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Example on resistance in compression against buckling Lé
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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 AN/m

REEEEEEEEEEEEREEE

Loading s already factored for ULS. s B C

S 335 for t=40mm Material Properties:

> f= 355MPa | ' o
f 510 MPa .

b— u
» E 210 GPa v

10.0 m 20m

-~

Solution

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

2
80(;:] y % +800=1376.0kN

Ed =



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 0kN < N,z = A f, [V )9 = A% 355 xl[]l?'/l,ﬂ

A>3876x10"" m* =38.76cm’
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 i

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

» t,=10mm  » |, =3923cm* i
>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

Vv

—y

B0 m

a-a

T 20m |

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

lane x-y) - L. =0.7x80=56m. ” "
Py, N =2r° ENL?

Ler= 0.7L

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

plane of the

(y axis)
structure.

in the perpendicular direction to the



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
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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

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




Example on buckling resistance of CHS compression member IZJ
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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*'{l'.-l-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 S355 steel for this application.

. ,
d

d=244.5 mm
t=10.0 mm

A = 7370 mm?

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

Ne,~=2110kN

A4 E
t
T

40m

ot s =
S 355 for t=40mm

Material Properties:

> fy = 355 MPa
> f,= 510 MPa
 E= 210 GPa
Solution

djt=244.5/10.0 = 24.5

33 >24.5 .. section 1s Class 1

Step2: Compute the Cross-section compression resistance N, g
Af,
r ay

cRd —
Ino

for Class 1, 2 or 3 cross-sections

7370 x 355

L Nepa = —gp— = 2616 10° N = 2616 kN

2616 > 2110kN

Step3: Compute the Buckling resistance of the Member N, .
xAfy

il

.. cross-section resistance is acceptable

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

otep1: 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 @%

deola
1
= but v < 1.0 i

APy~ v utx < Buckling curve |a, /a \b c d
where [mperfection 0.13 w 0.34 {049 10.76

@ = 0.5[1 + a(X — 0.2) + X] iacine a
and @ =0.5[1 +0.21 % (0.63 0.2) + 0.63]=0.74

_ Afy _ 1

A=/ — for Class 1, 2 and 3 cross-sections  y = = (.88

N 0.74 + v0.74% — 0.632

Elastic critical force and nondimensional

slenderness or flexural buckling

Ncr =

~El ' x 210000 x 50 730 000

2 4000°

- /7370 % 355
SA= N ——————==0.63
6571 x 10°

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

0.88 x 7370 x 355

bRd =

2297 > 2110kN

= 6571 kN

hot finished ‘ any ‘@| iy

oo0|

cold formed

‘any‘c|c

1.0

— 2297 % 10° N = 2297kN

. buckhng resistance 1s acceptable.

Fedpction faclor ¢

1.0

D@

DE

or

RE

8]

D4

03

oy 02 D4 oE 0




Example on Designing an RHS compression member PA

deola
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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 —
i bending Guess y =0.3
=
¢ A =561 x 10°/(0.3 x 355) = 5268 mm”
—— LY Ads of Try @250 x 150 x 8 RHS, withA = 60.8cm?, i, = 9.17cm,
¢ 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-)-(2-r) 250-(2x8.0)—(2x4.0) ..
» f,= 510 MPa 7 " = 2 1d =28.25
» E= 210GPa c '
=336 < 28.25 <38 = (Class 2

Solution t

d soth ction is Class 2.
Step1: Compute the design applied compressive A 70 1T (GO FRCH™ 19 M
axial force N ;.

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

250x150 50 304 4 387 | 47.0 § 270 | 3360 | 1530 §931)6.28 ) 269 | 204 | 324 | 228 | 3280 | 337 |0.787 ] 259
63 3800 484 | 367 | 208 | 4140 | 1870 19 G 331 | 250 402 | 283 | 4050 | 413 | 0.784 ] 206
8.0 477 || 608 || 283 | 158 | 5110 | 2300 §917 | 6.15 1409 | 306 | 501 | 350 | 5020 | 506 | 0.779 ] 16.3

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




Example on Designing an RHS compression member ZV

aeg
Stepd: Verify the Buckling resistance of the Member N, o, Vs N, ¢, &)Ll
Since the selected section is section of class 2: Slenderness
coefficient
_ Afy Lﬁ.m.i 12000 1 {710 0
"\ Ny iy A (918 % 10)93.9 x 0.814
N Y 6000 | NN
e [ _Les 1 1276 < 1710 ol T NN\
VNerz & 1 (615x10)939 x 0.814 AN
EEE N
Select the buckling curve and corresponding “o” value 3 o XTPAS \\:{3%
@ hot finished any a Z: X,=0.296 _ RN _
%‘ E © @ | cold formed ‘ any ‘ ¢ ‘ ¢ o

Non-dimensional slenderness &
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

2121 4+ /2.1212 = 1.7102

Afy, 0.296 x 60.8 x 10% x 355
Noy,rd = Xl _ o ]; U7X 355 _ 640 kN > 561 kN = N4

YMI
and so the member is satisfactory!
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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 7 o
12 .
12 i T Ay T [Solution
— -
| — | I
125 1 " | Step1: Compute the elastic buckling load about
L I _l_ the major and minor axis, N ., and N, for the
10 whole section.
o] ]
cr
Vz | . I
Member buckling about the major axis:
2-125x75x10UA | L 1 | i | J¢ ,
1,= 1495 cm Ny = 7 x 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 PA

Ner

75 | -
T T T 1
125 12 Lo
| — | ¥
T
I — | L
125
1 L L.,
|10
1 1
Vz T
2-125% 75 % 10 UA
1,— 1495 cm”
L=164.2 cm®
" |
AN - u
\
ho ¥
,=302cm4 TR N .
= i ===
C,=4.23 s o
S=0.6 cm 1w

A=19.1 cm2
l, =302+19.1(4.23+.6)=747.5 cm3
2L =747.5 *2 =1495

doola
To calculate the elastic buckling load
following equation is generally
applicable for compression members;

N - 7 EIl
L

cr

Step2: Compute the elastic buckling

load, N ., for a single angle about its
own minor axis.

Nepomin = % % 210000 x 49,9 x 10%/1500%
= 459.7 kN

and so for both angles

2N, in=2 *x 459.7= 918kN < 1513 kN
The lowest buckling load of 919 kN
corresponds to the case where each
unequal angle buckles about its own
minimum axis.



BS EN 1993-1-1: 2005 Table 2.1.6.1

BS EN 10056-1: 1999 . 2 z
UK _ SECTION PROPERTIES ! u
e UNEQUALANGLES | || e Y
Advance® UKA - Ungual : \" r ¥=i%— ¥
B=40 DIMENSIONS AND PROPERTIES £ : Y 55 u il -,__._WI‘~ %
b +| | _-l ':z i-_\l'::,
I Z
Saction Mass Radus Dimansson Second Momeni Radius
Dasignation per of Arza of Gyration
Bdeire
SRR RV | [ v [ e [ o T [ aom T e T s T tem
hab t ry 3 g, g,
FHIFTH FIIFTH kepim | ewm | om | e | oem | em® | em® | em? | em? | em it &I it
200 x 150 18 + 471 150 | 750 | 6.33 ) 265 | 2380 | 1150 | 820 | 623 .20 437 697 322
13 =N 15.0 | 750 | 621 | 373 | 2020 bra | 2480 526 B.33 4.40 .00 3.23
12 320 150 | ¥.50 | 6.08 | 367 | 1650 | BO3 | 2030 | 430 .36 4,44 .04 3.25
200 x 100 15 338 150 | 7.50 | 7.16 | 2.22 | 1760 | 288 | 1880 | 193 f.40 264 8.59 212
12 273 15.0 | 7.50 | 7.03 | 2140 | 1440 247 1530 158 643 26T A.63 214
10 23.0 15.0 | 7.50 | 683 | 2.07 | 1220 210 1290 135 B.46 2.EBB 6.65 215
160 x 90 15 3349 12.0 | 600 | 521 | 2.23 | 781 208 | B4 126 4.74 246 458 1.83
12 21.6 12.0 | 6.00 | 5.08 | 242 | 627 171 G54 104 4.77 249 6.02 1.84
10 16.2 12.0 | 600 | 500 | 204 | 533 | 148 [ BBY | BRS | 48D 251 5.05 1.85
150 x F5 15 24.8 120 | 6.00 | 552 | 1.81 i ] 118 a3 TG 4,75 1.64 4,84 1.58
12 20.2 12.0 | 600 | 540 | 168 | B8 | 456 | G623 | 84T | 478 1.87 4,52 1.59
10 17.0 12.0 | 600 | 531 | 167 | 801 | &6 | 531 | 551 4. 81 1.89 4.95 1.60
1252 75 12 7.8 11.0 | 550 | 431 1.64 KL 5.5 3B 5B.5 3.85 205 415 1.61
— 0 180 | 110 | 550 | 423 | 178 | s02 | m2q | 334 so7 | 207 | 418 | 189
3! 12.2 11.0 | 5.50 | 4.94 | 168 | 247 | 676 | 274 | 408 | 4.00 208 4.21 1.63
100 = 76 12 16.4 10,0 | 500 | 3.27 | 2.03 182 .2 230 495 310 214 3.42 1.58
10 13.0 10,0 | 5.0 | 3.19 | 1.85 162 e 187 42.2 312 216 3.45 1.58
& 10.6 100 | 500 | 3490 | 1.6F | 133 | 841 | 162 | 346 314 218 347 1.60
100 = 65 10+ 12.3 10.0 | 600 | 338 | 163 | 184 | B1.0 176 | 304 314 1.61 3135 1.39
B 4 094 10.0 | 5.0 | 3.27 | 1.55 127 422 144 24.8 316 1.B3 a.37 1.40
T+ 8.7 100 | 500 | 323 ) 1.5 | 113 | AF6 | 128 | 220 317 1.63 338 1.40




ES EN 1993-1-1: 2005 Table 2.1.6.2

BS EN 10056-1: 1999 ” 2 z
UK SECTION PROPERTIES | | .
EURGCODES UNEQUAL ANGLES | || | Ko
Advance® UKA - Unqual :Hin X=ik ”ff; - ¥
I,
Bed DIMENSIONS AND PROPERTIES ¥ 'Yy 1 L
b +I | _-'I 2 ._\‘k-'

I i

Saction Elastic Angle Tarsional Eguvalent Slanderness Miono- Araa
Diasignation Modulus Boais Y-y Caonstant Copfficiant STy af
Ax Mllfu-u e Secten
(E] Axis
Sze Thicknass vy 7z Tano . e

hxh t I Py By iy
Ty e crer eri err® erie
200 = 150 18 + 174 103 0.544 679 293 ar2 4 60 G600
12 147 86.9 0.551 J9.9 3.93 .5 5.55 305
12 1149 0.5 0.552 209 4.43 570 &.aF 40.8
200 % 100 15 1av 38.5 0.260 343 3154 5.17 2.18 430
12 111 31.3 0D.262 18.0 4.42 B8.57 115 34.8
10 93.2 26.3 0.263 10.66 5.26 7.82 138 282
160 = G0 15 .y a0.4 0,354 26,8 2.58 155 506 KRR
12 633 4.8 {.360 144 124 4.58 T80 ar.5
10 6833 2.0 0.360 8.30 389 6.58 |03 25.2
150 x 5 15 5.2 21.0 0,253 251 2.62 a4 .54 Ny
12 61.3 171 {.256 13.2 3.30 479 BED 257
10 51.6 14.5 0261 7.80 195 5.83 104 217
125x 75 12 432 16.9 0.354 1.6 2.66 373 6.23 227
~ 10 365 14.3 0,357 6.87 a2 4 55 T80 18.1
) 206 11.6 {0,360 62 4.00 575 h.43 165
100 % 76 12 26.0 16.53 0.540 10.05 210 2.64 346 18.7
10 2348 14.0 0.544 5.95 2.54 3.22 417 16.6
E: 19.3 11.4 0.547 313 R 4.08 524 135
100 x G6& 0 + 232 10.5 0410 5.61 2.52 3.43 545 15.8
B 4 18.9 8.54 D413 2.0 314 4.35 6.BEB 12.7
T+ 16.6 .53 0415 202 358 5.00 Tas 11.2

Table 2.1.6.2. Advance® WA - Unequal. Dimensians and Froperies
 2006-2011, Taka Sl Ewrope Limifed
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Classification of Cross-sections 4 al) abliall Gyl 555
Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression
parts
Internal compression parts
W ﬁc ] ) _TC O . C Axis of
t4L_l i t{ otk | oo bending
: 1 — y —*ﬂt
——[ 't S g ~l|  Axisof
bending
. -~ —
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Classification of Cross-sections dxa all ghalial) ciyiar %V

Class s SUb‘JBCt to Falt sub‘]ef;t to Part subject to bending and compression
bending compression
f f f
Stress
distribution + + + | e
in parts C c c
(compression - -
positive) ——
fy fy f,
396¢
when o >0,5: ¢/t < -
1 c/t<72e c/t<33 36‘*“
€
when o £0,5: ¢/t —
o
456€
whena >05: ¢c/t< T bl
2 c/t<83 c/1<38¢ 41‘;
when 0 €£0,5: ¢/t<—
o
f f
Stress — f —"
distribution / + ;
in parts — |c - o / C
(compression i c/2 /
ositive ==
p ) £ o
42
when y > —1: clte 8
3 c/t<124¢ c/t<42e 0,67 + 0,33y
when yw < —1": ¢/t < 62a(l —y),/(—y)
g \K'zgﬁfffl £ 235 275 355 420 460
: £ 1,00 0,92 0,81 0,75 0,71

6)ligaldl

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

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

parts
Outstand flanges
G c | mc '
t t tf th |l
| so——
Rolled sections Welded sections
Class Part subject to compression — Part SUchc,l 2 bcndl.ng and el
Tip in compression | Tip in tension
Stress «c uc
distribution o I :+ ‘ + +
in parts 1 O --
(compression E !'—‘I L. b <
positive) ‘ fp—C o { | po——t—]
9¢ ‘ , 9¢
1 c/t<9 c/t<— c/t<
a avo
3 ; 10e
2 c/t<£10¢e c,’tsﬁ- c/t< -
a oo
Stress
distribution ,__ ﬁ ”
in parts Ry o ™ f v
(compression i |-—-{ H I, c _| | c {
positive) & |
t<2le
3 c/t<14g c/t<2leyk,
For k, see EN 1993-1-5
; f, 235 275 355 420 460
£=,J235/f >
! & 1.00 0.92 0.81 0,75 0,71

V)

&)liadl
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Classification of Cross-sections 4ua sl ahaliall Cisias a%v

. : : . : 8liall
Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression e vt
parts
Angles
h
e
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
| d/1<50¢°
2 d/t < 70g”
A d/t<90¢”
NOTE For d/t > 90c” see EN 1993-1-6.
f, 235 275 355 420 460
£=235/f, £ 1.00 0.92 0,81 0,75 0.71
g [ 1,00 0.85 0,66 0,56 0,51

Steel Structures1 Prof.Dr. Nael M. Hasan https://manara.edu.sy/
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Plane Of buckling «iadll <l siis

buckle
around
Z-axis




Plane Of buckling «iadll &l sius

= qry»_-.c ‘Y‘T’;
A o -_— ¢
4.5m l
Y pr— | f— . ) '
A e I T\ ;’. ..j
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! ...d’."..lx._.. “ )
Ler=45m .

a) Minor Axis Buckling ,

R il

4.5m ‘ : ‘ :

4.5m l

Y e AR

Lcr=9m

b) Major Axis Buckling



Plane Of buckling

Ny
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Loy
Ler
L
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i

Ny =2m*EIL*
Ler=0.7L

a) Buckling plane xz
Bending about yy
Bending about
Minor (weak ) axis

X

1.‘-.;

N, =m2El4r
Lep= 21

b) Buckling plane yz
Bending about xx
Bending about
Major (strong ) axis
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