
QUESTION BANK 

DEPARTMENT: CIVIL             SEMESTER: V 

SUBJECT CODE / Name: CE 2302 / STRUCTURAL ANALYSIS-I 

UNIT 1- DEFLECTION OF DETERMINATE STRUCTURES 

PART - A (2 marks)  

1. State and explain the principle of virtual work.        

                                       (AUC Apr/May 2012 & 2011, Nov/Dec 2012 & 2013, May/June 2014) 

       The principle of virtual work is based on the conservation of energy for a structure which 

implies that work done on a structure by external loads is equal to workdone on a structure by 

internal loads. 

2. Write down the Castigliano’s first theorem.                                             (AUC Nov/Dec 2010)  

       The partial derivative of the total strain energy with respect to an applied force or moment gives 

the displacement or rotation at the point of application of the force and in the direction of application 

of the force. 

3. What is the significance of unit load method?                                               (AUC Apr/May 2012) 

        The external load is removed and the unit load is applied at the point, where the deflection or 

rotation is to found.   

4. State the basic unit load formula.                                                                   (AUC Nov/Dec 2010) 

i) Find the forces P1, P2, ……. in all the members due to external loads. 

ii) Remove the external loads and apply the unit vertical point load at the joint if the 

            vertical deflection is required and find the stress. 

iii) Apply the equation for vertical and horizontal deflection. 

5. Explain Mohr’s correction.                                                                              (AUC Apr/May 2011)  

       The Williot diagram does not give the true deflection of the joints but the same can be modified 

and correlated to the true deflection by applying certain correction is known as Mohr’s correction. 

6. Differentiate perfect and imperfect frame.                                                      (AUC Nov/Dec 2012) 

        A structural frame that is stable under loads imposed upon it from any direction is known as 

perfect frame. 

        A structural frame is unstable if one of its members were removed or one of its fixed ends 

became hinged is known as imperfect frame. 
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7. State Maxwell’s Reciprocal theorem? 

        This theorem states that ‘work done by the forces of the first state on the corresponding 

displacements of the second state is equal to the work done by the forces of the second state on 

the corresponding displacements of the first state’.  

8. Determine the free end slope of a cantilever beam having length ‘L’ due to an applied  

moment ‘M’ at free end using the principle of virtual work? 

               ∆ = dx
EI

mM
l

0

  

Here m = - x and M = 
2

2wx
 

               ∆ = 
8

2wl
 

9. Distinguish between pin jointed and rigidly jointed structures. 

Pin jointed structures: 

i)  The joints permit change of angle between connected members. 

ii)  The joints are incapable of transferring any moment to the connected members and  

       Vice versa. 

iii)  The pins transmit forces between connected members by developing shear. 

 Rigidly jointed structures: 
 

i) The members connected at a rigid joint will maintain the angle between them even under 
deformation due to loads. 

ii) Members can transmit both forces and moments between themselves through the joint. 

iii) Provision of rigid joints normally increases the redundancy of the structures. 

 
10. What are the assumptions made in the analysis of pin jointed trusses? 

i)    All the members are pin jointed. 

ii)    External loads are transmitted to the structure only at the joint. 

iii) Pins do not transfer any moment to any of the connected members. 

iv) Pins allow the connected members to change the angles between them. 

 

11. Explain Williot’s diagram. 

          A graphical method used to determining the deflection of a framed structure under the load is 

known as Williot’s diagram. 

12. Give the equation that is used for the determination of deflection at a given point in  

truss and frames? 

           For truss, ∆ = 
AE

kFl
        

      For frames, ∆ = dx
EI

mM
l

0
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13. Find the static indeterminacy of below figure. 

                          

 Static indeterminacy = No. of unknowns – No. of conditions 

                                   = 6 – 3 

                                   = 3 

14. Define internally and externally indeterminate structures. 

Internally indeterminate structures: 

       In a pin jointed frames redundancy caused by too many members is called internally 

indeterminate structures or internal redundancy.  

Externally indeterminate structures: 

       In a pin jointed frames redundancy caused by too many supports is called externally 

indeterminate structures or external redundancy. 

15. Define degree of freedom. 

       In a structure the number of independent joint displacement that the structures can undergo are 

known as degree of freedom. It is also known as kinematic indeterminacy. 

16. Write any two important assumptions made in the analysis of trusses? 

i)  All the members are pin jointed. 

      ii) External loads are transmitted to the structure only at the joint. 

17. State the difference between strain energy method and unit load method in the  

determination of deflection of structures? 

  In the unit load method, one has to analyze the frame twice to find the load and deflection.  

  While in the strain energy method, only one analysis is needed to find the load and deflection. 

18. Name any four methods used for computation of deflection in structures? 

         Double integration method, Macaulay’s method, Conjugate beam method, Moment area 

method, Method of elastic weights, Virtual work method- Dummy unit load method,   Strain energy 

method and Williot Mohr diagram method.  

19. Define static indeterminacy of structures.                                            (AUC Nov/Dec 2013) 

         If the conditions of statics i.e. ∑H = 0, ∑V = 0 and ∑M = 0 alone are not sufficient to find either 

external reactions or internal forces in a structure. The structure is called static indeterminacy of 

structures. 

20. Define static determinate structures.                                                    (AUC Nov/Dec 2013)  

         If the conditions of statics i.e. ∑H = 0, ∑V = 0 and ∑M = 0 alone are sufficient to find either 

external reactions or internal forces in a structure. The structure is called static determinacy of 

structures. 
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PART - B (16 marks) 

1. Determine the horizontal displacement at the roller support of the rigid jointed frame shown 

in figure. Take E = 2x105 MPa and I1 = 30x108 mm4.                                   (AUC Apr/May 2012) 

 

                                                                           

                                                                    Fig. 

Solution: 
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2. Determine the vertical deflection of point C in the truss shown in figure. The cross sectional 

area of members AD and DE are 1500 mm2 while those of other members are 1000 mm2.  

Take E = 200 GPa.                                                                                        (AUC Apr/May 2012) 

                                         

Solution: 
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3. Determine the vertical and horizontal displacements of the point C of the pin jointed frame 

shown in figure. The cross sectional area of AB is 125 square mm and of AC and BC are 175 

square mm each. E = 2 x 105 N per square mm.                              (AUC Nov/Dec 2012 & 2013) 

                                                    

Solution: 
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4. The steel truss shown in figure is anchored at A and supported on rollers at B. if the truss is  

so designed that, under the given loading, all tension members are stressed to 110 N per 

square mm and all compression members to 85 N per square mm. Find the vertical  

deflection of the point C. Take E = 2 x 105 N per square mm.                 (AUC Nov/Dec 2012)                                                             

                                                  

Solution: 
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5. Determine the horizontal deflection of joint C as shown in figure. Take E = 200 kN/mm2 and  

A = 600 mm2 for all the members.                                                                   (AUC Apr/May 2011) 

                                            

Solution: 
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6. Determine the vertical and horizontal deflection of free end E in the frame shown in figure.  

Take EI = 20000 kNm2.                                                                                   (AUC Apr/May 2011) 
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Solution: 
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7. Find the horizontal deflection of joint ‘B’ in the frame shown in figure. Take E = 2x105 MPa 

and I = 3.5x108 mm4.                                                                                      (AUC Nov/Dec 2010) 

                                     

Solution: 
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8. Determine the vertical deflection of joint E for the Warren truss shown in figure. Take A = 645 

mm2 and E = 200 kN/mm2 for all the members.                                          (AUC Nov/Dec 2010) 
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Solution: 
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9. Determine the horizontal displacement at the roller support of the rigid jointed frame shown 

in figure. Take E = 2x105 MPa and I1 = 30x108 mm4. 

                                             

Solution: 
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10. Find the vertical deflection of joint ‘B’ in the frame shown in figure. Take E = 2x105 MPa and  

I = 3.5x108 mm4.                                                                                               
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Solution: 
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11. Determine the deflection under the load point of the beam shown in figure below. Take  

E = 200 x 106 kN/m2 and I = 14 x 10-6 m4. Use the principle of virtual work.                                                                                                          

                                                                                                                (AUC Nov/Dec 2013) 

                                       
 

Solution: 
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12. Explain the steps involved in the determination of deflections of pin-jointed plane frames 

and rigid plane frames.                                                                         (AUC May/June 2014) 
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Procedure for deflection of pin-jointed plane frames: 

 

 
 

Procedure for deflection of rigid jointed plane frames: 

 

1. Virtual moments (m): 

Remove all external load and apply a unit load in the horizontal direction (direction of the 

desired displacement) at D. the support reactions and internal virtual moments are 

computed. 

2. Real moments(M): 

These moments are caused only by the real loads acting on the truss. Due to the given 

loading, the support reactions and the real moments are computed. 

3. Virtual work equation: 

Apply the equation of virtual work to determine the desired deflection.  

 

                     ∆ = dx
EI

mM
l

0
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13. Explain the concepts involved in the Williot diagram and its applications.  

                                                                                                                (AUC May/June 2014) 
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