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Selection of Material and Shape: Design for Bending

Stiffness. Use in conjunction with the cyclic method described in notes: note that axes are
shared.

PERFORMANCE GEOMETRY
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2 3D3: KAS

Strength. Use in conjunction with the cyclic method described in notes: note that axes are
shared.

PERFORMANCE GEOMETRY

CONSTRAINTMATERIAL
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Steel Data Sheet

Material. The two most common steels are S275 and S355, with characteristic yield strengths,
σy, of 275 MPa and 355 MPa, respectively. The design strength divides σy by a specified partial
safety factor, γm. Partial safety factors for loads at ULS are often 1.4 for dead loads and 1.6 for
live loads.
Tension members (axial force only). Gross cross-section area is A; net area, An, is A subtract
hole(s). Effective section is KAn but not greater than A, where K is 1.2 for S275 or 1.1 for S355.
For eccentric connection, with area, Aout, not connected at the joint, the effective area is Ae −
cAout, where c is 0.5 bolts or 0.3 for welds.
Compression members (axial force only). Radius of gyration is r, extreme fibre distance is
y, effective length of column is L, and λ = L/r. Define λ̄ = λ/λ0 where λ0 = π

√

E/σy and
a reduction factor, χ, on the full axial yield strength, equal to σc/σy where σc is the critical
buckling stress. Buckling performance given by:
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Select curve A: r/y > 0.7; B: 0.5 < r/y < 0.7; C: 0.5 < r/y; D: only when the flange thickness
is larger than 40 mm.

Beams (without axial force).
Moment: check maximum moment is less than σyZp. Beware local buckling for thin-walled
sections.
Shear: yield strength, qw, given by 0.6σy. Check buckling stress capacity, qb, is not exceeded
in thin webs with thickness, t, and panel aspect ratio, a/b (↔ / l), where qb =

[

3/4+b2/a2] ·
1000/(b/t)2 in MPa.



4 3D3: KAS

Lateral torsional buckling, (LTB); theoretical elastic critical moment, Mc, for a beam of span
L under constant moment (and supported at its ends only where lateral deflection and twist are
prevented), then

Mc =
π
L

[

EIyy

(

GJ +
π2

L2 ECw

)]0.5

where Cw is a constant due to the restraining (stiffening) effect of warping, equal to D2Iyy/4, D
being the distance between flange centres. Design curve is given by
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where λ̄LT =
√

Mp/Mc and χLT = Mcr/Mp. Mcr is the critical moment, which must be greater
than the maximum moment in practice: Mcr > Mmax for uniform bending moment case; Mcr >
0.8Mmax for centrally loaded, simply supported case.

Joint design. Ductility of steel allows a reasonably simple equilibrium system to be envisaged
for initial design, often with a transmitted force uniformly distributed across the various fasten-
ers involved. For a bolted joint in shear, a couple, C, about its centre can be taken simply by
extra shear forces, Fi, on each bolt perpendicular to the line to the centre of the bolt group and
proportional to the distance, di from the centre, so that Fi = Cdi/∑d2

i .
Applied shear forces are commonly checked against the shear strength (0.6σy) of the bolt,

depending on the number of active shear planes; and against bearing strength in each plate, σydt
where d × t is the bolt diameter times plate thickness.
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Bearing or crushing resistance per unit length  
 
 
 
 
Buckling resistance per unit length  
 
 
 
 
 
Table for capacity reduction factorβ from BS 5628 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flexural resistance per unit length  
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