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Material Properties BS5950
Steel grade = s275(43) W |
Design strength, p, = 265  |N/mm?
e=V(275/p,) = 1.02
Modulus of elasticity, E = 205000 |N/mm?
Section
| s e |
—_——
Equivalent
I-Section -
Section = UC 356x406x287 v
Mass per metre, m = : kg/m
Overall utilisation = %0 0
Spans
Euler effective length, Loy = 4.854 |m T.22
Euler effective length, L, = 4.740 |m T.22
Euler effective length, L, = 4.797 |m T.22
LTB effective length, Lg s = 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 Fy I:y F, My« IVlyy M;,
[kN] [kN] [kN] [kNm] [kNm] [kNm]
SColumn UuLS -1387 0 0 0 30 11
Note that for F,, 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 F,) = 1387 4\
Shear force in y-plane, V, (GSA F,) = 0 kN
Shear force in x-plane, V, (GSA F,) = 0 kN
Bending moment in y-plane, M, (GSA M,,) = 30 kNm
Bending moment in x-plane, M, (GSA M,,) = 11 kNm
Unfactored live load, o, = 0.0 kN/m
Unfactored SLS load, ogs = 0.0 kN/m
Deflection
Support for deflections = Simply supported v ‘
Percentage of dead and superimposed dead load deflection precam 0.0 %
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Additional Parameters BS5950
° Type of section and process = Rolled | _ v
c o Hot finished or cold formed rolled RHS and rolled CHS =Hot finished hd
2 E Rolled Double Angle orientation = Both sides of support, short side connected |w|
‘g § Rolled Double Channel orientation = Both sides of support, web connected v
R Rolled Double T orientation = Both sides of support, flange connected v
g CE, Bolted or welded connection type = ‘ ‘ Welded v
'§ © No. of bolt holes (for each section if double sections), Nygjthole = 8
n Diameter of bolt holes, dyothole = 22.0 |mm
| | -
Rolled I and Welded I connection connectivitWeb and both flanges connected hd
% Rolled RHS and Welded RHS connectiorBoth webs and both flanges connected v
§ Rolled CHS connection connectivity = |Thickness connected | W |
LC) Plate connection connectivity = Web connected v
§ Rolled Single Angle connection connectivity = Short side connected | W |
g Rolled Single Channel connection connectivity = Web connected hd
% Rolled Single T connection connectivity = Flange connected v
Lsé) Rolled Double Angle connection connectivity = Short side connected
5 Rolled Double Channel connection connectivity = Web connected
% Rolled Double T connection connectivity = Flange connected
% Rolled Double Angle connection type = Both sides - welded
5 Rolled Double Channel connection type = Both sides - welded
Rolled Double T connection type = Both sides - welded
Maximum allowable slende Members resisting loads other than wind - 180 v
Robertson constant, a (option for I type section) = \ RolledH W
- Rolled Single AngliShort side connected - two bolts, standard and kidney clearance hd
'J-E: Rolled Single Channel connection t\Web connected - two or more rows of bolts hd
§ Rolled Single T connection type = |Flange connected - two or more rows of bolts hd
= Rolled Double Angle connection type Two or more bolts, standard clearance v
% Rolled Double Angle connection type = ‘ ‘ ‘
a bides of support, short side connected - two or more bolts, standard clearance
g Rolled Double Channel connection type = ‘ ‘ ‘
3 ‘ ‘ ‘ Both sides of support, web connected
. Rolled Double T connection type = ‘ ‘ ‘
‘ ‘ ‘ Both sides of support, flange connected
Rolled Double Angle, Rolled Double Channel, R(Eleven batten(s) within span L v
| | | | | -
ey Rolled Single Angle, Rolled Double Angle LTB maHeel of angle in tension v
E E Rolled Single T, Rolled Double T LTB moment oriFlange of T in compression v
$] Equivalent uniform moment factor for LTB, m = 1.000 4.3.6.6
=2 g Equivalent uniform moment factor for flexural buckling, m, = 1.000 4.8.3.3.4
§ ¥ © |Equivalent uniform moment factor for flexural buckling, m, = 1.000 4.8.3.3.4
°ad Equivalent uniform moment factor for flexural buckling, m,, = 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 Status

Overall

Cross Section Classification oK

Shear X Capacity ‘ (0] ¢

Shear Buckling X Capacity (0] ¢

Shear Y Capacity ‘ (0] ¢

Shear Buckling Y Capacity (0] ¢

Tension or Compression Capacity (0] ¢

Moment Capacity (0] ¢

Local Capacity (0] ¢

Slenderness Capacity (0] ¢

Flexural Buckling Capacity oK

Lateral Torsional Buckling Capacity (0].¢

Overall Buckling (Simple) Capacity (0] ¢

Overall Buckling (Exact) Capacity (0] ¢

Deflection (Live Load) (0] ¢

(0].¢

Deflection (SLS Load)

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 sectio 918 kg

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

Unstiffened web bearing and buckling capacity utilisation =

Stiffened web bearing and buckling capacity utilisation =

Outstand of web stiffener length limit utilisation =

Typical Initial Span / Depth Ratios
] ] ]

Type of beam Maximum floor span Depth of
Primary beams 15m Sp
Secondary beams 12m 5
MNumbe
m:r r Column
size
storeys
Maximum roof span Depth of roof beam
3 203x203 UC
15m Span/25
5 254x254 UC
15m Span/25
g8 305X305 UC
812 356X356 UC
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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 be

tween the sections. Th

e equations contained

within the

sheet reflect this assumption;

]

ppd roof (from

floor beam

bin/20

An/25
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General Section Properties BS5950
Total depth, D =
Web thickness, t =
Flange width, B =
Flange thickness, T =
Root radius, r; =
|
Rolled I b/T ratio =
Rolled I d/t ratio =
Gross area of section, A =
Second moment of area about x-x axis, I, =
Second moment of area about y-y axis, I, =
Second moment of area about major axis, I, =
Second moment of area about minor axis, I, =
Radius of gyration about x-x axis, r, =
Radius of gyration about y-y axis, r, =
Radius of gyration about major axis, r, =
Radius of gyration about minor axis, r, =
Elastic modulus about x-x axis, Z, =
Elastic modulus about y-y axis, Z, =
Plastic modulus about x-x axis, s, =
Plastic modulus about y-y axis, s, =
Buckling parameter, u =
Torsional index, x =
Torsional constant, J =
Warping constant, H =
Monosymmetric index, y =
K. = (1.2 for G43, 1.1 for G50, 1.0 for G55) = 3.4.2
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Particular Section Properties BS5950
Gross area of section, Ay, gouble angle = 2Ag = N/A [Ruk
9 Space between sections, s = 15.0 mm
g’ Centroid of section from back face to x-x axis, X, double angle, x = (B.T N/A mm
: Centroid of section from back face to y-y axis, X, double angle, y = (D.t N/A mm
S \ \
3
0
(a]
3
3 LS T FRd | tv Applicable
2 ase 1 Case X %se 4] (case = N/A
.. : ‘ ‘ :
'E Ix double angle (Cm4) Iv double angle (Cm4) Zx double angle (Cm3) Zv double angle (Cm3)
'g Case 1 N/A N/A N/A N/A
E.; Case 2 N/A N/A N/A N/A
g- Case 3 N/A N/A N/A N/A
o Case 4 N/A N/A N/A N/A
g Second moment of area about x-x axis, I, double angle = . cm?
'-'3 Second moment of area about y-y axis, I, gouble angle = A cm?
& Radius of gyration about x-x axis, Fy, double angte = V(Ix, double an| i cm
E Radius of gyration about y-y axis, ry, gouble angle = V(1y, double an¢ . cm
3 Elastic modulus about x-X axis, Zy, double angle = A EuE
“:;.; Elastic modulus about y-y axis, Z,, ouble angle = . cm?
o Plastic modulus about x-x axis, Sy, double angle = N/A = p cm?
Plastic modulus about y-y axis, S, gouble angle = N/A = . cm?
2 = Gross area of section, Ay gouble channel = 2Ag = A cm?
£ c Space between sections, s = ‘ ‘ 270.0 'mm
qé._rz: Centroid of section from back face, X, double channel = (B.T.(B/2).2+(I N/A mm
a© Second moment of area about x-x axis, Iy, double channel = 2Ix = cm?
[J) .
g ] Second moment of area about y-y axis, I,, gouble channet = 2.(Ly; cm?
'43 g Radius of gyration about x-x axis, Fy, double channet = V(Ix, double | cm
& - Radius of gyration about y-y axis, ry, double channel = \/(Iy, double ¢ cm
& 2 |Elastic modulus about x-x axis, Z,, double channel = 2Zx = cm?
3 g Elastic modulus about Y-y axis, zy, double channel = Iy, double channel Cl’ﬂ3
E E, Plastic modulus about x-x axis, Sy, double channel = 25« = cm?
o Plastic modulus about y-y axis, Sy, double channel = 2Ag.(S/2+X,, cm?
2 Gross area of section, Ay gouble 1 = 2Ag = cm?
"E Space between sections, s = 15.0 mm
“%’; Centroid of section from back face, Xc doupet = (B.T.(T/2)+(D-T).t.. N/A |mm
o § Second moment of area about x-x axis, I, gouble 1 = 2.(Ix+Ag. cm?
g 8 Second moment of area about y-y axis, I, gouple 1 = 2I, = cm?
'43 b Radius of gyration about x-x axis, ry, double 1 = V(Ix, double t / A cm
3 = |Radius of gyration about y-y axis, ry, dgoubte t = V(Iy, double 1 / A cm
- E Elastic modulus about x-x axis, Z, double T = Ix, double T / (S/2+ cm?
3 © |Elastic modulus about y-y axis, Z, gouble 1 = 2Zy = cm?
"E Plastic modulus about x-x axis, Sy, double 1 = 2A4-(S/2+X¢, double cm?
a Plastic modulus about y-y axis, s, gouble 1 = 2Sy = cm?
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Relevant Section Properties BS5950

Section Type

Ag, relevant

Ix, relevant

Iy, relevant

Iv, relevant

I'y, relevant

Rolled I | A I, I, N/A r,

Rolled RHS Ag I I, N/A ry

Rolled CHS Ag I I, N/A ry

Welded I | A I, I, N/A r,

Welded RHS Aq I, I, N/A ry

Solid Bar Ag I I, N/A ry

Plate Aq Iy I, N/A ry

Rolled Single Angle Aq I, I, I, ry

Rolled Single Channel Ag I, I, N/A ry

Rolled Single T Aq I, I, N/A ry

Rolled Double Angle Ag, double anglg Ix, double angle Iy, double angle| N/A Iy, double angle
Rolled Double Channé\g, double chann‘x, double channt:y, double channg N/A -y, double channel
Rolled Double T Ag, double T Ix, double T Iy, double T N/A ry, double T
Relevant gross area of section, Ay cievant = 56.0 ik
Relevant second moment of area about x-x axis, I, relevant = [EEL cm?
Relevant second moment of area about y-y axis, I, cievant = 86 cm?
Relevant second moment of area about minor axis, I, rejevant cm?
Radius of gyration about y-y axis, ry, reievant = 0 cm

Section Type

Zx, relevant

Zy, relevant

Sx, relevant

Sy, relevant

Rolled I | Z, z, S s,
Rolled RHS Zy Z, Sy Sy
Rolled CHS Zy Z, Sx Sy
Welded I | Z, z, Sy s,
Welded RHS Zy Z, Sx Sy
Solid Bar Zy zZ, Sy Sy
Plate Zy Z, Sx Sy
Rolled Single Angle Zy Z, Sy Sy
Rolled Single Channel Zy, Z, Sy Sy
Rolled Single T Zy Z, Sy Sy

Rolled Double Angle

Zx, double angl¢

Zy, double angl

sx, double angle

Sy, double angle

Rolled Double Channé&Zy, gouble chann

4
-y, double chann

Px, double channi

;y, double channel

Rolled Double T

Zy, double T

Zy, double T

Sx, double T

sy, double T

Relevant elastic modulus about x-x axis, Z,, relevant

Relevant elastic modulus about y-y axis, Z, (cjevant =

Relevant plastic modulus about x-x axis, sy, relevant =

Relevant plastic modulus about y-y axis, s, relevant =
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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 = omp
x-plane |Section classification = :
y-plane |Semi compact section classification utilisation = 0 : 0
x-plane |Semi compact section classification utilisation = :
overall |'Semi compact section classification utilisation = 0 : 0
| |
Compact Section Classification Limit b/T Limitd/t
Rolled I [(B/2)/T,(D-2T-2r;)/t] 10¢ = 10.2 }, 100¢/(14+ 46.4 3.5
y-plane |Rolled RHS [(B-3or5t)/32¢i3285, (62¢ or 54 N/A or 35¢, (80 N/A 3.5
x-plane |Rolled RHS3DEBeB L T NBXEE05 or 35¢, (80 N/A (62¢ or 54 N/A 3.5
Rolled CHS [D/t,D/t] | 0,50¢=| N/A |0,508%=| N/A 3.5
Welded I [((B-t)/2)/T,(D-2T)/t] 9% = N/A ¢, 100¢/(1+ N/A 3.5
y-plane |Welded RHS [((B-t)/2)/T,(D-2B2k, 62¢-0.5d/ N/A  [40¢, 80¢/(: N/A 3.5
x-plane |Welded RHS [((B-t)/280k€, (D19R)(40¢, 80¢/(: N/A |, 62¢-0.5b/ 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 10¢ = N/A 3.5
Rolled Single Angle [B/T,D/t] 10c = N/A 10¢ = N/A 3.5
Rolled Single Channel [B/T,(D-2T| 10¢ = N/A 40¢ = N/A 3.5
Rolled Single T [(B/2)/T,D/t] 10 = N/A 9 = N/A 3.5
Rolled Double Angle [B/T,D/t] 10¢ = N/A 10¢ = N/A 3.5
Rolled Double Channel [B/T,(D-2] 10¢ = N/A 40¢ = N/A 3.5
Rolled Double T [(B/2)/T,D/t] 10¢ = N/A 9% = N/A 3.5
y-plane |Rolled I b/T ratio = 0 0
x-plane |Rolled I b/T ratio = . .
y-plane |Rolled I d/t ratio = : 46.4 0
x-plane |[Rolled I d/t ratio = 8 A A
Note if 1+r, < 0.1, then 1+r; set to 0.1 to avoid singularity;
Semi Compact Section Classification Limit b/T Limitd/t
Rolled I [(B/2)/T,(D-2T-2r;)/t] 15¢ = 15.3 K(40¢, 120¢ 95.1 3.5
y-plane |Rolled RHS [(B-3o0r5t)/T,(D-30r540¢ or 35¢ = N/A e or 35¢, (1 N/A 3.5
x-plane |Rolled RHS2DeBeBAfBEy/ar, (BAX§ADe or 35¢, (1 N/A  |0¢ or 35¢ = N/A 3.5
Rolled CHS [D/t,D/t] | 80:%, 140¢> | N/A  |0¢%, 1406° | N/A 3.5
Welded I [((B-t)/2)/T,(D-2T)/t] 13c = N/A  K(40¢, 120¢ N/A 3.5
y-plane \Welded RHS [((B-t)/2)/T,(D-2T)/| 40¢ = N/A  K(40¢, 120¢ N/A 3.5
x-plane |Welded RHS [((B-t)/2}20¢D+2MX(40¢, 120¢ N/A 40¢ = 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 15¢ = N/A 3.5
Rolled Single Angle [B/T,D/t] 15¢ = N/A 15¢ = N/A 3.5
Rolled Single Channel [B/T,(D-2T| 15¢ = N/A 40¢ = N/A 3.5
Rolled Single T [(B/2)/T,D/t] 15¢ = N/A 18¢ = N/A 3.5
Rolled Double Angle [B/T,D/t] 15¢ = N/A 15¢ = N/A 3.5
Rolled Double Channel [B/T,(D-2] 15¢ = N/A 40¢ = N/A 3.5
Rolled Double T [(B/2)/T,D/t] 15¢ = N/A 18¢ = N/A 3.5
y-plane |Rolled I b/T ratio =
x-plane |Rolled I b/T ratio =
y-plane |Rolled I d/t ratio =
x-plane |Rolled I d/t ratio =

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




Job No. Sheet No. Rev.
CONSULTING Engineering Calculation Sheet |
ENGIN E E R S|Consulting Engineers XXX 9
Member/Location
Job Title |Member Design - Steel BeamColumn BS5950 v2015.01 P9 Ret
Member Design - Steel BeamColumn Madeby — y(y |Date 21/11/2021 (¢
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, tygithoe = t = 22.6 mm
Area of section to deduct, Agequct = tooithole-Aboithote- Nboithole = 0 mm?
Note A gequct = 0.0 if welded connection type;
Note A jequet IS doubled to 2.A gequer fOr double sections;
Rolled I shear X area, A, = tD = 8895 |mm? 4.2.3
Rolled RHS shear X area, A, = A;.D/(D+B) = N/A mm? 4.2.3
Rolled CHS shear X area, A, = 0.6A, = N/A  |mm? 4.2.3
Welded I shear X area, A,, = t(D-2T) = N/A  |mm? 4.2.3
Welded RHS shear X area, A,x = 2t(D-2T) = N/A mm? 4.2.3
Solid Bar shear X area, A,x = 0.9A4 = N/A mm? 4.2.3
Plate shear X area, A,x = 0.9A; = N/A  |mm? 4.2.3
Rolled Single Angle shear X area, A,, = 0.9tD = N/A  |mm? 4.2.3
Rolled Single Channel shear X area, A, = tD = N/A mm? 4.2.3
Rolled Single T shear X area, A, =tD = | N/A  |mm? 4.2.3
Rolled Double Angle shear X area, A,x = 2(0.9tD) = N/A mm> 4.2.3
Rolled Double Channel shear X area, A, = 2.tD = N/A mm> 4.2.3
Rolled Double T shear X area, A, = 2.tD = N/A mm? 4.2.3
Shear X area, A, = 8895 |mm?
Net shear X area, Ay net = Avx - Adeduct = 8895 |mm? 6.2.3
\ \ \
EBolt holes need not be allowed for 1n the shear area provided that:
Ay per = 083AJE,
\ \ \ \ \
Shear X area limit for significance of bolt holes, 0.85A,,/K. = 6301 mm? 6.2.3
Shear capacity, P,y m kN
insignificant bolt holes |P,, = 0.6p,.A,, = 1414 |kN 4.2.3
significant bolt holes |P,x = 0.7py.Ke. Ay net = 1980 kN 6.2.3
V, / P,y utilisation = D.000 0
Shear X buckling, d/t ratio (< 70¢ if rolled and 62¢ if welded B K 4.2.3

Shear X buckling utilisation =
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BS5950
Thickness of section at hole, tygihoe = T = 36.5 mm
Area of section to deduct, Agequct = tooithole-Aboithote- Nboithole = 0 mm?
Note A gequct = 0.0 if welded connection type;
Note A jequet IS doubled to 2.A gequer fOr double sections;
Rolled I shear Y area, A,, = 0.9(2BT) = 26214 |mm? 4.2.3
Rolled RHS shear Y area, A,, = 0.9(2BT) = N/A  |mm? 4.2.3
Rolled CHS shear Y area, A,, = 0.6A; = N/A mm? 4.2.3
Welded I shear Y area, A,, = 0.9(2BT) = N/A  |mm? 4.2.3
Welded RHS shear Y area, A,, = 0.9(2BT) = N/A mm? 4.2.3
Solid Bar shear Y area, A,, = 0.9A; = N/A mm? 4.2.3
Plate shear Y area, A,, = 0.9A, = N/A  |mm? 4.2.3
Rolled Single Angle shear Y area, A,, = 0.9BT = N/A  |mm? 4.2.3
Rolled Single Channel shear Y area, A,, = 0.9(2BT) = N/A  |mm? 4.2.3
Rolled Single T shear Y area, A,, = 0.9BT = ‘ N/A mm? 4.2.3
Rolled Double Angle shear Y area, A,, = 2(0.9BT) = N/A mm> 4.2.3
Rolled Double Channel shear Y area, A,, = 2(0.9(2BT)) = N/A mm> 4.2.3
Rolled Double T shear Y area, A,, = 2(0.9BT) = N/A mm? 4.2.3
Shear Y area, A,, = 26214 |mm?
Net shear Y area, Ay net = Ay - Adeduct = 26214 |mm? 6.2.3
\ \ \
EBolt holes need not be allowed for 1n the shear area provided that:
Ay per = 083AJE,
\ \ \ \ \
Shear Y area limit for significance of bolt holes, 0.85A,,/K. = 18568 |mm? 6.2.3
Shear capacity, P,, 4168 [N\
insignificant bolt holes |P,, = 0.6p,.A,, = 4168 |kN 4.2.3

significant bolt holes |P,, = 0.7p,.Kc.Ayy net = 5835 kN 6.2.3
Vv, / P, utilisation = 0.000 0
Shear Y buckling, b/T ratio (< 70¢ if rolled and 62¢ if welded = 4.2.3

Shear Y buckling utilisation =
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Axial Tension or Compression Capacity BS5950

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

Note that A 4 is applicable for axial tension with welded connections;

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

Note that A 4 is applicable for axial compression with welded connections;

strength to ultimate strength.

Tests show that holes do not reduce the capacity of a member in tension
provided that the ratio of net area 1o gross area is greater than the ratio of yield

Rolled I and Welded I

Gross area of connected part(s), a; = (D.t, 2B.T, D.t+B.Tor Aj) =| 366.0 |cm
Gross area of unconnected part(s), a, = Ag - a; = 0.0 cm?
Thickness of section at hole, tyoinole,r = ‘ 36.5 mm
Area of section to deduct, Agequct,s = tholthole,1-Abolthole- Nboithole = 0.0 cm?
Note A gequerr = 0.0 if welded connection type;

Net area of connected part(s), an; = a1 - Ageduct,1 = 366.0 |cm?
Net area of unconnected part(s), a,, = a, = ‘ 0.0 cm?
Effective net area of connected part(s), ac; = Ke.an1 (<= a;) = 366.0 |cm?
Effective net area of unconnected part(s), ac; = Ke.an2 (<= a;) = 0.0 cm?

Effective net area of section, A.; = [If F, > 0, a.;1+a.; (<= 1.

cm

Bolted |P; or P, = py(A.1-1.00a;) = 9699 kN 4.6.1
Welded |P; or P, = py(Ag-1.00a;) = 9699 kN 4.6.1
Axial tension or compression capacity, P; or P, = kN
|
Rolled RHS and Welded RHS
Gross area of connected part(s), a; = (2D.t, 2B.T, 2D.t+B.T or A) N/A cm?
Gross area of unconnected part(s), a; = Ag - a; = N/A  |cm?
Thickness of section at hole, tyotnole,rns = ‘ N/A mm
Area of section to deduct, Ageduct,ris = tholthole,rHs - Abolthole-Nbolthole = N/A cm?
Note A gequetris = 0.0 if welded connection type;
Net area of connected part(s), an1 = a1 - Adeduct,1 = N/A cm?
Net area of unconnected part(s), a,, = a, = ‘ N/A cm?
Effective net area of connected part(s), ac; = Ke.an1 (<= a;) = N/A cm?
Effective net area of unconnected part(s), ac; = Ke.an (<= a;) = N/A cm?
Effective net area of section, A, rus = [If Fx > 0, a.3+ae; (<= cm2
Bolted |P. or Pe; = py(Aerus-1.00a;) = N/A kN 4.6.1
Welded |P; or P, = p,(Ag-1.00a;) = N/A kN 4.6.1
Axial tension or compression capacity, P; or P, = A kN
Rolled CHS
Thickness of section at hole, tyoihole,cis = N/A mm
Area of section to deduct, Ageduct,cis = tholthole,cs-Abolthole Nboithole = N/A  |cm?
Note A gequet,cvs = 0.0 if welded connection type;
Net area of section, Anet,cis = Ag — Adeduct,cHs = N/A  |cm?
Effective net area of section, A, cys = [If F, > 0, MIN (K..At, i cm?
Bolted |P; or Py = pyAe chs = N/A kN 4.6.1
Welded |P. or P, = p,/Ag = N/A kN 4.6.1
Axial tension or compression capacity, P; or P, = N/A [
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Solid Bar
Effective net area of section, A, ;. = Ag = i cm?
Bolted |P; or Py = pyAgpar = N/A kN 4.6.1
Welded |P. or P, = p,Ag = N/A kN 4.6.1
Axial tension or compression capacity, P; or P, = kN
Plate
Thickness of section at hole, tygtnole,piate = N/A mm
Area of section to deduct, Adeduct,plate = tbolthole,plate-dbolthc»le-Nbolthole = N/A cm?
Note A gequctpiate = 0.0 if welded connection type;
Net area of section, Anet piate = Ag — Adeduct,plate = N/A  |cm?
Effective net area of section, A, piate = [If Fx > 0, MIN (K. A, [ V7N c
Bolted |P; or Py = pyAc plate = N/A kN 4.6.1
Welded |P. or P, = p/Ag = N/A kN 4.6.1
Axial tension or compression capacity, P; or P, = f kN
Rolled Single Angle
Gross area of connected leg, a; = (B.Tor D.t) = N/A cm?
Gross area of unconnected leg, a, = Aj - a; = N/A cm?
Thickness of section at hole, tyithole,single angle = N/A mm
Area of section to dEdUCt, Adeduct,single angle = tbolthole,single angle-dbolthole-l\ N/A sz
Note A gequct singie angle = 0.0 if welded connection type,;
Net area of connected leg, a,; = a; - Adeduct,single angle = N/A cm?
Net area of unconnected leg, a,; = a, = ‘ N/A cm?
Effective net area of connected leg, a.; = Ke.an1 (<= a4) = N/A cm?
Effective net area of unconnected leg, as; = Ke.ap, (<= ay) = N/A cm?
Effective net area of section, A, singie angle = [If Fx > 0, a.;+ac; . cm?
Bolted |P; or Pcy = py(Ae single angle-0.50a3) = N/A kN 4.6.3.1
Welded |P; or P, = p,(A4-0.30a,) = | N/A kN 4.6.3.1
Axial tension or compression capacity, P, or P, = N/A kN
|
Rolled Single Channel
Gross area of connected leg, a; = D.t = N/A cm?
Gross area of unconnected leg, a, = Ag - a; = N/A cm?
Thickness of section at hole, tygithole,single channel = N/A mm
Area of section to deduct, Adeduct,single channel = tbolthole,single channel-Obolthc N/A sz
Note A gequct single channer = 0.0 if welded connection type;
Net area of connected leg, an; = a1 - Adeduct,single channel = N/A  |cm?
Net area of unconnected leg, a,, = a, = ‘ N/A cm?
Effective net area of connected leg, a.; = Ke.an1 (<= a;) = N/A cm?
Effective net area of unconnected leg, ac; = Ke.an (<= a;) = N/A cm?
Effective net area of section, A, singie channel = [If Fx > 0, a.;+alill 'VZ-N c
Bolted |P: or Py = py(Ag single channei-0.50a3) = N/A kN 4.6.3.1
Welded |P; or Pe, = p,(A4-0.30a,) = | N/A kN 4.6.3.1
Axial tension or compression capacity, P; or P, = N/A kN
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Rolled Single T
Gross area of connected leg, a; = B.T = N/A cm?
Gross area of unconnected leg, a, = Ay - a; = N/A  |cm?
Thickness of section at hole, tyoithole,single T = N/A mm
Area of section to dedUCtl Adeduct,singIeT = tbolthole,single T-dbolthole-NbolthoIe N/A sz
Note A gequetsingle 7 = 0.0 if welded connection type;
Net area of connected leg, an; = a; - Ageduct,single T = N/A cm?
Net area of unconnected leg, a,; = a; = ‘ N/A cm?
Effective net area of connected leg, a.; = Ke.a,1 (<= a;) = N/A cm?
Effective net area of unconnected leg, ac; = Ke.an (<= a;) = N/A cm?
Effective net area of section, A, single 1 = [If Fx > 0, @c1+ac> (< cm?
Bolted |P; or Py = py(Ag singie 7-0.50a;) = N/A kN 4.6.3.1
Welded |P; or P, = py(As-0.30a,) = N/A kN 4.6.3.1
Axial tension or compression capacity, P; or P, = . kN
|
Rolled Double Angle
Gross area of connected leg, a; = (B.Tor D.t) = N/A cm?
Gross area of unconnected leg, a, = Aj - a; = N/A cm?
Thickness of section at hole, tygithole,double angle = N/A mm
Area of section to dedUCtl Adeduct,double angle = tbolthole,double angle-dbolthole- N/A sz
Note A geduct,double angle = 0.0 if welded connection type;
Net area of connected leg, a,; = a1 - Adeduct,double angle = N/A cm?
Net area of unconnected leg, a,; = a, = ‘ N/A cm?
Effective net area of connected leg, ac; = Ke.ay1 (<= a1) = N/A cm?
Effective net area of unconnected leg, as; = Ke.ap, (<= a,) = N/A cm?
Effective net area of section, A, qouble angle = [If Fx > 0, 2.(Q¢;1 . cm?
Same side - bolted |P. or P, = 2.py(Ae,double angle/ 2-0.50a;) = N/A kN 4.6.3.2
Same side - welded |P. or Py = 2.py(Ag double angle/ 2-0.30a,) = N/A kN 4.6.3.2
Both sides - bolted Py or P, = 2.py(Ae,double angle/ 2-0.25a,) = N/A kN 4.6.3.2
Both sides - welded |P; or P, = 2.py(Ag,double angle/ 2-0.15a;) = N/A kN 4.6.3.2
Axial tension or compression capacity, P; or P, = N/A kN
Rolled Double Channel
Gross area of connected leg, a; = D.t = N/A cm?
Gross area of unconnected leg, a, = Aj - a; = N/A cm?
Thickness of section at hole, tyohole,double channel = N/A mm
Area of section to dedUCtl Adeduct,double channel = t:boltholut-z,double channel-dboltl N/A sz
Note A gequct double channer = 0.0 if welded connection type;
Net area of connected leg, a,; = a1 - Adeduct,double channel = N/A cm?
Net area of unconnected leg, a,, = a, = ‘ ‘ N/A cm?
Effective net area of connected leg, a.; = Ke.an1 (<= a;) = N/A cm?
Effective net area of unconnected leg, ac; = Ke.an (<= a;) = N/A cm?
Effective net area of section, A, gouble channel = [If Fx > 0, 2.(a, . cm?
Both sides - bolted |P; or P, = 2.py(Ae,double channel/ 2-0.25a,) = N/A kN 4.6.3.2
Both sides - welded |P; or P, = 2.py(Ag,double channel/2-0.15a5) = N/A kN 4.6.3.2
Axial tension or compression capacity, P; or P, = N/A [
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Rolled Double T
Gross area of connected leg, a; = B.T = N/A cm?
Gross area of unconnected leg, a, = Ay - a; = N/A  |cm?
Thickness of section at hole, tyohole double T = N/A mm
Area of section to deduct, Agequct,double T = tholithole,double T-boithole:Nboithd ~ N/A cm?
Note A gequctdounie 7 = 0.0 if welded connection type;
Net area of connected leg, a,; = a; - Adeduct,double T = N/A cm?
Net area of unconnected leg, a,; = a; = ‘ N/A cm?
Effective net area of connected leg, a.; = Ke.a,1 (<= a;) = N/A cm?
Effective net area of unconnected leg, ac; = Ke.an (<= a;) = N/A cm?
Effective net area of section, A goubie 1 = [If Fx > 0O, 2.(ae1+ae cm?
Both sides - bolted Py or P, = 2.py(Ae double /2-0.25a,) = N/A kN 4.6.3.2
Both sides - welded |P or P, = 2.py(Ag,double /2-0.15a,) = N/A kN 4.6.3.2
Axial tension or compression capacity, P; or P, = N/A kN

Axial tension or compression capacity, P; or P,

F / (P, or P.,) utilisation =

kN
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Plastic (or Elastic) Moment Capacity | | BS5950
(With Low or High Shear Force; At Least Semi Compact Section)
Low shear (V, <= 0.6P,,) or high shear (V, > 0.6P,,) ? Low Shear 4.2.5
Low shear (V, <= 0.6P,,) or high shear (V, > 0.6P,,) ? 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 M, M,
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 M, M,
1|Low shear; Compact; M. = py . Srelevant = ‘ 1540 781 kNm 4.2.5.2
2 |High shear; Compact; M. = py . (Srelevant = PSy, 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; M. = py . (Zrelevant = PSv, releval 1190 52 kNm 4.2.5.3
| | |
Moment Capacity (Only Single Angle and Double A M, M,
1|Low shear; Compact; M. = 0.8 . py . Zrelevant = N/A N/A kNm 4.2.5.2
2|High shear; Compact; M. = 0.8 . py . (Zrelevant = PSv, relevar N/A N/A kNm 4.2.5.3
3|Low shear; Semi compact; M. = 0.8 . py . Zrelevant = N/A N/A kNm 4.2.5.2
4|High shear; Semi compact; M. = 0.8 . py . (Zrelevant = PSv N/A N/A kNm 4.2.5.3
| |
Reduction factor, p = [2(V/P,) - 1]* = 4.2.5.3
Section s, for M, | s, for M,
Rolled I = t.D%/4 and 2.(0.9T.B%/4) = 875 2615 |cm® 4.2.5.3
Rolled RHS = A,.D?*/4/(D+B) and 2.(0.9T.B%/4) = N/A N/A  |cm® 4.2.5.3
Rolled CHS = 0.6.[0.424(D/2).7D?/8-0.424(D/2-t).n(D-| N/A N/A  |cm® 4.2.5.3
Welded I = t.(D-2T)?%/4 and 2.(0.9T.B%/4) = \ N/A N/A  |cm® 4.2.5.3
Welded RHS = 2t.(D-2T)%/4 and 2.(0.9T.B%/4) = N/A N/A  |cm® 4.2.5.3
Solid Bar = 0.424(D/2).0.9A4 = ‘ N/A N/A cm’ 4.2.5.3
Plate = 0.9A4.D/4 and 0.9A,.t/4 = N/A N/A cm’® 4.2.5.3
Rolled Single Angle = 0.9t.D?/4 and (0.9T.B?%/4) = N/A N/A  |cm? 4.2.5.3
Rolled Single Channel = t.D?/4 and 2.(0.9T.B*/4) = N/A N/A  |cm® 4.2.5.3
Rolled Single T = t.D%/4 and (0.9T.B%/4) = | N/A N/A  |cm? 4.2.5.3
Rolled Double Angle = 2.(0.9t.D?/4) and 2.(0.9T.B%/4) i N/A N/A cm? 4.2.5.3
Rolled Double Channel = 2.t.D?/4 and 4.(0.9T.B).(s/2+| N/A N/A  |cm® 4.2.5.3
Rolled Double T = 2.t.D.(s/2+D/2) and 2.(0.9T.B%/4) = N/A N/A cm’ 4.2.5.3
Relevant plastic modulus of shear area, s,, rcievant =JK:74-] 2615 [k 4.2.5.3
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Limiting moment capacity, M im = 1.2py.Zy, relevant = 1614 |kNm 4.2.5.1
Limiting moment capacity, My, im = 1.2py.Zy, relevant = 617 kNm 4.2.5.1
Moment capacity, M, = MIN (M, jim; M) = “To I KNm 4.2.5
Moment capacity, M., = MIN (M., ;im, M) = 5 kNm 4.2.5
M, / M, utilisation = 0.020 0
M, / M, utilisation = 0.018 0
MAX (M, / M., M, / M) utilisation = 0.020 0
Local Capacity v
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 b
effects of section area reduction due to bolt holes and connection connectivity, b
whereas the overall buckling capacity is based on the gross section area. L a
Clearly in tension members, the local capacity is expected to be more onerous as o T,
buckling effects are not applicable; '
a
(. ol
F, M, M, Tensi Fo (M, M, o . 25l Al
E + T + . < 1 ension _---———_t“ﬁ\ -ﬁ: + TT:' ompression .8. a
X oy L. - 4.8.3.]
1387 + 30 + 11
9699 1540 617

0.143 0.020

0.181

i\
— _=F

(o]
R¢

Note A p, above refers to P, ;
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Flexural Buckling (Perry-Robertson) Capacity BS5950
Slenderness Ax Ay Ay
| Rolled I| Le,/ry 4.7.2
Rolled RHS| L.,/ry 4.7.2[]
Rolled CHS| L /rx 4.7.2] ¥
|Welded I| Lo/« 4.7.2
Welded RHS| L., /ry 4.7.2
Solid Bar| L /ry 4.7.2
Plate| Le./rx 4.7.2
Rolled Single Angle| Short side connected - two bolts, standard and kidney clearance
‘ As below As below A As below . 4.7.10.2
a +
g ',-n'
gl | I s & | EX2 | EYZ N e | N/A
" + Il’“" _-|+'.'.l'_“-'r“+:5-||| Il”“' =0Tyl + 30 I Ilrm =0.100r, + 15]
a, +
el G | ] wa | [nn]l vaA N/A
Iy . but =0.7Lyin, + 30 | but =0.7L,/r, + 20| but =0.7L./r, + 15]
ol [« & 4 [Loten]  N/A [onn] n/A [OL] /A
IlrlIL 20T, + ZS-III Il"'” =0Ty, + :sul IlrLIl =Tl e+ 15
;_-—h r e @ 4 |l-'h'-|.-'r1.| N/A |l-'h'-..-'r..| N/A | N/A
Imu =0 TLyim, + :s-ul but =0.TL 0, + ZSHI but =0Tl + 15
Y * |
h.—b - = Jr II.Ih'.,..'r,.I N/A |l.'h'-|.-'n-| N/A | N/A
a + IlrlIL _-IP'.'.I'.,,-'r,,+25-II| [ _-H'T.".|.-'r|,+25il| IlrLIl =0T, + 15]
Qs +
="l T [ 1' [Lokum N/A L0Lyr, N/A [L0Lr N/A
I.;. ‘ i but =0Ty, + :sul but =0.TL 0, + ZSHI but =07 .'l|.“"r.,. + I.':-I
blled Single Channel Web connected - two or more rows of bolts
| As below As below N/A 4.7. g
10 — —
e Il o = .
1 4 : : 4 I'”‘““lﬁ""'\.l N/A I 1 ""l-'.-'rl.l N/A N/A N/A
L) - _ 3 =
X lr N2 ] []  w~Aa [Lonin]l  N/A N/A N/A
-:v- i ! but = 0.7, r, + :%l-! |
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Rolled Single T Flange connected - two or more rows of bolts Ro
As below A As below A N/A A 4.7.10.5
o - .\_. !
1 ! [Torr] N/A [o85Lyin | N/A N/A N/A
1E — |lru1 =0T, + .'anl
|
i:l: ! -- !
¥ | I l:—g_ 100y 1.0 e,
i fo: | |_ _N/A | Il A N/A N/A
P - Ilrm =0T + 30
Rolled Double Angle |port, short side connected - two or more bolts, standard clearance
Eleven batten(s) within span L
As Below [N N/A 4.7.10.3
—
| =1 [LOLyirs) N/A | lossiir® + 4.2 I\l/A N/A N/A
I|.IL|I 20 Thdre+ 3Mbut = 1 1A,
+ = a5, + 350 N/A [LOLdrd] | N/A N/A N/A
fﬁ ||m| =0T + 30
— |
ik |t 2l | [Eor] N/A [t ..-,:,._.-|-J N/A N/A N/A
L m’ Therg + 30 ) Tt = 1 14,
[ frpesaspa ] N/A [L0Er] N/A N/A N/A
but =144, |Im| =0T + 30
T =]l N/A N/A N/A
but =1 I.-%__I I|J|.|I _'HT.f..\."rl+.'§H|
e |
o i | oo | ST N/A  JliLrpe=aziee ] N/ZA N/A N/A
) —mT "\.'I.r:n. + Sl but =1 I.-:i__
rpe=aae] NJA [ /A N/A N/A
but =1 I.-%__I I|J|.|I _'H'T.f..\."rli-.'ﬁlrl
[COE] N/A [z =a2en L N/A N/A N/A
Il“-” =T + S0 Tt = 1,44,
rpe=aae] N/A ] A N/A N/A
but =1 I.-%__I I|J|.|I _'H'T.f..\."rli-.'ﬁlrl
[COE] N/A [z =h2leo ]l N/A N/A N/A
Il“-” =T + S0 Tt = 1,44,
Note that r, and r, above refers to r, goubie angle @Nd I'y, double angle ;
Length between adjacent battens, L. not = L/ (1 + No of battens) = N/A m
Slenderness, Ac = L, pat / v = N/A N/A
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led Double Channel Both sides of support, web connected
Eleven batten(s) within span L
I-ex/rx, double chj a Ap a N/A . 4.7.9
\ \
Ap= e+ A 508 I||'.J.|. ig less tham 144, the design should be baged on Ay, = 1. |.J,_.I
\ \ \ \ \
Length between adjacent battens, L, vt = L/ (1 + No of battens) - N/A m
Slenderness, Ly, = Ley/ry, double channel = N/A
Slenderness, . = L, pat / Fy = N/A :
\ \
The slenderness A, of 8 main component {based on ite minimum radins of gyeation) between end w l'l\.lh!
ar end bolia of adjacent battens  Behould not exceed 50]
\
Rolled Double T Both sides of support, flange connected
Eleven batten(s) within span L
a -ey/ry, double a N/A 3 4.7.9
\
Ap= e+ A 508 I||'.J.|. ig lesa tham 144 the design should be baged on Ay = 1. |.J,_.I
[ \ \ \ \
Length between adjacent battens, L, pot = L/ (1 + No of battens) - N/A m
Slenderness, Am = Ley/Tx, double T = N/A
Slenderness, L. = L¢, pat / Fy = N/A N/A
] ]
The slendermesa A, of a main compoment {based on e minimem radius ul';_:_-\. ration ) betwesn cnd w l'l\.lh!
ar end balta l.l|'.:|||_i:||1c'|'|l hattens _;'I ghould not exeesed S50
|
Critical slenderness, Ayax = MAX (Ax, Ay, Ay) = 46.0
Maximum allowable slenderness, A.jow = 80.0
Slenderness utilisation = A.x /7 Maliow = 0 6 0
Slenderness, A, = 9.4
Euler force, Pgy = n°Ely reievant/Lex: (Valid for a, > (2°E/p,)"?) = 85781 |kN
Euler stress, pg, = n°E/A,° (valid for o, > (x°E/p,)"?) = 2338 |N/mm?
Robertson constant, a = 3.5
| |
The Robertson constant a should he taken as follows:
for strut curve (a); a = 2.0;
for strut curve (b): a = 3.5;
for strut curve (¢): o = 5.5;
for strut curve (d); o = &.0.
\
Design strength, p, = 265  |N/mm?
Reduced p, (~20N/mm?) for plate girders = 265 N/mm?
Limiting slenderness, ¢ = O.Z(nZE/py)O‘5 = ‘ 17.5
Perry factor, ny, = a(Ay—2)/1000 (but n, >=0) = 0.042
dx = [py+(nut1).pexl /2 = | | 1351 |N/mm?
Compressive strength, pe = Pex-Py / [0xt (0>—Pex-Py)* 7] = 253 |N/mm? 4.7.5
Compression capacity, Py = Pcx:Ag, relevant = 026 kN 4.7.4
F / P utilisation = 0 0 0
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Slenderness, )\, = m
Euler force, Pg, = n°EL, reievant/Ley” (valid for &, > (7°E/p,)"?) = 34830 |kN
Euler stress, pg, = cmE/ky2 (valid for A, > (an/py)l/z) = 955 N/mm?
Robertson constant, a = 5.5
\ \
The Robertson constant @ should be taken as follows;
for strut curve (a); a = 2.0;
for strut curve (h): a = 3.5;
for strut curve c): a = 5.5;
for strut curve (d): a = &.0.
Design stréngth, p, = 265 |N/mm?
Reduced p, (—-20N/mm?) for plate girders = 265 |N/mm?
Limiting slenderness, 1, = 0.2(x°E/p,)%° = ‘ 17.5
Perry factor, n, = a(%,~10)/1000 (but n, >=0) = 0.157
dy = [py+(ny+1).pe,y1/ 2 = | | 685 |N/mm?
Compressive strength, pe, = Pey-Py / [0y +(d,°—Pey-Py)>°1 = 220 |N/mm? 4.7.5
Compression capacity, P, = pcy-Ag, relevant = 8056 4\ 4.7.4
F / P, utilisation = D 0
Slenderness, ), = A
Euler force, Pg, = n°El,, relevant/Lev” (Valid for &, > (7°E/p,)"?) = N/A kN
Euler stress, pg, = n°E/A,> (valid for &, > (x°E/p,)"?) = N/A  IN/mm?
Robertson ‘constant, a‘ = N/A
The Robertson constant @ should be taken as follows;
for strut curve (a); a = 2.0;
for strut curve (h): a = 3.5;
for strut curve (c): a = 5.5;
for strut curve (d): a = &.0.
Design stréngth, py = N/A  [N/mm?
Reduced p, (~20N/mm?) for plate girders = N/A N/mm?
Limiting slenderness, %, = 0.2(z°E/p,)"” = ‘ N/A
Perry factor, n, = a(A,—2)/1000 (butn, >=0) = N/A
¢v = [Py +(ny+1).Pes] / 2 = | | N/A |N/mm?
Compressive strength, pe, = Pey-Py / [dv+(0°—Per-py)°°] = N/A  |N/mm? 4.7.5
Compression capacity, P, = Pcy.Ag, relevant = i kN 4.7.4

F / P, utilisation =

Flexural buckling capacity util

isation =
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Lateral Torsional Buckling Capacity \ \ BS5950
(With Low or High Shear Force; At Least Semi Compact Section)
Minor axis slenderness, . = Lg 1/ ¥y, relevant = 46.6
‘Effective unrestrained length, Lg 15 = 4.797 |m 4.3.5
Bw =1 (compaCt) or Bw = Zx, reIevant/sx, relevant (semi compact) VOU 4.3.6.9
Note section classification refers to y-plane where applicable;
| | | | |
Equivalent slenderness (I, H, single chanr] A;;p = wuvid ji,. m 4.3.6.7
Buckling parameter, u = 0.835 4.3.6.8
Torsional index, x = 10.2 4.3.6.8
rix= | ] 4.57
Slenderness factor, v = |¥ = e n 202D 0.837 4.3.6.7
‘ ‘ [ 1+ 00MAMx)
Equivalent slenderness (RHS), My S irr = 2.25(¢, ﬁﬁ“.}"'_’ N/A B.2.6
\ \ | T— -
— i’ o ._,Il 1
=l = W) N/A B.2.6
b ¥is le 1 Jrh_ _;Ik 1—; 'Gix A /
‘Q z 05
o = [ = | Sx Vi N/A B.2.6
A ]
Note A=A, in the above equation;
Equivalent slenderness (CHS, solid bar), A, = N/A = N/A
I I
_ | | N
Equivalent slenderness (plate), Ay 44+ = :.ﬁ| —_-t A B.2.7
Note Lg=Lg 75 and d=D in the above ederererorm ‘ A
Equivalent slenderness (single angle, double angle), A,+ = N .
Equivalent slenderness (single T, double T), At = . B.2.8
Case A: N/A B.2.8
.-'ﬁ_l _L .H .5
Case B: 2.6 B | N/A B.2.8
| ™ )
Case C: Ay N/A B.2.8
\ \
Buckling parameter, u = N/A B.2.8
Torsional index, x = N/A B.2.8
A/ X = N/A
AH
i I.(D- Ty’ N/A B.2.8
[
Monosymmetric index, y = N/A B.2.8
([ 2 BT/12+ BTy + {le- D' —(D-)]} |
A I D-T/2)
Note y positive if flange in compression and vice versa;
Centroid, c = [B.T?%/24 N/A mm B.2.8
[v. = ¢ 12| N/A  |mm B.2.8
Slenderness factor, v = \ N/A B.2.8

1

1 =

[+ 0.05(A1x)" + ™y
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BS5950
Pehy
Bending strength =P = 2 6 N/mm?2 B.2.1
g 9= Py P @y —pppy) /
Slenderness, At ‘ ‘
Euler stress, pe = |PE = (W E/ A4 ) 1912  |N/mm? B.2.1
py = ‘ 1 265 |N/mm?
+ A
by = | dr = ﬂM 1089 |N/mm? B.2.1
T
Limiting equivalent slenderness, Ao = 35.0 B.2.1
DATE P
Robertson constant, a,r = 7.0 = 7.0 B.2.1
Perry factor, n.t = 0.000 B.2.1
The Perry factor gpp should be taken as follows:
a) for rolled sections:
mr = !.'|_'|"|:.-;I.| T ,:1_|_,-.]|']_ 000 but Mur = i
P —,—— —
b} for welded sections:
Ay = A e =0
ijl.:'l.L“ = .:'|.|_"|' “ '_J..:'I.| i Mo = EI'J'|"|":.:'L|:|' .:'I.|I||:'.'I1 (i)
ijl'_‘.'.-;l.|_.-. .:'I.|_'|' :iu;l.||||. moT = EI'J'|"|'.-;I.|‘||I'] (0
if.:'l.|‘-'|' = -i.:'l.|_|-.. moT = -:|'|‘-'|':.:'I.|.'|‘- .:'l.| _.'.]."] LT
! !
Equivalent uniform moment factor for LTB, m, = 1.000 4.3.6.6
Low shear (V, <= 0.6P,,) or high shear (V, > 0.6P,,) ? Low Shear 4.2.5
Section classification (y-plane where applicable) = Compact 4.2.5
Lateral Torsional Buckling Case M,
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 . M,
1|Low shear; Compact; My = pp . Sy, relevant = ‘ ‘ 1540 |kNm 4.3.6.4
2|High shear; Compact; My = py, . (Sx, relevant = PxSvx, relevant) = 1308 |kNm 4.3.6.4
3|Low shear; Semi compact; My = pp . Zy, relevant = 1345 |kKNm 4.3.6.4
4|High shear; Semi compact; My = pp . (Zy, relevant = PxSvx, relevant/ 1.5) =5 1190  |kNm 4.3.6.4
Note if p, not applicable, then equations reverttop,;
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BS5950
Lateral Torsional Buckling (Only Single Angle and My Mg,
a. | My, =0.8p.7%, |I heel of angle in Eﬂﬂl['ll‘[‘.“i.‘ii{llll 4.3.8.3
— \ \ \ .
13508 =L r ' anele 1 il
b. -”1 =p Z| Jﬂ—h|h- but _”l <0.8p 7 Hhm‘:l of angle in tension| 4.3.8.3
d ¥ooE 1625 / ' Fx |

a. Low shear; Compact; M, = 0.8 . py . Zrejevant = N/A N/A kNm 4.3.8.3
b. Low shear; Compact; My = py . Zrejevant - (1350e-Lg 178 N/A N/A kNm 4.3.8.3
a. High shear; Compact; My, = 0.8 . py . (Zrelevant = PSy, rel N/A N/A kNm 4.3.8.3
b. High shear; Compact; M, = Py - (Zrelevant = PSy, relevant) N/A N/A kNm 4.3.8.3
a. Low shear; Semi compact; M, = 0.8 . p, . Zrejevant = N/A N/A kNm 4.3.8.3
b. Low shear; Semi compact; My = py . Zrejevant - (1350¢ N/A N/A kNm 4.3.8.3
a. High shear; Semi compact; M, = 0.8 . p, . (Zrelevant - N/A N/A kNm 4.3.8.3
b. High shear; Semi compact; My = py . (Zreevant = PSv, rel 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, p, = [2(V,/Py) - 117

Reduction factor, p, = [2(V,/P,,) - 1]*> =

Relevant plastic modulus of shear area, sy, relevant =

Relevant plastic modulus of shear area, s,y, relevant =

Moment capacity, M.,

Moment capacity, M.,

Lateral torsional buckling capacity, M,/ m. 1 (or M,,/myy) =

Lateral torsional buckling capacity, M,,/m; = ‘

Lateral torsional buckling capacity, MIN (M,/m; (or M,,/m_

Lateral torsional buckling capacity, MIN (My,/m;, M) =

M, / MIN (M,/myr (or M,/ my7), M) utilisation =

M, / MIN (M,,/m, M) utilisation =

MAX (Mx / MIN (Mb/mLT (OI' be/mLT)l MCX)I IVly / MIN (Mby/n

4.2.5.3

4.2.5.3
cm? 4.2.5.3
cm? 4.2.5.3
kNm 4.2.5
kNm 4.2.5
kNm 4.3.6.2
kNm 4.3.6.2
kNm 4.3.6.2
kNm 4.3.6.2
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Overall Buckling (Simplified Approach) Capacity BS5950
Equivalent uniform moment factor for flexural buckling, m, = 1.000 4.8.3.3.4
Equivalent uniform moment factor for flexural buckling, m, = 1.000 4.8.3.3.4
Overall Buckling (Except Single Angle and Double Angle)
FL_ "y .I._’IJ'I T m_‘JIII_
ot ‘” =+ — < ] s + P L] + B = 0 4 4.8.3.3.4
o h -l”:\./:} - .0.3.0.
ﬂ-_r mi M _'_m-.‘”x <1 0 el 0.0 + W = 0 4.8.3.3.4
R poE,

Note Z, and Z, refers to Z, rejevant and Z , rejevant, respectively;

Overall Buckling (Only Single Angle and Double Angle)

Bty i My Nn/A Kl ~n/A Kl N/A

1.4.3

=1
'p-:' ‘Ilfl:-:\ ‘:1":1.-'\. ‘

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

Note m ;r, and m 7, both taken as mr;

Overall buckling utilisation = 0217 [ o«

Overall Buckling (Exact Approach) Capacity

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

Overall Buckling (Only I and H)
I I I

for major axiz buckling:
Fooom M ¥ m. M 0.180 4.8.3.3.2

| 1+ 05 05— =1

P. M P UM

ik OX

for lateral-torsional buckling;

f-'"'_ |'.|I|_-|-_1|.|r|_-|- .'Ii‘j.:'-fll_l. ‘I'.'(. "._ 0.214 4.8.3.3.2

+ |
P, A Y A S e

e ey 5

for interactive bucklhing:
m MA1+0MEF/PLYY m M(1+FJ/P_) 0.0 4.8.3.3.2

M_(1-FJPy @ M_(1-FJP.) '
\ \ \
Overall Buckling (Only RHS and CHS)
I I I
tor major axis buckling;
Fooom M, o m, M A 4.8.3.3.3
St 1+ 05— + 05—~ 1
F 3 ‘1'I1'\ ) i o oy
for minor axis buckling, if a lateral -torsio
¥ my mdW M S
Ze e MR Lot < N/A 4.8.3.3.3
f.ll"\. ‘1I|.r ‘I'irl'-. - "rjl"\. 4
for interactive buckling:
n M AL +05(F /Py m MAI1+05(F P ) A 4.8.3.3.3
3 R ¥ . - .8.3.3.
M A1=F P ) M (1=-FJ/F_) -

Overall buckling utilisation = 0214 [ 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, o, = 0.0 kN/m
Deflection, §,, = 0.0 mm
Simply supported 5. = 5w, L?/384El, reievant = 0.0 |mm
Cantilever | Su = @uL?/8EL, refevant = 0.0 |mm
Continuous S = o, L?/384EL, efevant = 0.0 |mm
Continuous end span |5, = o, L*/185El, reevant = 0.0 |mm
Max deflection limit = 8. 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 = 3, / max deflection limit = 0.000 0
Bending Deflection in Y-plane (Under SLS Load)
Support for deflections = Simply supported
Uniformly distributed SLS load, wg s = 0.0 kN/m
Deflection, 5,5 = m mm
Simply supported Ssis = 5wssL?/384EL, reievant = 0.0 |mm
Cant’/ever‘ 5SLS = a)SLsL4/8EIX, relevant = 0.0 mm
Continuous Ssis = wsisL?/384E1, eievant = 0.0 |mm
Continuous end span |5g;5 = a)SLSL4/185EIX/ relevant = 0.0 mm
Percentage of dead and superimposed dead load deflection precam 0.0 %
Dead and superimposed dead load deflection precamber, %,| 0.0 mm
Deflection with precamber incorporated, 3,5 - Yopcam . (8g.¢ 0.0 mm
Max deflection limit = 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 = 55,5 / max deflection limit = 0.000 _ (0].¢




Cell References

Steel Grade

S275 (43)] 265 265

S355 (50)| 345 345

S460 (55)| 440 440

Section

Support for Deflections

Simply supported

87

Cantilever‘

Continuous

Continuous end span

Section Type and Process

Rolled I |

Rolled RHS

Rolled CHS

Welded T |

Welded RHS

Solid Bar

Plate

Rolled Single Angle

O O N/OOU |~ WIN|

Rolled Single Channel

[EY
o

Rolled Single T

[y
[y

Rolled Double Angle

-
N

Rolled Double Channel

-
w

Rolled Double T

Hot Finished or Cold Formed Rolled RHS

Hot finished

Cold formed

Rolled Double Angle Orientation

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

Both sides of support, web connected

Rolled Double T Orientation

Both sides of support, flange connected

Bolted or Welded Connection Type

Bolted

Welded

Rolled I and Welded I Axial Capacity Connection C

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 ?

Local compressive force, F, = V, =

Unstiffened web bearing and buckling capacity utilisation =

Stiffened web bearing and buckling capacity utilisation =

| | | |
Web stiffener steel grade (usually grade 43) = S275 (43) v ‘
Web stiffener design strength, p,s = 265 N/mm?
|
Section Type N, N, d
Rolled I | 1 2 d=D-2T-2r,=| 290.2 |mm
Rolled RHS N/A N/A d = D-30r5T = N/A mm
Rolled CHS N/A N/A | NA=| NA  |mm
Welded I | N/A N/A d=D-2T= NA |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-2r; = 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 Channe N/A N/A d =D-2T-2r;, = N/A mm
Rolled Double T N/A N/A d=D= N/A mm
Number of webs, N; =
Number of sides for each web, N, =
Web depth, d =
Stiff bearing length (along length of web), b; = _ 300 mm
Continuous over bearing or end bearing ? End bearing v H
Distance, b, = ‘ 0 mm
Distance, a, = b, + by/2 = ‘ 150 ‘mm

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

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

Number of web stiffeners, Ng = 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, t; = ‘ ‘ 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, b, = by / (N1.Ny) = | 225 |mm

Outstand of web stiffener length limit utilisation, b, (<= 1JiEE =
Note that the effectiveness of the outstand of the stiffener is limited to 13 ¢ t; 4.5.1.2

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

A. | Bearing Capacity of Unstiffened Web

Bearing capacity, Py, = | fluw = (b + nliipgy 416 &
Note t in the above P, equation is multiplied by N ;;
Stiff bearing length (along length of web), b; = 300 mm
Factor, n = ‘ ‘ 2.0
Continuous over bearing, n = 5.0 = N/A
End bearing, n = 2.0 + 0.6b./k (<=5.0) = 2.0
Factor, k = ‘ mm
Root radius, r; = 15.2 mm
Section Type Factor, k
Rolled I | T+r= 5.7 |mm
Rolled RHS t= N/A mm
Rolled CHS N/A N/A mm
Welded I | T=| NA |mm
Welded RHS t = N/A mm
Solid Bar N/A = N/A mm
Plate N/A = N/A mm
Rolled Single Angle T+ N/A mm
Rolled Single Channel T+ N/A mm
Rolled Single T T+r= N/A mm
Rolled Double Angle T+ N/A mm
Rolled Double Channel T+ N/A mm
Rolled Double T T+r= N/A mm

Unstiffened web bearing capa

city utilisation = F, / P,,, =
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BS5950

The stiff bearing length &, should be taken as the length of support that cannot deform appreciably
bending. To determine by the dispersion of load through a steel bearing should be taken as indicat
Figure 13. Dispersion at 45" through packs may be included provided that they are firmly fixed in )

by =1+ 160+ 27T

by=1+ 16s+ 2T

Figure 13

L -_—_r +

-y
=

by=t+ T+ 08 —g

S5tiff bearing length

.!'rI =1I._H"i'l_— i+ IPH.-e—_g-

-

b,= w

-, = b,

= w+21p

—

=

L
Y

< b, =w+5t,

<
|

1]

‘uil: EEEW L Mon-welded

2

plate

L) LR R
tD: - ‘r‘x".".feld-ed

plate

1]
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BS5950

.|Bearing Capacity of Stiffened Web

Fin
d in

nlace.

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 capaci

ty, MAX(O0, F, -

(Each) web stiffener bearing capacity, P, =

\Area of (each) web stiffener, A net = t..

j_lh —

A netiy

Ds/Ny =

Stiffened web bearing capacity utilisation = [MAX(O0, F, - Py,

0 kN
8 kN
90 cm?
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C. Buckling Capacity of Unstiffened Web

Buckling capacity, P,

Unstiffened web buckling capacity utilisation = Fy / Py, =

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 ?

Buckling capacity, Py, = Case B: Reduced buckling capacity

Case A: Unreduced buckling capacity, P,

If the lange through which the load or reaction is applied is effectively restrained againse both:

a) rotation relative to the web

b} lateral movement relative to the other Mange

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

25ei
llI'.i‘ —_ e 2
* _'1'{ by +nk)d b N/A kN
End bearing (case a. < 0.7d)
a, +0.7d 25
P, = =22t __p, 3533  |kN
’ 1.4d by +nk)d

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

l
| | | ~ 014

Case B: Reduced buckling capacity, P,, = P, Ly P 4 kN
| | | —
Effective length, Lg = fuNon-sway: 1.00d v 290.2 |mm
Table 22 — Nominal effective length Ly for a compression member? | |
n) non-sway mode
Kesteaint {(in the plane under consideration) by other paris of the structure L 0
Effectively held im pogition at | Eifectively vestrained in divection at both ends 0TL B
Jeoth ends Partially restrained in direction at both ends ST | |
Hestrained in direction at one emnd [FESTE
Mot restrained in direction at either end 1.0 |
| sywny misde |
Cine end Uither end L
Effectively held in pozition Mot held in position  [Effectively restrained in direction 124,
amd restrained in divection Partially restrained in direction 1G4 B
Mot restratned m direction 2 =
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Tahble K.1 — Effective lengths and slenderness ratios of an unstiffened web acting as a column

Dia gramm atic

Hestraint conditions

Effective length, [

Slenderness

representation of ratio. W
deformation
Wl enids restrained agaimat both rotation and 0.7 @ A,
relative lateral mosenant
Wl ends restrained against relative lateral ITE d.nd,

movement ot not agamst rotation

(bt =ee MNote 2)

{
(
:
[

Wb ends restrained against rotation hut ot 1210 4200,
against relative lateral movement
Crne woly end not restrained against rotation nor X .

against relative lateral movement and the other
wil enid restrained against both rotation and
relative lateral moveneyd

(bt =ee MNote 2)

BNOTE 1

I the elective length (o mom j;

11 s the overall depth of the ssction (in mm)

v is the radius of gyration (in mm);

I is the web theckne

L
BMOTE 2 Where the e
rotation, which may ne

s | L e

Iz nre nok restra
sibnte tnking effec

e ol
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C.(ii) |Section(s) Rolled RHS, Welded RHS
Applicability ? :
Buckling capacity, Py, = Case B: Reduced buckling capacity v . kN
Case A: Unreduced buckling capacity, IIP. = (B+m)ip, . kN
Stiff bearing length (along length of web), b; = N/A mm
Length, n; = b;+D/2+MIN((ae-b1/2),D/2) = | N/A  |mm

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

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

D —2r

Slenderness, A, = | * = 1.5[ ]-ﬁ N/A

‘ I
Euler stress, pe,, = ©°E/A,2 (valid for &, > (n°E/p,)"?) = N/A  |N/mm?

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

Design strength, p, =‘ N/A  [N/mm?
Limiting slenderness, 1, = 0.2(x°E/p,)%° = N/A

Perry factor, n, = a(Ay—20)/1000 (but n, >= N/A

bw = [py+(wt1).Pel /2= | N/A  |N/mm?
Compressive strength, pcy = Pew-py / [<1>W+(<1>W2—pE,W.py)0 N/A N/mm?

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

Unless loads or reactions are applied through welded flange plates, the additional
effects of moments in the web due o eccentric loading must be taken into account,
which will result in lower buckling values,

2rp, +12 [MTIP] P.

& = (0.0268 + 0978 + 0.0020 N/A mm
M/p=| M - Pe[u] N/A  |mm
B-r
a = [WB N/A mm
0.5M (3
M/P=|m, = 2BMO*D N/A  |mm
a +da+3
| |
Di’p,p,
P = : N/A  |kN
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.| 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 capacit

(Each) web stiffener buckling capacity, P, =

Interior or end web stiffener, nig =

Note n ;z determines the extent of web which is to contribute to the

buckling capacity by affecting terms within As and Is;

Stiffened

web buckling capacity utilisation = IF(F,/Pyx/x>1, |

Area of (each) web stiffener, A; = ts.bs/N; + t.n. 15t = 167 cm
Slenderness, As = Lgo/rs = 2.1

Web depth, d = _ 290.2 |mm

Effective length, Lg s = fuNon-sway: 0.70d v 203.1 |mm

Second moment of area of (each) web stiffejl 15220 |cm*

Note I = 1/12.tc.(bs/N;)°> + 1/12.n.15t.t>;

Note calculation of I s is simplified, but conservative;

Radius of gyration, rg = V(I/A;) = 9.6 cm
Euler force, Pg s = n°Ely/Le ¢ (valid for A > (n°E/p,)"?) 4 7462434 kN
Euler stress, pgs = n°E/A¢’ (valid for A, > (x°E/p,)"?) = | 447888 |N/mm?

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

Design strength, p,s = 265 N/mm2
Limiting slenderness, 1, = 0.2(n°E/pys)°° = 17.5

Perry factor, ns = a(hs—2)/1000 (butns >=( 0.000

9s = [Pys+(ns+1).pesl / 2 = | 224076 |N/mm?
Compressive strength, pes = Pes-Pys / [0s+(0s—Pes-Pys)™| 265  |N/mm?
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Element Typical Span/depth Tvpical Span (m)
Floor Beams (UE's) 16-18 up to 12m
(including floor slak)
Plate girder 10-12
Slimfloor (steel only) 25-28 G-9m
Castellated LIE's* 14-17 12-20m
Lattice girders (RSAs)+ 12-15 up to 35m
] Lattice girders (Tubular) 15-18 up to 100m
— Roof trusses (pitch=20) 14-15 up to 17m
—1 Space Frames 20-24 up to G0m
¥ Avoid if high point loads; increase Ireq by 1.3
+ Precamber by L/250

| Beam type Span range (m) Motas
(0) Angles 3-6 Used for reof purlins, sheeting rails, etc., where only light
loads have to be carried
— (1) Cold-fermed 4-8 Used for reof purlins, sheeting rails, etc., where only light
sactions loads have to be carred
|1 (2) Rolled 1-30 Most frequently used type of section; proportions
sections: UBs, selected to eliminate sevaral possible types of failure
| UCs, RSJs,
| RSCs
] (3) Open web 440 Prefabricated using angles or tubes as chords and round
joists bar for web diagonals, used in place of rolled sections
(4) Castellated 6— 60 Used for long spans and/or light loads; depth of UB
beams increased by 50%; web opanings may be used for
sarvices, etc.
— (5) Compound 5—15 Used when a single rolled section would not provide
|| sections e.g. sufficient capacily; often arranged to provide enhanced
uUB + RSC horizontal bending strength as wall
{6) Plate girders 10-100 Made by welding together 3 plates somatimes
automatically; web depths up 1o 3—4 m somatimas need
stiffening
— {7} Trusses 10—100 Heavier version of (3); may be made from tubas, angles
or if spanning large distances, rolled sections
|| (8) Box girders 15200 Fabricated from plate, usually stiffened; used for OHT

cranes and bridges due to good torsional and
transverse stiffness properties




Columns
Preliminary design based on a concentric axial load (see section 4.4 4).

—| For top storey:
|| Prelim. design axial load = total axial load + 4 x difference in Y-Y axis load
|| + 2 = difference in X-X axis load

For intermediate storey:
Prelim. design axial load = total axial load + 2 = difference in Y-Y axis load
+ 1 = difference in X-X axis load

—| Typical maximum column sizes for braced frames:

- 203 UC for buildings up to 3 storeys high.
- 254 UC for buildings up to 5 storeys high.
- 305 UC for buildings up to 8 storeys high.
- 356 UC for buildings from & to 12 storeys high.

CONSULTING|Engineering Calculation Sheet Job No. _Sheet No, | Rev.
ENG I N E E R S|Consulting Engineers XXX 36
Job Title |Member Design - Steel BeamColumn BS5950 v2015.01 P9 Ret
Member Design - Steel BeamColumn Madeby — y(y |Date 21/11/20219
BS5950
|| N z
| \\'\. \'\ \\ %
|| Resicenuy \\\\ M, 4 g
| LY \% 5
Officos L % N
- hl LY "‘,% P E
- \3 i
| Shops NS N E
| ) LN \\ 8 B
a \\ \\ &
i N\ o F
: 4
- FL i)
I\
i AWANNASS o
I NN S E
| N\ NN VA S wo d
5 VAR N T2 w00 §
i AN NN ™ T~ 7 2
i AN RN e
i NN N N T ]
u \ _ D 700
i A A -
"""-.H""--
| o 20 40 80 80 100 800
| Distributsd lasd on Beam (kN/m)




| Ultimate strength in bending

Compression flange restrained
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| Struts and ties
- Slendemess limits:
|1 (Mo longer in BS5950 (2000) but still of interest)
: - members resisting load other than wind: 22180
- members resisting self weight and wind only: »=250
|| - members normally acting as a tie but subject to load reversal due to wind: 3=350
— Minimum CHS sections which satisfy slendemess limits
|1 Slenderness Effective Length (m)
| Lirmit
4 3] 8 10 12
180 Te1x32 M43 %36 1397 x50 1683 x50 193.7 x50
250 B06x 32 TE1x32 1143 x 3.6 1397 x 5.0 139.7x5.0
300 422 %46 60.3x32 TE.1x32 88.9x32 1143 %36
| | BEAM DESIGN

Compression flange unrestrained:

FPlastic & Compact

Mo =p,S, = 1.5 p,Z,
(simply supported + cantilever)

My =p,S,=1.2p,2,

(continuous)
Semi-compact

Mo =pZ*
(Sx > Ser > Zy)

*Mote: Code allows S to be used instead of Z for [
or H sections, but this must be calculated.

Requirement :

Mo 2 Moa

My = puS, (plastic & compact)
M, = ppZ (semi-compact)

Mote : M obtained directly from graph {(P.5723)
Reqguirement :
M, = mM .2 (for beam not loaded between

restrained points)

=02+

15M, +0.5M, +15M,

where: ®irr
M

max

but: wigr = 0.44

The moments M> and Ay are the values at
the quarter points and the moment Mf; is the
value at mid-length.
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BENDING
Universal GRADE 43 GRADE 50
|| |Beams Bl
B D=bxMass M. . L, L, L, P, M., L, L, L, L, F, Intermediate [
- {mm=mm kM m m m m kP kMm m m m m K masses (kg/m) ]
xKaim) [1.0] (O 75 [0 5] (0 35 i IO I I Bt I R I I
| || 914x=419=388 | 4680 | 3.5 7.7 125 - 3150 | 6020 | 34 6.8 10,5 | 15.0 [ £100 ||
O14x419x343 | 4100 | 3.8 T3 12.0 - 2810 | 5270 | 34 BT 10.5 | 14.4 [ 386D
| | 914x305=289 | 3340 | 27 51 B2 11.5 | 2830 | 4280 | 24 45 7.5 | 101 | 3760 253,224 |
|1 | 914x305=201 | 2220 | 25 4.7 T2 9F (2180 | 2540 | 22 4.3 5.4 8.5 |[2840D -
B38x292x236 | 2430 | 25 4.8 7T 107 | 2180 | 2110 | 2.3 43 6.8 9.2 | 28B40 184
| | 838x=292=176 | 1800 | 24 4.8 7.0 9.4 1880 | 2320 | 21 42 5.3 8.2 [242 [
L1 | 7TE2x26T=197 | 1900 | 24 46 7.1 9.9 1910 | 2440 | 21 4.0 6.2 8.6 |[2450 173
TE2x2ET«147 | 1370 | 22 43 B4 B 1550 | 1760 | 20 T 57 7.8 2010
|| | 686x254=170 | 1430 | 2.3 4.3 6.9 =i 1600 | 1910 | 20 4.1 6.1 B4 (2080 152, 140 [
] | BEEx254x125 | 10680 | 2.1 4.0 6.3 8.3 1260 | 13680 [ 1.9 aT 5.6 7.3 [ 1840 -
E10x305=238 | 1980 | 3.0 6.0 102 | 150 | 1870 | 2540 | 28 5.3 9.0 | 130 | 244 179
|| | B10x305=149 | 1450 | 2.8 5B 9.0 130 | 1150 | 1550 | 25 49 7.5 | 103 [ 1500 |
I | 610x229=140 | 1100 | 2.1 39 6.3 9.0 1290 | 1410 | 1.8 a5 5.6 7.7 [ 1870 125,112 |
|| | B10=229x101 T84 14 36 55 75 1050 | 1020 | 1.7 3.3 5.0 B.& [ 1380 |
E33x210x122 | B49 1.9 aT B.1 8.1 1110 | 1090 [ 1.7 33 5.3 7.3 [ 144 104, 101, 82
— 533=210=82 SB6 1.8 33 52 7.0 827 731 1.5 a0 4.6 6.1 | 1080 —
n 45T=1591=58 S92 1.8 35 58 TE 847 TIT | 18 28 5.0 7.0 (1100 89,82, 74 ||
45T=191=E6T 405 1.8 31 449 B.E E3E 523 [ 14 28 4.3 58 821
— 45T=152=82 477 1.3 25 4.3 6.3 791 622 [ 1.1 2. 3.8 5.3 (1030 T4 BT, BD| |
| 45T=152=52 01 1.2 23 T 449 564 3o 14 2. 3.2 4.3 T28 ||
A0Ex=178xT4 415 18 32 5.1 73 EE1 535 [ 14 28 45 B3 853 87, BD
] 406=178x=54 289 1.5 29 45 5.2 g0s T3 1.3 26 4.1 54 652 |
| 406=140=46 245 1.2 23 35 449 458 e[ 1.4 2.1 3.2 42 581 ||
406=140=39 188 1.2 22 33 4.5 413 255 | 1.0 19 3.0 39 533
B AE5E=1TI=ET 334 1.8 31 5.3 7T AT 430 [ 14 28 45 E.5 TO8 57, 51 |
| A56=1T1=45 213 1.5 28 45 6.1 401 244 [ 1.3 24 4.0 5.3 517 ||
A56=127=39 180 1.1 20 33 4.4 aTe 232 | 04 1.7 2.9 3.8 438
B A5E=12T=I3 148 1.0 20 30 4.1 339 192 | 0.9 1.8 2.8 36 438 [
= A05=165=54 23z 1.8 31 52 7B 285 300 14 28 4.5 B.5 510 46—
A05=165=40 172 1.5 24 47 6.5 306 222 1.3 26 4.1 56 385
IDS=127T =48 194 11 23 T 55 456 251 1.0 20 32 47 588 42
— A0S5=127T=3T 149 1.1 21 33 47 361 192 | 09 1.8 2.9 4.1 4868 —
A05=102=33 132 | 0.5 1.7 27 3T 341 170 | 0.8 1.5 2.3 33 440 28
B A05=102=25 | 924 | 0.8 1.5 23 32 292 120 | 07 1.3 2.1 27 377 |
— 25414643 156 14 28 449 7.3 313 202 | 1.2 25 42 54 404 Tl
n 254=146x31 109 1.3 25 432 5.8 253 125 | 1.2 26 4.1 56 327 ||
254=102x25 | 974 | 05 1.7 28 4.0 275 127 | 08 16 2.5 35 355 25
— 254=102x22 | T16 | 0.8 1.6 25 34 243 93 | 0.7 14 2.3 3.0 314 1
n 203=133=30 | BE2 1.3 el 4.4 B8 215 111 1.1 24 3.9 54 278 ||
203=133x25 | T1.2 1.3 24 4.1 549 184 2] 11 1.7 2.8 4.0 251
| Universal GRADE 43 GRADE 50 ||
Columns
DxbxMass M., L, L L L, F. - L. L. L L, F. Intermediate
B (i kMm m m m m KM KMm m m m m KM masses [
- xkgim] (1.01 | 0.757 | (0.8 | (0.35) (1.0 | {0.753 | (0.5} | (0.25) {kaim} _—
— 256=406=624 | 2450 | 8.7 - - - 3320 | 4520 6.8 - - - 4410 | 551, 487, 253, —
n A56x=406=235 240 | 5.0 12.0 - - 1120 | 1620 42 | 16.0 - - 1460 & 340,287 ||
A56x=365=202 | 1050 | 4.8 10.5 - - 1000 | 1370 349 90 [ 150 - 1300 177,153
] 356x368=129 G601 41 3.8 - - 805 | 7Bz 4.8 87 | 140 - 788 —
|| A05=305=283 | 1200 | 4.8 14.0 - - 1500 | 1730 44 [ 115 - - 2000 | 240,198,158 ||
A05=305=97 a7 | 32 6.8 122 - 503 | 512 410 g0 | 102 - 645 & 137, 118
. 254254167 B41 33 10.3 - - 883 | 834 3.0 8.7 - - 1150 132,107, 80 I
| 2odx254xT3 272 | 23 6.0 11.0 - 380 | 318 34 g2 | 108 | 150 485 _
203=203=B6 259 | 27 7.0 14.0 - 459 | 338 22 55 [ 120 - 598 71,80, 52
B 203x=203x45 137 | 22 438 87 137 245 159 27 5.0 B2 [ 125 318 [
- 152=152x37 BS 1.8 41 B.1 - 218 110 1.7 35 B8 | 108 275 ol
152=152x23 454 [ 1.5 3.3 56 8.8 153 | 58.5 2.0 3.5 56 a2 198
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Approximate M, calculation

| Table is to used in conjunction with the table on P. 4/23 to calculate approximate M.

| 1 I\ L, = Effective length when Mb = Mcx

|| ! \,h L, = Effective length when Mb = 0.75M.,

| 0.9 AN L, = Effective length when Mb = 0,50M_,

|| ' \ L. = Effective length when Mb = 0.35M_
|

|| 0.8 | ‘\

- i

| 0.7 | i‘\\\

| I i

| & 0B ‘ T \‘

=™ | | AN

= 05 | ! >

N ! | N *
I ,

| 04 i | ; N

. I i I T

| 03 ; I | LS

B [ | : }
L . I |

| 0.2 | | | |

| , | |

| | | | !

| 0. ! | | |

| | | | I

B 0 | T | 1
L1 L2 L3 L4

Effective Length

Example | 533x210x82UB (p, = 275 Mpa) with Le compression flange = &m.

] From table L, =7.0m = 0.35M,,

— L, =5.2m = 0.50M,,

— M., = 566 KNm

B From graph M, = 0.43M,, (approx_), for Le = 6m.

B =243 KNm
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Effective lengths of beam compression flanges
Rotational restraint on plan
B | 1 Conditions of restraint at the ends Loading conditions
TH of the beams E
) Morma Destabilizing
Compression Both flanges fully 0.7L D.asL
e flange restrained
: ! laterally against rotation
TH resirained; on plan
e heam fuly Bath f 0.85L 1.0L
1. Flanges fully restrained on plan resirained | Pangss ' '
against partially
—_— torsion restrained
against rotation
] —:__:.' an p|;-|r|
- { Both flanges free | 1.0L 121
i '3 to rotats on plan
Compression Resfraint against 1.0L+2D 1.2L+2D0
L flange torsion provided
2. Flanges partially restrained on plan laterally only by positive
unrestrained, connection of
e both flanges bottom flangs to
free to rotate supports
B on plan
_1,L‘_ _.-I = Resfraint against 1.2L+2D 1.4L+20
B + { torsion provided
| _.E. L only by dead
bearing of
B bottom flange on
supports.
3. Flanges free to rotate on plan
1 Lateral torsional buckling - Stress of fabricated girders
|| 400
I"';I:_
] D/T=5 P, vs Lir, for symmetrical
= 350 compact fabricated girders,
|| o p, = 350 N/mm*
|| /T =20
300
— O/T =35
\ \ DIT =50
1 1 4 I|I
|| 250 \ 4
|| -.-‘E \ ,"I
__E_ L"‘--__
| > 200 < .
0 /
1 ]
| o N
150 - /
[ ¥
i -‘-‘_"""--__
i 100 s —
— 0 50 100 150 200 250
| L/,
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| | 445 COLUMNS (AND BEAM COLUMNS)
| Local capacity check: Ff — My + 'M'f" =1
A ] AL
] P, =squash load Py Mo Mo
B Buckling check: (minor axis failure) Fo  maMx  my My <1
= (Simplified check from from BS5950 P 7 7.
i 48.33.1) c Pyix  Pyiy
|| F_ N my M myMy <1
— 'Prgf' p‘z? p}' Z}'
- 01M, +06M,+010A 0.8M
Where: m =02+ = 2 P oput mE—
| _-me -'Mmz
: for mizrsee 4.4.4
|| My is obtained from the graph in 4.4 4
|| P, is the buckling capacity from table below
B Mote: For columns in simple construction use m = 1.0; when dstermining A, use
— L = 0.5 H, whers H = column height 1
|| 134
u 1.1
| 1.0 p—
-} -‘-‘-“h"--..
| 0.9 i H"“w..\
B 0.8 i \“\
u 0.7 i \\
B !
B o 08 | \
B 0.4
. 0.3
|| 0.2
B 0.1
| 0 _
| L1 L2 L3 L4
| EFFECTIVE LENGTH
] Mote: This gragh shows the approximate relationship
|| between axial capacity and effective length. --- see following takles.
= L, = Effective length when F. = P,. L. = Effective length when P. = D.75F,.
|| L = Effective length when P. = 0.50F,. L. = Effective length when P, = 0.35F,.
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COMPRESSION
| | | Circular Hollow GRADE 43 (5275} GRADE 50 {S355) ||
— Sections (CHS) —
— Outside | Thickness | P, L, L. Ly L Py mas L, L La L. Intermediate —
diameter (i) kM m m m m kM mn m m m thicknesses *
B {mimn} [0 ({0.75) (0.5) [0.35) (1.01 | {0.75] [0S {0.25) {mim B
88.9 3.2 237 0.4 2.3 3.3 4.1 306 0.4 21 3.0 aT 4.0
B 5.0 363 0.4 22 32 4.0 459 0.4 21 249 3.6 [
. 114.3 36 344 o0& 31 4.3 5.3 444 0.6 245 38 4.8 5.0 ||
6.3 589 0.& 30 4.3 52 760 0.6 27 3T 4.6
B 139.7 5.0 583 0.7 a7 5.2 6.4 753 0.7 34 4.6 5.8 6.3, 8.0 [
- 10.0 1120 0.7 36 5.0 5.2 1440 0.7 33 4.5 = |
168.3 5.0 707 0.a 45 5.3 749 912 0.8 4.2 56 7.0 6.3 8.0
B 10.0 1370 0.a 4.4 6.1 75 1760 0.8 4.0 57 8.7 [ |
= 193.7 5.0 314 1.0 5.2 7.3 9.0 1050 1.0 4.5 = 8.0 6.2, 8.0, 100 =
125 1960 0a 50 70 86 2530 0.9 45 5.3 7T
B 2191 5.0 G924 1.1 6.0 3.3 10.0 11490 1.1 54 T3 5. 6.2, 8.0 100 B
— 12.5 2230 1.1 57 .0 9.9 2880 1.1 51 71 8.7 —
N 2445 5.3 1300 1.2 B.7 2.3 114 1670 1.2 6.0 3.2 10.1 8.0, 100,125 | ]
16.0 3180 1.2 E.5 2.9 11.0 4080 1.2 5a 79 8.7
— 273.0 5.3 1450 1.4 7.6 10.3 12.7 1870 1.4 6.5 9.2 11.2 8.0, 100,125 —
- 16.0 3550 1.3 7.2 .9 123 43530 1.3 6.5 3.9 10.9 |
3239 G.3 1730 1.7 2.8 12.3 - 2230 1.7 30 11.0 135 8.0, 100, 125
1 16.0 4260 1.6 8.6 12.0 - 5500 1.6 TT7 106 13.0 [
| 3556 3.0 2400 1.8 9.7 13.5 - 3100 1.8 8.7 12.0 - 10.0, 125 ||
16.0 4700 18 95 131 - 6070 1.8 85 11.7 -
|| * Only part of the rangs is given. For the larger sections thicker tubes may be available. | ]
B Universal Columns GRADE 43 GRADE 50 [
B D=bxMass | = — L Lz L Loy P mas L1 L. L.a L [
- {rmme = Fam) kI m m m m kM m m m m ||
(1.0} (D.75) {0.5) {0.35) (1.0} {D_75) (0.5} (0.35)
| 35Ex406xE34 15800 20 55 9.2 12.5 | 26300 1.7 51 8.6 1186 ||
356=406x551 17200 20 5.4 9.2 12.7 | 22800 1.7 4.9 8.6 118
— 35Ex=406x467 15200 19 5.3 9.1 12.3 | 20200 1.7 4.5 8.3 11.0 ]
| 35E=406x303 12800 18 5.6 9.5 12.6 | 17000 1.8 4.5 8.2 10.8 ||
356=406x340 11000 1.9 5.6 0.4 12.5 | 14700 1.9 4.8 8.1 10.7
1 356x406x287 9650 1.8 5.9 9.6 12.7 | 12600 1.7 5.4 8.5 11.2 ]
| 356x=406x235 7950 1.8 5.9 9.6 12.5 | 10300 1.9 5.4 8.6 11.3 ||
356368202 6840 1.8 5.6 9.0 11.5 | 89000 1.6 5.0 8.2 10.5
B 356=368x177 5580 1.7 57 8.9 11.7 | 7780 1.7 5.0 8.1 10.5 [
. 356=3588x153 5180 1.8 5.5 8.9 11.6 | 6750 1.6 5.0 8.0 10.4 ]
35Ex 368129 4380 149 57 88 115 | 5700 15 49 8.0 10.3
| 305=305=283 5150 1.5 4.6 75 949 12300 1.2 38 E.4 8.7 | ]
— 305=305x=240 8090 1.5 47 7T 10.00 | 10500 1.2 4.2 6.9 k! ] —
305=305x198 6650 1.5 47 TE 9.8 3710 1.2 4.2 6.8 5.8
B 305=305=158 5320 1.4 47 T4 a7 5930 1.2 4.1 B.7 8.7 ||
= 305=305=137 4820 1.4 4.5 7.2 9.5 G010 1.2 4.1 6.6 5.6 =
] 305=305x118 3570 1.4 45 7.2 95 5180 1.2 4.1 B.6 5.6 ||
I0E=305=07 3350 1.2 4.4 7.2 9.4 4380 1.1 4.0 E.5 84
— 254=254x 167 5630 1.2 35 6.3 3.3 7330 1.1 36 5.8 7.5 —
n 254=254x132 4470 1.2 38 6.3 8.3 5820 1.1 35 57 T4 |
254%254x107 3620 1.2 38 6.2 8.1 4710 1.1 35 =N T3
— 254x254=05 1.2 38 6.2 a1 3920 1.0 35 =N 7.2 ]
| 254x254=73 1.1 37 6.0 7 3300 1.0 35 5.5 7.0 ||
203x203= 88 0. 31 5.0 BB 3800 0.9 28 45 58
B 203=203=71 0.9 31 4.0 6.4 3140 0.9 27 4.5 57 [
| 203=203=60 0.9 3.0 4.8 6.3 2700 0.9 27 4.4 5.6 ||
203x203=52 0.9 25 4.7 6.2 2380 0.8 27 4.4 5.6
B 203=203=48 0.9 23 47 6.2 2030 0.8 27 4.3 55 [
| 152=152=37 0.7 21 35 47 1680 0.6 20 3.3 4.2 ||
152x152=30 0.7 22 a5 4.5 1360 0.6 20 3.2 4.2
B 152x152% 23 0.7 21 34 45 1050 0.6 20 31 4.0 ]
| |MOoTE: L = 1.15 |
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4.4.7 ELEMENT STIFFNESS

Serviceability check:
unfactored dead + 0.8 = {

Deflection limits under imposed load:

unfactored dead + imposed
imposed + wind)

Element Lirmit

= Canfilever L1180

* Beam supporting plaster or brittle finish W]

* Beams supporting masonry LS00

= Other beams L/200

* Crane beams L5500

= Columns HI300

* Columng in multi-storey construction with movement sensgitive HIS00
cladding.

Fortal frames

* Lateral af eaves HM 00 - H200 *
* Vertical at apex Li250 - LS00 =

* Depends on cladding system

L in metres; W, P in kMN; 1 in em’

Load case Minimum | to satisfy deflection limit
/200 L/360 L500
Ry 1.27 WL 2.289'WL= 318 WL
T T
P - : - - - .
4 2.03 PL* 368 PL® 5.08 PL®
T T
A e 173 PL 3.12 PL® 433PL2
4’ ¢_ . = N ot
T T
Mote: For castellated beams, assume a 30% increase in deflection due to presence of web openings.
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