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Preliminary Examination in Dynamics 
 
1. A new type of damper has been developed that has special force (FD) vs. displacement (u) 

characteristics. These are shown in the right hand side figure below.  

 
In this case, the damping force vs. displacement loop under steady state conditions goes from 
the origin (0) to point 1, then to point 2, then back to the origin (0) and then to point 3, then 
to point 4, and finally back to the origin (0). This can be mathematically described as:  

   

Where the parameter c is a designer assignable property of the damper, and k and M are the 
lateral stiffness and mass of the structure in which the damper is to be installed (see figure 
above on left).  As an approximation in the calculations below, assume that an ‘equivalent’ 
linear damper can be used to represent the new type of damper.   

The structure shown is subjected to a sinusoidal lateral force ( p(t)=Asinωet ) that induces 
steady state vibration in the system.  
1. Develop an equation for the new type of damper expressing the equivalent linear 

damping ratio as a function of c, A, u, k, M or other basic parameters identified above. 
2. Does the damping ratio depend on A, the frequency of excitation (ωe) or the natural 

frequency (k and M) of the structure? 
3. Estimate the value of ‘c’ is needed for the damper to limit the peak steady state 

displacement of the structure to five times the displacement it would develop if it were 
loaded statically with constant lateral load A. 

 
2.  Consider the two-degree-of-freedom linear elastic system shown below.  Its masses, 

stiffnesses, mode shapes and frequencies are as given.  Note: One of you colleagues put a 
coffee cup on your exam and one of the terms is now not readable.  The structure is subjected 
to a suddenly imposed, constant lateral force F at the lower level (instantaneous step 
function).  What is the displacement do you expect at the roof at time 2 π / ω1? 
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m= 2.6 k-sec2/in 
 

k = 822 k/in 
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Note: 

1. Write your answers on these sheets. 

2. Calculations should be shown in detail with all intermediate steps; it is recommended to manipulate 

expressions symbolically as far as possible and substitute numbers only at or near the end. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Problem 1   (20%) 

 

An undamped SDF system has a natural vibration period of Tn = 3 sec. and stiffness k. It is subjected to a 

rectangular pulse force of amplitude p0 and duration td. Without using any equation for Rd or any shock 

spectrum, determine the peak deformation u0 if (a) td = 2 sec, and (b) td = 1 sec. Do not make any 

approximations, express results in terms of p0 and k. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Problem 2  (30%) 

 

A one-story building is idealized as a massless frame supporting a weight of 40 kips at the beam level;     

I = 80 in
4
 and 40 in

4
 for the left and right columns, respectively; and E = 30,000 ksi. Determine the peak 

response of the structure to ground motion characterized by the given design spectrum scaled to 0.25g 

peak ground acceleration. The response quantities of interest are the lateral deformation at the top of the 

frame and the shears in the two columns.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Problem 3 (50%) 

 

A rigid bar, supported by a weightless column, as shown, is excited by horizontal ground motion üg (t). 

Determine the bending moment at the base of the column. Express your results in terms of An (t), the 

pseudo acceleration response of the nth mode SDF system. 

 

The natural vibration frequencies and modes of the system are given:  
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Problem 1. 

A 2-story building with rigid floors has the mass and stiffness matrices 

𝐌 = 𝑚  
1 0
0 0.5

                   𝐊 = 𝑘  
2 −1

−1 1
  

where 𝑘 = 24𝐸𝐼/ℎ3. The first modal frequency and mode shape are 

𝜔1 = 0.765 
𝑘

𝑚
 rad/s              𝛟1 =  

1

 2
  

a) Determine the second mode shape 𝛟2 and corresponding modal frequency 𝜔2. 

b) Suppose the building is subjected to a step forcing function  

𝐹 𝑡 = 𝐹0                0 ≤ 𝑡 

                                                          = 0                  𝑡 < 0 

applied at the roof. Assuming the building is undamped and initially at rest, derive an 

expression for the displacement at the roof level.          
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Problem 2. 

The two adjacent single-story buildings with rigid roofs are subject to an earthquake base 

motion described by the pseudo-acceleration response spectrum for 5% damping shown 

below. Given the information provided in the figure, estimate the minimum separation Δ 

between the two buildings that is required to avoid their pounding. Assume each building 

has 5% of crtitcal damping. 
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Ph.D. PRELIMINARY EXAMINATION:

DYNAMICS

Let’s take a look at a reactor building at the Fukushima Daichi nuclear power plant.

Problem 1

A two-story frame is used to model the reactor building. Note the distribution of masses (m vs.
8m) that reflect the weight of the spent fuel pool. The building has the following properties:
m = 5kip − sec2/in, k = 100kips/in. The reactor containment structure is considered to be rigid
at this stage of the analysis. There is a gap sized ∆ between the containment structure and the
spent fuel pool.

A pseudo-acceleration design spectrum given in the figure is derived from the 2011 Great Tohoku
earthquake records.

1. Determine the natural frequencies and mode shapes of the reactor building.

2. Using an appropriate modal combination rule, determine the smallest size of the gap ∆req

such that pounding does not occur given the design spectrum. Justify your choice of the
modal combination rule.
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Problem 2

A tsunami wave force is modeled using rectangular pulse function, shown, and two equivalent lateral
forces, P at the spent fuel pool level and P/2 at the roof level.

1. Determine the maximum lateral displacement of the reactor building at the spent fuel pool
level.

2. Assuming the containment vessel in unaffected by the tsunami wave, determine if the gap size
∆req determined considering earthquake loading (Problem 1) is sufficient to prevent pounding
due to tsunami wave loading. Yes or No.
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Problem 3

The containment vessel and the suppression pool structure is sitting on soil. The structure is
modeled using a rigid weight W supported by massless rigid bars. The foundation of the structure
is modeled using two symmetrically positioned springs whose axial stiffness is k and a pin support,
as shown. The aspect ratio h/b = 1. There are no dampers.

Assume deflections are small. Neglect only the rotational inertia of the weight, but account for
its translation inertia.

2



1. Determine the natural frequency ωn of this system. Neglect the action of gravity.

2. Compute the value of the weight Wcr that would cause the system to buckle. By defini-
tion, Wcr is the largest possible weight the structure can support in static equilibrium when
deflected from its vertical position by a small angle φ. Include the effect of gravity.

3. Determine the natural frequency ωgn of this system. Include the effect of gravity. Show that:

ωgn = ωn
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Problem 1 
Viscous dampers are often constructed so that the damping force is proportional the 
velocity raised to a power other than one.  Consider a damper where the damping force is 
given by FD = sgn(v)a v 0.5 where sgn(v) is +1 for ν > 0 and is -1 for v < 0, a is an arbitrary 
positive-valued coefficient, and v is the velocity of the damper.  Determine an expression 
for the equivalent linear viscous damping coefficient ceq  for the forces developed by this 
damper when it is undergoing harmonic excitation with a non-zero displacement 
amplitude u0 and frequency ω . 
 
Problem 2 
 
Consider the undamped two-degree-of-freedom ELASTIC structure shown below. Each 
mass block has a mass of 2 k-sec2/in and each spring has a stiffness of 315 k/in.  The 
mass on the left (between the two springs) is subjected to a horizontal harmonic forcing 
excitation equal to F(t) = F0 sinωt .  The frequency of the excitation ω  is 12.56 rad/sec. 
Determine:  
  i) What are the maximum expected displacements of both masses, and  
  ii)  What are the expected maximum forces in the two springs? 
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Preliminary Examination in Dynamics 
 
1. Consider a simple single degree-of-freedom system shown below.  The rigid block with mass 

m slides on the horizontal surface.  The block is attached to a rigid support by a linear elastic 
spring with stiffness k.  Movement of the block is also resisted by friction between the block 
and the sliding surface.  The horizontal force needed to overcome the friction equals Ff=μW, 
where μ is an unknown friction coefficient and W is the weight of the mass block.  W equals 
100 kips and k equals 50 kips/inch.   The mass is moved to the right 4 inches and then 
released.  What friction coefficient is needed so that after one cycle of oscillation, the 
amplitude of horizontal oscillation is reduced to 2 inches? 

 
 
2.  Consider the two-degree of freedom system shown below.  It is subjected to a horizontal 

earthquake excitation represented by a simplified response spectrum Dn=3T, were the spectral 
displacement Dn is measured in inches, and period is specified in seconds.  It is desired that 
the structure be proportioned so that the expected peak horizontal response of the mass on the 
right is 8 inches. Modal contributions to response can be estimated using SRSS methods.  It 
may be assumed that peak responses in each mode can be represented by the specified 
spectrum. 

a. What is the stiffness required of the springs (all equal) to achieve the stipulated peak 
displacement? 

b. What is the expected maximum force in the spring located between the two masses?  
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