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Non-linear responce of structures to earthquakes has become an
object of a vast investigation. This may be observed both in experi-
mental and in theoretical analysis of bearing capasity and earthquake
resistance of precast and monolithic structural frames of residential
and public buildings,.

Such investigations are carried out in the utrength Tests Labo-
ratory by the resonant method of testing full-scale buildings by means
of high~power vibrational generators,

The resonant testing method and the type of generator used make
it possible to simulate a wide range of, inertial loads applied to the
tested structure, from the slight disturbances (HMicroseisms) to the

design earthquake loads and even highcr, The range
ot frequencies obtained on the generator's axle make it possible to
induce practically all the natural modes and resonant frequencies
nesessary for analysis and design of structural frames (rod modes,
three-dimensional and torsional modes, including higher modes).

Actual values of the design parametees, as well as their varia-
tions may be traced by loading the tested structure with a gradually
increasing inertial load; these parameters are as follows: natural
modes and corresponding frequencies, generalized rigidity, damping
characteristics etc,

In its turn, the analysi of shanges in the parameters makes it
possible to evaluate the non-linearity of the structural responce to
increasing inertial loadings during the tests.

Table 1 contains experimental data on tests of nine different
structural frames; typical natural frequency spectra of these buil-
dings are presented in fig.I.

The frequency ratio of the flrst four vibrational modes of struc-
tural frames lae between I1:2,5:4:5 and 1:3:5:7,5; this ratio is about
I1:3:5:7 for few-story frames.

As the floor slabs are much more rigid than the vertical frames,
the horizontal in-plane vibrational bending modes are hardly traced
for structural frames. On the contrary, torsional vibratios of such
buildings obtain substantial significance due to the low rigidity of
the lateral frame, because their frequency is close to the principal
vibrational frequency (fig.I), thus easily induced by any disturbance,
and, besides, these vibrations cause overloading and even destruction

of extreme columns (fig.2).

')Engineer, Strength Tests Laboratory, Central Institute for Experimen-
tal and Standard Design of Residential Buildings (CNIIEP zhilishcha).
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The torsional modes are diff@pult to separate because the corres-
ponding frequencies lie close to the translatiéonal frequencies; there-
fore two generators were located in counter-phase upon frame N8, which
made it possible to determine three torsional modes (I1:2,78:4;%), alt-
hough corresponding frequencies almost equaled the translational fre-
quencies,

The magnituae of torsional vibrations, as well as their influence
upon the earthquake resistance of buildings depend on the earthquale
loading irregularity and on the presence of rotational components uin
the earthquake movements over the complete building. Information obta-
ined on the torsional modes of structural frames does not seam suffie
cient for account of torsional vibrations in earthquake disturbance,
because of the lask of corresponding seismological data.

Damping ratio of natural modes differes substantially for separate
buildings, The same phenomena is observed for displacement magnitudes
in case the generators are located at the top level (table2)., This
difference may be explained, to a certain extent, by the difference of
investigation methods with respect to various modes (for example, dif-
ferent speeds of passing the resonance, influence of location of gene-
rators etc.).This problems requires further investigation.

Non-linear load-displacement relation is usually observed in tes-
ting full-scale structures by lagre inertial loads approaching the de-
sign level. Besides the non~linearity of the materials of these struc-
tures, the actual non-~linearity of structural responce is caused pri-
marily by such phenomena as: brittle local destructions (mainly in no-
des), gradual of spontaneous changes of rigidity, destruction of sepa-
rate braces in the braced systems etc.(fige3), as follows from the ana-
lysis of experimental data and from viasual control of the state of tes-
ted structures.

Resonant tests discovered the following non-linear effects:

- relation between the vibrational parameters (naturalfrequency,
damping etc.) and the amplitudes; £Jr example, for trame N3 (see tahle
N I) the initial frequency is 1,65 hertz, the frequency at the design
levelx is 0,95 hz, tor iframe N4 (fig.4) these quantities are 3,12 and
1,54, respectively (the first value is twice the second);

- non-linear relation between disturbabce level (mass of debalance)
and amplitude of typical pointa;

- various residual phenomena (irresversible changes of rigidity,
frequency etc.).

Howerer, in testing structural frames, no other typical non-linear
phenomena were observed (special type resonant curves with unstable
sections, deviations from harmonic ascillations under harmonic load
etc. ) .

The bearing capacity of pure frames with rigid nods appeared to
depend on the actual rigidity of the nods, or their actual priancy,
which is reverse to the rigidity. This influence was observed earlier
only in respect of deformability of frames (mainly in theoretical
works). Pliansy of nodes appears to have the same significance for the
strength of frames, especially of multistorey buildings.
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The usual elastic design does not account for the actual redis-
tribution of bending méments in the structural elements due to the
observed nodal pliancy; howerer, in critical cases, such as earthquakes,
this redistribution may cause excessive increas of bending moments and
consequent hinging of the bottom columns, first at the bottom sections
and then at the top sections; this will be followed by excessive trans-—
lational displacements and by coumplete destruction of the building.

Thus, the pliancy of nods, which is usually non-linear, leada to
changes of the design model of the structure accompanying its deflecti-
ons under the loading, and to decrease of its bearing capacity. For
example, the following values of the largest possible inertial loads
were calculated for frame N3:

for absolutely rigid nods - 84,5 t;

for pliable (actual) nods - 55,0 t,
i.c. almost I,5 times lowers,

Largest possible inertial loads correspond to the critical
point @f the "deflection-load" curve, i.es to the point between the
ascending and the descending branches of this curve.
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