
2

"OUR~"AL (jV 'J'JlF:TN. ρus'/'nTAJ. EXPLosn'f:SSOO Il~"1' Y， ,JAPAN. ORTGr~\'AI. l'APHU

SHOCKWAVETHEORYOFBLASTING

WITHCYLINDRICALCHARGE

(ReceivedDec.I九 1956)
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Summary

Shockwave th田町 of blastingwitha1加g cyli吋rical chargehasbeen

describedalongthes割問 lines asdoneinaseriesofprevi 叩s papersby

thepresentauthorontheshockwavetheoryofblastingwithconcentrated

chargeanditsapplicationstopracticaiproblems

Practicalformulashavebeen

summarizedasfoHows

(1) Peak pre 田ure lJrofacylindrical

曲目 k waveatdistancerfromanaxis

ofacylindricalchargewhoserad 山sis

α

1),=PD( ~r
wherepD=detonationpre 田ure

J)=r=reduceddis 国nce I!=1.5
u

(2) Peakpre 田ure 1)4 ∞ the fr 間 face

同D(H'
whereIl=depthtoachargeor

burdenLobeblasted

(3) Peak pre 畠山 e Vl-~ at the 皿cond

r，目 face pr 国uccd bythefirstslab

111_z=Pa-St

whereSt=tcnsilestrengthofrock

(4) Mean pr品S町e PIofashockwave

entrappedwithinthefirstslab

/命、 l ，~ S ,
PI=PD¥d) -ヲー

(5) VelocityofoutwardmovementVI

• A田 machi ， YamaguchiPrefecture, Japan

2

ofthefirstslabduetomomentumgiven

byashockwave

(2z) 九
一-L1.U
where.('=gravityconstant

ι=density ofrock
U=shockwavevelocity

(6) Depthofaera阻， <I,

L
1'，=ー2

whereL=effectivelengthofa

shockwave

(7) Co<田 cient ofpressuredecayII:Meｭ

thodJ

ょj{盟国d' ))
句(ぺ正)

wh 町e R=radiusofacrater

(halfofthebreadthofatrough

由ape crater)

(8) BurdendTforafuJicrater

ふ~P.( 走r 川=f(TY

ReducedburdenD戸 d，

ｭP
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(O) C岨fficient ofpr e:制問 decay /I: Meｭ

'h吋日

句(す)
=叫苧)

。0) Time 同司 u，問 d t~ forslabformation

duetoashockwave

2dr
t.=ri-

(11) Di叩 lacement ofstemming2:after

timetfromthemomentofdetonation

Z=/zo=+(11:1;1' )t~

wherez.=originallengtholacharge,
rD=volumeofacharge,
l1=ma田 of stemming

(12) Vel 田町。 f the 居間 nd slab1'=:

民=(品 )(P<- ~ι)
(13) Velocityofthe 出ird slab1"1

九=(長) (P<-~s ，)
(1 り Time II>atwh 凶 deton :1 tion products

国gin toblow 凹t ofa 回目 hole

ら=，で fJ_ u，.= コ;}, P" もn

where 111.= 印tal lengthofabore

ho!e

l~= 出回 I I阻gth ofacylindrical

charge=xu

(15) SpacingScbetween 加re holes

S,=xdr. !l'_S.fd:=reduccdSpacing.

:1: =2, 2・-~-1 for"....1.5 ,r=lA

(16) Lengthofsub-drillingI,
4IS.、a

I.=:("")d r弓 (0 おd，)
3¥PI'J

(l7) Lengthofstemmingnearamouth

ofaboreholel.

3

, ? I" _~、昔、

(.=2(1-:I-, I~，I，尋 (1 白d，)
I ，、 I'D J J

(18) I且ding factorfora cylindri四I

charge

I"'.今、 I S.¥1.:=
F=2.S6xlO';r1-_-11~ I

¥.tJ.J¥pD}

~mex 司竺主主
tonofrock

where.1.=loadingdensityofan

expl 曲ive charge

(19) Loa ding 白ctar fora 田町即位引 ed

chnrge(∞ yolc blasting)

(.1， \(StV·~
F=4.05x10 ・1r f~ 一一\I -, I

¥d.J \p" ノ

〈却) L回ding factorforadeckcharge

F=6.31x附f会)(土 r

(21) Numberofslabs.Y:

J=2 ・p

〈包) Tbickne 坦 of aslabI

J

l= I~~ =“ (':."r.v-2・“ \ S ,)
(23) ~umber of 回re hoI 四 B per1田m'

forc}'lindri 国 I charges

B ・2 聞で!O' (S,-Y 舗
=一- l -I

“ー \P"ノ

(24) N山n出r of 回re holesBper100m=

ford町k charges

B=2 担う1 0' I ゐ'-I
z 一一“ \P" J

Introduction

Forthebe 田fit of 位Ie simplicityofthe

theoreticalt問atment thetheoryofblastｭ

iog.of 田lid r田ks may 匝 divided into

twoext 問me en 曽S， thatis ，出 e theoryof

blastingwi 出 a con 由民 t四ted chargeand

theoryofblasting wi 出 a cylindri 国l

d町ge. Theformer 回担 has 出血 dealt
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withintheprcvi 山Sり papers whilethe

pee 担nt paperisallattempttoes 回blish

ashockwave 出回 ry ofblastingwitha

c}'lindri回I charge

Thedefinitionoftermsinblastingwith

acylindricalchargehasbeenillustrated

inFig.1

Inthep日記 nt theoreti 回1 t目3tment it

hasbeenassumedthat 出e lengthofa

cylindricalchargeislongenough 回mpa ，

cdwiththeburdenandthedetonation

\'cl 田 it}' ofthecolumnofanexpl< 臨時"

inti 即時 I}- fast , thatis, the刊官‘ e frontof

theshockwaveproducedbythedetonaｷ

tionofthechargeformsacylindrical

wavewhichpropagatestwo-dimentionalｭ

I,回目pt 田町 the 加出印dsofa 田lumoar

charge

ｧ1- Outlineofthetheo 可

Theblastingofa 田lid materialbyan

explosivechargem町田 cur inthefollowｭ

mg 田quen 皿

(l、De tonation ofanexpl 凶vc ch町go

p，凶 "re ，‘ crushed zo田" aroundit 田 Cae

自由 e intensityof由民 k waveisgreater

曲an lhecompressi¥'estrengthofther配k.

however, thisrallg 芭 of crushingislimited

tothe叫ighbourh ∞d ofacharge

< 2) Beyondthecrushedzonethere 国n

民間 breakingby四mpression dueto

曲目 k wave, however, theshockwave 凶

reflectedDSatensionwaveatafreeface

Asthetensilestrengthofrockismuch

smallerthancomp 同国 ivc one.rock 田n

bebrokenbythistensionwave.therange

t) Kuma 。問。 0: Th 田町。， bl 回出 g with 回a

ceolratedcharge:ThisJ曲目 ai ， 15.No.-l.
，，，..・，.仇 (19ω) andKumaoHinD: F悶.me

nlationofrockthroughbl:utingandshock
wavetheor~' ofbl:lS!ing.S~'mposium onRock
JI.'1echania,Quarter!}'oftheCol 。ロ do Sc h∞I

of<\linC!s, 51.No.3 , 191.(1956)
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ac~'lindrieal charge

グ》戸ポ夜、マ

{(:強制 ;j;

¥ \-こ・:でよ?'

...

Fig.2. Propagationofncrllndrlcalshock
wave(scction)::lQditsrellC!ctionatafr田 f:lee

。f brc<lkingextendingfrom<l fr ，配白血

inwardstothecrushedZOne

(3) Onlyapartofthetotalenergy

ofanexpl 国ive ch<lrgeg'世s intoash皿k

‘叩ve andthega 盟s fromdetonationat

highpressureexpanddoingworkagaint

4
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frngmentsofrockwhichhavebeenproｭ

ducedbyashockwave. Thesefragments

arealreadyinmotionduetomomentum

acquired 仕om 0 曲目 k waveandtheyget

moremomentumfromtheexpansionof

go 担S

ｧ2 口laracterill1 i問。r ashockwayein

'ock

Detonationpre 且.u re PDofanexplosive

maybecalculatedby 廿le hydrodynamicalｭ

thermodrnamical 出回 ry ofdetonationor

by 開me approximationfonnulas~}.

Characteristicsofa 由ock wavewi 出in

rockmay 出回Jc ulated り on thebasisof

Riemann, Ra曲ine-Hugoniot'sequationsof

olsh 血k waveandanequationofstate

。.f solid, however, astrongsh は主 wa 、'e

mayexistonlywithin “ a crushedzone"

andbeyondthiscrushedzonetheintensi ・

tyof 由民 k waveisweakerthancomｭ

p，e田ive strengthofrock, m町cover， the

intensityof油田 k wavedecrea 担srapidly

duetotwodimentionaldivergenceofthe

shockwave. BcCtl. u曽 of 曲目 e cIrcumｭ

S阻n田s inadditiontothefactthatcomｷ

pressibilityofsolidrockisgenerallyvery

闘all ， an 旦fQ ustic aEE旦出盟主坦 ~~y 出

p些旦旦翌 1旦.in Eiirlywellthebehaviours
ofshockwavesandthissituationmakes

furthertheoreticaltreatmentmuch 回sler

ｧ3. Pressul'edecayductodistance

Outsideofacrushedzonewemayasｭ

-sumethatthepeakpre 日ure 1"ofash皿k

waveatadistancerfromanaxisofa

cylindricalcharge, whoseradiusis “ α" ，

berepresentedbythefollowingequation

内.( ~ )"uuuuuuuu(1)

ニ) KumaoHi 問 and T.Urakawa: Approximaｭ
tedetonali 拍 P' 目四日。 f industrialeJt p]c ド

!.i¥'cs:ThisJournal , 1~o.".2"2_250(19 日〉
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ThenumericalvalueofItmaybe抽

出血 ed to 出 1-2 whileitshoulddepend

on 出e natureofrockand朗自 plosi\"e

~. 4.Brcakingbynreflcctedtcnsion

l\·3,·e
ι1. Formationofsla 出 by at朗Sian

wa、'e

InFig.2.0isasectionofanaxisof

acy1i ndri回 I chargewho 世間 dius is.;α"

Thepre 宙ure at"a" atthemomentof

detonationofane叩!曲川 e charge, wh田e

leng出 is asswnedtobeinfinite, may 出
2時間led to 匝 equal withthedetonation

p，e田ure PD.rcindicatesaradiusofa

crushed 油田 and thepeakpre 田ure ofa

shockwa¥'eat 町 may beassumedtobe

thesamewiththecompressivestrength

ole 田k 1'c. Atafreeface•.JBwhichis
situatedatadistancedfromanaxisof

a cylindrical charge the comp 四時 ive

shocbwavereflectsasatensionwave

AtapointH wheretheeffectivetension,
thatis, thedifference 出tween theinten

sityofatensionwavenndthatofthe

remaining compression wave, exceeds
thetensilestrengthofrock, wh田e 、 alue

itmuch small 巴r thanthecompressive

strength, the 日rst mainfracturedueto

tensiontakesplaceatITandtheportion

ofrockbetweenj[andafreefaceisde

finedastheIi毘 t slab.Ifwede認口出 the

peakpressureofashockwaveatapoint

Eonafreeface , by 拘 then wehave

p.=pn(-~ )‘
ToafirstapproxiJr.ationthe pre 田辺町

5



6 ShockW3¥'CIheoryofblasting~'ith cylindricalcharge (Vol.18No.1

ofnshockwaveatH wherethefirst

mainfractureduetotensiontakesplace

rna)'bedescri匝d asfollo 、四旬

PI_:=,JI-$I ........................(3 >

whe問 SI=胞llsilestrengthofrock

Thenthem白n p同盟 ure ofshockwave

en 甘apped within 曲e 面-s t slabisasfol ・

lows

J勾+IJI_: r(l¥" S ,:1.._-''"¥;')-ーヱ 〈り
、 IlJ 2

Theoutward¥'clocityof 出e firstslab

ata 凹intEona 公明白血 may bere

p同盟 nted asfoUo\' 団"

v，~( ふ).，

、.vhere: g=gravityconstant

4，=d 回sity ofrock

l:~ 同!田 it}' ofa shock

‘vave

In 出is warthefirstslabEHmoves
。utwards awayfromtheaxisofacy・

lindricalchargeandanelv fr目白田 A

Jl Bispr 以Juced. SOfarastheintensity

oftheremainingcamp 四回， ve 曲目 k wave

exceedsthetensilest 開ngth ofr恒k the

similarprace 問時間 ats it皿If ，出 us pro

ducingthe 皿cond slab.thethirdslaband

soon

Ifwedefinetheeffectivelengthofa

shockwaveL to 出 a leng出 of ashock

wnvewho 担 intensity exceedsthetensile

strengthofrockthenthedepthofa

cr.lterdrmayberepre 担nted bythefol

lowingequation

L
dr=2 ..............................(6)

3町} Ku町，

'"鵠 s引ling: τThIs J。叫"'阻 no討比1 ， 1げ7 ， 1お屯向 o. 1.2_11.(I印95お')
" Kuma四。 Hin。似句 v，“I。民cαa同E匂5 。叫g 悶c曲k fragments
andeh3peof 由民 k wa¥'e: ibid. 17.!¥o.~.

•. -λ1. (I~~

4-2. Estimationofdecay∞nstant 11

ThemethodI ,

[nFig.2.attheperipherrofacrater

..lorB theoutwards ∞m岡田 nt ofthe

intensityofnshockwave¥'erticalton

freefa 世田町民 assumed to 匝 the samc

withthetensilestrengthofrock

Thenweha,-e
d ,I

sannz ， =τ/ Jr+lr-.........(1)

S,=p,(sin«):・...........( 8)
，-、.

orSt=PD~ ~) (sinｫ):.........(8r

,“\" .1:

町 St= ベ~)下山

=ベ 7会F)"FCF f9 >

出ベ:)'+1=( ~)日

}nVｭE--
・ム

T

2

・
、、

E
，
J

R

d(
from(8rweha¥'e

吋(υsin«?]
11= 一可了)

r(IJD 、 ( d' ¥1
J噌L\'S;)¥If+,I'))-

(IノIf平I/~\
f叩[一τ~)

Thefollowingdata havc 出en ob 凶n，d

forlimesto 田(J oban M山ng Co.Kokura

QuarryinKyushu.Japan):

{A=lengthofboreholedrilledparallel

toaverti田I fc担 face""， 4 .5 meter

1.= 加担 1 leng 山 of a 回目 inuous 回c­

tridge=2.7meter

H"=totalweightofthechllrge=3.roOkg

2a=d 四neter ofa 回目加 le=3 .4目 nti·

meter.a-1.1cm

Jr=伽は rden forafullcrater ""， l.5 me 回Z

R=halfofb陀ad 由。 f 3ditch-shaped

(11)

6
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,,-

crater

H=_I£ 田 Fig_ 2=2 冊m

S，= 怯nsile 5町田 gth ofrockassumed 幻

to 匝So icS!1 ロぜ

C=vel 田町 of 曲目 k wavewi 出in rock

assumed4) 阻 be 5.1 ，岨田/'""

,!1r=densitr ofrock2田g向n'

1)/>=d 目。 nation pre 田町 eofAnunonGe(aｭ

tin(ShinKiriDynamite)a回umed: j

tobe1田 x 10'kg/cm~

,!1.=loading densityl.45g/cm'
The a回vc cn 田 is oftenreferredtoin

thepre 詑nt paperanditmaybedescribed

inthefollowingasthemodel 国担

Thenweha"e

"=l /]f芋耳ヨ=〆'!lIll'芋 I窃き=お Occnti­

meter

仰げ~(イ H:)'-O .3 oo

叫世 2p 澗)

句(与)
=1 .'39'と1. 4

4-3. Reducedburden

Redu 世d distanceorredu 団d burdenfor

afullcrateris:

D,a4Lo <12>•
1却

or1)，=←=田 2,- 1.7
Thisnum 町ical valueof 目du 白d burden

isa 回目回目 for apairofrockandexｭ

pi 田ive andisimpor 回目 in thedesignof

blasting. Onthebasisofthis¥'atuewe

caneasilyestimatetheburdenforadifｭ

ferent 団創出 of acrlindri国t chargeor

v>由時国 a， Fore盟mple ifweu提出 e

radiusofacrliodricalcharge (ls:5cm,
出eo theburdenshouldbe

d，=1) to= 田x5= 44Oc m

y

Itmustberememberedthatthisim

凹rtant relationholdsth 回目 U国lI y only

inthe 国民 d 曲 infinitely loogcl"!i ndri ・

回 I chargewitha fr世 fa居 parallel 佃

theaxisofac}'lindri曲I charge. Similar

importantsi皿山 tude relationholdsinthe

国耳 of'a 叩heri 国 I charget)whileinthe

回se ofaspberi回 I charge 目白山“0" in

dicatesaradiusofaspheri国Icharge. In

practiceintermediate国語 s maybeoften

realized. Roughly speakingwhenthe

回目 I lengthofa charge 叶<" exceeds

theburden"d"thellthechargemay 出

assumedtobe“ cylindrical" whileinthe

田宮 where thetotallengthofacharge

If! isshorterthanaburdenJitmaybe

a由umed tobe “ spheri 回I" 匝cou 日 ashock

waveprodu 田d fromashortcylindri 回l

chargechangesi回 form fromacrlindricｭ

aloneintoaspheri回lone asthedistance

ofpropagationincr 目時 s andthisdegree

ofexpansionn羽y 匝 expr es<ョ cd bythe

目lative dimensionoftbe burden 曲m

paredwi 出出 e totallengthofanexploｭ

si¥'echarge.1) Inpreviousliteratureson

blasting 出esc twoextreme 園田 s of"a

∞ncentra皿d charge"and"acylindri 回l

charge" have 出-e n confusednotonlyin

theoreticaltreatmentsbutal 日 in practicｭ

atapplicationsantlthisim 凹rtant rela

tionof..reducedbu 吋en 1) r= ぐ" which

‘isquiteusefulhasbeenm凶U田d. Ifwe

cancarefuUrdiscriminatebetw 田n the 田

twocasesmostofthedatadescri 出d in

p問V閉店凹 bli 回tions onblastingmaybe

U語fuUr analysedund 匝 ut 山田 d fromthe

袋店 ld lX> int oftheshock 、四 ve thearl"of

時 Kumao 間四 Concentratedtypeof 岡引 E

roundofblasting:ibid.16, No.3, p.4q,Fig
9.(刊誌
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p，e苗UTe ofa 曲目 k wa 、 e attheoriginal

f，目白目 II ，. num 匝r ofslabsK.and"e

locit}"ofthefirstslabVIasfollows

Shock\\'II \, O theoryofbl 附Z町 with crlindriclllchors:e

blasting.

4-4. EstimationofdecayconstantII

Themethod11

8

P.~p"(;)二酌10'(ぷ)'‘

p. 192
=今 3.5キ 3-1

$, 55

Estimationoftensilest 同n眠hoi

rockfromreduced 加'd朗

Ifweknow 曲e detonation'P目 55" 皿 po

ofan 白pi 曲ive andthe 日nsUe strength

ofrockS. 出四 we 回n calculatethereｭ

山田 d burdenDrbytheequat!on(14)

va=d ，告 p，

=(2.~: 為。 )(m- ~)
=1.298xl&I.5=213cmjseι

Anotherapproximaterelationforafull

口ater may 出 obtaincd asfollowsonthe

basisofn h吉田thesis ofasinglereflecｷ

tion. InFig.2.thefrontofa 問fleeted

tensionwaveifmustreachtheaxisof

acylindricalchargeCtorcali 担 a full

crater, then,theintensityofashockwa 可 e

shouldbeequalwiththetensilest 毘ngth

ofrockafterhavingtravelledoveradis

t.n 世副 and wehavethefollowing同I.

tionforafullcrater 曲nd 山肌 4-5

SI=Pt>(;:Ir-r (13)

Forafullcraterwcgetthefollowing

問lation

(守 r
1
2

ρ ，I，.= =
α

め

α=FDnedrubecu
deR

(げ
1
=
2 Forthemodelcase

(号~)九回1
9-

Thea回ve equationmay 匝 u田d toes

uπlate practicaltensilestrengthofrock

becau 皿 we cancalculatethedetonation

pres 叫re 1)/1atleastapproximatelywhile

wecandeterττline the"alueofDrorfむ

byblastingexperimen 回。 For e四mple R

、Nestwaler8 ) has given the following

valuesfordiametersof 加国 and burdens

with PolarAmmonGelignitefor

particular rocks of thr 明 degrees

strength

Wehavef悶悶 (14)

Dr=
whα担 value isaconstantforapairof

rockandexplosive irres 回目 i\'e ofthe

a民栂 lute valuesofburd 釘1 elrorradiusof

acylindricalcharge 白 α"

Fromtheequation(13)wemayfindthe

valueof/Iasfollows:

(14)
均( ~~)

句(~:' )
.ny

。f

s，~( ヲ缶 )L o

。) R.Westw a!町 Mine & QuarryEngineer
ing:July19~. p.2M.

r 】曲 xlO ・、
logl -:;.，; τr 一一 l

,---' ーマーで.!...-=1.5·1
f ih1出!
町 I 1.7 )

Inthefollowingcalculationsthevalue

of"may 出 assumed to 出 η=1.5

Oncewehaveknownthenumerical

valueof I~ 山田 we may 回lculate the

,
orintheca 揖 a加ve mentioned

,

日
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TnblcI. Estimal 附n oftensilestrcoRthfmmreducedburden

9

11inch ーナプ.-. r

N。

2

日叩削cr ofborehole2"

IIinch 35.2

BnnleηIn ft 酬，"

014.0

s

96.0

~2.5

6

ll:i.3

ι省 TensilestrengthSr(Calculated) 、 8l. Jk 民 om ・ "曲 g， cm' 判。二 kg ， cm:

PI'may 匝 assumed tobe155)(lO )kg/cm~

(reee 陀n目( 2ｻ
Calculatedtensile st 閃ngths of thr 匝

kindsofr凹ks showninTable1.(thelast

line)m町民 considered to 匝 within

reasonablerange

ｧ5 、:V ork donebyexpansionofgases

Theeffectsofexpansionofga 記s proｭ

ducedbydetonationofanexplosivecharge

may 恒 divided intothreep帥ses thatis

(1)movementofstenuning (2)blowing

outthrougha 加re hole(3)furtherexｭ

pansionofg<l日 s whichac 凹lerates fragｷ

mentsofrockinpartwhile 田me ofthe

回目 ous productsexpandthroughabore

holeands回目 s bctw 田n fragmentswith

outdoingworkofaccelerationoffrag

ments. Inphase(1)thegasesmay 出

a田山間 d tobeworkingwithina cl。担d

四ndition whileinp加盟 s (2)and(句、、， e

mustdealwithagreatamountofleakｭ

ageofga 盟S

5-1. Movementofstemming

Thetimet.ne 世田町 Y toproduceallpasｭ

siblesla 国 due toactionof 曲ock wave

may be represented bythefollowing

equation

2(1 ,
tFd(16]

forthem凶el 回目

• 9

2x150
f.= ー ~O 訓加号沼田 c

574αxl

=0.5mi Ui民間 nd

Theweightofstemming11',

=11',,:1,11. .(17)

wherea=racliusofaborehole

l.=lengthofstemming

.d,=density ofsten 沼町 ng

or

l九=3 .1 415 x1.7~x(450-270)x2.6

=4250gram

Inthisca 盟 we deal withonedimenｭ

tionalmotionofthestenuningwhichis

assumedtoformarigidpistonandan

expansionofg<l盟 Sη Le t usu皿 the fol

lowingnotations

F. ~=work donebyga 担sat displa 四一

ment2ofthestemming

.1 事=work doneagainstthebalancｭ

問g pre 誼ure p.ofstemmingplus

atmosphericpressue

仏=velocity ofmovablerna 闘争 ν

L.=kineticen 町gy oftherna 田 .11

Then, E.=Aa+L~.....................(18)

EFj:;Mvj:qpLdh

JtTb-( ごf' J

り C. Ramsancr, Ann.d.Ph}',. \023 , p.26~J
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wheret'=volumeofga 匝S. l'o=io 注目 l

valu 皿e

k=indexofpolytropicexpansion

.I..=pz( らー t':.) .....................(20)

-'I
L..=-~C:~...........................(21)

Therefore

:ォ [1-( :::fJ
II

=p.(r",-t',.,)+2'C..!..........(22)

H …れmnx.= """'O了寸ー (23)

Thepresentproblemistofindthevalues

oft'..and1)..attimef,. Wet.i且 the folｭ

lowingnotation

百九 C..= 吾川間 may 岬叫

".(r..-l'p)toafirstapproximation.the ロ，

theequation(22)maybewrittenasfol

lows

(ix 2f 陶旬、r. /:x.\" ーっ

つγ~ ， -'II0'-1JL1-I.) I
り (24)

wherez,=length ofacharge

AccordingtoH.Jones')andA.R.Miller

thenumericalvaluesofJ.:=rforTNTof

specific v山間 (τ= よ) smallerthan

1.136(ordensityhigherthan&.=0 曲) is

a加ut 3.0.Letusa田町 nc k=3.Theequaｭ

tion(24)marbec::-" l) r田昌 d asfolio 時

d.

J.~/(性)[1-(ザ]

(! H.JonesandA.R.Miller:Thedeωnation
。f 副id e:t plosi" 白; Proc:.Roralsoc.A.134.
“-. (I匂ヲ》

.d,
P.句

-'--"':'~;- (:z:~-z.~)
.ν

Ifweintrodu 世 a new¥'ariable: X=:z:!

• .• JX
-:r.~. 出en ， :z:dz=ヲ::.... and 明 have

dX
cit...............(27)

tit............(26)

2./); 初旬空 x

1aU

Integrationoftheequation(27)gives

1 X'=件const..........(28)
I7'1>1'"
}'--xi
At1=0, Z=ZD, z=O, then ∞nst.=O. or

側

め
Z

F

w

d知

h

m一

川

地

問

伽

E

J

J
一

=

一

ゎ

←

←

4

J

m

m

w

器
¥¥'chave: PDt'n =90:<10'

-'1

Z= ，/n筑)()+24570

or :Z:-:Z:.=42em

Asthetotallengthofthestemmingis

I田em" 42emofstemmingisblownout

at 1 ，=0 叩0522see. Atthismomentthe

volumeofgasesis l' c1 =1' ，， =3 .1 415xl 戸X

312cm~=2810em' and the pre 昌ure of

ga 田S

, .一、 Y

lJc1=1,..=lJJ1{ --:子) 00....0..0..0..(31)
、‘. ,

orlJc ，=p.， =1 曲X103(32)'= ル1町/

5-2. Blowingoutthr 四gh a 回目 hole

Att= ん~O 償却 522 語c. thevelocityof

themiddle 凹int ofthelastslabwhich

10
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isthenearesttothecrushedzoncisas

follows

九~(ゐ)(パ ι) ぼ〕
or

n (2x9岨 xlO問、 1___ 5 、
円~I "τ7τ=π古島If 192-:x551¥2.{j3x57·叫00 J¥-" 2 ," wI

=1.298x55.5=72cm/sec.

Attimct) thestemmingisallblowD

outofa 加re holeandthega 坦s beginto

expand f世田 Iy Olltofthisopening, that 沼田

outofaborehole. ThetimeIQ maybe

ob 回田町 I from(29) 田 follo\\'s

ら-，午豆::--(，z ~-Zf:) Z, flf)tiD
:c=[~ ， ,z1l=[.........................(3..J)

'一一町九-J/ 9船田叫0叩50 (剖'-270')

=/36品 x国側
=0曲盟国C

Therefore wemay a由ume thatjust

aftertheshock wa 、 e hasfinishedthe

workofproducingsla 出 thc ga 田S 国gon

toblowoutofa 加re hole. Atthismo

mentalloftheslabshasbecnalready 担t

inmotionoutwardsduetothcmomenｭ

tumgivcnbytheshock\\'町 c andhen 但

for 目 the pre 出ure of即日 S 出gin tobe

reduced'quiterapidly 出回 use ga 盟s blow

outofaborcholeandalsoblowthr 凶gh

gapsbetweenfragments formed from

slabs. Be cau 皿 of the 田 ci rcumstancesthe

e符'ect ofe叩a田ion ofga 且s onbias 山og

seems 凶 be quitesmallerthanhasbE提 u

expectedtobe 田 far

Therateofblowingoutofa 加re bole

may 匝 estimated asfollows

Ifweneglecttheincreaseofthevolume

duetoacrushed 回ne thevolumeofga 担s

att= 九 is asfollows

11

t')= 7( Q~{ 1I ..............................(詰〉

where九= lengthofborehole

。r 1·)=3.14xl.7 ヨ x4 却=4 開Ocma

pr es.:刻 re ofga 日s at均"

，、., ，畑、

向=仰\ ,;)・〈謁〉
(270¥a

。r l)~=l60xlO~x l石) =38.3xlO~kg/cm~

Therateofflowing 出r叫gh anopening

withaBeほtional area.-1isgivenbythe

followingequation

ψ 向 A /一-

Q=~/ ;f;';'=和ijtm
where '/:=0 師向 and 1,:>,=specific volume
ofgas

orQ=0.6 芯 x3 .l 4x 1. 7~x

「甜百五 TO~x l(削 x副阪百花。,- 4曲。ーー一一 ー

=1105kg/sec

Thetotaltimeofdischarge'}'ofgases

throughaboreholemaybeestimatedby

thefollowingtherm 吋yn 印叫田( equation

{ト I)A(g ，，( ム)宮内会内 .a

鯵-，

((:;, ).1j
fo吋 =1 .4， 'J'=0.0445sec.andfor 必 =3. 1'=

1.81sec

Asthevelocitiesofthefirstandthe

皿cond slabsarehigherthanthatofthe

last(third)slabtheareasofopening

formedb}'thefirstandthe母国 nd slabs

arewiderthanthatduetothelastslab

andthega 配s expandintoouteratmos

的]. Corner;Th 回r)' oftheInterior&Ili sti 図

ofGUliS; NewYork ,JohnWiley& Sons,Inc
19S~. p.~.【 Interior &1I3sticsofLeaking
Guns)
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帥erc running the. 叫gh theseopenings

whiletheymaygive 回me oftheirmoｭ

m朗tum tothefragmentsalreadypr か

duccdand 日t inmotionbya 由ock wave

Mo 同over 出e ex 凹nding gasesmaygo

int 。叩 a田s fannedamongthe first, the

secondandthelastsla 回目吋 the pr 田ー

四roe actingonfragmentsmaybebat 師団 d

onbothsid 田 of eachfragmentsand 山崎

町tuation mayreducetheamountofn昨

mentumgiventothefragmentsfromthe

ga 首s. At 田r rale 出e partplayedby

anexpansionofga 世s inblastingofr官k

m町民 much small 町出 an ithas 国en

a田umed tobe 田 far.

Wemay 田timate 出e vel田川 of the

whole rna 田 of rockdetachedfromthe

groundasfollows. Themaximumavail ・

ableen 町gy 台om anexpl 由日 Ie chargeis

asfollows

1)/1l'nF:rn-,1<.= r;'.~' .....................(23)
k-l

(l団)l' 10')(l000g/' 四l~»)( 24 却em'
orE同払- 3-1 一

=19 曲.10 守gtem

Tota)ron 由。 f rockbroken

Rdl,...d
h ナ:!!. ......(謁〉

ThenthemaximumvelocityVof rna 田

.IImaybe::ISfollows

fJ'ml ，.宮古 .uP.................... 側

。r

1'=, E~.，.:g~2 ...............(40)
~ lidill..dr

一一 19国王 10・ .9回
。r 1'=1.41.1 ，寸刻司窃百百万E

-J 山6)(10 'an/5l' きc_l0.5m/sec

Thismaybethe maxim 山富 addi 針。 n.1

vel 配ity of 出em. 田 of rockiftherebe

noleakageofga 担S 出rough cracksand

12

aborehole

5-3.Functionsofstemming

Functionsofstemminginblastingof

rockmaydividedintofourphases

(1) Stemming 匹、 k田 detonation ofan

expl 田i\'e chargemore ∞mp!et e. Stronger

is the 回nfin 白羽田丸山 eπ >0<0∞ mplete

bec O'羽田 the detonationofanexplosive

chargeandthevalueofdetonationpres

叫re PI) approachestothe th 田retical

value

(2 > St釘nmmg mcr担割弱 the effective

leng 由。 fshockwaveprodu 由d byde 岡田

tion. Theeffectiveleng 出 L ofa曲目k

wavemaydependsnotonlyonanabsoｭ

JutevalueofdetonationpressurePI)but

.1田朗自 e durat:onofhigh pr 国組問

whichisgoverned al 田 by theintensity

of“ back pre田町e·・ which m町民副gh町

、.vith strongerstemming

(3) Stemmingincreasesinitialpr 田­

sureofgas 曲目 the mom 凹tofthebegin

即時 of workdoneagainstrock. Before

a曲目k waveprodu 目s sla 出 which reach

the 凹sition ofanexplosivechargethe

highpressuregasescannotperformefｭ

fectivcworkofexpansionagainstr田k

Ittakestime

2<l
t ,=1701>

forashockwaveto prαluce fullsIn 出

whered=burden, U=vclocityofashock
、，vave. Duringthistimct, thcpre 田u ，e

ofgo.冒 s maybereducedtoalowervalue

p.andthcamountofpressurereduction

(pn-14)dep 白ds onthestemming, that

is, totalweightofstemmingnndthe
friction 匝tween the¥VaUofa 加問 hole

andstemming. Thelattermaybedesｷ

en 民謡 bythe{allowingequationsfor

stemming 噌
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P=C'el'J....(42)(Y.Shimomura l

・')

wh 町eP=resistanceduetostemming

C=constant

。 =base ofnaturallogarithm

K=constant

J.=lengthofstemming

山

or p= 九 C If ......(43)(J τ'a ylor ll )

Po=constant

μ=friction coefficient

d=diameterofborehole

Ata回目 time f, theslabsformedbya
shockwaveareinamovablecondition

andtheexpansionofgaseswithaninitial

pc 邑sure 伶， perfo ロ市 work ofadditional

accelerationofrockfragmentation

(4) Usuallyatanearliers回ge ofex

pansionofga 田s stemm 田g maybeal

readyallblown 凹tofaborehole. Howｭ

evertheremaybesmallcontributionfrom

thestemmingtotheincreaseofwork

donebyexpansionofgases

Theimportantfunctionsofst 回nmmg

inblastingmaybe(1).(2), (3)andnot
(4). Thestag 田(1). (2)and(3)maybe

r田!i red withinanextremelyshortperi 叫

oftime.forexample.withina加ut bali

millis 町m吋 as isshownbythefollowing

relation

2x1.5meter
-0 田町 ;22 時c. or

574Ometer/sec

O.5milli 民団 nd

B伎コ ause ofthisextremelyshortperiod

offunctionevenasmallamountofstem

mingmaybeextraordinarilyeffectivein

blasting

10)Y.Shimomura:JournaloftheMiningIn
stituteofJapan.1942, No\', p.6'n
II)J.Taylor:MiningEngineer.Vol ，民間ト

""

ｧ6.Simultaneousblastsandselectionof

spacing& betweentwoboreholes

InFig.4.spacingSobctw 田11 twocy~

Iilldricalcharges01andC:isdefinedby

「

町

向

山

人

時

一

z

m

沼

町

一

樹

…

比

一

日

一

明

一

一

一

平

…

…

十

ち〈卦"借地毛

ー-(-告尚. -f3,, 1

OelZJ)3Cコ

W均喝骨ゥオ胃7事~.:_- "'-"""""~‘ M ・，

￡長二…:
Fig.:3邑 quence ofe\'en 匂 in bl 田 ting

'.・ ro O'

ト H + 54-一一」
(↑〉よ

~疋ドフ;;-;;;こ勺京高三

1ｮ'

ず

、

、

⑧
C, .u ・ d 出

"，..， ηI~，:..:山町・

c.•..I.
M 出

..・.，

<r ll a1r.・

a ・1 ・lU"f'

4---'.・句"国・.， ....J

FiR.';. SelectionofSp :l cing 守♂

13
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;hh(÷)" 側
、，vhiJe wehave

For an assumed valueof ,,=1.5 we
have

(1+~');“1+-=' 1~'=2

ー菅一一ー

。r %=2~ 2百九 1

%=1.担与1.<...........................(却】

or S.=1.4dr..............................(51)

Theformula (51> may beusedforthe
selectionofspacingSoon ∞ndition that

印刷 lividuaJ chargehasaweightandn

burdenjust 問ua] toproducea 向 II crater

r田酔 clive!)'

ｧ7. BI 闘ting 岡山 two freefaces

7-1.Selectionoft冊以同印 S

InFig.50(l)acylindricalch 町gewi 出

itsaxisC perpend回d町 to 出e planeof

thepaperhastwoburdensdl 包ld d:tobe

blasted. If町民 I民t d. 抽出出 e ch 町'ge

岡山出 radius “ α ，. c剖 pr 吋u目 a full

crateragainstthefir 世 f"碑 fa 田 ED then

theintensityofareflectedtensionwave

atCmaybea苗町 ned to 出 the 田me with

出e tensilestreng 由。 f rockSt. Ifwe

配leet 出e secondburdend雪国 as

/1:='411.................................(52)

出en thereflectedtensionwavewithreｷ

gardtothe 世cond freefaceEFhasan

intensityequ 叫 to Sf at 出e 世叩 nd free

fa 田，出 at is.atF,therefore.frac 阻re due

totensiond皿s notα :CUI"

Nowthedistanceofpropagation ,.- of

a 由国 k waveatwhichtheintensityis

r回u目d toahalfofthetensilest 問ロ glh

ofrockisf，凹 nd 坦 folio 町志

S (1-zd, ..............................(44)
whe 問 dl=burd 四 of anindividualcharge

The prob f，師 is tofindthe n町田 rical

valueof 同duced Spacing

x=S(J/d, ーも 。 (45)

Iftheint 白s; 旬 of 曲但 k waveperp 四­

diculartoafreefaceatamiddlepoint

.V匝tw町n two 出町酔 s isth胞団 me with

出at at 出e 凹int Dl, (orD~) whichis

justabovetheaxisofthe fi 四t (0, the
se∞nd) chargethenitmaybeassumed

出at thepartofthe 田lid betweenDl0 ,
andD:C:besuccessfullyblasted.Atthe

凹int D, or 品 the intensityofa 曲目 k

、，vave 19:

p，~p.( .~ r...............('6)
、町 J

At 出e middlepoint .'I I 出C two 曲ock

wavefromthetwocharg 四 C1 andα

arriveatthe 姐2抱 time whenbe 由曲訂 g田

aresimult3ncouslydetonatedbyu担。 f

the 盟mel "，唱曲 sofdetonatingf'目白台。田

asingle initiatorτ" 閉山 e outward

回mpon 凹t of 山e ，田 ultant intensityof

e 由民 k waveatthe pointJlis

2p"(~)"作)き

-2 PO (戸お了 j

jrE+i お，- ...........(,,)

れ)二2Po(iえがyr

dl+ぽサE

14
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I
(I)

\、

."，回目.

1-...，(..・4

III ,.......

ι…
一

工で広三
....，<.:出岨・~.坦

…吋一一Fig.5. BlaSlingwitbtwofreefaces

, -、. ，ー、.

S'-PD~U.) ~PD~τ) ......(~l)

Fromthetwoequations (詔) and (担、

we 命叫

r y'
Zナ ~l 且 (55)
(I: 2d1

InFig.5.eachofthewavefrontJJJ

叫 λ山師印刷叩創刊ロ山すふ

thenapartofrockJJJE.AK maybe

a田出 n国 to bebrokenbythec∞peratlon

oftwowaveseachofwhichhasaninten

sityt 品叫 though 制的問。 f 同­

mentationmay 出 di 符町四 t from 出at in

afuJIcrnt 町 CAD

7-2.Difference 出tween fr 田 and tight

end

AsisiI1ustratedinFig.5.(2) 由m (3)

loadingfactor, F 出at isweightof 曲

目plosive chargepertonofr官k broken.

isQuitedifferentbetw 田n f，田 end and

tightone. Burdendl hasbeen 担lectcd

tobeafullerat 町加.rd en Th 四 the ratio

ofloadingfactorfor 岡山田訴ま s are.

Jr

F fr田 2d， xdl
何回 一

Ftight 2"_'_
IAd1xdl

1.4
E4=0350(56 、

where lI'=weightofchargeperhole

ｧ8. ,t\ c"lil1drlclllchargeofulimited
IengUt

Ithas 出en n田山田 d sofarinthepreｭ

sentpaperthatacyl 凹drical chargehas

aninfinitelength. Practicallytwoend

effec 白 must 出凶 {en into ∞nsideration

Theyare(1) 出e 冒leetion ofsu b-d rill 川R

I, inFig.I.and(2) 田lection ofalength

ofstemmingI.nearaπ lO U出 of abore

hole sup 凹sing 曲e stemmingoccupi 田

theremainingpartofaboreholeleft

unloadedby a ∞ntinu 叩s chargew加盟

阿国 I leng 出 IS ん

ら1. Selectionof 田b-dril1 ing

ThetotallengthIeofalongc:、 lindricaJ

chargemaybedividedintothreeparts 目

曲目 is. litI:andl~ asareillustratedin

Fig.1. Theparts1¥and 1~ whichconsｭ

U四te twoendsofacylindricalcharge

maybeassumedtoworkasconcentrated

chargesra 出"出 an cylindricalonesina

sensethattheshockwav 田 produced by

partsIIand1~ arepropagated 田 spheric·

aJwaves into 出reed 田辺 nsio 回 while a

曲ock wavepr叫u白d by 由e part (~ is

propagatedasacylindrical.w;],\·e into

twodimensions.
Theupperlimitof 出e 副b-dr illing m町

befoundif 、陀 a盟血提出 at the 同rt {,

WI出 'its centerofgravityonthegrade

lineEDmustbeofa 担鐙 eient QU 四tity

15



'6 ShockW3¥'eth 曲r)" orbl 笛ling 剛山 cr1indrical ch :t唱。 (Vol. I柿 Ko. I

toblastatoeburden(11_ [fwede 目ribe

沼田 rrcsp 匂吋 ing rnd 山s ofa spherical

chargebya, whosetotalvolumeisequal
tothevolun 理問 presented byi~ thenwe

ha 、 e thefollowingrelation

;mJ=Me-m
0'

31，会 a
a,= 4~ a ...........................(詔}

As ん=sub-耐11mggtι

(3 、 I i
a'-li ん I· ..................(却〉

Asacylindricalwave pr国uced bythe

同ain partん must 出柑 oog e自由 gh to

p，国 uce afullfracture 叫ong amainfree

fa 目. wehave

o:=d:.S，=， 治lLY .側
、町，

Whileforaconcentratedcharge I~ we

have

S，= ベ♀幻μ)' 似
Fromthee明qu回at“ions (甜 J. (田) and(何61り}

、we have

ι=+( ~: )*dt..................(62)
0'

ん=:(1 よ10') 午0.3 副r 側
8-2.Selectionofthelengthofstemｭ

mingl ,.

ThelengthofstemminglTlaybederived

ifweassumethatthepartIIactsasa

sphericalch 訂ge. Toblastaburdend,
su世田fully againstthe fi 問t freefa 田 J

Ftheleng 由 1\ should 出

8/S, 、‘1\=1,=21.= ~ IιI d, .........(副〉
3¥poj

Ifwech蹴e the 加吋 en (計十，)

16

agam 叫 the secondfre~ faceAJJ 田 as it

be ∞mes thedoubleofd， 出en wemay

a時ume thepartC¥F.IB be 剖C目ssfully

blasted町 by the 田明町ation oft¥¥ｷore

flectedte 岡山， w凱白 from t"'Ofr 匝 face ，;

...I F 四d _-1B, Thenthelengthofstemｷ

ming1.mayberepre 担nted b}'

ん=却「 ;ti
。r

日{ト;(ご )'1 £1.'問
0'

日[1-;(- ，よ 1Jjdr
=1 晶I，“......(師〉

ｧ9.Comparisonbeb'ccn a 町lindricat

chargeandaconcentratedchar 宮e

9-1.Loadingfactorfora cyli岨rient

charge.Figι(1 】

Forblastingwithcylindricalcharges

asisillustratedinFig, ι(I) the¥'olume

ofrockbrokenγpee 回目 hole isasfo ト

l。、 vs

J'=J[S.d, ...........................(67)
H=hcightoffa 田

、"here

S.=spacing 出tw 田n 加re holes

d,=burden forcompletefracture

Bytheequation(51)8.=1.4<1"andby
(63)and(酷}

H=l~-{.+ ん=l c-O ，35o ，+ 1.65<1,
=1~+l .3<r， ..................,....,(68)

Fo，∞mpJete fracture相 er aburdent!r
theapproximateequation(13)S,=lJD

(~J' holdsfromwhichweha¥'cr

12)Kumao 問問 Theory and practl 由。 t

国，a包 blasting; This louro ::ll, 17. I~ ト171

<'056)



"
IfweuseW gramsofexplosivecharge

forVL1~tonsofrockbrokenthentheI03d

ingfact 官 (grams ofexpl 田ive ∞nsumed

tob悶ak onctonofr宮町 F isexpr 国担 d

bythefollowingequation

KumaoHin 。

d

・
a

-

-

-

-

-

. ーー

l¥lnrchI田η

山........"，配..

n_' 問問

:zz“.,.,

F=2晶xl加(会)

4・ E富山由
日.白
・町山一

(:~)'勾刊

H
-.- 7:'

_..-....・』・.

r1"=2田xmd11x(;Z)(d凹

=122gramsofAmmonGelatin(ShillKiri

Dynamite.)foronctonoflimestonebroken

Ifwetake 叩hie mete 四 of rock to 出

brokeninsteadoflonsofrockthellthe

loadingfactor10"isrepresentedbythe

followingformula:

L宇

vd
,
A

,
T
V
Y
山
。

-
E
明
。
!

,. ，甲.，
時間叩E

町e・

zn
r;

f" =2 船 lo-:T J.( 士r

or}"'=l 包 x2 田-32lgr 包ns ofexplosiv 田

foronecubicmete 目 of rocktobebroken

Thefonnullls(74)or(75)maybeusedto

田timalc "effectiyetensilestreng 由 8， of

(75)一"手包""，州
"-:;0 τ::'-

File_ .Comparl罰n between:l.C)"lindrical
char 瓜e andaconcentratedcharge

噂‘ F・
申同

r皿k" 匝cau 担 W~ known田nen 回I valu 目

。f "loadingfacto 間.. throughexperien 田

foragh'cnp3irofnnexpl 田ive andr出k

9-2.Loading(actor(ora ∞ncentrat 凶

chargc(co)'oteblasting)Fig.6-(2)

Theidcallyconcentratedchargcisrcalｷ

U吋 ill 出e 田 called “∞ yote bl 阻ting" 町

Thevolumeofrockbrokenperchamber

炉す(苦 r 側
Letusasswr 泥 that atotalIcngthofa

cylindricalchargeIeismuchlongerthan

1.3,11 intheequation(冊〉
Thcnwehave:

)宝(~~ )'・ m

Iｷ=JISedl...........................(76)

wc a田山松山 at theconcentrated

chargebereprescntedbyaｷspherewith

radius “。.. theweightofe>.. -p l冊目 e 凹r

d包官民 r is:

v

~

…

一

一

一

一

…

一

is

If

Weightofch 町ge "酔 r holeis

II ・=rra~le4. ........................(72)

叶tere .J.s::::loadingdensityofanexpl 田ive

charge

Ifwede皿te thedensityofrockby L1,

we fi岡山 e lo:ulingfactoras follo\ 時:

loadingfactor
4
3
;ratd......................(77)

By the 回me rea 田ning asis d曲en 出d

inｧ6.thespacingSeisdetenninedb)'the

Jr=
ム =2胎(:;: )

(:J同

f~
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followingrelations.lll

S~=x /1, ..............................(78)
(zz い
1+4)=2m

Forasph町icaJ charge

11=2, .z=J.3orSc=l.3d.rh""( 団〉

Theheightofbankmaybe町 repre 間nt·

edby 出e following 叩latian

H= 白" .................................(81)

Fora 加吋凹 to becompletelyraisedthe

following 同la 針。 n mustberealized 川

ι=PD( よ)会開
0'
.， ι 叶

',= ~ I 巳~J ..................(田)
2¥S,J

Combiningtheequations(76), (77), (曲)，

(81)wi 出〈回) wefindtheloadingfactor

Fasfollows

F=4 伽附( ~:)(立 r

13)In 抑制同"'''''岡市 ηand l:) the upward
∞m凹nent ofresultlln!由民 k waveatafree
f' ∞ at II middle 凹Int Jrhasbeenassumed

J 店、" .,
lobo2pol;)ナ while. strictlyspeak-

, .、" , d 、 2

ing, Itshouldbe2pol;-)l~ J.This
differencemakestho¥'l¥luoofxchangefrom
1,5'1 Into1.29.
Theequalion(却0) of 四terenceη 岡田 m凹, :..
(~ )包 (~7)'" (+)市ー一 +1- ーS ,
andthoequation(5)ofroferen 田川 nnd the
.q 回tlon (I)ofreference! 匂岡田 m.

I.、'If JtV147f)
...!!L_Dt_(~/)rH ~. r+d
。 '-\Sl/l 、 dt J•.J
Thn!Is,thecoefficientsaresligh:!ychanRed
from(1+ 吋 Into (:!+吋

14)KumaoHino;Concentratedtypeofno-cut
roundofblasting.ThisJournal.16.~o. 3.
1百 (19 ぉ】

wttmcxpl06i¥-e
(fl.I)

tonofrock

〆].4 5 、 I 55 、a ・
F=4.05x1 0'庁 I :.:: II ._-~.. I

\2.63J\1団 x]O~ J

=44grar 田 e:x pl恒ive pertonofrock

。r F'=44x2 田=116 gramsexplosi 可 e "'"

cubic ロ活胞団 of rock

The compari 田n 出t\\' 田n 9-1and9-2

showsthattheconsumptionofanex

pi田ive inaconcentratedcharge(coyote

H田ting) is 田町 Iy haJfofthatina

cylindri回I charge.
9-3. I心ading factorfordeck charg 田

Fig.6.(3)

Thevolumeofrockto 出 brok 旬開 r

国re holeis

l' =S .d (t汁んの→川)向
wh 町を

.Y..=num 匝r ofdeck

d..=heightofdeckorverticaldisｭ

日間 e 匝tw 皿n twodecks

S.=spacingbe何回 n 加rc holes

1.=leng 甘1 of ashortcr1indrical

chargewhichmaybea田山田 to

actasaconcentratedchargewith

radius"n,"
1,=sub-dr iJ ling

1..=lengthofstemming nearthe

mouthofaborehole

d..may 出 assum 凶 to bethesamewith

spacingS.to 日cure the∞mp!cte frag

mentation

d..=S.=l.3dt........................(86)
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:¥1:J.fCh1951) KumaoHin 。 I'
,'- /...ー、b

dr=212j(開〉

fa+;rzE品。〈回〉

Total、.veight ofcharg 田 W perborehole

isasfollows:

TJ'=lV..;ra: ん .tI......................( 叩〉

For a large numberof .Y.. we may

neglect( ~ 1.+U/)agai閥均川印

thecombination of 曲e equations(85),
(86), (87), (88),(89)w;th(田) givesthe
loadingfactorF.

Id. 、 ( S, \l.~
F=6.31)(10・rrl ←ー H-'" I

、 d. ノ、 po ノ

"ramexpl 曲>Y e
寸石 of 高E一 (91)

I 1.45 、 I 55 、，..
or F=6.31x10'"(:.=II • w.. 1

¥2田 J\ I回 xI03 )

~ gramex 判明 ive

一一一 ton ofrock

gramexplOSive
。r .F'= 回 x2 田~I 由一一一一=←一一

αlbic metersofroc:北

The 問suit showsthatthedeckcharges

四国 urne I田s expl 閣時出回 a cylindrical

chargewhiletheyconsumemoreexplosiｭ

vethancoyoteblasting

9-4. Fragmen 阻tion inthreecases

Fragmentationde 酔nds onthea属。 lute

sizeofblastinground, therefore, wemust
S戸city theheightofabankIfandbit

gauge2.“ which isavailable

Forexnmple ，回 PP<ぉ e Jr= 叩 meter ， 2“
~25<コnキ10 inches

9-4A.Cylindricalcharges

Foracylindri回 I chargethepeakpreｭ

盟U問。 f a 曲目 k waveata ir田向田 ;s

田 folio隅

PFPD(;)M 間

whiledisdeterminedby

19

, ，旬、，.

S戸内l 勾) .....................(93)

emηbining (92)with(93)wefind

"..=2 1

・S， ..............................(9')

orp..=2 1 "x55=2 .B)奪回 =l 54K g/cm~.

Thenum 出I' ofsla 出 ..vn狙y 出国ti·

matedbythefollowingfonnula.l)

I =20
or

λ-2 河湾 2' ・=2.8 ..................(95)'

Thethicknessofnslablmaybedesｭ

cribedasfollows

12L 〈町

while(-romtheequation(93)

~ = ~ (立)" ...........(附
or

d=;(Z)505}

25 II 団叫0'、 u 25
=..__-..In_......__I = ~ xl70.2_
210:2¥ 55 J - 4

10田em

Then

“, ..向、.

t=2-LEj(96)

，~ 19田んー= :::-=-_05孤'en，
2.8 守-

9-4B.Concentratedcharge

Foracoyoteblastingthepeakpre 田u­

reofa油田k waveatafreefaceisas

follows

p..= μ(n 雲間

whiledisdeterminedby

'ーは
S'=I'o~ 2.,)........................(国〉

回mbincd (97)wi 山 (98) wehave

"..=2 ・'S ，=T- S， ........................(99)
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。r 11.=~81

P.=-Ix55kg/cm き~2 却kg" 団子

Then出羽出 r ofsin 回 ~Y is

x=';.4=2-'=1 ..................(1曲〉
。，

Astheheightofa ba叫， Ifisdouble

oftheburdendthethickn~ 裂s ofIIslab

1isasfollows

a j{
(~-". =,::. .....................(101)

,N 2.A

orfzzmkm=2 却em
2x4

9-4C.Deckcharges

Foradeckchargethepealζp ，田 sure

ofashock\\引 reatafr 目 face isasfol

lows

)

}

回
町

1

<

(

.,
-
一

a

)

a

f

、

l
J

n

・d

'

t

q

(
3
4

np

(

=

=

h

a
J

a
ehu

Letus assumethatthelengthofan

individualeh 町geιhas 出en taken 田 as

lc=2c.................................(1 田〉

Thecondition(103)realizesthea昌也 mp·

tionofa 田ncentrnted charge.then , we
ha 、 e ，

的~1.1 5，..............................(l 0 l)

Theconditionforafullfragmentation

is

SI=VD( マ )L ，n(1?")2fI 町

From(1田) and(l出) W~ h町 e'

p,=4S, ..............................(1佃}

The 山mber ofsla 出ぷ is:

λー=2=P=22=4 。07)

ThethicknessIofaslabis:

。， (~空 \1

I=d= 2\8, 1=0,
S 2: 8

(千 uSa ('>"¥1l l)efmS,) 8 \S,

25 II田 .1 0' ψ
r/=1.15x...-~ {..:w_-:.OV_}=97 四'

2x8¥ 55 )

Theburdendis:

1.150fJ>n、き
a-.;"\工)-却8c m...... (l 09)

The r国ults d田町民 d a同町曲。 w 出at

deckchar g-邑 give thebeslfragmentation

(町旬。 while co}' 悦e blastgivesrather

i町ger fragments(250em)andcylindrical

charg 田 give thelargestfragments(3 田

em)

ト~D. N山nber ofborehoI 田 in cy!in

dri回 I chargesanddeckch 町g曲。

Itmustbenoted 曲at hurd 町、 s are 護活

cmford民k chnrges, 1000αn r，町田·yotc

blasting and 1阻3cm for cylindri 回i

cha' 富田 r宙開 ct i\ 'el}'

Itrn 四回出 at numberof 回re hal 田 pe ，

cubicmetersofrocktobebroken is

d問stica Jl y increasedwhentheomg 則­

tudeofburdensisdeer 四時 d asis i日出­

teatedinFig.7

Thenumberof 国間 holes Bperunit

areaofahorizontalfaceisforcylindri ・

回I c.h arg 田 as follows

jV=1=1=1f2
S.d- l .4d~ -1.4la

(ふ了に盟/品)国
pn) J a雪 \ PD

(110)

2晶叫! 55 \I.~
B'=--::"-I~""--~，， .I =1.45x10-;

25宮、 1曲xl lP J

1刻er squareαn

。r B=lO'11' =0.45 加re holesfor1曲rn'

Thereforeone 加re holeisneededfor

1曲-・
0.45=4'Vm-

20
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，-吋・ ，一

ロ伊主 :ve

撃Jjp:

一，-
caseofdeckcharg 倍、 ve need::OA=11.2

19.6

l> m四 more 加rc holesthaninthe 回E

ofcylindricalcharges.
Table2.summnriz 田 the r，田 ul 回 of disｭ

cussiol1d田町'bE対 a加ve

1ntheca 盟 of deckcharges

IFE12L 話 1 r_2
Sed 1.3d: l.3l1.15α

(ふ什叩 (~Jnjju-LFj <111>
，、μ"'

2.33)1:4 55
orB'=EZ X1回 )(1 0"=51.4 )(10・， per

squa 同 ern

。r B=lfl- B'=5.1hareholesfor1∞mヨ

Thereforeonebore holeisneededlor

1曲
51=29sxnaRoughly speakmg 川出 e

山一，.
m則.，

間一
-~ ...
._，~....副

、・ー'・ー

"，句碑"・4・...

.，...'占~ト

l ム叩・.......
略&-';'&-

川刷品川町a・・

•'・a・

Fig.7. Bin 拍ng patternsforcylindri 四l

ch3rg 回目四回 Ie blasllflRIlnddeckcharRes

(Colltlnued>

Table:!. Comparison 国tween cylindri ロI chargesand 曲nC(' nlrated charges.

内pes of

blasting'

Lo31lingfactor
,.. j{rnm
主主 pin 町旦ーー

cubicmeier Burden
r民k .lcm

HeiJ(htofb'lOkJI_<lCm
diameterofborehole2"·2~m

S""αng Thicknessor l'umberoCbore
Se'-"xd :1 副・ b Iem .holesfor10 ∞mヨ

"

1.5

"

3田

25"1.3dcm

1.4dcm1悩:J cm

1α lC< m

J21 g，1ll~Ieν Il ntlric :l l
(I)I，，"J" """"""'~hn叫。

<23C12TJr{21ue11168mz

(3) I 白色。 じ81 J.:t m~ J馳m Jm
Note; detooati 加 pres 叩 re oCanupl 開vo po-I 岨 x ，伊 kgcm 宮

剛山 Ic slrenglhofrock SI.... S5 kg， cm ・

loadingdonslt)'01explosivc .4,-1.15g.cm'
densilyofrock .J， -2.6::gcm~
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