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Summary

Theblastingroundswhichutilizeneitｭ

herangled 凶t5 norburncu 回 have been

definedas “No-cut rounds."No--cutrounds

previouslysugg 田ted havebeencriticized

ConcentratedtypeofNo-cutroundhas

beenpresented.Inthistypeboreholesare

drilledperpe.ndicub.rlrtothe fi 田t Ir 田

face回目 li e! toeachother 同 n concentｭ

ratedpatternbutwithout t∞ rigorous

req 田rem 田t5 asneededforburncutsand

thee"eryboreholeisloaded wi 由 expt ・

osive ∞ntrary toburncu 白川 whi 出回 me

holesarcleftunl 回d国 to makethemfuｭ

nctionaslimited fr目白 C田 Th 田e "cut

holcs"arefiredsimultan 四回 Iy b)'ins 臼

ntan 田us electricdetonato 四 or byprima

∞rds. Inlargetunneldrivingandinundｭ

町gr 凹od driftingtheconcentratedtype

of “No-cut round"hasb田11 provedprofiｭ

tablebringing about the reduction of

numberofbo 日 hoi 田， weightofcharge,

numberofde 柏田 to 悶， numberofdelays

ofmilliseconddetonato 目， and the 同町担問

。f depthofp叫1- Blastingpatterncanbe

simplifiedbythismethod..Examplesha 吋

beenpr 田e nted wi 山市 ustrations. The

principlehaswideapplicationstoexca,'

alion

• A組 machi. Yamaguct:iPref.Japan
(I) All 凹 Gra}": Le ctu 陀削"Exp losh'cs
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ｧ. 1. Det 川比 ion ofNo-cutr/lunds

。f blasting

Inordinaryblastingindrifts.tunnels

etc.thefirststageofblastingisthe"cut"

WI 出 one free face available and the

methodsof dr iU ing 回目 holes and of

determiningthe,,,eights ofchargseare

differentf悶m 出国e forthelaterstag 昌

of blast 四g， suchas for re !i e"er 吉田 d

trimmer 胃 In angledcuts 田ch asdraw

cut, V cut, wedgecutand肝 ramid cut.

thecutholesaredrilled wi 出 engt 田 of

inclinationtothefreefaceotherthan90

degreesandtheeffort 向田 ncentrllted on

田市 'n唱団 g the 四d 凹ints ofthabore

hoi 田 to n 同int

In burncutmany pa 悶lI el hal 田町 e

drilledatright angl 田 to thefirstfree

facewhile 回me ofthe 回目 hoi 田 a問 left

unlanded thus providing “ limited free

faceg".

InthePI'田 ent papertheblastingroUD

dswithoutangledcutsorburncutsare

defin 回目。出-c ut roundsof blasting"

ac ∞rdiDg 凶 the cia 組長 cation sugg 田全国，

e.g., brA.G目)-. 1)

ｧ.2..Defectsofron"entional 凹担

2-1Angledcuts

Commondefectsoftheangledcutsare;

Dr illing 岨d B!altlng."I目I. Se p 培、 -1952. Jan
10_ColoradoSchoolof~tinel
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(2) Spiral 叫t (剖 Craterr飢辺 4

Fig.I No-cutround8p附 ioush' 回園田 ted (1)AgnewCut
(2)Spiralcut(3)Crnterround

(1)therenrenodefiniteprincipl 田 for

thedeter 沼lination ofelementsofd田igo ・

ing, suchasdepthof 加re ho1 田. weight

ofcharg 田， angleofinclinationof 加re

holes.etc.(2)Skillisrequiredtodrill

hole 渇 with a田essed anglesofinclination

with perfect convergency of the end

pointsofmanyholes. (3) Ingeneral

ther田k isnotpulledouttothebottom

oftheboreholesandtopulltothefull

depthadditional 困問 holes (relieversor

openersorhelpers)mustbedrillednear

the"cuts'", thefactrevealingthatthe

originalcutsare not 印刷 gh toproduce

free faces nee 出血 ry to thesucceeding

shots. (4) A great number of bore

holesmustbedrilled.Inshortthestand
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ardization of the blasting pattern is

di 侃cult

2-2Burncuts

Commondefectsofburncu 随 are: (l)

thedistance:tbetweenloadedholesand

hollowholescannotbetheoreticallydet

ermin 民1 andexperimentsto find them

arctroubl 田。 me. (2) 出町 e isnoprinciple

tofindncce 田ary andsufficientweightof

charge(3)loaded holes and unloaded

holesmustbeexactlyparallel, othenvise

blown 吋out shotsorbreakingthroughat

thepositionsofcharges 出cur (4)addiｭ

tional 加re holes ，四 k釘"S， ar 巴 neee 田ar~'

neartheburncutholestoinsurethe

advancebutthedistanceybetweenthe

rakerholesandburncuthal 出向 di 侃cult



1曲 Kumao 討>no

todetermine.(5)agreatnumberofbore

holesisrequiredandweightofchargeis

ratherincrC8sed.Inshortthestandardi 一

回針。 n oftheblastingpat 日rn isnot 田町

2-3No-cutroundspreviouslysu 四国 ted

a) W.G.Agnewcutm

In 出is meth吋 all boreholesarcnearly

perpendiculartothefirstfreefaceand

arespaceda1m国 t uniformlyover 仕le free

face. The charg 田 are initiated, for

example, asshowninFig.1.(1)th即時h

同国tion firingofmilli-seconddelaydetoｭ

nato 四 in sequenceof :=:1, :=:2, .......All

b。陪 hoI 田 are loaded.Although better

over-allperformanceofblastionghasbeen

claimed the blasting pattern 回n only

be determin 吋回 perim 四回Ill' en担 by

case.Itlacksg凹eral principletow9rk

on

b) Spiralcut

In Fig. 1. (2) all 加re holes are

perpendicular凶 the firstfreefaceand

thesequ 四ce offiringisindicatedbythe

n山nher n田r theopeningoftheholes.The

largerthenumbers, the 四割町 the burdens

tobe broken , therefore, theburdensz

maybeincreasedstepbystepmaking

theblastingpatterninto aspiral.The

defectsofthismethodarc:(1)Di侃culty

ofdetermining.ell X~ ， (2)Difficultyof

drillingaccordingtothisdelicatepattern

(3)Forthe 田me diamet 町 of borehoi 恒

theweightofchargeforι' 出e numberone

shot" , whichisreallytheonly"cut" in

itsexact meaning, is nee 田sarilly t∞

smalltopulloutthefulldepthandthe

subsequent shotB, number two, three..ｷ.

cannotincr 回sc thead¥'ancedeeperthan

thedepthpulledoutbythenumberone

shot.

。 Crater round
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InFig.1.(3) 剖 I borehoi 田 nrc pcrpeｭ

ndicuJartothefirstfreefaceand 位， e

sequenceoffiringis ind 悶t国 by the

number=:}, :=:2, ::::3

Thenumberoneisthe 吋ut" and幻想

numbertwois 山e opener.Ifthediameter

oftheborehoi 白 is the 回me forallhol 田

theweightofchargeofthefirstshotis

n民団 sarilly t，∞ small toproduceadeep

craterinp四e" 国I circums 回目白 and the

回peet 吋 ad\· .I1 nce 回nnother 田lized

OnI}'if.11boreholeofan 白tra -o rdinary

bigdiameter崎町 ailable ferthec血t町

holethisme 出国 may pro 可 e practicaland

elf，配 tive

ｧ.3.Principleofthe 四ncentrated 句碑

。f No-cutroundofblasting

3--1Principle

According 阻 the recent th 田rya) of

blastingwithconcentratedchargebased

chiefly on 出e characteristicsof曲目 k

、，vave producedbydetonation, theweight

ofchageJrnCCel 出ry toproduceacrater.

wh 偶e apexre:lchesthe cent 町。 f 出e

gravity of the charge, is determined

uniquelyforagh'enkindofrockand

explosivebyagivendepthofcharge,
verticaldistancebetweenacenterofa

chargeandafr田 face. InotherwordS"to

pull tothe depth d the am 凹nt of

expl 臨時If' must beconcentrated at

depthd.Otherfactorssuchasanglesof

出re holes, numberof 加rc hal 田 etc. are

ofs町ondar}' im 同比 anee. Whatisthem田t

importantistofindthisamountII' f'町

(:2) W.G.Agnew;MiningCo ng: 可ess Joumal
1949Apr.p..0.Oct.p.3J.1950.Oct.p 箇

(3) KumaoHino;T五'0η 。f bJ:lIitingwith
cone 旬、 traled charge:JournaloftheIndustrial
Ex plos 町四 S白山 y. Japan.Vol.IS.1布 4 1954
p. "，角 ~249
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Fig.2ExperimentoncutforAmmonGelatin
d"，司 mite (Shin-Kiri) 血d Sandstone
TotalweiRhtofeha 唱'C. 1I' ~13 ぷ'kg

agivenvalueofdandtorealizethe

relationbetweenlJ'anddinpracticeby

theexplosiveanddrillavailableingiven

circumstances.Usuallythediametersof

drillshaveasamefixedvalueforb叫h

cutholesandhelpersetc.Thereforeto

realizethedefiniterelationbetweenIV

anddwemustconcentratethenumber

of 加ce 加1田 on the 凹sition of the

expectedcutandthisconcent 問針。 n may

匝 r田lized bydrillingmanyparallelholes

st 日ight intothe 田山 d. Thenumberof

holestobeconcentratedde 凹lds on(l)

thediameterofbitavailable(2)"depth

tobepulled(3)凹 \ver andbrisanceof

expJ 臨時 used (4) I田d田g density of

chargeand(5) 柏田 Ie str 田gth ofrock

The 出nefits ofthisconc 自立問 ted type

of"No-cut"r凹nd overtheburncutsare

(l) the 凶re holesare r明uired to be

nearlyparallelwhileinburncutsthey

曲叩 ld beaccuratelyparallel.(2)distｷ

16!J
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(7) st &c:ll.1喝 配二三: :(・"山則男('..... or 出

一一Fig.3 PerlE記 t[~· 創 mU[taneoU8 Initiationofuel
holesb)'meansofdetonntingfuses

an ，曲 among eachholemaybearbit.rary

althoughtheshorterthebetlerwhilein

burncutstheysh 凹Id 畑、 e somedefinite

values.(3)totalweightofchargewhich

isdistributedamongmanyhal 田 is dete

nmn 同 by simpleprocedure.Inburn 叫ts

theweightsofchargesin"ariousholes

mustbechosencarefullythroughexperi

ence.(4)loadingofcharge issimple

Chargesarcloadedintoeachborehole

asdenselyaspossibleandarestemmed

asfirmlyaspossiblewhileinburncuts

thechargesinoneholcmustbedispersed

withcushionpieces.Inthepresentpaper

previousdefinitionof"No-notrounds"h田

beenpr 田erved andthe"cut"meansthe

concentratedboreholesloadedwithcxpｭ

losivealthough itsoundscontradictory

that “No 叫t round"hasthe cut. The

morereasonabledefinitionmaybe"st 悶，

ghtcuts."

みー 2 Experimentsoncuts

Various dynamites such as blast!ng

gelatin, SpecialAmmongelatin(Tokuｭ

Kir り， Ammongelatin(Kiri),Bdynamite

(gelatindynamite 田町商剖 of nitroglyｭ

cerine, pentaerythritoltetranitrate, bariｭ

山n nitrate, aluminumpowder, nitrocellｭ

ul 田e， whichissup 凹sed tobethestrong 田t

expl 田lve WI 出 the highestdensityamong

industrialexplosives)have been tested

forvariousrockssuchassandstonegreen

41
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schist.Agr田t numberofblastsha 、 cb 田n

performedtoascεrtain therelationsbetｷ

wecnweightsofchargesJranddepths

tothecenterofcharg 田 d

An 出ample isshowninFig.2.Ithas

beenprovedbya seri由。f experiments

thatdetonationofchargesatthe 加ttom

ofboreholesdrill 困 st 悶ight intothe 田lid

canproducea 回nietll shapedcratersuch

asshowninFig.2.whichfunctionsasa

morc effective or extended cut than

conventionalcutsbyordinaryangledbore

holesorburncuts

Initiationofdetonationofseparateehｭ

acg 田 in severalholesofcutsism田t

effectivelyperformedbyusingdetonating

fusesofthe 盟国 e lengthwhicharciose

rtedintodi 宮町田 t hoi 団関白 e onehand

butonthe0出町訂 e tiedintoabundle

aroundas盟国1 pieceofgelatindroamite

whichinturnisinitiatedbyanelectric

detonatorasis show 噴出 Fig. 3.This

method rna}' be called ..the perfectly

simultaneous旭川 ation" bym田ns of “ the

町田hroI羽田 detonating iu時5." Fromthe

standpointof"出 e shockwavetheon'of

blasting" thisistheonlywaytobring

a加ut them田t effectivecooperationof

severalcharges.howevcr , asthismethod

issomewhattroublesomeinpractice.in

thefollowingexamplesdescribedinthis

papertheinitiationof charges 同 cut

hoi 田 h描 be四 performed withthesimul

阻a田us firingofinst 四国 us de 回nato 目 in

回ch hole by strong electric current

suppliedbyaconden盟r dischargetype

exploder.Asthespacingof 出e cutholes

.aresm.aU(10-2Ocm. charg 田 in different

holesmaybede 回目 ted bysympathetic

detonationinpractice

3-3StandardpatternofNo 吋cut round

42

ofconcentratedtype

Aceo 吋ing tofundamentalre::訟訂 cb on

blastingundergrounda fundamentalpa

tternof 加re hoi 田 has 出四 found tobe

suchasisillustratedinFig.4

Inthise昆ample withammongelatin

dynamite(Shin , Kid) andGreenSchist

(Bessh り the followingr田ults havebeen

obtained:bitgauge=34mm..spacingof

cutholesXI 国民 =2lcm. ， spacingbetween

thecentcrofcutandsidehal 田向旬 1凹

em..verticalspacingbetweensideholes

z.= 叩em. ， spacingbetweenbottomholes

(and betw 田n top hoi 田〉飢 1=::12=::'=

z.=60cm. Thepatternof bore 加I田"

symmetricalwith 悶speet tothecenter

cut

Dimensionsoftheface a= 2OOcm.,
b=2OOcm.Totalweightofchargeforcut

w= 拘，制 is ， fore叫 b曲Jr l=: =

1.25kg., leng白 of 回rtridg国 f町田rb cut

hole1<1 同SOc m. ， weightofchargeofside

hal 晶 per hole11" 2= 反)O g. ， weightofcharge

oftophal 田 per hole"'2=lkg., weightof

chargeofbottomholes(except 回同町時

間r hole"'， =5 四g. ， weightofchargeof

bottomcornersperhδIe r九=lkg. ， total

weightofchargeW,=15.8kg., totalnum

berofbore hoi 田 11=16 ， lengthofbore

hole 1,,= L5m., depth of 似111 dp=1.35m

Thekindofdetonators=instan 阻n回us el

cctricdetonatorsfor キ 1 hal 田 millisecond

delaydetonato 目 for ::::2and::::3holes

Inthccom'cntionalblastingwithγcu 回

theresultsarcliSfollows;totalweight

ofchargeforcutholesW,,=4.95kg.,weight

ofchargesforotherholes=12 恒kg. Total

weightofchargeW,=17kg., to阻 I number

of 回rc ho出向= 16., lengthof 同re hole

Ip=L5m..depthof 凹II d,. =1.1仇n·. the

deto n<l to 四 used=instantan 回us andmiDiｷ
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seconddelaydetonators

3-4Designofcutbasedoncratcrcuｭ

何回

Forthed田ign andpracticeofNo-cut

roundofconcentratedt}'pewemustfind

theamountofexplosive，九回 pr凶uce

theexpecteddepthofpulld". Them曲t

practicalwayofdoingtltisistafindexｭ

perimentally the relation between the

depthtothecenterofacharges(ora
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groupofcharges)from thefirst ir 白

face, doandthelVeightofacharge"

toproduce a “ full era担r，" that is, a

craterwho 皿 apex rea 由時 the centerof

gravityofthecharge. Anexampletor

ammongelatin(Shin-Kir り dy 国mite and

岨ndstone (Miike)has 出血 shown 川 Fig

5. Suchacratercurvemaybe山田 reti

四Uy drawn based on the theoretical

formulasofshock'IV品 e theoryofbias

43
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3-5D曲gn ofcut ba 時d onreduced

depthorburden

ForpracticalpUrp 開店 the mostimp か

rtantisthecaseofthefullcrater.the

ca 日 where an 叩ex ofacraterproduced

bydetonationreachesacenterofgravity

ofacharge.Attheedgeofacraterin

Fig. 6.thecompon 凹t ofpressureinteｭ

nsityofshockwave\'町 tical toa ir田

facemustbe 町unl t。曲目印 sile streng 曲

。frock Sr

d d
SInrr= つ』 g7 予芋 F (I)

•
k-......トー吋

I ..“'"'・ r ・"'lla掬s・r

......hu

SzzpA3azpb(�¥452

可n(ゴ有·r-;"ふー m
o{千)'+吋十)長(昔)示

wherePll=detonationpressureofexplOSｷ

Sl= 目nsile st 問ngth ofrock

lI =dis 阻nee ex 岡田 nt

«=angle 出tw 匝n thedirection

ofshockwaveat 出e edgeof

ac 回目 randafr 目白血

Therelation(3) is 、 alid forgeneral
shapesofc団住四 includin g- 'full crater:'
Ifthe"aIu 由。 fRa 同d forfullcraters
arerespectivelydescribedbrR, and(I,
thenwehave

(号)' +1~( 昔)吋去最(')
Thenumerical 、叫 ues ofR,lu, or 出C

日diuSod叩曲目ti曲 as ha町民en found
byC.W. Livingstonarea加ut 2.7and
aremuchlargerthanhavcbeenbelieved

before.whileinpracticcitmarbeade-

quatetoassume R,ld,=l.5. In

generalR,M, maybe a田urn 吋

tobeconstantforapairofexｭ

pI 田ive androcki町田 pectivc of

theabsolutc valuesof R,. el,
anda

,
2偽

e・同 U 山

"'e."，Wr
・z ・
h

加出@山ヘ.1..1:
-e• e・

u
・
r
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Fig.6ReduCi!ddepthorburdenl)=d!afor
目 full crater

Theref. 。児 the fa 出wing v副ue

ofD,=d1Ia orreduced 加ro 朗

orreduceddepthis 回n成田 t for
_

(3) p.2'2_(30)..=加m: The 問凶lion below(29)
i:lthep陀\-10 1.1 1 凹P" 【 3) p.241
shouldread

hpn(÷)" 再会す
-1> ..，(丙知 ，r，;去百
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fullcratcrs

J) I= ム~(ι )+ 1(4.-)' +l r e守)
u 、。 g ノ t 、 ell; / J

(5)

(1/isdefinedas “b' ぜden" inthetechnｭ

olog}"ofblastingandhasbeencalled“ the

lineofleastr曲istancc" incia 鎚1阻I tre

atiseon blasting because it has been

previousl}'assumed 曲目白 e 田lid mate

rialwhichcorrespondstothelengthd,
provid田 r田istance asawholetob皿aking

ataninstantofdetontionwhichactually

isnotthe 回se

IfwefindthenumericalvalueofDI=
d凋
~': forapairofexpl 田ive androckto
αt

匝. fore.."ample, 17 山田 this isvalid, in

principle.foreveryvalueofellorIt or

wcightofcharge、v

Thefollowingrelationexistsbetween

白 and W

h÷閥均L1 (6)

whcreL.I=loadingdensity

From(5)and(6)weget

h
T
u
f

J

1

+

+
V
l
J

0
7

り
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h
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L
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"
υ

十

γ
j
n
f

u
J
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z
j

z
s
J

ぺ
附

吋
村
山

a

17:1

Theequation(7)isthcwellknowllCｷ

xperimental formula.ofHauser. Thus

this “ cubic la、v" hasbeen deducedby

shockwave柏田 ry ofblasting

Exampleofcalculation. Ifithasbeen

found for Ammon gelatin(ShinｷI<iri)

dynamiteandgranite&=1.'15.W=3 叩Og. ，

d,=150::m., thenfromTable1.theradius

ofasphericalchargea=7.91cm..andwe
150

findthereduc 回 burden: J)I=7.!i了~19

Fortheburdenofdl=瑚km.. therequir 吋

3曲
目創出 of chargeais. /1=寸 g=15 .Bc m

fromT冶hie 1.weGnd:H"=詑 kg

Thenumberofborehal 田 among which

thistotalamountofchargeshouldbe

divideddependsonthegaugeofbitavｭ

ailable. Ifbitgaugeg=42mm.,thenfrom

Table2.thetotallengthofchargeis

F22 盟~=llm. Ifwedivide山 totaf
2007

chargeamong9holesthenthelengthof

11m
chargeinoneholeis: -9--=1ｷ22m. As

thecenterofgravityissituatedata
1.22

point -2-=O.61mfarfromthebottom

ofa 加re holeweshoulddrillboreholes

tothedepthof3m+O.61m=3.61mtomake

the depthof pull atleast3 mete問

Actuallydeeperbreakagemaybeexpected

Table.I
WeightofchargeW kg.andradiusof 叩heri 白I char 酔

αcm forloadingdensity4・ 1 .4 5g/cm'

II' kg 0.1 0.2 0.3 0.4 0.5 I0.6 0.7 0.8 0.9 1.0
a em 2.M 3.21 3.67 4.~ 4.3SI4.~ 4.~ 5.~ S.~IS.48

II' 1.2 r I.毛 1.6 I1.8 I2.0 2.2 VI 3.0 4.0 5.0
"5 凶 6.13 6.41 6.67 I6.97 7.137.34 7.91 8.10 9.31

一ー~~r ~.~~ ::OF .~.~ I.:.~ I~~.~ ~~.~ ~:.~ i~:.~ I~~.~ I~~.~“ 閉山 11.0 lIlAI".812.2 山 12.9I "., i"
II' I~~.~ I~~.o I~~.~ J9.0 田 o ".0ｷ22.0 I I
a 13.8 I14.1 j14.-l 14.6 4.9 15 5.'
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Table.2

Diameterofboreholegmmandweightofcha 唱。II' g

forImetercartridgelength.4・1. 4Sgtcm J

g mm ヨ3 23 25 23 50 33 35 38 " <2

II' g .os 002 ill 勿2 "" "" 1394 ,.‘4 "" 2∞7

4 .. '" 4副6

" 50 52 os ,.
"II' 2耳4 2305 "'" 2623 2. 毛6 50 同 お国 3«, ,,., 3828

日hIe. 3
Co:npari旬n between 町四mid 血""四d 四d No-cutro四d of
四ncentrnted Iη :Ie forGram 飽 porphyry andGelignite

3.2m

,.

'.om

2ぜか四 t

#7
"

'.On官

#;10

時四 mid

'.2 旬、

KindofRound

Numberofdela}'S•

letlglhofaborebole

depthofpull

Numberofdeton 針。 m

• instantaneousdetonatorsincluded

!¥'umberofbo 陪 。"' "
。 ttu-aIl os

hoiεg tota "
同t 2O.0kg 自6. 0kg

Weightofchar 酔 。th" 82.0 広g n 曲g

同t lOO.0kg 9:5.0kg

EXplosw@kpearczudbM:c IA8kg/mJ 1 おkg/m'
meter 問 n

inpractice.

ｧ4.PracticeofNo-cutrounds

4-1Graniteporphyry

Diameterof Tunnel=4.Sm (5 配tional

area=23m つ. Rock=Graniteporphyry(Hi ・

da-Hagiwara , Kumagaiｷgummi.Co.Ltd.)

Dynamite=Gelignite(Sakura)

工>e tonator=Instantan 四国 detonators

forcutholes.andl....IillisecoDddelaydetｭ

onato 四 with inten-alsof20ms.,

Exploder=condenserdischargetype..

Dynamite.detonatorsandexploderare

allmanufacturedb)'Nip ，凹 n Ka yaJ四 co

Ltd

Bitgaugeg=42mm..DenverDrifters

withthr 世 deck Jumbo.8arms. Ei 血co

load 肌 length ofboreholel,,=3.2m

Thechangefromconventionalp)' 悶mid

cutintoNo-cutroundof concentrated

typewasperformedin1954.July1-5

TheresultsarcshowninTable3.By

出e ofNo-cutr凹nd (1)Numberofbore

holesw田 red 山cd by 17~: (2)weight

oftotalchargewasreducedby7μ(3)

numberofdetonato 四 was reducedby17

,:. (4)blastingpatternbecamesimpler,

田町ertober回Hzed. Nolimitexists 主o

thedepthofpullinNo-cutroundsbee 副se

thesteelsof driftc 四国 n be ope.r叫 ed

verti 日11y tothe自国 t (reefacewhilein

CJ 墨田 ical angledcutsthelengthofst 目Is

islimitedbe 回use 出cy mustbehandled

at 田me anglestothefirstfreefacethus
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thewallsofatunnelmakehandlingof

longersteels impo 日ible. Whendeeper

ad¥'anceisrequiredforoneroundthere

maybenoparallelto No-cutroundof

concentratedtype.No-cutroundof 出"

typeismuchsimplerinoperationand

surerineffect 出an Burncuts

Fig.7(1)showstheblastingpa 仕ern

ofpyramidcutdescribedinTable3. ;宇 l

indicatesinitiationbyinstantaneouscleｷ

ctriedetonators, and:;2showsthefiring

bymilliseconddeJaydetonatorsattime

intervalof20ms., andsoon.Blackpoints

indicatethepositionsoftheborehoi 田

andthenumerical values besidethem

indicatethenumberofcartridgesofget-

;...(-ーーーーー

Kumaoliin 。

ignitewh 曲e weightpercartridgeis112.5g

Fig.7.(2)5gho\\ 月5 theblastingpattern

ofNo-cutroundofconcentratedtype

Fig.8.isthelongitudinalsection of

tunneldrh"ingwh 田e ele 、 ation isshown

inFig.7(2). Itillustrat 田 effects ofthe

sequenceofdelayedfiring. Atthecenter

ofthesectionofthetunneleightbore

holesaredrilledparalleltoeachother

andstraightintothesolidwithspacing

of2Ocm. betweenthem. Thedepthof

a 加re holeis320cmandtheweightof

charge per hole is 2.025kg. therefore.

intotal16kg. ofgelignite isusedfor

producingafullcraterwhosesectionis

shownbyACe'A'. Thelengthofcharge

D

目。四一一一-U
~J_ -; I

•

6Obm:

1.6875K43#5¥
¥

'
A
-
m

国 間 /

-
m
'
R

e
f
・2

/

，.日75Ke 1ヂマ

~~Clll

"，，--.ー与6cli
1.575Kg #~

each
bole #L
2 目 025忍氏

宅~;: ~吾房長(Tota1.16・ 2!<a)

/"ーサoe'

.--盲
目'!\H四
c-el

』F
-
l
i
-
-
F
o昭

三
倒
，

S
凶
時

一
目
。
て

E
，

母
語
『

! 干向。号令-

H←ー一一国OO~一一一同

l l,
D

Fig.eLougitudinalSectionofNo-cutroundofconcｷentrated
typeforgraniteporphyryandgelignite
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T:Jble.4

Reduceddaburd叩 1 W五tillt ofchorgoII聞がhd chrZE←旬 Burdim
m kg I em

#1 '72 20 16.2 96

#3 >s 9 !.757perhole "#S 76 l' 1.6 飽 per hole llll

#7 国 l' 1 曲8 perhole 1111

#7 " 13 2.025perhole '6

is96cm. andithasbeena田 urned in

d田ign thattheapexofthec目ter reaches

the cent 手r ofgravity of charge, the

middlepointonee'. Four side hoi 田

which 町e blastedbythefirstdelay(巷 2)

enlargelaterallythebottomofthe 口'ater

andthe2nddelay(;:3)isblastedat01

(and01')withaburdenof01 B1=日em

AsisshowninFig. 8theweightof

chargeperholeis1.575kgandit COr

r田ponds tothereducedburdenof9while

thereducedburdenforcut(年 1) is20

TheTable4.indicatesburden, reduced
burden.weightofchargeandlengthof

chargeperhole

Itmaybep田sible toreducetheweights

ofchargesforき 3.4.5. 6, 7asthereduced

burdensforthemare t∞ smal l. The

reducedburdenorreduceddepthfor事1

is 田timated by da 回 of blasting of

previousroundsFig.7.(1)becausein

thisconventionalpyramidcut, thereal

rr..tat:. tN6t.... !l'U he.
...~-，,

ぷ同国4目-ぷ潤悶悶悶申・+
，、

~、

'‘
4il~ : ¥d'--'"ill"十，

tf
、

+ ,‘.、 j
、，

、巴.

、"_.1.. -~

t・ 1 1'1 1.1
dα4 d'<.t ，(..~

知山t1'o nt ， !l>o.lI:町制 h・也加山

句UOll.J"1 e.l -回・包・ tllnd 出叫 -向'"・ a

…

持

出

回

も

副
m

M

cutisnotthethecenterpyramidlVith4

holesbutitconsistsof12hoi 白 which are

shownwitharrOl 時間 Fig.7(1)which

indicatethedir 血tions ofholes, therefore,
inthisconventionalpyramidcuttheactｭ

ualweightofcharge 回nsumed foropen

ingcutis20kg.whichisdivid 叫 among

12hal 田 lnthiscase20kgisnee 師団 ry

because they are uneconomically used

山lder dispe 四ed 叩nditio 悶 in spaceand

timewhileinNo-cutroundofconcentr

atedtypethedetonationofthecharge

foropeningcutiscOncentratedintime

andspace, therefore16kg.ofchargeis

en 飢19h toinsureanextendedcut. By

thism回目 a regul 町 pattern ofblasting

canber回目白 d asisshowninFig.7(2)

Thedepthofpullmaybeestimatedto

beι 0， ClC······ , alth凹gh inpractice

ithasbeenprovedtoreachD-IY. as

showninFig.S.Ifthespacingsamong

borehal 田 be reducedthedepthofpull

mayreachthebottomofboreholes.

Whenthelengthofchargeisn田rly

the 田me as, orsmaller than, burdena

cylindri回i 曲目k waveproducedbya

columnofexpl 田ive tendstobedeformｭ

edintoa spherical 曲目k waveasit

advancestowarda fr，配 face because

de<渇 y of peak p日~ssure in theaxial

directionofacolumnofchargeismo 回

目pid than inthelateraldirectionas

isillustratedinFig.9thusthea田ump

tionof"concentratedcharge"may 匝
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Table5
白m凹"刷出ween p)'r.unidcutroundand恥cuI roundof
四ncent :a ted typeforDlorileandAmmongelalindrnamite

178

ｭ
No-cutp)'ramidcutKindofRound

2.8m
•

2.8立百1凹gth ofabor宅 hole

27m

,
M

G

1:;.lbkS
32.2~kg

4争 4、.g

2.3mdepthotpull
ーーすー

同

国

国

'"'
o曲目

ωml

N"umberofbore

helel

r

t

叩z
u

u
d
u
m

c

。
む

，~∞>g

<3欧泳g

日叫'g

、，Veight ofcharge

I.otl 【民 m'「1.7kgm'
Exploli\'c 凹r 血hie:

W聞" ，世k in 回lid

<l

#5

65

事手 7

~umber ofdetonato:'1l

Kumberofde 同， .

c苫訂古口言明.T I叫Ih ofe]百言Z
kg I em

13.16
1.0125
1.0125
1.0125
1.125

“

弛

偽

物

同

副

instantaneouIdetonaω 諸 included

ヨ正直四,m

間
同
国
諸
国

Soqu凹，.。竺竺i

#'
#2

#3
#3
#5

=白羽den担r dischargetype. Dynamite,
detonato四 and expl叫er areallmanufa

ctured by Nip 凹n !{araku Co. Ltd.,
Bitgaugec=44mm.Denverdrifterand

joy I田der. Theresultsareshownin

Table5.ByuseofNo-cutroundof ∞n

C田trated type(1)num匝r ofboreho 凶

hasbeenreducedby32~': (2)weightof

totalchargehasbe 叩 reduced by8,: (3)
numberofde 回nators hasbeenreduced

by32,..: (4)depthofp叫1 byoneround

hasbeenincr 回sed by19,... Table6shows

thereducedburdensforchargesusedin

m四ds of
perfonned

'equ 四ce

4-3lo.Ii scellan 曲目

Agr 回t numberofNo-<:ut
concentratedtype has 同四

just 師団 in case

burden~length ofcharge (S)

InFig.8forthechargesC~. C...ｷｷ...
therearetwofreefacesforeachcharge

andtheblllstingisthese トcalled '"Bench

blasting."Iftheheightofbenchisless

出an thecritical depthforthecharge

andtheburdenisthe"fullcraterdepth"

forthecharge , thenthebench maybe

succ 国sfully blosted勾

4-2Diorite

Diameter of Tunnel=4 田〈蛇 ctional

町田= 13.3m'¥Rock=Diorite(Y.o.kiiwa

白baynshi-gummi 白Lt d.) Dynamite=

AmmonGelatindynamite (Sh 凹 Kiri).

Deton .o. t。問-= lnsttlr 由n田us deto 回加国

forcutholesandmil1 ise ∞nd dcl.o.ydeteｭ
出向目前 ith 同ter\'als of20ms., E叩loder page.2~5. theequlltio:1(臼〉(3)
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Table.7
Reducedburdensforvariousrocksanddyn"mites

一 Dyrmmi!e Reduced
、veIghh t 血nszyztsy

Rock burden Place
Kinds

6lteo j;t白 g', '.居

Gell伊Jle(Sakura)
邸" '.55 Grnnitc

ヨ3 HagiwaraPorph}'l'}'

2 , 55 1.55 Granite 22 $.1kuma

3 Ammon鉛G1e1latkin g 55 1.45 Diorite "
Y川mwa(Shin-Kiri)

4 ,
"

1.45 Grnnite "
Kuba

s ,
"

1.45 Sands/one "
r.liiko

PGe<reSmlhaimttmtesdhAmm。 36 唱。 !.55 C∞1 " Shinnoka
irnume)

7 , 色。 '.55 Andesite " Shil11llmeguri
a ,

" '.55 Shale " so、四m

GPeer1antBmut<eSdhAmm師
"

..55 Sandstone " FUI:!8色9IGei;'ii~(S-hi~'~'~;o)

aolPdpemorm 叫aimt町teetde(SAhm6mdain> " 0.95
" Sbimameguri

'"
,

" 0.95 """ n , SawiJra

withsuec 田s forvariouspairsofrocks

and dynamites in driving tunnels, in
driftingincoalminesetc. Someofthe

dataofreduc 同加 rdens 田 far obtained

haveb田n summan 四rl inTable7

InTable7theweightstrengthofdynｷ

amitehas been estimated by ballistic

pendulum. Theweightstrengthisnot

theonlyfactor which determines the
effectivenessofexplosivesinblasting

Dynamic....t1properties such 間 bri 田口目

isalsoofimportanceη ・

Ashasbeendescribedintheprevious

paperthedepthofacratertIproduced

bydetonationofaconcentratedcharge

isaconstantforaconstantweightof

chargeIf"andisindependentofthedepth

tothe 目nter ofacharge. Inotherwords

thisdep 叶1 ofcraterdisthedepthtothe

centeroffullｷcrater-charge.dt for 出is

weightofchargeW. Bythisprinciple

thereducedburdenordepthdtlamaybe

個別 Iy f叩nd bvaseri田 of experiπlents

alth凹gh in principle one experiment

suffices. Actuallytheeffectivestrength

51

ofrockdiffersfordiffer 印t directionsex

ccptincaseofhomog 曲目 tiS rock. Moreｭ

overscaleeffectsexistandthebigger

thescaleofoneblnst.thelargerbecomes

thereducedburdenordepth 出at is, in

general.expl 田ive chargesfunctionstr 。

ngerwhentheyarellsedonlargerscale

ina concentrated 、咽y whileeffective

strength ofrock becomes w四ker for

biggerm田5 becausetheprobabilityof

existanccofweakpointsbecomesbigger

白r largerrna 田
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