UNCLASSIFIED

AD NUMBER

AD443102

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution: Further dissemination only
as directed by Ballistic Research Lab.,
Aberdeen Proving Ground, MD., Apr 1964 or
higher DoD authority.

AUTHORITY

USAARDC 1ltr, 7 Sep 1977

THIS PAGE IS UNCLASSIFIED




e

1} 1]
bhl

MEMORANDUM REPORT NO, 1518

APRIL 1964
M 1} ‘ - - -
44310/
PEAK OVERPRESSURE VS SCALED DISTANCE

FOR TNT SURFACE BURSTS
(HEMISPHERICAL CHARGES)

C. N. Kingery
B. F. Pannill

x
<
—
[
m
>
S,
o
(2]
o
Z
o
z
[=]
g
f 3
=0
=
~ Td
= '
r.‘. é F)\
=
g
‘:,:g-;"'ﬁ
T

Y o T *‘. Y
‘A-.A.;"v. % 8« N

ERDEEN penvma GROUND. MAPYL,‘N!‘




NOTICE: When government or other drawings, specl-
fications or other data are used for any purpose
other than in conuection with a definitely related
governmeut procurement operstion, the U. G.
Government, thernby incurs no responsiblllity, nor muy
obligation whatsoever; and the fact that the Govern-

mant may have formlated, furnishad, or in any way
suprlied the paid drawings, specificatlons, or other
data 18 not to be regarded by implication or other-
wize as in any manner licensing the holder or any
other person or corporation, or conveying nny rightn
or permission to manufacture, usea or scll any

poetented invention that may in any way be related

thersto.
&, Pry
~ est 4»30.00 A
y
,Qb/e C' o)




DIC AVAILABILITY NOTICE
Qualified requesters may cbtailn coples of thio report from DDC.

Foreign announcement and dissemlngtion of this report by IDC lo
not authorized.

The findingo in thls report are not Lo he conolrued
an an official Department of the Army poaition.



AR AR ot DY I S i 20 LT e el b LT PN el e T D s e e

BALLISTIC RESEARCHY LABORATORIES

- MEMORANDUM REPORT NO, 1518

" APRIL 196

PEAK CVERFRESSURE VS SCALID DISTANCE
FOR TNT SURFACE BUKSTS
( HEMISPHERICAL CHARGES)

C. N. Kingery
B. F, Pannill

Terminal Balllstics Loboratory

Program wous supported in part by
the Defenve Atomlc Support Agency; WEB NO. 02.0hy

Repr. oduced

From
Best Avai
Best Available Copy

RDT & E Project No. 1MOLOS5CLAOO6

AUBEBERDERN PROVING GROUND, MARYLAND



BALLISTIC RESEARCH LABORATORTDMNS®

MEMORANDUM REPORT NO. 1518

CNKingery/NFPannill/pns
Aberdeaon: Proving Ground, Md.
April 1964

PEAK OVERPRESSURE VB ECALED DISTANCE
FOR TNT SURFACE BURSTS
(HPMISPHFRICAL CHARGES)

S
h

ABGTRACT

This report contains o precentation of penk overpresnture versun send el
divtance values derived from 2mplricnl measurementi made by Canndn, the
United Kingdom and the Unlited Stotes. The meapuremonts were made on 5, 20
and 100 ton TRT surface bursts. The chargeﬁ vere hemisplicricoal in shape wa
the lnotrumentation included overpreusoure ver:a time goger and the photo-
optical vhock front veloclty technique for determining peuk overproinure,
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OBJECTIVES

s ihé*pfimnry objective of this report is to present o compilation of
overpressure nmeaswrements obtained from a serles of TNT detonstions. For
C " many years there has been a need for o relisble surface burst peak overpressurce
S " versus distance curve extending from 2000 pei to .OL psi. Curvaes presenting
Fmﬂ_ﬂéﬂfy :,‘ overpreessure versus radial distance (menoured and theoreticnl) have been
T avallable for mnny years for apherical charges detonoted In free alr. Thio
is not true however, for curface burst overprespure curves which ln gonernl

have becn over a limited range of overpressure, and based on either cmall
chérges or c¢hargea fired under various environmental conditionc, making
reliable scaling diff'icult. It iso the objJective of thiv report to combine
» measurencnto made by Canadion, Unlted Kingdom and Unlted States sclenbisto
g_gf into one report which might he used as o utu;aurd for TNT surliace Lursty.

, BACKGROUND

The Suffield Fxperimental Stntion (S65) working undcr the guldance off

P the Def'snse Research Board of Canada begnn a noerlen of' Cleld expoeriments

V - relating to blast and shock uning ylelds of % tons of 'INT Ln 1949, The U, i,
vas invited to participate in one of the trials in September 1949, We
nccepted this invitation, and went a blanot team from the Balllistle Rescarch
Laboratories (BRL) to eatablish a blast iine and to messurce the overproecsurc
versus time at selected Alrtances from ground zero. The prelimlnary results
wvere reported in a technlcal paper publiched by SIS with o very Jimited
distribution(l). The results obtained by the Canadian tewm were reported in
Suttield Technieal Paper No. 205(2) along with results of four other 5 ton
ghotue. The Canadian resulta were primarily peak overpreusure voalues oblained
from & photo-optical technilquc.

In 1960 a 20 ton TNT test was conducted at SES end sgaln the U, i,

sponsored several projecta. One of the major projectu from the U. 3, wos

the measurement of overpressure vercun dlstance by BPL. The United Kingdom
{UK) aloo partliclpated with several projectu, one of which wan alao to
measure overpregiure versus dlstance. A Tripartite blast line wau
establisched and the three countries placed varlous preusure Lransducers

at simllar distances along the blasbt line Tor comparicon. The rosulbn
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_from the tripartite blast line were published in Sufficld Report No. 205(9).

A third test in which the BRL participated was the 1961 Canadion 100
ton INT tritl. Hers agaln Canaoda, the U. K. and the U. S. instrumented
blast lines and recorded the overpressure versus time at uvclected distuances

from ground zero. The yesults from this test have not been publiched
in final rorm4by all participants although preliminnry dato lo avallablo.
The final U, 8. data are available in o ERL rcport<n) and the proeliminary

fod
datoe from Canada were obtalned from private correupondcncc<’). Datu from
the U, X, ore reported in reference (6) ond have alno beer complled in this

report.

RESULTS

The volues of peak overprasoure meavured by the varlous countylen ruwd

~
presented in the referenced courcec were all cealed Lo o one powwt cqulvalent

at standard sea-lovel conditiona, A total of 273 duln pointu wan uned In
entablliohing tha curve as prevented 4in Flgure 1. These polnby were punched
on IBM coards &g sealed dlotence ()) veércus senled overpressure (P ).

{(») 18 o nealed distance and cqunlun/wl %nmrc R« nctunl danuuﬂélaxrnwL
and W w yleld in pounda. Therefore, A Lo equal to R for o one poumd chiwpe,
The logarithms correaponding to theus dato polnti wore compubed, and by n
method of lenot squares the coefficlents for o polynomlal equntlon were
derived. The result iu:

0« T.0USR0ML - 1.BATTSEL X - (27599008 X

7 1 |
- L065973136 X7 + 00654125675 X' + .OhB2%6%Y X7 (N

- 020072555 x84 L0030090449 X' - 0001598 K0 X
where X = log )\
with )\ values from 0.5 to 44O,

This equation, while fitting the polnts well over the range of vodue:.
given. would be misleading if used in the very low pressure reglon (below
0.2 pol). Therefore, all values beyond o A of N0 were processed Lhrough Lhe
computer, uvsuming an exponentlal decay und the following cquntion w:
derived for the low prescure range.

P = 226.61762 )71+ HO69LI

o

where 1O < % <& 1000.
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Equdtion 1 And 2 vere combined to produce the values listed in Table T.
; Selected valucs of )\ vere put into equation 1 and values of penk overprecnusure

were. computed from A = ,50 to A = 70. Equation 2 was used frcm h = ) Lo x » 1000,

The rssulting prescure versus dlstance values calculated from equation I
and 2 are listed in Table I and plotted in Figure I. It i5 felt that thiv
curve is the best empirical curve available to date.

SCALING

" To use the table or plotted curve for predicting peak overpressure versuc
distance for other TNT yleldu at other than otandard sea level condltlionu,

etandard scaling procedures should be used, The sceling fuctlor sd for
distance may be calculated from <
1/3
14.696 poi
Sd -[.W PA9 2 1 (5)

where W = Yield in pounds
P, = Amblent atmosphere at altitude (poi).
Therefore A times sd will give the new dlatance.

Wher scaling the peak overpressure to be expected where the amblent
atmosphere Lo other than 14.696 pel o sealing factor Sp should btz used.
The factor Sp may be calculated from

A (n)
P lh.3§3
where P, = Ambient atmospheric pressure ot altitude (psl). Therefore ”p

timeo the peak overprescure listed In the table or taken from the curve will

give the new preosure value.
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COMPARISONS

: In,uﬁ“efforﬁ to de%erminé the reliability of the valuen compuled from
thb equations dnd.tha messured volues the following method of compariton wus

7 established. The scaled overpressures versus distances (A) werc compared with

ég;culatéd'overpressurea.at a similar sceled distence ). The comparinon

‘consistod of establishing the difference (plus or minus) between the two
'overpressureu ond then calculoting the percentage or relative crror betwoen

the computed value and the ocaled measured value. The pooltive relatlve
errors ware aummed and dlvided by the number of values to establish the meen
positive rolative error. The same procedure was used to ontabllih the meun
negautive relative error. From these two valucs one can determine how well
the computed valuen'compare with the measured velucu on o percentage bunls.

There were 45 datum polnto used from the 5 ton ohot and of thewne 27
points were poaitivcfwith pooitive relatlve orvor of T.48 percent. Thure wern
18 negative pointﬂ with a relative error of 4.86 pereent. Thiun Limplice of
pourse that 60 percent of the data fell an average of 7.ht percent above Lhe
curve und L0 percent of the data fell an average of h.86 percent below the curve.

There was o total of 140 dotum pointu complled from the 20 ton shol. OF
these 6L wera positive with n mean ponitive relative error of h.)7% percent
76 were negotive.with o mean negative relative error of (.20 percent.  ThereZon
45,7 percent of the measured values were an average of 'i.l2 percent ahove Lhe
computed values while S54.3 percent fell an average of (.20 poreent beiow Ui

computed values.

From the 100 ton shot s totnl of 88 datum polntn woans uned. There were
L5 points ﬁoaitive with o mean relative crror of 8.20 percent and h3 points
negative with o megnvrolutivc error ol 6.4I percent. Thiv implles thal
appr@xim&t:lyﬁSl ééfcgnt of the measured pointsc fell an averagn of .20 pereent
above the computed valueo and 49 percent of the messured polnto 'ell nn averng:
of 6.4l percent below the computed values.

For a final comparison & total of @75 datum polnts, complled from the
measuremente made on the three shote, was used., Thure were 156 polols postiive
with o mean relative error of S5.14 percent and 157 polntu negallve with o
meon relative error of 6.65 percent. This means approximately L0 percent

of the measured points fell an average of 6.1k percent sbove the compubed

valuen while 50 percent fiv11l an average 6.6% percent below the comprted vaine
Re S 10
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Sirice there are some isolated points which indieate large relative crrors
and tend to outwalgh the smaller values listed an investigation of the I'requency
distribution of the points was made and the results are provented in Toble [,
From the table 1t coa be seen that approximately two thirds of all dabum polnt:

‘--Iie,ﬁvithin the two aversge relative errcr values of +G.1% percent nnd
26,65 pueccant.
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TABLE I

. OVERPRESSURE Vs, SCALED DISTANCE

- OVER~-

‘DISTANCE | . .. OVER- ~ISTANCE OVER- OVER-
"X | PRESSURE - | PRESSURE A PRESSURE | PRESSURE
FT./L8.)73 PSI AT, FT./08.1/3 PSI ATN.
«50 3140,9277 214.%3912 27.50 1.9134 3020
e85 2781.2537 199.,25243 30.00 1. 7056 L1606
«60 2470L,0154 168.14204 32.50 L5369 S10458K
65 2208.8227 150.30094 35.00 1.3971 L0950 1
« 70 1985.6%67 135.11545 37.50 L2793 <ORTOY
« 75 1794,.1976 122.08B748 40.00 1.1785% LOB0LY
80 1628.5464 110482243 45.N0 1.0149 L0904
.90 1357.9630 92.40358 50.00 8876 06040
1.00 1147.3430 TR.OT179 $5.00 ~.7887 05346
l.10 979.9(53 66.68245 60.00 L7021 OHTTY
1.29 786.5415 53.52078 65.N0 0321 04300
1.50 D54.7510 IR N2A89 70.00 HTH2 03907
175 419.,7423 28.%616467 1%.00 . 5222 RULTS!
2.00 A20.7122 21.02310 80.00 «HTH 03240
2.25 250.7734 17.064006 90.00 JH04 1 L0750
2.5C 2C0.004H1 13.60970 100.00 « 3084 L02371
2475 162.295n 1104354 110,00 « 3047 L02013
3.00 I133.7117/ Q. D981 125.00 2946 LO113e
3.25 111.6599 799798 A 150,00 L1970 N340
2.50 94.377H 6.42201 175.00 L1580 L0107y
3.75 R0.6412 S« RT72Y 200,40 «l3la LD0RD G
4.C0 69.5828 4.7348] 225.00 S04 00THA
4.50 53.1643 2.01760 25C.00 L0960 L0065
5.00 41.8400 2941703 275.00 L0840 L0057
5450 33.7565 2.29699 I00. 00 L0743 LO05006
6.00 27.8162 1.892790 32%.00 00664 L0 2
0450 23.3370 1.58798 3150.00 L0598 L0060 7
7-00 1918070 103'.)3?3 375-“0 c()‘)/O-,’» .”” Yo )
Ta40 17.1779 l.168488 400.00 060t L0037
8.00 15,0143 ° 1.02106 4%0.20 L0420 L00200
9.00 l11.819% «A0427 $00.060 <0367 00240
10.00 6147 - « 65424 $50.00 L0317 L0216
11.00 B.02806 D463 600.00 L0280 00191
12.50 6.3672 « 13320 650.00 0250 200170
15000 "4.66"3 03‘.7’06 TOOQUO -n.)?() -O”l "
17.4%0 3.6491 e 248731 750,00 .020% SO0 Wy
20.00 2.9K42 «20306 800.00 0187 L0017
22.50 2.5189 17140 900.C0O L0158 L0108
ZSUCO 201761 014807 1000-00 .()l'ﬂl l L0094
o
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e |  TABLE I
" DISTRIBUTION OF DATUM POINTS WITHIN SELECTED RELATIVE ERROR RANGE

] e v ;5;:u: e S E;t:l= L w»wiig *
S | BuE |SES | SsE(8SE 2= | 5.8
ZSE|BSE|SSE|XSE |22 (=535 (2552
8 B‘:" Ll =2 . ';' ] = = e o x o ‘;_" — a.
PERCENT + PERGENT - PERCENT £ PERCENT
1 23 1 20 1 43 15.7
2 18 2 18 2 79 29.0
3 14 3 17 ~ 3 112 41.0
4 1C 4 15 4 137 50.0
5 11 5 10 S 158 57.8
6 7 6 6 6 171 62.5
7 4 7 3 7 178 65.0
8 ] 8 9 . B 192 T0.2
S é 9 2 9 200 73.1
10 9 10 5 10 214 78.2
| B -5 11 5 11 224 82.0
12 4 12 4 12 232 85.0
13 6 13 4 13 242 £8.5
14 0 L4 4 14 246 90.0
15 5 15 0 15 251 92.0
14 1 16 1 i 253 92.5
17 1 17 1 17 255 3.5
18 L 18 0 18 256 93.6
19 3 19 1 19 260 95.0
20 |} 20 3 20 264 96.6
21 0 21 2 21 266 7.4
.22 0 22 1 22 267 97.6
23 0 23 2 23 269 9B. 4
24 0 24 1 24 270 98.9
25 0 25 1 25 271 99.0
26 0 26 1 26 272 99.5
27 c 27 1 27 273 100.0
¥

TOTAL NUMBER OF POINTS WAS 273
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