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BS 5500: 1985 Unfired fusion welded pressure vessels

"Enquiry Cases— lntroduction

o

i

BS 5500 1985

Isstie 1, January 1985

o

fln accordance with the | prows:ons of ¢clause 1.2, the publication of Enqmry Cases W|ll be notified in 85/ News and will be .
'made available for inclusion in'the rlng ~binderina separate section followmg the text ofthe specification and the

i appendices.

 The table below is for recording cases as they are publlshed and mcluded in the bmder and for noting their subsequent

} routing.

amended to incorporate the substance of partlcular cases. This willbe done m the course ofthe normal updatmg

procedure and each case so dealt with will be recorded on the final page ofthe relevant amendrnent
When an enquiry case is superseded by amended text to the standard, |t will be re‘ r

ved from the listin the subsequen '

amendment or when a new edition of the standard is published and only’ those rem inlng extant as described above,

will be referred to. Cansequently, the numerical sequence of enqum/ case umbe

continuous because of these omlsswns

n the flrst col mn wtll not be

L}

Enquiry Case No. | Date of publication

P -
i i,

Sut:ject;ﬂ '.he Enquiry Case

B 7.-‘!;

Subsetiuent Enquir{r'éasefreuting
{e.g.incorporated inoc BS 5500

Date of subsequent
actlon

5600/15 - | November 1979

b B . . .
Vessels under external pressure:
permissible design stresses

5500/17 November 1979

Splitring flan'ges .

5500/18 December 1879

Design stresses for ASTM
A10EB tubes {equivalent 0.
BS 3602-410}

5500/19 December 1979

1

Maximum stress at a cyhnder/
i nozzle junctlon due to

'appllcatlon of internal pressure™ 7 2%

‘Dece mbe’r 1 2?‘9

F T

Pressu re vessels deSIgned for
low pressure but having excess -
in-built thickness .

5500/24' May 1980

Compensation for openings in
vessels subject to external
pressure . g

May 1980

Specaflcatlon of hot propemes = 4 i

for stee!

‘December 1980

Derivation of design strength’
values from actual, rather than .
specified, material properties

'5500/31 May 1981

Interpretatlon of the term
5|gn|flcant general yleldmg

u

5500/33 °

' P . B

August 1981

i

Venflcatmn of shape of vessels

subject to external pressure %'~

Page 4 retssued
Aprll k] 983

5500/34 September 1981/

Longltudlnal cornpresswe stress

limit far pressure vessels
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Date of publication’
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{e.g. incorporated into BS 5500}

-

baﬁeo;l.iubaaquant l
action

5500/36

5

] September 1981

i o
W
\

‘ dlameter and keyed into the

T EN 3
Loose ﬂanges splitacross a-

back of a component

5500/38

.June 1982

i
ioa

The us'é‘of austenitic s;a'inleés
steel tube to ASTM A312

5500/39

June 1982

f

o

Jacketed construction:, -
blocking ring/jacket
attachment using fillet, welds

5500/40 - .

|, June 1982

Reductuon of area in aII weld ‘
“tensile test

5500/41

June'1982.

Vessels fabricated in
i Ni-Fe-Cg-Mo-‘Cu alloy NA16

5500/42

December 1982

- design stresses for BS 3692 ’ 5

Recommended values for

grade 8.8 bolting material. ©

5500/44

December 1982

o

‘Limits of applicability of 3.5.4.2

to openings in vessel ends -

5500/45

[ wd

May 1983

Design of reverse flange/flas - -
cover combinations under
internal pressure .

Page3 reissued
Apri! 1984

5500/46

‘May 1983

Set-in branches with added
compensation rings

5500/47

May 1983

| Construction categories

© 5500/49

September 1983

e

Integrity of construction ¢
categories . .

5500/52

April 1984

b

" simplified calculations

Vessels under external pressure:

~ 5500/53

April 1984

e

. Supports and mounting for
- horizontal vessels

]

5500/54

May 1984

Bolted flat end plates

5500/55

May 1984

Design stresses for ASTM
A1 82, A240 and A312 materlais

.'5500/56

May 1984

Table 5.7 (1) Minimum through-
thickness dimension

5500/57

May 1984

-

| content .

ASTM A333Gr 6 steels with
‘restricted maximum carbon

- 6500/58

May 1984

Bolted flanges com plylng Wlth
ANSIB165 .-

5500/59

A t

October/1984

‘Non-destructive testing

‘ 'q_ssembled components and
| following the repair of a defect

requirements in the cases of

5500/60

October 1384

:Valué of stress f, to be used to
ca[cu.ate test pressure where
tame—dependent des:gn

. | strengths are appltcable
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3.1 Purj rposc
32 ' Appllcanon

33 . Corroslon erosion and protection
33.1 General
3.3.2  Additional thicknessto allow for
T corros:on : .
333, megs and coatmgs
--3.3.4.-: Wearplates :
34 Conslructlon calcgones and deSIgn stresses
34.1 Ccnstrucllon calegories
3.4.2  Design stresses

35 Vesiels under internal pressure
3,51 Cylindrical and sphencal she]ls
352 Domedends
353  Conical endsand lruncatcd cones
3.5.4  Openings and branch connecnons
3.5.5 Flatendsand flat plates
Spherically domed and bollcd‘ ends
conforming to ﬁgure3 5.6 j!,: ;

Vessels under exlernal pressu‘re
General .
Cylindrical shells
Conical shells
~ Spherical shells
Hemispherical ends |
Torispherical ends” -
Ellipsoidal ends
Procedure by which the deparluz e from
-"the mean circle may be oblamgd

BS 5500: 1985

“Issue 1, Januaw 1985

5

E'LJ

3.7 Suppons attachments and mtcmal

_ structures
‘I_Genera]
3.7.2° ~‘Supports ‘
3.8 - 'Bolted flansed connections - .
381" General ‘ el
3.8.2  Notation P ;

-3.8.3  Narrow faced flanges

3.84  Full faced flangés with sofi ring lype
~ gagkets 7

39 . Flatheat exchangcrlubesheels.“

1.9. ‘ Notation o
3.9.2 | Characteristicsof perforaledplates i

, 3.9.3 ¢ iTubeshects of exchangers with conﬁncd
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310 Design of welds

i 3.10.1 General . e ;
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Welded joints
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3/56.
356
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3/57
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3/60

t3/6|
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3/82
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442~ Normalizing: ferritic steels
443  Post-weld heattreatment ;..
4.4.4  Methods of heat treatment
. 4.4.5 Post—weld heat treatment procedure

) 45 Surfaoe ﬁmsh b

Section four A. Manufacture and workmanshlp
alumininm - o

4A.1  Generl aspetls of construction

4A.1.1 : Fully dimensioned drawing

4A.1.2 Material identification -

4A.1.3 Forgings -
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4A.1.5 Notapplicable.

‘4A.2  Cutting, formmgandtolerances ,

4A.2.1 Cutting of material P RN
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4A.2.4 Toalerances for \ressc]s subjcct lo mtcrnal :
pressure RAR K
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4A.3.1 General ‘ PR

4A.3.2 Welding consumables ) i

4A.33 Preparation of plate edges and openings

4A.3.4 Assembly for welding -
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4A.3.6 Butt joints
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4A.4.2 Notapplicable

4A.4.3 Post-weld heat treatment

4A.4.4 Wotapplicable
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4A.5" Surface finish
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53 Welder and operator approval
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5.6.1  General
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5.7 Acceplance criteria for weld defects
- revealed by visual examination and
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Repair of welds -,
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5A.8.4 Pneumatic tests

5A.B.5 Standard test pressure . -

5A.8.6 Proof hydraulic test

5A.8.7 Combined hydrauhc/pneumauc tcsts

5A.8.9 " Stamping R
5A.8.10 Final inspection
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Foreword

This Brmsh Standard has been prepared under thc direction.’
of the Pressurc Vessel Standards Committee. It is a new
edition of the 1982 version and incorporates all technical
changes up to and including Amendment No.'3 (April 1984)

[}

associated with that version. The proposals in ISO/DIS 2694

‘Pressure vessels’, drafted by Technical Committee 11 of the
International Organization for Standardization (I,SQ), have
been taken into account where considered appr’opriale i

NOTE. Some of the figures in this standard have been taken from

ISO/DIS 2694 and employ the comma as the decimal markcr
normal BS1 practice is to use the full point. :
'BS 5500, which covers pressure vessels manufaclured from
carbon, ferritic alloy :and austenitic steels, and frqm
aluminium, replaced the following standards: :

BS 1300 Fusion wilded pressure vessels for general purposes
Part | Carbon and low alloysteels &
Pan3Alum1mum s )

BS 1515 Fusian welded pressure vessele for use in the
N chemical, petroleum and allied industries

Part | Carbon and ferritic alloy stecls

Part 2 Austenitic stainléss sl;’cl

The previous editions stated the i intention of integrating into
one British Standard the requirements for desugn
manufacture, testing and inspection of fusion welded
pressure vessels. Itis still intended to keep under review lhc
question of publishing” appropriate, supplements covering
other types of pressure vessels, for some of which separate
British Standards currently exist. In the meantime, by
agreement between the pamcs concerned, this standard may °
be used where applicable in place of other British Standards.

* I there is sufficient demand from industry, the standard will
also be extended to cover other non-ferrous materials.

The format adopted to facilitate amendments to the text and )

the incorporation of supplements covering other types of
vessels and materials in the previous editions, has been
retained. . ‘ .

The requirements of this standard vdi‘y consid%rably
depending upon the thickness and 1ype of malcnal to be:
used. When this combination is such“as will' permit
satisfactory fabrication by retatwcly straightforward
processes, spol non-destructive testing is perm.tted without
any penally in design thickness: in cemain : qlses visual
inspection only is permitted with an apprdpr:ate Denalty on
deﬂgn thickness. o )

'The strengths that may be assumcd f'or design purposcs of
materials covered by . current British Standards are

[\S

individually specified in table 2.3. The concept of design
strength tables, as used in BS 1500, has-been reintroduced
because of the difficully of specxfy:ng in any othc%way/

r\;//,

_oftechnical or refcrcncc significance have been madc at lhdl

o

N

BS 55 00 1985

o o ' Issuel, Januan,'1985

‘g ‘ .

appropriate design strengths for matenals and product forms -
cow-red by a variety of standard specnﬁcauqns whlch have
been T revnscd to line up with relevant ISO material standards

Appropriate modifications (o the tables and to appendlx K
are incorporated, these being concerned with the cowarage of .
the types and ranges of material in the revised standards
rather than with significant changes to the prescnlly
perrnmed strength levels which, except in the creep rangc

are genera[ly con5|slcn1 wnh those permmed by BS 1515.%

A sngmﬁcant depart e f'rom prcssure 'vessel standards prior

1o BS 5500 is that dr:51gn strengths in lhe creep range ar¢
gwen fora range of dcsngn ]|l‘el:mes that may bt extended,’ on
exp:ry. on the bams of penod:c ﬁmr:ss for—conunued serv:ce
rcy:cws based on mspccuon and;cons:dcrauon of actual”
ldad 1cmpera1ure history. Th:s approach recognizes the
limitations i: herem in any SImplc de51gn method for vessels
operaungm the ¢ creep range and also provides a flexible basis
that’ may:be used:in cases where the design strength vaiu,
“Which-have bcen derwed from ISO data, are slgmﬁcamly
different from thosc used w:th success 1n lhe past.’ ‘
Specific rcqunrc s for thcsc rcwews are not given in thi f e
standard . becauscj hey: requ:re development and will be’
covered by othcr slandards pubhcauons for the penodlc
inspection of pressurc vcssels y

Recommendat:ons covermg aspects requmng l‘urlher-'
cons:demnon in particular - cases - are given in lhg,
appcndlCCS‘ ‘The British Standards Insututlon will be pleased \
to rccc.vc _constructive proposals based on experience or’
research thal may lead to improvements ln these appendlces

As with’ the previous editions, it is mtended to keep this
sla'ldard up lo datc by thc :ssuc from umc to nme of

"Each replacement cn addcd page will rarry an issue number

(with date)" mdlcaung its - rc]auonshlp to the original

slandard, the pages of whlch are markcd ‘lssuc 1., For

example, . \V .

_Issue I will indicale an original page or one that has been, '-;.'W
added to the original standard and has not been amcnded LE
since insertion; S
Issue 2 will‘indicate a ﬁrsl revision of e:lher an ongmal
page or an added page;
Issue 3 w;ll md:cale]enher an ongma] page revised for Lhe
second time since publlcalmn or an added page- rev:scd o :
the second time s1nce msemon N

Side-lining on replacernem pages will indicate lhat "hanges

point. i

f 2I55 1444
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- British Standard Specaf‘ cation for

Unflred fusion welded pressure vessels

~ Section one. General

1.1 Scope :
This British Standard speuﬁes requirements for the de51gn

construction, inspection, testing and centification of unfired
fusion welded pressure vessels. The materials of construction
arc defined in section two. The term “pressure vessel® as used
in this standard includes branches up.to the, point of
connection to r.he conneclmg p:pmg by bolting, screwing or-
welding, and supports, _brackets or other attachments
directly welded to the pressure containing shell. ’

This standard applics only to pressure vessels manufactured
under the survey of a compelent engineering lnspecuon
Authority or Organization. The intent of this requirement
may be regarded as satisfied where inspection is carried out
by compctcnl personnel of a separate engineering 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 lhé
dtscrcuon ofthe Inspecting Authority or Organization; or

(b) in lhc casc of vessels for the manufaclurcr S OWN usc
- and not for re-salc. v

The vessels covered by this standard shall be made only ha-
the manufacturers who can satisfy the Inspecting Awthority
or Organization that they arc compelcnl and sunébly
equipped to [fulfil the.appropriate requnrcmenls of' this
standard, (Sce also astcnskcd footnote.) -

This standard does not cover the f'oIIowmg o
(a) Storage lanks designed for the storage othu:ds at near
atmospheric pressures. i.c. where the pressure additional
to that due to the hydroslauc head does not exceed
140 mbart above or 6 mbar below atmosphericipressure
in accordance with such standards as BS 799 BS 2594,
BS 2654, BS4741.BS 5387. | Lt
Low pressure, abovc ground storage tanks whach havc a
single vertical axis ofrcvoluuon designed for the storage of
liquids at a pressure not exceedxrg 1 bart.

,(b) Vessels in which the stresses caleulated in accordance
with the cquations’ given in section three of this standard
are less than-10 % of the design slress pcrmmed by section
three. .

(<) Slnp‘wpund compound or other special designs of
vessels whiéh may be appropriate for very high pressures.
(d) Transporl vessels, i.e.- vcssels used for Lransporl of
conlents undcr Pressurc, N

* A national schemc 1o prowdc assurance lhat vcsscls an. manuﬁiclum

dcﬁmuonsapply j '::‘}5_.

P

(e) Vessels for specific applications whu:h are covered by.
standards listed in the BS] Caialogue.
Manufactunng techniques of glassed steel vessels may
require special design considerations subject 1o the limiis

lmposed by the method of construction and which shou]d

have the agreement ofthe Inspectmg Authority.
L . .

1.2 Interpretation o o
If any ambiguity be found or doubt arise as to the meaning or
effect of any part of this standard or as to-whether anything
ought to be done or omilted 1o be done in order that' this
standard should be complied with.in full, the question_shall
be referred to 'the Pressure Vessels Technical Committee’
(PVE/1}

of the British Slandards Institution, whose
interpretation of the rcqmrcmcnts of this standard upon the

matter at issue shall be’given free of charge and shall be. ﬁnal I
and conclusive, Parties adopting this standard for’ the o

purposes of any contract ‘shall be deemed to adopt this” "
provision unlcss thcy cxpressly exclude it or else import an

" arbitration provision in’ térms extendmg to interpretation of

this standard. However, this provision is limited to questions
of mlerpretauon and does not confer upon the committee
any powcr, duty or aulhonty ‘to adjudicate upon the
contractual rights or duties of ady. person under a contract’
except in so far as they may necessanly be affected by the
interpretation arrived at by the commmee

Findings or rulings of the commitiee’ upon all .enquiries, .
includitig maters of mtcrpretauon which are of sufficient”
imporiance that both enquiries and replies be made public as

soon as possible will be published in an enquiry-reply form

for inclusionin the BS 5500 ring binder as Enquiry Cascs
Their avallabihlv will be notified in 8BSt Neus o
Aﬁer taking into account any. publlc comrnenl thereon,

Enquiry Cases may be incorporated. as appropriate, into the
standard as amendments which will [‘orm pan of the next

convement annualupdaung RN

1.3 References
The titles of the pubhcanons referred to_ :n 1h|s standard are‘

listed on the last page.

w,

1.4 Deﬁnmons' .
For the purposes of lhlS British Slandard the l‘oIIowmg

1.4.1 purchnscr The or;,amzauon or individual who buys~

~ the finished pressufe ve vessel l'or its own use or as an agent for
thc owrner. =

e 1 v .
.in conformity wﬂh this British Slandard without the neocsslly for a-

purchascr specifically to commission the competent Inspection, Aulhonly is operated by the Pressure;Vessels Quality Assurance Board under ‘
the acgts of the Institution of Mechanical Engincers. Manufacturers holding a valid PVQAB Ccmﬁmte of Authorization relaling 1o the

manufacture of pressure vessels 1o the releévant construction mtcgones del

suitably equipped for this purpose.
t+ | mbar= 102 N/m* = 100 Pa.
Igar = (09 N/m?=0.1 N'mm?® = 100 kPa.

fined :n this smndard mzsly also be' decmed to be cumpelem and ¢
pocuments §
82155
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1.4.2 manufacturer. The organization; which designs,

constructs and tests the pressure vessel in'accordance with .,

the purchaser’s specification. By agreement, the design
function may be carried out by the purchaser or his agent,

1ndcpcndemly flom the organization which constructs and
tests the vessel (sce 1.5, . N

1.4.3 Inspecting Authorit). The body or association which
checks that the design, materials and construct:on\comply
with the requirements of this standard.

1.4.4 Regulating Auihonry The authority i in the country of .
installation, which is legally charged with the enforcement of _
the requ:rcmcms of lhc law and regulations of that country
relating to pressure vessels,

1.5 Responsibilities ©

-1.5.1 Responsibilities of the purchaser. The purchaser shall
be responsible for furnishing the manufacturer -with the’
following informaiion;.

{a) a specification of the normalworkmg conditions of the
vessel, together with details of any transn‘:nt and/or
adverse conditions in which the vessel is required to
operate and any spccral e gulatlons for - in-service
inspection.
Where a purchascr ciccts Lo perform the dcsrgn i‘uncuon
for the vessel, the design specification furnished by the
purchaser shai] contain all the information (whether
provided by the purchaser or by the manufacturer) which
the manefacturer would otherwise be required by 4.1.1 1o
submit before commencing manufacture. The purchaser
shall be responsibie for the completeness of the design
specification and for ensuring that all the information
contained in it, or agreed modifications to it, comply with
- the requiremenits cf this standard. The purchaser shall also
be responsible for the accuracy of all design calculations
assoc:alcd w:th the prcparallon ofthe demgﬂ specrﬁcatlon_

. (b lhc namu of Lhc ]nspccl:ng Authority to be
commissioned by the. purchaser (sce asiensked footnote
tol.1); .

{c) any addilional rcquircmenls not given in this standard;
{d) any special statutory or other, regulations with which
_lhc finished vessel is required o comply,

(e) thename of the Regulating Authonly {ifany).

Where lhc Inspecting Authority is nommaled by the
purchaser. the purchaser shall be responsible’ “for ensuring
that any information which the manufacturer is required 1o
supply, as spccified in this standard, is made avarlable tothe”
Inspecting Aulhor:ly v :

2 Where necessary, it shall be the: responﬂblhly of the
purchascr 10 ecnsure that the Inspecting Aulhonly 5 .

", acceplable 1o the Regulating Authorny Thrs shouid be done

o at the trme of the order. N }

‘71.52 Respnnsmllmes of the manufaclurer. The manu-
- facturer:.shall be responsible for the completeness ‘and
accuracy of all_ design calculations and for compliance with
all ‘applicable requircments of this standard for the whole
. vessel. During fabrication, uncxpected factors may arise
" which justify deviations from the specified requirements but

Such deviations; shall be submitted to the purchaser for
approval and shall be recorded in accordance with item (f).
Where a purchaser clects 10 perform the design function for
the vessel, the manufacturer shall be responsible for ensuring
that all design information he requires to construct and test *

#n
<

~records other

8 .
the vessel is included in the design specification and f'or
ensuring that all construction and testing is carried out in"
complrancc with:the requirements of this standard. The
manufictirer shall also be responsible for” the accuracy of
any information he provrdes to the purchaser formc]usmn in
the design spccrﬁcatmn ' ‘
The manufacturer may. subcomract specific aclwmcs to
other orgamzattons provided it satisfies.the lnspectmg
Authority under the general provisions of 1.1 that it js
competent to ensure by appropriate control or survelilance
of its subcontractors that all rclevanl requrrements of the
" standard are met.
The organization which discharges the manufaclurcrs 3
responsibilities' for construction and testing shall .assume
overall responsibility for compliance with the requirements
of this standard during all related activities including part
manufacture and subsequent fabrication to compietion at
works and/or site. ‘ :
Examinations carried out by the Inspecting Authority do not
absolve the manuf‘acturcr from his responsibility for
comphance with the apphcable requlrements of. this
standard ! T

. The manufaclurer shall fumlsh to 1he purchaser any,

information which, as specnﬁed by the standard, requires the
approval of the purchaser. - v

The manufacturer shall supply to 1he purchaser for record

\purposes a copy of the following documenlatlon as finally

approved, for:cach vessel or batch “of nom:nally identical
vcsscls a
(a) ‘A fully dlmenswned drawmg of the vessei, as built,
-together with any relevant supporting ml‘orrnauon as
.specified in 4.1.1 and which ismot covered by'ilems (b)
te (h) below. . .
{b) A list of materials (incliding welding consumablcs}
used in the construction of the vessel with details of any
special heat treatmenls carried out by the ‘material
: suppl:er 7 . -
NOTE. For materials speciﬁed toa Bnush Standard the date ol'
the standard will be given. Where other materials are used
(see2.2.3}the I'ull specification is to be supplied..
{(¢c) The non-destrucnve tesung specification for the vessel
in accordance with the requirementsof 8.6.1. |
(d) The used .dur;'ng " vessel
_manufacture (see 5.2.2).
{¢) The procedures used for radlography,n ultrasonic
inspection and/or crack detection of welds (sceS 6.6.1,
5.6.6.2, 5663and5664)
(N Records ol authorized devnauons or concessions as
permitted in the first paragraph of this clause. The
manufacturer shall add the suffix ‘XX to the serial
number of each vessel for which any dcvrauons orJ
concessions have been authorized.

(@) A Certificate of Compliance for each veséc[ (sec 1.5.4).
-(h) A facsimile ofstampmgas required by 5.8.9.
The duration for which a manuf‘aclurer will Tetain "all’

welding  procedures.

records he is required to generate during the design and

which do not affect the safety as iitended by this standard, construction of a vessel is influenced by a number of

considerations which are outside the scope of this standard. :
If a purchaser wishes to retain permancnt copics ofdny such
than those listed ° above, " C.2. dcs:gn
calculations, material ceruﬁcates, subsequent heat treatment

e

and manul'actunng procedures, mepcct:on and Bﬁments

(ggzis 1426 ]
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he should define his requirements in . the purchasc‘,
specification. To facilitate the identification of any such

requirement a check list ofoptlonal documentation is given.

in appendix S.

1.5.3 Responsibilities of the lnspectmg Authorlty The'

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

[.5.4 Certification. On complelmn “of the vessel the
manul'acturer shall issue Form X to certify that the vessel
has been designed, constructed and tested in every respect in
accordance with the requirements of this standard. Form X
shall be counlersngned by the Inspcclmg Authonty as
reqmred - ‘ . s

BS 5500: 1 985'

Issue 1, January 1 985

“Where some of the activitics covercd by this standard are
performed under the surveillance, of a second lnspeclm
Authorny, each Inspecting Aulhonty shall auach a

- stalement to Form X conﬁrmmg which part of the total

‘works has been carried Gut under its surveillance and that to
- the best of its knowledge and belief all aspects of this work.
-have been in accordance with the requ:rements ‘of BS 5300
- The coumersngned certificate and its altachmenlSs(lf,nny)
shall be furnished to the purchascr with a copy to_‘the
Regulating Authority if required. : i
Where the purchaser elects to perform r.he desngn f‘unctlon
'for the vessel, the purchaser shall’complete the section of
Form X which certifies that the desngn of the vessel compllcs

& wnh thls standard

< ~

0

[Sbcdmé-nts
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Form X Cértificate of Compliance

Vesséf description - .
~ Approx. overall dimeasions . . . .
Apprqved drawing number(s) .

Year of manufacture : .. Relevant BS 5500 issue .
Purchaser : Purchaser’s serial no
PVQAB serial no. (if' any)

Manufacture : Name of manul‘acturer
Manufacturcrssenalnumber. .. ... (seenote 1)
Name of Design Organization (if not ébo\_fe manulacturer). . . .

Design conditions of i Design - : Construction Cu;&ogngn
principal components ' . temp. _category allowance
(see notes 2 and 3) . L . R

Other factors aﬂ'ccung de51gn (e.g. welght nature of contents, enwronmem)
(see notes 3 and 4) .

Post-weld heat irearment . nt Temperature. Holding time

Pressure test i Testpressure-  Test medivm
' and temperature
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BS 5'500 1985

Issue 1 January 1985
Cernﬁcate of Compliance (design) |
We hercby cemfy that the design of this vesqel complics wnh BS 5500
For manufacturer (see note 6): Date:
Position: ;. Name of company: -

Iy .r,

BS 5500
Fo:jlnspccling Aluhority: . T
Position: " “Name'of company:

Certificate of Compliance (construction and tesling)“"

For Manufacturer:
Poqition'

T
T

We hereby conﬁrm Lhal lhc conslructhn and lcsung of the above vcsscl has been carried out under our surveillance and that
to the best of our Lr:owlcdgc and hu.hcf ail dHDCClS of this worl\ have bccn in accordancc wul- the reguirements of 85 5300

ForlnspecungAulhorny H—
Posmon : Namcofcompany:

1

-~ Where some orlhc construcuon and lcsung aclwlucq arc performcd undv.r the survc:llance ofa sccond lnspeclmg Aulhnrnv
' see 1 5.4, .

S NOTE L Thc suﬂ’lx "(X is10 be nddcd to lht. serin numbvr o!‘each vc:.scl for whnch an) dcw.mons or. concess:ons havc hccn,aulhonzcd
. fsee 1.5.2(N). - < 2 e
< NOTE2. The d(ESILn condilions assoculcd with the'operational dunca spccnﬁcd hy lhc pulchaﬁcr shou]d hc given. ’ " =
. Il a purchaser wishes to change the operational duu of a vessel. revised dcs:gn condltmns consistent with the vessel sc.mllmgs will be
established separately, as appropriate. F R O ‘
NOTE 3. Where the design covers operation below O'C the pressure and lcmpcm:urc chamclcnsuc zmd assoc:atccl \\orkmg strcss Icvcl over
the entire operaling temperature range should be stated. - TR . . ‘
NOTE4. Where appropriate, cross reference (o dmwmp ar spcc:ﬁcauons will <;uf'u.c ‘
NOTE 5. Wherea vessel is tested ina different oncnulmn tothat in which il will normally opcralc this should be st.ned
NOTE 6. This part ot’lhc Certificate to be signed h} lhc purch..\acr in cascs here the purchaser elects 1o perform (he design function (sce
1.5.4). b e

9

[s)

Documents -

.iili55 1449
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Sectlon two. Y atenals

2.1 General . ;

- This section covers the rnaterral selecuon and nominal
design sirengths for pressure vessels constructed in
~ accordance wnhlhrsslandard .

‘accordance with 2.2.3 shall.

o

'BS'5500: 1985
Issue 1 January 1985

Iy iy G

‘10 be a basis for acceptance or rejection of matenal Thelr

o

derivation is described in appendrx K.~ s
NOTE Va]ues between those given in the vanous columns ofthc
table may be linearly mterpolalcd i i )

2.3.2 The nominal design strength of matenals used in
be derived in’ a manner

. consistent with appendix K: details of the procedure used'.

2.2 Selectron of materials

2.2.1 The sclection of the materials of consiruction for
pressure contammg parts and their integral attachments
shall take into account the suitability of the matenal with
regard 10 fabrication* ;and to the conditions under which
they wrll ceventually operate. Special consrderanon should be
given 10 the selection of materials for’ vessels designed 1o
operate below 0 °C (see appendix D). Austenitic stainless
steels (including the high nitrogen and warm worked
varieties) and aluminium allovs are not susceptible to low
stress brittle fracture and no' special requirements are’
* necessary for their use at temperatures down to — 196 °C.
Any special limits, for éxample with respect to composition,

- heat treatment, elc., which the materials or pressure vessel
user may requirc in relation 1o the particular end use of
material. shall be the subject of agreement between the
purchaser and the manufacturer at the time of enqurry and
order. 3 .

2.2.2 All the ‘rnalerials used in the manufacture of pressure
parts shall comply with the requirements of the appropriate
British Standard referred to in2.4o0r2.5 excepl as otherwise.
permilted by this section. .

We]dlng material shall satisfy the requirements of sections
four and five of this slandard 5 -

. The use of castings for pressure parts shall be subjecl to!
agreement between the purchaser and the manufacturer An
appropriate quahzy specification’ for such castrngs should
be agreed between the manufacturer and “the matenal

" supplier at the time of enquiry, specifying the slandards of.

inspection to be applied and of acceplance | for defects: As a

minimum, all acceptab!e fillets and changes ofsectron etc.,

shall be subject 10 magnelrc particle or penetr.ml mspecuon o
Bolts and nuts shall be in accordance with lhe malerral;
specifications listed in tables 3 and 4 of BS 488" I973 or

- 1able 30l BS 1473 : 1972,

2.2.3 Other materials may be used for pressure parls by
express agreement belween the purchaser and lhc .
manufacturer provided that: 2

{a) they comply with the general” requrremenls of 24 0r -

2.5 as appropriate ‘and are covered by a written®
specificalion at least as comprehensive as the British
Standards listed in wble" 3 for the r.earest equwalenu
malertal; S
* {b) thedesign strcnglhs are dclerrrnncd in accordance wnh"
2.3.2. : :
2.2.4 Matcnals for suppomng Iugs, skirts, bafﬂcs and
similar non- pressurc partsywelded to vessels shall be of
established |denmy and shall be: compatible wi lh lhe
matenal 10 whlch lhey arc allachcd
. L
2.3 Nommal desrgn strength
2.3.1: Nominal design strength values for malenals covered
by British Standards are given in table 2.3.

These valies arc for design purposes as specified in the
. relevam scetions of this slandard only and are nol intended

s

shall be agreed between the purchaser and the manuf'aclurer
and recorded. :

Tt

" 2.4 Carbon, carban manganese and‘alloy steels 5

2.4.1 Permrssrb!e materials covered by British Sl.andards arc

listed logelher with their appropriate nominal design el

strengths in 1able 2.3, Non-destructive testing requrremems
are covered in 5.6.2. Where relevant, . the restneuons
in 2.4.2.2 apply. “ ¥

Additionally; matenals complying with r.he requrremems of
the standards “listed” in-1able2.4 may: cbe used for the
construcuon of category 3 vessels provrded the quahfylng‘
requ:remems indicated in table 2.4 arc 5«msﬁed .
2.4.2 For other materials t.overed by thrs subsectionzihe
fo[lowrnggeneral requircmentsshall apply.: 5

* 2.4.2.1 The material specification (see 2.2.3) shall:specify

steelmaking  process. ““compositional limits for all
constituents, deoxidation practice, heat treatment and
appropriate mechamcal properties for acceplance and other
purposes, . o,

2.4.2,2 For ferritic steels intended for weldmg, 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 subjeel 1o special
agreement on weldmg procedures between - the parues
concerned. The maximum - allowable phosphorus 4nd
sulphur content should not exceed 0 05% each in the ladle
analysrs RS : Y s
2.4.2.3 The deoxrdauon pracllce should be appropnate to ’

: the type of steel ordered pamcularly where it may influence
~the_ level of -elevated- or low lemperature properiies,
- Semi-killed stee] may be used in accordance with this

standard for plates seamless and welded tubes in carbon and
carbon,manganese steels with an upper limit of the speclﬁed
!ensrie strength range of 640 N/mm- and with a thickness ™
not exceeding {00 mm. ermrng steel should only be used -
ﬂl‘or welded tubes in carbon and carhon manganese steel types
with an upper limit of the specified tensile strenglh range ol -
490 N/mm? under service temperature condmons belween
0°C and 380 °C ‘ :

2.4.2.4 Mechanical propemes at room !emperalure shalt be
spec:ﬁed for- acceptance Lests in accordance with BS 18
i covering Ry, R (see appendix K) and mrmmum elongauon

at fraelure . e

W'+ ¢The spec:ﬁed minimum percenlage elonganon at fracture

referred 10'a gauge length of 5. 635 \(S should be approprizaie
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 ts SlJbJeCKlO specral agreement.

Unless olherwrse agreed minimum CharpyV nolch ‘
properties rclated to BS 131 : Part 2 shall also be specified,

with the direétion of teslmg as specified in appropriate

British Standards fer sm‘ular product forms.
The rate of testing: :and mcthods of aceeplancc lesung shall

- generally be consrslenl with appropriate Brmsh Standards

Documents

for srmrlar producl‘. forms

lamellarteannr Jusing fabrication.

“I 155 1450 l
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' 2.4.2,5 For materials that will bc:used'above 50°C, a yield
pomt ‘or prool’ stress propert:es reldted 10 tests in accordance -
with BS 3688 should be specified unless otherwise agreed.

2.4.2.6 Stress rupture propert:es shall be _specified for
materials which will be used in the creep range. These shall -
be determined in accordance with'the procedure laid, down
in BS3228: Par1 2. The manufacturer of the vessel shall be
‘assured that the product supplicd is capable of meeting the
specified propertics by a statement that the manul‘actunng
.processes have remained equwalem to those for the steel for
which the test results were obtamed ,.;,m a- "

2.4.2.7 Charpy V-notch impact test propertles sat

appropriate temperatures shall be specn ified for malenals that ‘ '

will be used for low temperature service, except in the case
where impact testing is unnecessary. {see appendix D). The
properties shall be verified in’ accordance with BS 131:

Part 2 at the rate ol'three tests per sample at a temperature o
be agreed.

2.4.2.8 Materials shall be supphed insa heat treated’
condition appropriate 10 the nearest eouwalent British -
Standard unless otherwise agreed—be n the 1nterested
nartles

Plates for hot l‘ormmg may be supplled ‘in any su.table
condition as agreed between the manul’acturer and, the
‘material supplier. 8 : e
Carbon and carbon manganese steel plates for cold l"ormmg
“shall be supplied in the normal:zed condition except when
- their thickness is less than 25 mm, when the plates may be
‘'supplied as-rolled if - guaranteed elevated temperature
- properties 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 metallurg:cally suitable and
provided post‘weld heat treatment wxll sul'ﬁee as the
tempering Lreatment” -

Electric resistance welded or mducuon welded tubes may be
used in the as-welded condition provided the spec:ﬁed upper
limit of tensile strength does not exceed 540 N/mm? and
they are not intended for service below a temperature of,
oc .
2.4.2.9 The hcat treatment condition to whlch the spec:ﬁed
properties rclate shall be clearly stated’ in the materiai
speexﬁcauons These properties can be alTecled by reheating
during fabrication and, where necessary:- (sce 4.4), the
‘manufacturer 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 - corrcspondmg 10 the material specrﬁcat:on
speCJﬁLally requested; by the manufacturer. The heat ©

treatment to be gwen to the test pieces and the acceptance
propertlcs should be agreed atthetimeofl order .

2.5 Alum:mum"‘ :

251, Pernuss:blc matenals covered by Bl‘llISh Slandards are’
listed - together wuh their appropriate nominal desrgn
strengths  in table 2A.3.  Non-destructive testing

requirements are covered in5.6.2.

2.5.2 For other materials covered by this clause (see 2.2.3)"

the gcneral requirecments spec:ﬁed m 2 5.2.1 10 2.5 2.5
apply : ‘

. and: :the’ appropnate mechameal propert

. Steel castings :
i Sleel plpes and tubes

i . 'l 3 ,:‘\
2 5 2 1 The matena. spec:ﬁcat:on (see2 2.3) shall specify
the eomposrt:on limits for all consutucms, ,heat treatment
: f‘or- a;ceptance
and other purposes.

2.5.2.2 Mechanical propertics at room tcmperature shall be
specrﬁed for, acceptance 1ests m aecordance wnth BS. 18 .

" covering: -

« .
| the tensile strength range,
. the minimum 0.2 % prool‘stress {Rp).

‘the specified minimum percentaﬂc elongatlon al l‘racture .
referred to a gauge length of 5.65 VS, or 50 mm. should be,
appropriate to the type ol' material with a lower lu-mt ol'
5%, oF . ,w
25.2.3 For rnatenals that will be used at; temperalures;-‘_”
- above 50°C, tensile data shouid be provided from which'the ..
expected minimum tensile strength and mmlmum 02%
proof strength at the operating temperature ‘can""be
established. If the operating témperature equals or exceeds

'100 °C, stress rupture data shall be available for determining

the design strength and design ltf'ctlme. :

-‘:2 5.24 The design strength values gwen in mble 2A3 are

appropnate to rnatenals ha\nng ‘the minimum tensile
strength (Rm)and rrummum 0.2.% prool'stress (Rpo.2) values
al room’ temperature.. shown in:columns2 and 3. Other .

. thicknesses of the same l'orm and other product forms may

be used, the minimum tensxle propertles being established
cither by reference to” the material ‘specification or. by
arrangement with the material suppller If the minimum
values of R,p2 and Rp are’ less ‘ihan those given in
table 2A.3 l'or the same temper or condition. the design
strengths that “arc not umc-dcpendent ‘shall -be reduced :
proportlonately s i P'-" o

2.5.2.5 Pressure vessels in alurnmlum alloys contammg
3.0 % or more of magnesium_ for use at temperatures above
60°C shall be constructed only rrom malenal supphed inthe
annealed (0) condition. / '

NOTE. Consideration should be given to the extent ol'cold fonmng
during fabrication. and the need for annealing. The purchaser is
advised to discuss the, pmposed application with the manufacturer
and malenalsupphcr

Table 2 3 Desngn strength values: mdex of steels

e
BS 1501 :

Steel plates ‘ Part'] -
o7 ' |BS1501:Part2

i, Steel sectlonsand bars BS 1502, | '
-0t |BS 1503
BSI504 ;. .
BS 3059 : Paris | and 2
.| BS 3601, BS 3602 -
Parts 1 and2}l . -
1 B§ 3603 W
| BS 3604”

1 BS 3605
-, | BS 3606

Stoel forgmgs

Documents
.ﬁziss 1451
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Table 2.3(a) Design strgnglh values;(Nlmm?), o
Plates S

Grade, type & | R, R, | BS | Thickness* | Values off for design temperatures (*C) not exceeding : ’ ) : = Design
“ method of o 5500 . - — — lifetime
manufacture | N/mm?| N/mm? grade | mm 50 100 150 200 250 300 350 390 400 410 420 430 440 450 460 470 480 “h

-

P

Carbon Steel_(rimmed) 10 BS1501: Part |

41,3600~ 1360 |205 | M0 | 3woie* 137 126 115 112 100 86 = 79
¢ s .| . 195|130 122 113 108

-

Carboq steel E;ciﬁl-klllcd with aluminium) to BS 1501 : Part 1
154, 360A 360 205 | MI 30 9.5 137 126 5115 112 100,

154,400A (400 [235 | M1 | 3w95 156 144 133 130
o 154,430a°: 430 [ 250 | M1 [3w95 | i67 IST M8 143

Carbon steel (semi-killed or Tully-killed} to BS 1501 : Part | o
151, 161, 340 | 360 208 M Jio [6* 137 126 115 112
{Aand B) ] 195 40* 130 119 13 108
» ' 185 . 63* 123 14 105 101

o i 175 . 100 it7 108 99 96

- | 170 = | 50* 13 105 9% 93

- 151,161,400 | v 225 Jto 16* 150 141 133
{Aand B) "~ 215 ‘ 40* - 143 135 128
o} 205 ‘ 63* 137 129 121

5 . : 200 100 -] 133 [23 113
' 195 : 150* 130 119 1i0

+ 151,161,430 250 | 3o 16" 1167 157 148
e 240 40*. 160 150 140
no || e 153 143 (33
220 100|147 135 124
20 | 150|140 129 118

00ssS8 - -

i)

g&;‘luehuer‘t anss|

986l

t-

¢ M——
gy HE6c 452
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Table 2.3(a) Dcsign strength values (N/mm?) (continued)
Plates

' Grade, typ.c& R, "R, BS | Thickness \’alué;&fffor design temperatures (°C) not exceeding L - v Design
method of 5500 - lifetime

manufacture N_/_mm} N/inm? | grade | mm "5D0 100 150 200 250 300 350 390 400 410 420 430 440 450 460 470 480 ; © |h

0055 S8

Carbon steel (fully-killed aluminium treated) to BS 1501 : Part 1 : G- st ; T

i

T 164, 360A - | 360 255 ML | 3wl 153 138 124 110] 97 86 79 R R B 52 K | o000
S 238 153 137 122 109| - . _ o 71 48 _ 150000
220 63 147 130 115 106) ... ' ] 45 : 200 000
~.1:202 135 122 110 104} : &8 42 - : > ] 250000
B LI I R TR 1 120 112 105 102] ’ : :

G861l ;\JEI'IUE[‘_"L BH§S|

G861

164,360 - .| . | 255 ) 153 M5 1M 122 u - 52 100 D00

. o 1235 af cood0* = | 153 143 13 121 : : 48 ' 150000 |-
| 220 2T 1470 137 127 417 . 435 200000 .
T R202 T 7100 135 129 122 1I5) 5 : - 42 ‘ 250000 °
5180 . 120 18 Hy 12l . % o

]

275° 70 155 140 125 : ‘ : 52 o 100 000
265 1170 154 138 125 : Nk 48 40 . 150 000
245 ) -] 163 147 a3 2| = - 45 g S o | 2000000
225 T “ 71150 138 126 °120 - 7 42 _ 7| 2500000
201 g3 27 120 1] 1 , , .

164, 4008 215 | My | 170 161 153 137) 121 I, ' 6052 44 ” 100000

265 ; | 170 1160 149 135] . _ 438 . ; 150 000
245 163,152 144 133 T ; - 45 ; g 200 000
225 ] 150 143 138 130 L e - 7 5 - 42 ‘ 250000
201, S| rad 132 132 128 i e s : ‘ i

arbon manganese steel (fully-killed nioblum treated) to B§150] :Part 1

T 223,460A° [ 460 (340 [ M1 | 3tol6* 195 182] 169 155 T US4, 104
S 330 a0 - | 195 182f.- SIS EMLT 95
320 .63 195 182 - 1504 88
YR - 100* 195 182 s s 83
262 1500 175 172 : S a

[
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Table 2. 3(a) Desngn strength values (Nln.n'z} (contmued)

Plates

Cnde. type &

method of
manufacture

R

o

‘N/mm?

R

N/mm?

'BS

“Thickness

5500{ T

arade”

|

Valye'?olf for design temperatures ("C) not exceédlng

50 100 150 200 250

350 390 400

b

Design' >
lifetime |

C;rbon marganese steel {fully-killed niobium treated) to BS

223, 460B |

460 .

1313

340
330
320
294
262 -

355
345
340

279",

‘355 ©

345
340
313 -
279

M1

Jto16*
40‘
631

iOO'
150¢

40*
63*
100*
150‘

Jtol6* .

Jtol6*
40" -
63
100 - |x

COMs0r -

195

195

195
195

1501 : Part1
187

187
187
187

175

1862

193
193
1935
193
(180

198
198

198
198

=186

179]

179

179| .-

179
1754

179

179
179
179

175,
189]

189
189

189
186

77

68

63

) - 59

T

63

0. 59

77
68 .

77

68
63

39

_Carbon manganese steel (fully-kille& llﬁminl

224,400A

A

]

275 . .

265
245
225
201

Cupl 275

265

245 .
225 -

201

M1

lto16*
40*

63*
100*
150*

1, | 3t016°

170

170
‘163

150

134

um trested) !oBS 1501 : Part 1

155
154

147

140
138

131

13R0 126

127

- 161
16l

121

153
149
144
138
132

125]

125
122
120

17
“137)

135
133

130

83 .

81
75
0
90

75

- 70

77
68
63

59

65
58-

54
5t

D -
77 65

- 81~ 68 SB
63 54
59 5t

133 128}

3]

[’] anss)
0085 S8

E

-??986 I".‘,\

‘Adenue
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‘r& = :—' "
Table 2. 3(a) De51gn strength values (N/ mmz) (concluded) . ‘ 2 ’ o
Plates “
Grade, type & | R, R, RS Thiékni&éé . | Values of ffor desrirgn lemperaiﬁrcs (°C) not exceeding " ) ) Design | Notes™ ©
method of 5500 | - : , — e lifetime N
3 manufacture | N/mm? 'Nmm? grade | mm “'50-'100 150 200 256- 300 350 390> 400 410 420 430 440 450 460 470 480 h o
Curbonmanganesesleel(l'ully-kllledalumlmumlrealed}IoBS 1501 : Part 1 r 7 ;. v -
224,430A Ml 310!6' ;183 168 153 137]%121 108 101 95 -94 93 90 77-.65. 56 48 42 Moo 000 | 9,16
ES Lo a1 83 166 (49 135| . 93 81 68 58 50 43 37 " 150 000
.- =63 183 - 164 144 133 88 75 63.-54 46 40 M 200 000
. ;;100* +7| 168 “153. 138 130| 83 70 59 51 43 .37. N 250 000
: . S C150% . )-150 1417 1327 128 ‘ LD TR e T '
. 224,430B + | 430 . | 305 M1 3m|6':~ | 183174 165 149 132. 117711 105 104 103 9. .77 265 56 48 . 42 100000.] 16
7| 285 400 - | 1835172 161 147 104 95 8 68 38 30 43737, 150 000
5 275 63 | 183 170 157 145 04 38 75 63 54 4640 34 .7 200000 |
y 253 100* 168 160 151 142 98- 83 70-59 S5 43..37 3 .. - 250000 |0 - :
225 150* 150 148 144 139] e B S FR L
Jto l6* 196 180165 149] 132 117 N 105 104 103 T ODT7 65 5648 42l 100000 -| 9,16
40* 196178 7161 - 47 1 95 8 68 58 350 43 37 150000 - -~
63* 196 176 157 145 04 88 %75 63 54 46 _ 40 3 . 200000
100* 187 169 (51 142] .- 98 83770 -59 51 43737 31 250 000
150% 167 155 144.130] v
{-31616% 2| 196 186 - 157 160] 142 128, 121‘ 118, |r$"-'-'1|'4”j'jo«k__' W 77 65 .56 M w2 - o000 | - 16
40* 196 184 1737158} VISl --95. 81 68+ 58 50743 37 .. = * 150000 |
: .63 196 183 17t 156 N CUSI04 88, 075 0 63 5446 407 : -200 000
o &loo', 187 176 164153 LIS 08 83 70-.°59- S 43 37 31 : 250 600
R = NEIE 167 162 157 "150] ? R 3
. 224,490 4%0 M1 | 3tol6* | 208 192, 177 160] 142 128 120 1i6 0I5 114 104 90 77, 65 .36 48 42 100000 | 16~
& {A and B) o ER 40* 208 190 173188 o ¢ O HUS HE 95 81 68 58;:_';50 Ay 37 150000 ¢ -~
BRI p =163 - | 204 187 171 156 o 15 040 88 75 617 o6 40 34 200000 -
: 100 . { 187-7176- 164 153] - 11598 83 w59 51 43" 37 . 31 250 000
150"_' 167 162" 157—71_510___-?“ : . Co
Carbonmnngsnesesleel(!‘ully-l-.llledmobium andalummnum treated) LT e e e - L ) . . j
- 225,4904° 3016+ .| 208 7193 179] 173 158 ‘139'_7;;31;_,123 124121 104 90 7765 56 48 42 100000 | 9,16 -
40 7| 208 1937 119] 124 111 9561 768 7 58 50.. 43 37 is0000 | -
, .63 208 193 179 21104 88 75 63 54 46 40 M 200 000
2 j00* 208 193 179 TSNS 98 83- 7059 51 43 37 3 .. 250 000
TR 150 186 180 ; 175 cT T
o ST « LT ] - - S V‘ o P H ) L o ot
. 225,4908 Ito 16* 708 198 189] 184 168 147 137133 - 137:3:.121 104790 <77 657 565 48 T 42 - - (100000 | 9,16
R A0 208 198 .IB9| .. 128 M 95 81 68 38 50 41 37 £50 GO0 a
63* 208 198 “IB9 1205104 88 .75 - 63 54 746 40 - 3 .| 200000
B 100 208 198 189 : 1508 .83 70 59 5143 37 3l -1 250 000
150 | 186 186 i86] Co P T e R Lo

gété:‘i"mlenuer‘i anss|

ooggsa

G861 °

) - 'j-;[j)
o
py)
o
e
0 ]
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.'L. A2

! Nrmm?

l’j\,.nl t_l l

Thickness
.

I"mm

. V;'lh;c:-j of f for dcsiun:l_n.'nlpcr:!iilrcs ("C) not exceeding

50 1007150 200 250 300 350 400 46 450460 480

490 500

S10 520 °530

540 550

560 570 580

Design

lifetime

) ”‘\‘q*“

‘271
'\lnCr\lo\.’

81

NiCn\“I‘o,\f‘”

- 281"
\':CrMoV

50
FUXN
509-510
_‘}Ni .

.
1o BS l_SU :
S| 450

586
556
556
55 -
550
356, .

e

Urs‘m 6

b0 63
lb(]\\. 63
Uplo "5
. 251076
:IbUVL 76
“Uplo2s
A5t076°
above 76
ik
Uplo235
- 251076
o, abo.vc 76

Upto3

ljp'loSI

‘I Upto 51

190 J(ﬁ]”ms 3

183163

: NV(:)lé'ln ‘ : : SR
Y 249 249 ¢ 3 "’4‘) 2 "3!] 20yk i35
R

237, 237 237 23 25 229 22 0 2y
2371 237 23 207 104 13f e
237 237 237 237 237,235,230 33|
237 237 233 227 221 207 20¢ - 194

249 249249 1249724 A-gsd} 0% 188 i68

'w.i 177 152

249 2497249 249 249 2477237 232
243: 243,243 243.232° 217211206

17249 249249, 249 2491249 2 '2‘42] 00 188168

s 103 I?? 152

175

295 Y

295

131

s

124

;f).s

2

vy

3861 A'Jeﬁuer ‘L -anss|

\

00g5sE. -

4

%861
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__ 'l'ablc\f;-’tf( b) pcéign strength }':;l:ucs (N/mmz)(‘nﬁcludl.d)

ates s A Il

o o MR U [EE N I B Ao . . Mo T T Cow " - T . . £
T Grade, type & |- IRs: | Thickae Values of £ for design temperateres (*C) not exceeding EESE : T ‘ SR - Designe | Notes
* method of ) 7o ' NS e ., lifetime . [

" manulacture 50100 15D 200 250300 3507400 40 450460 480 490 SO0 S10 520 'S0 5S40 550 S60 570°580 | h T

IR

0oss S8

: l..ow-alluysleekl 0 Bs-tiSI.li ﬁ'rl‘-uirll e LT B L
o 620-27TA | T 1286 Upito 132 177 158 139 13) 1159 98 937 90 89 T s = e
. ICt'J{{\-io "o o e 1. e T o - - . B - -
. 620218 |17 | 286 Up1o152 | 177 163 149 141 124 105 100 97 ST L W w76 62 42 AT 27T T 100000
S ICMo o s B I T TP O 8867 55 A4 35S0 2 - 1150000

:

935[ Atgrasep| anss| "}'11

) L T e o i o 01 f;?fl-,i”"‘ 49“:2 ,‘3__!'7 s 22 ) v o 2:\0000 1

c ey S I IR N I IR N U K70 TSP 48 37 a0 25 200 T | 250000

_620-621 31A . ] Upwo1s 210 185 174 166 154 141 133 129 -..- 126 T
ICTHMe - ' i o wbove?s | 191 167 157 149 136 120 114 109 108 106 .. B o R TRV R
Il':faCr'I:Mq . N - - ! . N o " LTl S ' '

" T620-621 31B , {| Upto75 210 199 187178 166 151 143 139 134 - 120 143 112 69 76 2 200127
ICT%:Mo,, above 75 [ 191 180" 169 160 146 129 122 |17 1s 113 113 0 67 55 44 35 20 M
ICraMo™ = .. _ T N N TR 'Y, nl 49 0 320 26 22

S B B _ U L T 787 §7 4537 30 225 20

L 622-3A° o 1 M9 | Uptol52 185 1597134 127 125-123 120 |15 1o 105 o £ T
2'/'4Cr|N_|o ; ‘ i LT ‘, J,n‘:_‘_l- C .3 - )

622-31B- o Upto 152, tod 144 2129 0247 119 210 t0S. 9 82 72 61 753

24CrlMo + | - ‘ ) N . 5 B ) THOS. 97 7S 63, 56 4N

: _ o IR Bt S /) Y SUN) ' SPY I 1/ SR S ) B

o . . ; oL "_'_“ T o [”{} 872775 . Qf,: 57 49

Upto 152 - |-292 292 292 292206 0 - 26 = = Sola v '

a8l

-

- o \ e sy i - - e a, ; A P ot T
622-458 - T[M9 7| Upte152- 1292292 2 #2392 39 2927210 7L CISF 13D S los C82 72

24CriMo | i R R LGN 120 s 97 88 73 6356
: : : | SIS6 M3 T I 9 7Y 6859

SS2 LTI o 8775 f5T5 44
j -\_i_‘_-._".i!/
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Table 2.3(¢) Design slrcng.,th mlucs (\/mm’)
Plates e S I o,

Grade.type & | R, R, BS Thickness \:1Inuuffl'urtluu..n lulleruurL\( “Crnimt exceeding A e . N .| Design Noles
 method of 5500 N lifetime

mamfcture N/mm? [ Nomwm? | prade | mim 50 100 150 200 Zﬂl} Ui 350 400 450 500 520 530 S50 whll' '-Bll'ﬁll(} 620 640 630 660 6XO TOH 720 740 750 [ K

o5

r

IIig!l'iillIl_\' steel te BS 1501 ¢ Parl 3 ) - O - T e
03517 420 o upe s 314 91 89 S6 B3 80 76
05517 . ‘ )
HH SI2 490 RER | Uptesi I135020 1o 103 93 9i 93 -
m-l SIS . 2 Upio sl 313 127 115 109 104 101 99 9% .92 FENFA T T I 02 ) 100000 .
. NG . . ) 7 $ 62 ] 3326 1 ; - 150000
SN ) . o 72 LA N ¢ 2 200 000
= - CSET6S Bl 56 4 N2 “ a ; 250000 -
Uptosl [ 143 128134 : LI J¥ 43 2 ] 100 000
: ‘ ) Sis A . 150 600
S I & 72 18 27 M - 1 200000 .
: . . . + 250 000

Upto32 | 210177 160, 149 132 126 122 120 109

Uptlo20 1867168 137 150 145 141 139 2127 125J 1245414 iy S A7 160 000

ubove 20 163 150 1.1 135 1327133 126 e sl 19 I . 2 ' N 150 000

! s - = e 12 § 5 31 2 e - | 200000

" . N ” " 2 05 4, k 2 ¢ Coo 250 000

s - - Upito 51 130 122 115 111 106 103 99 90 88 B7 86 k y P I 34 26 100 000
R b & - : ‘ : . L L L . ' 150000 |

by 1 e - ¥ & i 27 200 000

= ¢ . : : - | 250000

321-587 . |62 LR R Upio25.4 | 248 248 248 248 o - .
“347-517 | sac 27 Upto20 © 168 157 150 145 141 139 2127 I"S]Hé 108 9y T IR TRt L oo [100000 |
o 2 - above 20 | 167 150 :4| 133 1327126126 122 116 n4larr 102 56l 48 4702 M 2 .| 150000:
“ . - M6 98§ L AR Ll P | 200 000
- . o - S (YLl A28 Y 2N 250 000
Upto51  <p 144 132 124 1207 1167114 113 1115107 104 102 99 98 §1:667°33 24754700 220 .| 100000 4=
o o S : <6 A8 AT 47 =287 30 150 000
I L ;; , e, ':, } - , ) ‘ 0 - 5 ;‘_ 5.0 ' 452257 , 200 400
p T T ; - : .| 250000

&

347-567 PR Uplo.’.g.al‘“ 247 235 212 200 194 189 183
o 316-512,837 47 | Uprosi 3 143 127 116 109 104 101

[Z

-

0086 S8

: Docume
I“ms 1458

cdb| Jue.nuer'L anss|
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o

Table 2.3(c) Design strength values (N/mm2) (concluded)
Plates ‘ -

.f'"'f:/Gradc. type & | R, R, BS Thickness Values of £ for design temperntures (°C) nol exceeding Design | Notes

method of 5500 , - - — —— lifetime
manufacture N/mm? | N/mm? | grade | mm s :’_-SQ_.‘IUQ LI5S0 200 250 300 350 400 450 500 520 540 550 560 580 &00 620- 640 76.’73;0-,660 680 700 720 740 750

0096 S8

High alloy steel to BS 1501 : Part 3

316-516 1520 262 ! Uptosl 173 152 134 122 114 110 107 103 100 95 94 93 93 92 91 72 58 46 15 28 23"
_ N §5 66 52 41 36 3 25 .

. ‘ 79 61 48 37 13 29 22

_ ’ 75 58 45 35 11 27 2

. 316-549 T l'Uplo 5L 143 128 94" 90 88 86 80 79 78 77 15 74 12 58. 3346 35

i R N . ‘ 66524641 31

el 48 43 317 29

. e B R T38 45 40 35 7

316-862, 566 . - Upto32 227 189 172 154 149 143 137 132128 124 ;- . o 50

316-582 ' : | . I'Upto2s4 | 248 248°248 28 . . .. - '

320817 | 7 il UptoSr | 180 157 137 124 1167112107 004 C

310-524 "} Uptosl 180 157 137 124 116 112 107 104 101 -

NAIS ) 160 144 134 129 129 129 129 124 122

(Ann_enlcd) e : N e ) R

NAIS IO PPV R 130 1307124 111 97 86 86 B6 86 78

{Solution : BT O i R = v

GRE | Aenuer ' anss|

G86!.

%

173 173 169 160 154 149 149 149 .
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' Table 2,3(d) Design strength values (N/mm?)
_ Sections and bars

Kl

Grade, type & | R, R, BS Tlnicknes$ Diameter Values of f for design temperalures {°C) not exceeding . .. | Design

method of “1 5500 L - - Aifetime
_munufacture | N/mm? | N/mm?| grade | mm : mm 50 100 150 200 250 300 350°400 410 420 430 440 450 460 ‘ h

Carbon steel (.';;'mi- gr,s'iilicon-killcd) to BS 1502 ‘ : o - -
151,161 | 430° 250 MO Uprto 16* Upto 25* 148 143 128} 107 102 S : 52
L 240 - Uptodd*, | Upta 507 140 133 1§21 h

- 230 Up to 63* Up to 100* 133 128 119 ] Y 43
220 “ | Upto 100* | Upto \kﬁﬂ" 24 121 " 113] S 42

Carbon manganese steel (semi- or silicon-killed) to BS iSﬂ2 - v .

211,221 1 430 230 .. | M3 | Upiotse Uplo2s* 148 143 128] i6
240 Up1040* Up1to 50* 140 135 121 I
230 Uptotl* Up o 100* o I 133 128 119} 46

L2200 || Upto 100 | Uplo 160* 124 121 113 ] k 343

Bl Ciirbon munganese steel silicon-killed. aluminium treated) to 38 1502 2 . .
224, 430 430 275 M Upto 16* Upto 25* ) 153 137] . . k Jo 48
a 263 Uplo40* | Upiosn* i 149 136 RO 3 dd_
245 Upto63* | Upio t00* 154 144 133]. . : : Y e
240 Up to 100* Upto 160t |- A3 41 1310, - I 43 37

224,490 325 Upto 16* | Upto2st-i.| 177 160 5 56 48
o 315 Upt40* - |“Up 1o 50208 173 158 ~ ' : 0. 43
(7 " = 305 Upto63* | Upto 100" 187171 156 5.563 46 40
300 Upto 100* | Upto 1607 | -200: 18477168 152] . 81 ] 43 37

PR
~
I

0056 S€

| &enuer‘iféﬁ‘ssﬁ
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i

gy 2551460
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Table 2.3(d) Design strength values {N/mm?) (continued)
. Sections and bars

= Grade, type & |- R, ”'R, BS Thickness Values of [ for design temperatures (°C) nol exceeding

: ’ Desi
" method of 5500 o bl

lifetime

manufacture - | N/mm? | N/mm? | grade | mm 50 100 150 200 250 300 350 400 440 450 460 500 510 520 530 540 550 560 570 580 h

005S S9

. Low alloy stecl to BS 1502

271-560 560 370 204 199
MnCrMoY" .

GREL Alenuer ‘| anss|

620440
1CraMo

. G861

620-540
ICraMo 0,y

622-430
2%CriMo

o 625-500
iCrlaMo -
§625-640
| 5CriaNo

Ml 629-590 = _ . _ 2 15 om0 : ~ 100000

9CrIMo - . , o 97 &5 4 3¢ -|-150000
93 81 ¢ 200 000
§0 78 , -| 250000

509-650
PINT
509-690
INi -
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Taﬁlc 2.3(d) Design strength values (N/mm{) (conciuded)
" Scctions and bars s

s

~

Grade,type & | R, R, BS Ruling Values of f for design temperatures (°C) not exceeding
< method of : 5500 | section = - - -
manufacture N/mm?| N/mm?2 grade | mm =~ 50 100 EI) 200 250 300 350 400 450 500 520 540 550 560 580_600 620 640 650 660 680 700 720 740 750

Design
lifetime

[

I

Austenitic stainless steel to BS 1502 . u -
304-511 480 215 160 < | 143 127 111 101 95 90 86 81" 80
304-S31 “490 230 [60 ~1 153 136 119 105 103 98 93 387 87
304-851 490 2307 . 160 153 136 119 109 103 98 93 89 &7

304-561 st : : 57127 121 116 110
304-S71 : : 121 116 110

K 316-S11, 513, h 99 94 9]
ss3 :

) 316531, 533 - | 240 - - 3 106 101 99
' 106 101 99

i

' 316-561,563 ] 315 127 123 119
. -865,567 A st
321831 ) 510 cpaas i)l L) . , 171135110 |

.. 32-8517 h o . 9387 -84 8l 77

L@ .

oL

2

321-851 35 _ 121 117 113110 107 102 101 86
(510) : _ B , 102 93 78

: G 97 89 74
, k : 91 &5 71
47831 160 151 127 123 120 118

3472-881 - <. ’ ’ - 160 151 127 123 120 118 13 113 113* 99
. : . = 113 111 93

113*106 88 -
{12 102 85

00858

@86

- EB6l Menuer'; anss|
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Table 2.3(c) Design strength values (N/mmz)
Forgings (see Special note 1b)

Grade, type & | R, R, = | BS Ruling section Valucs p[ffor design iemperatures (°C) not exceeding ’ - Design ':j'
mcthod of 55(0 | mm . - fifeiime o
manufaciure N/mm? | N/mm? | grode | (Scenote (d)) 50 100 150 200 250 300 350 39G 400 410 420 430 440 450 46D 470 480 h e

008 S9

€

Carbdn manganese stcels‘-lu BS 1503

164-490 4967 305 M1 203 187 171 156 ]
’ 280 7 187 173 159 W5

GB6 L")uénuer'[, anss|

G861

21410 |4 215 ‘ | 143 134 125 7121
205 137 126 116 13

221-430 - 225+ 00 C 150 141 153 129 10757 102
" 215 ) - 143 133 124 121

o~ [a]

221-460 ’ 245 : 163 154 145 140
. 235 | 157 146 135 131

1

221-490 490 - 263 ‘ 177 167 ‘]57 151
255 » 170 158 146 141

f

el

R

% | . o | 190 177 165%F159

197 185 173, 167
203~ 192 181 175
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Table 2.3(e) Design strength values (N/mmz) (contmucd)
Forgings (see Special note 1b) . |

Grade, lype & | R, R, BS Rulin;iébcliﬁﬁ -z _{’alue; ﬁf]futﬁtiesngn}cmﬁnrnlures (*C)not exceeding e - - J'-Desigﬁ
methodof < . S300 | mm i - - — - - lifetime
manufacture N/mm? | Nemm? | grade | (See nole (1)) 50 100 50 200 250 300 350 390 400 410 420 430 440 450 460 47D 480 . h

I ’ . -

Cnrbun manganese slecls to BS 1503 B
123-410 | 410 245 M1 £ S138°% : IZO] 106 .9
iy 230 ) - 29 121 15

-

1 .223-430 260 Tgt ) I28] 14
e 245 123

223-460 : j |40] 127
: ° 135

v

152] 139
146,

+ 123510 sio a0 | mar| 7 159 147

)
~
—-—
o

i3

114] 101
109

'

A

0095 S8

&l bénuerﬁl aﬁééi

9861 ;

Docume
lgims 1464 l
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:.s' - . ’
Table 2.3(e) Design strength values (N/mmz) (contmued) R
* Forgings (see Special note 1b)

‘,-_G_r'adc. type & R, R, BS Rulmg scctmn ) Yalues of ffor design temperatures (*C) not exceeding - el .| Design
methedof - 5500 | mm e i - lifetime
manufacture N/mm? [ N/mm? | grade (See nutc (dl) 50 100 150. 200 250 300 350 390 400 410 420 430 7440 450 460 470 480

a /I

0056 S

éafbbﬁ manganese steels to BS 1503 ¢

cwnonaad |43 [aso 0 [mr | <m0 167,156 145 133 _'121] 108
. o} 238 00 . T1a6 135 123 117

G861

o6 L Alenuepy anss|

224-460 275 o R 170 157 145 132] 18
o © ] 255 158 147 135 -
Ci e

305 & 03 187 171 156 I

280 - Co s 173 159 45

224-510 o - | .<.100° “F20 1947
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;.

"~ Table 2. 3(e) Design strength mlues (N/mml) (cuntmued) 7
Forgmgs (see Speclal note 1b) . o | -

Gradc.l)pe& ar'_l li’c - Bb ' Rulm};scclmn . Va[ucsofffordpsigniémperaturcs(’(.‘) not exceeding ) . . besign
A—--,mellmd_of' Ao == 1 5500 | mm T - lifetime
mnnufacluré L N/mm? | N/mm? _grqdi;‘ (Sce notL (d)) 50 100 150 200 250 300 350 400 440 450 460 480 490 500 ,_§ID 520 530 540 550 S60 570 580 h -

v\\l‘l‘o\ aml martensmcslamless s!eel'lo BSiSi).?NE' - ’ h 7 "
Lo 2484200 - 420 215 | M2 | : 135 127 117 110 - . .
05 Mo * . T I ' , e ¢
f620-440 440, e IM T 163 149 142 131 101100 93 76 62
: ICT' Mo - Ea . ) . 10 83 67 5§
T - ) 9 76 61 49 .
T N S Lo . L 87..70 . 57,, 45
G20-540 - - ’ T M7 < 224 2]9 210 202 ) ITS I75 162 136 H’ 93_ 76 62
ICr'2Mo e a oL " ’ 149 124 0102 83 67 55
: ) ) gy - : . ) ’ 138 A 04 76 <61 49

3

: N I R ‘ . . AT 107 87 ~70 37 45
621-460 | 4607 . [.275., : - 173 1637136 - 11 ,,Ils Tia 112 93 76 62
1%CraMo | = = ' e e o4 N2 83 67 55

T 1 : . - S L9 760 61 49
o s ) _ TTH07°-87 70 5745
660-460 T - 90 'sx‘:lr 178 . 134 133 131 115 101 8%

133 120 105 92 78
130 112 9§ 84 70
123 106 92 73. 64

r’y enss| -

oosgss .

Docume

‘;lzm 14?5 '

Q86 L Aenue

@st_,
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Ta;i)le 2.3(e) Design strength values (N/mm?) (con.i_ii;!l;'éd)
Forgings (sce Special note 1bh) '

[

—‘Grm:lc., type& | R . R BS. Ruling section Values of f for dcsign?cmpcratutcs ("C) not excecding . - i . Design

< - -methed ol . ’ 5500 | mm - — - lifetime
.- manufactare N/mm? | N/mm? | grade | (See note {d)) 50 100 150 200.250|300 350 400 440 450 <60 480 490 500 50 520 530 540 550 560 570 580 h

0055 S9

v

. Alloy and martensitic stainless steel to BS 1503 : : s . , e L e

£ 271560, | 560 M4 | — 238 229 220 215 208 204 199 (92 - 155 129 107 87 69 54 41 30

MnCrMoV - ¥ - o : . ' - M5 118 95 76 60 44 31 23

_ 132 108 87 68 51 38 26 I8

- ‘ o — - A 129 105 83 65 48 35 23 4
622-430 cws 7| 183 176 169 163 157 149 145 T31_18 165 94 82 72 6l 53 45
2%CriMo ' . 220108 97 -85 73 63 36 48 4
‘ o ) e I e ST 92779 68 59 52 45 38

-

_ : SRR LS N300 87 75 65 57 49 42 36
‘622-560 " - Mo | - | 238- 231 324 3192132097200 197 131 118 105 94 82 72 61. 53 45
2WCriMo |- L : ik 121 108 97 .85 73 .63 56 48 Al

17 104, 927 79 68 .59 52 45 38

13 100 87 75 65 57 49 42 367232 .

G861

ggg) Aenuer’| anss)

o

.. 621-650 o , ‘ R
i Z'ACrlMo \ ) ) o 3 . - - B g - : o .
© 635500 % s20° o :

5Cr¥iMo

625-590
SCr¥aMo

Pra503-490
: JV:Ni .o . U B B e B
PRs09-690 90 |-M6 | 294 -
251 232 214 209 202 198 165 133
298 295 293 287 215 158

177,547 131 125 Hs 10

140 (18 96 91 "8y 77

S
AR
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-Table 2. 3(e) Demgn strength values (N/mml) (concludcd)
- Forgings (see Special note 1b) L. e

- Gmde upn& Rm R, BS Ruling"sr:élion Values of f for design temperatures (°C) not exceeding A S Design
“riethad of- i B 5500 | mm - lifetime
‘manufacture Nl;pmz N/mm? grade | (See note (d)) S0 10D 150 200 250 300 350 400 450 500 520 540 550 560 580 600 620 640 650 660 68D 700 720 740 750| h

Austenitic stainless steel to BS.1503 - . ’

304-S11 430 215 - N 143 127 111 101 95 90 B6 81 80

0483 T a90 230 [ | 153 136 119 109 103 98 93 87 87 ' -

304-851 - | 490 230 NS 153 136.119 109 103 98 93 89 87 85 g 17738 35 a1
B -] - . . ' ; 3380 26

. o , - A L3y 27 M

. : ' C 8 25722
310-831 .

T 316-S11,S13 ‘ : 150 134 119 110 103 99 94 9§ 88

Grade, type & | R, _}Et ‘BS - Rulingseétinn Values of f for desigﬁ temperatures (*C) not e&cetl:ding o T c -Dresign
" method of I R .| mm - -— - lifetime
mlnufacture N/mm? N/mm? _ (See note (d)) 50 100 150 200 250 300.350 400 440 S00 520 540 550 560 580 60O 620 640 650 660 68D 700 720 740 750| h =

Austenltic stainless steel to BS 1503 * | % .
316-831,833 | 510 240 : . 160143 127 I8 106 101 99 96
'316_-55[ 5|'0 240} . v 160 143 127 118 106 101 99 96 93

It

‘157 145 133 127 117 113 110 107
127 llS 103 97 ~B7 B4 81 719 78

=

157 145 133 127 17 113 110 107 104 102 102 18] 86
el Y 102 95 78
‘ - - 97 89 74
93 8571

%l Arenuep‘y enss| |

s | si00 | 2 ) | 160 151142 135127 133 120 118 116
341851 : : 1. ' 127°123 120 118 116° ||5 SIENTENTELE

: " : T 13 11193
11310688
12 102 85

[p]

0055 S8

G861

Ddcume

.[“2155 1468 l
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e

" Table 2;3(6 De51gn streiigih values (N hnyﬂ)
Castings oo ST .

S

i

-Gradc.. type & | .F-Em' kRl BS .| Thickhess | Values of f for design temperatures (°C) not exceeding ,V : ) : Sl "I Design
method of | - oo - — o — - lifetime -
manufacture N/mm? mm - : ,S_D ) 100 150 200 25¢ 300 350 3%0 400 410 -420 . 4. 450 460

e .
NS

e

cgE| Alenuer L anss|

9861

009§ Sd

Carbonslq;:cltoBS 1504 ] I T ' ‘
161 430A 430 _ L 153 139 126 119 U5 104 ' 95 87 . : : , }
161 430E 430 153 139 126 119 115 104 95" 93 ~+ | 1o0000
- ' ‘ » 150 000

A
g

: _ ¢ : 200000

' : : A .. ,, , 250000

1614804 ' 163 - 143 136 128 e e '

161 430E . 163 143 136 128 99 - '_ - < T 00000
, e 156000

- = ‘ v ) " o B S 1-200000

- ol ‘ - S & . T | 250000

161 540A | : \ : 165 154 ' : - Gl b R I

B
b

Q
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Casungs

: Gr:llit.l;pe&
~ method of-
manulacture

‘R,

S

“N/mm?

‘Nrmm? |-

L g \‘ . P ™ ks B . .o
Values of ffor design temperatures (°C) not exceeding

) e R S T .
S50 100 15¢ 200 250° 300, 350 400 440 450 460
. Cei g0 T R .

D 500 510 520" 5M

-Design ]
lifetime-

oW ailoy sieed

. deNi ¢
“GA1A o

- ,lEII Cn\lo

66[].»\
C r\ir\’
" 0224
2 'kLrMo

S enk ,
2’"CrMo )

634 ¢ ¢
""‘Cr'fzn\"o :
625:\ E
3CraMos

460 >

B

o BS 'Su.f

i

260
{

157, 145

6t 155

131

=g
140 »
-

11y

16), 146

168 156

195 190

7208203

24207

P41
145
185

197

16

121 .

181

193

o171

e

16

36 412
137;128

173

187

"

1
BRL
TR

At

IB"

16

:70 m: 153

- 161
T 163

152

108 - 103

44 1

130107 9
135 .10 91

(-

r

120" 1g7

2 -8

Fa

4(3

42
40

-,4"-'

;
i

5 85 767 65,
48 -77° 68 57
=83 TIAE
79. 68560

T, )
] \}u?;:?' .

o H
J?
3

jz.

42
30
28
25

o

~

e

i

SQS L Nénuer‘l, anssj

&861.

e

005589,
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Table 2. 3(1) Des:g,n slrcngth mlm.s (N/mm’) (concludud)
Castmgs

Grsde,upc& m e Thickness: | Values of fTor design temperatures ("C) not exceeding ] : T Design Notes
mcthod of 7t . T_-_ - ‘-“k" . R - e 7:- - ;ll . FE P T el e - -:‘_-r-;..-—f- s lifelime s
mnnufactur | Nrmm? _,_Nf;r’nm mm 1 s6 1m0 1507200 -250° 360 350 "400 450 500 520 540 550 ;S()ll"SHll 600 620 640 650 660580 700 T20 75750 | b

ngh atloy. stccl 10BS lSll-! SN SRR D S iy o ,
6294 ° . 6?0,,‘ a0 | "64 ‘240 zm 200 184 176 157 144,123 87,
S 9CrIMo | S T R A
CACI9A o [ 620, 450 |-} T 264 246 --8 207 U 24 l?6 138 100 62
o A L A
Yascita. et e o 5L f S| 3R g ‘&"8 290255 22092 170
- ’3Cl’4\‘ “.'.A‘-.J . 'r_ o . o *
4CI2A7 430° 1 e e fra3 32 120 |,|0.,_|03‘ 98 95 93 : L
304CISA . 480 R o 1e3 143 127 15109 109 100 99 9s,~9v S0, 8f 75 o8 57 47
s o . ) . - -7 ‘ L 76 68 67 5
ST T . T P g : J72 65 58 4N
S R E T : _ A = . JRC T A
BURRE " X ol | Z A R R, B 150 191 135:132328 126 122 119 116 114113 108 99 5/
R . R IR B o RPN f"{: .- ot SN Wy oyio7s
- o067 98 8871
Hi2 94 85 68

0054 S8

- G86lL Ajenuér ‘L anss|

986l

“ . 315CI6A. St | L 160 147 134 122 114 100 107 103 100 9s
| 396C124 30, %[ 21 o 154127 16 109 108 619 :
o ' - RALREREILE 110 0107 103 10095

o]

156 1407125 122 116 110106 102 96

SIBCITA . ' - - 160 160 160 160 158 157 152 144 135
MTCI2A = Cofas o S 143134127 tis 109 1047501 - 99 °
Nn7CcIKLA | 4 - $os 0147 134 122 114110 107: 103 100 95

364 CHIA | R I N : " BEER N R Ll

m o ( 20 ) N I &

310 C40A as’ | |43 137 130 124 e 112 107 103 |0| 97 -
Mocua - - ' ' 50 177 174 170 167 164 160 156 153 150 148 147
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PRSI

I'able 2.3(g) Dcmgn strength \'alucs (N/mm?)
Steel boiler and supcrheater tubes

- Grudc.lypcf- R. R, BS Valucs of f for dcsimﬁéni]}'crf’lltl-jrfs"(’C)nul excecding o S . . " o Design Noles

methed ol o0 - . 5500 L I [ = T lifetime
manufaclure A Nrmm? N/mm? ,gradu{_ S 80 100 150 206x 250 300 350 390 403 410 420 430 440 450 460 470 48D - © . -t h,
. o | - . oo : " ’

-+ 7 Carbons steel o BS 3059 : Part | ’ o f ‘. ) 3 - IR NE _ ) )-,
sl -~ "

30 320 195 130 119 1087 97, 86 77 70,
HFS.CFS.ERW, |- .| ) _ AL
CECEW. - el

i - hY! N
- Carbon nndcnrbnn,mnngancscslccl tubes to BSMS5Y : Part2 . ' o R T ’ . T . .
- 360 - 360 205 [ MO o 143 134125 17710 9787 S.17.796 69 3 j ' (U0 000
SI.S2L.ERW _ . : 73 65 36 v 2 : .| 150000
& CEW e - . M a2 2 X . s T | 200000
, , i = o P T 1) 5 2 S 250000
440 . : 163 157 (52 144 134 119 106 01 301-100 w0 77 So - 200 e MUY
SI,SL.ERW . I : S L US SIe6s o493 37 . 7150000,
& CEW =y 3 i o A 88 73 63 ' .7 ze0000
S ‘ . . 8 0 v . e T i T 250000

009G S&

W
.
[]

[

‘o
1]
o
o
I X
o
.3
c-
3
-

Docume
[iiZIEE 1472

| §"86L
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a

]

v

e

Table 2.3(g) Design str'éngth values (N/mm?) (continued) w - ' - N o \E o
Steel boiler and superheater tubes h . = !
o Grade, type & 1Ry Valucs of f for design temperatures (*C) not exceeding , Design Notes % ol
method of R i — = ' lifetime g 2 g/
manufacture N/mm? | N/mm? grade 7| °50 100 150‘2_00 250 300 350 4 440 450'45!]__470 480 490 500 510 520 530 540 550 560 570 580 590 600 ‘h . nC’ 8 " e
. G _ PP 7 o - ]
Alloy steel to BS 3039 : Part 2 ) . : - g : b= : *
620-460 60 | 180 | M7 129 120 116 14 K3 42 93 76 62 52 42 33 277 , 100 000 0 T
ICr Mo L : - " B3 102 & 67 55 M 35 29 25 150000 | 39 o ©
SI,52, ERW i 13 94 76 61 49 40 32 26 22 200 000 00
‘&CEW-. - _ _ 5 © 107 88 70 57 45 37 30 25 20 | 250000 %))
622.490 . 490 275 L M9 |183 176 169 163 157 153 149 145 137 135 133 137 18 105 94 82 72 61 53 45 39 329 26 100000 | 2,5 -
"2UCr 1Mo .. . 133 122 108 97 85 .73 63 56 48 42 136 A 27 23 150 000
- 81,82 : . P ) 130 117 104 92 79 768 39 52 45 38 33 28 25 22 200 000
Tf_ . 2, . oA ‘ ’ C L 126 113 100 ‘87 75 65 57 49 42 36 32 27 23 20 250 000
i 629-470 - a0 | 185 © - 123 110 98 91-87 83 8L 78 77 ° 15 M 6961 53 47 42 38 34 100000 |8 : g
9CrMo . - o7 : : ' M 65 56 49 44 3% 35 3! C150 000 T - ”
51,82 ' - " : o 6l 54 47 41 37 33 29- ~|-200 000 o
L ' L : 68 59 51 45 40 35 31 27 250000 - i
> 6£29-500 590 00 - |- 251 241 232 223 220 217 205 211 208 207 /195 176 159 144 129 JI5 103 91 80 68 57 48 38 3 26 100 000
9Cr IMo ) s ‘ ' ° . w 207 188 169 152 137 123 110 97 85 74 62 52 42 34 28 23 150 000
) 51,82 ‘?": . 204 183 165 147 132 118 105 93 81 69 58 47 38 31 25 22 :|.200000
S - ) . ' ) o 199 179 159 144 129 114 101 89 78 66 54 44 35 28 24 21 - .}:250000
Rz o 1220 Pz | | 306290 275 256 241 234 230 235 215 205 201 191 173 155 138 122 107 93 80 69 58. 48 < | 100000
' 12CrMo Vv Lo Coel T 199184 168 152 135 115 98 85 72 62 32 44 150000 ~ T
51,82 4 : ' 194 180 164 146 128 110 94 80 68 58 49 41 | 200000 - -
, - . 190 176 160 142 124 105 90 77 65 55 46 38 ! 72507000 - B
. ) . . ] .
=~ : ' -
- v RS )
) :S‘J-,/ o ? >
1 o) ° - & ’
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Table 2.3(g) Design strength values (N/mmz) (concluded)
Steel boiler and superheater tubes

Crade, type &
, method of
manufacture

R

N/mm?

R, o

N/mm?

BS
5500
grade

Values of f for desipn temperatures (°C) not exceeding -

50 100 150 200 250 300 350 200 450 500 540 550 560 570'7:580

590 600 610 620 630 640 650

660 680700
’_) g

Design
lifetime
h

Austenitic steel to BS 3059 ; Part 2

304.559
CFS ‘

316-S59
.- CF§

321-859 (1000)
CFs -

&l

“ 32 559(1105)
CFS /%

347-859
CFS .

490

235

156 144

157 137 121 109 101 97 94

163 146 Fg 11106 102

127 121 117 112

98 93 37 84
‘(\‘L

1
v

163 155 146 138 135 130 124

173 172 144 141

¢

138 136

117 H6
N
116 Iio

112 102
130

23 18
15

28
25
22
21

Menuef ‘L @nss|

mL

Docume

I‘lZ|55 1474 l

005G Sd

9861
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Table 2.3(h) Design strength values (N/mm?)
~ Steel pipes and tubes for prcssure_gurpos'qs .

Grade, type & Rn R, BS Vatues of f for design temperatures (°C) not cxcccdi:rig - ) ' ) Design

method of ’ 5500 - — liletime

manufacture N/mm? { N/mm? | grade 50 100 150 200 250 300 350 390 400 410 420 430 440 450 460 470 480 Loa - h
K A e Rt -

0085 S¢

- L

G861

Secamiess and clectric rcs{;inncc welded carbon and carbon manganesesteel to BS 3601
320 ERW.S | 320 195 | Mo {30 19108 97 8 77 T 68
360 ERW,S | 360. . { 215 MO 143 131 19 107 9% 8 79 75
© 410 ERW,S - |410°7 235 [ MoV 157 144 132 120 109 98 %0, B2

G861 Aenuer ‘| anss|

UL e T 9] " R K
.- Seamless, electric resistance, induction or submerged arc welded carbon and carbon manganese steel to BS 3602 - Parts |1 and 2
oS0 T30 s WMo 143 133 125 117 11 97 87 78 71 % 69
e T HFS.CFS, ERW . RO . B , = o 73 65
: &CEW | Tt - w2 o .M a2
N . - s 7 N - - - RN . ) : ‘ - o 68 jy
410 o | 245 163 153 142 129 119 105 96 9l 88 78 69
.+ HFS.CFS, ERW, ’ ' ' 9 81 M 65
“CEW & SAW N 89 S0 7r 62
: 87 78 6% 59

460 0 - 158 47 135 121 112 105 104 4 77
- HFS, CFS. ERW - : 105 95 8t

" CEW & SAW : : . 4 88 75 63
3 98 8 0 59

o 490-Nb : 209 200 191 175 160 145 133 125 120 105 w77

Hr 95 81 68
o ] M- 88 75 63
B : 98 &3 70 59

HFS.CFS

_ n welded carbon and alloy steel to BS 3603
410-LT50 M 157
‘HFS.CFS.ERW -
& CEW
S03-LTEM)
~ 3WNi
- HFS.CF§
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~ Table 2.3(i) Design strength values (N/mm?)
“Steel pipes and tubes for pressure purposes

: Grade, type & R R, BS Values of ffor design‘.lcmpcrnlurcs (°C) not exceeding T Design Noles
- methed of | 5500 lifetime
manufacture N/mm? | N/mm? |, grade 50 100 150 200250 300 350 400 440 450-460 470 480 490 520 530 540 550 560 570 580 590 600 h

Scamiess, electric resistance or inductlon welded alloy steel to BS 3604 ) B
620440 M0 - | 290 | MT ] 187 178 169 163 157 128 121 116 2 Lo n
- 1Cr »Mo N : . P i
HIS,CFS. ERW . | o o i m T s L
& CEW, . . - A7
620-460 160 12073 - 43
s 7 1Cr'aMo ~ o e - 3
"¢ HFS.CF5.ERW T , : _ ) 113
T O&CEW  u . o ) I 7
" 621-420 2 2 179 168 158 152 ) 160 100
VACT Ao —‘ .
HFS.CFS

32 42 3 100 000
44 03 7 150 000
- A0 32 22 ) 200 000
37 40 25 250000
52 42 2 £00 000
44035 29 25 - 150 000
40 32 _ 200 000
37 30 } 250000
2 42 100000
44035 2 2 150 000
40 32 200000 .
, . o . 3730 257w - o 250000 -
660-460 3 196 190 184 178 5 RE) T34 13 8¢ 77 65 100000
1Cr Mo V i N . TR ‘ , 133 78 0J 5 . . 150 000
¢ HFS.CFS : 130 . 058 47 28 200000
: ' ’ i : ) o 123 nd 32 42 23 250000 ¢
622-490 : s ‘183 176 169 163 15 ; J1355133 431 M8 2 72 61 53 45 . 2 100 000
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- Table 2.3{j) Design strength valﬁezg (N/mm?)-... .

Stecl pipes and tubes for préssure purposes T

Grade, type &
method of
manufacture

N/mm?

TPR

L4

N/mm?

~Bs
5500 |,

grade.

Thickness

mm

Values of f for design temperatures (°C) nol exceeding

50 100 lrS[) 2007250 300 350 400 450 500 520 540 550 560 580 600 620 64D 650 660 68D 700 720 740 750

Design
lifetime

Notes

"o EIE
Seamless and welded austen

~304-S14 (S) ]
304-522 (W)
304-S514E(S) ]
304-S22E (W)

 34-518(S) ]
304-S25 (W)
304-SI8E (S)
304.S25E (W)
304-S59E(S)

e L AN

316-514 (S)’ ]
316-522 (W)
-z 316-S14E(S) ]
" 316-S22E(W)
* 316-S18 (S),]
" 316-526 (W)
M316-S13E (S5) }
ol 316-526E (W)
316-S59E (S)

321-518(5) ]
%2[-521 (W}
321-513];(5)]
321-822 (W)
21-SVE(S) T
(1010) :

490

490

\
490

490

490

- 3U-SSIE(S) | &

L mosy

ERER

itie stainless steel o BS 3605

205

205

T

137 L0 94-83 79 75 71 68
137118 101 8% 85 80 76 73

157 128 113 102 94 85

I

“157 137 121 109 101 91

157 13771217109 101 r_) 7 9I

123 101
132 119
140 125

i1 s
150 134

1150, 134 ) . " 72 38
R : 66,52
6148
38 45

K]

131 125 121 118 tt6
141 134 130 127 125

. .
141 134 §30 127 125 Lh6 115 115 114 114 104 ., 86 57 42 16
: - s T s MII09 94 78 64 49 36 12
N ; _ 109 10288 45 33 28
: : : 102 95 81 71 42 31 26
117 L10 105 102 99 96 84 83 68 35 49
. E ‘ 76 61 30+:44
@ - .. 58 465 41
55 44138

G861 Atenuer’y enss| -

G861

004G S4
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h
Table 2?3(]) Design strength values (N/mm?) (concluded)
* Stecl pipes and iubes for pressure purposes

) _Graﬂe_. type &,L ij\ = 7'R‘ e ;BS - Thickness | Values of f for design temperatures (*C) nol exceeding ) ' - Design
" mcthed of el ‘| 5500 | ¢ : - lifetime

* . ‘manufacture mem’ N/mm? | geade [ mm .| S0 100 150 200 250 300 350 400 450

500 520 540 550 560 S80 600 620 640 650 660 680 700 720 740 750 | h

.
- g

Scar;alcss and welded ﬁﬁétcniticslainlcss_ steel loBSSGﬂS I RN Y
3-11-518(5)] 510 295 Tl T 701637 146 137 131 127 123 7119 116 113
347-817 (W) _ SRRt R ' .
347-S18E (S) ] 510 | 245 ‘ “o 163157 147 141 136 132 [28 125 122
M7-S17E (W) - = ) . . .
“347-S59E(S)} | 510, . | 245 : 163 157 147 141 136 132 128 125 122 120 18 M8 /48
i T ' 118+ 111
' ' 116 106
12 102

Table 2.3(k) Design stréngth values (N/mmzil -

i

=~ - Steel tubes for heat exchangers

R R

. BS Thickness | Valuesofffor desigrﬁempemlures(‘(.‘) not excéeding : o ) 7 — -1 Design-
5500 . - - - —— — lifetime
grade 50 100 (150 200 250 300 350 390 400 410 420 430 440 450 460 470 h

21 -

130 19 (08 97 86 77 . T 68

"] 163 157 152 144 134 1i9 106

i

‘004S Sd

Atenuer’p.anss] :‘

(D
'ag6l
i 986l
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Table 2.3(k) Design strength values (N/mm?2) (continued)
Steel tubes for heat exchangers B

- Grade,type & | R, R, BS - | Thickness | Values of f for design temperatures (°C) not exceeding o :";-n_, ' ' o ) Design
- method of 5500 T - T - T lifetime
. manufacture N/mm? l\!.lmm2 grade | mm 50 100 156 200 250 300 350 400 440 450 460 470 4_80 490 5_00 510 520 530-540 550 560 570 580 590 600 ki :

0056 S

" Alloy steel o BS 3506 . o ) C R
243.450 450 {250 - "| 167 162 158 149 137 117 106 103 78 62 52 41 22
0.3 Mo : } 70 57 46 37 30
CFS, ERW : - | : - 97781 65 53 42 34 28
& CEW ) - ‘ 95377 62 °50 40 32 25
245450 | 167 156 145 138 130 (21 117 114 LS s

"'\'. égst !Uer:iuerl‘L anss| -

gge6l

._0.5Mo
* CFS,ERW &
CEW - | S
. 261-84D 230 230 230 230 230 230 230227 .
? 0.5MoB : ' :
CFS,ERW &
CEW _ , ST
© 620-460 . . 129 120 N4 13012 93 76
“1Cr Mo ) . _ LA 1134102 783 67
CFS,ERW ' . T T304 96 6l
&CEW : il wl07388 70 57
621-420 : 179 168 158 152 145 116 110 105 © 7100 100 100 937 76
== 1UCr %Mo - e 100 “8367. 55 44
o CFS | - ) R : S 94 7661 49- 40
B =" ) A G G 88 70787

]

183 176 169, 163 157 153 149 145 137 1357133 13- 118105 94 82
B . 133 122 108 97 85 73
h N T 130 M7 104 92 79, 68 3
i26 1137100 87- .75 (577
= = e Y

- 625.450
- “hLc-5CriMo
CF§ -~ % -
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Table 2.3(k) Design strength values (N/mm?2) (cohcluded)
- Steel tubes for heat exchangers ; -

-

Grade, type & | R, R, BS ./ | Thickness | Values of f for design temperatures (°C) not exceeding . ~ . . : & Deélgn
methed of - 5500 . - - lifetime
manufacture - | N/mm? | N/mim? | grade 50 100 150 200 250 300 350 400 450 500 520 540 550 560 580 600 520 640 650 660 680 700 720 740 750 h

Austenitic stainless steel to BS 3606 ; : 7 .
~ 304-522 490, 205 137 124 111 101. 95 90 86 B1 B0
= CFS, LWHT, . C
- LWCF & LWBC{ . ) " A
304-S25 - | 4%0 235 7 157 137 12] 169 101 97 94  Of BBy 86 -
. CFS,LWHT - - R S
LWCF & LWBC

316-524, 829 == ) 147 132 7119 112 107 103 99 95 @92%
- CFS,LWHT,. B : R I : . .
LWCF & LWBC| - T L
£ 316-825,830 165 150 134- 126 122 117 112 108 1047 99 _ ~& ==
CFS,LWHT " , o e
LWCF & LWBC

B

0 . - -
B

1522 154 141 134,130 127 125 122 118 116 115 115 114 114 1o

_ CFS,LWHT 113 109 94

" LWCF&LWBC el - 109 102 88
Ve : - | S 102 95 83

7517 : 163 157 147 141 136 132-128 125 122 120. 118 1I8 /8

: 1 - - 5 118% 111

16 106

112 102

V5

‘| @nss| s
0§ S8

0

+2 2156 1480
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