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In this paper, a methodology has been introduced in order to perform geographical information sys-
tem (GIS) based dynamic soil behavior analysis. DISO 7.0 computer program was developed using Vis-
ual Basic programming language to manipulate large amount of geotechnical data and to prepare a data
input file for performing dynamic analyses. The scattered geotechnical data for soils of the northern coast
of Izmir Bay (Turkey) area have been collected and loaded to the constructed dynamic soil database. Dy-
namic soil parameters were calculated, and liquefaction analysis was performed using DISO 7.0 program
following the complete of site-response analyses. The post-liquefaction settlement was also calculated
with DISO 7.0. Methodology and processing principles of this computer program has been introduced,
and its application to the soils of the northern coast of Izmir Bay (Turkey) area is presented.

1. INTRODUCTION

Use of GIS in geotechnical earthquake en-
gineering has enjoyed attention of engineers due
to the spatial character of the subsurface data.
GIS has been used for computations of spatial
seismic hazard analyses, dynamic slope stability
and liquefaction analysis over large regions, and
more localized ground deformation assessments
(Mabey, 1997; Rogers, 1997). The processes of
site-specific and regional spatial hazard analysis
rely on the interpretation, interpolation and ex-
trapolation of sampled data to accommodate both
the limitations in sampling resolution and the
variability.

Modern GIS technology provides a power-
ful tool for the compilation, archival, manage-
ment and relation of large amounts of spatially
linked information necessary for spatial analysis
of ground motion amplification (Borcherdt,
1997). Similarly, GIS tools were used in seismic
hazard mapping and evaluation of liquefaction
damage (O’Rourke and Pease, 1997). Mapping
liquefiable layer thickness provided a useful
means of locating areas of potential liquefaction.
Especially 2D GIS approach was found somehow
inadequate in representing 3D nature of the geo-
technical information. The 3D extensions are
now available in software, and it is easy to cover
the area of interest in three dimensions. GIS have
provided also a platform that is suitable for needs
of earthquake hazard analyses. Such application

of GIS in seismic hazard analyses was performed
using MATLAB routines and GIS to assess lig-
uefaction potential of western Puerto Rico (Di-
vakarla et al., 1998). Besides, the spatial analysis
for evaluating the ground motion amplification,
liquefaction potential, liquefaction-induced set-
tlements and the effect of such deformations on
structures were also developed (Luna and Frost,
1998; Luna et al., 1998). G1S-based methodology
has been also used to evaluate the quality of geo-
technical data obtained from boreholes during the
geotechnical site characterization (Deaton et al.,
2001). Data quality issues related to geotechnical
hazard evaluation was studied previously by
Luna (1997).

A geotechnical database related with geo-
graphic information system was developed firstly
by Real (1993) to support large volumes of spatial
data. Similarly, geotechnical database was estab-
lished for storing and analysis of geotechnical data
for the purpose of liquefaction and landslide haz-
ard zoning in California (Real and McGuire,
1998). Maps of dynamic soil response for the city
of Barcelona were prepared through a GIS envi-
ronment (Jimenez et al., 2000). In another study,
geotechnical and geological maps of El-Fayoum
depression area, which is located at 80 km south
west of Cairo, Egypt, were also prepared using the
GIS techniques (EI-Nokrashy et al., 2001). A GIS-
based analysis of the landslides induced by the
Chi-Chi earthquake occurred at Taiwan in 1999
was conducted by Lin and Tung (2004).
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3D modeling for site planning was studied
by various researchers (Kreuseler, 2000; Doéllner
and Hinrichs, 2000; Lees, 2000) in the past. The
use of visualization techniques for field based
GIS in various spatial disciplines has been stud-
ied by different researchers (Pundt and Brinkkdt-
ter-Runde, 2000; Nelson et al., 2003). A GIS-
based application tool (Geo-GIS) was developed
for storing significant quantities of geotechnical
subsurface data and information for bridges
across the State of Alabama (Graettinger and
Simmons, 2003).

Seismic risk analysis of a site is a major
concern in seismically active areas. Spatial earth-
quake risk analysis was carried out for Bakirkoy-
Istanbul district (Cinicioglu et al., 2001), and for
the city of Bursa (Topal et al., 2003). Destructive
earthquakes occurred at the Kocaeli and Duzce
provinces in the Marmara region of Turkey in
1999 created a strong emphasize on the effect of
local site conditions on levels of damage (Kalkan
and Gulkan, 2004). Following these strong
events, most of the researches were concentrated
on geological and geotechnical factors affecting
seismic hazard.

In this study, a computer based methodol-
ogy was developed to perform GIS based dy-
namic soil behavior analysis. Development of
GIS based interfacing software (DISO 7.0) pro-
vided to process large amount of geotechnical
data in order to calculate parameters required for
dynamic analyses and created a connection be-
tween resulting data and geographical coordi-
nates. DISO 7.0 computer program was prepared
using Visual Basic programming language. In
this study, methodology and processing princi-
ples of DISO 7.0 have been introduced, and its
application to the soils of the northern coast of
Izmir Bay area is presented.

2. SCOPE AND METHODOLOGY

The scope of this study is to develop a GIS
based methodology in order to perform dynamic
site response analyses using geotechnical data.
For this aim, geotechnical and strong ground mo-
tion databases were constructed, DISO 7.0 soft-
ware was developed in Visual Basic, and this
software was related to dynamic databases ac-
cording to geographical coordinates. Use of this
methodology provides to perform dynamic

analysis for any parcel or selected boring loca-
tions. Thus, local soil conditions can be taken
into consideration for dynamic soil behavior. Be-
sides, geotechnical data, earthquake recordings
and dynamic analysis results are loaded to related
databases.

The methodology was applied to the north-
ern coast of lzmir Bay (Turkey) area soils. The
city of Izmir, which is the thirdest greatest city of
Turkey, is located on the west coast of Anatolia.
The Western Anatolia is one of the major seismi-
cally active zones in the Mediterranean due to its
active tectonics. Coastal area on the north of the
Izmir Bay having thick alluvial strata was se-
lected for application of the methodology. Firstly,
large amount of geological and geotechnical data
for soils of the northern coast of Izmir Bay area
was obtained. These scattered data were recorded
into “Geotechnical Properties” database con-
structed at Access format. This database contains
geotechnical data from 238 borehole locations
and 106 CPT locations at selected area. Geo-
graphical coordinates of borehole locations were
determined from original maps (scaled 1/1000)
and recorded at the database. Digitization of
these coordinates was completed, and digital map
of project area was prepared using ArcView 3.2
GIS (ESRI, 1999) software.

Izmir has been subjected to moderate scale
earthquakes in recent years (between 2003 and
2005, especially). Acceleration records of these
earthquakes occurred in the vicinity of lzmir
were obtained. “Strong Ground Motion” database
have been constructed collecting these records
together. The corrected acceleration records for
moderate scale earthquakes were reached from
the web site of European Strong-Motion database
(Ambraseys et al., 2002).

3. DEVELOPMENT OF INTERFACE
SOFTWARE DISO 7.0

The interface software DISO 7.0 was de-
veloped following the construction of geotechnical
database. DISO 7.0 is capable of reading geotech-
nical data from database, performing calculations
of dynamic parameters for dynamic site response
analyses, and preparing a data input file for dy-
namic analysis software EERA (Bardet et al.,
2000). The capability of software was increased
then in order to perform liquefaction analysis and
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calculation of post-liquefaction settlement. Results
of dynamic analyses were recorded to the direc-
tory as EERA files for each analyzed boring loca-
tion, and summary table of results were con-
structed as “Results of Analysis” in the database.
These results were related to the geographical co-
ordinates of digital map. Thus, maximum ground
surface acceleration, amplification ratio (sur-
face/bedrock), factor of safety against liquefaction
and post-liquefaction settlement values were
evaluated with GIS methodology.

The major part of the study is development
of software that can perform the abovementioned
tasks of a geotechnical earthquake engineering
problem since the geotechnical data can be used
in dynamic site response and liquefaction analy-
ses following additional calculations. One of the
main properties of this software is to provide ef-
ficient communication with EERA (Bardet et al.,
2000) software performing dynamic site-response
analyses and GIS software.

DISO 7.0 provides a graphical user inter-
face (GUIS) in order to link the constructed data-
bases with the GIS software ArcView 3.2 (ESRI,
1999). Besides, data manipulation options such as
selection of borehole locations on digital map are
available. The geotechnical data for selected bore-
hole can be displayed as a profile. From this point
of view DISO 7.0 can be regarded as small-scale
geographic information software. DISO 7.0 is able
to perform liquefaction and post-liquefaction set-
tlement analyses similar to its predecessors (Frost
etal., 1997; Divakarla et al., 1998).

DISO 7.0 includes subroutine forms of
Visual Basic. These forms were prepared for
calculation of dynamic parameters and drawing
digital map for software. Related form was
called from each other and integrated working
of forms was provided. Geotechnical data,
which were collected in Geotechnical Properties
database, are read using DISO 7.0, and calcula-
tions for dynamic parameters are performed.
Data input file for site response analysis is pre-
pared, and results of dynamic analysis are re-
corded to the “Results of Analysis” database
using DISO 7.0. Liquefaction analysis is per-
formed with DISO 7.0, and post-liquefaction
settlement values are calculated. Connection
between Geotechnical Properties and Strong
Ground Motion databases and dynamic analysis
software EERA is provided with DISO 7.0.

The preferred methodology for site re-
sponse analysis is based on the equivalent linear
model. The parameters G (maximum shear
modulus) and & (damping ratio) are referred to
as equivalent linear parameters of the soil mate-
rial. These parameters are used to describe the
dynamic behavior of soils in site response
analysis. Dynamic soil parameters (Gnax and &)
are calculated with DISO 7.0 utilizing geotech-
nical data collected at Geotechnical Properties
database. Maximum shear modulus (Gnax) Can
be calculated from empirical relationships for
clays (Hardin and Drnevich, 1972) and for sands
(Seed and Idriss, 1970). Gnax Can be also deter-
mined from corrected SPT-N values (Ohta and
Goto, 1976, Imai and Tonouchi, 1982). The
variation of the modulus ratio (G/Gnax) and
damping ratio (&) with shear strain (y) is com-
puted from Ishibashi and Zhang (1993) formula-
tions. Modulus ratio and damping ratio values
for each layer of the soil profile are calculated
for shear strains varying between 0.0001 and 10
percent using DISO 7.0. These values are re-
corded to the material property sheets in the data
input file of EERA. The modulus reduction and
damping curves are drawn for each material
sheet during this process.

4. DYNAMIC SOIL BEHAVIOR
ANALYSES

Dynamic site response analysis is the
backbone of any deterministic seismic hazard
analysis. The equivalent linear one-dimensional
site response analysis methodology was applied
in this study. The spreadsheet format of SHAKE
(Schnabel et al, 1972) algorithm, EERA (Bardet
et al., 2000) was preferred. The input data file for
EERA was prepared using DISO 7.0. The modu-
lar structure of DISO 7.0 is shown in Figure 1.
Detailed algorithm tree is given in Figure 2.
Running procedure can be seen also in Figure 2.
Liquefaction analysis can be performed with
DISO 7.0 using the magnitude of earthquake and
maximum ground surface acceleration calculated
from dynamic site-response analysis. Post-
liquefaction settlement values can be calculated
also for selected boreholes. The connection be-
tween Geotechnical Properties and Strong
Ground Motion databases with EERA (Bardet et
al., 2000) is also provided by DISO 7.0.
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Figure 1. Modular Structure of DISO 7.0

The preferred methodology for site re-
sponse analysis is based on the equivalent linear
model. The parameters Gnax (maximum shear
modulus) and & (damping ratio) are referred to as
equivalent linear parameters of the soil material.
These parameters are used to describe the dy-
namic behavior of soils in site response analysis.
The variation of the modulus ratio (G/Gnax) and
damping ratio (&) with shear strain (y) is calcu-
lated using DISO 7.0, and shown graphically for
each soil material sheet in EERA software.

Dynamic soil behavior analyses were per-
formed using EERA (Bardet et al., 2000) soft-
ware. EERA is run in MS Excel environment.
Therefore data input and manipulations are easy.
Another advantage of EERA is that the number
of soil material models and integrations for Fou-
rier analysis are not limited. Results of site-
response analyses were compared with SHAKE
(Schnabel et al., 1972), and both programs gave
the equivalent results.

EERA software includes Excel calculation
sheets. Earthquake record is selected from Strong
Ground Motion database and loaded to “Earth-
quake” sheet of EERA, firstly. Maximum accel-
eration on bedrock was estimated from Campbell
(1997) attenuation relationship, and written as
input in the “Earthquake” sheet. The corrected
records of several moderate scale earthquakes in
the vicinity of Izmir were collected in the “Strong
Ground Motion” database. Acceleration record is

read from Strong Ground Motion database when
dynamic analysis will be performed.

Properties of soil layers are transferred into
“Profile” sheet, and dynamic properties of mate-
rials for each layer are collected in “Material”
sheet of EERA data input file using DISO 7.0
software. When EERA is run, earthquake knowl-
edge is read, and dynamic parameters (accelera-
tion, velocity, and displacement) for various
strain values are calculated. Maximum accelera-
tion and spectral acceleration values on ground
surface and on each layer between surface and
bedrock are determined from analysis.

Dynamic analysis is performed applying
three different methods according to bedrock lo-
cation. Bedrock depth is assumed as the last SPT-
depth of soil profile in the first method. When
bedrock depth cannot be determined and absence
of sufficient data for selected location occurs,
user can apply this method. If bedrock depth can
be estimated and the alluvial profile on bedrock
is not thick, the second method is used. Bedrock
depth is taken as estimated depth in this method,
and soil type at last SPT-depth is extended to the
bedrock depth in order to reduce the absence of
geotechnical data. The third method is applied for
deep alluvial soil strata on bedrock. Soil profile is
extended to the bedrock depth. The confined ag-
uifer solution is applied below 80 m depth con-
venient for the local geological stratification in
the third method.
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Figure 2. DISO 7.0 algorithm tree
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Liquefaction analysis is performed follow-
ing the estimation of maximum ground surface
acceleration from dynamic analysis. The state-of-
the-art methodology developed by Youd and
Idriss (1997) is employed during liquefaction
analysis. Estimation of two variables is required
for evaluation of liquefaction resistance of soils:
The cyclic stress ratio (CSR) and the cyclic resis-
tance ratio (CRR). The cyclic stress ratio required
to generate liquefaction was calculated using the
simplified methodology developed by Seed and
Idriss (1971). The cyclic resistance ratio can be
determined from (Nj)eo value for M=7.5 earth-
quake. The cyclic resistance ratio for other mag-
nitudes can be obtained by multiplying CRR for
M=7.5 earthquake by magnitude correction fac-
tors (Youd and Idriss, 1997). The ratio of cyclic
resistance ratio to cyclic stress ratio gives the fac-
tor of safety against liquefaction, FS,. Factor of
safety less than 1.0 means saturated layer lique-
fiers, otherwise liquefaction does not occur.

B3 Dosva Gordndm  Ekle  Weriler Sonuglar

Liquefaction induced settlements can be
calculated using Ishihara and Yoshimine (1992)
approach based on Tokimatsu and Seed (1987)
methodology. A chart is used for estimating post-
liquefaction volumetric strain of clean sand as a
function of FS.. The relative density, SPT resis-
tance, or CPT tip resistance can be used to obtain
post-liquefaction volumetric strain. The volumet-
ric strain for each layer is multiplied by thickness
of the layer and post-liquefaction settlement val-
ues are obtained.

When DISO 7.0 is run, a digital map dis-
playing parcels and boring locations at selected
project area can be seen on the screen. Any par-
cel or group of boring locations can be selected
from digital map drawn in DISO 7.0 (Figure 3).
Soil profile for selected boring location and
variation of SPT-N values with depth are shown
on a new screen as illustrated in Figure 4. Geo-
technical properties of this location are given as
the Geotechnical Data table in Figure 5.
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Figure 3. Selection of boring locations in a parcel (DISO 7.0 software)
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Figure 4. Soil profile of Borehole #169 in Bostanli-1zmir region (DISO 7.0 software)
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Figure 5. Geotechnical data for Borehole #169 in Bostanli-1zmir region (DISO 7.0 software)
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A sample liquefaction analysis for Bore-
hole #169 in Bostanh-1zmir (Turkey) region was
performed using DISO 7.0. Liquefaction poten-
tial was determined in sand layers (red color dis-
plays that liquefaction may occur in the analyzed
depth) of soil profile shown in Figure 6 for
M=6.5 earthquake and am.=0.279. The post-
liquefaction settlement within the 20 m depth
from ground surface was obtained as 28 cm.
Since liquefaction was not estimated to occur
below 20m depth, sand layer, having liquefaction
potential, between 32.0-35.0 m depths would not
be taken into account. Dynamic soil behavior
analyses were performed for 238 borehole loca-
tions available at constructed database. Then,
results of site response and liquefaction analyses
were related to the geographic coordinates of
borehole locations using GIS software, and con-
tour maps of dynamic parameters were prepared
using GIS mapping techniques.

CONCLUSIONS

In this study, a methodology and process-
ing principles of DISO 7.0 computer program has
been introduced, and its application to the soils of
the northern coast of Izmir Bay (Turkey) area is
presented. DISO 7.0 computer program was de-
veloped using Visual Basic programming lan-
guage in order to manipulate large amount of
geotechnical data and to prepare a data input file
for performing dynamic analyses. DISO 7.0 pro-
vides an interface between geographical informa-
tion system (GIS) and dynamic site response
computing domains. The large amount of geo-
logical and geotechnical data for soils of the
northern coast of Izmir Bay area have been
loaded to the constructed dynamic soil database.
The city of Izmir, which is one of the greatest
cities of the country, has been subjected to mod-
erate scale earthquakes in recent years (1977 1z-
mir Earthquake, M=5.3; 1992 Doganbey Earth-
quake, M=6.0; 2003 Urla Earthquake, M=5.6;
2005 Sigacik Bay Earthquakes, M=5.6-5.9; 2005
Uzunkuyu-Urla Earthquake, M=5.9). Accelera-
tion records of these earthquakes occurred in the
vicinity of lzmir are loaded to the “Strong
Ground Motion” database. DISO 7.0 provides a
link between these databases. Dynamic parame-
ters required for equivalent-linear 1-D dynamic
site response analyses are calculated using DISO

7.0. Dynamic site response analyses are per-
formed using EERA (Bardet et al., 2000) soft-
ware, and liquefaction analyses are performed
with DISO 7.0 using results of dynamic analyses.
The post-liquefaction settlement values are also
calculated with DISO 7.0. A sample application
of liquefaction analysis is given for the northern
coast of Izmir Bay area soils. DISO 7.0 provides
also a link between constructed databases and
GIS software. Results of site response and lique-
faction analyses were related to the geographic
coordinates of borehole locations, and contour
maps were prepared using GIS software.

REFERENCES

AMBRASEYS, N.N., SMIT, P, SIGBJORNSSON, R.,
SUHADOLC, P. and MARGARIS, B. 2002. Internet-Site
for European Strong-Motion Data, EVR1-CT-1999-40008,
European Commission, Research-Directorate General XII,
Environment and Climate Programme, Brussels, Bel-
gium,<www.isesd.cv.ic.ac.uk/ESD/frameset.htm>

BARDET, J.P.,, ICHII, K. and LIN, C.H. 2000. EERA - A
Computer Program for Equivalent-Linear Earthquake
Site Response Analyses of Layered Soil Deposits. Univ.
of Southern California, Dept. of Civil Engineering, Au-
gust 2000.

BORCHERDT, R.D. 1997. Spatial Ground-Motion Ampli-
fication Analysis, Spatial Analysis in Soil Dynamics and
Earthquake Engineering, ASCE Geotechnical Special
Publication No.67, Ed. Frost, D.J., New York, USA,
ISBN: 0-7844-0258-2, 56-69.

CAMPBELL, K.W. 1997. Empirical near-source attenuation
relationships for horizontal and vertical components of
peak ground acceleration, peak ground velocity, and
pseudo absolute acceleration response spectra. Seismolo-
gical Research Letters, 68, 1, 154-179

CINICIOGLU, S.F., OZTOPRAK, S., KELESOGLU, M.K.
and OZYAZGAN, C. 2001. Spatial Site Safety Analysis
for Bakirkoy District of Istanbul. XVth International
Conference on Soil Mechanics and Geotechnical Engi-
neering, Istanbul, Turkey, Proceedings Book, 385-388.

DEATON, S.L., FROST, J.D., LUNA, R. and PARSONS,
R.L. 2001. GIS-Based Evaluation of Geotechnical Bore-
hole Log Quality. Journal of the Transportation Re-
search Board, TRR No. 1755, TRB/NRC, Washington
D.C., 15-25.

DIVAKARLA, P.K., HOYOS, L.R. and MACARI, E.J.
1998. Assessment of Liquefaction Potential of Western
Puerto Rico, Geotechnical Earthquake Engineering and
Soil Dynamics 111, ASCE and Geo-Institute, Geotechni-
cal Special Publication No.75, ISBN: 0-7844-0361-9,
530-541.

DOLLNER, J. and HINRICHS, K. 2000. An Object-Orien-
ted Approach for Integrating 3D Visualization Systems
and GIS. Computers & Geosciences, 26, 67-76

EL-NOKRASHY, M.0O., ABDEL-RAHMAN, A.M. and
ABDEL-SALAM, A.E. 2001. Development of Geotech-
nical Map Using a Geographic Information System. XVth

XOBORLOR e YER ELMLORI m MI3BECTWSA ¢ HAYKW/ O 3EMIIE m PROCEEDINGS ¢ THE SCIENCES OF EARTH


http://www.isesd.cv.ic.ac.uk/ESD/frameset.htm

A COMPUTER PROGRAM AS INTERFACE BETWEEN GIS............. 15

International Conference on Soil Mechanics and Geo-
technical Engineering, Istanbul, Turkey, Proceedings Book,
83-86.

ESRI. 1999. ArcView GIS 3.2 for Windows, Environmental
Systems Research Institute, Inc., Redlands, CA, USA.

FROST, J.D., CARROLL, D.P. and ROCKAWAY, T.D.
1997. Spatial Liquefaction Analysis. Spatial Analysis in
Soil Dynamics and Earthquake Engineering: Proceed-
ings of sessions held in conjunction with Geo-Logan ‘97,
Utah State University, Logan, Utah, July 16-19, 70-86.

GRAETTINGER, A. and SIMMONS, S. 2003. Develop-
ment of a Statewide Bridge Database and Data Retrieval
System. Technical Report, University Transportation
Center for Alabama, UTCA Report No: 02403, 23.

HARDIN, B.O. and DRNEVICH, V.P. 1972. Shear
Modulus and Damping in Soils: Design Equations and
Curves. Journal of the Soil Mechanics and Foundations
Division, ASCE, 98, SM7, 667-692.

IMAI, T. and TONOUCHI, K. 1982. Correlation of N-value
with S-wave Velocity and Shear Modulus. Proc.of Sec-
ond European Symposium on Penetration Testing, Am-
sterdam, 57-72.

ISHIBASHI, I. and ZHANG, X. 1993. Unified Dynamic
Shear Moduli and Damping Ratios of Sand and Clay.
Soils and Foundations, 33, 1, 182-191.

ISHIHARA, K. and YOSHIMINE, M. 1992. Evaluation of
Settlements in Sand Deposits Following Liquefaction Dur-
ing Earthquakes. Soils and Foundations, 32, 1, 173-188.

JIMENEZ, M.J., GARCIA-FERNANDEZ, M., ZONNO, G.
and CELLA, F. 2000. Mapping Soil Effects in Barcelona,
Spain, through an Integrated GIS Environment. Soil Dy-
namics and Earthquake Engineering, 19, 4, 289-301.

KALKAN, E. and GULKAN, P. 2004. Site-Dependent
Spectra Derived from Ground Motion Records in Tur-
key. Earthquake Spectra, 20, 4, 1111-1138.

KREUSELER, M. 2000. Visualization of Geographically
Related Multidimensional Data in Virtual 3D Scenes.
Computers & Geosciences, 26, 101-108.

LEES, J.M. 2000. Geotouch: Software for Three and Four
Dimensional GIS in the Earth Sciences. Computers &
Geosciences, 26, 751-761.

LIN, M.L. and TUNG, C.C. 2003. A GIS-Based Potential
Analysis of the Landslides Induced by the Chi-Chi Earth-
quake. Engineering Geology, 71, 1-2, 63-77.

LUNA, R. 1997. Spatial Data Quality Evaluation in Geo-
technical Earthquake Engineering. Spatial Analysis in
Soil Dynamics and Earthquake Engineering, ASCE Geo-
technical Special Publication No.67, New York, USA,
ISBN: 0-7844-0258-2, 42-55.

LUNA, R. and FROST, J.D. 1998. Spatial Liquefaction
Analysis System. Journal of Computing in Civil Engi-
neering, ASCE, 12, 1, 48-56.

LUNA, R, CARROLL, D.P., FROST, J.D., and WU, A H.
1998. Spatial Evaluation of Earthquake Induced Deforma-
tions. Geotechnical Earthquake Engineering and Soil Dy-

namics 11, ASCE and Geo-Institute, Geotechnical Special
Publication No.75, ISBN: 0-7844-0361-9, 398-409.

MABEY, M.A. 1997. Regional versus Site Specific Spatial
Hazard Analysis. Spatial Analysis in Soil Dynamics and
Earthquake Engineering, ASCE Geotechnical Special
Publication No.67, New York, USA, ISBN: 0-7844-0258-
2,29-41.

NELSON, B.L., KRAJEWSKI, W.F., KRUGER, A, et al.
2003. Archival Precipitation Data Set for the Mississippi
River Basin: Development of a GIS-Based Data Browser.
Computers & Geosciences, 29, 595-604.

OHTA, Y. and GOTO, N. 1976. Estimation of s-wave ve-
locity in terms of characteristic indices of soil. Butsuri-
Tanko, 29, 4, 34-41.

O’ROURKE, T.D. and PEASE, J.D. 1997. Mapping Liquefi-
able Layer Thickness for Seismic Hazard Assessment.
ASCE Journal of Geotechnical and Geoenvironmental
Engineering, New York, USA, 123, 1, 46-56.

PUNDT, H. and BRINKKOTTER-RUNDE, K. 2000. Visu-
alization of Spatial Data for Field GIS. Computers &
Geosciences, 26, 51-56.

REAL, C.R. 1993. A Geotechnically-Oriented GIS for Seismic
Hazard Mapping. Geographic Systems and Their Applica-
tion in Geotechnical Earthquake Engineering, ASCE, New
York, 90-94.

REAL, C.R. and McGUIRE, T. 1998. Geotechnical Database
to Support Seismic Hazard Mapping. Workshop on Ar-
chiving and Web Dissemination of Geotechnical Data,
Part 1.1, 1-16.

ROGERS, J.D. 1997. Spatial Geologic Hazard Analysis in
Practice, Spatial Analysis in Soil Dynamics and Earthquake
Engineering, ASCE Geotechnical Special Publication
No.67, New York, USA, ISBN: 0-7844-0258-2, 15-28.

SCHNABEL, P.B., LYSMER, J. and SEED, H.B. 1972.
SHAKE - A Computer Program for Earthquake Re-
sponse Analysis of Horizontally Layered Sites. A Na-
tional Science Foundation Report, EERC 72-12, Univer-
sity of California, Berkeley.

SEED, H.B. and IDRISS, .M. 1970. Soil Moduli and
Damping Factors for Dynamic Response Analyses. Re-
port EERC 70-10, Earthquake Engineering Research
Center, University of California, Berkeley.

SEED, H.B. and IDRISS, I.M. 1971. Simplified Procedure
for Evaluating Soil Liquefaction Potential. Journal of
the Soil Mechanics and Foundations Division, ASCE,
107, SM9, 1249-1274.

TOPAL, T., DOYURAN, V., KARAHANOGLU, N. et al.
2003. Microzonation for Earthquake Hazards: Yenisehir
Settlement, Bursa, Turkey. Engineering Geology, 70, 1-
2, 93-108.

TOKIMATSU, K. and SEED, H.B. 1971. Evaluation of
Settlements in Sand due to Earthquake Shaking. Journal
of Geotechnical Engineering, ASCE, 113, 8, 861-878.

YOUD, L. and IDRISS, 1.Z. 1997. Proceeding of the NCEER
Workshop on Evaluation of Liquefaction Resistance of
Soils. NCEER, Technical Report, 97-0022, 87.

Reviewer: Sc.D (geology-mineralogy) Yu.A.Shykhaliyev

XOBORLOR e YER ELMLORI m MI3BECTWSA ¢ HAYKW/ O 3EMIIE m PROCEEDINGS ¢ THE SCIENCES OF EARTH



