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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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Introduction

It is widely recognized that compressed hydrogen and some hydrogen bearing gases can have an
embrittling effect on steels. This embrittling effect has resulted in the failure of hydrogen gas cylinders
(including some bursts) that has led gas cylinder users and manufacturers to adopt specific measures.

The adoption of these measures has eliminated all known failures of hydrogen cylinders from this
embrittlement phenomenon as far has been reported.

The basic recommendation is to limit the tensile strength of the steels (see ISO 11114-1) and eliminate

manulacturing derects.
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bile strength limits, have also been used.

Fice. Experimental work has shown that the relevant parameters$.affecting hydrogen em
the following:

mechanical properties of the material;

applied stress;

internal surface imperfections resulting inlocal stress concentrations;
characteristics of the gas contained (cemposition, quality, pressure, etc.).

bn developing this document, only~the material aspects, a) and b) and the characteris
e) above, were considered. Otheressential features, c) and d), are covered by the relevg
9809.

ma
em

Thi

em

So%e low alloy steels other'thian 34 Cr Mo 4 may require tensile strength to be lower than 9

maﬂ:ufacturing réquirements specified in ISO 9809 (all parts), will result in cylinders suitabl]

be permitted to bechigher than 950 MPa, to be suitable for the manufacture of gas cy
rittling gas service:

5 document specifies test methods to identify steels which, when combined with th

rittling gas service.

Thd

labTratory and full scale tests. See also AFNOR FD E29-753.

se tests have been developed following an extensive world-wide programme which in

microstructure resulting from the combination of the chémistry and the heat treatment}

5 tensile strength limit of 950 MPa was developed for quenched and tempered. @as clylinders of
Cr Mo 4 type steels using steelmaking practices, chemistry and manufacturing teehniques typical
hose used during the early 1980’s and successfully used for filling pressures.up to 300 bar. This
Ctice has been in widescale use up to the current time. Other higher pressures, although at lower

ecent years, improvements in steelmaking, e.g. by reducing the sulphur and phosphorus contents,
e indicated the possibility of increasing the tensile strength limit’of 950 MPa for embrittling gas

rittlement

tics of the
nt parts of

50 MPg, or
linders for

le cylinder
e for use in

Corporated
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Transportable gas cylinders — Compatibility of cylinder
and valve materials with gas contents —

Part 4:
Test methods for selecting steels resistant to hydrogen

€

1

Thi
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Thi

nbrittiement

Scope
5 document specifies test methods and the evaluation of results from these tésts in orde

Iring embrittling gases.

5 document only applies to seamless steel gas cylinders.

Thd requirements of this document are not applicable if at leasfone of the following conditi
intgnded gas service is fulfilled:

the working pressure of the filled embrittling gas isless than 20 % of the test pres
cylinder;

the partial pressure of the filled embrittling gas'of a gas mixture is less than 5 MPa (50
case of hydrogen and other embrittling gases, with the exception of hydrogen sulphide
mercaptan; in such cases, the partial pressure shall not exceed 0,25 MPa (2,5 bar).

NOTE In such cases, it is possible to design the cylinder as for ordinary (non-embrittling) gases.

2

Normative references

The following documents are-referred to in the text in such a way that some or all of th

con

Stitutes requirements.of this document. For dated references, only the edition cited 3

undated references, thelatest edition of the referenced document (including any amendmen

ISO
pro

1SO
of p

ISO
Par

7539-1, Corrosionof metals and alloys — Stress corrosion testing — Part 1: General guidanc|
cedures

7539-6:2011, Corrosion of metals and alloys — Stress corrosion testing — Part 6: Preparat
recracked specimens for tests under constant load or constant displacement

- to qualify

Is suitable for use in the manufacture of gas cylinders (up to 3 000 I)rfor hydrogen angdl hydrogen

ons for the

bure of the

bar) in the
hind methyl

bir content
pplies. For
[s) applies.

P 0n testing

ion and use

9809-1, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —

t 1: Quenched and tempered steel cylinders with tensile strength less than 1 100 MPa

IS0 9809-2, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and testing —
Part 2: Quenched and tempered steel cylinders with tensile strength greater than or equal to 1 100 MPa

ISO 11114-1:2012, Gas cylinders — Compatibility of cylinder and valve materials with gas contents —

Par

t 1: Metallic materials

ISO 11120, Gas cylinders — Refillable seamless steel tubes of water capacity between 150 | and 3000 | —

Des

©IS

ign, construction and testing
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3 Term

s, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply. Some of the definitions
used are based upon those in ISO 7539-1 and ISO 7539-6.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO On

3.1.1
embrittlin
gases whic

Note 1 to enftry: Embrittling gases are listed as groups 2 and 11 in ISO 11114-1:2012, A.4.

3.1.2
hydrogen
Py
maximum

3.1.3
helium ru

PHe
maximum

3.1.4
hydrogen
maximum

3.1.5
environm
synergistig
nominally

3.1.6
threshold
stress aboy

3.1.7

plane strajin stress-intensity factor

K1
function of

line browsing platform: available at http://www.iso.org/obp

g gases
h can cause cracking of metal due to the combined action of stress and hydrogen atoms

rupture pressure

pressure recorded during the hydrogen rupture pressure test

pture pressure

pressure recorded during the helium rupture pressure test

embrittlement index
value of the ratio Pye/Ph2 as a functionof the pressure rise rate

entally-assisted cracking
effect on a metal caused by the simultaneous action of a particular environment af
Static tensile stress, whichresults in the formation of cracking

stress
re which a crack@iill initiate and grow, for the specified test conditions

applied load, crack length and specimen geometry having dimensions of stress x \/ﬁ

da

gth

which unid

u

mode displacements (mode I)

ely define the elastic-stress field intensification at the tip of a crack subjected to opeming

Note 1 to entry: K1 uniquely defines the elastic stress field intensification at the tip of a crack subjected to opening
mode displacements.

3.1.8
threshold
K1y

stress intensity factor for susceptibility to environmentally-assisted cracking

stress intensity factor above which an environmentally-assisted crack will initiate and grow, for
the specified test conditions under conditions of high constraint to plastic deformation, i.e. under

essentially

plane strain conditions

© ISO 2017 - All rights reserved
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3.2 Symbols and abbreviated terms

a effective crack length measured from the crack tip to the loading plane
aop average value of a

B specimen thickness

em mean disc thickness

E modulus of elasticity

Kiapp applied elastic stress-intensity factor
Kin threshold stress intensity factor

m elastic displacement per unit load

P applied load

Py actual rupture pressure

P corrected rupture pressure

P't{2  corrected hydrogen rupture pressure

P'tle theoretical helium rupture pressure corresponding to the same pressure rise rate aq for the
hydrogen test, calculated by regression fromthé corrected helium rupture pressure

Rm actual value of tensile strength

%4 crack-mouth opening displacement (€MOD) defined as the mode 1 (also called opening-mode)
component of crack displacement duie to elastic and plastic deformation, measured af the
location on a crack surface that‘has the greatest elastic displacement per unit load,

w effective width of a compact specimen, measured from the back face to the loading plane

Y stress intensity facter.coefficient derived from the stress analysis for a particular sppcimen
geometry, which relates the stress intensity factor for a given crack length to the loagl and
specimen dimensions

HAC hydrogen assisted cracking

4 |Generalrequirements

The test methods as described in Clause 5 are valid for all designed working pressures. The test shall
be petformed at room temperature at not less than the designed working pressure. All tegts shall be
conducted to evaluate the hydrogen embrittlement taking into account conditions that will be found in
the intended application. The composition of the tested gas shall have a concentration of embrittling gas
not less than the maximum concentration in the intended application. The tests shall be performed for
selecting steels for hydrogen/embrittling gases and mixtures cylinders. Chromium-molybdenum steels,
quenched and tempered with a guaranteed maximum actual ultimate tensile strength of 950 MPa,
do not need to be tested and can safely be used for the construction of hydrogen/embrittling gases
cylinders; however, H2S mixtures at more than 100 bar working pressure need to be tested. For carbon-
manganese steels, different limits on ultimate tensile strength apply (as described in ISO 9809-1).

The tests described in Clause 5 are “qualification tests” for a given steel composition and heat treatment.
This means that the tests need not be repeated for each type, as defined in ISO 9809 (all parts), of
cylinder once a steel has been qualified for a specific design strength level.

© IS0 2017 - All rights reserved 3
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The test samples shall be taken from a representative cylinder or from a piece of tube (for long
cylinders, according to ISO 11120), representative of the relevant manufacturing process including heat

treatment.

The test samples shall have a mechanical strength not lower than the maximum intended tensile
strength to be used for the cylinders to be manufactured. If it is intended later to increase the maximum
strength of the steel, a new qualification test shall be performed.

With respect to the possible variation of the chemical composition, the chemistry of the steel tested shall
be recorded in the qualification test report and the difference in chemistry for the steels actually used
for the cylinders shall not exceed the “permissible difference” according to ISO 9809-2. In addition, for

sulphur an
In no case
0,015 %.

With respe
times, and

type appro

For the qu
used (see 5

5 Test methods

H phosphorus, these permissible differences are limited to 0,005 % and 0,010 %, respectiy
shall the phosphorus content of either the qualification or the production cylinders“exa

bct to the heat treatment, the manufacturer shall specify the relevant températures
the quenching conditions (if relevant). Any modification to the heat treatment needing a
val according to ISO 9809-2 requires a new qualification test.

.1, 5.2 and 5.3, respectively). Additionally, tensile tests shall be carried out (see 5.4).

rely.
eed

and
hew

hlification of a given steel for the manufacturing of gas cylinders,method A, B, or C can be

5.1 Disdtest (method A)
5.1.1 Principle of test
A mounted test piece in the shape of a disc is subjected to an increasing gas pressure at constant fate
to burst of to crack. The embrittling effect of hydrogen (or other embrittling gas) is evidenced by
comparing|the hydrogen rupture pressures, Pyg,-with the helium rupture pressures, Pye, helium bging
chosen as 4 reference gas.
The ratio Hye/PH2 shall be determined.
The lower fthe ratio, the less susceptible the steel will be to embrittlement. This ratio is dependenf on
the pressufe rise rate, which shall rémain constant during the whole test.
NOTE ydrogen/embrittlihg-gases rupture pressures also depend on the hydrogen purity. Oxygen or traces
of water vapour can partially\inhibit the hydrogen embrittlement effect.
5.1.2 Tejt conditiens and procedure
5.1.2.1 Sample disc
The samplediscshattbe ftfatand ground {or machined to an equivatent surface fintsh), and shatthave
the following characteristics.
Dimensions:

: 0
— diameter: 58_0' o5 Mm;

thickne

ss: 0,75 mm + 0,01 mm;

— flatness: less than 1/10 mm deflection.

NOTE 1

higher working pressure, thickness higher than 0,75 mm can be used.

The hydrogen rupture pressures are in the range of 300 bar. If it is intended to evaluate the steel for

© ISO 2017 - All rights reserved
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E2

For gases intended to be used at maximum working pressure less than 100 bar, the test results could

be conservative. In such case, the test could be repeated with disk at thickness such that the failure pressure is
no more than service pressure.

Surface condition (both sides):

— roughness: Ra value (see [SO 4287) less than 0,001 mm; the roughness of the samples used for both

The

H> and He tests shall be equivalent;

no visible oxides.

Fnllnwing operations shall he pprfnrmpd to verify the Qamplp qn;ﬂi’rv

5.1
The

appjroximately 5 cm3 is provided below the disc. Above thedisc, a high-strength steel ring

(Rm
disq

Gas
por
pur
reg

NOT

Thd
mot
use

For
tigh

Hyd
valv

5.1

For

2.2 Cell and other apparatus

L to the atmosphere. This permits the evacuation of the installation and a check of th
ity and freedom from either oxygen (02 <\"ul/1) or water vapour (H20 < 3 pl/1). It al
1lation of the gas flow and adjustment ofthe pressure rise rate.

Immediately after the final preparation and prior to the testing, store the samiple
atmosphere, i.e. a desiccator.

Degrease the sample and check thickness at 4 points taken 90° apart to defirie’a mean t}

Determine the disc’s hardness (e.g. Vickers) over its outer circumference (outside the O
to verify that machining has not altered the original material properties.

cell (see Figure 2) is composed of two stainless steel flanges embedding the disc. Al

> 1 100 MPa). The internal diameter is 25,5 mm and the'ring curvature radius where i
is 0,532 mm.

discharges can occur after disc bursting either*through the lower flange or upper flangg

E 1 ul/1= 1 ppm. The use of ppm.is’deprecated.

sealing device shall be an elastomer O-ring for helium testing, and for hydrogen testing
e than 10 bar/min. For hydrogen testing at rates not exceeding 10 bar/min, indium O-riy
H (to eliminate oxygen retrodifusion).

the flange assembly, ten high-strength steel bolts should be used, size M10 or equiy
tening torque shallbe 30 Nm for elastomer O-rings and 100 Nm for indium O-rings.

rogen and helium shall be stored in high-pressure containers connected to the test cells. A f]
e betweensthie high-pressure container and the cell shall be used to adjust the pressure ris

2.3 «Test procedure

5 in a dry

pickness.

L-ring zone)

volume of
s mounted
meets the

b discharge
e hydrogen
SO permits

at rates of

gs shall be

ralent. The

ow control
b rate.

a“satisfactory outcome of the test performances, operations in the following sequend

es shall be

carried out.

©IS

Evacuation of the cell by pumping to eliminate any traces of air or moisture absorbed by the walls.
Purging with the gas to be used, followed by vacuum pumping, can also be used to improve the

cleaning efficiency.

Check the purity of the gas flowing out of the cell before testing to ensure absence of trace of air or

moisture absorbed by the walls and the gas specification has been met.
Adjustment of the gas flow to achieve the appropriate pressure rise rate (if necessary).

[solation of the cell (at the start of pressure rise).

02017 - All rights reserved
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Key
1 discis s
2 discis g

NOTE '

The rate {tf pressure rise shall be regular and-kept as constant as possible, neglecting the |gas

compressi

To evaluat
(see 5.1.2.1
the upper |
hydrogen j
at 700 bar)

The ruptui
gauge shal

The tests s
arange of |
of pressur
tests shall

ubjected to Py on the lower side
ubjected to PNz on the upper side

'he disc is loaded with AP= Py2 - Pn2.

Figure 1 — Compensating pressure disc test principle

ility factor with pressure.

e the behaviour of steels at pressure higher than 300 bar, either a thicker disc shall be ysed
) or a compensating pressure of inert gas (see Figure 1) shall be introduced progressively in
part of the disc cell at the same rate and pressure as hydrogen (e.g. up to 400 bar). Then,|the
ressure is further increased as indicated in 5.1.1 at a constant rate to burst or to crack [e.g.
to evaluate the behaviour of the steel at about 700 bar).

e pressures shall'‘be’noted from the recorded readings at the end of the test. The presqure
be accurate to£2/% for the intended measured rupture pressure.

hall be cartiied out with hydrogen (for quality, see 5.2.2.3) and with helium (H20 < 3 pl/1] for
pressurerise rates evenly distributed between 0,1 bar/min and 1 000 bar/min. Once a range
e riserates showing maximum hydrogen sensitivity has been established, three additignal
be“eonducted within this area, in order to establish the minimum value for the rupture

pressure (3

eeFigure 3). Six helium tests and nine hydrogen tests (i.e. 15 tests in total) are enough fpr a

thorough material evaluation.

5.1.3 Treatment and interpretation of test results

5.1.3.1 Disc thickness

Rupture pressure Py shall be systematically corrected for deviation from the “ideal” value corresponding
to the test of a standard thickness disc.

© ISO 2017 - All rights reserved
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The corrected rupture pressure, Py, shall be given by Formula (1):
, P.x0,75
P'=——
em
where

5.1

em isthe mean disc thickness.

3.2 Presentation and interpretation of test results

)

Rup

(actual rupture pressure divided by the test duration) expressed in bar/min (see Figune-3).

For

wh

Rat

The
sha
tha

5.1

Ifit
abn|

5.1
Thd

embrittlement index) and the cylinder design drawing including the material propertie

conj

ture pressures, corrected as indicated in 5.1.3.1, shall be plotted against the pressur

each hydrogen test, calculate the ratio given in Formula (2):
Pr He/Pr H2
bre

P.'ge isthe theoretical helium rupture pressure corresponding to the same pressure rf
for the hydrogen test, calculated by regression frofm the corrected helium ruptur

P’z is the corrected hydrogen rupture pressure,
os of Py'ye/Pr'12 shall be plotted against the presstre rise rate (see Figure 4).

embrittlement index of a material is the maxintum value of the above-mentioned ratio. T
h or equal to two.

4 Failure in conducting test

is found that a failure occurred during the conduction of a test (e.g. inappropriate surfacg
ormal hardness, irregularpressure rise), the test shall be repeated.

5 Testreport

detailed test conditions (gas purity, rupture pressure, hardness of the specimen, ratio |

position afid-heat treatment conditions of the tested cylinder shall be reported.

e rise rate

(2)

Se rate as
P pressure;

e material

| be considered as suitable for compressed-hydrogen/embrittling gas cylinders if the index is less

condition,

)r,He/Pr’H2;
5, chemical

©IS
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2
ll ° 3
! II I L
Wl
! I
| N | 5
1 LLN T N
! I
I yA
|
| I ) \
I 7
il
|
9
Key
1 port forf evacuation and flow.adjustment 6 disc
2 discharfge port 7  O-ring
3 upper flange 8 lower flange
4 bolthole 9 gasinlet
5  high-strengthsteel ring

NOTE This figure is not to scale. See dimensions in 5.1.2.1 and 5.1.2.2.

Figure 2 — Schematic test installation (test cell)

8 © IS0 2017 - All rights reserved
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Pr" 1
600
— 2
o00 /¢/
* -
400
A ¢
A
300 A—At
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107" 100 10 100 1000 X

Key
regression curve

helium corrected rupture pressures (Pr'ge)
hydrogen corrected rupture pressures (Py'y2)
pressure rise rate (bar/min)

corrected rupturé-pressure (bar)

Figure 3 —Examples of hydrogen and helium corrected rupture pressures as a funct

pressure rise rate

jon of the
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Z\
2
vY
v VY v
v
o=

10" 10° 10 100 1000 X
Key
1  hydrogen embrittlement index
X  pressue rise rate (bar/min)
Z Pr’He/P "H2

Figure 4 — Examples of the ratio P;y'ge/Pr'y2 as a function of the pressure rise rate

5.2 Fradture mechanics test (method B)

5.2.1 Pr

nciple of the test method

This speci
susceptibi

The procec
the determ

The test involves a specimen containing a machined notch. This notch is extended by fatigue cracl

and then sy
hydrogen
assisted cr

If the sped
cylinders f

NOTE '

ies a method for the determination of the threshold stress intensity factor (Kip)
ity to cracking of metallic materialsiih gaseous hydrogen (or other embritlling gases).

Jure covers the use of machined compact tension test pieces, as described in ISO 7539-6
ination of the threshold stress intensity factor, as described in ISO 7539-1.

bjected to an incrementally increasing tensile load during exposure to a pressurised, gase
environment. Theobjective is to quantify the conditions under which environments:
nck propagatignycan occur.

imens pas§the test requirements, then the material is characterized as suitable for
lled with-eompressed hydrogen.

for

for

(ing
ous
1ly-

gas

'he”test can be carried out with any other embrittling gas or gas mixture (e.g. H2S, hydri

The acceptance/criteria of the considered gas will then be defined similarly.

Tes).

5.2.2 Test procedure

5.2.2.1 Specimen type

The test involves the use of a compact tension (CT) type specimen, according to the geometry given
in Figure 5 (ISO 7539-6:2011, Figure 3), with a W dimension of 26 mm and B equal to the greatest
thickness allowed by the cylinder wall curvature and thickness, but not less than 85 % of the design
thickness of the cylinder being qualified. The specimen orientation (Y-X) relative to the cylinder axis is
shown in Figure 6.

10
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At least three specimens taken 120° apart from the cylindrical wall shall be tested. Flattening of
specimen blanks is not allowed. If the test specimen thickness cannot meet the validity requirements of
[SO 7539-6, then the thickest possible specimen as specified above shall be tested.

Dimensions in millimetres
Surface roughness values in micrometres

I 1112 0,2% B A]
[l
| 4

A 21 & g
g 1 &
- 3’\2 B B Ra 0,4
: S d

g g ==

o\°‘ V4

® &
1= =)
— + — -
+ Ra 0,4
: “y d

Y

. 30,6% HIK]

A

/V

A
)
<

net width

total width, 1,25 W minimum

thickness, 0,5 W

half height, 0,6 W

hole diameter, 0,25 W

half distance between hole outer edges, 1,6 D
notch widthy0,065 W maximum
effective-notch length, 0,25 Wto 0,40 W
efféctive crack length, 0,45 Wto 0,55 W

Q“‘Z"".IDEQ?Q%

Figure 5 — Proportional dimensions and tolerances for compact tension test pieces
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5.2.2.2 §
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Figure 6 — Test piece: type and orientation

pecimen preparation

igue pre-cracking, all necessary electrical contdets and wires required for crack monito
tached to the specimen. The specimen shall be thoroughly degreased, with partic
aid to the notch tip region.

subsequent operations, especially, the fatigue pre-crack, the specimen shall nof
fed in order to ensure a clean crack front.

-cracking shall be conducted to meet the general requirements detailed in ISO 7539-6:2
' the initiation and propagation of fatigue cracks. The final maximum pre-cracking load s
maximum stress intensity lower than the initial stress intensity required for the test.

fion of fatigue pre-cracking, the specimen shall be measured as detailed in ISO 7539-6:2

determine the thickness, B, width, W, and average length of the fatigue pre-crack on
urfaces. The last’of these values shall be used in assessing the load necessary to produce
itial stress intensity:.

oxidation of the crack tip, the specimen shall now be put on test. If, for any reason, this is
e speciimen shall be stored in a clean, desiccated environment until ready for testing.

ing
1lar

be

D11,
hall

D11,
the
the

not

5.2.2.3

aspuritvand pressure
T 4 T

The gas pressure in the test chamber shall be not less than the working pressure at which the cylinder
needs to be evaluated. In the case of hydrogen, a purity of at least 99,999 5 %, and O < 1 pl/l and
H20 <3 ul/l. For other gases, the purity shall be equivalent to that of the gas being used. This gas
shall be covered by a batch certificate of conformity. As an alternative, gas with a 99,999 9 % purity
(02 <0,1 pl/Tand Hp0 < 0,5 pl/1) and covered by an individual certificate of conformity may be used.

5.2.2.4 Testapparatus

The tests shall be conducted in a stainless steel chamber such as shown together with the loading bars
and specimen in Figure 7, and installed on a servo-hydraulic test machine (Figure 8).
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Figure 8 — Servo-hydraulic test machine

After installation of the specimen, it is recommended that the test chamber be evacuated to a pressure
of <130 Pa prior to the introduction of gaseous hydrogen. The purity of the gaseous environment in the
test chamber shall be as specified in 5.2.2.3.

Crack initiation and any subsequent growth shall be detected and monitored using a direct current
potential drop (DCPD) method.

5.2.2.5 Test method

If there is no prior knowledge of the material’s threshold stress intensity factor, then the test shall
be started using a load which produces a stress intensity factor of 1 MPa-m0.5 at the crack tip (for
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calculation of the load, see ISO 7539-6). Otherwise, the test may be started at a stress intensity factor
equivalent to, but not exceeding, 50 % of the stress intensity factor derived from previous work.

The applied load shall be recorded continuously. The specimen shall be held at the initial load for a
period of at least 20 min to allow for crack growth at room temperature. If no crack growth is detected
by the end of the hold period, as evidenced by a plateau in the potential drop curve, the load shall
be increased at a controlled rate in a step equivalent to a crack tip stress intensity factor increase of
1 MPa-m0,5, and held for a further 20 min. This procedure shall be continued until failure occurs, with
the appropriate load being recorded on the test data sheet.

The load shall be increased at the end of a hold period, by means of a servo-controller, at a constant rate of
2 x 10-3 kN-s-1, until attainment of the crack tip stress intensity required for the subsequent hold perjiod.
This would result in a controlled crack tip stress intensity factor increase totalling 1 MPa-m0.5 oyera'tfime
interval of ppproximately 1 min, assuming a test piece of thickness 7 mm and with an a/W of 0;5;

5.2.2.6 Specimen measurement

After the test, the specimen shall be inspected in accordance with ISO 7539-6, with the approprjate
measuremgents to 0,01 mm being made using a travelling microscope.

5.2.3 Testresults

5.2.3.1 Analysis and acceptance criteria

Calculatior) of the test result shall be as stated in ISO 7539-6, through a relationship of the form as given
by Formula (3):

Kin = YP/BW 0,5 (3)
The load, Pl used in the calculation is that applied tathe specimen before the final increment that caysed
failure.

Provided that the K1y values of both CT specimens are greater than or equal to (60/950) x Ry, (MPa-mp.5),
then the njaterial is qualified for a maximum tensile strength (Rny) equal to the average of the fwo
tensile strg¢ngth values obtained in 54%]f the constraint validity requirement of 5.2.2.1 is not met, then
the materigl is suitable up to the design thickness of the cylinder tested.

5.2.3.2 Hailure in conducting test

If it is foung that a failuré\o¢curred during the conduction of a test (e.g. inappropriate surface conditjion,
abnormal hardness, irr€gular pressure rise), the test shall be repeated.

5.2.3.3 Testreport

The detailed test conditions [gas purity and pressure, record of the direct current potential drop
(DCPD) measurements, location and dimension of the specimen, K1y and Ry, (see 5.4) and the cylinder
design drawing], including the material properties and chemical composition and the heat treatment
conditions of the tested cylinder, shall be reported.

5.3 Test method to determine the resistance to hydrogen assisted cracking of steel
cylinders (method C)

5.3.1 General
A fatigue precracked specimen is loaded by a constant displacement method to a stress intensity Kjapp

in pressurized hydrogen gas or other embrittling gas at room temperature. After the test period, the
specimen is examined to assess whether the initial fatigue crack did or did not grow. To determine the
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