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Design of Detonator Plant

Part II.

Tenement-Room Structure of Blow-out Type

Tsugio Sawada*

I. Introduction

Formerly, factories of explosives had main-
ly adopted a manual system, which, after
the Second World War, developed into
mechanization or semi-automation and in the
last few years stepped out into the way to
automation. In factories of detonators a
tenement-room structure(adjoining room struc-
ture) of blow-out type! as shown in Fig.
1, has been adopted.

In this experiment, a model of about one-
tenth of the real size was tested to obtain a
standard tenement-room of blow-out type
which had operational shields and a barri,
cade. And an aspect of sympathetic detona-
fon was studied by a high-speed camera.

II. Conclusions

1. To prevent the sympathetic detonation

to the adjoining room, the construction
should afford an expansion of shock waves
produced by an initial stage of explosion.
A blow-out type without an overhead opera-
tional shield and a half blow-out type with an
overhead operational shield, whose horizontal
length is a half of the room depth, have
fewer possibilities of sympathetic detonation
than a closed type with an overhead opera-
tional shield of full horizontal length.

A longer distance from the room edge to
the barricade relates to a less possibility of

Received July 21, 1967
* Nibuno Factory, Nippon Kayaku Co., Ltd.,
Toyotomi, Himeji City

Vol, 28, No. 3, 1967

sympathetic detonation. In the case of mercury
fulminate the distance effect is remarkable.

2. Diazodinitrophenol (DDNP) is more
liable to induce a sympathetic detonation than
does mercury fulminate.

3. DDNP’s liability for sympathetic deto-
nation was ascribed to the high explosion
pressures, the big flame and its long duration.

4. The low density(1.63)* of DDNP makes
it easy to scatter or disperse DDNP in air by
blast waves. Thereafter, in the dispersed phase
the ignition starts and leads to detonation.
III. Experimental

Construction: The model two-room tene-
ment of blow-out type was made of steel
plates (10mm in thickness), and was about
one-tenth of the real size, i. e. 330mm in
frontage, 295mm in depth and 335mm in
height. (Fig. 1)

The overhead operational shield was attach-
ed to each room at the position of 230mm
in height with various slants, 0%, 13°, etc.
and in horizontal lengths of 113mm and 295
mm. The case of no shield was also tested.

Method: DDNP,

black powder, was put on a rubber sheet

mercury fulminate or

which covered an iron stand (30mm in width,
110mm in height and 150mm in length) in
each room. The stand was located about
10mm apart from the wall. The distance
from the room edge to the barricade was
varied to be 10cm, 20cm, or 30cm. Or the
barricade was also tested.
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Fig 1 The model two-room tenement of blow-out type
Table 1 Critical charges to induce sympathetic detonation at
the model two-room tenemeut of blow-out type.
Overhead operational Donor charge*
shield Distance between room (2
Explosive pyo el Sla edge and barricade Critical
nt . .
length (cm) charge Deviation
(cm) () averaged
ég 6.85 1.669
6.97 0.599
295 0 30 6.20 2.033
no barricade 8.70 1.790
10 4.57 0.779
20 5.50 0.916
295 15 30 7.10 0.855
no barricade 8.90 1.097
10 6.83 0.839
DDNP 2 14. 19 1.887
. 12.96 0.698
no shield 9 50 2,906
4=0.476 30 9.57 1.034
no barricade 12.92 11.052
10 5.56 1.054
20 8.50 1.411
ns 0 30 9.35 1.749
no barricade 11.37 1.098
ég 6.03 1.098
8.52 1.310
ns 15 30 11.07 1.369
no barricade 12.10 1.137
10 8.88 1.055
J4=0.574 no shield gg Ig' gg g%gg
no barricade 10.28 2.632
10 9.07 4. 145
s 0 20 17.50 7.115
ba30 g 23.9(3) 2.(3)62
no barricade 42.9 4,307
Hg(ONC), 10 5,16 3.725
4=1.515| 115 15 % 1630 6.2%6
no barricade 38.70 9. 287
X 10 14.42 12,437
no shield 20, 30, no barricade non detonation at 55g

* Donor and acceptor are the same quantity,
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. The sample was fired by a fuse head,
and it was observed how the adjoining room
got a sympathetic detonation. Critical charge
to induce the sympathetic detonation was
‘determined after thirty-time successive tests
by K. A. Brownlee’s up and down method. »

Results: the relations between the critical
charge of sympathetic detonation and the
distance of the barricade from the room edge
are shown in Table 1.

(1) The length of overhead operational
shield: the blow-out type without an overhead
operational shield has slightly less tendency
to induce a sympathetic detonation than does
the half blow-out type with an overhead oper-
ational shield of one-half horizontal length,
and shows more striking tendency to prevent
a sympathetic detonation than does the closed
type with an overhead operational shield of
full horizontal length (295mm).

(2) Slant of the overhead operational
shield: the difference in the effect of slant on
preventing a sympathetic detonation could not
be found. But so far as concerned with
DDNP the shield of fifteen degree slant seems
to be more or less effective in preventing a
sympathetic detonation than does the horizon-
tal overhead shield when the distance between
the room edge and the barricade is long. On
the contrary, for mercury fulminate the
horizontal overhead operational shield seems
to have an effect of preventing a sympathetic
detonation than does the shield at a slant of
fifteen degrees.

(3) The distance between the room edge
and the barricade: as the distance between
the room edge and the barricade becomes
longer, the possibilities of sympathetic detona-
tion become generally fewer. But the blow-
out type without a shield shows the least
possibility when the distance between the
room edge and the barricade is 20cm. As
for mercury fulminate the above-mentioned
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distance effect was found remarkable. In the
‘case of DDNP (4=0. 476) another test model
which had no overhead operational shield,
and whose frontage was directly closed by
an acryl plate gave the same critical charge
(8.88g with a deviation of 1.925g) as that
(8.70g with a deviation of 1.790g) of the
fourth line in Table 1. This is easily under-
stood, because both of the models have
almost the same construction except the dire-
ction of openings.

(4) Samples: DDNP having the lower
bulk density (4=0.476) has slightly fewer
possibilities of sympathetic detonation than
that of the high bulk density (4=0.574) has.
Mercury fulminate has fewer possibilities,
and more remarkable effect of distance between
the barricade and the room edge than DDNP
has, Glanular black powder (B. P.) does
not induce sympathetic explosion even when
the charge exceeds 200g, and the charge in
the adjoining room remains unchanged.
(Granular black powder is composed of 70%
potassium nitrate, 16% charcoal and 109%
sulphur.)

Mechanism of sympathetic detonation of
DDNP was considered as follows: DDNP
produced blast wave pressure measured by a
piezoelectric gauge was higher than that of
mercury fulminate. Since the pressure is
generally considered as a cause of sympathetic
detonation, the measured pressure seemingly
supports that DDNP is more liable to induce
a sympathetic detonation than mercury ful-
minate. But the difference between the dis-
tance effect of DDNP and that of mercury
fulminate cannot be explained merely by the
measured pressures. The cause of sympathetic
detonation in this case should be considered
elsewhere.

The explosion heat of DDNP (1,017. 1cal/
g) is greater than that of mercury fulminate
(408.9cal/g). The explosion temperature of
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DDNP calculated by the hydrodynamic theory
of detonation*’ is lower than that of ‘mercury
Y. Mizushima®

measured the temperatures of explosion flame
of DDNP and mercury fulminate by means
of the spectrum line reversal method to be 1,890
+70°K and 2,500%200°K respectively. So
the DDNP’s greater tendency to the sympa.

fulminate. = Meanwhile,

thetic detonation cannot be explained by the
difference in the explosion temperatures.

(5) A sample loaded in a spherical shell,
made of cellophane of twenty micron thick
with a fuse head in the centre, was suspended

at the centre of a wooden frame of lm2.

The photographs are shown in Fig. 2. The
area of the flames measured by a planimeter
is given in Fig. 3. The mean area of DDNP
flame increases remarkably as the quantity
of charge increases. The area is larger than
that of black powder,
which was formerly considered to be the

deflagration flame of
largest of explosive flames. The mean area
of mercury fulminate flame becomes large as
the charge increases, but in a far smaller
scale compared to DDNP.

Explosivel

Hg(ONC).

Fig. 2 The size and shape of flame
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C : DDNP, x :Hg(ONC);, A :B.P.

Fig. 3 The size of flame

(6) The similar samples with above were
fired in a bright and a dark field. The
duration of explosion flame was recorded by
an 8mm cinecamera at a framing rate 64.
“The duration is shown in Fig. 4. The du-
ration of black powder flame becomes longer
as the charge increases. The duration of
DDNP flame becomes shorter as the charge
increases and that of mercury fulminate flame
‘becomes rapidly shorter than DDNP flame
.does. These facts show that DDNP and
mercury fulminate have the tendency leading to
the complete detonation above a definite critical
.charge corresponding to firing conditions.
DDNP thus gives the long duration flame and
a large critical charge to get detonation as
compared with mercury fulminate. These
properties of DDNP probably affect the in-
.duction of sympathetic detonation.

(7) The photographs of the front and
side views of the model structure were sim-
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O : DDNP, x :Hg(ONC),, A:B.P.

Fig. 4 Duration of flame

ultaneously taken by a Kodak High speed
Camera. In this case an acryl plate (60cm
in height, 45cm in width and lcm in thick-
ness) was used as a barricade. Two series
of photograph shown in Fig. 5. are as
follows.

DDNP of 10g (4=0.476) located on the
stand in each room of closed type. The
slant of the overhead operational shield was
fifteen degrees. The distance detween the
room edge and the barricade was 20cm.
The framing rate was 2,400 in a second.
(Fig. 5-(a))

At 8.4 msec. after the initiation the largest
explosion flame are seen in the initiation
room. At 24.6msec, in the adjoining room
flame starts in the left corner and fine powder
begins to disperse. At 39.6~40msec. DDNP
on the stand explodes. At 47.1msec. the
maximum flame is seen in the adjoining room.

The explosion flame in the initiating room
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(3

(5) After initiation,
Adjoining room shows maximum flame.

(7) Arter initiatiou, 390 frames (163ms.)

After initiation, 95 frames (39.6ms.)
The just state preceding in which
DDNP on the sample stand begins
to explode.

=,

113 frames (47. Ims.)

_. C I

Flame of adjoiniag room disappears.
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(2) After initiation, 20 frames (8.4ms.)
Initiation room shows maximum
flame.

(4) After initiation, frames (40.0ms.)
DDNP on the sample stand begins
to explode.

(6) After initiation, 271 frames (113ms.)
Flame of initiating room disappears.

Fig. 5-(a) Kodak High Speed Camera shows
at 2,400 frames/sec. DDNP (4=
0.476, 10g) detonates the same
charge in the adjoining room
sympathetically. The rooms have an.
overhead operational shield of 15°
slant. The distance between the
room edge and the barricade is.
20cm.



‘(l) After initiation, 2 frames (2.1ms.)
Initiating room shows maximum flame

(2) After initiation, 107 frames (45.8ms.)
The just state preceding the beginning
of explosion in adjoining room, Acryl
plate instead of barricade had already
been broken to fragments,

(3) After initiation, 131 frames (56.0ms.)

Adjoining room shows maximum flame.
Fig. 5-(b) Kodak High Speed Camera shows at
2, 340 frames/sec. Mercury fulminate(Jd=1.515,
10g) detonates the same charge in the adjoining
room sympathetically. The rooms have an
overhead operational shield of 15° slant. The
distance between the room edge and the
barricade is 20cm.

disappears at 113 msec., and the flame in the
adjoining room extinguished at 163 msec. .
Mercury fulminate(d=1.515) of 10g located
in each room of the closed type. The slant
of the overhead operational shield was fifteen
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degrees. The distance from the room edge

to the barricade was 20cm. The framing rate

was 2,340 per sec.. ‘(Fig. 5-(b))

At 2.1msec. after the initiation the room
shows the maximum flame. At 45.8 msec.
the acryl plate (the barricade) was broken
to pieces. In the adjoining room explosion
starts at the middle point between the over
head operational shield and the stand. At
56.1 msec. the flame reaches maximum.

The sympathetic detonation of DDNP is
considered as follows.

DDNP yields the higher pressure, greater
heat, wider flame and longer duration than
those of mercury fulminate and has lower
density (1.63g/cm®)® than that (4.4g/cm®)?
of mercury fulminate.

The high-speed photographs show that the
DDNP of small density in the adjoining room
is liable to scatter or disperse in air by blast
waves,

These properties of DDNP lead to its lia-
bility for the sympathetic detonation.

Acknowledgement

The author is indebted to Messrs. I. Aota
and H. Shirai for their experimental assist-
ance throughout this work. Thanks are also
due to Mr. Y. Mizushima, the chief of the
Explosive Section of Government Chemical
Industrial Research Institute, for his helpful
suggestions.

References

1) Safety Section, Chemical Industry Bureau,
Ministry of International Trade and Industry:
Commentary on Explosives’ Control Law,
Japan Explosive Industry Association, Tokyo,
83, 1960.

2) S. Yamamoto: Ippan-Kayakugaku, Hitotsubashi-
Shobo, Tokyo, 1961.

3) K. A, Brownlee, J. L. Hodges, Jr., and
Murray Rosenblatt: J. Amer. Stat. Assoc.
48, 262-277, 1953; T. Sawada: J. Ind. Exp.
Soc. Japan, 27, 74, 1966.

4) J. Taylor : Detonation in Condensed Explo-
sives, Clarendon Press, Oxford, 1952.

5) Y. Mizushima: Reports of Government Che-
mical Industrial Research Instiute, Tokyo, 55,
23, 1960.

(237) 53



KIGIHBORBKRIE ORI

FIH HBREERERTERZI BT 5 FLER

R H # B

BB BRI ZOQERE LG50, # 1/10 0
REsoEBR 2T/ =TS Y, | T
RO hOFETRBLIRES, BIETH, TRT
a3»E»E, BRBFHNOBEFROFE, &, AL
SUTENS LR E CORFERLI TS ETRML
7o

1, METSHORBMBIEICIE, v v 28, BRBE
DENN D EEmIcBERO R ISR, HBH
AR TH 1/2 04RO b5, £REOEHRO
LOLIFBLEVEITH D,

2. Ta#E&LRenERL, FRAELHTEREK
Sz EMBLEL, tiRorv-ERAROEEN

RLABLEV-X S5 THB,

BEH S TR, HIZoBEHROEENVHT.
ALV,

3. @Z5ix DDNP [zl LEHBRLEV,

4. DDNP BEZ S5iIcHHLRLBVERL LT,
REMCBRBENB L TBREARNRKRE L, BB
ORISR ERRITOND Z L RO,

5. DDNPRBZ 5 CELHEEKIhEVv-DT, 8
BIZL DY 3 v 7 EOEERY, IBREOBHREEIC
5 2RiEFEOBE L BBAROHER TRIBL:
BRLOVZLEEZBNS,

54 (238)

IRKFEREE



