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LIMIT ANALYSIS OF EARTHQUAKE RESPONSE
- Fundamental Theory for Evaluation of Ultimate Aseismic Safety of Structures -

Hiroshi KAWAMURA®

In order to evaluate the ultimate aseismic capacity and safety of structures,
one needs a theory by means of which fracture criteria of structures are able to
be connected directly with earthquake excitations. As such a paper, in this
paper, limit analysis of earthquake response is presented. In this theory,
earthquake structural responses are analyzed at limit or critical states on the
basis of the selection principle of maximum response proposed by the author.

Limit response states of single degree of freedomsystem (Fig. 1) are divided

extremely into monotonic deformation and cyclic vibration (Figs. 2,3). corre-
sponding to each limit state, limit analysis of earthquake response consists of
pulse response analysis and finite resonance response analysis. In the pulse

response analysis, a pulse spectrum (fig. 6) corresponding to a single pulse (
Fig. 5) which produces the monotonic deformation x = xp in Fig. 1 is calculated.
When this spectrum is tangent to an input spectrum of ~earthquake ground motions,
the deformation xp becomes the maximum response one according to the selection
principle of maximum response. The spectrum in Fig. 8 (Eq. 5) corresponds to
the single rectangular velocity pulse (Fig. 7), and the one in Fig.10 (Eq.1l1) to
the single rectangular acceleration pulse (Fig. 9). The finite resonance re-
sponse analysis is based on the selection priciple of resonance reduced from the
selection principle of maximum response (Figs.12,13). Considering real average
velocity response spectra(Fig.l14), the principle of resonance is replaced by the
more accurate one of finite resonance from which an analytical response equation
is able to be derived (Eq.22) and finite resonance velocity capacity Cﬁv is
defined. That capacity is able to be illustrated as finite resonance velocity
spectrum (Fig.16) and the intersection of that spectrum and earthquake ground
motion spectrum becomes the solution.

Consequently, the limit analysis of earthquake response proposed here is able
to be applied to the evaluation of the ultimate aseismic safety of structures,
when earthquake ground motion spectrum and fracture criteria in the condition of
monotonic or cyclic deformation are given.  Earthquake ground motion spectrum is
given by the following two ways: (1) Velocity response analysis of a visco-
elastic system withdamping ratio h = 0.453 to observed earthquake ground motions
(Fig.17). (2) Trapezoidal approximation (Fig.18) in which the characteristic
values are calculated by a fault model of earthquake source (Figs.19,20) and
Tsuboi's equation (Eg.29) by which earthquake magnitude is determined in Japan.
Fracture criterion is expressed by the condition that damage factor (D.F.) is
unity and D.F. is defined by the ratio of maximum or cumulative deformation or
hysteretic area to a critical one (Eqs.38-41).

Finally, the ultimate aseismic capacity or safety of struvtures are able to
be estimated by means of the index D.F. which is calculated through such a pro-
cedure as shown in Fig.21.
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