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6)lioall

bl analie 1 oY) 5 yualadll

LAY @l claid) ) Jaae 24l 5 palaall

6 S yall 25l daazal )l jualial) (23NN 5 jualadll

Lalee AL Aay) ) 5 jaladll

5 S el Iarall Zaaldll jualiall usddl) 5 pualadll
(Aal) (5 38 yall Jatuall Al pualiadl sddlud) 5 jualaall

Section Classification ghiall ciyias

X N X X
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6)lioall

L-HJLHAM SJJAM\
(Aaii) (5 S pall Joiiall dvialdl) pualiad)
Section Classification ghial) cisial
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&ﬂl,yal.m\ 9 cladhal &%

dad il Jaguadlly gmda gl Agling W JLR) a5 cilallaan () 9¥) 2980 adiay
e Y 2 B Al clallaal) Cradli | o AY) cilalll )
“Actions” loads, imposed displacements, thermal strain
Al A Gl gl i g yia CNEDY (Y gaadl " ladi"
“Effects” internal bending moments, axial forces etc.
(cenidagaall (s gl ccilland¥) o g56) Aalilall (g gl ™ "
“Resistance” capacity of a structural element to resist bending moment, axial force,
shear, etc.
______ coall) 4y ) gaal) 5 g8l (allan ) pis da glial () pals Jaad 548 " gl
“Verification” check
Cra aslal) ™ galan)
“Execution” construction — fabrication, erection

G ) ¢ tiaatl) — gl AT

Clallas ALEN) ) 2580 aadian]SO dla ¢ 6y Lanie  Aliud) Aa
Lo 2 g At ) Al A3 o)) LIS i 5 ALualdy Lgda Juall oy Ad) Bas
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Eurocode

Subscript

C;\l.'..\uh.n‘ 9 cladhal u%

Definition

Ed

Rd

el

Design value of an effect Mg, Design bending moment
L Y doaraail) daddl) Waﬁ\ Alax Y aJe
Design resistance MRd Design resistance for bending
z\:\wﬂ\ LJM‘ oY) ulﬁ w\ :\.AJM‘

Elastic property W, Elastic section modulus

4 g yal) dsala Gl adaiall Jale
Plastic property W,, Plastic section modulus

4 gall) dsala Ol adaial) Jale

Clalbas ALESY @JJ‘\J\ 3981) addiun|SO dUia Sy Ladie Aalind) Aad
Lo 2 g At ) Al A3 o)) LIS i 5 ALualdy Lgda Juall oy Ad) Bas
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4l dl) adalial) £ giiStandard Profile Sections

[

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

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

|: Parallel flange channels (PFC) + O Hot-Finished Elliptical Hollow Sections +

|_ Equal leg angles (L) + O Cold Formed Circular Hollow Sections -

L Unequal leg angles (L) + Cold Formed Square Hollow Sections +
_JL_ | Back to back equal angles (L) + El Cold Formed Rectangular Hollow Sections +

| | Back to back unequal leg angles (L) +

il Tees (T) split from UB +
T | Tees (T)split from UC +

Steel Structures1 Prof.Dr. Nael M. Hasan
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i) g ciladaial Yay

.............

I b width of a cross section

N wl h depth of a cross section
t e ; .
: " d depth of straight portion of a web
" | t web thickness
| e tr flange thickness
Longitudinal axis of el t x- e

: ; oni;fma it radius of root fillet
y Y=J¥ -

: A r radius of root fillet

bs .

I 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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Ql,.\.ub.n‘ 9 cladaal %

et
b b
. z . v | 2 z
h 1 ] h % ! " “ .
Y___.__i,_-y y — y .tw 1 t -L ‘r «
| u_ = ~..v 13t I { N 11 h y LY d y_L_____y h
z | ‘_z_ all o : |
S - -
For sections such as angles the rules are =~ | U | Ot
defined by the axes u-u and v-v. & z
b " b 1 — b '
T—*l 2 4 |
4 _f'_‘ +— —1 171 ¢, T = § A
S rv s S
X y -y y .
RV-. h: o8 tw h e k
h| d| y.-] y
+— U z :
gp— «I—‘—‘l
2
b/2
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Basic of Design araxail) cilbuulul %
EN1990 .8 sUsrall dalal) a0 gall 4,39 i ciliial) apanai afly o
aladin oh Latic 2 acdll EN1990 (& Asulod) cilalhiial) jliie) caay o

Jlaa) cilis) g A jad) Jal gl A8y o aa (38 gl 3 gasd) LA s avanall
EN1991 & slaal) (Jlaal) Jlad) aa 43 9 EN1990 (& 3laral)

Ra — R— Design resistances dnaraail) da gliall
™
oAl Jaladl Babayy L LaS dagliall A4S gita B Jraa aid o

Resistance of cross-sections whatever the class is:

Ymo =1.0
Resistance of members to instability assessed by member checks:  vy,,,=1.0
Resistance of cross-sections in tension to fracture: Ymz =1.1
cilall S Laga (pua gal) adallal) da glia; Ymo =1.0
ja.'\ai\ al.'e:\.'eﬁ Z\.hu‘\gg JM\ J‘me‘ eﬂ )mlﬂ‘ LJ&A: YM1=1'0
Ll e o o ) adalal) da glia; Yap =1.1
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Basic of Design sl cliadl

Effects and Resistances

Eq

Effect of
Actions:

Self-Load
Wind

Snow

Variable loads
Temperature
Fire

IA

R,y

Resistance:

Structure
Structural
Elements
Materials, E-
Modulus etc.

Cross sections,

Area, Moment
of Inertia




Basic of Design sl cliadl

Structural Safety

frequency

Effect of action95% quantiie 5% quantileLoad carrying
capacity R

E, R,

Py

&)liall



3 sallMaterials Py

Sl all e ALEN) N g8l oY) 358l Cilai§235 t0 S460 o
el Gaws EN 10025, EN 10210 or EN10219

LAY Y AL A el gA) oY) 3 eSD) aay

* Density (p)= 7850kg/m3 E =210 000N / mm>

* Modulus of elasticity (E)

e Shear modulus (G) G E ~ 81 000 N/ mm2
* Poisson’s ratio in elastic stage (v) 2(1+v)
» Coefficient of linear thermal expansion (a) v=03
Material Properties a=12x10"° perK (for T < 100 °C)
i:’?aslt;/gi Ductility Requirements
o » Plastic Analysis
— o > Y f,/f, 2 1.10;
! , elongation at failure not less than
: 15%;
. : . £, 2.15£y , Where g, is the yield
L kil strain (g, =f, / E).
Bi-linear stress-strain relationship

JL:\@—\.Y‘ Z\JLSA C}A L.ils th‘ REN é:.&:\ O\ 3‘2353\ dala L’h - Fracture Toughness ..\.J'J\ Jl:\-s—\.Y\ &7\:\.;"\5
Lidall sl pand) A 4ad gial) 31 adl cila 3 (pa (A4 aall Lpda i die jualiall
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W
\/

Classification of Cross-sections 4xa sl adaliall Ciyial ke

8ol
i) ualiall JS Ll g Aa gicaal) 1Y gi) pualind) )l pde Lpans ol
rblaS AT 2 ga (e

d gis «uiaioverall Buckling J sk Jal8 e A L,Sm Syl qudad
Adda g A ) alall

P P
-y I} II’
I |
L d\
0 |
: ct-+
N ) O
|1
(|
I |
11
V1
Vi
\
i GO,
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Classification of Cross-sections 4xa_al) adalial) Civias &)li_oll

0 (a5 quinilocal Buckling 4 guiaall yaliad) Jo g
WSM&A}AJ}L%M&MJ&}”M@‘

@ ) I
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.
W
\/

deola

Classification of Cross-sections 4xa jall ahalial) Ciyiuas Sl
O o sdlall uiaill awy ) Sl ade (e &G £ giDistortional
buckling <xiadll 13 Sy lidal) e S A ) A 50 M g

Zasal) Jsh (i3S el daall (pa s ghaall Jal At cilaly 3y
a9 S Guiald g aa) g A ga quialy ddaa Bale Lalaall
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>

deola

Classification of Cross-sections 4xa jall ahalial) Ciyiuas it a

oY) 28l ~ ySFurocode 3 (e ainy dpia jall ablaall Ciiiall Hlas
e 5 oyl adaiall (e sSa IS (ASLadl/ m yal) d) ABLadl) 4
A dal e

Ll 5 aalial) Judadl) JLad) Jal (e s 5w (a2l pdaiall Cayial () K,
.a8atl o) aY duuliall 3kl

daia¥) Jie ddlide Aadlia o) Ja) (s (55 (a e adala (o (98 Bale

IR (e A (Al ) g

* Internal or stiffened elements Jsb (AS Jasan JS& Al (A
(J.a.u.ﬂ ‘_,JJH\ JJMM) biaal) dlgad slady () gall (ugajd\) Ol

* Outstand (external)or unstiffened elements by S Aty @J&
gl olay 4331 sal) (gAY ABal) (e ja g (k) Baal g Abla Jgha o
Jar.all
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Classification of Cross-sections 4xa sl adaliall Ciyiuas [> ¥
* Intenal or stiffened elemens &8sl Joh o Jasy JSdy afiuy A8 daoLs
(indl Jghall ) gaall) Jaiacall dlgad slad¥ ¢y ) sall (o shall) o
 Outstand (external)or unstiffened elements & Jy JS& Ay a8
Lial) dlga) slady 4331 gall s AY) ABlad) (e o g (k) Baal g ddla Jgha

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
QOutstand Outstand
Internal \ Internal
rd \ e
Internal -
Web Web Internal
/ Web
! N
Flange \ Flange \ Flange
Rolled |-section Hollow section Welded box section. . _. __ _
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deola

Classification of Cross-sections 4xa jall ahalial) Ciyiuas Byt a
daa pl) adalial) sl cilbpadidl

o il () dabd clalgals Adaaad) L Adadl) dadliall ¢ M ke
SJQ%&‘MQJZJ:J\W‘M@MM;}@\W@J&
aia Gish oo i) o adalall daglia g) oAy gaal) A gaadl Jaad
(2 gall udadl) @) il e i) Saal) JligdY) quiad (Gbad (Say
a2 adalall Crada A gall gualiall ASlacdl (& el dud auly
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deola

Classification of Cross-sections 4xa jall ahalial) Ciyiuas Byt a

R

”»

(b (o ad) adaial) Ciailal (e 81550 g (¥ 2SN Gy
Classl, Class2, Class3, Class4

1S Gra b e pdalle Al Al ) (bl Aalay
o (i) s JsAtlad
o lidl) algal a g

Aldan Y ﬁgjﬁ z\.Ajli.A d@‘ XA Ql..ﬁh:m [EIVITEN dﬁlb‘ﬂ\ LJJ::\
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Py

Classification of Cross-sections 4w all ahaliall cisial 555

LJY@\JJJM&AQ.\SMM@&‘

LJMQU.‘:‘AMC)J-’O-M‘M EAJAM@\JJJWQAOSJAA.JS?B‘\,%E?\
able to perform plastic hinge g gall gl
with rotation capacity able to develop their plastic moment resista

which required by plastic analysis _( Class 1 }‘ but limited to rotation capacity of local buck

without reduction of the resistance

B oal ) aa 4 yall A8y jhally CilagaY) Guuad

i aati O 3l dgal Jua ) Clalgadd e
Classification of it ot e g o
cross section 254 Lo e Aaglha
Aga) E ok O U (ada gall cuial) Gians (cl3.5 elastically calculated stress in the
adaial) ¢ 3ol cpa JAS) i dal gt £ gl extreme compression fibre of the steel
o " member
Local buckling will occur assuming an elastic distribution of stress

can reach the yield strength

fore the attainment of yield stress |
AN BT LS e S {Class 3 — butlocal bucking i liable

ane or more parts of the cross-section. ,
to prevent development of plastic

moment resistance
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Classification of Cross-sections 4xa_al) adalial) Civias

Py

6yli_al
—>| Rotational capacity
M, —
fPlaS[lC/ ——— » compression f,
. / Csmpact moment >
= /" Class 2 Plas@Glass 1 >
=My ? * ) ¢
. Sl % X — A
E ,‘/ Scmi-comgsls\ct 3'\ Ju Yield moment . ‘_4‘_
/ ass
/ _//—\\ ? — = i é
/ Pry <f;, Class 1 m? Plastic rect_anqular Class 3 Elastic linear
/f j Slender JGJ cross-Section stress distribution cross-section stress distribution
ﬂ'/
/
0)
M < M M )
Mp| .
M o [Class= Class 1™\ Class of Cross-section Resistance Rotational Capacity
& ¥ . Compact Section : -
Non-compact Section 1 plaStIC hlgh
e 5 & i 2 plastic low
Slender Section ? % % 3 elastic none
. - elastic,
4 . . . non
effective cross-section one
Fy £y
Class 4 Class 3 Class 2 Class 1
Slender ~ Non-compact Compact
Section Section Section
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deola

Classification of Cross-sections 4xa jall ahalial) Ciyiuas it a

Aiall) Laad Giel ja)

anill I dpm jall adaliall ASLacdl i jall ot 205 3 s iTable 5.2
of EN 1993:1-1:2005 .2 5¥! 2580 (s

) i ghdld) Ciiail) ddes aql

e 43l 4wl 3aa (c/t or d/t)

o ALl aaae

o ASlandd) dped (pa Baial) el o dlaicYl jaliad) Gl Cila daa
o .o paliad Ciiial B8 uua S i ) adallall Ciia
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Classification of Cross-sections 4xa_all ablial) ciial 5

Table 5.2 (sheet 1 of 3): Maximum width-to-thickness ratios for compression
parts

Internal compression parts

# _

bending
tl L il
- = 3 :
C t C t Axis of
bending
f L 1 | L J
]
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Class R sub!ect i i SUbJe(?t o Part subject to bending and compression
bending compression
f f f
Stress
distribution + + + | lye
in parts c c
(compression . B
positive) =
fy f, fy
3
when o >0,5: c/t< 139681
1 c/t<72e c/t<33 36‘1‘
€
when 0 £0,5: ¢c/t<—
o
when o >0,5: c/t< b
13 —1
2 c/t<83¢ c/t<38¢ 415¢
when 0. £0.5: ¢/t<—
o
f f
Stress =" f B e
distribution +;
in parts c " c c
(compression i_ c/2
ositive)
¢ f v,
42
when y > —1: el THE
3 c/t<124¢ c/t<42e 0,67 +0,33y
when y < —1": ¢/t < 62e(1 —y)/(—y)
f, 235 275 355 420 460
g=,235/f >
4 £ 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 ablial) Cidas

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

Py

o)liall

parts
Outstand flanges
c c c |
th o
t t t! c
Rolled sections Welded sections
Class Part subject to compression . Part suhjcc.t to bending and cmpprcssion.
Tip in compression Tip in tension
Stress «C uC
distribution + +
in parts N =
(compression i |-;-i 1 _.J bt m
positive) o et g |} g
I c/t<9% el eIt s —s
B T« avo
10e ; O¢
2 c/t=10e n:.fts—E c/t<
a ava
Stress
distribution _ % %
in parts N " Wi Bl )
(compression ! |"—'1 H I.__ic l._.iC
positive) l
3 c/1<14e il s
For k, see EN 1993-1-5
f, 235 275 355 420 460
&= ,}235 /f :
! 3 1,00 0,92 0.81 0,75 0,71
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Classification of Cross-sections 4 ) ahiia) Cisias %V

6)liall
Table 5.2 (sheet 3 of 3): Maximum width-to-thickness ratios for compression - i s
parts
Angles
h
-
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 C—=—11
across
section
(compression
positive)
+h
3 h/t<15¢: b <115¢
Tubular sections
t d
Class Section in bending and/or compression
1 d/t<50¢°
2 d/t < 70¢’
3 d/t<90¢”
NOTE For d/t >90c” see EN 1993-1-6.
f, 235 275 355 420 460
£= J235/f__ £ 1,00 0,92 0,81 0,75 0,71 _
g 1,00 0,85 0,66 0,56 0,51
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Classification of Cross-sections 4xa jall ahalial) Ciyiuas it a

u2idlesSummary

O Lailiall palin) (e s 68 4glidy) dua al) adalial) jlic) (e
dalAll
O Uy da A o) Ay Auliall jualial) 9S8 o)) San

0 bl o Lediaad a3 13) i gal) cuiaill auadd o) pilisal) sdgd ¢Sy

O e Gub oo pdaiall Al gand) Jaad 308 0y o) auda gall quiaill (Say
£ 323l daglial Jguasl

O Lo 14 335 0 el cuiadl 05 il paudssall gV ind (e
(A shll adaial) il Auiliial) paliall A8 o) (a all dSLawd)

O ) aalall cisibiat day ) ) 9¥) 298 i oy
baal) dgal &) g8
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Classification of Cross-sections: el
. ojligJl
Example of a Member for Compression

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
hb=_5251%mm fy = 275MPa
e 11 T:m fu = 430MPa
i E=210GP
tf = 17.2mm @

r=24mm
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[y

h = 550mm T
. P b =210mm o
Solution [a]. Flange Classification = 11.1mm
Stepl: Identify the element type t=17.2mm
r=24mm
external or outstand element.
Step2: Evaluate the slenderness ratio (c/t or d/t)
¢_b=t,~(2:7) _210-11.1-(2x24) 1509 .
1 2-t, 2x17.2 34.4 -
. bi
Step3: Evaluate the parameter &. 3= — -
| H1 S
\/235 \/235 "
£= = =0.924 tw
F 275 —
Step4: Determine the class of that element o —E_ i
11
£ -439<9£=832>Class 1 ;
4 mf_’z::zz . &
| £
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Solution [b]. Web Classification hb==5251%':‘n“r:1
Stepl: Identify the element type t,= 11.1mm
. . t;=17.2mm
internal or stiffened element. = 24mm
Step2: Evaluate the slenderness ratio (c/t or d/t)
c_h-Q2-1)-(2-r) 550-(2x17.2)-(2x24) e
t t, 11.1 ' 2
: bl
Step3: Evaluate the parameter &. . 11:'” ;
g:\/z35 :J235 T o
N2 w
Step4: Determine the class of that element y= ==

422> 42¢=38.83 = Class 4
t

Solution [c]. Section Classification
The complete cross-section according to the least
favorable classification is CLASS 4

ojligJl
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Classification of Cross-sections: )Ll
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
a7 omm fy = 420MPa
. .3 Or':r:‘ fu = 540MPa
w— = E =210GPa
t;=13.0mm
r=24mm
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Solution [a]. Flange Classification
Stepl: Identify the element type
external or outstand element.

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

LR —8—-(2x24) 22
¢ L Bor B2 10808 @xoN 102 L

t 2-1, 2x13 26

Step3: Evaluate the parameter &.

namss e :\/'“" = 0.748
7, \a20

Step4: Determine the class of that element

10e < £ =8.62 <14¢ = Class 3
!

[y

deola
h=270mm §)lioll
b =280mm
t,= 8.0mm
t;=13.0mm
r=24mm
| £
b,

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



Solution [b]. Web Classification
Stepl: Identify the element type
internal or stiffened element.

Step2: Evaluate the slenderness ratio (c/t or d/t)
c h—Q2-1,)-(2-r) 270-(2x13)-(2x24)

ay

h=270mm &%=
b =280mm
t,=8.0mm
t;=13.0mm
r=24mm

6)Liadl

t t 8

W

Step3: Evaluate the parameter €.

351295
PSS =\/ 22 =0.748
£, N420

Step4: Determine the class of that element

£ —245<72¢=53.86= Class 1

t
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: )Ll
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
IIIIIII«/IIIIIA h=270mm fy = 460MPa
" p > 280mm fu = 540MPa
’ - O E =210GPa
; tf = 13.0mm
] r=24mm
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Classification of Cross-sections 4 ) aalial) et 41| deols
-
Solution [a]. Flange Classification h = 270mm
Stepl: 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)

c_b-t,-Qr)_ 280-8-(2x24) 24 .,
{ 21, 2x13 260

Step3: Evaluate the parameter &.

REEEE CER T ER
£, \460 ;

)
CII I IS I I I

Step4: Determine the class of that element

10e < % =8.62 < 14& = Class 3
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Solution [b]. Web Classification IZ\
deola
8)liadl

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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