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Foreword

This British Standard has been prepared under the direction
of the Iron and Steel Standards Policy Committee and
replaces the previous edition of BS 1503 published in 1980,
which is withdrawn.

The main technical differences between this edition of

BS 1503 and the previous edition are the inclusion of steel
grades 243-430, 762-690, 225-490, the duplex stainless
steel 318513 and the high nitrogen grades of 304561,
316561 and 316563 steels. Steel grade 245-420 is with-
drawn. Attention has been drawn to the requirements of
small forgings and more detail given on the non-destructive
testing of forgings. Clause 10, on the number and selection
of test samples and the preparation of test pieces, has been
extensively revised. Recognition has been given to the
advances in steelmaking processes by the reduction of
sulphur and/or phosphorus contents in most of the steels
in the standard. The options available to the purchaser are
shown in appendix B.

The steels included in this British Standard are generally
regarded as being weldable. However, care should be taken
and, where appropriate, welding should be carried out in
accordance with the requirements of the appropriate
British Standards for welding (see also option B.5).

Elevated temperature proof stress values in this standard
represent the results of the most recent assessments.

In keeping with the established practice for up-dating the
mechanical properties, work continues on the collection
and assessment of relevant data. Any resulting new values
will be considered for future revisions of this or equivalent
standards.

Users of this standard are invited to assist by sending
relevant data to the Secretariat of ISM/73/-/1, British
Standards Institution, 3 York Street, Manchester, M2 2AT
(see appendix M for pro-forma).

This British Standard is one of a series specifying require-
ments for steels in various product forms for pressure
purposes. Other British Standards in this series are:

BS 1501 Steels for pressure purposes-: plates, sheet

: and strip (in three parts)

Part 1 Specification for carbon and carbon
manganese steels

Part 2 Specification for alloy steels

Part 3 Specification for corrosion and heat
resisting steels

Specification for steels for fired and unfired

pressure vessels : sections and bars

Specification for steel castings for pressure

purposes

Specification for carbon, low alloy and

stainless steel bars and billets for bolting

material to be used in pressure retaining

applications

BS 1502
BS 1504

BS 1506

Requirements for steel tubes for pressure purposes are
specified in BS 3601 to BS 3605 inclusive.

Praduct certification. Users of this British Standard are
advised to consider the desirability of third party certifica-
tion of product conformity with this British Standard
based on testing and continuing surveillance, which may be
coupled with assessment of a supplier’s quality systems
against the appropriate Part of BS 5750.

Enquiries as to the availability of third party certification
schemes will be forwarded by BS| to the Association of
Certification Bodies. |f a third party certification scheme
does not already exist, users should consider approaching
an appropriate body from the list of Association members.

It is outside the scope of this standard to specify formal
qualifications for personnel engaged in testing but it is
emphasized that the operation of all equipment should be
supervised by competent, trained personnel,

Compliance with a British Standard does not of itself
confer immunity from legal obligations.

Documents

Document Sharing Hub

Full document details: BS 1503:1989


http://www.avadocuments.com/doc/bs-1503-1989
http://www.avadocuments.com/doc/bs-1503-1989

W, A,

EE/ T, o

e [0 PAGss IVC 2 FoLo
e

Amendment No. 4

published and effective from 15 February 1997
to BS 1503 : 1989

Steel forgings for pressure purposes

Instructions for replacement of pages
Where only one of the two pages on each sheet has been updated, the other page has been reprinted.

Front cover and inside front cover Replace the pages
aand b Insert the pages immediately after the inside front cover
7 and 8 Replace the pages
9 and 10 Replace the pages
15 and 16 Replace the pages
19 and 20 Replace the pages
25 and 26 Replace the pages
29 and 30 Replace the pages
31 and 32 Remove the pages
Inside back cover and back cover Replace the pages

You may wish to retain the superseded pages, e.g. for reference purposes, if so please mark them ‘Superseded by
issue X, where X is the appropriate issue number. If you do not wish to retain the superseded pages, please
destroy them,

B3I LIBRARY

REFERENCE ONLY, NOT FOR LOAN
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BS 1503 : 1989

Foreword

This British Standard has been prepared under the direction
of the Iron and Steel Standards Policy Committee and
replaces the previous edition of BS 1503 published in 1980,
which is withdrawn,

The main technical differences between this edition of

BS 1503 and the previous edition are the inclusion of steel
grades 243-430, 762-690, 225-490, the duplex stainless
steel 318513 and the high nitrogen grades of 304561,
316561 and 316563 steels. Steel grade 245-420 is with-
drawn. Attention has been drawn to the requirements of
small forgings and more detail given on the non-destructive
testing of forgings. Clause 10, on the number and selection
of test samples and the preparation of test pieces, has been
extensively revised. Recognition has been given to the
advances in steelmaking processes by the reduction of
sulphur and/or phosphorus contents in most of the steels
in the standard. The options available to the purchaser are
shown in appendix B.

The steels included in this British Standard are generally
regarded as being weldable. However, care should be taken
and, where appropriate, welding should be carried out in
accordance with the requirements of the appropriate
British Standards for welding (see also option B.5).

Elevated temperature proof stress values in this standard
represent the results of the most recent assessments.

In keeping with the established practice for up-dating the
mechanical properties, work continues on the collection
and assessment of relevant data. Any resulting new values
will be considered for future revisions of this or equivalent
standards.

Users of this standard are invited to assist by sending
relevant data to the Secretariat of ISM/73/-/1, British
Standards Institution, 3 York Street, Manchester, M2 2AT
(see appendix M for pro-forma).

This British Standard is one of a series specifying require-
ments for steels in various product forms for pressure
purposes. Other British Standards in this series are:

BS 1501 Steels for pressure purposes:: blates, sheet

and strip (in three parts) :

Part 1 Specification for carbon and carbon
manganese steels

Part 2 Specification for alloy steels

Part 3 Specification for corrosion and heat
resisting steels )

Specification for steels for fired and unfired

pressure vessels : sections and bars

Specification for steel castings for pressure

purposes

Specification for carbon, low alloy and

stainless steel bars and billets for bolting

material to be used in pressure retaining

applications

BS 1502
BS 1504

BS 1506

Requirements for steel tubes for pressure purposes are
specified in BS 3601 to BS 3605 inclusive.

Praduct certification. Users of this British Standard are
advised to consider the desirability of third party certifica-
tion of product conformity with this British Standard
based on testing and continuing surveillance, which may be
coupled with assessment of a supplier’s quality systems
against the appropriate Part of BS 5750.

Enquiries as to the availahility of third party certification
schemes will be forwarded by BSI to the Association of
Certification Bodies. If a third party certification scheme
does not already exist, users should consider approaching
an appropriate body from the list of Association members.
It is outside the scope of this standard to specify formal
qualifications for personnel engaged in testing but it is
emphasized that the operation of all equipment should be
supervised by competent, trained personnel.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Summary of pages

The following table identifies the current issue of each page. Issue 1 indicates that a page has been introduced
for the first time by amendment. Subsequent issue numbers indicate an updated page. Vertical sidelining on
replacement pages indicates the most recent changes (amendment, addition, deletion).

Page Issue Page Issue

Front cover 2 15 2

Inside front cover original 16 2

a 1 17 original

b blank 18 original

1 original 19 2

2 original 20 original

3 original 21 original

4 original 22 original

5 original 23 original

6 original 24 original

7 2 25 2

8 blank 26 blank

9 2 27 original

10 blank 28 blank

11 original 29 2

12 blank 30 original

13 original 31 and 32 : removed

14 original Inside back cover original
Back cover 2
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Table 6. Permissible deviation from the specified
composition for ferritic stainless, martensitic stainless,
duplex stainless and austentic stainless steels

Element Maximum of Permissible deviation*
specification range from the specified range
(see option B.3)
% . Y
Carbon =0.03 +0.005
»0.03,0.25 =0.07 -
Manganese <1.0 +0.04
>1.0, 2.0 +0.05
Silicon <1.0 +0.05
Sulphur <0.030, +0.003
=0.030 =0.040 +0.004
Phosphorus <0.030 +0.003
>0.030, <.040 +0.004
Nickel =1.0 +0.03
>1.0, 2.0 +0.05
=2.0,<5.0 +0.07
=5.0, £10.0 +0.10
=10.0, £20.0 +0.15
=20.0 +0.20
Chromium <10.0 +0.10
=10.0, =15.0 +0.15
=15.0, £20.0 +0.20
=20.0 +0.25
Molybdenum | 1.0 +0.04
=1.0, 2.0 +0.05
»2.0,<3.0 =0.08
Titanium All ranges =0.05
Niobium All ranges +0.05
Copper =0.25 +(.05
Alurninium <0.045 +0.005
Vanadium =0.035 +0.03
Nitrogen =0.070 +0.010

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

Table 7. Maximum carbon
equivalent values
Steel grade Maximum carbon
equivalent
%
164-430 0.47
221-410 0.39
221-430 0.41
221-460 0.45
221-490 0.47
223-410 0.39
223-430 0.41
223-460 0.45
223-490 0.47
224-410 0.41
224-430 0.43
224-490 0.47
225-490 0.47

B.6 Simulated post-weld heat treatment of
test samples

|f the purchaser intends to incorporate the forging or
fabrication in a welded vessel or structure and apply a
post-weld heat treatment, test samples shall have received
heat treatments referred to in 7.3 and, if applicable,

11.2 shall also be subjected to a heat treatment that
simulates the post-weld heat treatment to be applied to
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the welded vessel or structure by the purchaser. The post-
weld heat treatment, and the mechanical properties to be
obtained after testing these samples in accordance with
clause 12 shall be agreed between the purchaser and the
manufacturer.

NOTE 1. If any additional or unforeseen post-weld heat treatment
has to be applied by the purchaser, the heat treatment temperature
should not exceed the temperature of the final heat treatment,

i.e. either tempering or post-weld heat treatment applied by the
forgemaster to the test samples.

NOTE 2. If he desires, the purchaser may be supplied with
additional test samples cut from the forging after heat treatment

in accordance with 7.3 and, if applicable 11.2, with a view to
subjecting these test samples to additional heat treatment and
subsequent mechanical testing for information purposes,

NOTE 3. The test samples referred to above exclude test materials
supplied for welding tests, The test material should receive the heat
treatments prescribed as in 7.3 and if applicable, 11.2.

B.7 Elevated temperature properties and
testing

B.7.1 Forgings shall he supplied with elevated temperaturs "
properties as in 14.1. Should testing be required {see 14.1(b)
this shall be carried out in accordance with BS 3688 :

Part 1.

B.7.2 Should additional elevated temperature testing be
required (see 14.2) this shall be carried out in accordance
with BS 3688 : Part 1. The number, position and tempera-
tures of such tests shall be agreed between the purchaser
and the manufacturer from those temperatures for which
elevated temperature proof or yield stress values are
specified for the relevant steel in appendix C, D or E.

The yield stress values obtained shall comply with the
requirements for the relevant steel.

B.8 Impact tests and properties
B.8.1 General

B.8.1.1 The purchaser shall state whether impact testing
is required at room temperatures (see B.8.3), below room
temperature (see B.8.4) or on samples subjected to a
stress-relieving post-weld heat treatment {see B.8.2).

In the last case values required shall be agreed between
the purchaser and supplier. The Charpy V-notch impact
tests shall be carried out in accordance with the
requirements of BS 131 : Part 2.

B.8.1.2 Impact tests shall be made on samples selected
and prepared in accordance with the requirements of
clause 10. The direction of the test piece in relation to
the direction of metal flow in the forging, longitudinal
or transverse, shall be specified.

NOTE. If the impact properties fail to meet the specified require-
ments, retests may be carried out in accordance with 16.2.

B.8.2 Impact tests on heat treated samples

If required, impact values shall be obtained on samples
subjected to a stress relieving or post-weld heat treatment

(see clause 11). Documents
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B.8.3 Impact tests at room temperature NOTE. Every forging is to be tested unless otherwise agreed
between the purchaser and the manufacturer. Details of the test

Tests shall be made on three impact test pieces from each procedure, including the test temperature, and the value and

sample, and the average of the Charpy V-notch impact duration of the test pressure, are to be agreed between the
values (KV) obtained in these tests at room temperature purchaser and the manufacturer.
shall not be less than the value specified in table 9 or 10
for the appropriate limiting ruling section (see appen- Table 9._Room temperature impact
dix L) of the relevant steel. One individual value may be properties of carbon-manganese steels
below the specified value but no individual value shall be Grade | Limiting Impact
han 70 % of the specified value ’ ruling section | Value
less than o pecl = (seenote5to | KV min(see
tables1,2&3) | optionB.8.3)
B.8.4 Impact tests below room temperature mm J
Tests shall be made on three impact test pieces from each 164-490 ‘i}gg pren E
sample. The average of the Charpy V-notch impact values 221-410 | <100 27
(KV) obtained in these tests at below room temperature =100 <500 27
for carbon-manganese, 3.5 % nickel, 9 % nickel and = Qim0 prd
austenitic stainless steels, shall not be less than the value 100 <500 27
specified in table B for the appropriate test temperature =500 -
i N . =
and limiting ruling section (see appendix L) of the relevant +&1-460 ;:gg f
steel. One individual value may be below the specified value | 221490 | =100 41
indivi hall be le n 70 % of the >100 =
but no individual value shall be less tha S | -
specified value. 221-530 | =100 —
221-550 =100 -
Table 8. Low temperature impact properties of %g;jfg ﬁ?] gg pt
Eig : - =
carbon-manganese, 3.5 % nickel, 9 % nickel and austenitic =100 27
stainless steels 223-430 | =100 27
AT 100 27
Grade Limiting Temperature Impact =
ruling section of test value || 223460 | <100 4]
max. KV min. >100 41
e ] 223-490 | =100 41
mm >100 41
223-410 No limit =10 27 223-510 =100 41
150 =20 27 224-410 =100 27
100 -50 27 =100 27
223-430 Na limit =10 27 224-430 =100 27
150 =15 27 =100 27
100 -40 27 224-460 | <100 41
223-460 No limit 0 41 =100 41
150 =10 41 224-490 =100 a1
100 -20 41 =100 41
223-490 150 0 41 224510 | <100 41
100 -10 a4 225490 | =100 41
223-510 150 0 41 =100 41
224-410 1N5°0|'m‘t _128 g; NOTE. Heat treatment(s) for the relevant
100 :50 27 steel are as given in table 1.
224-430 No limit =10 27
150 -15 27
100 -40 27 Table 10. Room temperature impact properties of low
224-460 2‘5"0“"'"‘ __?0 :'1' alloy, ferritic stainless and martensitic stainless steels
100 -20 41 Grade Limiting Impact
224-490 150 0 41 ruling section value
100 -10 41 {see notes 5 to KV min (see
224-510 150 0 41 tables 1, 2 & 3) option B.8.3)
503-490 150 -80 27 o 3
509-690 150 -196 34 249.430 sk 5
304511 and 620-440 7
304531 No limit -196 50 ! 2
316511,316S13, 620-540 200 41
316531 & 316533 | Nolimit -196 50 621-460 - 41
321831 No limit —-196 40 660-460 - -
347531 No limit -196 40 271-560 - a1
NOTE. Heat treatment(s) for the relevant steel are as specified in 622-490 - 41
table 1,2 or 3. 622-560 - 41
622-650 - 41
625-520 = 27
B.9 Hydraulic testing 625-590 - &
91 300 41 ]
Forgings shall be hydraulically tested. In no case shall the gg";‘;gg :gg =
nominal stress produced by the hydraulic test exceed 410821 _ ;?
90 % of the specified room temperature yield strength of 420529 =
A Documents
the steel. . o
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Appendix D. Minimum lower yield stress (R.,) or minimum
0.2 % proof stress (Ry,) values at elevated temperatures for low alloy,
ferritic stainless, martensitic stainless, and duplex stainless steels

Grade R min. or Rpg» min* at a temperature of:

100 °C 150 'C 200 °C 250°C 300°C 350°C 400 °C 450 °C 500 'C 550 'C 600°C

N/mm? | N/mm?| N/mm2| N/mm2| N/mmZ] N/mm2| N/mm? N/mm? | N/mm2| N/mm2| N/mm?
243-430 237 232 218 200 167 153 148 143 139 - -
620-440 214 224 213 197 184 170 162 157 151 146 145
620-540 340 328 35 303 294 284 279 273 265 251 240
621-460 260 245 234 218 205 191 183 176 167 163 162
660-460 282 276 267 241 225 216 209 203 200 197 164
271-560 341 330 322 312 306 298 288 282 269 255 Pl
622-490 261 253 245 236 230 224 218 205 189 167 145
622-560 - 347 336 329 320 313 302 295 289 259 226 193
622-650 455 447 435 427 420 403 393 375 349 302 255
625-520 345 335 327 323 322 316 306 285 256 - -
625-590 414 402 394 389 385 374 359 333 297 - -
91 - - - - 351 344 3N 311 286 250 207
762-690 407 388 374 360 349 340 328 309 280 243 177
410821 339 321 313 303 299 288 275 249 219 169 112
420529 453 440 43 419 413 396 379 340 301 227 146
403817 21 197 188 182 179 172 165 149 133 107 78
405517 160 144 137 132 129 124 116 107 96 80 65
318513t 360 335 310 295 285 - - - - - -
* At any test temperature the greater of Ry, min. or Rpo2 min. shall be taken as the criteria of acceptance.
1 Values for steel 318513 based on the Stahl-Elsen Werkstoffblatt 400 - 1986.

Appendix E. Minimum 1 % proof stress Rp1.0 values at elevated
temperatures for austenitic stainless steels

Grade* Rp1.0 min. at a temperature of:
100°C | 150°C | 200°C | 250°C | 300°C | 350°C | 400°C | 450°C | 500°C 550°C | 600°C | 650°C | 700°C
Nfmm? | N/mm? | Nfmm?| N/mm?| N/mm?| N/mm?| N/mm?| N/mm? N/mm? | N/mm? | N/mm?| N/mm?| N/mm?
3045111 168 150 137 128 122 116 110 108 106 102 100 96 93
3045311 178 160 147 139 132 125 120 117 115 112 109 104 99
304351 178 160 147 139 132 125 120 117 115 112 1098 104 99
304561t 230 201 182 172 163 156 148 144 140 136 131 128 124
3475311 204 192 182 172 166 162 158 157 155 153 151 - -
347551 204 192 182 172 166 162 158 157 155 163 151 = -
3218311 192 180 172 164 158 152 148 144 140 138 135 130 124
321551-490 149 139 131 125 118 114 110 107 105 104 102 100 97
321551-510 192 180 172 164 158 152 148 144 140 138 135 130 124
316511t 177 161 148 139 133 127 123 119 115 112 110 107 1058
3168131 177 161 149 139 133 127 123 119 115 112 110 107 105
3168311 189 172 159 150 143 137 133 129 125 121 119 116 113
3165337 188 172 159 150 143 137 133 129 125 121 118 116 113
3165511 189 172 159 150 143 137 133 129 125 121 119 116 113
316561 238 208 192 180 172 166 161 157 152 149 144 142 138
316563 238 208 192 180 172 . 166 161 157 152 149 144 142 138
* Minimum 1 % proof stress values at elevated temperatures for steel grade 310531 and 320533 are not available,
T Stress-rupture values {(appendix J), which may influence design considerations above 550 *C, are not available for these grades of steel,
t Values for steel 304561 based on 304 smoothed lower 95 % confidence lines, |

Appendix F. Procedure for verification of confidence lines that have been determined from the

analysis of a large body of data and that have been used
elevated temperature proof stress values to derive the minima specified in this standard.

As an alternative to verification of individual casts by An example of lower confidence lines (for steel grade 224)
testing at elevated temperatures, the manufacturer may is shown in figure 1. To achieve the appropriate degree of
verify that his product consistently meets the minimum accuracy however it is necessary to construct the confi-
elevated temperature proof stress values specified for the dence lines on a larger scale. To enable this to be done,
relevant type of steel by adopting the procedure described  the coordinates of two suitably spaced points on each

in BS 3920 : Part 1. temperature line are given for various grades of steel in
The basis of the procedure is that the manufacturer com- tables 11 to 24.

pares appropriate data relating to his product with the Documents
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Figure 1. Example of lower confidence lines (for steel grade 224)
Table 11. Parameters for lower confidence lines: steel Table 12. Parameters for lower confidence lines: steel
grades 221-410, 221-430, 221-460, 221-490, 221510, grades 221-410, 221-430, 221-460, 221-490 and 221-550:
221-530 and 221-550: up to and including 100 mm thick greater than 100 mm thick
Temperature | 0.2 % proofstressattwo Temperature | 0.2 % proofstressattwo
levels of room temperature : levels of room temperature
tensile strength tensile strength
400 N/mm? 600 N/mm? 400 N/mm? 600 N/mm?
o 47 N/mm? N/mm? = N/mm? N/mm?
100 168 287 100 156 266
150 164 283 . 150 153 263
200 158 271 200 150 253
250 146 254 250 141 244
300 129 235 : 300 129 234
350 122 224 350 122 223
400 119 214 ) 400 i 119 214
450 118 205 450 117 207
Documents
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