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+ b.'Cased struts, Struts of single I section or of two channels back to back
in contact or spaced apart not less than. 3 in or more than half their depth
and battened or laced in’accordance with the requirements of Clauses 35 and 36
may be designed as cased struts when the following conditions are fulfilled;

1. The steel strut is unpainted and solidly encased in ordinary dense.
concrele, with 36 in aggregate (unless solidity can be obtained with a larger
aggregate) and of a works strength not less than 3000 Ibffin® at 28 days when
tested in accordance with BS 1881*. : & S I
2. The minimum width of solid casing is-equal to & - 4 in, where b
is the width overall of the steel flange or flanges in jnches. s
3. The surface and edges of the steel strut have a concrete cover of not -
fess than 2 in. L ‘ o : ‘ : S
4. The casing is effectively reinforced with wire complying with BS 4482, .’}',f,.';"'}'ﬁ;f; S
* Hard drawn mild steel wire for the reinforcement of comcrele’, The wireshall =
be of at least 3{¢ in diameter and the reinforcement shall be in the form of '
slirrups or binding at not more than 8 in pitch, and so arranged as to pass
through the centre of the covering to the edges and outer faces of the flanges, .
and to be supported by and attached to longitudinal spacing. bars not fewer
than 4 in number, . R Lo
Alternatively, the casing may be reinforced with fabric '”cdmplying' with ~
BS 4483, ‘Steel fabric for the reinforcement of concrete’, or with bars
complying with BS 4449, ‘Hot rolled steel bars for the reinforcement of
concrete’, provided in either case that the same requirements of diameter,
spacing and positioning are met. o ' ‘

The radius of gyration r of the strut section about the axis in the planc-of
ils web or webs may be taken as 0-2'(h 4- 4) in. The. radius of pyration about
its other axis shall be taken as that of the uncased section. R :

- In no case shall the axial load on a cased strut excecd twice that which
would be permitied on the uncased section, nor shall the slenderness ratio of
the uncased section, measured over its full length centre-to-céntre of con-
nections, exceed 250, v G

In computing the allowaLic axial load on the cased strut the concrete shal
be taken as nssisting in carrying the load over its rectangular cross section, any

- cover in excess of 3 in from the overall dimensions of the steel section of the
cased strut being ignored. This cross section of concrete shall be taken as
assisted in carrying the load on the basis of a stress equal to the allowable stress
in the steel (as given in Table 17) divided by three times the numerical vilue
of pye given in Table 2 for the grade of steel concerned.

NCTL, This cluuse does not apply 1o steel struts of overall sectional dimensions greater than
40 in % 20 in, the dimension of 40 in being measured parallel to the web, or to box sections.

¢. Angles as struts, (i) For single-angle discontinuous struts connected to
Bussets or to a scetion cither by riveting or bolting by not less than 1wo rivets
or bolts in line along the angle at each end, or by their equivalent in welding,

* BS 188, * Mecthous of testing conceele .i
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the eccentricity of the connection with respect to the ccntroul of the strut may
be ignored and the strut designed as an axially-loaded member prowdcd that the
calculated average stress docs not exceed the allowable stresses given in Table 17,
in which [ is taken as 085 times the length of the strut, centre-to-centre of
intersections at cach end, and r is the minimum radius of gyration.
Single angle struts w:(h single-bolted or riveted connections shall be- 1ru|lul"
‘ilmlkll‘]y, but the calculated stress shall not exceed 80% of the valucs given
in Table 17, and the full length { centre-to-centve of intersections shall bé taken. -
In no case; however, t:hall the ral:o of slenderness for suc.h smglc .mblc slrut‘:
exceed [80. B S ‘ ‘ e
(ii) FFor double 'mglc dnconunuous struts, back to bnck Lonncclcd 10, both
* sides of a gusset or section by not less than two bolts or rivets in line alonb the
angles at cach end, or by the equivalent in welding, the load may be regarded
as applied axially. The effective length { shall be taken as between 0-7 and 0-85
times the distance between intersections, depending on the degrec of rcslrmnl ‘
and the calculated average stress ‘shall not excced the.values obtained from .
Table 17 for the ratio of slcndcrncSS based on the minimum radius of gyrahon '
about a rectangular axis-of the strut, The angles shall be conncclcd tngclhcr in
their length so as to satisfy the requirements of Clause 37.

(iii) Double anglc discontinuous struts back-to-back, conncclcd to one side
of o gussct or scction by one or more bolts or rivets in cach anglc or-by .
the cquivalent in welding, shall be designed ds for single angles in ‘aceordance
with ¢(i) and the angles shall be connected togclhcr in lhmr lcnglh soas.to smtsl‘y
the requirements of Clause 37. :

{(iv) The provisions in this’ clame arc not- mlendcd to apply 10 contmuoug .
angle struts such as those forming the rafters of trusses, the flanges of (russed .
girders, or the legs of towers, wh:ch qhall ‘be. des1gned in ﬁccordance wnh -
Clause 26 and Table 17, | ‘ I :

"“l"
ERFECTIVE LENGTIL OF cmmmssmw ME\II!FH.‘\‘:
3L . Struts. For the purpose of cnlcuhung ifr for struts (see Chuqc ‘%0) the
effective length 7 shall be taken as follows: ‘ '

[. Effectively held in position and restrained in tllru:uon at o
both ends A= 01L
2. Tffectively held in position at bolh ends and rcqtramcd in '
direction at one end : =085l
- Effectively held in posllton at both ends, bulnot chlrmnc(l :
in direction f=L
. Effectively held in position and restrained in direction at
one end, and at the olher partially restrained in direction
but not held in position*>=~~"
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5. Effectively held in position and restrained in direction at
onc end, but not held in position or restrained in dtrccuon
al the other end : k=2 OL

where L = Length of strut from cenlrc-to-cemrc of mler:.cctlons wuh sup- o

porting members. . s
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b. Stanchions, Appendix D (Figs. 6 10 20) gwcs lyplcal cases of how the : °

eflective length of a stanchion, as affected by its cnd and beam conncctions,

shall be assessed for the purpose of this British Standard.

The stanchions shown in the cxamples for single-storey buildings act as.

* propped * cantilevers, and the values given in the figures do not necessarily
apply to stanchions in which the reactions at the caps of the stanchions due 1o
wind or other horizontal forces are resisted by horizontal girders. .

At the caps of stanchions in single-storey buildings, the honzomal dcﬂccuons
duc 1o lateral forces shall not exceed 1/325 of the he.ght of the stanchion except

in cases where greater deflections would not impair the strength and efﬁcwncy T

ol the structure or lead to damage to finishings.

The use of the cffective lengths stated for the cxamplcs of stanchions u'{=

single-storey buildings is conditional upon:

1. The bases of the stanchions being propcrly held in posmon .md“ |

restrained in direction; and

2. The caps of the stanchions being propcrly held in posmon by the
provision of chagonal or portal bracing in a vertical plane in at least
one longltudmal bay in each line, or by other adequa.tc means.

In cases where the beam connections are eccentric with rcspect to the axes’

of the stanchion, the same conditions of restraint shall be deemed to’apply,

_provided the connections are carried across the flange or web of the stanchion
as the case may be, and the web of the beam falIs within, or is in dlrcct contact
with, the stanchion section,

Wliere practical difficultics prevent this, the cﬂ'cctwc length shall be estimated

1o accord with the case appropriate to no restraint in direction.

DESIGN DETALLS |

32. a. General, The thickness of an outstanding Ieg of any member in com-
pression, unless the leg is stiffened, shall be not less than onc-sixtecnth of the

outstand for grade 43 stecl and not less than one-fourteenth of the outstand for -

grade 50 steel and not less than one-twelfth of the outstand for grade 55 stecl.

Unless effectively stiffencd, the unsupported width of a plate forming any
part of 2 member primarily in compression, measured betwecn ad_laocnt lines of
rivets, bolts or welds connecting the plates to other parts of the scction, shall
not exceed the following:
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90t [or prade 43 steel
80¢ for grade 50 steel
70¢ for grade 55 stecl.

where ¢ js the thickness of a single plate, or the total thickness of two or more

plates eﬁ'cctwely tacked together (see Clause 51).
However, in computing the effective area and radius of gyration, the

unsupporled width of a plate shall be reckoned as not more than 50¢ for grade 43

steel, and not more than 45¢ for grade 50 stecl, and not more than 40¢ for grade
55 steel. In computing other sectional properties, the full area of the plate shall
be taken.

b. Joints, Where the cnds of compression members are faced for bcarmg
over the whole area, they shall be spliced to hold the connected nembers
accurately in place and to resist any tension where bending is present.

Where such members are not faced for complete bearing the joints shall be.

designed to transmit alt the forces to which they are subjected.

Wherever possible, spllccs shall be proportioned and arranged so that the
centroidal axis of the splice ‘coincides as nearly as possible with the centroidal
axis of the members jointed, in order to avoid eccentricity; but where ecccntncuy

is present in the joint, the resulting stresses shall be provided for.

")
MAXIMUM SLENDERNESS RATIO OF STRUTS

33. The ratio of the cffective length, or of the length centre-to-centre of con-
nections, to lhc appropriate radius of gyratlon shall not exceed the followmg
values:

1. For any member carrying loads resulting from dead Weights
with or without imposed loads and for single bolted or riveted
single angle struts, . 180

2. For any member carrying loads resulting from wind forces
only, and provided that the deformation of such member uugs not
cause an increase of stress, in any part of the structure, bcyond the -
permissible stress, BT 250
(Sce also Subclause 444.) - )

M3

ECCENTRICITY FOR STA.NCIIION.‘: AND SOLID COLUMNS

34. a. For the purpose of determmmg the stress in a stauchlon or column
section, the beam reactions or similar loads shall be assumed to be applied
4 in from the face of the section or at the centre of the bearing, whichever

diinension gives the greater ewentncny, and with the exception of the following
two; sases:
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1. In the case of cap connections, the load shall be assumc.l tobeappliecd = - . R
at the face of the column shaft or stanchion section, or edge of packmg if ‘ ‘ ' :
used, towards the span of the beam. '

::2. In the case of a roof truss bearing on a cap, no ccccnlncny need- bc ‘
taken for simple bearings without connections capabfe of devclopmg an- -
appreciable moment, g

b, In cffectively jointed and continuous stanchions the bending nwmcnts‘
due to eccentricitics of loadmg at any one floor or horizontal frame level may.
be takcn as being:

1. Tneffective at the floor or frame Icvc[s above and below that floor,

2, Divideéd equally between the stanchion lengths above and below that
r floor or frame level, prowdcd that the moment of inertia of cither stanchion
' section, dividéd by its actual length, does not exceed 145 times the corres-
ponding valuc for the other length, In cases exceeding this ratio the bending .
moment shall be divided in proportion to the moments of inertia of the'
stanchion sr:cuons, divided by their respective actual lcnglhs '

e

LACING AND BATTENING

35. a. General, Slruls composed of two main components laced and ucd should
where practicable, have a radius of gyration about the axis perpendicular to the ~ -
planc of the lacing not less than the radius of gyration at right angles to that axis. .

As far as practicable the lacing system shall not be varied throughout the
length of the ¢trut. The lacing of compression members shall be proportioned to.
resist a total transverse shear force Fy at any point in the length of the member =
equal to 2}4 % of the axial force in the member, which shear force shall be - )
considered as divided equally among all transverse !acmg systems in parallcll
, planes.

o ' Except for tie plates as specified in Subclause it below, double intersection
- lacing systems and single intersection lacing systems mutually opposed in
- direclion on opposite sides of the main components shall not be combined with
) members or diaphragms perpendicular to the longitudinal axis of the strut
unless all forces resulting from deformation of the strut members are calculated
and provided for in the lacing and its fastenings. '
FFor members carrying the bending stress calculated from the eccentricity
of loading, applicd end moments or lateral loadmg, the lacing shall be pro-

portioned to resist any shear duc to the bending, in addition to the above- ii -
mentioned 232 %4, ' : 4
K b. Determination of section of lacing bars. The required section of lacing bars ;
for compression members, or for tension members subject to bending, shall be . }
determined by using the appropriate perrnissible stresses, subject to the rcqulre- , i

ments in Subclauses ¢ and d below, . .
65 ' L R
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For tension members under direct stress only, the lacing bars shall bi:-subjc;:l
to the requirements of Subclauses c, dand e below. =~ - - SR

The ratio {/r of the facing bars for compression members shall not exceed 140,

In riveted construction, the effective lengtiy of lacing bars for the determina-
tion of the permissible stress shall be taken as the length between the innerend -
rivets of the bar for single interscetion lacing, and as 0-7 times this length for B N
double intersection lacing cffectively riveted at interscctions. i ‘ o '

In welded construction these cffective lengths shall be taken as the distance
between the inner ends of effective Iengths of weld connecting the ‘bars to the
membees and 0-7 tiraes this léngth respectively. R
L ¢. Width of lacing bars. In riveted construction the minimum width of lacing
e bars shall be: : SR U :
- 214 in for % in diameter rivets L

e

H
214 in for ¥% in diameter rivets kS .
2 in for % in diameter rivets L
d. Thickness of lacing bars, The thickness of flat lacing bars shall be notless . . a

than 1/40 of the length between the inner end rivets or welds for single infer-
section lacing, and 1/60 of this length for double interscction lacing riveted or
welded at the intersections. Rolled sections or tubes of equivalent strength may
be used instead of flats. S ; e o
¢. Angle of inclination, Lacing bars, whether in double or single intersection N
systems, shall be inclined at an angle of not less than 40° nor more than 70° to
the axis of the member. ' S
f. Spacing. The maximum spacing of lacing, bars, whether connccted by
‘ . riveting or welding, shall be such that the maximum slenderncss ratio /fr of the
. " components of the strut between consecutive connections is not greater than 50, -
or 0+7 times the most unfavourable slenderness ratio of the member ds 2 whole, k
whichever is the less, where / is the distance between the centres of the con-.
nections of the lacing bars to cach component. = :
! Lacing bars shall be'so connected that there is no appreciable interruption
in the triangulation of the system. e o o
- Attachment to main members. The riveting or. welding of lacing bars to the
main members shall be sufficient to transmit the [oad in the bars, Where welded
lacing bars overlap the main members, the amount of lap shall be not less than
4 times the thickness of the bar or mean thickness of the flange of the member
to which the bars are attached, whichever is the less. The welding shall. be
provided at least along cach side of the bar for the full length of lap.
Where lacing bars are fitted between the main members they shall be con-
necled to each member by fillet welds on each side of the bar or by full pepetra- - © -~ = tene
- i . tion butt welds. . ) I
I \ Lol h. Tie plates. Laced compression members shall be provided with tie plates
at the ends of lacing systems and at points where the systems are interrupted. , ‘ _ .
Lo T \ . S o e
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End tie plnlcs shal‘ have a length. of not less Lhan the perpendicular dlstance
between the centroids of the groups, of rivets or welds connectmg them to the

-main meinbers, and intermediate tie' platcs shall have a lcngth of not less than

three-quarters of this distance.
The length of a' tie plate refcrs‘ to the dlmensmn mcasured a]ong the
longitudinal axis of the memter.

BS 449 Part l:

The pitch of rivets in the p]ale shall not. -exceed lhc values gwcn |n_.1; ,

Subclause Sic. © .

Where the tic plates ate welded on, the wclds sha]l comply generally with lhc.
requirements in Clause 36 for batten plates,

Tie plates and their fastemngs shall be capable of carrymg the forceq I'or

which the lacing system is deq:gned in accordance with the mcthod I'or calcu-:_ o

i

lating battens,

The thickness of tie plates qhall be not Tess th:m 1150 of the dlqtancc betwccn:_" ‘
the innermost connecting lines of nvets or welds, except where they are stiffened -

on their edges; where such suﬂ'cmng is prowded lhe plates s shall be not lcss than
- %40 in thick.

J. Asan a[lcrnauvc to the tie platcs descnbed in Subclause h abnvc, a croqs-
braced panel of the same effective strength may be used. :

i
BATTENED COMPRESSION MEMBERS

36. a. Compression members should preferably have their two main components

of the same cross section and symmetricaily dnposed about their X-X axis. They.

shall comply with the following: ..
1. The battens shall be placed opposite cach other at each end of the
member and at points where the member is stayed in its length and shall, as
far as practicable, be spaced and proportioned uniformly throughout

2. The number of battens shall be such that the member is divided into ~
not less: than three bays within its actual lcngth ccmre-to-centrc ‘of con- .

nections.

* b. In battened compression members i which the ratio of sicnderness about
~ the Y-¥ axis (axis perpendicular to the batiens) is not more than 0-8 times the
ratio of slenderness about the X-X axis, the spacing.of battens centre-to-centre
of end fastenings shall be such that the ratio of slenderness /fr of the lesser main

component over that distance shall be not greater than 50 or greater than 0+7. .
times the ratio of slenderness of lhe members as a whole, about its X-X a.xls (axls G

parallel to the battens).
In battened compression members in whtch the ratio of slenderness about

the Y-Y axis is more than 0-8 times the ratio of slenderness about the X-X axis,
the spacing of battens centre-to-centre of end fastenings shall be such that.the =
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ratio of slenderness //r of the lesser main component over that distance shall be

not greater than 40 or grealer than 06 times the ratio of slenderness of the
member as a whole about its weaker axis.

- ¢. The battens shalt be designed to carry the bending moments and shears
arising from a transverse shear force £ of 234 % of the total axial force on
the whole compression member, at any point in the length of the member,
divided cqually between paralle] planes of battens.

o, Battens shall be of plates, channels or Isections and shall be riveted or
welded to the main components so as to resist simultancously a longitudinal
shear force Fy = Fydina and a moment Af = Fodf2n .
where d = the longitudinal distance centre-to-centre of battens.

a = the minimum transverse distance between the centroids of the rivet
groups or welding.
Fy = the transverse shear force as defined in ¢ above,
#n = the number of paralle]l planes of battens,

e. End baitens and those at points where the member is stayed In its length
shall have an effective lengih, longitudinally, of not less than the perpendicular
distance between the centroids of the main members, and intermediste battens
shzll have an cliective length of not less than three-quarters of this distance, but
in no case shall the effective length of any batten b less than (wice the width of
one member in the plane of the battens,

J- The effective lenglh of a batten shall be taken as the longitudinal distance
between end rivets or end welds,

&+ Batlened plates shall have a thickness of not iess than 1/50 of the minimum
distance between the innermost Jines of connecting rivet groups or welds except
where they are stiffened at their edges. Where channcls or I-sections are used as
battens with their flanges perpendicular to the main members this requirement
does not apply.

I, The length of weld connecting cach longitudinal edge of the batten plate
to a member shall, in the aggregate, be not less than half the length of the batien
plate, and at least onc-third of the weld shall be placed at each end of the longj-
tudinal edge. In additioa, the welding shall be returned along the ends of the
plate for a length equal to at least four times the thickness of the plate.

Where the tic or batten plates are fitted batween main members they shall be
connccted (0 each member by fillet welds on each side of the plate, equal in
tength to at least that specified in the preceding paragraph, or by complete
penctration butt welds.

J. Battened compression members composed of two angles forming a cruci-
form cross scetion shall conform to the above requirements except as follows:

(1) The battens shall be in pairs placed one against the other, unless they
are welded to form cruciform battens,

08 .
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(2) A iransverse shear force of Fyf+/2 shall be taken as occurring -
separately about each rectangular axis of the whole member.

(3} A-longitudinal shear force of Fyf4/2 and the moment Mf+/2 shall
likewise be taken in respect of each batten in each of the two planes, except .
where the muximum /v can occur about a vectangular axis, in which case- -
cach batlen shall be designed 1o resist a shear of 214 % of the total axial
force,

Iy, Fyand M are as defined in Subclause o above, with » == ],

k. Battened compression metnbers not complying with these requireinents
or those subjected, in the plane of the battens, to cccentricity of loading, applicd
moments or lateral forces shall be designed according 10 the exact theory of
elastic stability or empirically from the verification of 1ests, so that they have a
load factor of not less than 1+7 in the actua! structure.

COMPRESSION MEMBERS

COMPOSED OF TWOQ COMPONENTS BACK-TO-BACK
37. Compression members composed of two angles, channels or tees, back-to-
back in contact or separated by a small distance, shall be conneeted together by
riveting, bolting or welding so that the maximum ratio of slenderness iIr of cach
member between the connections is not greater than 40 or greater than 0-6 times
the most unfavourable ratio of slenderness of the strut as a whole, whichever is
the less.

In no case shall the ends of the strut be connected together with fess than two
rivets or bolts or their equivalent in welding, and there shall be not less than two
additional connections spaced equidistant in the length of the strut, Where the
members sre separated back-10-back the rivets or bolts through thesc connections
sha.t puss through solid washers or packings, and where the legs of the connected
angles or tables of the connected tees are S in wide or over, or where webs of
channels are 6 in wide or over, not less than two rivets or bolts shall be used in
cach connection, one on the line of each gauge mark.

Where these connections are made by welding, solid packings shall be used to
cffect the jointing unless the members are sufliciently close together to permit
welding, and the members shall be connected by welding along both pairs of
edges of the main components, ,

The rivets, bolts or welds in these connections shall be suficient to carry the
shear forees and moments (if any) specified for battened struts, and in no case
shall the rivets or bolts be less than 56 in Jdiameier for members up to and
including 3§ in thick; 3 in diameter for members up to and including &4 in
thick; and 74 in diameter for members over 5 in thick,

Compression members connected by such riveting, boliing or welding shall
not be subjected (o transverse loading in a plane perpendicular to the washer-
riveted, bolted or welded surfaces.
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Where the components are in contact back-to-back, Ihe spacing of the rivets,
bolts or intermittent welds shall not exceed the maximum spacing for com-

pression members as given in Subclauses 51e¢ (i) and 54c,

STANCHION AND COLUMN BASES

38. a. Gusseted bases. For stanchions with gusseted bases, the gussct plates,
angle cleats, stiffeners, fastenings, etc., in combin'ation with the bearing area of'
the shaft shall, where all the parts are fabricated flush for bearing, be suflicient -
to take the loads, bending moments and reactions to the base plate without
exceeding the specified stresses. A ' -
Where the ends of the stanchion shaft and the gusset plates are not faced for

complete bearing, the fastenings connecting them to the basc plate shali be

sufficient to transmit all the forces to which the base is subjected,

b. Slab bases. Stanchions with slab bases need not be provided with gussets,
but fastenings shall be provided sufficient to retain e parts securely in place
and to resist all moments and forces, other than direct, compression, including

- those arising during transit, unloading and erection, When the slab alone will
“distribute the load uniformly, the minimum thickness of a rectangular stab

shall be:

= S5

where ¢ = the slab thickness in inches.
A = the greater projection of the plate beyond the stanchion in inches,
B = the lesser projection of th.e plate beyond the stanchion in inches,
w = the pressure or loading on the underside of the base in tonffin?,
Pre = the permissible bending stress in the steel (12 tonffin*—sce Table 2).

When the slab will not distribute the load uniformly or when the slab is not
rectangular, special calculations shall be made to show that the stresses are
within the special limits.

For solid round steel columns in cases where loading on the cap or under
the base is uniformly distributed over the whole area including the column
shaft. the minimum thickness, in‘inches.'of a énlihralcap or base shafl be:

_ 9 D
RN ANTly g iy

where 7 == the thickness of the plaie in'inches.
W = the total axial loading in tonf.
D = the length of the side of cap or base in inches.
« = the diameter of the reduced end, if any, of the column in inches,
Pret = the permissible bending stress in the steel (12 tonffin®),
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