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אאאWאאאאא 
 

אאW 
 ،א א  ،א א  FFree body diagram  Eאא  

אKאאFEquilibrium equationsEא
FreactionsKE 

 
אאW 

 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١٠٠K٪ 

 
אאW٩ 

 
אאW 

  
  

 
אאW 

אW 
 J אאא 
 J אאאWאאא 
 J אאאWאאאK 

 
٤–١ JאאW 
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אאאא،אאאFrigid bodiesKE
אאאאאאא،א

 Kאא،א
אFperfectly rigid bodiesKE 

     א א א א     אא
אאאאK 

א  א א  א  א א א     
אאאאKאאאW 

 J  אאW 
 
        (1/4) 0=Σ= FR                   

 
 J  אאW 

 
0=Σ= MM                      (2/4)      

 
אאאאאK 

 
٤ J٢ JאאFfree bodyWE 
 

אאF٤L١EF٤L٢EאאFאאEאא
אאאא

K 
 א   א            א א

אKאאאא FאאE
אFF.B.D: Free Body Diagram KEאאא

אאFEאאK 
 



א ١٥٥ אאא 
  אאאאא
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   אא  א א  א 
אFFW،אאFE

אKEE 
 

٤ J١W 
אאאABCאאF٤ J١KE 

 
 
 
 
 

אW 
  א א ABC אא  א א  א  

אFאEאF٤ J٢KE 
 
 
 
 
 
 

אאAFEAy
 א،אB   By K א C

WאCx א CyK 
WאאK 

 
 

٤ J٣ JאאאW 
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אאא

אFin equilibriumEאFstatic equilibriumKE 
 

٤ J٣ J١ JאאW 
אאF٤L١EF٤L٢Eאא،אא2D،

א א،א אא א א
אאW 

 
ΣFx = 0       (3/4)W  אאFאאאxE 

Kא                                     

ΣFy = 0       (4/4)W  אאFאאאyE 
Kא                                     

ΣM0 = 0       (5/4)WאOא 
אK    

 
אאאא FEquilibrium EquationsE

אFאאEאאאKאאFEquilibrium ConditionsE
אאאאאK 

 
٤ J٣ J٢ JאאW 

אאאא١ J٧א
 אא   ،אא א    Kאא      

אאאאאאאF٤ J٣KE 
 
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אאאאא 
א   אא 

 
١

 
 

א 

 
 
 

 
 

ΣFx = 0 
 
 

 
٢

 

 


א 

 
 
 
 

 

 
 

ΣFx = 0 
ΣFy = 0 

 
٣

 


 
 
 
 

 

 
ΣFx = 0 
ΣMz = 0 

 
 

 
 

٤

 
 


FE 

 
 
 
 
 

 

 
ΣFx = 0 
ΣFy = 0 
ΣMz = 0 

 

 
 
 

אא  אא אאא 
FאEאאאאK،א

א  א   א  א א אא  א  K  
אאאFאKE 
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٤ J٤ JאאאW 
 

אאאאאK
א א      א א   א  א  Fא


אKE 

א،אאאאאK،
Wאאא،אא 

   e W   Fequations E   ،א אאr Wא   
FreactionsE ،אW 
F١ Er = e     W ،  ، א  א   אFstatically 

determinateEאאא،K 
F٢Er  <  e       WאאFunstableEFא

אאE FmechanismE Wא
אK 

F٣Er  >  e      Wא،،אאFstatically 
indeterminateEא،אאא،

    א   Fא  KE א א   Fd0h: 
degree of statical indeterminancyEאא

אאאW                                        d0h  =  r – e                                               

  ٤–٢W 
 אאאF٤ J٤E F٤ J٦Eא ،

אK 
 
 
 
 

B 
A C

 )٤ - ٤(شــكل



א ١٥٥ אאא 
  אאאאא
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 
 
 
 
 

אW 
אאFE،א

אK 
١ JF٤ J٤WE 

אF٤ J٧WE 
 JאAאFאE WAy K 
 JאBאFאE W By K 
 Jא C FE W  Cy   . Cx 
 JאWr = 1 + 1 + 2 = 4    
 JאאאWe = 3 

 
r > e  WאאאאWd0h = 4 – 3 =1 

 
 
 

 
 

 
 
2 JF٤ J٥WE 

אF٤ J٨WE 
 Jא A FE W  Ax    Ay 

 JBWK 

B A
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A
B 

)٥-٤(شـــكـــل

By Ay 

B 
A 

C
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Cx 

Cy 



א ١٥٥ אאא 
  אאאאא
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 JאWr  = 2    
 JאאאWe = 3 

r < e  WאאK،אאא
אאאאKאאאA،א

BK 
 

 
 
 
 
 

 
 
 

3 JF٤–٦WE 
אF٤ J٩WE 

 Jא A FE W  Ax  AyK 
 JאBאFאE W By K 
 JאWr = 2 + 1  = 3    
 JאאאWe = 3 

r = e  W،אאא
אאK 

 
 
 
 
 
 

Ay 

Ax A
B

 ) ٨ -٤(شـــكـــل

Ax 

Ay 

BA

 )٩ -٤(شـــكـــل

By 



א ١٥٥ אאא 
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٤ J٥ JאW 
 

אאאFAnalysisEFdesignEאK
אאאא،אW

K 
אאאאאא

אאW 
 אא א  ،אאW

F٤L٣E،F٤L٥EF٤L٤KE 
 אאאK 
  א אא  א  ،א   א א  

   א    ،א א 
אF٤L٣EאK 
 ،אאא،אאאא

אאאאWאאאאא
אאאאא،K 

 אאאKאא
אאאK 

 אאאK 
 אאאא،אאא
אK 
 אאאאK 

אאא،אאא
אאאאK 

 
אאאאאK 

 



א ١٥٥ אאא 
  אאאאא
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٤ J٣W 
אאאאאF٤ J١٠KE 

 

 
 
 
 
 
 

אW 
אF٤ J١١WE 

 Jא A FE W  Ax  AyK 
 JאBאFאE W By K 
 JאWr = 2 + 1  = 3    
 JאאאWe = 3 

r = e    Wא،אא
אאK 

א،،،אא 
 K א F2 א 30א       

W 
 

אאW = +100×cos(300) = 86.6 kN F2x 
 

אאW = +100×sin(300) = 50 kN F2y 
 

B 
A 

3m 2m 2m

F2 = 100kN F1 =85kN 

300

  )١٠ -٤(شــكــل



א ١٥٥ אאא 
  אאאאא
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 
 
 
 
 
 
 
 

 Wאא
FEאאאxאWΣFx = 0 
 

Ax + 86.6 = 0  →    Ax = - 86.6 kN 
 

אאAאאאא،
אxK 

FEאאAאאא،א
אW 

 
MA = 85×2 + 50×5 – By×7 = 0 Σ 

+170 + 250 = 7By 
By = +420/7 = + 60 kN 

 
 אאAאAK 

FEאאאy א،W 
 

ΣFy = 0 
Ay + By -85 -50 = 0 

Ay + By = +135 
Ay = +135 – By = +135 – 60 = +75 kN 

 

  ) ١١-٤(شــكــل

B 
A 

3m2m 2m

F2y  
F1 =85kN 

300 

F2x  
Ax 

Ay 
By F2  

M+ 



א ١٥٥ אאא 
  אאאאא
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אא،אAyאAW 
 Ay = +75 kNאאK 

 
אW 

MB = Ay×7 – F1×5 – F2y×2  Σ 
MB = 75×7 - 85×5 – 50×2  Σ 

MB = 525 - 425 – 100 = 0   okΣ 
 
 

٤ J٤W 
אאאאאF٤ J١٢KE 

 
 
 
 
 
 
 

אW 
אF٤ J١٣WE 

 Jא A FE W  Ax  AyK 
 JאBאFאE W By K 
 JאWr = 2 + 1  = 3    
 JאאאWe = 3 

r = e    Wאא،
אאK 

     א א אא  ،א   K 
אBאאאא،AB

אאאאWF1 = 10 x 5 = 50 kNK 

C
A 

5m 2m

w1 =10kN/m 
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B 

w2 =20kN/m 
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אא، אאBC
אאאאWF2 = 20 x 2 = 40 kNK 

 
 
 
 
 
 
 

Wאא 
 א F٤ J١٣ E א   א  א א א 

אAB،אאW 
FE  אאאxאW 

ΣFx = 0 
Ax  = 0 

 
FEאאAאאא،א

אW 
MA  = 0 Σ 

MA = F1 × 2.5 – By × 5 + F2 × 6 = 0 Σ 
50 × 2.5  + 40 × 6 =  By × 5 

125 + 240 = 5By 
By = 365/5 =  73 kN 

 
FEאאBאW 

MB = 0 Σ 
MB =Ay × 5 - F1 × 2.5  + F2 × 1 = 0 Σ 

5Ay = 50 × 2.5  - 40 × 1 
5Ay =  125 – 40 = 85 
Ay = 85/5 =  17 kN 

By

Ax 

Ay M+ 

CA 
2.5m 1m

F2 =40kN 
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B 

2.5m 1m

F1 =50kN 



א ١٥٥ אאא 
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W 
אאאy ،א؟W?Fy = 0Σ 

 
Fy  = Ay + By –F1 –F2 Σ 
ΣFy = 17 + 73 -50 – 40 
ΣFy = 0                    ok 

 
WאאאW 

אאF٤L١EF٤L٢E אאF3D E
אאאW 

 
אאאW 

ΣFx = 0       (1) 
ΣFy = 0       (2) 
ΣFz = 0       (3) 

אאאW 
ΣMx = 0       (4) 
ΣMy = 0       (5) 
ΣMz = 0       (6) 

 
אאFEquilibrium EquationsEאא

אאF3DKE 
 
 

 
 
 
 
 

 



א ١٥٥ אאא 
  אאאאא
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٤ J٦ JW 
 

F٤ J١E–F٤ J٨WE 
אאאF٤ J١EF٤ J٨E،

אאאK 
]אF٤ J٣EWאאאאK[ 
]אF٤ J٨EWאאאאK[ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

B A

)١-٤ت(شــكــل

B A 

) ٢-٤ت( شــكــل 

C BA

)٣-٤ت(شــكــل

B A 

) ٤-٤ت( شــكــل 

A B C

) ٥-٤ت(شــكــل
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 
 
 
 
 
 
 
 
 
 
 
 
F٤ J٩E–F٤ J١٦EW 
אאאאאF٤ J٩E

F٤ J١٦KE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B C 

)٦-٤ت(شــكــل

B 
A 

) ٧-٤ت( شــكــل 

DA CB 

 ) ٨ -٤ت(شــكــل

F

L

a b
B A

٩-٤ت(شــكل

w 

L 

B A 

 ١٠ -٤ت( شــكل 

w = 2kN/m 
L = 2 m

w 

L 
B A 

 ١٢ -٤ت( شــكل 

F 

L
B A

١١-٤ت(شــكل

F = 100 N 
L = 3 m
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F = 5 kN 

c=2m 

w = 3 kN/m 
 

L=6m 
B 

A 

 ) ١٤ -٤ت( شــكل 

A 

1m 

F = 6 kN 
 

2m 

w = 4 kN/m 

3m 

B 

 ) ١٣ -٤ت( شــكل 

6kN 

2kN 

5kN 

10kN 

4 x 2m 

2m 

1m 

1m 

B 
4kN 

A 

 ) ١٥ -٤ت( ــكل ش
 ) ١٦ -٤ت( شــكل 

w2 

w1 

w1 = 3 kN/m 
w2 = 5 kN/m 

 

L=5m 

B 

A 
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٤ J١٧: 
 ،אא 
2L 
אאF٤ J١٧KE 
 
אאאK 
]אאWL/4, L/3, L/2, L  …L/5,[ 
 

 
٤ J١٨ 
:אאאא6m  4m

17mאF٤ J١٨KEא AאBK א
אאא80 KNאאא،1.25 KN 

אאאאאK 
אABאאאK 

]אאWAB = 15 m[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 )١٧ -٤ت ( لــكــش

2L 

17
m

6m 

4m 

v

A B

 )١٨-٤ت(شـــكــل
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٤ J١٩: 
אאאאא

750NP =אאF٤ J١٩KE א w = 25N/mK 
 
 
 
 
 
 
 
٤ J٢٠W 

אא،אאאאאא
אF٤ J٢٠KEאאW = 25 KN،W 

 JאאTwאאאאא
אאאAB K 

 Jאאאאא،אTABK 
 
 
 
 
 
 
 
 
 
 
 
٤ J٢١W 
 אאאאF٤ J٢١E א150 =θ FE

אאW 

1.2m
4m 

)١٩-٤ت( شـــكــل

AB = 5m      
 AC = 1. 5m  

 = 300      α 

α
C A 

B 

 )٢٠-٤ت(شـــكــل
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 JאאאאאאWM = 30 Tons 
 J אP1 = 86 kN 
 JאP2אאאא. 
 JאP3אאאא. 
 JאאVאאאK 

אWאאWV، P3 ، P2K 
 
 

 
 

 
 
 
 
 
 
 
 

 

B

A 

d2 

P3  P2  

V

P1  

θ 

c 
d1 

M.g 

e  e = 18 cm 
d1 = 9 m  
d2 = 10m  
c = 20 cm 
g = 9.81 N/Kg  

 )٢١ – ٤ت(شـــكــل



א ١٥٥ אאא 
  אאאאא
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