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Foreword"

This British Standard is one of a series based on the recom- -

mendations in the report (published 1969) of the Home
Office Gas Cylinders and Containers Committee for
rnaterials, design, construction, testing, filling and mainte-
nance of containers intended for the conveyance by road of
permanent, Ilqueflable and dissolved gases except acetylene
under pressure. :

It has been prepared under the auspices of the Pressure
Vessel Standards Committee at the request of the Home
Office in order to satisfy the technlcal requirements of
"new legislation currently under consideration for such
conveyance.

This particular standard deals with the materlals design, <

construction and testing of new containers and is being
prepared in a cumber of Parts to cover the various forms of
manufacture. Those Parts either already published or in
preparation are as follows:
D Id
Part 1 Seamless stee! containers
Part 2 Steel containers up to 130 litre water capacity
-~ with automatlcally welded circumferential
seams s
- Steel containers up to 130 fitre water capacity
with automatlcally welded mrcumferentlal and
~ longitudinal seams ’

o

“Steel containers of 450 litre water capacity
with cwcumferenual and Iungltudmal welded

seams

Containers manufactured to this standard should be manu-
factured by a container manufacturer on the Health and

“Safety. Executive list of recognized manufacturers of steel
containers. Manufacturers not on the list should apply to

HM Inspector of Explosives for recognition. The steel fram =

which the contidiners are made should have been manu-
factured by a steel manufacturer on the Health and Safety -
- Executive list of manufacturers of steel for cantainers, The
method of manufacture and the testing of the containers
shall be carried out to the satisfaction of an Inspecting
Authority who is independent of the rnanufacturer and
who is on the Health and Safety Executive list of recog-
nized Inspecting Autharities (hereinafter referred to as the
Independent Inspecting Authority). s

*In course of preparation,

885045 Part1 1976

.

Other standards for the physical properties of gases and the
maintenance of containers are under preparation

Pending new regulattom the Health and Safety Executive
has pubhshed a letter recommending the use of this British
Standard for the construction of containers used for the
conveyance of gases not subject to statutory control and
indicating 'no objection” to the conveyance by road in

-containers constructed to this standard of those compressed

gases subject to the present Gas Cylinders {Conveyance)
Regulations. The text of the letter is as foltows.

Health and Safety Executive
Baynards House

1-13 Chepstow Place
Westbourne Grove

London W2

Our referenceé XB 373.!:1[4
Date: 16 August 1976

Gentlernen,

" The British Standards Institution is about to issue a new specifica-
: 1976, for the construction of.seainless steel -

tion, BS 5045 : Part 1
cantairers for the conveyance of compressed gases,

It is recommended that where seamless sieel containers are used for
the conveyance of those gases which are not subject to statutory
controi, they should be constructed in accordance with this
spec;i:cauon

New rcgulatuons 10 replace the present Gas Cvlmders {Conveyance)
Hegulanons are under consideration. |n the meantime, no objectian
will be taken to the conveyance by road of the compressed gases 10
which those Regulations apply {air. argon, carhon monoxide, coal
gas, hydrogen, methane, neon, nitrogen, and oxygen} in seamless

‘steel containers which are constructed in accordance with this

specification, provided that they shall have been manufactured by a
manufacturer on the Health and Safety Executive list of recognized
manufaciurers of steel contamers and that the s:eel frum which the
containers have been made shall have been manufac:ured by a
manufaciurer on the Health and Safety Executive iist of recognized
manufacturers of steel for containers, .,
¥ I am, Gentlemen,

Your obed|em servant,,
M G Sewell
HM [nspector of Explosives
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. British Standard Seec1f|cat|on for ) al
- Transportable gas containers |
\ . ' o ] u
Part 1. Seamless steel containers s k ;
R : . ) 5 . : T .o “
) ~— L o) N 5 :
- s o [
: EY - ’ N : . _I‘ ' Gl
- I Section one. General i 5. Iaformation to be supplled by the purchaser andA
' : _ '"’ the manufacturer
1. Scope 3 4 = 8.1 Irlformatlon to be supplled by the purchaser Tha pur--

This Part of this British Standard specnfles the requirements  chaser shall inform the manufacturar of the foilowing, as
for th‘e materials, design, construction and testing of seam- appropriate: 5 . i r
less steel containers for the conveyance of gases under . (a) fame or classification of gasles): '

pressure excluding acetylene; such containers are suitable ’
also for storing gas under pressure.

It includes appendices giving examples of design calcula-
tions, a description of the methods for pressure testing of .

(b) service application; " > ’
{c} volumetric’ capacutv (for hqueflable gases this shall be '
the minimum); : . 5

containers, a descriptior of the inethods for ultrasenic . {d) for permanent gases the filling oressure at 15 °C: -
examination of containers, and model forms of design and - (e} for |,quef|ab|e gases the mass of gas or filling ratio at ”1
acceptance certificates. f. G ’ the prescribed reference temperature or the required \\

- developed pressure in service;

2. References (f) material of construction:

The titles of the standards publications referred to in this : (@) preferred dit.tensions; _
standard are listed on the inside back cover. ' S (h) shape of base; o : L ;

’ = 7 (i) internal andfor external neck screwmg d|mensmns

. . Cow e '

3. Manufacture and testing of containers “{j) fittings required; v :
Tha manufacture, inspection and testing of containers (k) external/internal finish requu‘ed ¥
complying with the requirements of this British Standard (I) any special or adverse conditions under which the
shall be carried out to the satisfaction of an Independent . « container will be required to operate, and any corrgsion
Inspecting Authority. . aliowance required; . . a!

Wt
(m) any requirements in excess of those spacified in this
4. Classification of gases standard; i )

For the purposes of the design and filling of the container, (A} the name of the Independent Inspecting Authority. .
gases are classified as follows: 5.2 Information to be supplied by the manufacturer. The

manufacturer shall supply the purchaser and the indepen-
dent Inspecting Authority with the following:

{a) fully dimensioned sectional drawing of the container

Permanent gases. Those gases that have a t,rmcal tempera-
ture below —10 °C.

Liquefiable gases. Those gases :hat are liquefiable by -

pressure at —10 °C but that boil below 17.5 °C when at including . _ : v
not more than 1013 mbar®. . : - (1) name or classification of gasfes),

High pressure liquefiable gases are those having a critical - 2y volumetric capacity (f0r liquefiable gases this shall
temperature between —10 °C and 70 °C. ¥ be the minimum), ‘ 3

{3} filling pressure at 15 °C for permanént gasles), or

Low pressure Inqueftable gases are those havmg a crmcal 7
.mass of liquefiable gas{es)=

temperature above 70 °c. B

Those toxic substances that are liquids at 1013 mbar® at {4) material of construction,

0 °C but that boil at or below 30 °C at that pressure shall - {5} test pressure . 1’} _
be treated as low pressure hqueflah-le gases. . . (6} minimum and maximum masses of container, \ 9
Gases that are currently conveyed in commercial quantities 17) statement that the container will comply with the .\, ;

ified i le 7. . .
are class as above m tab ? 7 requirements of this standard,

- 9
[

- . . O
— K ' - .

*1 bar = 105 N/m? = 100 kPa.
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_(8) design approval (see clause 14},
{9) corrosion aliowance {if any):
{b) method of manufacture;
{c) fittings to be supplied; ? L -
{d} drawing showing layout of stamped marking (see
clause 17);’ : __ o

{e) certificates of test for materials and container [see
appendix D). : : : -

&)

6. Certificate of compliance -
The Independent Inspecting Authority shail certify that the
manufacture, inspection and testing of the container were
carried out in compliance with the requirements:of this

-8, Chemical composition

-".'B,1 The ladle analyses shall comply with t

_ requirements of table 1.7 14 oo
i e LI ¥} !

R - -y

BS 5045 : Part.1: 1976

F

Section two. Permissible materials

7. Geperal - O
Gontainers shall be made only from materials whose

. compaositions are given in table 1; the mechanical properties

yequired in the finished contai ,Er arc-specified in table 2.
. i [ R '\'J A .

v - I

e appropriate

:'E:\ .

A i B
n the event of one melt"s being divided between more than

ane ladle, samples shall be analysed from each ladle and

“.separate analyses provided for each ladle. Each of these

‘ladles will subsequently be regarded as a specific case and

standard. , 5 ) . identified accordingly. ~ F
NOTE. A suitable form of certilicate is shown in appendix D. ). .. -
: o . T = .
. ) ’ ac
. ’ o ‘i.‘_' e 5 i
. n
o i o ‘ K . &) S E . i
. Table 1. Steetmaking process and chemical composition of permissible materials = = o
Material Mild steal Carbon steelr Cé}bpn Alioy, s;eels
- - ' manganese ‘
';9 - SEEEI . ,.;_':‘ K ‘ ) &
- . ' Chromium Nicke! '
3 \ N molybdenum chromium
& : steel molybdenum
[~ R - -5
o ) . © L a o Steel o
'3‘E= ‘Cade g M c - Mn cM NCM
‘@ : . . c U '
;;_,'-’- Steelmaking Open hearth, electric furnace or basic . Open hearth or electric
process oxygen process, Stegls made by the furrace. ;
- oxygen process shall pot contain more, (
h than 0.008 % of nityogen - “
Element % % % % K" v
Carbon min. | 0.15 0.35 - A I 0.27 ‘
max. | 0.25 0.45 0.40 0.37 . 0.35 . =
Manganese min. | 0.40 0.60 1.30 0.40 . 0.50
max. 0.90 1.00 1.70 ¢ o | 090 . . 0.7Q
c 3z ’ - - )
-.9_ Silicon min. 0.05 0.05 0.10 0.10 0.10
'g max. 0.35 0.35 035 _ 0.35 0.35 -
(_n. z - L
5! Sulphur max, | 0.060 0.050 0.050 0.050 0.050
- E E . C 2
8| Pnosphorus max. | 0.050 0.050 *0.050 0.050 0.050
o M = !
i Nicke! min - - - = 2.20
: L max. | = |- - 0.50" 2.80
Chromium min. | — P— - _ 1.0.80 0.50
3 max. | -- - - 1.20 0.80
Molybdenum  min. | — - - 0.15 0.40
max. - - - 0.25 0.70

*Residual nickel. o
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Table 2. Heat treatroent and mechanical properties of steel in finished containers

Material Mild steel

Carbon steel

Carbon
manganese
steel

Alloy steels

Chromium
molyhdenum
steel ~

Nickel
_chremium
molybdenum
stee’

Code : Mo C

CcM

NCM

Mn_

Normalized
or normalized
and tempered

Heat treatment

Heat treatment

Normalized
or normalized
and tempered

Hardened in air
or oil at 820 °C
to 850 °C and

. tempered at
550°C to

660 °c”

Normalized . | Hardened in air
or normalized | or oil at 870°C
and tempered | t0920 °C and
at not less than | tempered at
550 °C and 550 °Cto -
cooled in air 720°c”

Tensile strength
N/mm?

Yield stress*
N/mm?

Elongation ‘
% min. on 5.65/5,

Bend test ) g
Former radius _max. 1%t%, 2

o
|3
=
2
w
B
@
=N
E
@
2
E
Q
Q
-
L
I
(L]
1)
-
e
@
=X
[=]
B
=5
=
o
£
o
D
=

Brinell hardness  min. | 115 165
. max. | 150 200

3t - 3t

185 B T
225 - 310 310

*Yicld stress ref2rs to the upper yield stress (R} or, if applicable, the 0.2 % non- proportional elongation proof stress (Rgp 2!

tApplicable to container cylindrical wall thickness abiove 9.5 mm.

‘o

#t is the minimum manufacturing thickness as speciliea on the drawing, including corrasion allowance if any.

8.2 Analysis of the product may vary from the ladie
analysis due to heterogeneity arising during the casting and
solidification of the ingot. Tables 3 and 4 shaw the dnwa
tions permissible on product anatysis. ;

NOTE. Product analysis is any analysis of the steel subse:;uent to
the ladle analvs:s

The deviations may occur in the individual elements either
ahove or below but shall not be applied both above and
belows the specified range for any one element in any cne
ladle of steel. When maxima only are spec:ﬁed the devia-
ticns are positive only

8.3 Any ingot, bar or container that on chemical analysis is
outside the limits of permissible deviation from the speci-
tied composition range for a specified element shall be
deemed not to comply with the requirements of this British
Standard,

8.4 In the event of a single sample falling outside the
permitted deviations on the product analysis, further
samples shali be selected for check analysis from the
remainder of the consignment as follows: at least two
samples from the same ladie for delivered masses up to

51, at least five sarmples from the same ladle for delivered
masses up t¢ 20 t, and at least eight samples from the same
ladie for delivered masses over 20 t.

These samples shall fall within the permitted deviations.
1f any of these further samples are proved to be outside the
permitted deviations for any specified element, the consign-

.ment shall be deemed not to comply with the requirements

of this standard.

8.5 Samplés for product analysis shall be taken in accord-
ance with BS 1837 : 1970,

9. Steelmaker's certificate

The steelmaker shall supply a certificate stating
{a) the steelmaking process and
{b} the iadle analysis.

10. ldentification of steel

The steel shall be marked and records shall be kept so as to
enable the cast from which each container is made to be
identified, -
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Table 3:Permissible deviation on product analysis
K from specified range for carbon and carnon
manganese steels

Element 2 ¥ |, When the maximum Permissible deviation®
- ¥ 4 | of the specified- on product analysis
' : “ raﬁée.is
o :
. % % .
Carbon” <0.25 0.02
‘ >0.25t00.50 0.03
B e .
Silicon 3 0.03
TR Manganese 4 =1.0. 70.04
‘ >10t015b 0.08
‘ el >1.5 0.10
: “Sulphyr . 0.008
I o - n . -
-~ :Phoiphorus ' 0.0C8
A
= *Maxwmum and minimum values do not apply slmullaneouslv for
individual elements {see 8. 2!
" o ” B o t
FE i = o' ! Lo
G, n %
Y Table 4 Perm:ssnble dewatlon on product anaiysns
Lo from speclfled range for alloy steels
. Etement When the maximum’ "Perrnissitg]e deviation®
o ol the specified on product analysis Oc
! sange is L g
% ” %
© © Carbon <0.25 0.01
e e i 202510 0.50 0.02
ek = 4 N :‘c
. Silicon “s  |003
Manganese’ K070 5 003 -
A = >0.70t01.0 0.04
>101020 0.05
Nickel sl <10 003"
4 y N >1.01030 0.05
7 Chromium <060  ° |003
>»0.60 10 1.25 0.04
. Molybdenum | <0.50 . 0.02
=, > 0.50 0.03
Sulphur _ 000s-
Phosphorus 0.004

e

*Maximum and mimimum values de not apply simultanecusly far
individual elements {see 8.2).

-Saction three. Design

BS 5045 : Part 1: 1976

T1. Service conditrons for design .,

-11.1 Where gases are to be conveyed in the United
Kingdom in uninsulated containers, it shall be assumed
‘that the most severe conditions of exposure to the climate
wil! cause the contents to reach the developed pressure at
the reference temperature specified in table 5, the values of
which vary with the size.nf contamer and the tvpe of gas it
contains.

- The maximum perm:ss;blEe pressure in service to whlch the ~
test pressure of the contal‘ner is related {see 12.2) is the
pressure-deveioped by tht\af\ contents at the pressure refer-
ence'iemperature taking in1o account the filling ratio for

- -high pressure Isqueflable gases and tne intended filled
pressure at 15 °c for permanent gases. ‘"The necessary data
on the re'anonshn "between fillad pressure {or filling ratio}
and deveiloped pressure at the reference temperature are
given in BS 5355 L

Reference temperald'res for filling ratios of [ow pressure

r liquefiakle gases in umnsula’ed contalners vary with the

size of container! ‘The relat:onshnps are expressed in table 6.
E)éamples of qesign calculations are ~iven in append:x C

R

Table 5. Reference temperatures for developed
_pressure for conveyance in the UK* in uninsulated
containers o

T;pe of Container volume V (water capacity)
contents .
%130 litres | >130ditres| > 1m? >»5m?’
- <1m' tg5m? {see notel
{see note) {see note)
Low pressure | 55 °C 50 °C 475°C | 425°C
liguefiable
gas
High pressure {52.5 °Ct | 52.5 °ct | 80°C 45°C
Inquef:able -
gas e
Permanens |60 °C -
gas :

*For containers 10 be usad outside the United Kingdom, reference
should be made 10 BS 5355 for the relevant reference temperature
and developed pressure. . e
tWhen salety devices are fitted 10 carbon dlomde contamers thus
reference temperature may be reduced to 50°C.

NOTE. For the purpose of the above table, when the ratio of the
overal! length of the -+ ner to the diameter exceeds 4.5, the
volume of the conta- **"hail e @»umed to be that volume con-
1ained in a length 4.5-:.1v s the external diameter.
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Table 6. Heference temperatures for fllllng ratio 12.2 Permissible pressure The maximum pressure attain-

. for low pressure liquefiable gases in the UK in able in service by a permanent gas in an uninsulated con-
- unlnsulated contamers . tainer or a liquefiable gas in an insulated container shall

not exceed the lesser, of

; o Contamer < 130 >130 >1 m; >5 rn"' - {a) 0. 90 of the test pressure or
}.3,’[ volume V © litres | |'t"35 . | S5m : © {b) 0. 576 of the test pressure times the ratio of the
(water ° : <1m’ : . minimum specified tensile strength to the minimum_
capacity) : ‘ spec:fued yield stress of the material of construction’

. . The maxn :

" Réference- |.45°C 425 °C 425°C 38°C mum pressure attainable 1 in service by a liquefiable
. S " gas in an uninsulated container shall not exceed r.he Iesser of
temperature . '

— ‘ » {c) the test pressure of the container, cr o
11.2 The water capacity of a container for a liquefiable gas |  (d} 0.64 of the test pressure times the ratio of the
‘sh>!l be not less than the intended miaximum mass of con- minimum specified tensile strength to the mlmmum

,lt nts divided by the filling ratio. The necessary data on the specified yield stress of the malenal of constructlo'a.

Vphysical properties of the liquefiable gases are 9"’9“ in ‘Carbon dioxide containers shall 'be designed for a tesg ‘
BS 5355. : 7 pressure of not less than 200 bar .- 2 - {

1. h ! f f 0 . . . ' -

11,3 The ‘internal volume of a container for a permanent i 12.3 Thickness of cvlmdnwl shell. The thickness of the
gas | shall be such as to pravide a nominal gas contert at
15 °C and 1013 mbar. cylindrical shell of a container shall be not less than the

value given by forn"ula (1):

« The charging pressure shall be controlled so as to ensure 20P. D - 'rSOOP D -
that the maximum developad pressure at the pressure t = -—-F-’—- ort=: 7 1.0 e (1)
reference temperature does not exceed the reqmrements w07/, —1008, - — 400P, o
given in this British Standard. : ~ except that the thnckness of the cyllndrlcal shell shall be
11.4 When gases are being conveyed in insulated con- not Iesf than the "ah‘e given bav formula (2); L
tainers, tables § and 6 do not apply. The temperature that . _ 2 48 x \/-3_ 5 - (2,“
can'be reached by their contents, the corresponding " ‘ T Tt
deueloperj pressure required f‘” design and the allowable Formula (2) will override formula (1) or comparatively *
mass of liquefiable gas are ali conditional upon the intended |5, valges of P;, in which case the test pressure Py shall be
degree of insulation proposed, with or without,the derived from formula {3) -
assustance of some form of refrigeration, and upon the . 0.7f, i

journey durazion. In these cases the operatlonal criteria - P, = —-7—- y . ... {3)
for design shall be sought from HM Inspector of Expluswes 100 + 12V, T :
In these circumstances it is perm:ssuble to reassess the

12. Design formulae ' 1& " pressure duty of the container {within the maximum limita-
° ¢ tlon obtained} by substltutlon of the value of Py forP,~
in 12.2. -

12.4 Shape and thickness of ends. Rules for the design of
container ends are not given, Each new design of container-

“ handling, but ext.ludmg any additional-thickness
for corrosion and other influences shall be approved by HM Inspector of Explosives (see
clause 14). , z

Test pressure (bar) applicable te design governed
by formula (1) fsee 12.3) 3 o 12.5 Special portable containers. For partable contamers of .
not more than 12 litres water capacity used in aircraft, for
by formula (2) (see 12.3) ) breathing apparatus for rescue purposes, for resuscitation-
. ‘Pressure (bar) developed by the contents ofa apparatus or for fire extinguishers, an increased maximum
centainer at the pressure reference temperature equivalent stress as shown in table 9 is permissible in the
alloy steels, codes CM and MCM, specificd in tables 1 and 2.

External cllameter of container (mm) 12.6 Additional thickness. Influences other than those of
Internal diameter of container (mm} . internal pressure and of external forces due 1o ordinary
Ma)ﬂmum permlss;ble equwaler\t stress (kN/mzl at handling may require the provision of additional wall thick-
165t pressure - = ness above the calculated value of t. Addltlonal thickness
{=0.75 x 10® x minimum specified yield stress Y May be necessary to allow for corrosion during service, and
of the material of construcuon or. may also be necessary on containers for liquefied gasas so
: 3 v that the container can withstand stresse: due to horizontal
=0 375 x 10° x minimum specified V'e‘d stress of =acceleration and retardation in road transportation.’
the material of construcuon for containers covered . -
" by 12.5) 3 . - a

v

12.1 Nomenclature

ot Minimum walf thlckness {(mm) to ru5|s‘ internal
_pressure and external forces due to normal

Test pressure (bar) applicable to design governed

The variety of conditions occurring in practice makes it

. _ . impracticable to-give a general specification of the neces-
Minimum specified tensile strength (N/mm®) of o o0y aitowances; they shouid be carefully considered and
the matertal of construction ‘ agreed upon in each particular case by the manufacturer
anmum Spec:fled yield stress (N/mm?) of the and the user of the cortainers. |f a pronounced departure
material of construction : from normal practice is proposed or if gther unusual

Values of ¥, T and £, are given for the permissible matenals features arise, HM Inspector of Exploswives showuid he

in tables 2 and 9. consulted,

W1 7358"
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