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Direct Solution of the Dynamic Aseismic Design Problem of Multi-Story Systems,
with the Use of Electronic Analog Computer

Solution directe du comportement dynamique du au seisme de bätiments de grand
hauteur ä l'aide d'une calculatrice analogue

Direkte Lösung des dynamischen Verhaltens bei Erdbeben von Hochhäusern mittels
des Analog-Elektronenrechners

A. IKONOMOU
Dr., Athens
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A method is suggested which considers an idealized lumped mass multi—
.* 2 .»„«) i M,vit| degree of freedom system

"p»"(" subjected to forced vibra¬
tions caused by earth.quake
ground motion(see fig.).
These masses are connected
to each other by elastic
joints with known elastic
properties. The vertical
components of the mass
displacements and the rotations
ahout horizontal axes are
neglected. Elastic behavior
of the material is assumed.
The mass rrij have horizontal
displacement Oj and rotations

Cp. about the vertical axis with respect to a three dimentional reference
system OXYZ fixed on the ground. At an instant t the forces acting on the
mass are linear functions of the above deformationa and are given by the
matrix equation

E &n (a)
On the other hand the equation of dynamic equilitrium of the system are
expressed by the matrix equation

rT7no/+mnr=F=&ni oo
In the above equations E^column vector of elastic forces or loading vector
Hi the column vector of the relative distortions Sj Cp^ of the system,
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6=the known square stiffness matrix, Uj -the column vector of the relative
accelerations of the masses, m=the diagonal square matrix of masses and

mass moments of inertia(also known) and I lo =the column vector of the ground
accelerations with respect to an absolute reference system OX'Y'Z'. The

ground motion vertical and rotational components are ignored. The functions
O-(t) and CS. (t) due to a given ground motion are obtained by the Solution
of the system (b) of second degree differential equations.

The proposed method makes use of tahles referring to a given "Standard"

seismic Vibration and to a variety of "Standard" mass and rigidity
distributions in the system. The Standard form is reduced to the actual
seismic Vibration, mass and rigidity distribution in the following manner:
Let the indices Z', Z symbolize two different n-story Systems with the same

number of masses and let the corresponding stiffness and mass matrices be

related by the expressions E-ssr'^V^itz .mj-sT/^m^The two Systems being
subjected to different ground motions, their absolute acceleration matrices

Hot' .Hol will be related bynol'Ct)=aJ3nosC^4t)=''?3no(^'t)in which
rio(W=seismoSram depending on the values of the parameter ^ given in

the tables (f,^ ^L ^ =constants). The above systemsare regarded under
these conditions as "similar" and their dynamic deflections Oij'and Uix
are obtained from the Solution of the equations

nvnor' + nvlTx'= £*' riü' (o)

rn* Hot +mz nlt &* tili (d)
The equation (c) can be transformed into the following:

'Vwgnoö*)+mant»/- &g nix/ (e)
in which 3 _ #4. k. \J ft/fc (f)
It is easily seen from (d) and (e) that the dynamic deformation of Z at
any t are equal to the correeponding deformations of the "similar" system
Z subjected to a Vibration <\f3 rioC^J • If the system Z is considered as
a "model" and is 3olved by an electronic analog Computer for a Wide Variation

of the values of _J) then the Solution for any other system Z with
known mass stiffness distributions and subjected to any Vibration n©x'W
can be obtained by measuring the resultingI~ljY=at the position of the
ordinate^ given by (f) and by multiplying the result by qfe. The theory can also

be easily expanded to include the influence of damping in the structure.
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