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SUMMARY

The tests described in this report were requested by the
ARRADCOM Safety Office, specifically for the Milan Army Ammuni-
tion Plant, Tennessee. The plant is utilized to manufacture M42
and M46 grenades Toaded with A5 Composition. The tests are to
determirie a safe separation distance for three different loading,
assembly and packout (LAP) production line confiqurations. The
three confiqurations are: (1) a series of single grenades set
vertically (shaped charge facing down) on a conveyor; {2) a series
of single trays which contain 64 grenades arranged in an 8 x 8
matrix set on a conveyor; and (3) a series of carriers containing
12 trays with 64 arenades in each tray, suspended from a pendant
type conveyor within a covered ramp. The tests were performed from
April 1976 to July 1977 at Tooele Army Depot, Utah, and limited to
M42 grenades only. The design and explosive contents of M42 and
M46 are similar; hence, the testing of M46 grenades becomes unnec-
essary and uneconomical.

The tests were conducted in three test series corresponding
to three LAP confiaurations. Each series consists of two phases:
an exploratory phase during which the probable minimum safe sepa-
ration distance was determined by trial and error and a confima-
tory phase where sufficient tests were performed to statistically
establish the probability of propanation ot an explosive incident
at the safe separation distance established during the explora-
tory phase.

The first series established the minimum safe spacing be-
tween single M42 grenades positioned vertically in a conveyor
belt as 5.1 cerntimeters (2 inches) with an upper limit of 6.6
percent probabiiity of propagation at a 95 percent confidence
level. The second series established the minimum safe spacing
between adjacent trays set on a conveyor belt as 2.14 metres (7
feet) with an upper limit of 7.1 perzent probability of propaga-
tion at a 95 percent confidence Tevel. The third series estab-
lished the minimum safe spacing between carriers suspended from
a pendant type conveyoi within a covered ramp of 12.2 metres (40
feet) with an upper limit of 8.8 percent probabiiity of propaaa-
tion at a 95 percent confidence level.
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INTRODUCTION

Background

The determination of the minimum non-propagation distances
of M42 and MA6 qrenades is part of an Army-wide program presently
under way to upqrade existing installations and to develop design
criteria for new explosive manufacturing and LAP (Load Assemble
and Pack) facilities. This effort will enable the U.S. Army to
achieve increased produ-tion cost effectiveness with impry red
safety. as well as to provide desian data for manufacturing facil-
ities for new weaponry. As an integral part of this overall pro-
gram, the Manufacturing Technology Nivision, Large Caliber Weapon
Systems Labgoratory, ARRADCOM, Dover, New Jersev, is enqaged in the
development of safety criteria as an activity entitled “"Safety
Engineering in Support of Ammunition Plants" which includes safe
separation distance studies of munitions end items and in-process
explosive materials. These criteria will be utilized as part of
the basis for the design of ali explosive production installations
due for modernization and expansion, including Government-owned,
contractor-operated (GNCO) ammunition plants.

The tests described in this renort ware undertaken at the
request of the ARRADCOM Safety Office for Milan Army Ammunition
Plant, Tennessee. <JCurrently, the plant is utiiizing three LAP
configqurations to handle M42 and MA6 arerades lcaded with A5 Com-
position. The design and explosive content of M46 grenades are
similar to those of the M12 grenades; hence, the tesi{s were con-
ducted for M42 grenades orily to achieve cost saving.

The three confiqurations were:

1. Single grenades set vertically on the conveyor belt.

Lo

Trays of 64 grenades arranged in an 8 x 8 matrix set
on a conveyor belt.

3. Carriers containing 12 trays with 64 grenades in
each tray suspended from a pendant type overhbead
conveyor within a covered ramp.

The grenades used in the tests were fully assembled and loaded
ch the exception that the M223 general purpose fuze was removed.
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Purpose and Objective

The purpose of this Safe teparation Distance Program is to
pravide existing and future loading plants with viable safe sepa-
tion distance criteria for the set-up of LAP operations on M4 2
and Md6 grenades.

The objective of the program was to determine experimentally
the minimum safe (non-propagative) spacing for all three LAP con-
figurations being used at the Milan Army Amrunition Plant. The
program may be considered as consisting of two phases. The first
phase involved exploratory testing for the purpese of establishing
the necessary clear spacing between adjacent transport csrriages
of grenades. The second phase consisted of confirmatory testing
as required to establish statistica!l confidence in the results.

Criteria for Tests

The testing was conducted in such a manner as to accurately
cimulate the actual loading configurations. The only arcentable
criterion for determining the safe clear separation distances for
each configuration was the ron-propaqation of a detonation from
the donor unit to the acceptor units. Note tkat the clear dis-
tances are measured edge-tc-edge, not certer-to-center on the
adjacent grenacdes,
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TEST CONF IGURATIONS

General

The safe separation distance testing of the M42 grenades
in all three LAP configurations was performed from April 1976 to
July 1977 at Tooele Army Depot in litch. Two phases of testing,
explorator and confirmatory, were accomplished for each of ¢he
three LAP confiqurations in order to establish the minimum non-
propagation distances between the various M42 grenade carriers.
The program may be considered as consisting of three separate
test series, corresponding to three LAP hardware confiqurations.

In the analysis of the test data, it will be noted ._hat
the various test series and phases were not conducted in either
chronoloqgical or series order. Recause of the lonqg time period
and the larqge number of tests involved, individual tests were
conducted whenepver the coordination of manpower, test materials
and test site could be e“fected. In fact, several test confiqu-
rations and test series were interminqgled within a particular
da.'s test activity. Howaver, in all test series, the exploratory
test phase was always fully completed and its data reviewed and
analyzed prior to the inception of the confirmatory phase.

Test Specimens

Fach of the test series utilized the same basic test speci-
men, the M42 qrenade without *hc M223 general purpose tuze (Fig-
ure 1). The grenade’'s basic dimensions are b.2% centimeters
(2.46 inches) in lerqth with a maximum diameter of 3.89 centi-
meters (1.53 inches). Each agrenade contains a minimum of 30 qrams
of A5 Composition contained in a shaped charge confiquration.

Test Arrangements

The first test series utilized only the basic M4Z2 grenades
equa'ly placed on a pine board of 2.54 centimeters (1 inch) by
15.24 centimeters (6 inches) by 2.44 metres (8 feet) and supported
by cinder blocks at both ends at a distance of approximately 76.2
centimeters (3. inches) from the ground. Fiquve 2 is representa-
tive of the test arrangement for this series. The center yrenade
acted as donor, while grenades at both sides acted as acceptors.
It was initially plarned to conduct 7 exploratory tests followed
by 25 confirmatory tests; however, in order to establish an accu-
rate safe separation distance, a total of 52 exploratory tests
were performed.

.
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The second test series utilized polypropylene trays cntain-
ing 64 arenades arranged in an 8 x 8 matrix (Figure 3). ‘he
grenades ware oriented in a vertical position (shaped charge down)
in the slotted compartments in the tray. Three loaded trays were
placea on a simulated conveyor made of a 2.54-centimeter (1.0-inch)
_ by 30.48-centimeter (12.0-inch) by 2.44-metre (8.0 -foot) pin2
board supported 2t each ena at a distance of apri.oximately 76.2
centimeters {30 inches) from the ground. The two-acceptor/one-
donor technique, with the high order initiation of the donor, was
utilized. The center tray acted as donor while the others acted
as acceptors. Fiqure &4 illustrates a typical set-up for the sec-
ond test series. A total of four exploratory tests and 25 con-
firmatory tests were conducted.

For the third and final series of tests as shown in Fig-
ure 5, the middle carriage acted as lJonor while the other two
carriages acted as acceptors. Each carrier consisted of 6 alu-
minum shelves, 40.64 centimeters (16 inches) by 81.28 centimeters
(32 irches), each shelf containing two trays of 64 g:enades in
each tray and spaced vertically 11.43 centimeters (4.5 inches)
apart {see Fiqure ). The carriers were suspended from the
c»iling to simulate the pendant type cornveyor in an aluminum-
sided and roofed conveyor tunnel. In this series, a total of
three exploratory tests were conducted to establish the non-

r rropagative distance between two carriers. The number of con-
firmatory tests were limited to ¢0 tests due to the high costs
and the compiexity of the tests.
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TEST RESULTS

General

As previously mentioned, the safe separation distance tests
of the M42 grenades had been grouped into three test series accord-
ing to the LAP manufacturing processes; i.e., single grenades, a
tray of 64 grenades and a carrier of 12 trays. The results of
c¢ach test series are presented in Tables 1, 2 and 3, respectively.
In addition, a summary of the number of high order detonations
corrasponding to the various separation distances for the three
test series are compiled as Table 4.

Eg;u]ts of Individua! Test Series

Test Series 1 - Single Grenades

The separation distances utilized in the exploratory test-
ing phase of this test series ranged from a minimum of zero spac-
ing (grenades touching each othprg to a maximum of 38.1 centimeters
(15 inches), measured edge-to-edge on the grenades. The only
detonation that occurred was at zero spacing.

Confirmatory testing on the single M42 grenades was orig-
inally conducted at a safe separation distance of 22.8 centi-
meters (9 inches). However, during discussions with Toading plant
personnel, it was noted that this much spacing would necessitate
excessively high and unrealistic conveyor speeds in order to meet
desired production rates.

A second series of M4Z grenade exploratory tests were ini-
tiated which eventually led to a series of confirmatory tests at
a safe separation distance of 10.2 centimeters (4 inches) (see
Tests 32 through 52 of Table 1). Low order detonations in some
tests were observed for the acceptors next to the donor.

Finally, a third series of single M42 grenade confirmatory
tests were conducted at a safe separation spacing of 5.1 centi-
meters (2 inches). Twenty-five tests (Tests 53 through 77 of
Table 1), each with 5 grenades in a line (Figure 2) were con-
ducted. Th2 result indicated that random low order propagations
(12 total) to the nearest acceptors (Numbers 2 and 4 of Figure 2)
occurred.

J
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Figure 7 shows the layout of a confirmatory test for the
single grenade tests. The center grenade was armed with a deto-
nator to set it off as a high order detonation. Figure 8 is the
post test result in which there was no propagation of the deto-
nation of the donor to any of the acceptors, except for fragment
damage to the inner acceptors. Figure 9 is another post test
result of the single grenade confirmatory tests; there was a low
order detonation of the inner acceptor on the Teft side. How-
ever, since the propagation of the detonation was not carried
any further, the result was considered to be acceptable.

Test Series 2 - Tray of 64 Grenades

In the exploratory phase of this second series of M42
grenade tests, the separation distances tested ranged from 2.14
metres (7 feet) down to 0.15 metre (6 inches), measured edge-to-
edge on the grenade trays. High order detonations of acceptor
trays were observed at a separation distance up to 1.53 metres
(5 feet). While there were no detonations of acceptor trays ab-
served at the separation distance of 1.83 metres (6 Teet), the
damage caused by donor tray fragments was evident. Therefore,

a non-propagation distance of 2.14 metres (7 feet) was established.

A total of 25 confirmatory tests were performed for the safe
separation distance of 2.14 metres (7 feet). The results show
no propagation of the donor's high order explosion to the acceptor
trays (Table 2, Tests 5 through 29). Figure 10 shows the post
test results of a donor detonation at a safe separation distance
of 2.14 metres (7 feet). Note that some of the outside grenades
and portion of tray were damaged by donor fragments.

Test Serias 3 - Carrier with 12 Trays

The total number of tests conducted for this test series
was severely curtailed due to the complexity of the test set-up
and the high costs associated with construction of the nccessary
simulated tunnel structures. Therefore, only three tests were
conducted during the exploratory phase of the program, with sepa-
ration distances ranging from 15.3 meters (50 feet) down to 6.9
metres (20 feet). Based on the results of the tests, the sepa-
ration distance of 12.2 metres (40 feet) was accepted as the
distance for confirmatory tests.

A total of 20 confirmatory tests were corducted. It was
observed that only some of the grenades in acceptor carriers were
being-spilled out of trays.
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Figure 11 is an end view of the simulated turinel for the
carrier test. The carriers were supported to the proper heights
by metal ammunition boxes in lieu uf an overhead suspension sys-
tem in order to reduce program costs. Figure 12 is the post test
results of the donor detonation at a separation distance of 12.2
metres (40 feet). Note that the acceptor carriers landed upright;

however, some of the grenades were spilled from the individual
trays.

Summary of Test Results

While a few higr order detonations of acceptor specimens
were observed in two of tne three test series, the confirmatory
test results clearly showed that no propagation of detonations
occurred at the established safe clear separation distances. The
established safe clear separation distances are 5.1 c¢m (2 in) for
single grenades; 2.14 m (7 ft) for a tray with 64 grenades; and
12.2 m %40 ft) for a carrier with 12 trays.

The results of the program also demunstrated conclusively
that when the M42 grenades were placed in close proximity to
each other, the detonation of one grenade would result in high
order detonation of adjoining grenades. This was observed in the
case in which one detcnated grenade would initiate the whole

8 x 8 matrix tray and/or the whole carrier of 12 trays to a high
order detonation.

Analysis of Test Results

Variations in manufacturing tolerances, materials, wear,
etc. require that statistical reasoning be employed in the com-
parative interpretation of the test data. The probability of the
propagation of an explosive incident is a function of the number
of propagation occurrences in the individual test series and the
number of tests conducted (see Appendix for statistical theory).
The results as shown in Table 4 indicate that high order detona-
tions occurred in two of the three test series conducted. How-

ever, no propagations were observed during any of the cor.firmatory
tests.

In Test Series 1, single M42 grenades spaced at 5.1 cm
(2 in) apart, a total of 54 acceptor specimens were tested.
Therefore, from Figure 13, the probability of a detonation of an

acceptor by a donor initiation is 6.6 percent at the 95 percent
confidence Tevel.

In Test Series 2, 64 grenades per tray arranged in an
8 x 8 matrix, a total of 50 acceptor specimens were tested. This
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results in a probability of detonation of an acceptor by a donor
initiation of 7.1 percent at a confidence level of 95 percent.

In the third test series, 12 trays of 64 grenades per
carrier, a total of 40 acceptor carrier specimens were tested.
This produces a probability of detonation of an acceptor by a
?ono; initiation of £.8 percent at the 95 percent confidence

evel. :

These values are equivalent to stating that in a large
number of tests, 95 out of 100 times, the probability of the
propagation in an explosive evert will be less than or egual to
the stated values. These values indicate the quality of the
tests and the reliance that can be placed upon the conclusions
drawn from the testing.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1.

The minimum safe clear spacing for single M42
grenades cositioned vertically on a conveyor

belt was established at 5.1 centimeters (2 inches)
as a result of an upper limit of 6.6 percent
probability of propagation at the 95 percent
confidence level for 54 test specimens.

The minimum safe spacing for trays of 64 grenades
arranged in an 8 x 8 matrix was established at
2.14 metres (7 feet) as a result of an upper
1imit of 7.1 percent probability of propagation
at the 95 percent confidence level for 50 test
specimens.

The minimum safe spacing for carriers of 12 trays
of 64 grenades suspended from a pendant type
conveyor within a covered ramp was established
at 12.2 metres (40 feet) as a result of an upper
1imit of 8.8 percent probability of propagation
at the 95 percent confidence level for 40 test
specimens.

Separate testing of the M46 grenades was un-
necessary as they are similar in design and
explosive content to the M42 grenades, and
parallel testing of M46 grenades would only
escalate the program costs.

The initiation of a single grenade within either
the tray of 64 grenades or the carrier of 12
trays would result in a high order detonation

of all the grenades within the group.

Recommendations

The following safe clear separation distances are

recommended:

1.

5.1 centimeters (2 inches) between adjacent
single grenades.

-10-~
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2.14 metras (7 feet) between adjacent trays

of 6. grenades.

12.2 metres (40 feet) between adjacent carriers

of 12 trays.
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Test data summary,
single M42 grenade without fuze

Table 1

T

" .

Test Separation No. of
No. cm (in)_ grenades Results?
1 30.5/25.4 (12/10) 3 NDP, minor dents
2 22.8 (9) 3 NDP, minor dents
3 17.8/20.3 (7/8) 3 LOD one side
4 0 0 3 LOD both sides
5 22.8 (9) 3 NDP, major dents, no
penetrations
6 22.8 (9) 3 NDP, minor dents
7 22.8 (9) 3 NDP, minor dents
8 22.8 (9) 3 NDP, minor penetration
9 22.8 (9) 3 NDP, minor dents
10 22.8 (9) 3 NDP, minor penetration
n 22.8 (9) 3 NDP, minor dents
12 22.8 (9) 3 NDP, minor penetration
13 22.8 (9) 3 NPD, minor dents
14 22.8 (9) 3 NDP, minor penetration
15 22.8 (9) 3 NDP, minor derts
16 22.8 (9) 3 NDP, minor dents
17 22.8 (9) 3 NDP, minor penetration

1 In a 1ine with center grenade being donor
2 NDP - No detonation propagation

LOD - Low order detonation

HOD - High order detonation

-12-




(continued)
Test Separation No. of
No. cm (n]_ grenades! Results?
18 22.8 (9) 3 LOD one side
, 19 22.8 (9) 3 LOD one side
3 20 22.8 (9) 3 NDP, minor penetration
é | 21 22.8 (9) 3 NDP, minor penetration
g 22 22.8 (9) 3 NDP, minor penetration
23 30.5 (12) 3 NDP, minor penetration
] 24 0.5 (12 3 LOD one side
25 38.1 (15) 3 NDP, minor dents
26 38.1 (15) 3 NDP, minor dents
; 27 38.1 (15) 3 NDP, minor dents
| 28 38.1 (15) 3 NDP, minor dents
; 29 38,1 (15) 3 NDP, minor penetration
g 30 38.1 (15) 3 NDP, minor dents
E 31 38.1 (15) 3 NDP, minor penetration
- 32 0 0 11 HOD all grenades
E 33 5.1 (2) n LOD, one acceptor
f K’ 5.1 (2) 7 LOD, une acceptor
i 35 7.6 (2) 5 NDP, minor dents
36 10.2 (4) 5 NDP

' 1'In a Tine with center grenade being donor
' 2 NDP - No detonation propagation

LOD - Low order detonation

HOD - High order detonatinn
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Test
No

37
38
39
40
a
42
43
44
45
a6
47
48
49
50
51
52
53

54

O, T MY Y

LT

(continued)
Separation No. of
om (in]_  grenades! Results?
10.2 (4) 5 NDP, minor dents
10.2 (8) LOD, one acceptor
10.2 (4) 5 NDP
10.2 (4) 5 NDP
10.2 (4) 5 NDP
10.2 (4) 5 LOD, one acceptsur
10.2 (4) 5 NDP
10.2 (4) 5 NDP
10.2 (4) 5 LOD, two acceptors
10.2 (4) 7 NDP
10.2 () 7 NDP
10.2 (4) 7 NDP
10.2 (4) 7 LOD, oune acceptor
10.2 (4) 7 NDP
10.2 (4) 7 LOD, one acceptor
10.2 (4) 7 NOP
5.1 (2) 5 LOD, one inner
acceptor
5.1 (2) 5 NDP, minor penetrations

T In a line with center qrenade being donor

2 NDP - No detonation propagation
LOD - Low order detonation
HOD - High order detonation
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73 5.1 (2) 5 NDF
74 5.1 (2) 5 LOD, one inner acceptor
75 5.1 (2) 5 LOD, one inner acceptor
76 5.1 (2) 5 1.0D, one inner acceptor
77 5.1 (2) 5 NDP

1 In a 1ine with center grenade being donor

2 NDP - No detonation propagation
LOD - Low order detunation
HOD - High order detonation
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Table 1
(concluded)
Test Separatian No. of
No. cm grenades1 Resul ts?
73 5.1 (2) 5 NDF
74 5.1 (2) 5 LOD, one inner acceptor
75 5.1 (2) 5 L00, one inner acceptor
1 76 5.1 (2) 5 1.0D, one inner acceptor
$ 77 5.1 (2) 5 NDP
3
k 1 In a Tine with center grenade being donor
2 NDP - No detonation propagation
LOD - Low order detunation

HOD - High order detonation
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Table 2

Test data summary,
trays wiin 64 grenades

Test Separation i :
Ne. m (ft) Results ;
E 1 0.61 (2} NDP, minor penetration i
3 1.22 (4) NDP, minor penetration i
: i
E 2 0.30 (1) HOD i
] 1.22 (4) NDP, minor penetration ;
i i
3 0.15 2.5) HOD 1
: 0.3 1) HOD 4
'- 4 1.22 (4) HOD
; 1.53 (5) NDP, minor dents .
;. 5 1.83 (6) NOP, minor dents Q
2.14 (7) NDP |
6 1.83 (6) NDF, minor dents
5 2.14 (7) NDP |
: 7 2.14 57; NDP
E 2.14 7 NDP :
5 8 2.14 (7) NDP, minor penetration
: 2.14 (7) NDP
: 9 2.14 §7) NDP
t 2.14 7) NDP
10 2.14 (7) NPD
2.14 (7) NDP
1 2.14 (7) NDP
{ 2.14 (7) NDP
| 12 2.14 m NDP
] 2.14 7 NDP
g ' T NDP - No detonation propagation i-
g . ROD - High order detonatinn
-17-
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Test

No.

13

14

15

17

18

19

20

2

22

23

24

25

1T NDP - No detornation propagation

HOD - High order detonation

-'8-

Taklic 2
(e 1+inuec’
Separation 1
—m (ft) Results
2.14 27; NDP
2A 7 NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 §7) NDP
2.14 7) NDP
2.14 §7; NOP
2.14 7 NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 7) NDP
2.14 7) NDP
2.14 {7; NDP
2.14 7 NDP
2.14 (7) NDP
2.14 (7) NOP
2.14 (7) NDP
2.1 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP
2.14 (7) NDP

— e




1 Table 2

N (concluded)
3 Test Separation
] No. m (ft) Resu1ts]
26 2.14 (7) NDP
2.14 (7) NDP
27 2.14 57) NDF
2.14 7) NOP
28 2.14 (7) NDP
L 2.14 (7) NDP
* 29 2.14 27; NDP
2.14 7 NDP

1 NDP - No detonation propagation
HOD - High order detonation
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Table 3

Carriers with 12 trays

Test Separation 1
Nn. m (ft) Results
1 12.12 (40) NDP
15.3 (50) NDP
2 6.1 (20) NDP, damaged grenades
9.2 (30) NDP, damaged grenades
3 9.2 (30) NDP, minor penetrations
9.2 (30) NDP, minor penetrations
4 12.2 (40) NDP
12.2 (40) NDP
- 5 12.2 (40) NDP
. 12.2 (40) NDP
ﬁ 6 12.2 (40) NDP
: 12.2 (40) NDP
E 7 12.2 (40) NDP
12.2 (40) NDP
] 8 12.2 (40) NDP
: 12.2 (40) NDP
: 9 12.2 (40) NDP
] 12.2 (40) NDP
: 10 12.2 (40) NDP
§ 12.2 (40) NDP
] n 12.2 (40) NDP
: 12.2 (40) NDP
: 12 12.2 (40) NDP
% 12.2 (40) NDP
b
3 13 12.2 540 NDP
4 12.2 40 NDP

: : ‘ T NDP - No detonation propagation

g -20-
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Res;uIts1

& Table 3
: (concluded)
AN
4 Test Separation
No. m (t)
14 12.2 (40) NDP
12.2 (40) NDP
15 12.2 (40) NDP
12.2 (40) NDP
16 12.2 (40) NDP
12.2 (40) NDP
17 12.2 240) NDP
12.2 40) NDP
18 12.2 (40) NDP
12.2 (4C) NDP
19 12.2 (40) NDP
12.2 (40) NDP
20 12.2 540; NDP
12.2 40 NDP
21 12.2 (40) NDP
12.2 (40) NDP
22 12.2 (40) NDP
0.2 (40) NDP
23 12.2 (40) NDP
12.2 (40) NDP

T NDP - No detonation propagation
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Table 4

Summary of high order detonations

Separation No. of Test High Order
Distance Acceptors Configuration Detonations

38.1 cm (15 in) 14 Single 0

30.5 cm (12 in) 5 Single 1*

25.4 cm (10 in) 1 Single 0
: 22.8 cm (9 in) 38 Single 2%
f 20.3 cm ( 8 in) 1 Single 0
1 17.8 cm (7in) 1 Single 1*
; 10.2 ecm (4 in) 34 Single 0
g 7.6 cm ( 31in) 2 Single 0
% 51 ecm (2 1in) £4 Single 0
E 0 cm (0 in) 4 Single 4
E 2.14 m (7 ft) 48 64/tray 0
E 1.83 m (6 ft) 2 64/tray 0
g 1.53m (5 ft) 1 64/tray 1
; 1.22 m (4 ft) 3 64/tray 2
§ 0.61 m (2 ft) 1 64/tray 0
; 0.30 m (1 ft) 2 64/tray 2
f 0.15m ( 6 in) 1 64/tray 1
% 15.3 m (E0 ft) 1 12 tray/carrier 0
] 12.2 (40 ft) 40 12 tray/carrier 0
; 9.2 m (30 ft) 3 12 tray/carrier 0
f 6.1 m (20 ft) 1 12 tray/carrier 0

* Unconfirmed; could have been Tow order.

-22-

S A i

ek i e A st

L'

TSP RS N T R WII-CR R N S RO




P g
- - ST

o

Alquasse Bujpeoj epeusdb 24 | Hid

COCO+ #2297
L LO W LY
(.epors. G193 | i
VIV 1+ 18 4
ceer), (.627°)
C.ODP7) RV | Li OF |  RuWWWEl T N E
ATOSIACY| 99" ATE WSSV 3
XV WL NS OV37 :
1
— “
& E:
N *_® ™ ]
* ~ - € J a
AR S S :
a’u4 g N - 1 .. ' o4
CIg bl Ol g *2e? i
>0 2555
W ) Lo sonle
YOO nOILISOellIOO SV

VO SILL -RATEWRERV XCOY SO O 2FIIIS

e i b Bl i T ] AP I ar F Y etn v A s St T P et L e o . ke e




bhhi sek Ll dliaci aiiaa o o Ll i

sapeuadb a|buls 40) dn-33s 3sa} |eoLdAL - ¢ b4

SIUVIYINS FQvYISI© SIUVYNIZY
mugurnn%nvnvnu«\ anuﬁﬂnunw &/OLIFOOV
7 _

o3 & o & |

4

(er &) N
— oy vOe
“wsrs Y/

et ST T e e o g e s o, . - . e
e, r e e A vt s b S A A s R eyt e T e L

-24-

B T S S L O P T o

pr— i e Wbt »




S

-25-

o 9 Sawep vvem =
MERERDS. . i 8T &




T T T o 1..1!1 — S S — E— S— oo J

sAea3 a[buls 404 dn-3a3s 3s93 leotdA] - ¢ 614

-26-

TP B S T P S U Vo I T S S T P D SRR v P N e an i




1 R ATIRE (T TAR AT ot ATy 6w i, et e aee S m L b e R4 vk Rl e n sy e Sen e by e

sAed3 20 Y3 M S4d}J4RD 40y dn-38S 3S3L - G D4

XRI&IEIVO 2 RI2IZIVO XTSI VD
2IOLSFOO ZIoYoo /0L 3OOV

SONVVLES/C

LI\ L
INOIL V2 V! 3

ZOASAITCOS a2V INLI!Se

T S T TP R S T T I T T D T S S Py

~27-




hd Wor

Tojgg PROP TES
MUNITION M
SPACE 77 o0

Fig 6 -~ Carriers with 12 trays

-28=- 4

ARl . . - = LI e Ttttodind e R




a4 e a g ey T y
P

T S e TR A £ Tty T T,
AT

dpeusub zp abuts uoi dn-3as 3sa; £ 61y

|
|

61 -AVN 8L -

. 30vdS
CP N

-
|

omoos WL “

?

-29-




uojjebedosd uOLIRUOIIP Ou “dpeudub gyl DLLULS JO SINSAJ 3SS] - § VL4

l\-

{5 1

AR -

¢

.30~

N _temwm TS v .




L e e s e e e e T+ o < e ot = 1 = e = st {7 = mmn mp e e e s e e Y T 15 < i o e PRI P T e = S ~preeyes e

UOLIRUOJDIP ADBPJO MO| SBM 3PRUIID Z# ‘dpeudud 2t albuts jO S3{Nsod 3s3} - 6 bid

-371-

€ Sogmuty W

Zrapete.




v
[

iy, | SR
‘3?909h§0'ip7

b
[

-32-

Fin 10 - Test results for sinale trays

|

i~ o b e i b sk

ot e e e o

e i ke

o Sttt s

R i e h i s seanlila

A e et h e e ekt e 8T o

iDL




Fig 11 - Test set-ups for carriers inside
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LITY OF PRCPAGATION
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Fig 13 - Variation of propagation probability versus number
of observations as a function of confidence level
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STATISTICAL EVALUATION OF EXPLOSION PROPAGATION
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APPENDIX
STATISTICAL EVALUATION OF EXPLOSION PROPAGATION

Statistical Theory

An attempt wac made in the main body of this report to
evaluate the possibility of the occurrence of explosion propaga-
tion based upon a statistical analysis of the test results. This
section of the report is devoted to mathematical means by which
the statistical analysis was performed.

The probability of the occurrence of an explosion propaga-
tion is dependent upon the degree of certainty or confidence
level involved and has upper and lower limits. The lower limit
for all confidence levels is zero; whereas the upper limit is a
function of the number of observations or, in this particular
case, the number of acceptor items tested. Since each observa-
tion is independent of the others and each observation has a con-

stant probability of a reaction occurrence (explosion propagation),

the number of reactions (x) ir » given numb.: of observations (n)
will have a binomial distribu. on. Therefore, the estimate of
the probability (p) of a reaction occurrence can be represented
mathematically by:

p = x/n Eq. 1
and, therefore, the expected value of (x) is given by:
E(x) = ap Eq. 2
Each confidence level wiil have a specific upper limit (p3)
depending upon the number of observations involved. The upper

probabiiity Timit for a given confidence level o, when a reaction
is not observed, is expressed as:

(1 - pp)"

where £

€ EGq. 3

(1 -a)/2 and o < 1.0 Eq. 4
Use of Equation 3 is illustrated in the following example:

Example

Determine the upper probability limit of the occurrence of
an explosion propagation for a confidence lavel of 95 percent
based upon 30 observations without a reaction occurrence.
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Given
Number of Observations (n) = 30
Confidence level {(a) = 95 percent

Solution

1. Substitute the given value of (a) into Equation 4 ard
solve for e:

e=(1-a)2=( -0.95)/2 = 0.025

E 2. Substitute the given value of (n) and value of (e) into
i Equation 3 and solve for pp:

e = 0.025 = (1 ~ pp)30

D i T Tt P R b

or
pp = 0.116 (11.6 percent)

Conclusions

For a 95 percent confidence level and 30 observations, the
true value of tne probability of explosion propagation will fall
between zero and 0.116; or statistically, it can be interpreted
that in 30 observations, a maximum of 3.48 (0.116 x 30) observa-
%ion? could result in a reaction for a 95 percent confidence

evel.

R B ki ot i e a4 b

Probability Table

Table A-1 shows the probability limits and the range of the
expected value E(x) for different numbers of observations. Three
confidence 1imits, 90, 95 and 99 percent, are used to derive the
probabilities.
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