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Foreword

ISO 9330-6:1997(E)

ISO (the International Organization for Standardization) is a\w

eration of national standards bodies (ISO member bodies).
preparing International Standards is normally carrigd ~out
technical committees. Each member body interésted in

which a technical committee has been establishéd has th
represented on that committee. Internationalrerganizations,

and non-governmental, in liaison with ISO, also take part in t

collaborates closely with the Internatioha) Electrotechnical
(IEC) on all matters of electrotechnicalsstandardization.

Draft International Standards adopted by the technical co

circulated to the member bodies) for voting. Publication as arj
Standard requires approval.by at least 75 % of the member &

a vote.

International Standard\1SO 9330-6 was prepared by Technic
ISO/TC 17, Steel, Subcommittee SC 19, Technical delivery
steel tubes for pressure purposes.

It constitutes a partial revision of ISO 2604-5:1978.

ISO-9330 consists of the following parts, under the genera
steel tubes for pressure purposes — Technical delivery cond

Part 1: Unalloyed steel tubes with specified room
properties

steel tubes with specified elevated temperature proper

Part 3: Electric resistance and induction welded unalloy
steel tubes with specified low temperature properties

Part 4: Submerged arc-welded unalloyed and alloyed st
specified elevated temperature properties

Part 2: Electric resistance and induction welded unalloyy

orldwide fed-
The work of
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h subject for
right to be
jovernmental
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o)

-

nmittees are
International
odies casting

hl Committee
ronditions for

title Welded
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temperature
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Part 5: Submerged arc-welded unalloyed and alloyed st

bel tubes with

specified low temperature properties

Part 6: Longitudinally welded austenitic stainless steel t

Annexes A and B of this part of ISO 9330 are for information

ubes

only.
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Welded steel tubes for pressure purposes — Technical delivery
condijtions —

Part
Long

1 Scqpe

1.1 Th

cross-sdction, made of austenitic stainless steel, which are appliedfor pressure and corrosion resisti
room tgdmperature, at low temperatures or at elevated temperatures. These tubes are intende
purposel

Tubes manufactured in accordance with this part of\ISO 9330 may have specified room temperat
i low temperature toughness properties @nd specified proof-stress values at elevated temperatures, as

specifie
appropr

The req

ISO 7598) and relevant national legal regulations shall be taken into account by the user. For boiler

vessels

NOTES

1 The vyord “tube” is synonymeus with “pipe”.

2 This
values q
are by ag

This paft ofdSO 9330 does not cover

b:
tudinally welded austenitic stainless steel tubes

s part of ISO 9330 specifies the technical delivery conditiohs” for longitudinally welded tu

ate to the service for which they are intended.
Lirements of appropriate Internatiénal Standards covering applications (e.g. ISO 1129, ISO 2

ISO/R 831 and ISO 5730 are available.

art of 1SO 9338"¢can also be used as a basis for the manufacture of tubes of non-circular section.

reement Petween the purchaser and manufacturer.

bes of circular
Ng purposes at
i for pressure

s, for example, for the construction of pressure vessgls, chemical plants and steam-generafing equipment
and for interconnecting pipe work.

Lire properties,

D37, I1ISO 6759,
5 and pressure

n this case, the

Lioted in thisgpart of 1SO 9330 for chemical analysis and mechanical properties are applicable. All ottler requirements

a) casmy, tubing, dritpipeandtimepipe for use by the oi-ardmaturatgasindustries:and

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

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

2 No

rmative 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 1ISO 9330 are encouraged to investigate the possibility of applying the
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most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards.

SO 148:1983,

Steel — Charpy impact test (V-notch).

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

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

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

ISO 783:1989

ISO/R 831:194

ISO 1127:199]

SO 1129:198

conventional

ISO 2037:199]

ISO 2566-2:19

ISO 3205:197

ISO 3651-1:19
Corrosion test

ISO 3651-2:19

Corrosion tes
test).

ISO 4200:199
length.

ISO/TR 4949:
ISO 5252:199

1SO 5730:199

ISO 6759:198

ISO 6761:198

1

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

, Steel tubes for boilers, superheaters and heat exchangers — [Dimeénsions, toleran
hasses per unit length.

p, Stainless steel tubes for the food industry.
84, Steel — Conversion of elongation values — Part 2. Austeqitic steels.
b, Preferred test temperatures.

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

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

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

989, Steel names based on letter symbols.
1, Steel tubes < 0lerance systems.
D, Stationary: shell boilers of welded construction (other than water-tube boilers).

D, Seamless steel tubes for heat exchangers.

ces and

- Part 1:

- Part 2:
Strauss

per unit

1, Steel tubes — Preparation of ends of tubes and fitting for welding.

ISO 6892:1984, Metallic materials — Tensile testing.

ISO 7438:1985, Metallic materials — Bend test.

ISO 7598:1988, Stainless steel tubes suitable for screwing in accordance with ISO 7-1.
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ISO 8492:1986, Metallic materials — Tube — Flattening test.

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

ISO 8495:1986, Metallic materials — Tube — Ring expanding test.

ISO 8496:1986, Metallic materials — Tube — Ring tensile test.

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

ISO 9303:1989, Seamless and welded (except submerged arc-welded) steel tubes for pressure p

periphe

ISO 930

current

ISO 930p:1989, Seamless steel tubes for pressure purposes — Full peripheral ultrasonic testing fo
of transyerse imperfections.

ISO 9766:1990, Submerged arc-welded steel tubes for pressure purposes < Ultrasonic testing of
for the dletection of longitudinal and/or transverse imperfections.

ISO/TR

ISO 10332:1994, Seamless and welded (except submerged are-welded) steel tubes for pressur
Ultrasonic testing for the verification of hydraulic leak-tightness!

ISO 10474:1991, Steel and steel products — Inspectiopsdocuments.

SO 11496:1993, Seamless and welded steel tubes)for pressure purposes — Ultrasonic testing of tu
detectiqn of laminar imperfections.

ISO 12(96:1996, Submerged arc-welded ‘steel tubes for pressure purposes — Radiographic testi
seam fqr the detection of imperfections,

ISO 14484:1996, Steel and iron_+— Sampling and preparation of samples for the determinatid
compodqition.

3 Symbolsand denominations

rposes — Full

a/ ultrasonic testing for the detection of longitudinal imperfections.

esting for the detection of imperfections.

D769:1991, Steel and iron — Review of available methods of analysis.

1:1989, Seamless and welded (except submerged arc-welded) steel tubes for presstrg purposes — Eddy

r the detection

he weld seam

P purposes —

be ends for the

hg of the weld

n of chemical

3.1 Fundamental symbols

D = specified outside diameter

D, = specified inside diameter

T = specified wall thickness

3.2 Symbols for tolerances

See ISO 5252.
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3.3 Symbols for tests
3.3.1 Tensile test

See ISO 6892.

3.3.2 Flattening test

H = distance between platens

K = constant factor of deformation

3.33 HydraJIic test

p = test presdqure

§ = stress whjich occurs in the metal during the test

4 Information to be supplied by the purchaser

4.1 Mandafory information

The purchaser|shall state in his enquiry and order the following information:

— the denomination “tube”;
— referencelto the relevant dimensional standard;

— dimensiorfs (outside diameter x wall thickness or,-By agreement, inside diameter x wall thickhess) in
millimetres (see 7.1);

— length (sep 7.2);

— tolerance,|if exact lengths greater than 12 mhare ordered (see 7.3.2):
— referencelto this part of ISO 9330;

— steel gradg (see table 1);

— test categpry (see 9.2);

— type of ingpection and testifigyand corresponding document (see 9.1 and clause 12).

4.2 Optional information

Enquiries and |orders for tubes in accordance with this part of 1ISO 9330 shall be supplemented, if it is Heemed
necessary by ]he purchaser, with the indication of one or more of the following optional requirements, whjich shall
be the subject of special agreements:

— steelmaking process (see 5.1);

— heat treatment of hot-finished tubes [see 5.3.1 b)];

— special tolerances on outside diameter and on wall thickness (see table 5);
— heat treatment requested (see 6.2.1);

— bevelled tube ends (see 8.2);

— special straightness requirements (see 8.1.10);

— symbol for the type of condition (see 8.1.1 and table 6);

— product chemical analysis (see 9.3);
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determination of proof stress at elevated temperatures (see 9.4.2);

leak tightness test (see 9.5);

impact test at room temperature (see 9.9.5.1),

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

specific marking (see 10.3);

non-destructive testing for transverse defects (see 9.9.8.3, tubes of test category ll);
non-destructive testing of tube ends for laminar imperfections (see 9.9.8.4);

corrosion test (see 6.4);

ﬂnding (see 10 1)

ective coating (see clause 11).

4.3 Example of an order

Example

of 168,
X6 CrN
involvin

Tube IS

5

Ma

mm, a wall thickness of 4 mm and a standard length (exact length), of 6 m, made
Nb 18 11, in type of condition HFS2, to be submitted to specific inspection and testing to
j the issuing of an inspection certificate according to ISO 10474, 3.18B.

0 1127 - 168,3 x 4 - 6 - ISO 9330-6 - X 6 CrNiNb 18 11 - HFS2.x] - ISO 10474 3.1.B

nufacturing process

5.1 Sfeelmaking process

If he so

NOTE —

steels o
produce

requests, the purchaser shall be informed ‘of the steelmaking process used.

different grades are sequentially strand cast, identification of the resultant transition material

5.2 Product-making process-for tubes

Tubes g

or plate
automa

parent I

by ham

For wel

overed by this part of ISO 9330 shall be manufactured from appropriately bent hot or cold

nering. orrolling as part of the manufacturing process (bead conditioned).

Hs-with filler metal added there shall be a minimum of two passes deposited, one of which

inside.

of an order for a welded tube conforming to the dimensional standard ISO(I\127, with an oy

Steels may be cast in ingots, strand.cast or prepared by another process which gives equivalen

should remove the transition material by an established procedure that positively separates the grade

longitudinally #vetded by fusion across the abutting edges, with or without the addition of
ed fabricatiof/er for example, in single-piece fabrication. The filler metal used shall be comp
naterial. The/Welds of automatically welded tubes may be smoothed by appropriate method

Tubes with more than one seam are permitted. All seams shall be tested in accord

tside diameter
pf steel grade
test category |

t results. When
s required. The
S.

lat-rolled skelp
filler metal, in
atible with the
5, for example,

shall be on the
nce with the

requirements of this part of ISO 9330.

Tubes with outside diameters not exceeding 168,3 mm may additionally be brought to the required tube
dimensions by cold working (see type of condition LWCF2 and LWCF3 in table 6). Fusion-welded austenitic
stainless steel tubes shall be as welded, cold finished or bead conditioned.

The terms “as welded”, “cold finished” and “bead conditioned” apply to the condition of the tube before heat
treatment, if required in accordance with 5.3.

Longitudinally welded cold-finished austenitic stainless steel tubes (LWCF) shall be sufficiently cold worked prior
to final heat treatment.

Unless otherwise agreed, the process of manufacture is left to the discretion of the manufacturer.
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5.3 Heat treatment and delivery condition

5.3.1 The tubes shall be supplied suitably heat treated over their full length (see table 3) in either

a) the solutio

n-treated condition; or

© SO

b) the hot-finished condition for tubes which have been pressed at a temperature within the solution-treatment

temperatu

re range in table 3 and cooled rapidly (see 4.2).

5.3.1.1 For type of condition and surface condition of the tubes, see table 6. The selection of the type of condition

is left to the discretion of the purchaser (see 4.2 and table 6)

5.3.2 Solution
table 3 and cod

6 Metallur

6.1 Chemical composition

6.1.1 Heat analysis

On heat analys

6.1.2 Product

If a check anal
heat analysis li

The deviations
range, but not

When maxima

6.2 Mechan

6.2.1 At room temperature

The mechanicy
temperature (2

NOTE — If hea
effect on the m

treatment shall consist of heating the tubes uniformly to a temperature within the range
ling rapidly.

gical properties

s, the steel shall show the composition given in table 1 forthe specified steel grade.

analysis

sis on the product is required (see 9.3), the pérmissible deviations given in table 2 shall app
Mits specified in table 1.

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

only are specified, the deviatiohs are always positive.

jcal and technological properties

I'and technological properties of the tubes covered by this part of ISO 9330, measured
B °C + 52C; see ISO 3205), shall comply with the requirements of table 3.

treatments different from, or additional to, the normal reference heat treatment (which may have an

given in

v to the

s of the
heat.

it room

adverse

echanical properties) are to be carried out after the delivery of the tubes—the purchaserrmay—regued

t, at the

oo

time of enquiry and order, additional mechanical tests on samples, that have been given heat treatments different from, or
additional to, those given in table 3. The heat treatment of the samples and the mechanical properties to be obtained from
tests on them should be agreed between the purchaser and manufacturer at the time of enquiry and order.

6.2.2 At elevated temperature

6.2.2.1 The minimum proof-stress values, R,y , and R, o, at elevated temperatures are indicated in table 4.

NOTE — The values are not normally subjected to verification but, if verification is required by the purchaser, 9.4.2 should be

referred to.

6.2.2.2 Estimates of the average stress rupture properties are given in annex A, for information.
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Table 2 — Permissible deviations from the specified chemical
composition limits given in table 1
Content specified Permissible
Element for the heat analysis deviation
% (m/m) % (m/m)
c < 0,030 +0,005
> 0,030 + 0,01

Si =< 1,00 +0,05

Mn =< 2,00 + 0,05

P = 0045 +£ 0005

S < 0,030 +0,003

Cr =19,0 +0,20

Mo = 3,00 +0,08

N = 0,22 +0,02

Nb < 1,00 +0,05

Ni =< 14,50 +0,15

Ti = 0,80 +0,15
6.2.3 At low|temperature
The minimum|longitudinal impact values and the test temperature(shall be agreed upon at the time of enquiry and
ordering. For ipformation, absorbed energy values at various temperatures are described in annex B.
NOTE — The Yalues are not normally subjected to verificationbut, if verification is required by the purchaser, 9.4.3 and the
steel grade seldction given in annex B should be referred to.
6.3 Weldahlility
Steels intendgd for the production of tubes covered by this part of 1ISO 9330 are generally regarded @s being
weldable. However, account should, be taken of the fact that the behaviour of the steel during and after| welding
depends not dnly on the steel, but-also very much on the conditions of preparing and carrying out the welding and
the final use fgr the steel.
6.4 Corrosion resistance
6.4.1 The cofrosien resistance considerations contained in this part of ISO 9330 relates to intergranular cprrosion.
Other types o’lf corrosion or effects of the various corrosion media found in use is not the subject of thig part of
SO 9330.
6.4.2 |f specific corrosion tests are required, they shall be agreed upon at the time of enquiry and order. The

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

For resistance to intergranular corrosion, requirements shall be agreed upon, for example on the basis of the
intergranular corrosion tests given in 1SO 3651-1 or ISO 3651-2.

6.4.3 The data given in table 3 shall apply for the resistance of the steels to intergranular corrosion, when tested
as specified in ISO 3651-2 (see 9.4.4 and 9.6.6).

Guideline values for the limit temperature in the case of intergranular corrosion stress are indicated in table 4.
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7 Dimensions, masses and tolerances

71 D

iameters, wall thicknesses and masses

The outside diameters, wall thicknesses and masses of the tubes covered by this part of 1ISO 9330 shall be

selecte

d from those given in ISO 1127 and ISO 4200.

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

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

the tim

7.2 L

7.2.1

(see 7.1

7.2.2
in whic

723

73 T

7.3.1

The ou
toleran
thickne
treatm

The sp

Within
a resu
minus
remain

The tol

e of enquiry and order.

pngths

t shall be stated in the enquiry and order whether the tubes are to be delivered with
p.2) or with exact lengths (see 7.2.3).

f the tubes are to be delivered with random lengths, their lengths shalkk@ within the length rg
h they usually fall during normal production.

f the tubes are to be delivered with exact lengths, the length'tolerances given in 7.3.2 shall a

olerances
Tolerances on outside diameter and wall thickhess

tside diameters and the wall thicknesses.©f the tubes covered by this part of ISO 9330 sh3
e limits given in table 5 (see 9.6). Thé-permissible dimensional deviations for outside dig
sses of the tube depend on the tube xmanufacturing process, the steel grade and the metho
Nt

Ecial tolerances required byAS© 2037 and ISO 6759 are not included in this part of ISO 9330.
areas where the tube surface has been dressed by mechanical machining (such as grinding),
t of instructions received for the performance of non-destructive testing, it is permissiblg
deviation on thec(oultside diameter over a length of not more than 1 m, provided that thd
5 within the lovwef tolerance limits.

erances @movality and eccentricity are included in the tolerances on diameter and wall thickn

andom lengths

nge2mto7m

bply.

Il be within the
meter and wall
I of subsequent

for example, as
to exceed the
wall thickness

U

c

Table.5.— Tol ide di { wall thicl

Outside Outside diameter Wall thickness
diameter, D ISO ISO
tolerance Permissible deviation tolerance Permissible deviation
mm class class
D2 +1,0 % with a minimum £ 0,5 mm T3 +10 % with a minimum = 0,2 mm
D < 168,3 In special cases In special cases
D3 + 0,75 % with a minimum £ 0,3 mm T4 + 0,75 % with a minimum = 0,15 mm
D4 +0,5 % with a minimum £ 0,17 mm
D > 168,3 — + 1,0 % with a maximum =3 mm T3 + 10 % with a minimum = 0,2 mm

1
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7.3.2 Tolerances on exact lengths

For lengths up to and including 6 m: *'3 mm

For lengths above 6 m up to and including 12 m:

1 mm

© SO

For lengths greater than 12 m, the applicable tolerances shall be agreed between the purchaser and manufacturer.

8 Technical delivery conditions

8.1 Appearance and soundness

8.1.1 The surf
one of the surfa

8.1.2 The tubg
with this part of

8.1.3 The tubg
dressing to be i

NOTE — Any special requirements for surface condition should be agreed betw&én the purchaser and the manufa

the time of enqui

8.1.4 It shall b
seams, tears, g
nominal thicknd

Weld defects in
tubes shall be

initial heat treat
non-destructive,

8.1.5 Surface
shall be deeme

8.1.6 Alldress

8.1.7 Tubes W
concerned, be (

The internal pro

ace condition of the tube is at the option of the manufacturer. However, the purchaser may
ce conditions indicated in table 6 or another condition, as required.

s shall be clean and free from such defects as can be established by visual jnspection in accq
ISO 9330 (see 9.7).

s shall have a finish and surface condition which permits surface jmperfections or marks r
Hentified.

ry and order.

e permissible to dress by grinding or machining siitface marks and imperfections such as
ps, slivers or gouges, provided that the thickness\of the tube after dressing does not fall be
ss by more than the tolerance specified in thispart of ISO 9330. Repair by welding is not per

tubes welded by a process using filler metal may be repaired at the option of the manufactu
epaired only before heat treatment, orjcold finishing respectively; except that defects foun
ment may be repaired provided that stich tubes are heat treated again. The repaired regions
y tested; in addition, the tube shall'be tested for leak tightness.

mperfections which encrogeh on the minimum wall thickness shall be considered as defe
1 not to comply with this part of ISO 9330.

d areas shall blend smoothly into the contour of the tube.

elded without the addition of filler metal shall, unless otherwise agreed between the
ressed:flush externally at the weld, so that the tube appears smooth and circular to the eye.

specify

rdance

quiring

turer at

scabs,
ow the
Mmitted.

rer, but
d after
shall be

cts and

parties

eCtion of the weld bead shall be within 10 % of the specified thickness, with a minimum of

.5 mm

and a maximu
A misalignment

£
U o TTHTL

of the abutting edges shall not exceed:

for wall thickness T< 12,7 mm: 1,6 mm:

for wall thickness 7> 12,7 mm: 0,125 T or 3 mm, whichever is the smaller.

8.1.8 For tubes welded with the addition of filler metal and supplied in the as-welded or welded and heat-treated
condition, the outside and inside weld reinforcement shall not exceed the following maximum height:

— for the external weld bead: 0,5 T or 3 mm, whichever is the smaller;

12

for the internal weld bead: 0,25 T or 3 mm, whichever is the smaller.
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Table 6 — Type of condition and surface condition of tubes

Symbol Type of condition Surface condition
LW12 Tubes welded from surface condition F4 *) or F5 *) plate, sheet Metallically clean
or strip, not pickled
Lw22 Tubes welded from surface condition F4 *) or F5 *) plate, sheet
or strip, heat treated, pickled
LWHT1 2 Tubes welded from surface condition F4 *) or F5 *) plate, sheet . '
; . Metallically bright
or strip, heat treated, pickled
LWHT22 Tubes welded from surface condition F4 *) or F5 *) plate, sheet
or strip, bright heat treated
LW32 Tubes welded from surface condition F7 *), F8 *) or F9 *) plate, Metallically clean, exceptAfof the weld,
sheet or strip, not pickled essentially smoother than fqr type LW1
Lw42 Tubes welded from surface condition F7 *), F8 *) or F9 *) plate,
sheet or strip, pickled
LWHT$ 2 Tubes welded from surface condition F7 *), F8 *) or F9 *) plate,
sheet or strip, heat treated, pickled Metallically, bright, except fdr the weld,
LWHTE2 | Tubes welded from surface condition F7 *, F8 *) or F9 *) plate, | €ssentially'smoother than fgr types LW2
sheet or strip, bright heat treated and2VWHT2
LWCF} 3 Tubes welded from surface condition F7 *), F8 *) or F9 *! plate,
sheet or strip, heat treated, pickled or bright heat treated,
if appropriate, cold formed
LWCF? Tubes welded from surface condition F4 *), F5*), F7 *), F£8 *Xor
F9 *) plate, sheet or strip, heat treated if appropriate, at.Jeast
20 % cold formed, heat treated, with recrystallized weld metal,
pickled Metallically bright weld scarcely
LWCFB Tubes welded from surface condition F4 *), F5&, F7*, F8 *) or | recognizable
F9 *) plate, sheet or strip, heat treated if apptopriate, at least
20 % cold formed, bright heat treated with¥recrystallized weld
metal
LWG Ground?d Metallically bright-ground, the type and
degree of grinding shall be agreed upon at
the time of enquiry and ordér 9
LWP Polished 4 Metallically bright-polished, the type and
degree of polishing shall belagreed upon
at the time of enquiry and order
1) Seg also 8.1.
2) Letter B (bead-condition€diys to be appended to the symbol for the type of condition of tubes having smoothed welds|(see 5.3).
3) The mechanical propérties specified in table 3 do not apply for this type of condition. If required, they shall be agreed|upon at the time
or ordefing.
4) Conditions LWARMNVHTS, LWHT4, LWCF2 or LWCF3 are usually used as the starting condition.
5) Th¢ order shalkindicate in each case whether grinding or polishing is to be performed internally or externally, or internally and externally.
*) Se¢ I1SQ.683-13.

8.1.9 Larger surface imperfections may be dressed, except for the condition “polished”, provided that the
thickness after dressing remains within the lower tolerance limits.

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

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

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

13
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8.2 Preparation of ends

© SO

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

9 Inspection and testing

9.1 Documentsoninspection-and-testing

9.1.1 Table7
conjunction wi
this part of SO

9.1.2 If, in acg
3.1.B or 3.1.C
inspection and
the document.

In addition, the

a) theresult
b) the results
¢) the symb
batches;
d) the actual

9330.

ordance with the agreement at the time of ordering, an inspection certificate (ISO 10474 —
or an inspection report (ISO 10474 — 3.2) is to be provided (see tdable 7 and 9.2), the

document shall include

pf the heat analysis;
of all inspections and tests pertaining to supplemeghtary requirements (see 4.2);

Is, code letters or code numbers relating ‘the order and the test pieces to the corres

heat treatment carried out (see 5.3).

9.2 Test categories

The tubes shal
ordering.

Test categorig]
inspection rep

9.3 Testing

be subjected to the inspéction and tests indicated in table 8 for the category agreed at the

rt (ISO 10474— 3.2).

of chemical composition

jives a survey of the inspection procedures and the type of documents considered in4S0 1
h 1SO 404 which may be agreed upon at the time of enquiry and order for deliveries acco

tests described in 9.3 to 9.8 shall be carried out and the compliance 6f their results shall be g

s | and |l only\ apply to the inspection certificate (ISO 10474 — 3.1.A or 3.1.B or 3.1.

0474 in
ding to

B.1.A or
specific
tated in

bonding

time of

) or an

9.3.1 A check analysis of the chemical composition of the tubes may be agreed upon at the time of enquiry and

ordering (see 9

9.7).

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

ordering.

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

a)

b) atthe sam

14

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

e location as for the mechanical test pieces.
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Table 7 — Applicable inspection procedures and types of documents

Standard
de5|gn.at|on Document Type of Contents Delivery conditions Document validated
according to control of document by
ISO 10474:1991
2.2 Test report Non-specific | With mention of test In accordance with The manufacturer
results carried out on the requirements of
the basis of non- the order and, if
specific inspection required, also in
and testing accordance with
official regulations and
thecorresponding
technical rules
2.3 Specific test
report
3.1.A Inspection In accordance with The inspgctor
certificate official regulations*and | designatg¢d in the
3.1.A the corresponding official rggulations
technical rules
3.1.B Inspection Specific With mention of test In accofdance with The manpfacturer's
certificate results carried out on the,specifications of authorizgd
3.1.B the basis of specific thedrder and, if represenfative
inspection and testing Jreduired, also in independent of the
accordance with manufacturing
official regulations and | department
the corresponding
technical rules
3.1.C Inspection In accordance with The purchaser's
certificate the specifications of authorizgd
3.1.C the order representative
3.2 Inspection The manjufacturer's
report 3.2 authorizqd
represerjtative,
independent of the
manufacfuring
department, and the
purchasegr's
authoriz¢d
represerftative
9.4 Testing of mechanical and technological characteristics
9.4.1
9.4.1.1 Batch

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

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

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

15
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Table 8 — Test categories

© SO

Tests

Test category

Mandatory

Visual examination (see 9.7)

Dimensional testing (see 9.6)

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

X X X X X

xX X X X X

Tensile test on the weld (see 9.9.2.1)

Drift or ring expanding test (see 9.9.4)

Non-destructive testing of the weld seam (see 9.9.8.1)
Non-destructive testing for longitudinal defects (see 9.9.8.2)
Non-destructive testing for transverse defects (see 9.9.8.3)

Non-destructive testing of tube ends for laminar imperfections
(see 9.9.8.4)

Steel type verification (see 9.9.9)

l < x|

xX X X X

Optional

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

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

Intergranular corrosion test (see 6.4 and 9.9.6)

xX X X | X

x X

X X X | X X

>

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

Each batch sh
or less than §
less than 100

they constitute one batch:

9.4.1.2 Numpber of sample preducts per test unit

Each test unit

— one tube

— two tube

consists of

per batchfor test category |;

— 10 % of ¢t

baotal £ £
re-oatcr I

all be comprised of 100 tubes.he remainder shall be subdivided between the batches if the
0 tubes; they shall be regarded'as a batch if there are over 50 tubes. If the total number of

b per batch for test category 1, for tests other than those described in 9.9.3 and 9.9.4;

9.4.1.3 Num

For each test

+ 4 4+ 1l
TUrtcotl Lalcyyuly it,

ber of tests

unit, the following tests shall be carried out:

— one tensile test on each tube (see 9.9.2.1);

orthosetestsdescritedm9-93amd59=%-

e are 50
tubes is

— one tensile test on the weld on each tube (see 9.9.2) for tubes with outside diameter greater than 219,1 mm:;
for tubes with outside diameter less than or equal to 219,1 mm, a tensile test on the weld is not carried out:

— two flattening tests or bend tests or ring tensile tests on each tube (see 9.9.3);

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

16
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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 1ISO 377-1.

9.4.1.5 Location and orientation of the test pieces

9.4.1.5.1 Test piece for the tensile test

The test piece for the tensile test 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 mpnufacturer's option:

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

— for fubes with an outside diameter greater than 219,1 mm, the test piece is taken in a d|rection either
longjtudinal or transverse to the axis of the tube.

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 af the centre of

the test piece. The test piece shall be a strip section with the full thiCknéss of the tube, and the weld bead may be
removed.

9.4.1.5.3 Test piece for the flattening test

The test|piece for the flattening test shall consist of a\tibe section, in conformity with ISO 8492. Thig test shall not
apply fof tubes with an outside diameter above 400~mm.

9.4.1.5.4 Test piece for the bend test

The test| piece for the bend test shallicensist of a section cut from the tube in accordance with the rgquirements of
ISO 743B. For tubes with a wall-thickness greater than 20 mm, the test piece may consist of alsegment in a
transverpe direction, with rectangtiar section, 38 mm wide and 19 mm thick.

9.4.1.5.5 Test piece forthe drift or ring expanding test or ring tensile test

The tes{ piece for-the drift or ring expanding test or ring tensile test consists of a tube section in cpnformity with
ISO 849B, 1SO 8495 or I1SO 8496, respectively. This test shall not apply for tubes with an outside diameter above
400 mmy.

9.4.1.5.6 Test pieces for the impact test

Impact testing may be agreed upon at the time of ordering. If so, a set of three ISO V-notch full size (10 mm x 10 mm)
test pieces shall be taken from each sample tube transverse to the tube axis, provided that the dimension of the
tube permits this without flattening of the test piece; otherwise, the test pieces shall be taken longitudinal to the tube
axis.

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

In the case of tubes with a wall thickness exceeding 30 mm, the centre line of the test piece shall have a distance
from the external surface equal to one-quarter of the wall thickness, or shall be positioned as close as possible to this
location.
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9.4.2 At elevated temperature

© IS0

The determination of proof stresses, Ry, and Ry, o, may be agreed upon at the time of ordering. The temperature
and number of test pieces (see 9.9.2. 2) shall also be established at this time.

9.4.3 At low temperature

For tubes with a wall thickness greater than or equal to 6 mm, the determination of low temperature impact

properties may be agreed upon at the time of ordering. The temperature for the impact test shall also be
established at this time.

The form and

For the impac

frersToTTsoftestpreces shattoemaccordance with 1 SO—148:

[ test, the test piece shall be taken longitudinal to the tube axis.

9.4.4 Intergranular corrosion test

If a test for tf

agreed upon.

Details for thg

and order.

9.5 Leak-ti

9.5.1 Thetu

9.5.2 Unless

ghtness test

bes shall all be submitted to a leak-tightness test.

otherwise specified by the purchaser,xthe hydraulic leak-tightness test may be replace

discretion of fhe manufacturer, by a non-destructive tést (see 9.9.7.2).

9.6 Dimensional testing

The tubes sh{
The tolerancd
diameter is gf
of dispute, th

Unless othery

Il be checked with respectto dimensions.

eater than 1683y, this tolerance may be measured on the circumference using a tape. In
b tolerance shalt-be that measured across the diameter.

vise specified at the time of enquiry and order, the wall thickness shall be measured at the tu

e resistance to intergranular corrosion is required, the number of test pieces per test uni shall be

selection and preparation of samples and test pieces may also be &greed upon at the time of enquiry

i, at the

on diameter is normally measured across the diameter; however, for tubes where thd outside

the case

be ends.

9.7 Visual examination

The tubes shall be submitted to a visual examination in order to confirm, in particular, their conformity with the

requirements

of 8.1 and 8.2.

9.8 Non-destructive testing

9.8.1 The tubes shall all be subjected to non-destructive testing of the weld seam (see 9.9.8.1).

9.8.2 The tubes of test category Il shall all be submitted to a non-destructive inspection for longitudinal defects

(see 9.9.8.2).
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9.8.3 If agreed at the time of enquiry and ordering, tubes of test category Il may also be submitted to non-
destructive testing for transverse defects (see 9.9.8.3).

9.8.4 If agreed at the time of enquiry and ordering, tubes with wall thicknesses greater than 40 mm may also be
submitted to a non-destructive testing of tube ends for the detection of laminar imperfections (see 9.9.8.4).

9.9 Test methods and results

9.9.1 Chemical analysis

9.9.11

9.9.1.2
Internati

£ agrnr\d at tha tirma ~f nrHoring achack nnnl\,/cic shallhg carrigd At (66 21 and Q2 2)
He—HHA 7 S e = S e s

The elements shall be determined in conformity with the methods considered in‘the
nal Standards.

Spectrodraphic analysis is permitted.

9.9.1.3
table 2.

9.9.1.4

In the case of dispute about analytical methods, the chemji¢al composition shall be

accordarce with a reference method taken from an International Stapdatd listed in ISO/TR 9769.

9.9.2 Tensile test

9.9.2.1

9.9.2.1.1

9.4.1.5.1

9.9.2.1.2

fracture

The perq

the origi
length o

9.9.2.1.3

9.9.2.2

At room temperature

The tensile test shall be carried out at rodm temperature in conformity with ISO 6892 (s

).

A) shall be determined during the tensile test.

hal cross-sectional area._[f-other gauge lengths are used, the corresponding elongation refer
5,65 /S, shall be obtained in accordance with ISO 2566-2.

The results{éfthe tensile test shall comply with the values in table 3 for the steel grade co

At elevated temperature

9.9.2.2.1

corresponding

The results shall comply with the values in table 1, taking into account_the) permissible devigtions given in

fletermined in

ge 9.4.1.3 and

The tensile strength (R,), the proot stresses, Ryp, and Ry, and the percentage elpngation after

entage elongation after frature shall be reported with reference to a gauge length of 5,65 \/%_ where Sy is

ed to a gauge

cerned.

Ifhagreed at the time of ordering, a tensile test at elevated temperature shall be carried out (see 9.4.2) in

conform

Ty with 150U 783-

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

9.9.2.2.3 The result of the tensile test shall comply with the values given in table 4 at the selected temperature.

9.9.3 Flattening test or bend test or ring tensile test

9.9.3.1

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 of an outside diameter above or equal to 200 mm. For tubes with an
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outside diameter less than 200 mm and greater than or equal to 152,4 mm, the flattening test or the ring tensile
test is usually carried out. For tubes with an external diameter below 152,4 mm, only the flattening test is usually

carried out.

9.9.3.2 Flattening test

9.9.3.2.1 The

flattening test shall be carried out in conformity with 1ISO 8492.

For the two flattening tests, the weld shall be at 0° and at 90 ° to the direction of approach of the platens,

respectively.

The tube secti
platens reache

o= 1+ 1;
K+ ]
where
H s the
D s the
T isthe
K is the
9.9.3.2.2 Aftg

edges shall no

When tubes W
the inside surf
rejection if the

9.9.3.3 Bend

9.9.3.3.1 The
at room tempdq
equalto 3 T.

9.9.3.3.2 Aftd
not be considdg

bn or the tube end shall be flattened in a press, up to the moment when the distance H bétw
S the value given by the following formula:

TXT

distance between platens, in millimetres, to be measured under load;
specified outside diameter, in millimetres;
specified wall thickness, in millimetres:

constant factor of deformation (see table 3).

r testing, the test piece shall be free from cracks\or breaks. However, a slight incipient crad
t be regarded as a justification for rejection.

ith low D/T ratios are tested, because the Strain imposed due to geometry is unreasonably
ace of the "6 o'clock” and 12 o'clogk~locations, cracks at these locations shall not be ¢
D/T ratio is less than 10.

test

bend test (see 9.4.1:3)-shall be carried out in accordance with ISO 7438. The test piece shall
rature in the diregtion’of initial curvature through an angle of 180°, around a mandrel with a d

r testingi\the test piece shall show no crack or flaw, but slight premature failure at the edg
red a.cause for rejection.

een the

k at the

high on
huse for

be bent
jameter

es shall

9.9.3.4 Ring tensile test

9.9.3.4.1 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 ISO 8496.

9.9.3.4.2 The tube section (see 9.4.1.5.4) shall be subjected to strain in the circumferencial direction. The weld line
shall be placed at 90 ° to the line of pull, until fracture occurs.

9.9.3.4.3 After testing, the test piece shall not show any cracks that are visible without the use of magnifying

aids.
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9.9.4 Drift expanding test or ring expanding test

9.9.4.1 General

At the option of the manufacturer, either a drift expanding test or a ring expanding test shall be carried out at room
temperature (see 9.4.1.3).

9.9.4.2 Drift expanding test

9.9.4.2.1 The drift expanding test shall be carried out in accordance with 1ISO 8493.

The dl’lft = |.Ja|ld;||9 tcot ;o uurricd uut un t‘u‘bco ‘v‘v’ith uutoidc d;QIIICtUI UM tu 150 LR dlld a vva“ tl ICkneSS Up '[O
9 mm.

The end [of the tube section (see 9.4.1.5.4) shall be expanded on a conical mandrel until the.increaselin the outside
diameteil of the expanded tube reaches the value indicated in table 3 for the steel grade conéerned.

9.9.4.2.2| After testing, the test piece shall not show any cracks or flaws, but slight\premature failur¢ at the edges
shall not|be considered a cause for rejection.

9.9.4.3 [Ring expanding test
The ring jexpanding test shall be carried out in accordance with ISQ\8495.

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

9.9.5 Impact test
9.9.5.1 |At room temperature

9.9.5.1.1 If agreed at the time of enquiry and ordering and if the wall thickness of the tube is greatef than or equal
to 6 mm|, impact testing at room temperature shall be carried out (see 9.4.1.5.6) in accordance with ISO 148. The
mean vajue of the three test piecés)shall be taken.

9.9.5.1.2 The test is regarded as having fulfilled the requirements of this part of ISO 9330 if the megn value of the
three te$t pieces correspands to the minimum value given in table 3 for the relevant steel grade; onlyl one individual
value may fall short of this minimum value by up to 30 %.

9.9.5.1.3 If thérhean value of the three test pieces is below the minimum specified value, or if|one individual
value is [less.than the minimum specified value by more than 30 %, then three further test pieces |shall be taken
from thg $ample tube and shall be tested in accordance with ISO 148.

9.9.5.1.4 The mean value of all six tests shall correspond to the minimum value given in table 3 for the relevant
steel grade; of the six individual values, only two may fall below this minimum value, and of these two only one by
more than 30 %.

9.9.5.2 At low temperature
9.9.5.2.1 If agreed at the time of ordering, and if the wall thickness of the tube is greater than or equal to 6 mm,
the low temperature impact test shall be carried out (see 9.4.3) in conformity with ISO 148 at a temperature

selected from annex B and agreed between the interested parties at the time of enquiry and ordering. The mean
value of the three test pieces shall be taken.
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9.9.5.2.2 The test is regarded as having fulfilled the requirement of this part of ISO 9330 if the mea
three test pieces corresponds to the agreed values given in annex B for the relevant steel

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

9.9.5.2.3 If the mean value of the three test pieces is below the minimum specified value, or if one individual

value is less than the minimum specified value by more than 30 %, then three further test pieces shall be taken
from the sampie tube and shail be tested in accordance with iSO 148,

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

9.9.6 Iintergranuiar corrosion test

Unless otherwise agreed, tests on corrosion resistance shall be carried out in accordapéé with 1ISO 3p51-1 or
ISO 3651-2.

9.9.7 Leak-tightness test

9.9.7.1 Hydrpulic test

If the leak-tightness test is carried out by a hydraulic test, the test pressure is defined, up to a maximum df 80 bar,
by the following equation:

_208yT
P = D
where
py is the test pressure, in bars;
D is the specified outside diameter, ingmillimetres;
T is thg specified wall thickness, i millimetres;

S is the stress, in newtons persglare millimetre, corresponding to 80 % of the specified minimum| value of
Rpo.2|(see table 3) for thecsteel grade concerned.

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

The tube shall withstand\the test without showing leaks or deformations beyond the limits of the dinjensional
tolerances.

9.9.7.2 Non-destructive test

If the tube is not submitted to the hydraulic test described in 9.9.7.1, it shall be submitted to a non-destructive test
(see 9.5.2), namely:

a) an electromagnetic test in accordance with ISO 9302; or
b) an ultrasonic test in accordance with ISO 10332; or
c) a special test, being either

1) the bubble test film technique using air under water at a test pressure of 6 bar. The test pressure shall be
maintained for 5 s;

2) the bubble test film technique using air and a bubble-forming solution at a test pressure of 0,3 bar.
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9.9.8 Non-destructive testing
9.9.8.1 All tubes shall be subjected to non-destructive testing of the weld seam as follows:

a) either ultrasonic testing in accordance with ISO 9765, with acceptance level L3; or
b) radiographic testing in accordance with ISO 12096, with acceptance level R3; or

¢) eddy current testing in accordance with ISO 9304, with an acceptance level as shown in annex A.

The choice of method is at the discretion of the manufacturer, dependent on the processing stage and dimensions
of the tube.

9.9.8.2 [Tubes of test category 1T shall be submitted to ultrasonic testing for Tongitudinal defects in ackordance with
[SO 9303, with acceptance level L2.

9.9.8.3 [Tubes of test category Il shall also be submitted to ultrasonic testing for transverse.defects [in accordance
with 1SO|9305, with acceptance level L2.

9.9.8.4 [Tubes with wall thicknesses greater than 40 mm shall also be submitted t0 ultrasonic testing of tube ends
for the detection of laminar imperfections, in accordance with ISO 11496.

9.9.9 Steel type verification

A suitable method shall be used to verify that the steel type verified:has been produced.

9.10

nvalidation of the tests

See 1SO|404.

9.11 Retests

See |SO|404.

9.12 Sorting or reprocessing

See 1S0O|[404.

10 Marking

10.1 Marking to be applied

The following marking, either as text or in the form of bar coding, 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.

The marking shall include the following information:

— the mark of the manufacturer or the tubes;
— the designation of the steel grade;
— the heat number or a code number;

— the designation of the test category;

23


https://standardsiso.com/api/?name=bb5e79d17085fd53e988bf0b2dacb89e

ISO 9330-6:1997(E)

the mark

of the inspector, in the case of third-party inspection;

applicable;

reference to this part of ISO 9330;
the symbol specified in table 6 identifying the type of condition of the tube, if requested.

10.2 Methods

© SO

a number or mark by which the tubes can be identified with the inspection certificate or inspection report, if

10.2.1 The symbols indicated in 10.1 shall be marked on each tube, at a distance of approximately 300 mm from

one end.
All or part of t

For tubes wit
attached firml

10.2.2

10.3 Specit

Other marking

11 Protec

The tubes are

If special prot

12 Docunm

Documents is

13 Disput

See |ISO 404.

If pain

he required information may be continuously marked along the tube length.

an outside diameter up to and including 31,8 mm, the symbols may be indelibly‘tarked g
/ to each bundle or box.

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

ic marking

may be applied if specifically requested in the order.

tion
normally delivered without protection or with the manufacturer's normal mill protection.

bction is to be applied, this shall be spégified in the enquiry and order.

ents

sued shall conform with 9.1.
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