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A comparative study on the TBM disc cutter wear prediction model
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ABSTRACT: In this study TBM disc cutter prediction models including Gehring, CSM and NTNU models were investigated
and the characteristics of the models were examined. The influence of penetration, uniaxial compressive strength and
abrasiveness index on the models was analyzed. The life of disc cutter linearly increases with penetration per revolution and
decreases with increasing uniaxial compressive strength of rocks. As the abrasiveness index, CAl, increases, the life of disc
cutter in Gehring and CSM model decreases. On the contrary, the life of disc cutter life in NTNU model decreases with
increasing CLI. Also, comparisons of predicted disc life were made between models using actual job site data.
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Table 1. Correction factor k, and k,

kk kv

Center cutter 0.56 1.0

Face cutter 0.76 1.0

Gage cutter 0.92 0.54
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Table 2. Input date for the influence analysis

Parameters Value (Ranges)
Rock type Gneiss
UCS [MPa] 146 (80~200)
Quartz contents [%] 28.7
};(r)(c)];err?iaezs No. of joint set 2
No. of joint per meter 5
CAI 4 (1.5~6)
CLI 7.6 (4~30)
AGg] 3700
Cutterhead diameter, D [m] 6.3
TBM No. of disc cutters 43
specification |Disc cutter spacing [mm)] 73
Cutterhead speed [rpm] 9
Max. cutter load [kN] 200
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Table 3. Geological information for the reference site

Parameters Values
Rock Type Gneiss
Uniaxial compressive strength [MPa] 1459 + 57.4
Brazilian tensile strength [MPa] 13.4 + 3.9
Cerchar abrasiveness index, CAI 4+ 0.8
Cutter life index, CLI 7.6 £ 46
Drill rate index, DRI 377 + 6.8
Porosity [%] 2
Quartz content [%] 28.7 + 14.6
Number of joint set 2
Number of joint per meter 5
Table 4. Specification for TBM

Parameters Values
Cutterhead diameter [m] 6.3

Disc cutter size [mm] 432 (17 inch)
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43 (center cutters : 8,

Number of disc cutters face cutters : 27,
gage cutter : 8)

Max. individual cutter load [kN] 3115
Cutterhead speed [rpm] (normal Ogegﬁion . 9)
Average disc cutter spacing [mm] 73
TBM weight [ton] 250
Normal operating cutterhead thrust [KN] 12,756
Max. cutterhead thrust [kN] 13,667
Huel TBM AL ol §3to] o5 mad sz
Sre Fgeka wlwslgick Table 32} dof %2
% Ak FARYES} TBM Ak ehfoleh F A&

B R o age] 4R

Bl vt
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mdo| 7R} £ 1583 mh FAES=t] o= NINU
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Table 5. Comparison of disc cutter life with penetration of

7.5 mm/rev
Gehring model | CSM model | NTNU model
Hr [m’/c] 1583 157.0 1432
Hp [m/c] 5.1 5.0 46
Hy [hr/c] 1.25 1.24 113
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Fig. 5. Operating limits of a TBM with 17" disc cutters at
different rock strengths (Frenzel et al., 2008)
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Table 6. Classification of CAI (ASTM, 2010)

Category CAL
Not very abrasive 0.3~0.5
Slightly abrasive 0.5~1.0
Medium abrasive to abrasive 1.0~2.0
Very abrasive 2.0~4.0
Extremely abrasive 4.0~6.0
Quartzitic 6.0~7.0




TBM H&3 7 vpi oA

wg vw a7

N
3
s
)
=)

o] AL 1~100%1 A
CAI Zfo] ¢ =tk
FYSAY v=gt ¢
A Yept= 22 CAI
AIEH AAellA 7191k
70 No| $=2512e
&3 5 10 mmE aow

H=
EXS o}oq ARSI,

>
Y
s
i
ox,
flo

fEs

i mlo
4> d

r°1'
o,
ofX
2
>~
e
>
)
1o
dr
e
o,
s

>
2,
Ol
o
i
I
2 &
g
K

)
o

2

£

o=

O

E
i
lo

2
H ox 1o K rlo

4>
)

f
¢

1o\ 30T

1
o
50}
e
g
l

.

w,oox - rE

i
2 K lo

=
X
o

oid ﬂllO
AT}
% .
i
o o
Ko
=2
OT5
=

ﬁ"
K
Nt m}-r
Ir rle

¢

ol
%
a
&
=2
riu
o
=

it

o 3 ol

olefat u}m
o ofH & ALGSH-LE S o] tlAT A1
uhi o2 2% GaES wAA] Hrk CLIS nh
Az AgSHe NTINU 28lo] 9 CLIS| thizghe.
2 OSh ASTRECR: WY 54 Lt
= Ighe A& Zlo| Br} 3t
)22 & 4 9 Zolt). E CAIZ nhmA4E
ARESH= CSMoUt Gehring SLR10] 79 CALS] B3
7} RO Bl TW A gk
5ol 2= glov}, CAI glo] 4ojo Hishe 4o
NISHA PR 4= 9low o] uf CSMit} Gehring
29| 2 am AY o] 2 XfolS B 4
QUeks e gkl okl Rolck

2~ o] X
TR

[e)

L

6. 2 &

H Lo A= Gehring 28, CSM 249, 121
NINU 288 o]93} tjias 743 21 o]
i, sigol, g2 ARSI oh
o] Hapr} oS mEl5of v 1% T ZAsIA
R A B AR olgelel tad e 4e

= H}HO
- odu=&

541

=
=2

BBk, 2 QAo oldl Tt 22
Z

210

L O3 7Y 2 7AEs = 193 #]izlo]
of Ag#oa vgett Gehring} CSME LS
7o) fAket A Bonl, NINU melof 4]
TJglolo] W2 tA ARe] 49 F7hgo] o
£ 5 welof vlah oftk e Ao e

L Ta3 AE $HE ARSI} SIS
4Bk A4S Ui ik CSM wlo] 9
o] Wejel 7hg Z Haa AE e vk

Xk tf= = 2doj v]s] NINU Zd& =7}
= Wsjo] i tl23 Ag So] A Holrk
G Z108 Upehhs, o]t NTNU mdlo] o2
rdEyk= g =7 e vt AF ALE= Hae
7} o3l DRIE o]-&3t Exﬁﬁl—ri L5 1
3719] 37 2%] 7] wjiiEel Ao HEch

. Gehring 2937} CSM W EL.8 nfRx|=2 CAIE
ol g5t CAI gho] 4% tlxa Aele] 4

7L/\0}L_ AR "1k E3| CAI o] 451:}

ol RS0 oSohks HaA A

% T AlolE HolHR CAL glo] 4013191 7-¢-

e wele] Ao FRaick. Whlol CLIZ v

BRI AL NTNU 232 CLI glo] 245

2z Ade] $o] Z7eks B Bk

ESECLI go] 128 71302 A S71e0] Hs}

A% Bk

g AREEAL A 9 ARAIY HIAE

A3}, A Gneisse] CAI 412 329

e HEol, CLI ghe 21 gitee] &

ERRICE NTNU mele] 4 CLIO]

3 AR vl Re]

AIghe 2k Flo| Hr}

Ao g woect

[e)

.

2orlo
rlo

HLIREY
1101' jE

LQ_
IS



K
£

of

Ho

el

o)

S
£9

2

References

. ASTM D7625-10. (2010), “Standard test method
for laboratory determination of abrasiveness of
rock using the CERCHAR Method”, ASTM
International.

Z.T., Celada, B., Galera, J.M.,
Tardaguila, 1. (2009), “Prediction of cutter wear
using RME”, Proceedings of ITA-AITES World
Tunnel Congress 2009 & 35" ITA General
Assembly, Budapest, Hungary.

. Bruland, A. (1998), “Hard rock tunnel boring—
advance rate and cutter wear”, Vol. 3, Doctoral
Thesis at NTNU p. 81.

. Frenzel, C., Kasling, H., Thuro, K. (2008), “Factors
influencing disc cutter wear”, Geomechanik und
Tunnelbau, Vol. 1, No. 1, pp. 55-60.

. Frenzel, C. (2011), “Disc cutter wear phenomeno-

. Bieniawski,

logy and their implications on disc cutter consump-
tion for TBM”, Proceedings of 45" US Rock
Mechanics/ Geomechanics Symposium, San Fran-
cisco, U.S.A.

. Gehring, K. (1995), “Leistungs-und verschleiss-
prognosen im maschinellen tunnelbau”, Felsbau,
Vol. 13, No. 6, pp. 439-448.

. Hassanpour, J., Rostami, J., Tarigh Azali, S., Zhao,
J. (2014), “Introduction of an empirical TBM

542

10.

11.

12.

13.

cutter wear prediction model for pyroclastic and
mafic igneous rocks; a case history of Karaj
water conveyance tunnel, Iran”, Tunnelling and
Underground Space Technology, Vol. 43, pp. 222
-231.

. Leitner, W. (2004), “Baubetriebliche modellierung

der prozesse maschineller tunnelvortricbe im
festgestein: von der Penetration zur vortriebsge-
schwindigkeit”, p. 232.

. Maidl, B., Schmid, L., Ritz, R., Herrenknecht, M.

(2008), “Hardrock tunnel boring machines”, Ernst
& Sohn, p. 356.

Palmstrom, A. (1995), “RMi — a rock mass charac-
terization system for rock engineering purposes”,
PhD thesis, Oslo University, Norway.

Rostami, J., Ozdemir, L., Bruland, A., Daul, F.
(2005), “Review of issues related to cerchar
abrasivity testing and their implications on investi-
gations and cutter cost estimates”, Proceedings of
the Rapid Excavation and Tunneling Conference
(RETC), Seattle, U.S.A., pp. 738-751.

Rostami, J., Ozdemir, L. (1993), “A new model
for performance prediction of hard rock TBMs”,
Proceedings of the Rapid Excavation and Tunneling
Conference (RETC), Boston, U.S.A., pp. 793-809.
The Robbins Company (2005), “Service Manual
-Model 1812-299-2”, U.S.A.




<<
  /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


