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Field-blastingtestsofhigh-performanceANFO

H･Sugihara',H.Taniguchi',K.Noguchi★,A.Inoue',andT.Mat8uZiaWa･･

ANFOiSthemo8tusefulindustrialexplosiveinminingandquarries.ThemainreaBOn8are

itslowercostandeABiermiXingcomparedwiththeotherexploSive8.Furthermore,ANFOh88

goodcharacteri8ticSinhandlingBuChthatitcanbefilledinmultiwallbags0rneXiblecontainers

andbesuitedforbulkloadingwithpneumaticloadingequipment.

Recently.Severalrleld-blastingte8t80fhigh･performanceANFOLANFO(H)Jhavebeencarried

out.ANFO(H)hstheimproveddetonationpropertiesandtheratherlowdensityof0.70I0.80

g･cm'3ComparedwithconventionalANFO(0.80-0.90g･cm'3).There8ult80rthe8erleld･blaSting

teBt8ShowedthatANFO(H)madeitpo88ibletodecre88ethe叩eCirtcchargewithoutauecting

thefragmentation,thedi叩lacementoftheblastedrockandthebreakageinthetoen.

Furthermore,thefield･b188tingte8t80fmoreimprovedhigh･performanCeANFO【ANFO(SH))

havebeencarriedout.ANFO(SH)alsokeepstheAdvantages0fANFO,andh88themore

excellentexplosionperformanceandthelowerbulkdensity(0.60-0.70g･cm 'りthanANFO
(H).Although fear8WereentertainedthatproblemsCausedbytheSignificantreductionofthe

chargewouldoccurinthete8tB,e.g.atoe-problem,there8ultSindicatedtlmtANFO(SH)would

beavailableforfieldu8e.

1.lntroduOtion

lti8WellknownthatANpri1180f8mAllparticle

sizeincreasesthedensityanddetonationvelocity

ofANFO2)･n･1).IfthistypeOrANFOiBusedin

blastingundertheconditionforconventional

ANFO,thechargeweightperholewillbeexcessive

resultinglnpossibilityofnyrockandinefrlCient

utilizationorchargeST.Inordertoavoidtheabove･
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mentionedproblems,itwouldbenece88&rytOtake

theappropriatemethodofblaBting,e.ど.deckcharge

bl88ting.

ThesecircumBt8nCe8andgooduseOfenergy

considered,ANFO(H)andANFO(SH),whichhave

higherpowerorexplosionandlowerdensitythan

conventionalANFO.wouldbeuseful.Actually,

ANFO(H)has81re8dybeenputintopracticaluse

andgothigh e8timationbecauseOftheeconomical

andefrlCientbl88tingwithit.

2.Exp一osivesproperties

Mainchar8Cteri8tic80fthreetypesOfANFOused

intheFieldteStSareShowninTable1.ANFO(H)

and(SH)haveSafetycharaCteri8tic8nObetterthan

conventionalANFOh88.Thedetonationproperties

orthemareimprovedbyheighteningthereaCtivity

betweenammonium nitmteandfueloilin

comparisonWiththeoneofconventionalANFO･

TheSignirlCantimprovementoftheStaticeffect

maybeexpectedinparticularbecausetheballi8tic

pendulumvalueorANFO(H)and(SH),which
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Table1Explosivesproperties

ExploSiVes ANFO ANFO(H) ANFO(S
H)Bulkdensity(ど.cm-3) 0.80一一0.90 0.70-0.80 0.6

0-0.70VOD(m.S'1) 2500-3000 3000--3500

3300-3800Ballisticpendulum(mm) 45-55
60-70 70-80Cap8enSitivity

None 面ine NoneⅠmpactsensitivit
y(cJn) 50r< 50く 50くFrictionsensi

tivity(N) 353く 353< 353くexpressesthevolum

eofthegasproducedbythedetonation,is

increasedby30% and50%,respectively.I

naddition,81though thebulkdensitiesofthema

rereducedbymorethan10I20%,thedetonationve

locitiesareincreasedby20-30%･Thatwillresultinshowingt

heexcellentdynamiceLrect.ThemeASurementSOfexplosiv

espropertiesareaSfollows.Detonationvel

ocitytestconformstoJapanExplosivesSocietySt

andardES-41(1)6I:TheγOD(VelocityofDetonati

on)measurementi8conductedinasteelpipehaving

aninsidediameterof35mm,alengthof230mm

andathickne880f3,5mm.Itisinitiatedby40どprimer(pentolit

e)withtheNo.6detonator.Ballisticpen

dulumtestconformstOJapanExplosivesSociety

StandardES･457):Thetestconsistsofplacingt
heexplosivesinacardboardtubewith30

mminsidediameterand5mmthickness.Initiationism

adewiththeNo.8detonator.CapSensitivitytest

conformstoJapanExplosivesSocietyStandardES-32

(2)8):Thetestconsistsofplacingtheexplosives

ina60mmoutsidediameterby130mmlongPVC

tube.TheNo,6detonatorisfullyembeddedint

hecenteroftheexplosives.Drophammertesta

ccordingtoJapanExplosivesSocietyStandard

ES･21(1)9Iisconductedt｡mea

suretheimpactsensitivity.Frictiontesta

ccordingtoJapanExplosivesSocietyStandardES･22-0IiSCOnductedtomeasur

ethefrictionsensitivity.3･FieJdt

estconditionandassessmentThefieldtests

ofANFO(H)Werecarriedoutunderthesamebl

a白tingconditionaseachonenormallyusedintwoquamies(Table2日ncaseor T

able2Fieldt

estconditionsCondition A BRocktype Limestone Sandstone

(hard)B188tingtype Be
nch★ Bench*Benehhe

ight(m) 8.0 18.0Holedepth(m) 9.5 9.0
Holediameter(mm)

95 65Spacing(m)
4.8 2.5Burden(

m) 3.6 3.0Stemming(
m) 3.6 3.7Numberofhole8 10 5
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Table3ReSult80fbenchbla8tingwithANFO(H)andconventionalANFOunderthecondition
orA

EXplo8iveS ANFO ANFO(H) ANFO ANFO
(H)FaCeNo. 1

1 2 2-dchargeperhole(kg) 35.0 31.
5 35.0 31.5Specificcharge(kg.m'n) 0.253 0

.228 0.253 0.228DegreeoffragmentationNumberorboulde

rS(1m≦) 40 40 24 18Fragmentationsi2:e(1m≦)

0.84m 0.98m 1.02m 0.88mMuckingSituation BreakerwaS Boulde
rswere BreakerwELB Boulder8Wereutilizedto b

rokenduring utilizedto brokendurimgCrushbOulderSasusual. theeXcAVAtio

ncru8hboulder888u8ual. theexcAVAtion.Break8geint

oe No8turnpS. NoStump8. No8tump8. No8tumpS.Table4Re8ult80fbenchblastingwithANFO(H)andconventionalANFOunder

theconditiomorらExp
loSive8 ANFO ANFO(H)Ch
argeperhole(kg) 15.0 13.51bta

lcharge(kg) 75.0 67.5SpeciEiccharge(kg.m-3) 0.22
0.20一雨ii福erofbou

lder8(1m≦) 8 8GroundvibratiOn8(dB) 45 46

AirwaVe 8(dB)9999

Note Asu8u81. Reducedoverhangcomparedwithu8uAl

.ーノ′′‥.一′･-メ,-ノ doneatadistanceOf50

0mfromtheblastingsite.TherteIdteBt80fA

NFO(SH)wereal80CarriedoutundertheConditi

onAattheracesarrangedalternately80thttheperformanceOf

ANFO(SH)couldbeevaluatedincompari80nw

ithANFO(H).4.TestresultsThereBult80f

thetestOfANFO(H)intheconditionAareShown

inTable3.ThespecificchargeofANFO(H)with

lowdensitywasdecreasedbyabout10%beca

usetherewerenodinTerencesbetweentheblasting

withANFOandANFO(H)withrespecttotheburden

,thespacing,theholedepthandtheStemmlng.

TherockofthefaceNo.1wasdarkbrown,fullorf

aultsandincompetentzones.Ontheotherhand.

therockofthefaceNo.2wasWhite,re)at

ivelycompetent.Wh entheblastswithANFO(H)Ar

eCOmParedtothtwithANFOattheSameraces,itc

anbefoundoutthatANFO(H)hasthe88meOrhighe

rexplosionperfわrmancewiththechargereduce

dby10%.IntheblastwithANFO(H)Atthefac

eNo.2,whilethedesignedamountorblAStedrockwas3,270i,theblasted rockof4,100twa合Obt

ained.Although WewereparticularlyafraidthatatOe･

prOblemwouldoccurbecauseOrthedecrea8e

Ofthe8PeCiEiccharge,therewareno8tump8inthe

bottompart.Inthe8ere8ult8,ANFO(H)Showednonegativeeffectofits

lowdensityintheblast.Thebla8tingtest

OrANFO(H)intheconditionBwasalsoCarr

iedoutwiththelower叩eCificchargethanthe

oneofANFOandevaluatedbyeomp8ringwithther

esultwhenb188timgwithANFO(Table4).Thedegr

eeoffragmerLtationandthedisplacementO

rtherockweregoodandtherewas8180nOdiffer

encebetweenthemuckingSituationsaftertheb188t

ingoperationSwithtwoexploSiveS.Furthermor

e,therewereno8igmiLicAntdifferencesbetweent

hev81ueBOfthegroundvibrationsandtheairwaves

fromthebI88tSWithtwoexplo8ive8.Thi且resultA

180indicatedthattheemTectorANFO(H)intheblas

tWouldbeequivalenttotheoneorANFOinSpiteof

thedecre88ed8peCirlCcharge.Thevibrationlevelcanbeconvert

edintothevibrationvelocityinaccordanceWith



Table5ReBult80fbenchbJ88tingwithANFO(SH)andANFO(H)undertheconditionofA

EXplOsive8 ANFO(SH) ANFO(H) ANFO(SH) ANFO
(H)FaceNo.(Fig.1) I

1 2 2Thegeologyof FiBSured. Fissured. comparatively

Comparativelytherot:k Darkbrown. Darkbrown. homogeneous.White. h

omogeneou8.White.Chargeperhole(kg)

28.0 31.5 28.0 31.5Specificcharge(kg.m'.1)

0.203 0.228 0.203 0.228Degreeorfmg- Fine.ThedeSigned Fine

.Enough Fine.Enough Fine.Enoughment8tionandmovement amountorbla8tedrock(3,700t)wasobtained. disp

lacement. displacement. di叩lacement.Mucking8ituation AsusuaI.Therewa8nOdifrerencein8hovelproductivitycomparedwithANFO(H). Asusua1. Asusu81.でherewasnodiLrerenceinshoveIp

roductivitycompAredwithANFO(H). ASuSu81.BreAkngeintoe No8tum

pS. NoStumps. NostumpS. NoSLumpiーVL=20logV+AwhereVLi8thevibrationlevel,Vi8thevibration

velocity.andAisaCOn8tant.Wh eneachvibration

leveli8COmpAred88thevibrationvelocity

.itissuggestedthatANF

O(H)hashighexplosionperformarlCe,a

8follows:v u)/v u)=10tVLu)-VLuHI20=1

.12wheresmall(H)and(J)8tan

dforANFO(H)AndconventionalANFOrespecti

vely.Theresults0rthetestsOrANFO(SH)in

theconditionAareShowninTab)e5.Theblast

ingoperationswithevenlower8peCirlCChargewer

emadeattemptintherleldtestsOrANFO(SH).Th

especirICChargewasdeceasedbyapp

rOX.10%andFig.2Thecro888cctionorNo.I
and2faces(Thedifferenceinthegeologyortherock) 20% incomparisonWithANFO (H)andc

onventionalANFO.re叩eCtively.Theb188tingresult

sofANFO(SH)weregood88Wella8thatOfANFO(H)

atbothfaces,Whichweregeologicallydifferent

a8ShowninFig.2And3(a).FromFig.3(b)

and(C),itiSknownthattheforwardmovementofth

eentirem ckm888andtherockrmgmentationweresat

isfactory.TherewasnOProblemwithrespectto

thebreakngeinthebottompartinspiteofthesign

ificantreductionorthecharge(Fig.4).ThefieldtestreSult8mentionedabovemay

beinferred

fromthevaluesOfthedetonationpreSBure.whichare

relatedtotheexplo8ive8densityandthedetonation

velocity88follows:P ≒ 1/4･pDZwherePisthedetonationpre88ure,JIiStheinitial

explosivedensity,andDi8thedetonationvelo

city.From

theaboveequationandtheexploSive8propertiesShowninTable1

.thedetonationpressureofeachexplosivecanbecalculatedaS

follows:ANFO :p=0.85×103(kg･m'･1),D=2750

(m･8-1)P≒1.61(GPa)

ANFO(H



(a)Befわreblasting

(b)Duringb

lasting(C)Afterblasting:front,ANFO(H);

behind,ANFO(SH)Fig.3Field･bla8tingtestOfANFO(SH

)'掘減 数盟豊慧SL.芸(a)Beforeblasting 5.ConclusionBa
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