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10-1 Fraenkc)'sformula

K 〟 FraenkelZl)has descTlbedthe

fo日oWmgfoTlmllaforabench blastlng
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Tneatxlvce:(perlmentaJtortr)uZamay

bemterpretcdlnterms()ftheshockwave
theoryofL)lastlngasfollows
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h'owtheelfectl､retenSllestrengthof
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olagCÎ thsDzcseZ,SLockho】m,SIVederI)1953.6 02- ,5 02一,5
]2)pl】5.6
+Asa-macl)).Asa-gun,Yamagueh】PreLectur(･,japan

2



rTT LI1
日.~言吾 .

-…[S,a(弟 二汀 (115'
lJノ

orJ講謹-i(i31)3(…)去
(i:,:)i (116,
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ACCOrdLngtnD H BrookandD Ste･

nhousctheWcLghtofchargeHleachsho-

tholelnabenchlng】SuSuE1日ycakuLatcか

(ronatormuZaoftype

0-0.074｢A H ,] (121)

､､･here r2-chargelVeZghtlTtJbs
l/-toeburdenofhoJc)nFeet

J.'-spacmgbet＼vecr)ho一eslnfeet

Jr=depthofhoJelnfeet

lh=expectedyleldlTHOIISOErock

perpun°ofexpZoslleB

1/,IZSeStlmatCdfrom expelLenCeand

dependsonthehardT)eSSOfrocktobc

bhsted,LhcJOmtSandbeddlZlg planes

present.whethertheb】asthasatュHoper)

end"ornot,andthedegreeoffragmen-

tat】OnandthesteepnessofmuckpHe

required Itz10rmallyv.lrleSfrom 4きto

6tonsotrockperpctlndofexpbsIVe

fJavlngCalculatedtheweightc)fcharge

tobelllSertedlZleachshoLho】e】tlSTIC･

cessaTytOSe)ectadzaTZleterOfe)【plos】Yc
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ltlsconsldered,accordingtOthem,that

RShotholeIS､Ve】1ba】anccdLfthee〉叩loI

szvechargeoccupleShvo-thlrdsandthe

stemmmgone-thzrd.

FromthedescT)ptlOT)descrlbedabovelt

lSClcarthattheformu】Ll(121)hasflo

(120) theoretlC(tlbasISa-1dLtTr)aybetakento
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charge Theauthorsgive.lllgraPhlCal

rorlll.ryplCalcharges.depths,spac川gSand

burdens

Fr()mthesecurlCSdaモ.1hayebeezIT･eprO･

duccdlnTable3 Fornorznalworkthcy

rccommcndal一atl川10711ullHlllrategelatlne

From thestandpoErLt｡ftheshockllaヽC

theoryofbZaslmg亡heratzoofhelghtto

bllrderlShou】dbcforacoIICentratedcha-

'labJea.DataorlbezIChLng(D

JJ d Se 2d
DepthoE1 Charm dJIC
holc Burdetl SpaCLrlg dlametCr
rt tL fE )nChl jLI ILt l
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rg(･JT/EI-2≠小目cforacyllndrzcalcllarge

JIISIZldependenLofrlandJl/rt callbc

increasedtoanyyalueasaheLghtora

let)gLhofiLCr】lndrtcalchargelSlnCrCa-
sed ThtさVaLltCSOfJl/(IJTtTable3for

smaLlerdepthsare1.6-22whLIcfordeeper

holestheTatlCiJr/(Ilncre85eSSteadLE),

Thelrtlluesof.IIIl･JI.1Table3a,eahl･

ostconstant246-290-263WhLChlTldlcLlte

ド 尽rot)kandDSteElhousc)

llr Calcul.lied

I _ - _ 守 : :
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that1tdeals≠lth ratherco】1Cer)trated

charges l寸owe､er.practlCallylrL亡OnCe-

ntratCdchrgesburdelHIISprOpOrtl0[-aZ

lolF'aandnottoり'iduetothedecrease
oftens)Iestrength ofrockforb】gger

burdensThevalueof(lJTF'lm Tabtc3

decreasesstead】1yasburdenaIncreases

-hlZe"redVcedburdeTl･l/''forcrJlndrical

charges remalllaCtuELllycollStant (85-

113-ユ20),andthlS川dLC,l上estllaH1ClCWe

aredeallngWlthrathercy1日1drlCalchar-

ges

TheLlulllCTICahalllCOf]oadlTlg
factor,Igll√eZlbythem(･15t06とOZISOF

rockperpouz一d6fexplosLl,a-101to76

grame叩tOSll･e pertollOfrock)corres-

pondstothenumcncLTIl､aEue122gram

c.llcuhtedbytheformula(7J)onthebaらls

ortheshocT(wa､etheoryoEbZastlZlglllLh

EICrlmdrzcalcharge

10-3 Langefors17)

UlrLar)geforssuggestedtheEollo､yLllg

emplrlCa】formulaforWelgLltOfcharge

0,,(-1r)hczghtofbench/((=)A bljrdcn
T'(=LI)andrcsIStanCetOblastzzlgS

ウ･- (令 +15)(0･07.1 S-1)

(122)

Or

ウ′-0.i((0.07+SFr)JL1-+I5(007⊥ST′)ll)
=ol十や_.(123)よ eres三0.4
TherlrStとcrm ウ■repreaentscoluTltTI

chargeWhL】ethesccDndtcrznウ亡bottom

charge

From thestandpomLoELheshocklVaVC

theory of bEasと川g Wllh coTICerltrated

l7)hlanualorlR∝kb】asLITlg6C5-L
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chargethehelghtotbenchIlshou】dbc

FT=2fIoT.に=2V- (124)

landthe､IeEghtof⊂harge

け-(÷ 汀A･)". 1.h,･e÷

-…(昔)i
then

･｢- 号 JT.F(忠 )!･L,(-25,or,2cc｡

FrorLl(123)a】1d(】2Z)weha､c

QFO･H(007+Sl')21rl+ユ5(007
+SIT)r:)

-OJx35(007+STr)TIT-14(007

+STr)ド

or 0,-0098ド+】JSll (126)

Ifll-ei(lkeIntoCOnS】derationthedec-

reaseDfe仔ectlVetenSllestrengthofrock

duetolnCreaSCOfburdenthenWehave

sI-S,｡d一三-S,｡･ト盲甘

or H--賢汀.･(a;E1-)阜d亡.- 27,or
qcor L'5

ThercIELtlOnS(125)and(127)correspond

totheequat1011(126)

FoTaCy】tndrlCaJchargeoracoZumr)ar

charge､vhlchlSlollgenough p̂maybc-

⊂orrLCSOgreataStOmakethesecondterm

m (123)negl)glbleagalnSttherlrstterm.

thenlヽChaveforalozlgCy】1ndrlCa]ch･

argethefollo､vlngre)at)on

L?Leo4(0.07÷Sr)All

or q,=0.02SLI'+0.LISRlF' (128)

From thestandpomtOfsh(光k tvave

theoryofblast】ngwlthacyltndrlCaJcha

r空eWChalethefoITo､V叩grelaL10r)
rl=.T｣.(.at
lヽhercI,-lengthofdlargC=I(for一ong

charge

or"･-巨A･(flニ)去 jle･F(129,or
¢9>̂l1

lflVeLakeIntoCOT)S】derationthedecr-

easeoftensHestrengthofrockdueto

lnCfCaSeOfburdenthenWehale

･弓-(言':)舌 jld,1- (130,
or ウedIIT'LだZ

TherclatlOZIS(129)az】d(130)corresp･

ondLoLheeqlZat10n(ユ28).

AstoLhesub･(lrHllngI.LangeforsgLYeS
thefoHoIVZngreltlLzOn

l.-03d (131)

Wherea-border) Theshockwaヽ･eth-

eoryg】vcstheCorTeSPOT)dl喝 relatlOn

I.-035d (63)

AslothespaclngS,betlVeeTltlVObore

ho一eshcgiヽeStheEoJlomngTelatlOn

,>1.-i3d (132)

llhlJetheshockWavetheory Elvesthe

foIIolllogrelaいor)

S.-illZ (51)

Forlezlgthofstemmlnghegtves

lq-(05-1>L

I0-113FBclLdor

TheBelldorequ.lLIOTllB)

Il-.J(ド+古が (133)

maybee.T(pla川edfromthestandpolntof

theshockwavelheoryasloIJoIVS

le)ThesazTLeformhasbeentJSedbyBor】s
JKEN:haTIOW91(yilllhe亡alCulaLIOF10(
CoJetEeblastlngtlJThol】F;hlnhlSCaseOtlly
aCOnCentrated⊂ねrgehasbeenconsld-
eTed 8 JKoChaTLOWSk) Anlageuzld
Bere亡hnunsIolli(ammerLmTlenSprengLJ･
FlgZLlSBeltragzllrElm)ltJuT一gdesSpr-
emJ1-5(○打bedaTTes】nderHartsEelng帥卜
rtTILlng l955.
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It､vc: Lu: en:t= sI:n:tvraO:ug::,ten,.Ie ･'-号 汀A･(ilo)き･Fl亡' - (1:7'
strengthofrockthe≠･elghtofdlarge ForacyJI'dricaLcharEe

llloEaconcentELatedd】argc IS aSr-oll
lo叫さ

･･=晋 ･,A･(,5こ)!･p ･ (125,
ForaJollgCyllJldrLCaldlarge

一･･-JqA･(言ニ)1三･,A, ･(129,

ThercfoTClfweassumeaI:tLSCIVhcre

lVedeLEIIWlthall川ten11edLatCCOZldLと10tl

betヽvecnいvoe:くtrCIllCCases.thatlS.aCOM

centrtLtCdchargealldaloz一gCyllndrLCal

charge.LhcnwemayhavetheroHoIYirlg

relatIOn･

･-十･,..(ニ)∴車

中 ,war(訂)ぎト.--.I,=･B d,
･･(13J)

wherc.L'andB'arenumerECalcorIS t a -

nts Theabo､･eequat10nCOrreSPOJldsto

theBelldorequatJOn(133)

･.-4汀J･(普 ) ェ!～Id1- (LSD,

ThenlnanlnLermedlatecaseWhererLq

sharpa)scnmatlOnlSrealLZedbeいヽCerla

concentratedchargeandaJongc.t'lHldrl-

calcharge"emayhavethe foJJowHlg:

re(a(Ion

可 .･汀A措)L'斗 ILだ三
･B,"A･(普)Ill,,1≡1
胃.lLIl:+Bdゴ■ ･･- (135)

TheaboycequatlOnCOnlbinedll-itheq-
uatLOJlく134)mayglヽethefoIEoIVingge-
neralform

lr--.hLllE≡+B.d'+B㌦Jf'+C.d7
･(136)

orapproxlmately

H一三JLd+B.d'+Cd一 一･(137)

ThcaboveequatlOIICOrreSPOndsLOthe-

EfrcctivcteJIS)LeStrellgLhy-u･ilLble gellCralcxprcssIOndcscrlbedbyUlfLa-

IngcncralefFectLl･etenSllestTCZlgthoE

rockmaybcassumedtodecrcBSCaSthe

ngefDrSL')asEoIJo､､唱

Il-也+A.a+Ltd:+ん.I}+ (138)

SIZeOfrockIncreasesbecausethepoEntS Theco11Stantもshouldbezerobecau-

DEIVeakncssIVhlChdeter111lnCCrfcct】l･e scrlOCharge)srcqu'redforzeroburden

tenslIcstrcllgthoErockmay川CreaSeaS

sほeOfrock 川 CreaSeS. rhcrcfore亡he

fouoIV】ngrehtiolltllユybe｡SSIHlled

sPs,｡d一二

･､-heredEburdezl･S'3-tenSllestrengthof
unltr(にk.

Emp】TICally"'hasbeellfourd to be

alxIut51J

ThentoracoltCentratedchaTgc･

10-5 Peele'sHalldbooklI)

InPeele●sHandtNnkthefolloIYHtgfor一

muhisdcscrlbed

･L Tcns■ler_es事SLanCe
r≠ 2 TenslleresI,一ance-(Sheaf
ring rESJStanCe十fr.ctlOnユー
resIStanCe)

･ (139)

19)RobertPeele .hltnhgEL)gILleerSHaJ1-
dbook l95C.Vol`こ-こ.
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wherer-halfofacylLndrlCalcartrLdge cIS】VerollplayedbyadLametCrOfabore

Jer)gth holelnbenchbhstlnglYlthalong cyll-

(I-depthofho一e.A-burdezl ndrLCaJcharge WeCannotCakulate

Thefomlulaassumesthatlhcmassof requzredWelghtofchaTgCbythlSform-

rocktobeblastedbehavesasa rLgLd ula ThevarlOuSZmpOrtantVarlables

massIVhLChactuaHylSnotaCase.1110rC- hayebeensumnlaTIZedlJITable4

over,ltdoesnottakeJntOaccountade- LnTable4thcreducedburdend/(=l･hlCh

Table4 VarlableslrLdccpholesIZIQuarr)wlthヽ crtLCaHace

(3､CragebeLwccrHlmeSとDnOarLdgrarlltO)

Bu〒 腎 飛 TiH.(,言 ty L1 ,･･dT

-/,
;.

,7
･J

,o
J
rj

一81的
81
恥
82
81
朋
8t
00
5

StlOUldbe.1COnStantfrom thestandpol-

ntoltheshocklVaVethoryforalollg

c)･lmdrl亡,1】charge､ar･esILttle(78-105)

overa肌,】くIerangeofbl】rde】1(13ft-35ft)
aEldhelght(left-152ft)

TIlevalueofS<Idll,hlChshouldbeat氾ut

14FromthestandpolnlOftheshockWa､re

Lheory川d】catesthatthespaclngLStくつO

narroll,Jyta女enorthereducedburdcrHL/4

10-6A W DalVa】1d Z IV DalV:a)

êcord】r)gtothelrtheory lfrupture

takesplace byshearlngandSdenotes

theperLpheryofthechamber,71rtheHne

ofres】stance.andKlthem0duZusofsh･

earH1g.theforcePreqLJlredtoproduce

rupturelSdescrlbcdasfDllows

P-aH'Kl (140)

LetIandJlbethelengths,andAand

foranlnd1､,1dualchargelStakentoobLg dlthedlametCrSOfhvocyllndrlCaJcha-
The′reduced subdr】川場 J./aral唱CS
from0.15t()023whlletheshockwave

theorylndlCateSItsupperllmlttObC035

Thereducedlengthottop tamplngI.IJ

raJlgeSfrom 07toO9wh11etheuPl】er

l】TrHtduetotheshock wavetheory lS

165 Ztmaybe conslderedthatthedata

describedlrlTabEc4supporttheprLnCLple

ofいIeShockwavetheory()fblastLngWlttl

aLongcyllTldTECalcharge

J _ :

rnbersoTboreI10Ieslnrock.lVhlCharc

pZaccdatrlghtanglestothelineOEre･

sIStanCeOrparalleltothefreeface.thcrl.

lt･land･･lLarcthearezJSOLproJeCt】On

ortJICChambersparaIJclb tbelra_Yes.

1-Jd andJ1-JlJl

三0)AZbertlVDA仰arldZaCh8naSW.DA仰
lhePrLrLCIPIcsofRock8lastl咽 .LrLd
EhcIEGcncrTLZappllCatlOn 190?Lozldon
E& F.TISpon.LlmLled
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The,efo,C.A =ム生 jnthecaseoEspher'ctllchambers･､vJIOSe
･1 /,I proJcctlonsare-1and･Jl.ariddlanleteTS

Bu号 - Ji･.1･andP.belngthcfo- '̀and'tl･Wehare

rCeSdel･CIopedbythech argeshll】l一gthe
chambers tx･foreTuPLure taI､esplacc.ar)也
Sln亡e

J'l Sllll _1】SlFJ1
-7 =一首ir Wehave = -_1Sり

subs"ut･ngfo,_い heva.ue glVen

above.Weget

JlfJl ふ H l

l.T= sII･

lVhc71.however.Lhclcngthsofthecl】a-

mbcrsTlrt'g】Ve】1bymultzp】eI)ithedl･

amelerS.

/I

- -i andconsequently/

(Jl H

tL ]r
(141)

Thercforc,1nb】astlngthesameklTldof

.1･OCkWhenl九ecoheslVerlSIStanCClSJlOt

affecLcdb)｣o川tsaTtdflssuTeS.thedLam･

etersoltheborehoJcsshou一dbed汀eCtLy

proport】olli)1tothellnesofrcsIStaIICe

lzlble5 DlametCrOrbo

整

-;
:
-

r

i.〇]

?,I.:
÷ de-(-1;I)e

-｡(':ll)I-P S5'･.I,': Bu【Si'- rLL
andsubs【･tut-g与 ,or与 】ntheabc-
veeqllal10】1.1Veget

J ll

tJ H
(lJ2)

Consequentlythesamere]atlOnSOfthe

dlametCrSLothe】zncsofresIStaZICeSub-

sIStforspherzcalasTorclllndrlCaⅠChtlm･

hers,nZthedzamctersshouldbeprop ･

rtLOna]tothellneSOfres】stance

Byc:(perlmclltS Lnrocklmthazlumber

ofborehoJes.､･ary】11gZndiameterfrom
.to2さlndleS,theyhaveobtalZledresults

qu)Lelr)accordancewlththeabovefor-

mula,thusprovingltSCOrreCtZleSSand

estabJlslllrlgtheprlncIPlesonllrhzchltlS

based WLthgelallJledynamltelZlaVery

hr)mogeneousarldstronggranLEe Lhelr

e･T(pCrlmentSgavethefol]owlngresults

(A W Da"TmtIZIVDnW)
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ThelrequarlOnS(141)az】d(142)corre- thatthereshoIIZdcxlstonlytll･Oe:(tlemC

spondtotheeqllaLl0】10freducedbl】rden qascs,that】S.7)0CraterOrafuHcrater,

burdeflrT

radlUSOfachargeEIdescrlbedbythe

shocklVaヽ,etheory.thatls,

foracy】Ir)drzeaZcllarge

㌃-i(lil:)ち
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