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Edgeexcavationperfbrmanceofarockmaterial

TそｌｔｓｕｒｏＭＵＲＯ＊ａｎｄＫｏｉｃｈｉＫＯＨＮＯ＊

Thispaperaimstoinvestigateexperimentallytheedgeexcavationperfbrmanceofadisccutterbitonafree

edgepartofrockmaterial・Thetangential,lateralandnommalfbrcesactingonthedisccutterbithavingthree

tipanglesandtheamountofdebrisinseveralcuttingspacesandpenetrationdepthsperroundfbrfburkinds

ofrocksamplesweremeasured・Asaresult,itwasobservedthatthespecificcuttingenergy，ｉ､e・theratioof

theexcavationworkoftｈｅｄｉｓｃｃｕｔｔｅｒｂｉｔｏｆａｔｉｐａｎｇｌｅｏｆ冗/４ｒａｄｔｏｔｈｅａｍｏｕｎｔｏｆｄｅｂｒｉｓｏｆａｎａｎｄｅｓｉに，

showedaminimumvalueO・O36kNcm/cm3attheratioofcuttingspaceandpenetrationdepthperroundof

52､7．Ｔｈｅmethodoftheedgeexcavationfbrtherockmaterialcouldachievethegreatefficiencyof

excavationofabout24timesthatofplaneexcavation．

K2ywonfs:disccutterbit,edgeexcavation,specificenergy,cuttingspace,rockmaterial

1．Intr⑪血唾i皿

TheconventionalprocessofT.ＢＭ､（tunnelboringmachine）intunnelexcavationsiteshasprogressed

remarkablyinmanyareas・But，therearestilluIgentneedsfbrthedevelopmentofnewmultipletype

tunnelingmachinesystemstolowerconstmctioncostsandtoincreasetheefficiencyofexcavationbythe

decIementofexcavationfbrces・Thenewmultipletunnelingmachinehasthemeritofanexcavation

mechanismwhichcausesshearandtensilefailureinrockmaterialsduetothewedgeactionofadisccutter

bit,whilethemechanismofplaneexcavaｔｉｏｎｏｆＴ.Ｂ・Misbasedonthetensilefailurei、ｒｏｃｋmaterialsdue

tothepenetrationofanadjacentdisccutterbit・FUrthennore,howtodecreasethespecificenergyfbr

mcreasingtheefficiencyofexcavationandhowtodecreasetheexcavationfbrcefbrIcducingtheamountof

wearshouldbeconsidered・Thepurposeofthispaperistoinvestigateexperimentallythecharacteristicsofan

edgeexcavationofrockspecimenhavingtwodegreesoffreedomunderaconstantpenetrationdepthper

roundmsteadofaconventionalplaneexcavationhavingonedegreeoffreedom・

Fortheexperiments，cementmortar，tuffaceousrockandandesitewerepreparcdastherockspecimens・

Threekindsofdisccutterbitshavingdifferenttipangleswerefabricate｡､Thedisccutterbitshadadiameter

oｆｌ５ｃｍ,ａｎｄlhesizeratiowasdesignedtObel/３incomparisontoanactualdisccutterbit・Usingamtary

andpenetrationtypeexcavationtestapparatus，thetangential，ｌａteIalandnormalfbrcesactingonthｅｄｉｓｃ

ｃｕｔｔｅｒｂｉｔａｎｄｔｈｅａｍｏｕｎｔｏｆｄｅbrisweremeasuredfOrseveralcombmationsofcuttingspaceandpenetration

depthperround・Afterwards，thespecificcuttingenergyfbreachcuttingspaceandpenetrationdepthper

roundcouldbecalculatedasthｅｒａｔｉｏｏｆｔｈｅｒｏtaIyexcavationpowerofdisccutteｒｂｉｔｔｏｔｈｅａｍｏｕｍｏｆ
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excavationtest,thecuttingspacewasalwayssetat

debIis・Moreover，itshallbeclarifiedeXperimentallythatthespecificcuttingenergyduetothisedge

excavationsystemdecIcasesremaIkablyandtheefficiencyofexcavationduetotheedgeexcavationincreases

greatly,incompansonwiththoseduetotheconventionalplaneexcavationofＴ．Ｂ．Ｍ、

2．Expe】imentanditsmethod

2.1Excavationtestapparatus

ArotaIyandpenetrationtypeexcavationtestappmatusI'】ｃｏｎｓｉｓｔｓｏｆａｔｕｍｔａｂｌｅｏｆ４０ｃｍｄｉａｍｅterdriven

bya1.5kWmotor,awommgearjackhaving35cmstrokeand50kNmaxlmumthmstfbrPenetratingadisc

cutterbitｕｓｉｎｇａｓｃｒｅｗＩｏｄｄｒｉｖｅｎｂｙａ０．２KWmotorwithnon-stepreductiongearrangingfromzeroto

28､Ｓｒ・ｐ．ｍ．andanoctagonalringdynamometer【2］fbrmeasuringtangential，lateralandnormalfbrce

respectivelyactingonthedisccutterbitduringexcavationofrockspecimen・Thedisccutterbitcouldbe

rotatedatagivencircumferentialspeedof１．８３ｃｍ/ＳａｒｏｕｎｄａcircularlocusofradiusR＝１０cmonthe

surfaceofrockspeclmenandthebitcouldpenetrateintotherockspec皿enduringrotationatthepenetratiｏｎ
● ●

speedofzerotoO､017ｃｍ/S・Themckspec皿ensof22､0,24.0and２６．０cmdiameterandl5・ocmheightwe配

mountedonthetumtable・Ｓｏ，thecuttingspace

‘否，，ｃｏｕｌｄｂｅｓｅｌｅｃｔｅｄａｓｌ､０，２．０ａｎｄ３．０cm

Iespectivelyhavingl/３sizeratiocomparedtoan

actualone・Thedisccutterbitcouldbepositioned

verticallyonthesuxfaceofrockspeclmenvialhe
●

ｓｃＩｅｗｍｄｂｙｒｏｔａｔｉｎｇｔｈｅｗｏｒｍｇｅａｒｍstalledon

theupperhameofthetestapparatus・Itcould

horizontallybesetataglvencuttingspacehom
●

ｔｈｅｅｄｇｅｏｆｔｈｅＩｏｃｋｓｐｅｃｌｍｅｎｔｏｈａｖｅｔｈｅｓａｍｅ
●

Ｄｉｓｃ cutterbit

therockSpeclmen
●
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a,、／5.0ｃｍ廿omtheedgetoavoidtheedgefailureｏｆ
(a）Ｐｌａｎ

thenormalfbrceFZcouldbemeasuredusingthe

,thelateralfbIceFYand

Figu配Ｓｌ（a）ａｎｄ（b）ｓｈｏｗｔｈｅｐｌａｎａｎｄｓｉｄｅ
Disccutterbit

viewsofthedisccutterbitexcavatiｎｇｔｈｅｒｏｃｋ
●

speclmenandthefbrces

庇

唾spectively

蕊
Bearing

ThetangentialfbrceFk

Fig.１Generalviewofsteadystateedgeexcavatio、
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twocoupledoctagonalringdynamometershaving

amaxlmumcapacityofl５，１５and50kN

respectively・mehoIizontalfbIceFiIcouldbe

calculatedaslheresultantfbrceofFｋａｎｄＦＹａｎｄ

thehorizontalangleebetweenthemｃｏｕｌｄｂｅ Ｓ

ｇｉｖｅｎｆｒｏｍＦｋａｎｄＦＹ・mevaluesarepositive ●

Rockspcclmen

whenthedirectionofeachapplyingfbIceagrees

wi山thedesignatedoneinthisfigUre・ＴＴ１ｅｓｉｄｅ (b）Sideｖｉｅｗ

viewshowstheapplyingfbIcesinthｅｃａｓｅｏｆｅｄｇｅ



EdgeexcavationperfOrmanceofarockmaterial

TablelPhysicalpropertiesofroCkspecimen

NａｍｅｏｆｍＣｋ

APPaIEmSPecihcgmvityG

speciEcgmvity Gs

NaturalwalercDntem〃 (殉

AbSoIPtion w （9ゥ

りりp9屯medcompmessi"・ｓｏ
●

si正nｇｊｈ
0唖a）

Radialcon叩IBsslve
●

shE咽ｈ
S‘０V⑱a）

Sho妃抽㎡､壁 Ｈｓ

ElasticwavevdocityリノｂＯｎ/Sウ

FractuuBtoUghnessKm（､価WhfV2）

CとnｒｍｍｍａｒＡ

2.065±0.028

2.471士０．０４０

13.38±０．６９

12.65±０．２８

10.66±１．１５

1.42±０．２４

10.11±２．３７

2590±３９

0.133±０．０２０

にhnEntmortarB

2.136±０．０８０

１９±0.071

12.08±０．６４

13.13±１．００

39.42±４．９７

4.59±０５３

22.60±２．６１

2837±３１

６２±0.104

excavationatthecuttingspace‘智,'frOmtheedgeoftherockspeclmen．
●

TblfIaceousROck

1.635±0.017

1.707±0.042

3.70±０．１５

１７５２士０．３１

10.35±１．７２

1.46±０．２２

14.18±７．７９

1916±５０

0.166士０．０３０

Andesite

2.455±0.002

2.565±0.020

0.86±０．０２

1.85±０．０９

96.99±13.15

7.54±１．１５

43.40±12.80

3365±２３

0.676±0.131

2.2Ｄｉｓｃｃｕｔｔｅｒｂｉｔａｎｄｒｏｃｋｓｐｅｃｉｍｅｎ

AstestSpecmlensofanactualdisccutterbit,threekindsofmodelbitmadeofS45Cmetalhavingl5・Ocm

diameter,１．５cmthickandtipangleaof冗/6,.W4andJZ/３radweremanufacturedfbrtheexcavationtests・

Asrockspecimens,twokindsofartificialrockspecimensofcementmortarAandB,atuffaceousrockand

anandesitewerepIepared､FbrthecementmortarA,themixdesignfbrthefreshhigh-early-strengthportland

cementmortarwasdevelopedtohaveaunitweightoffineaggregateofl０．８ｋN/ｍ3,aunitcementcontentof

6､４klWm3,andaunitweightofwaterof3､４ｋＮ/ｍ3.nlemixdesignofcementmortarBwasaunitweightof
hneagglegateof９．１５ｋNｿ、3,aunitcementcontentof9､１９ｋNｿ、3,andaunitweightofwaterof3､６８ｋN７，３．

AfiermixingthesematerialsusingafbrcedbatchmixeIblheheshcementmortarwereplacedintogiven

cylindricalsteelcontainershavingｔｈｅｈｅｉｇｈｔｏｆ９､Ｓｃｍａｎｄｔｈｅｄｉａｍｅｔｅｒｏｆ２２,２３，２４，２５ａｎｄ２６ｃｍ・Afier

wetcuringfbr3days(72hours)atatemperatureofl8．Ｃ,theexcavationtestwasexecutedwithinonehour

toavoidthestrengthvariationofthemortarspec皿en.ＴｈｅｔｕｆｆａｃｅｏｓｒｏｃｋｉｓａｋｉｎｄｏｆｇＩｃentuffwhich

consistsofbrown,ｇｒｅｅｎａｎｄｗhitecolored,porous，lightandweakrock・Themineralcompositionis54％

detritusofpumicestoneincludingrhyolite,７％quartz,５％plagioclaseand34％matrixoffinevolcanicash・

nlemineralcompositionoftheandeｓｉｔｅｉｓ２１％plagioclase,１０％ｂｌａｃｋｍｉｃａａｎｄ６８％matrix・

nlephysicalpropertiesofthefburkindsofrockSpechnenareshowninTablelrespectively．

3．ExpeⅡimentaltestresult

3.1Excavati0nfbrceandcuttingspace

lntheexcavationtest,theskewangleandtheclearanceangｌｅｏｆｔｈｅｄｉｓｃｃｕｔｔｅｒｂｉｔｗｅｒｅａｌｗａｙｓｓｅｔｔｏｂｅ
ＺｅｒＯ･

FortheplaneexcavationtestaｇａｉｎｓｔｔｈｅｃｅｍｅｎｔｍｏｒｔａｒＡａｎｄＢ，thetuffaceousrockandtheandesite，

threeseriesoftestsweIeexecutedfbrthetipangleｓα＝冗/6,ｺ届/４ａｎｄ工/３ｒａｄinthepenetrationdepthper
Ioundや”ｏｆ０．１ｃｍ/iound,唾spectively・

Fortheedgeexcavationtestagainstthecementmortar,ａｔｏｔａｌｏｆ９０ｓｅｒｉｅｓｏｆｔｅｓｔｓｗｅｒｅｅｘｅcutedfbrthe

combinationsofthreesetsofpenetrationdepthpermundp＝0.1,0.2ａｎｄ０．３ｃｍ/round,fivesetsofcutting
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spaceＳ＝1.0,1.5,2.0,2.5ａｎｄ３．０ｃｍａｎｄｔｈＩｅｅｓｅｔｓｏｆｔｉｐａｎｇｌｅα＝３m/6,ｺZ/４ａｎｄ冗/３rad・Fbrtheedge

excavationtestagainstthetuffaceousmckandandesite,ａｔｏｔａｌｏｆ２７ｓｅｒｉｅｓｏｆｔｅｓｔｓｗｅｒｅｅｘｅcutedfbrthe

combinationsofthreesetsofcuttingspaceS＝１．０，２．０ａｎｄ３．０ｃｍａｎｄｔｈｅｓａｍｅｔｈｒｅｅｓｅｔｓｏｆｐｅｎｅｔｒation

depthperroundandtipangleasmentionedbefbrewereexecutedxespectively・

nlepeakvaluesofFk,岡,ａｎｄ凡hadalmostsimultaneouslyoccunedandtheyweIesynchmnizedwith

eachother・Here，theaveragevalueofthe位sttenpeakpointsofthetangential，lateralandnormalfbrces

duringexcavationwasdesignatedastheedgeexcavationfbrceF海，FYpandFzprespectively・n1e

measurementsofthepeaktangentialfbIceFXpandthepeaknormalfOrceF注weIeveryimportanttocalculate

therotationalpowerBRandthIustpower恥1℃spectively・

Ｔｈｅｒｅlationshipbetweenthepeaktange､tialfbrceFkpandthecuttingSpace“S”inlhreesetsof

penetrationdepthsperroundp＝0.1,0.2,ａｎｄ０．３ｃｍ/ｍｍｄｃｏｕｌｄｂｅｓｕｍｍａｒｉｚｅｄｉｎＦｉｇ２,ａｓａｎｅｘａｍｐｌｅｏｆ

ｔｉｐａｎｇｌｅｏｆα＝冗/４radfbrthecementmortarAandB,tuffaceousrockandandesiterespectively､血general，

Fkp(kN)tendstoincreasewiththeincrementofp(cm/round)duetotheincreasmgcmsssectionofthepart

ofpenetrationofthedisccutterbit,andwiththeincrementofS(c､)duetotheenlaxgementofrupturededge

zoneoftherockspecmen,andwiththeincrementofanunconmedcompIessivestrengthSb0dWCm2).But

thereislittlesignificantaffectofthetipangleα(rad)ｏｎ恥.ＦｒｏｍthereglessionanalyticalIesults,the

fbⅡowingexperimentalequationwasderived：

Ｆ海＝0.253ｐｏ､767s13弱α0332s℃0.987（R＝0.942）（１）

whereRisthemultiplecomelationCoefficient・

Therelationshipbetweenthepeaknormalfbrce恥andthecuttingspace‘冠”couldbealsoexpressedin

１５２

５

０ １２３４

Ｓ（c､）

Fig2RelationsmpbetweenpeaktangentialfbIce

F海andcuttingSpaceS(α＝冗/4rad）

０ １２３４

Ｓ（C､）

Fig3Relationshipbetweenpeaknommalfbrce

FZpandcuttingspaceS(α＝冗/4rad）
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Edgeexcavationperfbrmanceofarockmaterial

Fig.3,asanexampleofα＝冗/４rad.I、general,thepeaknormalfOrceFZp(kN)increasesalmostlinearly

withtheincrementoftheunconfinedcompressivestrengthSc(kN/cm2),andofthecuttingspaceS(c､)due

totheenlargementoftherupturededgezoneoftherockspecimen､FZptendstoincreaseslightlywiththe

mcrementofp(cm/round)duetotheincreasmgcrosssectionofthepartofpenetrationofthebit,ａｎｄwith

theincrementofthetipangleα・Fromtheregressionanalyticalxcsults，ｔｈｅｆｂⅡowingexperimentalequation

wasderived：

Ｆか＝1.863ｐ0.261s1.085α0.435SCO､730（R＝0.937）（２）

3.2Amountofdebrisandcuttingspace

Whenthedisccutterbitrotatedonthｅｅｄｇｅｏｆｔｈｅｒｏｃｋｓｐｅｃｌｍｅｎｍｏｕｎｔｅｄｏnthetumtable，thedebris

excavatedunderaconstantpenetrationdepthperroundwasgatheredusingabrush､ThentheweightW(gf)at

theendoftheexcavationwasmeasuｒｅｄｂｙｕｓｅｏｆａｎｅｌｅｃｔｒｉｃbalance,Ｔｈｅａｍｏｕｎｔｏｆｔｈｅｖｏｌｕｍｅｏｆｄｅｂｒｉｓ

ｃｏuldbecalculatedastheweightofdebrisdividedbytheunitweightoftherockspec1menP(&或７ｃｍ3).The

timeofrotationofthedisccutterbituntiltheinitialedgefailurehascompletedatthe〃throtationaroundthe

runningcircleofradiusRcouldbecalculatedasthecircumferentiallengthL＝２冗祁Ｒ(c､)dividedbythe

rotatingspeedy(cm/S).Therefbre,theamountofexcavationpersecond鵬(cm3/S)canbegiveninthe

fbuowingequationastheamountofdebrisdividedbythetime：

〃し
しＥ＝－ （３）
pL

Ingeneral,theamountofexcavation雌tendstoincreasewiththeincrementof‘わ'，andα,andtoincrease

parabolicallywiththeincrementofthecuttingspace‘‘Ｓ，',butitdecreasesslightlywiththeincrementofthe

unconfinedcompressivestrengthSc（kN/Cm2)．

Fromtheregressionanalysis,thefbllowingexperimentalequationwasderived：

蛇＝7.467ｐｏ､715s1.470α0.642s℃－０．０１９（R＝0.894）（４）

Fmmtheaboveexperhnentaltestresults，itwasobseIvedthattheeffectofthecuttingspace‘‘Ｓ，'onthe

amountofexcavation隆wasgreaterthanthatofthepenetrationdepthperround‘抄,'．

4．Considerati⑪ｎｓ

4.1Specificcuttingenergyandcuttingspace

ThespecificcuttingenergyｗａｓｄｅｆｉｎｅｄｂｙＳｎｏｗｄｏｎｅｒａﾉ.I31tobetheenergy,ｉ､e､,meanrollingfbrcetimes

lengthofcut，consumedinexcavatingunitvolumeofrockfbrcomparingtherelativeefficiencyofrock

excavationusingdisccutterbits､Here,thespecificcuttingenergy氏(kNcm/cm3)couldbecalculatedasthe

excavationpowerP(kNcm/s)dividedbytheamountofexcavationpersecond雌(cm3/S)asfbuows：
Ｐ

ＥＳ＝－ （５）晩

TherelationshipbetweenthespecificcuttingenergyEsandthecuttinｇｓｐａｃｅ“Ｓ，，inthreesetsof

penetrationdepthperround‘わ”ｏｆ0.1,0.2ａｎｄ０．３ｃｍ/roundisshowninFig､4,fbranexampleoftipangle

aof3Z/４rad､Ingeneral,thespecificcuttingeneIgyESOdVcm/Cm3）decreaseshyperbolicallywiththe

mcrementofthecuttingspaceS(C､)anditincreasesgraduallywiththeincrementofthepene粒ationdepth

perroundp（cm/round).ESalsoincreaseswiththeincrementoftheunconfinedcompressivestxengthSb

(kNｿCm2).Butthereishardlyanysignificanteffectofthetipanglea（rad）ｏｎＥＳ・Fromtheregression

AnnualJoumalofEng.，

EhimeUniv.，Ⅲ.，Mar.，２００５
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Edgeexcavationperfbrmanceofarockmaterial

Table2PlaneexcavationtestresultsfbrcementmortarAc＝３．０cm,ｐ＝０．１cm/round）

αOaJ F海0鋤 FYPOd9 Fか0.0 隆(cm3b） Ｐ伽１ｃｍ/s） E野Odwcm/､f）
.V６ 0.321 1.216 4.356 0.292 0.166 6８

3V４ 0.268 0.611 3.539 0.623 0.086 0.139

３V３ 0.330 0.981 5.218 0.393 0.140 0.356

Ontheotherhand,ＧｏｎｇｅｒａＪ､14】pIesentedthattheoptimumspacing/PenetrationS〃tominimizethe

SpecificcuttingeneIgycouldbecalculatedusingthehacturetoughness同ＫｂＢ(ＭＮﾉm3/2)andtheunconfined

compressivestrenglhoc(MPa)ofrocksampleasfbllows：

｜:|・隠一……-．“(R-0剛 （７）

ＩｎｔｈｅｃａｓｅｏｆｃementmortarA,theoptimumspacing/penetrationcouldbedeterminedtobel1.2by

substitutingthevalueoffracturetouglmessKbBof0.133ＭNﾉ､3厘andthevalueofunconfinedcompressive

strengthoCofl０．７MPaintotheaboveequation・

Here，severalplaneexcavationtestsusinｇｔｈｅｓａｍｅｄｉｓｃｃｕｔｔｅｒｂｉtweIeexecutedonlhesamemortar

specimenAattheoptimumspacing/penetrationofl1.2fbrthepenetrationdepthdof0.268ｃｍatthe

penetrationdepthperromdpoｆ０．１ｃｍ/round,ｔｈｅｃｕｔｔｍｇｓｐａｃｅＳｏｆ３・Ocmandthreesetsofthetipangle

α＝元/6,冗/４ａｎｄ冗/３rad【61.Taljle2showsthemeasuredvaluesofthepeaktangentialfbrceFkp,thepeak

lateralfbrceFYp,thepeaknormalfbrceF注,theamountofexcavation賎,thepowerofexcavationPandthe

specificcuttingenergyESpintheplaneexcavationtestfbrp＝０．１ｃｍ/ｍｍｄａｎｄｔｈｅｔｉｐａｎｇｌｅα＝jZ/6,江/４

and元/３radrespectively・Ｉｎｔｈｉｓｃａｓｅ，thespecificcuttingeneIgyESpshowedtheminimumvalue0.139

kNcm/cm3atα＝冗/４rad．

ItwasobservedthattheaveragevalueofthepeaktangentialfbrceF汀＝0.306kNfbrtheplaneexcavation

wasabouｔ２．６２ｔｉｍｅｓｔｈａｔｏｆＯ､117kNfbrtheedgeexcavation，theaveragevalueofthepeaklateralfblce

FYp＝0.936kNfbrtheplaneexcavationwasabout４．６５timesthatofO､201kNfbrtheedgeexcavationand

thepeaknormalfbrceFZp＝4.371kNfbrtheplaneexcavationwasabout２．３１timesthatofl､891kNfbrthe

edgeexcavation・Theaverageamountofexcavation雌＝3.319,2.828ａｎｄ4.465ｃｍ3/ｓａｔα＝冗/6,冗/４ａｎｄ

冗/３radfbrtheedgeexcavationcouldbecalculatedasabout7.61,6.49and１０．２４timesthatofO.436ｃｍ3/S

fbrtheplaneexcavationrespectively・Therefbre，itwasclarifiedthattheaveragespecificcuttingenergyfOr

theedgeexcavationfiomEsE＝0.021ｋＮｃｍ/Cm3atα＝犯/４radｔｏｏ・O19kNcm/Cm3atα＝犯/６raddecreased

tolhevaluefroml/１７tＣｌ/１９timestheaveragespecificcuttingenergyEsp＝0.3５４ｋＮｃｍ/Cm3fbrtheplane
excavation・

Asaresult，itcouldbeestimatedthatthemethodoftheedgeexcavationfbrthecemeｎｔｍｏｒｔａｒＡａｎｄＢ，

thetuffaceousrockandtheandesiteI7]mightachievethegreaterefficiencyofexcavationofl8,４１，９and24

timesthatoftheplaneexcavation,reSpectively・

５．Ｃ⑪皿Cl唾i⑪皿

TheedgeexcavatingperfOImanceonthefreeedgepartofseveralrockspecimenswereinvestigatedundera

constantpenetrationdepthperrounｄａｎｄｃｕｔｔｉｎｇＳｐａｃｅｏｆａｄｉｓｃｃｕｔｔｅｒｂit・Ｔｈｅmeasuredspecificcutting

energy,ｉ､e､，theratiooftheexcavationpowertotheamountofexcavationpersecondｏｆｔheedgeexcavation

wascompaIedwiththatoftheconventionalplaneexcavationmethod・Theresultsobtainedcanbe

AnnualJoumalofEng.，
ＥｈｉｍｅUniv.，Ⅲ.，Mar.，２００５ 1５５
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RI1mmzwizedasfbnows：

1)nlePeaktangentialandnormalfbrcesintheedgeexcavationtendtoincreasewiththeincrementofthe

PenetrationdepthperroundduetotheincIBasmgcrosssectionofthepartofpenetrationofthedisccutterbit，

andwiththeincrementofcuttingspaceduetotheenlaIgementofrUptmededgezoneofthemckspecimen・

TheyalsotendtoincIeasewiththeincrementoftheunconmedcompressivestrength，butthereislittle

significantaffectofthetipangle、

2)TheamountofexcavationpersecondtendstoincreasewiththeincIementofpenetrationdepthpermund

andtiｐａｎｇｌｅａｎｄtoincreaseparabolicallywithlheincIementofcuttingspace,butitdecreasesslightlywith

theincrementoftheunconfinedcompressivestIBngth、

3)Thespecificcuttingenergydecreaseshyperbolicallywiththeincrementofthecuttingspaceandincreases

graduanywiththeincrementofpenetIationdepthperroundandtheunconfinedcompressivestrength，but

thereisnosignificantaffectoｆｔｈｅｔｉｐａｎｇｌｅｏｎｉｔ・T11eaverageratioofthecuttingspacetothepenetration

depthperroundtominimizethespecificcuttingeneIgyisalmosteqUal５４．３fbreachtipangle、

4)ThemethodoftheedgeexcavationfbrthecementmortarAandB,thetuffaceousrockandtheandesite

mightachievethegreaterefficiencyofexcavationofl8,41,9and24timesthatoftheplaneexcavation，

IeSpectively．
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