ADVANCED DYNAMICS OF STRUCTURES Final Exam January 13,2012 / HBoduroglu/ZCelep

Problem# 1

Consider the system of two degrees-of-freedom shown:

a. Write down the equations of motion of the system by including the external loads.

b. Determine the two circular frequencies and the periods of the free vibration @; and 7; and the corresponding mode shapes ¢;.
Give their graphical representation (i =1, 2),

c. Checkthe orthogonality of the modes with respect to the mass matrix and the stiffness matrix ¢;' m ¢, and ¢; 'k ¢y,

d. Evaluate the generalized masses and stiffness M; = ¢;'m ¢, and K; = ¢ 'k ¢, and assess @ > = K;/ M; fori =1, 2,

e. The heights of the stories are ¢ =3meter , the columns have cross section of b / h = 0.25mx0.50m, the first period of the systemis
T, =0.20s and E = 30GPa. Find the numerical values the parameter M and the second period T, of the system.

f.  Determine the effective modal masses M, and A5 and assess that M; + M, =3M,
g. Evaluate the base shear forces Vi, and ¥, and the overtuming moments My and My corresponding to the two mode shapes.
Obtain the base shear force Vi, and the overturning moment My, by using the SRSS combination rule.
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Write down the boundary conditions for the free vibration of the beam. Obtain the frequency determinant by assuming Mg =m /¢,
m (* »°

k=E /¢ interms of S where gt = o

mi®)+ku®=p@®) u®=[u® wLO]  POT=[AO PO] k-kma=0 o;=27/T;

(1-af dm) 4 =0 |k-of m=0 Ki=dkd M YO+K 0 =dpt) u(xt)=d0) Y0
¥ (6)+ o} IG(t)=0Yi(t)=m—w't[¢\Tfé° p(f)dr} Yi© = mv/M;
M; o
2 3 2
o M 2,2 _ 19U _ g Ou 4 _Mmo
Mj =dy mdj |g_12(a +b%) M (x,t) =—El 2 V(x,t)=-El 3 a £
#(x) = A sinax+ Ay cosax + Ag sinhax + A, cosh ax L :dfml I =L / M Mrzl“i L
2
n
m; djj x (Elmi ﬂjj

M-:

M .
Iy =E(a2 +5%) Vb =M] Ajma fij =Vpj — S
Izlml A 2 m; &




