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אאFF١ J١٤ KEEאא 

אאאK 
אאא،אK 

 
 
 
 
 
 
 
 

Wא  א     ،  א א  א ، 
אאF vectorsEאא،אFscalarsKE 

 

 نقطة التأثير

مقدار القوة
 القوة اتّجاه

 القوة خطّ عمل

 ) ١٣ -١(شـــكـــل

F 

F 

F

 ) ١٤ – ١(شــكـــل 
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١–٣–٢ JאFunit of forceE: 
אא א  Funits SystemInternational E א א  SI،

אWא)meterEmאFlengthEאא، 
FKilogramEKgאFMassEא،FsecondE s אFtimeKE 

 א א  א  SI W FNewton E   Nא א  ،
אאאF1 KgEFAccelerationEאאאא

אF1 m/s2EW           
1 N = 1 Kg.m/s2 

 
אאFgEאא SI W= 9.81 N/Kg g = 9.81 m/s2 

אMאאWW 
W = M.g  M = W/g אאאFMassEK 

 
     אא ،אא

אאKאאאאאW 

daN = 10 N א (dekanewton) 
KN = 1000 N = 100 daNא (kilonewton) 

MN = 106 N = 1000 KN = 105 daN אFMeganewtonKE 
 
١ J٤ JאאFtypes of forces groupsWE 

אאאאא،אאא
 אאאFLoadsKE 

אאWFEFאKE 
אFplanar forcesEא،א

 Fnonplanar forces Eא K 
אW 
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 J    Fconcurrent forces WE  א     
אF١ J١٥KE 

 J   א Fparallel forces WE  א א    
אF١ J١٦KE 

 J      Fnonconcurrent forces WE     
אאאF١ J١٧KE 

 
 
 
 
 
 

     
 
 
 
 
 
 
 

 
 
 
 
 
 
 

F١–١٥E 

F1 

F2 

F3 F4 

F١–١٦E 

F1 

F2 

F3 

F4 
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 
 
 
 
 
 
 
 
 
 

١ J٥ JאאW 
 

١ J٥ J١ JאW 
אאאאאFParallelogramE  

# ) E F1F2א ،א
אאFResultantEאאאא

אאא F1 F2F١–١٨KE 
אא،F1 ،F2א،R

K 
 
 
 
 
 
 
 
 

F١–١٨E 

 ) ١٧ – ١(شـــكــل 

F1 
F2 

F3 

F4 
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١ J٥ J٢ JאF : (Graphical Method 
אא،אאKF1 

F2     א א  א א   R 
אאW 

 
١ J١W 

אF1 F2אF١–١٩KE 
 
 
 
 
 
 
 
 
 
 
 
 

١ J٢W 
  ،א א א א א

אאF١–٢٠Eא،
אאאאRאKאR

אF1F2אאK 

F١–١٩E 



א ١٥٥ אא 
  אאא 

  
 

- ١٤ - 

 
 
 
 
 
 
 
 
 

١ J٣W 
F١–٢١KEאF1F2אאאא 

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

אW 
אF1F2אKאא

א אFF J  אF١ J٢٢ JaE
אאKא،R1F1

F،R2F2FF JE אF١ J٢٢ JbE،R1 R2 
 RאF1 F2אF١ J٢٢ Jc KE 

F١–٢٠E 

F٢١–١E 
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  )b -٢٢-١(شــكــل 

:خطوات الحــــلّ   
1) F + (-F) = 0 
2) R1 = F1 + F 
3) R2 = F2 + (-F) 
4) R   = R1 + R2 
5) R   = F1+ F+F2–F 
6) R = F1 + F2 

  )a -٢٢-١(شــكــل 

F + (-F) = 0 

  )٢٢-١(شــكــل 

R1 = F1 + F 
R2 = F2 + (-F) 

 -٢٢-١(شــكــل 

R = R1 + R2 
R = F1 +F+F2-F 
R = F1 + F2 
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Wאא  א
אK 

 
١–٥ J٣ JאאW 

 
אא  ،  ، FF1، F2، F3، F4، …E ،

א א  אא א  R  
אאאאKאאK 

 
אאRאאא

אא،אאK 
 

١ J٤W 
F١אאF1 F2F3אא J٢٣Eאא. 

 
١ JאW 

אאK 
אO אאאF1 Kאא א

אאF2אF١ J٢٤KE 
F2אאא F3Kאא

אRאאאאאאF١ J٢٤KE 
 א  אאRא א K

אאאאאאאK 
 

Wאא،אK 
 
 
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 
 
 
 
 
 
 
 
 
 
 
 
 

אRאF١–٢٥WE 
 

R = F1 + F2 + F3 
R1 = F1 + F2 
R =       R1     + F3 

 
 
 
 
 
 
 
 
 

F٢٥–١E 

O O

F١ J٢٣WE 
القوي عمل خطوط

F١ J٢٤WE 
الـقـوى مــضــلّـع
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٢ JאאW 
אאF1 F2 W 

 
R1 = F1 + F2 

 
אR1F3אRאF١–٢٦WE 

 
R =      R1     + F3 

 
 
 
 

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

١–٦ JאאW 
 

א،אאאאא،
אאR Kאאאא

אWאאאK 
 

 

 ) ٢٦ – ١( شـــكــل 
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١ J٥W 
אF١–٢٧E،אאW 

 
R = F1 + F2 + F3 + F4 = 0 

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

 
١–٧ JאאW 

 
١–٧ J١ JW 

 
،אאאאFtwo componentsE،

אאK 
 

א،אאא،K 
 
 
 
 

 ) ٢٧ – ١(شـــكـــل

 R = 0: مـضـلـع القوى مقـفـل 
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 
 

 
 
 
 
 
 
 
 
 
 

  F א  EF א א
F١ J٢٨KEF1 F2א١٢אFKא

F3 F4א٣٤אאFK 
 

،אאאאFxFyאF١ J٢٩E
אx  yFK אא،אK 

 
 
 
 
 
 
 
 
 
 

 

θ 

y

Fx 

Fy 
F 

x

 ) ٢٩–١(كـــلشـــ

F(Fx , Fy) 

 ) ٢٨–١(شـــكـــل

F(F3,F4) 

F(F1,F2) 



א ١٥٥ אא 
  אאא 
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 
 א  FFx Fy א א   K

אאW 
 

)sin(
)cos(

α
α

FF
FF

y

x

=
=

 

 
αאאאאאFK 

 
א ،אא אאFא א  Fx Fy

אאW 
 

)(1

22

x

y

yx

F
FTan

FFF

−=

+=

α 

 
αאאאאFK 

 
אאאאאK 

 
١ J٦W 

א  F = 100 Nאאא F١ J30 KEא אא
F: 

١ JאxyK 
٢ Jא i jK 

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

 
 

אW 
١ JאאxyFאF١ J٣٠E אW 

 
 

 
 
 
 
 
2 JאאijFאF١ J٣٢EאW 
 
 

 
 

 
 
 
 
 

 

x 300 

300 

y 

F 

i 

j 

  )٣٠ – ١(ل ــشـــك

Fj 

Fi 
i 

600 

F 

j 

  )٣٢ – ١(ل ــكشـــ

Fi = 100cos 60 = 100 sin30 = 50 N 
Fj = 100sin 600 = 100 cos30 = 86.6 N 

600

Fx 

Fy 

x 300

y 

F 

  )٣١ – ١(ل ــشـــك

Fx = 100cos30 = 100sin60 =  86.6 N 
Fy = 100sin30 = 100cos60 = 50 N 
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١ J٧W 
F١אאאאFאאא J٣٣WE 

 
 
 
 
 
 
 
 

אW 
Fa Eא א x  yא
F١ J٣٤WE 
 

 
 

 
 
 
 
 
 

 (b)א،א x y
אF١ J٣٥WE 

 א    Fx، Fy א  א א   
K 

θ 

y 

x F 

 ) ٣٣–١(شــكــل

(b) (a) Fx 

θ 

y 

F

x 

Fx 

Fy 

θ 

y 

F

x 

Fx = F.sinθ 
Fy = F.cosθ 

 )٣٤ – ١(ـل شــكـ



א ١٥٥ אא 
  אאא 

  
 

- ٢٤ - 

 
 

 
 
 
 
 
 
١–٧  J٢ JאאW 

 
RFF1، F2، F3، …Eאא،אא
אW 

 
١ JאאאxאyW 

 
F1(F1x،F1y) ،    F2(F2x،F2y) ،    F3(F3x،F3y) ، … 

 
٢ Jאאא Rx  Ry W 
 

R(Rx،Ry) 
Rx = F1x + F2x + F3x + … 
Ry = F1y + F2y + F3y + … 

 
٣ JאאRW 
 

2
y

2
x R  RR += 

 
٤–אאאαאאאאW 

Fy 

y 

θ 
Fx 

θ 

y 

x 

F 
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Fx = -F.cosθ 
Fy = -F.sinθ 
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)(1Tanαtan
x

y

x

y

R
R

R
R −=⇒=α 

 
١ J٨W 

אאאאF١ J٣٦EW 
F1 = 20 kN،   F2 = 50 kN،   F3 = 70 kN 

אאאאאאאאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

450 600 

300 

F3 = 70kN 

F2 = 50kN 

F1 = 20kN 

x 

y 
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אW 
١ J  אא א א x

אyK 
- אF1W 

 
 
 

 
 

 
 
 
 
 

 
- אF2W 

 
 
 
 
 

 
 
 

 
 
 
 
 

y 

45 x 
F1x 

F1y 

F1x =  20×cos (450) = 14.14 kN 
F1y = 20×sin (450) = 14.14 kN 

F2 

60 F2x 

F2y 

x 

y 

F2x =  J50×cos (600 ) = -25 kN 
F2y =   50×sin (600 ) = 43.30 kN 
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- אF3 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
٢ Jאאא Rx  Ry W 

                            
Rx = F1x + F2x + F3x  = 14.14 – 25 -60.62 = -71.48 KN 

 
Ry = F1y + F2y + F3y = 14.14 + 43.30 -35 = 22.44 KN 

 
R( Rx ، Ry ) = ( -71.48 KN ، 22.44 KN ) 

 
 

x 

F3 

30 

F3y 

F3x 

y 

F3x   = -70×cos( 300 ) =  -60.62 KN 
F3y  = -70× sin( 300 )  =  -35 KN 
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٣ JאאRW 
 

2
y

2
x RRR += 

 
KNR 92.74)44.22()48.71( 22 =+−= 

 
 
 
 
 
 

 
٤–אאאαאאאאW 

 

043.17)
48.71
44.22( 1-Tan  

)(1-Tanαtan

==

=⇒=

α

α
x

y

x

y

R
R

R
R

 

 
אF١–٣٧EאאאK 
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١–٧ J٣ JאאFdistributed forcesWE 

אאאFLoadsKEאFאE J 
 JVertical،אאאא Horizontal

א،אא InclinedאאאK 
אא: 

•  Fconcentrated forcesEאא،א
אאאאאאK 

• Fdistributed forcesEאא،W 

F١–٣٧E

x 
α

R

450 

F3 

F2 

F1x 

F1y 
F1 

600 
F2x 

F2y 

F3y 

F3x 

300 

F3 

y
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–אאWא،FIntensityE
אא،א אFN/m KEאא

، א אא   אא   א א א א 
אאK 

אאאF١ J٣٨Eאאאא
K 

w Wאא 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

א א אאאא
אאאאK 
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R1 = w1L 
R2 = (w2 – w1)L/2 

w2 

w1 

L/2 
R1

R2

L 

2L/3 

( c )     :قوى متغيّرة خطّــيا  
 )  trapezoidal شكل شبه منحرف(  

( a )     :قوى موزّعة بانتظام  
       )uniformly distributed(  

R = wL 

w 

L 

L/2 

( b )     :قوى متغيّرة خطّــيا  
      )linearly varying شكل مثلّث(  

2L/3 
R = wL/2 

L 

w 
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 J א א Fא א WEא    ،  א  
FIntensityEאא،א אFN/m2 KEא

אאאK 
 

١ J٨ JאאאאW 
אאאאFאאKE 

א،אאא،א
אאאFאKE 

אא F Fz ,  Fy,  Fx( אx، y، zK 
אF١–٣٩EאF אאKא

אF٢EאאK 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

Rxz 
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αz 

αy 
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W 
αxאאאFאx 

αy  אאאFאy 
   αz  אאאFאz 

Fx = F Cos(αx) 
Fy = F Cos(αy) 
Fz = F Cos(αz) 
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אאFאEאFW 
 

222
zyx FFFF ++= 

١–٩ JW 
 
١ J١W 
אאF אאWF = 10 KN ، β = 600 
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 )١ -١ت ( شـــكــل 
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١ J٢W 
אאWאאאF אאxyK 
 

 
 
 
 
 
 
 
 
 

١ J٣ W א RאאאF١ J٣E
אאKאאK 

]אאW R = 70 kN،2.93mאA[ 
 
 
 
 
 

 
١–٤WאאאאאFaEFbKE 
 

 
 
 
 

1200 

x 

y 
F= 50KN 

(a) 

750 

300 

F= 35KN 

(b) 

y 

x 

 )٢-١ت(شــكــل 

 ) ٤ -١ت (شـــكـــل

7m 

w = 25 KN/m 

( a ) 
5m

w = 15 KN/m

( b ) 

AB 
1m2m

F = 40 KN 

W = 10 KN/m

3m

 )٣ -١ت(شــكــــل 
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١ J٥W אאא،
KאאאF = 600 Nא،אW 

–אאאא300 =אθK 
–אθאT2K 
 
 
 
 
 
 

 
١–٦W 
א Rאאאאא F١ J٦E 

אאKאאθx אאאאK 
אאאאK 

 
 
 
 
 
 
 

 
 

200 
θ

T2 

T1 

 )٥ – ١ت (شــكــل 

F5 = 5 KN 

y

x
 = 300α = 450β

F4 = 5 KN 

F1 = 10 KN F1 = 10 KN 

F2 = 20 KN 

F3 = 30 KN 

 ) ٦ - ١ت (شــكــل 
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١–٧W 
אא،אאאW 

אאאאאאא،אFSE
אא   ، א    א T1 = 2 kN אT2א 

אאF١ J٧KE 
אT2؟ אאאאK 

 
 

 
 
 
 
 
 
 
 

 
١–٨W אאאאא،

KאאאW 
 אאFSEאF١ J٨KE 

 אא βא א אK א א
אK 

]אאWβ = 26.830،R = 26.92 kN[ 

15cm 

15cm 

8.66cm

T2 

T1 

 )٧ – ١ت (شــكـل 

S
S
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 
 
 

 
 
 
 
 
 
 
 
 
 

 ١–٩W אACBCאFABCEאא،
אθאאFאאCA٨٠٪

אאBCK 
]אאW = 530θ[ 
 
 

 
 
 
 

١–١٠W 
אאאאאאאRאAK 

 J  RK 
 J  אאdאAK 

Kאאאאא 

(S) 

β 

β 

F1 = 20 KN

    )٨ – ١ت (شـــكــل 

F2 = 15 KN

F3 = 30 KN

4m

A

B
C

θ

F

6m 
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א ١٥٥ אא 
  אאא 

  
 

- ٣٧ - 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
١–١١W 

אאאF١–١١EאW 
אK 

 


  )١٠ – ١ت (شــكـل

600

V = 10kN 

F = 5kN

d 
A 

5m 

4m

By = 60 KN 
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Ay = 40 kN  
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1m 3m 

F = 80 KN 

w = 10 KN/m 

4m 

) ١١ – ١ت (شـــكـــل
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  אאא 
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١ J١٢W 
ABCD10NBאאWC

אאAB،BC،CDאא،300600300
אאF١ J١٢KE 

אאW؟ 
 

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

  

D 

C 

600 

300 

300 

B 

A 

W 

10N 

  )١٢ -١ت (شــكــل 

 جسـر معلّـق في اليابان


