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CARD-GAP AND PROJECTILE IMPACT SENSITIVITY MEASUREMENTS,
A COMPILATION

by

Richard W. Watson!

ABSTRACT

Card-gap and projectile impact sensitivity data are presented for a wide
variety of explosive compositions tested at the Bureau of Mines in more or
less standard test geometries. The results of both tests are in good agree-
ment in that they provide the same sensitivity ordering for different sub-
classes of explosives. Least sensitive were homogeneous liquids that did not
exhibit a tendency to undergo low-velocity detonation, ammonium nitrate-fuel
0il, and most cast military explosives. Of intermediate sensitivity were
pressed and powdered military explosives, cast pentolite, permissible and non-
permissible water-based explosives, and one commercial two-component explosive.
The most sensitive were permissible and nonpermissible dynamites and explo-
sives susceptible to low-velocity detonation.

INTRODUCTION

The Bureau of Mines has accumulated data relating to the card-gap sensi-
tivity and the projectile impact sensitivity of a large variety of explosive
substances. Many of the individual results have appeared in outside publica-
tions and formal and informal internal reports. Additional data have been
compiled for a number of new explosives that have recently appeared on the
commercial scene. This document consolidates these results in a single report
for the convenience of those involved in the manufacture, transportation, and
use of explosives in the United States.
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EXPERIMENTAL METHODS

Card-Gap Test

The card-gap test results to be presented are limited to experiments con-
ducted using the Bureau's standard test procedure which has been fully
described elsewhere (2-3).° Summarized briefly, the donor charge consists of
two pressed tetryl pellets, each having a diameter of 1-5/8 inches and a
length of 0.5 inch. The pellets are pressed to a density of 1.57 g/cm® and
individually weigh 25 g, making the total donor weight 50 g. The donor is
initiated with a No. 8 electric blasting cap. The shock attenuator also has a
diameter of 1-5/8 inches and is made from a machined Plexiglas® rod having
nearly the desired length. Adjustments are made in the total length of the
attenuator by adding 1/4-inch-thick by 1-5/8-inch-diameter Plexiglas disks or
0.010-inch-thick cellulose acetate cards also having a diameter of 1-5/8
inches. The peak shock pressure generated by this system has been determined
as a function of attenuator length; the results are reported by Gibson (1).
The explosive under test is confined in a l-inch-inside-diameter schedule 40
seamless steel pipe ordinarily having a length of 16.0 inches and a nominal
wall thickness of 0.133 inch. In certain cases, lengths as short as 8.0
inches were used, as will be indicated in the tabulation of test results.

When determining the card-gap sensitivity of liquids, gels, slurries, or pow-
ders, a 0.003-inch polyethylene diaphragm is used to seal the shocked end of
the acceptor tube.

Projectile Impact Test

The procedure for determining the sensitivity of explosives to projectile
impact is fully described by Weiss (4). In essence, a cylindrical charge of
the test explosive is impacted with a 0.5-inch-long by 0.5-inch-diameter brass
projectile fired from a smooth-bore 50-calibre gun. The projectile is
directed along the axis of the charge and impacts at normal incidence on the
unconfined surface of the test explosive for the case of solid explosives. 1In
testing liquids, gels, and powders, a 0.003-inch polyethylene film is used to
cover the ends of the charge container; the confining effect of this diaphragm
is negligible. Several different charge geometries, container sizes, and
materials have been used in the impact work conducted at Bruceton. The par-
ticulars of the charge confinement geometry are given in the data tabulation.
At present, l.5-inch-diameter schedule 40 steel pipe nipples are used for this
purpose; they have a length of 3.0 inches and a nominal wall thickness of
0.145 inch.

EXPERIMENTAL RESULTS

The card-gap test results for 55 different explosive compositions are
presented in table 1. Threshold gap values are given for both high-velocity

2Underlined numbers in parentheses refer to items in a list of references
preceding a list of related publications.

3Reference to specific trade names is made for identification only and does
not imply endorsement by the Bureau of Mines.



and low-velocity detonations whenever the latter occur. In rigorous card-gap
testing, the Bruceton up-and-down technique is usually used to define the gap
length corresponding to a 50-percent probability of initiation. From 25 to
50 test firings are required to adequately determine this value. Many of the
data in table 1 are based on a smaller number of observations, usually 10 to
15. TFor this reason, threshold gap limits are used to define the relative
sensitivities of the various explosive systems. The limits represent the
largest gap for which detonations occurred and the smallest gap resulting in
failures. High-velocity detonations were distinguished from low-velocity
detonations by means of detonation velocity probes (3), witness plate damage,
and size of fragments from the acceptor containers.

The results of the projectile impact tests are presented in table 2. 1In
the majority of tests the Bruceton 'up-and-down' method was used for estimat-
ing the projectile velocity corresponding to a 50-percent initiation probabil-
ity (Vg,). However, in certain cases, due to a limited number of firings,
rough estimates of V., were made by averaging the highest projectile velocity
for which detonations were not observed and the lowest velocity resulting in
detonations. 1In these cases, the values of V., presented in table 2 are pre-
ceded by the symbol (~). Three different methods were used to determine if
initiation of the explosive had occurred. The first was the use of a length
of Primacord butted against the surface of the explosive below the line of
flight of the projectile. The initiation of the Primacord as evidenced by a
witness plate was taken as a positive result. The second method utilized an
aluminum foil blast gage placed in proximity to the test sample, while the
third method was based on the complete fragmentation of the containers used
to confine the charges. An examination of the test site for explosive rem-
nants was also employed to supplement the other methods.

SUMMARY

The results of card-gap tests and projectile impact tests are presented
for a variety of explosive compounds. The results of both tests are in good
agreement in that they provide the same sensitivity ordering for different
subclasses of explosives. Homogeneous liquids that did not exhibit a tend-
ency to undergo low-velocity detonation, cast military explosives (with the
exception of Pentolite), and ammonium nitrate-fuel oil were the least sensi-
tive. Pressed and powdered military explosives, cast Pentolite, permissible
and nonpermissible water gels, and one commercial two-component system were of
intermediate sensitivity. Permissible and nonpermissible dynamites and explo-
sive compositions susceptible to low-velocity detonation were the most
sensitive.
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