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Foreword

1SU {the Tnternational Organization for Standardization) is a ywridwide fed-
eration of national standards bodies (ISO member bodigs). [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 thg right to be
represented on that committee. International erganizations, dovernmental
and non-governmental, in liaison with ISO, alse-take part in the work. ISO
collaborates closely with the International)Electrotechnical [Commission

(IEC) on all matters of electro

tachnical etandardizatinn
CCnniCar s@nGarGiZation.

Draft International Standards adgpted by the technical conpmittees are

circulated to the member bodies for voting. Publication as an
Standard requires approval by.at least 75 % of the member b
a vote.

International Standard~}SO 9329-4 was prepared by Technicd

ISO/TC 17, Steel, Subcommittee SC 19, Technical delivery g
steel tubes for.pressure purposes.

It cancels.@nd replaces ISO 2604-2:1975, of which it ¢
technicallrevision, together with parts 1, 2 and 3 of ISO 9329.

ISO\9829 consists of the following parts, under the general ti
steel tubes for pressure purposes — Technical delivery condit
Part 1: Unalloyed steels with specified room temperaturé

Part 2: Unalloyed and alloyed steels with specified eleval
ture properties

Part 3: Unalloyed and alloyed steels with specified low
properties

Part 4: Austenitic stainless steels

Annexes A and B of this part of ISO 9329 are for information g

International
pdies casting

| Committee
onditions for

bnstitutes a

le Seamless
ons:
b properties

ted tempera-

temperature
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Seamless steel tubes for pressure purposes — Technical delivery

cond

Part 4:

itions —

Austanitic stainless steels

1 Scope

1.1 Thip part of ISO 9329 specifies the technical delivery conditions/for seamless tubes of circular
made of| austenitic stainless steel, which are applied for pressure and corrosion resisting purp

tempera

for exam

interconmecting pipe work.

Tubes m
specified

appropriate to the service for which they are intended.

cross-section,
bses at room

ure, at low temperatures or at elevated temperatures.“These tubes are intended for pressjure purposes,
ple, for the construction of pressure vessels, chemi¢al plants and steam-generating equigment and for

anufactured in accordance with this part of. iSO 9329 may have specified room temperatiyre properties,
low temperature toughness properties,dand specified proof-stress values at elevated tenjperatures, as

The regdirements of appropriate International Standards covering applications (e.g. ISO 1129, ISO 2037, 1SO 6759,
ISO 7598) and relevant national legal regulations shall be taken into account by the user. For boilers and pressure
vessels, [ISO/R 831 and ISO 5730 are~available.

NOTES

1 The wprd “tube” is synonymous with “pipe”.

2 This p
values qy

are by ag

eement between the purchaser and manufacturer.

This parf of AS® 9329 does not cover

art of 1ISO 9329)can also be used as a basis for the manufacture of tubes of non-circular section. If this case, the
oted in this part of ISO 9329 for chemical analysis and mechanical properties are applicable. All othgr requirements

a) casi

ng, tubing, drill pipe and linepipe tor use by the oll and natural gas industries; and

b) tubes for the transport of gas, water and sewage.

1.2 For the general technical delivery requirements, see ISO 404,

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part
of ISO 9329. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO 9329 are encouraged to investigate the possibility of applying the
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most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards.

ISO 148:1983,

Steel — Charpy impact test (V-notch).

ISO 377-1:1989, Selection and preparation of samples and test pieces of wrought steels — Part 1: Samples and
test pieces for mechanical test.

ISO 404: 1992

, Steel and steel products — General technical delivery requirements.

ISO 683-13:1986, Heat treatable steels, alloy steels and free cutting steels — Part 13: Wrought stainless steels.

ISO 783:1989,
ISO/R 831:194
ISO 1127:1991

1ISO 1129:198
conventional N

1SO 2037:1991

1SO 2566-2:19

ISO 3205:1976, Preferred test temperatures.

ISO 3651-1:19
Corrosion test|

ISO 3651-2:19
Corrosion test
test).

ISO 4200:199
length.

ISO/TR 4949:1
ISO 5252:199
ISO 5730:1991

ISO 6759:198

Metallic materials — lensile testing at elevated temperature.
8, Rules for construction of stationary boilers.
, Stainless steel tubes — Dimensions, tolerances and conventional masses per.uhit length.

. Steel tubes for boilers, superheaters and heat exchangers — Dimehsions, toleran
nasses per unit length.

P, Stainless steel tubes for the food industry.

B4, Steel — Conversion of elongation values — Part 2: Austenitic steels.

76, Austenitic stainless steels — Determination Of resistance to intergranular corrosion —
in nitric acid medium by measurement of loss jpsmass (Huey test).

76, Austenitic stainless steels — Determination of resistance to intergranular corrosion —
in a sulphuric acid/copper sulphate medium in the presence of copper turnings (Monypenny

, Plain end steel tubes, welded and seamless — General tables of dimensions and masses

989, Steel names baséd on letter symbols.
, Steel tubes —.Jolerance systems.
p, Stationaryshell boilers of welded construction (other than water-tube boilers).

), Seamless steel tubes for heat exchangers.

ISO 6761:198

ces and

- Part 1:

- Part 2:
Strauss

per unit

Steel tubes — Drop::rnﬁnn of-ends of tubes-and. f:ttmg for I'A'/e!d’l.ng.

ISO 6892:1984, Metallic materials — Tensile testing.

ISO 7438:1985, Metallic materials — Bend test.

ISO 7598:1988, Stainless steel tubes suitable for screwing in accordance with ISO 7-1.

ISO 8492:1986, Metallic materials — Tube — Flattening test.
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ISO 8493:1986, Metallic materials — Tube — Drift expanding test.
ISO 8495:1986, Metallic materials — Tube — Ring expanding test.
ISO 8496:1986, Metallic materials — Tube — Ring tensile test.

ISO 9302:1994, Seamless and welded (except submerged arc-welded) steel tubes for pressure purposes —
Electromagnetic testing for verification of hydraulic leak-tightness.

ISO 9303:1989, Seamless and welded (except submerged arc-welded) steel tubes for pressure purposes — Full
peripheral ultrasonic testing for the detection of longitudinal imperfections.

ISO 930977989, Seamless steel tubes for pressure purposes — rull peripheral altrasonic testing 1on the detection
of transvierse imperfections.

ISO/TR 9769:1991, Steel and iron — Review of available methods of analysis.

ISO 10382:1994, Seamless and welded (except submerged arc-welded) steel tubgs |for pressurg¢ purposes —
Ultrasonic testing for the verification of hydraulic leak-tightness.

ISO 10474:1991, Steel and steel products — Inspection documents.

ISO 11496:1993, Seamless and welded steel tubes for pressure purposes— Ultrasonic testing of tublle ends for the
detectiop of laminar imperfections.

ISO 14284:1996, Steel and iron — Sampling and preparation.’of samples for the determinatioh of chemical
composition.

3 Symbols and denominations

3.1 Fundamental symbols

D = spegified outside diameter
D, = spegified inside diameter

T = spefified wall thickness

3.2 Symbols for tolerances

See 1SO| 5252:

3.3 Symbols for tests
3.3.1 Tensile test

See I1SO 6892.

3.3.2 Flattening test

H = distance between platens

K = constant factor of deformation
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3.3.3 Hydraulic test

pt = test pressure

§ = stress which occurs in the metal during the test

4 Information to be supplied by the purchaser

4.1 Mandatory information

The purchase

— the denornination “tube”;

— reference

— dimensio
millimetre

— length (sq
— tolerance
— reference
— steel grag
— test categ

— typeofin

4.2 Option

Enquiries and
necessary by
be the subject

— steelmak

— heat treafment of hot-finishied tubes [see 5.3.1 b)];

— special to

shall state in his enquiry and order the following information:

to the relevant dimensional standard;

s (outside diameter x wall thickness or, by agreement, inside diameter x wall thick
s (see 7.1);

e7.2);

if exact lengths greater than 12 m are ordered (see 7.3.2);
to this part of ISO 9329;

e (see table 1);

ory (see 9.2);

spection and testing and corresponding documegnt (see 9.1 and clause 12).

al information

orders for tubes in accordance” with this part of I1SO 9329 shall be supplemented, if it is

of special agreements:

ng process (see 5.1);

erances onoutside diameter and on wall thickness (see tables 5 and 6);

— heat treaiment reguested (see 6.2.1);

— bevelled {ube‘ends (see 8.2);

— special streightnessrequirerments{see8

o1 7
7

— symbol for the type of condition (see 8.1.1 and table 7);

— product ¢

hemical analysis (see 9.3);

— determination of proof stress at elevated temperatures (see 9.4.2);

— leak tightness test (see 9.5);

— impact test at room temperature (see 9.9.5.1);

— impact test at low temperature (see 9.4.3 and 9.9.5.2);

— specific marking (see 10.3);

— non-destr

uctive testing for transverse defects (see 9.9.8.2, tubes of test category Il);

© SO

ness) in

deemed

the purchaser, with the indication of one or more of the following optional requirements, wihich shall
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— non-destructive testing of tube ends for laminar imperfections (see 9.9.8.3);
— corrosion test (see 6.4);
— bar coding (see 10.1);

— protective coating (see clause 11).

4.3 Example of an order

Example of an order for a seamless tube conforming to the dimensional standard ISO 1127, with an outside
diameter of 168,3 mm, a wall thickness of 4 mm and a standard length (exact length) of 6 m, made of steel grade

X 6 CrNiNb 18 11, in type of condition HFS2, to be submitted to specific inspection and testing 1@ fest category |
involving the issuing of an inspection certificate according to ISO 10474, 3.1.B.

Tube ISP 1127 - 168,3 x 4 - 6 - ISO 9329-4 - X 6 CrNiNb 18 11 - HFS2 - | - ISO 10474 3.1.B

5 Manufacturing process

5.1 Steelmaking process
If he so fequests, the purchaser shall be informed of the steelmaking process used.

NOTE —| Steels may be cast in ingots, strand cast or prepared(by another process which gives equivalenft results. When
steels of different grades are sequentially strand cast, identification of the resultant transition material i required. The
producerfshould remove the transition material by an established procedure that positively separates the grade$.

5.2 Prpduct-making process for tubes

Tubes cpvered by this part of 1ISO 9329 shall be manufactured by a seamless process, and may be hot finished or
cold finished or a combination of thesg:processes.

The terins “hot finished” andy"cold finished” apply to the condition of the tube before it is Heat treated in
accordapce with 5.3.

Unless ¢therwise agreed, the process of manufacture is left to the discretion of the manufacturer.

5.3 Heat treatment and delivery condition

5.3.1 Thetubesshat-besuppted-sutatty heattreatedovertherfut-tengtirtseetatte-Simrettter
a) the solution-treated condition; or

b) the hot-finished condition for tubes which have been pressed or extruded at a temperature within the solution-
treatment temperature range in table 3 and cooled rapidly (see 4.2).

5.3.1.1 For type of condition and surface condition of the tubes, see table 7. The selection of the type of condition
is left to the discretion of the purchaser (see 4.2 and table 7).

5.3.2 Solution treatment shall consist of heating the tubes uniformly to a temperature within the range given in
table 3 and cooling rapidly.
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6 Metallurgical properties

6.1 Chemical composition

6.1.1 Heat analysis

On heat analysis, the steel shall show the composition given in table 1 for the specified steel grade.

6.1.2 Product analysis

If a check ana
heat analysis |

The deviationg

range, but not

When maxim3

© ISO

ysis on the product is required (see 9.3), the permissible deviations given in table 2 shall apply to the

mits specified in table 1.

. other than when maxima only are specified, apply either above or below the specified’limi
both above and below, for the same element from different sample products from the same

only are specified, the deviations are always positive.

6.2 Mechanical and technological properties

6.2.1 Atroom temperature

The mechanid

temperature (}
NOTE — If he
effect on the nf
time of enquiry

additional to, tH
tests on them ¢

6.2.2 AteleV
6.2.2.1 Then

NOTE — The
referred to.

6.2.2.2 Estim

6.2.3 Atlow

al and technological properties of the tubes covered by this part of ISO 9329, measured
P3 °C £ 5 °C, see ISO 3205), shall comply with the requirements of table 3.

it treatments different from, or additional to, the normal réference heat treatment (which may have a
fechanical properties) are to be carried out after therdeélivery of the tubes, the purchaser may reque
and order, additional mechanical tests on samples; that have been given heat treatments differen
ose given in table 3. The heat treatment of the samples and the mechanical properties to be obta
hould be agreed between the purchaser and manufacturer at the time of enquiry and order.

ated temperature

alues are not normally-subjected to verification but, if verification is required by the purchaser, 9.4.2

ates of the average stress rupture properties are given in annex A, for information.

temperature

ninimum proof-stress values, Ry , and Ry o, at elevated temperatures are indicated in table 4.

ts of the
heat.

at room

adverse
st, at the
from, or
ned from

hould be

The minimum
ordering. For i

tofgitudinatimpact-vatuesand-thetesttemperatureshattbeagreedupormat thetmeof en
nformation, absorbed energy values at various temperatures are described in annex B.

uiry and

NOTE — The values are not normally subjected to verification but if verification is required by the purchaser see 9.4.3 and
steel grade selection given in annex B.

6.3 Weldability

Steels intended for the production of tubes covered by this part of ISO 9329 are generally regarded as being
weldable. However, account should be taken of the fact that the behaviour of the steel during and after welding is

dependent not only on the steel, but also very much on the conditions of preparing and carrying out the welding
and the final use for the steel.
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Table 2 — Permissible deviations from the specified chemical
composition limits given in table 1

©1SO

Content specified Permissible
Element for the heat analysis deviation
% (m/m) % (m/m)
c >0030 Z 08¢ foo
Si < 1,00 +0,05
Mn < 2,00 + 0,05
< 0,040 F0,005
S < 0,030 + 0,003
Cr =< 19,0 +0,20
Mo =< 3,00 +0,08
N < 0,22 + 0,02
Nb < 1,20 +0,05
Ni =< 14,50 +0,15
Ti < 0,80 +0,15
B =< 0,005 +9/000 1

6.4 Corrosion resistance

6.4.1 The cofrosion resistance considerations contained in_this part of ISO 9329 relates to intergranular cprrosion.
Other types df corrosion or effects of the various corrosien media found in use is not the subject of this part of

ISO 9329.

6.4.2 If specffic corrosion tests are required, they shall be agreed upon at the time of enquiry and order. The

conditions and the evaluation of the results of testing shall also be established at this time.

For resistancg to intergranular corrosion-requirements shall be agreed upon, for example on the bas

intergranular dorrosion tests given inA4S0"3651-1 or ISO 3651-2.

s of the

6.4.3 The dafa given in table 8-shall apply for the resistance of the steels to intergranular corrosion, whgn tested
as specified ir] ISO 3651-2 {se€' 9.4.4 and 9.6.6).

Guideline values for theNimit temperature in the case of intergranular corrosion stress are indicated in tabld 4.

7 Dimensions, masses and tolerances

7.1 Diameters, wall thicknesses and masses

The outside diameters, wall thicknesses and masses of the tubes covered by this part of ISO 9329 shall be
selected from those given in ISO 1127 and ISO 4200.

For special fields of application, tubes should be selected from ISO 1129, ISO 2037 and ISO 6759.

By agreement between the purchaser and the manufacturer, tubes specified by inside diameter and wall
thicknesses can be supplied. In this case, the dimensions and the tolerances required have to be agreed upon at
the time of enquiry and order.
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7.2 Lengths

7.2.1 It shall be stated in the enquiry and order whether the tubes are to be delivered with random lengths
(see 7.2.2) or with exact lengths (see 7.2.3).

7.2.2 |f the tubes are to be delivered with random lengths, their lengths shall be within the length range 2m to 7 m
in which they usually fall during normal production.

7.2.3 If the tubes are to be delivered with exact lengths, the length tolerances given in 7.3.2 shall apply.

7.3 Tdlerances

7.3.1 Tlerances on outside diameter and wall thickness
The outside diameters and the wall thicknesses of the tubes covered by this part of.(SO'9329 shall be within the
toleranck limits given in tables 5 and 6 (see 9.6). The permissible dimensional deviatiehs for outsid¢ diameter and

wall thigknesses of the tube depend on the tube manufacturing process, the™steel grade and {he method of
subseguent treatment.

The spefial tolerances required by ISO 2037 and ISO 6759 are not included‘in this part of ISO 9329.

Table 5 — Tolerances on outside diameter and wall thickness of cold-finished tubés

Outside Outside diameter Wall thickness
diameter, D ISO 1ISO
rrr tolerance Permissible deviation tolerance Permissible deyiation
m class class
D <2191 D2 +1,0 % with agninimum £ 0,5 mm T3 +10 % with a minimfgm £ 0,2 mm

Table 6 — Tolerances-on outside diameter and wall thickness of hot-finished tubds

Outside Outside diameter Wall thickness
diampter, D ISO ISO
nr tolenance Permissible deviation tolerance Permissible depiation
m class class
D1 +1,5 % with a minimum £ 0,75 mm 1Y +15 % with a minim¢im + 0,6 mm
0 =P <2091 In special cases In special cgses
D2 +1,0 % with a minimum £ 0,5 mm T2 +12,5 % with a minimum + 0,4 mm
+22,5 %3
-15 %
219,1<D <610 D1 +1,5 % with a minimum = 0,75 mm 2
T + 15 % with a minimum + 0,6 mm 4
T2 + 12,5 % with a minimum + 0,175 mm %
1) Applies to tubes with wall thickness T < 0,1 Dand T < 4 mm.
2) The tubes may be ordered with sized ends. In this case, a permissible deviation of the outside diameter of £ 0,6 % applies to the tube
ends over a length of approximately 100 mm.
3) Applies to tubes with T'< 0,05 D.
4) Applies to tubes with 0,056 D< T < 0,09 D.
5) Applies to tubes with 7> 0,09 D.
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Within areas where the tube surface has been dressed by mechanical machining (such as grinding), for example, as
a result of instructions received for the performance of non-destructive testing, it is permissible to exceed the
minus deviation on the outside diameter over a length of not more than 1 m, provided that the wall thickness
remains within the lower tolerance limits.

The tolerances on ovality and eccentricity are included in the tolerances on diameter and wall thickness.

7.3.2 Tolerances on exact lengths

For lengths up

For lengths a

ove 6 m up to and including 12 m- *

+10

to and including 6 m: *'g mm

15 vm
O

For lengths gr

8 Technical delivery conditions

8.1 Appear

8.1.1 The suf
one of the sur

8.1.2 The tuf
with this part

8.1.3 The tuf
dressing to be|

NOTE — Any
the time of enqg

8.1.4 It shall
seams, tears,
nominal thickn

8.1.5 Surfacsg
shall be deem

8.1.6 Alldres

pater than 12 m, the applicable tolerances shall be agreed between the purchaser and manuf

ance and soundness

face condition of the tube is at the option of the manufacturer~However, the purchaser ma
ace conditions indicated in table 7 or another condition, as réguired.

es shall be clean and free from such defects as can beestablished by visual inspection in acq
f ISO 9329 (see 9.7).

es shall have a finish and surface condition-which permits surface imperfections or marks
identified.

bpecial requirements for surface condition’should be agreed between the purchaser and the manuf
Liry and order.

be permissible to dress by grinding or machining surface marks and imperfections such a
laps, slivers or gouges, provided that the thickness of the tube after dressing does not fall b
ess by more than the tolerance specified in this part of ISO 9329. Repair by welding is not pd

imperfectionswhich encroach on the minimum wall thickness shall be considered as def
bd not to comply with this part of ISO 9329.

sed ateas shall blend smoothly into the contour of the tube.

acturer.

specify

ordance

equiring

hcturer at

s scabs,
Blow the
rmitted.

bcts and

8.1.7 All tubes shall be reasonably straight. For tubes over 50 mm in diameter deviation from straightness over
the entire tube length L shall not exceed 0,002 L.

Deviation from straightness over any length of 1 m shall not exceed 3 mm.

Special requirements regarding straightness shall be the subject of an agreement.

8.2 Preparation of ends

Tubes are normally delivered with square-cut ends; by agreement between the purchaser and manufacturer at the
time of ordering, they can also be delivered with bevelled ends (see ISO 6761). The ends shall be free from
excessive burrs.

12
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Table 7 — Type of condition and surface condition of tubes

Symbol Type of condition Surface condition 12 Remarks 2
HFS1 Hot finished, heat treated 3), Metallically clean The type of mechanical descaling
mechanically descaled is, for example, rough grinding
blasting. Rough peeling, unless
HFS2 Hot finished, heat treated 3, otherwise agreed, is left to the
pickled discretion of the manufacturer
HFS3 Hot finished, heat treated 3, Metallically bright Precautions are to be taken if
prepared by machining further hot forming has to be
carried out (e.g. a subcritical
annealing before indlictive bending)
HFS4 Hot finished, heat treated 3, Covered with rolling skin Suitable only 5y thase tubes
not descaled which will be‘descaled all over or
CFq1 Cold finished, heat treated, Scaled machined-after production
not descaled
CFg2 Mechanically or chemically Smoother than for condition HFS1
descaled, cold finished, heat or HFS2
treated, pickled
CF3 Mechanically or chemically Metallically bright-pickled,
descaled, cold finished, heat smoother than for condition HFS2
treated, pickled
CFY4 Mechanically or chemically Metallically bright-annealed,
descaled, cold finished, bright smoother than fer¢ondition CFS3
annealed
CF3Y5 Cold redrawn (polished-drawn), Metallically Bright-annealed, Especially suitable fpr grinding
bright annealed smeother than for conditions and polishing
CFS3\or CFS4
CFg6 Ground Metallically bright-ground; the Conditions CFS3, CFS4 or CFS5
type and degree of grinding shall are generally used gs starting
be agreed upon at the time of conditions 4
enquiry and order
CF§7 Polished Metallically bright-polished; the
quality and type of polishing shall
be agreed upon at the time of
enquiry and order
1) Combinations of the different conditions may be agreed upon at the time of enquiry and order.
2) See|lSO 683-13:1986; table 3.
3) Seflalso 5.3.1.
4) Thelorder shallindicate in each case whether grinding or polishing is to be performed internal or external, or internal anfl external.

9 Inspection and testing

9.1 Documents on inspection and testing

9.1.1 Table 8 gives a survey of the inspection procedures and the type of documents considered in ISO 10474 in
conjunction with 1ISO 404 which may be agreed upon at the time of enquiry and order for deliveries according to
this part of ISO 9329.

9.1.2 If, in accordance with the agreement at the time of ordering, an inspection certificate (ISO 10474 — 3.1.A or
3.1.B or 3.1.C) or an inspection report (ISO 10474 — 3.2) is to be provided (see table 8 and 9.2), the specific

13
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inspection and tests described in 9.3 to 9.8 shall be carried out and the compliance of their results shall be stated in

the document.

In addition, the document shall include

a) the result of the heat analysis;

b) the results of all inspections and tests pertaining to supplementary requirements (see 4.2):

c) the symbols, code letters or code numbers relating the order and the test pieces to the corresponding

batches:

d) the actual heat treatment carried out (see 5.3).

Table 8 — Applicable inspection procedures and types of documents

Standard
design_ation Document Type of Contents Delivery conditions Document validated
according tg control of document by
1ISO 10474:1991
2.2 Test report Non-specific | With mention of test In accordance with The manufactufer
results carried out on the requirements of
the basis of non- the order and)if
specific inspection required\also in
and testing accordance with
official regulations and
the Corresponding
technical rules
2.3 Specific test
report
3.1.A Inspection In accordance with The inspector
certificate official regulations and | designated in the
3.1.A the corresponding official regulatipns
technical rules
3.1.B Inspection Specific With mention of test In accordance with The manufacturer's
certificate results carried out on the specifications of authorized
3.1.B the basis of specific the order and, if representative
inspection and testing | required, also in independent of the
accordance with manufacturing
official regulations and | department
the corresponding
technical rules
3.1.C Inspection In accordance with The purchaser's
certificate the specifications of authorized
3.%KE the order representative
3.2 Inspection The manufacturer's
report 3.2 authorized
representative,
independent of the
manufacturing
department, and the
purchaser's
authorized
representative

9.2 Test categories

The tubes shall be subjected to the inspection and tests indicated in table 9 for the category agreed at the time of

ordering.

14
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Tests

Test category

Mandatory

Visual examination (see 9.7)

Dimensional testing (see 9.6)

Leak tightness, hydraulic or non-destructive (see 9.9.7)
Tensile test at room temperature (see 9.9.2.1)
Flattening or bend or ring tensile test (see 9.9.3)

X X X X X X

Drift of 1ing expanding 1est (5e€ 9.9.4)
Non-destructive testing for longitudinal defects (see 9.9.8.1)
Steel type verification (see 9.9.9)

Optionpal !

Check analysis of chemical composition (see 9.9.1)
Tensile test at elevated temperature (see 9.9.2.2)
Impact test at room temperature (see 9.9.5.1)

Impact test at low temperature if the thickness of the tube is
=6 mm (see 9.9.5.2)

Non-destructive testing for transverse defects (see 9.9.8.2)

Non-destructive testing of tube ends for laminar imperfections
(see 9.9.8.3)

Intergranular corrosion test (see 6.4 and 9.9.6)

XXX | X

X X X | X X X X X X X X

x

1) By agreement at the time of enquiry and ordering.

Test categories | and Il only apply to the inspection certificate (ISO 10474 — 3.1.A or 3.1.B g 3.1.C) or an
inspectipn report (ISO 10474 — 3.2).

9.3 Testing of chemical composition

9.3.1 A check analysis of thé chemical composition of the tubes may be agreed upon at the time|of enquiry and
ordering (see 9.9.1).

9.3.2 The number df¢samples to be taken shall be agreed upon by the parties involved at the time|of enquiry and

ordering.

9.3.3 The’samples shall be taken in accordance with ISO 14284. The samples may be taken either

a) from the test pieces used for the verification of the mechanical properties, or

b) at the same location as for the mechanical test pieces.

9.4 Testing of mechanical and technological characteristics

9.4.1 At room temperature

9.4.1.1 Batch

When specific inspection is required, the delivery shall be divided into batches.

15
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For tubes that are not heat treated, a batch shall consist only of tubes of the same steel grade, from the same
heat, the same manufacturing process and having the same nominal outside diameter and wall thickness.

For tubes which are heat treated, a batch shall consist only of tubes of the same steel grade, from the same heat,
the same manufacturing process and having the same nominal outside diameter and wall thickness. These tubes
are subjected to the same finishing treatment in a continuous furnace, or heat treated in the same furnace charge
in a batch-type furnace.

Each batch shall be comprised of 100 tubes. The remainder shall be subdivided between the batches if there are 50
or less than 50 tubes; they shall be regarded as a batch if there are over 50 tubes. If the total number of tubes is
less than 100, they constitute one batch.

9.4.1.2 Number of sample products per test unit
Each test unit consists of

— one tube per batch for test category |;
— two tubeq per batch for test category Il, for tests other than those described in 9.9(3'and 9.9.4;
— 10 % of the batch for test category I, for those tests described in 9.9.3 and 9.9.4.

9.4.1.3 Number of tests
For each test {init, the following tests shall be carried out:

— one tensile test on each tube (see 9.9.2.1);
— one flattehing test or bend test or ring tensile test on each tube (see 9.9.3);

— one drift gr one ring expanding test on each tube, where appropriate (see 9.9.4).

9.4.1.4 Selegtion of samples and test pieces

Samples and fest pieces shall be taken@t;the tube ends and in accordance with the requirements of 1ISO 377-1.

9.4.1.5 Location and orientation of the test pieces
9.4.1.5.1 Test piece for the tensile test

The test piecq for the'tensile test is either a full tube section or a test piece taken in a direction either longitudinal
or transverse jothe axis of the tube, in accordance with the requirements of 1ISO 6892.

At the manufacturer's option:

— for tubes with an outside diameter less than or equal to 219,17 mm, the test is carried out either on a tube
section or on a test piece taken in a direction longitudinal to the axis of the tube;

— for tubes with an outside diameter greater than 219,1 mm, the test piece is taken in a direction either
longitudinal or transverse to the axis of the tube.

9.4.1.5.2 Test piece for the flattening test

The test piece for the flattening test shall consist of a tube section, in conformity with ISO 8492. This test shall not
apply for tubes with an outside diameter above 400 mm.

16
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9.4.1.5.3 Test piece for the bend test

The test piece for the bend test shall consist of a section cut from the tube in accordance with the requirements of
ISO 7438. For tubes with a wall thickness greater than 20 mm, the test piece may consist of a segment in a
transverse direction, with rectangular section, 38 mm wide and 19 mm thick.

9.4.1.5.4 Test piece for the drift or ring expanding test or ring tensile test

The test piece for the drift or ring expanding test or ring tensile test consists of a tube section in conformity with
ISO 8493, ISO 8495 or ISO 8496, respectively. This test shall not apply for tubes with an outside diameter above
400 mm.

9.4.1.5.9 Test pieces for the impact test
Impact tgsting may be agreed upon at the time of ordering. If so, a set of three ISO V-notch fulsize (10[mm x 10 mm)
test piedes shall be taken from each sample tube transverse to the tube axis, provided(ifiat the dirhension of the

tube pefmits this without flattening of the test piece; otherwise, the test pieces shall be taken longitudinal to the
tube axi$.

The test| pieces shall be taken and prepared in such a way that the axis of the\ndtch is perpendicular|to the surface
of the tybe.

In the c3se of tubes with a wall thickness exceeding 30 mm, the centfe)line of the test piece shall Have a distance
from the external surface equal to one-quarter of the wall thicknes$or shall be positioned as close|as possible to
this localtion.

9.4.2 At elevated temperature

The detgrmination of proof stresses, Ry, and Ry o, "fnay be agreed upon at the time of ordering. THe temperature
and nunpber of test pieces (see 9.9.2.2) shall also*€’ established at this time.

9.4.3 At low temperature
For tubgs with a wall thickness,greater than or equal to 6 mm, the determination of low tempegrature impact
properties may be agreed upon-at the time of ordering. The temperature for the impact test| shall also be
established at this time.

The form and dimensions, of test pieces shall be in accordance with ISO 148.

9.4.4 Iptergranular corrosion test

If a tes{ for, the resistance to intergranular corrosion is required, the number of test pieces per tegt unit shall be
agreed GOt

Details for the selection and preparation of samples and test pieces may also be agreed upon at the time of enquiry
and order.

9.5 Leak-tightness test

9.5.1 The tubes shall all be submitted to a leak-tightness test.

9.5.2 Unless otherwise specified by the purchaser, the hydraulic leak-tightness test may be replaced, at the
discretion of the manufacturer, by a non-destructive test (see 9.9.7.2).

17
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9.6 Dimensional testing
The tubes shall be checked with respect to dimensions.

The tolerance on diameter is normally measured across the diameter; however, for tubes where the outside
diameter is greater than 457 mm, this tolerance may be measured on the circumference using a tape. In the case
of dispute, the tolerance shall be that measured across the diameter.

Unless otherwise specified at the time of enquiry and order, the wall thickness shall be measured at the tube ends.

9.7 Visual examination

The tubes shgll be submitted to a visual examination in order to confirm, in particular, their confarmity jwith the
requirements pf 8.1 and 8.2.

9.8 Non-destructive testing

9.8.1 The tubes of test category Il shall be submitted to a non-destructive inspéction for longitudinal| defects
(see 9.9.8.1).

9.8.2 |If agreged at the time of enquiry and ordering, tubes of test category |l may also be submitted to non-
destructive tepting for transverse defects (see 9.9.8.2).

9.8.3 If agregd at the time of enquiry and order, tubes with wall thicknesses greater than 40 mm may also be
submitted to @ non-destructive testing of tube ends for the-detection of laminar imperfections (see 9.9.8.3)

9.9 Test methods and results
9.9.1 Chemigal analysis

9.9.1.1 If agreed at the time of ordeting, a check analysis shall be carried out (see 9.3.1 and 9.3.2).

9.9.1.2 The plements shall¢be“determined in conformity with the methods considered in the corregponding
" International $tandards.

Spectrographitc analysislis permitted.

9.9.1.3 The nesults shall comply with the values in table 1, taking into account the permissible deviations| given in
table 2.

9.9.1.4 In the case of dispute about analytical methods, the chemical composition shall be determined in
accordance with a reference method taken from an International Standard listed in ISO/TR 9769.

9.9.2 Tensile test

9.9.2.1 At room temperature

9.9.2.1.1 The tensile test shall be carried out at room temperature in conformity with 1SO 6892 (see 9.4.1.3 and
9.4.1.5.1).
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9.9.2.1.2 The tensile strength (Ry,), the proof stresses, Ry, and Ry and the percentage elongation after
fracture (A4) shall be determined during the tensile test.

The percentage elongation after fracture shall be reported with reference to a gauge length of 5,65‘/5 where S is
the original cross-sectional area. If other gauge lengths are used, the corresponding elongation referred to a gauge
length of 5,65,/% shall be obtained in accordance with ISO 2566-2.

9.9.2.1.3 The results of the tensile test shall comply with the values in table 3 for the steel grade concerned.

9.9.2.2 Atelevated temperature

9.9.2.2.1] If agreed at the time of ordering, a tensile test at elevated temperature shall be carried-out|(see 9.4.2) in
conformity with ISO 783.

9.9.2.2.2| The proof stresses, Ry, and Ry o, shall be determined during the tensile test.

9.9.2.2.3| The result of the tensile test shall comply with the values in table 4 atthe’selected temperdture.

9.9.3 Flattening test or bend test or ring tensile test

9.9.3.1 [General

At the ogtion of the manufacturer, either a flattening test orxabend test or a ring tensile test shall befcarried out at
room tefnperature (see 9.4.1.3) for tubes of an outside diameter above or equal to 200 mm. For fubes with an
outside diameter less than 200 mm and greater than.ap,équal to 152,4 mm, the flattening test or the ring tensile
test is ugually carried out. For tubes with an externatdiameter below 152,4 mm, only the flattening fest is usually
carried opt.

9.9.3.2 [Flattening test
9.9.3.2.1 The flattening test shall bégarried out in conformity with ISO 8492.

The tubd section or the tube efid)shall be flattened in a press, up to the moment when the distance H between the
platens feaches the value given by the following formula:

1+ K
H = T xT
KD
where
1 PNH o~ ™ 1
H Lsthedistancebetweenplateps—tamilimetrestobe measured underload

D s the specified outside diameter, in millimetres;
T s the specified wall thickness, in millimetres;

K is the constant factor of deformation (see table 3).

9.9.3.2.2 After testing, the test piece shall be free from cracks or breaks. However, a slight incipient crack at the
edges shall not be regarded as a justification for rejection.

When tubes with low D/T ratios are tested, because the strain imposed due to geometry is unreasonably high on

the inside surface of the "6 o'clock” and “12 o'clock” locations, cracks at these locations shall not be cause for
rejection if the D/T ratio is less than 10.
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9.9.3.3 Bend test

9.9.3.3.1 The bend test (see 9.4.1.3) shall be carried out in accordance with ISO 7438. The test piece shall be bent

at room temperature in the direction of initial curvature through an angle of 180°, around a mandrel with a diameter
equal to 3 T.

9.9.3.3.2 After testing, the test piece shall show no crack or flaw, but slight premature failure at the edges shall
not be considered a cause for rejection.

9.9.3.4 Ring tensile test

greater than
The test shall|oe carried out in accordance with ISO 8496.
9.9.3.4.2 The tube section (see 9.4.1.5.4) shall be subjected to strain in the circumferencialdirection unti fracture
occurs.
9.9.3.4.3 After testing, the test piece shall not show any cracks that are visible withaudt-the use of magnifying aids.
9.9.4 Drift expanding test or ring expanding test
9.9.4.1 Gengeral
At the option |of the manufacturer, either a drift expanding test of@-ring expanding test shall be carried out at room
temperature (see 9.4.1.3).
9.9.4.2 Drift/expanding test
9.9.4.2.1 The drift expanding test shall be carried\aut in accordance with 1ISO 8493.
The drift expanding test is carried out on tubes with outside diameter up to 150 mm and a wall thickndss up to
9 mm.
The end of the tube section (see 9.471.5.4) shall be expanded on a conical mandrel until the increase in thé outside
diameter of the expanded tube reaches the value indicated in table 3 for the steel grade concerned.
9.9.4.2.2 After testing, the-test piece shall not show any cracks or flaws, but slight premature failure at the edges
shall not be cpnsidered ascduse for rejection.
9.9.4.3 Ring|expanding test
The ring expandmgtestshattbe carried out i accordance wWith 150 8495,

The test piece shall be expanded until fracture occurs and shall then be inspected. If a 40 % expansion is reached
(referred to the inside diameter), the test may be considered as finished.

9.9.5

Impact test

9.9.5.1 At room temperature

9.9.5.1.1 |If agreed at the time of enquiry and ordering and if the wall thickness of the tube is greater than or equal

to 6 mm, impact testing at room temperature shall be carried out (see 9.4.1.5.5) in accordance with 1SO 148. The
mean value of the three test pieces shall be taken.

20


https://standardsiso.com/api/?name=d8eaf005d144ca1e61724cb7d523135f

© |SO

ISO 9329-4:1997(E)

9.9.5.1.2 The test is regarded as having fulfilled the requirements of this part of ISO 9329 if the mean value of the
three test pieces corresponds to the minimum value given in table 3 for the relevant steel grade; only one individual
value may fall short of this minimum value by up to 30 %.

9.9.5.1.3 If the mean value of the three test pieces is below the minimum specified value, or if one individual
value is less than the minimum specified value by more than 30 %, then three further test pieces shall be taken

from th

e sample tube and shall be tested in accordance with I1SO 148.

9.9.5.1.4 The mean value of all six tests shall correspond to the minimum value given in table 3 for the relevant

steel grade; of the six individual values, only two may fall below this minimum value, and of these two only one by
more than 30 %.

9.9.5.2

9.9.5.2.

the low

selecte

value of

9.9.5.2.

three teg
value m4d

9.9.5.2.

value is

from th

9.9.5.2.4 The mean value of all six tests shall correspongdito the minimum value given in annex B fq

steel grade; of the six individual values, only two may fall below this minimum value, and of these tw
more thqn 30 %.
9.9.6 Intergranular corrosion test
Unless ¢therwise agreed, tests on._gorrosion resistance shall be carried out in accordance with
ISO 3651-2.
9.9.7 Lrak-tightness test
9.9.7.1 |[Hydraulic test
If the legk-tightness test is carried out by a hydraulic test, the test pressure is defined, up to a maxin
by the fqllowing-equation:
_268xF
P = D
where
py is the test pressure, in bars;
D is the specified outside diameter, in millimetres;
T s the specified wall thickness, in millimetres;
S is the stress, in newtons per square millimetre, corresponding to 80 % of the specified min
Ry, (see table 3) for the steel grade concerned.
The test pressure shall be maintained for at least 5 s.

L\t low temperature

1

temperature impact test shall be carried out (see 9.4.3) in conformity with |SO“148 at
d

he three test pieces shall be taken.

2

y fall short of this minimum value by up to 30 %.

3| If the mean value of the three test pieces is below the minimum specified value, or if

ess than the minimum specified value by more than 30'%, then three further test pieces

e|lsample tube and shall be tested in accordance with 1ISO"148.

If agreed at the time of ordering, and if the wall thickness of the tube is greater than or e

from annex B and agreed between the interested parties at the time of enquiry-and orderi

The test is regarded as having fulfilled the requirement of this part gf1SO 9329 if the med
t pieces corresponds to the agreed values given in annex B for the relevant steel grade; only

nual to 6 mm,
temperature
ng. The mean

d

n value of the
one individual

one individual
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o only one by

SO 3651-1 or

hum of 80 bar,
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