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Developmentofanautomateddesignprogram

fortunnelblasting

Chung･InLee*,Yong･HunJong★,Tae･HyungKim',Yong-RunChoi榊 ,

andSeokwonJeon★

InthisStudy,aCOmputerprogramtOdesignAtunnel-blastingpatternwasdeveloped.The

programconSist80ftwoparts;oneiSforthetunnelblastingdesignandtheotheri8forthe

blaStingmodelingtoestimatethepeakparticlevelocity.theexcavationdamage乙Oneandthe

fragmentationdiBtribution.Thede8ignmethodoftunnelb188tingpattern8uggeBtedby

Langefor81Iw88mOdirledtoproducethemodel･Inadditionthecorrelationbetweentherock

ma88rating,I.e..theRMR.andtherockconstantinb188ting.C.W88analy2:edbasedonthe

datacollectedfrom23tunnelb188tingteSt8.Thecorrelationbetweenthemwa8goodenough to

beappliedincutdesign.Furthermore,thedevelopedprogrami8C叩ableofestimatingthe

particlevelocitybyusing(1)theexistingvibrationequationsand(2)thevibrationequation

obtainedbytestblastingtoexaminethepracticalapplicabilityofthedesignedbhStingpattern.

L lntroduGtion

Thedesignofabl88tingpatterniSimportant

fordetermlnlngtheb188tingeErICiency,tunnelwall

damage.thevibrationandthenoiselevelcaused

bytheblast.Theallowablepeakparticlevelocity

withrespecttOanyAdjacentStructuresandthe

powderfactordependontheoptimumpattern

Selection.However,inKoreantunnelconstruction

sites,blastingoperationshavebeenperformedon

thebasisoftheexperienceorblastingengineers.

Therefore,theremaybesomedifrerence8between

thedesignedpatternandtherealdrillingpattem.

Inordertoeliminatethi与difrerenceand

standardizeatunnelblastingpattern,the

developmentofanautomateddesignprogramfor

tunnelblastingis.InKorea,anautomateddesign

programrbrtunnelblastingwasdevelopedby

choi2',basedonthemethodSugge8tedby

R∝eived:May17,2002
Accepted:July17,2002
'schoolofCivil.UrbanandGeoSyetemEngineer･
ing,ScoutNationalUniversity.
Sam5611,Shillim･dong.Gwanak･gu,Seoul,
KOREA
e･mail:cilee@p18Za.Gnu.aC.kr
lも1.8212･880･722I.Fax.82･2･871･8983

''GeoGenyConSultant8Grouplnc..938･7,
Bangbae･dong.Seocho･酢1,Seoul,Korea
Te1.82･2･3472･2261.Fax.82･2･3472･8057

KayaktJGakkaishLVoI.63.No.6.2002

Langefor81)･TheprogramWasmOdirledbyKimn),
basedontheresults0rSeveraltestb188t8.However,

theprogramhadadi88dvantageinthatthe

geologtcalconditionsWereinadequatelyconsidered

duetoa)ackofthetestbl88tS.A8aCOmplementary

me88ureふfthisdisadvantage,thecorrelation

betweentheRMRandtherockconstant(dwas

investigatedusingthere8ult80fmanytunnel

blaSt8.Moreover,theformulaeforthetunnelblast

design8ugge8tedbyLangeforBn(abbreviatedaS

Langefors.formulae,hereafter)wasmodifiedbased

onI.hecorrelationandthere8ultsorthetesttunnel

blasts.Theautomateddesignprogramfortunnel

blastingwasdevelopedwiththemodi丘edformulae.

2.Designingmethodoftunnelblasting

2.1.Conventionaldesigningmethodoftun-

nelblasting

Amongthevariou8practicaldesignmethods0f

thetunnelbl88tingpattern,theSwedishmethod

suggestedbyLangefor8日ha8beenmostwidely

accepted.Itconeider8theinnuenceoftherockon

blastingrepresentedbya r̀ockcon8tant',

designatedc,repre8entingtheb88eCharge

concentrationrequiredfor88ati8factoryblasting

performance.Theformulaeareprovidedtodescribe

howthepowderfactorAndtheotherblastdesign
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p8rameter8Shouldbevariedforaparticular

blastinggeometry.Thefollowingarethecontrolling

parametersusedirLtheSwedishmethod.

･Rockconstant.

･Drillholediameter,lJOOk･out,Drilleddepth

･JLmptydrillholediameter.Numberofempty

drillhole8(ifc88eOrBurn-cut)

･WeightStrengthorexploSive

Thetunnelcro888eCtioniSdividedinto4main

parts(Fig.1):Cut.S一oping,LitterandContour_

TheCutsectioni8Cla88ifiedintoI.heBurn･Cutand

theV･Cut.
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Fig.
1C1888ificationortunne lcroSBSectionby

b188tingconditions.

Thee88entialdesignparametersfortunnel

blA8tingIncludetheburden.咋ac
ingandthe

explosivecharge.
Theydifferinbothdifferentrock

m888andbl88tingconditions.
Therefore,a
diWerent

8eCtionwillhavedirrerentdesignparameLer80n

I.
hebA8i80日hecaIculat.
ionreSult8Obtainedfrom

theSwedishmethod.
Howeverthiscalculating

methodw88ObtainedfromtheteStSCOnductedon

the8tirrrocksinScandinavia.
Therefore,spec
ific

rleldtri818Arerecommendedinordertooptimize

ablastingdeSignforrockthatdifferseitherinthe

strengthorBtruCtur81characteristicsfromthe

Scandinaviangran iteginreference.

2
.
2
.
Modifieddesignin gmethodoftunnel

blaSting

2
.
2
.
1
.
Determinationofrockconstant(a)

Therockconstant,C.
i88nempiricalmeasure

orthequantityofexplosiverequiredLoloosen1m
･'

orrock.
Whenb188tingindirrer entSwedishrocks,

ithasbeenroundthat,

I.hevalueforclieBinthevicinityorO.1kg

m:l･Thec･valuecanbedeterminedbytrialblastinginAverticaldrillhol



datasetsandthecorrelationcoe爪cientwas0.804

(Fig.2).

C=5.73×10~JRMR+0.057 (1)

2.2.2.Modificationofdesignforrnulaefor

cutsection

TheLangefors'formulaeweremodifiedto

considerboththegeologlCalandexploSiveS

condition8.KimS)presentedmodifiedformulaeto

determinetheb188tholelocation(spacingand

burden)andthechargeweightsperblaStholefor

thecut,theBtOping,thelitterandthecontour

sectionsthatiSShowninFig.I.However,the

modifiedformulaeforthecut(i.e.,Burn-cutand

V･cut)Sectionde軸 n,areonlymentionedinthis

study.

(1)Burn･Cut

ThecutSectiondesignedbytheLangefors'

formuhehadproblemsthataSizeofthecutsection

wasdesignedlargelyinthegivenrockconstant,

shownasFig.3(a),andtherockmassCOndition8

wasnotAdequatelyreflected.Tocorrectthe

problems,theformulaeforthecutdesignwere

modified,basedupontheresultsoftunnel

blastings.Themodifiedformulaearea8followB:

･9tquadrangle =B･-･154讐 (2)

Linearchargeconcentration:I=240旦二吐 (3)
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2nJand3rdquadrangle :8.-1.02J不万 (4)

4thquadrangleandover :A.-2･O._, (5)

where4i8thediameteroftheemptydrillhole(in

meters),0i8thedistancebetweenab188tholeand

acenterofthecutsection(inmeters),aiBthe

diameterofbla8tholes(inmeters),Ii8thelinear

chargeconcentration(inkgm●1),Sm istheweight

StrengthrelativetoANFO,andBhandAnArethe

burdenandtheSidelengthofnthquadrangle(in

meter8),respectively.

IntheoriginalLangefors'formulAe,aburdenof

thel●tquadranglei8Onlydeterminedbythe

diameterOftheemptydrillhole.However,ina

practicaltunnelblastingoperation,theburdeniS

determinedaccordingtotherockma88COnditions.

Thereforetheoriginalformtllawasmodified

accordingtoequation(2),i.e.,themodiRedformula

renectedtherockmassCOnditionS.Furthermore,

inthecaロeOfusingtheoriginalformulae,the5th

And6thquadranglesoccupyadoJnainoftheinner

quadrangle,aSShowninFig.3(a).Thereforethe

explosiveenergyisnotusedeffectively.

Consequently,themodiAedformul&(equation(5))

determinesthebtlrdenofthequadranglemorethan

5thgeometrically(Fig.3(b))toconsumethe

explosiveenergyefficiently,

(2)Ⅴ･cut

ThetunneldesignthatusestheLangeforS'

ドig.3ComparisonOfcutdesign(fF:4.5m,C=0.46kg



formuheincre88e8boththeburdenandthecharge

weightperbla8thole.̂SELreSttlt,theformulaeare

inappropriateForLILunne)con8truCtionsite.

ModificationortheV･cuLdesignformulaefocuses

onacorrectil哨Lhi8.

IntheorlglnLIILnngeforSIformulae,theburden

isalinearfunctionoradrillholediameter.The

cutdesignmethoddoesmobreneCttherockmass

condition8andwheneverI.hehoJediametersare

equal,theburdenorthecutalwayshasanequal

valtleregardlessOrtherockmag;Sconditions/ro

correctthis,theoptimumburdenofthecutis

calculatedbyequtltion(6).

B=21.5dx旦空 (6)
C

ThemodifiedTormllhrenect,8I,herockmass

conditionsbysettingtherockconstantOnthebasis

ofO.35kgm一･1SimilartOtheBurn･cut.Inaddition,

I.heconsLanL.21.5.wn8Jet.erminedfrom the

collecteddataaLthehighwflyCOnSLructionsites.

Theorlglnalformularordetermlnlngthelinear

chargeconcenLraLionq(inkgmI)doesJIOtreneCt

therockmA88COndition88ufrlCiently,inthesame

wayaStheoriF!inalrormu)ACfortheburdenorcut.

ThereroretheoriginEIlrormulawasmodiried

(equation(7)).

q=･ooo諾 (7,

ThelinearChargeCOnCentrationinthecolumn

shotlldbeequれItothechargeCOnCCnLrationfor

theboLLomcharge.

ThererorethelinearChargeconcentration(q)

incre88e8,n持ttlerockma閃Condition8improveand

theholediElmeterincre88eS,ElnddecreaSe8With

increFLBingthere)FIt･ivesLrengLhortheexpl08ive.

2.3.Assessrnentofthemodifieddesignfor-

nulae

lnordertovztlidatethemodirledmethodsand

theirpr8CLic81applic8biliLy.te8tbl88tingSWere

carriedoutAttwodirrerenLtunnelcon8Lruction

sitesinKorea.AtACrudeoil8tOrAgeCavern

constructionsite.themodirleddesignmethodu8ing

aBurn･ctltWfLSChecked.TheRMRv81ue8Were4.5

(forSrll̂.o+JI(18.1).66(TorST̂ 0+20.5)Ltnd71(for

STA.0+23..1).Table1showstheb]fIStingreSultSAL

thetestSite.Jntheotherβite.Ahighway

constructionsite.themodirIeddesignmethodusing

aV･cut.wasexamined.TheRMRvaluesWere58

(forST̂ .2+215.0).59(forSTA.2+22).5),.qJl(for

ST̂ .2+･132.5)LInd52(forSTA.2+JI36.0).Table2

showsthereSult再Orthetunnelte8LhhRtingu81叩

AV･cut,.

InTfLhLe1and2,theresultswere的tisrnctory

inth山 LheavengeadvancerateWas90% And

theoverbreakdidnotcauseaIldiLionnlSupport.

Table1Blastingresultsatthepipetunnelandthewatercurtaintunnel(Burn･cuL).

Numberor Usedeharge Drillinglength d̂vnnce1 Advance SpecirICbJaSt,holes weight rate

Cltarge(Emptyholes) (kg) (m) (m) (

～,'o) (kgm.1)STA.0+一108.一1 108(2) 189.5 3.

ー̀0 2.80 82.4 I.128STA.0+20.5 79(2) 13

8.0 3..IO 3.15 92.6 1.6O4STA.@チ2?.3 ー 野喧しー 169.0__

⊥_J.jTQ一一 _ー_3.22 94.7 1.921Table2Blasting

resultsatthehighwaytunnel(V･cut).Ntlmberor Usedcharge I)rilling Adv爪nC

e(lt1)lIh 持Lhole8 weight(kg)

length(m )Srr̂.2+215.0 )20

260.9 3.7 3.:iOS'rA.2+221.5 11

7 257.7 3.5 3.04STA.2+′l32.5 J30



3.Automateddesignprogramfortunne一

blasting

lnthisStudy,acomputerprogramtodesigna

tunnelblastingpatternwa白developed.The

developedprogramconsistedoftwoparts;onewas

thèPatternDesignfornlnnel'partandtheother

wasthe B̀la8tingReSultSPrediction'partto

estimatetheparticlevelocity,theexcavation

damagezoneandtherockfragmentationby

blast.in搭.

3.1.Patterndesignfortunne一

ThedevelopedprogramwasadoptedthemodirLed

formulae(equation(2)～(7))forthecutsectionand

themodifiedformulaethatwerestlldiedbyKim引

forthe8Loping,tllelitterandthecontour8eCtionB.

Theprogramhasmanyfeatures,Whicharea8

follows:

･Anabilitytodesignablastingpatternfor

v8riou9tunneltypes(Fig,4)

･AnabilitytDdesigntwotypesorcut,Le.,Burn･

CutAndV･Cut

･Anautomaticdeterminationoftheignition
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SequenceandAlignmentofthedetonatOrand

explosive

･Anabilitytodesignasequentialblastingto

uSenOn･electronicdetonators(Fig.5)

Fig.5Blastpatternforthese

quentialblasting,IAfunctiontomodifytheintbrmationora

blaSthole(i.e.,location,charge

weightanddehy

timing)IAfunctiontomodifytheburdenand

SpaClngofoverallb
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･Avi 8u81examinationoftheignitionBequenCe

anddelaytiming

･Avisualizationtoidentifythequantityor

detonatOr8andexplo8ive8

･An abilitytoirL8ertthedimensionseasilyand

exportthedimensionstoAfile.

3.2.Blastingresultsprediction

B̀laStingRe8ult8Prediction'partorthis

programpredictstheresult80fthetunnelblasting

thatWASCarriedoutaccordingtothedesigned

pattern.Tbconfirmthedesignedpattern,thispart

wasbasedonpreviousstudies.ThisprogramCan

predicttheparticlevelocity.theexcavationdamage

zoneandtherockfragmentation.

3.3.1.PredictingtheparticJevelocityfor

designedhlastingpattern

lnthisprogram.VibrationequationsWereused

topredictthevibrationvelocityoftunnelb188ting

basedonthedesignedpattern.Thevibration

velocitycanbepredictedbytwomethods;oneisto

usetheexistingblastingvibrationequationsand

theotheri8tOusethere8ult80ftestblastingat

thetunnelconstructionsite.Theuttercanmore

accuratelypredicttheparticlevelocitythanthe

former.Figure6Showsthe8nalyBlBre8ult80fthe

vibrationvelocitycalculatedfromtestb188tings

ataconstructionSite.

Fig.6An81ySi8resultofvibrationvelocityby

testb188ting8.3.3.2.Predictingt

heexcavationdamagelonebytLJnnelblasting

Thi8programAdoptedtheStmindamagemodel to

predicttheexcavationdamaPe乙One.Themostco

mmonoutcomeoftheStudieSabouttheoverbreakm

echanism8i8thatthe8traininduceddamagedomin

ates.Thi8maybetrueinverygoodqualityrockm

a88e8butmaynotbeasaccurate88rockqualitydecreases.

ThemodelreportedbyHolmbergandPer8SOn61wasusedtoestimat

ethevibra

tionvelocityaroundab188thole7)･Figure7showstheoutputforpredictingtheexcavation

damagezo

ne.ロAbOtb;:
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M1Rh)⊂:≡コ .H で __ __Fig.7Outputofprediction

re8ult80ftheexcavationdamageZOne.3.3.3.Predicting therock
fragmentation bybta

stingTheKuz-Rammodelwasadoptedtopredictthe

degreeorfragmentation,whichdescribesthesi苫e

distribut ionoftheblastedmate rial.Themodelwas
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developedbyCunningham如,andwasbasedupon

the8iZedistributioncurveofRosin･RammlerAnd

theempiricalequationortheaveragefmgment8iヱe

wasObtainedfromtheblastgivenbyKuヱnet80V91･

Figure88howBtheoutputforpredictingthe

fmgmentationdistributionbyblasting.

4.Con¢lusionS

Inthisstudy,thedesignJnethodBugge8tedby

LangeforBWasmodifiedbasedontheb18Bting

results8thighwaytunnelsinKoreatorepresent

thedesignparametersquantitatively.Severaltest

b188ting8Werecarriedouttotesttheirpractical

applicability.Inaddition.thecorrelationbetween

therockconstantandtheRMRwasanalyzedin

ordertoquantifytherockmassCOndition8.By

adoptingthe8emethods,8nautomateddesign

programfortunnelblastingwasdevelopedwith

capacityorpredictingblastingre8ult8.
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