SEISMOLOGICAL, SOIL AND VALLEY EFFECTS IN
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AgsTRACT: There 15 substantial evidence that the city of Kirovakan, Armenia,
despite i1s proximity {10 km) 1o the fault, experienced in general very small intensity
of shaking during the 1988 earthquake, Moreover, the distnibution of damage in
the city was very nenuniform. In this paper, first, arguments are presented 1o show
thar seismological and geologic factors, relating to the generation and transmission
of the sesmic waves, could explain the unusually weak base excitation in Kirovakan,
Then, the resulis of one-dimensional (1D) wave-propagation analysis, using soil
profiles with field and laboratory measured parameters, are presented 1o explain
the damage statistics in five ones into which the city was divided, 1T analyses of
wave amplification in soil are found to provide adequate answers for zones where
the underlying soils congist of less than 30 m dense gravelly sands and stiff clays,
However, such analyses fail to explain the disproportionately large degree of dam-
age observed only in onc region, where soil profile constitutes a triangular sedi-
mentary bagin with maximum soil depth of about 150 m and width-to-depth ratio
of about 5, A simplificd three-dimensional wave-propagation analysis of the “val-
ley"” effects on ground-surface motions, provides a better explanation of the ob-
served damage.

INTRODUCTION

One of the most striking observations following the 1988 Armenia earth-
quake was that Kirovakan, located merely 10 km from the surface breakout
of the fault, had suffered very little in comparison with Leninakan. This is
despite the fact that Leninakan (since renamed Kumayri), Armenia, is 25
km from the fault breakout and that the fault dips to the northeast, toward
Kirovakan,

Fig. 1 illustrates this closer proximity of Kirovakan to the seismogenic
zone and summarizes the overall damage statistics for these two major cities.
Indeed, whereas about 54% of all buildings in Leninakan either totally
collapsed or were damaged beyond repair and were later demolished (dam-
age states A and B), the corresponding number for Kirovakan is 26%.
Moreover, the percentage of totally collapsed buildings (damage state A)
was nearly three times lower in Kirovakan. Furthermore, while the distri-
bution of damage was quite uniform in Leninakan, this was not the case in
Kirovakan. In particular, one region of Kirovakan experienced extremely
high degree of damage, even higher than Leninakan—a clear reversal of
the general trend.

The first part of the present paper explains seismological and geologic
factors that may have contributed to very small rock accelerations experi-
enced in Kirovakan. The second part investigates, analytically, the role of
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