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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms
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World Trad
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s related to conformity assessment, as well as information about ISO's adherence to
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Introduction

The use of materials at low temperatures entails special problems which should be addressed.
Consideration should be given, in particular, to changes in mechanical characteristics, expansion and
contraction phenomena and the thermal conduction of the various materials. The most important
property to be considered is the material toughness at low temperature.
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Cryogenic vessels — Toughness requirements for materials

at

cryogenic temperature —

Part 2:
Temperatures between -80 degrees C and -20 degrees C

1

Thi
bet
to

Scope

5 document specifies the toughness requirements of metallic materials for, usé at ter
veen -20 °C and -80 °C to ensure their suitability for cryogenic vessels. This\decument i

NO

withh the same fundamental safety requirements, the requirements for<prevention of brittle frag
peratures according to EN 13445-2:2014, Annex B, method 2, or EN,13480-2:2012, Annex B, metliod 2 can be

tem
app
2

Thd
con
und

ISO

ISO
orig

For

ISO

E For steel materials listed in EN 13445-2 or EN 13480-2 or for steel'materials and welding]

ied.

Normative references

following documents are referred to in the text'in such a way that some or all of th
Stitutes requirements of this document. For'dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

148 (all parts), Metallic materials — Charpy pendulum impact test

ntation and examination

Terms and definitions
the purposes of thisdocument, the following terms and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

[EC Electropedia: available at http://www.electropedia.org/

[SO, @nline browsing platform: available at https://www.iso.org/obp

hperatures
applicable

ine-grain and low-alloyed steels with specified yield strength <460.'W/mm?2, alumfinium and
aluIvinium alloys, copper and copper alloys and austenitic stainless steels.

5 complying
ture at low

Pir content
pplies. For
[s) applies.

9016, Destructive tests on welds insmetallic materials — Impact tests — Test specimen locqtion, notch

dresses:

3.1

minimum metal temperature

Tm
low

est temperature defined for each of the conditions:
temperature during normal operation;

temperature during start-up and shut down procedures;
temperature which may occur during possible process upsets;
temperature which may occur during pressure or leak testing;

ambient conditions.
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Note 1 to entry: See also temperature adjustment term (3.2) and design reference temperature (3.3).

3.2

temperature adjustment term

Ts

term relevant to the calculation of the design reference temperature, Tr (3.3) and dependent on the
pressure-induced principal membrane stress at the appropriate minimum metal temperature

3.3

design reference temperature

Tr

temperatu
the temper

TR = Tl\

Note 1 to er
possible T

3.4
impact tes

Txv
temperatu

e used for determining the impact energy requirements themselves, determined by add
pture adjustment term, Ts (3.2) to the minimum metal temperature, Ty (3.1):

i+ T

try: All applicable combinations of the temperatures Ty and Ts are to be considened and the loy
value used for the determination of the required material impact test temperature (3.4).

t temperature

e at which the required impact energy has to be achieved

Note 1 to enftry: See Clause 5.

3.5
impact en
KV
energy det|

Prgy

ermined from Charpy V-notch tests

Note 1 to enftry: These tests are performed in accordahce with ISO 148 (all parts).

3.6
reference
eB
thickness
with its re

Note 1 to e
can be as dg
edge of the

!

thickness

uired impact test temperature, Tky (3.4)

try: The reference thickness is based on the nominal thickness (including corrosion allowance)
fined in Table 6. Forbutt-welded components, it is the nominal wall thickness of the component a
veld preparatjon.

Note 2 to entry: See Eigures 1 to 5.

—

ng

vest

f a component used to rélate the design reference temperature, Tr (3.3) of the component

and
the

4 Symblols

Symbol  Definition Unit

A-W as-welded

a depth of the defect mm

e wall thickness mm

e reference thickness mm

KV impact energy ]

2 © IS0 2018 - All rights reserved
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Kc stress intensity factor ]
Kic critical stress intensity ]
Ko constant 25 MPavm

PWHT post-welded heat-treatment

Rel yield point N/mm?Z or ]
Rp proof stress N/mm? or ]
SMYS specified minimum yield strength N/mm?2

t component thickness mm

Tk impact test temperature °C

Twm minimum metal temperature °C

Tr design reference temperature °C

Ts temperature adjustment term °C

B constant 1/60

o stress coefficient

T coefficient

ATe correction term °C

5 [Requirements for steels withspecified yield strength <460 N/mm?2

5.1 General

Thif method, based on fracture mechanics, may be used to determine the requirements to ayoid brittle
fradture in C, CMn, fine-grain and low-alloy steels with a SMYS <460 N/mm?.

In this procedure, the impact test temperature, Tky, is not equal to the design reference tempgrature, TR.

Parpnt material welds and heat-affected zones shall meet the impact energy (KV) and impact test
tenperature,. gy, requirements given in Table 1 for design reference temperatures, TR, angl reference
thidknesses:.Values of Tg shall be calculated from T\ using the values of Ts given in 5.2.

For|mdterials with SMYS <310 N/mm?Z, the impact energy at Ty given in Figure 1 and Figure 2 shall
be 277

For materials with a SMYS >310 N/mm?Z, the impact energy at Ty given in Figure 1 and Figure 2 shall
be 40 J.

Where 27 ] is specified in the product standard, Figure 3 for the post-weld heat-treated condition
applies.

For the as-welded case with SMYS in the range >310 N/mm?2 and <360 N/mm?2, Figure 4 applies.
For minimum yield strength >360 N/mm?2, Figure 5 applies.

© ISO 2018 - All rights reserved 3
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Table 1 — Impact energy requirements

Specified min. yield Required impact energy
strength of base KV (on 10 mm x 10 mm Figure defining required Ty
material test pieces)
Non-welded/
N/mm?2 J Post-weld heat-treated Asix_e‘:;;ed
(PWHT)
<310 27 1 2
40 1 2
>310 tao <360

27 3 4
40 1 2

>B60
27 3 5

5.2 Temperature adjustments

Ts is a tem

does not ey

perature adjustment which may be used if the pressure-induced principal membrane st

Table 2 — Temperature adjustments

€SS

ceed the percentage of the maximum allowable design stress or 50-N/mm?2 given in Tablp 2

Conditi Percentage of maximum allowable design stress Membrane stressb
ition

T >75 % to <100 % | >50 % to <75 % <50 % <50 N/mm?

Non-weldetli, final post- o o o o

weld heat tfeateda 0°C +10°C ¥25°C +50°C

As-welded hnd reference o o o o

thickness 930 mm 0°C %" 0°C +40°C

a  Also ap
components

welding, but

b In this cpse, the membrane stress should take dccount of internal and external pressure and dead weight.

blicable for equipment where all nozzles and nen-temporary welded attachments are first welded to ve
and these sub-assemblies are post-weld heat-treated before being assembled into the equipment by H
the main seams are not subsequently post:-weld heat-treated.

ssel
utt-

Annex A pt

5.3 Pro¢

Minimum
thick and t
relevant m

If these m4
in accorda
sub-sized s

ovides a case proposal for the‘technical justification for temperature adjustment term.

edure for base material <10 mm thick

'R values are givenin Table 3 which shall be used when the base material is less than 10
he testing temperature , Ty, is 20 °C. The impact energy requirements are as specified in|
qterials staridards.

ce with the relevant curve for 10 mm in Figure 1 to Figure 5. The required energies for
pecimens are given in Table 4.

mm
the

terials are to be used below the TR values given in Table 3, the testing shall be perforimed

the

Table 3 — Minimum TR values for base material <10 mm thick and Tgy = 20 °C

Thickness As-welded Post-weld heat-
(A-W) treated (PWHT)
mm °C
8 -20 -35
6 -25 -40
4 -40 -55
2 -55 =70

An example of calculation of the lowest temperature authorized during operation is given in Annex B.

© ISO 2018 - All rights reserved
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General test requirements

General

Where impact tests are required, they shall be Charpy V-notched tests in accordance with ISO 148 (all
parts). The impact energy requirements shall be met in the base material, heat-affected zone and weld
metal. The specimen position shall be in accordance with ISO 9016. From each sample, three specimens
shall be tested for each of the required positions and test temperatures. The mean value of the three
specimens shall be at least equal to the impact energy requirement. Only one specimen may show a
lower value, but this value shall not be less than 70 % of this requirement.

Thd
not

trapsverse test pieces shall be multiplied by a factor of 1,5 for C, CMn, fine-grainedvand |

sted

stapdard.

6.2
If tH
Altg

6.3
Sp€

The
plat
sec]

Int
the

Imp

required values for base material refer to the transverse direction. If transverse pro
obtainable, the minimum impact energy requirements in longitudinal directigns sg

Is with a minimum specified yield strength <460 N/mm?2. For other materials réfer to t

Sub-sized specimens

berties are
ecified for
pw-alloyed
he product

e base material is less than 10 mm thick, the energy requirements.shall be as given in Table 4.

rnatively, where proportional reduced energy requirementsare preferred, Table 5 shall

able 4 — Corresponding impact requirements for sub-sized Charpy V-notched spe
base material <10<mm thick

be applied.

Cimen if

Impact requirement for full size as Corresponding impact requirement
required by Table 1 for sub-sized specimen
J J
10 mm x 10 mm 10 mm x 7,5 mm 10 mm x 5 mm
27 20 14
40 30 20

Sub-sized specimens for components from which it is impossible to extract
cimens of section sizeequal to reference thickness

re are cases of unusually shaped components and/or weld procedures and manufactured
es where the Chavpy V-notched specimen extracted is either <10 mm or not representj
ion thickness,

hese cases)sub-sized specimens shall be tested at lower impact test temperatures, in ord
behayiour of a full thickness specimen, using temperature shifts in accordance with Tab

act, tests should be performed on the maximum thickness which can be extracted

production
tive of the

br to model
e 5.

from the

con

- 1 =1 b
PUIICTIL UIIUCTT COIISTUCT ALIUIL.
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Table 5 — Equivalent impact energy requirements when sub-sized specimens extracted from
thicker sections

Required impact . Sub-sized specimen requirement
energy Specimen Shift of impact test
KV geometry KV Specimen geometry tempergture
] mm ] mm x mm °C
20 7,5 x 10 Tkv -5
27 10 x 10 a
14 5,0 x 10 Txyv - 20
20 ’7'|: 10 Ti\"v' [y
4P 10 x 10
20 5,0 x 10 Tkv - 20
2D 7,5 x 10 14 5,0 x 10 Txv='15
3D 7,5 x 10 20 5,0 x 10 Txy~ 15
7 Welds

When materials are to be joined by welding, the choice of consumables and procedures (see ISO 9(16)
shall ensuile that the required impact energy properties are achieved in weld\wegions and heat-affe¢ted
zones, when tested in accordance with Clause 5.

The required impact energy shall be at least equal to the specified impact energy for the base metal.

8 Requjrements for aluminium and aluminium alloys, copper and copper alloys
and austenitic stainless steels

Toughness|of aluminium and aluminium alloys, coppériand copper alloys and austenitic stainless stgels
is inherent]y high enough at low temperature to render impact tests unnecessary.

Welds of afistenitic stainless steels shall be impact tested if the material of the weld consumable/fjller
metal has a ferrite content exceeding 10 %

6 © ISO 2018 - All rights reserved
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]

Y Y’
20 60
50
0 Rps 310 N/mm? : 27J 40
R > 310 N/mm? : 40)J
p 30
-20 20
"~ ~d L g ~ _10
=40 / /
-60 / /
-80 /
-100 /
-120
-60 -50 -40 -30 -20 -10 0 10 20| X

TR design reference temperature, °C
Tkv impact test temperature, °C

epg reference thickness, mm

proof stress, N/mm?2

Figure 1 — Design reference and impact test temperatures — Non-welded/Post-we
treated condition

|ld heat-
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Y Y’
40
R 2 / 35
20 p < 310 N/mm*“ : 27) — 30
RlD > 310 N/mm? : 40) // 25
0 //// ] 20
/,/4/ // 15,
L0 /// 1 A ,/
-80 —
//
-100
-p0 -50 -40 -30 -20 ~10 0 10 20 X
Key
Y Trdesign reference temperature, °C
X  Tgv imjact test temperature, °C
Y’ epreference thickness, mm
Rp proof sfress, N/mm?2
Figpre 2 — Design reference and impact test temperatures — As-welded condition
8 © ISO 2018 - All rights reserved
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Y Y’
60
60
_ 7 / 50
40 R = 355 N/mm* : 27) /
/ / L0
20 — —— 30
_ //, g ¢
0 / / i
-20/ /
_z,o/
I /
&0 /
-60 -50 -40 -30 -20 -10 0 10 20 | X

Y |Tr design reference temperature, °C
X | Txv impact test temperature, °C

Y’ |ep reference thickness, mm

Rp |proof stress, N/mm?

Figure 3 — Design reférence and impact test temperatures — Non-welded/Post-we]d heat-
treated condition
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Tr desi
Ty im

eB refej)
proof's

Figure 4

NOTE Higure 4 is applicable to European.miaterials covered by EN 13445-2/EN 13480-2. Verificat

(S

Y\ %
40
20 35
0 {310 N/mm® <R, <360 N/mm? 27| / 22
-20 / // 10
40 ] g
-60 7/ ;/ ,/
80 //// ,/
80 -60 -40 -20 0 20 X

bn reference temperature, °C
act test temperature, °C

nce thickness, mm

ress, N/mm?2

— Design reference and impact test températures — As-welded condition (with SMYS

in the range > 310 N/mm?Z and < 360 N/mm?2)

ons
e of

of suitabilitly need to be made if applied to nentEuropean materials; for this verification, see the princip
EN 13445-2)/EN 13480-2.
10 © ISO 2018 - All rights reserved
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Y Y’
60
;
40 R, > 360 N/mm? : 27 7/4 25
20
20 /////// 1
=
"
20 //2? //?/
— ]
40 // //
] ]
~60 7
|~
-80
~60 50 -40 -30 -20 ~10 0 10 20| X

Key
Y | Trdesign reference temperature, °C
X Txv impact test temperature, °C

Y’ | egreference thickness, mm

Rp |proof stress, N/mm?

Figure 5 — Design reference and impact test temperature — As-welded condition (njinimum
yield strength > 360 N/mm2)
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Table 6 — Reference thicknesses

Reference thickness
As-welded ep
Construction detail or post-weld
heat-treated (where eg = e1, e, e3 or ex)
Part A Weld PartB
€2
Butt-welded components of unequal thickness A-W e1 e check ez in
Figure 2 or
Figure 4a
e
S ¢
A B PWHT e1 e es
e
AR TZ I
Branches and nozzles A-W €7 ey el
€1
7/~—’\/J‘
& ‘ PWHT e e e1
N N
\\ |
A B
€1 . i ey ore3
A-W €2 if thicker €1
/I
4 ‘ ey ore3
~ ‘ PWHT €2 if thicker €1
Q
|
b
- R ey ores
A-W €z if thicker €1
T ‘ ez or e
~ ‘ PWHT €z if thicker €1
Q
|
B

12 © ISO 2018 - All rights reserved
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Table 6 (continued)
Reference thickness
As-welded eB
Construction detail or post-weld
heat-treated (where eg = e, e, e3 or ef)
PartA Weld PartB
€7 epores
AW €3 if thicker €2
€1
|
% !
B / ‘
\ ‘ epor e3
A ‘ PWHT €3 ifithicker €2
N
|
e¢ di ores /4
AW e ey /
if thicker

e1p or eg/4 if
thicker
PWHT ez ez if hecessary,

check eq in
Figure 1 or 3

=X e3
A-W e e3 rer /4 if
€1 | thicker

e3for ef /4 if
thicker

A PWHT €2 e3 if necessary,
‘ checkej in
‘ Figure 1 or3

+—— >

€,

© ISO 2018 - All rights reserved 13
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Table 6 (continued)
Reference thickness
As-welded eB
Construction detail or post-weld
heat-treated (where eg = e1, e2, e3 or ex)
Part A Weld PartB
Slip-on and plate flanges A-W er /4 e e
|
|
-, |
v !
| |
4<,, ‘ PWHT er /4 ez e2
Q/ ~
A - |
B N /\_‘
€2
A-W ef /4 ez ez

N N-
v

\ PWHT er /4 e ez
| N A
M B

€,

A

enc

T

prged or cast welding neck flanges A-W check e /4 e e1
in Figure 2
or4

Efd

€2
PWHT or ef /4 if €2 €1
Thicker

L >4 e,
\
)

a
|
|

~

14 © ISO 2018 - All rights reserved
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Table 6 (continued)
Reference thickness
As-welded eB
Construction detail or post-weld
heat-treated (where eg = e, e, e3 or ef)
PartA Weld PartB
exc
Pad-type flanges A-W check e /4 e e1
in Figure 2
or4
A
=5 /
|
T
) | 5
R=>e,/L min 5 I i PWHT or ef /4 if e e1
! < thicker
er /4
Flat ends AW e1 e1
or ¢1 if thicker
@
/ ef /4
PWHT e1 e1
or ¢1 if thicker
A \ if thick
B
€1
B e°
A-W ez ez check ef /4 in
Figure 2 or 4
/
[¥p}
A N
Q
x /( L DIALLLT Ef /4
\ X - ° or ey if thicker
R=ze,/L mn. 5
€2

© IS0 2018 - All rights reserved 15
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Table 6 (continued)
Reference thickness
As-welded eB
Construction detail or post-weld h _
heat-treated (where ep = e3, €2, €3 or ef)
Part A Weld PartB
Covers and blind flanges A-W ef /4 — —
/A
| 4 |
: !
SN N
=] PWHT e /4 — —
Tube plates A-W — — —
| J— P
- i _
7 § Al ( S
\ B Jr_ PWHT e /4
f
of || +—4F1t
i._._.L____Jlf._" =
€t
A er /4
/ A-W orez e ez
B\ P e o if thicker
SN
ef /4
—— ] PWHT ores if e e
™~ %, . [ thicker
€t

16 © ISO 2018 - All rights reserved
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Construction detail

As-welded
or post-weld
heat-treated

Reference thickness

€B

(where eg = e, e, e3 or ef)

R=5

€

PartA Weld PartB
er /4
Welded into shell/channel A-W or ey if ez ez
thicker
A
/ ]
s V ﬁ
er /4
\\ PWHT or egif ey ey
[ s A3
e
€f
Preferably not to be used
epc
Forged tube plate with stubs A-W checkef /4 e e
in Figure 2
or4
B NS
\ o
& %
R = e,/k min. 5, > er /4
e\_j ~ ] PWHT or ey if ey e
s &)7._.__._._ thicker

© ISO 2018 - All rights reserved
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Table 6 (continued)
Reference thickness
As-welded eB
Construction detail or post-weld
heat-treated (where eg = e1, e2, e3 or ex)
Part A Weld PartB
B er®
or e3 if
; e ez
AW thicker
~ IN 1 1 i4 (ex) (ex)
@ )\ CITECK €T/ 7+ 37 t&37
in Figure 2
R 2| e,/4 min. 5 or4
Ry "
ef /4
1 & ez
N PWHT orez
B I or e3 (e3) (e3)
>5 if thicker
es A
Tube-to-tube plate connection A-W — e1 e1
A
B
N e
Q
— z = = PWHT — e1 e1
a &
s j—— —
3
a The minjmum test température of the conditions: ez (A-W), e3 (PWHT) shall be taken.
b The minjmum test témperature of the conditions: e1 (A-W), eg/4 (PWHT) shall be taken.
¢ The minjmum testtémperature of the conditions: e (A-W), et/4 (PWHT) shall be taken.
d ermay b¢ measured radially if advantageous.
e Slope 1:

f Not welded to shell or channel.

— Not applicable.
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