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Question (1):  (15 Marks) 

For the shown statically indeterminate continuous beam, using the three-moment equation, draw the 

shear force and bending moment diagrams due to the applied loads.  
 

 

 

 

 

 

- The simply supported moment diagram on  abcd  is as shown.  

 
- Applying three-moment equation at b 

(for spans ba and bc):  

 

   bbccbcbabbaa rLMLLMLM 6)(2)(   

       )100(6)4(442)4)(0(  cb MM  

 

         1504  cb MM   …. (1) 

 

- Applying three-moment equation  

at c (for spans cb and cd):  

   ccddcdcbccbb rLMLLMLM 6)(2)(   

      )130(6)3)(0(342)4(  cb MM  

 

     780144  cb MM   …. (2) 

 

- From Eqs. (1) & (2)  

            Mb = - 330/13 = - 25.38 kN.m    

  and     Mc = - 630/13 = - 48.46 kN.m                

 

 

The shear force and bending moment 

diagrams are as shown. 
 

Mmax+ve in span bc = 23.615 kN.m at 1.808 m from support b 
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Question (2): (15 Marks)  
For the shown loaded frame with variable moment of 

inertia, using the virtual work method,  

(a) find the reactions at the supports A and B.  

(b) draw the bending moment diagram.   
 

The relative moments of inertia are given between 

brackets and E is constant. 

Note:  

Take the main system by removing the support B. 

 
 

- Main system is as shown. 

- Draw M0-, M1- and M2-Diagram. 

- Calculations of displacements. 
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    X1= +42.354 kN    and      X2 = +23.823 kN      
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Question (3): (15 Marks) 
For the shown loaded frame, using the slope 

deflection method, draw the bending 

moment diagram.  Note that E is constant and 

the relative moments of inertia are given 

between brackets. 

 

 

 

 

-  Unknown displacements: only a
 

 - The static equilibrium equation required to determine this unknown is 

 

∑Ma  =  Mab +  Mac +  Mad  +  Mae  =  0   

 

Note that Mad and Mae are determined:      Mad = 0        and        Mae = -60 kN.m 

 

 -  Fixed end moments: 

 

      M
F

ab = M
F

ab = 0    and       M
F

ac = M
F

ca = 0 

 

 -  The slope deflection equations are: 
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 -  Substituting into the static equilibrium equation, 

 

        0 (-120)0    aaaeadacaba EIEIMMMMM       

           60 2 aEI                                                               EIa /30         

 

 -  Back-substituting by a into the slope deflection equations, the end moments become: 

 

        )/60( EIEIEIM aab    = 30 kN.m               )/60(5.00.5 EIEIEIM aba    = 15 kN.m 

        )/60( EIEIEIM aac    = 30 kN.m               )/60(5.00.5 EIEIEIM aca    = 15 kN.m 

        adM                                  =     0  

        aeM                                   = -60 kN.m 

 

 - The final bending moment diagram for the 

whole frame is as shown. 
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Question (4): (15 Marks) 
Using the moment distribution method, draw the bending moment diagram for the shown statically 

indeterminate continuous beam.  Assume that EI is constant. 

 

 

 

 
 

 

- Fixed end moments:  

 

 

 

 

 

 

 
 

- Distribution factors (D.F.) 
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