+53 Scientific
#3% Research

International Journal of Geosciences, 2012, 3, 847-855
http://dx.doi.org/10.4236/ijg.2012.324085 Published Online September 2012 (http://www.SciRP.org/journal/ijg)

Re-Evaluations of Seismic Hazard of Syria

Hatem M. El Ssayed', Hussam E. Zaineh?, Draji Dojcinovski®, Vladimir Mihailov®
!Department of Earth Sciences, Helwan University, Cairo, Egypt
2Researcher in National Earthquake Center, Damascus, Syria
®Institute of Earthquake Engineering and Engineering Seismology (1Z11S), Skopje, Macedonia
Email: hat_ m74@yahoo.com

Received May 21, 2012; revised June 26, 2012; accepted July 8, 2012

ABSTRACT

Seismic Hazard analysis requires geologic, seismologic and geophysical data to be applied in a certain area. There are
several studies were established to estimate the seismic hazard of Syria. In this study, the authors integrated the histori-
cal, instrumental seismological data, the structural-geological data of Syria and the subsurface tectonic map of Syria to
re-evaluate the seismic hazard of Syria. The current research introduces new seismic source models which were not
used before. The source models were chosen according to the structural and tectonic setting of the study area. The re-
currence relationship was applied for each source for obtaining the regression coefficients related to each seismic source.
Finally, the seismic hazard maps were plotted for (50, 100, 200, 475, and 1000) return periods by using Poisson prob-
abilistic method. Regarding with theses resulted maps, there is obvious increase of the seismicity from the eastern parts
of Syria to the western parts which reaches to its maximum value in EI-Ghab region.
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1. Introduction

The study area extends between Latitudes (35° & 37°N)
and Longitudes (35° & 42°E), Figure 1. It represents
Syrian lands and covers about 185, 180 km? in area.
Syria is located at the northern part of the Arabian Plate,
which includes the Arabian Peninsula, Palestine, Syria,
Lebanon, Jordan, and Irag.

The Arabian Plate is bordered from the West by the
Red Sea and the Dead Sea fault system (Syrian-African
Rift), which extends between Aquaba Gulf and Escan-
daron Gulf. In the southern part it is bounded by Aden,
and the Persian Sub-plate (Zagarouse Mountains) in the
East as well as the Anatolian Plate (Torous Mountains).
In the northern side is the Anatolian Plate, Figure 1.

The movement of the earth crust differs from one part
to another in the Middle East region according to the
Arabian Plate movement, which moves to the north in a
rotating movement counter clock wise [1]. This rotating
movement causes the induction of the Arabian Plate un-
der the Anatolian Plate and Persian one. This in conse-
guence causes the displacement of the Persian to the east
and the Anatolian to the West. The displacement rate of
the Arabian Plate was estimated as about 1 cm/year ap-
proximately.

According to [2], the Syrian lands can be divided into
three main tectonic regimes: the first one is the Dead Sea
rift system which is represented by N-S left lateral strike
slip faults system. The second one is the Palmyrides
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mega-tectonic shear zone which is characterized by
highly repeated folding and NE-SW faults system. The
third tectonic zone is the Euphrate system which is char-
acterized by the NW-SE normal faults system.

2. Seismic Hazard Methodology
2.1. Seismic Sources Modeling

The seismic data which we used include instrumental and
historical data sets. The digital instrumental records came
from the Syrian National Earthquake Center. We ob-
tained the historical data from [3]. We released the af-
ter-shocks from the instrumental records by using the
computer programming taking in consideration the na-
ture of earthquake coda-magnitude type of data and it is
related analysis [4]. We used in this study the method of
[5] which includes two models. The first one is the seis-
micity model which determines all the seismic sources in
the area of interest, then describing the seismicity of each
zone in terms of the recurrence relationship of the seis-
mic records with magnitude greater than or equals certain
value.

The second model is the attenuation model which as-
sociates the seismic record in each zone with the magni-
tude, distance and the zone characteristics. Depending on
the integration between the geological, the subsurface
geophysical, the historical and the instrumental data of
Syria, we divided Syria into 13 seismic zones of area
type, Figure 2.
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Figure 1. The main tectonic trends of Syria, after Cornell University, USA 2001.
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Figure 2. Seismic source models of Syria.
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2.1.1. Source L-1 (Abdel Aziez—Senjar Upleft)

The focal mechanism of this zone is related to the inter-
section between E-W normal fault system and the main
NE-SW reverse fault.

2.1.2. Source Zone L-2 (Rutbah Uplift)

This zone is distributed along the Rutbah Uplift and the
detected sources were related to the normal faults (step
faults) of NE-SW direction.

2.1.3. Source Zone L-3 (Al-Arab Mountain Fault)
The mechanism of the sources in this zone is related to
normal faults which extend along the Arab Mountain.

2.1.4. Source Zone L-4 (Mediterranean Fault)

The Mediterranean source zone seismicity is related to
the thrust fault system of E-W direction. This fault sys-
tem was produced as a result of a simple compressional
fold thrust direction related to the north-south compres-
sive stress [6].

2.1.5. Source Zone L-5 (Dead Sea Fault)
The focal mechanism of this source is related to Dead
Sea left lateral strike slip fault system.

2.1.6. Source Zone L-6 (Yamona Fault)

This source extends along Yamona left-lateral strike slip
fault of N-S direction and EI-Room normal fault of NW-
SE direction and its seismicity is related in general to
these two main faults.

2.1.7. Source Zone L-7 (Al-Ghab Fault)

The seismicity of this source zone is related in general to
the Al-Ghab fault system which is a part of the left-lat-
eral strike slip African Syrian system (Dead Sea fault
system) of N-S direction. Furthermore, the increasing of
the intensity of seismicity in the northern part of the
source was interpreted due to the overlapping between
Eastern Anatolian fault of left-lateral strike slip type with
Al-Ghab fault system [7].

2.1.8. Source L-8 (Alepo Fault System)
The focal mechanism of this zone is related to NE-SW
normal faults.

2.1.9. Source L-9 (Eastern Anatolian Fault)

This zone is extended along the Eastern Anatolian fault
of left-lateral strike slip component which is responsible
for the seismicity of this zone.

2.1.10. Source L-10 (Euphrate Fault System)

The Seismicity of this zone is related to the normal faults
of opposite throw which are responsible for the forma-
tion of the main channel of Euphrate River.
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2.1.11. Source PL-1 (Palmyrides Fault System)

The seismicity of this zone is related to the NE-SW
mega-tectonic shear zone (Syrian Arch System) and its
corresponding fault system. Furthermore the intensive
seismicity at the southern western portion of this zone is
related to the junction between Yamona fault system and
the Palmyrides fault system.

2.1.12. Source PL-2 (Palmyrides Fault System)

This zone is characterized by highly complicated tectonic
regimes including the intersection between the NE-SW
diagonal faults (with strike slip component and reverse
slip one) and the NW-SE normal faults. This complicated
tectonic setting resulting in the fluctuating distribution of
the intensity inside the seismic source of this zone.

2.1.13. Source L-12 (Bitlis Suture Zone)

The higher intensive seismicity of this zone is related to
the thrust fault system of the Bitlis suture zone (collision
zone).

3. Earthquake Recurrence Relationship

Recurrence relationships are formulas relating the fre-
quency of occurrence with the size parameter of the
seismic event. These relationships are empirically ob-
tained by curve fitting or regression analysis for each
seismic source [8]. Thus, for a seismic area source, the
seismic data (historical and instrumental) for the total
area source are used to obtain the recurrence relationship.
Basically, the recurrence relationship is represented in a
functional form given by the equation:
N(M)=(M,AY) @

M = Richter Magnitude.

A = Area of the source under consideration.

Y = Time period over which the seismic data were
collected; usually in years.

N(M) = Number of earthquakes with Richter Mag-
nitude greater than M.

The most widely used format for the recurrence rela-
tionship is the log-linear format:

logN(M)=a+bM )
N'(M) = ZZ(XMT) ©)
INN'(M)=a'+pM (4)
a'=a-In(4xT), for area source (5)

o', B Normalized regression coefficients.

N’(M) = Normalized mean number of events larger
than Richter Magnitude M for a unit time (1 year) and
unit area or length. In other words, N'(M) represents
the number of events on a given source per unit area (or
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length) of that source and for unit of time (usually one ing to the seismic zones L7 and L6 respectively. The
year). parameters of the different seismic sources and their re-
Figures 3 and 4 show the regression lines correspond- currence relationships are listed in Table 1.
Zone L6
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Figure 3. The regression line related to the seismic source L6.
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Figure 4. The regression line related to the seismic source L7.
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Table 1. The parameters of seismic source models.

Recurrence Relationships

Z’\c‘)gle -g)(l)%icoef Eanm?dtj’;kes Main Max Depth (km) o Standard 5 Standard
Deviation of («) Deviation of (5)

L1 Area 40 35 6 30 2.1647 1.1175 -1177 0.2453

L2 Area 8 35 5.5 13 -0.10536 0.6825 -0.953 0.1538

L3 Area 94 35 6.5 11 -1.2499 0.452 -0.60249 0.0898

L4 Area 197 35 6.5 10 2.6758 0.365 -1.1102 0.06795

L5 Area 361 35 7.5 10 1.6873 0.249 -0.81856 0.0463

L6 Area 674 35 7.5 10 2.8817 0.628 -1.2465 0.1249

L7 Area 472 35 75 10 2.6354 0.4786 -0.90617 0.0807

L8 Area 123 35 5 14 7.0483 1561 -2.7129 0.3888

L9 Area 146 35 7.5 14 2.4469 0.7716 -1.0906 0.1458

L10 Area 34 35 6 20 -0.78157 0.718 -0.62925 0.141

L12 Area 90 35 75 225 4.6415 0.69 -1.3542 0.1284

PL1 Area 110 35 6 11 2.3935 1.23 -1.5991 0.296

PL2 Area 52 35 6 16 -1.1434 0.604 -0.50859 0.122
4. Attenuation Relationship e (ar)
When a rupture occurs along the fault plane, vibratory b, (t):T U]
ground motions are generated. These motions travel out where:
from the source in a form of body e}nd surface waves. P,(/) = Probability of having » events in future time
Then these waves attenuate by traveling away from the period .

source. The type and amount of attenuation depends on
many factors. Attenuation is defined as a decrease in the
size of the peak ground acceleration PGA, with the dis-
tance from the hypocenter. The decreasing is related to
the geometrical spreading of the seismic energy as well
as the dispersion of the seismic energy due to the physi-
cal characteristics of the transmitting medium. However,
there are no sufficient strong ground motion data in Syria
to obtain the attenuation relationship. As a result, we will
use the Esteva’s attenuation Equation [9]:

5600¢%8")
a=

Xe 6
(R+4O)2'0 ©

5. Poisson’s Model of Seismic Occurrences

The earthquake occurrences in space and time belong to
the general category of stochastic processes. Therefore,
some of the stochastic models from the probability the-
ory are used for their modeling. The two most commonly
applied stochastic models for generation of the number
of earthquake occurrences are the Poison’s and the
Markov’s processes.

A Poisson’s process assumes that earthquake occur-
rences represent the processes which are independent
from time and space and have no “memory in time”. The
Poisson’s model can be written as [10]:
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n = Number of events.

A = Mean rate of occurrence.

Then, from the Poisson conditions on spatial inde-
pendence, we can obtain the cumulative distribution
function of peak ground acceleration for this area source
[11]):

PlA<a,t]
N Ok Loy P 8
—1-exp —ﬁyk [ij 0, | [[R,ﬂbd”’} rart ©
k=1 bl Ry ‘

6. Seismic Hazard Maps

Considering the various types of sources surrounding a
site considered, their location and focal depth as well as
attenuation patterns characterizing the region analyzed,
cumulative distribution function of peak ground accel-
eration can be computed by using Equation (8). Then for
a given probability of exceedance , in other words for a
specific hazard level, the PGA values can be computed.
By using the aid of computer program (HAZ81), we di-
vided the study area into a grid with 0.25 x 0.25 degree
area.

The PGA values for given property of exceedence, de-
rived for each site or for each nodes of the grid adopted.
The result from a grid of different site in a region can be
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used to construct seismic hazard maps showing the con-
tours of equal average PGA. That with certain probability
will not be exceeded for a time period of (T) years.

According to [10], the seismic motion level can be de-
termined either by its mean return period time or by its
probability of exceedance. The return period can be de-
termined by the following equation [11]:

Ty =-T,/In(1-Fy) ©)

where:

Tr = Return-period of ground motion in years.

T, = The average life time of a building in years.

Pr = The reference probability of exceedance.

There are two types of seismic hazard maps; the first is
high level of risk which corresponds to important struc-
tures such as power plants and bridge. This type can be
represented by the maps of return periods (475 and 1000
years). The second is the low level of risk which corre-
sponds to less important properties. This type is repre-

sented by the maps of return periods (50, and 100, and
225 years).

Figures 5-9 depict the seismic hazard maps of Syria.
They are corresponding to (50, 100, 225, 475 and 1000
years) of return periods respectively and (20% Py - 10
year T;,10% Py - 10 year 7;, 20% Py - 50 year 7, , 10%
Py -50year T;, and 5% P; - 50 year T;) respectively.
With the inspection of Figure 9, there is an increment in
the values of PGA from the eastern sides to the western
sides and the maximum value of PGA is related to Al
Ghab seismic zone.

Although the Deterministic Seismic Hazard Assess-
ment method (DSHA) does not address the temporal
characteristic of ground motion (i.e. the occurrence in-
terval or frequency and its associated uncertainty), it still
one of the best method in use. The maximum credible
earthquakes are considered, so, the lack of seismic re-
cords along the occurrence interval can be overcome
[12].
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Figure 5. Seismic hazard map of Syria, distribution of PGA for return period of 50 years.
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Figure 6. Seismic hazard map of Syria, distribution of PGA for return period of 100 years.
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Figure 7. Seismic hazard map of Syria, distribution of PGA for return period of 224 years.
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A general look at the resulted seismic hazard maps of
Syria of return periods 50, 100, 200, 475, and 1000 years
shows a gradual increase of the seismic hazard from the
East and a sharp increase when we reach the western
edge of Syria. This can be adjoined to the existence of
the series of strike slip faults: EI-Ghab fault in the N-W
and the Dead Sea active fault system.

Unlike countries such as the USA, Syria as developing
country cannot afford the expensive USA-earthquake code
or even the European-code which can establish that type
of buildings resist earthquakes of the 10" magnitude [13].
As [14] concluded that it is required to originate new
techniques for Seismic Hazard Assessment (SHA) and
clearly researchers should differentiate between hazard
moderation and risk decrease in both developed and de-
veloping countries. There are different methods of SHA
such as the deterministic method DSHA and the new—
deterministic method NDSHA [15]. These methods can
work very well in the area of high seismicity and large
earthquake magnitudes like the north western part of Syria.
These methods can be applied in the Syrian territory for
achieving better estimation. As Syria be considered one
of the developing countries, the civil urban planners and
the geotechnical engineers in general will face a neces-
sity to focus more on the seismic hazard analysis and
spend more research fund in this field to reduce the cost
of materials required for producing safe infrastructures
which can defy the intense high magnitudes earthquakes
specially in the western sites.

7. Conclusions

1) Regarding with seismic hazard maps, we can detect
an increasing in the value of the PGA from the eastern
side of Syria to the western side.

2) The maximum expected design value of PGA (0.38
g for R.P. 475 years) is concentrated at the north western
part of Syria (Escondaron, Latekia and Tartous cities).

3) According to the Syrian Building Code (1995), the
design PGA value (0.4 g for R.P. 1000 years) covers all
western parts of Syria (Edlib, Aleppo, Escondaron, Latekia,
Tartous, Dara as well as some parts of Hama, Homs,
Damascus and Swaida cities). Also some parts in the
center of Syria (Palmyra).

4) The accepted Seismic hazard map in Syrian Build-
ing Code (1995) for R.P. 1000 years is not consistent
with the methodology of Earthquake Coding all over the
world, so, it is convenient to replace it to be consistent
ones.

5) We recommend that; it is necessary to construct
micro-zonation maps for the most important cities in
Syria such as Damascus, because these maps give us
precise and more details about the expected seismic haz-
ard and its influence by local site conditions.
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