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Foreword

ISO 9329-3:1997(E)

ISO (the International Organization for Standardizatiob) s
federation of national standards bodies (ISO member bodis
of preparing International Standards is normally carfied out

a worldwide
s). The work
through I1SO

technical committees. Each member body interested in & subject for

which a technical committee has been estdblished has th
represented on that committee. International’organizations,
and non-governmental, in liaison with 1SQ, also take part in t
collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnieal standardization.

Draft International Standards adopted by the technical cor
circulated to the member bodies for voting. Publication as an
Standard requires approvalby at least 75 % of the member b
a vote.

International Standar@SO 9329-3 was prepared by Technicd
ISO/TC 17, Steel,Subcommittee SC 19, Technical delivery ¢
steel tubes for préssure purposes.

It cancels.and replaces ISO 2604-2:1975, of which it constitt
cal revision; together with parts 1, 2 and 4 of 1ISO 9329.

ISQ9829 consists of the following parts, under the general t
steél tubes for pressure purposes — Technical delivery con(

— Part 1: Unalloyed steels with specified room temperatd

— Part 2: Unalloyed and alloyed steels with specified d
perature properties

— Part 3: Unalloyed and alloyed steels with specified low
properties
(Partial  revisi

— Part 4: Austenitic stainless steels

2604-2:1975)
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Seamless steel tubes for pressure purposes —
Technical delivery conditions —

Part|3:

Unalloyed and alloyed steels with specified low

temperature properties

1 Scape

1.1 Thls part of ISO 9329 specifies the technical
delivery |conditions for seamless tubes of circular
cross-segtion, made of unalloyed and alloyed steel
with specified low temperature toughness properties.

These tybes are intended for low temperature.piping
systems

The reqgliirements of appropriate international appli-
cation standards and relevant natiohal legal regu-
lations shall be taken into account-by the user. For
pressureg containing equipment;~lSO 5730 is available.

The follgwing parts of 1IS@.9329 are now available or
are being prepared:

— Part [ Unalloyedsteels with specified room tem-
perature properties (partial revison of
ISO 2604-271975).

2 Notrmative references

The “following standards contain prov
through reference in this text, constity
of this part of ISO 9329. At the time of p
editions indicated were valid. All standar
to revision, and parties to agreements
part of ISO 9329 are encouraged to in
possibility of applying the most recent ¢
standards indicated below. Members of
maintain registers of currently valid
Standards.

ISO 148:1983, Steel — Charpy impact t

ISO 377-1:1989, Selection and preparati
and test pieces of wrought steels — Pa
and test pieces for mechanical test.

ISO 377-2:1989, Selection and preparati
and test pieces of wrought steels — P3
for the determination of the chemical cd

sions which,
te provisions
Liblication, the
Hs are subject
pbased on this
vestigate the
ditions of the
IEC and ISO
International

bst (V-notch).
bn of samples

it 1: Samples

bn of samples
rt 2: Samples
mposition.

P D. -] i o N1 o et I o L i
- aff <. Uranuycu arid anuyclu SicTio VWilll opJcUITicU

elevated temperature properties (partial revision
of ISO 2604-2:1975).

— Part 4: Austenitic stainless steels (partial revision
of 1ISO 2604-2:1975).

NOTE 1
onymous.

The English words “tube” and “pipe” are syn-

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

ISO 404:1992, Steel and steel products — General

technical delivery requirements.

ISO 643:1983, Steels — Micrographic determination

of the ferritic or austenitic grain size.

ISO 1129:1980, Steel tubes for boilers,

superheaters

and heat exchangers — Dimensions, tolerances and

conventional masses per unit length.

ISO 2566-1:1984, Steel — Conversion

of elongation

values — Part 1: Carbon and low alloy steels.
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ISO 3205:1976, Preferred test temperatures.

ISO 4200:1991, Plain end steel tubes, welded and
seamless — General tables of dimensions and
masses per unit length.

ISO/TR 4949:1989, Steel names based on letter sym-

bols.

ISO 5252:199

ISO 5730:199F,

construction

ISO 6761:198
tubes and fitt

ISO 6892:198
ISO 7438:198

ISO 8492:198
tening test.

ISO 8493:198
expanding teq

ISO 8495:198
expanding teq

ISO 8496:198
tensile test.

ISO 9302:199
merged arc-y
poses — Ele
hydraulic leak

ISO 9303:198
merged arc-y
poses — Fu
detection of |

ISO 9305:199
purposes —

1, Steel tubes — Tolerance systems.

© SO

3 Symbols and denominations

3.1 Fundamental symbols

D = specified outside diameter
D, = specified inside diameter

T = specified wall thickness

3.2 Symbols for tolerances

Stationary shell boilers of welded
bther than water-tube boilers).

1, Steel tubes — Preparation of ends of
ngs for welding.

1, Metallic materials — Tensile testing.
b, Metallic materials — Bend test.

B, Metallic materials — Tube — Flat-

(o)

Metallic materials — Tube — Dirift

~

S

Metallic materials — Tube — Ring

~

6, Metallic materials — Tube — Ring

4, Seamless and welded (except-sub-
velded) steel tubes for pressure pur-
ctromagnetic testing for verification of
Ltightness.

9, Seamless and welded (except sub-
velded) steel tubes for pressure pur-
| peripheral sultrasonic testing for the
bngitudinal ipiperfections.

9, Seamiless steel tubes for pressure
Full“péripheral ultrasonic testing for the

detection of transverse imperfections.

See ISO 5252.

3.3 Symbols for tests

3.3.1 Tensile test

See ISO 6892.

3.3.2 Flattening test

H = distancé)between platens

K = constant factor of deformation
3.3.3) Hydraulic test

PE = test pressure

S = stress which occurs in the metal during| the test

4 Information to be supplied by the
purchaser

4.1 Mandatory information

The purchaser shall state on his enquiry and ¢rder the

following information:
— the denomination “tube”;

— whether tubes are to be supplied hot-firlished or
cold-finished (see 5.3);

ISO/TR 9769:1991, Steel and iron — Review of avail-

able methods

of analysis.

ISO 10332:1994, Seamless and welded (except sub-
merged arc-welded) steel tubes for pressure pur-
poses — Ultrasonic testing for the verification of
hydraulic leak-tightness.

ISO 10474:1991, Steel and steel products — In-
spection documents.

— reference to the relevant dimensional standard;

— dimensions (outside diameter x wall thickness) in
millimetres (see 7.1);

— length (see 7.2);

— tolerances, if exact lengths greater than 12 m are
ordered (see 7.3.2);

— reference to this part of ISO 9329;
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— steel grade (see table 1);

— test category for unalloyed steels (see 9.2).

4.2 Optional information

Enquiries and orders for tubes in accordance with this
part of 1SO 9329 shall be supplemented, if it is
deemed necessary by the purchaser, with the indi-
cation of one or more of the following optional re-
quireme i ] i
agreemgnts:

— steelaking process (see 5.1);

— special straightness requirements (see 7.3.3);
— produict chemical analysis (see 9.3 and 9.10.1);
— leak-fightness test (see 9.5);

— specific marking (see 10.3);

— protective coating (see clause 11);

— type lof inspection and testing and corresponding
document (see 9.1 and clause 12).

4.3 ExXample of an order

Exampld of an order for a hot-finished seamless-tube
conform|ng to the dimensional standard-1SO 4200,
with an joutside diameter of 168,3 mm,. a-wall thick-
ness of # mm and a standard length._(random length)
of 4 m[to 8m, made of steel grade PL 21 with
specified room temperature properties to be submit-
ted to |specific inspection.(and testing to test
categony| Il involving the issuing of an inspection cer-
tificate 3.1.B according t6 18O 10474.

Tube hot-finished 1SO 4200 - 168,3 x 4 - 4 to 8
- 15Q 9329-3--\PL 21 - Il - 3.1.B.

5 Mapufacturing process

ISO 9329-3:1997(E)

5.2 Deoxidation process

Steels intended for the production of tubes covered
by this part of ISO 9329 shall be fully killed.

5.3 Product-making process for tubes

Tubes covered by this part of 1SO 9329 shall be
manufactured by a seamless process, and may be
hot-finished or cold-finished. The terms
T gl y to the con-
ed in accord-

dition of the tube before it is heat(trea
ance with 5.4,

5.4 Delivery condition

Tubes covered by this, part of 1ISO 9329 shall be sup-
plied suitably heat-treated over their fUll length. The
following heat treatments shall be usdd, depending
on the type,of ‘steel (see table 7):
— normaliZing;

— normalizing and tempering;

— quenching and tempering.

6 Metallurgical properties

6.1 Chemical composition

6.1.1 Heat analysis
On heat analysis, the steel shall shoW the compo-

sition given in table 1 appropriate to the steel grade
specified.

6.1.2 Product analysis

If a check analysis on the product is Jrequired (see
9.3), the permissible deviations given in table 2 shall

5.1 Steelmaking process

If requested, the purchaser shall be informed of the
steelmaking process used.

Steels may be cast in ingots or may be strand cast.
When steels of different grades are sequentially
strand cast, identification of the resultant transitional
material is required. The producer shall remove the
transitional material by an established procedure that
efficiently separates the grades.

apply to the heat analysis specified in table 1.

Other than when maxima only are specified, the de-
viations apply either above or below the specified
limits of the range, but not both above and below, for
the same element from different sample products
from the same heat.

When maxima only are specified, the deviations are
always positive.

When minima only are specified, the deviations are
always negative.
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6.2 Mechanical properties

6.2.1 The mechanical and technological properties
of the tubes covered by this part of ISO 9329,
measured at room temperature (23 °C + 5 °C, see
ISO 3205), to be obtained on test pieces selected,
prepared and tested in accordance with clause 9,
shall comply with the requirements of table 3.

6.2.2 Table4 gives minimum values for the impact

© ISO

Impact tests shall be carried out at the lowest tem-
perature indicated in table 4 for each steel grade (see
also 9.10.7.1), except that higher temperatures shown
may be agreed upon between the purchaser and the
manufacturer.

6.3 Weldability

Steels intended for the production of tubes covered
by this part of ISO 9329 are regarded as being
weldable. However, account should be taken of the

energy, as détermined on ISO V-notch test pieces,
used to charagterize the cold-toughness of the various
steel grades 3t low temperature (see also footnote 2
to table 4).

fact that the behaviour of the steel during dnd after
welding is dependent not only on the steel, |but also
essentially on the conditions of preparing’and carrying
out the welding.
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Table 1 — Chemical composition (heat analysis) % (m/m)
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Table 2 — Permissible deviations from the specified chemical
composition limits given in table 1

Element Content specified for the .. .
. Permissible deviation
heat analysis
% (m/m) % (m/m)
C < 0,29 + 0,03
Si < 0,50 + 0,05
Mn < 1,65 + 0,10
P < 0,030 + 0,005
S < 0,025 + 0,005
Al > 0,015 — 0,005
Cr < 1,20 + 0,10
Mo < 0,30 + 0,04
<0,85 + 0,05
N >0,85< 3,75 + 0,07
i
> 3,75< 5,30 + 0,10
>5,30< 9,50 + 0,15
Vv < 0,05 + 0,01
Nb < 0,05 + 0,01

© ISO
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Table 3 — Mechanical properties at room temperature
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Table 4 — Impact properties at low temperature

Orientation of Minimum impact test value, KV 2)3) (J)
Wall : : f three test pieces)
test pieces with (average of t p
Steel grade thickness, T "
respect to tube Temperatyre, °C
mm axis —-196| —120{ —110| —100| —90 | —60 | —50| —40| —20| +20
PL 21 <10 Longitudinal — — — — — — — | 40 | 45 | 65
Longitudinal — — — — — — | 27 | 40 | 45 | 50
- PL23 <25 Transverse# — — — —_ — — | — | 27 | 30 | 35
é 25 Longitudinal — — — — — — 40 | 45 j 50 | 60
3 < Transverse# — | — | — | =1 = | — |27 | 30)\35 | 40
8 | PL25
[ Longitudinal — — — — — — — /™0 | 45 | 55
= > 25 <40 Transverse4 — — — — — — | =D|"27 | 30 | 35
Longitudinal —_ — — — — —0),27 | 40 | 45 | 50
PL26 <25 Transverse# — — — — — —J)| — | 27 | 30 | 35
Longitudinal — — — — — 40 40 | 45 | 30 | 60
26 CriMq 4 <40 Transversed) — | = | = = 1&127|27]3]35 |40
11 MnN| 5-3 < 40 Longitudinal — — — — — 40 45 | 50 | 85 | 70
13 MnN| 6-3 = Transverse¥ — — — — — 27 | 30 | 35 | 40 | 45
<25 Longitudinal — — — 40 45 50 55 [ 55 | 40 | 65
" = Transverse4 — — — 27 30 35 | 35 | 40 | 45 | 45
B | 12Ni14
w Longitudinal — — — — 40 45 [ 50 | 50 | 45 | 65
3 >25 <40 | qransverse® — 2| — | — |27 |3 |3 |3 |40
2
< <25 Longitudinal -= 40 45 50 55 65 65 65 10 | 70
= Transverse4 — 27 30 30 35 45 | 45 | 45 | 0 | 50
X 12 Nip
> 25 < 40 Longitudinal — — 40 45 50 60 65 | 65 | 65 | 70
= Transverse4 — — 27 30 30 40 | 45 | 45 | 45 | 50
. Longitudinal 40 50 50 60 60 70 70 70 70 | 70
X10Nip <40 Transverge# 27 35 35 40 40 50 50 | 50 [ 50 | 50
1) Values for t@ibes with wall thicknesses exceeding.the maximum value shown In this table may be agreed upon at the time of [enquiry
and order.
2) Single valuefs not less than 70 % of the average value.
3) The values a@pply to standard 10 mm,x*.30 mm test pieces. For different sizes of test pieces, see 9.10.7.1.
4) Transverse fest pieces shall be used\only by agreement.
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7 Dimensions, masses and tolerances

7.1 Outside diameters, wall thicknesses and
masses

The outside diameters, wall thicknesses and masses

of the tubes covered by this part of ISO 9329 should
be selected from those in ISO 4200 and ISO 1129.

7.2 Lengths

ISO 9329-3:1997(E)

tubes covered by this part of ISO 9329 shall be within
the tolerance limits given in tables 5 and 6 (see 9.6).

Within areas where the tube surface has been
dressed by mechanical machining (such as grinding),
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

etk

-the—telerances—onottside—dameter—and wall thick-

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
in which| they usually fall in normal production. The
relevant length ranges are dependent on the diameter
and wall jthickness of the tube, as well as on the pro-
duction facilities of the manufacturer. They shall be
agreed upon at the time of ordering.

7.2.3 |If|the tubes are to be delivered with exact
lengths, the length tolerances given in 7.3.2 shall ap-

ply.
7.3 Tolerances

7.3.1 Tolerances on outside diameter and on-wall
thickness

The outs|de diameters and the wall thicknesses of the

Table(hs,"— Tolerances on outside diameter and on wall thickness of
hot-finished tubes

ness.

7.3.2 Tolerances on exact lengths

For lengths up to and including 6 m: *'B mm

Fo1r5 lengths above 6-m~up to and indluding 12 m:
+

o mm
For lengths greater than 12 m, the applicable toler-
ances shall.be agreed between the purchaser and the
manufacturer.

7.3.3 U Straightness

All tubes shall be reasonably straight. Fpr tubes over
50 mm in diameter, the deviation from| straightness
shall not exceed 0,002 L (L = length).

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

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

Outsid Tolerances (see ISO 5252) on T for a
Jutside Tolerances on D T/D ratio

diameter

< 0,025 | > 0,025 > 0,05 > 0,10
mm < 0,05 <0,10

D< 101,6 +1%71 with a + 12,5 % with a min. + 0,4 mm

D>1016 min. £0.5mm |, 200 | £ 15% | £ 125% | + 10 %
1) + 1,5 % for hot-expanded tubes.
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Table 6 — Tolerances on outside diameter and on wall thickness of
cold-finished tubes

D

Tolerances (see ISO 5252) on

T

+ 0,75 % with a min. of + 0,30 mm

+ 10 % with a min. of + 0,2 mm

8 Technical delivery conditions

8.1.9 Repairs to tubes shall only be carried out by
grinding or machining; peening or welding are not

8.1 Appearance and soundness

8.1.1 The tupes shall be free from such defects as
can be established by visual inspection and testing in
accordance wjth this part of ISO 9329.

8.1.2 The tupes shall have a finish and internal and
external surfage condition typical of the manufacturing
process and the heat-treated condition. The finish and
surface condition shall permit surface imperfections
or marks reqyiring dressing to be identified.

8.1.3 It shal| be permissible to dress by grinding or
machining sufface marks and imperfections, provided
that the thickpess of the tube after dressing does not
fall below thel minimum permitted wall thickness.

8.1.4 Surface imperfections which encroach on the
minimum wall thickness shall be considered defects
and shall be fleemed not to comply with this part of
ISO 9329.

8.1.5 All drdssed areas shall blend smopthly into the
contour of the tube.

8.1.6 The npanufacturer shall“explore by grinding a
sufficient number of surfage ‘marks and imperfections
identified dufing visual inspection, to provide assur-
ance that thegse have.been evaluated to ensure com-
pliance with 8.1.7.

8.1.7 Subjej +o_the limitations gi\/nn in 818 the

permitted.

8.2 Preparation of ends

Tubes are normally delivered with square-ciit ends;
by agreement between the purchaser and manufac-
turer at the time of ordering.they can also be delivered
with bevelled ends (see ]SO 6761). The ends|shall be
free from excessive burs.

8.3 Delivery conditions

The tubes-are delivered in the heat-treated ¢ondition
indicated"in table 7.

9.\ Inspection and testing

9.1 Type of inspection and testing ard type
of inspection documents

9.1.1 Tubes manufactured according to thip part of
ISO 9329 shall be subjected to specific ingpections
and tests in accordance with I1ISO 404.

9.1.2 Tubes delivered in accordance with Jthis part
of ISO 9329 are provided with an inspectign certifi-
cate of type 3.1.B according to ISO 10474.

If requested at the time of enquiry and ofder, the
tubes shall be supplied with an inspection certificate
of type 3.1.A or 3.1.C or 3.2 according to ISQ 10474.

9.1.3 The specific inspections and tests dedcribed in

manufacturer shall dress surface marks, and
imperfections found by exploration in accordance with
8.1.6, to be deeper than 5 % of the nominal thickness
or 3 mm, whichever is the lesser but not less than
0,5 mm.

8.1.8 |If surface imperfections that are acceptable
according to 8.1.7 are not scattered and appear over
a large area in excess of what is considered to be an
acceptable surface condition, tubes shall be rejected
(or alternatively subjected to dressing) as agreed be-
tween the purchaser and the manufacturer.
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9.3 to 9.8 shall be carried out and the compliance of
their results with the requirements shall be stated in
the inspection certificate (3.1.A, 3.1.B, 3.1.C or 3.2
according to ISO 10474).

In addition, the document shall include

a) the results of all inspections and tests pertaining
to supplementary requirements (see 4.2);

b) the symbols, code letters or code numbers relat-
ing the order and the test pieces to the corre-
sponding batches and tested tubes;
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Table 7 — Heat-treated conditions
Reference Normalizing Tempering Hardeni Quenching and temp erlr;% mperin
Steel grade heat temperature temperature ardening Cooling P 9
1) temperature At temperature
treatment . . medium?) .
C C °C C
PL 21 N 900 to 940 — — — —
Unalloyed steels PL23 N 890 to 930 T - - -
PL 25 Q+T —_— — 890 to 930 Water or oil 600 to 680
PL 26 N 890 to 930 — — — —_
26 CrMo 4 Q+T — — 830 to 860 Water or oil 600 to 680
11 MnNi 5-3 N3) 890 to 940 (580 to 640) — — —
13 MnNi 6-3 N3) 890 to 940 (580 to 640) — — —
Alloyed sfeels
12 Ni 14 Q+T4 830 to 880 580 to 640 820 to 880 Water or oil 580 to 660
X12Ni 5 Q+T4 800 to 850 580 to 640 800 to 850 Water or oil 580 to 660
X 10 Ni 9 Q+T 880 to 930 — 770 to 820 Water or oil 540 to 600
880 to 915
N+N+T + 565 to 605
775 to 805
1) N = Normalizing; Q + T = Quenching + Tempering; N + T = Normalizing + Temgering.
2) Wher) choosing the cooling medium, the influence of other parameters, such‘as dimensions and quenching temperature| on properties
and craclf susceptibility should be taken into account. Other cooling media, such as synthetic quenchants, may also be usef.
3) Temgering can occasionally be necessary after normalizing. In this ¢ase, the manufacturer shall inform the purchaser afpcordingly and
shall statp the tempering temperature.
4) If the|product's dimensions so permit, normalizing (with subseddent tempering if necessary) may be carried out at the manufacturer's
discretior} instead of quenching and tempering. In this case, the~manufacturer shall inform the purchaser accordingly.

c) the actual heat treatment carried out (see 54);

d) the rgsults of heat analysis (see 6.1.1).

9.2 Tept categories

Unalloyedl steel tubes shall be_subjected to the in-
spectionfand tests indicated\n-table 8 for the category
agreed upon at the time-of-ordering.

Alloyed gteel tubes ‘Shall be sujected to the tests in-
dicated i table 8\foy category Il.

9.3 TeFting of chemical composition

a) from the test pieces used for the Verification of

the mechanical properties,
or
b) from drillings taken through the whple thickness

of the tube or from a solid section,|at the same
location as for the mechanical test pjeces.

9.4 Testing of mechanical and te¢hnological
characteristics

9.4.1 Batch

9.3.1 A check analysis of chemical composition of
the tubes may be agreed upon at the time of ordering
(see 9.10.1).

9.3.2 The number of samples to be taken shall be
agreed upon by the parties involved at the time of
ordering.

9.3.3 The samples shall be taken in accordance with
ISO 377-2. The samples may be taken either

The delivery shall be divided into bhatches. A batch
shall consist only of tubes of the same steel grade,
from the same heat, and manufacturing process, and
having the same nominal outside diameter and wall
thickness, 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 comprise 100 tubes. The remaining
tubes shall be subdivided between the batches if
there are 50 or less than 50 tubes; they shall be re-
garded as a batch if there are more than 50.

1
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Table 8 — Test categories

Test category
Tests
I |
Heat analysis [see 9.1.3d)] X X
Visual examination (see 9.7) X X
Dimensional testing (see 9.6) X X
Leak-tightness, hydraulic or non-destructive (see 9.10.5) X X
Tensile test (see 9.10.2) X X
Mandatory tests

Impact test (see 9.10.7) X X
Flattening or bend or ring tensile test (see 9.10.3) X X
Drift or ring expanding test (see 9.10.4) X X
Non-destructive testing for longitudinal defects (see 9.10.6.1) — X
Material identification of alloyed steels (see 9.9) — X
) Check analysis of chemical composition (see 9.10.1) X X

Optionaljtests? . .
Non-destructive testing for transverse defects (see 9.10,6.2) — X

1) By agreefnent at the time of enquiry and order.

If the total number of tubes is less than 100, they
constitute ong batch.

9.4.2 Number of products sampled per test unit
Each test unit consists of
a) one tube|per batch for test category I;

b) two tube$ per batch for test category I,

9.4.3 Number of tests

For each tesf unit, the following tests shall be carried
out:

— one tensile test on each tube (see 9.10.2);
— one seriep of three¥impact tests on each sample

tube (see|9.4.5.5); if the wall thickness permits the
preparatignCof test pieces with widths of at least

9.45 Location and orientation of the test pieces

9:4.5.1 The test piece for the tensile test iy either a
full tube section or a test piece taken in a [direction
either longitudinal or transverse to the axis of|the tube
in accordance with the requirements of ISO $892.

At the manufacturer's option

— for tubes with an outside diameter equal {o or less
than 219,1 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 gregter than
219,17 mm, the test is taken in a directipn either
longitudinal or transverse to the axis of the tube.

5 mm (see 9-16-77;

— one flattening test or bend test or ring tensile test
on each tube (see 9.10.3);

— one drift or ring expanding test on each tube
where appropriate (see 9.10.4).

9.4.4 Selection of samples and test pieces
Samples and test pieces shall be taken at the tube

ends and in accordance with the requirements of
ISO 377-1.

12

9.45.2 The test piece for the bend test consists of
a section cut in the tube in accordance with the re-
quirements of ISO 7438.

For tubes with a wall thickness greater than 20 mm,
the test piece may consist of a segment in a trans-
verse direction, with rectangular section having a
width of 38 mm and a thickness of 19 mm.

9.45.3 The test piece for the flattening test consists
of a tube section, in conformity with ISO 8492.
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9.45.4 The test piece for the drift or ring expanding
test or ring tensile test consists of a tube section, in
conformity with 1SO 8493 or with ISO 8495 or
ISO 8496, respectively.

9.45.5 For the impact test (see ISO 148), a set of
three I1ISO V-notch test pieces shall be taken from
each sample tube longitudinal to the tube axis.

By agreement at the time of ordering, test pieces can
be taken transverse to the tube axis, provided that the

ISO 9329-3:1997(E)

The tolerance on diameter is normally measured
across the diameter; however, for tubes where
D> 457 mm, this tolerance may be measured by a
circumference tape. In the case of dispute, the toler-
ance 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.

The ovality shall be measured across the diameter at

dimensign of the tube permits this without flattening
of the test piece.

The minjmum outside diameter of the pipe necessary
to take [transversal test pieces may be calculated
D, in rpillimetres, as a function of the wall thickness
T by

756,25

b T-5

min| = (T_S) +

The test| pieces shall be taken and prepared in such
a way thpt the axis of the notch is perpendicular to the
surface ¢f the tube.

9.45.5.1 The dimensions of the test piece should
preferably be 10 mm x 10 mm. Test pieces having a
width of|less than 10 mm, but not below 5 mm, are
also perfnitted.

9.455.2 In the case of test pieces less:than
10 mm |wide, the two faces perpendicylar: to the
notch sHall only be machined by the amount necess-
ary to ofjtain a minimum dimension of-5*mm.

9.455.3 In the case of tubes-with a wall thickness
exceeding 30 mm, the cenfreline of the test piece
shall hae a distance from-the external surface equal
to one duarter of the \wall thickness or shall be pos-
itioned as close as passible to this location.

9.5 Lelak-tightness test

+lo. + P 4 e fa
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9.7 Visual examination

The tubes shall be submittédito a visugl examination
to confirm, in particular, their conformity with the re-
quirements of 8.1 and 8.2.

9.8 Non-destructive testing

The tubes-ofitest category Il shall all bg submitted to
a non-destructive inspection for longitddinal defects
(see 9:10.6.1).

|ftagreed at the time of enquiry and ofder, tubes of
test category |l may also be submitted to non de-
structive testing for transverse defects (see
9.10.6.2).

9.9 Material identification of alloyed steels

Each alloyed steel tube shall be tested| by an appro-
priate method to ensure that the corrg¢ct grade has
been supplied.

9.10 Test methods and results
9.10.1 Chemical analysis

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

9.10-1.2 The slements—shall- be—determined in con-

9.5.1 AI the tubes shall 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 9.10.5.2).

9.6 Dimensional testing

The tubes shall be checked with respect to dimen-
sions by suitable methods.

formity with the methods considered in the corre-
sponding International Standards. Spectrographic
analysis is permitted.

9.10.1.3 The results shall comply with the values in
table 1, taking into account the permissible deviations
given in table 2.

9.10.1.4 In the case of dispute about analytical
methods, the chemical composition shall be deter-
mined in accordance with a reference method in one
of the International Standards listed in ISO/TR 9769.

13
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D is the specified outside diameter, in miili-
metres;

T is the specified wall thickness, in milli-
metres;

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

9.10.3.2.2 After testing, the test piece shall be free
from cracks or breaks; however, a slight incipient

f\T STFDQQ Y(‘ITQI plnnnannn

TSSO

WG TSIV igeun 0,

je elongation
reference to a gauge of Iength of
is the original cross-sectional
bt piece. If other gauge lengths are used,
wdln/g_elongatlon referred to a gauge
b \/ So tainea in accoaance

Shall pe obtained in accodance
)_

9.10.2.3 Tha results of the tensile test shall comply
with the valges in table3 for the steel grade con-

cerned.
9.10.3 Flatt
9.10.3.1 Ge

At the option

test or a bend

out at room t
outside diam

ening or bend test or ring tensile test

heral

of the manufacturer, either a flattening
test or a ring tensile test shall be catried
bmperature (see 9.4.3) for tubes-with an
ter above or equal to 200 mm;\for tubes

with an outside diameter below 200 pam/and above
or equal to 162,4 mm, the flattening test or the ring

tensile test i
outside diam
test is usuall

usually carried out; for tubes with an
ter below 1562,4 mna; only the flattening
carried out.

9.10.3.2 Flattening test

9.10.3.2.1 T

he flattening test shall be carried out in

conformity w

thSO 8492.

cract at the edges shali not be regarded/ag a justi-
fication for rejection.

When low D|T ratio tubes are tested, because the
strain imposed due to geometry (s /unreasonably high
on the inside surface at the~'6/H"” and “12 H" lo-

cations, cracks at these locations shall not bg a cause
for rejection if the D/T ratio)is less than 10.

9.10.3.3 Bend test

9.10.3.3.1 _The bend test (see 9.4.3) shall bg carried
out in accordance with ISO 7438. The tubg section
shall be doubled over, cold, in the direction|of initial
curvature around a mandrel with a diameter s speci-
fied in table 3 for the steel grade concerned.

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

9.10.3.4 Ring tensile test

9.10.3.4.1 The ring tensile test is only applicable for
tubes with an outside diameter equal to of greater
than 152,4 mm.

The test shall be carried out in accordanfce with
ISO 8496.

9.10.3.4.2 The tube section (see 9.4.5.4)|shall be
subjected to strain in the circumferential diredtion until

The tube section or the tube end shall be flattened in
a press, up to the moment when the distance H be-
tween the platens reaches the value given by the fol-
lowing formula:

H= H—I; xT
K+ D
where
H is the distance between platens, in milli-

metres, to be measured under load;
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Tracture occurs.

9.10.3.4.3 After testing, the test piece shall show
no cracks visible without the use of magnifying aids.

9.10.4 Drift expanding test or ring expanding test

9.10.4.1 General

At the option of the manufacturer, either a drift ex-
panding test or a ring expanding test shall be carried
out at room temperature (see 9.4.3).
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9.10.4.2 Drift expanding test

9.10.4.2.1 The drift expanding test shall be carried
out in accordance with ISO 8493.

ISO 9329-3:1997(E)

The tube shall withstand the test without showing
leaks or deformation beyond the limits of the dimen-
sional tolerances.

9.10.5.2 Non-destructive test

It is carried out on tubes with outside diameter up to

150 mm and wall thickness up to 9 mm If the tube is not submitted to the hydraulic test de-
The end of the tube section (see 9.4.5.4) shall be ex- fined in 9.10.5.1, it shall be submitted to a non-
1 il U1 UI1IC LlUDE SCULIVIT (OTT J.4.V.4] olliall VT TA destructlve ‘test (See 9 5 2) namel .

panded on a conical mandrel until the increase in the Ll Y-

xpanded tube reaches the . . .

o e e & an_slectiomagnaic test n_accqrcance. wih
vaiuw HnigiIvaltcvu ni wwviv v I\ LR A~ AN Yirauw ASAS AN

9.10.4.2]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.

9.10.4.3| Ring expanding test

9.10.4.3]1 The ring expanding test shall be carried
out in adcordance with ISO 8495.

The tubg section (see 9.4.5.4) shall be expanded until
the incrdase in the outside diameter reaches the value
indicated in table 3 for the steel nradp concerned

9.10.4.3]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.

9.10.5 |Leak-tightness test

9.10.5.1| Hydraulic test

If the leak-tightness test is carried ‘odt by a hydraulic
test, the test pressure is defiped;”up to a maximum
of 80 baf, by the following eguation:

1 SxT
PE + 20 D

where

PE is the test pressure, in bars;

ISO 9302
or

b) an ultrasonic test in aceordance with ISO 10332.

9.10.6 Non-destructive testing

9.10.6.1 Tubes: of test category Il shall
to ultrasonig testing for the detection
defects imaccordance with 1SO 9303,
ance level L2.

9.10:6.2 |If agreed at the time of enqgy
fubes of test category Il may also be

be submitted
bf longitudinal
with accept-

iry and order,
submitted to

ultrasonic testing for the detection of transverse de-

fects in accordance with 1ISO 9305, wif
level L2.

9.10.7 Impact testing

9.10.7.1 Impact testing shall be car
9.4.5.5) in accordance with ISO 148.

The impact energy shall always be detg
lowest test temperature specified for tH
and wall thickness concerned in table 4;

h acceptance

ied out (see

rmined at the
e steel grade
the values of

impact energy at higher test temperafures shall be
considered to have been demonstrated by the same
determination.

The mean value of the three test piece$ (see 9.4.5.5)
shall be taken.

D ;O thU OpUb;f;Ud uuto;dc d;GIIIUtUI, ;ll III;“;'
metres; If the width of the test piece is less than 10 mm, the
‘ N . . - impact energy A,, in joules, shall be calculated from
T is the specified wall thickness, in milli- the specified energy A’, using the formula
metres;
A _AI B
S is the stress, in newtons per square milli- 10

metre, corresponding to 80 % of the
specified minimum value of Reyy or Ry, OF
Ry 5 (see table3) for the steel grade con-
cerned.

The test pressure shall be maintained for at least
5s.

where B is the width, in millimetres, of the test piece.

9.10.7.2 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 4 for the relevant steel
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