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Summary

The blasting rounds which utilize neit-
her angled cuts nor burn cuts have been
defined as “No-cut rounds.” No-cut rounds
previously suggested have been criticized.
Concentrated type of No-cut round has
been presented. In this type bore holes are
drilled perpendicularly to the first free
face parallel to each other in a concent-
rated pattern but without too rigorous
requirements as needed for burn cuts and
the every bore hole is loaded with expl-
osive contrary to burn cuts in which some
holes are left unloaded to make them fu-
netion as limited free faces. These “cut
holes” are fired simultaneously by insta-
ntaneous electric detonators or by prima-
cords, In large tunnel driving and in und-
erground drifting the concentrated type
of “No-cut round” has been proved profi-
table bringing about the reduction of
number of bore holes, weight of charge,
number of detonators, number of delays
of millisecond detonators, and the increase
of depth of pull. Blasting pattern can be
simplified by this method. Examples have
been prese nted with illustrations. The
principle has wide applications to excav-
ation.

§. 1. Definition of No-cut rounds
of blasting

In ordinary blasting in drifts, tunnels
ete. the first stage of blasting is the “cut”
with one free face available and the
methods of drilling bore holes and of
determining the weights of chargse are
different from those for the later stages
of blasting, such as for relievers and
trimmers. In angled cuts snch as draw
cut, V cut, wedge cut and pyramid cut,
the cut holes are drilled with angles of
inclination to the free face other than 90
degrees and the effort is concentrated on
converging the end points of tha bore
holes to a point.

In burn cut many parallel holes are
drilled at right angles to the first free
face while some of the bore holes are left
unloaded thus providing “limited free
faceg”.

In the present paper the blasting roun-
ds without angled cuts or burn cuts are
defined as “No-cut rounds of blasting”
according to the classification suggested,
e. g, by A. Gray. ¥

§. 2. Defects of conventional cuts

2—1 Angled cuts
Common defects of the angled cuts are;

* Asa-machi, Yamaguchi Pref. Japan.
(t) Allen Gray; Lecture on

“Explosives,
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(1)

G. Agnew cut

(2)
Fig. 1

Spiral cut

(3) Crater round

No-cut rounds previously suggested ( 1 ) Agnew Cut.

2) Spiral cut (3) Crater round

(1) there are no definite principles for
the determination of elements of design-
ing, such as depth of bore holes, weight
of charges, angle of inclination of bore
holes, etc. (2) Skill is required to drill
holes with assessed angles of inclination
with perfect convergency of the end
points of many holes. (3) In general
the rock is not pulled out to the bottom
of the bore holes and to pull to the full
depth additional bore holes (relievers or
openers or helpers) must be drilled near
the “cuts”, the fact revealing that the
original cuts are not enough to produce
free faces necessary to the succeeding
shots. (4) A great number of bore
holes must be drilled. In short the stand

ardization of the blasting pattern is
difficult.

2—2 Burn cuts

Common defects of burn cutsare: (1)
the distance z between loaded holes and
hollow holes cannot be theoretically det-
ermined and experiments to find them
are troublesome. ( 2 ) there is no principlé
to find necessary and sufficient weight of
charge ( 3) loaded holes and unloaded
holes must be exactly parallel, otherwise
blown-out shots or breaking through at
the positions of charges occur ( 4 ) addi-
tional bore holes, rakers, are necessary
near the burn cut holes to insure the
advance but the distance y between the
raker holes and burn cut holes is difficult

39
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to determine. ( 5 ) a great number of bore
holes is required and weight of charge is
rather increased. In short the standardi-
zation of the blasting pattern is not easy.

2—3 No-cut rounds previously suggested

a) W.G. Agnew cut ‘@

In this method all bore holes are nearly
perpendicular to the first free face and
are spaced almost uniformly over the free
face. The charges are initiated, for
example, as shown in Fig. 1. (1) through
rotation firing of milli-second delay deto-
nators in sequence of =1, =2, LAl
bore holes are loaded. Although better
over-all performance of blastiong has been
claimed the blasting pattern can only
be determined experimentally case by
case. It lacks general principle to work
on.

b) Spiral cut

In Fig. 1. (2) all bore holes are
perpendicular to the first free face and
the sequence of firing is indicated by the
number near the opening of the holes. The
larger the numbers, the easier the burdens
to be broken, therefore, the burdens =z
may be increased step by step making
the blasting pattern into a spiral. The
defects of this method are: ( 1) Difficulty
of determining @, ., (2) Difficulty of
drilling according to this delicate pattern.
(3) For the same diameter of bore holes
the weight of charge for “the number one
shot”, which is really the only “cut” in
its exact meaning, is necessarilly too
small to pull out the full depth and the
subsequent shots, number two, three:-,
can not increase the advance deeper than
the depth pulled out by the number one
shot.

c) Crater round

......
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In Fig. 1. (3) all bore holes are perpe-
ndicular to the first free face and the
sequence of firing is indicated by the
number =1, 22, =3......

The number one is the “cut” and the
number two is the opener. If the diameter
of the bore holes is the same for all holes
the weight of charge of the first shot is
necessarilly too small to produce a deep
crater in practical circumstances and the
expected advance can not be realized.
Only if a bore hole of an extra-ordinary
big diameter is available fer the center
hole this method may prove practical and
effective.

§. 3. Principle of the concentrated type
of No-cut round of blasting

3—1 Principle

According to the recent theory® of
blasting with concentrated charge based
chiefly on the characteristics of shock
wave produced by detonation, the weight
of chage IV necessary to produce a crater,
whose apex reaches the center of the
gravity of the charge, is determined
uniquely for a given kind of rock and
explosive by a given depth of charge,
vertical distance between a center of a
charge and a free face. In other words to
pull to the depth d the amount of
explosive 1" must be concentrated at
depth d. Other factors such as angles of
bore holes, number of bore holes etc. are
of secondary importance. What is the most
important is to find this amount W for

(2) W. G. Agnew; Mining Congress Journal
1949 Apr. p. 70. Oct. p. 30. 1950. Oct. p. E5.

(3) Xumao Hino: Theory of blasting with
concentrated charge: Journal of the Industrial
Explosives Society, Japan, Vol. 15. No. 4 1954,
P. 233~249.
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Concentrated type of no-gut round.

Fig. 2 Experiment on cut for Ammon Gelatin
dynamite (Shin-Kiri) and Sandstone.
Total weight of charge. W=13.5kg

a given value of d and to realize the
relation between W and d in practice by
the explosive and drill available in given
circumstances. Usually the diameters of
drills have a same fixed value for both
cut holes and helpers etc. Therefore to
realize the definite relation between W
and d we must concentrate the number
of bore holes on the position of the
expected cut and this concentration may
be realized by drilling many parallel holes
straight into the solid. The number of
holes to be concentrated depends on (1)
the diameter of bit available (2) depth
to be pulled ( 3) power and brisance of
explosive used (4 ) loading density of
charge and (5 ) tensile strength of rock.

The benefits of this concentrated type
of “No-cut” round over the burn cuts are:
(1) the bore holes are required to be
nearly parallel while in burn cuts they
should be acc urately parallel. (2) dist-

41
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(2) Instantaneous
electric detonator

<(4) detonating fuses of the
v ss=e length

Fig. 3 Perfectly simultaneous initiation of uct
holes by means of detonating fuses.

ances among each hole may be arbitrary
although the shorter the betjer while in
hu‘rn cuts they should have some definite
values. ( 3) total weight of charge which
is distributed among many holes is dete-
rmined by simple procedure. In burn cuts
the weights of charges in various holes
must be chosen carefully through experi-
ence. (4) loading of charge is simple.
Charges are loaded into each bore hole
as densely as possible and are stemmed
as firmly as possible while in burn cuts
the charges in one hole must be dispersed
with cushion pieces. In the present paper
previous definition of “No-not rounds” has
been preserved and the “cut” means the
concentrated bore holes loaded with exp-
losive although it sounds contradictory
that “No-cut round” has the cut. The
more reasonable definition may be “strai-
ght cuts.”

3—2 Experiments on cuts

Various dynamites such as blasting
gelatin, Special Ammon gelatin (Toku-
Kiri), Ammon gelatin (Kiri), B dynamite
{gelatin dynamite composed of nitrogly-
cerine, pentaerythritol tetranitrate, bari-
um nitrate, aluminum powder, nitrocell-
ulose, which is supposed to be the strongest
explosive with the highest density among
industrial explosives) have been tested
for various rocks such as sandstone green
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schist. A great number of blasts have been
performed to ascertain the relations bet-
ween weights of charges W and depths
to the center of charges d.

An example is shown in Fig. 2. It has
been proved by a series of experiments
that detonation of charges at the bottom
of bore holes drilled straight into the solid
can produce a conical shaped crater such
as shown in Fig. 2. which functions as a
more effective or extended cut than
conventional cuts by ordinary angled bore
holes or burn cuts.

Initiation of detonation of separate ch-
arges in several holes of cuts is most
effectively performed by using detonating
fuses of the same length which are inse-
rted into different holes on the one hand
but on the other are tied into a bundle
around a small piece of gelatin dynamite
which in turn is initiated by an electric
detonator as is shown in Fig. 3. This
method may be called “the perfectly
simultaneous initiation” by means of “the
synchronous detonating fuses.” From the
standpoint of “the shock wave theory of
blasting™ this is the only way to bring
about the most effective cooperation of
several charges, however, as this method
is somewhat troublesome in practice. in
the following examples described in this
paper the initiation of charges in cut
holes has been performed with the simul-
taneous firing of instaneous detonators in
each hole by strong electric current
supplied by a condenser discharge type
exploder. As the spacing of the cut holes
are small (10~20cm.) charges in different
holes may be detonated by sympathetic
detonation in practice.

3—3 Standard pattern of No-cut round
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of concentrated type.

According to fundamental research on
blasting underground a fundamental pa
ttern of bore holes has been found to be
such as is illustrated in Fig. 4.

In this example with ammon gelatin
dynamite (Shin-Kiri) and Green Schist
(Besshi) the following results have been
obtained : bit gauge=34mm., spacing of
cut holes z,=a.=21cm., spacing between
the center of cut and side holes ;=100
cm., vertical spacing between side holes
z,=50cm., spacing between bottom holes
(and between top holes) zn==z.=2;=
25=60cm. The pattern of bore holesis
symmetrical with respect to the center
cut.

Dimensions of the face a=200cm.,
4=200cm. Total weight of charge for cut
W=3kg, that is, for each hole Wy=3=
125 kg., length of cartridges for earh cut
hole 7.,%+80cm., weight of charge of side
holes per hole W.=800g., weight of charge
of top holes per hole W:=Ikg., weight of
charge of bottom holes (except corners)
per hole W,=800g., weight of charge of
bottom corners per hale i=1lkg., total
weight of charge W,=15.8kg., total num-
ber of bore' holes n=16, length of bore
hole l,=15m., depth of pull d,=1.35m.
The kind of detonators=instantaneous el-
ectric detonators for =1 holes, millisecond
delay detonators for =2 and =3 holes.

In the conventional blasting with V" cuts
the results are as follows: total weight
of charge for cut holes ' ,=495kg., weight
of charges for other holes=12.05kg. Total
weight of charge I1;=17kg., total number
of bore holes n=16., length of bore hole
{,=15m., depth of pull d, =110m., the
detonators used=instantaneous and milli-
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sequence of firing
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(2) Longitudinal sec- (3) Long

tion after firing
Kumber zero deto-
nator (instanta-
neous detonator)
#1 in Fig. 4(1)

sec

Fig. 4

second delay detonators.

3—4 Design of cut based on crater cu-

rves

For the design and practice of No-cut
round of concentrated type we must find
the amount of explosive IV, to produce
the expected depth of pull d,.
practical way of doing this isto find ex-
perimentally the relation between the
depth to the center of a charges (or a

The most

43

itudinal-
ion after
firing number
one delay

#2 1n Fig. 4(1)

Sequential effects of delayed firing in No-cut round.

Ll

—
(4) Longitudinal sec-

tion after firing
mumber two delay

#3 in Fig. 4(1)

group of charges) from the first free
face, d. and the weight of a charge IV
to produce a “full crater,” that is, a
crater whose apex reaches the center of
gravity of the charge. An example for
ammon gelatin (Shin-Kiri) dynamite and
sandstone (Miike) has been shown in Fig.
5. Such a crater curve may be theoreti-
cally drawn based on the theoretical

formulas of shock wave theory of blas-
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Fig. 5 Experimental Crater curve for
Ammon gelatin (Shin-Kiri)
dynamite and sandstone.
ting.®
3—35 Design of cut based on reduced
depth or burden
For practical purposes the most impo-
rtant is the case of the full crater, the
case where an apex of a crater produced
by detonation reaches a center of gravity
of a charge. At the edge of a crater in
Fig. 6. the component of pressure inte-
neity of shock wave vertical to a free
face must be equal to the tensile strength
of rock §..

(1)

|_ = Radius of & Mull
i crater

Gopth to the xd ) !
center of charge E.-"
for full srter | Y Uy

.‘..
22 = Dimmeter of &
Spharical charge

Fig. 6 Reduced depth or burden DD=d/a for

a full crater.
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" _d_
R Ew
o ( ®dee NM O de
=Po\ 7 'fi’fifdf) v KEds

() +1=( ) (5 )
(3)
where pp=detonation pressure of explos-
ive,
S:=tensile strength of rock
n=distance exponent
a=angle between the direction
of shock wave at the edge of
a crater and a free face.

The relation (3) is valid for general
shapes of craters including“full crater.”
If the values of R andd for full craters
are respectively described by R, and d,
then we have:

(o) =R =W
The nume rical values of 2,/d, or the
radius-depth ratios as have been found
by C. W. Livingston are about 27 and
are much larger than have been believed
before, while in practice it may be ade-
quate to assume A,/d,=15. In

| general Ry/d, may be assumed
\ to be constant for a pair of ex-
plosive and rock irrespective of

the absolute values of R, d,
and a.

. . a
S:=p, sin a‘—‘Pn(T)

*(2)

Therefore the following value
of D/=dse or reduced burden
or reduced depthis constant for

(3) p. 242 (30)
* erratum: The equation below (29)
in the previous paper (3) p. 241

should read:
- a \n d
S=po(~-) rETE
n o

f it
“m\ G ra) yIErE
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full craters: The equation (7)) is the well known e-
D _ﬁ_(&)-ﬁ-{(&)“ +1}-*( 1in.) xperimental formula of Hauser. Thus
i St dy. this “cubic law” has been deduced by

(5)

dy is defined as “burden” in the techn-
ology of blasting _and has been called “the
line of least resistance” in classical tre-

shock wave theory of blasting.

Example of calculation. If it has been
found for Ammon gelatin (Shin-Kiri)
dynamite and granite 4=145, I}'=3000g.,

atise on blasting because it has been d,=150cm., then from Table 1. the radius
P .revmusly SSpect thak iRic ol mate of a spherical charge a=791lcm., and we
rial which corresponds to the length d; i Fa i 150 —19
provides resistance as a whole to breaking KRSelEsp g =t

at an instant of detontion which actually For the burden of dy=300cm., the required

is not the case. radius of charge a is. a=%=15‘8cm.

If we find the numerical value of D;= from Table 1. we find: W=22kg.
4 for a pair of explosive and rock to The number of bore holes among which

al ¢ P
be, for example, 17 then this is valid, in this total amount of charge should be
principle, for every value of dy or a or divided depends on the gauge of bit av-
weight of charge W. ailable. If bit gauge g=42mm., then from
The following relation exists between Tablzi(;?[iothe total length of charge is:
a and TF. chw-ullm. If we divide the total
4 charge among 9 holes then the length of
W=——nd"4 (6)
4 harge i Holes R e oo
where d=loading density. CRATEE, MIONG RV e ealin s e
From (5) and ( 6) we get: the center of gravity is situated at a
x 1.22
o U (7 JOE idn point ——=0.61m far from the bottom
a=d,f—§‘l) ; {(—’—'— 1y e :

By of a bore hole we should drill bore holes

g o N[ B\ | )21 to the depth of 3m-+0.6lm=3.61m to make
11} =—3_‘:‘r.{f(f.fn -S_ ol G +1J* SRR
¢ r the depth of pull at least 3 meters.
or W=const. d7 (7) Actually deeper breakage may be expected

Table. 1.
Weight of charge W kg. and radius of spherical charge
a cm for loading density 4=1.45g/cm?

W kg 0.1 | 02 0.3 0.4 0.5 l* 0.6 0.7 0.8 0.9 1.0
a cm 254 | 321 | 3.67 | 404 | 435 | 463 | 482 | 509 | 529 | S48
w 1.2 1.4 36 18 2.0 2.2 2.4 3.0 4.0 5.0
a 583 | 613 | 641 | 667 | B9r | 713 | 7mas | 7oy | @70 | 937
W 60 | 7.0 8.0 | 9.0 | 10.0 11.0 120 | 13.0 | 140 | 15.0
« 9.96 (1054 110 |ita |18 | 122 |126 | 129 |82 | 136
W 160 ‘ 170 | 180 [ 190 |200 |210 | 220 !

1

a 188 141 | 144 | 146 | 149 .| 151 | 153

45
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Table. 2.
Diamefer of bore hole gmm and weight of charge Wg
for 1 meter cartridge length. 4=1.45g/cm?
g mm 20 23 25 | 28 30 33 a5 | a8 40 42
w g 455 602 711 852 1024 1240 1394 | 1644 1821 2007
g {44 45 | 46 48 50 52 s4 | 55 56 58
w 2204 | 2305 @ 2409 | 2623 | 2846 | 3080 | 3320 | 3443 | 3567 | 3ezs
Table. 3.

Comparison between Pyramid cut round and No-cut round of
concentrated type for Granite porphyry and Gelignite.

Kind of Round ’ Pyramid i No-cut
length of a bore hole : 3:2m | 3.2m
depth of pull | a. | 3.0m
Number of bore | Cul 12 8
| otILer 55 48
holes total 67 56
| cut 20.0kg 16.0kg
Weight of charge | other 82.0kg 79.0kg
5 total 102.0kg %5.0kg
Explosive per cubic =
meter rock in solid e 1.38kg/m?
Number of detonators l 67 l 56
Number of delays *= l #£10 ’ - o §

* instantaneous detonators included.

in practice.
§ 4, Practice of No-cut rounds

4—1 Granite porphyry

Diameter of Tunnel=48m (sectional
area=23m"), Rock=Granite porphyry(Hi-
da-Hagiwara, Kumagai-gummi, Co. Ltd.)
Dynamite=Gelignite (Sakura)

Detonator=Instantaneous detonators
for cut holes, and Millisecond delay det-
onators with intervals of 20 ms.,

Exploder=condenser discharge type.

Dynamite, detonators and exploder are
all manufactured by Nippon Kayaku Co.
Ltd.

Bit gauge g=42mm. Denver Drifters
with three deck Jumbo, 8 arms. Eimco

loader, length of bore hole /,=3.2m.

The change from conventional pyramid
cut into No-cut round of concentrated
type was performed in 1954, July 1~5.

The results are shown in Table 3. By
use of No-cut round (1) Number of bore
holes was reduced by 172 (2) weight
of total charge was reduced by 72 (3)
number of detonators was reduced by 17
2. (4) blasting pattern became simpler,

easier to be realized. No limit exists to

the depth of pull in No-cut rounds because
the steels of drifters can be operated
vertically to the first free face while in
classical angled cuts the length of steels
is limited because they must be handled
at some angles to the first free face thus
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Fig. 7 (2) No-cut round of concentrated type for
granite porphyry and gelignite.
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the walls of a tunnel make handling of
longer steels impossible. When deeper
advance is required for one round there
may be no parallel to No-cut round of
concentrated type. No-cut round of this
type is much simpler in operation and
surer in effect than Burn cuts.

Fig. 7 (1) shows the blasting pattern
of pyramid cut described in Table 3. %1
indicates initiation by instantaneous ele-
ctric detonators, and =2 shows the firing
by millisecond delay detonators at time
interval of 20ms., and so on. Black points
indicate the positions of the bore holes
and the numerical values beside them
indicate the number of cartridges of gel-

K_. e aaoc'ﬂl_.____..*

ignite whose weight per cartridge is 112.5g.
Fig. 7 (2) sghows the blasting pattern
of No-cut round of concentratedtype.
Fig. 8. is the longitudinal section of

tunnel driving whose elevation is shown
in Fig. 7 (2). It illustrates effects of the
sequence of delayed firing. At the center
of the section of the tunnel eight bore
holes are drilled parallel to each other
and straight into the solid with spacing
of 20cm. between them. The depth of
a bore hole is 320cm and the weight of
charge per hole is 2.025kg, therefore,
in total 16kg. of gelignite is used for
producing a full crater whose section is
shown by ACC’A’. The length of charge

D

i
Cx

] I
wmmz;zza 1.6875Kg #7

‘m% 1.6875Kg #5

* X
socm 5 7858
; N2y o

B2y ¢
-{..- - Fﬁw 1.575Kg #3
5ocm em }1‘ 555 |
. e - —- - we 22 cec a2 G

TR hole #1

om < e -
400 1T

480 40 2,025Kg

' x i;i;’m*, is- (Totals16.2Kg)
600 CR_ggem

|
1

Fig. & Lougitudinal Section of No-cut round of concentrated
type for granite porphyry and gelignite.
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Table. 4.
-;uen; of_ﬁrg = Bt;rnqlen 3 ‘ Reﬁuc?in’:;labui'dcn | Weight Eé charge len}';—tﬁ_fxs:éhilrge::
3# 1 272 20 16.2 26
JE£3 55 | g l‘ 1.757 per hole 74
5 76 12 | 1.688 per hole &0
37 80 12 1.688 per hole 80
#7 90 | 13 2.025 per hole 96

is 96cm. and it has been ass umed in
design that the apex of the crater reaches
the center of gravity of charge, the
middle point on CC. Four side holes
which are blasted by the first delay (£2)
enlarge laterally the bottom of the crater
and the 2nd delay (£3) is blasted at )
(and ) with a burden of ¢, B1=55cm.
As is shown in Fig. 8 the weight of
charge per hole is 1575kg and it cor
responds to the reduced burden of 9 while
the reduced burden for cut (=1) is 20.

The Table 4. indicates burden, reduced
burden, weight of charge and length of
charge per hole.

It may be possible to reduce the weights
of charges for %3, 4,5, 6, 7 as the reduced
burdens for them are too small. The
reduced burden or reduced depth for =
is estimated by data of blasting of
previous rounds Fig. 7. (1) because in
this conventional pyramid cut, the real

frea Tana free face free face
] : - ] Ja = -
i T p ERRT Y
o1 ‘.‘ . .‘; c' A A
L& 4 3 ] \
. 8 -
i i : e ol== !
i LRE e
! 1 : " L] ’
v Yoy B Yoo
¢ _;‘ C : 7 \\ E I’
‘E' Y™ "‘-.L-c'
(a) (v) (e)
2« L &<t P A
Shask front: Shosk fromti 8hock front:
oylindrical almost oylindrical. spherical.

Fig. 9 Justification of the assumption of
“concentrated charge” in case of:
burden dxlength of cartridge.
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cut is not the the center pyramid with 4
holes but it consists of 12 holes which are
shown with arrows in Fig. 7 (1) which
indicate the directions of holes, therefore,
in this conventional pyramid cut the act-
ual weight of charge consumed for open-
ing cut is 20kg. which is divided among
12 holes. In this case 20kg is necessary
because they are uneconomically used
under dispersed conditions in space and
time while in No-cut round of concentr-
ated type the detonation of the charge
for opening cut is concentrated in time
and space, therefore 16kg. of charge is
enough to insure an extended cut. By
this means a regular pattern of blasting
can be realized as is shown in Fig. 7 (2)
The depth of pull may be estimated to
be %y (s 'y C-esoer, although in practice
it has been proved to reach D-IV. as
shown in Fig. 8. If the spacings among
bore holes be reduced the depth of pull
may reach the bottom of bore holes.
When the length of charge is nearly
the same as, or smaller than, burden a
cylindrical shock wave produced by a
column of explosive tends to be deform-
ed into a spherical shock wave as it
advances toward a free face because
decay of peak pressure in the axial
direction of a column of charge is more
'rapid than in the lateral direction as
is illustrated in Fig.9 thus the assump-
tion of “concentrated charge” may be
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Table 5.
Comparison between Pyramid cut round and No-cut round of

concentrated type for Diorite and Ammon gelalin dynamite.

Kind of Round j Pyramid cut |
length of a bore hole 2.8m 1 2.6m
depth of pull 2.3m | 2.7m
Number of bore s » i .
other | 55 | 34
holes | total . 65 | P
| cut | 10.00kg 13.16kg
Weight of charge | other 43.00kg 32.24kg
total 53.00kg 4%.40kg
Eg:i‘i’,swe ipel:: ‘;“0?:3 1.7kg/m? 1 1akg/m®
Number of detonators 65 ' 43
Number of deiays * ! =7 ' #5
* instantaneous detonators included. 45
Table. 6.
I ~ Burden | Reduced burden | Weight of charge | length of charge
Sequenc..i_o_f !'xring' o ‘ d/a kg ; =
F# 1 { 247 | 19 13.16 66
#* 2 ‘ 60 ‘ 1 1.0125 6
#3 i 80 ' 14 1.0125 46
#3 | 75 13.6 | 1.0125 46
#5 € 14 | 1.125 50

justified in case:
burden d>length of charge (8)

In Fig. 8 for the charges (5, (fy:+eee »
there are tavo free faces for each charge
and the blasting is the so-called “Bench
blasting.” If the height of bench is less
than the critical depth for the charge
and the burden is the “full crater depth”
for the charge, then the bench may be
successfully blasted. ®

4—2 Diorite

Diameter of Tunnel=4m. (sectional
area= 13.3m?), Rock= Diorite (Yaktwa.
Obayashi-gummi Co. Ltd.) Dynamite=
Ammon Gelatin dynamite (Shin-Kiri),
Detonators = Instiéintaneous  detonators
for cut holes and millisecond delay deto-
nators with intervals of 20ms., Exploder

=Condenser discharge type. Dynamite,
detonators and exploder are all manufa-
ctured by Nippon Kayaku Co. Ltd,
Bit gauge g=d44mm. Denver drifter and
Joy loader. The results are shown in
Table 5. By use of No-cut round of con-
centrated type (1) number of bore holes
has been reduced by 329 ( 2) weight of
total charge has been reduced by 822 (3)
number of detonators has been reduced
by 3222 (4) depth of pull by one round
has been increased by 192, Table 6 shows
the reduced burdens for charges used in
sequence.

4—3 Miscellaneous

A great number of No-cut rounds of
concentrated type has been performed

(3) page. 245. the equation (53)




Table. 7.
Reduced burdens for various rocks and dynamites.
Dynamite ‘ Reduced
=] = Weight | density l Rock bu,f-(‘l,m i Place
| strength | glem? | ! il | Pr—al
.[ I z
| 3 | = | Granite :
1 | Gelignite (Sakura) 5525 . 1.55 | Py 20 | Hagiwara
o # 55 1.55 ‘ Granite | 22 | Sakuma
3 Ammon(s(‘};g:ﬂ t]?i‘ﬁ) 85 . 1.45 | Diorite - ‘ 19 | Yakuwa
» 85 1.45 Granite ' 16 | Kuba
{
» g5 | 1.45 Sandstone 19 Miike
Permitted Ammon |
& | Gelatin 40 | 1.55 | Coal 21 Shinnoka
(Shin-Shiraume) , |
» | 40 | 1.55 | Andesite 16 Shimameguri
8 i ’ | 40 1.55 | Shale 21 Sewara
Permitted Ammon ok A | |3
9 | Gelatin(Shiraume). as 1.55 : Sandstone | 16 Futase
| Parmitted - ' '
10 | Powdery Ammon 31 0.95 Andesite 11 Shimameguri
| dynamite(Shadai) |
11 | » _ a1 0.95 Coal 22 Sewara

with success for various pairs of rocks
and dynamites in driving tunnels, in
drifting in coal mines etc. Some of the
data of reduced burdens so far obtained
have been summarized in Table 7.

* In Table 7 the weight strength of dyn-
amite has been estimated by ballistic
pendulum. The weight strength is not
the only factor which determines the
effectiveness of explosives in blasting.
Dynamical properties such as brisance
is also of importance®.*

As has been described in the previous
paper the depth of a crater d produced
by detonation of a concentrated charge
is a constant for a constant weight of
charge IJ" and is independent of the depth
to the center of a charge. In other words
this depth of crater d is the depth to the
center of full-crater-charge, d, for this
weight of charge W. By this principle
the reduced burden or depth d:fe may be
easily found by a series of experiments
although in principle one experiment
suffices. Actually the effective strength
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of rock differs for different directions ex-
cept in case of homogeneous rock. More-
over scale effects exist and the bigger
the scale of one blast, the larger becomes
the reduced burden or depth, that is, in
general, explosive charges function stro-
nger when they are used on larger scale
in a concentrated way while effective
strength of rock becomes weaker for
bigger mass because the probability of
existance of weak points becomes bigger
for larger mass.
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