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THIS BRITISH STANDARD, having been approvcd by ‘the

Building Divisional Counul zmd the Council for Codes of

Practice, was published 'by the| |authonty of the E*cecuuve ‘
, Board on 3lst March, 1970 _ ".‘r -
. o .
First published, Aprit, 19323 % - .
First revision, December, 1935 R
Sccond revision, July, 1937, %, & - S
Third revision, July, 1948, \i.\ o
. Fourth revision (incorporating CP :113), May, 1959,
Reset and reprinted, February, 1965
Reprinted, Oclober, 1967 ‘3\-.
. BS 449 : Part 2, metric cdmon of revision, published October, -
'. 1969, o

BS 449:

SBN: 580 0.‘.'508 6

\

" British Standard does not purport to mc]udc all the ncccssnry

. provisions

This stan
" Standards,

i BS 153.
, BS 275.
) BS 499,
e ~ BS 592,

BS 639.

| | BS 916.
! BS 1083,

., ' BS 1719.

BS 1768.

o | BS 1881,

ofa confracl N
.,; Lo

dard makcs reference to the. following British -

Codes of Practice and special publtcatlons
Steel girder bridges, ‘

Dlmensmns of rivets (34 in !o 134.jn diameter).
Wcldmg terms” and symbols,

Carbon'‘steel castings for general purposes (in-

cluded in BS 3l00-—-Slcel caslmgs for gcncral
engincering purposes).

Covered electrodes for the manual metal-arc
welding of mild stee! and medium-tensile slccl
Black bolts, screws and nuts.

Precision hexagon bolts, screws and nuts (B S. W
& B.S.F. threads).

Part 1, "imperial cdmon ot' revision, publlshed
March, 1970 \

" The Iusutuuon dcsn'cs 1o call attcnuon tcr the fact that lhls )

Classification, codmg and marking oi‘ covered

clectrodes for metal-arc welding,
Unified precision hexagon bolts, screws and nuls
(UNC and UNF threads). Normal series.

Methods of testing concrete.

T

K

.{'\i
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BS 2642, - Gcneralrcqulremems for the arcw::ldmg ol' Larbon {.  o
: _ manganesc steels. . . S \3
BS 2708, ‘Umﬁed black squarc and hcxagon bolts, screws

- ~‘and nuts, (UNC and UNF lhrcads) Normal

;o7 Lseries. ‘
BS 3139.""High- strength friction grlp bolls for struclura]
W engineering. Part 1, General grade bolts.

- BS 3294. The use of Ahigh strcnglh friction grip .bolts in

) structural steelwork, Part 1. General grade bolts, -

BS 3410. Metal washers for gencral cnglnccrmg purposes.
¢ BS 4360, Weldable structural steels, -

BS 4482, Hard drawn mild steel wire for the rcmi‘orccmem
.+ ofconcrete. o
BS 4483, Steel fabric for the remforccmenr. o!‘ concrcle : ‘
" BS kb0 K\ut‘: Qov .3'" sural anguneer ‘mﬁ (>‘.u ‘:»c:.t TLow

CP 3 Chapter 1V, Precautions ag:unst fire.
CP 3 Chapter V. Loading.
PD 3343, . Recommendations for clmgn (Supple'nem No. l
“ toBS449) © '
PD 4064, “Addendurh No.I" “1o BS 449 : Part 271969. i The use uf wld
‘ formed sections in building. -

35 4419. Hot rolladhsteel bars forthe remforc.cment of l.Ul"ICI'ElC
British Standards are. revised, when necessary, by the issue

either of amendiment slips or revised editions. It is important that
wusers of British Standards should ascertain that they are in .
possession of the la!es! amendments or editions.

" BS4870. Approvaj testing of welding procedures.
BS 4871, Approval tcstlm, of welders workmg 10 approved WC[dIIlL 4
prou:durcs e
BS 4872. Approval testm;, of weldcra when we]dmg, pronedure approv al is
not required, ~- . P

BS 5135. Melal -are weldmg of :..arbon and carbon nunﬂancs-. sleds
N . ©

The following BSI rcfcrcnccs relatc lo Lhc work on tlns stnndard
Comntitlee rcfercnce B/20 . . .

R e P R P T P

e o e i e T
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. CO-OPERATING ORGANIZATIONS
' The  Technical ‘Committee of the Building Divisional
‘ Council responsible for the revision“of this British’
w  Standard- (now incorporating. the British Standard
Cede of Practice CP 113 : 1948, * The structural use
of steel in buildings *), consists of represemtatives from
the following Government departments and scientific
and industrial organizations, and of additional members .
nominated to represent the Institution of Structural
< Engincers Committee, under whose supérvision CP113:
1948 was prepared; . A
Association of Municipal Corporations .
British Constructional Steclwork Association
British Railways Board .+ = ‘
British Steel Industry  ~ . R I
Crown Agents for Oversea Governments and Adminjstrations
.y District Surveyo:s™ Association ' v '
" 'Greater London Council .
Imperial Chemical Industries Ltd,” . .-
Institute of Building. = 7 |
- Institution of Civil Engineers -
. Institution of Municipal Engincers
- - Institution of Structural Engincers .
© Ministry of Public Building and Works -
-, Ministry of Public Building and Works, Building -
. Research Station B
National Federation of Building Trades Employers
Royal Institute of British Architects ) a
The Welding Institute: '

. GATEUNIt- SO o DT
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erlsﬁ STANDARD SPECIFICATION FOR ~
THE USE.OF STRUCTURAL STEEL

Part 1, Imperial ugits:
K ' 4

. .' 1 .‘:l i )
- FOREWORD 4

BS 449 was first issued in 1932 and was revised in Deceniber 1935, July 1937, e
July 1948 and May 1959. It was. reset and reprinted in'February. 1965 incor- '+
porating amendments Nos. I to 5 and reprinted in October 1967 incorporating
amendments Nos. 6 and 7. T R
When a programme of Codes of Practice for: Buildings was drawn up in , .
1942 under the acgis of.the Ministry of Works,'a Code . of Praciice for the , -
structural usc of steel in buildings was included in'a series for all types of building - .
construction: this was Tater (1948) issued as CP, 113, Much of the information
given in BS 449 and in CP 113 -was the same and :with ‘the formation of the
Codes of Practice Council within DS it was decidéd that the two documents
should be amalgamated and issued as a single publication under the main -
reference BS 449, S IR T , '
Amendment Slip No. 8 (AMD 94) published 12th September 1968 i ntroduced
into this standard the use of steels complying with BS 4360, ¢ Weldable structusal
steels’, superseding . the requircments of BS 15, BS 968 and BS 2762. This
amendment slip also noted the future inclusion of grade 55 steel. e
. The 1959 revision has'now been expanded to include the use of this steel, - . :
and also includes an amendment to Subclause 3a. Amendment Slip No. 6 -
(PD 5854), published 29th June 1966, revised Subclause 3a and introduced
into this standard precawtions against brittle fracture. This subclause on
brittle fracture has now been further extended to be in parity with BS 4360,
Because of the extent of the amendments made nccessary by the publication
of BS 4360 it has been found more practical to reissue this standard incorporating
these amendments rather than publishing a further amendment slip and thus
this editioy does not constitute a technical revision. o T
A metric version of the standard was issued in 1969 under the refercnce
of BS 449 : Part 2 ; 1969, and this imperial edition is now issued, although it
is not a technical revision, under the reference BS 449 ; Part I : 1970, ,
For the purposes of compliance with this stahdard designers may use the
values given in the metric Part 2 or this Part 1, provided that one set of values
is used consistently in the design of each part of a structure. . -

e

S -

o o Bs4495Par':'I1.:1'97'q_,};" o
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A revision of this standard is currently in hand and the revised standard
will be written in terms of SI units only. _ :
Users of this British Standard should satisfy themselves that effective
- compliance is secured with local” byelaws and regulations and, for insurance
purposes, with any requirements of insurance companies, o
jis aliered — The attention of users is also called to the importance of making provision,
- whero necessary, for water, gas, electricity and other services, having particular

" " i\_ . “-regard to condition 5 in Clause 21 for cased beams and to condition 4 in Sub-
clausc 305 for cased struts. - . . -

i when BS 449 : Part 2 is used exclusively. ECONOMY IN DESIGN

: : This British Standard stipulates limits of stress and gives rules for design, with
I “the twofold purpose of ensuring normal safety and cconomy in the use-of
structural stecl, While the stresses and other requirements are to be regarded
as limiting values, the purpose in design should be to reach these limits in as
matty parts of the structure as possible and to adopt a layout such that maximum
i  structural efliciency is attained for a minimum use of stcel, Careful consideration

- i - should therefore be given to the semi-rigid basis and fully rigid basis of design.

SPECIFICATION

o . SCOPE ‘
* ‘1. This British Standard relates primarily to the use in building of hot roiled

. steel sections and plates, and normalized tubular shapes, .
‘ ' The use in building of cold formed sections in light gauge plate, sheet and
A ‘ strig steel 14 in_thick and uader is dealt with in PD 4064 : Addendum No. 1 to

B AT Garb2 ! 1969 | ‘

The provisions of this standard are not deemed to apply to transmission
“towers and farm buildings; nor to structures which are designed on an
experimental basis, except in so far as provided by Clause 9¢ and Appendix A.
NOTE. In place of the customary, but incorrect, use of the ton as a unit of Tarce, the unit
called a ton-force {abbreviativn tonf) has been used In this standard. 1t is that force which,

when acting on a body of mass ane ton, gives It an acceleration equal to that of standard
_gravity. Simliar consideration applics to the pound-force (abbrcviglion 161),

C g rmemea
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* Chapter .1, Definitions - . -

2. For the purposes of this British Standard the following definitions appiy:
Beamor Any structural member which supports load primarily by its
girder - internal resistance to bending, I
DeadJoad . The weight of all permanentwconstructidq.' o
Effective lateral 'Rcstrair!."'.' whifih will produce sufficient resistance in a plane
restraint perpendicular to the plane of bending to restrain a loaded

beam from buckling to either side at the point of application

of restraint, ' s

Engineer The person responsible for the design and satisfactory com- =~ -
pletion of the structure, as covered by this specification. ‘

Filler joists " Rolled steel I-beams or other suitable flanged sections used
- in combination with structural concrete and forming the -
skeleton of a floor or roof siab.

Foundatlon - That part of the building the function of which is to distribute
‘ loading direct to the ground. It may include any retaining or

other wall, based upon the ground, of sufficient strength and

stability to carry its own weight together with the loads and

forces imposed upon it, ., o

High strength  High strength friction grip bolts are bolts of high tensile steel,

[riction grip bolts used in conjunction with high strength nuts and hardened .
stecl waskers, which are tightened to a pre-determined shank
tension in order that the clamping action thus afforded will
transfer loads in the connected members by friction between
the parts in contact and not by shear or bearing in the bolts, <
(Sec footnote to Clause 48.)

Imposed load In respect of a building: all loads other than the dead load, -

Load factor The numerical value by which the load which would cause
' failure of the structure is divided to give the permissibic
working load on the structure.

Panel wall A wall built between pillars, stanchions or other members
and supported by the steel framework or foundations.

Partition An Internal vertical structure which is employed solely for
the purpose of subdividing any storey of a building into
sections, and which supports no load other than its own
weight,
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Strut A slecl pillar, - stanchlon, column or olher comprcss:on . P
member. M S " :

. Welding terms  Except as otherwise deﬁned in. th:s Brmsh Sw.ndard thc
L - terms used in the welding clauses have the mcan'ngs gwcn
in BS 499, * Welding terms and symbols ".

Wheel loads The static wc:ghts imposed by the wheels when the appllance ‘
o of which the wheels form part is fully | loaded

Yield stress The yield stress in tension.

F

Chapter. 2. Materials
STRUCTURAL STEEL AND ELECTRODES
3. a. Structural steel*

(i) All structural sice! used in building coming within the purview of this .-
British Standard shall, before fabrication, comply with BS 4360t and with such: -
additional requirements as may be gwcn in Subclauses (ii) to (w) below.

(ii) As a precaution against brittle fracturc, where ‘welded elements are
subject to tensile stxesses under any combination of loading in the completed

_structure or lo tensile siresses exceeding one quarter'ol the appropriate value of
. Py given in Table 2 during ercclion, the material for such mcmbc:s shall comply
* with the following requirements:

1. Steels of grades 43A and B complying with BS 43601 shall not be
used in thicknesses over 134 in. '
2. Steel of grades 50B and 55C complying with BS 4360t shall not be
used for universal beams, plates, universal plates and normalized flats in
thicknesses over 134 in. Tn cases of universal columns and other sccuons
the maximum thickness shall be 3% in.  *
3, Stecls of grades 43C, D and E, 50C and 55E complying with BS 4360']'
may be used up to the thicknesses shown below.
Grade Plates Secrmu elc.
- 43C 2in 2 in
43D jin 2in
43E 3in 2in
50C 3in 134 ink
55E 2% in 2% in
* A new specification for rivet steel, BS . ' Steel rivet bars for the manuofacture of
- straetural and general engincering rivets ' is i m coursc al preparation.

"'} BS 4360, * Weldable structural steels ",
b4 Up to 3 in in normatized condition.

1
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For thicgnesses over those specified the fi:ij}mct tesv requirement shall '
/be not less than 20 It 1bl at 32°F (0°C). Impact test requirements'are not
¢ specified iniBS 4360* for thicknesses greater than™those shown above and .
" therefore any impact test requirements for these thicknesses will need {o be
the subject of agreement between the purchaser and supplier. "

s

(iii) The requirements in Subclause (i) above apply to the general ‘use of
structutal steelwork in the; United Kingdom, but furlher consideration‘is to be -
given to this aspect by the designer in the, following circumstances: . .,

1. Critical conditions where a single failure would result in the collapse

of a major part of the siructure. . I

2. Positions ‘where complicated details are involved which may lead to .
high restraint and difficulties in inspectior or testing or both. ‘ '

3. Dynamic or shock loading producing tension, ' :

4. Structures in which important elements of the steelwork are used in"
circumstances where the lemperatwis may be below 20°F (—7°C).

(iv) Under any of the conditions in\'Sublclausc (iii} ;!bove, one or more of’ B
the following safeguards additional to (i) above may be advisable: B

T
1. Tmpact test requirements to be imposed on materials thinner than
-those specified in Subclause (i) above, co o
2. The impact test requirement to be increased.
3. Stress relieving to be carried out on the material,

(v) In addition to the requirements of Subclause (i} above, where ah;bicnt
temperatures below 20°F (—7°C) oceur in service, steel witlm minimum imphét
resistance of 20 1t Ibf at the lowest ambient temperatire shall be used. A
stecl to meet these requirements may be obtained from the range ol steels
specified in BS 4360*, o | B

(vi} For any conditions dealt with in Subclauses (ii) to (v) above, the impact

test picces shall be cut from the sections as specified in BS 4360,

b, High tensile steel rivets, Where high tensile steel is used for rivets, steps
shall be taken to ensure that the rivets are so manufactured that they can be
driven and the heads formed satisfactorily; and that the physical propertics of
the steel are not impaired. '

¢ Electrodes. Mild steel clectrodes and high tensile steel electrodes shall
comply with the requirements of BS 639+, . : ‘

d, Steel for bolts and nuts ,
(i) MiLD sTEEL. All mild steel bolts and nuts shall have a tensile strenpth of

* BS 4360, * Weldable struciural sieels *. :
t B3 639, * Covered electrodes for the manual metal-are welding of mild steel und medium-
tensile stecl *,

L
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" not less than 28 tonffin? and a minimum clongation of 17 %‘z}s: defined in
Clzllusc 2 of BS 916 : 1953* or in BS 27081. Co b -
i(ii) HIGH TENSILE S’i‘t;ﬁi’.;‘ o ‘ B ,

A Structural quality, The material used for the manufacture of high
tensile stee] bolts, nuts and washers, for which per:missibi¢ stresses are given-
inffC.]ausc 50, Table 20, shall have a minimum ténsile strength of 37 tonffin®

L. Speclal quality. The material used for the manufacture of special
quality high tensile steel bolts and nuts as covered by the-Nete-in Clause 50
shall have the mechanical propertics appropriate to the particular class of .
steel, as set out in Appendix A, Tables 9 and 10 of BS 1083 : 1965%;0rin BS

1768§; or as approved by the Engincer.

e. Washers. Piain washers shall be ma(fle of steel, ‘
Taper or other specially shaped washérs shall be made of stecl or malicable
cast iron, (See BS 3410].) S : o

P e

OTHER MATERIALS

- T L
4. Other materials used in the structure in association with ‘sicelwork shall
., conform to any byelaws or regulations to which the Suilding has to conform.
i Where an appropriate British Standard for a particular materfal exists' thes ="

“material shalf also comply with that British Standurd; except. where it may

'conflict with, or differ from, the requirements of any relevant bye-law or regu-
lation, ‘ ' . oo

. ) Ll
STANDAllD DIMENSIONS o

5, The dimensions of all structural rolled shapes, and the form, weighi, tolerance,
etc., of all rolled shapes and other members used in any structure shall, when-
ever possible, conform to the latest appropriate standards of the British Stan-
dards Institution. - i E

" The dimensions or form and the weight, tolerances, cte., of all rivets, bolts,
nuts, studs, etc,, shall conform to the requirements of the latest appropriate
standards of the British Stardards Institution. -~ . Gy

* BS 916, * Black bolts, screws und nuls®, ) ‘
t BS 2708, * Unified black square and hexagon bolts, ‘screws and nuls (UNC and UNF

threads). Noninal series'. .- -

1 BBS 1083, ’ Precision hexagon baolts, serews and nuts {B.5.W. & B.5.F. threads) .

§ DS 1768, * Unified precision hexagon bolts, screws and nuts (UNC and UNF threads).

Normal series *. S . - :

Il BS 3410, * Metal washers for general engineerlng purposes '.

16
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‘ ~Chapter 3, Loads L
// DEAD LOADS AND IMPOSED LOADS, 4
6. Reference should be made to CP 3+ Chgpti:r V,!* L'oédfgg C I

1. for recorimendatious on the determination of the dead load; and - ©

2. for recommended values of imposed loads on fioors, corridors, balconies,

stairs and landings, parapets and balustrades; of siow and other loads; and of .
wind loads cn buildings and ﬂnc]ac}.;stmctures (including sheeted towers and -,

chimneys). - , ; e A S

b
J
i

DYNAMIC LOADS -

_ 7. Where loads arising from machinery, runways, cranes and other plant pro-

ducing dynamic cffects are supported bv or communicated to the framework,
allowance shall be made for these dynamic effects, including impact, by increasing
the deadweight values by an adequate percentage, ' -

In order to cnsure due economy in design the Engineer shall ascertain as

accurately as possible the appropriate dynamic increase for all members affected,
For crane gantry girders the following allowances shall be deemed to cover

all forces set up by vibration, shock from slipping of slings, kinetic action of

acceleration and retardation and impact of wheel loads: :

1. For loads acting vertically, the maximum static wheel Ioads‘sﬁgll be
- increased by the following percentages: . ' '

for electric overhead cranes S 25Y%
- for hand-operated cranes ()

2. The horiibnml l‘orbe acting transverse to the rails shall be taken as ﬁ.‘
- percentage of the combined weight of the crab and the load lifted as follows: -

for electric overhead cranes ' 10 %
for hand-operated cranes 5%

Ihis force shall be taken into account when cqnéidcring the lateral rigidity of

the rails and their fastenings, ‘ S
3. Horizontal forces acting along the rails shall be taken as a percentage of
the static wheel loads whjch can occur on the rails, as follows: )

for overhead cranes, either 7
electric or hand-operated . . 5%

The forces specified in either 2 or 3 above shall be considered as acting at the
rail level and being appropriately transmitted to the sipporting systems,

Gantry girders and their vertical supports shall be designed on the assump-
tion that either of the horizontal forces 2 or 3 may act at the same time as the
vertical load, '

17
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An increase of 109, on the pern11551blc strcsses spccnﬁed in this standard '
shall be allowed for the combination of loadings 1 and 2 above in respect of the

design of the gantry girders and supporung structures, This increase xs not

- however in addition to that permitted in Clause 13,
In special cases, e.g. charging machines, and where more than onc 'crane is -
- in use‘on the gantry and where high speeds are attained, the abovc allownnces

should be reconsidered.

NOTE. For factors applicable to the allowable v'orkmg strcs:cs. and detailed dcs:gn undcr

fatigue conditions, see BS 153, * Steel girder bridges’, Purts'3B and 4.

"
'

TEMPERATURE RANGE

8. Where, in the design and erection of a building, it is necessary to take account
of a change of temperature, it shall be assumed that the average temperature

of the metal in the,structure in Great Britain.and Northern Ireland does not.-:

vary over a range gréater than from 20°F to 120°F (—7°C to +50°C). The

design range, however, depends on the location, type and purpose of the

building. Specm] consideration will be necessary for structures in special con- '

ditions and in localities abroad subject to different temperature ranges.

Chapter 4. Design and Details of Constructlon

A, GENERAL
STEEL FRAMEWORK

9. a. Any part of the structure shall be capable of sustaining the most adverse
combination of static and dynamic forces which may reasonably be expected
from dead loads and all imposed loads, including snow and wind loads, referred
to in Chapter 3, without the permtsmblc stresses specified in Chapter 4 being
exceeded.

b. The following methods may be employed in the de51gn of the steel
framework:

1, Simple design. This method applles to structures ir. which the end
connections between members are such that they will not develop restraint
moments adversely affecting the members and the structure as a whole and
in which the structure may, for the purposes of des:gn, be a.ssumcd {0 be
pin-jointed. : LT }’ )

This method of des:gn involves the fo]lowmg assumplmnS'

Beams are simply supported.
All connections of beams, girders or trusses are proportloned to resist
the reaction shear forces applied at the, .appropriate eccemnc:ty

18

AVA

mM2 0821

C


http://www.avadocuments.com/doc/bs-449-1-1970
http://www.avadocuments.com/doc/bs-449-1-1970

" BS449't Part 1 : 1970

N

Members in compression are subjected to loads applied at the appro-
priate cccentricitics (see .Clause 34 for stanchions), with.the effective .

lengths given in Clauses 30 and 31, ¥ Y

Members in tension are subjected to longitudinal loads appIilcd.t‘)ver |
the net area of the section, as specified in Clause 42, B

2. Semi-rigid design. This' method, as compared with the simple design
methed, permits a reduction in the maximum bending moment in beams,
suitably connecled to their supports, so as to provide a degree of direction
fisity and, in the casc of triangulated frames, it permits account being taken*
of the rigidity of the connections and the moment of interaction of members.”
In cases where this method of design is employed, calculations based on -
gencral or particular experimental evidence shall be made to show that the
Stresses in any part of the structure are not in excess of those laid down jn ‘

- this British Standard. Alternatively, where riveted or bolted connections
are employed, the design may be made in conformity with the ‘ Recom-
mendations for Design ** in the final report of the Steel Structures Research
Committee, 1936, provided stccl?equiyalcnl to grades 43, 50 and 55 only is .
used, in which case the rcquir(z’djcntsiot‘ this British Standard in respect of
stresses may be deemed Lo be s'ai’isﬁcd. N o

As a [urther alternative an allowance may be made for the inter-restraint
of the connection between mbcaﬁ:ff,_;lnd a-column by a mement not exceeding
107 of the free-moment a'pp!igél(ffto the beam, assuming this to be simply .-
supported, provided: R ) Lo L

A. The beams and columns Are designed by the gencral rules for members -

~of a simply supported frame. Tty T

B. The beams are designed for the maximum net moment with due’,.

allowance for any difference in the restraint moment at cach end.

C. Each column is designed to resist the algebraic sum of the restraint

moments from the beams at the same leve! on each side of the column,
in addition to moments due to eccentricity of connection ' (see
Clause 34), . C
The assumed end restraint moment need not however be taken as
10 3 of the frec-moment for all beams, provided that the same value
of the restraint moment is used in the design of the column and the
beam at cach connection, : :

E. The column is fully encased in concrete in accordance with Sub-

clause 305 and the beam to column connection includes a top cleat.

P

3. Fully rigid design. This method, as compared with the method for
simple and semi-rigid design, will give the greatest rigidity and economy in
weight of steel used when applied in appropriate cases, For this purpose

* Now issued by British Standards Institution as PD 3343,

e
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 the design shall be cartied out in accordance. with accurate methods of *

' clastic inalysis and to the limiting stresses permitted in this British Standard, *
Alternatively, ir shall be based on the prificiples of plastic design $0'as to
provide an adequate load factor, and with deflections lir‘ldqr‘wmking‘londs_
not in excess of the kimits implicd in'this British Standard. . L
c. Experimental basis. Where, by reason of the unconventioal nature of

the construction, caleulation is not practicable, or where the methods of design
‘given in b above arc inapplicable or inappropriate, loading tests shall be made, - . -
in accordance with- the procedure 'set out in Appendix A, to ensure that the' (< |
construction has: =" o LA
1. adequate strength to sustain a total Inad equal to twice the sum of
the dead load and the'imposed load . . wooand
2. adequaie stiffnéss to resist, without excessive deflcction, &.(otal Toad
-«8qual to’the sum of the dead load and 114 times thetimposed_load -
"-and, in the case of a beam, to salisly Clause 15 -~~~ = .+ -

d. Curved members and hends. The design of curved or. hent members shall
be given special consideration. Allowance shall be made for any thinning of the-
‘bent part which may be caused by bending the member. . C '

1

[ .
RESISTASICEJ TO HORIZONTAL FORCES'~.  ©

10. @ General, (i) When considering the effect of wind pressure on”buildings,
due aliowance shall be made for the resistance and stiffening effects of floors,
roofs and walls. N N : e
. (i) When the floors, roof and walls are incapable of transmitting the
horizontal forces to the foundation, the necessary steel framework. shall be
provided to transmit the forees to the foundations. This framework may be in
the form of triangulated bracing to members, pertal construction or cantilevers
which shall comprise all members necessary effectively to transmit the forces -
to the foundations, L o

Resistance to the wind forces on the sides and roof of a building shall be
provided by horizontal or inclined bracing or beam systems designed to transmit
the wind loads direct to the foundations or to intermediate transverse frames
or to end frames, and those frames shall be designed to transmit the loads fo
the foundations, o

Resistance to the wind forces on the ends and roof of a building shall likewise
be provided by horizontal or inclined bracing or beam systems desipned to
transmit the wind loads to the side framing, and the side framing shall be braced
to transmit these loads to the foundations, or, alternatively, the wind forces'on
the ends may be taken direct to the foundations by vertical cantilevers,
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 In buildings where high-speed travelling cranes are supported by the structure -
or where a building or structure may b2 otherwise subject to vibration or sway,
triangulated bracing or especially rigid portal systems shall be provided 'to -

reduce the vibration or sway to a suitable minimum,

b. Stability. The stability of the structure as a' whole or of any part of it
shall be investigated, and weight or anchorage shall be provided so that the least . -
restoring moment, including anchorage, shall be not less, than the ‘sum of 12 -
times the maximum overturning moment due to 'dead loads and 1+4 times
the maximum overturning moment due to imposed Ioadg.‘-'& ' g

Wind loading shall be treated as imposed loading. = S

To ensure stability at all times'account shall be taken of probable variations .
in dead load during construction, repair or other temporary measures. L

In complying with the requirements of this clause it is necessary to ascertain

that the resulting pressures. and shear . forces to be communicated by the -

£

foundations to the supporting soil would not produce failure, ;| =~ o
All parts of the structure which have been designed for their dead and .
imposed loads to the permissible stresses in this British Standard shall be deemed
to be adequately covered for this margin of stability. E
. ' . s . FouﬁmnqNs‘_ ,Jl . .
11. The foundations of a building or other structire shall be so designed as to
limit the pressures on the sub-soi) to safe tearing valics and to ensure such
rigidity ‘and restraints as have been allowed for in the design of the super-.

structure, including resistance to all horizontal forces, Due regard shall be paid
- to the effects of temperature and scasonal changes generally.’ T
i The weight of foundations shall be such as to comply with Subclause 105. N

, MINIMUM THICKNESS OF METAL PR ‘
12. The following provisions shall apply, except in the case of members. on
which special protection against corrosion is provided: L
1. General. Steel used for external construction e,iposed to the"weather;,or
other corrosive influences shall be not less than 544 in thick; and in c;onstruction}_
not so exposed, not less than %4 in thick. These provisions do not apply to'the -
webs of British Standard 1olled steel joists and channels, or to packings. -

.2, Sealed tubes or sealed box sections. Scaled tubes or scaled box sections
used for external construction éxposed to the weather shall be not thinner than
0-160 in (8 SWG) and for construction not so exposed shall be not thinner
than 0128 in (10 SWG). : -
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STRESSES DUE TO WI.ND FORCES

13, Unlcss olherw1se stated, thé allowable stresses specified in the relevant
clauses of Chapler 4 of this standard may be exceeded by 25 % in casca where

an increase in stress is solely due to wind l‘orccs. provided that the steel section * .

 shall be not less than that needed if the wind. stresses were neglected.

This provision does not apply to grillage beams (see Clause 40), - .

In the case of any combination cf stresses arising from bendmg and axial
loading, 1nclud|ng the cffects of wmd the valucs of pe and pyc in Subclause 14a
and p, and py in Subclause 144 shall be’ increased by 259 in satlsfymg the
refationship to unity, prowd:.d that Subclauses 14a and & shall also apply in
respect of any combination of stresses ansmg from bending’ and axml Ioadmg
not due to wind. .

' N
COMDINED STRESES

14. a. Bendmg and a\lal compression. Mcmbcrs subjccl to both ax:nl com-
pression and bending stresscs shall be so proporuoncd that thc quanmy

f fhc S ‘ L Y “ 's.l .
Pe Pbc ' ‘ o
does not exceed umty at any point, where

Je=the calculated average axial compresswe stress : :
Pe = theallowable compresswc stress in axially loaded struts (sce Tablc 17)

Joe = the resultant compressive stress. due to bendmg about both reci- . .

angular axes.

Poc = the appropriate allowable comprcsswc stress for members subjcct to
bending (see Clause 19). " y ‘

In cased struts for which allowance is made for ‘the Iond carncd by-the -
concrete in accordance with Subclause 305, the ratio fulpe in the above expression
shall be replaced by the ratio of the calculated axial load on the strut to the
allowable axial load determined l'rom Subclause 304,

b. Bendmg and axial tensfon. Membcrs subject to both axlal tension and
" bendmg stress shall be so proportloncd that the quantity '

fbl
Pl Pbt
does not exceed uanity at any point, where - ) ‘
St = the calculated axial tensile stress, Vo i
pr = the permissible axial tensile stress (sce Clause 41),
fin = the resultant tensile stress due to bendlng about both principal axes.
por = the appropriate allowable tensile stress in bendmg (sce Clause 19)
22
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c Bcndmg and shear, The cqulvalcnt stress j; due to bcndmg and shear
“shall not exceed the values of p| given in Table 1. Lo ‘
. The cqulvalcnt stress fe is ohtamcd from the fol[owmg l'ormula'

f ‘\/(fbl +3ﬂ1) or ‘\/(fbc +3fq

in which fy. or fi, and f; arc the numerical values! [of thc co—exlstcm bendmg o
and chear slrcsscs. ; . .
i s
d. Combined bcarmg bending and shear stresses. '(thrc a bearmg stress is
combined with tensile bcndmg and shear stresses umler the most unfavourablc
- conditions of loading, the cquivalent stress f;, obl;uncd from thc fo[lmvmg
formulae, shall not exceed the values of Pe given in T1b1c. 1. .

Jo = V(fot S 4 fofo + 3D
or fo = V{fi® 4 /o = focfo + ¥

in wluch Jous fie [y and Sfvare the numcmal v1lucs of the co-cxlstcnt bundmg.
shear and bearing stresses. :

¥ TABLE 1. ALLOWABLF EQUIVALENT STRESS pe ‘
NOTE. The | increases permitied by Clauses 7 .md 13 do not apply o thcsc valucs.

Form : Grade - | Thickness ar diameter Pe

in | tonfin

Rolled E-beams and channels 1 43 Al ] 149
Plates, bars, Universal beams and | = 43 +Up to and including 134 14-9
columns, and sccuons other than A Over 114 156
above ‘ S ‘ .
Plates, sections and bars ' 50 Up t6 and including 214 20-7

. o . . Over 214 Y11
Plates, section: and bars +  B5 Ub to and including 134. | 253
‘ o Overlls 223
Hot rolled hollow sections- 43 All o 149
Hot rolled hollow sections: ‘ 50 g Al - 0 1 20
Hot rolled hollow sections - .} 55 .~ = Al '

e

253

whclc Y,= ylc;ld slréss abrccd wuh manul"tclutcr, wnlh a mammum valuc_
of 227 lonffm“ ) VRTINS :

DEFLECTION OF BEAMS

15, The maximum deflection of a beam shall be such as will . not Jmpair the

strength and efficiency of r.hc slructurc lead io dam’tge of the ﬁmshmgs cr be

uns;ghl!u : a
- 23
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~ Measures may be necessary to nullify the effects of the dcﬂcéli_on due o déad -,
load by cambering or by adjustment in the casing, o e

- The maximum deflection due to loads other than the weight of t'hc"s.tﬂ'lé'll.ilral“'.-*-' C
floors or ryof, steelwork and casing, if any, shalt not exceed 1/360 of the span.

v | OVERHANG OF WALLS .0 -
'+ 16. Where a wall, or Icaf of a cavity wall, is placed ccécntrically ﬂ-updn-t‘l}_{:’_'i(; )
% . flange of a supporting steel beam, the beam and its conncetions shall be designed
;. for torsion, unless the beam is cncased in solid concrete and reinforced in . ;.
" combination with an adjoining slab in such a way as lo prevent the beam
deforming torsionally, i '
' , - SECTIONAL AREAS - ° ‘ ,
17. a. General. The gross scctionat area shall be taken as thé area of the.cross
i section as calculated from the specified size, L
| . The net sectional area shall be taken as the gross scetional area less dedyc-
i tions for rivet holes, bolt holes and open holes, or other deductions specified . -
\\ ‘ . in this standard. - S e
N -In making deductions for rivet and bolt holes Lhe diameter of thic hole shali *
. - be assumed to be ¥ in in excess of the nominal diameter of the rivet or bolt.
© . unless otherwise specificd. For countersunk rivets or’ bolts the appropriate
b - addition shall be madc 1o the diameter of the hole. L e
Except as required by the following paragraph, the areas (o be. deducted
shall be the sum of the sectionul areas of the maximum number of holes in any

\

'

cross section at right angles to the direction of stress in the member.
S o * For 1. all axially loaded terision members; - ‘ :

i L 2. plate girders of grade 43 stéc] and with dy/r greater than 85; .
n ‘ 3, plate girders of grade 50 stecl and with o,/ greater than 75; and T

- 4. plate girders of grade 55 steel and with dy/r greater than 65 o
“(where 7 == the thickness of {he web, and ¢y is the depth defined in

. : R d Subelause 236 as d (i) for vertically stiffened webs without horizontal

o ' o stiffeners) ' ‘ R

[ : i X .
the arca to be deducied when the holes are staggercd.shall be that given above : "
or, if greater, the sum of the sectional arcas of all holes in any zig-zag linc

. . . ‘ , Y 'l: ‘ er
extending progressively across the member or part of the member, less -t
for each gauge space in the ci1ain of holes, . e
where s = the staggered pitch, i.c. the distance, measured parallel 16 the dircc-

- tion of stress in the member, centre-to-centre of holes in consccutive -
lines. . L ‘ - ‘
. ti'= the thickness of the holed material.

s

-

Eat s e

Mt e X -

[T e

e

£


http://www.avadocuments.com/doc/bs-449-1-1970
http://www.avadocuments.com/doc/bs-449-1-1970

h .1

P
1

i l\.l o ’ )
" BS449:Part1:1970
NN . .

. . ' LT N '
' . ' N .

G = the gaugg, i.c. the distance measured at right angles to the direction-
of stress in the member, centre-to-centre of holes in ‘onsecutive
. lines. . ‘ ' ;. o
For sections such as angles with holes in both legs the gauge shall be
measured along the centre of the thickness of the angle. Lo

. ) ) L I ..
NOTE. In a built-up member where the chains of heles considered in individual parts do -
not correspond with the critical chain of holes for the member as a whole, the value of any
rivels or bolls joining the parts between such chains of holes shall be taken into account in .

A

determining the strength of the member. el T
b. Rivets. The nominal diameter of a rivet shall be the diameter cold before

driving, - . ST e

The gross area of a rivet shall be the cross-sectionzl area of the rivet hole.

[

- ¢ Bolts and screwed tenslor rods. The net sectional area of a bolt or screwed
tension rod shall be taken as the arca at the root of the thread, or as the cross-
sectional area of the body of the bolt or tensior rod, whichever is the Jess;: f’

o

L
H -

SEPARATORS AND DIAPHRAGMS ) Cl

18. Where two or more rolled steel joists or channels are used“side by side to.’ ' l‘
forin a girder, they shall be connected together at intervals of not mare than 5 ft, A
except in the case of grillage beams encased in concrete, where it is only necassary "

to make suitable provision for maintaining correct spacing. Through bolts and
separators may be used provided that in beams having'a depth of 12 in or

more not less than 2 bolts in the depth are used with each separator, When loads

are required to be carried from one beam to the other or are required to be. .
distributed between the beams, diaphragms and their fastenings designed with =~

IR

sufficient stiffness to distribute the load shall be used, :

When loads are required to be carried from one tubo to another, or are
required to be distributed between tubes, diaphragms (which may be tubular)
and their fastenings, designed with sufiicient stiffness to distribute the load -
between the tubes, skall be used. . I

B. DESIGN OF MEMBERS SUBJECT TO BENDING ./
BENDING STRESSES (BEAMS OTHER THAN PLATE GIRDERS)
' L e : 7y
19. a. Rolled I-beams; broad. fangs beams, Universal beams and columns, castel-
lated beams* with latcr'al'suppo;t;-j::o[l_‘cd'channels, rolled Z-beams and compound
beams having equal flanges of uniform cross section throughout or having (langes
exch of uniform cross section thronghout but where the moment of inertia of the
compression flange about the Y—Y axis of the beam exceeds that of the tension

t

* Castellated beams withour latcﬂt! support uhxill be 1realeﬂ_as plate girders. -
. ‘ C s |

B
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flange about the same axis. The bcnding stress in‘the extreme fibres, caleulated
on the effective section, shall not éxceed:
,"‘ 1. for parts in tension, the'appropriate value of py, in Table 2, and

- 2 for parts in compression, for grade 43 stee! the lesser of the values of

Pue given in Tables 2 and 34, as appropriate; or for grade 50 steel the lesser
. of the values given in Tables 2 and 35 as a:propriate or for grade 55 steel,

the lesser of the values given in Tables 2 and 3¢ as appropriate.

In Tubles 34, 36 and 3c: *

* I = eflective length of the compression flanges (see Clause 26)
::#y = radius of gyration of the beam section about its axis lying in the
plane of bending ~
D = overall depth of beam
T = mean thickness of flange
= area of horizontal portion of flange, divided by width,

For rolled sections, the mean thickness is that given in the appropriate
British Standards or other reference book,

b. Compound girders ns noted in Subclzuse 19¢ but with enrtailed flanges, In
assessing DfT, D shall be taken as the overall depth of the girder at the point
of maximum bending moment, and T shall be taken as the effective thickness
of the compression flange, where

T = K; X mean thickness of the horizontal portion of the compression
flange at the point of maximum bending moment. The
cocflicient K, makes allowance for reduction in thickness or
breadih of flanges between points of effective lateral restraint
and depends on N, the ratio of the total area of both flanges
at the point of least bending moment to the corresponding
area at the point of preatest beading moment between such
points of restraint,

Flanges shall not be reduced in breadth 10 give a valuc of N lower than
0-25,
Values of K, for different values of ¥ are given in Table 5.

¢. Angles and tees. The bending stress in the leg when loaded with the fange
or table in compression shall not exceed the appropriate value of Pouin Table 2.
When loaded with the leg in compression, the permissible comptlessive stress
shall be caleulated from Clause 20 Case I1I, with K =—1-0 and T = thickness
of leg.

d. Tubes and rectanguiar hollew sections, The bending stresses in tubes and
rectangular hollow sections, where the ratio of depth te breadth is not greater
than 4, shall not exceed the appropriate values of py, and py, in Table 2.

26
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TABLE 2. ALLOWABLE STRESS pyc OR py IN BENDING
(See also Clanses 19 and 20, and Tables 3a, 3b and 3¢)

[

R ' Tiickness of '
Form Grade materlal - | £be OF put

in | tonffin®"

Rolled I-beams and channels : All | 107
Campound girders composed of rolled “Up to and
[-beams or channels piated, with thickness including 134 10-7
ol plalc Over 114 9.7
Plates, flats, rounds, squares, angles, tees Up to and
and any sections other than above including 114 107
- ‘ Over 114 97
Plate girders with single or multiple webs Up to and
including 114’ 10-0
Cver 144 91

Universal beams and columns Up to and
including 114 107
Over 114 a.g

Plates, flals, rounds, squares and other Up to and
similar seclions, rolled l-beams, double including 214 149

clianmels forming a sy\mmclricul I-scction Over 214 Y, /1-52
whicli acts as an inlegral unit, compound Up to and
beams composed of rolled I-bemns or chun- including 114 18:1
nels plated, single channels, angles and tees Over 144 168

Plate girders with single or multiple webs Up to and

including 214 139
Over 214 Y,/1-63
Up to and

inzluding 114 17-2
QOver 114 159

Hot rolled hollow seetions All - 107
Hot rolled hoilow sections Al 149
Hot rolled hollow sections ' All 18-1

Siab bases All steels 12.0

where Y, == yield stress agreed with manufacturer, with o maximum value
of 22+7 tonffin®.

Documents

[ = vesoo

ok
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FOR BEAMS OF GRADE 43 STEEL

3

TABLE Ja. ALLOWABLE S[RESS Poe’ lN BEND]NG (lonf/!n")

Cn N bir
ffry . - -

‘ 10 15 20 25 30 | 35 40 7| =0
.90 | 1068 | 1068, |.1068 | 1063/ | 1068 | 1068 | 10:68 | 1068
95 | 1068 | 1068 | 1068 | 10-55 | 1053 |1053 | 1053 | ‘1053 |
100 - | 1068 | 1068 | 1067 | 1019 | 1019 | 1019 {.1019 | 2019
105 | 1068 [.7068 | 1039 | 985 | 985 | 985 | 985 [ oas.

‘110 | 1068 | 1068 | 1001 | 960 | 950'] 950 | 950 | 950 .-
115 | 1068 | 1067 | 983 | 916 | 916 | 916 | 936 | 916"
120 | 1068 | 1047 | 965 | ‘882 | 882 | 882 | 882 | 882
130 | 1068\ 1006 | B9 | 813 [ 8i3| 813 | 813 | 83
140 | 1068 | 965 | 844 | 744 | 744 | T4 | 794 | 744
150 | 1068 | 924 | 788 | 676.| 676 | 676 |. 676 | 676
160 | 1054 | 883 | 732 | 616 | 606 | 606 | 606 606
170 | 1028 843.| 676 | 589 | 548 | 534 | 534 | 534
180 | 1002°| 802’ 68l | 564 |. 521 | 489 | 465 | 46l
'19 | 976 | 76l | 600 | 540 | 496 | 463 | 438 [ 405
200 | 949 | 720 | 579 | 518 | 473 | 440 | 414 | ;380
210 | 923 | &79¢] 560 | 498 [ 452 [ 418 | 393 |7 38,
220 | 897 | 638 | 542 | 479 | 433 | 398 | 373 | 337
230 | 871 { 612 [.524 | 46l | 415 | 380 | 355 | 319
240 | 845 | 597 | 508 | 444 | 598 | 364 | 338 | 303
250 | 818 | 582 | 492 | 429 | 382 | 349 | 323 | zg8s
260 | 792 | 568 | 478 | 414 | 368 | 335 | 300 | 2
210 | 766 | 584 | 464 | 400 [ 365 | 322 [ 296 | 262
280 | 740 | 541 ] 450 | 387 | 343 | 30| 285 | 280
29 | 714 ) 528 | 438 | 375 | 331 | 298 | 274 | 240
300 | 687 | 516 | 426 | 364 | 320 | 288 | 264 | 230

" Intermediate values may be obtained by linear interpolation.

NOTE. For materinl over 134 in thick, the stress shall not exzeed 9-71 tonffin®,
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TABLE 35. ALLOWABLE STRESS p IN BENDING (tonffin?)
. FOR:BEAMS,OF GRADE 50 STEEL .

o - DT
ifey . .

: 10 15| 20 25 30 35 | 4o 50,
80 | 1489.| 1489 | 1489 | 1489 | 1489 | 14-89 | 14.89 | 1489 .
85 | 14-89 |- 1489 | 14-89 | 1472 | 1472 | 1492 | 1472 | 2492
90. | 14-89 | 1489 | 1478 {.1421 | 1421 | 1421 | 1421 | 1421

95 | 1483 | 1489 | 1436 | 1371 | 1371 .| 1371 | 1371 | 1371
100 | 14:89 | 1489 | 1395 | 1321 | 1321l | 132t | 1321 | 131
105 | 1489 | 1460 | 1354 | 1270 | 1270 | 1270 | 1270 | 1270
110 | 1489 | 1430 | 1313 | 1220 |'1220 | 1220 | 1220 | 12:20
115 | 1489 | 1400 | 1272 | 11'69 | 1169 | 1169 | 1169 | 11.69
120 | 14-89°| 1349 | 12:30 | 1119 | 1119 { 1119 | 11.19 | 1119
130 | 1489 | 1309 | 1148 | 10-8 | 1018 | 1018 | 1018 | 1048
140 | 1458 | 1248 | 1066 | 917<| 917 | 917 | 917 | 917
150 | 1419 | 11€7,| 983 | 816 | 816 [ 816 | 816 | 816
160 | 1380 | 1126 | 901 { 728 | 724 | 724 | 724 | 704
170 | 1341 | 1066 .| 818 [ &88 | 629 | 605 | 605 | 605
180 | 1302 | 1005 | 737 , 652 | 592 | 549 | 518 | 407
190 | 1263 | 944 | 704 | 619 | 559 | 516 | 485 | 443
200 | 1224 | 884 | 674 | 588 | 529 | 486 | 455 | 413
210 | 1185 | 823 | 646 | 561 | 502 | 469 | 428 | 387
220 | 1146 | 762 | 621 | 536 | 477 | 435 | 404 | 363
230 | 1107 | 723 | 597 | 513 | 455 | 414 | 383 | 342
240 | 1068 | 700 | 575 | 492 | 435 | 394 | 364 | 323
250 | 1030 | 678 [ 554 | 472 | 416 | 376 | 346 | . 306
260 | 991 | 648 | 535 | 454 | 399 | 360 | 330 | 291
210 | 952 | 638 | 517 | 438 | 383 | 345 { 316 | 2m
280 | 913 | 620 | 500 | 422 | 360 | 331 | 303 264
200 | 874 | 602 | 484 | 408 | 356 | 318 | 2.907 2:53.
300 | 835 | 58 | 469 | 394 | 343 | 306 | 279 | 242

Intermediate values may be obtained by lincar interpolation.

NOTE. For material over 234 in thick, the stress shall not exceed ¥afl-52 tonffin?, where
Ya = yicld stress agreed with manufacturer with @ maximum value of 22-7 Lonffind.

29
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BS 449 : Part 1:1970 :
, : L TABLE 3c. ALLOWABLE STRESS py; IN:BENDING (tonffin®) R
e | ‘ FOR BEAMS OF GRADE 55 STEEL . .
: | oL
iiey i e .
e 10 15 20 35| 30 | 38 . 40 | 50 .
: Con — : — S .
; 75 | 1813 | 1813 | 1813 | 1813 | 1813 | 1813 | 1815 | 1813 » i ‘
go | 1813 | 1823 | 1823 | 1785 | 1res | 1785 | a7es | wes ¢
< .8 | 1813 | 1813 | 1786 | 1781 | 1731 | 173l fapdief a0
: 7 e0 | 1823.| 1813 | 1742 | 1666 | 1666 | 1666 | 1666 [ 1666 . . . o
¥ o5 | 1813 | 1802 | 1689 | 1602 | 1602 | 26:02 | 1602 | 1602
100 | 1813 | 1763 | 1637 | 1538 | 1538 | 1538 | 1538 | 1538 . SRR
105, | 1813 | 1724 | 1584 | 1474 | 174 | 147 | 24| e o0 0 N
. 10 | 1813 | 1685 | 1531 | 1410 | 1410 | 1430 | 1420 | 1420
;‘ 15 | 1813 | 1646 | 1479 | 1345 | 1345 | 1345 | 1345 | 1345
120, | 1813 | 1607 | 1426 | 1281 | 1281 | 1281 | 1281 | 1281
f 130 .} 17471 | 1599 | 1321 | 11-53 .| 1163 | 1153 | 1153 | 1153
140 | 17e1 | 1451 | 1215 | 1024 | 1024 | 1024 | 1024 | 1024 §
150 | 1671 | 1373 | 1110 | 896 | .896 | 896 | 89 | 896 '
160 | 1621 | 1295 | 1004 | 784 | 768 | 768 | 763 | 7.8
o | 1571 | 1217 | 899 737 | 668 | 64z | 642 642 .
‘ 180 | 1521 | 1139 | 795 | 694 | 626 | 578 | 843 | 515 -
! 190 | 1471 [1061 | 756 | 656 | 588 | 540 | 508 | 460 :
200 | 1421 | 983 | 720 | 21| 555 | 508 | 473 | 428
2107 | 1371 | 905 | 688 | 590 | 525 | 478 | 444 | 400
: 220 | 1321 | 827 | 668 | 562 | 498 | 452 | 419 | 375
230 | 1271 | 778 | 63L | 537 | 473 | 429 | 396 | 352
i 240 | 1221 | 751 | 606 | 524 | 451 | 408 | 3757 332,
i . ,‘\ ;‘ ] ! o Sy
' 250 | 1171 | 725 | 582 | 492 | 43 | 388 | 387 | 315 ,
60 | 1121 | 01 | 561 | 493 | 413 | 371 | 340 | 298 ,
210 |"1011 | 678 | 541 | 485 | 396 | 355 | 325 | 281 :
o0 | 1021 |"6s7 | s22 | 438 | zer | 34 | 3| 2m :
230 | o71'| 637 | 505 | 42| 367 | 327 | 288 | 259
300 |~o921 | 618 | 489 | 408 | 354 | 315 | 286 | 248

. Intermediate valucs mnyf, be obteined by linear interpolation.
NOTRE, For materinl over t34 in thick, the stress shiall not exceed 16-83 tonffin’.

%
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BENDING STRESSES (PLATE GIRDERS)

20. The bendmg stress in the cxtrcme ﬁbres, calculated on the oﬂ'ecuve sectlon o

shall not exceccl'

SN F

1. for parts in tensmn, the appropnatu value of pb. as glven in Table 2; and

: lélo R

2, for parts mn campressmn, the lesser of the value of Poc given in Table 2. ,

and of that obtained in accordance with the follomng reqturemcnts

For plate girders with ! smaller thanf, -

w_here I, = Moment ol' mertla of the whole section about the axis lymg; T
' in the plane of bending (the Y—Y axis) ‘ S
ancl I,t Moment of inertia of the whole section about the axis

normal 1o the plane of bendmg (the X-—X axis)

the bending compressnon stress fie shall not exceed the vnlua of ppc gwen ‘
in Table &, correspondmg to the critical stress C in the compress:on element,

o

calculated as follows from the values of 4 and B given in Table 7 for appro-- s

priate value of D/'I’a.nd liry.

“Tn this Table ‘
! = effective length of compression flange (see Subclause 26)

ry == radius of gyration about the Y—Y axis of the gross section of the

-whole girder, at the point of maximum bcndmg moement
. D = overall depth of girder at the point of maximum bending moment
T=as deﬁncd below. :

- The values of Cy given bclow{qpply to all sections wn'h a single. web except

'wlmn the thickness T of one ﬂmlge is more than three times the thlck.mss of

the other ﬂangc /i

fred ' . P gf

e \

Case X, Wiore the ﬂanges have equal moments of mcrtla about the Y—Y
. axis of the girder:

C'. Atonf/m’ ‘ A

except that this value of C, shall be mcreased by 20 / when '

Tjt ia not greater than 2 : _
and dft is not greater than 85, for grade 43 steel A
or dft is not greater than 75, for grade 50 stecl
or dft is not greater than 65, for grade 55 steel
where d is as defined In Subclause 235, o

t = web thickness.
K} |
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In assessing DfT,
T = cffective thickness of compression flange

Lo

= K, % mean thickness of the horizontal portion of the compression
flange at the point of maximum bending moment. The coefficient
K, makes allowance for reduction in thickness or breadth of flanges
between poinlféof cffective lateral restraint and depends on &, the ratio
of the total arda of both flanges at the point of least bending moment
to the corresponding area at the point of greatest bending moment
between such points of restraint.

For plate girders with flange angles, the horizontal legs of the angles shall .
be included in the area of the horizontal portion. ‘ o
Flanges shall not be.reduced in-breadth to give a value of N lower than
0-25. i ‘ '

TABLE 5. VALUES OF K,

N1 - 8] 67| 06 I 05 | 04 | 03| 02| 0L | 00

k|10l woj10]| 09|08 . o7 | 0605|0403 02"

NOTE. Where the value of N calculated for the compression flange alone is smaller than
Ihat when both flanges are combined, this smaller value of N should be used. :

Case I1. Where the moment of inertia of the compression flauge about the
Y.—Y axis of the beam exceeds that of the tension flange:

Cy= (4 + K, B) tonf/in?

where K, = a coeMcient to allow for incquality of tension and com-
pression fanges, and depends on M, the ratio of the moment of inertia
of the compression flange alone to that of the sum of the moments of
incrtia of the compression and tension flanges, cach calculated about its
own axis parallel to the Y—Y axis of the girder, at the point of maximum
bending moment. \ .

Values of K are given in Table 6.

In assessing D/T, _ _
- T = effective thickness of compression flange

= K, % mean thickness of the horizontal portion of the flange of greater
moment of inertia, about the Y—Y axis of the girder, at the point of

maximum bending moment,
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Case II1. Where the moment of inertia of the tension ﬂange about the Y—Y .
axis of thc beam exceeds that of the compression ﬂannc . '

C=(4+K 3)" e tonflm'
S\
where 4 and B arc obtained as in Case II above and
Ye = distance from the neutral axis of the glrder to thc extrcme ﬁbrc
in compression.
J = distance from the ncutral axis of the girder to the exlreme fi hrc
in tension.

18
1

TABLE,_G. VALUES OF K,

07 1 06 [ 05 ‘ 04

02 | 01 | ¢O | —-02
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‘0 7]
' Ce G : B
TABLE 7. VALUES OF 4 AND- B FOR CALCULATING G, g
) : n ’ . [ av]
4262\ § PENT . o =5 B
where Az(—-—li_ )J{l -1120(—5)} ‘ L o
-/'r N v/ ) L St -
- 4261)2 ' " e o S
h= ( liry s
\ ) p
_’.\T 8 | 10 | 12 | 14 | 16| 18 | 2025 |30 |35 | a0 | s0| 60|80 |100]
ry K . . - N [ . v + .
40 |1703 | 152-3 | 1416 { 134-7 | 130-1 | 126-8 | 1244 [ 1206 [ 1185 | 117.2 | 16-3 ] 115-3 | 114-8 | S22 | 1240 | 1135
45 11442 |127-3117-1{110-5 | 106-0 | 1028 | 1004 967 |’ 94-6| 93.3{ 925] o1-5| o1.0(-50-4| o0-2| g0
50 |124-9/1090( 99-3| 93.0{ 886| 855) 832| 796| 175 763| 54| 45| 9| 54| 731| 727
55 1101 952 86-0| 79-9| 75.7{ 72.7] 70-5| 66-9|"64-9| 637} 628 618] 61.3| 608| 60-5] 601
60 98'5| 844 757) 69-9| 659 62.9| 608| 57:3| 53| 54'0} 532 s22| 51.7f s12| s0.9] 505
65 892| 759 | 675 | 62:0| 581} 55:3| 532| 497! 478 | 466 457| 48| 442| 43| 434 | 430
70 815 | 689| 609| 556| 51.9] 49.1] 471 | a3-7] ar8] 406 398|388 383 378|.315| 311
75 750| 63-1] 555| 50-4| d6-8| 44.1| 42:1| 389 37.0(-358| 350| 34-1| 335330 37| 323
80 69-5| 582| 510| 46-1] 426{ 400| 381 349|.33.0( 3L9| 31:1] 30-1| 206 291 | 288 284 -
85 698| 540 47| 42.4] 39.0| 366| 347 36| 298| 286| 278| 26:9| 26| 258| 256 251
90 60-7| 50-4| 438| 390-3| 36:0| 336| 31.8| 288|'27-0| 259 .25:1| 242 | 237/ 231| 22.9| 224 i
95 S7-1| 47°3| 409| 366| 335{ 311| 204| 264 | 24-7) 23.5) 228| 219 2114 | 208| 206 201 .
100 539| 445 384| 342| 312| 200| 272 244| 227| 216] 208] 199| 194 189| 86| 182
120 | 48-5] 39-9| 34-2| 30| 27-5| 254 238] 201 194( 183 | 176|'167| 162| 157 15:5| 15.0
120 | 442| 351| 30| 27-3| 24| 226| 211 | 185| 169|.159( 152| 143| 138| 13:3| 131| 126
230 | 405|. 33-0| 282| 24-8] 22:3| 204] 190| 16:5] 15:0| 14-0] 133 120 |°11:9| 114] 12| 10-7
' 140 |'37+4| 30-5| 25| .227| 204 | 186] 172| 149 13-4| 12.4| 11.8| 10-9| 05| 100| 97| 83
150 398| 283 240(,21-6| 188| 17-1| 158| 135{ 21| 12| 105| 97| e2| s8] as| sa
160 325| 264| 2231 19-5( 174| 158 145! 124|110} 101] "95| 87| ‘83| 78| 75| 71
170 3051 247| 209| 182 162| 147| 135| 14| 10-1| 93| 87| 79| 74| 70| 67| 63
180 | 288f 233| 196| 17| 152| 137| 126| 106) 94| 85| 80| .72| 68| &3] 60| 56
190 272 220 185| 16-1| 14.3| 129| 118{* 99} 87| 79| 73| 66| 62| .57 55| 50
200 | 258 208| 17:6| V52| 135} 12:2| 11| 93 82| 74| 68| 61| 57| 52| 50| 4
210 | 245! 198 166| 14-4] 128] 115| 05| 88| 77| 69| 64| 57| 52| 48| 28] 41
220 2341 188| 158 137( 121| 109| 100| 83| 72| 65| s9] 53| 48| 44| a2| ze
230 22.3| 180| 151] 13-1| 116f 104| 95| 79| 68| 61| 56| 49| 45| 41| 39| 34
240 214|272 15| 125| 11.0| 99| 90| 75| &5 58] 53| 46| 42{ 38| 36| 32
250 205| 165| 138| 12:0| 106} - 95| 86| 71} s1| 55| 50| 44| ao0| 35|. 33| 29
260 19| 159 13:3| 115} 101] 91| 83| e8| 59| 52| 47| 41| 37| 33| 31| 27
270 190 152| 128| 10| 97| 87| 79| 65| 56| 50| 45| 39| 35| 31| 20| 25
280 | 183| 147| 12:3| 106| 94| 84| 76| 62| 54| 47| a3| 37| 33| 29| 27| 23
290 176| 142 19| 02| go| 81| 73| 60| 51| 45| 41| 35| 32| 28{ 26| 22
300 170 137| 15| 99| 87| 78| 71] 58] 49| 44| 39| 34| 30{ 26| 24| 20
ol
S ,
K "1
'.'“;i .w
i «
: 2
o
I3 o
&
1

LT
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TABLE 8. ALLOWABLE COMPRESSION STRESS pye IN BENDING -

FOR DIFFERENT VALUES OF C, . -. . "
' (but see Table 2) - PR
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2

Ci

Poe Tar grade 43 steel

Pb fal; gmdc
50 steel -

| o for grade 55 steel

Up to and
inctuding 134 in

Over 134 in

Up to and
Encluding 214 in

Up to and.
including 134 in

Over 114 In .

tonffin3

. 246
253
259

‘278
28:5
298

311
324
337

350
36-3
376

18-8
401
414

42.7
44.0
453

46-6 .
479
49-2
505
51-8
55-0

58-3

tonffin?

7-23
733
743

760
777
792

807
820
8:33

8-45
8:57
867

878
8-88
897 .

906
9.14
922

9-30
9-38
945

9-52
9:58
974

9-88
1001
L1013 iy

1024
10:35
1045

10-54
10-68
-10-68 -

10-68
10:68
10-68

tonffin® *

6-78
- 6-86
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1970

BS 449 : Part | ; o
. v T X . ) R
BENDING STRESSES (CASED BEAMS) ; o
21, Beams and girders with equal flanges may: be designed as. cased beams
when the following conditions are fulfilled: ST e .
1. The section is of single web and Y-form or of double open éliarinel
form with the webs not less than 134 in apart. Sl U
“2. The beam is unpainted and is solidly encased in_ ordinary ‘dense, 3
concrete, with 3 in aggregate (unless solidity can be obtained with a larger =
aggregate), and of a works strength not less than 3000 {bffin® a1 28 days,
when tested in accordance with BS 1881%, R
3., The minimum width of solid casing is equalito b - 4 in, where b is
. the overall width of the steel flange or flanges in inckes. - R o .
4. The surface and edges of the flanges of the beam have a' concrete Do
cover of not less than 2 in. P ST T .
Smelered 5. The casing is effectively reinforced with wire complying with BS 4482,
y ‘ Hard drawn mild steel wire for the reinforcement of concrete *, The wire
shall be of at Icast % in diameter and the reinforcement shall be in the form
of stirrups or binding at not more than 8 in pitch, and so arranged as to -
- pass through the centre of the covering to the edpes and _sofﬁt‘qf; the lower
Aange, 7 L ) T C i
‘Allernatively, the casing may be reinforced with | fabric” cofnplying wilh. [}
. BS 4483, ‘Steel fabric for. the reinforcement “of concrete’, -or . with “bars’: 5
complying with BS 4449, ‘Hot ' rolled " steel ‘Sars for " the reinforcement of ;.
concrete’, provided in either case that the same requirements of diameter, ", -
spacing and positioning are met.” J L :

‘The compressive stress in bending shall not"éxéeed the valic'of puy oBtained '
from Clauses 19 and 20; for this purpose the radius of gyration r, may be taken"
a5 0-2(b + 4 in), and DJT as for the uncased section, T e
The stress shall not, however, exceed 114 times that permitted: for the ..
uncased section. IR . W
See Clauses 29 and 40 for solidly encased filler joists and grillage beams
respectively. o e T
NOTE. This clause does not apply to beams and girdcr§ having o dcpth grcnl.cll“lhnn 40 in
or a width greater than 20 in or to box sections, -~ B
" "4 DEARING STRESS '
22. The calculated bearing stress on the net projected area of contact shall not
exceed the values of p, given in Table 9, I SR
. SHEAR STRESSES . P .
23. a. Maximum shear stress, The maximum value f; of the shear stress, having
regard to the distribution of stresses in conformity with the clastic behaviour
of the members in flexure, shall not exceed values of p, given in Table 10.

* BS 1881, * Methods of testing concrete *, R
o - 38
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