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Example on resistance in compression against buckling LAM
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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 kN/m

REEERR NN R RN R RN

57y 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 12 800=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.

Ny =1376 0N S Nz = Af, /¥ 19 = A% 355 xm'-‘/l.ﬂ

A>38.76x10" m* =38.76em’
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:

BOO0 kN

EEENERE

a-a

—
|

2.0 m |

20 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) - Lp =0.7x8.0=5.6m.

(y axis)

plane of the structure.

N, =2x’EnL?



Step3.3: Determine the slenderness coefficients.

Since the selected section is section of class 1:

>

> — L_ 1

% ||| e T

m y

=Hip 5.6 1 ; (E/
2| @ _x——=071|4=7J(E/f)
< 10.31x107  76.4

]

o B L

o A = 4 =764
‘ﬁ -’, Al

= |||t 5

5 SRR C AR T )|

3 6.08.107  76.4

Step3.4: Calculation of the reduction factor X,,;,

%=1.0<I.2 and y =1 7mm<100mm

h=x[(210x10°/355¢10°) &

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

09 +

08

w 07
B
2

Alternatively and conservatively theg 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

02+

0,1

0,0

1

PN e

1

fia T 1.48++/1.482—1.21
. + B T B ¢::].48

7.=043

Step4: Section Verification.

Nowa =2 AL, [72 =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 06 08 1.0 1.2

14 16 18 2,0 22 24

26 28 30

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

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

Z=Z C
[h;‘bg?.é] |r,:5?00mm Y=y b a
Z=Z C =]
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
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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

1 Jlo.o
T

460.0

|

9.9

]

457 %191 UB 82
L=1871 em*

A =104 cm?
i,=18.8 cm
i-=4.23 cm
r=10.2 mm

275 for t<40mm Material Properties:

275 MPa
430 MPa
210 GPa

Yyvyv |@®
megch<h
In m n

Solution

Step1: Compute the design applied compressive
axial force N .

Nea = (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-(2x104)
t 2-¢, 2x16.0

; =5.026 <9& = Class 1

=5.026

Web = internal or stiffened element.

== ; T 9.9 H

%:41.118>42£3C1&ss4

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




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

|‘—‘| _‘-16.0

Select the buckling curve and corresponding “a” value

tr z htb > 1.2 [t < 40 mm) y-y a a

[ O V4 b dop
40mm <t <100 | y-y b a
z-z c a

hl y——o y
hb<12 |t;<100mm ¥y b a
Z=Z C a
460.0 T B t;> 100 mm Y-y d c
| b z-z d C
Buckling will occur about the minor (z) axis. For a rolled UB section
- (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) + 1.608%] = 2.032
_ £ b/t 407.6/9.9 1
A= 2= = =0.784
o 284evk, 284 x0.924 x /40 z = = 0.305
e evks 284 x 0924 x 2.032 + v/2.0322 — 1.6082
e Ap—0.0553+¢) 0.784—0.0553+1) — 0918 Aorfe 0305 x 10067 x 275
Y 0.7842 ' Npopa = oty _ 200 X - X2 _ 844 kN > 561 kN = Npy
YM1 :
d —dor = (1 —0.918) x 407.6 = 33.6 mm ) .
" 5 and so the member is satisfactory!
Ao = 104 x 107 — 33.6 x 9.9 = 10067 mm
: Compute the Cross-section compression resistance N, zy.
Ae f 11
Nog=1"% cross-sections of class 4 "
},MD 09 "\‘aU.
. AN \
g = 2OTX2TD _ 2768kN > S61kN = N, BEESRL AN\
_ DR 5 AN
Step5: Compute the Buckling resistance of the Member N, . a4° \\\\\k
Since the selected section is section of class 4: Slenderness coefficient % :: \\\:k\\
B A 1y Loy VAer /A 12000 /10067/10400 0.724 X 20305 \\Sk\ ' ‘
"N New iy A (188x10) 939x0924 0z {5 i i \\r
01
X Aer fy  Lerz JAeg/A 6000 /10067/10400 00 | | | | 1 |
z N‘.r i — l.: }LI — {4'23 > IO} 939 ” 0'924 00 02 04 06 08 10 12 1.4 16 18 20 22 24 26 28 30

= 1.608 = 0.724




Example on buckling resistance of CHS compression member IZ]}
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Example 3.4. A hot finished circular hollow section (CHS) member is to be used as an internal column in a n*ilu-l-ti-storey
building. The column has pinned boundary conditions at each end, and the inter-storey height is 4m, as shown. The

critical combination of actions results in a design axial force of 2110kN. Assess the suitability of a hot-rolled 244.5 x 10
CHS in grade 5355 steel for this application.

d=244.5 mm
t=10.0 mm

A = 7370 mm?

W, =415 000 mm’
W, = 550 000 mm’
=50 730 000 mm*

Ngg=2110kN

: v
Y

40m

ot s =
S 355 for t=40mm

Material Properties:

> f,= 355MPa
» f,= 510 MPa
» E=  210GPa

Solution

dlt=244.5/10.0=24.5
33 >24.5 .. section 1s Class 1

Step2: Compute the Cross-section compression resistance N, ..
Afy
o

Nera = for Class 1, 2 or 3 cross-sections

. Nopd = % — 2616 x 10° N = 2616 kN
2616 > 2110kN .. cross-section resistance is acceptable
Step3: Compute the Buckling resistance of the Member N, ..
xAfy

i

Ny rd = for Class 1, 2 and 3 cross-sections

Step1: Classify the cross-section.

e = \/235/f, = \/235/355 = 0.8]

Tubular sections (Table 5.2, sheet 3):



Example on buckling resistance of CHS compression member 54

YoV x

where

@ = 0.5]1 + (A — 0.2) + N]

and

_ A4S, !
A= % for Class 1, 2 and 3 cross-sections  y =
LT

Elastic critical force and nondimensional

1

but y < 1.0

slenderness or flexural buckling

Ncr -

mEl 1 % 210000 x 50730 000

2 4000°

o [1370 x 355
5 2= 6571 » 10° 0.63

For a hot-rolled CHS, use buckling curve a (table (6-5)

(table 6-2 of EN 1993-1-1)) for buckling curve a, a=0.21

Hollow
sections

dool
Buckling curve |a, /a \ b C d
Imperfection 0.13 1/0.21 /|0.34 {049 |0.76
factor a

@ =0.5[1+0.21 % (0.63 - 0.2) + 0.63°]=0.74

0.74 + v0.74?

bRd =

2297 > 2110kN

= 6371 kN

hot finished ‘ any ‘@| iy

oo0|

cold formed

‘any‘c|c

1.0

= (.88
—0.63°
0.88 x 7370 x 355

— 2297 % 10° N = 2297kN

. buckhng resistance 1s acceptable.

Feduction faclor ¢

1.0

D@

DE

or

RE

8]

D4

oy 02 D4 oE 0




Example on Designing an RHS compression member IZ

deola
Siliadl
Example 3.5. Design a suitable hot-finished RHS of S355 steel to resist the loading of example 3.3.
—— Step2: Select a cross section based on an assumed reduction
c Axis of value. oy —
o | pending Guess y =0.3
=
: A =561 x 10°/(0.3 x 355) = 5268 mm”
" LN Ao of Try a 250 x 150 x 8 RHS, withA = 60.8cm?, i, = 9.17cm,
c pending i, = 6.15cm, t = 8.0mm, r=4.0mm.
vz Step3: Classify the cross-section.
RHS £ = (235/355)"° = 0.814
S 355 for t=40mm Material Properties: All plate members = internal or stiffened element.
> f,= 355 MPa ¢c_h-@2:H-(@21)_250-(2x8.0)—(2x4.0) _ __ _
» f,= 510 MPa M V 3 T =28.25
» E= 210GPa c '
=33 <28.25< 38 = Class 2

Solution f

Step1: Compute the design applied compressive fand 39 the cross ogction is Class 2.
axial force N g;.

Hence, verification is only required for buckling resistance
Neg = (1.35 x 160) + (1.5 x 230) = 561 kN yreq g

250x150 50 304§ 387 | 470 § 270 | 3360 | 1530 (9311628 269 | 204 | 324 | 228 | 3280 | 337 J0.787 ] 259
63 3800 484 | 367 | 208 | 4140 | 1870 19 G 331 ) 250 | 402 | 283 | 4050 | 413 0784 206
8.0 477 || 608 || 283 | 158 | 5110 | 2300 §917 | 6.15 1409 | 306 | 501 | 350 | 5020 | 506 | O.77/9 | 16.3

(1) For local buckling calculation ¢, =h -3tand c; = b - 3t.




Example on Designing an RHS compression member 2‘?

d<eg
Stepd. Verify the Buckling resistance of the Member N, o, Vs N, ¢, b)LioJl
Since the selected section is section of class 2: Slenderness
coefficient
- Ay Loy 1 12000 1 710
"Ny i M (O08x10)939 x 0814
I 08+ %
— [ Af, Lers | GO0 1 08 DB
Re= [y _le=l —1276 < 1710 v NN
\/m{.,,_, i A (6.15%10)93.9x 0814 AN
I N\
Select the buckling curve and corresponding “o” value 3 00 XTPAB4 \‘&f%%
@ hot finished any a z: X,=0.296 _ IS |
é LE ‘ ‘ E] ‘ ' 01
% ﬁ © @ ‘ cold formed ‘ an}r ‘ e ‘ I o

MNon-dimensional slenderness A

Buckling will occur about the major (y) axis. For a hot-finished

RHS, use buckling curve (a) with a = 0.21
= 0.5[1 +0.21(1.710 — 0.2) + 1.710°] = 2.121

I
Xy = = 0.296

2.121 4+ 4/2.1212 = 1.7102

xAfy 0296 x 60.8 x 10% x 355

Noyprd = —= =
};M] 1.0

and so the member is satisfactory!

= 640 kN = 561 kN = Ngy
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Example on buckling of double angles

Example 3.6. Two steel 125 x 75 x 10 UA are connected together at 1.5 m intervals to form the long compression
member whose properties are given. The minimum second moment of area of each angle is 49.9 cm#*. The member is
simply supported about its major axis at 4.5 m intervals and about its minor axis at 1.5 m intervals. Determine the

elastic buckling load of the member N_..

5 | Material Properties:
N » E= 210 GPa
T r . o
125 i T A3y T [Solution
— 1 -
| — | I
- 1 " | Step1: Compute the elastic buckling load about
L I _l_ the major and minor axis, N ., and N for the
10 whole section.
. ,
cr
Vz ! . I
Member buckling about the major axis:
212575 x 10 UA 1 1 | | g [ {t :
I,= 1495 em’, Ny = m7 % 210000 x 1495 x 107/4500° N = 1530 kN
L=164.2 ¢cm '

Member buckling about the minor axis:
Ny =1 x 210000 x 164.2 x 10*/1500° N = 1513 kN



Example on buckling of double angles

75
T [
125 12
|
—'D,_
| — 1
125
1 L
o |10
Vz
2-125% 75 x 10 UA
1, 1495 cm’
L= 164.2 cm?

Y

6)lioJi

To calculate the elastic buckling load

following equation is generally
applicable for compression members;

2
n El
hrcr T T T
LC?'
Step2: Compute the elastic buckling
load, N ., for a single angle about its

own minor axis.

Ny min = 5 % 210000 x 49,9 x 10 /1500%
— 459.7 kN

and so for both angles

2N, in=2 % 4359.7= 919kN < 1520kN.
The lowest buckling load of 919 kN
corresponds to the case where each
unequal angle buckles about its own
minimum axis.
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Classification of Cross-sections 4w all ahlial) cisiat 5755
Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression
parts
Internal compression parts
W ﬁc ] ) jc O . C Axis of
t4L_l i t{ otk | . bending
L *I t
— T % - ~=-||  Axis of
& c ber:zigg
H N —r"
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Classification of Cross-sections dua all ahaliall Ciyias PA}

-

E ] : EI I. I"I
Class Part subject to Larsiicet o Part subject to bending and compression S
bending compression
f f f
Stress
distribution + + s
in parts C C C
(compression - -
positive) = —— 2
fy fy f,
396¢
when o >0,5: ¢/t < -
1 c/t< 72 c/t<33 36‘1“
€
when o £0,5: ¢/t <—
o
456¢
wheno >0,5: ¢/t< 3 bl
2 c/t<83 c/t<38¢ 410;{-;
when o <£0,5: ¢/t < —2
o
f f
Stress = f —
distribution / + ;
in parts - |c 2 e / C
(compression /_’ | |ef2 é
positive) ==
f, vl
42
when y > —1: e/t 8
3 c/t<124¢ c/t<42e 0,67 +0,33y
when yw <—1": ¢/t < 62a(l —y),/(—y)
e= 235/, f, 235 275 355 420 460
: £ 1,00 0,92 0,81 0,75 0.71

*) y £ -1 applies where either the compression stress o < f, or the tensile strain &, > f,/E
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Classification of Cross-sections 4w sl ahlial Cidas

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression

parts
Outstand flanges
c c c {
} [:‘l : : : ;
t t ! f‘é"

Rolled sections Welded sections

Part subject to bending and compression

Class Part subject to compression — : e ;
Tip in compression Tip in tension
Stress C uc
distribution I :+ ‘ + +
in parts B —
(compression i |’—'4 LT . b I =
positive) ‘ il [t
9¢ 9¢
1 c/t<9 c/t<— c/t<
a a~ o
10g ; 10e
2 c/t=10¢ c/tE— c/t=
a oo
Stress
distribution _,, ﬁ %
n pal'tb 1': ‘ c ) f ‘\I ‘l'
(compression i |-—-| H I.__|C ! |._.{C
| positive) &
c/t<2 Icﬂfk
3 c/t<l4e o
For k, see EN 1993-1-5

235 275 355 420 460

; f,
= 1f235 f :
3 o5 [ 1.00 0,92 0.81 0,75 0,71

Steel Structuresl Prof.Dr. Nael M. Hasan https://manara.edu.sy/
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Classification of Cross-sections dxaall ghalial) ciyias aﬂ%‘?

. : : . : 8)Liadl
Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression e vt
parts
Angles
h
-
t Does not apply to angles in
Refer also to “Outstand flanges” b continuous contact with other
(see sheet 2 of 3) components
Class Section in compression
Stress
distribution = f
across
section '
(compression
positive)
b+h
3 h/t<15e: = <115¢
Tubular sections
t d
Class Section in bending and/or compression
1 d/t <50¢°
9 d/t < 70¢*
A d/t <90¢
NOTE For d/t > 90g” see EN 1993-1-6.
¥ 235 275 355 420 460
£= v’235 /f, £ 1.00 0,92 0,81 0,75 0.71
g [ 1,00 0.85 0,66 0,56 0.51

Steel Structuresl Prof.Dr. Nael M. Hasan https://manara.edu.sy/
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Plane Of buckling «iadll &l sius
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Plane Of buckling «iadll &l sius
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a) Minor Axis Buckling ,
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b) Major Axis Buckling



Plane Of buckling «isill &b sius
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v
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Ler
I
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N =2r*ENL*
L.=0.7L

a) Buckling plane xz
Bending about yy
Bending about
Minor (weak ) axis
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b) Buckling plane yz
Bending about xx
Bending about
Major (strong ) axis
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