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JHLR(SYNOPSIS) : In this paper, the behaviour of shell foundation was studied. In order to perform this
study, three studies such as theoretical, numerical and experimental programs were performed. In the
theoretical program, the general shallow foundation theories and failure mechanism developed by Terzaghi,
Mayerhof and others were reviewed and compared. Based on the previous shallow foundation behaviour, the
shell foundation theory was developed using the upper boundary theorem. In the numerical study, the 2 and 3
dimensional FEM simulations were carried out using an uncoupled-analysis approach. From the analysis
results, the adequate depth of shell foundation was evaluated. It was also evaluated the bearing capacity
according to the shell angle (120°, 90°, 60°). In the experimental study, the laboratory model tests were
carried out for five cases of different foundation shapes including the rectangular and circular foundation in
order to verify the theoretical and nemerical study. According to the results of this study, the bearing capacity
of shell foundation was theoretically about 15% larger than that of general foundation. However, in the model
test, the bearing capacity of shell foundation was about 25 to 30% larger than that of general foundation. In
the case of shell angle, the maximum bearing capacity of shell foundation shows when the shell angle of
foundation was 60°. In addition, Even if the shell foundation has the various advantages compared with the
general foundations as described above, the practical verifications in full scale size will be necessary to use in

the field and will be helpful in the technical development of other special foundations.

Key words : shell foundation, shell angle, upper boundary theorem, cohesionless soil, model test,
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Meyerhofi= Terzaghi®l stalwl7bIZ 3} fAbeh AR, 712 vk ofele] #1718 salAle] 2wt o
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%:eﬂte)n@tan2(45" +§) s Nc=(Nq—1)cotng s Nr=(Nq—1)tan(1.4¢>) (2)

Hansen®] ©]&& Meyerhof] AQte A& g4t o2 F o]& B5F FAASF, oA, BAH
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gt ok wA ek Z)ele A(3)3} o] ek

a4, = C]VCS cdcicb

- _ 1- .
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2.2 Shell 7|=0|Z

2.2.1 712

upek 7] 24 o]&el 27E & Slip line¥, =34
2 aEstur e 5343 o5 st 224
@3k g7 o] 284 (limit theorem)S 4§}z 3},

2.2.2 A8tX|0|2(Upper bound theorem)

FgAolZold 9| F-stF = AA H(body force)o] - Lo ARE oA AtbE oA ek A =
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1% 1. Triangular shell strip foundation®] I}z w|7}lu&
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1 1 1 1 1 o tan(o+26) 3sin(p+23)
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0 |p=0"|p=10]¢p=20°| ¢ =30°| p=40" 0 |p=0"|p=10{¢p=20{¢p=30°| ¢ =40° 0 |p=0°|¢=10|¢=20]¢p=230°| ¢=40°
60 | 5.632]9.285|16.883|35.490 | 93.706 60 | 1.197|2.974 | 7.821 | 23.177 | 85.374 60 |0.146 | 1.670 | 6.831 | 27.796 |145.260
70 [ 5.588(9.201 |16.698|34.999 [ 91.965 70 1.179]2.928 | 7.690 | 22.728 | 83.322 70 10.132|1.627 | 6.679 | 27.115 |140.827
80 [5.54619.119|16.517|34.516 [ 90.265 80 [1.161|2.883|7.562|22.290|81.329 80 |10.119|1.585(6.530 | 26.453 |136.549
90 | 5.504 | 9.037 [ 16.337|34.042 | 88.605 90| 1.144 |2.839|7.435(21.861|79.391 90 | 0.106 | 1.544 | 6.384 | 25.809 |132.420
100| 5.462 | 8.956 | 16.161|33.577 | 86.985| |100| 1.127 | 2.795 | 7.312 | 21.442|77.508 100 | 0.093 | 1.504 | 6.241 | 25.182 |128.434
110| 5.420 | 8.877 | 15.987|33.120[85.403| |110| 1.110 | 2.752 | 7.190 | 21.032 | 75.677 110 | 0.081 | 1.464 [ 6.102 | 24.572 |124.585
120| 5.379 | 8.798 | 15.815|32.671 [83.858 | |120] 1.094 | 2.710 | 7.071 | 20.631 | 73.897 120 1 0.069 | 1.426 | 5.966 | 23.978 |120.868
130] 5.339 | 8.720 | 15.646|32.230 [82.350| |130| 1.078 | 2.669 | 6.954 | 20.239|72.166 130 | 0057 | 1.388 | 5.833 | 23.400 |117.278
140| 5.298 | 8.644 |15.479|31.797 | 80.876 | | 140| 1.062 | 2.628 | 6.839 | 19.855|70.483 140 1 0.045|1.351 | 5.702 | 22.837 [113.810
150( 5.259 | 8.568 | 15.314 | 31.372[79.437 | | 150| 1.046 | 2.588 | 6.726 [ 19.479 | 68.845 150 [ 0.033 | 1.314 | 5.575 | 22.289 [110.460
160[5.219 | 8.492 | 15.152|30.954 | 78.030| | 160| 1.030 | 2.548 | 6.615 [19.112|67.252 160 [ 0.022 | 1.279 | 5.450 | 21.756 [107.222
170(5.180 | 8.418 | 14.992|30.543 | 76.656 | | 170] 1.015 | 2.510 | 6.506 | 18.753 | 65.703 170 1 0.011 | 1.244 [ 5.328 | 21.237 |104.092
180 - 8.345(14.835(30.140(75.313| |180] 1.000 | 2.471 | 6.399 | 18.401|64.195 180 | 0.000 | 1.209 | 5.209 | 20.731 |101.067

2.3. Yu|ET} S47|% 2K (g,)0] O|2H H|R

=
e Agsto] A B Ay 7 49 2o, Shell 7] %600 W Awkr) xRl oF 15% =71 5=
Ao 2 Kol Shell 71x2 o8] e F 60°Lu] 7HF o] 2l &idoletu HekH ),

A7) 2(AHAE)| ARE7]1 (%) [Shell 7]12(120°)| Shell 712(90°) | Shell 7]13(60°)

&A% (ton/m?) 603.87 569.44 585.47 621 705.93
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3% 7. 7} Shell 7]x9] HE] S5 A
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1 9
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L G 80 -
3 c
o | £
-100
27 -120 o
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0 1 2 3 4 5 0 1 2 3 4 5
Load step Load step
——————  Col 1vs Footing (Rec) Col 1 vs Footing-R
--------------- Col 1 vs Footin (Ro) “esssseseiiiies Col 1 vs Footing-Ro
Col 1vs 120 deg Col 1 vs 120 degree
—_— Col 1vs 90 deg — Col 1 vs 90 degree
—— — — = Col1vs 60 deg —— — — = Col1vs 60 degree
o) o 2
#9] (mm) &2 (tonf/m®)

a9 6. Wele gee]

&4 Aufoa] Bl XTo] Zk7 M= Shell 120 ° 2 90 ° ol A& tha FA YERREA R 60 ° ol A
= A7) ze fAbeAl delgien, AR E 1207 oM 73 2A Yebgta Az Footing”7l &
9} Shell 60 ° oA 7HF 22 &9 7HA= Ao= YERT

N

el HoldE duk 7| Z2(AH4E, 98) Shell 71%(120°, 90°, 60°)F Y] 3D x| 3141S A3l &lo]
A2 Fs-(HshE FAES o] &35t AXHE st Ay 7 83 Zow, Shell 7|27} A7)z
of ula] x|x|go] k17% % =A YEFIL, 53] Shell 60°0-= oF 2194 =9 XA HES o 7HA| =
AeE & F dAHh
E 8. 712 FEE AAE
7|23 H A4y 7) = 49 7% Shell 7]%(120°) | Shell 7]%(90°) | Shell 7]%&(60°)
A2 9 0.58 0.5 0.63 0.64 0.68
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F 9. BPAY Auke] EEAS

AgAzd=

(Y, . kN/m? 15.53 D60(mm) 0.91 G 259
dmin,

HArAzxEE

. kN/m® 12.57 D10(mm) 0.45 4] (w, %) 0.32
dmin,
A5 1.02 A2 061 F5AG(Cu) 2.02

o = (relative density)©= AFEES W(dense)d AEIL} =<E3Hloose)dt FEHIE Ay oz e}
T 84E 0%7H 100% Akelo] #hs 7HAM, o3 E=(F9 2830ae] iU LEE A7) 913
dA zold A ANE T AlA Yot =o] B Yol SRl uE JUEEAES AAS A3 1 107
Fdgsl
% 10, Aot EA g A9
A urzA 495 F(KkPa) Ao (%) =]
=3k X4k 13.51 32 0.911
7 23 xut 14.22 59 0.811
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AFE (F) £2m AH “ERTEES 98 55712 ATGHINE20060239)9 AFH] Qe o8 g

LoAWE, gas, ol FHQ00N, 2NF ALEAMIA BEE 2o A4 547 dTANE
=, Al 179, 43, pp. 289-299.

2. 4 (2003), “Ho|LE/| 2T, A AT B ARFHANAG D 0AFH, pp. 122.
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4. Dilip Kumar Maharaj(2004), "Finite element analysis of strip type shell foundation and its interaction", The
Electronic Journal of Geotechnical Engineering, Volume 9, Bundle B.

5. Nainan P. Kurian and V.M. Jayakrishna Devaki(2005), "Analytical studies on the geotechnical performance

of shell foundations", Canadian Geotechnical Journal, Vol.42, Issue. 2.

- 1154 -




<<
  /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


