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ISO (the International Organization for Standardization) i
federation of national standards bodies (ISO member bog
of preparing International Standards is normally“carried o
technical committees. Each member body, interested in
which a technical committee has been €stablished has
represented on that committee. International organizations
and non-governmental, in liaison with4S0O, also take part in

ol L, GioU L

collaborates closely with the Intétnational Electrotechnic
(IEC) on all matters of electrotechnical standardization.

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

International Standard ISO 9329-2 was prepared by Techn
ISO/TC 17, Steel, Subcommittee SC 19, Technical delivery
steel tubes. for pressure purposes.

5 a worldwide
ies). The work
it through 1SO
a subject for
he right to be
governmental
the work. ISO
il Commission

pmmittees are
hn International
bodies casting

cal Committee
conditions for

It cancels and replaces ISO 2604-2:1975, of which it constjitutes a techni-

cal revision, together with parts 1, 3 and 4 of ISO 9329.

ISQ 9329 consists of the following parts, under the genera
steel tubes for pressure purposes — Technical delivery co

Part 1: Unalloyed steels with specified room temperg

Part 2: Unalloyed and alloyed steels with specified
perature properties

Part 3: Unalloyed and alloyed steels with specified Iq
properties
steels  (Partial

Part 4: Austenitic  stainless

2604-2:1975)

revi

title Seamless
nditions:

ture properties
elevated tem-
w temperature
1ISO

sion  of

Annex A forms an integral part of this part of ISO 9329.
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Seamless steel tubes for pressure purposes —
Technical delivery conditions —

Part 2:

Unalloyed and alloyed steels with specified eleyvated

temperature properties

1 Scope

1.1 This part of ISO 9329 specifies the technical
delivery conditions for seamless tubes of circular
cross-section, made of unalloyed and alloyed stegel
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 refquirements of appropriate) international appli-
cation |standards and relevant national legal regu-
lations|shall be taken inteaccount by the user. For
boilers| and pressure,~/vessels, ISO/R 831 and
ISO 5730 are availakle.

The following parts of 1ISO 9329 are now available or
are beihg prepared:

— Part_T’Unalloyed steels with specified room tem-

2 Thig{part of ISO 9329 can also be used
manufacture of tubes of non-circular sect

bs a basis for the
on. In this case,

the \wvalues quoted in this part of ISO 9329 for chemical

analysis and mechanical properties are ap
requirements are by agreement between t
the manufacturer.

blicable, all other
he purchaser and

1.2 For the general technical delivery requirements,

see ISO 404.

2 Normative references

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

visions which,
tute provisions
publication, the
hrds are subject
based on this
investigate the
editions of the
of IEC and ISO
d International

perature  properties  (partial revison of
ISO 2604-2:1975).

— Part 3: Unalloyed and alloyed steels with specified
low temperature properties (partial revision of
ISO 2604-2:1975).

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

NOTES

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

ISO 148:1983, Steel — Charpy impact

ISO 377-1:1989, Selection and prepara

test (V-notch).

tion of samples

and test pieces of wrought steels — Part 1: Samples

and test pieces for mechanical test.

ISO 377-2:1989, Selection and prepara

tion of samples

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

ISO 404:1992, Steel and steel produ
technical delivery requirements.

cts — General
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ISO 783:1989,

997(E)

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

© IS0

poses — Electromagnetic testing for verification of
hydraulic leak-tightness.

ISO 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 9305:1989, Seamless steel tubes for pressure
purposes — Full peripheral ultrasonic testing for the
detection of transverse imperfections.

values — Part

ISO 3205:1976

1SO 4200:1991,

seamless —
masses per ur

ISO 4948-1:19
Classification
based on chen

ISO/TR 4949:1
bols.

ISO 5252:1991

ISO 5730:1992,

construction (d

ISO 6761:1981
tubes and fitti

ISO 6892:1984

ISO 7438:1984

ISO 8492:1984,

tening test.

ISO 8493:1986,
expanding test.

ISO 8495:198¢

1: Carbon and low alloy steels.
., Preferred test temperatures.

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

B2, Steels — Classification — Part 1:
f steels into unalloyed and alloy steels
nical composition.

989, Steel names based on letter sym-

, Steel tubes — Tolerance systems.

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

, Steel tubes — Preparation of ends of.
pgs for welding.

. Metallic materials — Tensile\testing.
. Metallic materials — Bend test.

Metallic materials_*— Tube — Flat-

Metallic_‘tmaterials — Tube — Drift

, Metallic materials — Tube — Ring

expanding tes

ISO/TR 9769:1991, Steel and iron — Reviéw f avail-
able methods of analysis.

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

ISO 10474:1991, Steel and steel products| — In-

spection documenits.
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 ISO 5252.

3.3 Symbols for tests

3.3.1 Tensile test

See ISO 6892.

3.3.2 Flattening 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-

H—=distance between pratens

K = constant factor of deformation
3.3.3 Hydraulic test

PE = test pressure

S = stress which occurs in the metal during the test
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4 Information to be supplied by the
purchaser
4.1 Mandatory information

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

— the denomination “tube”;

ISO 9329-2:1997(E)

— type of inspection and testing and corresponding

document (see 9.1 and clause 12).
4.3

Example of an order for a hot-finished

seamless tube

conforming to the dimensional standard 1SO 4200,
with an outside diameter of 168,3 mm, a wall thick-
ness of 4 mm and a standard length (random length)

— the |manufacturing process whether tubes are to
be gupplied hot-finished or cold-finished (see 5.3);

— refdrence to the relevant dimensional standard;

by ggreement at the time of ordering, inside di-
amegter x wall thickness) in millimetres (see 7.1);

— dimensions (outside diameter x wall thickness or,

— length (see 7.2);

— tolefances, if exact lengths greater than 12 m are
ordgred (see 7.3.2);

— refdrence to this part of ISO 9329;
— steg¢l grade (see table 1);

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

4.2 (Qptional information

Enquiries and orders for tubes in accordance with this
part of I1SO 9329 shall be supplemented, if it is
deemed necessary by the purchaser, with the indi-
cation [of one or more of .thel following optional re-
quirements, which shall\be' the subject of special
agreements:

— ste¢lmaking process (see 5.1);

— delivery, condition (see 5.4);

— spelcialstraightness requirements (see 7.3.3):

of 4 m to 8 m, made of steel gfade PH 23 with
specified elevated temperature propefties to be sub-
mitted to specific inspection and test|ng to test cat-

egory | involving the issuing of

an inspection

certificate 3.1.B according'to 1ISO 10474.

Tube hot-finished1SO 4220 - 168,3 x 4 - 4to 8

-1SO 9329-2<PH 23 - | - 3.1.B.

5 Manufacturing process

5.1-\Steelmaking process

ity requested, the purchaser shali be i
steelmaking process used.

Steels may be cast in ingots or may
When steels of different grades a
strand cast, identification of the resul
material is required. The producer sHh
transitional material by an established
efficiently separates the grades.

5.2 Deoxidation process

Steels intended for the production of
by this part of ISO 9329 shall be fully

5.3 Product-making process for

Tubes covered by this part of ISO
manufactured by a seamless proces

hformed of the

be strand cast.
Fe sequentially
ant transitional
all remove the
procedure that

tubes covered
illed.

tubes

9329 shall be
5, and may be

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

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

— leak-tightness test (see 9.5);
— impact test (see 9.10.7),

— specific marking (see 10.3);

hot £ o ol r Id ol oA
ot T oSTIieod O COTG T ST IoUs

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.

5.4 Delivery condition

Tubes covered by this part of ISO 9329 shall be sup-
plied suitably heat treated over their full length. The
following heat treatments shall be used, depending

on the type of steel (see table 7):

— normalizing;
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— normalizing and isothermal

annealing;

tempering, or

— full annealing or isothermal annealing.

Heat treatment is not required for steels PH 23,
PH 26, PH 29 and PH 35 if the manufacturing process
produces a technically equivalent metallurgical con-
dition".

Where the manufacturing process produces a techni-

© ISO

6.2.2 At elevated temperature

6.2.2.1 Proof stress

The minimum proof stress (R, ,) values at elevated

fnmpamfnrﬁc are indicated in table 4

Y + H
COTNUItuUTT, CTITPTITy

cally equivalept—retatturgreat

only, instead
equate for stq
TN+TT. Other
treated conditi

6 Metallurn

6.1 Chemic

6.1.1 Heat a
On heat analy
sition given in
specified.

of normalizing and tempering, is ad-
els 13 CrMo 4-5 and 11 CrMo 9-10
steels shall be supplied in the heat-
bns given in table 7.

gical properties
al composition

halysis

sis, the steel shall show the compo-
table 1 appropriate to the steel grade

6.1.2 Produgt analysis

If a check an
9.3), the perm

blysis on the product is required (see
issible deviations given in table2 shall

apply to the heat analysis specified in table 1.

Other than wh
viations apply
limits of the ra
the same ele
from the samg

When maxim4g

always positive.

6.2 Maechar

en maxima only are specified, the de-
either above or below the.Specified
nge, but not both above and below, for
ment from different sample products
heat.

only are specified, the deviations are

lical properties

6.2.1 At roo1n temperature

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 theey) are given for information only.

6.3 Weldability

Steels intended for the production of tubes fovered
by this part of 1SO 9329 are regarded a$ being
weldable. However, account should be taken of the
fact that the behaviour of the steel during ahd after
welding is dependent not only on the steel, but also
essentially on the conditions of preparing and farrying
out the welding.

NOTE 3  Certain of the ferritic steels covered by|this part
of 1SO 9329 will harden if cooled rapidly from abgve their
critical temperature. Some will air harden, that is,|become
hardened to an undesirable degree when cooled in| air from

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

high temperatures, particularly the 4 % (m/m) to 6 % (m/m)
chromium steels. Therefore, operations that involve heating
such steels above their critical temperatures, such as
welding, flanging and hot bending, should be followed by
suitable heat treatment.

1) The methods of control used to ensure the equivalence of structure shall be the subject of a previous agreement between

the purchaser and manufacturer.
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Table 1 — Chemical composition (heat analysis) % (m/m)
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Table 2 — Permissible deviations from the specified chemical
composition limits given in table 1

Element Content speclfled. for the Permissible deviation

test analysis
% (m/m) % (m/m)
C < 0,23 + 0,03
Si < 1,00 + 0,05
Mn < 1,50 + 0,10
P < 0,035 + 0,005
S < 0,035 + 0,005
Cr < 10,0 + 0,10
>10< 12,5 + 0,15
Mo < 0,35 + 0,04
>0,35< 1,20 +/0,05
Ni < 1,30 + 0,07
\Y, < 0,35 + 0,03
Nb < 0,10 + 0,01
Al < 0,020 + 0,005
+ 0,07

Cu < 0,80

- 0,05

© |SO
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Table 3 — Mechanical properties at room temperature
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Table 4 — Minimum 0,2 % proof stress (R, ,) values at elevated temperature

Reference Minimum proof stress R;;,, N/mm?2)
Wall thickness
Steel grade heat 1 Temperature, °C

treatment?) mm 150 | 200 | 250 | 300 [ 350 | 400 | 450 | 500 | 550 | 600

PH 23 N <16 |185]| 165|145 127|116 110|106 | — | — | —

> 16 <40 183 164 | 145 127 116 | 110 106 | — —_ —

> 40 <60 | 172|159 | 145] 127|116 | 110|106 | — | — | —

PH 26 N <16 2161 194 171 ] 152 ] 141 ] 134 | 130 | — —_ | —

Unalloyed steels 6 <A 23T T T ISR T T A T30 T— -

> 40 < 60 2041 188 171 | 1521 141 | 134 | 130 | — —+ —

PH 29 N <16 | 247( 223|198 177 | 167 | 158 | 183 |)~=) | + | —

> 16 <40 | 242220198 177|167 | 168 1831 — | ++ | —

> 40 <60 | 236|217 198 177|167 | 158 | 183} — | + | —

PH 35 N <60 | 270 255| 235| 215 200 | 180 (A70| — | + | —

8 CrMo 4-5 N+T < 60 186 | 181 179 | 174 | 167 157 | 151 | 143 | —+ —

8 CrMo 5-5 N+T <60 | 186 181|179 | 174 | Q67| 157 | 151 | 143 | + | —

X 11 CrMo 5 TA A < 60 — | 118 116 { 1¥5 114 | 113 | 111 | — —+ —

X 11 CrMo 5 TN+TT N+T <60 | 237 230 223216 | 206| 196 | 181 | 167 | + | —
13 CrMo 4-5 N+T <60 | 230|220 210| 183 | 169 | 164 | 161 | 166 | 1$0 | 145

16 Mo 3 N <60 | 237| 2244 205|173 | 169 | 165| 150 | 145| + | —

11 CrMo 9-10 TA A <60 | 187|186 | 186 186 | 186 | 186 | 181 | 173 | + | —

Alioyed steels

11 CrMo 9-10 TN+TT N+T < 60 241 | 233 2241 219 212 | 207 | 194 | 180 | 10| 137

12 MoCrV 6-2 N+T <.60 — [ 235|218 196 | 184 | 177 | 167 | 165 | + | —

X 11 CrMo 9-1 TA A <60 | — [ 118} 112|106 102| 99 | 96 | 94 | + | —

X 11 CrMo 9-1 TN+TT N+T <60 | — | 334|330 325|322 316 310 | 290 | 285 | —
X 10 CrMoVNb 9-1 N+T <60 | — | 380|370 360 | 350 | 340 | 325 | 300 | 260 | 200

9 NiMnMoNb 5-4-4 N+ <60 | 412| 402|392 382373 343|304 — | + | —

X 20 CrMoNiV 11-1-1 N T < 60 — | 349|328 | 317 | 310 305 | 292 | 272 | + | —

1) N = Normalizing; N + T = Normalizing~+~Fempering; A = Full Annealing

2) The minimufn values of R, for tbes with wall thickness above 60 mm are subject to agreement between the purchaser 4nd the
manufacturer.
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7 Ullllellblullb, Imas>>es ail

7.1 Outside diameters, wall thicknesses and
masses
outside diam wall k and

of the tubes covered by this part of 1ISO 9329 s
be selected from those in ISO 4200 and ISO 11
By agreement between the purchaser and the manu-
facturer, tubes specified by inside diameter and wall

ISO 9329-2:1997(E)

tubes covered by this p

tu art of 1ISO 9329
the tolerance

Imnt s gi en in tables 5

shall be within

and 6 (see 9.6).

VALt S

Within areas where the tube surface has bpeen
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

l~varar #f\'r\r’\nnn |xm|+b

LI IVVVCT WITiarnivc iiiiiio.

The tolerances on ovality and eccentricity are included

in this case, the dimen-
sions dnd the tolerances required have to be agreed
upon af the time of enquiry and order.

thicknelss can be supplied. this case

7.2 Lengths

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

7.2.2 |If the tubes are to be delivered with random
lengthg, their lengths shall be within the length range
in whigh they usually fall in normal production. The
relevart length ranges are dependent on the diameter
and w4ll thickness of the tube, as well as on the pro-
duction facilities of the manufacturer. They shall be
agreed| upon at the time of ordering.

7.2.3 |If the tubes are to be delivered withyéXact
lengthg, the length tolerances given in 7.3.2shall ap-
ply.

7.3 Tolerances

7.3.1 |Tolerances on outside diameter and on wall
thicknpss

The outside diameters-and the wall thicknesses of the

Table 5 — Tolerances on outside diameter and on wall thickness of
hot-finished tubes

and wall thick-

H) lll(-'a I()!Plﬂlll( 25 OI1 (]lll\ll]{" (JI(‘]IIIULUI

ness.

7.3.2 Tolerances on exact lengths

10

For lengths up to @nd including 6 m: o mMm

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

+15
o Mm

For lengths greater than 12 m, the dpplicable toler-
ances'shall be agreed between the pufchaser and the
manufacturer.

7.3.3 Straightness

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

Deviation from straightness over anyj
shall not exceed 3 mm.

length of 1T m

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

i Tolerances (see ISO 5252) on T for a
Qutside T
. Tolerances on D fioratio
diameter
< 0,025 | > 0,025 > 0,05 > 0,10
mm < 0,05 < 0,10
D< 101,6 + 1% with a + 12,5 % with a min. + 0,4 mm
D>1016 min. £ 05 MM | 4 500, | +16% | +125% | + 10 %
1) + 1,5 % for hot-expanded tubes.
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Table 6 — Tolerances on outside diameter and on wall thickness of
cold-finished tubes

D

Tolerances (see ISO 5252) on

T

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

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

8 Technics

8.1 Appear

8.1.1 The tu
can be establi
accordance wi

| delivery conditions

nce and soundness

s shall be free from such defects as
ed by visual inspection and testing in
h this part of ISO 9329.

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

8.1.3 It shall

be permissible to dress by grinding or

machining surface marks and imperfections, provided
that the thicknx?s of the tube after dressing does not

fall below the

8.1.4 Surface
minimum wall

inimum permitted wall thickness.

imperfections which encroach on-the
thickness shall be considered defects

and shall be d¢gemed not to comply with this\part of

ISO 9329.

8.1.5 Alldres
contour of the

8.1.6 The mag
sufficient numi
identified durin

bed areas shall blend-smoothly into the
tube.

hufacturer shall-"explore by grinding a
er of surface marks and imperfections
g visualNnSpection, to provide assur-

ance that thes¢ have’been evaluated to ensure com-

Z.

pliance with 8.

8.1.7 Subject to the limitations given 081
manufacturer shall dress

surface nmarkg,

© |SO

.8, the
and

imperfections found by exploration in"accordanke with

8.1.6, to be deeper than 5 % of thémominal th

ckness

or 3 mm, whichever is the lesser but not legs than

0,5 mm.

8.1.8
according to 8.1.7are’not scattered and appd

If surface imperfections that are accpptable

ar over

a large area in excess of what is considered tp be an
acceptable surface condition, tubes shall be rejected
(or alternatively subjected to dressing) as agrg¢ed be-

tween the purchaser and the manufacturer.

8.19 Repairs to tubes shall only be carried
grinding or machining; peening or welding
permitted.

8.2 Preparation of ends

Tubes are normally delivered with square-cu
by agreement between the purchaser and m

out by
hre not

l ends;
anufac-

turer at the time of ordering they can also be dglivered

with bevelled ends (see ISO 6761). The ends
free from excessive burrs.

8.3 Delivery conditions

The tubes are delivered in the heat-treated cq
indicated in table 7.

hall be

ndition

10
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Table 7 — Heat-trated conditions

ISO 9329-2:1997(E)

Cocting Cooling
Steel grade Reference heat Austenitizing medium for Tempering medium for
treatment! temperature austen- temperature .
[ tempering
itizing :
°C °C
PH 23 N2) 880 to 940 Air — —
PH 26 N2) 880 to 940 Air — —
Unalloyed steels
PH 29 N2) 880 to 940 Air — —_
PH 35 N7 880 to 340 Air — —
8 CrMo 4-5 N+T 900 to 960 Air 650 to 730 Air
A3) 900 to 960 Furnace — —
8 CrMo 5-5 N+T 900 to 910 Air 650 16 750 Air
A3 900 to 960 Furnace — —
X 11 CrMo 5 TA A3) 890 to 950 Furnace — —
X 11 CrMo 5 TN+TT N+T 910 to 960 Ajf 710 to 760 Air
13 CrMo 4-5 N+T 900 to 960 Air 660 to 730 Air
16 Mo 3 N 890 to 950 Air — -
Alloyed|steels
11 CrMo 9-10 TA A3) 900 to 960 Furnace — —
11 CrMo 9-10 TN+TT N+T 900 te 960 Air 680 to 750 Air
12 MoCrV 6-2 N+T 980 to 990 Air 680 to 740 Air
X 11 CrMo 9-1 TA A3) 890 to 950 Furnace - —
X 11 CrMo 9-1 TN + TT N+T. 890 to 950 Air 720 to 800 Air
X 10 CrMoVNb 9-1 N&ET 1 040 to 1 090 Air 730 to 800 Air
9 NiMnMoNb 5-4-4 N+T 880 to 980 Air 580 to 680 Air
X 20 CrMoNiV 11-1-1 N+T 1020 to 1 080 Air 730 to 780 Air
1) N = Normalizing; N + T = Normalizing+Tempering; A = Full Annealing.
2) The |hot-finished tubes may pe.delivered in the non-treated condition at the discretion of the manufacturer, providef that the hot-
finishing| produces a technically. eguivalent metallurgical condition. The methods of control to ensure equivalence of structdre shall be the
subject ¢f a previous agreement'between the purchaser and the manufacturer.
3) This |heat treatment may. be replaced by isothermal annealing at the discretion of the manufacturer.
9 Inspection and testing If requested at the time of enquiry ahd order, the
tubes shall be supplied with an inspecfion certificate
oftype-3-HA-or3-HC-or3-2accordingo ISO 10474,

9.1 Type of inspection and testing and
inspection documents

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

9.1.2 Tubes delivered in accordance with this part
of ISO 9329 are provided with an inspection certifi-
cate of type 3.1.B 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
the inspection certificate (3.1.A, 3.1.B, 3.1.C or 3.2
according to ISO 10474).

In addition, the document shall include

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

1
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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).

9.2 Test categories

© SO

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.

9.4 Testing of mechanical and technological
characteristics

9.4.1 At room temperature

Unalloyed Stj:: tobes—shattbe—stubjected—to—the—n
spection and fests indicated in table 8 for the category
agreed upon gt the time of ordering.

Alloyed steel ftubes shall be sujected to the tests in-
dicated in table 8 for category Il.

9.3 Testing of chemical composition

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

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

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

a) from the [test pieces used for the verification of
the mechpnical properties,

Table 8 — Test categories

9.4.1.1 Batch

The delivery shall be divided into batches. Fpr tubes
which are not heat treated, a batch shall conkist only
of tubes of the same steel grade,ffom the sgme 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 theame steel grade, from the same
heat and manufagturing process, and having the same
nominal outside/diameter and wall thicknelss, sub-
jected to thie_same finishing treatment in a coptinuous
furnace brheat treated in the same furnace gharge in
a batchdype furnace.

Eaech batch shall comprise 100 tubes. The ré¢maining
fdbes shall be subdivided between the bgtches 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.

Tests

Test category

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

Dimensional testing (see 9.6)

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

Mandatory tests

Tensie 1est at room temperature (see 9.10.2.1)

Flattening or bend or ring tensile test (see 9.10.3)

Drift or ring expanding test (see 9.10.4)

Non-destructive testing for longitudinal defects (see 9.10.6.1)

Material identification of alloyed steels (see 9.9)

X X X X X X X

X X X X X X X X X

Optional tests?

Check analysis of chemical composition (see 9.10.1)
Tensile test at elevated temperature (see 9.10.2.2)
Impact test at room temperature (see 9.10.7)

Non-destructive testing for transverse defects (see 9.10.6.2)

x X X

xX X X X

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

12
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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 Il.

9.4.1.3 Number of tests

ISO 9329-2:1997(E)

9.4.1.5.4 The test piece for the drift or ring expand-
ing test or ring tensile test consists of a tube section,
in conformity with ISO 8493 or ISO 8495 or ISO 8496,
respectively.

9.4.155 Impact testing (see ISO 148) may be
agreed upon the time of ordering. For the impact test,
a set of three ISO V-notch test pieces shall be taken
from each sample tube transverse to the tube axis,
provided that the dimension of the tube permits this

F |ﬁ + + bkl o Lol o s bamtbe olaall b Areian
Or eac HTCOT UTITG, IO TUITUVVITTY TU OO ouiT ovwuUTTiivyd

out:

Ana thrat + lann Q10 92 1)
- VIlIC L | \oCCT v.I1V.L. 1/,

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

— one {rift or ring expanding test on each tube
wherg appropriate (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 anfl in accordance with the requirements of

SO 37741.

—

9.4.1.5 |Location and orientation of the test
pieces

9.4.1.5.1] The test piece for the tensile testNs either
a full tube section or a test piece taken in & direction
either longitudinal or transverse to thesaxis of the tube
in accordance with the requirements of ISO 6892.

At the manufacturer's option

— for tupes with an outside diameter equal to or less
than P19,1 mm, the.test is carried out either on a
tube pection or.on~a test piece taken in a direction
longitudinal to.the axis of the tube;

— for tdbes\with an outside diameter greater than
219, Lmm_the test is taken in a direction either

oot £t H £ 4l : N H
WHHROH e tte Rt g UT 01C test POTetT, otrrefwise the test

pieces shall be taken longitudinal tothe [tube axis.

The test nieces shall be taken and nrebared in such
the test pleces shall be taken ang prepared in such

a way that the axis of the notch is perpendicular to the
surface of the tube.

9.4.2 At elevated temperature

Determination &f “the proof stress (R,,,) may be
agreed uponratithe time of ordering. Thg temperature
and numbenof test pieces (see 9.10.2.2) shall also be
established at this time.

95

9.5.1 All the tubes shall be submittgd to a leak-
thigtness test.

9.5.2 Unless otherwise specified by the purchaser,
the hydraulic leak-tightness test may bg¢ replaced, at
the discretion of the manufacturer,| by a non-
destructive test (see 9.10.5.2).

9.6 Dimensional testing

The tubes shall be checked with respgct 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 masured by a
circumference tape. In the case of disppite, the toler-
ance shall be that measured across the diameter.

longitudinal or transverse to the axis of the tube.

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

9.4.1.5.3 The test piece for the flattening test con-
sists of a tube section, in conformity with ISO 8492.

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.

13
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9.8 Non-destructive testing

The tubes of test category Il shall all be submitted to
a non-destructive inspection for longitudinal defects
(see 9.10.6.1).

If agreed at the time of enquiry and order, tubes of
test category |l may also be submitted to non-
destructive testing for transverse defects (see
9.10.6.2).

© ISO

sponding elongation referred to a gauge length of
5,654/ S, 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 3 for the steel grade con-
cerned.

9.10.2.2 At elevated temperature

9.9 Materjal identification of alloyed steels

Each alloyed| steel tube shall be tested by an appro-
priate methdd to ensure that the correct grade has
been suppliefd.

9.10 Test|methods and results
9.10.1 Chemical analysis

9.10.1.1 |If greed at the time of ordering, a check
analysis shal|l be carried out (see 9.3.1 and 9.3.2).

9.10.1.2 The elements shall be determined in con-
formity withl the methods considered in the corre-
sponding Ifternational Standards. Spectrographic
analysis is pgrmitted.

9.10.1.3 THe results shall comply with the values, in
table 1, takinjg into account the permissible deviations
given in tablg¢ 2.

In the case pf dispute about analytical methods, the
chemical composition shall be determined in accord-
ance with al reference method in~one of the Inter-
national Stardards listed in ISO/fR-9769.

9.10.2 Tenpile test
9.10.2.1 At room témperature

9.10.2.1.1 hefténsile test shall be carried out at
room tempdratlre in conformity with ISO 6892 (see

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

9.10.2.2.2 The proof stress AR, ,) shall pe deter-
mined during the tensile test.

9.10.2.2.3 The resultfthe tensile test shgll comply
with the value in table4 at the selected temfperature.

9.10.3 Flattening or bend test or ring tepsile test

9.10.3.1 _<General

At the-option of the manufacturer, either a [flattening
testor a bend test or a ring tensile test shall pe carried
out at room temperature (see 9.4.1.3) for tlibes with
an outside diameter above or equal to 2040 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 tlibes with
an outside diameter below 152,4 mm, only the flat-
tening test is usually carried out.

9.10.3.2 Flattening test

9.10.3.2.1 The flattening test shall be carrled out in
conformity with ISO 8492.

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

9.4.1.3 and 9.4.1.5.1).

9.10.2.1.2 The tensile strength (R, the proof stress
(Ryo,2), or the upper yield stress (Reyy) and the per-
centage elongation after fracture (A) shall be deter-
mined during the tensile test. For unalloyed steel
tubes, the proof stress, total elongation (R g) can be
determined instead of the proof stress (R ,).

The percentage elongation after fracture shall be re-
ported with reference to a gauge length of 5,65\/5,
where S, is the original cross-sectional area of the test
piece. If other gauge lengths are used, the corre-

14

1+K

H= x T
T
K —
*D
where
H is the distance between platens, in milli-
metres, to be measured under load;
D is the specified outside diameter, in milli-
metres;
T is the specified wall thickness, in milli-
metres;
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K is the constant factor of deformation (see
table 3).

9.10.3.2.2 After testing, the test piece shall be free
from cracks or breaks; however, a slight incipient
crack at the edges shall not be regarded as a justi-
fication for rejection.

When low D/é ratio tubes are tested, because the
strain imposed due to geometry is unreasonably high
on the inside surface at the 6 h and 12 h locations,

ISO 9329-2:1997(E)

The end of the tube section (see 9.4.1.5.4) shall be
expanded on a conical mandrel until the increase in
the outside diameter of the expanded tube reaches
the value indicated in table 3 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.

cracks at[these locations shall not be a cause for re-
jection if the D/é ratio is less than 10.

9.10.3.3 | Bend test

9.10.3.3.] The bend test (see 9.4.1.3) shall be car-
ried out ih accordance with ISO 7438. The tube sec-
tion shall be doubled over, cold, in the direction of
initial curjature around a mandrel with a diameter as
specified|in table 3 for the steel grade concerned.

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
ISO 8494.

9.10.3.4.2 The tube section (see.9.4.1.5.4) shall be
subjected to strain in the circumferential direction until
fracture ¢ccurs.

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

9.10.4 Drift expanding test or ring expanding test

9.10.4.3 Ring expanding test

9.10.4.3.1 The ring expanding, test shall be carried
out in accordance with 1ISO 849%

The tube section (see 9.4.1.5.4) shall pe expanded
until the increase in the outside diametef reaches the
value indicated inctable3 for the stee]l grade con-
cerned.

9.10.4.3.2¢ After testing, the test piecg shall show
no crack<or flaw, but slight premature failure at the
edges shall not be considered a cause f¢r rejection.

9.10.5 Leak-tightness test

9.10.5.1 Hydraulic test

If the leak-thigtness test is carried out by a hydraulic
test, the test pressure is defined, up tg a maximum
of 80 bar, by the following equation:

SxT

PE=20~—D—

where

PE is the test pressure, in bars;

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 ISO 8493.

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

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

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

S is the stress, in newtons per square milli-

metre, corresponding to 80 % of the
specified minimum value of Ry or R, or
R 5 (see table3) 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.
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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
ISO 9302;

or

© ISO

9.12 Retests

See ISO 404.

9.13 Sorting or reprocessing

See I1SO 404.

10 Marking

b) an ultraspnic test in accordance with TSOU TU33Z.
9.10.6 Non-destructive testing

9.10.6.1 Tubes of test category Il shall be submitted
to ultrasonid| testing for the detection of longitudinal
defects in gccordance with ISO 9303, with accept-
ance level L?.

9.10.6.2 |If agreed at the time of enquiry and order,
tubes of tegt category Il may also be submitted to
ultrasonic testing for the detection of transverse de-
fects in accerdance with ISO 9305, with acceptance
level L2.

9.10.7 Implact testing

9.10.7.1 If |agreed at the time of ordering, impact

testing at ropm temperature shall be carried out (see
9.4.1.5.5) il accordance with ISO 148. The méan

value of the

three test pieces shall be taken.

9.10.7.2 THe test is regarded as havipg ftlfilled the

requirement

5 of this part of ISO 9329-if the mean

value of thg three test pieces gofresponds to the
minimum vdlue given in table 3oy the relevant steel

grade; only

bne individual valte,'may fall short of this

minimum value by up to 300:%.

9.10.7.3 If

the mean_value of the three test pieces

is below the| minimum value, or if one individual value

is less than
the three fu

the minimum value by more than 30 %,
rther test pieces shall be taken from the

10.1 Marking to be applied
The following marking shall, accordirig to the size of
the tubes, either be applied on-a-label attached to the

bundle or the box of tubes,06rbe marked indelibly on
each tube at one end.

The marking shall include the following infolmation:

— the mark of the manufacturer of the tubgs;

— the desighation of the steel grade;

— theyheat number of a code number;

- the designation of the test category;

— the inspector's mark;

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

spection report;

— reference to this part of ISO 9329.

10.2 Methods

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

The symbols indicated in 10.1 shall bel indelibly
marked on a label attached firmly to each [pundle or
box

sample tube and shall be tested in accordance with

ISO 148.

9.10.7.4 The mean value of all six tests shall corre-
spond 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 %.

9.11 Invalidation of the tests

See ISO 404.
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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.
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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.

ISO 9329-2:1997(E)

if speciai protection is to be appiied, this shaii be
specified in the enquiry and order.

12 Documents
Documents issued shali conform with 9.1.
13 Claims after delivery

See I1SO 404.
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Annex A
(normative)

Long-term rupture values
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