31.5625)° (2.875)

where the coefficient K; is found in VIII-2, Table 4.15.1,

* A+ sinA-cosa— 2514 1.4181+sin[1.4181]-cos[1.4181]—mﬂll‘gllgl]
K= ”(l_sinAj ) ﬂ(l_sin[l.418l]) |
A 1.4181
K| =0.2003
c) Acteptance Criteria:

{|o1] =|9723.3| psi} <{SE =20000(1.0)=20000 psi} True

{|o,] =[10037.6]\psi} < {SE =20000(1.0)=20000 psi} True

lloil= < {SE =20000(1.0)=20000 psi} True

{EAS |9682.1| psif <{SE =20000(1.0)=20000 psi} True

Since all calculaled SIiresses are posiiive (tensile), the compressive stress check per VINI-Z, paragraph
4.15.3.3.c.2 is not required.

VIII-2, paragraph 4.15.3.4, Shear Stresses:

The shear stress in the cylindrical shell without stiffening ring(s) that is not stiffened by a formed head,
{a = 41.0 in} > {0.5R,, = 0.5(31.5625) = 15.7813 in}, is calculated as follows.

_ _ KT _1.1229(337375)
* Rt 31.5625(2.875)

=417.5 psi
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where the coefficient K, is found in VIII-2, Table 4.15.1,

Ac

Vill-2, p

a)

Ma

saddle support is dependent on the use of stiffeners at the saddle location. For a cylindrical shell v
stiffening ring, the maximum circumferential bending moment is shewn in VIII-2, Figure 4.15.6 Sk
and is calculated as follows.

wh

wh

K - sina 3 Sin[1.9648] _11229
* r-a+sina-cosa  7—(1.9648)+sin[1.9648]-cos[1.9648]
) 123.0(”)
o= 0.95(72'—5j =0.95| 7 - 180/ |- 1.9648 rad
eptance Criteria:
|7,| < min[ 0.85,0.5335, |
[417.5] psi < {min[ 0.8(20000),0.533(35250) | = 16000 psi] True

aragraph 4.15.3.5, Circumferential Stress:

Kimum circumferential bending moment — the distribution of the circumferential bending mome

M, =K,0R, =(0.0504)(50459.0)(31.5625) = 80267.7 in~Ibs

bre the coefficient K is found in VIII-2, Table 4.15.4,

en a/R,, = 1.0, K; = K,
@ __ 0 59900 21.0 5 K= K, =0.0504
R 315625
3cos B sin B _ Ssit fcos’ B . cos’ f_sinf N
4 p 44 2 443
. oN\2 :
Cosﬂ—ﬂsinﬂ sinff| 1 sin2f
4 p 2 45
Ky = o\ .
o sinf| 1 sin2p
B 2 4p

nt at the
ithout a
etch (a)
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Widlth of cylindrical shell — the width of the cylindrical shell that contributes to the strength of the cy

she

If the width (0.5b + x;) extends beyand the limit of a, as shown in VIII-2, Figure 4.15.2, then the

sha

Gi

r

The maximum compressive circumferential membrane stress in the cylindrical shell at the bas

Sad

3c0s[2.0682]( sin[2.0682] ? _53in[2.0682]cos2 [2.0682]
4 2.0682 4(2.0682)
cos’[2.0682] ~ sin[2.0682] . c0s[2.0682] ~
2 4(2.0682) 4
2
i in| 2(2.0682
(2.0682)sin[2.0682]] [ SR20682] | 1 _ sin[ 2(2.0682)
20682 ) 2 | 4(2.0682)
K= : —0-0504
5 |[sin[2.0682]) 1 sin[ 2(2.0682) |
7z' _—— —
20682 ) 2 | 4(2.0682)

) 123.0(120)

Il at the saddle location shall be determined as follows.

{1} <{0.78[R, 1 =0.78,[31.5625 (2875) = 74302

Il be reduced such as not to exceed a.

{(0.55+x,)=0.5(8.0)+7:4302 =11.4302 in} < {a = 41.0 in}

cumferential stresses.in the cylindrical shell without stiffening ring(s).

dle support(shall be calculated as follows.

o, KOk _ ~0.7492(50459.0)(0.1) Do
H(b+x +x,) 2.875(8.0+7.4302+7.4302)

Satisfied

lindrical

vidth x;

b of the

where the coefficient K5 is found in Table 4.15.1,

K — 1+cosa _ 1+COS[1.9648]

> g—a+sina-cosa 7 —(1.9648) +sin[1.9648]- cos[1.9648]

k=0.1 when the vessel is welded to the saddle support
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The circumferential compressive membrane plus bending stress at Points G and H of VIII-2, Figure 4.15.6
Sketch (a) is determined as follows.

If L = 8R,,, then the circumferential compressive membrane plus bending stress shall be computed using

VIII-2, Equation (4.15.24).
Since {L = 292.0 in} > {8R,,, = 8(31.5625) = 252.5 in}, the criterion is satisfied.
— —0 _ 3K7Q
67 - 2
A(b+x +x,) 2t
—(50459.0) 3(0.0504)(50459.0) )
o, = - > =—653.4 psi
4(2.875)(8+7.4302+7.4302) 2(2,875)

tha
AW
Ac

VIII-2, p

ThT stresses at g4 and o, may be reduced by adding a reinforcement or wear plate‘atthe saddle

is welded to the cylindrical shell.

ear plate was not specified in this problem.

eptance Criteria:

{log|H57.5] psi} <{S=20000 psi} True
{0, [=1653.4] psi} <{1.255 =1.25(20000)= 25000 psif*  True

ragraph 4.15.3.6, Horizontal Splitting Force:

The horizontal force at the minimum section at thellow point of the saddle is given by VIII-2, E

.

Co
dug
strg
ben
acq

5.42). The saddle shall be designed to resist.this force.

1+cosﬂ—0.55in2ﬂj

b =Q[ﬂ—ﬂ+sinﬂ-cosﬂ

1+c0s[210682] - 0.5sin” [2.0682]
7 —(2.0682) +sin[2.0682]- cos[2.0682]

F,= (50459.0)( ]: 10545.1 Ibs

mmentary: The horizontal splitting force is equal to the sum of all the horizontal reactions at th
to the weight loading of the vessel. The splitting force is used to calculate tension stress and
ss in the web‘of-the saddle. The following provides one possible method of calculating the ten
ding stress.in the web and its acceptance criteria. However, other methods may also be
eptable by the Manufacturer and accepted by the Authorized Inspector.

location

Fquation

b saddle
bending
sion and
deemed

Thef membrane stress is given by,

{a, =%} <{0.65,}

s

where 4, is the cross-sectional area of the web at the low point of the saddle with units of in?, and S, is the

yield stress of the saddle material with units of psi.
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The bending stress is given by,
F,-d-c
{ab = #} <{0.665, |

where d is the moment arm of the horizontal splitting force, measured from the center of gravity of the
saddle arc to the bottom of the saddle baseplate with units of in, c is the distance from the centroid of the

saddle composite section to the extreme fiber with units of in, I is the moment of inertia of the composite
section of the saddle with units of in*, and Sy is the yield stress of the saddle material with units of psi.

A

292 in. Tan/Tan

Y

3in.
2:1|Elliptical |
Hepd 'r ] [
| T |
| [8.00in. 60 in. |
-
| |
| T T | 0=123°
I v I
1 |
2:1 Elliptical
Head
16.50 in.
[ <> < >
-

41.00 in.

Figure E4.15.1 — Saddle Details
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uG-22
possible

4.15.2 Example E4.15.2 — Vertical Vessel, Skirt Design
Determine if the proposed cylindrical vessel skirt is adequately designed considering the following loading
conditions.
Skirt Data:
e Material = SA—-516, Grade 70
e Design Temperature = 300°F
e Skirtinside Diameter = 1500 in
e Thigkness = 0.625 in
e Corfosion Allowance = 0.0 in
e Length of Skirt = 147.0 in
e Allowable Stress at Design Temperature = 20000 psi
e Modulus of Elasticity at Design Temperature = 28.3E+06 psi
o Yield Strength at Design Temperature = 33600 psi
e Desjgn Loads = See Table E4,15.2.3
Adjust vriable for corrosion and determine outside dimensions.
DE150.0+ 2(C0rr0si0n Allowance) =150.0+ 2(0.0) =150:0.in
R£0.5D=0.5(150.0)=75.0 in
t 40.625— Corosion Allowance = 0.625—-0.0 = 0.6254n
D,|=150.0+2(Uncorroded Thickness)=150.0+2(0.625)=151.25 in
R|=0.5D = 0.5(151.25) =75.625 in
Section| VIII, Division 1 Solution
VIII-1 dpes not provide rules on the.oadings to be considered in the design of a vessel. However
requires consideration of such loadings and the provisions of U-2(g) apply. This example provides one
method |of satisfying U-2(g) via-Mandatory Appendix 46 as referenced in U-2(g)(1)(a); however, other methods
may alsp be deemed acceptable by the Manufacturer and accepted by the Authorized Inspector.

This example uses VIH*2; paragraph 4.1.5.3 which provides specific requirements to account for both design

loads a

combing
E4.15.2

nd design load' combinations used in the design of a vessel. These design loads and des

tions (Table 4.1.1 and Table 4.1.2 of VIII-2, respectively) are shown in this example problem
1 and_Fable E4.15.2.2 for reference. The load factor, (1,, shown in Table 4.1.2 of VIII-2 is

simulatg

gn load

n Table
used to

becified.

the-maximum anticipated operating pressure acting simultaneously with the occasional loads s

For this

Xampte, proptenT, {1, = 1.0

Additionally, VIII-1 does not provide a procedure for the calculation of combined stresses. VIII-2, paragraph
4.3.10.2 provides a procedure, and this procedure is used in this example problem with modifications to address

specific

requirements of VIII-1.

In accordance with VIII-2, paragraph 4.3.10.2, the following procedure shall be used to design cylindrical,
spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net section axial
force, bending moment, and torsional moment.
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Determine applicability of the rules of VIII-2, paragraph 4.3.10 based on satisfaction of the following
requirements.

The section of interest is at least 2.5V Rt away from any major structural discontinuity.

2.5JRt =2.5/(75.0)(0.625) =17.1163 in  True

Shear force is not applicable.
The shell R/t ratio is greater than 3.0, or:

Y

By insp

at the lo|
QJ
F.

5

M

ST
strg
dug
cor
E 4

JRRY

R/t=—"-=120.0 True
0.625

{ }>3.o

bction of the results shown in Table E4.15.2.3 and Table E4.15.2.4, Design Load ,€ombinafion 5 is
determifed to be the governing load combination. The pressure, net section axial force; \and bending

cation of interest for Design Load Combination 5 are:
’+P =1.0P+P. =0.0 psi
=-363500 /bs

=29110000 in—Ibs

moment

EP 1 — Calculate the membrane stress for the cylindrical shell. Note that the circumferential m¢mbrane

SS, Ogm., IS determined based on the equations in UG=27(c)(1) and the longitudinal membran
to internal pressure, og,,, is determined based on.the equations in UG-27(c)(2). The shear
nputed based on the known strength of materials solution. For the skirt, weld joint efficiency i

= 1.0.

Note: 6 is defined as the angle measured“around the circumference from the direction of the

e stress
btress is
5 set as

applied
mize the

bending moment to the point under consideration. For this example, problem 8 = 0.0 deg to maxi
bending stress.
Oy = i(E+O.6PJ = L[M+ 0.6(0.0)} =0.0 psi
E\ ¢ nO{  0.625
g (ﬂ—o.ﬂ)} 4F__ 32MD, cos[0]
El\ 2 z(D;-D*)  x(D}-D')
. . 4(-
(0 0(75 O)—o.z(o.o)]+ ( 3623500) s
Ko 2(0.625) 7((151.25)" - (150.0)’)
——H0T32( 291100007 (15125 cos 00]
7((151.25)' - (150.0)')

0.0+ (—1229.0724) +2624.6357 =1395.5633 psi
0.0+ (—1229.0724) —2624.6357 =-3853.7081 psi

sm

| |
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16M,D,  16(0.0)(151.25)
7(D!=D*) z((151.25)" - (150.0)')

= =0.0 psi

b) STEP 2 — Calculate the principal stresses.
o, = O.S(Ggm +o,,+ \/(Ugm -0, )2 + 4(r)2 )

(0.5(0+(1395.5633)+\/(0—(1395.5633))2 +4(0)’ ) =1395.5633 psil
\ ) J

; _10.5(0+(—3853.7081)+\/(0—(—3853.7081))2 +4(0)2j=0.0 psi T

o, = 0.5(09,” +o,, —\/(O'gm -o,, )2 +477 )

0.5(0+ (1395.5633) —\/(O—(1395.5633))2 +4(0)° ) =0.0 psi

0'2:

0.5(0+(—3853.7081)—\/(O—(—3853.7081))2 +4(0), j = -3853.7081 psi

=0,=0.0 psi  For stress on the outside surfce

c) STEP 3 - Check the allowable stress acceptance criteria,
1

o, = ﬁ[(al ~0,) +(0, -0, +(oy - |

0.5
1 (o (1395.5633)) +((1395.5633)~0)" +
2 =1395.6 psi
Y2{((0)-(0))
Oc = , 05
1 (0 -3853:7081))" +((~3853.7081)—0) +
ﬁ ) =3853.7 psi
((0)5:40))
o, =1395.6 ~ '
{O'e _ 3853.7} < {S =20000 psz} True

No]e that VIII-2 uses an acceptance criterion based on von Mises Stress. Per Mandatory Appendix 46, the
acceptance criteria for tensile stress in VIII-1 is in accordance with UG-23. Therefore,

max[o,, 0,, 0;|< S

{

Since the maximum tensile principal stress is less than the acceptance criteria, the shell section is
adequately designed.

i} <{S=20000 psi} True
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STEP 4 — For cylindrical and conical shells, if the meridional stress, oy, is compressive, then check the

allowable compressive stress using paragraph 4.4.12.2 with A = 0.15. Per Mandatory Appendix

46, the

maximum allowable compressive stress shall be limited as prescribed in VIII-2, paragraph 4.4.12 in lieu of

the rules of UG-23(b).

Since gy, is compressive, {0,,, = —3853.7 psi < 0}, a compressive stress check is required.

In accordance with VIII-2, paragraph 4.4.12.2.b, the value of F,, is calculated as follows, with 1 = 0.15.

1) STEP 4.1 — Calculate the predicted elastic buckling stress, F,,.

C.Et 0.6482(28.3E +06)(0.625) .
F,= = =75801.9008 psi

e DU 151.25
where,
D, _ 151.25 — 2420
t 0.625

L 147.0
M, = =
tJR \[75.625(0.625)

Since D, /t < 1247, calculate C, as follows:

=21.3818

= 409(1.0
C —min| —2% __ 0.9|=min #, 0.9 |=0.6482
x ) 1goa 3125
p 0.625

Since M,, = 15, calculate ¢ as follows;

c=10
2) | STEP 4.2 — Calculate the predicted inelastic buckling stress, F;., per paragraph 4.4.3.
The equations for the allewable compressive stress consider both the predicted elastic bucklir
and predicted inelastic buckling stress. The predicted elastic buckling stress, F,,, is determing
on the geometry of the component and the loading under consideration as provided in sub

applicable paragraphs. The predicted inelastic buckling stress, F;., is determined using the f
procedure,

i) STEP4.2.1 — Calculate the predicted elastic buckling stress, F,,.

Ece =75801.9008 DSI (as determined in STEP 2 above)

g stress
d based
sequent
ollowing

I  STEF 4.£.Z— CalcCulate the elastiC buckling ratio 1actor, A,.

F, _ 75801.9008

5 = =0.00267851
E  283E+06

i) STEP 4.2.3 — Solve for the predicted inelastic buckling stress, F;., through the determination of
the material’'s tangent modulus, E;, based on the stress-strain curve model at the design
temperature per paragraph 3-D.5.1. The value of F;. is solved for using an iterative procedure

such that the following relationship is satisfied (see Table 4.4.2).

SEE EXAMPLE PROBLEM E4.4.1 FOR THE ITERATIVE PROCEDURE.
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F, =24624.7292 psi

STEP 4.3 — Calculate the value of design factor, F'S per paragraph 4.4.2.

Since 0.555,, < Fj; < §,,, calculate FS as follows:

F§=2.407-0.741 % =2.407-0.741 =1.8639

y

(24624.7292)

STEP 4.4 — Calculate the allowable axial compressive membrane stress as follows:

F, 24624.7292
“FS  1.8639

STEP 4.5 — Compare the calculated axial compressive membrane stress, gy, to.the allowa
compressive membrane stress, F,, per following criteria.

{0,,=3853.7 psi} <{F, =13211.4 psi} True

=13211.4004 psi

The allowable compressive stress criterion is satisfied.

ple axial
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Table E4.15.2.1 — Design Loads from VIiI-2

Table 4.1.1 — Design Loads

Design Load L.
Description
Parameter

P Internal of External Specified Design Pressure (see paragraph 4.1.5.2.a)

P Static head from liquid or bulk materials (e.g., catalyst)
Dcad vvclyht Uf thc VCODC:, CUI ItCI ItD, al Id appuTtCI 1drivco Gt thc :uuat;un Of
interest, including the following:
* Weight of vessel including internals, supports (e.g., skirts, lugs,(Saddles,
and legs), and appurtenances (e.g., platforms, ladders, etc.)
» Weight of vessel contents under design and test conditions
+ Refractory linings, insulation

D + Static reactions from the weight of attached equipmeft, such as motdrs,
machinery, other vessels, and piping
» Transportation loads (the static forces obtained.as equivalent to the
dynamic loads experienced during normal operation of a transport vessgl
[see paragraph 1.2.1.2(b)]
» Appurtenance live loading

L » Effects of fluid flow, steady state or/transient
+ Loads resulting from wave action

E Earthquake loads [see paragraph 4.1.5.3(b)]

w Wind loads [see paragraph 4.1.5.3(b)]

Ss Snow loads

F Loads due to déflagration
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Table E4.15.2.2 — Design Load Combinations from VIiI-2

Table 4.1.2 — Design Load Combinations

Design Load Combination [Note (1) and (2)]

General Primary Membrane
Allowable Stress [Note (3)]

P+P+D S
P+P+D+L S
P+P +D+S§, S
QP+P +D+0.75L+0.75S, S
QP+P +D+(0.6W or0.7E) S
QP+ P, +D+0.75(0.6W or0.7E)+0.75L +0.758, S
0.6D+(0.6W or0.7E) [Note (4)] S

P+D+F See Annex 4-D
Other load combinations as defined in the UDS S
tes:
The parameters used in the Design Load Combination column are defined in Table 4.1.1.
See paragraph 4.1.5.3 for additional requirements.
S is the allowable stress for the load casecombination [see paragraph 4.1.5.3(c)].
This load combination addresses..ansoverturning condition for foundation design. It does

apply to design of anchorage (if any) to the foundation. Refer to ASCE/SEI 7, 2.4.1 Exceptio

for an additional reduction te I/ that may be applicable.

hot
h 2
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Table E4.15.2.3 — Design Loads (Net-Section Axial Force and Bending Moment)

at the Base of The Skirt

Design Load L. Magnitude of Pressure, Force
Description
Parameter and Moment
Internal or External Specified Design
P Pressure (see paragraph 4.1.5.2.a); The skirt | P = 0.0
is-not prneellriw:ml
Static head from liquid or bulk materials (e.g.,
P; catalyst); The skirt does not contain liquid | P, = 0.0
head.
The dead weight of the vessel including skirt, Dy = —363500 Ibs
D contents, and appurtenances at the location ¢
. Dy = 0.0%in'— lbs
of interest.
L Appurtenance live loading and effects of fluid | Lp¢="—85700 lbs
flow Ly = 90580 in — lbs
E Earthquake loads ,
Ey = 18550000 in — lbs
Wr = 0.0 lbs
w Wind Loads ,
Wy = 48516667 in — lbs
Ssg = 0.0 lbs
S Snow Loads .
Ssu = 0.0in — lbs
Fr = 0.0 lbs
F Loads due to Deflagration .
Fy =0.0in — lbs
Basged on these loads, the skirtiis required to be designed for the design load combinations shown fin Table
E4[15.2.4. Note that this(table is given in terms of the design load combinations shown in VIII-R, Table
4112 (Table E4.15.2.2-0f this example).
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Table E4.15.2.4 — Design Load Combination at the Base of the Skirt

General
. Primary
Load . L. Magnitude of Pressure,
Design Load Combination Membrane
Case Force and Moment
Allowable
Stress
P=P =00 psi
1 | P+P+D F, =-363500 Ibs S
M, =0.0 in-1bs
P=P =0.0 psi
2 P+P+D+L F, =-449200 [bs S
M, =90580 in —1bs
P=P =0.0 psi
3 | P+P+D+S, Fy =-363500 Ibs S
M, =0:0 in—Ibs
QP =P =0.0 psi
4 | QP+P +D+0.75L+0.75S, F, =-427775 lbs S
M, =67935 in—1bs
QP =P =0.0 psi
5 | QP+P.+D+(0.6W or07E) F, =-363500 Ibs s
M, =29110000 in—Ibs
QP =P =0.0 psi
QP+ P +D+0.75(O.6Wor0.7E)+
6 F, =-427775 Ibs S
0.75L +0.758,
‘ M, =21900435 in—1Ibs
F, =-218100 /bs
7 0.6D+(0.6W0r 0.7E) ) S
M, =29110000 in—Ibs
P=P =0.0 psi
8 [P TDTF F; = 363500 165 3334'“‘[';'"'3*
M, =0.0 in—1Ibs
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4.16 Flanged Joints
4.16.1 Example E4.16.1 — Integral Type

Determine if the stresses in the heat exchanger girth flange are with acceptable limits, considering the following
design conditions. The flange is of an integral type and is attached to a cylindrical shell with a Category C, Type
1 butt weld and has been 100% radiographically examined. See Figure E4.16.1.

GeneralDatar

e Cylinder Material = SA—-516, Grade 70
e Desjgn Conditions = 135 psig @ 650°F
e Allopvable Stress at Design Temperature = 18800 psi

e Allofvable Stress at Ambient Temperature = 20000 psi

e Corfosion Allowance = 0.125 in

Flange Data:

e Matgrial = SA~105

e Allovable Stress at Design Temperature = 17800 psi

e Allofvable Stress at Ambient Temperature = 20000 psi

e Modulus of Elasticity at Design Temperature = 26.0E +06 psi

e Modulus of Elasticity at Ambient Temperature = 294E +06 psi
Bolt Data:

e Matgrial = SA—-193, Grade B7
e Allopvable Stress at Design Temperature = 25000 psi

e Allopvable Stress at Ambient Temperature = 25000 psi

o Diareter = 0.75 in

. Nurrber of Bolts = 44

e Roaqt area = 0.302 in’

Gasket Data:

o Material = Flat Metal Jacketed (Iron/Soft Steel)
e Gasket Factor = 3.75

e Seating Stress = 7600 psi

e Inside Diameter = 29.0 in

e Outside Diameter = 30.0 in

Design rules for bolted flange connections with ring type gaskets are provided in Vill-1 Mandatory
Appendix 2. The rules in this paragraph are the same as those provided in VIII-2, paragraph 4.16.
However, there are differences to be noted, including a step-by-step design procedure, nomenclature
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regarding operating and gasket seating bolt loads, the inclusion of a flange moment due to externally
applied axial forces and bending moment, and minor differences in bolt spacing criteria. Therefore,
while the example problem will be presented for use with VIII-1, Appendix 2, references to VIII-2
paragraphs will be provided, as applicable.

Evaluate the girth flange in accordance with VIlI-1, Appendix 2.

Establish the design conditions and gasket reaction diameter, (VIII-2, paragraph 4.16.6).

a)

b)

Paragra
paragra

a)

b)

STEP 1 — Determine the design pressure and temperature of the flanged joint.

P =135 psig at 650°F

STEP 2 — Select a gasket and determine the gasket factors m and y from Table 2-5.1 (VIII-
4.1p.1).

m=3.75
y=7600 psi

STEP 3 — Determine the width of the gasket, N, basic gasket seating widthyb,,, the effective gaske

=

w

th, b, and the location of the gasket reaction, G.

N = O.S(GOD - GID) =0.5(30.0—29.0)=0.500 in

from Table 2-5.2 (VIII-2, Table 4.16.3), Facing Sketch Detail.2,>Column I,

wh

for

the

b = w+3N 0.125+3(0.500)
o 8 -

=0.2031 in

bre,
w = raised nubbin width =0.125 in

b, < 0.25 in,

b=b,=0.2031in

refore, from paragraph(2-3 the location of the gasket reaction is calculated as follows.

G = mean diametey-of the gasket contact face
G =0.5(30.029.0)=29.5 in

ph 2-5_~\Calculate the design bolt load for the operating and gasket seating conditions
bh 4,16.6).

ST

FP/1 — Paragraph 2-5(c)(1), determine the design bolt load for the operating condition.

P Table

seating

(VIII-2,

W,=H+H, = 0.785G2P+(2b-3.14GmP) for non—self —energized gaskets
W = 0.785(29.5)2 (135)+2(0.2031)(3.14)(29.5)(3.75)(135) =111273.1 Ibs

STEP 2 — Paragraph 2-5(c)(2), determine the design bolt load for the gasket seating condition.

w ,=3.14bGy for non—self —energized gaskets
W,, =3.14(0.2031)(29.5)(7600) = 142980.0 Ibs

m?2
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c) STEP 3 - Paragraph 2-5(d), determine the total required and actual bolt areas.

The total cross-sectional area of bolts A, required for both the operating conditions and gasket seating is
determined as follows.

A, =max[4,, 4,,]=max[4.4532, 5.7192]=5.7192 in®

ml>

where,
A, = Wy 111273.1 4.4509 in’
M 25000
_W,, _142980.0 57192 in?

mog 25000

The¢ actual bolt area A, is calculated as follows.

A4, = (Number of bolts)(Root area of one bolt) = 44(0.302) =13.2880 in’

Velify that the actual bolt area is equal to or greater than the total required\area.

{4,=13.2880 in’} 2 {4, =5.7192 in’} True

d) STEP 4 — Paragraph 2-5(e), determine the flange design bolt load.

Fo1 operating conditions,

W=w, =111273.1 bs

Fon gasket seating,

(4,+4,)S, (5.7192+13.2880)25000
e T : = 237590.0 Ibs

Commentary: VIII-2 design procedure to determine the design bolt load, paragraph 4.16.6:

1) | The nomenclature differences include:

W,, bolt load for operating conditions and flange design load bolt load, (VIII-1 W, W).
W, = H +H/=0.785G*P+(2b-3.14GmP) — ASME VIII -1

ml

W,=H¥H,6=0.785G*P+(2b-7GmP)  — ASME VII -2

Wy, 'design bolt load for the gasket seating condition, (VIII-1, Wp,,).

W, =3.14bGy—> ASME VIII -1
W, =xbGy — ASME VIl -2

W, flange design bolt load for gasket seating, (VIII-1, W).

2) When calculating the required total cross-sectional area of bolts using the VIII-2 procedure, the
designer has the ability to add an externally applied net-section axial force, F, and bending moment,
MfE to the bolt load W, for the operating condition. This is shown in the following equation.
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W +F, + M,y W
G gs
A =max ,
S, [S j

bg

The bolt spacing criteria of VIII-1 and VIII-2 are similar, but there are some minor differences regarding

the application of the two. This will be further discussed later in the example problem.

Commentary: VIII-1, Appendix 2 does not include an overall step-by-step procedure to design a

example problem to assist the designer.

circular

ntegral, loose or reverse flanges, subject to internal or external pressure, and external loadin

procedure incorporates both a strength check and a rigidity check for flange rotation.

a)

b)

ST

ST

EP 1 — Determine the design pressure and temperature of the flanged joint.
P =135 psig at 650°F

and the corresponding actual bolt load area A, (VIII-1, paragraph 2-5).

ST
to (g

1)

2)

3)

W =111273.9 Ilbs Operating Condition
W =237590.0 Ibs Gasket Seating

A, =13.2880 in’

EP 3 — Determine an initial flange geometry (see Figure E4.16.1) in addition to the information
etermine the bolt load, the following geometric parameters are required, (VIII-1, paragraph 2-3).

Flange bore

B =[26.0+2(Corfosion Allowance)|=[26.0+2(0.125)]=26.25 in

Bolt circle diameter:
C=31.25%n

Outside.diameter of the flange
A=32.875 in

4)

frange. HOWeVer, an organized procedure of the Steps taken when designing a frange 1S predented in
VIII-2, paragraph 4.16.7. The procedure is applicable to VIlI-1, Appendix 2 and is presented in this

aragraph 4.16.7, Flange Design Procedure. The procedure in this paragraph caf-be used t¢ design

js. The

EP 2 — Determine the design bolt loads for operating condition\lW/, and the gasket seating condition W/,

required

Flange thickness

o)

t=1.625-0.1875=1.4375 in

Thickness of the hub at the large end

g = [O.S(Hub OD at Back of Flange —Uncorroded Bore)— Corrosion Allowance]

g, =[0.5(27.625-26.0)—0.125 | = 0.6875 in
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6) Thickness of the hub at the small end
g = (Hub Thickness at Cylinder Attachment — Corrosion Allowance)
g = (0.4375 - 0.125) =0.3125in

7) Hub length
h=2.125in

STEP 4 — Determine the flange stress factors using the equations/direct interpretation from Table 2-7.1 and

Figure 2-7.1 — Figure 2-7.6 and paragraph 2-3.
Figure 2-7.1:

_A_328D 504
B 5

2
Y= | 0.66845+5.71690 M
K K2 -1

1
1.2524-1

(1.2524)’ log,, [1.2524]
(1.2524)" -1

[0.66845+5.71690 }=8.7565

 K*(1+8.55246l0g,, K) -1 (1.2524)’ (148155246 log,, [1.2524]) - 1 817
(1.04720+1.9448K *) (K 1) (1.04720+1.9448(1.2524)2)(1.2524—1) '

K*(1+8.55246log,, K)—1 _ (1.2524) (1+8.552461log,, [1.2524]) -1

=9.6225
1.36136(K > ~1)(K - £36136((1.2524)" ~1)(1.2524 1)

1)
(12247
z_(Kz_l) (12524 ) =4.5180

Figure 2-7.2:
LASL 212 2125 _ 7419
b, JBen [(26.25)(03125) 2.8641
800875 5 5000
o7 03125

Interpretation of Figure 2-7.2, F = 0.77. From the equations of Table 2-7.1, F = 0.7677.
Figure 2-7.3:

with h/h, = 0.7419 and g,/9g, = 2.2000:

Interpretation of Figure 2-7.3, V = 0.16. From the equations of Table 2-7.1, V = 0.1577.
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Figure 2-7.6:

with h/h, = 0.7419 and g,/g, = 2.2000:
Interpretation of Figure 2-7.6, f = 1.0. From the equations of Table 2-7.1, f = 1.0.
Paragraph 2-3:

_Uglh, (9.6225)(0.3125)"(2.8641)

d =17.0665 in’
1% 0.1577
e= E = 0.7677 =0.2680 in™"
h, 2.8641
3 1.4375(0.2680)+1 (1.4375)
polerl v ( )+1 ) 09362
T d 1.8175 17.0665

Commentary: VIII-2, Table 4.16.4 provides the equations to determine the flange“stress factors Y, T, U, Z as
a flnction of K as provided for in VIII-1, Figure 2-7.1, and the flange.factors d, e, L located in VIII-1,
parnagraph 2-3. Similarly, VIII-2, Table 4.16.5 provides regressed curve-fit equations of the flange stress
factors F,V, f as provided in VIII-1, Figure 2-7.2, Figure 2-7.3, and_Figure 2-7.6, respectively. The [curve-fit
equations are shown for informational purposes with the <Variable substitution of X, = hjh, and
Xg = 91/90-

0.897697-0.2970121n[ X, |+9.5257(103 )i [ X, ] +
0.123586(In[ X, ]) +0.0358580(In[&,])" -
F={0.194422(In[ X, ])(In[ X, ]) ~0.0181259 (1n [ x, ]) +

0.0129360(In[ X, ]) —0.0877693(In[ x, ])(In[X,]) +

0.0273791(in[ X, ]| {In[x,])
0.897697-0,2970121n[2.20]+9.5257(10°* ) In[0.7419] +
0.123586(1r{2.20])" +0.0358580(In[0.7419])" ~

F =[0.194422(1n[2.20])(In[0.7419]) ~ 0.0181259(In[2.20]) +
0:0129360(In[0.7419])" ~0.0377693(In[2.20])(In[0.7419]) +

0.0273791(1a[2 201V (1n [0 74191)
oL 00T T

F=0.7695
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For 0.5<X, <20,

0.0144368 — 0.135977 3 0.0461919 N 0.5602718 N 0.0522829 N
X, X X,

V — g g
0.244313 0.113929  0.00929265 0.0266293 0.217008

+ 3 3 2 2
XX, X X’ X X XX,
0.135977 00461919 0.560718 0.0529829 )
2.20 0.7419  (220)  (0.7419)

0.0144868 —

(2.20)(0.7419)Jr (220 (0.7419)  (2.20)(0.7419)" (2.20)’ (0.7419)
V =0.1577

0.0927779-0.0336633X, + O.964176X§ +

0.0566286.X, +0.347074.X; —4.18699.X;
1-5.96093(107) X, +1.62904.X, +

3.49329.X; +1.39052.X;

0.0927779-0.0336633(2.20) +0.964176 (2.20)2 +

0.0566286(0.7419) +0.347074(0:7419)" —4.18699(0.7419)’
1-5.96093(107)(2.20) +1.62904(0.7419) +

V =
0.244313 0.113929 0.00929265 0.0266293 0.217008 J

f =max| 1.0,

f =max|1.0

“

3.49329(2.20) +1.39052(0.7419)’
f=10

e) STEP 5 - Determine the flange forces, {(VIlI-1, paragraph 2-3).

H, =0.785B"P =0.785(26.25)" (135) = 73023.4 Ibs

H =0.785GP = 0¢785(29.5)" (135) = 92224.7 Ibs

H, =H—-H,;%92224.7-73023.4=19201.3 /bs
H,.=W=I'=111273.9-92224.7=19049.2 I[bs ~ Operating

f) STHP 6—Determine the flange moment for the operating condition using paragraph 2-6. In these
equations, hp, hy, and h; are determined from Table 2-6.

C-B-g, 3125-26.25-0.6875

h, = R+0.5g, = . —2.1563 in
D & > 5
p _C=G _3125-295 oo
2 2
R - 25-26.
= +g21+hG :%{CzB+hc}:%[w+0.875}:1.6875 in
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Paragraph 2-6:

M, =H,h,+Hh.+H_h,
M, = 73023.4(2.1563)+19201.3(1.6875)+19049.2(0.875)
M, =206530.6 in—Ibs

For vessels in lethal service or when specified by the user or his designated agent, the bolt spacing
correction factor Bg. shall be applied in calculating the flange stress in paragraph 2-7. The flange moment

M,

without correction for bolt spacing is used for the calculation of the rigidity index in paragra

h 2-14.

WH
flan

Co
1)

2)

3)

4)

ST

en the bolt spacing exceeds 2a + t, multiply M,, by the bolt spacing correction factor B for,ca

ge stress, where:

/ B
B, = 5
s¢ 2a+t

mentary:

The equations for maximum bolt spacing B;,, 4, and bolt spacing correction factor Bg- used in
2 are the same as in VIII-1 and are in Table 4.16.11.

As is the case with VIII-1 design, VIII-2 also notes that the flange moment M, without corre
bolt spacing is used for the calculation of the rigidity index located in Table 4.16.10.

The bolt spacing correction factor Bg. and the split loose’flange factor of VIII-1, paragraph 2-9

culating

the VIII-

ction for

, F;, are

directly incorporated into the calculations for determining the flange moments for both operating and

gasket seating.
M, =abs [((HDhD +H h. +Hh, ) By + M, ) E] Internal Pressure

W,(C-G)ByF,
2

M, = Gasket Seating

As previously noted, the VIlI-2 procedure provides the designer the ability to add an externally
net-section axial force and’/bending moment to the bolt load for the operating condition.
externally applied loads-induce a bending moment, referenced as M,,, which is calculaf
Equation 4.16.16,

M,, = 405 ! ) L oy
0.38461,+1 | | (C—2h,)

EP 7 <~ Determine the flange moment for gasket seating condition using paragraph 2-6.

applied
These
ed from

M, =W ————==237590.
2

(C-G) U((31.25—29.5)\
2

=Z2U78Y1.51n—1IDS

STEP 8 — Determine the flange stresses for the operating and gasket seating conditions using the
equations in paragraph 2-7.

Note: Paragraph 2-3 — If B < 20g,, the designer may substitute the value of B; for B in the equation for

Su,

where,
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For integral flanges when f > 1.0,

B =B+g,

For integral flanges when f < 1.0 and for loose type flanges,

B =B+g

Since {B = 26.25 in} > {20g, = 20(0.6875) = 13.75 in}, the value of B shall be used to determine the

val

Op

Ga

STE

crit|
dim
Allg

Cor
ves

ue of 5.

brating Condition:

o, (1.0)(206530.6)
" Lg'B  (0.9362)(0.6875) (26.25)

=17780.4 psi

_(133te+1)M, _ [(1.33)(1.4375)(0.2680) +1](206530.6)

. - = > = 6150 psi
L’B (0.9362)(1.4375)" (26.25)
S, = Y]yo ~ 78, = (8'7565)(306530'6) —4.5180(6150.8) =5551.0 psi
t'B (1.4375)"(26.25)
ket Seating Condition:
- ﬁ\{ _ (1.0)(2078953) 178995 psi
LgiB  (0.9362)(0.6875) (26.25)
1.33)(1.4375)(6.2680) +1 |(207891.3
_(13%ernu, _[(133)(14375)(02650) 41 ) 61913 poi
L’B (0.9362)(1.4375)" (26.25)
S, =%—ZSR = (8.7565)(207891.3) —4.5180(6191.3)=5587.7 psi

B (1.4375) (26.25)
EP 9 — Check the flange/stress acceptance criteria. The criteria below shall be evaluated. If th
bria are satisfied,{go to STEP 10. If the stress criteria are not satisfied, re-proportion th
ensions and go t0'STEP 4.

wable normal stress — The criteria to evaluate the normal stresses for the operating and gaske
ditions‘are shown in paragraph 2-8, for integral type flanges with hub welded to the neck,
selwall.

Op

e stress
e flange

seating
pipe, or

PY-L OV aP~0-9= H 1P~
CTat Ty SUTTATaOTT.

S, <min[ 155, 2.55, |

{S, =17780.4 psi} <{min[1.5(17800), 2.5(18800) | = 26700 psi| True
{ =6150.8 psz { .=17800 psz} True
{ 5551.0 psz { =17800 psz} True
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2

{(SH ;SR) _ (17780~42+6150'8) ~11965.6 pSl}S{SfO ~17800 psi}  True
{(SH ;‘ST) _ (17780'4;5551'0) =11665.7 psz} < {Sfo =17800 psi} True
Gasket Seating Condition:

S, <min|1.58,, 2.5 |

(S, =17897.5 psi} <{min[1.5(20000), 2.5(20000) | =30000 psi| True

{S, =6191.3 psi} <{S, =20000 psi Truge

{ST 5587.7 psz} {Sf =20000 psi} True
=12044.4 psi}S{Sf =20000 psi} True

j)  STEP 10 — Check the flange rigidity criterion in Table 2-¥4. If the flange rigidity criterion is satisfied, then

the

(Sy+S;) (17897.5+5587.7)

2

design is complete.

{ (S, +S,) (17897.5+6191.3)
{ ) _(

; =11742.6 pSl} <{$,€20000 psi True

If the flange rigidity criterion is not satisfied, then re-proportion the¢ flange

dimensions and go to STEP 3.
Opgrating Condition:

52.14VM,

=22 <10
LE,g2K,h,

I 52.14(0,1677)(206530.6)
(0.9362)(26.0E +06)(0.3125)° (0.3)(2.8641

) = 0.8314} <1.0

where,

K, =0.3 forjintegral flanges

Gapket Seating Condition:

GEB2IVM,

True

TE,g,K T,

s 52.14(0.1577)(207891.3)
(0.9362)(29.4E +06)(0.3125)" (0.3)(2.8641

) = 0.7401} <1.0

where,

K, =0.3 for integral flanges

Since the acceptance criteria are satisfied, the design is complete.
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- 3.75in. >
«—2125iIn——»<+—1.625In——»
44 - 0.875n. 4
Dia. Drilled
Holes
0.1875 in sl 32.8754n,0.p.
0.375in. R. |
30 ‘\y 31.250.n. B.C.
5 10°4 il ]
] 0.125in. 30%25'in. Turn
Y
T _ 29.375 in.
0.063 in.
0.438 in. 0.016 in.—»> |=
.625 in. 26.00 in. I.D.

Figure E4.16.1 — Flanged Joints
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4.16.2 Example E4.16.2 — Loose Type

Determine if the stresses in the ASME B16.5, Class 300, NPS 20 Slip—on Flange are with acceptable limits,
considering the following design conditions. The flange is of a loose type with hub and is attached to a
cylindrical shell with Category C fillet welds, see VIII-1 Appendix 2, Figure 2-4 Sketch 3.

General Data:

Cylinder Material

SA—-516, Grade 70

o Desjgn Conditions = 450 psig @ 650°F
e Allopvable Stress at Design Temperature = 18800 psi

e Allofvable Stress at Ambient Temperature = 20000 psi

e Corfosion Allowance = 0.0 in

Flange Data

e Mategrial = SA-105

e Allovable Stress at Design Temperature = 17800 psi

e Allofvable Stress at Ambient Temperature = 20000 psi

Mod

ulus of Elasticity at Design Temperature

26.0E+06 psi

e Modulus of Elasticity at Ambient Temperature = 294E +06 psi
Bolt Data
e Matgrial 3 SA—-193, Grade B7
e Allopvable Stress at Design Temperature = 25000 psi
e Alloyable Stress at Ambient Temperature = 25000 psi
o Diareter = 1.25 in
= 24
= 0.929 in®
e Matgrial = Kammprofile
e Gasket Factor = 2.0
e Seating Stress = 2500 psi
e Insifle Diaméter = 20.875 in
e Outside-Diameter = 22.875in

Design rules for bolted flange connections with ring type gaskets are provided in VIII-T Mandatory
Appendix 2. The rules in this paragraph are the same as those provided in VIII-2, paragraph 4.16.
However, there are differences to be noted, including a step-by-step design procedure, nomenclature
regarding operating and gasket seating bolt loads, the inclusion of a flange moment due to externally
applied axial forces and bending moment, and minor differences in bolt spacing criteria. Therefore,
while the example problem will be presented for use with VIII-1, Appendix 2, references to VIII-2
paragraphs will be provided, as applicable.

Evaluate the flange in accordance with VIII-1, Appendix 2.
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Establish the design conditions and gasket seating reaction diameter, (VIII-2, paragraph 4.16.6).

a) STEP 1 — Determine the design pressure and temperature of the flanged joint
P =450 psig at 650°F
b) STEP 2 — Select a gasket and determine the gasket factors m and y from Table 2-5.1 (VIII-2, Table
4.16.1).
m=2.0

+=2500 ncs
J

ZoO99pot

Nofe: Table 2-5.1 (VIII-2, Table 4.16.1) provides a list of many commonly used gasket tatenjals and
contact facings with suggested design values of m and y that have generally proved satisfactory |n actual
seryice when using effective seating width b given in Table 2-5.2 (VIII-2, Table 4.16.3)+The desigh values
and other details given in this table are suggested only and are not mandatory.

Forl this example, gasket manufacturer’s suggested m and y values were used:

c) STEP 3 — Determine the width of the gasket, N, basic gasket seating width;-b,, the effective gaske{ seating
dth, b, and the location of the gasket reaction, G.

N =0.5(GOD-GID)=0.5(22.875-20.875) = 1.0 in

w

from Table 2-5.2 (VIII-2, Table 4.16.3), Facing Sketch Detailda, Column II,

b= _L0 500 in
2 2

for|b, >0.25 in,

b=C,\lb, =(0.5)40.500 = 0.3536an

where,

C, =0.5, for US Customiary Units

therefore, from paragraph\2-3 the location of the gasket reaction is calculated as follows.
G = outside diameter of gasket contact face less 2b
G=G,.—-2bx22.875 —2(0.3536) =22.1678 in

where,

G.= min[Gasket OD, Flange Face OD] = min[22.875, 23.0] =22.875in

Paragraph 2-5 — Calculate the design bolt load for the operating and gasket seating conditions, (VIII-2,
paragraph 4.16.6).

a) STEP 1 - Paragraph 2-5(c)(1), determine the design bolt load for the operating condition.
W,=H+H,6 = 0.785G’P + (2b -3. 14GmP) for non—self —energized gaskets

W, =0.785(22.1678)" (450) +2(0.3536)(3.14)(22.1678)(2.0)(450) = 217894.5 Ibs
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b) STEP 2 — Paragraph 2-5(c)(2), determine the design bolt load for the gasket seating condition.

w ,=3.14bGy for non—self —energized gaskets
w.,= 3.14(0.3536)(22.1678)(2500) =61532.5 lbs

c) STEP 3 - Paragraph 2-5(d), determine the total required and actual bolt areas.

The total cross-sectional area of bolts A,,, required for both the operating conditions and gasket seating is
determined as follows.

4, =max|4,,, 4,,|=max|8.7158, 2.4613|=8.7158 in

where,
= Wm1 _ 217894.5 — 87158 in’
Sb 25000
A, = Wo O15325 5 46132
S 25000

The¢ actual bolt area A4, is calculated as follows.

A, =(Number of bolts)(Root area of one bolt) =24(0;929) = 22.2960 in’

Velify that the actual bolt area is equal to or greater than the tetal required area.

{4,=22.2960 in’} > {4, =8.7158 in’ | True

d) STEP 4 — Paragraph 2-5(e), determine the flange\design bolt load.

Fo1 operating conditions,

W=Ww  =217894.5 Ibs

ml

Forn gasket seating,

(4,+4,)S, _ (87158+22.2960)25000
2 2

=387647.5 Ibs

Commenptary: VIII-2 desigh procedure to determine the design bolt load, paragraph 4.16.6:

1) | The nomenclature differences include:

W,, holttoad for operating conditions and flange design load bolt, (VIII-1 W,,,;, W).
W, =H+H, =0.785G*P+(2b-3.14GmP) — ASME VIII -1
W,=H+H,=0.785G*P+(2b-7GmP)  — ASME VIII -2

Wy, design bolt load for the gasket seating condition, (VIII-1, W,,).

W, =3.14bGy—> ASME VIII 1
W, =xbGy —> ASME VIII -2

Wy, flange design bolt load for gasket seating (VIII-1, W).
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2) When calculating the required total cross-sectional area of bolts using the VIII-2 procedure, the
designer has the ability to add an externally applied net-section axial force, F4, and bending moment,
M, to the bolt load W, for the operating condition. This is shown in the following equation.

A =max

gs
S, S

bg

4M
W +F, + GE [Wj

3)

the application of the two. This will be further discussed later in the example problem.

Commenptary: VIII-1, Appendix 2 does not include an overall step-by-step procedure to design g flange.
Howevelr, an organized procedure of the steps taken when designing a flange is presentedsin VIII-2, pgragraph
4.16.7. [The procedure is applicable to VIII-1, Appendix 2 and is presented in this example‘problem to agsist the

designef.

VIII-2, paragraph 4.16.7, Flange Design Procedure. The procedure in this pafagraph can be used t¢ design

circular jntegral, loose or reverse flanges, subject to internal or external pressure, and external loadings. The

procedure incorporates both a strength check and a rigidity check for flange rotation.

a)

b)

STEP 1 — Determine the design pressure and temperature of the flahged joint.
P =450 psig at 650°F

STEP 2 — Determine the design bolt loads for operating.condition W, and the gasket seating condition W,
and the corresponding actual bolt load area A, (VIlI-T, paragraph 2-5).

W =217894.5 Ilbs Operating Condition
W =387647.5 lbs Gasket Seating

A, =22.2960 in’

STEP 3 — Determine an initial.flange geometry, in addition to the information required to determing| the bolt
loaf, the following geometric-parameters are required, (VIIl-1, paragraph 2-3). The flange is an ASME
B16.5, Class 300, NPS 20, Slip—on Flange.

1) | Flange bore
B =20.20 in

2) | Bolt circle diameter
C=270in

3) Outside diameter of the flange
A=30.5in

4) Flange thickness
t=244in

5) Thickness of the hub at the large end
g, =1.460 in
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6) Thickness of the hub at the small end
g, =1.460 in

7) Hub length
h=125in

d) STEP 4 — Determine the flange stress factors using the equations/direct interpretation from Table 2-7.1 and
Figure 2-7.1 — Figure 2-7.6 and paragraph 2-3.

Figure 2-7.1:
= é = ﬂ =1.5099
B 20.20

2
Y= ;{0.66845 + 5.71690(%)}

(1.5099)’ log,, [1.5099]
(1.5099)" ~1

Y-
1.5099 -1

[0.66845+5.71690 }=4.8850

K*(1+8.55246log,, K) -1  (1.5099)" (1+8.552461og,,[1.5099]) -1

_ ! - 2 —1.7064
(1.04720+1.9448K7)(K ~1) (104720 +1.9448{1.5099)"}(1.5099 1)
 K*(1+8.55246l0g,, K )1 (1.5099) (1% 8.55246l0g,, [1.5099])-1 s 3681
136136(K” ~1)(K~1)  136136((1.5099)" ~1)(1.509-1)
K*+1) ((1.5099) +1
2= 2+)=(( )2 )=2.5627
(K*=1) {(1.5099)" <1
Figure 2-7.4:
B ho o A2s 125 oo
h, \[Bg, (20.20)(1.46) 54307
& 140" 4
g, L4600

Interpretation of Figure 2-7.4. F;, ~ 3.3. From the equations of Table 2-7.1. F; = 3.2609.

Figure 2-7.5:

with h/h, = 0.2302 and g,/g, = 1.0:

Interpretation of Figure 2-7.5, V; = 11.4. From the equations of Table 2-7.1, V; = 11.3725.
Figure 2-7.6:

with h/h, = 0.2302 and g,/g, = 1.0:
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Interpretation of Figure 2-7.6, f = 1.0. From the equations of Table 2-7.1, f = 1.0.

Paragraph 2-3:

Uglh, (5.3681)(1.460)" (5.4307)
v, 11.3725

d =5.4642 in’

£ 3209 _ 4 6005 i
h, 54307

Commentary: VIII-2, Table 4.16.4 provides the equations to determine the flange str€ss factors ¥
as fa function of K as provided for in VIII-1, Figure 2-7.1, and the flange factors/d, e, L located i
paragraph 2-3. Similarly, VIII-2, Table 4.16.5 provides regressed curve-fit equations of the flang

fac

fit pquations are shown for informational purposes with the variable \substitution of X;, = h

9

3 3
_texl 11 244(0.6005)+1 (2.44)

=4.1032
r d 1.7064 5.4642

L

ors F;,V,, f as provided in VIII-1, Figure 2-7.2, Figure 2-7.3, and Figure2-7:6, respectively. Th

= 91/90-
0.941074+0.176139(In[ X, ])-0.188556 (InX, ]) +

0.0689847(ln[Xg])2 +0.523798(In[X,])" -

0.513894(In[ X, ])(In[x,])

1+O.379392(1n[Xg])+O.l84520(1n[Xh])—

0.00605208(ln[Xg])2 ~0.00358934(In[ X, ])2 +

0.110179(In[¥, ) (In[ X, ])

0.941074+0/176139(In[1.0]) - 0.188556(In[0.2302]) +

0.0689847 (In[1.0])" +0.523798(In[0.2302])" -
(513894(In[1.0])(In[0.2302])

1+0.379392(In[1.0])+0.184520(n[0.2302]) -
0.00605208(In[1.0])" —0.00358934 (In[0.2302])" +

,T,U,Z
n VIl-1,
e stress
e curve-
h, and

[0-TT0T79 (I T.0]){In[0.2302]) J
F, =3.2556
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For 0.1< X, <£0.25,

6.57683-0.115516X, +1.39499,[X, (In[ X, ])+

n[7,]=| 0.307340(In[ X, ) ~8.30849,/X +2.62307 (In[ x, ])+

7.035052(10-“)
X

h

0239498, (In[ X, ])-2.96125(In[ X, ]) +

6.57683~0.115516(1.0)+1.394994/1.0 (In1.0) +
In[r,]=| 0.307340(In[1.0])" ~8.30849v/1.0 +2.62307 (In[1.0]) +

7.035052(104‘)
0.2302

0.239498(0.2302)(In[0.2302]) -2.96125(In [0.2302]) +

ln[VL] =2.4244

V, =exp [2.4244] =11.2955

=10

e) STEP 5 - Determine the flange forces, paragraph 2-3.

H,=0.785B’P = 0.785(20.20)2 (450) =144140:1 Ibs

H =0.785G’P = 0.785(22.1678)2 (450) =173591.1 Ibs
H,=H-H, =173591.1-144140.4=29451.0 /bs
H.=W-H =217894.5-173591.1=44303.4 [bs  Operating

f) STHP 6 — Determine the flange ' moment for the operating condition using paragraph 2-6. In these
equftions, hp, hy, and h; are.determined from Table 2-6.

_C-B_276%20.20

h =3.40 in

P 2 2

e = C-G)27.0-22.1678 24161 in
2 2

= h,, th _ 3.40+A2.4161 29081 in
2 2

Paragraph 2-6:
M, =Hyh,+Hh.+H_h;
M, =144140.1(3.40)+29451.0(2.9081)+44303.4(2.4161)
M, =682764.2 in—Ibs

For vessels in lethal service or when specified by the user or his designated agent, the bolt spacing
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correction factor Bg. shall be applied in calculating the flange stress in paragraph 2-7. The flange moment
M, without correction for bolt spacing is used for the calculation of the rigidity index in paragraph 2-14.
When the bolt spacing exceeds 2a + t, multiply M, by the bolt spacing correction factor B for calculating

flange stress, where:

/ B
B, = 5
s¢ 2a+t

Commentary:

1)

2)

3)

4)

ST
equ

The equations for maximum bolt spacing By, @nd bolt spacing correction factor Bg. used'in
2 are the same as in VIII-1 and are in Table 4.16.11.

bolt spacing is used for the calculation of the rigidity index located in Table 4.16,40%

directly incorporated into the calculations for determining the flange moments for both opera
gasket seating.

M, = abs [((HDhD +H b, + Hh; ) B +M08)F;] Internal Pressure

W,(C—-G)ByF,
2

M, = Gasket Seating

net-section axial force and bending moment tg the bolt load for the operating condition.

Equation 4.16.16,

M, =4M, ! § S
0.38461, +1.[\(C—2h,)

EP 7 — Determine the flange moment for gasket seating condition using paragraph 2-6.

(27.0-22.1678)

=936595.1in—1bs

(€-G)
M, =W 52387647 5

P 8 — Detefmine the flange stresses for the operating and gasket seating conditions u
ations in paragraph 2-7.

Note: Paragraph 2-3 — If B < 20g,, the designer may substitute the value of B; for B in the equ

S

where,

As is the case with VIII-1 design, VIII-2 also notes that the flange moment M, without corre|

As previously noted, the VIII-2 procedure provides.the designer the ability to add an externally

externally applied loads induce a bending..moment, referenced as M,,, which is calculat

the VIII-

ction for

The bolt spacing correction factor Bg. and the split loose flange factor of VHI-1; paragraph 2-9, F, are

fing and

applied
These
ed from

5ing  the

htion for

For integral flanges when f = 1.0,

Bl =B+go

For integral flanges when f < 1.0 and for loose type flanges,

B =B+g

Although, {B = 20.20 in} < {20g,; = 20(1.46) = 29.2 in}, the value of B will be used to determine the
value of Sy.

4-336


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

i)

PTB-4-2021

Operating Condition:

Ga

STE

crit

dimensions and go to STEP 4.

Allgwable normal stress — The criteria to evaluate the normal stresses for the operating and gaske
cornditions are shown in VIII-1, paragraph.2-8, for loose type flanges with a hub.

o, (1.0)(682764.2)
Lg'B (4.1032)(1.460)° (20.20)

=3864.5 psi

H

(133te+1)M, [ (1.33)(2.44)(0.6005) +1](682764.2)
- L'B (4.1032)(2.44)’ (20.20)

=4079.9 psi

YM (4.8850)(682764.2)

S, = = —/5, = ~—2.5027(4079.9)=17271.9 psi
" B © (2.44)°(20.20) ( )

sket Seating Condition:

oM, (1.0)(936595.1)
Lg'B (4.1032)(1.460)’ (20.20)

=5301.2 psi

H

(1.33te+1)M, [(1.33)(2:44)(0.6005)+1](682764.2)
w0 (4.1032)(2.44)° (20.20)

=5596.7 psi

S, :%—ZSR = (4'8850)5682764'2) —2.5627(5596.7) = 23701.3 psi
’B (2.44)"(20.20)

EP 9 — Check the flange stress acceptance criteria.“The criteria below shall be evaluated. If th
bria are satisfied, go to STEP 10. If the stress criteria are not satisfied, re-proportion th

e stress
e flange

seating

Opegrating Condition:

S, <158,

{8, =3864.5 psi} <{15(17800) = 26700 psi| True

{S, =4079.9.psif <{S, =17800 psi} True

{ST =172771.9 psz} {Sf =17800 psi} True

(3864.5+4079.9
J Si) - ) 39725 psilﬁ{ S, =17800 psi} True
C 2 2 )
(S, +S;) (3864.5+17277.9) , ~ .
> = =10571.2 psi; < {Sf =17800 psz} True

Gasket Seating Condition:

S, <158,

{8, =5301.2 psi} <{1.5(20000) = 30000 psi} True
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{S, =5596.7 psi} <{S, =20000 psi} True

S, =23701.3 psi; <1S, =20000 psi False
S

=5449.0 psz} <{S, =20000 psi| True

T

{ (S, +S,) (5301.2+5596.7)

(5301.2+23701.3) , ,
=14501.3 psi ¢ <{S, =20000 psi} True
L 2 2 J

Since the acceptance criteria is not satisfied for the Tangential Flange Stress, S; re-proportion the flange
dimensions and go to STEP 4 to re-evaluate the design.

=1

j)  STEP 10 — Check the flange rigidity criterion in Table 2-14. If the flange rigidity criterion is satisfied, then
thel design is complete. If the flange rigidity criterion is not satisfied, then, re-proportion th¢ flange
dimensions and go to STEP 3.

Opgrating Condition:
_ 52.142VLM0 <1.0
LEngKLhU
g 52.14(11.3725)(682764.2)
(4.1032)(26.0E + 06)(1.460)2 (0.2)

=1.6391;<1.0 Not Satisfied
(5 4307)

where,

K, =0.2 for loose type flanges

Gapket Seating Condition:

_ 5214V M, _
LE g.K,h,

o 52.14(11.3725)(936595.1)
© (4.1032)(29/4E +06)(1.460)° (0.2)

=1.9885:<1.0 Not Satisfied
(5 4307)

where,

K, =02 for loose type flanges

Since the flange rigidity criterion is not satisfied for either the operating condition or the gasket seating cpndition,
the flange dimensions should be re-proportioned, and the design procedure shall be performed beginning with
STEP 3.

NOTE: Although the proposed ASME B16.5 slip-on flange is shown not to satisfy the Tangential Flange Stress,
St, in the gasket seating condition and the flange rigidity acceptance criteria of VIII-1 Appendix 2 Rules for
Bolted Flange Connections, ASME B16.5-2009, Table 11-2—1.1, Pressure—Temperature Ratings for Group 1.1
Materials, states an ASME Class 300 flange is permitted to operate at a pressure of 550 psi for a coincident
temperature of 650°F.
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417 Clamped Connections
4171 Example E4.17.1 — Flange and Clamp Design Procedure

Using the data shown below, determine if the clamp design meets the design requirements of Section VIII,
Division 1.

Data (Refer to Figure E4.17.1):

e Desjgn Conditions = 3000 psi@ 200°F
e Corfosion Allowance = 0.0 in
Clamp:
e Matgrial = SA—-216, Grade WCB
¢ Insigle Diameter = 43.75 in
e Thigkness = 7.625in
o Width = 28.0in
e Gap = 14.0 in
e Lug|height = 15.0 in
e Lug|Width & 28.0 in
e Lip Length = 2.75in
¢ Radial Distance from Connection Centerline to Bolts = 32.25in
e Distance from W to the point where the clamp lug = 3.7in
joing the clamp body
e Allowable Stress @ Design Temperature = 20000 psi
¢ Allovable Stress @ Ambient Temperature = 20000 psi
Hub:
e Matgrial = $4-105
¢ Insigle Diameter = 18.0 in
e Pipg End Neck Thiekness = 12.75 in
e Shoulder End Neck Thickness = 12.75 in
e Shoulder Thickness = 7.321in
e Shoulder Height = 2.75in
e FrictionAngle = 5 deg
e Shoulder Transition Angle = 10 deg
e Allowable Stress @ Design Temperature = 20000 psi
e Allowable Stress @ ambient Temperature = 20000 psi

Bolt Data:

Material
Allowable Stress @ Design Temperature
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e Allowable Stress @ Gasket Temperature = 23000 psi

e Diameter = 1.75 in

e Number of Bolts = 2

e Root area = 1.980 in’

Gasket Data:

o Material = Self Energizing O-ring Type
(] Ga 'r\ct RUth;UII LUbGt;UII - 19.0 I:Il

e Gasket Factor = 0

e Seafing Stress = 0 psi

Design |rules for clamped connections are provided in VIII-1 Mandatory Appendix 24:) The rulej in this

paragraph are the same as those provided in VIlI-2, paragraph 4.17. However, there are differgnces to
be noted, including a step-by-step design procedure and nomenclature about operating and| gasket
seating|bolt loads. Therefore, while the example problem will be presented for use with Vili-1, Appendix
24, refefences to VIII-2 paragraphs will be provided, as applicable.
Evaluat¢ the clamp in accordance with VIII-1, Appendix 24.
Establigh the design conditions and gasket reaction diameter.
a) STEP 1 — Determine the design pressure and temperature-of the flanged joint

P =3000 psig at 200°F
b) STEP 2 — Select a gasket and determine the gasket factors m and y from Table 2-5.1.

m=0.0 for self —energized-guaskets

y=0.0
c) STHP 3 — Determine the width of-the gasket, N, basic gasket seating width, b, the effective gasket peating

width, b, and the location of the gasket reaction, G.
N=0.0 forcself —energized gaskets
Frgm Table 2-5.2,.Facing Sketch Detail (not required because gasket is self-energized)
N 0.0 .
b =—=—=—=0.0in
2 2
Fon b, < 0.25 in.,
b=b,=0.0in

Therefore, paragraph 2-3, the location of the gasket reaction is calculated as follows.

G = mean diameter of the gasket contact face
G=19.0in

Commentary: VIII-1, Appendix 24 does not include an overall step-by-step procedure to determine the bolt

loads fo

r the operating, gasket seating, and assembly conditions. However, an organized procedure of the
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steps taken when determining the bolt loads is presented in VIII-2, paragraph 4.17.4. The procedure is
applicable to VIII-1, Appendix 24 and is presented in this example problem in effort to assist the designer.

The procedure to determine the bolt loads for operating, gasket seating, and assembly conditions.
a) STEP 1 — Paragraph 24-3, determine the flange forces for the bolt load calculation.

H =0.785G*P =0.785(19.0) (3000) = 850155.0 lbs

H,=0.0 ( for self —energized gaskets)

H, =0.0 ( for self —energized gaskets )

b) STEP 2 — Paragraph 24-4(b)(1), determine the required bolt load for the operating conditiont

W,, =0.637(H+H,)tan[¢— u]=0.637(850155+0)-tan[10— 5] = 47379.4lbs

c) STEP 3 — Paragraph 24-4(b)(2), determine the minimum required total bolt |ead*for the gaskef| seating
conditions.

W,,=0.637H, tan[¢+ 1] =0.637(0.0)-tan[10+5] = 0.0 Ibs
d) STEP 4 — Paragraph 24-4(b)(3), determine the minimum required total bolt load for the assembly cgndition.

W, =0.637(H+H,)tan[$+ u]=0.637(850155+0):tan[10+5] = 145107.5 Ibs

e) STEP 5 - Paragraph 24-4(c), determine the total required@nd actual bolt areas.

The total cross-sectional area of bolts A,,; required for the operating conditions, gasket seating, and
asgembly condition is determined as follows.

A,, =max W, Wz Wy = max[1.0300, 0.0, 3.1545]=3.1545 in’
28,7 28, 28,
where,
A, W AT 0300 in?
28, 2(23000)

A _ VVmZ _ 0 _ . 2
" 28, ~2(23000)

_ W 1451075 oo

" <28, 2(23000)

Th " [ T : 1 Lol £l L : " 42
C alildl DUIL diITd 15 LAILUIalTU ds TUNTUWS (USITTY twU 1.7

Ay, =(Number of bolts)(Root area of one bolt)=2(1.980)=3.96 in’

= 'H n 1 Lba)
Y T Ulalticich DUILS ).

Verify that the actual bolt area is equal to or greater than the total required area.

{4, =3.96in} 2 {4, =3.1545 i’} True
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f)  STEP 6 — Paragraph 24-4(d), determine the clamp connection design bolt load, V.

Operating conditions:

W =W, =47379.4 Ibs

Assembly conditions:

A

—

W =(A,, +4,)S, =(3.1545+3.96)23000 = 163633.5 Ibs

rnatively, if controlled bolting (e.q., bolt tensioning or torque control) techniques are used to a

semble

the

pro

Nofe: This calculation is shown for informational purposes only and will not be<used in the
blem.
ntary:  VIII-1, Appendix 24 does not include an overall step-by-step procedure to design 3

Comme
Howevel
4.17.5.

the desi

The prdcedure to design a clamp connection is shown below:

a) ST
Sed

b) ST
Fig

Cor

d) ST

clamp, assembly design bolt load may be calculated as follows.

W=24,, -5, =2(3.1545)23000 = 145107.0 Ibs

r, an organized procedure of the steps taken when designing a clampfis-presented in VIII-2, p3
The procedure is applicable to VIII-1, Appendix 24 and is presentedtin this example problem
jner.

EP 1 — Determine the design pressure and temperatuire of the flange joint.
e above data.

EP 2 — Determine an initial flange and clamp geometry see Figures 24-1 Sketch (a) and Sketch
ure E4.17.1 of this example.

EP 3 — Determine the design bolt loads for operating condition, W, and the gasket seating and a

dition, W, from VIII-1, paragraph.24-4(d).
W =47379.4 Ibs Operating Condition
W =163633.5 Ibs Assembly Condition

EP 4 — Determine'the flange forces, Hp, H;, and Hy from VIII-1, paragraph 24-3.

H, =0.785B°P = 0.785(18.0)" (3000) = 763020.0 Ibs

SISy gy ) LSTIAT3T9)
G tan[¢5+lu] P tan[10+5]

—~(850155.0+0) = —572367.1 Ibs

bxample

clamp.
ragraph
0 assist

(c) and

5sembly

LL LL LL Qo o e Wale WaVa VaWat Q712 FaNil & 1
HT — 11 _HD —O0JIVUIDOD. U= T/705VULU.U=0/7150.U DS

e) STEP 5 — Determine the flange moment for the operating condition paragraphs 24-3 and 24-5. In these
equations, the moment arms hp, h;, and hy and constants A,C,N,h, and h, are determined from
paragraph 24-3.

M, =M +M . +M,+M,.+M,+M,
M, =5961093.8+0.0+1214444.1+0.0+25944.2 +(—255151.2) = 6946330.9 in—Ibs
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C—(B+g,)| |46375—(18.0+12.75)
T )T 2

} =7.8125 in

h.=0.0 for full face contact geometries

( c_(B;Gﬂ H46.375—(18'O;19'0)H

) 12
= = = 1J

IlT 2 2

A=B+2(g +g,)=18.0+2(12.75+2.75) = 49.0 in

(A+Cl.) (49.0+43.75) ]
C= 5 = 5 =46.375in

N=B+2g, :18.0+2(12.75)=43.5 in

s_ Tgthig _ (7.321)°12.75+(7.0785)" 2.75 _ S i
2(Tg, +hg,) 2(7.321(12.75)+7.0785(2.75))

h, =T—%n[¢]=7.321—

2.75 tan[lO] 70

thefefore,
M, = HDhD = 763020.0(7.8125) =5961093.8 /bs
M, = HGhG = —572367.1(0.0) =0.0

M, = H,h, =87135.0(13.9375) = 1214444.1 in— Ibs

=0.0

M,=H, (—gl &4 j = 763020.0£—12'75 _12'75]
2

M, (3.14)PBT(§—}TJ

7.321

M (3.14)(3000)(18.0)(7.321)(7—3.6396) =25944.2 Ibs

M, =1.571W(E—T+(C_N;tan[¢]j

(46.375—43.5)tan[10]
2

M, = 1.571(47379.4){3.6396 -7.321+

4-343
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STEP 6 — Determine the flange moment for the assembly condition paragraph 24-5.

0.785W(C—~G) _ 0.785(163633.5)(46.375-19.0)

0 =13123315.0 in—1Ibs
tan ¢+ ] tan[10+5]

STEP 7 — Determine the hub factors, paragraph 24-3.

T’ h —
I, :ng+%—(g2h2 +ng)h2

ST
op4

ST
asg

_TZT75(732T) A 275(70786]
' 3
I, =498.4148 in*
Tal +hg, (2g,+g,)  7321(12.75) +7.0786(2.75)(2(12.75) +2.75)
2(Tg, +hg,) 2(7.321(12.75)+7.0786(2.75))
g=77123 in

~(2.75(7.0786)+12.75(7.321)) (3.6396)’

g_:

EP 8 — Determine the reaction moment, My and reaction shear~force, Q at the hub neck
rating condition, paragraph 24-3.

M
M, = °

1+1.818 T—7+ 23.3()5],1_
Bg, g (0.53+g)

6946330.9

M, =

1+1-818{7.321_3.63%+

18.0(12.75)
M, =4586392.3 in—Ibs

3.305(498.4148)
(12.75)° (0.5(18.0)+7.7123)

0= 1.818M,,  1.818(4586392.3)
VBg, (18(12.75)

EP 9 — Determinenthe reaction moment, My and reaction shear force, Q at the hub neck
embly condition;-paragraph 24-3.

=550394.1 Ibs

M, = e -
L LBI8| - 3305,

Bg, 2. (0.58+%)

13123315.0

. 498.414
1+—1'818 7.321-3.6396 + 3.305(498.4148)

18.0(12.75) (12.75)° (0.5(18.0)+7.7123)
M,, =8664814.8 in—Ibs

M, =
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_1.818M, 1.818(8664814.8)
NEX J18.0(12.75)

j)  STEP 10 — Determine the clamp factors paragraph 24-3.
A =A4+A4,+A4,=972188+91.3389+38.5=227.0577 in’

=1039828.7 Ibs

Q

where,

4 =(C _=2C)C =(0R0-2(7 625))7 625 =097 218K in’

4, =1.571C? =1.571(7.625)" =91.3389 in’
4,=(C,-C,)I, =(28.0-14.0)2.75=38.5 in’

¢, =B, —%—IC ~X= 32.25—%—2.75—2.7009 =4.9241 in
where,
(CW—Q c’-05(c,-c,)r 28762517 6259 “0.5(28-14)(2.75)
yol2 3 e 2 3
4, 227.0577
X =2.7009 in

2
I, =(i+ﬁjcf +i—ACX2
3 4 3

38:5(2.75)
I = (97'23 188, 91"1 ) 89](7.625)2 wu(f)—227.0577(2.7009)2 =1652.4435 in’*

k) STEP 11 — Determine the hub stress correction factor, f, based on g4, gy, h, and B using Figure 2}7.6 and
l,, bsing the following equation(in paragraph 24-3.

s 1275 0
g, 1275
vk 00 oo

" h, fBe,  f1s(12.75)

Since X,;°= 1.0, f = 1.0 per Figure 2-7.6.

A A OS5 (N o Miar X~ A W~
I TUoCT T 7o Uo

) STEP 12 — Determine the hub and clamp stresses for the operating and assembly conditions using the
equations in paragraphs 24-6 and 24-7.
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Operating Condition — Location: Hub:

Longitudinal Stress:

PB? 1.91M
S =f + u
1 {4gl(3+gl) gf(“&)}
{ 3000(18.0)2 1.91(4586392.3)
S, = +

=2372.2 psi
4(12.75)(18.0+12.75) (12.75)2(18.O+12.75)} !

Hopp Stress:

2 2 2 2
S2=P(x . B }3000[(43.5) +(18.0) ]=4239_6 s

-B (43.5)" —(18.0)°

Axipl Shear Stress:

g - 0.75W . 0.75(47379.4)
' T(B+2g)tan[p—pu] 7.321(18.0+2(12.75))tan[10- 5]

=1275.4 psi

Raglial Shear Stress:

g __04770 _ 0477(550394.1)
' g (B+g) 1275(18.0+12.75)

=669.6 psi

Opegrating Condition — Location: Clamp:
Longitudinal Stress:
w 1 3(C, +21
SS S S ———. (—2”’)
2Ctan[¢—,u] C, C

47379.4 1 3(7.625+2(1.4375))
= +
 2x46.375tan[19—5]| 7.625 (7.625)"

} =3932.2 psi

Tamgential Stress:

W{LH(C—X)}

YN I

c c

)
C 47379.4{ 1 +|4.9241|-(7.625—2.7009)

S
A 2 227 0577 1652.4435

—|:451.9 psi
§|

T
Lip Shear Stress:
1.5W 1.5(47379.4)

S, = = =1251.2 psi
" (C,-C,)Ctan[g—p] (28.0-14.0)(46.375)tan[10-5] P
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Lug Bending Stress:

- 3WL; _ 3(47379.4)(32.7) _83.5 psi
L.L 28.0(15.0)

Bearing Stress at clamp-to-hub contact:

Sy = i = 473794 =2224.3 psi
(A—C,.)Ctan[(zﬁ—y] (49.0—43.75)(46.375)tan[lO—S]
Gapket Seating/Assembly Condition — Location: Hub:
Longitudinal Stress:
1.91(8664814.8
S =f % =1.0 (2 ) =3310.8 psi
g (B+g) (12.75)' (18.0+12.75)
Hopp Stress:
S, =0.0
Axipl Shear Stress:
0.75(163633.5
S, = 0.75W = ( ) =1438.2 psi
T(B+2g,)tan[¢+p] 7.321(18.0+2(12.78))tan[10+5]
Raglial Shear Stress:
4 0.477(1039828.7
- 04770 ( ):1265.1psi
g (B+g) 12.75(18.0+12.75)
Gapket Seating/Assembly Condition— Location: Clamp:
Longitudinal Stress:
3(C +21
SS :L L+(t—2m)
2Ctan|[¢+ u]|-C, C
3(7.625+2(1.4375
s = 186953.5 ! + ( (2 )) =4430.8 psi
2(46.375)tan[10+5] 7.625 7.625
Tavrgential Stress:
Wl_l Ie'-/C _;(\‘I
LA LN AT
2| A 1,
4.9241|-(7.625—-2.7009
Ss = 163633.5 ! +| | ( ) =1560.9 psi
2 227.0577 1652.4435
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Lip Shear Stress:

1.5W 1.5(163633.5) .
S, = = =1410.9 psi
(C,-C,)Ctan[g+u] (28.0-14.0)(46.375)tan[10+5]
Lug Bending Stress:
1 . .
5. = 3WL2a _3(163633 5)(3 7)_ 288.3 psi
L,L, 28.0(15.0)
BeLring Stress at clamp-to-hub contact:
w 163633.5 25083 psi

%= (A-C)Ctan[g+pu] (49.0-43.75)(46.375)tan[10+5]

STEP 13 — Check the flange stress acceptance criteria for the operating and gasket seating condifjons are

shgwn in Table 24-8.

Opgrating Condition — Location: Hub:

{8, =2372.2 psi} <{1.5S,,,, =30000 psi} Trite
{8, =4239.6 psi} <{S,, =20000 psi} True
{8, =1275.4 psi} <{0.8S,, =16000 psi} True
{8,=669.6 psi} <{0.8S,, =16000 psi] True
Opgrating Condition — Location: Clamp:
{8, =3932.2 psi} <{1.55,. =30000’ psi} True
{8, =451.9 psi} <{1.55,. 230000 psi} True
{8, =1251.2 psi} <{0.8S),. =16000 psi} True
{8, =83.5 psi} <S5 = 20000 psi} True
{S, =22243psi} <{1.6-min[S,,, S, ] =32000 psi} True

Gapket Seating/Assembly Condition — Location: Hub:

[8,23310.8 psi} <{1.55,, =30000 psi) True
{S,=0 psi}<{S,, =20000 psi) True
{S,=1438.2 psi} <{0.8S,, =16000 psi} True
{S,=1265.1 psi} <{0.8S, =16000 psi} True
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Gasket Seating/Assembly Condition — Location: Clamp:

{8, =4430.8 psi} <{1.5S . = 30000 psi} True

{8, =1560.9 psi} <{1.58,. =30000 psi} True

{8, =1410.9 psi} <{0.85,. =16000 psi} True

{8, =288.3 psi} <{S,. =20000 psi} True

{S,=2508.3 psi} <{1.6min[S,, S,.]=32000 psi| True
Since thie acceptance criteria are satisfied, the design is complete.
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| h A
T hy C N
= - H,or H
91790 v p m

N ‘ Hp L« HTT
¥ G
B

—_——— — — Clamp

B+ + B [Note (1)]

Neutral Axis

«—B.——> l
Neutral Axis
»LaF /’,__
- Note 2
Vv
W{2/j// /
: : //// ’
Lo {4 fif 7y Cjl2
VLl N

Section A-A

Notes:
1) See Figure 4.17.2 for sction B-B
2) Clamp may have spherical depressions at bolt holes to facilitate the use of spherical nuts

O /]
OO

Section B-B

Figure E4.17.1 — Typical Hub and Clamp Configuration
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4.18 Tubesheets in Shell and Tube Heat Exchangers

4.18.1 Example E4.18.1 — U-Tube Tubesheet Integral with Shell and Channel

A U-tube heat exchanger is to be designed with the tubesheet construction in accordance with configuration a
as shown in VIII-1, Figure UHX-12.1, Configuration a.

Data Summa

The data summary consists of those variables from the pomenclature (see VIlI-1, paragraph UHX-5.1) th
applicalfle to this configuration.

The shell side design condition is -10 to 60 psig at 500°F, and the tube side design condition is

-15
The

The
has
The
is 1
ont

The
she

The
cha

Design Conditions:

to 140 psig at 500°F.

tube material is SA-249, Type 316 (S31600). The tubes are 0.75 in. outside diameter and 0.065

tubesheet material is SA-240, Type 316 (S31600). The tubesheet diameter is 12.939 in.~The tu
76 tube holes on a 1.0 in. square pattern with one centerline pass lane and no pass |partition

largest center-to-center distance between adjacent tube rows is 2.25 in., the length{of the untu
.626 in., and the radius to the outermost tube hole center is 5.438 in. There iS/sno corrosion al
ne tubesheet. The tubes are full-strength welded to the tubesheet with no credit taken for expan

shell material is SA-312, Type 316 (S31600) welded pipe. The shell inside diameter is 12.39 in,
| thickness is 0.18 in.

channel material is SA-240, Type 316 (S31600). The channélinside diameter is 12.313 in.
hnel thickness is 0.313 in.

Tubes.

Psdmax = 60 psig

Psdmin = -10 psig
Piamax = 140 psig
Primin = -15 psig
7= 500°F

e = 500K

75 = S00°F

n. thick.

besheet
jrooves.
bed lane
owance
sion.

and the

and the

at are

di=0.75 in.

Eir=25.9E6 psi from Table TM-1 of Section II, Part D at T’

Sir = 18,000 psi from Table 1A of Section II, Part D at 7 (for seamless tube, SA-213)
t:=0.065 in.

The tubes are SA-249, Type 316 (welded). VIII-1, paragraph UHX-5.2 requires the use of the allowable

stress for the equivalent seamless product, which is SA-213, Type 316.
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Tubesheet:

Tube Pattern: Square

A=12.939 in.
AL =26.16 in.2
c:=0in.

E =25.9E6 psi from Table TM-1 of Section II, Part D at T’

i = 0.521 1n. (assumed)

1o = 0 in.

.21 =11.626 in.

p=1.0in.

o =15.438 in.

S = 18,000 psi from Table 1A of Section II, Part D at T’
Sy = 20,000 psi from Table Y-1 of Section II, Part D at T’
UL =2.25 in.

o = 0 for no tube expansion

pll:

D; = 12.39 in.

E's = 25.9E6 psi from Table TM-1 of Section II, Part D at 7

Ss = 18,000 psi from Table 1A of Section II, Part D at 7s (for seamless pipe, SA-312)
ts = 0.180 in.

vs = 0.31 from Table PRD-ofSection II, Part D for High Alloy Steels (300 Series)

The shell is SA-312, Type 316 welded pipe. VIII-1, paragraph UHX-5.2 requires the use of the
allowable stress for the equivalent seamless product, which is SA-312, Type 316 seamless pipe

Channel:

D. = 12.3137in.
Ec. =25:9FE6 psi from Table TM-1 of Section II, Part D at Tt
S0 18,000 psi from Table 1A of Section I, Part D at 7.

te=0.313 in.
ve = 0.31 from Table PRD of Section II, Part D for High Alloy Steels (300 Series)
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Calculation Procedure

The calculation procedure for a U-tube heat exchanger tubesheet is given in VIII-1, paragraph UHX-12.5. The
calculation results are shown for the loading cases required to be analyzed (see paragraph UHX-12.4).

a) STEP 1 - Calculate Do, 1, 1/* and h; from VIII-1, paragraph UHX-11.5.1.
Do =11.626 in.
1=0.2500
i+ —"0-7500-1n
p*=1.152 in
1= 0.3489
hg =0 in.
b) STEP 2 - Calculate ps and pc. For each loading case, list the tubesheet loads @nd the calculated vplue of
Ms for configuration a.
os = 1.066
o = 1.059
Summary Table for Tubesheet Loads.and STEP 2
Loading Case (fssi) (;Jsti) (II/Z?) (inﬁ[bT/?r )
1 -10 140 0 -160.1
2 60 -15 0 87.03
3 60 140 0 -77.14
4 -10 -15 0 4.030
c) STEP 3 - Calculate //p. Determine E*/E and v* from VI, paragraph UHX-11.5.2 and calculate H*.
ji/p = 0.5210
E*/E = 0.4452
v¥=10.2539
E* = 11.53E6 psi
d) STEP 4 ='Fof configuration a, calculate shell coefficients [, ks, As, & and @s.

3i=1.206 in."!

ks =33.60E3 [b

As =32.26E6 psi

& = 6.956E-6 in.>/Ib
ws = 0.4894 in.?
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For configuration a, calculate channel coefficients A, ke, Ac, & and .
Se=0.9129 in.™!
ke=0.1337E6 Ib
Ae=111.0E6 psi

& =3.951E-6 in.’/Ib

we=0.7535 in.?

e) STEP 5 - Calculate K and F’ for configuration a.
K=1.113
F=9.446
f)  STEPS 6 thru 8 — For each loading case, calculate M*, M), M,, M and tubesheetbending stress ¢.
Summary Table for STEPS 6 thru 8
Loagling M* M, Mo M o 25
Cgse (in.-Ibfin.) (in.-Ibfin.) (in.-Ibfin.) (in.-lb/in ) (psi) (ppi)
-49.75 568.2 -462.6 5682 35,990 36,p00
y 46.36 -282.0 2334 282.0 17,870 36,p00
-1.014 305.5 -244.3 305.5 19,350 36,p00
4 -2.378 -19.33 15.04 19.33 1,224 36,p00
Forl Loading Cases 1-4 |o| < 2S. The bending stress criterion for the tubesheet is satisfied.
g) STEP 9 - Check the criterion below for the largest value of |Ps — P4 and calculate the shear stress, |if
required.
. duh .
{|P, — P;| = 150.0 psi}< { D -m1n[0.8S,0.5335y] =477.7 psz} True
Since the above criterion is.satisfied, the shear stress is not required to be calculated.
h) STEP 10 — For each loading case, calculate the stresses in the shell and channel for configuration &, and

chgck the acceptance criterion. The shell thickness shall be 0.18 in. for a minimum length of 2.688 |in.
adjacent to the tubesheet, and the channel thickness shall be 0.313 in. for a minimum length of 3.534 in.
adjpcent to thextubesheet.

Summary Table for STEP 10, Shell Results

LoadingCase (s a5, s ] SST
(psi) (psi) (psi) (psi)

1 -169.6 -17,600 17,770 27,000

2 1,018 12,210 13,230 27,000

3 1,018 -5,336 6,354 27,000

4 -169.6 -53.91 223.5 27,000

For Design Loading Cases 1 - 4 |os| < 1.5Ss. The stress criterion for the shell is satisfied.
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Summary Table for STEP 10, Channel Results

Loading Case (O-pcs}s (‘g;f) ( poéi) l(pSSLIS;c
1 1,343 25,290 26,640 27,000
2 -143.9 -11,690 11,830 27,000
3 1,343 14,630 15,970 27,000
4 -143.9 -1,023 1,167 27,000

For Design Loading Cases 1-4 |o¢| < 1.58c. The stress criterion for the channel is satisfied.

The calgulation procedure is complete, and the unit geometry is acceptable for the given design eonditions and

assumef tubesheet thickness.
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4.18.2 Example E4.18.2 — U-Tube Tubesheet Gasketed with Shell and Channel

A U-tube heat exchanger is to be designed with the tubesheet construction in accordance with configuration d as
shown in VIII-1, Figure UHX-12.1, Configuration d.
e The shell side design condition is -15 to 10 psig at 300°F and the tube side design condition is 0 to 135 psig

at 300°F.

e The tube material is SB-111, Admiralty (C44300). The tubes are 0.625 in. outside diameter and 0.065 in.
thick.

e The[tubesheet materialis SA-285, Grade C (KUZ8U0T). The tubesheet diameteris 20.0In. The tubesheet has

386
grog
unty
corr|
e The
19.3
gas
The
are
5.2,

Data Sy

The dat
applicah

bed lane is 16.813 in. and the radius to the outermost tube hole center is 8.094 in~There is a
bsion allowance on the tube side. The tubes are expanded for the full thickness of the tubesheet

75 in., the inside diameter is 18.625 in., and the gasket factors are y = 105000 psi and m = 3.0.
et width is 0.375 in., the length is 18.625 in., and the rib gasket factorssare y = 9,000 psi and n
shell flange gasket outside diameter is 19.375 in., the inside diameter-is 18.625 in., and the gaske
y = 10,000 psi and m = 3.0. The effective gasket width for both gaskets is per VIII-1 Appendix 2,
sketch (1a). There are (24) 0.75 in. diameter SA-193-B7 bolts'on a 20.875 in. bolt circle.

mma

b summary consists of those variables from the nemenclature (see VIII-1, paragraph UHX-5.1)
le to this configuration.

Design Conditions:

Psdmax = 10 psig
Psdmin = -15 psig
Primax = 135 psig
Pid.min = 0 psig

7 =300°F
T = 300°F:

Tubes:

tube holes on a 0.75 in. equilateral triangular pattern with one centerline pass lane and no-pass |partition
ves. The largest center-to-center distance between adjacent tube rows is 1.75 in., the /length of the

125 0n.

channel flange gasket consists of a ring gasket with a centerline rib. The ring’gasket outside digmeter is

The rib
= 3.75.
t factors
Table 2-

that are

ar—="66257m.

Ewxr=15.3E6 psi from Table TM-3 of Section II, Part D at T’
Sir= 10,000 psi from Table 1B of Section II, Part D at T’
t:=0.065 in.
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Tubesheet:

Tube Pattern: Triangular

Assume an uncorroded tubesheet thickness of 1.405 inches.
A=20in.

AL =29.42 in?

c:=0.125 in.

Dr = 18.625 in.

E = 28.3E6 psi from Table TM-1 of Section II, Part D at T
Gc=19.00 in. (G per VIII-1 Appendix 2)

Gs = 19.00 in. (G per VIII-1 Appendix 2)

) = 1.405 in. — 0.125 in. = 1.28 in. (assumed)

o =0 in.

/.11 =16.813 in.

p =0.75 in.

o = 8.094 in.

S = 15,700 psi from Table 1A of Section II, Part Drat T’

S7e = 15,700 psi from Table 1A of Section II, Part D at 75
Sy = 26,500 psi from Table Y-1 of Sectionll, Part D at T’
UL = 1.75 in.

Wnie = 50,854 [b (Wm1 per VIII-I Appendix 2)

Wmis = 3,505 Ib (Wmi per VIII-1 Appendix 2)

o = 1.0 for full length tub¢-expansion

Calculation Procedure

The tubgsheet is not extended as a flange but has an unflanged extension. The calculation procedure fgr this
extensign is given inVIlI-1, paragraph UHX-9-5(c). The minimum required thickness of this extension
calculated at Tyds:

)1 =10.05561 in.

The calculation procedure for a U-tube heat exchanger tubesheet is given in VIII-1, paragraph UHX-12.5. The
calculation results are shown for the loading cases required to be analyzed (see paragraph UHX-12.4).

a) STEP 1 - Calculate Do, u, 1* and hé from VIII-1, paragraph UHX-11.5.1.

Do =16.813 in.
1= 0.1667
d*=0.5802 in.

4-358


https://asmenormdoc.com/api2/?name=ASME PTB-4 2021.pdf

PTB-4 2021

p*=0.8053 in.
1*=0.2794
hg =0 in.

b) STEP 2 - Calculate ps and pc. For each loading case, list the tubesheet loads and the calculated value of

MTs for configuration d.

ps=1.130
p—1136
Summary Table for Tubesheet Loads and STEP 2
Logding Case (;fssi) (p};ti) (II/Z; (inﬁ[bT/?r )

1 -15 135 50,854 -785.(
2 10 0 3,505 52.33
3 10 135 50,854 -654.1
4 -15 0 0 -78.5(

c) STEP 3 - Calculate 4/p. Determine E*/E and v* from VIII, paragraph UHX-11.5.2 and calculate H*.

i/p = 1.707

E*/E =0.2647

v¥=0.3579

E* =7.491E6 psi

d) STEP 4 - For configuration d, skip STEP.4 and proceed to STEP 5.

e) STEP 5 - Calculate the diameter ratio K and the coefficient F for configuration d.

K =1.190
F=0.4211
f)  STEPS 6 thru 8 — Foreach loading case, calculate M*, My, M., M and tubesheet bending stress ¢.
Summary Table for STEPS 6 thru 8
Loafling M* M, Mo M o 28
Cyse (in.-Ib/in.) (in.-Ibfin.) (in.-Ib/in.) (in.-Ib/in.) (psi) (pki)

-785.0 -159.8 -2,384 2,384 31,250 31,400
02.33 10.65 159.0 199.0 2,083 31,400
-654.1 -133.1 -1,987 1,987 26,040 31,400

4 -78.50 -15.98 -238.4 238.4 3,125 31,400

For Loading Cases 1-4 |0 < 2S. The bending stress criterion for the tubesheet is satisfied.
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g) STEP 9 - Check the criterion below for the largest value of |Ps — P/ and calculate the shear stress,
if required.

auh
(1P, — P,| = 150.0 psi} < { l’;

(o]

-min[0.85,0.533S, | = 637.5 psi} True

Since the above criterion is satisfied, the shear stress is not required to be calculated.

The calculation procedure is complete, and the unit geometry is acceptable for the given design conditions and
assumed tubesheet thickness.
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4.18.3 Example E4.18.3 — U-Tube Tubesheet Gasketed with Shell and Channel

A U-tube heat exchanger is to be designed with the tubesheet construction in accordance with configuration d as
shown in VIII-1, Figure UHX-12.1 Configuration d.
The shell side design condition is 0 to 375 psig at 500°F and the tube side design condition is 0 to 75 psig at

500°F.

The tube material is SB-111, 90/10 Copper-Nickel (C70600). The tubes are 0.75 in. outside diameter and
0.049 in. thick.

The dbesheet

has
in. d
the

a 0]
thic
The
453
gas
she
10,0
sket
The

Data Su

The dat
applicah

De

eep pass partition groove. The largest center-to-center distance between adjacent tube fows is
ength of the untubed lane 41.75 in., and the radius to the outermost tube hole center is’20.5 in.
125 in. corrosion allowance on the tube side. The tubes are expanded for one=half of the tu
ness.

channel flange gasket consists of a ring gasket with a centerline rib. The ring.gasket outside dig
8 in., the inside diameter is 44.38 in., and the gasket factors are y = 10,000 psi and m = 3.0.
et width is 0.50 in., the length is 44.38 in., and the rib gasket factors are'y = 9,000 psi and m = 3.
| flange gasket outside diameter is 44.0 in., the inside diameter is'43.0 in., and the gasket factors
00 psi and m = 3.0. The effective gasket width for both gaskets is per VIlI-1 Appendix 2, Tab
ch (1a). There are (52) 1.0 in. diameter SA-193-B7 bolts onva 46.75 in. bolt circle.

tubesheet shall be designed for a differential design pressure of 300 psi.

mma

b summary consists of those variables fronmthe nomenclature (see VIII-1, paragraph UHX-5.1)
le to this configuration.

5ign Conditions:

Psdmax = 375 psig
Piamax =75 psig
7= 500°F

17 = 500°F

Tubes:

d: <0775 in.

1,534 tube holes on a 0.9375 in. equilateral triangular pattern with one centerline pass lane and*a

0.1875
2.25in.,
There is
besheet

meter is
The rib
75. The
arey =
e 2-5.2,

that are

Emr=T16-5E£6 psifrom Tabte TV=3of Section If; Part Dat 7
Sir = 8,000 psi from Table 1B of Section II, Part D at T
t:=0.049 in.
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Tubesheet:

Tube Pattern: Triangular

Assume an uncorroded tubesheet thickness of 4.275 inches.
A =48.88 in.

AL =93.94 in.?

cr=0.125 in.

Dr = 44.58 1n.

Il = 27.1E6 psi from Table TM-1 of Section II, Part D at T’
Gc =44.88 in. (G per VIII-1 Appendix 2)

Gs = 43.50 in. (G per VIII-1 Appendix 2)

p =4.275 in. — 0.125 in. =4.15 in. (assumed)

1o = 0.1875 in.

L1 =41.75 in.

p = 0.9375 in.

o =20.5 in.

S = 20,000 psi from Table 1A of Section II, Part D-at T’
S = 20,000 psi from Table 1A of Section II, Part D at T
Sy =31,000 psi from Table Y-1 of Section'{f, Part D at T
UL =2.25 in.

Wmic = 140,682 Ib (Wm per VIII-RAppendix 2)

Wmis = 633,863 [b (Wm1 per VIII-1 Appendix 2)

o= 0.50

Calculation Procedure

The tubgsheet is extended as a flange but has no bolt loads applied to the extension. The calculation prpcedure
for this gxtension is given in VIII-1, paragraph UHX-9-5(c). The minimum required thickness of the exterjsion
calculated at Txis;

- <40:2080 in.

The calculation procedure Tor a U-tube heat exchanger tubesheetis given in VII-T, paragraph UAX-TZ5. The
calculation results are shown for the loading cases required to be analyzed (see paragraph UHX-12.4).

a) STEP 1 - Calculate Do, i, /* and hé from VIII-1, paragraph UHX-11.5.1.

Do =41.75 in.
1=10.2000
d*=0.7381 in.
p*=0.9714 in.
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p¥=0.2402
hly = 0.06250 in.

b) STEP 2 — Calculate ps and pc. For Loading Case 3, list the tubesheet loads and the calculated value of
Ms for configuration d.

ps=1.042
pe=1.075
summary lable for Tubesheet Loads and S EF 2
Logding Case (fssi) (;fsti) (II/Z:; (in.]}/IIbT/Sir )

1 N/A N/A N/A N/A
2 N/A N/A N/A N/A
3 375 75 633,863 2,251
4 N/A N/A NIA N/A

c) STEP 3 - Calculate i/p. Determine E*/E and v* from VIII, paragraph UHX-11.5.2 and calculate *.
hi/p = 4.427

E*/E =0.2043

vt =0.4069

E* = 5.537E6 psi

d) STEP 4 — For configuration d, skip STEP 4 and proceed to STEP 5.

e) STEP 5 - Calculate the diameter ratio K*and the coefficient I for configuration d.

K=1.171

F=0.4577

f)  STEPS 6 thru 8 — For Loading Case 3, calculate M*, My, M,, M and tubesheet bending stress o.

Summary Table for STEPS 6 thru 8
Loagling YA M, Mo M o 25
Cqgse (in-Ib/in.) (in.-lb/in.) (in.-1b/in.) (in.-Ib/in.) (psi) (ppi)
N/A N/A N/A N/A N/A NI’A
y N/A N/A N/A N/A N/A NJA
3 5,580 -T,299 26,540 26,540 39,670 40,000
4 N/A N/A N/A N/A N/A N/A

For Loading Cases 1-4 |0 < 2S. The bending stress criterion for the tubesheet is satisfied.

g) STEP 9 - Check the criterion below for the largest value of |Ps — P4 and calculate the shear stress, if
required.

auh
(1P, — P, = 300.0 psi} < { l’;

(o]

-min[0.85,0.533S, | = 1272 psi} True
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Since the above criterion is satisfied, the shear stress is not required to be calculated.

The calculation procedure is complete, and the unit geometry is acceptable for the given design conditions and
assumed tubesheet thickness.
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4.18.4 Example E4.18.4 — U-Tube Tubesheet Gasketed with Shell and Integral with Channel, Extended as
a Flange

A U-tube heat exchanger is to be designed with the tubesheet construction in accordance with configuration e as
shown in VIII-1, Figure UHX-12.1, Configuration e.

e The shell side design condition is 0 to 650 psig at 400°F, and the tube side design condition is 0 to 650 psig
at 400°F.

e  The tube material is SA-179 (K10200). The tubes are 0.75 in. outside diameter and 0.085 in. thick.

) Th
has
Th
is
allg

. Th
fac
ske

. Th
thidg

Data Su

The dat

applicah

Design Conditions:

b tubesheet material is SA-516, Grade 70 (K02700). The tubesheet diameter is 37.25 in. The ty
5 406 tube holes on a 1.0 in. square pattern with one centerline pass lane and no pass partition
b largest center-to-center distance between adjacent tube rows is 1.375 in., the length of'the untu
P6.25 in., and the radius to the outermost tube hole center is 12.75 in. There is{a.0.125 in. ¢
wance on the tube side. The tubes are expanded for the full thickness of the tubesheet.

fors are y = 10,000 psi and m = 3.0. The effective gasket width is pepVIllI-1 Appendix 2, Tab|
tch (1a). There are (36) 1.125 in. diameter SA-193-B7 bolts on a 35:0"in. bolt circle.

p channel material is SA-516, Grade 70 (K02700). The channelinside diameter is 31 in. and the
kness is 0.625 in.

mma

b summary consists of those variables from thezmomenclature (see VIII-1, paragraph UHX-5.1)

le to this configuration.

Psdmax = 650 psig
Psd.min = 0 psig
Pidmax = 650 psig
Pidmin = 0 psig

besheet
jrooves.
bed lane
orrosion

b shell flange gasket outside diameter is 32.875 in., the inside diameteris*31.875 in., and the gasket

e 2-5.2,

channel

that are

7' =400°F
T =T0°F
T =400°F
Tio="400°F
Tubes:
di=0.75 in.

Eir=27.9E6 psi from Table TM-1 of Section II, Part D at T’

Sir = 13,400 psi from Table 1A of Section II, Part D at T
tr=0.085 in.
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Tubesheet:

Tube Pattern: Square

Assume an uncorroded tubesheet thickness of 3.625 inches.
A=37.25in.

AL =136.09 in.?

C=35.01n.

cr—01257m

E = 27.9E6 psi from Table TM-1 of Section II, Part D at T
Gs = 32.375 in. (G per VIII-1 Appendix 2)

i = 3.625 in. — 0.125 in. = 3.50 in. (assumed)

1o = 0 in.

.11 =26.25 in.

p=1.0in.

o =12.75 in.

S = 20,000 psi from Table 1A of Section II, Part D at .
S = 20,000 psi from Table 1A of Section II, Part D at 7
Sy = 32,500 psi from Table Y-1 of Section II, Part D at T’
UL = 1.375 in.

Wmis = 633,930 Ib (Wmi per VIII-1 Appendix 2)

Ws = 644,565 Ib (W per VIII-1 Appendix 2)

o = 1.0 for full length tube expansion

annel:
D:=31.0 in.
Ec = 27.9E6 psi‘ftem Table TM-1 of Section I, Part D at 7
Sc = 20,000 psi from Table 1A of Section II, Part D at Tt
Sy.c = 32,500 psi from Table Y-1 of Section II, Part D at Tt
Spsie= 65,000 psi [2S),c per UG-23(e)] at Tt

QL0
tc — V.ULO 11l

ve = 0.30 from Table PRD of Section II, Part D for Carbon Steels
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tion Procedure

The tubesheet is extended as a flange. The calculation procedure for a flanged extension is given in VIII-1,
paragraph UHX-9-5(a). The minimum required thickness of the flanged extension is the maximum of required
thicknesses for the operating condition (at 7%) and gasket seating condition (at 74):

hr=max (1.563, 1.576) = 1.576 in.

The calculation procedure for a U-tube heat exchanger tubesheet is given in VIII-1, paragraph UHX-12.5. The

calculati
a) ST
b) ST

on results are shown for the loading cases required to be analyzed (see paragraph UHX-12.4).
EP 1 — Calculate Do, w1, 7* and hé, from VIII-1, paragraph UHX-11.5.1.

D, =26.25 in.

i =0.2500

(*=0.6361 in.

p*=1.035 in.

1f=0.3855

hg =0 in.

EP 2 — Calculate ps and pe. For each loading case, list the tubesheet loads and the calculated

value of

Ms for configuration e.
os = 1.233
o =1.181
Summary Table for Tubesheet Loads and STEP 2
Logding Case (fssi) (;Jsti) (II/Z?) (inﬁ[bT/?r )
1 0 650 0 -12,13p
2 650 0 633,930 16,470
3 650 650 633,930 4,337
c) STEP 3 - Calculate h/p. Determine E*/E and v* from VIII, paragraph UHX-11.5.2 and calculate H*.
ji/p = 3.500
E*/E =0.4413
Vv¥&0.3179

d) STEP 4 - For configuration e, shell coefficients - =0, ks =0, As=0, & =0 and @s = 0.

E*=T123TE6 psi

For configuration e, calculate channel coefficients [, ke, Ac, O and ws.

Be=0.4089 in.™!
ke=0.5101E6 Ib
Ae =T7.646E6 psi
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0= 11.71E-6 in’/lb

oc=7.013 in?
e) STEP 5 - Calculate the diameter ratio K and the coefficient F for configuration e.
K=1.419
F=0.9645
f)  STEPS 6 thru 8 — For each loading case, calculate M*, M), M,, M and tubesheet bending stress o.
Summary Table for STEPS 6 thru 8
Loagling M* M, Mo M o 28
Cqgse (in.-1bfin.) (in.-Ib/in.) (in.-Ib/in.) (in.-lb/in.) (psi) (pbi)
-7,572 3,018 -20,200 20,200 25,670 40,p00
y 26,560 6,646 29,870 29,870 39,750 40,p00
18,980 9,664 9,664 9,664 12,280 40,p00
For Loading Cases 1-3 |0l < 2S. The bending stress criterion for the tubesheet is satisfied.
g) STEP 9 - Check the criterion below for the largest value of |Ps — P4sand calculate the shear stress, if
required.
] 4uh .
{|P, — P,| = 650.0 psi} < { o min[0.8S, 0:533S, | = 2133 pSL} True
[
Sinlce the above criterion is satisfied, the shear stress:is not required to be calculated.

h) STEP 10 - For each loading case, calculate the,stresses in the channel for configuration e, and chgck the
acdeptance criterion. The channel thickness.shall be 0.625 in. for a minimum length of 7.923 in. ad|acent
to the tubesheet.

Summary Table for STEP 10, Channel Results
Loadihg Case Oc,m Oeb oe 1'5‘.9" Spsje

° (psi) (psi) (psi) (psi) (ps))

1 7,904 54,420 62,320 30,000 65,0p0

2 0 -56,470 56,470 30,000 65,0p0

3 7,901 -2,048 9,948 30,000 65,0p0
For Design-Loading Cases 1 and 2 |oc| > 1.5Sc. For Design Loading Case 3 |oc| < 1.5Sc. The stress
criterion-for the channel is not satisfied. For Design Loading Cases 1 and 2, since |o¢| < Sps,c, Option 3 in
STEP TT1s permitied.

i) STEP 11 — The design shall be reconsidered by using one or a combination of the following options.

e Option 1 — Increase the tubesheet thickness and return to STEP 1.
e Option 2 — Increase the integral channel thickness and return to STEP 1.

e Option 3 — Perform the simplified elastic-plastic calculation procedures as defined in VIII-1,
paragraph UHX-12.5.11.
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Since the total axial stress in the channel o is between 1.5Sc and Sps,c for Design Condition Loading Cases
1 and 2, the procedure of VIlI-1, paragraph UHX-12.5.11, Option 3 may be performed to determine if the
tubesheet stresses are acceptable when the plasticity of the channel occurs.

The results for the effect of plasticity for Design Condition Loading Cases 1 and 2 are shown below.

Summary Results for STEP 11,
Elastic-Plastic Iteration Results per VIII-1, paragraph UHX-12.5.11, Option 3

Design Condition Loading Case 1 2
158 psi 30,000 30,000
Oc, pSi 62,320 56,470
E;, psi 19.36E6 20.34E6
ke, Ib 0.3539E6 0,3718E6
Ac 5.305E6 5.573E6
F 0.8348 0.8497
M,, in.-lb/in. 2,242 7,928
M, in.-Ib/in. -20,980 31,150
M, in.-Ib/in. 20,980 31,150
|0}, psi 26,660 39,580

The final calculated tubesheet bending stresses of 26,660 psi (Loading Case 1) and 39,580 psi (Loading

Ca
the
abq

The cal
assume

be 2) are less than the allowable tubesheet bending stress of 40,000 psi. As such, this geomet
requirement of VIII, paragraph UHX. The intérmediate results for the elastic-plastic iteration ar
ve.

ulation procedure is complete, and the unit geometry is acceptable for the given design condit
i tubesheet thickness.

y meets
e shown

ons and
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4.18.5 Example E4.18.5 — Fixed Tubesheet Exchanger, Configuration b, Tubesheet Integral with Shell,
Extended as a Flange and Gasketed on the Channel Side

A fixed tubesheet heat exchanger is to be designed with the tubesheet construction in accordance with
configuration b as shown in VIlI-1, Figure UHX-13.1, Configuration b.

Data Summa

The data summary consists of those variables from the nomenclature (see VIlI-1, paragraph UHX-5.1) th
applicalfle to this configuration.

For the Design Condition, the shell side design pressure is 0 to 150 psig at 700°F, and the tube side design
pressure is 0 to 400 psig at 700°F.

There is one operating condition. For Operating Condition 1, the operating pressures and operating metal

temperatures are assumed to be the same as the Design Condition. The shell mean metal tempe
550fF, and the tube mean metal temperature is 510°F.

The|tube material is SA-214 Welded (KO1807). The tubes are 1 in. outside diameter and 0.083 in. th

uns

tubg span is 59 inches.

The|tubesheet material is SA-516, Grade 70 (K02700). The tubesheet diaméter'is 40.5 in. The tu

has

outgrmost tube radius from the tubesheet center is 16.625 in. The distance between the outer tu
facgs is 168 in. The option for the effect of differential radial expansiaf is not required. There is no g

allo

is0

inside diameter of 38.5 in. and an axial rigidity of 114,888 Ib/in. The efficiency of the shell circum
welded joint (Category B) is 1.0.

The|channel flange gasket outside diameter js"37.3125 in., the inside diameter is 36.3125 in., and th

fact

skefch (1a). There are (68) 0.75 in. diameter SA-193-B7 bolts on a 38.875 in. bolt circle.

De

ipported tube span under consideration is between 2 tube supports, and the length.of the unst

649 tube holes on a 1.25 in. equilateral triangular pattern. There iS;no pass partition lane,

vance on the tubesheet. The tubes are expanded to 95% af the tubesheet thickness.

1875 in. There is no corrosion allowance on the shell>>The shell contains an expansion joint th

brs are y = 7,600 psi and m = 3.75...The effective gasket width is per VIII-1 Appendix 2, Tab

$ign Conditions:

Psd max\== 150 pSlg

rature is

ck. The
pported

besheet
and the
besheet
orrosion

The|shell material is SA-516, Grade 70 (K02700). The shell inside diameter is 34.75 in. and the shell ’j‘ickness

has an
ferential

b gasket
e 2-5.2,

at are

Psganin = 0 psig

Pramax = 400 psig
Piamin = 0 psig

T'="700°F
T.="70°F
Tf = 700°F
Ts="700°F
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1:="T700°F

Operating Conditions:

Psot.max = 150 pSlg
Pso1.min = 0 psig
Pio1,max = 400 psig

Pro1,min = 0 psig

71 =700°F

751 ="700°F

T =T700°F

Tsm = 550°F

Tim = 510°F
Tubes:

(i = 1.0 in.

E: = 25.5E6 psi from Table TM-1 of Section II, Part D at/7T7¥ & Tx
Eir = 25.5E6 psi from Table TM-1 of Section II, Patt-D at T’

) = 1 for an unsupported tube span between twao fube supports

0 =59 in.

l: =59 in.

S: = 10,500 psi from Table 1A of Section II, Part D at 7: & 71 (see explanation below)
Sir= 10,500 psi from Table A of Section II, Part D at 7 (see explanation below)

Sy.c = 18,600 psi from Table Y-1 of Section II, Part D at 7 & T

f: =0.083 in.

om1 = 7.3E-6 imylin./ °F from Table TE-1 of Section II, Part D at T7m1

v: = 0.30 from Table PRD of Section II, Part D for Carbon Steels

Since the tubes are SA-214 (welded), VIII-1, paragraph UHX-5.2 requires that the allowable stres
welded tubes be divided by 0.85 if the equivalent seamless product is not available. In this case,

s for the
SA-556,

Grade A2 (K01807) could be used as the equivalent seamless product, but the alternativg

will be

illustrated in this example. When the welded tube allowable stresses are divided by 0.85, the resulting

allowable stresses are S: = 12,353 psi and Sir= 12,353 psi.
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Tubesheet:

Tube Pattern: Triangular
A=40.5in.

Ar =0 in.? for no pass lanes
C=138.875in.

c:=0in.

F—25-5£6 psifromr Tabte-T™M=tof Sectiom H; Part Dat F&
Gc=36.8125 in. (G per VIII-1 Appendix 2)

.= 18.41 in.

1 = 3.0625 in. (assumed)

1o = 0 in.

L: = 168 in.

.= 161.875 in.

N: = 649

p =1.25 in.

o =16.625 in.

S = 18,100 psi from Table 1A of Section II, Part-D at T & T1
Sa = 20,000 psi from Table 1A of Section ZPart D at 7u

S7e = 18,100 psi from Table 1A of Section II, Part D at 75

Sy = 27,200 psi from Table Y-1 ofSection II, Part D at T & T
Sps = 54,400 psi [2Sy per UG-23(e)] at T & Th

Wmie = 512,473 Ib (Wm per)VIII-1 Appendix 2)

We=512,937 Ib (W pex VIII-1 Appendix 2)

o =0.9500

Dy = 38.5Nn.
Ds &-34.75 in.

=738

Es=25.5E6 psi from Table TM-1 of Section II, Part D at 7s & Ts1
Esw=1.0

K;=11,388 Ib/in.

Ss = 18,100 psi from Table 1A of Section II, Part D at 7s & Ts1
Sy.s =27,200 psi from Table Y-1 of Section II, Part D at 7s & Ts1

Spss = 54,400 psi [2S),s per UG-23(e)] at Ts & Tl
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ts=0.1875 in.
as,m = 7.30E-6 in./in./ °F from Table TE-1 of Section II, Part D at T m
vs = 0.30 from Table PRD of Section II, Part D for Carbon Steels

Calculation Procedure

The tubesheet is extended as a flange. The calculation procedure for a flanged extension is given in VIII-1,
paragraph-UHEX-9-5(a)—The-minimum-reguired-thickness—of the-flanged-extension-is-the-maximum-ofrequired

thicknesses for the operating condition (at 7%) and gasket seating condition (at 74):
)1, = max (1.228, 1.168) = 1.228 in.

The calgulation procedure for a tubesheets of a fixed tubesheet heat exchanger is given in Vills1, paragraph UHX-
13.5. The following results are for the design and operating loading cases required to be@nalyzed (see paragraph
UHX-13]4). This example illustrates the calculation of both the elastic and elastic-plastic solutions.

a) STEP 1 - Calculate Do, m, m* and hy from VIII-1, paragraph UHX-11.5.1.

Do = 34.25 in.

11 =0.2000

d*=0.8924 in.

p*=1.250 in.

1f=0.2861

hg =0 in.
Calculate ao, po, pc, Xs and x:.

o =17.13 in.

os = 1.015

oc =1.075

s = 0.4467

e =0.6152

Pl

b) STEP 2 - Calcllate the shell axial stiffness K, tube axial stiffness K; and stiffness factors K, and |
Ks = 3.242E6 Ib/in.

K:=37.67E3 Ib/in.

Ks:=0.1326

J=3.500E-3

For configuration b, calculate shell coefficients f, ks, As and .
Bs=0.7102 in.”!
ks=21.87E3 Ib
As = 0.8794E6 psi
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& = 53.67E-6 in.3/lb
For configuration b, channel coefficients . = 0, ke = 0, Ac =0 and 6. = 0.
c) STEP 3 - Calculate 4/p. Determine E*/E and v* from VIII, paragraph UHX-11.5.2 and calculate E*.
h/p =2.450
E*E=0.2630
n*=0.3640
" = 0./00L0 psi

Calculate X, and parameters Z,, Z4, Zy, Z and Z,, from VIII-1, Table UHX-13.1.
X, =3.963

Vo= 6.547

Vqa=0.02461

/., = 0.06426

/w=0.06426

/m=0.3715

d) STEP 4 — Calculate the diameter ratio K and the coefficient I
K =1.182

= 0.4888

Cajculate @, Q1, Q-1, Q-2 and U.

D =0.6667

01 =-0.02264

0:1=2.856

02 = 6.888

U=13.78

e) STEP 5 - Calculate %@, ws, W, w; and 7. Use the loads listed in the table below to calculate the results
for jan elastic soldtion in the corroded condition.

o, = 2685 in2 @} =—2.654in?
w. ~0'in? w; = 9.682 in?

= —0.06022

Summary Table for Step 5 — Design Condition

*
Loading Case o) o) i) bt
1 0 400 0 512,473
2 150 0 0 0
3 150 400 0 512,473
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Summary Table for Step 5 — Operating Condition 1
*
Loading Case (pPSSi) (rj)Dsti) (i}n/ ) (II/Zf)
1 0 400 -0.04727 512,937
2 150 0 -0.04727 512,937
3 150 400 -0.04727 512,937
4 0 0 -0.04727 512,937
f)  STEP 6 — For each loading case, calculate Py, P{, Py, Po, Pw, Prim and effective pressure P..
Summary Table for STEP 6 — Design Condition
Loafing P/ P! Py Po Pw Pt P.
Cgse (psi) (psi) (psi) (psi) (psi) (psi) (psi)
0 0.8620E6 0 0 230.7 181.9 1399.4
? -46,390 0 0 0 0 18.70 121.50
B -46,390 0.8620E6 0 0 230.7 200.6 1420.9
Summary Table for STEP 6 — Operating Condition 1
Loafling 24 p; P, Pl Pw Prim P
Cgse (psi) (psi) (psi) (psi) (psi) (psi) psi)
0 0.8620E6 -1,254 0 230.9 181.9 -400.0
? -46,390 0 -1,254 0 230.9 18.70 -1.97
B -46,390 0.8620E6 -1,254 0 230.9 200.6 -421.5
4 0 0 -1,254 0 230.9 0 -0.4744
g) STEP 7 — Elastic Iteration: Calcutate (>, O3 and Fy, the tubesheet bending stress and the ajlowable
tubpsheet bending stress.
Summary Table for STEP 7 — Design Condition
/
Loading Case (%%) 0; Fon h (inglg (lp(:t ) ang
1 -7,041 0.09758 0.09751 3.0625 25,540 27,150
2 -319.0 0.07858 0.09006 3.0625 1,269 27,150
3 -7,360 0.09661 0.09713 3.0625 26,810 27,150
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Summary Table for STEP 7 — Operating Condition 1

Loading Case (%?) O3 Fn (i}rll) (|pos1i) (igf)

1 -7,044 0.09747 0.09747 3.0625 25,570 54,400

2 -4,259 1.300 0.6705 3.0625 9,660 54,400

3 -7,363 0.09650 0.09709 3.0625 26,830 54,400

L3 =3;940 5663 2842 370625 8,840 54,400
Fof Design Loading Cases 1-3 |o] < 1.5, and for Operation Condition 1, Loading Cases 1-4-Ja} < §rs. The

be
h) ST

2uh
ﬂg|=4215pﬁ}s{”

(o]

nding stress criterion for the tubesheet is satisfied.

-min[0.85,0.533S, | = 1040 psi}

True

EP 8 — Check the criterion below for the largest value of P. and calculate the shedrstress, if required.

Sirjce the above criterion is satisfied, the shear stress is not required to be calculated.
i) STEP 9 — For each loading case, calculate the axial tube stress and.the allowable axial tube stregs based
on fube buckling.
= 0.3255 in
F; = 181.2
C:=164.5
Summary Table for-STEP 9 — Design Condition
Loading Case Fimin Osl Fimax o2
(psi) (psi)
1 -1.081 -4,024 3.808 7,570
2 -1.014 268.9 3.658 864.7
3 a1.077 -3,755 3.801 8,434
Summary Table for STEP 9 — Design Condition (continued)
Loadiha Case O't,m.ax St. O't,m.in F. Sty
) (psi) (psi) (psi) ' (ps))
1 7,570 12,353 -4,024 1.346 5,693
2 864.7 12,353 -—-
3 8,434 12,353 -3,755 1.350 5,677
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Summary Table for STEP 9 — Operating Condition 1

)

Loading Case Fimin O 1 Fimax o2
(psi) (psi)
1 -1.081 -4,207 3.807 7,581
2 -5.520 -322.2 13.33 2,137
3 -1.077 -3,758 3.800 8,445
4 -213.2 -600.4 451.8 1,272
Summary Table for STEP 9 — Operating Condition 1 (continued)
Loadihg Case Ot,max 25 Ot,min Fs Si
° (psi) (psi) (psi) 3 (ps))
1 7,581 24,706 -4,207 1.346 5,691
2 2,137 24,706 -322.2 1.250 6,129
3 8,445 24,706 -3,758 1.350 5,615
4 1,272 24,706 -600.4 1.250 6,129
Fof Design Loading Cases 1-3 ormax < 57, and for Operation Condition 1, Loading Cases 1-4 ormix < 25:.

The axial tension stress criterion for the tube is satisfied.

Fof all Loading Cases, |0:min| < Sw. The buckling criterign/for the tube is satisfied.

STEP 10 — For each loading case, calculate the axiakmembrane stress in each shell section and d¢termine
thelmaximum allowable longitudinal compressive.stress.

Summary Table for STEP 10 — Design Condition

lloading Case (?S’I") %rii)w (i;?)
1 26.08 18,100 —
2 -764.8 18,100 8,505
3 -738.7 18,100 8,505

Summary Table for STEP 10 — Operating Condition 1

Loading €ase (?ST) ?;1)";; (ig?)
1 0.05859 54,400 —
2 -786.1 54,400 8,505
3 -764.8 54,400 8,505
4 -21.24 54,400 8,505
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For Design Loading Cases 1-3 |0s.m| < SsEsw, and for Operation Condition 1, Loading Cases 1-4 |Os,m| <

Sps.s. The axial membrane stress criterion for the shell is satisfied.

For all Loading Cases where the value of os.m is negative, | 0s,m| < Ss,5. The longitudinal compressive stress
criterion for the shell is satisfied.

k) STEP 11 — For each loading case, calculate the stresses in the shell for configuration b, and check the
acceptance criterion. The shell thickness shall be 0.1875 in. for a minimum length of 4.595 in. adjacent to
the tubesheet.

Summary Table for STEP 11 — Design Condition
Loading Case Os,m osb O3 1'5‘.95 Sesjs
° (psi) (psi) (psi) (psi) (ps))
1 26.08 -42,440 42,470 27,150 54,4p0
2 -764.8 19,210 19,980 27,150 54,4p0
3 -738.7 -23,230 23,970 27450 54,4p0
Summary Table for STEP 11 — Operating Condition 1
Loading Case Os,m Osb o8 SPS:S
° (psi) (psi) (psi) (psi)
1 0.05859 -42,480 42,480 54,40(
2 -786.1 8,633 9,419 54,400
3 -764.8 -23¢270 24,040 54,400
4 -21.24 -10,580 10,600 54,40(
Fof Design Loading Case 1 |os| > 1.5Ss:.Eor Design Loading Cases 2 and 3 |os| < 1.5Ss and for Operation

Copdition 1, Loading Cases 1-4 |os| <.8pss. The stress criterion for the shell is not satisfied. Fo
Logding Case 1, since |as| < Sps,s,\Option 3 in STEP 12 is permitted.

STEP 12 — The design shall bejreconsidered by using one or a combination of the following options,

e | Option 1 — Increasethetubesheet thickness and return to STEP 1.

e | Option 2 — Increase ' the integral shell and/or channel thickness and return to STEP 1.

e | Option 3 — Pefform the elastic-plastic calculation procedures as defined in VIII-1,
paragraph\JHX-13.7.

S

infce the'total axial stress in the shell 5,1 is between 1.5S55,1 and Sps;s,1 for Design Condition Loadi
1, the_procedure of VIII-1, paragraph UHX-13.7 may be performed to determine if the tubesheet stre

Design

hg Case
5ses are

PR : o ' P Pt FRT
aCbUpldUlC WIICTT UITE Plasttity O UIE ST OCLUTS.

The results for the effect of plasticity for Design Condition Loading Case 1 are shown below.
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Summary Results for STEP 12,

Elastic-Plastic Iteration Results per VIII-1, paragraph UHX-13.7.3

Design Condition Loading Case

1
Ss. psi 27,200
facts 0.7759
ES psi 19.78E6
ks, b 16,960
v 0-6823£6
F 0.4701
é 0.6412
O -0.02149
Oz 2.865
Oz 6:941
U 13.88
Pw, psi 232.5
Prim, psi 183.3
Pe, psi -399.4
O, Ib -7,095
03 0.09965
Fn 0.09832
|ol, psi 25,750

Th
tul
UH

The cal
assume

e final calculated tubesheet bending;stress of 25,750 psi (Loading Case 1) is less than the 4
esheet bending stress of 27,150 psi. As such, this geometry meets the requirement of VIII, pa
X. The intermediate results-forthe elastic-plastic iteration are shown above.

ulation procedure is complete, and the unit geometry is acceptable for the given design condit
 tubesheet thickness.

lowable
ragraph

ons and
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4.18.6 Example E4.18.6 — Fixed Tubesheet Exchanger, Configuration b, Tubesheet Integral with Shell,
Extended as a Flange and Gasketed on the Channel Side

A fixed tubesheet heat exchanger is to be designed with the tubesheet construction in accordance with
configuration b as shown in VIlI-1, Figure UHX-13.1, Configuration b.

e For the Design Condition, the shell side design pressure is 0 to 335 psig at 675°F, and the tube side design
pressure is 0 to 1040 psig at 650°F.

e There is one operating condition. For Operating Condition 1, the operating pressures and operating metal

tem
550

e The|tube material is SA-214 (K01807). The tubes are 0.75 in. outside diameter and 0.083 in. thi

uns

e The
has
radi
The

on Roth sides of the tubesheet. The tubes are expanded for a length of 4.374 in.

e The
0.5

tubgsheet. The shell bands are 1.25 in. thick and 9.75«n. long with a 0.125 in. corrosion allowance. T

and

29.46 in. and an axial rigidity of 14,759 Ib/in. The efficiency of shell circumferential welded joint (Cat

is0
e The
fact

skefch (1a). There are (28) 1.375/in. diameter SA-193-B7 bolts on a 30.125 in. bolt circle.

Data Summa

The dat

applicalyle to this cohfiguration.

Design €onditions:

peratures are assumed to be the same as the Design Condition. The shell mean metal tempe
F, and the tube mean metal temperature is 490°F.

option for the effect of differential radial expansion is not required=Fhere is a 0.125 in. corrosion al

n. There is a 0.125 in. corrosion allowance on thexshell. There is also a shell band adjacent
shell band materials are the same. The shell\contains an expansion joint that has an inside dia

85.

brs are y = 26,000 psi and m.='6.5. The effective gasket width is per VIII-1 Appendix 2, Tab

b summary consists of those variables from the nomenclature (see VIII-1, paragraph UHX-5.1)

rature is

k. The

Iipported tube span under consideration is between 2 tube supports, and the length.of the unsupported
tubg span is 34 inches.

tubesheet material is SA-516, Grade 70 (K02700). The tubesheet diametéris 32.875 in. The tubesheet
434 tube holes on a 0.9375 in. triangular pattern. There is no pass partition lane and the outermost tube
s from the tubesheet center is 10.406 in. The distance between the{outer tubesheet faces is 144.375 in.

owance

shell material is SA-516, Grade 70 (K02700). The shelloutside diameter is 24 in. and the thickness is

to each
he shell
meter of
pgory B)

channel flange gasket outside diameter is 26.125 in., the inside diameter is 25.125 in., and th¢ gasket

e 2-5.2,

that are

Psd,max =335 pSlg

Psamin = 0 psig
Piamax = 1040 psig
Piamin = 0 psig

T'=675F
Tu="10°F
T}’e =675F
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Ts = 675°F
T:= 675°F

Operating Conditions:

Pso1,max = 335 psig
Psot,min = 0 psig
Ptol,max =1040 pSlg

Pio1.min = 0 psig
71 = 675°F

751 = 675°F

T = 675°F
L5 m1 = 550°F
T:m = 490°F

Tubes:
(d: = 0.75 in.

E: = 25.75E6 psi from Table TM-1 of Section II, Patt.D at 7: & Tn
Eir=25.75E6 psi from Table TM-1 of Section II;'Part D at T

fk = 1 for an unsupported tube span betweentwo tube supports

=34 in.

+=34in.

S: = 10,700 psi from Table 1A of Section II, Part D at 7 & Tn (see explanation below)
Sir = 10,700 psi from Table 1A of Section II, Part D at T (see explanation below)

Sy, = 18,950 psi fromrTPable Y-1 of Section II, Part D at 7: & Tn

f: = 0.083 in.

o1 = 7.28E56 in./in./ °F from Table TE-1 of Section II, Part D at T;m1

v: = 0.30 from Table PRD of Section II, Part D for Carbon Steels

wel

5 for the

Since the 'tubes are SA-214 (welded), VIII-1, paragraph UHX-5.2 requires that the allowable stres

Grade A2 (K01807) could be used as the equivalent seamless product, but the alternative will be illustrated

in this example. When the welded tube allowable stresses are divided by 0.85, the resulting allowable

stresses are S; = 12,588 psi and Sir= 12,588 psi.
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Tubesheet:
Tube Pattern: Triangular
Assume an uncorroded tubesheet thickness of 4.75 inches.
A=32.875in.
Ar =0 in.? for no pass lanes

C=30.125 in.

cr—01257m

. = 25.575E6 psi from Table TM-1 of Section II, Part D at 7 & Th
Ge = 25.625 in. (G per VIII-1 Appendix 2)

ac=12.81 in.

h =4.75 in. — 0.125 in. -0.125 in. = 4.500 in. (assumed)

o =0 in.

L= 144.125 in.

[ = 144.125 in. — 2(4.50 in.) = 135.125 in.

Vi =4.374 in.

N: = 434

p =0.9375 in.

o = 10.406 in.

S = 18,450 psi from Table 1A of Section II, Part D at 7 & T
Sa = 20,000 psi from Table 1A of Section II, Part D at 7%

Sre = 18,450 psi from Table I'A of Section II, Part D at 7%

Sy = 27,700 psi from Table“Y-1 of Section II, Part D at T & T
Sps = 55,400 psi [2Spper UG-23(e)] at T & Th

Wmic = 808,456 4bAWm1 per VIII-1 Appendix 2)

We = 808,478Ub (W per VIII-1 Appendix 2)

o = 0.9720

ShFII Band (Adjacent to Tubesheet):

Ds=23.25in.

as=11.63 in.

Es1=25.75E6 psi from Table TM-1 of Section II, Part D at 7 & Ts1
Esw1=0.85

l1=9.75in. +0.125 in. = 9.875 in.
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0’1=9.75in. +0.125 in. = 9.875 in.

Ss1 = 18,450 psi from Table 1A of Section II, Part D at 75 & T

Sy.s.1 =27,700 psi from Table Y-1 of Section II, Part D at 7 & Ts1

Srs,s1 = 55,400 psi [2Sy.s,1 per UG-23(e)] at Ts & Ts1

ts1=1.125 in.

asm1,1 = 7.30E-6 in./in./ °F from Table TE-1 of Section II, Part D at 7§ m1

vs,1 = 0.30 from Table PRD of Section II, Part D for Carbon Steels

Dy =29.46 in.

Ds = 23.25 in.

s = 25.75E6 psi from Table TM-1 of Section II, Part D at 7s & 71
s = 0.85

K= 14,759 Ib/in.

Ss = 18,450 psi from Table 1A of Section II, Part D at T5& Ts1

Sy.s = 27,700 psi from Table Y-1 of Section II, Part Brat 7s & T
Sps.s = 55,400 psi [2S),s per UG-23(e)] at Ts & Tit

s =0.375 in.

ots,m1 = 7.30E-6 in./in./ °F from Table TEs1 of Section II, Part D at T m
vs = 0.30 from Table PRD of Section'Il, Part D for Carbon Steels

Calculation Procedure

The tub
paragra

bsheet is extended as a flange. The calculation procedure for a flanged extension is given i
bh UHX-9-5(a). The minimum required thickness of the flanged extension is the maximum of

thicknesses for the operatiig) condition (at 7%) and gasket seating condition (at 74):

h, = max (2.704, 2.597) = 2.704 in.

The calgulation precedure for a tubesheets of a fixed tubesheet heat exchanger is given in VIII-1, paragra
13.5. The followirg results are for the design and operating loading cases required to be analyzed (see p4

UHX-13

4).This example illustrates the calculation of both the elastic and elastic-plastic solutions for a s

n VII-1,
required

bh UHX-
ragraph
hell that

has a th

tRened shetbardadjacent tothetabesheet:

a) STEP 1 - Calculate Do, y, 1* and hé, from VIII-1, paragraph UHX-11.5.1.

Do =21.562 in.
1=0.2000

d*=0.6392 in.
p*=0.9375 in.
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L= 03182
h& =0 in.

Calculate ao, ps, pc, Xs and x:.

ST

For configuration b, calculate shell coefficients [, ks, As and Os.

For configuration b, channel coefficients f = 03 kc =0, Ac =0and o = 0.

ST

Ca

ao=10.78 in.
Ps = 1.078
pe=1.188

s = 0.4749

: =0.6816

EP 2 — Calculate the shell axial stiffness K, tube axial stiffness K and stiffness factors’Ks,r and
K, = 5.876E6 Ib/in.

Ki = 33.14E3 Iblin.

Kst = 0.4085

U = 2.505E-3

5s = 0.3471 in."!

ks = 2.331E6 Ib

s = 13.50E6 psi

5s = 3.965E-6 in.%/Ib

EP 3 — Calculate h/p. Determine E*/E-and v* from VIII, paragraph UHX-11.5.2 and calculate H
/p = 4.800

E*/E=0.3051

v¥=0.3423

£+ =7.804E6 psi

culate X, and parameters Za, Za, Zv, Zw and Zy from VIII-1, Table UHX-13.1.
Xo = 1.995

Vo =0:8092

/0="10.1745

.

Zy=10.1605
Zw=10.1605
Zn=0.6679

STEP 4 — Calculate the diameter ratio K and the coefficient F.

K=1.525
F=2.047
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Calculate @, Q1, Q-1, 02 and U.
@ =2.747
Q1 =-0.1280
Qn =1.221
Q2 = 0.5952
U=1.190
e) STEP 5 - Calculate 7, we, ws, W, W and 7. Use the loads listed in the table below to calculate the results
for jan elastic solution in the corroded condition.
w,; = 8.865 in.? wi = —8.495in.?
w. = 0in? w; = 8.659 in?

=—0.2087

Summary Table for Step 5 — Design Condition

*
Lopding Case oo oo (i) b
1 0 1040 0 808,456
2 335 0 0 0
3 335 1040 0 808,456

Summary Table for Step 5~'Operating Condition 1

%
Loading Case (fssi) (fsti) (ijr: ) (II/Zf)
1 0 1040 -0.06032 808,478
2 335 0 -0.06032 808,478
3 335 1040 -0.06032 808,478
4 0 0 -0.06032 808,478

f)  STEP 6 — For each Igading case, calculate P/, P{, Py, P, Pw, Prim and effective pressure Pe.

Summary Table for STEP 6 — Design Condition

Loafling P/ P/ P, Po Pw Prim P
Cgse (psi) (psi) (psi) (psi) (psi) (psi) (psi)
0 1.017E6 0 0 275.0 92.23 11,039
2 -0.1674E6 0 0 0 0 29.14 -171.0
3 -0.1674E6 1.017E6 0 0 275.0 121.4 -1,210
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Summary Table for STEP 6 — Operating Condition 1

Loading P/ P/ P, Po Pw Prim Pe
Case (psi) (psi) (psi) (psi) (psi) (psi) (psi)
1 0 1.017E6 -2,376 0 275.0 92.23 -1,042
2 -0.1674E6 0 -2,376 0 275.0 29.14 -173.2
3 -0.1674E6 1.017E6 -2,376 0 275.0 1214 -1,213
4 0 0 -2,376 0 275.0 0 -2.148
g) STEP 7 — Elastic lteration: Calculate 02, O3 and Fu, the tubesheet bending stress and the ajlowable

tubesheet bending stress.
Summary Table for STEP 7 — Design Condition
. h- h, |of 58
Loading Case O F 9 '.
" (b O3 " (in) osy | s
1 -12,650 0.08150 0.1986 4.500 22,330 271,675
2 -1,004 -0.02696 0.1574 4:500 2,913 271,675
3 -13,650 0.06617 0.1927 4.500 25,240 271,675
Summary Table for STEP 7 — Operating Condition 1
Loading C O h |of Sprs
ogeing ~ase (Ibf) s Fm (in) (psi) (psi)
1 -12,650 0.08101 0.1984 4.500 22,360 55,400
2 -10,480 0.9131 0.5333 4.500 9,995 55,400
3 -13,650 0:06578 0.1926 4.500 25,280 55,400
4 -9,473 75.77 37.94 4.500 8,817 55,400
For Design Loading Cases 1-3{a] < 1.5S, and for Operation Condition 1, Loading Cases 1-4 |a < §rs. The

ber

h) ST

Sin

) ST

2uh
(1< 1213 psi) s{ s
aO

ding stress criterion forthetubesheet is satisfied.

-min[0.85, 0.533S, | = 2464 psi}

True

ce the ‘above criterion is satisfied, the shear stress is not required to be calculated.

EP 8 — Check the eriterion below for the largest value of Pe and calculate the shear stress, if required.

s based

ER>9— For each loading case, calculate the axial tube stress and the allowable axial tube stres

on tube buckling.

r:=0.2376 in
Fi=143.1
Ci=163.8
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Summary Table for STEP 9 — Design Condition

)

Loading Case Ftmin O 1 Fimax o2
(psi) (psi)
1 0.4598 -1,118 1.487 4,047
2 0.5904 1,258 1.349 1,886
3 0.4782 140.2 1.468 5,933
Summary Table for STEP 9 — Design Condition (contnued)
Loadihg Case Ot,max St Ot,min F. S
° (psi) (psi) (psi) V (ps))
1 4,047 12,588 -1,118 2.000 5,336
2 1,886 12,588 -
3 5,933 12,588 -
Summary Table for STEP 9 — Operating Condition 1
Loading Case Fimin O 1 Fimax o2
(psi) (psi)
1 0.4604 -1,110 1.487 4,061
2 -0.5417 315.9 2.545 2,902
3 0.4787 148.5 1.467 5,947
4 -90.69 29422 97.82 1,016
Summary Table for STEP 9 — Operating Condition 1 (continued)
Loadihg Case Ot,max 25 Ot,min F. Si
? (psi) (psi) (psi) ‘ (ps))
1 4,061 25,176 -1,110 2.000 5,336
2 2,902 25,176 -
3 5,947 25,176 -
4 1,016 25,176 -942.2 1.250 8,538
Fo Design Loading Cases 1-3 ormax < .S7, and for Operation Condition 1, Loading Cases 1-4 ormgx < 25:.
The¢ axial tension stress criterion for the tube is satisfied.

For all Loading Cases |o%min| < Sw. The buckling criterion for the tube is satisfied.

STEP 10 — For each loading case, calculate the axial membrane stress in each shell section and determine

the maximum allowable longitudinal compressive stress.
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Summary Table for STEP 10 — Shell Band — Design Condition

Loading Case ?;:i,)l S S( Ffls)w ‘(ggsbI;
1 3.369 15,683 -
2 -493.9 15,683 12,580
3 -490.5 15,683 12,580

Summary Table for STEP 10— ShelBand — Operating Condition 1

Lloading Case ((;S:i,)l S(}; Ss?)l ‘(9;;;
1 -6.926 55,400 12,580
2 -503.0 55,400 12,580
3 -500.8 55,400 12,580
4 -9.103 55,400 12,580

Fon Design Loading Cases 1-3 |os,m, 1| < Ss,1E5w, and for Operation<Condition 1, Loading Cases 1-
< Yprss,1. The axial membrane stress criterion for the shell band.is'satisfied.

Fon all Loading Cases where the value of o5 m,1 is negative,
strgss criterion for the shell band is satisfied.

Os.m,1| < Ss.b,1. The longitudinal com

1-|O'sm1|

bressive

Summary Table for STEP 10 =Main Shell — Design Condition

Loading Case (?ST) S(Sésl)w (‘g Ss’li’)
1 10.43 15,683 -
2 -1,529 15,683 10,800
3 -1,518 15,683 10,800

Summary-Table for STEP 10 — Main Shell — Operating Condition 1

Joading Case ((;Sé’i’s f: ;; (‘g;’l’)
1 -21.44 55,400 10,800
2 -1,557 55,400 10,800
3 -1,550 55,400 10,800
4 -28.18 55,400 10,800

For Design Loading Cases 1-3 |os,m| < SsEsw, and for Operation Condition 1, Loading Cases 1-4 |0sm| <

Sps.s. The axial membrane stress criterion for the main shell is satisfied.

For all Loading Cases where the value of o5, is negative,

criterion for the main shell is satisfied.
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k) STEP 11 — For each loading case, calculate the stresses in the shell band for configuration b, and check the
acceptance criterion. The shell band thickness shall be 1.125 in. for a minimum length of 9.206 in adjacent
to the tubesheet.

Summary Table for STEP 11, Shell Band Results — Design Condition
Loading Case Osm,1 Osb O3 1'5SS’1 Sp 55,1
° (psi) (psi) (psi) (psi) (psi)
1 3.369 -41,040 41,040 27,675 55,400
2 -493.9 617.7 1,112 27,675 55,4p0
3 -490.5 -40,420 40,910 27,675 55,4p0
Summary Table for STEP 11, Shell Band Results — Operating Condition]
Loalding Case Os,m 1 Os.b Os SPS’?’I
] (psi) (psi) (psi) (psi)
1 -6.926 -41,070 41,080 55,40(
2 -503.0 -19,410 19,920 55,400
3 -500.8 -40,460 40,960 55,400
4 -9.103 -20,030 20,040 55,40(

For Design Loading Cases 1 and 3 |as| > 1.5Ss.1. For Design Loading Case 2 | o3| < 1.5S5,1 and for Operation
Copdition 1, Loading Cases 1-4 |os| < Sps;s,1. The stress criterion for the shell band is not satisfied. For

Design Loading Cases 1 and 3, since |os| < Sps.s;1(Option 3 in STEP 12 is permitted.

[) STEP 12 — The design shall be reconsidered,By using one or a combination of the following options.

Sj

e Option 1 — Increase the tubesheetthickness and return to STEP 1.
e Option 2 — Increase the integralshell and/or channel thickness and return to STEP 1.

e Option 3 — Perform the elastic-plastic calculation procedures as defined in VIII-1,
paragraph UHX-13.7.

nice the total axial stress.in the shell band o1 is between 1.5Ss,1 and Sks;s,1 for Design Condition |Loading

Cases 1 and 3, the procedure of VIII-1, paragraph UHX-13.7 may be performed to determine if the tubesheet
strgsses are acceptable when the plasticity of the shell occurs.

The results forthe effect of plasticity for Design Condition Loading Cases 1 and 3 are shown below
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Summary Results for STEP 12,
Elastic-Plastic Iteration Results per VIII-1, paragraph UHX-13.7.3

Design Condition Loading Case 1 3

S, psi 27,700 27,700
facts 0.8074 0.8163
E; psi 20.79E6 21.02E6
ks, Ib 1.882E6 1.903E6
75 46-06£6 +4-02£6

F 1.828 1.838

o 2.453 2.467

O -0.1196 -041200

Oz 1.231 1.231
(077] 0.6395 0.6373

U 1.279 1.275

Pw, psi 295.5 294.5

Prim, psi 99.10 130.0
Pe, psi -1,039 -1,210
02, 1b -13,590 -14,620
03 0.105% 0.08787
Fn 0:2077 0.2010
|ol, psi 23,350 26,320

The final calculated tubesheet bending stresses of 23,350 psi (Loading Case 1) and 26,320 psi (Loading

Case 3) are less than the allowable tubesheet bending stress of 27,675 psi. As such, this geomet

the
abg

The cal

assumef tubesheet thickfness.

requirement of VIII, paragraph-UHX. The intermediate results for the elastic-plastic iteration ar
ve.

ulation procedure is(complete, and the unit geometry is acceptable for the given design condit

y meets
e shown

ons and
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Example E4.18.7 — Fixed Tubesheet Exchanger, Configuration a

A fixed tubesheet heat exchanger with the tubesheet construction in accordance with configuration a as shown in
VIII-1, Figure UHX-13.1, Configuration a.

e For the Design Condition, the shell side design pressure is 0 to 325 psig at 400°F, and the tube side design
pressure is 0 to 200 psig at 300°F. The tube design temperature is 300°F.

e There is one operating condition. For Operating Condition 1, the operating pressures and operating metal

temperatures are assumed to be the same as those for the Design Condition.

tem

e The
The
uns

e The
has
outs
face
allo
fron

e The
is0
ofs

e The
the

For this
procedu

In STER
Loading
stress ig

berature 1S 101 F, and the tube mean metal temperature 1Is 115°F.

unsupported tube span under consideration is between 2 tube supports, and the “length
ipported tube span is 48 inches.

vance on the tubesheet. The tubes are expanded from the tubeside face of the tubesheet to (.
the shell side face of the tubesheet.

nell circumferential welded joint (Category B) is 0.85.

channel material is SA-516, Grade 70 (K02700). The inside diameter of the channel is 42.124
channel thickness is 0.375 in. There is no«¢orrosion allowance on the channel.

stress 4
is satisfi

ed.

In STEP 8, check the criterion below for the largest value of P. and calculate the shear stress, if required.

2uh
{|P,] =262 psi} < { :

o

-min[0.85, 0.533S, | = 249 psi} False

The above criterion is not satisfied.
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re described below starting at STEP-1. The data shown below will be the same except as follows:
h=1.375 in.

e =1.25 in.

o=0.9091

[ =237.25 in,

7, the caleulated bending stresses for the tubesheet are less than the allowable stresses for all th

The shell mean metal

tube material is SA-249, Type 304L (S30403). The tubes are 1 in. outside diameter and.0.049 |n. thick.

of the

tubesheet material is SA-240, Type 304L (S30403). The tubesheet diameter is 48.125 in. The tubesheet
955 tube holes on a 1.25 in. equilateral triangular pattern. There is no_pass partition lane |and the
rmost tube radius from the tubesheet center is 20.125 in. The distance between the outer tybesheet
s is 240 in. The option for the effect of differential radial expansion is:hot required. There is no dorrosion

125 in.

shell material is SA-240, Type 304L (S30403). The shellinside diameter is 42 in. and the shell thickness
5625 in. There is no corrosion allowance on the shell @nd no expansion joint in the shell. The efficiency

in. and

example, first assume a value of 1.875 in. for the tubesheet thickness and perform the calculation

23,480 psi, which is less than the allowable of 23,700 psi and the maximum Operating Case |bending
i feHT i i fter besheet
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Calculate the shear stress zfor Operating Condition 1, Loading Case 1 in accordance with UHX-13.5.8(b).
Ap = 1406.25 in?
Cp=135in
=-9906 psi
{lt| = 9906 psi} < {min[0.8S,0.533S, ] = 9330 psi} False

The tubesheet is overstressed for Operating Condition 1, Loading Case 1. Increase the tubesheet thickness to

1.500 infandTeturmto STEP T of the carcutation procedure mMORX=35———————————— ]

Data Symma

The datp summary consists of those variables from the nomenclature (see VIII-1, paragraphy UHX-5.1)|that are
applicalyle to this configuration.

Design Conditions:

Psamax = 325 psig
Psamin = 0 psig
Prgmax = 200 psig
Pta,min = 0 psig

T = 400°F

Ta = 70°F

T. = 300°F

Ts = 400°F

T: = 300°F

Opkrating Conditions:

Pso1,max = 325 psig
Pso1,min = 0 psig
P01, max = 200 psig
Pto1,min = 0 psig

T1 = 400°E

Te1 =.300°F
Ts1,=400°F

Tx = 300°F

Tsm1 = 151°F

Tem = 113°F
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Tubes:

Si
str

cay

illu

dt=1.0in.

E:=27.0E6 psi from Table TM-1 of Section I, Part D at T: & T
Etr = 26.4E6 psi from Table TM-1 of Section Il, PartD at T

k =1 for an unsupported tube span between two tube supports
(=48 in.

L =48 in

St = 14,200 psi from Table 1A of Section Il, Part D at T: & Tt (see explanation below)
St = 13,400 psi from Table 1A of Section I, Part D at T (see explanation below)

Syt = 19,200 psi from Table Y-1 of Section I, Part D at T: & T

f: = 0.049 in.

orm1 = 8.652E-6 in./in./ °F from Table TE-1 of Section Il, Part D at Ttm1

n = 0.31 from Table PRD of Section II, Part D for High Alloy Steels (300Series)

rnce the tubes are SA-249, Type 304L (welded), VIII-1, paragraph UHX-5.2 requires that the a

pss for the welded tubes be divided by 0.85 if the equivalent-§eamless product is not available

strated in this example. When the welded tube allowable stresses are divided by 0.85, the

allpwable stresses are S; = 16,706 psi and Sir = 15,765:psi.

Tubesheet:

Tube Pattern: Triangular

A =43.125 in.

AL = 0 in.? for no pass lanes

ct=0in.

F = 26.4E6 psi from Table TM-1 of Section Il, Part D at T & T+
h = 1.500 in. (assumed)

hg = 0in.
|+ =240 in.
[ =237 jn:
t =-R375 in.
= 9”5
p=1.25in.
ro =20.125in.

S = 15,800 psi from Table 1A of Section Il, Part D at T & T+
Sy = 17,500 psi from Table Y-1 of Section Il, PartD at T & T4
Sps = 47,400 [3S per UG-23(e)] psiat T & T+

p=0.9167
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Shell:

Ds =42 in.

as =21.00 in.

Es = 26.4E6 psi from Table TM-1 of Section I, Part D at Ts & Ts1
Esw=0.85

Ss = 15,800 psi from Table 1A of Section Il, Part D at Ts & Ts1
Sy.s = 17,500 psi from Table Y-1 of Section Il, Part D at Ts & Ts1

Sps,s = 47,400 psi [3Ss per UG-23(e)] at Ts & Tt

fs = 0.5625 in.

s, m = 8.802E-6 in./in./ °F from Table TE-1 of Section I, Part D at Tsm1

vs = 0.31 from Table PRD of Section Il, Part D for High Alloy Steels (300 Series)

Channel:

D. = 42.125 in.

ac = 21.06 in.

F. = 28.3E6 psi from Table TM-1 of Section I, Part D at Tc & T
Sc = 20,000 psi from Table 1A of Section Il, Part D at Tc & T
Sy,c = 33,600 psi from Table Y-1 of Section Il, Part D at-T¢'& Ter
Sps,c = 67,200 psi [2Sy,c per UG-23(e)]at Tc & Ter

fc = 0.375 in.

ve = 0.30 from Table PRD of Section II, Part'D for Carbon Steels

Calculation Procedure

The cal
UHX-13
1, parad

a) ST

EP 1 — Calculate oy 11, 17* and hé from VIII-1, paragraph UHX-11.5.1.
Do = 41.25 in.

. = 0.2000
d* = 0.9104 in.

o*=-1.250 in.

tulation procedure for the tubesheets of a fixed tubesheet heat exchanger is given in VIII-1, p3
5. The following results are for the design and operating loading cases required to be analyzed (
raph UHX-13.4). This €xample illustrates the calculation of both the elastic and elastic-plastic s¢

ragraph
see VIII-
lutions.

i =0.2717
hl = 0in.
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Calculate ao, ps, pc, Xs and x:.

8o = 20.63 in.

ps=1.018

poe=1.021

xs = 0.4388

xt= 0.5434
b) STEP 2 - Calculate the shell axial stiffness K, tube axial stiffness K and stiffness factors Ks,s and J.
Ks = 8.378E6 [b/in.
K: = 16.68E3 [b/in.
K. =0.5260
/=1.0

Fof configuration a, calculate shell coefficients [, ks, As and Os.
B =0.3709 in.™!
s = 0.3213E6 Ib
s = 41.05E6 psi

0 = 25.09E-6 in.%/lb

]

Fof configuration a, calculate channel coefficients ., ke Ac and O.
B. = 0.4554 in."!

e = 0.1245E6 Ib

e = 17.86E6 psi

0. = 35.53E-6 in./Ib

c) STEP 3 - Calculate //p. Determine E*/E and v* from VIII, paragraph UHX-11.5.2 and calculate H*.

]

hip = 1.200
F*E = 0.2723
v* = 0.3439

£+ = 7.188E6 psi
CalculatevXwand parameters Za, Zd, Zv, Zw and Z from VIII-1, Table UHX-13.1.
Xa.=-6.586

Za=1/70.6

Zq4 = 5.246E-3

Z,=0.02339

Zw =0.02339

Zm=0.2203
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d) STEP 4 — Calculate the diameter ratio K and the coefficient F.

K=1.045
F=5.484

Calculate @, Q1, QO-1, Q-2 and U.

®=7.371

01 =-0.05879

Qzl =3.041
0., =9.822
U =19.64

e) STEP 5 - Calculate %, ws, ws, W, w; and 7. Use the loads listed in the table below! te calculate the results
for jan elastic solution in the corroded condition.

ws; = 4.739 in.? wi = —4.668in.?
w. = 3.461 in? w; = —2.720 in?
1 =10.0
Summary Table for Step 5 — Design Condition
%
Loading Case (é;“i) (fsti) (i]r: ) (II/It:f)
1 0 200 0 0
2 325 0 0 0
3 325 200 0 0
Summary Table for Step 5 — Operating Condition 1
*
Loading Case (;Si) (;Dsti) (i}n/ ) (II/Zf)
1 0 200 -0.08080 0
2 325 0 -0.08080 0
3 325 200 -0.08080 0
4 0 0 -0.08080 0
f)  STER.6-< For each loading case, calculate P, P{, Py, Pw, Pw, Prim and effective pressure Pe.
Summary Table for STEP 6 — Design Condition
Loading P/ P/ Py Po Pw Prim Pe
Case (psi) (psi) (psi) (psi) (psi) (psi) (psi)
1 0 545.5 0 0 0 -25.12 -99.74
2 630.1 0 0 0 0 70.06 122.4
3 630.1 545.5 0 0 0 44.94 22.65
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Summary Table for STEP 6 — Operating Condition 1

Loading P/ P/ P, Po Pw Prim Pe
Case (psi) (psi) (psi) (psi) (psi) (psi) (psi)
1 0 5455 -963.0 0 0 -25.12 -268.1
2 630.1 0 -963.0 0 0 70.06 -45.93
3 630.1 5455 -963.0 0 0 44.94 -145.7
4 0 0 -963.0 0 0 0 -168.3
g) STEP 7 — Elastic lteration: Calculate 2, O3 and Fu, the tubesheet bending stress and the ajlowable
tubesheet bending stress.
Summary Table for STEP 7 — Design Condition
'
Logading Case (%?) 03 Fn h (in;lg (L‘jl ) %3231
1 207.3 -0.06856 0.03428 1.500 14,280 24,700
2 -578.3 -0.08100 0.04050 1.500 20,700 24,700
3 -371.0 -0.1358 0.06790 1.500 6,420 24,700
Summary Table for STEP 7 — Operating Condition 1
Logding Case (%]f) 05 Fo (i}rl1 ) (|pos1| ) 21;}9)
1 207.3 -0.06242 0.03121 1.500 34,930 47,400
2 -578.3 0.4075E-3 0.03703 1.500 7,101 47,400
3 -371.0 -0.04681 0.02341 1.500 14,240 47,400
4 0 -0.05879 0.02939 1.500 20,660 47,400
Fof Design Loading Cases 1,3'{a] < 1.5, and for Operation Condition 1, Loading Cases 1-4 |o] < §rs. The
bending stress criterion forthe tubesheet is satisfied.
h) STEP 8 — Check the eriterion below for the largest value of P. and calculate the shear stress, if required.
{|P,}=£268.1 psi} < {2: h min[0.8S, 0.533S, | = 271.3 psi} True
o
Sirjce theabove criterion is satisfied, the shear stress is not required to be calculated.
i) STERY9™— For each loading case, calculate the axial tube stress and the allowable axial tube stregs based

on tube buckling.

r=0.3367 in
Fi=142.6
Ci=166.6
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Summary Table for STEP 9 — Design Condition

Loading Case Fimin O] Fimax o2
| (psi) ’ (psi)

1 -0.2819 -1,308 3.426 2,228

2 -0.2569 1,664 3.152 -2,325

3 -0.2187 371.6 2117 -134.1

oummary lIable Tor STEF ¥ — Design Londition (continued)

Loading Case e ) o) £s oo
1 2,228 16,706 -1,308 1.537 7,148
2 2,325 16,706 -2,325 1.674 6,543
3 371.6 16,706 -134.1 2.000 5,493

Summary Table for STEP 9 — Operating Condition 1

Loading Case F'tmin Osl Fimax o52
(psi) (psi)
1 -0.2967 -1,799 3.561 8,087
2 -0.5149 1,137 4.944 3,534
3 -0.3401 -149:3 3.905 5,762
4 -0.3059 -492.3 3.641 5,859

Summary Table for-STEP 9 — Operating Condition 1 (continued)

Loadihg Case ?—;‘;‘S" (ﬁg{) ?:):ll)n F, (5; )
1 8,087 33,412 -1,799 1.469 7,476
2 3,584 33,412
3 9,762 33,412 -149.3 1.298 8,445
4 5,859 33,412 -492.3 1.429 7,685

Fof Design‘oading Cases 1-3 ormax < S, and for Operation Condition 1, Loading Cases 1-4 o;mgx < 25..
The axial tension stress criterion for the tube satisfied.

For all Loading Cases, [0:min| < 3. 1he buckling criterion for the Tube satisfied.

STEP 10 — For each loading case, calculate the axial membrane stress in each shell section and
determine the maximum allowable longitudinal compressive stress.
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Summary Table for STEP 10 — Main Shell — Design Condition
Loading Case Os,m SSES.’W SS’I.’
i (psi) (psi) (psi)
1 1,781 13,430 -
2 2,387 13,430 -
3 4,168 13,430 -
Summary Table for STEP 10 — Mali Shell— Operating Conaition 1
. SPS s S6»
ljoading Case Os,m . N
i (psi) (psi) (psi)
1 -1,210 47,400 6,730
2 -604.3 47,400 6,730
3 1,177 47,400 -—-
4 -2,991 47,400 6,730
Fof Design Loading Cases 1-3 |0s.m| < SsEsw, and for Operation Condition 1, Loading Cases 1-4||0s,m| <
Sp§s. The axial membrane stress criterion for the shell satisfied.
Fof all Loading Cases where the value of os,m is negative, |Gsyi| < Ss.5. The longitudinal compressiye stress
criterion for the shell satisfied.

k) STEP 11 — For each loading case, calculate the stresses in the shell and channel for configuratiop a, and
chgck the acceptance criterion. The shell thickness shall be 0.5625 in. for a minimum length of §.749 in.
adjacent to the tubesheet, and the channel thickness shall be 0.375 in. for a minimum length of 1.154 in.
adjpcent to the tubesheet.

Summary Table forSTEP 11, Shell Results — Design Condition
Loadipg Case Os,m Osb Os 1'5‘.95 Sesjs
) (psi) (psi) (psi) (psi) (ps))
1 1,781 -12,320 14,100 23,700 47,4D0
2 2,387 28,550 30,940 23,700 47,4D0
3 4,168 16,230 20,400 23,700 47,4D0
Summary Table for STEP 11, Shell Results — Operating Condition 1
Loading Case Osm Osb o ‘,91) 5is
osh osh osh (oSt
1 -1,210 -38,510 39,720 47,400
2 -604.3 2,360 2,964 47,400
3 1,177 -9,961 11,140 47,400
4 -2,991 -26,190 29,180 47,400
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For Design Loading Case 2 |os| > 1.5Ss. For Design Loading Cases 1 and 3 |os| < 1.5S;s and for Operation
Condition 1, Loading Cases 1-4 |0s| < Sps,s. The stress criterion for the shell is not satisfied. For Design
Loading Case 2, since |os| < Sps.s, Option 3 in Step 12 is permitted.

Summary Table for STEP 11, Channel Results — Design Condition

Loadng Case | £ oo oo o o)
1 5,567 28,450 34,020 30,000 67,200
2 0 -9,257 9,257 30,000 67,2p0
3 5,567 19,200 24,760 30,000 67,2D0

Summary Table for STEP 11, Channel Results — Operating Condition 1

Loading Case (O-pcs}s (f)é;)) ( ;;J-;i) f:;;
1 5,567 52,410 57,980 67,20(
2 0 14,700 14,700 67,200
3 5,567 43,150 48,720 67,200
4 0 23,960 23,960 67,200
Fof Design Loading Case 1 |oc| > 1.5S.. For Design L'oading Cases 2 and 3 |oc| < 1.5, and for Operation

Co
Lo

ST

Sin
theg
ac

Si

i

1, the pracedure of UHX-13.7 may be performed to determine if the tubesheet stresses are acceptal]

ndition 1, Loading Cases 1-4 |o¢| < Spsc. The stress criterion for the channel is not satisfied. Fo
hding Case 1, since |o¢| < Sps,c, Option 3 in Step 12 is permitted.

EP 12 — The design shall be reconsidered.by using one or a combination of the following opt
Option 1 — Increase the tubesheet thickness and return to STEP 1.

Option 2 — Increase the integralshell and/or channel thickness and return to STEP 1.

Option 3 — Perform the elastic*plastic calculation procedures as defined in VIII-1,
paragraph UHX-13.7.

ce the total axial stréss in the shell os is between 1.5Ss and Sks,s for Design Condition Loading
procedure of VWlIs1; paragraph UHX-13.7 may be performed to determine if the tubesheet stre
teptable when, the plasticity of the shell occurs.

ce the total axial stress in the channel oc is between 1.5Sc and Sps,c for Design Condition Loadi

 Design

ons.

Case 2,
Eses are

ng Case
le when

theg

plasticity of the channel occurs. The results are not presented for Design Condition Loading

Case 1,

because the calculated values of facts and fact. equal 1.0 for this case and further plasticity calculations are

not required.

The results for the effect of plasticity for Design Condition Loading Case 2 are shown below.
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Summary Results for STEP 12,

Elastic-Plastic Iteration Results per VIII-1, paragraph UHX-13.7.3

Design Condition Loading Case 2
Ss. psi 17,500
S, psi 33,600
facts 0.7474
fact. 1.000
ES psi 19.73E6
EZ psi 28.30E6
ks, Ib 0.2402E6
As 30.68E6
ke, Ib 0.1245E6
Ac 17-86E6
F 4.538
¢ 6.098
0i -0.05312
Oz 3.766
02 11.00
U 21.99
Pw, psi 0
Prim, psi 78.44
Pe, psi 120.8
02, 1b -647.5
03 -0.07832
Fm 0.03916
lof, psi 19,750

Th
allg

pa

The cal

assumed tubesheet thickness.
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Example E4.18.8 — Floating Tubesheet Heat Exchanger with an Immersed Floating Head

A floating tubesheet exchanger with an immersed floating head is to be designed as shown in VIII-1, Figure UHX-
14.1, sketch (a). The stationary tubesheet is gasketed with the shell and channel in accordance with configuration
d as shown in VIII-1, Figure UHX-14.2, sketch (d) and not extended as a flange. The floating tubesheet is not
extended as a flange in accordance with configuration C as shown in VIII-1, Figure UHX-14.3, sketch (c).

e For the Design Condition, the shell side design pressure is 0 to 250 psig at 550°F, and the tube side design
pressure is 0 to 150 psig at 550°F.

e For

e The
larg

e The
tube

cenferline pass lane. There is a 0.197 in. deep pass partition groove in thetstationary tubesheet o

larg
in.,

face
tube

e The
29.4
gas
she
y=
sket

e The
gas
sket

For this
describg

In STEHR

these configurations, the operating conditions are not required to be considered.

tube material is SA-179 (K01200). The tubes are 0.75 in. outside diameter and 0.083 lin. thi
bst equivalent unsupported buckling length of the tube is 15.375 in.

tubesheet material is SA-105 (K03504). The stationary tubesheet diameter is 29:875 in. and thg
sheet diameter is 26.875 in. The tubesheet has 466 tube holes on a 1.0 in.{riangular pattern

pst center-to-center distance between adjacent tube rows is 2.5 in., the length of the untubed lane
bnd the radius to the outermost tube hole center is 12.5 in. Therdistance between the outer tu
s is 256 in. There is no corrosion allowance on the tubesheetf. jThe tubes are expanded to 80
sheet.

channel flange gasket consists of a ring gasket with a genterline rib. The ring gasket outside dig
75 in., the inside diameter is 28.875 in., and the gasket factors are y = 4,000 psi and m = 3.0.
et width is 0.50 in., the length is 28.875 in., andthe rib gasket factors are y = 4,000 psi and m = {
| flange gasket outside diameter is 29.875 in.,the inside diameter is 28.875 in., and the gasket fa
1,000 psi and m = 3.0. The effective gasketwidth for both gaskets is per VIII-1 Appendix 2, Tab
ch (1a). There are (32) 0.75 in. diameter SA-193-B7 bolts on a 31.417 in. bolt circle.

floating head flange gasket outside diameter is 26.875 in., the inside diameter is 26.125 in.,
et factors are y = 4,000 psi and'm = 3.0. The effective gasket width is per VIII-1 Appendix 2, Tab
ch (1a). There are (28) 0625 in. diameter SA-193-B7 bolts on a 27.625 in. bolt circle.

bxample, first assume avalue of 1.75 in. for the tubesheet thickness and perform the calculation pr
d below starting at\STEP 1. The data shown below will be the same except as follows:

h=1.75 in,
[ =252 5.n.

7, the calculated bending stress of 29,830 psi for the stationary tubesheet exceeds the allowab

of 28,50

k. The

floating
ith one
nly. The
is 25.75
besheet
o of the

meter is
The rib
.0. The
tors are
e 2-5.2,

and the
le 2-5.2,

ocedure

e stress

0 psi for Design Loading Case 2.

The tubesheet is overstressed for Design Loading Case 2. Increase the tubesheet thickness to 1.8125 in and
return to Step 1 of the calculation procedure in UHX-14.5.

Data Summary

The data summary consists of those variables from the nomenclature (see VIlI-1, paragraph UHX-5.1) that are
applicable to these configurations.
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Design Conditions:

Tu

»
-

Psamax =250 psig
Psamin = 0 psig
Pramax = 150 psig
Piamin =0 psig
T=550°F

la al raValh mi
1/e— Jo0°T

T:= 550°F

es:
+=0.75 in.

£ = 26.9E6 psi from Table TM-1 of Section II, Part D at 7;

Eir=26.9E6 psi from Table TM-1 of Section II, Part D at T’

;= 15.375 in.

St = 13,350 psi from Table 1A of Section II, Part D at 77
Sir= 13,350 psi from Table 1A of Section II, Part D<at' T’
Sy.c = 20,550 psi from Table Y-1 of Section II, Part D at 7;
f: = 0.083 in.

Stdtionary and Floating Tubesheets (Common Data):

Tube Pattern: Triangular

4L =26.38 in.?

c: =0 in.

' = 26.75E6 psi froni Table TM-1 of Section II, Part D at T
) = 1.8125 in. (assumed)

o1 =25.75 iy}

. = 256in:

[ = 252.375 in.

Ni= 466

p=1.01n.

ro=12.5in.

S§'=19,000 psi from Table 1A of Section II, Part D at T
Se = 19,000 psi from Table 1A of Section II, Part D at T
Sy = 28,450 psi from Table Y-1 of Section II, Part D at T
U =2.5in.
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p=0.80

Stationary Tubesheet:

A=29.875 in.

C=31.417in.

Dr=29.375 in.

Gc=29.375 in. (G per VIII-1 Appendix 2)

ac = 14.69 in.

Gs = 29.375 in. (G per VIII-1 Appendix 2)

(s = 14.69 in.

e = 0.197 in.

Winic = 128,856 [b (Wmi per VIII-1 Appendix 2)
Wmis = 203,931 Ib (Wmi per VIII-1 Appendix 2)

Flgating Tubesheet:

4 =26.875 in.

C =27.625 in.

DE = 26.125 in.

G1=26.5 in.

Gc = 26.5 in. (G per VIII-1 Appendix 2)
ac=13.25 in.

s = 13.25 in.

1o = 0 in.

Wmic = 96,732 b (Wm1 pet VIII-1 Appendix 2)

CalcuIaIion Procedure = Stationary Tubesheet

The sta

for this

calculated at<Lnis:
)1,="0.1208 in.

bxtensiontistgiven in VIII-1, paragraph UHX-9-5(c). The minimum required thickness of this e

onary tubesheet is not extended as a flange but has an unflanged extension. The calculation procedure

xtension

The calculation procedure for the stationary tubesheet of a floating tubesheet heat exchanger is given in VIII-1,
paragraph UHX-14.5. The following results are for the design loading cases required to be analyzed (see VIII-1,
paragraph UHX-14.4).

a) STEP 1 - Calculate Do, i, /* and hé from VIII-1, paragraph UHX-11.5.1.

Do=25.75 in.
1= 0.2500
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