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ABSTRACT

The Muzafarrabad, Kashmir 2005, 8 October, earthquake had moment
magnitude 7.6 My and resulted in the destruction of many buildings and
in a high number of fatalities. In retrospect, the Yogyakarta or Bantul
earthquake of 2006, 27 May, resulted in much less loss of life but was a
much smaller earthquake with a magnitude of 6.3 My. The Kashmir
earthquake had a thrust mechanism. Direct impact of this Kashmir
earthquake caused by ground movements included destruction of rural
civil buildings and other similarly built structures (these are Category A
and B buildings on MSK/EMS intensity scales experiencing maximum
intensity Iy X MSK) and upwards of 80,000 deaths. There were many
landslides induced as a secondary hazard phenomenon but liquefaction
was not a contributing phenomenon. This earthquake has a mortality rate
placing it in the worst 24 worldwide during the last millennium. The
Yogyakarta, Java earthquake epicenter and dynamics of the causative
Jfaulting system are unclear. Nevertheless several thousand fatalities and
several hundreds of thousands of seriously damaged properties
(experiencing Iy ~IX MSK) have been reported. These are great losses.
Careful analysis of seismicity and seismic hazard is important to both
areas.

Hazard expectations for Java are prepared and mapped in this study.
Methods used for seismic hazard analysis range from magnitude and
strong ground shaking expectation examined using extreme value
distributions through to cumulative strain energy release (CSER)
analyses. The extreme value approach examines both magnitude
recurrence and strong ground shaking expectations — hence preliminary
seismic hazard maps for comparison to those already available. CSER
diagrams picture changing expectations of a similar magnitude
earthquake in this area and provide an indication of maximum credible
expectations locally. In the case of South Java, localized near
Yogyakarta, the CSER results suggest this zone may be entering a period
of strain accumulation rather than release, but this does not provide
reason for complacency as 50-year (with a one-in-ten chance c;f
exceedance) expectations of peak ground acceleration reach ~300 cm s™°.
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Such preliminary new assessments of seismic hazard in both the Kashmir
and the South Java areas, before and after these earthquakes, will allow
examination of changing expectations and emphasize the need for fuller,
comprehensive seismic hazard analysis. Impacts on buildings in the
meizoseismal area of the Kashmir earthquake are included via field

photographic

evidence (from an Earthquake Engineering Field

Investigation Team's visit to the area) to provide evidence of building
failure mode in relation to horizontal ground displacements caused by
the earthquake — these bear comparison to the Bantul earthquake and
detailed studies of failure mode should also be made to assist mitigation

recommendations for the future.

INTRODUCTION

The 2005 Kashmir and the 2006 Bantul
earthquakes differ considerably in some
respects. The Kashmir earthquake had a
thrust, mountain building mechanism of
major size at magnitude 7.6 My. The
Bantul earthquake was more moderate at
magnitude 6.3 My and had a strike-slip
mechanism. However, these two
earthquakes are worthy of comparison in
view of their societal impact. Both
occurred near urbanised areas and caused
great loss to built structures and
inhabitants. In both cases buildings were
vulnerable, hazard and risk mapping were
inadequate, and preparedness levels were
low. Our aims in this paper are firstly to
prepare a seismic hazard analysis for South
Java following the Bantul earthquake.
Secondly, the intention is to consider
briefly the failure and collapse mode of
vulnerable buildings during the Kashmir
earthquake that were in response to the
step or pulse of horizontal ground
displacement generated by the faulting
mechanism, and draw comparisons with
the Bantul earthquake. An in-depth study
of seismic hazard, vulnerability, risk
assessment and related recommendations
for population welfare would necessarily
require a full and time consuming study in
situ beyond what can be done briefly here.

EARTHQUAKE CATALOGUE AND
SEISMICITY

The scientific analysis objectives of this
study require an earthquake -catalogue

detailing standard earthquake source
parameters (year-month-date/epicentre
latitude-longitude/focal depth/magnitude).
Data used herein are extracted from the
NEIC database. The total set extracted
spans all Java and the seas north and south
of the mainland, viz: 3°-13°S, 105°-115°E.
These data only begin in 1973 and have
been chosen to extend through 2006 May
27, thus eliminating most aftershocks of
the Bantul earthquake. There are 1,993
earthquakes in this earthquake catalogue.
The immediate difficulty is that NEIC data
are reported on various magnitude scales
and for seismic hazard analysis purposes
these have to be rendered homogeneously
onto one magnitude scale. The surface
wave magnitude scale is the target
homogeneous scale as most strong ground
shaking laws for attenuation of peak
ground acceleration are expressed in terms
of Mg. Most magnitude entries in the NEIC
catalogue are on the body wave magnitude
scale my and these are converted to Ms
using the global correlation of Rezapour &
Pearce (1998). A few other magnitude
scale conversions were required for a much
smaller number of earthquakes, the most
significant being conversion from moment
magnitude My, for which My = Mg was
adopted. The resulting study catalogue is
illustrated in Figure 1.

MAGNITUDE HAZARD

Two approaches are adopted here for
the assessment of magnitude hazard. The
first relies on a model of seismicity and is
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Figure 1. Seismicity in Java 1973-2006/05/27 (NEIC data homogenised to surface wave

magnitude scale).

non-probabilistic in its nature: this is the
Cumulative Strain Energy Release (CSER)
approach. The second approach is entirely
probabilistic in its nature and determines
the probability of occurrence of different
earthquake magnitudes. These separate
approaches in juxtaposition allow useful
comparisons to be made.

Cumulative Strain Energy Release
(CSER)

A graphical approach to CSER and
seismic moment release rates has often been
used to characterise seismicity in a region.
CSER diagrams can provide estimates of a
magnitude equivalent to the annual average
energy release M2, more importantly the
magnitude equivalent to the maximum
credible earthquake M3 when all energy in
an earthquake cycle is released in one
earthquake, and an indication of the waiting
time TW between M3 events (see
Makropoulos and Burton, 1984). CSER

diagrams for the entire study catalogue
(effectively all Java), the near-vicinity zone
of the Bantul 2006 epicentre prior to the
earthquake (up to end 2005) and for near-
vicinity of the Bantul 2006 epicentre
through 2006 May 26 are presented in
Figure 2. To produce these graphs it is
necessary to convert the magnitude M of an
earthquake to energy release, E ergs, and
there are several equations that do this.
This is a fair way of looking at maximum
credible (maxcred) hazard potential,
compared to conventional seismic hazard
assessment, and generates an earthquake
magnitude that can be input to a
Geographic Information System earthquake
scenario to illustrate worst-conceivable
consequences of an earthquake in a region
for learning and mitigation purposes. It
should be borne in mind, however, that a
region may generate more mid-magnitude 6
earthquakes that are devastating than say a
single maximum credible magnitude 7
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Figure 2. Cumulative strain energy release
analyses for: a) 3°-13°S, 105°-115°E, b) 2°
cell centred on Bantul epicentre but

excluding it and c) including it.

1]

earthquake while the release of strain
energy or seismic moment is similar to the
single magnitude 7 event. Thus a less-rare
or “most perceptible” earthquake that is
felt and causes damage on the greater

number of occasions than the maximum
credible most-rare possibility is preferable
as a design earthquake for conventional
buildings (Burton et al., 1984, 2004).

The CSER in Figure 2a for entire Java
is dominated by the 1994 June 2
earthquake with magnitude 7.8 My (with
epicentre at 10.48°S, 112.83°E). This
magnitude is akin in size to the Kashmir
2005 October 8 earthquake which had
magnitude 7.6 My; focal depths also
appear to have been reported similarly as
18 and in the range 13-26 km respectively.
On this model the magnitude of the 1994
earthquake is very close to the maximum
credible for all Java in the study area. The
situation in the near-vicinity of Yogyakarta
and the Bantul earthquake epicentre is
quite different. Figure 2b (which excludes
the Bantul earthquake) indicates a near-
vicinity Mz of ~6.6 Ms with waiting time
in the region of 11 years, while including
the Bantul earthquake only raises M; to
~6.62 Ms. Thus in the case of the
Yogyakarta region adjacent to Bantul, the
occurrence of the 6.3 My Bantul
earthquake has hardly affected the
calculation of the maximum credible
magnitude on this model, indeed although
slightly less, the Bantul magnitude is
similar to the local maxcred magnitude.
However, when ground shaking is
considered later, a significant influence on
ground shaking seismic hazard is observed
largely due to the unusual nature of this
magnitude 6.3 event, viz, its shallowness in
relation to most of the regional magnitude
6s.

It is also worthy of note that cumulative
strain energy release depicted in Figure 2¢
has reached the upper enveloping line; at
face value this might suggest that currently
there is little strain energy to be released in
the near-vicinity of the Bantul earthquake
and a period of strain energy accumulation
might be in preparation. However, it must
be emphasised that this is on the analysis
basis of an extremely limited duration
earthquake catalogue and complacency is
not in order.
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