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Synopsis: Building damage statistics from the 1988 Armenia earthquake are presented and discussed. These statistics
are correlated to the local soil profiles in the two major cities of Leninakan and Kirovakan. The soil amplification
effects on building damage during this earthquake are investipated. One-dimensional site response analysis results
and valley effects are presented to explain the extent and pattern of damage in the two cities.

experienced extremely high degree of damage, even
higher than Leninakan --- a clear reversal of the general
trend.

INTRODUCTION

The magnitude, Ms=6.8 earthquake that shook Northem
Ammenia on December 7, 1988, left about 40,000 dead,

is 2 ted
20,000 injured, and over 500,000 people homeless. Over Yeuian SR G REman. (1992) prescnted, a

comprehensive report on the seismologic, geologic and

a thousand multi-story buildings in the town and cities of geotechnical aspects of the 1988 Armenia earthquake.
the epicentral region were reduced to rubble, and about This paper describes the possible soil amplification and
360 villages were destroyed. The social and economic valley effects upon the building damage in Leninakan
consequences of the event were equally grave and afifl Koitcuikie
attracted worldwide attention and support. 'I’hrf:ch major -
cities shown in Figure 1: Spitak (pre-earthquake . :
population: 30,000), Leninakan (population: 300,000), Ciyal i
and Kirovakan (population: 20{},0[}1:!) were the most Leninakan is located in the center of a flat wide valley
affected by the 1988 earthquake. Sitting next to the (20 km by 16 km) known as the Shirak Valley. Fig. 3
surface breakout of the ruptured fault, Spitak experienced displays a cross-section of the valley which is of volcanic
a devastating shock; 238 (90% of the total) of its 2 story and tectonic origin. The soil deposits in this basin consist
or taller bu;ldmgs either cnllapsesi or were damaged of a top 35 to 50 meters of stiff silty-sandy clays,
bey?nd repair and were later demolished. In the City of occasionally containing layers of sand and tuff, underlain
Leninakan, about E.Skl‘ﬂ from the fault, the total I}ul’l:lbﬂf' b}' about 300 to 350 meters of very stiff lacustrine r.:la}fs.
of collapsed/demolished, 2 story or taller, buildings The authors have contrasted the local soil conaitions to
reached a surprisingly high number of 641 (54% of the building damage statistics in different parts of the city.
total). By contrast, Kirovakan, at a mere 10 km distance This has led to the conclusion that variations in the
from the fault, sustained a_re]atwe]y mnd{:ram degree of composition of the surficial (top 35-50 m) soils (i.e.
damage compared to Leninakan and Spitak; only 158 presence or absence of volcanic tuff and of river sands)
(26% of the total) of its buildings collapsed or were had no apparent effect on building damage. Buildings
subject to demolition. with similar characteristics had the same likelihood of
' 3 : 11 : collapse or damage regardless of where they were located
Figure 2 illustrates this closer proximity of Kirovakan to in the city. The authors have also theoretically
the seismogenic zone and summarizes the overall damage investigated the degree to which soil amplification was
statistics for the two major cities of Leninakan and responsible for the extent of building damage in
Kirovakan. Indeed, whereas about 54% of all buildings Leninakan.
in Leninakan either totally collapsed or were damaged
beyond repair and were later demolished (damage states One-dimensional wave propagation analyses were
A+B), the corresponding number for Kirovakan is 26 %. performed, assuming that the seismic waves were
Moreover, the percentage of totally collapsed buildings exclusively vertically-propagating S-waves. This is
(damage state A) was nearly 3 times lower in Kirovakan, believed to be a reasonable approximation since
Furthermore, while the distribution of damage was quite Leninakan, covering an area of roughly 3 km by 7 km, is
uniform in Leninakan, this was not the case in in the center of the 20 km wide and flat valley, consisting

Kirovakan. In particular, one region of Kirovakan of stiff and very-stiff soils down to a depth of about 350-
ry p
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