
AD-A011 807

EFFECTS OF CHARGE SHAPE AND COMPOSITIO'•
ON BLAST ENVIRONMENT

J. E. Tancreto

Civil Engineering Laboratory (Navy)

Prepared for:

Picatinny Arsenal

May 1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE

?:



196092.

Technical Note N-1390

EFFECTS OF CHARGE SHAPE AND COMPOSITION ON BLAST ENVIRONMENT

by

fre J. E. Tancreto

May 1975

Sponsored by

PICATINNY ARSENAL

Approved for public release; distribution unlimited.

CIVIL ENGINEERING LABORATORY
Naval Construction Battalion Center

Port Hueneme, CA 93043

k.1 oced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US O.par"t6.t of CosM-*Co
So,,.ghiold, VA 27151



*• .. .. • . --. u.* -.. ., ' '.,'Y,

Unclassified
5FlCU1?.V C..A* .IS CA'I•aCf OF T.A'-S PAGEiMh- 0 ..

20. Continued

but surface hardness and slight charge ele ation effects were also investigated.
Peak-pressure and peak-scaled unit impulse equivalencies (by weight of TNT

hemispherical surface bursts) arc calculated for composition B spheres and cylinders and
for the RI)X slurry charges. Test results indicate that the blast environment from
composition 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
he more proj-erlv lahelcd as shape factots which could bc applied to any high explosive.

Civil Inginccring Laboratory
FIL.1.CTS 01; CIIARIE ShIIPI- ANI) (COMPOSTION ONBI.AST I' NVI RONMI.NT (Final), by J. F. lancrcto
TN 394) 56 p. illus May 1975 Unclassified

1. M. t clWironnmctit -charge shape effect% I. 51-027

Ilast prcrsur,% were obtained from surface bursts of hemispherical, spherical, andt
cylindrical compos;ition I explosive and from encased RD)X slurry charge%. Charge weights variedfrom 0.5o to 3.7 pounds. Pressure measurements, takcn between 2 and 50 feet from the charge,varied from less than I psi to over I(ofx) psi.

The pre,,ure-timc records were evaluateld hr peak pressure. imi|tf"se. and positive-phase
,lurat on. rhe effects of charge ohape antd compoition were of primary importan, e. but surfa'c
hardness and slight charge elevation effects were also investigated.

Peak-pressure and lcak•scaled unit impulse ciquivalencies •bv weight of TNT hemispherical
surface burst%) are calculated for composition It sphctcrv and cylincdrs and for the RI)X Slurry
thargcs. -l et rcutlt, intlI;ite t' it oi ' t •he c'lie ironitt'l• front co•npo! ilion .It depends m oreon tht I
shape of the charge tlhan on its chemical difference from ihe rNT standard. The composition BIcquivalent:ies determined it; this sttudy might be more properly labeled as shape factors which
could be applied to any higi' explosive.

Unclassified



Unclassified
kI AD INs rkiT,'(iNs.

REPORT DOCUMENTATION PAGE I 11o.F-. H ,mn.F.TINe FukM" "A ' *.M6F0-A . 6 1 ACtS.i.S14 Oh141 Wi tiNT'g

T N - 39 0 _ _ _.. . . .. .. . .. . .. . .
4 TT,. F -a4 1 - ")t P). %' 'v',.~ Vfp V

EFFECTS OF CIIARGE SIIAPE AND COMPOSITION Final; Mar 1972-Sep 1974
ON BLAST ENVIRONMENT . . . .

J. F. Tancreto

CIVIL ENINEERING LABORATORY I
Naval Corstruction Battalion Center Army MIPR; 51-027
Port lluenem e, C al;fornia 9 304 3 A rm y .......

Picatinnv Arsenal May1975
Dover, New lersev 07801

I Unclassified

Approved for public release; distribution unlimited.

.,,,. .+, , . •.,7, - ,;; -' -.. ,) .,. ,,';.,', .,. l..7. ,, , ,- ; ; . .. ......

(U) ;'xpl-Aivc storage; (U) explosive effects; (U) cubicles; (U) magazine; (U) TNT
equivalency.

Blast pressures were obtained from surface bursts of hemispherical, spherical, and
cylindrical composition 8 exploshve and from encased RDX slurry charges. Charge weights
varied from 0.50 to 3.7 poun).', Pressure measurements, taken between 2 and 50 feet from
the charge, varied from less than I psi to over 1,(J00 psi.

The pressure-time records were evaluated for peak pressure, impulse, and positive-
1hasc duration. The effects of chargt shape and complosition were of primary importance,

DD ~ 1473 r k N . ..... Unclassified C untinued



cONTENTS
Page

I NTRODIUCT ION . . . . . . . . . . . . . . . . . . . . . . . . . . . . I

OB.T ECT 1VE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I

FXPERIMENTAL PROGRAM ..................... ........................ 2

Test Planning.... . .............. ......................... 2
Explosives ...................... .......................... 2
Test Site ............... ....... ........................... 3
.nstrumentation ................... ........................ 3
Test Procedure .......... ..... ......................... 5

)ATA ANALYSIS ........................ ........................... 7

Surface Burst Data ................ ...................... .. 12

Effect of Small Heights of Burst ............. ............... 14
RDX Slurry .... ............. .......................... .. 15
Three-Wall Cubicle Effects ............ .................. .. 15

TEST RESULTS I... ............... ........................... 15

TNT Equivalency of Composition B ........ ............... .. 16
Shape Equivalency ....... ....... ...................... ... 17
Equivalency of RDX Slurry . ........ ... .................. ... 19
"rhree-Wall Cubhcle Effects ............ .................. .. 20

CON(CLUSIONS ........ ... ....... ............................ .. 24

RECOMMENDIATI ONS .................. .......................... .. 24

ACKNO0LEI)(;,ENTS .... ... ............... .......................... 25

REFERENCES ..................... ............................. .... 55

L.IST OF ILII.USTRAIIONS

Fivur, 1 . Charge dirmtnsion. . .......... . ... ................... )6

Fk iure 2. RIX slurrv tt st charge-s of 7- and 8-1/2-inch dl meter . 27

FiH urt. 1. Souith ,,gv lint. of tes•t site.. ........ . ............. 28

Fi'vir' 4. "vpi('il stupsp of uxp losivw (charges .. . ..... ........... 29

I:ij grt 7. rvpical ,'tnptiter p1 Iot of dip it ti ed press aru-time data . 3)

ri urt r h. Complit er pl 1 I r 'from rin ni ng '' p r-sstiri, tr'ansd' I'er, using,
"rin.gIn," ga'g ',ag '12 in )-pound sphrtrical hi rst tests . . I1

[ii.,rt. 7. Puak prssur t, rom hewmilspherircal Surtlacve litrst s on sand
and on s teeI plate. . .... ..... ................. ... 32

FH iore 8. r'ale-d Implilst- fromn hnlslpherical coimpo•sition B st, rfact

htwrt . on ;and and onl sttetel plate . .... ........... ......

F i vore '4. Peak prt soure from sphet ri cal stor fac' i,.Irts ....... . .... .4

Fi)go r. 10. Pteak prv,; su r, I rom sp! r I cal 'omposition B and hi r I-
sphe-rical TNT surfact. btirstsi .............. .............. 35

V



Page-

Figure If. -Scaled impulse fromn spherical surface bursts,. 36.
ri-gure 12. Peak.pressure fr~om cylindrical composition B and hem.1

spherical TNT' s-urface linrsts .. ............ .............37

Fi%!tre 13. Scaled fmpaals&' from cylindrical comptoiftion B and hem!-
srhe~r ical TM' sterface buirsts .. ............ .............38

Figure 14 Flevated ver--wus surface burst peak pressures and scaled
i -plss for cylindrical and spherical composition B 39

F I Oire 1 9). Ptvak pre.;surt' from RJJX slurry and hemispherical I'NT .. 40

F i~u rt 16. Scaled impuilse from RDX slurry and hemispherical TNT ... 41

Figiarv 17. Scaled positive phase duiations of hemispherical and
spherical chaarges. ............................... .. .. .. 42

Figurt. 18. Scaled p~ositive phase durations of composition B
cylinders and RDX slurry compared to TNT heini:,piaele8 . 43

F Igurte 19). Peak pressure versus..scaled distance for spherical,
hemisphericail, and cylindrical surface bursts ............. 44

Ii~ie20. Equ ivatlent weight ratijos for equal peak pressures tfrom
chargos of different. shape at the same ground range
(from Figure 194) .......................................... 45

Fiý-,uri_ 21 . Scaled io;j~t.'ils vvrsits scaled distance, for spherica!l
htniispherica I, and cvi indrical surface hurst s.. .......... 46

FF.,iir,2. EqtiIva ltnt we ight ratios for equal inupu se (psi-msec )
from hem isphe-rical and cvii ndr ica suirface buirsts at t he
same ground range. R kFiguire 21). .... ................... 4;

Fl giirv 2 3 . Equ tiva lent. we Ight rat ios for equal peak pressure or
imptil st from RI)X slujrryv a-nt TNT hit-n I spiteres..........48

F igure' 24. B~last env irounennt parameters out: the, open wall of cubicle
for poi-r ical andu c-viindr ical charges (W - .-0 pounld) .. 49

Fi gure 2 '1. Hflast environment parameters behind s idtwa 11 of cuibit' I
for spherica;l, ;and cvI indrivol a'harves, (W -1.0 pot.ind) 1-1)

MFti ctrt 2h. B~last u'nv ir'unrent par.Imto !'-q I nd hac.-kwal II of vublc 1 e
fotr sphv&r ival -and cY vI ndr a-r a *'i ria g :-i' (W ',)~ otind) . 1S

F I s, a et 27. * IIIast envIronmen t pa rametetr s ouit t ilt open wall oit cuibic I
for 1.00- and 2.45lpotind sr-I'erical chargi's 6 . . . . 52

F igiare 24. Il$ last envlIronr'a'nt 'paramet'ers behoind bat-kwa II of cubif t'1-4
for 1 .100- and 2. AS-potjnd sphae'rieai u'irg's..... .. .. .... 13

IIur'24. h1 at t-twi ronrivnt paramvter-s behindl lwickwal ti t ,'uid'ielt

for 1.1)0- and 2.hll-pound spherical c*'hrerts . . . . . . . 4 54

V1



LIST OF TABLES

Page

Table 1. Summary of Test Program ........... ............. . . ..

Table 2. Phsvical Dimensions of Encased Cylindrical RDX
Slurry Charges.. ................... ............. 6

Table 3. Average Shock Wave Parameters for Hemispherical
Composition B Surface Burst on Sand .... .............. 8

Table 4. Average Shock Wave Parameters for Hemisphericr1-

Composition B Surface Bur:;t on Steel Plate .. ......... 8

Table 5. Average Shock Wave Parameters for Spherical
Composition B Surface Burst ......... .................

Table 6. Average Shock Wave Parameters for Cylindrical

Composition B Surface Burst ......... .................

Table 7. Average Shock Wave Parameters for Elevated
Spherical Composition B ....... ................. .. O

"lablh 8. Average Shock Wave Parameters for Elevated
Cylindrical Composition B (40-kHz Recording

Sy'stem) . .O..................................... ....

Table 9. Average Shock Wave Parameters for Cylindrical
Compos ition B Elevated i Radii (20-kHz Rt-cording
System). ............ ........................ 1.

Table 10. Avt-rage Shock Wave Parameters for EIlevated RDX

Slurry In C(ylindrical Containers ..... ............ ... 12

Tabll It. Blast Pre..ossure Ev nv ronment hts ldv Trhree-Wall
Cubicdlie From 1.(00-Pound Cvlindri cal Chargte . . .... 21

Table 12. Blast Pressure Envirornent Outside Three-Wall
Cubicle From 1.00-Pound Spherical Charge . . . . . . . . 22

"Trab It, . Blast Prevstire Environmwnt (hitside Thre-waill
Cu0ulet From 2.65-Ptind Spherical Charge . . . . . . . . 21

'UJ



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 te prevent
explosive propagation, damage to material, or injury to personnel are
being designed to comply with criteria and methods set forth in the T.5-
1300 Manual, ''Structures to Resist the Effects of Accidental Explosions"
rl]. The manual contains methods and criteria for determining the blast
environment and its effect on personoi1, structurei and adjacent explo-
sives.

A scale-model cubicle test program to supplement material in TM5-
1300 is being sponsored by Picatinny Arsenal (Maaufacturing Technology
Directorate) and conducted by the Navy's Civil Engineering Laboratory
(CEL). Port Hueneme, CA. The cubicle test program was designed to
establish the blast environment in and around fully and partially vented
cubicles. A CEL report f2] presents the cubicle test program r.,.sults
and gives methods and criteria for predicting the blast environment for
practical variations in critical para•,ters, including the size, shape,
and vent area of the cabicle, 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.

Because of the large number of tests and the small sixe of the test
charees, composition B cylinders were chosen as the explosive for tht,
cubicle test program. Composition B is easier to detonate in small
amounts 131, and cylinders are less expepsiv;- than %pheres. It Is, thi-re-
fore, necessary to relate the output of a composition B cylinder to that
of an established standard such as a TNT hemispherical surface burst
given in V5-1306. The effects of charge shape and composition can then
be accounted for when the results of the scale-model cubicle tests are
incorporated into XS-.130A.

RDX slurry tanks are used in amnunition production facilities. The
Nhock wave parameters from an accidental explosion of such a tank is
important in the design of new facilities. The test site used for deter-
mining the composition B equivalency was also used to determiae the output
of RDX slurry.

The primary test objectives were to masure the pressure-time-
distance relationships for msrface bursts of cylindrical composition
B and for encased RDX slurry high *xplosives 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 surCdce
hardness and small heights of bursts on air-blast parameters. The
effects of using compositfim A cylinders in a-futJte 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 levtl 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 sane weight). Good data was obtained
from the composition B and RDX slurry tests. However, pcor detonation of
the center-initiated cast TN1 spheres prevented use of the TNT data for
comparison. Similar problems with TNT spheres were reported ,v F10h1r
and Pitmann 131.

The test pro-ram was then expanded to include surface bursts of
;omposltion B ht.mispheres, spheres, and cylinders. The spherical and
ht-mispherical data could be compared with known T"T surface burst results
for determination of TNT equivalency of composition 8 and to check out
the pressure measurement system. Table 1 summarizes the scope of the
test program.

The hemispherical composition B charges were detonated on sand and
on a steel plate to determine which condition produced the most consistent
results for surface burst-. The test results Indicated that the steel
plate should be used for subsequent testing.

The spherical composition 5 sutfact burst tests tere then run for
comparison with knoun TNT results. Spherical composition 3 charxes were
also evaluated for the effects of small elevations on the air-blast param-
eters. The spheres were elevated 3 radii of a cylinder(LID a 1) of the
same weight. Air-blast parameters from cylindrical composition 5 surface
burst% and elevated detonations were measured and used for evaluating
shape and elevation effects.

Explos•ives

The eieosives used in testing were cost compooition A hemispheres,
spher*s, &M cylinders (/lI - 1) and rigid plastic cylindrical containers
of an gDX slurry (ROX In a solution of 602 acetic acid, 382 weter, and
27 nitric acid). Diminsio; and weaithts are shown in •igure 1. Table 2
also details the variation it the slurry dimmnslonc, and FLgure 2 shovs
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the two sizes of RDX slurry containers. Charge weights were taken and
marked on the charge by the manufactur -. Charge weight variation of
the composition B was insignificant (aess than 1,). Variation of the
RDX slurry weights and dimensions was significant. Tre thickness of the
settled R.X, which solidified at the bottom of the container, varied
linearly along diameter'i through the center of the RDX disc. This resulted
when the manufacturer did nt place the charges perfectly vertical in
their shipping barrels. The weight variation can be allowed for with
scaling, but the variation In thickness of the RIX di';c at the bottom
of the container definitely contributed to greater scatter of the RDX
.;lurry 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-gras
spherical pentolite booster centered in the sphere. Charge weights shown
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 Fi,"r' I wv.rv tt,.,d n •,, In'.
However, the 100-gram booster of C4 used with the RDX slurry charges was
added to the WDX weight when analyzing those results.

The composition B hemispheres and spheres were cast by the Naval
Ordnance Laboratory (NOL). Silver Spring, 4ID. The composition B cylinders
were cast ind machined bv .iO1. and by the laval Weapons Center, China Leke.
CA. Holston Army Ammunition Plant made up the RDX slurry charges with
slurry taken directly from their manufacturing tinks.

Test Site

Testing was conducted at the Pacific 4issile Range, Point Hugu. CA.
Three game lines, each originating at ground zero, were placed at 90
degrees to each other. The ground surface, along each gage line, was
leveled and covered out to a range of 52 feet. Th first 10 feet of the
lines, except for the Aurface at qround zero. was covered with &-foot-
wide by 1/4-inch-nhick steel plate. From 10 to 52 feet, tte lines w@re
covered with 3/A-Inch pIlvwood. Pressure transducers were located on each
line at 2, 4, 8, 16, 32, and $0 feet from Kround zero. Each transducer
,s mounted in a %teel jacket encased in 1 cubic foot of cowcrete. The

concrete block wds buried so that the pressure 6a2 Uas flush with the
4round Aurface. Fiture 1 'hows a sawe line and a typical gage mount.

Atmospheric conditions at the *ite were obtained from the 4eteorology
Settion of the Peclfic t11silt Rane. faromw tric presure, temperature,
wind sp@ed, and vind drectlon are noted hourly from a station vithin
60 yard* of our test site. 4ateotolopieal data woA Incloded in tt compeier
printost of each prv.sure rocord.

Inst runtat ion

Pie#ore*Iastiv pressuro transducers mnmufactured by Tywo lstruamt
Dlvislon of lytrex, Inc. were used. Th* WC wries O ued is s~secoltcaly
des.*iwed to mesre blast photoms* in a field teoat situatiom,. The #W at

.. S3
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supplied with as integral thý.at and dobris shield with eight equally spaced
bolts of O.040.iach diamtef lea~~ivj to the gage dliplwa".. The filter
provide* a cylindrical air *pace above the diaphraom of 0.010 Inch. The
diameter of the space vari-is with the pressure vanp of the gage. Gages
decigned to vessur, peak pressure*. of 15, 25, 100. 200, W.., and 1.000
psi wort ptaced alonq the MOMe line In accordance with the predicted
pressure at the asw location. Gages were statically precalibrated wi th
air pressure at about the level of the --4ttcipated peAk *hock pressure.
Instrument cables were buried for protoct ion. Recording equipment was
housed In a hardened inst rument van located 50 feet from gro~mn zero. (T -
van %ws originally locattO 300 feet from Srcund zero for the nominal. 2"k-
k~z recordinot system, but was mowd when the recording sy'--s*t capabi -,-c
was Increased to a nominal 40 k~z.)

In the btgimaing of the tist progtram a nominal 20*kflz racordfiý..
system was eased. This systwm coasisted 'ts( EMdvevo Models 4401 and 4470
signal couditionert, Dam Nodels 3850V2 and 4472-6 amplifiers. and a,
Sangamo Saber 4 tape recorder at 60 Lps. This sv4t*A Was used for the
hemispherical comsposition 3 tests, the ifli slurr tests, and a portion
of tsk elevated composition 3 cylinder tests (Table I shows the recording-
svsten used in each test).

A miatulal 40-kHz recording ste.t~ was used for the remaining tests.
This system sbstitUL'eA 4inneapoli%-Mmanevll Model 104 amplifiers and
increased the recording cage speed to 120 ips.

Tho FM signal data was digitized by the data reduction facility
at tho Pacific M4issile Range. The 20-M~ vressure*tiae data wes digitized
at 140) samples per millisecond (6.2S microsoconds per data point). The 40.
k~tz date ditaitiatne rate was doublod to 1220 oamples per milliseconid (3.125
ati~rooeconds pvr data point).

Test P~rocedure

The teot chat p wav centered on ot over tround zero a* shwow to
Figure A. Charroes placed &t groud level were positi'~ned on a rejhlac*&ble
&*Inch-thick snteOellt#. fiuresr 44 Whws a hemtspherical char"e in place
an the nota~ plate. Elevateds, charges wer* placed on a platform rosalsting
of woodent slot ats api g *trofoam cup*. More~ 3 thio %imple *Uwprt
for a cylindrical compoaitlan 2 charge, Ond figre 'Lb Aews the thr*e.
sided suipport for a he&ler RMI Olrrv charte. TVe teeter cup .nFiaurwt
is esportitan a lt*'gr CA boooter chatgw. The blasting cap, tuhich to mot
Visible, %as Waverted thromoh Oth Ctip aid Ito tbe MA

Each Charge tai detonted biV am engineero *peclal RZ blaoting '-O

(oil" ANA10 Stock MX~ No. 'I'42.$2 M 1O) with a sets ch'arge
of 0.94 "ra of rMT. As aditiomal Wo"sit charge Was Used for each
.qltosii at sOwti is Figure 1. Tbe h"Aemitrical amu ceVLOATr*A

*Cý12.0d.. were eeveted 'I rdit (rovad level to cester of 1gravity)
toope Iiton a sphervs tweo 0kvated I "Adii of A C1linder of toe*.m
twefb; OWhe 0W s er ~iWs elevate j redii of a vobore of tle *a
ue~tgbt C1-106 dad 6-sis is"*#e for the I saW 6'IIZ'ifb camtaiuras,
ropeeuiveiy, g"Ouffd level to bottom of "Oataimer).



Tab1 2. Physical Dimensions of Encased Cylindrical
RDX Slurry Charges

Test Weight (lb) Average Height Height of

No. of RDX Slurry
RDXa 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 1i 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

1025 b .8 11.0 1-1/2 6-7/8
026 2.0 - 11.9 1-13/16 7-1/2
027 1.9 11.3 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 1.9 1 11.4 1 1-5/8 1 7

Does not include 100-gram booster (C4) weight which

is included in scaled distance calculation.

Te6t not recorded due to instrumentation malfunction.

6
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supplied with an integral heat and debris shield uith 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
systvm used in each test).

Sn1minal 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 engineers 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 sl-irry 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 PBXMN-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 equip-
ment and detonated the charge. Quick-look eata, provided by an oscillograph
plotted after each test, allowed correction of instrumentation problems
and evaluation of results before continuing the test program.

DATA ANALYSIS

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-
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, Pso is/W1/3 1/3)

W Z(1/ 3) (psi) (psi-msec/lb1 1 3 ) (msec/lb11 •)(lb) (ft/lbl3

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 0.87 ( 0.04) 1.55 (0.03) 4.23 (0.19)

1.41 359 (74 ) 14.4 (1.0 ) 0.17 (0.01)
2.81 99.2- (14.7) 16.9 (0.8) 0.87 (0.30)

955.59 28.3 (2.6 ) 10M6 (0.7) 1.69 (0.25)
11.2 7.13 ( 0.36) 6.51 (0.16) 2.49 (0.09)
22.4 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 Hemisj2-zrical
Composition B Surface Burst on Steel Plate

Charge Scaled
Weight, Distance, Pso is/W1/ 3  o/W 1 /3

- -W Z (pPi) (psitmsec/lbl/ 3 ) (isec/lb 1 /3)
(lb) (ft/lbl/3)

2.02 242 (17 ) 17.7 (2.3) 0.32 (0.07)
4.03 67 (16 ) 16 . 0 a 0.91 (0.11)
8.02 16,7 ( 1.4 ) 9.71 (0.39) 2.82 (0.07)

1016.0 4.?q ( 0.32) 5.23 (0.24) 3.75 (0.15)
- - 32.1 - 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 3,8 (58 ) 18.5 (0.9 ) 0.17 (0.04)
2.81 151 (12 ) 21.3 (4.4 ) 1.12 (0.31)
5.59 31.3 ( 4.6 ) 12.8 (0.6 ) 2.41 (0.14)

11.2 8.40 ( 0.70) 7.32 (0.30) 3.28 (0.08)
22.4 2.50 ( 0.15) 3.47 (0.14) 3.79 (0.59)
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 s /3
Weight, Distance, PsioW1/3 tI/W

W Z (psi) (pOi-msec/lb ) (msec/lbI/3)

(ib) (ft/lb /3)

2.00 468 (102 ) 19.9 (3.2) 0.12 (0.01)
3.95 112 (5 ) 23.8 (1.0') 2.01 (0.25)
7.85 19.5 ( 1.4 ) 10.8 (1.2) 1.96 (0.24)

15.6 4.99 (0.32) 5.50 (0.13) 3.01 (0.13)
31.4- 1.59 (0.03) 2.55 (0.15) 3.68 (0.07)
48.:9 0 0.83zC(: O.Q3) 1.47 (0.09) 4.41 (0.31)

1.47 480 (103 ) 18.8 (0.-i)i 0.09 (0.01)
2.90 279 ( 51 ) 40.9 (2.6) 1.26 (0.16)

5.77 39.0 ( 6.2 ) 14.1 (1.4 ) 1.34 (0.15)
2.69 11.5 8.29 ( 0.39) 7.30 (0.16) 2.48 (0.30)

22.6 2.57 ( 0.10) 3.49 (0.23) 3.50 (0.44)
* 36.0 1.32 ( 0.11) 2.08 (0.16) 4.13 (0.23)

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

.Charge Scaled - 1/3
Weight, Distance, Pso is/WI/3 1tolW /3

W Z (psi) (psi-msec/lb/) (msec/lb )
(lb) (ft/lb 1 /3)

1.79 725 (119 ) 25.9 (3.2) 0.09 (0.01)
3.54 14F6 ( 13.2 ) 28.7 (3.7) 0.91 (0.13)

7.03 ?1.9 ( 4.6 ) 11.0 (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)

1.41 921 (130 ) 22.6 (2.2) 0.08 (0.01)
2.79 289 ( 28.8 ) 40.8 (5.5) 0.87 (0.11)
5.55 47.8 ( 2.2 ) 16.2 (1.8) 1.33 (0.18)

11.1 9.77 ( 1.02) 6.60 (0.10) 3.02 (0.88)
22.2 2.39 ( 0.13) 3.38 (0.59) 4.35 (0.71)
34.6 1.18 ( 0.11) 2.26 (0.28) 4.73 (0.46)

9



Table 7. Average Shock Wave Parameters for Elevateda

Spherical Composition B

Charge Scaled f 1/3
Weight, Distance, Ps I/3 tsO/ 1/3)

W Z " (psi) (psi-msec/lb (msec/lb
(lb) (ft/lb1/3)

2.00 b 26.8 (5.0 ) 0.32 (0.14)
3.95 95 17.0 (2.0 ) 0.80 (0.14)

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)
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.u2 (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).

b 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 1/3 1/3

Weight, Distance, Pso is/W 1/3 t1/W
W Z (psi) (psi-msec/lb ) (msec/lb1 /3)

(lb) (ft/lb )

1.79 663 ( 78 ) 29.4 (2.4 ) 0.19 (0.07)
3.54 112 ( 9.8 ) 23.3 (1.4 ) 1.25 (0.09)

1.49 7.03 34.5 ( 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 ) 14.6 (1.5 ) 1.06 (0.20)

3.03 11.1 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 Shock Wave Parameters for Cylindrical
Composition B Elevated 3 Radii (20-kliz
Recording System)

Charge Scaled a 1/3a 1/3
Weight, Distance, PSO 1,1W 1/3 ts/W 1/3

W z (psi) (psi-mseclbI msec/lb

(lb) (ft/lb 1/)

2.52 282 31.4 0.64
5.04 72.4 17.3 1.06

10.1 11.4 8.51 1.94
20.2 3.15 4.49 4.52
40.4 0.96 2.12 5.15
63.0 0.50 1.35 5.37

2.0 432 28 0.30
4.0 116 24.9 0.90
8.0 24.5 10.0 1.50

1.00 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 0.2'3
3.18 204 31.3 0.72
6.36 44.2 13.0 1.14

12.7 7.90 6.70 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
5.56 57.8 15.0 1.15

3.03 11.1 10.9 8.21 3.91
22.2 2.60 4.14 4.61
34.8 1.33 2.60 5.00

ai
a Average of four test values; standard deviation not

shown because of small number of samples.
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Table 10. Average Shock Wave Parameters for Elevated
RDX Slurry in Cylindrical Containers

Charge a Scaled b 1/'3 1/3
Weight, Distance, Po. is/W' 1/3 to/W 1/3

(lb ( / 3  (psi). (psi-msec/lb1) (msec/lb )(lb) (ft Ilb'13

1.57 472 ( 79 ) 38.5 (5.5) 0.34 (0.04)
3.13 155 ( 22 ) 26.8 (2.9 ) 0.62 (0.15)
6.26 40.5 ( 3.0 ) 14.9 (1.5 ) 1.24 (0.12)

.(0.1) 12.5 8.27 (0.66) 7.30 (0.49) 2.55 (0.26)
25.0 , 229 ( 0.17) 3.46 (0.22) 3.64 (0.20)
39.1 1.00 ( 0.08) 1.98 (0.11) 4.13 (0.21)

1.29 603 (178 ) 46.2 (5.6) 0.37 (0.05)
2.59 209 ( 42 ) 28.0 (4.5) 0.57 (0.19)

3.7 (0.2) 5.17 55.8 ( 8.7 ) 17.8 (1.7) 1.24 (0,13)
10.3 11.7 ( 1.1 ) 8.83 (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 weighL of nine test samples includes weight of
composition C4 booster. Value in parentheses is one
standard deviation.

Average scaled distances shown. Actual scaled distances
varied with charge %eight. Standard deviatiorn is less
than 27 of average.

Surface Burst Data

Hemispherical Composition 5 and Ground Effect. Peak pressure and
scaled unit impulse results from hemispherical coposition B surface
bursts, tahulated in Tables 3 and 4, are plotted in Figures 7 and 8.
Peak pressure data points are shown with the relationship for a TNT hemi-
spherical surface burst 11 and 61. The tests conducted on a sand surface
are generally lower than these detonated ovcr a steel plate. TMh effect
diminishes as the scale distance (Z) increases and Is lnsignifttant for
Z creator than 20 ft/lb 1 1 3 .

The same effect is also apparent in the impulae data (see Figure 4)
in %hich the effect of the sand surface is to reduce the scaled unit
impulse over the entire range of measurod values. The gratest effect
is again at the closest ranges.

Because the sand surface obviously reduced the air blast output
significantly it was decided that all subsequent surface burst tests
would be conducted on a stiff steel plate.
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The peak pressure odtput of the composition 9 (on a steel plate)
is virtually the same as that for a similar TNT charge to a scale distance
within 3 ft/lbI/ 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 syntem. Because of this
attenuation in peak pressure, a nominal 40 kHx ve.ording systen was
installed for subsequent tests (see Table I for the recording system
used in each test series).

Scaled impulse data usually stows 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 fI, 61 is
of interest in Figure 8. Our test results for composition B show good
agreement with those of Kingery F6] who gives measurements of air blast
from 5, 20, 100, and 500-ton TNT hemispherical surface burqts. The largest
discrepencies occur at scaled distances less than 3 ft/lb1' 3 where the
peak pressures were attenuated by our recording system.

Positive phase durations from the composition B tests and from
References 1 and 5 are compared in F~jures 17 and 18. The large scatter
in our test data around Z - 4 ft/lb'i , which shows in the standard devia-
tion and in the erratic data points, is due to the definition of the
jositive 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 Figure 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 extend.d the positive phase duration. Again, the data values
compare better with Reference 6 than Reference 1.

Spherical oMpositlon 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 TT test data from Distant Plain Lvent 6 17) and Prairie Flat
i8. 9). Curves from the TNT tests had been adjusted to sea level conditions.
The 40-kls recording system appears to increase the acceptable range
of the instrumentation to 300 psi (from 150 pai for the 20-kft system).
Below 300 psi the peak pressures from the spherical composition & tests
fall on one or the other of the referenced spherical IMr data.

A best fit curve has beWn drawn through the spherical composition 9
peak pressure data and compared to hemispherical data in Figure 10. As
expected the sp4grical pek pressures are higher than,),ofe of the hemisph-
erical chatges at scaled distances less than 15 ft/lb'" This figure
will also be used to determine shape equivalency.

Scaled Impulse results, in Table 5, are plotted in Figure 11. A
smooth curve has been drawn through the composition 1 test data for compar-
tson vitb the larSP scale TNT data from Distant Plain, Event 6 (100-
top spherical TNT surface burst). Another lWT large-scale surface bWrst,
operation Prairie nlat, is shown in 183 to be is 8emeral agreemest with
Distant Plain although it is soewhat lower at the larger scale dstaMNces
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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
are Flotted and compared to results from TNT tests in Figure 17. The
composition B data is lower at the xarger scale distances and aaigher
at one point near 4 ft/lb1 / 3 scaled distance. The differences are small
considering the small effect on the design loading that they would have.

Cylindrical 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 arid connected
with a smooth curve. The relationship for a hemispherical TNT surface
burst [I) 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 (nominal 40 kiz) was
attenuating the peaks in that range.

Peak scaled unit impulses are plotted and connected 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 TN4T hemispherical surface burst from Reference I is
included for comparison.

Effect of Small heights of Burst

The MDX slurry tests had originally been detonated at mall elevations
to reduce cratering and simplify the test setup. They were to be compared
directly to TWT spheres at the sae elevation until improper detonation
of the TN charges mmde that impossible. Composition I cylinders and
spheres wer detonated at mall heights of burst to so* how the results
differed from those of surface bursts. The cylinders were elevated 3
radii (stround surface to center of gravity of charge) and the spheres
I radii of a cylinder of the same weight. Table I summarizes the heights
of burst for the different charges. Tables 7 and 8 smmriae the results
for the spheres and cylinders, respectively.

Peak preosure and scaled unit impulses for the elevated spheres
and cylinders are compared in Fisure 14. Data points from the elevated
terts are plotted vith the best fit curves from the surfac burst tests.
Small differences in peek pressure occur at levels above 100 psi with
the elevated re*ults being slightly lower. Elevatiag the char*es apeared
to reduce the peak that oc rs tm the Impulse relationship at a scaled
distance of about I ft/lb .

Changes Im siged poitive phas duratiom also occur at scaled di*tances
leIs thom 5 fti/16"', as cem be *m by imnpection of Tables 6 amd 8.
At •CtApJ diAsaMces ets lm than 1 ftWWbI), the durdtion w•as increaed sigunit
icantly. (It should be muted that the distanes swed were masured along
the groed surface amd were wot slant distamnes from the center of the
charge.)
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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 elevated cylinder tests were essentially
repeated (see Tible 8) with a better instrumentatioa systee 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-kih recording system.

RDX Slurry

Peak pressures, scaled unit impulses and positive phase durations
from the RDX slurry tests are sumarized in Table 10. Peak pressure
data values am plotted and comected 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 Veak pressure
(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 III is alto shown for comparison and for use in
fl,.iring an equivalency.

Peak scaled unit impulse values are plotted in Figure 16. The signif-
icant featu.;I of the curve is that it shows no peak near a scaled distance
of 3 ft/lh11' as did the other tested charges. Instead it continues to
rise at a reduced rate.

Scaled positive phase duration for the RDX slurry is plotted in
Figure '8 with the relationship for a TNT hemispherical surface burst
'I I for comparison.

Three-Wall Cubicle Effects

Peak pressure, scaled impulre, and scaled duration data around a
three-well cubicle were obtained from I-pound spheres and cylinders and
2.65-pound spheres centtred in the cubicle. Gage liWaes were located along
the auto surface perpendicular to the front (open) well, the sidewall,
and the backwall. Data from the two charte shapes of the same weitht (I
pound) and from two charge weights of the same shape (spherical) are
compared in the Test Reoults section of this report.

"'ST RUTS

Womispherical and spherical composition S surface burst tests %ore
conducted for coqWison with the latest 11W data for the same shpes
and conditioss. These tests provided the basis for vealetift the cyli.-
drical composition a and IM slurry test date by gtivg a ebek ae the
data acquisitiom *"-tea and by yielding the T1W equivalncwy of composition
a. The concept of eqeivale••y is thea wed to describe the e*fect of charg8



st•pe (cylinder, sphere and disc versu• • hemisphere) on air-blast param-

eters.
The equivalent weight concept provides a method for comparins air-

blast parameters of ,•gssimtl•.r charges. It is most mdvantal•eous i• it
is constant over wide ramses of scaled distance, ms it is nov pre•n*•l
in TNS-13t)O. Equivalency by weight is defined as the ratio of the weisht•
of two dissimilar charses •.hat •ive the same peak pressure (or impulse)
at the same ranl•e from •round zero. This equivalency can be obtained
for peak pressure •rol pressure versus scaled distance relationships
b v raisin• the ratio of the scaled distances, at • constant pressure,
to the third power.

•lx so

Thl• equivalency (•v•/x) can be plotted against pressure, Zx or Zv. •lnce
all thre• define • unique conclitio• •here the equivalency applies: in
this report the equivalency values are plotted •jtain•t •x since the
desiltner •ill generally know R and •x and be looking for Vy.

The impulse equiva•ancy by weight is obtained from •chled impulse
versus s•aled distance curves b• cuhinK the ratin of scaled distances

of scaled impulse (psiom•/•bti3) ver•u• •.•ied di#tanc• (ftllb113).
i•pul• (p•i-nsec) is co•t•t •loner li•. •th a slope of 65 deftrees.
O• t•ese lines:

ti•113 , aOl/W•/3)1.0

or t • ••

w•ere • t• • constant tt•t locates the •5-d•u• lt•e. The#, •lon• t•e•
lt•e• the •oe•|tion• for equlv•lt, nc• •r• satt•fit•d| that l•, tupu|•
and r•nn• are €o•t•mt.

T•r •utv4tu•m:y o€ Cowo•t•ton i

i• •r•d t• d•ta •€,• •i•to•r •t• o| Iar•er quantltte• o| T•T in

Peak p•• •roe th• heIt•ert•t •oal•sttt• II mirf,.•e I•ar•t,
delo•lted oil 8 liSte• II v|lrt•i•|11• th• i • •hOt i•r• • (•q• !lKul•
?), et•tl•t for p•ok pr•e•, •bov• IS•) pgtl. • prism levels
th• 15Q*p•I le•Jel •el• det•.r•tMd to be I• I•e•e•e ol th• Ii•It• oI
the tecm•i•t.. •teu, Siadla• results uet• •tateed u4th • qndm•t the
•po•itio• I te•t •|u•.q fall on one or the other of tlw • •t•s
(•e •t•w• q•), ez•pt fo• pt• et• 9n•O p•! ui•re th• t••
(•ldlt) t•€o•lt• •t•4u attelueted th• ,eu•k pt•mt•.



Scaled Impulse from composition. I sad TNT hemispherical surface
bursts are compared In figure 8. Agreement betwass the composition 9
data (an a steel plate) and Kiuagery's TNT data 161 to good. The Impulse
cuirve In M-51 300 III is higher and also smooths the peak In the curia
at about ?.S ft/lIb 1 . Since TM51300 references Klnger>'s report. It
must he .. sumed that the curve In THS-1300 in the result of a generally
conservative smoothing of the relationship over a wide range of scale
distances for easier presentatioa and use. Subsequent references to hemi-
sjpherical TINT data wilt refer to Kingery's data.

It was anticipated that composition R and TNT charges of the same
e-hape = andwder similar conditions would have almost ideutIc-l blast
vield. T45-1300 gives the TINT equivalencies for coaposItion 9 at pres-
.*r~ between 2 and 5C6 psi as 1.10 for peek preisp~sre and 1.06 for iwtpulse.
In order to measure these equivalencies experime'ntally you must be able
to measure a ratio in t ip scaled distances at the sawe pressure or
it~pulse. of 1.#)3 (1.10M1) an 1.02 (1.06114), respectively. Deteraminin
such a low equivalency was not possible because of (1) the magaitude of
the standard deviation and (2) the relatively small number of data points.
It Is Imprtuat to not& that the standard deviation reflects natural
differences betwtmeen identical te-its as; well as experimental error. The
difforvace hewtwen Oi4sata Plain Event 6 and Prairie flat, shown to Figure
4. is an example. At the Lower pressure lev*ls the two slailar tosts
differ bv r'~re than )OT. Thi.- difftirence can be attributed to ManY factort,
includina bl4At 4nomalio%. test s*t, differences. and experimental error.
A gerive of te#'tm on tOw *mw *Itoe ltminates the effect of different
t.-t *'itv conditionsi. Iksver. 'Aen the result,% are applied to a situation
at anottwr location, Of1* error reenter%.

Vithin thv accu.racy of Ote test *etup, differences betwoon composition
b and Th~T peah pr s',urrs and ocalod Ipulse fo~r #imilar As)pes were negli-
aitle. Coosideo ina t0* natural variation of explooisie e s and the

coprolf vw essarv by a dosisner, comp@eR ion 9 and TNT can be considered
to hve tOw *smw preivurq and impulse output*. Other factors, such as
*q~rface condition*' and charv. QWp, are more importn. To be conserVative,
the. M.C equivaleo"10% tn r.45-1VA can be applied to comnsition It.

Tho rý-4ult* of tWehnp-ia and spherical Composition a su-rface
bure~t% also verify the accuray at t00 imstrinmtattoon M~tem. Pressure
data fron th* !Q-kik system io tod to M~i poi amd from the 4"1 1k S~it~o

to'Is p,4. Ijipulac data 1. a curato over tht v'Atilre range of §V41@4
di~swoe. @"as thaow it vdet W. *li0-tly low at pre*Swae ranges above
the PTes**ure at which the peak 14s attenuated.

It 1% rocogeiime that charge shape MO a signifitant effect am ait-
blaut paarites. Ne"lts (tom, chargi of sroi§uu Obapes, "epotted by
Adams" art &1. 10 ~IN 1040 *hv-We twk etitt's. Itoe data, houover, Wh
limited t# pressure hetWeem I Mdl 1pti. Aeest *tudies Of eC'limdeft

. rt%,. and hemilfheros Prowlde data oveir a 060 greater pseasur law
and shoW the equivalemey toe WVariabl with st'die4 ~istMC*.



Air-blast eawanrements from spherical and besdapherical surface
bursts are well documnented. Tle peak pressure firoan a roi~eritcal charge
ipc about tvwce. that of a !wmispherical chug. at .a s'ca A distance of
2 IW ft~ 1 ?1. The pressure curtvs of the two shapes are shown III

to merge at scaled distances greater than 10 ftit/1b/3. Scaled I'VUlie
data Is Identical 171 for the on, shape* at scaled distances greater
than 6 WIWl11 . At a scale distance near 3 ft/lbt13 the scaled impulse
from a sphere is about 1.5 times that of a hemlsphere. Though these are
the m.ewnw~a diffarences in peak pressure and im~use, they Illustrate
the great effoct of charxe shape at specific sca.1.9d distances.

Air-tiast meassuremients from cylindrical charges vith various length
to diameter (L/T)) ratis have been reported by W'sotski and Snyer o!
the Denver Research Institute 1111 sand by Raisler and Lefevre 1121 of
IML. Their comparisons of cylinders (with LID ratio* between I and 3)
and sphereis have sbosm that cylinders produce highev pyregvurss (Ip to
402 higher for anLID - 1) at scaled distances less than 10 ft/l t, 3

and lower pressnres, Cup to 202 lower) at largir sciled distances.
Peak pressure measurements were cowererd In thea. raftrances by

takina their ratio at $Iven scaled distaAcos. An alternate mathod wuld
be to show the ratio of equivalent weights that p'oduce the *ame pre~ssure
(or Impulse) at the same %round ranp.

Pressure ýquivalencv. Peak pressures from hemispherical,, sphericol,
and cylindrical surface bursts are compared tin Figurt 19. The spherical
and cytlindrical curves are from composKition S test resolts. The b@emisphericzl
relatlop'hip I* takep from T.1A3-130O for a T11T surfac. burst though the
coaposit1l'n 6 results* can W- considered identical (see TNT equi-oloar
of composi1tion 8, thi% report). Equwvleft Weight ratios for pairs of
charwei of different shap are Aiote in Fixoriv 20. Ag expected the weight

of ho ivpiwrical c:harlo (9mhon) QmAst be troator Otha that of is sphor@

(3kW qrctd~ V ) to produce# tW. *afte prossuro at te saMe @war
fird r'aoi. Thw @opp*itcs is true, but to a *iialler degrtto, it tOw far
fied rw~e*. The compqIttas I test data was limited to a mintm.m scalod
diit'tice of 2.60 ft/lb"3 . Oatrý from Poisle- 171 indicated that the 0 1i
'0en1t weiakt of a hemisphere to ýhat of a gshere 66pOAkS", at 3.2s 1 h.ib"
at a sealed distac of I ft/lbM~. Data it not avetlable at the maill
*salod distances to determine the peak equiwolmncv for the c!*linder.

T%@ high equivalencv vale@* ate not ww*sua. The basic pressure*
curves for sPhefres wandhiZpe are -wil dscw'tvd bot are aft eswallt
compared to tht* GMM.r. Sib@,@ Fret,*M4mad impwl@e) changes at* Meactivei
insensit~ve to weihtk CIMO64e (a IN equivalest weights awlifir the
pressur for imus)diffet~nes (~Ote that at a Ocale distancef of
2 (010At Owe Peak Pressure of a sphere is ahoes steic thdt of a h"Iem4
That 0@e qus iee wigt of t00 hem0spher to Pft~C* that premssure it
1.2s tin"s she weigh of a shr)

!~i~ slval=m~ Scaled wait Impulises fwim em-beaa
Ural, an CHOWC&Ic surface burstts ate towvard in vitar* 21 th
*pheical ma cwlin~rica! carves a"e ft. ike tempesiti. a t@*t rvsulcs



The hemispherical relationship is taken from Kingery's [6] TNT 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 system.
Thus, the effect of charge shape on impulse is the result (whether the
curve is based on TNT or corposition B). Considering the scatter of impulse
data, the only significant differences occur at scale distances less
than about 6 ft/1bI/ 3 . The scaled impulses of the cylinder and sphere
peak much higher than the hemisphere (42 versus 26 psi-msec/lb1/ 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 ft/ibl/ 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/lbI/ 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 IV point at decreasing scaled distances.)
For this reason the impulse equivalency curve in Figure 22 for W. /W c
is terminated at 3.2 ft/lb'/ 3 . Results for a sphere (Whe /W h) would1' Rslto ashre"hm sphhe cy

have been similar within the same range of scaled distances.

Equivalency of RDX Slurry

The RDX slurry peak pressure and scaled impulse data is compared
to TNT hemispherical results in Figures 1-. and 16. The TNT pressure data
was taken from TM5-1300 [1] and the impulse data from Kingery [6]. The
equivalent weight ratios (WTNT/Wslurry) were calculated from these figures
and are displayed in Figure 23. The pressure equivalency is highest (1.80
lb/lb) at a scaled distance of 5.2 ft/ibI/ 3 . The impulse equivalency is
between 1.3 and 1.4 lb/lb for scaled distances between 2.7 and 10 ft/lbl/ 3 .
Inspection of Figure 16 shows that at a scaled distance near 2.7 ft/lb1 !3

a discontinuity in impulse equivalency occurs. At scaled distances less
than 2.6 ft/lb'/3 the equivalency increases substantially to a value
of around 5 lb/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/1b1 / 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 differ.ing in composition.
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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/lbl/3,
scaled impulse and peak pressure data showed no charge shape effects. The
average peak pressure of the cylinder at 4 ft/lb 1 /3 was 15% higher than
that of the sphere and the scaled impulse of the cylinder at 2 ft/lbI/3
was 14% higher than that of a sphere. Cylindrical 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/lbl/ 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/lbl/ 3 ).
(Note that the cylindrical pressure at 4 ft/lb 1 / 3 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 20% higher than
that of a sphere [21. Thus, if data from cylindrical charges is used to
design for spherical charges, it would be conservative at scaled distances
less than 8 ft/ibl/ 3 .)

A somewhat 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 ft/ib 1 / 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 12] 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.
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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 wei'-ht 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/ib1/ 3 . Charge shape must, therefore,
be considered at these scaled distances.* Use of data from cylindrical
charges at less than 20 ft/lbi/3 would be conservative in most cases
(that -, charges approaching spherical, hemispherical, or cylindrical
shapes).

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 o0i

the surface burst environment at scaled distances less than 20 ft/1bl/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/1bl/3) measurably reduced side-on
overpressure and impulse at scaled distances less than 5 ft/lbl/ 3 .

RECOMmENDATIONS

Equivalent weights are 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 (LID - 1)
zonfigurations. The design data presented reflects this charge
shape phenomenon. For charges with L/D greater than one, a pro-
cedure wheraby 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 THS-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 scalad distance,
instead of providing a variable equivalency plot the actual air-blast
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.

F1~ot 2atK hny Cttn charon of 7- MW 8a1fl-kwk dizcrwi.



(ia) Gage mount (miass provided
by I foot of concrete).

()Poit#~urit traamducors



(a) Surface burst of 2.95-pound
hemispherical charige setup
on 4-inch steel plate.
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Gage S32
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(a) Pressure and impulse versus time.
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(b) Log pressure versus time.

Figure 6. Computer plots from "'ringing'' pressure transducer,
using '"ringing'' gage S32 in 1-pound spherical burst
tests.
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Figure 7. Peak pressure from hemispherical surface burst on sand
and on steel plate.
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0 Spherical Coupsitiot Ih

200surfac burst (Table 5)
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Figure 9. Peak pressure from spherical surface bursts.
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Figure 10. Peak pressure from spherical composition B and hemispherical
TNT surface bursts.
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Figure 11. Scaled impulse from spherical surface bursts.
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Figu.'- 12. Peak pressure from cylindrical composition B and
hemispherical TNT surface bursts.
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Fixure 13. Scaled Impulse from cylindrical composition 3 and
hemispherical TNT surface bursts.
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Figure 24. Blast environment parameters out the open wall of cubicle
for-spherical and cylindrical charges (W - 1.0 pound).
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Figure 26.: Blast environment parameters behind backwall of cubicle

for spherical and cylindrical charges (W - 1.0 pound).
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