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INTRODUCTION

There is much still to be lsarned of what takes
place 1n the actual explosive zone of a rock blast. Many
factore, both known and unknown, have individual and col-
lectlve effectas. A program 1s now in progress by the
Mining Department of llissouri Bchool of Mines and Metal-
lurgy for developlng and preserving information about some
of the factors affecting the use of explosives. Some work

1, 2.

has been done. More is now being completed by Messrs.

1. shaffer, L. B. and Noren, G. H., "The influence of
Cartridge Diameter on the Effectiveness of Dynamite", Bul-
letin, Missourl School of Mines and Mettalurgy, Technical
seriaa. VOL. 12. EO. 1. MB.!‘Oh 1248. EEQ 1-480

2. Ackermann, K. G., "The 1 fluence of Grade Strength on
the Efficiency of Gelatin Dynamite", Thesis, Missouri

School of Mines and Metallurgy, 1948, pp. 1-T75.
R. J. Joneg and J. B. H. Fltz-William. Present plans call

for continuing the research and gathering data on thlis sub-
Ject which is so important to the mining industry.

The study made and the report given herein were made
possible through a contract between Missourl School of
Mines and Metallurgy and the Department of the Army for
the purpose of ascertalning some of the properties of mili-
tary and commercial explosives. Much information and data
which should be of value to the School's program of explos-
ive experimentation has been taken from the reports made
to the Engineer Research and Development Laboratories. No
Amportant conclusions can be drawn from the data in this
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report. It 1s presented as a contribution to the assembled
data of the overall project.

Explosives with very high rates of detonation are
rarely used in underground work. As the veloclty of deto-
nation 1s probably the most important factor in blasting,
it 1s considered a major factor in affecting the results

of the tests. Accoraing to Bebis 3, the effectiveness of

3. Bebls, J., Explosives, Military Pyrotechnicse, and
Chemical Warfare Agents, 1943, pp. 6-T.

en explosive is primarily dependent upon the rate at which

ite energy 1s liberated; the rate of dstonation of a high
exploslive 1s a measure of its brisance. The importance of
this characterlistic was also brought out by some of the

earlier writers such as Brunswig and Bichela. The latter,

4. Brunswig, translated by Monroe and Kibler, 1912,
pp. 116-118.

as quoted by Brunswig, proposed the use of the product of
one-half the mass of the products of explosion times the
square of the velocity of detonation as an explosives'

unit. Meyer 5 states that given the possession of the

5. Meyer, M., Bxplosives, An lntroduction to Their
Chemistry, Production, and Analysis, N. Y., Thomas Y.

Crowell Co., 1943, p. 36.
other properties requisite for explosion, probably the

most determining factor of total behavior 1s velocity of

detonatlion.



MATERIALS AND EQUIPMENT

The experiments described herein were performed in
the Experimental Mine of Mlssourli School of Mines and
Metallurgy, which 1s located about one and one-half miles
southwest of Rolla, Missouri. The mline workings consist
of approximately 1000 feet of drifts and crosscuts served
by an adit entrance into the hilleide (Figure 1). The rock
at the test site is a soft, gray, well-bedded, uniform
dolomitic limestone of the Jefferson City series. 1t is

described more fully by Shaffer and Noren 6.

e

6. Bhaffer, L. K. and Noren, C. H., Op. cit. . 3=5.
Three vertical ralses extend to the surface. Hinged
covers were 1 stalled at the tops of these shafts in order
to control the natural ventilation in the underground work-
ingse. In addition to this excellent natural ventilation,
an electrically driven Coppus-Ventair blower with a l2-inch
collapslible canvas tube was used after blasting to blow
fresh alir into the headlng to force out the foul air. 1Its
rating is 1200 cublc feet per minute through 300 feet of
1 =-inch collapsible tubing.
Attention is called to the fact that the poisonous
fumes given off by many of the test explosivee are very

dangerous in confined places 7. This means that they would

7. War Department Technical Manual, FM 5-<5, Explosives

and Demolitions, May 1945, p. 3.
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not be safe for normal underground use in mining opera-
tions.

Mine track, 18-inch gauge, was already serving most of
the mine and the dump. Track, air and water connections
were extended to the test site. A switch and side track
were added on the dump to handle the material going direct-
ly to waste.

Two sets of grizzly screens (Figure 2a and 2b) were
constructed at the end of the existing track on the old
mine dAump (eee Figure 1). The 1l2-inch grizzly is located
immediately under the track. All materlal which passes
through these bars drops a few feet to the second set of
ralls which are spaced 4 inches apart. This undersize
falls directly to waste. The oversize remalning on each
grizzly 1is removed by hand and welghed on a Falrbanks-

Morse platform scale.

EQUIPMENT

Compressed air for the drilling and loading machines
was furnished by an Ingersoll-Rand, two stage, alr-cooled
compressor, Model 210. The pressure at the compressor
varied between 85 and 105 pounds per square inch.

All test rounds were drilled from a vertlical column
with the machine resting on a horizontal arm. A Cleveland
Nodel D-24 drifter with a special 1 x 4% inch hexagonal
chuck was used for 1l inch holes. Holes of larger diameter
were drilled by an Ingersoll-Rand DA-35 drifter with 1§ 1inch
round by 3 13/16 inch lugged shank chuck. Detachable



Figure 2-a. @Grizzly and Welghing Scale



Figure 2-b. Screening Operatlon



Ingersoll-Rand Jjackbits were used.

The broken rock was loaded into 18.5 cubic feet stesl
mine cars by an Eimco Model 12-B Rocker shovel. A run of
mine carload weighed 1997 pounds. This gave a car factor

of 1.00 tons per car.

MATERIALS
All explosives that were used in the testing were
classed as high explosives although their rates of detona-
tion varied considerably as shown in the followling list:
Rate of Detonatlion

Explosive in feet per second
Gelex #2 12,600°
40% Red Cross Extra

Ammonia Dynami te 10,000°
40% special Gelatin 13,0007
507 Special Gelatin 15,0009
50% Straight Dynamite 18,0009
60% Straight Dynamite 19,0007
Amatol 14,75010
TNT 20,40010
Pentolite 22,5000
Composition C-3 25,600lo

8. E. I. du Pont de Nemours & Co., Blasters Handbook,
12th Edition, 1242. o) 64,

S. B. R. D. L., Ft. Belvoir, Virginia, Correspondence
with J. D. Forrester, "7 July 1949.




10. ®. R. D. L., Ft. Belvolr, Virginia, Correspondence
with J. D. Forrester, 25 May 1949.

The comuercial dynamites were standara 1% x 8 inch

cartridges and the cartridges of mllitary explosives were
the same kind.

All charges were initiated by du Pont No. 6 regular
delay electric blasting caps except those in Round D-16 in
which safety fuse was used with Corps of Engineers Special
Electric detonating caps and in D-15 in which 4u Pont No. 6
"MS" (willisecond) delay electric blasting caps were used.
Primers which consisted of a half stick of 50 per cent
straight dynamite with detonator were used with the mili-
tary explosive except in D-16 where the larsze caps were
used. The explosive in the primer was not included in the
amount reported in the data. To secure the actual total
quantity for sach blast hole, using a military explosive,
add 0. 45 pounds (the weight of % cartridge) of 50 per cent
straight dynauwlte per hole. The primer was placed in the
center of all charges. Stexming was not used because its
beneficial effects in this soft rock had been found to be

insignificant by Shaffer and Norenll,

11. sShaffer, L. &. and Noren, C. H., Op. cit., p. 21.

Electric blasting circuits were checxzea for faulty

connections by galvanometer before firin~. Rubber cov-
ered, 12 gauge lead wires were used. Trouole was caused
in the early rounds by misfires. A new 3C-cap push down

type blasting wachlne was obtained to replace an older
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but larger machine of the same type. No one was permitted

in the mine at the time of blasting. The blasting current.
was 1lnitlated outside the portal to avoid danger from con-
cussion. This 1s particularly important when using high speed
explosivee such as composition C-3 or pentolite.

IRST PROCEDURES

At the outset of the project, efforts were made to
develop & standard drift round which could be used with
each explosive so that test conditions would be constant,
thereby, allowing a direct comparison to be made between
the results of the various tests. The search for a stand-
ard pattern falled. Then the problem turned toward devel-
oping rounds which could be broken successfully by the dif-
ferent explosivese. In 80 dolng lnteresting facts were
uncovered which were apparently due to the inherent char-
acteristics of the individual explosives used.

Test rounds were drilled in several patterns which
are demignated by the type of “cut", that is, the manner of
applying the so-called cut-holes to obtaln the initial
cavity to which the remalning holes of the round break.
Burn or burn-cut rounds (see Figures 3 and 4) rely upon
several closely spaced horizontal parallel holee, wherein
loaded holes break to uncharged onee. The adjacent first
"relief" holes are aids in pulling the cut. A wedge or
V-cut pattern (see Figure 5) 1s one in which at lsast two
holes are drilled at an angle towards the center of the
face. A center hole was drilled straight into the face
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between the two welle holes. The diamond-cut (Figure 6)
conglsts of four holses a gled in towards the center, and in
this case towards a center hole. In the barrel round
(Figure 7), a hole was drilled at each intersection of the
8-inch sides of a hexagon. These holes flared out approxi-
mately 8 inches. A seventh hole was drilled at the center
of the hexagon.

“Squaring up the face", i. e., making it as even and
as pervendicular to the sides of the opening as practical,
was done prior to drilling eéch test round. Average
bootleg of the holes of a round may be determihed by sub-
tractlng the advance shown in its data from the average
hole length.

In case of misfires, addlitional exploslves used in
repriming or reblasting was included in the total amount
of exploselive shown in the data listed.

Precautions were taken to secure similar loading con-
ditions in all tests. To keep the dlameter of the drill
holes uniform, the drill bits were measured at frequent
intervals and discarded before the loss of gauge exceeded
0.06. of an inch. In order to assure breakage of the
cartridge wrappers, use was made of a tamping pole with a
copper splke extending beyond one end and held in place by
a ferrule, consisting of a copper ring around the outside
of the same extremity of the pole. Care was taken to
maintaln the same tamping force in the loading of all drill
holes becausse of the importance of the effect of volumetric

densglty upon the velocity of detonation. According to
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Gragerofrla, the rate of detonatior tends to increase with

12. Grageroff, 1., Explosives and Their Properties,
Arizona Mining Journal, 15 May 1928, p. 13.

the density up to a point where it beglns to decrease until

the powder falls to detonates.

Dimeneions of the drift openinge were 6% feet wide by
7T feet high as shown on the sketches of the test rounds.
The order of firing the blast holes 1s shown in Roman numer-
als on the sketches. In some rounds, the hole groups were
fired separately, but in normal order, to allow observation
of their contribution.

A study was made of each post-blast rock surface to
determine the overall effect of the explosives used during
the gilven teests. The rock broken in each test was loaded
into the mine cars by means of the pneumatic loader and was-
then trammed by hand to the mine dump. REvery fifth car was
dumped on the grizzly screens and the rock retalned on each
ecreen.waa welghed on the scale. Thls procedure gave an
average measure.xent of the plus 12-inch fraguentes and of
those between 4 and 12 inches in size. The quantity of
minue 4-inch material was calculated by subtracting the
above weights from the total welght of muck (1997 pounds)
in a mine car. Theee quantities were converted into per-
centage figures and are so listed under "Description of

Tests".



DaSORIPTION OF TESTS & DATA

Drift rounds, D-1 through D-7, were drllled and

13

blasted in the pattern of an 18-hole, 7 foot burn-type

round, (Figure 3).

specified in the data given below:

Round No.

D-1

Average Hole Lergth 7.07

Type of Explosive

Hole Size (Inches)
Loading (Number of Cartridges)

Hole No. 1
2

O 0o N o U o U

10
11
12
13
14
15
16
17
18

L J

Gelex #2

2%

.18
« O

D-2
7.18

50% Sp.
Gelatin

2%

16

16
12
12
12

10
10
10
10
10
10
10
10
10
10

D=3

T.0

50% Sp.
Gelatin

2%

16

o
16

0
12
12
12
12

O VOV 1 OV VOV VvV Vv

12
12
12

£ 4

£ 4
£ 4

The explosives used 1n each case are

D-4
7.0

60% St.
Dynamite

2%

16
16

12
12
12

Boot-
legged
3.5



Round No.

No. Cartridges

D-1
195

No. Lbs. Explosives 81.3

Average Advance (ft.) 6.73

Lbs. Explosives per
ft. Advance.

Cars of Muck

Tons of Muck

Tons per pound
of Explosive

"Fragmentation:

£ 12
F4-12
- 4

Round No.

Average Hole Depth
Type of Explosive

Hole S8i1ze (inches)

12.0
29
2G.0

0.357

1.5%
14.5%
84.0%

D=2
7.0

60% Bt.
Dynami te

2%

Loading (No. of Cartridges)

Hole No.

1

W ® ~N O B & U b

* ® o O

16 £ 4
.0

.16 £ 4
A2 £ 4
a2 £ 4
12 £ 4
12 £ 6
. 6 £6

14

D-2 D=3 D-4
180 187
86.6 90.0 79.0
4.33 6.90
20.0 13.2
18 33
18.0 33.0
0.207 0.367
o% 0%
24.1% 15.8%
75.9% 84.2%
D=6 D=7
7.0 TT
40% Red 50% St.
Cross Extra Dynamite
2% 2%
16 16
0 o)
16 16
0 0
12 12
12 12 # 10
12 12 £ 10
12 12 £ 10
8 8
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Round No. D-5 D-6 D-7
Hole No. 10 . . « 6 # 8 8
11 . . . 6 8 8
12 . . « 6 8 8
13 . . . 6 £4 8 8
14 . .. 6 8 8
5. . . 6 8 8
16 . .. 12 £ 6 10 10
17 . . . 12 10 10
8. . . 12 10 10
No. Cartridges 200 166 196
No. Lbs. Explosivese 87.6 88.6 96.0
Average Advance (Ft.) 4,33 Failed 3.53
Lbs. Explosives per RSTRESeLY
ft. Advance 20.2 27.2
Cars of Muck 17 20
Tons of Muck 17.0 20.0
CEEREE oam ov206
Fragmentation:
/12 0% o%
F 4 -2 6.5% 11.3%
= 93.5% 88.7%

Test D-1, in which Gelex #2 (12,800 feet per second)
was used, broke clean. In an attempt to secure further
confirmation and comparative knowledge of previous experi-

mental workl3» 14 in which speclal gelatin and Gelex #2 had

haffer, L. k. and Noren, G. H., op. cit. p. 1-48.
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14. Ackermann, K. G., Op. cit., p. 1-75.

been used in 5-foot, burn-cut rounds; Rounds D-2 and D-3,
in which 50 per cent special gelaﬁin,(lS,OOO feet per sec-
ond) were to be used were drilled in the 7-foot round.
Test D-2 d4ld not break well because of the fallure of cut
holes to detonate. Round D-3 was drilled and loaded in
duplication of D-2, producing good results even though
three of the first relief holes did not fire properly. A
comparison of the results of Rounds D-1 and D-3 show _
slightly better fragmentatioﬁ‘ for the latter which confirms
the previcus tests conducted at the Experlmental Mine which
show that 60 per cent and 50 per cent special gelatina‘
(15,400 feet per second and 15,000 feet per second respecﬁ-
ively) are generally more efficient for a five foot, burn-
cut round 1in the dolomltic limestone than are elther
Gelex #2 or 40 per cent special gelatin (14,400 feeﬁ per
second). The results of tests D-1, D-2, and D-3 indicate-
that Gelex #2 and 50 per cent speclel gelatin may be used
effectively when properly fired in a T7-foot, burn-cut round
drilled in similar dolomitlic limestone.

Drill Rounds D—4 and D=5 werse drilled and charged with
60 per cent straight dynamite (19,000 feet per second) in
the same pattern and manner as those of D-1, D-2 and D-j.
On blasting, very poor results were obtained. D-4 boot-
lsgged about 3.5 feet in the burn and first relief holse.
Only one rseport was heard when Round D-5 was blasted and

the results of the rqund were poor. Large cracks developed
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vertically and across the face extsnding through the holes
which have detonated, probably by propagation from the first
delay caps in the burn holes. Seven holes failed to fire;
the primers and charges remained intact and they were used
again in reblasting the round. For some reason, ample
current to detonate the caps did not reach them in the
holes that misfired. Little rock was pulled by the round.
This was from around the collars of the holes. In several
cases, the bootleg portion of the hole was clean and almost
1ts norual slze even though the surrounding ground was
cracked. It is apparent that 60 per cent straight dynamite
is too fast to be used successfully in a T-foot, 1l8-hole,
burn-cut drill round in dolomitic limestone. The bootleg
holes were reloaded and the round was refired. The total
amount of the explosive expended 1s listed with the rest of
the data.

Drill Rounds D-6 and D-7 were tested to obtain informa-
tion on: (a) an explosive (40 per cent extra ammonia dyna-
mite, 10,000 feet per second) of less speed than Gelex #2;
and (b) a dynamite (50 per cent straight dynamite , 18,000
feet per second) intermediate between 50 per cent special
gelatin and 60 per cent straight dynamite. These tests
were an attempt to determine minimum and maximum limits of
adaptability of commercial explosives when used in an 18-
hole, 7-foot, burn-cut drill round.

Round D-6 falled completely, only 5 cars of muck belng
ylelded. It 18 apparent that 40 per cent extra ammonia
dynamite does not have sufficient speed to be applicable



19

under the particular conaliltions of the test.

The results obtalred in D-7 indicate that the blast-
ing effects, principally bootleg aund frag.entation, of
50 per cent straight dynamite are more like those of 60 per
cent straight dynamite than those of 5C per cent special
gelatin. This 18 not unexpectsed, of course, as its speed
is much closer to that of the former than to that of the
latter. The holes of the rou 4 bootlegged for distances
of from 2.3 feet to as wmuch as 5.2 feet and cracks were
formed as a network from hole to hole in the ground which
did not pull. The 50 per cent stralght dynamite 1s believed
to be too fast to be efficiently applied under the condltions
of the given tsest.

In order to check the possibility that the 7-foot,
burn-cut drill rounds being used were placing too much
burden on the higher speed explosives and thereby contribut-
ing to their fallure durlng the tests, a 5-foot, burn-cut,
drill round, D-8, was prepared and loaded with 60 per cent
straight dynamite (see Figure 4). On firing, the round did
not break clean; the burn and first relief holes bootlegged
and had to be reblasted to pull the ground. The test demon-
strated that the 7-foot round is not too burdensome when

blasted with a sultable explosive.



Round No. 5-foot Burn D-8
Average Depth of Hole (ft.) 5.0

Type of Explosive 60% St.
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Round No. -foot Burn D=8
Loading (Number of Cartridges)
HOleo NOe 23 ¢ = ¢ o o o o« o o o o o o 4
28 ¢« » v 2 s s s 8 s e s s &
25 . ¢ ¢ o e 0o 0 6 0 0 0 s e &
No. Cartridges 168
Yo. Lbe. Explosives 3.7
Average Advance (ft.) 3.57
Lbe. Explosives per
ft. Advance 20.7
Cars of Muck 16
Tons of ifuck 16.0
Tons per pound
of Explosive 0.217
Fragmentation:
£ 12 o%
f4-12 6.0%
-4 94.0%

Drill rounds D-1 to D-8, inclusive, confirm results of
Ackermann's tests and demonstrate that Gelex #2 and 50 per
ocent gelatin dynamites yleld better results than other com-
mercial explosives when used in a 7-foot, 18-hole, burn-
cut underground drift round in dolomitic limestone.

As the foregolng tests deomonstrated that the 18-hole,
burn-cut round is not sultable for use with higher speed
explosives, and as military explosives normally have still
higher rates of detonation, drift round D-9 was prepared as
a 17-hole, wedge-type round (Figure 5-a) in an attempt to
find a drill hole pattern which would be applicable to the
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use of fast explosives. The test was made with 60 per cent
straight dynamite. Excellent breakage ensued on firing the
round which left a clean face. The fragmentation was good
(see data, below) and it is evident that the wedge round

is much more sultable to blasting with fast explosives in
the dolomitic limestone than is the burn-cut round.

Round No. edge D=9
Average Depth of Hole (ft.) 5.16
Type of Explosive 60% 8t.

Dynami te
Hole 8ize (in.) 2

Loading (No. of Cartridges)

HOle NO. 1 L[] L] [ o ® ° L] ] ® ® [ ° e [ ] L

o
o ©

2 L] L L L d L] L L 2z L L 4 L J L] L d L J L4

)
(o]

O O N 0 U = Ul
.

10 L4 L d L ] L] L] L L *® L] L o L] L] ® L
11 L] [ ] L] L ] L L ] L] L ] L] L ] L J L ] L] L 4 L

12 L] L L ] * [ ] L J L] o [ ] L L ] L] L ® L

14 ° L] L] L L] L J ® L J L J L ] [ ] L L] L] L]

15 L] L] L] L4 L] ® L ] L] [ ] L 3 L d L J L] L J L]

= OO VL LU L BT BT UL UL 1 U U

16 L ] L] L d L] * L ] L ‘. L 4 L L] L] L4 L] [ ]
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Round No. (Weage) D=9

Hole NO«. 17 « ¢ o ¢ o o o o o o o o o o T
No. Cartridges 105
No. Lbs. Dynamite 46.1
Average Advance (ft.) 5.13
Lbe. Explosives per

ft. Advance 6.99
Cars of Muck 22
Tons of Muck 22.0
Tons per pound of Explosive 0.478
Fregmentation:

F 12 1.1%

A4 -12 9.T4

-4 89.2%

Drift round D-10 was drilled in the same pattern
(17-hole wedge) as D-9 which had given excellent results
when fired with 60 per cent straight dynamite. The round
was loaded with amatol (14,750 feet per second) and when
detonated the cut hples failed to pull. An extra holse
then was aadded to the wedge pattern and on firing with
auatol gave an even, though short breakase. It was reasoned
that more holes were necessary in order to achieve satis-

factory results. Data of D-10 are:

Round No. Wedge D-10 Rewarks
Averase Depth ol Hole (ft) 5.0 Guts failed,
but broke
Tyoe of Explosive Amatol as shown
vith an
additional

Hole Size (ia.) 2 relief hole.



Rouhd No. Wedge

Loading (No. of Cartridges)
Hole No. 1 « ¢« ¢ ¢ o o o o o

Extra lst Relief .

L d L ] L] - L d L 3 L] * L

W O N O WU
[ ]
.
L]

10 & » ¢« # « = = » =
1l & s 5 = & 5 » % »
12 5 o » = » w = = o
13 o o ¢ o ¢ o o o o
IR o o o « 5 & 8 w »
15 ¢ s & = & » » = »
16 v 4 = % » = s » @
AT « o » = % = » » »

No. Cartridges

No. Lbs. Exploslves

Average Advence (ft.)

Lbs. Exploslives per ft. Advance

Cars of Muck

Tons of Muck

Tons per pound of Explosive

10
7

O O O 6O O OV NN N OO NN NN

133
49.6
4.23
11.70
14.67
14.7
0.297



Round No. (Wedge

Fragmentation:

# 12
412
-4

D-10

O%
6.2%

93.8%
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In view of the experience gained from D-10, the

pattern of Round D-1l1l was modified by adding two additional

first relief holes (Figure 5-b).
tained on firing thlis modified round with amatol.

Good results were at-

A simi-

lar round, D-12, was drilled and fired with pentolite.

The cut holes failled to pull in this last mentioned test.

Data of Rounds D-11 and D-12 are given below:

Round No.

Modified W e

Average Depth of Hole (ft.)

Type of Explosive -

Hole Size (in.)

Loading (No. of

Hole No. 1
2

O © =N 6o U & U

Cartridges)

L] [ L] L 4 [ ] L d

D-11
5.0
Amatol
2

10
10
10

e N e e I

D-12

5.0
Pentollite
2

N NN =N =N=N 0 VLV



Round No. difled Wedge
Hole No. 10 ¢« ¢« ¢ ¢ ¢ o o &
1l . ¢ ¢ ¢ o o . .
12 5 s = & = » & =
13 ¢« o o o o o o o
14 . ¢ ¢ o o o o @
15 ¢ ¢« o« o o o o
A6 « o = » 5 » = =
17 ¢ ¢ ¢ ¢ ¢ o o
18 &+ 5 « o = = # #»
19 ¢« ¢ ¢ ¢ o o o
No. Cartridges
No. Lbs. Explosive
Average Advance (ft.)
Lbs. Explosives per ft. Advance
Cars of Muck
Tons of Muck
Tons per pound of Explosive
Fragmentation:
F 12
4 -12
-4

27

D-11 D-12

7 Cut
falled.

U n N NN

6 1
6 £1
6 f£2
138
51.5
4.90
10.5
16
16.0

0.315

o
4.1%

95.9%

Drift round D-13 was a 20-hole modified dlamond-cut

round (Figure 6), in which the cut holes were drilled eo

as to cross each other about 1 foot from their bottoms.

On charglng and blasting with pentollite the cuts failed to

break clean. Round D-14 wes drilled as a 21l-hole, dliamond
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Roman numerals:

(19 Holes)

Hole numbers
Firing order
Center to center

Arabic numerals:

Hole measurexents:
Scale: 3/4" = 1!
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cut pattern in such a manner that the lower ends of the
cut holes were separated by about 3 inches of ground.
Good breakage was attalned on firing with pentolite.
Data of Rounds D-13 and D-14 are as follows:

Round No. (Diamond D-1 D-14
Average Depth of Holes (ft.) 5.25 5.0
Type of Explosive Pentolite Pentolite
Hole Size (in.) 2 2

Loading (No. of Cartridges)

Hole NOe 1 ¢ ¢ ¢ ¢ o ¢« o o « o« 25
2 ¢ o 0o 6o o o 0 o o e o)

3 e o o o o o o o o @ o)

. o)

B e o e o o o o o o @ o)

6 ¢ ¢ o 6 0o o 0 e o 0 8

T o s o5 5 55 5 o » 8

B o o o ¢ o ¢ o ¢ o 8

L 2 8

10 . ¢ « ¢« ¢ ¢ o s 0o+ 6

1l . ¢ ¢ ¢ ¢ ¢« ¢ o s o OCut
failed.
13 ¢ ¢ ¢« o o ¢ o o o o
14 . ¢ o o e e s s e
18 5 » s s » % & & ® »
16 « « % s ¢« & 0 = = »
AT « = = = = » o & »
18 « « ¢« « = 5 v ¢ v o

OO Oh O OO O OO0 O O O OO O O OO O OO O O O
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Round No.(Diamond) D-1 D-14
Hole No. 19 . ¢ ¢ ¢« « o o « & 10
20 v v « s 5 5 % % 10
2l « » 4« « » & & » = 10
No. Cartridges 132
No. Lbs. Explosives 59.6 45.3
Average Advance (ft.) 4.60
Lbe. Explosives per ft. Advance 9.84
Cars of Muck 18
Tons of Muck 18.0
Tons per pound of Explosive 0.397
Fragmentation:
f 12 0%
4 -12 5.6%
-4 o4.4%

In Round D-15 a barrel type round was drilled with
2-inch bits, (Figure 7). The center, barrel, lst and 2nd
relief holes were loaded with a total of 65 sticks (19.7
pounds) of 1%-inch TNT. On blasting, they failed to break
although a large pocket was formed at the back of each hole.

The same barrel type pattern of holes-was used in
Round D-16. However, before being fully loaded the center
hole was sprung with two sticks of the lg-inch Composition
C-3. Time fuse and Corps of Enginseer Speclal Blasting
Caps were used to detonate the charges. The center hols
was blasted first and produced a cavity 0.5 feet x 0.7 feet
the length of the round. The remaining holes then were
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loaded and also were fired with C-3 in a suitable delay

gequence as obtained by properly cutting the fuses to

fixed lengths.

Round No. (Barrel e

Average Depth of Holes (ft.)

Type of Explosive

Hole Size (in.)
Loading (No. of
Hole No. 1

OV 0 N &0 U & W P

N I~ I N I
W O N 00w NP O

Cartridges)

The round gave excellent results:

D-15
5.0
TNT
2

(GG IS B S R G LV B G B U/ 6 ) B o) W — B ¥

(8]

Falled
completely.

D-16
5.0
c-3
2

2 (to
11 spring)

6

U O & & H Uil ULV O OO O O
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Round No. (Barrel Type) D-1 D-16
Hole Ko. 20 « ¢« «. ¢ ¢ ¢ o o o o 5
2l «» » s » o« %= 5= » % = » 6
22 .+ 2 o v 2 8 e 2 w 6
23 & 5 o % o 5 w ¥ n & » 6
No. Cartridges 119
No. Lbs. of Explosive 58.8
Average Advance (ft.) 5.03
Lbs. Explosives per ft. Advance 11.7
Cars of Muck 21
Tons of Muck 21.0
Tons per pound of Explosive 0.358
Fragicentation:
F 12 0%
A4 - 12 9.8%

acill, 90.2%
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DISCUSSION

It must be kept in mind that there are factors other
than the rate of detonation which affect the strength and
effectiveness of an exploslive, such as the denslty and the

distribution in the drill hole. To quote GardnerlD: "phe

15. Gardner, E. D., Drilling and Blasting in Metal-Mine.
Drifts and Crosscuts, U. S. Bureau of Mines, Bulletin 311,
1222' po 5.

strength of an explosive is apparently the resultant of

three factors: 1l. the heat gensrated; 2. the volume of
gases produced; and 3. the speed at which the gases are
evolved (rate of detonation)."

In these tests, results attributable to the third
'factor were glven speclal consideration.

Tegts D-1 to D-7 inclusive, indicate that Gelex # 2
(12,600 feet per second) and 50 per cent Special Gelatiln
(15,000 feet per second) are more effective than the other
explosives used in the 7T-foot, burn-cut drift round in
dolomitic limestone, that i1s, the slower speed 40 per cent
Red Cross Extra Ammonia dynamite (10,000 feet per second)
and relatively fast speed 50 per cent and 60 per cent
straight dynamites (18,000 and 19,000 feet per second).

Experirmert D-8 demonstrated that 60 per cent straight
dynamite was also too fast for the 5-foot burn-cut round,
whereas D-9 shows that, by varying blasting coaditions,
fragmentation can be obtalned in limestone with most com-

mercial dynanites.



The fallure of the relatively slow-speed amatol
(14,750 feet per second) to pull the cut holes of Round
D-10 may have been due to factbdrs other than its rate of
detonation, that is, its density and distribution. Two
rellief holes were added to the original wedge pattern
that was used successfully with the heavier and ‘faster
60 per cent straight dynamite. Time did not permit further
testing to determine if amatol would prove satisfactory
in the burn-cut rounds which were so effective with 50 per
ocent special gelatin dynamite (15,000 feet per second).
D-10 and D-11 were fired before the velocity of detonation
of amatol was known. It was belleved to be somewhat
faster than 1t actually was when the tests were made.

After experimenting with different patterns, success-
ful fragmentation was obtained with pentolite (22,500 feet
per second) in Round D-14 with a diamond, or pyramid, cut.

A barrel-type round gave good results with C-3
(25,600 feet per second) but failed when used with TNT
(20,400 feet per second). It is believed that a wedge or
diamond type pattern would give favorable results for the
latter.

Apparently, blasting conditions can be varied to
obtain fragmentation by the use of almost any explosive
Af economical efficiency 1s not a primary requiai.l.te.

The followlng overall conclusions may be drawn:

l. Explosives with unlike characteristics, such as rate
of detonation require different conditions for use in
drift rounds.
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2. Buccessful rounds and techniques can be developed to
fit the characteristics of many individual explosives.
5. Some explosives have propex‘ties that make them more

effective in one rock type than other explosives.
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SUMMARY

Sixteen drift rounds were fired at the Experimental
Mine of Missourl School of Mines and Metallurgy. Explo-
slves with different rates of detonation were used. Low
speed 40 per cent Red Cross Extra Ammonia dynamite (10,000
feet per second) and relatively high speed 60 per cent
stralght dynamite (19,000 feet per second) failed in a
T-foot burn round whereas Gseslex #2 and 50 per cent speclal
gelatin (12,600 and 15,000 feet per second respectively)
gave very good results. The 60 per cent straight dynamite
was successfully used in & 5-foot wedge round. Modifica-
tions were necessary to break the same type round wlth
amatol (14,600 feet per second).

After pentolite (22,500 feet per second) had failled
in thlis modified round, two types of diamond-cut rounds
were needed before attaining success with thls explosivs.
Favorable results were obtalned with Composition C-3
(25,600 fest per second) when fired in a special barrel
round.

Two screens were installed to measure the broken
rock. Plus 12, and plus 4 minus 12-inch particles were
welghed and the amount of minus 4-inch was calculated.
When converted to percentage, this fragmentation gave a

basls for comparison between the various tests.
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