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Lateral Torsional Buckling

Overview

Design Code Family(s): EN

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

Module(s): BDK

Input file(s): eccs_119_example_5.dat
1 Problem Description

The problem consists of a simply supported beam with a steel I-section, which is subjected to compres-
sion and biaxial bending, as shown in Fig. 1. The beam is checked against lateral torsional buckling.

Figure 1: Problem Description

2 Reference Solution

This example is concerned with the buckling resistance of steel members. It deals with the spatial
behavior of the beam and the occurrence of lateral torsional buckling as a potential mode of failure. 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)

+ Method 1: Interaction factors k;; for interaction formula in 6.3.3(4) (Annex A)
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Lateral Torsional Buckling

3 Model and Results

The I-section, an IPE 500, with properties as defined in Table 1, is to be checked for lateral torsional
buckling, with respect to EN 1993-1-1:2005 [1]. The calculation steps are presented below. The results

are tabulated in Table 2 and compared to the results of reference [2].

Table 1: Model Properties

Material Properties

Geometric Properties

Loading

5235 IPE 500 My, eq = 100 kNm
E=210000 N/mm? L=3.750m My eq =25 kNm
Ym1=1.0 hy =468 mm qz=170 kN/m
bf =200 mm Neqg =500 kN
tr=16.0 mm
tw=10.2 mm
A=115.5 cm?
I, =48197 cm*
I; =2142 cm*
Ir =88.57 cm*
Iy =1236 x 103 cm®
Wpiy = 2194 cm3
Wpi,z =335.9 cm3
Weiy =1927.9 cm3
Wei, =214.2 cm?3
Table 2: Results
SOF. Ref. [2]
Ay 0.195 0.195
Xy 1.0 1.0
Az 0.927 0.927
} 1.054 1.054
Xz 0.644 0.644
Uy 1.000 1.000
Mz 0.937 0.937
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Table 2: (continued)

SOF. Ref. [2]
wy 1.138 1.138
W 1.500 1.500
Cmy,0 1.001 0.999
Cmzo0 0.771 0.771
Cmy 1.001 1.000
Cmz 0.771 0.771
Ao 0.759 0.757
C1 1.194 1.200
Cmit 1.139 1.137
ALT 0.695 0.691
&7 0.825 0.822
XLT 0.787 0.789
XLT,mod 0.821 0.826
Cyy 0.981 0.981
Cyz 0.862 0.863
Czy 0.842 0.843
Czz 1.013 1.014
nm—y (Eq.6.61 [1]) 0.966 0.964
nm—z (Eq.6.62 [1]) 0.868 0.870
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4 Design Process'

Design Load:

Mzeq =25 kNm

My.q =—100 kNm at the start and end of the beam
Myeq = 199 kNm at the middle of the beam

Neg =25 kNm

Tab. 5.5: Classification of cross-section The cross-section is classified as Class 1, as demonstrated in [2].

2
y
6.3.1.2 (1): N is the elastic critical Ner,y = — = 71035 kN
force for the relevant buckling mode L
_ - Afy
6.3.1.2 (1): A non dimensional slender- )\y = =0.195
ness for class 1 cross-sections cry

6.3.1.2 (4): A < 0.2 buckling effects Xy <0.2thus xy =1.0
may be ignored

2 El,
Ncrlz = L—2 = 3157 kN
_ A
Ay = Iy =0.927
cr,z

®,=0.5[1+0,(X,—0.2)+2X, ]

for rolled I-sections with h / b > 1.2 and buckling about z-z axis —
buckling curve b

6.3.1.2 (2): Table 6.1: Imperfection fac- for buckling curve b — oy = 0.34
tors for buckling curves

$,=1.054

1
6.3.1.2 (1): Eq. 6.49: X, reduction fac- Xz=——————=0.644<1.0

) —2
tor for buckling 2
o, + \/ <I>z )\Z

The stability verification will be done according to Method 1-Annex A
of EN 1993-1-1:2005 [1]. Therefore we need to identify the interaction
factors according to tables A.1-A.2 of Annex A, EN 1993-1-1:2005 [1].

Auxiliary terms:

Neq
Ner,
Annex A: Tab. A.1: Interaction factors My = I\}y =1.0
kij (6.3.3(4)), Auxiliary terms 1—y Ed
—AY
N cry

"The sections mentioned in the margins refer to EN 1993-1-1:2005 [1] unless other-
wise specified.

6 Benchmark No. 24 | SOFiSTIK 2023
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Neq
=N
Uz = ,C\;Ezd =0.937
— AZ
NCI’,Z
Wi
w,=—2=1138<1.5
ely
_ Wpl,z

=1568>15—-w;=1.5

Wy =
el,z

Determination of C,; o factors

The general formula for combined end moments and transverse loads

is used here.
2 EI, |6,] NEqd
Cmy,() =1+ > -1 Annex A: Tab. A.2: Equivalent uniform
L }My,Ed,right| Ncr,y moment factors Cpmi o
6;=3.33mm

The formula for linearly distributed bending moments is used here.

Mz, D, righ
()UZ = M — 0/25 =0
Mz Ed, left
Neg
Cmz0=0.79+0.21¢,+ 0.36(¢,—0.33) =0.771
cr,z

sz = sz,0 =0.771
Resistance to lateral torsional buckling

Because It =8.857x10—7m* < I, =4.820x 10—4m*, the cross-
section shape is such that the member may be prone to lateral torsional
buckling.

The support conditions of the member are assumed to be the so-called
"fork conditions”, thus L;7 = L.

n2EL nm2El,

2 2
LLT LLT

_ Wpyy f
plyJy -
)\0 = ————=0.759 Annex A: Tab. A1:  Ag: non-
MCI’,O dimensional slenderness for lateral-

torsional buckling due to uniform bend-
nm2El, ing moment
GIt + 3 =5822kN
LLT

N =
cr, T Iy +1,

C1 = 1.194 determined by eigenvalue analysis

_ Neg Neq
)\Olim = 0.2\/ C1 q (1 - £ ) (1 - £ ) =0.205 Annex A: Tab. A.1: Auxiliary terms

N cr,z cr,T
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Ao =0.759 >= Agim = 0.205

Lateral torsional buckling has to be taken into account.

T
Annex A: Tab. A.1: Auxiliary terms aiT = 1-—=0.998>=0
y
My,ed,rignt A
Annex A: Tab. A.1: €, for class 1 cross- Ey = Y J =2.383
section N Ed Wel,y
aLT4/Ey
y ) \Z
1+or4/€y
aLT
Crmir = C2 =1.139>1.0

my
Neq Neq
=
Ncr,z Ncr,T

thus Cmr = 1.0.

6.3.2.2: Lateral torsional buckling The general case method is chosen here.
curves - General case

M = 1068 kNm, determined by eigenvalue analysis

_ _ Woiy fy 2194-1076.235.10°
6.3.2.2 (1): At non dimensional slen- )\LT = = 3 =0.695
derness for lateral torsional buckling Mcr 1079-10

&, 7=0.5 [1 + o7 (XLT— 0.2) + XfT]

6.3.2.2 (1): Table 6.4: Recommenda- for rolled I-sections and h / b > 2 — buckling curve b
tion for the selection of Itb curve for

cross-sections using Eq. 6.56 for buckling curveb - a;7=0.34
6.3.2.2 (2): Table 6.4: Recommenda-
tion values for imperfection factors a;r q’LT =0.825

for Itb curves

1
6.3.2.2 (1): Eq. 6.56: X7 reduction fac- XLT =
tor for Itb &7+ ‘HDET_XZ
LT

Xur=0.787 < 1.0

ke = 0.907 determined by eigenvalue analysis through the C; factor.

— 2
6.3.2.3 (2): For taking into account the f =1-0.5 (1 — kc) |:1 -2 ()\LT - 08) :| =0.959<1.0
moment distribution between the lateral
restraints of members the reduction fac-

tor x.7 may be modified XLT.mod = XLT =0.821 < 1.0
f
Elastic-plastic bending resistances Ncrek =A-fy, =2715 kN

Mpl,y,Rk = Wpl,y ‘fy =516 kNm

Mpi,z,rk = Wpi,z - fy = 78.9 KNm
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)\max = )\Z =0.927 Annex A: Tab. A.1: Auxiliary terms:
Amax = max(Ay, Az)

My,Ed Mz,Ed

=0.428 Annex A: Tab. A.1: Auxiliary terms
Mpty,rRk Mpi,z,Rk

bLT= 0.5-GLT-X(2)

XLT,mod
Ym1 Ym1

16 _ _ 16 _ _
ny=1+(wy—1)[(2——-c2 Amax— —— +C2 X° )
w

wy my Y my” max
Neg
: —b
Nc,Rk L
Ym1
Wei,
Cyy=0.981> —— =0.879
ply
-2
A My Eq
cr=10-ou7 - —2 5 —— =0.471
Y.R
> +)\z Cmy * XLT,mod Y
Ym1
2 32
Neg
Cyr=1+(wy,—1)||2—14-X "X —c
yz ( z ) W? Nc,Rk LT
Ym1
wz Wey,
Cyz=0.862> 0.6y — —— =0.439
Wy Wp[,z
Ao My eq Mz eq
0.1+ )\Z Cmy - XLT.mod 2 Y, sz ,Z,
Ym1 Ym1
=0.348
2 32 N
Ed
Coy=1+(w,—1)|[2—-14-L "% —d
zy ( y ) W}S/ NC,Rk LT
Ym1
w, We;
Czy=0.842> 0.6\ — —2 =0.459
W Wpl,y
Ao My, eq
er=17-a.7- =2 Y =0.721
0.1+A MpLy.RK

z Cmy * XLT,mod
M1
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10

1.6 _
sz=1+(Wz_1) Z_VZ‘sz)\

NEgq
Nc,Rk
Ym1
We,,
Cr;=1.013> —2 =0.667
plz

1.6

2.2 X2
max — w sz)\max eLT)
z
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Verification

According to 1993-1-1:2005, 6.3.3 (4), members which are subjected to

combined bending and axial compression should satisfy:

Neq N CmLt Cmy - My,Ed
Ne Rk Hy XLT,mod Ned Mpty,rk
Xy 1- Cyy -
YM1 Nery YM1
+0.6 E Cmz Mz Eq
wy NEqg Mpi,z,Rk
1-— Cyz
Ner,z Ym1
500 10 1.139 1.001-198.9
—_— +1.
2715 500 516
1.0 —— 0.821 (1— )0.981—
1.0 71035 1.0
0.6 1.500 0.771-25
+0.61
500 78.9
1.138 (1——)0.862 —_—
3157 1.0
=0.966<1.00

— Satisfactory

Ym1 Necr,y Ym1
+ Cmz Mz,Ed
NEq Mpi,z,Rk
1—- Czz
Ner,z Ym1

500 0.937 | +0.5 1.1381.139
——————+0. +0.61
2715
0.644 — 1.5000.821

1.001.198.9 0.771-25
+

' 500 516 500 78.9
(1— )0.842 —_— (1——)1.013—
71035 1.0 3157 1.0
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NEd wy Cmrt Cmy - My,Eqd
TN-ar + Uz | 0.64] — N M
C,Rk Wz XLTlmod Ed pl,y,Rk

6.3.3 Uniform members in bending and
axial compression

6.3.3 (4): Eq. 6.61: Members which are
subjected to combined bending and ax-
ial compression should satisfy:

6.3.3 (4): Eq. 6.62: Members which are
subjected to combined bending and ax-
ial compression should satisfy:
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12

=0.868<1

— Satisfactory
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5 Conclusion

This example shows the ckeck for lateral torsional buckling of steel members. The small deviations
that occur in some results come from the fact that there are some small differences in the sectional
values between SOFiSTIK and the reference solution. Therefore, these deviations are of no interest for
the specific verification process. In conclusion, it has been shown that the results are reproduced with
excellent accuracy.
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