Steel Structures Introduction

Chapter 1

Introduction

1.1 Advantages of steel as a building material:
sl 3alaS (lall) daall & jeaa 1.1

(a) Equal strength in tension and compression. ‘
Jaduiall g m\uéﬁaj& 9 (1)

This leads to symmetrical section in bending.
eliaiV) Jaad! Jilata tu:ﬁ ?M‘A" LA\ ALY 138

CastIron:f, = 3f,>4f,| 43 000sbsd Tl b aleslio: a5l yaall
Concrete: f, =10 f; Gilaal 10 Lo (g sbod Tl 8 Leia glia sAdlu Al)
AW [

Where; f;=tension strength, f. = compression strength.

(b) High carrying capacity. dlle Jrand daw ()
This leads to: 0555 s (ball) ynall Al Jentll da
i - pramt I o255 Al A 3 L 3G )
smaller sections, SRR R AR PR gkt
- lighter structure, and Tl oty L5 e Al L) 5 350

- cheaper foundations. Al 4 ad ael @ ) Saad)
Steel: f, = 1.4 t/cm* = 140 N/mm* for Steel 240/350 (St. 37)
f,=up to 1.3 t/em* = 130 N/mm* (depending on slenderness ratio)

Concrete: f, owable = 95 kg/cm2 =9.5 N/mm* for f.,,=25 N/mn?*.

(c) High ductility. Alle 4 shas ()
The percentage of elongation in the — dJu ¥ aay) 4w
standard test piece shall be not less than <™ 25 %20 c=
20 %. This means excessive deformation i:ﬁ dﬂmsz

will occur before failure happens. BN

(d) Homogeneous composition properties in two perpendicular

planes is the same. il glall 3 gal sA1 (i ALy uilada (3)
daladiall

(e) Fast construction compared to other materials  slad gw (@)
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1.2 Disadvantages of steel as a building material:
sl BalaS (lall) yaall e 2.1

(a) Rusting of iron. faall (f)
When subjected to moisture or — il s dghll ac i e
acidic gases leads to corrosion, so <
maintenance is necessary.

(b) Non-fire resistance.

Stress reduces to half its value at 500°C. Gl ptie ¥ ()
M}M:\AJJSOOOJ\P;\AJJALM\JJM\‘;;MJJMJM
(c) Fatigue effect due to repeated loading and buckling
problems. gl DS ()

1.3 Comparison between steel and reinforced concrete structures:
il AN cldiiall g Avamal) clddall o A A 3,1
1- Steel is most suitable for structures having big spans and for
high rise buildings.
Gadipall il s (miaall i) Aol gl sl ey il Aaidle ST yaall -]
2- No form work is required in steel structure.
LY ol il ) zling ¥ ) Lasd) 22
3- Strengthening of steel structure is possible during and after
erection by welding additional elements.
Ala] ualic plaly a5l any g U8 nal Uil 55 (5 3
4- Steel structure may be transferred to other places.
oA Sl ) el Lasall Ji f Sl oSy -4
5- Old steel can be sold by reasonable price.

1.4 Field of steel structures: ridnall cliiall Jlaa 4.1
-Bridges S
-Workshops SV 5 adliadll -
-High-Rise Buildings (Hlandl ladali) Al pall Saall -
-Towers gl -

- Aircraft °ﬂ\": i
-Ship Building T
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1.5 Specifications and Codes:
Specifications is the backbone of the
construction.

To the architect and civil engineer, it is
a guide to safe an accepted design
procedure and convenience in selecting
structural members and  outlining
construction methods.

To the contractor and building cost
official, it is a document setting rules of
safe construction that must be strictly
followed.

To the owner, it is a guarantee that the
resulting structure will be comply with
basic standards to ensure safety, utility,
and economy.

31 g g ilial galf 5.1
dganll  Clialgall i
el Guigall Ly b
Lg.ﬁl.u‘)\ d:)b d‘)w\ ) Ji
maad e Jgemall o]
& Bubey Jslay  al
LY bl jLasd

sld) 3,k aaa

Jsaall Al ZLX)
sl QS e Jstadl
Gy Gl el sl g dads
$ly ol Al yay Lol
Ol

Olaa (ogd il dpally
;o Lad b
Ll Akl el
BT 5 LY sl
Jil Laady i
RENLSI]

The following are some of the important specifications for steel

structures:

AISC American Institute of Steel Construction.

B.S.S. British Standard Specifications.

CISC Canadian Institute of Steel Construction.

D.L.N. 414. Dutch Specifications.

E.C.P. 2001 Egyptian Code of Practice for steel construction and

bridges.

The structural safety shall be established
by computing the stresses produced in all
structural elements and connections and
ascertaining that they do not exceed the
allowable (working) stresses specified by
the Egyptian Code of Practice for steel
construction and bridges Specification,
E.C.P. 2001.

Allowable stresses for steel shall be
determined according to the grade of steel
used.

Ladie ALEY) Gl (38ay
Basasall Clleal¥l oS
Ay bl U84
Sl wy Y SBadl
e osesdl  Claleay
sl y (Jaacdl) lalgal)
cliiall (g uadl 280 4

RN PRSP

LG_.I CM‘ Q\JL@A.Y\ blﬁj
RS b s sl
sl
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1.6 Structural steel:

The material properties of structural steel
shall comply with the requirement given in
Clause 1.4 of the Egyptian Code of Practice
For Steel Construction and Bridges (Code No.
205, Ministerial Decree No. 279-2001).

Under normal conditions of usual
temperatures, calculations shall be made for all
grades of steel based on the following
properties:

Properties of Steel:

oalsd i of o
L) 8 aadidl aaal)
Gl 38 ki
il o LSy el

(sl

iy J8 allall g as
Gkl Jb sl
sl e Ayl

Ay al gal)

sl algd

Mass Density

p=1785 t/m’

LN

Modulus of Elasticity

E =2100 t/cm’

Z\J}‘)Aj\ s

Shear Modulus

G =810 t/em”

'Ec-\.u;j\ ng.m

Poisson’s Ratio

v=0.3

Ol 52 A

Coefticient of Thermal

Expansion

a=12x107°/°C

L“S‘)\‘)AM ) d.q\.x.a

Grades of Steel:

Saall o)

Nominal values of yield stress f; and ultimate strength f

Grade of steel

£, (t/em”)

£, (t/em”)

St. 37 (24/36)

2.40

3.60

St. 44 (28/44)

2.80

4.40

St. 52 (36/52)

3.60

5.20

Note: These values for sections of thickness < 40 mm.

1.7 Classification of Cross Sections:

Egyptian Code of Practice shows that

structural ~ sections shall be classified

(depending on the maximum width-thickness

ratios of their elements subjected to

compression) as follows:

1- Class 1: Compact Sections
Are those which can achieve the plastic
moment capacity without local buckling of
any of its compression elements.

CleUadll Cata’ 5 6SH s
=iy k) ALy
Aadlly paall On
Ln el ealiall lly

: S (sl

daada gl daSaa cilolad o) V1 cilall -1

Gl o el s A a
gl e O
b jualic o 5Y ansa
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2- Class 2: Non-compact Sections LaSaa ool cileUad ;S0 Cabal) 2
Are those which can achieve the yield gs=sllase as A e

: : : s gl S G

momeqt capacity VYlthout local buckling of &~ S
any of its compression elements. Ll

The limiting width to thickness ratios of class 1 1 (ajall ol saasdll 2l

and class 2 compression elements are given in cjgtﬁl iﬁ\{‘ j‘s:f e
Al [-2 @) Ogandlh baga
Code (Table 2.1, Pages 9-12). 129 u.i;
3- Class 3: Slender Sections Lias cleUad ;EllEl Cidall -3
Are those which cannot achieve the yield g < I oo
moment capacity without local buckling of L;f j: ]%.\J 0 20
any of its compression elements. L smdllae

When any of the compression elements of the — =i ¢ cia Lae
cross-section is classified as class 3, the whole ti’ﬂlf Ll J"j:
. . G, —la

cross-section shall be designed as a class 3 1 ... gaa & Ll
cross-section. Al Cain 4

1.8 Types of steel cross sections: syl cileUad g1 8.1
Any steel structure is composed of a oo USE o o Lt ol 0558
variety of steel sections welded or riveted =~ & *edom 5l fesake saall clolld

Cleladll oda 5 Litall (ST Lgans
together to form the structure. These s i ol) sk 055 0 L)
sections are either standard or built-in  dshs b desass giad o
sections. From these sections are the A~ <leld osSolsl (o

following (Figure 1.1):

) .
T = - v T
T T
1l ¥ + %,
¥
Depth (d) =g Depih (d) - Depih (d) —
£l s
B ol *
by Vu
[P S— —h——+f

fe—br—

Standard’I-Beam B.F. f-Beam Channel
and I.P.E

Figure 1.1 Some standard sections

CadKad.com Dr. M. Abdel-Kader




Steel Structures Introduction

e Standard I-Beam section (S.I.B) s S e ol Ul o
Used for beams and columns. el 3 Ulle pludll e s,
Ix =151y for S.I.B. No. 120 S T R
Ix =30 Iy for SIB.No. 600  Js= 4= % oS X opme dm gl

AT

¢ Broad Flange I -Beam section (in Europe) [ s JS e ol gUsill
Wide Flange Beam section (in U.S.A.) Gee L (5l 300 ) e Uadl)
In this section, depth = width up i“-zijés&“'—'%wb “3—*;59 @Sﬂ‘
to B.F. No. 300, for bigger oy fm ) slemeYly 2ae ]

sections the width is kept
constant and equal to 300 mm. It
is suitable for columns or
members subjected to double
bending, Ix=3-251y

e Channel section e JS e plladll o
Usage:
- purlins and secondary beams. Gl (&gl 1 aadiey
- as truss members in heavy trusses. < #== bals duldll <l

, ALED ¢ el
- 2 channels may form a section for ., < wuo KRR

column. Asele gl

e Angle section L)y JSi o gl o
There are equal angles and unequal  dsJ¥1 &istie W W53l o5
angles. Minimum angle to be used 0551’)2 d&ﬁ‘\j\*’?@?ﬁj
. . . . L e o
in building is L 45x45x5 mm. Wil Jils (23
Usage: an 5x45x45 a deaiudl
- mainly as truss members (axially

loaded members). szl 43 Uyl assi,
- connecting beam to beam and Sl gl Ll 5l sleal
beam to column. Baae s S 5l lpan e

e Tubes (Pipes) yed 5l @
Used for space trusses, some Cliglaall (8 el pai
columns and cables. DUy Bace Y any Gy A Al
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e Plates zlall #1 i
Used for gusset plate of L)) oIS glall Al aasi

) e . . .
connection or as a member “Bla Sl NS ot

. gt plime V) 4 685 8 Lyl
strengthening.

e Corrugated sheets (single or double layered) -l zLall o
Used as a covering material — &bl Zhill g jadl glall ooy
(top or side covering). The & sk L sSss Al

thickness of the sheets is from = & ) ; Of;ﬂ S 03

0.5 =20.7 mm.

1.9 Steps for design of steel structures: ismall cliial asawi cilghi 9.1
(1) Choice of the system. S AUl Ll (1)
(2) Drawing of the general layout. plall bhiall o (2)
(3) Calculation of loads and internal forces. .l sl Jua¥) Gl (3)
(4) Design of structural elements. ALY jealial) aranai (4)
(5) Design of connections. Bl ppesi (5)

(6) Drawing of details (working drawing). (& cia slll) Juslad) a5 (6)
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Trusses
—_ T | —
"'{.::v-:'-‘--h#

Space Truss
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