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Abstract

A relationship is given for the seismic analysis of structures in terms of the Berlage
impulse. Resultant relationships yield displacements for zero initial displacement and veloecity.

By the end of the last century, Japanese scientist F. Omori has developed
the static theory of seismic analyses based on experiments (1886—1899).
Accordingly, the building was considered as a rigid body, seismic force was
reckoned with as a horizontal static force proportional to the building mass.
This theory assumed the effect of the building’s own deformation to be negli-
gible in the analysis.

In serious earthquakes (such as that in Taskent, 1966) this theory practi-
cally failed for high-rise buildings, towers [1].

Development of computation methods has led to the examination of
dynamic features of seisms. N. Mononobe was the first to reckon with dynamic
characteristics, assuming earthquakes to feature harmonic vibrations. Zavriev
(1927) described earthquake as cosine vibration:

¥o(t) = a, cos ot .
. ) (1)
Yolt) = —ay0? cos »t.
Accordingly, at time ¢ == 0, the earth surface undergoes displacement g, at
an initial velocity of zero, and the vibration process to be an undamped
vibration.

Seismograms of real earthquakes showed earth surface motions to be
describable by damped vibration components [3]:

Yolt) = S ag et sin (w;t + 7). 2)

=1

It being rather intricate to determine the number of components and of
parameters of every and each vibration component, in practical calculations,
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a single component is normally involved. According to several authors [3],
surface motion is exacter described by function:

volt) = apte™ " sin wi (3)

yielding zero at time ¢ = 0 both for displacement and for velocity (¢, being
in em/fs units, and @, - ¢ the amplitude).

Applying the above, so-called Berlage impulse, velocity and acceleration
become, respectively:

¥olt) = age (1 — e48) sin @yt -+ ayo te™™ cos myt (4)

olt) = age—!(ie} — iz — 2¢,) sin oyt + 2oyl — tey) - cos wyt. (5)

or the seismic analysis of real buildings, matrix differential equation
of the system with many degrees of freedom mav be written as:

Ma(r) + Eqlt) = —H5(0) (6)

where M is mass matrix of the siructure, K its stiffness matrix, g — vector of
nodal elastic displacements, y(¢) — vector of displacements of points contact-
ing the soil.

In knowledge of eigenvectors and natural frequencies w; of matrix
M~K, analysis of the system can be reduced to the analysis of systems with a
single degree of freedom, and vector g can be obtained from components cor-
responding to eigenvectors (2).

Norming eigenvectors of eigenvalue problem

M 1EKv = v
as

VEMV = E

qlt) = Vz(t)  Folt) = V=o(t) (™
the tested systems with a single degree of freedom can be written as:

(1) + 02s5() = —xy,(¢) (8)
where
xoi(t) = v Myo(t).
The solution conform to zero initial conditions:
¢
2% e[ (ref — wit — 2¢p) sin wyT +

w; (9)

0

Zi(t) -

+ 2m(1 — tey) cos wyt] sin ot — 7)dz
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where:
n 0
boi = ag > vidr
=1
n
dr = > mrk (10)
Fe==1
Zi(t) = Czﬁl(f}
with:
b .
Cp =2 (11)
(4313
After integration: (1)
20} 2
Ri{t) = i 01 f) —
(e - 40D? | o;
2 (2 >
_ (B - (e + 4o te%f sin o1 - (12)
2 (1):? R
i 1 £ t i R ' A -
+— (35 + doF) (e~ 1) 4 gpte—i(ed -+ 4dw7) | cos ot
&

qt) = Svizt) = I viCRi(2). (i3)
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