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Structural Dynamics and Earthquake Engineering 
Integrated Master in Civil Engineering 
5º Year – 1st Semester – 12 January 2017 

Switch off the mobile phone 
Identify all sheets with your name and  
Solve each problem in diferente sheets 
Justify all answers  
Duration: 2h30m 

 

Problem 1 (9,5) 

Consider the reinforced concrete structure represented in the figure. It is constituted by two adjacent 
buildings separated by an expansion joint 3 cm long and filled with neoprene, that works like a strut. The 
beams are rigid and the columns axially undeformable. 

 

 

EI    EIcolumns = 20 000 kNm2 

EAinclined strut = 20 000 kN 

EAexpansion joint = 200kN 

mA = 24 ton/m 

mB=16 ton/m 

a) Evaluate the mass and stiffness matrices considering the degrees of freedom q1 and q2. (2,0) 

b) Evaluate the periods and vibration modes using the characteristic equation. (2,0) 
 
For the purpose of a linear dynamic analysis by response spectrum acording to EC 8 and the portuguese 
National Annex, consider that the structure is of Class of Importance III, it is located in Portimão (zone 1.1) in 
soil type C and it is acted upon by an earthquake type 1 (zone 1.1). Consider a behavior factor q=3. 
c) Evaluate the shear force on the columns of structure B and the axial force on the expansion joint. (4,0) 
d) Assuming the stiffness of the expansion joint is zero, check if the buildings pound against each other (1,5) 

If you didn´t answer question b), consider T1=0,7s, T2=0,4s, 
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Problem 2 (5,0) 

Consider the single degree of freedom system indicated in the figure. The beams 

are rigid and the columns axially undeformable. EIp = 25 000 kNm
2
,  m = 10 ton/m e 

=5% 

a) Evaluate the period of the structure. (1,5) 

b) Calculate the maximum amplitude of vibration in the 1
st

 floor if the 

structure is acted upon in the 2
nd

 floor by forces equal to F=100 cos 8t 

[kN] and F =200 cos 4t [kN]. If you didn´t answer to the previous 
question, consider T=0,7s (2,5) 

c) Comment the relations between the values of the forces and 
displacements calculated in the answer to question b). (1,0) 
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Problem 3 (5,5) 
 

a) The following figure schematically presents several mixed frame-wall structures. Put the structures in 
order from the worse to the better from the point of view of seismic conception. Justify your answer. (1,0) 

 

 
 

 

b) In the application of Capacity Design principles to mixed frame-wall structures, what is the advange of 
allowing the formation of plastic hinges only at the base? Justify your answer. (1,0) 

 
c) Explain what is a response spectrum. Draw qualitatively the elastic response spectrum for earthquakes 

type 1 and 2 (on the same figure), justifying the adopted representation. (1,0) 
 
d) Define return period. Explain why a temporary structure does not need to be designed for the same 

seismic action as current structures. Of what factors depends the level of design seismic action? What is 
the minimum number of stations necessary to determine an epicenter? Justify your answer describing 
the process of determination of epicentres. (1,5) 

 
e) Consider the continuos model represented in figure below. For the purpose of determination of the 

fundamental frequency by the Rayleigh method indicate what are the cinematic and static boundary 

conditions to consider for the shape function (x). (1,0) 
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Excertos da NP EN 1998-1 (Anexo Nacional NA, 2009) 
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