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7.5. 1500 : Part 1 : 1958

Tins BRITisH STANDARD; having been approved by the Chemical Engineering Industry Standards
~ommitteo and endorsed by the Chairman of the Engineering Divisional Council, was published
under the authority of the General Council on 20th November, 1958, )

First issued as a Provisional Standard In November, 1949,
First revision November, 1938, ‘

The Institution deslres to call attention to the fact that this British Standard does not purport 1o
include all the necessary provisions of a contract,

In order to keep abreast of progress in the industries concerned, British Standards are subject to
periodical review. Suggestions for improvements will bs recorded and in due courss brought to
the notice of the committees charged with the revislon of the standards to which they refer,

A complets list of Britsh Standards, numbering over 4000, indexed and cross-indexed for
reference, together with an abstract of each standard, will be found in the Institution's Yearbook,
prico 138,

British Standards are revised, when necessary, by the lssue elther of amendment slips or of revised
editions. It is importent that users of British Standards should ascertaln that they are in possession
of the latest amendments or edliions. '

*  CO-OPERATING ORGANIZATIONS

The Chemkal Engincering Industry Standards Committee under whoso supervision this Britsh
Standard was prepared consists of representatives of the following Government departments and
scientific and {ndustrial organizations: o ‘
*Assoclation of Britlsh Chemical Manufacturers - Glass Manufacturen® Federation
Association of Consulting Engincers Institute of Metal Finlshing
(Tacorporated) *Institute of Peiroleum
Bowd of Trade _ *Institution of Chemical Engincers
*British Chemical Plant Manufacturens’ Institution of Gas Englacors
Association _ . *Institution of Mechanical Engincers
Coke Oven Managens® Assoclation Institution of Structural Enginecrs
*Engineering Equiprient Users® Assoclation » v of Chemical Industry (Chemical
Gas Council : Group)

The sciantific and industrisl organizations marked with an asterisk in the abovs list, together

. with tho following, nominated members to serve upon the commitlcs entrusted with the

proparation of this British Standard:

Associated Offices Technical Committes . Institute of Refrigeration

Assoclation of Shell Bollermakers Institute of Wolding ¥,

Britlsh Tron and Bteel Foderation .~~~ Lioyd's Registet of Shipplng - -

Britlsh Welding Roscarch Assoclation Minlstry of Labour and Natlonal Service

D.8.1.R ~Maechanical Enginosring Research Minlstzy of Supply o
Laboratory IR Ministry of Transport and Civil Aviution

Enginess Surveyors' Assoclation ~ Oll Corzpanics’ Materials Committos

Tmpetial Coliege of Scisnce and Technology  Individual manufacturers

The followlng B.5.1. relerences relate (0 the work oa thls standard:
Commliies refersace CHB 19/-/1  Draft for comments 1949 provisional edition of B.8, 1300,
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B.S. 1500 : Part 1 : 1958 P8
Section Onz A §

BRITISH STANDARD FOR
FUSION WELDED PRESSURE VESSELS

' FOR GENERAL PURPOSES
Part 1. Carbon and Low Alloy Steels

FOREWORD

Part 1 of this British Standard su

Due to development in the chemical and petroleum ind
petroleum,
ferritic alloy steels,” was published in 1965. This standard is now becoming generally u

design and construction) for use in the chemical,

es-the 1949 edition, which was lssued as a provisional standard. In preparing this
standard, account has been taken of all the comments received on the 1949 pro

onal standard.

ustries, B.S. 1515, ¢ Fusion welded pressure vessels (advanced
and allied industrics * was pre

and Part 1, * Carbon and
for those industries and B.S, 1500,

Part 1 is now more applicable to vessels where the service conditions are less onerous.
In order to reflect this trend the title of B.S. 1500 has now been amended and * (advanced design and construction) *

has been deleted from the title of B.S, 1515.

* WhéR Tt 1s required to coavert the figures In this standard from Britlsh mnits into metric mnits it is recommended that the
conversion factors and the tables of conversion contsined in B.S, 350, * Conversion factors and tables ?, be used. Attentlon
is also drawa to B,S. 2856, * Precise conversion of iach and metric sizes on engineering drawings *.

| ' Section One: General

A. SCOPE

Part I of this British Standard covers design, conatruction
and inspection of fusion-welded pressure vessels in casbon
and low alloy stecl for general purposes. It docs not
necessarily app d\: to pressure vessels covered by existing
British Standards. Vessels in which the internal pressuro is
due solely to the static head of liquid are outalds the scope
of this standard, and provision for lightly loaded bml.h‘ihnﬁ
devices has not been made. Also excluded from

standard are vesscls in which tho calculated stress in the .

welded seam at the thinnest Bo!nt is less than 2500 1b/sq. i,
at temperatures up to 350°F. .

The design of vessels lined with vitreous cnamel
requires special conslderation and is oot covered by this
" standard.

The term * pressure veasel * as used In this standard
also includes branches up to the glnt of connection, by
bolting, screwing or welding, to the connecting piping.

This standard is intended to serve as a guide for
agreement between purchaser and manulacturer. Some of

the requirements are not obligatory and nothing in this
standard is intended to contravens any provision of the
Factories Act, 1961, or of any regulations made thereunder,
or any other statutory requirements.

Where the words °purchaser® and ‘ manufacturer®
occur in the text they shall be taken to include representa-
tives of the purchaser and manufacturer or inspectors

mutually agreed upon.

B, DEFINITIONS
For the p

urpose of this British Standard the following
definitions shall apply:

Safe working pressure—the maximum ¢ pressure,
at ths ceincident metal teunperature, that igsa pgmﬁtted for
the vesscl when in operation.

Design pressure—a value used in the formulae of
Section Three to determine the minimum thicknesses
of the various componcat paris of the vessel. In the case of

Ar gitered
Nov., 1967

As altered
Nov,, 1981
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B.S.1500: Part 1 : 1958
Section One B-C

vessels subject 10 vacuum conditions or external pressure
the design pres ure is the maximum differential pressure
between opposite sides of the ahell or other element of the
vessel under'.consideration, The deaign pressure should
not be less than the maximum pressure reachnd during
operation and should include a suitable margin to allow
for possible fluciuation of pressure duting operation,

Design temperature—the maximum operating tem-
perature. 'I‘hlspcshould include a margin for possible
temperature fluctuations,

Design stress—the stress to be used in the formulae of

Section Three is sclected from Table 2 for the design
ternperature,
NOTE. It Is rocognized that vessels deslgned and fabricated in
accordance with this standard will contain regions at which the
localized and secondary stresses are appreciably higher than those
tabulated in this standard. In so far as it is practicable, design rules
for detajls have beon formulated to hold such stresses at safe levels
consistent with experienca. . .

Welded c{oinl factor—the ratio of an arbitrary strength
of the welded joint to the strength of the plates welded,
expressed as a decimal,

Ligament efficlency—the ratio of an arbitrary streagth
of a ligament to the strength of the unpierced plate,
expressed as a decimal,

Stress relief—the heat treatment of a vessel at pre-,
determined temperatures, (See Section Four D.)

Fusion welding—sce B.S. 499* for definitions of welding
processes and types of joints.

* B.S. 499, * Glossary of terms (with symbols) relatiog to the welding
and cutting of metals”.

C. CLASSIFICATION
CLASSIFICATION

t. a. General. The vessels covered by this
Standard shall conform to one of the classes shown in
‘Table I. See also Figs. 1 and 2,

Each class of construction provides for the use, in
design, of a welded joint factor associated with the quality
control, inspection and testing prescribed for that class.

The joint factors ordinarily to be used in design are
shown In Table 1. It.is customary, however, in certain
sections of industry, to assign joint factors of -85 for stress
relieved vessels and 0-80 for non-stress relieved vessels
which comply in all with Class II requirements
and, in addition, have been subjected to spot radiography
of the inain seams. The use of these higher joint factors is

permitted only when agreed between the purchaser and
the manufacturer.

The details of inspection and tesling are given in
Section Five, and req ents for the application of and
procedure for (i) stress relief by heat treatment and (i}

radiography are given in Section Four D and Section
Five C respectively.

b, Vessels for low temperature service. Special con-
sideration should be given to the choice of materials in
the case of vessels designed to operate at temperatures

below 32°F (0°C). (See Appendix C.)
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TABLE 1. CLASSIFICATION OF PRESSURE VESSELS

finne I

Class II

Clans I i

ﬁ';slgn

To drawings sapproved by the
vurchaser.

To drawi ‘the purchaser,
Muimumm o?ynbell %meﬁ
in. after corrosion allowance is ad

To drawings approved by the
purchaser. Maximum thickness of
shell plate 9§in. before corrosion
allowance is added.

Matctials

Control of quality
(1) Materials

{2) Duri
fahdgtion

{3) Mechanical
tests

{4) Radiography

(5) Stress relief

(6) Pressure test

| Any materials prescribed in

Section Two, -

Restricted to the carbon steels pres-
scribed in Section Two.

Restricted to the carbon stoels
prescribed in Section Two,

(1) inspection and tests at the
tteelmaker's works

(@) a.ldentification of platesand
other components &t manu-
facturer's works.

b. Inspection of plates after
forming and of plate edges pre-
PR ety s f

c. y gnment o
wvetsel sections and branches
prior to welding.

d. Inspection during pro;
of welding mcludina:gcg
welding grooves a! pre
tion by chipping or

side

machining.

e. Inspection of main scams
after dressing flush with plates.
A tification and stamping

{3) Mechanical
Flu.a provided at ono end of each
ongitudinal scam:

a. All-weld meotal iensile teat,
b. Bend test, outer surface in

tenslon.
¢. Beod test, laper surface in

temaion.
d. Deleted by Amendment No. 2
¢. Micro- and magcro-

examination.
;:z_wl;a;rm:m of

(5) Heat treatment for stress

on completion of welding.
(6) Hydraullc prossuroe test.

g:)nk I:r.speclion and tests at the stecl-

s works,
(2) a. Identification of plates and other
components at the manufacturer’s

works.
, lnvrectlon of plates afier forming
nng of plate edges pgeplred for welding.

. Tnspection ofiulu'l;bly. including
of main seams, prior to
we'din P .

d. Inspection during progress of weld-
ing including:

() sccond side wcldchlilf ves

after preparation by chipping or

machining, or
@D spot radiography of each main
.seam where second slde welding
groove is not prepared by chipping
or in such a manner that
&}l unsoundness at the root of the
first sido weld is renoved.

¢. Identification and stamping of weld

test plates.
/. Calibration and dimensional check
oa completion.

() Where stipulated by the purchaser,
mechanical tests on a test plate pro-
vided at ono end of each longitu

soam;
a, Trausverse joint teaslle test,
&, Bend test, outec surface In tension.

¢, Bend tost, inner surface In teasion.
d, Nick break test.

4) Special cases for which radi h
m’mu'lbedmcomodlnsmm ve’:
C * Radlography *, Clause 1: Applica-

tion,
(5) Conditions for the buex?llutlon of
strees rellef sro prescribed In Section

Four, D.
©) l-iydnullc pressure tost.

1) Mill Certificates (or other
roof of quality) of eachi plate, etc.
YZ) a. Identification of &l:tca and
other components at manu-
facturer's works. .
b. lInspection of assembly,
including alignment of main
seams, prior to welding.
¢. Inspection during progress of
welding including:
® mn‘}?zr side t\;.'eldlgg
grooves preparation
chipping or machining, or
i) spot radiography of each
main seam where second side
welding groove is not propared
by chipping or g in
such a manper that all uo-
soundpess at-lhe root of the
first side weld is removed.
d. Calibration and dimonsional
check on completion,

(3) Bend tests of wtlslded test
pleces may be called for at pur-
chaset's option.

(6) Hydraulic prossure test.

Weld joint factor

095

Strees relleved ' | Not stress relieved
070

080
NOTE. Attention is drawn to Clause 1 of
this section which provides for higher
values than those above for Joint factors
in te circumstances.

-

0-60

"CLASSII SR'| ‘ClLASSH'

B.S. 1500 : Part 1 : 195F

Section One C

"CLASS IIS.R ' CLASSTII® ..~

{For* Clamg I11*
voszels which have
been hoat-treated
on completion of all
welding operations)

g L o
o [T
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Section One C
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B.S.1500: Part I : 19558
Section Two A-B

Sc tiore Two : Materials and Design Stresses

A. MATERIALS

GENERAL

1. a. All materials used in the manufacture of pressure

parts of pressure vesscls constructed to this Standard shall
be in accordance with the a te material specica-
tions referred to in this on.

5. Materials for which test certificetes are not available
may be used for supporting lugs and skirts, baffles and
other similar non-pressure parts of a vessel constructed in
accordance with this Standard, provided - that such
material is otherwise suitable for the purpose,

MATERIALS FOR LOW TEMPERATURE SERVICE

2. Special consideration should be given to the cholco of
marerials for vessels designed to operate at temperatures
below 32°F (0°C). (See Appendix C.)

VESSELS CONSTRUCTED OF STANDARD PIFES
AND TUBES

3. Vessels may be made of standard ¥r and tubes
provided the design stresses given in Table 2 are not
exceeded.

BOLTS AND NUTS

4. Bolts and nuts shall be screwed with Unified threads
in accordance with B.S. 1580%, or British Standard
Whitworth (B.S.W.) or British Standard Fine (B.S.F.)
threads in accordanc: with B.S. 84¢.

a. Bolts and nuts shall comply with onoe of the following
standards:

B.S. 916. Black bolts, screws and nuts,

B.S. 1083. Precision hexagon bolts, screws, nuts and
plain washers,

* B.S. 1580, Unified screw threads.
1 B.S. 84, Parallel screw threads of Whitworth form.

B.S. 1750. Bolting for the petroleum industry.

B.S. 1768, Unified precision hexagon bolts, screws,
nuts and plain washers. Normal series.

B.S. 1769, Unified black hexagon bolts, screws, nuts
and plain washers. Heavy series.

B.S. 2708, Unified black hexagon bolts, screws, nuts
and plain washers. Normal series.

b. Bolts and nuts for bolted flanges operating at
temperatures in excess of 450°F or pressures in excess of
250 Ibfsq. in. shall be manufactured from steels chosen
from the prades specified in Table 9 of Section Three M.

B. DESIGN STRESSES

DESIGN STRESSES

1. Tho design stresses in Table 2 are maximum values to
beunedlnomg:ncdonwithtbofonmﬂu iven in this
Standard and do not make any allowance for corrosion
or the of welded joints or ligaments between
openings. (See also Section Three, E, Clauses 2 and 3.)

SHEAR STRESSES

2, The maximum shear stress shall not exceed the values

given in Table 2 multiplied by 0-8.

BEARING STRESSES

k% '!'hemuimumbeaﬂnﬁ:‘tlrmahﬂlnotexmdthovﬂuu
given in Table 2-fultiplied by 1-7.
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. g-'
Y Part 131958 . _'
1 Two B

TABLE 2a. 1. DESIGN STRESSES

As added April, 1963

]
Rafervnce Temsde e :
Msterlal BS. strength Notes ‘ .
. [ pomber (tons/sg. in.) P to 300°F S00°F ss-|;F EN'F
K : i (149°C) (260°C) . (281°C) Q3180
: : !
Carbon stec! *1501-101 w2 1950  — | - -
Carbon steel (semi-killed) | 4150116123 | 2328 .+ @ 12900 12900 . 12900 12900
C 26| 26315 @ 14500 14500 ° 14500 16500
ol 28 | 28335 @ 15700 15700 | 15700 15700
Carbon stect (silicon killed) | $1501-16123 | 23-28 @ 12600  12900° 32900 . 12900
26 | 26-315 @ 14500 . 14500 , 14500 14500
' 28 28335 ' @@ 15700 | 15700 ; 15700 15700
Carbon-manganese stee} (semi-killed) $1501.21126 | 26315 . (@ 14500 14500 . 16500 14500
281 835 @ 15700 - 15700 ; 12700 15700
3] 0% , @ 16800 © 16800 & 1¢800 16800
21 235 , @ 17900 1 17900 13900 17500
- Carbon-manganese steel 1501-21323 ' 28-335 . (@) 15700 15700 157 15700
- (semi-killed, niobium treated) 30, 0% | @ 16800 16600  1L800 16800
i - 221 32385 2 17900 - 17900 17900 17900
Carbon-manganese steel (silico killed) $1501-222126° 26315 . (@) 14500 14500 14500 14 500
28 835 @ 15700 15700 13700 15700 i
! 0B ' @ 16800 , 16800 13800 16800 ;
32| 2385 @ 17900 17900 11200 17900
Carbon-mangancse steel 11501-224.26 | 26215 ' @) 14500 14500 ; 11509 14500
(silicon killed, aluminium treated) 281 28335 @ 15700 | 15700 . 35700 15700
1-0W | @ 16800 ; 16800 | 13800 16800
| 2| WS 1 @ 17900 ! 17900 . 17900 17900
1
Carbon-molybdenum steel *1501-240 | 27-33 i
|

@ 15100 15100 ~ 1510 15100

. .5' Intermediate values may be obieined by linear Interpolation,
NOTE 1. This material is sultable for the construction of Class I1I vesscls only.

NO'LE 2. Consideration should be given to the efTect of notch brittlencss in vessels designed to aperate below 32°F, Attention is drawn 1o Appendin 4
* Seo B.S. 1501 : 1958, * Carbon and alloy stecl plates, sections and bars for use in the chemical, petroleum and allicd industrics *
t Sce BL.S. 1501 : 1964, * Steels for fired and unfircd pressure vessels. Plates

$ Atmospheric scaling at these te:aperatures should be taken Into account.

10

Doc S
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(TENSILE) FOR FERROUS PLATES

B.5. 1500 : '
Sccuon

Permissitie design stresses at the design temperature of the metal (1b/sq. 1)

' sy
L 40
|

&OF | TO0F 1 TSR BOO'F
(H20) Qo) ;. Qw0 | 27°C)

!

18'F

9
(495:C)

950°F
(510°C)

- |

12700
15400
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500 : Part 1: 1958
n Two B

TABLE 2a. I DESIGN STRESSES (TENSILE) FOR

As alterec A 1l 1963

Tecslle
streagth
(tons/sq. I8.)

Carbon steel 1501-101 20832

1501-151 ‘
Grade A © 13400
Grade B ¢ 14500
Grade C i 15700

Carbon steel (silicon killed) 1501-161

Grade A ' o 13400
Grade B 14 500
Grade C 15 700

1501-221 16 800

|
18500 |
18 600 \

Carbon-molybdenurm steel 1501-240 " 15100

Intermediate values may be obtained by linear interpolation.

NOTE 1. This material is suitable for the construction of Class 111 vesaels oaly.

NOTE 2. Consideration should be given to the effect of notch brittleness in vessels de-igned to operats below 32°F. Atiention is drawn to Appendix C
;!NS‘ %3566;.‘:!0. * Sieels for uee in tho chemical, petroleum and allied industi.cs (Low temperature supplementary requirements to B.S. 1501-

aliered

Shiered NOTE 3. For bars and eections up 10 and including 1 in thick or diameter.
NOTE 4. For bars and sections above 1 in up to and including 3 in thick or diameter.
NOTE 5. For bare and sections over 3 in thick or diameter.

* See B.S, 1501 : 1958, * Carbon and alloy stec! plates, sections and bars for use in the chemical, petrolcum and allied industries
1 Atmospheric scaling at these temperatures should be taken into account.
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B.S. 1500 : Part |
Section E

1 FERROUS BARS AND SECTIONS

'Per_nhlslble dulgnmuuhtﬁnddntmuamolﬁi metal (Ibfsq. k)

650°F 700°F T50'F B00°F | A0
(342°C) - QA11*C) @9°C) |ro (454'C)

Documents
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§.1500: Part | : 1958
stion Two B

Tenafls
strength
(tora/sq. [n.}

Carbon steel (silicon killed)

Carbon-manganese stecl

Carbon-molybdenum steet

4

Intermediate \'l'lucs may be obtained by'llnc.u interpolation.

igned to operate telow 32°F. Attcntino fs drawn to

NOTE 1. Consideration should be given 1o tha effect of noich brittleness In the case of vessels des
. fes (Low 1emperat te supplsmeniary requirements ta

g%pcndlx C and B.S. 1510, * Steels for use in the chemical, petroleum and allied industr]

¢ 15¢1-8.8. 1506) . .

s-See B.S. 1503, ‘Carbon and alloy stee] forgings for use in the chemica), petroleurn and allied industries "

t Atmospheric scaling at these temperatures should be taken Into account.

Documents
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$(TENSILE) FOR FERROUS FORGINGS

BLS. 1500 Pt 1 21

Scction Two |HEK

Permissible design stresses at the deslgn temperatare of the metal {(1/sq. In.) . )
I espp t 700°F sor | . 850°7 900°F 925'p 950 | 97s'F 1.000°¥
i 30y GN0 (3%5°C) wrcy | @0 482°C) (455°C) 510°C) ($23°C) (538°L,
A1 i
11 13400 l 13200 12000 10 500 8500 6300 4 800t 3 3501 - = A
i 15700 l 15 200 13 400 11 300 8 900 6300 - 4 800% 3 350t - e
1o 1Bcod | 17200 14 800 12 100 9350 6 300 4 800¢ 3 350t " —_—
N I —'r_...-n”'“
!l 18000 | 17700 151700 12500 9400 6400 4 900 e="* 3350} — -
: . - 2
T BN
1 14600 14 600 14 600 }5,2-9:7"" 13 403 12 600 11 800t S 000¢ 5 200t 3 800¢
- 18 00 | 18 000 17 000// 6 500 15 800 14 500 12 660t 8100t 4 700% 3000t
* I
{o
lo
G
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1 Two B

Teoalle
(tona/sq, In.)

Up to 300°F 00" | ss0°F
(149*C) (260°C) (283°C)

Carbon steel
11 600
12 500
15 700

Carbon steel (for parts under pressure)
- 12 500
13 900

34 per cent molybdenum steel 1504-240 ’ 13 400

Intermediate values may be obtained by linear interpolation.

NOTE 1. Consideration should be given to the ¢fect of notch brittieness in vensels designed to operate below 32°F.

NOTE 2 The streas values tabulated above lpgg to muonr inspected in accordance with the minlmum requlremeats of the corresponding standards.
A catling quality factor of 0-80 has been Included. ‘ -
A casting quatity factor of 0-90 may be allowed and the tabulated stresses Increased by 1234 per cent provided additional inspection to
the following extent Is carried out: .
(i) Each casting ls radlographically examined at all eritical locations and found free from harmful defects, or the castings are machined
1o such an extent that all critical sections are exposed for the full thickness as In the case of tube plates drilled with holes spaced not
further apart than the wall thickness of the casting; .
or {i) & at least three pilot castngs representing the fint batch of five castings from a ncw or altered design are sectioned of
radiographically uu.mﬁned at all eritical locatlons and found free from harmful defects. Chenges in moulding technique or practico
shall be contldered as an alteration to design and the first castings produced by any foundry from any pattern shall be considered as
a new deslgn even where satisfactory castiugs have been produced elsewhere from the same pattern;
b. one casting selected at random from oach subsequent batch of five castings shall bo similarly examined;
¢. a1l castings other than those which are radiographically examined shall be examined at all critical locations using a magnetic .
particle, or penctrant fluid procedure, or by grinding, or mechining, and eiching;
d. alt castinga shalt bs thoroughly examined on afl surfaces, particulsrly those exposed by machining operations.
(ili) Castinga found to bo defective shall bo rejected or repaired to the purchaser's satlsfaction. If repairs by welding are car. * oul
the castings shall subsoquently be stress-relieved or heat-treatod as agreod betwoen purchaser apd manufacturer. Repalred car shell
be re-examined in accordance with (i) or (1) above and shall be shown to be free from harmful defects, N
{iv) Castings to which a quality factor of 0-90 is applied shall be clearly nand permanently marked with an approved symbol after
being examined as above and found sathfactory. ; ‘

* See B.S. 1504, * Carbon and alloy mql cating: Zur uso In the chemical, petroloum and allied industries

t Atmospheric scating at these temperatures should bs taken into account,

‘Documents
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: Section TR

B (TENSILE) FOR FERROUS CASTINGS

Permissible design strosses at the design tempernture of the mets) (lifll. )

650°F 700°F TSR S00'F | asoR 900°F
42°C) (3711°C) (3%9°C) “@27C) (454°C) (482°C)

11 600 5000
12 500 ' 5000
15700 . . 5000

12 500 ' 5000
5000
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I'wo B

TABLE 2d. DESIGN STRESSES (|8

."l'uhrr.‘rdAprlum (FOR USE AS.SHELLS, BRANCH PIPES AND

Material _ ‘
upto 400°F'  500°F 550°F S00°F
(204°C) (260°C) (283°C) (315°C)

Carbon steel, seamless 3601-HFS 22 1) 12 300 12 300 —
' -HFS 27 (4] 15100 15100 —_

~CDS 22 1) - 12 300 12 300 —_

-CpS 27 i @ 15100 15100 -

, 3602-HFS 23/235 O @ 12000 12900 12900
" -HFS 27/218 L @ 15100 15100 - 15100
~CDS 23/238 O @ 12500 12900 - 12900
-CDS 27/218 o @ 15100 ““ISI0015-160

Carbon stcel, electric resistance welded  36C1-ERW 22 C @) 12300 | 1230 0 0 — -—

-ERW 27 @) 15100 *© 15100 -
2 1 3602-ERW 23 {1) (@ 12 900 12 900 12900 ° 12900
. . -ERW 27 Q) @ 15100 15100 © 15100 . 15100

Carbon steel: low temperatures duties  3603-HFS 27LT30/50 (1) 15200 © 15100 | %3100 15100
.1 CDS®ILT050 Q) 15100 , 15100 & 15100 15100

1 per cent chromium ¥4 per ceat ! 3604-CD 620 ) 15100 | 15100 15100 = 15100

molybdenum steet : . ~-HF620 - Q 15100 . 15100 15100 | 15100 15100

!

Intermediate values may be obtained by lincar Interpolatici. The stress values given above epply only for pipes used as parts of pressure vassels with
simple loading. Thicy do not apply to fabricated pipework.

NOTE 1. Consideration should be given to the effect of notch brittlencss In vessels designed to operate below 32°F. Attentien s drawn to Appendix C.
NOTE 2. Where the design temperature exceeds 500°)F this shall bo so stated in the order (sco B.S, 3602).
® See B.S. 3601, * Stecl pipes and tubes for pressure purposes. Carbon steel: ordinary duties ',
B.S. 3602, * Steel pipes and tubes for pressurc purposes. Carbon steel: high duties .
B.S. 3603, * Stecl pipes and tubes for pressure purposes, Carbon and alloy sicels low temperature dutics '
B.S. 3604, * Stecl pipes and tubes for pressure purposes. Low and medium alloy steel *.
t Atmospheric scaling should bs taken {nto account. '

' +

Table 2e. Design stresses (tensile) for ferrous pipes was deleted by A mendment No. 4, April 1965.
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. (TENSILE) FOR FERROUS PIPES

+ SIMILAR PARTS OF PRESSURE VESSELS)

15.S. 1w : 1.
Section

destgn stresses ai the dosign temperature of the metal (thfsg. In)

e mae - . ——T o - —

£0°F 900'F 915'?
@re . @ro ‘ @50

0F | 750F ¢+ 800°F
B30 . (990 | £27°0) :

!

" 1000°F ! 1050°F
(338°C) | (556°C)

11100
10 300
11 100

" ! | ’
a \ |
- iR

10 300
11100

14850
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Two B

150°F

Material
J00'F 450°F 600°F
(66"C) (232°C) (316°C)

-

Carbon steel 295 ; 218 265

Carbon mangancse steel 295 - 278 ' 266

Carbon molybdenum steel 285 : 278 265

Intermediate values may be obtajned by lincar interpolation. ’ o

The above valucs are for purpases of design and shall not form Rnrt of the material specifications. The fgures given were chosen as an average of a
large number of experiments and the experimentsl error was such s to require ;2 tolerance of from % 1 per cent al room temperature to 7 per cent

at J100°F.

s
o
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' LB/SQ. IN.) FOR FERROUS MATERIALS
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.
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B.S. 1500 : Part | : |8
Section TVEES

f v
Permissible design values at dssign teaperaturs of the metal (B, In. % 10
| sp 850°F 900°R 9507 000°F 1.080°F 1100°F 1150°% 1200°F
@re | «0 “@ro 3100 (5°0) (66°C) (592°C) @210 (E45°C) _,
24'3 23'3 a'o m's -— — — — — ’
24:3 233 220 205 - - - - -
243 233 220 205 - - - - -
{o
21 .

| tisg
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tien Three A

Section Three : Design

ok T, B . o .
e e S T R R Bt At

A. GENERAL

Vessels covered by this standard shall be designed for the
mnost severe combinntion of operating conditions which
may be zxperienced in normal operation.

DESIGN THICKNESS

1. a. General. Tn the clauses that follow, methods are
given for calculating, for the various parts of pressure
vessels, the thicknesses required to withstand whichever
of the design loads have to be considered.

It must be emphasized that all such thicknesses are
minima, and may require to be increased to allow for
other factors affecting the actual use of the vessels.

For example the thickness may require to be increased
from that sufficient as far as pressure considerations are
concerned in order to give the vessel sufficient rigidity for
practical use.

b. Castings. In particular, the calculated thicknesses
of castings shall be increased by an amount sufficient to

* cover any unevenness of thickness and shall be not less

than the minimum thickness necessary to ensure sound
castings.

DESIGN TEMPERATURE

2. a. General. The tempetature to be used when determin-
ing the sale working stress should be the maximi'm
temperature it is possible for the material to attain under
the operating conditions.

Where vessels are subjected to alternate heating and
cooling, provision shall be made in the design to permit
expansion or contraction to avoid severe thennal stresses,

b. Thermal stresses, Temperature gradients between

the inner and outer surfaces of the wall of a pressure vessel *

give tise to thermal stresses which only require to be
evaluated in special cases, Guidance on the significance
of the calculation of thermal stresses is given in Appendix B.

¢. Low femperature vessels. S consideration
should be given to vessels designed to operate at tempera-
sures below 32°F (0°C). (See Appendix C.)

DESIGN PRESSURE

3, The normal operating pressure is determined by the
technical requirements of the process to-be used. -

The design pressurc is usually in excess of this to avoid
unnecessary blowing of safety devices, and varies according
to the use of safety valves or rupture discs. (See Section

Six A.)

Whete the maximum pressure is limited by means of
pressure-relieving devices it is recommended that there
should be sufficient margin between the delen Pressum
and the normal operating pressure 1o avoid frequent
blowing of the safety device. For nommal s ring-loaded
snfcty valves this is usually 10 per cent of the operating
PI‘CSSI.II'B.

22

Rupture discs are highly stressed in service; it is there-
fore necessary, in order to avoid premature failure duc to
the effects of creep and fatigue, to allow a substantial
margin (of the order of 50 per cent of the operating

ressure but depending upon the particular conditions)
ween the normal operating pressure of the vessel and
the designed bursting pressure of the disc. It should be
noted that the bursting pressurc of rupture discs is
materially influenced by temperature.

Vessels subject to vacuum only should be designed for
the maximum negative pressure to which the vessel may be
subjected in service, Except in those cases where a vacuum
break valve or a hydraulic seal is provided, it is recom-
mended that such vessels be designed for a full negative
pressure of 14-7 1b/sq. in.

LOADINGS

4. a. The loadings to be considered in designing a vessel
shall include the following:

(i) Internal and external operating pressure.
(ii) Static head of contained fluid.

(iii) The weight of vessel and normal contents at
operating techrature, ot, if such a load is probable,
the weight of vessel full of water at atmospheric
temperature, cxcept that in this case the tolal stress
under test conditions shall not exceed 15 times the
tabulated vaiue.

(iv) Superimposed and wind loads.

&, Special consideration may require to be given to the
effect of the following:

() Local stresses due to supporting lugs, ring
girders, saddles, internal structures or connecting
piping. '

(if) Shock loads due to water hammer or surging
of vessel contents,

(i) Bending moments caused by eccentricity of the
centre of working pressure relative to the neutral axis
of the vessel,

(iv) Forces due to temperature differences, including
the cffects of differential expansion

(v) Forces caused by the method of supporting the
vessel during transit or erection.

NUMBER OF WELDED SEAMS

5. Whenever practicable the cylindrical portion of a
vessel shall be made from a single plate. When the
dimensions are sn-h that this is not possible the minimum
number of plates shall bo used. Where the cylindrical
rtion I8 made in two or more courses the longitudinal
seams of each course shall be completed before com-
mencing the adjoining circumferential seam(s) and where
racticable the longitudinal seams of adjacent courses shall

N staggered.

DOCLMS
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Section Three *°

Paralle!

Preferred lnluimn‘g! o;
parallel portion frorv edge o
weld preparation

Fally radio-

graphed seams Other scana

14°(slope 1:4)max 1

|

Taper may be inside vessel or outside.

14 (slope l:4) max

Parallsl
ol o

y t

differing In thickness
14 in. (nominal dimensions).

|
i
oot more than | I
l

~Yisin.{nominal) max
see clause 3 of |
Section Four, B

May be used for joints between plates

Fig. 3. Butt welds in plates of unequal thickness (See Figs. 4 and 5 for weld preparations).

DUTT WELDS BETWEEN FLATES OF UNEQUAL
THICKNESS

6. Where a butt welded joint is n-.?:lrcd between plates of
different thicknesses the thicker plate shall be reduced in
thickness by machlnln% to provide a parallel portion so
that the welded joint Is made between material of the
same thickness.

The width of the parallel portion shail be not less than
1% in. when the butt weld is to b radiographically
exnmined, or not less than 3 in. when the scam is not 0
be radiographed, and the junctlon between the section of

reduced thickness and the unmachined part of the plate

-

shall consist of a tapered portion having a slope not
greater than 1 in 4. (See Fig. 3.) pe

PLATES WELDED PRIOR TO FORMING

7. The welded s2ams in plates: welded together in the lat
shall be demonstrated to be of the appropriate quality
for the joint factor involved. For example, the welded
seams in the plates to be incorporated in Class I welded
pressure vessels shall be of * Class I’ quality (i.c. in accord-

. ance with the requirements for * Cluss [ * vessels as regards

mechanical properties and freedom from discontinuitics
as revealed by radiogmlahlc examination). Similarly, the
buit welds in the plates incorporated in domed ends shall
be of * Class 1° quality If the design joint factor used is
appropriate to this class, :
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B. CORROSION, EROSION AND
PROTECTION

GENERAL ,
1. Whenever the word corrosion iv used in this standard it

shall be taken to mean corosiod. oxidition, scaling,
abrasion, erosion and all other forms of wastape.

It is impossible tq lay down definite precautionary rules
to saleguard against the effects of corrosion, owing to the
complex nature of corrosion itself, which may exist in
many forms: '

(i) 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.

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

(iii) Frosion corrosion, where a recagent, otherwise
innocucus, flows over the surface at a velocity greater
than some critical value,

{iv) High temperature oxidation (scaling).

Designers should give careful consideration to the effect
which corrosion may have upon the useful life 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 metals under exposure to the
actual chemicals used in service. It is very dangerous to
assume that the major constituent of a mixture of chemicaly
is the active agent as, in many cases, small traces of
impuritics 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 with in operation. Corrosion tests should be continued
for a sufficiently lengthy period to determine the trend of
any change in ihe rate of corrosion with respect to time.

Corrosion may occur on botk sides of the wall of the
vessel, particulatly with vessels heated by hot gases of
combustion.

Pressure vesse!s may be classified inrelationto corrosion
under one of the following groups:

a. Corrosion rale !:ﬂcglctab!e. Vessels in  which
corrosion rates may bo itely established by reason of
accurate knowledge of the chemical characteristics of
whatever substances they are to contain.

b, Corroston rate unpredictable. Vessels In which
corrosion rates are either variable throughout the vessel
or indeterminate in magnitude.

¢. Corrosion rate negligible, Vessels in which corrosion
rates are known to be negligible.

24

ADDITIONAL THICKNESS TO ALLOW FOR
CORROSION

2. The aliowances adopted shall be adequate to cover the
total amount of corrosion anticipated on either or both
surfaces of the vessel.

In cases where corrosion may occur, additional metal
thickness over and above that required for the design
conditions should be provided, at Jeast equal to the
expected corrosion loss during the desired [ife of the
vessel. It is zecommended that in all such cases a minimum
corrosion allowance of ¥ s in. should be provided unless a
protective lining is employed.

Where the corrosion cffects are negligible, no excess
thickness need be provided.

~

LININGS

3. a. Vessels may be fully or partially lined with corrosion
resistant material. Such linings may be icose, intermittently
welded to the vessel base material or provided as clad stecl,
i.e. corrosion resistant rnaterial integrally bonded to the
base material.

Provided linings are designed so as to exclude contacl
between the corrosive agent and the vessel base material
no corrosion allowance need be provided against intcrnal

The design of linings should take into account the
effects of differential thermal expansion.

b. Wear plates. Where severe conditions of erosion and
abrasion arise it is recommended that local protective or
“wear® plates, of an easily renewable type, should be
fitted directly in the path of the impinging material.

C. TYPES OF WELDED JOINTS

The of welded joints to be used on vessels covered

standard shall be in accordance with Figs. 4, 5 and
6. Weld preparations in accordance with Figs. 44, 4b and
4¢ may be arranged so that * first side * welding is carried
out from either the inside or the outside of the vessel.

The requirements of this standard are applicable to
wdmmu made by the metal-arc process with covered
el or by any other clectric arc process in which
the arc stream and deposited weld metal are shiclded from
atmospheric contamination.

It is intended that the relevant provisions of this
standard shall also apply to the single run, heavy run and
inert shiclded arc processes and that welded vessels
manufactured by those processes shall comply with this
standard, except those in which divergence is necessary
solely becauso of special requircments essential for the
most eficient utllization of such process, - '

oocur TR
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Name

e et | ———— o ——

[inside ) . .-

Second tde chipped sul to
sound metal betore welding

(i) For
sroall

diameter

vessels.,

Outyide]
¥ [}

Double-welded but

1!o‘i’n.l with single

Application

Longitiidinal and circumferential butt welds
in plates not less than ¥ in. thick and not

more than ¥ in, thick.

The * V" should be on the inside of small
diameter vessels as shown in (i) opposite.
A-—14g in. whese ¢, is less than 34 in,

A—14 in. where 1, is 3% in. or over.

See Fig. 3 for details of patallel and taper
portions where plates are of unequal
thickness.

Second side chipped oul 1o
sound metsl belote welding

Weld dimensions are minima.

. Double-welded butt
. joint with singl

‘U, .

Longitudinal and circuml'eréhlial butt welds
gér tes where the thickness is greater than
n.

Sec Fig. 3 for details of parallel and taper
portions where plates are of uncqual
thickness.

Second side chippad M/ I;-E"

sound aetal bafore welding

'V w*

Weld dimonsions are minims.

Doublo-welded butt
lolnt with doubie
U

Longitudinal and circumferential butt weld
where the thickness is greater than ¥ in.
Sce Fig. 3 for details of paraliel and taper
portions where plates are of unequal
thickness. -

3:)_—7

c
Ingicate ¢liher 1ok 8¢
continuous weld 1o buit
eperating conditions

i

P <
8 |

Backing sirlp may be
machined oul afrefd
walding i desitadle

Weld dimensions are minima,

Plats thickne 1, B c

Ur: to %4 in. $ein. | Heln.
Vet | Hir | %is
Over 34 In. 5 in. 3 In.

Longitudinal and circumferential butt welds
where the second side is inaccessible for

welding.

Soo Fig. 3 for detalls of paralicl and taper
portions where plales arc of unequal
thickness.

Fig. 4. Typical weld preparations for butt welds
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1

Pig. i '.mu l Name Application
5a o 1 i ;elden butt _ t Butt ngld;iig fhm? not
-0 * ve, without | excecding . thickness,
[ < | 7 Sy backing stn'[?o
S in man E \ £ 1 é ‘
-t 1 tha i min gop-4-io Lhain ! |
!
5b . o210 I Sing!o-welded butt joint | Butt welds in plates havmg
T0 = !
| S °7 N with * V" groove, without | & thickness not less than
? } backing strip. 34 in, and not greater than
W man + \I : IL 8¢ in. o
! h in min
Wis into hln-c-dl- tnein !
|
5¢ | Single-welded butt joint | Butt welds in plates having
| with *U* groove, without | a thickness greater than
| —] backing strip. 54 in,
| ;
I| Over !‘lm % l E'fc intad f ;
]
! | Wis st qu-"l-— "““‘ i ‘l
| Weld dimensions are minima. E
1
54 l ! Single-welded butt joint | Butt welds in all thicknesses
“d : | I with backing strip of plate.
, ‘.? : ‘—T 5 " {(As Fig. 4d.)
| ——_—T1 !
! Ses Fig. 4d for dimensions,
i “'

Fig. §. Typlmlweldptepnﬂ‘jmfor drmfmﬂllwe!dlwbuethemndsldehlmmdbk[wwemng@nmmg.u)

Jotnt N . Application
Fls. i ame Longitudinal Clrcumferential
1
6 | [ | Double full-filiet | Not allowed Not excecding %
j [ : lap joint in, plate for Clus
! ¥ J ' 111 vesscls only
: L Z‘ = [
I Z ! !
a I
¢ w thickness of thinner plate joined, e e
6b ' 20 min_,2¥21 min tedny S full-fillet | Not allowed Not excecding %o
- * lap joint with plug ! in. plate. Plugs
wel i shall be propor-
i ; o Y t?k: 1
- . of tota
. -l¢ 4 ! foaa For Class 111
f ; vessels only
, ¢ = thickness of thinner plato jolned, l '
Fig. 6. Whpmﬂd&mfmﬁljohﬁ"
26
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D. LIGAMENT ©=FFICIENCY

GENERAL

i, Where a shell is drilled with multiple holes its strength
is reduced in proportion to the amount of metal removed,
and according to the disposition of the holes, The* ligament

eMciency * shall then be obtained from the formulae set
out below.

SYMBOLS

2. The following symbols are used in the various formulae.
Fig. 7 shows the meaning of the various pitch symbols
used: :

J = ligament efficiency (expressed as a fraction).

P = distance, in inches, between centres of adjacent
holes when the pitch is equal.

P, = the shorter of any two adjacent pitches, in inches,
for uncqua! pitching.

P, = the longer pitch of two adjacent pitches, in
inches, for unequal pitching,

P, = the diagonal pitch of tube holes, measured in
inches, on the mean of the external and internal
diameter of the shell,

P, = the circumferential pitch of the tube holes,
measured in inches, on the mean of the external
and internal diameters of the shell. Where tubes
are arranged in one staggered row only, as in
Fig. 7d, P, should be taken as twice the value of

e

P, = distance between the lines of centres for tubes

arranged in one staggered row, as Fig, 7d.

B.S. 1500 ¢ Part 1 : 193¢
Section Three D

d = the mean effeclive diameler, in inches, of tube
holes, allowing for any serrations, counter
boring or recessing,

longitudinal stress online AB

K- = the ratio of circumferential stress on line CD”

(Ses Fig. 7c.)

LIGAMENT EFFICIENCY FOR HOLES IN LINE

3. a. Equal pitch. Where the distance between the centres
of holes is constant, as in Fig. 7a:

J - Equation (1)

b. Unequal plich. Where the distance between centres
of holes is unequal, as in Fig. 75

P] + P| - Zd »
P +_.F,— Equation (2)

When applying the above formulae the double pitch
(P, 4+ P,) chosen shall be that which makes J a minimum,
and in no case shall P, be taken as greater than 1-3P,,

J

c. Circumferential pitch. The circumferential pitch
between parallel rows of tube holes, measured on the mean
of the external and internal shell diameters, shall be such
that the circumferential ligament cfficiency is equal to, or
greater than, half the ligament efficiency on the longitudinal
axis, unless the circumferential stresses are reduced so as
to prevent the longitudinal stress exceeding that permitted
by Table 2.

LIGAMENT EFFICIENCY FOR STAGGERED HOLES
4, For staggered holes as shown in Figs. 7¢, 7d and 7e,
reference should be made te B.S. 1113, ‘ Water-tube
boilers and their integral superheaters *,
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. Longitudinal oxis
of vessel

{Not to be taken as grealer than
-3 R)

Longitudinal” axis

of vessel

_ Jdongituding! axis

of vessel

AN | ZLﬂglgudlrul axis
of vessel -

- Longitudinal #xls
of vessel

Aclual pogition Assumed position of opening for
of opening purposes oi caleulatioh

Fig. 7. Symbols, etc.. foe Ligament eickency
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E. CYLINDRICAL SHELLS
, GENERAL
l. a. The thickness shall be not less than that calculated

by the following formulac and shall be increased if necessary
10 meet the requirements of Section Three A.

b. For supports and stiffeners, se¢ Secvion Three O.

SHELLS SUBJECT TO INTERNAL PRISSURE

2. a. Symbols. The following symbols and vaiues are used
in the design of cylindrical and spherical vessels subject to
internal-pressure: o
¢ = minimum thickness in inches of shell plates,
p = design pressure in lbfsq. in.
D, = inside diameter in inches of shell before the
internal corrosion allowance has been added,

D, = outside diameter in inches of shell before the
external corrosion allowance has been added.

f = design stress in Ib/sq. in. from Table 2.

J =joint factor as shown in Table 1 or the
ligament efficiency as given in Section Three
D, whichever is applicable.

¢ =a corrosion allowance as apreed between
purchaser and manufacturer but not less
than as recommended in Section Three B.

E = modulus of elasticity, Ib/sq. in. of the matérial
at the operating temperature from Table 3.

b. CylinGrical shells. The thickness of shells shall be
determined by Equation (3) or (4}:

__Pbi
l-sz__P-’rc
WI{t —c)
v+ —a
_ 2P,
t=ofi+pt©
A lly)
P=D,—t+ec

c. Spherical shells, The thickness of shells shall be
determined by Equation (5) or (6):

Equation (3)

or

Equation {4)
or

(=7 jglz'_ e Equation (5)
ot
4fJ (¢ — ©)
PED -0
¢ = ff,D; I Equation (6)
ol
It —c)
P=Dp, —1+¢

d. Combined loadings. (i) VERTICAL vEsSErs, For
vertical vessels the maximum direct axial stress resulting
from the combined effects of internal pressure, bending

B.S. 1500: Part 1 : 195+
. Section Three |

momeni due to wind loads* or other causes, and the total
weight of the vessel, attachments and contents shall be
calculated in accordance with Equations (7) and (8):

' (1) Under operating conditions:

_ _PD, aM W
[=ia—5 it —0 " Fh,G-0

Equation (7)

NOTE. N:gative valucs denote compressive stresses.

(2) Under condiilons of atmospheric internal prcl.s'snre:

4aM - W .
f= ["D: (t—0) + =D, (t — c)] Equation {(8)
where: :

M = bending moment at point under consideration
in pounds feet.

W = total weight at point under consideration in
pounds.

The value of maximum axial stress obtained (rom
Equation (7) or Equation (8) shall not exceed the design
stress at operating temperature shown in Table 2 and in

no case shall the compressive stress, indicated by Equation

(8), or a negative value of Equation (7), exceed the value of

0125 E (' = c) Ibfsq. in.

(ii) HORIZONTAL vesseLs, For horizontal vessels
supported at two or more points on their length, the
maximum direct axial stress resulting from internal
pressurs and bending moment due to the weight of the
vessol and its contents, shall be calculated as follows:

(1) Under aperating conditions:
f= pD, 48 M
4 —-c) =Pt —c)

Equation (%)

(2) Under conditions of atmospheric internal pressure;
48 M

[=sha- o) ,

The value of maximum axial stress obtained from

Equation (9} or Equation (10) shall not exceed the design

stress at operating temperatures shown in Table 2, and in

no case shall the compressive stress obtained from
Equation (10) exceed the valus of

> ' —
0125 E (—D—? ) Ib/sq. in.
o
SHELLS SUBJECT TO EXTERNAL PRESSURE

3. a. Symbols. The following symbols and values are used
in the design of cylindrical and spherical vessels subject
to external pressurc:

Equation (10)

¢ = minimum thickness of cylindrical or spherical
shell, inches. ' '

p = design external pressure, Ibfsq. in.

* B.5. 449, * Tho use of structural stesl in buildings* glves recom-
mendations for tho calculation of wind loads on structures.

%

S i 2

-
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Welded stay blocks pitch not Screw stays pitch nol to exceed
to exceed distance calculated 14 (l-c) or distance calculsted
feom Fig. 15 Lo from: Fig.15 whichever is less

t ¢z=Corrosion allowance
Fig. 9.

L

Internal fittings that provide
adequate support to sheli

Fig. 11,

f———————— Lo Y + X

d Y t—See table

L.

|
¢ of stitfener

NOTE.
Allowance
X' to be

Fig. 12
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D, = outside diameter of cylindrical or spherical shell,
inches.

R, = external radius of spherical vessel, inches.

L. = cffective length of cylindrical shell, inches. (See
Figs. 8 to 2)

design stress, Ib/sq. in. from Table 4.

modulus of elasticity, lb;’Sq. in. of the material at
the operating temperature from Table 3.

a corrosion allowance ,as a between
purchaser and manufacturer but not less than
that recommended in Section Three B.

The rules given herein apply to the design of cylindrical
and spherical shells with or without stiffening tings, for
which the chart, Fig. 13, shall be used to determine the
minimum shell thickness. The value of the design pressure
to be used in calculations shall be not less than the maxi-
mum pressure differential that may occur between the
outside and inside of the shell in question. The possible
infuence of stcam or vapour condensation should be
considered. Superimposed plate stresses resulting from
local supports (sce Section Three A, Clause 4b (i) ), shoutd
be compensated for, preferably by increasing the shell
plate thickness at the supports,

b. Cylindrical shells. Referring to Fig. 13, the thickness
of a cylindrical shell under external pressure, whether it is
a seamless shell or has butt welded joints, shall be not less
than that determined by the following procedure:

Assume a value for the corroded thickness (¢ — ¢) and

D, & i
'("—_?). nter the chart,

determine the ratios —ll and
D,

~ determine the ratio R

B.S. 1500 Part | ; 17°
Section Three -

Fig.' 13, at the horizontal scale value equal to -('—2"——

- .

and move vertically to the sloping line representing the

value of b’:- Move horiz(;ntally to the left and read off the
e .

value of factor 4 on the vertical scale. Enter Table 4 with

the valuc of A, read off the design stress corresponding to

the design temperature and enter this stress in the expression

p= -z'—f-gﬁ_—ﬂ If the valu"!-"lof p so obtained is less than
[-] [
design value,’the chosen ve

| .
1¢ of # must be increased and
|

the chart re-entered with at n‘ew valué of a
the required design pressure is obtained.
-

NOTE. The above procedure s based on the assumption that the
value of L is already established, Examples in Appendix D illustrate
the procedurs to be adopted in'the case of an existing vessel whea it
is the valuo of L that is required.

D, such that
c)

c. Spherical shells, Referring to Fig. 13, the thickness
of a spherical shell undér external pressure, whether the
shell is seamless or has butt-welded joints, shall be not less
than that determined by the following procedure:

Assume a value for corroded thickness {t — ¢) and

=0 Enter the chart, Fig. 13,"at

the horizontal scale value equal to (“E’c)
vertically to the sphere line. Move horizontally to the lcft
and read off the value of Factor 4 on the vertical scale,
Enter Table 4 with this value of A, rcad off the design
stress corresponding to the design temperature and enter

and move

TABLE 4, DESIGN STRESSES LB/SQ. IN. FOR VESSELS SUBJECT TO EXTERNAL PRESSURE

Valoes of factor A from Fig. 13

180 ' 200

: -
5400 | 6000
5350 : 5950
5300 - 5850

| 3600
3600
| 3500

7000
6 950
6850

4 750
4700':

5200} 5750

5100 | 5650

4950 | 5500
H

4600 |
4500 |
4400 °

3 450
, 3400
i 3300 :

6700
6600
6 400

3200
3050
2900
|
25001 3400 ,
1

{ |

4250 °
4100 :
3900

4800 | 5300
4500 | 5100
4400 | 4850

6200
5900
5400

25:5A |
24:3A |

m‘ 3800 4100 | 4500

:so‘lswimisoo

Desigs stress 1b/eq. tn.

I

9 500
91450
9 300

8850
8 500

lutermediate values may bo Interpolated.
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| | / [
Unstiftened cylinder Stitfener Fig 1de

. - .

Sttrener 4 support o be
o securely welded or
) )\ riveted o shell
At feast e mammm—.
1 Internst
! \ :‘ healer #lc ':

This type of construction when
the n%h greater than longth of
arcto Fig. 15. Momexnt of inertia
of mgpon at* X" not to be fess
than ' of stilfener.

Fis. l“. F‘g. l4b¢

11 veasel s hung Lhe suspenmion
Tugs must be atoue stilleners

H
Moment of Inertial |
calculated on Lhis Iitenes Fig t4e
reduced section If ring Stilfene 9
is cul awmay lgr &Ny reason

Ch.anntl 1ined with hl.img
balts {or riveis)as lillet
welded to stiflener ring

b Draln slo Space lo n'novo
Paching plate fillet welded Unsupporied lenqlh nol scale and depasit
to stitfensr on both sides 1o encerd values of Fig 15

' Fig. l4c. Fig. 14d.

| k_L_JL [
)
Fig. 14¢, Typical stilfeners solld welded to shell.

Meulral axis of
crods s#ction \

.

[ ﬁi*
I S A i i A .:- 1N T TSI
'

AR ALY

Y2 Ly —i LI! RY la——1V2 Ly p— 2 Ly —oof
Allernatiee ring cross section :

Fig. 14[.
Fig. 14, Stiffening rings for cylindrical vessels subject to external pressure

i .
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Ao
e .

this stress in the expre. tlon p = 2:f--—l%_——-’c):‘il' the value

of p is obtained so less than the design value, the chosen
value of ¢ must be increased and the chart re-entered with

a new value of —R’

(t—c)
pressure is obtained,

d. Combined loadings.

(i) Vertical vessels. For verlical veasels subject to
external pressure the maximum direct axial compressive
stress, resulting from the effects mentioned in Clause 24
above, shall be calculated as follows:

- pD, 48M 4 ]
S [4(!—c}+ﬂD':(l—-c) + nD, (t —¢)

Equation (11)

where:
p = design external pressure, 1b/sq. in.
M = bending moment at point under consideration
in pounds feet.

W = total weight at point under consideration in
pounds.

The value of maximum axial stress cbtained from
Equation (11) shall not exceed the design stress at
operating temperature {aken from Table 2, and in no
case shall it exceed the value of

t—2¢
D,

(i) Horizonral vessels. For horizontal vessels sup-
ported at two or more points on thelr length, the
maximum direct axial stress resulting from externul
pressure and bending moment due to the weight of
:‘h:l vessel and its contents, shall be calculated as
ollows:

fom pD, . 48M
4(t—¢) =DI(t—0c)

0-125E ( ) 1b/sq. in.

Equation (12)

‘The value of maximum axial stress obtained from
Equation (12) shall not exceed the design stress at operating
temperature taken from Table 2, and in no case shall it
exceed the value of

(t—c)
5 1b/sq. In.

0-125E

such that the required design

STIFFENING RINGS

4. a. Intermediate stiffening rings composed of structural
shapes welded solid to the inside or outside of the shell
shall be such that together with a permissible length of
shell on each side of the stiffener (see Fig. 14f) the moment
of inertia I of the combined section is not less than:

_ 018 DpLD;*
E

where D: = diameter of the ncutral axis of the stiffener,
inches, =~

The permissible len%lh of shell (Ls) which may be regarded

as effectively contributing to the moment of inertia of the

stiffening section shall be calculated as follows:
Ls =075V (t — 9D, Equation (14)
but in no case shall Ls be taken greater than L
where /= moment of inertia, 1.},
Do = outside diameter of cylindrical or spherical
ghell, inches,
p = design pressure, 1b/sq. in.
L = cffective length of cylindrical shell, inches
(sec Figs. 8to 12). ‘
E = modulus of elasticity, Ib/sq. in. of the material
at the operating temperature from Table 3.

b. Stiffening rings not welded to the shell but fitted
inside the vessel in closs contact with the shell and provided
with adequate lateral support shall have a moment of
inertia I not less than tgat required by Equation (13).
In this case no support by tho shell plate shall be taken
into account. g

¢. Stiffening rings shall extend completely around the
circumference of the shell and any joints shall be so
designed as to develop the full stifiness of the ring.

d. Stiffening rings arranged with local spaces between
the shell and ring, as shown in Fig. 14, shall be the subject
of special consideration, but in no case shall the length
of unsupported shell plate exceed the value given in Fig. 15.

e. Rings for supporting trays, etc., in fractionating
columns and similar constructions, may be used as stif-
fening rings provided that they are adequate for the duty.

£ Loads from internal bracing or supports shall be
distributed through the vessel wall by means of a sub-
stantially continuous ring.

H Equation (13)

PROTECTIVE LININGS

5, Corrosion-resistant linings shall not be included in the
computation for the required wall thickness, except in the
case of clad steels as may be agreed between manufacturer
and purchaser. ‘

*9
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F. END PLATES
GENERAL ‘
1. Domed ends of hemispherical, semi-ellipsoidal or
dished shape shall be designed in accordance with the
following formulae. The calculated thickness shall be
increascd, if necessary, to provide for additional loading,
enumerated in Section Three, A.
o LIMITATIONS OF SHAPE
2. Eod
shapes. (See B.S. 1966*):
a. Hemispherical. (See Fig. 16a).
b. Semi-¢llipsoidal. (See Fig. 1656).
The ratio of major axis to minor axis should not be
greater than 2:6: 1. |
¢. Dished and flanged. (See Fig. 16c).
(i) The inside radius of dishing R, shall not be
greater than the outside diameter D,.
(if) Wherever practicable, the inside corner radius
r; shall be not less than 10 per cent of the inside
diameter, but if this is impracticable it shall be not less
than 6 per cent of the inside diameter, unless otherwise
* agreed between purchaser and manufacturer.
d. Conical. (See Fig. 20).
e. Flat and flanged. (See Fig. 23a and b).
f. Flat, (See Fig. 23c to f).
SYMBOLS
3, The following symbols and values are used in th
formulae. (See Fig. 16): .
{ == minimum thickness, in inches, of ends.
» = design pressure, in ibfsq. in.
D, = inside diameter, in inches, of end before the
, internal corrosion allowancs has been added.
D, = outside diameter, in inches, of end before the
externa! corrosion allowance has been added.

i, = inside height, in inches, of end before the internal Iy

corrosion allowance has been added.

h, = outside height, in inches, of end before the external
corrosion allowance has been added.

S; == lenpth of straight flange, after edge preparation.

B[ = inside radius, in inches, of crown before the
internal corrosion allowance has been added.

R, = outside radius, in inches, of crown before the
external corrosion allowance has been added.

r, = inside radius, in inches, of corner before the
internal corrosion allowance has been added.

r, = outside radius, in inches, of corner before the
external corrosion allowance has been added.

J = design stress, in Ib/sq. in. from Table 2.

J = welded joint factor as shown in Table 1.

= 1-00 for ends made from one plate.

¢ = a corrosion aliowance as agreed between pur-
chaser and manufacturer but not less than as
recommended in Section Three B,

K, = afactor depending on theratio 4,/D, and cbtained
from Fig. 17. :
[n no case shall X, bo taken as less «'an 1'15
R/D, or 0112 D,/r.

X, = a factor depending on the size aad position of
any openings in the end:

* B.S. 1966 Domed ends for tanks and pressure vossels.

36

piates shall conform to one of the following’

5. The

(i) For ends without holes or having only
reinforced holes

K] Lol 0'94-

(li) For ends having unreinforced opcaings
which satlsfy the requirements of Section Three J

K, = 1-00.

(i) Forends having a central uncompensated
opening, flanged inwardly or outwardly, which
does not satisfy the requirements of Section
Three J, and which shall not exceed 16 in. in
any direction

Ky = 115,

(iv) For ends having an eccentzically located
uncompensated opening, flanged inwardly or
outwardly, which docs not satisfy the require-
ments of Section Three J, and which shall not
exceed 16 in. in any direction '

K| = 1'15. )
plus an amount to be agreed between purchaser
and manufacturer, It is recommended that such
ends be subjected to a hydrostatic proof test in
accordance with Section Five D.

(v) When a flanged opening is supported
by an attached flue, etc.

o Ky =094, .
K, = a factor for ends subject to internal preasure and
depending on method of manufacture:
= 1-00 for ends spun or pressed in full or ring die
in one or more operations.
= 0+95 for ends dished and sectionally danged.

THICKNESS OF DOMED ENDS CONCAVE TO
: PRESSURE

4. The thickness of the ends shall be determined by
Equation (15): :
¢ o pPDE Ky 4

} fJ K ;
2f1K,(t — o) .
or p D. K K » Equation (16)
NOTE 1. The external beight of dishing £, ma for ends of partlally
sphericai form be determined from Equation #17) (see l_=lg. 16¢).

D, ’ T‘_
h,-R,—J(R,—T) X (.R,+—2—-2r,)
Equation (17)

NOTE 2. The Limitation of the flange edge thickneoss (sco Section
Threo K, Clause 4¢ (i) ) may, for decp ends with low values of K,
and particularly for hemispherical ends, actually determine the end
thickness and overrule the thickness £ resulting from Equation (15).

“ mquation (15)

THICKNESS OF DOMED ENDS CONVEX TO
PRESSURE

y bols and values listed in Clause 3 above may
be ‘used in the design of domed ends convex to pressure.
a. Spherically dished ends. Tho thickness of domed ends
dished to partially spherical form shall bo the greater of
the thicknesses determined by the following prccedures:
() The thickness of an equivalent sphere, having
-a radius R, wqual to the outside crown radius of the
end,d in accordance with Clause 3¢ of Section
Three E.

(i) The thickness (¢ — ¢), as determined for a
domed cnd under interna! pressure by Clauss 4 above,
multiplied by tho factor appropriste to the design

oocur
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Fig. 17. K,—A factor for use In equation 15, Clause 4, Section Three F
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rFll- Coumction to ead of skell ;;." lh-nrk;
18n .
Straight
flange
Parallel A parallel portion with a minimum
iength of 114 in. shall be provided when
H the full length of the circumfercntial
- geam is to be fully radiographed,
: * otherwise’ the length of the parallel
.‘ portion shall be % In. minimum.
i See Fig. 4 for recommiended weld
(3 preparation.
!
18b ;
! i
: Straight ,
; fianga | 14 [Slope I:ﬂ ‘
ma
l alle} x . A parallel portion with a minimum
; ] | feagth of 134 in, shall be provided when
' L | the foll length of the circumferential
T Iseam Is to be fully radiographed
; = ' otherwise the length of the p_arallei
i i portion shall be 34 in. minimum.
' Taper ; See Fig, 4 for recommended weld
) . preparation,
18¢ ‘ "
Straight :
fiargs | (Sope 4] A pant porion with & ek
Paraflel i lel on with a um
‘I f"_‘ d ! Jength of 134 in. shall be provided when
, | ; the full length of the circumferential <
! + scam is to be fully mdlo;raphen:i
: otherwise the leagth of the parali
i } - portion shall be 3£ in. minimum.
' See Fig. 4 for recommended weld
Taper _ preparation.
iIrd ; Sultable for the connection of a hemi-
! ! 4'(5|°” " ‘) spherical end thinner than the shell,
max :
| ~ o | Soo Fig, 4 for recommended weld
> preparation.
: h ]
“a
! Rorr
i

Fig.12, Typical end connections to shells

39
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[ ]
24t
e

n. min

Aty
14 in. min

on sh not exceeding:
% diameter

ol Is only.

Permitted
')24

) 3%
Clns

For

4te 2tg
145 in. min 4% in.min

Permitted on shells not exceading;
& 24 in. internal diameter

Fot Class I vessels only.

Welds: Plugs and ons fillet.

Pormitted on shells not excending:
in. internal diameter .
in. thick, ‘
Skirt support (see hg 54 b) For datalls of weld For I vessels only. -
H Ma, be used as intermediaic
t, sas fig.5d parti

?E :
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temperature obtained from Table 5, which is intended
to pive a constant factor of safety based upon the
yield point of the material, '

TABLE 5

L]

- Deslgn Ie_%lpentm

Up t0 450 1.0
500 110
600 130

T00
800 1-30
850 1125

900 10

b. Ellipsoidal” ends. The thickness of domed ends of
true semi-ellipsoidal form shall be the greater of the
thicknesses determined by the following procedures:

(i) The thickness of an equivalent sphere deter-
mined in accordance with Clause 3¢ of Section Three E.
The value of K, shall be taken as equal to the outside
diameter of the end multiplied by a factor taken from
the following table:

/D, = 0167 0178 0192 0208 0227 025

R/D,=1:36 127 118 108 099 030

h,/D,=0278 0313 0357 0417 0-30

R,/D,=081 073 065 0357 0350

(ii) The thickness (f --c¢) as determined for a
domed end under internal pressure by Clause 4 above,
multiplicd by the factor appropriate to the design

. temperature obtained from Table 5.

LOCAL FLATS
6. When ends are pressed with local flat areas for fittings,
ctc., the diameter of such flats should not exceed that
aliowed for flat ends in Section Three H.
) STAYED ENDS
7. When ends are,of thickness less than that mglred by
the formulae and rules in this section, they shall be stayed
as flat surfaces in accordance with Section Three L.

B.S. 1500 : Part 1 ; I5%
Section Three *

CONSTRUCTIONAL DETAILS

8, a. Fig. 18 shows permitted tpes and limitations for
connections between ends and shells.

b. The single-welded lap connections as shown on
Fig. 18f, g and &, should be discouraged. They should
only be used where there is no practicable alternative.

d. Forms of connection which are prohibited under
this code are illustrated in Fig. 19.

e. Hemispherical ends may be fitted without a parallel
portion.

f. The depth of flange H,, as shown in Fig. 29,
measu_rc_q on the minor axis, shall be not less than:

VIV -

where:

¢t = thickness of end in inches.

W = width of minor axis in inches,

The inside corner radius between flange and end shall
not be less than | in.

Fig. 19¢ l

| |

Fig. 19. Prohiblted end connectlons
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G. CONICAL ENDS

GENERAL
1. Conical ends and conical reducing sections, as shown
in Figs. 20 and 21, shall be designed in accordance with
the following formulae. The calculated thickness shall bo
increased, if necessary, to provide for additional loading,
erumerated in Section Three A and B.

Conical ends may be comstructed of several ring
sections of decreasing thickness as determined by the
corresponding decreasing diameter.

SYMBOLS

2. The following symbols and values are used in the
formulae:

t = minimum thicknass in inches of conical
section or end.

P = design pressure, Ib/sq. in.

f = design stress, Jbfsq. in. determined in
accordance with Table 2.

J = weld joint factor as given in Table 1.

D

A = jnside diamcter in inches of conical section
or end at the position under consideration,
before corrosion allowance is added. (See

Fig. 20.)

D, = outside diameter in inches of the conical
scction or end. (See Fig. 20.)

r = inside radius of transition knuckle (inches),

which shall be taken as 001 D¢ in the case
of conical sections without knuckle transi-
tion.

c = corrosion allowance, inches.

O, L1y Oy = an%le of slope of conical section’ (at the
point under consideration) to the vessel
axis, {See Fig. 20.)

b = diffcrence between angle of slope of two
adjoining conical sections, (Se¢ Fig. 20.)

K = & factor, taking into account the stress in
the knuckle. (See Table 5A.)

L = distance, in inches, from knuckle or junction
within which meridional stresscs determine
the required thickness, (See Fig. 20.)

=05 /23(1 — €)
cos W

DESIGN METHOD FOR CONICAL ENDE SUBJECT
. TO INTERNAL PRESSURE

3, The stress in the knuckle or in the circumferential
seam at the wide end of the cone acting in a meridional
direction are predominantly bending stresses and the
stresses acting in a clrcumferential direction are pre-
dombsantly membrane stresses. The design takes into
account each of these effects in turn, in Subclauses aand b
below. The greater of the two wall thicknesses so derived
governs. For shallow cones, the thickness may be deter-
mined by the method in Subclause ¢, even though the
resulting wall thickness may be less than those determined
under g and b, .
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a. Thickness of knuckle or conical section at junction.
The thickness of cylinder and conical section within
distance L from the ﬁxnction shall be determined by:

pDK ' ]
t= __Zjl c Equation (I8)

If the distance of a circumferential seam from the
knuckle or junction is not less than L, then J shail be taken
as 1-0, otherwise J shall be the weld joint factor appropriate
to the circumferential scam.

b. Thickness of conical sectlon away from junction.
The thickness of those parts of conical sections not Jess
than a distance L away from the junction with a cylinder
or other conical section shall be determined by:

1=(PD¢' ) (___l__) +e Equation (19)
2f] —pl \cose

c. Shallow conical sections, The thickness of conical
sections having an angle of inclination to the vessel axis
of more than 75° shall be determined as for a flat cover as
prescribed in Section Three H.

DESIGN METHOD FOR CONICAL ENDS SUBJECT
' TO EXTERNAL PRESSURE

4. For a conical end or conical section (frustum) under
external pressure, whether the end is of scamless or butt-
welded construction, the general provisions of Sub-
clauses 3a, b and ¢ above are applicable, except that the
thickness shall be determined as prescribed below:

a. The thickness of a conical end or conical section
under external pressure, when the angle of inclination of
the conical section (at the point under consideration) to the
vessel axis is not more than 75°, shall be made equal to
the required thickness of a cylindrical shell, in which the
diameter is Dofcosa and the effective length is equal to
the slant height of the cone or conieal section, or slant
height between the effective stiffening rings, whichever is
less,

b. The thickness of conical ends having an angle of
inclination to the vessel axis of more than 75° shall be
determined as for a flat cover as prescribed in Section
Three H.

CONSTRUCTIONAL DETAILS

8, a. Connections between cylindrical shells and conical
sections and ends shall rel'cra{ly be by means of a knuckle
transition radius. Typical permitted details are shown in
Fig. 20. Alternetively conical sections and ends may be

 butt welded to cylinders without a knuckle radius when the

change in angle of slop ¥’ between the two sections under
consideration does not exceed 30°

b. Buit welds between ring sections of different thick-
ness shall b? In accordance with Fig. 3. .
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a. Conefcylinder with knuckle

¢. Conefcone with knuckle
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Fig. 20. Alternative forms of conjcal ends
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b. Conefeylinder without knuckle
d. Conefcone without knuckle
43

Doculdll


http://www.avadocuments.com/doc/bs-1500-1-1958
http://www.avadocuments.com/doc/bs-1500-1-1958

Ang.ng%mﬁyuaaﬂonouﬂahuﬂd&uaﬂcoﬁz.—a&aﬂao.—onﬂ.&uﬁgi 1T 34
TORSos AAIRS PRy (7) SO UORITRS QI ToRS 900D (4) uonxs 3007 (P)

4, o 1

I~

w8, 1500 Part 1: 1958

g cction Three G



http://www.avadocuments.com/doc/bs-1500-1-1958
http://www.avadocuments.com/doc/bs-1500-1-1958

B.S. 1500 : Part ] : 1938
Section Three G

TABLE 5A. VALUES OF K AS A FUNCTION OF ¥ AND r/Do*

As
Values of K-for ril Do ratios ofs :A};r:id
: . 5

. | !
006 008 010 015

065 . 0-55
100 0% - - 070
135 12 . - 090
205 185 . . 13
60° 32 28 . - 2:0

5 68 585 . ’ 385

*This table supersedes Fig. 22
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FLAT COVERS AND ENDS

GENERAL

1. a Flat covers and end plates shall be designed in
accordance with the following formulae, and the thickness
shall be increased, if necessary, to carry the additional
loads enumerated in Section Three A.

b. Fig. 23 shows typical flat ends and covors, with

approved methods of attachment to the shell,

S§YMBOLS

2. The following aymbols and values are used in the
formulae:

t = thickness of end in inches.

p = design pressure in 1b/sq. in.

D = diameter in Inches of the plate measured as
indicated in Fig. 23.

S = design stress in lb/sq. in. from Table 2,

¢ = a corrosion allowance as agreed between pur-
chaser and manufacturer but not less than as
recommended in Section Thres B.

... K =a constant which depends upon method of

. attachment to shell and is given in Column 4 of
Fig. 23.

THICKNESS

3, The thickness of flat covers and end plates shall be
calculated from Equations (20) and (21):

{ =D J L + < Equaﬁon 20}
p = _L_(!-—c' Equation (21)

DI

TYPES OF FIXING

4, a, Attachments as shown in Fig. 23 shall be designed
to have a minimum factor of safety of 4, against failure
in tension or shear.

b. Where bolted connections are used as in Fig. 23
these shall comply with Section Three M.
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K=

[{ ""(” Dzl

D=1nside diameter of end
in inches
r; =Inside corner radius in

inches, not less
times flange thickness

Fillet throat not less | 4 0
than 125 times ¢ or |
t; whichover is }
smaller

Y%
on

% but not loss

than 344 in, Weld ‘2’
iz made before the |
shell is crimpad over.

-

in the forms of coastroction iilustrated In Figs. 23 ¢, 4 and g,.the hazard of weld cracking muat be takea Into oconslderation

Fig. 23, Typlcal flat cods and covers
Weld profles are dlagraramatic coly
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Fig. l ' Type Limitatlons b g
30
4-0
Ring to be welded
in position before machining
Yain.
Not less than Yain. at %in
any position round the _
o o|oo_ circumference = A .
13g -t| k- 14 in. min f not less than 2, 30
t ts
L& e e e - —— 1t .
. -l ts
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1o the forms of consuucuon {llustrated la Figs. 23 ¢, d and g, tho hazard of weld cracking must be taken into contideration
Fig. 23, (contd.) Ty‘plcnlﬂatmdsnndeovul
Weld profilés are dhmmmatlc only

o
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Limitations

Gasket shall bo full
width of flange.

D -‘a

%{T

1

15 %X Fy %Xa
[oso+ ____]
FxD
Fp = Total bolt load in Ib
%Seo ;dl;o Section
g == Lever arm of bolls
. :{t;ut c;:'uk: line of
or t
F = Total interoal pres-
surc load on arca
bounded by mecan
diameter ol‘fc’)lnt ring
. or gasket,
D = Mean diameter of
gasket.

Ko

Fig. 23. (contd.) Typical fiat eads and covers

As altered
arch,
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