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Material Properties BS5950

Steel grade =

Design strength, py = 265 N/mm
2

e = √(275/py) = 1.02

Modulus of elasticity, E = 205000 N/mm
2

Section

Section =

Mass per metre, m = 287.1 kg/m

Overall utilisation = 22% OK

Spans

Euler effective length, Lex = 4.854 m T.22

Euler effective length, Ley = 4.740 m T.22

Euler effective length, Lev = 4.797 m T.22

LTB effective length, LE,LTB = 4.797 m T.13, T.14

Span, L = 3.198 m

LTB length cannot be shortened with stiffeners, which only increases local torsional stiffness;

Loading

Elem Case Fx Fy Fz Mxx Myy Mzz

[kN] [kN] [kN] [kNm] [kNm] [kNm]

SColumn ULS -1387 0 0 0 30 11

Note that for F x , tension is positive and compression negative;

Note that these effects are effects on a particular section, e.g. mid-span section OR end 

support section, and thus are not necessarily max values over entire member;

Axial force, F (GSA Fx) = 1387 kN

Shear force in y-plane, Vx (GSA Fz) = 0 kN

Shear force in x-plane, Vy (GSA Fy) = 0 kN

Bending moment in y-plane, Mx (GSA Myy) = 30 kNm

Bending moment in x-plane, My (GSA Mzz) = 11 kNm

Unfactored live load, wLL = 0.0 kN/m

Unfactored SLS load, wSLS = 0.0 kN/m

Deflection

Support for deflections =

Percentage of dead and superimposed dead load deflection precamber, %pcam =0.0 %
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Additional Parameters BS5950

Type of section and process =

Hot finished or cold formed rolled RHS and rolled CHS =

Rolled Double Angle orientation =

Rolled Double Channel orientation =

Rolled Double T orientation =

Bolted or welded connection type =

No. of bolt holes (for each section if double sections), Nbolthole = 8

Diameter of bolt holes, dbolthole = 22.0 mm

Rolled I and Welded I connection connectivity =

Rolled RHS and Welded RHS connection connectivity =

Rolled CHS connection connectivity =

Plate connection connectivity =

Rolled Single Angle connection connectivity =

Rolled Single Channel connection connectivity =

Rolled Single T connection connectivity =

Rolled Double Angle connection connectivity = Short side connected

Rolled Double Channel connection connectivity = Web connected

Rolled Double T connection connectivity = Flange connected

Rolled Double Angle connection type = Both sides - welded

Rolled Double Channel connection type = Both sides - welded

Rolled Double T connection type = Both sides - welded

Maximum allowable slenderness, lallow =

Robertson constant, a (option for I type section) =

Rolled Single Angle connection type =

Rolled Single Channel connection type =

Rolled Single T connection type =

Rolled Double Angle connection type =

Rolled Double Angle connection type =

Both sides of support, short side connected - two or more bolts, standard clearance

Rolled Double Channel connection type =

Both sides of support, web connected

Rolled Double T connection type =

Both sides of support, flange connected

Rolled Double Angle, Rolled Double Channel, Rolled Double T batten(s) =

Rolled Single Angle, Rolled Double Angle LTB moment orientation =

Rolled Single T, Rolled Double T LTB moment orientation =

Equivalent uniform moment factor for LTB, mLT = 1.000 4.3.6.6

Equivalent uniform moment factor for flexural buckling, mx = 1.000 4.8.3.3.4

Equivalent uniform moment factor for flexural buckling, my = 1.000 4.8.3.3.4

Equivalent uniform moment factor for flexural buckling, myx = 1.000 4.8.3.3.4

Note that uniform moment factors are not to be used for sway sensitive structures; 4.8.3.3.4
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Utilisation Summary BS5950

Checks UT Status Overall

Cross Section Classification 36% OK

Shear X Capacity 0% OK

Shear Buckling X Capacity 0% OK

Shear Y Capacity 0% OK

Shear Buckling Y Capacity 0% OK

Tension or Compression Capacity 14% OK

Moment Capacity 2% OK

Local Capacity 18% OK

Slenderness Capacity 26% OK

Flexural Buckling Capacity 17% OK

Lateral Torsional Buckling Capacity 2% OK

Overall Buckling (Simple) Capacity 22% OK

Overall Buckling (Exact) Capacity 21% OK

Deflection (Live Load) 0% OK

Deflection (SLS Load) 0% OK

Note the overall utilisation does not include cross section classification, shear buckling or

slenderness utilisations; If the section is not at least semi compact , then the equations

within the sheet are NOT valid! If the section classification, shear buckling or slenderness

utilisations is violated, the overall utilisation is set at 999%;

Dead and superimposed dead load deflection precamber = 0.0 mm

Beam weight = m.L (single sections) or 2m.L (double sections) =918 kg

Note web bearing and buckling capacity is not included in the above overall utilisation;

Unstiffened web bearing and buckling capacity utilisation = 0% OK

Stiffened web bearing and buckling capacity utilisation = 0% OK

Outstand of web stiffener length limit utilisation = 85% OK

Typical Initial Span / Depth Ratios

Both sides of support, flange connected
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Axes Definition BS5950

Note where relevant, it is assumed that double sections bend compositely, i.e. that in theory

there is full shear connectivity between the sections. The equations contained within the

sheet reflect this assumption;
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General Section Properties BS5950

Total depth, D = 393.6 mm

Web thickness, t = 22.6 mm

Flange width, B = 399.0 mm

Flange thickness, T = 36.5 mm

Root radius, ri = 15.2 mm

Rolled I b/T ratio = 5.5

Rolled I d/t ratio = 12.8

Gross area of section, Ag = 366.0 cm
2

Second moment of area about x-x axis, Ix = 99875 cm
4

Second moment of area about y-y axis, Iy = 38677 cm
4

Second moment of area about major axis, Iu = N/A cm
4

Second moment of area about minor axis, Iv = N/A cm
4

Radius of gyration about x-x axis, rx = 16.5 cm

Radius of gyration about y-y axis, ry = 10.3 cm

Radius of gyration about major axis, ru = N/A cm

Radius of gyration about minor axis, rv = N/A cm

Elastic modulus about x-x axis, Zx = 5075 cm
3

Elastic modulus about y-y axis, Zy = 1939 cm
3

Plastic modulus about x-x axis, sx = 5812 cm
3

Plastic modulus about y-y axis, sy = 2949 cm
3

Buckling parameter, u = 0.835

Torsional index, x = 10.2

Torsional constant, J = 1441 cm
4

Warping constant, H = 12.3 dm
6

Monosymmetric index, y = N/A

Ke = (1.2 for G43, 1.1 for G50, 1.0 for G55) = 1.2 3.4.2
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Particular Section Properties BS5950

Gross area of section, Ag, double angle = 2Ag = N/A cm
2

Space between sections, s = 15.0 mm

Centroid of section from back face to x-x axis, xc, double angle, x = (B.T.(T/2)+(D-T).t.((D-T)/2+T))/Ag =N/A mm

Centroid of section from back face to y-y axis, xc, double angle, y = (D.t.(t/2)+(B-t).T.((B-t)/2+t))/Ag =N/A mm

Applicable

case = N/A

Ix, double angle (cm
4
) Iy, double angle (cm

4
) Zx, double angle (cm

3
) Zy, double angle (cm

3
)

Case 1 N/A N/A N/A N/A

Case 2 N/A N/A N/A N/A

Case 3 N/A N/A N/A N/A

Case 4 N/A N/A N/A N/A

Second moment of area about x-x axis, Ix, double angle = N/A cm
4

Second moment of area about y-y axis, Iy, double angle = N/A cm
4

Radius of gyration about x-x axis, rx, double angle = √(Ix, double angle / Ag, double angle) =N/A cm

Radius of gyration about y-y axis, ry, double angle = √(Iy, double angle / Ag, double angle) =N/A cm

Elastic modulus about x-x axis, Zx, double angle = N/A cm
3

Elastic modulus about y-y axis, Zy, double angle = N/A cm
3

Plastic modulus about x-x axis, sx, double angle = N/A = N/A cm
3

Plastic modulus about y-y axis, sy, double angle = N/A = N/A cm
3

Gross area of section, Ag, double channel = 2Ag = N/A cm
2

Space between sections, s = 270.0 mm

Centroid of section from back face, xc, double channel = (B.T.(B/2).2+(D-2T).t.t/2)/Ag =N/A mm

Second moment of area about x-x axis, Ix, double channel = 2Ix = N/A cm
4

Second moment of area about y-y axis, Iy, double channel = 2.(Iy+Ag.(xc, double channel+s/2)
2
) =N/A cm

4

Radius of gyration about x-x axis, rx, double channel = √(Ix, double channel / Ag, double channel) =N/A cm

Radius of gyration about y-y axis, ry, double channel = √(Iy, double channel / Ag, double channel) =N/A cm

Elastic modulus about x-x axis, Zx, double channel = 2Zx = N/A cm
3

Elastic modulus about y-y axis, Zy, double channel = Iy, double channel / (s/2+B) =N/A cm
3

Plastic modulus about x-x axis, sx, double channel = 2sx = N/A cm
3

Plastic modulus about y-y axis, sy, double channel = 2Ag.(s/2+xc, double channel) =N/A cm
3

Gross area of section, Ag, double T = 2Ag = N/A cm
2

Space between sections, s = 15.0 mm

Centroid of section from back face, xc, double T = (B.T.(T/2)+(D-T).t.(T+(D-T)/2))/Ag =N/A mm

Second moment of area about x-x axis, Ix, double T = 2.(Ix+Ag.(xc, double T+s/2)
2
) =N/A cm

4

Second moment of area about y-y axis, Iy, double T = 2Iy = N/A cm
4

Radius of gyration about x-x axis, rx, double T = √(Ix, double T / Ag, double T) =N/A cm

Radius of gyration about y-y axis, ry, double T = √(Iy, double T / Ag, double T) =N/A cm

Elastic modulus about x-x axis, Zx, double T = Ix, double T / (s/2+D) =N/A cm
3

Elastic modulus about y-y axis, Zy, double T = 2Zy = N/A cm
3

Plastic modulus about x-x axis, sx, double T = 2Ag.(s/2+xc, double T) =N/A cm
3

Plastic modulus about y-y axis, sy, double T = 2sy = N/A cm
3
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Relevant Section Properties BS5950

Section Type Ag, relevant Ix, relevant Iy, relevant Iv, relevant ry, relevant

Rolled I Ag Ix Iy N/A ry

Rolled RHS Ag Ix Iy N/A ry

Rolled CHS Ag Ix Iy N/A ry

Welded I Ag Ix Iy N/A ry

Welded RHS Ag Ix Iy N/A ry

Solid Bar Ag Ix Iy N/A ry

Plate Ag Ix Iy N/A ry

Rolled Single Angle Ag Ix Iy Iv ry

Rolled Single Channel Ag Ix Iy N/A ry

Rolled Single T Ag Ix Iy N/A ry

Rolled Double Angle Ag, double angleIx, double angle Iy, double angle N/A ry, double angle

Rolled Double ChannelAg, double channelIx, double channelIy, double channel N/A ry, double channel

Rolled Double T Ag, double T Ix, double T Iy, double T N/A ry, double T

Relevant gross area of section, Ag, relevant = 366.0 cm
2

Relevant second moment of area about x-x axis, Ix, relevant = 99875 cm
4

Relevant second moment of area about y-y axis, Iy, relevant = 38677 cm
4

Relevant second moment of area about minor axis, Iv, relevant = N/A cm
4

Radius of gyration about y-y axis, ry, relevant = 10.3 cm

Section Type Zx, relevant Zy, relevant sx, relevant sy, relevant

Rolled I Zx Zy sx sy

Rolled RHS Zx Zy sx sy

Rolled CHS Zx Zy sx sy

Welded I Zx Zy sx sy

Welded RHS Zx Zy sx sy

Solid Bar Zx Zy sx sy

Plate Zx Zy sx sy

Rolled Single Angle Zx Zy sx sy

Rolled Single Channel Zx Zy sx sy

Rolled Single T Zx Zy sx sy

Rolled Double Angle Zx, double angleZy, double anglesx, double anglesy, double angle

Rolled Double ChannelZx, double channelZy, double channelsx, double channelsy, double channel

Rolled Double T Zx, double T Zy, double T sx, double T sy, double T

Relevant elastic modulus about x-x axis, Zx, relevant = 5075 cm
3

Relevant elastic modulus about y-y axis, Zy, relevant = 1939 cm
3

Relevant plastic modulus about x-x axis, sx, relevant = 5812 cm
3

Relevant plastic modulus about y-y axis, sy, relevant = 2949 cm
3
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Cross Section Classification (Local Buckling Effects) BS5950

(At Least Semi Compact Section Required; At Most Compact Section;)

y-plane Section classification =

x-plane Section classification =

y-plane Semi compact section classification utilisation = 0.358 OK

x-plane Semi compact section classification utilisation = N/A N/A

overall Semi compact section classification utilisation = 0.358 OK

Compact Section Classification Limit b/T Limit d/t

Rolled I [(B/2)/T,(D-2T-2ri)/t] 10e = 10.2100e or MAX(40e, 100e/(1+(1 or 1.5).r1)) =46.4 3.5

y-plane Rolled RHS [(B-3or5t)/T,(D-3or5T)/t]32e or 28e, (62e or 54e)-0.5d/t =N/A80e or 70e or MAX(40e or 35e, (80e or 70e)/(1+r1,(d,t))) =N/A 3.5

x-plane Rolled RHS [(B-3or5t)/T,(D-3or5T)/t]80e or 70e or MAX(40e or 35e, (80e or 70e)/(1+r1,(b,T))) =N/A32e or 28e, (62e or 54e)-0.5b/T =N/A 3.5

Rolled CHS [D/t,D/t] 0, 50e
2
 = N/A 0, 50e

2
 = N/A 3.5

Welded I [((B-t)/2)/T,(D-2T)/t] 9e = N/A100e or MAX(40e, 100e/(1+(1 or 1.5).r1)) =N/A 3.5

y-plane Welded RHS [((B-t)/2)/T,(D-2T)/t]32e, 62e-0.5d/t = N/A80e or MAX(40e, 80e/(1+r1,(d,t))) =N/A 3.5

x-plane Welded RHS [((B-t)/2)/T,(D-2T)/t]80e or MAX(40e, 80e/(1+r1,(b,T))) =N/A32e, 62e-0.5b/T = N/A 3.5

Solid Bar [N/A,N/A] N/A N/A N/A N/A 3.5

Plate [N/A,D/t] N/A N/A 10e = N/A 3.5

Rolled Single Angle [B/T,D/t] 10e = N/A 10e = N/A 3.5

Rolled Single Channel [B/T,(D-2T-2ri)/t]10e = N/A 40e = N/A 3.5

Rolled Single T [(B/2)/T,D/t] 10e = N/A 9e = N/A 3.5

Rolled Double Angle [B/T,D/t] 10e = N/A 10e = N/A 3.5

Rolled Double Channel [B/T,(D-2T-2ri)/t]10e = N/A 40e = N/A 3.5

Rolled Double T [(B/2)/T,D/t] 10e = N/A 9e = N/A 3.5

y-plane Rolled I b/T ratio = 5.5 10.2 OK

x-plane Rolled I b/T ratio = 5.5 N/A N/A

y-plane Rolled I d/t ratio = 12.8 46.4 OK

x-plane Rolled I d/t ratio = 12.8 N/A N/A

Note if 1+r 1  < 0.1, then 1+r 1  set to 0.1 to avoid singularity;

Semi Compact Section Classification Limit b/T Limit d/t

Rolled I [(B/2)/T,(D-2T-2ri)/t] 15e = 15.3120e or MAX(40e, 120e/(1+2r2)) =95.1 3.5

y-plane Rolled RHS [(B-3or5t)/T,(D-3or5T)/t]40e or 35e = N/A120e or 105e or MAX(40e or 35e, (120e or 105e)/(1+2r2)) =N/A 3.5

x-plane Rolled RHS [(B-3or5t)/T,(D-3or5T)/t]120e or 105e or MAX(40e or 35e, (120e or 105e)/(1+2r2)) =N/A 40e or 35e = N/A 3.5

Rolled CHS [D/t,D/t] 80e
2
, 140e

2
 = N/A 80e

2
, 140e

2
 = N/A 3.5

Welded I [((B-t)/2)/T,(D-2T)/t] 13e = N/A120e or MAX(40e, 120e/(1+2r2)) =N/A 3.5

y-plane Welded RHS [((B-t)/2)/T,(D-2T)/t] 40e = N/A120e or MAX(40e, 120e/(1+2r2)) =N/A 3.5

x-plane Welded RHS [((B-t)/2)/T,(D-2T)/t]120e or MAX(40e, 120e/(1+2r2)) =N/A 40e = N/A 3.5

Solid Bar [N/A,N/A] N/A N/A N/A N/A 3.5

Plate [N/A,D/t] N/A N/A 15e = N/A 3.5

Rolled Single Angle [B/T,D/t] 15e = N/A 15e = N/A 3.5

Rolled Single Channel [B/T,(D-2T-2ri)/t]15e = N/A 40e = N/A 3.5

Rolled Single T [(B/2)/T,D/t] 15e = N/A 18e = N/A 3.5

Rolled Double Angle [B/T,D/t] 15e = N/A 15e = N/A 3.5

Rolled Double Channel [B/T,(D-2T-2ri)/t]15e = N/A 40e = N/A 3.5

Rolled Double T [(B/2)/T,D/t] 15e = N/A 18e = N/A 3.5

y-plane Rolled I b/T ratio = 5.5 15.3 OK

x-plane Rolled I b/T ratio = 5.5 N/A N/A

y-plane Rolled I d/t ratio = 12.8 95.1 OK

x-plane Rolled I d/t ratio = 12.8 N/A N/A

Note if 1+2r 2  < 0.1, then 1+2r 2  set to 0.1 to avoid singularity;
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Shear Capacity BS5950

Note that the shear capacity in a particular direction is independent of whether there

is shear fixity in the particular direction or not, as if the latter, then shear connection

capacity is provided by web bearing and buckling;

Thickness of section at hole, tbolthole = t = 22.6 mm

Area of section to deduct, Adeduct = tbolthole.dbolthole.Nbolthole = 0 mm
2

Note A deduct  = 0.0 if welded connection type;

Note A deduct  is doubled to 2.A deduct  for double sections;

Rolled I shear X area, Avx = tD = 8895 mm
2 4.2.3

Rolled RHS shear X area, Avx = Ag.D/(D+B) = N/A mm
2 4.2.3

Rolled CHS shear X area, Avx = 0.6Ag = N/A mm
2 4.2.3

Welded I shear X area, Avx = t(D-2T) = N/A mm
2 4.2.3

Welded RHS shear X area, Avx = 2t(D-2T) = N/A mm
2 4.2.3

Solid Bar shear X area, Avx = 0.9Ag = N/A mm
2 4.2.3

Plate shear X area, Avx = 0.9Ag = N/A mm
2 4.2.3

Rolled Single Angle shear X area, Avx = 0.9tD = N/A mm
2 4.2.3

Rolled Single Channel shear X area, Avx = tD = N/A mm
2 4.2.3

Rolled Single T shear X area, Avx = tD = N/A mm
2 4.2.3

Rolled Double Angle shear X area, Avx = 2(0.9tD) = N/A mm
2 4.2.3

Rolled Double Channel shear X area, Avx = 2.tD = N/A mm
2 4.2.3

Rolled Double T shear X area, Avx = 2.tD = N/A mm
2 4.2.3

Shear X area, Avx = 8895 mm
2

Net shear X area, Avx,net = Avx - Adeduct = 8895 mm
2 6.2.3

Shear X area limit for significance of bolt holes, 0.85Avx/Ke = 6301 mm
2 6.2.3

Shear capacity, Pvx 1414 kN

insignificant bolt holes Pvx = 0.6py.Avx = 1414 kN 4.2.3

significant bolt holes Pvx = 0.7py.Ke.Avx,net = 1980 kN 6.2.3

Vx / Pvx utilisation = 0.000 OK

Shear X buckling, d/t ratio (< 70e if rolled and 62e if welded) =12.8 71.3 4.2.3

Shear X buckling utilisation = 0.000 OK
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BS5950

Thickness of section at hole, tbolthole = T = 36.5 mm

Area of section to deduct, Adeduct = tbolthole.dbolthole.Nbolthole = 0 mm
2

Note A deduct  = 0.0 if welded connection type;

Note A deduct  is doubled to 2.A deduct  for double sections;

Rolled I shear Y area, Avy = 0.9(2BT) = 26214 mm
2 4.2.3

Rolled RHS shear Y area, Avy = 0.9(2BT) = N/A mm
2 4.2.3

Rolled CHS shear Y area, Avy = 0.6Ag = N/A mm
2 4.2.3

Welded I shear Y area, Avy = 0.9(2BT) = N/A mm
2 4.2.3

Welded RHS shear Y area, Avy = 0.9(2BT) = N/A mm
2 4.2.3

Solid Bar shear Y area, Avy = 0.9Ag = N/A mm
2 4.2.3

Plate shear Y area, Avy = 0.9Ag = N/A mm
2 4.2.3

Rolled Single Angle shear Y area, Avy = 0.9BT = N/A mm
2 4.2.3

Rolled Single Channel shear Y area, Avy = 0.9(2BT) = N/A mm
2 4.2.3

Rolled Single T shear Y area, Avy = 0.9BT = N/A mm
2 4.2.3

Rolled Double Angle shear Y area, Avy = 2(0.9BT) = N/A mm
2 4.2.3

Rolled Double Channel shear Y area, Avy = 2(0.9(2BT)) = N/A mm
2 4.2.3

Rolled Double T shear Y area, Avy = 2(0.9BT) = N/A mm
2 4.2.3

Shear Y area, Avy = 26214 mm
2

Net shear Y area, Avy,net = Avy - Adeduct = 26214 mm
2 6.2.3

Shear Y area limit for significance of bolt holes, 0.85Avy/Ke = 18568 mm
2 6.2.3

Shear capacity, Pvy 4168 kN

insignificant bolt holes Pvy = 0.6py.Avy = 4168 kN 4.2.3

significant bolt holes Pvy = 0.7py.Ke.Avy,net = 5835 kN 6.2.3

Vy / Pvy utilisation = 0.000 OK

Shear Y buckling, b/T ratio (< 70e if rolled and 62e if welded) =5.5 71.3 4.2.3

Shear Y buckling utilisation = 0.000 OK
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Axial Tension or Compression Capacity BS5950

Note that A e  is applicable for axial tension with bolted connections;

Note that A g  is applicable for axial tension with welded connections;

Note that A g  (as A e  becomes A g ) is applicable for axial compression with bolted connections;

Note that A g  is applicable for axial compression with welded connections;

Rolled I and Welded I

Gross area of connected part(s), a1 = (D.t, 2B.T, D.t+B.T or Ag) = 366.0 cm
2

Gross area of unconnected part(s), a2 = Ag - a1 = 0.0 cm
2

Thickness of section at hole, tbolthole,I = 36.5 mm

Area of section to deduct, Adeduct,I = tbolthole,I.dbolthole.Nbolthole = 0.0 cm
2

Note A deduct,I  = 0.0 if welded connection type;

Net area of connected part(s), an1 = a1 - Adeduct,I = 366.0 cm
2

Net area of unconnected part(s), an2 = a2 = 0.0 cm
2

Effective net area of connected part(s), ae1 = Ke.an1 (<= a1) = 366.0 cm
2

Effective net area of unconnected part(s), ae2 = Ke.an2 (<= a2) = 0.0 cm
2

Effective net area of section, Ae,I = [If Fx > 0, ae1+ae2 (<= 1.2(an1+an2)), Else Ag] =366.0 cm
2

Bolted Pt or Pca = py(Ae,I-1.00a2) = 9699 kN 4.6.1

Welded Pt or Pca = py(Ag-1.00a2) = 9699 kN 4.6.1

Axial tension or compression capacity, Pt or Pca = 9699 kN

Rolled RHS and Welded RHS

Gross area of connected part(s), a1 = (2D.t, 2B.T, 2D.t+B.T or Ag) = N/A cm
2

Gross area of unconnected part(s), a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,RHS = N/A mm

Area of section to deduct, Adeduct,RHS = tbolthole,RHS.dbolthole.Nbolthole = N/A cm
2

Note A deduct,RHS  = 0.0 if welded connection type;

Net area of connected part(s), an1 = a1 - Adeduct,I = N/A cm
2

Net area of unconnected part(s), an2 = a2 = N/A cm
2

Effective net area of connected part(s), ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected part(s), ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,RHS = [If Fx > 0, ae1+ae2 (<= 1.2(an1+an2)), Else Ag] =N/A cm
2

Bolted Pt or Pca = py(Ae,RHS-1.00a2) = N/A kN 4.6.1

Welded Pt or Pca = py(Ag-1.00a2) = N/A kN 4.6.1

Axial tension or compression capacity, Pt or Pca = N/A kN

Rolled CHS

Thickness of section at hole, tbolthole,CHS = N/A mm

Area of section to deduct, Adeduct,CHS = tbolthole,CHS.dbolthole.Nbolthole = N/A cm
2

Note A deduct,CHS  = 0.0 if welded connection type;

Net area of section, Anet,CHS = Ag - Adeduct,CHS = N/A cm
2

Effective net area of section, Ae,CHS = [If Fx > 0, MIN (Ke.Anet,CHS, Ag), Else Ag] =N/A cm
2

Bolted Pt or Pca = pyAe,CHS = N/A kN 4.6.1

Welded Pt or Pca = pyAg = N/A kN 4.6.1

Axial tension or compression capacity, Pt or Pca = N/A kN
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Solid Bar

Effective net area of section, Ae,bar = Ag = N/A cm
2

Bolted Pt or Pca = pyAe,bar = N/A kN 4.6.1

Welded Pt or Pca = pyAg = N/A kN 4.6.1

Axial tension or compression capacity, Pt or Pca = N/A kN

Plate

Thickness of section at hole, tbolthole,plate = N/A mm

Area of section to deduct, Adeduct,plate = tbolthole,plate.dbolthole.Nbolthole = N/A cm
2

Note A deduct,plate  = 0.0 if welded connection type;

Net area of section, Anet,plate = Ag - Adeduct,plate = N/A cm
2

Effective net area of section, Ae,plate = [If Fx > 0, MIN (Ke.Anet,plate, Ag), Else Ag] =N/A cm
2

Bolted Pt or Pca = pyAe,plate = N/A kN 4.6.1

Welded Pt or Pca = pyAg = N/A kN 4.6.1

Axial tension or compression capacity, Pt or Pca = N/A kN

Rolled Single Angle

Gross area of connected leg, a1 = (B.T or D.t) = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,single angle = N/A mm

Area of section to deduct, Adeduct,single angle = tbolthole,single angle.dbolthole.Nbolthole =N/A cm
2

Note A deduct,single angle  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,single angle = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,single angle = [If Fx > 0, ae1+ae2 (<= 1.2(an1+an2)), Else Ag] =N/A cm
2

Bolted Pt or Pca = py(Ae,single angle-0.50a2) = N/A kN 4.6.3.1

Welded Pt or Pca = py(Ag-0.30a2) = N/A kN 4.6.3.1

Axial tension or compression capacity, Pt or Pca = N/A kN

Rolled Single Channel

Gross area of connected leg, a1 = D.t = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,single channel = N/A mm

Area of section to deduct, Adeduct,single channel = tbolthole,single channel.dbolthole.Nbolthole =N/A cm
2

Note A deduct,single channel  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,single channel = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,single channel = [If Fx > 0, ae1+ae2 (<= 1.2(an1+an2)), Else Ag] =N/A cm
2

Bolted Pt or Pca = py(Ae,single channel-0.50a2) = N/A kN 4.6.3.1

Welded Pt or Pca = py(Ag-0.30a2) = N/A kN 4.6.3.1

Axial tension or compression capacity, Pt or Pca = N/A kN
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Rolled Single T

Gross area of connected leg, a1 = B.T = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,single T = N/A mm

Area of section to deduct, Adeduct,single T = tbolthole,single T.dbolthole.Nbolthole = N/A cm
2

Note A deduct,single T  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,single T = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,single T = [If Fx > 0, ae1+ae2 (<= 1.2(an1+an2)), Else Ag] =N/A cm
2

Bolted Pt or Pca = py(Ae,single T-0.50a2) = N/A kN 4.6.3.1

Welded Pt or Pca = py(Ag-0.30a2) = N/A kN 4.6.3.1

Axial tension or compression capacity, Pt or Pca = N/A kN

Rolled Double Angle

Gross area of connected leg, a1 = (B.T or D.t) = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,double angle = N/A mm

Area of section to deduct, Adeduct,double angle = tbolthole,double angle.dbolthole.Nbolthole =N/A cm
2

Note A deduct,double angle  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,double angle = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,double angle = [If Fx > 0, 2.(ae1+ae2) (<= 2.(1.2(an1+an2))), Else Ag, double angle] =N/A cm
2

Same side - bolted Pt or Pca = 2.py(Ae,double angle/2-0.50a2) = N/A kN 4.6.3.2

Same side - welded Pt or Pca = 2.py(Ag,double angle/2-0.30a2) = N/A kN 4.6.3.2

Both sides - bolted Pt or Pca = 2.py(Ae,double angle/2-0.25a2) = N/A kN 4.6.3.2

Both sides - welded Pt or Pca = 2.py(Ag,double angle/2-0.15a2) = N/A kN 4.6.3.2

Axial tension or compression capacity, Pt or Pca = N/A kN

Rolled Double Channel

Gross area of connected leg, a1 = D.t = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,double channel = N/A mm

Area of section to deduct, Adeduct,double channel = tbolthole,double channel.dbolthole.Nbolthole =N/A cm
2

Note A deduct,double channel  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,double channel = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,double channel = [If Fx > 0, 2.(ae1+ae2) (<= 2.(1.2(an1+an2))), Else Ag, double channel] =N/A cm
2

Both sides - bolted Pt or Pca = 2.py(Ae,double channel/2-0.25a2) = N/A kN 4.6.3.2

Both sides - welded Pt or Pca = 2.py(Ag,double channel/2-0.15a2) = N/A kN 4.6.3.2

Axial tension or compression capacity, Pt or Pca = N/A kN
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Rolled Double T

Gross area of connected leg, a1 = B.T = N/A cm
2

Gross area of unconnected leg, a2 = Ag - a1 = N/A cm
2

Thickness of section at hole, tbolthole,double T = N/A mm

Area of section to deduct, Adeduct,double T = tbolthole,double T.dbolthole.Nbolthole =N/A cm
2

Note A deduct,double T  = 0.0 if welded connection type;

Net area of connected leg, an1 = a1 - Adeduct,double T = N/A cm
2

Net area of unconnected leg, an2 = a2 = N/A cm
2

Effective net area of connected leg, ae1 = Ke.an1 (<= a1) = N/A cm
2

Effective net area of unconnected leg, ae2 = Ke.an2 (<= a2) = N/A cm
2

Effective net area of section, Ae,double T = [If Fx > 0, 2.(ae1+ae2) (<= 2.(1.2(an1+an2))), Else Ag, double T] =N/A cm
2

Both sides - bolted Pt or Pca = 2.py(Ae,double T/2-0.25a2) = N/A kN 4.6.3.2

Both sides - welded Pt or Pca = 2.py(Ag,double T/2-0.15a2) = N/A kN 4.6.3.2

Axial tension or compression capacity, Pt or Pca = N/A kN

Axial tension or compression capacity, Pt or Pca = 9699 kN

F / (Pt or Pca) utilisation = 0.143 OK
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Plastic (or Elastic) Moment Capacity BS5950

(With Low or High Shear Force; At Least Semi Compact Section)

Low shear (Vx <= 0.6Pvx) or high shear (Vx > 0.6Pvx) ? Low Shear 4.2.5

Low shear (Vy <= 0.6Pvy) or high shear (Vy > 0.6Pvy) ? Low Shear 4.2.5

Section classification (y-plane where applicable) = Compact 4.2.5

Section classification (x-plane where applicable) = Compact 4.2.5

Moment Capacity Case Mx My

1 Low shear and compact = Valid Valid 4.2.5.2

2 High shear and compact = Invalid Invalid 4.2.5.3

3 Low shear and semi compact = Invalid Invalid 4.2.5.2

4 High shear and semi compact = Invalid Invalid 4.2.5.3

Moment Capacity (Except Single Angle and Double Angle)Mx My

1 Low shear; Compact; Mc = py . srelevant = 1540 781 kNm 4.2.5.2

2 High shear; Compact; Mc = py . (srelevant - rsv, relevant) = 1308 89 kNm 4.2.5.3

3 Low shear; Semi compact; Mc = py . Zrelevant = 1345 514 kNm 4.2.5.2

4 High shear; Semi compact; Mc = py . (Zrelevant - rsv, relevant/1.5) =1190 52 kNm 4.2.5.3

Moment Capacity (Only Single Angle and Double Angle)Mx My

1 Low shear; Compact; Mc = 0.8 . py . Zrelevant = N/A N/A kNm 4.2.5.2

2 High shear; Compact; Mc = 0.8 . py . (Zrelevant - rsv, relevant) =N/A N/A kNm 4.2.5.3

3 Low shear; Semi compact; Mc = 0.8 . py . Zrelevant = N/A N/A kNm 4.2.5.2

4 High shear; Semi compact; Mc = 0.8 . py . (Zrelevant - rsv, relevant/1.5) =N/A N/A kNm 4.2.5.3

Reduction factor, r = [2(V/Pv) - 1]
2
 = 1.000 1.000 4.2.5.3

Section sv for Mx sv for My

Rolled I = t.D
2
/4 and 2.(0.9T.B

2
/4) = 875 2615 cm

3 4.2.5.3

Rolled RHS = Ag.D
2
/4/(D+B) and 2.(0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Rolled CHS = 0.6.[0.424(D/2).pD
2
/8-0.424(D/2-t).p(D-2t)

2
/8] =N/A N/A cm

3 4.2.5.3

Welded I = t.(D-2T)
2
/4 and 2.(0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Welded RHS = 2t.(D-2T)
2
/4 and 2.(0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Solid Bar = 0.424(D/2).0.9Ag = N/A N/A cm
3 4.2.5.3

Plate = 0.9Ag.D/4 and 0.9Ag.t/4 = N/A N/A cm
3 4.2.5.3

Rolled Single Angle = 0.9t.D
2
/4 and (0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Rolled Single Channel = t.D
2
/4 and 2.(0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Rolled Single T = t.D
2
/4 and (0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Rolled Double Angle = 2.(0.9t.D
2
/4) and 2.(0.9T.B

2
/4) = N/A N/A cm

3 4.2.5.3

Rolled Double Channel = 2.t.D
2
/4 and 4.(0.9T.B).(s/2+B/2) =N/A N/A cm

3 4.2.5.3

Rolled Double T = 2.t.D.(s/2+D/2) and 2.(0.9T.B
2
/4) = N/A N/A cm

3 4.2.5.3

Relevant plastic modulus of shear area, sv, relevant = 875 2615 cm
3 4.2.5.3
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BS5950

Limiting moment capacity, Mcx,lim = 1.2py.Zx, relevant = 1614 kNm 4.2.5.1

Limiting moment capacity, Mcy,lim = 1.2py.Zy, relevant = 617 kNm 4.2.5.1

Moment capacity, Mcx = MIN (Mcx,lim, Mcx) = 1540 kNm 4.2.5

Moment capacity, Mcy = MIN (Mcy,lim, Mcy) = 617 kNm 4.2.5

Mx / Mcx utilisation = 0.020 OK

My / Mcy utilisation = 0.018 OK

MAX (Mx / Mcx, My / Mcy) utilisation = 0.020 OK

Local Capacity

Note that in compression members, the local capacity may not always be less

onerous than the overall buckling capacity because the local capacity includes the

effects of section area reduction due to bolt holes and connection connectivity,

whereas the overall buckling capacity is based on the gross section area.

Clearly in tension members, the local capacity is expected to be more onerous as

buckling effects are not applicable;

Tension Compression 4.8.2.2

4.8.3.2

1387 + 30 + 11

9699 1540 617

0.143 + 0.020 + 0.018 = 0.181 OK

Rolled Single Channel

Note A g p y  above refers to P ca ;
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Flexural Buckling (Perry-Robertson) Capacity BS5950

Slenderness

Rolled I Lex/rx 29.4 Ley/ry 46.0 N/A N/A 4.7.2

Rolled RHS Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Rolled CHS Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Welded I Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Welded RHS Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Solid Bar Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Plate Lex/rx N/A Ley/ry N/A N/A N/A 4.7.2

Rolled Single Angle Short side connected - two bolts, standard and kidney clearance Rolled Double Angle

As below N/A As below N/A As below N/A 4.7.10.2

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

Rolled Single Channel Web connected - two or more rows of bolts

As below N/A As below N/A N/A N/A 4.7.10.4

N/A N/A N/A N/A

N/A N/A N/A N/A
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Rolled Single T Flange connected - two or more rows of bolts Rolled Double Channel

As below N/A As below N/A N/A N/A 4.7.10.5

N/A N/A N/A N/A

N/A N/A N/A N/A

Short side connected - two bolts, standard and kidney clearance Rolled Double AngleBoth sides of support, short side connected - two or more bolts, standard clearance

Eleven batten(s) within span L

As Below N/A As Below N/A N/A N/A 4.7.10.3

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

Web connected - two or more rows of bolts

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

N/A N/A N/A N/A

Note that r x  and r y  above refers to r x, double angle  and r y, double angle ;

Length between adjacent battens, Le, bat = L / (1 + No of battens) = N/A m

Slenderness, lc = Le, bat / rv = N/A N/A
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Flange connected - two or more rows of bolts Rolled Double Channel Both sides of support, web connected

Eleven batten(s) within span L

Lex/rx, double channelN/A N/A N/A N/A 4.7.9

Length between adjacent battens, Le, bat = L / (1 + No of battens) = N/A m

Slenderness, lm = Ley/ry, double channel = N/A

Slenderness, lc = Le, bat / ry = N/A N/A

Rolled Double T Both sides of support, flange connected

Eleven batten(s) within span L

N/A Ley/ry, double T N/A N/A N/A 4.7.9

Length between adjacent battens, Le, bat = L / (1 + No of battens) = N/A m

Slenderness, lm = Lex/rx, double T = N/A

Slenderness, lc = Le, bat / ry = N/A N/A

Critical slenderness, lmax = MAX (lx, ly, lv) = 46.0

Maximum allowable slenderness, lallow = 180.0

Slenderness utilisation = lmax / lallow = 0.256 OK

Slenderness, lx = 29.4

Euler force, PE,x = p
2
EIx, relevant/Lex

2
 (valid for lx > (p

2
E/py)

1/2
) = 85781 kN

Euler stress, pE,x = p
2
E/lx

2
 (valid for lx > (p

2
E/py)

1/2
) = 2338 N/mm

2

Robertson constant, a = 3.5

Design strength, py = 265 N/mm
2

Reduced py (-20N/mm
2
) for plate girders = 265 N/mm

2

Limiting slenderness, l0 = 0.2(p
2
E/py)

0.5
 = 17.5

Perry factor, hx = a(lx-l0)/1000 (but hx >= 0) = 0.042

fx = [py+(hx+1).pE,x] / 2 = 1351 N/mm
2

Compressive strength, pcx = pE,x.py / [fx+(fx
2
-pE,x.py)

0.5
] = 253 N/mm

2 4.7.5

Compression capacity, Pcx = pcx.Ag, relevant = 9265 kN 4.7.4

F / Pcx utilisation = 0.150 OK
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BS5950

Both sides of support, web connected Slenderness, ly = 46.0

Euler force, PE,y = p
2
EIy, relevant/Ley

2
 (valid for ly > (p

2
E/py)

1/2
) = 34830 kN

Euler stress, pE,y = p
2
E/ly

2
 (valid for ly > (p

2
E/py)

1/2
) = 955 N/mm

2

Robertson constant, a = 5.5

Design strength, py = 265 N/mm
2

Both sides of support, flange connected Reduced py (-20N/mm
2
) for plate girders = 265 N/mm

2

Limiting slenderness, l0 = 0.2(p
2
E/py)

0.5
 = 17.5

Perry factor, hy = a(ly-l0)/1000 (but hy >= 0) = 0.157

fy = [py+(hy+1).pE,y] / 2 = 685 N/mm
2

Compressive strength, pcy = pE,y.py / [fy+(fy
2
-pE,y.py)

0.5
] = 220 N/mm

2 4.7.5

Compression capacity, Pcy = pcy.Ag, relevant = 8056 kN 4.7.4

F / Pcy utilisation = 0.172 OK

Slenderness, lv = N/A

Euler force, PE,v = p
2
EIv, relevant/Lev

2
 (valid for lv > (p

2
E/py)

1/2
) = N/A kN

Euler stress, pE,v = p
2
E/lv

2
 (valid for lv > (p

2
E/py)

1/2
) = N/A N/mm

2

Robertson constant, a = N/A

Design strength, py = N/A N/mm
2

Reduced py (-20N/mm
2
) for plate girders = N/A N/mm

2

Limiting slenderness, l0 = 0.2(p
2
E/py)

0.5
 = N/A

Perry factor, hv = a(lv-l0)/1000 (but hv >= 0) = N/A

fv = [py+(hv+1).pE,v] / 2 = N/A N/mm
2

Compressive strength, pcv = pE,v.py / [fv+(fv
2
-pE,v.py)

0.5
] = N/A N/mm

2 4.7.5

Compression capacity, Pcv = pcv.Ag, relevant = N/A kN 4.7.4

F / Pcv utilisation = N/A N/A

Flexural buckling capacity utilisation = 0.172 OK
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Lateral Torsional Buckling Capacity BS5950

(With Low or High Shear Force; At Least Semi Compact Section)

Minor axis slenderness, l = LE,LTB/ry, relevant = 46.6

Effective unrestrained length, LE,LTB = 4.797 m 4.3.5

bw = 1 (compact) or bw = Zx, relevant/sx, relevant (semi compact) = 1.000 4.3.6.9

Note section classification refers to y-plane where applicable;

Equivalent slenderness (I, H, single channel, double channel), lLT =32.5 4.3.6.7

Buckling parameter, u = 0.835 4.3.6.8

Torsional index, x = 10.2 4.3.6.8

l / x = 4.57

Slenderness factor, n = 0.837 4.3.6.7

Equivalent slenderness (RHS), lLT = N/A B.2.6

gb = N/A B.2.6

fb = N/A B.2.6

Note A=A g  in the above equation;

Equivalent slenderness (CHS, solid bar), lLT = N/A = N/A

Equivalent slenderness (plate), lLT = N/A B.2.7

Note L E =L E,LTB  and d=D in the above equation;

Equivalent slenderness (single angle, double angle), lLT = N/A =N/A

Equivalent slenderness (single T, double T), lLT = N/A B.2.8

Case A: N/A B.2.8

Case B: N/A B.2.8

Case C: N/A B.2.8

Buckling parameter, u = N/A B.2.8

Torsional index, x = N/A B.2.8

l / x = N/A

N/A B.2.8

Monosymmetric index, y = N/A B.2.8

Note y  positive if flange in compression and vice versa;

Centroid, c = [B.T
2
/2+t.(D-T).(T+(D-T)/2)]/Ag =N/A mm B.2.8

N/A mm B.2.8

Slenderness factor, n = N/A B.2.8
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BS5950

Bending strength, pb = 265 N/mm
2 B.2.1

Slenderness, lLT 32.5

Euler stress, pE = 1912 N/mm
2 B.2.1

py = 265 N/mm
2

fLT = 1089 N/mm
2 B.2.1

Limiting equivalent slenderness, lL0 = 35.0 B.2.1

Robertson constant, aLT = 7.0 = 7.0 B.2.1

Perry factor, hLT = 0.000 B.2.1

Equivalent uniform moment factor for LTB, mLT = 1.000 4.3.6.6

Low shear (Vx <= 0.6Pvx) or high shear (Vx > 0.6Pvx) ? Low Shear 4.2.5

Section classification (y-plane where applicable) = Compact 4.2.5

Lateral Torsional Buckling Case Mb

1 Low shear and compact = Valid

2 High shear and compact = Invalid

3 Low shear and semi compact = Invalid

4 High shear and semi compact = Invalid

Lateral Torsional Buckling (Except Single Angle and Double Angle)Mb

1 Low shear; Compact; Mb = pb . sx, relevant = 1540 kNm 4.3.6.4

2 High shear; Compact; Mb = pb . (sx, relevant - rxsvx, relevant) = 1308 kNm 4.3.6.4

3 Low shear; Semi compact; Mb = pb . Zx, relevant = 1345 kNm 4.3.6.4

4 High shear; Semi compact; Mb = pb . (Zx, relevant - rxsvx, relevant/1.5) = 1190 kNm 4.3.6.4

Note if p b  not applicable, then equations revert to p y ;
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BS5950

Lateral Torsional Buckling (Only Single Angle and Double Angle)Mbx Mby

a. 4.3.8.3

b. 4.3.8.3

1 a. Low shear; Compact; Mb = 0.8 . py . Zrelevant = N/A N/A kNm 4.3.8.3

b. Low shear; Compact; Mb = py . Zrelevant . (1350e-LE,LTB/rv)/(1625e) (<= 0.8 . py . Zrelevant) =N/A N/A kNm 4.3.8.3

2 a. High shear; Compact; Mb = 0.8 . py . (Zrelevant - rsv, relevant) =N/A N/A kNm 4.3.8.3

b. High shear; Compact; Mb = py . (Zrelevant - rsv, relevant) . (1350e-LE,LTB/rv)/(1625e) (<= 0.8 . py . (Zrelevant - rsv, relevant)) =N/A N/A kNm 4.3.8.3

3 a. Low shear; Semi compact; Mb = 0.8 . py . Zrelevant = N/A N/A kNm 4.3.8.3

b. Low shear; Semi compact; Mb = py . Zrelevant . (1350e-LE,LTB/rv)/(1625e) (<= 0.8 . py . Zrelevant) =N/A N/A kNm 4.3.8.3

4 a. High shear; Semi compact; Mb = 0.8 . py . (Zrelevant - rsv, relevant/1.5) =N/A N/A kNm 4.3.8.3

b. High shear; Semi compact; Mb = py . (Zrelevant - rsv, relevant/1.5) . (1350e-LE,LTB/rv)/(1625e) (<= 0.8 . py . (Zrelevant - rsv, relevant/1.5)) =N/A N/A kNm 4.3.8.3

Note although the equations are valid only for equal angles, it is used for unequal angles too;

Reduction factor, rx = [2(Vx/Pvx) - 1]
2
 = 1.000 4.2.5.3

Reduction factor, ry = [2(Vy/Pvy) - 1]
2
 = N/A 4.2.5.3

Relevant plastic modulus of shear area, svx, relevant = 875 cm
3 4.2.5.3

Relevant plastic modulus of shear area, svy, relevant = 2615 cm
3 4.2.5.3

Moment capacity, Mcx = 1540 kNm 4.2.5

Moment capacity, Mcy = N/A kNm 4.2.5

Lateral torsional buckling capacity, Mb/mLT (or Mbx/mLT) = 1540 kNm 4.3.6.2

Lateral torsional buckling capacity, Mby/mLT = N/A kNm 4.3.6.2

Lateral torsional buckling capacity, MIN (Mb/mLT (or Mbx/mLT), Mcx) =1540 kNm 4.3.6.2

Lateral torsional buckling capacity, MIN (Mby/mLT, Mcy) = N/A kNm 4.3.6.2

Mx / MIN (Mb/mLT (or Mbx/mLT), Mcx) utilisation = 0.020 OK

My / MIN (Mby/mLT, Mcy) utilisation = N/A N/A

MAX (Mx / MIN (Mb/mLT (or Mbx/mLT), Mcx), My / MIN (Mby/mLT, Mcy)) utilisation =0.020 OK
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Overall Buckling (Simplified Approach) Capacity BS5950

Equivalent uniform moment factor for flexural buckling, mx = 1.000 4.8.3.3.4

Equivalent uniform moment factor for flexural buckling, my = 1.000 4.8.3.3.4

Overall Buckling (Except Single Angle and Double Angle)

0.172 0.020 0.022 = 0.214 4.8.3.3.4

0.172 0.023 0.022 = 0.217 4.8.3.3.4

Note Z x  and Z y  refers to Z x, relevant  and Z y, relevant , respectively;

Overall Buckling (Only Single Angle and Double Angle)

N/A N/A N/A = N/A I.4.3

Note although the equations are valid only for equal angles, it is used for unequal angles too;

Note m LTx  and m LTy  both taken as m LT ;

Overall buckling utilisation = 0.217 OK

Overall Buckling (Exact Approach) Capacity

Equivalent uniform moment factor for flexural buckling, myx = 1.000 4.8.3.3.4

Overall Buckling (Only I and H)

0.180 4.8.3.3.2

0.214 4.8.3.3.2

0.051 4.8.3.3.2

Overall Buckling (Only RHS and CHS)

N/A 4.8.3.3.3

N/A 4.8.3.3.3

N/A 4.8.3.3.3

Overall buckling utilisation = 0.214 OK
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Bending Deflection in Y-plane (Under Unfactored Live Load Only) BS5950

Support for deflections = Simply supported

Uniformly distributed unfactored live load, wLL = 0.0 kN/m

Deflection, dLL = 0.0 mm

Simply supported d LL  = 5 w LL L
4
/384EI x, relevant = 0.0 mm

Cantilever d LL  = w LL L
4
/8EI x, relevant = 0.0 mm

Continuous d LL  = w LL L
4
/384EI x, relevant = 0.0 mm

Continuous end span d LL  = w LL L
4
/185EI x, relevant = 0.0 mm

Max deflection limit = 8.9 mm 2.5.2

Simply supported span / 360 = 8.9 mm

Cantilever span / 180 = 17.8 mm

Continuous span / 360 = 8.9 mm

Continuous end span span / 360 = 8.9 mm

Deflection utilisation = dLL / max deflection limit = 0.000 OK

Bending Deflection in Y-plane (Under SLS Load)

Support for deflections = Simply supported

Uniformly distributed SLS load, wSLS = 0.0 kN/m

Deflection, dSLS = 0.0 mm

Simply supported d SLS  = 5 w SLS L
4
/384EI x, relevant = 0.0 mm

Cantilever d SLS  = w SLS L
4
/8EI x, relevant = 0.0 mm

Continuous d SLS  = w SLS L
4
/384EI x, relevant = 0.0 mm

Continuous end span d SLS  = w SLS L
4
/185EI x, relevant = 0.0 mm

Percentage of dead and superimposed dead load deflection precamber, %pcam =0.0 %

Dead and superimposed dead load deflection precamber, %pcam . (dSLS - dLL) =0.0 mm

Deflection with precamber incorporated, dSLS - %pcam . (dSLS - dLL) =0.0 mm

Max deflection limit = 12.8 mm 2.5.2

Simply supported span / 250 = 12.8 mm

Cantilever span / 125 = 25.6 mm

Continuous span / 250 = 12.8 mm

Continuous end span span / 250 = 12.8 mm

Deflection utilisation = dSLS / max deflection limit = 0.000 OK
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Cell References

Steel Grade 1 1

S275 (43) 265 265

S355 (50) 345 345

S460 (55) 440 440

Section 87

Support for Deflections 1

Simply supported

Cantilever

Continuous

Continuous end span

Section Type and Process 1

1 Rolled I

2 Rolled RHS

3 Rolled CHS

4 Welded I

5 Welded RHS

6 Solid Bar

7 Plate

8 Rolled Single Angle

9 Rolled Single Channel

10 Rolled Single T

11 Rolled Double Angle

12 Rolled Double Channel

13 Rolled Double T

Hot Finished or Cold Formed Rolled RHS and Rolled CHS 1

Hot finished

Cold formed

Rolled Double Angle Orientation 3

One side of support, short side connected

One side of support, long side connected

Both sides of support, short side connected

Both sides of support, long side connected

Rolled Double Channel Orientation 1

Both sides of support, web connected

Rolled Double T Orientation 1

Both sides of support, flange connected

Bolted or Welded Connection Type 2

Bolted

Welded

Rolled I and Welded I Axial Capacity Connection Connectivity4

Web connected

Both flanges connected

Web and single flange connected

Web and both flanges connected
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Web Bearing and Buckling BS5950

Applicability of check for particular section ? Applicable

Local compressive force, Fx = Vx = 0 kN

Note F x  is the reaction or shear force at the supports of simply supported beams, externally

applied loads or the reaction (not shear force) at internal supports of continuous beams;

Unstiffened web bearing and buckling capacity utilisation = 0.000 OK

Stiffened web bearing and buckling capacity utilisation = 0.000 OK

Web stiffener steel grade (usually grade 43) =

Web stiffener design strength, pys = 265 N/mm
2

Section Type N1 N2 d

Rolled I 1 2 d = D-2T-2ri = 290.2 mm

Rolled RHS N/A N/A d = D-3or5T = N/A mm

Rolled CHS N/A N/A N/A = N/A mm

Welded I N/A N/A d = D-2T = N/A mm

Welded RHS N/A N/A d = D-2T = N/A mm

Solid Bar N/A N/A N/A = N/A mm

Plate N/A N/A N/A = N/A mm

Rolled Single Angle N/A N/A d = D = N/A mm

Rolled Single Channel N/A N/A d = D-2T-2ri = N/A mm

Rolled Single T N/A N/A d = D = N/A mm

Rolled Double Angle N/A N/A d = D = N/A mm

Rolled Double Channel N/A N/A d = D-2T-2ri = N/A mm

Rolled Double T N/A N/A d = D = N/A mm

Number of webs, N1 = 1

Number of sides for each web, N2 = 2

Web depth, d = 290.2 mm

Stiff bearing length (along length of web), b1 = 300 mm

Continuous over bearing or end bearing ?

Distance, be = 0 mm

Distance, ae = be + b1/2 = 150 mm

Note b e  is the distance from the end of stiff bearing to the nearer member end;

Note a e  is the distance from the centre of load or reaction to the nearer member end;

Number of web stiffeners, Ns = 3

Note web stiffeners at each cross section is considered as one web stiffener, even if

separated by multiple webs and/or multiple sides of webs;

Thickness of web stiffener, ts = 20.0 mm

Total length of web stiffener per cross section, bs = 450 mm

Note for double angles of case 2 and case 3 and for double T sections, b s  is doubled;

Outstand length of web stiffener, bs,o = bs / (N1.N2) = 225 mm

Outstand of web stiffener length limit utilisation, bs,o (<= 13ets) =0.850 OK

Note that the effectiveness of the outstand of the stiffener is limited to 13 e t s ; 4.5.1.2

Note for channel sections, heel radius reduction factors K b  and K w  have been ignored;
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BS5950

A. Bearing Capacity of Unstiffened Web

Bearing capacity, Pbw = 2416 kN

Note t in the above P bw  equation is multiplied by N 1 ;

Stiff bearing length (along length of web), b1 = 300 mm

Factor, n = 2.0

Continuous over bearing, n = 5.0 = N/A

End bearing, n = 2.0 + 0.6be/k (<=5.0) = 2.0

Factor, k = 51.7 mm

Root radius, ri = 15.2 mm

Section Type Factor, k

Rolled I T + ri = 51.7 mm

Rolled RHS t = N/A mm

Rolled CHS N/A = N/A mm

Welded I T = N/A mm

Welded RHS t = N/A mm

Solid Bar N/A = N/A mm

Plate N/A = N/A mm

Rolled Single Angle T + ri = N/A mm

Rolled Single Channel T + ri = N/A mm

Rolled Single T T + ri = N/A mm

Rolled Double Angle T + ri = N/A mm

Rolled Double Channel T + ri = N/A mm

Rolled Double T T + ri = N/A mm

Unstiffened web bearing capacity utilisation = Fx / Pbw = 0.000 OK

CONSULTING                                 

E N G I N E E R S

Member Design - Steel BeamColumn 21/11/2021

Engineering Calculation Sheet                           

Consulting Engineers jXXX 27

Member Design - Steel BeamColumn BS5950 v2015.01.xlsm
Made by Date Chd.

Drg. Ref.

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

BS5950

Engineering Calculation Sheet                           

Consulting Engineers

Member Design - Steel BeamColumn 21/11/2021

Member Design - Steel BeamColumn BS5950 v2015.01.xlsm

jXXX 28

CONSULTING                                 

E N G I N E E R S

Made by Date Chd.

Drg. Ref.

Member/Location

Load Load Support

Support

Support Support Support



Job No. Sheet No. Rev.

Job Title

XX

BS5950

B. Bearing Capacity of Stiffened Web

Note (each) web stiffener refers to stiffeners both sides (if applicable) of each web,

but not of all webs (if applicable);

Required (each) web stiffener bearing capacity, MAX(0, Fx - Pbw)/(N1.Ns) =0 kN

(Each) web stiffener bearing capacity, Ps = 2385 kN

Area of (each) web stiffener, As,net = ts.bs/N1 = 90 cm
2

Stiffened web bearing capacity utilisation = [MAX(0, Fx - Pbw)/(N1.Ns)] / Ps =0.000 OK
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BS5950

C. Buckling Capacity of Unstiffened Web

Buckling capacity, Px = 2473 kN

Unstiffened web buckling capacity utilisation = Fx / Px/xr = 0.000 OK

C.(i) Section(s) Rolled I, Welded I, Rolled Single Angle, Rolled Single Channel

Rolled Single T, Rolled Double Angle, Rolled Double Channel, Rolled Double T

Applicability ? Applicable

Buckling capacity, Px/xr = 2473 kN

Case A: Unreduced buckling capacity, Px = 3533 kN

Continuous over bearing or end bearing (case ae >= 0.7d)

N/A kN

End bearing (case ae < 0.7d)

3533 kN

Note t in the above P x  equation need not multiplied by N 1  since already incorporated within P bw ;

Case B: Reduced buckling capacity, Pxr = 2473 kN

Effective length, LE,w = function(d) = 290.2 mm

30
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BS5950

C.(ii) Section(s) Rolled RHS, Welded RHS

Applicability ? N/A

Buckling capacity, Px/xr = N/A kN

Case A: Unreduced buckling capacity, Px = N/A kN

Stiff bearing length (along length of web), b1 = N/A mm

Length, n1 = b1+D/2+MIN((ae-b1/2),D/2) = N/A mm

Note n 1  is the length obtained by 45   dispersion at half depth (along length of web);

Note for continuous over bearing the expression MIN((a e -b 1 /2),D/2) becomes D/2;

Slenderness, lw = N/A

Euler stress, pE,w = p
2
E/lw

2
 (valid for lw > (p

2
E/py)

1/2
) = N/A N/mm

2

Robertson constant, a = (curve (c)) = 5.5 = N/A

Design strength, py = N/A N/mm
2

Limiting slenderness, l0 = 0.2(p
2
E/py)

0.5
 = N/A

Perry factor, hw = a(lw-l0)/1000 (but hw >= 0) =N/A

fw = [py+(hw+1).pE,w] / 2 = N/A N/mm
2

Compressive strength, pcw = pE,w.py / [fw+(fw
2
-pE,w.py)

0.5
] =N/A N/mm

2

Case B: Reduced buckling capacity, Pxr = 4P + 4P/D.b1 = N/A kN

N/A mm

M/P = N/A mm

N/A mm

My/P = N/A mm

N/A kN

CONSULTING                                 

E N G I N E E R S jXXX 32

Engineering Calculation Sheet                           

Consulting Engineers

Member Design - Steel BeamColumn BS5950 v2015.01.xlsm

Member Design - Steel BeamColumn 21/11/2021Made by Date Chd.

Drg. Ref.

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

BS5950

CONSULTING                                 

E N G I N E E R S 33

Engineering Calculation Sheet                           

Consulting Engineers jXXX

Member Design - Steel BeamColumn BS5950 v2015.01.xlsm

21/11/2021Member Design - Steel BeamColumn Made by Date Chd.

Drg. Ref.

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

BS5950

D. Buckling Capacity of Stiffened Web

Note (each) web stiffener refers to stiffeners both sides (if applicable) of each web,

but not of all webs (if applicable);

Required (each) web stiffener buckling capacity, IF(Fx/Px/xr>1, Fx/(N1.Ns), 0) =0 kN

(Each) web stiffener buckling capacity, Px = 4415 kN

Interior or end web stiffener, nIE = 1

Note n IE  determines the extent of web which is to contribute to the

buckling capacity by affecting terms within A s  and I s ;

Area of (each) web stiffener, As = ts.bs/N1 + t.nIE.15t = 167 cm
2

Slenderness, ls = LE,s/rs = 2.1

Web depth, d = 290.2 mm

Effective length, LE,s = function(d) = 203.1 mm

Second moment of area of (each) web stiffener, Is =15220 cm
4

Note I s  = 1/12.t s .(b s /N 1 )
3
 + 1/12.n IE .15t.t

3
;

Note calculation of I s  is simplified, but conservative;

Radius of gyration, rs = √(Is/As) = 9.6 cm

Euler force, PE,s = p
2
EIs/LE,s

2
 (valid for ls > (p

2
E/py)

1/2
) = 7462434 kN

Euler stress, pE,s = p
2
E/ls

2
 (valid for ls > (p

2
E/py)

1/2
) = 447888 N/mm

2

Robertson constant, a = (curve (c)) = 5.5 = 5.5

Design strength, pys = 265 N/mm
2

Limiting slenderness, l0 = 0.2(p
2
E/pys)

0.5
 = 17.5

Perry factor, hs = a(ls-l0)/1000 (but hs >= 0) =0.000

fs = [pys+(hs+1).pE,s] / 2 = 224076 N/mm
2

Compressive strength, pcs = pE,s.pys / [fs+(fs
2
-pE,s.pys)

0.5
] =265 N/mm

2

Stiffened web buckling capacity utilisation = IF(Fx/Px/xr>1, Fx/(N1.N2.Ns), 0) / Px =0.000 OK
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