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Overview

Design Code Family(s): EN

Design Code(s): EN 1993-1-1

Module(s): BDK

Input file(s): buckling_steel.dat
1 Problem Description

The problem consists of a simply supported beam with a steel I-section subject to uniform end moments,
as shown in Fig. 1. The cross-section is checked against buckling.
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Figure 1: Problem Description

2 Reference Solution

This example is concerned with the buckling resistance of steel members. Lateral torsional buckling
occurs in unrestrained, or inadequately restrained beams bent about the major axis and this causes the
compression flange to buckle and deflect sideways, thus inducing twisting of the section. The content of
this problem is covered by the following parts of EN 1993-1-1:2005 [1]:

« Structural steel (Section 3.2 )
+ Classification of cross-sections (Section 5.5)

+ Buckling resistance of members (Section 6.3)

3 Model and Results

The I-section, a UB 457x152x74, with properties as defined in Table 1, is to be ckecked for buckling,
with respect to EN 1993-1-1:2005 [1]. The calculation steps [2] are presented below and the results are
given in Table 2.
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Buckling Resistance of Steel Members

Table 1: Model Properties

Material Properties Geometric Properties Loading
5275 L=8m My =150 kNm
E =210000 N/mm? UB 457x152x74
h=462.0mm
b=154.4mm
tr=17.0mm
tw=9.6mm
r=10.2mm
A =94.48 cm?
I, =1046.5cm*
It =66.23cm*
I, =516297.12 cm?®
Table 2: Results
SOF. Ref.
Mecr [kKNM] 154.17 154.26
ALT 1.703 1.703
&7 1.907 1.907
XLT 0.321 0.321
MEeg/Mp,ra (BDK) 1.045 1.045
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4 Design Process'

Material:

Structural Steel S 275

fy =275 N/mm? for maximum thickness < 40 mm
€ = /235/f, =0.924

Design Load:

Mgq = 150kNm

The cross-section is classified as Class 1, as demonstrated in Bench-
mark DCE-EN14.

Wopiy - fy
Ymo

Mc,rd = Mpi,rd,y = =447.31 kNm
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cr —

2 El,,
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3.14-4/2197.74-53.496
cr = 3

3.142.108.42
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53.496 - 82

Mcr=154.26 kNm

Wyfy
Mer

447.31
154.26

=1.703

AT =

&7 =0.5[1+aur (Xir—Airo+ A,y )]
h/b=462/154.4=2.99>2

for rolled I-sections and h / b > 2 — buckling curve ¢
for buckling curve ¢ — a7 = 0.49

®7=0.5[1+0.49(1.703— 0.4+ 0.75-1.7032)] = 1.907
1

XLT = =
o7+ \ <I>ET—[3 )\LT

1
but x;71=0.321<1.0and x;7=0.321 < = = 0.345

=0.321

)\LT
fy
Mp,rd = X1 Wy—— = 143.587 kNm
Ym1
Mgq o
=1.045 — Beam fails in LTB
Mp,Rrd

'The sections mentioned in the margins refer to EN 1993-1-1:2005 [1] unless other-
wise specified.
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Tab. 3.1 : Nominal values of yield
strength f,, and ultimate tensile strength
fu for hot rolled structural steel.

Tab. 5.2: Maximum width-to-thickness
ratios for compression parts

Tab. 5.5: Classification of cross-section

6.2.5 (2):Eq. 6.13: Bending resistance
M¢,rg for Class 1 cross-section

6.1 (1): Ymo = 1.00

6.3.2.2 (2): M, the elastic critical mo-
ment for Itb is based on gross cross sec-
tional properties

Various empirical or approximate formu-
lae exist for the determination of M,

6.3.2.2 (1): XLT non dimensional slen-
derness for lateral torsional buckling

6.3.2.3 (1): &7 for rolled sections in
bending. Recommended values:

Arro = 0.4 (maximum value)

B =0.75 (minimum value)

6.3.2.3 (1): Table 6.5: Recommenda-
tion for the selection of Itb curve for
cross-sections using Eq. 6.57

6.3.2.2 (2): Table 6.5: Recommenda-
tion values for imperfection factors a1
for Itb curves

6.3.2.3 (1): Eq. 6.57: X, 7 reduction fac-
tor for Itb

6.3.2.1 (3): Eq. 6.55: Mp, rg The design
buckling resistance moment of laterally
unrestrained beam

For Class 1 section Wy = Wy,

6.1 (1): ym1 = 1.00 recommended
value
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5 Conclusion

This example shows the ckeck for lateral torsional buckling of steel members. It has been shown that
the results are reproduced with excellent accuracy.
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