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. ' 
B.S. En. 16. Manganese-Molybdenum steel 

B.S. En. 17. Manganese-Molybdenum /Higher 
Molybdenum) steel 

B.S. En. 18. 1 ~~ Chromium steel 

B.S. En. 19. 1 % Chromium-Molybdenum steel 

B.S. En. 20. 1 ~·~ Chromium-Molybdenum steel 
· (higher Mo.) 

B.S. En. 21. 3 'I~ Nickel steel 
B.S. En. 22. 3½ ~.~ Nickel steel 
B.S. En. 23. 3 ~,,; Nickel-Chromium steel 

B.S. En. 24. I½% Nickel-Chromium-Molybdenum 
steel 

B.S. En. 25. 2½ % Nickel-Chromium-Molybdenum 
steel (medium carbon) 

B.S. En. 26. 21 ~·~ Nickel-Chromium-Molybdenum 
steel (high carbon) 

13.S. En. 27. 3 /~ Nickel-Chromium-Moivbdenum 
steel • 

B.S. En. 28. 3½% Nickel-Chromium-Molybdenum 
steel • 

B.S. En. 29. 3 % Chromium-Molybdenum steel 

B.S. En. 30. 4¼%Ni,:kel-Chromium steel 
B.S. En. 31. 1 % Carbon-Chromium steel (ball 

race) 
B.S. En. 32. Carbon C.H. steel 
B.S. En. 33. 45 tons 3 °~ N ickel C.H. steel 
B.S. En. 34. 45 tons 2 / ~ Nickd-Molybdenum 

C.H. steel 
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B.S. En. 35. 55 tons 2 % Nickel-Molybdenum 
C.H. steel 

B.S. En. 36. 3 % Nickel-Chromium C.H. steel 
B.S. En. 37. 5 % Nickel C.H. steel (40/60 tons) 
B.S. En. 38. 65 tons 5% Nickel C.H. steel 
B.S. En. 39. 4¼% Nickel-Chromium C.H. steel 
B.S. En. 40. 3 % Chromium-Molybdenum Nitrid-

ing steel 
B.S. En. 41. 1{ % Chromium-Aluminium-Molyb-

denum Nitriding steel 
B.S. En. 42. Carbon Spring steel for O.H. and T. 
B.S. En. 43. Carbon Spring steel for W.H. and T. 
B.S. En. 44. Carbon.Spring steel for O.H. and T. 

(higher carbon content) 
B.S. En. 45. Silicon-Manganese Spring steel for 

O.H. and T. 
B.S. En. 46. Silicon-Manganese Spring steel for 

W.H. and T. 
B.S. En. 47. 1 % Chromium-Vanadium Spring 

steel for O.H. and T. 
B.S. En. 48. 1 % Chromium Spring steel for O.H. 

and T. 
B.S. En. 49. Hard -drawn carbon steel wire for 

springs 
B.S. En. 50. Chromium-Vanaclium steel wire for 

springs 
B.S. En. 51. 3 % Nickel valve steel 
B.S. En. 52. Silicon-Chromium valve steel 
B.S. En. 53. Silicon-Chromium valve steel 
B.S. En. 54. High Nickel-Chromium Tungsten 

valve steel 
B.S. En. 55. High Chromium - Nickel - Tungsten 

valve steel 
B.S. En. 56. Chromium Rust Resisting steel 
B.S. En. 57. High Tensile Chromium Nickel 

Rust Resisting steel 
B,S. En. 58. Austenitic Chromium Nickel Rust 

and Acid Resistill g steel 

TAC. No. Page 

19B 75 

20A 76 
19C 77 
20B 79 
21 81 " 

22B, 23C, 83 
24 

22A, 23A 85 

25AO 87 
25AW 88 
25AC 89 

2SBO 90 

25BW 91 

25CV 92 

25C 93 

26A, 58A S'4 

26B, 58C 95 

29A 96 
29Bl 97 
29B2 98 
29C 99 

29D 100 

30, 31A 101 
32 103 

33A 105 
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' TABLE 1. STEELS IN THE B.S. En. SERIES REPLACING 
THOSE IN B.S. 5005, B.S. 5006, B.S. 5008 AND B.S. 5010 

B.S. 5005 : 101 
B.S. 5005 : 102 
B.S. 5005 : 103 
B.S. 5005 : 104 
B.S. 5005 : 201 
B.S. 5005 : 202 
B.S. 5005 : 203 
B.S. 5005 : 204 
B.S. 5005 : 301 

B.S. 5005 : 302 

B.S. 5005 : 401 
B.S. 5005 : 402 
B.S. 5005 : 501 
B.S. 5005 : 502 
B.S. 5005 : 503 
B.S. 5005 : 601 

B.S. 5006 : 105 
B.S. 5006 : 205 
B.S. 5006 : 206 

A. B.S. 500S. WROUGHT STEELS 

En. 32. 

En. 33. 
En. 37. 
En. 2 . . 
En. 5B. 
En. 8. 
En. 12. 
En. 15B, En. 16A, En. 17A, En. ISA, En. 19A, 
En. 21A. 
En. llA, En. 16C, En. 17C, En. 18C, En. 19C, 
En.22B, En.23B, En. 24B, En.25A, En. 27A, 
En. 29C. 
En. 21A. 
En. 22B. 
En. 23B. 
En. 30. 
En. 24G. 
En. 18C. 

B. B.S. S006. STEEL BARS 

En. 32. 
En. 6. 
En. 32. 

C. B.S. S008. VALVE STEELS 

B.S. 5008 : 403 En. 51. 
B.S. 5008 : 602 
B.S. 5008 : 603 
B.S. 5008 : 701 

B.S. 5010 : 218 
B.S. 5010 : 219 
B.S. 5010 : 603 
B.S. 5010 : 604 
B.S. 5010 : 605 
B.S. 5010 : 801 

D. B.S. 5010. SPRING STEEL 

En. 43. 
En. 42. 

En. 48. 
En. 47. 
En. 45. 
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CO-OPERATING ORGANISATIONS 

The Iron and Steel Industry Committee under which 
this British Standard was prepared consists of repre­
sentatives from the following Government Depai1ments 
and Scientific and Industrial Organisations : 

Admiralty. 
Board of Trade. 
Crown Agents for the Colonies. 
High Commissioner for India. 
Home Office. 
Ministry of Aircraft Production. 
Ministry of Supply. 
Allov Steels Association. 
Alloy k i:1s Bar Association. 
Association of Consulting Engineers. 
Association of Drop-Forgers and Stampers. 
British Cast Iron Research Association. 
British Constructional Steelwork Association. 
British Corporation and Register of Shipping and 

Aircraft. 
British Electrical and Allied Manufacturers' 

Association. 
British Engineers' Association. 
British Iron and Steel Federation. 
British Jronfounders' Association. 
British Steel Wire Industries Association. 
British Steelwork Association. 
Council of British Wrought Iron Association. 
Federation of Civil Engineering Contractors. 
Institute of British Foundrymen. 
Institution of Automobile Engineers. 
Institution of Civil Engineers. 
Iron and Steel Industrial Research Council. 
Iron and Steel Institute. 
Iron and Steel Trades Employers' Association. 
Lloyds Register of Shipping. 
National Ironfounding Employers' Association. 
Railway Companies of Great Britain. 
Shipbuilding Employers' Federation. 
Society of British Aircraft Constructors. 
Steel Castings Association. 
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B.S. 970 : 1941 
I 

THIS SCHEDULE having been approved by the Iron and Steel 
Industry Committee and endorsed by the Chairman of the 
Engineering Divisional Council was published under the 
authority of the General Council as a British Standard on 
21st July, 1941. 

This schedule will be reviewed in six months time, namely, 
in January, 1942, in order to give effect to modifications 
which may be considered necessary as the result of practical 
experience in the use of these specifications. 

The Institution desires to call attention to the fact that this 
schedule is intended to include the technical provisions 
necessary for the supply of the material hereiri referred to, 
but does not purport to include all the necessary provisions 
of a contract. 

In order to keep abreast of progress in the industries con­
cerned, the 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, indexed and cross­
indexed for reference, will be found in the Institution's 
Handbook. 

This schedule requires reference to the following British 
Standards: 

No. 18. Tensile Testing of Metals. 
No. 131. Forms of Notched Bar Impact T~st Pi~ces. 
No. 240. Part 1. Brinell Hardness, Methods and Tables for. 

Part 2. Hardness of Steel Balls for Brinell Hard­
ness Testing. 

No. 427. Tables of Diamond Pyramid Hardness Numbers. 
No. 860 Table of Approximate Comparison of Hardness 

Numbers. 
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B.S. 970 : 1941 

BRITISH STANDARD WAR EMERGENCY SCHEDULE OF 

WROUGHT STEELS 
FOR GENERAL ENGINEERING PURPOSES 

FOREWORD 

Jt has been recognised for some time that revision ofB.S. 5005 : 1924 
was necessary, as it was inadequate in presenting the best selection of 
wrought steels for automobiles and, moreover, it has not been suffi­
ciently well recognised in using these specilications (particularly 
5005 '402) that the tests quoted can only be obtained on material of 
limited mass. 

Meantime, under the Chairmanship of Dr. W. H. Hatfield, F.R.S., 
1he Technical Advisory Committee of the Special and Alloy Steels 
Committee of the Steel Control of the Ministry of Supply, composed 
of steclmakers, representatives of the Services and the B.S.T., working 
in consultation with important consumers,· has been engaged on a 
rationalisation of specifications for special and alloy steels to meet war 
conditions. This Colllrnittee placed its services unreservedly at the 
disposal of the R.S.l. and is acting in an advisory capacity in the 
preparation of War Emergency British Standard Specifications to 
give effect to its recommendations for spedal and alloy steels. 

Advantage has been taken of the valuable work of the T.A.C. in 
preparing. at the request of the Materials-Committee of the Production 
Exec·i.1tive, this new series of specifications with a view to providing a 
comprehensive schedule of steels for general use in the industry. 

Concurrently with this, is being issued British Standard 971. 
This represents part of the work of the T.A.C. and is a classification 

in 33 groups of all the steels regarded as acceptable standard steels for 
war purposes supplied in the form of billets, bars and light forgings, up 
to and including 6-in. ruling section. In this, certain steels are recom­
mended as the most suitable and these, together with the alternatives 
given. provide the basis of the present publication. The two issues are 
to be regarded as complementary. 

Attention is particularly directed to British Standard 971 for the 
large amount of valuable and informative data which are included to 
facilitate the task of designers in selecting the most suitable, and, at the 
same time, the most economical steel, with particular reference to the 
influence of mass. 

It has been the endeavour to make the following specifications as 
informative as possible, and data is given regarding "mass effect" 
appertaining to each of the types of steel dealt with. 

I..J 
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B.S. 970 : 1941 

• j 

GENERAL CLAUSES 

GENERAL 

1. The steels dealt with in this schedule shall comply in all respects 
with the requirements herein laid down, and may be subjected to both 
the chemical analysis and the mechanical tests, unless it is. specified 
that the mechanical tests only will be applied. 

MANUFACTURE 

2. a. All steel shall be manufactured in accordance with the best 
current practice. 

b. A sufficient discard shall be·made from each ingot to secure freedom 
from piping and undue segregation, and other defects. 

c. Billets or bars for forging shall be rough machined, chipped, ground 
or otherwise prepared so as to remove all surface defects which might 
produce defect& in the- bars, forgings or drop-forgings made therefrom. 

d. All forgings and drop-forgings shall be finished in a workmanlike 
manner and shall be free from flaws and surface defects. 

e. All bars shall be sound, commercially straight and free from piping 
and surface defects. · 

f. If required a prolongation shall be left on each forging or drop 
forging for test purposes. 
Alternatively, by agreement, representative samples from the same cast 
may be provided for testing for each batch of forgings or drop-forgings, 
heat treated together. See also section 6. 

HEAT TREATMENT DEFINITIONS 

3. a. Heat Treatment. An operation or combination of operations 
involving htating and cooling in the solid state for the purpose of 
obtaining certain desired conditions or properties. 

b. A1111eali11g. A heating and cooling operation implying usually 
relatively slow cooling. The purpose of such a heat treatment may be : 

(i) To induce softness and improve machinability. 
(ii) To remove stresses. 
(iii) To refine the grain. 
(iv) To obtain o ther desirable physical properties of a material.. 

c. Full Annealing. Heating above the upper critical temperature range 
(say 50°C. to 100°C. above) and holding above that range for a 
suffi.cientlength of time, followed by slow cooling. (See under b. Anneal­
ing, for the purpose of this treatment.) 

10 
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• 
B.S. 970 : 1941 

• I 
n. Sub-Critical Annealing. Heating certain steels to a temperature below 
the carbon change point, and thereby producing a resolved or spheroid­
ised structure. 
e. Normalising. Heating as per c. Full Annealing, followed by cooling 
in still air. The purpose of this treatment is to refine the grain size, 
improve the· mechanical properties and the uniformity of structure of 
the material. 

f. Quenching. Rapid cooling of a heated material. 

g. Hardening. Heating and quenching from a temperature above the 
critical temperature range, for the purpose of increasing the hardness. 

h. Tempering. Reheating hardened steel to some temperature below the 
lower critical temperature, followed by a suitable rate of cooling, the 
principal object being to increase the ductility. 

i. Case-Hardening. (Carburising.) Adding carbon to the surface by 
heating the steel above its upper critical -temperature in contact with 
a carburising medium (solid, liquid or gaseous), followed by suitable 
heat treatment, for the purpose of hardening the surface. 

j. Blank Carburising. The carburising procedure without the carburis­
ing medium. 

k. Swface Hardening. The hardening of the surface fayer by heat treat­
ment alone, such as induction hardening or flame hardening. 

I. Nitriding. Surface hardening by adding nitrogen to certain iron-base 
alloys, the latter being heated in contact with ammonia gas or other 
suitable nitrogenous material at a temperature below the critical 
temperature range (without subsequent quenching). 

m. Blank Nitriding. The nitriding procedure without the nitriding 
uedforr. 

11. Cyaniding. Surface hardening by carbon and nitrogen absorption, 
the material being heated at a suitable temperature in contact with a 
cyanide salt, followed by quenching. 

GENERAL DEFINITIONS 

4. a. Yield Stress.* Yield stress is the lowest stress at which the 
elongation of the test piece increases without increase of load. 
For practical purposes the yield stress is defined as the stress at which 
a visible permanent increase occurs in the distance between gauge 
points on the test piece observed when using the dividers ; or at which, 
when the load is increased at a moderately fast rate, there is a distinct 

• From B.S. 18 Tensile Testing of Metals. 

11 
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B.S. 970 : 1941 

I 
drop of the testing machine lever, or in hydraulic machines, a hesitation 
in the movement of the gauge finger. 
For the steels covered by the present specifications, values for the yield 
point are quoted in italics. These values are considered to be repre­
sentative for the materials concerned, but are not to be used as 
acceptance values except by special arrangement between the purchaser 
and the manufacturer. 

b. Proof Stress."' Proof stress is the stress which is just sufficient to 
produce a permanent elongation equal to a specified percentage of the 
original gauge length. 
Jt can be determined (a) by direct measurements of the gauge length 
after various loads have been applied to the test piece and removed, 
or (b) from the load-elongadon curve by drawing a line parallel to the 
straight portion of the curve, and distant from it by an amount 
representing the required permanent elongation, thus determining the 
load at which the line cuts tht curve. · 
Alternatively, if the specification requires only a minimum value of the 
proof stress, the material shall be deemed to have passed the proof test 
if, when the specified proof stress is applied to the test piece for a period 
of 15 seconds and removed, the test piece shall not have acquired a 
permanent elongation greater than the specified percentage of the 
gauge length. 

c. Sample. A sample is that portion· of the material selected for testing. 

d. Test Bar. A test bar is the sample after preparation for heat treat­
ment. 

e. Test Piece. A test piece is the sample or test bar as finally prepared 
for testing. 

f Ruling Section. In some of the following ~pccifications indication is 
given of the size of round bar which will permit the attaininent of 
certain mechanical properties in the given steel. It is essential when 
selecting the type of steel to be used that the designer should satisfy 
hin,self that the desired properties can be obtained in the sections 
dealt with. For any partkular item being produced from the billet, bar, 
or forging supplied, that part which is most important from the point 
of view of the mechanical properties obtained after heat treatment, is 
characterised as the ruling section and the ruling section should always 
be referenced to its equivalent in the form of round bar. i" 

MECHANICAL TESTS 

5. a. Mechanical tests shall be conducted using testing machines that 
are maintained in good working condition and properly calibrated. 

* From B.S.18 Tensile Testing of Material. 
t See information on TQ!ing section in B.S. 971. 

12 
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• I 
b. Tensile Test. The tensile test shall be carried out in accordance with 
the requirements laid down in B.S.18. 

Tensile test pieces from bars, billets, forgings and drop-forgings shall 
conform to the dimensions of British Standard Test Piece C, or if 
the test bar is too small, to the dimensions of the largest round 
subsidiary test piece that can be obtained (see Appendix B):'having a 
gauge length equal to four times the square root of the area. 
Should a tensile test piece break outside the middle half of its gauge 
length (see Fig. 2) the test may, at the option of the manufacturer be 
discarded. 
c. Jzod Impact Test. The Izod impact test shall be carried out in 
accordance with the requirements laid down in B.S. 131 (see Figs. 4 
to 10, Appendix B). 

d. Bend Test. Where Izod bar impact tests are specified in the individual 
specifications, should the size of bar be too small for the production 
of the standard Izod impact test pieces (i.e. less than ½ in. diameter or 
thickness) then if required by the purchaser a bend test may be 
substituted. The details for dimensions and conditions for these bend 
tests sh·ould be adjusted according to the tensile strength and nature of 
the material being tested. The following are intended as a guide for 
materials up to 55 tons/sq. in. tensile strength only. 

(i) Round, Square and Hex'!gonal Bars. Unless otherwise specified 
the bars shall be bent round a pin or mandrel of a radius equal to 
the diameter or thickness of the bar, until the sides are parallel. 
The bar shall withstand such bending without developing cracks 
or other signs of failure. 
(ii) Flat Bars. Bend test pieces for flat bars shall be of the full 
thickness of the material and shall be bent through an angle of 
180° over a radius equal to the smaller thickness as shewn in Fig. 3 
(see Appendix B).; the bar shall withstand such bending without 
developing cracks or other signs of failure. 

~- Bri11ell Hardness Tests. The Brinell hardness test shall be carried out 
in accordance with the requirements laid down in B.S. 240 using a 
10 mm. diameter ball, and a load of 3000 kg, where possible. The 
equivalence between Brinell hardness numbers and Diamond Pyramid 
hardness numbers (B.S. 427) as stated in B.S. 860 shall be at.:.Oi?pted. 

/. Transverse Properties. In the present series of specifications mechanical 
properties in a transverse direction are not stated and the values quoted 
all refer to longitudinal tests. Where mechanical properties in the 
transverse direction are required, some modifications are necessary 
appropriate to each case. The changes will in general be in the direction 
of reducing the Elongation and the Izod Impact values, and the order 

13 
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. I 

of the modification is essentially governed by the size, form and type 
of material involved. Where it is agreed that such tests are necessary, 
suitable values should be agreed upon in each case between the 
purchaser and the manufacturer. 

PROVISfON OF TEST PIECES 

6. Unless otherwise specified, samples for test purposes shall be 
prepared as follows : 

a. Number of Tests. The numbers of tests required to ascertain whether 
the material conforms with the requirements laid down, should be 
agreed between the purchaser and the manufacturer and is necessarily 
governed by the particular application of the material. 
b. Location of Sample. For bars, billets, forgings and drop-forgings of 
uniform cross section over I½ in. in thickness or diameter, and for 
forgings or drop-forgings of irregular sections, when practicable, 
the longitudinal axis of the test pieces shall coincide with a position 
midway between the centre and surface of the test sample and shall 
be parallel to the axis of the piece in the direction in which the metal 
is most drawn out. 

c. Bars for Machi11i11g w!tich are supplied in the finally heat treated 
condition. The sample shall be cut off the bar and shall not be further 
heat treated or mechanically worked after its removal from the bar. 
Materials too hard to machine should have test pieces separately 
prepared as under (d). 

Materials not supplied in the _final~y treated co11ditio11. 

It is important when ordering the steel that the steel manufacturer 
should be advised of the ruling dimensions of the parts as heat treated. 

d. Bars for Machi11ing which are not in their finally heat treated con­
dition. Test samples may be heat treated in the size as cut from the 
bars or billets or they may be forged and/or machined to the ruling 
dimension of the forging and heat treated in that size. Where it is 
necessary to remove the surface, they shall be heat treated ::is near 
that size as possible. 
In the case of hard steels, however, for which the tensile strength 
specified for a steel in the finally heat treated condition exceeds 80 tons 
per square inch, the test bar may be machined to test piece dimensions 
with or without a grinding allowance on the effective diameter before 
heat treatment. 
In such cases, the properties obtained are representative of those for 
parts treated in 0·564 in. dia. section and do not represent larger 
sections. 

e. Bars or Billets for Forging. Test samples may be taken from material 
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B.S. 970 ; 1941 

• I 
in bar or billet sections, where this does not differ appreciably as 
•et?ards ruling size from that Qf the forgings to be produced. Where it 

15 ~onsidered by either the purchaser or the manufacturer that owing to 
,he nature of the steel and the dimensions of the forging the results of 
•esting in bar or billet size would not be representative of what would 
~e obtained on the actual forgings, then test samples shall be prepared 
by forging special test bars of diameter equivalent to the ruling 
dimension of the forging in the form in which it will be heat treated 
in actual production. Such test samples shall then be put through the 
representative heat treatment for the parJs concerned. 

f. Large Forgings and La,ge Drop-Forgings.* Where integral test 
samples are specified by the purchaser, unless otherwise arranged, the 
diameter of the prolongation to form the test bar left on the forging 
or drop-forging shall approximate to the ruJing thickness of the forging 
or drop-forging, and except as specified in para. (ii) below shall not be 
finally severed until after the heat treatment of the forging or drop­
forging. 

(i) Length of' Prolongation. In general where tensile tests only are 
required the prolongation shall be not less than 7 in. long. Where 
both tensile and Tzod impact tests are required the prolongation shall 
be not less than 11 in. long, unless such prolongation is 2t in. 
or over in width or diameter, in which case a length of 7 in. is 
sufficient. 
(ii) Case Hardening Steels. To avoid difficulty in machining case 
hardening steel, the prolongation may be marked for identification 
with its forging and severed prior to heat treatment, and cementa­
tion of the test bar substituted by blank carburising or, by agree­
ment, omitted altogether, but its subsequent heat treatment shall 
be carried out simultaneously with and similarly to the forging 
or drop-forgings it represents. 

Small Forgings and Small Drop-Forgings (ruling s.:ction not greater 
than I¼ in. diameter). A separate. test bar representing the same cast 
as used for the forgings shall be employed. This test bar shall be 
I } io. diameter, or the full size of the original bar if less than It in., 
and similarly and simultaneously heat treated with the forgings which 
it represents, and the test piece shall be machined from it after heat­
lreatment. The sample provided for the preparation of test bars shall 
be not less than 7 in. long for tensile, and not less than 11 in. long for 
tensile and Izod impact tests. 

' These specifications are confined to bars, billets, stampings and light forgings 
1p to 6 in. ruling sec~ion . 
. '\lso see note in Clause 4 f, page 12. 
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B.S. 970 : 1941 

• I . 

h. Test Bars for Case-Hardening Steel. The mechanical tests specified 
for case-hardening steel shall be made on the core of a case-hardened 
test bar of l¼ in. diameter, or a sinrila1: non-cemented test bar which 
has been blank carburised, refined and hardened as specified in the 
individual specification (see Clause 6d.). 

i. Test Bars for Case-Hardened Forgings, Drop-Forgings and Paris. 
Cementation of the test bars representing case-hardened forgings, drop­
forgings and parts may be omitted, but the heat treatment otherwise 
shall be carried out simultaneously with· and similarly to the forgings 
or parts they represent. 

j. Small Test Bars for Case-Hardening Steel. When the test bar is 
smaller than 1¼ in. the physical properties stated in the individual 
specification may be modified. The extent of the modification shall be 
determined by experiments on· test bars of similar material I¼ in. 
diameter and the size of the test bars respectively. 

HEAT TREATMENT OF BARS AND BILLETS FOR FORGING AND OF FORGINGS 
AND DROP-FORGINGS. 

7. Generally, bars and billets for forging are required to be delivered 
in the as rolled or forged condition unless the order states otherwise. 
It is recognised, however, that for certain steels possessing definite 
air-hardening characteristics there may be liability to set up a dangerous 
condition in the bars or billets if they are allowed to cool after hot­
working without some care being given to the conditions of cooling. It 
is incumbent upon the manufacturer in such cases to take suitable steps 
to ensure that the condition in which the materials are supplied shall be 
reasonably safe. For this purpose the manufacturer may employ a 
controlled rate of cooling after hot working or alternatively may apply a 
reheating operation for the purpose of softening or for minimising 
residual internal stresses in the steels. 
In the case of forgings and drop-forgings the condition in which the 
parts are supplied is affected in some cases by the desire to have a 
machinable condition. Such a condition may be th~ final heat treated 
condition, or alternatively a softened or annealed condition, as 
provided in the individual specifications, or as arranged between 
the purchaser and the manufacturer. 
If for any forgings or drop-forgings, machinability as supplied is not 
in question, then they may be supplied as forged (unless otherwise 
arranged), subject to being rendered reasonably safe as indicated above 
for bars and billets. 

ALTERNATIVE TREATMENT FOR CASE-HARDENING STEELS 

8. By suitable selection of composition and method of manufacture it 
is possible to omit the refining teatment after carburising some types 
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' ! 
of case-hardening steels. In such cases the treatment after carburising 
is to reheat the material to the final hardening temperature usually 
760/800°C. and quench in oil or water according to the type of steel 
employed. Such treatment is referred to as the " single quench " 
treatment. It is not recommended that the single quench treatment 
should be employed except by arrangement with the manufacturer of 
the steel who would in that case supply a grade of steel suitable for such 
treatment. Another alternative heat treatment which is occasionally 
employed is that of quenching direct from the carburising treatment, 
but this is not recommended. 

MARGINS OF MANUFACTURE 

9. The margins of manufacture for steel bars for machining shall be in 
accordance with those given in Tables 3, 4 and 5 (pages 107-109). 

INSPECTION 

10. The representative of the engineer (or of the purchaser) shall have 
reasonable access to the works of the manufacturer for the purpose of 
inspection of the manufacture at various stages. 

TESTING FACILITIES 

11. The manufacturer shall supply the material required for testing free 
of charge, and shall, at his own cost, furnish and prepare the necessary 
test pieces and supply Jabour and appliances for such testing as may be 
carried out on his premises in accordance with this schedule. Failing 
facilities at his own works for ·making the prescribed tests, the 
manufacturer shall bear the cost of carrying out the test elsewhere. 

APPROVED METALLURGISTS 

12. It is to be noted that in order to facilitate delivery during the 
emergency period the Ministry of Au-craft Production authorised the 
Technical Advisory Committee of the Special and Alloy Steels Com­
mittee to approve the selection of an experienced metallurgist in each 
company who should have the responsibility of authorising the use of 
material somewhat outside the limit of specified analysis as indicated 
in Clause 13, paragraph f 
The approved metallurgist shall act in this manner as regards the 
B.S.En. series of Specifications unless otherwise arranged. 

RELAXATIONS IN REGARD TO SPECIFICATIONS 

13. During the emergency period the following relaxations shall apply 
to certain items _in the specifications. 
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B.S. 970 : 1941 

A special note is added in the case of those specifications to which 
these general relaxations do not apply. 

a. Ultimllte tensile stress. An allowance of 2½ per cent down on a 
minimum stress and 2½ per cent up on a maximum stress. 
A corresponding percentage allowance is to be made on Brinell hardness 
numbers. 

b. Yield Point. An allowance of 2½ per cent down. 

c. Elongation. An allowance of 15 per cent of the specified value in 
the downward direction. 

d. Izod Impact Value. An allowance of 20 per cent down. 

e. Nitriding Steels. Bars of over 2½ inch diameter to specification 
B.S. En. 41 may be forged or machined to 2½ inch, and heat treated 
in that size for the purpose of tests. 

f Chemical composition. Discretionary powers are vested in the 
steelworks approved metallurgist to authorise the use of material 
somewhat outside the specified limits of analysis. The relevant facts are 
to be recorded on the test certificate or other relevant document. 

SPECIFICATION REFERENCE SYMBOLS 

In making reference to other specifications the following abbreviations 
have been adopted: 

T.A.C. Technical Advisory Committee of the Special and Alloy 
Steels Committee of the Steel Control, Ministry of 
Supply. The numbers refer to the classification numbers 

s. 

D.T.D. 

B.S. 

w.v. 

S.M.M.T. 

S.A.E. 

A.M.S. 

as given in the T.A.C. report issued as B.S. 971. 

British Standard Specification · for Aircraft Materials 
(Steels). The prefix number indicates the latest issue, 
e.g., 4.S.11 indicates that S.11 has had four issues. 

Specification issued by the Directorate of Technical 
Development of the Ministry of Aircraft Production. 

British Standard Specification. 

Wheeled Vehicle Specification (Ministry of Supply 
T.T.2). 

Specification in the series for steel prepared ~y the 
Society of Motor Manufacturers and Traders. 

Society of Automotive Engineers, U.S.A. 

Aeronautical Material Specification prepared by the 
S.A.E. 
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B.S. 970 : 1941 

TABLE 2. B.S. En. 12 to 30. STEELS FOR HARDENING AND TEMPERING 40 to 100 tons per sq. in. Ultimate Tensile Stress 

BARS, BILLETS, LIGHT FORGINGS AND STAMPINGS UP TO 6 in. RULING SECTION 
. . 

The mechanical properties specified are obtainable only up to a limit of thickness or ruling section named below 

B.S.' 

B.S. En.12: TAC.8A. 

Type of Steel. 

Manganese­
Nkkel. 

C. Si. : Mn. Ni. Cr. I Mo. 

--1--:--.-----i 
·30 / ·35 :; 1'50 ; l ·00 . - - -
-45 max. I max. , max. · 

I i (opt.) ! 
----!--------- ----- 1--1 I I I 

Manganese- · ·25 : ·35 : 1·40/ 1 ·30/ ·25/ B.S. En.13, TAC.8B. 
Nickel- i max. i max .. ; 1-80 ; ·70 ·40 

i ' 
' 40/S0 I 

V. tons ! 
1 

tensile. 
1 

i all sizes! 

4S/SS 
tons 

tensile. 
---

• all sizes' 

S0/60 
tons 

tensile. 

55/6S 
tons 

tensile 

60/70 
tons 

tensile. 

65/75 
tons 

tensile. 

70/80 
tons 

tensile. 

80/90 
tons 

tensile. 

100 
tons min. 
tensile. 

B.S. En.14, TAC.SW. 

Molybdenum. : 1 _ 

;----i--'.- - 1- -!- -:--!--1----------------------------
: ·30 I .35 1 1-1s : -3o , - - : -Carbon- up to 

4" Manganese : max. , max. I max. ; max. 
for Welding. 

I ' ,--,--------~--·~-- - --
B.S. En. JS; TAC.9B.. Carbon- ·30/ ·35 i 1·25/ • all sizes 

Manganese , ·40 max. : 1·75 ! 
Steel · 

I HigherTensile.1 _ : _, i 

B.S. En.16 _T_A_C- .9-A_,_T_A_C _ __ l_OA-,-1 ~anganese- '-r-2;;:~ : 1·30/ i-=---=-•~'--=-
TAC.llA, TAC.12A. Molybdenum. ·40 1 max. 1·80 . ·40 
TAC.13B. •, I 

B.S. En. 17 l ·3/ ·35 1-30/ ·40/ 

13.S. En. 18, TAC.9C, TAC.10B, Carbon-
TAC.llB. Chromium. 

----:--
B.S. En. 19 TAC.9D, TAC.l0C, Chromium­

TAC.llC, TAC.12B, Molybdenum. 
TAC.13C, TAC.14E. 

·4 j max. 1·80 ·55 
, __ . __ . __ 

·35/ ·35 • ·60/ ·30 ·80/ 
-45 max. l ·20 max. l ·20 

'---- - - -• I 

·35/ ·35 
·45/ i max. 

·50/ 
·80 

·90/ ·25/ 
1·50 . ·40 

up to 
2½" 

--------
up to up to 
2½" ¼" 

all sizes up to 
4• 

all sizes all sizes 

up to 
4" 

all sizes 

up to 
2½* 

up ta 
4• 

up to 
2½" 

up to 
2½* 

up to 
2½u 

up to 
w 

up to 
11/s" 

up to 
11/s" 

up to 
11/s" 

---------------------------'----·--:--------------·-----------f.----·-----
B.S. En. 21 TAC.9E. 3% Nickel. ·25/ ·35 ·35/ j 2·75/ ·30 

·35 max. ! ·75 3·50 max. 

B.S. En. 22 j TAC.10D, TAC.HD. 3½ % Nickel 

____ , __ . __ : ___ _ 
·35/ : ·35 , ·50/ ! 3·25/ I ·30 . -
-45 max. 80 i 3·75 max. · 

----

19 

up to 
4• 

all sizes 

up to 
2½" 

up to 
4• 

up to 
2½* ______ J __ -------'--····Jover 
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B.S. 

TABLE 2 (continued) 

The mechanical properties specified are obtainable only up to a limit of thickness or ruling section named below 

Type of Steel 
--· - c-.--S-i.--~:~· -- N- 1-·. -,-C-r.-1 ~ r ~!is-0- , -4:-j:ss 50/60 

tons 
tensile. 

55/65 
ton$ 

tensile. 

- ---r----
60/70 65/7S 
tons tons 

tensile. tensile. 

B.S. 970 : 1941 

70/80 ---;;;-i 100 
tons tons tons min. 

tensile. tensile. tensile. Nio., 1 ~ j tensile. tensile. 
----t--------,------r--i---,s:-----+-------t-- ---•---l---:~-1----1-----1----1----

2·75/ ·50/ I ·65 - - I - I all sizes all sizes all sizes B.S. En. 23 TAC.l0F, TAC.HF, 3% Nickel­
TAC.12E, TAC.13D. Chromium. 

B.S. Fn. 24 TAC.l0E, TAC.llE, l½ % Nickel­
TAC.12C, TAC.13A, Chromium­
TAC.14A, TAC.ISA, Molybdenum. 
TAC.16A. 

·25/ 
·35 

·35/ 
·45 

·35 
max. 

·35 
max. 

-45/ 
·70 3·75 1·00 max. 1 

1 (opt.) 1 

·40/ 1;00; ·50/ ·20/ 
·80 2·00 1·50 ·40 

i ---1--------:;---
above above 

4n 2½H 

B- .S- .-E-n. 25 TAC.HG, TAC.12D, 2½ % ·25/ ·35 ·40/ I 2·00/ ·50/ ·40/ - - - 7 a~ve 
TAC.13E, TAC.14B, Nickel- 35 max. ·80 3·00 1·00 ·70 4n 
TAC.15B, TAC.16B. Chromium-

above 
2½H 

up to 

2W 

above 
2½" 

I I 

I up to I up to 
l¼' l¼' 

above I above 
l¼" l¼H 

up to up to 
4' 2½" 

up to 
l¼H 

above 
l¼H 
up to 
2½H 

I:!. 
Molybdenum.. 1 I \ 
(med. carbon) I 

- ~-- - 1------,1--------+--'---l-----,l- !------'- '----!--,- ,--•-
8.S. En. 26 TAC.13F, TAC.14C, I 2½ % 

TAC.15C, TAC.16C. Nickel­
Chromiufu­
Molybdenum. 
(high carbon) 

·35/ 
-45 

I 
I 

·40/ 2·00/ ·50/ I ·40/ 
·80 3·00 1·00 ' ·70 

' 
above above 

4• 2½' 
2½' to 

4" 

I -----1-------------4----'-----i---l- -------I----J-----I----------J--------------1----+---,----

B.S. En. 27 ' _~_1_~_:_i~-~_:_~_1_~_:_~4_2;_• __ . - ~- ~-

0

r_::_r!i_:~_e_l:- ~ :-~~-/- :--~-!5_x--1. ;;~f ~/ {% ___ :~-~/_,_-_ _,__-_____ -_ ___ --1_a_ll_s_ize-s !I all sizes 

I 
all sizes 

-~ Molybdenum. 

B.S. En. 28 TAC.12G, TAC.BI, 11 3½ % Nickel- ·25/ ·35 ·70 , 3·00/ ·75/ : ·20/ ·25 - - - - all sizes all sizes 

Molybdenum. (opt.) 
I 

up to 
4" TAC.14F. TAC.15D. Chromium- ·40 max. max. 4·50 1 1·50 i ·65 max. I 

------------.-------,---,--- -,----,- ------1---t----,-- - ---1------:---.------- ;----;----
B.S. En. 29 TAC.HI, TAC.12H, 1 3% I ·15/ 

TAC.13H, TAC.14G, Chromium- ·35 
TAC.16E. Molybdenum. 

·35 
max. 

·65 4·00 

max. I max. 

2·50/ ·30/ 
3·50 ' ·70 

I 
I 

·25 
max. 
(opt.) 

all sizes all sizes up to ; up to 
4• 4" 

up to 
2½" 

I I --- --+--------,---------------------•---l-----l-----{~--------1---------{----+--- .•----;----
l\.S. En. 30 TAC.16D. 4¼ % Nickel- ·25/ ·35 ·35/ 

Chromiwn. ·35 max. ·60 
3·75/ 1·00/ ·65 
4·50 l ·50 max. 

(opt.) 

20 

over 4• 
(0.H. &T.) 
up to 2½ .. 
(A.H.&T). 
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B.S. En. 1 

' FREE CUTTING STEEL BARS FOR MACHINING 

The material covered by this specification is the same as that covered 
by Grade 4 of B.S. 32. Steel bars for the Production of Machined 
Parts. 

Chemical composition. The steel shall contain : 

Carbon not more than 0·20 per cent. 
Silicon not more than 0· 10 per cent. 
Manganese not less than 0·60 and not more than 1 ·20 per cent. 
Sulphur not less than 0·20 and not more than 0·30 per cent. 
Phosphorus not more than 0· 10 per cent. 

Heat treatment. The bars shall be delivered in one of the following 
finishes as specified by the purchaser : 

Bright Cold Rolled, Cold Drawn, Turned or Ground. 
Blut" Reeled (round section only). 
Black Mill Finish (i.e. as delivered from the rolls). 

Mechanical properties. Test pieces after removal from the bars as 
delivered shall not be annealed, hammered or otherwise treated. The 
mechanical properties obtained from the test piece shall be as follows : 

Ultimate tensile stress, not 
less than 
Elongation; not less than 

Cold Rolled or 
Cold Drawn 

28 tons per sq. in. 
14 per cent. 

Other 
Finishes 

25 tons per sq. in. 
26 per cent. 

This steel is sometimes used for parts which are to be case-hardened. 
In such cases the heat treatment and carburising should follow the 
procedure given under B.S.En.32, i.e., 0·15 per cent carbon case­
hardening steel. 

With little or no modification this specification covers the essentials 
in the following classifications and specifications : 

TAC.1, WV.IA and lB, B.S. 32-4, 
SMMT.25, SAE X.1112, AMS.5010. 
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B.S. En. 2 
[Superseding B.S. 5005/201] 

MILD STEEL 

BARS AND BILLETS FOR FORGING 
FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 

Suitable for a tensile range of 26 to 32 tons per sq. in. normalised or up 
to 35 tons per sq. in. for the cold drawn condition. 
The purchaser should state when ordering, for which of the conditions 
the material is required. 
This specification is equivalent to, and supersedes B.S.5005/201. 

Chemical composition. The steel shall contain : 
Carbon 
Silicon 
Manganese 
Sulphur 
Phosphorus 

not less than 0· 15 and not more than 0·25 per cent. 
not more than 0·35 per cent. 
not less than 0·40 and not more than 0·80 per cent. 
not more than 0·06 per cent. · 
not more than . 0·06 per cent 

For cold drawn bars a lo\\cr carbon content and/or a higher manganese 
content (up to l ·25 per cent) may be supplied. 

Heat treatment. a. Bars and billets for forging shall be delivered as 
rolled or forged, unless the order states otherwise. 
b. Forgings and drop-forgings shall be delivered in the normalised 
condition, unless the order states otherwise. 
c. Bars for machining shall normally be delivered as rolled, alter­
natively, by arrangement, cold drawn bars may be supplied. 
d. The range of temperature for normalising shall be between 880°C. 
and 910°C. 
Mechanical properties. The following mechanical properties shall be 
obtained from the test rieces selected and prepared as sta ted in the 
ai:,propriate general clauses. Alternatively for bars ·of I in. dia. and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar. and in such cases the 
elongation per cent shall be measured on a gauge length equal to· four 
times the square root of the area of cross section of the bar. 

Normalised Cold drawn 
bars 

Ultimate tensik stress, not less than 26 and not less than 25 and 
tons per sq. in. not more than 32. not more than 35 
Elongation, per cent. not less than 28. not less than 17. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.2B, TAC.JD, DTD.299, BS.32-2, 
SMMT.2, SAE.1010, SAE.1015, SAE X.1015, 
SAE.1020, SAEX.i025, AMS.5060, AMS.7225. 
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B.S. En. 3 

" 20 " CARBON STEEL (HOT ROLLED OR FORGED) 

BARS AND BILLETS FOR FORGING 

BARS FOR MACHINING 

Suitable for a tensile range of 25 to 35 tons per sq. in. 
The material covered by this specification is the same as that covered 
by British Standard 2.S.21. 

Chemical composition. The steel shall contain : 

Carbon not more than 0·25 per cent. 
Silicon not more than 0·35 per cent. 
Manganese not more than 1 ·00 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. a. Bars and billets for forging shall be delivered as hot 
rolled or forged. 

b. Bars for machining shall be delivered in the as hot rolled condition. 

Mechanical properties. The following mechanical properties shall be 
obtained from the test pieces selected and prepared as stated in the 
appropriate general clauses. Alternatively, for bars of l in. dia. and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar, and in such cases the 
elongation per cent shall be measured on a gauge length equal to four 
times the square root of the area of cross section of the bar. 

Ultimate tensile stress not less than 25 and not mere than 35 tons 
per sq. in. 

Elongation not less than 25 per cent. 

Where material of this type is supplied with a cold worked finish, the 
mechanical properties should be modified as follows : 

Ultimate tensile stress 
1 longation 

not less than 28 tons per sq. in. 
not less than 17 per cent. 

With little or no modification this specification covers the essentials in 
th following classifications and specifications : 

TAC.3A, 2.S.21, WV.3, SMMT.3, 
SAE.1020, SAE.1025, SAE X.1025. 
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B.S. En. 4 

" 25 " CARBON STEEL (NORMALISED) 

BARS AND BILLETS FOR FORGING 

FORGINGS AND DROP-FORGINGS 

BARS FOR MACIUNING 

Suitable for a tensile range of 25 to 35 tons per sq. in. 
The material covered by this specification is similar to that covered by 
British Standard 2.S.71. 

Chemical composition. The steel shall contain : 

Carbon not more than 0·30 per cent. 
Silicon not more than 0·35 per cent. 
Manganese not more than 1·20 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorns not more than 0·06 per cent. 

Heat treatment. a. Bars and billets for forging shall be delivered as 
rolled or forged, unless the order states otherwise. 

b. Forgings and drop forgings shall be delivered in the normalised 
co11dition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the normalised condition, 
unless the order states otherwise. 

d. The heat treatment to be given to the steel shall be as follows : 
Normalise at a temperature of between 850°C. and 880°C. 

Mechanical properties. The following mechanical properties shall be 
obtained from the test pieces selected and prepared as stated in the 
appropriate general clauses. Alternatively, for bars of I in. dia. and 
under, by agreement between purchaser and manufacturer, tensile tests 
may be carried out on the full section of the bar, and in such cases the 
elongation per cent shall be measured on a gauge length equal to four 
times the square root of the area of cross section of the bar .. 

Ultimate tensile stress not less than 25 and not more than 35 

Elongation 
Izod impact value 
Brinell hardness number 

tons per sq. in. 
not less than 25 per cent. 
not less than 20 ft. lb. 
101/163. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.3B, S.71, WV.3, SMMT.3, SMMT.4, 
SAE.1030, SAE.1020, SAE.1025, SAE X.1025. 
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B.S. En. 5 
[Superseding B.S. 5005/202] 

" 30" CARBON STEEL (HARDENED AND TEMPERED) 

BARS AND BILLETS FOR FORGING 

FORGINGS AND DROP-FORGINGS 

• BARS FOR MACHINING 

Suitable for tensile tanges of 30/40 (A) and 35/45 (B) tons per sq. in. 
The material covered by this specification is similar to that covered by 
British Standard S.77 and supersedes B.S.5005/202. 
The purchaser should state when ordering, for which of the con­
ditions A or B the material is required. 

Chemical composition. The steel shall contain : 

Carbon not less than 0·25 and not more than 0·35 per cent. 
Silicon not more than 0·35 per cent. 
Manganese not more than 1 ·20 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. a. Bars and billets for forging shall be delivered as 
rolled or forged, unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the finally heat 
treated condition, unless the order states otherwise. 

c. Bars for machining shall be delivered in the finally heat treated 
condition, unless the order states otherwise. 

d. The heat treatment to be given to the steel shall be as follows : 
Harden in oil from a temperature of 860° /890°C. 
Temper by heating to a suitable temperature between 550°C. and 680°C. 
and quenching in water or oil, or cooling in air, at the option of the 
manufacturer. 
For certain purposes, water hardening and tempering may be adopted 
as an alternative to oil hardening and tempering, by agreement between 
purchaser and manufacturer. 
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B.S. En. 5 
[Superseding B.S. 5005/202] 1 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows : 

Ultimate } . 
tensile stress tons per sq. m. 

Yield point tons per sq. in. 
Elongation, per cent 
Izod impact value, ft. lb. 

Condition A 
not less thart 30 

not less than 18 
not less than 25 
not less than 25 
for bars 2½ in. 
dia. or width 

Condition B 
not less than 35 

not less than 20 
not less than 25 
not less than 20 
for bars 2½ in. 
dia. or width 

across flats and across flats and 

Brinell hardness number 
under. 
118/197 

under. 
140/223 

Mass effect. Thls carbon steel does not respond very appreciably to oil 
hardening treatment and when sizes above 2{- in. diameter o.i; ruling 
section tire employed the properties in the centre of the section will 
differ from those of the material near ihe st:rface. For bars above 
2½ in. diameter lzod impact values should nol be called for. When water 
hardening and tempering is adopted, the influence of section in modify• 
ing the properties obtained is reduced. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.JC, S.77, DTD.398, 
WV.3, SMMT.4, SAE.1030. 
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B.S. En. 6 

1 
[Superseding B.S. 5006 ; 2051 

35/45 TON BRIGHT CARBON STEEL 

BARS FOR MACHINING UP TO 2 IN. DIAMETER OR WIDTH ACROSS FLATS 

The material covered by this specification is similar to that covered by 
British Standard 3.S.1, and supersedes B.S.5006/205. 

Chemical composition. The steel shall contain : 

Carbon not less than 0·15 and not more than 0·40 per cent. 
Silicon not more than 0·35 per cent. 
\fanganese not less than 0·50 and not more than 0·90 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. The bars shall be supplied in the cold rolled, drawn or 
machined condition. They may, however, at the manufacturer's option 
)C reheated before or after cold working-in the latter case to a 

· .:mperature not exceeding 620°C. 

\ 1echanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general 
dauses shall be as follows : 

Ultimate tensile stress 

Elongation 
lLod impact value* 

not less than 35 and not more than 45 tons 
per sq. in. 
not less than 15 per cent. 
not less than 20 ft. lb. for bars up to and 
including ¾ in. in diameter (or width acros& 
flats). 
not less than I 5 ft. lb. for bars over ¾ in. and 
up to and including l l in. diameter (or width 
across fiats). 
not less than IO ft. lb. for bars over I¼ in. 
diameter (or width across flats). 

Mass effect. The effect of mass is chiefly reflected in the difference in 
\alues to be expected from the Izod impact value in various sizes. 
Except in those cases where the bright finish is produced from as rolled 
or normalised material (by machining or grinding) some lack of 
11oifonnity in hardness may be expected across the section of the bar, 
a harder condition existing near the surface ; such differences are 
minimised if the heat treatment mentioned above is applied after 
cold working. 

• The relaxation in Clause 13, paragraph d, does not apply to the Izod impact 
value. 
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B.S. En. 6 
[Superseding B.S. 5006 : 205] 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.4, 3.S.I, B.S.32-1, B.S.46-1 and 3, 
SMMT.4, SMMT.5, SAE X.1020, 
SAE X.1025, SAE.1030, SAE.1035. 
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B.S. En. 7 

35/45 TON BRIGHT CARBON STEEL (FREE MACHINING). 

BARS FOR· MACHINING UP TO 2 IN. DIAMETER OR WIDTH ACROSS FLATS 

This is a free machining modification of B.S. En. 6, for certain restricted 
applications. 

Chemical composition. The steel shall contain : 

Carbon not less than 0·12 and not more than 0·18 per cent. 
Silicon nor more than 0·35 per cent. · 
Manganese not less than 0·50 and not·more than 1·75 per cent. 
Sulphur not more than 0·15 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treahnent. The bars· shall be supplied in the as drawn condition. 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows : 

Ultimate tensile stress 

Elongation 
Izod impact value 

not less than 35 and not more than 45 tons 
per sq. in. 
not less than 15 per cent. 
not less than 20 ft. lb. for bars up to and 
including ¾ in. diameter (or width across 
flats). 
not less than 15 ft. lb. for bars over¾ in. and 
up to and including I¼ in. diameter (or width 
across flats). 
not less than 10 ft. lb. for bars over 1¼ in. 
diameter (or width across flats). 

Mass effect. The effect of mass is chiefly reflected in the difference in 
values to be expected from the lzod impact value in various sizes, 
Also, some lack of uniformity in hardness may be expected across the 
section of the bar, a harder condition existing near the surface. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.4N, SAE.1115, SAE.1120, 
SAE X.1314, SAEX.1315, AMS.5022. 
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B.S. En. 8 
(Superseding B.S. 5005/203] 

.- J 
" 40 " CARBON STEEL (NORMALISED) 

BARS AND BILLETS FOR FORGING 

FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 

Suitable for a tensile range of 35 to 45 tons per sq. in. 
The material covered by this specification is the same as that covered 
by British Standard 3.S.6 and supersedes B.S.5005/203. 

Chemical co~position. The steel shall contain : 
Carbon not less than 0·30 and not more than 0·45 per cent. 
Silicon not more than 0·35 per cent. 
Manganese .not more than 1 ·50 per cent. 
Nickel (opt.) not more than 1 ·0 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. a. Bars and billets for forging shall be delivered as 
rolled or forged unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the normalised 
condition, unless the order states otherwise. 

c. Bars for machining shall be delivered normalised unless the order 
states otherwise. 

d. The heat treatment* to be given to the steel shall ·be as follows : 
Normalise at a temperature of between 830°C. and 860°C. 

Mechanical properties .. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general 
clauses shall be as follows : 
Ultimate tensile stress not less than 35 and not more than 45 tons 

per sq. in. 
Yield point not less than 18 tons per sq. in. 
Elongation not less than 20 per cent. 
Izod impact valuet not less than 10 fL lbs. 
Brinell hardness number 140/223. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications : 

TAC.5, 3.S.6, WV.4, B.S. 46-1/1, 
SMMT.5, SAE.1030, SAE.1035, 

SAE.1040, SAE X.1040, SAE.1045, SAE X.1045. 

* For 'the hardened and tempered condition of this steel see B.S. En. 12. 
t The relaxation in Clause 13, paragraph d, does not apply to the Izod impact 
value. 
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I 
'' 55 " CARBON STEEL (NORMALISED) 

BARS AND Bil,LETS FOR FORGING 

FORGINGS AND DROP-FORGINGS 

BARS FOR MACHlNING 

Suitable for a tensile strength of 45 tons per sq. in. min. 
The material covered by this specification is the same as that covered 
by British Standard S.70. 

Chemical composition. The steel shall contain : 
Carbon not less than 0·50 and not more than 0·60 per cent. 
Silicon not. more than 0·35 per cent. 
Manganese not less than 0·40 and not more than 0·75 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. a. Bars ~nd billets for forgings shall be delivered as 
rolled unless the order states otherwise. 

b. Forgings and drop-forgings shall be delivered in the normalised 
condition unless the order states otherwise. 

c. Bars for machining shall be delivered in the normalised condition. 

d. The heat treatment given to the steel shall be as follows : 
Normalise at a temperature between 830°C. and 860°C. 

Mechanical properties. The mechanical properties obtained from the 
test pieces selected and prepared as stated in the appropriate general 
clauses, shall be as follows : 

Ultimate tensile stress 
Yield point 
Elongation 
Brinell hardness number 

not less than 45 tons per sq. in. 
not less than 22 tons per sq. in. 
not less than 18 per cent. 
192/269. 

With little or no modification this specification .covers the essentials in 
the following classifications and specifications : 

TAC.6A, S.70, WV.5, SMMT.6, SAE.1050, 
SAE X.1050, SAE.1055; SAE.1060, AMS.7240. 
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B.S. En. 10 

"55" CARBON STEEL (HARDEI'fED AND TEMPERED) 

BARS AND BILLETS FOR FORGING 

FORGINGS. AND DROP-FORGINGS 

BARS FOR MACHINJNG 

Suitable for a tensile strength of 55 tons per sq. in. min. 
The material covered by this specification is the same as that covered 
by British Standard S.79. 

Chemical composition. The steel shall contain : 

Carbon* not less than 0·50 and not more than 0·60 per cent. 
Silicon not more than 0·35 per cent. 
Manganese not less than 0·40 and not more than 0·75 per cent. 
Sulphur not more than 0·06 per cent. 
Phosphorus not more than 0·06 per cent. 

Heat treatment. (a) Bars and billets for forging shall be delivered n.s 
rolled unless the order states otherwise. 

(b) Forgings and drop-forgings shall be delivered in the finally heat 
treated condition unless the order states otherwise. 

(c) Bars for machining shall be delivered in the finally heat treated 
condition unless the order states otherwise. 

(d) The heat treatment to be given to the steel shall be as follows: 
Harden ·in oil from a temperature of 810° /840°C. 
Temper at a temperature between 550°C. and 650°C. and cool in air. 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows : 

Ultimate tensile stress 
Yield point 
Elongation 
Brinell hardness number 

not less than 55 tons per sq. in. 
not less than 35 tons per sq. in. 
not less than 15 per cent. 
241/311. 

Mass effect. This material cannot be relied on to give the properties 
quoted above in sizes above 1¼ in. ruling section. For larger sections a 
higher carbon content up to 0·70 per cent may be employed. 

With little or no modification this specification cov.ers the ·essentials 
in the following classifications and specifications: 

TAC.6B, S.79, WV.5, B.S. 46-1/1, SAE.1050, 
SAE X.1050, SAE.1055, SAE.1060, AMS.7240. 

• See reference to carbon content in the paragraph on " Mass effect." 
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B.S. En. 11 

"60" CARBON-CHROMIUM STEEi 

BARS AND BILLETS FOR FORGING 

FORGINGS AND DROP-FORGINGS 

BARS FOR MACHINING 

Suitable for tensile ranges of 55/65 tons per sq. in. (A) or 65/75 tons 
per sq. in. (B). . . . . . . 
The material covered by this specification ts s1m1lar to that covered by 
B.S. 681. 
The purchaser should state when ordering, for which of the con­
ditions A or B the material is required. 

Chemical composition. The steel shall contain : 
Carbon not less than 0·50 and not more than 0·70 per cent. 
Silicon not more than 0·35 per cent. 
Manganese not less than 0·50 and not more than 0·80 per cent. 
Chromium not less than 0·50 and not more than 0·80 per cent. 
Sulphur not more than 0·05 per cent. 
Phosphorus not more than 0·05 per cent. 

Heat treatment. (a) Bars and billets for forging shall be delivered as 
rolled or forged unless the order states otherwise. 

(b) Forgings and drop-forgings shall be delivered in the softened or in 
the finally heat treated condition as stated on the order. 

(.c) Bars for machining shall be delivered in the softened condition for 
subsequent heat treatment, or in the finally heat treated condition as 
stated on the order. 

Id) The heat treatment to be given to the steel shall be as follows: 
Harden in oil from a temperature of 800° /850°C. 
Temper at a suitable temperature not less than 450°C. 

Mechanical properties. The mechanical properties obtained from test 
pieces selected and prepared as stated in the appropriate general clauses 
shall be as follows: 

Ultimate tensile stress, 
tons per sq. in. 

Yield point, tons per sq. in. 
Elongation, per cent 
izod impact value, ft. lb. 
Brinell hardness number 

A 

not less than 55 
not less than 40 
not less than 15 
not less than 25 
241/311 

B 

not less than 65 
not less than 48 
not less than 12 
not less than 12 
285/352 

Mass effect. The above properties are obtainable in sizes up to 2½ in. 
ruling section. 
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B.S. En.11 

For larger sires than 2½ in. ruling section, lhe izod impact values should 
not be called for. 

With little or no modification this specification covers the essentials in 
the following classifications and specifications; 

TAC.7A, TAC.7B, B.S. 681, 
S.A.E.5150, also B.S.5010/603 (spring steel). 
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