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TBM segment lining section design of hypothetical subsea tunnels
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ABSTRACT: In this paper, the results of evaluation on the member forces in the virtual subsea tunnel lining segments and
optimal thickness of the segment with changes in depth were presented. To evaluate member forces on the hypothetical
subsea tunnelling cases were developed and the segmental lining member forces were calculated by performing structural
analysis using the 2-Ring Beam model. Through a preliminary reinforcement design review of the cross-section using
calculated member force, optimal reinforcement design was selected. Based on the results, the variations of member forces
with construction conditions such as the cover depth and the hydraulic pressure are presented. In addition, optimum segment
lining designs were developed for various tunnelling conditions.
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Rock mass grade Rock Mass Class Rock mass grade Rock mass class
I Exceptionally good rock
I Ver good rock I Extremely good rock
I very good rock
II Good rock v Good rock
1T Fair rock A\ Fair rock
v Poor rock VI Poor rock
VII Very poor rock
v Very poor rock VIIL Extremely poor rock
IX Exceptionally poor rock
Table 2. Rock mass class assigned to sections
Rock mass A section B section C section D section
classification | | | 2 | 3 [ 4 |5 | 6 | 1|2 |3 |4 |1 ]|2|3|1|2]3]4 Total average
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Table 3. Geotechnical properties of rock classes adopted
Classification Densit}y Young’s modulus | Poisson’s ratio Cohesion Fricticn:l angle
(KN/m) (MPa) © (kPa) ()
Unconsolidated 18.5 16.0 0.33 0 30
Weak zone 214 400 0.30 50 21
I 26.8 35000 0.20 6000 45
I 25.7 22000 0.22 2000 40
Rock 11 24.7 8000 0.24 700 38
v 232 1500 0.27 200 27
A% 214 400 0.30 50 21
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Fig. 3. Geometry and reinforcement of segment lining
Table 4. Material properties of segment lining components
Concretef,,, Reinforcement f, Strength reduction coefficient
(MPua) (MPa) Bending (¢,) Shear (¢,) Compressive (¢,) Tension (o)
45 400 0.85 0.8 0.7 0.8
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Table 5. Preliminary arrangement of reinforcement

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1 80 25 150

Tension reinforcement Thickness of cover (mm) Reinforcement diameter (mm) | Reinforcement spacing (mm)
Layer 1 80 25 150

Shear reinforcement Reinforcement diameter (mm) | Reinforcement spacing (mm) Stirrup (£A)
Layer 1 13 200 5
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Table 6. Arrangement of Reinforcement Condition

Arrangement of Reinforcement Condition 1 (t=500)

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1 80 25 150

Tension reinforcement Thickness of cover (mm) Reinforcement diameter (mm)| Reinforcement spacing (mm)
Layer 1 80 25 150

Shear reinforcement Reinforcement diameter (mm) Reinforcement spacing (mm) Stirrup (£A4)
Layer 1 13 200 5

Arrangement of Reinforcement Condition 2 (t=500)

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1 100 35 80

Tension reinforcement Thickness of cover (mm) Reinforcement diameter (mm)| Reinforcement spacing (mm)
Layer 1 100 35 80

Shear reinforcement Reinforcement diameter (mm) Reinforcement spacing (mm) Stirrup (£A4)
Layer 1 13 200 5

Arrangement of Reinforcement Condition 3 (t=500)

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1

80

25

100

Tension reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1

80 25 100
Shear reinforcement Reinforcement diameter (mm) Reinforcement spacing (mm) Stirrup (£A4)
Layer 1 13 200 5

Arrangement of Reinforcement Condition 4 (t=600)

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1

80 25 100
Tension reinforcement Thickness of cover (mm) Reinforcement diameter (mm)| Reinforcement spacing (mm)
Layer 1 80 25 100
Shear reinforcement Reinforcement diameter (mm) Reinforcement spacing (mm) Stirrup (E£A)
Layer 1 13 200 5

Arrangement of Reinforcement Condition 5 (t=600)

Compressive reinforcement

Thickness of cover (mm)

Reinforcement diameter (mm)

Reinforcement spacing (mm)

Layer 1 100 29 80

Tension reinforcement Thickness of cover (mm) Reinforcement diameter (mm)| Reinforcement spacing (mm)
Layer 1 100 29 80

Shear reinforcement Reinforcement diameter (mm) Reinforcement spacing (mm) Stirrup (E£A4)
Layer 1 13 200 5
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Fig. 16. Final section stability check using P-M interaction diagram (D - Section)
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Table 7. Final reinforcement arrangement for A-Section

Section Thickness of layer Depth of water Reinforcement condition
33 70

A-L2
33 80
40 70 4 Condition
40 80

A-L3 40 120
40 150

5 Condition

40 160

A-LS 22 120 4 Condition

Table 8. Final reinforcement arrangement for B-Section

Section Thickness of layer Depth of water Reinforcement condition
21 70
B-L2
21 80
1 Condition
32 70
32 80
B-L3 32 120 3 Condition
32 150
2 Condition
32 160
B-L5 30 120 3 Condition

Table 9. Final reinforcement arrangement for C-Section and D-Section

Section Thickness of layer Depth of water Reinforcement condition
22 70
22 80 1 Condition
C-L3 22 120
22 150
2 Condition
22 160
D-14 30 120 3 Condition
D-L5 24 120 1 Condition
5.2 8 7} kol ek sl At Ao o] 57}
W52 HAfElo] ZrsHe AL HYom B

A W A A Agslach PRl e
7

61

ot 59 9 Ad=E Alefdt ZHEA Unals-4]
o} H]&} Q-System-E410] Terzaghi ©|&35}=4]1}
H]5=5t kS LFERATE Terzaghi o|¢bs15-4]9] 7
- Eujal 9 wejgol| A gho] 2= Unal



9 Q-systemo]] -0l = Y] Soll watA
gl 2% == Zloz HEs=Ych
. A T AL =4 70~ 120 m7kA] 49K A|okst
# 541 150 m oAe] 7oA 5eke A gsfok
He AR dEENCH, A7e] e BEvlal
2 efo] 3| AEshe FRIeR ATIRE 5
600 mm oJA}o] EH Eojok gk} T3 120 m
opFe] FHtef| 5%k A3t Zlom A8 2ol
T4 160 m 71| A AL Qbol| EEE o=
stelE|giet.
. B F19] - 4241 70~80 m7EA] 19K ARkl
240 120 m opge] F7lel A 2 Hl 32k
o] ok Ajo] SR E|G) o BT A AT
71| sl =31 2 Sfo] 2| 23 ko
2 AJTTRE £ 500 mm o] Sk Hlololshs
Aoz FAEESITE E3 120 m o] T3]
29k Zg3 AOR A 4AT HhA) 160 m
7R A 7 Qlol) mgkshe Ao silEigc
. C 719 A =4 70~120 m7kA] 19+ #2183
of Em 44 120 m obe] Mol 29K g
ol Zo= HE Hgick Bk SU5H
AIHE F7] 500 mm o|4fo] H Efojof fi
120 m ojite] Fi7to]| 29K 83t Ao 7 A8
o ] 160 m 7] A 74 clo] Zabeh
A0 BHIEGItE D 7719 B9 41 120 m
3¢S AQkstn A|So] vlaa Aeket ARtz
THOR AITHE 77 500 mm opgo] B o]
of FItk 120 m o] Ftof| 3¢k 283t Zlow
28-a4} 24 120 moj|A A A Qtof] 22gt
e Aoz SIFT
-2 7MY B Al ERE AITHE 2o
g A B d HEE #?%4’5}04 A=A
=]

(RT3 S 2 eold e ARSI

62

I USR] 214
ALARIQ] “TBM 814 447714 2 TBME| 9]
2|2 A7) TAHNE: 107145 AIE09) - AL
E glo|do] z|A] 7]k 2=} A A A" A
ef s EE 7ls /(A E 13704 ASET01)
- “Mechanical-Hydraulic Coupling®| 112{% BIM 7]
wsto) QbR AKESt s T o dstom 2y
U

References

1. Lee, IM., Son, Y.J., Park, KJ. (1998),
“A3-Dimensional analysis for assessing change of
ground-condition ahead of the tunnel face”,
Journal of Korean Civil Engineering Society,
Vol. 18, No. 3-4, pp. 505-519.

2. Kim, K.S., Kim, Y.S., Yoo, K.H., Park, Y.J., Lee,
D.H. (2003), “Prediction of change in ground
condition ahead of tunnel face using three-
dimensional convergence analysis”, Tunnel and
Underground Space, Vol. 13, No. 6, pp. 476-485.

3. Yoo, C.S., Kim, S.B. (2006), “Stress-pore pressure
coupled finite element modeling of NATM
Tunneling”, KGS Spring Conference, pp. 189-198.

4. Oh, B.S., Youn, H.D., Choi, K.H., Im, J.S.
(2007), “A study of large diameter shield TBM
excavation passing through soo-young riverbed in
busan (Busan Subway Line II, Section 230)”,
KSCE Tunnel Committee Special Conference 27th,
pp. 75-95.

5. KTA (2008), “3rd Mechanized tunnel construction
tunnel design service technical conference”, KTA,
pp. 457-458.

6. Hong, E.S., Park, H.S., Shin, H.S., Kim, H.M.,
Ryu, D.W (2008), “A numerical analysis : Effects
of hydraulic characteristics of a hazardous zone
on the face stability in subsea tunnelling” Journal
of Korean Society for Rock Mechanics, Vol. 18,



7V SiAEE TBMEH 28 Al ATHE SdA

No. 5 pp. 366-374.

. Kim, S.H., Par, 1.J., Moon, HXK., Shin, Y.S.
(2010), “A study on behavioral characteristics of
concrete lining based on the equations of relaxed
rock loads” Korean Tunnelling and Underground
space Association, Vol. 12, No. 6, pp. 443-4450.
. Murillo, C.A., Shin, J.H., Kim, K.H., Colmenares,
JEE. (2014), “Performance tests of geotextile
permeability for tunnel drainage systems” KSCE,
Vol. 18, No. 5, pp. 827-830.

9. Bieniawski, Z.T. (1973), “Engineering rock mass

63

10.

11.

classifications of jointed rock masses”, Trans. s
Afr. Inst Cv. Eng, Vol. 15, pp. 335-344.
Barton, N., Lien, R., Lunde, J. (1974), “Engineering
classification of rock Masses for the design of
tunnel support” Rock Mechanics. Vol. 6, No. 4,
pp. 189-236.

Sun, J., Zhao, Z., Zhang, Y. (2011), “Determination
of three dimensional hydraulic conductivities using
a combined analytical neural network model”
Tunnelling and Underground space Technology,
Vol. 26, pp. 310-319.




<<
  /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


