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B.S. 1501 : 1964 {

THis BRITISH STANDARD, having been approved by the Iron and Steel Industry Standards Com-
mittee and endorsed by the Chairman of the Engineering Divisional Council, was published under :
the authority of the General Council on 30th July, 1964. ;

First published November, 1950.
First revision September, 1958.
Second revision July, 1964.

The Institution desires to call attention to the fact that this British Standard does nol purport to
include all the necessary provisions of a contract.

In order to keep abreast of progress in the industries concerned, British Standards are subject to
periodical review. Suggestions for improvements will be recorded and in due course brought to
the notice of the committees charged with the revision of the standards to which they refer.

A complete list of British Standards, numbering over 4000, indexed and cross-indexed for reference,
together with an abstract of each standard, will be found in the Institution’s Yearbook, price 15s.

This standard makes reference to the following British Standards:

B.S. 18. Tensile testing of metals.

B.S. 131. Methods for notched bar tests.
Part 2. Charpy V-notch impact test.
Part 3. Charpy U-notch impact test.

B.S. 240. Method of Brinell hardness test.

B.S. 427. Vickers hardness test.

B.S. 1113. Water-tube boilers.

B.S. 1837. Methods for the sampling of ferrous metals and metallurgical materials for analysis.

B.S. 3228. Procedures for obtaining properties of sleel at elevated temperatures,
Part 1. Proof stress.

B.S. 3688. Methods for mechanical testing of metals at elevated temperatures:

: Part 1 : 1963. Tensile testing.

British Standards are revised, when necessary, by the issue cither of amendment slips or of revised
editions. It is important that users of British Standards should ascertain that they are in possession
of the latest amendments or editions.

The following B.S.I. references relate to the work on this standard:
Commitiee references ISE/62, 1SE[62/1
Draft for comment D 6379372
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B.S. 1501 : 1964

BRITISH STANDARD SPECIFICATION FOR
STEELS FOR FIRED AND UNFIRED
PRESSURE VESSELS
PLATES

fART 1.

CARBON AWD (ARBon MANGANESE STEELS.

MPERIAL UMITS

FOREWORD

This British Standard has been prepared under the
authority of the Iron and Steel Industry Standards
Committee.,

The previous edition of B.S. 1501-6 was specifically
related to steels for use in the chemical and petroleum
industry, but the scope of this revision has been widened
and the standard now relates to steels for all fired and
unfired pressure vessels. In consequence, it incorporates
requirements for the steels previously covered by B.S. 1633
and this standard will be withdrawn.

To provide greater flexibility, it has been decided in
revising B.S. 1501-6, to publish the various parts of the
standard under separate covers which retain the existing
numbering system except that B.S. 1501 now only relates
to plates and the previously unused number, B.S. 1502,
has been allocated for sections and bars. The separate
parts of B.S. 1501-6 will be as follows:

B.S. 1501, Plates

B.S. 1502. Sections and bars {other than bolting
material)

B.S. 1503. Forgings

B.S. 1504. Castings

B.S. 1506. Bars for bolting material

In addition, the requirements for steels for low tem-
perature applications which were previously separately
specified in B.S. 1510, have been incorporated in the
appropriate parts listed above together with Supplement
No. 1, which covered plates, sections and bars with speci-
fied elevated temperature properties to B.S. 1501-159,

In preparing this revision full account has been taken
of the agreements reached in the preparation of the
International Code for Stationary Boilers by Technical
Committee [1 of the International Organization for
Standardization and in consequence, clevated temperature
proof stress properties for the steels have been specified
where appropriate. Provision has been made for the supply
of these steels either with the elevated temperature proof
stress properties certified on a statistical basis, or on the
basis of actual representative hot tensile tests on samples
taken from the plates (see Section One). Individual
material specifications for a range of carbon and carbon
manganese steels are included; specifications for low alloy
and austenitic steel will be added as soon as they are
available. i

Creep and rupture properties for certain of the materials
specified in Section Two are given in Appendices to the
relevant material specifications. These data are put forward
as representative of the relevant malerials and may be
relied upon for design purposes.

NOTE 1. Where metric equivalents are stated, the figures in British
units are to be regarded as the standard. The metric conversions are
approximate. More accurate conversions should be based on the
tables in B.S. 350, * Conversion factors and tables *.

NOTE 2, In place of the customary, but incorrect use of the ton and
kilogramme as units of force, the units called ton-force (abbreviation
tonfl) and kilogramme-force (abbreviation kgf) have been used in
this standard. These are the forces which, when acting on a body of
mass one ton or one kilogramme respectively, give it an acceleration
equal to that of standard gravity.

SPECIFICATION

SECTION ONE : GENERAL REQUIREMENTS

SCOPE

1. This British Standard specifies requirements for steel
plates, for fired and unfired pressure vessels. Provision has
been made for the supply of material to meet different
combinations of service conditions and where appropriate,
requirements are therefore specified for the following
properties which should be coded as indicated in Sub-
clause 4.

a. Room temperature tensile strength and yield stress.
Designated by minimum tensile strength R,, and yield
stress Ry in tonf/in®. In certain of the material specifications
in Section Two, more than one strength level has been
designated..

4

b. Elevated temperature vield stross or 02 per cent
proof stress. In certain of the material specifications cle-

-vated temperature proof stress values are specified as

indicated by the class letter * B . Class letter * A * relates
to those materials for which no elevated temperature
properties are specified.

¢. fmpact value. Provision has been made in certain of
the material specifications in Section Two for Charpy
V-notch tests or for Charpy U-notch tests. Material having
specified impact properties shall be designated by the
suffix * RT* for room temperature properties and * LT’
{ollowed by a number representing the temperature below
zero in degC for low temperature properties.
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d. Examples of coding. (i) B.S. 1501-151 semi-killed
carbon steel plates having a tensile strength range of
28-33-5 tonffin® and for which no specified elevated tem-
perature properties are required by the purchaser shall be
coded as B.S. 1501-151 Grade 28A.

(ii) B.S. 1501-161 silicon-killed carbon steel plates
having a tensile strength range of 26-31-5 tonffin® and
clevated temperature properties shall be coded as B.S.
1501-161 Grade 26B.

(iii) B.S. 1501-213 Semi-killed niobium treated
carbon manganese steel plates having a tensile strength of
32-38-5 tonf/in® and the specified impact properties at
~—30°C shall be coded as B.S. 1501-213 Grade 32A LT 30.

For other examples see Clause 22 of the relevant
material specification in Section Two.

DEFINITIONS

2. For the purposes of this British Standard the following
definitions apply:

a. Certified material. Material for which elevated tem-
perature properties are specified in the relevant material
specification in Section Two and which is supplied as
having these properties on the basis of data obtained in
accordance with the requirements of Subclause 13a.

b. Hor-tested material. Plates supplied as complying
with the requirements of the relevant material specification
in Section Two and for which representative elevated
temperature tests have been made at the temperature
specified by the purchaser in accordance with Sub-
clause 135,

INFORMATION TO BE SUPPLIED BY THE PURCHASER

3. The following information shall be stated on the
enquiry and order:

a. the material specification in Section Two with
which the plates shall comply. (See coding examples,
Subclause 14.)

b. (i) The heat treatment condition in which the
material is to be supplied, if different from that
stated in the material specification in Section
Two.

(ii) The heat treatment to be given to test samples
prior to testing (see Subclause 10c).

¢* Il plates having specified elevated temperature
yield or proof stress propertics are required the order shali
state:

(i) whether the properties are to be certified or
whether the material is to be hot-tested. (See Clause 13.)

(i) If the plates are to be hot-tested the temperature
at which the yield or 0-2 per cent proof stress property
is required which, unless otherwise agreed with the
manufacturer, shall be one of those tabulated in the
relevant material specification.

* Only those plates for which specified high temperature properties
or impact properties are listed in the relevant material
specifications may be so ordered. By agreement certain materials
can be supplied with both specified elevated temperature and
impact properties.

B.5. 1501 : 1964

d*. If plates having specified impact properties are

required, the order shall state:
(i) the temperature at which the impact tests are to
be performed
and (ii) whether Charpy U or V-notch tests are to be
made. :

e. Whether the plates are to be inspected during
manufacture and tested in the presence of the purchaser’s
representative.

f. Whether the plates are to be marked with the
number of this British Standard and the appropriate grade
number and letter. (See Clause 16.)

GENERAL

4. The steel shall comply with the requirements specified
in this Section and with the appropriate requirements
specified in Section Two.

STEELMAKING PROCESS

5. Unless otherwise specified in the relevant material
specification in Section Two, the steel shall be made by
the open hearth process (acid or basic), the electric process,
or any of the oxygen processest, unless one or more of
these processes is specially required or ordered. In the case
of the oxygen processes, the nitrogen content of the steel
shall not exceed 0-008 per cent.
Rimming steel is not permitted.

CHEMICAL COMPOSITION

6. The chemical composition of the steel as determined by
ladle analysis shall comply with the requirements of the
relevant material specification. The purchaser or his
representative, before accepting the material, has the right
to obtain a chemical analysis of each cast from a sample
taken in accordance with B.S. 1837% from scrap margins
or test pieces from one or more plates. The expense of such
check analysis shall be borne by the purchaser. Such check
analyses shall take into consideration the heterogeneity
which is normal to steel.

FREEDOM FROM DEFECTS

7. The plates shall be sound and free from such segrega-
tion, cracks, laminations or surface fiaws as might preclude
their use for the purpose for which they are intended.

Slight surface imperfections may, however, be removed
by mechanical means provided that after such treatment
the plates comply with the requirements of Clause 9.
Defects shall not be repaired by welding except by agree-
ment with the purchaser.

HEAT TREATMENT

8. Unless otherwise stated on the enquiry and order the
plates shall be heat treated as required by the relevant
material specification in Section Two.

MARGINS OF MANUFACTURE

9. a. Except as provided in Subclause 95 no plate shall be
under the specified thickness at any point nor shall it
exceed the calculated weight by more than the appropriate
rolling-weight tolerance shown in Table 1.

T This term includes both top and bottom blown OXYgen processes.

1 B.S. 1837, * Methods for the sampling of ferrous metals and
metallurgical materials for analysis °.
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For the purposes of this British Standard the weight of
plates shall be calculated on the basis that steel plate
weighs 40-8 1b/ft* per inch of thickness (78-5 kg/m?® per cm
of thickness).

b. Should any plate be reduced locally below the speci-
fied thickness such plate may be accepted as complying
with this British Standard provided that in all other
respects it is satisfactory and that the purchaser and

Inspecting Authority are satisfied that, though locally
reduced in thickness, it would, by virtue of its actual
mechanical properties and any design factors, fully meet
the strength requirements of the application standard (e.g.
B.S. 1113, * Water-tube boilers *). The purchaser and the
Inspecting Authority shall be furnished with a test report
and a sketch indicating the location and thickness of the
reduced areas.

TABLE 1. TOTAL ROLLING MARGINS FOR PLATES AS PERCENTAGES OF NOMINAL WEIGHT

Ordered thickness

Under

48 to G0 to

Up to
From but not 48 under under
including 60 72
in in percent  percent  percent
— % 10 10 12
L4 36 10 10 10
e 4 10 10 10
Y e 5 5 5
8 34 5 5 5
%4 He 5 5 5
e % 5 5 5
e % 5 5 5
54 34 5 5 5
34 1 5 5 5
1 2 5 5 5
2 — 5 5 5

Width of plate (in)

72 to

96 to

84 to 108 to 120 to 132

under under under under under and
84 96 108 120 132 over

per cent per cent per cent per cent per cent per cent

10 — — i — —
10 10 —_— — ez —
7 ] 12 12 — -

6 75 10 11 12 —

6 6 8 9 11 15

5 6 75 8 9 12

5 6 6 75 9 10

5 5 5 Ki 8 9

5 5 5 6 7 8

5 5 5 5 6 7

5 5 5 5 5 5

TABLE 1A. TOTAL ROLLING MARGINS FOR PLATES AS PERCENTAGES OF NOMINAL WEIGHT
(METRIC EQUIVALENTS OF TABLE 1)

Ordered thickness

12200 | 1525 to

Under

Width of plate (mm)

1830t0 | 2135t0 | 244010 | 274510

3050 to |

., Upto 3355
From i but not 1220 under under under under | under | under under | and
L including 1525 1830 2135 1 2440 E 2745 | 3050 3355 over

: | : i E - ;

mm mm per cent percent @ percent : per cent | per cent | per cent per cent per cent  per cent
- 3.2 10 10 A g — i = - — —
3-2 4-8 10 10 10 10 — — — — —
4.8 64 10 10 10 10 10 — — — —
64 79 5 5 5 7 9 12 12 — : —
79 9-5 5 5 5 6 75 10 11 12 —
9-5 11k 5 5 5 : 6 6 t 8 9 11 15

111 127 5 5 5 5 6 ; 75 8 y | <=

12-7 159 5 5 5 5 6 i 6 75 9 i 10

159 190 5 5 5 5 5 | s 7 g8 | 9

i

19:0 254 5 5 5 5 5 5 6 7 8

254 508 5 5 i 5 5 5 5 5 6 I 7

50-8 : — 5 5 5 5 5 5 5 5 | 5

: |
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TABLE 2. NUMBER OF TEST SAMPLES AND TEST PIECES. (See Clause 10.)

i i .
i i Number of test picces

Weight of plate r Number and position |~

as rolled of test samples i Room temperature Elevated temperature Impact tests
! tensile test Bend test tensile tests (if required)
i 1 (if required)
Up to and One test sample One test piece One test per
including from one end of per plate plite Two test pieces per
234 tons the plate 25 tons from the same

! | cast. (One test piece
from each of the two
thickest plates in the

25 ton batch irrespective

of their weight)

Three test pieces
per plate

Two test samples,
(one from each
end of the plate)

Over 234 tons Two test pieces
per plate (one
from each test

sample)

Two test pieces
per plate (one
from each test
sample)

NOTE: ((ee Om~elé .2)

NUMBER, SELECTION, PREPARATION AND
HEAT TREATMENT OF TEST SAMPLES
(See also Table 2)
10. a. Selection of test samples. (i) If stated on the enquiry
and order (see Subclause 3e) all test samples shall be
selected by the purchaser or his representative and tested
in his presence.

(i) For plates up to and including 234 tons as
rolled, a sample shall be taken from one end only of each
plate. For plates weighing over 214 tons (2540 kg) as
rolled, one sample shall be taken from each end of each

late.
i The samples shall be taken from the ends of the plates,
midway between the centre and one edge and shall be
adequate to provide tensile test pieces, which shall be cut
transverse to the direction of final rolling, bend test pieces
(transverse or longitudinal), and transverse or longitudinal

(iii) Elevated temperature ftensile tests, If material
is required hot-tested, one test piece shall be prepared from
each of the two thickest plates in each 25 tons or part
thereof from the same cast. The test pieces shall be cut
from positions on the samples adjacent to the room tem-
perature tensile test pieces and for thick plates the distance
of the axis of the test piece from onec face shall be as
nearly as possible equal to one-quarter of the thickness of
the plate.

(iv) Impact tests. Three impact test pieces to repre-
sent each plate shall be prepared in accordance with either
B.S. 131, Part 2* or, B.S. 131, Part 37 as appropriate. The
test pieces shall be cut with their longitudinal axis in the
direction specified in the relevant material specification.
The notch shall be cut perpendicular to the original surface
of the plate. U-notch specimens shall have a 5 mm deep
notch unless otherwise agreed between the purchaser and

(¢¢ impact test pieces if required. b i
el & (il { Fer-platesrelled-on-aconti inemiti=the— i

rocedure ed between the manufacturer and
lFemmet
rehaser

b. Preparation of test pieces. (i) Test pieces may be
straightened cold, provided that this is done before they
are subjected to the simulated stress relieving treatment
specified in Subclause 10c. All test pieces which have been
straightened cold shall be subjected to this stress relieving
treatment even if the order does not require it (see Sub-
clause 3b(ii) ). _

(ii) Room temperature tensile and bend tests. Unless
the relevant material specification states otherwise, one
test piece for the room temperature tensile test and one
test piece for the bend test required by the material
specification shall be prepared from each test sample.

Bend test pieces shall be cut lengthwise or crosswise
from the sample, shall be not less than 134 inches (381 mm)
wide and shall be of full plate thickness except that, for
plates over 1 inch (254 mm) thick, a bend test piece
134 inches wide by 1 inch thick may be used, provided the
surface to be put in tension is one of the original surfaces
of the plate. The rough edge or arris caused by cutting
may be removed and the corners slightly radiused by
filing, grinding, or machining, but the test piece shall
receive no other preparation.

For material % inch thick and over, the impact test
piece shall not include material within 14 inch (3-2 mm)
of the original surface. For material between 0-40 inches
(10 mm) and 0-25 inches (6-3 mm) thick, one of the sub-
sidiary standard impact test pieces specified in B.S. 131
may be used. Impact tests are not normally required for
material less than 0-25 inches thick,

c. Heat treatment of test samples.

© (i) Material supplied in the normalized condition.
The test samples shall not be cut from the plates until
after the plates have been normalized in accordance with
the relevant material specification. The test samples shall
be given no further heat treatment other than the simulated
stress relieving treatment referred to below,

(i) Material supplied in the © as-rolled’ condition. If
it is the intention of the purchaser subsequently to normal-
ize material supplied in the ‘as rolled* condition (e.p.
after fabrication) this shall be stated on the enquiry and
order and the manufacturer shall give the representative

*B.S. 131, ‘ Methods for notched bar test ', Part 2, * Charpy
V-notch impact test ",

t B.S. 131, Part 3, * Charpy U-nolch impact test .
i By agreement a 3 mm deep notch may be used.
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(10

test samples (or the test blanks cut from them) a heat
treatment which, to the satisfaction of the purchaser,
simulates the normalizing to be applied to the full size
plate, followed by the simulated stress relieving treatment
referred to below. (See Subclause 34.)

(iii) Material supplied * as-rolled’ to be used in that
condition. The test samples shall not be subjected to any
heat treatment other than the simulated stress relieving
treatment referred to below.

(iv) Simulated stress relieving treatment. Unless
otherwise agreed and specified on the enquiry and order,
all test samples, or the test pieces after preparation, shall be
given a simulated stress relieving treatment in accordance
with the relevant material specification, irrespective of the
condition in which the material is to be supplied. (See
Subclause 3b(ii).)

MECHANICAL TESTS

11. a. Tensile tests at room temperature, Tensile tests at
room temperature shall be performed and the proof or
yield stress shall be determined, in accordance with
B.S. 18, * Tensile testing of metals ’. The rate of loading
shall not exceed 05 ton per square inch per second when
approaching the yield point.

For plates up to 2 inches thick either a machined round
test piece having a gauge length of 5-65 +/S, or a rect-
angular section test piece 1% inches wide having a gauge
length of 8 inches may be used. In the latter case the rolled
surface of the plate may be retained on two opposite faces
of the test piece, and the elongation values obtained shall
be converted to their equivalent on a proportional gauge
length in accordance with B.S. ....*%.

For plates over 2 inches thick, and in all cases of
dispute, the machined round test piece specified above
shall be used.

Should a test piece break outside the middle third of
its gauge length, resulting in an elongation below the value
specified, the test may at the manufacturer’s option be
discarded and another test made from the same material.

b. Tensile tests at elevated temperatures. Tensile tests
at elevated temperatures shall be performed in accordance
with B.S. 3688, Part 7. :

The tests shall be made at the temperature stated on
the enquiry and order; this shall be sclected by the pur-
chaser from those tabulated in the relevant material speci-
fication in Section Two. By special arrangement between
the manufacturer and the purchaser tests at more than one
temperature may be agreed.

. Bend tests. The test picce shall at room temperature
be bent through 180° to the internal radius specified in the
relevant material specification (optionally round a former).
The test piece passes the test provided the outer convex
surface remains free of cracks.

d. Impact tests. The impact tests shall be performed in
accordance with:

(i) B.S. 131, Part 2: Charpy V-notch impact test

or (ii) B.S. 131, Part 3: Charpy U-notch impact test
as required by the material specification or order.

*BS. ...., ‘Elongation conversions for steel’ (in course of
preparation).

t B.S. 3688, ' Methods for mechanical testing of metals at elevated
temperatures *, Part 1 : 1963, * Tensile testing %

8
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The impact tests shall be made at the temperature stated
on the enquiry and order; this shall be selected by the
purchaser from those tabulated in the relevant material
specification in Section Two. By special arrangement
between the manufacturer and the purchaser tests at more
than one temperature may be agreed.

e. Hardness fest. If required by the material specifica-
tion hardness tests shall be performed in accordance with
B.S. 2401 or B.S. 427§ as appropriate.

f. Intercrystalline corrosion fest. 1f required by the
relevant material specification a special bend test shall be
carried out as follows:

Each bend test piece shall be not larger than %4 in
diameter or thickness and, unless otherwise specified,
before being tested shall be heated for 30 minutes at a
temperature of 650°C (1200°F) and cooled in air. It
shall then be immersed for 72 hours in a boiling
solution having the following composition:

111 g copper sulphate (CuS0,.5H.0)
98 g sulphuric acid (sp. gr. 1-84)
made up to | litre with distilled water.
Precautions shall be taken during the boiling to prevent
concentration of the solution due to evaporation. After
this preparation each test piece shall be capable of being
bent without cracking through 90° round a radius equal to
three times the diameter or thickness of the test piece.

MECHANICAL PROPERTIES AT ROOM TEMPERATURE

12. The mechanical properties obtained from the test
pieces selected and prepared in accordance with Clause 10
and tested in accordance with Clause 11 shall comply with
the requirements of the relevant material specification in
Section Two.

- .

MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES I8

13. a. Certified mareriaf/;Forccrﬁﬁef}matcrim,—rEpresm =
tive elevated temperature tests at the temperat ecified
by the purchaser will not be required foe-naterial supplied

to the order, provided the lacturer certifies the
material on the basis a complying with the require-
ments of B.S. 3228 Procedures for obtaining properties
of steel at-glevated temperatures’, Part I, * Proof stress’
which demonstrates that the steel in question consistently
1eets-the-indicated-properties—

b. Hot-tested material. For hot-tested material, elevated
temperature tests shall be made at the temperature specified
by the purchaser on samples selected and prepared in
accordance with Clause 10 and tested in accordanc: with
Subclause 11b.

The plates in the batch represented by these tests may
be used to meet more than one order, provided the orders
are for plates of the same material specification in the
same heat-treatment condition and hot-tested at the same
temperature.

The plates in the batch represented by these tests shall
be deemed to comply with this British Standard provided
the test results meet the requirements of either Subclause
(i), (ii) or (iii) below.

1 B.S. 240, * Brinell hardness testing'.
§ B.S. 427, * Vickers hardness test 5
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(i) If the results of both the tests to represent the
batch comply with the requirements of Clause 27. All plates
in the batch having a room temperature tensile strength
equal to or greater than the lowest room temperature
tensile strength of the plates selected to represent the batch
shall be deemed to comply with this standard. In addition,
any plate in the batch having a lower room temperature
tensile strength shall also be deemed to comply, provided
the product of its room temperature tensile strength and
the hot proof ratio* determined on the hot-tested pieces
exceeds the specified elevated temperature proof stress by

not less than 0-2 tonffin®.

(i) If the results of one of the tests to represent the
batch fails ro meer the reguirements of Clause 27. Any plate
in the batch for which the product of its room temperature
tensile strength and the hot proof ratio* determined on
the samples tested exceeds the elevated temperature proof
stress specified in Clause 27 by not less than 0-5 tonf/in®
shall be deemed to comply with this standard.

(iii) If the results of both of the tests to represent the
batch fail to meet the requirements of Clause 27. Every plate
in the batch shall be considered on the basis of the require-
ments of Subclause 134(ii) and all plates not meeting those
requirements shall be deemed not to comply with this
standard. The remainder of the batch shall then be re-
submitted for hot testing in accordance with the appro-
priate requirements of Clauses 10 to 13.

IMPACT PROPERTIES

14. The impact properties obtained from standard test
pieces (10 mm square) selected and prepared in accordance
with Clause 10 and tested in accordance with Clause |1
shall average not less than the average value stated in the
relevant material specification, and no single test piece shall
give a value less than 75 per cent of the specified average
value.

For subsidiary standard test pieces, the values to be
obtained shall be agreed between the manufacturer and the
purchaser.’_w —
8y (L)
15. a. Room ftemperature tensile and bend tests. Should-a
test piece [not fulfil the test requirements, two additional
tests shall be made on test pieces from samples taken from
the plate/represented,”Should either of these additional
tests fail, the plate represented shall be deemed not to
comply with the requirements of this British Standard.

RETESTS

k| e el e it i i

1 i perties;—the
e-impaet-testsweretmadethe-type-
specification, either on the basis of hot tests made on test
samples taken from it or on the basis of its calculated
hot proof strength in accordance with the Subclause 134,
the manufacturer shall perform an elevated temperature
tensilc test on each plate involved, or heat-treat or re-
heat-treat each plate in accordance with Subclause 154.

c. Impact tests. If the average of the three impact tests
equal or exceeds the specified minimum average value
but one test piece fails to give the specified minimum

* A0 = o £
Hot proof ratio Room temperature tensile strength

Il the two plates hot-tested give different values the lower value
shall be used.

B.S. 1501 : 1964

individual value, two more impact test pieces shall be cut
from the same plate and retested. If both these pieces give
not less than the specified minimum average value, the
material represented shall be deemed to comply with this
British Standard.

If the average of the three impact tests fails to attain
the specified minimum average value, or if two of the tests
fall below the specified minimum individual value, the
material represented shall be deemed not to comply with
this British Standard.

d. Re-heat treatment, The manufacturer shall have the
right to heat-treat or re-heat-treat any material, including
material already found not to fulfil the test requirements,
and re-submit it for lesting.

MARKING

16. Each plate as delivered shall be legibly marked with the
manufacturer's name or trade mark and with numbers or
other identification marks by which it can be traced to the
cast of steel from which it was made. In addition, if stated
on the order, the plates shall be marked with the number
of this British Standard and the appropriate grade letter
and number. A line of paint shall encircle the numbers or
other identification marks. Paint containing lead, zinc,
copper or tin shall not be used.

MANUFACTURER'S CERTIFICATE

17. The manufacturer of the plates shall supply a certificate
stating:

a. (i) the reference number of each plate, (ii) the
individual material specification with which the plate
complies, (iii) the ladle analysis in respect of all specified
elements, (iv) the room temperature mechanical properties
determined in accordance with this British Standard,
(v) details of the heat treatment, if any, given to the plates
and (vi) details of the heat treatment, if any given to the
test samples.

b. for hot-tested material, the temperature at which the
tests were made, and the yield or proof stress values
obtained.

c. for certified

material, the elevated tem
properties and temperature of/ temperatures with which (0%

the plates are certified as complying.

d. for material having specified impact properties, the
temperature at which the impact tests were made, the type
of test piece and the results obtained.

The test certificate shall be signed by the person
responsible for the supervision of the inspection and
testing of the plates.

DELIVERY

18. No steel shall be despatched from the manufacturer’s
works until it has been tested and complies with, or has
been certified as complying with, all the tests and require-
ments of this standard applicable to the material required
or specified.

DEFECTS REVEALED AFTER DELIVERY

19. In the event of material proving defective during
subsequent manufacturing operations such material shall
be regarded as not complying with this British Standard

9
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notwithstanding any previous certificate of satisfactory
testing, provided the material has not been improperly
treated after delivery.

INSPECTION

20. The purchaser or his representative shall have access
at all reasonable times to that part of the manufacturer’s
works engaged on the order; he shall be at liberty to
inspect the manufacture at any stage and to witness the
required tests. If the material is to be inspected and tested

10

‘Full document details: BS 1501-1:1964

in the presence of the purchaser’s representative, this shall
be stated on the enquiry and order. (See Subclause 3e.)

TESTING FACILITIES

21. The manufacturer shall supply the material required
for testing and shall furnish and prepare the necessary test
pieces and supply the labour and appliances for such testing
as may be carried out on his premises in accordance with
this British Standard. Failing facilities at his own works,
the manufacturer shall arrange for the tests to be carried
out elsewhere.
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SECTION TWO : SPECIFIC REQUIREMENTS

NOTE. Individual material specifications for low alloy and austenitic
steels will be added to this Section by Amendment action as they
become available.

11
Documents

Document Sharing Hub

Full document details: BS 1501-1:1964


http://www.avadocuments.com/doc/bs-1501-1-1964
http://www.avadocuments.com/doc/bs-1501-1-1964

B.S. 1501 : 1964

page 12 blank

Documents

Document Sharing Hub

Full document details: BS 1501-1:1964


http://www.avadocuments.com/doc/bs-1501-1-1964
http://www.avadocuments.com/doc/bs-1501-1-1964

B.S. 1501-151

B.S. 1501-151

CARBON STEEL PLATES (SEMI-KILLED)

(To be read in conjunction with Section One)

SCOPE

22. This specification states requirements for semi-killed
carbon steel plates up to 4 in (102 mm) thick in three
tensile grades. If required, the plates can be supplied having
specified clevated temperature properties designated by the
suffix B to the grade number. The suffix A is used i no
specified elevated temperature properties are required by
the purchaser.,

a. Tensile grades. Three tensile grades are covered,
namely:

Grade 23: 23-28 tonffin? tensile strength
Grade 26: 26-31-5 tonf/in® tensile strength
Grade 28: 28-33-5 tonf/in? tensile strength

The purchaser shall state on the enquiry and order the
grade of steel required and, if it is to be hot-worked during
fabrication, whether the steel is to be supplied in the as-
rolled or normalized condition (see also Clause 24),

b. Elevated temperature properties. If material having
specified elevated temperature properties is required by the
order, the material shall be supplied with the properties
certified or hot-tested in accordance with Section One,
Clause 13 and the purchaser shall state on which basis the
material is to be supplied on his enquiry and order. If the
material is to be supplied hot-tested the purchaser shall also
state the temperature in Table 5 at which the tests are to
be made.

c. Examples of coding.
28-33-5 tonf/in® tensile
strength material to this
British Standard for
which elevated tempera-
ture properties are not
required shall be ordered
as: B.5. 1501-151 Grade 28A

26-31-5 tonf/in? tensile
strerigth material to this
British Standard with
specified elevated tem-
perature properties shall

be ordered as: B.S. 1501-151 Grade 26B

NOTE. Appendix C gives the relationship between the old and
new nomenclature,
CHEMICAL COMPOSITION

23. The ladle analysis shall comply with the appropriate
requirements of Table 3.

Full document details: BS 1501-1:1964

TABLE 3, CHEMICAL COMPOSITION

Element ' Grade ! Grade ilGra:lL‘
: 23 { 26 28
5 | i
Carbon per cent max, (Notes 1 and 2) 1018 | 022 : 0-25
Silicon per cent max. i 0-10 { 010 | 010
Manganese per cent min. Class A i 040 i 0-50 | 055,
Class B ; 040 | 0-65 | 0-65
per cent max. . 120 i 1-20 1-20
Sulphur per cent max. 0-050
Phosphorus per cent max. 0050
Nickel per cent max. : 0:30
Chromium per cent max. ' 025 | Total
Molybdenum per cent max. ; 0:10 ( O-70 per
Copper per cent max, : 020 | cent max.

NOTE 1. The maximum carbon content of plates exceeding
234 in (64 mm) thick may be increased by 0-02 per cent.

NOTE 2. For plates up to 3§ in thick rolled by the continuous
process the maximum carbon content may be 0-20 per cent for
Grade 23 and 0-24 per cent for Grade 26.

NOTE 3. The minimum manganese content of plates 14 in
(127 mm) and under may be reduced by agreement between the
manufacturer and the purchaser.

C’LW W2

e
NOTE 4.1H—aimﬁmm—4&.md__ﬁn:_ilmidaﬁnn_mlmoses _the.

additfomshl-not-exceed 8 oz n.

HEAT TREATMENT

24. Unless otherwise agreed and stated on the enquiry and
order, all Class A plates over 134 in thick and all Class B
plates (irrespective of thickness) shall be supplied in the
normalized condition. (See Subclause 224))

HEAT TREATMENT OF TEST SAMPLES

25. Unless otherwise agreed, test samples having the same

heat treatment integral with the plates shall be separately

stress-relieved at 600-10°C for three hours, followed
ceoling  (u sHU adr

MECHANICAL PROPERTIES AT ROOM TEMPERATURE

26. The mechanical properties obtained from test pieces,
selected, prepared and tested in accordance with the re-
quirements of Section One, shall comply with the require-
ments of Table 4.

13
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TABLE 4. MECHANICAL PROPERTIES AT TABLE 4M. MECHANICAL PROPERTIES AT
ROOM TEMPERATURE ROOM TEMPERATURE

(METRIC EQUIVALENT OF TABLE 4)

- \ :

GRADE i 23 j 26 : 28 GRADE 23 26 28 ]'
Tensile strength ) Tensile strength !
tonf/in® ; ' kef/mm? ‘
min. ' 23 26 28 min. - 362 409 44-1 {

max. | 28 31-5 335 max. 44.1 49:6 52-7 i

i

Yield stress, Yield stress,

tonf/in®, min, .Gradc’GradcéGradc ;Gradchradc Grade keffmm?, min. Grade ‘Grade ‘Grade Grade Grade Grade
¢ 23A' 1 23B | 26A . 26B 2BA  28B 23A 23B | 26A 26B 28A 28B
Up to and includ- ; ; : Up to and includ-
ing 54 in j 131 ' 131 ‘148 148 160 160 ing 16 mm 206 206 233 233 252 252
Over 34 in up to : Over 16 mm up to '
and including : ] and including
134 in (123 131 139 148 150 160 32 mm . 194 0 206 219 233 236 252
Over 134 inup to ; ' Over32mmupto
and including : ¥ ; and including
214 in 12-1 125 - 137 142 148 152 64 mm c 181 1997 216 224 233 239
(Over 2%4 in, see _ (Over 64 mm, :
Note 1) ; see Note 1)
Elongation, Elongation,
per cent, min, per cent, min.
Up to and includ- Up to and includ-
ing 2 in thick 45 — O-TR¢ for L, = 5-654/5, ing 51 mm 45 — 0-45Ry for L, = 5:65+/5,
Over 2 in thick 42-T — O-TRy for L, = 5:65+/5, Over 51 mm 42-7 — 0-45Ry for L, = 5:65\/5,
(See Note 2) : (Sce Note 2)
Bend test Bend test
Maximum radius Maximum radius
of bend in terms of bend in terms
of thickness ¢ ) 1t 1r 134¢ of thickness ¢ 1r 1r 134r

NOTE 1. For each 14 in (6-3 mm) increase in plate thickness above
214 in (64 mm) the minimum yield stress shall be reduced by I per
cent, but to not less than 50 per cent of the specified minimum
tensile strength.

NOTE 2. Rr is the actual tensile strength in tonf/in? and Ry the
actual tensile strength in kgffmm?®.

14
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MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES
(Sce also Subclause 228)

27. If plates having elevated temperature properties are

ordered, the manufacturer shall, as required by the order,
either

a. certify that the plates have the properties specified
in Table 5 in accordance with the requirements of
Section One, Subclause 13a.

or b. hot-test the material in accordance with the require-
ments of Section One, Subclause 135, at the tem-
perature stated on the order, in which case the yield
stress or 0-2 per cent proof stress values obtained
shall comply with the relevant requirements of
Table 5.

TABLE 5. MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES

Minimum yield stress or 0-2 per cent proof stress, tonf/in®,
determined in accordance with B.S. 3688* at temperature of:

MNominal Grade
plate thickness T I S e St ‘ — .

100°C 150°C 200°C - 250°C 300°C  350°C . 400°C 450°C
: 23B poo112 109 104 9-5 8-3 79 76 7-4

Up to and including : : y ; ‘ 5
114 in 26B . 1247 123 11-8 § 10-8 : 94 ) 89 86 84
28B i 13-7 13-3 127 116 10-1 96 | 9-3 9-0
23B 10-6 ‘ 102 . 98 . 9-2 8-3 79 7-6 7-4

Over 1% in up to and ; ‘ ; !
including 214 in ! 26B i 120 ! 115 11-1 10-4 94 89 g 86 8-4
288 129 124 19 . 112 101 96 . 93 . 90

TABLE 5M. METRIC EQUIVALENT OF TABLE 5

Minimum yield stress or 0-2 per cent proof stress, kef/mm?®,
determined in accordance with B,S. 3688* at temperature of:

Nominal Grade
plate thickness ; ‘ 7 T T T
100°C 150°C 200°C 250°C  300°C 350°C 400°C 450°C
23B 176 172 164 15:0 131 124 12-0 117
Up to and including g i
32 mm 26B 200 194 | 186 = 170 148 14.0 13-5 132
28B 216 209 2000 . 183 159 . 151 14-6 14-2
23B . 16-7 16-1 154 14.5 131 124 120 11-7
Over 32 mmup to and | : : : :
including 64 mm 2B 189 . 181 ;175 . 164 148 = 140 i 135 132
i : ¥ |
. 28B 203 + 195 187 ; 176 : 159 : 151 P14 0 142
| 1 “a I ! |
* B.S. 3688, * Methods of mechanical testing of metals at elevated temperatures ', Part 1, * Tensile testing '
f For plates over 2% in (64 mm) thick the above values shall be reduced by 1 per cent for each 14 in (63 mm) over 214 in.
15
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B.S. 1501-151, APPENDIX A. CREEP AND
CREEP RUPTURE PROPERTIES

The following creep and creep rupture values given in
Table 6 have been determined from data from tests upon
a large number of samples of steel representative of com-
mercial production. It is considered that these values may
reliably be used for design purposes. Mean values are
listed but it is estimated that the scatter will not exceed
+ 20 per cent.

TABLE 6

Stress Ibf/in® for

1 per cent

T AL 4
Grades mt]:ll,]-;m | Creep strain in Rifptizea
10000 ' 100000 10000 100 000
hours ' hours hours hours
350 45800 38600
360 43100 35800
370 40300 33000
380 37600 30200
390 34800 27300
400 32100 24 600
23Aand B| 410 29500 22000
26A i 420 . Notel Notel 26900 19600
28A ©o430 ! 24400 17400
440 22000 15200
450 19700 13200
460 17400 11400
470 15 100 9600
480 12 900 8000
490 10 800 6400
500 _ 8 700 5000
380 41400 33700
390 38300 30400
400 35300 27200
- 410 32300 24400
26B © 420 Notel Notel 29500 21600
28B 430 26700 19000
440 24000 16600
450 21200 . 14 300
460 18600 12200
1
) 16300 10200
' 480 13 700 8400
490 11 300 6 600
| 500 ' 9000 5000

NOTE 1. Stresses corresponding to 1 per cent total strain in
10 000 hours and 100 000 hours are still under consideration but
may be assumed to be not less than two-thirds of the stresses
corresponding to creep rupture under the same conditions of time
and temperature.
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B.S. 1501-151, APPENDIX B

INFLUENCE OF FABRICATION AND HEAT
TREATMENT ON MECHANICAL PROPERTIES

All mechanical propertics quoted in B.S. 1501-151 includ-
ing those given in Appendix A apply only to steel in the
following condition:

Grades 23A and B, 26A and B, and 28A and B
Plates not exceeding 134 in thick

a. As-rolled (Class A plates only)

f. Normalized

c. Asrolled (Class A plates only) or normalized
followed by a stress-relief heat treatment at a tem-
perature not exceeding 620°C for a period not
exceeding 3 hours at the maximum temperature.

Plates exceeding 134 in thick
a. Normalized

b. Normalized followed by stress-relief heat treatment
at a temperature not exceeding 620°C for a period
not exceeding 3 hours at the maximum temperature.

Influence of hot forming on the mechanical properties

Hot-formed items should have the mechanical proper-
ties detailed in the specification provided that the steel is
not heated above 1100°C at any stage, and that after hot
forming it is cooled below the transformation temperature
and then normalized at a temperature approximating that
shown on the test certificate for the material being hot
formed. This final normalizing treatment may be omitted
provided:

a. the hot forming is done in one operation at the
normalizing temperature,

or h. where more than one hot-forming operation is
involved, the item is cooled below the transforma-
tion temperature prior to the last hot-forming
operation and this is then done at the normalizing
temperature.

Influence of cold forming on the mechanical properties

Cold work will affect the mechanical properties and
acceptable limits of cold work are included in the relevant
application standards. Where necessary, the properties
may be restored by an appropriate heat treatment.

Stress relieving

The mechanical properties are obtained on test pieces
which have been subjected to a simulated stress relieving
treatment at 600 - 10°C. The properties may be adversely
affected by stress relieving at temperatures above 620°C
or for times exceeding three hours at the maximum
temperature.
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B.S. 1501-161

CARBON STEEL PLATES (SILICON-KILLED)

(To be read in conjunction with Section One)

SCOPE

22. This specification states requirements for silicon-killed
carbon steel plates up to 6 in (152 mm) thick in three
tensile grades. If required the plates can be supplied having
specified elevated temperature properties designated by the
suffix B to the grade number. The suffix A is used if no
specified elevated temperature properties are required by
the purchaser.

a. Tensile grarles.ZFeuf tensile grades are covered,
namely:

Grade 23: 23-28 tonf/in® tensile strength
Grade 26: 26-31-5 tonf/in® tensile strength
Grade 28: 28-33-5 tonf/in? tensile strength

The purchaser shall state on the enquiry and order the
grade of steel required and, if it is to be hot-worked during
fabrication, whether the steel is to be supplied in the as-
rolled or normalized condition (see also Clause 24).

b. Elevated temperature properties. If material having
specified elevated temperature properties is required by
the order, the material shall be supplied with the properties
certified or hot-tested in accordance with Section One,
Clause 13 and the purchaser shall state on which basis the
material is to be supplied on his enquiry and order. If the
material is to be supplied hot-tested the purchaser shall
also state the temperature in Table 5 at which the tests are
to be made.

. Exanmples of coding.
28-33-5 tonf/in® tensile
strength material to this
British Standard for
which elevated tempera-
ture properties are not
required shall be ordered
as: B.S. 1501-161 Grade 28A

26-31-5 tonffin? tensile
strength material to this
British Standard with
specified elevated tem-
perature properties shall

be ordered as: B.S. 1501-161 Grade 26B

NOTE. Appendix C gives the relationship between the old and

new nomenclature,

CHEMICAL COMPOSITION

23. The ladle analysis shall comply with the appropriate
requirements of Table 3,

Full document details: BS 1501-1:1964

TABLE 3. CHEMICAL COMPOSITION

Element Grade i Grade ' G
.23 1 26

rade
28

Carbon per cent max. | 018 © 022 025

Silicon per cent min. . 010, 010 010

max. | 035 1 035 035

Manganese per cent min. Class A 040 ' 050 055

Class B 040 ! 065 065

per cent max. 120 ' 1-20 120

Sulphur per cent max. 0:050

Phosphorus per cent max. 0-050
Nickel per cent max. 0-30
Chromium per cent max. 0-25
Molybdenum per cent max. 0-10
Copper per cent max. 0-20

Total
0-70 per
cent max.,

NOTE I. The maximum carbon content of plates exceeding 214 in
(64 mm) thick may be increased by 0-02 per cent.

NOTE 2. The minimum manganese content of plates 14 in
(12:7 mm) and under may be reduced by agreement between the
manufacturer and the purchaser.

Sef Un ol o
NOTE 3[ H—sluminium—is—used—for—deoxidation—purposes,_tha
additienshall-not-exceed-8-ozper-tom

HEAT TREATMENT

24. Unless otherwise agreed and stated on the enquiry and
order, all Class A plates over 134 in thick and all Class B
plates (irrespective of thickness) shall be supplied in the
normalized condition (see Subclause 22a).

HEAT TREATMENT OF TEST SAMPLES

25. Unless otherwise agreed, test samples having the same
heat treatment integral with the plates shall be separately
stress-relieved at 6004-10°C for three hours, folewed
ceoling  in th adr,
MECHANICAL PROPERTIES AT ROOM TEMPERATURE
26. The mechanical properties obtained from (est pieces,
selected, prepared and tested in accordance with the

requirements of Section One, shall comply with the re-
quirements of Table 4.

1501-161
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TABLE 4. MECHANICAL PROPERTIES TABLE 4M. MECHANICAL PROPERTIES
AT ROOM TEMPERATURE AT ROOM TEMPERATURE
(METRIC EQUIVALENT OF TABLE 4)

| ] F
; | 26 28 ; GRADE 23 ; 26 ' 28
| { 3
T
Tensile strength J Tensile strength
tonf/in® , | kgl/mm?
min, ! 23 ’ 26 28 min. 36-2 40-9 44-1
max. | 28 35 335 max. 441 1 496 527

Yield stress, l i Yield stress, 1 :
tonf{in?, min. :Grade Grade ;Grade Grade Grade Grade kgffmm?, min, Grade Grade Grade Grade Grade Grade
" 23A 23B  26A 26B  28A 28R 23A  23B ' 26A 26B 28A 298¢

Up to and includ- ;

ing 84 in

Over 8 in up to

and including

Up to and includ-

ing 16 mm 206 206 233 233 252 959
Over 16 mm up to 1

and including

1% in 123 131 . 139 148 150 160 32 mm 194 206 - 219 233 236 252
Over 134 inupto ; Over 32 mm up to ' ‘

and including ; ‘ and including
234 in 12:1 125 139 142 148 152 64 mm 191 197 216 224 233 239
(Over 234 in, (Over 64 num,
see Note 1) scc Note 1)

Elongation, i Elongation,
per cent, min, ! per cent, min,
Up to and includ- Up to and includ-
ing 2 in thick ‘ 45 —0TRpfor L, = 5654/, ing 51 mm 45 — 045Ry for L, = 565 VA
Over 2 in thick = 42.7 — 07Ry for L, = 5:65+/5, Over 51 mm 427 — 045Ry for L, = 5:65+/5,
(See Note 2) : {Sce Note 2)

Bend test Bend test J
Maximum radius Maximum radius '
of bend in terms . of bend in terms f
of thickness 7 1t 1 134¢ of thickness ¢ 1r i 1s : 134/

NOTE 1. For each 14 in (63 mm) increase in plate thickness above
234 in (64 mm) the minimum yield stress shall be reduced by 1 per
cent, but to not less than 50 per cent of the specified minimum
tensile strength,

NOTE 2. Ry is the actual tensile strength in tonffin? and Ry the
actual tensile strength in kef/mms,
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MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES
(See also Subclause 226)
27. If plates having elevated temperature properties are
ordered, the manufacturer shall, as required by the order,
either

a. certify that the plates have the properties specified
in Table 5 in accordance with the requirements of
Section One, Subclause 13a.

or b. hot-test the material in accordance with the require-
ments of Section One, Subclause 136 at the tem-
perature stated on the order, in which case the yield
stress or 0-2 per cent proof stress values obtained
shall comply with the relevant requirements of
Table 5.

TABLE 5. MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES

: Minimum yield stress or 0-2 per cent proof stress, tonf/in®,
determined in accordance with B.S. 3688* at temperature of:

Nominal Grade
[II:I.EC thickness )~ R e e T A — - S "-‘:-__"__ - i G
100°C 150°C 200°C 250°C ; 300°C ! 350°C °  400°C , 450°C
| |
. 1 ; i |
23B 11-2 109 104 95 83 79 ;16 | 714
Up to and including ‘ : ) '
1% in 268 12-7 12.3 11-8 108 9-4 89 86 . 84
288 137 133 12:7 we o101 96 93 | 90
23B 10-6 102 98 92 . 83 | 79 | 76 | 74
Over 134 in up to and ; : : A
including 214 in T 26B 120 - 115 111 104 94 ' 89 ! 86 F 84
28B 129 = 124 119 ' 112 [ 101 ‘ g6 93 9-0
TABLE 5M. METRIC EQUIVALENT OF TABLE 5
: Minimum vield stress or 0-2 per cent proof stress, kgf/mm?,
1 determined in accordance with B.S, 3688* at temperature of:
Nominal Grade
plate thickness E T S T e £
100°C 150°C 200°C 250°C 300°C |, 350°C ; 400°C 1 450°C
] L : |
23B 176 172 164 150 ; 131 124 12-0 r 11-7
Up to and including )
32 mm 26B 20-0 19-4 186 17-0 14-8 140 135 | 132
288 216 209 20-0 18-3 159 151 146 ' 142
! .
23B 16-7 16-1 154 14-5 13-1 124 120 | 117
Over 32 mm up to and : ] / j
including 64 mm T 26B 189 181 17'5 16-4 14-8 40 135 0 132
|
288 20-3 195 18-7 176 159 151 | 146 P 142
. i |
* B.S. 3688, * Mcthods of mechanical testing of mectals at clevated temperatures *, Part 1, * Tensile testing °.
1 For plates over 234 in (64 mm) thick the ubove values shall be reduced by [ per cent for cach 14 in (6-3 mm) over 234 in.
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B.S. 1501-161

B.S. 1501-161, APPENDIX A B.S. 1501-161, APPENDIX B
CREEP AND CREEP RUPTURE PROPERTIES
The following creep and creep rupture values given in INFLUENCE OF FABRICATION AND HEAT
Table 6 have been determined from data from tests upon = N . .
a large number of samples of steel representative of com- TREATMENT ON MECHANICAL PROPERTIES
mercial production. It is considered that these values may . . . .
reliably be used for design purposes. Mean values are All mechan.uca[ Rroperties quoted in B.S. 150]-16] includ-
listed but it is estimated that the scattor will not exceed ing those Eiven in Appendix A apply only to steel in the
- 20 per cent, following condition:
TABLE 6

Grades 23A and B, 26A and B, and 28A and B
Stress Ibf/in® for Plates oy exceeding 134 in thick
i a. As-rolled (Class A plates only)

Grades Tempera-
ture 1 per cent

it Rupture i
°C Creep strain in S b. Normalized
B ——
10000 | 100 000 F 10000 100 000 ¢. As-rolled (Class A plates only) or normalized
hours | hours i hours . hours followed by a stress-relief heat treatment at a tem-
; i perature not exceeding 620°C for a period not
350 45800 38600 exceeding 3 hours at the maxjmuns temperature.
360 : 43100 35 80O )
370 40300 33000 = Plates exceeding 134 in thick
a. Normalized
380 37;’00 33 208 b. Normalized followed by stress-relief heat treatment
350 ; o 100 54 ‘330 at a temperature not exceeding 620°C for a period
A ; 92100 G not exceeding 3 hours at the maximum temperature,
i © 410 29500 22000 . . .
ggi AR 420 Notel Notel 26900 19600 Influence of hot forming on the mechanical properties
28A 430 24400 17400 Hot-formed items should have the mechanjcal proper-
i ties detailed in the specification provided that the steel is
440 22000 15200 not heated above [100°C at any stage, and that after hot
450 . 19 700 13 200 forming it is cooled below the transformatjon temperature
460 ; 17400 11400 and then normalized at a temperature approximating that
' shown on the test certificate for the materjal being hot
470 ‘ . 15100 9 600 formed. This final normalizing treatment may be omitted
480 12 900 8000 provided:
490 . 10800 6400 a. the hot forming is done in one operation at the
normalizing temperature,
b i i orb. where more than one hot-forming operation is
|0 41400 33700 involved, the item is cooled below the transformation
390 38300 30400 temperature prior to the Jast hot-forming operation
400 35300 27200 and this is then done at the normalizing temperature,
410 32300 24 400 Influence of cold forming on the mechanical properties
26B 420 Notel Notel 29500 o 600 Cold work will affect the mechanical properties and
28B 430 26 700 ' 19000 acceptable limits of cold work are included in the relevant
application standards. Where necessary, the properties
440 24000 16 600 may be restored by an appropriate heat treatment.
450 21200 . 14 300
460 18600 - 12200 Stress relieving
470 16300 = 10200 The mechanical properties are obtained on test pieces
480 13 700 8400 which have been subjected to a simulated stress relieving
490 © 11300 6 600 treatment at 600 - [0°C. The properties may be adversely
‘ affected by stress relieving at temperatures above 620°C
500 9000 5000 or for times exceeding three hours at (he maximum

[cmperature.

NOTE 1. Stresses corresponding 1o | per cent total strain in
10000 hours and 100 000 hours are still under consideration but
may be assumed to be not less than two-thirds of the stresses
carresponding to creep fupture under the same conditions of time
and temperature,
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B.S.

B.S. 1501-211
CARBON MANGANESE STEEL PLATES (SEMI-KILLED)

To be read in conjunction with Section One
Iy

SCOPE

22. This specification states requirements for semi-killed
carbon manganese steel plates up to 4 in (100 mm) thick
in four tensile grades. If required, the plates can be supplied
having specified elevated temperature properties, desig-
nated by the suffix letter B to the grade number. The suffix
A is used if no specified elevated temperature properties
are required. The plates can also be supplied having
specified room temperature and low temperature impact
properties (see Clauses 22c and 28).

a. Tensile grades. Four tensile grades are covered,
namely:

Grade 26: 26-31-5 tonf/in® tensile strength
Grade 28: 28-33-5 tonf/in® tensile strength
Grade 30: 30-36 tonf/in® tensile strength
Grade 32: 32-38:5 tonf/in® tensile strength.

The purchaser shall state on the enquiry and order the
grade of steel required and, if it is to be hot-worked during
fabrication, whether the steel is to be supplied in the as-
rolled or normalized condition.

b. Elevated temperature properties. If material having
specified elevated temperature properties is required by the
order, the material shall be supplied with the properties
certified or hot-tested in accordance with Section One,
Clause 13 and the purchaser shall state on which basis the
material is to be supplied on his enquiry and order. If the
material is to be supplied hot-tested the purchaser shall
also state the temperature in Table 5 at which the tests are
to be made.

¢. Dmpact properties. If material having specified impact
properties is required by the order the purchaser shall also
state the temperature at which the tests are to be made. In
the case of room temperature tests, the order shall state
whether Charpy V (longitudinal) or Charpy U (trans-
verse) tests are required. IT Charpy U tests are required the
depth of notch (3 mm or 5 mm) shouid also be stated.

Material having specified impact properties shall be
designated by the suffix ‘RT” for room temperature
properties and * LT’ followed by a number representing
the temperature below zero in degC for low temperature
properties.

d. Examples of coding.
28-33-5 tonf/in® tensile
strength material to this
British Standard for
which elevated tempera-
ture properties arc not
required shall be ordered
as: B.S. 1501-211 Grade 28A

30-36 tonf/fin® tensile
strength material to this
British Standard with
elevated temperature
properties shall be

ordered as: B.S. 1501-211 Grade 30B

Full document details: BS 1501-1:1964

32-38-5 tonffin® tensile

strength material to this

British Standard having

specified impact pro-

perties at 0°C shall be

ordered as B.S. 1501-211 Grade 32A LTO

CHEMICAL COMPOSITION

23. The ladle analysis shall comply with the appropriate
requirements of Table 3.

TABLE 3. CHEMICAL COMPOSITION

Grade : Grade Grade : Grade
26 28 0 . 32

Element

Carbon per cent max. (Note 1) 0-17 019 ., 021 : 023
Silicon per cent max. 0-10 0-10 010 : 010
Manganese per cent min. 0-90 ~ 090 - 090 . 090

max. 150 150 ¢ 150 , 160
Sulphur per cent max, 0-050
Phosphorus per cent max. 0-050
Nickel per cent max. 0-30
Chromium per cent max. 0-25 | Total
Molybdenum per cent max. 0-10 [ 0-70 per
Copper per cent max. 0-20 | cent max.

NOTE 1. The maximum carbon content of plates exceeding
214 inches thick may be increased by 0-02 per cent.

NOTE.R , (s Grmeell o R,
HEAT TREATMENT

24. Unless otherwise agreed and stated on the enquiry and
order, all Class A plates over 13 in thick and all Class B
plates (irrespective of thickness) shall be supplied in the
normalized condition (see Subclause 22a).

HEAT TREATMENT OF TEST SAMPLES

25. Unless otherwise agreed, test samples having the same
heat treatment integral with the plates shall be separately
stress-relieved at 600+ 10°C for three hours, folowed
by cocliag e fhu ad-.

MECHANICAL PROPERTIES AT ROOM TEMPERATURE

26. The mechanical properties obtained from test pieces,
selected, prepared and tested in accordance with the
requirements of Section One, shall comply with the re-
quirements of Table 4.
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B.S. 1501-211

TABLE 4. MECHANICAL PROPERTIES AT ROOM TEMPERATURE

GRADE 26 28 ' 30 32
e g : E T Sl I A ST~ ¥ - smoraes o
Tensile strength, tonffin® |
min. ! 26 28 30 32
max. ! 31-5 335 36 38:5
|
Yield stress, tonf/in®, min. Grade Grade Grade Grade Grade Grade Grade Grade
26A 268 2BA 28B J0A 30B . 32A 32B
Up to and including 5% in 15-3 153 165 16-5 177 177 ¢ 188 18-8
Over 54 in up to and including
1% in 149 153 160 165 171 177 18-4 18-8
Over 114 in up to and including
214 in 144 146 15-5 157 166 168 177 179
(Over 214 in, see Note 1) i
1
1
Elongation, per cent, min,
Up to and including 2 in thick i 45 — 0-7Ry for L, = 565+/5,
i
Over 2 in thick (See Note 2) : 427 — 0-TRy for L, = 565/5,
Bend test
Maximum radius of bend in terms
of thickness i 1t 134t 114¢ 1%4¢
TABLE 4M. METRIC EQUIVALENTS OF TABLE 4
GRADE “ 26 : 28 30_ 32
Tensile strength, kgffmm?®
min. 41.0 44.] 47-3 50-4
max. 49-6 527 56-7 G0-6
e ' e O S e
Yield stress, kgffmm?®, min. Grade Grade Grade Grade Grade ‘ Grade Grade Grade
26A 26B 28A 28B J0A : 30B 32A 32B
Up to and including 16 mm P24 24-1 26-0 26-0 279 279 29:6 29-6
QOver 16 mm up to and including .
32 mm 235 24-1 252 260 26-9 279 290 29-6
Over 32 mm up to and including
64 mm Poo22q 230 244 249 26:1 26-5 279 28-2
(Over 64 mm, sce Note 1) i i
1 H
Elongation, per cent, min.
Up to and including 51 mm thick 45 — 0-45Ry, for L, = 5:65+/.5,
Over 51 mm thick (See Note 2) 42-7 — 0-45Ry for L, = 5:65v/S,
- e - SRR YR
Bend test ‘
Maximum radius of bend in terms |
of thickness r i 1r 134¢ 1341t 1%

NOTE 1. For each 14 in (63 mm) increase in plate thickness above 214 in (64 mm) the minimum yield stress values shall be reduced

by 1 per cent.

NOTE 2. R is the actual tensile strength in tonffin® and Ry the actual tensile strength in kgf/mm?®,
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B.S. 1501211

MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES
(See also Subclause 228)
27. If plates having elevated temperature properties are
ordered, the manufacturer, shall as required by the order,
either

a. certify that the plates have the appropriate proper-
ties specified in Table 5 in accordance with the re-
quirements of Section One, Subclause 13a.

or h. hot-test the material in accordance with the require-
ments of Section One, Subclause 135 at the tem-
perature stated on the order, in which case the yield
stress or 0-2 per cent proof stress values obtained
shall comply with the relevant requirements of
Table 5.

TABLE 5. MECHANICAL PROPERTIES AT ELEVATED TEMPERATURES

Minimum yield stress or 0-2 per cent proof stress, tonffin®,
determined in accordance with B.S. 3688* ata temperature of:

Nominal Grade
thickness o i = e T = T T ) B 3 R
100°C 150°C 200°C 250°C 300°C 350°C 400°C 450°C
26B 12-3 131 12-8 121 10-3 9.5 91 8-8
Up to and including 28B 14-3 141 138 13-0 111 102 9-8 9-5
134 in
30B 153 . 151 14-8 139 119 109 10-5 102
32B . 163 161 158 14-9 127 117 112 109
26B 12:6 12:3 122 11-6 10-3 9-5 91 88
Over 134 in up to and 2BB 13-6 133 13-1 12:5 il-1 102 9-8 95
including 2% in T ‘
30B 14-6 42 140 13-4 119 109 105 102
32B 155 152 15-0 14-3 129 11-7 112 109

TABLE 5M. METRIC EQUIVALENTS OF TABLE 5

Minimum vield stress or 0-2 per cent proof stress, kgf/mm?,
determined in accordance with B.S. 3688* at a temperature of:

Nominal Grade
thickness R i i e S ’
100°Cc . 150°C 200°C 250°C 300°C | 350°C 400°C 450°C
‘ ‘ |
268 209 - 206 202 @ 191 o162 1 150 © 143 136
Up to and including 288 22:5 222 | 217 205 = 115 , 161 15-4 150
32 mm R :
308 24-1 238 233 219 187 172 165 16-1
32B 257 254 249 23-5 20-0 184 17-6 17-2
268 198 194 192 183 162 150 14-3 13-6
Over 32 mm up to and 288 21-4 209 206 197 175 16-1 15:4 150
including 64 mm
30B 230 . 224 220 211 18-7 172 165 16-1

32B 24-4 239 236 22:5 20-0 184 17:6 172

* B.S. 3688, * Methods of mechanical testing of metals at clevated temperatures ', Part 1, * Tensile testing .
+ For plates over 2% in (64 mm) thick the above values shall be reduced by 1 per cent for each 14 in (6-3 mm) over 234 in.
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B.S. 1501-211

IMEACT: EROBERTIES TABLE 7. CHARPY U TRANSVERSE

(See also Clause 14 and 22¢.) IMPACT TESTS
28. If plates having specified impact properties are required
by the order the average values obtained shall comply ;

Impact test values*, kef m/em?,

with the appropriate requirements of Table 6 or 7. ‘ Heat i | aritniiit Avecaptof theie
trcar-tip].ent ! Grade | at room temperaturet
TABLE 6. CHARPY V LONGITUDINAL sanpitiow | i J -
IMPACT TESTS !5 mm deep notch | 3 mm deep notch
e .
Impact test va!ues't ft Ibf, 9 i '
Heat minimum average of three, ; 3 i 5 | 7
treatment  Grade at temperature of: - ; g
condition ! S Normalized 28 6 7
RT* 0°C —15°C and ; : ]
g g o ) stress-relieved =~ 30 6 : 7
26 35 25 20 - 6 7
Normalized 28 35 25 20 : :
and : 26 5 _ 6
stress-relieved 30 - 35 25 — :
As-rolled 28 : 5 6
32 i 30 20 — and
stress-relieved 30 ‘ 5 6
26 \ 30 20 — 32 5 6
AS&mUCd ‘ 28 ’ 40 20 — * Values for normalized and stress-relieved plates over 2 in (50-4 mm)
ani ) - thick shall be agreed between the manufacturer and the purchaser.
stress-relieved : 30 30 20 = 1 In case of dispute room temperature shall be taken to be 20°C,

32 25 17 —

TABLE 6M. METRIC EQUIVALENTS OF TABLE 6

¥
Impact test values¥, kgl m,

Heat : minimum average of three,
treatment Grade at temperature of:
condition -

RT*  0°C — 15°C
26 4-8 35 2:8
Normalized 28 4.8 35 2:8
and :
stress-relieved 30 ; 4-8 35 —_
32 : 4.1 : 2:8 —
26 i 4.1 ‘ 2.8 —
As-rolled ) 28 4.1 2-8 —
and
stress-relieved 30 i 4-1 28 —_
- -

i i |
* Values for normalized and stress-relieved plates over 2 in (58=mm) (_5 D% mm)
thick shall be agreed between the manufacturer and the purchaser.

t RT = room temperature. In case ol dispute, room temperature

shall be taken as 20°C.
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B.S. 1501-211, APPENDIX A

CREEP AND CREEP RUPTURE PROPERTIES

The following creep and creep rupture values given in
Table 8 have been determined from data from tests upon a
large number of samples of steel representative of com-
mercial production. It is considered that these values may
reliably be used for design purposes. Mean values are
listed but it is estimated that the scatter will not exceed
= 20 per cent.

TABLE 8

|
i Stress Ibf/in? for

Tempera- : 1 per cent. Rupture in
Grades | ture Creep strain in
°C B e Bl
. 10 0600 ! 100 000 10 000 100 000
hours ‘r hours ' hours hours
INL FRRI. S __\‘ e e Em—

350 i © 50400 | 43200
360 i . 47400 40 000
370 i 44400 | 36800
380 | : . 41400 | 33700
390 i , 38300 30400
400 | ‘ 35 300 27 200

I L | H
| 410 ! i 32300 | 24400
26A and B 420 | Notel: Notel 29500 ; 21600

!
28A and B' 430 19000

30A and B 440
32Aand B! 450

24000 ; 16600
21200 ' 14 300

460 | 18600 | 12200
470 ! : 16300 ' 10200
480 13 700 8 400
490 | 11 300 6 600

| 500 9 000 5000

NOTE 1. Stresses corresponding to 1 per cent total strain in
10 000 hours and 100 000 hours are still under consideration but
may be assumed to be not less than two-thirds of the stresses
corresponding to crecp rupture under the same conditions of time
and temperature.

B.S. 1501-211

B.S. 1501-211, APPENDIX B

INFLUENCE OF FABRICATION AND HEAT
TREATMENT ON MECHANICAL PROPERTIES

All mechanical properties quoted in B.S. 1501-211 includ-
ing those given in Appendix A apply only to steel in the
following condition:

Grades 26A and B, 28A and B, 30A and B, and 32A and B
Plates not exceeding 13 in thick

a. As-rolled (Class A plates only)

b. Normalized

c. Asrolled (Class A plates only) or normalized
followed by a stress-relief heat treatment at a tem-
perature not exceeding 620°C for a period not
exceeding 3 hours at the maximum temperature.

Plates exceeding 1% in thick
a. Normalized

b, Normalized followed by stress-relief heat treatment
at a temperature not exceeding 620°C for a period
not exceeding 3 hours at the maximum temperature.

Influence of hot forming on the mechanical properties

Hot-formed items should have the mechanical proper-
ties detailed in the specification provided that the steel is
not heated above 1100°C at any stage, and that after hot
forming it is cooled below the transformation temperature
and then normalized at a temperature approximating that
shown on the test certificate for the material being hot
formed. This final normalizing treatment may be omitted
provided:

a. the hot forming is done in one operation at the
normalizing temperature.

or b. where more than one hot-forming operation is
involved, the item is cooled below the transforma-
tion temperature prior to the last hot-forming
operation and this is then done at the normalizing
temperature,

Influence of cold forming on the mechanical properties

Cold work will affect the mechanical properties and
acceptable limits of cold work are included in the relevant
application standards. Where necessary, the properties
may be restored by an appropriate heat treatment.

Stress relieving

The mechanical properties are obtained on test pieces
which have been subjected to a simulated stress relieving

 treatment at 600 = 10°C. The properties may be adversely

affected by stress relieving at temperatures above 620°C
or for times exceeding threc hours at the maximum
temperature.
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B.S. 1501-213

B.S. 1501-213

CARBON MANGANESE STEEL PLATES
(SEMI-KILLED, NIOBIUM TREATED)

(To be read in conjunction with Section One)

SCOPE

22. This specification states requirements for niobium
treated carbon manganese steel plates in the normalized
condition up to 4 in (100 mm) thick and in three tensile
prades. If required, the plates can be supplied having
specified elevated temperature properties, designated by
the suffix letter B to the grade number. The suffix A is
used if no specified elevated temperature properties are
required.

The plates can also be supplied having specified room
temperature and low temperature impact properties (sec
Clauses 22¢ and 28).

a. Tensile grades. Three tensile grades are covered,
namely:

Grade 28: 28-33-5 tonf/in® tensile strength
Grade 30: 30-36 tonf/in® tensile strength
Grade 32: 32-38-5 tonf/in® tensile strength

The purchaser shall state on the enquiry and order the
grade of steel required.

b. Elevated temperature properties. If material having
specified elevated temperature properties is required by
the order, the material shall be supplied with the pro-
perties certified or hot-tested in accordance with Section
One, Clause 13 and the purchaser shall state on which
basis the material is to be supplied on his enquiry and
order. Tf the material is to be supplied hot-tested the
purchaser shail also state the temperature in Table 5 at
which the tests are to be made.

c. Impact properties. 1f material having specified impact
properties is required by the order the purchaser shall also
state the temperature at which the tests are to be made. In
the case of room temperature tests, the order shall state
whether Charpy V (longitudinal) or Charpy U (transverse)
tests are required. If Charpy U tests are required the depth
of notch (3 mm or 5 mm) should also be stated.

Material having specified impact properties shall be
designated by the suffix *RT’ for room temperaturc
properties and ‘LT’ followed by a number representing
the temperature below zero in degC for low temperature
properties.

d. Examples of coding.
28-33-5 tonf/in® tensile
strength material to this
British Standard for
which elevated tempera-
ture properties are not
required shall be

30-36 tonf/in® tensile
strength material to this
British Standard with
elevated temperature
properties shall be

ordered as: B.S. 1501-213 Grade 30B

32-38-5 tonf/in® tensile

strength material to this

British Standard having

specified impact pro-

perties at — 30°C shall

be ordered as: B.S. 1501-213 Grade 32A LT 30

CHEMICAL COMFPOSITION

23. The ladle analysis shall comply with the appropriate
requirements of Table 3.

TABLE 3. CHEMICAL COMPOSITION

Element . Grade Grade : Grade
28 30 32
Carbon per cent max. 017 020 022
Silicon per cent max. 010 010 010
Manganese per cent min. 090 090 : 080
max. 1-50 150 @ 1-60
Niobium per cent min. 0-01
max. 006 0.c¥
Sulphur per cent max, 0-050
Phosphorus per cent max. 0-050
Nickel per cent max. 0-30
Chromium per cent max. 025 | Total
Molybdenum per cent max. 0-10 [ 070 max.
Copper per cent max. 020

NOTE. CAet Ol -2
HEAT TREATMENT

24. All plates shall be supplied in the normalized condition
(see Clause 22).

HEAT TREATMENT OF TEST SAMPLES

25. Test samples after separation from the normalized
plates shall be separately stress-relieved at 6004-10°C for

ordered as: B.S. 1501-213 Grade 28A three hours, folowed by Coclig in shul alr. Seo  Awdlk
Ne. 3,
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B.S. 1501-213

MECHANICAL PROPERTIES AT ROOM TEMPERATURE

26. The mechanical properties obtained from test pieces,
selected, prepared and tested in accordance with the
requirements of Section One, shall comply with the
requirements of Table 4.

TABLE 4. MECHANICAL PROPERTIES AT
ROOM TEMPERATURE

GRADE .28 . 30 | 3:2

Tensile strength tonf/fin®
min. 28 30 32
max. 33-5 360 385

Yield stress, tonf/in?, min. ‘ .
Up to and including 54 in 195 | 205 220
Over 3% in up to and in-
cluding 134 in 19-0 20-0 21.5
QOver 134 in up to and in-
cluding 234 in 18:5 195 21-0
(Over 234 in thick, see
Note 1)

Elongation, per cent, min.
Up to and including 2 in .
thick 45 — 0-TRy for L, = 5651/5,

t

Over 2 in thick (Sec

Note 2) 427 — 0-7Ry for L, = 565+/5,
Bend test !
Maximum radius of bend 1
in terms of thickness ¢ 114+ 1%4¢ 1141
28
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TABLE 4M. METRIC EQUIVALENTS OF TABLE 4

GRADE 28 | 30 32
i !
Tensile strength kgf/mm? | !
min. 441 i 473 505
max. 529 . 567 60-6
Yield stress, kglfmm?, min.
Up to and including
16 mm 307 323 346
Over 16 mm up to and in-
cluding 32 mm 299 315 339
Over 32 mm up to and in-
cluding 64 mm 291 307 33-1

(Over 64 mm, see Note 1)

Elongation, per cent, min.
Up to and including
51 mm 45 — 0-45Ry, for L, = 5654/,

Over 51 mm (Sec Note 2)  42-7 — 0-45Ry for L, = 5654/,

Bend test
Maximum radius in terms
of thickness r 1%4¢ 134 1%4¢

NOTE 1. For each 14 in (6-3 mm) increase in plate thickness above
2%% in (64 mm) the minimum yield stress shall be reduced by 1 per
cent.

NOTE 2. Rt is the actual tensile strength in tonffin® and Ry the
actual tensile strength in kgffmms.
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