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אא  

 

  
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٢١١٢١١ 



א٢١١
א

 
 

 

،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
אאאאאאW

אאאK


אאאאאאא
  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א  ?א ? ?  ?א

אאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


   א אא  א W
אK


אאאא



א٢١١
א

 
 

 

אאאאאאאא
אאאאאאאאאKKKאK

Kאאאאא
אאאא،אא،א

אאאאאאא
،אא،אאאאאא

אאאאאא
אאK

אאא
אKאW


• אאאאאאאא

،אאאאאאאאאא
אK 

• אאאאאאאאK
• אאאאאאאK
• אאאאאאאא

אאאK 
אאאאאאא

אאאK
אאאאאאא

אאאאאאK



 

 

 

אאאאאא  

 

אא  

אאא
<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹] 

אאאא 




א


א


א




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אאWאאאאאאא
אאאאאK


אאW

אאאW
• אאאאאאאאK 
• אאאK 
• אאאK 
• אאאאK 


אאאWאאא100K٪ 

 


אאW
٨K


אאW

• אאאאK 
• אאK 


אאW

אאK
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١.
 

אאאאאאא
     א א   א א  א   א 

אKאאאאאאאא
 א  א א  א  א  א  א

א Kאאאא א 
אאאאאW


• אK
• אאאK 
• אK 
• אאK 
• אאKKKאK 
 

   .2 א א אא     Areas of using steel in structures    
  

אאאW


 ١٫٢ .אBridges  
 

אאאאאאאא
Trussesאאאאא

אאאאאאאא
אאאאאאאאא

K



א٢١١אא
אאאא
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 ٢.  .2אא 
 

 
 

١٫١אW


אאאאא1.1א،
אאSkyscrapersאא

אK
.3.2  א   Cranes 

 
  א א   א א  א א א  

אאאאKאאא
א א  א א א אא     א א  

K



א٢١١אא
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 .4.2אHalls
 



 
٢٫١א:


אאאאאא

אאאאאאא
אאאF2.1א(K

 
 .5.2 אTunnels 

אא   א א  א   K א   
אאאאאאאK


.6.2אאאPower Transmission Towers

אאאאK



א٢١١אא
אאאא
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.7.2 אאTanks 

 א א  א אא   א   אא  
אאאאK


.8.2 אPipe line 

אאאאא
K


.9.2 אאאאא    Piles and Sheet Piles

אאאאscrew piles אאאא 
sheet pilesאאאאCofferdamsאא

אאאאאאאאא
אK


 .10.2 אאאא

אאאאאK

٣.אאא  Structural Analysis and Design 

אאאKא
אאאKאאאאא

אאאKאאא
אאW

• אאאGeneral Layout of Structures K
• אאא

K 
• אאאK 
• אFEאאאאK 



א٢١١אא
אאאא
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• אאאאאאא
אאK 

אאאאW
• אאאאK
• אאאאK 
• אאאאK 
• אאאאאאאK 

אאאאאאאאאא
אאאאאאאK


٤  .אאא     SI  UNITS   

אאאא،
אWאFEFMeter, mEאא،FEFKilogram, KgE،

אאFE(Seconds, S) ،FEFNewton, NEאKא1.1
אאאא،א١}٢אאאאא

אאK


١٫١ א : אאאא
 

א
Area 

אF٢E 
Square meter (m2) 

א 
Acceleration 

אא
Meter per Second squared (m/s2) 

א
Force

FEאאא
Kilogram-meter per second squared (Kg-m/s2)=Newton (N) 

א
Stress 

אZא
Newton per squared meter (N/m2) = Pascal 





א٢١١אא
אאאא
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٢٫١ א :אאאאאא
אאא אאא 

= 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 NZ1 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  .אאא  Steel structures characteristics 

אאאאW
• אאאאK
• אאאא

אאאK 
• אאאאאא

אאאאאK 
• אאאאא

א 
• אאאאאK 
• אK 
• אאאאא

 Kאאאא



א٢١١אא
אאאא
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• אאאא
אאאK 

• אDuctilityאאא
אK 
• אElastic Limitאא

אאאK    
• אK 
 
٦.  אאאא

אאW
• אאאאא

אאאא
K

• אא٥٠٠
١٢٠٠אא

א٣אאאK


٧  .אא
אאאא

אא0.1%א0.3%אאא
אאאאFu

37אאאאא(Fu)37L٢K


אאאW
• אאFWאEWrought Iron 

א 0.1%  



א٢١١אא
אאאא
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• FאEPig Iron
אא2٪4٪אאא

אאאאאK


• אFאECast Iron
א2%4%אאK


• אאSteel

אא2%K

٨.  

אאאא
Gusset PlateאאאWeb Plate
W


• אWeb WאאאאאFK٣٫١אKE 
• א Flange  :אאאK 
• אGusset PlateWאאאK 
• אLeg WאאAngleK 
• אPitchWאK 
• אClearanceWאאאK 
• אFillerWPlateאK 
 





א٢١١אא
אאאא
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


٣٫١א:אאא
 

אאאאAISC
אאW 10 x 49  א10

F25.4E49F73.1Eאאא
אK


• אאאאFWide Flange BeamE 

FWideEWFMiscellaneousEM)ا ٤٫١ ( 





٤٫١א:אאWide flange Beam 
 



א٢١١אא
אאאא
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• אאא  American Standard Beam   
   S (Standard) ) ٥٫١ א( 




א٥٫١:אאאAmerican Standard Beam 


• אאאאא 
American Standard Channel and Miscellaneous Channel   


 C (American Standard Channel) אאא  MC 

(Miscellaneous Channel) אא) ٦٫١  א(.  
 

 
 

א٦٫١:אאאאא
American Standard Channel and Miscellaneous Channel

 



א٢١١אא
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• אאAngles  
  L) ٧٫١ א (. 



 
 

٧٫١א:אאF(LAngles L Shapes
 


• אאאT  Structural Tees 


)  ST, WT, MT  ()8.1 ) א. 




 
 

א٨٫١:אאא T   Structural Tees   




א٢١١אא
אאאא
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• אאא  Plates and bars  
  PL  و BAR )٩٫١ א (.  

 







א٩٫١:א      Plates and Bars   
 

• אאאא   Pipes and Structural Tubing    


 TS  ،אא
) ١٠٫١ א (. 



 
 

١٠٫١א:אPipe and Structural Tubing  
 
 



א٢١١אא
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•   Built up Sections   

אא)11.1 א (.

 
١١٫١א:אא

٩. אא    Structural Sections  
אאאRolled Steel Sectionsא

אאאאאא
אאאאאאא

אאאאאאאאKאא
א١٢٫١אאאW


AE אאStandard I-Beam 
BE אChannel 
CE T   Tee Section     





א٢١١אא
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
١٢٫١א:אא  


 

• אא    Plates 
F13.1)אK





 

١٣٫١א :

 لوح
Plate 



א٢١١אא
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• אאAngles 
אאאא

F14.1א 15.1 א(K



א١٤٫١:אא

 
 







א١٥٫١ :אא
 
 

• א) אא(   Channels  
אא80400Fא١٦٫١(K


 




١٦٫١א:  א

60

60
6

 

60

80
7



א٢١١אא
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• אאIStandard I Beam  
אא80600אאאאא

אאאF١٧٫١א.( 

 





Standard I Beam    I אא ١٧٫١א : 


• אאBroad (Wide) Flange I Beam  
אאא1000א١٨٫١

אK


 


١٨٫١אWאא
•  A :depth FאE 
• B: Web thicknessFאE 
• C: flange widthFאE 



א٢١١אא
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




١٩٫١אWאZ 
• אאא Cold Formed Sections

אאאאאאא
אאאF٢٠٫١אKE 
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א٢٠٫١:  אאא 

١٠.אאא
אאאאאאאאא

אאאKא
אאאאאאאא

אKאאא
KאאאאאK

אאאWא
FאEYield Point א،proportional Limit א،   Elastic 

Limit אאאKאא
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אאKאאאא Ductile فةѧѧأو قص 
Brittle  .אאאאאאK

אאאאאאאא
אאKאאאאASTMא

א 0.505  ) 1.28   (א10 א 
Mild Steel אאאא.قطرها

א21.1Kאאאאא
אK

א 0אPאא
אKאFProportional LimitEPσא،אא

אFאאKEא
אאאFאEאאKאE א

אP  אeσ .  

 א אF(Permanent DeformationFResidual 

DeformationEאKPEאאא،
EK


21.1אWאאא
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אאאא
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אאאY1Yאאאא
אאKאאאא

אFא1015אאEKא
אא،אאאאא

אאK
،אאאאא

אאאStrain Hardening  אU
אא Ultimate Strength uσ   .אU  אא

אאאא R. 

אאאאאאאElastic 
Range אאאא
א Plastic Range.  אאW  



    Elasticity א -  أ
אאאא

،אאאאאW
 

א=  FאE/FאE
 

א= FאE/אFאאE
    s Modulus of Elasticity ‘Youngא -ب

אאאאאא
200000 Mpa210000 Mpaאאא200000 Mpaא

אKאאאאאא
אKאאא

אאאאאאאאW
N/m2L2אאאP.S.IאLאא

אאEאW



א٢١١אא
אאאא
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W
EJא
FJא
eJא

אאאאאאW

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       Poisson’s  ratioא -جـ
אאא

אאאאאא
אTransverseאאKא

אאLateral StrainאאLongitudinal Strainא
0.26K

 
  Plasticity  א -د 

אאאאאא
אאאאאK





א٢١١אא
אאאא
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א -هـ
אאאאא

אאKאאאאא (37) 
אא37א L2אאאאא

א44אאF52KEאאא
אW

Jא) (Cast Iron   7.2 t/m3

JאאFאEEwrought Steel)(    7.7 t/m3
JאאFE )Steel Rolled or cast(  7.8 t/m3

אאאאאאASTMאאאK


3.1 א  :אאאאאאאא ASTM  


א 
אא

FLE
Minimum Yield Stress 

(K.S.I) 

א
א

FL2E 

אF
LE

Tensile Stress 
(K.S.I) 

א
FL2E 

A36 36 2483 58-80 5515J3999 
40 2758 60 4137 
42 289563 4344 
46 3172 67 4620 


 

A441
50 3447 70 4826 

42 289563 4344 
46 3172 67 4620 


A242

503447 70 4826 
42 289563 4344 
46 3172 67 4620 


A588 

50 3447 70 4826 
 



 

 

 

אאאאאא  

 

אא  

אאא
<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ 

אאאא 




א






א




א





 

٢



א٢١١אא
אאאאא
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אאW
אאאאא،אK

אאאאאK

אאW

אאאW

• אאאאא 
• אאאאאK 
• אאאא 
• אאא 


אאאW
אאא100K٪ 


אאW

21 K


אאW
• אאאK 
• אK 
• אאK 


אאW

אאK



א٢١١אא
אאאאא
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אאאא


١K
אאאא

אאאאאאK
אאאאאאאא

אאאאאא
אאאאאאK


K٢אLoads

אאאא
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 .3.2אאSnow and Ice Loads 
 

אאאאאאא
F  2.54EאPSI  0.5FLE23.94LK

אאאא
Kאא 1040 FLE

אאאFאאאEא
אKאאאאאא

אKאאאאא،אא
אאאKא10FLE45

40FLEאKאאאא
א40FLKE

Kאא
אאאK


.4.2  א       Traffic Loads for Bridges    

אאאאא
אאK


 .5.2א  Impact Loads   

אאאאאאKאא
אא  .

אאאאאאאא
K


 .6.2 אא)    (Lateral Loads 

אאWאאK

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    Wind Loadsא -  أ
אאאאא;אא;אאא

،אאא;אKא
אW

2V C.  q =


W
qJאFL2E
CJאF(Shape Coefficientאאא

אK
VJאFLE

אאאאאאא
אW

• 75L2אאא20א 
• 100L2אאא20 J100א 
• 120L2אאא100א


–אEarthquake Loading 

אאאאא
אאאאKאא

אFMassEFStiffnessEאK
אאאF٢}١א(،Wא

אKאאאאאK
אאFאEאאK

אאאאאאK

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










١٫٢א:א
אאא،אא

אאאא
אאאאא

אאאאK
אאאאא

אKאאאאאא
FEאאאאאא

 VאאW
WS.C.K.I.Z.V =

W
-Zאא

IJא
KJא
CJאא
SJאא

-Wא
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 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 •



א٢١١אא
אאאאא

 
 

- ٢٩ - 

W 

 .אאאאאאـ م 

 .אאאאאא ـ ح

 .אאـ س 

אK

 .א ز ـ

אK

K4אא
אאאאאאא

Kאאאא
אK

אאאאא
אאאאאאאK

אאאאאF٢٫٢א(K


 )           ب)                                      (أ(                                               

٢٫٢אWFEFE

אFEאא
אאF(P/AאאאאאFM=P.eE،

eאאאאאFM/ZE
ZאF٣٫٢א(K
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
٣٫٢אWא



אאאאW

c
I

M  
A
P  f +=

אאאאאK

1  
bF
bf

  
aF
af

≤+

אW

1  
bF

IMc  
aF
AP ≤+

W

aFJאאאK

bFJאאK

afJאאK

bfJאK


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5 .אTension Members
אאFEאאFא

4K٢א٢}٥KE



 
 

٤٫٢אWא



٥٫٢אWא 

• אא
אאאLA

א٢}٦K







٦٫٢אW


P

e 

P

L 

E , A
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אאא e א P 

אא ) 
L
eε = ( א  f  )

A
Pf = (אאא

אאW


EA
PLe =

W
  -EאאYoung's Modulus of Elasticity 


אאאאYield Stress

אYield Load K


yA.FyP =

W
-Aא

FyJא
PyJא


אאאאא
אF(Strain Hardeningאאאא،W


Pu = A. Fu



W

Pu - אא  Ultimate Load  
Fu-  אא  Ultimate Tensile Stress of the Steel  

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אאאFNecks downEאP
אFFractureKE


אאאאא

FAnetWE


eσ  
netA
N tσ ≤=


אW



eσ  
tσ

N netA ≤=

W

tσWאL2F(Tension Stress
NWFEאFTension  LoadE

AnetWאאFNet AreaE
    eσ   : حد إجهاد المرونة)Elastic Stress Limit(   

 
אRivet Holesאאאא

אK
 

∑= d.e -AA Grossnet 
 : إن حيث

 

GrossA   :אא)   (Gross Area  

 d       :א) Diameter of the Rivet    ( 
e      :א )Thickness of the member( 
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٦.אCompression Members
אאFEאא

אF٢}٧ אKE


 
 

א٧٫٢Wא
 
 

אאאאא
אFBucklingEאאF(Slenderness Ratio

אאאLFאאE
אrFRadius of gyrationFE٢}٨אKE




٨٫٢אWאא


• אאElastic Buckling 
אאאא

FSlenderness Ratio ( אאאאאF٢}٩א(K



א٢١١אא
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

                


א٩٫٢Wאא


אאאא
W


•  Euler Formula

אאאא،אאאא
KאCrippling LoadW

2

2

L
 I E π  P =

W
IWא

LWאא
W2A.rI =

אאאאW

P

P



א٢١١אא
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2

2

L
 2rA  E π  P =



2)L/r(

  E 2π  cf  A
P == 

W
cf  :אאCrippling Stress   

r
L  WאSlenderness Ratio  


אאאאאא

אא،


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.IE107.6K
אא،cCKL/r ≥א،אאאא

אcC KL/r <אאאאK
אאא AISC   Fa   : 
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• אאBuckling Inelastic
אאא،

sF

yF2
c2C

2(KL/r)1

aF ⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−

= 

WFsאFactor of Safety   
אאW



3
cC 8

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

3
5  F.S +=


אא(KL/r) = 0 Fs = 1.67،Cc(KL/r) =

Fs = 23/12 = 1.92


• אא Buckling  Elastic 

אאEuler Equation 
אאאאאW

 

sF .2)L/r(

  E 2π aF =

אW

 3
cC 8

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

5  F.S +=


• אSlenderness ratio אL/r

cC א،אאא
אW 

• אCc(KL/r) <، 



א٢١١אא
אאאאא

 
 

- ٣٨ - 

• אCc≥(KL/r)،FKאאEffective length factor 


אאאאא
אאאאb

PF


: 
14 ft.KאW 12 x 72אאאאא

אאאKאA36K
א: 

אאאAISC،אאאאFradii 
of gyrationEאאאא،W
A = 21.1 in.،= 5.31 in. rx،= 5.31 in. ry،E = 29000 K.S.I، = 36000 P.S.IFy 


cCאאW



1.126 
36

2900 2 2 
yF

E2 2  cC ===
ππ




،א= 55.3   
3.04

12(14)1 =(KL/r)  


אFsאאW




1.82  3(126.1) 8

3(55.3)
(126.1) 8
(55.3) 3  

3
5  3

cC 8

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

3
5  F.S =−+=+=


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אאW



P.S.I 17900
1.82

36000.2(126.1) . 2

2(55.3)1

 
sF

yF2
c2C

2(KL/r)1

aF =

−

=

−

=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡




אאאאאW

Kips377000  (21.1).17900A .aFP === 

FAISCKEאאאאא
א٢}١WאאאאאFAISCKE


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


K٧אBending Moments 
אאWאא

אאאKאאאAB
CDF١٠٫٢אKEאא

F١٠٫٢אFKE١٠٫٢אEאאאא
אאאאא
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
١٠٫٢אFEWאABCDאK


אאאא،אא

אאאאאK
،אאאא

אKאאאNeutral Surface אNS،
אאאאאNeutral AxisK




١٠٫٢אFWEאאאא


١٠٫٢אFWEאABCD 
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אאאאאאא
אאאKאאאא

אאאאאKא
אאאאא

אאK

W

-RאאFNeutral SurfaceE
-LאאאK
-YאאאאאאK
εJאFאEאאYאאK


אאא



LεL
YR  L

R
+
+=


Y)L(RL)ε (L R +=+ 

 
YLLR Lε L R +=+ R 

 
YL  Lε =R





W
R
Y   ε =



W
E
f   ε =



א٢١١אא
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W
fJא

-Eא

R
Y   

E
f =،

R
YE    f =

א،אאאKא
אאאאאKאאא

אאאאאא
אאאK


• א

אאאW
I Y

f  M =
W

 -IאFdA Y  I 2∑=E
-Aא
-Mא

fJא
אאאאא 

CY=Cא،WI C
f  M =

אאbfאאאRM

אאאWI 
C
bf

  RM =

אC
IאSection Modulus 

אאאאאאW

bf
M  

C
I =؛

I
CM  bf =؛

C
I bf

  M =
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 ١:  
אא W 16 x 36 א

١١٫٢אאאYf0.6bf =אA36 K
אאאאא1000א 

lb/ft אאאאK









א٢}١١W


W 16 x 363in 56.5  C
I =


0.6 (36000) = 22000 P.S.IZYF0.6bf =

= 22000 x 56.5 = 1240000 in-lbS.bfM = 

M = 103 000 ft-lb 
א1036 = 36 + 1000  :  א lb/ft             

אאאW

 = 102000 ft-lb
8

2(28) . 1036  
8

2LW   M == 

אאאאK
אאאאK



1000 lb/ft

28  in 



א٢١١אא
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 = 21700  P.S.I
56.5

12x 102000  
S
M  bf == 

אאאאאא21700 P.S.I א
22000 P.S.IK
 Bending members about two axesאא8.

אאאK
אאאא

א٢}١٢Kאאאאא
אא٢}١٣K






א٢}١٢W
 

 
א٢}١٣Wא 

 



א٢١١אא
אאאאא
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אאאאאא
אאאW



YI
YCYM

    
xI

xC xM ±=f

W
xMJאאאאX-X 
  xIJאאX-X 

XCJאאX-XאfאX-X 

YMJאאאאY-Y 

YIJאאY-Y 

YCJאאY-YאfאY-Y
 

אאKאא
אKאאאאא١٤٫٢K

אא،אאא
FTwistingEאFTorsionEאK


אF( Load ComponentYWאאאא

אKאאXWאא
אאאאאKאא

אאאFFlexural StressEאXWKא
אFאEאאאY-Yא،

אYIKאאאW


/2I
YCM

  
XI

XCXM
 f

Y
Y±= 



א٢١١אא
אאאאא
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אאאאא،אC
I

F
XI
XC

YI
YCKE

 
 

א٢}١٤Wאא 


:  

אW 8 x 18 אא14FGirdersEKא
א300 lb/ft אאKאא15אאאK

אאאאP.S.I 23800  bf =Fא
١٥٫٢١٦٫٢KE

א:  
אאאאאX-X

Y-YK

XWZ30015Z290 lb/ft 

YWZ30015Z77.6  lb/ft
אאX-Xאא،אW



א٢١١אא
אאאאא
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lb-ft  7110  
8

14 x 290 8
L W

  M
22

X
X ===




٢}١٥אW


אאY-Yאא،אW
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1C2CאאM2M1

אאHאb.dx
אאאW

dx(b)vH1C-2C ==


אW


∑= dAy  
I

1M-2M
  1C - 2C



א٢١١אא
אאאאא
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אאאאאW


dx
dM  V =

א  ∑ dAy  אאאאאW


b.I
V.Q  vf = 

W
אא١٩٫٢b٢

אאQאא١،٢،٣،NAW 
 

 
١٩٫٢ א  :אא

 
Q1 = 2(1) .3.5 = 7 in.3 

Q2 = 2(2) .3 = 12 in.3 

Q3 = 2(3) .2.5 = 15 in.3 

QNA = 2(4) .2 = 16 in.3 

 
אאF١٢Lbh3E٤in.٥}٨٥א

א
b . I
Q . V  v =אVkips٥٠אאא

١٩אKאאאאא
אאW





א٢١١אא
אאאאא
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/12)3(bh b
(h/4)(h/2)V(b)  

I . b
V.Q  v ==

א bh = A ،אאW


/12)3(bh b
(h/4)(h/2)V(b)  

I . b
V.Q  v ==

אאאאאא3/2
אאK

אאאאVאAW
אאאW



wA
V  vF =


אאאאאFvאא


Fy٤}٠FyאKאאA36F= 36 k.s.iFyE

אא= 14.4 k.s.i Fy٤}٠K



א٢١١אא
אאאאא
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
אS 10 x 25.4אאא،Fv

p.s.i ١٤٥٠٠A36K


אW
wA . vF  V =،p.s.i١٤٥٠٠ZFv

אאא AISC אS 10 x 25.4   
2in. 3.11   (0.311) 10 =אW


V = 14500 (3.11) = 45100 lb. 


 .12אאא

אאאאאא
אאאאאW

xZ
xM

  
b.I

V.Q  
A
P  f ±±±=

אאאאא Tot.f  
אאאW

Tot.bxa fvfff  f <++=
W

afJאאF= A
PE

bxfJאאX 

vf Jא)     =  
b.I

V.Q ( 

20.2א
אאK





א٢١١אא
אאאאא
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








א٢٠٫٢WאK


 

 

P 
0.8  m 

P 

q 

V V 



 

 

 

אאאאאאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


א

א


א
א


 

٣
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אאW
אאאאא،אא

אאאK 


אאW
אאאW

אאאאאאK 
אאאK 


אאאWאאא١٠٠K٪ 
 

אאW
١٠K

אאW
אאK 


אאW

אאK
 



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١.
אאאאא  א

FEאא
אאאאKאאאW

JאאRiveted Connections
JאאאBolted Connections
JאאWelded Connections
JאאPin Connections
 

٢KאRivets
אאאFאE،Mild Steelא

אFHeadEאFShankKE
אאFEא

אאאKאאאK،א
WFEButton Head،FEא

אKK٣}١אאא
אאK










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 אא١٫٣Wالشكل 

 
.1.2 אאא   Types of Riveted Joints 

  
אאWאFאאELap Joint   ,

FאאE. Butt Joint 

   Lap Joint)    אא (א )  أ

א       א  א  א אא א
  א אאא   א א  א  אSingle 

riveted lap jointא   אא א 
אDouble riveted lap jointאKא

אPitchK

  EButt JointאאFא) ب 

אאאאאאא
אK


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٢٫٢   .אא) א (אא  
،،FEאאFאEאאא

א Kא אPunchingאK
אאאאFאEDrilling

אDrillerKאאאאאAISCK

 Standard Hole   )   (STD   אא –أ 





–אאאOversized HoleFOVSE



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Jאא Short Slotted HoleFSSLE




 )Long Slotted Hole  ) LSL  אא –د 


 ) (NSLאאאאJ هـ 

Short or Long Slotted Hole Normal to Load Direction







א٢١١אא
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 ٣٫٢.  א Bolts in Tension  
אא  )א(  אאא

אאאFאאEאאא
אאאאאAnetKא٣}٢

K


٣}٢אW

 א  א    א   
אW

A
tP

  tf =
W

tf JאFL2E

tP J אאFE 

A JאאאF2E
א א אאאא  Kא

אאאאא
אKאאאNet Section K
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• אאא٣}٣K


٣}٣אWאא

אאאאW
d)-(W t netA =

W
dJא
tJא 

WJא 

• אאFE
not Staggeredא٣}٤K 

 
٣}٤אWא


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אאאאW
 


d).n  -(W  t netA =

W

nJאא


 א אא AISC  א   א  

85%אאאאאאFnetA  (85%
אאFgrossA (אא) φA (א 15%  

אאאא،אW


tpF
T  netA =

tpF . 0.85
T  grossA =

tpF JאאK  

T -  א 

netA- אא 

grossA- אא 

 
אFfastener PitchEאאאא

SאאאאאgK


•  אאFEStaggered Rows 
א٣}٥K
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
٣}٥אWאאFEא

 
אאאאא

אאKאא،W


)
g 4

2S  n.d -(W  t  netA ∑+=

W
SJאFאאאאאKE
gJאאאאאK
dJאK


אאnetAאF(SplicesאאFGusset 

platesE٨٥٪אאK
 
٤٫٢.  אא    Shear Strength of Rivet 

אאאאW
• אאSingle Shear 

אאאאא٦٫٣K




א٢١١אא
אאאאאא
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




 
 

٦٫٣אW
• אאDouble Shear  

 א א א  אא א 
،אאאא

א٧٫٣K


 
 
 
 

 
 

٧٫٣אW




א٢١١אא
אאאאאא
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• א  א  א       א   
 א   אF(Single Shear   א    

אW 
Vs = Fv . A 

W
 -Vs א 

FvJאאא

AJ אF4
2d πE

•     א      א    FDouble 
ShearEאאאW

Vs = 2. Fv . A 
• אאnאאאW 

Vs = n. Fv . A
1W

אאאא٨٫٣א12K





٨٫٣אW
אW

אאאא
אאW

Vs = Fv . A 
= Vs35

،א2mm 113.04  4
212 x 3.14  4

2d .  A === π
אאW113.042 

אאW



א٢١١אא
אאאאאא
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2N/mm 309.62 
113.04

310 x 35  A
sV

===Fv 

אאאW2N/mm309.62


2W
  א    א    א  א א 

א  ٣}٩ K    א   15 
א2 אN/m 210 x 106 



 
٩٫٣אWא

אW
אאFDouble ShearE

אאאW
Vs = 2. Fv . A 

א،
2mm 176.625  4

215 x 3.14  4
2d .  A === π

2m6-10x 176.625 A =
אאאאW

 N 74182.5  6-10 x 176.625 x 610 x 210 x 2 A  . F . 2  sV v ===


W
אאA307 in. ¾ K

אאA325אin.¾K

VsVs



א٢١١אא
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אW
א


2in. 0.4418  

4

2(0.75) 3.14  
4

2d π  vA ===


אאA307= 10 k.s.iFvאאW
Kips4.42 0.4418x 10 v A. vF    Vs ===

אאאA325

אW2in. 0.4418  
4

2(0.75) 3.14  
4

2d π  vA === 

   א א A325  =17k.s.iFvאא      
אK

Kips15.00.4418x 17x  2 v A. vF  2 Vs ===


٥٫٢.  א אא FאאאאE   Bearing 
stress Failure 

א א  א  א   א    א  F
א EBearing Stressא  אא א  א Fא

١٠٫٣(א Yield Stress אאאא
א


١٠٫٣אWאאאא

אאאFpאא
אKאאVbא

אאאK



א٢١١אא
אאאאאא
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Vb = Fp . A = Fp . d . t
אא14אF(A36  19   א،

= 477.11 x 106 N/m2   Fp 
   FpאW

Vb = Fp . A = Fp . d . t = 477.11 x 106 x 0.019 x 0.014 =126911 N 
 א אא א א   א   א  

אK
٣  .א א  Welded Connections         

١٫٣.  אWelding Process
אאאאא)Molten StateEא

אאאאאא،FElectric 
arcEאאFOxyacetylene FlameEאFWeld RodE

אאאאאאK
אאW


• אאArc Welding  Metal 

אאאאאאאא
אאאK

א א FShielded Electrodes E א  FFluxE
אאאKאאאWא

 א אFShield -metal arc welding Eא א א  Fא E
Submerged arc weldingא٣}١١אW

• אאאאGas-metal arc welding 
אאאאאאאאא

K
א     א   א  אא אא 

אאאאאK



א٢١١אא
אאאאאא
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א١١٫٣: אאאאאא

 
א١٢٫٣: אאאא 

• אא) א( Resistance Welding  
אאאא

אאאא
אאK

٢٫٣.  אא Advantages of Welding    

אאאאאאאאאאא
אאאאאFGusset PlatesEא

א،אאאא
אא،אא،אאאא،א،א

K
• אאאאאאK 
• אאאK 
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•  א     א א     
אאFאאKE 

• אK 
٣٫٣. אDisadvantages of Welding

• אא
• אאאא

אK 
אאאW

• אאK
• אאאאK 
 .4.3אאTypes of Welded Connections

אW
• Butt Joint
• Tee Joint  
• אLap Joint 
• אCorner Joint 
• Edge Joint 

١٣٫٣א) (٣٫١٣FEאאK 
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BUTT TEE LAP

CORNER EDGE


א١٣٫٣)(Wאא
אאאW

• Flat 
• Vertical  
• Horizontal 
• Overhead  

אW
• FEGroove Weld 
• א Fillet Weld     
• אPlug Weld 
• Slot Weld   
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





















א١٣٫٣)(Wאא



א٢١١אא
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- ٧٥ - 

אאאFillet Weld   F١٥٫٣א(  W


 
 
 
 
 
 
 

 
 

١٥٫٣א  Wאאאא





א٢١١אא
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אאFאEGroove Weld F٣٫١٦אEW




 

א١٦٫٣:אאא


  ٥٫٣. אאאא     ِAllowable Stresses of Welding   
   א   א   א אא א   

 Kא אאאא אאא
אאKאאאאW


E    Butt   Weld          

• א 
ptf0.7tf =

W

ptf -אאאאK
אאאGroove Weld א٣}١٧

אאאW



א٢١١אא
אאאאאא

 
 

- ٧٧ - 




א٣}١٧Wאאא



eT L.
P  tf =

W
PJא
LJא
eTJאא


אא١٨٫٣אא،W



 


א٣}١٨Wאאא




א٢١١אא
אאאאאא
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eT L.
2P  f =




• א 
pcf 1.0cF = 

W
cf -אאאאK


• א 

ptf0.55q = 


EאFillet Weld

• אאאptf0.4


א٣}١אאאאK


א אאL٢ 

אאFE 1420 

אFE١٥٧٥ 

אFאE ١٠٢٥ 




٤.אא) א(  Pin Connections  
אאFאEאאKאא٩

אא٣٠٠،אאא
אW



א٢١١אא
אאאאאא
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J אForged Steel Pins  
אאFE

J Undrilled Pins 
F(Pilot nut

F(Driving nutאאאK
JDrilled Pins 

٢٠אKא
אאK


.5  א א א) א(    Bolted Connections 

אFאאEא١٩٫٣א،
אFShankEF(HeadKאאFThreadsE

FNutKEאא
אF(WasherאאK




  
 



א٢١١אא
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• א א 


אאW

    Black Boltsאא)  أ

   א אא FASTM E A307א    
60א P.S.Iאאא

4K
EאA325אאאאASTMאא

105 p.s.iK.120 p.s.i
EאA490אאאASTMאא150 

p.s.iאאאאאאאK
 

 
 


 
 
 



 

 

 

אאאאאאאא
אאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א


א


א








א


א




א
 

٤



א٢١١ אאא
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אאW
אאא،אאK


אאW

אאאW

• אאאK 
• אאK 

 


אאאW
אאא١٠٠K٪

 
אאW

٦K


אאW
• אאK 
• אאK


אאW

אאK



א٢١١ אאא
אאאאאאא
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١.W
אאאאאאK

אאאאאאKאא
אאאKאאאא

אאאאאאKאא
אאאא

אאא
א٤}١אאK

















FEFE


٤}١אWאאא


B

M

W

Pmax 

B

P

W
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אאאBKאFE٤}١א
אאאW

B
W  P =

W
WJאאK
BJאK


אאFEא٤}١אW



2B
M6  

B
W  

Z
M  

A
W  maxP +=+=



2B
M6  

B
W  

Z
M  W  minP

A
−=−=

W
-AאאFB x١E
-Mא

ZJאF
6
2BE


אאאאאאא

אאאא،אא
אKאאא

Standard  I  Beam   אאאא.Broad (Wide) Flange I Beam 


 ٢.א
אW


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- ٨٤ - 

١٫٢.     : Rolled Steel Sections  Single  
Standard I Beam אאאBroad (Wide) 

Flange I Beam  אא،אאK 

٢٫٢.  : Built up Sections  
אאאאW

• א





 

• אLacing Bars








• אא





• אIא




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• אIאWeb Plates 





• אא
 






• Standard I Beam





• א






• 




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• אאא









• Welded Box אאK








٣.אאא

אאאW
1EאBase Plate without Gusset Plates

(2אGusseted  base
אאאK

אאFBearingKEאא
אGusseted baseKא

אאאאאGussetsK



א٢١١ אאא
אאאאאאא
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  .1.3 א 







2.4אWא


אF٢٫٤אEא،א
אאאאאא
אא،אאאאאאאK

א،א
אאW

 

)
4
2B2(A

bF
3Wt −=

W


t-א
-Pאאאא

 -Aאאאא
 -Bאאאא 

FbJאאא1890L2 




א٢١١ אאא
אאאאאאא
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אW
W

אאW


 القاعدة مساحة 
WP =


א

אאאAW2
2A P  =



אאאBW2
2B P  =

אאאאאאAW
 



2
2PB

m
1

2
2PA

AM −=



m
1אPoisson`s  Ratio



)
m

2B2(A
2
P

AM −=


f.zM =


2t 1 6

1
bF)M

2B2(A2
P ×××=−






א٢١١ אאא
אאאאאאא
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)m
2B2(A

bF
3P2t −=



)m
2B2(A 

bF
3P t −=

א٠٫٢٥،W
 

)4
2B2(A 

bF
3P t −=


אאאא

אאאK 

אאאאאא(cap)א
אא  العمود (column shaft)א

אאW


dD
D   

b16F
9Wt

−
=

W
tJא

WJאאא
 -Dאאא

bFJאא
dJאאא

אאאאא
25K

א1,5אאK



א٢١١ אאא
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٥٫٤ א :  


1K

אאISHB 300 x 58.8 Kg/m א70 tonnes
Fbearing capacityE،40 Kg/cm2 K


אW

אאאאW


אאF(PZ
القاعدة مساحة 

الحمل


א   =

P
W

40
700001750 ==2


אא45x 40


אאW

45x40
70000238.9Kg/cm =

WA = B  = 7.5



א٢١١ אאא
אאאאאאא
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אאאW


)
4
2B2(A 

bF
3P t −=



)
4

2)5.(72((7.5) 
1890

38.9 x 3 t −=


t= 1.614
אt  =١٨
א65x65x 6אא20

אK


٤Kאא
،،אא

אאאK  אאא
אאאאאא

אKאא
Cement Groutא1F2.54EאK

אאאאא
אאאאאאאאאאא

אאKאאאא
אAnchor Bolt אKא

אאאאאK
אאאאW

bf
P A =



א٢١١ אאא
אאאאאאא
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W
PJאF(Column load
fbJאאא


אאא

אאKאאEquivalent Rectangle0.95
א0.80אאKאא

אF٦٫٤א Eאאא
nmKאא

אאא.AISC



א٦٫٤Wאא


אאאאא

אא4060L2KאWA = N x B 
NJאFE

-BאFE
PJאFE
bfJאFE
FpJאאאFL2p.s.iE
AJאF2،E
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-fP אאא) 
B.N

P  Pf =( 

tJאFE
-Fb אאא 


א 
bF
P A =א،NBאאאK

אא1אאאא
אEquivalent Rectangle W



2

2m Pf
  

2
m (m) Pf  M ==



2

2n Pf
  2

n (n) Pf  M ==
אSSection ModulusW



bF . 2
2m . Pf  

bF
M  S ==



bF . 2
2n . Pf  

bF
M  S ==

אI/C
אאא1PtW



12
Pt 12

3)P(t 1
  I ==



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CאW2
Pt  C =

W

6

2
Pt  

Pt
2.

12

3
Pt

2
Pt

12

3
Pt

  
C
I  S ====



bF 2

2m . Pf
  

6

2
Pt  

bF
M  

C
I  S ====



bF 2

2n . Pf
  

6

2
Pt    

C
I  S ===




bF 

2m . Pf . 3
    2

Pt =
bF 

2n . Pf . 3
    2

Pt =

אאאAISC אאאא
Bearing   PlatesyFbF =W



yF
Pf

 m . 3  
yF 

2m . Pf . 3
  Pt == 



אאאAISC W
yF
Pf

 m . 2   Pt =
yF
Pf

n  . 2   Pt =



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 1:
אאאW 14 x 90383000 lb)KN 

١٧٠٣٫٥(א٧٫٤אאא،
א

50 p.s.i.  FKN/m2٣٤٤٫٧(K



א٧٫٤W


א:  

אאאW


m2) ٠٫٥٠ (2in. 766  
500

383000  
PF
P A ===

א27.7 in.  א28 x 28אK
אאW

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

P  ===bf


אW


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 > nmאK


(4.85 cm)in. 1.91  
36000

489 (8.2). 2.  
yF
Pf

 m . 2   Pt ===

א٢F٥EאאאאאW
٧١x٧١x٥K


2W

אאA36W 12 x 58א250 Kips
FKn١١١٢EKאאאאאא

אksi Mpa) 1.8 ١٢ (א٤}٨K 
 


 



 
א٨٫٤W


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אW


،
NJא
BJא
tJא

-mאאאK
nJאאאK


אאAW


A = P / Fp    

 
A  = 250 kips / 1.8 ksi  


      A  = 138.9 in.2 (0.09 m2) 


،א،אא

cm) ٣٠( N = B = 11.8 in.
m=nK


،אאאאW

dJאאin.١٩}١٢
bJאin.١٠٫٠١٤


m = n אK

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
אm = 1.21 in.אאאmK


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. 

 
 Bin. 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. 
 

n = 2 in. 


אאWk.s.i  1.49 
14x 12

kips250  Pf ==  

אאW


k.s.i2736x 0.75YF0.75  bF ===


א،אאW


bF

2m . Pf . 3
  

bF

2n . Pf . 3
 t ==



n.i 0.50  
27

21.21 x 1.49  x 3  
bF

2m . Pf . 3
 t ===


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.in 0.81  
22 x 1.49  x 3  

bF

2m . Pf . 3
 t 

27
===


אאא،אK

t = 0.81 in.   


אאאא٩٫٤K


א٩٫٤:אאאK






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W
W 10 x 22אA 36א،אlb٢٤٠٠٠

אin.  ٨א٤}١٠אא
א  FP =225 P.S.IK


אW

אאאאW


2in. 107  
225

24000  
PF

R  A ===

א= ٨ x ١٣٫٥ C = 8in.     B = 13.5 in. 
אאW

P.S.I  222  
13.5x 8

24000  Pf ==
אAISCKin. ٠٫٧٥

א٤}١١nW



א١٠٫٤:אK


in. 6.0  0.75 - 

2
13.5  K - 

2
B  n ===
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אin.١אא،Fא١٢٫٤EאW


lb-in 3996  
2

2.(6.0) 222  
 2

2n . bf
  M ===


אאW


K.S.I27(36)0.75 bF ==


אW

3in. 0.148  
 27

4.0  
bF

M  S ===

אאא،אW


c12
3t b  S =

W
cJ،אF

2
t  C =E

tJא
Cא،W



6

2t b
t 6

3t b 

2
t  12

3t b  S    ===

אאF (bin.١،tK


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א١١٫٤:אK


(0.148) 6.6.S t      
6
2t  S   ==⇒=


،t = 0.94 in.


אW8 x 13.5 x 1 in. 




א١٢٫٤WאאK


אtאאאאAISC

אאtאאK
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in. 0.94  
27000

26 (222). 3  
bF

2n . bf . 3
 t ===


אאאאאW


 
bF

2n . bf . 3
   6.S  =

אאאאאBK
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אאא


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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ٌ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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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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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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٦KF١٩٨٦E،،אאאאא،אא،K


٧ K    F١٩٨٧E،א אא א א  ،א א  ،
،K


٨KF٢٠٠١Eא،אאא،،אאWאK



א٢١١א
א

 
 

 

א
 

אאWאאא 
٢ 

אאאא٢ 

אאא٥ 

٤Kאאא٦ 

٥Kאאא٧ 

אאאא٨ 

٧Kאאאא٨ 

٨Kאא٨ 

٩Kאא١٤ 

١٠Kאאא١٨ 

אאWאאאא 
١K٢٤ 

٢Kא٢٤ 

٣Kא،א،א٢٨ 

٤Kאא٢٩ 

٥Kא٣١ 

٦Kא٣٤ 

٧Kא٤٠ 

٨Kאא٤٥ 

٩Kאאא٤٩ 

١٠Kאאא٥٠ 

١١Kאאא٥١ 

١٢Kאאא٥٥ 





א٢١١א
א

 
 

 

אאWאאאאא
٥٧ 

א٥٨ 

٢J١ אאא٥٩ 

٢J٢ אאFאEאא٦٠ 

٢J٣ א٦٢ 

٢J٤ אא٦٥ 

٢J٥ אאא٦٩ 

 .3אא٧٠ 

٣J١ א٧٠ 

٣J٢ אא٧١ 

٣J٣ א٧٢ 

٣J٤ אא٧٢ 

٣J٥ אאא٧٦ 

٤KאאFאE٧٨ 

٥KאאאFאE٧٩ 

אאאWאאאאא
١K ٨٢ 

٢K א٨٣ 

٢}١K٨٤ 

٢}٢K٨٤ 

٣K אאא٨٦ 

٣}١Kא٨٧ 

٣}٢Kא٩٠ 

٣}٣Kאאא٩٠ 

٣}٤Kאאא٩١ 

٣}٥Kא٩٢ 



א٢١١א
א

 
 

 

٣}٦Kאאאא٩٢ 

٤K אא٩٤ 

א١٠٧ 

אא١١٦ 
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





אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 

 


