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BS 4. Structural steel scctions.
Part 1. Hot-rolled sections.

Part 2. Hot-rolled hollow sections.

BS 18.
BS 13}, Methods for notched bar tests.

Methods for tensile testing of metals.

Tins Britisit STANDARD, havirg been approved by the Iron and Steel Industry Standards Com-" )
mittee and endorsed by the Chairman of the Engincering Divisional Council, was published under -
the authority of the General Council on 12 September, 1968. in

A complete list of British Standards, numbering over 4000, fully indexed and with a notc:of thc v
conlents of cach, will be found in the British Srandards Yearbook, price 15s. The‘BS‘Yearbogk‘
may be consulled in many public libraries and similar institutions. T

This standard makes reference to the following British Standards:

Part 2. The Charpy V-notch impact test.
BS 1121, Methods for the analysis of iron and steel.

BS 1449, Steel plate, shect and strip.

Part 1A. Carbon steel plate and coil, rolled by the continuous process.

BS 1639. Methods for bend testing of metals.

BS 1837. Methods for the sampling of iron, steel, permanent magnet alloys and ferro-alloys.
BS 1856. General requircments for the metal-arc welding of mild steel.

BS 2642. General requirements for the arc welding of carbon manganese steels.

BS 3894, Method for converting clongation values for steel. ‘

Part 1. Carbon and low alloy steels.

¥ Steel rivet bars for the manufacture of structural and general engincering rivets.

* Ip course of preparation.

The foliowing BSI references relale to the work on this standard:
Commitice reference 1SE/12 Draft for comment 67/19289

CO-OPERATING ORGANIZATIONS

The Fron and Steel Industry Standards Committee, under whose supervision this British Standard
was prepared, consists of representatives from the foilowing Government departments and scientific - "

and industrial organizations:
Alloy Steels Association
Board of Trade
British Cast Iron Research Association
*British Constructional Steelwork Association
British Electrical and Allicd Manufacturers’
Association
PBritish Ironfounders’ Association
*Brilish Mechanical Engincering Federation
*British Railways Board
British Steel Castings Rescarch Association
+British Stee} Industry
Council of Iron Producers
Council of Ironfoundry Associations
«Crown Agents for Oversea Governments and
Administrations
Engincering Equipment Users' Association
Federation of Civil Engincering Contractors
Institute of British Foundrymen
*Institute of Iron and Steel Wire
Manufacturers
Institute of Marine Engincers
*Institction of Civil Engineers

Institution of Mechanical Engincers
{Automobile Division)
Institution of Production Engineers
#Institution of Structural Engineers
Iron and Steel Board
Tron and Stee] Institute
Joint Iron Council -
+Lloyd"s Register of Shipping . .- . oL
Ministry of Defence, Army Department .
*Ministry of Defence, Navy Department
*Ministry of Labour (H.M. Factory
Inspectorate) L L
National Association of Drop Forgers and =,
Stampers e o e
*National Physical Laboratory (Ministry'of - )
Technology) .0
0il Companies Materials Association S
*Royal Institute of British Architects
Shipbuilders and Repairers National
Federation . e
Society of British Acrospace Companies
Socicty of Motor Manufacturers and.
Traders Ltd. . P
Stainless Steel Development Association . D

The organizations marked with an asterisk in the above list, together with the fo]lowing; were
directly represented on the committee entrusted with the preparation of this British Standard::

Electricity Council, The Generating Board
and the Area Boards in England and Wales
Greater London Council

Institution of Municipal Engincers
London Transport Board

Ministry of Technology

Ministry of Public Building and Works
Ministry of Transport

National Association of Iron and Steel =" -
Stockholders . L '

National Federation of Building Trade
Employers -

North East Coast Institution of Engineers
and Shipbuilders

Royal Institution of Naval Architects

Tank and Industrial Plant Association

The Welding Institute
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BRITISH STANDARD SPECIFICATION FOR
WELDABLE STRUCTURAL STEELS

parRT! uNCH Ui TS, ‘
FOREWORD

This British Standard, prepared under the authorily of the Tron and Steel Indusiry Standards Commiltee, brihgs together,
within one specification, requircments for weldable structural steels similar to, but covering a wider range than, those
previously included in BS 15, BS 968, BS 2762 and BS 3706, which arc replaced by this British Standard. "t 0L

This cdition is written in terms of imperial unils bul a metric edition is in course of preparation. Tn anticipation of the
chinge to the motric system the grades included have been designated by a number representing Lheir minimum tensile

strength in hectobars, since units and derived units of the Systéme Internationale will be used in the metric editions.
. This British Standard is based on 18O Recommendation R 630 * Structural steels * and includes four tensile ranges with
acveral sub-grades in each tensile range distinguished by increasing stringeney of yicld stress and notch ductility requirements.
11 does nol include grades equivalent to Fe 33 or Fe 37 of ISO R 630, since they are not used in the U.K., but the
Standard does include a tensile strength grade which is higher than those included in ISO R 630, because there is evidence
of a need for such a grade. Also, for cerlain tensile grades in certain product forms a sub-grade is included having specified
impact properties at minus 50°C in addition to sub-grades equivalent to those included in 1SO R 630. ‘ o
The general equivalency between the grades included in this British Standard and those included in [SO R 6301s tabulated
below. T '

Equivalent ISO R 630 Grade

Fe 33

|
i
L’
1

Fc 3TA
Fe 37B
Fe 37C
Fe 37D

Fe 42A
Fe 428
Fe 42C
Fe 42D

43A j Fe 49A
438 - Fe 44B
43C ‘ Fe 44C
43D Fe 44D
43E ; —

50A
508
50C
50D

55C
55E

The specified impact properties are for quality control purposes during the manulacture of the steel and the fact that
Jow temperatures are used for thesetesisdoes not nccessarily imply that the steels described are guaranteed as being completely
satisfactory for use at these temperatures. S ‘ k . ‘

The specification includes, for the first time in Dritish Standard specifications for structural steels, requirements for
hoth ladle and product analysis for each grade, provision for certain of the grades (o be supplied against maximum carbon
eq uivalent values and specified edge camber and flatness tolerances for plates, : SRR

i

NOTE. Where metric equivalents ure stated the figures in imperinl units are to be regarded as the stundard. The metric convcrsion's are
approximate and more accurile conversions should be based on the tables in BS 350 * Conversion factors and lables’ . .

g hote, Tun  thoug wa o Whe  forthconund  pulblicalZed
g5 wied fouk 2 fUebing At
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SPECIFICATION

1. SCOPE and BS 3706, have been omitted from this document and

This British Standard specifies requirements lor weldable are now included in BS ... 1.

steels for general struciural and engineering purposes. The :

steels are equally suitable for bolted and riveted structures LB B
. : . . INFORMATION TO BE PLIER BY

The standard includes requirements for hot-rolled plates, o ORi\l%;l_(lé)r;ull{%lpl%ks%lliPl HER

bars and structurel stcel sections to BS 4 Parts 1 and 2%, sate:

except for hollow sections formed from plate and subse- The enquiry and order should slate: "

quently metallic-arc welded; (hese latter sections are (1) Details of the product form, dimensivns and
covered only in regard to plate material from which they quantity. ST e T
are If;rv(r)m:;ie-nl e mmade for fout tensl i (2) The grade of stecl (see Tables 6 t0 12). = "+

vi 1as ‘been made for four tensile ranges having : : o '
minimum tensile sirengths of 26, 28, 32 and 3% tonfﬁn’% (3) 1f details of the !ndllc z.malyms. are ;cqmred.(scc.ﬁ.l).
The grades have primary designations based on their (4) If a product analysis is required (see 6.2)." .
minimum tensile strength in hectobars, ie, 40 etc., in (5) 1f the materia! is to be supplied to 2 maximum
anticipation of the change to the metric system, and each carbon equivalent value (sce 6.3). T
grade has a series of sub-geades with differing chemical (6) In the case of plates not exceeding 3% in thick,
composition limits, yield stress and impact requirements. whether they are required hot or cold fattencd (sec &
Minimum yield stresses up fo 29 tonifin* arc specified Clause 13). ' . . o

together with low temperalute impact properties at
temperatures down to minus 50°C. ‘A scheduie of the
tests associated with the different grades of steel is sum-
marized in Table 1,

(N In the case of impact lested “grades for which
alternative test temperatures are specified, at which of the

Particulars reiating to rivet bars and rivets manu- (8) Any requircment for additional - markings | (sce ‘
factured therefrom, formerly conlained in BS 15, BS 968 Clause 33). Gl L
* BS 4, * Structural steel sections *, Part 1, * Hot-rolled scetions ) +BS v Steel rivet bars for the m'.umruculré of structural and
Part 2, ¢ Hot-tolled hollow scctions ', generul engineering yivets *. (In course of prcparnlion.):"- .

TABLE 1. SCHEDULE OF TESTS®

Fipures in parentheses make reference {0 notes

. i Tensile propertics ! Charpy V-notch Im‘pncl {esl
! Chemicak!*! | } - B . at tempetature °C of ‘
Grades | composi- | i . Bend e e e = R
. tion | Tensite © Yield | Elonga- I test : : i i : i : T
| ‘I strength © stress | tlon D RTE {0 D =5 — 10 | - 15 | -20 | —30 |..—50
i i | | | : y :
AD | X : ® — . ® } N {‘ — ‘ — ! U PR
- B i 1 N . ' '
B X X ¥ " ®@ | — = I R Bl
9 ¢ . x , X X oo, # — % = e = [ — 'i .
D | x i ox . % . % ® I I R B
E ' x | X ‘ x | x I } — | — \ —_ = - l {7 l L) 1 TR
| ! | | ; .
! | : ! ——— ! —
Al®, X L% [ I x " ! — — | _ - b L —_ S [
A | ox oox X |« x i —= R e B
43 B X X x Lo} oLox | =™ — - R _ = - -
C X X poo® ‘ x X | = | X o= - - —_— =
D ! X | ¥ o, % 10X e e e s o | — 1 -
E } X ‘ ® [ x \ % } X l — — I — 1 — _— X %47 ‘I"x(a.n-
i : | i
| | ! | | | i : I
A x ' .9 | — L ¥ . w o= — = — —_— —_— i F—
B w = L O X e = | — P —_ - —— \ —
50 C D S R S — | %t 1 with | — 1 xBm — — —
D x : b IR i x 1o — ol i wih st xu.n' _
i | : !
| ! i ; | ! ‘
5 C x o ox %X 1 0X i % h — | = \ -1 = - = - | -
E X \ x l % ‘ b l ¥ l _ \ — i — = — o % (7 i w AT
| | | : |

+RT = Room temperature. In case of dispulc room temperature shall be taken as 20°C,
NOTES ‘ '

1. x indicates a test requirement.
2. Limits specified for individual elements for ladle analysis and, if required, product analysis. o
3, For Grades 40A and 43A1 tensile propertics not specified for plates, sections and fluts under ¥4 in (6:35 mm) thick or for round und squarc
bars under 35 in (9-53 mm) thick; bend tests only required. : L
4. Plates only.
5. Sections, flat bars and round and square bars only.
6. Only if specificd on the order.
7. Temperature of test to be selected.
g

temperatures listed the test is to be madv (see Clause 30). -

as¥
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3. GENERAL If materiat is supplied to 2 maximum carbon equivalemt
The steel shall comply with the general requirements of value, the manufacturer shall have the option of using
this British Standard and with the specific requirements other clements not included in the specified chemical
applicable 1o the grade concerned. composition provided he complies with the maximum

4. STEELMAKING PROCESS carbon cquivalent value,

Unless otherwise requircd and stated on the order, the 6.4 1f a copper. addition is specified h); ‘lhe"pur:::hascr,

steel may be made by any process except that the air, and 0-02%/ shall be addcd to the permitted maximum carbon
mixed air-oxygen, bottom-blown basic converter processes cquivalent value-specified in 6.3. .

shall not be used. 1f he desires. the purchaser may, by agree- ) ol
ment with the steelmaker, specily the process to be used- 6.5 The carbon equivalent value shalf be cg\l;ulalcd using

4.1 Rimming steel, Rimming sleel is not permitted except the formula™: L
in the case of plates and fiat bars under 3 in (6:35 mm) Mn  Crt MotV , Ni+ Ly

thick in Grades 40A, 43A1, and 43A. CE.=C+g +-

5 s

5. SUPPLY CONDITION : . ‘

The material shall be delivered in the supply condition ‘7. WELDABMLITY. L
stated in Table 6, 8 or L1, However, whare the supply All grades included in (his standard are of -weldable
condition in Table 6, 8 or 11 is ‘as rolled  the manu- quality provided the procedurcs detailed in'1BS 18567 are
facturer may normalize the material. followed for Grades 40 and 43 and those detailed in

The application of controlled temperatures during BS 26421 for Grades 50 and 55. The latter grade is weldable
rolling or alternative heat {reatment may take the place of up to and including % in (127 mm) thick without preheat
normalizing provided the specified properties arc obtained. using low hydrogen electrodes. & g

Il controlled rolling or alternative lieat treatments arc e
to be used the manufacturer shall inform the purchaser 8. QUALITY OF FIRISHED STEEL
of the fact at the time of accepting the order and obtain 8.1 All finished steel as despatched from-1he mill shall,
his agrecment. 1f alternative heat treatments areé used, subject to the provisions of Clauses 9 to 15, be vrell and
details of the heat treatment shall be given on the manu- cleanly rolled to the dimeasions, seclions and weighls
facturer's certificate. specified or required. D P
NOTE. The propertics given i Tables 6 to 12 refer only 0 material AR e :
in the stated condition of supply. Purchasers who intend to re-heat 8.2 ‘The material shall be sound and free lrom such SEgre-
any of the steels detailed in this specification are advised 10 discuss gation, cracks, laminations -or surface twi as might

wbie application and -hes : ecl with the H ol ‘ N M
mum{:rzﬂc“:;rs- ad proposed re-heat treatraent of the stecl ith preclude HI.,%,: use for the PufPolsc,‘f“r which they~a+e s
: intended. L ‘

6. CHEMICAL COMPOSITION oo , S
6.1 Ladle analysis. The chemical composition of the stecl 8.3 Minor surface defects may be removed by the manu-
shall be defermined by Jadle analysis and shall cornply facturer by prinding provided that the thickness is.nol
with the appropriate requirements of Table 6, 8 or 11, reduced locally by more than. 4% {with a maximum of
On request the manulacturer shall supply details of the 14 in (32 mm)). Reductions greater than 4%, but not . -
ladle analysis o the purchaser. exceeding 7%, may be made only with 1he agreement of ..

the purchaser or his represenfative.c- .

6.2 Product analysis. The purchaser may, il stated on the

order nnd. agreed with the ma_nufnclurcr. I'Fql_.lirc analysis 8.4 Defects that cannot be corrected by the melhod statcd‘j 3
of the finished material, In this casc, the limits tabulated in 8.3 may, with the agreement of the ‘purchase.r'orlhis ‘

lor product analysis in Tables G, 8 or 11, shall apply. The -rcpmgen[a[ivc’ be corrected b)’ grind'lng' "Dl'."i chjpping '
product analysis shall be delermined on the test sample followed by welding, subject 10 the following conditions:

used for verification of the mechanical properties, or at the ‘ , ot s
option of the manufacturer, from material at the location

shown in Appendix A.

(1) after ‘complete removal of the defect and before | -
welding, the thickness shail not have been reduced by more - -
than 20% of its nominal dimension; - .

(2) the welding is carried out by an approved procedure,‘ .

6.3 Maximum carbon equivalent value for weldability. 1

agreed between the manufacturer and the purchaser the | Dy competent operators with approved electrodes and thal - )
following grades shall be supplied with & carbon equivalent the weld is ground smooth to the correet nominal thickness, -

value, based on ladle analysis, not excecding the following: (see BS 18361 or BS 26424 as appropriate};
Maximum ‘ p ) -

Grade  carbon equivalent (3) subsequent to the . finish grinding, plates may be- -
b required to be normalized or otherwise heat-tréated at the ;'
40C 0-4! discretion of the purchaser or his representative. - - w
40D 0-41 ‘ . L P R
40E 039 o . 9. TOLERANCES FOR SECTIONS e
‘:gg g:i The dimensional and weight tolerances for sections shall -
" © comply with the re pirements of BS 45 o
43E 039 for plates, suchous 0 with the requirements of BS £ _ -
50C 0-45 (0-47%r9r-mamialmw L L S ] 3
in-thick) boui, over *thisisa 51.mphllud version of the. Dearden and O‘Nclll_formulu."
S0D* 043 s tn ek ot Lr For further information reference may be made 1o *A guide t the
s Y selection and welding of low niloy structurzal steels' by Dearden and
55C 0-51 ‘u}"""" badr CVer O'Neill, Institute of Welding transactions, Oct. 1940, - :
55E 051w, Nk +BS 1856, * General requirements for the metul-arc welding of
* By agreement between the munufacturer and the purchaser plates mild steel ”. ' - '
of grade 50D in thicknesses up to and including 134 in (38 mm) can { BS 2642, ' General requirements for’ the arc welding of carbon
be.supplied 1o a maximum carbon cquivalent value of 0441 %, in munganese steels . . : . :
which case they shall be designated * 50D1 % § BS 4, * Structural steel sections” .

6
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10, LENGTH AND WiDTH TOLERANCIS TOR PLATES 11, LENGTH AND WIDTH TOLERANCES FOR
OTHER THAN UNIVERSAL PLATES UNIVERSAL PLATES

The !ength and width of plates, other than universal The length and width of universal plates shall be subject
plates shall be subject {o the following tolerancces. {o the following tolerances: :
10.1 Length tolerances Length

Specified tength Length {olerance
Up to and including 10 ft (3-05 m)

-0
-+ 2 in (50-8 mm)

-0 Width - 14 in (3-2 mm)
, + 14 in (427 mm) — Y in
Over 10 ft up to and including

20 {t (6+1 m) -0 :
4 Lin (254 mny) 12. EDGE CAMBER TOLERANCES TOR ?LATES

{sce Fig, 1)

Over 20 ft 12.1 Plates, other than continuous mill products, shall be

-0
+ 1% in G17 mm) subject to the following edge camber tolerances which
10.2 Width tolerances shall be applied in addition to the shearing tolcrances.

1021 Up to and including % in (19.0 sim) thick Edgo camber (C)

Speclficd widlh Widlh telerance e—- .
Up to and including 72 in (18 m)  —0 Length () Uptoandincluding|  Over 15 in

+ 34 in (9:5 mm) 1% irh(i?ll‘ mm) thick

Qver 72 in

~0
+ 3 in {127 mm) Up to and including

20 ft (61 m) 3¢ in (95 mm) | ¥ in (95 mm)
Over 20 fL up to and :
Specificd widih Width {vlerance including 40 [t (122 m) | % in (159 mm) 14 in (327.mm)..
Up to and inciuding 72 in (1-§ my -0 Over 40 f d : -
+ % in (127 mm) Over 40 ft up to a1 . . ‘
including 60 ft 18-3m) | % in (222 mm) | 5 in (150 mimmn)
Over 60 ft By arrangement

10.2.2 Over % in thick

Over 712 in

-0
4 3 in (190 mm)

10.2.3 Contingons mill products with mill edges. The width ‘
of continuous mill products supplied with mifl edges shali 12.2 The edge camber of conlinous mill products shull
comply with the requirements of BS 1449 Part 1A% comply with the requirements of BS 1449 Part 1A%,

We= Width of plale
L = Length of plate’
C = Camber -

Fig. 1. Camber of piates

* BS 1449, * Stecl plate sheet and strip 'y Part LA, ' Carbon steel
plate and coil, rolled by the continuous process '
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13. FLATNESS TOLERANCES FOR PLATES plates longer than 12 {t and not exceeding 36 ft (110 m)
(see Fig, 2) shall not exceed Lhe tabular amount for the specified wid(h.

13.1 The permissible deviations for flaticned plates shall ‘ L ‘
not exceed the appropriate value in Table 2 or Table 3. 13.4 The deviation from flatness over the full length of
plates exceeding 36 ft shall not exceed 13 times the tabular
13.2 The permissible deviations of a plate when Jaid on a amount for the specified width. T
flat surfacc shall not cxceed the tabular amount for the - N
specificd widths in plates up to 12 ft (37 m) long or in any 13.5 For qualities with a specificd minimum yield stress
12 [t of longer plates. exceeding 22 tonffin® the flatness tolerances for cold
levelled or flattened plates: specified in Table 3 shall be
13.3 The deviation from flatness over the full length of increased by 507%. R

TABLE 2, FLATNESS TOLERANCES—MILL FINISH—HOT LEVELLED

Permissible deviation (-cfa, from 2 fiat surface for specificd widlhs (ll”):

Specified l i . .
thickness, in Under 60 in to 72into 84 in to 96 in to W08into | 120inio | 132into
60 In under under under under under nnder under
T2in 84 in 96 in 108 in 120in I 132in 144in

|
0118 (3 mm) tounder e 2 3 - — - \ - ' - —
% % "R e | W
5 ; % % 1 1%

% % 91

34g to under ¥4

14 to under 34

34 to under 34

3% to under 1 %4 BTN PR
3% ¥ %
% 5% 3%

%

1 to 1% inclusive

Over 134 to under 5

5 to 10 inclusive

|
|
|
| |
14 to under % \ %4 7 %
|
|
|

W= Width of plate
L = Length of plate .
F = Deviation from fluiness

Fig. 2. Flatness of Kplatc
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