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A Study on Mapping of Liquefaction Hazard at a Megalopolis in Korea
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SYNOPSIS : Liquefaction hazard caused by earthquake is the damage in a wide range. Until now,
liquefaction hazard potential at a small area or most structure in Korea was assessed by modified Seed &
Idriss method. However, it has been known that this method is not proper for metropolitan area due to a lot
of time and data to perform the related ground response analyses such as Shake program. For these reasons,
the current method has been used facilities or structures, not metropolitan area. In this study, several contents
in seismic design of Eurocode and Korean seismic design standard for Port and Harbor were introduced and
applied for assessing the liquefaction potential and mapping the liquefaction hazard by LPI(Liquefaction
Potential Index). Finally, Ulsan metropolitan city was practically drawn in two dimensional space.

Keywords : Liquefaction Hazard Map, Liquefaction Potential Index, Hazard map of Metropolitan Area

Q= W aAe Fagel B2 m ok 53,
u

=
tEeta BE Aok 1 R RS HUts

A b A Fste] i MAA s FEREY TR =
aL ool tiEk tiAvide] Z do] HFH L vt
HAA A T AdE A= T A dA T styR e E 7] sl ol i H
ZHE mE opyel ol Wik WA EE Fdete] Al=s s A9 viE, dE 5 A=ME
HlEeto]l Hols T 2 FH AR B2 dilol A Ha on HdAR o dy Ayt
zE vk ok vl e Sl WA AANE ] REEOX o F FxE AAAY TR ofd 4
st FG7kel thd = AlWEo] e Tl A E o}

N
H
=
2
0x
K
=
=O£
H
1
0z
re
Ok

O

o) NMARE T8t 239 £ 3399 FHE YEhl= Ao
AnkAolt}, o] gt A}t A= A4 7 ole] 7hA] W47E AjbE w3l
o A EHOE olgyE XNFEE 19824 IwasakiZ} A¢kst AAkzl 75 A A 4=(Liquefaction
Potential Index, LPD7F Ut} LPI= Zw#dY AT A (FAY S o] &3to] dojxl ditstd digh hxl&
S ol g3t A=Y 1 AFAE g A1) 2

e

- 1246 -



p, — fOZOF(z) w(z) dz (1)

A7, 2= dgAue]l AEE UEE Fob sl o g Fel d@ $ezs
F()=1-F o 4oz Tdhn F>103 49 F)=00th 3 A0l ws 7524 A 4
b QoASE faTEY 9F Som s WA sbsdel Welde el /1xd Aol
w(z)=10-05z2 YEFATE §2 Aoz dofx= LPI9 HH = 094 1002 Iwasaki(1982) 5°] 63712
o gsl At 2209 s VM 4GS tgoE stol LPIghl nhE g3 ssgEstel 4
#B97E E 19 2ol YErlglon] LPIE o] @ 9us Asme ¢ 19 13 2.

E 1 Pl Welel wE oyt w9 LEGEND
LPI ‘ﬂ '?’] j’] 'SH @ E Liquefaction Potential
- Very High (LPI> 15)
0 SIS = B s
Moderete (2<LPI <5 )
O<PL§5 34 ‘H XéL:—7]' Z}% -Luw[0<LP[i2)
Non-Liquefied ( LPIQ)
5<PLS 15 %‘Z_}_;ﬁ 59] Sj’] SH A Borsholes
M Sandboils
15<P, -‘—q ‘H zé L:_7]' = P s Ground cracks
o3 1. 943 A= (Papathanassiou G. 5, 2005)

3. HArEH MY um

SISAE Aol vhebe vhsh gol lele] AHolA e gstel g bl gol
A Anz Qe S olu, 9gs ke A4S e AsEE dEA g FhEe o
£k 2t

¥ 2. A3t rEyel v
T 8 Seed & Idriss Eurocode <-gdygt A&
OXZ7]E A7 FA OSeedo| &9 7= OSeed & Idriss¢} Eurocode
& OAAFEIH 5 O QA &4 /5] 8ok &4 o 7%
oA & 24 OA B3 75 OA A B3 75
AP ETa=]
]jl OAATFE 650 Wl 1.19 | OARATFE 659 thal 1.69 | OAXFE 650 thal 1.19
HAAGF
X] z—‘l-oﬂ € am ax O”U JU TE O-U
SE! (U,)—065X . XXy | T = 065X a X X — (a,):0.65><adq,thx7
AS TR m s A9g a0 3R ARAAEE (AUSHAAFD)
SHI | ey a4 (=1-0.0152) Qe @ AEW HO AR EEA S
A S 1 A HFEEA a @ ARIEEA ¢
Hd & Hasl AESHHy s/ A g Ak
7] €} A& A Al SPT, CPTY A#(NA|, qe B q)g o] €38 Vs 2 Guax 2HA.

A0l MAE ATk H] e 18 29 Zr) o
o] AAARNFRIF 652 A4 H 0]

- 1247 -



A7 el 29 19 st AFZHR FAE o8 Agoe AR ®BAGAS(Magnitude
Scaling Factor; MSF)& #|-&3le] g A zlqpiLell tigh 433t A& u S A eiA At
06 o
u o

Percent fines= 35 15 <!

0.5

04

CSRy-75 03 -

omn A 7
° .
ozl ®0® Q8 /c_

o -
(Y e o~ Fines content 25%
0" Modified Chinese code proposal (clay content = 5%)
ot |7 B 60 o Mewnd Mo ]

. ;) o Liquefaction Liquefaction ~Liquefaction
Pan-American data I o
Japanese data [ ) < o
Chinese data A A

o - - -

o 10 20 30 40 50
(N1)eo

19 2. Seed ¢} Idriss®] 733} A g2y 34 (Seed et al., 1934)

19 Yeld Eurocoded] w

4 = 3% oH
IE wkdete] #8359
ZAT(HE T A7)
o] F=H WY

oy
2
-
in)
&

4. Y3t Teli= =Hof

B ATl s AR, T, S, B, &) 257 AlFEelM AwARE s
ol EW® LPIE Attt ofuf, 43l AdSHule] e A A g5 Aed duds
AAE 3l AtE AR BAGAFA TR 6500 el 1L4HE A&kt on, Aol & Hehgd
v S 98 w2 Ao AFstE 7 87l F2 Eurocode®] & ASHE WS A& o]
WRoll Z1xske] AAdE A A4St A 29 33 Zow o, HEH R £ 0103

0.14gol .

- 1248 -



(a) A Z7FH5% 0.10g (b) A 7F%E 0.14g

a9 3 A e st s A

A Hke] SgxRto g FRE o] AAkste diEl 2 I a7 gl
MM Rt A A7EE 012, 0.14g & wf HAEE <l
BE Sk A A9e 0.14g 2 HAAA
Aol A At FSq @9 e A

5 < T3 1 A HE
A Adst EEE HERdE A% LPIE W)
FEFH7t ol FEAdsA AEE F 3

]

]
L 7], vl A (2000), “Hul AEA G AFst o 2o w3 A7, FF AN E T3

A, Al 494, A 23, pp.57~64.
(2001), “=u Ak wjPx o] A3} A= %
o) vkl HA<=(2000), “sHu) o Ho] A ek o

=
R

o

o ox

of B3 A7, AA ek, AApete =T
7

T E

o
e
>
fu}
o
fm
g
.L?k
s
Pl
N,

O

nlo
=1

1F, HAAE, A5U1999), “F A ANFRE neld A4E AGPE 44T, #F
gt =&8-F, Al 154, Al 6%, pp.307~317

CESA, WIE, EAQ002), AN FASH 12T 445 BN, FFANF
, Al 18, Al 1%, pp.99~112

6. Kramer S. L.(1996), Geotechnical Earthquake Engineering, Prentice Hall, pp.348~422

7. Papathanassiou G., Pavlides S. and Ganas A.(2005), "The 2003 Lefkada earthquake: Field observations

and preliminary microzonation map based on liquefaction potential index for the town of Lefkada”,

2 i AN

0, -

Engineering geology ,Vol. 82, no.l, pp.12~31

8 Park, K. B.,, Park, Y. G, Choi, J. S. and Kim, S. L(2004), "A Study on Magnitude Scailing
Factors and Screening Limits of Liquefaction Potential Assessment in Moderate Earthquake
Regions”, Journal of the Korea Geotechnical Society, Vol. 20, No. 7, pp.127~140

- 1249 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


