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A NUMERICAL MODEL OF THE GAP TEST

by

Allen L. Bowman, James D. Kershner, and Charles L. Mader

ABSTRACT

The Los Alamos Scientific Laboratory (LASL) standard 
gap test and the Naval Ordnance Laboratory (NOL) large- 
scale gap test are modeled numerically using the LASL re­
active hydrodynamic code 2DE with Forest Fire burn rates. 
The model shows good agreement between calculated and ex­
perimental values for PBX-9404 and TATB (LASL), and VTQ-2 
and Composition B (NOL). The calculations demonstrate 
the two-dimensional nature of the gap tests. This is par­
ticularly evident from the calculated distances of run to 
detonation in the test samples, which are significantly 
longer than those from the Pop plots at induced pressures 
near the critical gap length.

I. INTRODUCTION

The relative shock sensitivities of explosive compositions are commonly as­

sessed by means of gap tests. In these tests the shock from a standard donor ex­

plosive is transmitted to the test explosive through an inert barrier (gap). The 

shock sensitivity of the test material is characterized by the gap thickness for 

which the probability of detonation is 0.5.

Hercules Inc. is using the Naval Ordnance Laboratory (NOL) large-scale gap 
test"*" as a means of evaluating the effects of rocket propellant formulation and 

processing variables on the reaction of the propellant to shock. The Los Alamos 

Scientific Laboratory (LASL) has used its own version of the gap test for many
2

years, primarily as a measure of the hazards associated with explosive materials. 

Here we model these tests numerically to provide a better understanding of the 

details of the processes involved.

*N0L, White Oak, is now Naval Surface Weapons Center, Silver Spring, Maryland.
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II. EXPERIMENT AND MODEL

The experimental arrangement of the LASL standard, or large-scale, gap test 
2

is shown in Fig. 1. The Dural spacer and relatively long booster are used to ob­

tain greater precision in the tests. The gap length at which detonation of 50% 

of the samples would be expected to occur is estimated by the up-and-down proce­

dure. A 0.25-mm step height is used for the final determination of the 50% point.

The NOL large-scale gap test is shown in Fig. 2. A J-2 blasting cap (Hercu­

les) is used to initiate the standard donor, which is two pressed pentolite pel-
3

lets with density of 1.56 g/cm . The gap is made of Plexiglas (polymethyl metha­

crylate) disks and cellulose acetate cards. The test explosive is formed to fit 

a seamless steel tube with a 5.6-mm-thick wall. A 9.5-mm-thick mild steel witness 

plate is used. A "go" result is defined by a clean hole punched in the plate.

The test procedure is a modification of the Bruceton up-and-down technique.

The computation of gap test behavior was performed with the two-dimensional
3 4 3 5reactive hydrodynamic code 2DE ’ using the Forest Fire burn rate ’ for all the

explosives and propellants except pentolite. Because Pop plot data are not avail-
3

able to derive Forest Fire parameters for pentolite, the C-J volume burn model 

was used for this explosive. The equation-of-state data used in these calcula­

tions are given in Appendix A. The Forest Fire burn rate parameters, Pop plot

data, and C-J volume burn parameters 

are given in Appendix B. The Plexiglas 

was modeled with elastic-plastic flow, 

with shear modulus = 1.5 GPa and yield 

strength = 0.5 GPa.

WITNESS PLATE3/S > 6 I 6 IN.

Fig. 2.
NOL large-scale gap test configuration.

2

Fig. 1.
LASL standard gap test assembly.



The gap tests were modeled at their true dimensions, using a 2.064-mm cell 

for the LASL test and a 1.826-mm cell for the NOL test. The model geometries are 

shown in Figs. 3 and 4. Unconfined NOL gap test calculations were made with the 

same model, with the steel tube replaced by air. The LASL test was initiated by 

a full-radius hot spot to model the effect of the 1/2-in. tetryl booster pellet. 

The NOL test was initiated by a hot spot of 3.7-mm radius and length to model the

Z

AAA
TEST SAMPLE

103 mm

DURAL GAP

14-58 mm

PBX-9205
DONOR

K)3mm

f 12 mm

21-mm RADIUS 
--------------------- ►R

I
I

Z

•STEEL CONFINEMENT 
TUBE 5.5-mm THICK

141 mm

•TEST SAMPLE 
18.3-mm RADIUS

PLEXIGLAS
GAP

35-65mm

PENTOLITE DONOR 
25- mm RADIUS

-mm HOTSPOT

Fig. 3.
LASL gap test model. The symmetry axis 
of the cylindrical assembly is at the 
left. The initiation of the donor is 
modeled by a 21-mm-radius, 12-mm-long 
hot spot.

Fig. 4.
NOL gap test model. The initiation of 
the donor is modeled by a hot spot of 
3.7-mm radius and length.
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effect of the J-2 cap used by Hercules Inc. The hot spot is fully reacted explo­

sive (gaseous products) with density and energy initialized to isentrope condi­

tions at ^1.02 x C-J pressure.

III. RESULTS AND DISCUSSION

The detonation behavior of the donor cylinders is shown in Figs. 5 and 6 by 

a series of contour plots of mass fraction and density. The mass fraction W is 

defined such that W = 1 for a solid and W = 0 for a gas, with a continuous varia­

tion between these limits for a burning explosive. The nearly planar detonation 

wave in the PBX-9205 donor of the LASL test runs steady at 28 GPa. This agrees

Doom - J hi Donm - 5

Qomm - 7 Doaot - 9 «• hum - U

fcss Fraction

Fig. 5.
Detonation of the LASL gap test donor. PBX-9205 cylinder, 21-mm radius by 102 mm 
long, at 1, 3, 5, 7, 9, and 11 ys. Contour plots of mass fraction (0.05 interval) 
and density (O.l-g/cm^ interval).
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Fass Fraction Isopycnics

Donor - 7 us

IsopycnicsMass Fraction

Mass Fraction IsopycnicsMass Fraction

Fig. 6.
Detonation of the NOL gap test donor. Pentolite cylinder, 25-mm radius by 51 mm 
long, at 1, 3, 5, and 7 ys. Contour plots of mass fraction (0.05 interval) and 
density (0.1-g/cm^ interval). The shock has entered the Plexiglas gap at 7 ys.

well with the C-J pressure of 28.1 GPa obtained from a BKW calculation.^ This 

donor was also modeled with a 12.4-mm-diam hot spot initiation, which ran to the 

same steady-state pressure. The strongly divergent detonation wave in the pento­

lite donor of the NOL test reaches a steady pressure of 14.5 GPa, which is much 
less than the C-J pressure of 22.8 GPa.^ The particle velocity (Up) at the det­

onation front was 1.15 mm/ys and the detonation velocity was 7.5 mm/ys.
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The initial shock pressure in the 

gap is obtained graphically as the in­

tersection of the isentrope* of the 

donor detonation products with the Hu- 

goniot of the gap material. These 

curves are shown in the pressure-par­

ticle velocity plane in Fig. 7. The 

intersection points, shown as squares, 

give induced pressures of 33.5 GPa for 

the LASL test and 10.3 GPa for the NOL 

test. The isentropes, calculated by 
BKW,^ are run through the C-J point for 

PBX-9205 and through the point (p =

14.5, U = 1.15) obtained from these 
P

calculations for pentolite. These ref­

erence points are indicated as circles 

in Fig. 7. The peak pressures that are 

developed in the gap material by the 

passage of the shock wave are readily 

obtained from these calculations. This 

permits the construction of calibration 

curves of gap pressure vs gap thickness 

(Figs. 8 and 9). The NOL test has been
calibrated experimentally,^ and the resulting curve is also shown in Fig. 9. The 

high pressures at small gap (<10 mm) are not experimental values, but are based 

on a zero gap value derived from the graphical matching described above, using 

the assumption of C-J pressure in the pentolite.* ** The experimental and calculated 

curves agree within their uncertainties for gap thicknesses > 10 mm. The

Fig. 7.
Impedance match at donor-gap interface. 
The intersection of the isentrope 
through the detonation state (pressure- 
particle velocity) with the Hugoniot of 
the gap material defines the initial 
pressure in the gap.

^Because the matching point for the PBX-9205/Dural is above the C-J point, the 
correct curve to be used is the detonation products shock Hugoniot. This is ap­
proximated by an extrapolation of the BKW isentrope beyond the C-J point.

**This assumption is not correct. It has been shown from theoretical arguments 
that the Rankine-Hugoniot equations and the Chapman-Jouguet condition are not ap­
propriate to the description of a "steady" diverging cylindrical or spherical 
detonation wave.^ Taylor also concluded from simpler considerations that the C-J 
pressure may not be attained although the C-J detonation velocity will be realized 
in a spherical wave.9 This position is also supported by experiment (Ref. 2,
pp. 116-221).
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GAP (mm)

Fig. 8.
LASL standard gap test. Shock pressure 
in the Dural gap.

GAP (mm)

Fig. 9.
NOL large-scale gap test. Shock pres­
sure in the Plexiglas gap. The solid 
curve is from an experimental calibra­
tion for gap lengths >10 mm (Ref. 7). 
The dashed curve is from this study.

calculated curve will be used for all further discussion. There is no experimen­

tal calibration of the LASL test.

To test our model at both ends of the normal sensitivity range, the LASL 

standard gap test was run with TATB and PBX-9404 as test explosives. The results 

of these calculations are summarized in Table I. The pressure in the Dural gap 

when the shock wave hits the test sample (P ) is taken from the calculated call-
o

bration curve (Fig. 8). The pressure induced in the sample (P^) by this shock is 

obtained from a graphical impedance match, as shown in Fig. 10 for PBX-9404. The 

calculated P^ is estimated from the early shock peaks in the test sample with an 

uncertainty of ^5%. The difference between the two values of P^ is due entirely 

to the effect of shock-induced chemical reaction in the explosive. This was con­

firmed by performing the calculation with nonreactive samples (same material, but 

with no chemical reaction permitted). The values of P^ obtained in this manner 

were 15.6 GPa in TATB at 14.4 mm and 2.5 GPa in PBX-9404 at 51.6 mm. These re­

sults are in quantitative agreement with the impedance match values of 16.3 and
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TABLE I

Gap (mm)

Pressures (GPa)
Dural gapa 
Induced in sample: 

Calculation 
Impedance match

Run distance (mm)
Pop plot 
Calculation

Experimental 
50% gap (mm)

LASL STANDARD GAP TEST 

TATB

14.4 20.6 43.3

23.2 19.0 7.3

23.5 13.5 8.0
16.3 13.0 4.2

3 6 5
7 — 4

21.9b

PBX--9404

47.5 51.6 55.7

5.9 4.8 3.8

4.0 3.0 2.4
3.3 2.6 2.0

7 9 13
8 19 —

51.9 - 57.6C

Pressures from the calibration curve. Fig. 8.
^Experimental sample had p = 1.870; calculation based on limited Pop plot data 

for material with p = 1.876.
Q
This range includes all separate observations for PBX-9404 with p > 1.84 (Ref. 

2). Calculation based on p = 1.844.

2.6 GPa. The detonation of TATB at a 14.4-mm gap is shown in Fig. 11 with a se­

ries of mass fraction contour plots. The shock wave enters the sample between 15 

and 16 ys after the start of the calculation, and leads immediately to significant 

reaction, shown by the growing dark area at 16 and 17 ys. The region of complete 

reaction that appears at 18 ys (white area surrounded by the zone of partial reac­

tion) signals the transition to a detonation, which proceeds in the final two 

frames. The length of run to detonation is determined from these plots with an 

uncertainty of 'ul mm. The detonation of PBX-9404 at a 51.6-mm gap is shown in 

Fig. 12 with a similar series of plots. The shock wave enters the sample between 

21 and 22 ys, but at the much lower pressure the reaction proceeds more slowly, 

and the transition to detonation is not observed until 29 ys from zero time. The 

sharp curvature of the shock front is seen from the isopycnic contour plots of 

Fig. 13. This series starts with the entry of the shock wave, rather than with 

the first observable reaction of Fig. 12, and proceeds only to the detonation 

point at 29 ys.
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Fig. 10.
LASL gap test. Impedance match at the 
gap-test sample interface for PBX-9404. 
The Dural Hugoniot is reflected through 
the pressure determined from Fig. 8 for 
a given gap length. The intersection 
of the reflected Hugoniot with the PBX- 
9404 Hugoniot defines the shock pressure 
induced in the test sample.

The expected length of run to det­

onation (X*) in the test sample is de­

termined from the Pop plot using the 

value of P^ obtained from the impedance 

matching. The Pop plots used in this 

work are shown in Fig. 14, and their 

equations are given in Appendix B. The 

actual X* obtained from these calcula­

tions is found to be significantly long­

er than the expected value for gap 

lengths near the critical point (the 

maximum gap length for which detonation 

is observed). The data in Table I show 

that the ratio X*(calc.)/X*(Pop plot) 

reaches a value of approximately two 

near the critical gap length. The data 

for PBX-9404 indicate that this ratio 

drops to one for shorter gap lengths. 

This difference is attributed to the 

nonplanar nature of the shock wave en­

tering the test sample (Fig. 13). This 

is in contrast with the plane-wave, one­

dimensional wedge shots from which the

Pop plot is determined. It is also apparent from the data in Table I that the

critical gap length is not related to a constant value of X*.

The NOL large-scale gap test was run with VTQ-2 and Composition B as test

explosives. The VTQ-2 was also run without the steel tube to study the effect of

confinement. The results of these calculations are summarized in Table II. The

values of P and P. were determined in the same manner as those for the LASL gap 
g i

test. A nonreactive calculation with VTQ-2 gave P^ = 5.2 GPa at a 40.2-mm gap, in 

excellent agreement with the value of 5.3 GPa obtained from the impedance match. 

The detonation of VTQ-2 at a 40.2-mm gap is shown in Fig. 15 with a series of mass 

fraction contour plots. The shock wave enters the sample between 16 and 17 ys 

after the start of the run. Significant reaction is observed at 18 ys, and the 

partially reacted zone spreads behind the shock front, with detonation observed

9



18 /^s 19 20 /is
Fig. ll.

LASL gap test. Detonation of TATB at a 14.4-mm gap. 
fraction contour plots.

Mass
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23 us

27 us 28 us 29 us 30 us
Fig. 12.

LASL gap test. Detonation of PBX-9404 at a 51.6-nun gap. Mass frac­
tion contour plots.
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26 ns

LASL gap test, 
contour plots

Fig. 13.
Shock wave in PBX-9404 at a 51.6-mm gap. Isopycnic 
.l-g/cm^ interval).
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1--1 T II |

COMP) POP PLOTS

• PBX 9404 
O TATB 
H COMP. B 
$ CONFINED ] 
0 UNCONFINEDj

PBX
9404

i »_»i»»l

PRESSURE(GPa)

Fig. 14.
Pop plots of the test materials of this 
study, shown by solid lines. An alter­
nate Pop plot for Composition B is shown
by the dashed (--------- ) line, indicating
the degree of uncertainty in this mate­
rial. The run-pressure points obtained 
from this study are plotted with dotted 
lines to indicate approximate two-di­
mensional "Pop plots" defined by the 
gap tests.

at 25 ys. The general behavior of the 

shock wave is shown by isopycnic con­

tour plots in Fig. 16. The shock front 

is curved when it enters the sample at 

'Ll? ys, and is significantly stronger 

on the axis. This is changed by the 

steel confinement tube, and by 20 ys 

the built-up shock wave is stronger at 

the tube wall, leading to detonation at 

the wall instead of in the center. The 

detonation of VTQ-2 at a 36.5-mm gap 

without the steel confinement tube is 

shown in Figs. 17 and 18. In the ab­

sence of the supporting tube wall the 

curvature of the shock front increases, 

giving a limited zone of partial reac­

tion and leading to detonation in the 

center of the sample at 26 ys. The 

ratio x*(calc.)/y*(Pop plot) is greater 

for the NOL gap test than for the LASL 

test. This may be a consequence of the 

more sharply curved shock front in the 

NOL test.

IV. CONCLUSIONS

We have modeled successfully the LASL and NOL large-scale (standard) gap 

tests using the 2DE reactive hydrodynamic code with Forest Fire burn rates. The 

results of the calculations agree well with the experimental values. The worst 

agreement was obtained with Composition B, which may be a consequence of the Pop 

plot that was used. The two available Pop plots for Composition B are shown in 

Fig. 14. The lower, more sensitive curve was used for these calculations. The 

upper curve would give a shorter critical gap length, probably less than the ex­

perimental value.

The calibration of peak pressure in the gap (P ) vs gap length (y) was ob-
o

tained from these calculations. The calculated curve for the NOL gap test agrees

13



TABLE II

NOL LARGE-SCALE GAP TEST

Gap (mm) 36.5
(in.) 1.44

Pressures (GPa)
Plexiglas gapa 4.7
Induced in sample:

Calculation 8.0
Impedance match 6.1

Run distance (mm)
Pop plot 6
Calculation 11

Transit time (ys) 24

Experimental 
50% gap (in.)

No confinement
Run distance (calc.) 33 
Experimental 50% gap

VTQ-2

40.2 43.8 47.5
1.58 1.73 1.87

4.0 3.4 2.9

6.5 5.3 4.5
5.2 4.3 3.5

8 11 15
22 — 19

26

1.60

1.50

Composition B

51.1 54.8 58.4 62.1
2.01 2.16 2.30 2.44

2.5 2.2 1.9 1.6

3.8 3.3 2.7 2.3
3.1 2.7 2.3 1.9

17 20 24 29
27 40 69

2 .01 - 2. 18

aPressures from the calibration curve, Fig. 9.

with the published experimental curve^ for x > 10 mm, and is much better for 

shorter gap lengths. These results provide the first calibration curve for the 

LASL test.

The distances of run to detonation obtained from these calculations are 

plotted vs the induced pressures (P^) in Fig. 14 for comparison with the Pop 

plots obtained from wedge tests. The run distances from the gap tests are signif­

icantly longer than those from the wedge tests at induced pressures near the gap 

length, but they approach each other at higher pressures. The critical run dis­

tance, i.e., the observed run distance at the critical gap length, clearly in­

creases with increasing gap length in both types of gap tests. It is also clear 

from this study that the NOL gap test should always register a shorter critical 

gap length when the test sample is not confined.

14



21 ms 22 fjs 23/^s

24 ns 25 /ys 26 /ys
Fig. 15.

NOL gap test. Detonation of VTQ-2 at a 40.2-mni gap. Mass frac­
tion contour plots.



21 ns 2? ns 23 ns

Fig. 16.
NOL gap test. Shock wave in VTQ-2 at a 40.2-mm gap. 
plots (0.1-g/cm3 interval).

24 ns

Isopycnic contour
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Fig. 17.
NOL gap test without the steel confinement tube. Detonation of 
VTQ-2 at a 36.5-mm gap. Mass fraction contour plots.
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21 ns 22 ns 23 ns 2k ns 25 ns

Fig. 18.
NOL gap test without the steel confinement tube. Shock wave in VTQ-2 at a 36.5- 
mm gap. Isopycnic contour plots (O.l-g/cm^ interval).
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APPENDIX A

EQUATION OF STATE

The HOM equation of state is used to solve for pressure P and temperature T 

in a cell, with specific volume V and specific internal energy I as input. The 

shock velocity Ug and the particle velocity Up are related by

U = C + SU s p

The equations for a solid are

PH = c2(v0 - v)/[v0 - S(VQ - v)]2 

X = £n V

Jin T = F + GX + HX2 + IX3 + JX4 
H

^ = (1/2)Vvo - v)

p = (y/v)(I - iH) + ph 

T = (I - Ih)(23 890)/Cv + Th .

The equations for a gas are 

X = £n V

Y = £n P.i
Y = A + BX + CX2 + DX3 + EX4

Jin I . = K + LY + MY2 + NY3 + OY4 
1

I = I. - z 1 1
Jin T . = Q + RX + SX2 + TX3 + UX4 

x
-1/B = R + 2SX + 3TX2 + 4UX3

P = [1/(8V)](I - 1^ + Pi 

T = (I - 1^)(23 890)/C^ + T± .

The solution for a cell with more than one component is based on combinations of
. . 3,4these equations.
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The equation-of-state parameters used in this study are tabulated in Table
3 3A-I. The units are volume (cm /g>, energy (Mbar-cm /g), pressure (Mbar), temper­

ature (K), velocity (cm/ys), and heat capacity (cal/g-K).

TABLE A-I

EQUATION-OF-STATE PARAMETERS 

Dural

c 5.351 j 0 0 0 Ci 0 0 0 0e - 01 J -2.564£3794962e+01
s 1.350 0 0 0 0 0 0 0 0e 0 0 Y 1.70000000OOOe+00
F -3. 075475079OSe-*-01 CV £.20 0 0 0 0 0 0 0 0 0e - 01
G -1.1561783 03c'6e + 02 v0 3.59 066427390e-01
H -1.77763573069e+0£ a 2.4 Ci 0 0 0 0 0 0 0 0 0e - 05
I -1.14353754176e+03

Plexiglas

C 3.43 30 0 0 00 0 0 0e-01 J -1.467 08193739e + 01
S 1.57850 0 00 0 0 Oe+00 Y 1 . 0 0 0 0 Ci 0 0 0 0 0 0 e + 0 0
F 5.£9380343506e+00 Cv 3.50 0 0 0 0 0 0 0 0 0e - 01
G -4.3495 0371368e+00 Vo 8.474576270 0 0e-01
H -1.55 055576333e+01 a 1 . 0 0 0 0 0 0 0 0 0 0 0e - 04
I -3.08638075573e+01

Steel

C 4.580 0 0 0 0 0 0 0 0E-01 J -1.66391615983e + 03
S 1.51000000000e+00 Y 2.0 00 00 0 0 0 0 0 0e+0 0
F -3.83 383 5 8745 3E + 03 Gy 1.0700 00 00 0 00e-01
G -7.03811954 024e+03 vo 1.863104711OOe-OI
H -4.8867 0313890e+03 a 1 . 17 0 0 0 0 0 0 0 0 0e - 05
I -1.46678402118e+03

Air

A —4.50608543688e+00 0 -1.58521895338e-06
B -1.87546110638E+00 Q 8.22644581441e+00
C -3.74276600293e-03 R -3.5152513 095 Oe-01
D 1.33929836747E-02 S -1.34446940047e-02
E -2.07694122929e-03 T 1.40871016422e-03
K -1.62655447438E+00 U -2.18133189985e-03
L 9.05383146618e-02 c1 5.0 0 0 0 0 0 000 0 Oe-01

2.69 004997726e-03 z 1.000000000OOe-OI
N -5.43583122192e-05

20



TABLE A-I (cont)

PBX-9205

C 2.4000 0 00 0 00 Oe-01 
S 2.05000000000E+00 
F -2.41732675010e+01 
G -1.39872107139e+02 
H -2.37879 021477e+02 
I —1.70729283235e+ 02 
J -4.16327143692E+01 
y 1.50000000000e+00 
CV 3.00000000000E-01 
V0 5.91715976000e-01 
a' 5. 0 0 00 0 000 00 Oe-05 
A -3.529622042OOe-*-0 0 
B -2.56501757700E+00 
C 2.56358164700e-01

D 3.35495910100e-02 
E -1.46326377300e-02 
K -1.5597415100Oe+OO 
L 5.264168456 0 Oe-O1 
M 8.055206620OOe-02 
N 6.445785156OOe-03 
0 2.116313380OOe-04 
Q 7.42577438OOOe+OO 
R -4.659064330OOe-01 
S 4.08137430000e-02 
T 2.466048600OOe-02 
U( -7.7702950 00 00e-03 
Cv 5. 0 0 0000 0 0 0 0 Oe- 01 
Z 1.OOOOOOOOOOOe-OI

PBX-9404

c 2.42300000000e-01 
s 1.88300000000e>00 
E -9.04187222042e+00 
G —7.13185252435e>01 
« -1.25204979360E+02 
1 -9.2 04241776 03e+01 
J -2.21893825727e>01 
Y 6.7500000000Oe-O1 
CV 4.OOOOOOOOOOOe—01 
Vo 5.4229934924Ie-01 
a 5.00000000000e-05 
A -3.53906259964e-*-00 
B -2.57737590393E+00 
C 2.60075423332e-01

C 2.OOOOOOOOOOOe-OI 
S 2.05000000000e>00 
F —1.21280271935E+01 
G -8.11672546025E+01 
H -1.31649312523E+02 
I -8.63814452915E+01 
J -1.68899480903E+01 
y 1.50000000OOOe+OO 
Cv 3.OOOOOOOOOOOe-OI 
V0 5.33 049 040512e— 01 
a 5.OOOOOOOOOOOe-OS 
A -3.8398182369 Oe-*-00 
B -2.65390199257e>00 
C 2.39445476232E—01

D 1.39083578508E-02 
E -1.13963024075E-02 
K -1.61913041133E+00 
L 5.21518534192E-01 
M 6.77506594107e-02 
N 4.26524264691E-03 
0 1.046799999 02e-04 
Q 7.3642291979Oe+00 
R -4.93658222389E-01 
S 2.9235306096Ie-02 
T 3.30277402219e-02 
U -1.14532498206E-02 
Cv 5.000000000OOe-01 
Z 1.OOOOOOOOOOOe-OI

TATB

D 7.17142061164E-02 
E -3.02093547088E-02 
K -1.58230649189E+00 
L 5.4192405912Oe-01 
M 9.7222104533Ie-02 
N 8.81767684503e-03 
0 3.20478862732E-04 
Q 7.15134298485e+00 
R -5.17846629749E-01 
S 5.71251032056E-02 
T 6.57471769211e-03 
U —6.57292774182e-03 
C^ 5.0000000000Oe-O1 
Z 1.OOOOOOOOOOOe-OI
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TABLE A-I (cont)

Pentolite

c £.7150000000 Oe-01 D 3.30073305731e-02
s £.576 0 Ci 0 Ci Ci 0 0 0e+0 0 E -1.1196O507988e-O2
F -8.6661849555£e+00 K -1.5185309878 Oe+O0
G -5.831378££089e+01 L 5. 051 923 Ci 0379e - 01
H -6.97163410850e+01 M 7.09014109735E-02
I -8.£ 009910£783e+ 00 N 5.£3899182335e-03
J £.07195569 0 08e+01 0 1.55103£24352e-04
Y 6.7470 0 0 0 0 0 0 Oe-O1 Q 7.6960256696Oe+O 0
CV 4.0 0 0 0 0 0 0 0 0 0 Oe - 01 R -5.O885701403Oe-O1
vo 6.410£56400 0 Oe-O1 S 9. 132210 0651Oe-02
a 0. T £. 187241 08 03Oe —0£
A -3.4£1£6449447e+00 U -7.72421839808e-03
B —2.443 09884639e+00 Cy 5. 0 0 0 0 0 0 0 0 0 0 Oe—01
C £.£6337419475e-01 Z 1 . 0 0 0 00 0 0 0 0 0 Oe — 01

VTQ

C 1.98 0 0 0 00 0 0 0 Oe-O1 D -3.84 0652 08171e-02
s £.230 00000 00Oe + 0 0 E 1.81393039475e-03
F 5.82606573241e-01 K -1.56687680661e+00
G -1.3 077 0444£75e + 01 L 5.28664483962e-01
H 3.G5673979749E+G0 M 7.30767018647e-02
I 3. 06 8 01 06 0 99 3 e + 01 N 5.30349447649e—03
J £.13£50350559e+01 0 1.43461617399e-04
Y 1.50 0 0 0 0 0 0 0 0 Oe + 0 0 Q 7.92725310775E+00
Cv 3.3 0 0 0 0 0 0 0 0 0 0 e - 01 R -4.74542294271e—01
vo 5.39956803456e—01 S 1.£0944307504e-01
a 1.760 0 0 0 0 0 Ci 0 Oe - 04 T -1.748930£5065e-0£
A
B

-3.58647450079e+00 
-£.£914663 0S£9e+0 0

U
Cy

9.33356217842e-04 
5.0 0 0 0 00 0 0 00 Oe-01

C 3.11339£ 01717e-01 Z 1.00 Ci 0 0 0 0 0 0 0 0 e - 01

Composition B

C £.470000000OOe-01 D 3.04510424546E-03
s 1.88 00000 00 0Oe+O0 E -1.752264 031 OOe-O1
F -6.671£££75 06£e+0 0 K -1.56087684485e+CiO
G -6.5447 0724 0 04e + 01 L 5.33121475935e-01
H -1.26689986425e+0£ M 8.06310874142e-02
I -1.03958493089E+02 N 3.33816891056e-03
J —£.82360096898e+01 0 -6.84399991171E-04
Y 1.325000 00 0 0 0E+00 Q 7.5027805855Oe+O0
Cy 3.3 0 0 0 0 0 0 0 0 0 Oe-01 R -4.4120900 0835e-01
vo 5.83090379009e-01 S 1.51292636188e-01
a 5.00000000000e-05 T 6.7788329£739e-0£
A -3.52584878974e+00 U -2.42403364371e-02
B —£.33429189 056e+0 0 CV

Z
5.OOOOOOOOOOOe-01

C 5.97267325606e~01 1.00000OOOOOOe-OI
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APPENDIX B

BURN MODELS

I. FOREST FIRE BURN RATE

The mass fraction of unburned explosive W is defined as W = 1 for a pure

solid. The explosive burns to gaseous products with W = 0 according to a pres-
3 5sure-dependent rate law based on experimental data. ’ The rate R is defined for 

pressure P in millibars and time t in microseconds by:

R = (1/W)(dW/dt)

N

i=l

The limiting conditions set R = 0 for P less than a specified cutoff pressure and 

r = oo (w 0 immediately) when P reaches the C-J pressure. The rate parameters 

used in this study are tabulated in Table B-I.

These Forest Fire parameters are derived from the experimentally determined 

Pop plots. The equation of the Pop plot is

£n x = A + B Jin P ,

with the run distance x in centimeters and the pressure P in millibars. The pa­

rameters are given in Table B-II.

II. C-J VOLUME BURN

The C-J volume burn model was used for pentolite. It assumes that W varies 

linearly with V from Vn to V . Proceeding from cycle n - 1 to cycle n,U J

v - v
W11 = 1 - ^

n

V - V 0 CJ

where

1 > wn > 0 , wn < w11-1

W11 = 0 if W11 > W11"1 and t/1 <0.7 .
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pn = (1 - Wn)P' ,

where P' is pressure of detonation products at V, I, and W = 0, if Wn < 0.99; 

otherwise P'is Pn. V = 0.4723 for the pentolite of this study. The other 

terms are defined in Appendix A.

TABLE B-I

FOREST FIRE RATE PARAMETERS 

PBX-9205

c-j pressure = .£31 CUT-OFF PRESSURE = .004

C (' I = 1 ? 1 4> -1.1483508963E+01 
1.3178689915e+ 06 

-6.1811637338E+09 
1.3510375843e+13 

-7.5037456978e+13

7. 138 035 0444e + 03 
3.1945087660e+07 
5.10773616OOe+10 
3.5904713587e+13 
3.7337130564e+13

3.6528119877e+04 
5.3097654767e+08 
3. 0070 047036e+11 
6.75308166 04e+12

PBX-9404

c-j pressure = .36 CUT-OFF PRESSURE = . 0 05

c < i = 1J 14> -8.3979132644e+00 
2.98899332 07e+ 05 

-4.3377143£85e+ 08 
3.095 0369616e+10 

-6.987608917 0e+10

4.0524453315e+02 
-4.7963436917e+06 
£.5 068548091e+ 09 

-6.378113535£e+10 
2.5277953737E+10

-1.£8879597£4e+04 
5.40177 074 04e+ 07 

-1.0433258901e+10 
8.6704208069e+10

TATB

C-J PRESSURE = .290 CUT-OFF PRESSURE = .010

-1. 3725267870e+01 3.89 03919£86e+02 -5. 1670574925E+03
-1. 0249579£2£e+05 6.897784 093 0e+ 06 -1 . 69 038621£4e+08

c! ■ 5215834553e+ 09 -2.5479485981e+10 1 . 8139651006E+11
—9. 216 0587455e+11 3.3252111180e+12 -8. 3244589903e+12
i. 374619968 0e+13 -1.3462111788e+13 5. 92 07965772e+12

VTQ

C-J PRESSURE =

c C i = 1 > 15)

CUT-OFF PRESSURE =

= -1.2831444411e+01 
£.671244169£e+ 06 

-2.1447556£68e+10 
8.1584811109e+12 

-1.4 035£95599e+14

9.6584620364E+02 
-7.74855482 01e+ 07 

2". 14534 04523e + 1 1 
-3.06982 83 0 05e + 13 
1.453525774£e+14

*6.1185473706e+04 
1.5372816438E+09 

-1.5541928421e+12 
8.0642956281e+13 

67e+13
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TABLE B-I (cont)

Composition B

a pressure = .£84 CUT-OFF PRESSURE = .005

1 = 1 • 1' -1.0548 039845e+ 01 
1.7738926129e+06 

-1.2896982914e+10 
4.78196646 06e+12 

-3.159215767 0e+13

7.54 06695 03 0e+02 
-4.9055755777E+07 

1.2736970319e+11 
-1.7936 038568e+13 
8.4216539355e+13

-4.3585126588e+04 
9.4323754961e+03 

-9.1544370940e+11 
4.70 0 0815598e+13 

-3.90337771 He+1 3

TABLE B-II

POP PLOT PARAMETERS

A B

PBX-9205 -4.384168 -1.501545

PBX-9404 -5.040996 -1.365368

TATB -5.61223 -2.47086

VTQ-2 -5.263 -1.706

Composition B -3.42995 -1.13388
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