BENDING STRESSES AND MOMENT CAPACITY
1 Elastic theory ©
1. Uniaxial bending -

From the Mechanics of

-;- Materlal course, (Symmetrlcatbendmg)
M M

y 7 y N

foo=fe=—"F2Z=—""
Max stress ot = Toe =" 1w,

‘e y
Moment capacity lVI =0, W, =r
' W

el,y
= the majour axis m

elastic section modulus aboUt  section

The elastlc de5|gn re5|stance for bendlng about one prmupal
axis is determlned in Clause 5 2.5. 2 of EN 1993-1-1 as:

.follows | W, f,




BENDING STRESSES AND MOMENT CAPACITY
1 Elastic theory ©
1. UnlaX|aI bendlng

I
For the asymmetncal crane . “ U :
|
|
|

= 1£ o

| beam section: < V¥
W, n —'/ /zl modulus of 2
sectlon for top flange. <= L ==
l/l/t,,,,y2 = /,/z, = modulus of & S
' sectlon for bottom ~Section

flange. ((MIN)) b
2,5 = ~distance from centroid

“to top and bottom ﬁbres S ..-;-iff" —

Stress at top I e “Moment -
| ¢ - capacity: Me. =T




BENDING STRESSES AND MOMENT CAPACITY
1 Elastic theory /© My

2. Biaxial bending
MyEa’ design bendlng

moment about the

Y=y axis.”
Mz Ea’ design bending:-
M;_H 2 A
- moment about, the oo Mot A
Z—Z axXis. o Mﬂ] |= ‘:::.u
_We/ y = elastic section - w,u]iz '“_ Vertical bending siress
1 modulus for the < 1z =
7 mpn:mm T-rmmn
y y aXIS F Hﬂrmnul bmdmgmm
Wel;.z= elastic section G o
.~ modulus for the
i ‘e aX1S 4 M y,Ed M, Ed L fy
The maX|mum Stress at A or B M= fg=—=r—=<
Wel,y Wel,z VMo
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BENDING STRESSES AND MOMENT CAPACITY
1 Elastic theory & .-_._"
2. Biaxial bending -~ sl N
“The elastic design reS|stance for g 5N
| bending & S5 N

Q& We f -- Wel,z f N
I\/Iel,y,-Rcl- = 1 I\/Iel z Rd-'_'—:- —Y_ -
n VMo & Ymaol
WE M. e <1 Should be satisfied ®
IVlel ,y,Rd I\/Iel z,Rd : '-.-"ertlca]

For asymmetrical beam sectlons
In channel sections, the vertical
load must be applied through the
shear centre for bending in the: free
member to take place about:the y-

|y axis; otherwise, tW|st|ng and
biaxial bending occurs. -




BENDING STRESSES AND MOMENT CAPACITY
1 Elastic theory 'tl"erl:l-::a] o
2. Biaxial bending el M
_ _'_:-For asymmetrical: beam sections: B}':'F’:'
{ In unequal angles; bending takes 24
place about the principle axes U-U - I\ Nu 45
and W4V in the free member when ];, | Gravity-~
the load is applied through the shear "
centre. v
__.When the angle is used as a purlm Bending stress /" Bending stress
1 the cladding restrains the member SO V=V axis &y W=
that it bends about the y— yax|s :

s/

cladding

bending stress
y y axis




BENDING STRESSES AND MOMENT CAPACITY
2 Plastlc theory 1. unlaX|aI bend“ ing &

M 2R M .z,

Z f..=

Seétlcm Moment, M
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~ Plastic neutral
axis

4 o 1, -
A2 the area of the beam sectlon pélow the plastlc neutral

% axis (tenS|Ie) IS ~
14, the area of the beam sectlon above the plastlc neutral
axis (compresswe) &

Since M, is a pure bending mement —
the total dlrect load on the beam sectton must be zero
fbtxAz—bexAi:f ><A2—f ><A1:>A2 Al

if A= A+A2:>A2 Ai—A




2 Plastic theory 1. uniaxial bending-

Plastic neutral -~
axis..

__ ""'jfjwe see that the p/asz‘/c neuz‘ra/ aX/s 0’/ vides z‘he beam
" sectionnto two equal areas. <
Clearly for doubly symmetrlcal sectlons or for smgly
symmetrlcal sections in which the’ plane of the bending
moment is perpendlcular to the:axis of symmetry, the
“elastic and plastlc neutral axes commde

-




2 PIastlc theory 1. unlaX|aI bendlng

P - Plastic neutral
N axis

3 fbt — f
The plastic moment MP, ‘can now be found by. taking
“‘moments of the resultants of the tensile and compressive
" stresses. about -the Plastic neutral -axis. These stress

resultants act at the centrmds C; and G, of the areas A
and A, respectively. % -

= f ><A2><Zz—|—f XA1><21:>M fyxgx(gl—l—:zz)

M, =W_ xf where W, =é><(21 +22) ._.




2 Plastlc theory -1. uniaxial bendmg

Wp =2 first moment of area about the plastlc NA)

WP, is known as the plastic modulus of the cross sectlon |

| Note that the elastic modulus, W,/ ‘has‘two values for a
| beam of singly symmetrical cross section (bending: takes
place “about the centroidal aX|s) whereas “the” plastic
modulus is single-valued. (bending takes place about the
equal area axis- pIastlc neutral axis) o
‘SHAPE FACTOR s S
| The ratio of the plastlc moment of a- beam to |ts yleld
moment is known asthe shape factor Thus ' NS

; F ‘|
Shape factor =—" = — 1 W,
, o W < f W

y el el

where W, |s the plastlc modulus and W, is the ‘minimum
elastic section modulus, 1/z,. ~
————————————————— ) = g Y a th = Fa ke



2 Plastrc theory
1. unlaX|aI bending

The plastlc design res@tance for bendlng moment glven |n
_,C1ause 6.2. 5(1) of EN 1993 1 1,

pl,Rd




Local buckling and cross sectlon cIaSS|f|cat|on

1 Introduction o
Wheh the cross section of a steeI shape

[ 2 asfs
is: subjected to large compressive _ ,ﬁﬁ'ﬁiﬁ%:iﬁi
| stresses, the thin-plates that'make up the Rasaatesiire s
| cross section may buckle before the full B
strength of the member is attained if the EEEEEEEEEEEE#’
thin-plates are too slender. -

When a cross sectional eIement &
fails in buckling, then the memberjiile®

Ycapacity is reached. /K
Consequently, focal buckllng
becomes a limit state for the
strength of steel shapes |
subjected to compresswe
'stress (mduced by bendmg or -
(J

(A/\1C/

SHayduUTE a'll
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1 Introduct

(b) ’ﬁiéte girder




Local buckling and c_l_‘__qss-sectiqn.Aclasgif.i'éatigjh

1 In'tfbd uction - | o

From all Previq_g:s;exa mpIes, Considetqb;lé deformation of
{ the cross-section:is evident with the flanges being displaced
out of their original flat shape. The web,on th_e_,.;-_;o'ther h and,

appears to be comparatively undeformed.

Q-/The buckling has therefore been.confined to certain
plate elements’and has not resulted in any overall lateral

{ deformation of the member (i.e. its centroidal axis-has not
deflected).. <

-




Local bucklmg and cross sectlon cIaSS|f|cat|on

1 Introductlon

WIS Local buckling has the effect of reducmg the load .
_,carrymg capacity of columns and beams due to the reductlon
| in stiffness and strength of the locally buckled plate <
elements. Therefore it is. de5|rable to avoid Iocal buckllng
before yielding of the member.": 5 4
Q-Tt is useful to cIaSS|fy sections based on- the|r tendency to
buckle locally before overaII failure of the member takes
Iplace. . > - -

Q- However, it should be remembered that local bucklmg
does not always spell disaster. Local buckllng involves
dlstortlon of the-cross-section. Thereis no shift in the -
position of the cross- sectlon as a whole as in global or overall
'buckllng Z




Local bucklmg and cross sectlon cIaSS|f|cat|on

1 Introductlon ; > ;
EI “Whether in the eIastlc or melastlc materlal range __
| cross-sectional resistance and rotation capaC|ty are
| limited by-the effects-of local buckling.
- Eurocode 3 accounts for the effects of Iocal buckllng
“through cross-section cIaSS|f|cat|on L QD
EI The factors that affect local buckling (and therefore the
Cross- sectlon cIa55|ﬂcat|on) are: < \
o Wldth/thlckness ratios of plate components
-« Element support conditions (outstand or mternal
fIanges internal web) S 6§
~ e Material strength, f- : 5
’ e Fabrication process (welded or hot roIIed sectlon-
NO Difference in EC3)

o Applled stress system”.(stress dlstrlbutlon o, W)




cross;éfféction classif[___(:fé‘tion EN 199311CI—a use 5.5

Rotation (8)

Class 3-local buckling prevents (]
.attainment of full plastic moment 5

Class 4—Ioca_ﬁ.l__'-'_:-._5t|—ckling:f[irévents
attainment of yield moment | N

f

Class 1-high E

~ rotation
. capacity .

fil

Class 2-limited
rotation capacity

y

<f,

AN
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Cross- sectlon classification EN .1993-1- 1"CI_ause 5.5

The EN 1993 def|n|t|ons of the four beam cross sections are
classified as foIIows in accordance W|th their behaV|our in.©
-bendlng % :

{ Class 1 cross sectlons are those that can form a pIastlc
‘hinge with rotation capacity. required from-plastic
““analysis without reduction of the resistance."

C/ass 2 cross sections are those that can develop their
plastic moment resistance but havedimited rotatlon
capacity because of local buckling.

Class 3.cross sections are those.in which the eIastlcaIIy e

“calculated stress in the extreme:compression fibre-of
" the steel member assiming an-elastic distribution of
stresses can reach the yield strength, but local:
buckllng is liable to prevent development of the
plastic moment:resistance.




Cross- sectlon cIaSS|f|cat|on EN.1993-1-1° Clause 5.5

Class 4 cross sections are those in which local buckling will __
- occur before the attainment of y|eId stress in one or_.j;r ‘
more parts-of the cross sectlon | S

1 Deflmtlon of compressed W|dths flat W|dths.

" Outside elerents attached oh one /7 Internal elem_ents_SLj-bported
edge with the otherfree -  on both longitudinal edges




cross sectlon cIaSS|f|cat|on EN 1993 1- 1 Clause 5.5

f‘—'1 I f'—* ‘r

Thotor: C, =[b—3t]

|"_"1‘r1

Am: nf
h!.-ndir.g

“To—(t, +1) R

C, =d= [h—2(tf + r)]

cold C,=[h-3t]




Cross- sectlon cIaSS|f|cat|on EN 1993 1- 1 Clause 5.5

- CIaSS|f|cat|on IS made by comparlng actual wrdth to-
= thickness ratios of the plate eIements with a set of
imiting values, given.in Table 5.2 of EN 1993-1-1."
{ O- A plate element is Class 4 (slender) if-it fails to meet the
Jimiting values for a class 3 element. -
- The classification of the overall cross- sectlon IS
= taken as the Ieast favourable of the constltuent
elements (for example a cross-section with a“class 3
flange ancl class 1 web has an overaII cIassrﬁcatlon of
Class 3} ‘ N <




Table 5. 2 {sheet 1 of 3) MaX|mum width-to- thlckness ratios

Part subject to

P'art suhject to

Class bending compression Part subject to hendmg and cnmpressmn
: I, oR f, D Lt e
- 7. distribution + | + |- + | e
) in parts —1 e e G
t‘ (compression - _ =
1 © positive) 1 s P — —
Q - y f, f | .
~ - 396¢
g - : when o >0,5:¢/t 13.___81
) 1 c/t< 72 c/t<33 & 36““
8 g when a0 <0,5: J’t{—g
'n-_ Py o
AN 456
E whena>05: ¢/t< e El
O 5, 2 c/t<83. ¢/t<38¢ B i
10 & s .~ 41,5¢
— . when e <0,5: c/t=-
g L _ - X~ a _
= CN Stress ' , ¥ _fv ¥
3 '$ distribution A ' A
e |l - inparts — - |c A c
b= w'{cnmpressmn / _Im’i + g 4
" positive) Z | A
when y >—1: ¢/t < 4_.2'?"'
3 “c/t<124¢ L c/t<42e 0,67+0,33y

when y <—17: ¢/t <62¢g(1 —w)ﬁﬂ'(—w

=JD"UJ ayati=r



|Table 5.2'(sheet 2 of 3): Maximum width-to-thickness ratios

Outsta_'_-nr:d compres’éir:on fIangés

Part subject to br:ndmg and compression

Class Part subject to-compression *
an L —Tip in compression Tip in tension -
s Stress _ac & L 9C O3
distribution =5 + T ~> +
in parts_ Y p T T
(compression B Ve NI -
positive) . - [ P — | {pC —
> | 9 v 9e
I c/t <9 c/ts= c/t<
9 a ala
: 10 = 10e
2 c/t <10e clt<— c/ts
- a I A Cava
Stress . P
dlStrihunﬂ_ﬂ . b — T /: o R - -_ —
in parts e M & o N X
(compression |l B c_-J O i € Lo
- positive) - il — ~
| —~ /t<21gfk
3 Celt<14e ¢ EyKo

For k; see EN 1993-1-5

LiJLLJ\ C ‘iJu u



_Table 5.2 (sheet 3 of 3): Maximum wic_lth-to-thi-cknes_s ratios

'Ah"g.lles and Tubular Hsections

l. h £
| T ;
g k T . Does not apply to angles in
Refer also to “Outstand flanges” AY- b continuous contact with other
(see sheet 2 of 3) o LS components
Class o ______Section'in compression__
_Stress ~ :

distribution == ) f

_ .- across N
- section RO AL
_ (compression ey

positive)

bth ) yse &
2t

3 - h/t<15¢:

Tubular sections
[

Class 0 _ -Sccﬁnn in bendiﬁg and/or compression
1 A d/t <50¢?
2 O R ~d/t<70¢ N
3 : . d/t<90¢’ Q7
: NOTE For dft >90¢” see EN 1993-1-6. See BS5950:2000

LiJLLJ\ a1t

Dr-Ghayath-Hallak:



cross-section classification EN 1993-1-1.Clause-5.5

a:1{h+l ~e +"‘)} 1{ P Ll 2 :-’("t +r)}
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ol CIass 1 and 2 cross sectlons < Class 3 Cross- sectlons
Definitions of a and ¥ for classmcatlon of cross-sections

under combined bendlng and compressmn .
EJJLLJ _‘_’;J:u‘u”@@m




CIaSS|f' catlon |anuences reS|stance

Example 1: cross- sectron cIassrﬁcatron under combrned

bending-and compression

~Section Compressmn =3 B,e‘nfding
___sclassification _.
Class 1,2 | Nopg=A f/Yus | Mera=Ma=Wo Fvuc
Class 3 |\Ic_,_R_d=A fy/ VI\/IO IVlc Rd_MeI Wel / VMO
-~ Class 4 thi'ria=Aeff f/ Mo Mc Rd= eff / 'YMo

A member is to be:designed to- carry comblned bendrng and
axraI load. In the presence of a major axis (y-y) bendrng
moment and an axial force: ‘of 300 kN, determine the cross-
~section classification of a 406 X 178 X 54 UKB in grade

S275 steel’-




h = 402:6 mm, b= 177.7-mm, t,= 77 mm ‘j

&= 10. 9 mm, r = 10. 2 mm, A = 6900 mm2
Sirice trax<16Mmm Thenf 275Mpa

| First, classify the cross- sectlon under.
| the most severe loading condition of
pure compression to determine -
whether anything is to'be galned by
more precise calculations.

Cross-section classification under | -

—T—"

{ pure compression (clause 5.5.2)
Outstand flanges (Table 5.2, sheet 2)

CJt, = 74.:.8/10.9 = 6.86

»
5
| o
"ulr
o | o

A

|

Il 7
.
Sz

" el T
~ GDLLJ\

ER=raliake

,Juu



1 8.32>6.86; ﬂange is Class 1

Crossf-SéCtion classification under N
pure compression (clause 5.5.2) — il
|
|
|

Outstand flanges (Table 5.2, sheet 2): T _——
Limit for Class 1 flange = 9=8.32 ~ | |

(Table 5.2, sheet 1):

Cy=h-—-2t-2r= 360 4 mm-

| |-
Web —internal part in compressmn 5 Y=ty
R T p |
|- |
C.Jt. = 360.4/7.7 = 46.81 - a4

I Limit for Class 3:web = 428 =388 ¥ [ ¥
38.8 <46.81 ;webisClass4 -~ . % =

Under-pure compression, the averall cross sectlon
classification is therefore Class 4. - *' -
Calculation and material efficiency-are therefore to be galned

by using a more preC|se approach

l:r—-n d,l LLiJ\ yC _‘,J-u‘u-ﬂLEm




Cross-section classification under
combined loading (clause 5.5.2)
FIange cIaSS|f|cat|on remalns as Class 1 r

Web — internal partin bending and
fcompression (Table 5.2, sheet 1):

From Table 5.2 (sheet 1), for a Class 2,
Cross- sectlon _

Ci*? 4566 1
13a -1 b

4
when o <05 % - 415¢ P

__.\_N_hen a >0.5

a

11, Ne 1{1 300000
J 360 4x7.7x275




Cross-section classmcatlon under comblned Ioadlng
(clause 5.5.2) : /s

Web - internal part |n bendlng and compressmn (Table 5 2
sheet 1): -

- limit for a Class 2 web = 4568. : ; 52. 33

- 13 —‘-1
52. 33 > 46 81 Web |s Class 2

OveraII cross-section: cIaSS|f|cat|on under the combmed
}-loading IS therefore: Class 2 |

Consider combmed bendmg and compressmn

Firstly the section can be classified under the most severe loading

condition of axial load only. If it is Class 4 under this condition then a

more efficient classification may be obtained using a more precise
calculation relating to the combined bending and axial loads.

=ﬂuw\v th=i1aliake



Local (plate) buckling — Class 4. cross sectlons- EN
1993-1-5: 2006 § 4.3 -

Effectlve areas for Class 4 compressmn elements

- i N ' | ~anon eﬁ‘ect/ve zone
Gross section A Effectlve section AC off

Flgure 4.1: Class 4 cross-sectlons ax:al force .

.—| .—| o non eﬁ‘ect/ve zone
: | 3non eﬁ‘ect/ve zone o | /

“—&1

' l F ‘ " Add/tlona/ bend/ng

{Gross section A, Effective section".A;eff Gro_s'_'s,_-"s'ection A, Effective__}s.e_ctien A eff
Figure 4.2: Class 4 cross-sections - bending moment
———————————————————————— ) [ 2 Yt Fla | 1 Ke




Local (plate) bucklmg Class 4 cross sectlons- EN
1993-1-5: 2006 § 4.3 o |
Effectlve areas for Class 4 (effectlve W|dth concept)

For class 4 (slender) cross-sections, reduced: (effectlve)
{ cross-section properties must be calculated to account
epr|C|tIyTor the occurrence of Iocal buckling prlor to y|eld|ng

Regions of large S A
deflectlons ~ :

edge reglons 7 N _(//’ o 4 Non- uniform distribu tion

of axial stresses in’ post-
Typlcal Bucklmg mode & bucklmg ‘mode

J “ p dIStI‘IbutIOn over an
effective width [ P



Effectlve areas — Class' 4 s & %
Table4 1: Internal compressmn elements aka r°E (t

P —l- 0 -for /lp <0. 673 S -
S — 0.055(3+y) _ NS i

P ZE ___1 Ofor Ao >O 673 Where (3+W)_ O o 2:8.-45 "

Stress distribution (compression p-usuwe} _ “Effective’ wu]th bcl'l' i
N ~ =1 .
 ([I1E01 e SelEE

b =05buy " bo=05bg'~
l>w= U .__'_'_' : SN

200654.3

bia=pb.=p bl (1-y)

2% < Jrgir

EN 1093-1-5

: F S 55 ba=04be ba=06 &
w=oxaoy ~ | l l::-t;f::-"[) 0 4. 0>p>-1 D l>p>-3
Buckling factor &, 82/(1,L05+w) | 7, El 7.81 - 6,29y + 9,78y~ 239 598 (1 - )

= Aayath=Haliake
LLJ"":Juu ejjfe




Effective areas — Class 4 8
Table 4 2: Outstand compression: elements
p=10" for Ap <0. 748 .

2 ——<1.0 —- f.'for/l >O.748'

Stress distribution (compmssion'j}oé_iﬁve} . N Effective’ wiﬂt_h I:;cn I

KEal Bz | o=, fy b/t
__-gzm[[ﬂlll | |t S ’ 28, 4gf
w<0: °°

‘]I[uy‘ﬂ]ﬂ]]]j o ba=pb.=pcl(l-y) Tor

W= oo | i 0 i hec -1 1> W= -3
Buckling factor k, 0,43 0,57~ 0,85 0,57 - 0,21y + 0,07y

Ry} S e
B 0 o byg=pc 3 :

gg,{..'[-):

2006 5 4.3

EN 1993-1-5
d

L bg=pb.=pcliy)

w = aya; 1 I>p>0 0 ;o O>p>-1 -1
1,70 1,7 - 5+ 17,1




Effectlve areas — Class 4 -EN 1993 1- 5 2006 §4.3
Notes On Table 4.1: -

b |s the approprlate W|dth to be taken as follows (for

= definitions; see Table 5.2 of EN'1993-1-1)

15, =¢, for webs; (clear width between welds) |
b=c, -~ for internal flange elements (except RHS),

b - 3 t for flanges of RHS; &

Cr for outstand fIange_s

h for equal-leg angles;

| &, - for unequal-leg angles;




Effectlve areas — Class 4 -EN 1993 1- 5' 2006 §4.3
Notes On Table 4. 1 N Porl

Ll

Q- for flange elements

{ the stress ratio Wshould be
based on ‘the propertles of
the gross Cross- sectlon

Q- for we:I;eIemeﬁif’s the
stress ratlo ' shouid be

fou nd using a stress
.~ distribution obtained with
the effectlve area of the

compression flange and

r--the gross area of the web




Effectlve areas — Class'4 -EN 1993-1-5: 2006§ 4.3

In most cases, the mtr@ductlon of nén- effectlve Zonés in a Cross-
sectlon or part of a cross-section,-will shift the position of the .
_,neutral axis for the. EffGCtIVE cross-sectioft’ Thlswntroduces an
-additional bending moment due to the eccentrluw of tj_-e

| applled -axial load Ngg.




o

Effective areas — Class'4 -EN 1993-1-5:2006§ 4.3

e [T

F ok

¢,

< /Bending stresses S




Effective areas — Class'4 -EN 1993-1-5: 2006§4 3
Example : Effective Cross=section Properties

Using the design data. -given for the- welded I- eectlon |nd|cated i
the Figure shown, determlne the: sectlon cla55|f|cat|on and
_,_"(1) the effective cross sectlonal area when the sectlon IS subject to

| compression,

(i) theeffective elastic sectlon modulus when the sectlon is

subJect to bending.

De5|gn data:

Steel grade = S275 |

¥ Assume 6 mm fillet. Welds /

| Assume that any shear lag e’ffects see EN
1993-1- 5 Clausé-3. 1(1)7are negI|g|bIe

Solutlon N

Gross cross- -section: propertles
Cross-sectional area A = SAi= (450 x 10) +
(980 x 8) + (350 x 10) = 15840 mm2

|'\
:I 10 mm




| Effective areas — Class'4 -EN 1993-1-5: 2006 S4.3
Example : Effective Cross=section Propertles T

Solution: | |
Dlstance to the centr0|d from the bottom fIange

'z, =3A,z,/ 3A,;= [(450 x 10 x 995) + (980X 8 500) + (350 X 10 x

5)]/15840 531,25 mm

Second. moment of inertia W|th respect to the y-y

axis
I,= (450X103)/12+450X10X(1000 5 531 25)% +

9803X8/ 12+980x8x(531:25-500)° + (350x10°%)/ 12+

| 350x10x(531.25- 5)2— 2572.26% 10° mm?*

EN 10025-2: 2004 .
S275 steel: For t< 16 mm f = 275 MPa

& H g = JE: 70.92
I 275

Ty

| 1000 mm




| Effective areas — Class4 -EN 1993-1-5: 2006 S 4.3
Example : Effective Cross=section Propertles T

Solution: |
(|) Consider compressmn

~ Web: internal compressmn part- Table 5.2(1)-.
=[1000 - 20~(2 x 6)] = 968 mm C/t = 968/8 =121

428 =(42 x 0.92) =38.64 c/t > 428 “The web is Class 4~

Upper flange: outstand compressmn ﬂanges - ¥ 450 mim "
- Table 5:2(2)-
- c=[450-8-(2 x 6)]/2 = 215 mm
5 c/tf 215/10 = 215 -
Lower flange: outstand Compress|on flanges
= [350 — 8 (2 x 6)]/2 = 165 mm_ :
c/tf— 165/10 = 16.5 :

14e = (14 x 0. 92) =12.55 ¢/t > 148 Both fIanges
,are Class 4 Qe

'L_

| 1 000 mm

Seétion is Claés 4



Effective areas — Class'4 -EN 1993-1-5% 2006 §4.3

Example : Effective Cross=section Propertles T

(1) Consider compression:

* Effective area, A« (EN 1993-1-5: 2006 Clauses 4384, 4)
~ Assume the Cross- sectlon IS subject only to stresses due to uniform aX|aI

compression - Y :
A A Ap=_ |2 ate slenderness -~
C eff p p O 28 de \/7 pl 450 mmy
Table 4.1 For internal compressmn elements 10 mm
(WEB) with uniform compressmn > | .
—02/01—10andk —40 |
A= = 121 == 9315 E
284><O92><\/ » s [ el
Reductlon factor , : =
p=10 A0 for Ap < 0. 673 |
p:;j-—"-"ﬂ“p 0. 055(3+"”)<1 0 for ,1p >0 673, where (3+w) ol A4 s
Ao o ~ 3s0mmy * om®
| 2.315 -0, 055(3+1) , = =
0= . 0.391 <1.0 i |
2.315 ' N

e ——— S T B A CHI B



Effectlve areas — Class4 -EN 1993-1-5: 2006 §4.3

Example : Effective Cross=section Propertles

(|) Con3|der compression:.

by = (0,391 x 968)'= 378,49 mm.’

- 50% allocated equally from both ends (i.e. 189 25 from the welds)

A effw = (378,49 + 6,0 + 6,0) x 8,0 = 3123 9 mm?2" e—_—

Table 4.2 For outstand compressmn elements with

unlform compression

Y =0y/0,=1,0and k = 0 43

1 b/ t

"~ 28.4%0, 92><\/o 3
Reductlon factor

—0058b/t

P :1'0,
P= ___{1_79-—_(2).188 <10 for Ao > 07 48

For the upper flanqe
. Ap =0. 058b/t 0.058 x 21. 5 1. 247

~for /lp <0.748 - =

450mm .

1000 i ,

1.247-0.188
_ ~0.681(1.0
=P T a7t <




(|) Con5|der compressmn
ber = (0.681 x 215) = 146.42 mm

For the Iower flange:

;cp 0.058b/t = OO58><165 0957
- 0.957 — 0188__084<1Q

IO_
Do = (0 84 x 165) = 138. 6 mm
Aceffbf—2><(1386+60~+ 4)>< 100 29720mm2

0.957% _____.:.-;_;__;52_'-

Effectlve areas — Class'4 -EN 1993-1-5: 2006 S 4.3
Example : Effective Cross=section Pr@pertles

,4cefftf =2 X [(146 42 +6,0+4 O) >< 10 0] = 3128 4 mm2

1000 mmy




Effective areas — Class'4 -EN 1993-1-
Example Effective Crosssectlon Pr@pertles L

(i) ~Consider compressmn ey

/Effectlve section properues _\ ,-j; \

Age = (3123,9 + 31284 +2972) = 9224 3 mmz

Locatlon of centr0|d N

Zg = —{(3128,4 x 995) + (195. 25 x 8x (1000-
10-195.25/2))+ (195.25 x 8:% (195.25/2+10))
+ (2972 x 5)]/9224,2= 508 4mm '

=
r' _ 7 e |-

4 Shift of thecentrmd < /=
= 531 25 - 508, 40 22 85mm . =&

~

Fa
3

52006 4.3

/R =: 1{] mm

195 ’?5 mm

b el
).
{

L:

19525 mm

ThIS sh|ft results in an add|t|onal bendmg moment

which should be added to the primary bendmg moment
~when carrying out verifications in accordance with EN

1993-1-1: Clause 6.2.2.3(4), i€r AMgy --HNEdeN

—;I{]mm

2972 mm




Effective areas — Class 4 -EN 1993-1- 55 2006§4 3
Example : Effective Crosssectlon Prepertles

(ii) Consider bending -~ P _( 31’ 8 mm__ X
Upper flange: outstand compressmn flanges o SR =)
Table 5. 2(2) : NS _f'  10mm
14¢ = (14 x 0. 92) 12,55 c/zhf > 14¢ > § S (&
compression flange is Class 4 | w - A O
Web:-internal compression, part &
The classification of the web is dependent onthe | | . 4 tension negative
Stress ratio g, see EN 1993-1-1: Table 5.2(1). S
J-Since the flanges proyide the Iargest contribution | |~ 10 mm'

' to the bending stiffness, it is recommended that ~—‘3 50 mm =5 e
the compression flange is-first reduced before
completing the stress dIStrIbutIOI"I over, the depth Z
of the section. s . - PrS

The cross-section con5|dered when assessmg the stress ratio from EN 1993 1-3:
_,Table 5.2 is shown'in the Figure.. 'Fhe effectlve ‘width of the top fIange is equal
| to 312,8 mm as before. 2 N A

— e N



Effective areas — Class 4 -EN 1993-1-5: 2006§ 4.3

Example Effective Crosssectlon Prepert|es
(i) Consider bending o

M

/Cross -sectional areaL o A
A= (312,8 x 10) + (980 x 8) + (35Q,>< 10) =~
1 "'"14468 mm2 I ,_ y

Distance to the centrmd from the bottom
flange: - : Q
Z= [(312 8 x 10 x 995) + (980 X 8 X, 500) o
(35() x 10 x 5)]/14468 = 487 27 mm,:

,""Ihe cross-section to be, c0n5|dered when assessing

“the stress ratio is as shown in the Figure. The ,,

stresses.gl “and GZare proportlonal to the dlstance
from the ‘centroid. N

The stFess ratio is based on the values! to the A

extreme fibres of theweb plate between the we’rds

__1e A ﬁ
= - 471, 27/49673 _-0949 S1,0

/—_
IV

ol

S

I [l{I{I' mm

31251]:111




Effective areas — Class'4 -EN 1993-1-5: 2006 S 4.3
Example : Effective Cross=section Propertles AT

(i), Consider bending 2% o
EN '1993-1-1:2005: Table 5.2: Class 3 Ilmltlng value

C e - R2x092 1083
t 067+033w " 0.67-— 033><0949 |

c/tw__.—121> 108.3 -~ The web is Class 4

) - Section’is Class 4
| “Effective section modulus X

| The effective section modulus (Weff) is determined -
assuming that the cross- section is subject only to
bending stresses or combined bending and N
compression. Assuming that shear lag is negllglble
the tension flange is fully effective and the web |s
subJect to comblned bending and compressmn

1000 mm

312,3 mr.u

- e
h"‘_ T, i -
. ' .

496,73 mm -I

s

1.27mm !

-"477-""""""“"""""""-"""""

-I.'ll.'ll.'ll.'ll.'n.'ll."lh

,]‘33{1 mml

‘ 'Usmg the stress ratio y = - 0, 949 ‘as a first approxmatlon the buckllng coefficient

k; can be obtained from EN 1993 1-5: Table 4.1.

el N -
e ——— S T B A CHI B



| Effective areas — Class4 -EN 1993-1-5: 2006 S 4.3
Example : Effective Cross=section Propertles

(i), Consider bending

Buckllng factor &, = 7, 81 6,29y + 9 78L|J where L|J x - 0 949
| kcy 7,81 + (6,29 ><0949)+(978 ><09492) —2259

' Zp === 121 = 0 974 > Q. 673 | 312,.8 mm- '
228.4%x0.92 x~/22.59 | 'T_'"T#m
¥ - mim
74 — 4 -
p= 09 0055(:23 09_ 9) 0908 <10 186,79 mm
___-""_-_béﬁ =pb.=p b/(1- L|J) _— (0 908 X 968 ,0/(1+0 949) E 771 18 mm
=451,97 mm .~ g
The b vaIue (451,97 mm) is aIIocated to the S = g
compression zone in accordance with ~ ~ =
EN 1993-1-5: Table 4.1, . | 3
. by = 0,404 =(0,4 x 451 97) = 180 /79 mm | 5?
b =0 6befr (0,6 x 451,97) = 271,18 mm eseftes =2 10 mm

| = 1000 - (20 + 186,79 + 271,18 + 477,27) = 44,76 mm ‘o

el N -
=j;um ath=rialialk



Effective areas — Class 4 -EN 1993-1-5:
Example : Effective Crosssectlon Pr@pertles

(ii) Consider bending ;;_t::,

Cross -sectional area < =\ N S

.

A = [3128 + 3500 4 (980 X 8) (44 76 8/],_
14109,92 fmm2 I

Locatlon of centr0|d
Zope = [(3128 x 995) + (186,79'% 8 x 896 61)

/= 479,83 mm

Second moment of area ‘about the y y axis:
1 F,= (312.8x10%)/12+312.8x10x(1000-5-479.83)* +

186.79°x8/124186.79x8%(186.79/2+10- 1060 +

=+ (748,45 x 8 x 384,23) + (3500 x 5))/14109,92 ol
=

Pl il e
v -

2006 34.3

Ty —

_, 3’17'81]:11]1

g 1&11]111
IEG 79 mm

!

477,27 mm

| 479.83)2 +-(748.453x8)/12+ 748.45x8x
(748.45/2+10-479.83)%+350x103/12 + 350x10x
 (479.83-5)2 =2217.12 x 106 mim*

zto the mid-point of: the top flange = (995 0 - 479 ,83) = 51

/" o

““““““““““ —[1 Elmm

=
./"':;.-7-’-_ | |

350mm o

_cho the mid- pomt«of the bottom flange = (479 83-5,0) = 474 83 mm

Wittyop ange = (217,12 x 106)/515,17 = 4,30 x 10° mm?

.'/ 2

Wity pottom flane = (2217,12 x 106)/474,83.= 4,67 x 106 mm?




Effective areas — Class 4 -EN 1993-1-5: 2006§ 4.3

Example Effective Crosssectlon Prepertles AT

P g
-~ o -
- o
-~ gt g

.—"\\

An: improved second approxmatlon can be made by
-’repeatlng the calculations using a stress ratio g |

| -based on the section: properties from. Figure shﬁwn ,,

S~

Summary Effective sectlon propertles
Cross=sectional area (based en compressmn see EN
1993 1-5: Clause 4. 3(3))

'-"--Shlft of the centroid (based on compressmn see EN &
' 1993-1-1:-Clause 6.2.9.3. (2)) L v
&y =2285mm = S o~
Minimum elastic sectlowmodulus (basecf on bendmg,
see EN 1993-1-5: Clause 4.3(4)): > e
W effy,min — = 4,30 X 166 mm?3 ,\ /i.ﬁ_,.::'

___é%iz,s mm




Effectlve properties of cross-sections Wlth Class 3
webs and Class 1 or 2 flanges <EN 1993-1-1: 2005 § 6.2.2.4
Geneérally, a Class 3 cross-section-(where the most slender :
element is Class 3) would assume an elastic distribution ef

| stresses, and its. bending resistance- would be calculated

usmg the elastic modulus W,

compressmn L,
NG ] J20et A -
AR 2 f!\leglect_ed
__ ineffective area N
PIastlc Neutral F20et, A
AXIS — "
i /Tensmn f,

However EN 1993 1 1: 2005 § 6. 2 2. 4 makes special -
aIIowances for.€ross- sectlons with Class 3 webs and Class 1

for 2 flanges by permlttlng the cross-sections to be classified
as effective Class 2 cross-sections.




Effectlve properties of cross-sections with Class 3
webs and Class 1 or 2 fIanges--EN 1993-1 1: 2005§ 6.2.2. 4
Example : cross- sectlon reS|stance in o2 *

. 2

bending S S—
1 A welded I sectlon is to be de5|gnee| T Tk
| in bending. The proportions of the e
section have been selected such that o n S ,,_F ..... y
it may be classified as an effective T [ ;
Class 2 cross-section. The chosen [ s
“section is of grade’S275 steel, and G A oo L

has two200 x16:mm flanges, an

overall section height of 600 mm and . 2— 12608-.;2‘1' mm
a 6:mm web. The'weld size (leg  h=16000mm
length) s is 6.0:mm. Assuming full - b= g 8 mm

5= mm

lateral restraint, calculate the bendmg "

L, ,= 2 124:838 mm?
moment resrsta nce. Sl




Effective properties of cross-sections Wlth Class 3
webs and Class 1 or 2 fIanges <EN 1993 -1-1: 2005§ 6.2.2.4

Section properties -f T RN ey
Since t....=16mm.<Then f, 275N/I’l’lm2 “__ L _-i?, If
| £ = 210 000 N/mm? <4 T
Cross -section cIaSS|f|cat|on e q,.-.r-i _____ y
£ £ 235 _ 1235 o 2 A
SV, Vers T I
.-Outstand flanges. (Table 5. 3, sheet 2) T
C= (b t,— 25)/2 = 91 0 mm - ~ b=200.0 mm X
Ce/t = 91/ 16= 5. 69 f;_ 16?08 ?)1 mm
Limit for Class 1 flange = 9¢= 8 32 &=S0mm o
1 8.32 > 6.86 ;flange is Cl__ass 1 W, ,= 2 124 838 mm?




CI‘OSS section cIassnflcatlon

Web — internal part in bendlng (Table
1 5.2, sheet 1):

C, = = h=2t - Zs = 5560mm

C /t = 556/6=92.7 -

Limit for Class 2 web.= - 83¢ = 76 4

Limit for Class 3 web = 1245*— 114.6
| 114.6> 92 7>76.4; ‘web |s Class 3

Overall cross sectlon classmcatlon IS
therefore Class 3

Effective properties of cross-sections with Class 3
webs and Class 1 or 2 fIanges -EN 1993-1 1: 2005§ 6.2.2. 4

b =200.0 mm

t=16.0 mm

h =600.0 mm

t,= 6.0 mm ’
$§=6.0mm. =

W, ,= 2 124 838 mm?

el, y



Effective properties of cross-sections with Class 3
webs and Class 1 or.2 flanges <EN 1993-1 1: 2005§ 6.2.2. 4

Plastic neutral axis of effectlve sectlon

b}écf 2x20xt, xext,,+sxt,, T
}=bxt+(h-t- p)xt
110.4x2x6+6x6=(600-
16-z,)x6

ED.e:t -—110 4mm

.

‘__,_..-4

N 20 stw=-1'10.4mm |

h;600mm
<7 0

Z, 357 2mm L

P.N.A

PIastlc modulus of effectlve sectlon

fw olyeff =D & (25 -0. 5t)+b t. (h- z,-0. 5tf)+t s (z, tf O 55) + |
"t (h-z, -tf)(h Z tf)/2+(zost )t (20€t )/2+(208t ) '

[z -S- tf (20t /2]
W

Nyt = ='b t; (h-t)+0.5 t, (h-z,-t)2 + (20£t It

t, s (z -tf -0 55) 2 257 326 mm3

[ Zp'S"tf]




Effective properties of cross-sections with Class 3
webs and Class 1 or 2 flanges <EN 1993-1-1: 2005§ 6.2.2.4

Plastic Bending resistance of cross- sectlon

, ] —
Mcde Mplde & T S : 2051, =110. 4mm &
F=Woiyer fy/Ymo - el P |
for effective class 2 S Faoeto1104mm L
sections i D ‘PN A
MCde '—2257326X275/1 L o ~ |t
© =620.76 KN.m- i —

___EI-a--stlc section modulus <~
| Wy, =Lb h¥/12+(b-t,,) (h-2t))/121/(0. 5h> 2124 838mm3 )

EIastlc Bendlng re5|stance of cross- -section

MC ‘y,Rd — Me| de ely /yM0_2124838X275/1 584. 3kN m

Therefore, for-the chosen. sectlon -use of the effective Class
I 2 plastic properties results in an increase in bending moment

resistance of approximately 6%.
_BL%:F =(yNa!




