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y Squashing, Overall flexural Torsional Local

normally occurs buckling buckling buckling
in short column

N, = Design value of compression force
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@ compression members subject to
= axial compression only
* no bending

©UIM

@ however in practically real columns are subject to

=  eccentricities of axial loads
= transverse forces

@ the treatment distinguishes between
= stocky columns, and
= slender columns

ocw.utm.my

Stocky columns

¢ The characteristics of stocky columns are
e very low slenderness
¢ unaffected by overall buckling

¢ The compressive strength of stocky columns is
e dictated by the cross-section
e afunction of the section classification

N
—Ed 1
N¢Rra
v Afy
. - ] _
Compression cl.6.2.4 . . c.Rd VMo
Design resistance of | _
compression, Nc,Rd
Ae[[ fy
Nega =
¥Mo

©UIM

forclass 1,2 or 3
cross-section

for class 4 cross-
section
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Slender Steel Columns © " ©UIM

¢ Slender columns present a quasi elastic buckling behaviour
7°E

/12

A=L,/r,where r isradius of gyration
L. is the buckling length

¢ Euler critical stress o, =

Failure by
N yielding
. f .
Euler buckling ! 3 5D Ei‘l‘;ﬂigy
curve and modes | '
of failure
M A
Behaviour of real STy ©®UT™M

steel columns

3O columns of medium slenderness are very sensitive to
the effects of imperfections

0 inelastic buckling occurs before the Euler buckling load
due to various imperfections
= initial out-of-straightness
= residual stresses
= eccentricity of axial applied loads
= strain-hardening
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Effects of imperfections | ©UIM

* structural imperfections most important for
intermediated columns

z
-2

* this represents

most practical 08 - 8 Mo
g8
columns 06 - N\,
N
0,4 | NG

curve is obtained

o
Iower bou nd 0,2 —{Stocky 4——-}-—} Intermediate 4—}——} Slender

0 T T T T

from a statistical 02 04 06 08 10 12 14 r
H mparison ata wi o i’-T =, My
ana |y5|s Of teSt ® fs?ngp ar sn‘:)n:i'mt:nss'io:a:afmr;ho;‘ plot Mer

results

Effect of imperfections in EEE ©UIM

relation to slenderness

#* Slender column
e largely unaffected by imperfections
¢ ultimate failure load = Euler load (N,)
e independent of the yield stress

#* Intermmediate column
e imperfections important
e failure load less than Euler load

e out-of-straightness and residual stresses are the most
significant imperfections
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Residual stresses patterns

~0.3f,
compression
—>

=( ,ny
tension

\ ~0,2f, ’
. compression N/A R Gh<fy Pfyﬁﬁ

+ = or=

¢, reaching f
Typical residual stress pattern Combination with axial stresses
* combined with axial stresses cause yielding
 effective area reduced
Modify
. . ocw.utm.my UTM
Initial out-of-straightness Ou
@ induces bending moments
1 Neq Combined effect of imperfections and axial load

@ bending stress oy

Yielded @ residual stress, og
zones @ applied axial stress, N /A
P/A OR o8 O max
>
+ + =
1 =
Neqg
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Buckling resistance in SN ©UIM
axial compression

The design buckling resistance of a compression member

Af,
for Class 1, 2 and 3 cross section N,z =X—
Y
Ae'
for Class 4 cross section Nypi = ;(;fv
Ml

where  a reduction factor and is related to the reference slenderness
Buckling curves plotted as  versus reference slenderness ratio

Neglect buckiing o
resistance if N
N,

N, .. = ﬁ o Forclass 1,2 and 3

BTy cross sections
A

Nm=1_eﬂ_fX (o For class 4
YM1 ©ross sections

¢=05[1+a(7?+02)+ 7

Column subjected to axial load- Uniform JO

Ngg 12 [My fordass12and

<10 o N., 3crosssectons
Nora - cr
i

1
Reduction Factor, X 1= ¢+_\‘°W but y <1.0

4= efffz for class 4
"\ N, Cosssections
cr

Table 6.2
¢ e
=9 N/mm?
e . E 210 000N/mm

1 Ner= . :
s L. is the buckiing length

D




European buckling curves ocw.utm.my ©UTM

(C16.3.1.2)

1
=
®+\/ﬁ

where @ = 0.5[1 +alt-02)+ IE]

but 1 1,0

y

A= for Class 1, 2 and 3 cross-sections
NCI'
= Aefffv ’
A= : for Class 4 cross-sections
cr
o 1s an imperfection factor

N, is the elastic critical force for the relevant buckling mode

based on the gross cross sectional properties.

cr

European buckling curves

Based on experiment more than 1000 tests section
Range of slenderness ratios between 55 and 160

T T

R~ 8 e Based on a half sine-wave geometric
08 N imperfection = L/1000
08 B e residual stresses related to section
07 k type
N e 4 curves apply to different cross-

section types corresponding to
different values of the imperfection
factor a

Reduction factor %,
=
o

/)

0,0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30

Non-dimensional slenderness A

Modify
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Imperfection factor —ecwumamy ©UIM
a

* o dependson
= the shape of the column cross-section
= the direction of buckling (y or z axis)

= the fabrication process (hot-rolled, welded or
cold-formed

* imperfection factors given in Table 6.1

Table 6.1: Imperfection factors for buckling curves

Buckling curve ay a b c d
Imperfection factor o 0,13 0.21 0,34 0.49 0,76

Non dimensional slenderness, A

s Af" L - 1 -
h= [—L—=—2— for Class 1, 2 and 3 cross-sections
‘\c: 1/ 1
Aeff
— [A.f., L :
h= = oza b A for Class 4 cross-sections
Ne 1 A

vhere L isthe buckling length in the buckling plane considered

1 1s the radus of gyration about the relevant axis, determined using the properties of the gross
Cross-section

E
A =7 |—=939¢
£,
T
£= %2 (£, m N/mm?’)
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Selection of appropriate | —mm OUIM
buckling curve

Table 6.2 helps with the selection of the appropriate buckling curve

Buckling curve
Buckling [ §235
Cross section Limuts about S 275
axis | 5355 [ 5460
S 420
y-y a 2
o <40 mm A b %
£ = | 40mm<gz100 | YTY L 2
£ z-z c a
3 h
2
3 y-y b a
=; o t: < 100 mm 7% & .
2 a2,
Vi
z £ y-y d c
= t:> 100 mm LA
L b _l z-z d c
1< 40 mm y-y b b
z-z c c
o y-y c c
t: = 40 mm ST 4 q
hot finished any a ap
M [0} d Ify cold formed any c c
T

cowatmmy ©UTM

Example 1 : Design of an axially loaded column
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Structural Steel and Timber
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Columns subjected to combined
bending and axial load
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O©UIM
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v ®ULH
£d Neg
Mz t % ! My,f M t
’ 2 zZ,t
y
7<' 7{ Y 7{ g
M
N P vb My, b
/ /
R //><t / //R
z
Mzb z M, b z
N,
Ed < 1,0
NcRrd
N = ﬂl forclass 1,2 or3

Compression ¢l.6.2.4 - c:Ra ¥Mo cross-section

Design resistance of

compression, Nc,Rd

o Aefffy for class 4 cross-
cRd T YMo section
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W, f
_ _ oy
Mepg = Mypg =

;'Design esistance of | M, =

bendng WoRI e

_ We[[,minfz

M, = O
o

[ Cass1and2 |

ff:
Yo
Wi min f), For class 3 cross-sections |
Mo W_e! min elastic section modulus
For class 4 cross-sections

- Weft min effective section modulus

Bending and axial ‘}‘_
| force ¢l.6.2.9 &~

o M, =M, 'O}
|_cross-sections J\' L == el 5

. {Rolled or weided)

(Class3 | - ; 1
{ ss-S . The Longitudinal < Y
L ;‘?:ns ec /" _stress should satisfy |~ Oxra = Yo
p o. =
[ The Longitudinal }_\_ xEa YMo
_stress should satisfy | ' .
[ Class 4 cross- '},; L + Using e ffective }
|_sections = sections |
Ned My ea + Ned eny Mz ed+ NEdenz
Aettfy/YMo Wettyminfy/YMo Wesfzminfy/¥Mo
" Doubly symmetrical M 1-m) |
I and H sections = - Mpry.raQ=m) |

My .y ra

(1—0.5a)

[ Design Piastic

ed box sections = -
{equal flanges
- and equalwebs)

Mo ] Moca ] <1
My.yza My s na

(Bi-axial bending

o}

7 If both equations are sa!-sﬁed. no
| reduction in the y-y axis plastic moment
|_resistance is necessary

(i . no in lhe zzaxis |
plashc momonl resistance is necessary

(A-2bt) .
=~ but a,, < 0.5 for hollow sections

(A—-2bt Z
a,= but a,, < 0.5 for welded box sections
(A—2he) .
=4 but a, < 0.5 for hollow sections
A—2ht,
a,= % but a, < 0.5 for hollow sections

X n=Nga/Npiza '

- moment reduced Myzs ~ Rectangular N { My, pa =
due to axial force. . hollow and weld-

_ Mpryral-—m)
! My zra =

M, (a-n)
plLy.Rd >
G-o05a.) Ma jor axis y-y |+

Minor axis x-x =

(1—o.5afr)
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1<02
Neglect buckling
resistance if Ngg
—£ < 0.04,
cr
N - XAf,\' For class 1,2 and 3
b.Rd Va1 cross sections
A ,
M_ ; - Nb)?d:X_e[Lf)_ For class 4
Np.rd YM1 cross sections
1
Reduction Factor, X x= Yoy =but y <1.0 |5
Uniform members in compression cl.6.3.1 =
Afy Lol
Nep 0 A4
Flexural buckling =
[Best
Aerrfy L ml A
Ner i
Slenderness -
Afy Lol
N, /1
Torsional and cr Ph
torsional-flexural =
h [Aeff
{ e
buckling pyrs Lcr\‘l Aff
NCT
Mg Mz; Design Moment
—<10
My pg M,z Design bucking
resistance moment
w.=w.,. .~ Forclassiand?2
oo cross-sections
D= For class 3 cross-
Mg = W Wy = Waly sections
_ For Class 4 cross-
W, = Wopeo (= y
v ety 1 sectons
Uniform members in bending ¢l General
) st
—_— 1
= but s 0
) =
For rolled section T PR /1_2
: LTt @ir tPAT i
orequivalent -
X1t Reduction Factor = welded sections
t With moment distribution
Titmod = 2 DU fyrmee S 1 between lateral restaint  +
f of members
Simplfied assessment
method for beams with +
restraints
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Ngq My ga+AMy Ed Mz gq+AMzEq
TR+ Ky o otk <1
AYVTRK X y.Rk ZRk
YM1 YM1 YM1
Neq My Ed+AMyEq MzEq+AMz Eq
T2Nrk T Kay y.RK = Mppg <1
YM1 LTy My YM1
Design values of compression and
Neg, Mygaand M. g4 maximum moments about y-y and zz
axis along members.

Moments due the shift of
'[ AMygg. AM;gg centroidal axis for class 4. }

- - and y. Reduction factordue to
Column subjected to axial load and where j© { Xy3EXz g ural buckling
bending -Uniform members in bending -
and axial compression { Xur E:g;g}?n factordue to J@-[ Xur =1.0 if not susceptible to torsional defomlation]
Annex A (alteratives method 1
'[ kny kyz- k:y' k.. Interaction factors { )}
Annex B (alternatives method 2)}
Table 6.7 Values for Ny, = f A;, Mg, = f, W, and AM;gq
Class 1 2 3 4
A, A A A Ay
W, WL' > Wp_l‘y W,y W, g,
w: wpl.z wplz wol.: wtffz
AM,,_‘, 0 0 0 eynyNed
AM, ¢y 0 0 0 ex:Ney

simple construction

‘Simple construction’ is commonly used for the design of
multi-storey buildings

* Beams are designed as simply supported

* Columns are designed for nominal moments arising
from the eccentricity at the beam-to-column
connection.

The moment components are small for simple construction,
the interaction factors can be conservatively simplified to :

Ny + M, 5 +15 M. ea

Nb,z,Rd Mb,Rd Mc,z,Rd

<1
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Example 1 : Design of column with
combined bending and axial load
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