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I. INTRODUCTION

o

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

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

b

L PR P TP,

8 shock-front parameters, such as peak pressure, positive impulse, arrival
R time, and positive phasc duration, have been studied at the BRL. The
@ " studies have shown that values of these air-blast parameters, in

particular peak pressure and positive inpulse, or a combination of these
. two, for different explosives can be used to determine their relative
* effectiveness. This report presents a comparison of the relative
effectiveness of four plastic-bonded explosives, twoc aluminized and two
non-aluminized, with respect to a standard (pertolite) explosive and
shows the relationsh1ps between relative effectiveness and certain air-
blast parameters for each of the explosives considered.

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

EEEE R

{ EWF = {-= R 1)

W
5/G,R

whero:
Wx, Ws, G, and R are defined above,

G=6_=G

x g’ and

R =R, for the test explosive

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

wl/3

PM—f(R) , and (2)
1/3

1 W

PM is peak excess pressure or overpressure,

where:

I is positive impulse,
I/Wl/s is scaled positive impulse, and

W and R are as previously defined.

17, 8. Cole, "The Measurement of Underwater Explosions from Service
Weapons at the Underwater Explosive Research Laboratory," Underwater

Explogion Research, Volume 1, The Shock Wave, Office of Naval Research,
Department of the Navy, 1950.

2G. F. Kinney, "Explosive Shocks in Air," The MacMillan Company,
New York, January 1962,

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

“C. N. Kingery and W. F. Jackson, 'Blast Screening for Alternate Explosive

Fill Program," BRL Memo Report No. 2236, Ballistie Research Laboratories,
Aberdeen Proving Ground, MD, 1972, (AD #907354L)
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II. OCBJECTIVES

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

I1I. EXPLOSIVES TESTED

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

Table I. Explosive Composition anu Charge Weight

Explosive
Type Composition Charge Weight, W Rounds
(kg) Detonated
PBX-108 RDX/Plastic binder 3.949 6
PBX-109 RDX/A%/Plastic binder 4,221 6
AFX-103 RDX/Plastic binder 3.94Y 6
AFX-702 RDX/A%/Plastic binder 4.133 6
Pentolite PETN/TNT 3.813 20

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

11
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IV. EXPERIMENTAL PROCEDURES

xﬁ* { Pressure-time histories of pressure variation resulting from

N ; detonation of an explosive at sea level were obtained by using ten gages
5 f in various locatioiis (see Figure 1) relative to the explosive charge.

v , Gages 1 through 6 were located 3.658 metres above ground in free air,

b ’ and gages 7 through 10 were located in the mach stem region. The gage
. : housings, which were stainless steel and pencil shaped, contained a

. 4 piezoelectric transducer of lead metaniobate or quartz. Such trans-

bl il il Dok il

&' ‘ ducers are temperature sensitive and several methods of providing thermal
b protection or shielding were employed. Initially, for pressures up to
¥, - 500 kPa, a black electrical tape was used to cover the transducers, and

i for pressures above 500 kPa, an aluminum paint over a special primer
& : was used. In the final stages of testing a heat reflective tape with
¥ glass cloth backing (3M Company Tape No. 363) was used foxr pressures
above 500 kPa.

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

V. ANALYSIS OF DATA

; Typical magnetic-tape recordings of pressure-time histories
obtained in the investijation are presented in Figures 2 through 6.
Figures 2 through 5 show free-air-related histories, and Figure 6 shows
mach stem region-related histories. Figures 2, 4, 5, and 6 present
comparisons of histories for pentolite and the aluminized explusive
PBX-109.

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

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

!
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Figure 2. Pressure-Time Histories at 1.98 m in Free Air.
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characteristic of aluminized explosives and s due to afterburningS.

For persons familiar with blast parameter measurement, Figures 2, 4, 5,
and 6 also show the difficulty of defining positive duration and positive

impulse for aluminized explosive detonations.

The data recorded on magnetic tape were digitized by the Computer
Support Division, BRL. The digitized data were entered as input to a

Fortran program and values of shock-front parameters, such as, peak
excess pressure, PM, positive impulse, I, arrival time, t,, and positive

phase duration, t,» wore determined,

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

finite time required to record the peak pressure with the piezoelectric

gage. For most cases the pressure-time relationship may be expressed

as a function of time after arrival of the shock front, t, by the

exponential decay expression,
p = PMexp (- C1 t),

where:

t is elapsed uime after arrivai of shock front
(note: t = 0wt = t,),

p is excess pressure at time t,
PM is as previously defined, and
C1 is the decay constant; or hy

the Friedlander formula,

ty e (o
pe=PM (- E:J exp ( LZ t),

where!
t, is the time of positive phase duration, and
p, PM, and t are as previously defined, and

C2 is the decay constant; or hy

5¢. C. Matle, E. M. Fisher and T. 0. Anderson, "The Contribution of
Afterburning to Air Blast from Aluminized Ewplosives (U)," NOL, White
Oak, MD, June 1967.
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a fit to the data of a cubic in t of the form,
. 2 3
p; = aio + ail t + aiz t° + a,, t7, (%)

where:

tue

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

P; is the value of p in the i-th equation

k(- 8, 8;,., 8:4, and a,., are undetermined‘decay coefficients

A o "i1® iz i3 in equation i, and

{ﬂ _ t is as previously defined.

& It has bheen found that Equation 6 will provide u very roasonable fit to

the total range of positive phase data if coefficients are determined
for data in several intervals over the range which arc defined bv "break \
points'" and if a proper soiection of break points is made in accord

with the cubic spline method of curve fitting®., The Friedlander formula,
Bquation 5, does not provide a good approximation for p if the pressure ;
levels are very high., Differences among Bquations 4, 5, and 6 are 1
i reflected to some extent by comparison of the following expressions for
; the rate of change in the natural logarithm of p with respect to timo:
from Equation 4,

L .

L .

"N

; d

i
. d ) i
S at e = - Gy (7 i
' f i
@ from Bquation 5, 3
: d 1 i
p — np w (- (8) .
- dt tnd) 2" t,
? and from Equation 0, |
: d 41 g
| . = np l ¥ (93 '

N 6palmer R, Sohlegel, "The Cubio Spline - A Curve Fitting Prooedure,"
Ballistioc Research Laboratories Report No. 1263, July 1863.
k, (AD #451085)
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]
§

§ Positive impulse, I, of the shock front is related to excess | @
§ pressure, p, by the equation, ‘ ;
i? I ’f p dt. (10) b
y b
¥ o ! iy
:' |
¢ Similarly, the shock front energy, E, is related to excess pressure, o
P p, by the equation, )
§ t i
! * g }
% B ‘J/” p° dt. (1) o
g g, ’ o) 1
- ; {
‘ ' Tubles II, IIa through VI, VIa present scaled measured valuos and §

computed values ("a' tables) and standard deviation, SIGMA, of a numbor
of characteristic parametors for the standard pentolite und cach of the

s o
RITE ST

‘ .
i : four plastic-bonded oxplosives considered in this report. Tho parametor
2 ¢ values in Tables II through VI wero dorivoed from test mousurcments; thoso in ;
: Tablos 1Ia through VIu were obtained through application of Bquations 7, :
i : 9, and 11, The arguments for entering the tubles are explosive 1/3
i : idontification and u range of values of sculed distance, Z (» R/W' 7).
L The parameters for which vulues are givon in the tables aro! 1"

pouk excoss prossure, PM,

173y,

scalod posicive phaso duration, TD (= t /W

?

t' z

1 :

b i sculod positive impulse, IMP (w I/W
f 1/3,
T ’

sealod arrival timo, TA (= tu/wl/s),
1/3)

sculod onorgy, BN (= L/W and

1/3)'

' Additional scaled measured volues of characteristic parumetoers fow
F ' f pentolite, some of which were ncquired from other experiments and tho

W g romuindor of which wore extracted from Reference 7, aro prosentoed in

i . Appendix Table A-I. Appendix Tables A-IT through A-V prosent measured
o ! values of poak excess pressure, PM, positive impulse, I, arrival timo,
t,, and positive phase duration, t,, for the plastic-bonded explosives

i Aﬁx-103. AFX-702, PBX~108, and PBX-~109. Tho data presented in Tables

g A-IT through A-V were acquired in the oxperiments described in this

: L report. Appendix Tablo A-VI presents a computor tubulation of smoothod

TN e
DR TR G T it i

scaled decay constant, DC1 ( c]/w

e

"Dowey, J. M., Miller, A. K., and Williame, J. 8., "Aip Blaot from
Three Military Explosivas," BRL Report No. 1666, Ballistie Reoearch
Laboratonicu, Aberdeaen Prowing Ground, MD, Ootobar 1971. (AD #890260L)

2l

ALY o

(S I
W DA NS 13 S A




astndmr
paepueis = . A3xo90 pareds = NI asezyd aAaritsod pateds = gWl
uorIBALIP ue3s = Mu@uw SWI] [BATIXR YOGYS PIa[BIS = yL aunssaxd ssadxa Yead = wg
JUBRISUOD ABIIP Payeds = Jg worleInp 2ar3Isod pajess = g3 SOUBISTP POTEDIS = 7
900°0 €61°0- 190°0 - 60690 19°01
££0°0 e o- 06070 79870 £08°8
81070 ¥82°0- LSE°0 £9L°0 YEV L
00T1°0 SG¥°0- BECTO I91°2 1/8°S
¥io'o0 0ce°0- 9Z1°0 6¥8°1 L¥8 ¢ )
¥I0°0 SLS°0- 9LLD 940°L 144 A
vro $¥06°0- LSS°1 68711 906°1 i
20170 1 4 7S 819°1 oL ¥vZ SIS°1 E
SZS°0 YL T S69°S Syt 1271
i ¥6¥°¢C S80°L- 6C°¢8 0" L3¢ 88S°0
s/ 0” g/ WH T PdA sioue
i wors  Toa VIDIS 01 N3 ¢-01 'z o |
93T103U8d TeSTIsyds Jo sar3redolg Iserq peindwo) poreds eIl 914qeEl ,
L9%°0 1£°¥%C £90°0 296°¢ GL9°8 86°¥¥ ¥ZZ2°0 VA 1A 19°01
910 L9761 LTITI"0 158°¢ 8¥s°2 09° .y 5971 S0 Z¢ ¢08°8
£€C1°0 90791 61170 ooy ¢ FARNE €01V 9v0° L 0s°1¢ vev L
660°0 90°21 $80°0 I£1°¢ 09t ¥ 5£°99 LI6°C 19°8S T{8°S :
1S0°D ¥01i°9 $S0°0 (AR A 6¢Z°C £0°SS 858°¢ 19°LS L¥8°¢ .
6Z0°0 (44 N SY0°0 96L°1 SL0O°5 61°98 885°6 Z°8¥%1 L 42 A ) 3
28070 £8L°1 950" 0 9iy°1 TAAR c6°¢6 S6°81 8°¢tC 906°1 A
yeio £80°1 ZI7°0 690°1 LLY°9 Z°I111 89°¥1 < osdy SI1S°1 g
: S81°0 09LL°0 ¥80°0 57670 9% L 67611 SD°0L £°9%9 171 s
w S00°0 0S0Z°0 ££0°0 £L1°0 3¢°L1 57961 £°96¢ “L¥EE 88S°0 .
1 :
H b - sitv™ g/ e s e/ U™ 2
YHOIS YL YHDIS ar YROIS Gl YHOIS Hd y4 .

93TT03udd Tedtxsyds Jo sorixodord 3selg paoInsesy PS[22S 11 3IqEL

e i i e i i — e R -




. 9€0°0  €Z°0- 980°0 8YEL 0 089°8
030°0 9.L2°0~ I01°0 1¥9°0 1€€°L
ZZ1°0 S8v-0- 8¥2°0 £6S°C 88L°S
990°0 6$££°0- ZS1°0 986°1 96L°€ )
$S0°0  095°0- 9¥9°0 ¥8¥°L Z1v°2
220°0  €8°0- 61°2 11°21 z88°1
9¢Z°0 12471~ ZS6°0 Iv-92 Sev°1
2S5°0 Vv8L°2Z- cs° b 0§° LS YA |
- 00S°6- AR A 0°9£2 6L5°0
sl - g5
e/ T ST o/ Vo - o Y e
VOIS Ixq VOIS 01 N o 01 Z
4 €0I-XJdV 1Bo1a0yds jo soriaadoxg 3serg poindmo) pafeds “BIII °T1qEL .
(o ]
, Z1°0 58°81 20870 ¥90°S 26" v LY SO 182°C S0°0¢ 089°8 H. ,L
61°0 'St L6% 0 GS1°€ $09° . 28" V9 8€L°2 S1°1¢ 1€€°L
€1°0 65 11 8S1°0 616°2 162°¥ 218 018°2 YL V9 88L°S b
| A 1 LS6°S 9s¢°0 6Sv-¢ ¥86°1 20°s¥y 208" 1 0L°6S 96L°¢ Co
] ci0°0 6¥L°C T1£Z2°0 10L°1 LL°T1 S8°P8 616°8 9°IST 21iv°2 s
A 950°0 89.°1 78270 R 25°%2 9€°06 oF° 12 9°922 7881
- 0r0° 1 - - - §°L21 P11 9°0L¥ s6v°1 _
Z00°0 S¥L°0 - - - - 65721 6°5S89 $s2°1 ¥
200°0 80Z°0 - 082°0 - 0°¥12 L790S 5692 6.5°0 .
3
O oXxjsa - o 3
s/T T e/ o/ e e s/
VOIS Vi VROIS ar YROIS a1 VOIS Wd Z 3
€0T-X4V Ted1xoyds jo sarizadorg iserd PaInsesy PaIedS 111 3Iqel ‘
E
13 m o L] a2 » -

L e e ——— R i s - W e

o i — LM .~ BT e B, e it . ot e, BB STMEELAL — e

B ]




T T TR T ST R WM S S I ¢ e TN ST e e T SEid Lok ot s el bl Do TP AT T

i z10°0  90z°0 - L¥0°2Z 08L°1 1Z5°8
| 720°0  ¥¥T'0 - 7£9°0 189°1 961" L 3
5 620°0 L6Z°0 - ZL1"0 628°2 189°S 3
: 8€0°0 10£°0 - 210°0 20" 1 £69°€ : 3
| 191°0  £99°0 - 06Z°1 0L0"L 89¢°2 :
Z62°0  S00°T - SS6°E L6711 9¥8°1 ;
€TY'0 08T - 12L°C 06°82 Sop°1 ]
- 600" ¥ - - - 0$Z°1 ]
0¥6°z  LT'¥1- - z°18¢ £95°0 :
IS LT S y.Sy)
£/t “A‘ £/t z W £ »
VHOIS oa VOIS 0T NE Ot y/ E
3 Z0L-X4V Ted1aaydg Jo sarizedoig 3selg peindmo) payeds “BAI AIqel < B
2 - N
£21°0 68°8T | z08'0 yv0°€ 86°v¥  I¥§°9 L92°L o¥° 1S 125°8
v61°0 v ST L6V°0 0s1°¢ | ¥09°¢L Z£°v9 S0T°1 80°Z¥ 961°L
9110 65° 11 8S1°0 616° | 162°% zz°18 v60° ¥ SY°¥9 189°§
SL0°0 ¥£6°S 95Z°0 6sv'z | ¥86°1 z0°8¥ 98" 91°LS £69°¢€
950°0 6¥L°C 1£2°0 LoL°t LLo 11 00°58 81°8C €651 89¢°C
n - 89L°T z8z°0 v6T°1 Z5°€2 9506 91°S€ S 1£2 9¥8°1
w - 0r0° 1 - - - £°221 | 190°6 9°96¥% S9¥°1
| 200°0 8¥L°0 - - - - 68°29 8658 osz°1
| 200°0 80Z°0 - £52°0 - 0°¥12 S0° LS "Y60¥ £95°0 _
,. 3 SU-B4 N/
sV il g/ VS = /1M
VOIS LAR VHOIS aL VIOIS dNI VWOIS Wd Z
m 70L-X4V Ted1I0yds Jo sor1izodoiq 3ISelg PaInsesy PITedS Al S1Qel
“, " :
3
! o i 1 S b e B P i 8 St et = ¢t ¢ e - W m e - e i e e cmm n e e - -~ L. - — PR N )




- 161°0- | - v119°9 901

S£0°0  8¥Z'0- £51°0 Z546°0 v89°8

€50°0  88Z°0- 00v°0 £916°0 61E°L

280°0  6L£°0- 0LT°0 y9¥° 2T 83L°S

LLT°0 €£5T°0- 15170 LL6°T v6L°€

65T°90  159°0- €75°0 859°L TIv°e

0L0°0  T16°0- L60°C 11zt vL8°T

669°0  L80°Z- 65T°€ vL°SZ S6¥°1

$88°C  ¥I9°C- - L8°LS ¥SZ'1

1/8°Z  698°6- 9612 8-zLZ 085°0

5 W Y4 S/c0 = o4 .5 7
g/t 1 St /1T zN g/ V"
VHOIS oa VWIS 0T N ot | z
801-Xdd .H.NUH.HQEQW FO WOMN.HOQO.H& 3serqy vOUﬁQEOU P3a1edS “BA °IgEl
w
- sL§z - - - 99°Zp - 17°S2 9v°01 ;
121°0 Z1°61 811°0 L18°€ } 99Z°€ sy 16L°1 S8°Z¢ ¥89°8 i
$60°C 19°S1 z1z-o £9¥°€ | £I¥°6 20" 9% 86V "L Z1°9¢ 61" L :
$60°0 LTt 880°0 vZ1's | 160°2 0Z°SL 68°2 1L°19 88L°S ;
8€T°0 ¥88°S L80°0 zssz | 60172 8¢ "9 s°¢ 01°8S v6L°€ .
611°0 91L°2 920°0 8vL"1 | 8g£°€ £6° V8 626°6 0°TST Tz m
¥60°0 $89°1 0.0°0 62v°T | 069°L £8°56 9% °22 0°9£2 vL8°1 m
££0°0 £V0°1 £60°C 00°T | 846°L 601 v8°1¢ € 69¥ S6v°1 :
220°0 9£L°0 LOV"0 91T | LL°TT 2 621 L LT Z°1L9 £ TAN! :
900°0 20270 - 982°0 | 69°ZT 0° 112 8891 “1Y1E 085°0 |
um“mm 3 wmﬂ o) /su-¢ =D | sY/u H
£/1 /1T s/ a d g/
VNIIS VL VHOIS aL YWOLS di1 VHOIS Nd z “
80T-X9d TedTIoyds Fo s91315doxg ISBTd PIINSEON PSTEIS A 9IqElL m
BB - v B RS R B s St oo e A I Wl o S oM o S B B SO L s Bz By + - M aah o+ o el St arn b8 ip e 48 A 5 BT o e bl i i




R AT

TR T R, S T T R S A Sy R R A

Klﬁ.,
. K . R W
! i
;
- L1701
- Z62°0- - - LLy'8
- eve- o~ - - 9S1° L
- 11€°0- - - 6v¥9°S
1£0°0 €£¢£°0- 81¥°0 069°1 €0L°¢
LTITI 0 129°0- I6v°1 9¢9° L 241 4
$01°0 S68°0- Vi8¢ §$S°01 9¢8°1
- FA%: it O - 18 Ad1}Y (K15 A |
- 1 5% A0 N - L RAS ¥¢Z°1
- - - - Q950
N S’/; 25 /5d - B, 3 /u
s/t % ﬂ £/1 2R £/1
VWOIS aa YIWOIS m:o~ N3 m‘oa 4
601-X4d ted>TIoYyds jyo sat3xadoxy pajnduoy pSTEDS  "BIA 9I9BL
2
S0°¢2 - - - - - - L1°01
29°81 - .S8°C - scrce - 0L°6Z LLY'8
81°S1 o - 852°¢ - 6S° 6V - 29°6¢% 991",
ST 11 o= ¥90°¢ - L8°99 - £€8°19 6¥9°3
108°S Sig 0 1Zv°2 S0°01 v °0S 1 £A AN L LS €0L°¢
01S°2 £12°0 €V9°1 0S°11 2S°S8 8L°¢1 L°9ST E 23 A
: 652°0 6£9°1 YA vl FA AL-TA ¥o°Z8 6L°LS c-eee 9% T
3 AT ] FA (VI § £21°0 S66°0 - L°€21 86°¢5 9°6Lp 09v°1
w ST0°0 184°0 S11°0 081°1 S0 v 2°0¢1 98°6¢ £°¥L9 1244
3 - 0SZ°0 - - - - - N 995°0
] —_— o g
1 i g/TV g/ v oA " g/ TV
w VWOIS Vi VOIS alL YWOIS diI | VOIS ~Nd Z
] 601-X494 TBO1I9ydS jo sorjzaadoxq iserg PAINSESIN DelBOS *IA S1qe)




memTr

AT

CAELr

Vi,
;
2
(;; ,
\

R T T

. - ST o T
NI e ST A e T R T R T B :

TN T SN

7

R A

scaled values of peak excess pressure, arrival time, and positive impulse
measured for pentolite in these experiments. The argument for entering
Table A-VI is scaled distance, Z. The smoothed values were obtained
by fitting a series of cubic equations in scaled distance, Z, to values
of the logarithms of the scaled data, including positive phase duration
for which such values were inadvertically omitted in the Table A-VI
tabulation., The cubic equations were of a form similar to Equation 6
with the coefficients, in this case, identified as CO, Cl1, C2, and C3.

A computer program embodying the cubic spline method of curve fitting
was used to obtain the "best fit'' to the data. The values of the
coefficients defining the fit and the upper and lower bounds of selectad
intervals of scaled distance, i.e., the ‘break poeints'' of the cubic
spline method for this evaluation, for each equation are presented in
Appendix Table A-VII. Appendix Figures A-1 through A-4 are computer
drawn curves showing the fit of the cubic equations to the empirically
measured values, respectively, of peak excess pressure, arrival time,
and positive impulse for pentolite in free air. Appendix Figures A-5
through A-8 are similar curves for empirically measured values of the
same parameters for pentolite in the mach stem region.

Since Kinney's? method of comparing the effectiveness of any
explosive to that of a standard explosive by using an equivalent weight
factor, EWF, assumes scaling and is dependent upon total energy release
at the surface of the explosive charge, the appropriate values of
parameters, computed for the standard pentolite explosive and empirically
determined for the test explosives, were used in the scaling equations
to obtain values of equivalent weight factor, EWF,

When peak maximum pressure, PM, and distance of measurement from
charge center, R, are of interest, the computation for EWF is simple,

since PM does not scale with the cube root of the weight. In such
case:

W 3
EWF = W’f- =2 (12)

where:

wx/w is in effect, here as it is also in Equations 13, 14,
and 15 below, the right hand number (Wx/w-s)G R’ of
Equation 1. Consequenty, the dependence of '

EWF on R as defined for Lquation 1 is implicit in
Equations 12 through 15.

Similary when PM and any other parameter is of interest:

27

105 A e




T

de

o (S
T EWF =g =\ac ’ (13)
. S PM)' » Gx

whore:

Eaid acdan s kil

Gx is the gage reading of the second blast parameter,

e.g., of Ix' ta,x’ t+,x’ for the test explosive, and

ST TR

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

B : When a blast parameter other than PM is of interest, the computation for
2 _ EWF is somewhat more complicated since it is necessary to evaluate

g

ratios of the parameter, e.g., I, tg, OY t,, and the distance, R, or of ‘
two parameters, e.g., I and t,, fo. the test explosive and of the §
corresponding scaled parumeter and distance or of the corresponding
scaled parameters for the standard explosive, Thus for I and R, for
exanple, EWF is given by:

,\ EWF = "_s' = IMPS Zs ’ (14) :
. I, R

(compare with Equation 12). And for I and t,, for example, EWF is

& given by:

Woofrse \° ]

BWE WU\ TR ) ’ (15) ;
Loty o !

(compare with Bquation 13;.

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

The Tamer® code was used to develop theoretical pressure-distance
B relationships; values of the ratio PM/P,, where P, is ambient pressure; for a
rauge of values of scaled distance, Z, gor pentolite, for each of the .
four plastic-bonded test explosives, and for the standard aluminized :

861JTCG/ME-10-3, "The Joint Service Evaluation for Preferred and Alternate
Explosive Fille in Principal Munitions (U)," Volume III, Annex 7 (U),
Tinker AFB, Okla., December 1970.
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3 Table VII. Test Explosive Values of EWF Based on PM,
R and on PM, I
; ]
- ﬂ TEST EXPLOSIVE
: ' PARAMETERS R AFX PBX
1 i Basis m 103 702 108 109
3 F
y N PM, R 0.914 0.958 1.281 0.975 -
% (Eq. 12) 1.981 1.032 1.382 1.109 1.044
[ 7 . 2.362 1.029 1.058 1.038 1.164
: 2,972 0.981 1.029 1.027 1.128
} 3.810 1,066 1.036 1.057 1.053
: ; 5,995 1.004 0.975 .982 1.036
4 | Avg. 1.012 1.127 1.031 1.085
| é 9.144 1.199 1.210 1.110 1.126
: 11.58 - 1.490 - 1.115
] 1 13,72 1.002 1.295 1.036 1.108
: : 16.46 - - 1.110 -
y r Avg. 1.100 1.332 1.085 1.116
£ 1
;J; i
i 3 PM, I 0.914 - - - -
* ; (Eq. 13) 1.981 1.349 - 1.096 -
2.362 1.027 1.753 1.187 1.127
; - 2.972 1.120 1.124 1.103 -
; | 3.810 1.099 1.656 1.320 0.956
3 ; 5.995 1.285 1.682 1.192 1.564
Avg. 1.176 1.554 1.180 1.216
i .
i , 9.144 1.101 1.554 1.086 1.351
. 11.58 .- 1.156 - 1,206
P 13,72 1.094 1.825 1.060 1,222
b g 16.46 - - - -
§ ; Avg. 1.098 1.512 1.073 1.260
; Free air 9.144 > R > 9.144 Mach Stem
s R = distance from center of explosive to gage.
. ; PM = peak excess pressure.
¢ P
' I = positive impulse.
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Table VIII. Test Explosive Values of EWF Based on

I, Rand on PM, t % A
g r
‘ TEST EXPLOSIVE ] g
PARAMETERS Ry | AFX PBX ’ 1
m 103 ~502 108 109 -
3 | - P
3 ‘ I, R 0.914 - - - - L
] (Eq. 14) 1.981 1.165 - 1.006 . - !
| ; 2,362 1.022 1.508 1.088 1.138 |
g | - 2.972 1.040 1.334 1.082 1.759 |
b ; 3,810 1.072 1.470 1.178 1.411 .
t | 5,995 1,097 1,282 1.052 1.153
5 | Avg. 1.079 1.398 1.082 1.365 ’
. | 9.144 1.145 1.383 1.096 1.209 |
¥ - 11,58 - 1.301 - 1.159
1 13.72 1,011 1.357 1.047 1.166 ,
16.46 - - - - |
Avg. 1.078 1.414 1.072 1.178 !
PM, t_ 0.914 - 1.835 0.975 -
(Eq. 15 1.981 1.146 1.606 1.064 1.224
(Eq. 2,362 1.073 1,303 1.145 1.664
2.972 1.078 1.242 1.093 1.467
3.810 1.147 1,147  1.069 1.164
5.995 1.062 1.026 0.9830 0.950
Avg. 1.101 1.360 1.055 1,294
i | 9.144 1.186 1.233 1.077 1.108
4 . 11.58 - 1.583 - 1.197
13.72 0.963 1.336 1.024 1.086
16.46 - - 1.062 -
Avg. 1.074 1,384 1.054 1.130

Free air 9.114 >'Rx # 9.114 Mach Stem

. Rx = distance from center of charge to gage.
. I = positive phase impulse.
- PM = peak excess pressure.

t, = time of arriva} of shock front.
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Table IX. Test Explosive Values of EWF Based on I, t_ i

:

: ARAMETER TEST EXPLOSIVE

. | PARAVETERS Rx AFX PBX 1

1 n 103 702 108 109 o
] I, t, 0.914 - - 1.334 - o
i (Eq. 15) 1.981 1.188 - 1.022 - P
i ' 2.362 1.024 1.652 1.175  1.220 L
f 2.97 1.084 1.126 1.095 - B
? 3.810 1.086 1.565 1.255 0.962 -
: 5.995 1.165 1.438 1.04Yy 1.208 o
{ Avs. 1.109 1.443 1.155 1.130 o
i .
! 9.144 1.135 1.410 1.080 1.209 b
? 11.58 -~ 1¢506 - 1.153 ;
? 13.72 1.000 1.602 1.031  1.162 -
; 14.46 - . - - | !
g Avg. 1.068 1.439 1.055 1.175 |
' P
Loy
: Free air 9.144 > R » 9.144 Mach Stem b
.E ‘ .::
'i Rx = Distance from center of explosive to gage. i \
! I = positive phase impulse, ; ,
g ta = time of arrival of shock front.
{ . g
t |

AApnle 2 e a2 T T

B ]
B W~ e b ot i o Y, AT T B £ LA S
e i 2t uTls i

Sda

e oy = s gL o w43 e

A o Mok, St Gk 2 e

i
1 ]
: !

!
1
B e i

[ L T ey N RS
(EFAOI |\ R A T PR




X

"TH SMSuB R Y “Nd ud CIASVYE *dM3T L J4NOI4

(w)Xy
000t 009 0OC¥» 00z o0l 09 0OV 0 Gl 90 VO 0 1o,
.:....q. | T [TTT T T 1 T T IR | ] 90
+—NOI93Y WILS HDYW——
‘ 480
- H
O 0l
d dz1
X X
X ~4v1
x
]
m —49l
|
— NOI93Y W31S HOVW 06< ¥ <06 &V I3
; ToL-%4dV X  _Jgy
ﬂ S T b €01 -X4V O
Jdoz

dM3

32




-7y 37s437

“HW4 U3 ISV 4MT oL Fursiy

| o (w) ™y
0001 009 OOV 00¢ 001 09 oV 02 01 90 0 0 1o
-u~.. ) | | 1 _____~ 1. F ] u]u_.nm H ¥ 90

—NOI1934 NI1S HOYW—]

4

A A, e aaa |

= 1

33
{

dIM3

Elal o
MR
§

AL e

; , Co - 1 - NOI93Y WIS HOVW. 062 ¥ < 06 §iw 3334
L} | 601-x8d x
,\ = - mem——— 801 -X94 O

e

e

<
-
ke

YNNIV RV S S

ARy

B P P, o o AR st st P L) S it B S v,

T Rl ATNELS W S a e L e a ity A il

- m
o
M
2
e
=

. A




e ke s

T T RSN [GREN e TOMpra—— g —

Xy snsiaA I‘Nd W 753vE ‘4438 JHNOIS

W)™y

0001 009 O0OY 002 oo 09 O0Ov 0T o1 90 ¥0 0 —.Qo.o
ﬁd&u-ﬂﬂ k| qu-uu- | 1 ud—-——ﬂ ]
+-—NOI93¥8 N3LS HOYW—

1 80
1 . 1
o) 0
o | (o)
x 1 ®
rAS |
Q,- ~
: - o
i B}
x
. -9l
| NoIo
' HOVW 03< 3< 06 3V 34
20L - X4V X g1
lllll £01 -X4v O
_ 0z

dM3

34

N A R




T e . I p——r . pr———

Xy srsreA Y'trqun Tasye 42308 340514

(w) %y

3 000l 009 OO¥  00Z OO ©9 OF 0z 01 90 v0 (4] o

A T T T ITT T T T 71 AL LI B S B | 90

3 :
b . i
m,_“ +—NOI93Y KILS HOVW—= |
' ‘ : g0 w
,.W |

ol

Q
-nha———i\-n -
0
X

0]

-~ O . z1

X m -
x /’ o
| £
n
3 o
t A ¢
: x
g1
NOIOJM WIS HOVW 0" < ¥ < 06 ¥V 333
, ; 601-X94 X -
———-801-X9d O
0z
i ikt e -, e ot i e et = - 00 e e




T TR T R TR R ) P mﬂl T R I T T T TR YT g T T T et

Xy snsioa ' y'Juo 53SYT HA 3-8 Furcld

ruyy
07001 09 OF oz g0l 09 O¥ 0¢ 01 90 ¥0 - 20 10
[Frrr 1 11 T ) B L L | [rrrrr 1 1T _oo

+—NO!93Y NI1S HOVW—

3

180

A TR A T T O e YT SO

i A
-
L PLARNEE

30

dM3

NOIO T W3IS HOVW 06 < ¥ < 06 ¥iv 334
¥ - —_— 0L -3V X 181
- mm———— €E0l- v O




T T WETITEIMARNTR ¢ A e ey e ey 0 - e e e

A T T e .

T a Soaae L =3 N

T

4 e ey~ -

X4 snsiar Y4y uc J3IsYa'4NI DS INOCIH

(w iy
0001 009 ooV 00¢ 00t 09 0Oy A 01 90 ¥0 20 1o
jﬁ-#«ﬂﬂ T [frrrr. 11 1 [T71 117 1 7 | 90

+— NOI93H W3lL> HOVW—>

i

-
AR i Y

o] O __ ” ©
/m“w X X
| ]

v_, f o - } “

A

iM3

U

-y
.
. i ol i o

S, !
b g o

Lo

NO 1S x3Y W3IS HOVW T ¥ < 06 ¥IV 334
601 - X84 X g1

lllll 80i~- X84 O

i #m,\m;«' 1y 1l

A

v

e st e RO G i m L

B U PSSR -l P e

e L P . - - e
L. NN ) L
S




B e et JRER R bttt R

e L Ty s

explosive H-6. The theoretically-based values of PM/P, produced by the
TAMER Code are presented in Table X as a function of scaled distance,

Z, from charge center to gage measurement location. In addition, values
of the ratio R/R,, where R, is the charge radius, and empirically-based
t values of PM/P,, are included in Table X.

! The values for the H-6 explosive are included in Table X to provide a

: comparison between this standard aluminized explosive and the aluminized
test explosive, AFX-702. It can be seen that the theoretical values
could be used to obtain reasonable estimates of EWF based on the
theoretical preassure distance relationships. This is illustrated in
Table XI which presents a comparison of averaged empirically-based values
of EWF, from Table VII, and theoretically-based values of EWF derived

from TAMER Code theoretical pressure-distance relationships for each of
the four test explosives.

Knowledge of certain detcnation characteristics, the Chapman Jouguet
properties, of explosives is helpful in predicting the damage producing
capability and in understanding the operation of explosive damage
. _ mechanisns®., The dependence of damage effects on these Chapman Jouguet
2 : properties varies with the type of weapon involved: for a fragmentation
o or shaped-charge weapon, fragment velocity or shaped-charge penetration
capability primarily depend on detonation pressure, Py, and for a
' _ strictly blast-type weapon, underwater or airblast efgects primarily

depend on the energy available for air-shock, DQ. There is a direct
, A proportionality between the equivalent weight factor, EWF, and the air-
shock energy, DQ. The TAMER Code was used to develop values of DQ and
other Chapman Jouguetproperties for pentolite, for the AFX-103, AFX-702,
: ' and PBX-109 test explosives, and fox the standard, H-6 explosive which
¥
¥

are presented in Table XII.

VI. CONCLUSIONS

1. The values of equivalent weight factor, EWF, derived from
empirical data for each of the four test explosives show considerable
scatter. This is not immediately apparent in the listed values in
{' Tables VII ““vough IX, but it is readily seen in the accompanying data

i plots, Figu.. /, through 9. The scatter probably arose from any one or
i3 some combination of the following:

f a. Chance measurements at or near the extremes of the distri-
! bution of the characteristic under consideration.

‘ SBvan C. Noonan, "Dependence of Damage Effects Upon Detonation Parameters
il of Organic High Explosives," NAVORD 6703, U.S. Naval Ordncnce Laboratory,
i White Oak, Stlver Spring, MD, August 1958. .
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Tabie X. Pressure-Distance Relationships Developed by

D TP R A e

TAMER Code
EXPLOSIVE A O R/R, PM/po* PM/P o**
m{kgllo k_Pa k P2
Pentolite 0.05248 1.000 81940. 82880,
(non-alvminized) 0.579 11.02 4763, 3628,
1.254 23.89 745.8 673.8
1.495 28.48 453.9 438.7
1.879 35.77 270.5 256.4
2.412 45,93 138.8 144.9
3.796 72.31 53.30 . 56.84
5.788 110.2 25.64 27.36
AFX-103 0.05248 1.000 83610. -
(non-aluminized) 0.579 10.88 4701. 2654.
1.254 23,60 710.3 685.0
1.495 - 25,13 479,.6 470.1
1.879 35.33 256.4 227.0
2.412 45,38 131.7 151.0
3.796 71.43 51.07 59.68
AFX-702 0.0524 1.000 74980, -
(aluminized) 0.567 10.82 5263, 4092.
1.230 23.47 1046, 839.0
1.464 27.96 594.8 496.5
1.846 35.23 392.1 233.0
2.368 45.18 195.6 138.8
3.693 70.48 71.84 57.14
H-6 0.0528 1.000 77310. -
(aluminized) 0.579 11.00 5352, -
1.222 23.6% 1091. 845.0
1.492 28.92 642.4 464.1
1.872 36.3 383.,0 265.5
2.364 45.84 210.0¢ 154.0
2.983 57.84 113.8 90.58
3.745 72.6 71.09 60.39

*based on theoretical calculation
**based on empirical

[N}
1]

scaled distance

=
it

distance from center of explosive

-
Il

= explosive radii

o~
=
n

peak excess pressure
ambient pressure

o
n
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Table XI. Comparison of Averaged, Fupirically- and Theorstically-
Based Equivalent Weight Factors, EWF '

Egglosive
AFX-103

AFX-702
PBX-108
PBX- 109

'BWE_jPree Air)

Basis

PM, R

PM, R

PM, R

PM, R

B_m_giricala Theoreticafb

1.012
1.127
1.031

1.085

1.00

1.10.

1.00

1.10

aaveraged values from Table VII

b

PM - peak excess pressure

averaged values using TAMER Code relationships

R - distance from charge center to measurement station

40
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b. Lrror in measurement reflecting non-functioning or mal-

i functioning of measuring equipment. The aluminum paint and/or thermal

‘ tape used to shield transducers in the gages from extreme fluctuations %

5 in temperature did not always provide the desired degree of protection, 13
and errors in recording of explosive characteristic measurement ‘

: undoubtedly resulted. ‘

c. Normal uncertainty regarding the amount of energy available |
at an explos.ve surface. Since EWF is a measure of this energy'® con- [
i siderable differences in empirically-based EWF values for a given -
T explosive may be expected. P

d. The cube root scaling method of determining values of EWF :
magnifies errorsin the computationai basis, the empirical measurements i
of explosive characterispics.in this case, by a factor of three. g

Program constraints did not permit extension of testing to confirm
suspect observations, i.e., to refine possible errors in characteristic ;
measurement. Additional empirical data would prove very useful for i3
such purpose. ;

2. The average equivalent weight factor, EWF, values for the four
test explosives, relative to pentolite, which are presented in Tables
VII through IX reveal that:

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

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

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

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

e, Both of the aluminized test explosives, AFX-702 and PBX-109,
have significantly more target damage producing capability than pentc-
lite, (This observation is supported by the values or EWF in the lower
section of Table ViI. As noted previcusly, EWF values based on peak
@xcess pressure, PM, and/or positive impulse, I, are considered a
particularly good measire of relstive damage-producing effactiveness.)

0porzel, F. B., "Introduction to A Unified Thevry of Explosions (UTE),"
oL, Silver Springs, MD, September 197Z.
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3. The values of several explosive characteristics computed by
TAMER Code and listed in Tables X and XII reveal that:

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

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

¢. At distances from the charge center of approximately ten
charge radii or greater, i.e., where R » 10 Ry, the pressure, PM/Po in
Table X, is higher for the aluminized than for the non-aluminized
explosives. (Compare this observation with 3a above.)

It is noted that the TAMER code gives a very good approximation to
empiricall;~determined pressure-distance relationships for the standard
pentolite explosive. Bmpirical data for the test explosives are too
meager to determine how good an approximation the code produces for
these explosives.

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

AFX-103, AFX-702, PBX-108, PBX-109 AND PENTOLITE
EXPLOSIVES AND GRAPHIC PRESENTATION OF
PENTOLITE DATA
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f Table A-I. Scaled Measured Blast Properties of Spherical Pentolite
H
z PM TA Th 14P
g (M/KBeaq/R) (KPA) (ME/¢Rewy/3) (MS/KRvat/X) (KPhaUG/KRRa1/Y)
: :
‘ i N, 3R8N TELA,A39 N NRNN n,a0 : n,nnnn
3 ! n,A20s £221,14n n,nnnn n,nn N nnNN
4 ! n_424% 2L73,6964 nhnnn . h,on n,nnna
g A n, 472 155,211 LT n,an AGLY
: : n,ntoy ALY} n,nnnn n A0 n,nnnn
% ! N SRAR 40N 4048 U-LT ¥ ", 21 20N, 4098
; : LY LY Xh39,743 Na2049 hann 14%,9142
; ! n, 4884 207,330 n,2n4a0 n, nn 146, 30AT
i : N SAK4 ANSH 51K n,onan n an n,nnry
% ' N, ="AKA 2090 ,614 n,2n40 n,nn n,nnpn
3 ; AT LY A LTI TR n,on4q n AN nernnn
5 i N RAKY TARN L RYD n 230K n,an LYYt
2 ‘ N, AR5 n,nnn n,230% n,nn n nrnnn
: f faNAak4 n.nnn Ne2n49 n,nn A, rann
’ N ,SR%4 n,onn n,2NA9 n,nn Ngnnne
\ ALY LY ] nannn n,2Nn4Q n,nn n,nong
. n,%a7y n,nnn n,annn N 1R N nnn
' n Saan X07Nn 1 RA Pea2NK{ n,nn thi,Sakh
| ‘ n_ xson X27R 70N N,20A14 h,o3 PNL 130D
g ‘ 0, Krax 2AKND QKD n,a175%3 N4 193,7a%n8
r , n sann 1Ay, 247 np,nnAn h,nn 47,074
. ‘ n uaar n,nnn ngnnnn n,n3 nymannn
r ! h A7 iy 630 A nNON n,an Y AN
r : n,7%7a DIRT AAR (LT n,on n,nnrg
: n,7974 1827 RNN nhann n,an 199, 06h0
- n,7a74 n,nnn LT N, 38 n,nnnn
g N RASD 1716,10% ngnnnn fNyan A, nnnn
: n, 0804 13RS, { K7 n,NNON n,nn n nang
N,O79R 1214 85K n, annn nh,nn 14N, 0048
n,ania n,ann n hann n,A4o A nnn)
: ‘ n,0q097 1176 ,245% n,nnnn n,nn t4y,01%7
‘i ;L n,naayz n,nnn n,npnn N AR VL, 00N
: 1 ,N8K? In4 _RAR A nnnan n,nn nyrany
- 1,1RK3 RAY ALK f 00NN nann 1,0000
. ; 1 1703 TAA,NND n.nnnn n,nn 14K, NNAR
. ! 1,190 74R 77 n nann a,nn 128,0548
; 1.,1044 n,non n,nnnAn N, %0 A NN
’ 1,.25%4n0 750 ,3NK N ANTK 1,04 131 ,8418
; {,72870N 7NQ,479 n,7%72 0, A9 144,328
. 1,089% SAN 530 n,7930 n,a4 14D 1619
: 1,28R% £Q2,2%4 Na7hAR 1,19 IRLPE YT
: LY.L KQ4 A1 N, 7RAA , n,04 DLW EICE|
1 PARK 771,523 n,a7994 1,22 118,000y
E 1,258% 423,014 n,796% 2,08 114,6400
. 1 7RA% R&2 KAD n,7837 n,an 117,0737
: 1,2ARK RO7,379 n, 7910 1 ,Nn 128,033
1,2ARK £57,967 n, 7604 h,an 129,9234
{1 7ARS £33N 119 h,79%q N, AR 121,450
| : 1,26R% RAD Q387 n,7ata n,R4 110,487%
o : 1,28AR 577,574 n,7430 N Ay 1PR, NP4

.0 - Pree Air
1 - Mach Stem
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Table A-I. 'Scaled Measured Blast Propexties of Spherical Pentolite (Cont'd)

Z ... M YA ™ fup
(M/%KA9ng/Y) teps) (MB/¥Benl/3)  (MB/KR*w(/ V) (CPA=“S/UREO /YY) v
i,088% . A3N,BNY AR n,An NI U "
LY.L} T 6N3 420 N,7437 ~ AMLL) L LT L m
LLoARK  BAD, %44 A 7010 N, nn napannl n
i 1,7488 ATR AAY n,7939 LY Ngannn n ,
| § oRAR LR Y K| 0, 7934 o n,an C WO LT n
i 12805 A6 AT C PN 7RAQ . hena N NonA 0 ‘
{ 1, 2ARN ' X{AR 270 BUMLEE L] o n, nn ‘ oA, nhnn _ 1" i
i 1,26A% YLINIF A S r,ra30 "oon,nn L ngnana 1
! NI YWY F 7747 S ongnn Cagannn n §
| EFe-1Y LI AOR IR ‘ h,2747 Tn,nn - N ARG " i
! 1,2888 84O ND4 N,2747 Coonnn L LR " i
; 1,2AA8% 703,205 . PL7AAN . ngnn n nan i |
| 1, 280K LY TR 1.Y] N,7AA% n,nn LINCYHOT ' " )
[ IY D 708,47y LA TARY o h,an A ey ) !
! Ty ARK 477 n,7AAX "L, Ngnn - AL LG n t
i : { OARK RIN, 1% C N,TAAX n.nA . APLLET n
% é (- LY.L n,nnn N 7427 n nn _ LN VTR n
i' ! 1, 7ARK f nna N, 7427 n,nn ' 0L Af n
w; ; | DRAS n nnn h,7427 Cooooaunn ' n,nunw i ;
b {,0kan n, nnn N TARY n,An LTI "
b {ORAK fi nnn N,7AH% ConAn LI RN n
i 1,268A% g hnn N,7ANY n,0n0 LLLLY "
s 1,2761 7HR A5 N, 7744 n,a3 TEARLTY "
b 1,269 TRR, 3R n,7747 L R R LY X n i
[ W27 714,297 n,741%q ‘ 1, NA S e n i
b 1,2774 70h 024 n,nNAA Ny CAA /7 0 i
k 1,270 n Nnnn f,n0An N7 T " i
3 1,3848 LI LY ONLLTY nonn tna,nz07 n 5
ko, 1, 3844 TP LY A, 0NN n,nn 123,709 n i
P  PRV T nanen n,annn n,a4 Y " !
E‘ {1,380k hAR ARK n,nnAn n,nn UL TR f ;
. 1 ,44n0n dny qan n,hnnnA nonn 113,067) a |
. L, AA4r n,nhn PhANNA n,a? 1ynfnn v " i
£, 1, 4880 n,nnn n,ANNMN n,7s n rnrg f !
F. 1,4074 453, 4hA A, ANND fn,nn A B0 a I
i {1, 10k ATO 434 L CRL n,nt 119,940 n }
ﬁf 1,514 AAT7 0K 1,1390 1.,2% t14,%4R7 1" ,
& 1,5124 4k, 500 1,1115 1,11 1A RN n : .
L 1,%8124 ATR RO 1,470 1, 115,044 " !
el I ANT  4RY 1 ,nRaY {,n0 LN RIS 1 :
ﬁ 1, X124 AAS 2AR n_aaQy 1,.n 1NN apnd (]
e 1 M1 426,234 1,hRO7 1.11 fAR, 4004 n .
] {15124 AAb KAD 1 ,NTKRA 1,nA 1IN nhids 0"
Q.RQQA 425 2AQ 1  NTRA 1,02 117,228 n
1,%124 AND SRR 1,07k Cohana R ICAPR n
1qu94 447 ,3%4 1,NoA8 1 NA 191 ,0Nu2 ’ " :
1,%104 Aan q7e 108NN 1,04 1n7 K107 n ,
1,5124 4k KN4 1.N7%K {,no IERE I n
1,.%5424 flynnn 1,N78K 1 NA 110,148 n
YRy n,nnn n,90RA 1,07 115,925 )|
w
0 - Free Air

1 - Mach Stem

i
“ |
i

A st s 7 RN LA L R SR NI PRI et o e ot et o v




p 7 TR ‘!-'5i"m!~"»‘-'T—:ii“'-'”?mfm1:?!.‘!(er»7"—“.urr-t-'vnﬁ'rr:.’fﬁ?,vrﬂrmﬁ'-“‘"!7_‘\|"'§{-‘\"F“’<3\;E\Wgﬁ%"" SUR RN B o §f Rl e i R SR L '
PEFRRREINEE S 2 i LR ' : AR ) . o ' N
RO I 18 PAGE 1% NBS¥ QUALLTY PRACTICABLE
O : - o, | . R . . . , A
Table A-I. Scaled Measured Blast Properties of Spherical Pentolite (Cont'd) '
y3 - .M 1Y . ‘ 4 . G _ ﬁ
(MN/¥B3e1/3) tePd) (M§/uBuet /¥y (MR/KRwet /) PUITLLYZL LI NA T LR
PLEFY I n,nnn LR 1,07 ERERS A4 A v
1,%124 Nefinn 1,102 N Y tad sang -6 4
1, 521% 410,892 1,0Q74 1,27 PIIIY PIS h .
1, %1% 48N 10NA A NGRO (PR 11D 4040 0 b
1,89227 AAR {59 n,ANXA 1,23 T TICLY U n ;
PLALTS ALTN Y Y 1,262% 1,14 I ALY TR
. SPLLLY, ANA AR A nRAD n,nn 140, ,0704 0 :
, (LLCLY 419,189 n,ANNN n,no ELY PR CL.X TR IS
: LIV 2 ngonn LIGLLT he,07 Ngnnnn .o N
ICLFA ngnnn n nann 1,00 N htinn N
L h14n . 379,074 . on nnan n,nh A nnnt nooAn
LT VIO AT A nann n,nn 117,09¢4 n !
IS LY N nnn b, ANAN 1,920 fehnry f :
t nn70 YT YY) n,nnnn 0 an A iy )
‘ P ALL 120 4R n NAAD TN, AN Ana,asud 1
; 1 7%AA nennn n,nnnn 1,14 N NN n
2 | JAAIK DAY JANY h nnNA 0,00 99,1k 4 0
SCLLY FLLWLY 1,762 1, A% {2 ,A292 n H
. IICLPY 21,728 { JHOYN 1,47 EYIRYIA N 0 t
' : 1,007 oA7 %17 1,748 1 A% TG RN Y n !
‘ 1,007 PRI YL A ,7940 {,49 Y LUN nooq
L une7? . 207 827 1,7094n . 1,%2 24,74 " :
! 1,027 10,774 1 JAARK 1,00 YO FTLS n i
1,0n07 DN7 240 1,7A07 1,%4 "y ANAA A n ;
1,927 284,004 1,7097 1,%N Q) ,ADRD n :
1,0n27 D04 A3R G787 1,49 gy, tnin a1
v i 1,0027 PON AN 1,787 1,48 M NNAY nog
| ! 19027 PAA AR 17671 1.n7 JRLANGY '
! 1,0n27 24N, NTH 1, 7415 1,3 QA VAPA nooge
' 19027 . INK 8D YA 1,40 an w7As o g
} LYY, 210,182 Viagan AR MY '
; 1,nn27 07 RN 147418 1,%0 A7, e H Ny
§ {,n27 271,497 1 AR 1.4 QN Ni LA TR
| {,0027 ‘nnnn 1 ,A1AY 1, 4% an nnn n iw
[ 10121 28N, 142 n,NNNRN n,ne N nHIN n ¥
: 1,0147 241,041 LY L) 1,A4 a%,{7X8 nood
t 1,742 %Y AKA 1,74AA 1,4k 102 R124 n .
: ; 1,91%7 LYY ) t AR 0" 948,517 noog
. ! 19218 FTLISER 1L,R748 1,19 47,0045 .
! i 1,047R 297,594 pn0ONN nnn Q1 ,AATH noog
{ CLLY LR LY n,nnno n,nn ua nai2 no Y
i CLLY IR NN nARRD n,an RICELY) Ny
| 1, 9%K7 NN A ANAND 1ot nynnan n o 4
§ 1,0K74 1R 87 N, nunn n AN TYRYIR! A
: ‘ {9874 A NNN p,ANNN {,%% A AN no 1
i §,07%A 287,734 A,anpn n.Nnn QA NAAA T
‘ { 1,074k n,nnn A ANNA Y a,annn n g?
. | { 070K 24k, 1174 A, nANN n AN LLICTRE oo
‘ ! 1,0R3K n nan n,ANRN 1,42 A NN N
' ‘ 1 ,U0RA ABWLER rR,ANRA APRLL 9k G Pi3) noL
: {1
: w 1
0 - Free Air 3
1 - Mach Stem 3
i
49 i
%, i i
:‘ xR AR, NN (o o @ oai L sl i e e e ey o it e e e st — ;)3
1 k>

Y AR AU NERR R O ST



TR VTR R ,4.,”,1'.7“}7(\'[{-‘.}'.',!‘-«?&7‘T!‘?"ﬁﬁﬂ\\'.lwr.rjvq‘y\u"; r\ﬂ'.}ﬁhm i b e P N R R

e ¢ )
e

G

on TR ER

]
h
1)
1]
1
1)
]
n
N

1]
i}
]

i
i)
it

0

)
1]
1]
i
1]

]
i

]
]
n
1l
1}

1
1]
"
]
n
3}
]

n

n
1]

m- PAGE 15 BpSY

. U

SERCRONH T q Amréxgmmum

R e .,lw iux (\}l.r,"
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Table A-I. Scaled Measured Blast Properties of Spherical Pentolite (Cont'd)
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AFRFEL) N ity hanhfn 2480 NN N
NaAinp LU TLTT < HgnnAn IPLL! , fynnn LR
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Table A-J. Scaled Neasured Blast r,rqpo;-g;gg of Sphericad Pantojite (Cont'd
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. Table A-1I, Measured Blast Properties of Spherical AFX-103
R P 1 Ty t,
m 4 k Pa k Pa-ms . ms ms
.91 1 3193, . - 23080 - |
914 2137, 230.0 -+ 3600 350
.9144 2100, - .3600 -
.9144 3057, - .3200 -
.9144 2689, - 3200 -
) 1,982 762.6 188,3 1,206 1,550
- . 1,982 641.6 2090 1,160 1,490
3 1.982 655.0 156.9 1,120 970 s
; ' 1,982 682.2 209,2 1,200 1,330 i
b 1,982 662.0 220,2 1,200 1,550 o
1,982 658,7 - 1,184 - :
1,982 672.7 - 1,120 -
¢ 1.982 - - 1.120 -
10982 64501 - 1.160 -
1.982 - - 1.120 .
; 2,362 466.6 185,0 1,666 1,910
: 2,362 468.8 184,2 1,600 1,910 i
2 ! 2,362 460,0 173.,6 1,640 1,630 .
2,362 486,8 168.5 1.680 1,590 3
2,362 - - 1,600 - 0
2,971 262.9 169.0 2,752 2,230 5
2.971 206,8 150.3 2,800 2,470 N
2,971 215.9 146,2 2,840 2,570 b
2,971 224,2 149,6 2,840 2,270 \ EE
; 2,971 223,0 157,5 2.80 2,430 | 3
s 3,810 157.0 142,2 4,320 2,810 ;
. 3,810 156,0 137,1 4,320 2,910 {
: 3.810 135,7 132.7 4,328 2,850 !
: 3.810 154.0 142,1 4,400 2,850 }
; 3.810 155.3 146.2 4.420 3,050 |
, ! 5.995 60,70 92.80 9,442 4,110 |
f 5,995 60.67 82.74 9,520 4,010 q
3 | 5.995 57.52 91,29 9,480 3,170 .
: : 5.995 59,61 161,3 9,640 4,370 J
| 5,995 59,99 - 9,642 5,600 g
! 9,144 - - 18,54 6.800 )
g e 9.144 61,36 114.6 18,40 6.600 |
Lo 9,144 63.08 112,1 18,44 6,600 :
- i 9,144 65.08 118,8 18.76 6.400 u
, 9.144 68.86 129.4 18,52 6.400 |
i 11,58 - - 24,76 7.200 ]
} | 11,58 34,47 62.47 24,56 6,400
;, { 11,58 29,41 56,33 24,60 6,800 f
. § 11,58 32,82 62,2 25,00 7.200 :
y ; 11,58 27.66 63,22 24,76 7.200 !
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Table A-1II.. Measured Blast Properties of Spherical AFX-702
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Table A-IV. Measured Blast Properties of Spherical PBX-108
m k Pa " Kk Pae-ms ns® ms
9144 3351, e d1s,1 o h0,3020 0 7 J310
.9144 3020, - 0,320 -
.9144 - - 0.320 -
.9144 - - 0.320 - .
09144 - - 0.32? -
9144 - - - -
1,981 - - 1,222 - X
1,981 709.5 185.1 1,208 -
1,981 600.3 190.4 1,160 1,650
1.981 666.0 201.6 1,160 1.790
. 1,981 600.5 201,8 1,280 1,290
. i 1-981 574.2 C - 10,120 -
b : 1,981 696,3 176.5 1.160 1,310
' : 1,981 503.3 185,1 1,280 1,250
: 1.981 747.4 19004‘ ' 1.120 -
" 1,981 - 201.6 1,160 -
- 1,981 - - - 1.120 -
- 2,362 471,1 207,2 1,710 1,790
. : 2,362 511.4 189,0 1.626 1,730
y : 2,362 430,.6 168,2 1,640 1.690
- g 2,362 440,0 173,.4 1.680 1,570
b ! 2,362 482.8 174,1 1.560 1,810
. 2,362 499,1 160,2 1.680 1.350
; : 2,971 259.6 155.0 2,566 2,210
i 2,971 272.3 165,1 2.694 2.270 \
. ! 2,971 227.8 143,3 2,760 2,130
j 2,971 218.3 140,2 ‘2,800 2.230
| 2,871 221.1 139.7 2,640 2,330
; 2,971 226.3 154,2 2,720 2.470
‘ 3,810 168.0 132,3 3,960 2.810
: 3.810 149.8 165.1 4,360 2.770
‘ 3,810 151.6 143,3 4,240 2.730
; 3,810 149.8 140.2 4,280 2.810
. 3.810 137.3 139.7 4,250 2.930
2 ; 3,810 137.9 154,2 4,40 2,950
¥ . 5,995 64,09 90,67 8.856 3,910
. | 5.995 55.92 84,19 9,318 3.950
, 5.995 56.34 85,01 9,350 4,030
i 5,995 56,04 88.60 9,440 4,130
" @ 5.995 60.10 88,46 9,280 4,150
i 5,995 - - 9,560 4,150
9,144 63,04 114,4 18,44 6.600
9,144 64.35 121,7 18,32 6.500
9,144 58,49 108.3 18,48 6.800
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Table A-IV  Measuréd Blast Properties of Spherical PBX-108 (Cont.'d)

m o iE ' S e »,,i_,:.-'i . . [NV ‘. . PR
wmo ok Pa otk -Paems

¢ S )

P

T

61,04 113.6
59,72 115,7
66.20 120,0
20,08 69,71
31,03 63,36
28,72 e
34.34 81,63
31,92 76,53
32.54 79,08
31,29 79,98
- 68,95
25.59 -

t. T,
.ngsa,::?“tfﬁi 'mgf",‘T'
g e e eyl
18,60 6,600 '
18,44 6,600
18,76 6,600
24,51 7.200
24,46 7.200
24,64 7.000
24,80 6,800
24,64 . 7.000
25,00 7.400
30,00 7.800
29,90 7.800
30,20 7.800
30.36 7.600
30,20 7.8C0
30,68 7.600
37.37




Table A-V. Measured Blast P

roperties of Spherical PRX-109

O e U

R P S S t, €, -
m X Pa k Pa-ms ns ms
«9144 - - - -
10981 - o 1.200 -
1,381 640.‘5 . . - -
1,981 695,7 - - -
2,362 $39.0 197,3 1.736 1,59 °
2,362 - 143.3 1,720 1.47 -
2,362 - ., 1,720 -
2,362 - - 1,562 “
2,972 287,2 218.6 2,736 2,010
2,972 - - 2.92. -
2,972 - - 2.88 -
2,972 - - 2.84 -
3.810 162,2 122,.4 4,040 2,210
3,810 181,5 188.0 4,268 2,890
3,810 - - 4,440 -
3,810 152,1 137.1 4,360 2.810
3.810 152,5 127.4 4,36 2,470
3,810 148,2 133.5 - 2,790
5.995 64,90 108.0 8.892 5.600
5,995 - - 9,298 -
5.995 55.90 92.04 9.600 5,200
5.995 - - 9,534 -
5,995 - - 9.640 -
9.144 64,71 126.4 18.42 6.400
9.144 67.24 142,0 18,42 6.600
9.144 57.16 115.6 18,52 6.400
9.144 - - 18,56 -
9.144 €2,33 127.6 18,68 6.200
11,58 45,71 103.4 24,49 7.000
11,58 41,37 98,87 24,58 7.200
11.58 47.99 103.2 24,64 6.800
11,58 - - 24,53 -
11,58 -~ - 24,88 -
13,72 34,27 81.84 30.00 7.000
13,72 37.64 100.6 30,14 7.400
13.72 32,34 81,77 30,20 7,200
13,72 - - 30,32 -
13,72 - - 30,56 -
16.46 14.69 - 37.32 -
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Table A-VI. Smooth Values of. Scaled Measurud Blast Properties of Spher1ca1 Pentolite
In Free Air
z - M T EL |
(M/kRewi/3) kPA (M8 /K aul/3) cwpn.qq/xna-qlts
N SI874F 0n . N_A1I63RF N4 N A68AAF 0n Ng17172F .n3
N _R207AF A0 N, 4N9N%F N4 N,14987F an N 1714%F 0%
0 5286N0F NN N ANLANE N4 . N, 17233F 00 N a17146FE N
* N, ARINIF nn N,804K0F N4 N I7513F 00 G A7ARTF N3
N ST4DAF NN N,XATAOF N4 N A77QAF 00 N 1 7NRAF NY
D SAInKF AN N, 3RN7QF Ny . N, AANRAF An e 17027E N4
. N,N4ARQF N0 N X7ANNE N4 N ARSANF On N, 189G6F n3
U, SK29AF AR N _RRTIRYF N4 NGIRARSZF .An Ng1RQKKE NY
n %%72¢0F NN i N 3ANTIF N4 N 1RHGAGF ND Nyt AQAXIF AL
N SAJLTF NN Ny3HA23F N4 n,a19200F On ha160Q0F N1
! N N&RT{F 0N, N t47R4F A4 T ONGI9RIRF DN Ny tRREAE N7
: N,E74XNF AN . N _R4)S&F Ny N, 1993AF NN PR LLE LR
: ' A, R7GAKF AN 0, T3SXAF N4 N,2n242F NN USLYALLEMA
N AARARE 0N A 3200AF Ng n,2NH9KF nn U IETRIF N
N, ,%0144F nn Ny X2XPAE N4 n,2n333F Nn Hg14T724F N3
H,HA790F NN N S1734F N4 N,21277F 1n N, 18APTF NY
n,ANN0F NN N 3t1nay na N 2162AF 00 Ny 1ARKNE . NY
N, »NYnoF NN N XNKA|F N4 , N 210R2F 0n NgtREPIF N4
0 AYRNYF 0D N INAIRE N4 N,22344F 0n Ng1aR74F N1
h,e24NKF NN Ny2YARIF N4 N,22712F nn Ny 1AEXIF Ny
N A27¢&F NN N ,2R04RF N4 N, 230R7F in NgInADSE N4
N, 6X339F NN W 2RINYF N4 N,234ARE NN N 1LAKRIF 0%
N, AYGRKF 0N N,OTANIF 04 N 2VAKKE NN Mg 1%411F NY
N AASRAF NA N,P73%2F 04 N, 2474QF 00 Ny tRIER NY
n AK249F nn N,2RRZ1F N4 N, 24A881F fn N IRAPIF Y
0 ARMUANFE NN N, A8 AF N4 n, 750RQF 0N gt 8PP AF DY
N ARKNTF NN N,25R23F ha h,2%474F 01 W VRPANF NY
N H71&4F NN N O83IAF N4 n,2%RQKF An Ho1&10&F 07
n A7R24F AN N, PARK7E na LT 1 LT g tAt&IF Y
N,ARARAF AN N,2ABRKF fia n P2R763F Nh g4k NRE N
N AQIAYF AN N ,P3029F N4 JP72NKF NN Ny 1&NKIF N3
N RARQLF NN N,234K86F N4 n ?76507 nn Ng1&NY (F N &
N, 7AKORF NN N,2INLAF N4 N, 2R{PNF O I g 1R0KAF MY
n,71221F 0N nN,27K77F N4 n,?nﬁﬂnr nn Ny 189 i9F N3y
N,714921F AN N,22444AF n4 N, 200AKF 0N g 1ISATAF N3
N, 72628F N0 N, 2171AF n4 n,20580F np N,I%RP2F N3
D,7%342F nn N,212QAF N4 n_3NMA%F nn g I™773F N3
0, 740R3F AN ry?NRRAF N4 N 3NSAKF nn Ng182DIF P13
N,74704F Nn N,P2NAR{F N4 N, 31N6KF 0N Ny 1®AZSF NA
N,78%07F nn N, ONORIF na N, 3457KF hn g 18AD2F NY
’ n,7628QF AN N, 10602F na N, A21NKF N0 N 1%E?IF N3
n,7714QF nn N,A93NT7E N4 N,32843F NN Ny t8RIGF N3
N ,7777AF NN N,1RQA2QF N4 N, X3190F Nn nN,tS4R7F N3
. 0 7AKMALF NN N ARSKTF N4 N,X3747F 1N N,{RA1AF N3
N, 793, 3F na N 1R192F N4 n,34314F N0 NgIS381F NY
X n,ANNOJIF NN N H7AXIF N4 n,Y4804F No ELELFI Y |
; N,ANRANF 00 N, 174ANF N4 N, 3I847AF nn N IXPRIF N3
‘ N AIRISF NN N 171%4F N4 N 38078F NN g t1%104F N3
n,A24728F NN n,1A703%F n4 N, YARAZF 0N N IK1A3F N3
N AZOAGF NN N,1h4%9F nd n,373n4F 0n N ASNAKF NX
61
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Table A-VI, Smooth Values of Scaled Messured Blast Properties of Spherical
' Pentolite in Free Alr (Cont'd)
Z- M T 1up
{M/KAney /%) kPA {MR/KAee) /) (XPAaMS/KANS|/Y) q
|
n,AALNRF NO 0, 16130F nd N,37931F 00 N,AKNJIF NI
N ,AAONLF AN N, 158N7F n4 NyIRS7IF AD N, 14C78F Ny
N AKTAGF nA n,1x4anF N4 n,3922%F NN N,14940F n3
N RARYIIF AN N,AN12AF Ny N,398487F an NGJARRLF MY ¢
N R7TAB4F NN N.14872F N4 N 4NKK2F 0N N IARNAE N3 ;
N RAXZ4F AN N 14874F N4 N ,41240F No N 1A74AF N3
N ANLQ2F N1 N,14276F N4 N d194RF 0N N IAKRRTF 03 i
n,90NRQF AN N,130RAF 04 n,42880F 0N N I462RF N3 i
n,009%4F AN N, 137n4F N4 N, 43384F ON NJ14BAGE N3
A N, Q1N40F ON N 13420F 04 N, 44124F N0 NyLARNGF NN
) n,02782F AN N 13347F N4 nN,44874F 0N aiA4AQE Y
| n,236A3F AN N 19R77F h4 N,485638F nin N,143R9E ny J
i n_Q4nm4aF 00 N, 4284 3F 04 N ARALNF On N 1A%IAF NY i
| 0,98%¢4F AN N, 12383F N4 N 47208F NN N, 142A7F n%
; N, OK4RNF NN N,12NQAF N4 N 4NNNAF NAn N 1ADNAF N
! N, a74nF nn. 0,11847€ N4 N, ABAR7F 0N N,14144F n3
; 0, 9R3%QF AN N,AIANDF N4 N,A9KK1F 0N N,1ANRJE AN i
: N,9932AF N0 Nt LIANE N4 N ,SNSYINF 00 1,1404QF Ny }
; N 1AN3INF Ny N 11123F n4 N,51374F Nn | YORAF N3 !
{ N, INIAF Ny N INAQIF N4 N,82284F Nn 1, { IRQXF AX d
; 0, 1NP28F Ny N INKRIE N4 N,S3149F Nn N AYARNE N3 |
; N, 1n32QF 0y N INAYGF N4 N ,RANBNAF NN N 13766F 03 i
; n,inaxnf ny N, 10220F N4 N,S549ARF Nn NGUI7N2F Ny
3 N INSAIF Ny N ANNNAF N4 n,SEOXDF 0N eI TAYAF NX
| N, ANKAIF Ny N,a7924F n3 N KARQIF N NGIX473F N3
g N ANYALF Y N, ORRKIF NY N,S7A74F Nn N 1 3KNAF A%
t N, 1NBATF Ny n,a3RQ7F NY n,SAARZF Nn N AX443F X
‘ n,inAKIF A} N,P1AP0F N3y N,50884F nn N 13378F NnY
% N A1NAEF Ny N RORA2F N3 n,ANQY3F N0 NGIt3IaF 03 g
- ? nN,11970F 0t N A7041F NX N A1GRAF NN N,{3246F N3 '
. 0,11280F N4 NARANKTIE N} N,AINIZF Nn NytYiANF N3 i
g n,11300F ny N _RAPNAF NI N,hAL22F NN N IS4 AF 03 i
5 0, 11502F ny N, R239KF N3 n,AR230F NN N,ItNATF N3 <
éx i D, 11616F Ny n,ANKIOF N3 0,68380F nn n,129”0F NY }
;. j N, 11730F Ny NG7ARTAF N3 n,A7WOPF Nn Ny12943F 03X !
& i N A1RASF 0y D,779R7E NY N ARATZF AN N 12RARE N3 Y
" ‘ N 11989F Ny N,75405F 03X N, AQGRARF N N g19773F Ny )
; N,12070F ny 0,73849F N3 n,71NANF 00 Ngt2711F n3 :
? N, 1219AF Ny N,7223RF N3y n,72344F 0an N 42643F N3 :
: N, 123(AF Ny n,706%0F ny N,7357¢F 0n N 12875E N3 !
| n,12430F ny N At 11F NY N,74RBOF NN N,1P8N7F AR i
' 0,12541F n{ N 67593F N3 N,7A1%3F 00 N 1543QF 0N ,
; N A2AR5F Ny N ABINGF 03 N,77479F nn N,12370F N3 :
i N.12ANOF ny N A4K4AF 03 0,78829F 0N N ,2302F 03 !
! 0,129%8F ny n,A3290F N3 n,AN2N4F O N,1223%F n3 !
: N,13NK2F Ny N A{A19F N3 n,814604F 0N Ng12164F N3 .
o N, 13104F ny N ANAARF N3 n,A3020F Nn e 12008F NX !
; 0,13320F Ny D, %QIN{F Ny N,R4482F 0N N 12N2&F NX ‘
z 0,15484F Ny n,s7782F 03 N,ARQANF NN N 110K7F N3 s
N, I3IKRAF Ny N ,"AARAF N3 N,A7474F 0NN NJIIRRAF N3 ;
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N 137¢7F
ho 1 TANDIF
I, | CNRAF
helA{DAF
N A1 ADRSF
u‘gnahﬁf
N 1ANARE
Nyl 46R8QF
N, yAaBx4R
P, 1AUANF
O IS127F
N ARIIHF
NJARADAF
N,18K77F
N VR724F
N, 1RARKF
N 1enatr
n,14104qF
U ERIN 1
N, 1A% QF
rIAARDF
N UARARF
AI2044F
N, 1T IHF
N 17347F
N, 7% RF
n, 176000
N, 17R&4F
N,IANANF
NRD1T7F
r 1R30KF
FLEARNTTF
N, te7RuF
N IR0AAF
P, 1a130F
n1IDT|AF
0, 1NENRF
n 1nIn0F
n,17803F
N, onN0RGF
N, ,2NPR7F
N, 2N4RAF
N 2ANRTF
h,29R0(F
n,21NakF
N, 213N4F
N ,215¢4%F
n_21724F
N, ,21438F
n,201%4F
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Table A-VI, Smpoth Values of Scalod Measured Blast Propnrtion of Spherical E
Pentolite £n Froa Air (Cont'd) &
A - PM CTA M 3
t™M/KQeny /Y N 1.7 (M8/K2 (/3] (KPAaMR/KRaw]/Y) Y
N 22371F 0y N, AT ARE n! , ‘,n.adnn:r ng LR AIRDNE n) |
N, 0080 F ny ﬂ,\h!QQF TR, ARy Ar 'n AINANE 1) 1.l
{ ﬂ:vﬁﬂ\aﬁ"wr“; ', vaWﬂéf'nf"ﬂ“' o.ﬂaaWiw‘n&“"' ‘“h‘k&%dﬂf“n' |
N, 2WNYRF Ny N ISIDAF AN D PRIZAF 0y A RRRRAR Ap by
AR T YYTICE N IBADAE Ny L NG2RR AR Ny ¥ unvvsr ny P
! A, OT403F Ny n JIBNARE niy " D,PNOBAR Ny n dnnoat 0o 4
; N ON724F Ay NLL47ARE N3 . NLARTNRE MY N ANDIOF A3 |3
: ; 0 2%OK7F Ny n.aaansr ra TNG27IAF Ny wﬂhwin;ﬁonaﬁv-na
8 f 8,24108F 0y MetdionE ny N,278PNF Ay 0 REYR4F 02
b Ny2A4X0F Ay N, 1390n7F An n,“nnoﬁr ny B, NYNAZE DD :
i N 24AT1F OF N 3BPAF N3 MG PABKRT 1y RIS LEEL TN T
. N 2404 3F Ny N INARKE Ny ,n L20NBAN ny N " NRA2F A)
o ; N 2R{RRF Ay N ANORRE AX N PARAAF Ny N ?AAZ?AF NP
" ; 0,2RAPKF Ny Ne$oR2PY 1y NLANNAAF Ny NJIRIASF aY
; N 2RANKF Ny N, 12%79F 0y n,INEARF N4 H?74RIF DD
' f,onanrf 0y 0,1232%F Ny N,3IN7NF Ny N,787R0F n)
. f N on162F Ay Nega070F oy 0, 3189RF 0} N, 760R%F 1y
: ! (1, PA440F Ny Nyt 1RAPE nY NeXP1INF 0y O, 7TRRIAF 09
‘ { N PARTRF Ny ND,11ANTF NN NyI2ATNF 0y N,7ARQRF N
. | 0,24041F N N,gi370F Ny N AN2PRF Ny N TARDIF no
: ) N P720RF N N3 4488F Ny N, 3A7AQF 1y N 7I3NAY N3
K ' N, 27474F ay N,10Q%7F nY N, 343ANF 0y N,79804F )
. 0,2772447 0y N IATO%F Ay N,349ANF Ny " TR0NNF 0) ,
K N 2R0(AF Y N,IUB14F Ny n,¥8520F ny N,743R9F ) {
" f N, 2RPQ2F Ny NiINJLHF nY N,3A{ZAF N} N,FNTUBF 0D i
b G, 28%70F n{ NyqNEINE Ny N,AR737F Ny h,700Q8F np §
: N PRAKRYF 0y N,NQLAKF Nno N, 3738AF Ny N ARARDE ND {
g N P91 X4F 0| N A7232F h2 N A7QRKF Ny N ARARNF N)
N,20424F n{ N ANTANF 0D NyBARDAF Ny N, ARDANF N 3
, 0,2Q740F n¢ 0 ,0482AF n) N 30274F Ny N APBOOF NnY ?
. : fd,tnnn2F nf NAt73IRE no n,39934aF ny N,ARGRNE NnD |
. i N INDOIF ny W PQ009F N7 N ANKNKE Ny N AAXZAF n) i
. 3 N AINKQRF Ay N AR2ARF N N a1PRAF Ny N HR774F PP !
. N, INRAAF Ny C DJRAKRAF N N,419R1F Ny 1, ARI78F N2 |
. | NL,RLLOOF N 0,R4G42F £D N AOHAKF Ny D AARALF N) |
B } 0 3ISNGF 0y N AIXIAF N N, AR4NIF Ny N,AZRORE N2 i
0 0,31A(AF NY N AL7RNF N2 N, A4120F Ny N ALY 7F 02 j
- | N, 32199F 0y Q,R02(QE n) N,AARAGF 1} N,APRAZF n? )
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Table A-VI. Smooth Values of Scaled Measured Blast Properties of Spherical
Pentolite in Free Adr (Cont'd)
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LIST OF SYMBOLS

Wit

j=th decay coefflcient in i th cublc equatlon (Equat:on 6)

sound speed (Chapman Jouguet property)

N
Rt

test explosive, non- alumlnized
test exploelve, alumlnlzed
decay constant (Equatlon 4)

decay constant (Equation 5)

computed values of decay coeff1c1ents a10
respectively (see a, .- above)

scaled decay constant (= C /WI/3

1/3

scaled distance (=R/W’°) for computer genecrated curves

detonation energy available for zir shock (Chapman Jouguet
property)

shock front‘gnergy »

scaled shock front enér§y7(= E/Wl/s)
equivalent woight‘factor | |
internal eﬁergy (Chapman Jouguefvproperty)
gage reading of (specified) a1r blast characterzstlc

scaled gage reading (= G/Wl/3

height of explosive charge

standard aluminized explosive
enthalpy (Chapman Jouguet property)
positive impulse

1/3)

scaled positive impulse (= I/W
excess pressure at time t

test explosive, non-aluminized
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LIST OF SYMBOLS'(Cont'd)
PBX-109 test explosive, qluﬁi;i;edl o
PM pe;k e&cesghpréﬁsﬁreg‘erréressufe.
Pd pressure (Ch;pman Joégﬁefiﬁroperfy)A -
Po ambient pressure |
R distance from charge center to measuremeﬁt station '
Ro | charge radius | o | |
SIGMA standard deviation
é; i t 'eiapsed time after afrival;of shock front
i; | t, time of arrival of shock front
% ; t, positive phase duration
| T - ambient temperature
TA scaled time of arrival (= ta/WI/S)
; D scaled positive phase duration (= t+/W1/3)
i T4 temperature (Chapman Jougﬁetvproperty) o
é Ud wave velocity (Chapman Jouguet properfy).
‘ ; Vd particle velocity (Chapﬁan Jouguet property)
é‘ W explosive charge weight
3 yA scaled distance (= R/Wl/s)
SUBSCRIPTS
a used with t to identify harrival“ time
d used with all Chapman Jouguet properties except DQ;
identifies ''detonation" property of explosive
| i used in aij to i@entify i-th; i = 1,2,3,...; equation
;f in set of cubic equation with coefficients 33
j used in aij to identify j-th; j - 0,1,2,3; coefficient
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LIST OF SYMBOLS (Cont'd)

S, X used as required to identify explosive; s = standard,
' x = test; with which any measurement, property, or
characteristic is associated

+ used with t to identify "duration'' time of positive phase
0 used with P to define "ambient' pressure;

used with R to define distance of explosive surface from
charge center, i. e, charge radius
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