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Abstract. Liquefaction is one of the critical problems in ures are commonly associated with large earthquakes. Over
geotechnical engineering. High ground water levels and althe past few decades many urban areas have experienced
luvial soils have a high potential risk for damage due to lig- severe damage due to liquefaction-induced soil movements
uefaction, especially in seismically active regions. Eskisehir(Seed and Idriss, 1967; Bardet et al., 1995; Holzer, 1998;
urban area, studied in this article, is situated within the secAnsal et al., 1999; Yuan et al., 2003). Damage to structure
ond degree earthquake region on the seismic hazard zon# liquefied sediments can occur as a result of the bearing
tion map of Turkey and is surrounded by Eskisehir, North capacity failure of a foundation, lateral spreading or slope
Anatolian, Kitahya and Simav Fault Zones. Geotechnicalfailure and differential settlement.
investigations are carried out in two stages: field and labo- There are two basic approaches available to predict the
ratory. In the first stage, 232 boreholes in different locationsliquefaction potential of soil: (1) cyclic laboratory testing
were drilled and Standard Penetration Test (SPT) was peren soil samples and (2) use of in-situ tests and empirical
formed. Test pits at 106 different locations were also exca-methods. The most widely used empirical method based
vated to support geotechnical data obtained from field testson in-situ tests is the SPT. The framework for SPT-based
In the second stage, experimental studies were performedssessments of liquefaction potential was first proposed by
to determine the Atterberg limits and physical properties ofSeed and Idriss (1971). This approach evolved over the
soils. Liquefaction potential was investigated by a simpli- time (Seed, 1979; Seed and Idriss, 1982; Seed et al., 1985;
fied method based on SPT. A scenario earthquake of magnNCEER, 1997; Youd et al., 2001; Cetin et al., 2004; Idriss
tude M = 6.4, produced by Eskisehir Fault Zone, was usedand Boulanger, 2006). In the literature, liquefaction assess-
in the calculations. Analyses were carried out for PGA lev- ments of different regions are available (e.g., Chu et al.,
els at 0.19, 0.30 and 0.47 g. The results of the analyses indi2004; Seyrek, 2003; Ansal andiitik, 2007; Novikova et
cate that presence of high ground water level and alluvial soill., 2007; Mhaske and Choudhury, 2010).
increase the liquefaction potential with the seismic features Within the scope of this paper, liquefaction potential of
of the region. Following the analyses, liquefaction potential foundation soils in the Eskisehir settlement area has been
maps were produced for different depth intervals and can bénvestigated based on a simplified approach by Youd et
used effectively for development plans and risk managemenal. (2001). The investigation comprises two stages: field
practices in Eskisehir. work and laboratory testing. Geological and groundwater
depth maps were produced and the Standard Penetration Test
(SPT) was conducted. For the three peak ground accelera-
1 Introduction tions (0.19, 0.37 and 0.47 g), with an earthquake magnitude
of M = 6.4, the liquefaction potential maps in the study area
The liquefaction characteristic of a soil depends on severahave been estimated and results of the analyses are discussed.
factors, such as ground acceleration, grain size distribution,
soil density, thickness of the deposit and especially the posi2 Geology of the study area
tion of the ground-water table. Liquefaction and ground fail-

Eskiehir Basin is situated in northwest Turkey, at
3931 —-3%56 N latitude and 3017 —-30°45 E longitude;

Correspondence toA. Orhan approximately 250 km west of Ankara (Fig. 1). The study
BY (aorhan@ogu.edu.tr) area at the coordinates between 283.122-297.058E and
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Fig. 1. Location map of the study area.

4.401.053-4.406.600N (UTM Zone 36, ED50) covers anunits conformably. The recent formations in the study area
area about 60 ki The Porsuk River flows through the city could be separated into two units: Pleistocene aged Akcay
from west to east and is the main stream in the region. Formations and Quaternary Alluvium ¢@ler et al., 1996).

The area under investigation is surrounded by highlands In the study area the main drainage system is dominated by
in the South and the North; it presents a flat topography withthe Porsuk River. The Porsuk River comes from a southwest
very low angle slopes ranging between 0-10% in its northerrdirection, flows through the city from west to east and flow-
and central parts. However, the southern slopes are betweeng eastwards, to where it leaves the city border. Sarisu Creek
10-40%, indicating moderate slopes (Orhan, 2005). The elflows in an east west direction througtiitahya and it joins
evation of the region varies between 790 and 1010 m. the Porsuk River northwest of the city center. The Porsuk

The geological formations are not complex in the province River is used for irrigation purposes in the Eskiehir Basin.
of Eskisehir. Metamorphic, volcanic and sedimentary rockslts average altitude in the study area is 790-800 ma.s.l. and
from the Triassic to Quaternary ages are the main geologicairom the river, water is conducted through canals to different
units in the region. The generalized geological map of theregions in the city.
city and its surroundings is shown in Fig. 2. The oldest units Quaternary Alluvium, which is formed by transported ma-
in the North of the study area are grouped into tectonic unitgerials through the Porsuk River and Sarisu Creek, is the most
consisting of Triassic-aged Eskiehir Metamorphics, Karkinimportant formation as an aquifer in the study area. The Al-
Formation and ophiolitic rocks. A Lower Eocene-aged Ma- luvium is located in the Southeast of the study area at the
muca Formation is overlying these units unconformably injunction of Porsuk River and Sarisu Creek and in the city
the southern part. The Upper Miocene-aged Porsuk Formacenter at places near the Porsuk River, its thickness reaches
tion overlies the Mamuca Formation with an angular discon-about 20 and 25 m, respectively (D8001a, b).
formity. A Pliocene-aged llica Formation overlies the older
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Fig. 2. Generalized geological map of Eskisehir and its vicinity (Orhan, 2005).

From the records of the boreholes, it is evident that the3 Seismotectonics of the study area
groundwater table is generally shallow. The groundwater
level is closely associated with the amount of precipitation Eskisehir is situated within the second degree earthquake re-
and may be quite high when monthly precipitation is high. In gion on the seismic hazard zonation map of Turkey published
the highest precipitated season (i.e. April-May), the groundoy the Ministry of Reconstruction and Settlement (1996).
water level varies between 0.5-7.5m, even at some location§he seismotectonics of the study area were reevaluated using
its depth varies between 20-30m. In the season with thearthquake records collected by the National Disaster Orga-
lowest precipitation (i.e. July—August), the groundwater level nization, and the map of active faults of Turkey constructed
changes between 2 and 13m. The Pleistocene aged Akg¢dyy Sardlu et al. (1992).
Formation which lies in the northeastern part of the study As a result of the detailed seismological survey, four seis-
area, has secondary importance as an aquifer and its groungiic sources were delineated. These are the North Anato-
water level is deeper than that of the Quaternary Alluvium. lian Fault Zone (NAFZ), the Eskisehir Fault Zone (EFZ), the
The groundwater level variation in the basin is between 0.1Kutahya Fault Zone (KFZ) and the Simav Fault Zone (SFZ2)
and 1.5m; especially in the city center the variation is even(Fig. 4).
smaller and is between 0.1 and 0.5 m. Figure 3 illustrates the The well known NAFZ is a strike-slip fault with a total
static ground water table variation in the basin. As illustratedlength of 1400 km and it is divided into two branches in the
in Fig. 3, the ground water depth changes between 2 and 4 nMarmara Sea Region; only the southern branch was taken
In the rock units in the South of the study area, no ground-into account for this study. Numerous large earthquakes
water is observed. The direction of the groundwater flowhave occurred, both in recent and historical time. For the
through the aquifer is mostly towards the north in Eskiehir study area, one of the most important earthquakes is the 1957
city. High ground water levels and alluvial soils have a high Abant earthquake that occurred on this segment with a mag-
potential risk for damage due to liquefaction, especially in nitude of 7.1. Ambraseys (1988) reported that the above
seismically active settlement areas. earthquake was associated with a faulting extending from

northeast of Lake Abant to near the Dokurcgun area.
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Fig. 4. Seismic sources and earthquakes that occurred during the last 100 years.

The WNW-ESE-orientated Eskisehir Fault Zone which ized by fault segments which trend from E-W to NW-SE
separates the Aegean-western Anatolian block from the cenaround Eskisehir. The largest earthquake that has occurred
tral Anatolian block is a right lateral strike-slip fault zone on Eskisehir fault zone is the February 1956 earthquake with
with a normal component. The fault zone is character-a magnitude ofMs=6.4. The fault plane solution of the
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Fig. 5. A general overview of the field work.

1956 earthquake and field observations indicate that the EFZ06 different locations were also excavated to complement
is a trantensional fault zone and plays an important role inthe geotechnical data obtained from the boreholes. The loca-
the development of Eskiehir aiddni plains (Altunel and  tions of the boreholes, test pits and cross-sections are illus-
Barka, 1998). trated in Fig. 5.

The Kutahya Fault Zone is situated in the Southwest of During the field investigations, 1328 SPT tests were
Eskisehir. It is composed of three main segments. One of thg@erformed according to ASTM D-1586 test specifications
most important earthquakes recorded around this fault wagAmerican Society for Testing and Materials, 2000). SPT
the 1970 Cavdarhisar earthquake with a magnitude of 5.9 an#as performed at 1.5-m intervals in the boreholes by using a
a focal depth of 18 km (Geng, 2004). donut-type hammer with the rope.

Simav is one of the graben systems of Western Anatolia, Throughout the study area, different soil types are ob-
which is mainly controlled by the extensional neotectonic served. The lowest SPT blow counts are observed in re-
regime of the Aegean Region of Turkey. Simav fault trendsgions close to the Porsuk River (Fig. 6). In some places at
nearly WNW-ESE for 100 km, along the Simav River from the top with a depth of 5.0 m, the average value of SPT is 5,
Sindirgi at the West to Muratdagi at the East. The fault is €ven at some places the values fall below 5. At lower levels,
not a single fracture; instead it consists of several step fault$he SPT counts increase and the consistency of the soils at
parallel to the main fracture (Ojig 1997). these depths can be defined as dense to very dense. In the
study area in shallow depths and especially in the city center
along the Porsuk River, low SPT blow counts are observed.
Whereas at deeper levels, except in regions close to the Por-
suk River, high SPT values are obtained. At depths between
Geotechnical investigations on alluvium were performed>-0 and 5.5m, dense sand and sandy gravel are distinguished
in two stages: field and laboratory. In the field stage,and therefore, the SPT blow counts are increased. At deeper
232 boreholes in different locations with a total length of levels the SPT blow counts are observed as 40-50. As are-
2509.2m were drilled to obtain disturbed and undisturbedSult, the SPT indicates the presence of some layers prone to
soil samples and determine the ground water level. Thdiquefaction in regions especially close to the Porsuk River.
depths of the boreholes ranged between 4.5 and 22.0 m. Most
of the data is on average to a depth of 10 mb.g.l. Test pits at

4 Field investigations
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Fig. 6. Distribution of SPT-N blow counts for different cross-sections.

5 Laboratory investigations 92.0% and the average is 54.9%. The plasticity index of the
same samples also varies in a wide range (3-53), whereas the
Following the field investigation, laboratory testing was per- ayerage value is obtained as 26.2%. The fine grained soils in
formed to determine Atterberg limits and physical propertiesthe northern and northeastern part of the study area are es-
of disturbed and undisturbed soil samples. The major parpecially in low plastic character, their sand content is high.
of the study area consists of alluvium with fine grained SOilsAccording to the Unified Soil Classification System (USCS),
in the upper levels and coarse grained soils in the lower levthese soils can be classified as sandy-clayey silt and low plas-
els. Figure 7 shows the grain-size distribution curves in con+c clay-silt (CL-ML). The fine grained soils in the southern
nection to the upper and lower bound curves for liquefactionang southwestern parts are high plasticity soils and can be
susceptibility by lwasaki (1986). In this figure, the upper and ¢|assified as high plastic clay-silt (CH-MH).
lower bounds of the grain size distribution curves are used for cgoarse grained soils consist of sand and gravel and build
efficient presentation. As seen in this figure, it is clear thosethe hottom layer of alluvium. These dense soils are classified
soils are prone to liquefaction. The grain size distribution a5 siity sand, poor and well graded soils (SM-GM, SP-GP,
analyses shows that all samples are composed, on averaggnd SW-GW) and they are composed, on average, of 15.9%
of 4.1% gravel, 30.9% sand and 65.0% fines (silt-clay). Thegrayel, 50.29%% sand and 33.9% fines (silt-clay). The consis-
statistical evaluation of the coarse and fine grained soils i~°(ency limits of the samples vary also in a wide range. The
given in Table 1. liquid limit values vary between 27.0-93.0% and the aver-
The fine grained soils in the study are composed, on average is 46.8%. The plasticity index of the same samples also
age, of 1.5% gravel, 26.7% sand and 71.8% fines (silt-clay)varies in a wide range (3—45), whereas the average value is
The Atterberg limits of these samples in the study area argyptained as 19.3%.
quite variable. The liquid limit values vary between 30.0 and

Nat. Hazards Earth Syst. Sci., 11, 107082 2011 www.nat-hazards-earth-syst-sci.net/11/1071/2011/
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Table 1. Statistical summary of the geotechnical properties of the soil samples.

Soil properties Sample Value
Soil properties number

Minimum Maximum Average Standard deviation

Grain size distribution

% < 0.075mm (%) 390 50.0 98.0 71.8 9.0
g <4.75mm (%) 390 78.0 100.0 98.5 3.3
@ Atterberg limits
c Liquid limit (%) 386 30.0 92.0 54.9 12.2
O Plastic limit (%) 385 18.0 51.0 28.7 4.6
2 Plasticity index (%) 385 3.0 53.0 26.2 10.3
L Water content (%) 388 4.8 53.3 31.9 9.7
Natural density (Mg m3) 304 1.49 2.20 1.81 0.11
»  Grain size distribution
3 <0.075mm (%) 85 6.0 49.0 33.9 11.7
3 <4.75mm (%) 85 35.0 100.0 84.1 16.1
£ Atterberg limits
o Liquid limit (%) 67 27.0 93.0 46.8 15.6
o Plastic limit (%) 66 19.0 58.0 27.7 6.8
§ Plasticity index (%) 66 3.0 45.0 19.3 11.8
®) Water content (%) 75 3.1 48.8 23.0 10.7
Natural density (Mg rm3) 35 1.68 2.10 1.90 0.11
6 Determination of seismic hazard parameters Peak ground accelerations (PGA) at rock sites were deter-

mined using the attenuation relationships proposed by Camp-

An important step in liquefaction potential assessment is theyell (1981), Boore et al. (1993, 1997), Campbell and Bozorg-
quantitative estimation of the level of ground shaking that isnja (1994), Gilkan and Kalkan (2002). Linear-areal seis-
likely to be experienced in the area under investigation, i.emic source models are used for seismic hazard calculations.
the site-specific seismic hazard analysis (Beroya and AydinAs a result of analyses, mean PGA value for the city center
2008). Deterministic Seismic Hazard Analysis (DSHA) and of Eskisehir is about 0.19, 0.30 and 0.47 g for 144, 475 and
Probabilistic Seismic Hazard Analysis (PSHA) are widely 2475 years return period, respectively (Fig. 8). For liquefac-
used for describing earthquake ground motions in geotechtion potential assessment, however, the specific magnitude of
nical engineering. the design ground motion is required. As seen in Fig. 6, the

The data on historical and instrumentally recorded earthazard is mainly dominated by Eskisehir fault zone for the
quakes for Turkey and its surrounding vicinity, collected province of Eskisehir. Therefore, the scenario earthquake of
from the Earthquake Research Center (ERD) of the Generals — 6.4 was chosen for liquefaction analyses.
Directorate of Disaster Affairs of Turkey, are considered as
a basis of seismic hazard calculations. Earthquakes of mag,
nitudes greater than 4.0 are included in the analyses reported
herein. Four seismic sources have been selected to assesgediction of liquefaction potential of soil is based on cyclic
the seismic hazard of Eskiehir. These are NAFZ, EFZ, KFZ,|ahoratory testing on soil samples and the use of in-situ test
SFZ as illustrated in Fig. 4. and empirical methods. However, the use of laboratory test-

In this study, PSHA methodology based on Cornell (1968)ing is complicated due to difficulties associated with sample
has been applied to Eskisehir city. For each source, thgjisturbance during both sampling and reconsolidation. Thus,
maximum earthquake magnitude was determined using th@mpirical approaches based on the in-situ penetration test re-
empirical relationships proposed by Wells and Copper-syits have gained popularity in engineering practice as well
smith (1994). Once the maximum earthquake magnitude wags in engineering codes (Ansal anolritik, 2007).
determined, a linear regression was performed to estimate the | thjs study, the simplified SPT-based method suggested
coefficients of the Gutenberg-Richter (1944) relationship, usy youd et al. (2001) has been performed. Seed and
ing the computer program DAMHA which was developed at |griss (1971) proposed a simplified procedure termed as
the Earthquake Research Center, Eskisehir Osmangazi Ungyclic stress method. In this method, earthquake-induced
versity as given in Table 2. loading characterized in terms of the cyclic stress ratio (CSR)

Assessment of liquefaction potential

www.nat-hazards-earth-syst-sci.net/11/1071/2011/ Nat. Hazards Earth Syst. Sci., 1108272611
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Table 2. Seismic hazard parameters used in this study.

H. Tosun et al.: Soil liquefaction potential in NW Turkey

Source zone Fault type Largest observed a b Mmin  Mmax™*
earthquake magnitude
(from 1907 to present)
North Anatolia Fault Zone (NAFZ) SS 7.1 428 0.63 4.0 7.6
Eskisehir Fault Zone (EFZ) RLSS+N 6.4 422 0.63 4.0 6.4
Simav Fault Zone (SFZ) N 5.9 6.82 1.00 4.0 6.5
Kitahya Fault Zone (KFZ) N 6.1 457 0.76 4.0 6.3

* SS: Strike Slip fault, RLSS: Right Lateral Strike Slip fault, N: Normal fatiftfrom Wells

#16 #30  #50  #100 #200  Imin 4min 19 min T dour 23 hour
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Fig. 7. Grain size distribution range of the soil samples.

is compared to the liquefaction resistance represented ir.

and Coppersmith (1994).
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terms of the cyclic resistance ratio (CRR). The CSR is calcu-ig. 8. Mean seismic hazard curves for the study area.

lated by the Eq. (1) as follows:

T
# = 0.65(amax/g) (0vo/0v) rd
vo

CSR= Q)
whereamax is maximum ground surface acceleration irgg,

is acceleration of gravity (9.81n7$), oy, and oy, are to-

tal and effective vertical stresgy is a stress reduction fac-
tor. This factor is calculated from Egs. (2) and (3). Liao and
Whitman (1986) proposed these equationgferd.15m and
9.15m< z <23 m, respectively.

r¢ = 1-0.0076%
rg = 1.174—0.0267;

)
©)

The more comprehensive alternative is to calculate the av
erage shear stress with depth using site response analys
depending on the soil stratification and stiffness of the soil
layers (Ansal and @nik, 2007).

Cyclic Stress Ratio. These curves are developed for granu-
lar soils with the fines contents of 5% or less, 15% and 35%
(Youd et al., 2001).

The corrected blow couri¥ys) is determined as follows:

N160) = NmCNCECBCRCSs 4)

In Eq. (7),Nm is auncorrected SPT blow-couidy, Cg, Cg,

Cr and Cs are correction factors for effective overburden
stress, hammer energy ratio, borehole diameter, rod length
and samplers with or without liners, respectively. In this
study, SPT is performed by using a donut-type hammer with

tehse rope. For this equipment, rod-energy ratio of 45% is ac-
cepted (Seed and De Alba, 1986€)y is calculated from the

Eq. (5) developed by Liao and Whitman (1986).

CRR expresses the capacity of the soil to resist liquefac-

tion. This term is determined from the curves which show the
correlation between corrected SPT blow-coNfdsg and the

Nat. Hazards Earth Syst. Sci., 11, 101082 2011
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whereo,, is effective overburden stresg, is atmospheric
pressure (100 kPa). The remaining corrections are taken intc
account as given in Youd et al. (2001).

The results of the liquefaction assessment are presentes
with a factor of safety (FS) against liquefaction (Eq. 6).

CRRy5

csr "oF ® .t
CRR curves represent the liquefaction susceptibility for a
magnitude of 7.5. Therefore, the factor of safety is multi-
plied with a magnitude scaling factor (MSF). Various values
of MSF have been proposed based on empirical data (Youd
et al., 2001). For this study, the MSF suggested by Seed anc
Idriss (1982) is used for analyses.

It should be noted that liquefaction analyses are performed3
for three different peak ground acceleration levels as 0.19,
0.30 and 0.47 g with a scenario earthquakéfof 6.4. The
liguefaction assessments are carried out with 402 SPT blowg
counts in the investigation area. the liquefaction potential of & a0
the silty and clayey soils was studied according to the pro-
cedure of Seed et al. (2003). It should be noted that the lay-
ers withNye0) values greater than 30 or above ground water
level have been classified as non-liquefiable.

In this study, three definitions of the factor of safety for
liquefaction potential are proposed: liquefiable &$.0),
marginally liquefiable (k< FS< 1.2) and non-liquefiable

0.50

0.45

FS=

Stress Ratio, CSR
el
&
l

0.15 +

0.10 +

(FS>1.2).
. . _ L Explanations

The results of the analyses are presented with a two differ- . ] PGAZ0.19 PGAZ0.309 PAZ0.47g
ent point of view (Figs. 9 and 10). [|® Liquefiabie » Liquefiable o Liquefiable

In F|g 9, data marked as quuefiable are Composed Of S||t | | Marginally Liquefiable * Marginally Liquefiable  Marginally Liquefiable

. .. . . | |® Non Liquefiable 4 Non Liquefiable + Non Liquefiable
with low plasticity, silty sand and mixture of gravel and sand. |, N
It should be noted that samples falling to the left of the 0 10 20 30 40 50

curve (FC=35%) and classified as non-liquefiable soils are Mes

gbovg the ground water level. 90.5% qf the_ samples are no_nlfig. 9. Cyclic stress ratio and SPWq gg plot based on Youd et
liquefiable, 6.9% of the samples are liquefiable and 2.6% is,| (2001). '

marginally liquefiable (for 0.19g). When peak ground ac-
celeration is equal to 0.30g, 28.4% of the samples are lig-
uefiable and 6.7% of the samples are marginally liquefiable.
Obviously stronger liquefaction effects (40%) are observed
under an acceleration of 0.47 g.

The variation of the factor of safety with depth against lig- 1.
uefaction is given in Fig. 10. It is expressed in the previous -1
sections that the major part of the study area consists of al- .
luvium with fine grained soils in the upper level (1-4 m) and
coarse grained soils below this level. It is clear that most of £~
the liquefiable and marginally liquefiable samples are in the &
range of 4-10 m depth below the ground surface. All the lig-
uefiable zones correspond to layers of silt, silty sand and a
mixture of gravel and sand. However, liquefaction is not ex-
pected in sandy layers and layers of sand-gravel mixtures a ..
a greater depths>(10.0 m) due to their higher relative den-
sities. According to this figure, the liqguefaction potential is
very low for depths less than 4.0 m. This situation can be ex+ig. 10. Variation of safety factor versus liquefaction det)
plained by the ground water level position. As illustrated in PGA=0.19 g(b) PGA=0.30g andc) PGA=0.47 g.

Fig. 3, the ground water depth changes between 2 and 4 m.

Factor of Safety (PGA=0.30g) Factor of Safety (PGA=0.47g)
0z os b6 10 12 t4vse0 0z o4 o8 o8 10 1z 1aus
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Liguetaction Potantial Map (PGA=0.19g) . L Liquetaction Potantial Map (PGA=0.309) - [ Liquetaction Petantial Map (PGA=0.47g)
(depth: 2.0-4.0 mp (depth: 20-4.0 ) idepth: 2040 m)

Liguglaction Patantial Map (PGA=0.19g)
(depth: 4.0-5.0 m)

Liquetaction Potantial Map (PGA=0.309)
(depth: 4.0-6.0

‘Liquetaction Patantial Map (PGAsD.19g)
(depth: 6.08.0 m)

Fig. 11. Liquefaction potential map of the study area.

7.1 Liquefaction potential mapping at a high acceleration level. The main reason for the low
liquefaction potential for this level is that these soil deposits

Liguefaction hazard maps are useful tools for identifying ar- mainly consist of fine grained soils.

eas with a high likelihood of liquefaction-induced ground de-

formation. Information about areas with a high likelihood of

ground deformation can be used for effective regional earth

The liguefaction potential maps created for the second
level (i.e. 4—6-m interval below the surface) differ from the
: N S ‘previously created one. On the map prepared for a condi-
quake hazard planning and mitigation (Heidari and Andrus'tion in which peak ground acceleration is 0.30 g, the lique-
2010). . . fiable regions spread and they cover a significant part of the
n the last dec_ade, with the advances in computertechnoloéity center. For an acceleration of 0.47 g, a higher liquefac-
gies, geographic information systems (GIS) are f_requent_lytion potential is observed in an extended region. Besides,
used to ﬁ)roduce hazard ma:jp;. Forthe stt;dy area,f::,euefactmgt the eastern part of the liquefiable region, probable liquefi-
potential maps are created by means of GIS software. Fop, regions have appeared. The soil deposits in this level are

this purpose, factors of safety calculated at different depthy,»iny composed of loose sand-silt material: therefore they
|_ntervals (i.e.2-4,4-6 _and 6-8m I_Jelow the surface) are SP& crease the liquefaction possibility.

tially evaluated. For this process, it should be noted that the . ) ) i
geological setting and ground water level are also considered. 1h€ liquefaction potential map prepared for the 6-8-m in-
Different liquefaction potential maps are established by re-terval shows similarity with the previously developed one.
peating the same procedure for each acceleration level (i.éb.‘ relatlvely small area is |Ilgst_rated_ as liquefiable soil for
0.19, 0.30 and 0.47 g). These maps are illustrated in Fig. 110-199, while a larger area is liquefiable for 0.30g. Much

Three factors of safety definitions, described in previous seclarger areas are illustrated as liquefiable for 0.47 g. It is clear

tion, are used in the stage of the creation of liquefaction po-that potential liquefiable regions are transformed into lique-

tential maps. fiable ones. Potential liquefiable regions also appear in some
regions outside the city center for this hazard level. In a re-

gion at the northeastern part of the study area at high ac-

celeration level, liquefiable and potential liquefiable regions

As seen in Fig. 11, when peak ground acceleration is equafPpear.

to 0.19 g, high liquefaction potentially areas are not observed The authors of this work believe that liquefaction potential
in 2—-4—m depth interval. However, in the city center, two maps can be used effectively for development plans and risk
different restricted areas have a high liquefaction potentialmanagement practices in Eskisehir. Results of the analyses

8 Discussion and results
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indicate that the presence of high ground water level and alCetin, K. O., Seed, R. B., Der Kiureghian, A., Tokimatsu, K.,
luvial soil increase the liquefaction potential with the seismic  Harder, L. F,, Kayen, R. E., and Moss, R. E. S.: SPT-Based prob-
features of the region. abilistic and deterministic assessment of seismic soil liqguefaction
Itis obvious that a further study to determine in-situ cyclic Fljgzeomlzacl)‘o i- Geotech. Geoenviron. Eng.-ASCE, 130(12), 1314~
stress ratio by means of site-specific ground response analy- ' : _ _ ) _
ses might result in more comprehensive estimates to be used - B HSU. S., and Chang, .: Ground behavior and liquefaction

. . . . ... analyses in central Taiwan-Wufeng, Eng. Geol., 71(1-2), 119-
for I|_que_fagt|on assessments, especially when combined with 139, doi-10.1016/S0013-7952(03)001292004.
cyclic triaxial test results.
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