EXAM OF STRUTURAL DINAMICS AND EARTHQUAKE

ENGINEERING
!ﬁ Integrated MSc course on Civil Engineerin{ﬁ‘-\ﬁear — ' Semester
21 January 2011 —*1Date
INSTITUTO Lecturers: Prof. M&rio Santos Lopgssponsible)Prof. Anténio Sousa Gago
SUPERIOR
TECNICO Switch off your mobile phone. Identify all sheefsyour exam with name and number. Deliver all peotd

in separate sheets Justify all answers. Consulisthef equations and data attached.
Duracao: 2.5 horas

Problem 1 (10.0/20.0)

Consider the structural model shown in Figure 1suhse the columns are axially rigid and with
flexural stiffness (El = 20 000 kN that beams are infinitely stiff and with unifdgdistributed
mass m =25 ton/m. The diagonal strut has na atiffless EA = 10 000 kN (for both compressive
and tensile forces)

[r— ~ 1 El(pilar) =20 000 kNm?

EA (biela) = 10 000 kN
m = 25 ton/m

“ 3m | 3m

e
b

| |

4 m

Figura 1.: Strutural model

Considering the horizontal displacements of theoroas the only relevant degrees of freedom,
calculate:

a) (1.5val.) The stiffness and mass matrices.

22000 —17500

—17500 18000 ] kN/m

Note: if you can not calculate the stiffness mafriogn now onwards consider:K = [

b) (2.5val.) The frequencies and vibration modes {heecharacteristic equation)
Note: if you can not calculate these values frow mmwards assume £ 0.7 Hz e £ = 3 Hz and{v} ' ={0.9 ; 1} {v;} "
={-1.1;1}

Assume the structure is subjected to the horizamaiponent of the seismic action type 2, as defined
in EC8 and in the portuguese National Annex. Asstimeestructure is of Importance Class Il, it is
located in zone 2.3 and that the foundation sotlyjge B. Consider a damping factor of 5% and a
behavior factor (q factor) of 2.5.

c) (3.0val.) Calculate the maximum base shear.
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d)
e)

(2.0 val.) Calculate the maximum horizontal displaents of each floor.
(1.0 val.) Calculate the maximum horizontal reatfiorces at the base of the columns.

Problem 2 (4.5/20.0)

Considerer the structure of Figure 1 but with rfanitely stiff inclined strut (EA =)

a)
b)

(2.0 val.) Calculate the frequency of vibration.
(2.5val.) Assume that a foré&t) = 10.cos(15t) kN is applied at % floor level. Calculate the
maximum horizontal displacement at that level.

Problem 3 (5.5/20.0)

a)

b)

d)

(1.0 val.) Why does the portuguese National Anrensaers two types of seismic actions? What
are the differences between the two types of a@amhwhich type of buildings (high-rise or low-
rise) is more sensitive to each?

(1.0 val.) Describe and explain what are the maenefits of close spacing of confinement
reinforcement bars in critical regions (plasticderzones) of reinforced concrete columns.

(1.5 val.) In pile-column of bridges (in which tlvelumn is the extension of the pile upwards)
what is the best location for plastic hinges (asstime column-deck connection is hinged and there
are no foundation beams connecting the piles belmund level)? Describe the design procedure
including a qualitative description (make a drawingthe pile-column bending moment diagram
obtained from the linear analysis and the desigmdimg moment diagram after application of
Capacity Design.

(1.0 val.) Explain the difference between magnitadd intensity of na earthquake. Describe the
respective scales. Is it possible to relate thenseiaction in a givemn location with one of these
scales? Which one and why?

Why the maximum bending moments and shear forceslomns of dual frame-wall systemsdon’t

take place at ground floor?
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Design Spectra according to EC8 and the portugued¢ational Annex (2008)

2. T 2
0<T<T,: S,(T) =4, [SEE§+T—[€/7E2,5/q—§H

B

T, <T<T.: S(T)=a, BHR5/q

T.<T<T,:S,(T)=a,BH EQ,SH—C}/q

T.T
T,<T<4s Sd(T)Iag ESE]DZ,S{%}/q

ag = agR X yl
n= 10
5+¢
Tipo de solo A B C D E
Vg 3dm/s) >800 360-800 180-360 <180 aluvideg
Ngp(pancadas/30cm) >50 15-50 <15
Accéo sismica Tipo 1 Accdo sismica Tipo 2
Zona Sismica agr (m/) Zona Sismica agr (m/$)
1.1 2,50 2.1 2,50
1.2 2,00 2.2 2,00
1.3 1,50 2.3 1,70
1.4 1,00 2.4 1,10
1.5 0,50 2.5 0,80

Zonas Sismicas 2.1, 2.2 e 2.3

Tipo de
Terreno S Tg(S) Tc(s) Tp(s)
A 1,C 0,1 0,2t 2,C
B 1,3t 0,1 0,2t 2,C
C 1,k 0,1 0,2t 2,C
D 1,8 0,1 0,3 2,C
E 1,6 0,1 0,2t 2,C
Coeficientes de Importancip
Classe de Accéao sismic Accao sismica Tipo 2
Importancii Tipo 1
Continente Acores
| 0,6 0,8 0,8
Il 1,0 1,0 1,0
I 1,6 1,3 1,2
[\ 2,1 1,6 14
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