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C'_iléu\.u\ 9 cladaa %

dan il Sl g groaedn i Aling W JLiid) o cladlaaa oY) 3680 andiy
e ¥ 358N B Al clalluaall aali |, 5 AY) cladl)
“Actions” loads, imposed displacements, thermal strain
Al il gl (A g jia CNEL (Y gaad) " ladi™
“Effects” internal bending moments, axial forces etc.
(cnndisnal) (s g8l (Cilari¥) ag3e) Adilal) (5 681 " "
“Resistance” capacity of a structural element to resist bending moment,

axial force, shear, etc.
______ cuam\ c&ﬁ)}&l\ 53&\ (dlan Ny ejﬁ :\.AJM g.swﬂ s Jaad 3)&5 ":\.AJM\"

“Verification” check
(}6 Ast'd\ " u”‘i: »S‘"
“Execution” construction — fabrication, erection
GuS Al caaiaall) — Ayl " Amy

AU 68 Ladie Adicd) L |SO cilathas ALEN) ) 58N addien
Loy at g At ) Al Ada) o LU a5 Adualdy Led Jual) oy Al Bae
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Ed Design Vfllye of an“effect Mc, Design bending moment
L Y Acasaall) daidl) (ranail) calaa ) o e
Rd Design resistance MRd Design resistance for bending
w\ Z\.Ajlid\ Alax Y U'b M\ LJM\
el Elastic property W, Elastic section modulus
&g sal) dpald Qall adadall Jule
pl Plastic property W,, Plastic section modulus
4 gall) Ll Call) adaialf Jals

AU 68 Ladie Adicd) L |SO cilathas ALEN) ) 58N addien
Loy at g At ) Al Ada) o LU a5 Adualdy Led Jual) oy Al Bae
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Standard Profile Sections 4Ll akliall g gl

[

deoln
6)liaJl
Available open rolled sections: Available structural hollow sections:

I Universal beams (UB) - O Hot-Finished Circular Hollow Sections B
:: Universal columns (UC) * Hot-Finished Square Hollow Sections +
I Universal bearing piles (UBP) + I:l Hot-Finished Rectangular Hollow Sections -

|: Parallel flange channels (PFC) - O Hot-Finished Elliptical Hollow Sections ks
L Equal leg angles (L) - O Cold Formed Circular Hollow Sections -

L Unequal leg angles (L) + Cold Formed Square Hollow Sections +
_]L Back to back equal angles (L) + D Cold Formed Rectangular Hollow Sections +
|l | Back to back unequal leg angles (L) +

i Tees (T) split from UB -

T | Tees (T)split from UC -
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<>

| b width of a cross section
N h  depth of a cross section
| ¢ ’ ; : :
i< d depth of straight portion of a web
| h thi .
ol oaly—d—y ty web thickness
| i = ty flange thickness
[ Longitudinal axis of element x-x ;
- . r radius of root fillet
v Y T
=T A I radius of root fillet
Z .
Iy toe radius

All rules in this Eurocode relate to principal axis properties, which are
generally definedby the axes y-y and z-z.
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For sections such as angles the rules are
defined by the axes u-u and v-v.
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Basic of Design aswaill cilualal %

6)LiaJl

EN1990 8 sUsrall dalal) ac) &l 4,0 oil) ciliiial) apana’ gy o

aladic ol Lasic 2 acdll EN1990 (2 Al cildliiall jlic) ciagy o
Jlaay) cilis) sig Axijad) Ja) gad) 48y o aa (38 gilly 3 gaat) CYS G asanall
EN1991 (4 sUarall (Jlaalll) Jladl) ae 43 9 EN1990 (& 3Uazall

R, =—% Design resistances 4wl 4a il

™
&thwkﬁsjwﬁﬁdsyM&#‘&w‘é@

Resistance of cross-sections whatever the class is:

Ymo =1.0
Resistance of members to instability assessed by member checks:  y,,,=1.0
Resistance of cross-sections in tension to fracture: vz =1.1
Cilal) (S Laga (pua ol adaiall 4 glia: Ymo =1.0
palad) Cl88as ;\.hub,i sl ) ey eéﬂ paiall Z\..glla; ’YM1=1.0
LA L) o ol adalial) s gl Ymz =1.1
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Basic of Design arall) il

Effects and Resistances

Eq

Effect of
Actions:

Self-Load
Wind

Snow

Variable loads
Temperature
Fire

IA

Rq4

Resistance:

Structure
Structural
Elements
Maternals, E-
Modulus etc.

Cross sections,

Area, Moment
of Inertia

[
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Basic of Design arall) il

Structural Safety

> E R,
E
§ {5 . RdY
o —
: \- —/ :
Effect of action95% quantile 5% quantielLoad carrying

capacity R

E4 R,

v
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Materials 2 sl [Z

S$235 to S460 <laall (a ALGN) N gl o) a8l ey 5T
EN 10025, EN 10210 or EN10219_ulxall o

LAY Y AU AN ) gA) oY) 3 6SD) daas

Density (p)= 7850kg/m3 E =210 000N / mm
Modulus of elasticity (E)

Shear modulus (G) Ge— L 01000 N/mm?
Poisson’s ratio in elastic stage (v) 2(1+v)

Coefficient of linear thermal expansion (a) =03

Material Properties a=12x10" perK (for T <100 °C)
o A E\l:';g;s Ductility Requirements

. " -_-j_F_’I?itlc Analysis fu/fy >1.10;
'v: } elongation at failure not less than

| : 15%,;

| 0 ! g,2 15¢, , where g is the yield

= E H —
ae inad strain (g, = f, / E).

- e e e —

BI linear stress-strain relationship
oY) @iadl Fracture Toughness JbgY! dalia (pa LS o) s 380 o) Wl ke o e
Laiall carauail) jead) DA 4ad gial) 5 ) ) agﬁgﬁusa‘g\aﬂwﬁmﬂw.m
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Classification of Cross-sections 4xa sl ablial) didal i)

AUCiial) ualind) JS Liay) g 4da guiaal) 4539 g} jualind) ) jiia) ade daald Al
ohlasS s A) 3 5a e
Job JaS o g i) Jhgl cuist ) Overall Buckling (oS <iad O
dia ¢ a g ainll

4 ‘ Ag
R A I_I 1 T 4
: | | AT
: L L : L : L
T cy+ c\-L
| A L (S
|4
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: 1
11
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Classification of Cross-sections 4xa sl ablial) didal i)

db guaal) paliall e S5 Local Buckling (a5 quiai 0

(a) (b)
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Classification of Cross-sections 4xa sl ablial) didal i)

Distortional ogdiall cuialll caww ) 8l axs e &l £ o3 (O
Guiadl) 13 ey clddall (e S 81350 3 9 buckling
Aagall Job (sSy (aad) adalall (e (g shaall Al Aganad laly 3l
) g AS uial g aal g e A e aidady daaa il dalaall
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Classification of Cross-sections 4w all phalial) diial 5755

Ming dpa yall adaliall il juxs Eurocode 3 (osY) 2SI - s
() adaiall (e () oS IS (ASLaall/ (e el dais) ABLad A e
oAl dalse e

Lol 5 qaesliall Judatl) JUER) sl (e (55 (oua gl adaiall Caiaa ) 6
Gianl) ol aY dubiall gl

daial) Jie dilide Ladlia o) Jal (e (55 (o e adala o) 5% Bale

ronbra Gad i (Al daadl

Jok e b JS8y Ay =32 Internal or stiffened elements -
(nainll gijld\ 253all) biall agad slady (4 5 gall (ugﬁﬂ\) Oidlal)

JSdy ey A Qutstand (external)or unstiffened elements -
olady 4 j1 sal) gAY ABlad) (pa jag (k) Baa) g Ala Jsb Ao Jave
biaal) agal
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Classification of Cross-sections dxa_ sl ghiial) disiuas [y
Oidlal) Joh Ao hawn Jdy Aty 302 Intenal or stiffened elemens - dasls
(ainll gkl ) saall) Juicall slgat olady i sal) (cudokal))
by JS4 sty a8 Qutstand (external)or unstiffened elements -
bl alga) olady 45 sall gAY ABlal) (e a9 (k) Baalg Ada Joha o

Rolled or welded sections Some are outstand Some are internal
may be considered an - flanges of | beams - webs of open
assembly of individual plate - legs of angles and Tees beams
elements - flanges of boxes
p—r—————-—————
Qutstand Outstand
é Internal \ Internal
/l/ ?/ ]
Internal :
Web Web | Internal
'/ / Web

[ (. ]

I\ Flange \ Flange

Rolled |-section Hollow section Welded box section . _. __ ._

Flange
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Classification of Cross-sections 4ua_all ablial) il o)
dadn pl) adaliall Ciial il

aadl ) et cilalgaly Alaaad) Lowd Adadl) Ladillall o) Jadd Sy o

ZJQ@&\M@ﬂ\@Mﬁwwﬁmgbgiwgagﬁ .
gia Giob oo i) o adilal) daglia gl Ay gaall A gaadl Jaad
£ yaill & ol

(2 gal) quialll &l il (e EU Saal) L) quiad (Gfad K4y o
o pd) adalal) i A gall pualiall ASladl (2 o) 4 4ty
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Classification of Cross-sections 4xa all phalial) didai &)
o

3

1R (paad) adalall Ll e g5 @) (¥ 258
Class1, Class2, Class3, Class4

(S e o e pdale Al Ay (o) Cilial) Aalag
(Jm.k:);jedSMl;.\' .
bial) dgal g o

Cilas N a g 3 daglia Jal cpa s laY) cllbats s cadlatl) Ci as

Steel Structures1 Prof.Dr. Nael M. Hasan https://manara.edu.sy/



[

Classification of Cross-sections 4xa_all ahliall diiial i)

L\}Y@bjdam@oﬁdmﬁad&ﬁ@&\

da glially (s (g8 ALl Jalail B gana Al )90 Arau ga G dmudsu‘u Al
able to perform plastic hinge et
with rotation capacity able to develop their plastic moment resista

which required by plastic analysis — CIass 1 1CIass 2 | pyt imited to rotation capaiy of ocal buck
without reduction of the resistance

fs ol S8 aa A pal) Ay jally Cilalgal) Guual

H H O g i) Agal Jual Al clalgadd ¢ s
Classvﬁcathn of il o e At ey
cross section L4l da e A glia
g &5 OB U (pd gal) i) Gaas (cl,5,5 elastically calculated stress in the
aadal) £ 3a) (a JiSH g aa) gl & gl extreme compression fibre of the steel
e [} ' member
Local buckling will occur assuming an elastic distribution of stress

can reach the yield strength

before the attainment of yield stress Class 4 ’r {Class(i L but local buckling i liable
“{ ,‘

one or more parts of the cross-section. '

to prevent development of plastic
moment resistance
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Classification of Cross-sections 4x<a_all ahaliall Ciyal 505
4>| Rotational capacity }4—
: . \\ fPlaStiC/ — » f ==—= compression £
/ Compact \ moment \ y
/ Class 2 % A Plastic Class 1 s
f — :: >
4 Yy \ e | el
;" Semi-compact \ L Yield moment f » —
[ RN Class 3 f | | —
‘ffg Class 10r2 Plastic rectangular Class 3 Elastic linear
\ Slender Ju cross-Section stress distribution cross-section stress distribution
/
/ f
<Ju
e
< M M >
"""""""" O - - - .
[Class2 Class 1™\ Class of Cross-section Resistance Rotational Capaci
_____ Class 3 - |
Non-compact Section CompactSaction 1 plaStiC hlgh
— ¥ 5 F—"i 5 5 2 plastic low
Slender Section } 3 elaSlIC none
_________ 1= _ |
£ 4 elastic, one
; effective cross-section
F<F, F, E, F, -
Class 4 Class 3 | Class 2 Class 1 |
Slender Non-compact Compact
Section Section Section

[

v
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Classification of Cross-sections 4xa all phalial) didai &)
Aalaill Laal Gigl jal

Table 5.2 auill I G jall adaliall 32SLand] 2 yall Ao 20985 3 g2,
sY) 2SN e of EN 1993:1-1:2005

) @l ghdll Ciiaill dgdes aid

(C/t or d/t) Adadll dpud 22a

£ Al ldl daa .

ASland) A (pa Bagial) dagdl) o aldicYy jalsdl Gl Cila daa
o paliad il 8] coia ASH i o) adalall Ciia o
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Classification of Cross-sections 4x<a_all ahaliall Ciyal 505
Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression
parts
Internal compression parts
_MTC ) . l _[C C c \ Axis.of
tJU t4 :l el etk | bending
L ’l t .
i i :
. t ‘ Axis of
e c bending

Steel Structures1 Prof.Dr. Nael M. Hasan

https://manara.edu.sy/



Classification of Cross-sections 4xa sl ablial) Cidas %V

_ . 6)liaJl
Class Partt) SUbJECt o ca SUbje(.:t ) Part subject to bending and compression —
ending compression
f f f
Stress
distribution + + | g
in parts C C C
(compression - _
positive) = —
fy fy f,
3
when o >0,5: ¢/t< 139681
| c/t< 72 c/t<33e 36‘“
€
when 0. £0,5: ¢/t £ —
o
wheno >05: ¢c/t< 1;5681
2 c/t<83¢ c/t<38¢ 410;;
when o £0,5: ¢c/t<—
o
f f
Stress — f —
distribution / W + ;
in parts C . e C
(compression i_ 7012 4
ositive
p ’ ) fY W y
when y > —1: ¢/t < i
3 c/t<124¢ c/t<42 0,67 +0,33y
when ¢ < =171 ¢/t £62e(1 =)/ (—y)
f, 235 275 355 420 460
g=.1235/1 >
4 g 1,00 0,92 0,81 0,75 0,71

*) y < -1 applies where cither the compression stress o < f; or the tensile strain g, > f/E



[

Classification of Cross-sections 4xa all ahlial) Civiai 2

Table 5.2 (sheet 2 of 3): Maximum width-to-thickness ratios for compression °JL‘—°—"
parts
Outstand flanges
C c c {
t t t1 t1 }’é"

S |

Rolled sections Welded sections

Class Part subject to compression — Part SthL‘C.l o bending and compression
Tip in compression Tip in tension
Stress 1 uc
distribution l :+ + 3
in parts S P |
(compression . |-—-| 1 - A | -
positive) = ) H jo—of
9¢ O¢
1 c/t<9e c/t<— c/t<
a ava
10e , 10e
2 c/t<10e c/ts— c/t<
a aa
Stress
distribution ___JI‘ ‘% %
in parts ¥ o N : 2V
(compression i |-—-| | l l c I ¢
_positive) L | |
~n J < ~ '
3 c/t<14e o 5
For k, see EN 1993-1-5
; f, 235 275 355 420 460
£E= 1’235» f - -
' € 1.00 0,92 0.81 0,75 0,71
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Classification of Cross-sections 4xa all ahliall Cizia L%V
Gion

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

Angles
h

I -
.
t :[ Does not apply to angles in
Refer also to “Outstand flanges” ’ b continuous contact with other
components

(see sheet 2 of 3)

Section in compression

Class

Stress
= 1f

distribution
across
section

(compression
positive)
; b+h
3 h/t<15¢: <11.5¢
2t
Tubular sections

t d
Class Section in bending and/or compression
I d/t<50¢8°
2 d/t < 70¢’
3 d/t <90¢’
NOTE For d/t > 90&” see EN 1993-1-6.
f, 235 275 355 420 460
&=,[235/f, g 1.00 0,92 0,81 0,75 0,71
g 1,00 0.85 0,66 0,56 0.51
https://manara.edu.sy/
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Classification of Cross-sections 4xa all ghliall cisial 5155

Summary g<il
dailial) palial) (e S 1S AlddY) dud al) adaliall jlde) (Sa
dualAl)

ALY daa LA g) dada)s daildal) palial) o ¢SS o) S
Liall o lglwaad a8 1) i gal) cudadill aladd of ziliiall 03gd (Say
e (i b 05 iall Al ) Jan 5 108 4 () (gl cusial (i

£ 5ail) i gidl  yua sl

At 185 Gy ph (8 Aaal) qudadl) (o @I and gal) gV quiad (S
Aohll adalall i duiliial) jaliall 48all) o) o all ASlawd)

o pd) adalall Cauiliat day ) ) gY) 3 9SH G

il algal &g

N N UUU L
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Classification of Cross-sections: soots
. o)
Example of a Member for Compression e

Example 1.1. Determine the class of IPE 550 profile
S275 steel grade under axial compression load.

IPE 550 Section Dimensions S 275 Material Properties

P fy = 275MPa
tw‘_ " :"mmm fu = 430MPa
tf =17.2mm E =210GPa

r=24mm
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h = 550mm o
Solution [a]. Flange Classification f:fﬁr:‘n':'n
Step1: Identify the element type t;=17.2mm
r=24mm
external or outstand element.
Step2: Evaluate the slenderness ratio (c/t or d/t)
c_b-t,-@2:r) 210-111-2x24) 1509 , .o
t 2-1, 2x17.2 S AT .
bt
Step3: Evaluate the parameter . y 3= B
335 o35 | ke
€= = =0.924 b
DTS *
' e e

Step4: Determine the class of that element

€ -439<9£=832>Class 1

[
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Solution [b]. Web Classification PP
Step1: Identify the element type t,= 11.1mm
: : t.=17.2mm
internal or stiffened element. r = 24mm

Step2: Evaluate the slenderness ratio (c/t or d/t)

c_h—-Q2-1)-(2-r) 550—(2x17.2)-(2x24) s
t t 11.1 '

w

Step3: Evaluate the parameter €.

AR FLL B o SO
f, N275

Step4: Determine the class of that element

% =422 >42¢ =38.83 = Class 4

Solution [c]. Section Classification 2
The complete cross-section according to the least
favorable classification is CLASS 4
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Classification of Cross-sections: 5)liol
Example of a Member for Flexure about the Major Axis

Example 1.2. Determine class of a HEA 280 profile in S 420
steel grade bent along its major axis

HEA 280 Section Dimensions S 420 Material Properties

E - %gmm fy = 420MPa
C g Onr:‘r:‘“ fu = 540MPa
' 13.0mm E = 210GPa

r=24mm
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Solution [a]. Flange Classification

Step1: Identify the element type
external or outstand element.

[

h = 270mm Sy o
b =280mm

t,= 8.0mm
t:=13.0mm

r=24mm

Step2: Evaluate the slenderness ratio (c/t or d/t)

b—t —(2-r) 280-8-(2x24) 22
e L= 7): 80—-8—(2x 4): 428.62

{ 2-rf 2x13 26

Step3: Evaluate the parameter €.

235 235
&= —
7 V420

Step4: Determine the class of that element

= 0.748

10e < £ =8.62 <14¢ = Class 3
[
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Solution [b]. Web Classification Val
Step1: Identify the element type E:g;gmm o)

internal or stiffened element. t,=8.0mm
t:=13.0mm

Step2: Evaluate the slenderness ratio (c/t or d/t) ; = 24mm
c_h-Q2:1,)-(2:r) _270-(2x13)—(2x24)

~ =24.5
t 7 8
Step3: Evaluate the parameter .
235 P35
g e g 748
f, 420
Step4: Determine the class of that element
£ =24.5<72¢=53.86= Class |

[
Solution [c]. Section Classification

The complete cross-section according to the least
favorable classification is CLASS 3
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Classification of Cross-sections: 5)liol
Example of a Member for Flexure about the Minor Axis

Example 1.3. Determine the class of an S 460 steel HEA
280 profile in flexure around its major axis.

HEA 280 Section Dimensions S 460 Material Properties

I armm fy = 460MPa
tw‘_ q Orr:r': fu = 540MPa
tf = 13.0mm E =210GPa
r=24mm
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Classification of Cross-sections 4w al) ahaliall it 4lia)

Solution [a]. Flange Classification H = 270mm
Step1: Identify the element type b =280mm
tw=8.0mm
external or outstand element. tf = 13.0mm
r=24mm

Step2: Evaluate the slenderness ratio (c/t or d/t)

cLbrt, o) 1280-8-@x24) 224 o T

z 2.1, 2x13 26 o bt

Step3: Evaluate the parameter €.

O e
S HER e g i
f}, 460 ¥

'IIIIII//.IIIIIIIA -
Step4: Determine the class of that element

10¢ < % =8.62 <14 = Class 3
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Solution [b]. Web Classification %

deols

3)LiaJ
Web buckling is not a limit state for flexure around a
minor axis, so web classification is not applicable in

this case

Solution [c]. Section Classification
The complete cross-section according to

the least
favorable classification is CLASS 3
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