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but surface hardness and slight charge elevation effects were also investigated. -
Peak-pressure and peak-scaled unit impulse equivalencies (by weight of TNT
hemispherical surfuce bursts) are calculated for composition B spheres and cylinders and
tor the RDX slurry charges. Test results indicate that the blast environment from
compusition B depends more on the shape of the charge than on its chemical difference
from the TNT standard. The composition B equivalencics determined in this study might
be more properly labeled as shape factots which could b applied to any high explosive.
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1. Blast environment - charge shape effects 1. 51027 |

' Blast pressures were obtained from surface bursts of hemispherical, spherical, and }
I cyvlindrical compuosition B explosive and from encased RDX slurry charges. Charge weights varied |
i

from 0.50 10 3.7 pounds. Pressure measurements, taken hetween 2 and 50 feet from the charge,
varied from less than 1 psi to over 1,000 psi.

The pressure-time records were evaluated for peak pressure, impu’se. and positive-phase
Juration. The effects of charge shape and composition were of primary importan: ¢, but surface
hardness and slight charge elevation effects were also investigated.

Peak-pressure and peak-scaled unitimpuise equivalencies (hy weight of TNT hemispherical
surface bursts) are caleulated for composition B spheres and cvlinders and for the RDX sturry
charges. Test results mdicate that e blast environmen: from composition B depends more an the
| “hape of the charge than on its chemical difference from the TNT standard. The composition B
cquivalencies determined i this study might he more properly labeled as shape factors which
could be applied to any higi explosive.

e —_— —_— —

Unclassified

SEC LYY O ASLITTT AYION O THIS A (W [Yava Fatened)




Unclassified

SEIURIT e CLASTIE AT N D T, o0 8 Lt cBhen Dare briersd

REPORT DOCUMENTATION PAGE Kb FORE 1O b TG LUk
A —

1 MEPCRY o MasR Te GUVY ACLESSION NOT 3 HEGIPIFNT™S “ATALGD NOIMBE &

TN-1390 | DN244065

R e e o et s e e e

4 TiTLE wnd Mohrcte, S TP F HEEORY A FRMLT OVERED

EFFECTS OF CHARGE SHAPE AND COMPOSITION! Final; Mar 1972—Sep 1974
ON BLAST ENVIRONMENT

TTETRE S Rwinc s ALESwWY wowara ]
FRGYATEY T T T T s - s e e R T AR LR AT ROaEEAT T ]
. '
J. E. Tancreto ;
4
N OLOECRMIN . L AN TAT [ % AMT AN AL QF ae T T PROLNAM b, LMENC PR FCT T2

AF & A aFe 2t puMBE Ay

CIVIL ENGINEERING LABORATORY
Naval Construction Battalion Center

X Army MIPR; 51-027
Port Hueneme, Cal.fornia 93043

[P S S

V1 T WTRE s cr 510 € NAME AND ADCRE LS T MR oW CAE - - 7
e May 197§
Picatinny Arscnal R B S
Dover, New Jersey 07801 o2
TE WCM TR N &y M v NAME A ATT BT L v iflerent (oo v mieillmg (e o 1% oy RIT 0 L &G5> o this repe pt-

e+ e —————— e ¢ e

TE QT RIB LT v STATEMENT e Ry ee

Approved for public release; distribution unlimited.

- e - e emee I [ e — e = e}
CIRTRIE T s LY ATEMENT  f the atutea 2 mntere T am JI s b o, ol b Brterent foese hep e
RPN e e s i mmmam ot e e 4 e e .
‘RS LEP TMENTEEY N TEY
et s - e —— e e e ok J—

e 2 N O T A A
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Blast pressures were obtained from surface bursts of hemispherical, spherical, and
cylindrical composition B explosive and from encased RDX slurry charges. Charge weights
vanied from 0.50 to 3.7 poun.'s. Pressure measurements, taken between 2 and 50 feet from
the charge, varied from less than 1 psi to over 1,000 psi,

The pressure-time records were evaluated for peak pressure, impulse, and positive-
vhase duration. The eftects of charge shape and composition were of primary importance,
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INTRODUCTION

The U. S, Army Armament Command (ARMCOM) is modernizing ammunition
facilities, including equipment and protective structures, used in manu-
facturing, processing, and storage of conventional munitions. Consistent
with new safety regulations, those structures which serve tc prevent
explosive propagatior, damage to material, or injury to personnel are
being designed to comply with criteria and methods set forth in the TMS5-
1300 Manual, ¢‘Structures to Resist the Effects of Accidental Explosions’’
f1]. The manual contains methods and criteria for determining the blast
environment and its effect on personn«:l, structute; and adjacent explo-
sives.

A scale-madel cubicle test program to supplement material imn TM5-
1300 is being sponsored by Picatinnv Arsenal (Mauufacturing Technologyv
Directorate) and conducted by the Navv's Civil Engineering Laboratory
(CEL), Port Hueneme, CA. The cubicle test program was designed to
establish the blast environment in and around fullv and partially vented
cubicies. A CEL report (2] presents the cubicle test program r.sults
and gives methods and criteria for predicting the blast environment for
practical variations in critical paramters, including the size, shape,
and vent area of the cubicle, and the charge weight inside the cubicle.
The influence of cover frangibility is presently being studied at CEL
and will be the subject of another report.

o Because of the large number of tests and the small sixze of the test
c¢har,tes, composition B cvlinders were chosen as the explosive for the
cubfcle test program., Composition B is easier to detonate in smali
amounts 3], and cvlinders are less expensivs than spheres. It is, theres
fore, necessary to relate the output of a compesition B cvlinder to that
of an established standard such as a TNT hemispherical surface burst
given in TM3-1300, The effects of charge shape and composition can then
be accounted for when the results of the scale-model cubicle tests are
fncorporated into T™5-1300,

RDX slurry tanks arc used in ammunition production facilities. The
shock wave parameters from an accidental explosion of such a tank is
important in the dexign of new facilities. The test site used for deter-
mining the composition B equivalency was alxo used to determine the output
of RDX slurry.

URJECTIVE
The primary test objectives were (o measure the pressure-time~

distance relationships for surface burstx of cylindrical composition
B and for encased RDX slurry high explosives and to study the effects
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of charge shape. Included in the study of charge shape effects was a
direct comparison of pressure-time data from the detonation of spheres
and cylinders in a cubicle.

Secondary objectives included the study of the effects of sur{ace
hardness and small heights of bursts on 2ir-blast parameters. The
effects of using composition B cylinders in a futyre scale model cubicle
test program were also evaluated.

EXPERIMENTAL PROGRAM
Test Planning

The original test plan specified a direct comparison of air-blast
parameters from composition B cylinders and RDX slurry containers to
those from TNT spheres. All charges were elevated (the cylinders and
spheres were elevated 3 radii from ground level to the center of gravity;
the center of gravity of the precipitated RDX disc in the slurry container
was elevated 3 radii of a sphere of the same weight). Good data was obtained
from the composition B and RDX slurry tests, However, pcor detonaticn of
the center-initlated cast T¥N1 spheres prevented use of the TNT data for
comparison. Similar problems with TNT spheres were reported by Fisher
and Pitmann '3}.

The test proiram was then expanded to include surface bursts of
cromposition B hemispheres, spheres, and cvlinders. The spherical and
hemispherical data could be compared with known TNT surface burst results
for determination of TNT equivalency of composition B and to check out
the pressure measurement svstem, Table | summarizes the scope of the
test progran.

The hemispherical composition B charges were detonated on sand and
on a steel plate to determine which condition produced the most consisteant
results for surface bursts, The test results indicated that the steel
plate should be used for subsequeant testing.

The spherical composition B surface burst tests were thes run for
comparison with known TNT results. Spherical composition B charges were
also evaluated for the effects of small elevations on the air-blast param-
eters. The spheres vere elevated 3 radil of a cylinder (L/D = 1) of the
same weight., Air-blast parameters from cylindrical composition B surface
bursts and elevated detonations were measuted and used for evaluating
shape and elevation cffects.

Explosives

The e~yiosives used {n testing vere cast composition B hemispheres,
spheres, und cvlinders (L/D = 1) and rigid plastic cylindrical coantainers
of an RDX slurry (RDX in a solution of &0¥ acetic acid, 382 water, and
2Y nitric acid). Disvnsion: and weights are shoun in Figure i. Table 2
also details the variation in the slurry dimensionc, and Figure 2 shows




the two sizes of RDX slurry containers. Charge weipghts were taken and
marked on the charge by the manufactur ‘. Charge weight variation of
the composition B was insignificant (iess than 17). Variation of the
RDX slurry weights and dimensions was significant. Tie thickness of the
settied RLX, which solidified at the bottom of the container, varied
linearly along diameters through the center of the RDX disc. This resulted
vhen the manufacturer did n.t place the charges perfectly vertical in
their shipping barrels. The weight variation can be allowd for with
scaling, but the variation in thickness of the RDX di<c at the bottom
of the container definitely contributed to greater scatter of the RDX
slurry test data.

The composition B charges were cast and machined to accept an Engineers
Special (J2) blasting cap. The spherical charge was cast with a 22-gram
spherical pentolite booster centered in the sphere. Charge weights showm
in Figure 1 do not include the weight of the booster charge or blasting

cap except for the spherical charge which was weighed with the booster

in place. The composition B charge weights in Firure | were used in -oaline,
However, the 100-gram hooster of C4 used with the RDX slurry charges was
added to the RDX weight when analyvzing those results.

The composition B hemispheres and spheres were cast by the Nawval
Ordnance Laboratorv (NOL), Silver Spring, MD. The composition B cvlinders
were cast and machined bv NOL and by the Naval Weapons Center, China Lake,
CA. Helston Army Ammunition Plant made up the RDX slurry charges with
slurry taken dirvectly from tiwir manufacturing tenks,

Test Site

Testing was conducted at the Pacific Missile Range, Point Mugu. CA.
Three gage lines, each originating at ground zerc, were placed at 90
degrees to cach other. The ground surface, along each gage line, wvas
leveled and covered out to a range of 52 fuet. The first 10 foet of the
lines, except for the surface at ground zero, wvas covered with 4-foot=
viide by 1/4d<inchethick steel plate. From 10 to 52 feet. the lines were
covered with 3/4=i{nch plywood. Pressure transducers were located ew each
line at 2, 4, 8, 16, 32, and 50 feet frem ground zero. Each transducer
vas mounted in a stee]l jacket encaxed in 1 cubic foet of concrete. Tie
concrete block was buried zo that the pressure gage vas flush with the
ground surface. Figure 3 shows a gage line and a typical gage mount.

Atmospherie conditiens at the wite were obtained from the Meteorology
Section of the Pecific Missile Range. Sarometric pressure, temperature,
vind speed, and wind direction are noted hourly from a statien within
600 yards of our test site. Meteorological data was included in t¢ computer
printout of each pressurc record.

Instrumentation
Piezoresistive pressure transducers manufactured by Tyco [astrument

Division of Bytrex, Inc. were used, The NFC series gage used is specitically
desiined to measure blast phenomena in a field test situation. The gage is
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supplied vith s integral heat and dobris shield with eight equally spaced o

holes of 0.040-inch diameter leading to the gage diaphvagm. The filter
provides a cylindrical sir space above the diaphragm of 0.010 inch. The
diameter of the space varios with the pressure range of the gage. Cages
decigned t~ measure peak pressures of 15, 25, 100, 200, 500, and 1,000
psi were placed along the gawe line in accordunce with the predicted
pressure at the gage locacion. Gages were statically precilibrated with
air pressure at ahout the level of the anticipated peak shock pressure.
Instrument cables were buried for protection. Recording equipment was
housed in a hardened instrument ven located 50 feet from ground zero. (7: -
van vas origivally locatved 300 feet from grcund zevo for the nominal Zﬂ-'
klz recording system, but was moved when the recording sysfen capabi.
vas increased to a nominal 40 kHz.)

In the begioming of the tost program a nominal 20-kHz recordir. .
system vas used. This systum coansisted of Endevco Models 4401 and 4470
signal conditioners, Dana Models 3850V2 and 4472-6 awplifiers, and a
Sangamo Saber 4 tape vecorder at 60 ips. This systam was used for the
henispherical ccaposition B tests, the RDX slurry tests, and @ portion
of the elevated composition B cylinder tests (Table ! shows the recording
system used in each test).

A wominal 40-kHz recording system vas used for the vemaining tests.
This system substituic? Minneapolis-Honeywell Model 104 amplifiers and
{acreased the recording tave spead te 120 ips.

The ™ signal data vas digitized by the data reduction facility
at the Pacific Mizsile Range. The 20-kMz pressurec-time data vas digitized
at 1a) samples per millisecond (6.25 microseconds per data point). The 40-
kM2 data digitizing vate was doubled fo 330 samples per millisecond (3.123
mizroseconds pur data peint).

Test Frocedure

The test charge uae centered on or over ground 2ero as showm in
Figure 4, Charnes placed &t zround level were positioned om a renlaceable
d-inchethick steel plate. Figure 4a showa a hemispherical charge tn place
on the steel plate. Elevated® charges were plactd on a platform conaisting
of wooden slats ipaming =tyrofoam cups. Figure 3N :hows the <imple zuwpport
for a evlindrical composition B charge, and Figure ib shows (he three~
sided support for 3 heavier RDX slurry charse. The certer eup in Figure &b
is wupporeing a 100-gram T4 booster charge. The blasting cap, wilch 33 mot
visible, vas in=crted through the cup and tato the Ci,

Each charge wa< detonated by an engimeers special J? blasting ~ap
(Navy Anmunisiow Stock FSX No. 1375-028-5223/4 M130) with a main charge
of 0.94 gram of PETX, An additiomil boester charie was used for each
explosive as showm in Figure 1. The lewmisphorical and exlindrical

% Crlimders vere cleveted Y radi? (grownd level to center of gravitv):
conposition § sphitres vere elevated 3 radii of 3 cylinder of the same
uelights the RDX slur ; was elevored 3 radii of o wpliere of he same
veight (3-3/16 and 625/8 inches for the ¥ and 3<1/%<imch cmtainers,
respectiveiy, ground level to bottom of comntaimer).
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Tablz 2. Physical Dimensions of Encased Cylirdrical

RDX Slurry Charges

Weight (1b) Average Height Height of

Test

No. a of RDX Slurry

RDX Slurry (in.) (in.)
8-1/2-Inch-Diameter Container

011 3.5 21.1 2-1/16 9-1/2
012 3.6 21.4 2 9

013 3.6 21.5 2 10
030 3.5 20.8 2 10
031 3.5 20.8 2 9-1/2
032 3.6 21.4 2-1/16 10
033 3.6 21.6 2-1/16 9-1/2
034 3.1 18.5 1-13/16 8-3/4
035 3.6 21.6 2-3/16 10
036 3.5 21.0 2-3/16 16 1/2
037 3.3 19.6 2-3/16 9

7-Inch-Diameter Container

021 1.9 11.3 1-5/8 7
022 1.9 11.1 1-7/16 6-3/4
023 1.8 10.6 1-7/16 6-1/2
024 1.8 10.8 1-7/16 6-3/8
025b 1.8 11.0 1-1/2 6-7/8
026 2.0 -~ 11.9 1-13/16 7-1/2
027 1.9 1.3 1-5/8 6-7/8
028 2.1 12.0 1-3/4 7-7/8
029 1.9 11.6 1-9/16 6=3/4
020 1.9 11.4 1=5/8 7

2 Does not include 100-gram booster (C4) weight which
is included in scaled distance calculation.

Test not recorded due to instrumentation malfunétion.

ST TR T L e

3 e et PN bR . Sl



it o s el o e et G e i At

e T O

N . R Coee L el A T s

ForrTenTIY

supplied with an integral heat and debris shield with eight equally spaced
holes of 0.040-inch diameter leading to the gage diaphragm. The filter
provides a cylindrical air space above the diaphragm of 0.010 inch. The
diameter of the space varies with the pressure range of the gage. Gages
designed -to measure peak pressures of 15, 25, 100, 200, 500, and 1,000
psi were placed along the gage line in accordance with the predicted
pressure at the gage location. Gages were statically precalibrated with
air pressure at about the level of the anticipated peak shock pressure.
Instrument cables were buried for protection. Recording equipment was
housed in a hardened instrument van located 50 feet from ground zero. (The
van was originally located 300 feet from ground zero for the nominal 20-
kHz recording system, but was moved when the recording system capability
was increased to a nominal 40 kHz.)

In the beginning of the test program a nominal 20-kHz recording
system was used. This system consisted of Endevco Models 4401 and 4470
signal conditioners, Dana Models 3850V2 and 4472-6 amplifiers, and a
Sangamo Saber 4 tape recorder at 60 ips. This system was used for the
hemispherical composition B tests, the RDX slurry tests, and a portion
of the elevated composition B cylinder tests (Table 1 shows the recording
systom used in each test).

. nominal 40-kHz recording system was used for the remaining tests.
This system substituted Minneapolis-Honeywell Model 104 amplifiers and
increased the recording tape speed to 120 ips.

The FM signal data was digitized by the data reduction facility
at the Pacific Missile Range. The 20-kHz pressure-time data was digitized
at 160 samples per millisecond (6.25 microseconds per data point). The 40-
kHz data digitizing rate was doubled to 320 samples per millisecond (3.125
microseconds per data point).

Test Procedure

The test charge was centered on or over ground zero as shown in
Figure 4, Charges placed at ground level were positioned on a replaceable
4-inch-thick steel plate. Figure 4a shows a hemispherical charge in place
on the steel plate. Elevated* charges were placed on a platform consisting
of wooden slats spanning styrofoam cups. Figure 3b shows the simple support
for a cylindrical composition B charge, and.Figure 4b shows the three-
sided support for a heavier RDX slurry charge. The center cup in Figure 4b
is supporting a 100-gram C4 booster charge. The blasting cap, which is not
visible, was inserted through the cup and into the C4.

Each charge was detonated by an engincers special J2 blasting cap
(Navy Ammunition Stock FSN No. 1375-028-5225/4 M130) with a main charge
of 0.94 gram of PETN. An additional booster charge was used for each
explosive as shown in Figure 1. The hemispherical and cylindrical

* Cylinders were elevated 3 radii (ground level to center of gravity);
composition B spheres were elevated 3 radii of a cylinder of the same
weight; the RDX slurry was elevated 3 radii of a sphere of the same
weight (5-3/16 and 6-5/8 inches for the 7 and 8-1/2-inch coutainers,
respectively, ground level to bottom of container).
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composition B used boosters of 1/4= by 1/4-inch cylindrical PBXN~-5 pellets
(about 5 grams) between the charge and the blasting cap. A 22-gram spher-
ical pentolite booster was cast with the spherical charges. A 100-gram
truncated cone of C4 booster was centered against the bottom of the RDX
slurry containers as shown in Figure 4b,

A programmable sequence control timer activated the recording e¢quip-
ment and detonated the charge. Quick-look data, provided by an oscillograph
plotted after each test, allowed correction of instrumentation problems

. and evaluation of results before continuing the test program.

DATA ANALNSIS

A typical computer printout of a pressure-time and impulse-<time data
plot is displayed in Figure 5. Peak pressure and maximum impulse were
taken directly from this plot of the digitized data. Positive phase dura- RN
tion was found for gages at ranges of 8 feet or further by taking the
difference between the times to peak pressure and peak impulse. This
was possible since the peak pressure was always the first pressure spike
and the initial rise time was small compared to the positive phase duration
at these gage locations. At gages 2 and 4 feet from the charge the positive
phase was scaled, from the digitized plot, between the start of the lead-
ing edge of the pressure curve and the time of maximum impulse.

Gages at ranges of 16, 32, and 50 feet generally exhibited overshoot
due to ‘“‘ringing’’ of the gage diaphragm whose natural frequency was
nearly that of the pressure loading. The positive phase duration at these
ranges was long enough so that an exponential curve could be fitted through
the average of the data points to obtain the correct peak pressure. Since
large segments of the exponentially decaying curve will plot as a straight
line on a log pressure-versus-time plot [4] these curves were also con-
structed in some cases to aid in curve fitting. Figure 6 shows the
pressure-time plot and a log pressure~time plot for the same record. The
peak pressure determined from interpretation of these plots is marked on
each sheet. The log pressure plot flattens and straightens the slope of
the fitted curve and, thus, allows for better and more consistent peak
pressure analysis of “‘ringing’® gages. Since the ‘‘ringing’’ was balanced
around the average pressure-time plot, there was no need to correct the
impulse data. Positive phase duration was unaffected by ‘‘ringing.’’

The air-blast parameters of peak pressure and scaled unit impulse
and scaled positive phase duration are tabulated in Tables 3 through 10.

In general the data averages in Tables 3 through 8 are averaged from six
readings. Values in Table 9 are the averages of four readings. Values in
Table 10 for the 2.1-pound charges are averaged from 18 readings and
those for the 3.7=-pound charges are averaged from 20 readings. The values
in parentheses in these tables are one standard deviation of the data
values used to calculate the average.

Testing was done at sea level and meteorological records were kept.
However, scaling to sea level conditions [5] was not necessary because
the corrections would have been small compared to the standard deviation
of the data points.
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Table 3. Average Shock Wave Parameters for Hemispherical
Composition B Surface Burst on Sand

Charge Scaled

Weight, Distance, Pgo i /W1/3 t /W1
W z (psi) (psi-msec/1b1/3) (msec/1b1/3)
(1b) (fe/1p1/3)

2.02 177 (14 ) 16.0 (1.2) 0.28 (0.03)
4,03 . 52.4 ( 5.1) 13.0 (0.5) 1.07 (0.17)
1.0 8.02 13.9 (0.5) 8.20 (0.17) 2.14 (0.21)
: 16.0 3.75 ( 0.16) 4.63 (0.13) 3.09 (0.13)
32.1 1.33 ( 0.04) 2.25 (0.03) 3.75 (0.20)
50.0 i 0.87 ( 0.04) 1.55 (0.03) 4.23 (0.19)
1.41 1359 (74 ) 4.4 -(1.0) 0.17 (0.01)
2.81 i99.27 (14.7 ) 16.9 (0.8 ) 0.87 (0.30)
2.95 i 5.59 © 28.3 (2.6) 10.6 (0.7 ) 1.69 (0.25)
“e 1.2 [ 7.13 ( 0.36) 6.51 (0.16) 2.49 (0.09)
22 2.36 ('0.11) | 3.19 (0.06) 3.24 (0.06)
34.9 - 1.45 ( 0.09) 2.25 (0.06) 3.88 (0.03)

Table 4. Average Shock Wave Parameters for Hemispherical

:. Composition B Surface Burst on Steel Plate

Charge Scaled ~ -

Weight, | Distance, Pyy - ig/w1/3 o /w1 /3
W -z (p=i) (psi-msec/1b1/3) (nsec/1b1/3)
(16)  |. (££/161/3)

2.02 262 - (171 ) 17.7. (2.3 ) 0.32 (0.07)

-1 4.03 67 (16 ) 16.04 0.91 (0.11)

1.0 ~ 8,02 6.7 (1.4) 9.71 {V.39) 2.82 (0.07)
o 16.0 4,79 ( 0.32) 5.23 (0.24) 3.75 (0.15)
- o~ 32,1 .7 1.45 ( 0.08) 2.41 (0.07) 4,46 (0.25)
50.0 0.88 { 0.09) 1.64 (0.08) 5.17 €0.10)

- 1.41 398 (58 ) 18.5 (0.9) 0.17 (0,04)
2.81 151 (12 ) 21.3 (4.4) 1.12 (0.31)

.95 5.59 31.3 (4.6) 12.8 (0.6 ) 2.41 (0.14)

* e 11,2 .40 ( 0.70) 7.32 (0.30) 3.28 (0.08)

22.4 2.50 ( 0.15) 3.47 (0.14) 3.79 (0.59)

i 34.9 1.43 ( 0.08) 2.34 (0.16) 4.67 (0.25)
a Average of only two good measurements,
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Table 5. Average Shock Wave Parameters for Spherical
' Composition B Surface Burst

Charge’ Scaled 1/3 A 1/3
Weight, | Distance, Pso VLI to /W 1/3
w o z (psi) (psi-msec/1b '7) | (msec/1b ')

by - | (ge/16'/3)

2.00 468 (102 ) 19.9 (3.2) 0.12 (0.01)
3.95 112 (5 ) 23.8 (1.09 2.01 (0.25)
1.07 ] 7.85 19.5 ( 1.4 )| 10.8 (1.2) 1.96 (0.24)
T} 15.6 4.99 ( 0.32) 5.50 (0.13) 3.01 (0.13)
o) 314 ] 1.59 ( 0.03) 2.55 (0.15) 3.68 (0.07)
1. 48.9 © 0.83=(-_0.03) {.. 1.47 (0.09) 4.41 (0.31)
1.47 480 (163 ') | ~13.8 7 (0.81)7 |0.09 (0.01)
.90 279 (51 ) 40.9 (2.6 ) 1.26 (0.16)
2.69 5.77 39.0 ( 6.2) 4.1 (1.4) 1.34 (0.15)
’ 11.5 8.29 ( 0.39) 7.30 (0.16) 2.48 (0.30)
2.6 2.57 ( 0.10) 3.49 (0.23) 3.50 (0.44)
36.0 1.32 ( 0.11) 2.08 (0.16) 4.12% (0.23)

Table 6. Average Shock Wave Parameters for Cylindrical
Compositior. B Surface Burst

. Charge Scaled 1/3 1/3
Weight, | Distance, Peo ig/W 1/3 to/W 1/3
W Z (psi) (psi-msec/1b "7) | (msec/1b '7)
ab) | (Fr/1p1/3)
1.79 725 (119 ) 25.9 (3.2) 0.09 (0.01)
3.54 145 (13.2) 28.7 (3.7) 0.91 (0.13)
1.49 7.03 219 ( 4.8) 1.0 (1.3) 1.44 (0.18)
* 14.0 5.62 ( 0.63) 5.70 (0.15) 3.70 (0.46)
28.1 1.68 ( 0,12) 2.89 (0.19) 4.18 (0.41)
43.8 0.86 ( 0.05) 1.81 (0.15) 4.80 (0.38)
1.4 921 (130 ) 22.6 (2.2) 0.08 (0.01)
2.79 289 ( 28.8) 40.8 (5.5) 0.87 (0.11)
3.03 5.55 47.8 ( 2.2) 16.2 (1.8 ) 1.33 (0.18)
) 1.1 9.77 ( 1.,02) 6.60 (0.10) 3.02 (0.88)
22.2 2.39 ( 0.13) 3.38 (0.59) 4.35 (0.7)
3.6 1.18 ( 0.11) 2.26 (0.28) 4.73 (0.46)
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Table 7. Average Shock Wave Parameters for Elevated?
Spherical Composition B '

MR R T

Charge Scaled 1/3- 1/3
Weight, Distance, Pgo g/’ 1/3 to/W 1/3
W Z 1/3‘ (psi) (psi-msec/1b “7) | (msec/1b '7)
| aw (£t /16173)
2.00 b 26.8 (5.0 ) 0.32 (0.14)
3.95 95° 17.0 (2.0 ) 0.80 (0.14)
1.07 7.85 20.6 (2.2) 10.9 (1.7 ) 2.03 (0.47)
: 15.6 4.83 ( 0.37) 5.46 (0.10) 3.13 (0.39)
31.4 1.61 ( 0.12) 2.59 (0.15) 3.57 (0.21)
48.9 0.84 ( 0.09) 1.50 (0.12) 4.50 (0.28)
1.47 b 21.8 (3.3) 0.17 (0.07)
2.90 187 (14 ) 31.6 (4.1) 1.11 (0.34)
2.69 5.77 40.7 (9.5 ) 13.6 (2.3 ) 1.71 (0.10)
. 11.5 8.86 ( 0.40) 7.17 (0.14) 2.33 (0.11)
22.6 2.60 ( 0.31) 3.9 {0.22) 3.21 (0.18)
36.0 1.28 ( 0.13) 2.92 (0.16) 3.84 (0.08)
a

Elevated so that center of gravity of sphere at same elevation as
cylinder of same weight elevated at 3 radii (4.1 and 5.9 inches
for 1.07- and 2.69-pound charges, respectively).

Peak pressure attenuated by instrumentation limits.

(¢

One measurement.

Table 8. Average Shock Wave Parameters for Elevated Cylindrical
Composition B (40-kHz Recording System)
Charge Scaled

Weight, | Distance, Pgo is/w1/3 1/3 to/W1/?/3
W : A 1/3 (psi) (psi-msec/1b "7) | (msec/1b ')

(1b) (fe/1b " "7)
1.79 663 (78 ) 29.4 (2.4) 0.19 (0.07)
3.54 12 ( 9.8) 23.3 (1.4) 1.25 (0.09)
1.49 7.03 3%.5 ( 4.3) 12.2 (1.0) 1.50 (0.12)
* 14.0 5.82 ( 0.20) 6.01 (0.13) 4,16 (0.10)
28,1 1.65 ( 0.09) 2.97 (0.27) 4.45 (0.61)
43.8 0.85 ( 0.09) 1.79 (0.15) 5.25 (0.11)
1.41 1,213 (143 ) 25.7 (3.0) 0.13 (0.02)
2.79 223 (21 ) 28.0 (2.3) 0.90 (0.30)
5.55 49.2 ( 1.7) 4.6 (1.5) 1.06 (0.20)
3.03 1.1 9.19 ( 0.41) 7.19 (0.17) | 3.68 (0.17)
22,2 2.49 ( 0.07) 3.66 (0.33) 4.29 (0.35)
34.6 1.23 ( 0.12) 2.28 (0.21) 4,98 (0.22)
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Table 9. Average Shuck Wave Parameters for Cylindrical
Composition B Elevated 3 Radii (20-kHz
Recording System)

Charge Scaled a

Weight, Distance, Psoa ig/W”3 1/3 to/wll?/3
W Y/ 1/3 (psi) (psi-msec/1b ") (msec/1b ' 7)

(1b) (fe/1b ' '7) ’ .

2.52 282 31.4 0.64

5.04 72.4 17.3 1.06

10.1 11.4 8.51 1.94

0.50 20.2 3.15 4.49 4.52

40,4 0.96 2.12 5.15

63. 0.50 1.35 5.37

2.0 432 28 0.30

4.0 116 24.9 0.90

1.00 8.0 24.5 10.0 1.50

: 16.0 4.99 5.46 4,08

32.0 1.31 2.59 4,98

50.0 0.68 1.65 5.20

1.75 643 44,1 0.21

3.50 148 27.6 0.96

1.49 7.00 32.1 11.0 1.25

14,0 6.31 6.28 3.96

28.0 1.64 2.97 4.85

44.0 0.87 2.02 5.23

1,61 662 43 0.22

3.18 204 3t.3 0.72

2.01 6.36 44,2 13.0 1.14

* 12.7 7.90 §.70 3.91

25.4 1.97 3.22 4.69

39,7 1.03 2.03 5.04

1.38 514 40 0.21

2,78 268 34.5 0.89

3.03 5.56 57.8 15.0 1.15

1 10.9 8.21 I.n

22.2 2.60 4.14 4.61

34.8 1.3 2.60 5.00

2 Average of four test values; standard deviation not

shown because of small number of samples.

n

R |
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Table 10. Average Shock Wave Parameters for Elevated
RDX Slurry in Cylindrical Containers

Charge Scaled
Weight,” Distance,b Pso is/W”3 173 to/w1/?/3
W _ z /3 (psi) - (psi-nsec/1b "7) | (msec/1b ")
(1b) (ft/1b°"7)
1.5 672 (79 )| 38.5 (5.5) |0.34 (0.04)
3.13  '155 (22 )| 26.8 (2.9) |0.62 (0.15)
2.1 (0.1 6.206 | 40.5 ( 3.0)| 1.9 (1.5) [|1.24 (0.12)
“r ’ 12.5 | 8.27 ( 0.66) 7.30 (0.49) 2,55 (0.26)
25.0 2.29 ( 0.17) | 3.46 (0.22) | 3.64 (0.20)
39.1 1.00 ( 0.08) 1.98 (0.11) | 4.13 (0.21)
.2 603 (178 )| 46.2 (5.6 ) |0.37 (0.05)
2.59 209 (42 )| 28.0 (4.5) 10.57 (0.19)
3.7 (0.2) 5.17 55.8 ( 8.7) 17.8 (1.7) [1.24 (0.13)
' ' 10.3 1.7 ( 1.1) §.83 (0.78) | 2.12 (0.16)
20.7 3.07 ( 0.23) 4.27 (0.28) | 3.32 (0.14)
32.3 1.36 ( 0.09) 2.44 (0.22) | 3.81 (0.20)

: Average weight of nine test samples includes weight of
composition C4 booster. Value in parentheses is one
standard deviation.

‘ Average scaled distances showm. Actual scaled distances
varied with charge weight. Standard deviatior i{s less
than 2% of average.

Surface Burst Data

Hemispherical Composition B and Ground Effect. Peak pressure and
scaled unit impulse resuits from hemispherical composition B surface
bursts, tabulated in Tables 3 and 4, are plotted in Figures 7 and 8.
Peak pressure data points are shown with the relationshiip for a INT hemi-
spherical surface burst {1 and 6]. The tests conducted on a sand surface
are generally lower than thcose detonated over a steel plate. This effect
diminishes as the scale distance (I) increases and is insignificant for
2 preater than 20 ft/1b1/3,

The sname effect is also apparent in the impulse data (see Figure 4)
fn vhich the effect of the =and surface is to reduce the scaled umit
fmpulse over the entire range of measured values. The greatest effect
{« again at the closest ranges. ‘

Because the sand surface obviously reduced the air blast output
sfignificantly it vas decided that all subsequent surface burst tests
vould be conducted on a stiff steel plate.

12
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The peak pressure output of the composition B (on a steel plate)
is virtually the same as that for a similar TNT cherge to a scale distance
within 3 ft/lb1/3 of the charge. Inside this scale distance the reduced
values from our tests of the composition B are most likely due to limita-
tions in the nominal 20 kHz pressure recording syutem. Because of this
attenvation in peak pressure, a nominal 4C kHz ie:crding systen was
installed for subsequent tests (see Table 1 for the recording system
used in each test series).

Scaled impulse data usually shiows more scatter than peak pressure
data. A comparison of composition B hemispherical surface burst data
(on a plate) and two sources of TNT data for similar conditions [1, 6] is
of interest in Figure 8. Our test results for coaposition B show good
agreement with those of Kingery /6] who gives measurements of air blast
from 5, 20, 100, and 500-ton INT hemispherical surface bursts. The largest
discrepencies occur at scaled distances less than 3 £t /151/3 where the
peak pressures were attenuated by our recording system.

Positive phase durations from the composition B tests and from
References | and 5 are compared in Figures 17 and 18. The large scatter
in our test data around Z = 4 ft/lbl/ ,» which shows in the standard devia-
tion and in the erratic data points, is due to the definition of the
positive phase used in evaluating our data. Since the positive phase
was taken to the time of the peak impulse, it sometimes was extended
by low pressure reflection waves. Inspection of Figuie 5 will show a
second rise in the impulse curve due to a pressure spike at about 6.8
milliseconds elapsed time. In some cases (especially at R = 4 feet) this
pressure spike caused the second impulse peak to be higher than the first
peak and extendad the positive phase duration. Again, the data values
compare better with Reference 6 than Referencec 1.

Spherical Composition B. Peak pressures, scaled unit impulses and
scaled positive phase durations for spherical composition B surface bursts
are tabulated in Table 5. The peak pressure data is compared in Figure 9
to large TNT test data from Distant Plain Event 6 {7) and Prairie Flat
i8, 9]. Curves from the TNT tests had been adjusted to sea level conditions.
The 40-kHz recording system appears to increase the acceptable range
of the instrumentation to 300 psi (from 150 psi for the 20-kHz system),
Below 300 psi the peak pressures from the spherical cowposition B tests
fall on one or the other of the referenced spherical INT data.

A best fit curve has beon drawn through the spherical composition B
peak pressure data and compared to hemispherical data in Figure 10. As
expected the splicrical peak pressures are higher than ’!oso of the hemisph-
erical cha:yes at scaled distances less than 13 febt /3, mis figure
vill also be used to determine shape equivalency.

Scaled impulse results, in Tadble 5, are plotted in Figure 1, A
smooth curve has been drawn through the composition B test data for compar-
ison vith the large scale INT data from Distant Plain, Event 6 (100-
tor spherical INT surface burst). Another TNT large-scale surface burst,
Operation Prairie Flat, is shoun in (8] to be in general agreement uith
Distant Plain although it is somevhat lowver at the larger scale distences

13
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(which puts it closer to the composition B test data). Considering the
scatter between like tests of large TNT spheres the composition B spherical
surface burst data agrees quite well with results from spherical TNT
tests.

Positive phase duration data points from the composition B tests
ara plotted «nd compared to results from TNT tests in Figure 17, The
composition B data is lower at the iarger scale distances and uigher
at one point near 4 ft/1h1/3 scaled distance. The differences are sweall
considering the small effect on the design loading that they would have.

Cvlindrical Composition B. Peak pressures, scaled unit impulses
and positive phase durations for cylindrical surface bursts are given
in Table 6. Average peak pressures are plotted in Figure 12 and connected
with a smooth curve. The relationship for a hemispherical TNT surface
burst 1] is also shown for comparison when shape equivalencies are calcu~
lated. The tabulated values for pressures above 300 psi (Z less than 2.8)
were not plotted since the data acquisition system (nowinal 40 kHz) uas
attenuating the peaks in that range.
Peak scaled unit impulses are plotted and counnected with a smooth
curve in Figure 13. Values are also shown for gages that had attenuated
the peak pressure, since the effect on impulse would be much less than
that on peak pressure. »
Scaled unit positive phase durations are plotted in Figure 18, The . : -
relationship for a TNT hemispherical surface burst from Reference 1 is
included for comparison.

Effect of Smal) Heights of Burst

The RDX slurrv tests had originallvy been detonated at small elevations
to reduce cratering and simplify the test setup. Thev were to be compared
directly to TNT spheres at the same elevation until improper detonation
of the TNT charges made that impossible. Composition B cvlinders and -
spheres woere detonated at small heights of burst to see how the results
differed from those of surface bursts. The cylinders vere elevated )
radii (qround surface to center of gravity of charge) and the spheres
3 radii of a cylinder of the same weight. Table ! summarizes the heights
of burst for the different charges. Tables 7 and 8 summarize the results
for the spheres and cylinders, respectively,

Peak presxures and scaled unit impulses for the elevated spheres
and cvlinders are compared in Figure 14. Data points from the elevated
texts are plotted vith the best fit curves from the surface burst tests.
Small differences in peak pressure occur at levels above 100 pai with
the elevated results being slightly lower. Elevating the charges aspeared
to reduce the peak that ocsgrs in the impulse relationship at a scaled
distance of about 3 fe/1p!/I,

Changes in &?’sed positive phase duration also occur at scaled distances
less then 9 fe/1b'77, as can be soen by inspection of Tables 6 and 8.

At scaled disiances less thaa 2 ft/ib} ’. the duration vas increascd signife
fcantly. (It should be noted that the distances used vere measured aloag
the ground surface and vere aot slant distamces from the ceater of the
charge.)

1)
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The data shown in Table 9 is for elevate! cylinders. It was run
at the beginning of the test program along with the TNT spheres (that
exhibited poor detonation and are not shown) and the RDX slurry. Subse-
quent to those tests the test plan was changed to increase the response
of the recording system. Since the elevaied cylinder tests were essentially
repeated (see Tible 8) with a better instrumentatioa system the data
in Table 9 is not used in the data plots. It is included, however, to
show that it differs only slightly from the latter data to lend credence
to the RDX slurry results from the same 20-kHz recording system.

RDX Slurry

Peak pressures, scaled unit impulses and positive phase duratioms
from the RDX slurry tests are summarized in Table 10. Peak pressure
data values are plotted and commected with a smooth curve in Figure 15.
Peak pressures above 200 psi were not used because of the limitations
of the instrumentation above this level. Some reduction in peak pressurs
(from that of a surface burst) can also be expected above 100 psi, since
the charges were elevated (see previous section). The TNT surface burst
curve for a hemisphere /1] is algo shown for comparison and for use in
fipuring an equivalency.

Peak scaled unit impulse values are plotted in Figure 16. The signif-
{cant futuﬂ of the curve is that it shows no peak near a scaled distance
of 3 fe/181/3 a4 did the other testod charges. Instead it contitues to
rise at a veduced rate.

Scaled positive phase duration for the RDX slurry ix plotted in
Figure '3 with the relationship for a TNT hemispherical surface burst
‘1] for comparison.

Three-tall Cubicle Effects

Peak pressure, $caled iwmpulse, and scaled duration data around a
three-vall cubicle were obtained from t-pound spheres and cylinders and
2.65-pound spheres centeared in the cubicle. Gage lines vere located along
the ground surface perpendicular to the front (open) well, the sidewall,
and the backwall. Data from the two charge shapes of the same weight (1
pound) and from two charge weights of the same shape (spherical) are
compared in the Test Results section of this report.

SEST RESULTS

Nemispherical and spherical composition 3 surface burst tests vere
conducted for comparisom with the latest TNT data for the same shapes
and conditionsi. These tests provided the bazis for evaluatiag the cyliam-
drical composition 8 and RDX slurry test data dy giviag a check oa the
data acquisition svstem and by yielding the TNT equivaleacy of composition
B. The concept of equivalency i3 thes wied to descride the effect of charge
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shape (cvlinder, sphere and disc versu: a hemisphere) on air-blast paran-
eters,

The equivalent weight concept provides a method for comparing air-
blast parameters of Jissimiler charges. It is most advantageous if it
is constant over wide ranges of scaled distance, as it is now presenred
in T™™5~1300. Fquivalency by weight is defined as the ratio of the weights
of two dissimilar charges that give the same peak pressure (or impulse)
at the same range from ground zero. This equivalency can be obtained
for peak pressure from pressure versus scaled distance relationships
by raising the ratio of the scaled distances, at a constant pressure,
to the third pover,

3
zx k] R le_/s fz
- s f— - - at constant pressure, P
zy lev',J dx so

This equivalency (W,/M() can be plotted against pressure, 2y or 2y, since
all three define a unique condition where the equivalency applies. in
this report the equivalency values are plotted against Z, since the
designer will generally know R and W, and be looking for Wy.

The impulse equivalency by weight is obtained from scaled impulse
versus scaled distance curves by cubing the ratie of scaled distances
that fall on lines of comstant impulse (psi-w:¢c). On a log-log g}ot
of scaled impulse (psi-msec/lb!/3) versus s..led distance (ft/1b1/3)
impulse (psi-msec) is constant along linc . wvith a slope of &5 degrees.
On these lines:

1.0
'3 . s’y
or i = aRk

vhere a is a constant that locates the &5-degree line. Thus, aloni these
lines the conditions for equivalemcy are satisfied; that is, impulse
and range are constant.

TNT Equivalency of Composition §

The composition B heniepherical and spherieal surface burst data
is compared to data frem similar tests of larger quantities of TNT in
Figured 7, 8, 9, and 11, Differences are small er explataable.

Peak pressure fron the hemispherical composition B surface burst,
detonated on a plate, is virtually the same as that irom TNT (see Figure
7), except for peak pressures above 150 psi. Poak pressure levels abeve
the 150<psi level were determined to e low decause of the limits of
the recording system. Similar results vere obtained with a sphere; the
composition B test values fall on one or the other of the INT cutrves
(see Figure 9), except for pressures alove 300 psi where the improved
(40<kM2) recording systen attemuvated the seak pressure.

16
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Scaled impulse from composition B and TNT hemispherical surfacze
bursts are compared in Figure 8. Agreement betwaen the composition B
data (on & stecl plate) and Kingery®s TNT dats 16] is good. The impulse
curve in ™S5-1300 ‘l! is higher and also smooths the peak in the curva
at about 2.5 ft/1b'/3, Since T¥5-1300 references Kingery°'s report, it
must be w.sumed that the curve in TM5-1300 is the result of a generally
conservat ive smoothing of the relationship over a wide range of scale
distances for easlier presentatica and use. Subsequent references to heai~
spherical TNT [o,ulse data wil! refer to Kingery's data.

It was anticipated that composition B and TNT charges of the same
~hape and under similar conditions would have almost identic:]l blast B
vield. TM5~1300 gives the TINT equivalencies for composition B at pres-
sures between 2 and 50 psi as 1.10 for pesk pressure and 1.0 for icpulse.

In order te measure these equivalencies experimentally vou must be able
to measure a ratio in tl)e scaled distances, at the same pressure or
trpulse, of 1.03 (1.101/3) and 1.02 (1,06173), respectively. Determining
such a lov equivalency was not possible because of (1) the magnitude of
the standard deviation and (2) the rcolatively small aumber of data meints.
It is {mportant to note that the standard deviation reflects natural

dif ferences butween identical tests as well as experimental error. The
difference between Distant Plain Event 6 and Praivrie Flat, showm in Figure
9, is an example. At the lower pressure levels the two similar tests
differ b rove than 102, This difference can be attributed to manv factors
including blast anomalies, test sige differences. and experimental error.
A certes of tests on the same »ite fliminates the effect of different

test site conditions. Hewever, vhen the resvlts are applied to a situvation
at another location, this errvor reenters,

Within the accuraevy of the tesit setup, differemces between composition
5 and TINT peak prossuves and scaled impul«e for similar shapes were negli-
gihle. Considering the natural variation of explosive vields and the
compromisos necessary by a designer, compe=’tion B and TXT can be comsidered
to have the same presvure and Impulse outputs. Cther factors, such as
surface conditions and charge shape, are more important. To be conservative,
the INT equivalencies in TM5<1300 can be applied to composition 8.

The rvaults of the hemispinrical and sphorical composition B surface
burdts aleo verify the aceuraey of the instrumentation system. Pressure
data from the 20<kMa «yvetem is a00d to 130 pai and from the 4Okl syston
te > pai. Impulie data is accurate over the eatite range of scaled
distanco«, cven though it mar Lo aliztly low at pressure ranges above
the pressures at vhich the peak i+ attemuated.

Shape fquivalency

Tt fo recogpincd that charge shape has a significant effect om air-
blast parameters. Results from charges of aumerous shapes, reported by
Mane, et al. [ iD) in 1939, showed the cffects. The dita, bowever, vas
linited to pressures betueen 2 and V) psi. Receat studies of cylinders,
sphetes, and heaisphercs provide data over a auch greiter pressure range
and awow the equivalency to he varisble uith scaled distamce.

1}
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“Afreblast measurements froo spherical and henispherical surface
bursts are well documented. The peak presisure from a cpherical charge
i about twice that of a hemispherical charge at a sca’ .d distance of
2 fe/1b1/3 171, The pressure curves of the two shapes (ve shown [7)
to merge at scaled distances greater than 10 ft/lb'/3, Scaled impulse
data is identical !7]) for the tw» shapes at scaled distances greater
than 6 ic/1b1/3, At a scale distance nesr 3 ft/1b!/3 the scaled fmpulse
from a sphere s about 1.5 times that of a2 hemisphere. Though these are
the mavinua differences in peak pressure and irgulse, they illustrate
the great effoct of charge shape at specific scaled distances.

Afr-tlast measurements from cylindrical charges with various length
to diameter (L/D) rotios have heen reported by Wisotski and Sayer of
the Denver Research Institute i11] and by Reisler and iLeFavre [12] of
BRL. Their comparisons of cylinders (with L/D ratios betuween ! and 3)
and spheres have showm that cvlinders produce hizhev presszuraes ("ﬁ to
402 higher for an L/D = 1) at scaled distances less than 10 ft/1b &)
and lover pressures (up to 201 lower) at larger scsled distances.

Peak pressure measurements ware comrared in these references by
taking their ratio at given scaled distaaces. An alternate method vould
be to shov the ratio of equivalent veights that poduce the same pressure
(or impulse) at the same ground range.

Pressure Equivalencv., Peak pressures from hemispherical, spherical,
and exlindrical surface bursts are compared in Figure 19. The spherical
and cvlindrical curves are from composiction B test results. The hemispheriezl
relationikip is takern from TM3+1300 for a TNT surface burst *hough the
composition B results can be considered identical (see INT equiralene:
of composition 8, this report). Equivalent weight ratios for pairs of
charge« of different shape are shown in Figure 20, As expected the weight
of a hemisphiorical charge 0 .) must be greater than that of a sphere
fid,5:) or exlindir May]) to produce the same pressure at the same acar
field rango. The eppasite is true, but to a smaller degree, it the far
field ranges. The ition B test data was limited to a ninimun sealed
distance of 2.80 fr/1b!/3, Date from Reisler [7] indicated that the equive
alent weight of a hemisphere to that of a spbere ‘‘peaks’® at 3.23 15/1b
at 3 sealed distanee of 2 fe/1b1¢), Data is met available at the small
scaled Jdistances to determine the peak equivaleney for the evlinder.

The high equivalemer values are mot umusual. The basie prescure
curves for spheres and hemi: pheres are well documented but are wot usually
conpared in this nammer. Since areswg and impulse) changes are relatively
insonsitive to weight changes (2 «+ 1N ! 3, equivalent weights amplify the
pressure (or impulse) differemces. (Note that at a scaled distamee ef
2 fe/10Y!7 the peak pressure of a sphere is abowt twice that of a hemisphers,
tat the cquivaleat weight of the henisphetre to produce that pressure is
3.5 tices the weisht of a sphere).

@ \geival . Scaled wmit impulses from Wewmicpher:cal, sphor-
ieal.%i&rie;; werface bursts are cwpared im Figere 21. The
spterical amid c¥lindrical cerves are from the coaposition B test resalts.
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The hemispherical relationship is taken from Kingery’s [6] INT data. The
hemispherical composition B results were in good agreement with the TNT
results (Figure 8). The TNT data was used since it is a composite of

many large scale tests and since the differences between TNT and composi-
tion B are not measurable within the accuracy of our recording svstem.
Thus, the effect of charge shape on impulse is the result (whether the
curve is based on TNT or corgosition B). Considering the scatter of impulse
data, the only significant Jdifferences occur at scale distances less

than about 6 ft/1b1/3. The scaled impulses of the cylinder and sphere
peak much higher than the hemisphere (42 versus 26 psi-msec/1b1/3) and at
a slightly larger scaled distance. The data also shows the usual trend

of scaled impulse data to fall from the peak value (near 3 £t /1b1/3)
until it again increases with decreasing scaled distance.

Because of the slope reversal in the impulse data near a scaled
distance of 3 ft/lb1/3, there is a discontinuity in equivalent weights.
(Equal impulse lines are at a 45-degree slope on the scaled impulse versus
scaled distance plots. Pairs of scaled distance va.ues that fall on these
45-degree lines describe the weight equivalency. A point by point analysis
results in a discontinuity when the impulse curve reverses slope to one
greater than 45 degrees. This occurs at the peak of the lower curve when
values are being calculated point ty point at decreasing scaled distances.)

R - T TR T T X WY

For this reason the impulse equivalency curve in Figure 22 for W’hemlwC 1
is terminated at 3.2 ft/1b1/3. Results for a sphere (W, /W__.) would y

have been similar within the same range of scaled distaﬁces?ph

Equivalency of RDX Slurry

The RDX slurry peak pressure and scaled impulse data is compared
to TNT hemispherical results in Figures 1. and 6. The TNT pressure data
was taken from T™M5-1300 [1] and the impulse data from Kingery [6]. The
equivalent weight ratios (WpNp/Wslurry) were calculated from these figures
and are displayed in Figure 25. The pressure equivalency is highest (1.80
1b/1b) at a scaled distance of 5.2 ft/lb1/3. The impulse equivalency is
between 1.3 and 1.4 1b/1b for scaled distances between 2.7 and 10 ft/1b1/3,
Inspaection of Figure 16 shows that at a scaled distance near 2.7 ft:/lb”3
a discontinuit¥ in impulse equivalency occurs. At scaled distances less
than 2.6 ft/lb /3 the equivalency increases substantially to a value
of around 5 1b/lb. This high equivalency occurs because the impulse curve

- for the RDX slurry does not exhibit the trend of impulse data from other

charges to turn down at a scale distance around 3 ft/lb'/3 before again
increasing with decreasing scaled distance.

The equivalency values for the RDX slurry indicate that it must
be considered as a high explosive with at least the yield of TNT. The
variable equivalencies determined in these tests are more indicative
of charge shape and type of containment than with equivalency between
explosives only diffeving in composition.

19
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Three-Wall Cubicle Effects

Effect of Charge Shape on Leakage Environment. Pressure gage measure-
ments outside a three-wall cubicle without a roof are presented in Tables
11 and 12, showing blast environment from 1-pound cylindrical and spherical
charges. Results from pressure gages outside the open front wall of the
cubicle are shown in Figure 24. Charge shape did not affect scaled dura-
tions at any scaled distance. At scaled distances greater than &4 ft/1b1/3,
scaled impulse and peak pressure data showed no charge shape effects. The
average peak pressure of the cylinder at 4 ft/lb”3 was 157 higher than
that of the sphere and the scaled impulse of the cylinder at 2 fr/1p1/3
was 147 higher than that of a sphere. Cvlindrical charge data on a line
perpendicular to the open wall of a cubicle can be used for predicting
the environment from spherical charges. At worst, the data will be slightly
conservative at scaled distances less than 4 ft/1b1/3.

Pressure gage measurements along a line perpendicular to the sidewall
(Figure 25) followed the same trend as out the front. However, pressures
and impulses were affected to a greater scaled distance (8 ft/1b1/3).
(Note that the cylindrical pressure at 4 fr /16173 is higher than the
average of numerous tests run during the subsequent cubicle test program.
The average from a larger sampling gives a pressure about 207 higher than
that of a sphere [2]). Thus, if data from cylindrical charges is used to
design for spherical charges, it would be conservative at scaled distances
less than 8 ft/1b1/3.)

A somevhat different trend is found in comparing results from the
sphere and cylinder over the backwall of the cubicle (Figure 26). Scaled
durations are still the same. However, spherical pressure data is higher
at scaled distances less than about 13 i:'l:/lb”3 and cylindrical impulse
data is higher over the entire range of measurements. Thus, impulse data
but not pressure data from cylindrical tests can conservatively be used
for a spherical charge. However, more extensive testing from three dif-
ferent cylindrical charge weights (2] showed that the peak pressure versus
scale distance curve of the cylinder has the same maximum pressure value
as that of the sphere but at a closer scaled distance. Because the max-
imum pressure behind the backwall was the same for both shapes, the design
method proposed in Reference 2 is applicable to both. That method uses
two intersecting straight lines to describe the pressure environment. A
horizontal line (dependent on charge density, W/V) limits the maximum
pressure and intersects a diagonal line describing the lower pressures
at larger scale distances.

Effect of Charge Weight on Leakage Environment. Two spherical charge
weights (1.07 and 2.65 pounds) were tested in the cubicle. Results, pre-
sented in Tables 12 and 13 and plotted in Figures 27, 28, and 29, show
considerable differences in the blast environment parameters. This is
expected since the size of the cubicle remained constant and was not
scaled up for the increased charge weight. Correct scaling requires that
the charge density, W/V, remain constant. Therefore, results from differ-
ent charge weights within a single geometry cubicle are dependent on W/V.

20
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CONCLUSIONS

1. The blast environment from composition B charges is essentially
equivalent to that from TNT charges of the same shape. The TNT equivalen-
cies in TM5-1300 (1.10 for peak pressure and 1.06 for impulse) should be
used in design.

2. The contained RDX slurry used in this test program is a high explosive
with a TNT equivalency that varies with scaled distance. The measured
equivalencies are more indicative of charge shape and containment effects
than the difference in charge composition. Peak pressures and impulses
for RDX slurry tanks should be obtained directly from the plots of these
parameters versus scaled distances (Figures 15 and 16). Since TNT equiv-
alency by weizht is not constant, it offers no advantages in design
applications.

3. Charge shape effects on the surface burst environment were substantial
at scaled distances less than 20 ft/lb”3 Charge shape must, therefore
be considered at these scaled distances.* Use of data from cylindrical
charges at less than 20 £t /1b'/3 would be conmservative in most cases
(that is, charges approaching spherical, hemispherical, or cylindrical
chapes).

4. Charge shape changes cause less variation in the blast environment
outside a protective cubicle than they do in the case of a surface burst.
Use of cylindrical charges for the test program described in Reference 2
will produce design curves that will be applicable for most charge shapes.

5. An extreme difference in surface hardness has significant effect 07
the surface burst environment at scaled distances less than 20 ft/1b1/3,
A stiff steel plate on sand, for the scale model tests. gave good agree-
ment with large scale results.

6. Small heights of burst (0.40 ft/1b'/3) measurably reduced side-on
overpressure and impulse at scaled distances less than 5 £t/151/3,

RECOMMENDATIONS
Equivalent weights gre easy to apply when they are constant over a

wide range of scaled distances. However, an equivalency that varies with
scaled distance is not practical for design work. Two curves must be used:

* The TM5-1300 Design Manual was developed from tests of TNT and
composition B charges of both spherical and cylindrical (L/D = 1)
sonfigurations. The design data presented reflects this charge
shape phenomenon. For charges with L/D greater than one, a pro-
cedure whergby the charge is assumed to consist of a series of
spherical charges is used. This procedure has produced good
agreement with available test data, and a supplement to TM5-1300
is being prepared.
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the variable equivalency plot to determine the equivalent weight of the
standard and the applicable parameter curve of the standard. Since the
effect of charge shape on air blast is a function of scaled distance,
instead of providing a variable equivalency plot the actual air-bilast
parameter curve for that charge shape should be provided for design.
There would be less chance for error and, in the case of impulse
relationships, no ambiguous discontinuities.

The shape effects on surface bursts cannot be applied directly to
external pressures from a charge confined in a cubicle. However, these
tests have demonstrated that results from cub.cle tests using composition
B cylinders can be safely used for most compac. charge shapes. Design
curves from Reference 2 can be applied to a wide range of standard charge
shapes without correction. This is possible because the cylinder generally
gives conservative results (design curves in Reference 2 will allow for
the one condition where the cylinder gave lower pressures), and the
cubicle wall interference with the blast wave reduces charge shape pro-
duced variations in the blast waves. :
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(a) Top view.

) Side view.
Figure 2. ®OX slurry test charges of 7+ and 8-1/2-inch diameter.
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(a) Cage mount (mass provided
by 1 foot of concrete).

(k) Pressure transducers
at 2. 4. g. ‘6. ’2.
and 50 feet from
charge.

Fivare ). South zace Vime of test site.
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(a) Surface burst of 2.95-pound
hemispherical charge setup
on 4~inch steel plate.

(b) RDX slurry 8-inch container
elevated over steel plate
with boaster of 10L grams of
€4 and J2 blascing cap in
place.

Figere 4. Typical setgs of explosive charges.
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