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ABSTRACT UNCLASSIFIED

The preliminery data and the theory leading to the accepted design of the
clongated confining vessel known as "Jumbo"” are discussed. It is shown that the
cxpansions obsorved in small vessels used to confine explosions of pentolite were
sonsistent with thoe following pressures and impulses:

Pesk reflected pressure 2200 W/Rs psi

Reflected impulse 004'W2/B/k psi second
Here W 1is the weight of explosive in pounds and R 1is the distance from the ocenter
in feet. In these smsll vessels the charge varied from 1 to 4 pounds per ocubio foot
and the value of WI/B/R varied from 2 to 3. These values wers obtained for pentolite

out are believed to be roughly correct also for Composition B and torpex,
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PART I. - STUDY OF A WODITIED JUMBO UTILIZING DUCTILITY AND INURTIA OF METAL

This memorandum treats the two problems of confining vessels, namsly the
supporting of shock forces too high for mechanical strength alons,and the second problem
of supporting elso the sustained pressure due to the severe confinement., Aspheriosl
vessal constructed of hizh-strength steel does not solve these problems., It appoars
that the solution of the combined problems may lie in attemplting a large rsduction in
the sustained pressure through (1) increased volums, end (2) further reduction of interns
pressure and temperature by imparting energy through a ductile shell to a surrounding
ma.ss,

Since most evidence indicates peak pressure of shook far too great to ba
supported by simple mechanical strength of any practicable container, attention is
directed toward making better use -of inertia and ductility., A suggesied design for
accomplishing this is an elongated Jumbo, comprising a heavy, oylindrical central
section with lighter, hemispherical ends, all of ductile steel and not cast, The aim is
for a practicabls type ol consiruction, with welded jolnts at relatively thin sections,.

In Part II, & method of analysis is presented for taking account of inertia
and ductility. It is & step-by-step method which has been used for interpreting pest
performance of ngbinos° The method may prove especially useful whon specifls pressure-
time curves of blast and specifie stress-strain curves of metal are kmown.

i1n Part II1, the pressurcs and impulses oncountered in teste oo small-scale

"jumbinos™ are given,

BLAST PRRSSURES AT CLOSE DISTANCES

No satisfactory records were found of blast pressures measured for such large
charges (or close distances) as are contemplated for Jumbc, I1f the intensity of the
. 3
charze is oxpressed as 2 = VW /R s most records are reliable in the range of Z from

about 0,01 to 0,5, whilb:dqt ? v&?h@‘i%ﬂéné (4900 pounds at 9 feet minimum distance from

o
ounter), Therefore, alis asritvwtiousseffrobable pressures are extrapolations.
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British Results (R.C. 288)

The British results for 2 valves from 0,02 to 0,20 devecloped a seemingly

reliable formula for blast pressure in that range as follows

W2

p = a,le

where &, and b, are constants which are 19,9 and 5.48 respectively for tetryl, If the
formula is used with these constants; the pressure for our Z of 5,4 turns out to be
16,000 pos.i. before applying the factor of 8 to 11 for reflection, Similar pressures
are computed for other explosives, and all appear to be unreasonably high.

British Flame-Front Pressures (R.C., 288)

The British results from flane-front velocities dip to the other extreme and
predict pressures of only 2000 p.S.i., at Z = 3,4 (again before applying the faotor
of 8 to 11 for reflection;, later flame~velocity memsurements confirming these are
reported in e British document summarizing results up to Jan, 31, 1943, These results
uight be expected to be applicable because they actually were obtained at Z vaelues up to
about 2. But according to the theory they appear to be hydrostatic pressures in the
shock wave and do not take account of ejected particles in motion and their effect on
striking e wall, There must, howevsr, te some significance to the fuct that flame-front
measurements show only slight increases iIn pressure as the Z value inoreases from aboub
005 toward our Z of 3.4,

PoPolaBo Predictions of Pressure

The charts published by the Cornmittee on Passive Protection Against Bombing
(Torminal Ballistios and Explosives Effects) were not intended for application to ux=
tromely intensive blasts, but when extrapolated indicate & side-on pressure of 150,000

PsSoios for Z = 3,4 (our case). This pressure is not unreasonable, provided the duration

L (4 [ 4 [ d
is congistently small, ovenswHen mulbip$igd from 8 to 11 times due to reflection. Such a

pressure can be absar'befl.by..t}}e. inwriie ef a steel shell of favorable mass, strength,

wnd Guctilitys WOPREVED*FOR PUBLI C RELEASE WE—
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¥O0DS HOLE BLAST-PRESSURE REPORTS

Heasurements of blast pressures at close distunces were made at Woods Hole,
but the largest 2 value was nevertheless only 0,82 as compared with our 3.4, The side-o
pressure for 4 = 0,82 was found to be 705 poso.ls Over the range of Z values included
in the Woods Hole tests, the pressure appeared to increase about as the square of Z
{117 posoi. for Z = .33, and the 705 peg.i. for Z = ,82), On this basis, the side-on
prassure corresponding to our Z of Eoé.would be 12,000 pesci, After applying a factor

nf 8 to 1l for reflection, this pressure appears the most reasonable of all,

INPULSE

British Results

The British formula derived {rom measuroments &t small Z values and for P.A.G.
only, ylelds an impulse of 3.1 pound seconds per sguare inch for Z = 3.4 and a weight
of 4800 1b,

PoPoA B, Prodictions of Impulse

The charts of the P.PoA, B, commitlee confirm the British formule and predict
an impulse of 3.2 for Z = 3,4 and 4300 1b, of HsE, In both cases The reflection factor
must be applied, bescause the pressurs is expectod to be lncresased from 8 to 11 times;
while the duration remains unaffectod by reiloction,

“oods Hole Results on lmpulse

The Woods Hole mcasuremenﬁs of lmpulse ugree with others at the greater
distonce (247 graums of H.E, at 30 inches), but show surprisingly littls change in impuls:
at the shorter distances which were not investigated by others, For example, a slightly
lower impulse was observed at 12 inches than at 18 inches, for the fixed charge weight

ol 227 cmrams,

APPRIVED FOR *PUBLI C RELEASE
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Refleotion Factor of Prassure and Impulss

Several suthorities agres that the multiplication of pressure due to reflectlor
of a blast wave from a flat and rigid face obeys the Hugoniot equation as follows:

Pp=2 p, 108745,

103 + Pg
where Pp is face-on pressure and Pg ia sideeon pressures. It is apparent that for high
pressures such as those encountored in Jumbo, the formule gives a limiting face-on
pressure of B times the side~on pressure, Yhis applies to a specific heat ratio of 1.4
_6nly; it may be possible to reach a muliiplication as high as 11 times for a lower
spacific heat ratioc such as might prevail in the flame rezicn.

The duration of pressure is noi believed to be affected by simple reflection
at normal incidenoe, so lmpulse is incressed by the same factor us is pressure due to
the reflection,

In case the blast wave strikes o wall at other than normal incidence, the
sction is complex and no simple law expleins the phenomenon, For very low prossures,
the multiplication is greatest at near-glancing angles (about 10° with the wall). For
intermediate pressures, the multiplicaticn is greatest at am angzle of about 45%, tut
it should be recognized that the amplifiwntion 1s not sufficient to prevent pressures
from falling off with angle when a charge is exploded in front of a wall, becauss the
effect of inereasing distance more than offsets the effect of oblicuity even in the
rogion of greatest “obliquiﬁy excess”

The foregoing discussion on effect ol obliguity on blast pressure is based

eatirely on Von Neumsn's "Obligue Hefleotion of Shocks",

DBSIGH OF JUMBO

Severel considéha'gbés s%em?? Eospoint to an elongated containing shell having

e cylindrical central por'tioh sni spherical onds. The possible advanteges were as follow:

APPROVED FOR PUBLI C RELEASE
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1, Increased volume and lowersd equilibrium pressure,

2. Helding could be done at thinner and less critical sections,

3, Ilanminatod central seotiom sould be used, facilitiating manmufacture,

avoidinyg casting and allowing use of more ductile steel,

4. Ductility inoreazsed furthor by subjecting oritical central region

© to uniaxial instead of biaxial stress.

5, No critioal rogion was weakencd due to discontinuity of mass and

seotion at manhole,

The following derivations begin by being general and later arse restriocted to
epply only to a oylinder subjseted %o intormal pressurs. The deformations are so large
for the present application that the cylinder is assumed to bohave plastically, such that
the simple thin-oylinder formula holds for the relation between internal presgure and
hoop stress, It is assumed that the blast pressurc is absorbed by the inertia of the
steel and all of the impulse 1s used to set the steel into motion in an ocutward radial
direction without subgtantial resistance being offered at this stage by the maschanical
strength of the shell, Immediately the impulse is over, the mechanical strength of the
shell 1s assumed to begin aebsorbing the kinetic energy of tho steel until the outward
motion has stopped and the steecl has strotched (possibly by several per cont). Mors
refined analyses are carried out later which avoid the errors due to separating the
action into the two resisting phases of fast acceleration and a slower deceleration.

It is necessery for safe action of the shell that the impulse is absorbed befors the
outward ezpansion has exoseded a fair fraction of the total expansion available before
failure, as oan be seen from the equatioas below.

First, the blast pressure uccelerates the stesl shell outward according to
the formula

N
F=ma g
[
where F is the force on each square foot, W 1is the weight of cne square foot of the

shell, “"g" is 32.2 feet per second per sacond, end "a" is the acceleration in feet per

L I ] ® : [ J
sacond per second, o o o0 o o0 3
: [ ] [ ] o » o

The ucnsequent raﬁggl vq peity ks then
“z Zﬂb ® y

V= o = S i e Hepekgesone. ] I
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By definition, FT is the impulse A, provided Chit of. &g $ht sverage pressure (or about

half the peak press,) Haking this substitution end solving for kinetioc energy

2
V= 52‘;2‘& and 1/2 MV® = ___16.,“]%_1&_’

This kinetic energy which was acoepted suddenly, can be absorbed rather slowly if the
eneryy required to stretch the shell to its safe limit is suffiocient, Thus

16,1 A2 _ '
g = Fa RE where Fz is the radisl resisting force, R

is the moan radius and £ is the elongation ratio of the metal (RE is inorease in

radius)o
But for a plastic cylinder
Fo =-E§ where S = tangential stress in shell
Then 16,1 A% _ oo
W

If S is assuned to be 5;76 108 PoSofo (= 40,000 pos.i.) and constant in this plastio
renge, and 1f W = 490t, then

]

,
L = 7055,10 A

TE

This equation reveals that the thickness of the cylindrieal shell must be increased
dirootly as the impulsa is increased, IF the impulse is doubled, the thickness must be
douvled to malintain a given safety, but the elonzation (ductility) would need Lo be
gusdrupled to accomplish the same result,

later snalysos employ a step-by-step process whorein the inertia and mechaniocal
forces are considered sluultaneously and any stress-strain curve for the metal can be
handled,
PLRT I - MBTHOD OF AMALYZING JUMBINO

A step=-by-step analysis pernits determination of the manner by which the im-
pulse of an explosion will be 'supported by a confining shell, If the impulse were as
nearly instantaneous as predicted by most ovidence, a simpler anelysis could be used, But

oe 0060 o2

the analysis described here appIi&sEtoianyEsﬁape§éf pressure-time curve and to any shape
] L]
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of stress-strain curve of the metmnl. This analysis ?akes no account of vibration, or
of reflection of shock waves within the metal itselfl

Before beginning the step-by-step computstions, the pressure-time curve Ior
the shock and the stress-strain ocurve for the metal should be prepared. The partiocular
stress straln ourve used in this example is one of the earlier ones where the stcel was
assumed to be elastic to 42,000 p.s.i. (B = 30,000 poS.i.), and then to stretch linearly
%o 1 percent as the stress was reised to 75,000 pesoi. Thersafter, the steel was
nssumed to stretch without increase in stress,

The pressure time ourve used here was one where the meximum (40,000 PoSolo)
occurred instanteneously and then decayed linearly to zero, This example msde no
allowance for sustained pressure, but it is apparent that the method will apply to any
pressurg-time curve, whether the pressure drops to zero or not,

The first step is then to ocompute how far the steel will move outwerd durling
an initial, brief interval of time due to the accelerating effect of the net pressure
acting for that interval. This movement trings into play an inoreesed mechaniocal
rosistance which serves to reduce the eoffective blast pressure available for accelerating
the metal. Thus, for the next brief interval of time, the additional wovemont is com-
puted from the accoleoration during the currsnt interval and from the velocity gained
during the precsdinyg interval. The mechanical resistance is again changed and the
distance moved during the next interval is computed, again taking account of the velocity
carried over from the preceding interval, Such steps are repeated until the outward,
radial motion of the metal becomes zero, and the shell bezins to collapse., The collapsse
is not serious, because the plastic deformation has been converted into heat, and only
tho elastic deformation contributes toward inward motion, The maximum radial movement
(per unit of radial distance) represents the slonzation of the metal, IHMeasursments on a
sphere after an explosion reveal only the plastiec portion of the elongaticn, to which

rmust be added an elastic elongatjon ¢f ususfllyes 38, per cent if the total elongation is
L] L4 L ® ® o

desired, ®es 500 o808 o068 Soo H —
APPROVED HQR.PUBLFC RELEASE
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The details of the step-by-step method may be checked by reference to a sample
computation sheet, as in Table 1, The example chosen was & simple one where the total
impulse'was 3.0 posoio seconds and the psak pressure was 40,000 p.S.i., such thet time
intervals of 10 microseconds were satisfactory. Each row of figures in Table 1 refers
to a single interval of time and in making the computetions, one row must be completed
before the next oan be bsgun, The first column merely lists the oslapsed time in micro-
ssconds to fhe end of the interval in gquestion.

The second column lists tﬁe avorags blast pressure in millions of pa.s.f, for
tho time interval, teken from a curve such as that in the 1ow§st cshart of Fig. 3, To
avoid confusion, the unit of distance is one foot throughout, and working charts are
plotted accerdingly, but final results are plotted in terms of inchas because of
fomiliarity.

The third column lists the net radial pressure after subtracting the estimated
average mechanical resistance for %the interval, The estimation of average mechanical
rosistaﬁce befors the resistance at the ond of the interval is known may appear diffi-
oult, but it is not so. Hizh accuracy 1s not sssential in this estimationy 1if the
resistance is overestimated modorately, adeguats compensation is eocomplished by a
similar underestimation for the next iptsrval, If the estiﬁation is seon to be badly
in error after the row is complsted, it is not difficult to recompute the row,.

The fourth column is the acceleration of a mass of shell mestal of one square
foot inside ares due to the net radial pressure in the preceding column., TFor at steel
Jumbino of 12 inoch inside diasmeter and 1,5 inch wall, it is only necessary to multigly
the net pressure by 0,54 to obtain aoceleration in millions of fest per second per
second, as ls done in Toble 1,

The fifth column list%'%hé ﬂolodﬁti 16 Feot per second at the end of the time

interval due to the aocex'lsatlon "a.° Thls is merely the produot of acceleration and

time, whoro tho time is AB#E&/.EBS%&( péeLf< tieLc /N




APPROVED FOR PUBLI C RELEASE

= 13 =

The sixth column lists the outward radial distance traveled by the metal dus
to an average velocity of V/2 in 10 mioroseconds. This distance is in millionths of e
foot,

The seventh column lists the vslocity at the beginning of an interval, and 1s
found by adding V end Vo from the previous row,

The eighth column lists the outward radial distance traveled by the metal due
to a uniform velocity of Vo during 10 misroseconds,

The ninth column liste thg total outward radial distance traveled by the
metal up to the end of the interval in guastion, egain in millionths of feet. This is
found by adding "d" from the previous row and "d", and D4." from the ocurrent row.

The final column lists the radial mechanical resistance per sq. ft. of insido
area due to the radial movemont in the ninth column, If "d" is divided by the radius,
it beoomes the strain, or elongation of the metzl, The ocorresponding stress can be
taken from the stress-strain curve, The corresponding radiel pressurs is then found by
dividing the proper factor, in this case 2 (in the case of a cylinder of equal thiokness.
radius ratio, the factor is 4). Aoctually, the factor is not exactly 2 and it varies
slightly whon the metal reaches the plasiic region, but the usc of a fixed factor of 2
is consistent with the accuracy desired or obtainable in the computations in the lizht
of prosent knowledge. In the case of a 12 inch Jumbino, the radius is 0,5 feet, so "a"
maey he considered to be half the strain, and since half tho stress is desired, it ocan be
ready directly from the stress-strain curve, oalling "d" the strain, That is to say,
half stress is the equivalent radial pressure and so for this special case, no faotqr
nsed be applisd to the stress due to the half-strain "d" to obtain radial pressure
equivalent, The average mechanioal resistance for an interval is the average of the."p"

in that row and the one in the pracedhing ré%,stnd Shis averzge is to be subtructed from

e o . )
Fp in the next row to obtain the etfelse *%e See o
e o o O
(X 24 L]
® o
® (X X4 L] ...
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The significant quantity in Table 1 is the radial distance ag shown in the
ninth column, It is only necessary to double the values listed there to obtain elone
gations (or strain) of the motal, since the radius is 0.5 fest. The figures in the
ninth column indicate that the radial movement increesed to a maximum of about 2500
millionths of & foot and then receded. The unlt elongation was then +0025/0,5 ,

or o,0050, the quantity sought.

APPROVED Per ‘PUBLI C REL EASE
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TABLE 1

SAMPLE OF STEP-BY;STEP COMPUTATION FOR JUMBINO

a v d v, 4, 4 P

10 5,27 4,97 2,68 26,8 134 0 0 134 58

20 4,50 3,10 1,68 16,8 £4 26,8 268 486 2,10

a0 3,76 1,25 0,68 6.8 34 43,6 436 956 3,18

40 3900 ‘50930 "Oo 16 “’106 °8 5004 504 1452 3045

50 2025 =135 =0,72 =7.2 =36 48,8 488 1904 3,70

£C 1,50 =2,30 =1,24 =12.4 =62 4.6 416 22868 3.90

70 0,75 =3,25 ~1,78 =17,.6 -88 29,2 292 2462 4,00

80 0 4,00 «2.36 21,6 <108 13,6 116 2470 4,01

90 O 4,01 2,16 =21.6 =108 =10,0 =100 2262

100 o

T =
F, =
F, =
6 =
vV =
d =
Vy =
a4 =
dy =
p =

Time to end of interval ip mioroseconds.

Average blast prossure during interval, millions of p.s.f.

Net prossure, F, less mechanical resistance

o
Acceleration in millionths of ft. per second psr second,

Velocity inorease during interval, ft, per second,

Digtance moved during interval due to V only, millionths of a foot,
Initial velocity at bseginning of interval, ft. per second,
Accumulative distance moved to end of interval, milllomths of feet.

Distance moved during interval, due to Vo only, millionths of a foot,

Radial pressure (mochanical resistancs) due to movemsnt d, millions p.s.f-.

APPROVED POR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

=14 o

PART 111 - PRESSURES AND IMPULSES DUE 70 HIGHLY CONFINED EXPLOSIVES

A pressure vessel was designed im the summer of 1944 to confine two tons of
cxplosives. Since insufflcient date wore aveilable on prossures and impulses under such
conditions, studies of these properties were madse for design purposes. The most
ralisnble data were obirined from measured expansions of small vessels, which were tenth-
scale models of spherioal and elongated prototypes, respectively. The date so obtsined
are presented on the following pages and superoede those mentioned for sake of back-
ground at the begimning of Part I, and other data which were available at the time when
Parts I and 11 were originally written.

DETAILS OF VESSELS

A nucber of smell, spherical vessels were tested cs tenthescale models of a
prototype whioh was never constructed. They wers made of cast steel in two gredes, one
having a yield pqint, in static test, of 30,000 p.s.i., and the other 60,000 p.so.ls
The inside diameter was 12 inches and the wall thickness was 1,5 inch,

The tenth-scals models of the elongated prototype called “Sumbo” comprised &
contral, cylindrical section 18 inches long, with hemispherical ends, The inside
diameter of the cylindrical section and of the hemispherical ends was 12 inches, Tho
vall thickness of the oylindrical ssotion was 1,2 inch (two layers 0.6 inch sach) and of
the hemispherical ends 0,6 inch. The wall thiockness of 1,2 inch for the cylindrical
section was not to full scale of Jumbo as built, and later models yet to be tested have
the proper vall thickness of 1,5 inch. The metal was 1015 %o 1020 mild steel, which was
annealed after heving been férged, machined and welded., The dynamic analyses which wore
made apply only to the central portion of the oylindrical seotion of these elongeted
vessels, where the distence from the center of the charze to the wall was 6 inoches and the

wall thickness was 1.2 inch.- The volymg ol thg,.sppll, elongated vessels was 1,7 cubic

e o o . s s
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The shock pressuré due to & charge within a vessel was assumed to rise
instantenasously to its peak value and thon to decay lipearly with time, This was
admittedly inaccurate, but the error due to this siwmplification was balleved to be
only é few per cent, Only reflected prassures were considered and no datr were obtained
concerning "side-on" pressures in this study, The impulse was assumed to be simply one
half the produoct of peak pressure end duration, assuming further that the duration was
the time required for the pressurc to docey linearly to zero, r

The rapid-loading properties were not measured on the steel in the vessels,
so they were estimated from the statioc vests in accordance with the findings of Duwes
end Clark at Col.T. The yleld point was taken as 80,000 p.s.i. for the spherical vessels

of alloy steel (static yield point 60,000 possia) and 60,000 p.s.i. both for the

clongated vessels and for those spherionl vessels which were of mild steel (statioc yleld
point 30,000 pos.io.). The elastic modulus was taken as 30,000,000 p.sci. up to the

yield point, beyond which elongation was assumed to ocour without change in stress,

OBSERVED RESULTS

The spherical vessels were lntended for 4,5 1lb, of HoZ., but they failed at
about 2 1lb, The expansion results on vessels whioh did not fail ocan be summed up by
stating that 1.75 lb, of Pentolite caused a linear (radial) expansion of 0,3 percent, é
including the elastic expansion of 0,2 percdnt,‘and thet the expansion increased rapidly
for highe} weights of charge, Charges less than 1.75 1b, left no permamnent oxpansion.

The oclongated vessels were more ductile, and large expansions were obteinsd
without failure, In onre case. where part of a char ¢ detonated in a hemispherical end,
an average elongation of 12,6 poercent was measured over the pole, with a maximum of at
least 20 percent. Typiocal elongations measurod at the central band (whers analysoes were
made) are shown in Table 1, The low expansion for 2 lb, of Tdrpex and the high expansion

for 3.5 1lb, are consistent with the facts-huab-qhg lower pesk pressure of Torpex governs

for low charge weights, and tho‘h;sbed.stnnv&.cnsssure of Torpex EOVGrns for high charge

woights, . oe oo o
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TABLE 1

Observed Expansions of Central Band of Elongated Vessels

Charge Weight Expansion Remarks

2 1b. Pentolite 1,0 percent - New vessol, fair test

3.5 1b, Pentolite 2.2 " Second test, part of charge
dropped and detonated
ssparately

3.5 1b, Pentolite 2.9 " Third test, probably reliablae

2 lb, Torpex 0.8 “ First test; new vessel

3.5 1b, Torpex 3.8 " Second test

Static or "sustained" pressures were measured and computed as an suxiliary
part of the gtudy. Thoy played an importent part in the bshavior of vessols, especially
when the charge weizht was snough to make the static pressure approach the yield strength
of a vessel. Best measurements were obteined on Composition B, two values being obtained
which cheoked one enother and the theoreticel value as well, The pressures due to TNT,
Pentolite and Torpex wore estimated from the Comp. B velue on the basis of relative cale
oric energies., The prassures below are helisved accurate within ebout 5 per cent and
are listed as the partial presczures due %o each pound of H.E. per oubic foot of spacea

Composition B(measured and comp,) 3000 poSol. per 1b/ousft.

TNT 2700 poSoi, per lb/cu.fi.
Pentolite . 2800 poSeio por lb/ou,ft.
Torpex 3760 p.soi. per 1lb/ou.fi.

The above pressures are not "static" in the ordinary sense, because they decay rapidly
due to cooling, Although the "static" pressure does not decay substantially during the

fraotion of a millisecond of outward motiog.og the vossel shell, it nevertheless drops
o o eee o0 .
® o e o o o
® o

by several per cent iu the firsfeond tftithss@suud d
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ANALYSIS OF UTASUREMENTS \

Peak pressure and impulse zo hand in hand., Almost sequally good agrsement
betwesn analysis and experiment can be obtained by a varlety of combinations of pressure
and iméulseo That is to say, if one chooses a too~high peak pressure, it can be ocom=
pensated fairly well by choosing & corrsspondingly too-low impulse, The following
equations for impulso and peak prossure appear to give the best over=-all agreoment
bstween computed and observed expaneions of vessals, when the computations are based
on the static pressurc and strength data given above,

Peak Pressure = 2200 #/R° 1lbs, per sq. ine

0.4 Wz/b/k psl seconds

fi

Impulse
in these equations ¥ is in pounds and R is in feet, although pressurc is in pounds
per square inch and impulse is psi seconds, The oguations apply best to Pentollits and
include the reflection fastor, which is estimated at 11 for the high confinement.

The peak pressures given above is somewhat higher than i; obtained by moasuree
ment of Ilame-front velocities, but it is far lower than is obtained by extrapolating
from blast-zage measurements at greater distances.

The impulse given above is iower than would be cbtained by applying a
reflaction.factor to the long-sstablished relation which applies reliably for the
ordinary range of impulses, 1iun other wor@s, the usual equetion for side-on impulse
due to G,P, bombs is

A {impulse) = 0,058 WZ/E/R

‘then this is corrected to the double weight of bars charges over G.P. bombs, the impulse

beconzs U, 037 ﬁ‘/s/ko And when a reflection factor of 11 is applied, it becomes
- wed3 s .

0.95 W / /2. Thus, this exbrzpoluted impulse is more than double that found most
applicuble to the behavior of vessels with internal charges (V.95 : 0.40). The

lower impulse is believed to be neces rr,apq,suf,t‘w cient, because when the extrap-

oluted imoulse is used, it is imﬁggﬁipgé'.é.':t ésreedent between observed and come
puted expansions of vassels vitnvutzﬁbi ~§£g§. «Unreasonsble stfength and stutic
s . RN '
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Tho few comparative tests which were msdo showed qualitatively very little
diffeorence betweson Composition B, Torpex and Pentolite as far as psak pressure and
impulse vas conserncde The main differemce was in statie pressure, where the range was
LO percent, from TN (low) teo Torpex (aigh)o There was some evidence that the peak
pressure due to Torpex vas low, es is fruly the case at greater distances with charges
unconfinedo

STATUS OF JUMBO AS OF AUGUST 27, 12&2

On August 27, 1948 Re Wo Henderson completed a cheok on the present conditicn
of -Jumbo. The vessel vas not damaged in any wey by the July 16 blast and a transit
survey shows it to be absolutely vertiscle on its foundations.

Henderson has fadbricated and installed a heoavy weather-tight manhole cover
for the opening and covered this in turn with a tarpaulin held in place by stesl
banding tapeo This should insure against corrosion demage for as long as this projeot
w11l have any interest in the veaselo

A1l of tho component parts of theo vesssl closure were cleaned, thoroughly
greased, orated and then stacked on 6 x 6 slecpers in the fisld back of the Fubar
warchouse at Trinitye. Each of the four boxes is labeliled with its contents, and the
entire stack is covered by a tarpaulin held in place by steol banding tape. A sign
board was then attached to thias stmok identifying the contentss :

This iaformation is given hore as a matter of record in the event that
someone may concelve an experiment which would require the use of tho vesaelo
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