
 

BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

Structural Dynamics and Earthquake Engineering 

CE6701 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared by: 

P.A.Srinivasan M.E 

Assistant Professor 

Department of civil Engineering 

Bharathidasan Engineering College 

 



  



 



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  
  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  
  
  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  
  
  
  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

   



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

   



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

   



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  
  
    



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

  
 

 

 



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

 

 

 

QUESTION BANK (As per Anna University 2013 regulation)  
  

 UNIT- 1  THEORY OF VIBRATIONS   

Difference between static loading and dynamic loading – Degree of freedom – 
idealisation of structure as single degree of freedom system – Formulation of 
Equations of motion of SDOF system - D‟Alemberts principles – effect of damping 
– free and forced vibration of damped and undamped structures – Response to 
harmonic and periodic forces.   

PART – A  
1. State the consequences of vibration in a structure. 
2. Define damping.  

   3.A mass of 2 kg is suspended by a spring having a stiffness at 700 N/m. The 
mass is displaced downward from its equilibrium position by a distance of 0.02 m. 
Estimate equation of motion, normal frequency, the response of the system and 
total energy.  
  4. A machine foundation weighs 60 KN. The spring constant is 11000 KN/m 

3. Define Degrees of freedom and list the types.  
4. Brief critical damping.   
5.  Define logarithmic decrement.   
6.  Define resonance and natural frequency. 
7. Summarize critically damped, under damped and over damped system.  
8. Explain Damping ratio.   

9. Describe D-Alembert’s principle.  
10. Mention the types of damping.   
11. Classify the types of vibration.     
12. Illustrate magnification factor.    
13. 13. A harmonic motion has a time period of 0.2 s and amplitude of 0.4 cm. 
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14.  Calculate the maximum velocity and acceleration.  
14. Distinguish Viscous damping and negative damping.  
15. Difference between static and dynamic loading.   
16. Compare forced vibration and free vibration.   
17. A cantilever beam 3 m long supports a mass of 500 kg at its upper end. 
Evaluate 
  
the natural period and natural frequency.  
18. Evaluate harmonic and periodic loading.   
19. Write about transient vibration.  
 20. Write the mathematical equation for equivalent stiffness for springs in 
parallel Band springs in series.  
 
PART – B 

1. and dash pot constant ( C ) = 200 KN-s/m. Explain   
• Whether the system is over damped, under tamped or critically 

damped.  

• Determine Logarithmic decrement  
• Determine Ratio of two successive amplitudes  

   2.Determine If the initial displacement is 10 mm and initial velocity is zero 
displacement at t = 0.1s 

i. Briefly explain the types of vibration                                              (10 marks)  
ii. A harmonic motion has a maximum velocity of 6 m/s and it has a frequency 
of 12cps. Determine its amplitude and maximum acceleration.                          
(6 marks)   
 

     3.Consider the system shown in figure. If k1 = 2000 N/m, k2 = 1500 N/m, k3 = 
3000 N/m, k4 = k5 = 500 N/m, Calculate the mass if the natural frequency of the 
system is 10 Hz.  
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4.   
                                                                                           
 

 

 

 

 

 

5 .Derive the equation of motion for viscous damping. 
 
6. A single degree of freedom system having a mass of 2.5 m is set into motion 
with a viscous damping and allowed to oscillate freely. The frequency of 
oscillation is found to be 20 Hz, and measure of the amplitude of vibration shows 
two successive amplitude to be 6 mm and 5.5 mm.  
Estimate the viscous damping co-efficient.  
 
7.A damper offers resistance 0.08 N at a constant velocity 0.06 m/s. the damper is 
used with a spring of stiffness equal to 12 N/m. Estimate the damping ratio and 
frequency of the system when the mass of the system is 0.3 kg.  
  
8.A mass ‘m’ is suspended from a beam shown in figure. The beam is of negligible 
mass and has a uniform flexural rigidity ‘EI’. Examine the natural frequency of the 
system.  
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9.A mass of 10 kg is supported by a steel wire 1 m in dia and 3 m long. The system 
is made to move upwards with a uniform velocity of 10 cm/sec when the upper end 
is suddenly stopped. Construct the frequency and the amplitude of the resulting 
vibrations of the mass and the maximum stress on the wire.  
 
10.A vibrating system consists of a mass of 5 kg, spring of stiffness 120 N/m and a 
damper with a damping co-efficient of 5 N-s/m. Calculate   

  
a. Damping factor  
b. Natural frequency of the system  
c. Logarithmic decrement  
d. The ratio of two successive amplitude  

The number of cycles after which the initial amplitude reduces to 25% 
 
11.Describe  the mathematical modeling of an SDOF system. 
 
12.i. State and elaborate D’Alemberts Principle.                          (8marks) 
 ii. Describe the solution of equation of motion.                        (8marks) 
 
13.i. Explain the important points from transmissibility curves. Draw  
neat curve.                                                                             (8marks)  
 
ii.An SDOF system consists of a mass of 20 kg, a spring of stiffness 2.2 KN/m and 
a dash pot with a damping co-efficient of 60 N-s/m is subjected to a harmonic 
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excitation od F = ( 200 sin 5t) N. show  the complete solution of the equation of 
motion.                        (8marks)  
 
14.Examine whether the log – decrement is also given by the equation ʆ = 1/n log 
(U0/ Un) represents the amplitude after n cycles have elapsed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
UNIT II      MULTIPLE DEGREE OF FREEDOM SYSTEM  

Two degree of freedom system – modes of vibrations – formulation of equations of 
motion of multi degree of freedom (MDOF) system - Eigen values and Eigen 
vectors – Response to free and forced vibrations - damped and undamped MDOF 
system – Modal superposition methods.   

 
PART - A 
1.Define flexibility matrix.  
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2.What is fundamental frequency and fundamental mode?  
 
3.Define natural period.   
 
4.Enumerate orthogonality and normality principles. 
 

5.What do you mean by equivalent stiffness of a spring. 
  

6.Define Eigen vectors.  
 

7.Write any two point of assumptions made in the concept of shear building. 
 

8.Describe briefly the modal super position method.  
 

9.Discuss about multi degree of freedom system.  
 

10.Comment on mode shape 
 
11.Examine the steps to be followed for the dynamic analysis of structure.  
 
12.Illustrate model analysis. 
 

13.Examine mass matrix.  
 

14.Explain two degrees of freedom system. 

15.Enumerate damping force and Damping force matrix.  
 
16.Write the characteristic equation for free vibration of undamped system. 
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17.Generalize decoupling equation.  
 
18.Examine first and second mode of vibration. 

 

19.Assess the equation of motion for an damped two degree of freedom system.  
 
20.Write short note on free vibration analysis  
 
 
 
PART - B 

 
 
1.In a two storey building frame, the mass M1 = M2 = 1000 Kg and stiffness are k1 
= k2 = 1 MN/m. If a horizontal force of 20 kN is applied at The top of ground storey 
level, Estimate the displacement of the masses M1, M2. 
 
 
2.A three spring mass system is shown on figure. All the masses are subjected to 
dynamic forces. Develope the equation of motion in terms of displacements x1, x2, 
x3 of the masses along the axis of the springs. 
 

 

 

3.State and prove orthogonality property of mode shapes.  
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4. Calculate  the natural frequency and mode shape for the MDOF system. EI = 4.5 
x 106 N-m2 for all columns. 

 

 

 

 

 

 

 

 

 

 

 

5. Predict  the natural frequency and mode shapes of a MDF system. The mass and 
the stiffness matrix of a MDF system is given by  
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6.Solve  the natural frequency and mode of vibration of the system  

                                                 
 

7.Define steady state response and determine the steady state response of the 
system.  

                 
 

8.Identify  the natural frequency and mode of vibration for the system shown.  
 

                        
 

9. Analyze  the natural frequency and mode of the system.  
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10. Evaluate the natural frequency and draw the mode shape for the shear building.  

 

 

11.Describe damped systems.  
 
12. Elaborate undamped system with an example.  
 
13. Explain the concept of shear building. 
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14.Define the natural frequencies and mode of vibration of the given system. 
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UNIT III      ELEMENTS OF SEISMOLOGY   
Elements of Engineering Seismology - Causes of Earthquake – Plate Tectonic 
theory – Elastic rebound Theory – Characteristic of earthquake – Estimation of 
earthquake parameters - Magnitude and intensity of earthquakes – Spectral 
Acceleration.  

 

1.Write short notes on elastic rebound theory.   

2.Explain modified mercalli intensity scale.   

3.Define focus and epicenter.    

4.Describe about the seismogram.   

5.Differentiate between Epicenter and Hypocenter.   

6.Differentiate between seismograph and seismogram.  

7.List out the causes of Earthquake   

8.Define  hypocenter.   

9.Give brief note on focal depth and Epicentral distance. 

10.Compare: magnitude and intensity of an earthquake.    

11.Write a note on Tsunami.  

12.Classify the types of earthquake.   

13.List out some disastrous earthquakes occurred in past history in India.   

15.Define fault and list its types.   
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16.Write short note on magnitude.    
17.How will u develop an Isoseismal map.   
18.Describe about the characteristics of earthquake.   
19.How will you evaluate strong ground motion.   
20.How will you assess the types of seismic waves.  
21.Write note on intensity 

 

 

PART – B 

1.List out the causes of earthquake and explain it briefly. 

 

2.i. Explain the seismic waves with neat sketch. 

 ii. Discuss about the elastic rebound theory. 
 

3. Write in detail about the plate tectonic theory and lithospheric plates 

 

4. i. Explain the types of geological faults.  
     ii. Discuss about the classification of earthquake 

 

5.i. Differentiate magnitude and intensity.   
   ii.How will you measure magnitude and intensity.  Explain the methods briefly. 

 

6.Describe about the characteristics of strong ground motion with neat graph. 

 

7. How will you estimate the measurement of earthquakes using   
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i. Seismograph ii. Seismogram   
with neat sketches. 

 

8.i. List out the two approaches followed for the prediction of earthquakes and 
explain it. 

           ii. Name the major plates of the earth. 

 

9.On what is the assignment of an earthquake magnitude based? Is magnitude the 
same as intensity? Explain 

 

10.Explain about some recent earthquakes and give information on some disastrous 
earthquakes. 

 

11.Define focus and epicenter of an earthquake. Name the kinds of body waves and 
explain it with neat sketch. 

 

 
13.Define Ritcher scale and MMI scale and explain it briefly.  
 

14.Write short notes on   
i. Tsunami ii. Spectral acceleration  

 

15. Write in detail about the internal structure of the earth.  



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

 
 
 
 

 

 

 

 

UNIT IV      RESPONSE OF STRUCTURES TO EARTHQUAKE  
Effect of earthquake on different type of structures – Behaviour of Reinforced 
Cement Concrete, Steel and Prestressed Concrete Structure under earthquake 
loading – Pinching effect – Bouchinger Effects – Evaluation of earthquake forces as 
per IS:1893 – 2002 - Response Spectra – Lessons learnt from past earthquakes.   

 

 

 

PART – A 

 
1.Define zero period acceleration.   
 
2.Define response spectra.  
 
3.List out the code based methods for seismic design. 
 

4.Define the term base shear 

 

5.List out the methods of dynamic analysis.  
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6.List the different types of ir-regularities found on RC buildings during earthquake.   

 

7.Explain the term storey drift. 

 

8.Discuss about the major damages occur in the RC structures during earthquake. 

 

9.Discuss about peak ground acceleration (PGA). 

 

 

10.Explain the term Response reduction factor 

 

11.Write short notes on soft storey failure 

 

12.Write note on the lessons learnt from past earthquake.  
 

13.Write note on bouchinger effect. 

 

14.How mass irregularities differ from plane irregularities. Explain.  
 

15.Explain about the pinching effect.  
 

16.Differentiate between rigid diaphragm and flexible diaphragm.   
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17.How will you evaluate the distribution of design base shear along the height of the 
building.  
 

18.Predict some of the exterior wall damages during earthquake.  
 

 

PART – B 

 

 

1.Explain briefly the effect of earthquake on different types of structures. 

 

2.Discuss about the vertical irregularities that affect the performance of RC 
buildings during earthquake. 

 

3. i.  Write short notes on pinching effect.          

   ii.  Write short notes on bouchinger effect. 

 

4.Write the step by step procedure for seismic analysis of RC buildings as per IS 
1893:2002. 

 

5. Examine the plan configuration problems that affect the performance of RC 
buildings during earthquake.  
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6. In what manner is the behaviour of a soft storey construction likely to be 
different from a regular construction in the event of an earthquake. Explain it. 

 

7. Explain the behavior of prestressed concrete structures under earthquake loading.   

 

8. List out the lessons learnt from the past earthquakes in India and explain it briefly 

 

9. Discuss in detail about the methods of seismic analysis.  
 

10.Define Response spectra. Explain the concept and types of response spectra with 
neat sketch. 

 

11. A three storeyed symmetrical RC school building situtated at Bhuj with 
following data:         Plan dimension : 7 m   
        Storey height    : 3.5 m  
        Total weight of beams in a storey   : 130 kN  
        Total weight of slab in a storey       : 250 kN  
        Total weight of columns in a storey   : 50 kN  
        Total weight of walls in a storey    : 530 kN  
        Live load                                         : 130 kN  
        Weight of terrace floor                    : 655 kN  
The structure is resting on hand rock. Determine the total base shear and lateral 
loads at each floor level for 5% of damping using seismic coefficient method. 

 

12.Write a step by step procedure to analyze a frame by equivalent static lateral 
load method.   
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13. Define the following terms and explain it:  
        i.  Smooth spectrum    ii. Seismic demand diagrams. 

 

14. A four storey reinforced concrete frame building as shown in fig: is situated at 
Roorkee. The height between the floors is 3 m and total height of building is 12 m. 
The dead load and live load is lumped at respective floor. The soil below the 
foundation is assumed to be hard rock. Assume building is intended to be used as a  

 

 

hospital. Determine the total base shear as per IS1893 (PART1) : 2002. Distribute 
the base shear along the height of the building. 

 

15.Formulate the expression for time period as per codal provision IS 1893:2002.  

  

16.Write short note on pounding effect in buildings. 
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UNIT V       DESIGN METHODOLOGY  
Causes of damage – Planning considerations / Architectural concepts as per IS:4326 
– 1993 – Guidelines for Earthquake resistant design – Earthquake resistant design 
for masonry and Reinforced Cement Concrete buildings – Later load analysis – 
Design and detailing as per IS:13920 – 1993.   

PART – A  

1 Define ductility   
2 Define the term DBE, MCE and MMI.    
3 Define diaphragm discontinuity.  
4 List out the factors affecting ductility.   
5 Define lateral load analysis of masonry buildings.    
6 List out the methods of improving element level and Global level Ductility.   
7 Discuss about the design philosophy adopted for earthquake resistant  

structure.  
8 Explain two cases of design horizontal earthquake load.  

 

9 Explain the concept of floating column.    
10 Describe the design considerations made in masonry structures.   
11 Write the IS 13920 provisions for flexural members.  
12 Write a short note on curvature ductility.   
13 Show the stress strain curve for brickwork in compression.    
14 Explain the types of damages occur in masonry building during  earthquakes.  
15 Differentiate structural and non-structural damages in masonry building.  
16 Explain the planning considerations as per IS 4326:1993.    
17 How will you assess the causes of damage in RC and Masonry buildings.   
18 What will happen if the rigidity modulus affects the masonry structure. Justify. 

   
19 Write the principle for the design of infill walls.   
20 Write the formula for modal mass.   
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PART – B 

 

 

1.List out the codal provisions for architectural considerations and structural design 
considerations as per IS 4326:1993 

 

2.Write down the design principles involved in design of masonry structure.   

 

3. Write down the various earthquake resistant features that can be introduced in 
masonry building to make it earthquake resistant.  
 

4. Explain the principles and practice of earthquake resistant design of R.C.C 
buildings. 

5. Classify the damages and non-damages occurred in masonry buildings during an 
earthquake with examples.   

 

6. Write down the procedure for lateral load analysis of masonry buildings. 

 

7. Explain the reinforcement detailing of flexural members as per IS 13920:1993. 

 

8. Explain about the Earthquake design philosophy.  
 

9. Compare and contrast earthquake design of masonry and RC structures.   
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10.i. Explain the factors affecting ductility.  
     ii.Describe the importance of ductility in earthquake resistant  design. 

 

11. Why ductility consideration is very important in earthquake resistant design of 
RC building? Explain the ductile detailing considerations in flexural members as 
per IS 13920-1993. 

 

12. List out the causes of damages occurred in RC building during earthquake. 

 

13. i.List out the design principles of earthquake resistant structure as per IS 1893-
2002.   
ii.Write in detail about the special confining reinforcement detailing as per IS 
13920-1993. 

 

14. Define the response behavior and explain the ductility demand in multistoried 
buildings with neat sketch. 
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CE6701 Basics of Dynamics and Aseismic design 

Unit –I (Two Marks)  

  
1. What is meant by frequency?  
2. What are the effects of vibration?  
3. What is meant by theory of vibration?  
4. Define damping.  
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5. What is meant by Dynamic Response?  
6. Differentiate between static & dynamic loading.  
7. What is D’Amlert’s Principle?  
8. What is meant by Degrees of freedom?  
9. Write the mathematical equation for springs in parallel & series.  
10. What is critical damping?  
11. List out the types of damping.  
12. What is meant by forced vibration?  

Unit-II (Two Marks)  

  
1. What is meant by Flexibility matrix?  
2. What are the steps to be followed during dynamic analysis of a structure?  
3. Enumerate orthogonality and normality principle.  
4. Differentiate between magnitude and intensity.  
5. Define decoupling equation.  
6. Write short notes on Jacon’s method.  
7. Define Shear building.  
8. What are the normal modes of matrix?  
9. Write the equation of motion for an undamped two degree of freedom.  
10. Write the characteristic equation for free vibration of undamped system.  
11. What is mass matrix?  
12. What is stiffness matrix?  

  

        Unit – III (Two Marks)  

1. Define primary waves.  
2. Define shear waves.  
3. Define Rayleigh Waves.  
4. Define seismogram.  
5. Define magnitude.  
6. Define intensity.  
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7. Define Scale.  
8. Define Spectral acceleration.  
9. What are the causes of earthquake?  
10. Define multiple degrees of freedom.  

Unit – IV (Two Marks)  

1. Define Accelerogram.  
2. Define Accelerograph.  
3. Define Soil Liquefaction.  
4. What are the effects of Soil liquefaction on substratum?  
5. What are the consequences of Soil liquefaction?  
6. Define Zero period acceleration.  

  

Unit – V (Two Marks)  
1.Define Base isolation?  

2.Define Earthquake Resilient Characters? 
3What do you mean by seismic dampers?  

4.What do you mean by occupancy factor?  

5.Define Shear failure?  

6.Define Strong Column?  

  
  
                                                                       Unit I   

                                                                  ( 16 Marks )  

1. Derive the equation of motion of SDOF system for free vibration & hence find 
the solution for   

i)  Under damped system 
ii)  Critically damped 
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system iii)  Over damped 
system  

  

Unit- II   
Sixteen Marks  

  
1. Explain in detail about mode superposition method.  
2. Determine the natural frequency and the mode shapes for the following shear 

building  

  
3. Determine the natural frequencies and the mode shapes of the given MDOF 

System .EI=4.5x106N-m2 for all columns,  
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              Unit – III 
( 16 Marks )  

  

1. Write a short note on primary shear and Rayleigh waves.  
2. Explain about seismograph with neat sketch.  
3. Explain in detail about magnitude and intensity of earthquake.  
4. A vertical cable 254cm long has a cross sectional area of 3.23cm2, supports a 

weight of 4536kg. What are the natural frequency, cycle frequency and time 
period of the system, if it is under vibration E=2.1x106 kg/cm2.  

5. A cantilever beam is supporting a weight of 4536kg. Length of cantilever bar 
is 254cm, What are the natural frequency, cycle frequency and time period of 
the system, assume E=2.1x106 kg/cm2,I=1171.27cm4.  

6. A vibrating system consists of weight=9.81kN. If a spring of stiffness 20kN/cm 
and damping constant of 0.071kNsec/cm find  

i. Damping ratio  
ii. Damped frequency  
iii. Logarithmic decrement  
iv. Ratio of any two consecutive amplitudes.  

7. Formulate the equation of motion for two storeyed shear frame given in figure. 
Draw the free body diagram and determine the mass and stiffness matrix. The 
system is undamped.  
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Unit IV  

Sixteen Marks  
  

1. Write a short note on Design Spectrum.  
2. Mention the effects of soil property and damping on seismic performance 

of structure.  
3. Explain Soil liquefaction process in detail along with its effects and 

consequences.  
  

  

Unit- V  
Sixteen Marks  

  
4. Explain in detail about mode superposition method.  
5. Determine the natural frequency and the mode shapes for the following 

shear building  
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6. Determine the natural frequencies and the mode shapes of the given MDOF 
System .EI=4.5x106N-m2 for all columns,  

  

  
   

 
 
 
 
 
 

QUESTION BANK 

SUBJECT:      BASICS OF DYNAMICS AND ASEISMIC DESIGN 

CODE      :        CE 6701 

CLASS    :         IV Year / VII Semester 

UNIT – I 
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THEORY OF VIBRATION 

Concept of inertia and damping – Types of Damping – Difference 
between static forces and dynamic excitation – Degrees of freedom – SDOF 
idealization – Equations of motion of SDOF system for  mass as well as base 
excitation –  Free  vibration of SDOF system  –  Response  to  harmonic  
excitation  –  Impulse  and  response  to  unit impulse  – Duhamel integral. 

Two Marks Questions and Answers 

1. What is mean by Frequency? 

Frequency is number of times the motion repeated in the same sense or 

alternatively. It is the number of cycles made in one second (cps). It is also 
expressed as 

Hertz (H ) named after the inventor of the term. The circular frequency ω in units 
of sec-1 is z given by    2π f. 

2. What is the formula for free vibration response? 

The  corresponding  equation  under  free  vibrations  can  be  obtained  by 
substituting  the right hand side of equation as zero. This gives  

mu + Cu +Ku = 0 

3. What are the effects of vibration? 

i. Effect on Human Sensitivity. 

ii. Effect on Structural Damage 

4. What is mean by theory of vibration? 

Vibration is the motion of a particle or a body or a system of concentrated 
bodies having been displaced form a position of equilibrium, appearing as an 
oscillation.  
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Vibration  was  recognized  in  mechanical  systems  first  and  hence  the  
study  of vibrations fell into the heading “Mechanical Vibrations” as early about 
4700 years ago. 

5. Define damping. 

Damping is a measure of energy dissipation in a vibrating system. The 
dissipating mechanism may be of the frictional form or viscous form. In the 
former case, it is called dry  friction  or  column  damping  and  in the  latter  case  
it  is  called  viscous  damping. Damping in a structural system generally assumed 
to be of viscous type for mathematical convenience. Viscous damped force (F ) is 
proportional to the velocity () of a vibrating d 
body. The constant of proportionality is called the damping constant (C). Its units 
are NS/m. 

6. What do you mean by Dynamic Response? 

The Dynamic may be defined simply as time varying. Dynamic load is 
therefore any  load  which  varies  in  its  magnitude,  direction  or  both,  with  
time.  The  structural response  (i.e.,  resulting  displacements  and  stresses)  to  
a  dynamic  load  is  also  time varying or dynamic in nature. Hence it is called 
dynamic response. 

7. What is mean by free vibration?  

A structure  is  said  to  be  undergoing  free  vibrations  if  the  
exciting  force that caused  the  vibration  is  no  longer  present  and  the  
oscillating  structure  is  purely under influence of its own inertia or 
mass(m) and stiffness (k). Free vibration can be set in by giving an initial 
displacement or by giving an initial velocity (by striking with a hammer) 
to the structure at an appropriate location on it. 

8. What is meant by Forced vibrations? 
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Forced  vibrations  are  produced  in  a  structure  when  it  is  acted  upon  
by the continuous presence of an external oscillating force acting on it. The 
structure under forced vibration normally responds at the frequency ratio, i.e.  
(fm/fn) where fm is the frequency of excitation and  is the natural frequency of the 
structure. 

9. Write a short note on Amplitude. 

It  is  the  maximum  response  of  the  vibrating  body  from  its  mean 
position. 

Amplitude is generally associated with direction – vertical, horizontal, etc.  It 
can be expressed in the form of displacement (u), velocity () or acceleration (). 
In the case of simple harmonic motion, these terms are related through the 
frequency of oscillation (f). 

If ‘u’ is displacement amplitude, then  

Velocity () = 2π f .u 

Acceleration () = (2π f). (u) = 4u 

When acceleration is used as a measure of vibration, it is measured in terms 
of acceleration due to gravity, g (9.81 m/sec2). 

10. Define Resonance. 

This phenomenon  is  characterized  by the  build  –up  area  of large  
amplitudes of any  given  structural  system  and  as  such  ,  it  has  a  
significance  in  the  design of dynamically  loaded  structures.  Resonance 
should be avoided under all circumstances, whenever a structure is acted upon 
by a steady state oscillating force (i.e., fm is constant). The presence of 
damping, however, limits the amplitudes at resonance. This shows the 
importance of damping in controlling the vibrations of structures. According to 
IS 1893 – 1975-  Indian  standard  code  of  practice  on  Earthquake  resistant  
design  of  structures, following   values   of   damping are recommended for 
design purposes. 
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11. What is mean by Degrees of freedom? 

The  number  of  degrees  of  freedom  of  system  equals  the  minimum  
number  of independent co-ordinates necessary to define the configuration of the 
system. 

12. Define static force. 

A push  or  pull  or  a  load  or  many  loads  on  any  system  
creates  static displacement  or deflection depending on whether it is a 
lumped system or a continues system; there is no excitation and hence 
there is no vibration. 

13. Write a short note on simple Harmonic motion. 

Vibration  is  periodic  motion;  the  simplest  form  of  periodic  motion  is  
simple harmonic. More complex forms of periodic motion may be considered to be 
composed of a number  of  simple  harmonics  of  various  amplitudes  and  
frequencies  as  specified  in Fourier series 

14. What is the response for impulsive load or Shock loads? 

Impulsive  load  is  that  which  acts  for  a  relatively  short  duration.  
Examples are impact of a hammer on its foundation. Damping is not important in 
computing response to impulsive  loads  since  the  maximum  response  occurs  in  
a  very  short  time  before damping   forces   can  absorb   much  energy   from  
the   structure.   Therefore,   only the undamped response to impulsive loads will 
be considered. 

15. Write a short note on single degree of freedom (SDOF) systems. 

At  any  instant  of time,  the  motion of this  system can  be  denoted  by 
single  coordinate (x in this case). It is represented by a rigid mass, resting on a 
spring of stiffness ‘k’ and coupled through a viscous dashpot (representing 
damping) having constant ‘C’. Here, the mass ‘m’ represents the inertial effects of 
damping (or energy dissipation) in the system. Using the dynamic equilibrium 
relation with the inertial force included, according to 
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D’Alembert’s principle, it can be written as 

 F + 
I 

F +F 
D S

= P (t) 

(Inerti (Damp (Elas (App
Force 

This gives 

force) forc forc

    

mx + Cx +Kx = P 

x, x, x respectively denote the displacement, velocity and acceleration of the 
system. P 

(t) is  the  time  dependent  force  acting  on  the  mass.  The above equation 
represents the 

equation of motion of the single degree freedom system subjected to forced 
vibrations.  

16. Define Cycle. 

The  movement  of  a  particle  or  body  from  the  mean  to  its  extreme  
position in  the direction, then to the  mean and then another extreme  position 
and  back  to the mean is called a Cycle of vibration. Cycles per second are the 
unit Hz. 

17. Write short notes on D’Alembert’s principle. 

 According to Newton’s law  F = ma 

The above equation is in the form of an equation of motion of force 
equilibrium in which the sum of the number of force terms equal zero. Hence if an 
imaginary force which is equal to ma were applied to system in the direction 
opposite to the acceleration, the system could then be considered to be in 
equilibrium under the action of real force F and the imaginary force ma. This 
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imaginary force ma is known as inertia force and the position of equilibrium is 
called dynamic equilibrium. 

D’Alembert’s principle which state that a system may be in dynamic 
equilibrium by adding to the external forces, an imaginary force, which is 
commonly known as the inertia force 

18. Write the mathematical equation for springs in parallel and 
springs in series Springs in parallel 

=  

  is called equivalent stiffness of the system 
Springs in series 

=+ 

19. Define logarithmic decrement method. 

Logarithmic decrement is defined as the natural logarithmic value of the 
ratio of two adjacent peak values of displacement in free vibration. It is a 
dimensionless parameter. It is denoted by a symbol  

20. Write short notes on Half-power Bandwidth method. 

Bandwidth is the difference between two frequencies corresponding to the 
same amplitude. Frequency response curve is used to define the half-power 
bandwidth. In which, the damping ratio is determined from the frequencies at 
which the response amplitude is reduced  times the maximum amplitude or 
resonant amplitude. 

21. Define Magnification factor. 

Magnification factor is defined as the ratio of dynamic displacement at any 
time to the displacement produced by static application of load. 

22. What is the difference between a static and dynamic force? 
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In a static problem, load is constant with respect to time and the dynamic 
problem is the time varying in nature. Because both loading and its responses 
varies with respect to time 

Static problem has only one response that is displacement. But the dynamic 
problem has mainly three responses such as displacement, velocity and 
acceleration. 

23. Define critical damping. 

Critical damping is defined as the minimum amount of damping for which 
the system will not vibrate when disturbed initially, but it will return tot the 
equilibrium position. This will result in non-periodic motion that is simple 
decay. The displacement decays to a negligible level after one nature period T. 

24. List out the types of damping. 

(1) Viscous Damping, (2) Coulomb Damping, (3) Structural Damping, (4) 
Active Damping, (5) Passive Damping. 

25. What is meant by damping ratio? 

The ratio of the actual damping to the critical damping coefficient is called 
as damping ratio. It is denoted by a symbol  and it is dimensionless quantity. It ca 
be written as  

  

UNIT – II 
MULTIPLE DEGREE OF FREEDOM SYSTEM 

Two   degree   of   freedom   system   –   Normal   modes   of   vibration   –   
Natural frequencies - Mode shapes   - Introduction to MDOF systems – 
Decoupling of equations of motion – Concept of mode superposition (No 
derivations). 
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Two Marks Questions and Answers 

1. Define degrees of freedom. 

The no. of independent displacements required to define the displaced 
positions of all the masses relative to their original position is called the no. of 
degrees of freedom for dynamic analysis. 

2. Write a short note on matrix deflation technique. 

Whenever  the  starting  vector,  the  vector  iteration  method  yields  the  
same 

lowest Eigen value. To obtain the next lowest value, the one already found must 
be suppressed. This is possible by selecting vector that is orthogonal to the eigen 
values already found, or  by  modifying  any  arbitrarily  selected  initial  vector  
form 

orthogonal  to  already evaluated  vectors.  The  Eigen  vectors  X computed  by 
L2    

iteration  as  in  the  previous example X would be orthogonal to the X . the 
 1   L1 

corresponding frequency will be higher than λ but lower than all other Eigen 
values. L1   

3. Write the examples of multi degrees of freedom system. 

4. What is mean by flexibility matrix? 
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Corresponding  to  the  stiffness  (k),  there  is  another  structural  property  
known as flexibility which is nothing but the reciprocal of stiffness. The flexibility 
matrix F is thus 

-1 
the inverse of the stiffness matrix, [F] = [K] . 

5. Write a short note on Jacobi’s Method. 

While  all  other  enable  us  to  calculate  the  lowest  Eigen  values  one  
after another, Jacobi’s method yields all the Eigen values simultaneously. By a 
series of transformations of the  classical  form of the  matrix prescribed  by 
Jacobi,  all the non diagonal  terms  may  be  annihilated,  the  final  diagonal  
matrix  gives  all  the Eigen values along the diagonal. 
6. What are the steps to be followed to the dynamic analysis of structure? 

The dynamic analysis of any structure basically consists of the following 
steps. 

1. Idealize the  structure  for  the  purpose  of  analysis,  as  an  assemblage  
of discreet elements which are interconnected at the nodal points. 

2. Evaluate the stiffness,   inertia and damping property matrices of the 
elements chosen. 

3. By supporting the element property matrices appropriately, formulate 
the corresponding matrices representing the stiffness, inertia and damping of 
the whole structure. 

7. Write a short note on Inertia force – Mass matrix [M] 

On  the  same  analogy,  the  inertia  forces  can  be  represented  in  terms  of  
mass 

influence co efficient, the matrix representation of which is given by {f } = 
[M] {Y} 1 
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M a typical element of matrix M is defined as the force corresponding to 
co – ij  

ordinate i due as the force corresponding to coordinate i due to unit acceleration 
applied to the co ordinate j. [M]{Y}+[C]{Y}+[K]{Y} = {P(t)} 

8. What are the effects of Damping? 

The presence of damping in the system affects the natural frequencies 
only to a marginal extent. It is conventional therefore to ignore damping in the 
computations for natural frequencies and mode shapes 

9. Write a short note on damping force – Damping force matrix. 

If  damping  is  assuming  to  be  of  the  viscous  type,  the  damping  forces  
may 

likewise be represented by means of a general damping influence co efficient, C . 
In 

ij matrix form this can be represented as 

{fD}= [C] {Y} 

10. What are the steps to be followed to the dynamic analysis of structure? 

The dynamic analysis of any structure basically consists of the following 
steps. 

1. Idealize the  structure  for  the  purpose  of  analysis,  as  an  assemblage  
of discreet elements which are interconnected at the nodal points. 

2. Evaluate the stiffness,   inertia and damping property matrices of the 
elements chosen. 

3. By supporting the element property matrices appropriately, formulate 
the corresponding matrices representing the stiffness, inertia and damping of 
the whole structure. 

11. What are normal modes of vibration? 
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If in the principal mode of vibration, the amplitude of one of the masses is 
unity, it is known as normal modes of vibration. 

12. Define Shear building.   

Shear building is defined as a structure in which no rotation of a horizontal 
member at the floor level. Since all the horizontal members are restrained against 
rotation, the structure behaves like a cantilever beam which is deflected only by 
shear force.  

13. What is mass matrix?  

The matrix  is called mass matrix and it can also be represented as [m] 

14. What is stiffness matrix? 

The matrix  is called stiffness matrix and it also denoted by [k] 

15. Write short notes on orthogonality principles.  

The mode shapes or Eigen vectors are mutually orthogonal with respect to 
the mass and stiffness matrices. Orthogonality is the important property of the 
normal modes or Eigen vectors and it used to uncouple the modal mass and 
stiffness matrices.  

  = 0, this condition is called orthogonality principles.  

16. Explain Damped system.  

The response to the damped MDOF system subjected to free vibration is 
governed  

by   

In which [c] is damping matrix and {} is velocity vector.  

Generally small amount of damping is always present in real structure and 
it does not have much influence on the determination of natural frequencies and 
mode shapes of the system.  The naturally frequencies and mode shapes for the 
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damped system are calculated by using the same procedure adopted for undamped 
system 

17. What is meant by first and second mode of vibration? 

The lowest frequency of the vibration is called fundamental frequency and 
the corresponding displacement shape of the vibration is called first mode or 
fundamental mode of vibration. The displacement shape corresponding to 
second higher natural frequency is called second mode of vibration. 

18. Write the equation of motion for an undamped two degree of freedom 
system. 

This is called equation of motion for an undamped two degree of freedom 
system subjected to free vibration. 

19. What is meant by two degree of freedom and multi degree of freedom 
system? 

The system which requires two independent coordinates to describe the 
motion is completely is called two degree of freedom system. In general, a system 
requires n number of independent coordinates to describe it motion is called multi 
degree of freedom system 

20. Write the characteristic equation for free vibration of undamped 
system. 

This equation is called as characteristic equation or frequency equation. 

UNIT – III 
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ELEMENTS OF SEISMOLOGY 

Causes  of  Earthquake  –  Geological  faults  –  Tectonic  plate  theory  – 
Elastic rebound – Epicentre – Hypocentre – Primary, shear and Raleigh waves – 
Seismogram – Magnitude  and  intensity  of  earthquakes  –  Magnitude  and  
Intensity scales  –  Spectral Acceleration - Information on some disastrous 
earthquakes 

Two Marks Questions and Answers 

1. Define Seismology. And Earthquake 

Seismology is the study of the generation, propagation generation and 
recording of elastic waves in the earth and the sources that produce them. 

An Earthquake is a sudden tremor or movement of the earth’s crust, 
which originates naturally at or below the surface. About 90% of all 
earthquakes results from tectonic events, primarily movements on the faults. 

2. What are the causes of Earthquake? 

Earthquake originates due to various reasons, which may be classified 
into three categories. Decking waves of seashores, running water descending 
down waterfalls and movement of heavy vehicles and locomotives, causes 
feeble tremors these earthquakes are feeble tremors, which don’t have 
disastrous effects. 

Contrary to  the  volcanic  earthquake  and  those  due  to  superficial 
causes, which  can  be  severe,  only  locally,  the  more  disastrous  earthquakes  
affecting extensive  region  are  associated  with  movements  of  layers  or  
masses  of  rocks forming the crust of the earth. Such seismic shocks, which 
originate due to crustal movements, are termed as tectonic earthquakes. 

3. What is mean by Epicenter and focus? 
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The point at which the rupture begins and the first seismic wave originates 
is called focus or hypocenter. The point on the ground directly above the focus is 
called epicenter. 

4. Write a short note on Plate Tectonic Theory 

   Tectonic  is  the  study  of  deformations  of  earth  materials  that  result  
from deformation.  Plate tectonics refers to deformation on a global scale.  The 
basic hypothesis of plate tectonics is that the surface of the earth consists of a 
number of large plates. These plates move relative to one another. The present 
six important plates are namely 

1. African plate 

2. American plate 

3. Antarctic plate 

4. Australian – Indian plate 

5. Eurasian plate 

6. Pacific plate 

5. Write a short note on Seismic waves. 

Large strain energy released during an earthquake travel as seismic waves 
in  all directions  through  the  earth’s  layers,  reflecting  at  each  interface.  
These waves area of two types, body waves and surface waves 

6. Write a short note on Magnitude. 

The  magnitude  of  an  earthquake  is  a  measure  of  the  amount  of  
energy released.  The earthquake scale is devised by Charles F. Richter, an 
American seismologist be based on the total amount of energy released during 
an earthquake be called magnitude. 
7. What is mean by seismogram? 

A seismogram is the graph output by a seismograph. It is a record of 
ground motion at a measuring station. The energy measured in a seismogram 
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may result from earthquake or from some other source. 8. Write a note on 
Intensity. 

Intensity indicates the intensity of shaking or extent of damage at a given 
location due to particular earthquake. Thus the intensity of some earthquake will 
be different at different places.  Intensity is a measure earthquake in qualitative 
way by judging what actually happens on the ground, the damage to the buildings 
and other structures caused by earthquake waves. 

9. What is Elastic rebound theory?  

The concept of possible mode of origin of tectonic earthquakes is known 
as Elastic Rebound theory. 

10. Name the types of fault.  

(i) Dip-Slip fault 

(ii) Strike-Slip fault 

(iii) Oblique-Slip fault 

11. What are the types of Dip-Slip fault? 

Dip-Slip fault having two types they are 

(i) Normal fault 

(ii) Reverse fault 

12. What are the types of Body waves and surface waves? 

Body waves are mainly of two types, they are  

(i) Primary waves  (or) P-waves 

(ii) Secondary waves (or) S-waves 

Surface waves also having two types, they are 

(i) Love waves 
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(ii) Rayleigh waves 

13. Compare: Magnitude and Intensity of an earthquake. 

Sl.N 
o 

Magnitude Intensity 

 1Magnitude measures the energy 
release 

Intensity measures the strength of 

 at the source of the earthquake. It 
is determined from measurements 
on seismographs.   

shaking produced by the 
earthquake at a certain location. It 
is determined from the effects on 
people, structure and natural 
environment.  

 2Magnitude of an earthquake is a 

. quantitative measure of its size. 
Thus the magnitude of the 
earthquake is a single number 
which does not vary from place to 
place. 

Intensity is a qualitative measure 
of an earthquake, based on the 
damage caused by them. 

 3Bhuj earthquake of January 2001 
had a 

. magnitude of 7.7 on Richter scale. 
The earthquake was felt over a 
large part of the state such as Bhuj, 
Ahmedabad etc. Magnitude of the 
earthquake of all the places 
remains same, i.e. 7.7.  

The intensity of the same 
earthquake at Bhuj is different 
from the intensity at Ahmedabad 
vice-versa.  

14. How the earthquakes are classified? 

Earthquake can be classified into the following types. 
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(a) According to plate boundaries 

(b) According to its depth of focus 

(c) According to its origin of the earthquakes 

(d) Based on magnitude (M). 

15. What is the difference between Inter plate earthquakes and Intra plate 
earthquakes? 

(i) Inter plate earthquakes: The earthquake occurring along the 
boundaries of the tectonic plates are called as inter plate earthquakes.  

Example: 1987, Assam Earthquake 
(ii) Intra plate earthquakes: The earthquakes occurring within a plate 

are called as intra plate earthquakes.  

Example: 1993, Latur Earthquake   

16. What are the factors influences the ground motion? 

The factors which influence the ground motion are:  

(i) Magnitude of earthquake  

(ii) Epicentral distance  

(iii) Local soil conditions   

17. What is the difference between shallow, intermediate and deep focus 
earthquake? 

(i) Shallow-focus earthquake: In this case, the seismic shocks originate 
at a depth of about less than 70 km. Nearly 80% of the world’s earthquakes 
are shallowfocus earthquakes. 

(ii) Intermediate-focus earthquake: In this case, the seismic waves 
originate at a depth between 70 km to 300 km. 
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(iii) Deep-focus earthquake: Here, the point of origin of the seismic 
wave is at a depth of greater than 300 km.      

18. What is Seismograph? 

Seismograph is an instrument used to recording motions of the earth’s 
surface caused by seismic waves, as a function of time. A modern seismograph 
includes five basic parts: a clock, a sensor called a seismometer that measures 
intensity of shaking at the instruments location, a recorder that traces a chart or 
seismogram, of the seismic arrivals, an electronic amplifier and a data recorder 
that stores the information for later analysis.   

19. Explain volcanic Earthquake?  

Earthquakes associated with volcanoes are more localized both in the 
extent of damage and in the intensity of the waves produced in comparison to 
those which are associated with faulting motions. Deep below the centre of 
volcano, hot magma moves slowly through underground passages under 
pressure, as its makes it ways towards the earth’s surface. As this happens, the 
surrounding rock is put under pressure as the magma pushes against it. This 
causes the rock to fracture and small earthquakes to occur. 

20. What are the basic difference between Focus and Epicentre? 

Focus is the location within the earth where fault rupture actually occurs 
whereas the epicentre is the location on the surface above the focus.   

21. What is hypocenter? 

Focus is an exact location within the earth where seismic waves are 
generated by sudden release of stored elastic building. It is called as hypocenter. 

22. What is accelerogram? 
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A graph plotted between acceleration of ground and time is called 
accelerogram. The nature of accelerogram’s may vary depending on energy 
released at focus, type of faults, geology along the fault plane and local soil.    

23. Explain Uttarkashi earthquake of 1991? 

An earthquake of magnitude 6.6 struck the districts of Uttarkashi, Tehri 
and Chamoli in the state of Uttar Pradesh on October 20, 1991. About 768 
persons lost their lives, with about 5,066 injured. Maximum peak ground 
acceleration of about 0.31g was record at Uttarkashi. Many four-storey 
buildings in Uttarkashi with RC frame and infill walls sustained the earthquake. 
Howe ever, some of the ordinary RC buildings collapsed.    

24. Enumerate TSUNAMI. 

A tsunami is a wave train or series of waves, generated in a body of water 
by an impulsive disturbance that vertically displaces the water column. 
Tsunami is a Japanese word with the English translation, “harbour wave”. The 
term “tsu” means harbour and “nami” means wave. Tsunami can be generated 
when the sea floor abruptly deforms and vertically displaces the overlaying 
water. Tectonic earthquakes are a particular kind of earthquakes that are 
associated with the earth’s crustal deformation; when these earthquakes occur 
beneath the sea, the water above the deformed area is displaced from the 
equilibrium position. Waves are formed as the displaced water mass, which acts 
influence of gravity. 
When large areas of the sea floor elevate or subside, a tsunami can be created.   

25. What is Focal depth and Epicentral distance? 

(i) Focal depth: The distance between the epicentre and the focus is 
called focal depth. 

(ii) Epicentral distance: The distance from epicentre to any of interest 
is called epicentral distance. 

UNIT – IV 
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RESPONSE OF STRUCTURES TO EARTHQUAKE 

Response and design spectra – Design earthquake – concept of peak 
acceleration – Site specific response spectrum – Effect of soil properties and 
damping – Liquefaction of soils – Importance of ductility – Methods of 
introducing ductility into RC structures. 

Two Marks Questions and Answers 

1. What do you understand by response spectrum? 

A  Response  spectrum  is  the  plot  of the  maximum  response  (  
maximum displacement,   velocity,   acceleration  or   any  other   quantity  of  
interest)   to   a specified  load  function  X (t)  for  all  possible  SDOF  systems  
(having  different a    

natural frequencies or time periods T and a constant damping ratio). 

2. What is mean by soil liquefaction? 

Soil  liquefaction  during  an  earthquake  is  a  process  that  leads  to  
loss  of strength or stiffness of the soil. This could result  in the settlement  of 
structures, cause landslides,  precipitates  failures  of  earth  dams  or  cause  
other  types  of hazards.  Soil liquefaction  has  been  observed  to  occur  most  
often  in  loose saturated sand deposits. 

3. Write a short note on liquefaction of clay soil. 

Certain clayey soils are vulnerable to serve strength loss due to 
earthquake shaking.  A  clayey  soil  would  be  considered  liquefiable  if  all  of  
the  following criteria are met: 

i. The weight of the soil particles finer than 0.005mm is less than 15% 
of the dry weight of the soil. 

ii. The liquid limit of the soil is less 35%. 
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iii. The  moisture  content  of  the  soil is  less  than  0.9  times  the liquid 
limit. 

4. How the liquefaction – induced Ground failures? 

If  a  soil  becomes  liquefied  and  loses  its  shear  strength,  ground  
failures may result.  When  structures  are  founded  over  or  near  these  soil  
deposits,  they may get damaged. The ground failures caused by liquefaction may 
be classified into the following categories: 

i. Lateral Spreading ii. Flow Failures 
 iii. Loss of Bearing Capacity 

5. What do you understand by lateral spreading? 

Lateral  spreading  is  the  movement  of  surfacial  soil  layers,  which  
occur there is a loss of shear strength in a subsurface layer due to liquefaction. 
Lateral spreading usually occurs on very gentle slopes (< 6%).  If there is 
differential lateral under a structure, there could be sufficient tensile stresses 
developed in the structures that it could literally tear apart. Flexible buildings 
have been observed to better withstand extensional displacement than more stiff 
or brittle buildings. 

6. What are the methods available on site Modification? 

Several site modification methods have been devised and adopted to reduce the 

potential or susceptibility of the soils beneath a site to liquefy. Some of them 
include 

i. Excavation and Replacement of liquefiable soils 
ii. Densification of in – situ soils iii. In –stu 
improvement of soils by alteration iv. Grouting 
or chemical Stabilization. 
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7. Write a short note on Soil Alteration? 

The third major category of site improvement methods is alteration of the 
soil to reduce the potential for liquefaction. The soil may be made more resistant 
by the construction of mixed – in place solidified piles or walls to provide shear 
resistance which would confine an area of liquefiable soils to prevent flow. 

8. What is mean by Grouting? 

The  fourth  category  of  soil  improvement  methods  is  soil  grouting  
or chemical stabilization. These would  improve the shear resistance of the soils 
by injection  of  particulate  matter,  resins  or  chemicals  into  the  voids.  
Common applications are jet grouting and deep soil mixing. 

9. What is mean by Structural Damping? 

Damping  of  structural  systems  plays  a  major  role  in  determining  the 
response of the structure for ground motions induced by earthquakes. The actual 
stiffness of foundation and damping co – efficient are dependent on the frequency 
of vibration. 

10. What are the effects of Damping on soil – structure interaction? 

Simple  single  degree  of  freedom  (SDOF)  system  is  considered  for  
the analysis.  The  system  is  mounted  on a  rigid,  mass-less  and  L-Shaped  
foundation which in turn is supported on an elastic foundation. 

11. Define Ductility. 

The  ability  of  a  structure  or  its  components  or  of  the  materials  
used  to offer  resistance  in  the  inelastic  domain  of  response  in  described  by  
the  term  ‘ Ductility”. It includes the ability to sustain large deformations, and a 
capacity to absorb energy hysteretic behavior. 
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12. What are the basic concepts for ductile performance structures? 

i. Selection of sound structural configuration with a well defined 
lateral load  

resisting system. 

ii. Systematic   placement   of   stiff   elements   with   a   view   to 
minimize  

increase in member forces due to torsion. 

iii. Availability of direct load path for force transfer from 
superstructure to soil medium. 

iv. Proper   detailing   of   members   and   joints   is   very   much 
necessary 

13. Write a short note on Push over analysis. 

Pushover analysis is a static analysis procedure for assessing the capacity 
of   structural   members   against   seismic   forces.   A   number   of   widely   
used procedures   (FEMA   273,   ATC   –   40)   compare   these   demands   with   
the recommended   values   of   member   capacities   varying   with   the   level   
of   the performance objectives employed. Each member is classified as either 
force based or displacement based, depending on its mode of behavior. 

14. Mention the different Variable affecting sectional ductility. 

The variables that affect sectional ductility include, 

i. Material variables such as the maximum usable compressive 
strain in concrete and grade of reinforcement. ii. Geometric 
variables such as the amount of tension and compression 
reinforcement and the shape of the section. 
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 iii.Loading variables such as the level of axial load accompanying shear. 

15. What do you understand by Response reduction factor (R)? 

It  is  the  factor  by  which  the  actual  base  shear  force,  that  would  be 
generated if the structure were to remain elastic during its response to design 
basis Earthquake  shaking,  shall  be  reduced  to  obtain the  design  lateral force.  
Ductile buildings are designed for seismic forces that are R times lower than the 
elastic behavior would require. 

16. Write  a  Short  notes  on  the  Analysis  of  structural  Response  Based  on  
Soil properties. 

Analysis of soil structure interaction can be either using the direct method 
or the multiple – step method. In the direct method, finite element model of the 
soil – foundation system is generated and solved in a single step. Multi  –  step  
method  of analysis  uses  the  principle  of  superposition  to isolate the two 
primary causes of soil – structure interaction, a) the inability of the  foundation  
to  match  free  field  deformation; 
b)  the  effect  of  dynamic response of foundation – structure system on the 
movement of the supporting soil. 

17. What is zero period acceleration? 

Zero period acceleration implies maximum acceleration experienced by a 
structure having zero natural period (T =0). An infinitely rigid structure has zero 
natural period        (T = 0). It doesn’t deform. Thus relative motion between its 
mass and its base, Mass has same acceleration as of the ground. Hence ZPA is 
the same as peak ground acceleration.    

18. What is a design spectrum? 

Response spectrum developed for displacement, pseudo-velocity and 
pseudo acceleration in a combined manner for elcentro earthquake (1940) for 
various damping ratios. This type of spectrum called tripartite response spectrum. 
For design purpose, local peaks and valleys should be ignored, since natural 
period can’t be calculated with accuracy. Hence smooth cure plotted by 
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considering the average number of elastic response spectrums corresponding to 
various possible earthquakes at particular site. It is known as design spectrum.  
19. What is peak ground acceleration (PGA)? 

PGA is a measure of earthquake acceleration. Unlike Richter scale, it is 
not a measure of the total size of the earthquake, but rather how hard the earth 
shakes in a given geographical area. PGA is what is experienced by a particle on 
the ground. 

20. Enumerate site specific response spectrum. 

A site specific response spectrum is plotted by taking the average of each 
record of site specific ground motions. This results in smooth means spectrum. 
The recorded earthquake motions clearly show that response spectrum shape 
differs for different types of soil profile at the site. Seed, Ugas and Lysmer 
(1985) plotted the average shape of response of spectrum.    

21. What are the methods to reduce liquefaction? 

(a) Avoid liquefaction-susceptible soils 

(b) Build liquefaction-resistant structures 

(c) Shallow foundation aspects 

(d) Deep foundation aspect 

(e) Improve the soil 

(f) Drainage techniques (g) Verification of improvement 
22. List out the effects of liquefaction. 

(a) Loss of bearing strength 

(b) Lateral spreading 

(c) Sand boils 

(d) Flow failures 

(e) Ground oscillation 

(f) Flotation 
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(g) Settlement. 

23. Name two type of liquefaction. Liquefaction has two types they are  
(i) Flow liquefaction 
(ii) Cyclic mobility. 

24. What is pounding? 

Pounding is another important issue in the construction of multistory 
frame in urban areas. That is when two multistory frames are constructed too 
close to each other; they may pound on each other during strong ground motion 
which leads to collision. To avoid collection, adjacent buildings should be 
separated by minimum gab. These factors imply that nowadays there is a need of 
earthquake resistance architecture in highly seismic areas.  
25. Name the four techniques of aseismic design. 

The following four techniques of aseismic design or earthquake resistant 
building 

are:  

(a) Structural configuration 

(b) Lateral strength 

(c) Good ductility  

(d) Light weight mass.  

UNIT – V DESIGN METHODOLOGY 
IS 1893, IS 13920 and IS 4326 – Codal provisions – Design as per the 

codes – Base isolation techniques – Vibration control measures – Important 
points in mitigating effects of earthquake on structures. 

Two Marks Questions and Answers 

1. What is the formula to find the load factors for plastic design of steel 
structures? 
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In  plastic  design  of  steel  structures,  the  following  load  combinations  
shall  be accounted for 

1. 1.7(DL+IL) 

2. 1.7(DL+EL) 

3. 1.3(DL+IL+EL) 

When Earthquake forces are considered on a structure, these shall be 
combined as per Load combination for plastic design of steel structures and partial 
safety factor for limit state deign of RC and PSC structures. 

2. What are the methods of improving element level Ductility? 

Ductility  in  element  level  is  generally  with  reference  to  the  
displacement  and moment curvature relationship of a section. This can be generally 
improved by 

i. Decreasing the tension steel area, yield stress and strain of the tension steel 

increasing the ultimate compressive strain of concrete. 
ii. Increasing the area of compression steel. iii.
 Reduction in the axial compression on the 
section. 

iv. Provision   of   effective   confinement   stirrups,   hoops   or   ties   such   that 
compressive steel does not buckle and concrete is led into three dimensional state 

of stress such that its ultimate compressive strain increases. 

3. Write the IS 13920 provisions for flexural members. 

The provisions apply to frame members resisting earthquake induced forces 
and designed to resist flexure. These members shall satisfy the following provisions 

(a) The factored axial stress on the member under earthquake loading shall 
not exceed 

0.1fck. 

(b) The member shall preferable have a width to depth ratio more than 0.3 
(c) Width of the member shall not be less than 200mm. 
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(d) The depth D of the member shall preferably be not more than ¼ of clear span. 

4. What  is the  formula  for  finding  out  the  Base  shear  using   seismic  co  
efficient method? 

V = K Cα
 W B   h   

Where, V is base shear, K is performance factor B = 

C is a co – efficient depending on the flexibility of the 
structure α design seismic co – efficient. h is  

5. Write a short notes on Review of Indian Code IS 1893 (1984) 

IS 1893 (1984) gives the Necessary criteria for the earthquake resistant 
design of structures.  This code states that structures should withstand without 
structural damage, moderate earthquakes and withstand without total collapse, 
heavy earthquakes. 

This code specifies two methods of analysis  

i. Seismic co-efficient method ii. Modal analysis or Response Spectrum method. 

6. What are the structural protective systems? 

Modern protective system is based on (i) Seismic base isolation (ii) Passive 
energy dissipaters (iii) Semi active and active systems. Passive energy dissipaters 
are classified as hysteric, design seismic co – efficient design seismic co – efficient 
Visco – elastic and others based on the devices used. Eg yielding of metals through 
sliding friction 

7. Write a short note on Mechanism of Base isolation. 

The Mechanism of base isolation subjected to ground motion. The 
isolation reduces the fundamental lateral frequency of the structure from its fixed 
base frequency and thus shifts the position of structure in the spectrum from peak 
plateau region. Also it brings forth additional damping due to the increased 
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damping introduced at the base level and thus reduction in the spectral 
acceleration is achieved. 

8. Write down the steps to improve Global level Ductility? (a) Increasing the 
redundancy of the structure (b) Weak bam and strong column approach. 

(c) Avoiding soft first storey effects 

(d) Avoiding Non – ductile failure modes like shear, bond and axial 
compression at the element level 

9. Define lateral load analysis of building system. 

Earthquake  force  is  an  inertia  force  which  is  equal to  mass  times 
acceleration. Mass of the building is mainly located at its floors. Transferring the 
horizontal component of seismic force safely to the ground is the major task in 
seismic design. The floors  should  transfer  the  horizontal  force  to  vertical  
seismic  elements  viz.,  columns, frames, walls and subsequently to the 
foundation finally to the soil. 

10. Write a short note on Indian seismic codes. 

The codes ensure safety of buildings under earthquake excitation IS 1893 
– 1962, recommendations for earthquake resistant design of structures. IS  1893 – 
1984 the country has divided into five zones in which one can reasonably forecast 
the intensity of earthquake shock which will occur in the event of future 
earthquake. 

11. Define the term DBE, MCE and MMI. 

DBE: Design Basics Earthquake 

MCE: Maximum Considered Earthquake 

MMI: Mercalli Intensity Scale 

12. What is the design philosophy adopted for earthquake resistant structure? 
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The  extreme  loading  condition  caused  by  an  earthquake  and  also  
the  low probability  of  such  an  event  occurring  within  the  expected  life  of  
a  structure,  the following dual design philosophy is usually adopted 

i. The structure is designed to resist the expected intensity of ground motion 

due to  a moderate earthquake so that  no  significant  damage  is caused to the 
basic structure and ii. The structure should also be able to withstand and resist 
total collapse in the unlikely event of a severe earthquake occurring during its 
lifetime. The designer  is economically  justified  in  this  case  to  allow  some  
marginal damage but total collapse and loss of life must be avoided. 

13. Write down the formula to find out the Magnitude as per the IS code. 

The amount of strain energy released at the source is indicated by the magnitude 
of 

the earthquake.  

 Magnitude = Log (A ) 
 10  max 

-3 
 Where  A  is  the  maximum  aptitude  in  microns  (10 m)  recorded  by 
Wood 

– Anderson seismograph. If E is the energy released, then  

Log E = 11.8 + 1.5 M 

14. What do you understand by response spectrum? 

A   Response   spectrum   is   the   plot   of   the   maximum   response   (   
maximum displacement, velocity, acceleration or any other quantity of interest) to a 
specified load function  X (t)  for  all  possible  SDOF  systems  (having  different  
natural  frequencies  or a   

time periods T and a constant damping ratio). 
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15. Why is base isolation effective? 

The base isolation systems reduce the base shear primarily because the 
natural vibration period of the isolation mode, providing most of the response, is 
much longer than the fundamental period of the fixed base structure, leading to a 
much smaller spectral ordinate. The higher modes are essentially not excited by 
the ground motion; although their pseudo acceleration is large their modal static 
responses are very small.  

The primary reason for effectiveness of base isolation in reducing 
earthquake induced forces in a building is the lengthening of the first mode 
period. The damping is the isolation system and associated energy dissipation is 
only a secondary factor in reducing structural response.  

16. Explain two cases of design horizontal earthquake load. 

(a) When the lateral resisting elements are oriented along orthogonal 
horizontal direction, the structure shall be designed for the effects due to 
full design earthquake load in one horizontal direction at time. 

(b) When the lateral load resisting elements are not oriented along the 
orthogonal horizontal directions, the structure shall be designed for the 
effect due to full design earthquake load in one horizontal direction plus 
30% of the design earthquake load in the other direction. 

17. Write the formula for modal mass (Mk). 

The modal mass Mk of mode k is given by: 
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18. Explain design eccentricity. 

The design eccentricity,  to be used at floor I shall be taken as: 

Whichever of these gives the more severe effect in the shear of any frame 

Where  = Static eccentricity  

 = defined as the distance between centre of mass and centre of 
rigidity bi = floor plan dimension of floor 

19. What is additive shear? 

Additive shear will be super-imposed for a statically applied eccentricity 
of  with respect to centre of rigidity. 

20. Name types of damper’s.  

(i) Metallic dampers or yielding dampers 

(ii) Friction dampers 

(iii) Viscous dampers. 
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BASICS OF DYNAMICS AND ASEISMIC DESIGN  
 

    UNIT – I          THEORY OF VIBRATION  
 

1. What is mean by Frequency?  
Frequency is number of times the motion repeated in the same sense or 

alternatively. It is the number of cycles made in one second (cps). It is also 
expressed as Hertz (Hz) named after the inventor of the term.  

2. What is the formula for free vibration response?  
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The  corresponding  equation  under  free  vibrations  can  be  obtained  by  
substituting  the  

right hand side of equation as zero. 
This gives  mu + Cu +Ku 
= 0  

3. What are the effects of vibration?  
i. Effect on Human Sensitivity.  
ii. Effect on Structural Damage  

4. What is mean by theory of vibration?  
Vibration is the motion of a particle or a body or a system of concentrated 

bodies having been displaced form a position of equilibrium, appearing as an 
oscillation.   

Vibration  was  recognized  in  mechanical  systems  first  and  hence  the  
study  of vibrations fell into the heading “Mechanical Vibrations” as early about 
4700 years ago.  

5. Define damping.  
Damping is a measure of energy dissipation in a vibrating system. The 

dissipating mechanism may be of the frictional form or viscous form. In the former 
case, it is called dry  friction  or  column  damping  and  in the  latter  case  it  is  
called  viscous  damping.   

6. What do you mean by Dynamic Response?  
The Dynamic may be defined simply as time varying. Dynamic load is 

therefore any  load  which  varies  in  its  magnitude,  direction  or  both,  with  
time.  The  structural response  (i.e.,  resulting  displacements  and  stresses)  to  a  
dynamic  load  is  also  time varying or dynamic in nature. Hence it is called 
dynamic response.  

7. What is mean by free vibration?   
A structure  is  said  to  be  undergoing  free  vibrations  if  the  exciting  

force  that caused  the  vibration  is  no  longer  present  and  the  oscillating  structure  
is  purely  under influence of its own inertia or mass(m) and stiffness (k). Free 
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vibration can be set in by giving an initial displacement or by giving an initial 
velocity (by striking with a hammer) to the structure at an appropriate location on it.  
8. What is meant by Forced vibrations?  

 Forced  vibrations  are  produced  in  a  structure  when  it  is  acted  upon  by the  
continuous presence of an external oscillating force acting on it. The structure under 
forced vibration normally responds at the frequency ratio, i.e.  (fm/fn) where fm is 
the frequency of excitation and  is the natural frequency of the structure.  

9. Write a short note on Amplitude.  
It  is  the  maximum  response  of  the  vibrating  body  from  its  mean 

position. Amplitude is generally associated with direction – vertical, horizontal, etc.  
It can be expressed in the form of displacement (u), velocity ( ) or acceleration ( ). 
In the case of simple harmonic motion, these terms are related through the 
frequency of oscillation (f).  

If „u‟ is displacement amplitude, then   

Velocity ( ) = 2π f .u  

Acceleration ( ) = (2π f). (u) = 4 u  

When acceleration is used as a measure of vibration, it is measured in terms 
of acceleration due to gravity, g (9.81 m/sec2).  

10. Define Resonance.  
This phenomenon  is  characterized  by the  build  –up  area  of large  

amplitudes of any  given  structural  system  and  as  such  ,  it  has  a  significance  
in  the  design  of dynamically  loaded  structures.  Resonance should be avoided 
under all circumstances, whenever a structure is acted upon by a steady state 
oscillating force (i.e., fm is constant). The presence of damping, however, limits the 
amplitudes at resonance. This shows the importance of damping in controlling the 
vibrations of structures. According to IS 1893 –1975-  Indian  standard  code  of  
practice  on  Earthquake  resistant  design  of  structures, following   values   of   
damping are recommended for design purposes.  

11. What is mean by Degrees of freedom?  
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The  number  of  degrees  of  freedom  of  system  equals  the  minimum  
number  of independent co-ordinates necessary to define the configuration of the 
system.  

12. Define static force.  
A push  or  pull  or  a  load  or  many  loads  on  any  system  creates  static  

displacement  or deflection depending on whether it is a lumped system or a 
continues system; there is no excitation and hence there is no vibration.  
13. Write a short note on simple Harmonic motion.  

Vibration  is  periodic  motion;  the  simplest  form  of  periodic  motion  is  
simple harmonic. More complex forms of periodic motion may be considered to be 
composed of a  number  of  simple  harmonics  of  various  amplitudes  and  
frequencies  as  specified  in Fourier series 14. What is the response for impulsive 
load or Shock loads?  

Impulsive  load  is  that  which  acts  for  a  relatively  short  duration.  
Examples are impact of a hammer on its foundation. Damping is not important in 
computing response to  impulsive  loads  since  the  maximum  response  occurs  in  
a  very  short  time  before damping   forces   can  absorb   much  energy   from  the   
structure.   Therefore,   only the undamped response to impulsive loads will be 
considered.  

15. Write a short note on single degree of freedom (SDOF) systems.  
At  any  instant  of time,  the  motion of this  system can  be  denoted  by 

single  co- ordinate (x in this case). It is represented by a rigid mass, resting on a 
spring of stiffness „k‟ and coupled through a viscous dashpot (representing 
damping) having constant „C‟. Here, the mass „m‟ represents the inertial effects of 
damping (or energy dissipation) in the system. Using the dynamic equilibrium 
relation with the inertial force included, according to D‟Alembert‟s principle, it can 
be  

written as   

 FI  +  FD         +FS    = P (t) 
   (Inertia  (Damping (Elastic  (Applied
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    Force) force)  force)  force)  
   This gives  

mx + Cx +Kx = P  

x, x, x respectively denote the displacement, velocity and acceleration of the 
system. P (t) is  the  time  dependent  force  acting  on  the  mass.  The above 
equation represents the equation of motion of the single degree freedom system 
subjected to forced vibrations.   

16. Define Cycle.  
The  movement  of  a  particle  or  body  from  the  mean  to  its  extreme  

position  in  the direction, then to the  mean and then another extreme  position and  
back  to the  mean is called a Cycle of vibration. Cycles per second are the unit Hz.  

17. Write short notes on D’Alembert’s principle.  
  According to Newton‟s law      F = ma  

 The above equation is in the form of an equation of motion of force equilibrium in 
which the sum of the number of force terms equal zero. Hence if an imaginary force 
which is equal to ma  were applied to system in the direction opposite to the 
acceleration, the system could then be considered to be in equilibrium under the 
action of real force F and the imaginary force ma. This imaginary force ma is 
known as inertia force and the position of equilibrium is called dynamic 
equilibrium.  

  D‟Alembert‟s principle which state that a system may be in dynamic 
equilibrium by adding to the external forces, an imaginary force, which is 
commonly known as the inertia force  

18. Write the mathematical equation for springs in parallel and springs in 
series Springs in parallel  

        ke = k1 k2  

    ke  is called equivalent stiffness of the 
system   Springs in series  

 1 1 1 
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        = +   
ke k1 k2 

19. Define logarithmic decrement method.  
 Logarithmic decrement is defined as the natural logarithmic value of the ratio 

of two adjacent peak values of displacement in free vibration. It is a dimensionless 
parameter. It is denoted by a symbol   

20. Write short notes on Half-power Bandwidth method.  
 Bandwidth is the difference between two frequencies corresponding to the same 
amplitude. Frequency response curve is used to define the half-power bandwidth. In 
which, the damping ratio is determined from the frequencies at which the response 
amplitude is reduced 1/√2 times the maximum amplitude or resonant amplitude.  

21. Define Magnification factor.  
 Magnification factor is defined as the ratio of dynamic displacement at any time to 
the displacement produced by static application of load.  

22. What is the difference between a static and dynamic force?  
 In a static problem, load is constant with respect to time and the dynamic 

problem is the time varying in nature. Because both loading and its responses 
varies with respect to time. Static problem has only one response that is 
displacement. But the dynamic problem has mainly three responses such as 
displacement, velocity and acceleration.  

23. Define critical damping.  
 Critical damping is defined as the minimum amount of damping for which the 

system will not vibrate when disturbed initially, but it will return tot the 
equilibrium position. This will result in nonperiodic motion that is simple decay. 
The displacement decays to a negligible level after one nature period T.  

24. List out the types of damping.  
(1) Viscous Damping, (2) Coulomb Damping, (3) Structural Damping, (4) 
Active Damping, (5) Passive Damping.  

25. What is meant by damping ratio?  
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 The ratio of the actual damping to the critical damping coefficient is called as 
damping ratio. It is denoted by a symbol  and it is dimensionless quantity. It ca be 
written as     

      = /   
  

  
                            UNIT II      MULTIPLE DEGREE OF FREEDOM SYSTEM  
1. Define degrees of freedom.  

 The no. of independent displacements required to define the displaced positions 
of all the masses relative to their original position is called the no. of degrees of 
freedom for dynamic analysis.  

2. Write a short note on matrix deflation technique.  
 Whenever  the  starting  vector,  the  vector  iteration  method  yields  the  same  

lowest Eigen value. To obtain the next lowest value, the one already found must 
be suppressed. This is possible by selecting vector that is orthogonal to the eigen 
values already found, or  by  modifying  any  arbitrarily  selected  initial  vector  
form  orthogonal  to  already evaluated  vectors.  The  Eigen  vectors  XL2   
computed  by  iteration  as  in  the  previous example X1  would be orthogonal to 
the XL1. the corresponding frequency will be higher than λL1  but lower than all 
other Eigen values.  

  
3. What is mean by flexibility matrix?  

  Corresponding  to  the  stiffness  (k),  there  is  another  structural  property  
known  as flexibility which is nothing but the reciprocal of stiffness.   

4. Write a short note on Jacobi’s Method.  
 While  all  other  enable  us  to  calculate  the  lowest  Eigen  values  one  after 

another, Jacobi‟s method yields all the Eigen values simultaneously. By a series of 
transformations of the  classical  form of the  matrix prescribed  by Jacobi,  all the 
non  diagonal  terms  may  be  annihilated,  the  final  diagonal  matrix  gives  all  
the Eigen values along the diagonal.  
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5. What are the steps to be followed to the dynamic analysis of structure?  
  The dynamic analysis of any structure basically consists of the following steps.  

1. Idealize the  structure  for  the  purpose  of  analysis,  as  an  assemblage  
of discreet elements which are interconnected at the nodal points.  

2. Evaluate the stiffness,   inertia and damping property matrices of the 
elements chosen.  

3. By supporting the element property matrices appropriately, formulate 
the corresponding matrices representing the stiffness, inertia and 
damping of the whole structure.  

6. Write a short note on Inertia force – Mass matrix [M]  
 On  the  same  analogy,  the  inertia  forces  can  be  represented  in  terms  of  

mass influence co efficient, the matrix representation of which is given by {f1} = 
[M] {Y}  

Mij a typical element of matrix M is defined as the force corresponding to co – 
ordinate i due as the force corresponding to coordinate i due to unit acceleration 
applied to the co ordinate j.  

  [M]{Y}+[C]{Y}+[K]{Y} = {P(t)}  

7. What are the effects of Damping?  
 The presence of damping in the system affects the natural frequencies only to a 

marginal extent. It is conventional therefore to ignore damping in the 
computations for natural frequencies and mode shapes  

8. Write a short note on damping force – Damping force matrix.  
 If  damping  is  assuming  to  be  of  the  viscous  type,  the  damping  forces  

may likewise be represented by means of a general damping influence co efficient, 
Cij. In matrix form this can be represented as  

{fD}= [C] {Y}  

9. What are the steps to be followed to the dynamic analysis of structure?  
  The dynamic analysis of any structure basically consists of the following steps.  
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1. Idealize the  structure  for  the  purpose  of  analysis,  as  an  assemblage  
of discreet elements which are interconnected at the nodal points.  

2. Evaluate the stiffness,   inertia and damping property matrices of the 
elements chosen.  

3. By supporting the element property matrices appropriately, formulate 
the corresponding matrices representing the stiffness, inertia and 
damping of the whole structure.  

10. What are normal modes of vibration?  
 If in the principal mode of vibration, the amplitude of one of the masses is 

unity, it is known as normal modes of vibration.  

11. Define Shear building.    
 Shear building is defined as a structure in which no rotation of a horizontal 

member at the floor level. Since all the horizontal members are restrained against 
rotation, the structure behaves like a cantilever beam which is deflected only by 
shear force.   

12. What is mass matrix?   

  The matrix  is called mass matrix and it can also be represented as [m]  

13. What is stiffness matrix?  

  The matrix  is called stiffness matrix and it also denoted by [k]  

14. Write short notes on orthogonality principles.   
 The mode shapes or Eigen vectors are mutually orthogonal with respect to the 

mass and stiffness matrices. Orthogonality is the important property of the normal 
modes or Eigen vectors and it used to uncouple the modal mass and stiffness 
matrices.   

   = 0, this condition is called orthogonality principles.   

15. Explain Damped system.   
   The response to the damped MDOF system subjected to free vibration is 
governed by  
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  In which [c] is damping matrix and { } is velocity vector.   

 Generally small amount of damping is always present in real structure and it 
does not have much influence on the determination of natural frequencies and mode 

shapes of the system.  The naturally frequencies and mode shapes for the damped 
system are calculated by using the same procedure adopted for undamped system.  

16. What is meant by first and second mode of vibration?  
 The lowest frequency of the vibration is called fundamental frequency and the 

corresponding displacement shape of the vibration is called first mode or 
fundamental mode of vibration. The displacement shape corresponding to second 
higher natural frequency is called second mode of vibration.  

17. Write the equation of motion for an undamped two degree of freedom 
system.  

           
 This is called equation of motion for an undamped two degree of freedom 

system subjected to free vibration.  

18. What is meant by two degree of freedom and multi degree of freedom 
system?  
 The system which requires two independent coordinates to describe the motion 

is completely is called two degree of freedom system. In general, a system requires 
n number of independent coordinates to describe it motion is called multi degree of 
freedom system 19. Write the characteristic equation for free vibration of 
undamped system.  

           
  This equation is called as characteristic equation or frequency equation.  

  
  

UNIT – III         ELEMENTS OF SEISMOLOGY  
1. Define Seismology. And Earthquake  
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 Seismology is the study of the generation, propagation generation and 
recording of elastic waves in the earth and the sources that produce them.  

 An Earthquake is a sudden tremor or movement of the earth‟s crust, which 
originates naturally at or below the surface. About 90% of all earthquakes results 
from tectonic events, primarily movements on the faults.  

2. What are the causes of Earthquake?  
 Earthquake originates due to various reasons, which may be classified into 

three categories. Decking waves of seashores, running water descending down 
waterfalls and movement of heavy vehicles and locomotives, causes feeble 
tremors these earthquakes are feeble tremors, which don‟t have disastrous effects.  

 Contrary to  the  volcanic  earthquake  and  those  due  to  superficial causes, 
which  can  be  severe,  only  locally,  the  more  disastrous  earthquakes  affecting 
extensive  region  are  associated  with  movements  of  layers  or  masses  of  
rocks forming the crust of the earth. Such seismic shocks, which originate due to 
crustal movements, are termed as tectonic earthquakes.  

3. What is mean by Epicenter and focus?  
 The point at which the rupture begins and the first seismic wave originates is 

called focus or hypocenter. The point on the ground directly above the focus is 
called epicenter.  

4. Write a short note on Plate Tectonic Theory  
    Tectonic  is  the  study  of  deformations  of  earth  materials  that  result  

from deformation.  Plate tectonics refers to deformation on a global scale.  The 
basic hypothesis of plate tectonics is that the surface of the earth consists of a 
number of large plates. These plates move relative to one another. The present six 
important plates are namely  

1. African plate  
2. American plate  
3. Antarctic plate  
4. Australian – Indian plate  
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5. Eurasian plate  
5. Write a short note on Seismic waves.  

 Large strain energy released during an earthquake travel as seismic waves in  
all  directions  through  the  earth‟s  layers,  reflecting  at  each  interface.    

6. Write a short note on Magnitude.  
 The  magnitude  of  an  earthquake  is  a  measure  of  the  amount  of  energy 

released.  The earthquake scale is devised by Charles F. Richter, an American 
seismologist be based on the total amount of energy released during an earthquake 
be called magnitude.  

7. What is mean by seismogram?  
A seismogram is the graph output by a seismograph. It is a record of ground 

motion at a measuring station. The energy measured in a seismogram may result 
from earthquake or from some other source.  

8. Write a note on Intensity.  
 Intensity indicates the intensity of shaking or extent of damage at a given 

location due to particular earthquake. Thus the intensity of some earthquake will 
be different at different places.  Intensity is a measure earthquake in qualitative 
way by judging what actually happens on the ground, the damage to the buildings 
and other structures caused by earthquake waves.  

9. What is Elastic rebound theory?   
  The concept of possible mode of origin of tectonic earthquakes is known as 

Elastic Rebound theory.  

10. Name the types of fault.  (i)  Dip-Slip fault  
(ii) Strike-Slip fault  
(iii) Oblique-Slip fault  

11. What are the types of Dip-Slip fault?   Dip-Slip fault having two types they 
are  

(i) Normal fault  
(ii) Reverse fault  
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12. What are the types of Body waves and surface waves?   Body waves are 
mainly of two types, they are   

(i) Primary waves  (or) P-waves  
(ii) Secondary waves (or) S-waves  
Surface waves also having two types, they are  

(i) Love waves  
(ii) Rayleigh waves  

13. How the earthquakes are classified?  
  Earthquake can be classified into the following types.  

(a) According to plate boundaries  
(b) According to its depth of focus  
(c) According to its origin of the earthquakes 

14. What are the factors influences the ground motion?  
  The factors which influence the ground motion are:   

(i) Magnitude of earthquake   
(ii) Epicentral distance   
(iii) Local soil conditions    

15. What are the basic difference between Focus and Epicentre?  
 Focus is the location within the earth where fault rupture actually occurs 

whereas the epicentre is the location on the surface above the focus.    

16. Compare: Magnitude and Intensity of an earthquake.  

Sl.No Magnitude  Intensity  
1.  Magnitude measures the energy release 

at the source of the earthquake. It is 
determined from measurements on 
seismographs.    

 Intensity measures the strength of 
shaking  produced by the earthquake at a 
certain location. It is determined from the 
effects on people, structure and natural 
environment.   

2.  Magnitude of an earthquake is a 
quantitative measure of its size. Thus 
the magnitude of the earthquake is a 

 Intensity is a qualitative measure of an  
earthquake, based on the damage caused 
by  them.  
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single number which does not vary 
from place to place.  

3.  Bhuj earthquake of January 2001 had a 
magnitude of 7.7 on Richter scale. The 
earthquake was felt over a large part of 
the state such as Bhuj, Ahmedabad etc.  
Magnitude of the earthquake of all the 
places remains same, i.e. 7.7.   

 The intensity of the same earthquake at 
Bhuj is  different from the intensity at 
Ahmedabad vice versa.   

  

  
17. What is the difference between Inter plate earthquakes and Intra plate 

earthquakes?  
(i) Inter plate earthquakes: The earthquake occurring along the 

boundaries of the tectonic plates are called as inter plate earthquakes.   
         Example: 1987, Assam Earthquake  

(ii) Intra plate earthquakes: The earthquakes occurring within a plate 
are called as intra plate earthquakes.  Example: 1993, Latur 
Earthquake    

18. What is the difference between shallow, intermediate and deep focus 
earthquake?  

(i) Shallow-focus earthquake: In this case, the seismic shocks originate 
at a depth of about less than 70 km. Nearly 80% of the world‟s 
earthquakes are shallow-focus earthquakes.  

(ii) Intermediate-focus earthquake: In this case, the seismic waves 
originate at a depth between 70 km to 300 km.  

(iii) Deep-focus earthquake: Here, the point of origin of the seismic wave 
is at a depth of greater than 300 km.       

19. What is Seismograph?  
 Seismograph is an instrument used to recording motions of the earth‟s surface 

caused by seismic waves, as a function of time. A modern seismograph includes 
five basic parts: a clock, a sensor called a seismometer that measures intensity of 
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shaking at the instruments location, a recorder that traces a chart or seismogram, of 
the seismic arrivals, an electronic amplifier and a data recorder that stores the 
information for later analysis.    

20. Explain volcanic Earthquake?   
 Earthquakes associated with volcanoes are more localized both in the extent of 

damage and in the intensity of the waves produced in comparison to those which 
are associated with faulting motions. Deep below the centre of volcano, hot 
magma moves slowly through underground passages under pressure, as its makes 
it ways towards the earth‟s surface. As this happens, the surrounding rock is put 
under pressure as the magma pushes against it.  

21. What is hypocenter?  
 Focus is an exact location within the earth where seismic waves are generated 

by sudden release of stored elastic building. It is called as hypocenter.  

22. What is accelerogram?  
A graph plotted between acceleration of ground and time is called accelerogram. 

The nature of accelerogram‟s may vary depending on energy released at focus, type 
of faults, geology along the fault plane and local soil.     

23. Explain Uttarkashi earthquake of 1991?  
 An earthquake of magnitude 6.6 struck the districts of Uttarkashi, Tehri and 

Chamoli in the state of Uttar Pradesh on October 20, 1991. About 768 persons lost 
their lives, with about 5,066 injured. Maximum peak ground acceleration of about 
0.31g was record at Uttarkashi. Many fourstorey buildings in Uttarkashi with RC 
frame and infill walls sustained the earthquake. Howe ever, some of the ordinary 
RC buildings collapsed.     

24. Enumerate TSUNAMI.  
A tsunami is a wave train or series of waves, generated in a body of water by an 

impulsive disturbance that vertically displaces the water column. Tsunami is a 
Japanese word with the English translation, “harbour wave”. The term “tsu” means 
harbour and “nami” means wave. Tsunami can be generated when the sea floor 
abruptly deforms and vertically displaces the overlaying water. Tectonic 
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earthquakes are a particular kind of earthquakes that are associated with the earth‟s 
crustal deformation; when these earthquakes occur beneath the sea, the water above 
the deformed area is displaced from the equilibrium position.   

25. What is Focal depth and Epicentral distance?  
(i) Focal depth: The distance between the epicentre and the focus is called 

focal depth.  
(ii) Epicentral distance: The distance from epicentre to any of interest is 

called epicentral distance.  
  

                   UNIT – IV                RESPONSE OF STRUCTURES TO 
EARTHQUAKE 1. What do you understand by response spectrum?  

A Response  spectrum  is  the  plot  of the  maximum  response  (  maximum 
displacement,   velocity,   acceleration  or   any  other   quantity  of  interest)   to   a 
specified  load  function  Xa   (t)  for  all  possible  SDOF  systems  (having  different 
natural frequencies or time periods T and a constant damping ratio).  

2. What is mean by soil liquefaction?  
 Soil  liquefaction  during  an  earthquake  is  a  process  that  leads  to  loss  of 

strength or stiffness of the soil. This could result  in the settlement  of structures, 
cause  landslides,  precipitates  failures  of  earth  dams  or  cause  other  types  of 
hazards.  Soil  liquefaction  has  been  observed  to  occur  most  often  in  loose 
saturated sand deposits.  

3. Write a short note on liquefaction of clay soil.  
 Certain clayey soils are vulnerable to serve strength loss due to earthquake 

shaking.  A  clayey  soil  would  be  considered  liquefiable  if  all  of  the  following 
criteria are met:  

i. The weight of the soil particles finer than 0.005mm is less than 15% of 
the dry weight of the soil.  

ii. The liquid limit of the soil is less 35%.  
iii. The  moisture  content  of  the  soil is  less  than  0.9  times  the liquid 

limit.  
4. How the liquefaction – induced Ground failures?  
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 If  a  soil  becomes  liquefied  and  loses  its  shear  strength,  ground  failures 
may  result.  When  structures  are  founded  over  or  near  these  soil  deposits,  
they may get  damaged. The ground failures caused by liquefaction may be 
classified into the following categories:  

i.   Lateral 
Spreading ii.  Flow 
Failures iii.  Loss of 
Bearing Capacity 

5. What do you understand by lateral spreading?  
 Lateral  spreading  is  the  movement  of  surfacial  soil  layers,  which  occur 

there is a loss of shear strength in a subsurface layer due to liquefaction. Lateral 
spreading usually occurs on very gentle slopes (< 6%).  If there is differential lateral 
under a structure, there could be sufficient tensile stresses developed in the 
structures that it could literally tear apart. Flexible buildings have been observed to 
better withstand extensional displacement than more stiff or brittle buildings.  

6. What are the methods available on site Modification?  
 Several site modification methods have been devised and adopted to reduce the 

potential or susceptibility of the soils beneath a site to liquefy. Some of them 
include  

  
i. Excavation and Replacement of liquefiable 

soils  
ii. Densification of in – situ soils iii.  In –

stu improvement of soils by alteration iv. 
 Grouting or chemical Stabilization.  

7. Write a short note on Soil Alteration?  
 The third major category of site improvement methods is alteration of the soil 

to reduce the potential for liquefaction. The soil may be made more resistant by the 
construction of mixed – in place solidified piles or walls to provide shear resistance 
which would confine an area of liquefiable soils to prevent flow.  
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8. What is mean by Grouting?  
 The  fourth  category  of  soil  improvement  methods  is  soil  grouting  or 

chemical stabilization. These would  improve the shear resistance of the soils by 
injection  of  particulate  matter,  resins  or  chemicals  into  the  voids.  Common 
applications are jet grouting and deep soil mixing.  

9. What is mean by Structural Damping?  
 Damping  of  structural  systems  plays  a  major  role  in  determining  the 

response of the structure for ground motions induced by earthquakes. The actual 
stiffness of foundation and damping co – efficient are dependent on the frequency 
of vibration. 10. What are the effects of Damping on soil – structure 
interaction?  

 Simple  single  degree  of  freedom  (SDOF)  system  is  considered  for  the 
analysis.  The  system  is  mounted  on a  rigid,  mass-less  and  L-Shaped  
foundation which in turn is supported on an elastic foundation. 11. Define 
Ductility.  

 The  ability  of  a  structure  or  its  components  or  of  the  materials  used  to 
offer  resistance  in  the  inelastic  domain  of  response  in  described  by  the  term  
„ Ductility”. It includes the ability to sustain large deformations, and a capacity to 
absorb energy hysteretic behavior.  

  
12. What are the basic concepts for ductile performance structures?  

i. Selection of sound structural configuration with a well defined lateral 
load resisting system.  

ii. Systematic   placement   of   stiff   elements   with   a   view   to minimize 
increase in member forces due to torsion.  

iii. Availability of direct load path for force transfer from superstructure 
to soil medium.  

iv. Proper   detailing   of   members   and   joints   is   very   much necessary  
13. Write a short note on Push over analysis.  
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 Pushover analysis is a static analysis procedure for assessing the capacity of   
structural   members   against   seismic   forces.   A   number   of   widely   used 
procedures   (FEMA   273,   ATC   –   40)   compare   these   demands   with   the 
recommended   values   of   member   capacities   varying   with   the   level   of   
the performance objectives employed. Each member is classified as either force 
based or displacement based, depending on its mode of behavior.  

  
14. Mention the different Variable affecting sectional ductility.  
  The variables that affect sectional ductility include,  

i. Material variables such as the maximum usable compressive strain in 
concrete and grade of reinforcement. ii. Geometric variables such as the 
amount of tension and compression reinforcement and the shape of the 
section.  

 iii. Loading variables such as the level of axial load accompanying shear.  

15. What do you understand by Response reduction factor (R)?  
 It  is  the  factor  by  which  the  actual  base  shear  force,  that  would  be 

generated if the structure were to remain elastic during its response to design basis 
Earthquake  shaking,  shall  be  reduced  to  obtain the  design  lateral force.  Ductile 
buildings are designed for seismic forces that are R times lower than the elastic 
behavior would require.  

16. Write  a  Short  notes  on  the  Analysis  of  structural  Response  Based  on  
Soil properties.  
 Analysis of soil structure interaction can be either using the direct method or 

the multiple – step method. In the direct method, finite element model of the soil – 
foundation system is generated and solved in a single step. Multi  –  step  method  
of  analysis  uses  the  principle  of  superposition  to isolate the two primary causes 
of soil – structure interaction, a) the inability of the  foundation  to  match  free  
field  deformation;  b)  the  effect  of  dynamic response of foundation – structure 
system on the movement of the supporting soil.  
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17. What is zero period acceleration?  
 Zero period acceleration implies maximum acceleration experienced by a 

structure having zero natural period (T =0). An infinitely rigid structure has zero 
natural period        (T = 0). It doesn‟t deform. Thus relative motion between its 
mass and its base, Mass has same acceleration as of the ground. Hence ZPA is the 
same as peak ground acceleration.     

18. What is a design spectrum?  
 Response spectrum developed for displacement, pseudo-velocity and pseudo 

acceleration in a combined manner for elcentro earthquake (1940) for various 
damping ratios. This type of spectrum called tripartite response spectrum. For 
design purpose, local peaks and valleys should be ignored, since natural period 
can‟t be calculated with accuracy. Hence smooth cure plotted by considering the 
average number of elastic response spectrums corresponding to various possible 
earthquakes at particular site. It is known as design spectrum.   

19. What is peak ground acceleration (PGA)?  
 PGA is a measure of earthquake acceleration. Unlike Richter scale, it is not a 

measure of the total size of the earthquake, but rather how hard the earth shakes in a 
given geographical area. PGA is what is experienced by a particle on the ground. 
20. Enumerate site specific response spectrum.  

 A site specific response spectrum is plotted by taking the average of each 
record of site specific ground motions. This results in smooth means spectrum. The 
recorded earthquake motions clearly show that response spectrum shape differs for 
different types of soil profile at the site.The average shape of response of spectrum.     

21. What are the methods to reduce liquefaction? (a) Avoid liquefaction-
susceptible soils  

(b) Build liquefaction-resistant structures  
(c) Shallow foundation aspects  
(d) Deep foundation aspect  
(e) Improve the soil  
(f) Drainage techniques (g) Verification of improvement  
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22. List out the effects of liquefaction.  
(a) Loss of bearing strength  
(b) Lateral spreading  
(c) Sand boils  
(d) Flow failures  
(e) Ground oscillation (f) Flotation  
(g) Settlement.  

23. Name two type of liquefaction.   Liquefaction has two types they are  (i) 
 Flow liquefaction (ii)  Cyclic mobility.  

24. What is pounding?  
 Pounding is another important issue in the construction of multistory frame in 

urban areas. That is when two multistory frames are constructed too close to each 
other; they may pound on each other during strong ground motion which leads to 
collision. To avoid collection, adjacent buildings should be separated by minimum 
gab. These factors imply that nowadays there is a need of earthquake resistance 
architecture in highly seismic areas.   

25. Name the four techniques of aseismic design.  
 The following four techniques of aseismic design or earthquake resistant 

building are:  (a) Structural configuration  

(b) Lateral strength  
(c) Good ductility   

  
  

UNIT – V                          DESIGN METHODOLOGY  
1. What is the formula to find the load factors for plastic design of steel 

structures?  
  In  plastic  design  of  steel  structures,  the  following  load  combinations  

shall  be accounted for  

1. 1.7(DL+IL)  
2. 1.7(DL+EL)  
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3. 1.3(DL+IL+EL)  
 When Earthquake forces are considered on a structure, these shall be combined 

as per Load combination for plastic design of steel structures and partial safety 
factor for limit state deign of RC and PSC structures.  

2. What are the methods of improving element level Ductility?  
 Ductility  in  element  level  is  generally  with  reference  to  the  displacement  

and moment curvature relationship of a section. This can be generally improved by  

i. Decreasing the tension steel area, yield stress and strain 
of the tension steel increasing the ultimate compressive 
strain of concrete.  

ii. Increasing the area of compression steel. iii. 
 Reduction in the axial compression on the section.  

iv. Provision   of   effective   confinement   stirrups,   hoops   or   ties   such   
that compressive steel does not buckle and concrete is led into three 
dimensional state of stress such that its ultimate compressive strain 
increases.  

3. Write the IS 13920 provisions for flexural members.  
 The provisions apply to frame members resisting earthquake induced forces 

and designed to resist flexure. These members shall satisfy the following provisions  

(a) The factored axial stress on the member under earthquake loading shall 
not exceed 0.1fck. (b) The member shall preferable have a width to depth 
ratio more than 0.3 (c) Width of the member shall not be less than 200mm.  

4. What  is the  formula  for  finding  out  the  Base  shear  using   seismic  co  
efficient method?  

   VB  = K Cαh  W  
 Where,   VB = is base shear, K is performance fact or C is a co – efficient 
depending on  
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the flexibility of the structure    
   αh is design seismic co – 
efficient.  

5. Write a short notes on Review of Indian Code IS 1893 (1984)  
 IS 1893 (1984) gives the Necessary criteria for the earthquake resistant design 

of structures.  This code states that structures should withstand without structural 
damage, moderate earthquakes and withstand without total collapse, heavy 
earthquakes.  

This code specifies two methods of analysis   

i. Seismic co-efficient method ii. 
Modal analysis or Response Spectrum 
method.  

6. What are the structural protective systems?  
 Modern protective system is based on (i) Seismic base isolation (ii) Passive 

energy dissipaters (iii) Semi active and active systems. Passive energy dissipaters 
are classified as hysteric, design seismic co – efficient design seismic co – efficient 
Visco – elastic and others based on the devices used. Eg yielding of metals through 
sliding friction.  

7. Write a short note on Mechanism of Base isolation.  
 The Mechanism of base isolation subjected to ground motion. The isolation 

reduces the fundamental lateral frequency of the structure from its fixed base 
frequency and thus shifts the position of structure in the spectrum from peak plateau 
region. Also it brings forth additional damping due to the increased damping 
introduced at the base level and thus reduction in the spectral acceleration is 
achieved.  

8. Write down the steps to improve Global level Ductility? (a) Increasing the 
redundancy of the structure (b) Weak bam and strong column approach.  

(c) Avoiding soft first storey effects  
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(d) Avoiding Non – ductile failure modes like shear, bond and axial 
compression at the element level.  

9. Define lateral load analysis of building system.  
 Earthquake  force  is  an  inertia  force  which  is  equal to  mass  times  

acceleration. Mass of the building is mainly located at its floors. Transferring the 
horizontal component of seismic force safely to the ground is the major task in 
seismic design. The floors  should  transfer  the  horizontal  force  to  vertical  
seismic  elements  viz.,  columns, frames, walls and subsequently to the foundation 
finally to the soil.  

10. Write a short note on Indian seismic codes.  
 The codes ensure safety of buildings under earthquake excitation IS 1893 – 

1962, recommendations for earthquake resistant design of structures. IS  1893 – 
1984 the country has divided into five zones in which one can reasonably forecast 
the intensity of earthquake shock which will occur in the event of future earthquake. 
11. Define the term DBE, MCE and MMI.  DBE: Design Basics Earthquake  

   MCE: Maximum Considered Earthquake  

   MMI: Mercalli Intensity Scale  

12. What is the design philosophy adopted for earthquake resistant structure?  
 The  extreme  loading  condition  caused  by  an  earthquake  and  also  the  low 

probability  of  such  an  event  occurring  within  the  expected  life  of  a  structure,  
the following dual design philosophy is usually adopted  

i. The structure is designed to resist the expected intensity of ground motion 
due to  a moderate earthquake so that  no  significant  damage  is caused to 
the basic structure and  

ii. The structure should also be able to withstand and resist total collapse in the 
unlikely event of a severe earthquake occurring during its lifetime. The 
designer  is  economically  justified  in  this  case  to  allow  some  marginal 
damage but total collapse and loss of life must be avoided.  

13. Write down the formula to find out the Magnitude as per the IS code.  
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 The amount of strain energy released at the source is indicated by the 
magnitude of the earthquake.   

Magnitude = Log10 (Amax)  

Where  A  is  the  maximum  aptitude  in  microns  (10-3m)  recorded  by 
Wood – Anderson seismograph. If E is the energy released, then   

Log E = 11.8 + 1.5 M  

  
14. What do you understand by response spectrum?  

  A   Response   spectrum   is   the   plot   of   the   maximum   response   (   
maximum displacement, velocity, acceleration or any other quantity of interest) to a 
specified load function  Xa   

(t)  for  all  possible  SDOF  systems  (having  different  natural  frequencies  or 
time periods T and a constant damping ratio).  

15. Why is base isolation effective?  
 The base isolation systems reduce the base shear primarily because the natural 

vibration period of the isolation mode, providing most of the response, is much 
longer than the fundamental period of the fixed base structure, leading to a much 
smaller spectral ordinate. The higher modes are essentially not excited by the 
ground motion; although their pseudo acceleration is large their modal static 
responses are very small.   

 The primary reason for effectiveness of base isolation in reducing earthquake 
induced forces in a building is the lengthening of the first mode period. The 
damping is the isolation system and associated energy dissipation is only a 
secondary factor in reducing structural response.   

16. Explain two cases of design horizontal earthquake load.  
(a) When the lateral resisting elements are oriented along orthogonal 

horizontal direction, the structure shall be designed for the effects due to 
full design earthquake load in one horizontal direction at time.  
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(b) When the lateral load resisting elements are not oriented along the 
orthogonal horizontal directions, the structure shall be designed for the 
effect due to full design earthquake load in one horizontal direction plus 
30% of the design earthquake load in the other direction.  

17. Write the formula for modal mass (Mk).  
  The modal mass Mk of mode k is given by:  

  
18. Explain design eccentricity.  
  The design eccentricity,  to be used at floor I shall be taken as:  

  
  Whichever of these gives the more severe effect in the shear of any frame  

   Where  = Static eccentricity   

   = defined as the distance between centre of mass and centre 
of rigidity    bi = floor plan dimension of floor  

19. What is additive shear?  
 Additive shear will be super-imposed for a statically applied eccentricity of 

 with respect to centre of rigidity.  

20. Name types of damper’s.   
(i)  Metallic dampers or 
yielding dampers (ii)  Friction 
dampers (iii) Viscous dampers.  
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QUESTION BANK  
  

CE6701  –  BASICS  OF  DYNAMICS  AND  ASEISMIC  DESIGN  
  

(FOR VII – SEMESTER)  
  
  
  
  

  

UNIT – I  
THEORY OF VIBRATION  

  
  

Concept of inertia and damping – Types of Damping – Difference 
between static forces and dynamic excitation – Degrees of freedom – 
SDOF idealization – Equations of motion of SDOF system for mass as 
well as base excitation – Free vibration of SDOF system – Response to 
harmonic excitation – Impulse and response to unit impulse – Duhamel 
integral.  
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2 Marks Questions  And Answers  
  

  

1. What do you mean by Dynamic Response?  
  

The Dynamic may be defined simply as time varying. Dynamic load 
is therefore any load which varies in its magnitude, direction or both, with 
time. The structural response (i.e., resulting displacements and stresses) 
to a dynamic load is also time varying or dynamic in nature. Hence it is 
called dynamic response.  
  
  

2. What is mean by Frequency?  
  
Frequency is number of times the motion repeated in the same sense or 
alternatively. It is  

the number of cycles made in one second (cps). It is also expressed as 
Hertz (Hz) named  

-1 after the 
inventor of the term. The circular frequency ω in units of sec is given 
by 2π f.  
  
  
3. Define damping.  
  

Damping is a measure of energy dissipation in a vibrating system. 
The dissipating mechanism may be of the frictional form or viscous form. 
In the former case, it is called dry friction or column damping and in the 
latter case it is called viscous damping. Damping in a structural system 
generally assumed to be of viscous type for mathematical convenience. 
Viscous damped force (Fd) is proportional to the velocity (X) of a 
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vibrating body. The constant of proportionality is called the damping 
constant ( C ). Its units are NS/m.  
  
4. Write a short  notes on Amplitude.  
  

It is the maximum response of the vibrating body from its mean 
position. Amplitude is generally associated with direction – vertical, 
horizontal, etc. it can be expressed in the form of displacement (X), 
velocity (X) or acceleration (X). in the case of simple harmonic motion, 
these terms are related through the frequency of oscillation (f). if X is 
displacement amplitude, then  
  
Velocity (X) = 2π f .X  
  

2 2 
Acceleration (X) =   (2π f ).(X) = 4 π f X  
  
When acceleration is used as a measure of vibration, it is measured in terms  

2 
of acceleration due to gravity, g (9.81 
m/sec ).  
  
  
5. What is mean by free vibration and forced vibration? Free vibration:  
  

A structure is said to be undergoing free vibrations if the exciting 
force that caused the vibration is no longer present and the oscillating 
structure is purely under influence of its own inertia or mass(m) and 
stiffness (k). free vibration can be set in by giving an initial displacement 
or by giving an initial velocity (by striking with a hammer) to the 
structure at an appropriate location on it.  
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Forced vibrations:  
  
Forced vibrations are produced in a structure when it is acted upon by the 
continuous presence of an external oscillating force acting on it. The 
structure under for ed vibration  

Prepared By K.Letcham ME MISTE  
  
normally responds at the frequency ratio, i.e (fm/fn) where fm is the 
frequency of excitation and fn is the natural frequency of the structure.  
  
  

6. Define Resonance.  
  

This phenomenon is characterized by the build –up area of large 
amplitudes of any given structural system and as such , it has a 
significance in the design of dynamically loaded structures. Resonance 
should be avoided under all circumstances, whenever a structure is acted 
upon by a steady state oscillating force (i.e., fm is constant). The presence 
of damping, however, limits the amplitudes at resonance. This shows the 
importance of damping in controlling the vibrations of structures. 
According to IS 1893 – 1975- Indian standard code of practice on 
Earthquake resistant design of structures, following values of damping 
(expressed as percentage of critical damping) are recommended for 
design purposes.  
  
  

7. What  are the effects of vibration?   
  

i. Effect  on Human Sensitivity.   
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ii. Effect  on structural damage.   

  

  

9. Write a short  note on single degree of freedom (SDOF)  systems.   
  

At any instant of time, the motion of this system can be denoted by 
single coordinate (x in this case). It is represented by a rigid mass, resting 
on a spring of stiffness „k‟ and coupled through a viscous dashpot ( 
representing damping) having constant „C‟. here, the mass „m‟ 
represents the inertial effects of damping (or energy dissipation) in the 
system  
  

Using the dynamic equilibrium relation with the inertial force 
included, according to D‟Alembert‟s principle, it can be written as  

 FI  +  FD  +FS  = P(t)  

(Inertia   (Damping (Elastic (Applied 
Force)   force)   force) 
 force)  

This gives       mx + Cx +Kx = P      
  
x, x, x respectively denote the displacement, velocity and acceleration of 
the system. P(t) is the time dependent force acting on the mass. The above 
equation represents the equation of motion of the single degree freedom 
system subjected to forced vibrations.  
  
  

9. What  is the formula for Free vibration response?  
  
The corresponding equation under free vibrations can be obtained by 
substituting the right hand side of equation as zero. This gives  
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mx + Cx +Kx = 0.  

  
  
  

  

10. What  is the response for impulsive  load or Shock loads?  
  

Impulsive load is that which acts for a relatively short duration. 
Examples are impact of a hammer on its foundation. Damping is not 
important in computing response to impulsive loads since the maximum 
response occurs in a very short time before damping forces can absorb 
much energy from the structure. Therefore, only the undamped response 
to impulsive loads will be considered.  
  

11. What  is mean by theory of vibration?  
  

Vibration is the motion of a particle or a body or a system of 
concentrated bodies having been displaced form a position of equilibrium, 
appearing as an oscillation.  
  

Vibration was recognized in mechanical systems first and hence the 
study of vibrations fell into the heading “Mechanical Vibrations” as early 
about 4700 years ago.  
  

12. What  is mean by Degrees of freedom?  
  

The number of degrees of freedom of system equals the minimum 
number of independent co-ordinates necessary to define the 
configuration of the system.  
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13. Define static force.  
  
A push or pull or a load or many loads on any system creates static 
displacement or deflection depending on whether it is a lumped system or 
a continues system; there is no excitation and hence there is no vibration.  
14. Define Cycle.  
  
The movement of a particle or body from the mean to its extreme position 
in the direction, then to the mean and then another extreme position and 
back to the mean is called a Cycle of vibration. Cycles per second is the 
unit HZ.  
  

15. Write a short  note on simple Harmonic motion.  
  

Vibration is periodic motion; the simplest form of periodic motion 
is simple harmonic. More complex forms of periodic motion may be 
considered to be composed of a number of simple harmonics of various 
amplitudes and frequencies as specified in Fourier series.  
  
  

     



BHARATHIDASAN ENGINEERING COLLEGE 

DEPARTMENT OF CIVIL ENGINEERING 

SUBJECT CODE: CE6701                           Year/ Sem: IV/VII 

SUBJECT NAME: STRUCTURAL DYNAMICS AND EARTHQUAKE ENGINEERING 
 

 

SIXTEEN MARKS QUESTIONS AND ANSWERS  
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QUESTION BANK  
  

CE6701  –  BASICS  OF  DYNAMICS  AND  ASEISMIC  DESIGN  
  

(FOR VII – SEMESTER)  
  

  

UNIT  –  II  
  

MULTIPLE  DEGREE  OF  FREEDOM  SYSTEM  
  

Two degree of freedom system – Normal modes of vibration – 
Natural frequencies - Mode shapes - Introduction to MDOF systems – 
Decoupling of equations of motion – Concept of mode superposition (No 
derivations).  
  
  
  

2 Marks Questions  And Answers  
  

  

1. Define degrees of  freedom.  
  

The no. of independent displacements required to define the displaced 
positions of position is called the no. of degrees of freedom for dynamic 
analysis. all the masses relative to their original  
  
  

2. Write the examples of multi degrees of freedom  system.  
  
  
  
  



 

  

 

 

 
  
  
  
  
  
  
  
  
  

3. Write a short  notes on Jacobi’s Method.  
  

While all other enable us to calculate the lowest eigen values 
one after another, Jacobi’s method yields all the eigen values 
simultaneously. By a series of transformations of the classical form 
of the matrix prescribed by Jacobi, all the non diagonal terms may 
be annihilated, the final diagonal matrix gives all the eigen values 
along the diagonal.  

  
4. What  is mean by vector iteration method?  

   

This method in association with matrix deflation technique is a 
practical method for the evaluation of a few lowest or highest eigen 
values and corresponding eigen vectors. Since only a few lowest eigen 
values are necessary for structural design purposes, this method has 
become popular. By inverse iteration, the eigen values are obtained in 
ascending order from λmin to λmax.  

By forward iteration method, the order is reversed.  

  
  

5. What  are the effects of Damping?   
  



 

  

The presence of damping in the system affects the natural frequencies 
only to a marginal extent. It is conventional therefore to ignore 
damping in the computations for natural frequencies and mode 
shapes.   

  
  

6. What  are the steps to be followed to the dynamic analysis of 
structure?   

  
The dynamic analysis of any structure basically consists of the 
following steps.   

  

1. Idealise the structure for the purpose of analysis, as an 
assemblage of discreet elements which are interconnected at the 
nodal points.   

  
2. Evaluate the stiffness, inertia and damping property matrices of 

the elements chosen.   

  
3. By supporting the element property matrices appropriately, 

formulate the corresponding matrices representing the stiffness, 
inertia and damping of the whole structure.   

  
  

7. Write a short  note on Damping force – Damping force matrix.   
  

If damping is assuming to be of the viscous type, the damping forces 
may likewise be  

represented by menas of a general damping influence co efficient, 
Cij.   

  
In matrix form this can be represented as  

{ fD}= [C]{Y}   
  



 

  

  
  

  

8. Write a short  note on Inertia force – Mass matrix [M]   

On the same analogy, the inertia forces can be represented in terms 
of mass influence co efficient, the matrix representation of which is 
given by  

  {f1} =   [M]{Y}  

Mij a typical element of matrix M is defined as the force corresponding 
to co  

– ordinate i due as the force corresponding to coordinate i due to unit 
acceleration applied to the co ordinate j.  
  

[M]{Y}+[C]{Y}+[K]{Y} = {P(t)}  
  

  

9. What  is mean by flexibility matrix?   
  

Corresponding   to   the   stiffness   (k),   there   is   another   structural   
property   known   as   

  
flexibility which  is  nothing  but  the reciprocal of stiffness.  The  
flexibility  matrix  F  is  thus  
  

the i nverse of the stiffness matrix,  

[F] = ]K]-1.   
  
  

10. Write a short  notes on matrix deflation technique.   
  

Whenever  the  starting  vector,  the  vector  iteration  method  yields  
the  same  lowest   



 

  

  
eigen value. To obtain the next lowest value, the one already found must 
be suppressed. This is possible by selecting vector that is orthogonal to 
the eigen values already found, or by modifying any arbitrarily selected 
initial vector form orthogonal to already evaluated vectors. The eigen 
vectors XL2 computed by iteration as in the previous example X1 would 
be orthogonal to the XL1. the corresponding frequency will be higher 
than λL1 but lower than all other eigen values.  

SIXTEEN MARKS QUESTIONS  
  
  



 

  

 
  



 

  

  
    



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

  

 



 

 

CE6701 Basics of Dynamics & Aseismic Design  

QUESTION BANK  

UNIT: III  

Part – A(2marks)  

1. Define Earth and its interior  

2. Plate Tectonics  

3. Define Inter Plate and Intra Plate Earthquake  

4. Seismic Waves  

5. Measuring Instruments  

6. Seismocope :  

7. Define Focus and Epicenter.  

8. Mainhock  

9. Foreshock and Aftershock  

10. Magnitude  

11. Intensity 12. Magnitude scales  
13. Isoseismals:  

Part – B(16marks)  

1. Write notes on  

(a) Types of seismic waves with neat sketches.     [10mark]  

(b) Working principle of seismogram with neat sketches.  [6mark]  

  



 

 

2. Write about “Behaviour of RC structures in the past earthquakes” and suggest 
some        improvements that may be done to overcome such deficiencies.  

  

3. Explain in details about the differentiate between magnitude and intensity of 
earthquakes  

  

4. Write Short notes on   

(a) Cause of Earthquake.        

(b) Plate Tectonic Theory.  

  

5. Explain briefly “Elastic Rebound Theory”    



 

 

UNIT IV -  RESPONSE OF STRUCTURES TO EARTHQUAKE  

A response spectrum is simply a plot of the peak or steady-state response 
(displacement, velocity or acceleration) of a series of oscillators of varying natural 
frequency, that are forced into motion by the same base vibration or shock. The 
resulting plot can then be used to pick off the response of any linear system, given 
its natural frequency of oscillation. One such use is in assessing the peak response 
of buildings to earthquakes. The science of strong ground motion may use some 
values from the ground response spectrum (calculated from recordings of surface 
ground motion from seismographs) for correlation with seismic damage.  

If the input used in calculating a response spectrum is steady-state periodic, then the 
steady-state result is recorded. Damping must be present, or else the response will 
be infinite. For transient input (such as seismic ground motion), the peak response is 
reported. Some level of damping is generally assumed, but a value will be obtained 
even with no damping.  

Response spectra can also be used in assessing the response of linear systems with 
multiple modes of oscillation (multi-degree of freedom systems), although they are 
only accurate for low levels of damping. Modal analysis is performed to identify the 
modes, and the response in that mode can be picked from the response spectrum. 
This peak response is then combined to estimate a total response. A typical 
combination method is the square root of the sum of the squares (SRSS) if the modal 
frequencies are not close. The result is typically different from that which would be 
calculated directly from an input, since phase information is lost in the process of 
generating the response spectrum.  

The main limitation of response spectra is that they are only universally applicable 
for linear systems. Response spectra can be generated for non-linear systems, but are 
only applicable to systems with the same non-linearity, although attempts have been 
made to develop non-linear seismic design spectra with wider structural application. 
The results of this cannot be directly combined for multi-mode response.  

Seismic Response Spectra  



 

 

Response spectra are very useful tools of earthquake engineering for analyzing the 
performance of structures and equipment in earthquakes, since many behave 
principally as simple oscillators (also known as single degree of freedom systems). 
Thus, if you can find out the natural frequency of the structure, then the peak 
response of the building can be estimated by reading the value from the ground 
response spectrum for the appropriate frequency. In most building codes in seismic 
regions, this value forms the basis for calculating the forces that a structure must be 
designed to resist (seismic analysis).  

  
As mentioned earlier, the ground response spectrum is the response plot done at the 
free surface of the earth. Significant seismic damage may occur if the building 
response is 'in tune' with components of the ground motion (resonance), which may 
be identified from the response spectrum. This was observed in the 1985 Mexico 
City Earthquake [1] where the oscillation of the deep-soil lake bed was similar to the 
natural frequency of mid-rise concrete buildings, causing significant damage. 
Shorter (stiffer) and taller (more flexible) buildings suffered less damage.  

  

In 1941 at Caltech, George W. Housner began to publish calculations of response 
spectra from accelerographs[2]. In the 1982 EERI Monograph on "Earthquake 
Design and Spectra"[3], Newmark and Hall describe how they developed an 
"idealized" seismic response spectrum based on a range of response spectra 
generated for available earthquake records. This was then further developed into a 
design response spectrum for use in structural design, and this basic form (with some 
modifications) is now the basis for structural design in seismic regions throughout 
the world (typically plotted against structural "period", the inverse of frequency). A 
nominal level of damping is assumed (5% of critical damping).  

For "regular" low-rise buildings, the structural response to earthquakes is 
characterized by the fundamental mode (a "waving" back-and-forth), and most 
building codes permit design forces to be calculated from the design spectrum on the 
basis of that frequency, but for more complex structures, combination of the results 
for many modes (calculated through modal analysis) is often required. In extreme 
cases, where structures are either too irregular, too tall or of significance to a 



 

 

community in disaster response, the response spectrum approach is no longer 
appropriate, and more complex analysis is required, such as non-linear static or 
dynamic analysis like in seismic performance analysis technique.  

  

Peak ground acceleration (PGA) is a measure of earthquake acceleration on the 
ground and an important input parameter for earthquake engineering, also known as 
the design basis earthquake ground motion (DBEGM)   

Unlike the Richter and moment magnitude scales, it is not a measure of the total 
energy (magnitude, or size) of an earthquake, but rather of how hard the earth shakes 
in a given geographic area (the intensity). The Mercalli intensity scale uses personal 
reports and observations to measure earthquake intensity but PGA is measured by 
instruments, such as accelerographs, and it generally correlates well with the 
Mercalli scale. See also seismic scale.  

The peak horizontal acceleration (PHA) is the most commonly used type of ground 
acceleration in engineering applications, and is used to set building codes and design 
hazard risks. In an earthquake, damage to buildings and infrastructure is related more 
closely to ground motion, rather than the magnitude of the earthquake. For moderate 
earthquakes, PGA is the best determinate of damage; in severe earthquakes, damage 
is more often correlated with peak ground velocity.   

Spectral acceleration (SA) is a unit measured in g (the acceleration due to Earth's 
gravity, equivalent to g-force) that describes the maximum acceleration in an 
earthquake on an object – specifically a damped, harmonic oscillator moving in one 
physical dimension. This can be measured at (or specified for) different oscillation 
frequencies and with different degrees of damping, although 5% damping is 
commonly applied. The SA at different frequencies may be plotted to form a 
response spectrum.  

Spectral acceleration, with a value related to the natural frequency of vibration of the 
building, is used in earthquake engineering and gives a closer approximation to the 
motion of a building or other structure in an earthquake than the peak ground 
acceleration value,[2][1] although there is normally a correlation between [short 
period] SA and PGA.   



 

 

Some seismic hazard maps are also produced using spectral acceleration  

Site-Specific Uniform Hazard Spectra  

In this study, four seismic source models and one ground motion attenuation 
equation were used for the probabilistic seismic hazard analysis. Figure 7 shows the 
uniform hazard spectra for the 4 nuclear plant sites according to the used seismic 
source models. Model A gives the highest seismic hazard for all the sites and model 
D gives the lowest seismic hazard. It is shown from this figure that the seismic hazard 
for a site is strongly dependent on the seismic source model.  

For a comparison of the uniform hazard spectrum, the average uniform hazard 
spectrum for a 104 exceedance probability level was calculated. Figure 8 shows a 
comparison of the average uniform hazard spectra for the four NPP sites. As shown 
in this figure, the seismic hazard of the Wolsung NPP site has the highest seismic 
hazard. The spectral shapes show rich high frequency contents similar to the 
frequency contents of the earthquake records in Korea.  

Mean ground response spectra obtained from 270 earthquake records with a 
magnitude of 3 to 5 which have occurred in Korea are shown in Fig. 9 (Seo et al., 
2002). As shown in the figure, these spectra have relatively large high-frequency 
spectral acceleration contents. The fluctuation in the spectrum for the magnitude 
5earthquakes is due to the very limited number of data. It is noted from Fig. 7 and 
Fig. 8 that the shapes of the uniform hazard spectra are very similar to the mean 
response spectrum developed from the real earthquake data that have occurred in 
Korea.  



 

 

 

  

SOIL-STRUCTURE INTERACTION  

1.1 Description and Treatment in 2003 NEHERP Recommended Provisions   

Structures subjected to earthquake motion are generally analyzed using free field 
ground motions; that is, ground motions at the location of structure if structure were 
not there. This assumption, which simplifies the analysis, is although valid for 
structure on rock or stiff soils, might not be appropriate for a structure on soft soils. 
The fixed base assumption for the structure founded on rock or stiff soils imply that 
high stiffness of elastic soil media constrain the motion at the foundation of structure 



 

 

close to the free field motion. However, there is always some soilstructure interaction 
during earthquake shaking and the interaction is particularly predominant for 
structures founded on soft soils in which elastic media confining the foundation acts 
as flexible column and overall response of structure is modified by inertial and 
kinematic effects. SSI increases the fundamental period of structure which generally 
reduces base shear, lateral forces, and overturning moments but might increase the 
displacement demands.   

Section 5.6 of FEMA 450(Council, 2003) provides guidelines to account for the SSI 
in the analysis of structure using equivalent lateral force procedures and response 
spectrum procedure. Guidelines are not be used if the structure is modeled as 
flexible-base, rather than rigid base, in the analysis of structure. In both analysis 
procedures, it allows the reduction of base shear obtained without considering SSI. 
Reduced base shear is distributed over height using same procedure as used for 
fixed-base structure. Time period of structure is modified using a simplified model 
which takes into account the flexibility of soil-foundation system as shown in Figure 
1.1. Hysteretic and radiation damping of foundation systems contributes to the total 
damping of structure and effective damping ratio is calculated as the sum of viscous 
damping of structure and damping due to SSI. Radiation and hysteretic damping is 
calculated using chart provided in the guidelines. The modified shears, overturning 
moments, and torsional effects are determined using same procedures as for 
structures without SSI but using reduced lateral forces.  

   

Figure 1.1: Simplified oscillator model for analysis of inertial interaction under 
lateral excitation(Bozorgnia and Bertero, 2004)  

1.2  Kinematic and Inertial Effects  

Structure on soil exhibits two kinds of interaction effects known as kinematic and 
inertial effects. Kinematic interaction effects exist due to change in wave 
propagation media as a result of change in density and elasticity of the media. It 
changes the wave propagation velocity and leads to reflection and refraction of 
incoming seismic waves. Kinematic effects of SSI represent the change in response 
of structure when response is obtained using free-field motions and when the 
presence of structure is considered. It doesn’t depend on the mass of structure and is 



 

 

affected by the geometry and configuration of structure, the foundation embedment, 
the composition of incident free-field waves, and the angle of incidence of these 
waves(Villaverde, 2009). Kinematic interaction can be neglected for structures with 
no embedment excited by vertically propagating shear waves.  

Inertial effects result from the combined dynamic behavior of structure, foundation, 
and supporting soil media. Soil media, owing to its elastic and inertial properties, 
increases the degrees of freedom of structure and makes it possible to dissipate 
energy of incoming seismic waves by the radiation of waves away from the structure 
and hysteretic deformation of supporting soil media. Inertial effect depends on the 
relative flexibility of supporting soil media to the structure, which implies that the 
effect is not significant for regular structure founded on stiff soils or rock, but could 
be significant for stiff and massive structures like nuclear power plants founded on 
soft-soils.  

1.3 Software Packages for SSI Analysis of Structures   

Some of the software programs used for SSI analysis of structures are listed below:  

1. SHAKE  

2. SASSI  

3. FLUSH  

4. LSDYNA  

There are two kinds of analysis methods that are used in contemporary software 
packages: 1) Direct method, and 2) Substructure method. Direct method models the 
soil and structure together and analyzes the combined system in a single step. Soil 
and structure are discretized in finite elements and nonlinear analysis can be 
performed. On the other hand, substructure method divides the analysis in three steps 
use the superposition to obtain the final response. It is solved in frequency domain 
analysis and assumes linear soil and structure behavior. Three steps used in 
substructuring method are:  

i. Determination of foundation input motion.  



 

 

ii. Dynamic analysis of soil media to obtain stiffness and damping characteristic 
of foundation-soil interaction.  

iii. Analysis of structure supported on springs represented by step 2 and subjected 
to base excitation obtained in step 1.  

SASSI and FLUSH use substructuring method using frequency domain analysis. 
Although less computationally expensive, these methods cannot perform nonlinear 
analysis and equivalent linearization with iterations is used. SHAKE is used for site 
response analysis to provide the input parameters required for SSI analysis in SASSI.  

LSDYNA and other finite element packages (e.g, ABAQUS) use time domain 
methods and can perform nonlinear analysis. They uses the direct method in which 
the soil and structure is modeled and analyzed together. These software programs 
are computationally extensive when compared to frequency domain programs. Also, 
modeling a semi-infinite soil media is not possible and transmitting boundaries are 
used to reproduce the behavior. Moreover, there are identified issues with 
application of three-dimensional coupled ground motions to structures in direct 
methods.   

1.4  SSI in Nuclear Power Plants  

Nuclear power plant layout consists of a complex layout of heavy and massive 
structures at close distances. Nuclear Island is supported on a very stiff and heavy 
basemat and embedment of foundation might be significant. All these factors play 
important role in increased kinematic and inertial interactions. The rigidity and low 
height-width ratio dictates that rocking component of structural response might not 
be neglected. Although, neglecting SSI effects generally results in a conservative 
force demand, the aim with the analysis of nuclear power plants is to be accurate 
rather than conservative. Excessive mass and heavy size of nuclear power plant 
dictates that even though if it is built on relatively stiff soil, SSI effects might still be 
significant and needs to be considered for the analysis and design.  

   

SECTION 2: SAP2000 MODEL OF HOSPITAL BUILDING  

2.1  Reactive weights  

  



 

 

Floor Reactive weight(Kips)  

1 2828  

2 2726 3  2798  
4  2257  

Table 2.1: Reactive weights at different floors of the structure  

Total reactive weight: 10609 Kips  

Total reactive mass: 329.5 Kips-s2/ft  

2.2 Modal Frequencies and Participating Mass  

Mode Period Cumulative % Mass(E-W) Cumulative % Mass(N-S)  

1 1.858 0  0.80431  

2 1.764 0.83089  0.80431  

3 0.638 0.94492  0.80431 4  0.616 0.94492  0.93075  
5 0.383 0.98133  0.93075  

6 0.337 0.98133  0.97836  

7 0.246 1  0.97836  

8 0.205 1  1  

Table 2.2: Modal frequencies and participating modal masses of the structure 
(Translational modes only)  

2.3 Mode Shapes  

         

Figure 2.1: First three translational modes of the structure in the transverse direction  

         

Figure 2.2: First three translational modes of the structure in the longitudinal 
direction  



 

 

2.4 Modes Required for Response Spectrum Analysis  

Section 12.9.1 of ASCE 7-10(ASCE, 2010)states that:  

“The analysis shall include a sufficient number of modes to obtain a combined modal 
mass participation of at least 90 percent of the actual mass in each of the orthogonal 
horizontal directions of response considered by the model.”  

As per the above criteria, first two modes in each direction, E-W and N-S, should be 
considered. It should be noted that rotational modes of vibration has been neglected 
as there is no mass, and hence no mass participation in rotational direction.  

Liquefaction of soils:   

 



 

 

  



 

 

 



 

 

  



 

 

 



 

 

 



 

 

  

SOIL-STRUCTURE INTERACTION  

1.1 Description and Treatment in 2003 NEHERP Recommended Provisions   

Structures subjected to earthquake motion are generally analyzed using free field 
ground motions; that is, ground motions at the location of structure if structure 
were not there. This assumption, which simplifies the analysis, is although valid 
for structure on rock or stiff soils, might not be appropriate for a structure on soft 
soils. The fixed base assumption for the structure founded on rock or stiff soils 
imply that high stiffness of elastic soil media constrain the motion at the 
foundation of structure close to the free field motion. However, there is always 
some soil-structure interaction during earthquake shaking and the interaction is 
particularly predominant for structures founded on soft soils in which elastic media 
confining the foundation acts as flexible column and overall response of structure 
is modified by inertial and kinematic effects. SSI increases the fundamental period 
of structure which generally reduces base shear, lateral forces, and overturning 
moments but might increase the displacement demands.   

Section 5.6 of FEMA 450(Council, 2003) provides guidelines to account for the 
SSI in the analysis of structure using equivalent lateral force procedures and 
response spectrum procedure. Guidelines are not be used if the structure is 
modeled as flexible-base, rather than rigid base, in the analysis of structure. In both 
analysis procedures, it allows the reduction of base shear obtained without 
considering SSI. Reduced base shear is distributed over height using same 



 

 

procedure as used for fixedbase structure. Time period of structure is modified 
using a simplified model which takes into account the flexibility of soil-foundation 
system as shown in Figure 0.1. Hysteretic and radiation damping of foundation 
systems contributes to the total damping of structure and effective damping ratio is 
calculated as the sum of viscous damping of structure and damping due to SSI. 
Radiation and hysteretic damping is calculated using chart provided in the 
guidelines. The modified shears, overturning moments, and torsional effects are 
determined using same procedures as for structures without SSI but using reduced 
lateral forces.  

  

Figure 0.1: Simplified oscillator model for analysis of inertial interaction under 
lateral excitation(Bozorgnia and Bertero, 2004)  

1.2 Kinematic and Inertial Effects  

Structure on soil exhibits two kinds of interaction effects known as kinematic and 
inertial effects. Kinematic interaction effects exist due to change in wave 
propagation media as a result of change in density and elasticity of the media. It 
changes the wave propagation velocity and leads to reflection and refraction of 
incoming seismic waves. Kinematic effects of SSI represent the change in response 
of structure when response is obtained using free-field motions and when the 
presence of structure is considered. It doesn’t depend on the mass of structure and 
is affected by the geometry and configuration of structure, the foundation 
embedment, the composition of incident free-field waves, and the angle of 



 

 

incidence of these waves(Villaverde, 2009). Kinematic interaction can be neglected 
for structures with no embedment excited by vertically propagating shear waves.  

Inertial effects result from the combined dynamic behavior of structure, foundation, 
and supporting soil media. Soil media, owing to its elastic and inertial properties, 
increases the degrees of freedom of structure and makes it possible to dissipate 
energy of incoming seismic waves by the radiation of waves away from the 
structure and hysteretic deformation of supporting soil media. Inertial effect 
depends on the relative flexibility of supporting soil media to the structure, which 
implies that the effect is not significant for regular structure founded on stiff soils 
or rock, but could be significant for stiff and massive structures like nuclear power 
plants founded on soft-soils.  

1.3 Software Packages for SSI Analysis of Structures   

Some of the software programs used for SSI analysis of structures are listed below:  

1. SHAKE  

2. SASSI  

3. FLUSH  

4. LSDYNA  

There are two kinds of analysis methods that are used in contemporary software 
packages: 1) Direct method, and 2) Substructure method. Direct method models 
the soil and structure together and analyzes the combined system in a single step. 
Soil and structure are discretized in finite elements and nonlinear analysis can be 
performed. On the other hand, substructure method divides the analysis in three 
steps use the superposition to obtain the final response. It is solved in frequency 
domain analysis and assumes linear soil and structure behavior. Three steps used in 
substructuring method are:  

i. Determination of foundation input motion.  



 

 

ii. Dynamic analysis of soil media to obtain stiffness and damping characteristic 
of foundation-soil interaction. iii. Analysis of structure supported on springs 
represented by step 2 and subjected to base excitation obtained in step 1.  

SASSI and FLUSH use substructuring method using frequency domain analysis. 
Although less computationally expensive, these methods cannot perform nonlinear 
analysis and equivalent linearization with iterations is used. SHAKE is used for 
site response analysis to provide the input parameters required for SSI analysis in 
SASSI.  

LSDYNA and other finite element packages (e.g, ABAQUS) use time domain 
methods and can perform nonlinear analysis. They uses the direct method in which 
the soil and structure is modeled and analyzed together. These software programs 
are computationally extensive when compared to frequency domain programs. 
Also, modeling a semi-infinite soil media is not possible and transmitting 
boundaries are used to reproduce the behavior. Moreover, there are identified 
issues with application of three-dimensional coupled ground motions to structures 
in direct methods.   

1.4 SSI in Nuclear Power Plants  

Nuclear power plant layout consists of a complex layout of heavy and massive 
structures at close distances. Nuclear Island is supported on a very stiff and heavy 
basemat and embedment of foundation might be significant. All these factors play 
important role in increased kinematic and inertial interactions. The rigidity and low 
height-width ratio dictates that rocking component of structural response might not 
be neglected. Although, neglecting SSI effects generally results in a conservative 
force demand, the aim with the analysis of nuclear power plants is to be accurate 
rather than conservative. Excessive mass and heavy size of nuclear power plant 
dictates that even though if it is built on relatively stiff soil, SSI effects might still 
be significant and needs to be considered for the analysis and design.  

  

SECTION 2: SAP2000 MODEL OF HOSPITAL BUILDING  



 

 

2.1 Reactive weights  

Floor Reactive 
weight(Kips)  

1  2828  

2  2726  

3  2798  

4  2257  
Table 2.1: Reactive weights at different floors of the structure  

Total reactive weight: 10609 Kips  

Total reactive mass: 329.5 Kips-s2/ft  

2.2 Modal Frequencies and Participating Mass  

Mode Period Cumulative % 
Mass(E-W)  

Cumulative % 
Mass(N-S)  

1  1.858  0  0.80431  

2  1.764  0.83089  0.80431  

3  0.638  0.94492  0.80431  

4  0.616  0.94492  0.93075  

5  0.383  0.98133  0.93075  

6  0.337  0.98133  0.97836  

7  0.246  1  0.97836  

8  0.205  1  1  
Table 2.2: Modal frequencies and participating modal masses of the structure 

(Translational modes  
only)  



 

 

2.3 Mode Shapes  

 
Figure 2.1: First three translational modes of the structure in the transverse 

direction  

 
Figure 2.2: First three translational modes of the structure in the longitudinal 

direction  

2.4 Modes Required for Response Spectrum Analysis  

Section 12.9.1 of ASCE 7-10(ASCE, 2010)states that:  

“The analysis shall include a sufficient number of modes to obtain a combined 
modal mass participation of at least 90 percent of the actual mass in each of the 
orthogonal horizontal directions of response considered by the model.”  

As per the above criteria, first two modes in each direction, E-W and N-S, should 
be considered. It should be noted that rotational modes of vibration has been 
neglected as there is no mass, and hence no mass participation in rotational 
direction.  



 

 

  



 

 

  



 

 

 



 

 

 



 

 

  

  

  

   



 

 

UNIT – V  

DESIGN  METHODOLOGY  

  

IS 1893, IS 13920 and IS 4326 – Codal provisions – Design as per 
the codes – Base isolation techniques – Vibration control measures – 
Important points in mitigating effects of earthquake on structures.  

2 Marks  Questions    

1. What  do you understand by response spectrum?  

2. Write down the formula to find out the Magnitude as per the IS code.  

3. What  is the design philosophy adopted for earthquake  resistant  
structure?  

4. Define the term DBE ,MCE and MI.   
5. Write a short  notes on Indian seismic codes.   
6. What  is the formula to find the load factors for plastic design of steel 

structures?  

7. Define lateral load analysis of building system.  

8. What  are the methods of improving element  level Ductility?  

9. Write down the steps to improve Global level Ductility?  

10. Write the IS 13920 provisions for flexural members.  

11. Write a short  notes on Review of Indian Code IS 1893 (1984)  

12. What is the formula for finding out the Base shear using seismic co 
efficient method?   

13. Write a short  note on Mechanism of Base isolation.  

14. What  are the structural protective systems?  

  



 

 

16 MARKS QUESTIONS  

1. Explain briefly the Base isolation technique.   
  

2. A three storey unsymmetrical office building situated at guawahati 
has the plan dimensions aas shown in fig. with the following data   

  

 Floor slab  :  15cm thick including finish  

  
Beam size  

  

:  25cm X 35cm below floor  

Column size  

  

:  25cm diameter  

Wall thickness  

  

:25cm including plaster  

Storey height  

  

:  3.25m  

Live load  

is  
:  4 kN/m2. the structure is  resting on hard rock 
and it  

  

required to evaluate the load using seismic co efficient  method.  

  

3. Write a brief notes on Seismic design codes of India.   
  

4. Explain briefly the Dynamic Analysis.   
  


