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Location: beam

_A_ A
rr/ 000
| L :

Beam span

Steel section properties

254 x 254 x 132 UKC
Dimensions (mm) :
Properties (cm):

Simply supported steel beam

Calculations in accordance
with BS EN 1983-1-1:2005.

L=4.5 m

he276.3 b=261.3 tw=15.3 tf=25.3 r=12.7
Iy=22500 Iz=7530 Wply=1870 Wplz=878 It=319

A=168 iy=11.573 iz=6.6949

Strength of steel =~ Table 3.1

(amended by N.A.)

The material thickness is 25.3 mm and steel grade is S 275.

Yield strength
Ultimate strength
Young's modulus
Shear modulus

Loading (unfactored)

Permanent UDL (including S.W)
Variable UDL

Factored lcads

Distributed load

Factored shear force

At end B
At end A

Max shear is same at both ends

Factored moment

Maximum bending moment at centre

Corresponding shear force
Maximum moment
Maximum shear force

fy=265 N/mm2
fu=410 N/mm=2

E«210000 N/mm=
G=81000 N/mm=2

wd=52_.5 kN/m
wi=13.0 kN/m

w'=wd*gamG+wi*gamQ=52.5+1 _35+13~1_5
=90.375 kN/m

Vbhbew'*L /2«80 _375*4_.5/2=203.34 kN

Vasw' *L-Vb=90.375%4.5-203.34
«203.34 kN

Ve=Va=203.34 kN

Mew'*L"2/8=90.375+%4.5%2/8
=228.76 kNm

V=0 XN

MyEd=M=228_76 XkNm

VZEd=Vb=203.34 kN



Deflection

UDL for deflection calculation wuswd+wi=52 . .5+13=65.5 kN/m

Central UDL deflection DEL=5*wu*L"4/ (384*E~1Iy)*10"8
=5+65.5*4.5%4/(384*210000%22500)
*10~8
=7_.4016 mm
Deflection to span ratioc 1: 608
Limiting deflection (brittle) DELlim=L*1000/360=4.5*1000/360
=12.5 mm

As DEL £ DELlim ( 7.4016 mm < 12.5 mm ), the deflection is within
the limiting value.

Section classification

Classify outstand element of compression flange:

Parameter (Table 5.2) e=(235/£fy)"~0.5«(235/265)"0.5
=0.9417

Outstand c=(b=tw=2*xr) /2= (261 .3=15.3=-2*12_7)/2
«110.3 mm

Ratio c't=c/tf=110.3/25.3=4_.3597

As c/tf £ 8%e ( 4.3597 < 8.4753 ), outstand element of compression
flange is classified as Class 1 plastic.
Classify web element of secticon:

Depth between fillets Cuh=2% (Lf+x)=276.3=-2*(25.3+12.7)
«=200.3 mm
Ratio C't=C/tw=200.3/15.3=13.092

As C/tw = 72e ( 13.092 < §7.802 ), web element in bending
is classified as Class 1 plastic.
Hence, the overall section classification is Class 1.

Moment resistance ~ Clause 6.2.5

Moment resistance McRd=Wply*fy/1073=1870*265/10"3
=4095_.55 kNm
Unity factor unity=MyEd/McRd=228.76/495.55
=0.46163

Section chosen is considered suitable.

Shear plastic resistance = Clause 6.2.6

In the absence of torsion the shear plastic resistance depends on:
Shear area Avz=A*100=-2*b*tf+ (tw+t2*xr) *tf
=168%100~-2%261.3*25.3+(15.3+2
w12.7)%*25.3
=4607.9 mm2

Shear plastic resistance VplRd=aAvz*fy/SQR (3) /1000
=4607.9%265/SQR(3) /1000
=705 kN

Unity factor Unity=vzEd/VplRd=203.34/705
=0.28843

Section chosen is considered suitable.

Note: No M=V interaction has to be considered as since the maximum
moment occurs near the mid-szpan and the maximum shear force
is obtained at the supports.




Shear buckling = Clause 6.2.6(6)

Depth between the flanges hw=h=2*tfe276.3-2%25,3=225_.7 mm
Buckling ratio hw't=hw/tw=225_7/15_.3=14_.752
As hw/tw £ 72e ( 67.802 ), no check for shear buckling is required.

Coefficient C1

Eff.length between restraints LT=6.9 m
Coefficient C1 Cl=1.0 (conservative)
Hence, a revised ¢ factor psi=1.0 will be adopted as Cl=1.0.

Lateral torsiocnal buckling

Warping constant Iw=Iz/4%*((h~-tf)/10)"2
«7530/4*((276.3=25.3) /10) 2
=1.186E6 cm®

Terms for Critical moment Mcr:

Euler term ET=PI®2*E*Iz/ (LT*2*100)
=3.1416"2+*210000*7530/(€.942+%100)
=3 _278lE6 N

Load to shear centre distance zg=h/2=276.3/2=138.15 mm

Shear modulus term GL=LT"2*G*It/ (PI*2*E*Iz)*10"6
«6.9~2+81000%319/(3.1416~2%210000

*7530)*10"6
=78824 mm2

Square root term Sr=(Iw*100/1z+Gt)~0.5
=(1.186E6*100/7530+78824)°0.5
=307.53 mm

Critical moment Mcr=Cl*Et*Sr/10°6

=]1*3_.278B1E6*307.53/10%6
=1008.1 kNm
Allowing for the effect of destabilizing lecad

Non~dimensional slenderness lamLTe=1_2+* (Wply*fy/ (Mcr*1073))"*0.5
=1.2*(1870%265/(1008.1%*1073))~0.5
=0.84134

Limiting slenderness wvalue lamLT0=0.4

Ratio h'b=h/b=276.3/261.3=«1.0574

As h/b £ 2, imperfection wvalue aLT=0.34 (curve b)

compute compl=alLT* (lamLT~1lamLTQ0)
=0.34*(0.84134~0.4)
=0.15006

compute comp2=0.75*1lamLT"2=0.75*0.84134"2
=0.53089

Factor phiLT=0.5* (1+compl+comp2)
«0.5*(1+0.15006+0.53089)
=0.84048

Modification factor chiLT=1/ (philT+ (phiLT*2~0.75*1amLT*2) ~0.5)

=1/(0.84048+(0.8404872~-0.75*0.84134~2)"0.5)
=0.79402

Factor ke=1/(C1)~0.5=1/(1)~0.5=1

Moment distribution factor fel=0.5*(1=kc)*(1=-2*(lamLT~0.8)"2)

“1=0.5%(1~-1)*(1-2*(0.84134~0.8)"2)
-1



Modified chilLT factor ChiLT=chiLT/f=0.79402/1=0.79402

Design buckling resistance moment MbRA=ChiLT*Wply*fy/1073
=0.79402*1870%265/10"3
=393.48 kNm

Unity factor unitb=MyEd/MbRd=228_.76/393.48
=0.58138
Section chesen is suitable.
UNIVERSAL COLUMN 254 x 254 x 132 UC Grade s 275
DESIGN SUMMARY Maximum shear force 203.34 kN
Shear plastic reesist. 705 kN
Design moment 228.76 kNm
Moment resistance 495.55 kNm
Buckling resistance 393.48 kNm
Central deflection 7.4016 mm

Limiting deflection 12.5 mm

Factored Factored shear at A 203.24 kN
end shears| Factored shear at B 203.324 kN
L
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