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BALLIS T IC RESEARCH LABORATORIES

REPORT NO. 1092

HJGoodman/sec
Aberdeen Proving Ground, Md.
February 1960

COMPILED FREE-AIR BLAST DATA ON
BARE SPHERICAL PENTOLITE

ABSTRACT

Free-air blast parameters (peak pressure, positive impulse and
positive duration) from the detonation of spherical 50/50 Pentolite -
charges fired at sea level conditions have been complled. Anelytic
expressions for side-on pressure, side-on positive impulse and normally
reflected impulse have been determined by fitting least squares
polynomials to the data. The function for side-on pressure extends
over all scaled distances where pressure might be of military importance,
and is of the asymptotic form given by Kirkwood and Brinkley.
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SYMBOLS
radial distance from center of explosive (ft).
charge radius (ft).

explosive weight (1b).

a
§i737 = scaled distance.
1/3.

0.1323 X ft/1b
total peak pressure (psi).

ambient sea level pressure.

P-p, = excess pressure (psi).
%— = excess pressure ratio.

o}

t+At

(p-po) dt = positive impulse (psi msec).

t

positive duration {reported in milliseconds).
sound velocity at ambient conditions (ft/sec).
shock front velocity (ft/sec).

- = Mach number of shock front.
0

number of observations.
spandard deviation of individual measurement.
standard deviation of mean.

natural logarithm.

R (numerical value of scaled distance in charge radii).

time of arrival of shock front (reported in milliseconds).
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INTRODUCTION

Spherical 50/50 Pentolite charges are commonly used as standards
in air shock measurements because of the reproducibility of results
with this explosive. This report collects available unclagsified air
shock data, excepting measurements reported before 1945. Earlier measure-
ments are omitted because of improvements in measuring techniques which
have been made since 1945 and because so many of the early experiments
vere carried out under hurried wartime conditions. The consistency of
the measurements of peak pressure and of reflected impulse made by
widely different techniques is better than the original reports suggest
and warrant fitting equations to the results so that smoothed average
values would be available for test of Instrumentation, planning of
experiments, etc. However, side-on impulse and duration measurements

are less satisfactory.

Existing data did not adequately determine the slope of the pressure-~
distance curve at long distances. Therefore, some new measurements made
at pressures lower than those of military interest are reported here.

In the region bvetween the charge surface and a scaled distance of
1.5 ft/lbl/5
single source; however, the optical and mechanical methods used in this

» peak pressure and reflected impulse data are each from a

range of data give results which extrapolate well to piezoelectric gage
results.

For planning of experiments the time of arrival of & shock is also
of interest. Therefore, this parameter was computed and reported with

the data, as well as the slope of the pesk pressure-distance curve.



COMPITATION OF DATA

Collected data on the more commonly reported parameters are given

in Figures 1 - 4 and the tables of the Appendix. The height of each
symbol is approximately 30 except where e larger size i1s required for
visibility. The authors, with the -exception of Sultanoff and McVeyl’Q*,
reported standard deviatlions of their data. The present report estimates
the standard deviations of the data of Sultanoff and McVey by averaging
data at the same scaled distance‘ovef the charge weights used and then
computing the standard deviation of the individual from this average.
Stoner and Blea.kney3 report the standard deviation of their pressure-
distance curve. Three pesk pressureé'were computed from their reported
formula, Curtish reports the deviation of the mean for each charge weight

and distance. Al other authors report the standard deviation of the
individudl, computed in the same way. The use of only three points from
the work of Stoner and Bleakney may appear to givevlittle weight to their
extensive measurements. However, the high welght given these points by
using the error of the curve at least partially compensates for this. The
standard deviation of a measurement in their work was about the same as
in most others. Curtis's work is overweighted, but this is of little
importance in view of the large number of measurements from other sources.
In any case, the information given in reports is not sufficient to mske
nevw estimastes of error, on a comparsble basis, possible. The agreement
between optical and gage data 1s better than would be expected, since
measured charge radil are used in reporting optical data while welghts only
are given in reporting gage data. Thus the effect of detonator wells,
explosive density, booster used, etc., on scaling of distance differs.
Unpublished data are also reported. Most of these were obtained as
control rounds in comparisons of explosives., A few measurements at large

5 for this
compilation. Atlantic pencil gages6'ﬁere used because a high sensitivity

distances from the charge were made by Johnson and Schlueter

*
Superscripts refer to references listed at end of report.
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was needed. The relatively poor aerodynamic form of these gages 1is
unimportant at these low pressures. These side-on pressure measurements

are shown in Figures la, 1b and 4 and tabulated in Table I of the
Arpendix.

The number of actual measurements of normally reflected pressure7 is
small, but Mills and Hoffman8 have ccmputed a considerable number of
reflected pressures from their measured side~on pressures. However,
only those reflected pressures which were actuelly measured are tabulated

in Table II of the Appendix.

Mills and Hoffman8 made a large number of measurements of side-on
positive impulse at distances of 1.48 f‘t/lbl/ 5 tc 14.81 ft/lbl/ 5. These,

9,10,11

along with other available side-on impulse measurements are shown

in Plgure 2 and Table I of the Appendix.

No measurements of normally reflected impulse at distances less
than 3.8 charge radil have been reported. Measurements at ambient
atmospheric pressures simulating altitudes up to 100,000 feet have been
made by Olson, Patterson, and William512 by a mechanical gage, glving
higher precision than ;s obtainable with piezZoelectric gages. They have

8,

been scaled by Sachs's” scaling law and combined with sea level

8,13
measurements - 7.

However, Sachs's scaling is most improbable at the charge surface,
since there the pesk pressure ratio (p/po) is independent of ambient
pressure except as the equation of state of air may bve changed.17 It
gives the same reflected impulse as the well-founded assumption p/pO
independent of Po' For, from Sachs's scaling of the data used in Figure

2, we have close to the charge the approximate relation,

I ~ AW2/3
o~ ="
"y 5p02/ 3 R2p0273

or I independent of P, and varying inversely with the area of the shock
front.

1k



= From p/p0 independent of p_ at shock formation it follows that.

A the material velocity and density of the explosion products are also

// ' independent of po. Since the contribution of static impulse to

dynamic impulse is negligible close to the charge (Figure 2), the
reflected impulse is determined by the outward flow of exploslon products
wntil the separation of shock front and contact surface is great enough
tu Include & significent mass of alr. Thus the total momentum of the
outward flow changes only slowly, giving a reflected impulse independent
of pressure and varylng inversely as the area of the shock front. This
rhysical picture of the cause of the observed results is at least more
reasonable than the application of Sachs! scaling, with time scaling
baged on invariance of the velocity of sound in the ambient air, to a
positive phase sti;l largely in the explosion. '

Other unpublgehed pressure and impulge data half way between two
equal- charges have been reported.
i

Available ref@ected and side-on meagurements of duration of the First .
positive phase aqushown in Figure 3 and Tables I and IT of the Appendix

The size of the detonation wells, ooostering, etc., are seldom fully

_ . } . reported. As neitLer ambient preésures or temyeraturen are commonly . f

F ' B stated; all measurements are arbitrarily assumed to have been made at o f
~1h,7 psi and 300°k with "ambient sound veloci'by 1139.4 ft/sec. The cha.rge I
density 15 assumed t0 be 1. 65 gm/cc. : f

=
oo
i
==

15
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DISCUSSION

The excellent agreement between pressure measurements made by
various methods suggested that a single formule could be fitted to the
whole pressure range which had been studied. Previdus investigatorsB’u’9
made least squares fits of the side-on peak pressure data to a polynomial
in Z_l° This 7%pe of function is an adequate empirical representation

atm}l 1/3, . atm}l/3
for 4 ft 5l &P, Z <30 ft o . However, this type of function

will not fit cver the entire range thet is of military importance. Kirkwood

and Brinkleyls’le’17 showed that the asymptotic form of a formula at
large distances should be
(1) por R (o r/R) " Y2

/2

1
: . X1InX
, are constant. The psrameter yX T was calculated

(Figure 4) from the experimental data, with the factor [k/(x - li]l/e
introduced to eliminate the zero value at the charge surface. Although

where Pl and R

the parameter was chosen to be constant at long dlstances, it is seen in
Figure 4 that 1t is constant close to the charge, but only approaching an
asymptote at the longest distances at which measurements are wmade. The
parameter used has the advantage over fitting the pressure directly of a
smaller range, thus lmproving the fit obtained by minimizing the standard
deviation of the regression. One group of pressure measurements made by
Sultanoff and McVey2 is seen as a bulge in the plotted data of their
report as well as here. It may result from their selecting a quadratic
distance~time curve thus forcing a linear fit to the velocity. This is

equivalent to assuming a pressure distance -relation of the form
P = C(l - bR)2

where ¢ and b are constants, Close to the charge, a third order distance-

time fit was used.

A simple form of function constant at both short and large distances
is A + B/ Ebolynomial in (X - li].' When such a function was fitted to

X 1n x| 22
vX [—i-:—z] using all data, the value of A was too large for

16



consistency with déta at large distances, which should determine A.

A welghted fit to data for 1,756 £ X £ 512 of a fifth order polymomial
in an (significant at the 5% level) was therefore used to determine A.
Fixing A, the best expression found was

1/2
X In X _ B
(2) yx[x'lj ) A+1+c(}{-1)2

with the values of the constants

A=18.16 + 3.8
B = T70.2 + 3.6
C = L.O48 x 1077 +4.8x 1077
for 1 £X & 512,
The standard deviation of the regression is 10.5. No significant im-

L

no

provement in the fit was obtained by using a larger number of constants.
The date were weighted in the usual way in computing the best values of
the constants, using the standard deviation reported in Table I of the
Appendix.

If the scaled distance is expressed in ft/lbl/5 instead of charge

radii, Z = 0.1323 X ft/lbl/B, equation {2) becomes

1/2
(28) ( ) 230 @ A 21
2a p~D Z | p—— = +
© L? -8 1 1+ Cl(Z - a)2

where

= 93.66 psi. ft/lbl/5

= 1498 psi ft/lbl/jl

c, = 0.2309 1‘02/9/1'1;2

for a £ 2% 68 ft/lbl/5.

The value of "a" used is 0.1323 ft/lbl/5 (explosive density, 1.65 gm/cc).
Peak pressures have been computed from Equation (2) and (2a) and tabulated
in Table I. Figures la, 1b, and 5 are plots of the tabulated pressures.

7



TABLE I

Side-On Peek Pressure From Equation 2 and Some Derived Quantities

X z +,1/3 M
Charge 1/3 K& 1/3 M P-p, dy/ax Mach
radii £t/1b msec/lb atm psi. Numbexr
1.000 0.1323 0.000000 818.4 12030 ~-1023, 25.24
1.005 0.1330 '0.,000023 813.3 11955 -1011. 25,16
1.010 0.133%6 0.000046 808.2 11881 -1000. 25.08
1.015 0,1343 0.000069 803.3 11808 - 988.8 25,00
1.020 0.1349 0.000092 798.4 11736 - 977.8 2h, 9%
1.025 0.1356 0.000116 793.5 11664 - 967.0 2k .86
1.030 0.1263 0,000139 788.7 11594 ~ 956.4 24,78
1.035 0,1369 0.000163 783.9 11524 - 45,9 24,71
1.040 041376 0.000186 T75.2 1145k - 935.6 24,64
1.085  0,1383 0.000210 T74.6 11386 - 925.% 24,57
1.050 0.,1389 0.0002%54 770.0 11218 - 915.4 24,50
1.075 0.1hk22 0.000353 ™7 10991 - 867.7 24,14
1.100 0.1455 0. 000474 726.6 10680 - 823.6 23.79
1.125 . 0,1488 0.000597 706, 5 10385 - 782.6 23,46
1.150 0.1521 0.000722 687.14 10105 - Thk,s 23,15
1.175 0.1555 0.000848 569.2 9838 -~ 709.0 22.85
1.200 0.1588 0.000976 651.9 9583 - 676.0 22,55
1.225 0.1621 0.001105 635.4 9341 -~ 645.1 22,27
1.250 0.1654 0.001237 €19.6 9109 - 616.2 22.00
1.275 0.1687 0.001%69 60k, 6 8888 - 589.2 21.7h
1.300 0.1720 0.00150% 590,2 8676 - 563.9 21.48
1.325 0.1753 0.001640 5764 8473 ~ 5k0.1 21.23
1.350 0.1786 0.001776 5632 8278 - 517.7 21.00
1.375 0,1819 0.001959 550.5 8092 - bhob.7 20.76
1.400 0,1852 0.002056 538.3 7915 - 476.9 20.53
1.425 0,1885 0.002199 526.6 7742 - 458,2 20,31
1.450 0,1918 0.002342 515.4 7576 - 40,6 20.10
1.475 0.1951 0.002487 504 .6 418 - k23,9 19.89 .
1.500 0,1985 0.002535 4ok,2 7265 - 408.2 19.69
1.525 0,2018 0.002782 L84,2 7117 - 39%,2 19.50
1.550 0,2051 0,002932 W74, s €976 - 379.1 19.31
1.575 0,2084 0,00308% 465.2 6829 -~ 5.7 19.12
1.600 0,2117 0.003235 L56.2 6707 - 353.0 18.94
1.625 0,2150 0,003389 47,6 6579 - 340.9 18.76
1.650  0,2183 0.003545 439.2 6456 - 329.4  18.59
1.675 0,2216 0,003702 L31.1 6337 - 318.4 18.43
1.700 0,2249 0,003860 423, 6222 - %08.0 18.26
1.725 0,2282 0.004020 L15.7 6111 -~ 298.1 18.10
1.750 0.,2315 0,004180 Lo8.4 600% - 288.6 17.94
1.775 0.2348 0,004243 401.2 5898 ~ 279.6 17.79
1.800 0,2381 0,004508 394 .4 5797 - 270.9 17.64
1.825 0,241% 0.004672 387.7 5699 - 262.7 17.50
1.850 0,2448 0,0048%38 381.2 560k - 254.8 17.%
1.875 0,248 0.005007 375.0 5512 - 247.3 17.22



TABLE I (Cont'd)

Side-On Pesak Pressure From Equation 2 and Some Dexrived Quantities

X 1 . M
Charge z 1/ s /3 1/3 v PP, dy/dx Mach
radii £t/ 5 mgec/1b atm pol Numbex
1.900  0.2514 0 .005176 368.9  54e2 - 240.0 17.08
1.925  0.2547 0.005347 363.0 5336 - 233.1 16.94
1.9%50  0.2580 0.005519 357.2 5251 - 226,5 16.81
1.975 0.2613 0 .005692 351.,6 5169 - 220.2 16.68
2.000 0.26L46 0.005867 3h6.2 5089 - 2140 16.56
2,025 0.2679 0.006042 340.9 5012 - 208.2 16.44
2,050 0.2712 0 .006220 335.8 L4936 - 202,6 16.7%2
2.075  0.2745 0.006398 3%0.8 L4863 - 197.2 16.20
2,100 0.2778 0.006578 325.9  L791 - 192,0 16.08
2.125 0.2811 0 ,006759 321.2 Y722 - 187.0 15.94
2,175  0.2878 0.007126 312,1 4588 = 177.6  15.7h
2.200 0.2011 0.007310 307.7 k523 ‘= 173.1 15.64
2.225  0.2944 0.007496 303.4 4460 ‘= 168.8 15.53
2,250  0.2977. 0.007684 299.3 L399 - 164.6 15.43
2.275  0.3010 0.00787h 205,2 L339 - 160.7 15.32
2,300 - 0.3043 :0,008063 291.2  L281 - 156.8 15.22
2,325  0.3076 0.008254 287.4 L2y - 15%,1 15.12.
2.350  0.3109 0.0084k7 = 283.6 Li69 .- 149.5 15.02
2,375, 0.3142 0,008641 279.9. A1k - 146.0 - 14.93
2;400° "0.3175 . 0.008836 . .. 276.3  LO6L - k2,7 14.83
2,425  0.3208- ©0,009032 - 272.8 k009 . - 1304 b7k
2.450  0.3241 0.009230 4 269.3 .- 3959 - - 136,35 - 14.65
2,475 T 0.327% ' 0.009428 265,9 . 3909 - % 13%.3 14.56
2.500. 0.3308 . 1 0.009628 - 262.6 3861 - 130.4  1h.h7

2,525 0.3341 ¢ 0.0098%0 . 259.k " 3613 - 127.5 14.38
- 2,550 . 0.33Th. 0.01003 256.3" » 3767 . -~ 1248 130
2,575 - 0.3k07 0% .01024 ;253,24 3722 - Ta 122,1  1k.22
2,600 0.340 7, "0.010kk Y 250.2 i 3677 - 119,5 14.13"
2.625.  0.3473 .~ - [0.01065° 2hk7.2 363k - 117.0  .14.05
 2.650 . 0.3506 | pb 01085 . 2.3 3591 - 1k.6 13,96
‘2,675 0.3539. " 1106 241.5 3550 -.112.3 13.88
T 2.700  0.3572 i o 013,27' S 2387 2209 - 110.0 13.80
L2.725 . 0,3605 . 0.0118 - 2%6.0 3469 - 107.8 - 13.73
.2.750  0.3638 Lk o.ou69 233.3 3430 - 105.6" 13,65
© 275 .0.367TL 7Y . 0.01i51 230.7 . 3391 '« 103.6 13.58
2.800  0.370k 10,0121 228.1 - 3354 - 101.5 13,50
- 2.825 . 0.3737 4o 0,01235 - 7 225.6 - 33517 - .99.57. .13.43
2,850 0.3TTL ' 0.01255 223.2 . 3280 ~ 97.60 13,36
2:875 . . 03804 0.01277  220.7. . 3245 ~ 95.80 13.29
.2,900  0.3837 0.01299 ~ ~218.4 3210 - 94,00 13,22
2.925 0.3870 © 0,01321 216.0 ' 3176, - :92.2 13,15
24950  0.3903 0.01313 213.8 3142 - 90.54 13,08
2,975  0.39% 0.01365 211.5 - 3109 - 88.88 13,01
3,000 043969 0.01388 209.3 3077 - - 87.26 12.9%
3,025 © 0.hoo2 0.,01411 207.2 3045 .- 85.69 12.8,
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4 i
AT YL T -t 3
TARLE 1 (Coutfid)

Side-dn Feak Pressure from Equation & and Sowme Derived Quantities

X 7 N ,'-.l"1 M
Cherge o s U s Y PR dy/ax  Mach
radii et /10 2 mesec/1b atm psi Number
1.500 C,.2518 7 05176 368.9 5L22 - 240,0 17.08
1.925  0.2547 0L CU53u7 %63.0 5336 - 2331  16.9%
1.950 0.2580 ¢ .003519 357.2 5251 - 226,95 16.81
1.975 0.261% 0 .005692 351.6 5169 - 220.2 16.68
2.000 0.2646 0.005867 346.2 5059 - 21h.0  16.56
2.C25 0.2579 ¢ . 006042 340.9 s01z2 - 208.2 16.44
2,050  0.2712 5 005220 335.8 4936 - 202.6 16.7%2
2,075 0.27%5 0 . 009368 330.8 4E63 - 197.2 16.20
2.100 Q.2778 0 .006578 325.9 Lro1 - 192.0 16.08
2.125 0.2811 Q. G06T59 321.2 Ryl - 187.0 15.9%
2.150 0,285k QL. O0DESL 316.6 bask - 182.2  15.8%
2.175 0.2378 007126 312,1 4588 - 177.6  15.7h4
2.200 G.2911 ¢ ,007310 307.7 L52% - 173.1 15.64
2.225 0.294h N OOTHYA 203, 4 BhE0 - 168.8 15.53
2.250 0.2977 L O0TEER 299. 3 43099 - 164.6 15.43%
2.275 0. 2010 0.O078TY 205,2 k339 - 160.7 15.32
2.300 0.3043 T . 008063 291.2 4261 - 156.8 15.22
2.325 0. 3076 0.008254 287.h4 Lo2y - 153.1 15.12
2.350 0. 3109 0.0084LT 283.6 4169 - 1h9,5  15.02
2.375 0.3142 0.008541 279.9 11l - 146.0  14.93
2.400 0.3175 0.008836 276.3% Lo6l - 12,7  1h4.83
2.425 0. 2208 0.005032 272.8 4009 - 129.4 1k, 74
2.450 G.3251 0.009230 269, 3 3359 - 136.3  14.65
2.475 0.3274 0. 002028 265,9 3509 - 1%33.3 14,56
2.500 0. 3308 0.005628 262.6 =301 - 1%0.4  1h.h7
2.525 0. 2h) D.005320 269k 2813 - 127.5 14.38
2.550 G357k G L.0L00% 256.3 3767 - 124,8 1k.30
2.575 G. 3407 0.0102k 253,2 3722 - 122.1  1k.22
2.600 0« 3kl 3. OL0L 250.2 36TT - 119.5 1h.13
2.¢825 0.3473 D.0L005 47,2 3634 - 117.0  14.05
2.5%0 0.5506 0.,01085 24k, 3 Z561 - 11k, 13.96
2.675 043535 0.01206 24,5 3550 - 112,33 13,88
2.700 0.3572 0,017 238,77 2509 - 110.0  13%.80
2,725 0. 3505 S.01103 23%6.0 3469 - 107.8 13,73
2,750  0.3638 2.01169 23%.% 3430 - 105v6  1%.65
2.775 0. 3671 0.01161 2%20.7 3391 - 103.6 13.58
2.800 Q3704 $.01211 228.1 555k - 101.5 13,50
2.825 0.3737 0.,01233 225.6 3317 -~ 99.57 13.43
2.850 9.377L 0.01255 22%.2 3280 - 97.60 13.3%6
2.875 0. %804 0.01277 220.7 3245 - 95.80 13.29
2.900 0,387 0.01249 213.4 3210 - 94,00 13,22
2.925 9.32870 G.01%2% 216.0 3176 - 92.2k 13,15
2.950 D.3905 3.01743 213.R 3142 - 90.54 13.08
2.975 0.39%6 6.C0135% 211.5 3109 - £8.88 13,01
3,000 N 3949 OL,013E8 2C9. 3 2077 - 87.26 12.94
3.025 0.4002 0,01513 207.2 3045 - 85.69 12.87
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TABLE I {Cont'd)

Side-On Peak Pressure From Equation 2 and Some Derived Guantities

X Z + £:1/2 M
Charge 1/3 173 J ? - D, dy/dx Mach
radii £t/1b msec/1b atm psi Number
3.050 0.1035 0,01433 205.0 3014 -~ 84,16 12.81
3,075  0.4068 0.01456 202.9 2083 -~ 82,67 12.7h
3,100 0.4101 0.01478 200.9 2953 - 81.22 12.68
3,125 0.4 0.01501 198.9 2024 - 79.81 12.62
3.150  0.4167 0.01524 196.9 2895 - 78.43 12.56
3,175 0.4201 0.01548 195.0 2866 - T7.09 12.50
3,200 0.k23h 0.01571 193.1 2838 - 75.78 124k
3,225 0.4267 0.0159% 191.2 2810 - T4.51 12.38
3,250 0.4300 0.01617 189.3 2783 -~ 73,26 12,32
3.275 0.433% 0,01642 187.5 2757 - T2.05 12.26
3,300 0.4366 0.,01665 185.7 27%0 - 70.87 12.21
3.325 0.4%399 0.01689 84,0 2704 - 69.71 12.16
3.350 0uk3R 0.01713 182.2 2679 - 68.58 12.10
3.375 G 4hAs 0.0173 130.6 2654 - 67.48 12.04
3.400 0.41+98 0.01761 178.9 2630 - 66.41 11.98
3.425 0.4531 0.01786 177.2 2605 - 65.% 11.9L
3.450 0. U564 0.018:0 175.6 2582 - 64,74 11.85
3.475 0.4597 0.01834 17%.0 2558 - 63,34 11.80
3. 500 0.4631 0.01859 i72.4 2535 - 62.36 11.75
3.525 04664 0,01883 170.9 2512 - 6l.40 11.70
3.550 0.4637 0.01909 169.4 2490 - 60.47 11.66
3.575  0.4730 0.01933 157.9 2468 - 59.56 11.61
3.600 0.4763 0.01959 166.4 246 - 58.67 11l.56
3.625 0.4796 0.01584 165.0 2u25 - 57.80 11.52
3,650 0.4829 0.02009 163.5 2404 - 56.9% 11.47
3.675 0.4862 0.02034 162,1 2383 - 56.11 11.42
3,700 0.4855 0.02060 160.7 2363 - 55.29 11.37
3.725 0.4928 0.02085% 159.% 2243 -~ 54,50 11.32
3,750 0.4961 0.0211 158.0 2323 - 53.71 1l1.28
3.775 0.45%% 0.0213%6 156.7 2303 -~ 52.95 11.23
3.300 0.5027 0.02163 155.h 2284 -~ 52,20 11.18
3.825 0.5060 0.,021853 154,1 2065 - 51i.49 11.13
5.850 0.50%4 0.02215 152.8 2246 - 50.75 11.09
3.875 0.5127 0.c2241 151.¢ 2228 - 50.05 11.05
3,900 0.5160 . 0.02258 150.3% 2209 - ke .z 131,00

- 3,925 0.5193 0.0220k 149.1 2191 -~ 48,69 10.96
3.950 0.5226 0.02321 47,9 2174 - L48.¢3 10.92
3.975 0.5259 C.c2348 6.7 2156 -~ 47.38 10.88

- 4,000  0.5262 0.02374 145.5 2139 - 46.75 10.84
k.025 0.5%325 0.024k01 1kl 3 2122 - 46.13 10.80
4,050 0.5358 C.02u28 3.2 2105 - 45,52 10.76
k.075 0.5391 0.02455 42,1 2089 - bh,oo2 10.72
4.100 0.5425 C.02482 141.0 2072 - Lh.Z 10.67
4,125 0.5h457 0.02509 139.9 2056 - k3,76 10.63
4,150 0. 5450 0.02536 158.3 2040 - 43,20 10.59

4.175  0.5524 0.02564 137.7 2024 42,65 10.55



TABLE I (Cont*d)

Side-On Peak Pressure From Equation 2 and Some Derived Quantities

e 7 1/3 M
Charge 1/3 LA 1/3 y P - Pg dy/dx Mach
radii ft/1b msec/1b atm psi Number
4.200 0.5557 0.,02592 136.7 2009 - k2,11 10.51
4,225 0.5590 0.02620 135.6 1994 - 41.58 10.47
4,250 0.5623 0.02547 134.6 1978 - b1,06 10.43
4,275 0.5656 0.02674 133.6 1964 - Lo.55 10.39
4. 300 0.5689 0.02703% 132.6 1949 - 40,05 10.35
h,325  0.5722 0.02731 131.6 1934 - 39.55 10.32
4,350 0.5755 0.02759 130.6 1920 - 39.07 10.28
4,375 0.5788 0.02783 129.6 1906 - 38.60 10.24
4.400 0.5821 0.,02816 128.7 1892 - 38.13 l0.21
L., 425  0.5854 0.02845 127.7 1878 - 37.68 10.17
L.450  0.5887 0.02873 126.8 1864 - 37.2%  10.1h4
L.h75  0.5920 0.02902 125.9 1850 - 36.7 10.10
4,500 0.5954 0.029%1 125.0 1837 - 36.35 10.07
L.525  (0.5986 0.02960 124.1 1824 - 35.93 10.03
4,550 0 .6020 0.02989 123,2 1811 - 35,51 9.999
%.575 0 .6053 0.03018 122.3 1798 -« 35.10 9.965
4,600 (0.6086 0.0%0h7 121.4 1785 ~ 370 9.931
4,625 0.6119 0.03076 120.6 1772 - 3.3 9.897
4.650 0.6152 0.03105 119.7 1760 - 33,01 9.862
L,675 0.6185 0.03135 118.9 1748 - 33,55 9.828
4,700 0 .6218 0 .03164 118.0 1755 - 3315 9.794%
4,725 0 .6251 0.0319% 17.2 - 1723 - 32.78 9.760
L,750 0o.6284 0.0%223 116.4 1711 - 342 9.728
4,775 0 .6317 0.0%254 115.6 1700 - 32.06 9.696
4.800 0.6350 .0.03284 11%.8 1888 - 3.7l 9.664
4,825 0.6383 0.0%31h 11k.0 1676 - 31.36 9.633
4,850 0.6416 0.03344 113.3 1665 - 31.02 9.603
4.875 0.6450 0.0357h 112.5 1654 - 30,69  9.572
4,900 0.6483 0.,03404 111.7 1643 - 30.36 9.541
h.925  0.6516 0.,03435 111.0 1622 - 2%0.0k 9.510
4,950 0.6549 0.03466 110.2 1621 - 29.72 9.479
b,975  0.6582 0.03496 109.5 1610 - 29.k40 9.449
5.000 0.6615 0.03528 108.8 | 1599 - 29.10 9.420
5.100 0.6ThT 0.03651 106.0 1558 - 27.91 9. 304
5.200  0.6880 0.03777 103.2 1518 - 26.8 9.185
54300 0.7012 0 .03904 100.6 1480 ~ 25.75 3.072
5.400  0.7li4 0.04033 98.15 1443 - b7 8.969
5. 500 0.7276 0.04163 95.7%  1ko7 - 23,84 8.86k4
5.600 0.7409 0 .04295 93,42 1373 - 22.9 8.758
5.700  0.7541 0.04k428 91.20 1340 - 22,1k 8.658
5.800 0.7673 0 .04563 85.05 1309 - 21.%6 8.561
5. 900 0 .7806 0 .0k699 86.98 1279 - 20.61 8.466
6.000 0.7938 0.04837 84.98 1249 - 19.91 8.572
6.100 0.8070 0.04977 83.05 1221 - 19.25 8.281
6.200 0.8203 0.05117 81.19 1194 - 18.62 8.192
6.300 0.8335 0.05260 79.39 1167 - 18.02 8.105
6.400  0.8467 0 0540k 77.65 1142 - 17.45 8.ogo
6,500 0 .8600 0 .05550 75.97 1117 - 16.90 7.937
6.600 0.8732 0 .05696 e 34 1093 - 16.39  T.855
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TABIE I {Cont'd)

Side-0n Peak Pressure from Equation 2 and Some Derived Quantities

X 2, g A3 M
Charge /4 Y P-p
radii ft/lbl/ 2 msec/1b 33 atm psi_ dy/dx Nﬁﬁgr
6.700 0.8864 0.05845 72.76 1070 - 15.89 7.776
6.800 0.8996 0.05995 71.23 1047 - 15.42 7.698
6.900 0.9129 0.06147 69.75 1025 - 14,97 7.621
7.000 0.9261 0.063%00 68,32 1004 - 1h.5h 7.545
7.100 0.9293 0.C6455 66,92 983.7 - 4.3k T.471
7.200  0.9526 0.06612 65.57 963.8 - 13.7h 7.399
7.300  0.9658 0.06768 64,25 o4k, 5 - 13.37 7.328
7.400 0.9790 0.06927 62.98 925.8 - 13.01 7.258
7.500 0.9923% 0.07089 LT 907.6 - 12,66 7.189
7.600 1.005 0.07251 60.53% 889.8 - 12.33 7.121
7.700 1.019 0.07415 59. 36 872.6 - 12,02 7.056
7.800 1.032 0,07580 58.22 855.8 - 11.71 6.990
7.900 1.045 0.07Th7 57.11 839.6 - 11.hk2 6.926
8.000 1.058 0.07915 56.0% 823.7 - 11.14 6.863
8.100 1.072 0.08085 54.98 808.2 - 10.87 6.802
8.200 1.085 0.08257 53.96 793.2 - 10.61 6.742
8.300 1.098 0.08430 52.96 T78.5 - 10.3% 6.682
8.400 1.111 0 . 0860k 51.59 76k.2 - 10.11 6.623
8.500 1.125 0.08780 51.04 750.3 - 9,882 6.565
8.600 1.138 0.08559 50,12 736.8 - 9.657 6.509
8.700 1.151 0.09137 ho.22 72%.5 - 9.441  6.453
8.800 1,164 0.09318 L8, 2 710.6 - 9,232 6.398
8.900 1.177 0 .095C0 47,48 698.0 - 9.0%0 6.343
9.000 1.191 0 0968k 46,65 685.7 -  8.835 6.290
9.100 1.204 0.09870 45,83 673.7 -  B.e47 6.238
9.200 1.217 0.1006 45,04 662.0 -  8.465 6.187
9.300 1.2%0 0.10%4 4h, 26 650.6 - 8.289 6.13%
9.400 1.244 0.1040 43,50 639.4 - 8.118 6.086
9, 500 1.257 0.1063 42,75 628.5 - T7.95% 6.0%
9.600 1.270 0.1082 42,03 617.8 - T7.79% 5.988
9.700 1.283 0.1101 41,32 607.4 -~  T.639 5.94%0
9.800 1.297 0.1121 k0,63 597.2 - 7.489 5.892
9.900 1.310 0.1ik1 39.95 587.2 -  T.3%4  5.846
10.00 1.3R3 0.1161 39.29 577.5 -  7.20%3 5.800
10.40 1.376 0.1242. %6.78 540.6 - 6.679 5.622
10.80 1.429 0.1326 34.48 506.8 - 6.213  5.453
11.20 1.482 0.1412 32.36 L75.7 - 5.797 5.291
11.60 1.535 0.1501 30.42 Wh7,1 - 5.422 5,139
12.00 1.588 0.1595 28.62 420.7 - 5,084 k.99
12.4%0 1.641 0 .1687 26,95 396,2 - 4,778 h.856
12.80 1.693 0.1785 25.42 37%.6 - b,h99  h.723
13,20 1.746 0.1884 23,99 352.6 - h.24s 4,597
13.60 1.799 0.1987 22,66 333.1 - 4,013 b.h77
14,00 1.852 0.2091 21.43 315.0 - 3,799 4,361
14.%0 1.905 0.2199 20.28 298.1 - 3.603 4.250
14.80 21.958 0.2311 19.21 282.4 - 3422 k145
15.20 2,011 0.2423 18.21 267.7 - 3.25%  L.ouk
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TABIE I {Cont'd)

Side-0On Peak Pressure from Bguation 2 and Some Derived Quantities

X 2 t/wl/B M
Chaxrge 1/3 1 Y I dy/dx Mach
radii £t/1b msec/lb” atm psi Number
15.60 2,06k 0.2540 17.28 254.0 - 3,098 3,947
16.00 2.117 0.2659 16.41 241,2 -~ 2,954 3.854
1€.40 2.170 0.2781 15.59 229.2 -  2.819 3,764
16.80 2,223 0,2%05 14.83 218.0 - 2,69 3,682
17.20 2.276 0.3033 14,11 207.5 - 2,577 3.597
17.60 2.7%28 0 .%164h 13,4k 197.6 - 2.467 3,518
18.00 2.381 0.3%298 12,81 188.3 - 2,364 3.2
18.40 2,424 0.3433 12.22 179.6 - 2,268 3,370
18.80 2,487 0.3573 11.66 1714 - 2.177 3. 300
16.20 2.54%0 0 .3716 11.14 163.7 - 2,091 3.232
19,60 2.593 0 .3861 10.6L 156.4 - 2,011 3,168
20.00 2.646 0 .40o08 10.17 1%9.6 - 1.935 3.105
21.00 2.778 0.4301 9,122 13,1 - 1.762 2.959
22,00 2.911 0 .%793 8.209 120.7 - 1l.612 2,827
23.00 3.043% 0.5214 7.413 109.0 - 1.k79 2.704
24,00 3.175 0 .5652 6,718 98,75 - 1.362 2,593
25,00 3. %08 0 .5109 6.108 89.78 - 1.258 2.492
26.00 3.440 0 .656k4 5.570 81.88 - 1.165 2.399
27.00 3.572 0 .7077 5,096 74,90 - 1,082 2.313
28.00 3. T0L 0 ,7588 4.675 68.72 - 1,007 2,234
29.00 3.837 0.8116 4,301 63,72 - 5398 2.164
30.00 3,969 0 .8661 3.967 58. 32 - 8787 2,096
31.00 4,101 0.9222 3,569 53.93 - 8233 2,047
32.00 4,23l 0.9799 3,401 50.00 - L7728  1.9787
33,00 4,366 1.039 3,16 46.46 - L7267 1.9259
3% .00 h.ho8 1,100 2.943 43,27 - B84y 11,8759
35.00 4,631 1.165 2,747 40.38 - LHOU5T  1.8316
36,00  4.763 1.227 2,569 37.77 - 6101 1.7895
37.C0 4,895 1.292 2.408 35.40 - L5772 1,750k
38.00 5.027 1.360 2,261 33.23 - 5469 1.71k40
39.00 5,160 1.428 2.127 31.26 - L5189  1.6801
40,00 5.2G2 1.498 2.004 29.46 - L4929 1.6484
41.00 5.k24 1.569 1.892 27.81 - L6877  1.6191
L2,00 5¢557 1.942 1.7088 26.29 - L4633 1,5915
43,00  5.689 1.715 1,654 2,90 - Jdesz 1.5658
L, 00 5.821 1.789 1,608 23,61 - L0858 1.54106
45,00 5.954 1.866 1.525 2.2 - 3876 1.5190
46.00 6.086 1,943 1.451 21.72 - 3705  1.4978
47.00 6.218 2,020 1.382 20,31 - L3545 14779
48,00 6. 350 2,099 1,317 19.37 - .%395  1.4592
49.00 6.483 2.179 1.258 18.49 - 3254 1,4h416
50.00 6.615 2.261 1.202 17.67 - 3122 1.%250
52.00 6.880 2.428 1.102 16.20 - 2879 1.3%46
54,00 7.1442 2.594 1.015 14.92 - L2663 1.3675
56,00 7.409 2.765 .9385 13.30 - 270 1.3433
58.00 | 7.573 2.979 .3708 12.80 - L2297  1.3215
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TABIE I (Cont'd)

Side-0On Peak Pressure {rom Equation 2 and Some Derived Quantities

24

Charge 2 tpit/3 ¥ pP-p sath
¥ o]
radii ft/lbl/ 5 msec/lbl/ 2 atm psi dy/ax Numbey
60.00 7.938 3,116 0.8108 11.92 - 0.21%2 1.3019
62.00 8.203 3,296 U757 11.13 - 0.2001 1.2842
64,00 8.L67 3,478 0.7097 10.43 - 0.1873 1.2682
66.00 8.732 3.662 0 .6668 9.802 - 0.1757T 1.2536
66.00 8.996 5.848 0 .6282 9.234 - 0.1651 1.2403
70.00 9.261 4,036 0.5932 8.720 -~ 0.1554% 1.2282
72.00 9.526 4,226 0.5615 8.254 - 0.1k66 1.2271
T, 00 9.790 4,418 0 .5327 7.83%0 - 0.138% 1.2069
76.00 9,005 4.611 0 .5063 T.-443% - 0.1310 1.1975
78.00 10.32 4,806 0 .4822 7.089 - 0.1240 1.1888
80.00 10.58 5,002 0 .4601 6.763 - 0.1177 1.1808
82.00 10.85% 5.200 0 .4397 6.463 - 0.1118 1.1734
84,00 11.11 5.398 0 . 4209 6.187 - 0.1063 1.1665
86.00 11.38 5.597 0 .h035 5.931 - 0.1012 1.1601
88.00 11.64 5.798 0 .3874 5.694 - 0.09642 1.1541
90.00 11.91 6.000 0.3724 S.4T4 - 0.09199 1.1486
92,00 12.17 6.203 0 .358% 50269 - 0.08786 1.1433
94,00 12,44 6.406 0 . 3454 5.078 - 00,0800 1.1384
98.00 12.96 6.816 0 .3219 4.7352 - 0.,07699 1.1296
100.0°  13.23 7.021 0.3112 L.575 - 0.07380 1.1255
105.0 13,89 T7.539 0 .2873 4.22% - 0.,0666k 1.1164
110.0 14,55 8.062 0 .2666 3.919 - 0.06045 21,1084k
115.0 15,21 8.587 0 .2486 5.655 - 0.05508 1.101%4
120.0 15.88 9.115 0 .2328 3.422 - 0.050%9 1.09524
125.0 16.53 9.647 0.2189 3.217 - 0.04626 1.08977
130.0 17.20 10.18 0 .2065 3.035 - 0.0k261 1.08488
135.0 17.86 10.72 0 .1954 2.872 - 0,03937 1.08049
140.0 18.52 11.25 0 1854 2.725 - 0.0%649 1,07652
145.0 19.18 11.80 0 .1764 2.592 - 0.03390 1,07292
150.0 19.84 12,33 0 .1682 2.472 - 0.,0%158 1.06964
155.0 20.51 12,88 0 .1607 2,262 - 0.02048 1.06664
160.0 21,17 13.42 0 .1538 2.262 - 0.02759 1.06%89
165.0 21.83 13.97 0 .1476 2.169 - 0.02587 1.061%6
170.0 22.49 14,51 0 .1h18 2.084 - 0.02430 1.05901
175.0 23.15 15.07 0 .1364 2.005 - 0,02287 1.05684
180.0 23,81 15.62 0 .1314 1.9%2 - 0.02156 1.05483
185.0 24,48 16.16 0 .1268 1.864 - 0.0203% 1.05295
190.0 25,14 16.72 0 .1225 1.801 - 0.01925 1.05119
195.0 25.80 17.28 0 .,1185 1.742 - 0.01823 1,0k955
200.0 26.46 17.82 0 .1147 1.686 - 0.01729 1.04801
205.0 27.12 18.38 0.1112 1.634 - 0.01642 1.04656
210.0 27.78 18.9k 0 .1078 1.586 - 0.,01562 1.04520
215.0 28.44 19.70 0 1047 1.5%9 - 0,01k87 1.04392
220.0 29.11 20.05 0 .1018 1.496 -~ 0.,01k27 1.04270
225.0 29.7T 20.61 0 .09897 1.455 - 0.01352 1.04155



TABLE I {Cont'd)

Side-On Peak Pressure from Equation 2 and Some Derived Quantities

X z ot Y p-op M
Charge 0 Mach
radii ft/lbl/3 mseC/lbl/5 atm psi dy/ax Number
230.0 30.43 21.17 2 .,09633 1.416 - 0.01291 1.04046
235.0 31.25 21.72 0 .09382 1.379 - 0.,012%  1.03943
240.0 31.75 22,28 0 .091k4% 1.34h - 0.01181 1.03845
245.0 32,41 22,84 0 .08918 1.311 - 0.,01131 1.03751
250.0 33.08 23,40 0 .08702 1.279 - 0.01085 1.03662
255.0 33.7Th 23.96 0 .084k97 1.2k - 0.0104k1 1,03578
260.0 3.40 2h,52 0 08301 1.220 - 0,00999 1.03496
265.0 35,06 25.08 0 .08114 1.193 - 0.00960 1.03419
270.0 35,72 25.04 0 07935 1.166 - 0.,00924 1.03%45
275.0 36,48 26.21 0 07764 1.141 - 0.00889 1.0%274
280.0 37.04 26.75 0 .07600 1.117 - 0.00856 1.03206
285.0 37.70 27.33 0 07442 1.094 - 0.00825 1.03140
290,0 38.37 27.89 0.07291 1,072 - 0.00796  1.0%078
295.0 39.03 28.46 0 07146 1.050 - 0.00768 1.0%017
300.0 39.69 29.02 0 07007 1.030 . - 0.00741 1.02959
05,0 40, 35 29.:58 0 .06873 1.010 7 - 0,00716 1.02903
310.0 41,01 30.14 0 06Tk .9913 - 0.,00692 1.,02850
315.0 41,67 30.71 0 .06619 <9731 - 0,00669 1.02798
320.0 h2,33 31.28 0 .06499 <9554 - 0.,00648 1.02748
325.0 43,00 31.8k 0 06384 .9384 - 0,00627 1,02699
320.0 43,66 32.4h1 0 .06272 .9220 - 0,00608 1.02653
335.,0 Iy, 32 32.98 0 .0616h4 . 9061 - 0.00589 1,02608
340.0 4k ,98 33, 54 0 .060860 .8908 - 0.,00571L 1.02564
5.0 45,64 .10 0 05959 8760 - 0,00554 1.02522
350.0 46,30 34,67 ¢ 05861 .8616 - 0.00537 1.02481
355,0 46,97 35,24 0 05767 8477 -~ 0,00522 1,024k2
360,0 47,63 35.81 0 05675 8343 - 0.00507 1.02403
365.0 4L8.29 36,38 0 .05587 8212 - 0 ,00492 1.02366
370.0 48.95 36.95 0 .05501 .8086 - 0,00479 1,023%0
375.0 Lo,61 37.50 0 .05417 .TS63 - 0.,00465 1.02295
380.0 50.27 38.07 0 .05336 LT84 - 0.0045%  1,02261
285.0 50.94 38,64 0 .05258 7729 - 0,00441 1.02228
390.0 51.60 39.21 0 .05181 . 7616 - 0.00429 1.02196
395.0 52,26 39.78 0 .05107 7507 - 0.00418 1.02165
400.0 52.92 %0, 35 0 .05035 . THO1 - 0,0007 1.02135
405.,0 53,53 40.92 0 .0ly65 . 7298 - 0.00396 1.02106
410.0 54,24 k1,49 0 04896 .TL98 - 0.00386 1.02077
k15.0 54,90 h2,06 0 .C48%0 . 7100 - 0 ,00377 1.02049
420.0 55.57 ho.62 0 .04765 . 7005 - 0.0037 1.02022
425,0 56.23 43,19 0 .OkT702 .6912 - 0.00359 1.01995
430,0 56.89 43,76 0 .Chehl 6822 - 0.,00350 1,01969
435,0 57.55 Lk, 33 0 .04581 6734 - 0.,00342 1.0194k
L440.0 58.21 L&,90 0 .0hks22 .6648 - 0.0033% 1.,01920
4h4s.0 58.87 45,7 0 okké6 6564 - 0.,00326 1.01896
450,0 59. 5i 46.04 0 .0kh10 5483 - 0.00318 1.01872

/
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TABIE I (Conttd)

Side-On Peak Pressure from Equation 2 and Some Derived Quantities

Cha.}rc Z s a3 ; M

ge P-p Mach
radii et/ 1%/ 3 msec/lbl/ 3  atm pst O dy/dx Number
455,0 60.20 46.61 0.0k356 0 .6403 - 0.00311 1.01850
L460.0 60.86 47,18 0.04303 0.6325 - 0,00304 1,01827
465.0 61,52 b7, 7h 0.04251  0.6249 - 0.00297 1,01806
470.0 62.18 418,33 C.04201 0.6175 - 0.00291 1.01784
475.0 62,84 48,90 0.04152  0.,6103 - 0.0028; 1,0176k4
480.0 63. 50 ho kg 0.0410% 0 .60%2 - 0.00278 1.01743
485.0 64,17 50,03 0 .04056  0.,5963 - 0.00272 1.01724
490.90 6,83 50.60 0.04010  ©.5895 - 0.00267 1.01704
495,0 65.49 51.17 0 .03965 0 .5829 - 0.00261 1.01685
500.0 66.15 51Tk 0.0392k 0 .576h - 0.00256 1.01667
505.0 66.81 52,32 0.03878 0.5701 - 0,00250 1,01648
510.0 67.47 52.89 0.038% 0.5639 - 0.00245 1,01631
515.0 68.13 53.46 0.03795 0.5578 - 0.00240 1.01613
520.0 68.80 54,03 0.037sk  ©.5519 - 0.,002% 1.01596
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The sliope of the peak pressure-distance relation™, shock velocity
and time of arrival computed from Equation 2 and the Hugoniot Tables of
Shear and Daygo are given in Table I. The BKR2a Tables were used by
Sultanoff and McVey to determine peak pressure and these pressures were
used in obtaining Equation 2. The error introduced in using differing
tables 1s less than one percent, hence no adjustment in these values

was made. The pressure, time of arrival and shock velocity are reported

in the complete tables of Makino and Sheare;.

No least sgquare fit was made to the normally reflected peak pressure
data as the number of measurements is smell. However, two smooth curves
have been determined for this parameter as shown in Figures la and 1lb.
One 1s an eye fit to the data. The other is from the side-on peak
pressures of Table I using the relation

P
(3) r 6y ]
Ps =2 + e A v £ 20,
where Ps is side-on excess peak pressure and Pr is normally reflected
peak pressure. For side-on peak pressures over 20 atmospheres, the
2
table of Deering and Burkhardtz“ was used., The computed results are

included in Table II.

Least square polynomials in 7™+ were fitted to the product IZ. The
side-on impulse is

4 Lame =
_( ) p027’Wl/3

al £y
+
173
p, 2

2
(»,/’2)°
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where

- (65 3% 4 1. 2) psi msec

1 ol/3 10205 1ol
a. = (-62.89 + 5.6) -Iiii-”iﬁ-e-" ;

2 1b £t7°

The standard deviation of the regression is 6.7 psi msec 1t oop
273
(atm 1b)
1/3
2.380 f.‘*l:E1 :] Z 268 £t [2’-;%%] . Values for

1/3 1/3

P, 7 & 2.380 ft [11;] were determined by extending the derived
curve by eye through the experimental points. However, these eye fit
values cammot be relied on because it is impossible to determine the

correct extension of the derived impulse due to the limited number of
points in this region.

The fit for the normally reflected impulse is
b b
° 3

(5) Ie[ 75 = i/j + §/3 3t =753
¥, it P, L (3,7 2) (p, "7 2)
where
b, =(120.4 + 3,8) RSl msec ,
1= ) atm™ > 1577 ¢t
, =(138.4 + 5.2) Ei_@.:ZE ,
1b ft

) psi msec
- ES
atm g lbu/5 £t -

by =(3.708 + 0.7

psi msee ft for
[étm lb:“éf3

and the standard deviation of the regression is 22.1

1/3 1/3
0.1096 £t [f‘{%‘] < pol/3 7 & 23.80 £t [%] . Values from the

above equations are tabulated in Table IT and graphed in Figure 2. All
coefficients in the equations are significent at the 5% level.



TABLE IT

Side-On Positive Impulse and Positive Duration and Normally
Reflected Pressure, Impulse and Duration

1/3
. o2 » =P . N Y. e B
Charge atm /3
radii re [Tig] psi. psi msec/a.tm.z/3 lbl/5 (msec)/(lbl/5)
reflected side-on reflected side-on reflected
0.80 0.1058 16,515
1.00 0.1323 : 10,354
1.50 0.1984 ‘ 4,569
2.00 0.2646 2,617
2.50 0. 3308 _ 1,722
3.00 0.3969 1,235
3.50 0.46%0 938.0
4.0 0.5292 T42.9
k.s 0.5953 607.2
5.0 0.6615 508.6
5.5 0.7276 L3kl
6.0 0.7938 376.9
6.5 0.8600 3314
7.0 0.9261 29h .7
7.5 0.9922 264 .5
8.0 1.084 239.4
8.5 1.12h 218.1
9.0 1.191 200.0
9.5 1.256 18%.5
10.0 1.323 k23 17.56 170.9 0.1k4s5
12.0 1.588 2969 17.25 151.1 0.1716 0.1769
14.0 1.852 2087 16.75 105.5 0.2351 0.2160
16.0 2,117 1514 16.10 87.81 0.+ 3056 0.2612
18.0 2.381 1110 15.49 %.95 0.3820 0.3119
20.0 2,646 824 .7 14.9% 65.22 0.4580 0. 36Tk
22.0 2.911 532.1 4.3 57.64 0.5380 0.k272
24.0 3.175 485.1 13.68 51.57 0.6109 0.4906
26,0 2. kho 379.3 13,07 L6.62 0.6837 0.5579
28,0 3. 704 301.4 12.49 42.51 0.7541 0.6260
20.0 3.969 k2,6 11.94 39.04 0.8224 0.6967
32,0 L,234 200.0 11.42 36.08 0.8884 0.7687
34,0 4,498 164.6 10.95 53,53 0.9524 0.841Lk
36.0 b,T76> 136.0 10.50 31.31 1.014 0.9143
38.0 5.027 14,7 10.08 29.35 1.074 0.9868
. %0.0 5.292 97.76 9.699 27.62 1.1% 1.058
42,0 54557 8k.53 9.338 26.08 1.200 1.129
4,0 5.821 73.50 9.001 2k, 70 1.243 1.197
46,0 6.086 64 .24 8.687 23,46 1.265 1.264
48.0 6. 350 56.89 8.392 22.33 1.346 1.3%28
50.0 6.615 50.72 8.116 21.31 1.%95 1.389
52,0 6.880 45,28 7.857 20,37 1.h42 1.446
54.0 7 7.144 k1,16 7.613 19.51 1.488 1.500



TABIE II (Cent'd)

3ide-On Positive ILimpulse and Positive Duration and Normally
Reflected Pressure, Irmpulse and Daration

1/
O S S S, Yot s a3
Charge 1/53 - . .
radii ft [9%0 psi psi msec/atme/:’ 1Bt/ 3 (msec)/(lbl/-")
rerlected side=-on reflected side-on reflected

5€.0 7409 3719 7. 2383 18.72 1.533 1.551
55.0 7.675 34,10 7.166 17,99 1.57% 1.598
60,0 7.933 5.3 6.962 17.32 1,018 1.640
€2.0 8.203 28.81 6.781 16,69 1.857 1.678
€. 0 G.u67 26.75 6.585 16.10 1.696 1.712
66.0 8,732 24,70 6.402 15.56 1.733 1.742
68.0 3.596 23,08 6.246 15.05 1.770 1.768
700 9.261 21.46 6.089 14,57 1.805 1.790
72.0 9,526 20.29 5.9%9 4,12 1.839 1.809
4.0 9.790 18,96 5. 797 13,70 1.871 1.824
76.0 10.05 17.93 5.661 13.30 1.903 1.846
78.0 10.32 16.50 5.531 12,93 1.9%% - 1.875
80.0 10.58 15.85 5.407 12.57 1.964 1.902
g82.0 10.85 15.29 5.289 12,2k 1.992 1.929
84.0 11.11 k.42 5.175 11.92 2.020 1.953
86.0 11.38 13.82 5.066 11.62 2,047 1.977
88 11.64 13.16 4,962 11.35 2.073 1.997
S0 12.91 12,50 L, 862 11.06 2.099 2.017
92 12,17 12,13 4,765 10.79 2.123% 2.036
9 12,44 11.54 4.673 10.5% 2,147 2,052
96 12,85 1117 L, 58y 10.31 2.170 2.068
98 12,66 10.73 h.hg7 10.08 2,193 2,081

100 13.2% 10.29 4oh1s 9.86r2 2.215 2.093

105 13,89 9,56 4,221 9,357  2.267

110 14,55 8.735 Lok 8.501 2.316

115 15.21 8,35 3.860 8.487 2.3262

120 15.88 753 347729 8,109 2.406

125 16.53 7.08 .589 T.7658  2.448

130 17.20 6.62 2460 Thi7T 2,483

135 T.86 6425 34339 7.154 2,527

140 138.52 8.85 34228 B.E84 2,565

145 15.18 5459 Z.,121 5.6%2 2,602

150 19.84 54352 3.025 6400 2.638

155 20.51 5.07 2.930 6.182  2.675

160 21,17 4,82 2.843 5.b79  2.711

165 21.83 4,63 2.761 5.78G 2,747

170 22,49 L3 2.684 5.610 2.783

175 23,15 L,25 2.610 S5.443 2,820

130 23,81 4,07 2.5k1 5.284 2.850

185 2L,t 3,92 2.475 2.880

190 25.1h .78 2.413 2.915

195 25.80 3485 2.353 2,938

200 4 26,46 3e5% 2.297 2,962

205 27.12 2.243 2.986
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TABLE II (Cont'd)

531de-On Positive Impulse and Positive Duration and Normally
Reflected Pressure, Impulse and Duration

1/3
X p0_._2 P - P I/z;oe/ 3t/3 __avf/> _
Charge atm 1/3
radii £t ‘1%] psi psi. msec/atma/5 11/3 (msec)/(lbl/3)

reflected side-on reflected side-on reflected

210 27.78 2.192 3,020
215 2844 . 2.142 3,04
220 29.17 2.095 3.080
225 29,77 2.050 3,103
230 30.43 2,007 3.127
235 31.25 1.966 3,150
2ko 31."75 1.926 3,185
245 32,41 1.888 3,209
250 33.08 1.852 3,232
255 53 Th 1.816 3,250
260 34,40 1.783 3,268
265 5506 1.750 3,303
270 35,72 1.718 3.315
275 36.48 1.688 3.338
280 3740l 1.659 : 3,362
285 37.70 1.630 3,385
200 38.37 1,603 3.409
295 39.03 1.577 3.432
300 39.69 1.551 3.450
205 - 10,35 1.526 3.468
310 41.01 1.502 3,491
315 41.67 1.479 3.503
320 42.33 1.456 3,526
325 43,00 1.435
330 43,66 1.413
335 49,32 1.395
340 by .08 1.373
U5 L5.64 ' 1.355
350 46.30 1.3%
355 46,97 1,316
360 47.63 1.298
365 48.29 1.281
370 48.95 1.264
375 49,61 1.247
280 50.27 1.231
385 50. 9% 1.215
390 51460 1,200
395 52.26 1.185
Loo 52.92 1.171
405 53.58 1.157
410 54 .24 1.343
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TABLE II (Cont'd)

Side-On Positive Impulse and Positive Duration and Normally
Reflected Pressure, Impulse and Duration

1/7
SO 2 ST IR N7, k. w o Y. B
Charge atm] 1/3
radil ['tm psi psi msec/atm 2/3 /3 (msec)/(lbl/5)
reflected side-on reflected side-on reflected
425 54,90 1.129
420 55.57 1.116
425 56.23 1,103
430 56.89 1.090
435 5755 1,078
uho 58.21 1.066
bhs 58.87 1,054
k50 59.54 1.043
455 60.20 1.032
460 60,86 1.021
465 61.52 1,010
470 62.18 +9992
475 62.84 .9688
480 63.50 .9787
485 64.16 .9688
490 64,83 « 9590
495 65.49 « 9495
500 66415 9402
505 66.81 .9310
510 67.47 5220
515 68.13% «9132
520 68.80 .90k5
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No least square fits have been made to the duration data. Curves
drawn by eye (Figure 3).have been determined and the points from the
curves tabulated in Table II.

3k



CONCLUSION

Pentolite is recommended as a standard explosive when the side-on
peak pressure in a blast wave is considered because of excellent
agreement of measurements of various investigators and the large number
of observations &aveilable. The precision of the measurements shows the

excellent reproducibility of results from this explosive.

The measurements of other parameters, side-on impulse and duration,
reflected pressure and duration are not as precise as side-on pressure
measurements. Recent measurements of normally reflected impulse with a
mechanical gage indicate that this parameter can be determined with a high
precision over the range where it might be of millitary importance. Data
in the small range of scaled distances in which both mechgnical and
piezoelectric measurements have been made suggest that the measurements
are also of good relisbility. It is not a priori obvious that the
mechanical measurements integrate over the same time as the piezoelectric
but recent studies with plugs of differing masses, as well as overall
agreement in the results, indicate that any differences in times are of .
little importance. Within experimental agggfggzi_ﬁgymally.reflggtgglimpq%gg

approaches a value that is two times the side-on impuilse at large
23,24

distances, as would be expected.
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APPENDIX

Free-Alr Measurements on Bare Spherical Pentolite
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Experimental Side-Cn Pressure, Impulse and Duration

TABLE I

2 y N B V" E R v a3 5w
Ref, 1/5 , 1/3 1/5
No.  ft/lb atm psi msec/1b msec/1b
1 1323 817.3 3.187+ 3k
1 <1460 723.5  8.97x 4
i 1570 660.0 12.01 34
1 1669 616.7 15.91 34
1 1760 575.0 17.08 24
1 .1860 536.4 19,10 34
1 « 2000 ho2,9 20.41 34
1 +2330 hov.6 17.69 34
1 2661 348.2 10.59 49
1 «2990 302.4 13.C3 15
1 «3%29 28i.3 12.21 15
1 « 3990 2314 12.80 15
1 «5311 165.0 13.10 15
1 « 6650 124,8 8.968 15
b1 «T979 Sh,35 9,435 15
1 « 9300 T5.17 T.517 15
1 1.061 61.40 6.508 15
2 1.070 56,00 32.332 15
1 1.196 50.88 6,156 15
2 1.320 40,48 2.069 15
1 1.328 ha,56 6.044 15
2 1.480 31.20 L3713 17 16.51 .T56 14 122 011 13
8 1.510 31.66  L75%5 2 16.92 Q73 3 173 1
2 1.590 29.73 .8503 15
2 1.860 22,38 7542 20
8 2,010 18.04 ,20%9 8 17.h2  h57 7 292 .008 16
2 2.130 16.9% L4167 25
2 2.ko1 13.67 L7546 20
8 2.480 11.99 .1299 17 14,58 <91 8 321 LO4T 15.
8 2.520 11,61 ,0k01 7 14,76 .125 9 526  ,028 6
2 2.661 0.4 .1822 25
11 2,780 8,558 .1249 11 9.50 417 10
11 2,830 8,000 .358% 3 12,06 2,400 b
2 2.950 8.503 .2k83 25



TABLE I (Cont'd)

Experimental Side-On Pressure, Impulse and Duration

z ¥ = x rwi/3 = N stfit3 G N
Ref.
No.  ot/w/> atm psi msec/1vt/> nsec/16%7 >
8 3.010 7.388 J182 11 14.32 .188 13 JA53 .010 16
2,8 3,221 6.965 .2595 25 16.1% .931 3 545 .059 4
11 3.270 6.490 2012 11 11.93 1.1%0 8
1 3,329 5.558 1979 3 11.64 2.800 L
8 3.440 5.388 .0668 T 12.24 .163 6 L6Uh 028 13
2 3.490 5.415 0655 20
8 3.620 5.476 L4102 2
8 3,640 4.571 LOu01 12 12,73 1418 20 0.629 .013 20
8 3.670 5.095 .0361 2 16.23 .721 2 0.579 1
2 3. 750 4 476 J182 20
1 3.770 4,259 L0384 12 9.869 .548 9
n 3.830 3,952 .0210 b 9.166 « 393 4
2 4,019 3. Th1 1231 25
8 4,030 4,014 .0189 8 15.71 «506 7 O. Tk .024 7
8 4,039 4,068 0448 8 11.7% 14 13 0.840 .029 13
8 4,110 4.163 .0218 5 13.15 .283 T 0.919 .007 7
11 4,260 2.959 0080 12 T.75 .511 9
2 4,290 3¢ 3Tl 2311 20
1 h,3h1 2.803 .0297 4 8.127 1.10 L
10 L,410 2.796 0204 6k
8 4,420 3,163 .0348 6 12,30 1.43 11 0.879 .021 1
3,10 4,69 2.585 LOu27 20 10.50 212 18
11 4,760 2.231 LOuT71 12 8.783 .501 9
2 4,820 2.469 .0096 10
11 k.80 2,184 L0295 & 8.2uk .259 I
8 L,930 2.136 0102 14 9.903 .206 25 0.872 .016 25
4 4,960 1.871 .0299 15 10.66 .150 15 1.190 014 16
4 4,980 2,150 1780 33 10.54 .180 32 1.14%0 .022 33
8 5,000 2.429 0231 11 11.8: 435 8 1.090 .035 13
8 5.040 2.088 L0549 17 10.95 .169 15 1.0%0 .017 19
4 5.070 2.000 .0368 L 9.840 «370 L 1.140 015 L
4,2 5.100 2.172 o341 13 10.08 «200 3 1.060 .020 3
8,10 5.110 2,102 0161 47 9.560 +539 45 1,090 .032 7
9 5.289 1.88% .1019 7 T.510 +190 6 0.564 .010 6
9 5.590 1.673 0639 T
8 5.640 1.639 0234 8 12,03 131 1k 1.170 015 16
8 5.650 1.653 .0095 7 9.721 131 8 1.170 .028 13
9 5.871 1.673 .0187 10
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TABLE I (Cont'd)

Experimental Side-On Presswre, Impulse and Duraticn

e z y s W 1/wl/3 o N apt® g N
el,
No. f1;/1bl/5 atm psi msec/lbl/3 nmsec/lbl/5
L 5.979 1.306 .02h6 16 9,380 .130 16 1.460 .021 16
b 5.990 1.k25 041k 33 9.019 . 084 3L 1.200 .019 36
10 6.171 1.231 .0129 33 8.300 .07k
8 6.409 1.720 .0095 5 10.40 157 9 1.1 ,019 9
8 6.460 1.265 .0102 8 10,32 .186 9 1.271 .018 10
8 6. 500 1.238 0109 7 8.420 L1l 12 1,300 ,028 13
8 6.630 1.279 .0136 5 9.161 .139 6 1.340 .066 6
9 6.740 1.081 .O347 7 :
9 6.760 1.269 .0156 18 6.250 .053 8 0.875 .014 8
4 7.170 L9796 .0150 4 8.039 .150 15 1.700 .03 16
L 7.271 966 0626 3% 7.580 .068 39 1.610 .027 Lo
9 7.399 1.05% .0191 13
8 T.450 1.061 .0952 6 7.820 Jd12 1 143,018 12
8 7470 L9116 .0102 Y 7.960 +290 8 1.470 .OT4 6
b 8.089 . 7619 3 6.820 .180 3 1.750 .07 3
L 8.120 <7753 3 6.579 «260 3 2,250 .040 3
9 8.279 9048 L0190 3
9 8.290 1.068 .0137 24 5.460 .080 6 1.060 .023 6
9 8.310 LTOTH L0061 6
b 8.420 JTAM3 L0211 43 6.851 .110 43 1.820 .022 Ly
4 B.4%0 JT211 L0067 16 7.220 .120 16 1.921 .027 16
9 8.610 .7619 .0150 7 6.669 +105 7 1.190 .01l7 T
10 8.640 .6259 .0064 18 5.999 .0lU2 13
L 8.720 LT L0150 6 7.450 270 6 1.880 .02k 6
4 8.770 L6769 0401 6 7.081 .370 6 1.8%0 .049 6
8 9.489 .5912 .0009 5 6.070 .159 6 1,740,056 6
8 ‘9,531 +5993 .0009 5 5,940 .01 10 1.556 ,029 10
L 9.570 .5534 ,0029 37 6.210 .084 46 2,001 .019 bW
8 9.710 .6218 OOl h 6.590 J1h1 8 1.780 .029 8
4 10.06 L5476 L0095 12 6.66) .220 12 2.150 .029 12
9 10.40 4320 L0072 15 5,180 077 8 1.720 .023 8
© 9 11.00 .5129 ,0128 18 5,019 .080 8 1.590 .013 8
L 11.17 L4197 L0015 L 5.1%0 057 b 2.1%0 .028 L
4 11.20 A3k7 0122 10
1 11.25 .3837 .0126 4 5.220 130 L 2.330 .080 b
L 11.63 L3046 .0023 42 5.090 065 42 2.210 .024 42
8 11,84 L4735 .00kk 6 5.201 +130 10 2.010 .039 10
Y 12,26 .3605 .0052 16 4,681 $330 16 2,260 .028 16
9 13,10 . 3639 0061 7

Lo



TABLE I (Cont'd)

Experimental Side-On Pressure, Impulse and Duration

z v -~ N 1/ 3 S N st s N
Ref. 1 3
No. ft/lbl/5 atm psi msec/lbl/3 msec/1b

8 13.42 3327 Joouh 4 4,280 .081 8 1.970 .046 8
8 13,46 3163 0082 5 4.280 JAh3 6 1.880 ,029 8
g 13.50 LThl ,0193 27 5,069 225 5 1.901 .016 5
g9 13.60 L3048 L0197 S 3.230 067 h 1.560 .071 4
L 13.96 .3020 .0029 12 3.900 180 12 2,270  .OhL 12
9 k.11 .3000 L0084 15
I 1%.53 .2694%  .0205 39 3,9%9 05 39 2.430 ,019 40
8 14.81 2660 L0027 12 4,320 LU0 16 2.430 ,028 17
b 14,93 2755 .0038 16 4,510 058 16 2.551 .032 16
9 16.60 1633 LJ00kL 6
9 16.80 26k 0048 8
9 17.C0 .2170  ,005¢ 8 3.321 .118 7 2.150 .039 ”
3 17.34 2116 ,0013 1
9 17.40 2007  .0027 5 2.890 .13 5 1.9 ,097 &
9 17.60 .2095 2849 10
b 19.23 1599 .,0027 6 2.790 .087 6 2.790 .160 6
L 19.36 1707 L0085 6 3,190 .190 6 2.960 .220 6
L 20.04 1619 ,0013 3 34300 3 2.960 .220 6
b 20.22 1660 L0012 L6 2.899 095 U6 2.7%0 .023 46
b 20.62 21599 .0008 15 2.899 Lokl 15 0.2970 ,023 15
9 21.01 JAb22 0075 7
9 21.30 1605 ,0116 7 2.590 124 5 0.2310 .,029 5
9 22,20 1524 L0038 12
i 25,23 .0952  ,0010 3 2,281 3 3,241 3
9 25,70 L0952 0082 6
9 26,70 1082 ,0027T T 1.890 .059 7 2.57L  ,031 6
4 29,07 L0411  .0008 16 2.220 022 15 3,210 ,032 16
4 29.19 0986  .0005 46 1.950 024 46 3,080 .023 50
3 %0.00 .0980 ,001+ 1
b 3440 0796  .0010 10 1.730 .0%3 10 3,210 060 10
b 4o.61 L0654 ,0015 42 1.440 016 bk 3,350 ,021 L6
4 4o.T73 L0660  .0011 16 1.500 026 16 3460 10
5 45,00 L0631 .0009 16 1.450 019 16
5 68.00 LO3Th 0004 8 0.960 16 . 8

b1



Experimental Values of Normally Reflected Pressure,

TABLE II

Impulse and Duration

1 " -
po/3z Y - N I/p‘/3 241/3 > N A‘t/Wl/s o N
Ref. 1/3 o 2/3 1/5 1/3
No.  ft(atm/1b) atm psi msee/atm™ “1v msec/1b
12 .1096 15,293.9 Log.57 b4
12 187 5,270.0 148,37 9
12 219 3,960.6 92.33 9
12 « 320 1,7684.8 7733 1
12 <378 1,325.2 45,58 26
12 438 1,209.6 86.67 8
15 «500 795.6 '32.20 37
12 JO41 487.8 26.03 7
12 < Thl 415.0 29.82 10
13 «T50 37h .4 15.70 73
15 1.00 229,7 13.30 i
12 1.28 173.8 22,14 7
8 1.48 119.4 14.20 17 JA49 ,018 13
14 1.50 243.6 2,925 3 118.6 6.37 3 200 .006 3
13 1.50 1%0,9 7.61 124
8 1.51 119.3 2 .190 3
13 2,00 82.6 5,99 20
8 2.01 79.3 6.06 Ly .280 13
14 2,32 99.05 6.162 4 80.7 8.36 L 3R3  L,017 b
8 2.48 63.5 13.60 36 306 J0h2 36
13 2.50 55.9 TeTT Ti
8 2.52 72.8 18.30 11 33 023 11
1 3.00 %0.79 1 55.8 1 431 1
8 3.01 54,0 T.T7 22 A3 060 24
8 3,22 56.7 277 8 A71 0 L0537 10
ik 3,32 26.71L 1.b69 6 41.9 3.50 6 A91 L035 6
8 3.4k 51.6 3416 6 58  ,086 12
'8 3062 ,“'7.9 1 oh‘h6 1
8 3.64 Ly, 0 736 23 618 091 22
8 3.67 kg,2 1.89 b «567 2
8 4,03 hhy,8 2.70 9 <735 .058 9
8 4.04 Lo.3 3.42 21 698 092 22
8 4,11 40.3 3.43 9 857 071 10
8 h.h2 - 4o.5 2.72 hor L70 070 W%
8 4,93 28.0 2.58 28 810 .097 27

L2



TABLE II {Cont'd)

Expe"imental Velues of Normally Reflected Pressure,
Iopulse and Duration

/%2 y 50 133 5 N Am/wl/3 S
St % /3 o 2/3. 1/3 1/3
No. ft(atm/lb) atm psi msec/atm ' “1b msec/1b
8 5.00 3.8 1.45 19 1.030 .0kl
8 5.04 31.2 L,s1 24 1.010 .127
7 5.10 5.81 o.244 21 31.0 4,20 21
8 5.21 30.5 1.51 7 1.110  .153
8 5.6k 29.9 b2 1k 1,120  .123
8 5.65 2,2 b.77 15 1.190 .109
7 6.00 3.61 0.211 5 2L 4 1.30 5
8 6.41 25.1 0.90 10 1.350 .125
8 6.46 24,1 0.39 10 1.270  .159
8 6.50 20.1 2.21 120 1.450 .150
8 6.63 2.8 0.7 8 1.410 .084
8 T.45 22.2 2.0 12 1.b90  .1ichk
8 747 19,9 0.80 7 1.510 .031
7 7.50 2.17 0.061 17 20.5 1.00 17
8 9.49 4.9 0.29 7 1.780  .106
8 9.53 1h.h 0.43 9 1.680 .123
7 9.60 1.18 0.027 21 k.0 0.40 21
8 9.7L 1.0 0.65 8 1.9% .151
8 11.84 11.8 1.89 12 2,020 .1l01
8 3.41 9.72 0.39 8 2,090 .087
8 13.46 9.29 0.21 8 1.730  .056
8 14,81 8.64 0.52 20 2.370 .125
7 23.80 0,265 0.01% 9 4.96 0.40 9
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