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Developmentsofbulkemulsionexplosivein
JAPANandsomefieldtestswithit
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Highlyimproveddrillingmachinesandmuckingmachineshavebeenusedforthetunnel

conStruCtioninJapan.Tbhaverapidconstruction,therolesofblastingoperationhavebeen

growlngmoreimportant.Atthemosttunnelingofpresent,packagedexplosiveshavebeenused

forablastinginJapan.Underthiscircumstance,abl舶tingsystemofANFOexplosiveusinga

loaderhasbeenusedrecentlyforatunnelblasting.However.thissystemhassomeproblems,

suchaSauselessexplosiveinwetborehole8,badafterfumesandtheammoniagasduetothe

decompo白itionofammoniumnitrateincontactWiththe白prAyedconcreteintunnel.

Ablastingsystemusingbulkemulsionexplo畠iveswithloadingmachineiSusedpracticallyin

overseas.However,iti白difficlllttointroducethissystemtoJapane8etunnelingbecauseofthe

JapaneseExplosivesControlLaw.Themechanicalloadingoremulsionexplosiveisrequiredthe

developmentofanemulsionexplosivecompositionandblastingsystemSuitablefortunneling

inJapan.Authorshavedevelopedabulkemulsionexplosivecompositionandblastingsystemto

complywiththeregulations,andthefieldblastingte白tSWereCarriedouttoconfirmactual

operationsandblastingeffectsinthreetunnels.

"Emulsionunit"usedforexplosiveloadingmainlycon8istsofemulsiontank,pumpandhose.

Wehavetwounits.Oneis"one-hosetype"Andtheotheris"two･hosetype".Anemul8ionpump

isamonoprogressivecavitypump,whichitiBCalledamono-pump,andtheemulsiondelivery

rateis25kilogramsperminute.

ŝare8ultofthefieldtests,safetyisimprovedattheface,becausetheloadingtimecanbe

reduced.AndthecycletimeiSlessthanthatofpackagedproducts.

1.Introduction

Tnrecentyears,themechani乞ationofexplosive

loadingisrequestedinthequarryandtunnel

constructioninJapan.Theexaminationofthelong

holeblastinghaⅥ∋beencarriedouttoextendthe

lengthofadvanceinthetunnel.Theblasting

systemoftheANFOexplosiveusingaloaderhas

beenuseda8theexaminationoflongholeblasting,

However,ANFOiSpoorinwaterproofandafter

fumesarebadinenvironmentoftunnel.Therefore,

theuseofANFO80metimt娼reCeiveSrest.Fiction.

AblastingsystemOfthetypethatmixes

emulsionandbubbleatthesiteortunnel

R∝eived:May17,2002
A∝epted:October21,2002
'NipponKayakuCo.,Ltd.ExplosiveResearch
Laborntory
''NipponKayakuC0.,I,td.ExplosiveDivision

constructioni白uSedpracticallyinOverSeaBaSbulk

emulsionexploBive8日･However,itisdifficultto

introducethisSy8temtOJapanesetunneling

becauseoftheJapaneseExplosivesControlLAW.

Therefore,abulkemulsionexplosive

compositionandblastingsystemthatcomplywith

regulationsneedtobedevelopedformechanical

loadingofemulsionexplosive.

2.Developmentofbulkemulsionexplosivc

Thebulkemulsionexplosivesinoverseasis

manufacturedan emulsion matrixin

manufacturingplantsandbeloadedtoemulsion

loadingtruck.Attheface,thebubblesareblended

intoanemtllsionmatrix,anditiSpumpedinto

eachboreholeS.Accordingly,StorageStabilityofthe

emulsionI,hatcontainedthetlubbleSisnot
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Tab一e1Performances0fbulkemulsionexplosive

Explosive畠 Bulkemulsion PACkngedemulsion AN

FODensity(ど.cm~3) 1.13-1.20 1.15-1.23 0
.8-0.9Waterproofperformance Good EXcel

lent NoneCapsensitivity N
one Yes NoneVOD(m.6-I) 4800-5300 58

00-6000 2500-3000BalliBticpendulum(mm) 68-74

78-84 45-55necessary.Ontheotherhand,th

econsumptionsiteshavetobedi8tinguiBhedfrom

theproductionsitesinJapan,anditisnotpo

ssibletodoconsumptionandproductionsimulta

neously.Whentheperiodfromproductiontoconsum

ptionisconsidered,theStorageStabilityofabout

Iyeari8requeStedwiththebulkemulsionexp

losivethatisaddedthebubble

inmanufacturingplant.TheprlnCiplecom

ponents0fbulkemulsionexplosiveareammOnium

nitrate,Water.mineraloil,emulsifier.glassbubb
les.Theperformances0fbulkemulsione

xplosive,ANFO,packagedemulsionexplosiveareShowninTable1.

(a)One-hosetype(b)Two･hosetypeFig.1Outside



Tab一e2Loadingsituations0frleldtestNo.1

Bl88tingNo. 4 5 6 7
8 9Numberorhole8 68 68 65

54 61 58Tbt81Qharge(kg) 56.3 56.1 54.
4 39.2 43.9 41.5Loadingtime(mi

n) 45 30 30 21 18 20SpecirlCChArge(kg¥mln)

1.08 1.08 1.05 0.75 0.84 0.80Table3Loa

dingsitllationsoffieldtestNo.2Unittype One-hosetype
Two-ho8etypeB188tingNo. 1 2

3 4 5 6Numberorholes 60 60 64 73 75

661btalcharge(kg) 62.0 66.8 80
.2 184.0 114.6 144.8Loadingtime(min) 30 30 35

40 35 25Loadingtimeperchargelk
g(see.kg'-) 29 27 26 13 l8 10Holedepth(
m) 1.0 1.0 1.0 1.8 1.4 1.8RockVolume(m:り 59.4 59.4 59.4 106.

9 83.2 106.9Specificch8rge(kg.m-3) 1.04 】.

12 1.35 1.72 1.38 1.35inthisfieldtest.

The43m2face8Weredrilledoutwith54to68borehole8.TheseholesWere45mmindiameterand

drilledtoadepthor1.2m.Theb188tingpatternal

mostmadewiththeSamepatternOfpackagedex

plosivethati8usuallyused.Theperimeterholeswereloadedwithp8CkagedemulsionexploSiveS.

Andtheotherhole8Wereloadedwithbulkemulsi

onexplo8ive8.Bla8tingwasCarriedout9tim

esincludingthepreliminaryb188ting.Theloadi

ng8itu8tion8for6timesareShowninTable

2.Thequantityorchargeandnumberofboreholesw

erereducedgradually,whileobservingeachblastingre8ultB.Theoverbreakofperimeterh

oleswaslargerinbl88tingNo.4-6.However,the

overbreakw88reduc

edinblastingNo.7-9thatquantityofchargeWasd

ecreased.Theresults0fblastingwerefine.

WithrespecttOOperatiorLOfemulsionllnit,the

loadingtimeincludingthemovementbetweenboreholesw88108eCOndSatrlrSt.Howe

ver.loadingtimewasShortenedin18seconds,as

itgetsusedtoloading.5.FieldtestNo.2

ThefieldtestNo.2wasCarriedoutinahighwaytu

nnelbyu8ing"one･ho8etype"and"two-hosetype'
'.̀̀One･hoSetype"wasusedinthefieldtestNo.1,.

andthecycletimewasfasterthanthatofpaCkagedproduct8.Theoperationof"t'wo･hosetype" wasinspectedforthepurposeorthatre

ducefurtherloadingtimeinfieldtestNo.2.Th

e59.4m2facesWeredrilledoutwith60to75boreho

les.TheseholesWereLI5mmindiameteranddrilledtoalengthof1.0to1.8m.Abulkemulsio

nexplosivewasloadedinallboreholesincludingperimeterhole

s.TheblastingwasCarriedoutdozenstim

e.Apartofloading8ituationBAreShowni

nTable3.Theunchargedpartoftheholewa白CAuS

eproblemsinformofanincreasedamountOfbould

ers,becausethistunnelhasatOugh rt)Ck.Sothelengthofexplo8ive8Shouldbegrea

terthan50%oftheborehole.Therefore.th

eSpecificchargeswerehigherthannormalblasting.

ltw88COnfirmedthattheloadingtimewasShortene

dbyu81ng"emulsionurlit"of"2･hosetype"andbeabletoeconomi乞eblaStirLgWOrk.Therew

asnotcomplexityintheworkofface,eveniftwo

loadinghosesareused.NumberoftheworkerneedsnottobeincreasedmoreSubStan

tiallyevenim"two

-hosetype''incomparisonWith"one-hosetype"and

8afetyoffaceiskept.6.FieldtestNo.3Th

erleldtestNo.3wasCarriedoutinahighwayt

unnelbyu別ng"tWO･hoSetype''.Theapplicationofbul

kemulsionforperimeterholewasexaminedinaddi

tiontotheinspectionofblastingeffectandopera
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U Table4LoadingSituation80ffieldtestNo.3

Bla8tingNo. 12 13 14 15
16Numberorholes 49 45

44 44 49TbtalchArge(kg) 68.1 87.8
86.3 95.9 88.2LoAdingtime(mi

n) 28 28 53 15 15Specificcharge(kg.m'3)

0.78 0.99 1.00 I.54 1.02LOadingratioofbulkemulsion(%
)★LifterholeS 50 50 6

0 70 35OtherholeS 50 50 50 65 55★:Loadingratio

-Explosivelength/BoreholelengthXlooT

able5ReSultsofcro88Sectionme8SurementBla8tingNo. Ratioor TneofexploSivefor Spaeingorperimet

ercross-8eCtionArea(%)★ perimeterhole

hole12 111.2 Explosiv

eforsmoothblaSting 0.9m13 108.7 Bulkemul

siom I.0m14 113.0 Bulkemulsion 0.6mloadedineverylhole.*:RatioofcrosS･8eCtionarea-Me88uredarea/Plan

nedareaX100The49m2facesWeredrilledout

with44to49borehole8.TheseholesWere45mmin

diameteranddrilledtoadepthof1.7m.Blastingw

88Carriedout16timesandtheloadingsituation

sfor5time白areShowninTable4.Theoperationo

f"emulsionunit"wA8fine88theSamea8thefi

eldtestNo.2.Thetotalchargedecidedwiththe

loadingratio(explosivelength/boreholele

ngthx100).Theloadingratiowerechangedwithreg

ardtotheSituationofface.Theloadingratio

of35%causedprobleminformofincreasedamo

untofboulders.Theloadingratioofmorethan5

0%gavegoodfragmentationwithAnOptimu

mblastingresult.7.
Appljcationofbulkemulsionexp一osiveforthe

perimeterho一elti8desirabletoloadexpl08ive8f

or8JnOOthblastingintoperimeterholestOdecreas

eOVerbreak2).However.theexplosiveforsmo

othblastingneedtoloadbyhandwork.Theco

mbinationofthemechanicalloadingwithbulkemul

sionandtheloadingwithpaCk8gedproductdecreas

etheeffectofmechanicalloading.Therefore,theapplicati

onofbulkemulsionexplosivetoperimeter

holesWasexamined.Thefollowingmethodwasadoptedtoavoid overbreakbyovercharge.Theblas

tingbyusingtheex

ploSiveforsmoothblaStingwasalsocarriedoutfo

rcomparison,IExpansi

onin0.9m(conventional)to1.0mforspAClngO

fperimeter.･Preparlngtheblankholesatthecent

erbetweentheperimeterholestocontrolcrackin

gdirection.(Theperimeterholesweredrilledi

ntheintervalof

0.6mAndbulkemulsionexplosivewasloadedi

nevery1hole.)TheSectionratio(%)bySect

ionmeasurementi8ShowninTable5.1nbla8timg

No.13and14,OverbreakwascontrolledABmucha8t

heblastingofcomparison(blastingNo.12).ltiS

possibletoloadabulkemulsionexplosiveforper

imeterholesbyusingtheadoptedmethods.An

ddevisedblastingwillminimi2:etheo

verbreakeveninSeveregeologlCalcondition5.8

.Conclusion･Theloadingt

imeofbulkemulsionisfasterthanthatofpacknge

dproducts.IThereisthe

possibilitytoreducethenumberofboreholemaybe

reduced,IIti8easytOlo



･Safetyisimprovedattheface.becausethe

loadingtimecanbereduced.
･Theafterfume8me88urementOrNOxandCO

w88Carriedout.Theafterfumesareexcellent.

･Itispo88ibletoloadAbulkemulsionexplosive

toperimeterhole.
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