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Numerical analysis for semi cut and cover tunnelling method
Byoung-Kuk Roh', Jong-Kwan Park’, Seung-Kyu Baek’*

lKorea, Rail Network Authority, Construction Division Director
*Seoul National University of Science and Technology, Professor
*Danwoo E&C, General manger

ABSTRACT: Recently there has been increased interest for the portal and shallow tunnel for an eco-friendly tunneling
method. Semi cut & cover tunnel excavation techniques applied to concrete slab and construction and a growing number
of cases, but there is no load combinations and arch concrete cross section for the applicable standards. Therefore, in this
study, ground conditions and tunnel overburden thickness, thickness of backfill, overburden surface slope angle changes
to a variety of conditions in order to propose standards for the semi cut & cover method was performed numerical
analysis. Regression analysis method to the analysis of the results of numerical analysis, and linear regression equations
derived to classify and organize a rational, economical, and safe semi cut & cover tunneling method based proposed.

Keywords: Semi cut and cover tunnel, Numerical analysis, Regression, Arch concrete
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Fig. 1. Semi cut-and-cover tunnel construction procedure
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Soil 19 3.5%10" 10 30 035
Weathered rock 23 3.9x10° 184 32 0.30
Moderate rock 25 2.1x10° 930 37 0.27
Hard rock 27 1.9x107 1400 43 0.23

Table 2. Arch concrete material properties

Specific gravity

Type (KN/m’)

Elastic modulus

N/ mz) Poisson’s ratio

Concrete 27

1.35%10’ 0.40
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. flexural stress, inner displacement
. backfill thickness, surface slope angle, arch

concrete thickness

. constant

Table 3. Relation between flexural stress, inner displacement and arch concrete thickness

Equations of linear regression analysis
Rock type
Flexural stress and arch concrete thickness Inner displacement and arch concrete thickness
Soil X(MPa) =0.0028 x A(mm) - 7.0621 Y(mm) =-0.0085 x A(mm) - 22.298
Weathered rock X(MPa) =0.0050 x A(mm) - 4.9044 Y(mm) =-0.0011 x A(mm) - 3.837
Moderate rock X(MPa) =0.0056 x A(mm) - 5.4708 Y(mm) =0.0026 x A(mm) - 3.814
Hard rock X(MPa) = 0.0055 x A(mm) - 5.2790 Y(mm) = 0.0036 x A(mm) - 3.423

X: Flexural stress, Y: Inner displacement, A: Arch concrete thickness
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Table 4. Relation between flexural stress, displacement and backfill thickness

Arch Equations of linear regression analysis
concrete Rock type

thickness Flexural stress and arch backfill thickness Inner displacement and backfill thickness

Soil X =0.121 x B(m)’ - 2.073 x B(m) + 0.902 Y(mm) = -5.4437 x B(m) + 6.7579

300 mm Weathered rock X =-0.8312 x B(m) - 0.1968 Y(mm) =-1.6601 x B(m) +2.6164

Moderate rock X =-0.8502 x B(m) +0.2267 Y(mm) = -0.8874 x B(m) + 0.8469

Hard rock X =-0.7915 x B(m) + 0.1524 Y(mm) =-0.5292 x B(m) + 0.3503

Soil X =0.125 x B(m)* - 2.036 x B(m) + 0.8038 Y(mm) =-5.5028 x B(m) + 5.9129

400 mm Weathered rock X=-0.6297 x B(m) - 0.1610 Y(mm) =-1.4827 x B(m) + 2.0596

Moderate rock X =-0.6471 x B(m) + 0.1191 Y(mm) =-0.7198 x B(m) + 0.5229

Hard rock X =-0.5961 x B(m) + 0.0453 Y(mm) =-0.3824 x B(m) + 0.1620

Soil X =0.1218 x B(m)” - 1.9302 x B(m) + 0.5987 Y(mm) =-5.7587 x B(m) + 6.4366

500 mm Weathered rock X =-0.4766 x B(m) - 0.2028 Y(mm) =-1.4660 x B(m) + 1.8908

Moderate rock X =-0.5005 x B(m) + 0.0085 Y(mm) =-0.6226 x B(m) + 0.3024

Hard rock X =-0.4567 x B(m) - 0.0591 Y(mm) =-0.2956 x B(m) + 0.0477

Soil X =0.1128 x B(m)’ - 1.7603 x B(m) + 0.3563 Y(mm) =-5.7892 x B(m) + 4.6001

600 mm Weathered rock X =-0.3682 x B(m) - 0.2799 Y(mm) =-1.4808 x B(m) + 1.6778

Moderate rock X =-0.3999 x B(m) - 0.0670 Y(mm) =-0.5667 x B(m) + 0.1430

Hard rock X =-0.3596 x B(m) - 0.1341 Y(mm) = -0.2440 x B(m) - 0.0215

Soil X =0.0815 x B(m)’ - 1.3804 x B(m) + 0.2046 Y(mm) =-5.9966 x B(m) +3.9110

200 mm Weathered rock X =-0.2947 x B(m) - 0.3558 Y(mm) =-1.4939 x B(m) + 1.3893

Moderate rock X =-0.3304 x B(m) - 0.1130 Y(mm) =-0.5597 x B(m) + 0.1180

Hard rock X =-0.2916 x B(m) - 0.1818 Y(mm) =-0.2119 x B(m) - 0.0667

X: Flexural stress, Y: Inner displacement, B: Backfill thickness
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Table 5. Relation between flexural stress, displacement and surface slope angle

Arch concrete

Equations of linear regression analysis

. Rock type
thickness Flexural stress and surface slope angle Inner displacement and surface slope angle
Soil X =-0.036(S) + 0.3696(S) - 6.4438 Y(mm) = -0.0845(S)> + 1.3832(S) - 30.306
300 Weathered rock X=-0.0301(S)> + 0.1985(S) - 4.2170 Y(mm) =-0.0507(S)’ + 0.3561(S) - 5.9905
mm
Moderate rock X=-0.0324(S)> + 0.2278(S) - 4.5323 Y(mm) = -0.0424(S)’ + 0.2967(S) - 3.7967
Hard rock X=-0.0362(S)* + 0.2778(S) - 4.6789 Y(mm) = -0.0441(S)> + 0.4431(S) - 2.9482
Soil X=-0.0239(S)* + 0.2404(S) - 5.9400 Y(mm) =-0.0731(S)* + 1.1315(S) - 30.906
400 Weathered rock X=-0.0220(S)* + 0.0710(S) - 3.1687 Y(mm) = -0.0348(S)’ + 0.147(S) - 5.6411
mm
Moderate rock X=-0.0220(S)*> + 0.0642(S) - 3.4112 Y(mm) = -0.0275(S) + 0.1503(S) - 3.1607
Hard rock X=-0.0250(S) + 0.1288(S) - 3.5351 Y(mm) = -0.0239(S)° + 0.1849(S) - 2.0193
Soil X=-0.0152(S)* + 0.1633(S) - 5.6214 Y(mm) = -0.0682(S)’ + 0.9843(S) - 31.743
S0 Weathered rock X=-0.0160(S)* + 0.0081(S) - 2.4746 Y(mm) = -0.0279(S) + 0.0518(S) - 5.7116
mm
Moderate rock X=-0.0157(S)* - 0.0010(S) - 2.5829 Y(mm) = -0.0192(S)’ + 0.0689(S) - 2.7911
Hard rock X=-0.0164(S)* + 0.0249(S) - 2.7057 Y(mm) = -0.0141(S)’ + 0.0845(S) - 1.5306
Soil X=-0.0102(S)> + 0.1284(S) - 5.2446 Y(mm) = -0.0646(S)’ + 0.8486(S) - 32.681
600 Weathered rock X=-0.0121(S)* - 0.0172(S) - 2.0069 Y(mm) = -0.0263(S)’ + 0.0199(S) - 5.9527
mm
Moderate rock X=-0.0120(S)* - 0.0189(S) - 2.2065 Y(mm) = -0.015(S)> +0.0389(S) - 2.6258
Hard rock X=-0.0112(S)* - 0.0193(S) - 2.1599 Y(mm) =-0.0091(S)’ + 0.0463(S) - 1.2666
Soil X=-0.0071(S)* + 0.1063(S) - 4.7696 Y(mm) =-0.0613(S) +0.7229(S) - 33.754
200 Weathered rock X=-0.0095(S)* - 0.0271(S) - 1.6776 Y(mm) = -0.0252(S)’ + 0.0036(S) - 6.3034
mm

Moderate rock

X=-0.0097(S)* - 0.0210(S) - 1.8801

Y(mm) =-0.0161(S)* + 0.0875(S) - 2.6382

Hard rock

X=-0.0084(S)* - 0.0270(S) - 1.7981

Y(mm) =-0.0065(S)* + 0.0317(S) - 1.1171

X: Flexural stress, Y: Inner displacement, S: Surface slope angle

229 opx|ZA | ES] £ Ao

AR nie ohE o AR Sl Ao,
ThH A flek 27t 71ee] gl7] wheell e
o =]
=

o eiat HAAH HAZ} D et o], &
5. 1 Y A= AT PRI 9 BIISS Farsto] ot
BAS TRfR WA BaEe] A V1%
£ AFolai A3 W AN ePgel B glel meo] Hlaa Tk o] Sal Ak o
| W87 e el bl EdeEel el 0% el uhy 542 Aws] $istel Auked
Aokt A% o wieeh F Aol Sk A 2 siAle] Sleld AjslEon], B 9 ES)
FEg AMBtIA) som, Auw] AT AR W 2 gy 43 ede] e A 213 S )
H2E MR WA B A 12 B Ege AEst) 9iste] AR BE F2 ek
A ARS ATFORA MRS WA FHTU o] Sl ARSI, BEAF 2] ke ot
AAZIE AE BHOR ATE SYSAT 2] $itel A AAGES WehAYIE 5 ok
A wER A Eel sl BHERT W 9 xS dhele] Sxa|Ae Saslel, gl
oprlzEe] ghilo] felols MR HallE 71 31 gAIKolm, Qb Tl A Weke EEsha
o glom, oo mesr I algic.

121



. HiA

10

ES mof] AR Q= AS EES A,
Ex57ls, SAPRE Ad2dde] o= Nk &
ol F2 AEE] ot o= ko] et
Ae 2ke wARE AL Qlol, & ke IF
HE] ofet BAL Bl 415, SRlESRS B
TS 22 ERRE Aok Atoll= RIARA H
dere] =x] ASEE A84de HEslo] of2fdt
A ES siaskaAt stk oo 2vEE &
oFsh,

f

L WPREEA) Eapel 2184 W ok aselE
7wl %) Sl thak FaRIAL B 9
260819] SX|3AL ANFEOR], GRS
ohet SIS Fale] 7uIgk AN,
SelE MAU9), opER|E A, A BER
7, A I Akl et % ss7le] Bl
e &S,

e

2 TR B AR ASE eI @Y AFE
A Falo] A ARE 55t e A
SRl @A) AR BT P HS

B ATl =R G AANE 2831
opE AR TS A, WARA B
o 2§ AL 95 A& ARl 15T

5. G 2 Ao A G AL o]
slel Wpla) Edpue) Age ARE 5 U
A0 BEEl], WAR EdTEe) 4YS 9
slo] £ ¢ AuUE 2 Hr} Felsola A
Zolm, Qg T AT gL W A
ololx e Wt ohfel e, M7

Bl 5ol de] gl 28] A7|1E 7t

Hasd

1. Han, KM, Park, 1.J. (2002). “An environmentally

tuinnel construction method at low overburden”,

122

J of Korean tunneling and Underground space
Association, Vol. 4, No. 3, pp. 207-216.

. An, J.H., Lee, S.D. (2009). “Behavior of braced

rib arch in shallow tunnel excavated by semi
cut-and-cover method”, J of Korean tunneling and
Underground space Association, Vol. 11, No. 4,
pp. 419-425.

. Sauer, G. (1992). “The schurzegerg tunnel. oberrieden,

sept., proc, 1st international symposium on tunnel
construction and underground structures”, Ljubljana,
Slovenia, Chap. 2, pp. 151-165.

. Lee, S.J., Na, S.M., kim, S.H., Lee, S.D. (2005),

“Development and verification of the new method
for shallow overburden tunnel”, Proc of KSCE,
pp. 3684-3687.

. Jung, MK., Park, CM,, Lee, H. Kim, SR. (2001).

“A case study on the shallow overburden tunnelling
with a frame slab method”, KGS Spring National

Conference.

. Bae, GJ., Chung, H.S., Lee, G.P. (2003). “A study

on eccentric load acted on cut and cover tunnel
by numerical approach”, J of Korean tunneling
and Underground space Association, Vol. 5, No.
3, pp. 227-239.

. Yang, J.W., Lee, S.D. (2010). “Behavior of arch

slab in the shallow tunnel constructed perpendicular
to the slope by Semi cut-and-cover method”, J
of Korean tunneling and Underground space
Association, Vol. 12, No. 2, pp. 157-164.

. Yoo, K.S. (2002). “Effect of surface slope on

structural behavior of cut-and-cover tunnel”, Journal
of KSCE, Vol. 22, No. 1-C, pp. 99-109.

. Moon, H.D., Bae, G.J., Cho, M.S. (1998), “A study

on the improvements of tunnel design technologies
in KOREA(1)”, KICT, KOREA, pp. 45-46.




<<
  /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


