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אאWאאאאאאא
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אאW

אאאW
• אאאאאאאאK 
• אאאK 
• אאאK 
• אאאאK 
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אאא 
 

١.
 

אאאאאאא
     א א   א א  א   א 

אKאאאאאאאא
 א  א א  א  א  א  א

א Kאאאא א 
אאאאאW


• אK
• אאאK 
• אK 
• אאK 
• אאKKKאK 
 

   .2 א א אא     Areas of using steel in structures    
  

אאאW


 ١٫٢ .אBridges  
 

אאאאאאאא
Trussesאאאאא

אאאאאאאא
אאאאאאאאא

K
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١٫١אW


אאאאא1.1א،
אאSkyscrapersאא

אK
.3.2  א   Cranes 

 
  א א   א א  א א א  

אאאאKאאא
א א  א א א אא     א א  
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 .4.2אHalls
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אאאאאא

אאאאאאא
אאאF2.1א(K

 
 .5.2 אTunnels 

אא   א א  א   K א   
אאאאאאאK


.6.2אאאPower Transmission Towers

אאאאK
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.7.2 אאTanks 

 א א  א אא   א   אא  
אאאאK


.8.2 אPipe line 

אאאאא
K


.9.2 אאאאא    Piles and Sheet Piles

אאאאscrew piles אאאא 
sheet pilesאאאאCofferdamsאא

אאאאאאאאא
אK


 .10.2 אאאא

אאאאאK

٣.אאא  Structural Analysis and Design 

אאאKא
אאאKאאאאא

אאאKאאא
אאW

• אאאGeneral Layout of Structures K
• אאא

K 
• אאאK 
• אFEאאאאK 
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• אאאאאאא
אאK 

אאאאW
• אאאאK
• אאאאK 
• אאאאK 
• אאאאאאאK 

אאאאאאאאאא
אאאאאאאK


٤  .אאא     SI  UNITS   

אאאא،
אWאFEFMeter, mEאא،FEFKilogram, KgE،

אאFE(Seconds, S) ،FEFNewton, NEאKא1.1
אאאא،א١}٢אאאאא

אאK


١٫١ א : אאאא
 

א
Area 

אF٢E 
Square meter (m2) 

א 
Acceleration 

אא
Meter per Second squared (m/s2) 

א
Force

FEאאא
Kilogram-meter per second squared (Kg-m/s2)=Newton (N) 

א
Stress 

אZא
Newton per squared meter (N/m2) = Pascal 





א٢١١אא
אאאא

 
 

- ٧ - 

٢٫١ א :אאאאאא
אאא אאא 

= 25.400 mm = 0.25400 m 1 in.   
= 645.16 mm2 = 6.451600 x 10- 4 m2 1 in2. 

= 304.800 mm = 0.304800 m 1 ft.       
4.44822 NZ1 lb. 

= 4448.222N = 4.448222 KN 1 Kip  
=6.894757 Kn/m2=0.006895 Mn/m2=0.006895 N/mm21 PSI (Pounds per square inch) 

L
= 47.880 N/m2 = 0.047800 Kn/m2 1 PSF (pounds per square foot) 

L
= 6.894757 MPa= 6.894757 Mn/m2 1 KSI (Kips per square inch)

L
 

 
 
٥  .אאא  Steel structures characteristics 

אאאאW
• אאאאK
• אאאא

אאאK 
• אאאאאא

אאאאאK 
• אאאאא

א 
• אאאאאK 
• אK 
• אאאאא

 Kאאאא
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• אאאא
אאאK 

• אDuctilityאאא
אK 
• אElastic Limitאא

אאאK    
• אK 
 
٦.  אאאא

אאW
• אאאאא

אאאא
K

• אא٥٠٠
١٢٠٠אא

א٣אאאK


٧  .אא
אאאא

אא0.1%א0.3%אאא
אאאאFu

37אאאאא(Fu)37L٢K


אאאW
• אאFWאEWrought Iron 

א 0.1%  
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• FאEPig Iron
אא2٪4٪אאא

אאאאאK


• אFאECast Iron
א2%4%אאK


• אאSteel

אא2%K

٨.  

אאאא
Gusset PlateאאאWeb Plate
W


• אWeb WאאאאאFK٣٫١אKE 
• א Flange  :אאאK 
• אGusset PlateWאאאK 
• אLeg WאאAngleK 
• אPitchWאK 
• אClearanceWאאאK 
• אFillerWPlateאK 
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٣٫١א:אאא
 

אאאאAISC
אאW 10 x 49  א10

F25.4E49F73.1Eאאא
אK


• אאאאFWide Flange BeamE 

FWideEWFMiscellaneousEM)ا ٤٫١ ( 





٤٫١א:אאWide flange Beam 
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• אאא  American Standard Beam   
   S (Standard) ) ٥٫١ א( 




א٥٫١:אאאAmerican Standard Beam 


• אאאאא 
American Standard Channel and Miscellaneous Channel   


 C (American Standard Channel) אאא  MC 

(Miscellaneous Channel) אא) ٦٫١  א(.  
 

 
 

א٦٫١:אאאאא
American Standard Channel and Miscellaneous Channel
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• אאAngles  
  L) ٧٫١ א (. 



 
 

٧٫١א:אאF(LAngles L Shapes
 


• אאאT  Structural Tees 


)  ST, WT, MT  ()8.1 ) א. 




 
 

א٨٫١:אאא T   Structural Tees   
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• אאא  Plates and bars  
  PL  و BAR )٩٫١ א (.  

 







א٩٫١:א      Plates and Bars   
 

• אאאא   Pipes and Structural Tubing    


 TS  ،אא
) ١٠٫١ א (. 



 
 

١٠٫١א:אPipe and Structural Tubing  
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•   Built up Sections   

אא)11.1 א (.

 
١١٫١א:אא

٩. אא    Structural Sections  
אאאRolled Steel Sectionsא

אאאאאא
אאאאאאא

אאאאאאאאKאא
א١٢٫١אאאW


AE אאStandard I-Beam 
BE אChannel 
CE T   Tee Section     
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١٢٫١א:אא  


 

• אא    Plates 
F13.1)אK





 

١٣٫١א :

 لوح
Plate 
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• אאAngles 
אאאא

F14.1א 15.1 א(K



א١٤٫١:אא

 
 







א١٥٫١ :אא
 
 

• א) אא(   Channels  
אא80400Fא١٦٫١(K


 




١٦٫١א:  א

60

60
6

 

60

80
7
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• אאIStandard I Beam  
אא80600אאאאא

אאאF١٧٫١א.( 

 





Standard I Beam    I אא ١٧٫١א : 


• אאBroad (Wide) Flange I Beam  
אאא1000א١٨٫١

אK


 


١٨٫١אWאא
•  A :depth FאE 
• B: Web thicknessFאE 
• C: flange widthFאE 
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אאא   Z  F19.1 )אK





١٩٫١אWאZ 
• אאא Cold Formed Sections

אאאאאאא
אאאF٢٠٫١אKE 

 


 


 

א٢٠٫١:  אאא 

١٠.אאא
אאאאאאאאא

אאאKא
אאאאאאאא

אKאאא
KאאאאאK

אאאWא
FאEYield Point א،proportional Limit א،   Elastic 

Limit אאאKאא
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אאKאאאא Ductile فةѧѧأو قص 
Brittle  .אאאאאאK

אאאאאאאא
אאKאאאאASTMא

א 0.505  ) 1.28   (א10 א 
Mild Steel אאאא.قطرها

א21.1Kאאאאא
אK

א 0אPאא
אKאFProportional LimitEPσא،אא

אFאאKEא
אאאFאEאאKאE א

אP  אeσ .  

 א אF(Permanent DeformationFResidual 

DeformationEאKPEאאא،
EK


21.1אWאאא
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אאאY1Yאאאא
אאKאאאא

אFא1015אאEKא
אא،אאאאא

אאK
،אאאאא

אאאStrain Hardening  אU
אא Ultimate Strength uσ   .אU  אא

אאאא R. 

אאאאאאאElastic 
Range אאאא
א Plastic Range.  אאW  



    Elasticity א -  أ
אאאא

،אאאאאW
 

א=  FאE/FאE
 

א= FאE/אFאאE
    s Modulus of Elasticity ‘Youngא -ب

אאאאאא
200000 Mpa210000 Mpaאאא200000 Mpaא

אKאאאאאא
אKאאא

אאאאאאאאW
N/m2L2אאאP.S.IאLאא

אאEאW
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e
F  E =

W
EJא
FJא
eJא

אאאאאאW


L
L∆  e =

W
∆L- אאאאא 

L - אא  
W

L 
LF  

L
L 

F  E
∆

=∆=

       Poisson’s  ratioא -جـ
אאא

אאאאאא
אTransverseאאKא

אאLateral StrainאאLongitudinal Strainא
0.26K

 
  Plasticity  א -د 

אאאאאא
אאאאאK
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א -هـ
אאאאא

אאKאאאאא (37) 
אא37א L2אאאאא

א44אאF52KEאאא
אW

Jא) (Cast Iron   7.2 t/m3

JאאFאEEwrought Steel)(    7.7 t/m3
JאאFE )Steel Rolled or cast(  7.8 t/m3

אאאאאאASTMאאאK


3.1 א  :אאאאאאאא ASTM  


א 
אא

FLE
Minimum Yield Stress 

(K.S.I) 

א
א

FL2E 

אF
LE

Tensile Stress 
(K.S.I) 

א
FL2E 

A36 36 2483 58-80 5515J3999 
40 2758 60 4137 
42 289563 4344 
46 3172 67 4620 


 

A441
50 3447 70 4826 

42 289563 4344 
46 3172 67 4620 


A242

503447 70 4826 
42 289563 4344 
46 3172 67 4620 


A588 

50 3447 70 4826 
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אאW
אאאאא،אK

אאאאאK

אאW

אאאW

• אאאאא 
• אאאאאK 
• אאאא 
• אאא 


אאאW
אאא100K٪ 


אאW

21 K


אאW
• אאאK 
• אK 
• אאK 


אאW

אאK
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אאאא


١K
אאאא

אאאאאאK
אאאאאאאא

אאאאאא
אאאאאאK


K٢אLoads

אאאא
אKאאאא

אאאאאK


 .1.2 אא     Dead Loads   
אאאאאKאאא

אאאאאKאאאא
אFאEאאא،،א،א،KKKKאK

אאאאאאאK


 .2.2 אא  Live Loads   
אאאאאKא

אKאאאאאא
אFMoving LoadsEאא،אFCranesEאא
FMovable LoadsEא،،KKKאK

אאא،א،א،א،אא،
אאאאK
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 .3.2אאSnow and Ice Loads 
 

אאאאאאא
F  2.54EאPSI  0.5FLE23.94LK

אאאא
Kאא 1040 FLE

אאאFאאאEא
אKאאאאאא

אKאאאאא،אא
אאאKא10FLE45

40FLEאKאאאא
א40FLKE

Kאא
אאאK


.4.2  א       Traffic Loads for Bridges    

אאאאא
אאK


 .5.2א  Impact Loads   

אאאאאאKאא
אא  .

אאאאאאאא
K


 .6.2 אא)    (Lateral Loads 

אאWאאK
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    Wind Loadsא -  أ
אאאאא;אא;אאא

،אאא;אKא
אW

2V C.  q =


W
qJאFL2E
CJאF(Shape Coefficientאאא

אK
VJאFLE

אאאאאאא
אW

• 75L2אאא20א 
• 100L2אאא20 J100א 
• 120L2אאא100א


–אEarthquake Loading 

אאאאא
אאאאKאא

אFMassEFStiffnessEאK
אאאF٢}١א(،Wא

אKאאאאאK
אאFאEאאK

אאאאאאK
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١٫٢א:א
אאא،אא

אאאא
אאאאא

אאאאK
אאאאא

אKאאאאאא
FEאאאאאא

 VאאW
WS.C.K.I.Z.V =

W
-Zאא

IJא
KJא
CJאא
SJאא

-Wא

א 

א 
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K٣א،א،א
אאאW

أو،אאאאא،אאא -أ
א،אאאאאא

אFAllowable StressEאאFWorking StressEאא،
אאאאאאאא

אאKאאאא
א،אF(Hook's Law

אKאאאאא
אאאאא،אאאא

אאאאK


J אאאאא
אאאאאאK

אאאאא
אאאW

אFLoad factor designEאאFLoad and resistance 

factor designEאא،F(Limit States DesignK
אאאאא

KאאאAmerican Institute of Steel Construction, AISC

אאאאאW 

 م 1.4 •
 )ط أو ث أو س (0.5+  ح 1.6 + م 1.2 •
  )ر 0.8 أو ح 0.5) + (ط أو ث أو س (1.6 + م 1.2 •
 )ط أو ث أو س (0.5 + ح 0.5 + ر 1.3 + م1.2 •
  )ث 0.2  أو ح 0.5 + (ز 1.5 + م 1.2 •
  )ز 1.5 أو ر 1.3 (-  م 0.9 •
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W 

 .אאאאאאـ م 

 .אאאאאא ـ ح

 .אאـ س 

אK

 .א ز ـ

אK

K4אא
אאאאאאא

Kאאאא
אK

אאאאא
אאאאאאאK

אאאאאF٢٫٢א(K


 )           ب)                                      (أ(                                               

٢٫٢אWFEFE

אFEאא
אאF(P/AאאאאאFM=P.eE،

eאאאאאFM/ZE
ZאF٣٫٢א(K
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٣٫٢אWא



אאאאW

c
I

M  
A
P  f +=

אאאאאK

1  
bF
bf

  
aF
af

≤+

אW

1  
bF

IMc  
aF
AP ≤+

W

aFJאאאK

bFJאאK

afJאאK

bfJאK
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5 .אTension Members
אאFEאאFא

4K٢א٢}٥KE



 
 

٤٫٢אWא



٥٫٢אWא 

• אא
אאאLA

א٢}٦K







٦٫٢אW


P

e 

P

L 

E , A
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אאא e א P 

אא ) 
L
eε = ( א  f  )

A
Pf = (אאא

אאW


EA
PLe =

W
  -EאאYoung's Modulus of Elasticity 


אאאאYield Stress

אYield Load K


yA.FyP =

W
-Aא

FyJא
PyJא


אאאאא
אF(Strain Hardeningאאאא،W


Pu = A. Fu



W

Pu - אא  Ultimate Load  
Fu-  אא  Ultimate Tensile Stress of the Steel  
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אאאFNecks downEאP
אFFractureKE


אאאאא

FAnetWE


eσ  
netA
N tσ ≤=


אW



eσ  
tσ

N netA ≤=

W

tσWאL2F(Tension Stress
NWFEאFTension  LoadE

AnetWאאFNet AreaE
    eσ   : حد إجهاد المرونة)Elastic Stress Limit(   

 
אRivet Holesאאאא

אK
 

∑= d.e -AA Grossnet 
 : إن حيث

 

GrossA   :אא)   (Gross Area  

 d       :א) Diameter of the Rivet    ( 
e      :א )Thickness of the member( 
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٦.אCompression Members
אאFEאא

אF٢}٧ אKE


 
 

א٧٫٢Wא
 
 

אאאאא
אFBucklingEאאF(Slenderness Ratio

אאאLFאאE
אrFRadius of gyrationFE٢}٨אKE




٨٫٢אWאא


• אאElastic Buckling 
אאאא

FSlenderness Ratio ( אאאאאF٢}٩א(K
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אאאאא

 
 

- ٣٥ - 



                


א٩٫٢Wאא


אאאא
W


•  Euler Formula

אאאא،אאאא
KאCrippling LoadW

2

2

L
 I E π  P =

W
IWא

LWאא
W2A.rI =

אאאאW

P

P
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2

2

L
 2rA  E π  P =



2)L/r(

  E 2π  cf  A
P == 

W
cf  :אאCrippling Stress   

r
L  WאSlenderness Ratio  


אאאאאא

אא،


2)L/r(

  E 2π  
2
yF
=  



W 
yF

E2 2  
r
L π
=

 L/r   Cc  ، 

 
yF

E2 2  cC π
=


     Cc א،א  Cc   A36 126.1

F50 K.S.IE107.6K
אא،cCKL/r ≥א،אאאא

אcC KL/r <אאאאK
אאא AISC   Fa   : 
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• אאBuckling Inelastic
אאא،

sF

yF2
c2C

2(KL/r)1

aF ⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−

= 

WFsאFactor of Safety   
אאW



3
cC 8

3(K.L/r) - 
cC 8
 /r)(K.L 3  

3
5  F.S +=


אא(KL/r) = 0 Fs = 1.67،Cc(KL/r) =

Fs = 23/12 = 1.92


• אא Buckling  Elastic 

אאEuler Equation 
אאאאאW

 

sF .2)L/r(

  E 2π aF =

אW

 3
cC 8

3(K.L/r) - 
cC 8
 /r)(K.L 3  3

5  F.S +=


• אSlenderness ratio אL/r

cC א،אאא
אW 

• אCc(KL/r) <، 
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• אCc≥(KL/r)،FKאאEffective length factor 


אאאאא
אאאאb

PF


: 
14 ft.KאW 12 x 72אאאאא

אאאKאA36K
א: 

אאאAISC،אאאאFradii 
of gyrationEאאאא،W
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3(55.3)
(126.1) 8
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אאאאP.S.I 23800  bf =Fא
١٥٫٢١٦٫٢KE

א:  
אאאאאX-X

Y-YK

XWZ30015Z290 lb/ft 

YWZ30015Z77.6  lb/ft
אאX-Xאא،אW



א٢١١אא
אאאאא

 
 

- ٤٨ - 

lb-ft  7110  
8

14 x 290 8
L W

  M
22

X
X ===




٢}١٥אW


אאY-Yאא،אW



lb-ft  1900  
8

14 x 77.6 8
L W

  M
22

Y
Y ===

אאאאאא
אW

1.52
)12( 1900

15.2
(12) 7110 S

M
  S

M
  bf

2
Y

Y
X
X +=+=

P.S.I 23800 P.S.I 20613  <=bf



א٢١١אא
אאאאא

 
 

- ٤٩ - 

אאאאFאAE
אK



א٢}١٦WFGirdersEK


K٩אאא

אאאאא
אאאאאא،א

אאW

I
cM  A

P  f ±±=
W

P–אא
AJ א

-Mא
IJ א
cJאאאfא
 






א٢١١אא
אאאאא

 
 

- ٥٠ - 

 





17.2אWא

١٠אאא
אאאאאאאא

אאאW


1 
Z
M

xZ
xM

  
A
P  f ≤±±±=

Y
Y


אאאאא Tot.f  

אאאW


Tot.bybxa f ff f  f <++=

P 

M 

P 

M 



א٢١١אא
אאאאא

 
 

- ٥١ - 

W

afJאאF= A
PE

bxfJאאX 

 fbyJאאY  
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אאאאאW


dx
dM  V =
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١.
אאאאא  א

FEאא
אאאאKאאאW

JאאRiveted Connections
JאאאBolted Connections
JאאWelded Connections
JאאPin Connections
 

٢KאRivets
אאאFאE،Mild Steelא

אFHeadEאFShankKE
אאFEא

אאאKאאאK،א
WFEButton Head،FEא

אKK٣}١אאא
אאK
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Button
head

Countersunk
head

Flat
head

Truss
head

Pan
head

 
 אא١٫٣Wالشكل 

 
.1.2 אאא   Types of Riveted Joints 

  
אאWאFאאELap Joint   ,

FאאE. Butt Joint 

   Lap Joint)    אא (א )  أ

א       א  א  א אא א
  א אאא   א א  א  אSingle 

riveted lap jointא   אא א 
אDouble riveted lap jointאKא

אPitchK

  EButt JointאאFא) ب 

אאאאאאא
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٢٫٢   .אא) א (אא  
،،FEאאFאEאאא

א Kא אPunchingאK
אאאאFאEDrilling

אDrillerKאאאאאAISCK

 Standard Hole   )   (STD   אא –أ 





–אאאOversized HoleFOVSE
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Jאא Short Slotted HoleFSSLE




 )Long Slotted Hole  ) LSL  אא –د 


 ) (NSLאאאאJ هـ 

Short or Long Slotted Hole Normal to Load Direction
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 ٣٫٢.  א Bolts in Tension  
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אאאאאAnetKא٣}٢

K


٣}٢אW
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• אאא٣}٣K


٣}٣אWאא

אאאאW
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W
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• אאFE
not Staggeredא٣}٤K 
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٤٫٢.  אא    Shear Strength of Rivet 
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• א  א  א       א   
 א   אF(Single Shear   א    

אW 
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 -Vs א 

FvJאאא

AJ אF4
2d πE

•     א      א    FDouble 
ShearEאאאW

Vs = 2. Fv . A 
• אאnאאאW 

Vs = n. Fv . A
1W

אאאא٨٫٣א12K
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אאW
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113.04

310 x 35  A
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אאאW2N/mm309.62


2W
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אW
א


2in. 0.4418  

4

2(0.75) 3.14  
4

2d π  vA ===


אאA307= 10 k.s.iFvאאW
Kips4.42 0.4418x 10 v A. vF    Vs ===

אאאA325
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4

2(0.75) 3.14  
4

2d π  vA === 

   א א A325  =17k.s.iFvאא      
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٥٫٢.  א אא FאאאאE   Bearing 
stress Failure 

א א  א  א   א    א  F
א EBearing Stressא  אא א  א Fא

١٠٫٣(א Yield Stress אאאא
א


١٠٫٣אWאאאא

אאאFpאא
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Vb = Fp . A = Fp . d . t
אא14אF(A36  19   א،

= 477.11 x 106 N/m2   Fp 
   FpאW

Vb = Fp . A = Fp . d . t = 477.11 x 106 x 0.019 x 0.014 =126911 N 
 א אא א א   א   א  

אK
٣  .א א  Welded Connections         

١٫٣.  אWelding Process
אאאאא)Molten StateEא

אאאאאא،FElectric 
arcEאאFOxyacetylene FlameEאFWeld RodE

אאאאאאK
אאW


• אאArc Welding  Metal 

אאאאאאאא
אאאK

א א FShielded Electrodes E א  FFluxE
אאאKאאאWא

 א אFShield -metal arc welding Eא א א  Fא E
Submerged arc weldingא٣}١١אW

• אאאאGas-metal arc welding 
אאאאאאאאא

K
א     א   א  אא אא 

אאאאאK
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א١١٫٣: אאאאאא

 
א١٢٫٣: אאאא 

• אא) א( Resistance Welding  
אאאא

אאאא
אאK

٢٫٣.  אא Advantages of Welding    

אאאאאאאאאאא
אאאאאFGusset PlatesEא

א،אאאא
אא،אא،אאאא،א،א

K
• אאאאאאK 
• אאאK 
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•  א     א א     
אאFאאKE 

• אK 
٣٫٣. אDisadvantages of Welding

• אא
• אאאא

אK 
אאאW

• אאK
• אאאאK 
 .4.3אאTypes of Welded Connections

אW
• Butt Joint
• Tee Joint  
• אLap Joint 
• אCorner Joint 
• Edge Joint 

١٣٫٣א) (٣٫١٣FEאאK 



א٢١١אא
אאאאאא

 
 

- ٧٣ - 

BUTT TEE LAP

CORNER EDGE


א١٣٫٣)(Wאא
אאאW

• Flat 
• Vertical  
• Horizontal 
• Overhead  

אW
• FEGroove Weld 
• א Fillet Weld     
• אPlug Weld 
• Slot Weld   
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אאאFillet Weld   F١٥٫٣א(  W
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אאFאEGroove Weld F٣٫١٦אEW




 

א١٦٫٣:אאא


  ٥٫٣. אאאא     ِAllowable Stresses of Welding   
   א   א   א אא א   

 Kא אאאא אאא
אאKאאאאW


E    Butt   Weld          

• א 
ptf0.7tf =

W

ptf -אאאאK
אאאGroove Weld א٣}١٧

אאאW
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א٣}١٧Wאאא



eT L.
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W
PJא
LJא
eTJאא


אא١٨٫٣אא،W
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eT L.
2P  f =




• א 
pcf 1.0cF = 

W
cf -אאאאK


• א 

ptf0.55q = 


EאFillet Weld

• אאאptf0.4


א٣}١אאאאK


א אאL٢ 

אאFE 1420 

אFE١٥٧٥ 

אFאE ١٠٢٥ 




٤.אא) א(  Pin Connections  
אאFאEאאKאא٩

אא٣٠٠،אאא
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J אForged Steel Pins  
אאFE

J Undrilled Pins 
F(Pilot nut

F(Driving nutאאאK
JDrilled Pins 

٢٠אKא
אאK


.5  א א א) א(    Bolted Connections 

אFאאEא١٩٫٣א،
אFShankEF(HeadKאאFThreadsE

FNutKEאא
אF(WasherאאK
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• א א 


אאW

    Black Boltsאא)  أ

   א אא FASTM E A307א    
60א P.S.Iאאא

4K
EאA325אאאאASTMאא

105 p.s.iK.120 p.s.i
EאA490אאאASTMאא150 

p.s.iאאאאאאאK
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אאW
אאא،אאK


אאW

אאאW

• אאאK 
• אאK 

 


אאאW
אאא١٠٠K٪

 
אאW

٦K


אאW
• אאK 
• אאK


אאW

אאK
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١.W
אאאאאאK

אאאאאאKאא
אאאKאאאא

אאאאאאKאא
אאאא

אאא
א٤}١אאK
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Standard  I  Beam   אאאא.Broad (Wide) Flange I Beam 
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١٫٢.     : Rolled Steel Sections  Single  
Standard I Beam אאאBroad (Wide) 

Flange I Beam  אא،אאK 

٢٫٢.  : Built up Sections  
אאאאW

• א





 

• אLacing Bars








• אא





• אIא
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• אIאWeb Plates 





• אא
 






• Standard I Beam
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• אאא









• Welded Box אאK








٣.אאא

אאאW
1EאBase Plate without Gusset Plates

(2אGusseted  base
אאאK

אאFBearingKEאא
אGusseted baseKא

אאאאאGussetsK
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  .1.3 א 
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אF٢٫٤אEא،א
אאאאאא
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א،א
אאW

 

)
4
2B2(A

bF
3Wt −=
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FbJאאא1890L2 
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אW
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אאW


 القاعدة مساحة 
WP =


א

אאאAW2
2A P  =



אאאBW2
2B P  =

אאאאאאAW
 



2
2PB

m
1

2
2PA

AM −=



m
1אPoisson`s  Ratio



)
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2B2(A
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f.zM =
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bF
3P2t −=



)m
2B2(A 

bF
3P t −=

א٠٫٢٥،W
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bF
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אאאאאא(cap)א
אא  العمود (column shaft)א
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b16F
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−
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W
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WJאאא
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Gusset basesא.٢٫٣ 
א،א،אאאאא

K
אאאא

אאאאאאאא
F٤}٣אKE






3.4אWא 


٣٫٣.  אאאDesign of gusset plates    
אאאF٤}٤אKE

אW


b)(B  
2
L P  

)
2

bB(   
2
L   P 2  

−=
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אKאאאאא،א
אאאKא(Gusset plate) 
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٤٫٣  .אאאDesign of Cleat Angle 
אאאאאאאBearingsK

אאאאא1890 
L2Kאאאאאא

אאאK
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٥٫٣  .א   Design of  Base Plate   
אאאאאKא

אאאאא
אאKאאא،א

אאK

٦٫٣  .אאאא

EאאאאאאאאK
lbאאא eאאא

F٥٫٤אKE
אאאW
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٥٫٤ א :  


1K

אאISHB 300 x 58.8 Kg/m א70 tonnes
Fbearing capacityE،40 Kg/cm2 K


אW

אאאאW


אאF(PZ
القاعدة مساحة 

الحمل


א   =

P
W

40
700001750 ==2


אא45x 40


אאW

45x40
70000238.9Kg/cm =

WA = B  = 7.5
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אאKאאEquivalent Rectangle0.95
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 1:
אאאW 14 x 90383000 lb)KN 

١٧٠٣٫٥(א٧٫٤אאא،
א

50 p.s.i.  FKN/m2٣٤٤٫٧(K



א٧٫٤W


א:  

אאאW


m2) ٠٫٥٠ (2in. 766  
500

383000  
PF
P A ===

א27.7 in.  א28 x 28אK
אאW

Kn/m2)٣٣٧١٫١٦(.p.s.i 489  2(28)
383000  B . N

P  ===bf


אW


d = 14.5 in. (36.8 cm) ; bf  = 14 in.(35.5 cm) ; 
 m = 8.2 in.(20.8 cm) ; n = 7.35 in.(18.7 cm)  
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   m > nmאK


(4.85 cm)in. 1.91  
36000

489 (8.2). 2.  
yF
Pf

 m . 2   Pt ===

א٢F٥EאאאאאW
٧١x٧١x٥K


2W

אאA36W 12 x 58א250 Kips
FKn١١١٢EKאאאאאא

אksi Mpa) 1.8 ١٢ (א٤}٨K 
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אW
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-mאאאK
nJאאאK


אאAW


A = P / Fp    

 
A  = 250 kips / 1.8 ksi  


      A  = 138.9 in.2 (0.09 m2) 


،א،אא

cm) ٣٠( N = B = 11.8 in.
m=nK


،אאאאW

dJאאin.١٩}١٢
bJאin.١٠٫٠١٤


m = n אK

N = 2m + 0.95 d 
2 m = N - 0.95 d = 11.8 - 0.95 x 12.19 

2 m = 11.8  - 11.58 = 0.22 in. 
m = 0.11 in. 
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א،א
אm = 1.21 in.אאאmK


N = 2m + 0.95 d = 2 x 1.21 + 0.95 x 12.19  

  
N = 2 x 1.21 + 0.95 x 12.19 = 2.42 + 11.58 = 14 in. 

 
 Bin. ١٢


nK

B = 2 n + 0.80 b 
2 n = B - 0.80 b  = 12 - 0.80 x 10.014  

2 n = 3.99 in. 
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W Shape (Wide flange shapesE
 

 
 

 
Sy 
103 

mm3 

 
Iy 
106 

mm4 

 
Sx 
103 

mm3 

 
 

 
Ix 
106 

mm4 

 
t2 
 
mm 

 
t1 
 
mm 

 
b 

 
mm 

 
d 

 
mm 

 
 

Designation 

٥٤١ ٢٥٦٠ 
 

١٨١١٠ 
 

٨٤٥٠ 
 

٢٤٫٠ 
 

٤٢٣ ٤٢٫٧ 
 

٩٣٣ 
 

ًًًW920 x 446 

٩٠٣ ٣٠٤ ٢٠٫١ ١٥٫٢ ٣٢٥٠ ٧٢٠٠ ٩٣٫٧ ٦١٦ W920 x 201 
 

٢٩٫٢ ١٨٫٢ ٤٧٩٠ ١١٢٠٠ ٣١٢ ٩٠٫٤ 400 855 ًًًW840 x 299 
 

٢٩٢ ١٨٫٨ ١٤٫٠ ٢٤٦٠ ٥٨٩٠ ٧٧٫٨ ٥٨٫٩ 835 ًًًW840 x 176 
 

٢٧٫١ ١٦٫٦ ٣٤١٠ ٨٨٢٠ ٢٤٩ ٨٧٫١ 381 773 ًًًW760 x 257 
 

٦٩٥ ٣٥٥ ٢٤٫٨ ١٥٫٤ ٢٣٤٠ ٦٧٩٠ ١٨٤٫٤ ٨١٫٥ ًًًW690 x 217 
 

١٩٫٠ ١٢٫٧ ١٢٩٠ ٤٢٢٠ ١٠٧٫٨ ٧٣٫٩ 324 611 W610 x 155 
 

١٢٫٧ ١٠٠٧ ٣٧١٠ ١٠٣٫٢ ٧٣٫٤ 20.3 312 543 W530 x 150 
 

٣٣٤٠ ٩١٫٦ ٦٧٫٦ 795 15.0 23.9 284 476 W460 x 158 
 

٦٢٫٧ 57.4 2200 462 11.6 19.3 261 420 W410 x 114 
 

٤٥٥ ٤١٨ ٦٧٫٦ ٤٢٫٠ ٢٢٦٠ ٩٩٣٠ ٨٢٨ ١٠٨ W360 x 551 
 

٣٥٣ ١٢٨ ١٠٫٧ ٦٫٥ ١٠٢٫٠ ٥٧٨ ٣٫٧١ ٢٧٫٤ W360 x 39 
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W Shape (Wide flange shapesE 
 
 

 
 

 
 

 
Sy 
103 

mm3 

 
Iy 
106 

mm4 

 
Sx 
103 

mm3 

 
 

 
Ix 
106 

mm4 

 
t2 
 
mm 

 
t1 
 
mm 

 
b 

 
mm 

 
d 
  

mm 

 
 

Designation 

728 ١١٢٫٤ 
 

٢١٥٠ 
 

347 
 

14.0 
 

22.9 309 
 

323 
 

ًًًW310 x 143 

180 ١٣٫١ ٧٫٥ ١٢٩ ٨٥١ ١٨٫٣٦ 203 303 W310 x 60 
 

23.2 1.174 281 42.9 5.6 6.7 101 305 ًًًW310 x 23.8 
 

741 98.2 2060 298 19.2 31.8 265 289 ًًًW250 x 167 
 

184.5 18.73 690 87 8.0 13.5 203 252 ًًًW250 x 58 
 

300 31.3 855 94.9 13.0 20.6 209 222 ًًًW200 x 86 
 

173.8 17.73 514 52.9 7.9 12.6 204 206 W200 x 52 
 

92.4 7.62 343 34.5 6.2 10.2 165 201 W200 x 35.9 
 

92.5 7.12 274 22.2 8.1 11.6 154 162 W150 x 37.1 
 

59.4 3.8 166.6 10.91 6.9 10.9 128 131 W130 x 28.1 
 

49.3 3.13 139.7 8.87 6.1 9.1 127 127 W130 x 23.8 
 

31.2 1.607 88.7 4.7 7.1 8.8 103 106 W100 x 19.3 
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S  Shapes (American Standard ShapesE 

 
 
 

 
Sy 
103 

mm3 

 
Iy 
106 

mm4 

 
Sx 
103 

mm3 

 
 

 
Ix 
106 

mm4 

 
t2 
 
mm 

 
t1 
 
mm 

 
b 

 
mm 

 
d 
  

mm 

 
 

Designation 

216 19.9 
 

3260 
 

995 
 

19.0 
 

22.1 184 
 

610 
 

ًًًS610 x 149 

١٨٫٦٩ ٢٠٧ 3070 937 15.8 22.1 181 610 S610 x 134 
 

226 20.69 2640 670 20.3 23.3 183 508 ًًًS510 x 141 
 

172.1 12.32 2100 533 16.3 20.1 162 508 ًًًS510 x 112 
 

126.2 10.03 1685 385 18.1 17.6 159 ٤٥٧ ًًًS460 x 104 
 

91.3 6.53 1060 202 14 15.8 ١٤٣ 381 ًًًS380 x 74 
 

٦٫٥٣ ٩٤ 833 127 17.4 16.8 ١٣٩ 305 S310 x 74 
 

55.2 3.48 482 61.5 15.1 12.5 126 254 S250 x 52 
 

33.8 1.794 266 27 ١١٫٢ 10.8 106 203 S200 x 34 
 

١٫٣١٩ ٢٧٫٢ 198.3 17.65 11.4 10 97 178 S180 x 30 
 

16.75 0.695 99.7 6.33 12.5 8.3 83 127 S130 x 22 
 

10.74 0.376 55.5 2.83 8.3 7.4 70 102 S100 x 14.1 
 

٧٫٧٥ 0.244 32.1 1.22 8.9 6.6 63 76 S 75 x 11.2 
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C  Shapes (American Standard ChannelsE 
 

 
 
 

 
Sy 
103 

mm3 

 
Iy 
106 

mm4 

 
Sx 
103 

mm3 

 
 

 
Ix 
106 

mm4 

 
t2 
 
mm 

 
t1 
 
mm 

 
b 

 
mm 

 
d 
  

mm 

 
 

Designation 

62.1 4.58 883 188.2 
 

18.2 
 

16.5 94 
 

381 
 

ًًًC389 x 74 

55.5 3.84 763 145.3 13.2 16.5 89 381 C389 x 60 
 

34 2.14 442 67.7 13 12.7 80 305 ًًًC310 x 45 
 

27.6 1.64 338 42.9 17.1 11.1 76 254 ًًًC250 x 45 
 

19.29 1.01 222 25.4 11.4 10.5 67 229 ًًًC230 x 30 
 

16.69 0.80 185 21.4 7.2 10.5 63 229 ًًًC230 x 22 
 

16.6 0.82 180 18.31 12.4 9.9 64 203 C200 x 27.9 
 

12.9 0.57 127 11.32 10.6 9.3 58 178 C180 x 22 
 

10.67 0.44 95.3 7.24 11.1 8.7 54 152 C150 x 19.3 
 

7.54 0.26 58.3 3.7 8.3 8.1 47 127 C130 x 13.4 
 

5.74 0.18 37.5 1.911 8.2 7.5 43 102 C100 x 10.8 
 

4.47 0.13 22.7 0.862 9.0 6.9 40 76 C75 x 8.9 
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Angles (Equal Legs) 

 
 

 
 

x or y 
 

mm 

 
 
ٍٍS 

١٠٣ 
mm3 

 
 
I 
١٠٦ 

mm4 

 
 

Area 
 

mm2 

 
Mass per 

Meter 
  

Kg / m 

 
 

Designation  

٦٠٫٢ 
 

٢٥٩ 
 

٩٦٨٠ ٣٧ 
 

٧٥٫٩ 
 

ًًًL 203 x 203 x 25.4 

٥٧٫٩ 200 29 7360 57.9 L 203 x 203 x 19.0 
 

47.2 140.4 14.78 7100 55.7 L 152 x 152 x 25.4 
 

43.9 92.8 11.74 4590 36 L 152 x 152 x 15.9 
 

38.6 74.2 6.53 4480 35.1 L 127 x 127 x 9.0 
 

36.3 51.8 4.7 3070 24.1 L 127 x 127 x 12.7 
 

32.3 46 3.19 3510 27.5 L 102 x 102 x 19.0 
 

27.7 17.21 1.265 1252 9.8 L 102 x 102 x 6.4 
 

26.9 24.4 1.515 2100 16.5 L 89 x 89 x 12.7 
 

23.7 17.53 0.924 1774 14 L 76 x 76 x 12.7 
 

20.5 11.86 0.512 1452 11.4 L 64 x 64 x 12.7 
 

16.15 5.75 0.1994 877 7 L 51 x 51 x 9.5 
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Angles (Unequal Legs) 

 
 

 
x 

 
mm 

 
ٍSy 

١٠٣ 
mm3 

 
Iy 

١٠٦ 
mm3 

 
y 
 

mm 

 
ٍSx 

١٠٣ 
mm3 

 
Ix 

 ١٠٦ 
mm4 

 
Designation 

١٤٦٫٢ ٤١٫٩ 
 

١٦٫١٥ 
 

٢٤٧ ٦٧٫٣ 
 

٣٣٫٦ 
 

ًًًL 203 x 150 x 25.4 

٢٦٫٤ ١٩٢ ٦٥٫٠ ١٢٫٧ ١١٣٫٤ ٣٩٫٦ L 203 x 150 x 19.0 
 

27.4 48.7 3.61 52.8 102.4 10.2 L 152 x 102 x 19.0 
 

23.9 26.2 2.04 49.3 54.4 5.62 L 152 x 102 x 9.5 
 

19.0 18.85 1.074 44.5 47.7 3.93 L 127 x 76 x 12.7 
 

16.7 10.06 0.599 42.2 25.1 2.13 L 127 x 76 x 6.4 
 

21.0 18.35 1.007 33.8 31 2.1 L 102 x 76 x 12.7 
 

18.7 9.82 0.566 31.5 16.36 1.15 L 102 x 76 x 6.4 
 

17.9 12.45 0.566 30.5 23.1 1.35 L 89 x 76 x 12.7 
 

١٦٫٨ 9.7 0.454 29.5 17.86 1.06 L 89 x 76 x 9.5 
 

14.8 5.95 0.214 21.1 8.96 0.38 L 64 x 51 x 9.5 
 

13.4 4.16 0.1548 20.0 6.24 0.27 L 64 x 51 x 6.4 
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- ١١٣ - 

ٌRound Tubing 
 

 
 

 
 
ٍٍS 

١٠٣ 
mm3 

 
 
I 
١٠٦ 

mm4 

 
 

Area 
 

mm2 

 
Mass per 

Meter 
  

Kg / m 

 
 

Size and Thickness 
 

mm 
٠٫١٣٦ 

 
٠٫٦٢٨ ٠٫٠٨٢ 

 
٠٫٤٩ 
 

12 x 2 

0.275 0.22 0.879 0.687 16 x 2 
 

١٫٢٥٥ ٠٫٢٧٣ ٠٫٣٤١ 0.956 16 x 3 
 

0.684 0.684 2.01 1.569 20 x 4 
 

1.206 1.508 2.638 2.06 25 x 4 
 

١٫٦٦٠ ١٫٣٣٦ 3.14 2.452 25 x 5 
 

٣٫٠٦٥ ٣٫٩٢٥ ٣٫١٩٢ ٢٫١٢٨ 30 x 5 
 

٤٫٥٣٦ ٥٫٨٠٩ ١٠٫١٣ ٤٫٨٢٥ 42 x 5 
 

٤٫٥١٢ ٥٫٧٧٨ ١٥٫٤٠٩ ٦٫١٦٤ 50 x 4 
 

٥٫٥١٧ ٧٫٠٦٥ ١٨٫١١٨ ٧٫٢٤٧ 50 x 5 
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- ١١٤ - 

Square Tubing 
 
 

 
 
 

 
 

Thickness 
 
mm 

 
Mass per 

Meter 
  

Kg / m 

 
Square Side 

 
 

mm 
١٫٥ 
 

٠٫٨٧ 
 

٢٠ 

١٫١١ ١٫٥ 
 

١٫١١ ١٫٥ 
 

 
٢٥ 
 
 

١٫٣٤ ١٫٥ 
 

١٫٧٦ ٢٫٠ 
 

 
٣٠ 
 

٣٥ ٢٫٠٧ ٢٫٠ 
 

١٫٨٠ ١٫٥ 
 

٢٫٣٩ ٢٫٠ 
 

 
٤٠ 
 

٤٥ ٢٫١٢ ١٫٥ 
 

٣٫٠٢ ٢٫٠ 
 

٣٫٧٣ ٢٫٥ 
 

 
٥٠ 
 
 

٦٠ ٣٫٦٤ ٢٫٠ 
 

٧٠ ٦٫٣٢ ٣٫٠ 
 

٨٠ ٧٫٢٦ ٣٫٠ 
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- ١١٥ - 

Rectangular Tubing 
 

 
 

 
Thickness 

 
 
mm 

 
Height, H 

 
 
mm 

 
Mass per 

Meter 
  

Kg / m 

 
Width , W 

 
 

mm 
١٫٥ 
 

٠٫٦٧ ١٠ 
 

٢٠ 

٠٫٨٧ ١٥ ١٫٥ 
 

٢٥ 
 

٠٫٨٧ ١٠ ١٫٥ 
 

١٫١١ ٢٠ ١٫٥ 
 

١٫٤٥ ٢٠ ٢٫٠ 
 

 
 
٣٠ 
 

١٫٣٨ ٢٠ ١٫٥ 
 

١٫٧٦ ٢٠ ٢٫٠ 
 

١٫٥٨ ٣٠ ١٫٥ 
 

٢٫٠٧ ٣٠ ٢٫٠ 
 

 
 
 
٤٠ 
 
 
 

٤٥ ٢٫٠٦ ٢٥ ٢٫٠ 
 

٢٫٠٧ ٢٠ ٢٫٠ 
 

٢٫٢٥ ٢٥ ٢٫٠ 
 

٢٫٣٩ ٣٠ ٢٫٠ 
 

 
 

٥٠ 
 
 
 

٦٠ ٣٫٠٢ ٤٠ ٢٫٠ 
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- ١١٦ - 
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אאWאאא 
٢ 

אאאא٢ 

אאא٥ 

٤Kאאא٦ 

٥Kאאא٧ 

אאאא٨ 

٧Kאאאא٨ 

٨Kאא٨ 

٩Kאא١٤ 

١٠Kאאא١٨ 

אאWאאאא 
١K٢٤ 

٢Kא٢٤ 

٣Kא،א،א٢٨ 

٤Kאא٢٩ 

٥Kא٣١ 

٦Kא٣٤ 

٧Kא٤٠ 

٨Kאא٤٥ 

٩Kאאא٤٩ 

١٠Kאאא٥٠ 

١١Kאאא٥١ 

١٢Kאאא٥٥ 
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אאWאאאאא
٥٧ 

א٥٨ 

٢J١ אאא٥٩ 

٢J٢ אאFאEאא٦٠ 

٢J٣ א٦٢ 

٢J٤ אא٦٥ 

٢J٥ אאא٦٩ 

 .3אא٧٠ 

٣J١ א٧٠ 

٣J٢ אא٧١ 

٣J٣ א٧٢ 

٣J٤ אא٧٢ 

٣J٥ אאא٧٦ 

٤KאאFאE٧٨ 

٥KאאאFאE٧٩ 

אאאWאאאאא
١K ٨٢ 

٢K א٨٣ 

٢}١K٨٤ 

٢}٢K٨٤ 

٣K אאא٨٦ 

٣}١Kא٨٧ 

٣}٢Kא٩٠ 

٣}٣Kאאא٩٠ 

٣}٤Kאאא٩١ 

٣}٥Kא٩٢ 
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٤K אא٩٤ 
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