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ABSTRACT

A methodology for assessing the seismic risk through standard and local hazard,
vulnerability of physical environment and buildings is presented. As a first step stan-
dard hazard, as a probability of occurrence for done intensity earthquake, is evaluated.
The local hazard, due to the influence of geological and geomorphological conditions,
is taken in account through the amplification coefficients, that can modify the standard
hazard. For the evaluation of the vulnerability of physical environment the recent and
ancient landslides and zone affected by superficial instability producing active or po-
tential landslide situations are considered. The vulnerability of buildings, defined such
as the seismic performance v/s damages, is evaluated through some characteristic pa-
rameters. Finally the seismic risk due to the convolution of hazard and vulnerability is
eveluated. In this paper the applied methodology and the results carried out for
Toscolano Mademo (a small town of Lombardia Region, Italy) are presented.

METHODOLOGY

The present methodology for assessing the seismic risk can be usefull in incudin g
seismic risk in urban planning and in defining programs for its reduction.

As a first step standard hazard, as a probability of occurrence for done intensity
earthquake, has been evaluated. The method for the hazard assessment is based on the
following hypoteses:

- seismic hazard at site is fully described by the interoccurrence time distribution F(H)
and the local intensity distribution Fy(i);

- interoccurrence times t and intensity I are assumed as indipendent random variables
(Bernoulli model).

The earthquake occurrence process is represented by a renewal process with pro-
bability density function:

ft(® = p £1(0) + (1-p) f(t) )

The functions f; and fy may be different from site to site according the data and
are chosen in a menu including Exponential, Lognormal, Weibul and Gamma
distributions. The estimate of the parameters of equation 1, including p is directly
performed site by site on the basis of available data.
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The sequence of events at site is derived from the epicentral parameters listed in
an earthquake catalogue; only events producting at site an intensity I greather than or
equal to a threshold I are used. The threshold value I = VI'MCS has been assumed in
order to consider the events that may produce damage to the buildings. Attenuation
models are needed in order to derive local intensity I from epicentral mten51ty Iy, and,
the attenuation model of Grandori et al. (1987) is assumed.

The evaluation of local intensity distribution is performed in three steps. The
analysis of the seismotectonic model and the past seismicity leads to the identification
of zone that can be characterized by the same distribution Fio(D) on the epicentral
intensity I, For each group of zones, the type and parameters of the function Fy,(i) are
determined on the basis of the earthquake catalogue. One of the three types of function
is assumed in this analysis (Grandori et al., 1984; 1991):

Fl)=l-exp-a(i-Ig)] | )
Fpo() = 1 - exp [exp (o) - exp ()] ?3)
Fro() = 1 - exp [exp (o - B) - exp (ai - B)] C))

The parameters o and B are calculated through the data of catalogue.
Local intensity distribution Fl(x) of the type shown in equations 2, 3 or 4 are de-
termined subdividing each zone in an appropriate number of elementary cells, assu-
“ ming an uniform space distribution of the events inside the zone and applying to each
zone the relevant attenuation model. Finally the assumption of the relation:
In(y/g)=al-b SN C)
between the ground acceleration y and the intensity I allows to derive the acceleration
distribution Fy(y) and the corresponding probability density function f,(y) from the in-
tensity distribution Fy(i), where g is the gravity acceleration, a is equa?, t0 .602 and b is
equal to 7.073.

The local hazard, due to the influence of geological and geomorphological condl-
tions, is taken in account through an amplification coefficient, that can modify the
standard hazard. The geological and geomorphological conditions, producing variation
on the expected motion, have been identified as: edge area and rocky ridge, producing
amplification due to morphological condition; valley with inchoerent alluvium and
slope deposits or talus cone producing amplification caused by loose soil overlying a
bedrock, and showing high impedence contrast; area affected by lithologic
discontinuities producing differential settlements in connection with characters of
lithologies; very soft soil producing permanent deformations (Bressan et al., 1986).
The evaluation of amplification coefficient or permanent deformation is due to the
application of finite elements method with the use of program such as QUAD-4 (Idriss
etal., 1973).

For the evaluation of vulnerability of physical environment we -have considered
cent and ancient lanslides, zone affected by superficial instability, excessive slope

ith debris mantle, and excessive slope with rock affected by fractures, that can pro-
Ance active or -»{m ! landslide situations (Bressan et al., 1986; Keefer, 1984). The
uagion of © v under dynamic condition is due to the application of sim-
ed methods Newmark (19635), or to the application of finite elements me-
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thods (Cividini and Pergalani, 1994). The results are expressed in terms of expected
displacements (Pergalani and Luzi, 1994).

The vulnerability of buildings, defined as the seismic performance v/s damages, is
evaluated through some characteristic parameters. In this case the vulnerability of
buildings is assessed passing through a preliminary survey on the total amount of buil-
dings and a specific survey on definite statistical significant samples. A conventional
vulnerability index V (Benedetti and Petrini, 1984), ranging from 0 (building in accor-
dance with the present code requirement) to 100 (very poor building) identifies the
building quality (Corsanego, 1991). Damage models d (V, y) relating damage index d,
vulnerability index V and ground acceleration y are assumed (Angeletti et al., 1988;
Guagenti and Petrini, 1989). ‘

The seismic risk due to the convolution of hazard and vulnerability has been eva-
luated in three different ways: in term of expected annual damage, in terms of expected
value of the actual cost of first damage and in term of expected value of the actual cost
of all future damage. Starting from the average value of the expected damage, given an

earthquake, that is computed as:
o0

D(V) = | d(V,y) fyy) dy ©)
0 ‘
- the expected annual damage is:

Dp(V) = D(V) ™

where [ is the average annual number of events at site, evaluated from the relevant
probability density function of the interoccurrence time fi(t). This quantity is obviously
meaningful if the hypotesis of Poisson processes is assumed; it is still significant in a
renewal process if the case of random entry in the process is considered:

- the expected value of actual cost of the first damage:

edo oo
D{(V, d, tg) = D(V) ~-rememeeen | fitye-tat ®)
1-Fty) to

where t, is the time elapsed between the last event at the site and the moment when the
evaluation is done; § is the discount rate (Guagenti et al., 1988);
- the expected value of the actual cost of all future damages:

e dto oo 1
D(V, d, tg) = D(V) w-rormmnes [ f(ye-Stat )
1-Flty) to 1-] =g edtdt
(V]

All the results can be drawn on maps for easier comprehension and use for non
specialist technicians, such urban planners and politicians.
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APPLICATIONS AND RESULTS

This methodology has been applied in several areas. In this paper the case of
Toscolano Maderno, a small town of Lombardia Region (Italy) is shown, the site is
characterized by low seismicity level.

The zones that can produce geological and geomorphological influence on the
motion, derive from geological, lithotechnical and geomorphological maps. The area is
characterized by limestones, marls, marls with clay, alluvial deposits cemented or not.
For the geomorphological aspect we mapped the recent and ancient landslides and the
area affected by potential instability conditions. The urban area are not directly interes-
sed by these problems. At last we did a map of seismic hazard situations. The most se-
rious problems of the site is due to the presence of alluvial deposits in the urban area,
that can produce an amplification due to the impedence contrast (fig. 1).

We did a numerical analysis, using QUAD-4 (Idriss et al., 1973), a finite ele-
ments program and an expected artificial accelerogram, for evaluating the possible
amplifications. The investigated section is shown in fig. 2, and we did different analy-
sis considering two geometry of alluvial deposits. The first one is characterized by
damping equal to .05, density equal to 1.76, and S wave velocity equal to 300 m/sec.
The second one is characterized by the same damping and density but by values of S
wave velocity equal to 300 m/sec on the top and 700 m/sec on the bottom. In fig. 1 the
results of this analysis are shown and the value of probable expected maximum
amplification due to the analysis is presented.

For the evaluation of vulnerability of buildings, through a fast survey on total
amount of buildings, using some characteristic parameters such as: structural typology,
age of construction, number of floors, the statistical significant samples are identified.
Then on the samples we did a specific survey, using characteristic parameters such as:
type, organizazion and quality of resistant system, conventional resistance, founda-
tions, diaphragms, configuration in plan and in elevation, non structural elements,
damages and decay, and we calculated the vulnerability on such buildings using vul-
nerability models (Benedetti and Petrini, 1984; Gavarini and Angeletti, 1984). Passing
through a classification of all buildings (more than 2.000) vulnerability values were ex-
tended to whole built. The results are presented in fig. 3, and show, in general, low va-
lues of vulnerability.

The results of the value of seismic risk are shown in fig. 4 for the expected annual
damage, considering amplification, in fig. 5 and 6 for the expected value of actual
cost of the first damages, considering amplification or not; in terms of ratio between
expected damages and cost of new edification. The results show that the more frequent
values in the case of annual damage with amplification are 1/10.000-1/1.000, in the
case of expected value of actual cost of first damage with amplification are 1/1.000-
1/100 and 1/100-1/10, in the same case without amplification are 1/10.000-1/1.000. As
the maps show, the value is higher if in the analysis is considered the influence of am-
plification, and this influence is more higher in the case of low vulnerability.
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Fig. | - Map of seismic hazard situations and isoamplification zones T
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Fig. 2 - Geometry of the investigated section
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Fig. 3 - Map of vulnerability of buildings
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Fig. 4 - Map of risk: expected annual damage, with amplification
{ r: ratio expected damages/cost of new building )
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Fig. 5 - Map of risk: expected value of actual cost of the first damages, with amplification
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Fig. 6 - Map of risk: expected value of actual cost of the first damages, without amplification
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EARTHQUAKE HAZARD MICROZONATION METHODS
DEPREM TEHLIKESININ MIKROBOLGELENDIRILMESI METODLARI

J.S. Avct! and M. Erdik?

SUMMARY

The purpose behind a review of earthquake hazard microzonation practices lies in
ascertaining the potential applications and favored methodologies of this type of research.
Microzonation has been used as a way to subdivide a small region into areas or zones that
have a relatively similar degree of exposure to various earthquake-related dangers. Hazards
can be clearly illustrated in microzonation maps, which in turn, with vulnerabilities, can be
used for conducting risk assessments. Such maps can be utilized for the earthquake resistant
design of structures and can form the basis for development of local land-use policies at the
government level, in order to reduce loss of life and property from future disasters.

OZET

Deprem tehlikesinin belirlenmesi igin kullanilan mikrobélgelendirme yontemlerini inceleyen
bu makalenin amact bu konu ile ilgili potansiyel uygulamalari ve nemli metodolojileri
tanitmaktir. Mikrobélgelendirme verilen bir sahanin herbiri kendi igerisinde benzer deprem
tehlikesi seviyesine maruz kiigiik bolgelere ayiriimasi islemidir. Hasargorebilirlik bilgileri ile
beraber, mikrobélgelendirme haritalart deprem riskinin belirlenmesinde  kullanilir.
Mikrobolgelendirme haritalar: yapilarin depreme dayanikh olarak projelendirilmesine ynelik
bilgileri saglar ve depremlerdeki can ve mal kayiplarini azaltmak maksadiyla yerel yonetim
tarafindan uygulanan arazi kullanim politikalarinin temelini tegkil eder.

INTRODUCTION

Microzonation has been described by many authors as a technique for defining
geographic areas that have different potential severity for each geologic hazard, thus
permitting improvement of estimates for design through an awareness of local site

! Research. Asst. Dept. of Earthquake Engineering, B.U.-K.O.ER.L, Cengelkdy, Istanbul
2 Prof.Dr. Dept. of Earthquake Engineering, B.U.-K.O.E.R.L,, Cengelkdy, Istanbul
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conditions. A thorough review of the literature shows that most studies are conducted
specifically with regard to earthquake-induced hazards. Microzonation maps depicting
individual or groups of earthquake hazards are usually the primary goal of seismic hazard
assessments, while vulnerability and risk assessments are often valuable extensions of
microzoning studies. Microzoning is most definitive and useful when the effort is
multidisciplinary, combining information and interpretations from the geologic,
seismologic, tectonic, geotechnical, and engineering disciplines. The objective of a review
of microzonation practices is to ascertain not only the potential applications of this type of
investigation, but what are the favored methodologies to date and how and why they are
implemented in practice. Microzonation evolved in the 1970’s as an application of relatively
simple methods for approximating the potential for seismic disaster, into an effective tool
in the 1990’s for mitigating such disasters. Today microzoning is a fundamental tool used
in preparation of earthquake hazard scenarios, for conducting vulnerability and risk
assessments, and ultimately for planning land-use strategies. Based on microzonation maps
as well as historical (or recent) earthquake information, it should be possible to recognize
urban areas which should either be bypassed or carefully planned and designed for where
damage to constructed areas is expected to be the worst.

Most investigations begin with the identification of variations in local geologic and
seismic conditions, and a subsequent classification of natural hazards. Various microzoning
methods have been proposed and attempted to accomplish these ends (UNESCO, 1978;
NSF and UNESCO, 1982; Vaciago, 1989; TIT, 1991). Microzonation usually results in
the production of maps depicting the areal limits of the potential for any one or a
combination of earthquake-related hazards, including surface rupture, amplification, ground
shaking, soil failure, peak ground acceleration (PGA), velocity (PGV) or displacement
(PGD), or damage to the built environment. From experience with past earthquakes, it is
evident that the most severe damage to urban areas is caused by soil-structure resonance,
liquefaction and surface displacements, and factors related to the quality, design and
arrangement of the structures involved (Hays, 1992). Thus according to most authors,
microzoning should ascertain and incorporate the applicable ground motion parameters and
geologic information into maps. Ideally, these maps should also designate the location,
relative severity, recurrence interval, and probability of exceedance of an earthquake (of a
particular magnitude) for the study area (Cluff, 1978; Cobumn et al., 1992). Many
researchers are recommending that the use of microzonation be increased in building codes,
in pre-earthquake hazard mitigation and post-earthquake preparedness, countermeasure and
land-use planning, even so far as suggesting litigation for extremely high risk areas.
Integration of technical databases which include the results of microzonation studies on
local, national and international levels is also recommended.
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EARLY MICROZONATION MAPS

Microzonation began in the 1970’s as a way to quantitatively assess the potential
damage which could be caused by seismic activity on a site-by-site basis (Kaneko et al.,
1992). For microzoning purposes, this was accomplished primarily by considering
parameters of seismic intensity, damage to structures, and the number of deaths and injuries
(Figure 1). Initial methodologies for regional scale seismic zonation concentrated mainly
on the identification and delineation of soils likely to amplify ground motion, or to fail via
landslides or liquefaction (Hays, 1992). The resultant maps were often limited in regards
to information on regional seismic wave propagation (i.e. strong ground motion at the base
rock in relation to epicentral distance), duration of strong shaking, source parameters (i.e.
magnitude), spacial and temporal approach to earthquake recurrence, and uncertainty
(UNDP and UNESCO, 1974; Hays, 1992). These early maps presented primarily ground
shaking hazard, showing variations of the local site response based on the effects of the
most recent earthquakes. Although some early investigators were concerned about the lack
of application of microzonation results to the actual design of structures, the scope of many
of these initial studies was substantial considering the available resources (i.e. computers).

Frequently notable advances in the state of practice of microzonation have been
accomplished only after damaging earthquakes, since usually it is only then that public
officials desire competent scientific knowledge (as well as prompt monetary investment) to
reconstruct the affected communities, so that the chances of repeating the catastrophe are
diminished. Post-earthquake investigations typically included geological, seismological,
engineering and sociological studies, either individually or in combination. One of the most
important developments in microzoning has been the tendency for these studies to be
interdisciplinary, and integrate the various geoscience and engineering disciplines in all
aspects of the seismic hazard assessment. Gradually over the years the possibilities have
increased with improved scientific techniques, individual project organization, and
international cooperation; the inclusion of risks (i.e. damage to lifelines) into these studies
has also opened up the range of obtamable objectives (Kaneko et al., 1992).

: Pgunu-l .
Casualties Intensity

Site Response

Liquefaction Potential

S P Y Geology Amplification

or Lindslide and Ground
Potential : Shaking

Past Earthquake
Damage Statistics

Incident Earthquake

Figure 1. Early microzonation input information and results. Onceki mikrobélgelendirme
gzrdz bilgileri ve sonuglar.
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CURRENT UNDERSTANDING

Presently investigators all over the world are acting on the premise that pre-earthquake
microzonation studies are an effective weapon toward mitigation of earthquake disasters
(Figure 2). In the initial stages of a microzonation study, most researchers are primarily
concerned with identifying variations in local ground conditions, which can be used to
distinguish zones of differing degrees of earthquake hazard potential. These conditions
usually directly influence the practicality of a site for a particular structure or urban
development. The following list comprises the ground conditions sited by many authors
(Cluff, 1978; Coburn et al., 1992; Erdik, 1993) as to be the most important: 1) Types and
thicknesses of surficial soil deposits; 2) Variable topography; 3) Sites prone to soil failure;
4) Areas susceptible to permanent ground deformations; and 5) Coastal sites vulnerable to
wave inundation from tsunamis, seiches, or dam failures.

Soil conditions of the most concern are those which can cause amplification (or relative
shaking response between different geologic units) of ground motions, over particular
frequency ranges (i.e. in narrow bands), or simply in general. It is well documented that
for any one earthquake, the distribution of damage is usually site-dependent, and the
amplification effects of soft, unconsolidated ground can be much higher than those of hard
rock or well-consolidated material. Hence, the built environment residing on
unconsolidated, reclaimed or alluvial deposits repeatedly suffers the greater damage than
those on firmer land. The thickness of surficial soil layers also affects the amplitude and
frequency content of the ground motions; thick deposits of softer soil overlying more rigid
formations can trap the seismic waves to an even greater extent than would a thin surficial
" cover, again causing significant amplification. In addition, the contact zones and lateral
discontinuities between highly contrasting geologic units (i.e. possessing high impedance
contrast) are other areas where significant amplification may be anticipated. It is important
to consider whether correlation between such semi-quantitative parameters and damage is
appropriate between different localities with analogous but not identical attributes. Variations
in topography can also cause significant amplification due to focusing and diffraction of
earthquake vibrations, especially along the top of isolated hills, elongated crests and the
edges of plateaus and cliffs.

The most destructive soil failures due to earthquakes include liquefaction, densification
and loss of shear strength. Liquefaction and landsliding processes include rock falls,
topples, slumps, slides, subsidence, lateral spreads and flow failures of soil and rock, etc...
Liquefaction occurs when the shear stress generated by seismic motion during and
earthquake causes and increase in the pore pressure within loose, fine grained soils (usually
~ sand), and the soil layers ultimately loose their strength to the point where the ground
behaves as a liquid. Strong shaking can cause densification (or settlement) of loose soils,
involving compaction and sinking. Liquefaction can in turn can also result in settlement
and subsequent tilting ‘of structures on a site-by site basis as well as initiate large-scale
landsliding events (i.e. the Nigata earthquake of 1964). Large permanent ground
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Figure 2. Current microzonation input information and possible output. Suanki
mikrobélgelendirme girdi billgileri ve muhtemel sonuglart. '

deformations are often associated with surface faulting or shallow faulting. If such features
show evidence of Quaternary motion, most researchers consider them to be active with a
possibility of rupture. Other types of permanent soil failures which may occur as a result
of an earthquake include torsional and lateral displacements, -and compaction of loose
granular soils, which can result in large and differential settlements of the ground surface.

Tsunamis, seiches and dam failures may immediately proceed an earthquake in many
seismically active regions; each event alone might comprise an additional major catastrophe
whose damage would probably rival the initial destruction caused only by the earthquake.
Tsunami zonation requires data on long term-tsunami hazard, such as run-up heights and
distances for estimating recurrence. High resolution mapping of areas susceptible to
inundation necessitates accurate prediction of water run-up heights and water” velocities
affected by the interaction of onshore structures and topography (Sanchez et al., 1991). In
regards to failures of earthen and concrete dams due to earthquakes, the historical
percentage is low. Most failures are the result of inadequate site selection, deficient design
and/or poor construction practices. Criteria must be generated for any specific dam
inundation area regarding the relative failure risk, in order to regulate site-selection and
construction.

Approaches to Microzonation

Urban (or microzonation) scale probabilistic seismic zonation maps were not produced
until after the 1970’s, yet by the 1990’s they began to replace deterministic maps on urban,
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regional, and national scales. The strategy employed for any one particular microzonation
study is usually a function of the resources of the investigators (i.e. funding, field expertise,
scientific knowledge base), how recently a damaging earthquake occurred, accessibility of
the earthquake-prone area, and the socio-economic and political situation. In order to make
microzoning more feasible to those of limited resources, several alternative methods which
have been proposed by various investigators (i.e. Vaciago, 1989) are outlined herein.

One strategy for determining ground motion characteristics is to record microtremors
and other low amplitude ground motions (i.e. aftershocks) and investigate them across the
region or zone of interest. A pioneer in this research area, Kanai (et al., 1961) determined
that the time and frequency domain wave shapes of microtremors are distinctly different for
different soil conditions. This method is commonly used for estimating amplification factors
between a hard rock reference location and another site of interest, which can be calculated
via several different methods. This information can provide some understanding about what
portions of a region or zone should expect the most significant ground motion during future
earthquakes. In studies conducted in Turkey (UNDP and UNESCO, 1974), for example,
there was close agreement between areas of high amplification determined through weak
motion instrumentation and localities of significant damage from the associated earthquakes.
In another case in Greece, investigators were able to compare the results of a microzonation
study (based on microtremor measurements and small earthquake records) conducted in
1977 in the Korinth-Loutraki area with the damage caused by the February 24, 1981 (M6.7)
earthquake; the authors found that the soil classification presented in their microzonation
map of the Corinth-Loutraki area was in good agreement with the earthquake damage
distribution. However, methods employing the use of weak ground motions in order to
predict the local effects of strong ground motions have been disapproved of, since the waves
may originate at the surface and follow different propagation paths from earthquakes,
leading to sampling of shallow site characteristics. Also, if the low amplitude vibration
sources are located at the ground surface, measurements can be nonstationary over different
periods of the day and provide more detail about the sources of excitation than about the
ground conditions. Due to the nature of these sources, the weak ground motions display
low-strain behavior and require careful interpretation if the intention is to estimate the strong
motion performance of a site. Many authors believe that existing techniques based on
consideration of local site conditions resolved from previous structural damage, microtremor
and small earthquake studies are not reliable enough for determination of seismic design
parameters without additional evidence of the effects of different levels of excitation on the
local geology, i.e. multiple recordings of ground motions caused by earthquakes or
explosions.

One of the most credible methods for mapping factors relevant to engineering purposes
is, of course, use of strong motion records, since these provide direct measurements of the
site response of local (site-specific) geologic conditions to representative earthquake ground
motions. Engineers and seismologists have recognized the significance of utilizing response
spectra in the characterization of strong ground motions and their effects on structures since
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the 1940’s. Either direct extrapolation (i.e. by scaling a set of statistically normalized
acceleration spectral curves representative of different site conditions (Seed et al., 1976))
or probabilistic methods can then be used for predicting the ground motion characteristics
of an earthquake of a particular size, for instance by modeling the expected response spectra
based on known geologic, tectonic and seismic conditions and previously recorded strong
motion records. Microzonation maps portraying the distribution of parameters of
engineering significance (i.e. peak recorded ground acceleration, velocity and displacement)
can be prepared specifically for seismic design purposes. Seismic impedance pertaining
to site geology can be promptly determined using the known propagation velocity of body
waves, especially if records exist along profiles crossing the area of interest (Medvedev,
1965). Nevertheless, there are major obstacles to this approach: 1) It is obviously not very
practical to wait several ‘decades for a sizable earthquake, 2) Even if records of multiple
events exist there is no way to discern the homogeneity of the sources, and 3) Strong motion
instrumentation is expensive and requires trained maintenance staff, At present these
applications are often hindered due to a lack of applicable data, i.e. base rock records with
respect to magnitude, hypocentral distance, depth of focus, and earthquake mechanisms.

Another method involves defining individual seismic hazard scenarios based primarily
on characterization of phenomena triggered by a natural hazard, such as those interpreted
from current geological information and field observations (Erdik, 1993). For example,
Bressan (et al., 1986) describes four groups of qualitative scenarios: 1) Amplification of
ground motion. due to soil behaviour; 2) Amplification of ground motion due to
morphological features; 3) The potential for permanent ground deformations; 4) The
potential for (or active) conditions of slope instability; and 5) Simulation of post-earthquake
wave inundation and fire. Due to the relative stmplicity of these approaches, they are
‘recommended only for use in preliminary microzoning.

A fourth approach to microzonation mapping involves an empirical estimation of the
impact of subsurface geology on an intensity parameter determined for each specific
measurement location. In the 1960’s, for example, Medvedev (1965) attempted to relate an
increment of seismic intensity to water table elevation and seismic site rigidity, where a site
impedance parameter is found for each individual site which equals the product of subsoil
density and longitudinal wave velocity. Today, many researchers are correlating empirically
or experimentally derived parameters such as transfer functions and shear wave velocity
to provide a first approximation of relative shaking response. In recent studies by Boore
and Joyner (1994) and Borcherdt (1994), utilizing estimated site amplification factors, peak
accelerations and response spectra, sites were characterized by dividing the site geology into
different classes, depending on the average shear-wave velocity in the upper 30 m. This
technique can be applied directly to the assessment of intensity variations.

Microzonation Mapping

Many researchers are advocating the compilation of microzonation information into GIS
maps and databases, which would ultimately be accessible to other professionals (i.e.
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engineers, city planners) who require tlie material for siting, design and land-use planning
purposes. Microzonation projects usually produce one or more maps showing the potential
for any of the following circumstances: 1) Ground rupture due to faulting; 2) Buried
faults; 3) Peak ground acceleration, velocity, or displacement; 4) Ground shaking; 5)
MSK intensity; 6) Ground motion amplification; 7) Shear wave velocity; 8) Liquefaction
potential; 9) Potential densification and settlement; 10) Landslide susceptibility; 11)
Damage to particular buildings or types of structures; 12) Damage to lifelines; 13) Post-
earthquake flooding or wave inundation; 14) Post-earthquake fire; and 15) Casualty
statistics. The spacial extent of any one (or a combination) of these parameters or events
should be explicitly portrayed on the respective map. The maps sited above may be based
on the damage distribution of historical earthquakes, current geologic information and
analogous ground motion measurements, or on the probability of a particular earthquake
occurring in a certain location sometime in the future. The latter map might indicate the
variation of damage at the location of interest from an earthquake of a particular size,
depending on the site conditions as well as the distance from a major fault. Thus, these
maps can help identify the most vulnerable areas within a specified region.

RECOMMENDATIONS AND CONCLUSIONS

When microzonation maps are used to quantify and illustrate primary earthquake-related
hazards, generally some combination of the following is accomplished using the current
approaches: 1) Categorization of geologic and geotechnical information, with particular
emphasis on seismic vibration and soil dynamics; 2) Determination of local and/or regional
amplification of ground motion; 3) Evaluation of attenuation relationships on a regional
scale, using strong ground motion, weak ground motion, and intensity data; 4) Calculation
of the intensity of ground shaking using probabilistic methods; 5) Estimation the probability
of exceedance of an earthquake of a particular magnitude for the entire study area; 0)
Survey of earthquake catalogues and historical damage statistics; and 7) Construction of
maps depicting individual or combinations of hazards, based on the occurrence of a
hypothetical earthquake (Bresson et al., 1986).

In the current state of practice in seismic microzoning, maps which provide estimates
of parameters necessary for the siting and earthquake resistant design of civil engineering
systems are generally the main goal. These maps describe either specific conditions which
may be triggered by an earthquake, or provide geologic, geotechnical or seismic parameters
of similar relative magnitude for the given zones, or a combination of several such elements
(as sited above). Recent studies have established reliable correlations between semi-
quantitative geotechnical parameters and damage sustained by structures during earthquakes,
indicating that their usefulness for seismic microzoning purposes (Hodder et al., 1993).
Researchers conducting pre- as well as post-earthquake investigations are usually interested
in whether the majority of the damage caused by ground motion could be due primarily to
tectonic and geologic (soil) conditions, construction practices, or a combination of both.
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In general, the state of microzonation practices today requires the following: 1)
Extensive seismic and strong motion data bases; 2) Comprehensive geologic and
geotechnical data bases, including tectonic (i.e. structural geology, geodetics) and structural
engineering information; and 3) Ability to analytically model the principal physical processes
such as nonlinear soil behaviour and earthquake source mechanisms (Hays, 1992). However,
meeting these requirements is sometimes difficult for communities in developing countries.

Unfortunately, at present many countries consider seismic zonation on any scale to be
a local research problem, not a practice accepted on an international scale. Efforts are now
under way toward a worldwide network of organizations which will cooperate together in
order to encourage the practice of seismic zonation (on a regional scale) as part of the
International Decade for Natural Disaster Reduction IDNDR). The network includes such
organizations as the International Fora on Seismic Zonation (IFSZ) (sponsored by the USGS
and UNESCO), the Hazard Mapping Program in California (State of California, 1990), and
the Cooperative program for Seismic Risk Reduction (SEISMED). These organizations
promote technical activities such as post-earthquake investigations, a significant source of
basic information and an incentive for increasing the professional ability to perform seismic
zonation as a part of earthquake risk management. It would be beneficial to many countries
with limited resources to be able to collaborate and coordinate their research with such
organizations, for example by organizing periodic seminars and workshops.

Other recommendations for the future include legislation of pre-earthquake
preparedness programs and emergency response measures, with microzonation as a viable
tool, in seismically active areas. Microzoning could decrease potential disasters by
improving building regulations at a local level for areas known to be at high risk, if
requirements were included in construction and design regulations for specific hazard
information. Perhaps microzonation studies may also be used to promote pre-earthquake
inspection of structures at risk.  According to many authors, during the 21st century
worldwide zonation practices should be based on integrated technical databases, perhaps
employing expert systems, to perform pre- as well as post-earthquake zonation studies.

REFERENCES

. 1.Boore,D.M and Joyner,W.B.(1994) "Prediction of Ground Motion in North America",
in Proc., Seminar on New Developments in Earthquake Ground Motion Estimation and
Implications for Engineering Design Practice, ATC-35-1(ingilizce).

2.Borcherdt,R.D.(1994) "New Developments in Estimating Site effects on Ground
Motion", in Proc., Seminar on New Developments in Earthquake Ground Motion
Estimation and Implications for Engineering Design Practice, ATC-35-1 (Ingilizce).

3.Bressan,G., Poli,G., Sani,G., and Stucchi,M.(1986) "Preliminary low-cost urban
planning-oriented investigations in seismic areas: A methodology and some
applications", in Proc., Int. Symposium on Engineering Geology Problems in Seismic

~ Areas, Bari, pp. 397-406 (Ingilizce).

365



4.Cluff,L.S.(1978) "Geologic Considerations for Microzonation", in Proc., 2nd Int. Conf.
on Microzonation for Safer Construction - Research and Applxcatlon, San Francisco,
Vol.1, pp.135-152 (Ingilizce).

5.Coburn, A and Spence,R.(1992) Earthquake Protection, John Wiley and Sons Ltd
Chlchester, 355p. (ingilizce).

6.Erdik,M.(1993) "Developing a comprehensive earthquake disaster masterplan for
Istanbul”, in NATO Advanced Research Workshop: An Evaluation of Guidelines for
Developing Earthquake Scenarios for Urban Areas, Oct. 8-11, 1993, K.O.E.R.I.,
Bogazigi Univ., Istanbul, Turkey, 37p. (ingilizce).

7.Hays,W.W.(1992) "Toward worldwide seismic zonation in the 21st century”, in 2nd Int.
Forum on Seismic Zonation, Madrid, Spain, July 23, 1992 (ingilizce).

8.Hodder,P.W., and Graham,M.Z.(1993) "Earthquake Microzoning from Soil Properties",
Earthquake Spectra, Vol.9, No.2, pp.209-231 (ingilizce).

9.Kanai,K., and Tanaka (1961) "On Microtremors -VIII", Bulletin of Earthquake Research
Instntute, Tokyo, Vol. 39, pp.97-114 (ingilizce).

10.Kaneko,F., and Yamada,T.(1992) "Earthquake Scenarios prepared from seismic
microzoning studies - A recent example in Japan", Oyo Corp., 16p. (Ingilizce).

11.Medvedev,S.V.(1965) "Engineering Seismology", Translated from Russian, Israel
Program for Scientific Translation, Jerusalem (ingilizce).

12.NSF and UNESCO(1982) Proc. of the 3rd Int. Microzonation Conf., NSF UNESCO,
Univ. of Washington, American Institute of Architects, Applied Eng. Resources, EERI,
and SSA, 3 vols. (Inglllzce)

13.Sanchez,P.E., Ziony,J.I., McKnight,J.S., Clark,B.R., and Gath, E M.(1991) "Seismic
Zonation of the Los Angeles Region", in EERI, 1991, Proc., 4th Int. Conf. on
Seismic Zonation, Stanford CA, ed. H. Shah and R. Borchardt, Vol.1, pp.797-844
(Ingilizce). )

14.Seed,H.B., Ugas,C., and Lysmer,J .(1976) "Site-Dependent Spectra for Earthquake-
Resistant Design", BSSA, Vol.66, No.1, pp.221-243 (Ingilizce).

15.TIT(1991) "Microtremor measurements in the San Francisco Bay Area - As a
Fundamental Study on Seismic Microzoning", Tokyo Institute of Technology, Tokyo
Soil Research Co., Div. of Structure, Caltrans, and Waseda Univ., 121p. (ingilizce).

16.UNDP and UNESCO(1974) "Survey of the Seismicity of the Balkan region: Report on
the Seminar on Seismic Microzoning and Third Meeting of the Working Group in
Microzoning”, Ankara, May 7-10, 1974 (Inglhzce) '

17.UNESCO(1978) "Proc. of the 2nd Int. Conf. on Microzonation for Safer Construction-
Research and Application”, San Francisco, 3 vols. (Ingilizce).

18.USGS(1989) Seismic Zonation, Earthquakes and Volcanoes, Vol.21, No.5, pp.207-209
(Ingilizce).

19.Vaciago,G.(1989) "Seismic Microzonation as a Practical Urban Planning Tool", M.Sc.
Dissertation, Imperial College, University of London, August 1989 (ingilizce).

366



MARMARA BOLGESININ VE ISTANBULUN
DEPREM TEHLIKESININ SiSMO-TEKTONIK VERILERE
GORE DEGERLENDIRILMESI

EVALUATION OF SEISMIC HAZARD OF
THE MARMARA REGION AND ISTANBUL CITY
IN TERMS OF SEISMOTECTONICS

Opuz Gﬁndogdulj Haluk Eyidogan?,
Niyazi Tiirkelli”, Dogan Kalafat

OZET

Bu ¢aligmada, Marmara bolgesinde tarihsel (1900 yili Oncesi) ve aletsel
donem icinde (1900-1993) olmug deprem episanur dafilimlari ve biytukligi
M24 olan depremlerin fay diizlemi ¢oziimleri incelenmistir. Bu sismolojik veriler
tektonik verilerle birlestirilerek Marmara bolgesinin deprem olusturma potansiyeli
ve kaynak zonlart dafilimi ve beklenen yer hareketleriyle ilgili niteliksel
sonuglara variimaya caligilmisgtur.

Cisim dalgas1 biyikligi M, >4 olan 17 depremin fay dizlemi ¢Ozimi
bulunmugtur. Cozimlerden elde edilen fay dizlemleri ile bolgede gozlene ve
tahmin edilen olas1 geng faylar ile karsilagtirilmigtir. Marmara bolgesindeki
depremselligin  etkin olan dofrultu atimh ve egim auml faylar ‘il
denetlendigi anlagilmaktadir. Gozlenen asismik zonlar ile deprem kiimelenme
zonlari dogrultu atimh ve egim atimh faylarla iligkili olabilirler.
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ABSTRACT

In this study, the epicentral distribution of the carthquakes which occurred
during the historical (prior 1900) and instrumental period (1900-1993) were
investigated and the fault mechanism solutions of the earthquakes were calculated.
Correlating these seismological data with tectonic data, we attempted (o reach
qualitative results about the potential of earthquake occurrence, distribution of source
zones and estimated ground motion characteristics for the Marmara region.

The fault mechanism solution for 17 earthquakes with magnitude My >4 were
calculated. The obtained fault planes were correlated with observed and estimated
active faults in and around Sea of Marmara. It is found that the seismicity of the
region were controlled by both active strike-slip and dip-slip faults. The zones of high
seismic activity and apparently aseismic zones may have been associated with dip-slip
and strike-slip faulls.

GIRIS

Mevcut jeolojik ve sismolojik bilgilere gore Marmara Bolgesinin tektonik
ve deprem etkinliginin, Kuzey Anadolu Fayinin batiya uzanan kollann ve
gineyindeki giineybati Anadolu agilma zonunun denctiminde oldugu
bilinmektedir (Barka ve Kadinsky-Cade 1988, Barka 1991, Eyidogan 1988), (Sekil
1). Bolge geng tektonik hareketlerin yofun oldufunu godsteren ¢ok sayida
kiigik deprem etkinligi sergilemektedir (Uger 1990). Zaman zaman biiyiik
depremlerin  de bolgede yeraldigt gorilmektedir (Soysal ve dig. 1981,
Ambraseys ve Finkel 1991). Birinci ve ikinci derece deprem bolgelerinin dnemli
bir alam1 kapsadifi bu bolgede yopun niifus barindiran ve Tirkiye’'nin en
yogun endistri ve ticaret merkezleri olan [stanbul, Kocaeli, Izmit, Bursa,
Canakkale ve Tekirdag gibi sehirler bulunmaktadir. Bu nedenle deprem olgusu
Marmara bolgesi igin hergiin biraz daha 6nem kazanmaktadir.

Marmara bolgesinin Onemli bir bolimiinii Marmara Denizi kapladifi
icin karadaki jcolojik ve jeofizik bulgularin deniz tabanindaki uzantlan ve
bicimleri konusundaki bilgilerimiz yeterli degildir. Son yillarda Marmara Denizi
ve cevresinde jeolojik, jeofizik ve jeodezik araguirmalara afirlik verilmeye
baglanmakla birlikte sonuglari almak zaman alacakur.

Depremlerin fay mekanizmasi ¢Oziimleri meveut episantir haritast ile
kargtlastirilarak bir bolgedeki, ozellikle denizle kapli bolgelerde, etkin ve geng
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fay tiirlerini ve oOzelliklerini tamimak olasidir. Marmara bolgesindeki
depremlerin faylanma mekanizmasi ¢oziimleri ancak 1960 sonrasi orta ve biyuk
depremler igin bulunabilmigtir. Bolgedeki gok sayida olan kiigik depremler
icin fay mekanizmasi ¢oziimlerinin bulunabilmesi ancak 1975 sonrast B.U.
Kandilli Rasathancsi ve Deprem Aragtirma Enstitiisinin kurdufu MARNET
sismik afimin ¢aliymaya baglamasi ve differ deprem istasyonlarin sayisinin
arttirilmast ile olanakli olmugtur. Bu caligma sirasinda bolgedeki Mb > 4.0
biyiikligiindeki depremlerin faylanma mekanizmasi ¢Oziimleri incelenmis, elde
edilen ¢oziimler, 1900-1993 yillar1 arasindaki deprem etkinlifinin episanur
haritalar1 ve mevcut jeolojik bilgilerin 1g1finda  yorumlannugtir.  Ayrica
tarihsel bilgilere gonderme yapilarak Istanbul ve cevresinin deprem tehlikesi
tartigilmigtir. ‘

MARMARA BOLGESININ DEPREMSELLIGI

Tarihsel donemde (M.0.2100-M.S.1900) Marmara bolgesinde maksimum
siddeti Io > V olan deprem sayis1 225 tir (Soysal ve dig. 1981). Bu depremlerin
Sekil 2’de verilen dagiimlarina bakildifinda episantrlarin  birgogunun st
iiste geldigi ve bu kiimelenmelerin Istanbul, Kocaeli gevresi, Bursa, Kapidag
yarimadast ve Tekirda§ dolaylarinda oldufu gozlenmektedir. Bu goriinimiin
nedeni, tarihsel depremlerin yerlerinin kayit tutanlar tarafindan dogrudan
yerlesim bolgelerine atanmasindan kaynaklanmaktadir. Bolgede gOzlenmis ve
onerilen geng¢ kirik hatlant gozoniinde bulunduruldufunda (Sekil 1), bu
tarihsel depremlerin ayni noktada yigilmig olanlarmin pek gofunun sozi
edilen kirtk hatlan ile iligskilendirilmesi daha anlamli olabilir. Son yillarda
yapilan caligmalar bu degerlendirmeyi destekler nitcliktedir (Ambraseys ve
Finkel, 1991). Aletsel donemde 1900 ile 1993 yillart arasinda olusan ve
biyiikligi M > 3 olan depremlerin sayis1 1663 tiir. Bu depremlerin Sekil 3 de
verilen dagihmlarina bakildifinda Marmara denizi ve gevresinde yogun bir
deprem etkinligi gozlenmektedir. Kuzey Marmara’da, Izmit ve Saros korfezinde,
Kapidag yarimadasinin  bausinda, Cinarcik  agiklarinda, Gemlik
korfezinde ve Bursa’nin dogusunda deprem kiimelenmeleri ve  dizilmeleri
gOriilmektedir.  Aletsel donem iginde olmug cn biyik deprem 1912
Sarkoy-Miirefte depremidir (Ms=7.3). Cok genig bir alami etkileyen bu
depremden 15 giin once duyulabilir nitelikte 25 adet Oncii sok olmustur
(Gindogdu 1986). Bu depremin makrosismik episanur alaninin bulundufu
yerde aletsel donemdc asismik bir davramg gozienmektedir. Bunun nedeni
bolgedcki yamulma enerjisinin salinmug olmasidir. Benzer sismik bogluklar
Adalar-Biiyiik  Cckmece  arasinda  ve  Ginarcik-Izmit  korfezi  arasinda
gorilmektedir (Barka ve Toksoz 1989). Adalar-Biiyik Cekmece arasindaki
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asismik davramigi 1894 Istanbul depremi ile ili§kiléndirmek bir olasiliktir. Son
yillarda deprem Kkayit yetenefinin artmasina bagli olarak [stanbul bogazi
cevresinde ve bogazin Karadeniz aciklarinda deprem etkinlifi gozlenmektedir.
Yeni jeolojik bulgular istanbul bogazi ve cevresinde etkin faylarin varlifinin
kanitlarimi ortaya koymaktadir (Oktay ve dig. 1990, Yilmaz 1994, Kisisel
goriigme).

Mevcut bilgileri niteliksel bir yaklagimla yorumladifimizda Marmara
bolgesinin etkin ve su anda etkin gorinmeyen deprem kaynak bolgelerini
barindirdifini ve bu potansiyel alanlarin [stanbul Metropolii dahil olmak
izere Marmara bolgesindeki diger yerlegim alanlarini da tehdit etmekte
olduguna igaret edebiliriz. Istatistiksel degerlendirmeler incelendiginde (Tezcan
wve dig. 1991, Burton ve dif. 1984) Marmara bolgesinin ortalama bir insan omrd
icinde biiyik depremlerle kargilagyma olastifn olduk¢a yiiksek olarak
bulunmaktadir.

MARMARA BOLGESINDEKI KUCUK DEPREMLERIN FAY
MEKANIZMASI GOZUMLERI

Marmara Bolgesinde olmug ve biiyikligi M 2> 4.0 olan depremlerin
Kandilli Rasathanesi, ITU ve TUBITAK Marmara Arastirma Merkezi tarafindan
algilanan kayitlari yeniden incelenmig ve P dalgalarimin ilk hareket bilgileri
derlenmistir. Bu bilgilere Tirkiye diginda bulunan ve ISC tarafindan ilk hareket
bilgileri rapor edilen deprem istasyonlarinin 6° ve daha yakin olanlarinin da
verileri eklenmigtir. Veri tarama galigmasi sirasinda, 1978-1993  yillari
arasinda olmug 17 adet depremin (4sMb55) faylanma mekanizmasinin
bulunabilecegi anlagilmistir. Fay mekanizmasi gozimu bulunacak depremlerin
yerleri yeniden hesaplanmigur. Gizelge I’de, bu caligmada fay mekanizma
¢oziimii bulunan depremlerin dokimg verilmektedir.

Sekil 4, bu caligmada incelenen Kkiguk depremlerin saptanan fay
‘mekanizma ¢ozimleri dafihmmi  gostermektedir. Izdigimier alt yarim
kiire izerine yapilmgur. Genel olarak incelendiginde bolgedeki fay
¢oziimlerinde dogrultu  atumli  ve normal faylarin ¢ogunlukta oldugu
goriilmektedir. Miirefte-Sarkdy hatti zerinde yerlesen C depremi ve F depremi
icin ters faylanma ¢oziimii elde edilmigtir. A depremi igin elde edilen ¢oziimiin
KD-GB yoniindeki fay dizlemi Barka ve Kadinsky-Cade (1988) tarafindan
belirtilen g¢ek ayr (pull-apart) yapilara kargilik dogrultu atimh faylarla
iligkili olabilir. O ve B depremlerin ¢oziimleri ise Kuzey Marmaradaki derin
gukurlarin  D-B  uzanimli  simrlarini belirleyen normal faylarla
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iligkilendirilebilir. 1 depremi ¢Ozimi A ¢Ozimii gibi belirgin bir dogrultu
atimh faylanma karakteri gostermektedir. Dogu Marmara’daki M, E ve N

Cizelge 1. Marmara denizi ve gevresinde 1978-1993 yilart arasinda olmug ve
bilyiklugi M24 olan depremlerin parametreleri. Burada D, km olarak odak
derinligi; No, yer bulma iglemi igin kullanilan gozlem sayisy; GAP, istasyonlarin
azimut agig;, RMS, parametrelerine RMS hatasy;, ERH, episantwdaki + hata
degeri; ERZ, derinlikicki + hata degeri; QM, duyarlikiaki kalite degeri.

TARIH OLUS. 2. ENLEM BOYLAM D Mb No GAP RMS ERH ERZ
A 780615 02642.67 40-50.59 27-40.69 10 4.6 27 53 0.81 2.2 3.8
B 810312 4 559.11 40-50.33- 28-12.09 17 4.7 33 48 0.69 1.9 3.0
C 820712 144611.45 41- 0.00 27-45.16 10 4.6 26 46 0.56 1.6 3.8
D 820727 102313.99 40-20.95 28-55.52 10 4.3 27 106 0.60 2.1 4.5
E 850411 131144.62 40-43.17 28-55.26 2 4.2 25 89 0.79 3.2 6.5
F 860627 183337.37 40-54.17 28-14.60 13 4.1 29 48 0.63 2.0 7.0
G 870903 162453.05 40-26.94 29-11.73 4 4.0 25 52 0.66 2.3 7.2
H 871027 31529.73 40-25.70 28-23.84 10 4.4 34 52 0.61 1.7 2.6
I 880424 204933.40 40~49.58 28-11.78 13 4.0 28 37 0.65 1.9 3.3
J 890127 94835.57 40-24.42 29- 9.79 10 4.1 31 53 0.62 2.1 2.7
K 900610 113644.34 41-15.34 29-18.75 10 4.0 37 100 0.92 3.1 3.4
I, 910107 51514.99 40-42.48 28-34.65 17 4.3 35 47 0.64 1.8 2.8
M 910212 95458.07 40-47.93 28-52.52 10 4.8 38 38 0.70 2.0 3.3
N 910303 83926.19 40-38.19 28-59.18 17 4.6 32 34 0.53 1.5 2.2
O 910308 92312.87 40-50.36 27-53.79 10 4.5 34 59 0.61 1.7 2.7
P 930318 71939.37 40-25.40 28- 2.34 10 4.5 14 111 0.46 2.4 2.5
R 930318 75139.09 40-26.41 28- 5.08 15 4.0 17 109 0.36 2.0 2.1

¢Oziimleri hem dogrultu aumlt hem de normal fay bilesenlerini tagiyan oblik
faylanmalani  gostermektedir. E  depremi ¢Oziimit 1963 Cinarcik  depremi
mekanizma ¢Oziimiine benzer bir mekanizma vermektedir. Giney Marmara’daki
P,R vc H dcpremleri mekanizma ¢Oziimicrinde isc normal faylanma bilcseninin
baskin oldugunu ve T cksenlerinin K-G dogrultulu yerlegtigini gormekteyiz. Bu
depremlicrin belli bir oranda 1964 Manyas depremi ¢Oziimiine uyum gosterdikleri
sOylenebilir. L depremi K-G ydnli bir normal faylanmayr simgelemcktedir.
Giineydogu Marmara’daki D depremi D-B dogrultulu bir ters faylanma harcketini
gostermektedir. G ve J depremlerinde ters faylanma ve dogrultu atim bilegenleri
birlikte bulunmaktadir. D-B dogrultulu fay diizlemi tizerinde sag yonli dogrultu
aum gorilmektedir. Karadeniz kiyistndaki K depremi ise belirgin  bigimde
dogrultu aumi faylanmayr simgclemektedir.

Yukarida  siralanan fay  mckanizmasi  ¢Ozimleri  incelendifinde
Marmara bolgesinde cgim aumlt ve dofrultu atimh faylanma ctkinligini bir
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arada gormekteyiz. Bu sonu¢ Marmara Denizi i¢in One siiriilen karmasik
tektonik hareketlerin  varhiini  desteklemektedir. Normal fay ve dogrultu
aumli faylarin birarada bulunmasi bolgenin hem kuzey-giney yonli acilma
hem de dogrultu atimhi hareketlerin etkisi alunda oldugunu gostermektedir.
Bu sonug daha once yapilan jeolojik ve jeofizik galigmalarla uygunluk icindedir.
Burada bulunan fay mekanizmasi ¢oziimlerinin, bolgede yakin istasyon
sayisinin az olmast nedeniyle ¢ok duyarli oldufunu iddia etmemekle birlikte
bu verilerin diginda daha duyarh ve farkli bir veri yoktur. Daha fazla orta
biyiklikteki depremin fay mekanizmasi ¢ozimlerinin  yapilabilmesi igin
Marmara bolgesindeki deprem istasyon sayisinin  arttirilmasi gerckmekitedir.

TARTISMA VE SONUCLAR

Bu ¢aligma sirasinda Marmara bolgesi ile ilgili olarak;

- tarihsel depremlerin (1900 6ncesi) dagilimlari ve etki alanlari,

- aletsel donem (1900-1993) deprem etkinligi, -

- gozlenen ve Onerilen diri fay zonlarinin dagilimlari,

- saptanan odak mekanizmasi ¢Oziimleri
kargilagtirmali olarak incelendiginde bolgenin deprem olugturma potansiyelinin
yiiksek oldufu ve yanal atimli harcketlerle diigey atiml hareketlerin bir arada
bulundugu bir sismotektonik ortam olugtufu anlagiimaktadir. Belirginlegen
deprem kimelenmeleri ve dizilimler olmakla birlikte; veriler bir arada
degerlendirildiginde Marmara denizinde deprem kaynak zonlarinin ¢ok sayida,
cesitli Olgekte ve tim bolgeye dafilmig olarak bulundugu one siiriilebilir.
Istanbul Metropolitan alaninin kuzey bolgeleri mevcut verilere gore
glintimizde daha digiik bir deprem ctkinligi sergilemektedir. Incelenen bolgede
Olugacak biiyiik depremlerin irettigi harcketler iginde digey ve yatay yOndcki
yer hareketleri baskin olabilir. Depremlerin yer kabugunun iist bolimlerinde yer
almas1 nedeniyle Marmara denizi icindeki biiyiik depremlerde kiyidaki yerlegim
birimleri Tsunami ctkisi altinda kalabilir.

Yukaridaki verilerin 1gifinda  goriillmektedir ki, schirlesmenin yofun
oldufu Marmara bolgesinde depremlerin yakin ve uzak etkileri de gozoniinde
bulundurularak depremle ilgili ¢aligmalarin ¢ok yonli ve disiplinli olacak
sekilde Onem ve ivedilikle ele alinmasi gereklidir.
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SEISMIC HAZARD ZONATION AND DYNAMIC SITE PERIODS
MAPPING FOR GREATER AMMAN MUNICIPALITY

BUYUK AMMAN BELEDIYESI i¢IN DEPREM TEHLIKESI
BOLGELENDIRME GALISMALARI VE ZEMIN PERTYODU HARITALARI

Abdallah 1. Husein (Malkawi)!, Azm S. Al-Homoud® and Jamal S. Batayneh®

ABSTRACT

Seismic hazard maps were developed for the capital of Jordan Amman. These maps show
the Peak Ground Acceleration (PGA) of bedrock for 90% probability of not being exceeded for
. an economical life time of 50, 100 and-200 years, respectively. The probabilistic PGA values
were calculated based on the line source model incorporated in the computer program FRISK
(McGuire, 1978). Ten distinctive seismic sources are identified in Jordan and vicinity. The
pertinent parameters of each source, are determined from two sets of seismic data: the historical
earthquake records and the instrumentally recorded earthquake data. Earthquake data used in this
study have been extracted from several earthquake catalogues on the seismicity of Jordan and
the neighbouring countries. An earthquake. catalogue covering the period from 1 A.D. to
December, 1992 was used. Acceleration attenuation relationship given by Esteva (1974) was
used to estimate the peak ground acceleration. A rupture relationship based on empirical
relationships of historical fault ruptures derived by Ambraseys and Barazangi (1989) was used.

Maps of dynamic site periods for Amman were developed by using the computer program
SHAKE (Schnabel et al., 1972) in which several selected acceleration time histories were used,
also analyses of local site effect was carried out for several selected soil columns.

INTRODUCTION

This study aims at developing seismic hazard maps for Greater Amman Municipality in
Jordan, using micro-zonation analysis and utilizing the current probabilistic procedures. These
maps include probabilistic estimates of Peak Ground Acceleration (PGA) for specified return
periods. Furthermore dynamic site period maps were also being developed for Amman. The one-
dimensional wave propagation program SHAKE (Schnabel et al., 1972) was used for this
purpose.

Tectonics of Greater Amman
Amman is located on the Amman-Hallabat compressional structure belt, which runs from
Siyagha on the NE corner of the Dead sea an area over looking the valley of Jordan named after

! Asst. Prof. Jordan University of Science and Technology, Civil Engng Dept., Irbid, Jordan.
2 Asst. Prof. JUST. Civil Engineering Department, Irbid, Jordan.
3 Res. Eng. JUST. Civil Engineering Department, Irbid, Jordan.
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the famous ancient church, to Qaser El-Hallabat, an ancient Ommayyad castle located 50 km
east Amman, up to Ruseifa town. Greater Amman area lies, geologically speaking, between the
high lands in the west next to the Jordan Rift. In this site, further increase in the stress is caused
by continuous. geologic and tectonic effect of the Arabian plate movement.

Seismic Hazard Assessment
Probabilistic seismic hazard assessment, generally, requires multi-disciplinary inquiry,
on national, regional and site specific scales, with particular emphasis on the modelling of
seismic sources, determination of magnitude-frequency relationships, determination of
appropriate attenuation laws and probabilistic estimate of peak ground acceleration for specified
return periods. McGuire (1978) developed a computer program named FRISK that allows
- incorporation of the above mentioned items. FRISK is based on the line source model (LSM).
It has the capability of computing the probabilistic seismic hazard at sites affected by fault
rupture during an earthquake event. Important uncertainties such as, magnitudes of future
earthquakes, rupture length magnitude, maximum expected magnitude on the fault are
incorporaied. This program is used in this study. Following is description of relevant items
related to the current study.

Identification of Seismic Sources

Identification of potential seismic sources is basically based on local geology, tectonic
history and seismicity. Earthquakes in Jordan and vicinity has focal depths less than 30 km. Both
historical and recent earthquake data of the area remarkably illustrate the close correlation
between the geostructural setting with earthquake epicentral distribution. In fact, a close relation
between earthquakes and active faulting on the surface is present. The association of earthquakes
with well-defined faults forms a very important basis for identifying line sources.

Taking into consideration the available literature (Shapira et al. 1986 and Arieh 1991)
and considering the regulations of the International Atomic Energy Agency in Vienna (1972),
ten seismic sources have been identified which are relevant to the seismic hazard in Jordan and
the vicinity. These sources are Aqaba Fault (No.1); Wadi Araba (No.2); Dead Sea-Jordan River
(No.3); The Northern Fault (No.4); The South-East Mediterranean Fault (No.5); Wadi Fara’a-
Carmel Fault (No. 6); The Wadi Sirhan Basalt Area (No.7); Al-Karak Fayha Fault (No.8); Suez
Gulf Fault (No.9) and The Cyprus Seismic Source (No.10) and shown in Fig.1.

Rupture Length Magnitude Relation

In the Line Source Model (LSM) calculations, an essential factor to be considered is the
amount of rupture length which results from an earthquake. A well accepted empirically
determined equations, that is used in this study, was published by Ambraseys and Barazangi
(1989) for Middle East region, this is as follows

M, =463 +143log L (1)

where: M, - is the surface magnitude; L - is the rupture length in km.
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Fig. 1 10 Faults Considered in this Study to Assess
the Seismic Hazard of Grater Amman Municipality.

Earthcjuake Catalogue
Earthquakes activities covering almost 2000 years, have been collected by several

researchers. Yiicemen (1985) compiled data up to 1980. Al-Tarazi (1992) compiled data on
seismicity of Jordan up to 1989 A.D. In this study the assessment of seismic hazard in Jordan
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is based on the accumulated data on earthquake activities in Jordan and vicinity up to 1992
(Husein (Malkawi) et al. 1994). Historically recorded earthquake catalogue covering the period
from 1 to 1900 A.D. and instrumentally recorded earthquakes covering the period from 1900
-1992 A.D. are compiled. These data are used to estimate the seismicity parameters for the
identified faults in the studied area.

Estimation of Seismic Hazard Parameters

Seismic hazard parameters are estimated by using the method developed by Kijko and
Sellevoll (1989) with an assumed threshold magnitude m, = 4.0. The method gives the 8 (8 =
bin10) or b parameter of the Gutenberg-Richter formula (Gutenberg and Richter, 1965), the
annual rate of earthquakes \,, and the upper bound magnitude m,. The method combines data
from the largest historical earthquakes with complete instrumental data of variable threshold
magnitude. Table (1) summarizes the results of the analysis so that the required parameters can
be obtained. These parameters are used in the analysis as part of the input information for the
computer program FRISK (McGuire, 1978)..

Table 1 Seismic Hazard Parameters Used in This Study.

Name b-value 8- \(yearly) m, m, Focal depth
value (km)
Wadi Araba 0.79 1.85 0.155 4.0 6.75 15
Agqaba Gulf : 0.64 1.52 0.202 4.0 5.3 15
Dead Sea-Jordan River 0.89 2.06 0.31 401 75 15
Northern Fault 0.69 1.60 0.26 4.0 7.6 15
SE-Mediterranean 0.58 1.33 0.11 4.0 7.26 15
Farah & Carmel 0.78 1.8 0.19 4.0 5.7 10
Wadi Sirhan 0.79 1.88 0.054 4.0 7.5 10
Karak-Fayha 0.30 0.68 0.01 4.0 | 4.15 10
Sues Gulf 0.70 | 1.64 0.37 40| 65 24
Cyprus Fault 057 | 131 | om0 40| 75 | 30

Iso-Acceleration Maps

The Poisson model, is adopted in the analysis of the data. In addition, consideration are
given to various types of sources surrounding a given site, their corresponding magnitude-
frequency relationships, the maximum magnitude assigned to each source, the location and focal
depth- and the attenuation pattern characterizing the region under study. Then for a given
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probability of exceedence, specific hazard level, the PGA values can be computed. For the
purpose of computation of PGA for the territory of Jordan, the region bounded by latitudes
29.0°N and 34.0°N and longitudes 34.0°E and 40.0°E was divided into a grid of squares. The
accumulative probability distribution of PGA at each node of the grid is evaluated using the
program FRISK. By interpolation of the PGA values of the closest points and by connecting the
points of equal acceleration, the so-called acceleration contour lines are obtained. The maps
obtained in this way represent the distribution of equal ground accelerations, that is, the seismic
hazard at a given time and the probability that certain ground acceleration level would not be
exceeded.

Attenuation of Peak Ground Acceleration

Due to the unavailability of strong motion records for the territories of Jordan. Several
attenuation relationships were considered. The Esteva, (1974) attenuation relationship based on
data collected from the west coast of the USA is adopted in this study as it gives conservative
results in the near field (R < 30 km) compared to others investigated attenuation laws and is
valid for the far field based on a study by Idriss (1978) who concluded that at increasing
distances from the earthquake source the calculated PGA tends to give similar results regardless
of the relationship used. The Esteva (1974) equation is given as:

b 6(-*;»*)
PGA = -+ @)

¥
(B, +8,) ?

where:
PGA - Maximum Peak Ground Acceleration in cm/sec’ on rock;
R, - Hypocentral distance from source-to-site, in km;
m - is the earthquake magnitude;

b,, by, b, and b, are constants derived by fitting a best-fit line to a set of data points
collected in California, their values are 5600, 0.8, 2.0, and 40 respectively (Esteva, 1974). This
attenuation equation is adopted for the calculation of PGA for each site specified and it is used
to generate the iso-acceleration maps for the territories of Jordan.

Seismic Hazard Maps of Greater Amman Municipality

Maximum Peak Ground Acceleration maps with 90% probability of not being exceeded
in a life time of 50 years, 100 years, and 200 years were evaluated (see Fig. 2).
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Local Site Effect Analysis
Geotechnical Data of the Studied Areas

Geotechnical data of the Greater Amman Municipality were evaluated in this study based
on over 300 boreholes. These data are available from investigations carried out by the Natural
Resources Authority (NRA), the Royal Scientific Society (RSS) and the Ministry of Energy and
Mineral Resources in co-operation with the Federal Institute for Geo-sciences and Natural
Resources, Hanover. Fig.3 shows some of the location of these boreholes.

32.1 , :

32.05

3R+

31,95}

31.85+

31.8 ' ] , ,
3.8 359 36 36.1

Fig. 3. Local Map of Greater Amman Municipality Divided into Six Zones
Showing Location of Selected Boreholes.

Due to unavailability of data on cross-hole shear wave velocity, standard penetration test
results were used in this study to evaluate the shear wave velocity. N-value, and the soil type
were extracted from the boring logs of each borehole. Applying the empirical equations
developed by Ohta and Goto (1979), the shear wave velocity V, (m/sec) was evaluated. The
empirical equations require the N-value, the soil type, and the depth of soil layering in meter.

Typical geological profiles of soil columns showing shear wave velocity variation with
depth are given in Fig.4 for Greater Amman Municipality.
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Fig. 4. Soil Column with Values of Shear Wave Velocity for
Greater Amman Municipality, Sites 1 and 6 respectively.

Earthquake Input Motion

Dynamic Analysis requires time history of an earthquake as input to the computer
program SHAKE. As strong motion time histories for the region under study and strong
earthquakes from different parts of the world were selected, these earthquakes were of strike slip
origin that is similar to the mechanism of the majar earthquake source in Jordan (i.e. Dead Sea
Fault). The earthquake time histories used in this study were the 1940 Imperial Valley
Earthquake (El-Centro N-S), 1952 Taft Earthquake, and the 1992 Erzangan Earthquake (N-S).

Resuits of Dynamic Site Period

Maps showing the distribution of dynamic site period for Greater Amman were evaluated
for all four input motions. The difference in the maps for different input motion represent the
effect of frequency content on the distribution of dynamic site period. However, for each city
an overall composite dynamic site period map was prepared. The composite map combines the
results of the four maps corresponding respectively to the four strong motion earthquakes
considered in this study. Fig.5 shows the composite dynamic site period maps for Greater
Amman Municipality.
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Fig. 5 Composite Dynamic Site Period Map for Greater Amman Municipality.

CONCLUSIONS

Probabilistic seismic hazard analysis has been carried out for Greater Amman, using the
line source model developed by McGuire (1978). An updated earthquake catalogue was used
covering the period from (1 A.D to 1992 A.D) including all earthquakes that occurred in Jordan
and adjacent areas, more specifically between latitudes 27.0°-35.5° N and longitudes 32.0° -39.0°
E.

Data sets of the historical earthquakes and the instrumentally recorded earthquakes, were
used to. estimate the seismic hazard parameters i.e., b parameter of Gutenberg-Richter
relationship, the annual activity rate of earthquake A,, and the upper bound magnitude m,, were
evaluated for every seismic zone using the KS method (Kijko and Sellevoll 1989). These
parameters were used as input in the computer program FRISK.

Based on the geologic, tectonic and seismological data and for the purpose of seismic
hazard analysis, ten scismic sources have been identified. Attenuation equation developed by
Esteva (1974) was used to compute the Peak Ground Acceleration using FRISK program. Results
of seismic hazard analysis are presented in the form of seismic hazard maps. Seismic hazard
maps corresponding to 90% probability of not being exceeded were presented in this study for
50, 100, and 200 years a life times of structure.

Maps of dynamic site period for Greater Amman were developed using the computer
program SHAKE (Schnable, 1972) based on local geological and geotechnical data. Four strong



motion earthquake records were used as input motion. The developed maps were obtained by
combining the results corresponding to each of the four strong motion records.
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INTRODUCTION OF A MANUAL FOR A ZONATION ON SEISMIC
GEOTECHNICAL HAZARDS PREPARED BY ISSMFE

GEOTEKNIK OLAYLARDA DEPREM TEHLIKESININ BOLGELENDIRILMES iCIN
ISSMFE EL KITABINA GIRi§

Kenji ISHIHARA', Takeji KOKUSHO? and Susumu Y ASUDA 3

ABSTRACT

A new zonation manual entitled " Manual for Zonation on Seismic Geotechnical
Hazards " has been produced by the Technical Committee 4 (Earthquake Geotechnical
. Engineering) of ISSMFE in conjunction with the current International Decade for Natural
- Disaster Reduction IDNDR). The manual is a practice reference for working out zonation
for seismic geotechnical hazards. The manual includes accepted approaches for assessing
three kinds -of geotechnical phenomena: local ground response, slope instability and
liquefaction. For each of the three items, methodologies are arranged in three steps in
terms of preciseness of the approach and their outcome. A brief outline of the Manual is
introduced in this paper.

1 INTRODUCTION

The Technical Committee for "Earthquake Geotechnical Engineering", TC4, was
authorized in 1985 by the International Society for ‘Soil Mechanics and Foundation
Engineering (ISSMFE) and initiated its activities in 1986. Its first term of tenure ended in
1989 at the time of the 12th ICSMFE in Rio de Janeiro.with the publication of a special
volume entitled "Earthquake Geotechnical Engineering" which was made possible by the
financial assistance of the Japanese Society of Soil Mechanics and Foundation Engineering
(JSSMEFE). :

The continuation of TC4 under the sponsorship of JSSMFE was endorsed in 1989 by the
ISSMFE in Rio de Janeiro, and new undertakings were planned and executed for the term
of office until the 13th ICSMFE in New Delhi in January, 1994. In the meantime, the
International Decade for Natural Disaster Reduction (IDNDR) was authorized by UNESCO
and came into effect in 1990. In support of IDNDR, the ISSMFE has taken an initiative to
embark on some projects in concert with the intensions of IDNDR. One of these undertakings
was to prepare and publish a manual containing guidelines and methodologies for performing
zonation on geotechnical hazards caused by earthquakes. The items addressed in the
manual pertain to ground motions, liquefaction and landsliding. A preliminary draft of the
" manual was prepared by a Task Committee established by JSSMFE. To ameliorate and -
furbish the draft, a workshop was held in July, 1992 in Lisbon in which pilot works on
1 Prof. of Civil Engineering, Univ. of Tokyo, Tokyo, JAPAN
2 Senior Research Fellow, Central Research Inst. of Electric Power Industry, Chiba, JAPAN
3 Prof. of Civil Engineering, Tokyo Denki Univ., Saitama, JAPAN ,
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zonation by several key persons were presented and discussed. The outcome of the workshop
was taken into consideration in amending the draft. The manual was published in January
1994 on the occasion of the 13th International Conference on Soil Mechanics and Foundation
Engineering held in New Dethi, India. ‘

2 FRAMEWORK OF THE MANUAL

This manual, prepared by the ISSMFE Technical Committee for Geotechnical Earthquake
Engineering includes accgpted approaches for assessing three kinds of geotechnical
phenomena: local ground response, slope instability and liquefaction. For each kind of
phenomenon, three grades of approach to zonation are described as below with reference to
Table 1.

Table 1 Use of data for three levels of zonation

Grade-1 Grade-2 Grade-3
« Historical earthquakes |« Microtremor «» Geotechnical
Ground and existing information | « Simplified geotechnical | Investigation
motions » Geological maps study « Ground response
« Interviews with local analysis
residents
« Historical earthquakes |+ Air photos and remote |+ Geotechnical
Slope and existing information | sensing investigation
inslﬁbili[ » Geological and |+ Field studies « Analyses
Y Geomorphological maps |+ Vegetation and ,
precipitation data
» Historical carthquakes |+ Air photgs and remote |+ Geotechnical
and existing information | sensing investigation
Liquefaction | « Geological and « Field studies « Analysis
geomorphological maps | » Interview with local
residents
Scale of . . . . : .
mapping 1:1,000,000~1:50,000 1:100,000~1:10,000 1:25,000~1:5,000

Grade-1: General Zonation

The first level of zonation is based on compilation and interpretation of existing
information available from historic documents, published reports and other available data
bascs. This is the crudest and lowest-cost approach, used for covering a wide region such
as a country, state, province or prefecture, or local areas.

For the zoning of local ground motions, catalogues of instrumentally monitored
carthquakes can be utilized. These catalogues are available for almost all areas of the
world and contain information on locations, magnitudes, focal mechanisms, etc. for recent
large earthquakes. Historical data on various kinds of damage may also be available in
many areas, and this can be used to gain an overall picture of the areal distribution of
shaking intensity during historical earthquakes. Information on past earthquakes can also
be used to make a rough delineation of seismic source zones and to generate estimates of
the magnitude and frequency of future earthquakes. Using existing ground rotion attenuation
correlations, preliminary maps for ground motions can be compiled.

Existing geologic and geomorphological maps are usually very important sources of
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information for the assessment of the potential for ground failure. Although they vary
considerably in detail and applicability from area to area, such maps usually provide useful
information on geologic characteristics of Quaternary sediments. Reports of site
investigations carried out for major construction projects in the region can also provide
useful information on geologic and soil conditions. By correlating regional geology or
geomorphology with different levels of hazards, maps for slope instability and liquefaction
hazard can be prepared. The quality of the zonation map is likely to vary strikingly
depending on the quality of the data base; mapping at this level of zonation is likely to be
in the range 1:1,000,000 to 1:50,000.

Grade-2: Detailed Zonation

The quality of the Grade-1 zonation map may be improved considerably, at moderate
cost, by making use of additional sources of data. For example aerial phofographs can help
to better define fault structures and geologic conditions. In some cases, older photographs
may be more helpful in understanding the strycture of local geologic units if they pre-date
urban development. .Additional field studies may be performed to map out geologic units
- pertinent to local ground motion amplification, slope instability potential and liquefaction
susceptibility. Geotechnical engineering reports from governmental or local or prefectural
agencies and private companies may provide additional field and laboratory test data.
Local residents may provide detailed historical information on slope instability and
liquefaction occurrence during past earthquakes. Microtremor measurements can also be
utilized to obtain more detailed information on subsurface stratigraphy or amplification
characteristics of ground motions. This approach can usually be achieved at reasonable
cost and permits a substantial upgrading of the zonation maps to scales of about 1:100,000
to 1:10,000.. i

Grade -3: Rigorous Zonation

Where a very high and very detailed level of zonation is required, for example, in scales
in range 1:25,000 to 1:5,000, additional site investigation data will be needed, specific to
the site in question. The findings from such investigations may be incorporated into
computer-aided analyses of seismic ground response, slope instability behavior, or
- liquefaction potential. This level of zonation, requiring detailed site-specific information,
is generally expensive, but for sites where the hazard potential is considered very high, or
existing or proposed development is regarded as critical or of high value, this level of
investment may be warranted.

In this paper, zoning methods for slope instability and liquefaction are introduced
briefly.

3 ZONING FOR SLOPE INSTABILITY

Slope instability basically depends on two factors: an external driving force and the
resistance of the material to movement. The external driving force includes gravitational
. and seismic forces while the material resistance is governed by geological and geotechnical
conditions. At present, few methods have been developed for properly evaluating these
factors which are suitable for zoning studies. This is because standard approaches to slope
stability require detailed information, but over a wide area existing geological and
topographical data are generally insufficient in quality and in-situ investigations are too
difficult to conduct to enable these approaches to be used. In conducting the zoning for
slope instability, therefore, these limitations have to be borne in mind.
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- (1) GRADE-1 METHODS

The lowest-cost but most cursory level of zonation is based on earthquake magnitude
or seismic intensity. This level of zonation screens potential areas of slope instability using
magnitude or intensity criteria based on past earthquakes. Since the rate of slope failures
reduces with distance from the seismic source, the exact outer boundary of slope instabilities
is generally not well defined. In zoning studies, the slope failure rate is defined by the
areal ratio and used as a parameter in defining the outer boundary.

Published magnitude-distance criteria and relevant data were studied for the manual.
Then the magnitude-distance criteria and historic information was summarized as a function
of the maximum distance from a fault or an epicenter and as a function of the slope failure
rate. It was clear that the maximum distance of slope failure sites from an epicenter or a
fault in dry-weather countries (Iran and Armenia) is smaller than that in wet-weather
countries (Japan and the Philippines). And, it is known that the maximum distance of slope
failure sites from a fault is smaller than that from an epicenter.

9 LR LR ] ] 1 1 1 l LI ] T 1 1
Maximum epicentral Maximum epicentral
dlStance. of destructive distance of S]ope
8 L slope fé}"ILG?S failures il
) RN
O R

S 7 B ,"c’o\)(\ e'..9 -
5 [ &
] 00/ ,
= \?\0\ P e oﬂ

6 = - / P -7 -1

5 Lol 1 1 [ R R AR | 1 1 1

5 10 50 100 500

Epicentral distance, A (km)

Fig.1 General relationships between magnitude and the epicentral distance of slope failures

Based on these observation, the curves as shown in Fig. 1 is recommended for use in
the Grade-1 zoning giving maximum epicentral distance for slope failure as a function of

magnitude. The maximum fault distance could be estimated by reducing the epicentral
distance appropriately.

'(2) GRADE-2 METHODS

Because of the lack of information on material parameters, zoning maps based on a
Grade-1 approach do not provide definitive information for site specific evaluations. Such
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assessments require zoning based on at least Grade-2 and incorporate additional topographical
and geological information in the area concerned. This may require additional field
investigations. To minimize the effort and expense of further investigations however,
existing topographical and geological reports should be used wherever possible. Three
approaches are discussed here under Grade-2, illustrating the range of factors which are
considered significant in predicting general susceptibility to slope failure. They are (1)
method proposed by Kanagawa Prefectural Government (1986), (2) method proposed by
Mora and Vahson (1991), and (3) method proposed by Japan Road Association (1988).

The first method proposed under Grade-2 was developed and used for zoning on
slope failure susceptibility in Kanagawa Prefecture, Japan (Kanagawa Prefectural
Government, 1986) based on slope failures during three large recent earthquakes in Japan:
the 1974 Izuhanto-oki earthquake; the 1978 Izuohshima-kinkai earthquake; and the 1984
Naganoken-seibu earthquake.

In this approach, slope failure susceptibility zones were plotted on a 500 m by 500 m
mesh/ area on maps at 1/50,000 or 1/25,000 scale. Seven factors including seismicity,
topography, geology, and subsurface soil conditions were identified as the main factors

gové¢ming slopes instability in each area.
(3) GRADE-3 METHODS

By combining geotechnical surveys with the methods described under Grade-1 and
Grade-2, a detailed level of zonation with higher accuracy can be achieved for each hazard
Zone. Grade-3 zonation requires
additional information suitable for
performing detailed slope stability
sanalysis. These analyses are usually

/ performed on a site specific basis, and
given a sufficiently detailed site
investigation, reliable zonation maps may
be compiled.. Site investigation data from
public’and private sources should be used
where possible. . The methodologies-
pertaining to Grade-3 are to be regarded
as being still under study by many
workers, and there is no one method that
is applicable to all situations. In the
mannual, two methods are introduced: the
method proposed by Wilson et al.(1979)

and that by Siyahi and Ansal (1993). Fie.2 Map of Nashi hows sl

i i ] 1g.2 Map of Nashimoto area showing actual
Examplef °f zonation mapping by the first an% p]‘edl%ted slop failures caused by 1978 Izu-
method is displayed in Fig.2. Oshima Kinkai earthquake (Tanaka, 1982)

4 ZONING FOR SOIL LIQUEFACTION

Soil liquefaction has been a major cause of damage to soil structures, lifeline facilities
and building foundations in past earthquakes and clearly poses a significant threat to the
integrity of structures and facilities during future earthquakes. Zonation for liquefaction,

- therefore, has been an important goal for recent work. Liquefaction potential depends on
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two factors; the nature of shaking (intensity and duration) and material susceptibility to
liquefaction. Various methods have been proposed for predicting liquefaction potential
and in this chapter, these methods are classified within the Grade-1, 2 and 3 approaches
adopted throughout this manual.

(1) GRADE-1 METHODS
(a) Assessment of the maximum extent of a liquefaction susceptible area

i) Magnitude-Maximum distance criteria

If earthquake activity in an area is known from historic seismic data, the maximum
extent of the liquefaction susceptible area can be estimated directly from the magnitude of
the predicted earthquake. Several investigators have analyzed the distribution of liquefaction
during past earthquakes and have compared the distance from the epicenter to the farthest
liquefied site, R, with the earthquake magnitude, M.

All the upper bound relationships studied by the investigators are plotted in Fig.3, using
surface wave magnitudes, M, defined by Gutenberg (1945) and based on the relationships
published by Utsu (1982). The bound proposed by Wakamatsu's work, is themost conservative
among the bounds. This is because the definition of liquefaction used by Wakamatsu
includes even minor signs of liquefaction effects.
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Fig.3 Epicentral distance to farthest liquefied sites,R, in km for surface wave magnitude M,

ii) Intensity Criteria

The maximum extent of liquefaction susceptible area may also be estimated roughly
based on seismic intensity. It has been shown that liquefaction was generally induced in
areas underlain by liquefiable Holocene sediments by seismic shaking with an intensity in
excess of V on the Japan Meteorological Agency (JM.A.) scale, or VIII on the Modified
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Mercalli (M.M.) scale.
(b) Estimation of liquefaction susceptibility based on existing data

i) Geological and Geomorphological Criteria

Liquefaction is known to occur repeatedly at the same site. Thus, maps showing the
localities of past liquefaction may be considered as potential areas of liquefaction in future
earthquakes.

ii) Liquefaction Severity Index (LSI)

To quantify the severity of liquefaction effects the concept of "liquefaction severity
index" was introduced by Youd and Perkins (1987). This approach may be used as well to
develop overall survey on liquefaction potential.

(2) GRADE-2 METHODS

Grade-2 approaches to zonation for liquefaction differ from Grade-1 in the incorporation
of available but generally unpublished data from public and private sources. Because of
the lack of a unique relationship between geological and/or geomorphological criteria and
geotechnical properties, susceptibility maps based on these Grade-1 criteria generally do
not provide definitive information for site specific evaluations. Other data which may be
available include:

1) interpretation of aerial
photographs defining detailed
geomorphological and

geological units;

it) field studies classifying units
susceptible to liquefaction;

iii) analysis of aerial photographs
taken shortly after major flood
events delineating zones of
flooding and sediment

accumulation;
iv) interviews with local residents
providing historical o T ome
information on liquefaction EXPLANATION
< Return peri
occurrences  during  past G“““”;g’:’:’:s::‘;;b:ﬂ:" m(‘;o :;
earthquakes. [EEF] moderate susceptibility (- 500y* ~200y*

Although this distinction between Y ow suscepibliity
Grade-1 and 2 may appear minor, the
amount of effort required for the g 4 \fap of liquefaction-induced ground failure
collection of data to the detail required potermal or hypothetical area (Y oud and Perkens,
for Grade-2 may be sometimes many ~ 1978)
times greater than for Grade-1.

Geological and geomorphological criteria for identifying areas of high liquefaction
potential are proposed by Youd et al. (1978) and Wakamatsu (1992).

Figure 4 shows an example of a zoning map for liquefaction-induced ground failure

potential prepared by Y oud and Perkins (1978).
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(3) GRADE-3 METHODS

By combining site-specific geotechnical surveys with the approaches described under
Grade-1 or Grade-2, high accuracy and detailed zonation can be achieved for liquefaction
potential for each geological and geomorphological unit. Grade-3 zoning requires additional
detailed site specific information, commonly requiring new site investigations and testing.
As with Grade-2, valuable data will often be found from governmental agencies and private
companies.

For liquefaction assessment, however, Grade-3 methods generally require new specialized
subsurface investigations and field and laboratory testing, at a significantly greater cost
than required for Grade-2. Grade-3 approaches to the assessment of hquefactxon potential
consist-of the following steps:

i) estimation of the liquefaction resistance of soils in a deposn

ii) estimation of the maximum or equivalent cyclic shear stress likely to be induced in

the soil deposit during an earthquake;

1ii) estimation of the liquefaction potential of the deposit, based on (1) and (2).

Liquefaction resistance can be estimated using either in-situ testing or laboratory tests
on undisturbed samples. In practice, in-situ testing procedures are more widely used, since
these are not subject to the difficulties experienced in obtaining truly undisturbed samples
that retain their in-situ liquefaction resistance. Of the in-situ tests available, the standard
penetration test (SPT) and cone penetration test (CPT) are the most commonly used for
liquefaction assessment.

(a) Evaluation of in-situ liquefaction susceptlbi]lty based on Standard Penetration
Test

Techniques using data from the SPT and CPT have been developed by various
workers. As an example, the Japan Road Association's method is described briefly below.
The method outlined in the Japanese Bridge Code (Japan Road Association, 1991) is
based on a procedure developed by Iwasaki et al. (1978) termed "simple geotechnical
analysis". The method is similar to the Seed and Idriss approach in that a soil liquefaction
capacity factor, R, is calculated along with a dynamic load, L, induced in a soil element by
the seismic motion. The ratio R/L is defined as the liquefaction resistance factor, ¥, The
soil liquefaction capacity is calculated from the sum of three factors which take into
account the overburden pressure, the grain size and fines content.

(b) Evaluation of the effects of liquefaction

For engineering purposes, it is not merely the occurrence of liquefaction itself that is
important but its consequences for damage to the ground or adjacent structures. Two
approaches are introduced here for identifying the effects of liquefaction, based on data
from site specific geotechnical investigations.

i) Damage in the presence of an unliquefiable surface layer or crust

To decide whether liquefaction will or will not exert damage on the ground surface, the
thickness of the liquefiable layer can be compared with the thickness of the surface crust
using criteria such as the one proposed by Ishihara (1985). If the thickness of the surface
layer, H,, is larger than that of the underlying liquefied layer, resulting damage on the
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ground surface may be insignificant.

ii) Liquefaction potential index _
Iwasaki et al. (1982) quantified .the severity of possible liquefaction at any site by
introducing a factor called the liquefaction potential index, P ,, defined as follows:

B = [[Fw)dz M

where z is the depth below the ground surface, measured in meters; F(z) is a function of the
liquefaction resistance factor, F ,» Where F(2)=1-F  but, if F >1.0, F(2)=0; and w(z)=10-0.5z
Equation 1 gives values of P, ranging from O to 100. By calculating this index for 63
liquefied and 22 nonliquefied sites in Japan, Iwasaki et al. concluded that sites with P .
values greater than about 15 suffer severe liquefaction effects whereas effects are minor at
sites with a value of P, less than about 5.

As an example, the Institute of Civil Engineering of the Tokyo Metropolitan
Government developed a liquefaction map for the Tokyo Lowlands as shown in Fig.5. The

Degree of liquefaction susceptibility

il High
Low
R Very low

Fi 8.5 Liquefaction potential zonation map for the Tokyo Lowland (Kusano et al., 1987)
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map incorporated the results of liquefaction analyses, historical occcurrence of liquefaction,
geographic and geological studies into liquefaction zones.

5 CONCLUDING REMARKS

The manual is a synthetization of the present state-of-the-art on evaluating and
mapping out the geotechnical hazards caused by earthquakes, but it is arranged in ways that
are applicable for zonation works. Inveétigalions are under progress in efforts to upgrade
the accuracy of the methodologies. It is thus hoped that the manual is reviced in future
reflecting outcome of most recent development in respective areas.
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SEISMIC RISK ANALYSIS OF CONCRETE GRAVITY DAM CHAIRA,
BULGARIA

BULGARISTAN'DA CHAIRA BETON AG'IRLIK BARAJININ
SISMIK RISK ANALIZI

M. Kostovl, D. StefanovZ, A Kaneva3, G.Varbanov3, N.Koleva3

ABSTRACT

It is very important to know the probability of seismically induced failure of
critical structures like dams. For this probabilistic risk assessment (PRA) is
performed for the Chaira concrete gravity dam. Hazard curves of the peak ground
acceleration and equal hazard spectra are obtained, the treatment of uncertainties
regarding the input data being paid special attention.

The probability of failure of the dam is evaluated as follows: statistical
formulation of material properties and loads, evaluation of the statistics of the
response, definition of failure criteria, evaluation of probability of failure. Important
conclusions for the probability of failure of the dam are drawn.

INTRODUCTION

In the last two decades the PRA is performed for critical structures such as
nuclear power plants, large dams, etc. It is very important to know what is the
probability of failure of large dams because of the potential flood zone of these
structures, furthermore if they are in seismic active regions. To define this
probability, seismic PRA is performed.

The first step is to investigate the seismic hazard of the structure site. Seismic
hazard is usually defined by the probability distribution function of the peak value of
chosen ground motion parameter (peak ground acceleration and/or peak response
spectral amplitudes for a range of frequencies) in a defined time interval. The
overall study methodology consists of reviewing the existing geological, tectonic and
seismological information to formulate a model of seismic activity of the region and
applying this model to assess earthquake ground motion in terms of probability. An
important issue here is the treatment of uncertainties regarding the input data.

The second step is to evaluate the probability of earthquake induced failure of
the structure under consideration. The probability of failure :

1Assoc.Prof.,,Dr.,Central Lab.Seism.Mechanics and Earthq. Engineering(CLSMEE),
BAS, Sofia, Bulgaria

2Res.Assoc.,Dr.,,CLSMEE

3Res.Assoc.,CLSMEE
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can be computed in function of the parameters that define the distribution functions
Fr(x) and FI(x). In general Fl(x) represents the distribution function of loads and
Fr(x) is the distribution function of the resistance, which in the case of seismically
induced failure is often called seismic fragility curve. The fragxhly curve represents
the conditional probability of failure as a function of seismic level. The purpose of
the fragility curve is to incorporate therein the uncertainty in gvaluating the capacity.
To determine the total probability of failure the fragility curve for each failure mode
is weighted by the probability of exceedance of the seismic load. ‘ :

The probabilistic seismic assessment analysis of Chaira concrete gravity dam
has been . performed. An original procedure is developed combining the
requirements of the probabilistic safety analysis of critical structures in seismic
regions and the peculiarities of the dam [1,2,3,4,5,7,8] with main steps as follows:
statistical formulation of material properties and loads; evaluation of the statistics of
the response; definition of failure criteria; evaluation of probability of failure. Some
of the results of that analysis are shortly discussed in the paper.

SEISMIC HAZARD ANALYSIS OF THE DAM SITE

The model of seismic activity of the regional surrounding of the site is defined
on. the bases of complex investigation of the existing geological, tectonic and
seismological information. It incorporates the following main characteristics: the site
is situated at a minimal distance of 10km from the tectonically active structures; the
strongest macroseismic effects at the dam site could be caused by an earthquake of
maximum magnitude 7.6 <=Mmax<= 8.0 at a minimal distance of 25-30 km from

the site; earthquakes of magnitude M = 5.5 are considered as a diffuse seismicity.
The ground mdtion attenuation relationships used for the models are based on the
analysis of strong motxon data records from earthquakcs in Balkan reglon ‘countries
and Italy.

In treating the uncertainties assocxated with - the seismic - mput for selsmxc'
hazard analysis a selection of the most influential parameters has been performed.
regarding the overall uncertainty. As a result 72 hazard curves are obtained. Fig.1
shows the resulting mean, median, 15th percentilc and 85th percentile hazard curves
obtained assuming log-normal distribution of the peak ground acceleration at a
given annual probability of exceedance. ,

By analogy uniform hazard spectra for four hazard levels A, B, C and D
(annual probability of exceedance 0.01, 0.001, 0.0001, 0.00001 respectlvely) at 5%
.damping are determined. In Fig.2 is presented the uniform hazard spectra (mean,
median, 15th percentile and 85th pcrcentlle) for annual probability of exceedance
le-4.

RISK ELEMENTS
As a result of the seismic hazard analysis of the dam site with definition of the
uncertainties, the probabilistic characteristics of the seismic loads are estimated. In

order to assess the probability of failure of the dam structure those loads have to be
transferred to response quantities: stresses (strains), displacements, ‘accelerations,
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etc. In order to obtain their statistical characteristics multiple deterministic analyses
are performed each one with a set of input variables that conform their probability
distributions. The distribution parameters of the output (response) variables are
obtained by advanced Monte Carlo simulation techniques. Here the sample
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preparation is dome according to the Latin Hypercube Experimental Design
procedure [3], which is different from the traditional way of doing simulation
analysis. »

As mentioned above, for every single deterministic analysis there is a set of
input variables needed (material characteristics and loads) which conform their
probability distributions.

STATISTICAL FORMULATION OF MATERIAL PROPERTIES AND LOADS OF
CHAIRA DAM

All values in the statistical formulation of material properties for the different
zones of the dam are assumed normally distributed. The zones of the dam are
accepted as follows: surface concrete, core concrete, concrete in base level, contact
concrete-bed-rock, bed-rock and alluvium. The mean static compressive strength of
concrete in the different zones of the dam and coefficient of variation as well as the
values for the static tension strength used in the analysis, are assumed on the basis of
laboratory tests. The dynamic compressive strength of each zone is assumed 15%
larger than the respective static one. The dynamic tensile strength and shear strength
of the concrete are calculated. The static and dynamic modules are estimated on the
basis of in-situ experiments. Also strengths at the contact "concrete-rock" are
assumed in accordance to lab and field investigations. The thermal loads are
represented in terms of ten sets of nodal temperature differences equally spaced
throughout a year, obtained on the basis of statistical meteorological observations in
the region of the dam. The values of the hydrostatic and the hydrodynamic loads are
function of the water level in the lake which depends strongly on the selected
scheme for usage of the power generation facilities. For the aim of the analysis an
uniform distribution has been assumed for the water levels between 1225 m and
1260 m, ie. minimum and maximum working water level of Chaira dam,
respectively. The uplift forces and the water pressure on the grouting curtain are
supposed perfectly correlated with the water level. Accordingly are defined the
added masses and the function of the shape of the hydrodynamic pressure at the
dam upstream side accounting for the hydrodynamic effects.

The seismic load is the most important for the seismic risk analysis. It is
represented by means of the equal hazard acceleration response spectra and the
corresponding accelerograms. Knowing the mean values of those spectra and their
standard deviations (Fig.2) and assuming lognormal distribution of the spectral
values ten spectra for each level are generated to match the prescribed statistics. In
Fig.3 are shown the mean equal hazard response spectrum and the Latin Hypercube
acceleration response spectra generation for level C. The acceleration response
spectra for vertical motion are generated accordingly using a mean ratio between
horizontal and vertical acceleration of 0.5 and coefficient of variation 20%. For each
generated couple of acceleration response spectra (horizontal and vertical)
acceleration time histories for each hazard level A, B, C and D are generated to
match the response spectrum.
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STATISTICS OF RESPONSE

For the dynamic and static investigations the soil medium and the concrete
dam body are modelled by 2D finite elements, Plane strain condition is assumed.
The soil-structure model has the following dimensions: total length of 220m, total
height of 170m. Four cross sections are investigated in details. Their disposition is
presented in Figure 4 (part of the model). In addition a 3D finite element model is
investigated in order to make comparison and estimation of response factors to
correct the 2D estimates. '
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spectra generation and mean equal

.. soil-structure model
‘hazard response spectrum for level C ‘ :

The analysis is performed by the computer program NISA [6] in 40 runs - the
procedure is repeated 10 times (for the 10 different input sets) for each of the four
‘hazard levels. The results in each hazard level are processed independently.

Detailed analyses are performed for the four sections shown in Fig.4. For those
sections the maximum tensile Syy stresses in'the nodes of the upstream side are
supposed to be the main contributor to theé risk. All other response values from the
dynamic time history analysis are taken at the time of max Syy. Figure 5 represents a
snapshot of the Syy stresses in the 3D model for level C from the dynamic analysis,
After the maximum response is determined in each of the investigated sections a
correction (on the base of comparison of 2D and 3D model results) is performed by
a response factor assumed 0.3 for sections 1 and 2 and 1.0 for sections 3 and 4. This
is performed for all four levels of seismic excitation and then a statistical analysis of
response is done. It is assumed that the response quantities follow a normal
distribution. Commulative distribution functions (CDF) of Syy for each node of the
investigated sections and for each seismic level are computed and compared with the
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SYY STRESS
UNITS: KPR

VIEH : -568.0735
RANGE: S555.0401

565.0
484.7
404.3
323.9
243.6
163.2
82.85
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-77.88
~158.2
-238.86
-319.9
-399.3
~479.7
~560.1

Figure 5. Snapshot of the Syy stresses in the 3D model for level C

theoretical normal CDF. The comparison shows that the generated response allows
an assessment of the statistical character of the investigated quantities and that they
fit very well the normal CDF. Figure 6 illustrates this for level D at node 831, corner
at upstream side and base joint. The asterisks in the figure represent the generated
values and the solid line shows the theoretical normal CDF. The mean values and
the standard deviation of the generated response quantities are estimated. Figure 7
and 8 show the mean value and deviation of Syy and Sxy, respectively, for section 1.
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Figure 6. Commulative distribution function of Syy, N.P.831, level D
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There are two major assumptions in the performed analysis- which were
justified. The first one is the number of the generations. Within each excitation level
ten generations were used. To justify this test computation was performed for. level
C with 30 generations and the results from the 10 and 30 runs. generations were
compared. The sanie procedure was used for sample preparation. The comparison
shows that the selected number of generations is sifficient for assessing the statistics
of response. This is illustrated in Figure 9. The second assumption concerns the
values of the response factor. To justify the values of 0.3 for sections 1 and 2 and of
1.0 for sections 3 and 4, a comparison was made between the results from 2D and
3D analyses. The spatial effects which can be accounted for in the 3D model lead to
significant reduction of the stresses in the base zone of the dam. It is proved that the
results from the 2D model using the accepted response factors are in good
agreement with the corresponding results from the 3D model.
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ASSESSMENT OF THE PROBABILITY OF FAILURE

Two failure scenarios are analysed for the Chaira concrete gravity dam: failure
from overstressing of the concrete and failure from sliding of the entire dam body
along the base joint.

For the first scenario the four previously described sections of the Chaira dam
were investigated for failure due to tension,

Because the stress estimation is performed -on the base of FE computation,
stresses are known in each node: of the FE mesh. In each node of the considered
sections- the probability. of exceedance of the tensile strength is. computed. In the
base section instead of tensile strength, the cohesion between rock and concrete is
considered. All finite elements in a section are supposed to resist as a parallel’
system. The probability of failure of the section in tension is calculated as the
maximum of the probability of exceedance of the tensile strength in the nodes,
within 0.2 of the section length, from the water side. That implies full correlation of
the rupture in adjacent nodes, ie. if there is a rupture in one node, all other nodes
will be damaged also. This: assumption should be assessed as a very conservative
~ one. The computed in this way probability-of failure-is assessed as an upper bound.
An alternative is to. average.the tensile stresses in a small zone, i.e. to suppose
. certain correlation between the performance in adjacent elements. The zone where
an average tensile stress'is computed varies for- each section, This -alternative is
supposed to give a lower bound of the failure probability. In general that alternative
is more realistic. '

For the purpose of assessment of the second scenario an integration over Syy in
the base joint is performed. The resistance is computed according to the assumed
rock properties at the contact rock-concrete. It is essential to' mention that the
sliding force, respectively the sliding resistance is determined for the moment of
time when the stress Syy /tension/ is maximum. Usually at that moment there is a
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big vertical response, i.e. the vertical seismic acceleration is acting in opposite
direction to gravity. Two different alternatives are considered also in that case. The
first one is when the cohesion in the base joint is negligible. This is supposed to be a
very conservative case. The second one: the cohesion is 1.5 times the respective
static value (mean value of the static cohesion is 1.8 MPa). The first assumption is
believed to give an upper estimate of the probability of faxlurc, the second one
should represent the respective lower bound..

In order to define the total probabxhty of faxlure first the condmonal probability
of failure is assessed for éach seismic level. The probability of failure (exceedance of
the tensile strength) at each node of the finite element mesh within the investigated
section is computed under the assumptions that stresses and resistance (strength)
are normally distributed. The conditional probability of exceedance of the tensile
strength in the mvestngated sections 1 to 4 are evaluated. All computations are done
for each seismic level independently. The calculated values could be treated as
discrete values of the fragility curve for tensile failure of each section. The maximum -
values of the probability of exceedance of the tensile strength are supposed to be the
upper bound of the probability of tension failure in the respcctive section. As
described above -an alternative (lower bound) is computed by averaging the tensile
stress in small zones.

For the second scenario of failure the conditional probabxhty of shdmg along
the base joint is also evaluated. The sliding is computed for each seismic level. It is
assumed that sliding will occur when the total force Sxy’ (integral of Sxy) in the
base joint will exceed the sliding resistance Rxy.

In the evaluation of the sliding resistance it is assumed that the ultimate stress
is S, Cd+0 SSyy along the length of that part of the base joint which is. under
compressnon Cy is the cohesion. Two values‘are used for the cohesion: 0.0 and
1.8MPa. The Safety Coefficient - for shdmg is computed .as ratio of mean shdmg
. resistance to mean sliding force, i.e. that is a central factor of safety (conditional).

As already described the total probability of failure is computed weighting the
conditional probability of failure. by the ‘probability of exceedance of each seismic
level, for the upper and lower bounds of the failure probablhty

CON CLUSION

On the base of a seismic hazard analysis of the Chaira dam site" a
comprehensive seismic risk evaluation of the dam structure is performed. As a result
the following conclusions could be drawn:

- The seismic resistance of the Chaira dam should be assessed generally as hxgh
although it is constructed at a site with a very high seismicity.

- The values for the probability of major failure of the dam for a period of 50
years are assessed as acceptable,

- The highest probability of failure is observed in the crest zone and in the zone
of the main drainage gallery.

Some recommendations were ‘made for i increasing the safety of the dam in the
zones with the highest probablhty of failure.
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PROBABILISTIC HAZARD EVALUATION IN TERMS OF
RESPONSE SPECTRA
DAVRANIS SPEKTRUMLARI iLE OLASI DEPREM TEHLIKESININ
DEGERLENDIRILMES] '

Alberto Marcellini *
ABSTRACT

A significative number of good quality accelerometric records of strong motion
have been collected in the past two-decades. For some regions of the world (whose
number is increasing) the accelerometric data bank is sufficient to allow computation of
reliable spectral attenuation laws, which is a foundamental tool to calculate uniform
hazard response spectra (UHRF).

In this paper it is shown that the seismicity characteristics of the area investigated
can influence strongly the shape of UHRF,; results that was impossible to forecast by
using hazard computer codes that adopt PGA attenuation law.

The effects on the shape of UHRF caused by the Gutenberg-Richter B are
comparable to that produced by soil conditions. To take into account both B and soil
conditions to define the shape of Design Response Spectra in building codes, a revision
of EC-8 response spectra is suggested.

INTRODUCTION

Seismic design requirements in building code are the most important tool to
mitigate earthquake risk, from the standpoint of earthquake engineering. Since the
sixties the majority of buildings codes adopted the design spectrum to define the
seismic actions. Probabilistic hazard assessment is the procedure generally accepted to
establish design response spectrum. It should be pointed out that the widely accepted
principal requirement of seismic building code is to suggest design requirements in
“order to prevent building's collapse under major earthquake loading and to avoid
damages under a moderate earthquake. So it is important to note that probabilistic
hazard assessment does not give an exact and unique answer to the problem, on the
other side it can provide the territory analysed a uniform risk assessment. This is a
limitation of the probabilistic procedure, but unfortunately till now no procedure has
been proven more adequate, at least when ordinary buildings are concerned. Some
cases, for example nuclear power plants and large industrial plants, are better fitted by
deterministic approaches based on the maximum expected earthquake loading. A
trademark in probabilistic hazard assessment is the Cornell paper (1968), who identified
the principal steps involved in hazard calculation: i.e.

- Zone source identification
- Zone source modelling

- Attenuation law

- Mathematical model.

1 Istituto di Ricerca sul Rischio Sismico, CNR, Milano, Italia
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Cornell adopted Gutenberg-Richter law to model the seismicity, attenuation law in
terms of Intensity and PGA, Poisson process to model the temporal behaviour and
Newmark procedure to estimate the response spectrum. Since then strong effort have
been made to improve both knowledge and methodology. Seismic source zones were
individuated in the beginnings by simply contouring epicentral maps provided by
instrumental and historical catalogues (Cornell & Merz, 1975), therefore assuming
earthquake stationariness in space. 'Subsequently, the zonation procedure was to
integrate catalogs' data with tectonic evidences obtained from geological and
geophysical survey (Nowroozi, 1993). Recently a great attention has been paid to
paleoseismological investigations (Kelson et al, 1993). :

In the mean time historical seismicity are improving significantly, especially in
Europe (Stucchi et al., 1991). To overcome the memoryless Poisson process, alternative
models to describe the temporal behaviour of earthquake have been set up on the basis
of mechanical models of strain build-up and relcase, like the time predictable, slip
predictable (Anagnos and Kiremdijan, 1984) and characteristics earthquake model.
From practical point of view it means the introduction of time dependent scismicity
rate and probabilistic distribution like Weibull have been proven to be the more
suitable. :

Semi Markovian stochastic processes have been used to model zones with seismic
gaps (Suzuki and Kiremidijan, 1991). The adoption of these time dependent models is
still under great controversy (Kagan and Jackson, 1991). It seems that the probability of
success of these models is remarkable for interplate zones earthquake, in particular in
the subduction zones (Nishenko, 1985). As far as Magnitude frequency law is
concerned several modified G.R. law have been suggested [truncated, quadratic], but
with very poor (or any) physical justifications. Actually several hazard computer codes
do not require at all the adoption of a G.R. like law, but the problem of magnitude
frequency relation is still unsolved, owing to the shortness of catalog's time span respect
to major earthquakes occurrence. Therefore the actual seismological knowledge suggest
to adopt Poisson model for practical application (Marcellini & Slejko, 1994).

PGA attenuation relationship calculation received a boost from the massive strong
motion accelcrometers network deployments pushed by nuclear power plants programs
in the early seventies. Since then, several attenuation laws have been suggested and
presently we may say that a new attenuation law is the corollary of every major
earthquake (at least as far as US, Burope and Japan are concerned).

Recently attenuation relationship have been computed also in terms of response
spectra for European areas (Tento et al., 1992) (Stamatowska et al., 1990) (Pugliese et
al., 1989) .

Hazard methodologies presently used can be subdivided into two groups,
depending whether they adopt or not Bayesian approach. Bayesian approach presents
the great advantage to allow to input subjective probabilities, or in other words to
include as input data geological information not feasible of quantification sensu strictu
(Suzuki and Kiremidijan, 1991). In addition the method can be defined “"more elegant"”
from a mathematical point of view. The other side of the medal is that it requires great
attention in the assessment of subjective probabilities: unbelievable errors are the
ordinary results obtained by no well-trained people.

In many cases adoption of simple computer codes, that use classical method are
recommended, for example SEISRISK III (Bender & Perkins,1987), which is well
tested.
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EVALUATION OF HAZARD IN TERMS OF RESPONSE SPECTRUM

Hazard analysis is commonly performed by probabilistic approach to evaluate the
expected ground motion for a given clapsed time. Generally seismic hazard is estimated
in terms of P(PGA<PGA(/t) or P(I<Ip/t). For design purposes the procedure widely
adopted is:

1. Computation of P(PGA<PGA(t) .

2. Evaluation of the DAF (Dynamic Amplification Factor) from statistical analysis of
strong motion recordings.

3. Scaling of the DAF to the assumed PGA to produce P(PSA<PSAg/t) .

4. Derivation of the design spectrum from 3, assuming a design return period.

This procedure, like the one based on Newmark method adopted by Cornell (1968)
leads to non uniform probability of the desxgn spectrum.

Here a method to evaluate hazard in terms of uniform probability response
spectrum is suggested and applied to a seismic test zone. The method is based on
Bayesian approach and was prepared by Stanford University (Chiang et al., 1984), but
some corrections made by the author.

The main features can be summarised as follow:

- Sources can be both area sources and line sources, depth of seismogenic zone can be
taken into account.

- Earthquake occurrence is modelled by Poisson process, the rate 7\. is considered as
random variable, so the marginal distribution of number of events can be written

§

pn(m)=] pn/DE, ) A (1)

‘Where fA(X) is the posterior distribution on A
- Magnitude distribution follow a Binomial law, Py, is the probability of success on a

Bernoulli trial and is considered random variable , therefore the conditional
probability of r events of Mi, given the occurrence of n events is

ol . 1
pr(rv/n) =| PROMDPMy ) APy, = | PROEM/PML 0fp (M )dPM, )

o o

where f;;(pMi) is the posterior distribution on P,
- The probability of r events of magnitude Mi is obtained combining (1) and (2); so the
marginal distribution on I'yj, can be written

PR('M) = ., PR(rM/m) PN(n) | e
0

- Given Mi and source zone, the probability of exceedence of pseudo velocity response
spectrum PSV for a given period T at the site is computed by the following
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P(PSV(Ty)>psvi(Tx) )= p* P(My) +{1{(1-p?)

*P(2My) +..(1{1-p)") *P(nMy) (4)
where
p = P(PSV(Tyx)>psv(Tx)/M; ) (5)

and the computation is performed for the whole set of periods of interest. ,
- Eventually the total probability P(PSV(Tk)>psv(T)) is calculated by summing over
all magnitudes and seismic sources.

RESULTS

The size of the zone analysed (18000sq km), shown in fig. 1 is typical of an
Italian seismic source zone (Scandone et al., 1992).

Figure 1. Seismic source zone: Area=18000sq km, A=0.72 ev/year, 3.5<M<7
+ is the site where hazard is computed.

The seismicity is considered homogeneously distributed within the area, with a
seismicity rate of 0.71 events per year for earthquakes M23.5: the upper bound is M=7,;
the Magnitude distribution is considered to follow a log-linear Gutenberg Richter
frequency law.

The aim of this paper is to evaluate the dependence of response spectral shape
(DAF) on the parameters used to calculate uniform probability seismic hazard. It is
important to note, as is likely to infer from eq. 2 and eq. 4, that the DAF is not
influenced by the seismicity rate as above defined, (i.e. the coefficient o of the
Gutenberg-Richter law); in fact the DAF is mainly dependent on the response spectrum
attenuation law. In this paper the Tento et al. (1992) attenuation law is adopted; Tento et
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al. showed that the predicted spectral shape depends significantly on the magnitude, as
reported in fig. 2, but is not influenced by the epicentral distance.
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Figure 2. PSV response spectra obtained by attenuation law (Tento et al., 1992) for
different magnitudes at distance 10 km and hypocentral depth=10 km.’

This last result seems to contradict some common belief (mainly inferred from
theoretical considerations partially supported by seismological data) that there is a
spectral shift towards low frequencies according to the increasing of hypocentral
distance. Actually strong motion data exhibit no spectral shift against distance; at least
this evidence has been found both in Italian (Tento et al., 1992) and Yugoslav data
(Stamatowska et al., 1990). The main reasons are:

1. The strong motion is composed by the same type of waves in the range of distances
we are interested in (till around 150 km). ;

2. Considering that the attenuation is composed by the geometrical spreading and by the
anelastic behaviour of the medium involved in wave propagation, the invariance of the
spectrum shape simply means that V=1, once we adopt the ordinary definition of
Q=qfY, (v=1 is a valye heavily supported by seismological investigations).

Two factors are extremely important when spectral attenuation laws are used in
hazard analysis.
a. The choice of the conditional distribution of P(PSV(Tk)>psv(Tk)/M;). The majority
of investigators agrec to consider both PGA and PSV lognormally distributed:
statistical tests conducted performing attenuation regression analysis are in favour of
this hypothesis (see for example Stamatovska et al., 1990). Henceforth the PSV
obtained by regression analysis are considered lognormal distributed.
b. The behaviour of standard deviation.

In general an increase of s.d. according to To is observed (fig. 3).
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Figure 3. Comparison of attenuation law standard deviation of PSV against Tg, as
obtained by different authors.
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Flgure 4. Uniform probability PSV for =2 and different Return Periods.

It is understood that both the seismicity rate and the source-site distance mfluence
the amplitude of the expected response spectrum As an example fig. 4 shows that the
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uniform probability response spectrum increases significantly according to Return
Period, as predicted by the above equations, because the change of Return Period is
equivalent to change py(n) of eq. 1, once we consider that the earthquake occurrences
follow a poissonian distribution.

With this provisos in mind we are now in the position to evaluate the principal
factors influencing the DAF.

DISCUSSION

To help visual analysis of the results the DAF's are presented as 5% damping
normalized PSV response spectra where the normalization is computed with regard to
the area under the spectrum. The main results are summarize as follow
1. DAF against Return Period.

Fig. 5 shows the scarce influence of return Period upon the DAF; it should also be
added that the variation mainly depends on the adoption of the lognormal distribution of
the PSV attenuation law rather than on the Return Period itself.

1-0E T ] T l T [ H

Return Period 100 yrs .
-------- Return Period 300 yrs
- - - Return Period 500 yrs

5% Damping

2.0 3.0 4.0
To (sec)

Figure 5. Normalized uniform probability PSV for B=2 and different Return Periods.

2. DAF against standard deviation of attenuation law.

If standard deviation is the same for all To, DAF remain constant, independently
on the value of the standard deviation. Standard deviation could produce DAF variation
only if it is not constant respect to To. Fig. 6 shows that there is no appreciable DAF
maodification for variation of S.D. against To usually obtained in the computation of
attenuation laws.
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Figure 6. Normalized uniform probability PSV for constant standard-deviation and
compared standard deviations obtained by attenuation law (Return
Period=500y).
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Figure 7. Normalized uniform probability PSV for 500 years Return Period for
different B values.
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Table 1. VALUES OF THE MAGNITUDE-FREQUENCY PARAMETER, 8

REGION B REFERENCE
Western Nevada . 2.1 Douglas and Ryall (1975)
Western United States 1.17-2.00 Hsieh et al. (1975)
California 2.07 Housner (1969)

San Jose, California 1.2-1.3 Donovan (1978)
Eastern United States 1.93 Hsich et al. (1975)
Southern New England 2.19 (x£0.12) ' Chiinnery and Rogers

(1973)
New Jersey ’ L 217 Isacks and Oliver (1964)
Central Mississippi
River Valley 2.00 (£ 0.25) Nuttli (1974)
Mexico City 1.27 Ferraes (1967a)
Circumpacific Belt 2.16 Newmark and
Rosenblueth (1971)
Alpide Belt 1.70 " " "
Low-seismicity Region
of World 2.88 " " "

Japan 2.81 Dowrick (1977)

New Guinea 3.1 " "
New Zealand 2.5 " "o

Western Canada 2.5 " "o

Central America 3.34 ! "o
Columbia-Peru 2.55 " "
Northern Chile 2.0 " "o
Southern Chile 2.12 " "o
Mediterranean 2.5 " non
Iran-Turkmenia 2.7 " v

Java 2.16 " o

East Africa 2.0 " o

3. DAF against Gutenberg Richter 3.

Table 1 shows that B can take values betwcen approx 1.2 and 3; that is to say, from
our point of view, the conditional probability. pr(rpi/m) (eq. 2) can undergo dramatic
changes that strongly influence eq. 4, given the behaviour of attenuation law presented
in fig. 2 . This DAF dependence on § is confirmed by fig. 7, despite the range of B
considered is less than the one shown in Table 1.

In fig. 8 variation of DAF is presented for 300 and 500 years Return Period: the B
values represent the higher and lower B boundaries of Turkey seismic source zone,
according to- Erdik ct al. (1985): also in this case the DAF differences are well
pronounced.

4. DAF against Gutenberg Richter B_and against site conditions. _

A simulation has been conducted using the viscoelastic model SHAKE (Schnabel
et al., 1972). Fig. 9 shows the DAF computed at the free surface considering a clay
layer with Vs=200m/sec overlying a bedrock with Vs=1000m/sec per different layer'
thickness, between 0 and 50m. The accelerometric record at Tolmezzo site (PGA=0.37
g) of the May, 6, 1/976 M=6.4 Friuli earthquake has been taken as input motion.
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Visual inspection of fig. 8 and fig. 9 bring to the conclusion that site conditions and
can affect the DAF in comparable way .

4.0
To (sec)
Figure 8. Normalized uniform probability PSV for RP=300, 500 years and B=1.65 and
2.25.
>
0-8 F T ' T I T l T R I T T

To (sec)

Figurc 9. Normalized PSV obfained using SHAKE program considering a clay layer of
depth h and Vs=200m/sec overlying a bedrock with Vs=1000m/scc
(h=0m means outcrop)
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CONCLUSIONS

It has been demonstrated that the influence of B upon uniform hazard spectrum is
comparable with the influence of site conditions.

The main problem now is the translation of results into practical application; i.e.
building codes, considering that is important to keep a reasonable and workable balance
between over-simplicity and undue complexity. In principle the assessment a given
design spectrum is equivalent to fix the level of acceptable risk, therefore it involves
political decisions; so we give some suggestion under the hypothesis of validity of the
Seismic Eurocode (EC-8) philosophy.

40 T I T T l T =

3.0

2.
20

e,
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Figure 10. Comparison of normalized uniform probability PSA obtained for different
" values, with EC-8 Design response spectra for the 3 types of soils.

In fig. 10 DAF (in this case 5% damping PSA normalized to PGA), obtained using
different B values are superposed to EC-8 design spectrum shape for the 3 soil types.

It is possible to note that decreasing of B causes peak reduction, as well as
enlargement of period range.

We can now integrate the results obtained into the requirement prescribed by EC-8;
therefore the suggested spectra depend both on soil sites and Gutenberg-Richter f3.

The new design spectra (that we can call "EC-8 revised") are summarized as
follow:
1. The 5% damping design response spectrum, normalized to PGA can be describe by
the fig. 11.
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Figure 11

where the spectrum D(T) is defined

DM)=S(1+I(De-1)  for O<T<T,
T2
D(T)=SDgp - for T{<T<T2:
D(T)=S(Do 12)  for T>Ty
T

That is to say the same as in EC-8.
2. The coefficients reported in Table 2 are modlfled and integrated respect to EC-8 in
order to account for G-R P variation.

Table 2. Parameters of the design spectrum

B value Soil type Tysec) T, (sec) Dy

B1 A 0.1 0.3 2.8

B1 B 01 0.4 2.6
A

Bl C

B2 B L l02 06 - |25

B3 A v

p2 C 0.3 0.7 2.3

B3 B |

B3 C 0.4 0.9 2.0

Soil types according to EC-8 (A:Vs>800 m/sec; B: mtermedlate C: Vs < 200 m/sec)
B=p1 for B>2; B=P2 for 1.5<P<2; P=P3 for f<1.5
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Wave effects induced in the Romanian Plain
and seismic macrozonation

ROMANYA PLATOSUNDA ORTAYA CIKAN DALGA YAYILMA ETKILERI
VE MAKROBOLGELEME

M1§1cu M Misicu?, Gh. Marmureanu®, E. Cojocaru*
§

ABSTRACT

In view of a generalized characterization of directivity of mechanical waves linked
with a qualitative analysis involving special features of these dynamic processes,
we present graphic representations with isoseistic lines obtained via Green
functions and illustrate them with the seismic effects of the Romanian plain.
These elements leads to a subsequent procedure of qualitative analysis of
directivity.

1.The Green functions of the ﬁeld induced for a double-couple

dislocation.

The Green functions for dislocation fields were firstly analysed by E.Kroner[6].
Here on the basis of equivalent body forces f which induce the same effects as a
double-couple dislocation at a point z = 0 there is also considered the’
displacement field in a medium with a density p and Lamé coefficients X, u. The
initial boundary condition is u = 0, (¢ < 0) and the corresponding wave equation
takes the form

pu— (A + p)V(Vu) — pAu = £6(¢)6(x) ‘ (1

. The solution is yielded under the form

u(t,z) = G(t, z)f (2)
where G stands.for the Green function|[6]
vy St —rfo) by — vy St-r/F) 1

dmpa? 7 o Tamp patnr/ar/B)

(3)
Here occur the following quantities: « = (A + 2u)/p, B = u/p, (the velocxty of P
and S waves), r = |z|, 7; = X;/r and H the ”box-car” function H(t,a,b) = 1 for
a <1< b,=0 in the remaining time interval. The last term corresponds to the

Gij(t) JI) =

1Sci.Res.,Nat.Inst. Earthphys.,Bucharest, Romania
2Sen.Res.,Nat.Inst. Farthphys.,Bucharest, Romania
3Sen.Res.,Nat.Inst.Earthphys.,Bucharest,Romania
#11I-Deg.Res.,Nat.Inst.Earthphys., Bucharest, Romania
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near field which will be subsequently disregarded.

2.Determination of wave amplztudes for the far field in terms of
seismic magmtudes

According to previous analysis published in [4,5], the displacement components
induced by a dislocation located at the point X = 0 on the intersection between
a vertical plane which includes the X;-axis and a plane with slope A are given

by the following relations

MF;
U; = W (4)
for
Fi = 73(1 — 29%) cos 2A — 71 (1 — 72 + ¥2)sin 24 (5)
= 1223 ~78) sin 2 — 2717275 cos 2A (©)
Fs=71(1—273)sin 2A + y3(1 + 75 — v3)sin 2A (M)

where M stands for the earthquake kinematic magnitude.

Meanwhile the arrival times of the front waves are given by the relation ¢t = r/g.
These elements enable us to characterize the seismic effects induced in a choosen
_region through isoseistic lines (u; = const.) in the frame of synthetic diagrams.
The advantage of such description consists in the emphasising both relevant
data. Based on these data we are able to sketch a first.characterization of
directivity of front waves leading to a subsequent qualitative analysis.

In the case of the Romanian Plain the seismic events are mainly concentrated in
discrete sources to which may be added secondary continous sources.

The reflection and refraction effects will also be subsequently determined on the
basis of her presented results.

The illustrative elements are based on the data for the 4 march 1977 earthquake
belonging to a kind of events of maximal consequence for the considered region
for 3 sources (S1; S2;S3), depths (km: 79, 93, 109), latitude (degrees: 45.72;
45.48; 45.34), longitudes (degrees: 26.94; 26.78; 26.60), magnitude ( 6.5; 6.5; 7.2),
time intervals from the fore shock in seconds ( 4.7; 12.3; 19.2), kinematic
magnitude in cm3( 0.339-101%;0.339 - 10%;2.84 - 10'5), orientation of dislocational
plane in degrees (40° N — E), slope of dislocational plane A = 70°, velocity of
transversal waves (3 = 4.7km/sec, density p = 3.2¢/m? upper level (under the
Earth surface): 8.9 km.

The obtained results show a good agreerneanﬂh observed data desplte the fact
that secondary perturbations were disregarded( attenuation, curvature of rays ).
We have also performed the calculation of the accelerations a; starting from the
observation that the pulse which characterize the source are defined by a time
interval T and a period 27/T(see ref.[3]) so that @ ~ —w?uy;.

The orientations of the choosen X 1anis is 40°N — E. The Xj-axis is orthogonal
to the previous one and also horizontal. The X3-axis is vertical. The origin is the
S, source.

422



The diagrams 1 — 4 emphasize features which involve clearely consequences of
real interest. The contour lines associated with the induced displacement at the
top of ground rock are ploted in the first quarter for X : 0 — 200km and

Y : 0 — 200km , because this region is relevant for the microzoning in the
Romanian Plain. For instance the displacement in transversal sense u; given in
Figure 1 (orthogonal to the intersection line of dislocational plane with the Earth
surface) are the more important ones and are much more large on a single side of
the mentioned line, fact which increases the seismic effect in the considered
region. We point out that for an orientation of dislocation which differs from the
direction of the slope line of dislocational plane, the effects are far more
increased in the same region [2]. Meanwhile the directivity effects are extended
mainly in a single direction(corresponding to the above mentioned line) and
decay more rapidly in the orthogonal direction. If we consider the distances d
from the epicentral point till to a point located on an isoseistic line and
calculating the ratios ¢ = dmqz/dmin corresponding to points of the same
isoseistic line, we obtain a characteristis measure of geometric nature. This ratio
is for the displacement u; close to the value 3 in the considered region, which
implicitely appears as strongly influenced. The source S; which acts as the last
one is the closest one to that mentioned above and also the strongest one. This
fact involve a general increased effect, ‘the shocks of all sources being closer in
time and occuring in an enhanced manner. ,
The. displacement ( see Figure 2) us, is characterized by 4 lobes separated by the
orthogonal lines mentioned above ( where the displacements may vanish ) and
with increasing values in the sense of bisectorial lines of the angles defined by the
other ones. The ratio ¢ is smaller (< 2) and the intensity of respective
amplitudes of the displacement u; (approximately 10

The vertical displacements, exhibited in Figure 3, present a strong concentration
around the epicenter and 3 lobes. The variation of amplitudes is important and
may present vanishing zones enough close to the epicenter where appear values
with alternate signs. The ratio ¢ may reach the value 3, but due to the necking
character of isoseistic lines, at great distances this ratio increases sensibly. The
amplitudes are approxxmate]y twice times larger than for us.

We have also computed the total displacement

U(S3) = \/ui +uf + u3 (8)

and ploted it in Figure 3. It is worthwile to note that the shape of U(S3) is very
close to that of u;. This was to be expected since we made earlier the observation
that the horizontal displacements u; are much stronger than the other two.

The exposed features do not stand for a complete characterization of the
directivity effects. Additional measures will be analysed on the basis of combined
isochronic and isoseistic graphics.

A last observation concerns the variation of seismic effects at different depths.
We observed in a previous paper that starting from a distance of 40km from
epicenter for the displacements u;(S;) and 80km for the displacement u1(Ss),
the values vary slowly from the surface level till a depths of 20km.
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Table 1: Displacements and accelerations induced by
the source S5 at characteristic points of Romanian Plain

Region Cricov  Bucharest Calugareni
u;(S3)(em)  30.94 22.10 17.68
uy(Ss)(em)  8.70 6.62 4.42
usz(S3)(em)  6.64 10.00 8.84

a1(S3)(g) 0.31 0.22 0.18
az(53){(g) 0.09 0.06 0.1
az(S3)(g) ~ 0.18 0.04 0.08

Table 2: Coordinates refered to the sources 51,52, 53

Region Cricov  Bucharest Cilugareni
Xi(S1)(km)  13.49 39.38 63.8
Xo(S1)(km)  91.27 158.42 178.57
X1(So)(km)  6.14 32.29 56.71
Xo(S2)(km)  59.27 126.42 146.57
X1(S3)(km)  25.3 51.19 75.61
Xo(S3)(km)  35.27 102.42 122.57

In the subsequent Table 1 appear the principal values of displacements and
accelerations at three points of Romanian Plain. These points are defined by the
coordinate systems referd at the source Sy from Table 2.
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13 MART 1992 ERZINCAN DEPREMINDE COKEN VE AGIR
HASAR GOREN ASKERI HASTANENIN DEPREM GUVENLIGININ
SiISMIK ENDEKS YONTEMIYLE INCELENMESI -

INVESTIGATION OF SEISMIC SAFETY OF MILITARY HOSPITAL
- COLLAPSED AND HEAVILY DAMAGED DURING MARCH 13, 1992
ERZINCAN EARTHQUAKE USING SEISMIC INDEX METHOD

Pinar Ozdemir' ve Hasan Boduroglu?

SUMMARY

Seismic safety of structures of existing structures presents the greatest in
the event of a major earthquake in a populated area. Observations and
studies have indicated that the buildings constructed in accordance to
previous codes may need strenthening in order to avoid risks involved.
For this purpose rapid screening procedures for evaluating seismic safety
of a building is needed. One of these methods is Seismic Index method
developed in Japan. In this paper, this method is applied to a military
hospital collapsed and heavily damaged in March 13, 1992 Erzincan
Earthquake. First and second evaluation procedures are applied to the two
blocks of the hospital. First evaluation depends on the strength of vertical
structural elements, while the second evaluation depends on strength and
ductility of vertical structural elements. The resulting indices I’s are
compared with the required seismic performance indices L,,’s. The results
show that for buildings of prime importance such as schools and hospitals
I, can be chosen as 1.2 and 0.9 for the first and second evaluation
procedures respectively and for housing these indices can be taken 1.0
and 0.75. Further studies in this area are in progress.

|Arag. Gor.I.T.U. Ingaat Fakiiltesi, Maslak, TIstanbul
2prof. Dr. I.T.U. Insaat Fakiiltesi, Maslak, Istanbul
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OZET

Bu bildiride 13 Mart 1992 Erzincan Depreminde bir blogu ¢oken, ikinci
blogunda zemin kati ¢oken ve ligilincii blogu agir hasar goren Askeri
Hastanenin bulunabilen projeleri incelenerek sismik endeks yonteminin
birinci ve ikinci degerlendirme esaslarni uygulanarak endeksler elde
edilmistir. Bu endeksler karsilagtirma endeksleri ile kiyaslanmigtir.
Sismik Endeks YoOntemine gore yapilarin deprem giivenliklerinin
saptanmast igin I, kargilagtirma endeksinin hastane ve okul gibi birinci
derecede onemli yapilarda birinci seviye icin 1.2 ve ikinci seviye i¢in ise
0.9, konutlarda ise bunlarin 1.0 ve 0.75 alinmas: uygun olacag: sonucuna
varilmigtir. Ancak bu hususlarin daha saglikli belirlenmesi igin daha fazla
sayida binaya uygulanmasi ¢alismalar1 devam etmektedir.

GIRIS

Yapilarin deprem giivenliginin belirlenmesi ile ilgili degigik yaklagimlar
uygulanmaktadir. Bunlardan biri sismik endeks ydntemidir ve alt1 kata
kadar olan binalarin depreme karsi dayanikliliginin belirlenmesi amaciyla,
uzun siireli ¢aligma ve arastirmalar sonucu gelistirilen bu yodntem
Japonya da bir standard olarak kullanilmaktadir [3]. Binalarin bu yontem
ile degerlendirilmesi, her bir kat igin her iki yonde ve her bir gergeve
(varsa perde) ekseni dofrultusunda bazi sayisal sonuglarin elde
edilmesidir. Giderek artan ayrintili bir incelemeler dizisidir. Bu yontem
ile binalarin depreme dayanikliginin hizh bir sekilde taranmasi miimkiin
olmaktadir. Bu degerlendirmeler sonucunda bulunan sayisal biiyikliikler
daha onceki depremlerden elde edilmis ortalama biyiklikler ile
karsilagtirilarak binalarin depreme karsi giivenlikleri belirlenmektedir.
Yap: sismik endeksi degerleri her bir inceleme seviyesinde her kat ve her
dogrultu igin ayr1 ayrt olmak lizere asagidaki bagintiyla hesaplanir.

L=E.G.S,.T (1)

Burada,

E, :yapinin deprem davramigina etkiyen temel endeks degeri,

G :zeminin yer hareket endeksi,

Sp :yapinin tasgtyici sisteminin tasarim ve boyutlandirma endeksi,

T :yapinin zamana bagh olarak yipranmasini tanimlayan endekstir.
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SiSMiIK ENDEKS YONTEMININ UYGULANMASI

Yukarida belirtilen iki bloga sismik endeks yonteminin birinci ve ikinci
seviye incelemeleri uygulanmistir. Eo alt endeksinin hesaplanmasinda
diiktil davrans belirleyen F endeksi hesabinda izlenen yol i¢in bir ornek
Sekil 3 de verilmistir. Bu ornekte goriillecegi iizere incelenen kolonlar
egilme seklinde kirilacag: anlagimustir. Diger bazilarinda ise kirilmanin
kesme kuvveti nedeniyle olusacagi ortaya gikmaktadir.

Birinci ve ikinci blok ile ilgili olarak x ve y yonlerinde birinci ve ikinci
seviyede yapilan hesaplarin ozeti ve I, degerleri Sekil 4 ve 5 de
verilmigtir.

{ilkemizdeki betonarme yapilarla ilgili belirli bir I,, karsilastirma endeksi
secilmesi igin Japonya’da uygulanan yontem esas alinmigtir. Buna gore
birinci seviye inceleme icin E, alt endeksi 0.8, Z bdlge endeksi 1.0, G
zemin endeksi 1 ve U yap1 6nem endeksi 1.5 alindifinda I, = 1.2
olmaktadir. Bu durumda her iki blogunda depreme karsi .giivenligi
siipheli- olmaktadir. fkinci seviye igin E, alt endeksi 0.6 alindiginda da
I,= 0.9 oldugundan her iki blogunda bu seviyede giivenligi siipheli
'olm'aktadlr. Bundan sonra cercevelerin mukavemet ve diktilite
bakimindan incelenmesi olan ligiincii seviye incelemedir. Incelenen
bloklarin ¢oktiigii gozoniine alinirsa hesaplanan endekslerin yapida yeterli
giivenligin olmadigim belgeledigi distiniilebilir.

- SONUC

Gerek kaynak [2] de ve gerekse bu caligmada elde edilen endekslerin
degerlerinin diisiikligii bu yontemin uygulanabilirligini gdstermektedir.
Kaynak [2] de incelenen bina yine Erzincan Depreminde agir hasar
gormils bir binadir ve birinci seviyede en diisiik endeks 0.30 ve ikinci
seviyede ise en diisiik endeks 0.57 olarak hesaplanmugtir.

Bu nedenlerle Sismik Endeks Yontemine gore yapilarin deprem
giivenliklerinin saptanmast igin L, kargilastirma endeksinin hastane ve
okul gibi birinci derecede 6nemli yapilarda birinci seviye igin 1.2 ve
ikinci seviye igin ise 0.9, konutlarda ise bunlarin 1.0 ve 0.75 alinmas
uygun goriilmektedir. Bu hususlarin daha saglikli belirlenmesi igin
caligmalar devam etmektedir.
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Birinci seviye incelemesinde kolon veya perdelerin yalniz mukavemetleri
gbz Oniine alinmaktadir. Ikinci seviye incelemesinde ise yatay yiik
tagtyic1 elemanlarin hem mukavemet hem de diiktiliteleri hesaba
katilmaktadir. Bu incelemede yapinin sismik endeksinin hesabinda nemli
bir rol oynayan E, alt endeksi, tasima giicli ile hesaplanan C ve
diiktiliteyi ifade eden F endekslerinin ¢arpilmasiyla hesaplanmaktadir. C
ve F endeksleri yapinin gergeve veya perde-cerceve sistemi olusuna, kisa
kolon bulunmasina bagh olarak degisik bagintilarla hesaplanir. Yapinin
tastyici sisteminin planda ve kesitteki 6zellikleri bir parametre olarak her
iki incelemede de gdz oniine alinmaktadir. Elde edilen bu I, endeksi I,
kargilagtirma endeksi ile kiyaslanir. Bu endeks ise

I,b,=E.Z.G.U 2

bagintisiyla hesaplanir. Burada,

E, : temel sismik kargilagtirma endeksi ( birinci seviyede inceleme igin
0.8 ve ikinci seviye igin ise 0.6 alinmaktadir).

Z : bolge endeksi,

G : zemin endeksi (zemin-yap: etkilesimi, zemin biiyiitmesi veya arazi .
topografyasi ile ilgili ¢arpan),

U : yap1 6nem endeksidir.

Binanin ilk elemeyi gecebilmesi igin I, > I, olmaldir.

Ulkemizde de kullanilabilinmesi igin I,, endeksi icin bazi degerler
olusturulabilinmesi amaciyla bu ¢aliyma yapilmigtir. Yontemle ile ilgili
daha once bazi ¢aligmalar yapilmistir [1,2]. Bu ¢alismada ise 13 Mart
1992 Erzincan Depreminde bir blogu ¢oken, diger blogunun zemin kati
¢Oken ve Ugiincli blogu agir hasar goren Askeri Hastanenin deprem
givenligi sismik endeks yontemiyle incelenmigtir.'

ASKERI HASTANE BINASININ YAPISAL OZELLIKLERI

Bu caligmada askeri hastanenenin incelenen kisimlar1 birbirinden
dilatasyonlarla ayrilmig {i¢ bloktur. Birinci blok olarak adlandirilan kisim
deprem sirasinda ¢oken kistmdir. Ikinci blok olarak adlandirilan kismin
ise zemin kat1 ¢okmiistiir. Bu ikinci bloga komsu olan aym ozellikteki
blokta ise agir hasar olmustur. Bu bloklara ait tipik kat planlart Sekil 1
ve 2 de gosterilmisgtir.
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1. BLOK

iINCELEME

435

JINCELEME INCELENEN E, G|Sy| T Io
SEVIYESi YONU KAT ' :
4.NORMAL | 0,551334]1,00]0,82}1,00] 0,452535
3.NORMAL | 0,298639] " [0,82] " | 0,245123
2.NORMAL | 0,336832] " [0,82] " | 0276472
X 1.NORMAL | 0,277886] " |0,82] " | 0,228089
ZEMIN 0,24701] " fo,82] " | 0,202746
1. BODRUM 0,340145] " 10,82] " | 0,279191
4 NORMAL 0,78762] " 11,03] " 1 0,808098
3.NORMAL | 0,426627] " [1,03] " 0,43772
2.NORMAL | 0,310274] " |1,03] ".] 0,318342
Y 1.NORMAL 0,39698] " 11,03} " | 0,407302
ZEMIN 0,352871] - " ]1,03] " | 0,362046
BODRUM 0,485921] " {1,03] " [ 0,498555
4.NORMAL | 0,544358] " [0,90] " | 0,490093
3.NORMAL | 0,396133] " [1,00] " | 0,396272
2.NORMAL | 0,350882] " Jo0,90] " | 0,315905
y X 1.NORMAL | 0,384372] " ]0,90] " | 0,346056
ZEMIN 0,385] " |1,00] " [ 0,385134]
2. BODRUM 0,5505] " Jo,90] " | 0,495624}
4.NORMAL | 0,966079] " [1,00] " | 0,966417
3.NORMAL | 0,433071f " |1,11] " | 0,481358]
2.NORMAL | 0,240758] " [1,11] " | 0,267603
Y 1.NORMAL | 0,407823] " [1,00] " | 0407966
ZEMIN 0,307279] " [1,11] " 0,34154
BODRUM 0,45063] " [1,00] " | 0,450788
Sekil 4



2.BLOK

INCELEME|iINCELEME|INCELENE E, |G|So| T lo
SEViYESi| YONU KAT

CATI 0.204[1,00]1,14] 1,00] 0,232594

2NORMAL | 0.1737] " [1,20] " | 0,208403

3NORMAL | 0.1282] " [1,20] " | 0,153806

X lonormaL | 0,1634] " ]1,20] " | 0,196098

T NORMAL | 0.1400] " [1,20] " | 0,169087

ZEMIN 0.1287] " |1.20] " | 0,154485

1. BODRUM 0,208 " |1.20] " | 0,249652
CATI 0.204] " 0,97 " | 0,198868

4NORMAL | 0,2481] " [1,20] " | 0,297719

3NORMAL 1 0,1831] " {1,20] " ] 0219722

Y |2normaL | 0,1447] " J1,20} " | 0.173608
TNORMAL | 0,2013] " [1,20] " | 0,241552

ZEMIN 0,1839] " |1,20] " [ 0,220693

BoDrRUM 1 02692 * |1,20] " | 0,323051

CATI 0.3508] " |0,95] " | 0,332438

2NORMAL | 0.2077] " [1,20] " | 0,357274

‘ 3NORMAL | 0.2214] " [1,20] " [ 0,265702

X  |2norwmaL | o,1856] " |1,08] " | 0,200477]
TNORMAL | 0.1557] " [1,20] " ] 0.186837

ZEMIN 0183] " |1,20] " | 0,21964

2. sobrRuM | 0,1835] - " [1,20] " | 0,220244
CATI 045 * |0,98] " | 0,438919

4 NORMAL | 0.2561] " |1.20] " ] 0,307348

: 3NORMAL | 0.1573] " [1,20] " ] 0,188796

Y |2normaL | 0,1515] * |1,08] “ | 0,163661
TNORMAL | 0.23g8] " [1,20] " | 0,287719

ZEMIN 0.2393] " [1,20] " ]0,287117

BODRUM | 0,2916] * [1,20] " | 0,349967
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THE BEHAVIOUR OF SOME PRECURSORS BEFORE
SOME STRONG EARTHQUAKES OCCURRED 1IN
- ALBANIA AND SURROUNDING AREAS
ARNAVUTLUK VE CEVRESINDE
BAZI BUYUK DEPREMLERDEN ONCE GORULEN BELIRTILER

Veronika Pegi *
ABSTRACT

Based on the historical and instrumental data, we
shall describe an attempt related to the earthquake April
15, 1979 M;=7.2 in accordance with the seismic gap concept
as second kind.

"b" coefficient variation according to Gutenberg-
Rlchter s formula are presented for the period before some
moderate earthquakes of Albania as the earthquake of Novem-
ber 16, 1982, M;=5.5 (in the Central and Western part ) and
January 9, 1988, M;=5.4 (in Tirana region). The variations
of "b" coefficient are very significant before each event.

The alternation of Vp/Vs changes before and after the

. earthquake April 15, 1979 are shown for 245 foreshocks and

aftershocks.

The identification of this anomaly before these strong
earthquakes fit well with the studies of other authors for
precursors before the earthquake of April 15, 1979 includ-
ing the change of the Radon contents as well.

1. SEISMICITY QUIESCENCE AS A PRECURSORS PATTERNS

As known, earthquake prediction remain still a very
difficult problem for complicated processes are related to
this phenomena. But, the seismicity patterns and related
observations “are ones among many precursors for stronz
earthquakes.

_ Based on the historical and instrumental data for the
period 1901 - 1970, M>5.0 (Balkan Map) and 1971-1978, M>4.0
of the area 41°-43°N, 18°-21°E (see fig. 1.a,b) it seenms
clear the drop of the seismicity in this area. According to
some studies for various seismicity patterns before strong
events which occurred or will probably occur in the studied
area [Papazachos,B.C.1980] and to Mogi (1969) concept where
gap of the second kind are associated with reduction in

1 Veronika PEQGI Seismological Center, Tirana, Albania
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number of smaller magnitude earthquake [Marza,V.1981], we
can say that the April 15, 1979 earthquake with M;=7.2 is a
seismic quiescence pattern, seismic gap of the second kind.
It may be noted that this earthquake took place in the
middle of this area (Kotor-Budva in Dalmat coast and Kepi i
Rodonit in Albania), [Kociaj,S.1983].

According to studies for the seismicity of Balkan
region, the magnitude of this earthquake is the same range
with the maximum expected magnitude (6.5-7.0) for this
area, {Fournier,D.A. 1979, Kociaj,S.1983,
Papazachos,B.C.1992]. Some studies for the ©preseismic
quiescence before large earthquakes have been reported
too, [Karakaisis,G.F., etc. 1987; etc.]. So, we have
accepted that the characteristic of the seismic pattern in
the April 15, 1979 earthquake is in fair accordance with
the concept for the seismic gap of the second kind [Mogi,
1969, Utsu, 1968, Marza, 1981].

The concept of the seismic quiescence are used in
other our studies, as well as, in April 15, 1979 earthquake
and November 30, 1967 with ML=6.6.[Kociaj, S.1976,19831.
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Fig.1 a,b. The distributions of the epicenters for
‘ 41.,0°-39.0°N, 18.0°-21°E, for period
a)1901-1970 (M>5.0) b)1971-1978 (M>4.0)
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2. THE VARIATIONS OF "b" COEFFICIENT

We have mainly seen "b" coefficient variation accord-
ing to Gutenberg-Richter’s formula, which is considered as '
an important seismotectonic parameter and considered in
more studies as an earthquake precursors as well as in
April 15, 1979 earthquake [Kociaj,S. Peci,V.,, 1983].

On November 16, 1982 an earthquake of M, = 5.5 hit the
departments of Fieri 'and Lushnja situated in the Central
and Western part of Albania. The variation of "b" coeffi-
cient is studied about 2 years before this shock took
place. The changes of this coefficient is very significant
in this case. Before the earthquake took place it decreases
and just at the eve of the shock takes its normal value
[Pegi,V.,etc.1987].

Another earthquake with magnitude M,=5.4 occurred in
Tirana zone on January 9, 1988. This event have been stud-
ied too, [Sulstarova, etc. 1988]. The variation of "p"
coefficient in this earthquake is significant [Peci, V.
1989]. In case to have a good assessment about the varia-
tions of "b" coefficient as an precursors, we have study
too, the seismic activity for the area with coordinates
40.75%-41.75°N and 19.25°-20.25°E for the period 1976-1988.
They estimated the catalogue to be complete and homogeneous
for M>=2.5,

The earthquake of November 16, 1982 situated in the
south part of this area. After this shock, the seismic
activity concentrated in the north part, where on November
21, 1985 after tree years of the first earthquake another
one occurred in Kepi i Rodonit zone with magnitude M;=5.2
(see fig.2). In the middle of this area, on January 9,
1988, exactly after tree years against an earthquake with
magnitude M;=5.4 hit the Tirana zone. The variations of "b"
coefficient for this area shows clear that, before the each
shock took place it takes the lower value than the average
of this parameter for hole our territory. In the eve of the
shock, this value have tendency to grow up (see fig.3).

To relate this phenomena with the development of the
seismic activity, we have show too, the seismic regime
parameters for this area for the period more than ten years
see fig.3, [Pec¢i,V. 1989]. In this situate we can say that,
the variation of some parameters for the studied area, are
very significant.
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Fig.2 The distribution of
40.75%-41.75°N, 19.25°-20. 25%F for
period 1977-1988 (ML>2.5

the epicenters for
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3. Vp/Vs IN THE APRIL 15, 1979 EARTHQUAKE (ML=7.2)

According to many observations in world this ratio
changes before strong earthquakes. This phenomena is relat-
ed to the earthquake physical model but there is not found
any acceptable solution for all opinions yet. However,
efforts are still in course this ratio may estimate.

This ratio is studied only for April 15, 1979 earth-
quake considering 245 foreshocks and aftershocks recorded
from 6 seismological stations of our network situated at
the Eastern and Southeastern part of its focal zone. The
evaluation is carried out making use of two methods (Wadat
and Smith) [Peg¢i, etc., 1988]. This ratio .calculated for a
short period: January 1979 - 19 April 1979 (foreshocks and
aftershocks of April 15, 1979 earthquake).

During January 30, 1979 - April 9, 1979 Vp/Vs is
stable (1.92) but it doesn’t mean that this value is its
average one for the period before this strong earthquake
(April 15, 1979) take place (fig.4). As we cannot estimate
this ratio before this period, for we lack the fiecessary
data, the variation of this ratio from its average value
isn’t known, but, therefore, there is noticed a tendency.
From April 9 up to the eve of the main shock there is
observed a decrease of this ratio, and then it takes its
maximal value up to 2.1. Just at this time took place the
earthquake (M=7.2).

The identification of the anomaly before of this
strong earthquake fit well with some different studies
[Sulstarova, E., 1983; Kociaj, S.1983; Peterschmitt, E.1983
etc.] for this earthquake, as well as with the anomalies of
"b" coefficient, [Kociaj. S, Peci. V. 1983], the alterna-
tions of Vp/Vs ratio [Peci. V, 1990], with the anomalies
in the Radon content of spring water of Warmbad Villach in
Austria [Friedman,H. 1985] etc.

We show an attempt related with behaviour of some
precursors before some strong earthquakes but, we are o!
the opinion that the studies of earthquake prediction nees
common efforts of all scientists.
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ISTANBUL YORESI ICIN DEPREM RiSKi, SPEKTRUMLAR
VE BU SPEKTRUMLARLA UYUMLU DEPREM iVME
KAYITLARININ URETiLMESI

SEISMIC RISK ANALYSIS FOR ISTANBUL AND GENERATION OF
SYNTHETIC EARTHQUAKE TIME HISTORIES COMPATIBLE WITH
THE DESIGN SPECTRUM

Beyza Taskm1 , Zeki Hasgﬁr2

SUMMARY

In the first part of this study, a seismic risk analysis for the structures, which will
be projected in Istanbul is made. The peak ground acceleration value is used as the
ground motion parameter and the probability of exceeding is calculated.For this, a
200x380 km* zone, which is bordered across 25.90°~31.05° Eastern meridians and
39.95°~41.35° Northern parallels is taken and the recent earthquake events taking
place in the period 1901-1986 are collected.

After specifying the types of earthquake sources as point, line and circular
sources, the next step is to calculate the probability distributions of these earthquake
magnitudes and to establish Gutenberg-Richter recurrence relations of magnitudes and
their frequencies in time. As the next step, the attenuation relationship offered by
Esteva, Rosenblueth and Kanai is taken and the probability of the maximum ground
acceleration to be greater than a specific value is obtained according to the assumption
of the occurance of earthquakes in time as a Poisson process. Using the tables offered
by Katayama, Iwasaki and Saeki, the predicted absolute acceleration response spectral
amplitudes for given natural periods and damping factors are calculated and
acceleration response spectra versus period curves are obtained for 5 and 15% annual
exceeding probabilities and for two types of soil such as tertiary or older rock and
dilivium with H>10m or alluvium with H<10m.

The concept of the second part of this study is to generate a time history,
compatible with the design spectra. Following the method developed by Lilhanand
and Tseng and also by Watabe and Hirasawa small corrective time history is added to
the original time history at each step, then the original time history and the resultant
maximum response can be approximately evaluated by the sum of maximum
responses to the original and corrective time histories. As it is clear, the simulation of
earthquake ground motions is made in time domain.

1979 Dursunbey earthquake's acceleration record of East-West component is
used to apply this method for Istanbul in this study.

! Aras.Gor., L.T.0., Ingaat Fakiiltesi, Maslak, Istanbul
2 Dog.Dr., 1.T.U.,Ingaat Fakiiltesi, Maslak, Istanbul
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OZET

Istanbul ve yoresinin 1901-1985 arast 85 yillik deprem ge¢misi degerlendirileren
ilk asamada Kuzey Anadolu Fay hattimin batiya uzanan kuzey ve giineyindeki
kollarinin ¢izgisel kaynaklari ile, Bursa ve Canakkale dolayindaki nokta ve alan
kaynaklarin Istanbul iizerindeki toplam etkisiBayes'ci bir yaklagimla incelenerek ve
Esteva'ya ait azalim iliskisi kullanilarak, belirli ivme diizeyleri igin deprem risk
degerleri elde edilmistir.

Ikinci asamada, Katayama yOntemiyle, kayalik ve saglam zeminler i¢in tasarim
spektrumlari, belirli peryodlarda, %5 ve %15 asilma olasiligy igin, %5 séniimlii ivme
spektrum degerleri belirlenmis ve bunlara diizlestirme uygulanak hedef spektrum
degerlerine ulagilmistir.

Ugiincli  adimda, hedef spektrumlaryla uyumlu, zaman alanminda ardigik
yaklagimla bir deprem verisinin, belirli peryod igin zaman kaydinda kiigiik artimlarla
diizeltilmesini esas alan Lilhanand ve Tseng'in yontemine kosut olarak deprem ivme
kayitlarmmin tiretilmesine gidilmistir.

ISTANBUL iCiN sisMiK RiSK ANALizi
istanbul ‘u.Etkileyen Kaynaklarin Belirlenmesi

Istanbul ve gevresinde insa edilecek yapilarin projelendirilmesinde gozéniine
alinmas: gereken deprem tehlikesinin niceliksel olarak belirlenmesi dogrultusunda,
sismik risk analizi yapabilmek igin 25.90°~31.05° Dogu boylamlar: ile 39.95°~4].35°
Kuzey enlemleri aras1 yaklagik 200x300 km? lik bir alan belirlenmistir. Bu bolgede
1901-1986 yillar1 aras1 meydana gelmis gegmis depremler, adetleri, odak derinlikleri
ve manyitlid degerleri toplanmistir. Daha sonra tiim veriler, Istanbul bolge haritas:
Uizerine islenmis ve kaynak tipleri belirlenmistir. Bu galiymada manyitiid degerinin alt
siirinin 4.6 olarak belirlendigi de gz Sniinde tutularak, sonugta 5 adet nokta, 9 adet
¢izgi ve 4 adet alan kaynak tespit edilmistir (Sekil.1).

42
AL6<MM<50 8:50<m<60

1 «60<m<70 ©:m<8P

..\--alu tapsat
C=glegl kayaat
A1 N-aekta taysab

49

Sekil. I-Istanbul bdlgesindeki deprem kaynak tipleri
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Manyitiid-Stkitk Iligkisinin Belirlenmesi

Manyitiid-Siklik  iligkisinin belirlenmesi igin, tlim nokta, ¢izgi ve alan
kaynaklarda meydana gelmis depremler alinarak , yillara gére en biiylik manyitlid
degerleri M 44, ortalama odak derinlikleri c, merkeze olan uzakliklart R ve birim
zamandaki (1 yil) ortalama deprem sayilar: » elde edilmis ve bu verilere Gumbel'in [1]
gelistirmis oldugu extrem degerler metodu uygulanarak regresyon analizleri
yapilmistir. Buna gore yillik maksimum siddetli deprem manyitiidlerinin daglllml;”

G(M)=e ~aexp(-M) (1)

bagntistyla hesaplanmaktadir. Deprem manyitiidii M'yi, bir yildaki tim depremlerin
adedi N'ye baglayan;

logN=a-bM (2)

bagintisi ayni amagla Gutenberg-Richter tarafindan [2] gelistirilmistir. Burada;

G(M): Bir yilda manyitiidii M'den biiylik depremlerin asilmama olasiligi,

M : Deprem manyitiidii

N : Manyitiidii M veya daha biiyiik depremlerin bir yildaki sayisi

a,B : Sirasiyla bir bdlgede olusacak depremlerin toplam sayisina ve bdlgenin tektonik
yapisina iligkin bilgileri yansitan regresyon katsayilaridir.

(1) ve (2) bagntilar arasindaki matematiksel ifade ise;

«=108 ; B=blnl0 (3)
N=aeBM ()

seklindedir. Buna gore (2) bagntisindaki regresyon katsayilari gesitli kaynak gruplan
igin hesaplanmistir. Manyitlid-Siklik iligkileri dogrusal, ikili dogrusal ve parabolik
tipte ifadelerle olugturulabilir [3]. Bu galigmada ise Tezcan, Acar ve Civi [4], Hasglir
-[5] ve Numanoglu'nun [6] ¢aligmalarinda oldugu gibi dogrusal manyitiid-siklik iliskisi
alinmistir ve sadece Kuzey Anadolu Fay Hatti ve bunun kuzeyindeki kaynaklarn
etkilerinin sonuglarindan bahsedilecektir. Deprem olmayan yillar igin M,y;, degeri
ile bir sonraki yilin deprem manyitlidiinlin aritmetik ortalamast alinarak yapilan
hesaplar Tablo.1.'de goriilmektedir. '

~ Tiim bu hesaplar bir yildaki maksimum depremler yerine, kendilerini T yilda
tekrarlayan depremler igin yapilirsa (4) bagintisimin ;

N=oT,e BM = G = -In(e -a-Trexp(-BM)) (5)

sekline doniigecegi gorilmektedir.

Diger yandan ekonomik omrii Tq yil olan yapilarn &miirleri boyunca
kargilasabilecekleri M veya daha bliyllk manyitidlii depremlerin meydana gelme
thtimalleri;

Rg=1 - e~ Td-exp(-BM).....(6)
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Tablo.1-40.5° Enlemi kuzeyindeki depremierin regresyon analizleri

M i £-4/(r: 1) GO N-In(G) ) - 10f
4.6 21 028 0.25 1.286 0142
I, i oth o 0897 0550
73 7 508 075 NIE) 0147
K 7 507 5] 0678 [N
) B 007 K3 KR 5764
X T a7 570 0357 SAaT
) 3 o0 0] 0329 58
A 1 ool L] IR 0507
53 3 507 580 0223 )
3 7 5o 087 0198 5703
37 3 006 088 0128 5893
) 1 o X T073 Ti37
3] 1 [ 51 0062 208
6.6 1 0.01 095 0.051 -1.292
X 7 o1 Be Toa1 T3%7
X 7 ] 557 0030 7T
7 T Bol 058 3070 699
73 i Tl T (O 7000

0 [ | B=biblo " R

7008 % 671 J} Eé?z % 1557 } 110103

ifadesiyle elde edilir. Bu ifadeler, tekrarlanma peryodu T, yil olan bir deprem igin
diizenlenir ve ifadede listel fonksiyon serisinin ikinci ve daha {list dereceli terimleri
ihmal edilirse;

bagmtisina ulasiir.  Burada Ry, yillik risk degerini gostermektedir. Dolayisiyla
Istanbul igin gesitli y1llik risk ve tekrarlanma peryodlarina karsilik alinmis 30,50,75 ve
100 yilik yapt Omiirlerine denk dilisen risk degerleri hesaplanarak Tablo.2'de
gosterilmistir.

Tablo.2-Ekonomik Omrii T4 Yil Olan Yapilardaki Riskler

; 30l | 50 yil
Rd__ 0,992 ] 0.999
—Normal Yaglar o R=210
[N 30 yil | 50 il
Rd 0.96 1 0.99
| d
30 yil | 50 yil T I5yd | 100 yil
0.79 1 0.9 L 098 ] 0.99
Ek ik Omiix (Td) .
30 yal | 50 yil | 75 yil I 100 yil
0.26 1. 040 | 0.53 1 0.63
ax i Be=%05 o Te200wl g .. . M9
Ek ik_Omiix (Td)
30 yil | 50 yil | 75 yil nmi 100 yit
0.14 1 0.22 I 0.31 | 0.39

Azalim Iliskisinin Belirlenmesi
Azalim iliskileri, kuvvetli zemin hareketini, deprem kaynagi, boyutu, yayildig

ortam ve yerel zemin kosullarini karakterize eden parametrelerin temsilcisi olarak en
uygun ve gozlemsel yolla gikarilan islevlerdir [7]. Bu anlamda, M=m manyitiidlii bir
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uygun ve gdzlemsel yolla gikarilan islevlerdir [7]. Bu anlamda, M=m manyitidlii bir

depremin, R=r odak uzakhgmdaki yeryiiziiniin bir noktasinda yaratacagi en bilyiik

zemin hareketi parametresi, Esteva, Rosenblueth ve Kanai tarafindan [8] &nerilen;
y=b1'eb2'M-(r+c)'b3 ..... 8)

olarak benimsenmis ve galigmada gbzlemsel sabitler Tiirkiye verisine uygun tutulmak

suretiyle;

y=5000-¢0-8M.(r+25)-2.. (9)

ilviskisine ulagilmistir. Bu ifade, Shah ve digerlerinin 1975 yilinda 6nermis oldugu;
y=5000-¢0-8M.(r+40)-2.....(10)

ifadesine oldukga yakindir. Bu g¢alismada c¢ gozlemsel sabitinin 25 alinmasimin

sebebi, Istanbul igin incelenen deprem kaynaklarimin sig odakli olmasidir. (9)
. iligkisinin Tiirkiye 6lgiimlerine [9] olan uygunlugu ise Sekil.2'de goriilmektedir.

1

® ‘Tiukiye Verisi M<S

o Titkiye Verisi SeM <6
A Tiitkiye Veiisi 6 M <7
0.1

——— s s M=4.5
—e— . M=5
KoKW ofme o M=06
OO0 s =y M=T7

lvme(g)

© y=5e0uch8M(pg0)-2

001

_ 10 Uzakhik(km) 100

Sekil.2-Azalm Higkisi - Tiirkiye verisi .
Genel Sismik Risk Analizi

Depremlerin zamana gére olusumlari rastgele bir igleyim olarak alinmaktadir
[10,11,12]. Bu galigmada, gegmiste gozlenen depremlerle ilgili verilere dayanarak
Istanbul igin gelecekte beklenebilecek yer sarsintilarinin genliginin Onkestiriminde
Poisson modeli esas.almmigtir. Diger bir deyisle herhangi bir anda olabilecek

~
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depremin gegmis ve gelecek depremlerle etkilesim igerisinde olmadigi kabul edilerek,

t zaman diliminde, M>M manyitiidlii N sayida deprem olma olasiligs;
Pr(N=n|»,t)=e"t-(t)n!.....(11)

dagilim: hesaplara esas tutulmustur. Istanbul'u gevreleyen etkin sismik kaynaklar

saptandiktan sonraki asama bu kaynaklarin yaratacagi en biiylik zemin ivmesinin

belirlenecek bir zemin ivme degerini agma olasihigim saptamaktir. Bu olasilik;

ifadesiyle hesaplanmaktadir. Burada;
s : Sismik Kaynak sayisi,
v :1isayili kaynakta olacak depremlerin yillik ortalama sayisi,

i : 1. kaynakta en biiylik zemin ivmesinin belirlenmis bir y degerini asma olasilig,
? : En bliylik zemin ivmesi rassal degiskeni, '
y  : Mukayese edilen belirli ivme degeridir. .
(9),(11) ve (12) nolu bagmtilar 15181 altinda Yiicemen tarafindan [7] hazirlanmig
"Sismik Risk Analizi" adhh program kullanilarak Pr(Y>y)  olasiliklan
hesaplanabilmektedir.

Istanbul igin belirlenmis kaynaklarda yillik sismik risk degerleri program
yardimiyla 5;10;20;50;100;150;200;250;300;350;400;45_0;500;550;600;650 cm/sn?
ivme diizeylerine karsilik hesaplanmis ayrica kargilagtirma yapilabilmesi igin cesitli
kaynak gruplarinin ayn ayri etkileride hesaplanmigtir [13]. Daha sonra Istanbul
bolgesinde yillik deprem riskleri sirasiyla énemli ve normal yapilardaki risklere kargi
gelmek lizere 6.43 ve 5.69 manyitiidleri igin ivme davranis spektrum egrileri, %5 ve
%15 asilma olasiliklar1 altinda- Katayama ve digerleri [14] tarafindan gelistirilen
metod ile elde edilmistir. Bu ydnteme gore; :

SA=afi (T,h)-T4(T,h)-f,(T,h).....(13)
seklinde hesaplanmaktadlr. Blirada; ,

~ a : Ortalama-degerlerin agilma olasiligina bagli katsay:,
fm: Manyitiide bagl faktor, ’ '

fd : Deprem odagina uzaklik faktorii,

fs : Zemin cinsi faktorii, v

T : Tek serbestlik dereceli sistemin dogal peryodu (sn),
. h : Tek serbestlik dereceli sistemin séniimii (=0.05),
SA: Ivme davranig spektrumudur. '

- Bu ¢ahymada, deprem odagina uzaklik faktorii en yakin kaynagn Istanbul'a
uzakhigimin 19 km olarak hesaplanmai sonucu tablolardan okunmustur. Kayalk ve
saglam olmak ‘izere iki.ayr tipteki zemin cinsi igin hesaplanan ivme davrans
spektrumlarinin, ~ diizlestirme  (smoothing) islemi  sonucundaki degerleri
Sekil.3,4,5,6'da goriilmekteds.
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iSTANBUL ICiN BELIRLENEN HEDEF SPEKTRUMLARINA UYGUN
YAPAY DEPREM IVME KAYDI URETIiLMESI

Uygulanacak Yontem

Bu boliimde, Lilhanand ve Tseng [15] tarafindan gelistirilmis olan ve zaman
alaninda gok soniimlii kargihik spektrumuna uyumlu yapay deprem ivmesi iretilmesi
amaglanmistir.  Zaman alaninda yapay deprem ivmesi liretilmesi, Watabe ve
Hirasawa tarafindan onerilrn karsilik spektrumunun olustuu anan zaman gegmisi
{izerinde yapilacak kiigiik ivine zaman kaydinin eklenmesi ile bozulmayacag: sonucu -
dogrultusunda gergeklestirilmistir [16]. lvme spektrumu deBerindeki kiiglik bir
degisim R (w;;By), baslangigtaki ivme kaydi a(t), {izerinde sa(t) blylikliglindeki kiigiik
ayarlama ile i'inci dogal frekans ve k'mec1 séniim igin; :

4
6Rik=6R(wi;Bk)=(§ sa(t)-hy(t-nd7..... (14)

iliskisi igerisindedir. Burada;
wj - Spektral frekans,
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By  : Spektral séniim
hik(t): wi frekansh, Bk soniimlii tek serbestlik dereceli sistemin birim impuls
ivine fonksiyonu

t; : Deprem siiresi,
T : Zaman araligidir.

(14) nolu ifadede, belirli olan 6R(w;;By) degeri igin bjl ¢ozlilerek;

MN
sa(ty=x- X bjfjy(t).....(15)
Jors

bagmtisiyla hesaplanan éa(t) degerlerine ulasihr. Burada sa(t)nin MxN boyutundaki
lineer kombinasyonundan ve biribirinden bagimsiz f}l(t) fonksiyonlarindan olustugu
kabul edilmistir. Dolayisiyla;

t MN
Ry = 05 11ik(ti—1)'f:i|(r).23' % bj1dr.....(16)

haline gelir. 'f:“(t)'nin hjk'ya esit bir fonksiyon olarak segilmesi ve 6R;y ifadesinde;
Cijkl': (g hik(ti-r)'f:i](f)dr (17)

alinmasiyla;
4
Cijkr_-o‘ hik(ti—r)'hj](tj-r)dT (18)

ifadesine ulagihr. Dolayistyla (16) bagintis;
MN
SR = . L L (‘]]kl b]] ..... (19)

haline doniiglir. (19) nolu ifadede bxlmmeyen b; il ¢ozlilerek (15) nolu bagmtldan sa(t)
degerleri ¢oziiliir. Bu sa(t) degerleri, baslanglc ivme deg,erlerl lizerine eklenerek,
hedef spektrumuyla uyumlu deprem ivme deZerlerine adim adim yakhslllr ve sonug
deprem ivme degerleri a(t);

aj(ty=a;_ (O+ea; () (20)

ile elde edilir. lterasyon adimlanmin ¢oklugu gozéniinde tutularak, islem kolaylif:
saglamak amaciyla BENDEP adli bir bilgisayar programi [13] gelistirilmistir.

Dursunbey (1979) Depremi Ile Uygulama Ornegi
Caligmada bahsedilen yontemin 15181 altinda, 1979 Dursunbey depremi Dogu-
Bati bileseni ivme kayitlari temin edilmis ve ilk etapta %5 asilma olasilig: altinda

kayalik zeminlerdeki -Istanbul ivme spektrumu alinarak benzetme igleminde
kullanibmigtir.
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flk asama olarak Dursunbey depreminin ivme karsilik spektrumu ve en biiyiik
ivme degerlerinin olustugu andaki deprem siireleri hesaplanmis ve Istanbul ivme
spektrumu ile arasindaki 6R;y farklart bulunmustur (Sekil.7).

lstm&& v DURSUNBEY
mkm

o Desnbey W 1979

ede! Spch
v et Sk

® 00€ +00 s © ':}" 2 25

Sckil.7-lstanbul ve Dursunbey Ivme Kargilik Spektrumlari

Diger yandan, iki spektrum arasindaki farklarin ozellikle kiiglik peryodlarda
oldukga fazla olmasindan dolay1 8R; ve sa(t) degerleri smrlamnimig ayrica
jraksamalara engel olmak igin ivme degerleri Hasglir'in [17] galiymasinda Snerdigi
gibi manyitiidii 6~7 arasindaki B tipi depremlere uygun bir zarf fonksiyonu ile
garpiimistir.

Bu sekilde elde edilmis olan ivme kayr kullanilarak iterasyon yapilmistir.
fterasyona ozellikle biiyiik peryodlarda saglanan yaklasim sonucunda son verilmigtir.
Ancak kiigiik peryodlar igin yaklasimin hizli oldugu sSylenemez.

SONUCLAR VE ONERILER

Agiklanmis olan galisma ve arastirmalara dayanarak gikarilan sonug ve Sneriler
agagida siralanmigtir.

- Istanbul ve gevresinde en sik olan yillik deprem manyitlidii 4.51 dir.Aym bolgede
yillik maksimum deprem manyitiidlerinin ortalamasi 5.24 diir.Bu ydrede, 85 yillik bir
peryodda meydana gelmesi beklenen en biiylik deprem manyitidi 7.38 dir.
Calismamiza temel olan 1901-1986 yillan arasinda bu manyitiide en yakin degerin
09.08.1912 tarihli ve 7.3 manyitiidlii Miirefte depremi oldugu gozoniine alinmalidir.
[4] nolu kaynaktaki arastirmacilarin galismalarma gbre ayni sonuglar sirasiyla 4.13,
4.99 ve 7.79 olarak bulunmustur.

Ancak burada tizerinde durulmasi gereken bir nokta Richter tarafindan 6nerilen
dogrusal manyitiid-siklik iliskisinin kiigiik ve orta manyitiidli depremlerin sikliginda
oldukga yakin tahminlerin yapilmasina imkan vermesiyle beraber, yliksek manyitiidlu
depremlerin (M>7) olus siklig1 hakkinda yiiksek sonuglar vermesidir.

- Istanbul yoresinde yapilacak normal yapilar igin, kayalik zeminlerde 265 cm/sn?
(=0.27g),saglam zeminlerde 235 crn/snz(—O 24g)'lik bir deprem ivmesi gozonune
alinmalidir.Bu deger Snemli yapilar igin sirasiyla 375 cm/sn? (=0.38g) ve 325 cm/sn?
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(=0.33g) olmalidir. [4] nolu kaynakta ise %10 yillik risk igin kaya ylizeyde 0.23g
Snerilirken %S5 yillik risk igin bu deger 0.26g mertebesindedir. [9] nolu kaynaga gore
arastirmacilarin yapmis oldugu ¢aligmalar sonucunda 50 yillik ekonomik dmre sahip
yapilarin, 475 yillik tekerriir araligina denk diisen sert zemin yer ivme degerleri 29°
DB-41°KE igin yaklasik olarak 0.42g civarinda oldugu goriilmiistlir.

- Istanbul ydresi igin bu galigmada Onerilen azalim iligkisinin Tlrkiye verisine
olduk¢a uyum sagladig: goriilmekle beraber, yerel verilerin azligindan dolay1 bu bdlge
Szelinde ¢ikarilmis bir azalim iligkisi olmadig: dikkate alinmalidir.

Zaman alaninda ¢ok soniimlii karsilik spektrumlariyla uyumlu yapay deprem
ivme kayd iiretilmesi igin galiymada kullanilan yontemde sunlar goze garpmistir.

- Hedef spektrumu ile uygulanan depremin karsilik spektrumu arasmdaki R
farklarinin biiyiikliigii yaklasimi olumsuz etkilemektedir.

- Kullanilan y8ntem ile ivme spektrumu {izerindeki yaklasimla, uzun peryodlarda tam
yakinsama saglanmigtir.

- Hiz yada yerdegistirme spektrumlari s6zde spektrum olarak hesaplanip, ardisik
yaklagimin hiz1 ve yaklagim miktar1 bunlar igin denenmelidir.
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MEKANDA YAYILI ENTERKONEKTE SiSTEMLERIN
DEPREM GUVENIRLIGI

EARTHHQUAKE RELIABILITY OF SPATIALLY
EXTENDED INTERCONNECTED SYSTEMS

M. Semih Yiicemen' ve A. Sevtap Selguk®

SUMMARY

Lifelines such as communication, distribution and transportation systcms arc
interconnected systcms cxtending over large geographical areas. This study aims at
developing a comprehensive probabilistic model for the assessment of the reliability of
lifeline networks under earthquake loads. A lifcline is idealized as an cquivalent
network with the capacity of its clements being random and spatially correlated. The
seismic hazard that the network is exposed to is described by a probability distribution
derived based on past carthquake occurrence data. For the cvaluation of the network
reliability, an cfficient algorithm developed by Yoo and Dco (1988) is utilized. The
methodology climinates the CPU time and memory capacity problems that arc
encountered in large nctworks and considers the length of components explicitly.
Numerical computations are carricd out by a computer program (calicd LIFEPACK)
coded for this purpose and a detailed case study is presented to show the
implementation of the proposed method.

OZET

Candamar (lifelines) scbekeleri olarak adlandirnlan iletisim, dagiim ve ulasim
sebekeleri, genis cografi alanlara yayilmis enterkonckic sistemlerdir. Calismada.
candaman sebekelerinin deprem giivenirligini istatistiksel yontemlerle tahmin etmcek
iizere kapsamli bir modelin gclistirilmesi amaglannustir. Bir candamari scbekesi,
clemanlarimin  dayamumunin rassal ve mekanda bagimli oldugu bir csdeger ag
cizelgesine donistiirilmekte, sistemin maruz kalacagi deprem tchlikesi isc gegmis
deprem  verilerine  dayamlarak  ¢ikartilan  bir  olasthbk  dagihmt  ile
degerlendirilmektedir. Agin depreme karsi sistem giivenirligi bu amagla gelistirilen
bir algoritma ile hcsaplanmaktadir. Sayisal hesaplamalart yapmak iizere gerekli
bilgisayar yazilimlart hazirlanmig ve 6nerilen yontemin uygulamast ayrintil bir érnck
¢aligma ile gosterilmistir,

"Prof Dr., OD.T.U., Insaat Mihendisligi Bolimii ve Deprem Miihendisligi
Aragtirma Merkezi, 06531 Ankara
20pr.Gor., 0.D.T.U,, Istatistik Boliimii, 06531 Ankara
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GiRiS

~ Sismik tehlike ¢alismalarninda ¢ogunlukla baraj. nitklecr gii¢ santrallart ve diger
cnerji dretim tesisleri gibi “merkezi” yapilar géz 6niine alinnus olup., bu merkezlerden
¢tkan ve mckanda yayili olan iletim sistemleri isc genellikle gz ardi edilmislerdir,
Genis bir alana yayilmis olan cnterkonckie sisicmlerin toplam gitvenirligi, merker
tesislerin  giivenirligi yaninda. tim elemanlann  davramsimin da g6z ontinde
tutulmasinit gerektirmektedir.

Son yirmi yil iginde iletisim, dagittim ve ulagim scbekelerinin deprem ctkisi
altinda giivenirliginin istatistiksel yéntcmlerle tahmini ilgi gcken bir konu olmustur.
Bu ilginin bashica nedeni, verlesim merkezlerinde biiviik depremler sirasinda ortaya
¢ikabilecek ikincil felaketlerin dnlenmesi ve deprem sonrast kurtarma f{aaliyeticrinin
ctkin bir bigimde viritilmesinin saglanmastdir. Karayollari, kopriiler. boru hatlan,
cnerji nakil hatlar, haberlesme hatlart. su ve dogal gaz dagiim sebekeleri genis bir
alana hizmct gotiren sistemlerdir. Caligmamizda bu tiir iletisim, dagiim ve ulasim
scbekelerine. candaman  (lifclines) sebekeleri denileccktir. Candaman scbekelerinin
giivenirlik analizinde, scbeke, birbirlerine bagh digim (nodes) ve baglardan (lml\s)
olusan bir csdegicr ap (network) gizgesi ile tasvir edileccktir.

Candaman scbekesini olusturan elemanlarin kapasitelerindeki ve sismik tehliKe
parametrclerindeki belirsizlikler ve rassalliklar géz 6niinde tutuldugunda, candamar:
scbekesinin giivenirlik analizinin olasilik ve istatistik” yontemlerine dayanilarak

vapilmast cn uygun vol olmakiadir. Bu analiz asafidaki agamalari” igermcktedir
(Yuccmcn. 1994): :
() Sismik _tchlikc _analizi: Scbckenin  bulundugu bélgede belirlenen  sismik
kaynaklarda meydana gelebilecck depremler nedeni ile scbeke clemanlarinda
olusabilceck simik viiklerin olasilik dagilimlaninm gikartilmas:.

(1) Davanim analizi: Scbeke clemanlarimin, belirlencn bir gégme (Rnlurc) kriterine
gore deprem yiiklerine dayanumlarinin olasilik dagiluninin ¢rkartilmast.

(iti) Givenirlik analizi: Ongdriilen bir algoritmaya gore ag sistcminin givenirliginin
tahmin cdiimesi.

Candamari scbekclerinin giivenirlii bazt arastirmacilar tarafindan, degisik
sismik tehlike modclleri ve degisik ag analiz. yontemlcri kullanilarak incelenmistir
(6rncgin: Panoussis, 1974; Taleb-Agha. 1977, Barlow, v.d., 1980; Moghtaderizadch..
v.d.. 1982). Ulkemizde ise bu konuda yapilms ¢alismalar ¢ok kisithidir (Sankur ve
Kalyoncu, 1989; Yicemen, 1994; Yiicemen ve Selguk, 1994). Bu arastirmanin baglica
amact, sismik tchlikc altindaki herhangi bir candamart scbekesinin, ag cizgest
scklinde modcllenerck giivenirligini hesaplayacak bir yontem gelistirmek ve bu
yontemi bilgisayar ortamina aktararak savisal hcsaplamalart yapacak bilgisayar
vazilimuni  hazirlamaktr. Onerilen yontemin uygulamas: bir 6rnek galisma ile
gosteriimistir. ‘

SISMIK TEHLIKE ANALIZ MODELI

Sismik tchlikenin bulunmasinda “klasik” sismik analiz modcli (Cornell, 1968)
temnel alinmis, ancak bu model azalim iliskisine ve sismik ctkinlik parametrelerinin
tahminince iliskin belirsizliklerin sonuglara vansitilimast voniinde gelistirilmistir. Soz
konusu modeldceki baslica varsayimlar sévledir (Yiiccmen 1982):
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(ﬁ“’Deprem magmtudlenmn olasilik dagilimi, alt s my ve ist sinir1 m; olan
dogrusal magnitiid-sikhik 1hsklsmden cikartilmistir. Bu sekilde elde edllen olasilik
yogunluk islevi sdyledir:

 fifm)= kPexp(-Bm-mg) . mo <msmy M

Denklem 1’de, k'——-[l-exp(-B(ml-mo))]"l. olup, . birikimli dagilim iglevinin m=m,
deperinde 1.0 olmasint saglayan diizeltme katsayisidir. Deprem magnitiidlerinin iist
siir1, o bolgede beklenebilecck en biiyikk deprem magnitiidii m; ile belirlenecektir.
Magnitiid-siklik iligkisinin egimj P ile gosterilmistir. B degerleri bolgenin tektonik
yapust ile iligkilidir ve sismik etkinligin bir gostergesi olarak kabul edilir.

(ii) Gegmiste gozlenen depremlerle ilgili verilere dayanarak gelecekte beklenebilecek
yer sarsintilarinin tahmini Poisson modeline gére yapilmaktadir. Poisson modelinde
deprem olaylarimin birbirlerinden bagimsiz olduklar1 varsayilarak depremlerin
olusumu zaman uzayinda bir Poisson siiregi- olarak alimir. Poisson siirecinin
parametresi v, incelenen bolgede bir y1l i¢inde meydana gelen magnitidii mo’a esit
veya mg’dan biiyiik depremlerm ortalama sayisini simgelemektedir.

(iii) En biiyik zemin hareketi parametresinin kaynaktan ingaat sahasina olan
azaliminin sdyle oldugu varsayillmistir:

LY =b,e®™r® @

Burada, r deprem kaynaginin ingaat sahasina olan odak uzakhgidir. Uygulamada odak
uzaklipi, r, yerine, degistirilmis odak uwzaklifi, rg , kullamlmaktadir. Genellikle
rg=r+c seklinde alinmakta olup, c sabit bir sayidir. Bu degisikligin amact gdzlemsel
verilerle 6nerilen azalim iliskileri arasinda kiigiik r degerleri i¢in daha iyi bir uyum
saglamaktir. Denklem 2°de, b;, b, ve bs degerleri gozlemsel verilerden hesaplanacak
katsayilardir.

(iv) Depremlerin mekandaki dagilimlarinin gosterdlgl rassallik, gecmis deprem
olaylarinin nokta, ¢izgi ya da alan geklindeki sismik kaynaklarla iligkileri kurularak
modellenmigtir. Bir kaynak u;mde her yerde sismik etkinligin aym oldugu
varsayilmigtir,

Sismik tehlike analizinin QlktlSl belirlenen bir ya da bir gok cografi noktadaki
zemin hareketine ya da deprem biiyiikliigiine iligkin parametreler igin bulunan
olasilik dagilimlart seklindedir. Candamarini olusturan elemanlarin genis bir cografi
alana yayilmis olmalar1 nedeni ile, sismik tehlike analizinin candamar sisteminin yer
aldig1 tiim alan {izerinde yapilmast gerekmektedir. Bir elemana gelen deprem
yikiiniin hesabinda iki degisik yontem kullamlmigtir. Bunlardan birincisinde,
elemanin sismik tehlikeye en fazla maruz oldugu noktadaki sismik tehlike deprem
yiikiine esas alinmigtir. Diger bir deyimle, mekanda belirli bir uzunlugu bulunan
eleman, sismik tehlikenin en biiyiikk oldugu yerde bir nokta elemana indirgenmistir.
Elemanin mekandaki uzunlugunun goéz oniinde tutulmadigi bu model “nokta” eleman
modeli olarak adlandirilmustir. Ikinci modelde ise bir eleman, mekansal korelasyon
~ (spatial correlation) degerine bagli olarak esit uzunlukta dogru pargalarina
bolinmekiedir. Bu sekilde olusan her alt eleman ise dogru pargasinin geometrik
merkezinde yer alan bir nokta eleman olarak degerlendirilmektedir. “Coklu nokta”
eleman modeli olarak. adlandirilan bu modelde, eleman uzunlugu giivenirlik analizine
yansimaktadir.
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ELEMAN GUVENIRLIK MODELI

Elemanlar igin sismik yik (talep) olastlik dagiim belirlendikten sonra, her
elemanin dayanimu igin de bir olasilik dagilimi gikartilmalidir. Bu olasilik dagilumi ag
elemanlarimin  dayaniminda, kullamilan malzeme ozelliklerinden, boyutlardan ve
modelleme hatalarindan kaynaklanan belirsizligi yansitmaktadir, Farkli kaynaklardan
gelen belirsizliklerin dayamima olan toplam etkisi birinci-mertebe ikinci-moment
yontemi (Ang ve Tang, 1984) kullanilarak bulunabilir. _ '

Dayamim ve deprem yiikiine bagli olarak elemamin hasar durumu siirekli bir
hasar gostergesi degiskeni ile tammlanabilir. En basit sekilde ise tam hasar, gocme,
(failure) ve hi¢ hasar gérmeme, kalim, (survival) seklinde iki durum disgiiniilebilir.
Dayanim ve deprem etkisine iligkin olasilik dagilimlart bilindiginde elemamn kalim
olasilig1 bulunabilir. Kalim olasilig, calismamizda giivenirlik olarak adlandirilmstir.
Eger D; ve Y;, i sayihi elemann sirastyla sismik dayanimint (kapasitesini) ve sismik
yikini (talebi) gosteren rassal degiskenler ise, bu elemanin giivenirligi (kalim
olasiligy), Py;: -

Pg =Pr(D;>Y)) 3)
Elemanin gogmesi ise “D; <Y; “ durumunda ortaya gikacaktir ve goeme olasiligi, Py.
Pi=Pr(D;<Y) = 1-Py v €))

olur.

Yukanida agiklanan giivenirlik modeli nokta eleman varsaytmi igin gegerlidir.
Coklu nokta eleman varsayimi igin her eleman, mekansal korelasyon degerine bagh
olarak esit uzunlukta alt elamanlara béliinmektedir. Bu durumda elemanin kalimlig1,
“seri” olarak baglanmus alt elemanlarin timiiniin kalimlihgim gerektirir. Aym
deprem etkisine maruz kaldiklarindan ve dayanimi etkileyen malzeme, iscilik gibi
etkenlerin ayn1 olmasi nedeni ile alt clemanlarin gégme olaylar istatistiksel olarak
kuvvetli bir bagimlilik gosterecektir.

Birbirleri ile baglantih olan m sayidaki alt elemandan olusan bir candamari
elemanin giivenirligini kesin olarak hesaplamak igin veriler yetersiz oldugu gibi,
matematiksel islemler de uzundur. Bu nedenle, ¢oklu nokta eleman modelinde .
asagida verilen alt ve iist giivenirlik simrlarim1 bulmak genellikle yeterli olmaktadir,

m

E’Rij <R; < enjgu%iik R; ~’ ®)
S = :

Alt ve iist givenirlik sirlar, alt elemanlarin gégme olaylarinn, strasiyla, tam
bagimsiz ve tam bagimli oldugu durumlar igin gegerlidir. Burada, R;, i sayil1 elemanin
giivenirligini, R ise i sayili elemanin, j numaral alt elemaninin giivenirligini
gostermektedir.

AG GUVENIRLIK ANALIZI
Elemanlanin giivenirliginden tim sebekenin giivenirliginin bulunmast igin

sebekenin esdeger bir aga doniistiiriilmesi gerekmektedir. Bir ag sebekesi diigim ve
baglardan olusan seti kapsayan bir sistemin sekilsel olarak gésterimidir. Ornegin, bir -
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ulagim scbekesinde, ana yollar, tiineller ve kopriiler baglari, bunlarin birlestikleri
yerler isc diigiimleri olusturur. A giivenirliginin hesaplanmasinda gesitli yontemler
kullamimaktadir. Bunlardan en yaygin olarak kullamlan yontcm gebekenin kiigik alt
sistemlere pargalanmasi ve her alt sistem arasindaki islevscl baglarin aragtiriimasidir.
Yoo ve Dco (1988) ag giivenirlik analizi konusunda yapilmig olan ddrt ayn
algoritmay1 karsilagtirarak galismamizda da kullandigimuz algoritmay: éncrmislerdir.
Bu algoritma bilgisayar hesap siiresi ve hafiza gereksinmeleri bakimindan ctkindir.
Ag giivenirligi probleminde amag her ilintili bagin kalim olasiliginin bilinmesi
kosulu ile herhangi belitli bir ¢ift diigiim arasindaki kesintisiz iletisim olastligini
belirlemektir. Amag. n adet digim ve m tanc bagi bulunan bir scbekede s
diigiimiinden (giris digiimii), t dugiimiine (cikis diigiimi) ulagmaktr. Sebekedeki
diigiimlerin birbirleri ilc olan baglantilan 0 ve I’den olusan gizge G=[g;] ile
gosterilmektedir. g diigiim i ile diigiim j arasinda baglanti olmas1 durumunda 1|
degerini, diger hallerde 0 degerini alan durum degiskenidir. Her bagin gogme ya da
kalim durumunda olmasi m boyutunda olan E=[c;] vektorit ile gosterifir . Burada

e;= 1 isayilibag islcvsel isc 6)
=-1 isayili bag bozuk isc

olarak tanimianmaktadir,

Giristen ¢ikisa giden (s-t) yolunun en kisa olant cn az bag igeren yoldur.
Scbekenin islevsel olmast, kapsadigi alternatif yollarin en az bir tane (s-t) yolu
icermesine baghidir. Genel olarak, diigimlerin gégine tehlikesinden uwzak ve
baglardaki gd¢menin  istatistikscl —olarak birbirlerinden bagimsiz  olduklan
varsayilmaktadir. Buna gore E olayimnun olasihig:

Pr(E) = I1 Pr(e) i=1,2,..,n N
Dcnklem 7°de
Pr(c;)) = Pq ¢= 1 durumunda (8)
=Py ¢= -1 durumunda

olur. En az bir (s-t) yolunu igercn olaylarin kiimesine S dersck, sebekenin giivenirligi,
R, S kiimesi i¢indeki olaylarin kalim olasiliklarimin toplami olacaktr:

R= 2, Pr(S) )

Bilgisayar hesap islemleri makul bir siirede bitemeyecck kadar bityik bir ag goz
oniinc alintrsa, zaman ve islemden kazanmak amact ile program k numarali kalim ve
{ numaralt gogme olaylarimi hesapladiktan ve ag giivenirligi igin su smurlar verdikten
sonra durdurulabilir:

k t
Y Pr(S)<R<I-Y Pi(E) (10)
i=l i=l

Burada F,, F kiimesindeki i sayili gégme olayidir. Mithendislik yapilarinda kalim
olasiliklart yiiksck oldugu igin genellikle alt ve st sinur birbirlerine yakin olmaktadir.

Yukarida agiklanan modeller ve algoritmanin gerektirdigi sayisal hesaplamalart
yapacak bilgisayar yazilimlan hazirlanmis ve bir yazilim paketi halinc getirilmistir.
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Bu yazilim paketinin ilk ana programi olan ve SEIS-HAZ olarak adlandirilan yazilim,
secilen deprem siddet parametresinin herhangi bir coprafi noktadaki olasihik
dagilinini hesaplamaktadir. Bu programin giktisim bir ara program araciliftyla girdi
olarak alan LINK-REL yazilimi, candamari scbekesini olusturan clemanlarin
giivenirligini, eleman dayanim olasiik dagilimim ve diger varsayimlar1 géz oniinde
tutarak hesaplamaktadir. Eleman giivenirlik degerlerini girdi olarak alan NET-REL
yazilimi, Yoo ve Deo (1988) tarafindan gelistirilen algoritmaya goére candamarn
sebekesinin sistem giivenirligini hesaplamaktadir. LIFEPACK adi verilen bu yazilim
paketinin akis semasi Sekil 1’de gosterilmistir.

Sismik kaynak parametreleri;
Kaynak ve candaman gebeke [~ SEISHAZ
konum koordinatlari

Sismik tehlikenin olasthik daglhnnJ

Dayammla ilgili »
olastitk dagihim | + LINKREL
Sebeke birimlerinin bozulma
olasilik dagilimiars
Hintililik izgesi;

NETREL

Ag cizgesi ile ilgili bilgi

l Candamar: gi\vcnirligiJ

Sekil 1 LIFEPACK yazilim paketi

UYGULAMA

Panoussis (1974) ve Taleb-Agha (1977), Boston schri ve civanndaki ana
karayollarinin  olusturdupu  candaman  scbekesinin  sismik  giivenirligini
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incelemiglerdir. Bu ulagim sistemi, Sekil 2’de gosterildigi gibi 18 diigim ve 22
bagdan olusan bir ag ¢izgesi seklinde modellenmistir. S6z konusu galigmalarda amag,
bir deprem sonrasinda N1 diigiimiinden N5 diigiimiine ulasmak olarak saptanmustir.
Burada, aym sebekenin deprem giivenirligi, makalede onerllen yonteme dayamilarak
hesaplanacaktir.

Boston ve civarinda deprem tehlikesi yaratabilecek sismik kaynaklar ve bu
kaynaklar igin gegerli olan sismik parametrelerin degerleri Cornell ve Merz (1975)
tarafindan belirlendigi gibi alinmugtir. Sismik kaynaklarin cografi konumu Sekil 3°de
gosterilmigtir. Caligmamizda deprem siddeti ve ulasim sistemine gelen deprem
etkisinin gostergesi olarak -zemin ivmesi ggcilmistir. Denklem 2’de verilen azalim
iliskisi modeline uyan ve Cornell ve Mer#(1975) tarafindan bu bélge igin onerilen su
azalum iligkisi benimsenmigtir. ‘ :

Y=5600 %™ (r+40)? (11)

- Bu azalum iligkisine ve sismik parametre degerlerine bagh olarak Y’nin olasihik
dagilim herhangi bir noktada elde edilebilir,. Burada ulasim agmmin deprem
giivenirligi “nokta” ve “coklu nokta” eleman modellerine dayanilarak incelenecektir.

Nokta Eleman Modeli

Bu modelde sismik tehlike analizi, her bagda sismik tehlikenin en yitksek oldugu
noktayr bulmak igin bagin gesitli noktalar: incelenerek yapilmaktadit. En yiiksek
tehlikeye maruz kalan nokta belirlendikten sonra o noktadaki sismik tehlike o bag igin
sismik yiik olarak kabul edilir. Diger bir ifadeyle, mekanda yayili bir eleman sismik
tehlikenin en fazla oldugu yerde bir nokta elemana déniistiiriiliir. Candamarim igeren
alamin sismik kaynaklart kapsayan bolge igerisinde kiigitk bir boliim olmasinin
yaninda, bir bagin degisik noktalanindaki gégme olaylarinin kuvvetli bir bagimlilik
gostermesi de, istatistiksel agidan bu modeli dogrulamaktadir.

Baglarin deprem etkisine olan -dayanimlan tek degerli (deterministik) ya da
rassal olarak ahnabilir. Diigiimlerin tam giivenilir oldugu varsayilmugtir. Ilk olarak
her bagin, Taleb-Agha (1977) tarafindan belirlendigi gibi, 0.075g’lik bir yer ivmesi
" tastyabilecek dayanmima sahip oldugu varsayllmstir. Baglarnin giivenirligi igin elde
edilen sonuglar Sekil 4(a)’da sunulmustur. LIFEPACK yazilimu kullanilarak karayolu
sisteminin bir y1llik giivenirligi, R, icin elde edilen alt ve ist sinir degerleri sdyledir:

0.999043 <R <£0.999045 (12)

Aym problem, Panoussis (1974) tarafindan, bag dayammlarinin ortalamast, 1=0.100g
ve standard sapmasi, 6=0.002g olan bir Gauss olasilik dagilimina sahip olmalan
durumu igin incelenmistir. Caligmamizda aymt degerler kullamlarak her'_»bagm
giivenirligi hesaplanmig ve $ekil 4(b)’de gosterilmigtir. LIFEPACK yazilunindan,
yillik sistem giivenirligi i¢in su degerler elde edilmistir:

0.999746 <R <0.999748 | (13)

Tek degerli ve rassal dayanim durumlanim kargilagtirmak amaciyla bag dayamminin
0.075g ortalama degerli ve 0.002g standard sapmali bir Gauss dagilim gosterdigi
durum igin hesaplar tekrarlanmig ve elde edilen bag giivenirlik degerleri Sekil 4(c)’de
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Sekil 2 Boston ve civarindaki ana  Sekil 3 Boston sehri etraﬁhdaki sisthik
karayollar ag cizgesi(Taleb-Agha, 1977)  kaynak bolgeleri (Cornell-Merz, 1975)

0.9790 0.9928 0.9450 . 1
0.9740 0.9928 0.9450
0.9620 0.945 0.9450
0.9670 0.9928 0.9450
0.9505 0.945 0.9450
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0.9902 0.9929 0.9480 K oe
0.9870 0.9944 0.9870 4
0.9770 0.9928 0.9450 5]
0.9740 0.9928 0.9460
0.9770 0.9928 0.9450 :% 0.4
0.9740 0.9928 0.9450 [&
0.9740 0.9928 0.9450 U
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0.9740 0.9928 0.9450
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0.9730 0.9928 0.9450
0.9545 0.9597 0.9450 0 = £ == i
) (a) (b) ’ (c) 5 . 10 50 100 200
ALT ELEMAN SAYIST'
Sekil 4 Bag giivenirlik degerleri Sekil 5 Ag giivenirliginin alt eleman
a) Tek degerli dayanim (0.075g) sayisina duyarliligi ( Gauss; p=0.100g ve
Rassal dayamm (Gauss; L, ©) 0=0.002g )

b) 1 =0.100g, ¢ =0.002g
¢) pu=0.075g, =0.002¢g -
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verilmistir. Bu degerlerc dayamlarak candamari scbekesinin yillik givenirligi, R.
LIFEPACK yazilimindan

0.996252 <R £0.996254 (14

olarak bulunmustur.

Goriildigi gibi Denklem 12, 13 ve 14’de elde cdilen giivenirlik smurlars
birbirlerine cok yakindir. Bag giivenirliklerinin yiksek olmasi ve N1 ve N5 digim
noktalarini birlestiren alternatif ulagim yollarimin goklugu, candamari scbekesinin
sistem givenirliginin de yiksck ¢ikmasina neden olmugtur.  Ayrica, bag
dayammlarinin rassal degisken olarak alinmasi, tek degerli dayamim varsayunina gore
daha diisiik gitvenirlik degerleri vermektedir. Bu fark, dayammdaki belirsizliklerin bir
gostergesi olan dayarim standard sapmasinin artmast il bityiimektedir.

Coklu Eleman Modeli

Bu modelde bir clemamn kalim olasihg alt simirt (Denklem 5), clemamn
boliindiigii parga sayistna duyarh olmaktadir. Bunun nedeni, alt gitivenirlik sinirnnin,
alt elemanlarin bagimsiz olduklan varsaytmina gore alt clemanlarin giivenirliklerinin
carpimina csit olmasidir. Elemanm boliindiigi parga sayisi arttikga, cleman
giivenirligi, dolayistyla da ag giivenirligi azalacaktir. Cahsmamizda alt elemantarin
uzunlugunun, A ile simgelenen mekansal dalgalanma olgegine (spatial scale of
fluctuation) esit oldufu varsaytmustir. A, Vanmarcke (1983) {arafindan rassal
siireclerdeki korelasyon yapisint modellemek igin énerilmis bir parametredir. Fizikscl
olarak, A, sismik kapasite ve yitkiin mekanda kuvvetli bagimlilik gosterdigi mesafeyi
belirtmektedir.

Burada A=1.0 km alinmstir. Gergekic, A’min sismik dayamm ve yitke iligkin
gozlenen verilere dayanilarak hesaplanmasi gerckir. Bag dayanimi i¢in ortalamast ve
standard sapmast sirast ile, 0.1g ve 0.002g olan Gauss dagilimi varsayimi altinda ve
A=1.0 km aliarak yillik ag giivenirligi hesaplanmistir. Alt clemanlarin tam bir
bagimlilik gosterdigi durumda

0.999767 <R £0.999769 (15)

bulunur. Tam bir bagimsizlik durumunda ise, alt ve ‘iist giivenirlik sinirlan aynmidir ve
R=0.994130 olur. Candaman scbekesinin giivenirliginin, clemanlarin béliindiigii alt
eleman sayisina duyarliligt Sekil 5°de gosterilmistir. :

SONUC

Mckana yayili enterkonekte sistemlerin deprem giivenirliginin degerlendirilmesi,
tek bir yapin deprem giivenirliginin degerlendirilmesine nazaran daha karmagtk
olup, onemli farkliliklar igermektedir. Calismada, candamari sebekcelerinin deprem
giivenirligini istatistiksel yontemlerle tahmin etmek iizere bir model gelistirilmis ve
modelin gerektirdigi sayisal hesaplamalari yapacak ve LIFEPACK olarak adlandirilan
bir-yazihm hazirlanmigtir. .

Candamari sebekelerini deprem etkilerinden zararsiz ya da az zararla kurtarma
calismalarinin baslangig noktast bu sebekelerin sismik giivenirligini degerlendirmek
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ve yeterli giivenirligin saglanmadigi durumlarda yeni baglar ckleyerek ya da
clemanlan takviye ederck giivenirligi istenilen diizeye cikartmaktir. Candamari
sebekelerinin giivenirliginin olasilik cinsinden ifade edilmesi glivenirlik artirmaya
yonelik scgencklerin karsilastirilmasimi, karar kurami yontcmlerinden yararlanilarak
maliyet/yarar analizlerinin yapilmasim saglayacagi gibi, mevcut ya da yeniden insa
edilecek scbekelerin giivenirlik diizeyini, goreli de olsa, niceliksel olarak ortaya
koyacaktir.
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DEPREM TEHLIKESi TAHMININDE DEGIiSiK STOKASTIK
MODELLER VE KARSILASTIRILMALARI

STOCHASTIC MODELS FOR THE ESTIMATION OF SEISMIC HAZARD
AND THEIR COMPARISON

M. Semih Yiicemen' ve Aysen Akkaya®

SUMMARY

Different stochastic models have been developed over the years for the assessment of
seismic hazard. In this study, a review of the most widely used stochastic models,
namely: Poisson, Markov and extreme value are presented briefly and the shortcomings -
of each model are discussed. The seismic hazard predictions obtained from these models
are compared among themselves based on the data recorded during 1904-1992 along the
most active portion of the North Anatolian fault zone.

OZET

Deprem tehlikesinin belirlenmesi i¢in gegmis yillarda degisik stokastik modeller
gelistirilmistir. Bu ¢aligmada, en yaygn kullanimi olan Poisson, Markov ve-ug deger
modelleri sunulmus ve her model ile ilgili kusurlar tartisilmistir. Kuzey Anadolu fay
hattinin en aktif bdlgesinde 1904-1992 yillar1 arasinda kaydedilen deprem verilerine
dayanarak bu modellerden elde edilen sismik tehlike degerleri kargilagtirilmigtir.

'GIRIS

Depremlerin zaman, mekan ve magnitiide gére gosterdigi rassallik ile deprem
-tehlikesi analizinde kullanilan modellerden kaynaklanan belirsizlikler gbz oniinde
tutuldugunda, sismik tehlikenin stokastik modellerle tahmini en uygun yontem olarak
gorlilmektedir. Bu gergekten yola ¢ikarak son yirmi yilda birgok stokastik model
gelistirilmigtir.

Sismik tehlikenin tahmininde kullanilan ilk modeller deprem olaylarinin zaman ve
mekanda bagimsiz olduklart varsayimina dayanir. Poisson modeli (Cornell, 1968; Der
Kiureghian ve Ang, 1977) ve ug deger istatistikleri (Epstein ve Lomnitz, 1966; Lomnitz,
1974; Yegulalp ve Kuo, 1974; Knopoff ve Kagan, 1977; Burton, 1978; Makropoulos ve
Burton, 1986) bu tiir modellerin en yaygin olarak kullamilanlaridir. Daha sonraki

'Prof. Dr., O.D.T.U., insaat Miihendisligi Boliimii ve Deprem Miihendisligi Arastirma
Merkezi, 06531 Ankara ‘
2Ogr. Gor,, O.D.Tif)., I§tati_stik Bolimii, 06531 Ankara
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galigmalar elastik geri tepme kuramiyla bagintili olarak depremlerin zaman boyutunda
bagimliik gosterdigini varsayan ve Markov zelligi igeren siireglerle ilgilidir
(Patwardhan, vd., 1980; Kiremidjian, 1982; Suzuki ve Kiremidjian, 1991).

Bu konudaki yeni bir ¢alismada da bir fay hatt1 boyunca meydana gelecek deprem
tehlikesinin tahmini i¢in ¢ok boyutlu rassal fonksiyon modeli gelistirilmigtir (Yiicemen,
1993). S6z konusu modelde deprem olaylarinin olusumu zaman-mekan uzaymda
bagimlilik gosteren bir rassal fonksiyon ile tanimlanmugtir. o

Calismanin temel amaci sismik tehlike analizinde stkea kullanilan Poisson, ug deger
ve Markov modellerinin kargilastirmali bir incelemesini yapmaktir. Kuzey Anadolu fay
(KAF) hattinin en aktif bolgesi igin derlenen veriler kullanilarak bu ii¢ modelden
hesaplanan sismik tehlike degerleri karsilagtirilmstir.

DEPREM OLUSUMU iCiN STOKASTIK MODELLER

Depremlerin olusumu zaman. ve mekan boyutlarinda rassal bir siire¢ olarak -
incelenebilir. Burada yaygin olarak kullanilan deprem tehlikesi tahmin modellerinden
(Poisson, Markov ve ug deger) kisaca bahsedilecektir.

Poisson Modeli ; ; _

Bu modelde deprem olaylarinin birbirlerinden bagimsiz olduklari varsayilir. Poisson
modelinin "belleksizlik" 6zelliginin genelde orta ve bitytk magnitiidlii depremler igin
gegerli oldugu da gozlemler sonucu ortaya gikmustir. Poisson siirecinin olasilik dagilimi
agagida verilmistir: '

P(Nenlv, t) = [e™(vt)"]/n!  n=0,1,2,... (1)

~ Burada, » = incelenen bolgede, birim zamanda (genellikle bir yi) meydana gelen
_ortalama deprem sayisi, ve
N = incelenen bolgede, [0, t] zaman araliginda meydana gelen deprem sayisini
gosteren rassal degiskendir. , i
Istatistiksel veriler Poisson modelinin- 8zellikle bityik magnitiidli depremler icin
uygun bir model oldugunu géstermistir. Poisson varsayiminin gegerliligi istatistiksel iyi
uyum testleri ile kontrol- edilebilir (Ferraes, 1967; Rice, 1975). Bu modelin baslica
eksikligi depremlerin zaman-mekan boyutunda bir ana sok etrafinda kiimelesme
egilimlerini ve ardil depremler arasindaki enerji birikimini yansitmamasidir. Bu
eksikliklere karsin basit bir model olmasindan dolay1 yaygin olarak kullanilmaktadir.

Markov Modeli

Markov modeli gelecekteki deprem olaylarinin geemis depremlere bagimli oldugu
varsayimini dngéren elastik geri tepme kuramina uymaktadir. Kesikli parametreli (t=0,
1, 2,..) rassal bir siireg olan X(t)’ nin kosullu olasihig1 yalmizca bir zaman birimi
oncesindeki deger, X(t-1)’e bagiml ise, bu tiir rassal siireglere birinci mertebe Markov
zinciri denir. Matematiksel olarak bu kosul asafidaki esitlik ile ifade edilir:

PIX(t)|X(1),X(2),..., X(£-1)] = P[X(t)|X(t-1)] S (2)

Bu tiir Markov siiregleri bir-adun bellekli olusumlardir ve bu olusumlarda bir
durumdan dierine gegis olasiliklart gegis matrisi ad1 verilen ve [P] ile simgelenen bir-
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adimlik matris ile tanimlanabilir: ‘
P(0,0) P(0,1)

P(1,0) P(L,1) €3)

[P]=
Bu matrisde P(1,1) = bir 6nceki zaman biriminde bir deprem oldugu bilinirken su an-
daki zaman biriminde bir deprem olma olasihig1, ve
P(0,1) = bir 6nceki zaman biriminde bir deprem olmadig: bilinirken su
andaki zaman biriminde bir deprem olma olasthgidir.
P(0,0) ve P(1,0) da benzer sekilde tanimlanabilir. Bu modelde, secilen zaman birimi
icinde birden fazla deprem olma olasithgmm ¢ok kiigiik oldugu varsayilir. Sistemin
baslangigtaki durumu, olasilik satir vektorii II(0) ile tammlanirsa sistemin n-adim sonraki
durumu

.H(n)=H(0)[P]" n=0,1,2,... (4)

ile bulunur. Burada [P]*, n-adimlik gegis matrisini simgeler.
[P]" matrisinin kapalt sekli asagidaki gibidir (Parzen, 1962):

. 1-P(1,1) 1-P(0,0)

2-P(1,1)-P(0,0)

[(P1" =

1-P(1,1) 1-P(0,0)
: (5)
1-P(0,0) -(1-P(0,0))
[P(1,1)+P(0,0)-1]"
2-P(1,1)-P(0,0)

-(1-P(1,1) 1-P(1,1)

Bu matris, sistemin tanimlanan durumlari arasindaki n-adimlik gegis olasiliklarini
igerir. Matrisin birinci ve ikinci kisimlari, sirasiyla, duragan ve gegici bilesenleridir.
Biyik n degerleri igin matrisin gegici bilegeni sifir’a yaklagir ve siir durumunda
olasiliklar duragan matrisinden elde edilen deperlere esit olur.

Ug Deger Modeli

Deprem tehlikesi analizinde, sismik kaynakta olusacak en bityiik deprem magnitiidi
snemli bir girdi parametresidir. Ug deger dagilimlar kuramini uygulayarak miimkin olan
en bilyiik deprem magnitidiiniin olasihk dagilimi bulunabilir. Ug deZerler kurami
gozlenen en bilyiik deprem magnitiidlerinin, birbirinden bagimsiz oldugunu varsayar. Bu
kuramla ilgili ayrintili bilgi Gumbel (1958)" de verilmistir. Burada sadece ug degerlerin
asimtotik dagilimlar1 sunulmustur. '

Ug Degerlerin Asimtotik Kurami

Asimtotik kuram ornek sayist artarken gergek dagihm fonksiyonunun siirdaki
seklini gz oniine ahr. Gumbel (1958) ug degerler igin li¢ degisik matematiksel asimtotik
dagiiim oldugunu gbstermistir. Bunlardan birinci ve iigiincii tip dagilimlar deprem
tahmininde kullaniimaktadir.
Birinci Tip Asimtotik Dagilim (Gumbel Dagtlimi):

Birinci tip dagihim fonksiyonu sOyledir:

o (1 (x) = exp[-exp(-a (x-n))] -®<x<w, a>0 (6)
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Birinci tip asimtotik dagilimin parametreleri « ve  degisik metodlarla tahmin edilebilir
(Gumbel, 1958). Ornegin, en kiigitk kareler yonteminde n ardil yil igin yillik en bityiik
deprem magnitiidleri, x,,..., X, kiigiikten bitytige dogru, x,) < X;;) < ...< X, siralandiktan
sonra ®(x)’in degerleri gozlemsel dagilim fonksiyonu

R i
D) . =
D (x;y) | (7)
ile bulunur. o ve 5’nim degerleri de asagidaki iligkiler yardimiyla hesaplanabilir (Gumbel,
1958):

~

Pon=X-

o b

.y (8)

&:

) un
Q

X

Burada, s, ves, , sirasiyla, X ve Y’nin standard sak)malarldxr. X ve Y de X ve Y’nin

ortalama degerlerini gosterir. Ayrica y = - In[- In <I>(')(x)] ve X = (l/e)) y + 4 dir. En

bityiik n deprem magnitiidiiniin birinci tip ug deger dagilunina goére ortalamasi ve modu

(en ¢ok gozlenen degeri), swrastyla, asagida verilmistir (Gumbel, 1958):
F 0.577 s _ -, 0.36651

AR R S T

(9)

Ugtincii Tip Asimtotik Dagilun: ,

X, en biiytik degeri simirlt olan rassal bir degisken olarak tamimlariirsa, X’in en
bityiik degerinin asimtotik dagilimi {igiincii tip asimtotik dagilimla ifade edilebilir:
_(M)k] xsw, k>0, n<w (10)

w-n

o3 (x) = exp

Ugtincii tip asimtotik dagihmm w, 5 ve k parametreleri klasik momentler veya en
kiigiik kareler yontemleri kullanilarak hesaplanabilir (Yegulalp, 1974). Momentler
yonteminde iki (2-moment) veya ii¢ moment (3-moment) dikkate alinir. Bu iki yéntem
de rassal degiskenin tiim degerlerinin bilinmesini gerektirir. Ancak her zaman, szellikle
zaman arahigmn bir yil olarak diisimiildtiglt durumlarda, tam bir veri seti elde etmek
miimkiin olmayabilir. Bu tiir durumlarda en kiigiik kareler yontemini kullanmak daha
giivenlidir (Yegulalp ve Kuo, 1974). Ugiincii tip asimtotik dagilim varsaymmi altinda
gelecek n yil iginde gozlenmesi miimkiin olan -en bilylik deprem magnitiidiiniin
ortalamas! ve modu, sirastyla, su denklemierden bulunur (Yegulalp,1974):

X, = w-(w-n)F(1+1/k) (1/n)Y* (11)
X, = w-(w-n)[(1-1/k)/n}'* : (12)
Burada, I'(.), gamma foksiyonunu gostermektedir.

ORNEK CALISMA

Onceki bolitmde bahsedilen degisik stokastik modellerden elde edilecek deprem
tehlikesi tahminlerini karsilagtirmak icin Kuzey Anadolu fay hattinin en aktif
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bslgesinden elde edilen veriler kullamilmigtir. Veri tabani ve modellerin gerektirdigi

islemler asagidaki alt boliimlerde kisaca tartigilmigtir.

Veri Tabani ,

Bu ¢alismada Kuzey Anadolu faymnin 30.31°D ve 41.08°D boylamlar: arasinda yer
alan ve Sekil 1°de gosterilen bolgede olusan depremlerle ilgili veriler Baymdirlik ve
iskan Bakanhg Afet Isleri Genel Mildiirligii tarafindan 1992 yilinda hazirlanan deprem
katalogundan derlenmistir. Zaman aralig1 1904-1992 olarak almmugtir. Bu veriler 6nceki
boliimlerde bahsedilen stokastik modeller igin girdi teskil etmektedir. Depremler

_magnitiidlerine gdre asagida gosterilen dort ayr smifa ayriimgtir:

Richter magnitiidii Siniflandirma -
6.5 ve daha biylik Bilyiik
55-64 Orta
45-54 Kiigiik

4.5 dan kiigiik Cok kiigiik

Bu siniflandirma tiim deprem olusum modelleri i¢in kullanilmustur.

2e0 e ¢ e e 34 3 a0r ar aqr
(/.., Y T T T T T ¥ T Y pm
7 - » :
" I'd RAITAWONY e
o 1 = mﬁu /I WD "‘\\ a
ARARG
&. d Y% <7 s )
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i / {:lucu ,, -/ / ."/“ ’// DurlgwANC (\
- 4 ANKARA 2?' RN
. A2 . i~
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Zene lavestlgated 6 edg<1 L
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Sekil 1. Kuzey Anadolu fay ile ilgili incelenen bdlge

Poisson Modeli .

Bu bolimde KAF’ dan elde edilen veriler kullanilarak, deprem olusumlarinin zaman
i¢inde bagimhihik gosterip gostermedigi Ki-kare bagimsizlik testi ile kontrol edilmis ve
yillik deprem olasiliklar1 hesaplanmistir.  Ki-kare testi sonucunda tiim veriler
kullanildiginda deprem olaylarinin zaman iginde «=0.05 anlamlilik diizeyinde bagimlilik,
«=0.025 diizeyinde ise bagimsizlik gosterdigi gbzlenmigtir. Ana soklar (m>6) ise zaman
icinde =0.05 anlamlilik diizeyinde bagimsizhk gdstermektedir. Poisson modeli
(Denklem 1) kullamlarak hesaplanan yillik deprem tehlikeleri Tablo 1’de verilmistir.
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Tablo 1. Poisson modeli kullémlarak hesaplanan yillik deprem tehlikesi

Deprem siniflart - Zaman aralig v P(N>0 | », t=1) .
Baytk 1904-1992 0.1 0.10
Orta 1904-1992 0.30 0.26
Kiigiik 1904-1992 1.34 - 0.74
‘Cok kiigiik 1970-1992 1.61

0.80

Burada, » bir y1l iginde meydana gelen ortalama deprem saylsml» gosterir. Cok kiigitk
depremler igin giivenilir verilerin 1970 yilindan itibaren elde edilmeye baglandig1 kabul

edilmisgtir.

‘Markov Modeli

Deprem tehlikesinin Markov modeli ile tahmininde dort magnitiid grubunun her biri
i¢in bir ve n-adimlik gegis matrisleri hesaplanmugtir.-Bu matrisler yoluyla gelecekteki
deprem tehlikesi tahmin edilebilir. Hesaplamalar sirasinda zaman arali1 bir yil olarak
alimustir. Bir-adimlik gegis olasiliklari Tablo 2°de verilmistir.

Tablo 2. Bir-adimlik gegis olasiliklart

Deprem siniflar1 ~ P(1,1)

P(1,0) P(O,1)

P(0,0)

Bilyiik ’ 0.12
Orta 0.41
- Kigtik 0.61
Cok kiigiik 0.82

0.88  0.10
059 0.5
039 049
0.18  0.60

0.90
0.85
0.51 .
0.40

Deprem olusum olasiliklar1 herhangi bir gelecek zaman diliminde n-adimlik gecis
matrisini kullanarak hesaplanabilir. Tablo 3’de verilen duragan olasilik degerlerine, tiim
magnitild smiflan igin, en fazla yedi yil iginde erisilmistir,

Tablo 3. Duragan olasilik degerleri

Deprem siniflari P, P, P, Py .
Blyik 0.10 090 0.10 090
Orta 021 079 021 0.79
Kiigiik 056 044 0.56 044
Cok kiigtik 0.77

023 077

0.23

Beklendigi gibi bityiik ve orta magnitiidlii depremler igin elde edilen P, degerleri, kiigiik
ve gok kiigitk magnittidlii depremlerin P,, degerlerinden olduk¢a kuigiiktiir. Py, degerleri

471




igin ise bu durumun tersi gegerlidir.

Ug Deger- Modecli L

Ug deger modelinin kullanilmasi igin ilk dnce 1904-1992 yillari arasinda go6zlenen
en bityiik deprem magnitiidleri secilmistir. 89 yillik zaman siiresinin 23 yilinda ya hi¢
deprem olmadigindan ya da olan ¢ok kiigiik depremlerin kayda gegmemesinden dolayi
sadece 66 yillik en bilyik deprem magnitiidi elde edilmistir. Asimtotik dagilimlarin
parametreleri Yegulalp (1988) tarafindan hazirlanan bilgisayar yazilimi kullanilarak
hesaplanmistir.

Birinci Tip Asimtotik Dagilim
Birinci tip asimtotik dagilmm en kiiiik kareler yontemi kullamlarak tahmin edilen
parametrelerine gore dagilim fonksiyonu

®V(m) =exp[-exp(-1.23(m-4.79))] (13)
olur. KAF iizerinde meydana gelen en bilyiik deprem magnitiidii gézlemlerinin o = 0.05
anlamlilik diizeyinde birinci tip asimtotik dagilima iyi uyum gdsterdigi Ki-karc iyi uyum

testi ile belirlenmistir. Denklem 9 kullanilarak hesaplanan ortalama ve en ¢ok gozlenen
magnitiid degerleri de sirastyla 5.25 ve 5.09 dur.

Uciincii Tip Asimtotik Dagihm ;
Ugiincii tip asimtotik dagilimin w, 7 ve k parametreleri daha 6nceki boliimlerde

bahsedilen ii¢ degisik yontem ile hesaplanmis ve sonuglar Tablo 4’de gosterilmistir.

Tablo 4. Ugiincii tip asimtotik dagilimin tig degisik yontemle tahmin edilen parametreleri

2-moment yontemi 3-moment ydntemi  En kiigiik kareler yontemi

w = 12.05 w = 7.06 w =10.73
n =485 n =50l n =425

1k =0.118 1/k =0:498 1k =0.18

Ki-kare iyi uyum testi & = 0.05 anlamlilik diizeyinde sadece 2-moment yontemi igin iyi
sonug vermistir. En kiigiik kareler ve 2-moment yonteminde deprem magnitiidiiniin en
bilyiik smirmi gosteren w parametresi gozlenen en biiyilkk magnitid 7.9 dan daha
biiyiktir. Gergekte w = 12.05 ve w = 10.73 degerleri fiziksel olarak da anlamlr degildir.
Bununla birlikte w sadece dagtlimin bir parametresidir ve en biiyiik deprem magnitiidi
olarak yorumlanmamalidir. Diger yandan 3-moment yonteminden elde edilen w = 7.06
degeri de gozlenen en biiylik deprem magnitiidiinden kiigiiktiir. Bu tir uyumsuzluklara
sebep olarak ¢ok sayida gozlemin (%25) eksik olmasi gosterilebilir.

- STOKASTIK MODELLERIN KARSILASTIRILMASI

Biitin magnitiid smiflart igin g degisik stokastik model kullanilarak hesaplanan
yillik sismik tehlike tahminleri Tablo 5.’de sunulmustur. Aym tabloda, gozlenen yillik
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deprem tehlikesi degerleri de verilmistir. Bu gozlemsel degerler her magnitiid simifindaki
deprem kayitlarmin eksiksiz oldugu zaman siiresi i¢in hesaplanmstir.

Tablo 5. KAF icin degisik stokastik modellerden hesaplanan yillik sismik tehlike

degerleri
Magnittid Zaman aralig Yillik sismik tchlike
Biiyiik 1904-1992 Poisson 2 0.10
Markov : 0.10
Birinci Tip 2 0.11
. Ugtincii Tip
i) iki-moment : 0.10
if) Ug-moment : 0.08
iii)En kiitik kareler : 0.09
Gozlenen : 0.11
Orta 1904-1992 Poisson : 0.26
Markov : 0.21
Birinci Tip 2021
Ugtincti Tip
i) iki-moment 1024
ii) Ug-moment :0.34
iii)En kiigiik kareler : 0.16
Gozlenen 0 0.21
Kictik 1904-1992 Poisson 1 0.74
Markoyv 1 0.56
Birinci Tip : 038
Ugtincii Tip
i) Iki-moment : 038
ii) Ug-moment 1 0.31
iii)En kigtk kareler : 0.29
Gozlenen : 0.50
Cok kiigiik 1970-1992 Poisson : 0.80
' Markov 1 0.77
Birinci Tip 0 0.24
Ugiincii Tip
i) Iki-moment :0.22
ii) Ug-moment 1 0.21
iti)En kiigiik kareler : 0.33

Gozlenen :0.78
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Bu tablodan da goriildiigi gibi biiyik magmtudlu depremler i¢in tiim stokastik
modeller gozlenen deprem etkinligi ile de tutarh ve yaklagik olarak ayni diizeyde yillik
sismik tehlike tahmini vermektedir. Orta magnitiidlii depremlerde ise, 3-moment
metodundan bulunan tigiincii tip asimtotik dagilim harig, diger biitiin modellerde yillik
sismik tehlike degerleri birbirlerine yakindir. Diger taraftan kiigiik ve ¢ok kiigiik
magnitiidlii depremler igin hesaplanan deprem tehlikesi  tahminleri farklilik
gostermektedir. Gozlenen sismik etkinlige en yakin degerler depremler arasinda zaman
boyutunda bagimlilik oldugunu varsayan Markov modelinden elde edilmistir. Bunun
yaninda Poisson modeli emniyetli tarafta sismik tehlike degerleri verirken, ug deger
dagilimlart da yillik sismik tehlikeyi gergek degerininin oldukga altinda tahmin
etmektedir. Ug deger modelleri arasinda sadece parametreleri en kiigiik kareler
ybntemiyle hesaplanan lgiincll tip asimtotik dagilim magnitiidler artarken sismik
etkinlikteki azalmayt yansitmaktadir. Ug deger modellerinden elde edilen tahminlerin
yetersiz olmasi, sadece yillik en biiylik deprem magnitlidlerinin kuilaniimasindan ve
dolayisiyla kiigiik ve ¢ok kiiglik magnitiidlii depremler hakkindaki bilgi kaybindan
kaynaklanmaktadir. Ayrica, ¢alismamizda kullanilan veri tabanininda yillik en bityiik
deprem magnititdlerinin % 25’e yakim kismu eksiktir. Knopoff ve Kagan (1977) da
verilerin tiiminii kullanmayan ug¢ deger modellerinden elde edilen sismik tehlike
tahminlerinin tatmin edici olmadig1 sonucuna varmiglardir. '

SONUCLAR

Olasilik ve rassal siiregler kuramlarina dayanan yaklasimlar, depremlerin zaman ve
mekanda gosterdikleri rassallik ve parametrelerin tahminindeki belirsizlikler nedeniyle,
sismik tehlike analizinde kullanilan en uygun yontemlerdir. Deprem tehlikesinin
tahmininde en ¢ok kullanilan stokastik modeller KAF’indan edilen verilerden
yararlanilarak karsilagtirlmigtir. Bu gallsmaya dayanarak agagidaki sonuglar elde
edilmigtir:

(i) Deprem olusumunu sadece zaman boyutunda inceleyen stokastik modeller kiigiik
ve orta magnitiidlii depremler igin farkh sismik tehlike tahminleri verirken,
buyiik magnitiidlii depremler igin bu tahminler yaklasik olarak aymidir.

(ii) Tek bir ingaat sahasindaki sismik tehlikenin gergekei tahmini igin eldeki verilerin
kapsamina uygun bir stokastik model kullaniimalidir. Ote yandan, sismik tehlikenin
bircok cografi noktada hesaplanmasini gerektiren deprem bolgeleri haritalar
galigmalarinda, basit Poisson modeli yeterli olacaktir. Clinkii bu tiir ¢aligmalarda
goreli sismik tehlike degerlerinin bilinmesi genellikle yetmektedir.
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Bildiride sunulan aragtirma, Orta DoBu Teknik Universitesi Aragtirma Fonu (AFP
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desteklenmistir.

474



KAYNAKLAR

1.

2.

10.

1.

12.
13.

14.

15.

16.

17.

18.

19.

Baymndirhik ve Iskan Bakanligi, Afet Isleri Genel Mudiirlugi Deprem Katalogu
(1992), Ankara (Basilmamis).

Burton, P.W. (1978), " Ug Deger Istatistiklerinin Avrupa Bolgesindeki Sismik Teh-
likenin Belirlenmesinde Uygulanmasi”, Proc. Symp. Anal. Seismicity and on
Seismic Risk, pp.323-334, (Ingilizce). :

Cornell, C. A. (1968), "Miihendislik Sismik Risk Analizi", Bull. Seism. Soc. Am.,
Vol. 58, pp. 1583-1606, (Ingilizce). .

. Der Kiureghian, A. ve Ang, A. H-S. (1977), "Sismik Risk Analizi i¢in Bir Fay Ki-

rilma Modeli", Bull. Seism. Soc. Am., Vol. 67(4), pp. 1173-1194, (ingilizce).
Epstein, B. ve Lomnitz, C. (1966), "Biiyiik Depremlerin Olugumu igin Bir Model",
Nature, Vol. 211. pp. 954-956, (Ingilizce). ~

. Ferraes, S. G. (1967), "Mexico City’deki Depremler igin Poisson Sireci Sinamast”,

Journal of Geophysical Research, Vol. 72(14), pp. 3741-3742, (Ingilizce).
Gumbel, E. J. (1958), U¢ Deger Istatistikleri, Columbia University Press, New
York, (Ingilizce): .

Kiremidjian, A. S. (1982), "Biiyitkk Depremler igin En Kiigiik Gerilme Diizeyi",
Proc., 7 th ECEE, Athens, Greece, Vol. 2. pp. 32-41, (Ingilizce).

Knopoff, L. ve Kagan, Y. (1977), "Deprem Problemlerine Uygulanan Ug Deger
Kuraminin Analizi", Journal of Geophysical Research, Vol. 82(32),,.pp. 5647-5657,
(Ingilizce). : :

Lomnitz, C. (1974), Kiiresel Tektonikler ve Deprem Riski, Elsevier, Amsterdam,
(ingilizce). :

Makropoulos, K. C. ve Burton, P. W. (1986), "HAZAN: Gumbel’n U¢ Deger
Istatistikleri Kuramuni Kullanarak Sismik Tehlike Parametrelerini Degerlendiren
Bir Fortran Programi ", Computers and Geosciences, Vol. 12(1), pp. 29-46,
(Ingilizce).

Parzen, E. (1962), Stokastik Siiregler, Holden-Day, San Francisco, (Ingilizce).
Patwardhan, A. S., Kulkarni, R. B. ve Tocher, D. (1980), " Bityiikk Depremlerin
Tekrarmin Nitelendirilmesi i¢in Bir Yari-Markov Modeli", Bull. Seism. Soc. Am.,
Vol. 70, pp. 323-347, (ingilizce).

Rice, J. (1975), "Deprem Dizilerinin Analizinde Kullanilan Istatistiksel Y 6ntem-
ler", Geophys. J. R. Astr. Soc., Vol. 42, pp. 671-683, (Ingilizce).

Suzuki, S. ve Kiremidjian, A. S. (1991), "Depremlerin Olusumu igin Bayes Para-
metreli Bir Rassal Kayma Oran1 Modeli", Bull. Seism. Soc. Am., Vol. 81. pp. 781-
795, (Ingilizce). A

Yegulalp, T. M. (1974), "Bilyiik Depremlerin Onceden Tahmini", Management
Science, Vol. 21(4), pp. 418-421, (Ingilizce).

Yegulalp, T. M. (1988), Ug Deger Istatistikleri Paketi, Columbia University,
(Ingilizce). ‘

Yegulalp, TM. ve Kuo, J. T. (1974), "En Biyik Magnitiidlii Depremlerin
Olusumunun Istatistiksel Tahmini", Bull. Seism. Soc. Am. Vol. 64(2), pp. 393-414,
(ingilizce). :

Yiicemen, M. S. (1993), " Sismik Tehlike Tahmini i¢in Cok Boyutlu Bir Rassal
Fonksiyon Modeli", Structural Safety, Vol. 12, pp. 187-203, (Ingilizce).

475



OTOYOL KOPRULERININ DEPREM YONUNDEN HASAR
GOREBILIRLIGININ DEGERLENDIRILMESI

SEISMIC VULNERABILITY ASSESMENT OF HIGHWAY BRIDGES -

A. Can Ziilfikar', Ozal Yiiziigiillii?

SUMMARY

The purpose of this paper is to establish a database for the highway bridges on the Ol and
02 peripheral motorways in Istanbul and evaluate their seismic vulnerabilities according to
a certain screening procedure. The preliminary screening procedure contemplates only the
technical aspects of the problem and does not include political and economic considerations.
To determine seismic rating of a bridge, a) Structural characteristics, b) Importance of the
bridge as a vital transportation link, ¢) Foundation and site characteristics are to be taken into
account. The results of this investigation are considered (o be the essential step for the
maintenance and improvement of the bridges in the future.

OZET.

Bu caligmada amag, gelistiritmig bir oninceleme metodu kullanarak, Istanbul’da Q1 ve 02
cevreyollari tizerinde bulunan otoyol koprilerinin deprem etkisi yoniinden hasar
gorebilirligini degerlendirmektir. Kullanilan 6ninceleme metodu konuyu sadece miihendistik
agisindan degerlendirir, ekonomik ve idari yaklagimlari gdzéniine almaz. Bir kopriniin
deprem yoniinden hasar gorebilirliginin puanlanmasinda, koprintn yapisal karekteristigi,
Gnemi ve zemin yapist g6z oniine alinir. Bu galigmanin sonuglar, kopriilerin ileride deprem
yoniinden takviye ve giiglendirme caligmalari igin gerekli gorilmektedir.

GIRIS

1989 Loma Prieta depreminde kopriilerde goriilen hasarlardan sonra hem yeni

" Ars. Gor. BU K.R.D.A.E., Deprem 'Mijhendisligi Anabilim Dali, Cengelkéy, Istanbul
2 prof. Dr. B.U., K.R.D.A.E., Deprem Miihendisligi Anabilim Dah, Cengelkoy, Istanbul
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yapilacak kapriiler i¢in hem de varolan képriilerin takviye ve giiclendirme ¢aligmalart i¢in
projelendirme kriterlerinin tekrar gozden gegirilme ihtiyact dogmustur. Bu ihtiyag varolan
koprilerin deprem etkisi yoniinden hasar gorebilirligini tammlayabilmek i¢in ¢esitli
metodlarin geligtirilmesine sebep olmustur. Ginidimiizde otoyol kopriilern igin kullanilan
oninceleme metodlaridan baghicalart CALTRANS (California Department of Transportation),
WSDOT (Washington State Department of Transportation), IDOT (lilinois Department of
Transportation) ve ATC (Applied Technology Council) [1] tarafindan geligtirilmisierdir. Bu
¢ahgmada Memphis™te [2] otoyol képriilerinin hz\s:fijg(‘ircbilirli,{iini degerlendirmek amaciyla
uygulamaya konan bir 6ninceleme metodu kullamilarak, Istanbul’da O1 ve O2 ¢evreyoliari
(Sekil 1) tzerinde yer alan otoyol képrilerinin deprem etkisi altindaki hasar gorebilirligi
degerlendirilmigtir. Bu 6ninceleme metodu, kopriniin yapisal clemanlarini, bir ulagtirma
bag1 olarak Gnemliligini - ve zemin durumunu goéz oniinde tutarak  ayrinuli inceleme
gerektiren kopriileri belirler ve bunun sonucu olarak depreme dayanikliligs arturicr takviye
ve gii¢lendirme ¢ahismast yapilmasim gerektiren kopriilere karar verilmesinde yardimer olur.

OTOYOL KOPRULERININ DEPREM ETKISI YONUNDEN DEGERLENDIRILMESI

Oninceleme metodunun amaci depreme dayaniklihgi arttiricr takviye ve giiclendirme
caligmasina bafli olarak deprem riskine sahip énceelikh kopriilerin belirlenmesidir. Deprem
riskine sahip otoyol kopriilermin belirlenmesi, takviye ve gliglendirme galigmast yapilacak
otoyol kopriilerinin se¢imi, mihendislik yaklagnmi kadar, ckonomik, sosyal ve idari
yaklasimlart da gézdniine almay: gerektirir.

"~ Otoyol kopriilerinin depreme  dayanikhilifini arturier takviye ve giiglendirme
¢ahigmalart {i¢ agsama halinde gergeklestirilir.
I. Asama: Otoyol kopriilerinin Onincelenmesi,
1. Agama: Otoyol képriilerinin ayrintth incelenmesi,
I Asama: Takviye ve giiciendirme ¢aligmalarimin tasarimi,

Bu ¢ahgmada, sadece I. Asama sonuglarina yer verilmigtir. I. Asama da yer alan

dninceleme metodunda agagidaki hususlar gézoniine alinir:

a) Kopriintin yapisal ozellikleri,

b) Kopriiniin bir ulagim bagi olarak dnemi,

¢) Képriiniin zenun dzellikleri,

Metod her koprii igin yukandaki hususlara verilen agirlikin bir puanfama sistemi ile baglar,
Yukanidaki hususlar ayrica kendi iginde de alt kriterlere ayrdarak puantanir (Tablo.1) ve bu
puanlar toplanarak dninceleme igin gerekli toplam puan olusturulur.

Tablo 'de yer alan  alt kriterler agagidaki sekilde smratanir:

Ustyapt

Otoyol képriileri Ustyapilarina gore stirckli veya siireksiz olarak iki kisima aynhr,
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Oninceleme formunda iistyapist siireksiz olan kopriiler 0, iistyapist siirekli olan kopriiler ise
10 ile puanlandirtimugtir.

Genlesme Derzi Sayist®

Ustyapidaki genlesme derzi kopriiniin siireksizligini arttirir ve stabilitesini etkiler.
Eger koprii genlesme derzine sahip degilse veya 1 genlesme derzine sahipse 5 puan, 2 veya
3 genlesme derzine sahipse 4 puan ve 4 veya daha fazla genlesme derzi igin 3 puan ahr.

Mesnet Tipi R

Istanbul’da Ol c¢evreyolundaki .kopriilerin biiyiik bir ¢ogunlugunda ve O2
cevreyolundaki kdpriilerin tamaminda elastomer mesnetler kullanilmugtir. Elastomer
mesnetler, aralarina gelik levhalar yerlestirilmis elastomer tabakalarindan ibaret mesnetlerdir
ve tabaka diizlemleri‘i¢inde sinirli miktarda harekete izin verirler [3].

Verevlik Etkisi

Kopriideki verevlik, orta ayak dogrultusu ile koprii dogrultusuna gizilen dik dogru
arasindaki agi1 olarak tanimlanir. Verevlikten dolay1 kopriiniin ilk baskin modunun, tistyapnin
yatay diizleminde doénme olugturacagi ve bunun sonucunda mesnetlere gelen kuvvetlerin esit
olarak dagiimayacagi [4] dolayisiyla bununda deprem aminda mesnetlerin performansinin
olumsuz yonde etkilenecegi diigiiniilerek, verevlik etkisi oninceleme formunda kopriideki
verevlik agisina gore 1 ile 5 arasinda puanlandirilmigtir.

Kopriiniin Yapim Yih

Kopriiniin yapim yil, kullanlan deprem sartnamesi ile dogrudan ilgilidir. Deprem
sartnamesi gozoniine alinarak yapilan képriilere 10, deprem sartnamesi gdzoniine alinmadan
yapilan kopriilere ise O puan verilmistir. ’

Smflandirma

Bu kriterde kopriiler, diizenli ve diizensiz kopriiler olarak siniflandirilirlar. Farkli
ayak yiiksekligine ve farkli rijitlige sahip olan kopriller diizensiz kopriiler olarak
tamimlanirlar ve diizenli kopriilerin deprem etkisi yoniinden giivenilirliginin daha iistiin
olacag diisiiniilerek diizenli kopriiler 10 ile diizensiz képriiler 0 ile puanlandirilmigtir.

Ayak Yiiksekligi :

Bu kriterde ayak yiiksekligi 5 m.’den fazla olan kdpriilerin deprem riskinin, daha
fazla olacag diigiiniilerek, ayak yiiksekligi O ile 5 m. arasinda olan kopriler 5 ile ayak
yiiksekligi 5 m.’den fazla olan kopriiler O ile puanlandirilir.
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Minimum Mesnet Uzunlugu

Otelenmeye izin verilen kiris uglarindaki gergek mesnet uzunlugu, minimum mesnet
uzunlufundan fazla olmalidir. Aksi takdirde bir deprem sirasinda mesnetin yeterli uzunlukta
olmamasindan dolays, kirigin mesnetten diisme ihtimali vardir [5]. Degerlendirme de, eger
gergek mesnet uzunlugu, hesaplanan minimum mesnet uzunlugundan fazla ise 10 ile aksi
takdirde O ile p‘u(anlamr.

Toplam Yol Mes"iniééi

KQprunun bir sonraki kopru ile arasinda olan mesafe toplam yol mesafesi seklinde
“ tanimlanir. 'Puanlandigma, toplam yol mesafesi 3.5 km.’den az olan kopriiler i 1§m 10,3.51le
7 km. arasinda olan képriiler igin 5 ve 7 km.’den fazla olan képriiler igin O puan seklindedir.

Giinliik Ortalama Trafik

Bir :.képriiri‘ijn' deprem aninda hasar gérmesinin en kotii sonucu insan hayatina
malolmasidir.Bu sonug kopriiniin 6nemini belirten bir kriter olarak giinliik ortalama trafik ile
tanimlanr.

Istanbul’daki O1 ve O2 gevreyollari (Sekil 1) iizerinde bulunan kopruler icin giinlik
ortalama trafik Karayollan1 17. Bolge Miidiirliigii Istatistik Boliimiinden 10000 aracin
tizerinde olarak belirtilmistir.

Bu kriterde giinliik ortalama trafik 2000 aragtan az olan képriiler igin 10 ile, 2000-
10000 arag arasinda olan képriiler igin 5 ile, ve 10000 aragtan fazla olan képriiler igin O ile
puanlandirilmugtir.

Zemin Durumu ve Sivilagsma Potansiyeli

Zemin durumunun deprem sirasinda sarsintinin siiresi ve genligi iizerinde ve
dolaysiyla yapisal hasar iizerinde biiyiik etkisi vardir.

Genelde Istanbul igin 5 cesit zemin durumuna rastlamlir.
Z1. Kuvarsit, Granit, bazalt ve gistli zemin,
Z2. Gravak ve killi gist zemin,
Z3. Kalker ve marnli zemin,
Z4. Kum, cakil ve killi zemin,
Z5. Aliivyonlu zemin,

Z1, Z2 ve Z3 zemin tipleri sert zeminlerdir dolayisiyla depreme dayanikli zeminler
olarak tanimlanirlar ve 10 ile puanlandirilirlar. Deprem etkisi agisindan daha elverissiz
zeminler olan Z4 ve Z5 zemin tipleri ise sirastyla 5 ve 0 ile puanlandinlirlar.
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Kenar Ayak Yiksckligi

Kenar ayaklarda cn Gnemli hasar, donmeden ve oturmadan dolayt olur. Kenar ayak
yiiksckligine bagh olarak zemin etkist, 0-5 m. igin 10 -puan, 5-10 m. igin 5 puan ve 10
m.’den biiyiik yiikseklikler i¢in ise O puan olarak verilmistir.

01 VE 02 OTOYOL KOPRULERI ICIN PUANLAMA SONUCLARI

istanbul ili, Karayollari 17. Bélge Mudirligi smlars igerisinde yapilan bu
¢aligmada 26"st Ol gevreyolu tizerinde ve 46°si O2 ¢evreyolu iizerinde olmak tizere toplam
72 koprii onincelemeye tabi tutulmustur. Gerekli olan projeler, Karayollart 17. Bolge
Miidiirligi, Kopriler Daire Bagkanh@indan ve giinlitk ortalama  trafik’de [statistik
boliminden elde edilmistir. Zemin puanlamasinda, jstanbul’un zemin yapising gosteren
jeolojik durum haritasidan faydalaniimustir.

Her koprii igin toplam puan li¢ kisimdan olugur.

a) Yapisal puan 60,
b) Onemlilik puani 20,
¢) Zemin puam 20),

Toplam 100 puaniik bir deger arzu edilen bir kopriiyii temsil etmektedir. O puanhk
bir deger isc deprem etkisine kargt higbir direnci olmayan képriiyil temsil etmektedir. Tablo
2’de, L. asamaya ait puanlama sonuglari verilmigtir. Bu degerler, sosyal, politik, ekonomik
ve idari konulart kapsamamaktadir. Elde edilen en yiiksek puan 74, en diigiik puan 42 ve
ortalama puan 56 olmustur. Tablo 3’te ise bazi kriterleri igeren ortalama sonuglara yer
verilmigtir.

SONUC

1- Yukanida elde edilen sonuglara ck ofarak ckonomik, sosyal ve idari konular da gézéniine
alinmali ve belirlenen bir puanm alundaki puana sahip kopriiler i¢in 2. agama incelemesine
gegilmeli en son olarak da galigma alant iginde hasar gorebilirlik agisindan risk tagtyan
kopriiler igin bir takviye ve giglendirme programi tasarfanmah ve imkanlar oraninda
uygulamaya konmalidir.

2- 1. Asama igin uygulanan metod sadece Kaynak.2'de énerilen yontemi kapsamaktadir. Bu
konudaki meveut dier yontemlerle de benzer bir puanlama yapilmal ve elde edilen
sonuglarm tutarh@r kargifagtirsimalidir.
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Tablo 1

YAPISAL PUAN Puan
1.Ustyap Siirekli Siireksiz
(10 puan) 10 0
2.Genlesme Derzi Sayist <=1 2 3 >=4
(5 puan) s 4 4 3
3.Mesnet Tipi Elastomer Mesnet Kayici Mesnet
(5 puan) - 4 5
4.Verevlik Diiz Agi (<20%) Agi (>20
(5 puan) 5 4 1
5.Yapim Yilt Deprem Sartnamesi Oncesi  Deprem Sartnamesi Sonras!
(10 puan) 0 10
6.Simiflandirma Diizenli Diizensiz
(Farkli Ayak Yiiksekligi)
(10 puan) 10 0
7.Maks. Ayak Yiiksekligi <Sm >5m
(5 puan) 5 0 .
8.Gergek Mesnet Uzunlugu > Yes No
Min. Gerekli Mesnet Uzunlugu
(10 puan) 10 0
Toplam Yapisal Puan (60 puan)
2
ONEMLILIK PUANI | Puan
9.Toplam Yol ‘ > 7 km 35-7km <3.5 km
(10 puan) 0 5 10
10.Giinliik Ortalama Trafik <2000 2000-10000 >10000
(10 puan) ' 10 5 0
Toplam Onemlilik Puant (20 puan)
ZEMIN PUANI Puan
[1.Zemin Durumu ve ‘ Z1-Z2-73 74 Z5
Sivilagma Potansiyeli 10 5 0
(10 puan)
12.Kenarayak Yiiksekligi(m) 0-5 5-10 >10
(10 puan) 10 5 0
Toplam Zemin Puami (20 puan)

482



L9 60SH-10 89 LOTISMO w 1zg-z0
vs 1053-10 £9 T 10 , 6S ZNIN-T0
09 00€3-10 €9 YOZN-10 A : 6 1N1N-TO
£9 S0TA-10 65 . 02310 . s 201770
65 H139-10 29 90I4-10 s IN18-20
€ LISH10 , L5 oo || 8 918-20
£ SISH-10 89 01-10 Ls L1€-20
87 ZISH-10 vL 101 -10 £9 ZOWN-20
€9 01$%-10 zs PINN-TO 0§ 10M-20
9 06310 : s £NAN-Z0 6% I0WA-Z0
89 £05-10 v s . €NNN-70 ss © 1970
L9 PIPH-10 0§ P20 € 1A-20
09 0IPY-10 €9 £8-20 . 8y PATO
29 YOPN-10 ss fcd-z0 €5 ZA-T0
29 W0P-10 €9 o£d-z0 €S VIA-TO
9 SOEN-10 8y 1920 b INSW-Z0
89 £0EN-10 j £y £19-20 - 29 TNSN-20
8 U0 sv 21820 ™ & nTNZ0
(uend (1) (uend 001) (uend 0g1)
ueng wreidog, | ipy nudgy uend weidoy, | 1py nudoy -~ | ueng weydo L | 1oy mdoy

C 0[qe],

114-20

194
os 014-20
1Y 99-20
9 €4-20
os 618-20
4 29-20
oy IONN-Z0
€9 10SN-20
9 OPN-TO
6 10FN-20
6 10EW-20
¥9 T0EW-20
¥ 10120
6 Z01N-20
6 B : 576}
8 0¥g-Z0
o 03J20 -
3% 10M-Z0
(vend gop)
| ueng weidog Py madey

483



Tablo 3

Kriter Ortalama (%)

Ustyapx Siirekli 36.1

Siireksiz 639

Genlegme Derzi =1 52.8

2 389

3 8.3

> = 4 00

Verevlik Diiz 319

Agt (< 20" 33.3

Agt (>20% 34.8

Yapim Yili Deprem Sartnamesi Oncesi 36.1

Deprem Sartnamesi Sonrast 63.9

Siniflandirma Diizenli -40.3

Diizensiz 59.7

Gergek Mesnet Uzunlugu > Evet 100
Min. Gerekli Mesnet Uzunlugu Hayir 0
Ayak Yiiksekligi <5m 3.0

>5m 97.0
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