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GROUND-MOTION AND SOI1L-RESPONSE ANALYSES
FOR LENINAKAN, 1988 ARMENIA EARTHQUAKE

By M. K. Yegian," V. G. Ghahraman,® and G. Gazetas,® Members, ASCE

ApsTract: Two earlier papers by the writers, appeaning in the preceding issue
of the journal, presented an overview of the seismological and engineering aspects
of the 1988 Armenia earthquake and examined building damage statistics contrasted
to pecdogic and geotechnical soil profiles. Possible regions of appreciable soil am-
plification effects were identified in the cities of Leninakan and Kirovakan. The
present paper and companion paper, in the same issue of the journal, present
results from analytical soil amplification studies using actual soil profiles from
Leninakan and Kirovakan, and investigate whether or not current state-of-practice
methods could adequately explain the damage stafistics and their local and geo-
graphical distribution in the two citics. The present paper deals with Leninakan,
which is located in the center of a very wide flat valley, having a width-to-maximum-
soil-thickness ratio of about 55. Results indicate that, when using proper labaratory
and field measurements of soil properties, one-dimensional soil a.mpﬁﬁcutmn anal-
yses can cxplain well not only the trends observed in the intensity and distribution
of damage to buildings, but also observations made of response of various structurcs
in Leninakan, The companion paper describes the one- and three-dimensional soil
amplification analyses and valley effects in Kirovakan and summarizes the overall
conclusions drawn from this research related to soil effects duning the Armenia
carthquake.

INTRODUCTION

On December 7, 1988, an earthquake of surface wave magnitude M, =
6.8 struck Northwestern Armenia destroying over 1,000 buildings and caus-
ing over 40,000 fatalities. Fig. 1 shows a map of the damage zone and points
of interest. Fig. 2 summarizes the building damage statistics for the three
major cities of interest, Leninakan (later renamed Kumayri), Spitak, and
Kirovakan, all in Armenia. Questions were raised regarding the reasons for
such a high level of damage from a moderately strong event, as well as for
the considerable difference between damage in Kirovakan (which is closer
to the ruptured fault) and Leninakan. The writers have performed extensive
investigation on many aspects of the earthquake. An overview of the earth-
quake and many of the factual data related to seismological, geological,
geotechnical, and structural engineering aspects of the earthquake can be
found in Yegian et al. (1994a).

Yegian et al. (1994b) focused on ground motions and building damage
statistics. Upper and lower bounds were established for peak ground ac-
celeration on the basis of the observed performance of grave markers in
the cemeteries of Spitak, Leninakan, and Kirovakan, as well as other key
observations of building performance. Detailed building damage statistics
were contrasted to geological and geotechnical profiles in Leninakan (which
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