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אאWאאא 
 

אאW 
א

 אאK 
אאW 

אאאW 
  
 א 
 אא 
 אא 

 
 ٪١٠٠Kאאא:مستوى الأداء المطلوب 

 
٦:الوقت المتوقع للفصل 

 
אאW 

  
  

 
אאW 

אאאאאאאא
אאWאאאK 

 
 
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אאא 
 

٢–١ JאאW 
 

אאWאא
אFM :moment of forceEאאKאאא

Fmoment of rotationKE 
 א א א אא dFmoment arm WEא א

אאFא Eא K אאF 
אאאאאF٢ J١WE 

אאFאOFZאאE×Fא 
אאאאאאE 

Moment = Force × Perpendicular Distance 
 
 
 
 
 
 
 
 
 
 
 
 
   אOאFmoment centerEאא،Ffree vectorE

א،אאMאF  K 
אאאK 

F 

M 

O
d 

 )١-٢(ــل شــك

MF/O = F × d 
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א،F٢ J٢KE 

 
 
 

 
 

אא،א
אKאאאאWא×FN×mKE 

 
٢ J١W 

F٢אAאF = 100 Nאאאאא J٣KE 
 

אW 
 
 
 
 

 
 
 

אאOW 
MF/o = + 100 × 5 = + 1000 N.m 

אאאאאאאK 
 

 )٢ - ٢(شـكـل 

+M -M 

A 

F = 100 N 

5 m 

 )٣ - ٢(شــكــل 
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٢ J٢W 
אאאF٢ J٤E،W 

a Jא א אF1אAWMF1/A 
b Jאאא F2אAWMF2/A 

c JאאאF2אBWMF2/B 

d JאאאאwאBWMw/B 
 
 
 
 
 
 
 
 
 
 

אW 
 MF1/A = - F1 × 7 = -25 × 7 = -175 kN.m      (a 

 

(b אF2 Aאא،א 
W 

  MF2/A = F2 × 0 = 0   
 

MF2/B = - F2 × 7 = -10 × 7 = -70 kN.m            (c  
 

(d ،אאW 
F3 = 20 × 5 = 100 N 

     אאאBW 
Mw/B = MF3/B  = -100 × 5/2 = -250 N.m

  ) ٤ -٢(شــكـل 

A 

F1  B 

F2  

w = 20 N/m

F1 = 25 kN 
F2 = 10 kN 7m  

5m  

F3  
w

M+  
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٢ J٣W 
F٢אBאF = 20 kNא אא J٥KE 

 
 
 
 
 
 
 
 
 

אW 
אאאאFdEאF٢ J٦EאאW 

 
Cosα = d/H 
d = H Cosα 

d = 5× Cos300 
d = 4.33 m 

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

d 
α 

B 

F٢ J٦E 

α = 300 
F 

H = 5m 

F٢ J٥E 

B 

α = 300 

F= 20KN 
H = 5m 
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א،FאBW 
 

M F/B = +20 × 4.33 = 86.6 kN.m 
 

אאאאBאאאK 
 

٢–٢ J: 
 

אאאFF1، F2، F3، …Eא،
O FMOE،אאאW 

 
MO = MO = MF1/O + MF2/O + MF3/O + …Σ  

 
 ٢ J٤W 

אאA אאאאאF٢ J٧KE 
 

 
 
 
 
 
 
 
 

 
 

A

3 m 5 m 4 m 

1m 

F1  
2m 

F2 

  )٧ – ٢(شــكــــل  

F3 
F4 F1 = 70 KN 

F2 = 20 KN 
F3 = 50 KN 
F4 = 100KN 

M+ 
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אW 
א،אאאAK 

אאאאאאאאאK 
 

           ΣMA = MA = MF1/A + MF2/A + MF3/A + MF4/A 
                              = -F1 × 1 + F2 C 3 – F3 C  5 + F4 C 3 
                              = -70 + 60 – 250 + 300 

ΣMA = MA  = + 40 kN.m 
 

W،אאאאאK 
٢ J٥W 

 JאאאAאאא אF٢ J٨KE 
 JאאאBא. 

 
 
 
 
 
 
 
 
 
 
 
 

אW 
 J 

ΣMA =  MA = MF1/A + MF2/A + MF3/A   
= -F1 × 7 + F2 × 0 + F3 × 2.5          
=  -175 + 0 + 25                           

ΣMA =  MA =  -150 kN.m                      

  )٨ – ٢(شــكـل 

A 

F1  B 

F2  

w = 200 N/m 

F1 = 25 kN 
F2 = 10 kN 7m  

5m  

M+ 

F3 = 200x5  
     =1000N = 10KN 

7m  

2.5m
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אאאW 
 

F3 = 200 × 5 = 1000 N 
 

KNאאK 
  

 J 
                                            ΣMB =  MB = MF1/B + MF2/B + MF3/B 
                                                               = F1 × 0 - F2 × 7 - F3 × 2.5 
                                                               = 0 - 70 - 25                                

ΣMB =  MB =  -95 kN.m 
 

٢–٣ J?? : Varignon’s Theorem    
 

  ?F ?א       E    F  O
אאO F٢ J٩KE 

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

אאאאאאK 
 

 )٩ -٢(ل شـــكــ

Fy 

dy

dx 

d

Fx 

F 

O

MF/O = F.d  
         = Fx . dy +Fy . dx 

M+ 
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٢ J٦W 
א  א F = 20 kN אBא F٢ J٦E

אF٢ J٣KE 
 

אW 
אאאאF٢ J٣Eא،

אF٢ J١٠EאW 
 
 
 
 
 
 
 
 
 
 

אאWFx = Fcos(300) = 20×cos(300) = 17.32 KN 
אאW     Fy = Fsin(300) = 20×sin(300) = 10 KN 

 
FxאBW 

 
MFx/B = 17.32 C 5 = H86.6 KN.m 

 
FyאB )FyאB (W 

 
MFy/B = 10 × 0 = 0 

 

Fx 

Fy 

B 

F٢ J١٠E 

α = 300 
F 

M+ 
H = 5m 
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 א   F א א B א אא 
אW 

MF/B = MFx/B + MFy/B  
                                                      =   86.6 +   0    = 86.6 KN.m           

 
אא)٢ J٣(K 

 
 

٢–٤–אא )Moment of Couple :( 
 

אאאאאא
אאK 

אאF -F  א אאאd 
אF٢ J١١Eאא

אאK 
אF-FאO
אאא M0WM0 = F.d   

dWאאא. 
 
 

 
 
 
 
 

 
 
 

 
 

 

F 

BC = x 
A0 = y 

d 

M = F.d 

  ) ١١ - ٢( شــكــل

C 

B 

Aِ 

0 

F 



א ١٥٥ אא 
  אאא 

  
 

- ٤٩ - 

אאאאא
אKF٢ J١١EW 

 
MA = F.d + F.0 = F.d 

 
MB = F.0 + F.d = F.d 

 
MC = F.x + F(d-x) = F.d 

 
M0 = F(d+y) –F.y = F.d 

 
٢ J٧W 

אאאאאאאאאא
F٢ J١٢KE 
 
 
 
 
 

אW 
אאאא dא،F٢–١٣Eא،W 

 
 
 
 
 
 
 

β d

β

β 

F 

F 

h 

 )١٣ - ٢(شــكــل 

β

β 

F 

F 

h 
 β = 450

F = 50 KN 
h = 80 cm 
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d = h.cosβ    
    W 

M = F×d = F×h×cosβ = 50×80×cos450 
 

M = 2828.43 kN.cm = 28.2843 kN.m 
   

٢–٥–אאW 
אאאK

אאאאאאא K
אאאאאאאאאK

אאFtransmissibility of forceKEאא
   א א  א   אא      

אK 
אאFאAF٢ J١٤ JEא،
אאC،אC 

אאאFF٢ J١٤ JE 
א  א   K א א א

  א א אF×e א א א  אא א 
אCאF٢ J١٤ J KE 

 
 
 

 
 
 
 
 
 

M=Fe F F 
C

A 

FE  FEFE 

F

C
A

F

F

C 
A 
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אאאאא،K 
٢ J٨W 

אאאF = 20 kNאאBאאאA
אF٢ J١٥ JKE 

 
 
1` 
 
 
 
 
 

אW 
א A אאFאאא
 א   F٢ J١٥– KE א  א  B א א  A

אאאאMW 
 

M = F.d 
 d אאאW 

 

d = 3 × sin(300) = 3×0.50 = 1.5 m 
אאW 

  

M = 20 × 1.5 = 30 kN.m 
  

    א  א א   אא     אא K
אFאBאAאאא

A א+30 kN.m  א    )٢ J١٥ JE א  ،
אF٢ J١٥ JEאF٢ J١٥ JKE 
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٢–٦ JW 
 

٢–١W 
AF4EKאF = 10 KNאא 
]אאW MF/A = 53.3 kN.m[ 

 
 
 
 
 
 
 
 

٢–٢W 
אFaEFbEאF٢ J٢E،אאF אO  א

א  xyFMF/O E K 
 

 
 
 
 
 
 
 
 
 
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٢–٣W 
אאאF٢ J٣EאW 

-אאאAK 
 JאאאBK 

]אאWMB = 0, MA = 255 kN.m  [ 
 
 
 
 
 
 
 

 
 

 
 

٢–٤W 
  אאאאF٢ J٤Eא10

אאW 
 JאאאאאאWW = 400KN 
 J אP1 = 700KN 
 JאP2אאאאWP2 = 270 KN 
 JאP3אאאאWP3 = 220 KN 
 JאאVאאאW V= 350 KN  K 

١ JאאאאאAK 
٢ JאאאאאBK 

 
 

B 

R = 47.5 KN 

A 

1m 2m 

F = 60 KN 

W = 10 KN/m 

3m 
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 

 
 
 
 
 
 
 
 
 
 

 
 

٢–٥W 
אאאF٢ J٥EאW 

١ JאאAK 
٢ JאאBK 
٣ JאאCK 

F = 5kN

C

AB=h=4m 

B

w = 3kN/m 
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٢–٦W 
אFABCE F = 500NאCAK 
١ JאאFאAK 
2 JאאFאBK 

 
 
 
 
 

 
 
 
 

٢–٧W 
אאאF٢ J٧EאKאAy

אאBאK 
]אאW Ay = 60 kN[ 

 
 

 
 
 
 
 
 

 

3m

A

B
C

F

4m
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٢–٨W 
אא אF٢ J٨Eאא

אCא MT/C = 72 kN.mK 
אאTK 

אאWT = 8.65 KN 
 
 
 
 
 
 
 
 
 
 

٢–٩W 
אאא F = 100 N אאO

אאF٢ J٩EK 
 
 
 
 
 
 
 

A0 = 25 cm

A

0

F

600

 )٩- ٢ت (شــكـل 

AB = 10 m 
BC = 30 m 

12m 

600

T

C

B

A

 )٨- ٢ت (شــكـل 

Hedi



א ١٥٥ אא 
  אאא 

  
 

- ٥٧ -  

٢–١٠W 
אF٢ J١٠EאאאאאC R  A

 MKאא
 
 
 
 
 
 
 
 
 

 
 
 

 

 

אאא JאK 

F1 = 4 kN 
F2 = 6 kN 
F3 = 2.5 kN 
C = 5 kN.m 

β = 300

a = 0.5 m 
b = 0.7 m 
e = 0.6 m 
h = 1.4 m

β 

A 

e 

b 

a 

C 

F3 

F2 

F1 

h 

 ) ١٠ – ٢ت (شــكـــل 


