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FRAGMENTATION OF ROCK

THROUGH BLASTING

(Rece,WedlTIOV10,1955)
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SurrLmary

Threeklndsofrockspec】mcns(marb一e.granlte,sandstone) lVhose dlmenSIOnSare

4cmx4cmx30clTlhavebeer)blastedatoneendbytllree】(LndsoElndustrla】e_T(PIc6lVeS

(AmmoJIGelat】n,PermltlcdAmmonGlatln.PcTm)tiedAmmon】〕ynユmlte)and⊂hefrag-

mental)onpatterTIShavebecrHnVeStigatedCom prESSIVeandtcnslIcstrengthsDfthese

r∝ks】1aVek ellmeasuredandbyuseotther)umerlCalva一uesofter!51lestrengthS

andsL2eSandnumbersoEslabsEormcdbyblastlngtheshapesofshockwal･eSproduced

wLthlnrockhavebccncstlmatCdThepeakpressureofshocklVaVChasbeenfoundto

bechle恥･detcrml】1edbythecompTe防】VeStrength ofrock ThebhstabElltyCOefFzclent

hasbeendeBncdastheratzoofcom prcssIVeStrer】gthtotcnsIZeslrcngthofrockand

thlSCOefflClentSCtBanllPperllmlttOthemaxzmum possLbZenumt氾TOfslabs

卓IZntl'Odt】ctlOn

昔2.LbⅥofs一ab-foTmaLIOnbyshockwaヽe

prodllCedbydelo71州OZIOfanexplosL､E.

亡harge

与3.ExpeTlmeZIL
3-1日ethodandresuZt8

3-2 M casuremcrLtOEcompressLl'8.111dI(･

nsl]es【rengLh(】Lro{kg

竜dShapeofshQCl､帆.lVepTOduccdⅥ1thLEl

旨1 lTltTOductLOn.

roCk

与5.Dz許Llj1810Fl

E-ZDeLoztatZOnPrCSBuremdsbPeOtsh-
∝kwave

5-2 ComprezはL､e6lrengthofrod(and

shpeofBhoCk≠ateBJastablllL)Ot
rock

513･DlSl.lZl⊂eOlLllr帥,andshapeofsho･

eklmヽ C

elldofabatofconcrete･Thelre〉:Per1-

mentshadbeencollductedasapartof

I IV-Landonl〉 andII Qultlney had experlmentSCOZlCern1ngHopklnSOn'spre-
LT)VeStlgatCd thee斤ectofacJlaTgeOL ssurebar They found thatthe pe:lk

guかcottondetonatedlrlCOntaCt､VLththe pressureofashed(wavewasabout1,000

'A鮎l-maChL,Ynrnagul:hLPTCEecture,Jap.ln
1)JW La]】donand7IQL)LnnCy,ExpcrJrrll州slllththerlopklnsol1PTCヨStJrCBar.ProsRoySoc
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7mandthatthe一engthofthesh∝klVaVe ThethlCkr)esSOfaslabandthenumber

tobcabout42InchloT8Ounceofgun ofslz)tBToranyshapeofsh∝klVTLVeare

couonw王tJlaCOnCtCtebarof3feetlength easIJyca一culatedgraphzCalJycTbyequa･

and31nChesdlametertlh(BeteJtSlkand ticnsalongtheE且mellneOfdeductionas

comprcssIVeStrength "eta2001"''and hasbeen de∝T,bedatN}Vetorthesimpkst

8(机 州 reSPeCtiVelyThenumberof6Jabs Case

preducedwasat泊UtLl
tl)

lnt】lelightoftherecentdeveTopmenr

ofthesh∝kwavetheoryofblastLrlg!)

oLrockthlsclass)CatexperlmentOfLandon

andQuLnneyaquErC8nelV】mTX)rt,lnCCTn

thepresentpaperthreekindsofrocks.
marbTc.granltctlndsandstoneh,lVehcen

testedasr∝kspecimく･T)SOfwldelyd-ETC･

rentmedlanicalstrcngthswhlle three

klrldBOfindustTlalcl.pToslvcs amTrLOr)

gdatm (Shin-Km dynユmlte)JX!rmllted

ammo-Igelatin(Shm-shlr3Umedynamltc)

andpem lttedammondynamite(ShdaT)

dynamlle)have bccJl )T)V也tlgatedas
expl鵡lVeS Of ､vldeJy dltrerentenergy
CoLltenlちandbrzsances_

From thedataobta】T)edgeTLeTal rules

offrLlgmentatlOnOfTOd{throughblASting

have bN deduced.

§2 LzIWOfslaL>TorTLlatl011Lly8h'lCk

wnvepTOduet-AbydetDrt4L10nOf

mtla.Tploslヽ■13CllargC .

】ftheshapOfsh∝kWaveproducedby

detonatloZtOfan cxplos】vc charge zs

TCPreSentedbyatrlangleJr.]･′I_-1n

FIg】(I)thenthethicknessofilSlabISt)

E = - 2 意 (】,

wheTC,I.-leコgthofrashocklVal･e

S.-tezISl】estreJtgthotrock

lJ.Speakpre弘uTeOfashocJtwave

atafreeEaCe

ThcT)umbq ofslabs)sasEo)Tows･

-V- 2L,-% (2'

J;Ill1】ZcLZectLOnOtShockw.lle

薫5.ど_tperiTTteTtt3-1 MctJlCdand T岱uZts

oflr叩mCn-t三ItIO】1tests.(1) Arrangemcnt
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mentS･ The亡OmPraSl､eStTengthIS

(2) Explos･ves ∫,

u:hr;hekindas,eorAcmxnp.lo:lVG:h:FnVe(S:nT qE=拝 (3)

Klrldy''am】te)dctLSityI45g/cnl･ Per- Wherep -sthebreakmgloadactingln

m.tied Ammo'.Ge】atln (ShlnShlrauT'le thea･ylaldlr∝t-OnOfac)-llndc-vho虻

d)Ⅶamlte)denslty155gem,,andPerm- d■aJnetcrJSd･Asq.variesTordi敢rcnt

･tTedAmmonDyJlam'Le(Sh6a')d)･natz),- ratEOOflength i todlamelCrdofa

te)denslty095g/cm'.WelghtsofdlargeS

usedare:5g.log.20g,andSO尽.

(3) Rocks
Marb一e.GranlteandSandstoneproduced

respectl､'elratlsa. ToIくuyamaarldSusA
lnYamaguchiPTeEecturc.Japln Were

used SEZeSOfthespeclmeTlSare_

Jcmx･kmx20cmaLldJenx4cmx30cm

(i) Results

ScatteredpleCCShave血 Igatheredaft-

erblast】ngandanexユmple()ftheresults

hasbw shoIm iTIF･g2-(2)Thenght

er)dofarocks押CLmelHSCmShcdoヽ･er

theミC⊂tZOnS10.9,8arldhalfotthesectlOn

7,holle､er,therangeoEfracturedueto

crllShJngOrCOnlPrCS810nLSmuchn3rrOWCr

thanthatdlZCtOtCnS10mWhzchorlgJZlateS

from thelcftfrccendofarockpiece

Thenumberofr∝kspeclmeZISusedlS
over230.

3-2 hleasurcmcntofCom press)Ieand

lenSIZcsLrcngth80frocks

Thcprlr)cIPleOftheJllenSuremCntOf

comprcssIVe a一一d tensltC Strellgt)lS Of

rocks has bw descrtbed by TomEO

rrorlbe8)

3)ToTrnOliorLbe SElld)onthecomprcssl､e
aJldlenslleszrc相thzlOLSDrtle8CdlmeT)比ryr∝ks
bycylIrldr･calspec】TTlenS.JournaloftheMltlinR
lnst･LulcoLJapan1950.VoT66.ド0717Page
355

I)It:uTXI p̂pllCatIOnOEtheIa甘0tPholo
elasL)CExTlnCt■On tO80meProblems.PhtE]九Iag.
7serle81円2-1.p81C4'1TLmOShet)ko. Theory
ofehstlぐlt〉■t934pE2

sp∝lmen(I/(t)thefoIIo､VlngeXPeTLmenral

rdatlOJlhasbeenusedto丘ndS,.

S.

qc= 1-B7 (4'

whereS.lStheIdealeompre矧l･eStTeTlg-

thandZllSaR∝:kConstant

TlletenSllestrengthWasfoundasf0-
110trs t◆l

s･-憲T (5'

ヽヽherePJSthebreakmgloユdactlngalong

thedlametCTOfacyllndrlCalspecimen

Thedlm飢Sionsofthemarblespec)mens

used forthemeasurementofstrength

are 30mm¢x75mm.30や×15,30やx30.30や

×60,30¢x90.30¢x120

ThenumberofspeclmensusedlSllS

TheresultsofmetLSuremCntSarC臥1mmか

rlZedlnTable1

Tnblel 入TecllmlCalSlrcnBtboE
RotkSpecLmen9

貰 罷 二 商
~P c6mT町 てJl｢ .I

二 i

hhrble
GraL]1tC 75 25

日C 23

竜4.ShoeofSlLOCLI IV山川 PTndtJCed

wjthlnrock.

FTOm thelhlcknessofeachshhpro-

duced:bydetonaE10nthesha押 Ofsh(にk



hTarch.17と6〕 FragmelllaLio.lOfRock

5

Fig.2.(I)

r̂r;LngCmellt()fRockpiece,
EL･plosil･eandlTto.6 r;leclrl'c
Detonator

F;ど.2.(2)

FraKmCntatl'onpatternofa

pieee ofMnrhIt!bhSled by
Ammon GcliIll'n (Sllin･KirJ').
WeighlofchこIrgelCt!.din.25

mm length lJ;mm.Size of
rock:.IcmXJicm.;3Ccm.
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Tユbleコ･ShapeofShockwユ､efo=arLOuSrecksazldexFIloBZ､eS
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3O 275

(い Ia'blo E;:::霊 :::::芸l::"e :: Z:

(3) Gran)1° Ammoz)gehEln la 375
PermlLtedJlmmoT)gehtln lO 375

… sandstone 慧 ニeニ慧 nmond'Ⅷmlb . ::I 芸

PcrmlttCdAmTnOngelalln IO 550

PernlttedAzzlmO【la)namlte IO 550
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ofsho⊂k肌ナa＼C

告5･ L)i烏Cu矧 OTI ThedetonatZOnPTeSSureS･〉ofI.arious

SomereTnarkabteconclus10nSdeduced explosEVCS Calcu一ated oElthe bコSIS Of

fromtheresultsobtanedma)Ibedlscusscd modcrzlthem od)namzcaトhrdrodrnamic3I

asfollows theoTrOfdetonユーlOnarcSummユrlZedm

5-1 DclonatlOn pl6SurCaLLdshape･ Tablc3

TabZe3JktolutlOrlChnracはrlSllC90EI,arLOuSeXPloBlleB

xlnd Tt7dename 票 濫諾neSH,荒 ID.fn 怒 謡 ;pn deLSllr

…三三 Ai::.oL:e:霊 ,｡ngc】｡tln I≡誌:GKh'.riume
(3) PernLtled̂ mrltOllDrzlnmlte ShbaIt･dynamltC

A仙oughthedctonat)onpressureoEthe szons

e〉【p】osll,C(3)LllTablc3･lSaboILt【)[一C

l th汀doL tl10SeOf(2)and(1),thelX-ak
pressuresofsh∝kwAl,eSarenCarlrtllC

sameforcxploSlleS(1)(2)and(3)The

length ｡fちhock ､valC IS also ncユ巾

JndcpendcntofthedetollatlOn prCSSurC

SoLSthenumberof81abS

TtleWC唱htoEchargesseemstolnflL-C-
ncelLtdetheshapeofShockwave.

hon･ever,ltmustbctakclllTLtOCOnSidcr-

; :･O.nn霊 eb慧 ganodfn; Fnla:U:dd慧

l

｣ _

5-2 Cornr)rcssLVCStrCng亡hofrockatld

shapeofshockll,al-eBlastabHltY

ofr∝k

ThcPeak pressureofshocklYalClS

propoEtlOnaltothecompre箔lVCStrength

ofrock (Flg8)TheI氾ak prcssur(･oE

shock Wal-e lS Chlelly determined by

-'compre5Sll-CStrengthofrock'●Around

theChargetheLreCXIStSa"CrushedzoneI

5)YasuShlKLZlnag3l JolJmal｡EIIlnlT?g
ZnstltuLedf K ruSbll,JaPaJl,Votコ Xo31955.
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Z8/uきFJg 8 CoTTIPTCBSll'eSlrengLho
rrocknn(ll加kpreSStJreOE shockl

l,aleandattheperlpheTyOfthecrushedz

onethepressureofsよock waveisreduced

justtotheL'comprefSl､-eStreTlgth

''ofrocklnquCSt】011TheshocklVa

VCwJthLnrockorlgJnateSatth王s endw

JthulLtlalpr6SuT

Cequa)totheconpTeSSIVCStrengthofrockThe陀foretheextez)toftheman fT

aCturCOfrockduetotezISIOn,thatlSth

epattem ofslabformatlOnOrErag7n

en-tatIOnISdetermlZledbytwoILmltS.t

heupperOneis"Compresslヽ-eStTength

''andthelolVCrOZlelS"tensilestreng

thJ'ForthESreaWnthe

'̀blastablLitycoc氏cient什maybcdc丘ne

dasfollowsB-% (6,Thenumenc
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Graz11Ee

SaJld≦zoTLe

~SoF sled

Ca≦tIron

BTa≦5

1ccつ
I7こ8

㍍ O

Hこ⊃
7三つ

Con亡rele 二三〇
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5-3 DtstanccolthTOIVaTLdshapeof

shockwave

R∝:kspq=LmenSarcblasted on saJ)也

･mound5cm hlghandthedistancesOE

thTOIVXofeachslabaremeasured frozn

thecndoftheflrStfreefaceTheresults

arcshowzl】r)F】g 9,10,ll.】2

MeanprSSureOfshockwave〟 entra･

pped】noneslabisrcpre配nted】nterTnS

ofspecLticgravlty∠Jofrock,part】cZe

I,cZocJtyVal一dvelocltyOfshockl叩VeU.

p諾 Al'U (7)

Asthelaluesof4andUarcoonstant

forこIgLVe】1klndofrockl′lSPrO7X)TtlOnal

to1)WhlleVISprOPrt】Onalto二T,there-
fore.1･maybepropoztlo】1alto.r

p-_I- (8)

CompュringtheFlg 9,10.ll,i:hvtthtlie

shapesofsも∝kwavesrepresentedmF】g.

4,5.6.7therelat】On(8)maybcassumed

toI】old
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