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'BS. 1500 Parfs 1955

w1

Tms BRITIsH Suumm:, navicg been approved by the Chemxcal I-:ngmeenng Industry Standards Comm:ttoe and endorsed
by the Chairman o" the Engmeer.ng Dw:slona.l Council, was pubhshed under the authnnty of lhe General Council

3lst May, 1965

¥ )

REE

7;_‘.. ! . 1‘:;r

The Instltutmn dmrds to call attenmm to the fact that this ‘.Bn\.u Qtandard dm not purport to mclude all the neomsary

pr"ws:on' “of a conlract. \..

"In on.cr to kccp abrnast of . progrcssEm the mdustnes conccmcd Bntlsh qtandards arc subjoct to periodical review.
stioas for-unpr_vements' will bc"recorded and in due’ course bruught to the notloe of the committees cha.rged with

. the revxsnon of the standards t0 Wisich they refer

: o

A complete list of British Standards, numbermg over 4000, fully indexed and’ vnth a nnte of the contents of each, will be
found in the British Staridards- Yearbook The BS. Yearbook ma.y be consulted in many pubhc hbrancs and similar

institutions,
This standard makes refa-ence 10 thc followmg Bnnsh Standards
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Plpc threads. - ! ;‘:" _:'." : } :f S i 0 B
Parallel screw t.hreads of Whltwonh form. ‘ : o . .
Glossa.ry of terms (wuh symbols)’ relaung to the weldmg and cunmg of metals ) R - I

Zinc coatings on iron and steel articles; , -
Valves, gauges and other safety ﬁttmgs for appllcanon to land boﬂers and to pnpmg installations for and in

connection with land boilers. : )
“Precision hexagon bolts, screws and nuts, s .

Water-tube boilers. ) :

Safety valves, gauges and other safety ﬁttmgs for air receivers and compr&ssed air installations.

Wrought aluminium and aluminium alloys for general engmeenng purposes. - Sheet and strip.

Wrought aluminium and aluminium alloys for general engineering purposes.- ‘Drawn tube,

Wrought aluminium and aluminium alloys for general engineering purposes. . Forging stock and forgings.

I\_Nrcmght aluminium and alummmm alloys for general engineering purposes Rivet, bolt and screw stock for
orging.

Wrought aluminium and alummlum alloys f'or general engmeenng purposes. Extruded round tubc and hollow

sections. :

Wrought atuminium and aluminium alloys for general engineering purposes. W;re

Wrought aluminium and aluminium zlloys for general engineering purposes. Bars and secuons

Wrought aluminium and aluminium alloys for gencral engincering purposes. Plate.

Aluminivm and aluminium alloy ingots and castings for general engmeenng purposcs ) y
Unified screw threads. . 2 , £
> Bolting for the petroleum mdustry ‘
Unified precision hexagon bolts, screws and nuts (UNC and UNF threads) Normal series. -
Domed ends for tanks and pressurz vessels. o ; _ : ¥ "
Filler rods and wires for inert-gas arc welding, - .- '. : L :

Domed metallic bursting discs and bursting dise assemblies. - T

General reconunendg_t:ons for manual inert-gas tungsten-arc Weldmg Part L Wrought alummmm, aluminium
alloys and magnesium alloys, . : P ‘ : e

Tubular heat exchangers for gcncral purposcs ' o -

Electroplated coatings on threaded components. '

Methods of testing fusion welds in aluminium and a]un'unmm alons B -
,General recommendations for manual mert-gas metal-arc weldmg Part 1. Alurmmum and a[umlmum alloys.

British Standards are revised, when necessary, by the issue eulrer of amendmem slips or of remed editions. "l is rmpartant that
users of British Srandards s}rould ascertain that they are in passessmrz of the latest amendmems or editions. .

The follovvmg B. S ! rul'crcnces rclatc to the work on this standard:

Committes reference CHE/19, CHE/19/-/1, cacmf-ml
Draft for comment 053[7941

i
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 BRITISH STANDARD.S:PECIFICAﬁON.FOR | N
~ FUSION WELDED PRESSURE VESSELS .~ ™
AR -FOI{;:_G]ENEEAL PURPOSES K

~ Part 3. Aluminium

i 'BS.1500 :Part3: 195

f
A

. FOREWORD"
- . ' oA : o - e - i YR, SRl B
This standard has been prepared under the authority of the Chemical Engineering Indkustry Standards' Committee and is
similar to B.S. 1500 : Part 1, * Carbon and low alloy steely . While the same basic design rules arg ‘generally employed
variations in the sections on manufacturer and inspection have been introduced to suit practice when using the materials
of construction. ‘ Lo : cF Cout T N~
In drafting the standard the'committec reviewed the method of flange design given in B.S. 1500 Part 1 and found that
this was not suitable for aluminium. Careful investigation revealed that there was no widespread experience in this country
of any well known design method and it*was therefore decided to mention methods which could be employed having due
regard to their limitations pending further study of the subject. Appendix B has therefore been included for information.
In this standard the word aluminium is used to denote the pure metal and its alloys. Aluminiuni is widely used in the
chemical, food, and allied industries for the construction of pressure vessels. It has excellent corrosion resistance in many
environments, generally a high strength to weight ratio, and a high thermal conductivitity; it is non-toxic, non-magnetic,
and, not being subject to brittle fracture, is particularly suitable for low temperature applications. o
- The aluminium materials included in this British Standard are covered by B.S. 1470-1477 and 1490 which should be
consuited for information on mechanical properties and dimensional tolerances. An exception is the special Al-Mg-Mn
alloy (ASA 5454) developed in the U.S.A. and included in their standards but not yet included in British Standards. Data
on physical properties and compatibility with chemicals- and other likely contents of pressure vessels should be sought
from the material suppliers or the Aluminium Federation. These sources of information shculd also be consulted, as

required, in regard to choice of materials and fabrication problems, at an early stage in design\yg{Brk. A

the vt

The techniques of inert-gas arc welding, which have revolutionized the construction of alyhiinium ,ves$el§} are of com-.

paratively recent origin and rapid development is still occurring. Details of welding methods’ 'afnqi'i:i_la;tcf' edge preparation
are given in the light of present knowledge and, though not mandatory, should be adhered to unless alternative methods
can be fully proved by quality tests.” =~ - L P A
Attention is drawn to a limitation in the otherwise very useful range of aluminium-magnesium alloys, The higli strength,
relatively high magnesium content alloys may become susceptible to stress-corrosion cracking after use for long periods at
" temperatures above 150°F. Below a certain magnesium content this liability is removed, but there'is an attendant danger
of weld cracking during solidification. This, in turn, may be obviated by using filler material of slightly higher magnesium
content; advice regarding the possibility of stress corrosion failure of such weldments should be sought from the authorities
mertioned above, : 2 . ‘ IR . ‘ :

Except for the purpose of increasing the strength of the heat-treatable alloys (which are little used in the construction
of welded pressure vessels) heat treatment is normally neither necessary nor desirable, . . .. . .

Design stresses for welded materials are based on the fully annealed condition. On the other hand, where stability or
rigidity is the criterion, advantage should be taken of the greatly increased proof stress of pure aluminium and some of the
alloys when they are in the work-hardened condition; local softening caused by welding does not impair the general stability
of a vessel. The same advantage may be taken of the higher allowable working stresses associated with cold worked material
in parts remote from welded seamns as in domed ends, heat exchangers, tube plates, ete. . ‘ L

- In view of the high degree of welding control needed to obtain sound joints in aluminium, only Class I and Class II
. are covered by this standard. Spot radiography, where applicable, should be used ‘as a control during construction and
... as a regular check on the welders employed. . - _ \

. NOTE 1. If it is required to convert the figures in this standard from British units into metric units it is recommended that the conversion
"~ factors and tables of conversion contained in B.5. 350, * Conversion factors and tables ! be used. Attention is also drawn to B.S, 2856, * Precise
conversion of inch and metric sizes on drawings ', . . . B e
NOTE 2. In place of the customary but incorrect use of the pound as a unit of force, the unit called a pound force (1bf) has been vsed in
.. this standard. It is thet force which, when acting on a body of mass one pound, gives it an acceleration equal to that of standard gravity.
'+ Similar considerations apply in the case of the ton force (tonf?}. Co EE ‘
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'SPECIFICATION ~ '+

o

. . Section One: Gereral -~~~ -~ .~

A. SCOPE ‘.
L Part 3 ofthis British Standard covers the design,
construction and inspection of fusion welded pressure
vessels in aluminium and aluminium alloys for use in the

chemical, petroleum and allied indnstries.

Vessels in which the internal pressure is due solely to .
+ . Section Three:js selected

the static head of the fluid are outside the scope of ‘this -

standard and provision for lightly Joaded breathing devices -

has not been made. .
. The term * pressure vessel * as used in this standard also
-includes branches up to the point of connection, by bolting,
screwing or welding to the connecting piping. :
Where the words *purchaser’. and * manufacturer *
occur in the text, they shall be taken to include representa-
tives of the purchaser and manufacturer or the Inspectors .

mutually agrecd upon.

This standard is intended to serve as a guide for agree- -

ment between purchaser and manufacturer.

B. DEFINITIONS

2, For the purposes of this British Standard the following
definitions apply: ) o L
Safe working pressure. The maximum gauge pressure,

- at the coincident metal temperature, that is permitted for
the vessel when in operation, . - oL ‘
' Design pressure. A value used in the forrmule of

. Section Three to determine the minimum thicknesses of the
. yarious componeni parts. of the vessel. In the case of
7, vessels subject to vacuum conditions or external pressute

“the design pressure is the maximum differential pressure
- between opposite sides of the shell or other element of the
“vessel under consideration. The design pressure should

~ not be less than the maximum pressure reached, during -

v

operation and should include a suitable margin to allow
for possible fluctuation of pressure during operation. .
 Design temperature, ‘The maximum operating tempera-
ture. Thisshould include a margiz for possible temperature

. Ructuations. 3 i A

- 1. Design stress. The stress to be used in the formulae of -

: d from Table 2 for the design

. temperature. P T T
. "NOTE It is recognized that vessels designed and fabricated in
accordance with this standard will contain regions at which the
_localized and secondary stresses are appreciably higher than thoso

tabuitated in this standard. In so far as it is practicabls, design rules

- for details have been formulated to hold such stresses at safe levels - . . -

consistent with experience, o S
" Welded joint factor. An arbitrary factor to-be applied -
to the design stress to account for the strength of 2 welded
joint, A Co ‘
Ligament efficiency. The ratio of an arbitrary strength
of a ligament to the strength of the umpicrced plate,
expressed as a decimal, ‘

. -Fusion welding, See B.S.499* for definitions ‘of

- welding processes and types of joints. .

C. CLASSIFICATION .

L a. Gemeral. The pressure vessels covered - by . this
standard shall conform to either Class I or Class I as
shown in Table 1. w
Each class of construction provides for the use, in

., design, of a welded joint factor associated with the quality
" control, inspection and tests prescribed for cach class, . . -

~® B.S. 499, * Glossary of terms (with symbols) relating to the welding
and cutting of metals”, - = . B

" BS. 1500 : Part3 1955 v
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" TABLE 1. CLASSIFICATION OF PRESSURE VESSELS'
' The requirements in this table apply equally to Class I

B and to Class X[ vessels with the exception of item (4),
A ‘Rad:ography and thc welded _|om1: factor. ‘ '

Deslgn ‘ 1 :‘T{: d.rawmgs approved by the purchaser .

. . s ] o o . - . N

Materials - * Any materials prescribed in Section Two

. l Control of quality S ' ‘
(81} Materials ©° [ (1) Tnspection and tests at the metal
o C . manufacturcr‘s works

(2} During fabrication . |- (2 a. Idenuﬁcauon of plates and other i )
oo A ccmponcnts at the manufacturer’s works o
- b, Inspection of plates after forming and B

" of plate edges prepared for welding ‘ ‘ ) .
7 ; o ¢ Assembly and alignment of vessel sections ‘ PR .
o ' R - and branches prior to welding T :

‘ d. Tnspection’ during process of welding

c. ldenuﬁcaucn and stampmg of weld test
o . . . . : plates. ./ :
I ' : o : " . "| . F\ Calibration and du'nenslonal check on . v . ]
' ‘ ; SR NER complcuon . K

{3) Mechanical tests @  Mechanical mts on'a welded test plate
L o provided at one‘end of é.ach longitndinal
seam
s ) : a. For plates up to a.nd mcludlng 34 in
.r - ) S : ‘ _thickness two transverse tensile lests
o " b. For plate over 3 in thickness:
efther 2 transverse tensile tests, _—
or 1 transverse tensile test and : n i
oo , " Isidebend test © 7 Cf
. ) as agreed between the purchaser and thc EAD
: ’ manufacturer’ o
* & Macro-test - g C e

r

(9) Radiography (@) Class I. Radiographic examination of full
: . length of main seams
- Class II. - Spot radiography during construc-
uon at selectcd rcglons of w:h main scam.

"(5) Pressure test ) Hydraullc prﬁsure ttst v

. Welded Joint factor | Class 1. 095°, Class TLOSS .« ~ =

me T e ", )

o _ Identification mnrkinss Class I 6! Class Hras appropriate -

* The use of & higher joint factor up to umty is permissible uhen s - s .
ag:reed between the purchaser and the manufacturer. - Nl - A
. AR, ' T ‘

Ly

Documents
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A MATERIALS
: cmm

l. a. Materials. Tables 2d and 2e give: speclﬁed com-
.positions of wrought materials and castings respectively. -
' For full details reference should be made to B.S. 1470-
1477* and B.S. 1490%. - '

b. Temperature' of .operation. Aluminium a.ud its
alloys, net being subject to brittle fracture, are pamcularly
suitable for operanon at temperatures below 32°F, All
the materials, except for N5, N6 and N8 are suitable for
service at femperatares up to 400°F. At present alloys N5,
N6 and N8 should not be used above 150°F, because

* without special treatments they may suffer from stress

corrosion at temperaturcs abovc th:s limnit under certain

B ‘cucumstanws

¢. Weldability. All the mﬂtenals are readlly weIdable

by inert gas shielded methods; tendency to weld cracking

exhibited by alloys ‘N4 and H9 is obviated by correct

. - choice of filler material from those standard;zed in
1352901 Part 1 and Part 23, :

. BOLTS AND NUTS - o
2. a. Either steel or aluminium alloy nuts and bolts may
be used but attention is drawn to the difference in the
coefficient of thermal expansion between the two metals.
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
accordance with B.S. 34|l Allhough reference is often
made to the susceptibility of aluminium to electrolytic
action when in contact with steel, the extent of this in
most engineering practice is ‘small. In good practice,
however, steel nuts, bolts and fittings should be galvanized _ .
or_zinc or cadmium plated (see B.S. 729 and B, 5. 33807,
not only to climinate electrolytic action but also to bnngw
their durability more into linc with that of the aluminium. |
Stainless steel may be used with less risk of galvamc
corrosmn -

("f.

the following standards; B.S.1083%*,

. dip galvanized coatings*, Part 2, * Sherardized cuatmgs

Sectlon 2 Matenals and’ De51gn Stresses

Alloy H15 in Table 2 is more susoeptible to corrosion

" than the other alloys and should only be used whcre
] corrosion is not a hazard.

b. Steel bolts and nuts shall wrnply wuh one of

BS. 17681, i

B DESIGN STRESSES

5 DESIGN STRESSES

1. The dcs:gn stresses in Table 2 are maximum values
to be used in conjunction - with the formulae given in this,

“ - standard and do not make any allowances for the efﬁcicncy
of welded _|omts or hgammts betwecn openmgs

SHEAR STRESSES

2, The maximum shear stress shall mot cxceod the values
given in Table 2 mult:plled by 0-6." ,

BEARING STRESSES

o

BS.1750M,

3. The maximum bearing stress shall not ekcoed the :

values gwcn in Tablc 2 mulnpl:ed by 1 5.

" for general engineering purposes .

! 1 B.S. 1490, ' Aluminium and aIum:nmm alloy mgots and r:a.stmsi

for general engineering purposes .

4 B.S. 2901, * Filler, rods and wires for inert gas an: weldmg f
Part 1, ¢ Gas-shlelded tungston-arc weldmg Pan 2 ¢ Wl:u for
gas-shielded metal-arc welding.” : :
§B.S. 1580, * Unified screw threads .

|| B.S. 84, * Parallel screw threads of Whitworth fom ’

TB.S. 729,* Zinc ooaungs on iran and stsel articles *, Part 1,* Hol—
B.S. 3382, * Electroplated coatings on threaded components * |
=+ B.S. 1083, * Precision hexagon bolts, screws and outs ", ' C
++ B.5. 1750, * Bolting for the petreleum Industry

11 B.S. 1768, * Unified precision hexagon bolts. s:rew.-. lmd null ‘

(UNC acd UNF thmds), Normal series *.

-* BS.1470t0 BS. 1477, " Wmughtalunumumandalummmmauoyu T
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0
" B.S. 1500 : Part3 1965 § .\i‘-f". e F A
TABLE Za. DESIGN SI'RESSES (TENSILE) FOR WROUGHT MATERIALS

020 " Permissible dsign m (bt/In%) for tmpmtm'u

100°F | 150°F | 200°F. | 250°F | 300°F | 350°F | d00°F -

@38°C) | (66°C) | 93°C) |121°0) (149°0) | 176°0) G
2000 | 1850 1500 1350 | 1290

3000 | 3000 | 2900 | 2700 | 2350 | 2000

335013150 | 2900 |.2°700 [ 2400 |- 2100 |

45000 | 4850 | 4700:| 4400 | 4000, 3500

6200 | 6200 1:6'000 |. 5400 | 4650 |-

7750 17100 | 6400 | 5600 |-350

8500 6900

5500 |,

2200 |

4 500

3600

AMg- (W - ) 3 00. |- )| 6400 | 5600
© | 8i-Ma - ‘ ‘

WE . |1%0 |36%0| 10 105K '7900.]96909

-

* Teatative valnes (still under ducusmon) . )

1 For lbsaa-spmd sections, the minimum tensile stmngzh m 11 tonﬂm' and the permissible design stress is 9 500 Ibffin* for dengn tempmtum
up ta .

£ Used only as tubes. ‘ :

§ Used only a3 tubes or as tube pIates Not eovered in welded form. . : i '

Unless otherwise covered in the above table, for materisls used in the *as mnnu.l'actured * condition !he stress vnluas for the annea!ed

conditions shall apply. For welded constmction the stress vnlm shail be lhosa for annealed materials. - :
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Y BS1500:Parc3: 1965 ¢ -8

TABLE 25. DESIGN STRESSES (TENSILE) FOR CASTING ALLOYS = -

e e o evpeing ) T teperatures
or chill
A ba

100°F | 150°F 250°F | 300°F | 350°F | 400F

| 00 | (66°0) 1210 | 145°0) | (176°C)
Al-5 per | Send ©90 |h:" 3. | 3350 | 3100 | 2850 | 2700 | 2550
cent Mg ofemm | 110 5 7| 4100 3700|3500 | 3400 | 3250 | 3050 |

Al-12 per| Sand 105 3900 | 3400 | "2.700
cent §i .| Chill | 120 | - 4450 | 3900 3100

Al-5 per Sand 0 |. 2 | 3000
cent.Si-.| . |ch ¢ 3900
cent Mg

* Design stress values for clcvated temperaturews‘not yet available.

[ .
‘ i

| TABLE 2c. DESIGN STRESSES' (TENSILE) FOR BOLTING ALLOYS .

Mialmum Permissible design stresses (1bf/in*) for temperatures not exceeding
temslle | —— . o ———

‘m"‘“gtmm 1007 156°F | - 200°F | 250°F | 300°F | [350°F |-
hf/in®

GE0) | 660 | OF0 | (20 | 140 | a0 |
42000°| 8400 | 8200 | 7900 | 7500 | 6300 | . 4900

65000 | 12200 | 11600 | 10400 72001 14400

33 600 | BS500 | 8400 | 7700 | 6900 {761
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B.S. 1500 Part3: 1965, co |
. TABLE 2d. SPECIFIED COMPOSITION OF WROUGHT MATERIALS (PER CENT)

 Desigmtion Cu . Mg sl Fe Ma " Za B

1B. 005 03 | o4 | o005

N3 oa - | — | os co7 | 1015

N4 010 1728 | 06 05 05

Special Al-Mg-Mn ' i i 050710, | .
alloy (ASA3454) ' |  ©10 2430 | S R

N5© 010 . 2840 | ,06. .| o5 | 06

N8B [ 010 | 40M49 [ o040 40 | 0570

CN6" | 010 | 4555 ! 06 5 10

C/H9 | ol | 0409 | o307 | 05 | 030

HIS | 3848 | . 02/08. | 0509 7 | o3z

L HIT w010 |0 0414 | 0603 | O 0-40/1:0

f

1

'Percentages are maximum except where a range is given,

P ‘c‘/. . -

' TABLE 2¢. SPECIFIED COMPOSITION OF CASTINGS (PER CENT)

-

Moterist | Cca | Mg | s, | oF: | Ma | Zn B[ s

M5 o1 | 3060 | 03 o1 | 01 b o005 | 005 |

LM8 01 | 010 |100230| 06 | 05 16 01 | .005

LMs8 01 03/08 | 35060 : o : o 01 | 005

Percentages are maximum except where a range is given.

.
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. TABLE 3. VALUE GF “E’ (1000 000 [bf/n’) FOR MATERIALS,

- BS.1500:Part3:1965 * °

Deaign tempersture of the metal

- =360°F

0¥

100°R 150°F "200°F

250°F

(—216°C)

(—16°C)

o0 | 60 | 050

a1’ -

&

ne

102

100 | “ss | ve !

7 .

93

;

N’s .

n2
&

102

160 | 99 /| 98

97

93

N4

e

102

LIM | 99 | L 98

o7

Special Al-Mg-Mn alloy 4

(A.S.A.5454)

112

102

100 higg t

- 87

‘l\ Ns . A

112

102

100 ' 99 [ 98-

.:“‘I 97 o

) N

112

102

100: | 99 | 98

97

Né

. 11-2_

102
v

100 | 99 |- e8

: 119-? o

;, HO

105

.97

! 95 g4 | @3’

92 .

93
93 90
%3 | 90
: 5 |- 90 ‘;‘.
a3 90

. 88

H15 R

119

108

08¢ | 105 | 104

103

99

H30

U]
X

102

wo | 85 |ise

9T

LM5 .

12

‘102

00 | 9eg’ | 98. [

-

9‘_3‘_':.: Y

e

,,',"11-7

| 15| 114 -“‘11-2‘;'.;

‘ 11;-1].”, .

107

20

-
o

@ -3 »

-

" Inch-per inch per 0°F x 1078

N oA

o

. 1 Since the ahuninium alloys do not havc any defined yield point * E* values will need to be treated with some reserve, For
iy examgle, the non-heat-treatabls a]lcys in the annealed condition will exhibit a lmaar stras[stram ratio rmly up to sl:ams
. . ° od' about ¢-05 per cent (eqr.uvalent to a stress of about 2}:% lonflm’} ; , ‘ ‘

)

N

Lr

~400 =300 72007100,

.
.

0

Tempercture, °F

100 200 300 400 500 600 700 800 900
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" BS. 1500 : Part 3 : 1965

i
tor

A GENERAL

Vessels covered by this standard shall be dangned for the’
most severe combination of operating ‘conditions which |

may be expenenced in normal operauon

'." DESIGN. THICKNESS ,

1. In’the cliuses that' follow, methods are given for

ea.l~ulatmg. for the various parts of pressure vessels, the

thicknesses requ:red to withstand whxchwer of the design «

loads have to be considered. -
It must be’ mphasnzcd that all such thlcknmses are
minima, and may require to be increased to allow for other
 factors affecting the actual use of the vessel. For example
the thickness may require.to be increased from that
sufficient as far as pressure considerations are concerned

in ordcr to g:ve the vessel suﬂicuent rigidity for practical .

use.; -

DESIGN 'I'EMPERA'IURE

2. a. General. The temperature to -be used when deter-
. mining the safe working stress should be the maximum
temperature it is possible for the material to attam undcr
 the operating conditions. -

b. Low, temperature vessel. Aluminium and its alloys,

not bejog subject to britlle fracture, are particularly ',

suitable for operation at temperatures below 32"F.

o s v
DESIGN PRESSURE - . ©

3, 'I'he normal operating pressure is determined by the"

tzchnical requirements of the process to be used.

The design pressure is usually in excess of this to avoid
unn blowing of safety devices, and varies according
to the use of safety valves or bursting. dlscs (See Section
Six A.)

should be sufficient margin. between: the design’ pressure
* and the normal operating pressure to avoid frequent
blowing of the safety device. For normal spring-loaded
safety valves, this is usually 10 per cent of the operating

SUrc.

Bursting discs are highly stressed in service; it is
therefore n
due to the effects of creep and fatigue, to allow a substantial
margin (of the order of 50 per cent of the operating

pressure but depending upon the particular conditiens)

between the normal operating pressure of the vessel and”,
the designed bursting pressure of the disc. It should be™
noted that thebursting pressure of burshng dlm is
materially influcnced by ture.-

Vessels subject to vacuum only should e dcsngued for

the maximum negative pressure to which the vessel may*
be subjected in service. Exceptmthosecasuwherca
vacuum break valve or a hydraulic seal is provided, it is
recommended that such vessels be des:gned for a ful
negatwe pressure of 14-7 lbf!m' . &

Whercthcmaxunumprssurelshnutedbymeansof" ,‘
pressure-relieving devices it is recommended that there

,'in order to aveid premature failure *

A Sectlon 3 D051gn

i LOADINGS

4. a. Th= loadings to be’ conmdered in dwgnmg a vessel |
* shall mclude the i‘ollow:ng o
' (') Internal and external operating pmsure. i

(i) Static head of contained fuid, . - Lo

 (iil) The weight of vessel and normal contmts at fg ;
operating temperature, or, if such a load is provable, ..

the weight of vessel full of water at atmtJSphenc v
temperature, except that in this case the total Atress

under test conditions shall not exoeecl one and a half | "

times the tabulated value,
{iv) Supenmposed and wmd Ioads
b. Speci
thc effect of the following: .
o (i) Local stresses due to _supporting lugs. rmg
glrders. saddles, iaternal structums or: conuecung
piping. " - i ‘
(i) Shock loads due to water hammcr or surgmg of
. vwsel contents. o
. {jiii) Bending moments caused by enccntnc:ty of the '/
centre of working prssure relatwe to the neutral axis
of the vessel. ~

{iv} Forces due to temperature dxﬂ'erem includ-
ing the effects of differential expansion. (See F:g L)
(v) Forces caused by the method nf supporting the
' vml dunng trans:t or acctton

; Nummopwm.nr-:nsms

5. Whenever prammblc the cyl:ndncal portion of a
vessel shall be made from a single plate. When the
dimensions are such that this is not practicable the
minimum number of plates shall be used. Where the
cylmdnm! portion- is made in two or more courses the
" longitudinal seams of cach’course ‘shall be completed
before commencing the adjoining circumferential seam(s)
and where practicable the longitudinal seams of adjacent -
courses shall be staggcred.

BUTT WELDS BETWEEN PLATES 01?
- UNEQUAL THICENESS ..~ -

6. Where two plaus at a welded jOlﬂt differ in tlnckness ‘

by more than 34 in, the thicker plate shall be trimmed to a

smooth taper, extending for at least four times the offset

between "the two surfaces, so that the adjommg edgcs

will be of appronmatcly the same thlcknwsns E

PLATES WELDED PRIOR 'l'O FORMING iy

T The welded sedms in plat::s welded together in thc fiat
. shall be demonstrated to be of the’ appropriate quality
“for the joint factor involved. For example, the welded
"seams in the plates to be mcorporatcd in Class I welded .
- pressure vessels shall be of" ' Class I': ua.hty (e in
accordance with the requm:mcnts for * Class I’ vessels as -
- ds_mechanical properties and freedom from dis- -
; . ntinuities as revealed by . visual '.and radiographic ,
y -iamination). Similarly, the butt .welds in the: plates
7 Incorporated in domed ends shall be of * Class I * quality
if the design Jom: factor used is appropnate to this class.

al consideration may requirc to be glven to ' .
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B. CORROSION AND PROTECTION

Aluminium and its é.lloys owe their corrosion resistance to
a thin, relatively inert oxide film which is usvally self-.

healing. If this film is dissolved or penetrated the under- .~ -

lying material may be attacked.

Generally speaking, the purer the metal the greater is-'_"‘ o ,
4 & ¥ Welded joints shall be made by

its resistance to corrosion though there are:exceptions to |

this rule. Because of the complexity of . the ‘subject it -

would be impossible to tabulate in a document of this kind
the suitability or otherwise of the alloys listed against the
various environments with ‘which they may come into
contact. Such data have been published by the material .
. suppliers whose advice should be sought in all cases of

" doubt, - .

- Corrosion allowances are not normally appropriate
for aluminium and in the majority of ditties for which
aluminium is used corrosion is negligible.: g

Pitting attack can be caused by metallic salts in solu-
tion. Particular attention .is. drawn to the dangers of
corrosion by certain supply waters. The suitability of
such waters for prolonged contact with aluminium should
be ascertained. ‘

Crevices should be avoided as they may lead to
differential aeration and severe local attack.

Contact with more noble metals, particularly copper
and its alloys, can lead“to heavy galvanic corrosion.
-Austenitic stainless’ steel, because of its protective oxide -
film, is an exception 1o this rule and can often be used in
contact with aluminium. ' ; '

Aluminiumn  vessels should be’
.where, for example, they come in contact with mild steel

supports. Zinc chromats paint, bitumen, thin zinc sheet .

{which gives sacrificial protection) or a combination of

these are useful in this respect. Alternatively, the mild .

| BS.1500: Pan3: 1965

steel supports may be galvamzed or zinc or aluminium
'« sprayed, Under severe conditions it may-be necessary to
 provide electrical insulation betwe:n'the two metals,

‘C. TYPES OF WELDED JOINT |

tnngsten-arc or the inert gas metal-arc processes, -
Figures 2, 3,4 and 5 show recommended typical plate

edge preparations. “These arc for guidance and alternative . -

~ methods which can be adequately proved by procédurcy, "

tests’ are acceptable. For all

! joints,” root gaps up to
¥ie inch are permissible.” U

' Temporary backing bars of mild steel, stainless steel

or copper may be used. Permanent backing bars are not
- recommended where corrosive conditions or fatigue loads

are likely to occur, _ ; — "

" The dimensions of the butt-welds on the main seams

of a vessel are fixed by the thickness of the parts to be

~ - joined together. In the case of welds employed to attach

- branches, etc. to shelis however, it is not always possible to
compute the magnitude of the stresses in the welds and
their required cross-sectional area directly. In the typical

welded details' given in this standard the dimensions of °

the welds are based on experimental work andfor ex-
perience and the dimensions are related to the thinner of
the two parts to be joined together, the object being to
provide 2 welded joint of adequate’ strength in relation to

S - . that of the thinner parent material.. The basic rule is that
protected extcrnally _ 2
- the thickness of the thinner member to be joined. It'is
" pointed out that the rule relates to the design

the effective throat thickness of the weld.is not less than
thickness
. of the members being joined, but this should not be less
than the thickness of the thinner member to be joined.

C

13

‘cither the inert gas ":.-‘""{1 o

e
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 BS.1500 : Part 3 : 1965

*"Materislthiskoess |- . Edge preparation

] G oo Flangmg Would bc used only
20 SWG = 0036 in - | where! square-edge close butt’ -
“and : © | welds are impracticable, If .
16 SWG = 0064 in backing bar is  used it should ' :
S s conform to Fig. 54, . =

.| 'Where a backmgbi'r'ﬁﬁnotbe e
©  I'used, welding from both sidleg is
recommended T

.| Where nbacﬁng bar cannot be.
Iused welding from both sxdu s
recommcnded. )

If no backing bar is used, it is.
good practice to chip back to-
sound meml and addsealmgmn.

A

.

a. If no backing bar is used, chip
_{ back to sound: metal and add
—f * | 5. Chip back first run to sound
¥421in | metal before welding underside.

(@) 20r 3 runs (6) 2 or more runs

602 ! Lo
(/ N . . [,‘.
iy aChprackﬁ:struntosound
46 in"rad. | metal before welding underside.

: N Prcheatmg may bc nmary ‘

b, Clup back ﬁrst run to sound
Y o3 | metal and-“add \ sealing run,
"1 in . Prchcatmg may bc Beoessary,

i

(2} 2 or more runs | (¢)4 or mere runs

“Fig 2. “Typical edge prepamuons for Inert-gas tungsten-arc welding’ (dmhand butt weltk)
(Abltractm t'ram BS. 30]9 ‘Manual merl-sus 1ungslen-arc weldmg Part 1, ‘Wraughl nhxmnmum alloys nnd mamum 8“0!’!
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Material Thickness , B Edgepﬁpura_ﬂm , ‘ 'f:‘ U ‘Remacks e

Jeinto 34 in C g 7 7

A,,_E‘: ' . _ T . ‘ : . : ' ’

3 R — Vertical butt weldsbythedoublc

| < ‘ | operator techmque
V/////\\&\\:?

-

¢ Yinto ¥ in

. %2
. * ' Fig. 3, Typ:cal edge preparations for manual mert-gns tungsten-arc weldmg N ‘
i 1 {Abstracted from B.S. 3019, Part 1) , o &

Fig. f hickoee, @ - , Edg:preparnﬂon ' A Rmh T

IG'40 Meinto Hain ) W

) o o Weld from both sldm,\ mshung va
4h 4into 34in N " recommended Y4 in s maximom
{ o ) [ material - thickness far _ positional

welding. 2,

o
]

- _ . 7, . | Weld in one run. Suitable also for
4c ¥ein to 3% in 4 3 positional weldmg, when welded from
H

U - V.__J_L : both sides.

(]
I

70%00° B

. ~ ;. Q 77 ‘ . Temporary flat alumln.um backing
’ ! ‘ 3 b onal.
ad Y into ¥ in : J_ ) 3 ] ar  opti QOne or “more runs
: T
1

T — I

r.

One or more ruas from. onc side, R
depending on thickness. Smtable also ‘ '

: ) ‘ TR —i_-;é_ '
! N e Le, s VI
de %into % in ‘ : i i m -
‘ - %_L for posmonal wcldms. s
. e = e Ygin . B

Fig. 4. Typical edge preparations for inert-gas metal-arc welding L S . ,
{Abstructed from B.S. 351! ¢ Manual mcrt-gas metal-are welding !, Pari 1, * Aluminium and aluminium ulluys ') ‘ Co o

e L Al . ' i
. |

B ¥ S ‘

- . ° L ' g

o O _ 5 P, jDchm‘ents‘.:l-«
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1"2-

Up to ¥ain (I6) root gep. Onoe or
more runs from ecach side, Back
chipping recommended after first run,

Fig. 4. 'I‘ypienl edgemﬁohs for ineﬁ'-@s metal-arc welding (cont.)

Plate thickness Edge Preparation

5 Fo0

Fuse root -with tungsten arc torch
using filler wire where necessary.
Complete joint by either insert gas
tungsten arc or metal arc welding.
Joint misalignment shall not exceed
Y53 in. . -

rad.

AN

74 \NNAAXN

¢
N
LR

. Yain

2 Fig. 5. Typical joint preparations for fall fusion butt-weld where one side only is accessible. These may also
ST e T be used for welding pipes” . ' LR
 (Fig. Sais abstracted from B.S, 3019, * Manual inert-gas tungstan-arc welding *, Past 1, * Wrought aluminiunt, aluminius alloys and magneaium

‘ L PR T L alloys) o Gl e CTEU

2
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D. LIGAMENT EFFICIENCY

1. Where a shell s drilled with rmultiple holes its strengthis -

reduced in proportion to the amount of mezal removed, and
according to the disposition of the holes, The, ¢ ligament

efficiency * shall then be obtained from the formulae set out

below,

SYMBOLS o i

2. ‘The following symbols arc used in the various formulae.
Fig. 6 shows the meaning of the various pitch symbols

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 unequal pitching. -

P, = the longer pitch of two adjacent pitches, in inches, N

_ 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. 6d, P, should be taken as twice the value of

] . ) ‘
P = distance between the lines of centres for tubes
arranged in one staggered row, as Fig. 64.

d = the mean cffective diameter, in inches, of tube
holes, allowing for any serrations, counter boring
Or recessing. T o
: . longitudinal stress on Line AB
K = the ratio of circumferential stress on Line CD

" """ See Fig. 6¢.

LIGAMENT EFFICIENCY FOR HOLES'IN LINE

3. a. Equal pitch. Where the distance between the centres .

of holes is constant; as in Fig. 62 .~ .- .

oo jé Pl k

b. Unequal pitch. Where the distance between centres of

holes is unequal, as in Fig. 6b: . L d ‘
' iy Py ke Py—2d ‘ -

o J - P Py Equagon @

. 'When applying the above.formulac the double pitch

(P, + Py chosen shall be that'which makes Ja minimum,

and in no case shall Py be taken as greater than 1-3P;.

¢. Circumferential pitch. “The - circumferential pitch

" between parallel rows of tube holes, measured on the mean
of the external and internal sheli diameters, shall be such

that the circumferential ligament efficicncy is equal to, or

" greater than, balf the ligament efficiency on the longitudinal

axis, unless the ¢ircumferential stresses are reduced so as to
prevent the longitudinal stress exceeding that permitted by
Table 2, Co . .

LIGAMENT EFFICIENCY FOR STAGGERED HOLES

4. For staggered hoics‘ as shown in Figs.'Gc. 6d, and Ge,
reference s,hqqld,,be made to B.S, l; 13%, ‘

* B.S. 1113, Water-tube boilers®,

' BS.1500 : Part 311965 -

Equation ) o
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. i

_ Longitudinal axis.
of vessel

— £, —=—=| {Not 1o be'Laken as greater than

P - c

Vof vessal, .
D o

Longitudinal_axis.
- of vessel i,

o \_\ Z Longitudinal axis
' ‘H.ol' vessel

Longitudinal axis
of vesse|

Actual position Assym\éd position bl_bpéﬁing‘;iér B
. of opening _© purposes of.calculation
Fig. 6. Symbols, etc., for ligament efficlency

A
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d . E CYLINDRICAL SHELLS - .

.. by, the following formulac and shall .be increased if
neoessaly to mect the rcqum.meuts of Section Three A.

b For supports and suﬂ‘eners, sce Sectxon Three M

SHEI.LS SURJECT 'I'O INTERNAL PRESSURE

i a Symbols The following symbols and values are

.t used in the design of cylindrical and spherml vessels
subject to internal pressure:

? = minimum thickness of shell platcs in mchas
p = design pressure in lbflm' ]
D; = inside diameter of shell'in mehas
.D = outside dJa.rneter of shell i m inches. ' . |

= diameter of neutral axis of suji'cncr in inches,

E modulus of elasu:::ty lbflm’ from Table 3.
f = design stress in Ibffint from Table 2.

- J = joint factor as shown in Table I or the ilgalnent
efficiency as g:ven in Section Three D, whichever
is applicable. -

' determined by equation (3) or (4)

- Equatioln (4)

c. Sphericai shells. The thlckness of shells sball bc
dctemuned by equatlon (5) or (©): -

Equation (5)

- or L '

d’ Combined Iaadmgs (|) The value of thc maximum

. axial stress obtained from equations (7), (8), (9), (10) or
+ . (11), shall not exceed the design stress at the operating
‘temperature shown in Table 2, and in no case shall the
.. compressive stress obtained from equations (8) and (10)
: "exowd the value obtamed l‘rom Table 4 where

greatly increased by work hardening, should be used when possible.

at welds does not affect the rigidity of a vessel, and the design
stresses at the appropriate hardness may safely be taken from
Tablk 4.

. 1. a. The thickness shall be not less than that calculated

b, Cylindrical: shells. The thickness of shells shall be °
— value obtained from Table 4 where:

iiquation 3

- NOTE, Pure aleminium and those elloys whose proof stress is .

in one of the harder conditions as given in Table 23, Local softening -

‘ (li) Vertical vessels. For vertlcal vessels the maxi-
mum direct axial stress resulting | from the combined effects °

or other causes, and the total weipght of the vesscl, attach-
ments and contents shall be calctﬂated in acoordanuc with

equanons (D and @): . L R ‘

(1) Under operarmg cona‘mons

f_pDo BM W
w=Di =D

NO'IE. Ncm.uv: values denor.e compressw lrcsscs.

(2) Under conditions of armosphenc mremal
pressure ‘ S ' L

. a 48M 1 - .’-:';'s..\"J‘
) f}— =DY T og|

where RS : ‘ .
w M bendmg moment at pomt under ‘con.sldemtlon

;;"“,_- "1 S inpoundsdeet. . @

W lotal weight at point under cons:derauon in
- pounds. .

The value of maximum a:ual stress obtamed f'rom
equation (7) or equation (8) shall not exceed the desngn
stress at operating temperaturc shown in Table 2 and in
no case shall the compressive stress, indicated by equa- .
tion (8), or a negative value of equation (7), exceed the -

A=0 125}:- ' R
O
'(iii) Horizontal vessels. For horizontal vessels sup-

L ported at two or more points on their length, the maximum
" direct axial stress resulting from internal pressure and

bending moment due to the weight of the vessel and its
coul.cnts, shall be calculated as follows:

(1) Under aperarmg conditions - o
pDo 48M - E .
f = + = =Dt Equation (9)
2 Under candumns of armosphenc mremal
pressure;
48M
f= b5

The value of maxrmum axial stress obtamed from
equation (9) or equauon (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 lhe value obtamed from Table 4
where:

 Equation (10)

SH.ELLS SUBJECT TO EXTERNAL PRESSURE

3 a Symbals The followmg symbols and values are
used in the design of cylindrical and sphenml vessels

Subject to extemal pressure:

: {j'- = minimum thickness of cylmdncal or sphen-
,',cal shell, inches. L

‘" p .= design external pressure, Ibf/in®.

*BS. 446. * The use of structural stee? in buildings ' gives recom-
mendations for the calculation of wind ",nads on stenctures, .

e 19

of internal pressure, bending moment due to wind loads* =

1

ns 1500 : Par:3 1955

TR
LA

“Documents
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" mum pre

= outside diameter of cylmdnca.l or spherical
shell, inches. . :

= diameter of the ncutral
inches. -

D,

D,
L

f
I

~ (SeeFigs. 7to 11.) . . .
= design stress, 1bi/in* from Table 4.
= moment of inertia, in* of stiffening rings.

axis of the stiﬂ'enér,

)

— external radius of sphéﬁ&g] vessel, inches. )
— effective length of Gylindrical shell, inches. | -

The rules given hefein apply to the design of cylindrical

~ and spherical shells with or without stiffening rings, for

which the chart, Fig. 12, shall be used to determine the
.. minimum shell thickness. The value of the design pressure

. 10 be used in calculations shall be not less than the maxi-
‘ differential that may occur between the
outside and inside of the shell in question. The possible
influcnce of steam .or vapour condensation should be
considered. Superimposed plate stresses resulting from
. local supports (see Scction Three A, Subclause’4b’ (i) ),
should be compensat
shell plate thickness at the supports. - L

b. Cylindrical shells. Refcrring to Fig, 12, the thickness
of a cylindrical shell under external pressure, whether itisa

scamless shell or has butt welded joints, shall be not Jess

. than that determined by the following procedure: -

Assume a value for thickness ¢ and determine the ratios .

%‘— and % Enter the chart, Fig, 12, at the horizontal scale
o e

value equal to % and move vertically to the sloping line
representing the value of %’— Move horizontally to the left
and read off the value of Factor A on the vertical scale.
Enter Table 4 with the value of 4, read. off the design
stress corresponding to the design temperature and enter
. . . 2ft. Lo AR
this stress in the expression p = 7= :
. B o
If the value of p so obtained is less than
value, the chosen value.of ¢ must be increased and the

chart re-<atered with a new value of ¢ such that the re-

"required design pressure is obtained.

NOTE. The above procedure is based on the assumption that the
value of L is already established. Examples in Appendix D of
‘B.S. 1500, Part 1, illustrate the procedure to be adopted in the case
" of an existing vessel when it is the value of L that is required. -

c.
of a spherical shell under external

shell is seamless or has butt-wcldedjoints, shall be not less
than that determined by the following procedure:

TABLE ‘4. DESIGN STRESSES LBF/IN® FOR
For NS material.’ T

the design -

Sﬁherical shells. Referring to Fig. 12, the thickness "
pressure, whether the

,external pressure

. Assnﬁzq‘g j}alhe for thlclmas :l""i_md dctermme tﬁq ratio

equal to 2

horizontally
on the vertical

and move vertically to the sphere line, ‘Move

to the left and read off the value of Factor 4
scale. Enter Table 4 with this value of 4,

- read off the design stress corresponding to the design .

temperature and enter this stress in the cxpression p .=j‘,2ﬁ“ '
If the valus of p'so obiained is less than the design
value, the chosen value of 7 must be increased and the

Shart re-entered.with 2 new value of -E;’ such that the re-

quired design pressure is obtained. S
" Pure aluminium and those alloys whose proof stressis . :
greatly increased by work hardening, should be used when
possible in one of the harder conditions. Local softening
‘at welds does not affect the rigidity of a vessel, and the
design stresses at the appropriate hardness may safely be

ted for, preferably by increasing the ;. taken from Tabled. .

d. Combined loadings. o
@ Vertical vessels. For vertical vessels subject to
the maximum direct axial compressive

! stress, resulting from the effects mentioned in Subclause 24

. above, shall be calculated as follows: -

" whersi”

K ‘ . .48 W
f =[’-’4ﬂ°+ M

t = wDgry wD.t]

 Equation (I1)

.p = design external pressure, [bf/in’

.M = bending moment at point under consideration
..+ in pounds-fect. ’ ¥ '
! W = total weight at point under consideration in .-
© . pounds. . ‘ ' o

The value of maximum axial stress obtainedfrom :
equation (11) shall not exceed the design stress at operating
ture taken from Table 2, and in‘no case shall it

_ exceed the value obtained from Table 4 where:

% © ,The.value of maximum axial s

| o4 =0125E Ibffint

Y - (ii). Horizontal vessels. For horizontal vessels sup-

orted at two or more points on their length, the maximum
direct_ axial stress resulting: from external pressure and
bending moment due to the weight of the vessel and its -
contents, shall be calculated as follows: T et

Eh : D, ., 48M| . Lo T

o= [347" + ;57] e Equaton{ld)
ay ress: obtained from -
‘equation (12) shall not exceed the design stress at operating .
femperature
~exceed the value obtained from Table 4 where:
o . . . L

VESSELS SUBJECT TO_ EXTERNAL PRESSURE

Deslgn

Values of Factor A from Fig. 12

Temperature °F :
«| Up to 180 |.

00 | ;700

10A

Uptol30 |

Enterthe chast, Fig, 12 at the erizonal sl vale

taken from Table 2; and in no case shall it
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o

d
—
-

Welded stay ‘blocks, piteh not - L Screw stays, pitch not to exceed

to exceed distance calculated : I4¢ or distance ‘calculated {rom

- .. 7rom Fig. 14 . C - - - Fig:14 whichever is less .-
i v . N

=

f€«——— Internal or external F'i'tﬁnqs that provide
sdequate support to shell .7

I . men

Co H ' "
Lo, }‘-@of stiffener

- Figmt
NOTE. Allowznce * X" to be made for each end of vessel.
Eﬂuﬁvelmgthofcylkﬂmmbjectgne;tqmjme*

A =
) 2

o

Documents
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. [(t-—-c For' cyllndr!ml shells :
Values °f :/(t—c for spheres and domed ends \L

200 300 4

<
[
o
m:’_
@
32
g
>

4

30 40 50 60 "“80 100

Fig. 12 Chart for the design ol'vessels under external prme

i
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4. a. Intermediate stiffening rings composed of structural
shapes welded continuously to the inside or ouiside of the
shell shall be such that together with a permissible length
of shell on each side of the stiffener (see Fig. 13¢), the

moment of inertia I of the combined section is not less

_01DPLDS

The permissible length of shell (L) which may be regarded
as effectively contributing to the moment of inertia of the
stifﬁ'gning section shall be calculated as fq]]ows': R
L Ls=0754/10 Do " Equation (14)
but in no case shall Lg be taken as greater than L.
B Stiﬁ'cni'ng"' riﬁgs'xiot welded to"‘ﬂu;‘; shell but fitted
inside the vessel in close contact with the sheil and pro-

- BS.1500 : Part 37 1965

.of ineﬁiia Inot less than that required by equaﬁon (13). In

this case no support by the shell plate shall be taken into

MIML

¢. Stiffening tings shall extend completely around the
circumference of the shell and any joints shall be so

 designed as to develop the full stiffness of the ring,

"'d. Stiffening rings arranged with{locél spaces between' -

' the shell and ring, as shown in Fig. 13, shall be the subject

of special consideration, but in no case shall the kngth of

. unsupported shell plate exceed the value given in Fig. 14.

"¢ ‘Rings for supporting trays etc. in fractionating °

columns . and similar constructions may be used as.

' stiffening 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-

vided with adcquate lateral support shall have 2 moment +  stantially continuous ring.
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