COLUMNS AND STRUTS- (Compressmn members)

Columns are vertical ‘members
supporting floors, roofs and cranes in
3U|Id|ngs Though-internal coldmns |n
}buildings are essentlally aXLaIIy ol
oaded and are designed as such,
most columns are sub]ected to, aX|aI
Ioad and moment. Q |

Bracing strut

""'—"'_'_ __;Building CDlum .
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COLUMNS AND STRUTS- (Compressmn members)

strut’ is often used to‘describe
other compression members such as
those in trusses, lattlce glrders or & 4
b raci ng pra S ~ ,

‘truss

) Bracing strut - | , ,
& [ & P & %

> <—— Crane column

iy o~ o ‘ — —
. F, - Tk  — F —,—

*—T_ ";B'-lilding cnlumns
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}angles back to back) &
and tees- ; S

) hol low sections, ~ S
| "‘Compouncl sectlons and‘ unlversal columns & d

5. power statlons stlffened box columns.

Common types of member ~
1. light trusses and O |

bracmg angles
(including compound o A

2. larger trusses - "sﬂ?ff fw
circglar hollow =7 —— -
sections, recta ngular & Sa & o

3. frames unlversal columns fabrlcated sectlons e. g
rel nfO I‘Ced UCS _‘;;--T_‘_‘;--‘ __::..7_-_-:.., ”“ r
4, brldges box columns

/—\ Sear

.-/-' -




Design- ef compressmn members

P

Buc kk..;l.:i,,,,n g (I ong slender columns) ‘(7

mu st take into account /=

(
1
"

{75

1 “The failure nflung :‘.lender

columns is due to buckling
(typically timber or steel

)

)

Materi{élf'“;&ffpguckIing' (fﬁ'ég---erate CO|U'm;-n_§)

materlal sTrength

‘?

™

1 The failure of short squat | -
~ columns is due 1o r.mihi-n;
(typically reinforced concn

Failure mode

sfablllty agalnst buckllng

P i

i

Material (short columns)




EULER THEORY FOR SLENDER COLUMNS

Pin Efded Column __....-;'i:;ff"
Assumption

1-perfectly straight; 2 homogeneous column 3 load is
__applled preusely along the perfectly~stralght centrmdal a>ggs

"M, at any section X is then’ given.by

M = —P CRU &
d vV_ M :> _ _P CR
dr? El
dz” P CR
SV ICR 0
v = C 1cospux + Cosinpx
s __
El & .
':> Pcr = Ll T

1ay 1&“ |fnir N




EULER THEORY FOR SLENDER COLUMNS
Pin- end ed Column .-----'i'?;i;f7" Mnd;si;ape !

____Mode Shape

_+ ~

/\_/Cr e S ,.
. o . -.'.-_.- 2
Y gt N |
N Pcr = 12 -‘

Mud= shape 3.~
1 / F er
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EULER. THEORY FOR SEENDER C@LUI\/INS

Other Boundary Condltlon Colum ns .~ _ © mREI

E y

Other boundary condrtlons may be accounted for through

—

I the effectlve (cfitical) length concept L

P

L=2L />

Pinned and fixed \\ 4
~ ends )

L 0 L Fixed and =
Le=1.0L Le=05L “ALe=0.7L" recenss € = 2:0L
2 /w il 'ﬁﬂir 1S

" Pinned ends Fixed ends




EULER THEORY FOR SLENDER CGLUMNS -
N 77 EI 7z Ei% 72 E 72 E

Gcr : "':"'fcr =

_where A=L / 3y slendrness ratlo

& i = \/% radius of_, gyratl-on )

For a short member. (Wlth a Iow sIenderness ratio), ._.f,arlure

___occurs by y|eId|ng of the cross section o

For aslender member (W|th a hlgh sIenderness ratlo), farlure
occurs by bucklmg of the member & A
S & E

/{2

O : 1:cr

Br=Ghayath=Haliak




EULER THEORY FOR SEENDER COLUI\/INS

The I|m|t between the two types of: behawour IS deflned by a
value of the slenderness ratio, denoted as kl, glven by: &

Materlal yl\grdmg (squashmg) K

"-’?\“‘- g
\:\W ff‘-t“’ Al <
fe =" o e
A P e o
. A \:\’r "‘Hh/- = LA [

. >
=T £- 1 = L—E

o- Arelationship of a compressed member

Jr-&)mui Ifnlr \




Effect of |mperfect|ons and plast|C|ty
In real structures, |mperfect|ons are unav0|dable and result |n
deviations from the theoretical behaviour previously &
described; under these C|rcumstances “the crltlcal Ioad m
}general, is not reached
‘Imperfections can be divided into Iwo types N o

i) geometrical imperfections (lack of Imearnty, Iack of
verticality, eccentricity.of the Ieads)
||) material |mperfect|ons (residual stresses)

DF Cj ayc EI:H-IJ:EL!E XS




Effect of |mperfect|ons and plast|C|ty
The effect of geometrlcal |mperfect|ons

l"l] a EIJIIE Slnu50|dal = Initial e mm m
|mperfect|on of column

| ™ ——P(v +v)

d? v |\/| naﬂmmshmapuﬁmmd
X2 = — hﬁrmq:mssi'u'elnad,l’

| & P - &
d.IE_ —E_'f [”'-+ *o) £
= =——=1Y) S8 Initial sinusoidal

l:].l'.'2 E :r E | - confié'u ration
Jn\)mui |frllr 'S




Effect of |mperfect|ons and plast|C|ty

The effect of geometrlcal |mperfect|ons

< Cy cos C Sin ' S sing—~
v=1C_C HI-I- 2 #I'i- (Jrszz) .LL :u'rL

7 —PIEI
If the ends of the column are plnned V = O at X = O and

x=L : y
The first of these boundary condltlons glves C1 ___O___.}_:_-Whlle

}from the second we have .
N 0=0C> sm p:L

If sin ,uL 0 then ,uL 7T SO. that yz o= 2/L2 This would
then make the third term the above Eq. infinite which is
._.-.-cIearIy |mp055|ble for a column in: “stable equilibrium
(P < Py).-We conclude, therefore, that CZ 0 and hence
[\ Cj,m ;A:aumrﬂir S




Effect of |mperfect|ons and plast|C|ty.______“__
The effect of geometfical imperféctions ==
& jL-a b

G = Emffz

—_— —_—— -

vasinmax/L" Ul:]

- e .,

(72/u2L?) =1 V= (:Fr EJ’E I,;’PL 3\) —1

-— = = =

"EJF-LJ,E_,}; ,i: Eifi I Cﬂf‘ S




Effect of |mperfect|ons and plast|C|ty

The. effect of geometrlcal |mperfect|ons
If we consider displacements at the mid- helght ofthe °°

_column we have from the prewous Eq pocs’

= = : |:> Ve = PerZ — a
e l_.___,;__.._;_;f_._t.}'f(PCRf P) -1 - < ER P s

Gradient = Pcq

L
9

Experimental determin_ati’fe_h of thefﬁuckling
load of a_ column from’a Southwell plot




Effect of |mperfect|ons and plast|C|ty
The. effect of geometrlcal |mperfect|ons

at mid- -height Mmﬂ — —P(a ¥ ve) -

| '-Substltutlng for- 1/ M pax £ _Pg (1 + (;"cRIP) ~1)

Or M max :---._P

N4 PER
PCR P

NP

)

Jn&)ln :/L CI |frllr 'S



Effect of |mperfect|ons and plast|C|ty
The effect of geometrlcal |mperfect|ons

Jr-&)mui Ifnlr \



Effect of |mperfect|ons and plast|C|ty
The effect of geometrlcal |mperfect|ons

-ac
77 =——Isan expressmn of the geometrlcal
i°

'conflguratlon of the column andis a constant
for a given column havmg a glven
|n|t|al curvature

gmax — G511+ — .C'R 77:> >
| OO & NS
Omi(Ocr—0)=0|U+n)og o] -~ N |

0" = 0[O + (170 [+ OO =0

|:Jh \@lnﬁ;iiiui mtfh




Effect of imperfections and plast|C|ty N

The.effect of geometfical |mperfect|ons o Y—jEf
the solutlon of which is 3 L& N

O = _[Gmax +(1+77)0CR] \/ [Gmax +(1+77)0CR]2 | GmaxGCR

1[5 + 1+77 GCR] \/ [a + 1+77)G(;|%]— 0yOcr

1[f + 1+77)O-CR \/ [f +(1+77)O-CR]2 fGCR-

the Perry—Robertson formula’’

The above Equatlon has been rearranged in the European
_Code (Eg. (6:49), EN 1993-1-1:2005) to express the _
buckling stress (o,z) in terms of the stress ratio (%R// =A )

DL GNayatitridliak



Effect of |mperfect|ons and plast|C|ty

The effect of geometrlcal |mperfect|ons - .
and a reduction factor (7) related to column |mperfect|ons

| If O 5“ + (1 +77)o )‘- CR J | A

0' 5 \/ 5 f O' CR




Effect of imperfections-and plasticity
The effect of geometrlcal |mperfect|ons o~

ol & & _F
> O cr AlS Ocr Ocr
In the European Code <X : > & b,
¢——§ = 0.5 —X (1+ 77) ] :L &
Ocr GCR GCR 2G>

n=0.001a (- Ao)> 0, where a varies from 210 8
dependmg on the shape of the sectlon and the =~

;---"-I'imiting slenderness ratio _/157 0.2 J [ﬂ Ej> 0

DEGNayatizrEialiak



Effect of imperfections-and plastIC|ty
The effect of geometrlcal |mperfect|ons

¢ OSEHa/l 02 ] ] a= onla‘

Z_[¢+J¢

where a is an |mperfect|on factor

o~

_{10 CI6312 EN 1993112005

| Five different |mperfectron amplitudes: are mcluded

(through the |mperfect|on factor Q), grvrng ﬁve bucklmg
curves -- - :

DEGITaydul ridliak



Effect of imperfections-and plasthty
The effect of residual stresses /&
Residual stresses -~
| develop d ue tO ,
| differential cooling AN
" after hot-rolling AN
and any other kind Comblned stress /
of process mvolvmg " Applied stress
heat (like welding - Résidual stress N’
_and flame cuttlng,
| for example),
shearing and *
cold-forming and

cold-bending; - e N S

despite beinga pasic ' Compression
ends —"'“-—-

self-equilibrated




Effect of imperfections-and plasthty
The effect of reS|duaI stresses e

system, these &
stresses change < o5
}the load-
deformation IS 5
I‘e|ati,(;)_-’_f.'l"Ship for Cofﬁ-Eined sf_c-ré‘éé
the cross section . applied stress
as‘a whole. Residual stress




Effect of imperfections-and plasticity = -
Buckhng curves Adopted in EN BS 1993 1—-11

I),<

I
1
"I

)5,
: / \'\

(., ".':! 7z

£ ™

-(zr;J \\

Reduction factor

o <" Non-dimensional slandamass A e
F|ve curves were the result of an extensive experlmental

and numerical research programme that

.79’) *‘F*, 'anﬁ‘iFF *F, :J,:J A



Reduction factor y

P

Hun-dlm&nslnnal slandarneas ?L

\VaccounteEI for all |mperfect|ons in real compressed members
(initial out of—stralghtness eccentncrty of the-oads, resmtual
stresses) These’ |mperfect|ons were deﬂned statistically
following an extensive measurement campaign that justified

-the adoption: of a sinusoidal geometrlcal |mperfect|en of
“amplitude £/1000 in the' numerical simulations.

-Dr=GirayatirHaliak




Effectlve (buckling) lengths L =L,

Table 22-

BS5950

(2)

S

s (5) , F’ s
a;l_,non -sway mode ,""" - A £ :
J-|Restraint (in the plane under; conslderatmn) b”y other parts of the stmcture o Ly
“|Effectively held in position. atf Efiﬂ\a«ctwelj,r restrained in direction’ at l:u::th ends 1) 0.7L [
both ends! N mwement”; f' ihe |Partially restrained in direction at bnthfznds (2 0.85L H——Ei
ends of a member [Restrained in d_‘l.I‘ECtlQI’l at one end - T (3) 0.85L jemsmmd
A are restricted Not restrained in dlrectmn at mther end ) (4) 1T.0L |
b) swaj:i‘\éode ‘_J L Y
One! end ~ |Other end ng® Lg-

Effectively held in }JOEltlﬂl'l
and restrained in direction

-

Not held in position

Effectwely restrained in direction(5)

[T2L

Paﬂlall}; restrained in direction (6)

T.5L ]

Ncut restrained in direction {?}

2.0L e

Position=Displacement ”*

Dlrectlon -Rotation

Dr=Ghay;




Effectlve (buckling) Iengths cr—L

The retatlonal end
restraint afforded
to-columns by

Jbeam-to-column. -

‘connections
depends on the
form-of connection
and whether the
beams are

|designed-

compositely.

Table 22 BS5950

“a. Fin plate or. f'IeX|bIe
- end plate connectlons

b FuII depth end
plate connections

c. Composite
connections

Internal Columns =

Lcr— L

Lcr= 0.85L

Sker= 0.7L

| Edge or corner-Columns

Lcr= L

Lcr= 0.85L

| Ler= 0.85L

DISlc

1ydlil Flcaliai




Effectlve (buckling) Iengths Lcr-—L Table 22 BS5950

Fin pIate connectlons should not be assumed to prowde any
rotatlonal restralnt S |

Pr=GirayatirHaliak



Effective (buckling) lengths L, =L, Table 22-BS5950

End plate connectlons are assumed
t@ offer partlal restramt ¢

End plate beam to c(’"'l‘l‘ln and beam
.~ to beam connections. -




Effective (buckling) lengths L.,=L. Table 22-B55950

Extended End

plate connections

are assumed to .~
Y offer full restraint.

“Extended Stiﬁen'éa End
Plate & Column -

Pr=GirayatirHaliak




Effectlve (buckling) Iengths Lcr-—L Annex . "BS5950

Columns for single story bmldmgs o
In_f.:the plane of Perpendlcular to the

the diagram XOZ - plane of the d'agram

| ooxoy -
| The TOP is NOT held

in position-and it is
partially restrained in
direction

position by members connectmg _
them to a braced bay

s L &L &
/ ‘_" _. - L ;_-J_ J. . L - +

)
+ Y

The BASE is effectlvely

The TOP is effectlvely held in y :

"~ held in position and
restrained in dlrectlon in
Lg,=0.85L <~ both planes S




Effectlve (buckling) Iengths L.=L. '|_'_a_I5Ie25.-355950

\
For Members In Trusses e

In-plane buckling:

’!_J, = joint length

| out-of-plane buckling:
L, = purlin spacing

Bnttnm chord bracing cantras
L ity
L .

I

or &
A end fixities
Tablezs (855950 2000) EN 1993-1- 1Annex BB.1

N Tableﬁ 9 /1 _: Lb <15 .~

o

v

iy = 05+0.74,
eff v 20-354'07&

DEGayauEEgliak



DESIGN FOR COMPRESSION 6.3.1 EN.BS 1993-1-1

Eurocode states that’ both Cross:- sectlonal and member

reS|stance must be verified: |

Neg < N rd Cross- sectlon check
Ngg < Nb Rd Member bucklmg check

Cross- sectlon reS|stance

- Cross section resistance in compressmn NC Rd depends
on cross-section cIa55|ﬁcat|on

| Section Com I5?ression_
& cIaSS|f|cat|on
ClaSS 4 NC Ra_Aeff -/'YMO )

yMO | |s speuﬂed as 1. O in- EN 1993

DEGNAYaulridiaK



DESIGN FOR COMPRESSION 63 1EN BS 1993-] -1

Member buckling . :
Compressmn bucklmg re5|stance Nb Rd*

‘Section & Com pressmn
classification | N
Cass1,2,3 | Npas=1 Afy/'YM1
Class 4 Nb Rd— X Aeff fy/’YM1

Calculate non- dlmensmnal slenderness k

‘Section’ 'd - | d k 4
classification NoR- |men5|ona slen erness
-~ Class 1,.2(‘3' \/A fy/N Y
Class 4 \/Aeﬁ y/N (A/ 4, \/p\?ﬁ/A

DL GITayatilridlidg



DESIGN 'FOR COMPRESSION 6.3.1 EN. 55 19931 -1
Calculate non- dlmensmnal slenderness A N 7°El

& oo g | RS
Ncr ﬂ- “E | ozt E | 7Z'2E 72.2 E e
O = fo - - 2 2 T 2 2
L A AL < Le EF 2 |

here/t L, /i slendrness ratlo i=I /A radlus of gyratlon

The limit between the matenal yielding (short columns) and
Yelastic member buckllng (slender columns) IS deflned by a

value of the slenderness ratio, denoted as Ay, glven by: <«
< _ 210000 235
f, 285

y




DESIGN FOR COMPRESSION 53 1 EN BS 1993] -1

Member buckling ¢
Calculate non- dlmensmnal slenderness k

The non- dlmen5|onal sIenderness used in EN 1993-1- 1 |s

e
f,
o d | —_ N 4 \ Material yielding | Nea

S o \ / (in-plane bending) Q
o~ Afy, =|m= - _\ -
N \ L

“ Elastic member
\ / buckling (LTB) o

1.0 Non-dimensional slenderness A

DEGITaydul ridliak



DESIGN FOR COMPRESSION 63 1EN BS ]993] -1
Member buckling /*

Calculate reductlon ""factor, x

<10, ¢= 05h+az 02)+z

ais: the imperfectiony factor .
Table 6.1: Imperfectjon factors for buckling curves EN. 1993-1-1

§ | Buckling curve

Imp rf'e:.:tiun factor o

For s1enderness X< O 2 or NEd/N o ___0 4 A -
the buckling effects may be |gnored and only Cross sectlonal
checks apply | o __

DEGITaydul ridliak



DESIGN FOR COMPRESSION 63 1 EN IS 19931 -1
Member buckling © £

Buckling curve selection _—-f-':::iif-i-"’ N
Table 6.2: Selectlon__Of bucklm ¢ ___curve for a cross-sectlon EN ;7993

i Bucklin
L n Bur:idmg S 235
~ Cross séction imits /1. about S 275
N ‘ axis S:355 |- :
~8§420 |7

tr < 40 mm

40 mm < ;< 100

L7

Rolled sectionis
i, Y

tr< 100 mpi~ -

F 4> 100 rmn

tr< 40 min

_tfi'* 40 mm

Pr=Girayatirialiak



DESIGN FOR COMPRESSION 63 1 EN IS 1993] -1
Member buckling © A

Buckling curve selection _,—-f;':::j;i-::-’ ,__,-'-_;;:.i'.-fir“ -
Table 6.2: Selectlon of buckll _ _curve for a cross-section -

hot finished

;;n—l'ii{'f“nrmﬂd

_ _géﬂéra]ly (except as
= below)

| thick welds: a> 0.5t |~
bite< 30 &n

Welded 5;:3;
sections </ |

U-,, T- and
solid’sections

L-sections {7

PrGhayatirtialiak



DESIGN FOR COMPRESSION 6.3.1 £N 65 1995-1-1
Design procedure for column, bucklmg X

1. Determine de5|gn axial load, NEQI s
2 ‘Select section and determine geometry
3. Classify cross<section (if-Class 1 3, no, account need be
made for local buckling) N oS
4. Detérmine effective (buckllng) Iength L, &
5. Calculate N, and Af;

P i

6:‘Non-dimensional sIenderness A=
}7. Determine |mperfect|on factor a

8. Calwlate bucklln}reductlon factor X o

9. Design buckling: re5|stance Nb Ra X A fyjnyl
10 ‘Check Ne,J,/Nb Rd51 0




Example

A C|rcular hollow hot-rolled section 244 5><10 CHS

member is to be used as an internal coldmn in-a multi- storey
building. The column has plnned boundary condltlons at each
}end, and the mter -storey height is 4.m. The critical -~
combination of actions results in aLIeS|gn aX|aI force {)f
2110kN Verify the vallsty of th|s member. "

P

Use grade S 355 steel:® P |
SeCt|0n SpeCIflcatlon , ’r l NECP-—:;l 10 kN
“d = 244,5 mm
t=10:0mm = « 7
A = 7370 mm2
W,y = 415000, mm3
W oy = 550000mm3 4
I = 50730000 mm4 A

4.L'II m




Materlal Specnflcatlon
=100 mm>16mm = f,=355M pae3ssNfmm?
‘E = 210000 N/mim? LT TS S

| 'Cross sectlon cIaSS|f|cat|on (clause 5 5. 2). ;

£ =(23 5/ f,)°->=(235/3 55)0-5=0, 81 ,,
Tubular sectlons (Table 5.2, sheet3) ~

d/t = 244.5/10.0 =-24.5 <

& -Limit for Class 1. sectlon =250 ¢ = 40 7 > 24 5 ,_

| Crossﬂsectlon is Class 1 o e

Cross—sectlon compressmn reS|stance (clause 6.2. 4)
\¢, Rd—A f /yMQ [(7370x355)/ 1. O]xlO 3—2616kN>2110kN

u Cross sectlon re5|stance |s GK

st

~ i . J
f P N, “




Example S
Member buckling reS|stance |n compressmn
(clause 6.3.1): & A
TR

Nb Rd=— X Afy/'Ylvll ,.. Z

£ 081 Le=4m, /—(I/A)O5—(5()730000/7370)05 82 96mm

(L) ( 4000 j
ST A 82.96) =0.63 "'ff'i'ffl._' |

z$ 939g'939x081 ) =
4ooo - o

\/7370><355
6564830

Jn&)ln :/L CI |frllr 'S



Example

Cross-section

H-n-llmli
u:ﬂnns

~ Limits

Member buckling reS|stance |n compressmn
(clause 6.3.1): |

From Table 6.2 of- EN 1993-1= 1
Y For a hot—rolled CHS, use buckllng curvea

| - Buckling

Buckling |

about

- axis

Cume

5235
5275
/8355

hot finished |-

“cold formed

Jr-&)mui Ifnlr \



Example

Member buckling reS|stance |n compressmn
(clause 6.3.1): | -

From Table 6.1 of: EN 1993 1> 1 for bucklmg curve a, 0= O 21
1 ¢ O 51+ a(ﬂ, 0. 2 ¥ J < y §
4= o 51+ 0. 21><(o 63-0.2) 0. 632] 0 74

[¢+\/¢ } [o 75+Jo 752 0632

Ny ge= 7 A fy/yMl_o 88x7370x355/1 0= 2297x103N 2297kN

2297 KN > 2110 kN . Buckllng re515tance is OK.
~The chosen ¢ross- sectlon 244 5x10 CHS, in grade S 355
steel is acceptable. ~

Jﬁgﬁ@ /A:« LI’ |ﬂE:LIEx\




Example Built-up column

Determine the compressmn reS|stance of. the column section
shown in the Figure. The weld size is 8:mm. The buckllng
Iength of the column is8 m and the steel IS 5275 '

I'Material Specification <
40mm>tmax = 30.0 mm>16mm

= fy3 =265Mpa= 265N/mm2
E £210000 N/ mm2

lcross- section cIaSS|f|cat|on
(Clause 5.5,2):

3 (235/f 0.5 —(235/265 05—0 94
Flanqes

~-outstand fIancje (7able 5, 2 sheetZ)
c/t-=[(900/2 — 15/2)~ 8]/30'= 14.48 > 148 Class 4
ﬁii“i I CM‘

=
)

840




Example Built-up column

Cross-section ClaSSIfICat|On ’-
(clause 552): A

“Erom BS EN1993<1-5, Table: 42
Ik = O 43 i

2845,k
| dz = 14. 48 o O 827
S 28 4x0. 94>< \/O 43 P
for /1p > O 748 p 2 Ao __O 18?.,_1 0, p= O 82(s 02 188 _93
A s Ao . 0. 827

Aerr= 0.93 X 4 x (900/2 & 15/2 = 8) x 30 + (15 + S 8)
% 30 x 2 = 49829 mm2.- ~

;A-ﬁ Eui |f nir N




Exa mple Built-up column I.  m .

Cross-section cIaSS|f' catlon o TG

. Web < AT
This is an internak element in aX|aI O I S .
fcompression, Table 5.2, sheet 2: *~ &8 s |I=—
t, = 15mm, € = 0.94
c/t,= (840 - 2 x 8)/15 54. 93 > 42¢) 4 o AT -
Class 4 s*ﬁf:f;f*"
Fr@m BS EN1993-1- 5 Table 4 1 k =4, 0

i, et sas
Vo. 28 45f 28.4%0. 94><f

“4p—0. 055(3+w)

=1. 029 —

for/lp>0673p_ 076

Aoy = 0. 76 x (840- 16) x 15+8 %15 x2 = 9634 mm2

Jm J,!_:l:v ibﬁ Fji L] air N



Example Built-up column |
3. Properties of the gross section, and effect|ve sectlon
Gross area = (2 x 30 x 900) +(840 x- 15) =66 600 mm2-
[ =2%(30 x 900°/12)+(840 x 153/12) 3. 645><1O9mm4
= [3.645 x 109/6.66 x 104]%>, =233, 9 mm S
)\ = Ly [/, = 8000/233.9 = 34. 2 N '
Effectlve sectional area = 49829: ¥+ 9634 = 59463 mm2

4, Compresswe reS|stance of the column From Table 6.2 of
EN1993-1-1, for an SZ75 welded I section,‘Z; less than 40mm
_bucklmg about the. minor z=z axis, use bucklmg curve c

N T G /o |- Buckling curve
_ . N - Euckll_ng S 235 4

A Cross section |- Limits *> about- | S 275 0

A N e ~ “axis S 355 5450
> | _ S420 |
1] == === = [
25 | < S A L

SEY A YT Y o

i - ) y-y | -¢ ¢
—r— e —— t>40 mm -z d d

Jh\%]lu R/L U]ll |fmlj K




Example Built-up column

FromTable 6.1 of EN 1993 1-1, for bucklmg curve C,
|mperfect|on factor, (x =049 - - -

BUL]-.]IT].L_. curve ' ' C d
| Imperfection factor a . : : 0.49 0.76

~ (8000 <
233,9, 59463

it _

G 93.9__;<--o.94 66600
ol "
$=0.5[1+ 049 (037 ~0.2)+ 0.1372]= 061
= E— 4-091
Tl -1 | o1+ vo6r - 03#J




Exa mple. Built-up column -

Nb"Rd_ X Aefffy/VMfg 91x 59463 X265/1 0 1434Ox103N
S S43M0KN o




