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FOREWORD 

ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO Member Bodies). The work of developing 
International Standards is carried out through ISO Technical Committees. Every 
Member Body interested in a subject for which a Technical Committee has been set 
up has the right to be represented on that Committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the Technical Committees are circulated 
to the Member Bodies for approval before their acceptance as International 
Standards by the ISO Council. 

International Standard ISO 2604/ll (originally ISO/DIS 2605) was drawn up by 
Technical Committee ISO/TC 17, Steel, and circulated to the Member Bodies in 
October 197 1. 

lt has been approved by the Member Bodies of the following countries : 

Australia India 
Austria Ireland 
Belgium Italy 
Czechoslovakia Japan 
Denmark Korea, Rep. of 
Egypt, Arab Rep. of Netherlands 
Finland New Zealand 
Germany Portugal 
Hungary Romania 

The Member Bodies of the fo 
document on technica I grounds : 

South Africa, Rep. of 
Spain 
Switzerland 
Thailand 
Turkey 
United Kingdom 
U.S.S. R. 

Ilowing countries expressed disappr ,oval of the 

France 
Norway 
Sweden 
U.S.A. 

0 International Orgahization for Standardkation, 1975 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 2604/11-1975 (E) 

Steel products for pressure purposes - Quality requirements - 
Part II : Wrought seamless tubes 

1 SCOPE AND FIELD OF APPLICATION 

This International Standard specifies the quality 
requirements for plain end wrought seamless tubes for 
pressure purposes manufactured from the steel types listed 
in table 3. 

NOTE - The word “tube” is synonymous with “Pipe”. 

This International Standard does not cover : 

a) casing, tubing, drill pipe and Iinepipe for use by the 
oil and natura1 gas industries, and 

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

2 REFERENCES 

ISO/ R 85, Bend test for steel. 

ISO 148, Steel- Charp y impac t test ( V-no tch). 1 ) 

ISO/ R 165, Flanging test on steel tubes. 

lSO/R 166, Drift expanding test on steel tubes. 

lSO/R 202, Flattening test on steel tubes. 

lSO/R 205, Determination of proof stress and proving test 
for steel at eleva ted tempera tures. 

ISO 375, Steel- Tensile testing o f tubes. 

lSO/R 377, Selection and preparation of samples and test 
pieces for wrought steel. 

ISO/ R 404, General technical delivery requirements for 
steel. 

ISO/ R 643, Micrographic determination of the austenitic 
grain size of steels. 

ISO/R 783, Mechanical testing of steel at elevated 
tempera tures - Determination of lower yield stress and 
proof stress and proving test. 

ISO 2566/1, Steel - Con version 0 f elonga tion values - 
Part l : Carbon and /OW alloy steels. 

ISO 260511, Steel products for pressure purposes - Der?- 
vation and verification of elevated temperature properties - 

1) At present at the Stage of draft (revision of lSO/R 148). 

2) At present at the Stage of draft. 

Part / : Yield or proof stress of carbon and low alloy steel 
products.2) 

ISO 2605/lI, Steel products for pressure purposes - Deri- 
vation and verification of elevated temperature properties - 
Part // .= Proof stress of austenitic steel products.2) 

ISO 2694, Pressure vessels.2) 

ISOIDATA No. 1, Summary of average stress rupture 
properties for wrought boiler and pressure vessel steels for 
times o f 10 000 hours to 250 000 hours and master curves. 

3 GENERAL REQUIREMENTS 

3.1 Information to be supplied by the purchaser 

3.1.1 The purchaser shall state on his enquiry and Order 
the requirements given below : 

a) the tube dimensions and tolerantes (see 3.8); 

b) the steel type (see table 3); 

c) the test category (see 3.11); 

d) the inspection procedures and type of documents 
(see 3.9, 3.15, 4.2 and 5.2). 

3.1.2 Certain alternatives are permitted by this Inter- 
national Standard and the purchaser may also state on his 
enquiry and Order his requirements as follows, but if no 
such Statement is made, supply will be at the Option of the 
manufacturer : 

e) the deoxidation practice (see 3.2.3); 

f) heat-treatment condition of supply (see 3.4); 

g) if a product (check) analysis is required (see 3.5.2); 

h) if additional mechanical tests are required (see 
3.6.1.2); 

i) any special requirements for freedom from defects 
(see 3.7.2); 

j) any special straightness requirements (see 3.7.4); 
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ISO 2604/1 I-l975 (E) 

k) if special protection is required (see 3.7.6); 

if cast Separation is required (see 3.12.1.3); 

m) if room temperature impact tests are required and, 
if so, the number of test pieces (see 3.12.1.6); 

4 if the hydraulic test is to be omitted (see 3.12.3); 

0) if a 
appropria 

drift expanding or flanging 
te, is required (see 3. 13.3); 

test, when 

p) the details of non-destructive tests, if required (See 
3.13.6); 

q) if elevated temperature proof stress tests are 
required and, if so, the testing temperature selected from 
table 5 (see 4.2.2.2); 

s) if a maximum topper content is required (see table 
3, note 1). 

3.2 Manufacture of the steel 

3.2.1 Unless otherwise stated on the enquiry and Order, 
the steelmaking process and the deoxidation practice within 
the provisions of 3.2.2, 3.2.3 and table 3 will be at the 
Option of the steel manufacturer. 

3.2.2 The steel shall be produced by the open hearth, 
electric or one of the basic Oxygen processes. Other 
processes may be used by agreement between the interested 
Parties’) . If he so requests, the purchaser shall be informed 
of the steelmaking process used. 

3.2.3 Deoxidation practice shall be as defined in table 3 
for the steel type specified. 

NOTE - ISO documents covering the use of tubes for pressure 
purposes place additional Iimitations on deoxidation practice for 
certain applications. For such applications the purchaser shall ensure 
that these Iimitations are stated on the enquiry and Order. 

3.3 Manufacture of the product 

The tubes shall be manufactured by a seamless process and 
may be hot-finished or cold-finished. The terms “hot- 
finished” and “cold-finished” apply to the condition of 
the tube before it is heat-treated in accordance with 3.4. 

3.4 Heat treatment 

3.4.1 The tubes shall be supplied in the hot-finished 
condition or the heat-treated condition given in table 3 for 
the particular steel type ordered. Where more than one level 
of properties is specified in table 3 for a given steel type, 
the level required shall be stated on the enquiry and Order. 

3.4.2 By agreement between the interested Parties, the 
tubes may be delivered in a condition other than the final 
heat-treated condition according to table 3, in which case 
they shall be suitable for subsequent manipulation and the 
purchaser shall be informed of the heat treatment necessary 
to give the required properties (see also 3.6.1 and 3.12.1.4). 

3.5 Chemical composition 

3.5.1 Ladle analysis 

The steel shall show on Iadle analysis the composition given 
in table 3 appropriate to the steel type specified. 

3.5.2 Produc t analysis 

3.5.2.1 if a check analysis on the product is required, the 
permissible deviations given in table 4 shall apply to the 
ladle analysis specified in table 3 for samples taken from 
the Standard Position (see 3.5.2.2). 

If a check analysis for acceptance purposes is required, this 
shall be stated on the enquiry and Order. 

3.5.2.2 If a check analysis on the product is required, the 
number of samples to be taken shall be agreed between the 
interested Parties. 

The samples shall be taken either from the test pieces used 
for the verification of the mechanical properties, or from 
drillings through the whole thickness of the tube at the 
Same location as for the mechanical test samples. 

The requirements of 3.2 and 3.3 of ISO/R 377, covering 
the method of selection and preparation sf samples for 
Chemical analysis, shall apply. 

3.5.3 Cases of dispute 

In cases of dispute, the methods for Chemical analysis shall 
be in accordance with the relevant ISO documents. If no 
ISO document is available, the method to be used shall be 
agreed between the interested Parties. 

3.6 Mechanical and technological properties 

3.6.1 Mechanical properties 

3.6.1.1 The mechanical properties at room temperature to 
be obtained on test pieces selected, prepared and tested in 
accordance with 3.12.1 and 3.13 are given in table 3. 

3.6.1.2 If heat treatments which are different from, or 
additional to, the normal reference heat treatment are to 
be carried out after the delivery of the tubes (which may 
have an adverse effect on the mechanical properties), the 
purchaser may require, at the time of enquiry and order-, 
additional mechanical tests on additional samples which 

1) Such as the user-, purchaser and 
and /or certifying authority. 

manufacturer of the equipment, the Producer of the supplied construction material and the inspection 
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ISO 2604/11-1975 (El 

have been given heat treatments different from, or ad- 
ditional to, those in table 3. In this case the heat 
treatment of the samples and the mechanical properties to 
be obtained on them shall be agreed between the interested 
Parties at the time of enquiry and Order. 

NOTE - The mechanical properties tan be affected by heating or 
reheating during fabrication. Purchasers who intend to heat or 
reheat any of the steels are advised to discuss the application and 
proposed heating or reheating treatment with the supplier. 

3.6.2 Weldability 

The steels covered by this International Standard are 
generally regarded as being weldable. However, the general 
weldability of any of the steels, but especially of the steels 
with relatively high alloy content, cannot be guaranteed as 
the behaviour of the steel during and after welding is 
dependent not only on the steel but also on the welding 
conditions and the final use for which the steel is 
employed. Therefore, where appropriate, the welding 
procedure shall be agreed between the interested Parties at 
the time of enquiry and Order. 

3.7 Appearance and soundness 

3.7.1 The tubes shall have a workmanlike finish and shall 
be clean and free from such surface and internal defects as 
tan be established by the test category (see 3.11). 

3.7.2 Any special requirements for freedom from defects 
shall be agreed between the interested Parties at the time of 
enquiry anc Order. 

3.7.3 The 
and interna 
shall apply. 

requirements for surface defects, rectification 
defects given in 8.1, 8.2 and 8.3 of lSO/R 404 

3.7.4 The tubes shall be reasonably straight. Complete 
straightness cannot be guaranteed. Special requirements 
regarding straightness shall be the subject of agreement. 

3.7.5 The ends shall be tut Square with the axis of the 
tube. 

3.7.6 The tubes may be supplied uncoated or with the 
manufacturer’s Standard mill protective coating, unless 
otherwise specified. 

3.8 Dimensions and tolerantes 

3.8.1 The dimensions shall be in accordance with the 
appropriate ISO document. 

3.8.2 The tolerantes on the outside diameter and 
thickness of the tubes depend upon the method of 
manufacture, the steel type and the heat treatment and 
shall be selected from the appropriate ISO document. 

3.8.3 The requirements of 8.4 of lSO/R 404 shall apply. 

3.9 Inspection procedures 

The purchaser shall indicate on his enquiry and Order which 
of the five inspection procedures listed in clause 4 of 
lSO/R 404 is to be followed. 

NOTE - The inspection procedure selected shall, if appropriate, be 
compatible with the requirements of the ISO document covering the 
use of the product. 

3.10 General rules for carrying out acceptance tests 

The requirements of clause 5 of ISO/R 404 covering the 
following shall apply : 

a) place of acceptance; 

b) Submission for inspection; 

c) rights of the inspector; 

d) acceptance. 

3.11 Test categories 

The tubes shall be subjected to the tests given in table 1 
below for the appropriate test category. 

TABLE 1 - Test categories 

Visual inspection 

Hydraul ic 

Tensile 

Flattening or bend 

Drift expanding 
or flanging 

Non-destructive 
testi ng 

X X X X 

X X X2) X2) 

X X X X 

X X X X 

X X 

X2) X2) 

1) If required, an impact test at room temperature may be carried 
out for any of the test categories (sec 3.12.1.6). 

2) See 3.12.3. 

3.12 Number, selection and preparation of samples and 
test pieces 

3.12.1 Mechanical tests at room temperature 

3.12.1.1 The requirements of 2.3 and 2.4 of lSO/R 377, 
covering the identification and preparation of samples and 
test pieces, shall apply. 

3.12.1.2 For test categories I I and I II, the number of 
tubes on which mechanical tests at room temperature are to 
be performed shall be as follows : 

a) up to and including 323,9 mm outside diameter : 
one tube in each 200 tubes as made; 

3 
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ISO 2604/1 I-l975 (E) 

b) over 323,9 mm 
100 tubes as made. 

outside diameter : one tube in each 

The samples shall be taken at random from batches 
containing not more than 200 tubes as presented for 
inspection. If the number of samples specified in this 
clause, when applied to a particular Order, necessitates a 
number of tubes which includes a fraction, the fraction 
shall be treated as unity. 

A batch is a convenient quantity of tubes of the Same type 
of steel, diameter and thickness, such that a suitable 
number of Sample tubes taken at random from a batch for 
purposes of test will adequately represent the whole batch. 

3.12.1.3 For test categories IV and V, the number of 
tubes on which mechanical tests at room temperature arc to 
be performed shall be as follows : 

4 not heat-treated : 2 % of the tubes from each batch; 

b) heat-treated : 2 % 
heat-treatment batch. 

of the from each 

For tubes not heat-treated, a batch shall consist only of 
tubes of the same diameter and thickness and of the same 
steel type. For tubes which are heat-treated, a batch shall 
consist only of tubes of the Same diameter and thickness, 
and of the same steel type, subjected to the Same finishing 
treatment in a continuous furnace, or heat-treated in the 
same furnace Charge in a batch-type furnace. 

Cast Separation may be carried out when specified on the 
enquiry and Order and agreed between the interested 
Parties. 

NOTE - Cast Separation is required for all tubes having specified 
elevated or low temperature properties and which are subjected to 
acceptance tests for these properties. 

3.12.1.4 The test Sample shall be tut from the tube after 
final heat-treatment. If the tubes are to be delivered in a 
condition different from the specified final heat-treatment 
condition, the test samples shall be in the reference 
heat-treatment condition required by table 3. 

3.12.1.5 From each tube selected for testing, one test 
piece shall be prepared for each of the mechanical tests 
required by 3.1 1. 

For the tensile test, the test piece may be taken 
longitudinally or transversely at the Option of the 
manufacturer. The dimensions of the test piece shall 
comply with the appropriate ISO document. 

For the bend test, the test piece shall consist of a 
circumferential Strip tut from the tube and of full thickness 
of the tube or, for large tubes, a test piece machined from a 
circumferential Strip to a rectangular Cross-section 
38 mm X 19 mm. The edges may be rounded to a radius of 
1,6 mm. 

3.12.1.6 Where the dimensions of the tube permit the taking 
of a full size (10 mm X 10 mm) test piece, and if agreed 
between the interested Parties, or if required by the 

application code (see for example ISO 2694) one or, if 
agreed at the time of enquiry and Order, three V-notch 
impact test pieces shall be taken from one of the tubes 
selected. 

The form and dimensions of the test pieces shall be in 
accordance with ISO 148. 

The test pieces shall be tut so that the longitudinal axes are 
transverse to the longitudinal axis of the tube. The notch 
shall be perpendicular to the original surface of the tube. 

3.12.2 Visual inspection 

Every tube shall be inspected. 

3.12.3 Hydraulic test 

A hydraulic test shall be carried out on each tube except 
that, by agreement between the interested Parties, the 
hydraulic test may be omitted for tubes of test categories 
IV and V which have been ultrasonically tested for 
acceptance purposes in accordance with the annex. 

3.12.4 Non-destructive testing 

All tubes to test categories IV and V 
non-destructive tested for accepta nee purposes. 

3.13 Test methods and test results 

shali be 

3.13.1 Tensiie test at room tempera ture 

3.13.1.1 The tensile test shall be carried out in accordance 
with ISO 375. 

3.13.1.2 The tensile strength ß,, the lower yield stress 
ß eL or proof stress ß,, and the elongation A shall be 
determ ined. The results obtained shall meet the 
requirements given in table 3. 
For acceptance purposes, the proof stress (total elongation) 
R, may be determined. The 0,5 % proof stress (total 
elongation) R,o,5 shall be used for ferritic steels having a 
specified Iower yield stress ReL or 0,2 % proof stress 
(non-proportional elongation) ß,o,*. The 1,O % proof stress 
(total elongation) ß,, o shall be used for austenitic steels 
having a specified 1 ,o % proof stress (non-proportional 
elongation). However, in cases of dispute, the Iower yield 
stress Re,, or proof stress (non-proportional elongation) 
ß P 02 (ß pl o for austenitic steels), shall be determined. 

The percentage elongation shall be reported with reference 
to a 5,65 6 gauge length. If other gauge lengths are used, 
the corresponding elongation on 5,65 6 should be 
obtained by reference to ISO 2566/1. In cases of dispure, a 
gauge length of 5,65 6 shall be used. 

3.13.2 Flattening or bend test 

3.13.2.1 At the Option of the manufacturer, and as 
determined by the dimensions of the tube, either a 
flattening test (see 3.13.2.2) or a bend test (see 3.13.2.3) 
shall be carried out. 
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ISO 2604/1 I-l975 (E) 

3.13.2.2 The flattening test shall be carried out in 
accordance with lSO/R 202. The test piece shall show no 
Crack or flaw when the distance between the platens is not 
greater than the value given by the formula : 

H (1 +Cb - -- 
C-l-alD 

where 

H is the distance, in millimetres, between platens; 

3.13.5 Hydraulic test 

Every tube, except as provided in 3.12.3, shall be 
hydraulically tested at the manufacturer’s works. 

The hydraulic pressure for all test categories shall be 1,5 
times the design pressure, but not greater than the pressure 
calculated from the formula : 

where 

p 20Sa 2zz- 
D 

P is the test pressure, in bars; 
a is the specified thickness, in millimetres; 

D 
D is the specified outside diameter, in millimetres; 

is the specified outside diameter, in millimetres; 

C is a constant depending on the steel type (see 
table 3). 

3.13.2.3 The bend test shall be carried out in accordance 
with lSO/R 85. The test piece shall be doubled over, cold, 
in the direction of original curvature, round a bar of the 
diameter specified in table 3 as being appropriate to the 
steel type specified. lt shall show no Crack or flaw, but 
slight premature failure at the edges shall not be considered 
a Cause for rejection. 

3.13.3 Drift expanding or flanging tes t 

Unless otherwise agreed at the time of enquiry and Order, it 
is at the Option of the tube manufacturer whether or not a 
drift expanding or flanging test is carried out. 

3.13.3.1 The drift expanding test shall be carried out in 
accordance with lSO/R 166. The test piece shall, without 
cracking, be expanded by a mandrel having an included 
angle of 30°, 45” or 60” at the Option of the manufacturer, 
to increase the outside diameter by the amount specified in 
table 3 as being appropriate to the steel type specified. 

3.13.3.2 The flanging test shall be carried out in 
accordance with lSO/R 165. The outside diameter of the 
flange shall exceed the outside diameter of the tube by the 
amount shown in table 3 as being appropriate to the steel 
type specified. After flanging, the tube shall show no Crack 
or flaw. 

3.13.4 Impact test at room temperature 

3.13.4.1 The impact test shall be carried out in accordance 
with ISO 148. 

3.13.4.2 If one test piece is used, the value obtained shall 
meet the requirements given in table 3. 

3.13.4.3 If three test pieces are used, the average value 
obtained shall meet the requirements given in table 3. One 
individual value may be below the specified value provided 
that it is not less than 70 % of that value. 

a is the specified thickness, in millimetres; 

S is the stress, in newtons per Square millimetre, which 
shall be taken as 80 % of the minimum yield stress at 
room temperature for ferritic steels and 70 % of the 
minimum 1 ,O % proof stress (non-proportional elong- 

atiod, ß,l,o, at room temperature for austenitic steels 
as specified in the Order. 

The test pressure shäll be maintained sufficiently long for 
proof and inspection. Any tube failing to withstand the 
hydraulic pressure test shall be deemed not to comply with 
this International Standard. 

3.13.6 Non-destructive testing 

Non-destructive testing shall be carried out on tubes tested 
to quality categories IV and V by a method to be agreed 
between the interested Parties. If the tubes are to be 
ultrasonically tested, the annex shall be used as the basis for 
agreement. 

3.14 Retests 

The requirements of 6.5 and 7.6 of lSO/R 404 shall apply, 
except in the case of impact tests, where the average of the 
results on three test pieces shall be taken. In this latter case 
the following procedure shall be used : 

If the average of three impact values is lower than the 
specified value, or if any one value is lower than 70 % of 
this specified value, three additional test pieces shall be 
taken from the same Sample and tested. The average value 
of the six tests shall be not less than the specified value. 
Not more than two of the individual values may be lower 
than the specified value and not more than one may be 
lower than 70 % of this value. 

3.15 Documents 

The purchaser shall state at the time of enquiry and Order 
which of the documents permitted by clause 4 of 
ISO/R 404 are to be provided (see also 3.9). 

3.16 Marking 

3.16.1 The tubes shall be legibly marked to show : 

a) the identif ication 
given in table 3; 

Symbols for the type of steel as 
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b) the brand of the manufacturer of the tubes; 4.2.2.3 
TESTS 

VERIFICATION WITHOUT ACCEPTANCE 

Cl a designation of the method of manufacture; 
The elevated temperature proof stress values shall be 
verified by the procedure given in clause 3 of ISO 2605/1 
or, in the case of austenitic steels, ISO 2605/11. The 95 % 
Iower confidence limits of the elevated temperature proof 
stress values which are necessary for the application of that 
procedure are given in figures 1 to 13 for the various steel 
types. 

d) Symbols 
cert if icates, 

letters or 
st pieces a 

num bers which re late the test 
oduc ts to each other. ie nd pr 

316.2 If paint is used for marking, it shall be free of lead, 
topper, zinc and tin. 

3.16.3 On small diameter tubes which are bundled or 
boxed, the information in 3.16.1 may be marked on a tag 
securely attached to the bundle or box in which they are 
shipped. 

4.2.3 Stress rupture properties. 

For steel tubes supplied to this International Standard, the 
average stress rupture properties given in table 6 are valid 
provided that : 

a) the product has been manufactured strictly in 
accordance with the technical requirements of this 
International Standard, to ensure that the stress rupture 
requirements are complied with : 

4 SPECIAL REQUIREMENTS FOR TUBES IN STEEL 
TYPES HAVING SPECIFIED ELEVATED TEMPERA- 
TURE PROPERTIES 

b) the Producer of the stee I su ppl ies a Statement to 
effe Ict, which shal I be ag reed bY the in te rested Parties 

this 

4.1 Mechanical properties 

5 SPECIAL REQUIREMENTS FOR TUBES IN STEEL 
TYPES HAVING SPECIFIED LOW TEMPERATURE 
PROPERTI ES 

4.1 .l For the steel types which have specified elevated 
temperature properties, the minimum eievated temperature 
proof stress values, derived in accordance with clause 2 of 
ISO 2605/1 (in the case of austenitic steels, ISO2605/ll), 
are given in table 5. 5.1 Mechanical properties 

For the steel types which have specified low temperature 
properties, the minimum longitudinal Charpy V-notch 
impact values are given in table 7 (see also 5.2.6) 

4.1.2 For the same steel types, average stress rupture 
properties are given in table 6. 

5.2 Verification and testing 4.2 Verification and testing 

5.2.1 Al I the test c ategories shown 
the tubes covered by this sub-clause. 

in 3.11 shall apply to 4.2.1 All the test categories shown in 3.11 apply. 

4.2.2 Eleva ted temperature proo f stress 
5.2.2 Tests shall only be carried out if so stated on the 
enquiry and Order and if the thickness of the tube is 
>6mm. 

4.2.2.1 The elevated temperature proof stress values shall 
be verified either by elevated temperature acceptance 
testing or by the procedure given in clause 3 of ISO 2605/1 
or, in the case of austenitic steels, in ISO 2605/lI. 

NOTE - International Standards covering the use of tubes in the 
construction of pressure vessels include mandatory iow temperature 
test requirements. 

4.2.2.2 VERIFICATION BY ACCEPTANCE TESTS 

5.2.3 If low temperature impact tests are required, the 
number of tubes on which impact tests are to be carried out 
shall be : 

One test shall be made on each cast using a test Sample 
prepared in accordance with 3.12.1, and with the test piece 
taken at a Position adjacent to one of the test pieces used 
for the tensile test at room temperature. If tubes or more 
than one thickness are to be supplied from one cast, then 
the test shall be made on the thickest tube. 

a) not heat-treated : one tube per batch; 

b) he at- treated : one tube per heat-treatme nt batch 
where a heat-trea tment batch is as defined in 3.1 2.1.3. 

The proof stress tests at elevated temperature shall be 
carried out in accordance with ISO/R 205 or ISO/R 783 at 
a temperature selected from table 5 and agreed between the 
interested Parties at the time of enquiry and Order. 

5.2.4 From the samp!e tube, three longitudinal ISO 
V-notch test pieces shall be prepared, the form and 
dimensions of which shall be in accordance with ISO 148. 

The test pieces shall be tut so that the longitudinal axes are 
transverse to the longitudinal axis of the tube. The notch 
shall be perpendicular to the original surface of the tube. 

For retests the requirements of 6.5 of ISO/R 404 shall 

aPPlY - 
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ISO 2604/11-1975 (El 

5.2.5 The tests shall be carried out in accordance with 
ISO 148 at a temperature selected from table 7 and agreed 
between the interested Parties at the time of enquiry and 
Order. 

5.2.6 The average vaiue of the three tests shall meet the 
requirements given in table 7. One of the three individual 
values may be below the specified minimum average value 
of table 7 provided it is not less than 70 % of that value. 

5.2.7 For retests the following procedure shall be used : 

If the average of three impact values is lower than the 
specified value, or if any one value is lower than 70 % of 
this specified value, three additional test pieces shall be 
taken from the same Sample and tested. The average value 
of the six tests shall be not less than the specified value. 
Not more than two of the individual values may be lower 
than the specified value, and not more than one may be 
lower than 70 % of this value. 
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ISO 2604/ll-1975 (E) 

ANNEX 

ULTRASONIC TESTING OF TUBES FOR LONGITUDINAL DEFECTS 

(All dimensions are the nominal specified dimensions.) 

A.1 METHOD OF TEST 

A.l.l The tubes shall be tested for defects of a 
predominantly longitudinal Character using an ultrasonic 
technique. 

A.1.2 The tubes to be tested shall be sufficiently straight 
and the surfaces shall be free from any foreign matter that 
interferes with the interpretation of the test- 

A-l.3 During testing, the tubes or search units shall be 
moved so that the probes traverse the tube surface in a 
helix. Unless otherwise agreed between purchaser and 
manufacturer, the pitch of the helix shall be 25 mm (1 in) 
maximum per probe. 

A.l.4 By agreement between purchaser and manufacturer, 
the testing shall be in either one or both directions of beam 
travel. 

A.2 CALIBRATION STANDARDS 

A.2.1 The ultrasonic equipment shall be calibrated using a 
longitudinal Standard notch on the outside and inside 
surfaces, or the outside surface, of a tubular test piece 
according to the specification requirements, usually in the 
“as supplied” condition. If the test pi’ece is machined, the 
minimum notch depth may be reduced. (See 8.2.2.4.3.) 

If the tube is of ferritic steel, the test piece shall be of 
ferritic steel; if the tube is of austenitic steel, the test piece 
shall be of austenitic steel. The test piece shall have the 
Same nominal diameter and thickness as the tube to be 
tested. 

Extemal and internal Standard notches, where used, need 
not be further apart than a distance sufficient to make the 
Signals distinguishable. 

A.2.2 
follows 

The dimensions of the Standard notches shall be as 

A.2.2.1 Shape and location 

The Standard notch shall lie in a longitudinal direction. The 
sides shall be nominally parallel and the bottom shall be 
nominally Square to the sides. 

A.2.2.1.1 Over 15 mm (0.59 in) bore, both external and 
internal notches shall be used. 

From 15 mm (0.59 in) bore to 10 mm (0.4 in) bore 
inclusive, the internal notch may be used, at the 
manufacturer’s Option. 

Below 10 mm (0.4 in) bore, the internal notch shall not be 
used. 

A.2.2.1.2 The internal Standard notch shall not be used 
when the D/a ratio is less than 4. 

A.2.2.2 Length 

Standard notch length (at full depth) 

50 mm (2 in) minimum 

A.2.2.3 Width 

Standard notch width 

1 mm (0.04 in) maximum for tubes up to and including 
25 mm (1 in) thick. 

1,5 mm (0.06 in) maximum for tubes over 25 mm (1 in) 
thick. 

A.2.2.4 Depth 

Standard notc h depth shal I be 5 % of the specified 
thickness, with the following l imitations : 

A.2.2.4.1 Tolerante on depth : + 15 % of Standard notch 
depth with + 0,05 mm (+ 0.002 in) minimum. 

A.2.2.4.2 For Dia ratios between 4 and 5 the internal 
Standard notch depth shall be in accordance with table 2. 

Diameter r ratio Dia 
Internal standard notch depth 

ratio 
Thickness Extemal standard notch depth 

5 

4,75 

4,5 

4,25 

lt6 
13 

22 
2,5 
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ISO 2604/ll-1975 (E) 

A.2.2.4.3 For all tubes except those in A.2.2.4.4, A.2.2.4.5, 
and A.2.2.4.6. 

Minimum depth : 0,3 mm (0.012 in), except that where the 
test piece is machined the minimum depth shall be 0,2 mm 
(0.008 in). 

Maximum depth : 1,5 mm (0.06 in). 

A.2.2.4.4 Maximum depth for austenitic tubing : 

for tubes less than or equal to 50 mm (2 in) thickness : 
1,5 mm (0.06 in) 

for tubes with thickness greater than 50 mm (2 in) : 3 % of 
specif ied thickness. 

A.2.2.4.5 For cold-finished austenitic steel tubes, and for 
ferritic steel tubes containing more than 12 % chromium 
with thickness less than 3 mm (0.12 in), the minimum 
depth shall be 0,2 mm (0.008 in). 

A.2.2.4.6 Tubes for nuclear application 

Minimum depth : 0,2 mm (0.008 in) for normal 
applications, 0,l mm (0.004 in) for the most severe 
appl ications. 

Maximum depth : As in A.2.2.4.3 and A.2.2.4.4. 

A.3 CALIBRATION AND CHECKING OF EQUIPMENT 

A.3.1 The ultrasonic equipment shall be adjusted so that it 
detects the Signals from both the internal and external 
Standard notches (or the Signal from the external Standard 
notch, where only an extemal Standard notch is used). 
During calibration, the rotational Speed of automatic 

equipment, 
equipment, 
test. 

or th e Speed o f movement of hand-operated 
shal I be compa rable to that used during the 

A.3.2 If, on checking during production testing, either or 
both Standard notches are not detected, then all tubes 
tested since the previous check shall be retested after the 
instrument has been recalibrated. 

A.4 ACCEPTANCE 

A.4.1 Any tube that does not produce a Signal greater 
than the Signal from the Standard notch shall be deemed to 
have passed this test. 

A.4.2 Where a Signal greater than that from the Standard 
notch is obtained, the imperfection shall be examined for 
depth which if found to be less than the depth of the 
Standard notch shall be ignored. Its depth shall not be 
deducted from the thickness. 

A.4.3 lmperfections having a depth greater than the 
Standard notch may be removed, provided that the 
thickness remaining after removal is not less than the 
permissible minimum. The tube shall then be retested 
ultrasonically, and if the tube no longer produces a Signal 
greater than the Signal from the Standard notch, it shall be 
accepted. Alternatively, the length of tube containing the 
defect may be tut off, and the remainder shall be deemed 
to have passed the test. 

A.4.4 Acceptance of a tube shall be the subject of a 
special agreement between the purchaser and the 
manufacturer if it tan be proved that the defect causing the 
Signal greater than the Signal from the Standard notch does 
not penetrate the tube surface. 
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ISO 2604/ll-1975 (E) 

NOTES TO TABLE 3 

1) Elements not quoted in the table shall not be intentionally added without the agreement of the purchaser other than for the purpose of 
finishing the heat. All reasonable precautions shall be taken to prevent the addition of such elements from scrap or other materials used in the 
manufacture, but residual elements may be present provided the mechanical properties and applicability are not adversely affected. 

If the level of residu al elements is important in relation to the properties or weidability of the steel, the cast (tadle) 
shall be reported. 

analysis for such elements 

If the purchaser so requires, for reasons of formability, etc., a maximum Cu content of 0,25 % may be imposed. 

2) For permissible deviations on product (check) analysis, see table 4. 

3) All steels shall be fully killed, except TS 1, TS2, TS4 and TS9, which may be semi-kil led. See also note in 3.2.3. 

4) Where a maximum Al met Of O,Ol 2%0 r 0,020 % is specified, determin 
the specif ied value, shal I be deemed to meet this requirement. 

Where a minimum Al met Of 0,015 % is specified, determination of the total aluminium content shall be 
provided the total a luminium tonten t value obtained is not less than 0,018 %. 

of the total aluminium content, provided it does not exceed 

deemed to meet this requirement, 

In cases of dispute, the metallic aluminium content shall be determined. 

5) Alternatively, an austenitic grain size of 6 or finer, determined in accordance with ISO/R 643, tan be agreed. 

6) By agreement between the interested Parties, aluminium may be replaced by other elements having a similar effect. 

7) ReL= lower yield stress 

RPQ 2 = 0,2 % proof stress (non-proportional elongation) 

Rp,,0 = 1,O % proof stress (non-proportional elongation) 

Rm = tensile strength 

A = percentage elongation after fracture on ww length, Lo = 5,65 6 

KV= ISO V-notch impact strength 

D = maximum diameter of mandrel 

a = thickness of test piece 

D, = outside diameter 

Di = inside diameter 

8) A = annealed, HF = hot-finished, N = normalized, Q = quenched, SCA = subcritical annealed, T = tempered 

9) For acceptance purposes, total elongation proof stress may be used. (See 3.13.1.2.) 

IO) a = air, f = furnace, 0 = Oil, w = water. 

11) W < 0,70 % may be added, if agreed. 

12) For design purposes, the vaiues given in table 5 apply. 
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ISO 2604/1 I-l975 (E) 

TABLE 4a - P ermitted deviation from the specified composition 
for carbon and carbon-manganese steels 

from the specified 
composition 

TABLE 4b - Permitted deviation from the specified composition 
for low and medium alloy steels excluding manganese steels 

Chromium 

Vanadium < 0,35 k 0,03 

TABLE 4c - Permitted deviation from the specified composition 
for high alloy and austenitic steels 

> 0,03 --- 0,25 

< 0,40 -- 0,70 
> 0,70 - l,o 

> 0,030 - 0,040 
> 0,040 - 0,050 

Chromium 

Titanium and 

1) 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 cast. When maxima on9y are specified, the deviations are 
positive only. The values are valid only if the samples were selected according to 3.5.2.2. 

2) These values apply only to fully killed and semi-killed steels and shall be considered as provisional until more confident data are available. 
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ISO 2604/11-1975 (EI 

TABLE 5 - Minimum lower yield stress (Re,) or 0,2 % proof stress (ßpO,$ values at elevated temperature 

Steel 
Re, min. or Rp0.2 min. 31, N/mm2 

No. 

TS 2 

TS 5 

TS 9H 

Reference heat 
treatmentl f2) 

Temperature, o C 
! 

205) 505,6) 100 150 200 250 300 350 400 450 500 550 600 650 700 
, 

/ 

176 172 168 158 147 125 100 91 88 87 

195 192 187 176 165 145 122 111 109 107 

’ 

TS 14 

/ 

HF, N 220 217 210 199 188 170 149 137 134 132 

245 241 234 223 212 195 177 162 159 156 

. 

. 
TS 18 260 256 249 237 226 210 193 177 174 171 

TS 26 N 247 245 243 237 224 205 173 159 156 150 146 

TS 32 N+T 268 254 240 230 220 210 183 169 164 161 156 151 146 
. 

I TS 33 1 N+T I 270 I 266 ~259~248~235r218r192r18411771 1681155114811351 I 1 c -- - I I I 
TS 34 a) A 129 121 108 99 92 85 80. 76 72 69 66' 

h\ lit I -r b 

SG 1 272 268 261 253 245 236 230 224 218 205 189 167 145 
I 

TS 374) 
a 

A 

I TS 38 l a) A 1 130 1 115 1 981 881 791 781 771 761 751 74) 71) 1 1 1 1 
b) N+T 398 386 363 348 334 330 326 322 316 311 290 235 

TS 40 N+T 435 425 407 378 349 328 317 310 305 292 272 
. , I I 
I TS 48 I Q l 195 I ~132~120(109~100~ 931 871 841 811 791 781 761 1 1 

TS 54 a) Q 1070/1140 
b) Q 950/1070 

I TS 56 I Q 1 205 i I171~16211531 14911391 13311291 1251 1231 1221 1201 

I TS63 I Q I 205 1 ~155~144~132~121~113~ 10711011 981 951 921 901 891 88 1 

674) 
1 1 

TS 
, 

215 

VS 684) 
I 205 

TS 6g4) 165 . 1 

1) A = annealed, N = normaiized, Q = quenched, HF = hot-finished 

2) For temperatures and cooling conditions see table 3. 

3) If a yield phenomenon is pronounced, ß,L is valid. If a yield phenomenon is not pronounced, ßp0,2 is valid. 

4) Until vajues for lower yield stress and proof stress, derived in accordance with clause 2 of ISO 2605/1 or, in the case of austenitic steels, 
ISO 2605/1 I are available for these steels, the values shall be agreed between the interested Parties at the time of enquiry and Order. 

5) Values at 20 “C and 50 “C are included for design purposes only and are not subject to verification. 

6) Values at 50 “C have been obtained by interpolation. 

GENERAL NOTE - Values are subject to revision when more data become available. 
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ISO 2604/ll-1975 (E) 

TABLE 7 - Impact properties at low temperature 

1) A = annealed, N = normalized, Q = quenched, T = tempered, HF = hot-finished. 

2) For temperatures and cooling conditions see table 3. 

3) V-notch test pieces, iongitudinal. 

4) Single values not less than 70 % of the average value. 

5) The values apply to Standard 10 mm X 10 mm test pieces. Where it is necessary to use subsidiary Standard test pieces, the values shall be 
agreed between the interested Parties. 
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ISO 2604/11-1975 (E) 
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FIGURE 1 - 95 % LCL lines for : 

Steels : TS2, TS5, TSSH, TS14, TS18 (C and CMn) 

Heat treatment : Normalized, hot finished 
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FIGURE 2 - 95 % LCL linesfor : 

Steel : TS 26 (0,3 % Mo) 

Heat treatment : Normalized and normalized + tempered 
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ISO 2604/ll-1975 (E) 
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h?-l : Nlmm2 

FIGURE 3 - 95 % LCL Ilines for : 

Steel : TS32 (1 Cr 0,5 Mo) 

Heat treatment : Normalized and tempered 
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ISO 2604/1 I-l975 ( 
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Sreel : T-s33 (Op5 aJy p&-J ‘&! 

i-leat treatrre-it : Nsrrna~ised and tempcred 
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ISO 2604/1 I-l975 (E) 
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FIGURE 5 - 95 % LCL linosfor : 

Steel : TS 34 (2,25 Cr 1 Mo) 

Heat treatment : Annealed 
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FIGURE 6 - 95 % LCL ilinesfor : 

Steel : TS 34 (2,25 Cr 1 Mo) 

Heat treatment : Normalized and tempered 
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ISO 2604h I-l975 (E) 

440 460 480 500 520 540 560 580 

Rm : N/mm2 

FIGURE 7 - 95 % LCL Iinesfor : 

Steel : TS38 (9 Cr 1 Mo) 

Heat treatment : An nealed 
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