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ABSTRACT 

In July 1980, the DDESB Explosive Safety Standard DOD 6055.9-STD became linked  with
or referenced to the 1966 Kingery Hemispherical TNT Surface Burst airblast compilation.  In
1984, a revised Kingery compilation was released.  The 1984 Kingery paper presented the
compiled airblast parameters in terms of high order  polynomials.  This paper presents the
same results in terms of simplified polynomials with the results accurate to within 1% of the
original Kingery values.  The paper also describes the background and basis of the Kingery
Standard--what it is as well as what it is not.  Moreover, it provides guidance on its limitations
and applicability.  

INTRODUCTION

In the current DOD Explosives Safety Standard , the effects expected at a particular scaled1

distance (range/charge weight ) are tied to a pressure level.  This pressure level is determined1/3

from the 1966 Kingery hemispherical TNT compilation.   This was not always the case.  The first2

instance in which an effect was tied to a pressure level was in Interim Change 2 to DOD 5154.4S,
dated 23 June 1980 .  Here, pressure levels were tied to scaled distances or K factors through the3

use of the Kingery hemispherical TNT surface burst data compilation which was released in
1966.  Subsequent to the publication of the original compilation, a revised and updated
compilation was prepared for inclusion in a revision to the 1969, tri-service manual Structures
to Resist the Effects of Accidental Explosions.   This new compilation , also by Kingery and4,5 6

Bulmash was published in 1984. 

Since its adoption by the Department of Defense Explosives Safety Board (DDESB), questions
have been raised about this compilation.  Questions such as What is it?  What are its limitations?
What should I know about it in order to use it properly?  The following sections of this paper will
begin to address some of these questions.

KINGERY--1966

The 1966 Kingery compilation is based on the airblast data taken on four large (5-500 ton) TNT
events which were conducted in Canada between 1959 and 1964.  Airblast data were recorded
on these events by representatives from the United States, Canada, and the United Kingdom.
Their results were combined to form the data base from which the 1966 compilation was
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produced.  The overpressure results for the first three events were reported by Kingery and
Pannill in an interim report published in 1964 .7

The following table shows the scope of the data which was used for the 1966 compilation:

CHART 1

Quoting from the 1966 Kingery report, ...The data from all four tests were first processed to
obtain the as read values of peak overpressure, arrival time, positive duration and positive
impulse.  The cube root scaling and altitude corrections were applied to these values to bring
them to standard sea-level conditions and the equivalent of a one-pound charge.  The scaled
values were then used to determine the curves presented in this report.

This 1966 effort only addressed four airblast parameters--Time of Arrival, Peak Overpressure,
Positive Phase Duration, and Positive Phase Impulse.  It further limited itself to hemispherical
TNT surface bursts.  It was strictly curve fits to empirical data.  No attempt was made to
match the data with a theory or with hydrocode calculations.  
  
A question which should be addressed at this point is How well do the curve fits presented by
Kingery in 1966 match the data.  This is addressed in the following table.  In each case 2/3 of
all the data points lie within the error bounds shown below:

CHART 2

With such a relatively small error band, it is apparent that the curve fits represent the data
extremely well.



KINGERY & BULMASH--1984

The hemispherical TNT-portion of the 1984 Kingery and Bulmash effort is, basically, a re-
examination of the 1966 data.  No additional data were examined or included.   Although no new
data were included, information on reflected pressure, reflected impulse, and shock front velocity
were also presented.  The following table presents the sources of all of the information included
in this work:

CHART 3

LIMITATIONS OF KINGERY COMPILATIONS

It must be remembered that the data set utilized in these two compilations are, by no means,
complete.  There have been numerous hemispherical TNT surface burst detonations since 1964.
None of these data are included.  

The data included in these compilations are real-world data taken under real-world conditions.
This means that any inherent variations in the performance of the explosive is included in the
data.  Further, since the data were taken under real-world conditions, the effects of weather
(temperature gradients and winds) are included.  No attempt was or has been made to quantify
these effects.

The data set does not address such airblast parameters as negative phase pressure, negative phase
duration, negative phase impulse, and total blast wave duration (positive plus negative phase).
It should be noted that if ones interest is in these parameters, then other sources of information
are available .8

As indicated in the sections above, the parameter fits are empirical--no pre-determined or
externally imposed forms or coefficients have been applied.



CURRENT WORK

In 1992, at the request of members of the DDESB Secretariat, the author was requested to prepare
simplified curve fits for the Kingery & Bulmash hemispherical TNT compilation.  At the same
time, the author was requested to extend the Kingery and Bulmash incident pressure curve to
include lower pressures.  

After further discussions with members of the DDESB Secretariat, it was proposed that these
simplified and extended curve fits form the basis for computing airblast parameters for the scaled
distances referred to in the DOD Explosives Safety Standard .  These curve fits would be used1

as the basis of comparison for computation of effective explosives weight (EEW) for hazard
classification .  It would not be intended for research purposes or as an absolute comparison for9

theoretical computations.

The guidelines used in simplifying the curve fits for this proposed standard were quite simple:
(1)  the equations must be much easier to use than those presented in Kingery and Bulmash and
(2) the simplified equations must predict the Kingery and Bulmash results with an average error
of less than 1%.  The work of Kingery and Pannill  would be used to extend the incident pressure7

curves to lower levels.

Table 1 presents the proposed standard in terms of polynomial curve fits for both Metric and
English units.  Questions are often raised about the slope of the pressure-distance curve.  This
information, although not included in the original Kingery & Bulmash work, is easily derived
from the curve fit information presented.  This slope information is presented in Table 2.

Using the curve fits presented in Tables 1 and 2, summary tables of the various airblast
parameters are presented in Tables 3 and 4 for both Metric and English Units.   Tables 5 and 6
present the errors which are introduced by using these simplified equations.  As can be seen, the
average error is significantly less than 1%, assuming the 1984 Kingery curves are the standard.

These new curve fits can now be used to generate pressure levels for many of the scaled distances
which are called out in both the DOD Explosives Safety Standard  and in the NATO Explosives1

Safety Standard .  These calculations are presented in Table 7.10

CURRENT WORK--LIMITATION AND RESTRICTIONS

Since this proposed standard is based on the Kingery hemispherical TNT surface burst curves,
it will have all of the limitations as discussed above.  Namely, it is based on a limited data set,
it includes the effects of weather and variations in charge performance, and it does not include
information on certain parameters.

Recognizing these limitations, the proposed curve fits should still be used for purposes of hazard
classification (as a standard of comparison) and to relate particular explosion effects or scaled
distances to a given pressure level.  



The curve fits, as presented, should not be extrapolated beyond the ranges shown.

These curves are not presented as an absolute standard.  Since weather effects have not been
included or addressed, it is understood that low pressure measurements, where weather has a
great influence,  may differ significantly from this standard. 
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