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Example on resistance in compression against buckling LAM
S)tisl

Example 3.2. Design the column BD of the steel structure represented in the figure below, using a HEB cross

section in S 355 steel, according to EC1993-1-1. The column is fixed at the base and hinged at section B (with respect

to the two principal axis of the cross section). Cross section B is fixed in both horizontal directions, in the plane

of the structure (due to the beam itself) and in the perpendicular plane (because of secondarv bracina members).

800.0 kN
80.0 AN/m

REEEEEEEEEEEEREEE

e B C

Loading s already factored for ULS.
S 335 for t=40mm Material Properties:
i 8.0
> f= 355MPa | z §
> f, 510 MPa
> E 210 GPa »
10.0 m

2.0m

[ —

Solution

Step1: Compute the design applied compressive
axial force N ;.

N, =200 12T R00=1376.0kN
10 2



Example on resistance in compression against buckling

Step2: Select a preliminary cross section.
Assuming class 1,2 or 3 cross sections, and considering
minimum cross sectional resistance.

Ngy =1376 0N SN gy = Af, /¥ )9 = A% 355 x10% /1.0

A>38.76x10" m* =38.76¢em’
As it is expected that buckling resistance will govern the
member design, a HEB 240 in S 355 steel is proposed (class 1
in  pure compression), with the following properties
(geometrical and mechanical): —

HEB 240

> h=2541mm » A= 106cm?
» b=2546mm » |,=11260cm*

» t,= 10mm » |, =3923cm* :
>t =17mm » i,=10.31cm
» r=10mm » i, =6.08cm ] T

Step3: Check for instability.
Step3.1: Identify the Buckling length in both direction.

According to the support conditions, the buckling lengths
are equal in both planes, given by:

AER

BOO0 &N

a-a

Vv

—y

T 20m |

B0 m

Because the buckling lengths are equal in both planes, the
4 ¢ orientation of the cross section is arbitrary. For constructional
reasons, the section is placed as shown in the Figure, with the

strong axis in the perpendicular direction to the

(planex-z) - Ly =0.7x8.0=5.6m.

(plane x-y) - L. =0.7x80=56m.

(y axis)

plane of the structure.

N, =2x’ElL?



Step3.3: Determine the slenderness coefficients.

Since the selected section is section of class 1:

-

> — L1

A

© yo

= L 5.6 1 A (E/
9 ,{y: — X =071 |4 =T "\Ef}]
< 10.31=x10" 764

N

h — L 1

o ||| |7 e
ﬁ I. /‘.1

I EE. 5

g LA 6_2><] =1.21

g 6.08.<10 76.4

Step3.4: Calculation of the reduction factor X,

%:I.U-::I.E and y =1 7mm<100mm

h=m|(210<10°/355x10°) &

AS ’;I'.". > "11‘ a‘nd 2 curve ::> o curve b = Im.in o z: .

09 +

08

=2 07
Alternatively and conservatively the% 0.6
reduction factor, X for each bucklingZ

axis can be calculated from the buckling.2 05

curve provided in EC1993-1-1
04

Reduc

03

0.2 4

0,1

0,0

1

o

o=
%

=

P et

1

)/Z: 2 a3
1.48++/1.487-1.21 b =145

7.=043

Step4d: Section Verification.

Nowa =2 AL, [731 =043%106x10™ x355x10°/1.0=1618 1 kN
Ny =1376.0kN < N, o, =1618.1kN

¢::0.5[1+Q(Z—0.2]+Zr

X,=0.78

X,=043

/
// /
V//

00 02

04 0,6 08 1,0 1.2

14 16 18 2,0 2,2 24

26 28 30

hib=12 | t:<40mm Y=y a ap
-7 b N

40mm < t;< 100 | y-y b

Z=Z C
[h;‘bg ?.j |r,:5 100 mm Y=y b a
Z=Z C a
te= 100 mm Y= d c
7-7 d c

$.=0.5%[1+0.49x(1.21-0.2) +1.21° |



Example on checking a UB compression member

[

6)lioJi

Example 3.3. The 457 x 191 UB 82 compression member of S275 steel of is simply supported about both principal
axes at each end (Lcr,y = 12.0 m), and has a central brace which prevents lateral deflections in the minor principal

plane (L., = 6.0 m). Check the adequacy of the member for a factored axial compressive load corresponding to a
nominal dead load of 160 kN and a nominal imposed load of 230kN.

191.3

R Jlo.o
T y

E—

460.0

9.9

|

457x 191 UB 82
L.=1871 em*
A=104 cm?
ip,=18.8 cm
-=4.23 cm
r=10.2 mm

§ 275 for t<40mm Material Properties:

[ fY = 275 MPa
» f,= 430 MPa
» E= 210 GPa
Solution

Step1: Compute the design applied compressive
axial force N .

NEea = (135 x 160) + (1.5 x 230) = 561 kN

Step2: Classify the cross-section.
Flange = external or outstand element.
Web = internal or stiffened element.

e =(235/275)"° = 0.924

Flange = external or outstand element.
¢ _b-t,-(2-r) 191.3-99-(2x10.4)

t 21, 2x16.0

% =5.026 <9& = Class 1

=5.026

Web = internal or stiffened element.

c_h-(2:1,)-(2-1) _460-(2x16.0)-(2x102) _, o
== ; = 9.9 fEsa:

?:41.118>42£:Class4

and so the cross section is Class 4 (slender).




Step3: Compute the Effective area. the cross-section A .
191.3

|‘_-| _Lm_o

Select the buckling curve and corresponding “o” value
oz hib>1.2 ][tfgdomm] y-y a a0
— O Z-Z b ap
40mm < t;< 100 | y-y b a
‘1 z-z c a

h| y——o y
hb<12 |t<100mm ¥y b a
v z-Z C a
460.0 _— = - 2 tr> 100 mm y-y d c
9.9 | b 7-z d C
' Buckling will occur about the minor (z) axis. For a rolled UB section
I (with h/b > 1.2 and t; = 40mm), buckling about the z-axis, use
l Lost Area buckling curve (b) with a = 0.34.
: @. = 0.5[1 + 0.34(1.608 — 0.2) + 1.6087] = 2.032
_ 1 b/t 407.6/9.9 1
lp = | —=—= = =0.784
o 284evk, 284 x 0.924 x V40 z = = 0.305
I ks 28 0.024 2.032 + v/2.0322 — 1.6082
p = 00553 +Y) _0784-0055G+1) 00 L
Y 0.7842 ' Ny g = XAethy _ 0305 — X212 _ 844 kN > 561 kN = Npy
¥YM1 .
d —dey = (1 —0.918) x 407.6 = 33.6 mm ) _
. and so the member is satisfactory!
Aei = 104 x 10° = 33.6 x 9.9 = 10067 mm?
: Compute the Cross-section compression resistance N gg.
Ae f 1,1
Now=—7-2 cross-sections of class 4 "
Yo 09+ \\‘\?U‘
. NN \
= 10067x375 _ g60in > S61KN = N, " %2083\
Step5: Compute the Buckling resistance of the Member N, z. é aa \\\ ‘k
Since the selected section is section of class 4: Slenderness coefficient E :: \Q&
ey Lery JAeg/A 12000 /10067/10400 0124 | *X20305 \X\& ‘ |
YU New i A (188x10) 93.9x0924 oz {2 - - “\\
01
Aefrfy  Lerz JAer /4 6000 /10067/10400 o0 | | , | , |
z = = = 0,0 02 04 06 0.8 1.0 1.2 1.4 16 18 20 2.2 24 26 28 3.0
: Nerz i- A (4.23 x 10) 93.9 x 0.924

= 1.608 = 0.724
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