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Forewo

rd

ISO 7039:2024(en)

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai
rights in regpect thereof. As of the date of publication of this document, ISO had noteceived

patent(s)

this may ngt represent the latest information, which may be obtained from the patent database

}Le1 use of (a)
ed patent

hotice of (a)

ich may be required to implement this document. However, implementers are caytioned that

available at

www.iso.ong/patents. ISO shall not be held responsible for identifying any or allstich patent rights.

Any trade
constitute 3

For an expl
related to
Organizatig

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

hame used in this document is information given for the convenience of users and does not

pxXpressions

conformity assessment, as well as information about ISO’s adherence to the World Trade

n (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢word.html.

This document was prepared by Technical Committee ISO/TC164, Mechanical testing of metals, Subcommittee

SC 1, Uniaxi

Any feedbafk or questions on this document should be directed to the user’s national standa
ting of these bodies can be found at www.iso.org/members.html.

complete lis

0l testing.

irds body. A
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Introduction

Hollow test pieces have been occasionally used for the evaluation of influence of hydrogen[l since the 1950’s.
But those hollow test pieces were mostly shaped with thin walls or in a tubular form, and the deformation
behaviour was different from that of solid test piece; as a result, neither the percentage elongation after
fracture (the elongation) nor the percentage reduction of area (the reduction of area) can be accurately
obtained. The influence of a high-pressure hydrogen gas environment has been conventionally evaluated
using a solid test piece within a gas-filled cylinder or vessel with the tensile force applied from outside the
vessel to evaluate the influence of the hydrogen gas on the material under test as described in ASTM G 142[2]
or ISO 11114-4(31,

Since 2005, the use of a hydrogen gas filled hollow test piece has been utilized as a method to evaluate

changes in
found in prg
with gaseo
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vious studies!4l-[?] that testing of a hollow test piece with a small diameter axial hgle
hydrogen yielded similar trends for both the elongation and the reduction of @y€a

s
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a material s
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oses as specified by the ISO 6892 series but is suitable as a screening or first select
materials in a gaseous or liquid media. The hollow test pigcé-is suitable for the e
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the pressurized gas in the hollow test piece can affect the tensile properties in the te
F conditions, e.g., test speed, test gas, interhal pressure, temperature, and gas purit]
b. As this document describes in generatthe test procedure for the hollow test piece
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Metallic materials — Tensile testing — Method for evaluating
the susceptibility of materials to the effects of high-pressure
gas within hollow test pieces

1 Scope

This documn
test piece

a tensile te
pressure in
mechanical

NOTE T

2 Norm

The followi
requiremen

ent specifies the geometries and proposed finishing procedures of the inner surfac
bf metallic materials, filled with a high-pressure gaseous medium. The docunie
cting procedure to evaluate the effect of high-pressure gaseous medium compare
ert gas or air. The document can be used for the screening of metallic materials by
property changes due to the effects of various test gases, including hydrogen.

bmperature range and pressure range depend on the materials to be tested and test gas to bg

htive references

ng documents are referred to in the text in such a way thabseme or all of their content]
ts of this document. For dated references, only the edition cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

[SO 6892-1,
[SO 6892-2,
ISO 6892-3,

Metallic materials — Tensile testing — Part 1: Method of test at room temperature
Metallic materials — Tensile testing — Part-22Method of test at elevated temperature

Metallic materials — Tensile testing —*Part 3: Method of test at low temperature

[SO 9513, Metallic materials — Calibration of-extensometer systems used in uniaxial testing

ISO 21920-]
and surface

ASME B31.§

3 Terms

For the put
following aj

ISO and IEC

P, Geometrical product specifications (GPS) — Surface texture: Profile — Part 2: Terms
texture parameters

, Gas Transmission and.Distribution Piping Systems for thick wall pipes

and definitions

poses of this' document, the terms and definitions given in ISO 6892-1, ISO 2192
bply.

madintain terminology databases for use in standardization at the following address

e of hollow
ht specifies
1 to a high-
evaluating

used.

constitutes
references,

, definitions

D-2 and the

ES:

ISO On

3.1

1ne browsing platform: available at https://www.1so.org/obp

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

hollow test piece
test piece in form of round bar with a hole in its central axis

3.2

relative elongation after fracture with hollow test piece

hfreD

elongation after fracture obtained with a high-pressure inert gas or air with hollow test piece

© IS0 2024 - All rights reserved
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3.3
relative reduction of area with hollow test piece

Z(rer)
Vafue of the reduction of area at leakage obtained with a high-pressure gaseous medium divided by the
reduction of area obtained with a high-pressure inert gas or air with hollow test piece

3.4
relative 0,2 % proof strength with hollow test piece

R
p0,2 h(rel
value of the 0,2 % proof strength obtained with a high-pressure gaseous medium divided by the 0,2 % proof

strength obtained with a high-pressure inert gas or air with hollow test piece

3.5
relative tepsitestrengthwithholtowtestptece———

Ryh(rel)
value of the|tensile strength obtained with a high-pressure gaseous medium divided by thé tensjile strength

obtained with a high-pressure inert gas or air with hollow test piece

4 Symbols

The symbols and corresponding designations are given in Table 1.

Table 1 — Symbols and designations

Symbol Unit Designation

d, mm original internal diameter of the parallel length

de mm interndl diameter at the fracture section after fracture

D, mm original outer diameter of the parallel length

Dy mm outer diameter at the fracture section after fracture

éLc s estimated strain rate over the parallel length

L, mm original gauge length

Ly mm final gauge length after fracture

Ay % percentage elongation after fracture with hollow test piece:

L~ L
Ay =——79%100

0

S, mm? original cross-sectional area of the parallel length
St mrh? final cross-sectional area at leakage
Zy % percentage reduction of area at leakage with hollgw test piece:
Zy = M>< 100
o
Apren relative elongation after fracture with hollow tlest piece
Zy(rel) relative reduction ot area with hollow test piece
R10,2 hrel) relative 0,2 % proof strength with hollow test piece
Rih(rel) relative tensile strength with hollow test piece

5 Principle

A tensile test is carried out by pressurizing the hole of the hollow test piece with a test gas to determine the
effects of the test gas and temperature on the mechanical properties of the material under test.

The effect of the test gas is evaluated by comparing the material properties to those obtained by filling the
hole of the hollow test piece with high-pressure inert gas or air at the same test conditions.

© IS0 2024 - All rights reserved
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iece

6.1 General

The shape and dimensions of inner hole of the test pieces may be adapted to the material and the gaseous
medium to be tested.

6.2 Shap

e and dimensions

The outer shape of the test piece shall be a cylindrical test piece. ISO 6892-1 can be used as a guideline for
test piece selection.

The outer

iameter (DU) of the pqrnl]p] part of the test pipr‘p should be within the range of3m

N to 12 mm,

and the rec
Thed,/D,r

The gauge |
test piece ¢

NOTE1 T
with the incr

NOTE2 T

The calculdted hoop stress according to ASME B31.8, at test pressure shall not exceed two-t
ield strength of the test material in air. Appropriate wall thickness shall be determimed for each

measured Y}
combinatio

Figure 1 shpws an example of the shape and dimensions of\the test piece. The hole shall be lo

the entire g
piece), but

Procedures
should be a

The total r
connection

pmmended inner diameter (d,,) of the parallel length (hole) is within the range of 1nj
htio is recommended to be less than 0,33. The d /D, ratio can be agreed between,the

ength of the specimen can be according to ISO 6892-1 and the ring-like cross‘section o
in be used as area of the cross section to calculate the gauge length.

he percentage elongation after fracture of hollow test pieces becomes smallerthan that of sol
ease of the d, /D, ratio.

he d at the grip ends is not specified but the test piece breaks at the grip if the wall thicknes

h of test piece size, material strength, pressure and temperature.

rauge length of the test piece and should go-through full length of test piece (full
pptionally, a blind hole test piece can be allowed according to the agreements betw
for the inner surface finish (see 6.3) and-the test gas purity (see 10.1) for the blind ho|
breed.

lin-out tolerance of the hole should be within 0,05 mm over the parallel length.
can be placed at the end of the grip section(s).

m to 4 mm.
parties.

f the hollow

d test pieces

5 is too thin.

hirds of the

cated along
hollow test
pen parties.
le test piece

The gas fill

Key
d, inner djfameter
D, outer dlameter
Eigure 1 — Schematicillustration of a hollow test piece
6.3 Inner surface of hole

The inner surface shall be prepared so as not to affect the properties of the sample. In the case of a heat-
affected layer of inner surface arising by drilling or electrical discharging machining, it shall be removed.

NOTE

ongoing scientific discussion.

The effect of the surface quality of the inner side of the test piece on the tensile properties is part of the

After final finishing the inner surface of the hole, any remaining machining debris and/or polishing media
shall be removed from the inner surface with twisted paper, cotton thread, or any other means. Any cleaning
method is acceptable provided that no influence on test results, such as hydrogen ingress is possible during

© IS0 2024 - All rights reserved
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the cleaning process. The hole shall be rinsed with a solvent to remove oil and grease. The finishing procedure
and the final finish of the inner surface polish may be according to the agreements between parties.

An inner surface roughness, Ra of 0,25 pm or better is recommended. Measurement or estimation shall be
reported.

For the blind hole test piece, the machining and polishing processes should be examined in preliminary tests
according to the agreements between parties.

6.4 Number of test pieces

More than two hollow test pieces should be tested with both inert gas and the test gas, unless agreed
otherwise between the parties. The properties obtained with inert gas should be averaged for calculation of
relative valfilesin 11.3T0 11.6.

7 Measuyrement of original cross-sectional area

The outer (:[ameter of parallel part shall be the average of three points measured algngthe parallel length of
the test piege.

The inner d
measured,
this introdu
the inner di

8 Marking the original gauge length

Marking of

9 Teste

9.1 Pring

Figure 2 shows the principle of the high*pressure gaseous environment test apparatus using

pieces and
that applieg
gas,and at

Safety requlirements are not'shown in this schematic; it is the responsibility of the user to refer

local safety
The axis of

During the

iameter should be measured using, for example, measuring pins;-If the inner diar
h nominal inner diameter can be used. However, caution shouldybe taken to minimi
ces, and knowledge about the process to make the hole is nec¢essary. The method foj
ameter or if the nominal diameter is used, should be noted‘in the test report.

the original gauge length shall be carried out inaccordance with ISO 6892-1.

quipment
fiple

in example schematic of-the basic system. The apparatus consists of a material testi
tensile force to the test-piece, a gas supply unit that fills the hollow part of the tes
bPmperature controlatnit that heats and cools the hollow test piece filled with gas.

regulations{codes and standards for deployment of pressure systems.
Lhe testpiece shall coincide with the axis of application of the force.

festing, the gas supply shall be shut (see valve A in Figure 2).

neter is not
re the error
measuring

hollow test
ng machine
F piece with

to relevant

If a gas ana

- Ll £ A | 1 - + 1 111 + el 1 1 L :
YSIS IS PETTUTIIICU, 545 dIIdly SIS dCLESS POUTLS SITOUIU DT 4dt TILICT vVdA4Ive B Ol vdIvte C Lbl‘,e Flgure 2)

However, other valves may be used according to agreement between parties. The valve used for sampling
shall be stated in the test report.

For tests conducted with high-pressure combustible and/or other gas, a flammable or other gas hazard exists.
Although with proper system design the amount of release combustible or other gas can be minimized. The
user of this document should be aware of appropriate local regulations, codes and standards for additional
safety requirements (such as locating equipment in an explosion-proof room).

NOTE A small diameter high-pressure line and minimum line length from valve A (see Figure 2) to the test piece
minimizes the volume of gas released upon failure of the test piece.

© IS0 2024 - All rights reserved
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3

Key

1 test pieg

2 loading

3  load cel

4 valve A

5 valveB
Figure 2 —

e 6 valveC

Frame 7  pressure gauge
8 gascylinder
9  temperaturescontrol bath
10 load

- Principle of the high-pressure gaseous medium test method with hollow test
schematic of basic system (non-safety related).

9.2 Testing machine

The tensile
control sloy

9.3 Extel

In case exte
agreed bety

9.4 Test

If it is foun
during the

testing machine used shall conform with the requirements of ISO 6892-1 and shal
) strain rates.

isometer

nsometers are used; the equipment shall be in accordance with ISO 9513 class 1 unles|
veen parties.

deviation

1 that a-deviation in specified test parameters (temperature, pressure, test rate, et
onduct of the test, then the test shall be repeated, unless otherwise agreed between

bieces and

|1 be able to

s otherwise

") occurred
the parties.

10 Test conditions

10.1 Test gas

Two gases shall be used to conduct tests with the hollow test piece: a test gas and an inert gas. A test gas
(with appropriate safety measures), for example, can be either hydrogen, hydrogen sulphide, a corrosive gas,
ammonium gas or carbon dioxide gas. An inert gas can be either helium, argon, or nitrogen for reference in
high-pressure condition and for purge.

The test piece shall be purged or vacuum-pumped with the inert gas at least three times to remove air from
the system. Three purge cycles with the test gas shall be conducted to displace the inert gas. The purity, or

© IS0 2024 - All rights reserved
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quality, of the test gas is an important testing parameter and should be defined by the parties and shall be
reported.

NOTE A high number of purging cycles will result in high purity of the test gas and reduce the effect of gas
contamination.

In a hydrogen environment, hydrogen effects are very sensitive to impurities and hydrogen of 99,999 9 %
concentration or higher should be used. Other gas qualities can be used according to agreement between the
parties. The gas quality shall be stated in the test report, including at least the hydrogen concentration and
the content of oxygen (0,) and water vapor (H,0).

For tests with gaseous hydrogen, analysis of the test gas from the test piece hole can be performed using a
trace oxygen meter and a dew point meter (or equivalent methods) according to the agreement between the

parties.

For tests wi
there is no ¢

10.2 Test

The test te
ISO 6892-3
temperatun

10.3 Test

The test pry§
The test prg
test piece te

Prior to sta
pressure is
within £5 9
be included|

The test pry¢

be maintaiped within 5 % of the spécified test pressure for the duration of the test until the

released at
piece. The 1
pressure th

10.4 Testing rate

The test sp¢

This is the
gases in the

th inert gas, the pressure shall be the same as that of the test gas; however, if.it|is
pffect of pressure, the test may be conducted in atmospheric pressure air.

temperature

perature shall be in accordance with ISO 6892-1 for room temperature and 1S(
for testing at elevated or low temperature. The soaking time.(time taken to s
e of the test piece prior to mechanical loading) should be includéd in the test report.

pressure

essure is the pressure of the test gas enclosed in the'liole of the test piece at the star
ssure shall be adjusted by a gas pressure regulate¥/but for tests at high or low tempg
mperature may also be adjusted to achieve a change in pressure.

ting the test, the pressure shall be stable within +1 MPa for a minimum of 10 min if
greater than or equal to 20 MPa. If the test gas pressure is less than 20 MPa, it shz

of the test pressure for a minimum-of 10 min. This is the pressure stabilization time
in the test report.

essure shall be continuously monitored and/or recorded during the test. The test pr
the final fracture or before'the fracture due to the crack propagation to the surfac

requirement to maintain“it within +5 % after the start of the test applies regardlg
E test is being perforimed at.

ed shall Keless than or equal to 0,000 05 s1 at the estimated strain rate over the paralle

maxingum recommended strain rate. To provide the maximum effect of damage for

proven that

6892-2 or
tabilize the

t of loading.
ratures the

the test gas
111 be stable
and it shall

pssure shall
b test gas is
b of the test
ss of which

length e; .

certain test

liollow test piece, slower strain rates can be used.

11 Evaluation of the test results

11.1 Yield strength, tensile strength, percentage elongation after fracture with hollow test piece

In general, the evaluation of the test shall be done in accordance with ISO 6892-1. However, percentage
elongation after fracture and percentage reduction of area of the hollow test piece are generally smaller
than those of the solid test piece due to the hollow and should be used as comparison only.

If the test gas pressure in the hollow releases before final fracture, the displacement at which the gas
released should be identified from the recorded stress-displacement curve or gas pressure-displacement
curve. The difference between the displacements before and after final fracture should be subtracted from

© IS0 2024 - All rights reserved
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