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; o ‘ ' : Enquiry Casesto BS 5500 b
[I : SRR o . Introduction: January 1982

BS 5500 1981 Unfiréd fusion welded pre"ssure;essels' - ) - | s

Enquiry Cases— Introduction
. 5 - ' - . . oo
: I o g . e L .
In accordance with the provisions of ciause 1.2, the publication of Enguiry Cases will be notified in 85/ News and will be
made availabfe for inclusion in the ring-binde_r in a separate section following the text of the specification and the

appendices. ) . . . .
The table below is for recording cases as they are published and included in the bind

routing. ) , - LRI ; T

in general, cases will be extant, as adjuncts to the sta_riaérd and open to public comment, until the text of the standgtg js
amended to incorporate the substance of particularcases. This will be done in the course of the normal updating .
procedure and each case so dealt with will be recorded on the final page of the relevant amendment.

When a new editicn of the standard is published, embracing.aJII previously is'sued_amendments, the relevant eriq'uiry
cases will be removed from the list and only those remaining extant, as described above, will bereferredto. .
Consequently, the numerical sequence of enquiry case numbers in the first column will not be continuous because of

i : B s . '

. these omissions. ¢

er, and for ri{:;ting their suhsequent

i

o [
Enguiry Case No. Date of publication | Subject of the Enquiry Case — Subsequent Ensuiry Casa routing | page of subsequent
| ‘ {e.g. incorporated into BS 5500) action T

5500/6 December 1977 | Design of flat ends for vessels
for non-cyclical service

.. B500/12 January 1979 Vessels under external
‘ pressure: simplified calculations

5500/15 November 1979 | Vessels under external
- pressure: permissible design
stresses ;
5500/17 November 1878 | Split ring flangas
5500/18 ° December 1979 | Design stresses for ASTM . *

A 1068 tubes (equiva{l{ent to o
BS 3602-410) . ¢ ' '

"5500/19° December 1979 | Maximum stress at a cylinder/
= .. | rozzlejunctiondueto
application of internal pressure

5500720 | December 1973 | Pressure vessels designed for
. low pressure but having excess
in-built thickness .

5500/23 - May 1980 Calculation of test pressure - e
- BBOD/24 May 1950 - Compensatibn fiipr openings in .
: vessels subject to external : ‘ .
pressure i ' o
§500/25 May 1980 Specification of hot properties
: for steel - .- Ny :
5500/26 October 1980 | Vessels under external v T o | Caseunder
' pressure: stiffener proportions RPN o revision

5500/29 - | December 1980 | Derivation of design strength - , - ‘.o- SO

values from actual, rather than
specified, material properties

. * 5500/30 December 1980 | Design stresses forplates - = © |+~ L - {
o supplied in accordance with the Co - - B

’ *1980revision of BS 1501 : -
Part 1 and steel tubes for heat o
exchangers supplied in -
accordance with BS 3606
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- Enquiry CQu"lli_lé. ) Dauol;publica‘.tion‘: -St;lbjeétofthd lEnqui&jééae l Sul;anuant EnquiwCase;outln'g Dnaoighbsalq;;ﬁ: K N )
i : Y A ”‘_‘ . (e.p. incorporated into BS 5500)—;:‘ action N ' i
5500/31° - May 1981 | Interpretation of the term : R L b
"significant general yielding’ ‘ S e, N
5500/32 May 1981 Joggled joint: extensionof - . | e
o ‘joggling to a longitudinally - o N h .
. welded shell section 3
5500/33 August 1981 | Verification of shape of vessels L
' 3 subject to external pressure o : R
5500/34 September 1981| Longitudinal compressive
- .| stress limit for pressure vessels | : ) : Py
. 5500/35 Sepiémber1981 Vessels under external
: pressure: stiffener proportions
5500/36 September 1981 Loose flanges split across a | ) L L ."’," .
diameter and keyed into the v ¢ - - :
back of a component - . o oo - .
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Foreword . e

- This British Standard has been prepared under the dlrecuon
of the Pressure Vessel Standards Committee. It is a,new
cdition of the 1976 version and incorporates all teehmcal
changes up to and including Amendment No. 6 (April 1981)

associaicd with that version. The proposals in 1ISO/DIS 2694 .
*Pressure vessels®, drafted by Technical Commitize 11 of the

Inlernational Qrganization for Standardization (1SO), have
been taken into account where considered appropriale.
NOTE. Some of the ﬁgum in this standard have been taken from
I1SO/DIS 2694 and employ the comma as the decimal marker
normal BS! practicc is 10 usc the fufi point. '

BS 5500. which covers pressure vessels manufactured from
carbon, ferritic alloy and . austenitic steels, and from
aluminiumi, replaced the following standards:

BS 1500 Fusion welded pressure vessels for general purposes '

Part | Carbon and low alloy steels
Part 3 Aluminium

BS 1515 Fusion welded pressure vesscls for use Irl'l th
chemical, peiroleum and allied industries  “
Part'{ Carbon and ferritic alloy a.eels
Part 2 Austenitic stainless steel
The 1976 edition stated the intention of integrating into one
British Standard the requircments for design, manufacture,
testing and inspection of fusion welded pressure vessels. It is

still intended to keep under review; the question of publlshmg .

appropriale supplements covering other types of pressure
vessels. for some of which scparate British Standards
currently exist. In the meantime, by agreement between the
parties concerned, this standard may be used where
applicable in place of other British Standards. If there is
sufficient demand from industry, the standard will also be
extended 10 cover other non-lerrous materials.

The format adopted to facilitate amendments to the text and
the incorporation of supplements covering ather types ol'
vessels and maierials in the 1976 edition. has been retained;

The requirements of this standard vary considerably
depending upon the thickness and type of matenal 1o be

used. When this combination is such as will pcrmrt'

satisfactory fabrication by iclatively  straightforward
processcs, spol non-destructive lcslmg is pcrmllted without
any . penalty in. desrgn thickness: in certain “cases visual
inspection anly is permitted with an appropriate penalty on
design thickness, -

The strengths that may be assumed for desrgn purposes of
materials covered by current British Slandards are
individualiy specified in table 2.3, The concept of design

strenglh 1ables, as used in BS 1500, has been reintroduced

BS 5500: 1982

“Issue 1, January 1982

because of the drfﬁcully of spec1fy|ng in any olher way
appropriate design strengths for materials and product forms
covered by a variety of standard specifications which. have

- been revised to line up with relevant 1SO material standards,
Appropnate modifications to the tables and 10 appendix K

are :ncorporatcd these being concerned with the coverage ol
the 1ypes and ranges of material in the revised standards
-rather than -with srgmﬁcanl changes to the presently -
. permitted’ strenglh levels which, except in the creep range,’
are generally consistent with those permitted by BS 1515.

A significant departure from pressure vessel standards prior
to BS 5500 is that design strengths in the creep range are

- given for a range ofdesrgn lifetimes that may be extended. on
expiry, on the basis of periodic ‘ﬁtness-l‘or conlinued-service
reviews” based on: mspéclron and cons:dcrauon ol' actual
load-temperature history:. ans approach recognizes the
limitations inherent in any simple design method for vesscls
,opcranng in the crcep range and also provides a flexible basrs

e hat ‘may be used in cases where the design sm_ngth values
""which have been derived from 1SO data. arc significanly
different from those used with success in the past.

«Specific requirements I'or these reviews are not given in this
standard because they require development and will be
covered by other standards pubhcauons for the periodic
inspection of pressure vessels. ;.

;_.Recommendauons covering aspects requmng further
consideration in particular cases are given in the appendices.
The British Standards Institution will be pleased to reccive
constructwe proposals based on experience or research that
,may lead 10 improvements in these appcndlces
.As with the 1976 edition, it is intended 10 kcep this standard

‘up to date by the issue from time to t|me ‘of replacement
‘pages. or additional pages where ner.cssary Each
replacement or added page will carry an issue number (with
date) indicating its relationship to the original staridard. the
pages of which are marked ‘Issue i°. For example,

Issue | will indicate an original page or one that has been

added to the original standard and has not been amcnded

since insertion; ) . .

Issue 2 will mdreale a first revision of elther an original

page or an added pagc,

Issue 3 will indicate either an original page revised for the

second time since publication or an added page rewsed for

the second time since msemon
Side-lining on replacement pages will indicate that changcs
- of technical or reference significance have been made at lhal
point.
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%

British Standard Specification for | S
‘Unfired fusion welded pressure vessels

C

Section one. General

" 1.1 Scope :

This British Standard specifies requirements for the design,
construction, inspection, testing and certification of unfired
fusion welded pressure vessels. The materials of construction

-

are defined in section two. The term *pressure vessel” as used .

in this standard includes branches-up 1o the point of
connection to the connecting piping by belting, screwing or
welding, and supports. brackets or other attachments
directly welded 1o the pressure containi ngshell.

This standard applics only 1o pressure vessels manufactured
under the survey of a competent engineering Inspection
Authority or Organization. The intent of this requirement
may be regarded as satisfied where inspection is carried out
by competent personnel of a separate engincering inspection
department maintained by the purchaser of the vessel. An
inspection department maintained by the manufacturer does
not satisfy this requirement except:
(a) that specific responsibilities may be delegated at the
discretion of the Inspecting Authority or Organization; or
(b) in the case of vessels for:the manufacturer's own use
and not for re-sale. ° o .
The vessels covered by this ‘standard shall be made only by
the manufacturers who can séti;fy the inspecting Authority
or Organization that they _faqé competent and suitably
equipped to fulfil the-appropriate requirements of this
standard. (See also asterisked footnote.) -
This standard does not cover the followi ng.
(a) Storage tanks designed for the storage ol liquids at near
atmospheric pressures, i.c. where the pressure additional
1o that due 10 the hydrostatic head does not exceed
140 mbart above or 6 mbar below atmospheric pressure
in accordance with such standards as BS 799, BS 2594,
BS2654.BS 4741, BS 5387. ‘

Lowﬂprcssur‘e. above ground storage 1anks which have a
singie vertical axis of revolution designed for the storage of
liquids at a pressure not exceeding | bart, :

(b) Vessels in which the stresses calculated in accordance

with the equations given in section three of this standard

are less than 10 % of the design stress permitted by section
three,

(c) Strip wound compound or other special designs of
vessels which may be appropriate for very high pressures.

(d) Transport vessels, i.e. vessels used for transport of
contents under pressure. SRR

Ce

{€) Vesscls for specific applications which are covered by

standards listed in the BSI Yearbook,
Manulacturing techniques “of glassed steel vessels may
require special design considerations subject to the limits
imposed by the method of construction and which should
have the agreement of the Inspecting Au}horily. '

- 1.2 Interpretation

Ifany ambiguity be found or doubt arise as to the meaning or
effect of any part of this standard or as 1o whether anything
ought to be done or omitted to bé done in order that this
standard should be complied with in full, the question shalj
be referred to the Pressure Vessels Technical Committee of
the British Standards Institution, whose intérpretation of the
requirements of this standard upon the matter at issue shall
be given free of charge and shall be final and conclusive.
Parties adopting this siandard for: the purposes of. any
contract shall be deemed 10 adopt this provision unless they
expressly exclude it or else import an arbitration provision
in terms extending to - interpretation of this standard.
However, this . provision is limited 1o questions of
interpretation and does not confer upon the commiltee any
power. duty or autharity to adjudicate upon the contraciual
rights or dulies of any person under a’conltract except in so.
far as they may necessarily be affected y the interpretation
arrived at by the committee. AR '

Findings or rulings of the committee upon all enquiries,
including matters of interpretation, which are of sufficicnt
importance that both enguiries and replies be made public as
soon as possible will be published in an enquiry-reply form
for inclusion:in the BS 5500 ring binder as Enquiry Cases.
Their availability will be notified in BS News,

After 1aking into account any public comment thereon,
Enquiry Cases may b¢'incorporated., as appropriate, into the
standard as amendments which will form part of the next
convenient annual updating. ‘

o -

B

1.3 References
The titles of the British Standards referred to in this standard
are listed on the iast page, o

1.4 Definitions
For the ‘purposes af this British Standard the following

definitions'apply.

S - . LT . -‘;:,.
,1.4.l‘lpurcha§e\r. .The organization or individual who buys
the finished pressure vessel for its own use or as an agent for

the owne‘rﬂ." i

* A national scheme 10 provide assurance thm}ves&:ls are manufactured in conforfnity with this British Standard withou| the necessity fora
purchas_cr spcciﬁcallg_f to commission the competent Inspection Authority is operated by the Pressure Vessels Quality Assurance Board under
the aegis of the Institution of Mechanical Engincers. Manufacturers holding a valid PYQAB Ceriificate of Authorization relating to the
manufacture of pressure vessels 1o the relevant consiruétion categories defined in this standard may aiso be deemed 1o be competent and
suitability equipped for this purpose. - : ‘
t 1 mbar=10? N/m? = 100 pa,

Ibar =10%N/m? = 100 kPa,
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1.4.2 manufacturer, The organization which designs and

fabricates the pressure vessel in accordance with the

purchaser’s specification. The design and fabrication

functions may be carried out by separate organizations. ‘
1.4.3 Inspecting Authority. The body or association which
checks that the design, materizls and construction comply

with the requiremenits of this standard.

1.4.4 Regulating Authority. The authority in the country of
instailation which is legally charged with the enforcement of
the requirements of the law and regulations of that country

_ relating to pressure vessels, .

1.5 Responsibilities B
1.5.1 Responsibilities of the purchaser. The purchaser shatl

be responsible for fumishing the manufacturer with the

following information:

(a) a specification of the normal working conditions of the

vessel, togelher with details of any transient and/or
adverse conditions in which the vessel is required to .
opcrate and any special regulations for in-service
inspection;

(b) the name of the 1o be

Inspecting  Authority

commissioned by the purchaser (see asterisked footnoie to
1.1);
{c) any additional requirements not given in thisstandard; -

(d) any spccial statutory or other regulal'ions with which
the finished vessel is required to comply; :

{c) the name qflhc Regulating Authority (ifany),
Where the Inspecting Authority is nominated by the

purchaser. the purchaser shall be responsible for ensuring
that any information which the manufacturer is required 10
supply, as specified in this standard, is made available to the
lnspccung Authority.

Where necessary, it shall be thc responsibility of the
purchaser to ensurc that the Inspecting Authority is
aceeplable to the Regulalmg Authority. Thls should be done
at the time of the order.

1.5.2 Responsibilitiecs of the manufacturer. The manu-
facturer shall be responsible for. the completeness and
accuiacy of all design calculations and for compliance with
all applicable requirements.of this standard ‘for the whole
vessel. During fabrication. uncxpected factors may arise .
which justify deviations from the'specified requirements but
which do not affect the safety as intended by this standard.
Such deviations shall be submitted .to the purchaser for
approval and ‘shall be recorded as part of < the vesscl
certificate. 2

In cases where the design and fabncation functions are
carried out by separate organizations, the manufacturer's
responsibilities as laid down in this standard shall be
dlscharged in a manner agreed between the parties
concerned. : '

Examinations carried out by the Inspecnng Authority do not
absolve the manufacturer from his responmb:hty for

compliance with the appllcable rcqulrements of thls

standard. .
The manufacturer shall furnish the following information to
the purchaser, which shall be available to the Inspectlng
Authority and the Regulating Authority: ¢

(a) drawmgslrshowmg all major details that he proposes to
employin. the manufacture of the pressure vessel:’

o) specific cho!ces where alternatives are permmcd by
thisstandard; | o

(c) list of materials used in manufacture including
certified reports;

(d) records of all welding procedures and heat treatments
performed on the vessels during fabrication and of all
examinations and tests required by this standard.

1.5.3 Responsibilities of the Inspecting Authority. “The «

Inspecting Authority shall be responsible for checking that
the design of the vessel comphes with the requirements of
this standard and that all inspections and tests required
during the manufacture of the vessel are carried out

1.5.4 Certification. On completion of the vessel the
manufacturer shall issue a certificate that the pressure vessel
has been designed, constructed and tested in every respect in
accordance with the requirements of this standard, and this
certificate shall be countersigned by the Inspecting Authority
that it has been so constructed and tested. Where erection is
inspected by a second inspecting Authomy. each lnspecung
Authority shall sign the certificate in réspect of the work it”
has supervised. The countersigned certificate shall .be
furnished to the purchaser, w:th a copy 10 the chulaung .

+ Authority where required.

Where the design and fabncauon functions are carned out

" by separate orgamzauons each organization shall issue a

certificate . in respect of the work it has performed;

a]lemanvely a joint certificate signed by each organization in
. respect of the work it has performed shall be issued. Each
certificate shall be coumemgncd by lhe Inspecting Aulhorily
as required above. By ; .
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Section two, Materjals

2.1 General ‘,

This section covers the material selection and nominal
design - strengths for pressure vessels constructed in
accordance with this standard, '

2.2 Selection of materials

2.2.1 The selection of the materials of cons..ructmn for
- pressure contammg parts and their mtcgral attachments
shall take into accourt the suitability of the, Jmaterial with
regard to fabrication and to the conditions under whlch they
will eventually operate. Special considetdtion should be
given to the selection of materials for vesscls designed to
operate below 0°C (see appendix D). Austenitic stainless
steels (including the high nitrogen and warm worked
varieties) and aluminium alloys are not susceptible 1o low
stress brittle fracture and no special requirements are
necessary for their use at temperatures down to — 196 °C.
Any special limits, for example with respect to composition,
heat treatment, etc., which the materials or pressure vessel
user may require in relation to the particular end use of
material, shall be’ the subject of agreement between the
purchaser and the manul‘acturcr at the time of enquiry and
order. S

2.2.2 All the matena[s used in the manufacture of pressure
parts shall comply with the requirements of the appropriate
British Standard referred to in 2.4 or 2.5 except as otherwise
permitted by this section.

Welding material shall satisfy the requtrcments of sections
fourand five of this standard. -

The use of castings for pressure parts shall be subject lo
agreement betwcen the purchaser and the manufacturer. An
appropriate quahty specification™ for such castings should
be agreed between the manufacturer and the material

supplier at the lime of enquiry, specifying the standards of -

inspection (o be applied and of acceptance for defects. As a
minimum, all acceptabie fillets and changes of section, elc.,
shall be subject to magnetic particle or penetrant inspection. -

Bolts and nuts shall be in accordance with the material

specifications listed in tables 3 and 4 of BS 4882 :
table 3 of BS 1473: 1972, o .

2.2.3 Other materials may be used for pressure parts by
express agrcement betw::cn the purchaser and the
manufacturer provided that: :

1973 ot’

(2) they comply with the general requirements of 2.4 or
2.5 as appropriale and are covered by a written
. specification at least as comprehensive as the British
Standards listed in table2 3 for the nearest equivalent
material;
(b) the design strengths are determined i in accordance wuh
2.3.2. . 5
2.2.4 Materials for supporting lugs, sku’ts, baffles .and
similar non-pressure parns welded to vessels shall be of
established identity and shall be compallble wtth the
matenal to which they are attached.

23 Nominal design strength ,
-2.3.1 Nominal design strengih values for materials covered
by British Standards are given in table 2.3.
These values are for design purposes as specified in the
relevant sections of this standard only and are not intended

" BnS 55001 98.-'2.:(.5 B
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tobea basns for acceptance or rejecuon of material. Their . - ‘

derivation is descnbed inappendix K. ,

NOTE. Values between those given in the vanous columns ofthe
table may bc]mearly mterpolated o . '
~2.3.2 The’ nominal desngn strength of‘ matenals used Jin
“accordance with” 2.2.3 shall ‘be derived in a2 manner -
consistent with appendix K: details of the procedure used
" shall be agreed between the purchaser and the manufacturer
and recorded.

24 Carbon carbon manganese and alloy steels

2.4.1 Permissible materials coversd by British Standards are

- listed together with their appropriate nominal des:gn
strengths in table 2.3. Non-destructive testing requlremenls
are covered in 5.6.2. Where relevant, the restrictions .
in2.4.2.2apply, - .

Additionally, materials complymg with the requirements of
the standards listed in table2.4 may be used for .the

construction of category 3 vessels provided the quahfymg

requirements indicated i in table 2. 4 are satisfied.

2.4.2 For other matenals covered by this subsection the
following general requirements shall apply.

2.4.2.1: The material specification (see 2.2.3) shall specify
steelmaking. process, compositional limits for ail
constituents, deoxidation practice, heat treatment and
appropriate mechanical properties for acceptance and other
purposes,

2.4.2.2 For ferntlc steels intended for weldlng, the upper
limit of the carbon range (in'the ladle analysis) should not
exceed (.25 %, Steels with a higher carbon content which are
intended for welding may be used subject to special
agreement on welding procedures between the parties
concerned. The maximum allowable phosphorus and
sulphur content should not exceed 0.05 % each in the ladie
analySIs

2.4.2.3 The deox:dauon practice should be appropriate to
the type of steel ordered partrcularly where it may influence -
the level of elevalcd or low lemperature properties.
Semi-kiilled steel may be used in accordance with this
standard for plates, seamless and welded tubes in carbon and
carbon manganese steels with an upper limil of the specified
tensile strength range of 640 N/mm2 and with a thickness
not exceeding 100 mm. Rimming steel should only be used
for welded tubes in carbon and carbon manganese steel types
with an upper limit of the specified tensile strength range of
490 N/mm? under service temperature conditions between
0°Cand 380 °C. ;

2.4.2.4 Mechanical properties at room temperature shall be
specified for. acceptance tests in accordance with BS 18

- covering Ry, R, (see appendix K) and rmmmum elongation

al fracture. ,

The speenﬁed minimum percenlage elongat:on at l‘racture
referred to a gauge length of 5.65 V'S, should be appropriate
to the type of steel with a lower limit of 16 % for plates, 15 %
for castings and 14 % for tubes and forgings, unless the use of -
the steel is subject to special agreement,

Unless -otherwise agreed, minimum' Charpy- V-notch
properties retated to BS 131 : Part 2 shall also be spec:ﬁed .
with the direction of testmg as specified in appropnat
British Standards for similar product forms. ’
The rate of testing and methods of acceptance testing shall
generally be consistent with appropnate British Standards
for similar product forms.
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1.4.2.5 For materials that will be used abeve 56 *C,a yield“:

point or proof stress propcrtics related to tests in accordance
wﬂh BS 3688 should be spcmﬁcd unless otherwise agreed.

2.4.2.6 Stress rupture propcrucs shall be spec:ﬁcd for
materials which will be used in the ¢ creep range. These shall
be determined in accordance wuh lhc;proccdure laid down
in BS 3228 : Part 2. The manufacturer of the vessel shall be
assured that the product supphcd is capable of meeting the
specificd properties by a statement . that the manufacturing
processes have remained cquivalent to those for the steel for
which the test results were obtained. K ' 2
2.4.2.7 Charpy V-noich impact = test properties at
appropriate temperatures shall be specified for materials that
will be used for low temperature service, except in the case
where impact testing is unnecessary (see ap'f:_cndix_ D). The
properties shall be verified in accordance with' BS131:
Part 2 at the rate of three tests per sample at a lcmperalurc to
be agreed.

2.4.2.8 Materials shall be supplied. in~ a hcal treated
condition appropriate to the nearest: equivalent British
Standard unless otherwise agreed between the interested
parties. :

Plates for hot forming may be supplied in any suitable
condition as agreed between the manufacturer and the
material supplier.

Carbon and carbon manganesc steel plates for cold forming
shall be supplied in the normalized condition except when
their thickness is iess than 25 mm. when the plates may be
supplied as-rolled if guarantecd elevated lcmpemture
propertics are not required.

Low alloy plates for cold forming should be supphed in the
normalized and tempered condition but may be supplied in
the normalized condition if metallurgically suitable and
provided post-weld heat treatment will suffice as the
tempering treatment.

Elcetric resistance welded or induction welded tubes may be

used in the as-weided condition provided the specified upper
limit of tensile strength docs not exceed 540 N/mm? and
they are not intended for service below a temperature of
0°C.

2.4.2.9 The heat treatment condition to which the specified
properties relate shall be clearly stated in the material
specifications, These properties can be affected by reheating
during fabrication and, where necessary (seed.d), the

manulacturer should discuss the application and proposed.

heating or reheating of the steel with the material supplier.
However, the test plates should be supplied and tested in a
condition corresponding to Lhe material specification
specifically requcstcd by the manufacturer. The heat
treatment to be given to the test pieces and the acceptance
properties should be agreed at the time of order. .

2.5 Aluminium* '

2.5.1 Permissible materials covered by British Standards are
listed together with their appropriate nominal design
strengths  in  table 2A.3. Non-destructive ' testing
requirements are covered in 5.6.2.

2.5.2 For other materials covercd by this clause (scc 2.2.3)
the general requirements specified in 2.5.2.1 g 2. ,.2 5

apply

2 5 2. l The malena[ specnﬁcauon (secz 2.3} shall specify
the compos:uon limits for all constituents, heat treatment
and the appropnatc mechamcal propemcs for acceptance
and other purposes. BRI

2.5.2.2 Mechanical propemcs at roomm temperature shall be
specified for acceptance tests in accordance with BS 18
covering: '

_the tensile streﬁgih range, .
the minimum 0.2 % proofstress {Rp),'/

the specified minimum percentage elongation at fracture,

referred 10 a gauge length of 5.65 VS, or 50 mm. should be
-appropriate 10 the lype of material wuh a lower llm:l of
J 5 % RL N

2.5.2.3 For materials .that will be used at temperatures

above 50 °C, tensile data should be provided from which the
expected minimum ten511e strength and minimum 0.2 %
proof strength at¢ the operaung temperature can be
established. If the operating’ temperature equals or exceeds
100 °C, stress rupture data shall, be available for determmmg
lhe design strength and design hfctlme

2.5.2.4 The design’ strength valtes given in lable 2A 3 are
appropriate to materials having the minimum tensile
strength (R ) 2nd minimum 0.2 % proof stress {(Rpp.2) values
at room temperature shown in‘columns2.and3. Other
thicknesses of the same form.and other product forms may
be used., the minimum tensile properties being established
either by reference to the material specification or by
arrangement with the material supplier. If;the minimum
values of Rpgs-and Ry, are less than those” given in
table 2A.3 for the same temper or condition, the design |
strengths that are not time-dependent shall be reduced

" proportionately.

2.5.2.5 Pressure vessels in aluminium alloys containing
3.0% or more of magnesium for use at temperatures above

» . 60 °C shall be constructed only from material supplied in the

annealed (0) condition.

NOTE. Consideration should be given to the extent of cold formmg
during fabrication and the need for annealing. The purchaser is
advised 1o discuss the proposed application with the manufacturer
and material supplier.

Table 2.3 Design strength values: index of steels

Partof
table2.3

% | Standard

BS1501:Partl . |(a)

BS 1501 : Part2 (b)

BS 1501 : Part 3 (c)

BS 1502 @ . .

BS 1503 ‘ (e}

BS 1504 (n

| BS 3059 : Parts 1 and 2

BS 3601, BS 3602 ;
Parts | and 2

BS 3603

BS 3604

BS 3605
BS 3606

Stezl plates

Steel sections and bars
Steel forgings

Steel castings

Steel pipes and tu'bes

G
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Table 2A.3 Design strength values (N/ mm?)
Aluminium and aluminium alloys

Material standards, Minimum Minimum Temperature, “Ct : : Alloy.
BS references tensile 0.2 % proof ai } AAaAL

B8S 1470- BS 4300 strength* stress*. ) : equivalent
BS 1475 , 50 | 75Y 0 | designation

Nmm® | N/mm? .
55 - w0 |9 1050A

90 QIR ' 0 |18 3103

R SRS

160 ‘ 60 . 40 |40 33 |» | 5251

- 80 53 53 53 5 34 . |28 5454

N5§ 51 |s1 |57 3 20 SIS4A

N8§ " 83 |8 |8 (7 [s52 |35 | 5083

HY| TF 185 , | 55 |53 51 45 34 2 6060/6063

H30| TF 295 g0 |77 74 o | 70 54 39 508'2

NOTE. Exiended service of alloys coma:nmg 3.0% or more magnesium at lefnpcralurcs above 65 °C can result in grain boundary pr&iﬁftﬁfnoﬁ ofMg-Ai ' L.
intermetallic compounds which corrode in some process fluids leading to disintegration in weld areas. Alloys of this 1ype should not be used at ismperatures ~
above 65 "C unless tests or service experience have demonstrated that they are suitable for specific duty. . } ‘
® Scc 2.5.2.4, oo

t Values italicized are limited by stress to rupture criteria (see appendix K). :

$ Aluminium Association of America.

§8ce2.5.2.5.

|| For non-welded components.

—

Table 2.4 Additional materials that may be used for category 3 construction ;

Product Material standacds, Conditions for use Design stress for areas remote from
form BS references . [ welded seams (3.4.2.2)

Plaie BS 4360 408 Seenctes [,4and 5 -+ asfor BS 1500 :Part | 1980: (517161 400 (table 2.3)
400 “ o :

43A as for BS 1501 : Part 1 : 1980 : 151/16! 430{table 2.3}
43B R . _

Plate, sheet BS 1449 Part [ 37/23HR Sen)noles 1,2,3and 4 as for BS 1501 : Part | : 1980 1517161 360{table 2.3)
orstrip 37/23CR - ' L

43/25HR : ° [ asforBS 1501 : Part 1 : 1980: ISll/IGI 430 (table 2.3) .

BS 1449 ;: Part 2304 S12 See note 3 as for BS 1501 : Part 3 : values for equivalent plate mareriat
304815 (table 2.3)
310824
316512
316516
320817
321812
347817

NOTE 1. The copper cantenl shall not exceed 0.30 %.
NOTE 2. Rimming steel shall not be used.
NOTE 3. The steel suppliér shall provide a centificate of compliance which shall also siate:

(a) the ladle analysis f the maierial supplied;

[b) the resulls ol mechanical tests on test pieces taken rom samples representing the material supplied.
NOTE 4. The negative tolerance on thickness permilted in the material standard shall be taken into account in specifying the ordv:rmglhnckncss {see 3.1.1}.
NOTE 5. Theaddilional procedure for correction of minor defects specified in 10.4 of BS 4360 : 1979 shall only apply with 1the agreement of the purchaser.

¥l
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Section three. Design

3.1 Purpose

3.1.1 This section is intended solely for the purpose of
determining the minimum thickness or dimensions to ensure
- safely of the vessel against the risk of gross plastic deform-
ation, incremental collapse and collapse through buckling
with the materials permitted by section two.

The thicknesses determined by the. various formulz are
minima and therefore the specified nominal thickness shall
be increased by the amount of any negative iolerance
permitted by the specification to which the material is
ordered.

3.1.2 Where the specified design strength 01' a material is
time dependent, the design procedures covering situations
where internal pressurc is not a dominant form of loading
(e.e. 3.6) may not in themselves provide adequate margin

against the possibility of creep deformation leading to
instability or creep rupture during the agreed design lifetime.’ -

In such cases the design procedures specified in section three
should, where indicated, be supplemented by appropriate
analysis to confirm that this lifetime will be achieved. The
design procedures included in this section do not necessarily
cover mechanisms (e.g. creep ratchetting) which can
significantly increase the defoermation rate of components
operating in the creep range and subject to frequent temper-
ature cycling. Where such cycling is likely, deformation rates
should be confirmed by appropriate supplementary analysis.

3.1.3 Detailed recommendations to safeguard the vessel
against fatigue conditions are given in appendix C.

3.1.4 Detailed recommendations to safeguard against brittle

fracture of vessels in carbon and carbon manganese steel are
given in appendix D.

3.2 Apphcatlon :
3.2.1 In the design of a vessel the following loads shall be
taken into account where relevant:

(a) internal and/or external deS|gr| pressure;

(b) maximum statlc head of contained ﬁund under oper-

ating conditions;

(c) weight of the vessel; )

(d) maximum weight of contents under operating con-

ditions;

_{e) weight of water under hydraulic pressure test con-
“ditions;

() wind loading;

“(g) earthquake loading;

(h) other loads supported by or rcacung onthe vcssel
it may be necessary to give consideration to the effect of the
following loads in cases where it.is nol possible lo

demonstrate the accuracy of the proposed design e.g. by
comparison with the behaviour of other vessels:
{i) local stresses caused by supporting lugs, ring girders,
saddles, internal structures or connecting piping or inten-
tional offsets of median lines in adjacent components;
(G) shock loads caused by water hammer or surging of the
vessel contents;
(k) bending moments caused by eccemricit’y‘bf the centre
of the working pressure relative to the neutral axis of the

vessel;
N

BS 5500 : 1982

Issue 1, January 1982

(1) stresses caused by temperature differences including :

transien! conditions and by differences in coefficients ol
¢ thermal expansion;

(m) fluctuations of pressure and temperature.

Where portions of a yessel are subjected to high cyclic
forces/moments or thermal stresses, in service which will not
be reproduced during the pressure test specified in 5.8, the
possibility ol unacceptable local strain accumulating over
the life of the component may also require consideration.

3.2.2 Rules given in this section will provide satisfactory

‘designs for the types of loading zccounted for by the

equations* therein. If a component is subjected to loading
other than that accounted for in the equations, reference

should be made to the design criteria in appendix A, unless it
is possible to demonstrate the adequacy of the proposed

design by comparison with the behaviour of similar existing
components, : L.

‘-'For components for which no rutes are supplied in this

section, reference shall be made to appendlx A for methods
of evaluating the stress systems. o

By agreement between the purchaser and the manufacturer,
designs based on rules other than those given in this section
may be used provided they can be shown to comply with
appendix A, but in no case shall the minimum thickness for
pressure loading only be less than that requ:red by 3.5.1.1,

3.5.1.2,35.2and3.53.

3.2.3 The design pressure (i.. the pressure to be used in thei

“equations for the purposes of calculation) shall be not less -

than:
(a) the pressure which will cxist in the vessel when the
pressure relieving device starts to relieve, or the "set
pressure of the pressure relieving dev:ce whichever is the
higher (see appendix J); 7
(b) the maximum pressure which can be attaifgd in
service where this pressure is not limited by a relieving

- device. & &

The value ol the design pressure to be used in the equalions

in this section shall include the static head where applicable,

unless this is taken separately into account in the equation.

Vessels subject to external pressure shall be designed for the
maximum differential pressure to which the vessel may be
subjected in service. It is recommended that vessels subject
to vacuum be designed for a full negative pressure of | bart
unless a vacuum break valve or similar device is provided, in

& !

.which case a lower design pressure may be agreed.

3.2.4 The design temperature which is used to determine
the appropriate nominal design strength for the selected
material shall be'not less than the actual metal temperature
expected in service. The design temperature shall include an
adequale margin 10 cover uncertainties in temperature
prediction. Where different metal temperatures can
confidently be predicted for different parts of ihe vessel, the
design temperature for any point in the vesse[ may be used
on the predicted metal temperature. The design temperature
for the purpose of determining the low temperature
properties for carbon and carbon manganese material shall
be determined in accordance with appendix D where
apprOprlate < ' l'

An appropriate design lifetime shall be agreed between the
purchaser and the manufacturer for each vessel whose design
temperature is such that the nommal design slrength ln

*Thc cquanons in thissection may be used with any consistent sct ol units,

t1 bar=10% N/m? = 100 kPa

L
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table 2.3 is time-dependent. No vessel designed on this basts
should remain in service beyond the agreed design lifetime
unless a review is then made of its continued fitness for
service based on inspectton for creep damage and
consideration of its temperature/stress history and the latest
materials data. Particular attention should be paid, durmg
inspection, to geometrical discontinuities and details subject
to load or temperature cycling. Subject to satisfactory
periodic review, service lives may be extended beyond the
original design life.

An appropriate service life and design margin (as required
in C.1.2) shall be agreed between the purchaser and the
manufacturer for each vessel of which any integral part
requires a detailed fatigue analysis (in accordance with C.2).
No such vessel should remain in service once the agreed
service life has been completed, without a periodic review
based on the inspection/monitoring of the pan(s) in
question.

Where, during normal operation, a vessel is subjected to
more than one loading*/temperature condition, the
thickness shall be determined from that condition which
results in the greatest thickness,

3.2.5 Provision shall be made in the design to permit
thermal expansion and contraction so as to avoid excesswe
thermal stresses.

3.2.6 Wind and earthquake loading shall be taken into
account only when, together with other loadings which occur
simultaneously with wind ‘or earthquake loading, they result
in a stress exceeding 1,25 times the nominal design stress.
Maximum wind loading and earthquake loading zre
assumed not to act simultaneously. o

3.3 Corrosion, erosion and protection

3.3.1 General. Whenever the word corrosmn is used in
this standard it shall be taken to mean corrosion, oxidation,
scaling, abrasion, erosion and 2ll other forms of wastage,
Stress corrosion cracking may occur under certain
conditions of temperature and environment and cannot be
catered for by increasing thickness. Under conditions where
stress corrosion may occur, consideration shall be given to
the materials used and the residual stress in fabricated
vessels.

It is impossible to Tay down definite precautionary rules'to
safeguard against the effects of corrosion owing to the
complex nature of corrosion itself, which may occur in many
forms, including the following.

(a) Chemical attack where the metal is dissolved by the
reagents, It may be general over the whole surface or
localized (causing pitting) or a combination of the two.

(b) Rusting caused by the combined action of moisture
and air,

(c} Erosion corrosion where a reagent otherwise
innocuous flows over the surface at a velocity greater than
some critical value,

(d) High temperature oxidation (scaling).

The purchaser and the manufacturer should give joint
consideration to the effect which corrosion. (both internal
and extcrnal) may have upon the useful iife of the vessel.
When in doubt corrosion tests should be undertaken; these
should be carried out on the actual metal (including welds or
combination of melals under exposure to the aciual
chemicals used in service). It is very dangerous to assume

¢ .

that the major constituent of a mixture of chemicals is the
active agent, as in many cases small traces of impurities exert
an accelerating or inhibiting effect out of all proportion to
the amount of impurity present. Fluid temperatures and
velocities should be equivalent to those met in operation.
Corroston tests should be continued for a sufﬁcien:ly‘ long .
peried to determine the trend of any change in the rate of
corrosion with respect to time,

3.3.2 Additional thickness to allow for corrosion. The
amounts adoptéd shall be adequale tocoverthe total amount -
of corrosion expected on either or both surfaces of the vessel
and shall be agreed between the purchaser and the
manufacturer. In cases where corrosion may occur,
additional metal thickness over and above that required for
the design conditions should be provided at least equal to the
expected corrosion loss during the desired life of the vessel. It
is recommended that in all such cases a minimum corrosion
allowance of 1 mm should be provided unless a protective
lining is employed. Where the corrosion effects are negligible
no excess thickness need be prov:ded

3.3.3 Linings and coatings. Vessels may be fu!ly or partially
lined {or coated) with corrosion-resistant material. Linings
may be loose, intermittently attached to thecvessel base
material or integraily bonded to the vessel base material,
The surface finish for coated vessels shall be agreed between
the purchaser and the manufacturer.

Provided contact between the corrosive agcnt and the vessel
base material is excluded, no corrosion allowance nzed be
provided against internal wastage of the base material.
Corrosion-resistant linings shall not be included in the
computation of the required wall thickness except'in the case
of clad steels as may be agreed between the purchaser and the
manufacturer. The design of lining should take into account
the effects of differential thermal expansion; integral linings
should have sufficient ductility to accommodate any ‘strain
likely to be imposed on them during service,

3.3.4 Wear plates. Where severe conditions of erosion and
abrasion arise, local protective or wear plates should be
fitted directly in the path of the impinging material.

N
3.4 Construction categories and design stresses
3.4.1 Construction categories. For the purposes of this
standard the amount of non-destructive testing required is
related to the type and thickness of material being welded as
indicated in table 3.4, For:reference purposes three con-
struction categories are identified in this table, any one of
which will provide.adequate integrity for normal purposes.
Any additional requirements 1o cover ‘special risks
associated with vessel contents are a matter for the purchaser
to specify in relation to the options permitted in this and
other sections of the standard after due consideration of the
installation as a whole and any relevant slalutory
requirements.

3.4.2 Design stresses

3.4.2.1 Categories 1 and 2, Except as qual:ﬁcd below, the

design stresses shall not exceed the appropriate nominal
design strength value given in table 2.3, etc. for the material
of construction at the design temperature.

The following points shall also be taken into account.
(a) Carbon and carbon manganese steels ‘

(1) The nommal design strengths given in lab]e 2.3 are
intended for general use with the steels hsled and

*In this context, the term *loading’ means any combination of loads (including prcssure loading) acting simultaneously
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Maximum
thickness
(mm)

Permitted
matcrial

Non-destructive
testing (NDT)
requirement

Construction .
category

Temperature limits

Lower

L

Upper

10D %
(see 5.6.4.1)
‘ L

All

None, except
where NDT
method limits -

See3.1.2 See appendix D limitations

Wy

Limited random 46
{(spot) (sce 5.6.4.2)

30

Austenitic
stec!
Aluminium
alloys IB
N3, N5, N8
N51”

rSee appendix D limitations

o
. "

rSee3.1.2

s

Visuatonly C & CMnsteel

(see 5.6.4.3) (Rp* » 432 N/
- mm?2)

Austenitic

steel

See appendix D limitations-

r300°C

*For definition ome seeK.2

acceplance tests on malerial heat treated with a
completed vessel are not required, any reduction in
properties of such steels due to post-weld heat
treatment being consistent with the overall benefit
obtained by stress relief of the structure. A purchaser
requiring such tesls or tests on samples subject to non-
standard heat treatments, shall specify them in the

supplementary specification together with appropnater%‘

acceptance criteria.

(2) In designs where slight deformauon is lmportant or
where the proposed post-weld heat treatment times or
temperatures will significantly exceed the limits in
table 4.4.3.1, plate which will meet the properties in
the material specification in the normalized plus
simulated (3-hour) post-weld heat treated condition
should be specified.

A lloy steels

(1) Manufacturers skould discuss the application and
proposed heating or reheating of alloy steels with the
material supplier before selecting the appropriate
nominal design strength.

(2) The nominal design strengths given in table 2.3
shall be used provided the proposed post-weld heat
treatment does not exceed the time and temperature
limits in table 4.4.3.1. This does not apply to the limits
recommended for maximum softening and optimum
creep properties for grades M7 and M9; in these and all
other cases the properties used for design purposes
shall be subject to prior agreement between the parties
concerned. Appropriate time and temperature limits
for non-standard heat treatments shall be established at
the design stage. [f acceptance tests on material heat
treated with a completed vessel or in a non-standard
manner are required, these shall be specified in the
supplementary specification mgelher wuh apreed
acceptance criteria,

- 2 Co .
*In view of the lack of appropriate data it is recommended that use of N5 and N8 material be restricted 19 hel

tFordefinitionof R, see K.2.

(<) Aluminium
(1) Post weld heat treatment of alumninium vessels is not’
normally necassary or desirable.

(2) The nommal design strengths given in table 2A3 for
materials in the annealed condition sha!l be used in the
design of welded conslmctlons
(3) In the light of current experience malenals for
vessels subject to external pressure shall be restricted
to materials N5, N§ and N51.*

3.4.2.2 Category 3. The design stress Timits below apply
irrespective of the orientation of the main welded seams, For
seamless components, or where, in areas remote from
welded seams, the local thickness required to withstand
pressure has to be calculated (e.p.. for design of local
reinforcement, flat ends, etc.), the disign stress shall not
exceed the values permmed for construction categories |
and 2.

(a) Carbon and carbon manganese steel. T he design stress

shall not exceed fR /5.

(b) Austenitic steel. The design stress shall not exceed

120 N/mm?2 or.

450
120 (400
temperature in degrees Celsius). -

ln\cases where the specified minimum yleld strength (1.0 %
proof stress) is less than 230 N/mm? the design stress so
calculated shall be muitiplied by 0.8.

3.4.2.3 Additional limit for statically cast components. In the
case of static castings the design stress shall not exceed 0.7 x
the nominal design strength value given in table 2.3, unless
the quality specification (sez 2.2.2) makes full provision for
the detection and repair of potentially harmful defects in all
critical sections, in which case the above limit may be taken
as 0.9 x the nominal design strength value given intable2.3. .

s Bocuments

(Lo sioi]

) . whichever is the smaller (¢ is the design
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. N
3.5 Vessels under internal pressure B " jtisnot possible 1o give cxplicit equations for the minimum
The equations in this section are based on mean diameter thickness and solution by trial and error is necessary. Design
rules and are not necessarily applicable when the D/D; requirements and p\rocedures are detailed inappendix B.
ratio of a vessel exceeds 1.3, The design of such’ vessels 35.1.3.2 Approximation for cylinder, Where the effect of
should be given special consideration, taking into account  such loadings is to produce an axial load W and a bending .
that the factor of safety against gross plastic deformation wilf  moment M, a first approximation to the thickness required
be greater than that implied by the equations in this section, may be determined in the manner detailed below.. The first
and that the onset of plasticity {locally at the bore) will occur  approximation is always an overestimate by an’ amount
atrelatively low pressure, - which is greater for cylinders with larger values of e/R;.
3.5.1 Cylindrical and spherical shells : Where the equations below indicate that an increase in the
, ) : thickness over that given by 3.5.1.2(a} is required, reference
3.5.L l Noation should be made to appendix B to establ:sh .the minimum

- thick ¢
is the minimum calculated thickness of shell pIale IeKNess.

excluding corrosion allowance; The first approximation to the minimum thickness is the

s the design pressures ‘ La;g;s; &I;the valucs given by the followmg equations and b}f
is the inside diameter of shell without corrosion | For Q tensile:
allowance;

0.25pD;+Q 0.25pD,+Q (5)

is the outside diameter of shell without corrosion o= —=0UiTY La=
allowance; i f~0.5p : S

is the nominal design str'ess; . . . . For Q) compressive (i.e. term *— Q" having positive value):
is the modulus of elasticity of the material at the design s i )
0.25pD;, - 0 0.25pD,— Q

temperature; - p= — ore= 7.5
is the longitudinal force in a cylinder due to M or W f S 0.5p

per unit length of inside circumference (positive if
tensile); see equation (7);
is the longitudinal bending mornent; + 4M_ m(f
is the torque about vessel axis; r:D n02 ‘ '

{for vertical vessels only); Where
(a) for points above plane of support: is the weight of @ is compresswe the neitt Iongnudmal compresswe stress
vessels, fittings, attachments and fluid supported above (6, shall not exceed the limit specified in B.5, i.e.

point considered, the sum to be given a negatwe signin D
~ equation (7); v Q ‘3 ! should not exceed this limit.
¢ e
&g:;; p%;?};;?lgfmit;i:;szzgogu :; l:; :‘:lih;:{ " These mlculaliops shmfld be perqumed forall com_binations v
considered plus weight of fluid contents not supported of load e:_&pe_cted 10 Service. 'I_'he thickness may be dictated by
above point considered, the sum to be gwcn a positive loads acting when the vessel is not under pressure.
» Conditions dunng pressure testing should be the subject of

sign in equation (7). , ,
3.5.1.2 Minimum thickness for pressure loading only. The special consideration,

minimum thickness for pressure loading only shall be For the treatment of local stresses in the neighbourhood of
calculated from the following equations. the points of application of the additional loads see

(a) Cylindrical shells appendix A.
. For the treaiment of tors:onal loading, wind or carthquake

zf}g . ‘ loadmg see appendix B.
’ - 3.5.2 Domed ends
‘ 3.5.2.1 Notation (see figure 3.5.2. l)
e=p—-D° . e is the minimum calculated thickness alter dlshmg,
U+p ' ' excluding corrosion allowance; .
(b) Spherical shells

=PD;
47=1.2p

i

(6)

In these equations: '

D isthe outside diameter of end;

R . isthe inside spherical radius, for torispherical ends;

r  isthe inside knuckle radius, for torispherical ends;

h s the outside head height, i.e. the exiernal height of the’

D ’ , end measured from the plane of the junction of the end
= ﬁ 8 : @) with the cylinder skirt: :
°P he is the smallest of 4, D4’ (R+ ¢) and YD(r+e)/2).
3.5.1.3 Minimum thickness for combined loading p -is the demgn pressure;’ ’

3.5.1.3.1 Cylindrical and spherical shells. Where a shell js S isthe nominal design stress.
subjected to loads in addition to internal pressure (see 3.2.2) ; .
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3.5.2.2 eruauons The foliowing d&clgn hm:tatwns apply
to pressure vessel ends: _ L ¢

0.002D< e £ 0.16D
0002D< e £0.08D
hez 0.18D
0.002D< e £ 0.08D
© rz20.06D
rzle
R <D

(a) hemlsphencal ends
() ellipsoidal ends:

{c) torispherical ends:

It should be noted that the two relationships in (b) and the
four relationships in (c) should be fulfilled simultancously.

In no case shall the thickness of the cylindrical or straight
flange (see figures 3.10(1) and 3.10(2)) of a domed end be less
than the thickness of a seamless unpierced cylindrical shell
of the same diameter and material for the same design
pressure and temperature.

(a) E!liptim] end

(b)) Torispherical end
by ! )

(c} End with manhole (elliptical er l.orisphcriba!)

Figure 3.5.2.1 Dished ends

.'ezo

| « 0,178

" 0.25

RO A I R,
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3523 Unp:erced ends (see figure 3.5.2, 3 and table 3.5.2. 3)
{a) Calculate £ from the design pressure P andthe design
stress of the chosen material /£

(b) Enter figure 3.5.2.3 with this value, read up to the

appropriate h/D line for the proposed end shape and then
~ across to the e/D axis for the corresponding e/D value,

(c) Multiply by Do obtain the end thickness.
Interpolation between’ hc/D curves is permissible or,
altematwely, values may be read from the next highest /D
curve o

“NOTE, Figure 3. 5 2, 3 rnay be used wuh values of i, and D based on
*. internal dimensions, provided £./D < 0.27; beyond this value

external dimensions areto beused,
3.5.2.4 Pierced ends. The ends shall first be oons:dered asa

- sphere and the basic thickness shall be determmed

from3512(b)takng°as I R
Dy=D for hemispherical ends

. Dg=2(R + ¢) for torispherical ends

D,=Dx (factor obtained from the fol[owmg table) for
Cellipsoidal ends

Fletor A/D

0.278
0.313
0.357
0417
050

0.167 | 2.72
2.54
236
2.16°
1.98

1.80

0.192
0.208
0.227

“The thickness" T, required for compensation purposes, and

Tywhere appropriate, shall then be determined from 3.5.4.

The final thickness at the end shall be the greater of T T
and e, determined from the method in 3.5.2.3,

3.5.25 Time dependence In cases where the design strength N
is time dependent, the above procedures should generally
give adequate margins against creep rupture. However, for
domed ends made from ferritic materials with a large D/e
(> 100), and also for domed ends made from austenitic

- materials, it may be desirable to check that the end of life

deformation is acceptable.

35, 3 Conical ends and truncated cones _

35.3.1 Mrmmum thickness for pressure !aadmg on!y
35 3 1.1 Symbois ﬁ)rcalculanons :

. | e “ is the minimum thlekness of_ ‘the cone (excluding the
. corrosion additive thickness);

ecyl is the minimum thickness of the cylinder with inside

diameter Dy, rc..u.lrcd by 3.5.1.2.(a); :

D, is the outside diameter at the cone base of which the :

junction is considered) for the junctions at the large

base of the cone, D, is measured as indicated in figure

3.5,3.(1) for the junctions at the small base of the

cone, D, is the outside dlameterat the small base of the -
cone), ¢

Dy is the inside diameter at the large base of the cone,

~ r  istheinside radius of the knuckle; .
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isthe length equal 100.5 \chc/cos v,

is the ratio of the. cone and" cyhndcr mmlmum
.thickness at thej junction to Ceyl .

is the semi-angle at the apex of the conical section
calculated;

L

is the angle beiween the generating lines of two

adiacent conical or cylmdncal shell sections:
is the dcs:gn pressure; 0
is the nominal design stress;

NOTE. In cases where the design strength is time dependent,

components designed by the procedure specified in this section
should be reviewed to ensure that crecp deformation (local or
general) will be acceptable throughout the agreed design lifetime,

C, is the factor given by figure 3.5.3(4) or by table 3.5.3.
3.5.3.1.2 Thickness of cone wall

3.5.3.1.2.1 (Cones with . < 70 *, Cone thickness should not..
be less than that given by the equatmn

PDk % 1 - ;" : n
poocosa ,7 o
The conical wall may consist: 0F several shell sections of

" which the thickness reduces with the diameter, For the-

calculation of each of these shell sections' Dy is taken as the

inside diameter of the joint at its large base. The equation

applies only if the following conditions are satisfied:

(a) the conical shel! is axisymmetrical;

(b) the thicknesse obtained remains below D /6.
3.5.3.1.2.2 Cones with @ > 70°. The minimum lthkﬂCSS

may be determined by the cquation:

e= 05([)—1")90 f

The lower of the values given by lhlS equation and that
in3.5.3.1.2.1 should be taken. - i
3.5.3.1.3 Reinforcement of junction at the large base of the

. cone. No reinforcement of cone/cylinder junctions is

< satisfied:

[ ’ -

required prowded w s within the limits spec1ﬁed in figure

3.5.3(2) (max. 30 °). v

3.5.3.1.3.1 Reinforcement without knuckle Where i is

outside the limit specified in figure 3. 5.3(2) and equal 1o or -
less than 30 * reinforcement may be provided by increasing

the cone and cylmder thickness. In the case of a cone

cylinder junction (see figure 3.5.3(1}{z)), the ratio of the

increased cone and cylinder thickness at the junction to the

minimum cylinder thickness required by 3.5.1.2(a) is given -
by the value of M in figure 3.5.3(3).

* The increased cy[mdcr thickness shall extend a mlmmum

distance from the junction as fo!lows

YD Megy .
and the increased cone thickness shall extend a minimum
distance from the junciion as follows: 4 .

-[Dcﬁh'c 1
Veosd 5a Lo
These- ‘rules apply only. il the fol[owmg condmons are
@) the two parts to be joined hive the same axis of
‘rotation; &
(b)the Ioading isinternal pressure; .
(c) the joint is a butt weld where the inside and outside
surfaces merge smoothly with the adjacent cone and
cylinder thicknesses without reducing the thickness;
(dYthe junction is not cIoser to anolherjunctmn or major
‘ dlsconlmulty than the following: --

2D Mecy s

=1, when the angle w does not excecd the hmzt value

!-ll

shown in figure 3.573(2).

M has the value shown in figure 3. 5 3(3) if the angle
cxceeds its limit value, - i

NOTE: Equivalent reinforcement may be provided in the form ofan
external stiffening ring as indicated in figure 3.5.3(1)a)..

¢
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