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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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Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Analysis results

Maximum moment

Maximum moment span 1 segment 1
Maximum moment span 1 segment 2
Maximum moment span 1 segment 3
Maximum moment span 1 segment 4
Maximum shear

Maximum shear span 1 segment 1
Maximum shear span 1 segment 2
Maximum shear span 1 segment 3
Maximum shear span 1 segment 4
Deflection segment 5

Maximum reaction at support A

Unfactored permanent load reaction at support A
Unfactored variable load reaction at support A

Maximum reaction at support B

Unfactored permanent load reaction at support B
Unfactored variable load reaction at support B

Section details
Section type
Steel grade

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1
Permanent full UDL 28.5 kN/m
Variable full UDL 20 kN/m

Support A

Support B

Mmax = 152.7 kNm
Ms1_segt_max = 110.8 KNm
Ms1_seg2 max = 152.4 KNm
Ms1_seg3_max = 152.7 KNm
Ms1_segs_max = 124.7 KNm
Vmax = 145.5 kN
Vs1_segt_max = 145.5 kN
Vs1_seg2_max = 76.2 kKN
Vs1_seg3_max = 6.9 kN
Vs1_sega_max = 0 kKN

Smax = 6.7 mm

RA max = 145.5 kN
Ra_permanent = 61.1 KN
RA_variable = 42 kN

Rs_max = 145.5 kN
Rs_permanent = 61.1 kN
RB_variable = 42 kN

2 x UB 203x133x30 (BS4-1)
S$275

Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Mmin = 0 kNm
Ms1_segt_min = 0 KNm
Ms1 seg2 min = 0 KNm
Ms1_sega_min = 0 KNm
Ms1_segs_min = 0 KNm
Vmin = =145.5 kN
Vs1_segt_min = 0 KN

Vs1 seg2_ min = 0 kKN
Vs1_seg3_min = -62.3 kN
Vs1_sega_min = =-145.5 kN
Smin = 0 mm

RaA min = 145.5 kN

Re_min = 145.5 kN




PlanningApplications.com

Summer House, Upper Court Road
Woldingham SURREY CR3 7BF

support@planningapplications.com 07922

148 701

Project Job no.
BEAM 2 (2 x 203x133x30kgUB) bolted togther min 1m spacing 239
Calcs for Start page no./Revision
Mr Simon Heath 3
Calcs by Calcs date Checked by Checked date Approved by Approved date
SB 30/05/2023 DB 30/05/2023 SB 30/05/2023

EN 10025-2:2004 - Hot rolled products of structural steels

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

|
> |96

206.8

o oo

Partial factors - Section 6.1
Resistance of cross-sections
Resistance of members to instab

t = max(tr, tw) = 9.6 mm
fy = 275 N/mm?

fu = 410 N/mm?

E = 210000 N/mm?

6.4
\ \
je———————1339————
ymo = 1.00
ility ym1 = 1.00
ym2 = 1.10

Resistance of tensile members to fracture

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

Both beams bolted/restraint together, bolts located min distances plus
1000 mm, 2000 mm and 3000mm. M16 bolts.

Ky =1.000
Kz =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

c=d=172.4 mm
oa=min([h /2 + Negg/ (2 x N xtyxfy)-(t+r)]/c, 1) =0.747
c/tw=291x¢e<=396x¢/(13xa-1) Class1

c=(b-tw-2xr)/2=56.2mm
c/tr=6.3xeg<=9x¢ Class 1
Section is class 1

hw=h-2 x t=187.6 mm
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Shear area factor n =1.000

hw/tw <72 xg/n
Shear buckling resistance can be ignored

Design shear force Veq = max(abs(Vmax), abs(Vmin)) = 145.5 kN
Shear area - ¢l 6.2.6(3) Ar=max(A-2xbxt+ (tw+2xr)xt,n x hy x tw) = 1458 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpira = N x Ay x (fy / V[3]) / ymo = 462.8 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment at span 1 segment 3 major (y-y) axis - Section 6.2.5

Design bending moment Med = max(abs(Ms1_seg3_max), abs(Ms1_sega min)) = 152.7 kNm

Design bending resistance moment - eq 6.13 Mec,rd = Mpird = N x Woiy x fy / ymo = 172.9 kNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.978
Ci1=1/ke?=1.046

Curvature factor g="[1-(/1y)]=0.931

Poissons ratio v=0.3

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

Unrestrained length L =1.0 x Ls1_segs = 1000 mm

Elastic critical buckling moment Mer=Cixm2xExlz/(L2x @) x V[lw/ 12+ L2x G x It/ (2 x E x I,)] =
929.4 kNm

Slenderness ratio for lateral torsional buckling At = V(Woiy x fy / M) = 0.305

Limiting slenderness ratio ALto = 0.4

At < Auto - Lateral torsional buckling can be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 arr = 0.34

Correction factor for rolled sections B =0.75

LTB reduction determination factor ¢ =0.5 x [1+ awr x ( At - ALto) + P x Ar?] = 0.519
LTB reduction factor - eq 6.57 xur = min(1 / [gor + V(o2 - B x ar?)], 1, 1/ Ar?) = 1.000
Modification factor f=min(1-0.5x (1-ke)x [1-2x( Ar-0.8)2, 1)=0.994
Modified LTB reduction factor - eq 6.58 ¥LT.mod = Min(xLr / f, 1) = 1.000

Design buckling resistance moment - eq 6.55 Mb,rd = %LT,mod X N x Wy x fy / ym1 = 172.9 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 Ncrd = Npira = N x A x fy / ymo = 2101.6 kN
Slenderness ratio for major (y-y) axis buckling

Critical buckling length Lery = Lst x Ky = 4200 mm

Critical buckling force Nery = m2 x Esecs x Iy / Lery? = 3402.2 kKN
Slenderness ratio for buckling - eq 6.50 Ay = V[A x fy / Nery] = 0.556

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 oy = 0.21

Buckling reduction determination factor dy=05x[1+ayx( Ay -0.2)+ 2,2 =0.692

Buckling reduction factor - eq 6.49 xy = min(1/ ¢y + V(92 - 1,2)], 1) = 0.906
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Design buckling resistance - eq 6.47 Nb,yrd = xy x N x A x fy / ym1 = 1904.1 kN

PASS - Design buckling resistance exceeds design compression force

Slenderness ratio for minor (z-z) axis buckling

Critical buckling length Lerz = Lst_segs x Kz =1000 mm

Critical buckling force Nerz = 2 x Eseca x 12/ Lor2 = 7972.4 kKN
Slenderness ratio for buckling - eq 6.50 Az = V[A x fy / Norz] = 0.363

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oz = 0.34

Buckling reduction determination factor $2=05x[1+azx( Az-0.2)+ 2,2 =0.594
Buckling reduction factor - eq 6.49 xz = min(1/[o: + V(92 - A2)], 1) = 0.940
Design buckling resistance - eq 6.47 Nb,zRrd = 1z x N x A x fy / ym1 = 1976.5 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 Lert = max(Ls1, Ls1_segs) x Kt = 4200 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 + i-?] = 92.7 mm

Elastic critical torsional buckling force Nerr=171i0%2 x [G x |t + © 2 x Esecs x lw/ Ler7?] = 1481.4 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]] = 1481.4 kN
Elastic critical buckling force Ner = min(Ner,t, Nerte) = 1481.4 kN
Slenderness ratio for torsional buckling - eq 6.52 A1 = V[A x fy / No] = 0.842

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ar = 0.34

Buckling reduction determination factor $1=05x[1+arx ( Ar-0.2)+ Ar3=0.964
Buckling reduction factor - eq 6.49 xt = min(1/[or + V(¢pr2 - A72)], 1) = 0.698
Design buckling resistance - eq 6.47 Nb1Rd = %7 x N x A x fy / ym1 = 1467.1 kN

PASS - Design buckling resistance exceeds design compression force

Combined bending and axial force - Section 6.2.9
Bending and axial force check - eq 6.33 & 6.34 Ned <= min(0.25 x Npird, 0.5 x N x hy x tw x fy / ymo)
No allowance on the plastic moment need to be accounted for due to the effect of axial force

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 Mny = 0 KNm
Msy =153 kNm
yy = 1.000

ohy = Mny / Msy = 0.000

Cmy = 0.95 + 0.05 x any = 0.950
Mhz = 0 KNm

Msz = 0 kNm

yz=1.000
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Cmz=0.6+0.4 x y:=1.000

MhLt = 152 KNm

MsLt = 147 KNm

yir = 0.818

st T = Mstt / Mut = 0.966

Cmir = max(0.2 + 0.8 x asLt, 0.4) = 0.973

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

Characteristic moment resistance Mgrk = N x Wyiy x fy =172.9 kNm
Characteristic resistance to normal force Nrk = N x A x f, = 2101.6 kN
Interaction factors Kyy = Cmy x [1 + min( Ay - 0.2, 0.8) x Nea / (xy x Nr« / ym1)] = 1.003
Kzy = Min(0.6 + %z, 1-0.1 x Az x Nea / ((CmL - 0.25) x %2 x Nre / ymr)) =
0.963
Interaction formulae - eq 6.61 & eq 6.62 Ned / (y X Nrk / ym1) + Kyy x Med / (3Lt x MRk / ym1) = 1.044

Ned / (xz x Nre / ym1) + kzy x Mea / (Lt x Mre / ym1) = 1.003
FAIL - Combined bending and compression checks are not satisfied
Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads
Limiting deflection Sim = Ls1 /360 = 11.7 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 6.663 mm
PASS - Maximum deflection does not exceed deflection limit




