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INSTRUCTIONS: Attempt ALL questions. Use clear sketches to illustrate your 
answers. All questions carry equal marks. 
 

Q.1. Determine the nodal displacements and member internal forces for the basic truss 

system loaded as shown in Figure Q.1. For each member,  𝐴 =  1000𝑚𝑚2 𝑎𝑛𝑑 𝐸 =

200 𝑘𝑁 𝑚𝑚2⁄  
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 Figure Q.1 
 
 

Hint: For each element i – j: 
 
{𝒇} = [𝒌]{𝒅} in global 
coordinates, where  

 

{
 
 

 
 𝒇𝒊𝒙
𝒇𝒊𝒚
𝒇𝒋𝒙
𝒇𝒋𝒚}
 
 

 
 

= [𝒌]

{
 
 

 
 𝒅𝒊𝒚
𝒅𝒊𝒙
𝒅𝒋𝒙
𝒅𝒋𝒚}

 
 

 
 

; 

 [𝒌] =  [𝑻]𝑻[𝒌̂][𝑻];  

[𝑻] =  [

 𝑪 𝑺
−𝑺 𝑪

  
𝟎 𝟎
𝟎 𝟎

 𝟎 𝟎
 𝟎 𝟎
𝑪 𝑺
−𝑺 𝑪

] ;             

in local member coordinates        

[𝒌̂] =  
𝑨𝑬

𝒍
[

   𝟏 𝟎
   𝟎 𝟎

 −𝟏   𝟎 
   𝟎   𝟎

−𝟏 𝟎
   𝟎 𝟎

   𝟏  𝟎
    𝟎  𝟎

]  



Q.2. Obtain the displacements and internal member forces for the rigidly basic jointed 

frame loaded as shown in Figure Q.2. For all members, 𝐴 = 500 𝑚𝑚2, 𝐼 =
 1𝐸6 𝑚𝑚4 𝑎𝑛𝑑 𝐸 = 100 𝑘𝑁 𝑚𝑚2.⁄  
                        

 

                                   2m 
        20 kN               
                         2                                           3                       
                          10 kN-m 
       
 
 
2m 
 
 
 
 
 
         1                     
 
                                      Figure Q.2 

 
 
 

Q.3. Determine the slopes, shear forces and bending moments at the supports for the 

beam loaded as shown in Figure Q.3 using matrix methods of analysis. 𝐸 =
 200 𝑘𝑁/𝑚𝑚2𝑎𝑛𝑑  𝐼 =  2𝐸6 𝑚𝑚4 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑚𝑒𝑚𝑏𝑒𝑟𝑠 
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Figure Q.3 

 
 
 
 
 
 
 
 
 
 
 

Hints 

In local coordinates 

[𝒌] =   

[
 
 
 
 
 
 
 
 
 
 
 
 
𝑨𝑬

𝒍
𝟎

𝟎
𝟏𝟐𝑬𝑰

𝒍𝟑

𝟎
−𝑨𝑬

𝒍
𝟔𝑬𝑰

𝒍𝟐
𝟎

𝟎 𝟎
−𝟏𝟐𝑬𝑰

𝒍𝟑
𝟔𝑬𝑰

𝒍𝟐

𝟎
𝟔𝑬𝑰

𝒍𝟐

−𝑨𝑬

𝒍
𝟎

𝟒𝑬𝑰

𝒍
𝟎

𝟎
𝑨𝑬

𝒍

−𝟔𝑬𝑰

𝒍𝟐
𝟐𝑬𝑰

𝒍
𝟎 𝟎

𝟎
−𝟏𝟐𝑬𝑰

𝒍𝟑

𝟎
𝟔𝑬𝑰

𝒍𝟐

−𝟔𝑬𝑰

𝒍𝟐
𝟎

𝟐𝑬𝑰

𝒍
𝟎

𝟏𝟐𝑬𝑰

𝒍𝟑
−𝟔𝑬𝑰

𝒍𝟐

−𝟔𝑬𝑰

𝒍𝟐
𝟒𝑬𝑰

𝒍 ]
 
 
 
 
 
 
 
 
 
 
 
 

 

In global coordinates 

[𝑲] = [𝑻]𝑻. [𝒌]. [𝑻]   

 

[𝒌] =  𝑬𝑰

[
 
 
 
 
 
 
 
𝟏𝟐

𝒍𝟑
𝟔

𝒍𝟐

𝟔

𝒍𝟐
𝟒

𝒍

−𝟏𝟐

𝒍𝟑
𝟔

𝒍𝟐

−𝟔

𝒍𝟐
𝟐

𝒍
−𝟏𝟐

𝒍𝟑
−𝟔

𝒍𝟐

𝟔

𝒍𝟐
𝟐

𝒍

𝟏𝟐

𝒍𝟑
−𝟔

𝒍𝟐

−𝟔

𝒍𝟐
𝟒

𝒍 ]
 
 
 
 
 
 
 

 



 
Q.4. The frame below is subjected to the external loads and supported as shown in the 

Figure Q.4.  
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FIGURE Q.4 
 

If the global element stiffness matrices are:- 
 

[𝐾12] = 

[
 
 
 
 
 
50   100 −15
100   300     10
−15    10    50

−50 −100 −15
−100 −300     10
15 −10     25

−50 −100 15
−100 −300 −10
−15 10 25

  50     100   15
     100     300  −10
   15 −10 50 ]

 
 
 
 
 

 ,  [𝐾23] = 

[
 
 
 
 
 
500   0 0
0  5 15
0   15  50

−500  0 0
0 −5   15
0 −15  25

−500 0 0
   0 −5 −15
   0 15 25

 500       0 0
  0       5  −15
  0 −15 50 ]

 
 
 
 
 

 

Assemble the stiffness matrix for the entire structure from the global element stiffness 
matrices given and hence compute the reactions of the supports of the frame. 
 


