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ABSTRACT

Estimates of peak blast pressurs and impulse frem THT charges of 2 to 10,000
tons have besn made on the basis of mueh date on blasts from Comp. B charges of &7 to
950 pounds. These sztimatos are believed to be better then thoss presented in LAMS=27,
whioh were based only on dats of 67-1b Comp. B ohargs§9 'The Bethe-Kirkwood formula
wag used to extrapolate the peak pressure and impulse up to large distencos. Becmuse
" of lack of experimental data, this extrapcletion is very rough.
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ESTIMATED BLAST PRESSURES FROM TNT CHARGES OF 2 TO 10,000 TONS

In a previous note (LAMS-2L7) estimatos wers made of the expected peak pres-
sures from amounts of TNT ranging frem 100 tons to 5000 tons. These estimntes were
based mainly on RRL measursmente on 67-1b eharges of Comp. B. There is, however, a
congiderable amount of othér datea from bare charges of Comp. B which show a wide spread
in observed peak pressures. The present estimates are an attempt to obtain a good
mean reopresentation of those data,

The results on which the present estimates ere based are contained in %the
following reports.

1) RRL Report M0S/255 (8M-9l;0). 67-1b charges of Gemp. B.

-2) ARD Exploasives Report 16/45 (EM-1027). 67-1b charges of Comp. B. -

3) ARD " " 22/L; 67-1b eharges of Comp; B.
L)agp " " W7/ (m4<978). 67-1b, 230-1b, and 550-1b cha.rges
of Comp. B.

The results from rounds 5, 6, and 8 of ARD Explosives Report 2,/L4 have been
omitted beoause the charges were firéd in rain or fog. Some further results from
50=-1b, 100=1b, and 200=1b chargss of Comp. B given in RRL report ARP/LOB have not been
used, because they give peak pressures which are very low ocompared with the average
values from the sources given above. The charges were all cylindrical in form, with a
length to diameter ratio of 2 or _leaa. They were all fired with their axie vertical,
resting in the ground, and the measurements ware made in an approximately horizontal
dirsction, a fow feet abeve ground, Over the range of préaauras considered (about 15
psi domwards) however, the blast wave would be expected to be approximately spherical,
so that the expooted pressures would not differ greatly in different directions, apart

from any effects due to veriations in atmospheric preasure.
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To obtmkin a mean curve over the range covered by the obae;vationa quoted,
the following procedure was adopted. For each set of charges reported, the mean value
of psak pressure at each distance et which measurements were made was deétermined,
!Tha 60-ft and 80-ft distonces in RRL Repori ¥0S/255 (M=90) were omitted since very
fow readings were obtained at these distances, and these appeared to be low in compari-
son with the other results from these charg@a% The meen results from the various
charges were then all ssaled to apply tc & charge welght of 2 tons (LOOO 1lbs), and the
pressures were multiplied by a factor qf 0.91 to allow for the difference between Comp.
B end TNT. This factor is based om a large number of British and American comparisons
of TNT and Comp. B,

An equation of the form

P= %?;132- %fg | | (1)

was fitted to the acaled mean values of peak pressure cbtained as above., Fach mean
point was given the same weight, in spite of the fact that the numbers of observations
on which the points were based were not all equal. The extrs labor involved in giving
the points unsqual weights was not considered justifieble. To reduce sitill further the
labor of fitting the curve, the mean poinis were conslidered in groups, each group hav-
ing an approximately conatgnt velue of r, and containing approximately the same
number of pointe. The mean p and r for each group-wére determinad, and the ocurve

was thon fitted to these mean values, For LOOO 1bs of TNT, the equation obtained was

_ 611 20,2x107 23,0, %206
p= " * e *r 3 (@)

where p is in 1lb/sq.in. and r in feot. A plot of this eurve, in the form pr

against r, is shown in Fig. 1, with the points from which it wgs determined,

w0

The fermuia mey be applied to TNT charges of any weigh% by writing it in the

0
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8.5 w3 35 w/3 5760 w
= R ks may (3)
r r - .

P

where w 4s the weight of the charge in lbs.
This equation enables expeg;ed pressure/distance curves from any welight of

TNT fired on the ground to be determi-ed. For the present purposes, however, estimates

are required for charges firsd 100 fi above ground. The eorréﬁtion can be mads on the
basis of the results given ia ARD Expiosives Report 1645 {RM=1027), which gives data
from 67-1b charges of Comp. B fired a% helghts from O to 30 £t with geuge heights 9
inch end 7 ft. The data for the G9-inuh gauges have been used, as being more nearly
comparable with the height of 6 ft on the scale of the prebant tests.

For the 2-ten charge, the corrections to be applied for oharge height amount
to asome 50 to 60 percent and may be in error by 10 to 15 percent on account of the
limited data in this region., For the larger eharges the corrections range from about
25 percent down to lj percent, and are more mgourately determined, so that the pressures
estimated for these charges Are not likely to be in error from this cause by more then
e few percent, A

The final curves obtained are shown in Fig. 2. No correction has been ap-
plied for the effect of reduced atmospheric pressura dus to the altitude. The formula
given by Sachs in BRL-L66 (AM-840), bosed on dimensional analysia, 18 not strictly ap-

plicable, since it neglects possible differences in the amount of an3irgy put inte
the blest, and differences in the amount of energy diaaip&th la the carly ctages
of the expansion of the blast wave. It scems preferable, therefors, not to attempt
to correct for altituse until the experimental date on this effect arec awvailable.

ESTIMATES OF POSITIVE IMPULSE. BEstimates of tho expeoted positive impulses from wari-

ouz welights of TNT fired JOO £t above ground have been preparcd and are shown in Fig.3.
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These estimates are bassd on the reaulta‘from L000-1b H.C. bembs filled with THT re-
ported in»MOS/BéO, AC=6600 (BM-645). The reasons for using these results rather than
the bare-charge results used for estimating peak pressures are: a) it is known that
the positive impulses from &6-1b charges of Comp. B and those fram L000-1b H;,C° bembs
with Comp. B £illing co not scale, thoss from tho bombs boing considerably higher when
allowanece ie made for charge/weight ratio., In view of thie it seems preferable to base
the estimates on results from as large charges as possible. b) The correction for
charge/weight ratio is much moré acourately known for positive impulses than for peak
prossures, so that results from H.C. bombs gan'bo used with feir confidence to prediet
impulass from bare chargeso _

The pesitive impulses from the LjC00-1b H.C, bombs wers corrected for
charge/weight ratio on the basis of the results reportad in 105/193 (BM=1017), end the

correction for charge helght was made on the basis of the results in ARD Explosives

‘Report 16/45 (md-1027).

EXTRAPOLATION TO LARGE DISTAKNCES. The data on which the above estimates of psak pres-

sure and positive impulse ars based extend only down.to peak pressures of the order of
2 psi.

Large oerrors cen bs made in extrapolating the peak pressure and lmpulse
curves to distances where the peak pressure is of the order of 0.1 psi sinmce no experis
mental dats exist in this reglon, 'How¢§er, for the sake of making rough estimates, we
have fitted the Bethe-Kirkwood (see LA-165) asymptotic equations to the experimental
data for R /VI/B 2.5 and 15.1 and obtained; |

35-0

= - e e i ] ¥ § (4)
P RA ?) ﬁs;o(ﬁfv 3y < 0.928

Iz 67 w/3/R  poi-millisec u NEMSS": IEB (5)
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Comparing these results with Kirkwood’s oalculations for sast pentolite (NDRC A=318)
it would appear that the fraction of the snergy of the oxplesion still in the blast
vave ig approximately:

Eplast/Erelensed ==008h3ﬂfioglo(ﬁ/wl/3)¢,00923 - (6)

In these equations R is tho distence in feet, W is the charge weight in pounds and

ne oorrection hag been made for the height of the chargs above the greund.

No data on the affoct of gharge height on the peak pressures and impulses at
very large distances from the charge are available, but ths results given in ARD Ex-
plosiver Report 16/L5 (BM-1027) suggest that at such distances the sorrections would be
subgtantially the éama for all charge weights and would net exceed 5 percaxt,

Approximate estimates of peak pressure and positive impulse at a number of
distances have been mede from the above formulas, and are gilven in Tebls I. It must be

~ : ,

emphasized that the estimetes reprssent considerable extreapolation from the obssrved

data, and are without any experimental backing.
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Digtanse 100 tons 500 tons 1,000 tone | 2,000 tons 5,000 tons 10,000 tons
{r2e) Preogs.| Imp. Press.! Imp. Preas. | Imp. Press. Imp; Progs. { Imp. Press. { Imp.
16/ ib ms/ § b/ v wa/ | 1o/  !1b me/ in/ b ms/ | 1b/ ib ms/ | 1/ b s/
8q.in,{ 8G.in. 89.in.§ sq.in. 8g.1in.; ! 8q.in. 8g9.in.| 8q.in. 8q.in. | sg.in, 8g.in. | sg.in,.
3,000 0,21 35 0.40 ¢ 102 0.54 {160 0.72 i a5l 1.06 | L7172 245 | 752
5,000 0,12 21 0.22{ 61 0.29 | 9 0.38 | 253 0.57 | 283 0.7% | Ls1
10,000 0.05 | 10 0.10 | 20 0,17 | 18 0.17 | 76 o2y [ 142 0.32 | 226
80,000 0.005 103 0.010f 3.8 0,013 6.1 0.016 9.6 0.023 18 0.029 28
8=
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AIRBORNE MEASUREMENTS. To eorrect the peak pressure end the impulse for the effect of

@9@

ohange of density and pressure with altitude it ls neceasary to multiply the resulte
that we would expect for measurements on the ground by the factor:;
1/2.8 /L
£ 60 T
(p/760) (To/Tg)
Hore D, is the static pressure at tho gauge in mm of Hg; T, is the temperature af the

gauge height end f is the temperaturs at ground level., Using the standard "U.S.

&
Atmasphers” (AM=3L5, NACA Report lo. 538 by Brembacher (15L2) )

Altitude £

(feet)

0 1.,0000
15,000 07231
20,000 27299
25,000 6695

30,000 L6117

There was an airberne gauge 14,500 fest directly above the 100 ton Trinity

ghot, The resulis may be comparsd with our expsctancy

peak pressure positive limpulse
(psi) (psi-milliseconds)
Qbeerved 00095 17 nh
Expeeted (not correctod 0.093 16.4
for height of charge) '
Expected (corrected for 0.098 17.2

height ef eharge)
The excellense of this agreement is net to be imterproted as a vindication

of our extrapolation formulas. Thess must be cheoksd with reliable blast measurement:

at low pressures tefore they can be regarded as trustworthy.

—
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