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Abstract

The 27" May 2006 Yogyakarta earthquake caused more than 5500 casualties and
hundreds of thousands of non-engineered buildings collapsed. It is necessary to
investigate the seismic intensity, ground acceleration and building damage index.
Direct site investigations to collect the severity distribution of objects, humans
and environments have been done. The result of the investigation shows that in
general isoseismic lines are in-line with Opak fault, the proposed attenuation
relationship for seismic intensity and horizontal ground accelerations are
matching well with previous research results and the distribution of the building
damage index has a similar pattern with isoseismic lines.
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damage index.

1 Introduction

According to several sources (Walter et al. [24]; Tsuji et al. [23]), the focus of
the 27" May 2006 Yogyakarta earthquake with M,, = 6.2 was at approximately
10 km depth and only 15 km away from Yogyakarta city. Elnashai et al. [7] and
Tsuji et al. [23] stated that there are several versions of the location of the
epicenter.
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So far the investigations soon after the 27" May 2006 Yogyakarta earthquake
have concentrated on the earthquake parameters such as earthquake magnitude,
epicenter and focal mechanism by Walter et al. [24], ground motions by Elnashai
et al. [7] and Widodo and Trianto [25], non-engineered building damage and its
distribution by Boen [3], Gousheng et al. [9] and Miura et al. [14], effects of the
soil condition on building damage by Kertapati and Marjiono [13], and post
disaster damage assessment by using satellite image by Miura et al. [14]. It is
necessary therefore to extend the research especially on the seismic intensity.
The main aim of this paper is to present the seismic intensity, ground
acceleration and the non-engineered building damage from the 27" May 2006
Yogyakarta earthquake.

2 The seismic intensity and its development

Since a few decades ago the seismic or earthquake intensity has been used by
seismologists and engineers to describe the severity of the site under earthquake
attack. The severity of the site is mainly described by the damage of the man-
made structures and the damage of the environments (Trifunac and Brady [22]).
The level of human response due to anxiety, or discomfort, response of any
object due to external disturbance, damage in particular types of structure and
damage of the environment are the usual parameters used in the survey.

The seismic intensity can be determined by using traditional techniques or human
judgment such as the direct interviewing of respondents and site visits. Further
development in determining the seismic intensity is achieved by using ground motion
records (Devenport [4]; Miura et al. [14]). This is one of the developments of the
technique/method in determining the scales. Freeman [8] presented further
development of the seismic intensity, i.e by constructing the demand spectra.

3 Seismic intensity and peak ground acceleration relationship

In many countries, the availability of the ground motion records is still a big
problem including Indonesia. Several Indonesian strong earthquakes such as the
26™ December 2004 Sumatera earthquake (M, = 9.2), the 18 March 2005 Nias
(M,, = 8.5) earthquake and the 27" May 2006 Yogyakarta earthquake (M,, = 6.2)
occurred without any significant ground motion records. Accordingly the site
response (ground acceleration for example) can not be easily connected to the
seismic intensity.

The simplest relationship model between site response Y and seismic intensity Ly,
can be expressed in the equation (Trifunac and Brady [22]; Panza et al. [17])

LogY=10b,+b,1,,, (1

where b, and b, are constants.
Several aspects will affect the seismic intensity including soil site condition.
Dynamically, the soil site condition can be represented by the predominant

period Tg of the soil layers. Accordingly, Kanai [10] proposed the mathematical
model for the ground acceleration and seismic intensity relationship.
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4 Seismic intensity attenuation

Variations of the level of the seismic intensity scale over the distance mean that
the seismic energy was attenuated. Over the distance, the seismic energy spreads
out in 3-dimensional directions. Accordingly the imparted seismic energy per
unit volume of soil mass will rapidly be attenuated. The principle of seismic
energy attenuation has been used in attenuations of peak ground acceleration,
velocity, displacement, attenuation of Arias intensity as well as attenuation of
seismic intensity.

Dowrick [6] and Szeliga et al. [19] proposed the seismic intensity attenuation
model as described in the equation as follows:

I=a+bM +cr+dlogr )

where [ is the seismic intensity, a, b, ¢ and d respectively are the coefficients, M
is the earthquake magnitude, r is the focal distance, and the second and third
terms in Eq. (3) indicate the effect of earthquake magnitude and focal distance.

In addition, Dowrick [6] also incorporated the effect of the earthquake
mechanism in the attenuation model by setting different coefficients. Sometimes
the required data is not completely provided. Another attenuation model as used
by Karim and Yamazaki [12] is presented in the equation

I=c,+cM+c, Ln(R+A) (3)

where c,, ¢; and ¢, are coefficients, R is epicenter distance and A is a particular value.

In the case when the data are very limited as in this study, the use of simpler
attenuation is required, an example of which was presented by Sutardjo et al.
[21],

_ —b.x
I =1 e 4
where x is the distance (in km) from the center of the maximum isoseismic line,

I, is the intensity level at x km from the center of the isoseismic line, I, is the
maximum intensity level and b is the attenuation rate of the intensity.

5 The building damage and damage index

Damage in general terms can be defined as something broken physically, shapely
and as a function of things and causes partially/mostly loss of its value.
Researchers have tried to transfer qualitative meaning to the quantitative value
with the so-called damage index, damage factor or damage ratio. Several
quantitative concepts of damage index/factor/ratio have been proposed by
researchers. An example of building damage index quantification was presented
by Qiwen et al. [18].

6 Methods of research

6.1 Parameters, time and building types

The main parameters for determining the seismic intensity scales respectively are
the human behavior during earthquake, the response of any objects and the
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damage of the structure and environment. The direct site surveys were carried
out from March to September 2009 by Wijaya [26]. The building objects are
mainly non-engineered buildings such as un-reinforced clay brick buildings,
partially reinforced clay brick buildings and only a small amount of well
reinforced clay brick buildings.

6.2 Instruments, respondents, data and method of analysis

Instruments for collecting site data are mainly maps, questionnaire sheets,
interview question lists, electronic camera, GPS and amount of supporting
utensils. The head of villages, the head of sub-villages and the particular persons
who are able to give relatively accurate information were selected as
respondents. The data were collected according to purposive sampling in 17
districts and from 294 respondents. The collected data were analyzed both
qualitatively and quantitatively. Transferring the qualitative information to the
seismic intensity scales was carried out qualitatively.

7 Results and discussion

7.1 Isoseismic lines, seismic energy and moment, soil liquefaction

The seismic intensity scales of the site were determined based on the results of
the interviews and recorded data in which more than 290 data were collected
from the site. After smoothing the results, the isoseismic lines of the 27" May
Yogyakarta earthquake are presented in Fig. 1.
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Figure 1: Isoseismic lines of the 27" May 2006 Yogyakarta earthquake.
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It can be seen from the figure that the maximum seismic intensity is I, = IX.
Similarly as presented elsewhere, the maximum seismic intensity does not
always coincide with the location of the epicenter. It shows that the shape of the
isoseismic lines is not nearly circular but tends to be similar to the isoseismic
lines due to the Tonghai earthquake.

According to Sulaiman et al. [20] the seismic moment Mo of the 27" May
2006 earthquake is estimated to be equal to 8.1325.10%° dyne.cm with a rupture
area of 200 km® (Walter et al. [24]). Plots of these earthquake parameters to the
Kanamori [11] graph are presented in Fig. 2 and Fig. 3. They show that these
parameters are matching well with the Kanamori [11] plot.
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Figure 2: Energy and seismic moment of Yogyakarta EQ plot to Kanamori
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Walter et al. [24] illustrated the cross section of soft sediment soil deposits
from Merapi Mountain to Opak river/fault. According to Walter et al. [24] the
depth of soft sediment may reach 200 m. Meanwhile Nurwidyanto et al. [16]
found that the Opak fault is buried by soil sediment with the depth ranging
approximately from 40 to 75 m. Eko et al. [5] studied potential liquefaction of
the site. Their study revealed that the elevation ground water level is relatively
high ranging from -0.60 to 4.0 m from the local ground surface. A plot of
isoseismic lines into the Eko et al. [5] result is depicted in Fig. 4.
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Figure 4: Liquefaction sites (Eko et al. [5]) plot to isoseismic lines.

It is clearly shown in Fig. 4 that the Opak fault is exactly in-line with the
Opak river. It is shown in the figure that the liquefied soil mostly occurred at the
ground with the seismic intensity I, = VIII and partly occurred at the region
with I, = VIL. This result confirms that of Anonym [1].

7.2 Seismic intensity attenuation

The result of the research presented in this paper is based only on the data
collected from the 27™ May 2006 Yogyakarta earthquake. Having limited data,
the seismic intensity attenuation model based on Eq. (4) was used and the result
is presented in Fig. 4. The attenuation is constructed based on data from all
respondents. The attenuation is constructed in-line direction with the Opak fault
as presented in Fig. 1 and can be expressed mathematically as follows:

I,, = 8.889.¢ 00088 L (5)
where L is the distance from the center of isoseismic lines.
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Figure 5: Modified mercalli intensity L, attenuation.

Fig. 5 is the comparison between two seismic intensity attenuations, i.e
attenuation for seismic intensity of the 27" May 2006 and the 27™ September
1937 Yogyakarta earthquake (Sutarjo et al. [21]). It is shown in the figure that
land earthquakes attenuate faster than sea earthquakes. This result confirms the
common theory which says that the shallow crustal earthquakes attenuate faster
than the in-sea /subduction earthquakes.

7.3 Comparison with other seismic intensity attenuations

It is necessary to make a comparison of the seismic intensity attenuation as
written in Eq. (6) with attenuation of other earthquakes.

The comparison between the 27" May 2006 seismic intensity attenuation and
the Californian earthquake (Barosh [2]) is presented in Fig. 6. It can be identified
that the proposed seismic intensity attenuation is well performed.
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Figure 6: Comparison with other seismic intensity attenuations.
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7.4 Ground acceleration attenuation

Elnashai et al. [7] conducted earthquake reconnaissance at the site and found
only two records from two closer stations, i.e YOGI (Yogya) and BJI
(Banjarnegara) at distances of 10 km and 90 km respectively from the epicenter.

According to Elnashai et al. [7], the most probable ground acceleration
histories for the N-S components are 0.27 g (10 km from the epicenter) at YOGI
station and 0.028 g (90 km from the epicenter) at BJI station. In addition,
Elnashai et al. [7] also presented several possible ground acceleration
attenuations that might be applied at the region. The interpolation of the applied
attenuation gives the I,,- ground acceleration relationship presented in Fig. 7
and is expressed mathematically in the following equation,

Loga, =0.2208.1,,, +0.5446 (6)
where a, is the peak horizontal ground acceleration.
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Figure 7: Lum-Log ay, relationship.

The proposed peak horizontal ground acceleration attenuation can be
developed by substituting Eq. (5) into Eq. (6) to yield (for M, = 6.2)
Loga; =196 10544 . (7)

The comparison of the peak ground acceleration attenuation from Eq. (7) and
several shallow crustal peak ground acceleration attenuations is presented in
Fig. 8. It is shown in the figure that ground acceleration attenuations are widely
variable, everything depends on the aspects that have been mentioned before.
The proposed ground acceleration attenuation is very close to that of Campbell
(1989) for a distance L > 20 km and very close to that of McGuire (1977) for a
distance L < 20 km.

The comparison of the I,-ground acceleration relationship presented in
Eq. (7) with several similar relationships is presented in Fig. 9. The figure shows
that the relationship proposed by Coulter, Waldron and Devine (1973) and
Medvedev and Sponheuer (1968) respectively fall in the upper bound and the
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lower values; the same as reported by Murphy and O’Brien [15]. The I,,,-ground
acceleration relationship proposed by Hershberger (1956) is completely crossing
with the proposed relationship result of this research/study. However, those
proposed relationships still fall in the range of the upper and the lower bound
values.
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Figure 8: The comparison of ground acceleration attenuation.
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7.5 Damage index map

From a Civil Engineering point of view, the damage index is commonly used to
describe the damage level of structural element, storey and whole structure
quantitatively. The quantification of the damage can be determined from simple
assessment of an object to a very complicated formulation. As shown in Table 1,
Qiwen et al. [18] presented an estimation of damage index values at every
damage category for dwellings. The damage descriptions are connected to
damage state category.

Data concerning the descriptions of building damage have been collected
during a direct site survey. These data have then been connected to the
descriptions which are presented by Qiwen et al. [18]. Accordingly, the level of
the damage index of the building at every site can be determined approximately.
The result then is plotted in the map as presented in Fig. 10.

It can be seen from Fig. 10 that the shape of the damage index contours very
closely resemble the isoseismic lines which are shown in Fig. 1. At the sites
where the seismic intensity I, = IX most of the buildings were totally collapsed.
This condition is associated with a damage index equal to 1. Most researchers
agree that the buildings can still be repaired when the level of structural damage
index less than 0.35-0.4.
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Figure 10:  Damage index map.

8 Concluding remarks

The research/site investigation of the seismic intensity, the ground acceleration
and the distribution of structural damage from the 27" May 2006 Yogyakarta
earthquake has been carried out. Findings from the site and the analysis can be
formulated as follows:
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a. Isoseismic lines under the 27" May Yogyakarta earthquake in general

are in-line with the direction of Opak fault and meet well with the soil
liquefaction as reported by Eko et al. [5].

b. The proposed seismic intensity attenuation in general confirms well the

similar attenuation which is proposed by researchers.

c. In addition, the simple proposed ground acceleration attenuation also

conforms to the Campbell (1989) and McGuire (1977) attenuation.

d. Even though the I,-ground acceleration relationship is completely

crossing with a similar relationship proposed by Hershberger (1956), in
general it still falls in the range value.

e. The shape of the building damage indexes in general has a similar

pattern to the seismic isoseismic lines.
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