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Foreword

This edition of BS 3604, prepared under the direction of
the Iron and Steel Standards Committee, has been
metricated and extensively revised technically.

BS 3604 is one of a series of standards specifying require-
ments for steel pipes and tubes for pressure purposes.
The others are as follows:

BS 3601 Steel pipes and tubes for pressure purposes:
carbon stee! with specified room temperature
properties;

BS 3602 Steel pipes and tubes for pressure purposes:
carbon and carbon manganese steel with
specified elevated temperature properties;

BS 3603 Steel pipes and tubes for pressure purposes:
carhon and alloy steel with specified low
temperature properties;

BS 3605 Seamless and welded austenitic stainless steal
pipes and tubes for pressure purposes.

Account has been taken of current procedures for the
production of searmless and welded pipes and tubes, and the
types of steel included are those in most common industrial
use. Attention is drawn to the inclusian of 9 % chromium
molybdenum and 12 % chromium molybdenum vanadium
steels to which appropriate designations have been assigned.

Q746

Tables

1. Chemical compaosition, mechanical properties
at room temperature, and heat treatment
2. Permitted deviations from the specified
compositions
. Parameters for lower confidence lines: steel
type 620-460: 1 % chromium 0.5 % maoly-
bdenum {normalized)
. Parameters for lower confidence lines:
stee! types 620-440: 1 % chromium
0.5 % molybdenum (normalized and tempered),
and 621: 1.25 % chromium 0.5 % molybdenum
{normalized and tempered}
. Parameters for lower confidence lines:
steel type 660: 0.5 % chromium
0.5 % rmolybdenum 0.25 % vanadium {normalized
and tempered)
. Parameters for lower confidence lines:
steel type 622: 2.25 % chromium
1 % molybdenum {normalized and tempered

. Parameters for lower confidence lines:
steel type 625: 5 % chromium 0.5 % maoly-
bdenum (annealed)

. Parameters for lower confidence lines:
steel type 629-470: 8 % chromium 1 % moly-
bdenum {annealed)

. Parameters for lower confidence lines:
steel type 629-590: 9 % chromium 1 % moly-
bdenum {normalized and tempered)

. Parameters for lower confidence lines:
steel type 762: 12 % chromium molybdenum
vanadium {normalized and tempered}

Figure

1. Example of lower confidence lines
(for steel type 622)

As far as possible, composition ranges of the steels included
have been aligned with those agreed internationally within
the International Organization for Standardization (1S0O).
Elevated temperature vield or proof stress values now
included are those derived by the procedure described in
BS 3920. Estimated average stress-rupture values also are
given. Additionally, provision is made for application of
the related procedure for verifying that a product
consistently meets specified levels of elevated temperature
values.

Dimensions of tubes appropriate to this standard are now
specified separately in BS 3600. Details of methods for
converting percentage elongations are specified in

BS 3894 : Part 1.

Tubes complying with the requirements of this standard
may now be supplied to two test categories, one of which
requires mandatory non-destructive testing.

The appropriate British Standard for the design and
construction of boilers, pressure vessels, pipework, etc.
should be consulted for requirements relating to the
application and permissibie design stress for products
_ made to this standard. o i
The BES| committee {1SE/73) responsible for the
preparation of this British Standard recommends that
purchacers should consider, when ordering tubes to this
"standard, including in their order a requirement for
'compliance with BS 5750 : Part 2.

NOTE. For the purposes of this standa:-f ne di{femmm nt

in the meaning between ‘pipe’ and “tule’ 2! hcugh idiomatic use -
1 A5

prefers sometimes the one and sometimes the others
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British Standard Specification for

Steel pipes and tubes for pressure purposes:
ferritic alloy steel with specified elevated

temperature properties

1. Scope

1.1 This British Standard specifies requirements for piain
end seamless, electric resistance welded and induction
welded, ferritic alloy steel tubes suitable for pressure
purposes.

1.2 Diameters and thicknesses of the tubes appropriate
to this standard should preferably be selected from

BS 3600 : 1976, table 1. Tubes complying with the require-
ments of this standard may also be supplied to the
dimensions given in BS 1600 : Part 2.

1.3 Tubes manufactured in accordance with this standard
have specified room temperature properties and specified
proof stress values at elevated temperatures.

1.4 This standard provides for two categories of room
temperature® test procedure, designated categories 1 and 2
{see clause 13). Test category 1 requires non-destructive
acceptance testing instead of hydraulic testing.

Category 1 in this standard is equivalent to category |V

in 1S0O 2604 : Parts [l and [1l; category 2 in this standard
is equivalent to category Il in ISO 2604 : Parts 1 and I
1.5 Long-term elevated temperature stress-rupture values
for the materials specified are given in appendix D.

The data may be used for design purposes.

2. References
The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Information to be supplied by the purchaser

3.1 The purchaser shall state the following in his enquiry

and order:
{a) the number of this British Standard, the method of
manufacture of the tube, the type of steel and the
category of test, as expressed by the appropriate
designation (see clause 4}, e.g. BS 3604: HFS 621: Cat 1;
{b) the tube dimensions, g.g. outside diameter, thickness
and length (see 1.2};

{c) the quantity in metres or number of lengths.

*In case of dispute, room temperature is taken as 20°C.
11 bar = 10° N/m? = 100 kPa.

3.2 Certain alternatives are permitted by this standard and
the purchaser may also state in his enquiry and order his
requirements as follows {but if no such statement is made
supply will be at the option of the manufacturer}:

{a) the steelmaking process (see clause 5);

{h) whether a check analysis on the product is
required (see 7.2);

{c) the heat treatment candition of supply {see clause 8);

(d) whether additional mechanical tests are required
(see 9.1};

{e] any special requirements for surface preparation or
freedom from defects {see 10.2):.

{f} any special requirements regarding straightness
{see 10.7)
{q) whether closer tolerances are required {see clause 11);

(h} whether he or his iepresentative desires to witness
mechanical or other tests and the name of the Inspecting
Authority, if any (see clause 12);

(i} whether room temperature impact tests are required
and the values to be chtdined (see 14.1.7 and 15.3};

{i} whether the hydraulic leak tightness test or the eddy
current test is to be carried out (see 14,3} and, if the
former, the hydraulic test pressure required if in excess
of 140 bart (see 15.4);

(k) whether alternative non-destructive tests are
required {see 15.5); ‘

{I} whether a pratective coating other than the
manufacturer’s mill coating is required (see clause 19};

(m) whether special protection of the tubes for transit
is required {see clause 19);

{n} the marking required {see 20.1);

{o} whether verification of elevated temperature
proof-stress values is required {see 21.2,1} and the
temperature selected from appendix B at which the
value is to be verified {see 21.2.2 and 21.2.3).

{r) whether any incompletely tested length at each end
of the tube is to be reported, cut off, or tested by an
agreed alternative procedure (see note 2 to 14.3},

Documents
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4. Designation

The tubes shall be designated by the number of this
British Standard and by one of the references given below
indicating the method of manufacture, together with

the reterence indicating the type of steel and the test
category,

Method of manufacture Reference

HFS
CFS§
ERW

Hot finished seamless

Cold finished secamless

Electrie resistance welded and induction welded
Cold finished electric resistance welded

and induction welded CEW

Reference
number

Type of steel

1% chrom:ium 0.5 % molybdenum (normalized) | 620-460%
1 % ehromium 0.5 % molybdenum {(normalized
and tempered)

1.25 % chromium 0.5 % maolybdenum

0.5 % chromium 0.5 % molybdenum

0.25 % vanadium

2.25 % chromium 1 % molybdenum

5 % chromium 0.5 % molybdenum

9 % chromium 1 % molybdenum {annealed)

9 % chromium 1 % molybdenum (normalized
and tempered)

12 % chromium molybdenum vanadium 762"
1.25 % nicke! copper molybdenum nighium_ 591"

620-440
621

660*
622*
625>
629-470"

629-500*

*Welded tubes to this standard are not available in 1hese alloys,
tAvailable in thicknesses up to and including 12,5 mrn,

Example, BS 3604: CFS 660: Cat. 1 designates cold
finished seamless tubes in 0.5 % chromium

0.5 % molybdenum 0.25 % vanadium steel tested to
category 1.

5. Manufacture of the steel

5.1 General. Unless otherwise stated in the enquiry and
order, the steelmaking process and the deoxidation practice
within the provisions of 5.2 and 5.3 shall be at the option
of the steel manufacturer.

5.2 Steelmaking process. The steel shall be produced by

the open hearth, an electric or one of the basic oxygen
Pracesses. Other processes may be used by agreement
between the purchaser and the manufacturer. If he 50
requests, the purchaser shall be informed of the steelmaking
nrocess used.

5.3 Deoxidation. All steels shall be fully Kilted.

8. Manufacture of the product

6.1 The tubes shatl be manufactured hy one of the
following processes.

{a) Searnfess tubes. The tubes shall be manufactured by
a seamless process and may he 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 clause 8.

{b) Welded tubes. The tubes shall be manufactured
from either hot or cold-ralled stee! strip longitudinally
welded continuously by the passage of an clectric
current across the abutting edges without the addition
of filler metal.

0948

For welded tubes of both test categories, ultrasonic or any
equivalent testing method shall be used for the continuous
examination of the weld area. This examination is made
for the purpose of quality contral during the process of
manufacture by a method and at a place chosen by the
manufacturer.

The tubes may be as welded, hot finished or cold finished.
The terms ‘as welded’, ‘hot finished’ and ‘cold finished’
apply 1o the condition of the tube before it is heat treated
in accordance with clause B.

6.2 The range of dimensions in which the tubes are

availe .ie is dependent upon the method of manufacture.
The thicknesses available are also dependent upon the
diameter. The dimensional limitations generally applicable
to this standard are as follows.

Qutside
diameter

Methad of manufacture Maximum

thickness

mm

33.7 to 457
10.2 to 457 20

mm

Hot finished seamless {HF S}

Cold finished seamless {CFS}

Electric resistance welded and
induction welded (ERW)

Cold finished electric resistance
welded and induction
welded (CEW)

10.2 to 168.3] 10

10.2t0139.7| 10

Larger sizes may be supplied by agreement between the
purchaser and the manufacturer.

7. Chemical composition

7.1 Ladle analysis. The steel shall show on ladle analysis
the composition given in table 1 appropriate to the steel
type specified. Residual incidenta! elements shall be
restricted to the following:

tin 0.03 % max.
copper 0.25 % max.
nickel 0.30 % max.

7.2 Product analysis. If a check analysis on the product is
carried out, the permissible deviations given in table 2
apply to the ladle analysis specified in table 1 for samples
taken from the standard position. If a check analysis for
acceptance purposes is required this shall be stated in the
enquiry and order and the number of samples shall be
agreed between the purchaser and the manufacturer,

The samples shall be taken either from the test pieces
used for the verification of the mechanical properties or
from the tube at the same location as for the mechanical
test samples.

In cases of dispute, the methods of chemical analysis shall
be in accordance with British Standard Handbook No. 19,

8. Heat treatment

8.1 Except as provided for in 8.2, the tubes shall be
supplicd in the heat treated condition as given in table 1.

8.2 By agreement between the purchaser and the manu-
facturer the tubes may be delivered in a condition other
than the final heat treated condition given in table 1,

in which case they shall be suitable for subsequent
manipulation and the purchaser .jall be infnrmed of

the heat treatment necessary 1o give the required
properties (see also 9.1 and 14.1.3).
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9. Mechanical properties and weldability

9.1 Mechanical properties. The mechanical properties at
rogm temperature to be obtained on test pieces selected,
prepared and tested in accordance with clauses 14 and 15
are given in table 1. For the requirements for values at
elevated temperatures see clause 21,

If heat treatments different from, or additional to,

the normal reference heat treatment {which may have an
adverse effect on the mechanical properties) are to be
carried out after the delivery of the tubes, the purchaser
may request, at the time of enquiry and order, additional
mechanical tests on samples that have been given heat
treatments different from, or additional to, those given in
table 1. In this case, the heat treatment of the samples,
and the mechanical properties to be obtained from tests
on them, shall be agreed between the purchaser and the
manufacturer at the time of enquiry and order.

9.2 Weldability. The steels covered by this standard are
generally regarded as being weldable. However, care should
be taken and welding should be carried out in accordance
with the requirements of the appropriate British Standards
for welding, e.g. BS 2633.

10, Appearance and soundness

10.1 The tubes shall have a workmanlike finish consistent
with the manufacturing process and shail be ¢lean and free
from such defects as can be established by visual inspection
and testing in accordance with the appropriate test
category (see clause 13}, ‘

Hat finished seamless steel tubes covered in 10.4 shall have
a surface condition which is sufficiently clean to permit
defects requiring dressing to be identified.

NOTE. It is anticipated that normally pipes will be presenred for
visual inspection in the as-rotied condition.

10.2 Any special requirements for surface preparation or
freedom from defects of the type covered by 10.1 shall be
agreed between the purchaser and the manufacturer at the
time of enguiry and order.,

10.3 Surface marks and imperfections may be dressed by
grinding or machining provided that the thickness of the
tube after dressing is not less than the minimum permitted
by this snecification,

10.4 For hot finished seamless tubes greater than 12.7 mm
thick the manufacturer shall, subject to the limitations given
in 10.3, dress the following non-injuricus imperfections to
provide a workmanlike finish.

{a} Imperfections such as scabs, seams, tears, laps or
slivers found by visual inspection which are deeper than
5 % of the nominal thickness, or 3 mm, whichever is the
lesser, except that where the wall thickness exceeds

32 mm the upper limit may be less than 3 mm if
spacified by the purchaser.

(b} Mechanical marks, abrasions or pits caused by the
manufactiring process which are deeper than 1.6 mm.

- ™05 All dressed areas shail blend smoothly into the
contour of the tbe,

10.6 By agreement hetween the purchaser and the
manufacturer tubes shall be rejected or alternatively
subjected to dressing if surface imperfections acceptable
under 10.4 are not scattered and appear over a large area in
excess of what is considered to be a workmaniike finish.
10.7 The tubes shall be straight 1o within 1 in 600 as
measured at the centre of the length. Any special

requirements regarding straightness shall be agreed between
the purchaser and the manufacturer,

0949
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10.8 The ends shall be cut nominaily square with the axis
of the tube and shall be free from excessive burrs.

10.9 Finished tubes shall not include welds used for
joining lengths of strip.”

11. Tolerances

11.1 Diameter and thickness. The tolerances on the
diameter and thickness of the tubes, which apply only to
plain end tubes, shall be as follows.
NOTE. The tolerances on outside diameter include ovality and
those on thickness include eccentricity.

{a) Hot finished seamless (HFS)

Tubes specified by outside diameter and thickness--
shall be subject to the following tolerances.

Qutside diameter: £ 1 % with a minimum of
% 0.50 mm. ot

Thickness:

Thickness to outside diameter ratio:
Up to and including 3 %

Over 3 % up to and including 10 %
tubes up to and
including 168.3 mm
outside diameter
tubes over 168.3 mm
outside diameter 10%

Tubes may be specified by inside diameter and outside
diameter, or by inside diameter and thickness, to
tolerances which shall be agreed between the purchaser
and the manufacturer.

Over 10 % +125%

{b) Cold finished seamiess {CFS)

Tubes 'specified by outside diameter and thickness shall
be subject to the following tolerances,

Gutside diameter: + 1 % with a minimum of
1 0.50 mm

Tubes with closer tolerances on cutside diameter may
be supplied by agreement between the purchaser and
- the manufacturer.
Thickness: + 10 %

Tubes of 200 mm inside diameter and above may be
specified by the inside diameter and minimum thickness
and shall be subject to the following tolerances.

Inside diameter: + 0.8 mm — 1.6 mm

Thickness:

Up to and including 6.5 mm
Over 6,5 mm

+15-0%
+10-0%
{c) Electric resistance welded and induction welded
(ERW). The outside diameter and thickness of each tube
shall be subject to the following tolerances.

Outside diareter: + 1 % with a minimum of
1 0.50 mm

Thickness {excluding the weld): 275%

The external weld upset (flash) shall be remaoved
completely, i.e. flush with the outside surface of the
tube, Where practicable, the internal weld upset shall

be trimmed throughout the length of the tube so that

its maximum height shall not exceed 8 % of the specified
thickness or 0.25 mm, whichever is the greater.

{3) Cold finished electric resistance welded and induction

welded (CEW). The outside diameter and thickness of

each tube shall be subject to the fgllowin tolerance
Outside diameter: + 1 % with mﬁ\ﬁmenfs
% 0.50 mm E
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Tubes with ¢loser tolerances on outside diameter may
be supplied by agreement between the purchaser and
the manufacturer.

Thickness: £ 7.6 %

11.2 Length. Where length is specified as ‘cut length’,
the permissible variation shall be + 6, — 0 mm for lengths
up to and including 6 m. For every 3 m increase in length
above 6 m, the plus tolerance shall be increased by

1.5 mm with a maximum of 12.5 mm.

12. Inspection

The purchaser or his representative shall have access at all
reasonable times to those parts of the manufacturer’s works
engaged on the production and testing of the tubes he has
ordered.

Test pieces shall, if required, be marked by the authorized
inspector before cutting off from the tubes and shall he
tested in his presence to demonstrate compliance with the
requirements of this standard.

13. Test categories

The tubes shall be subjected to the following tests for the
appropriate test category.
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Test category

1 2 14.1.5 For flattening tests, a ring not less than 40 mm in
length shall be taken from one end of each selected tube.

Visual inspection Visual mspectlorl\ 14.1.6 For the bend test, the test piece shall consist of a

N Tonsile Tensile circumferential strip 40 mm wide cut from the tube and of
Flattening or bend Flattening or berd the full thickness of the tube or, for large tubes, a test piece
. . : : machined from a circumferential strip to a rectangular
tance non-destructive testin Hydrautic leak tightness \ ) .
Acceptance no g testing to 15.4 or cross section 40 mm wide by 20 mm thick. The edges may
eddy current testing be rounded to a radius of 1.6 mm.

"to appendix F . .14.1.7 If the dimensions of the tube permit the taking of a

NOTE. If required, an impact test at room temperature may be full-size (10 mm x 10 mm} test piece, and if agreed between

carried out for either of the test categories (see 14.1.7 and 15.3), the purchaser and the manufacturer and stated at the time
of the enquiry and order, three Charpy V-notch impact

14. Number, selection and preparation of samples  test pieces shall be taken from one of the tubes selected.

and test pieces The form and dimensions nf the test pieces shall be in

14.1 Mechanical tests at room temperature* accordance with BS 131 : Part 2.

14.1.1 For test category 1 the number of tubes on which The test pieces shall be cut so that the longitudinal axes

mechanical tests at room temperature are to be performed  are transverse to the longitudinal axis of the tube.

shall be as follows. The notch shal! be perpendicular to the original surface

Not heat treated: 2 % of the tubes from each batch of the tube. .
Heat treated: 2 % of the tubes from each heat treatment 14.2 Visual inspection, All tubes shall be visually inspected
batch. (see clause 10}.

For tubes not hea treated, a baich skall consist anly of 14.3 Leak tightness test, All tubes to test category 2 shall
tubes of the same diameter and t\-ickness and of the same ‘be subjected to either a hydraulic leak tightness test in
steel type. For tubes that are heal treated, a batch shall accordance with 15.4 or, alternatively, an eddy current
consist only of tubes of the same diameter and thickness test in accordance with 156.5.2 {see 3.2(j)).

and of the same stee! type subjected to the same finishing NOTE 1. The hydraulic leak tightness test is capable of detecting
treatment in a continuous furnace or heat treated in the datects of a size and disposition permitting the test fluid to leak
same furnace charge in a batch type furnace. If the number  through the tube wall. it may not detect defects extending an

of sampies specified in this clause, when applied to a appreciebte depth into the tube wall without complate penetra-

; : tian or even through-wall defects that do not open under the
particular order, necessitates a number of tubes that pressure applied. The test specified in 15.4 should not be regarded
includes a fraction, the fraction is treated as unity. as a test of strength since the maximum pressure specified wili
14,1.2 For test category 2 the number of tubes on which develop only fimited stress in the wall of tubes having low diameter

mechanical tests at room temperature are to be performed  '° thickness ratio. .
shall be as follows NOTE 2. Both the hydraulic leak tightness test and the eddy

. " current test may leave a short length at each end of the tube
{a) up to and including 323.29 mm outside diameter: incompletely tested. If specified at the time of enquiry and order,
one tube in each 200 tubes as made; the length atfected should be determined by the manufacturer and *

. , . reported to the purchaser. Further, if specified at the time of
(b) over 323.9 mm outside diameter: one tuhe in each enquiry and order, the manufacturer may either cut off the

100 tubes as made. untested lengths or test them by an agreed alternative procedure,
The samples shall be taken at random from batches {See 3.2(p).}
containing not more than 200 tubes, A batch isa 14.4 Non-destructive testing. All tubes to test category 1
convenient quantity of tubes of the same type of steel, shall be non-destructively tested for acceptance purposes
diameter and thickness, such that a sujtable number of {see 15.5).
sample tubes taken at random from a batch for purposes
of test will adequately represent the whaole batch. ’
NOTE. Cast separation is required for all tubes when acceptance - 15, Test methods and test results
:Ef,‘.fi:f:; verification of the elevated temperature values are 15.1 Tensile test. The tensile test shall be carried out in

' accordance with the requirements of BS 18 : Part 4.

The tensile strength Ay, the yield strength R, and the
elongation A shall be determined and the results obtained
shalt comply with the requirements given in table 1. For the
+yield strength either the upper yield stress Bey or the

0.5 % proof stress {total elongation) fyg s May be

tdetermined.

" The percentage elongation shall be reported with reference
to a gauge length of L, = 5.65 v/ Sy 1. 1f ather gauge lengths
are used, the corresponding percentage elongation on
5.65 \/So shall be obtained by reference 1o BS 3894 : Part 1.
In case of dispute, a gauge length of 5.65 \/So shall be

_used.

15.2 Flattening or bend test. At the option of the ’
manufacturer and dependent upon the dimensions of the
tube and method of manufacture, either a flattening test

{see 15.2.1) or a bend test {see 15.2.2) shall be cameuments

14.1.3 Test samples shall be cut from the tube after final
heat treatment. If the tubes are to be delivered in a
condition different from the spesified final heat treatment
condition, the test samples shall be in the appropriate
reference heat treatment condition given in table 1.

From the test sample from each tube selected for testing

one test piece shall be prepared for each of the mechanical
tests specified in clause 13.

14.1.4 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 requirements of BS 18 : Part 4.

*In case of dispute room temperature is taken as 20°C.
155 is the ariginal cross-sectional area of the gauge length.

0951
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15.2.1 Flattening test. The test piece shall be flattened
cold between parallel flat platens and shall show no crack
or flaw when the distance between the platens, measured
under load, is not greater than the value given by the

formula

o= {1+Cla

a
+ -
CD

where
H is the distance between platens {in mm)
a is the specified thickness of tube (in mm)
D is the specified outside diameter {in mm)
C is a constant depending on the steel type (see table 1)

Slight premature failure at the edges shall not be considered
a cause for rejection.

The weld in a test piece from weided tube shall be placed
at 90 ° 1o the direction of flattening.

15.2.2 Bend test. The test piece shall be doubled-over

cold in the direction of original curvature round a bar of
the diameter specified in table 1 appropriate to the steel
type specified without showing crack or flaw. Slight pre-
mature failure at the edges shall nat be considered a cause
for rejection.

15.3 Impact test at room temperature, The Charpy V-notch
impact test shall be carried out in accordance with the
requirements of BS 131 : Part 2. '

The value to be obtained shall be agreed between the
purchaser and the manufacturer.

The average value obtained shal! meet the agreed require-
ments. One individual value may be below the agreed value
provided that it is not less than 70 % of that value.

15.4 Hydraulic test. When the hydraulic test is selected
{see 14.3}, the hydraulic test pressure shall be the pressure
calculated from the following formula, except that the
maximum test pressure to be applied shall be 140 bar
unless otherwise agreed between the purchaser and the
manufacturer.

208a

P=

where

P is the test pressure {in bar);

D is the specified outside diameter {in mm};

a is the specified thickness (in mmj};

§ is a stress {in N/mm*) which shall be taken as 80 % of
the specified minimum yield strength at room
temperature.

The test pressure shail be maintained sufficiently fong for
proof and inspection.

When the hydraulic test is selected (see 14.3), any tube
failing to withstand the internal pressure during the test
shail be deemed not to comply with the requirements of
this standard. N

15.5 Non-destructive testing

NOTE. It is outside the scope of this standard 1o specify formal
gualifications for the training of persannel engaged in
non-destructive tasting, bt it is emphasized that the operation
af alf equipment should be supervised by competent, trained

personnel.

15.5.1 For test category 1, ultrasonic testing for accep-
tance purposes shall be carried out in accordance with
appendix A.

15.5.2 For test category 2, eddy current testing for leak
tightness shall be carried out in accordance with appendix F,
155.3 |f the purchaser requires non-destructive testing
other than as specified in 15.5.1 and 15.5.2, the method of
test and the basis for acceptance shall be stated on his

enquiry and order. 0952
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16. Retests

Should a tube selected for testing fail any of the tests
specified in 15.1 or 15.2, the batch of tubes that it
represents shall be deemed not to comply with the rat
requirements of this standard unless:

(a} two further tests of the kind that produced failure 5-2
are made from the same tube or from another tube

from the same batch, and both these further tests to
prove satisfactory; or t hfs.

(b} if either of the further tests required by {a) proves
unsatisfactory, the tubes represented are suitably heat
treated and samples are selected and tested in
accordance with all the tests specified in 15.1 and 15.2
and all these tests are satisfactary.
Any tube which has failed in tests shall be deemed not 10
somply with the requirements of this standard unless it has
itself been retested successfully in accordance with {a) or (b).

Should a tube selected for testing fail the impact test
specified in 15.3, the following retest procedure shall be
used,

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

17. Test certificates
Test certificates shall be supplied giving the following
information:

(a) the designation of the tubes {see clause 4);

(b) the ladle analysis {see clause 7);

{c) the specified final heat treatment carried out by
the manufacturer, where appropriate (see clause 8};
(d) the room temperature mechanical test results

“{see 9.1);

{e} whether the hydraulic leak tightness test or the eddy
current test was applied (see 14,3) and, if the former,
the hydraulic test pressure applied {see 15.4);

and when specified by the purchaser:
{f) the steelmaking process (see clause 5);
{g) room temperature impact test results [see 15.3);

{h) elevated temperature test results {see 21,2.2} or
stgtqrpent.t_:f_ verification of values (see 21.2.3).
A reference to this standard in the test certificate shall be
taken as a statement that the material complies with the
requirements of the standard.

'18. Defects revealed after delivery

In the event of material proving defective during
subsequent fabrication, such material shall be deemed
not to comply with the requirements of this British
Standard, notwithstanding any previous certificate of
satisfactory testing. The manufacturer shall not be
responsihle for any defects caused by improper treatment
of the material after delivery.

19. Protection

The tubes may be supplied uncoated or with the
manufacturer’s normal mill protective coating,
unfess otherwise specified.

Special protection of the tubes for transit and storage
shall be by agreement between the purc
ymanufacturer.
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. | Chemical composition (ladie anatysis) (see notes 1. 2 and 33 Machanicst propertics at room tamperatuts Heat treatment
{10e note 4)

Documents

c Si Mn P 5 Cr Others A, Rm A Flattening Referenco | Temp »
{see note 3) test haat {N or Ann

constamt treatment | orQ)
c {sae note 5)

%

Al

mgl

0045 max

Cu 0.50 min.
0 B0 max..

N Q0020max.

NbOO15 min.
0045 max.
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