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I. INTRODUCTION

Many military explosives are used in weapons as damage mechanisms.
The effectiveness of any such explosive is generally measured in terms
of its capability of producing target damage. For purposes of compari-
son, the effectiveness of various explosives is often expressed relative
'.o that of a "standard" explosive such as pentolite or TNT under
prescribed conditions.

For many years, the relationships between the damage-producing
'1capability of various explosives and explosive-associated, air-blast,

shock-front parameters, such as peak pressure, positive impulse, arrival
time, and positive phasc duration, have been studied at the BRL. The
studies have shown that values of these air-blast parameters, in
particular peak pressure and positive impulse, or a .combination of these
two, for different explosives can be used to determine their relative
effectiveness. This report presents a comparison of the relative
effectiveness of four plastic-bonded explosives, two aluminized and two
non-aluminized, with respect to a standard (pentolite) explosive and
shows the relationships between relative effectiveness and certain air-

: blast parameters for each of the explosives considered.

In this report, the effectiveness of each of the four plastic-bonded
explosives relative to that of pentolite is expressed in terms of
equivalent weight factor, EWF, of the candidate or test ,;xplosive being
examined. The EWF for an explosive being tested is the 6i.arge weight,
Wx, of the test explosive to the charge weight, W_, of the standards
explosive for equal gage readings, G, of one or more selected blast
parameters at a distance from the center of charge, R, for the test and
standard explosives. (Note that the subscripts x and s are used,
respectively, to identify values of characteristics associated with the
test and the standard explosive). Symbolically f.WF is given by:

EWF ) , (1)
W),R

where:

W, W, G, and R are defined above,

G G X GG, and

R R for the test explosivex

R s(RWs') , a "scaled distance", for the standard explosive.



Explosive effectiveness comparison through the use of ratios of gage
readings of air-blast parameters for a particular explosive to that of
a standard explosive is explained by Cole1 . The method for determining
values of EWF for such purpose, on the basis of measurement of two blast
parameters or of one parameter and distance of measurement from charge
center, R, has been outlined by Kinney 2, and a particular version of
this method using measurements of peak pressure' and impulse was proposed
by Maserjian and Fisher 3 . Details for application of the EWF methodologyI. are presented in a BRL Memorandum Report by Kingery and Jackson 4. The
use of EWF in connection with peak pressure and positive impulse on-
volves consideration of the following scaling laws which express these
two air-blast parameters, respectively, .as functions £ and g of the
explosive charge weight, W, of an explosive and the distance, R, of the
charge center from the point of.parameter measurement:

PM = f , and (2)

1/ ( g )(3)

W

where:

PM is peak excess pressure or overpressure,
I is positive impulse,

I/wl/3 is scaled positive impulse, and

W and R are as previously defined.

1J. S. Cole, "The Measurement of Underwater Explosions from Service
Weapons at the Underwater Explosive Research Laboratory," Underwater
Explosion Research, Volume 1, The Shock Wave, Office of Naval Research,
Department of the Navy, 1950.

20. F. Kinney, "ExpZosive Shocks in Air," The MacMhilan Company,
"New York, January 1962.

3J. Maserjian and E. M. Fisher, "Determination of Average Equivalent
Weight and Average Equivalent Volume and Their Precision Indexes for
Comparison of Explosives in Air," NAVORD Report 2264, U. S. Naval
Ordnance Laboratory, White Oak, MD, 1951.

4C. N. Ki^ ery and W. F. Jackson, "Blast Screening for Alternate Explosive
Fill Program," BRL Memo Report No. 2236, Ballistic Research Laboratories,
Aberdeen Proving Ground, MD, .1972. (AD #907354L)
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I I. OBJECTIVES

The Department of Defense initiated a program to investigate the
influence of explosive parameters on blast performance, i.e., on the
terminal effects of blast damage mechanisms, The BRL was charged with
obtaining EWF values for four plastic-bonded explosives (see Section
I for definition), measuring or attempting to measure air-blast
parameters in the fireball region, and compiling air-blast parameter
values by computer code. The objectives of this report are to describe
the BRL investigations and to present the results of the investigations,
values of air-blast parameters and of EWF for the explosives considered.

III. EXPLOSIVES TESTED I
The terminal effe.ts and relative effectiveness of four plastic-

bonded explosives, PBX-108, PBX-109, AFX-103, and AFX-702, were investi-
gated in the BRL effort reported on here. Two of these explosives
PBX-109 and AFX-702, are aluminized; and two, PBX-108 and AFX-103 are
non-aluminized. P6ntolite was used as the "standard" explosive, the
basis for measurement of relative explosive effectiveness. The number
of rounds of each explosive used in the tests and the composition and
charge weight, W, of each are presented in Table I.

Table 1. Explosive Composition ani Charge Weight

S: ExplosiveType Composition Charge Weight, W Rounds
(kg) Detonated

PBX-108 RDX/Plastic binder 3.949 6

PBX-109 RDX/At/Plastic binder 4.221 6

AFX-103 RDX/Plastic binder 3.949 6

AFX-702 RDX/AZ/Plastic binder 4.131 6

Pentolite PETN/TNT 3.813 20

For test purposes, all of the explosives were cast spherically,
A 55g booster was requiredi for detonating the PBX and AFX explosives.
A conical, molded explosive plug was used for centering the booster.
M6 blasting caps were used as detonators for all rounds.

/1
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IV. EXPERIMENTAL PROCEDURES

Pressure-time histories of pressure variation resulting from
detonation of an explosive at sea level were obtained by using ten gages
in various locatio-.- (ree Figure 1) relative to the explosive charge.
Gages 1 through 6 were located 3.658 metres above ground in free air,
and gages 7 through 10 were located in the mach stem region. The gage
housings, which were stainless steel and pencil shaped, contained a
piezoelectric transducer of lead metaniobate or quartz. Such trans-
ducers are temperature sensitive and several methods of providing thermal
protection or shielding were employed. Initially, for pressures up to
500 kPa, a black electrical tape was used to cover the transducers, and
for pressures above 500 kPa, an aluminum paint over a special primer
was used. In the final stages of testing a heat reflective tape with
glass cloth backing (3M Company Tape No. 363) was used for pressures
above 500 kPa.

Tha pressure pulses detectod by the gages were amplified and
recorded on a Honeywell Model 7600 magnetic tape recorder with a band
width of zero to eighty-five kHz. All gages had source followers in
the probe housing, hence extraneous noise due to long cables was
eliminated.

V. ANALYSIS OF DATA 4
Typical magnetic-tape recordings of pressure-time histories

obtained in the investi'.ation are presented in Figures 2 through 6.
Figures 2through 5 show free-air-related histories, and Figure 6 shows
mach stem region-related histories. Figures 2, 4, 5, and 6 present
comparisons of histories for pentolite and the aluminized explosive
PBX-109.

Figure 3 presents two pressure-time histories for the PBX-109
explosive which were recorded in the high-pressure, fireball region.
The upper record, which is also shown as the lower record in Figure 2,
is the only fireball-region record for an aluminized explosive which
was not destroyed by an intense electromagnetic pulse resulting froin the
detonation. The lower record in Figure 3 is typical of pressure-time
histories destroyed by this phenomenon. Of course, the pulse affected
all of the pressure-time records for the aluminized explosives, but
only the records of histories in the fireball region were totally
destroyed.

The pentolite pressure-time histories have the same pressure-time
decay characteristics as those of the non-aluminized explosives, PBX-108
and AFX-103. F-.gures 2, 4, 5, and 6 show a shifting of the second
peak to the left for the aluminized explosive, PBX-109. This is

12
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cha.ýacteristic of aluminized explosives and Is due to afterburning 5 .
For persons familiar with blast parameter measurement, Figures 2, 4, 5, I
and 6 also show the difficulty of defining positive duration and positive
impulse for aluminized explosive detonations.

The data recorded on magnetic tape were digitized by the Computer
Support Division, BRL. The digitized data were entered as input to a
Fortran program and values of shock-front parameters, such as, peak
excess pressure, PM, positive impulse, I, arrival time, ta, and positive
phase duration, t+, wore determined.

The lower pressure-time record, for PBX-109, in Figure 2 shows the

finite time required to record the peak pressure with -the piezoelectric
gage. For most cases the pressure-time relationship may be expressed
as a function of time after arrival of the shock front, t, by the
exponential decay exp-ression,

p PM exp C- ct), (4)

where:

t is elapsed time after arrival of shock front
!• ~(note: o * , t = ta),

p is excess pressure at time t,

PM is as previously definod, and

C1 is the decay constant; or by

the Friedlander formula,

p PM (l - t) ex (- C,2 t), (5)
t+2

where.,
t+ is the time of positive phase duration, and

p, PM, and t are as previously defined, and

C2 is the decay constant; or by

5C. C. Matle, E. M. Fisher and T. 0. Anderson, "The Contribution of
Afterburning to Air Blast from Aluminized Exploaivs (U),1" NOL, White
Oak, MD, June 196?7. 1
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a fit to the data of a cubic in t of the form,

Pi ai 0 + aI t + ai2 t2 + a13  3 , (6)

where:

i 1 1,2,... is the number of equations selected to
describe the data

Pi is the value of p in the i-th equation

a and ai3 are undeterminod decay coefficients
aio al, a2, nd i5 in equation i, and

t is as previously defined.

It has been found that Equation 6 will provide a very reasonable fit, to
the total range of positive phase data if coefficients are determined
for data in several intervals over the range which are defined by "break
points" and if a proper selection of break points is made in accord
with the cubic spline method of curve fitting6. The Friedlander f'ormula,
Equation 5, does not provide a good approximation for p if the pressure
levels are very high. Differences among Equations 4, 5, and 6 are
reflected to some extent by comparison of the following expressions for
tho rate of change in the natural logarithm of p with respect to time:
from Equation 4,

dt
ddt R£np - - I (7)

from Equation 5,

d Znp C I
2 t

and from Equation 6,

d all

6patner R. SahZegel, "The Cubic SpZinr - A Curve Fitting Prooedure,"
Balliatic Reaearah Laboratoriea Raport No. 1253, Mu'y 1963.
(AD #4S1085)

20
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Positive impulse, I, of the shock front is related to excess

pressure, p, by the equation,

I+

I p dt. (10)

0

Similarly, the shock front energy, E, is related to excess pressure,

p, by the equation,
k +t

ft+SE III p2 dt., (i1)

0

Tables II, Iha through VI, VIa present scaled measured values and
computed values ("a" tables) and standard deviation, SIGMA, of a number
of characteristic parameters for the standard pentolite and each of the
four plastic-bonded explosives considered in this report. The parameter

•' • values in Tablas 11 through VI were derived from test measurements; those ill •
Tables 11a through VIa were obtained through application oi Elquations 7,
v 9, and i. The arguments for entering the tables are explosive t e

identification and a range of values of scaled distance, Z (- R/W"S).
The parameters for which values arc given in the tables are:

peak oxcoss pressure, PM,

scaled positive impulse, IMP I/w

:scaled posicive phase duration, T ( t/W ,

-calod arrivul vime, TA (n ta/Wl/3),

scaled energy, UN (c 11/W1/), and

scaled decay constant, UC1 (- ./W

Additional scaled measured values of characteristic parameters for
pentolito, some of which were acquired from other experiments and the
romainder of which were extracted from Reference 7, are proitented in
Appendix Table A-.I. Appendix Tables A-1I through A-V present measured
values of peak excess pressure, PM, positive impulse, I, arrival time,
t t, and positive phase duration, t..+, for the plastic-bonded explosives
A 10X- ,3 AFX-702, PBX-108, and 'BX-109. The data presented in Tables
A-If through A-V were acquired in the experiments described in this
report. Appendix Table A-VI presents a computer tabulation of smoothed

"7Doway, J. .4, MilZr, A. U., and WiZlianm, J. S., "Air Blaat from
Throe Military �Jxplouivas," BRL 1?oport No. 1656, Balliatic Reoaarch
Laboratories, Aberdeen 1•roving Ground, MD, October 1971. (AD #890260L)
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scaled values of peak excess pressure, arrival time, and positive impUlse
measured for pentolite in these experiments. The argument for entering
Table A-VI is scaled distance, Z. The smoothed values were obtained
by fitting a series of cubic equations in scaled distance, Z, to values
of the logarithms of the scaled data, including positive phase duration
for which such values were inadvertically omitted in the Table A-VI
tabulation. Tha cubic equations were of a form similar to Equation 6
with the coefficients, in this case, identified as CO, Cl, C2, and C3.
A computer program embodying the cubic spline method of curve fitting
was used to obtain the "best fit" to the data. The values of the
coefficients defining the fit and the upper and lower bounds of selected
intervals of scaled distance, i.e., the "break points" of the cubic
spline method for this evaluation, for each equation are presented in
Appendix Table A-VII. Appendix Figures A-1 through A-4 are computer
drawn curves showing the fit of the cubic equations to the empirically
measured values, respectively, of peak excess pressure, arrival time,
and positive impulse for pentolite in free air. Appendix Figures A-5
through A-8 are similar curves for empirically measured values of thesame parameters for pentolite in the mach stem region.

Since Kinney's 2 method of comparing the effectiveness of any
explosive to that of a standard explosive by using an equivalent weight
factor, EWF, assumes scaling and is dependent upon total energy releaseat the surface of the explosive charge, the appropriate values ofparameters, computed for the standard pentolite explosive and empirically

determined for the test explosives, were used in the scaling equations
to obtain values of equivalent weight factor, EWF.

When peak maximum pressure, PM, and distance of measurement from
charge center, R, are of interest, the computation for EWF is simple,
since PM does not scale with the cube root of the weight. In such
case:

EWF z X( ) (12)EWF W)PMx Rx

where:

Wx/W s is in effect, here as it is also in Equations 13, 14,and 15 below, the right hand number (W /W5 ) of

Equation 1. Consequenty, the dependence of R
EWF on R as defined for Lquation 1 is implicit in
Equations 12 through 15.

Similary when PM and any other parameter is of interest:
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W (Wx GxsEWFu , x (x 13)

s's PM)GX

whore:

G is the gage reading of the second blast parameter,e.g., of Ix, tax t+ for the test explosive, and

GG is the scaled value of the gage reading of the same
blast parameter for the standard explosive.

When a blast parameter other than PM is of interest, the computation for
EWF is somewhat more complicated since it is necessary to evaluate
ratios of the parameter, e.g.) I, ta, or t+, and the distance, R, or of
two parameters, e.g., I and t., foe the test explosive and of the
corresponding scaled parameter and distance or of the corresponding
scaled parameters for the standard explosive. Thus for I and R, for
exanple, EWF is given by:

W x = Ix/Rx
EWF (14)

wS s• ~IX0 Rx

(compare with Equation 12). And for I and ta, for example, EWF is
given by:

WEWF I/, , (15)
(l/ I taS IMpx a, x

(compare with Equation 13',

Tables VII through IX present values of EWF for the four test
explosives, derived from application of Equations 12 through 15, based
on consideration of several combinations of blast parameters or of a
blast parameter and the distance R. Figures 7 through 9 present plots
of selected values of EWF versus Rx from Tables VII and VIII.

The Tamer 8 code was used to develop theoretical pressure-distance
relationships; values of the ratio PM/P , where Po is ambient pressure; for a
range of values of scaled distance, Z, ?or pentolite, for each of the
four plastic-bonded test explosives, and for the standard aluminized

861JTc7/1-1O-3, "The Joint Service Evaluation for Preferred and Alternate
Explosive Fills in Principal Munitions (U)," Volume IlI, Annex 7 (U),
Tinker AFB, Okla., December 1970.
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Table VII. Test Explosive Values of EWF Based on PM,

R and on PM, I

TEST EXPLOSIVE
PARAMETERS Rx AFX PBX
Basis m 103 702 108 109l

PM, R 0.914 0.958 1.281 0.975 -
(Eq. 12) 1.981 1.032 1.382 1.109 1.044

2.362 1.029 1.0S8 1.038 1.164
2.972 0.981 1.029 1.027 1.128
3.810 1.066 1.036 1.057 1.053
5.995 1.004 0.975 .982 1.036
Avg. 1.012 1.127 1.031 1.085

9.144 1.199 1.210 1.110 1.126
11.58 - 1.490 - 1.115
13.72 1.002 1.295 1.036 1.108
16.46 - - 1.110 -

Avg. 1.100 1. 32 1.085 1.116

PM, I 0.914 -...

(Eq. 13) 1.981 1.349 - 1.096 -
2.362 1.027 1.753 1.187 1.127
2.972 1.120 1.124 1.103
3.810 1.099 1.656 1.320 0.956
5.995 1.285 1.682 1.!92 1.564
Avg. 1.176 1.554 1.180 1.216

9.144 1.101 1.554 1.086 1.351

11.58 - 1.156 - 1.206
i 13.72 1.094 1.825 1.060 1.222

16.46 - - -

Avg. 1.098 1.512 1.073 1.260

Free air 9.144 > R > 9.144 Mach Stem

R = distance from center of explosive to gage.
x

PM = peak excess pressure.

I = positive impulse.
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Table VIII. Test Explosive Values of EWF Based on
I, R and on PM, ta

TEST EXPLOSIVE__

PARAMETERS Rx AFX PBXm 1i370 08 1 '09

I, R 0.914 - - -

(Eq. 14) 1.981 1.165 - 1.006 -

2.362 1.022 1.508 1.088 1.138
2.972 1.040 1.334 1.082 1.759
3.810 1.072 1.470 1.178 1.411
5.995 1.097 1.282 1.052 1.153
Avg. 1.079 1.398 1.082 1.365

9.144 1.145 1.383 1.096 1.209
11.58 - J.301 - 1.159
13.72 1.011 1.357 1.047 1.166
16.46 - - -

Avg. 1.078 1.414 1.072 1.178

PM, ta 0.914 - 1.835 0.975 -12
1.981 1.146 1.606 1.064 1.224(Eq. 13) 2ý362 1.073 1.303 1.145 1.664

2.972 1.078 1.242 1.093 1.467
3.810 1.147 1.147 1.069 1.164
5.995 1.062 1.026 0.9830 0.950
Avg. 1.101 1.360 1.055 1.294

9.144 1.186 1.233 1.077 1.108
11.58 - 1.583 - 1.197
13.72 0.963 1.336 1.024 1.086
16.46 - - 1.062 -
Avg. 1.074 1.384 1.054 1.130

Free air 9.114 > R > 9.114 Mach Stem

xxR x = distance from center of charge to gage.

I = positive phase impulse.

PM = peak excess pressure.

t = time of arrival of shock front.a 
i
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Table IX. Test Explosive Values of EWF Based on I, t! a

P TRATEST EXPLOSIVEPARAMETERS Rx F B
_ ____05 _... . PBX

m 103 702 108 109

I, t 0.914 - - 1.334 -
a

(Eq. 15) 1.981 1.188 - 1.022 -
2.362 1.024 1.652 1.175 1.220
2.972 1.084 1.126 1.095 -
3.810 1.086 1.565 1.255 0.962
v.995 1.165 1.438 1.049 1.208
Av;. 1.109 1.443 1.155 1.130

9.144 1.135 1.410 1.080 1.209
11.58 - 1.306 - 1.153
13.72 1.000 1.602 1.031 1.162
14.46 - - -

Avg. 1.068 1.439 1.055 1.175

Free air 9.144 > R > 9.144 Mach Stem

R x a Distance from center of explosive to gage.

S~I = positive phase impulse.

t - time of arrival of shock front.
t a
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"explosive H-6. The theoretically-based values of PM/Po produced by the
TAMER Code are presented in Table X as a function of scaled distance,
Z, from charge center to gage measurement location. In addition, values
of the ratio R/Re, where Ro is the charge radius, and empirically-based
values of PM/Po, are included in Table X.
The values for the H-6 explosive are included in Table X to provide a
comparison between this standard aluminized explosive and the aluminized
test explosive, AFX-702. It can be seen that the theoretical values
could be used to obtain reasonable estimates of EWF based on the
theoretical pressure distance relationships. This is illustrated in
Table XI which presents a comparison of averaged empirically-based values
of EWF, from Table VII, and theoretically-based values of EWF derived
from TAMER Code theoretical pressure-distance relationships for each of

the four test explosives.

Knowledge of certain detonation characteristics, the Chapman Jouguet
properties, of explosives is helpful in predicting the damage producing
capability and in understanding the operation of explosive damage
mechanisms 9 . The dependence of damage effects on these Chapman Jouguet
properties varies with the type of weapon involved: for a fragmentation
or shaped-charge weapon, fragment velocity or shaped-charge penetration
capability primarily depend on detonation pressure, P , and for a
otrictly blast-type weapon, underwater or airblast efo ects primarily
depend on the energy available for air-shock, DQ. There is a direct
proportionality between the equivalent weight factor, EWF, and the air-
shock energy, DQ. The TAMER Code was used to develop valuen of DQ and
other Chapman Jouguet~properties for pentolite, for the AFX-103, AFX-702, "

and PBX-109 test explosives, and for the standard, H-6 explosive which
are presented in Table XII.

VI. CONCLUSIONS
1. The values of equivalent weight factor, EWF, derived from

empirical data for each of the four test explosives show considerable
scatter. This is not immediately apparent in the listed values in
Tables VII ''"ough IX, but it is readily seen in the accompanying data
plots, Figu... / through 9. The scatter probably arose from any one or
some combination of the following:

a. Chance measurements at or near the extremes of the distri-

bution of the characteristic under consideration.

9Evan C. Noonan, "Dependence of Damage Effects Upon Detonation Parameters
of' Organic High Explosives," NAVORD 6703, U.S. Naval Ordncnoe Laboratory,
White Oak, Silver Spring, , Azugust 1959,..
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Table X. Pressure-Distance Relationships Developed by

TAMER Code

EXPLOSIVE Z R/R PM/Po* PM/P **
0 0

, 1/3
./k . .. k Pa

Pentolite 0.05248 1.000 81940. 82880.
(non-aluminized) 0.579 11.02 4763. 5628.

1.254 23.89 745.,8 673.8

1.495 28.48 453.9 438.7
1.879 35.77 270.5 256.4
2.412 45.93 138.8 144.9
3.796 72.31 53.30 56.84
5.788 110.2 25.64 27.36

AFX-103 0.05248 1.000 83610. -
(non-aluminized) 0.579 10.88 4701. 2664.

1.254 21.60 710.3 685.0
1.495 28.13 479.6 470.1
1.879 35.33 256.4 227.0
2.412 45.38 131.7 151.0
3.796 71.43 51.07 59.68

AFX-702 0.0524 1.000 74980. -
(aluminized) 0.567 10.82 5263. 4092.

1.230 23.47 1046. 839.0
1.464 27.96 594.8 496.5
1.846 35.23 392.1 233.0
2.368 45.18 195.6 138.8
3.693 70.48 71.84 S7.14 L

H-6 0.0528 1.000 77310.
(aluminized) 0.579 11.00 5352.

1.222 23.69 1091. 845.0
1.492 28.92 642.4 464.1
1.872 36.3 383.0 265.5
2.364 45.84 210.0(:. 154.0
2.983 57.84 113.8 90.58
3.745 72.6 71.09 60.39

*based on theoretical calculation

"**based on empirical

Z = scaled distance

R = distance from center of explosive

R° = explosive radii

PM = peak excess pressure

P = ambient pressure
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Table XI. Comparison of Averaged, aiipirically- and Theoretically-
Based Equivalent Weight Factors, EWF

EWF (Free Air)

Explosive Basis Empiricala Theoreticalb

AFX-l0• PM, R 1.012 L.uO

APX-702 PM, R 1.127 1.10.

PBX-108 PM, R 1.031 1.00

PBX- 109 PM, R 1,08S 1.10

aaveraged values from Table VII

baveraged values using TAMER Code relationships

PM - peak excess pressure

R - distance from charge center to measurement station

,*4
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b. Lrror in measurement reflecting non-functioning or mal-

functioning of measuring equipment. The aluminum paint and/or thermaltape used to shield transducers in the gages from extreme fluctuations

in temperature did not always providd the desired degree of protection,
and errors in recording of explosive characteristic measurement
undoubtedly resulted.

c. Normal uncertainty regarding the aniount of energy available
at an explosive surface. Since EWF is a measure of this energy1 0 con-
siderable differences in empirically-based EWF values for a given
explosive may be expected.

d. The cube root scaling method of determining values of EWF
magnifies errors in the comlutationai basis, the empirical measurements
of explosive characteristics in this case, by a factor of three.

Program constraints did not permit extension of testing to confirm
suspect observations, i.e., to refine possible errors in characteristic
measurement. Additional empirical data would prove very useful for
such purpose.

2. The average equivalent weight factor, EWF, values for the four A,

test explosives, relative to pentolite, which are presented in Tables
VII through IX reveal that:

a. The test explosives, depending on the EWE basis selected,
are from one percent to fifty percent more effective than pentolite.

b. In all cases except one, the aluminized test explosives
AFX-702 and PBX-109 are more effective than the non-aluminized test
explosives AFX-103 and PBX-108. The exception is in the evaluation in
free air with an EWF basis of positive impulse, I, and time of arrival,
t , In this one evaluation, the alumiiiized PBX-109 explosive appears
s~ightly less effective than the non-aluminized PBX-108 explosive.

c. Differences in effectiveness between the non-aluminized
AFX-103 and PBX-108 explosives are small.

d. The aluminized AFX-702 explosive is, in general, more
effective than the aluminized PBX-109 explosive.

e. Both of the aluminized test explosives, AFX-702 and PBX-109,
have significantly more target damage producing capability than pento-
lite, (This observation is supported by the values oi EWF in the lower
section of Table VXI. As noted previuusly, SWF values based on peak
excess pressure, PM, and/or positive impulse, I, are consi4ered a
particularly good measi-re of relative damage-producing effectiveness.)

"10porzel, F. B., "Introduution to A Unified Theory of EcpZosions (UTE),".
NOL, SiZver Springs, MD, 6eptember 2972.
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4•X 3. The values of several explosive characteristics computed by
TAMER Code and listed in Tables X and XII reveal that:

a. The non-aluminized explosives, pentolite and AFX-103 have
higher pressure, PM/Po in Table X and Pd in Table XII, at the charge
surface, i.e., where R= Re, than do the aluminized explosives, AFX-702,
PBX-109, and H-6.

b. The detonation energy available for air shock, DQ in Table
XII, is higher for the aluminized than for the non-aluminized explosives.

c. At distances from the charge center of approximately ten
It charge radii or greater, i.e., where R > 10 Ro, the pressure, PM/Po in

Table X, is higher for the aluminized than for the non-aluminized
explosives. (Compare this observation with 3a above.)

It is noted that the TAMER code gives a very good approximation to
empiricall'-.determined pressure-distance relationships for the standardpentolite explosive. Empirical data for the test explosives are too
meager to determine how good an approximation tte code produces for
these explosives.

4. During the testing of the aluminized explosives an unusual and
unexpected phenomenon, generation of an electromagnetic pulse large
enough to have a serious effect on the recording system, was noted,
This pulse made it impossible to obtain records at the 3500 and 700 kPa
pres:-ure levels. No pulse of similar magnitude was generated during I,
testing of the non-aluminized explosives, and none has been observed in
previous testing of the standard aluminized explosive, H-6. It has been
stated that detonatable components of mixed explosives do not exert an
important influence on the character of the electromagnetic emission
"where the explosives are detonated11 . A study is needed to determine
the cause of the pulse noted in the tests reported on here.

The authors gratefully acknowledge -he assistance of Mr. H.J.

Pearce and Mr. B. Pettit in setting up the experiments and Mr. A.
Arbuckle for programming the coml..utations of BRLESC.

IlZenin, V. N., et al., "Electromagnetic Radiat-.on P2-oduced in Detonation}•: • of Industrial Explosives9, " Dept. of The Navy, Washington, DC, 1965.

(AD 672254).
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•:; APPENDIX

TABULATED VALUES OF BLAST-PARAMETERS MEASUREMENTS FOR
[• AFX-103, AFX-702, PBX-108, PBX-109 AND PENTOLITE

i: EXPLOSIVES AND GRAPHIC PRESE•NTATION OF

S~PENTOLITE DATA
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Table A-1. Scaled Measured Blast Properties of' Spherical Pentolite
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Tikble A.I. .Scaled Measured Blast Properties of Spherical Pentolite (Cont'd)
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Table A.I. Scaled Meusured Blast Priportiss of Sp'heiical Pontoliti (Cont~td)
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Table A-1. Scalled Meuasured #last Properties of Spherical Pentolite (Contood)
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Table A-1. Scaled 'Noasurod Blast Prdoprties ofk Spherical Pento'lite (Cont'd)
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Table A-1. ,Scaled, K.al"sod Blast propertids of 8pheric4 Pmntclits '(CO;t'd)
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TableA-I.I. Blast Properties of Spherical AFX-103

km Pa k Pa-ms ims ms

.91 1 3193. ... 3080 -

.91-4 2137. 230.0 .3600 .350

.9144 2100. - .3600 -

.9144 3057. - .3200 -

.9144 2689. - .3200 -
1.982 762.6 188.3 1.206 1.550
1.982 641.6 209.o 1.160 1.490
1.982 655.0 156.9 1.120 .970
1.982 682.2 209.2 1.200 1.330 ,j;,
1.982 662.0 220.2 1.200 1.550
1.982 658.7 - 1.184
1.982 672.7 - 1.120
1.982 - - 1.120
1.982 645.1 - 1.160
1.982 - - 1.120 -
2.362 466.6 185.0 1.666 1.910
2.362 468.8 184.2 1.600 1.910
2.362 460.0 173.6 1.640 1.630"
2.362 486.8 168.5 1.680 1.590(
2.362 - - 1.600 -2.971 262.9 169.0 2.752 2.230 '2.971 206.8 150.3 2.800 2.470
2.971 215.9 146.2 2.840 2.570
2.971 224.2 149.6 2.840 2.270
2.971 223.0 157.5 2.80 2.430
3.810 157.0 142.2 4.320 2.810
3.810 156.0 137.1 4.320 2.910
3.810 135.7 132.7 4.328 2.850
3.810 154.0 142.1 4.400 2.8503.810 155.3 146.2 4.420 3.050
5.995 60.70 92.80 9.442 4.110
5.995 60.67 82.74 9.520 4.010
5.995 57.52 91.29 9.480 3.170
5.995 59.61 161.3 9.640 4.370
5.995 59.99 - 9.642 5.600
9.144 - - 18.54 6.800
9.144 61.36 114.6 18.40 6,600
9.144 63.08 112.1 18.44 6.600(
9.144 65.08 118.8 18.76 6.400
9.144 68.86 129.4 18,52 6.400

11.58 - - 24.76 7.200
11.58 34.47 62.47 24.56 6.400
11.58 29.41 56.33 24.60 6.800
11.58 32.82 62.2 25.00 7.200
11.58 27.66 63.22 24.76 7.200
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Table A-Il. Measured Blast Properties of Spherical AFX-103 (Cont'd)

P Itt
m k Pa k Pa-ms msa ins

13.72 32.25 81.91 30.36 7.6006.

13.72 31.48 77.50 30.16 7,600
13.72 28.23 68.05 30.16 7.600
13.72 28.02 73.22 30.64 7,400
13.72 30.*40

;A
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Table A-III. Meas~ured Blast Properties of Spherical AFX-702 T
R P Ita t+
in k Pa k P a-ms ms ms

.9144 4120. .3380

.9144 40679. .3340
1.981 795.0 1.208
1.981 883.9 1.204 K'
2.362 503.0 218.2 1.678 3.390
2.362 490.2 227.5 1.734 3,410

Ir12.972 254.1 165.3 2.758 2.190 j
2.972 285.6 2442.720 3.970
2.972 - 2.880
2.972 -- 2.880, -I2.972 232.9 154.7 2.920 2.370

!42.972 209.0 108:9 2.920 1.510
K 3.810 155.1 165.1 4.326 4.310

3.810 166.0 174.0 4.270 4.250

3.810 151. 128.1 4.400 2.610
3.810 4 - 4.20 -I
3.810 154.8 155.9 4.560 4.190
3.810 - 4.480
S.995 60.67 118.3 9,428 5.800
5.995 61.27 98.73 9.336 5.200I
5.909s - 9.64

5.995 -9.640

5.995 59.65 104.6 9.720 5.400I
5.995 -- 9.760
9.144 67.79 140.0 18.55 6.400 .

19.144 66.76 143.8 18.64 6.800
9.144 57.23 92.25 18.44 5.200
9.144 6.3.07 127.4 18.72 6.400
9.144 68.04 138.5 18,72 6.200
9.144 - 18.92 6.200
11.58 24.74 6.200

I11.58 24.84
11.58 51.64 107.9 24.60 7.600
11.58 51.64 24.96 6.000

11.58 - 24.96 II
zpt11.58 25.16

13.72 35.95 100.? 30.32 7.600
13.72 38.51 108.2 30.40
13.72 - 30.*56
13.72 -30.52-

413.72 30.80
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Table A-IV. Measured Blast Properties of Spherical PBX-108

m k Pa k Ps-m a " ms

.9144 3351. '313.1 .. : 0.302 .310

.9144 3118i 225.5 0.330 .250

.9144 3020. - 0.320 -

.9144 - - 0.320 -

.9144 - - 0.320 -

.9144 - - 0.320 - I

.9144 - - -

1.981 - - 1.222 -

1.981 709.5 185.1 1.208 -
1.981 600.3 190.4 1.160 1.650
1.981 666.0 201.6 1.160 1.790
1.981 600.5 201.8 1.280 1.290
1.981 574.2 - 1,120 -
1.981 696.3 176.5 1.160 1.310
1.981 503.3 185.1 1.280 1.250
1.981 747.4 190.4 1.120 -

1.981 - 201.6 1,160
1.981 - - 1.120 -

2.362 471.1 207,2 1.710 1.790
2.362 511,4 189.0 1.626 1.730
2.362 430.6 168.2 1.640 1.690
2.362 440.0 173.4 1.680 1.570J
2.362 482,8 174.1 1.560 1.810
2.362 499.1 160.2 1.680 1.350
2.971 259.6 155.0 2.566 2.210
2.971 272.3 165.1 2.694 2.270
2.971 227.8 143.3 2.760 2.130
2.971 218.3 140.2 2,800 2.230
2.971 221.1 139.7 2.640 2.330
2,971 226.3 154.2 2.720 2.470
3.810 168.0 132.3 3.960 2.810
3.810 149.8 165.1 4.360 2.770
3.810 151.6 143.3 4.240 2.730
3.810 149.8 140.2 4.280 2.810
3.810 137.3 139.7 4.250 2.930
3.810 137.9 154,2 4.40 2.950
5.995 64.09 90.67 8.856 3.910
5.995 5S.92 84.19 9.318 3.950
5.995 56.34 85.01 9.360 4.050
5.995 56.04 88.60 9.440 4.130
5.995 60.10 88.46 9.280 4.150
5.995 9.560 4.150
9.144 63.04 114.4 18.44 6.600
9.144 64.35 121.7 18.32 6.800
9.144 58.49 108.3 18.48 6.800
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Table, A- IV Measur~d Blast Properties of Sphericail PBX-10.8 (Cont'd) -A'4

~k~a A k~-msms

9.144 61.04 113.6 18.60 t).600
9.144 SO-072 115.7 18.44 6.600
9.144 66.20 120.0 18.'76' 6. 600
11.58. 24.5S'' 7.200

llS'24.46' 7.200
11.58 - 24.64 7.000
11.58 29.08 69.71 24.80 6.8900,
11.58', 31.03, 03'. 6 24.164'ý 7.,006
11.58 28.72 - 25.00 7.400'
13.72 31~.34 81.63 30.00 7.800
13.72 - - 29.90 7.800
13.72,'~ 31.92 76,53 30. 20 7.800,
13.72 32.54 19.08 30.36 7.6t00
13.72 31.29 79.98 30.20' 7.800
13.72 -68.95 30.68 7.600 -
16.46 25.,59 -376'37 8.0.10

dý n



Table A-V. Measured Blast Properties of Spherical PBX-109
I. I II . I. II I

.. .. kPa kPa-m,. as ms

.9144 *- -

1.981 719.8 112.4 3.212 1.5701.981 . - 1.200-
1. 981 640.5 L
1o981 695.7 .2.362 539,0 197.3 1.736 1.592.362 . 143.3 1.720 1.47
2.362 .720
2.362- 1.5622.972 287.2 218.6 2.736 2.0102.972 .. 2.92.
2.972 - 2.88 .
2 . 9 7 2 " - 2 . 8 4

3,8!0 162.2 122.4 4.040 2.2103.810 181.5 168.0 4.268 2.8903,810 4.4403.810 152.1 137.1 4.360 2.8103.810 152.5 127.4 4.36 2,4703,810 148.2 133.5 - 2.7905.995 64.90 108.0 8.892 5.6005.995 
9.2985,995 55.90 92.04 9.600 5.2005,995 

- 9.534 .5.995 - 9.6409.144 6471 126.4 18.42 6.4009.144 67.24 142.0 18.42 6.6009.144 57.16 115.6 18.52 6.4009.144 18.56 .
"9.144 62.33 127.6 18.68 6,20011.58 45.71 103.4 24,49 7.00011.58 41.37 98.87 24.58 7.20011.58 47.99 103.2 24,64 6.800

11,58 _ - 24.53 -
11.58 24.88 -13.72 34.27 81:84 30.00 7.00013.72 37.64 100.6 30.14 7.40013.72 32.34 81.77 30.20 7.20013.72 - 30.32 .13.72 - 30.56 .
16.46 14.69 - 37.32 .
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Table A-NI. Smooth Values of.Scalod Measumvd Blast Properties of Spherical Pentolite
In Free Air
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Table A-VT. Smooth Values of Scailed Megasured Blast Properties of Spherical
Pontolits in Free Air (Cont'd)
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Table A-VI. Smooth Values of'Scaled Measured Blast Properties of Spherical
Pentolite in Free Air (Cont'd)
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LIST OF SYMBOLS

ai j-th decay coefficient in i-th cubic equation (Equation 6)

Ad sound speed (Chapman Jouguet property)
dAFX-03 test explosive, non-aluminized

AFX-702 test explosive, aluminized "

CA1 decay constant (Equation 4)

C2 decay constant (Equation 5)

Co,...,C3 computed values of decay coefficients a . ai.
respectively (see aij. above) 10 ..

DC scaled decay constant (,,CI/W 1 / 3)
11

DIST scaled distance (=R/W /3) for computer generated curves

DQ detonation energy available for Lir shock (Chapman Jouguet
property)

E shock front energy

EN scaled shock front energy (= E/WI/ 3 )

EWF equivalent weight factor

Ed internal energy (Chapman Jouguet property)Id
Ggage reading of (specified) air blast characteristic

GG scaled gage reading (= G/W1/3

h height of explosive charge

H-6 standard aluminized explosive

H1d enthalpy (Chapman Jouguet property)

I positive impulse

IMP scaled positive impulse =I/W

p excess pressure at time t

PBX-108 test explosive, non-aluminized
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LIST OF SYMBOLS (Cont'd)

PBX-109 test explosive* aluminized

PM peak excess pressure; overpressure

Pd pressure (Chapman Jouguet property)

P ambient pressure

R distance from charge center to measurement station

R charge radius0

SIGMA standard deviation

t elapsed time after arrival of shock front

t time of arrival of shock frort

t+ positive phase duration

T ambient temperature

TA scaled time of arrival (0 ta/W1 3 )

TD scaled positive phase duration (w t+/W

Td temperature (Chapman Jouguet property)

U wave velocity (Chapman Jouguet property)
d

Vd particle velocity (Chapman Jouguet property)

W explosive charge weight

Z scaled distance (=R/W

SUBSCRIPTS

a used with t to identify "arrival" time

d used with all Chapman Jouguet properties except DQ;
identifies "detonation" property of explosive

used in aij to identify i-th; i - 1,2,3,...; equation

in set of cubic equation with coefficients a..

used in a.. to identify j-th; j - 0,1,2,3; coefficient

82
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LIST OF SYMBOLS (Cont'd I
s, x used as required to identify explosive; s *standard,

x test; with which aniy measurement, property, orI, characteristic is associated

+ used with t to identify "duration" time of positive phase

0 used with P to define "ambient" pressure;
used with R to define distance of explosive surface from
charge center, i.e., charge radius

I.

V*lkI
837

I ______________________________________________________z



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

12 ,Commander I ýOffice Secretary of Defense
Defense Documentatio Center Office, DDR&E
ATTN: DDC-TCA ATTN: Mr. J. Persh, Staff
Cameron Station Specialist, Materials
Alexandria, VA 22314 and Structures

Washington, DC 20301
Director
Defense Advanced Resear 2 Director

Projects Agency. Defense Nuclear/Agency
1400 Wilson Boulevard ATTN: Mr. J.4. Moulton, SPAS
Arlington, VA 22209 Dr. Sevin, SPSS

Washington DC 20305
IDirector of Defense ,

Research & Engineering 4 Directo
Department of Defense Defens Nuclear Agency
Washington, DC 20301 ATTN, SP'L, Tech Lib (2 cys)

APSI (ARCHIVES)
Director LGLS, Mr. E.L. Eagles
Weapons Systems Evaluation shrngton .DC 20e05

Group
ATTN: CPT Donald E. McCoy Commander
Washington, DC 20305 Field Command

Defense Nuclear Agency
3 Director ATTN: Tech Lib, FCWS-SC

Institute for Defense Analys Kirtland AFB, NM 87115

ATTN: Dr. J. Menkes
Dr. J. Bengston I Chief
Tech Info Ofc Las Vegas Liaison Office

400 Army Navy Drive Field Command TD, DNAArlington, VA 22202 ATTN; Document Control

P. 0. Box 2702 1 J
1 Assistant Secretary o Las Vegas, NV 89104

Defense (MRA&L)
ATTN: ID (Mr. H. M calf) DNA Iliformation and IWashington, DC 203 1 Analysis Center

TEMPO, General Electric Co.
Assistant to the cretary Center for Advanced Studies

of Defense (Ato ic Energy) ATTN: DASIAC
ATTN: Document C ntrol 816 State Street
Washington, DC 2 301 Santa Barbara, CA 93102

85

1.mo s



DISTRIBUTI!,, LIST

No. of No. of
Co;iesOranization 2 !1an iz a 10n

1 Director 1 Director
Defense Communications Agency US Army Air Nobility Research
ATT'N: 14MCS~d (Code .40 and Developmeknt Laboratory
1¶ashington, Di" 20~303 Amex Kesearc,~. Center

Moffftt-F!ieci, CA, 94035
2 Piroctor

Defcnsa Intolligenco Agency 1 Commander
AINi DT-IC, Dr. J, Vorona US Army E~wtronics Command

01R-4C3. R. Sauer ATNýU 'bk~SEL-RD
Was~iington, DC 2030,ý Fort Monmou~th,,NJ 07703.

I bflofns'ý Civil Pri'pava~dness 3 Commander.4
Agency US A~rry Missil It esearch

ArT~t David W, Benso~n and Dweovalnpofit Command
.Washington, DC 20Q301 ATTN: IflWMT-R4

DRDMI uAOM# Library
2 -Chairmbn DP.DM.Rss, kvr, B, Cobb

Joint OWN~f of Staff Redatone ?ursvnal, AL 35809
'ATT.Ni J-3, Operations

J-5, PIlifi F Poliqy 2 Cbeinandar
(R41J) Nv'isioii) US Army Miý.Jlo Rosearch

W42~hingtont T)C 20301 and fevlet~upwiiit Commiandi
A41T DRbMI-RX. Mr,',W. Thotnat

I ('twIndal DRDM1-IUk, Mr. L, Li ve 1)
US Army, Mator'il Dovolopmont IRedston~c Araon4l, AL 35809

$6 1 ienhower Avucnuo SA'yT-14Atmtv
Alaxaindviao VA 2353 Devlopar~h C'omn~'mand. u

A1NDRDTANI
I Cmma dern DADIA-imd

1SArmoy Ma±itoion fievoopnrt warn MI~o ,V 22060

Alxacra VAl 22W~n Roeac 4Vovipmn C

I~~~ Coatadm Rnnnclc O

I th nd $vrtwc S4troutti US Arm>' Armumcnnt M~u~rliriv
S'.Lokli, s MO 63160 iAo41d ino a Coummand

AITN I)RS3AR - U1- L, 'Ioch 1, L 1)

Rock Ia1uncl, IL 61200

#~ A'



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

3 Commander 1 Commander
US Army Armament Materiel Joliet Army Ammunition Plant

Readiness Command Joliet, IL 60436
ATTN: Joint Army-Navy-Air

Force Conventional Ammo 1 Commander
Prof Coord GP/E. Jordan Kansas Army Ammunition Plant

Rock Island, IL 61299 Parsons, KS 67357

3 Commander 1 Commander
US Army Armament Research Lone Star Army Ammunition

and Development Command Plant
"ATTN: DRDAR-LC Texarkana, TX 75502

DRDAR-TSS (2 cys)
Dover, NJ 07801 1 Commander

Longhorn Arny Ammunition Plant
1 Commander Marshall, TX 75671

US Army Rock Island Arsenal
Rock Island, IL 61299 1 Commander

Louisiana Army Ammunition Plant
.1 Commander Shreveport, LA-71102

US Army Watervliet ArsenalWatervliet, NY 12189 1 Commander

Milan Army Ammunition Plant
1 Cumuinder Miland, TN 38358

Pine iltvff Arsenal
Pine Bluff, AR 71601 1 Commander

Radford Army Ammunition Plant
1 Commander Radford, VA 24141

Dugway P1OV.ng Ground
ATTN; STHOP-TO-H, Mr, Miller I Commander
Dugway, UT 84022 Ravonna Army Ammunition Plant

Ravenna, Oil 44266
1 Cotmmnder

Cornhusker Army Ammunition I Commander
Plant US Army 1larry Diamond Labs

Gro4 nd I..ýand, NU• 68$01 A'TTN: DRXDO-TI
2800 Powder Mill Road

I Commandor Adolphi, MV 20783
Indiana Army Ammunition Plant,, iCharlestown, IN 47111 I Commander

US Army Materials and
I Coinunider Muchaptics Reiouarch C•ntor

lowa Army Anmunition Plant A'I"N: D)RXMR-ATL
Burlington, IA 52502 Watertown, MA 02172

87

,•' • - . ' ,. .• -• .• .,• 1 ,,,- ,^I



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

1 Commander 1 HQDA (DAMA-CSM-CA)
US Army Natick Research Washington, DC 20310

and Development Command
ATTN: DRXRE, Dr. D. Sieling 1 Commander
Natick, MA 01762 US Army Research Office

P. O. Box 12211
1 Commander Research Triangle Park

US Army Foreign'Science NC 27709
and Technology Center

AITN: Rsch & Data Branch I HQDA (DA4O-ODC, COL G.G. Watson)
Federal Office Building Washington, DC 20310
220 - Seventh Street, NE
Charlottesville, VA 22901 1 Office of the Inspector General

Department of the Army
Director ATTN: DAIG-SD
DARCOM Field Safety Activity Washington, DC 20310
ATTN: DRXOS-ES
Charlestown, IN 47111 1 HQDA (DAEN-MCF-U/Mr. R. Wright)

Washington, DC ý20314
Director
DARCOM, ITC 1 HQDA (DAEN-MCC.D/Mr. L. Foley)ATTN: Dr. Chiang Washington, DC .20O14
Red River Dqpot "-Texarkana, TX 7550l 1 HQDA (DAEN-RDL)

WashiLgton, DC 20314
Commandor-
US Army TRAD0%C Systems 1 Commander V

Anal/sis AcLi~ty US Army Construction Unginoering
ATTN: ATAA-SL, Toch Lib Research Laboratory
White Sands Missile Range P. 0. Box 4005
NH 88002 Champaign, IL 61820

Cunmmander 1 Director
US Army Nuclear Agency US Army Hnginoor Waterways
7500 Backlick Road, Bldg 207% Experi•ient Station
Spriugeiold, VA 221$0 ATTN: WESNS, Mr, 47. M. Watt

P. 0. Box 631
I Director Vicksburg, MS 39180

US Armoy Eingineer School
Port Belvoir, VA 22U60 I Division hwglneer

US Army Mgineer Division
2 HQDA (D)AMA-AR; NCL Dliv) Fort Bolvoir, VA 22060

Washington, DC 20310

i I, ,

'',



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

1 US Army Eng Div 1 Assistant Secretary of the Navy
ATTN: Mr. Char (Research & Development)
P. 0. Box 1600 Navy Department
Huntsville, AL 35809 Washington, DC 20350

I Director 1 Chief of Naval Material
US Army Advanced BMD ATTN: Code 418, Dr. T. Quinn

,Technology Center Navy Department"X.T 'ATN, M. Whitfield Arlington, VA 22217

Hn 3tsville, AL 5807:•" ... '' " ' ' :I Commander
SCommander Bureau of Naval Weapons

US ArimY .Bilistic Missile ATTN: Code P121
De•fedtS Systems Command Mr. H. Roylanco

'ATTN:. J. Vedneman Department of the Navy
P.0. 'Box 1500, West Station Washington, DC 20360:',./. ~Huntsviilo' AL. 5$8 •0 7r

2 Commander

S 'Chairman , Naval Sea Systems Command
Dopartment of Don~t, ATTN: SE1A-04H, C.P. Jones

""xpld ve, SaSfety Board SI3A-0333
Vorrestal Building, 3B-.270 Washington, DC 20360
Washington, DC, 20514,,'

. .Commander
2 Director 'Nuval Air Systems Command

Joint Strategic Targot ATTN: AIR-532
Planning Staff ' Washington, DC 20361

ATTN: JLTW i
TPTP 1. Commander

0fifut,• APB Navul Ordnance Systems Command
Omaha, NB 68113 ATTN: Code ORD-43B

Mr, Fo~rnandes
I Commandor W(8h1ingtot, DC 20360)

US Army lluropq
ATrN: AVAOB ($413) 2 Commandar
00e Now YorL 09403 David W. Taylor Naval hil)

Resear'ch A Do-ve upmonut Ctr I
4 Chiof ofI Naval Opcratlons ATTN: Mr. A. W11noe, Codo 1747

A'1TN; Ol1-410B CP'T' S. N.low,,rdi Dr, WA., Murray, QCodo 17
Ol'-411, Mr.J.W,Coinul.l'y Rothosda, MD 200H4
OP-754

"00)ol,'ille\ont (i' the Navy
W 1N:toi" DC 20350t

I., 11 ý



DISTRIAU•ON L;ST

No. of No. of
Copies or ization CopsS Orgaanization

3 Commander I Commander,
Naval Surface Weapons Cent-er Naval Weapons Evaluation
ATTN: CT-23 Facility

Mr. J. C. Talley ATTN: Document Control
')r ' Soper Klrtland APB

Dahlg' 22448 , Albuquerque, NM 87117

3 Commandez I Commarder
Naval Su, leapons Center Civil Engineering Laboratory
ATTN: I .•, Schindel ATTN: Code L51

Di Victor Dawson Port Hueneme, CA 93041
Dr. P. Hu4aig

Silver Springo MD 20910 1 Commander L
Naval Research Laboratory

2 Commander ATTN:' Code 2027, Tech Lib
Naval Surface Weapons Center Washingto•, DC 20375
ATTN: Code 241, Mr. Proctor

CR-10 2 Superintendent
Silver Spring, MD 20010 Naval Postgraduate School

ATI,,• Tech Reports Sec
2 Commander Code 57, Prof. R. Ball

Naval Weapons Center Monterey, CA 93940
ATTN: Code 0632
China Lake, CA 9355$ 1 HQ USAF (MNIE-CA)

Washington•, DC 203301Commander
Naval Weapons Support Center 4 1Q USAV (APRDQ; AIRDOSM;
ATTNi NAPEC APRDPM; APRD)
Crane, IN 47522 Washington, DC 20330
2 Commander I APSC (DSCPSL)
Naval Explosive Ord Disposal Andrews APB

Facility Washington'3, I)C 20.1
ArmN: Codo 501, L, Wolfacn

Code D 1 IIQ A11,C 0I (PWU)
Indian Head, MD 20640 Andrews AFA

Washington, DC 20334ICommander

Naval Ship Research and I APRPL (Mr. Raleigh)
Development Center Facility lUdwards API, CA 03523

A'IrNi Mr. Lowell T, Butt
Underwater Explosions 2 AVATL (ATRD, lb ilrandt)
Rosuurch Division Uglin AI'B, 1L 32542

Portimouth, VA 23709

t
&0



DISTRIBUTION LIST

No. of No, of
Copies Organization Copies Organization

1 APATL (DLYV, R.L. McGuire) 1 FTD (ETD)
EglinAF.B• rL 32542 Wright-Patterson AFB,,OH 45433

I ADTC (AD5PS-12) 1 Hquaquarters
Eglin APB, FL 32542 Fnergy Research and

Development Administration
1 ADTC (DOM/S. Reither) Dept of Military Applications

-glln APB, FL 32,542 Washiwgton, DC 20545

I USAFTAWC (OA) I Director
Lglin APB, FL 32542 Division of Operational Safety

"1OeA WE .nergy Research and'1 •gogen A"C/Yt•RE Development Administration

S(Mr. Te'd E,.Comins)' ATTN: Carlo Ferrara, Jr.
Hill AFBV UT 84406 Washington, DC 20.45S

I,, AFWL (WOA; WLD; WLRP, 1 Albuquerque Ororatlons Office
LTC',.C. 14;.Clamniy) Energy Pesoarch and

Kirtland Aý•', NM 87117 Development Administration
.. frN: oDor

-5 AFWL (DuO, Air, ".H. Peterson; 11. 0. Box S400
SYT, MAJ W.A. W)Utaker; Albuquerque, NN 87110

r SR•P,.,' , t SR') Ma.on ~ ~Sit
" Ki.•t.ndAB, 4M 87117 CMason & lanjar-Siln Mason

, ' " Co,, Inc,,

I Dlrir~tbt' of Aerospace Sauety Pantox Plnt . I3RDA
IIQ. UJ11AP (IJCLD/A1IC (SElV), AI1TN VW.Vator of Duvolopmont
h:artow APB, CA 92409 NMarillo, TX 79177

I AIKlCt-ID/LTC WalU) 1 Research Diroetor - Pittsburgh
Tyadall APB Minin1g 4 SafOty RI(sh Cantor
,Plnuma City, Il, 32401 ATTN: Dr. Robort W. Van Dolah

Buro(u of Minos, Dupt of tho
2 AFLC ,'MNM, ci'rT V. kidaout; Ivterior

i iom, :6l1apk'r) 4600 Purbuo Avenuo
Wright-Pattorson APB, 011 45433 Pittsburgh, PA 1,5213

I AP•OL (PU'R,Mr A, M. N ador) II ntItuto of Makers of Expi,,•vom
SWriglh.latter~ion APB, ON 45433 ATIN, Mr, IHarry llamptoi

(Iraybar II ilding, Rin 244U
4 AlIUM (MA4I), Dr. T, Nicho14s: 420 iuxilngt i Avoiwo

MA81 MANC, Mr. D, Sehmidtj Now York, NY 10.017
MAX, Dr. A. M, LovoIlck,)

Wrlght,,1'i'torwos A110, Oil 45V,15

9'

*-.t'. . . .



DISTRIBUTION I4ST

No. of No. of
Copies Organization Copies Organization

2 Director 1 Aeronautical Research Assoc
Lewis Directorate of Princeton, Inc.
US Army Air Mobility Research ATTN: Dr. C. Donaldson

and Development Command 50 Washington Road
Lewis Research Center Princeton, NJ 08540
ATTN: Mail Stop 77-5
21000 Brookpark Ro~d 1 Agbabian Associates
'Cleveland, OH 44135 ATTN: Dr. D. P. Reddy

25 20N Nash Street
2 National Aeronautics and E1 Segundo, CA 90245

, Space Administration
Aerospace Safety Research 2 AVCO Corporation

and.Data InstitUte Structures 4 !,echanics Dept
ATFN: .Mr.,S. Weiss ATTN: Dr. William Broding

Mail Stop 6-2 Mr. J. Gilmore
Mr. R. Kemp Wilmington, MA 01887

Mail Stop 6-2
Lewis Research Center .. Aerospace Corporation
Cleveland, OH 44135 P.o' 0. Box 95085

Los Angeles, CA 90045
Director
National Aeronautics and 1 Black 4 Veatch Consulting

Space Adminiatration Engineers
""Scitiftific and Technical A'rrN: Mr. 1i. L. Callahan

Information Facility 1600 Meadow Lake Parkway
P. 0, Box 8757 Kansas City, MO 64114
Bal timore/Washington
International Airport, MU 21240 2 The Boeing Company

Aerospace Group
I:• Director A:ITN: Dr. Peter Grafton

Lawrence Livermove Laboratory Dr. V. Strome
,Technical Information Division Mail Stop 8C-68
P. 0. Box 808 Soattle, WA 98124I,,,,LtVermore, CA 94550L m C 41 General Amorican Research Div

SPJractor General Anmrican Transportation
k, Lot Ala&uos Scientific Lab Corporation

A1rN. Dr. J, Taylor ATTN: 11r, J. C. Shung
P. 0, Box 1663 7449 N. Notchez Avenue
Los Alamo*, NM 37544 Niles, IL 60648

I National Academy ut' Soeiancs 1 erctules, Inc,
A'rTNt Mr, , 0. Groves ATT:Nt Billings Brown
2101 Constitution Avonuo, NW Box 93
Washigton, 1)(/, 20418 Magna, UT 84044

92



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

1 J. G. Engineering 1 Physics International
Research Associates -ý2700 Merced Street',

3831 Menlo Drive San Leandro, CA 94577
Baltimore, MD .21215

1 RD Associates
2 Kaman-Avidyne ATTN: Mr. John Lewis

AT[N: Dr. N. P. Hobbs P. 0. Box 9695 - -
- Mr. S. Criscione Marina del Rey, CA 90291

Northwest Industrial Park
83 Second Avenue 2 Sandia Laboratories
Burlington, MA 01803 ATTAN: Info Distr Division

Dr. W.A. von Riesemann
3 Kaman Sciences Corporation Albuquerque, NM 87115

ATTN: Dr. F. H. Shelton
Dr. D. Sachs 1 Science Applications, Inc.
Dr. R. Keefe 2361 Jefferson David Highway

1500 Garden of the Gods Road 8th Floor
Colorado Springs, CO 80907 Arlington, VA 22202

I Knolls Atomic Power Laboratory 2 Battelle Columbus Laboratories
ATTN: Dr. R, A. Powoll ATTN: Dr. L. 13 Itulbort
Schunuctady, NY 12309 Mr. J. E. Buckofon, Jr.

505 King AvonuoILovelaco Foundation Columbus, 011 43201ATTN: Dr. 13. It, Fletcher

1. 0, Box 5890 1 Brown University
Albuquerque, NM 87115 Division of E4nginooring

ATTN, Prof. I, Clifton
2 Martin Marietta Lahoratorlus Providence, RI 02912

ATTN: Dr. 1). P). Jordan
Mr, 1t, Gioldman I Goorgia )nstituto of

1450 S. Rollig Rood Technology
laltimoro, MD 21.27 ATTN: Dr, S, Atlurl

225 North Avo:nuo, NW

McDonnel) Douglas Astronautics Atlanta, CIA 30332
Woatoltn Division
AT'I4VN. Dr, Len Cohun 1 Musuchugotts I us8ti tutu of"' ' 5501 Blolsa Avenue Techno(logy

IHuntigton .oach, CA A2647 Aoroolustic and StructuroN
P.osorch LaboratoryI Mo~nsantoe Research Curlpor~itIon A'rTm: D~r, Ii., A. Wli'wor

Momi~ld hL1boruatry Cumbrldgo, MA 0*11139
i.+,:ATTN i Ilraiik N0111I

Miamisb~urg, 011 ,15•342

16

L• A



DISTRIBUTION LIST

No. of .No. of
Copies Organization Copies Organzation

1 Ohio State University Aberdeen Proving ground.
Department 9f Engineering

Mechanics Marine Corps Ln Qfc
ATTN: Prof. K. K. Stevens Dir, USAMSAA
Columbus, OH 43210 ATTN: Dr. J. Sperrazza

"+',•, Mr.,R.,Norman, GWD
3 Southwest Research Institute dWD

ATTN: Dr. H.N. Abramson CTTN SA APO
Dr. W.E. Baker ATfN: STEAP-AD-R/RHA
Dr. U.S. Lindholm Cdr/Dir, USA CSL, 'EA

8500 Culebra Road ATTN: DRDAR-CLJ-L
-'•,;,., Sn,Antonio, TX 78228

$,ttT 7 8Office of the Program Mgr
Stanford Research Institute for Demilitarization and

Installation RestorationATTN: Dr. W. Rouland ATTN; DRXDC-T
306 Wynn Drive, NW D
Huntsville, AL 35805 Bldg. E4S85

I Texas AWM University
Dept of Aerospace Ungineering
""fATTN: Dr. James A. Stricklin

10 College Station, TX 77843
1 University of Alabama

ATTN: Dr. T. L. Cost i

P. 0. Box 2908
Univorsity, AL 35486

University of Delaware
Department of Mechanical

and Aerospaco Engineoring
ATTN: Prof. J, R. Vinson
Newark, DE3 19711

94

__ _ _ _ _ __ _ _ _

., .


