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F1x = F1cos 45 = 25cos 45 = 17.68 kN 
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Ax 

Ay 
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٣}٩
١E אאאאא١٢FE١٢FE

אאK













٢E אאאאא١٣F،،،E
אאאאK










١٢ 

A 

B 

C 

500 kN
A 

B 

C 

500 kN

5 m 

3 m 3 m 

٤٥٠ 

3 m 3 m

5 m

FE FE 

A B 

100 N  1٥0 N  

6 m  6 m  6 m  

FE
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A B 

240 N  
M = +100 kN.m  

١٠ m  ١٠ m  ١٠ m  

FE

A B 

250 kN  
300 kN  

٥ m  5 m  ٥ m  

FE

600  

١٣ 

A B 

240 N  1٢0 N  

١٠ m  ١٠ m  ١٠ m  

FE

100 N  
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A B 

500 kN 

800 kN 
3 m 

3 m 

2 m ٢ m 1 m 

١٤ 
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אאאא 




א
א
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٤



١٠٣אאא
אאא

 
 

- ٤٣ - 

אאW
אא،אאאאאאאא

אאאאאאא
אאאK


אאW

אאW
• אאאאא 
• אאאא
• אאאאאאאא 
• אאאא 
 

אאאWאאא100K٪ 


אאW١٦ 


אאW

•  
•  
•  


אאW

אאאאאא
אאK
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אאא

 
 

- ٤٤ - 

٤}١א
אא FE

אאFאאEאאאK

٤}٢אאא

אאאFאEאKא
אאא١אW

•  Simple Beamא١FE 
F٣KEא

אאK 

• Continuous Beamא١FE 
אאא

אאא،K 

•   Cantiliver Beamא١FE 
F٣KEא

אאK 

• Overhanging Beamא١FE 
F٣KEא

אאK 

• אBuilt-in Beamא١FE 
א٦א

אאאא،K 

• End-supported Cantiliver Beam 
א١FE

א٤א
אאאא،K



١٠٣אאא
אאא
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• Compound Beam  
א١FE١FE

hinge 
אroller א،אאאא

אאא
אאK









 
 
















١FWESimple Beam 

١FWEContinuous Beam

١FWECantiliver Beam 
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١FWEא
                      Built-in  Beam       

١FWE
                       End-supported cantiliver Beam    

١FWEא
Compound Beam composed of cantiliver and simple  beam connected by internal hinge 

١FWE
Compound Beam composed of cantiliver and simple  beam connected by internal roller



١٠٣אאא
אאא
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٤}٣אאאא
١E אאW 

א٢FE،
K


٢E אאאW 

אאאאאא
א٢אFKEאאאאא

אאאK
 

٣E אW 
אא

א٢FKE
 

٤E אאW 
א

א٢FKE
 

٥E W 
א٢FKE

אאאWFאEK
אאאאאא،א،אא،א،אאאK

אאאאאאאאאאא
א،א،אאKאא

Kאאאאאא
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FWE 

F kN

FWEא 

w kN/m 

FWEא 

w1 kN/m 

w2 kN/m 

FWE 

w (kN/m) 

x y 
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٢Wאאאא


٤}٤אאא

אאאאאאyxKא
אאאאאxyKאאא

אK
٤}٥אאאא

١E אא 
אאאאאאא
אW


אאK∑ =0xF

אאK∑ =0yF
אאAB∑ = 0M



FWE 

M (kN.m) 
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٢E אאW 


אאאFאאEאאאאא
אאxKאאFאOא

x אA א٣FEEאא
אFאAOאOB א٣FKE

אVxW
VxאאאאxאA

٣אKאVxאOא
אאאאא٣אFKE

אאא٣FKE
אMx  W

אMxאCאאC
אAOאאOB אאOK

٣E אאW 
אאאK
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א



٣FWE

y w  

A B 
P  

x 

x 

O 

C 

C 

٣FE 

w  

A B 

P  

RA 
O 

RB 

Vx 

Vx

Mx Mx 

+V 

+M

٣FWEא
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١W
אאאCאא٤FEK






















4FWE 

A B 

10 kN  

3 m 

C 

5 m 5 m 

4FEWאא 

RA = 5 kN

B 

10 kN  

C 

5 m 5 m 

RB = 5 kN

A 

RA = 5 kN

B 

10 kN  

C 

3 m 5 m 

RB = 5 kN
VC 

VC 

MC MC 

A 
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אW
١E אאCאאאא

ACW

∑ =0yF
RA – Vc =0        Vc = RA = + 5 kN 


٢EאאCאאCאACW


∑ = 0M

RA.3 – Mc = 0            Mc = 5x3 = + 15 kN.m 
٤}٦אאאא

١Eאאא
אאאאא
אאאFאאEאאאא،

אאאאאK


٢W
אאאאאא٤FFE١EK

א١אWRA = RB = +5kN א٥K






٥W 

RA = 5 kN

B 

10 kN  

a 
5 m 5 m 

RB = 5 kN

a 

b 

b x 
x 

A 
C 
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אאa-a אACxאAא
א٥אאאאא٦K

אאאKאאאא
אאW

∑ =0yF 
5 – V = 0 
V = 5 kN 

אאx٥+5kNK

אאa-aW∑ = 0aM 
5.x – M = 0  

M = 5x 
 

אאx K אאא
xFx٠m٥WE



xFmE٠١٢٣٤٥

אM
kN.m 

٠٥10152025



 
 
 
 
 
 
 



5 kN 

 x 

V  

M 

٦Wאאa-a 
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אאb-b אCBxאAא
א٥אאאאא7K

אאאKאאאאאאb-
b FWאx٥١٠KE



∑ =0yF 
5 – 10 -V = 0 

V = -5 kN 


אאx٥١٠-5 kNK
 

אאb-bW            ∑ = 0bM
 

5.x – ١٠.(x – 5) -M = 0  
M = 5x -10.x +50 = 50 – 5.x = 5(10 – x) 

 








אאx K אאא
xFx٥10 mWE



7Wאאb-b 

5 kN 

 x 
V  

M 

10 kN 

5 m 
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xFmE٥٦٧٨٩١٠

אM
kN.m 

٢٥٢٠١٥١٠٥٠


 xאאאאאא

א٨K



















٨Wאא 

5 kN 

B 

10 kN  

5 m 5 m 

5 kN 

A 
C 

+5 kN 

- 5 kN 

+ 

- 

+ 

+25 kN.m

א 

א 

Shear Force 
V 

Bending 
Moment 

M 
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٢W
אאאאאא٩K
אW
١E א

אאאאאW
P = 5x10 = 50 kN 

א،אאא
אא FאאE،W

RA = RB = 50/2 = +25 kN 
 

٢E אאאa-a
a-a xאAאא9א

אאא10אKאאאK
אאאאאאW

אאאx אa-a אאx
F١٠WE P = 5.x                 
 

אx/2אAK

∑ =0yF 
25 – 5.x - V = 0 

V = 25 – 5x     
אאxFx

٠ 10 m KE
אאa-aW∑ = 0aM 
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2

2

2
525

0
2

525

0
2

.5.25

xxM

Mxx

Mxxx

−=

=−−

=−−

 

אאאx K אא
אאאxFx٠١٠E

אאאW


xFmE٠١٢٣٤٥678910

א
kN 

25201510 5 0 -5 -10 -15 -20 -25 

אM
kN.m 

022.54052.56062.56052.54022.50


א אאאאx 

א١١Kאא١١אא
אx=5 mאKא

אאאKא
אאאFאא
אאאאאKE
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10Wאאa-a 

25 kN 

B 

5 kN/m  

10 m 

25 kN 

A 

25 kN 

 x V  

M 

a 

a 
 x 

5 kN/m  

25 kN 

 x 
V  

M 

5.x  kN  

 x/2 

9W 
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١١Wאא 

25 kN 

B 

5 kN/m  

5 m 5 m 

25 kN 

A 
C

+25 kN 

- 25 kN 

+ 

- 

+ + 

Mmax =+62.5 kN.m

א 

א 

0 0 



١٠٣אאא
אאא

 
 

- ٦١ - 

٤}٧ אאאאאא


אאאאא
אאאKאאאא

אאאאאאאאKא
אאאאאאאא

אאאאאאKאא
אאאאאא

אאאKאאאאאא
Dr. BeamProאאאאא

אאאאא א١٢K














١٢ :א Dr. BeamPro אאאא
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٤}٨W
אאאאאאא١٣،١٤،١٥،١٦،

١٧،١٨،١٩،٢٠،٢١،،٢٢،٢٣K
 
 
 
 
 




 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 

10 kN/m  

3 m 
A 

A B 

20 kN  

3 m 

C 

5 m 3 m 

15 kN  

D 

12 m 
A 

6 m 6 m 

10 kN  5 kN  

A 

10 kN/m  

3 m C 5 m 3 m D 
B 

10 kN/m  

5 m 
A 

5 m 

١٣ 

١٤ 

١٥ 

١٦ 

١٧ 
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٢0 kN/m  

5 m 
A 

5 m 

١٠ kN  

A 

10 kN/m  

C 5 m D 
B 

2 m 2 m 2 m 2 m 

20 kN  20 kN  

١٨ 

١٩ 

٢١ 

A 

5 kN/m  

10 m 
B 

٢٠ 

A 

10 kN/m  

C 
3  m 5 m B 

20 kN 

٢٢ 

C 
A 

B 

2 m 

10 kN  5 kN  

2 m 2 m 2 m 

D E 
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אאW
אא،אאאאאאאא

אאאאאא
אאאK


אאW

אאW
• אאאאא 
• אאאא 
• אאאFאאE
• אאאאאאאא 

 
אאאWאאא100K٪ 


אאW١١ 


אאW

•  
•  
•  
•  


אאW

אאאאאאא
אאK
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٥}١א
אאאFEאא

אאאאאא
אאKאאאאjointאאא

אאא١K
אאאKאאא

אאאא٢אKאא
אאאאאאאאא

K


אא
אאאאא

א٣،٤،٥Kאאאאא
statically determinate trussesאאK



















 

١Wא
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PRATT 

ENGLISH HOWE 

٢אאא 

  

٣ 

٤Wאאאא 
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٤FWEאאאא 

PRATT 

WARREN 

PRATT 

BAILEY 

٥Wאאאא 
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٥}٣אאאאDeterminacy 
אFEאא

אjointsאא١K
،אאא

אW
אZאFאאאHEאא


אאWbFEא

rאא 
        JאFאEjointsא


אאאZ b + r  

אאW∑ =0xF∑ =0yF
אאאZ2JאZb + rK

אאאאאאK

٥FWEאאאא 

WARREN 
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א
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אאא

2Jrb 〈+אFEunstable 

2Jrb =+ א statically determinate 
FE

2Jrb 〉+א statically indeterminateF
אאא

אאE


אW2Jrb ≤+אאאFאאKE

אאא
٦אFErigid frameKאאא٦FE

אFEnonrigid frameא
אBא٦FEא

אא،FEאF
אEAאCאBאDK








٦Wאא 

FE FE 

A A D 

C 

B B 

C 
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١W
אאאא٧K










אW
א٧אאJ٦א b 

٩אr 3W
b + r = 9 + 3 = 12 

2J = 2x6 = 12 
 Wb + r = 2Jאא

אFEstableK


٢W
אאאא٨K

אW
אFאEJ = 5  

אb = 6 
אr = 3 

Wb + r = 6 + 3 = 9        
2J = 2x5 = 10                               

W2Jrbאא 〈+

٧ 
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א
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אFEunstableK
 









٥}٤Jאא

אאWאJoints MethodאSection Method
אא٩א

אאאאFEאאאא
אK


١EאאFאE Joints Method
אאאאאאאא

אFאאאאאא
Eא،אאא

אאאאאאאאא
אאKאאFאא

אאKEאא
٢א Fא٢KE

אאאאאW


٨ 

١

٢

٣

٤

٥
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א

 
 

- ٧٣ - 

١W
אאאFאאEאא

٩אאאjoints methodK









 


אW 

אאאאK
١EאאDW∑ = 0DMא

א
 

RA.60 – 9x40 – 3x40 – 12x20 = 0 
Rax60 = 720 

RA = 720/60 = 12 kN 
 

אאW∑ =0yF 
RA + RB – 9 – 3 -12 = 0 

 RA + RB = +24 
RB = 24 - RA = 24 – 12 = 12 kN 

 

٩ 

A B C D 

E F 

3 kN

9 kN 12 
kN

15 m

20 m 20 m 20 m 

RA RB 
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٢EאאאאW
EאA FE

אאאאאאAEא
K










אFAE FAExFAEy 

FAExZ 4/5 FAE     FAEy  =  3/5  FAE  
אאאAW

∑ =0yF
RA + FAEy = 0  

12 + (3/5)xFAE = 0  
FAE  = - (5/3)x12 = - 20 kN  

 
אאאאאAEא

K


אאאAW

∑ =0Fx
FAB + FAEx = 0 

FAB + (4/5)xFAE =0 
FAB = - (4/5)xFAE = -(4/5)x (-20) = +16 kN  

A 

RA = 12 kN 

FAB  

FAE  

٣ 

٤ 

٥ 
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אאאאאABא
K


EאB










∑ = 0Fx
FBC – 16 = 0 
FBC = + 16 kN  Tension 

∑ =0yF
FBE    J 9 = 0 

FBE  = + 9 kN  Tension 
 

EאE








∑ =0yF 

B 

٩ kN 

FBA  = 16 kN

FBE  

FBC  

E 

3 kN 

9 kN

20 kN

FEF

FEC

3  

٤ 

٥ 
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-9 -3 – (3/5)xFEC  + (3/5)x20 = 0 
(3/5)xFEC  = 12 -12 = 0 kN  

FEC  = 0 


∑ =0Fx
FEF  + (4/5) FEC  + (4/5)x20 = 0 

FEF  =  -(4/5)x20 – (4/5)xFEC  = - 16 kN  Compression 


EאC








∑ =0Fx
FCD  - FBC  = 0 

FCD  = FBC = + 16 kN  Tension


∑ =0yF
FCF  - 12  = 0 

FCF  =  +12  Tension 


EאF






C 

FCE = 0 

FBC

FCF

FCD

3  

٤ 

٥ 

12 kN

12 kN

FEF

FFD

F 
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∑ =0Fx
(4/5) xFFD  + FEF  = 0 

(4/5)xFFD  = -FEF = - 16 kN   
FFD  = - (5/4)x16 = - 20 kN  Compression 



א١٠אאאא
אHא–K













٢Eאא Section Method
אאאאאא

אKאאאא
Kאאא

אK
אאאא

אאאאאא
אאא٣K

אאאאאW

A B C D 

E F 

3 kN

9 kN 12 
kN

+ 16 kN+ 16 kN + 16 kN
12 
kN 12 

kN

- 20 kN

- 16 kN

+ 
9 

kN 0 kN - 20 kN

+ 
12

 k
N

אW
H

J

١٠ 
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٢W
אאאFאאEאBCEFCEאא

א٩אאsection methodK


אW
אאאאאאאא

Kא١١a-aאBCEFCE
א١١K 













אa-a אא
א١٢אאאאאא،BCEFCEK

אאאאאא
אFאאאKE

١١ 

A B C D 

E F 

3 kN

9 kN 12 
kNRA RB 

a 

a 
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אאאאa-aאאC
אאאFEFW

١E אאCW 

                                                ∑ =0CM
-FEF  x 15 -12x20 =0 

FEF = -240/15 = - 16 kN  Compression 

٢E אאאאa-aאאEيجاد لإ 

           FBC Wقيمة القوة 

                                                  ∑ =0EM
+12x20 – FBCx15 = 0 

FBC   = +240/15 = + 16 kN  Tension 

٣E אאאאa-aאא 

           FEC Wالقوة 

∑ =0Fy
12 - 9 -3 - (3/5) FEC = 0 
12 - 12 - (3/5) FEC= 0

FEC= 0
אאECא

K

12 

A B C D 

E F 

3 kN

9 kN 12 
kN12 

kN
12 
kN

FBC

FBC

FEF FEF

FEC
FEC 15 m

20 m
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٥}٥
١Eאאא١٣אאא،

אjointsK



 





 
 
 
 
٢Eאאאא١٤K
 







٣E אאא١٥אא،
אאjointsאאK 




A 

F 

10 kN 

5 m 

5 m 5 m 5 m 

B 

C 

D 

E G 

13 

A 

B 

14 
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A D

E F

B C

20 Kn 10 Kn

10 m 10 m 10 m

10 m

A
10 m

20 kN

10 m

20 kN

B

5 m

C

 
 


٤E אאא١٦אא،

אאjointsאאK






 


 
 
 

٥E אאא١٧אא،
אאjointsאאK

١٥ 

١٦ 
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٦Eאאא١٨אאאjointsK









 



٧E אאcd, Cd, CD, BC, cCאא
١٩אאאsection methodאא

K

A B

25 kN

15 kN

10 kN

5 m 5 m
45 4545 45

120 Kn

150 Kn
A B C

E

D

4 m 8 m

4 m

2 m

150 Kn

١٨ 

١٧ 
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A B C D E F

G
H

I

J

K 10 kN

5@5 = 25 m

10 m

10 kN
10 kN

10 kN

10 kN











٨E אא CH, CI, BJאא٢٠א
אאsection methodאאK

 
 
 

40 Kn

A

6x30 = 180 m

B D

40 m

40 Kn

C

30 Kn

E G H

b c d e g

١٩ 

20 
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٩Eאא DB ADאא٢١אK 

A B

C

F G

D

E

50 kN

50 kN

2 3 3 3

5 m

5 m

6 m

 
 

١٠Eאאא٢٢אאאא
K 

5 kN 20 kN 5 kN

12 kN

A B C

D
E

F

1.6 m

3 m 3 m
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Wאא
אאאאאאאאאאא
אKאאאאאאא
אאאאK


אאW

אאW
• אאאאאאא 
• אאאאא 
• אאאא 
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