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Abstract. Limited knowledge of ground conditions, such as emerging requirements, researchers and practitioners can use
geotechnical parameters, is one of the main causes of fourthe software in accordance with their purposes by making
dation failure. Unknown ground conditions can also causevarious changes. GIS can be used in many geoscientific ap-
additional burden costs. Due to lack of geotechnical parameplications along with urban information systems, mathemat-
ters in foundation soil, some problems can be observed durical modeling and vehicle monitoring. Among these, some
ing and after the construction. practices directed towards the geosciences can be listed as
In this study, a comprehensive field study was conducted tanatural hazard analyses, studies with general geology pur-
make a preliminary hazard assessment on the Meselik canposes, and geotechnical studies (Wikle, 1991; Rackwitz,
pus area, Eskisehir, Turkey. In this context, the experimen2000; Dai et al., 2001; Orhan, 2005; Orhan and Tosun, 2010).
tal studies were performed in two stages. In the first stageBeside these, multiple approaches and methodologies have
boreholes were drilled in the field; a standard penetrationmplemented into GIS to produce more accurate data, such
test (SPT) was performed and disturbed/undisturbed sampless multicriteria decision analysis, fuzzy logic and artificial
were collected from certain levels. In the second stage, laboneural networks. GIS has been mostly used by geoscientists
ratory tests were performed in order to identify and classifyfor determining landslides and landslide susceptibility zona-
the samples. Unconfined compression strength and triaxiafion studies for over 10yr. Chacon et al. (2006) have con-
compression tests were conducted on undisturbed samplestituted a comprehensive study by creating engineering geo-
for determining the engineering characteristics. XRD (X-ray logical maps by means of landslide susceptibility. Liquefac-
diffraction) tests were performed and the swelling potentialtion potential of an area can be ascertained by multi geo-data
of the samples were evaluated. The liquefaction potential ohandling using multicriteria decision analysis (Kolat et al.,
the area was also assessed on a SPT-based method. Thus, #6). Seismic zonation maps can also be created by GIS
geotechnical parameters and the liquefaction potential of th¢Orhan et al., 2007; Tosun et al., 2007).
sub-surface in the study area were thoroughly analyzed and In recent years, GIS has been commonly used in the en-
presented to be used for further studies. gineering geology solutions and geotechnical studies. In a
study conducted by Karavul et al. (2006), they formed SPT-
(standard penetration test) based maps by using land survey
reports of the municipality and private ones in parcel basis
1 Introduction for the Adapazari city center. Karavul et al. (2006) stated
that these maps can be used for determining dynamic be-
The Geographic Information System (GIS) is a high perfor- navior of the Adapazari region. Sert et al. (2006) have also
mance computer system used for collecting information onzgnducted a study of the same region by creating SPT zona-
the natural events and phenomena occurring on the Earth sufiy, maps to be used for geotechnical purposes. The present
face. The collected data are digitally stored and examineqyork summarizes the results of a study conducted to form

by computers for mapping in desired format and scale any prototypical site that can be used for educational purposes
alyzing. GIS has a large area of usage. In response to the
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76 A. Orhan et al.: Preliminary hazard assessment and site characterization of Meselik campus area

(Tosun et al., 2001, 2002). The study was carried out using
samples obtained from 22 different boreholes that have a to
tal length of 372 m covering an area of 1.6%imthe Meselik .
Campus of the Eskisehir Osmangazi University. Physical an¢ <
mechanical data obtained both from SPT tests conducted o
the terrain and the definition tests conducted on disturbe
and undisturbed samples were transferred into the GIS er
vironment, and then zonation maps at different depths wers
produced. Moreover, soil class and SPT cross-sections alon
three different directions were also drawn in order to fully
evaluate the sub-surface in the area. Additionally, the lique-
faction potential of the study area is evaluated using the SP
data.

2 Study area

Eskisehir basin is situated in the northwestern part of the
Central Anatolia region and at the junction of both rail-
way and highway transportation. The Eskisehir Osmangaz “
University consists of four different campuses which are
distributed throughout the city. The Meselik campus lying Fig. 1. Location map of the study area.
southwest in the city center is the main campus of the univer-

sity. The study area located between 282.958-285.675 east

longitudes and 4.402.185-4.403.947 north latitudes (Univer-

sal Transverse Mercator Zone 36, ED50) covers an area of

about 1.6 ki (Fig. 1). The Porsuk River in the northern sec- In width is generally found south of the study area. It is gen-
: o erally maroon-red in color and consists of sandstone—pebble

tion of the study area is the most important stream in the . L ) .
. . . . . stone alternations inclining to the south. Pliocene tuff-tuffite
region, flowing through the city centre in an easterly direc-

. - : . . ) and basalts with a thickness of about 20 m overlie the con-
tion. Medicine, engineering and architecture, science and let- :
lomerates. Most parts of the study area are covered with

ters, economics and administrative sciences and educatiof o\ : . : L .

) ; ) alluvium, which consists of sediments in different sizes. The
faculties are situated in the campus area. The campus area ; : i
. ; . Upper level of the study area is comprised of overburden soil
includes a thirteen-story hospital and more than 30 educa- " : - .
. . . . with thickness of 5 m, generally formed by disintegration and
tional buildings with 3—4 stories.

. . movement of the conglomerate in the brook beds. The geo-
The campus area is located on mainly smooth topograph

surrounded by highlands south and north. The elevation o ogical and tectonic structures are given three-dimensionally

: ; : X . InFig. 3.
the region varies between 790-1010 m. Volcanic units, which The largest earthquake occurring on the Eskisehir fault

are 5|t_uated n .SOUth and sputhwe_st parts of the S.tUdy.are%’one (EFZ) was the February 1956 earthquake with a mag-
comprise the highest elevations with up to 1010 m in he|ght.nitude of M« — 6.4. Eault plane solution of the 1956 earth-
A continental climate (semi-arid) of the Central Anatolia re- uake and Sf@ld'o.bservatpi)ons indicate that the EEZ. which
gion is dominant in the study area. It is characterized by hotJ '

and dry summers, and cold and rainy/snowy winters, played an important role in the development of Eskisehir

The main campus area of the university has rapidly de-gg?llgoggggns' Is a transtensional fault zone (Altunel and

veloped. There are several faculties and also many ongoing . L
. L . . . . The structural formation of the region is generally con-
projects inside the campus. Figure 2 illustrates via aerial pho- : S . A
._trolled by oblique faults inclined in a northly direction. There
tos and a layout plan of 2010 the development of construction : .
activities during 2002-2009 are two faults in the study area, which are par'allel to each
' other — the falling blocks of these faults also in a northly
direction. It is estimated that there are also direction compo-
3 Geological setting nents along with the inclination components. An active fault
in the northern section of the area passes through the city cen-
Metamorphic, sedimentary, volcanic and ophiolitic rocks tre with an east—west direction and is considered as the earth-
with ages ranging from Triassic to Quaternary are exposed irquake source for the Eskisehir province (Altunel and Barka,
Eskisehir and its environs (i2ler et al., 1996). In the north-  1998).
ern part of the area, serpentinites of the ophiolitic series of Figure 4 presents the peak ground acceleration map pro-

Triassic age are observed. The Eocene conglomerate of 70 muced according to Boore et al. (1997), with main fault

283500m
284000m
284500m
285000m
285500m
286000m
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Fig. 2. General view of the campus area via aerial photos and layout @g¥ear 2002 (b) Year 2006(c) Year 2009 andd) Year 2010.

Expinatons 4 Experimental studies and method

-m Overburden Soil
£ Atwim

- In order to define the soil units, both experimental studies in

- laboratory and field tests were performed, and according to
these results the soil classifications were assigned and their
layering properties were established. The field studies were
performed in a restricted area especially on alluvium; the
work details are described below.

The experimental studies within the scope of the study
were performed in two stages. In the first stage, boreholes
were drilled; standard penetration tests (SPT) were per-
formed and disturbed/undisturbed samples were collected
from certain levels. In order to obtain the soil profile, bore-
holes were drilled in 22 different locations, measuring a total

systems and major earthquakes greater than 4 for Eskiseh*?ngth of 372m. DL_Jring the §tudies, a total of 1.37 SPT tests
City, modified from Orhan et al. (2007). were conducted, with 52 undisturbed and 137 disturbed sam-

According to the borehole data, the groundwater is ob-pk:iS Cr?”eCted E’r furthtlerbexpenments. ormed. Grai
served at some locations, its level is deeper than 8 m and its. n the second stage laboratory tests were performed. Grain

variation in the basin ranges between 0.1-1.5m. The ground§Ize analysis (ASTM D 42,2,'63)’ gon3|stency limit tests
water level decreases towards the north to the Porsuk Rivel(.'A‘STNI D 4313'00) and SPeC'f'_C gravity tests_ (ASTM D 854-

Noteworthy is that the drillings were performed in the dry 00) were carried out to identify and classify the sqmples.
season (i.e. July—August). The groundwater level during theAST'vI (1998) standard methods were followed during the

rainy periods is observed in shallow depths preparation of samples, sampling, and testing. Unconfined
' compression strength and triaxial compression tests were

conducted on undisturbed samples for determining the engi-
neering characteristics of the samples. XRD (X-ray diffrac-
tion) tests were also performed on certain samples to identify

Fig. 3. Three-dimensional view of the study area.
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Fig. 4. Peak ground acceleration map, with main fault systems and major earthquakes greater than 4 for Eskisehir City (modified from Orhan
etal., 2007).

the mineralogical composition. The liquefaction potential of Table 1. Summary of laboratory and field studies.
the area was also evaluated applying a SPT-based method
suggested by Youd et al. (2001). Some of the variables such Study Type Unit Value
as SPT and unconfined compressive strength were compara-

. Boreholes amount 22
tively analyzed. Most of the data were on average to a depth Total borehole length meters 372
of 10 m below the ground level. A summary of laboratory Disturbed samples amount 137
and f|e|d Studies iS giVen in Table 1. Undisturbed samp|es amount 52

SPT-N amount 137
Definition tests amount 52
5 Physical properties of the soils Unconfined compression tests ~ amount 51
Triaxial compression tests amount 9
The physical properties of the soil samples were tested in XRD tests amount 8

the laboratory on undisturbed and disturbed samples that
were collected from 22 boreholes, as mentioned previously.

Sieve and hydrometer analyses, Atterberg limit determina-summary of test results is given in Table 2. The grain size

tions, water content and density on samples were carried oUisyinytion interval of the fine—coarse grained soils and po-
in accordance with the standards of ASTM (1998). Then,gjtiqn of the samples on a plasticity chart are illustrated in

based on the test results, the samples were classified accorgl-g. 5

ing to Unified Soil Classification System (USCS) (ASTMD ¢ consistency limits of the samples in the study area are

2487-00, 1998). . ) . . quite variable. The liquid limit values vary between 24-74 %
Most of the study area is covered with a soil identified as 4,4 the average is 48.9%. The plasticity index of the same

“alluvium”, which consists of fine-grained soils in the upper samples also widely varies (5-45), with the average value

levels and coarse-grained soils in the lower levels (see Fig. 3),piained being 23.7 %. According to these results, the soil

The grain size distribution analyses showed that the Sample§amples consist mostly of clayey soils (CL-CH).

are composed, on average, of 5 % gravel, 38 % sand and 57% coarse-grained soils consist of sand and gravel and build

fines (silt-clay). Although the liquid limit levels of the soil o pottom layer of alluvium; these dense soils could be

layers differ in a wide range, mainly the soils in the southernmosﬂy classified as well graded soils (SW-GW). These

section are in low plastic character and can be classified ag,4,ge samples are composed, on average, of 30% gravel

sandy-clayey silt and low plastic clay-silt (CL-ML) accord- gg o, sand and 12 % fines (silt-clay). The fine content varies
ing to the USCS, while soils in the northern section (throughpanwveen 3-19% and is in non-plastic character.

the Porsuk River) are in high plastic character and can be
classified as high plastic clay-silt (CH-MH). The statistical
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Table 2. Statistical summary of the definition test results.
Value
Soil Sample  Minimum Maximum Mean Std.
Properties Amount Deviation
Grain Size Distribution
< 0.002 mm (%) 27 4.0 14.0 9.1 2.5
< 0.075mm (%) 82 28.0 83.0 57.3 13.6
< 4.75mm (%) 82 68.0 100.0 95.4 7.06
Consistency Limits
Liquid limit (%) 80 24.0 74.0 489 11.9
Plastic limit (%) 80 20.0 34.0 26.2 3.4
Plasticity index (%) 80 5.0 45.0 23.7 10.1
Water content (%) 80 3.1 37.7 21.0 8.6
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Fig. 5. Determination test performed on samplés) particle size distribution interval of fine—coarse grained soils @jgosition of the

samples on a plasticity chart.

6 Results and discussion

As aforementioned, the obtained geotechnical data from th

boreholes was evaluated by means of zonation maps an
cross-sections in order to visualize the whole sub-surface
Work details are described below.

6.1 Distribution of the soil layers

In this study, the variations of the soil profile, in other words
the layering properties of the alluvium, are evaluated in de-
tail. Three different cross-sections are illustrated in Fig. 7,
whose directions are illustrated in Fig. 6.

The units in the study area are divided into two main
groups: Quaternary alluvium and Pre-Quaternary (Eocene
conglomerate. In order to evaluate the Alluvium in detail,

500 m

sk _SK8

\
\NSKIO
SK9s \ \
SK11T N C
-

it is also sub-grouped into 4 layers. These are from bottom
to top; sand-gravel, high plasticity silt-clay, low plasticity

silt-clay and clayey-silty sand. In some regions at the up-
per levels, vegetable soil with a thickness of 0.75m is also

www.nat-hazards-earth-syst-sci.net/13/75/2013/

Nat. Hazards Earth Syst. Sci., 13, 852013

Fig. 6. Directions of cross-sections of the study area.



80 A. Orhan et al.: Preliminary hazard assessment and site characterization of Meselik campus area
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Fig. 7. Layering properties of the soils. Fig. 9. SPT cross-sections created for the study area.

6.2 Evaluation of the SPT blow count values

As mentioned in the previous section in detail, throughout
the study area different soil types were observed, and in or-
der to evaluate the area, SPT was performed and profiles of
the obtained values were drawn. It was recognized that these
profiles are laterally correlated with each other. SPT cross-
sections at the same directions are also illustrated in Fig. 9.
As shown in Fig. 8, the blow count is generally below 20,
and it falls below 10 in some places. In topographically high
regions, the number of blow counts generally ranges between
40 and 50. In general, it was observed that towards the north-
west (towards the city center), moving closer to the Porsuk
River, the number of blow counts decreased; whereas to-
Fig. 8. Soil class zonation maps of the study area. wards the basin border where conglomerates dominated, the

number of blow counts increased.

Based on data from a total of 22 boreholes located in and

around the study area, a database was formed in the GIS envi-
observed. Below this level the thickness of the clayey-siltyronment. All data from each borehole were input to the GIS
sand reaches about 8 m and exhibits low- to non-plasticityas tabular data. Using these, zonation maps were produced
index values and character. Under this layer, low plasticityfor certain depths (i.e. 1.5, 3.5, 5.5 and 7.5m) (Fig. 10). Itis
clay is observed as small lenses and its thickness reachesen that the SPT blow counts are low in the shallow depths,
about 5m in some regions. Under this layer, high plastic-especially at depths between 1.5 and 3.5m; their numbers
ity clay is observed and its thickness varies between 3—-15 mrange between 10 to 20 and fall below 10 in certain places.
This layer shows mostly solid consistency, whereas in placehe blow counts highly increase particularly at 3.5m in the
close to the groundwater level it shows even liquid and plas-center of the area (SK19). This high value is attributed to
tic consistency. At the bottom, sand-gravel with a thicknessthe fact that the borehole at this location was performed in
around 10 m is observed. Noteworthy, as shown in Fig. 7, nahe residual soils and conglomerate level, which are formed
groundwater was detected at any of the locations except onwith the alteration of conglomerate. The blow count is high
(SK 16). In general, in southwestern and central parts of theat 1.5 m in the west part of the area whereas it decreases in
study area, high-plasticity clay was greatly detected and low-deeper levels. The lowness of the related values is caused by
plasticity clay as small lenses was also observed in certaitthe proximity of the Porsuk River. Moreover, blow counts of
places. Beside the cross-sections, soil class zonation maf8PT increase through the depths in the eastern part of the
for certain depths were also constructed (Fig. 8) to evaluatarea. It is considered that these regions are dominated by the
the whole lithological variation in the study area. conglomerate.

Nat. Hazards Earth Syst. Sci., 13, 7534, 2013 www.nhat-hazards-earth-syst-sci.net/13/75/2013/
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Fig. 12. Relationship between unconfined compressive strength and
SPT (NAVFAC, 1982).

The unconfined compression strength tests were per-
formed on 51 samples and the values obtained vary between
42-480 kPa with the average of 234 kPa. Thevalues are
lower than 200 kPa in the shallow depths, at the center and
southwestern part of study area, and lower than 100 kPa in
certain parts. In the deeper levels, e values increase,
only at some regions are the values less than 200 kPa, while
the values in the center part of the campus area are found to
be more than 400 kPa.

Fig. 11.Unconfined compressive strength zonation map of the study Beside the unconfined compression strength test, a triax-

area. ial compression strength test was also performed on some
samples according to ASTM D 2850 (1998). The tests were
performed at three different cell pressures (i.e. 100, 200 and

6.3 Evaluation of the unconfined-triaxial compressive 400 kPa) by means of an unconsolidated and undrained (UU)

strength values test procedure. For the test, nine samples from five different

locations were used. The average shear strengtan(d in-

Throughout the study area both disturbed and undisturbedernal friction angle ¢) were obtained as 300 kPa and®13

samples are collected for further experiments. Especiallyespectively.

the disturbed samples are used for definition tests, whereas Furthermore, the relation between SPT gggd values of

the undisturbed samples are used for determination of théine samples was evaluated and compared with each other.

mechanical properties of the soils, such as unconfined anéfor this aim, 24 values were used in the comparison and their

triaxial compressive strength. The unconfined compressioniquidity index taken into account. To make a reliable com-

strength tests are only applicable to cohesive soils like tri-parison, both theu, and SPT values were determined using

axial tests and, although not as popular as the triaxial testihe values of the samples, which were almost all collected

used where a rapid result is required (Smith, 2006). In thisfrom the same depth. SPT angh values vary between 5-44

test, a laterally unsupported cylindrical specimen is subjectednd 82—-455kPa, respectively. The relation between them is

to a gradually increased axial compression load until fail-illustrated in Fig. 12; the relation between SPT apd val-

ure occurs. For this study the unconfined and triaxial com-ues obtained from different researchers is also illustrated. As

pression strength tests were performed only on undisturbegeen in Fig. 12, the correlation coefficiert¥) obtained is

fine-grained soils according to ASTM D 2166 and ASTM D 0.90. Thus, the equation can be said to be reliable and can be

2850 (1998), respectively, and their liquidity index was takenused for prediction ofun values.

into consideration. All of the test samples are inorganic fine-

grained soils (silt-clay) and there is no crack and fissure ob6.4 Evaluation of the XRD test results and swelling

served in these cylinder shaped @ height diameter) sam- potential

ples.

The variation of the unconfined compressive strenggh)(  The XRD (X-ray diffraction) tests were performed on eight
values is investigated in certain levels (i.e. 2.0 and 4.0 m).samples collected from different locations in the campus
The zonation maps prepared for different depths based oarea. The average XRD results of the mineral compositions
uniaxial compressive strength are illustrated in Fig. 11. are illustrated in Table 3 and plotted in Fig. 13. According

www.nat-hazards-earth-syst-sci.net/13/75/2013/ Nat. Hazards Earth Syst. Sci., 13, 852013
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Table 3. Average mineral composition of the samples from the XRD results.

Mineral Type (%}

Sample

No Q C M I H K A S F D

1 5-8 5-10 40-43 - 810 10-15 - - 35 10-15
2 3-6 10-15 40-43 - 10-12 12-16 - - 5-10 -
3 5-8 10-15 28-32 12-15 6-8 6-8 - - 7-10 8-10
4 28-32  8-12 - - 15-18 6-8 10-15 5-8 - 813
5 3-6 15-19 23-28 10-13 6-8 6-8 - - 57 13-17
6 8-10 10-15 45-50 8-10 8-10 8-10 3-5 3-5 - -
7 8-10 3540 25-30 10-15 8-10 - - - - -
8 5-12 5-12 30-38 10-15 - - - - 3-7 10-18

* Q: Quartz, C: Calcite, M: Montmorillonite, I: lllite, H: Halloysite, K: Cordierite, A: Albite, S: Sanidine, F: Feldspar, D: Dolomite.
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to the test results the dominant clay mineral type is illite andrig 14 Grain size distribution interval for liquefaction susceptibil-
montmorillonite. ity of the soil samples.

The swelling potential of samples with high abundance of
montmorillonite plays a crucial role since they may espe-
cially affect lightweight and buried structuredirkdz (2006) 6.5 Evaluation of sail liquefaction
conducted a series of experiments in the campus area to de-
fine the swelling clays and the factors acting on the swellLiquefaction susceptibility according to Iwasaki (1986) is il-
mechanism. Tirkdz discusses the lime mixture for control- lustrated in Fig. 14. As seen in this figure, the soil samples
ling the swell potential and introduces the results of a studyare grouped as fine- and coarse-grained soils and for effec-
performed on the performance of the hydrated lime—claytive presentation their lower and upper bounds for each sieve
mixture for the samples collected from the study area. In tha@perture is used.
study, the samples were compacted at the standard and modi- In this study, the SPT-based method suggested by Youd et
fied compaction energy levels, and then swell tests were car@l. (2001) was performed. The liquefaction potential assess-
ried out by considering lime—clay mixture at different per- ment was carried out with 47 SPT blow counts. A scenario
centages (i.e. 0, 1, 3 and 5 percent by dry weight of soil).earthquake magnitude &f = 6.4, produced by the Eskisehir
For this purpose, 88 specimens were used to measure tHeault Zone, was used in the calculations. Analyses were car-
swelling potential. As a result of this experiment, it was ried out at different seismic hazard levels as 0.19, 0.30 and
shown that the stabilization of high plasticity clay can be suf-0.47 g. Results of the analyses are presented with two dif-
ficiently provided by the hydrated lime mixture and the sig- ferent perspectives (Figs. 15 and 16). It should be noted that
nificant effects on the mixtures are possible after 3 percentayers with N, values greater than 30 are not included in
of the hydrated lime. It is also seen that lime mixture is morethese analyses. Seed and Idriss (1971) proposed a simplified
effective on the specimen series prepared when consideringrocedure termed the cyclic stress method. In this method,
the modified energy level. earthquake-induced loading characterized in terms of cyclic
stress ratio (CSR) is compared to the liquefaction resistance

Nat. Hazards Earth Syst. Sci., 13, 7534, 2013 www.nhat-hazards-earth-syst-sci.net/13/75/2013/
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7 Conclusions

In this study, geotechnical characteristics of the soils in the
Meselik Campus of Eskisehir Osmangazi University in the
southwest of Eskisehir city center were determined. The field
and laboratory test results were evaluated and illustrated by
means of zonation maps and cross-sections. The results ob-
tained in this study can be summarized as follows.

A database was created in the GIS environment using
data both from the physical and mechanical data obtained
from the SPT tests and laboratory tests on the disturbed and
undisturbed samples. Using this database, zonation maps of

represented in terms of the cyclic resisting ratio (CRR). Thedifferent geotechnical parameters were produced for certain
details of CSR and CRR calculations are described in Tosumepths. Additionally, cross-sections of the SPT values and

etal. (2011).

soil classes were also drawn in three different directions.

Generally, CRR curves represent the liquefaction suscep- The soil profile exhibits an especially constant spreading.
tibility for a magnitude of 7.5. Because of using an earth- It starts with a vegetable soil layer at the top and continues

guake with a magnitude oM = 6.4, the factor of safety with fine-grained soils. The fine-grained soils are laterally
is multiplied with a magnitude scaling factor (MSF). Var- variable in some places; below this unit dense coarse-grained
ious empirical MSF values have been proposed (Youd etoils are observed. In the southern part of the study area, sed-
al., 2001). For this study, the MSF suggested by Seed andnentary rocks (Eocene aged conglomerate) are observed un-
Idriss (1982) is used for analyses. We propose three definider the fine-grained soils.

tions of factor of safety for liquefaction potential: liquefiable  Different types of geotechnical parameters such as SPT
(FS<1.0); marginally liquefiable (k FS<1.2); and non- andgqyn values were compared and a reliable relation was
liquefiable (FS> 1.2). found.

Figure 15 indicates that none of the samples are non- XRD tests were also performed on some samples in or-
and marginally-liquefiable (for 0.19 g). When peak ground der to obtain the mineral composition of the soils. Results
acceleration is equal to 0.30g, 80.9 % of the samples aréndicate that illite and montmorillonite are the dominant
non-liquefiable, 6.4 % marginally liquefiable and 12.7 % of clay minerals, therefore special attention should be given to
the samples are liquefiable. Under an acceleration of 0.47 dightweight and buried structures.

53.2 % of the samples are non-liquefiable, 21.3 % marginally Liquefaction potential of the area was evaluated according
liquefiable and 25.5 % of the samples are liquefiable. to a SPT-based model using different PGA values (i.e. 0.19,
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0.30and 0.47). It is observed that as the PGA values increasgAVFAC DM-7.1: Soil Mechanics Design Manual, Department of
the ratio of liqguefaction potential also increases and most of the Navy, Naval Facilities Engineering Command, Alexandria,
the samples, below 4 m and especially between 6 and 8 m, VA, USA, 348 pp., 1982.

are more susceptible for liquefaction.

In conclusion, it was shown that GIS programs can be

effectively used in applications similar to the one outlined
in this study. Each location in the campus area was evalu

ated and zonation maps and cross-sections from different so

Orhan, A.: The geo-engineering properties of foundation soils in
southern part of Eskisehir city center and applying of geographic
information system, Eskisehir Osmangazi Univertsity, Graduate
School of Natural and Applied Sciences, Ph.D. thesis, 125 pp.,
2005 (in Turkish).

han, A. and Tosun, H.: Visualization of geotechnical data by

properties (SPT values, soil type and unconfined compressive means of geographic information system: a case study in Eskise-
strength) were prepared to be used in further studies. In this hjr city (NW Turkey), Environ Earth Sci., 11, 10711082, 2010.
respect, the whole sub-surface was fully visualized. It can beorhan, A., Seyrek, E., and Tosun, H.: A probabilistic ap-

clearly seen that GIS can be used effectively in geotechnical proach for earthquake hazard assessment of the Province of
investigations, but the data selection must be performed very Eskissehir, Turkey, Nat. Hazards Earth Syst. Sci., 7, 607-614,
carefully. It should be noted that the prepared illustrations are d0i:10.5194/nhess-7-607-20@007.

useful for generalized land-use planning purposes, althoug

they may be less useful at a site-specific scale, where loca

geological properties change.
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