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INTRODUCTION

The peak ground motion parameters, related to earthquake hazard at a given site, are strongly
dependent on the source process, the ray path and the local geological conditions. The area of
Thiva city, situated in Central Greece, is surrounded by seismogenetic zones characterized by
high seismicity level (figure 1). The broad region of Thiva has sustained severe damage from
earthquakes occurred in near and moderate distances.
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Figure 1. Seismicity in Thiva area during the
period 1900-1992.

Because of high seismicity and poor quality local soil conditions (post-alpine clay and sand
sediments of variable thickness), the area has been chosen as a test site for a micrgzonat:on
study, in order to elaborate on the local effects on the expected strong ground motion at the
free-surface. To achieve this purpose a multidisciplinary project comprising of geophysical,
seismotectonic, geotechnical and geological studies was carried out, providing valuable data
for proposing a detailed microzonation map. The same procedure has also been applied in
another area of Greece (Papadopoulos et al. 1997).
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To compute expected ground motion at the free surface, synthetic accelerograms have been
calculated based on the results of detailed seismic hazard analysis. Furthermore, the
underground structure was investigated using seismic refraction techniques as well as cross-
hole and well logging measurements at 5 borehole pairs. The simulated strong motion at the
base rock level has been transferred to the free surface by considering the properties of the
overlying formations by applying the methodology initially proposed by Schnabel et al (1972)
and modified by M. Idriss and J. Sun (1992).

INPUT DATA

To investigate the effect of soil conditions on the frequency content of the expected strong
ground motion different accelerograms have been synthesized at near, moderate and far
distances (10, 40 and 100 km) with corresponding magnitudes of 6.5, 7.0 and 8.0 respectively
(figure 2). The synthesis was based on the random vibration theory (Oshaki et al, 1980),
incorporating phase angles of strong earthquakes, recorded at different seismotectonic regions
of Greece (Stavrakakis et al, 1997).
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Figure 3. S-wave and density velocity variation compiled from geophysical data interpretation
recorded in different borehole pairs.

Cross-hole measurements, conducted at 5 different borehole pairs along a profile with depths
varying from 15 to 30 meters, provided a detailed representation of S-wave velocity variation
with depth down to the seismic base rock level and well logging measurements in the same
borehales the corresponding density variations (figure 3). Soil characterization, based on the
geotechnical tests carried out on the samples obtained, revealed that the sediments overlying

696



the seismic basement are clays, silts and sands, with varying plasticity. Based on these
observations, a soil profile from the surface to the seismic basement was defined for each
borehole pair. The discrete layers of each soil profile were parameterized by assigning a
corresponding soil type, S-wave velocity and density value.

GROUND MOTION AT THE SURFACE

Following the above procedure, the spectral acceleration at the ground surface has been
computed using data from each pair of boreholes and for different design earthquakes. The
obtained results for near and far field design earthquakes are illustrated in figure 4. In this
figure the variation of the predominant period of the motion for each pair of boreholes, is
evident, strongly depending upon the soil profile and varying from 0.1 to 0.35 seconds for the
near and 0.1 to 0.45 seconds for the far field.
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Figure 4. Computed acceleration spectra for the near and far field design earthquakes.

Moreover, according to the near field case results high spectral acceleration at a period of 0.12
sec is expected at the site of borehole 5, characterized by relatively shallow base rock depth.
On the contrary, computed spectral acceleration at the vicinity of borehole 1 is remarkably
lower displaying twin peaks at periods of 0.12 and 0.35 sec. Hence, in this case of greater
basement depth and less consolidated materials, seismic energy of the near field event is
distributéd over a wider spectrum band. In the case of the far field event the level of computed
spectral acceleration for the different borehole pairs is similar while the width of many part of
the spectrum varies according to the soil profile. Finally, it should be mentioned that in order
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Figure 5. Computed amplification ratios for the near and far field design earthquakes.
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to interpret variations observed between the corresponding spectra obtained from far and near
field design earthquakes the different characteristics (frequency content and duration of the
motion) of the input motion, must also be taken into account.

Similar observations can also be made from the amplification ratio diagrams in figure 5, which
indicate that high amplification in the case of shallow base rock depth is expected at
frequencies around 10 Hz, while in most cases high amplification is limited at frequencies
lower than 5 Hz.

The above results will be considered in order to delineate the final microzonation map for the
city of Thiva and define the design parameters for each microzone.

REFERENCES

Idriss, I.M. and J.I., Sun (1992). SHAKES1 A computer program for conducting equivalent
linear seismic response analyses on horizontally layered soil deposits. Center for
Geotechnical Modelling Department of Civil and Environmental Engineering,
University of California, Davis, California, November, 1992, 20p.

Ohsaki, Y., Watabe, M., Tohdo, M., 1980. Analyses on seismic ground motion parameters
including vertical components. Proc. Of the 7™ World Conf. On Earthq. Eng.,
Turkey, Vol. 2, 97-104.

Papadopoulos T.D., Stavrakakis G.N., Alexopoulos J., Kambouris P. & Voulgaris N. (1997).
Combined geophysical methods for subsurface characterization in the framework of
microzoning studies. Proc. of the IAEG Intern. Symp. on Engineering Geology and
the Environment. Vol 2, p1419-1424, P.G. Marinos, G.C. Koukis, G.C. Tsiambaos
and G.C. Stournaras editors, A.A. Balkema 1997.

Schnabel, P.B., Lysmer, J. and Seed, H. Bolton (1972) SHAKE: A Computer Program for
Earthquake Response Analysis of Horizontally Layered Sites” Report No.
UCB/EERC-72/12, Earthquake Engineering Research Center, University of
California, Berkeley, Decenber, 102p.

Stavrakakis G.N., Papadopoulos T.D., Voulgaris N.S. and Drakopoulos J.K. (1997). Seismic
hazard estimation in the framework of microzonation studies. Proc. of the IAEG
Intern. Symp. on Engineering Geology and the Environment. Vol 2, p1493-1498,
“P.G. Marinos, G.C. Koukis, G.C. Tsiambaos and G.C. Stournaras editors, A.A.
Balkema 1997.

698




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




