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Foreword

ISO 9330-2:1997(E)

ISO (the International Organization for Standardizationy i

federation of national standards bodies (ISO member bod
of preparing International Standards is normally carried ot

technical committees. Each member body rintérested in

5 a worldwide
ies). The work
t through ISO

a subject for

which a technical committee has been estaplished has the right to be

represented on that committee. International organizations

and non-governmental, in liaison with SO, also take part in

collaborates closely with the International Electrotechnic
(IEC) on all matters of electrotechnigal standardization.

Draft International Standards™adopted by the technical ¢

circulated to the member Bodiés for voting. Publication as 4

Standard requires approvalby at least 75 % of the member,
a vote.

International Standard 1ISO 9330-2 was prepared by Techni
ISO/TC 17, Steel, Subcommittee SC 19, Technical delivery

steel tubes foPpressure purposes.

It constitdtes a partial revision of ISO 2604-3:1975.

IS0 9330 consists of the following parts, under the gener

steel tubes for pressure purposes — Technical delivery co

properties

Part 2: Electric resistance and induction welded un
loyed steel tubes with specified elevated tempera
(Partial revision of ISO 2604-3:1975)

Part 3: Electric resistance and induction welded un
loyed steel tubes with specified low temperature pr(
revision of 1ISO 2604-3:1975)

Part 4. Submerged arc-welded unalloyed and alloys

Part 1. Unalloyed steel tubes with specified roon

governmental
the work. ISO
il Commission

bmmittees are
n International
bodies casting

cal Committee
conditions for

al title Welded
hditions:

n temperature

alloyed and al-
ture properties

blloyed and al-
bperties (Partial

bd steel tubes
tial revision of

\with—specified elevated. tamparaturﬂ prnpcrﬁac ('Da'

1SO 2604-6:1978)

Part 5: Submerged arc-welded unalloyed and alloyed steel tubes

with specified low temperature properties (Partial revision of I1SO

2604-6:1978)

Annex A of this part of ISO 9330 is for information only.

Part 6: Longitudinally welded austenitic stainless steel tubes
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Welded steel tubes for pressure purposes — Technical

delivery conditions —

Part 2:

Eledtric resistance and induction welded unalloyed and
alloyed steel tubes with specified elevated temperature

properties

1 Sdgope

1.1 This part of ISO 9330 specifies thel'technical
delivery conditions for electric resistange and in-
duction welded tubes of circular cross-section having
wall thickness up to and includings16 mm, made of
unalloyled and alloyed steels with-specified elevated
tempefature properties.

These [tubes are intendéd™for pressure purposes, in
cases ywhen the matefial is also subjected to elevated
tempefatures, e.g«fér the construction of steam gen-
erating equipment and for interconnecting pipework.

The rgquirenients of appropriate international appli-
cation | standards and relevant national legal regu-

low temperature properties (parfial revision of
ISO 2604-3:1975).

Part 4: Submerged arc-welded ur
loyed steel tubes with specified
perature  properties  (partial
ISO 2604-6:1978).

Part 5: Submerged arc-welded ur
loyed steel tubes with specified /g
properties (partial revision of ISO 2

Part 6: Longitudinally welded aus
steel tubes (revision of ISO 2604-5

alloyed and al-
elevated tem-
revision of

alloyed and al-
w temperature
504-6:1978).

enitic stainless
1978).

NOTE 1 The English words “tube”| and “pipe” are
synonymous.

lations shattbe taken Mo account by the USer. For
boilers and pressure vessels, ISO/R 831 and
ISO 5730 are available.

The following parts of ISO 9330 are now available or
are being prepared:

— Part 1: Unalloyed steel tubes with specified room
temperature  properties (partial revision of
ISO 2604-3:1975 and of ISO 2604-6:1978).

— Part 3: Electric resistance and induction welded
unalloyed and alloyed steel tubes with specified

1.2 See ISO 404 for general technical delivery re-
quirements.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 9330. 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 9330 are encouraged to investigate the
possibility of applying the most recent editions of the
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standards indicated below. Members of IEC and ISO
maintain registers of currently valid International

Standards.

ISO 377-1:1989, Selection and preparation of samples

nA toot nicrae A

£
ana test Moo Ul VVIUUleL olccio — rait I.

ctanla Dar+ 1 Armnlac

C
oampies

and test pieces for mechanical test.

ISO 377-2:1989, Selection and preparation of samples
and test pieces of wrought steels — Part 2: Samples

for the determ

ination of the chemical composition.

© ISO

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 sub-
merged arc-welded) steel tubes for pressure pur-
poses — Electromagnetic testing for verification of
hydraulic leak-tightness.

ISO 404:1992,

Steel and steel products — General

technical delivgry requirements.

ISO 783:1989,

alavatand tamn,
cicvalou oiilipy

ISO/R 831:196
boilers.

ISO 1129:1980,

and heat exch
conventional n

ISO 3205:1979,

ISO 3545-1:19
for use in spe
accessories wi

ISO 4200:1991
seamless —
masses per ur

ISO/TR 4949:1
symbols.

ISO 5252:1991,

ISO 5730:1997
construction (d

Metallic materials — Tensile testing at

bratiiroa
Pialuic.

B, Rules for construction of stationary

Steel tubes for boilers, superheaters
bngers — Dimensions, tolerances and
asses per unit length.

R4

Steal —
) Lo UTT

1: Carbon an

—

a//oy steels.
Preferred test temperatures.

B9, Steel tubes and fittings — Symbols
ifications — Part 1: Tubes and tubular,
th circular cross-section.

, Plain end steel tubes, welded and
General tables of dimensions and
it length.

089, Steel names.~“based on letter

Steel tubes — Tolerance systems.

, Statienary shell boilers of welded
ther than water-tube boilers).

iSO 9303:1989, Seamiess and weided (excgpt sub-
merged arc-welded) steel tubes for pressdre pur-
poses — Full peripheral ultrasonic testing [for the
detection of longitudinal imperfectiohs,

1ICN Q7R4 OQO Elantrin  rogiftan nA AN At AN
1OV v/ \J"f 1vOyv, Licotiniv IUOIOlaIIbG allu mauucuurl
welded steel tubes for pressure purposes - Ultra-

sonic testing of the weld\seam for the detegtion of
longitudinal imperfections:

ISO/TR 9769:1981y Steel and iron — Review pf avail-
able methods ofanalysis.

ISO 10332:1994, Seamless and welded (excdpt sub-

///c/ycu arc-welded) steel tubes for pressyre pur-
poses>— Ultrasonic testing for the verificdtion of
hydraulic leak-tightness.

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

— In-

3 Symbols and denominations

3.1 Fundamental symbols

D = specified outside diameter

D

i specified inside diameter

T specified wall thickness

3.2 Symbols for tolerances

ISO 6761:1981,

Steel tubes — Preparation of ends of

tubes and fittings for welding.

ISO 6892:1984, Metallic materials — Tensile testing.

ISO 7438:1985, Metallic materials — Bend test.

ISO 8492:1986, Metallic materials — Tube — Flat-

tening test.

ISO 8493:1986, Metallic materials — Tube — Drift
expanding test.

See ISO 5252.

3.3 Symbols for tests

3.3.1 Tensile test

See ISO 6892.

3.3.2 Flattening test

H = distance between platens
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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

ISO 9330-2:1997(E)

— bevelled ends (see 8.2);
— product chemical analysis (see 9.3 and 9.10.1)

— tensile testing of weld for tubes over 219 mm but
with an outside diameter less than 508 mm (see
9.4.1.3);

— determination of proof stress at elevated tem-
perature, Rp0,2 (see 9.4.2);

| letiaot o + + [ Q£
LASZ2 LN oSS tCoST (oCTC~I7 o077

The pufchaser shall state on his enquiry and order the
following information:

— the [denomination “tube”;

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

— refdrence to the relevant dimensional standard;

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

— length (see 7.2);

— tolerances, if exact lengths greater than 12 m are
ordgred (see 7.3.3);

— refdrence to this part of ISO 9330;
— stegl grade (see table 2);

— tes{ category for unalloyed steels (see-9.2).

4.2 (Optional information

Enquiries and orders for tubes_in accordance with this
part of ISO 9330 shall-‘be’ supplemented, if it is
deemed necessary by~the purchaser, with the indi-
cation |of one or more” of the following optional re-
quirements, whiehshall be the subject of special
agreenpents:

— steg¢lmaking process (see 5.1);

ey
— specific marking (see 10.3);
— protective coating (see clause 11);

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

4.3 Example of an order

Example of ‘an order for a welded tubd conforming to
the dindensional standard 1SO 4200, With an outside
diameter of 168,3 mm, a wall thicknegs of 4 mm and
a, standard length (random length) of 4 m to 8 m,
made of steel grade PH 23 with spdcified elevated
temperature properties to be submitted to specific
inspection and testing to test category | involving the
issuing of an inspection certificate 3.1{B according to
ISO 10474:

Tube ISO 4200 - 168,3 x 4 - 4 to |8 - ISO 9330-2
-PH23-1-3.1.B

5 Manufacturing process

5.1 Steelmaking process

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

Steels may be cast in ingots or may pe strand cast.
When steels of different grades afe sequentially
strand cast, identification of the resultant transitional

— delivery condition (see 5.4);

— special straightness requirements (see 7.3.5);

material is required. The producer shall remove the
transitional material by an established procedure that
efficiently separates the grades.
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5.2 Deoxidation process

Steels intended for the production of tubes covered
by this part of ISO 9330 shall be fully killed.

5.3 Product-making process for tubes

Tubes covered by this part of ISO 9330 may be hot-
finished or cold-finished (see table1). The terms
“hot-finished” and “cold-finished” apply to the con-
dition of the tube before it is heat treated in accord-

© ISO

Table 1 — Delivery conditions
Cold/hot Cold formed,
formed, welded g:?::;ﬂ:: welded and
and hot finished cold drawn

Heat treatment
on full tube ac-
cording to table 8

Heat treatment
on full tube ac-
cording to
table 8

Heat treatment
on full tube ac-
cording to
table 8

or

ance with 5.4,
induction (ERW
during the welq
the process of
of the manufad

NOTES

2 A welded tul
a flat-rolled prod
may be longitudi

3 Tubes manu
duction welding
by means of pi
which have beer
sistance to the ¢
ent to, these su
either by direct g
is used during th

4 "Normalized’
manufacturer ca
nically equivalen
8).

5.4 Delivery

5.4.1 Tubes ¢
be delivered ir
propriate hea
table 8.

The heat-treatr
as a guide.

Tubes shall be electric resistance or
) welded. No filler metal shall be used
ing process. Unless otherwise agreed,
manufacture is left to the discretion

turer.

e is a tubular product obtained by shaping
ict and then welding the edges. The welds
hal.

actured by the electric resistance or in-
process have a longitudinal weld formed
essure applied to the edges of the strip

heated to welding temperature by the re-
assage of an electric current at, and adjac-
faces. The electric current may be passed
pntact or induction methods. No filler metal
e welding process.

includes "hot-finished”, provided the

N show that hot finishing produces a tegh-
I metallurgical condition (see tables 1 and

conditions
overed by this partcof 1SO 9330 shall

accordance with~table 1 and the ap-
-treatment _eonditions indicated in

hent temperatures in table 8 are given

no heat treat-
ment for steel
grades PH 23,

PH 26, PH 27 and
PH 35, if hot fin-
ishing produces
a technically
equivalent metal-
lurgical
condition™

1) The methods @f control to achieve this equivdlence
have to be dgreéd between the purchaser and the
manufactureh

6 -“Metallurgical properties

6.1 Chemical composition

6.1.1 Heat analysis
On heat analysis, the steel shall show the fompo-
sition given in table 2 appropriate to the specifigd steel
grade.

6.1.2 Product analysis

If a check analysis on the product is requirgd (see
9.3), the permissible deviations given in tabld3 shall
apply to the heat analysis specified in table 2.

5.4.2 By agreement between the purchaser and the
manufacturer, the tubes may be delivered in a con-
dition other than the final heat-treated condition given
in table8, in which case they shall be suitable for
subsequent manipulation and the purchaser shall be
informed of the heat treatment necessary to attain the
required properties.

The—deviations, other tham whenm axima only are
specified, apply either above or below the specified
limits of the range, but no both above and below, for
the same element from different sample products
from the same heat.

When maxima only are specified, the deviations are
positive only.
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Table 2 — Chemical composition (heat analysis), [% (m/m)]

P S Al
Steel grade Cc Si Mn Cr Mo total
max. max. max.
- PH 23 < 0,17 < 0,35 0,40 to 1,20 0,035 0,030 — — —
%% PH 26 < 0,20 < 0,35 0,50 to 1,40 0,035 0,030 — — —
S§ | PH27 <020 <035 0,900 1,50 | 0,035 | 0,030 — — —
o PH 35 < 0,22 < 0,35 0,90 to 1,60 0,035 0,030 — — —
T, 16 Mo 3 0,12 to 0,20 0,15 1t0 0,35 0,40 to 0,90 0,035 0,030 < 0,30 0,25 10[0,35 0,020
22 13 CrMo 4-5 0,08 t0 0,18 0,15 t0 0,35 0,40 to 1,00 0,035 0,030 0,70 to 1,15 0,40t0[0,60 0,020
E L 11 CrMo 9-10 0,08 to 0,15 0,15 to 0,50 0,30 to 0,70 0,035 | 0,030 2,00 to 2,50 0,90 to[1,10 0,020

NOTE |- Elements not included in this table shall not be intentionally added without the agreement of thepurchaser, ex
which may be added for deoxidation and finishing of the heat. All reasonable precautions shall be taken to“prevent the addition of elements
from s¢rap or other materials used in the manufacture, but residual elements may be tolerated, previded that the mec
and applicability are not adversely affected. If the amount of residual elements is likely to affect the weldability of the gteel, the content
of such elements (heat analysis) shall be stated in the documents mentioned in clause 12.

A maximum copper content of 0,25 % (m/m) may be requested by the purchaser in orderte'facilitate subsequent operati

ept for elements

anical properties

bns of forming.

1) Depignation according to ISO/TR 4949.

Table 3 — Permissible deviations from the
specified chemical composition limits given in

6.2 Mechanical properties

bperties of the
0, measured at
ISO 3205), to
prepared and
all comply with
cknesses up to

table 2
6.2.1 At room temperature
Content specified €3
Permissible
for the ladle N\ . . .
Elenient analysis deviation The mechanical and technological pr
R . tubes covered by this part of ISO 933
% (m/m) o (m/m) room temperature (23 °C + 5 °C, ses
C <022 +003 be obtained on test pieces selected
- ' tested in accordance with clause 9, sH
S < 0,50 + 0,05 the requirements of table 4 for wall th
and including 16 mm.
Mn <L1)60 +0,10
P ¥ 0,035 + 0,005
S < 0,030 + 0,005 6.2.2 At elevated temperature
C < 2,50 + 0,10
Mo <035 +0.04 6.2.2.1 Proof stress
> 0,35 < 1,10 + 0,05
Al < 0.020 + 0.005 The minimum proof stress (R, ,) values at elevated
- : temperatures are indicated in table 5.
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Table 4 — Mechanical properties at room temperature
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6.2.2.2 Stress rupture properties

The long-term stress rupture property (og) values at
elevated temperatures are indicated in annex A. It is
stressed that they are given for information only.

6.3 Weldability

Steels intended for the production of tubes covered
by this part of ISO 9330 are regarded as being
weldable. However, account should be taken of the

ISO 9330-2:1997(E)

7.2.2 If 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 thickness of the tube, as well as on the pro-
duction facilities of the manufacturer, and 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 7.3.3 shall ap-

fact thprthe behaviour of the steerdurmgamdafter
welding is dependent not only on the steel, but also
very much on the conditions of preparing and carrying
out thg welding.

7 Dimensions, masses and tolerances

7.1 utside diameters, wall thicknesses and
masses

The oldtside diameters, wall thicknesses and masses
of the [tubes covered by this part of ISO 9330 should
be selé¢cted from those in ISO 4200 and ISO 1129.

7.2 lengths

7.2.1 |The enquiry and order shall state whether the
tubes pre to be delivered with random lengths (sge
7.2.2) pr with exact lengths (see 7.2.3).

Table 5 — Minimum 0,2,% proof stress R, values at elevated temperature

ply.

7.3 Tolerances

7.3.1 Tolerances-onoutside diameter and wall
thickness, excluding the weld seam

The outside diameters and the wall thitknesses of the
tubes coevered by this part of ISO 933( shall be within
the tolerance limits given in table 6 (sge 9.6).

Within areas where the tube surface has been
dressed by mechanical machining (sugh as grinding),
it is permissible to exceed the minus dleviation on the
outside diameter over a length of hot more than
1 m, provided that the wall thickness|remains within
the lower tolerance limits.

RefereNY Minimum proof stress R ,, N/mm?
Steel grade heat Temperature, °C
treatment?!
150 200 250 300 350 400 450 500 | 550 | 600
2 PH 23 N 185 165 145 127 116 110 106 -+ — —
[
z PH 26 N 216 194 171 152 141 134 130 —+ — —
[
E PH 27. N 247 223 198 177 167 158 153 -+ — —
©
[
2 PH\35 N 270 255 235 215 200 180 170 —+ — —
16 Mo 3 N 237 224 205 173 159 155 150 145 — | —
T
oL
§§ 13 CrMo 4-5 N+T 230 220 210 183 169 164 161 156 | 150 | 145
2 7]
11 CrMo 9-10 N+T 241 233 224 219 212 207 194 180 | 160 | 137
1) N = Normalizing; N + T = Normalizing + Tempering.
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Table 6 — Tolerances on outside diameter and
wall thickness

Tolerances on Tolerance (see ISO 5252)
D onT

+ 10 % with a minimum
of + 0,2 mm

+ 0,75 % with a minimum
of + 0,5 mm

© SO

on ovality shall be agreed between the purchaser and
manufacturer.

7.3.5 Straightness

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

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

7.3.2 ToleranLes on wall thickness in the weld
area

The heights of| the external and internal weld seam

shall be within the tolerance limits indicated in
table 7 (see 9.6).

Table 7 — Tlolerances on height of weld seam

External weld seam Trimmed flush

Trimmed with a maximum
height of 0,30 mm. The
wall thickness remaining
after trimming shall not be
less than that permitted
by table 6.

Internal weld geam

7.3.3 Toleranges on exact lengths

+10

For lengths ug to and including 6 m: o Mm
For lengths aove 6 m up to and in-
cluding 12 m: NS mm

For lengths gregter than 12 m, the pls)tolerances are
to be agreed Between the purchaser and manufac-
turer.

7.3.4 Ovality

The ovality shall be determined as a percentage using
the following fgrmula (see 1ISO 3545-1):

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

8 Technical delivery conditions

8.1 Appearance and soundness

8.1.1 The tubes shall. have smooth internal 4nd ex-
ternal surfaces with the degree of smoothndss de-
pending on the method of manufacture.

8.1.2 The tukes shall have a workmanlike fin|sh but
small impetfections are permissible, provided that the
thicknessiremains within the tolerance limits.

84.3 Larger surface imperfections may be diessed,
provided that the thickness after dressing r¢mains
within the lower tolerance limits.

8.1.4 Repairs to tubes shall only be carried Jout by
grinding or machining; peening or welding gre not
permitted.

8.2 Preparation of ends

Tubes are normally delivered with square-cuf ends;
by agreement between the purchaser and manufac-
turer at the time of ordering they can also be ddlivered
with bevelled ends (see ISO 6761). The ends ghall be
free from excessive burrs.

8.3 Delivery conditions

. D —D_.
Ovality = 100 x ﬂl)——m

where D, and D, are the maximum and minimum
outside diameters (respectively) measured in the
same cross-section.

For tubes having D < 406 mm, the ovality is included
in the limits of the diameter tolerances.

For tubes having D > 406 mm, the ovality shall not
exceed 2 % if the D|T ratio is less than 100. If the
D|T ratio is equal to or greater than 100, the tolerance

The tubes are delivered in the heat-treated condition
indicated in table 8.

9 Inspection and testing

9.1 Type of inspection and testing and type
of inspection documents

9.1.1 Tubes manufactured according to this part of
ISO 9330 shall be subjected to specific inspections
and tests in accordance with ISO 404.
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9.1.2 Tubes delivered in accordance with this part
of ISO 9330 are provided with an inspection certifi-
cate of type 3.1.B according to ISO 10474.

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

ISO 9330-2:1997(E)

9.2 Test categories

Unalloyed steel tubes shall be subjected to the in-
spection and tests indicated in table 9 for the category

agreed upon at the time or ordering.

Alloyed steel tubes shall be subjected
dicated in table 9 for category Il.

to the tests in-

9.3 Testing of chemical composition

9.1.3 ['he specific inspections and tests described in
9.3 to 9.8 shall be carried out and the compliance of
their repults with the requirements shall be stated in
inspectlon certificate 3.1.A, 3.1.B, 3.1.C or 3.2 ac-
cording|to ISO 10474.

In addition, the document shall include

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

b) the|symbols, code letters or code numbers relat-
ing|the order and the test pieces to the corre-
spdnding batches and tested tubes;

c) thelactual heat treatment carried out (see 5.4):

d) the|results of heat analysis (see 6.1.1).

9.3.1T A check analysis of chemical

Fomposition of

the tubes may be agreed upon at _the time of ordering

(see 9.10.1).

9.3.2 The number of sariples to be
agreed upon by the parties involved
ordering.

9.3.3 The samples shall be taken in a
ISO 377-2. The;samples may be taken

taken shall be
At the time of

ccordance with
either

a) fropdsthe test pieces used for thel verification of

the“mechanical properties,

oF

b) from drillings taken through the whole thickness

of the tube or from a solid sectio
location as for the mechanical test

Table 8 — Heat-treated conditions

n, at the same
pieces.

Reference heat Austenitizing Cooli Tempering i
Steel grade treatment temperature 00'ing temperature Cooling
. medium medium
conditions °C °C
L PH 23 N2) 880 to 940 Air — —
[0
& | PH26 N2) 880 to 940 Air — —
S .
o PH 27 N2) 880 to 940 Air — -
©
[
> PH 35 N2) 880 to 940 Air — —
16 Mo 3 N 890 to 950 Air — —
B
§§ 13 CrMo 4-5 N+T 900 to 960 Air 660 to 730 Air
2 7]
11 CrMo 9-10 N+T 900 to 960 Air 680 to 750 Air
1) N = Normalizing; N + T = Normalizing + Tempering.
2) The hot-finished tubes may be delivered in the non-treated condition at the discretion of the manufacturer, provided that
the hot finishing produces a technically equivalent metallurgical condition. The methods of control to ensure equivalence
of structure shall be the subject of a previous agreement between the purchaser and the manufacturer.
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Table 9 — Test categories

Tests

Test category

Heat analysis [see 9.1.3d)]
Visual examination (see 9.7)
Dimensional testing (see 9.6)

Leak-tightness, hydraulic or non-destructive (see 9.10.5)

Flattenirlg or bend or ring tensile test (see 9.10.3)

Mandatory tests

Drift or fing expanding test (see 9.10.4)
Non-desftructive testing of the weld (see 9.10.6.1)

Material|identification of alloyed steels (see 9.9)

Tensile fest on base material at room temperature (see 9.10.2.1)

Tensile {est on weld at room temperature (see 9.10.2.1)

Non-desttructive testing for longitudinal defects (see 9.10.6.2)

X X X X X|IX X X X
X X XXX X X X

| 1
< x|

Optional
tests 1)

Tensile test at elevated temperature (see 9.10.2.2)

Check apalysis of chemical composition (see 9.10.1)

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

9.4 Testing|of mechanical and technological
characteristits

9.4.1 At room temperature

9.4.1.1 Batch

The delivery shall be divided into.batches. For tubes
which are not |heat treated, a bateh shall consist only
of tubes of thg same steel grade, from the same heat
and manufactlring process’ and having the same
nominal outside diameter/and wall thickness.

For tubes whigh, are heat treated, a batch shall consist
only of tubes &f the same steel grade, from the same

9:4.1.2 Number of products sampled per tgst unit
Each test unit consists of
— one tube per batch for test category |I;

— two tubes per batch for test category Il

9.4.1.3 Number of tests

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

— one tensile test on the base material for eagh tube
(see 9.10.2.1)

heat and manufacturing process, and having the same
nominal outside diameter and wall thickness, sub-
jected 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.

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

10

— one tensile test on the weld on each tube (see
9.10.2.1) for tubes with outside diameter
D > 508 mm,

for tubes with 219 mMm <D <508 mm a
tensile test on the weld is not carried out un-
less otherwise agreed at the time of ordering,

for tubes with D < 219 mm a tensile test on
the weld is not carried out;

— two flattening tests or bend tests or one ring
tensile test on each tube (see 9.10.3);
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— one drift or ring expanding test on each tube (see
9.10.4).

9.4.1.4 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.

9.4.1.5 Location and orientation of the test
pieces

ISO 9330-2:1997(E)

9.4.1.5.4 Test piece for the bend test

The test piece for the bend test consists of a section
cut in the tube in accordance with the requirements
of ISO 7438, with the weld at the centre of the test
piece.

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

The test piece for the drift or ring expanding test or

9.4.1.5]1 Test piece for the tensile test on the
base nmpaterial

The tedt piece for the tensile test on the base material
is eithgr a full tube section or a test piece taken in a
directign either longitudinal or transverse to the axis
of the Jtube in accordance with the requirements of
ISO 68P2.

At the manufacturer's option

— for tubes with an outside diameter D equal to or
lesq than 219,17 mm, the test is carried out either
on @ tube section or on a test piece taken in a di-
rection longitudinal to the axis of the tube. In the
lattgr case, the test piece shall be taken away from
the|weld. The test piece shall represent the full
thickness of the tube and shall not be flattened
befpre testing.

— for fubes with 219,17 mm < D < 508 fmm, the test
piede is taken in a direction either longitudinal or
tranjsverse to the axis of the tube® The test piece
shall not be taken next to the weld.

For tuhjes with D > 508 mm;-the test piece shall be
taken in a direction transverse to the axis of the tube.
The test piece shall ngt'\pe taken next to the weld.

9.4.1.5[2 Testpiece for the tensile test on the
weld

The teptCpiece for the tensile test on the weld shall

ring tensile test consists of a tubg\ gection, in con-
formity with ISO 8493 or I1SO 8495 of ISO 8496, re-
spectively.

9.4.2 At elevated temperature

Determination of the “proof stress (R, ,) may be
agreed upon at the)time of ordering. The temperature
and number of«test pieces (see 9.10.2.2) shall be es-
tablished at, this time.

9.5 Leak-tightness test

95.1 All the tubes shall be submifted to a leak-
tightness test.

9.5.2 Unless otherwise specified by|the purchaser,
the hydraulic leak-tightness test may pe replaced, at
the discretion of the manufacturef, 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.

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

be takenmtransverse to the weld, with the wetdatrthe
centre of the test piece. The test piece shall be a strip
section with the full thickness of the tube, and the
weld bead may be removed.

9.4.1.5.3 Test piece for the flattening test

For tubes with an external diameter D <406 mm, the
test piece for the flattening test shall consist of a tube
section, in conformity with ISO 8492.

For tubes with D > 406 mm, the flattening test may
be carried out on a half-ring section of the tube.

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
the pipe ends, for a distance of 100 mm.

9.7 Visual examination

The tubes shall be submitted to a visual examination

to confirm, in particular, their conformity with the re-
quirements of 8.1 and 8.2 .

1
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9.8 Non-destructive testing

The tubes of test category | shall all be submitted to
a non-destructive inspection of the weld seam (see
9.10.6.1).

The tubes of test category Il shall all be submitted to
a non-destructive inspection for longitudinal defects
(see 9.10.6.2).

9.9 Material-identification-of alloyed steels

© SO

piece. If other gauge lengths are used, the corre-
sponding elongation referred to a gauge length of
5,65\/.—5‘3 shall be obtained in accordance with
ISO 2566-1.

9.10.2.1.3 The results of the tensile test shall com-
ply with the values in table 4 for the steel grade con-

cerned.

9.10.2.2 At elevated temperature

Each alloyed dteel tube shall be tested by an appro-
priate method|to ensure that the correct grade has
been supplied,

9.10 Test mpethods and results

9.10.1 Chemiical analysis

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

9.10.1.2 The

elements shall be determined in con-

formity with fhe methods considered in the corre-

sponding Int
analysis is per

9.10.1.3 The
table 2, taking

given in table 3.

9.10.1.4
methods, the
mined in acco

brnational  Standards.

Mitted.

Spectrographic

results shall comply with the values in
into account the permissible deviations

In fhe case of dispute about analytical

chemical composition shallsbe deter-
rdance with a reference method in one

of the International Standards listed jin [SO/TR 9769.

9.10.2 Tensi

Je test

9.10.2.1 At loom temperature

9.10.2.1.1 TH
room temperg

e tensiter test shall be carried out at
turg_in conformity with ISO 6892 (see

9.4.1.3, 9.4.1.

b.97and 9.4.1.5.2).

9.10.2.2.1 If agreed at the time of orderipg,\g tensile
test at elevated temperature shall be catried gut (see
9.4.2) in accordance with ISO 783.

9.10.2.2.2 The proof stress (R gy) of the bgse ma-
terial shall be determined during’the tensile tgst.

9.10.2.2.3 The result efthe tensile test shall|comply
with the values in tablg.5 at the selected tempgrature.

9.10.3 Flattening or bend test or ring tengile test
9.10.3.1 (General

At thg option of the manufacturer, either a flattening
tesf\or a bend test or a ring tensile test shall bg carried
oUt at room temperature (see 9.4.1.3) for tubes with
an outside diameter above or equal to 200 fnm; for
tubes with an outside diameter below 200 rhm and
above or equal to 152,4 mm, the flattening tegt or the
ring tensile test is usually carried out; for tubes with
an outside diameter below 152,4 mm, only the flat-
tening test is usually carried out.

9.10.3.2 Flattening test

The flattening tests (see 9.4.1.3) shall be carfied out
according to ISO 8492.

For the two flattening tests, the weld shall the at 0°
and 90° (or equivalent) to the direction of the approach
of the platens, respectively.

The test shall be carried out in two stages:

9.10.2.1.2 The tensile strength (R,), the proof
stress (R,,) or the upper yield stress (Ry) and the
percentage elongation after fracture (4) shall be de-
termined during the tensile test of the base metal. For
unalloyed steel tubes the proof stress, total elon-
gation (R, ) can be determined instead of the proof
stress (Ry,). The tensile strength (R, shall be de-
termined during the tensile test on the weld.

The percentage elongation after fracture shall be re-
ported with reference to a gauge length of 5,654/ S, ,
where S, is the original cross-sectional area of the test

12

a) firstly, no crack shall appear in the weld up to the
moment when the distance between the platens
reaches two-thirds of the outside diameter of the
tube;

b) then, the base material shall not crack up to the
moment when the distance between the platens
reaches one-third of the outside diameter of the
tube.

A slight incipient crack at the edges shall not be re-
garded as a justification for rejection.
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9.10.3.3 Bend test

9.10.3.3.1 The bend test (see 9.4.1.3) shall be car-
ried out in accordance with ISO 7438. One of the two
test pieces shall be doubled over, cold, in the direction
of initial curvature and the other in the opposite di-
rection around a mandrel with a diameter as indicated
in table 4 for the steel grade concerned. The weld line
being positioned at the centre of the test piece and
the weld bead removed.

ISO 9330-2:1997(E)

9.10.4.3 Ring expanding test

9.10.4.3.1 The ring expanding test shall be carried

out in accordance with ISO 8495.

The tube section (see 9.4.1.5.5) shall be expanded
until the increase in the outside diameter reaches the
value indicated in table4 for the steel grade con-

cerned.

9.10.4.3.2 After testing, the test piece shall show

9.10.3.3.2 After testing, the test piece shall show
no crack or flaw, but slight premature failure at the
edges ghall 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 or greater
than 15,4 mm.

The te$t shall be carried out in accordance with
ISO 8496.

9.10.3.4.2 The tube section (see 9.4.1.5.5) shall be
subjectgd to strain in the circumferential direction until
fracturel occurs, the weld line being placed at 90° to
the line|of pull.

9.10.3.4.3 After testing, the test piece shall sshow
no crack visible without the use of magnifyinglaids.

9.10.4 | Drift expanding test or ring expanding test

9.10.4.1 General

At the jpption of the manufacturer, either a drift ex-
pandind test or a ring expanding test shall be carried
out at rpom temperature,{see 9.4.1.3).

9.10.4.2 Drift expanding test

9.10.4.2.1 < The drift expanding test shall be carried
out in acCerdance with 1ISO 8493.

no crack or flaw, but slight prematurq failure at the

edges shall not be considered a cause
9.10.5 Leak-tightness test

9.10.5.1 Hydraulic test

If the leak-tightness§_test is carried out
test, the test pressure is defined, up
of 80 bar, by the following equation:

P SxT
PE—ZOX—D

where

PE is the test presssure, in bars;

for rejection.

by a hydraulic
0 a maximum

’I

D is the specified outside diapneter, in milli-
metres;

T is the specified wall thickngss, in millime-
tres;

S is the stress, in newtons pgr square milli-
metre, correspondint to [80 % of the

specified minimum value of| Ry or Ry, or
Ry5 (see table4) for the steel grade con-

cerned.

The test pressure shall be maintaindd for at least

5s.

The tube shall withstand the test wi
leaks or deformation beyond the limits
sional tolerances.

thout showing
of the dimen-

It is carried out on tubes with outside diameter up to
150 mm and a wall thickness up to 9 mm.

The end of the tube section (see 9.4.1.5.5) shall be
expanded on a conical mandel until the increase in the
outside diameter of the expanded tube reaches the
value indicated in table4 for the steel grade con-
cerned.

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.

9.10.5.2 Non-destructive test

If the tube is not submitted to the hydraulic test de-
fined in 9.10.5.1, it shall be submitted to a non-

destructive test (see 9.5.2), namely:

a) an electromagnetic test
ISO 9302,

or

in accordance with

b) an ultrasonic test in accordance with ISO 10332.

13
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9.10.6 Non-destructive testing

9.10.6.1 Tubes of test category | shall be submitted
to non-destructive testing of the weld seam in ac-
cordance with ISO 9764, with acceptance level L3.

9.10.6.2 Tubes of test category Il shall be submitted
to ultrasonic testing of the full periphery for longitudi-
nal defects in accordance with ISO 9303, with ac-
ceptance level L2.

© ISO

10.2 Methods

10.2.1 Tubes with outside diameter up to and
including 76,1 mm

The symbols indicated in 10.1 shall be indelibly

marked on a label attached firmly to each bundle or
box.

10.2.2 Tubes with outside diameter larger than

9.11 Invalidation of the tests

See I1SO 404.

9.12 Retests

See ISO 404.

9.13 Sorting or reprocessing

See ISO 404.
10 Marking

10.1 Markipg to be applied

The following|marking shall, according to the size of
the tubes, either be applied on a label attached to the
bundle or the fpox of tubes, or be marked indelibly on
each tube at gqne end.

The marking ghall include the following informatien:
— the mark df the manufacturer of the tabes;

— the designption of the steel gradg;

— the heat nimber or a code_humber;

— the inspector's mark;

— a number|or mark>by which the tubes can be

identified |witd ‘the inspection certificate or in-
spection rgpert;

76,1 mm
The symbols indicated in 10.1 shall be”mafked on

each tube, at a distance of approxipiately 300 mm
from one end.

10.2.3 Paints used for marking

If paints are used forimarking, they shall be|as free
as practicable from lead, copper, zinc and tin.

10.3 Specific marking

Othersmiarking may be applied if specifically reguested
in thevorder.

11 Protection

The tubes are normally delivered without prptection
or with the manufacturer's normal mill protection.

If special protection is to be applied, this ghall be
specified in the enquiry and order.

12 Documents

Documents issued shall conform with 9.1.

13 Claims after delivery

— reference to this part of ISO 9330.

14

See ISO 404.
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Annex A
(informative)

Long-term stress rupture at elevated temperatures

15
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