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Fault breccia, produced by fracturing and comminution of host rock during fault activity, is a common compo-
nent within fault cores. Fault breccia may display a preferred orientationin accordance with the sense of motion on
the fault. Here we use a numerical analysis technique to study the effects of the distribution and content of breccia
in fault core on the elastic moduli. The analytical models are grouped into those in which breccias display a pre-
ferred orientation within fault core and those in which breccias are randomly oriented. The breccia compositions
considered here are granite and shale, and the breccia contents are 10 wt%, 20 wt%, and 30 wt%. Our results show
that for all the cases considered, differences in the deformation moduli fall within the range 0.1%~1.1% and dif-
ferences in the elastic moduli fall within the range 0.02~0.4 MPa. Thus, the distribution and content of fault brec-
cia have almost no effect on the elastic moduli.
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Fig. 1. Weight ratios and frequencies of materials within the studied fault core, estimated from the results of sieve analyses

by Moon et al. (2014) and Yun et al. (201
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(a) Models that show a preferred orientation of breccias
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(b) Models that show a randomly oriented of breccias

Fig. 2. 2D models of elastic numerical analysis according to the distribution and content of breccia.
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Fig. 4. Stress-strain curves from uniaxial compression
tests performed on each specimen.

(b) A specimen after unconfined

compression test

Fig. 3. A specimen (80 wt% clay, 20 wt% sand) used for unconfined compression test.



Table 1. Results of unconfined compression tests
parameters used for elastic numerical analyses.
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for specimens containing mixtures of sand and clay, plus the input

Clay Sand Qu €, Yt E.,
Wt%) | (Wt%) | (MPa) | (%) | (KN/md) (MPa) v Remarks
100 0 2.8 2.1 19.4 109.3 0.42
80 20 2.6 2.1 19.2 115.3 0.29
Matrix 60 40 1.2 5.0 19.2 24.4 0.20 E.=Eso
40 60 0.9 23 183 35.7 0.25
Mean 6.5 2.9 19.0 71.2 0.29
. Granite - - 26.5 47,000 0.21 Luis et al. (2004)
Breccia ’
Shale - - 26.0 17,500 0.25 Jung (1996)
q.: uniaxial strength, €,: axial strain, y;: unit weight, E.: elastic modulus, v: poisson’s ratio.
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(a) Granite breccia (b) Shale breccia
Fig. 5. Relationship between stress and axial strain for numerical models with a breccia content of 10 wt%.
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Fig. 6. Relationship between stress and axial strain for numerical models with a breccia content of 20 wt%.
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Fig. 7. Relationship between stress and axial strain for numerical models with breccia content of 30 wt%.

Table 2. The elastic modulus according to the distribution and content of breccia, as calculated from stress-strain relationships.

. o Elastic modulus (E,,, MPa)
Breccia Distribution pattern
10 wt% 20 wt% 30 wt%
. Preferred orientation 7.921 7.909 6.391
Granite -
Random distribution 8.293 7.529 6.373
Shal Preferred orientation 7.926 7.907 6.390
e Random distribution 7.806 7522 6374
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Ae WG mes P9 G Y Aole] ol 7F & Z7Ks, EARE i 1asis 202 Ueht,
o] Bkl 749 oF 04MPa, AU A 0.1MPa 4. A7]e] Azl elalyl WEale] g YEUSTE
of Aol wolul, 28 Gl 20wd] AL G A A gt B el @AE e
Ut A BT oF 04MPa, ZHEo] 30 wi%! A= = ZEe] Mg 9] o5 B4 & I
o 002 MPasl ASIS et WRES) G M & A D ASR Lhelsich
gl e Wgrse) Aol nuld Aow vet s B Qv v 7=e) Alaeke REE vee A
w3 ZlEe] go] Wolds s wAAFE pasie,  AFd mde] ASUBAPL A3 FXY Azoln,
S7ger 2ol lowg] A9E Agslat A8 wid  FF Avde] o@ 4w 54 F 3149 a7t 5
welo] 9] jel munTh WAL A et AETe Zele) Mg oie gEele] sk B4e
weh §es 78 5 9 Aol
4 =
At At
A9 v REske e wjd sk Fegol ey
Al HiRE FEE wAE] el 2 RSt 2 dre FELEH e A471sAF A
o= Aol 1,000kNe] s5s DAEE Tlsld 3] A 13AHATS03 “HEAF F TAE BHEE 3 2
M-S st Rl Ay s 2 2YRY A FAe] RS W
1. 3t Aol 2 =k 10 wi%, 20 wt%, 30 o FE 5T
widl 735 Zkele] vjgde] 418 wiakske melsh
9 Byss mdo WIFS vwslH W Bo References
0.1~1.1%2] HSIoIA z2telS Hof z1Ee] ujgel] uhe
%331394 )= A glE AoE Uehth ASTM D2487-06, 2006, Standard practice for classifi-
EREES -‘:_1r74 2HE] 500 SHA ERAAISE A cation of soils for engineering purposes, Annual Book
; 88 WARTE 50% ° ]? of ASTM standard, 04.08.
€ 01'04 HsE 0.02~0.4 MPao] W 91olA 2olS B Baek, Y., Yim, S. B., Seo, Y. S., Kwon, O. 1., and Jeong,
zo] wjd oEHoﬂ w2 edAIGe] zlole nju|sk A Y. J., 2006, Analysis of elastic behavior of conglom-
o= Uepdh erate with sorting and dip using homogenization the-

ory, Korea Society of Engineering Geology Conference,



297-305 (in Korean with English abstract).

Caine, J. S., Evans, J. P., and Forster, C. B., 1996, Fault
zone architecture and permeability structure, Geology,
24(11), 1025-1028.

Faulkner, D. R., Lewis, A. C., and Rutter, E. H., 2003, On
the internal structure and mechanics of large strike-slip
fault zones: field observations of the Carboneras fault in
southeastern Spain, Tectonophysics, 367(3-4), 235-251.

Gudmundsson, A., Simmenes, T. H., Belinda, L., and
Philipp, S. L., 2010, Effects of internal structure and
local stresses on fracture propagation, deflection, and
arrest in fault zones, Journal of Structural Geology,
32(11), 1643-1655.

Henderson, 1. H. C., Ganerod, G. V., and Braathen, A.,
2010, The relationship between particle characteristics
and frictional strength in basal fault breccias: impli-
cations for fault-rock evolution and rockslide suscep-
tibility, Tectonophysics, 486(1-4), 132-149.

Heynekamp, M. R., Goodwin, L. B., Mozley, P. S., and
Haneberg, W. C., 1999, Controls on fault-zone archi-
tecture in poorly lithified sediments, Rio Grande Rift,
New Mexico: implications for fault-zone permeability
and fluid flow, In: Haneberg, W. C., Mozley, P. S.,
Moore, J. C. and Goodwin, L. B. (Eds.), Faults and
Subsurface Fluid Flow in the Shallow Crust, American
Geophysical Union Geophysical Monograph, 113, 27-50.

Jeoung, T. J., 1996, The variation of poisson’s ratio for the
cretaceous sandstones and shale in the Euiseoung sub-
basin, The Journal of Engineering Geology, 6(2), 397-
409 (in Korean with English abstract).

Jin, K. M,, Kim, Y. S., Kang, H. C., and Shin, H. C., 2013,
Study on developing characteristics of the Quaternary
Gusan Fault in Uljin, Gyeongbuk, Korea, Journal of
the Geological Society of Korea, 49(2), 197-207 (in
Korean with English abstract).

Jung, H. C., Chun, Y. C., Park, C. M., Lee, H., and Oh, S.
M., 2004, A case study on design of road tunnels in unce-
mented breccia, The Annual Conference of the Korean
Society of Civil Engineers, 1533-1538 (in Korean).

Kim, T. K., Choi, S. S., and Jeong, Y. J., 2004, Geological,
geotechnical characteristics and rock mass classifica-
tion of the unconsolidated conglomerate in Gyeongju,
Journal of Korean Geophysical Society, 7(4), 293-304
(in Korean with English abstract).

KS F 2314, 2013, Standard test method for unconfined
compression test of soils, Korean Agency for Tech-
nology and Standards (in Korean).

Luis, I. G. V., Mercedes, F., Luis, O., and Carlos, O., 2004,
Geological engineering, Pearson Education, Madrid,
Spain, 119-153.

McCalpin, J. P, 1996, Paleoseismology, Academic Press,
SanDiego, 588p.

Moon, S. W.,, Yun, H. S., Kim, W. S., Na, J. H., Kim, C.
Y., and Seo, Y. S., 2014, Correlation analysis between
weight ratio and shear strength of fault materials using
multiple regression analysis, The Journal of Engi-
neering Geology, 24(3), 397-409 (in Korean with English
abstract).

Seo, Y. S., Yim, S. B,, Beak, Y., and Kim, J. S., 2006,
Homogenization analysis for calculating elastic mod-

2] wid Fel 2 Wl whe AR -

4 393

ulus of composite geo-materials, The Journal of Engi-
neering Geology, 16(3), 227-233 (in Korean with English
abstract).

Sibson, R. H., 1977, Fault rocks and fault mechanisms,
Journal of the Geological Society, 133, 191-213.
Yount, J. C., Shroba, R. R., McMasters, C. R., Huckins, H.
E., and Rodriguez, E. A., 1987, Trench logs from a
stand of the rock valley fault system, Nevada test site,
Nye County, Nevada, United States Geological Survey
Miscellaneous Field Studies Map, MF-1824, Scale

1:20, 37p.

Yun, H. S., Moon, S. W,, and Seo, Y. S., 2015, Setting of
the range for shear strength of fault cores in Gyeongju
and Ulsan using regression analysis, Journal of Korean
Tunnelling and Underground Space Association, 17(2),
361-372 (in Korean with English abstract).

A
A

M

NI
oo

SH S A2 ekt

362-763 5 AT AT R 1
Tel: 043-261-2765

E-mail: yhs0211@hanmail.net

sz

Zuojstn 2787 ekt

362-763 5 AT AT FHR 1
Tel: 043-261-2765

E-mail: kj-life@hanmail.net

M2

SHu sk x) 88tz

362-763 S5 AFA AUT FUE 1
Tel: 043-261-2765

E-mail: msw2080@naver.com

I\
fo

| X|

Hoo
=717 led T AdTa

411-712 7715 ALGA] DA T ST 283
Tel: 031-910-0092
E-mail: cykim@kict.rekr

MEN

ZH0)8kw A 787325

362-763 5 AT AT TR 1
Tel: 043-261-2765

E-mail: ysseo@cbu.ac.kr




<<
  /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


