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Siteexperimentsforblastingvibrationreduction

usingcontrollinginitiation

YujiOgata*,Woo･JinJung★.KazuoAoki*,KunihisaKatsuyama★★,KtmiyoshiOhtake***,
NagaoMiyamura'*',AtSumi Miyake''l",andTerushigeOgaWa*''*

TeStblastingwasCarriedoutforthe8pplicabilityofvibrationreductionmethodbycontrolling

theinitiationtimeinthequarry.Theblastingdesignwastakenlikethattheblastholeinterval

i82mAB10holes48tageS,lineofleaStresistancei82m,blastholediameteri865mm.The

blastinginitiationtimeortheexperimentsSetdifferencetimeevery10holes1stage.The

initiationdelaytimewasCAIculatedbythefrequencyanalySi80rthetestblastingvibration.

SimultaneouBly,italsoobtainedadelaytimeaslargestnegativecorrelationaccordingto

autocorrelationfunctionorvibrationwaveform,andthe8etLingmethodoroptimumdelay
init,iationtimewasdiSCu8Sed.

Themaximumofvibrationlevelisabout22.5HzaStheresultorthefrequencyanalysis0r

teStblasting.Sotheoptimumtimedifferencei822.2mseachinitiationtime.Thisvalueshows

anegativevalueevenintheanalys18accordingtotheAutOCOrreJAtionfunction.ItwasShown

thatthebl朗tingvibrationcoutdbereducedbytheinterferenceofthebh8tingvibrationwith

optimt1mtimebythefrequencyAnalysisusingpreciseinitiationmachineandelectricdetonatOr

orlthefieldexperimentinthequarry.

1.lntrodu¢tion

BlaStingiswidelyusedinminingand

fundamentalconstructionbecauseOfitsspeedand

economytodestroytherock8Andbuilding.

Bl88tinghABtheadvantagesofreducedexcavation

co8t8andShortenedconstructiontimewhen

comparedtotheuseofheavymachineryfor

excavationandcuttingsuchasthatwithatunnel

boringmachine.Howeverthereare80meproblems

withblasting,lnCludingthenoi白e,Vibrationand

nyrock.ItbecomesaSeriousproblemthatthe

blastingvibrationi畠reducedinminingand

fundamentalconstruction.Asgeneralbla8ting
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vibrationmethodforreduction,thefollowing

methodareused:methodofreducingthecharging

volumeu8edintheblastingofonetimeandmethod

orincreaSlngnumberDfstepsofdelaytimeblasting.

Howeverinthesemethods,theworkerrICiencyof

b]a8tingwillbelower,andtheoperationco8tS

inerea8e.Thererbre,bycontrollingtheinitiation

timepreciselywiththepreciseblastingmachine.

thereductionmethodofblastingvibrationu81ng

interferencephenomenonofblastingvibrationwas

studied.Inthi8method,thevibrationreduction

wasexaminedbytheinterferenceorgenerating

vibration.InAddition,theresultiSgoodfrom

PMMAphtemodeltestbythemortarblockand

smallscaleexperimentorprotectivewalllk'･11e8t

blastingwasCarriedoutontheApPlicabilityof

vibrationreductionmethodbytheinitiationtime

controlmethodtothequarry.

2,Theprincipleofthevibrationreduction

TheprlnCip)eorthevibrationreductionmettlOd

oftheblastingvibrationbytheinterferenceis

accordingtotheroIlowlng.Forexampletheblasting
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T)Ortl)artdlhlFig.1Principleorthevibratio
nreductionmethodby

theinLerlerencevibrat.ionafI8umeSthevibrationw

.TIVefornlder)neda8thetrigonometricfunctionwh

ichattenuEIte8intherlXedperiodshowninFig.1.

Whenthevibrationwaveform(a)isSuperimpose

dbythevibrationwaveform(h)delayedthehalf-cy

clefrequencytimeinFig.1,theLImplitudeorthei

nterferedwaverormi.qreduced.Thefirstpeakampl

itudeofb)fIStingvibrationbecomesahalrlessthan

I.heca鍔einwhichthereare88meWaVeformat

theSametime,andthevibrationcanbereduced.fl

owever,inactuFIlblasting,thewaveformofbla

stingvibrationi8complicated,anditisnote

asytodecidetimedifference.Therefore,themethodfordecidingthe optimumtimedifferenceusi

ngthecorrelationfunct.ionwasexaminedand

thegoodreSulLbymodeltest.swasobtained.Corre

lationfunctionandoptimumtimedirrerencebyfreq

uencyanaly8iSaretheoreticallySame.Theme

thodtodecidetheoptimumtimedifferencebythe

frequencyan且)ySi8methodoutofcon8ider8tirlnOf

applicabilitywithfieldwasexamined

,3,Experirnent3.1E

xperimentalmethodTherteldexperimentwasused

theblastingbench(bencllheight:about5m)Orthe

quarryunderworkatpresent.Theblastingdesignwa

stakenasfollows;intervaloftheblaRtholei82m

and10holesStagex4stage,lineorleastresif;tanCe

is2m,blastholediameter65mm,theblastinginit

iationtimeoftheexperimentseteachStageatth

edifferencetime.Thesummaryortheblastin

gdesignfortheseexperiments

i8ShowninFig.2.The18tSL叩elOholeswasCO

nneCtedintheoneinitiationcircuitanditinitiated

inorderfromthefirststagetothefinalstage

uslngthepreciseinitiationmachine(initiat

ioncircuit:5ch,initiationaccuracy:Ips,Sett

ingtime:1L18 -10S,charglI哨 VOltage:ove

r2500V,condensercapacity:1pF/ch,outputcurren

t:overlkA)madehyNipponK8yakuCo.,Ltd..

lntheexperiment,thefollowlr咽tWOkinds0rdeton

atorwereusedAndI,hediLrerencewasextLmined:Tnsta

ntaneou8elect.ricdetonatorandelectricdet.o

nat.orfor8ei8micexploration.ANFOexplos

ive7.2kgcharglngvolumewasusedforeachhole.Th

eslurryexplosive0.2kgwasusedaStlboosterfor

theinitiationorANFOexplo8ive,Theblas

tingwaveformwasmeasuredu8ir岬theaccelerome

terwhichwereSetinthefield(50-230m)betweentheinitiationpoint

andfrontrace.3.2Decisionmethodfortheoptimumt

imedifference.Intheexperiment,there

ferentialblastingvibrationgeneratedhytheblasti

ngof10holesper1stageismeasuredinorderto

decidetheoptimumtimedifferenceattheb

eginning.Thetimedifferenceorinitiationfor

eachblastingwascalculatedfromthefrequencyana

lysisofreferenceKayakuGakkaishi.Vol.63.No.6.



主 よ 主 主 よ

chl(lstage)

CJ12(2slage)

CJ73(3slage)

cJ14(4slage)

Fig.2B188tingdesignforexperimentsblaStirLgVibration.Simultaneously,atime

differencea8themo白tnegativecorrelatio

nAccordingtoautOCOrrelationfunctionofblas

tingwaveformwasalsoobtained.Theoptimumtimed

ifferenceforvibrationreductionmethodwasexamine

dfromthesereSult8.4.ResultS4.1Analytical

resultofreferentialbJast-ingvibrationThewa

veformgeneratedinthebla8tingof10holes

perIStageaSareferentialwaveformiBShowninfig.3(a).Re8ult80fautocorrelationfunct

ionandfrequencyanalysisofthisvibratio

nareShowninFig.3(b)(C),ThemaxiJnum freq

uencybythefrequencyanalysisresultbecameabout

22.5Hzandtheinitiationtimedifferencebecame22

.2msdirrerence_Thistimedifferencealsobecam

eanegativevalueintheanalystsaccordingto

autocorrelationfunction.Fromthese

results,thevibrationreductionbytheinterference

ofwavescanbeexpectedbySettinganinitiati

ontimedifferencewith 22.2m8.Theexperimentofth

e10holes8tageX 4stagesblastingdesignwas

Camiedoutontheoptimumtimedifferencetobe22

.2ms.tnblastingvibrationreductionexperiment

byusingthewaveinterferencemethod,itwasm

adetobeaninitiationtimedifferenceoffirstStage =Oms,8eCOnd8tage=22.2ms,thirdStage=4

4.LIms,
fourth
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sultoffrequencyanalyBiSforreferentialwaVefb

rmFig.3ResultoranalySisforblaStingvibration

reductioneqectwillbeobtained.Itcanbeestimat

edthatthevibrationreductioni8moreeffectively

onfarfromtheinitiationpointfromtheanal

yticalresult.Itcanbeestimatedthatthevibr

ationreductionbytheSettingoftheinitiationtim

edifferenceaccordingtothecorrelationfunctioniSmoreefrcctivelythanbythe8eLtingofthe

initiationtimedifferencebythefrequency

result.4.3

Vibrationreductionresultbythewaveinter

ferenceTheblastingexperimentorthe 10hole sof4
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ration(1Stage)●simultAneou8

initiation(4Stage)△Frequency&n81y8i8

(48tAge)◎correlationfunction8nAly8iS(4Stage)

ZFig.50Referencevibration

(1stage)●Controllinginitiationtime(4st

age)8tageSWasCarriedoutchan由ngtheoptimum

timediWerenceoreachlinewith22.2msobtainedb

ytheanalyticalresultorreferentialwavefor

m.TheanalySi80freferentialwaVeformgenerated

byinstantaneouselectricdeton8tOranddetona

torforBeiSmicexplorationw88almost8imilar.Itwasshownthatiti8abletoinitiatebytheinstantaneo

uselectricdetonatoratthe8ccur8CysumC

iently.Theeachblastinglinewasinitiatedfrom

themeasurementOfvibrationw8VeformtotheSett

ingway,anditi8proventhattheblastin

gvibrationhasinterferedeachwaverorm.Thema



vibrationbytheinitiationtimei8ShowninFig.5.

TheO SymbolintheFig.58how8themaximum

accelerationintherererentiAlb188tingvibration

(10hole80f1Stage)The● SymbolintheFig.5

8how8themaximumaccelerationinvibration

reductionexperiment(10holes48tageS)bythe

waveinterference.ItwasShownthatbysettingat

theinitiationtimedifEbrencebythefrequency

analy818andusingpreciseinitiationmachine,
u8u81inBtantaneOuSelectricdetonatorordetonator

for8ei8micexplorationfromtheanalyticalresult,

thewaveforminterferedintheb188tingof10holes

48tage8,andthatitcanCOntrOlthemaximum

Amplitudewhichi8equlValenttothewaVerOrmOf

10holesIstage88referencewAVeform.The

initiationtimedifferencewasBetfromblasting

experimentorrealscalefromtheanalyticalresult

ofvibrationwAveform,anditwasClarifiedthat

the8ufricientvibrationreductioneffectwas

obtainedbyinitiatingprecisely.

5.Conclusion

ThefieldapplicationexperimentwasCarrit!dout

onvibrationreductionmethodbythewave

interferenceinordertoreducethebla占ting

vibration.ConcluBion8arebrienySummarizeda8

follows;

1.Itwasproventhattherewa白nOdifference

betweenblastingvibrationbyinstantaneous

electricdetonatOrSandbydetonatOr8forSeismic

exploration.Theoptimuminitiationtimewas

setfromthefrequencyanalySi80fvibration

waveform,anditalsoWasShownthenegative

correhtioneveninthecorrelationfunction.

2.1twasClarifiedthattheblastingvibration

reductionerrectcouldbeexpectedeveninthe

predictionorblastingvibrationonthecomputer

uSlnginitiationtimediLrerencefromfrequency

analy8i8andcorrehtionfunctionorrererentia]

bla8tingvibration.And,itwasShowninthe

predictionofblastingvibrationthatthatthe

vibrationreductioneffectoftheSettingofan

initiationtimedifferenceaccordingtothe

eorrelationfunctioni8morethanthatOrthe

8ettingofatimedirrerenceestimatedbythe

frequencyanalysis.

3.ItwasShownthaHheblastingvibrationcould

bereducedbytheinterferenceofthebl88ting

vibrationwithoptimumtimebythefrequency

analysi8usingpreciseinitiationmachineand

electricdetonatoronthefieldexperimentinthe

quarry.
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