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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with +SO—alse—take—part—in—the—werk—SO—collaberates—elosely—with—theInternational—Hleetrptechnical

Commission| (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Interngtional Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication @s an International Standard requires approval by at least 75 % of the member bodies casting|a vote.

Attention is @irawn to the possibility that some of the elements of this part of ISO 9330-may be the subjec} of patent
rights. 1SO shall not be held responsible for identifying any or all such patent rights.

International Standard ISO 9330-4 was prepared by Technical Committee ISO/TC 17, Steel, Subcommittee SC 19,
Technical deglivery conditions for steel tubes for pressure purposes.

ISO 9330 consists of the following parts, under the general title WWelded steel tubes for pressure pyrposes —
Technical deglivery conditions:

— Part 1: Unalloyed steel tubes with specified room temperature properties

— Part 2: Electric resistance and induction welded cunalloyed and alloyed steel tubes with specifieq elevated
tempergture properties

— Part 3: [Electric resistance and induction welded unalloyed and alloyed steel tubes with spegified low
tempergture properties

— Part 4: |Submerged arc-welded cunalloyed and alloyed steel tubes with specified elevated temperature
properties

— Part 5: $ubmerged arc-welded unalloyed and alloyed steel tubes with specified low temperature properties
— Part 6: Longitudinally'welded austenitic stainless steel tubes

Annex A of this part:ef 1ISO 9330 is for information only.
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INTERNATIONAL STANDARD

ISO 9330-4:2000(E)

Welded steel tubes for pressure purposes — Technical delivery
conditions —

Part 4
Subm

erged arc-welded unalloyed and alloyed steel tubes

with g

1 Sco

This part

section, 1
intended 1
constructi

The requi
taken into
ISO 5730
For the g¢

NOTE

pecified elevated temperature properties

pe

pf ISO 9330 specifies the technical delivery conditions for submerged arc-welded tubes of ci
nade of unalloyed or alloyed steel with specified elevated température properties. Theg
or pressure purposes in cases when the material is also subjecteéd to elevated temperatures
bn of steam generating equipment and for interconnecting pipework.

rements of appropriate international application standards’and relevant national legal regulat
account by the user. For boilers and pressure vessels International Standards 1SO 831, 19
are available.

neral technical delivery requirements, see 1SQ404.

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

2 Nor

The following normative documents-centain provisions which, through reference in this text, constitute

ative references

rcular cross-
e tubes are
, e.g. for the

ons shall be
0O 2604 and

provisions of

this part df 1ISO 9330. For datedrefefrences, subsequent amendments to, or revisions of, any of these| publications
do not apply. However, parties-te’ agreements based on this part of ISO 9330 are encouraged to inyestigate the
possibility] of applying the~muost recent editions of the normative documents indicated below. For undated
referencesg, the latest edition” of the normative document referred to applies. Members of ISO and I[EC maintain
registers ¢f currently valid-International Standards.

ISO 148:1983Y), Steel — Charpy impact test (V-notch).

ISO 377:1997, Steel and steel products — Location and preparation of samples and test pieces fo mechanical

testing.

IS0 404:1992, Steel and steel products — General technical delivery requirements.

ISO 783:1999, Metallic materials — Tensile testing at elevated temperature.

ISO 2566-

ISO 3205:

1:1984, Steel — Conversion of elongation values — Part 1: Carbon and low alloy steels.

1976, Preferred test temperatures.

1) This International Standard has been withdrawn and replaced by ISO 148-1:—, ISO 148-2:1998 and ISO 148-3:1998.
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ISO 3545-1:1989, Steel tubes and fittings — Symbols for use in specifications — Part 1: Tubes and tubular

accessories

with circular cross-section.

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

length.

ISO 4948-1:1982, Steels — Classification — Part 1: Classification of steels into unalloyed and alloy steels based

on chemical

composition.

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

ISO 5173:19
ISO 5177:19
ISO 5252:19
ISO 6761:19
ISO 6892:19
ISO 7438:19

ISO 9765:19
for the deted

ISO 10474:1]

ISO 11496:1
detection of

ISO 12094:1
imperfection

IS0 12096:1
seam for the

ISO 14284:1
composition

3 Symb

3.1 Fund

81, Fusion welded butt Joints N Steel — Iransverse root and face bend test.
81, Fusion welded butt joints in steel — Transverse side bend test.

91, Steel tubes — Tolerance systems.

81, Steel tubes — Preparation of ends of tubes and fittings for welding.

98, Metallic materials — Tensile testing at ambient temperature.

85, Metallic materials — Bend test.

90, Submerged arc-welded steel tubes for pressure purposes.— Ultrasonic testing of the y
tion of longitudinal and/or transverse imperfections.

991, Steel and steel products — Inspection documents.

993, Seamless and welded steel tubes for pressute purposes — Ultrasonic testing of tube e
aminar imperfections.

994, Welded steel tubes for pressure ‘purposes — Ultrasonic testing for the detection
5 in strip/plates used in the manufacturetof welded tubes.

DO6, Submerged arc-welded steel~tubes for pressure purposes — Radiographic testing of
detection of imperfections.

996, Steel and iron —(Sampling and preparation of samples for the determination of

DS

amentahsymbols

D isthe sprecified outside diameter.

eld seam

ds for the

bf laminar

the weld

chemical

T

is the specified wall thickness.

3.2 Symbols for tolerances

See I1SO 5252.
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3.3 Symbols for tests

3.3.1 Tensile test

See I1SO 6892.

3.3.2 Hydraulic test

Pe is the test pressure.

o isthe

4 Info

41 Ma

The purch
a) thed
b) referg
c) dime
d) lengt
e) tolerg
f)  referg
g) steel
h) testg
42 Op
Enquiries

necessary

stress which occurs in the metal during the test.

rmation to be supplied by the purchaser

ndatory information

aser shall state on his enquiry and order the following information:
Enomination “tube”;

bnce to the relevant dimensional standard,;

hsions (outside diameter x wall thickness), see 7.1,

N, see 7.2;

nces if exact lengths greater than 12 m are ordéred, see 7.3.4;
bnce to this part of ISO 9330, i.e. ISO 9330-4;

grade, see Table 3;

ategory for unalloyed steels, see 9.3.1.

ional information

and orders for tubes’in accordance with this part of 1ISO 9330 shall be supplemented, if
by the purchaser;"with the indication of one or more of the following optional requirements

be the sulbject of special’agreements:

a) dime

nsions (inside diameter x wall thickness) see 7.1;

b) steelllnaking process, see 5.1;

t is deemed
which shall

c) delivery condition, see 5.4;

d) speci

al straightness requirements, see 7.3.6;

e) tolerances on the height of the weld seam, see 7.3.2;

f)  bevel

led ends, see 8.2;

g) product analysis, see 10.1.3;

h) tensil

e testing of weld for tubes over 219 mm but less than 508 mm outside diameter, see 10.1.3;

) determination of proof stress at elevated temperature R, 5, see 10.1.3;

© ISO 2000
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)
k)
1)

m)

impact t

specific

type of i

4.3 Exam

est, see 10.1.3;

marking, see 12.3;

protective coating, see 13;

nspection and testing and corresponding document, see 9.2 and 14.

ple of an order

Example of an order conforming to the dimensional standard 1ISO 4200, with an outside diameter of 457 mm, a wall

thickness omemmmmwmwmmﬁﬁm
elevated temperature properties to be submitted to specific inspection and testing to test category ~iny

issuing of arn

Tube

5 Manuf

5.1 Steel
If requested
Steels may

identification
established

5.2 Deox

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

5.3 Prodlict-making process for tubes

inspection document 3.1 B in accordance with ISO 10474:1991.

ISO 4200 - 457 x10-41t0 8 -1SO 9330-4-PH23-1-3.1.B

acturing process

making process
the purchaser shall be informed of the steelmaking processiused.
pe cast in ingots or may be strand cast. When steels of different grades are sequentially s

of the resultant transition material is required. The.preducer shall remove the transition mate
brocedure that positively separates the grades.

dation process

) specified
olving the

frand cast
erial by an

A welded tyibe is obtained by shaping’/a flat-rolled product and then welding the edges. The weld may be

longitudinal

Tubes shall
tube. Unless
that the we
procedure.

Tubes cove
finished” apy

Dr helical.

be submerged arc-welded (SAW) using at least one run on the inside and one run on the out
otherwise agreed; the process of manufacture is left to the discretion of the manufacturer
Iding method 2and welder/welding operator have been approved in accordance with g

ed bysthis part of ISO 9330 may be hot finished or cold finished. The terms “hot finished”
ly-tosthe condition of the tube before it is heat treated, if applicable.

bide of the
provided
qualified

and “cold

5.4 Delivery condition

541

appropriate the heat treatment conditions indicated in Table 2.

542

Tubes covered by this part of 1ISO 9330 shall be delivered in accordance with Table 1 and when

By agreement between the purchaser and the manufacturer the tubes may be delivered in a condition

other than the final delivery condition in which case they shall be suitable for subsequent manipulation and the
purchaser shall be informed of any treatment necessary to obtain the specified properties.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=8029ff69b0018ef65556955ddd4a98da

ISO 9330-4:2000(E)

Table 1 — Delivery conditions

Delivery condition

Grade
Cold formed Hot formed

As-welded, not heat-treated
PH 23, PH 26, PH 29, PH 35 Welded, normalized on full tube
Welded, heat treatment on full tube

16 Mo 3, I3 CrMo 4-5, 11 CrMo 9-10 Welded, heat treatment on full tube

Table 2 — Heat treatment conditions

Austenitizing ) Tempering .
Steel grade Reference heat | temperature Cooling temperature | |Cooling
treatment 2 medium medium
°C °C
PH 23 N b 880-940 Air — —
Unalloyéd PH 26 N b 880-940 Air — —
steels PH 29 N b 880-940 Air — —
PH 35 N b 880-940 Air — —
16 Mo 3 N 890:950 Air — —
As't'gg‘fs‘ 13 CrMo 4-5 N+T 900-960 Air 660-730 Air
11 CrMo 9-10 N+T 900-960 Air 680-750 Air

& N =n¢rmalizing; N + T = normalizing + temglering.

b The hpt finished tubes may be delivered\in the non treated condition at the discretion of the manufacturer proyided that the
hot finishing produces a technically equivalent metallurgical condition. The methods of control to ensure equivalence of
structure ghall be the subject of a previous agreement between the purchaser and manufacturer.

© 1SO 2000 — All rights reserved 5
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6 Metallurgical properties

6.1 Chemical composition

6.1.1 Heat

analysis

The heat analysis reported by the steel producer shall apply and comply with the requirements given in Table 3.

Table 3— Chemical composition (heat analysis), % (m/m)

certificate sha

€ For tubes

| state the level of these elements.

ith wall thickness > 30.mm’the upper limit of the carbon content may be increased by 0,02 % (m/m).

P S Al
Steel drade @ C Si Mn Cr Mo (tetal) || Others
max. max.
max.
RH 23 <0,17 0,10-0,30 |0,30-0,80 0,035 0,03 — — — b
b
Unalloyed FH 26 <0,21 0,10-0,35 (0,40-1,20 0,035 0,03 — =y —
steels FH 29 < 0,22 0,10-0,40 (0,65-1,40 0,035 0,03 — — — b
RH 35 <0,22¢ [0,15-0,55 |1,00-1,50¢| 0,035 0,03 — — — b, d
16 Mo 3 0,12-0,20 €| 0,15-0,35 |0,40-0,80 0,035 0,03 =4 0,25-0,35 0,02 b
Asltlgztlasd 13 CrMo 4-5 |0,10-0,17 € 0,15-0,35 |0,40-0,70 0,035 0,03 0,7-1,1 |0,40-0,60 0,02 b

11 CrMo 9-10] 0,08-0,15 |0,15-0,40 |0,30-0,70 0,035 0;03 2,0-2,5 |0,90-1,20 0,02 b
NOTE Elerhents not included in this table should not be intentionally added without the agreement of the purchaser except far elements
which may be]added for deoxidation and finishing of the heat. All reasonable precautions should be taken to prevent the addition gf elements
from scrap or|other materials used in the manufacture, but residual elements.may be present provided that the mechanical properties and
applicability afe not adversely affected. If the amount of residual elements:is likely to affect the weldability of the steel, the cont¢nt of such
elements (hedt analysis) should be stated in the documents mentioned inclause 14.
& Classificat{on in accordance with ISO 4948-1; designation in accordance with ISO/TR 4949.
b A maximuth copper content of 0,25 % (mMym) may be requested by the purchaser in order to facilitate subsequent forming operations.
€ For tubes with wall thickness > 30 mm the upper limit’of the carbon content may be increased by 0,02 % but (C + Mn/6) $hall never
exceed 0,47 % (m/m).
d At the discyetion of the manufacturer additions of niobium, titanium and vanadium are permitted up to levels permitted for the non-alloyed
steels listed ih 1ISO 4948-1:1982, unless otherywise agreed upon between the purchaser and the manufacturer. In such a cage the test

© 1SO 2000 — All rights reserved
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6.1.2 Product analysis

If a product analysis is required (see 10.1.3), the permissible deviations given in Table 4 shall apply to the heat
analysis specified in Table 3.

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

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

Content specified for the Permissible deviation
Element heat analysis

% (m/m) % (mym)
C < 0,22 +0,03
Si < 0,55 + 0,05
Mn < 1,50 +0,10
P < 0,035 +0,005
S < 0,030 + 0,005
Cr < 2,50 +0,10
<0,35 +0,04

Mo
>0,30< 1,20 +0,05
Al < 0,020 + 0,005

© 1SO 2000 — All rights reserved 7
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6.2 Mechanical properties

6.2.1 Atroom temperature
The mechanical and technological properties of the tubes covered by this part of 1ISO 9330, measured at room

temperature (23 °C £5 °C, see ISO 3205), to be obtained on test pieces selected, prepared and tested in
accordance with clause 9, shall comply with the requirements of Table 5.

Table 5 — Mechanical properties at room temperature

Tensile test Bend test Impact
test
Tensile Rop OF Ry O Rig 5 min. for Elongation P
strength i a ] :
Steel|grade g wall thickness A min. Diameter Transverse
of the .
mandrel
Rn <16mm | >16mm > 40 mm t
<40 mm < 60 mm
N/mm?2 N/mm?2 % mm J
H 23 360-480 235 225 215 25 23 3T 27
Unalloyed | PH 26 410-530 265 255 545 21 19 4T 27
steels H 29 460-580 290 280 270 23 21 4T 27
H 35 510-640 355 335 315 19 17 4T 27
16 Mo 31 450-600 2704d 270 260 22 20 4T 27 ¢
As't'gﬁsd 3 CrMo 4-5 440-590 290 d 290 280 22 20 4T 27
11 CrMo 9-10 480-630 280 280 280 20 18 4T 27

& For wall thicknesses > 60 mm, the values to be obtained shall be the subject of agreement between the purchaser and the njanufacturer
at the time of drdering.

b | = longitudinal; t = transversal.
€ Applicablg for wall thicknesses > 30 nim) unless otherwise indicated.

d  For wall thicknesses < 10 mm the minimum value of yield strength may be increased by 10 N/mm?2.

e

Applicable for wall thicknesses> 10 mm.

8 © 1SO 2000 — All rights reserved
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6.2.2 At elevated temperature

6.2.2.1

Proof stress

The minimum proof stress Rp0,2 values at elevated temperatures are indicated in Table 6.

ISO 9330-4:2000(E)

Table 6 — Minimum 0,2 % proof stress (Rpo,z) values at elevated temperature

RPO,Z
N/mm?
Steel wall
grade thickness 2 Temperature
°C
150 200 250 300 350 400 450 500 5530 600
<16 185 165 145 127 116 110 106 — —+ —
PH 23 >16<40 | 183 | 16.4 | 145 | 127 | 116 | 10V 106 | — 4 —
>40 < 60 172 159 145 127 116 110 106 — —+ —
<16 216 194 171 152 141 134 130 — —+ —
Un- PH 26
alloyed >16 < 40 213 192 171 152 141 134 130 — —+ —
steels >40 < 60 204 lea 171 252 141 134 130 — —+ —
<16 247 223 198 177 167 158 153 — — —
PH 29 >16<40 | 242 | 220 |98 | 177 | 167 | 158 | 183 | — 4 —
>40 < 60 236 217 198 177 167 158 153 — —+ —
PH 35 < 60 270 255 235 215 200 180 170 — —+ —
16Mo3 < 60 237 224 206 173 159 155 150 145 —+ —
Alloyed

steels || 13 CrMo 4-5 < 60 230 220 210 183 169 164 161 156 150 145
11 CrMo 9-10 < 60 241 233 224 219 212 207 194 180 140 137

2 Valugs for wall thicknesses<50 mm are subject to agreement between the purchaser and the manufacturer.

6.2.2.2 | Stress-rupture properties
The long fefim Stress rupture property (o) values at elevated temperatures are indicated in annex A. |t is stressed

that they are given for information only.

6.3 We

Idability

Steels intended for the production of tubes covered by this part of 1ISO 9330 are generally regarded as being
weldable. However, account should be taken of the fact that the behaviour of the steel during and after welding is
dependent not only on the steel, but also significantly, on the condition of preparing and carrying out the welding.

© 1SO 2000 — Al rights reserved
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7 Dimen

sions, masses and tolerances

7.1 Diameters, wall thicknesses and masses

The outside diameters, wall thicknesses and masses of the tubes covered by this part of ISO 9330 should be
selected from those given in ISO 4200.

By agreement between the purchaser and the manufacturer tubing specified by inside diameter and wall thickness
can be supplied. In such a case the dimensions and the tolerances required should be agreed upon at the time of

enquiry and order.

7.2 Lengths

7.2.1 It shall be stated on the enquiry and order whether the tubes are to be delivered with randorn
see 7.2.2, of with exact lengths, see 7.2.3.

7.2.2 If the tubes are to be delivered with random lengths, the length range shall be agreed upon at t
inquiry and grdering.

7.2.3 If th¢ tubes are to be delivered with exact lengths, the length tolerances given in 7.3.4 shall apply
7.3 Tolerpnces

7.3.1 Tolefances on outside diameter and on wall thickness (excluding the weld)

The outside [diameters and the wall thicknesses of the tubes covered by this part of ISO 9330 shall be
tolerance linjits given in Table 7, see 9.3.2.2.

Within areas

result of instructions required for the performance of monh-destructive testing, it is permissible to exceed

deviation on
thickness re

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

the outside diameter by a small amount over a length of not more than 1 m, provided
mains within the lower tolerance limits:

Tab

le 7 — Tolerances on outside'diameter and on wall thickness (excluding the weld sean

Tolerances on
(see ISO 5252)

D T

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

+ 0,75 % with a min. of
+0,5mm

n lengths,

he time of

within the

e.g. as a
the minus
that wall

10

© 1SO 2000 — All rights reserved
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7.3.2 Tolerances on the height of the weld seam

The heights of the external and internal weld seam shall be within the tolerance limits indicated in Table 8
(see 9.3.2.2).

Table 8 — Tolerances on height of weld seam

733 M
Radial mi

for w

— forw

7.3.4 Td

for le

— forle
For length
735 O
The ovalit

Ovali

Where D]
Cross-sec

Wall thickness (T) Maximum height of external and
internal weld seam reinforcement
mm mm
T<8 3
8<T<14,2 3,5
T>14,2 4.8

salignment of plate edges at the weld
balignment of the abutting plate or strip edges shall not exceed the following limits:

il thicknesses < 12,5 mm: 1,6 mm;

lerances on exact lengths

+10 mm
0

ngths < 6 m:
ngths > 6m < 12m: *15™"

s > 12 m, the applicable tolerance shall be agreed upon between the purchaser and the man

ality
y shall be determined.as a percentage using the following formula, see 1SO 3545-1:

ty = 100 Dmax— I:)min
D

Lax @ng-D,,;, are respectively the maximum and the minimum outside diameters measured
fion.

Il thicknesses > 12,5 mm: 12,5 % of specified wall thickness or 3,2 mm, whichever is the smaller.

Lifacturer.

in the same

For tubes

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

For tubes having D > 406 mm the ovality shall not exceed 2 % if the D/T ratio is < 100. If the D/T ratio is > 100 the

tolerance

7.3.6 St

on ovality shall be agreed upon between the purchaser and manufacturer.

raightness

All tubes shall be reasonably straight. The deviation from straightness shall not exceed 0,002 x L where L is the
length. Deviation from straightness over any one metre length shall not exceed 3 mm.

Special requirements regarding straightness shall be the subject of an agreement between the purchaser and the
manufacturer.

© ISO 2000
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8 Techn

ical delivery conditions

8.1 Appearance and soundness

8.1.1

accordance with this part of ISO 9330.

8.1.2

The tubes shall be free from such defects as can be established by visual inspection and testing in

The tubes shall have a finish and internal and external surface condition typical of the manufacturing

process and, when applicable, the heat-treated condition. The finish and surface condition shall permit surface
imperfections or marks requiring dressing to be identified.

8.1.3 It sh
the thicknes

8.1.4 Surf
be deemed

8.15 Ald

8.1.6 The
identified du
8.1.7.

8.1.7 The
found by ex
0,5 mm.

8.1.8 Ifsu
of what is cq
to dressing ¢

8.1.9 Rep
welding are

NOTE R

8.2 Prep3

Tubes are n
the time of

all be permissible to dress, by grinding or machining, surface marks and imperfections prg
5 of the tube after dressing does not fall below the minimum permitted wall thickness.

pce imperfections which encroach on the minimum wall thickness shall be considered defects
hot to comply with this part of ISO 9330.

ressed areas shall blend smoothly into the contour of the tube.
manufacturer shall explore, by grinding, a sufficient number of surface marks and imp

Fing visual inspection to provide assurance that these have been evaluated to ensure compl

manufacturer shall, subject to the limitations given in 8.1.8, dress surface marks and img
bloration in accordance with 8.1.6 to be deeper than 5,%:0f the specified thickness but not|

rface imperfections acceptable under 8.1.7 are not scattered and/or appear over a large area|
nsidered to be an acceptable surface conditio’ithen tubes shall be rejected or alternatively
1s agreed upon between the purchaser and the manufacturer.

hirs to the parent metal of the tubes shall only be carried out by grinding or machining. H
hot permitted.

Epairs to the weld seam are permitted, in accordance with an established procedure.

ration of ends

brmally delivered with’square cut ends. By agreement between the purchaser and the manu
prdering they can-also be delivered with bevelled ends, see ISO 6761. The ends shall be

excessive buirrs.

8.3 Deliv

When the tu

pry conditions

bes.are delivered in the heat-treated condition the parameters given in Table 2 shall apply.

vided that

and shall

erfections

ance with

erfections
less than

in excess
subjected

eening or

acturer at
free from
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Inspection and testing

9.1 Type of inspection and testing

The inspection and testing procedure for deliveries in accordance with this part of ISO 9330 shall be as specified in
ISO 404.

9.2 Types of the inspection document

Tubes delivered in accordance with this part of ISO 9330 shall be provided with an inspection certificate, 3.1.B, in

accordangewittrtSO-1t0474see4:2;
NOTE If inspection document 3.1.C or 3.2 is specified the purchaser should notify the manufacturer_6f'the 4
organizatign or person nominated by him to carry out the inspection and to produce the certificate of confermity.
The inspection documents supplied shall contain at least the following information:
a) refer¢nce to the order;
b) desciiption of products to which the inspection document applies;
c) information on tests as follows:
1) location of sample, direction of test pieces and test temperature;
2) tensile test — test piece shape and test results;
3) bend test — test piece shape and test results;
4) chemical composition — the heat analysis and if applicable the product analysis;
5) NDT — type of test and result;
6) impact test — test piece size and result if applicable;
7) leak tightness test — requirements of the order;
d) the hgat treatment carried-out;
e) authgntication that theproducts comply with the requirements of the order.
9.3 Prdduct inspection and testing
9.3.1 GTneraI

ddress of the

Unalloyed steel tubes shall be subjected to the tests for category | in Table 9 unless category Il is specified at the
time of enquiry and order, see 4.1.

© 1SO 2000 — Al rights reserved
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Alloy steel tubes shall be subjected to the test for category Il in Table 9.

Table 9 — Test categories

Test category
Tests Reference I "
Heat analysis 6.1.1 X X
Visual inspection 9.3.21 X X
Dimensional testing 9.3.2.2 X X
Leak tightness 9.3.3 X X
Tensile test on tube body at room temperature 10.1.3 K X
i\gztnsdato Y | Tensile test on weld at room temperature 10.1.3 X X
Bend test 10.1.3 X X
Non-destructive testing of the weld 9:3.4 X X
Non-destructive testing of the body of the tube for laminations 9.3.4 - X
Non-destructive testing of tube ends for laminations 9.34 - X
Material identification for alloy steels 9.4 - X
Optional Product analysis 10.1.3 X X
tests Tensile test at elevated temperature 10.1.3 X X
(see 4.2) Impact test of the tube body at room temperature 10.1.3 X X
9.3.2 Visupl inspection and dimensional check
9.3.2.1  V|sual inspection
Every tube ghall be visually inspected for-compliance with the requirements of 8.1 and 8.2.
9.3.2.2 Djmensional testing
The dimensipns of the tube shall be checked for compliance with the requirements of clause 7.
The tolerang¢e on diametér is normally measured across the diameter but, for a tube where D > 406 mm, this
tolerance may be measured by a circumference tape. Unless otherwise specified at the time of enquiry |and order

the wall thickness_shall be measured at the tube ends.

The ovality ghathbe measured across the diameter on the tube ends.

9.3.3 Leak tightness testing

Every tube shall be submitted to a leak tightness test.

9.3.4 Non-destructive testing

Every tube shall be subjected to a non-destructive test of the weld seam, see 11.8.1. All tubes of test category Il
shall be submitted to a non-destructive test for the detection of laminations in the tube body and at the tube ends,

see 11.8.2.

14
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9.4 Material identification

Each alloy steel tube shall be tested using an appropriate method in order to ensure that the correct grade has
been supplied.

10 Samples

10.1 Frequency of tests

10.1.1 General

For prodycts supplied according to this part of 1SO 9330 the verification of mechanical properties |and product
analysis, if applicable, shall be carried out by test units. A test unit is defined as tubes of the same stegl grade, the
same cagt, the same manufacturing process (using the same type of filler wires), the same nomina| dimensions
and, if applicable, subjected to the same finishing treatment in a continuous furnace of‘heat treated|in the same
furnace clharge in a batch-type furnace.

The number of tubes per test unit shall comply with the parameters given in Table-10.

Table 10 — Number of tubes per testcunit

) ) Number:ofitubes per test unit 2
dutside diameter range
Category | Category Il
D < 1143 400 200
1143< D < 3239 200 100
3239< D 100 50

& Anl residual fraction of the test unit is considered as a test unit.

10.1.2 |[Number of samples per t€st unit

The number of samples sufficient for the preparation of the tests specified in 10.1.3 shall be:
— one gample tube pertest’ unit for test category I;

— two spmples tubé&per test unit for test category Il;

— for tept units-with less than 20 tubes only one sample is required.

10.1.3 Tvne and numbeaer of tactc
1. —ypeah e HuHRBe—o+tests

The following tests shall be carried on each sample:
a) one tensile test on the tube body, see 11.2;

b) one tensile test on the weld for tubes with outside diameter > 508 mm. Weld tensile tests are not carried out
on tubes of outside diameter < 219 mm. Tests for tubes of diameter > 219 mm but < 508 mm shall be agreed
at the time of enquiry and order, see 11.3;

c) two weld bend tests, see 11.5;

d) one set of three impact tests on the tube body when required, see 11.6;
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e) one product analysis when required, see 11.1;

f)

one elevated temperature tensile test on the tube body when required, see 11.4.

10.2 Preparation of samples and test pieces

10.2.1 Selection and preparation of samples for chemical analysis

Samples for product analysis shall be taken from the test pieces or samples for mechanical testing or from the
whole thickness of the tube at the same location as for the mechanical test samples, in accordance with

ISO 14284.

10.2.2 Lochtion, orientation and preparation of samples for mechanical tests

10.2.2.1 General

Samples andl test pieces shall be taken at the tube ends and in accordance with the requirements of ISO B77.
10.2.2.2 Tensile test pieces on the tube body

The test pieges shall be taken at a distance from the weld and heat affected’zone in a direction transvgrse to the
axis of the tube in accordance with the requirements of 1ISO 6892. At the discretion of the manufacturer the test
pieces may pe taken in the longitudinal direction.

10.2.2.3 Tensile test pieces on the weld

The test piefe shall be a strip section taken transverse to _the weld with weld at the centre of the test piece and
shall represént the full wall thickness of the pipe from which the specimen was cut. Weld reinforcement may be
removed at the discretion of the manufacturer.

10.2.2.4 Elevated temperature tensile lest

The test pie¢e shall be taken adjacent to the test piece used for the tensile test at room temperature and prepared
in accordange with 1ISO 783.

10.2.2.5 Bpnd test pieces on the'weld

The test pie¢es shall be in ac¢erdance with ISO 5173 for root and face bend tests and 1SO 5177 for transyerse side
bend tests with the weld atsthe centre of the test piece.

For tubes having a thickness < 20 mm, one face bend and one root bend shall be carried out on test pieces not
less than 40|mm wide*

For tubes Having a thickness > 20 mm, one face bend and one root bend test or alternatively, ahd at the

manufacturer's discretion, two side bend tests shall be carried out.

The face and root bend test pieces shall be machined from a circumferential strip to a rectangular section nominally
40 mm wide x 20 mm thick. The side bend test pieces shall be machined to a rectangular section nominally 10 mm
wide x 20 mm thick.

10.2.2.6 Impact test pieces

The test pieces shall be taken from the tube body transverse to the tube axis and shall be V-notch test pieces in
accordance with 1ISO 148. The axis of the notch shall be perpendicular to the surface of the tube.

Flattening of the tube to provide the test piece is not permitted.
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11 Test methods and results

11.1 Chemical analysis
The elements to be determined and reported shall be those given in Table 3. The choice of a suitable physical or

chemical analytical method for the analysis shall be at the discretion of the manufacturer. In case of dispute the
method used shall be agreed upon taking into account the relevant existing ISO standards.

11.2 Tensile test pieces on the tube body

The tests phattbetarmedoutatToonT termperature T accordarce witt tSO-6892mmordertodetermmime the following:

a) tensile strength (R,);
b) uppef yield strength (R.) for the specified yield strength in Table 5;

c) if a yleld phenomenon is not present, the 0,2 % proof strength (RpO,Z) or the 0,5'% total extension (R 5) shall
be dgtermined. In cases of dispute, the 0,2 % proof strength (Rpo,z) shall apply;

d) percgntage elongation after fracture, with reference to a gauge length’ of 5,65 S,. If other gquge lengths
are (sed, the percentage elongation value for a length L, = 5,65™§, using the conversion taljles given in
ISO 2566-1;

where
L, is [he original gauge length;
S is fhe original crosss-sectional area of the parallel test piece.

See clause 4 of ISO 6892:1998.

11.3 Tensile tests on the tube weld
The test ghall be carried out at room temperature in accordance with 1ISO 6892 in order to determine the following:

a) tensile strength (R,).

11.4 E|evated temperature tensile tests

If specifigd at thetime of enquiry and order the test shall be carried out in accordance with 1$O 783 at a
temperatyre selected by the purchaser from Table 6 and which is also specified at the time of enquify and order.
The following is determined:

a) 0,2 % proof strength (R,q 5).

11.5 Bend tests

The tests shall be carried out in accordance with ISO 7438 using a mandrel of a diameter in accordance with the
parameters given in Table 5. Tests shall be carried out to an angle of 120° and after testing the following
requirement shall be met:

a) the test piece shall show no cracks or flaws, but slight premature failure at the edges shall not be considered
cause for rejection.
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11.6 Impact tests

If specified at the time of enquiry and order the test shall be carried out at room temperature in accordance with
ISO 148. The mean value of the three test pieces shall be taken, and shall meet the minimum average value given
in Table 5 subject to the following:

a) only one individual value may be below the specified minimum average value and then only up to a maximum
of 30 % below;

b) if the above criteria are not met the second set of test pieces shall be prepared and tested in accordance with
ISO 148 and the six tests shall meet the following requirements:

1) thg mean value of the six tests shall meet the specified minimum average value given in Table-5;

2) two of the six values may fall below the specified minimum value but only one by moreythan 30 %.

11.7 Leak tightness test
The leak tighitness tests are carried out hydraulically and the test pressure is defined-by/the following equation:

oxT

=20
P D

where:

pe is fhe test pressure in bar;

D s the specified outside diameter in millimetres;
T is the specified thickness in millimetres;

o s the the stress, in newtons per square:tillimetre, corresponding to 80 % of the specified minimum value
of the yield strength, see Table 5.

The test shajl be carried out at the pressure*pg or 80 bar whichever is the lower.
The test pregsure shall be maintaiged-for not less than 10 s for any leakage to be observed.
11.8 Non-destructive testing

11.8.1 Non-destructive testing of the weld

The uItraso%ic teSting shall be carried out to acceptance level 3 in accordance with 1SO 9765:1990 [or, at the

manufacturdr’s-discretion, radiographic testing to image quality class R2 in accordance with ISO 12096:1996 shall
be used. Acteptance limits_are gi\/nn in11.9

11.8.2 Non destructive test for laminations

11.8.2.1 Ultrasonic non-destructive testing for laminations in the tube body shall be carried out in accordance
with ISO 12094. The acceptance level shall be agreed at the time of enquiry and order.

11.8.2.2 Ultrasonic non-destructive testing for laminations at the tube ends shall be carried out in accordance
with ISO 11496.
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11.9 Radiographic acceptance limits

Any one of the following imperfections shall be judged unacceptable:

ISO 9330-4:2000(E)

a) cracks, lack of penetration, lack of fusion as indicated by radiographic examination;

b) slag inclusions or gas pocket discontinuities of a size and distribution that exceed those given in Tables 11

and 12.

Table 11 — Elongated slag inclusion type discontinuities (see Figure 1)

Maxlmum dimensions Minimum separation . .
Maximum number in-any 150 mm &
mm mm
15 x 10 150 1
15x 5 75 2
15 x 3 50 3

&  The maximum accumulated length of elongated slag discontinuities in any 150 mm shall not exceed 10 mm.

g
Example L: one 10 mm discontinuity
> [~
Example 2: two 5 mm discantinuities
o o o

Example 3: three 3 mm discontinuities

Figure 1 — Examples of maximum distribution patterns of indicated elongated slag inclusion type

© 1SO 2000 — Al rights reserved
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Table 12 — Circular slag inclusion and gas pocket type discontinuities (see Figure 2)

Size of discontinuity

Adjacent size

Minimum separation &

Cc

The maximum size of circular slag discontinuity for thicknesses of 6,5 mm and smaller
shall be 2,5 mm.

Two discontinuities 1 mm or smaller may be as.close as one diameter apart provided
that they are separated from any other discontinuity by at least 10 mm.

mm mm mm
3b 3 50
3b 15 25
3b 1 12
3b 0,5 10
1,5 1,5 12
15 1 10
1,5 0,5 5
1 1 5¢C
1 0,5 5¢
0,5 0,5 3c

2  The sum of the diameters of all discontinuities in any 150 mm shall not exceed

6,5 mm.

b
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