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Abstract. A large part of the residential areas in Turkey are
at risk from earthquakes. The main factors that threaten res-
idential areas during an earthquake are poor quality build-
ing stock and soil problems. Liquefaction, loss of bearing
capacity, amplification, slope failure, and landslide hazards
must be taken into account for residential areas that are close
to fault zones and covered with younger sediments. Analyz-
ing these hazards separately and then combining the analy-
ses would ensure a more realistic risk evaluation according
to population density than analyzing several risks based on a
single parameter.

In this study, an integrated seismic risk analysis of central
Eskisehir was performed based on two earthquake related pa-
rameters, liquefaction and amplification. The analysis used
a simple weighting method. Other earthquake-related prob-
lems such as loss of bearing capacity, landslides, and slope
failures are not significant for Eskisehir because of the geo-
logical and the topographical conditions of the region. Ac-
cording to the integrated seismic risk analysis of the Eskise-
hir residential area, the populated area is found to be gener-
ally at medium to high risk during a potential earthquake.

1 Introduction

Population growth accompanied by economic and social de-
velopment triggers the growth of urban residential areas in
particular. This brings about the need for the design of new
residential areas and the establishment of new city centres.
While planning new residential areas the protection of exist-
ing and planned areas against potential disasters is of vital
importance. When the location and recent history of Turkey
are taken into consideration, earthquakes are seen to be the

main risk factor to be taken into consideration in the design
of new residential areas.

The balance between human activity and the environ-
ment is often disturbed by urbanization efforts (Mulder,
1996; Topal et al., 2003; Mulder and Pereira, 2009; Park et
al., 2011; Erol and Topal, 2012). The decrease of this im-
balance and modification of its effects on the environment
are possible through multivariate urban planning (Erol and
Topal, 2012; Bell, 1998; Bell et al., 1987). Geological and
geotechnical data are also of great importance in terms of
identification, control, vitiation, and prevention of geologi-
cal hazards (Erol and Topal, 2012; Bell et al., 1987; Bell and
Pettinga, 1985; Legget, 1987; Hake, 1987; Rau, 1994; Dai et
al., 1994, 2001; Van Rooy and Stiff, 2001; Kili¢ et al., 2006;
Ulamis and Kilig, 2008; Marker, 2009; Bell et al., 2009). In
multivariate urban planning, multivariate soil risk analysis is
also crucial for the prevention of potential impacts and for
ground settlement.

Eskisehir is a rapidly growing city located in north-
western Turkey, in a second-degree seismic zone that is at
risk of earthquakes (Fig. 1). Porsuk Creek which is also a
branch of the Sakarya River is the main river in the Eskisehir
area. Porsuk Creek divides the Eskisehir residential area into
two equal parts; it flows through the city from the south-west,
running through the city centre and exiting from the east. An-
other important stream in the study area is the Sarisu Creek,
a tributary of the Porsuk Creek. Sarisu Creek, which runs
from west to east, is effective in carrying and depositing al-
luvial sediments, which form the ground surface of the north-
western city centre. On 20 February 1956, an earthquake of
magnitude 6.4 took place in the Eskisehir city centre. The
earthquake heavily damaged 393 buildings in the city, ren-
dering them unusable (Ocal, 1959). Eskisehir has been clas-
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Figure 1. Site location map of the study area.

sified as a second-degree seismic hazard zone according to
the 1997 Bylaw on Buildings to be Constructed in Disaster
Areas (ABYYHY, 1997).

During earthquakes, the ground conditions of residential
areas are among primary reasons for damage, as is poor qual-
ity building stock. The damage caused by local ground con-
ditions during an earthquake include the amplification im-
pact of local conditions on seismic waves, the loss of shear
strength in a subsurface layer due to liquefaction, strong
ground displacements resulting from slope failures and land-
slides, and foundation settlements driven by ground com-
paction (Beliceli, 2006). Since Eskisehir’s residential area
largely sits on level land, the risk of slope failure and land-
slide is much lower than the risk of earthquake. The reason
for the variation of earthquake-induced damage across the
region is soil liquefaction and amplification due to soil char-
acteristics. Therefore, soil liquefaction analyses were con-
ducted on 87 wells with a depth of 30m in Eskisehir and
its surroundings, and an integrated hazard assessment of the
soil structure during an earthquake was developed through
site amplification characteristics derived from 23 seismic re-
fractions, again using the 87 wells at a depth of 30 m.

In this study, the liquefaction index (LI) values acquired
through the standard penetration test (SPT) and the method
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proposed by Iwasaki et al. (1978, 1982) are classified based
on the degrees of liquefaction potential proposed by Sonmez
(2003).

The site amplification map, on the other hand, was devel-
oped by using Vs3p values derived from seismic refraction
measurements and empirical Vssp values derived from the
SPT values of the wells in the study area, using the method-
ology of Borcherdt et al. (1991) within the context of another
study carried out by Mutlu (2012). This study classifies the
degree of seismic amplification potential of soil sites.

1.1 Study area

The study area was selected as the area covered by ancient
and recent alluvial formations, taking the residential areas
into consideration, and marked by a frame on the geologi-
cal map (Fig. 2). While loose sand and low plasticity lev-
els are found at the recent alluvial unit, ground water levels
are low because the city centre is located along the banks of
the Porsuk and Sarisu Creeks. Thus, areas with waterlogged
loose sand and low plasticity levels pose a liquefaction risk
(Bayrakgi et al., 2013).

The Eskisehir plain is covered with loose sedimentary
units which are transported by Porsuk and Sarisu Creek.
Groundwater levels around the Porsuk and the Sarisu Creek
groundwater table are getting closer to the surface while far
from the rivers they are getting deeper (Fig. 2). In general the
groundwater depth changes between —5 and —10m around
the city centre.

The geology of the study area, Eskisehir and its sur-
roundings, consists of five geological formations from old
to young, which are the Karkin formation, Mamuca forma-
tion, Porsuk formation, llica formation, and Akcay formation
(Fig. 2) (Tokay and Altunel, 2005). The city is underlain by
the ancient alluvial (Akcay) formation of the Pleistocene age
and the recent alluvial (Porsuk) formation of the Pliocene
age, discordant to the underlying rock units and Middle-to-
Upper Miocene deposits. The Akcay formation is comprised
of loosely consolidated clay, silt, sand, and gravels. The for-
mation is in the form of terraces at the heights around the
river basin. Porsuk formation, on the other hand, is made up
of the sediments carried and deposited by the Sarisu Creek
and the Porsuk Creek and its branches (Tosun et al., 2007).
This unit overlays a large part of the Eskisehir city centre

(Fig. 3).
1.2 Seismicity of the study area

The province of Eskisehir is included in the Izmir-Eskisehir—
Ankara tectonic zone which is formed by tectonism that de-
veloped with the covering of the Tethys Ocean at the end
of the Triassic. A fault zone occurred at Eskisehir as a re-
sult of these tectonisms. The Eskisehir zone, lying in be-
tween Uludag to the west and Kaymaz to the north, is a right
sided normal fault zone separating the Aegean — western
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Figure 2. The geological map of Eskisehir (modified from Orhan et al., 2007).

Figure 3. Groundwater table map obtained from the drill holes.

Anatolian block from the mid-Anatolian block at its north-
east. This fault zone is represented by fault segments vary-
ing from the east—west and north—south directions. The faults
formed during and after the storing observed at Pleistocene
and Holocene units, indicate that the Eskisehir fault zone
has been active since at least the Pleistocene Age. At least
14 earthquakes with a magnitude of 4 or higher have occurred
in or around the Eskisehir zone in the 20th century, and
the 6.4 magnitude earthquake of 20 February 1956 was the
most dangerous. The fault zone is formed as following seg-
ments along the Inénii-Oklubali-Turgutlar-Sultandere route
(Fig. 4) (Altunel and Barka, 1998).

The province of Eskisehir is classified as the second degree
hazard zone according to the earthquake map of Turkey pre-
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pared in 1996 by the General Directorate of Natural Disasters
of the Ministry of Public Works and Settlement. The Eskise-
hir fault zone, which is about 80 km from the north Anatolian
fault zone (NAFZ) (Onur et al., 2007), provided an earth-
quake of 6.4 in magnitude in 1956. This earthquake affected
infrastructure in the Eskisehir, Bilecik and Bozlyik areas
(Ocal, 1959). In addition, during the Kocaeli (NAFZ) earth-
quake of 17 August 1999, a building collapsed and many
other buildings were seriously damaged in Eskisehir city cen-
tre (Akdeniz et al., 2011).

Recent studies (Setiyoglu et al., 2015) of the seismicity of
the study area indicate the presence of a 40 km long fault
dominated by positive flower structures. Results obtained
from seismic refraction surveys around the Eskisehir residen-
tial area further demonstrated that the 1956 Eskisehir earth-
quake and the recent 1990, 2010, and 2013 earthquakes oc-
curred on or near the Cukurhisar-Sultandere segment, which
might be evaluated as a potential seismic hazard source for
the Eskigehir settlement (Fig. 5).

2 Methodology
2.1 Site amplification

Site amplification refers to the increase in amplitude of
earthquake-induced seismic waves while they pass through

Nat. Hazards Earth Syst. Sci., 15, 1123-1133, 2015
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Figure 4. Tectonic map of Eskisehir (Altunel and Barka, 1998).
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Figure 5. Seismotectonics of the study area (simplified from Seyitoglu et al., 2015).

soft subsurface soil layers. It has been defined as a function
of shear wave velocity for the soft layer of the upper 30 m of
a surface (Vszo) (Borcherdt et al., 1991; Midorikawa, 1987;
Joyner and Fumal, 1984). There are several ways to assess
the site amplification hazard of a selected place. According
to Abrahamson and Silva (2008), the coefficient of site am-
plification is a function of the average shear wave velocity
over the upper 30 m of soil. Another approach recommended
by Borcherdt (1994), assumes that the soil sites with a pro-
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file that displays a wide range of shear wave velocity have
typical behaviours that represent a certain site class. In this
method, empirical amplification factors are calculated by the
potential acceleration spectrum at the bedrock level, features
of the spectrum profile and the average shear wave velocity
measured over the upper 30m (Ansal et al., 2011). The site
amplification hazard in our present study area may also oc-
cur in the ancient alluvial (Akcay) formation of the central,
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western and north-western parts of the city, as well as in the
recent alluvial (Porsuk) formation.

Vs3p has been utilized widely in several applications, such
as investigating site-specific effects in ground motion pre-
diction equations (Abrahamson and Silva, 2008) and as the
basis for specifying site classes in building codes (Dobry
et al., 2000; Building Seismic Safety Council, 2003; Eu-
rocode 8, 2004, cited in Boore et al., 2011). Vs3g is a simple
metric that can be obtained at relatively low cost compared
to more detailed descriptions of site characteristics, and it is
correlated with site amplification, although it cannot capture
all of the physics controlling site amplification as indicated in
several studies (e.g. Mucciarelli and Gallipoli, 2006; Castel-
laro et al., 2008; Lee and Trifunac, 2010; Boore et al., 2011).
Recognizing the limitations of the parameter, as an engineer-
ing approach it is thought to be useful in low cost microzona-
tion studies to determine the amplification of the area using
real earthquake data.

Figure 6 shows that the site amplification formula based
on shear wave velocity of Borcherdt et al. (1991) gives a
higher amplification value compared to the formulas of other
researchers. In other words, the site amplification calculation
using the formula of Borcherdt et al. (1991) provides a more
conservative risk assessment. This study used the formula
of Borcherdt et al. (1991) in the site amplification analysis
based on the shear wave velocity.

Vs3p may be calculated empirically depending on differ-
ent site categories by using the standard penetration test val-
ues of wells (SPT-N) (e.g. Jafari et al., 1997; lyisan, 1996;
Lee, 1990; Seed and Idriss, 1982; Ohta and Goto, 1978; Imai,
1977; Imai et al., 1975; Ohba and Toriumi, 1970) or directly
by the seismic refraction method.

Soil with a Vs velocity below 700ms—! is defined as
soft stratum. Formations with shear wave velocities above
700ms~! are considered as “engineering rock” (Beliceli,
2006). A site amplification risk is made for formations whose
Vs3p value is below 700 ms—1.

In areas underlain by young geological sediments, the site
amplification generated by earthquake-induced ground mo-
tions is correlated with the shear wave velocity. Based on
this correlation, the NEHRP (National Earthquake Hazards
Reduction Program) adopted a classification, also used in the
1997 UBC (Uniform Building Code), based on the average
shear wave velocity for the upper 30 m. of the soil. The west
and Central US State Geologists Earthquake Consortium
(CUSEC) has also produced an amplification classification
based on this classification, based on the average shear wave
velocity for unconsolidated sediments. The present sample
study of Eskisehir’s central residential area uses amplifica-
tion values varying between 0 and 3.5. In weighting adjust-
ments, the higher the site amplification values based on the
site amplification factors produced by the CUSEC the more
amplification; thus the hazard increases. The classification of
site amplification factors are shown in Table 1.

www.nat-hazards-earth-syst-sci.net/15/1123/2015/
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Figure 6. Site amplification calculation based on shear wave veloc-
ity (Beliceli, 2006).

Table 1. Amplifier classification table.

NEHRP  Physical description Expected site ~ Site

site (Borcherdt, 1994) amplification  amplification
class (CUSEC) class

A Hard rock 0.8-1.0 None

B Firm to hard rock 1.0-1.3 Low

C Gravelly soils and softrock  1.3-1.7 Moderate

D Stiff clays and sandy soils 1.7-24 High

El Soft soils (< 37 m thick) 2.4-35 Very high

E2 Soft soils (> 37 m thick) 2.4-35

2.2 Soil liquefaction

The damage and loss of life caused by earthquakes are
more concentrated in residential areas underlain by soft soils
(Borcherdt, 1994). Earthquake-induced liquefaction appears
on sandy soil whereas site amplification occurs on loose soils
such as alluvial soils, including sands.

Although several liquefaction analyses have been com-
pleted by the other researchers in the area, like Tosun et
al. (2011), the main difference of the work reported here is
the extent of the study area that covers all districts of Eskige-
hir. The present data sets are also more resolved when com-
pared by Tosun et al. (2011) which employed shallow drill
holes with a mean depth of 10 m, while the present study
utilized 87 drill holes and calculations were made through a
depth of 20 m.

The liquefaction potential index (LI) was first proposed
by Iwasaki et al. (1978, 1982) and tested at 63 liquefied and
22 non-liquefied sites through six earthquakes that occurred
in Japan between 1891 and 1978. Their proposed LI value
formula is given in Eq. (1).

20

LI =/F(z)W(z)dz. 1)
0
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In the equation, the F (z) value reflects the severity level
while W (z) = 10 — 0.5z represents the depth-based weight-
ing function.

The researchers of the present project decided to use
the liquefaction potential classification proposed by Sonmez
(2003) (Table 2).

The F (z) (severity factor), which represents the severity
of liquefaction at any site, is defined by the quantitative factor
of safety (FS).

FS>1.2, “no_liquefaction”
F(z)=1095<FS <12, F(z)=2-106.¢ 18427FS
FS < 0.95, F(z)=1—FS.

()

In the equation, FS is defined as the cyclic resistance
ratio (CRR) divided by the cyclic stress ratio (CSR)
(FS=CSR /CRR). In physical terms, it is a measurement
of the extent to which the maximum shear strength (CSR) in-
duced by an earthquake may resist the shear resistance of the
layer to liquefaction induced by the soil layer (CRR). The FS
equation is applied for earthquakes of magnitude 7.5; thus a
magnitude correction factor (MDF) was produced by Seed et
al. (1985) for earthquakes of different magnitudes (Eq. 3).

(CRR)75
FS=——">-MDF. 3
(CSR) @)
CSR and CRR in the equation are given by Eqgs. (4) and (5).
CSR=0.65. “m 20 . (4)
8 %vo

In this equation, amax Stands for the maximum horizontal ac-
celeration on the ground surface, oyg for the total vertical
stress, o, for the effective vertical stress, g for gravity accel-
eration, and rq for the stress reduction factor based on depth
from the surface (Seed and Idriss, 1971).

The CRR value is calculated by Eqg. (5) for magnitude 7.5
earthquakes (Mollamahmutoglu and Babugcu, 2006). Some
corrections to the raw SPT are needed in order to determine
the CRR based on the SPT. These corrections rely upon the
analysis based on the corrected SPT-N (N1)go proposed by
Youd et al. (2001), and have been accepted worldwide.

_ 1 (N1)60 50 1 ©)
34— (Np)eo 135 (10(Np)ep+45)2 200

In accordance with the General Format for Soil and Ground
Study Report issued by the Turkish Ministry of Public Works
and Settlement in 2005, drilling depths cannot be less than
20 m in first- and second-degree earthquake zones on account
of liquefaction. Since Eskisehir lies in a second-degree earth-
quake zone, the drilling depths used for the analyses were
selected in accordance with this communique. The liquefac-
tion analyses’ calculations were made through the first 20m
of the drill holes, as also suggested by Iwasaki et al. (1978,
1982).

CRR
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Table 2. Degrees of liquefaction potential (Sonmez, 2003).

Liquefaction potential ~ Liquefaction

index (LI) potential

0 Non-liquefiable
O<LI<2 Low liquefiable
2<LI<5 Moderate liquefiable
5<LI<15 High liquefiable

15 < LI Very high liquefiable

2.3 Simple weighting method

The simple weighting method is a multi-criterion analysis.
Eastman et al. (1995), Pettit and Pullar (1999), and Perez
et al. (2003) used the weighted summation in conjunction
with Boolean operations. The methods are easy to understand
and intuitively appealing to decision-makers (Malczewski,
2006).

The simple weighting method involves identification of
attributes that are relevant to the project, the allocation of
weights to each of them to reflect their relative importance,
and the allocation of scores to each option to reflect how it
performs in relation to each attribute. The result is a single
weighted score for each option, which may be used to indi-
cate and compare the overall performance of options in non-
monetary terms.

This process necessarily assigns numeric values to judg-
ments. These judgments should not be arbitrary or subjec-
tive, but should reflect scientific assessments, and should be
supported by objective information.

3 Data

The data from the 87 drillings in central Eskisehir were de-
rived from two separate projects. The data from 72 drillings
were acquired within the context of a project titled “Micro
Zoning and Hazard Assessment Studies to Mitigate Disaster
Damages”, supported by the Turkish Prime Ministry, while
the other 15 drillings were part of the University of Anato-
lia’s Scientific Research Project No. 0802000040. Liquefac-
tion analyses were assessed on a total of 87 wells.

We have considered a scenario earthquake of the magni-
tude M =6.4, based on the one which actually hit Eskise-
hir on 20 February 1956. This magnitude is also thought to
be the maximum earthquake that could happen in Eskise-
hir. Analyses were carried out for peak ground acceleration
(PGA) levels at 0.30¢ as established for second-degree earth-
quake zones (Ministry of Reconstruction and Settlement,
1996).

Amplification analyses were performed using 23 seismic
refraction sections by Mutlu (2012) and 87 wells, which were
also assessed within this study.

www.nhat-hazards-earth-syst-sci.net/15/1123/2015/
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4 Findings
4.1 Site liquefaction analysis

LI values were acquired for the drilling in the region through
the liquefaction analysis proposed by Iwasaki et al. (1978,
1982) (Table 3).

The LI values set forth were interpolated by the inverse
distance weighting method (IDW) and a liquefaction poten-
tial map was created for the Eskisehir city centre through the
classification proposed by Sonmez (2003) (Fig. 7).

Regarding the liquefaction potential map, regions having
mainly a mid-high liquefaction hazard were found in the cen-
tral, western, and north-western parts of the study area. The
eastern part of the region has a relatively lower liquefaction
hazard (Fig. 7). A large part of the Porsuk Creek and the
surrounding area was found to have a moderate liquefaction
hazard. This part is where the young alluvium is thickest.

4.2 Site amplification analysis

Pursuant to the methodology of Borcherdt et al. (1991), am-
plification values calculated by shear velocities (given by
both the drilling and the seismic refractions) were mapped
using the IDW method (Fig. 8). Regarding the analysis, re-
gions of high amplification — that is, having an amplification
value of 1.5-1.7 according to Table 2 — are located in the re-
cent alluvium, close to Porsuk Creek, which is at the centre
of the study area and in the old alluvium in the west. The
northern site is the most hazardous area, showing a “very
high” amplification, the amplification value being above 1.7.
Apart from the liquefaction surface, the most prominent de-
tail is the value assigned for the ancient alluvial surface. The
ancient alluvial surface, which overlays the west of the study
area (Fig. 2), does not pose a liquefaction hazard, while it
does show high amplification levels according to the ampli-
fication classification analysis of this study.

4.3 Simple weighting method

Following the assignment of the surfaces of liquefaction and
site amplification, a hazard map was built based on two dy-
namic soil parameters through the simple weighting method
(Fig. 9). The simple weighting method generates a new value
by weighting multiple variables on a given ratio adjusted ac-
cording to those used for the variables. During the weight-
ing in this study, a hazard surface was created by weighting
liquefaction and site amplification values by 30 and 70 %,
respectively. The weight of the site amplification was calcu-
lated as 70 %, as it affects wider areas and poses more risks
under dynamic conditions than liquefaction. Hazard classi-
fication for liquefaction potential was proposed by Sonmez
(2003). In order to use similar classification ranges with lig-
uefaction potential values, a standardization was applied to
both the classification of amplification values and the hazard
grade (Table 4).

www.nat-hazards-earth-syst-sci.net/15/1123/2015/
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Table 3. Liquefaction index values acquired across a 20 m depth.

Drilling LI Drilling LI
SK-1 0 SK-45 0
SK-2 0.0244 SK-46 2.252
SK-3 0 SK-47 0
SK-4 0 SK-48 1.575
SK-5 1.595 SK-49 0
SK-6 0 SK-50 2.558
SK-7 0 SK-51 0
SK-8 0 SK-52 0
SK-9 0 SK-53  0.02
SK-10 0 SK-54  7.303
SK-11 0 SK-55 15.918
SK-12 0 SK-56 9.195
SK-13 0 SK-57  0.037
SK-14 0 SK-58 0
SK-15 0 SK-59  0.065
SK-16 0 SK-60 1.392
SK-17 0 SK-61 12.109
SK-18 0 SK-62 0
SK-19 0 SK-63  0.014
SK-20 0 SK-64 0
SK-21  0.083 SK-65 0
SK-22 0.449 SK-66 9.971
SK-23  7.232 SK-67 0
SK-24  0.014 SK-68 0
SK-25  2.92 SK-69  0.225
SK-26  3.504 SK-70 0
SK-27 0 SK-71 1.533
SK-28  0.254 SK-72  0.964
SK-29 1.889 SK-73 9.757
SK-30  0.563 SK-74 3311
SK-31  3.251 SK-75  0.309
SK-32 0.734 SK-76 2.579
SK-33 0 SK-77  0.042
SK-34 1.603 SK-78 3.675
SK-35 0 SK-79  0.04
SK-36 0 SK-80 3.793
SK-37 0 SK-81 0
SK-38 0 SK-82 0
SK-39 0 SK-83 10.799
SK-40 0 SK-84  0.116
SK-41 0 SK-85 3.964
SK-42 0 SK-86 0
SK-43  3.759 SK-87  0.018
SK-44 16.642

5 Results

According to the hazard map produced through overlaying
both variables on the given ratios, more than half of the
area is at mid-high hazard (Fig. 9). In particular, the north-
ern, western, and south-western parts consist of high-hazard
zones. The only areas found to be classified as very low haz-
ard are the zones formed by lithologies that have no alluvial
formations. To evaluate the seismic risk of the area, the pop-
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Figure 8. Amplification hazard map acquired through the IDW method.

Table 4. Classifications and simple weighting points used in the
analyses.

Liquefaction Amplification Hazard
potential potential grade
Class Score Class Score Class Score
None 1 None 1 Very low 1
Low 2 Low 2 Low 2
Moderate 3 Moderate 3 Moderate 3
High 4 High 4 High 4
Very high 5 Very high 5 Very high 5

ulations of seismically hazardous areas are taken into consid-
eration. There are four different high-hazard seismic regions
identified in this study. We classified the regions in to four
groups, A, B, C, and D, based on their populations (Fig. 9).
Region A is located near the Porsuk River having both the
highest population and high-rise buildings. Approximately
150 000 people live in this region. Likewise regions B and C
are located outside of the city centre but still have signifi-
cant settlements. Typical buildings in this region have two or
three storeys; these regions have a relatively lower popula-
tion (30 000) than region A. Region D is located north of the
city and has almost no population.

Nat. Hazards Earth Syst. Sci., 15, 1123-1133, 2015
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Although limited information exists about the population
and liquefaction in Ocalan’s (1959) report, we know that
the epicentre of the 1956 earthquake was located between
the Cukurhisar and Satilmis villages and thus outside of our
present study area. The damage report prepared by the en-
gineering corps indicates that there was significant damage
to buildings located near the Porsuk River but not to those
built on the rock foundation. This information actually gives
a good correlation between our study and the historical data.

According to the study, the continuing development of Es-
kisehir should take the liquefaction and amplification hazards
into account. Planning based on a single variable is based
on an insufficient assessment of risk. For instance, while the
north-western part of the city, that is overlain by the old allu-
vial, is not threatened by the liquefaction hazard, it is at high
risk from amplification associated with a low shear velocity
value. This is a crucial soil problem of the region that re-
quires attention. The hazard map and the other maps should
be used for an overall assessment when planning settlement
in the residential area. Local drilling and comprehensive soil
analyses should be performed for detailed studies and more
reliable hazard assessments.

The variables of the risk assessment studies should be in-
creased based on developing technologies and information.

www.nat-hazards-earth-syst-sci.net/15/1123/2015/
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Figure 9. Hazard map produced through overlaying of liquefaction and amplification values on a given rate: high seismic risk: area A; high
population with high seismic hazard; moderate seismic risk: areas B and C; significant population with high seismic hazard and low seismic

risk: area D; almost no population with very high seismic hazard.

This will enable the achievement of real life solutions and
prevent potential problems.
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