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Earthquake Damage Prediction for Buildings and the Future Direction for
Damage Reduction

Hiroshi KASASE U

Abstract

00 The real cause of heavy damage on buildings during the Hyogo-ken Nanbul Kobel
earthquake of 1995 is presented and the future direction for disaster mitigation is discussed.

O O First a seismological approach for strong motion prediction is shown and the simulated
strong motions for the Hyogo-ken Nanbull Kobel earthquake are presented. It is found that
the most important feature of the near-fault motion is the ocurrence of high-amplitude velocity
pulses with a peak ground velocity more than 100 cm/sec and a peak ground acceleration more
than 800 cm/sec®. To predict the amplitude and period of such a velocity pulse we need to
predict the size of an asperity a patch with a large slipd and the slip velocity within it.

O O Once we obtain ground motions simulated in the whole Kobe area, we use them as input to
our theoretical models that are capable of simulating the damage to buildings. When we use
ultimate strengths for design, the estimated damage is much larger than the observed. We
estimate the actual ultimate strengths of buildings so that we can obtain the same damage
ratios in Kobe for different building heights and for different construction ages.

O O Then we apply the established building models to the near-fault ground motions observed
during the Tottori-ken Seibu earthquake of 2000 in order to verify their applicability. We
found that the models do not show any heavy damage except for one site where soft surface soil
strongly amplified the ground motion. This corresponds to the fact that we did not observe any
heavy damage in the area.

O OFinally we discuss the problems of the current anti-seismic design practices and
countermeasures for earthquake disaster based on the facts described above. Basic consensus
in the structural engineering community on the seismic safety of our buildings is that they are
sufficiently safe as long as we design buildings based on the current seismic code that was
enforced after 1982. It is true that the buildings constructed after 1982 performed quite well,
but we have shown that it was due to their additional strengths not considered in the original
design. It is apparent that we have a big gap between theoretical models for design and the
actual buildings we have constructed. Unless we do quantify the gap, we cannot take any
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effective countermeasures for future destructive earthquakes.
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Fig.020 A source model with four asperities and slip velocity
functions derived by Matsushima and Kawase 2000[1

gbooboooboooboboboobobooboobo
obooooobobooobobooboobonoo
od

gbobobobo400000000D0O0DOD
Uob0oooooboooobon Gravesd199600
goboooooooobooobooooobooooo
oobooboobo30ooboooooooo
obooooobobooobobooboobono
oobo0o4000000000000O00 30
gboobobooobobobooboboooo
oboboboboboooobobo KKXOOood
goboooooooooobooboooobooooo
gboobooboobooboboboobobooono
ooobboooobobboooao3boo0oog
gobooooooooooooooooooo
gbooobooboooobooboooooboooo

ad

TKTOJRODOOO TKZOJROOOOOD3DO
gobooboobooobobobooobooboooo
gooon

goooooooboobooboooboobooo
Oo0oOoOOooosOo0D0D 400m/secO O 123
cm/sec0000050000000000000
goboobobooobobobooobooboooo
000900 100em/secO0 0 OO0OOO0O0O0OO
gboooooooooobooboooboobooo
goboooboobobi1ioooobobooboooo
gobooboobooobobobooobooboooo
gOo@obO so0opooooooobooooooog
goboboobobooboboobooboooo
0000 130em/secO00O0O0O0O0O0OO0OOO
goooooo00o0o0b0000TKTOJROO
gbb FKAODOOOoOoboobooboboboo

IO —



w1

=
42 km |

oBoboooooobooooboooooooooooobooooobooooobobooooD0Oon

Fig.030 An analysis region with 3-dimensional velocity structure for strong motion simulation
using 3-dimensional finite difference scheme.
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Mainshock of the Hyogo-ken Nanbu Earthgualoe of 1965
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Fig.050 Peak velocity distribution of strong motions calculated at the surface of the Osaka Group

Formation with S-wave velocity of 400m /sec.

Red lines an represent areas with the JMA seismic intensity of VII.
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Fig.060 Observed damage ratios for different
numbers of floors and different construc-
tion ages calculated from the damage
survay conducted in Nada and Higash-
inada Wards.
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Fig.070 Assumed nonlinear restoring-force char-
acteristics of a degrading tri-linear type
for the standard building models with 3,
6, 9, and 12 floors.
The horizontal axis shows the relative
drift angle in the lowest floor while the
vertical axis shows the base-shear coeffi-
cient, that is, the shear force normalized
by the building weight.
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Fig.080 Ratios of the actual ultimate strengths
with respect to the standard] designOulti-
mate strengths determined by fitting the
theoretical prediction of damage to the
observed damage.
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Fig.090 Comparison of the observed damage
ratios with those obtained from building
models with the estimated ultimate
strengths.
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