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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calculation version 3.0.14
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Shear Force Envelope
166.186 166.2
0.0 Je=
-166.186 -166.2
mm | 4700
A 1
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Applied loading
Beam loads Permanent self weight of beam x 1
Permanent full UDL 35 kN/m
Variable full UDL 15 kN/m
Load combinations
Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50
Analysis results
Maximum moment Mmax = 195.3 KNm Mmin = 0 KNm
Maximum shear Vmax = 166.2 kN Vmin = =166.2 kN
Deflection Smax = 4 mm Smin = 0 mm
Maximum reaction at support A RaA_max = 166.2 kN Ra_min = 166.2 kN
Unfactored permanent load reaction at support A Ra_permanent = 83.9 kN
Unfactored variable load reaction at support A Ra_variable = 35.3 kKN
Maximum reaction at support B RB_max = 166.2 kN Re_min = 166.2 kN
Unfactored permanent load reaction at support B RB_permanent = 83.9 kN
Unfactored variable load reaction at support B Re_variable = 35.3 KN
Section details
Section type UC 254x254x73 (BS4-1)
Steel grade S275
EN 10025-2:2004 - Hot rolled products of structural steels
Nominal thickness of element t = max(tr, tw) = 14.2 mm
Nominal yield strength f, = 275 N/mm?
Nominal ultimate tensile strength fu = 410 N/mm?

Modulus of elasticity E = 210000 N/mm?
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Partial factors - Section 6.1
Resistance of cross-sections ymo = 1.00
Resistance of members to instability ym1 = 1.00
Resistance of tensile members to fracture ym2 = 1.10

Lateral restraint

Effective length factors

Effective length factor in major axis
Effective length factor in minor axis
Effective length factor for torsion

Classification of cross sections - Section 5.5

Span 1 has lateral restraint at supports only

Ky =1.000
K:=1.000
Kira =1.000
Kire = 1.000

e = V[235 N/mm2 / f,] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check shear - Section 6.2.6
Height of web

Shear area factor

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

c=d=200.3 mm
a=min([h /2 + Nea/ (2 x twx fy) - (t++ )]/ c, 1) = 0.817
c/tw=252x¢e<=396x¢/(13xa-1) Class1

c=(b-tw-2xr)/2=110.3 mm
c/tt=84xe<=9x¢ Class 1
Section is class 1

hw =h -2 x tr=225.7 mm
n =1.000
hw/tw <72 x¢/n
Shear buckling resistance can be ignored
Ved = max(abs(Vmax), abs(Vmin)) = 166.2 kN
As=max(A-2xbxti+ (tw+2xr)xt,n x hy x tw) = 2562 mm?
Verd = Voira = Ay x (fy / V[3]) / ymo = 406.8 kN
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PASS - Design shear resistance exceeds design shear force

Check bending moment major (y-y) axis - Section 6.2.5

Design bending moment

Mes = max(abs(Ms1_max), abs(Ms1_min)) = 195.3 kKNm

Design bending resistance moment - eq 6.13 Mecrd = Mpi,rd = Wory x fy / ymo = 272.8 kNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor

Poissons ratio

Shear modulus

Unrestrained length

Elastic critical buckling moment

ke = 0.94
Ci=1/k?=1.132

g=[1-(/1)]=0.811

v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L=1.0 x Ls1 =4700 mm

Mer=Cixm2x Exl/(L2x @) x V[lw/ 2+ L2x G x It/ (2 x E x I,)] =

842.2 kNm
Slenderness ratio for lateral torsional buckling At = V(Woiy x fy / M) = 0.569
Limiting slenderness ratio Ao = 0.4

ALt > Auto - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oLt = 0.34

Correction factor for rolled sections B=0.75

LTB reduction determination factor our = 0.5 x [1+ ot x (ALt - ALto) + B x ALt = 0.650

LTB reduction factor - eq 6.57
Modification factor

xir = min(1 /7 [our + V(o2 - B x Ar?)], 1, 1/ Ar?) = 0.931
f=min(1-0.5x (1-ke)x [1-2x( Ar-0.8)2], 1) =0.973

Modified LTB reduction factor - eq 6.58 ¥LT.mod = Min(yLr/f, 1) = 0.956
Design buckling resistance moment - eq 6.55 MbRrd = %LT,mod X Wiy x fy / ym1 = 260.9 KNm

PASS - Design buckling resistance moment exceeds design bending moment

Check compression - Section 6.2.4

Design compression force

Neq = 300 kN

Design resistance of section - eq 6.10 Nc,rd = Npira = A x fy / ymo = 2560.3 kN

Slenderness ratio for major (y-y) axis buckling

Critical buckling length
Critical buckling force

Lery = Lst x Ky = 4700 mm
Ncr,y = 1'|:2 X ESEc3 X |y / Lcr,y2 =10702.9 kN

Slenderness ratio for buckling - eq 6.50 Ay = V[A x fy / Nery] = 0.489

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ay = 0.34

Buckling reduction determination factor dy=05x[1+ayx( Ay-0.2)+ 2,2 =0.669
Buckling reduction factor - eq 6.49 xy = min(1 7/ [dy + V(§2 - 1,2)], 1) = 0.889
Design buckling resistance - eq 6.47 Nb,yRrd = qy x A x fy / ym1 = 2276.1 kN

PASS - Design buckling resistance exceeds design compression force

Slenderness ratio for minor (z-z) axis buckling

Critical buckling length
Critical buckling force

Lerz = Ls1_seg1 x Kz = 4700 mm
Ncr,z = TII2 X ESECS X |z/ Lcr,z2 = 3666.5 kN
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Slenderness ratio for buckling - eq 6.50 Az = V[A x fy / Norz] = 0.836
Design resistance for buckling - Section 6.3.1.1
Buckling curve - Table 6.2 c
Imperfection factor - Table 6.1 oz = 0.49
Buckling reduction determination factor $2=05x[1+azx( Az-0.2)+ 2,2 =1.005
Buckling reduction factor - eq 6.49 xz = min(1/[o: + V(92 - A2)], 1) = 0.640
Design buckling resistance - eq 6.47 Nb,zRrd = %z x A x fy / ym1 = 1638.1 kN

PASS - Design buckling resistance exceeds design compression force

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length factor Kr=1.00

Torsional buckling length Lort = max(Ls1, Ls1_seg1) x Kt = 4700 mm

Distance from shear centre to centroid in y axis yo=0.0 mm

Distance from shear centre to centroid in z axis Z0=0.0 mm

Radius of gyration io = V[iy2 + %] = 128.3 mm

Elastic critical torsional buckling force Nerr=1/71i0% x [G x |t + © 2 x Esecs x lw / Ler,7?] = 6036.3 kN
Torsion factor Br=1-(yo/i0)>=1.000

Elastic critical torsional-flexural buckling force

Ner7r = Nory / (2 x B1) x [1 + Nort / Nery - V[(1 - Nort / Nery)2 + 4 x (Yo / i0)2 x Neet / Nery]] = 6036.3 kN
Elastic critical buckling force Ner = min(Ner,t, Nerte) = 6036.3 kN
Slenderness ratio for torsional buckling - eq 6.52 A1 = V[A x fy / Ne] = 0.651

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 ar = 0.49

Buckling reduction determination factor $1=05x[1+arx( Ar-0.2) + Ar2=0.823
Buckling reduction factor - eq 6.49 xt = min(1/ [or + Y(¢pr2 - A72)], 1) = 0.755
Design buckling resistance - eq 6.47 Nb1Rd = %7 x A x fy / ym1 = 1932 kN

PASS - Design buckling resistance exceeds design compression force

Combined bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio N = Neq / Npira = 0.12

Web area to gross area ratio aw=min((A-2xbxt)/A, 0.5)=0.22

Design plastic moment resistance - eq 6.13 Mpird = Wiy x fy / ymo = 272.8 KkNm

Reduced plastic moment resistance - eq 6.36 Mn,rd = Mpira x min((1 -n)/(1-0.5 x aw), 1) = 271.1 kNm

PASS - Reduced bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 Mhy = 0 KNm
Msy =195 kNm
yy = 1.000

Olhy = Mhy/ Msy =0.000
Cmy =0.95 + 0.05 x any = 0.950

Mhz = 0 KNm
Msz = 0 KNm
vz =1.000

Cmz=0.6+0.4 xy,=1.000
Mt = 0 KNm
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Msit = 195 KNm

yir = 1.000

ontt = Mut / Mstt = 0.000

Cmir = 0.95 + 0.05 x anr = 0.950

Interaction factors k;; for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance Mgk = Wpiy x fy = 272.8 KNm
Characteristic resistance to normal force Nrk = A x fy = 2560.3 kN
Interaction factors Kyy = Cmy x [1 + min( Ay - 0.2, 0.8) x Nea / (xy x Nr« / ym1)] = 0.986
Kzy =1 -0.1x min(1, &z) x Neq / ((Cmit - 0.25) x 2 x Nrx / ym1) = 0.978
Interaction formulae - eq 6.61 & eq 6.62 Ned / (xy x Nrk / ym1) + kyy x Mea / (Lt x Mgk / ym1) = 0.890

Ned / (xz x Nre / ym1) + Kzy x Mea / (Lt x Mgk / ym1) = 0.935
PASS - Combined bending and compression checks are satisfied

Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads
Limiting deflection Siim = Ls1 /360 = 13.1 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 3.979 mm
PASS - Maximum deflection does not exceed deflection limit




