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بحر الكمـرة 
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B A

 Simple Beam آمـرة بسيطة - )أ(

 بحر الكمـرة 
B A 

 Over hanging Beam  آمـرة ممتدّة الطرف -)ب(

آمرات محدّدة ستاتيكيّا) : ١ - ٥( شــكل  
Statically determinate beams 
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 آمـرة ممتدّة الطرفين -)د( cantilever Beam آمـرة آـابولي - )ج(

 بحر الكمـرة 
BA 
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 آمـرة آـابولي طرفها مسنود - )أ(
End Supported Cantilever Beam 

 آمـرة مثبّتة الطرفين - )أ(
Built-in  Beam 

L2 L3 L1 

 Continuous  Beam مـرة مســـتــمرّةآ -)د(

آمرات غير محدّدة ستاتيكيّا):  ٢ - ٥( شــكل  
Statically indeterminate beams 

 Compound  Beam آمـرة مرآّـــبــة -)د(

L2 L3 L1 

 مفصل داخلي
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M  M  

 ( + ) 
عزم إنحناء موجبا

M  M  
)  ـــ( 

 عزم إنحناء سالبا 

V  

V  

N N )+  (

M  M  

 قوى داخليّة موجبــة المقطع يسار المقطع يمين

 ) ٧ – ٥( شـــكـــل 
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٥ J٢ J٣ JאאאW 
אאאאא

אאK،אא
אא،אאאKאא

אאאKאאאK 
  

٥ J١W 
א א א   א אc dאא 

אF٥ J٨KE 
 

 
 
 
 

  

 
אW 

אאאאKאא
אאKF٥ J٩Eאאאאא

אאK 
 

 
 
 
 
 

B A 

3m2m 2m

F2 = 100kN 
F1 =85kN 

300

 ) ٨ -٥(شــكــل

c d1m 

B 
A 

3m2m 2m

F2y  F1  

 ) ٩ -٥( شــكــل

F2x  Ax 

Ay By 

c d1m 

F2x = 86.6 kN    F2y = 50 kN         Ax = -86.6 kN    Ay =75 kN   By = 60 kN 

drdl
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 JאcW 
אאאאאאאK 

א،אאאאF٥ J١٠WE 
 
 
 
 
 
 

 
 

 
                  Nc = - Ax = -(-86.6) kN   then    Nc = 86.6 kN   

Vc = Ay – F1 = 75 – 85 = -10 kN 
Mc = Ay×3 – 1×F1 = 225 – 85 = 140 kN.m 

 
 

،אאאאאאאאF٥ J
١١WE 
 
 
 
 
 
 
 
 
 

 

A 

Mc 

Vc c
2m

F1

 ) ١٠-٥(شــكــل

Ax 

Ay 

1m

Ax = -86.6 kN    Ay =75 kN   F1 = 60 kN 

c

Nc 

c

)١١-٥(شــكــل

F2x = 86.6 kN    F2y = 50kN   By = 60 kN 

Mc Vc 
Nc 

c

B 

2m 2m

F2y  

F2x  

By 

d
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                                     Nc = F2x =  86.6 kN    
Vc = -By + F2y = -60 + 50 = -10 kN 

Mc = By×4 – 2×F2y = 240 - 100 = 140 kN.m 
 

،אאאאאאK 
 
 JאdW 

 אא cא א א FF2x E
FF2yKE א  א א،א א 

א،K 
FleftEאd،FF2xEFF2yEאאK

אאאאאF٥ J١٢WE 
 
 
 
 
 
 
 
 
 
 

Ndl = -Ax = -( - 86.6) kN = 86.6 kN 
Vdl = Ay – F1 = 75 – 85 = -10 kN 

Mdl = Ay×5 – 3×F1 = 375 – 255 = 120 kN.m 

Mdl Vdl 

A 

3m2m 

F1 
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Ax 

Ay 

d

   Ax = -86.6 kN    Ay =75 kN   F1 = 85 kN 

dl

d

Ndl 
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  Fright E אd  ،FF2x EFF2y Eא א K
אאאא،אאאאאאאFByE

א،אF٥ J١٣WE 
 
 
 
 
 
 
 
 
 

Ndr = 0 
Vdr = -By = -60 kN 

Mdr = By×2  = 120 kN.m 
 

 
     א א  א     א   א

،אא
אאK 

א، א
א،א א

אK 
א

אאאאK 
 

Vdr 
d 

Mdr 

B 

2m

 ١٣-٥(شــكــل

By = 60 kN 

d 

drNdr 
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٥ J٢W 
F٥אאאcאאאאאא J١٤KE 

 
 
 
 
 
 
 

 
 

אW 
אאאאKאא

،אאF٥ J١٥EאK 
 

 
 

 
 
 
 
 

 
Wאאא،אאאK 

אאאאc אאאאאF٥ J١٦WE 

A 

L = 5m

w =10kN/m 

  ) ١٤-٥(شــكــل

B 
2m c 

Ax = 0 

L = 5m

w =10kN/m 

  ) ١٥-5(شــكــل

B 

2m 

c

Ay = 25 kN By = 25 kN 

1m 

2.w 
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 
 
 
 
 
 
 

 
Nc = Ax = 0 
Vc = Ay – w.2 = 25 – 20 = 5 kN 

                                         Mc = Ay×2 – w×2×1 = 50 – 20 = 30 kN.m 
 

٥–٢ J٤ JאאאW 
אא  אאא  Fbase lineE،

אאאאאאאאאאאאK 
אאאא،א

אK 
א،אאאא

א Kא   ،א א    
 אFtension side KEא א   א  א א    

אK 
אאאאאא

   א  K א א א א   
אK 

אאKKNFDN(x)K 
אKKSFDV(x)K 
אKKBMDM(x)K 

  ) ١٦-5(شــكــل

Mc

Vc

Nc

2.w = 20 kN 

Ax = 0 

2m

c

Ay = 25 kN 

1m



א ١٥٥ אא 
  אאאא 
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،אאאאאא
א א    א   Kא  ، א   

Falgebraic expressionsEאאאאאאK
אאאאאא

אK 
אאאאK 

 
٥ J٣W 

אאאאאאאא
אF٥ J١٧KE 

 
 

 
 
 
 
 

אW 
אF٥ J١٨Eא،אא

אאאW 
 Ay = By = w×L/2 = 25 kN 

                                            Ax = 0 

A 
L = 5m

w =10kN/m 

  ) ١٧-٥(شــكــل

B 



א ١٥٥ אא 
  אאאא 
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 
 
 
 
 
 

א אא،،אF
א KE  א     א   א  x

אאF אAWE 0 < x < L = 5m 
אאא،אאאאאW 

 
       N(x) = - Ax = 0                            
  V(x) = Ay – w.x = 25 – 10.x  

            M(x) = Ay.x – w.x.x/2 = 25.x – 5.x2 
 
  V(x) אא،אאאW 

 Ay = w.L/2 = 25 kNאA Fx = 0EW 
- w.L/2 =  -25kN-By =אBFx = L = 5mKE 

 
M(x) אאFparabolaExKאא

אxW 
 

x (m) 0  1  2  L/2 = 2.5  3  4  5 
M (kN.m)  0  20  30  wL2/8 = 31.25  30  20  0  

 
 

Ax = 0 

L = 5m

w =10kN/m 

  )١٨-٥(شــكــل

B 
x 

Ay = 25 kN By = 25 kN 
w.x 

A 
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    אא א     ،א א 
אF٥ J١٩KE 

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

 
 

 

A 
L = 5m 

w =10kN/m 

B 

A 
B 

x 

N(x) 

A 
B L/2 

x 
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Mmax = wL2/8 
                      = 31.25kN.m  

M(x) 

V(x) 

A 
B L/2 x 

-wL/2 = -25kN 

wL/2 = 25kN 
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אF٥ J١٩EW 
 JאאאאAאאא

אBK 
-אאאFאEW 

 

8

2Lw Mmax = 

 
אאאA

אFL/2WE 
 

mkNWLLwLM .25.31
2
5)25(

2
1

8
)

2
)(

2
(

2
1 2

==== 

 
 JאאV(x)אא،אאM(x)אאK 

 
٥ J4W 

א א  א   א   א א  
אF٥ J٢٠KE 

 
 

 
 
 
 

 
 

 

B A 

3m2m 2m

F2 = 100kN 
F1 =85kN 

300
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אW 
אF٥ J٢٠E،אאא

אאאK 
 
 

 
 
 
 
 
 

،אW [AC]  [CD]   [DB]،
אאx אאK 

 
 Jאא[AC]W0 < x < 2m 

אאאאאא،אאאW 
   N(x) = Ax = 86.6 kN 

V(x) = Ay = 75 kN 
M(x) = Ay.x = 75.x 

 
 N(x)،V(x)Kא0 < x < 2m ،M(x)

אאKאאא0 < x < 2mW 
 

x (m) 0  2  
M  (kN.m)  0  150  

 
 Jאא[CD]W2m < x < 5m 

אאאא،אאאאאW 
N(x) = Ax = 86.6 kN            

                      V(x) = Ay – F1 = 75 – 85 =  -10 kN 

F2x =86.6 kN 

F2y =50 kN By = 60 kN 

Ax = 86.6 kN 

Ay =75 kN 

B A 
3m2m 2m

F1 =85kN
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 M(x) = Ay.x – F1(x-2) = 75.x – 85. x + 170 = 170 – 10.x 
 

 אC D ،N(x)א  K
אCא75kN -10kN

אDK 
M(x)אא[CD]אKאא

אא2m < x < 5m  W 
 

x (m) 2  5  
M  (kN.m)  150  120  

 
אא(x = 2m ) Cאאא،

א[AC]K 
 

 Jאא[DB]W5m < x < 7m 
א א ،אאא אאאאאאK

אאאא،W 
                                                 N(x) = 0   

V(x) = -By =  -60 kN 
                               M(x) = By (7 - x) = 60(7-x)  = 420 – 60.x 

 
 א       D  B  ،N(x)א   א  K

אDא10 kN J -60kN
אB K 

M(x)אא[DB]אKאא
אא5m < x < 7mW 

 
x (m) 57 

M  (kN.m)1200 
 
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אאאאB،120kN.mא
Dאאאא،[CD]K 
 

אא،אאאא
F٥ J٢١KE 

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

A D C B 
x 

N(x) 86.6kN 

V(x) 

A 

D 

C 

B 
x 

75kN 

-10kN

-60kN

F2x =86.6 kN 

F2y =50 kN By = 60 kN 

Ax = 86.6 kN 

Ay =75 kN 

B A 
3m2m 2m

F1 =85kN

 

D C 
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  אאאא 
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 
 
 
 
 
 
 
 

אF٥ J٢١EW 
 JאאאK 
 Jא،V(x)FאאEא،

FM(x)אאKE 
 JאMאCאאאW 

MC = 75 ×2 = 150 kN.m 
א،MאDאאאW 

MD = 75 ×2 – 10 ×3 = 150 – 30 = 120 kN.m 
 J א א   א א א  א  א  

אK 
 

٥ J٢ J٥ JאאאאW 
   אא   ،א א   K،א  

אאFN(x) = 0Eאא
א א   א Kא 

אאאK 
،אאאאא

،א،אאK 
אאא،אW 

A 
D C B x 

M(x) 

 )٢١-٥(شــكــل

150kN.m 

120kN.m



א ١٥٥ אא 
  אאאא 
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١ Jא ،  w ،א
 Kאאאאא،א

٢ J         א     ،א  
אאFאxEא،K 

٣ Jאאאא،אFnEאא،
אFn+1EאאאFn+2KE 

٤ Jא، ?F?א
אאEאאא

אאK 

٥ Jאאא
א ،א  א א     ،א   א   

אK 

٦ J    א  Fmaximum E ،     
FminimumEאאאK 

א،א אאאאא
א،אK 

٧ JאאאK 
 

א،،אאא
Kאאא 

אFE،א
Kאא 



א ١٥٥ אא 
  אאאא 
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،אא،אאאא
 א   א אFא E א א  א  ،א 

אK 
 

 א אא  אא א      א  
אאא،אאאK 

 

٥ J٥W 
F٥אאאאאא J٢٢KE 
 
 
 
 

 
 

אW 
 Jאאאא، 

Ax = 0 
Ay = w×L = 10 kN�
MA = w×L2/2 = 10 kN.m 

 
 JאאW 

אאWN(x) = 0 
 
 JאW 

 ،VA = 10 kNאאA Bא
VB = 0K 

 

A 
L = 2m 

w =5kN/m  

  ) ٢٢-٥(شــكــل

B 



א ١٥٥ אא 
  אאאא 
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 JאW 
אA Bא،،אא

AW M = - w.L2/2 = - 10kN.m،אא BWM = 0 ،
אאK 

אF٥ J٢٣EאאאK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

٥ J٦W 
F٥אאאאאא J٢٤KE 
 

V(x) 

A 
B x 

wL = 10kN 

A 
B 

x 

N(x) 

A 
L = 2m 

w =5kN/m  

B 

A 
B x 

 ) ٢٣  -٥(ـلشــكـ

M = -wL2/2 
         = -10kN.m        

M(x) 
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 
 
 
 
 
 

 
 

אW 
 Jאאאא، 

Ax = 0                                           Fx = 0 →Σ   
 

ΣMA = 2F1 +5F2 - 6Dy +2.w.7 = 0                     
6Dy = 2×46 + 5×30 + 5×2×7                            
6Dy = 312                                                         

→   Dy = 52 kN                                    
 

ΣFy = Ay – F1 – F2 + Dy – 2.w = 0                     
Ay = F1 + F2 + 2.w – Dy                                             

→    Ay = 34 kN                                   
 

 JאאW 
אאWN(x) = 0 

 
 

 
 

B 

2m

w =5kN/m 

C
D A 3m 2m 1m

F2 = 30kN 
F1 =46kN 

 ) ٢٤ -٥(شــكــل

E
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 JאW 
אAAy = 34kN K AB،

א B   ،F1 -12kNC 
 F2-42kN،DDy10kNK

 אDE א   א ،א 10kND
אאאEK 

 
 JאW 

אאאABBCCD א،، 
אFMA = 0EאאA،W 

 
MB = Ay.2 = 68 kN 

 
א B א    אא א  ،א 

אאFMmax = MBKE 
 

MC = Ay.5 – F1.3 = 32kN 
MD = -w.2.1 = -10kN 

 
א D א    אא א  ،א 

אאFMmin = MDKE 
אDE،אאא

-10kNDאFME = 0EאאEK 
 

אF٥ J٢٥EאאאK 
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

34kN 

10kN

-42kN

-12kN 

x 

V(x) 

B C
A E

D 

Mmin = 10 kN.m

Mmax = 68 kN.m 

32kN.m

x 

M(x) 

B C
A 

ED 

 ) ٢٥ – ٥( شـــكــــل 

B 

2m

w =5kN/m 

C
D A 3m 2m 1m

F2 = 30kN 
F1 = 46kN 

E

Ay = 34kN 

Dy = 52kN 

x 

N(x) 

B CA ED 
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٥ J٣–W 
F٥ J١E–FF٥ J٤EWאאאאאcFא1אmאAE

אdFא2אmא (BאF٥ J١EF٥ J٤KE 
]אF٥ J١EWNc = 0, Vc = 6 kN, Mc = 6 kN.m, Nd = 0, Vd = -4 kN, Md = 8 kN.m[ 
]אF٥ J٤EWNc = 0, Vc = 11 kN, Mc = 11 kN.m, NdL= Ndr = 0, Vdr = -7 kN, VdL = -1 kN, Md = 14 kN.m[ 
 
 
 
 
 
 
 

 
 
 
 

 
 
F٥ J٥ E–F٥ J٨EWאא א  א אא 
F٥ J١EF٥ J٤KE 
 
F٥ J٩ E–F٥ J١٠EWאא  א     א א א
F٥ J٩EF٥ J١٠KE 

c d 

w =7kN 

L = 4m 

B A 

 ) ٢ -٥ت( شــكل 

2m 1m 
c d

F=10kN 

a= 2m b=3m

B A

١-٥ت(شــكل

dc 
A 

F = 6 kN 
w = 4 kN/m 

B 

1m 2m 3m 

 ) ٤ -٥ت( شــكل 

d

F = 100 N 

c

 

L= 3m
B A

)٣-٥ت(شــكل 
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 
 
 
 
 

 
F٥ J١١EWאאאאאF٥ J١١E

 Kאא
 
 
 
 
 
 
 
 
F٥ J١٢EWאאאאאא

750NP =אאF٥ J١٢KE א 
w = 25N/mK 

 
 
 
 
 
 

F٥ J١٣EWאאcאאאF٥ J١٣KE  
Wאאcאאא     

                FMmax = |Mmin|KE 

A

F = 5 kN 

c=2m

w = 3 kN/m

L=6m
B

)٩-5ت(شــكل

M = 5 kN.m 

b=3m a=2m 

F = 10 kN 

c=2m 

BA 

 ١٠ -5ت( شــكل

5 kN/m

b=2ma=3m

10 kN

c=1m

B
A 

 ) ١١-٥ت(شــكل

d=2m

1.2m 
4m 

 )١٢-٥ت(شـــكــل
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]אאWc = 1.93 m[ 
 

 
 
 
 

 
F٥ J١٤EWKאא

אFpiles KEא،א  
אאאF٥ J١٤KE 

אאאא0.7m א
7
2  א،אא

 γw = 10kN/m3 K אאאKאאאא
  

 
 
 
 
 
 
 
 
 

A

c

w = 20 kN/m 

L=6m 
B

 ) ١٣-٥ت(شــكل

 ١٤-٥شـــكـــل

 دعامة

 خازوق

 m 8 :منسوب الماء

 ألواح خشبيّة

 0.00 :منسوب القاع
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F٥ J١٥EWאאאאאאאא
F٥ J١٥Eאא،א wh=10 kN

אאK 
 
 
 
 
 
 
 
 
 
 
F٥ J١٦EWאABCDאאF٥ J١٦KEאא

Wאאאאא 
١ J אאDK 
٢ J אDAK 
٣ J אCBK 

 
 
 
 
 
 
 

 
F٥ J١٧E–F٥ J٢٠EWאא

א  א W    א א   א    
אאאאF٥ J١٧EF٥ J٢٠KE 

300 

B

A 

10kN/m        
  )من المسقط الأفقي(

L=6m

 ١٥-5ت(شــكل

C D

1m 1m

300 

B 
A

L=4m

١٦-5ت(شــكل

w = 20 kN/m )من المسقط الأفقي(  
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 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

-P.a/3 

P.a/3 M(x) 

B C 
A a a a 

D 

B C A D x 

 )١٨-٥ت(شــكــل 

C

P.a

M(x) 

B C
A aa a 

D 

B CA D x 

 )١٧-٥ت(شــكــل 

B 
2m

C
A 

1m2m 
D

)١٩-٥ت(شــكــل

110 kN.m
100 kN.m

x 

M(x) 

B C A D
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 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

B 

4m

C D 
A 

2m 3m 1m
E

-8kN.m 

4kNm 

 )20  -٥ت(شــكــل 

5kNm 

-2kN.m 

x 

M(x) 

B C 
A 

ED 

-2kN.m

-10kN.m

–אW٧٢٠٠،א 
The CN Tower 


