LeKe Piping

WELDED STEEL TUBES FOR PRESSURE PURPOSES

ELECTRIC RESISTANCE
WELDED STEEL
TUBES

ISO 9330-2:1997

Electric resistance and induction welded steels with elevated-temperature properties

ERW / INDUCTION CHEMICAL COMPOSITION
MECHANICAL PROPERTIES DIMENSIONS
INSPECTION ELEVATED TEMPERATURE

Technical reference prepared for product and project requirement review.

Confirm final material, dimensions, testing and documentation before ordering.
LEKE PIPING E 9

www.lkpiping.com




QUICK INDEX

1ISO 9330-2:1997

Technical data navigation

Use the index below to open the corresponding technical section.

SECTION

CONTENTS

Scope

Normative references

Symbols and designations

Purchaser information

Manufacturing process

REFERENCE NOTE

Elevated-temperature welded tube applications

Referenced dimensional, inspection and test standards

Tube, test and dimensional symbols

Mandatory and optional ordering requirements

Steelmaking, ERW/induction welding and heat treatment

Source dimensional values and footnotes are retained. Confirm the applicable material, grade, schedule and project specification

before ordering.

LeKe Piping | www.lkpiping.com

Document page 2 of 21



QUICK INDEX

1ISO 9330-2:1997

Technical data navigation

Use the index below to open the corresponding technical section.

SECTION CONTENTS

Metallurgical properties Chemical composition and mechanical-property requirements 8
Chemical composition Ladle analysis and permissible product-analysis deviations 9
Mechanical properties Room- and elevated-temperature property tables 10
Dimensions and tolerances Diameter, wall thickness, weld seam, length and ovality 11
Technical delivery conditions Appearance, soundness, ends and delivery condition 12

REFERENCE NOTE

Source dimensional values and footnotes are retained. Confirm the applicable material, grade, schedule and project specification
before ordering.

LeKe Piping | www.lkpiping.com Document page 3 of 21



QUICK INDEX

1ISO 9330-2:1997

Technical data navigation

Use the index below to open the corresponding technical section.

SECTION CONTENTS

Inspection and testing Inspection documents, categories and test requirements 12
Sampling and test pieces Batch sizes, sample selection and orientation 14
Test methods and results Tensile, impact, NDT and technological tests 16
Marking and documentation Identification, protection and inspection records 18
Annex A - Long-term rupture values Elevated-temperature rupture data and table 19

REFERENCE NOTE

Source dimensional values and footnotes are retained. Confirm the applicable material, grade, schedule and project specification

before ordering.

LeKe Piping | www.lkpiping.com Document page 4 of 21



LeKePiping

1ISO 9330-2:1997 | WELDED STEEL TUBES

INTERNATIONAL STANDARD © ISO

ISO 9330-2:1997(E)

Welded steel tubes for pressure purposes — Technical

delivery conditions —

Part 2:

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

properties

1 Scope

1.1 This part of ISO 9330 specifies the technical
delivery conditions for electric resistance and in-
duction welded tubes of circular cross-section having
wall thickness up to and including 16 mm, made of
unalloyed and alloyed steels with specified elevated
temperature properties.

These tubes are intended for pressure purposes, in
cases when the material is also subjected to elevated
temperatures, e.g. for the construction of steam gen-
erating equipment and for interconnecting pipework.

The requirements of appropriate international appli-
cation standards and relevant national legal regu-
lations shall be taken into account by the user. For
boilers and pressure vessels, ISO/R 831 and
ISO 5730 are available.

The following parts of 150 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 I1ISO 2604-6:1978).

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

fow temperature properties (partial revision of
ISO 2604-3:1975).

— Part 4. Submerged arc-welded unalloyed and al-
loyed steel tubes with specified elevated tem-
perature properties (partial revision of
1ISO 2604-6:1978).

— Part 5: Submerged arc-welded unalloyed and al-
loyed steel tubes with specified low temperature
properties (partial revision of ISO 2604-6:1978).

— Part 6: Longitudinally welded austenitic stainless
steel tubes (revision of ISO 2604-5:1978).

NOTE 1 The English words “tube” and “"pipe” are
SYNONYMOUS.

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

2 MNormative 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 1SO
maintain registers of currently wvalid International
Standards.

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 377-2:1989, Selection and preparation of samples

and test pieces of wrought steels — Fart 2. Samples
for the determination of the chemical composition.

ISO 404:1992, Steel and steel products — General
technical delivery requirements.

ISO 783:1989, Metallic materials — Tensile testing at
elevated temperature.

ISO/R 831:1968, Rules for construction of stationary
boilers.

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.

ISO 3205:1976, Preferred test temperatures.

ISO 3545-1:1989, Steel tubes and fittings — Symbols
for use in specifications — Part 1. Tubes and tubular
accessories with circular cross-section.

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

ISO/TR 4949:1989, Steel names based on letter
symbols.

ISO 5252:1991, Steel tubes — Tolerance systems.

ISO 5730:1992, Stationary shell boilers of welded
construction (other than water-tube boilers).

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.

I1SO 8492:1986, Metallic materials — Tube — Flat-
tening test.

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

e IS0

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.

1SO 9303:1989, Seamless and welded (except sub-
merged arc-welded) steel tubes for pressure pur-
poses — Full peripheral ultrasonic testing for the
detection of longitudinal imperfections.

ISO 9764:1989, Electric resistance and induction
welded steel tubes for pressure purposes — Ultra-
sonic testing of the weld seam for the detection of
longitudinal imperfections.

ISOJTR 9769:1981, 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.

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

See I1SO 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

§ = 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 enguiry and order the
following information:

— the denomination “tube”;

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

— 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 7.3.3);

— reference to this part of 1SO 9330;
— steel grade (see table 2);

— test 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-
guirements, which shall be the subject of special
agreements:

— steelmaking process (see 5.1);
— delivery condition (see 5.4);

— special straightness requirements (see 7.3.5);

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, R,q, (see 9.4.2);

— leak-tightness test (see 9.5);
— specific marking (see 10.3);
— protective coating {see clause 11);

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

4.3 Example of an order

Example of an order for a welded tube conforming to
the dimensional standard 1SO 4200, with an outside
diameter of 168,3 mm, a wall thickness of 4 mm and
a standard length {random length) of 4 m to 8 m,
made of steel grade PH 23 with specified 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 1SO 4200 - 168,3 x 4 - 4 to 8 - 1ISO 9330-2
-PH23-1-3.18B

5 Manufacturing process

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.
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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-
ance with 5.4, Tubes shall be electric resistance or
induction {(ERW) welded. No filler metal shall be used
during the welding process. Unless otherwise agreed,
the process of manufacture is left to the discretion
of the manufacturer.

NOTES

2 A welded tube is a tubular product obtained by shaping
a flat-rolled product and then welding the edges. The welds
may be longitudinal.

3 Tubes manufactured by the electric resistance or in-
duction welding process have a longitudinal weld formed
by means of pressure applied to the edges of the strip
which have been heated to welding temperature by the re-
sistance to the passage of an electric current at, and adjac-
ent to, these surfaces. The electric current may be passed
either by direct contact or induction methods. No filler metal
15 used during the welding process.

4 "Normalized" includes "hot-finished”, provided the
manufacturer can show that hot finishing produces a tech-
nically equivalent metallurgical condition (see tables 1 and
8).

5.4 Delivery conditions

5.4.1 Tubes covered by this part of ISO 9330 shall
be delivered in accordance with table1 and the ap-
propriate  heat-treatment conditions indicated in
table 8.

The heat-treatment temperatures in table 8 are given
as a guide.

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.

o180

Table 1 — Delivery conditions
Cold/hot Cold formed,
formed, welded 2:': m’::: 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

no heat treat-
ment for steel
grades PH 23,
PH26, PH27 and
PH 35, if hot fin-
ishing produces
a technically
equivalent metal-
lurgical
conditionV

1) The methods of control to achieve this equivalence
have to be agreed between the purchaser and the
manufacturer.

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 2 appropriate to the specified steel
grade.

6.1.2 Product analysis

If a check analysis on the product is required (see
9.3), the permissible deviations given in table3 shall
apply to the heat analysis specified in table 2.

The deviations, other than when maxima 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]]
Al
: P s .
Steel grade! c Si Mn Cr Mo total
max. max. max.
- PH 23 <017 <035 04010 1,20 | 0,035 | 0,030 — - -
22 | PH26 <0720 <0.35 05010 1,40 | 0,035 | 0,030 - — -
5 .E PH 27 <0,20 <0,35 09010 1,50 | 0,035 | 0,030 — - -
> PH 35 <022 <0.35 09010 1,60 | 0,035 | 0,030 — — -
- 16 Mo 3 01210020 | 0,15t0 035 | 0,401 0,980 | 0,035 | 0,030 <030 0,25t0 035 | 0020
»
§- e | 13CMo4-5 | 00810018 | 0,15t0035 | 040t 1,00 | 0,035 | 0,030 | 0,70t01,15 | 040t 0,60 | 0020
=_= "
< | 11CMo 810 | 0.08100,15 | 01510050 | 030t 0,70 | 0,035 | 0,030 | 20010250 | 080t 1,10 | 0,020

NOTE — Elements not included in this table shall not be intentionally added without the agreement of the purchaser, except for elements
which may be added for decxidation and finishing of the heat. All reascnable precautions shall be taken to prevent the addition of elements
from scrap or other materials used in the manufacture, but residual elements may be tolerated, provided that the mechanical properties
and applicability are not adversely affected. If the amount of residual elements is likely to affect the weldability of the steel, 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 order to facilitate subsequent operations of forming.

1) Designation according to ISO[TR 4949,

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

table 2
Content specified Permissible
for the ladle
Element analysis deviation
Y% (mim) % (mim)
C =< 0,22 + 0,03
Si = 0,50 + 0,05
Mn < 1,60 + 0,10
P = 0,035 + 0,005
S = 0,030 + 0,005
Cr < 2,50 + 0,10
= 0.35 + 0,04
Mo
> 0,35 < 1,10 + 0,05
Al < 0,020 + 0,005

6.2 Mechanical properties

6.2.1 At room temperature

The mechanical and technological properties of the
tubes covered by this part of 1ISO 9330, measured at
room temperature (23 °C + 5 °C, see IS0 3205), to
be obtained on test pieces selected, prepared and
tested in accordance with clause 9, shall comply with
the requirements of table 4 for wall thicknesses up to
and including 16 mm.

6.2.2 At elevated temperature

6.2.2.1 Proof stress

The minimum proof stress (R,,,) values at elevated
temperatures are indicated in tableb.

LeKe Piping | www.lkpiping.com
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Tensile test Bend test Drift expanding Ring expanding test ;‘i
test
g
®
Steel grade Reference Tensile Upper yiald stress or proof Elengation 2! Di Percentage in- Percentage increase of D for D/D | =
heat treat- strength stress of crease of D for DD
ment 1) mandrel I
Ry OF Rugo OF R _ =
A min. [+
rTin. g
R, t <06 06| 08| £05| =05 =06| =08 =09 g
<08 <06| <08| <09 §
Njmm? Njmm’ Y mm -
-
g PH 23 N 360 to 480 235 25 23 ar 12 15 19 30 25 15 0 8 %
b PH 26 N 410 to 510 265 23 21 4T 10 12 17 30 25 15 10 8 a-
]
% PH 27 M 460 1o 580 270 21 19 a7 8 10 15 30 25 15 10 g :
-
2 PH 35 N 510 to 640 355 19 17 4T 8 10 15 30 25 15 10 8 3
") =]
2 16 Mo 3 & 450 to 600 2703 22 20 4T 8 10 15 30 20 10 8 6 3
-
g 12 Crio 4-5 N+ T 440 to 530 25803 22 20 AT 8 10 15 30 20 10 8 & 5
= 11 CrMio 9-10 N+T 480 to 630 280 20 18 aT 8 10 15 30 20 10 8 6 'g
=
14 See B.3 (N = Normalizing; M + T = Nermalizing + Tempering). R
2) | = longitudinal; t = transverse, ﬁ
3} For wall thicknesses below or equal to 10 mm | the minimum value of yield strength is increased by 10Njmm’.
[+
@
o
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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 1SO 9330 are 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.

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 I1SO 9330 should
be selected from those in 1ISO 4200 and 1SO 1129,

7.2 Lengths

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

1SO 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-
ply.

7.3 Tolerances

7.3.1 Tolerances on outside diameter and wall
thickness, excluding the weld seam

The outside diameters and the wall thicknesses of the
tubes covered by this part of IS0 9330 shall be within
the tolerance limits given in table 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.

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

Reference Minimum proof stress R, N/mm’
Steel grade “ea*::r::mn Temperature, °C

150 200 250 300 | 380 | 400 450 500 | 550 | 600

2 PH 23 N 185 165 145 127 1186 110 106 — — | -

E PH 26 N 216 194 171 152 141 134 130 — — | —

é PH 27 N 247 223 198 177 167 158 153 — — | =

5 PH 35 N 270 255 235 215 200 180 170 — — | —

- 16 Mo 3 N 237 224 208 173 159 155 150 145 [ — | —

E“é 13 CriMo 4-5 N+T 230 220 210 183 169 164 161 186 | 150 | 145

< 11 CrMo 9-10 N+T 24 233 224 219 | 212 207 194 180 | 160 | 137
1) N = MNormalizing; N + T = Normalizing + Tempering.
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Table 6 — Tolerances on outside diameter and
wall thickness

Tolerances on Tolerance (see |SO 5252)
D onT

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

+ 0,75 % with a minimum
of + 0.5 mm

7.3.2 Tolerances 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 — Tolerances on height of weld seam

External weld seam Trirmmed 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 seam

7.3.3 Tolerances on exact lengths

+10

For lengths up to and including 6 m: o mm
For lengths above 6 m up to and in-
cluding 12 m: 1% mm

For lengths greater than 12 m, the plus 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 formula (see ISO 3545-1):

Dmax B Dmin

Ovality = 100 x

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 DT ratio is less than 100. If the
D|T ratio is equal to or greater than 100, the tolerance

© SO

on ovality shall be agreed between the purchaser and
manufacturer.

7.35 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 1 m
shall not exceed 3 mm.

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 and ex-
ternal surfaces with the degree of smoothness de-
pending on the method of manufacture.

8.1.2 The tubes shall have a workmanlike finish but
small imperfections are permissible, provided that the
thickness remains within the tolerance limits.

8.1.3 Larger surface imperfections may be dressed,
provided that the thickness after dressing remains
within the lower tolerance limits.

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

8.2 Preparation of ends

Tubes are normally delivered with square-cut ends;
by agreement between the purchaser and manufac-
turer at the time of ordering they can also be delivered
with bevelled ends (see 1SO 6761). The ends shall be
free from excessive burrs.

8.3 Delivery conditions

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,

LeKe Piping | www.lkpiping.com
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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.

9.1.3 The specific inspections and tests described in
9.3 to 9.8 shall be carried out and the compliance of
their results with the requirements shall be stated in
inspection 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 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;

c) the actual heat treatment carried out (see 5.4):

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

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 to the tests in-
dicated in table 9 for category Il.

9.3 Testing of chemical composition

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

al from the test pieces used for the verification of
the mechanical properties,

or
b} from drillings taken through the whole thickness

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

Table 8 — Heat-treated conditions

Reference heat Austenitizing Tempering .
Steel grade treatment temperature Cooling temperature Cooling
.. medium medium
conditions °C c
% PH 23 N2 880 to 940 Air — —
2
_: PH 26 N2 880 to 940 Air — —
o
E PH 27 N2 880 to 940 Air — —
[]
c
= PH 35 N2} 880 to 940 Air — —
16 Mo 3 N 890 to 950 Air — -—
T
_S‘é 13 CrMo 4-5 N+T 900 to 960 Air 660 to 730 Air
=
11 CrMo 910 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

Test category
Tests
| 1]
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
E Tensile test on base material at room temperature (see 9.10.2.1) X X
£ | Tensile test on weld at room temperature (see 9.10.2.1) 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 of the weld (see 9.10.6.1) X —
Mon-destructive testing for longitudinal defects (see 9.10.6.2) - X
Material identification of alloyed steels {see 9.9) -
8 = | Check analysis of chemical composition (see 9.10.1) X X
gt
S #| Tensile test at elevated temperature (see 9.10.2.2) X X
1) By agreement at the time of enquiry and order.

9.4 Testing of mechanical and technological
characteristics

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 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.

For tubes which are heat treated, 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, 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.

9.4.1.2 Number of products sampled per test unit
Each test unit consists of
— one tube per batch for test category |,

— two tubes per batch for test category .

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 each tube
(see 9.10.2.1)

— 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 mm <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

9.41.5.1 Test piece for the tensile test on the
base material

The test piece for the tensile test on the base material
is 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 6892.

At the manufacturer's option

— for tubes with an outside diameter D equal to or
less than 219,17 mm, the test is carried out either
on a tube section or on a test piece taken in a di-
rection longitudinal to the axis of the tube. In the
latter 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
before testing.

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

For tubes with D = 508 mm, the test piece shall be
taken in a direction transverse to the axis of the tube.
The test piece shall not be taken next to the weld.

9.4.1.5.2 Test piece for the tensile test on the
weld

The test piece for the tensile test on the weld shall
be taken transverse to the weld, with the weld at the
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.

9.4.15.3 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 1ISO 8492.

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

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 1ISO 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
ring tensile test consists of a tube section, in con-
formity with 1ISO 8493 or ISO 8495 or 1SO 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

951 All 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 2.10.5.2).

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 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
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 .
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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

Each alloyed steel tube shall be tested by an appro-
priate method to ensure that the correct 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 ordering, a check
analysis shall be carried out (see 9.3.1 and 9.3.2).

9.10.1.2 The elements shall be determined in con-
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 2, taking into account the permissible deviations
given in table 3.

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.

9.10.2 Tensile test
9.10.2.1 At room temperature

9.10.2.1.1 The tensile test shall be carried out at
room temperature in conformity with 1SO 6892 (see
9413 94.15.1and 9.415.2).

9.10.21.2 The tensile strength (R.), the proof
stress (R,q2) or the upper yield stress (R.y) 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 s) can be determined instead of the proof
stress (R,g). 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 5,65,/ S,
where S, is the original cross-sectional area of the test

© |SO

piece. If other gauge lengths are used, the corre-
sponding elongation referred to a gauge length of
5,65\/}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

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

9.10.22.2 The proof stress (R,y,) of the base ma-
terial shall be determined during the tensile test.

9.10.2.2.3 The result of the tensile test shall comply
with the values in table 5 at the selected temperature.

9.10.3 Flattening or bend test or ring tensile test

9.10.3.1 General

At the option of the manufacturer, either a flattening
test or a bend test or a ring tensile test shall be carried
out at room temperature (see 9.4.1.3) for tubes with
an outside diameter above or equal to 200 mm; for
tubes with an outside diameter below 200 mm and
above or equal to 152,4 mm, the flattening test 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 carried out
according to 1SO 8492,

For the two flattening tests, the weld shall be 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:

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 1ISO 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.

9.10.3.3.2 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.

9.10.3.4 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 152,4 mm.

The test shall be carried out in accordance with
1ISO 8496.

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

9.10.3.4.3 After testing, the test piece shall show
no crack 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 9.4.1.3).

9.10.4.2 Drift expanding test

9.10.4.2.1 The drift expanding test shall be carried
out in accordance with 1SO 8493.

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 9.4.1.56.5) shall be
expanded on a conical mandel until the increase in the
outside diameter of the expanded tube reaches the
value indicated in tabled 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.

1SO 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 1ISO 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
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 out by a hydraulic
test, the test pressure is defined, up to a maximum
of 80 bar, by the following equation:

_ SxT
PE—ZOX—D

where

PE is the test presssure, in bars;

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

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

s is the stress, in newtons per square milli-

metre, correspondint to 80 % of the
specified minimum value of R,y or Ry, or
Ry 5 (see tabled) for the steel grade con-
cerned,

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

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

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 in accordance with
1SO 9302,

or

b} an ultrasonic test in accordance with 1SO 10332.
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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 1SQ 9764, with acceptance level L3.

9.10.6.2 Tubes of test category |l shall be submitted
to ultrasonic testing of the full periphery for longitudi-
nal defects in accordance with 1SO 9303, with ac-
ceptance level L2.

9.11 Invalidation of the tests

See 1SO 404.

9.12 Retests
See |1SO 404,

9.13 Sorting or reprocessing

See |SO 404.
10 Marking

10.1 Marking 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 box of tubes, or be marked indelibly on

each tube at one end.

The marking shall include the following information:

— the mark of the manufacturer of the tubes;

— the designation of the steel grade;

— the heat number or a code number;

— the inspector’s mark;

— a number or mark by which the tubes can be
identified with the inspection certificate or in-

spection report;

— reference to this part of ISO 9330.

o IS0

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
76,1 mm

The symbols indicated in 10.1 shall be marked on

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

10.2.3 Paints used for marking

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

10.3 Specific marking

Other marking may be applied if specifically requested
in the order.

11 Protection

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

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

12 Documents

Documents issued shall conform with 9.1.

13 Claims after delivery

See 1SO 404.
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Annex A
(informative)

Long-term stress rupture at elevated temperatures
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PROJECT SUPPORT

Send your requirement

Send a drawing, product list, size, material grade, standard, schedule or wall thickness, testing and project document
requirements.

EMAIL info@lkpiping.com
WHATSAPP +86 139 0327 9556
TECHNICAL RESOURCES www.lkpiping.com/technical/

RESPONSE AND DOCUMENT COORDINATION

Initial enquiries are answered within 24 hours, including weekends, by email or WhatsApp. Drawing review,
material/standard matching and project document requirements can be discussed and organized with the buyer.
Third-party inspection can be buyer-nominated or coordinated on request.

ADDRESS

Longtan Industrial Zone, Yanta Road, Yanshan County, Cangzhou City,

Hebei Province, China
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