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STEEL: STRUCTURES I
Introductlon QA

SteeI IS most often. used for structures where 1oads and

spans are large and therefore IS not often used for domest|c
- 'i.archltecture | . A |

Steel, structures include:~

Q- low-rise and high- r|se bulldlngs S
Q- bridges,
Q- towers,

| Q- pylons,

Q- floors,

- ail rigs, etc. 48
and are essentially composed of frames WhICh support the
self-weight, dead loads and external imposed Ioads (wind,
“show, traff|c etc.) : |
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Industrial building--~

STEELSTRUCTURESr

Uses -
Portal frame system

Single story bundmg
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Single story building- Industrial building- Truss system
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Uses

Multi story-building: the Pompidou center- Paris _
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STEEL ST RUCTURES -
Uses™

Precast hollow core concrete |
planks are the floor system .-
|n this steel structure

YE=GRayata-Hanax



STEEL STRUCTURES —~ Uses

" r’vﬂ'g- ~‘-".._..._

f———r/ T

- .
.

-
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STEEL STRUCTU RES —Uses

Chicago airport terminal building.
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Open corner entrance to this ofﬂce bundmg Was met by the

use of two-story-high trusses. o o,
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Uses N

Sky-scraper in Dubai
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STEEL STRUCTURES
Uses .
The Forth Brldge-
“Scotland G

Pont du Normandle
(River Seine, Le Harve,
France)
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STEEL STRUCTURES
Introduction

The advantages

1- speed of construction :

Steel provides unbeatable speed of construction and off-site
fabrication, there by reducing the financial risks associated
with site-dependent delays.

2- high strength, high stiffness and good ductility :
steel construction, with its high strength to weight ratio,
maximizes the useable area of a structure and minimizes
self-weight, again resulting in cost savings.

3- Recycling

Recycling and reuse of steel also mean that steel
construction is well-placed to contribute towards reduction
of the environmental impacts of the construction sector.
4- high accuracy
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STEEL: STRUCTURES

Introductlon

Dlsadvantages
| 1- low fire resistance
11 2- needs of higher educated personal




STEEL STRUCTURES .

STRUCTURAL ELEMENTS

As mentioned earller steel Structures are composed of distinc
elements : |

1. Beams and girders: members carrylng lateral Ioads |n
bendmg and shear. - AR




STEEL STRUCTURES .

STRUCTURAL ELEMENTS .
2. 776’5' members carrymg aX|aI Ioads |n tensmn
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STEEL STRUCTURES .-~
STRUCTURAL ELEMENTS

3. Struts, columns or |
stanchions. members carrying
Jaxial loads in compression..
These members are often
subjected to bending as well
as compression.




STEEL: STRUCTURES

STRUCT URAL ELEMENTS G
4. 77'usses and /alt/ce g/ra’ers framed mem bers carrymg
Iateral Ioads These are compesed of struts and ties.

o P




STEEL STRUCTURES .~
STRUCTURAL ELEMENTS

6. Sheeting
Vrails: beam <=8
‘members”
supporting
wall-~
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STEEL STRUCTURES .-
STRUCTURAL ELEMENTS

/. Bracmg
diagonal struts
-and ties that,
with columns
and roof
trusses, form
vertical and u
‘horizontal
trusses to
resist'wind
loads and
hence prowdeck
-the stability of
the building.




STEEL STRUCTURES .
STRUCTURAL ELEMENTS

Jomts connect members together such as the Jomts in
trusses, joints between floor’beams and columns or other
| floor beams. Bases transmit the Ioads from the columns to
the foundatlons N SR

" Bases plate -




C

, GIRT
BASE ANGLE
I ME COLUMN
N
| |

- Ty,
I 1 1GE )

ayath-riala

I

STEEL STRUCTURES .
STRUCTURAL ELEMENTS




STRUCTURAL ELEMENTS

Fixed base r

(a)

Pinned base L

(b)

Elements
1. Lattice girder
2. Crane column

joint

Iy

L

3. Crane girder

EIements
1-Portal rafter
2. Portal column

Elements .
1. Floor-beam

2. Plate girder
3. Column

4./Bracing

(c)

"

/!



STEEL STRUCTURES ; ¥

“~Facto ry__;_jBUiIdin__g_ elements
1. Lattice girdér

P ’ — 2. Column__
Vo / — 3.Purlins, and sheeting ra|Is
E | < > 5 (&) Crane girder '
- R =" 6. Lower chord bracing
E y ~ 7. Wall bracing
-l Roof plan 8. Eaves ie 7
5 - 9. Ties - -
< / | ¢ 5.Roofbracing
5.:5'--'- 10. Gable column.~
a i_ , 1/ . P )
(l;) . Lower chord bracing o Section
| j ) _ :
a /A} |
pr \gf—? ff x‘x 10
| ¥

S:de elevation

Gablf: fmmmg




STEEL STRUCTURES .-

STRUCTURAL ELEMENTS

3"

Plan first floor level

End elevation

Multi-storey office
Building elements.
1. Column 4
2. Floor beams

3. Plate girder

4. Bracing



STEEL STRUCTURES .
STRUCTURAL DESIGN

For‘a given framing. arrangement the problem in structural

design consists of:: i

Y 1. Estimation of loading N A

2. AnaIy5|s of main frames, trusses or Iattlce girders; ﬂoor
systems bracing: and connectlons to determine axial
" loads, shears and moments at cntlcal pornts |n aII

~~ members

| _;-3 DeS|gn of the eiements and connectlons usmg de5|gn

data from step 2. | --

4, PrOductlon of arrangement and detall drawmgs from the
de5|gners sketches 4




STEEL: STRUCTURES

DESIGN METHODS

SteeI de5|gn may be based on three de5|gn theorles
1. Elastic design (Work/ng stress des/gn)
1.2. Plastic design (Ultimate: Joad des/gn)

3. Limit<state design
1-Elastic design (Work/ng stress des/gn) IS the tradltlonal

method and is still commonly:used in the United States
SteeI is almost perfectly elastic up to the y1e|d point; -and
elastic theory is a.very goed method on which the: method is

| based. Structures are analysed by eIastlc theory;: and e
sections are 5|zed se that the nerm/ss/b/e stresses are not

exceeded.
|eld|n or ultlmate stress
Werkmg stress< perm|SS|bIe stress~ (y 9 )
Ve

7 ~1.7 Elastlc Safty Factore




STEEL: §?RUCTURES

DESIGN METHODS . & |
The working stress methods of de5|gn reqmred that the .o

stresses calculated: from the most adverse comblnatlon of

Hoads must not exceed the speaﬂed perm|55|ble stresses.
2- Plastic theory (Ultimate load) developed to take:

account of behaviour past the YL6|C| point is based on finding
the load that causes the structure to coIIapse ‘Then the

Worklng load is the coIIapse load divided by a load factor Vp-

The ultimate load methods of designing’ steel structures

| required that the caIcuIated ultimate load-carrying capacity.
of the: complete structure must:not exceed the most adverse
combination of the loads obtamed by* multlplymg the

werklng loads by the appropriate load factors Yo Thus
Z(WOFKIHQ load x ;) < Ultimate load

IS Yo ~1. 7 Load Factor




STEEL §TRUCTURES

DESIGN METHODS

2- Plastic theor\L(U/t/mate /oad) o

This approach is‘based on’plastic analy3|s In Wthh the
Y loads required: ‘to cause the structure- to collapse are
calculated (Ultimate Ioads) The reasoning-behind this
method is that, in -most steel structures, partlcularly
redundant ones, the foads requwed to cause the structure to
collapse are somewhat Iarger than the ones Wthh cause
pyielding. Design;- based -on this method caIcuIates the
"'Ioadlng requwed to cause complete collapse and then
ensures that this Ioad (Ultlmate Ioads) is greater than the
applled loading (working Ioads) the ratio of collapse load to
the maximum applled Ioad (worklng Ioads) IS caIIed the load

~“factor }/p Ult|mate Ioad / Workmg Ioad yp




DESIGN METHODS g R
3- Limit-state deS|gn has beepy developed to. take account

of:. aII conditions that can make the striicture become unfitfor
Juse. The design is-based on. the actual behaviour of materials
and structures in"use and is’in accordance with EN1993

A structure should not during its Ilfetlme become
‘unsetviceable’, that is; it should be free from-risk of collapse,
rapid deterioration, f1re crackmg, excessive deerctlon etc.

| Thus for limit states de5|gn7 the structure is deemed to be
satlsfactor y if Design load effect < Design resistance _.;_:___ff-jf-‘

2 yfx (effect of speC|f|ed Ioads) < (speC|f|ed reS|stance/7/M)

part|al load - mternal force,s;_-;- Ed Rd materiaI/
~t (axial, shear,” LN
factors v 3{0 (bendin hﬁ%ment i partial factors




STEEL: STRUCTURES

DESIGN METHODS

Numerlcal values ~
A

Strength of material | . asticdesign
or of member Q

Limit-;_;;s;féte desig

d " - % X 7/p

X )

Stresses or stress restiltants
T . A —— —————— =@
due-to working loads

Elastic design




Euroc_ffde program <&

EN 1990: Basis of structural design

l

EN 1991-1 Eurocode 1:
Actions on structures

Part 1: General actions
Part 1-1: Densities, self weight
and imposed loads for buildings
Part 1-3: Snow loads
Part 1-4: Wind actions
Part 1-5: Thermal actions
Part 1-6: Actions during Execution
Part 1-7: Accidental actions from impact

and explosions
Part 2: General actions
Traffic loads on Bridges

Eurocode 2
EN 19592 — Design of concrete structures
EN 1993: Design of steel structures
Eurocode 4
EN 1994 Design of composite steel and
concrete structures
Eurocode 5
EN 1995: Design of timber structures
Eurocode 6
EM 1996: Design of mascnry structures
Eurocode 7

EN 1897: Geotechnical design

Eurocode 8
EM 1998: Design of structures for earthquake

resistance
Eurocode 9
EN 1999: Design of aluminium structures




EN 1993'is broken into.6 parts. Part 1 has 12 sub-parts:

EN 1993-1-1

Eurocode 3: Design of Steel Structures - Part 1-1: General
rules and rules for buildings

EN 1993-1-2

EN 1993-1-3

EN 1993-1-4

Eurocode 3: Design of Steel Structures - Part 1-2: General
rules — structural fire design

Eurocode 3: Design of Steel Structures - Part 1-3: General
rules — cold formed thin gauge members and sheeting
Eurocode 3: Design of Steel Structures - Part 1-4: General
rules — structures in stainless steel

EN 1993-1-5

Eurocode 3: Design of Steel Structures - Part 1-5: General
rules — strength and stability of planar plated structures

EN 1993-1-6

EN 1993-1-/

without transverse loading

Eurocode 3: Design of Steel Structures - Part 1-6: General
rules — strength and stability of shell structures

Eurocode 3: Design of Steel Structures - Part 1-7: General
rules — design values for plated structures subjected to
out of plane loading

EN 1993-1-8

Eurocode 3: Design of Steel Structures - Part 1-8: General
rules - design of joints

I - == Y =Yrn — - § ™
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EN 1993'is broken into .6 parts. Part 1 has 12 sub-parts:

EN 1993-1-9

EN 1993-1-10

EN 1993-1-11

EN 1993-1-12

EN 1993-2

EN 1993-3-1

EN 1993-3-2

EN 1993-4-1

Eurocode 3: Design of Steel Structures - Part 1-9: General
rules — fatigue strength

Eurocode 3: Design of Steel Structures - Part 1-10:
General rules — material toughness and through thickness
assessment

Eurocode 3: Design of Steel Structures - Part 1-11:
General rules — design of structures with tension
components

Eurocode 3: Design of Steel Structures - Part 1-12:
General rules -supplementary rules for high strength
steels

Eurocode 3: Design of Steel Structures - Part 2: Bridges
Eurocode 3: Design of Steel Structures - Part 3-1:
Towers, masts and chimneys -towers and masts
Eurocode 3: Design of Steel Structures - Part 3-2: Towers,
masts and chimneys - chimneys

Eurocode 3: Design of Steel Structures - Part 4-1: Silos,
tanks and pipelines - silos

e O A A R N S O I e e L e N e
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EN 1993 is broken into 6 parts. Part'1 has 12 sub-parts:

EN 1993-4-1 Eurocode 3: Design of Steel Structures - Part 4-1: Silos,
tanks and pipelines - silos

EN 1993-4-2 Eurocode 3: Design of Steel Structures - Part 4-2: Silos,
tanks and pipelines -tanks

EN 1993-4-3 Eurocode 3: Design of Steel Structures - Part 4-3: Silos,
tanks and pipelines -pipelines

EN 1993-5 Eurocode 3: Design of Steel Structures - Part 5: Piling

EN 1993-6 Eurocode 3: Design of Steel Structures - Part 6: Crane
supporting structures

—-P-.J'm Hlm



BS EN: 1993 Design of steel structures
Part 1 1: General rules and rules for bmldmgs

Chapter 1
|Chapter 2
1.|Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7

_Annex A
Annex B
Annex AB

Annex BB

General

Basis of Design
Materials

Durability

Structural analysis
Ultimate limit states
Serviceability limit states

[informative] — Method 1: Interaction factors kij for interaction
formula in 6.3.3(4)

[informative] — Method 2: Interaction factors kij for interaction
formula in 6.3.3(4)

[informative] — Additional design provisions

[informative] — Buckling of components of building structures




| STEEL STRUCTURES .

LIMIT-STATE DESIGN PRINCIPLES __

1- All separate conditions that make the structure unfit for-o~
use {either causing collapse (Yeilding<Buckling...) or Not"
|(Excessive Deflection Vibration....)} are taken into account.

2. The design is based on the actual behaviour of materials
and performance of structures.and members in service.(the
strengths are calculated using plastic theory,-and post-
buckling behaviour is taken-into account. The effect of
.-|mperfect|ons ondesign strength is also mcluded)

3- Ideally, design should be based on stat|st|cal methods
with a-small probability of the structure reachlng a limit~-
state. Partial factors of safety are introduced to take account
of all the uncertainties in loads, materials strengths, -
---approxmatlons are used:in design and imperfections in
fabrication-and erection o




DESIGN METHODS S
LIMIT STATES FOR STEEL DESIGN -

Ultimate limit states Serviceability limit states

1. Strength (including general
yielding, rupture, buckling
and transformation into a

5. Deflection

mechanism)
2. Stability against overturning | 6. Vibration (e.g. wind-induced
and sway oscillation)
3. Fracture due to fatigue 7 Re|_:>a|rable damage due to
fatigue
4. Brittle fracture 8. Corrosion and durability

when exceeded, make the
structure or part of it unfit for
normal use but do not indicate
that collapse has occurred.

CP-CL 1C3 ) AJEJ 1°17

When the ultimate limit states
are exceeded, the whole
structure or part of it collapses.

HIEH
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WORKING AND FACTORED LOADS

Worklng loads | 5

The working loads (specmed characterlstlc or nomlnal Ioads)
are the actual loads the structure is designed to carry. These
fare normally thought of asthe maximum-oads that will not
be exceeded during the life of the structure. In. statistical
terms, characteristic Ioads have a 95% probablllty of not
bemg exceeded. S |

Factored loads for the ultlmate limit. states R
In accordance with EN1990, factored loads are used in de5|gn
calculations for strength and equmbrlum -

Factored load = worklng or nomlnal load X reIevant_ partial Ioad
factor, yf




SERVICEABILITY LIMIT-STATE DEFLECTION -

Deflection of beams due to unfactored imposed loads

rails)

Cantilevers Length/180
Beams carrying plaster or other brittle finish | Span/360
All other beams (except purlins and sheeting | Span/200

Purlins and sheeting rails

of particular cladding

and wind loads

Horizontal deflection of columns due to unfactored imposed

one storey

Tops of columns in single-storey buildings Height/300
except portal frames
In each storey of a building with more than | Storey height/300

To suit the characteristics

R R R T S e e N
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Mechanical Properties of Structural Steel -
3.1 STRUCTURAL STEEL PROPERTIES &

The steel used in structuraI englneenng is ‘a compound of
approximately 98% iron and small ‘percentages of carbon,
| silicon, manganese, phasphorus, - sulphur, niobium and
vanadium. Copper and chromium-are added to produce the
weather-resistant steels that ‘do not requrre_ corrosion
protection. - - >

Increasing the carbon content mcreases strength and
hardness but reduces ductlllty and -toughness. Carbon
content therefore IS, restncted to between 0,25% and 0,2%
to produce a steel that is weldable and not brittle; = The
niobium and vanadium are introduced to- raise the- yield
strength of the steel; the manganese improves corrosion
resistance; and the phosphorus and sulphur are impurities.

—_;J_?\.,L LLJ /\MT -LE;‘J_IL[’.‘;L}Q



Mechanical Properties of Structural Steel
STRUCTURAL  Siressf
STEEL PROPERTIES
" Tensile strength £, _ R

T
upper yield stress Jﬁ, o | \
|
. lower yield stress R, | !
£ | ,
| i
| |
| .’
| I
| |
l .
maX|mum Ioad strain (Agt) (A) Strain
- . strain
Lo = iﬁﬁﬁ S H -'Irﬁfnb)ﬁu mm after
‘L, +15.5,) © fallure

— 2 mm
77 40mm T kwx
] % = com Charpy |mpact test




_ Mechanical Properties of Structural Steel
STRUCTURAL STEEL PROPERTIES

S StrUCturaI Steel- » Minimum yield Tensile strength Minimum percentage
E~ " Engineering steel. - Steel strength R, R, elongation after
235 Minimum yield strength | srdes (MPa) (MPa) feactuse
N (R,y) in MPa at 16mm ":l_ L =565,
qualities
JR Longi.tUdmaI Charpy Nominal thickness MNominal thickness Nominal thickness
V-notch impacts 27 ] (mm) (mm) (1)
_at+ 20°C
J0 . Longitudinal Charpy - 16| 710 | THN T g = | B0 e
9 Y T | =40 |=63 | =80 =100 | =40 (=63 |=100
~V-notch impacts 27 J
at 0°C S235JR | 235 | 225 | 215 | 215 [ 36010510 | 3601510 | 26 | 25 24

Jz Longltudlnal Charpy 523510 | 235 | 225 | 115 215 | 360t 5100 | 36060 510

523502 | 235 | 225 | 215 | 215 [ 360w 510 | 360w si0 | 24 23 22
V-notch impacts 27 J
at’= 20°C 5275JR | 275 | 265 | 255 | 245 | 4301w 580 | 410w 560 | 23 22 21

K2 Longltudmal Charpy S27510 | 275 | 265 | 255 | 245 | 43010 580 | 41010 560

. 527512 275 | 265 255 245 | 430 to 3800 | 410 0o 360 21 20 19
“V-notch |mpacts 40 ]
yon e - 5333JR | 353 | 345 335 325 | 510 to 6RO | 470 to G630 22 21 20
~at - 20°C © ©

535510 | 355 | 345 335 325 | 510w 6EO | 470 wo 630

_Hot-rolled steel grades 35502 | 355 | 345 | 335 | 325 [ 51010680 | 47010 630
and qual ities_ according S355K2 | 335 | 345 | 335 | 325 | 51010680 | 470w 630 [ 20 | 19 | I8
to EN 10025-2 S 45000 | 450 | 430 | 410 | 390 - 5500720 | 17 [ 17 | 17

e N By
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STRUCTURAL STEEL PROPERTIES

Elastic properties of steel as matenal. |
- Modulus of elasticity E = 210 GPa; -

EI ‘The elastic shear modulus G= 81000Mpa G E/[2(1 +v)]

‘0- Poisson’s ratio in elastic’ range v= 0.3;
Q- Coefficient of linear thermal expansion o = 12x10 6 /°C;
3- Volumetric mass p = 7850 kg/m3

Ductlllty reqmrements |

Ductility is the ability of a material to undergo Iarge

‘deformation without breaking.

NA to BS EN 1993-1-1 sets the foIIowmg requwements &

1. Elastic global anaIyS|s | . -
a-f/f,2 1.10. .. R
+b. Elongation at failure not less than 15% (on a gauge
~length of 5.65V S, where Sy is the original cross-

sectional area) ~

DNl SN/ =
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STRUCTURAL STEEL PROPERTIES
Ductlllty reqmrements &

e g,215¢, where g, IS the uItlmate stram and g, IS the

yield strain” 5

| 2 Plastic.global analysis
Plastic gIobaI analysis should not be used for brldges

a. f,/f,2 115 ,.
b Elongation at fallure not less than. 15% (on a gauge
length of 5.65V 50, where S, is the orlglnal Cross-

sectional ‘area) - 4
c £,220¢, where £, |s the uItlmate stra|n and €y |s

 the y|eId straln



3.3 STEEL SECTIONS Q@
3. 3 1 RoIIed and formed sectlons

X b 127 76~ |

1016 x 305

resisting bending
moment about -
~~the major axis

—JE afa) /C

3

/7 x b 152 x 152—
356 x 406

resist aX|aI Ioad

L

Universal column|
Universal beam

—_—

A% 5100 x50

430,% 100
Para_ll_,el ange_l

channel &
used for beams
bracing members,
truss m_e_mbers

compound

membeLs_m
i LJ—LL.JJ_[]J\)



3.3 STEEL SECTIONS- .
3. 3 1 Rolled and formed sectlons

[L

h x /7 20 x 20—
200 x 200

»..'ff"’EquaI angle

used for bracmg
members, truss
members and
~for purlins, side
and sheeting rails.

AL

hixb 30 x 20-

200:x 150

Unequal angle |

used for bracmg

members, truss
members and

for purlins, side

and sheeting rails

A xfifb 133 x102-
305 x 457

“Structural tee

cut form UB
used for truss

~members, ties

and light beams.




3.3 STEEL SECTIONS-
3. 3 1 Rolled and formed sectlons

26 9 to 193.7 Hot-

- finished

| 33 7 to 508.0 Cold- '_.
& 400 %400 Cold- formed |

formed

" Circular Hollow

Section<
com pression
members

——

|

~~h x h407x 40~
400 x 400-Hot-finished
h xh25 x 25—

Square Hollow"
Section
compr'ession &
members:

A X b50 x 30-
500x300 Hot-finished
2 hx b50%x25-
500><300COId formed

Rectangular

| Hollow Section

‘compression
- members

Used in roof trusses, lattice girders, bwldmg frames and for

purlins, sheeting rails, etc.




3.3 STEEL SECTIONS -~ R
3.3.1 Rolled and formed sections

Universal Rolling

Interme diate roling

Universal roll for

Universal
rolling mil

e [T
DrE=Oraydti-riaiican



3.3 STEEL SECTIONS -
3.3.2 Compound séctions -

|| L -
U “ & I

S

crane girder

S —=\3He-

JAL

F?‘Tﬁ

battened member |

Q
0
®
3
‘:'\ Q ).3
-
()
1

(& J
G
é
o



3.3 STEEL SECTIONS
333BUIIt-up sectmns

-lr . — - E 1
Ao [ , — X
| .

- .
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3 3. 4 Cold rolled open sectlons ﬁ AT

o

Thm steel plates can’ be formed into a. Wlde rahge of sectlﬁ‘ns
by cold rolling. 4% O &5 &

| Used for purlins; side and -
sheetlng rails

L - ]

Zed section Sigma section Lipped section

. L . Ty
P " s P~
ey

W AR ,__\

.-’h\,’ - - .

n ; o ¢ o~
o
i

Sy
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3.3 STEEL SECTIONS =~
3.4 SECTION PROPERTIES

BS EN 1993-1-1: 2005
BS 4-1: 2005

n
SECTION PROPERTIES e !
UK 21 O 5
EUROCODES UNIVERSAL BEAMS “| N 11
Advance® UKB h —= =" |d -
- DIMENSIONS iif =
_+_ — =
Secton Mass | Depth | Width Thickness Root | Depth Ratios for Chmensions for Surface Area
Designation per of of Radius | between | Local Buckling Detailing
Metre | Section | Section Fillets
web | Flange Flange | Web | oo Notch | ror | Per
h b L L r d I:I.Ill €y ! L, L N n

Icafrn mm mim mim mim mm Mim mm mm | mm m? m?

1016 x 305 x 487 + 486.7 | 10363 | 3085 | 300 | 541 | 300 8681 | 202 | 289 17 150 | 86 | 320 | 658
1016 x 305 x 437 + 437.0 | 1026.1 | 3054 | 269 | 49.0 | 300 8681 | 223 | 323 15 150 | 80 | 317 | 7.25
1016 x 305 x 393 + 3927 | 10159 | 3030 | 244 | 439 | 300 8681 | 249 | 358 14 150 | 74 | 314 | 8.00
1016 x 305 x 349 + 3494 | 1008.1 | 3020 | 211 | 400 | 300 8681 | 276 | 411 13 152 | 70 | 313 | 896
1016 x 305 x 314 + 3143 | 9999 | 3000 | 191 | 359 | 300 8681 | 308 | 455 12 152 | 66 | 311 | 9.89
1016 x 305 x 272 + 2123 | 9901 | ~~o | 165 | 310 | 300 8681 | 380 ' Mg 10 152 | 62 | 310 | 114
1016 x 305 x 249 + 980.1 165 | 260 681 | - 10 s6 | 308 4

Ay A g - -




3.3 STEEL SECTIONS -~ |
3.4 SECTION PROPERTIES -

BS EN 1993-1-1: 2005

BS 4-1: 2005
U K SECTION PROPERTIES T
NIVERSAL BEAM
EUROCODES U S S
Advance® UKB y- -¥
B-3 PROPERTIES
Z
Section Second Moment Radius Elastic Plastic Buckling | Torsional | Warping | Torsional | Area
Designation of Area of Gyration Modulus Modulus Paramater | Index | Constant | Constant of
Saction
Axis Axis Axis | Awis | Axis Axis Axis Axis
¥y i d ¥y z-Z y=y Z-Z y=y z-Z
u X I, b A
cm* em? em | em | em® | em® | em® | em? dm® e em?
1016 x 305 x 487 + 1020000 | 26700 406 | 657 | 19700 | 1730 | 23200 | 2800 0.867 211 64.4 4300 620
1016 x 305 x 437 + 810000 23400 40.4 | 649 | 17700 | 1540 | 20800 | 2470 0.868 231 56.0 31580 557
1016 x 305 x 393 + BOBO00 20500 40.2 | 640 | 15500 | 1350 | 18500 | 2170 0.868 25.5 48.4 2330 500
1016 x 305 x 349 + 723000 1B500 40.3 | 6.44 | 14300 | 1220 | 16600 | 1940 0.872 278 433 1720 445
1016 x 305 « 14 + E44000 16200 40.1 | 637 | 125900 | 1080 | 14800 | 1710 0.872 30.7 T 1260 400
) L 554000 14 V635 | 11200 | 934 | 12800 | 1470 0.872 ] 2 835 T
0D ™1 9820 784 17 51 )




3.3 STEEL SECTIONS -3.4 SECTION PROPERTIES

o Poutrelles I européenne—s (sute)

Dimensions: IPE 80 - 600 conformes & I'Euronorme 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750

Tolérances: EN 10034: 1993
Etat de surface conforme @ EN 10163-3: 1991, classe C, sous<lasse |

o European I beams (coninved)

N Dimensions: IPE 80 - 600 in accordance with Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750 E’-P—’:
Tolerances: EN 10034: 1993 :
Surface condition according to EN 10163-3:1991, class C, subclass 1
o Europaische I-Profile (oretzung)
Abmessungen: IPE 80 - 600 gemaf3 Euronorm 19-57; IPE A 80 - 600; IPE O 180 - 600; IPE 750 y=4-
Toleranzen: EN 10034: 1993
Oberflachenbeschaffenheit gemaB EN 10163-3: 1991, Klasse C, Untergruppe 1
. \l
2 .
Désignation Dimensions de construction
Designation A:‘mcm‘s'::‘:nsn Dimensions for detailing O::::Ic&?ho
Bezeichnung e KonstruktionsmaBe
G h b tw tf r A by d @ Pmin Pmax AL Ag
kg/m| mm mm mm mm mm mm’ mm mm mm mm m’/m m’/t
x 107
IPE A 500 N4l W 200 84 145 21 101 448 426 N2 100 112 14 21,94
IPE 500 %71 500 200 10,2 16 21 116 468 426 M2 102 112 1744 19,3
e IPE 0 500% 107 506 02 12 19 21 137 468 42 Ly 104 14 1,760 16,40
IPF A <50* 1 54 210 i 157 bl 1n 5156 4676 M 106 122 1,875 20,36
106 550 i u 134 Eres LS M2 110 122 it 17,78
1m cet u 1 = <




3.4 SECTION PRO PERTI ES |

P O e R

Notations pages 211-215 / Bezeichnungen Seiten 211215
Val : : T
Disiamation aleurs statiques / Section properties / Statische Kennwerte Classification Sl
Designation axe fort y-y axe faible z-z ENV 1993-1-1 (38 g
Bezeichnung strong axis y-y weak axis z-z e = &(2|S
starke Achse y-y schwache Achse z-z bendieg y | compression | S - S
G y Wely Wpl.y’ iy Avz Iz Wel.z Wpl.z' iz Ss Iy lw 3 ﬁ § § § § & g &
kg/m | mm mm? mm? mm mm? mm* | mm? mm? mm mm mm* mmé |2 |n|n|nfnln
x10¢ | x100 | x100 | x10 [ x102 [ x10¢ [ x100 | x100 [ x10 [ x10¢ | x10°
IPE A 500 94| 4930 1728 16 2060 S041 | 1939 1939 3006 438 | 6200 6278 1B | d 4 - |v|v|v
IPE 500 97| 46200 1928 94 2043 5987 | 2142 2142 3359 431 6680 8929 1249 |1 1 1|3 4 4|v|H]|H
IPE 0 500 107 | 57780 2284 2613 205 7021 | 2622 2596 4085 438 | 7460 1435 1548 (1 1 1|2 4 4|v|H|H
IPEA 550 9201 59980 2193 MIS 2261 4030 | 2432 2316 3615 455 | 6852 8653 1710 |1 1 -[4 4 -|v|v|v
IPE 550 106 | 67120 2441 781 M% 134 | 2668 254 4005 445 | 7362 1232 1884 |1 1 1|4 4 4|v|H|H
IPED 5 | M0 e 69 | 324 342 4805 ) oS nm o111 4 4|vIH|H
g 36 2833 R
1%R/7 -
i~ B
Dr=GRAYE IE



3.3 STEEL SECTIONS. -~
3.4 SECTION PROPERTIES -

I ey e
r/ 3

b ) z :%H
IPE80-750  IPN 80-600

L20X 20 x 3
L 250 x 250 x 35

HE 100-1000-"
7 HL920-1100

‘l-'s—"-l 45° . :

h y=4- dh P

T
by =z .
UPE 80-400 "~ UPN 80-400 "'~
UAP80-300 "~ U 40x20-65x42
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120 x 80 x8

~ L2200 X 100’14



3.3 STEE L SECTIONS;

Area

Moment of inertia y—y axis

Moment of inertia z—z axis

Radius of gyration y—y axis

Radius of gyration z—z axis

Modulus of section y—y axis

Modulus of section z—z axis

Prast|c moduli of: sectlon @S
~Equal to the algebralc sum of the fII‘St < .
moments of area about the equal area axis = 4

3.4 SECTION PROPERTIES .~

A = 2bt, + dt, /
b (b-t)d

2

| A r
S ) 12 I
s d
_ b’ d, y y
z +— t,
12 12 _‘ —~—
, — —|——
_(g) 45 z
A z z
l—“—|
_ I, N y—1—y bj| U U
A
y y
z
er I'
yy Centroidal axis
W 21, y1y1 Equal area axis
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3.3 STEEL SECTIONS -
3.4 SECTION PROPERTIES = .= -

R Woog 05 ey 0 3 o

e i "EAI d
{ Torsional index (X)- x = [FLAN A
A (X) V2061, 1, 2 K

L © F -

4

(R, z

Warping constant (I,,)) I =

thl-:é'i“f)nal constant ( IT)

. 2.5 1 3 4 | 4 _ﬁ_ N
E = =by +§(h—2:f}rw +2a,D,* —0.4201, y y

3

I—z s G E N ’

| N 2(1 + F) _ , yy Centroidal axis

g = []-—

¥

D _ {I ¢+ r)z + {r + {]‘;25 - ) I ) _ y¥; Equal area axis
1 = SN L E

2r + i
2

Ca =-0042+02204 ™ 01355 L _o0.0865 Tx o075 b
ft' ! f fl' ff

h. is the distance between shear centrés of flanges (i.e. h,.= h = t)

y




