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STEEL: STRUCTURES I
Introductlon %

Steel IS most often used for structures Where 1oads and
_spans are large and therefore IS not often used for domestlc
. fj_.archltecture ' - Y --

Steel, structures Include: -

Q- low-rise and hlgh rrse bulldrngs

D br| dg es, —
El towers, o
|'d- pylons,

Q- floors,

- oil rigs, etc.
and are essentially composed of frames WhICh support the
_____seIf-welght dead loads and external Imposed Ioads (wind,
“sSnow, trafflc etc.) : -
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STEEL STRUCTU RES ~

| _Slng le story bui Idmg- ™
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Single sto—-ryubuilding- ‘fﬁdustri-élf"‘BuiIding- Truss égf'stem
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‘Multi story building: the Pompidou center- Paris
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Precast hollow core concrete
planks are the floer system ..
|n this steel structure
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Chicago airportfférmina”if’building. _
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Open corner. entrance to thls offlce bundlng was met by the
use of two-story-high trusses.’
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.~ Olympic Stadium, Munich, Germany
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Uses<
The Forth Brldge- = & &
Scoﬂand < A o Q

o

Pont du Normandle
(River Seine, ~Le Harve,
Q7 & 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




STEEL: STRUCTURES
Introductlon &3

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




STEEL STRUCTURES .

STRUCTURAL ELEMENTS -

As mentioned earller Steel Structures are composed of dlstlnc
elements >

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




STEEL STRUCTURES .

STRUCTURAL ELEMENTS |
2. 77@5 members carrylng aX|aI Ioads In: tensmn

v
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STEEL STRUCTURES .

STRUCTURAL ELEMENTS ,l\

3, Struts, columns or S
Al

szfanchlons membe rs carrylng . i
laxial loads in compression.” o l
These members are often_
subjected to bendlng as weII ‘ ; A
as com pression. s N e




STEEL: STRUCTURES

STRUCTURAL ELEMENTS - {
4. Trusses and lattice girders: framed mem be rs carrying N
Iateral loads. These are composed of struts and ties. >



STEEL: STRUCTURES

STRUCTURAL ELEMENTS | .,
5 Pur//ns beam members carrymg roof sheetlng

6.-Sheeting
Vrails: beam
‘members”
su ppertlng
wall -

c__lladd ing.

N
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STEEL: STRUCTURES

STRUCTURAL ELEMENTS

1. Bracmg"
diagonal struts |
fand ties that, N 5
with columns
and roof --
trursses form
vertical and
}-horizontal A
"'trusses o ~ Ve &
Ioads and
hence prowded
-the stability of
‘the building:




STEEL STRUCTURES .-
STRUCTURAL ELEMENTS

Jornts connect members together such as the Jomts n
trusses, joints between floor beams and columns or other
| floor beams. Bases transmit the Ioads from the columns to

the foundatlons | R

" Bases plate “
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STEEL STRUCTURES .-

STRUCTURAL ELEMENTS

" 1 Portal rafter

/ Elements &

Elements
-~ 1. Lattice girder
2. Crane column

3. Crane girder

2. Portal column

Floor -beam
. Plate girder
. Cofumn
./Bracing
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STEEL STRUCTURES .-

STRUCTURAL ELEMENTS

_~~Factory-Building elements

- 1. Lattice gird’é‘r'

2. Column __ .
3. Purllns and sheetlng ra|ls
4 Crane glrder

/6. Lower chord bracing

7. Wall bracing AN

8. Eaves tie ”
9. Ties /= -
5. Roof: bracmg ’
10. Gable column
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STEEL STRUCTURES ..~

P

STRUCTURAL ELEMENTS

]
¢

27 Multi-storey office
N & < | /. Building elements, _
QT Xe _~= 1. Column N
v 2. Floor beams
.~ 3. Plate girder
4. Bracing

)
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STEEL STRUCTURES .
STRUCTURAL DESIGN

For‘a given framing; arrangement the, problem in structural ;

design consists of;: _
§.1. Estimation ofloadrng N
2. Analysrs of main frames, trusses or Iattrce girders; floor
systems bracing: and connectrons to determine axial
" loads, shears and moments at crltlcal pomts |n aII
members =~ > N
| _;-3 DeS|gn of the eiements and connectrons usmg deS|gn
data from step 2. “ -
4. Prdductlon of arrangement and detall draWIngs from the

desrgners sketches
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STEEL: STRUCTURES

DESIGN METHODS

Steel design may be based on three de3|gn theones
1 ‘Elastic design (Work/ng stress a’es/gn)
12. Plastic design’ (Ultimate Joad a’es/gn) <

3. Limit<state design 7 ¢
1-Elastic design (Work/ng sz‘ress des/gn) IS the tradltronal

method and is still commonly wsed in the Unlted States
Steel IS almost perfectly elastrc up to the y1e|d point; -and

| elastic theory is avery goed method on. Which the' method is
based. Structures are analysed by elastlc theory; ‘and &

sections are sized SO that the Derm/ss/b/e stresses are not

exceeded. *ﬁ
|eId|n or ultrmate stress
Werkrng stress< permrssrble stress~ (y 9 ~ )
Ve 7

Al Elastlc Safty Factore
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STEEL: §TRUCTURES

DESIGN METHODS - -- O
The-working stress methods of de3|gn requwed that the

stresses calculated: from the most adverse comblnatlon of

Hoads must not exceed the speC|f|ed perm,lssmle stresses.
2- Plastic theory (Ultimate Joad) developed to.take:

account of behaviour past the yleld point is based ‘on finding

the load that causes the structure to coIIapse ‘Then the

Workmg load is the collapse load divided by a load factor Vp-
The ultimate load, methods of designing’ steel structures

| required-that the calculated ultimate load-carrying capacity:.

of the’ complete structure must:not exceed the:most adverse

combination of the loads obtalned by multlplymg the

Workmg loads by the approprlate Ioad factors Vp- Thus_

Z(Worklng load x vy ) < UIt|mate load
< Yo ~1. 7 Load Factor
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STEEL QTRUCTURES

DESIGN METHODS

2- Plastic theor\L(U/t/mate loaa’) &

This approach is’based on’plastic" analy3|s in wh|ch the
Y loads required: ‘to cause the structure to collapse are
calculated (Ultimate loads) The reasoning - behind this
method is that, in -most steel structures, partrcularly
redundant ones, the loads requwed to cause the structure to
Collapse are somewhat Iarger than the ones whrch cause
pyielding. Design;- based -on this method calculates the
"'Ioadlng requrred to cause complete collapse and then
ensures that this 16ad (Ult|mate Ioads) is greater than:the
applled loading (working Ioads) the ratio of collapse load to
the maximum appI|ed Ioad (Worklng Ioads) IS called the load

~factor }Q, Ultlmate lcad / Working load Y

-Y'-AI'T'T'—T 1" . N




STEEL: STRUCTURES

DESIGN METHODS

3- Limit-state deS|gn has beenr developed to. take account

of. aII conditions that can make: the structure. become unfit-for

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- Irfetlme become v
‘unsetviceable’, that is; it should be free from.risk of collapse,
raptd deterioration, ﬁre crackrng excesswe deerctloﬂ etc.

| Thus for limit states deS|gn the structure is deemed to be

Sat'SfaCt@r y it Design load effect < Design resistance |-

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

T g2 T

_...:*f??" /

partlal load rnternal force;s;;r

bending moment) ~

material

partial factors
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STEELSTRUCTURES & &
DESIGN METHODS - & 4

Numerlcal values

e -

" , % '

L .Lim_it;jﬁ'ate desig

Strgs_?s,és or stress restiftants  _ | _ ’_ S A _ _
due-to working loads A
A Elastic design
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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 Eurocode 3: Design of Steel Structures - Part 1-2: General
rules — structural fire design

EN 1993-1-3 Eurocode 3: Design of Steel Structures - Part 1-3: General
rules — cold formed thin gauge members and sheeting

EN 1993-1-4 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
without transverse loading

EN 1993-1-6 Eurocode 3: Design of Steel Structures - Part 1-6: General
rules — strength and stability of shell structures

EN 1993-1-7 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—_‘_‘——-_.‘YT - |




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

EN 1993-1-9 Eurocode 3: Design of Steel Structures - Part 1-9: General

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

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

I
I



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




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

Chapter 1
|Chapter 2
{.|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-<
use {either causing collapse (Yeilding<Buckling...) or Not
|(Excessive Deflection Vibration....)} are taken into acco_unt

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

3- Ideally, design should be based on statlstlcal methods
with a-small probablllty of the structure reachmg a limit/<
state Partial factors of safety are introduced to take account
of all the uncertainties in loads, materials strengths,
;-approxrmatrons are usedin de5|gn and imperfections in
fabrication-and erection




DESIGN ‘METHODS

LIMIT STATES FOR STEEL DESIGN .~
Serviceability limit states

Ultimate 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 i Repalrable SRUTEGE BLIE 1o
fatigue
4. Brittle fracture 8. Corrosion and durability

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

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

Ve £ 'lamesmila LIalles)




WORKING AND FACTORED LOADS

Worklng loads

The working loads (specmed characterlstlc or nomlnal Ioads)
are the actual loads the structure is de5|gned to carry. These
fare normally thought of as‘the maximum-oads that will not
be exceeded during the life of the structure. In statistical
terms, characteristic Ioads have a 95% probablllty of not
belng exceeded. ' 8 S

Factored loads for the uItlmate limit. states s
In accordance with EN199O factored loads are used In de5|gn
calculations for, strength and equilibrium; - _ Q@
Factored load = worklng or nommal load >< relevant partlal Ioad

-~ factor, yf



SERVICEABILITY LIMIT-STATE DEFLECTION -

Deflection of beams due to unfactored imposed loads

Cantilevers Length/180

Beams carrying plaster or other brittle finish | Span/360°

All other beams (except purlins and sheeting | Span/200
rails)

Purlins and sheeting rails To suit the characteristics
of particular cladding

Horizontal deflection of columns due to unfactored imposed
and wind loads

Tops of columns in single-storey buildings Height/300
except portal frames

In each storey of a building with more than | Storey height/300
one storey

e



Mechanical Properties of Structural Steel -
3.1 STRUCTURAL STEEL PROPERTIES &

The steel used in structural engrneenng is ‘a compound of
approxrmately 98% iron and- small, percentages of carbon
silicon, manganese, phosphorus “sulphur, niobium and
vanadlum Copper and chromium-are added to produce the
Weather resistant steels that do not requrre_ corrosion
protection. -- N 5

Increasing the carbon content |ncreases 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 weIdabIe 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.
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Mechanical Propertles of Structural Steel &

STRUCTU RAL R4 8 %

Tensile strengthf R

upper yield stress f{,=R.,; " | N -

. lower yield stress R, L - &N &

maximum load stram (A ) (A)
strain

o Stiker
= o i 3
Lo =3655, o~ H 132:# N

fallure

L2(,+155,) © .
] ~ com § Charpy |mpact test
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_ Mechanical Properties of Structural Steel
STRUCTURAL STEEL PROPERTIES

S Structural steel. » Minimum yield Tensile strength Minimum percentage
E- " Engineering steel. - Steel strength R, , R, elongation after
235 Minimum yield strength | srdes (MPa) (MPa) Seactuse
. (R in MPa at 16mm "ﬂ“_d_ L, =5.654S,
qualities
JR LongitUdlnéﬂ Charpy Nominal thickness MNominal thickness Nominal thickness
V-notch impacts 27 J (mm) (mm) (mm)
A+ 20°C 16 | =40 | =63 3 =3 | »40 | >63
o . . > = =
JO - Longitudinal Charpy - =101 cs0 |<63|<s0| =7 <100 | <40 | <63 [<100
-~ V-notch impacts 27 J
at 0°C S2ISIR | 235 [ 225 | 215 | 215 | 36010510 | 360t 510 | 26 25 24

J2 Long|tud|na| Charpy §23500 | 235 | 225 | 215 | 215 | 36010510 | 360 to 510
V-notch impacts 27J §235)2 | 235 | 225 | 215 | 215 [3601w0 510 | 360twS10 | 24 | 23 | 22

at - 20°C §275JR | 275 | 265 | 255 | 245 | 43010 580 | 410t 560 | 23 22 21
= 5 &
K2 Longltudlnal Charpy 527500 | 275 | 265 | 255 | 245 | 43010 580 | 41010 560
27502 | 275 | 265 | 255 | 245 | 430w 580 | 410w 560 | 21 20 19

“V-notch |mpacts 40 ]

at ZOOC ’ 5355JR [ 355 | 345 335 325 | 510t BEO | 470 to 630 22 21 20
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




STRUCTURAL STEEL PROPERTIES

Elastic properties of steel as material
- 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 a = 12x10 6 /°C;
3- Volumetric mass p = 7850 kg/m3 '

Ductlllty reqmrements - .
Ductility is the ability of a material to undergo Iarge
‘deformation without breakmg
NA to BS EN 1993-1-1 sets the followmg requwements &>
1. Elastic global anaIyS|s | .
a. fL/fy = 1.10. | |
b Elongation at failure not less than 15% (on a gauge
- length of 5.65V.S),, where Sy is the original cross-
sectional area) ~
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STRUCTURAL STEEL PROPERTIES

Ductlllty reqmrements e S

| c 8 =2 15¢, where €, 1S the uItlmate straln and €, |Sthe
S yleld straln | >

| 2 Plastic global analysis
Plastic, global analysis should not: be used for brldges

a. f/f,21.15 ~=
& b Elongation at fallure not less than, 15% (on a gauge
length of 565V 50, where S is the orlglnal Cross-

sectional ‘area) - A |
c E > 20 €, Where £, |s the ultlmate straln and s |s

the yleld stram



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

/7 X b 127 ><76— B
o Umversal column
- resist aX|aI Ioad

1016 x 305 4
Umversal beam
re3|st|ng bendlng

moment about"
~~the major axis

/7 x b 152 X 152—
356 X 406

L

—_—

. /7 X b 100-x50-

430,% 100
Parallel angel
channel -~
used for beams,
bracing members,
truss members
compound
members.
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3.3 STEEL SECTIONS Q@
3. 3 1 Rolled and formed sectlons

hxh 20 x 20—
/200 x 200

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

Aixb 30 x 20-

200 x 150

Unequal angle |

Used for bracmg

members truss
members and”
for purlins, side

and sheeting rails.

/7 x""b 133 x102-
- 305 X 457
Structural tee
cut form UB
used for truss
~members; ties
and light beams.
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3.3 STEEL SECTIONS-
3. 3 1 Rolled and formed sectlons

z_e'.'g'*to 193.7 Hot-

finished

33 7 to 508.0 Cold- '_.
| | 400 %2400 Cold- formed

formed

; Clrcular HoIIow

Section<
co'mpression
members

——

|

B x h 40°%x 40—
400 x 400-Hot-finished
h x.h 25 X 25—

Square Hollow"

Section

compression &
members

A X b50 x 30—
500x300 Hot-finished
" hx b50x25—-
500><300COId formed

Rectangular

- Hollow Sectlon

compressmn
N members

Used In roof trusses, lattice girders, bundlng frames and for
purlins, sheeting rails, etc.
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3.3 STEEL SECTIONS
3.3.2 Compound sections

compound beam -

crane girder -

battened member laced member

([ Saa £ ‘e sgendale | Bea lle
-y § {e ¢




3.3 STEEL SECTIONS"
Built-up sections




3.3 STEEL SECTIONS o®
3. 3 4 Cold-rolled open sectlons

Thln steel plates can be formed into a Wlde range of sectlons

by cold rolling. A
| Used for purlins, side and N &
sheeting rails &

—















3.3 STEEL SECTIONS. - & & &
3.4 SECTION PRO PERTI ES

PR30 [N 80-600 o HE 100-1000- UPE 80-400 = UPN 80-400 "'
7 HL920-1100 UAPS0300 5 U 40x20- 6582

o

L20X20% 3 Gaoxeo X8 5
L 250 x 250 x 35 1200 x 19014

Nae F o me sgemdle | I lle

T



hPTastlc moduli of: sectlon —_— —>
~Equal to the algebralc sum of ,the flrst S _ 2tb’ N at
moments of area about the equal area axis
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3.3 STEEL SECTIONS -
3.4 SECTION PROPERTIES

Bur__cl%'l'i_—ng parameter (U) - [Wp.,}.g]ﬂﬁ . [ 1, T'H
o 4 L A I, LRy

B oot (W EAI
{_Torsional index (X) - x = [FLAN A
| v (%) 20G1,1, N &

I z hs ? F |
4

Warping constant (I,,)) I, =

thlzé'i“jbnal constant ( IT)

K = %mﬁ +%(h— 2t )t,> +2e, D" —0.4201,"

— S

(t, +rP +(r+025¢, ), T
D, =
2r +1; P |

@ =-0042+02204 ™ 401355 L _0.0865 T2 0075 B
ft' If If ff

h, is the distance between shear centr-éS"‘of flanges (i.e. h,.= h=t)

o
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