
UNIT I 
 

1. State D’ Alembert’s principle of dynamic equilibrium    [N/D-14, M/J-15] 

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 

2. List the types of vibration.      [N/D-14,N/D-16] 

Free vibration  

Forced vibration  

Damped vibration 

Forced damped vibration. 

3. Write the mathematical equation for springs in parallel and springs in series  

[M/J-15] 

Springs in parallel  

ke = k1 +  k2 

ke is called equivalent stiffness of the system  

Springs in series 
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4. Define logarithmic decrement method      [M/J-15] 

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 𝛿  

5. Define Magnification factor.       [N/D-15] 

Magnification factor is defined as the ratio of dynamic displacement at any time to the displacement 

produced by static application of load. 

6. Define critical damping.        [N/D-15] 

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. 
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7. List out the types of damping        [M/J-16] 

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

Damping.     

8. What is mean by Degrees of freedom?        [N/D-13, M/J-16] 

The number of degrees of freedom of system equals the minimum number of independent co-

ordinates necessary to define the configuration of the system.  

9. Define Resonance.           [N/D-16] 

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).     

10. What is meant by damping ratio?       [M/J-14, N/D-16] 

The ratio of the actual damping to the critical damping coefficient is called as damping ratio. It is 

denoted by a symbol 𝜌 and it is dimensionless quantity. It ca be written as 𝜌 = 𝑐/𝑐c 
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PART B 

1. Derive the equation of motion for SDOF system damped free vibration      

          [A/M-08,M/J-08,M/J-12, M/J-13, N/D-14] 
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 2. A vibrating system consist of a mass 5 kg, spring of stiffness 120 N/m and damper with 

damping co efficient 5 Ns/m. determine damping factor, natural frequency of damped 

vibration, logarithmic decrement, ratio of two successive amplitudes, number of cycles 

after which initial amplitude reduced to 25 %.                        [A/M-10,A/M-13,M/J-15,N/D-16] 

 

 3.  
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3. A cantilever beam AB of length L is attached to a spring K and mass M from the equation of 

motion and find the expression of frequency.            [A/M-08,M/J-12,M/J-13,N/D-14,M/J-16] 
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UNIT II 

1. State D’ Alembert’s principle of dynamic equilibrium    [A/M-13,N/D–16] 

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  

2. List the types of vibration.      [M/J-15,N/D–16]  

• Free vibration  

• Forced vibration  

• Damped vibration 

• Forced damped vibration.  

3. Write the mathematical equation for springs in parallel and springs in series  [N/D-15]  

Springs in parallel  

ke = k1 +  k2 

ke is called equivalent stiffness of the system  

Springs in series         

4. Define logarithmic decrement method.      [M/J-14,M/J-12]  

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 

�  

5. Write short notes on Half-power Bandwidth method.    [A/M -13]  

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. 

6. Define Magnification factor.            [A/M-13,N/D–15] 

Magnification factor is defined as the ratio of dynamic displacement at any time to the displacement 

produced by static application of load.  

7. What is the difference between a static and dynamic force?    [M/J – 14] 

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 
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responses such as displacement, velocity and acceleration.  

8. Define critical damping.        [A/M -10]  

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. 

9. List out the types of damping        [M/J-13]  

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

Damping.  

10. Write a short note on single degree of freedom (SDOF) systems.   [N/D – 15] 

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.  
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PART B 

1. Explain in detail about the free vibration of undamped system.         [A/M-13,M/J-14,N/D – 15] 
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2. Explain in detail about the damped free vibration system.      [A/M-12N/D-13,,M/J-14,N/D – 15] 
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3. Explain in detail about forced vibration of undamped system.           [A/M-13,N/D-14,M/J – 16] 
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4. Determine the natural frequencies and mode shape of the given system.  

        [N/D-12,A/M-13,M/J-15,N/D – 15] 
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UNIT III 

1. Define  - seismology and earthquake      [A/M-12,N/D – 15] 

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?      [N/D-13,N/D – 15] 

 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?      [M/J-13,N/D – 16]  

 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       [A/M – 14] 

 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  

 African plate  

 American plate  

 Antarctic plate  

 Australian – Indian plate  

 Eurasian plate  

 Pacific plate  
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5. Write a short note on Seismic waves.        [M/J - 16] 

 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.        [M/J – 13] 

 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/M – 16]  

 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.          [M/J-14,N/D – 16] 

 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?         [M/J – 13] 

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

10. Name the types of fault.         [A/M – 15]  

 Dip-Slip fault  

 Strike-Slip fault  

 Oblique-Slip fault  
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PART B 

1. Explain plate tectonics theory with neat sketch.                       [A/M-13,M/J-15,N/D – 16]  
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2. Explain elastic rebound theory with neat sketch.    [M/J-13,N/D-14,N/D – 16] 
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3. Explain briefly about seismogram?            [N/D-14,M/J-15,N/D – 15,N/D-16] 
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4. Explain the types of earthquakes?         [A/M-12,N/D-13,M/J – 13,N/D-15] 
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UNIT -4 

2 MARKS  

1. What is peak ground acceleration (PGA)?     [M/J-14,N/D-16] 
 
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 experienced by a 

particle on the ground. 

2. What do you mean by ductility?           [A/M-14,N/D-16] 
 

Ductility as the ability of a structure to undergo larger deformations without collapsing. As per special 
provisions recommended in codes, the detailing of the structure that lets the structure to gain a larger 
ductility other than the contributions of material ductility are called as ductility detailing or ductile detailing. 

 
3. Write down the steps to improve Global level Ductility?               [M/J-13,N/D-15] 

(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 

 
4. What are the properties of soil on which its spring constant depends?              [N/D-15] 
   The soil spring constant Kz depends on the dynamic soil shear modulus G and poisson’s ratio µ. 

  5. What is zero period acceleration?        [N/D-12,M/J-14] 

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. 

6. Write the short note on soil properties on dynamic analysis.     [N/D-12,N/D-16] 

The soil spring constant Kz depends on the dynamic soil shear modulus G and poisson’s ratio µ 
The unit weight is needed to calculate the soil density. If the base is resting on loose soil,then it would be 

either densified or stiffened with admixtures or stone columns.  

7. Explain site specific response spectra.                [N/D-11, M/J-14] 

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. 

 

8. What are the different effects of liquefaction (four)?       [N/D-11] 
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(a) Loss of bearing strength 

 (b) Lateral spreading  

(c) Sand boils 

 (d) Flow failures  

(e) Ground oscillation  

(f) Flotation 

 (g) Settlement 
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1. Explain the concept of peak acceleration and design spectrum with neat sketches  

                                                                                                                                 [N/D-12, M/J-13,N/D-16] 

  Concept of peak acceleration 

 

Design spectrum with neat sketches 
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2. Explain in details about lessons learnt from past earthquakes  [A/M-12,N/D-14,M/J-15,N/D-16] 
 
Lessons learnt from past earthquakes 
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3. Write notes on different methods of introducing ductility into the RC structure  
                  [M/J-14,M/J-15,N/D-16] 
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4. How will you construct response spectrum diagram. Explain the types of response spectrum with 

neat sketches         [M/J-13,A/M-15,N/D-15] 
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5. Brielfy discuss with neat sketches about the plan irregularities and vertical irregularities normally 

occurred in buildings.                      [N/D-14,N/D-15] 
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6. Explain the types of liquefaction and effects of liquefaction   [N/D-12,M/J-15] 
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7. Explain any four methods to reduce liquefaction             [N/D-12,M/J-15] 
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CE 6071 Structural Dynamics and Earthquake Engineering 

UNIT -5 

2 MARKS  

1. What is “strong column –weak beam” design concept      (N/D-16) 
 

The design philosophy for frames is to avoid failure of column from both axial load and bending moment 

considerations. Lack of adequate stiffness or strength in the column will lead to formation of plastic hinges in 

them. Under such conditions, formation of plastic moment hinges in the beam is preferred to that in the 

columns. Hence the design is done as beam a weaker member than the column. This concept of designing 

reinforced concrete frame is called the strong column-weak beam design 

 

2. Write down seismic design philosophy of IS 4326       (N/D-16) 

 

The general principles to be observed in the construction of such earthquake resistant buildings as specified in 

this standard are Lightness, Continuity of Construction, avoiding/reinforcing Projecting and suspended parts, 

Building configuration, strength in various directions, stable foundations, Ductility of structure, Connection to 

non-structural parts and fire safety of structures. 

 

3. What is the formula for finding out the base shear using seismic coefficient method?  (N/D-15) 

 

The total design lateral force or design seismic base shear (Vb) along any principal direction shall be    

determined by hte following expression 

  Vb = Ah W 

Ah – Design horizontal acceleration spectrum value using natural method 

W – Seismic weight of the building 

4. Define Viscous damping          (N/D-15) 

Viscous damping is caused by such energy losses as occur in liquid lubrication between moving parts or in a 

fluid forced through a small opening by a piston, as in automobile shock absorbers. The viscous-damping force 

is directly proportional to the relative velocity between the two ends of the damping device. 

5. Write the formula to find the load factors for plastic design of steel structures  (A/M-16) 

In plastic design of steel structures, the following load combinations shall be accounted for 

a. 1.7(DL+IL) 
b. 1.7(DL+EL) 
c. 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 design of 
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reinforced concrete structures and prestressed concrete structures 

6. What are the techniques involved in improving element level ductility?    (A/M-16)  

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

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

 Increasing the area of compressive steel 

 Reduction in the axial compression on the section 

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

7. Write the IS13920 provisions for flexural members      (A/M-15)  

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

 The factored axial stress on the member under earthquake loading shall not exceed 0.1fck 

 The member shall preferable have a width to depth ratio more than 0.3 

 Width of the member shall not be less than 200mm 
8. Write the methods of dynamic analysis of multi-storeyed structure as per IS 1893 code (A/M-15) 

This code states that structures should withstand without structural damage, moderate earthquakes and 
withstand without total collapse under heavy earthquakes. This code specifies two methods of analysis 

 Seismic co-efficient methods  

 Modal analysis or Response Spectrum method 
9. Define mass irregularity          (N/D-14) 

Mass irregularity is induced by the presence of a heavy mass on a floor, say a swimming pool. In IS1893 the mass   

 irregularity has been defined as a situation when weight of a floor exceeds twice the weight of the adjacent floor. 

 

10. What are the damages due to seismic effects?       (N/D-14) 

Damages due to 

a. Liquefaction 
b. Surface faulting 
c. Ground shaking 
d. Sliding of superstructure on its foundation 
e. Structural vibrations 
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11. Define lateral load analysis of building system       (N/D-12) 

Earthquake force is an inertia force which is equal to mass times acceleration. Mass of the building is mainly 
located at the 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. 

12. Define the term symmetry in buildings. Why symmetrical forms are preferred than unsymmetrical   
      forms?            (N/D-12) 

Symmetry denotes a geometrical property of the plan configuration, where as the structural symmetry means that 
the center of mass and the center of resistance are located at the same point. In symmetrical 
configuration/structural system the eccentricity between the center of mass and resistance will produce torsion and 
stress concentration and therefore the symmetrical forms are preferred to the symmetrical ones 

13. What are the factors that govern the architectural configurations?     (A/M-13)  

a. Architectural design 
b. Functional requirements 
c. Urban design parameters 
d. Planning considerations 
e. Aesthetic appearance 
f. Identity (distinctiveness) 

14. What are the objectives of earthquake resistant designs?      (A/M-13)  

a. Resist minor earthquake shaking without damage 
b. Resist moderate earthquake shaking without structural damage but possibly with some damage to 

non-structural members 
c. Resist major levels of earthquakes shaking with both structural and non-structural damage, but the 

building should not collapse thus endangerment of the lives of occupants is avoided 
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16 MARKS  

 

1. Write short notes on earthquake resistant design on masonry structures   (N/D-16,A/M-11) 

 Masonry buildings are brittle structures and one of the most vulnerable of the entire building stock under strong 
earthquake shaking. The large number of human fatalities in such constructions during the past earthquakes in 
India corroborates this. Thus, it is very important to improve the seismic behaviour of masonry buildings. A 
number of earthquake-resistant features can be introduced to achieve this objective. 
Ground vibrations during earthquakes cause inertia forces at locations of mass in the building.These forces 
travel through the roof and walls to the foundation. The main emphasis is on ensuring that these forces reach 
the ground without causing major damage or collapse. Of the three components of a masonry building (roof, 
wall and foundation) the walls are most vulnerable to damage caused by horizontal forces due to earthquake. A 
wall topples down easily if pushed horizontally at the top in a direction perpendicular to its plane (termed weak 
direction), but offers much greater resistance if pushed along its length (termed strong direction) .The ground 
shakes simultaneously in the vertical and two horizontal directions during earthquakes. The horizontal 
vibrations are the most damaging to normal masonry buildings. Horizontal inertia force developed at the roof 
transfers to the walls acting either in the weak or in the strong direction. If all the walls are not tied together like 
a box, the walls loaded in their weak direction tend to topple To ensure good seismic performance, all walls 
must be joined properly to the adjacent walls. In this way, walls loaded in their weak direction can take 
advantage of the good lateral resistance offered by walls loaded in their strong direction Further, walls also 
need to be tied to the roof and foundation to preserve their overall integrity. 
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2. Explain briefly about various guidelines on earthquake resistant buildings  (N/D-16,A/M-11) 

Buildings should be designed like the ductile chain. For example, consider the common urban residential 

apartment construction - the multi-storey building made of reinforced concrete. It consists of horizontal and 

vertical members, namely beams and columns. The seismic inertia forces generated at its floor levels are 

transferred through the various beams and columns to the ground. The correct building components need to be 

made ductile. The failure of a column can affect the stability of the whole building, but the failure of a beam 

causes localized effect. Therefore, it is better to make beams to be the ductile weak links than columns. This 

method of designing RC buildings is called the strong-column weak-beam design method .By using the routine 

design codes (meant for design against non-earthquake effects), designers may not be able to achieve a 

ductile structure. Special design provisions are required to help designers improve the ductility of the structure. 

Such provisions are usually put together in the form of a special seismic design code, e.g., IS:13920-1993 for 

RC structures. 

These codes also ensure that adequate ductility is provided in the members where damage is expected.Quality 

Control in Construction The capacity design concept in earthquakeresistant design of buildings will fail if the 

strengths of the brittle links fall below their minimum assured values. The strength of brittle construction 

materials, like masonry and concrete, is highly sensitive to the quality of construction materials, workmanship, 

supervision, and construction methods. Similarly,special care is needed in construction to ensure that the 

elements meant to be ductile are indeed provided with features that give adequate ductility. Thus, strict 

adherence to prescribed standards of construction materials and construction processes is essential in assuring 

an earthquake-resistant building. Regular testing of construction materials at qualified laboratories (at site or 

away), periodic training of workmen at professional training houses, and on-site evaluation of the technical work 

are elements of good quality control. 
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3. Explain about base isolation techniques       (N/D-15, A/M-12) 
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4. Discuss about Elements of seismic base isolation system and types  (N/D-14, A/M-13) 
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5. Explain about seismic dampers        (A/M-16, N/D-11) 
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