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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. [SO shall not be held responsible for identifying any or all such patent rights. D¢
ent rights identified during the development of the document will be-in ‘the Introductior
[SO list of patent declarations received (see www.iso.org/patents);

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to'the WTO principles in the Technig

committee responsible for this documentis ISO/TC 58, Gas cylinders, Subcommittee SC 3, Cyli

21172 consists of the following parts, under the general title Gas cylinders — Welded sté
ms up to 3000 I capacity for the transportof gases — Design and construction:
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Introduction

The purpose of this part of ISO 21172 is to provide a specification for the design, manufacture, inspection,
and approval of welded steel gas pressure drums.

The specifications given are based on knowledge of and experience with, materials, design requirements,
manufacturing processes, and control during manufacture of steel drums in common use in the countries
of the participating members. Pressure drums is intended to be designed, manufactured, and closed so
that during normal conditions of transport including the effects of handling, temperature, vibration,
humidity, or pressure, there will be no release of dangerous goods that would endanger public safety.

This part qf ISO 21172 is intended to be used under a variety of national and international regulatory
regimes. Where there is any conflict between this International Standard and any applicable regulation,
the regulafion always takes precedence.

This partof ISO 21172 has been written so thatitis suitable to be referenced in the UN Model Regulatipns.

vi © ISO 2015 - All rights reserved
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Gas cylinders — Welded steel pressure drums up to 3 000
litres capacity for the transport of gases — Design and

Cco

nstruction —

Part 1:

C

Thi
con
pre
pre

2
Thd
ind
refq

ISO

ISO
wel

ISO
ISO

quality requirements

ISO
ISO

ISO
excl

ISO
ISO

pacitiesup to 1 000 1itres

Scope

5 part of 1SO 21172 specifies the minimum requirements for the material, design, f
struction and workmanship, inspection, and testing at manufacture of| refillable welde]
ssure drums, hereafter referred to as drums, of volumes 150 I to £~000 1 and up to 3
ksure for compressed and liquefied gases. Only cylindrical and spherical containers are d

Normative references

following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referenced documént (including any amendments) applig
148, Steel — Charpy impact test (V-notch)

1106-1, Recommended practice for radiographic examination of fusion welded joints — Pa
led butt joints in steel plates up to 50 mht:thick

2063, Thermal spraying — Metallic:and other inorganic coatings — Zinc, aluminium and thj

3834-2, Quality requirements for fusion welding of metallic materials — Part 2: Com

4136, Destructive tests.an welds in metallic materials — Transverse tensile test
4978, Flat rolled-steel products for welded gas cylinders

5817, Welding”— Fusion-welded joints in steel, nickel, titanium and their alloys (beg
uded) — Quality levels for imperfections

6892, Metallic materials — Tensile testing at ambient temperature

abrication,
d steel gas
DO bar test
overed.

nt and are

spensable for its application. For dated references;.only the edition cited applies. F¢r undated

S.

't 1: Fusion

eir alloys

prehensive

m welding

7438, Metallic materials — Bend test

ISO 9328-1, Steel flat products for pressure purposes — Technical delivery conditions — Part 1: General
requirements

[SO 9328-2, Steel flat products for pressure purposes — Technical delivery conditions — Part 2: Non-alloy

and

alloy steels with specified elevated temperature properties

[SO 9328-3, Steel flat products for pressure purposes — Technical delivery conditions — Part 3: Weldable

fine

grain steels, normalized

1SO 9328-4, Steel flat products for pressure purposes — Technical delivery conditions — Part 4: Nickel-alloy
steels with specified low temperature properties
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ISO 9328-5, Steel flat products for pressure purposes — Technical delivery conditions — Part 5: Weldable
fine grain steels, thermomechanically rolled

ISO 9606-1

, Qualification testing of welders — Fusion welding — Part 1: Steels

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

[SO 10920,

Gas cylinders — 25E taper thread for connection of valves to gas cylinders — Specification

ISO 11114-1, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 1:
Metallic materials

ISO 11114-
Non-metall,

ISO 11114
contents —

ISO 11116
Specificatic

ISO 13769,
ISO 15607,

ISO 15613
based on pr

ISO 15614+
ISO 17637,
ISO 17638,
EN462-3, N

ASTM A28
and interm

2, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Pa
ic materials

L4, Transportable gas cylinders — Compatibility of cylinder and valve materials with
Part 4: Test methods for selecting metallic materials resistant to hydrogen embrittlement

L1, Gas cylinders — 17E taper thread for connection of valves to gas-cylinders — Par
ns

Gas cylinders — Stamp marking

Specification and qualification of welding procedures for,metallic materials — Qualifica
e-production welding test

1, Steel welding procedure qualifications

INon-destructive testing of welds — Visual testing of fusion-welded joints

Non-destructive testing of welds — Magnetic particle testing

Jon-destructive testing — Image quality-of radiographs — Image quality classes for ferrous me

5/ASTM A285M-03 (2007), Standard specification for pressure vessel plates, carbon steel,
pdiate tensile strength

3 Termis and definitions

For the pui
31

poses of this doCument, the following terms and definitions apply.

yield stremgth

stress value corresponding to the lower yield strength, R, or, for steels that do not exhibit a defi
yield point, the 0,2 % proof strength, Rpo2 for carbon steels; and 1 % proof strength for auste
stainless steéls, Rp1,0

Specification and qualification of welding procedures for metallic materials — General rule§

't 2:

gas

t 1:

fion

tals

low

ed
itic

3.2

normalizing
heat treatment given to the steel by heating to an uniform temperature above the upper critical point
(AC3) of the steel and then cooled in a controlled atmosphere or still air

3.3
stress reli

eving

heat treatment given to reduce the residual stresses of the steel

3.4
batch

quantity of finished drums of a specific type made to the same design, size, and material specifications; using
the same welding procedures and heat-treated under the same conditions of temperature and duration

2
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test pressure
pressure applied to the drum after completion of all fabrication

3.6
fini

shed drum

drum which is fully assembled and appropriately stamp marked, but without any external coatings

3.7

rolling bands

circ

umferential rings attached to the drum to protect it from external damage

3.8
hot
soli

4

Evalluation of conformity should be performed in accordance with the(regulations recogn

cou

To €
and
aut

Equ
cali

5
5.1

5.1

Materials for the pressure envelope shall conform to ISO 4978 or ISO 9328-1 to ISO 9328-4

stegq

For
AST

5.1

The
sery

pressure welding (forged)
 state joining of two metallic parts by the application of heat and pressure

Inspection and testing

htry(ies) where the drums are intended to be used.

porized by the applicable regulation.
brated within a documented quality managementSystem.

Materials
General provisions
1 Materials for the pressure envelope

Is and ISO 9328-5 for austenitic stainless steels and austeno-ferritics steels.

drums made using hot pressure welded heads according to Annex D, the materials shall
M specificationnA285/285M, Grade A and have a minimum tensile strength of 310 MPa.

2 Thematerials used for the drum

riee and meet the applicable requirements of ISO 11114-1, ISO 11114-2, and ISO 11114-4.

zed by the

nsure thatthe drums conforms to the requirements of ISO 211721, they shall be subject tolinspection
testingin accordance with Clause 16 by an inspection body(hereafter referred to as “the inspector”)

ipment used for measurement, testing, and examination during production shall be maintained and

for carbon

conform to

materials used for the drum, including welded zones, shall be compatible with the infended gas

Components (e.g. bolts and studs) in contact with the gas shall meet the applicable requirements
of ISO 11114-1,1SO 11114-2, and ISO 11114-4.

5.1.3 All parts welded to the drum

All parts welded to the drum shall be made of material that is compatible with respect to weldability

and

strength (e.g. from ISO 9327).

5.1.4 Welding consumables

The welding consumables shall be such that they are capable of giving consistent welds with the material
properties at least equal to that specified for the parent material in the finished drum.
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5.1.5 Conformance

The manufacturer shall obtain and provide certificates to verify conformance to the material
specifications for the steel used for the construction of pressure retaining parts of the drum. If the
minimum values of the yield strength of the material guaranteed by the steel manufacturer for austenitic
stainless steels are greater than the minimum specified in the material standard, then this higher figure
can be used in the design calculations, up to a maximum enhancement of 15 %. It shall be ensured that
the heat treatment (if any) will not affect this minimum guaranteed value.

For all pressure bearing parts of the drum, the manufacturer shall ensure the traceability of the steel
casts that they have been manufactured from.

5.2 Heat treatment

Completed| drums made of carbon steels shall be stress relieved or normalized. Stress relieying
parameterf shall be in accordance with the material specification listed in 5.1.

The manuffacturer shall record that the drums have been heat treated after completion of all welding
and shall record the temperature and duration of the heat treatment applied.

Localized heat treatment is not permitted.

6 Design

6.1 Design stress

At the test pressure, the design stresses

a) fc(maxyimum allowable stress for the cylindrical seétion of a drum),
b) fe (majimum allowable stress for the dished énds of a drum,

¢) fp (maximum allowable stress for the padumaterial of a drum), and
d) fs (mayimum allowable stress for the spherical section of a drum).

It shall not|exceed 0,77 Y, where Y is the minimum guaranteed value of yield strength of the materigl in
the relevant part of the finished-drum).

6.2 Design temperature

The mininfum designireference temperature shall be equal to or less than -20 °C, and the maximum
equal to ormore than +65 °C.

When declding the test temperature, the actual drum wall thickness shall be taken into accqunt
(see ISO 21028-2 which explains the reason).

6.3 Calculation of thickness

6.3.1 Cylindrical wall

The minimum cylindrical section wall thickness, a1, shall be not be less than the maximum value of
thickness calculated using Formula (1), Formula (2), and Formula (3) [or Formula (4), if applicable].

__PnxDg

10 207, @
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_K pp xDy
20T+ph

pn is the test pressure;
Do is the maximum outside diameter of the drum;

fc  is the maximum allowable stress for the cylindrical section of a drum;

(2)

Thevalue of Kis givenin 6.3.3.2 and the minimum thickness of the cylindrical shelli§ given by F
D
az = —0 + 2
250
whgre

where a is the minimum thickness of cylindrical shell or dished end based on handling c
highly toxic gases whose LCsg is less than 200 ppmV is given by Formula (4):

where

6.3

Thd
thid

wh

K is the shape factor of the dished ends;

is the minimum value of tensile strength guaranteed by the drum manufactuner

Do is the maximum outside diameter of the drum.

Dy
a, =—+4
250

Do isthe maximum outside diameter of the drum.

2  Spherical shell

minimum thickness of-a-wall of spherical section shall not be less than the maximul
kness calculated using Formula (5) and (6).

pn x Dy

S1 1y =———LL
1M 40r, 10,

bre

ph , isthe test pressure;

brmula (3):

3)

iterion for

(4)

Im value of

(5)

D¢’ is the maximum outside diameter of the drum:

fs is the maximum allowable stress for the spherical section of a drum.

Ph XDO
51(2) =2,25——
40T + P,

where

©IS

pn is the test pressure;
Do 1is the maximum outside diameter of the drum;

T is the minimum value of tensile strength guaranteed by the drum manufacturer.

02015 - All rights reserved
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6.3.3 Dished ends

6.3.3.1 Types of dished end

For a drum with concave ends, the minimum thickness, b1, of the wall of a torispherical end or ellipsoidal

dished end
bl =K-

where

K is

en
ai is

If a drum is
ai as calcu
calculated

6.3.3.2 S
The shape f
where:

is
is
is
The value f

For an ellifg

H,=H

For a torispherical end:

He =t

where

shall be not less than:

a

(7)

the shape factor of the dished ends; the value of K (see Figure 1) varies with the shape 6f
ds. The value of K shall not be taken as less than 1,0;

the minimum cylindrical section wall thickness calculated in 6.3.1.

made of two dished ends, the thickness of the straight cylindrical part shall be not less t
ated according to 6.3.1. If a drum is made of two hemispherical ends, their thickness sha
according to 6.3.2.

hape factor

actor K is determined and taken from Figure 1, using the appropriate values of He/Dg and by,

'he equivalent height of a dished end for determinifig the shape factor;
'he external height of the domed part of the end;

the maximum outside diameter of the drum.

or He is determined using Formula (%) and Formula (8). See Annex B for a calculated examn

soidal end:

D

DO>2

4R,

e minimum-value of either H,or or

the

han
1 be

Do.

ple.

(8)

(9)

He is

he equivalentheight ola dished end fordelermining the shape laclor

Hy
Do
Ry

ro

is the external height of the domed part of the end;
is the maximum outside diameter of the drum;
is the external radius of the crown of a torispherical dished end;

is the external radius of the knuckle of a torispherical dished end.

© ISO 2015 - All rights reserved
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The external height of the domed end for a torispherical end shall be calculated as:

Hy=Ry- \/[RO —%j(RO +%—2r0] (10)

where

Hp is the external height of the domed part of the end;

Ro is the external radius of the crown of a torispherical dished end;

Do is the maximum outside diameter of the drum;

ro isthe external radius of the knuckle of a torispherical dished end.

© IS0 2015 - All rights reserved 7
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KA b,/D, = 0,010

b, /D, = 0,005
v
L

b,/D, = 0,002
\
\ \

1,3

1,2

TN
LN

0,18 0,20 0,22 0,30 H /DO

Figure 1 — Shape factor (K)

6.3.3.3 Limitations of shape

For a torispherical end, Ry, shall not be greater than Dy, and rg shall not be less than 0,1D¢ nor less than
four times the thickness of the dished end as manufactured.

H
For an ellipsoidal end, the ratio —& shall be not less than 0,192.

Dy
In all cases, S¢shall not be less than 0,3,/Dt,

8 © IS0 2015 - All rights reserved
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Ro is the external radius of the crown of a torispherical dished end;

Do isthe maximum outside diameter of the drum,;

ro isthe external radius of the knuckle of a torispherical dished end;

He is the equivalent height of a dished end for determining the shape factor;

St is the length of straight flange on a torispherical or ellipsoidal dished end;

6.3

In the case of convex dished ends, the design shall be confirmed by a burst 'test and a f

(sed

Thd

NDT method. Figure 2 gives an example.

Dished ends convex to pressure shall not be used for drums designed to contain corrosive sy

te isthe thickness of unpierced end in location of an opening.

3.4 Dished ends convex to pressure

16.2.1.2).

arrangement of the end weld shall be such that it can be inspected By radiography or an

A

atigue test

equivalent

bstances.

-

N7

Figure 2 — Limits on vessel or shroud edge dimensions

6.4

Minimum thickness for handling

The thicknesses of the ends calculated from the pressure conditions (see 6.3) shall be increased if they

are

less than the value calculated using Formula (3) and Formula (4).

If shell and ends are made of different materials, the calculation shall be carried out for each component
using the appropriate properties.

©IS
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6.5 Fittings

6.5.1 General

Fittings (e.g. relief and level devices, eductor tubes...) shall be attached as defined in 6.5.2 to 6.5.5. While
there is no restriction on the number of apertures, their number shall be kept to the minimum consistent

with safe o
Openings s

Threads s

peration.
hall be located only in the dished ends or spherical sections of the drum.

ould be tapped to gauge, clean cut, even, and without cracks.

For openin
reinforced
reinforcen

NOTE '

6.5.2 Sci

6.5.2.1 F
of the pres
aluminium

are used, t
unloosenin

6.5.2.2 H

g greater than 15 mm, the fittings shall be attached to parts of the drum that are™oqd
by a pad, or to a flange or access plate of adequate thickness bolted to a flange.
ent details, see 6.5.6.

'hread standards acceptable to the competent authority can be used (e.g. NGT...).

rewed fittings

sure on the threads, then a sealant (e.g. PTFE tape, PTFE dispersion, a lead ferrule o
ferrule) shall be inserted between the threaded components to effect a seal. If parallel thre
e torques used for assembly shall be set both to ensure'a seal on the gasket, and to prey
g in transit.

6.5.3 Bollted connections

Bolted con
Studs shall

Joining sur]
tolerances

6.54 Pr

6.54.1 (

Drums sha
or support

hections shall be made with at least thrée bolts/studs.

be threaded to their ends.

specified on the design drawings (e.g. in accordance with ISO 1392).
btection of fittings

feneral

|l be such{that all fittings are protected and are situated inside the contour of the end shrg
structure, or in the case of those with reverse dished ends, the end of the drum.

6.54.2 H

pr valves with taper threads, the requirements of1SO 10920 and ISO 11116-1 shall be met.

ally
For

ittings up to 80 mm thread diameter can be screwed. If a tapered.thread is used with sealling

Fan
ads
rent

faces shall be flat and true in.accordance with the flatness, parallelism, and perpendiculalrity

uds

nd’shrouds

End shrouds not fitted with a reinforcing ring or if their shape is not as shown in Figure 3 shall have a
minimum thickness of 10 mm.

End shrouds fitted with a reinforcing ring or those do have a shape as shown in Figure 3, might have a

reduced th

ickness of 7 mm.

Shrouds shall have holes or cutaways to allow for drainage.

The top of the shroud shall be higher than the top of the valve protective cap so as to prevent damage
occurring to the valve/connector if the drum is dropped or hit.

10
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Key

6.5
Dru

Bot

6.5

6.5,

6.5
be d

using Formula (11):

whg

end shrouds
shape for reinforcing
dished ends

Figure 3 — End shroud reinfor¢ing ring

4.3 Frame protection
ms designed to be carried in their vertical positién might have a frame structure.

fom outlets and their external pipework shall;be protected from impact.
5 Fittings and valves protection

5.1 Inadditiontothe general protection specified in 6.5.4, fittings shall be provided withloca

5.2 When the drum is intended to be used for a toxic gas (LCsg less than 5 000 ppm.V),
overed by a metal domé or individual caps, having thickness of greater than 2.5 mm wher

Dy
15

re

D4 \is the diameter of the dome in mm.

protection.

Valves shall
calculated

(11)

A dome shall be capable of being hinged or moved to allow access for filling or emptying, and secured
for transport.

In case of leakage, there shall be a facility within the dome to allow venting of any gas within it.

6.5.5.3 Where the gas carried is not toxic, the protection of the valves shall be either a cap or a fixed
steel shroud mounted around the fittings.

The shroud shall allow access to the valves and fittings.

6.5.5.4 In the case of a container thatis designed to remain vertical, additional protection is not required
where the clearance between the fittings and the edge of the shroud or frame is atleast 100 mm vertically.

©IS
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6.5.5.5 Blank plugs, fusible plugs, and pressure relief valves shall not be obstructed and do not require
additional protection provided that they are mounted at a diameter of not more than 75 % of the diameter

of the shro

ud and do not protrude more than 30 mm from the surface of the drum.

6.5.6 Compensation of openings

6.5.6.1 Openings shall be placed on the ends and have their largest dimension, N, less than 0,5 D,
(see Figure 4).

6.5.6.2 The

be less tha

B=N-§

where

S s

miuila (1), Formula (2), Formula (3), and Formula (4) (see 6.3.1);

N is
The area o

In calculat
shell can b

p=

where

P mi

N is

te th

6.5.6.3 V]
the area ay
stresses (flC

a) theop
dished

portio

b)

the largest dimension of the opening.

b considered, where:

XL

iximum dimension of pads that canbgconsidered as compensation;
the largest dimension of the opening;

ckness of un-pierced endnylocation of an opening.

railable to béconsidered as compensation shall be multiplied by the ratio of the allow
/fs or fp/fe)@s appropriate. S shall not be less than bj or s1, except when:

bningand its compensation are located entirely within the spherical portion of a torispher
end;. then S shall not be less than the thickness required for a sphere equal to the spher
n of'a dished end:

the thickness of an un-pierced dished end or spherical section calculated using one of Fot

f compensation in the parts available for replacement shallbe'not less than B (see Figure

ng the area of compensation, only material up to a distance, P, from the actual surface of

not

12)

the

13)

Vhere the pad issmade from a material of strength different from the part to be compensated,

hble

ical
ical

the opening and its compensation are located in an ellipsoidal end and are entirely within a circle

having the radius measured from the centre of 0,40 Dy, S is the thickness required for a sphere
having the equivalent radius, Q, taken from Table 2. Intermediate values can be taken from Figure 5.

12
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A
(92
A
Key
area of compensation
- area removed
Figure 4 — Opening compensation
Table 1 — Radius, Q, of equivalent sphere
Q
HAD; | 0,17 | 0,18 0,19 0,21 0,23 0,25 0,28 0,31 0,36 0,4 0,45 0,5
opb; | 1,36 | 1,27 1,18 1,08 0,99 0,9 0,81 0,73 0,65 0,59 0,%4 0,5
© IS0 2015 - All rights reserved 13
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Figure 5 — Radius, Q, of equivalent sphere
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7 Lifting attachments and rolling bands
7.1 Vertical and spherical drums

7.1.1 Drums designed to be carried in the vertical position shall have structural steel members of
minimum thickness 5 mm to take the forks of a fork-liftinserted into the bottom structure. The configuration
of the pockets/structures shall protect the drum from being damaged during normal handling.

The fork apertures shall be positioned symmetrically about the drum centre of gravity and their size
shall be appropriate to accommodate the fork-lift forks which are to be used to move the drum.

The fork apertures shall be designed such that the drum cannot accidentally disengage from the forks.

7.1)2 Iflifting lugs are fitted to the drum, they shall be designed to withstand a design load ¢f 2 x drum
magimum gross weight.

Drums with more than one lifting eye shall be designed such that a minimum sling leg angle df 45° to the
horjzontal can be achieved during lifting using the lifting eyes.

Where four lifting eyes are used, their design shall be such that theyare strong enough t¢ allow the
drujm to be lifted by only two.

Where two or four lifting eyes are used, diametrically opposite lifting eyes shall be aligned with each
other to allow for correct lifting using shackle pins.

7.2| Horizontal drums

Redquirements for lifting lugs shall be as specifiedin 7.1.2.

7.3| Rolling bands

Where rolling bands are fitted to the pressure containing part of the shell

a) [they shall be attached by continuous fillet welds on either side of the band,
b) [the leglength of these fillet welds shall be not less than 5 mm, and

c) |[the proof of welding\péenetration at the welded junctions between the ends of rolling banjds shall be
not less than 10, mm, or with full penetration of the thickness of the rolling band if it is a|U profile.

If r¢lling bands are/fitted to a non-pressure part (e.g. a shroud) then intermittent welds of n¢t less than
50 % of the circumference are permissible.

For|carboirsteel vessels to be used in the horizontal position, external rolling bands are requjred unless
the|drdm( used is vertical or transported on supporting tray and if the external surface ig protected
from‘aggression.

For metallic coating, the requirements of ISO 2063 shall be met.

8 Manufacturing process — Welding procedures

The manufacturer, before proceeding with the production of a given design shall qualify the specific
welding procedures and welders to be in accordance with the requirements of ISO 15607, ISO 15614-1,
and IS0 9606-1 respectively. Records of such qualification shall be kept on file by the drum manufacturer
for a period of at least 10 years or as required by National Regulations.

Procedural qualification tests shall be performed in such a manner that the welds shall be representative
of those made in production.
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Requalifying of the procedure, as well as the welder, shall be required if there is a change in any of the
requirements included in ISO 9606-1, ISO 15614-1, and ISO 15607.

Qualification of the forge welding procedure shall be by hydrostatic internal pressurization. Pressure
shall be applied until the deformation of the jointis such that the head reverses itself. If the joint separates
prior to the head deforming, the welding procedure is unacceptable.

9 Fabri

9.1 She

cation

l sections

The cylind

9.2 Dish
The dished

All formin
not permis

9.3 Cold

Cold-formdq
temperatu

Ends disto

cold deforr

9.4 Hot
Dished end

10 Weld

Plates and
welding op
to hold in 4

The weldin
process. T}
a full penef

The weld b
plane of th

Fical shell shall be made from a single plate.

ed ends
ends shall each be pressed from a single plate.

b shall be done by stamping, rolling, or pressing machine. Local heating or hammerin
sible.

pressed dished ends

d dished ends shall be normalized after pressing by.using a heat treatment process
re above 650 °C.

ted during heat treatment beyond the allowable\limits shall be re-aligned, and if it is don
hation (e.g. in a press), a further heat treatment for stress relieving is required.

pressed dished ends

s pressed from plates heated to above 650 °C do not require heat treatment after formin

pd joints

heads that are being welded shall be fitted, aligned, and retained in position during
eration. Bars, jacks, clamps, or other appropriate devices, including tack welds, can be y
lignment the edge$to be welded.

g of the longitudinal and circumferential seams shall be by an automatic or a semi-autom
le longitudinal weld, of which there shall be no more than one in a cylindrical section, sha
ration batt'weld, and any backing bars shall be removed after welding.

eadreinforcement shall have a gradual transition from its maximum allowable crown to
e base metal surface.

g is

At a

192

S

=]

the
sed

atic
1 be

the

The circumferential welds shall be a butt weld, joggle joint weld or hot pressure weld (forged). See Annex D.

Vessels for

11 Surfa

use with corrosive gases shall not use joggle joints.

ce finish of material

The internal surface finish shall be specified and take account of the intended service of the drum. Any
scale or corrosion shall be removed using an appropriate method (e.g. shot blasting).Any surface defects
(e.g. pits, scrapes, rolled-in scale or press marks), shall be ground out so that the reduced thickness is
blended into the rest of the plate at an angle not less than 1:20.

16
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The depth of any defects shall be limited to 1,5 mm. The thickness at all such locations shall be measured

and

For

12

proved to be greater than the minimum specified.

carbon steel drums, before painting the finish of the external surface shall be specified.

Assembly

12.1 Temporary attachments

Any attachments (e.g. tacking strips and cleats) temporarily welded to the drum to facilitate

nufacture

sha
the

Thd
mat

1 be of the same material as the drum and shall be completely and carefully removed so asti@
drum. Any surface imperfections remaining after removal shall be made good by repairw

repaired areas shall be dressed to a smooth finish level with the surface of 'the adjag
erial and be subjected to a check for surface cracks using an appropriate yon-destruct

fto damage
lding.

ent parent
ive testing

(e.g} dye penetrant test in accordance with ISO 3879 or a magnetic particle examination in accordance
with ISO 9934).

12.2 Alignment of joints

The plate edges at all butt seams shall not be out of alignment by more than the limits dpecified in
[SO[5817 level C.

Where joggle joints are used, the fit of the mating parts shall be such that there is no gap greater than
0,5 mm before welding. When a joggling operation is performed on a cylindrical section, th¢se lengths

of y
ope]

12.

Any
gap

Att

inspected and 10 % of their(welds using non-destructive test (e.g. dye penetrant test in

wit
pre

If a

inspected using the same non-destructive test method chosen.

13
Un3d

beld that are deformed by the joggle shall be groutyd flush with the parent plate before t
ration and shall be crack detected before welding them into circumferential seams.

3 Attachments and fittings

5 shall not exceed 2,5 mm and any'change in the gap shall be gradual.

ichments to the pressure ehvelope (e.g. shrouds and skirts) shall have all their wel

h ISO 3879 or a magneticjparticle examination in accordance with ISO 9934) prior to fif
ssure drum.

hy defects are detected by the non-destructive test used, then all the attachment wel

Weld.déefect repairs

cceptable defects found during the manufacturing process described in Clause 15 and

he joggling

external attachments (e.g. shrouds-or-skirts) shall fit the contour of the part of the drunp. Any local

s visually
hccordance
ting to the

s shall be

Clause 16

shaH

15 < < H s lot 1
It TIUCIHIHIUVEU dITU TUTCAdIIIITIICU LU TIHIOUIL T bUlllleLC ICIiiuvdal.

Defects shall be repaired (e.g. by chipping, grinding, or machining out to sound metal) and re-welded.
Whenever a defect is removed by grinding or machining and subsequent repair by welding is not
required, the excavated area shall be blended into the surrounding surface so as to avoid sharp notches,
crevices, or corners. Care shall be taken to ensure proper weld penetration and complete fusion of the
fresh weld deposit with the plates and previously deposited weld metal.

Flame gouging could be used as an alternative method for cutting out defects provided the edges are
subsequently machined or ground back to sound material.

Where welding is required after removal of a defect, the area shall be cleaned and welding performed using
the same processes and qualified welders that are employed in the manufacture of the pressure drum.
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After a defect has been removed, and prior to making weld repairs, the area shall be examined by
suitable methods as specified in 15.5 to ensure that the imperfection has been eliminated. After repairs
have been made, the repaired area shall be blended into the surrounding surface so as to avoid sharp
notches, crevices, or corners, and re-examined using the same non-destructive examination method
that failed the initial repair, and by all other methods of examination that were required for the affected
area. After all repairs have been completed, it shall be ensured that the remaining thickness of the drum
meets the minimum design wall and head thicknesses.

14 Construction and workmanship

14.1 Thidkness measurement

To ensure maintenance of the minimum thickness as specified on the drawing, each finished-drum shall
be checked ultrasonically on a grid basis at a minimum side size 500 mm.

The measufrements will be made with a precision of 1/10 mm.

14.2 Out pf roundness

The out-of-foundness of the cylindrical shell shall be limited so that the difference between the maxinpum
and the miphimum outside diameter in the same cross-section is not mote than 2 % of the mean of these
diameters for two piece drums and 3 % for three piece drums and fof.spheres.

14.3 Strajghtness

The maxinjum deviation of the cylindrical part of the shellfrom a straight line shall not exceed 0,3 o of
the cylindifical length.

< 03% L

Figure 6 — Straightness

15 Testing and examination

15.1 Test plates

The tests on test plates shall take into account the design temperature of the drum with a minimum
equal to or less than -20 °C, and a maximum equal to or more than +65 °C.

Test plates for mechanical tests shall be provided as specified in 6.2 on one drum in every 50 drums
manufactured, except that for the first 40 drums of a new design, test plates shall be provided for 1 in
every 10 drums.

18 © IS0 2015 - All rights reserved
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If different welding materials or different welding processes are used on the manufacturing of the batch,
tests plates as specified above shall be provided for each of them.

15.

2 Provision of welded test plates

15.2.1 Test plates shall be provided at the end of a longitudinal seam, except in the case of spherical
vessels where separate flat test plates shall be provided.

15.2.2 The combined length of weld in each set of test plates shall be sufficient to provide material

for
disd

15.
she

platles shall be attached at the end of the longitudinal seam in order to be welded'at the same
ritudinal weld of the drum and shall be suitably clamped or reinforced to prévent excessive diistortion or

long
wai]
con

Wh
wit
The
Altg

15.
sur

15.

15.
sea
sea
of W

15.3 Number of testspecimens
Thg number of specimens required from each set of test plates shall be in accordance with T
When more than one specimen of a particular type is required, the specimens shall be t
apafrt as possible.
Tahla ?2 Numbar oftact cnacimans raauirad
Table2-——Number-oftestspecimensrequired
] Plate thickness
Test specimen
10 mm or less over 10 mm
Macro examination 1 1
Transverse tensile 1 1
Root bend 1b 1a
Face bend 1 —
Charpy 3 3

©IS

he tests rnqnirnr] fngnﬂ*\nr with any re-tests which mighf be necessary with suitable all

wance for

ards and cutting.

P.3 The material used for the test plates shall be from the same cast or to the same spécific
| plates of the drum and shall be of the same thickness as that of the shell plates represent

ping. Alternatively, test plates can be made by making an overlong cylindrical section and ¢
plete ring using a process not involving excessive heat or in the case of;spherical vessels, madsg

n respect to mill rolling and weld directions.
test plate shall be heat treated at the same time and canditions as the drum.

rnatively the test plate can be taken from a fully heattreated drum.

.4 For the bend test, the test plates welds shallbe dressed smooth and flush with, but no
ace of the adjacent plates.

P.5 Straightening of the test plates that have warped during fabrication shall be carried o

P.6 Test plates shall be subjected-to non-destructive examination to the same standard ¢
ms. If the non-destructive examination of a test plate reveals the presence of flaws, whic
n would normally requireepair, these flaws shall be avoided in the selection of the test pig
relded test plates shall ot be permitted.

htion as the
bd. The test
time as the

utting off a
separately.

bn impact tests are required, the test plate shall be oriented thesame as the cylindrical hody plates

below, the

1t cold.

s the main
N in a main
ces. Repair

hble 2.

hken as far

a  For abuttjoint made from only one side.

b

Not necessary in case of joggle joint.
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15.4 Mechanical tests

15.4.1 Tensile tests
Tensile testing shall be carried out as specified in ISO 4136 and ISO 6892.
Tensile strength shall be not less than the specified minimum value for the parent metal.

Except for stress relieved drums or if the information is already available from the material certificate,
tensile specimens T1 and T2 (see Figure 7) shall be made from strips cut in accordance with the

requirements of 16.2. The tensile specimen T3 shall be taken perpendicular to the longitudinal welded
seam (see Figure 7).
The form Ie;rd dimensions of the test specimen shall be as specified in ISO 4136. The face and baek off the
test specinjen shall not be machined, but shall represent the surface of the drum as manufactured.
1
2 33
_ 8
333 d
4 PP P S
> 5 Q
— 7
6
11
10
12
Keys
1 testplate-detail 7  rootbend test
2 rolling directiom 8—tomgitudiat-wetdedseam
3 tensile test 9 discard this area
4  macro 10 testplate
5 face bend test 11 longitudinal seam
6  charpy 12 shell

Figure 7 — Test specimen location for tensile testing
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15.4.2 Bend tests

Bend test specimens and the conditions and the method for carrying out the tests shall be in accordance
with ISO 7438.

Bend specimen un-machined surfaces representing the outside or inside of the vessel shall only be
lightly dressed so that the rolled surface of the parent metal is not wholly removed. Where the rolled
surfaces of abutting plates are not level with one another, one plate can be machined at each face to a
depth not exceeding 1 mm.

Bend test specimens shall be cut transversely to the welded seam. They shall be the full thickness of
plafesand shall have a width not less than 1,5 times the plate thickness. The edges shall be founded to
a radius not exceeding 10 % of the thickness tested.

Twg transverse bend tests shall be made. One test piece shall be tested with the surfacé corfesponding
with the outer surface of the vessel in tension, and the other with the surface cerresponding with the
inner surface of the vessel in tension. The diameter of the former, around which the test|specimens
are|bent, shall not be more than three times the thickness of the test specimen, and the tgst is to be
confinued until the two limbs are parallel.

On fompletion of the test there shall be no visible cracks or defects atthe outer surface of thg specimen.
15.4.3 Impact test

15.4.3.1 Except for the requirements set out in this clausg, the impact test (Charpy V-notdh) shall be
cartied out in accordance with the requirements of ISO 148.

For|drums made with hot pressure welded heads using ASTM specification A285/285M Grade|A material,
the [impact test (Charpy V—notch) shall not be required.

15.4.3.2 The test temperature shall be, with-a minimum design reference temperature of -2() °C.

15.4.3.3 Three impact test samplesShall be taken from (see Figure 7):

a) |each parent material (not«necessary for stress relieved drums, or if available from the material
certificate or for austenitic)stainless steel drums);

b) |each longitudinal wéld;

c) |one of the circuimferential welds (not necessary if the welding procedure is identical to that for the
longitudinalwveld).

15.4.3.4 Forthe parent material samples, the transverse impact test pieces shall be taken fr¢m the wall
of the drum. The notch shall be perpendicular to the face of the wall. The test pieces shall b¢ machined
only onfour faces with the inner and outer face of the drum remaining unmachined.

15.4.3.5 For the welds, impact test pieces transverse to the weld shall be taken. The notch shall be in the
centre of the weld and shall be perpendicular to the face of the pressure drum. The test pieces shall be
machined on all six faces. If the wall thickness does not permit a final test piece width of 10 mm, the width
shall be as near as practicable to the nominal thickness of the cylinder wall.

The average of three specimens shall meet a value of 27 ]/cm? for the test impact energy.

No specimen shall show a value less than 70 % of the average test impact energy value.

15.4.4 Macro examination

The macroscopic examination (see ISO 17639) shall show complete fusion and shall be free of any
assembly faults or an unacceptable defect.
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15.5 Non-

destructive examination of completed welds

15.5.1 General

Followingafullexternalvisualexaminationallweldedseamsshallbeexaminedbyradiography/radioscopy
or other method if the method is proved to be as sensitive as radiography.

Personnel performing non-destructive examination shall be qualified at least to level 1 and supervised
by personnel certified at least to level 2 in accordance with ISO 9712. Additionally, the manufacturer

shall put in

force a welding quality system (e.g. as described in ISO 3834-2).

15.5.2 RaLiiography/radioscopy

Radiograp

correspondling test plates. Sufficient overlap shall be ensured to cover the whole of the welded se

The welds

specified in ISO 1106-1.

Theimage

As circum

tested usirlg an alternative NDT method.

15.5.3 Rejection criteria

Acceptancg criteria shall allow for the detection of all significant'indications and as specified to ley
in ISO 5817 or level 2 in ISO 1106-1.

15.6 Failyre to meet test requirements

If any test
be taken f1
both of the

15.7 Lifti

Where lifting points are fitted, the désign shall be proven by a type test in which a sample attachme

tested to ty

In product
carried ou
eyes and t
accordance

s shall be taken of the entire length of each weld seam, together with the seams in

shall be radiographed in accordance with the general principles for X-ray\radiograph

juality shall be in accordance with Class B of EN 462-3 (or equivalent) [mages shall be retai

rential welds in hot forged welded drums cannot be adequately:radiographed, they shal

fails to meet the above requirements, two re-tests of the same type as that which failed s
om the same test plate and both of thése shall conform to the above requirements. If on|
se re-tests fail to conform, the drumis represented by these tests shall be rejected.

ng points
vo times the maximum gross weight without failure or significant deformation.

F by attaching-external weights to the drum. After completion of the lifting test, all lif
heir assoeiated attachment welds shall be tested for crack defects on 10 % of the batc
with [SO9934-1 and ISO 17638. If a defect is detected, then the entire batch shall be tes

All structu
the entire

al'welded joints shall be tested for defects, on 10 % of the batch. If a defect is detected, t

the

y as

ned.
| be

hall

g or

0t is

on, each liftingpeint shall be subjected to a lift test at the gross weight. These tests cam be

[ing
h in
fed.

hen

ateh shall be tested

It is not necessary to carry out lifting test on drums which are to be lifted via fork lift pockets.

16 Type

approval procedure

16.1 General requirements

A technical specification of each new design of drums, or drums family as defined hereunder, including
design drawings, design calculations, steel details, manufacturing process, and heat treatment details,
shall be submitted by the manufacturer to the inspector. The type approval tests detailed in the present

clause shal

22

1 be carried out on each new design under the supervision of the inspector.
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A drum shall be considered to be of a new design (family), compared with an existing approved design,
when at least one of the following applies:

a) itis manufactured in a different factory;
b) itis manufactured by a different process;
c) itis manufactured according to a different material standard according to Clause 5;

d) itis given a different heat treatment;

e) the protections of fif‘ringq arenotin the limitation of 6 5 4

f) |the number of the opening has increased;

g) |the inside diameter of an opening has increased by 50 % or more;

h) |the minimum design wall thickness or end thickness is changed by 25 % of ‘more;

i) |the water capacity has change by more than 30 %.
16.2 Type approval tests
16.2.1 Prototype tests

16.2.1.1 Pressure cycling test

A dfum representative of the design shall be subjected to 12 000 cycles, the upper pressurg being the
test pressure py, the lower pressure not exceeding\10 % of pp.

The design shall pass if there is no leakage ofpressure at the end of the test. A representatife finished
drum shall be used for the prototype work) This drum shall be scrapped after the compldtion of the
cycling testing.

The pressure cycling test is not requiived where:
a) |welding procedures meettfequirements of ISO 15614-1 and ISO 15613;

b) |at test pressure, the design stresses fc, fe, fp, and fs do not exceed 0,75 Y and 0,5 Rm.

16.2.1.2 Hydrauli¢hurst test

A dfum represéntative of the design and manufacture, including the nameplate (which mjght be the
drum designedor the fatigue test), shall be subjected (after the batch tests described on 18.7) to a burst
test]. The pressure shall be raised at a rate not exceeding 5 bar/min.

The design shall pass ifreversal of an end, or other plastic deformation does not occur ata pressujre less than
20 MMMMMM&@MW@ i i i ini shall be

a) 2,25 py, for a test pressure of less than 60 bar, and

b) 2,0 pn for a test pressure greater than or equal to 60 bar.
The burst test is not required where:

c) the rolling bands are not directly welded on the shell, but on intermediate plates fully welded
on the shell;

d) welding procedures meet the requirements of ISO 15614-1 and ISO 15613.
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16.2.1.3 Additional test

In addition, tests required in 15.1 to 15.7 shall have been performed.

16.3 Manufacturing tests on each drum

16.3.1 Vo

lume check

The minimum volume (water capacity) of the drum shall be checked against specification and recorded
by the manufacturer.

16.3.2 Ta

Each drum
tare weigh
normal fill

16.3.3 Pr

Each drum
operations
external cd

The water pressure in the vessel shall be increased ata controlled rate until the test pressure, py isreac

The vessel

and that thlere is no leakage.

The gasket
and to the

During the
illuminatig
deformatid

If bolted cdg

re-tested. It is not permissible to apply excess torque to cure a leak.

16.3.4 Pnjeumatic test

Alternativg
replaced b
considerin
be isolated|

e weight check

shall be weighed to an accuracy of 1 %, and the value stamp marked on the name.plate.
L shall include all non-removable fittings and internal and external coatings, consistent y
ng procedures.

bof pressure test

shall be subjected to a hydraulic proof pressure test at the test pressure, py, after all welg
and heat treatment of the vessel have been completed, but before any lining or interng
ating processes.

Khall remain under pressure, py, for atleast 10 mingo establish that the pressure does not

s used on all pads, bosses, and other attachiments for the test shall be of the same matg
same dimensions as specified for the operating duty.

test the outside of the drum shall*be dry, and it shall be possible (with good access

n. There shall be no pressure drop at the end of the test.

nnections leak, they shallbe.disassembled, the cause identified and corrected and the ve

ly, provided-adequate safety precautions are taken, the hydraulic pressure test car
 a pneumatictest at the same test pressure. Measures shall be taken to ensure safe opera
b the larger amount of stored energy, relative to the hydraulic test. The pressure source s
and vented; during 10 min the settled test pressure shall not decline by more than 1 %.

The pressuréeshall then be reduced to 6 bar, and all seams and joints examined for leaks by an appropr

The
vith

ling
l or

ned.
fall

rial

and

n) to examine the welded seamisxThere shall be no leakage and no visible permanent

Ssel

be
fion
hall

late

detection method (e.g. soap solution testing).

WARNING — It should be noted that pneumatic pressure tests require more precautions than hydraulic
pressure tests since, regardless of the size of the container, any error in carrying out this test is highly
likely to lead to a rupture under gas pressure. Therefore, these tests shall be carried out only after
ensuring that the safety measures satisfy the safety requirements.

16.3.5 Final inspection

Each drum shall have a final internal and external examination. If a drum fails to meet the specification,
it shall be rectified or rejected. Information to be marked.

24

© ISO 2015 - All rights rese

rved


https://standardsiso.com/api/?name=f3e89bd3431c539fcf72a80097467d97

IS0 21172-1:2015(E)

16.3.6 Tightness test

Each drum shall be subjected to a leak test at a minimum pressure of 6 bar (e.g. using dry air or nitrogen
as the pressure medium) when fitted as for use with studs, nuts, joints and valves.

The joints shall be tested for leaks using a soap solution, or a method of equal sensitivity.

17 Marking

17.1 Drums

Each drum shall be permanently and legibly marked in accordance with the requirements.of{ISO 13769.

Requirements for markinginrelevantregulations override the requirements givenin thispartof1SO 21172.

17.2 Hot pressure welded drums

For|hot pressure welded drums, the symbol “X” shall be added immediately following the ISQ) number.

17.3 Pressure drums for very toxic gases (LCsg less than 200 ppmV)

For|pressure drums approved for very toxic gases, the symbol¢“T* shall be added immediatelly following
the|ISO number.

17.4 Position and size of marking

All markings shall be made on a plate either welded to the head of the drum, or on a plate sedurely fixed
to 4 shroud, support or other part that is a perimanent part of the drum. The plate shall haye space to
mark re-test dates. It shall be positioned so that it is accessible for re-stamping, but is ndt damaged
under normal handling. The drum serial ntimber shall be in characters at least 10 mm high. (ther drum
markings shall be at least 5 mm high.

18|Certification

181 Type approval

For|each batch of drlunis, a certificate of type approval shall be made and issued by the inspector,
certifying that the design conforms to the standard. A unique number shall be assigned tp this type
approval. A typéapproval number can be used for several batches of manufacture.

The approvalcertificate shall include details of any special tests that have been necessary.

18.2CManufacturing conformance

Certification shall also be produced that confirms that all the drums made in a batch have been fabricated
in accordance with the standard.

Drum certification shall at least include:
a) the serial number;

b) the test pressure used;

c) the minimum water capacity;

d) adetailed drawing;

e) the construction materials used.
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19 Certificate
Eachbatch of drums shall be certified to state that they conform to the requirements of this part of IS0 21172.

A certification signed by theindependentinspectorindicating thatall tests and verification were performed
with satisfactory results and that his mark has been applied on all pressure drums covered by the report
and accepted by the inspector as being in conformance with the requirements set out in this part.

An example of a certificate is given in Annex C.
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Annex A
(informative)

Description and evaluation of manufacturing of a welded
pressure drums at the time of visual inspection

steel

A.]I General

Al
can
hea

The
rejd

1 Several types of defects can occur during the manufacturing of a welded steel™drum. S

[ treatments, marking operations and other occurrences during manufacture,

aim of this annex is to identify the manufacturing defects most commonly met and

fieldl experience and good judgement are necessary by the inspectorkto'detect and to be able

and|

A1l
the

judge a defect at the time of the visual inspection (see [SO 5817A.

2 Visual examination shall be carried out in accordance with ISO 17637. It is essential

sufficient intensity shall be used (e.g. 50 lux).

Thd

pro
sur

Wh

be

A1l
use

Aftd

A.2
The

lim
con

Ney

face shall be cleaned under closely controlled conditions by suitable methods before further

en this visual inspection is carried out-after the circumferential welding, the internal nec
xamined by means of an introscopg;“dental mirror or other suitable appliance.

3 Defects can be repairediiiraccordance with Table E.1. It shall be ensured that any rep
 will not impair the safety of the drums. Great care shall be taken to avoid introducing n
r such repair, the drum shall be re-examined, and, if necessary, the wall thickness shall be

Manufacturing defects

ts for repair or rejectare included in this table. These rejection limits have been establishe
siderable field experience. They apply to all sizes and types of drums and service
ertheless, some customer specifications, some types of drum, or some special service

mightirequire more stringent criteria. Rejection limits for repair or reject of weld defects
accordance with ISO 5817 level C.

ction criteria to the inspectors who shall perform the visual inspection. Nevertheless

surface of the metal and particularly of the innér wall shall be clean, dry, and free fron
Hucts, corrosion, and scale since these could, obscure more serious defects. Where nea

most commenly found manufacturing defects and their definitions are listed in Table E.]

lich defects

be mechanical or material. They can be due to the basic material used, the manufacturing process, and

to provide
extensive
fo evaluate

to perform

visual internal and external inspection in good conditions. Appropriate sources of illumination with

h oxidation
essary, the
inspection.

k area shall

hir method
ew defects.
rechecked.

. Rejection
d following
conditions.
conditions
shall be in

A.3 Rejected drums

All rejected drums shall be rendered unserviceable.
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Annex B
(informative)

Example of calculation note for determination of thickness for
shell and dished end for pressure drums according to 6.4

B.1 DruIm characteristics
A horizontjl pressure drum for use with non-toxic gas will:
a) have ah external diameter (Dg) of 800 mm;
b) be ablg¢ to withstand a test pressure (py) of 30 bar;
c) have a|burst pressure factor (k) of 2,25 (see 16.2.1.2);
d) be made from P355N in accordance with the requirements of ISO 932833;
e) have ajmaterial yield stress (Y) of 355 Mpa;
f) have ajmaximum design stress (0,77Y) of 273,35 MPa;
NOTE The design stresses fq, fe, fp, and f; at the test pressure shall not exceed 0,77 Y.

g) have ajmaterial tensile strength (T) of 490 Mpa.

B.2 Caldulation

B.2.1 Thiickness of cylindrical wall

B.2.1.1 (alculation at test pressure using Formula (1) (see 6.3.1)

| Pn>Do B.1)

a =
"W bof, +py,

where
ay is the minimum thickness of the cylindrical part of the drum based on pressure criteria;

pn is fhefest pressure;

Do is the maximum outside diameter of the drum;
fc  is the maximum allowable stress for the cylindrical section of a drum.

and substituting the values from B.1:

30x800

a = =4,366 mm =4,37 mm B.2
1M~ (20x273,35)+30 2

where

ay is the minimum thickness of the cylindrical part of the drum based on pressure criteria;

28 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=f3e89bd3431c539fcf72a80097467d97

IS0 21172-1:2015(E)

B.2.1.2 Calculation at burst pressure using Formula (2) (see 6.3.1)

Q2) =

where

ai

k

ko
20T + py,

is the minimum thickness of the cylindrical part of the drum based on pressure criteria;

is the safety factor ratio between minimum required burst pressure and test pressure;

and|

whg

B.2
Us

—

wh

and|

whg

Ph
Do
T

ere

ai

1.3

ing Formula (3) (see 6.3.1) and Formula (9) (se&6.3.3.2):

azz

re
az

Do
(12 =

re

az

substituting the values from B.1:

al(z) = 2,25

substituting the values from B.1:

is the test pressure;
is the maximum outside diameter of the drum;

is the minimum value of tensile strength guarantee by the drum manufagturer.

30x800

————————=5,493 mm =5,5 mm
(20x490)+30

is the minimum thickness of the cylindrical part of the drum based on pressure critgria.

Calculation for handling condition

D
—0 42
250

is the minimum thickness of cylindrical shell or dished end based on handling criterfion;

is the maximum outside diameter of the drum.

@4-2:5,2 mm
250

is the minimum thickness of cylindrical shell or dished end based on handling criterjion.

B.2.2 Thickness for dished ends

B.2.2.1 Ellipsoidal ends

For a drum with an ellipsoidal end and using Formula (7) (see 6.3.3.1 and Figure B.1):

He:HO

and with:

H, =Hy =213 mm (manufacturer value)

© ISO 2015 - All rights reserved
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then:
H
e _213_ 966 (B.7)
D, 800
where
He isthe equivalent height of a dished end for determining the shape factor;
Do isthe maximum outside diameter of the drum.
iR
I f
: T
1]
' :G.)
| '
|
Dy
Figure B.1 — Ellipsoidal end equivalent height
B.2.2.2 Terispherical ends
For a drum with a torispherical end and using (see NOTE in 6.3:3"1 and Figure B.2):
D D
2 2
and with
Hp is the external height of the domed-pait of the end;
Rp =805 mm (manufacturer value);
Do =800 mm (manufacturer yalue);
ro =85 mm (manufactutervalue).
then:
Hy =8( 5—\/[805—8—(2)0j(805+8—(2)0—2(85)j =157,563mm =158 mm (B.8)
where
Hp is the external height of the domed part of the end.
therefore:
H
—e=15—8=0,197 5 (B.9)
D, 800
where

He isthe equivalent height of a dished end for determining the shape factor;

Do isthe maximum outside diameter of the drum.
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B.2

For

dished end shall be not less than:

by

In alll cases, the value of K shall not be taken as less than 1,0.

To define the shape factor K, it is necessary to estimate the value'of b; (e.g. b1 = a1).

Ifb

wh

valge of 0,266 (see B.222.1), the corresponding value of K is 1,03. The position of the curv

madle by iteration.

T4
whg¢re the value of K varies with the shape of the ends (see Figure 2).

IS0 21172-1:2015(E)

Ho

Figure B.2 — Torispherical end equivalent height

2.3 Concave ends

a drum with concave ends, the minimum thickness, b1, of the wall of a torispherical'end or

= 4,37 (see B.2.1) then:
b_lzﬂzo,oos 4
D, 800
bre

b1 is the calculated minimum thickness of dished ends;

Do is the maximum outside didmeter of the drum.

Dy

b for

© ISO 2015 - All rights reserved

ellipsoidal

b H
Using Figure B.3 and plottingthe curve for —~ = 0,005 4, it can be read from the graph thaft atan —&

Dy
b
_1 iS
Dy
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KA b,/D, = 0,0054
bl/DO = 0,010

\ \ bl/DO = 0,005
1,4 \

b,/D, = 0,002

IR

A
\

1,0 \ \
\

1 1 1 1 1 \ 1 »

018 0197020 022 024 0726 0266028 030 H,/D,

Figure B.3 — Shape factor K

B.3 Results

B.3.1 Ellipsoidal ends
For an ellipsoidal end: K = 1,03.
Therefore, as by = K*ay(1) and aj(1) = 4,37 mm (see B.2.1)

b, = 4,5mm
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