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Dynamics of Structures
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1 2 DoF system — Support Motion

3EJ [ 3 -1 1 0

The eq. of free vibrations (multiplied by a suitable constant) is
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A non trivial solution is possible when

3—A -1
det(_l 3_A>:A2—6A+8:O—>A1=2,A2=4

or
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wi = 3/aws, wy = 3/2wg.

We can write, from the first of the equations of free vibrations,

Yoy = (3 — Ay

that, upon substitution of ¥1; = 1, gives

The resulting modal mass matrix is
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Writing our results only for 0 <t < ¢, it is

U= té (1 —cos(2mt/ty)), i = 2:2A sin(27t /1)
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and, because 27/t; = 16wy and 1/t = 16wo far, it is
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i = :—2 sin(2wt/t1) = sin(16wot).
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The sketches of the support velocity and acceleration are
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The displacements of the mass are xy,; =  + Fua, where, by analysis of
the rigid motion,

so the equation of the motion is
Mi + Kx = —MEi, = —mEi.
The modal equations are
M*j+K*q=-m¥TEi
and, with A? = 3/1,3/2 and $TE = {1 1}"
2mé; + 2m\2wiq; = —mii = —%mAwg sin(16wot), i=1,2.

Simplifying
4
+ Nwiq = —G—Awg sin(16wot)
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and, considering that we start from rest conditions
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ql(t) = ACl <Sln(16a.)0t) — x Sln()\i(.(.)ot)) , Cl = ?m

The displacement x1(t1/2) is as follows,
21(t1/2) = q1(t1/2) + g2(t2/2)

and because it is 16 wpt1/2 = 7 and \jwot1/2 = Xi/i6m

x1(t1/2) = AZ C sm)\ )



2 Rayleigh Quotient

k=k{54,3}, m=m{5,4,4},
xo = Zo{1,2,3} sinwt, &g = wZp{1,2,3} coswt, &g = —w?Z{1,2,3} sinwt,
50 = Zo{l, 1, l}sinwt
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The inertial forces associated with ¢¢ are
fi = {—mii;} = mw?{5 x 1,4 x 2,4 x 3} Zysinwt = mw?{5, 8,12} Z sin wt,
the storey shears are
s = mw?{25, 20,12} Zy sin wt,
the storey deflections are
81 = si/ki = mw?/k{25/5,20/4,12/3} Zy sinwt = mw?/k{5,5,4} Zy sinw
and the displacements are
x1 = mw?/k{5,10,14} Zy sin w.

The new approximation to Viax is
Vinax = L > brifri= 1m%f*(5 X54+8x10412 x 14) 22 = 3m2w427323
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and equating to T ax
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The new velocities are
&1 = mw® k{5, 10, 14} Z, sin wt
and
1 1 1
Tonax = 3 > it mi = 3 m3w/k2(525 + 10?4 4 14%4) 722 = 3 m3w®/k?130922

and, equating to Vinax, we have
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