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(̂S.1Lazy)ratoTy,NlppOrLI(a)akllCoLtd)

Summmry

OnthetASISOfshockwavetheoryof

blasthlglVh)cllhasbeendevcloI裾dlnprC-

vlOuSpaI氾rSbyt∫一epresentauthorthe

formulaswhlchglVetheWelghtofcharge

Tr.spac‖1gS.andhelghtofbankH for

agLヽenValueofbuLdendTlZllargesca一e

coyoteblastlJ1g(dlambcrybla8t,ng).hal-e
beendescrlbed.

RadluSOfacoTICentratedchargea lS

gll′enby

÷-Dl-((号)～((普)≡
: I

WhereDI-reduceddlStanCe,tJJFdetona-

t10n pressure OfexploSlVe.S戸ter)Szle

strengthoElock,n/=radluSOfafun
crater,,A-dlStanCCa.T(portentOfdecayof

peakpressureofSh(にklVZLVCduetodlS-

tallCeOfpropagation TaklngIntoCOn･
slderat10r)thedecreaseofelfectlV(ItenSlle

8trengthofrockdueto川creaseofvolume

l′ofsLX･ClmenaCCOrdlngtOtheDaMden･

koy･FlSherrelatlonS,⇔ V-可 川=COnStant)

orS'- S'〆L1-llthelVelghtofcharge7rlS

･'-+wALLl･(読 )㌔-

((普)'+1)了丁

(A-1oad】ngdenslty)or7r-const(/lト

一言TExperlmcntsoncratersshowthat.to

thefirstapproxl71utLOn,

,""-1028orlr-co】1Sいtl"'J
From theco･opeTatlOnSbetweenshock

､vavcsfromSernrateChargesthespaclng

S.lSgLVerl i.-15dllnCaseCVerl,

charge)与erlqughtopTOduCeafuucrater.

Fromtheco･operatlOnSbetlVeCTttlヽ0tend

SlOnWavesproducedbyreflectlOnSLlHlVO
freefaceslVlthas)nglechargeLhereh-

tLOnbetwccnhclghtolbazlkJtandburden

alSglVenby Jl-2rJlforafull-cratt■r･

cllarge.

Dataorcoyoteblast】ngsdcslgnedo】1

t】1eprlnClpksdeもCnbedabovehay(･becI)

presentedlVhlChnuyJx col)slderedto

supporttheshockwavetheoryoEbLast-

lng ExpeTmlCntaEruleswlthregardto

a,Hr,IlandS,∫(･Ⅰカrtedsofarbyvarzous

authorshavebeenT(･VleWCda】一dbeendlSI

cussedfromthestandp)I一tOfshocklVaYe

theoryorblast)ng

§1DcEIJlitiorLOf亡0yOteblagting

Coyote Blastlng (Chambez-bLastEng,

TunnelBlastlng.Gopl】er77oZe,Headlng

BIasls.Kammcrsprengur)g,E:(tractionJnr

chamberdeSautage)lsthelargestscale

method ofbbstlngwlthco】lCCntrated

chargeorcharges.lnaur"toEthlS

methcdamaLnStem(adzt.malTttunnel)
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lsexcavntcd horIZOntaIly Intoarock

mountalnandattheendofthISmajn

stem.awlng(T,cro防Cut)lBeXmVated

horizontaIIybut】xT7XndlCtJlarllytothe

adltandattheendofthisWlngaCOn･

centTatCdchargeOfdymmltelS loaded.

T】1eWlngandaprtoftheュditareCare･

fullystemmedwlth r∝kdcbrlSafter

)cndtngandthechargelSuSua‖ydetonat-

edbyuseoLdetonatlngfusL!.ヽVhichin

turnlSLrHtLatedbyelectrlCbhstlrbgCap･

与2.ChzlraCter▲J}tlで80EcoyoteblA8tL叩

Thema)ntN=ne6tsofthecoyoteblast-

ingareaBfollows:

く1) EfficlenCyOfblastlngfromthestand

po■ntofpwderconsun.pt10nperm'oE
rock)abestbea use亡OnCentratedchrge

ofexp】肪ivecm tNZTealized･

(2)tkSlgnandpmcttceoEblastlngOFX-I

zltlnSareSimple.

(3) TheblggestamouJltOfrod(田ntnt

obtalncdbyちmallerrlumt光rOffmng･

Theman defectsoft】1e(:0yOteblast-

)ngareaSfollows'

(1) ThemethodlSraLhcraprlmttlyc

oneandtherelsllttler(氾mfore冊clent
mcchanlZatlOnOfoI氾ratl0nS-

(2)A8theslZCSOfad)t6LITldcrosscut8

arcJ(epttotheM】n.mumtoalJo､vbad-

1ngandstemmlngOpemt.OnnOmeCh -

nIZat10nlSTea】lZed )nthestageof

cxcnl･at】ngad】tsandcro防CutS･ ThlS

oFX･rat10ntakesLlme

(3) lnsomestructu,60frlXkseamthe

｡oyotcblastmgCa.1notbercLll.zedwlth

Success.

(Z) AlthoughLhestemm･rlg,sessent･al･

th'sopcmtionof6ternmlngCannotbe

T71CdllmZedaT7dtakemuchhbourand

Llme.

(5)SecondzITyblasllng islngCnCral

neces姐rytOCOnSlderablee･Tte-1t･

s3.PrinCIple8ford缶igTlOtcoyote

b188tLng

3-1 DlmCnS10nStOtndetcrmlr把d

F唱.1-(1)ShowsapunofaunltOla

coyoteblast)ngwheredlsburdenfora

ChargeC'torC..andS,lSSPaCLrLgbetweeTl

twocharges.lnFEg.1-12)along･Ludln-
alscctlOnlnLhecaseofonefreefacelS

shoIVnlVhcr(･thevarlabletobcdctcrmln･

edJSburdenLLwhl1elnF唱 1-(3)the

caseWlthtwofr㊤efaces,that)8.tX!nCh

bhstlng.柑 lllustntedwhereLIVOYarl-

ables.burdenLJandhelghtofbend10r

baTlku shouldbedetcrmlned.

3-2 Selectionofburdend

A.FurdamentalequtlLLOTrS lnhoznoge-

neoussoLlds

Tob一astaburdenAsuc亡eSfuuywithout

use of exeessIVeChargeofexpl伐IVea

shouldbetheso{aHcddepthofaLull

craterdJWhHcthevalueofdllSuJl】qUe-
1yglVenbythefollowingequal,Onl):

%=D,=(%)i((i)'
･.)-('･':) (1,

Where

tll-depthtoacvlterOfachargefrom
aireeface

a=radLtJSOfasphcrlCalcharge

Dl-redu｡cddepthforafullcrater,
WhereHfullcrater"meansthat

anapexoEacraterlSjustonthe

cenLerOEacharge,C/xactlysF*ak･

])xumaoH■no C｡rL-tratedtl'PeOfNt'寸uL
roundothtaJtlng,JoumaloEThehldtJStrはt
riXplom･e8SKlety.J叩arlVol･16･No3･
1955p l乃.equatl的(5)I
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{… 諾TTだ ,I:;iq 3̀

'芯 =1,:::;也F'g I.Thevamblc8,burd印 3,
8Da⊂LngS.artdheightoEba山【JIlnaCoyoteBlastl

Tlg1ng,OntheTだr】pheTyOf

cnzshed之Onearoundcharg

e.PLFdetorLatLOnpressureOfexplosIY

eS.･-tensl】estrength

ofrockRJ芦】bd】usofaLu)1craterl,(,'=
Rad･Usdepthrat,0-hlCh･Susual-

lyaconstantforaglVenpa汀Ofr∝kand

expIosIVe,atX)utll7･71-dESta71Ceeこ

く7X)71CntOEdecayoLpeakpE-eSSur

eOEsh∝k waveduetodIStanCeOfpropag
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TAbLeI WeLghtot⊂h8rgeIV(kg)LotYarLOuSdepth〟(meter)Jlnd

reduceddL細nCeEl/LILoJLdLEIEdeJ)gLtyOEchargeA-0.9dcm↓

Ⅹ l8 l9 20 21 22 23 2.I

25 285678910日12l3ー1】518l7l8l920 791ユ2】334764a97).42l.772,L812,5593,173.7∝､1,<35.182302853a020800003 68.0日7.0】89.02も9.54cc.a551.8729.59一8.7㌧209.01.5C卓.21.855.92,2三池.62.702.03,2Cp,23,7BO.0AI,399.2 占0.J4102.0L6コ.5Ill.934-l.3<72.5627.48L6.11.039.5l,2%.5I.595,01,935,32.320.72,8一l5.63.239.-I3.7eO_0 49.186.9139.8207.0294,84【泊.2510.5799.3895.8t.lZS.0i,375.9).649.0).996.02,359.i2.8cc.93,262.0 1l45.375.6】20.918[_4257.0358.0472,56]2.377JI.997L一,19Jl.0.45!.5 37.8占8.0lob.8】58,7226,8309,9A)2_0532,96eC.4850.5l.0一7.0I,270.0i.527.II,738.02,l32.02.479.6 3AI.060.494.5t39.82(:0.3272.l362.a一72.5597.27-l8.一922.3).日5.0),34l.0).595.01.87).O2.184.0 aO.252.983.Il2一l.7l77.62一日.932L31L9.5532.9血55.9874.0985.5l.l86.91.409.9l,659.0[.935.3 2占.445.37l.8LOP.6]5一事.9-2L5.<287.2370,一47

2,～589.6599.3BBC.7C64 85

7 25).t}470,LI7L6.○TTLb]C2 Vnl

LLCSLOr]ミedul:CddlSt.1nCe･･/.I-(葦 J)
LPE｡r㌧ar-o" ,ond･ngdens.ty〟(dczzlりandroc
k,alldpollder-{ocLrlClerLtOln

HalJSeJ･18CtJblCEclrTnulaiTEYSJXCtlVeO

fabsoluteyalucsofa.bur-den,anda,

radluSOfad】arge. Table1showstheca

lctユhtedva一uesofwelghtofchargewlth

loadLngdensltyOf∠J-0･9g/cm),lVhlC

h )Bamostger)eraZ caselncoyotebl

astlng.forvarlousnumencaLvalljeSO

fbuTdcnA(5m-20m)aTldDr-dILL(18-2

6).17日lten tureStheformula(4)LSOften

found,therefore.therela-tLOnSbetwee

nreducedd】Stancea/aand0andAareaI80ShoIVnlnTable2. B SIZCOrScaleerfccrqThetenslle

StrengthoFsoILdrockS,lnthefundamen

talequatlOn(1)ctc.maybeconsLdercdcon

stanton一yforEdcallyhomo-geneous80lld

lVhLIelnactualTOCkSthZSvaluedepen

dsontheprobabLlltyOfthee⊃く】StenCe

Oftheweake8tPlotslnthesolldもtru⊂

tUreand teI柑ile8trength iSstructure 6Cr

)SttlVe BecAUSeOEthlSlun-damentalpr

oI杷rtythevalue80EtenstlestretlgthS

howLluctuat10nこIndthenngcof触ctuatiOn

lSb唱ger.Whet1812COfrocksp≧clmenlSS

rnallcr AT10tJlerlmlX)rtantpout18t

hesoヾ alled"SIZee打ect8''or"Sca一eefrec

tsHandbecauseOflntrlnSICrLatureOfphe

nomenabasedonprobab】lEty.theeFfectwe

tensllestrengthS.dercr)dSonthevolumeofthe sL妃Clmel

tl′lnthefcllloWLZ)gWay

S'∞Tr･ (5) orSr-SE｡V -,I (5ylVherellHSCOn
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… x s一芯 :=;Sq:n,r=1,L:,Ln lnFlg･2t､vo6et80fdat･'
(x xⅠm 1 川占･ZL) (5)and(6)fal】onthesamc

stra】ghtlme,however.thlSresultshoLZldbctakenasco-Jn亡ldenceヒ杷Ca

uSe,data(5)areplottedtorlbs･fcct.

whlJe(6)forklJogram-meter,andthesetwosc亡sOEdataShouldbe taken to repres

enttlVO一〇20 -010 0ユ0020 0･3. .I0･lO OSO SeP rate Stralghtlll氾Sl
llthl.Jd tI】e8amClnCILrlatLOnFLg2･TheeTJ)erLmenLatrelat)onsbe川eenwelght lrlthepresentauth【)

raop)n一〇lehargoWanddepthtocenterofcharge･L 泊ndata(5)giveto

omuchH'-eonStが~(去)ort,omdata(6) vヽe.ght

oEcha,geandasanll′-)9日F･llj(kg一m) a

pprox"Ilate formula forhasbeenfoundcxJXrlmenta日ytobc235;) welghtoE

charge･depthllCPreferstheWhlJetheSamelormofequatlOnhasbeezl rClat】ondcrlv

ed thcoret】cally on thebaslsof Jv=1.91〟.=4"hlucTeat

tontheory一リーoffracture h(5y 】nklZogram meter,topoundfeet･st℡】Sthetc
z-sl】estrengthofperfectunlt From tfleSedatathevalueofmlSfoundotsoJl

d)r)questlOn tobevl=514For71さ2.or洲-1028.InF)g･2 thecxper一mentaZdataonthe TherefoT81ngeneraltheeqa
tlon(2)re】atIOnStX山veeT- elghtofchargeJYand shouldbeTeWrlllenInto

thefollo､V】ngdepthtoChaTgeLIEorfuJJcrater

shave ftlnCtiOnalform､vlthr呼 rdtoTranddke

np)ottedforapalrS)oEL10!JGelex- ーV-; 汀A
d,3(-a..:1.r)--IGrantte,arKla:7泊lr.)OEAmmonge】atln-S

andstone.ThedatausedEoT

Ca】cu】atlOZlareaSloZlows. N Davldcnkoy.EShevarldLnandFWLttma

rl.JourTlalolApp】

ledMcchanLdVoい4(1917)I)83ReLercnCe ･i)ICFleher.JoLZmnlol̂ pI･lzedPhy

sLC8(6)SzLr一dst｡ne-ShLnklrl(̂TTtrnOn-ge

laElndyrlamlte)くX HINO)(5) GrRnLtC･40,%Ge]ex

(CW LIVmgStOZl) vo】.19 (】948)p 】062.REIY

l帥 ○†1hotopJCSTakeoYokol氾r,(StaEJSt,Cat̂s

peclIllFTaCtl'reandF如1guE･OtMctA

]llĈ tatenAT8)IourWloL̂ pp】LedPh)SZES.JapanVo】2
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((I,(1,):･lP=---‖汀d

(･S.･J:((:,I,,)!
･1):-1:.]d′忙 ) (6,

｡,TJ,=C｡nsh l′トー吉) (6y

forlMJ-10.28,wchave

lr-191tJ′'旧くkglm) (6)′'

l ThecquatlOn(6y′shouldbc usedln-
steadofclassICal"cub】Cformulall';芋

constLLユ'■.Actually"SquareformulalV

partsshoIVakLndofhycrofrock(klnd

.1)､vhoseLer)sllestrengthlsŜ lVhl1ethe

rcmalnlngInrtOfthewholestrata(not-

Shadcdpare)(k'ndB)hastensLIcBtrCngth

S〟.ThetcnsHcstrellgthbetwecllthepart

AandB ISrepresentedbyŜJ' Suppose

S.1SblggCrthanS,,thenpmctlCallyS'zr

hasthethesmaHestvalu(･.becauseLfŜ〝

zsb唱gerthanS''thensepamt)onoccurs

IVlthlna如,eroftheklndA wll】chlS

adJaccnttotheboundaryofAandJ3

Tn Flg.3-(1) the cfrect)vc tenslle

strengthoftherocklnthed】rectlOnOf

=col】St.'L亡Hglvcsbcttclre8ultslrlCalcu- burdczlineltl】ershouldbe(theweakest)

lataollandtJl】SSltuatLOnhasbceTlSuCCeS8-

fulZrexplalnedfrom thestandl泊】ntOE

E'hntklYLIVetheoryofblastlTLgWhenthe

cZlnTlgeOTefreetlVCStrength6',dueto

chDngCOfsIZeSOrSCalcsofblastlnghas

beclttakclli】1tOCOnSLdeTatLOnS

C.ElrectofstrataorazllsotroplCStruC-

tljrCOfso】lds

JnsomerockstrataefrcctnetenSIJc

strellgtllS(l)fferfrom dzrcctlolttOd】rcc-

Llon. F】g.3lHustTateSSOmCtYPICalex-

amp】cs InFlg 3-(1)arld(2)shaded

S.丹butTlOtŜ rlorSRWhllelnFIE3-(2)

the(･ffectlVetCnSllestreIlgthshouldbe

(thestrongest)Ŝ butncltherSJ'TIOrŜJ'

ThereexLStS mOSalCStructureOfrock

stratausuaHywLthcoJumnarapI氾araltCe,

nsisIllustrated】r)Flg.3-(3). 工nthlS

caseeffectivetenslleStrengthS.should

bcthetcnslIestrengthbetween mosalC

untt8,butnotthetensllestrengthofrock

substancelV】thlnaulllt.UsuallythLSef-

1cCtlVeten8】teSEE-ength(tktWeeTlmOSalC

unlLs)lSSlllallandthl81SOneOEthe
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D2I-heuplVaTdlntenSltyOf

㌧一斗 一一･エ ー一寸L一一･1 崇 t:a;ncF',ag84hasb,kue:

⊥ ㊨′ ､海 上

wzLTd8arrOllrS)帽

pP-P･(S)I (8,

AtthemlddEepizlりJthe

two血 klm VeSfrom the

L
L

¥.L仰t." ,lib C2.E.nt.H r tJ. tWOChargesCLarKICりrr~
TL,･t叫 ･ 一三Otd亡hrp lyeatthesazTN!tlmeWher)

Lx)thchargesareSlmultか

ト ーーー- I-;;~-1 = u:Ymdet.::ifsb:fu;etO:

FLgIEqetr-ILhod ypIYq"- Jn‡rof matingfuSe8 from aslngle

sIJ-lhneCuSCblas(In且 lnitlatOrThentheupwan]

reasonsllhyexplosive COnSumpt10nrCr

cublく:metTerofrock (IoadlngfactoE')ln

ca卓eOfcoyoteblastlngJSmuchsmal一er
thn expl(符ive consumptIOnPerCubtc

meteroELtheSamer(kklnJtSeXCaVatIOJI

stageoEestabL18hlngadlt8aTLdcrcrsscuts

whlChneedsbLastLngaL)dfragmezltatl0n

ofmosalcunltltSelEwhlChhasmuch

StrongertenSJJestrength.

3-3 SelectSonoESpacJllgS.

亡OmPnentOEtheTeSultantiTLtenSltyOf

theshα:kwaveatthezx)Ln亡.1I7S.

2p車 )--':

斗 ∴~三言
声('許 (9'
Forasucccs8tuL8LmultAneOuSbhstlng

JnFlg.4BPaCLJ)gbetlYeentWOChBrgeS (8)shouldbeequalto(9)

0.andCr,lSdcLinedb)

S.-ヱtL (7)

＼vhcrelJ-depthEOITLdlvlduLl1dlarge.The

problem はtOLin°thenumcrlCalvalueoF
∫

lfthe)ntenSltyOEShockwaveJXLrrNeか

dECulArtOLhcfreefaceatthemlddJe

JX)antlVbetweentlVOCI】argesIStheSame

lVlLhthatattheJX)tntDl(lu6tabovethe

centeroftheflrstchatgc)ortheplnt

D,(mainnJptureSむst∝curatDland

棉 -2t,p(荷 )■A
/'研 く10'
Or

l=症甘露
ThenuJnCrlCalvalueofl'dcl氾ndsoTl
thenatureofrockandexplosIVeandlSa

co】1StanLforaFnlrOfrockandcxplosiye.

D,)thenltmaybeassumedthatthepart Letu8aSSuJr杷-1tObe2.then,

ofLhesolldktweenLhClarNID2a,be
sucαssLullyblasted. Atthe polntDIOr (1十三iT･.三=2orェ=l･別
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ThereEore.thefoIZow川gapprO)こ1mate

formulamaytXusedfortheselectlOr10E

spaclngSEOnCOnd】tlonthatlndIVlduaI

chargehasalVelg】1tanddepth)us上equal

topr(ductngafu一l craterrespectlVely

whtchmeaTlSthatthes】mllltuderatlO7)

fora71]ndlVJdualchargeshouldbezero･

lnotherwords,spaclngS.lSatuTICtlOn

ofslml】】tllde ratlosofan】ndlVldual

charge.

S.-15d (7y

lnsomecasesthiscondltlOnlSnotful伯-

)ledandthewelghtofchargelStooSmall
(ordepth lStoodeep)for】nd】Vzdual
chargethenthespaclngScmustbemuch

reducedthanlSallowedbytheformuh

(Tyandtl】eburdensatDl,D'aT)d･V

mustberalSedbycooperatlOnOfthetwo

shockwavesfrom Clanda,,andthe

valtleOft】1eC(氾fnclent;rln(7)depends

onthewelghtof亡hargeanddepth a

maybefoundappTOXlmate】ybygraphlCal

methodcasebycase･Inpract】cefirstof

aHtheburdeTHlshouldbedetermlZledso

astosecureaFullcraterbyanIndividual

chargear)dthenthespaclngS.should

bedetermlrLedforthlSunLquebuE-der)

3-4 SelectlOnOfberlChorbankhelghtH

ThereshouldexIStadeEhlterehtlOrL

betweer)1】e】ghtofbenchorbankE and

burdenLlfromthestandpolntoftheshock

Wa,etheoryofblastmg.that】s

ll-yl (ll)

ThezlumerlCalcoe汗IClentydepeIldso∫一

theprop(･rtleSOfrockandexp】osIVe ln

qucstLOr) EstlmatlO】-Ofymaybeobtain-

edbythefoZJowlr)どPr∝edure.ll】FIE.5

I.DJEFmdzcatcsaprofllcofabenchof

ls,theslml1】luderatlOWlthrespectto

thever亡zcaJ(rlrSt)freefaceEDzsZeroand

weconslderthecaseOf̀ f̀ullcrater"wLth

respecttoburder)d Theblggcrburden

lZISde触edasHelghtlnthlscaseact
cordl】1gtOpractice,lVhlCh lSSOmettrneS

cal】eddepthln(:aSeOfdr】Lledhole,for

example.bywagor)drLllorchurT)drlll

Asweconslderafullcraterwlthrespect

tothevertlCa1freefacelVemayaSSume

thatthelnlenSltyOfreRectedter)slOn

waveatthecenterofachargelS

p-pb(-2ad芋 sL (12)

becausetheshocklVaVehastotravel

overaa)stanceiascompresslonurltlHt

reachestheLlrStErcefaceandther)agam

comesbacktowardthe(:eTlterOfcharge

aster)slonovertllCSamedlSta71ccElaT)dat

theendoftraveloftotal2dItslntenSlty

mustbeenoughtobrea7(rockbyter,S】on.

ThlSaSSum ptlOnma)betruelnCaseOta

sl】1g】ere負ectlOnlvhLIeactual一ylrlCaseOf

brlttlesolldssuchasrockmaLnfractures

occurduetomultLp】ereflectlO】lSaShave

beendescrlbedlntheprevlOuSpal治rJ,

therefore,theequatlOn(12)mayrepresent

there】atlOnOnlytotheapproxlmatEOr).

ThemalnfractureduetothLSfirstTe-

1lectedteI】S】OnWavelSTePreSer)tedbya

craterI)ACl】1Fzg5 Atthewavefront

(3)theInter)SltyOftenS10rllSreduced

toaha)iofteT)SIZEStrCngthofrock】n

questlOn. TheradLuSr'ofasphencal

･vave､vhose】ntens･tyls …S･lSGas,Iy
calculatedasfolloIVS

…S-,,D(a,)汁 (13)

Solldtobeb】asted Thewelghtofcharge 7) Relerence(5)pp 237,Ilo.
C'1sjusteT)OughtofalseburdenIt,that 'Referczlee(●5)pal;e2/.,

9
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=2･軸 亡.丘･J, martntbrokenJfnotsoc0-4T=J+I(Jd
7 だ:!諾d.,..T mPIetc'yコS】Slntheportion

ofafuJJcra亡erAm

r~-~川 だ=顎 t㌻夢 ～叫 ,,霊 cneeBrala霊 anb7em:erteorf

n-一一一一一一1---I 1 ｢-1(+)7"'lonYl''rrOnt･

7･州 = ･･･ rnRt ｢ ･＼ ; lnt'n■it'St
lnt･n.lt,か t

=三㌢%f;;託.; r H d- -1
,frl●ct44 =tLLrdJtL

■亡･･･--d-1●■

Flg5 GかOptratlO】10ttworeReCledshEH:kwaltS
produEedotltVOfreEtta亡EBlrlCaseOL
benchbl▲SllZlgWi'LhaJhgJech'se

lTICOmbmatlOnWllhtheequatlOn(a)
Ⅶefind:

:,--2･ fo- I-2･左 -1･J (lJ'
Ontheotherllandthesamecompress-ve

shockwavefromthesamechargeTeEIccts

atthesecondfrecTaccEF.lnFlg.5the

heJghtH IStakentobedoubleoEthe

burdeTIA.AtthepolntF the lnLenSlty

ofShockisthe的mewlththelenslle

strengthofrockandJJ maybecalled

'theCntzCaJdepth/IlVhl】ethereLketed

tens'on-a､･ehaM tensityot三S･on
thellaVefro】1t(5).TheTカrLlOnOEsolld

EAFM lsunderthe⊂OやperatlOnOft≠･o

tensLOnlVal･eSe'lChoflVhlchh'lVlr)どthe

川lens.tyOf 三S...the,cEoTe.th,叩 rtL｡n

10

mlnCSrhcc先clcncyolb】a･

stlnglV】thasLr[gJe8hot.

Approlrl･matelythenumber

offleeLacesJSInversely

proprt10rLaltothepowder

constlmPtlonforcubicTnetel

ofrodtbroken.

IncaseOEt*nchblastlJlg

wemay assumetheEoJlow･

lngrehtlOTl

Jl=aJ (15)

§4 PraCtLCeOFcoyote

bln書ung

4-IData
Aconslderabknumbercf

coyotebhsとlngBhas beerL

deslg7d on theb3SISOf

shockwavetheoryofblastlnglnreCe爪

year81Vlthsueces& SomeoftheOPICal
dataaresummarlZedlnTab】C3JnTable

4recentdataarequotedfromU.SA.

practiceandthe⊂Orrespond･r-gyaltLeるOt

'L S･.昔 havcbeenCa,cu,ated･.I

FromTable31亡maybeconSlderedthat

theadequateヽ aluesofmalTIVarlablcsln

Coyoteblastlngare.

"t2J, Sie=1･ Jd1-2

lnTab!clthe､alucofSdrisO一､1.h氾h
shows that】nthiscasethesimlIltude

ratloofan川dlVlduaJcrater]SHot7_err).

thatls.tuHcraterlSr)OtrCal】zedforlr)-

dlVldlほJchargeandLh18aSSumPL10117n<ly

besupportedbyconsldcrab】.IlargenaJuc
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ofreduceddlStallCeforlndlV)dualcharge,

vヽhlChlS L̀--28

1tseemsahetteT7)raCtiCetOnndflrSt

,educedd】stancer望 forafuz丁craterby
trlalshotsandthenest)mateSewlththe

relatlOnS.=1.5tI,whLIctl】Cburden(Izs
necessariuyreStrlCtedbytherelatLOrlH

-2LllVhereheigh tH lsglVenfromother

standpolntSOftrar)sportat10-1.eaSlneSSOf

accesstotheslteetC.

412.Selectionofe⊃叩JosIVeSandmethods

oflnltlatlOn

Detonat)I)gabtllltyOfar)exploszvedep-

etldson ItsSizeOfclはrgeaTLdasITl

coyoteblastlr)g theblggeStCharge ls

ayallablecomparedwtthdr111-holesthe

detonatlI一g ablll上y ofalleXplosIVe LS

muchlntCnSlfled BccauscofthlSthe

amountofsensltlZerlneXplosIvemLX-

ture亡anbeconslderab)yreduced.t】1uS,

brlnglJlgdowr)thecostofexpJosIVetO

themlnlmum Ontheotherhal)Athe

shapeofachargelTl⊂OyOteblastlnglS

usua】JycublCCOntrarytOCylmdrlCalform

ofchargesLTZdr111edholes. 7nother

words,thedetonatlOT10fachargell一

coyoteblasttT】gSpreadsfrom apol】1tOf

lT)ltlatLOnIntothreed)menslOnaldlVer-

geTICeWhlklI一Ordlnarydr】lZedholesde-

tonatzonspreadsfromapolnとofmltlation

lntOOrled】mer)slona】cyLlr)derunderstrong

confinementofrock lVaII BecauseoE

this,lnCOyOteblast】ng.brzsantbooster

charge,usuaHyhlghdellSltyaTT)mOllgela-

tl】1dyrzamlteShouldbe use(l.

WocKleTlCasesFore〉:p】osIVeCartrldges

shoIZZ(tTIOtbeusedlr)】oadlr)どbecause

Wod upsetstheoxygenbalanceoftlle

explos】veunfayourably.

Asthemethcdsof】T)1tlat10r)Ofbooster

chargesthedetonatH1g fuse shouldbe

recommendedtヵthfromthestanapolrltS

ofefFLCZenCyalldsafety. Wccansecu1-e

thegenumeSlmultarleousbhstlngOftwo

chargeson)y Whe】1､Veusethesame

】engthsofdetOl】atlr)ど fuses forboth

charges.theformerlnturn)n)上latedby

aslng】eelecとr王CdetonatorwhlCh18lrll･

t)ate(lbyancI-ploderfromafardlStaJlt

satep】a(:eofoperatlOr) IzlthISCasethe

twoshocklVaVeSproducedbyseparate

chargessyllChronlZe,WhHewhencJectr)c

dctonatorsart･usedlnSteadofdetonatlng

fuses.LhezM】generaltheree)【[stsadlffe-

rellCeOftLmCOflnltlatLOnOftWochalges

WhlChamountsat】casttoafew mll】1-

seconds ar)d thlS dlLrere71Ce betwecII

phaseslntlVOShockwavesmakesgTnu･

川eSynChromzatlOnmlpOSSlb】C,therefore.

theconvent10T)alslmultaneousblastlng
lnwhlChcTe亡trlCdetonatozISareUSed.

shouldbedertnedas'Lpseudo･sLTnultaneous

b】astlr)gr'from thestandpo川tOfshock

lVaVetheoryoEblastlng.

ThlSSZtuatlOnlSbasedontlleStruC tu･

reofthepreset)tJayeleetr]cdetonators

wherelgnltlOnOrCOmbust10nOLfusehead

lsutlⅠ】Zed Combust10nOr鳩nltlOnphe-

r)omenahave lleCeSSarllly tendency of

爪uctuatlOnOVerafelvm)Jl)-seco71ds,whlle

byuseofdetonatlng王useslVeCane:(CIude

thelntervcnt10nOfcombustlOr)Phcnomem

andll,eCanreaJIZethesynchronLZatlOn

ofshocklVaVeSbyuseofshockwave

phenolnenathroughdetonatlngfuses

Jr)combustzor)wedealWLthspec°of

propagatlOZlarOur)d100meterpersecond

orlesswh]IelndetonatlOJ10rShockwave
lVedealWlthspeedofpropagat10naround

5.000meterpersecondandthemterven･

t】onofcombustlonphezlOmer)amakesthe
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Table3 Datao∫一

1 225 0.一15 0.9 ShlrI-7htlurI ShLp一一くiT14
51<K2 450 D.500

0,I 453 315 or457 ○.9 45
225 a_115 0.
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coyotcbtaCtLngg

(E

xploE】VeET唱lneerL9543-4UŜ)[muchsafertllantl】ato

fe)cctrlClrlltLa- Ll-3 Stemmlngtlor).TheEorrnerlSfreefromthedar)ge一 Stemm

lnglSOneOftheoperatlo71SWhlChofprematuredetor)at'or)duetostraycur- Tequl

remostt】nleand)atx)ur)ncoyoterer)t,eZectrlCSourcesSLZChasflashJanlpS bJastl

r]g.ToreducethelabourandtlTnee)ectrlClllu771ZnatlOnthunderetぐ thesect10Ilald】me】1SIOr)らOfthe
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wlngSShouldtx:about15mhelghtklm

widtll.

与5 CoTnhiJIZLtionBOEtJTtitJOEでOyOte
LIhBtlng

A unlCOfCoyoteblastLngmaybere-

pre氾ntedbyFlg.lLAccordlngtOtOJDgTa-
phyofthesiteoLbLastlngmeremayexist

varIouSCOmblnatEOnSOEunitsas

(1) SLDgle､vtng.

(2) 加UBIClVJng.

(3) Supplementary hlgher coyote

leyeL

ThcthreetypesOEComblnat10】18are

IllustratedlnFlg.6

Thcslng】ewlngSeemstObethemost

reaSOnab)em ItsPrLnClpleofdeslgnand

thesimplesttohepractLCed･Moreover

dctect10nOfmSs8remaybeea8iesti7)this

8ySteJn.lndoublewlrlgthebrokenrock

prducedbyblastLZlgOfthefrontrow

renal∫鳩 aSaPileir暮ffDntOftherw mw

ofchaTgeBaJldltProduces the∝トCaIIed

eLf∝toE"bufrcT･6hootLngHlnWhlChthe
newfreefacefortherearrowoEdla∫geS

cannotbe m red itlarellablewily.

The紀l∝t10nOEtheadequatewelght80f

chargeB.burdens.8PaClng81mtherearrow

alsoJSrN)tSOrellab】ecomparedwlththat

of8Lnglewlng.m oreover,detcct10nOf

mlS氏rei8dl爪cult.TheuseofSupple-

IT)e71taryhigher coyotelevelI8alsoSub-

jecttothevariousuncedalntleS ltmay

be batpractlCe.from thestandFK)lnt80f

e触 lenCyandBaLety.top巳rfdrmacoyote

bustingonasingleWIZ)普 Patternand

F



afterthebl.lSttOremovethebrol(er)rock,

topreparethenew Erbefaceasneatas

posslb]CaTldthentoproceedtothenext

smglcw川gbecauseznthlswaywccan

securethec)こaCtaCtlOnSOfshockwaves.

竜6 PrcvIOu.q TCSCnrChcg orLCOyOtC

blast)ng

TccllnOIog】caldetallsofthepract.ceof

coyoteblast】ngmaybefoundlnVar】OuS

handbooks on b】astlngさい)･70)although

theyg】venoformuhsforthethedes】gr)S

ofcoyoteb】astlng

RobertPcele'sHar)dbookJl)recoT】一mends

asLngle､vlngandtherelatLOn

JJ-lsd

RobcrtS Lewisl!)quotesdata

l1-15Lt.S,-20ls.N-50-S5ft

HclzoNamho]3)reCommcnds

JT-(25-17}t.S.-(1-12ガ,

W-(0Ll～15 ゝP

SukcnorzYamamototl)r∝ommends

Jr-(25-17)a,S(-05LT.
りr=(0.3-05対3
No】1araZ4)recommends

forhardstoneu-(15-2>L,SG-(I,

ll′-0.Li5il3(gra-1】te)

forsof亡stone･p-(3-4)rI,SF (1.5-

2丸 Ir-035il3(】lmeSt｡ne)

Se-457m,E-28J,S.-(06-03)a.

TheyrecommendLl-10tonofrockper

pouJldofexploslveaT)dfortlghter)a45

tor)PerEカundofexplosLVeWhlTcforfree

eT)d7tonofrockperIx)undofexpI腿IVe.

BorlsJXocha710WSkylのhassummaTLZ-

ed hzs(･Ⅹter)slveexperLenCeSln Coyote

blastlnglnhlsrecentpapers'8)･lO)

HeglVeSt】lCfo】lowlngdata

n=(3-2-15対,S̀-(3-2-1対,

IV-042㌦+017'LりorI)ynamLtI(kg-

m)andllmeStOne

Thelrresultsaresummanzedm Table5.

8) EIDupcnt･Blastcr5'llarLdbook,Scsqlll-
C(･11teJlllla】Edlt10rhP l9L-]96 CoyoLe
bl.TIEitJng,P345-347

9)CarmdLaJllrtdl15trlCSLlrmted)951 Blas-
tcrも'Harldbookp】07-108

LO) EnslRn-BJCkford CompaJly, PT)ma一COrd.
BICkLoTdp 】8-】9(TuElne)Blasts)

ll)TtobcrtPee)e hlmlnだEnglzICCrS'Hnlld-
bool(,1950VolI5-17,5-19
Ⅰ2)Rob(･rtS L帥LS E】emerltSOfMLnLTlg,
SecozldEd)tlonl948p152
]3)HcLZONnmbo Tcchrto】ogyotE)こPloswcS
foTMlnZZlg(111J叩 aneSC)(SaLL,oKayaklト
g.lku)p266-267
1i)SukerlDTIYTLrnamOtO OutHneOHnduslnnl
B]astlng(znJapanese)(SangyoBal(uha-
Gn】ron)ド158-162.
15)Journa一oLL】mcslunC(1rlJapartesc)(Sck･
kn)SekL)Vo129.]949,Ma)p3Z-42
16)A He'drlChDornap NoZ)ellTcf(a, lウ54
Sepp12)-Ⅰ30
]7)htanu8lonROCkBhstJElg CdlLOrlnChlCE

rZISdescrlptlononmalnd】sasteTS m

co)oteblastlngisavahJableone.

Accordlng tO A けeldrlCh I)orrLaP") ]8)

832kgofe〉印 IosIVe,Donarlt.】SCOTISumed

EX:rm30fJlmeStOnebroken lncoyote

b】ast】1】g

D H BT00k'7'andD.StenkouseglVe

thefoHowlngdataford10rltCarldammoT)- ]9)

aZNo3.exl)]osIVC.

jl-42.7】rl,tL-ユ52m.S.-9.14tn,

15

K 汁 FrLICnke】】953 RockT3JaslmgZZI
Grc.ltBzlltaLrlbyD LI BrookazldD
StcnkotlSCI)8,<0-7-8.40一日
Ⅰ如{LSJKoc1-ar･owsky AnlaL;CtlZldBcrc-
chnung､on冗.1mmermLnenSPrengllngCn.Il阜
Be･tragZurErmllt】11ngdeSSpreJlgStOTト
bedarles n der HartstcLng帥】Zlnung,
DJSSertatJOn Fakll1ta亡fuTBczIFtbauund
rluttenweserldcrBergnkadcmLEICLausthat
JulL1955

8 I I(oehPn叩Sk) B]ast'ngRest.lrCh
LeadstoNew'rheorLCSandRcductzorLSm
BhstlngCcslsMlmrtgEnglneCrlng(U S
A)1955Sep'.p飴L～aL,6
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§7 I))8Cu8810rは
amour)tOfexp】osIVeTleCe弱arytOralSe

cubJCmeterOLrod( ThevaJuesof"一oad-

7-1. Selectto】10fWe'ghtofachargelV mgfactors"mustbekz)ownbeforehzuld

Tl】erehave触 ntwowaysforthesel氏- aCCOrdt71gtOpreVlOuSeXPerlenCe･The

t10nOEwelghtofdlargelnCoyoteblast- secondmaybecalled"cubICLawmethod"

1ng Thenrstmaybecalled''load,ng lr)WhlChonecaJculatcswelghtofcharge

factormethodp.Accord)T)どtOth18me- OnthebasISOf"7iauserrscub】clalV"W

thodoneCaku)atesthetotalvohJmeOf ごdL3 Bothmethd与hayer)oLheoTetzcal

rocktobebrokenandthenmultJp】ythis backgroundandmaytN!defiTledasem-

amountby `̀Joad】ngfactor"that ls. plrlCalmethodsandbecauseoft】1柑Iack

Table5.Ratlo50fhELLghLtoburdeT))/!J,Spcl】1gtObLZrdELnS'̀Jd,
we将htto亡ubeoEburdenA,proposedbyvarlolJBauthors

(2)
(3)
くり

(5)
(6) ~_ ･ ∴

-(7,1至 竺 忘 t蒜 詣 ･aS" J⊂ 二 三

oEtheoretlCalgrouT)dstheysomctLmeS

leadtomISuSeSa71dconfuslOn8 Forex-

amp一e,someauthorsrecommerKItodlYlde

thewelghtofchargeObtalnedbythe

metJIOd8nlentlOJledatDVe lntO 6eVeral

chargesforthelT-CreaseOffTagmenta-

tlOr) ThlSISanabsurd)de且.t光CauSClf

wedlV)detheco!lCCntratedehaz-gelnto

smallerchargestl-e)reffectsaredrasti-

caIIyreduceduntllthJ2yCannotblastany

rock

Fromthestar)dpolntOft】1CShocklVaVe

theoryofblastlngthl8WeIghtofcJnrge

TV18urHquelydetermlnedbythegtven

burden(taccordlTlgtOthefoljowl】1gfor-

m山aforreducedd】stance.

Lil-(Ps7)三糖)t
16

lVelghtto亡ubool
hLJTdert

昔

C.I-･OI
03.･一口5
015Grzmlte
a35LlmCStOrLE)

(II'-0'281+017′p)

･1r(笥 (1)

JfwetJakeIntoaccountthedecreaseof

e斤ectlVetenSllestrengthofr∝konthe

basl80ftheDay)denkov-F)sheEorTnu)a

thenlVehave

･V-[㌻汀A(打エ‡(i)'
･lP ]dl帖 ) (6)

E】(T)enmeT)tSOnCratersShow thatto
tl】e†lrStapPrOXln)atlOrllnlZ-10.盈 thcTt

TV=1.91dノ= ･(6)′′

where191ISaCO71Stantforag】vcnpa)r
ofrockaJldexpZoslve.

7_2 ELrectsofthecondltlOnSOffaces

A few aut】10rSemphasIZeLhtH mpOr-



LanceOfthereguhrprcJnratiozlOEthe

facesbeforetheRrlngOfcoyoteblastlr)g

ThlSeXperleTICeSeemstOhal,ealhcoTetl-

CaFground加 ausefrom thestandpolnt

ofthes】10CkwavetheoryofbLaStlngthe

freefacesdoT)OtOnlydetcmlnCtheI-alues

ofburdensbuttheya一soplayImportant

roleSaSrefkcting surfacesforshock

l伯VeSandtheefrectlYeneSSOfrenec亡10n

dependsheal,llyontheregular】亡yofthe

freeEaccs

7-3 SclcctlOI10fSpaclngSE

′rhe spaclng Scbetwcer)lnd】､ldual

chargeshasbeezlarbltrarlLyseZcctcdso

faronlyonthebasュsofc〉【perlenceswhlle
fromthes亡and7X)lotOftheshocklVaVC

theoryofbJastlngtheI-alucofspaclngES
deRnEte事ydetemlnedbytherelat10nSbet･

ll,eenlVelghtor'ChargesandbLlrdensand

ln CaseOEnormalchargeforwhLCh''a

fullcrater''cantkrealizedthefoLlowlng

rctationexiststotheFirstappro〉(tmatton

S̀-1ふt. (7)′

AstheslmlHtuderatlO(ratl00fthe

dlStAnCebetweezlanapexofユcraterand

acenterofchargetothedepth)tends

from zero(fullcrater)to1(crltlCal

depth)S̀ shouldbedecreasedTherela-

t10nlSbasedonthec0-0peratlOnOJshock

wavesfromseparatecharges

7-4 SeZect10nOEhelghtofbenchH

ForafullcraterChargefollolVlngreh-

Lloniscx叩 EedforJlandalEr｡mthe

standpolntOfshockWavetheoryOfblast-

】ng

IT=2J (15)

MostoftheauthorsgiverLearLythe

sazT)CYaJuctortheratioofJltoa

7-5. EffectsofErecendandtlghlend

Thce庁cctsoffreeerldandtlghtend

ontheneceSaryamOuJltOfchargedn

zlOtbeestlmatedbytheprevlOuSmethods.

TheseeffectsTTnybeeasIJycつくp】alnedon

thebaらlsOfShockwal,etheoryofblast･

lngbecause ln Case Otfreecndthereare

thrccfreefacesandthec0-0perat10Z10f

threeshockwavesfromas】nglecharge

(te†lS】OnWaYCS)helptheraphlreOfrock

whLlel】lCaseOftlghtendthcrcexISt

onlytlVOfrccfacesandtheco･operatlon

oftens10nWavesaShasbeene:叩blned

ln CaseOfknchbbstlng】StOIessextent

comparedwlththeCaSCOffrceendThlS

sltuatl0nbrlngSaboutthediLrerenccof

necesSiaryWCLghtofcharges】ntK)th cases･

ĉktlOWledgmerlt

TheauthorlVJShestoackzlOWledgethe
coやPeratlOnSOfvariousCIVIJConstruC･

tlOnCompanlCSInCOyOteblastlngSWhECh

ha一ebeenconducted=1Z-eCentyCarBOn

manyslteSOEhydrかelectrlClnStauat10nS

throughoutJapan

Thanksarealsoduetothe一ateMr.

YasushLlくuzllagal.andtoMrT6ruKane-

daforthcLrVaZuablchelplnobtalmtlg

mar)yofthesedata TheaLZthorwould

lzkcalsotOapPreClatethelntCreStZngd】sI

cusslonwhlChhchadlVlth7)rBo一lsJ

KochanOWSkyatPemlSylvanlaStateUnL･

verstLy

(MarLuS<rlpEflzILShcd那27

February195皇iEIi(ea-York)




