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.!U3STRACT..-..-. UNCLASSIFIED
T!Iepreliminary datn and the theory leading to the accepted design of the

confining vessel known as ‘tJumbo*’are discussed. It is shown that the

(expansionsobservod in smzil vessels used to confine explosions of pontolite were

consistent with tho following pressures and impulsosz

Peak roflocted prassura 2200 wjk3 psi

Reflected impulse ().~“#~3/R @

ikn-a !~ is the waight of explosivo in pounds and R

second

is the Mstanue from the oonter

h feet. In these small vessels the oharge varied from 1 to 4 pounds per oubio foot

1/3/R varied from 2 to 5,and the Wihle Of t~ These values wsrs obtained for pentolite

tiutare believed to ba roughly corremt also for CoxspositionB and torpex.
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PART Io - STUDY OF A &ODI71ED JUMBO UTIL3..ZINGINJCTILIT<AND INERTIA OT METAL

This memorcin.dumtreats the two problems of confining vesselsD namely th~~

supporting of shook forces too high for mochanioal strength alons,and the second probion

of supporting a160 the sustained pressure due to the severo oonfinemont~ Asphoriosl

vessel’constructedof high-strength ste~l does not solve theso problems. x% appears

that the solution of the combined problems may lie in attempting a large reduotion in

the sustained pressure through (1) increased volurae~and (2) further reduotion of intern&

pressure &nd temperature by imparting energy through a ductile shell to a surrounding

Inasso

Since most evidenoe indicates

supported by simple neohanical strength

:peakpressure of shook far too great to be

of any practicable oontainemg attention ia

directed toward making bottw use-of inertia and ductility. A suggested design for

aooomplishin~ this is an elongated Jumbos comprising a heavy, oylindrioal central

secstionwith lighter, hemispherical ends~ all of ductile steel and not east~ !fhoAll ?.s

for a praoticabls type of construotiong with welded joints at relatively thin secti.onso

In Part 11, & method of analysis is presented for taking account of inertia

and duotilityo It is a stsp-by-stepmethod whiah has been used for interpreting psst

performance of Jumbinos~ The method may prove especially useful when specif3.opressure-

Lirnecurves of blast and specific stress-strain curves 01”metal are known.

In Part 111, the prossuros anclimpulses encounterwi in tests on smnll==soale

“jumbinos~’aro given.

BLAST PRESSURES AT CLOSE DISTANC!3S

No satisfactory records were found of blast prossureG measured Cor suoh large

ohargos (or close distances) as are contemplated for Jumbco If the intensity of the

3
charge is expressed as Z s =/R, most records arereliable intherangeof Z from

about 0001 to 005, whi150dlf z vWlm2”l&a.4 (49!)0pounds at 5 feet minimum distance from
● ***9 ● 0

mmter). Therefore, a!;”d~ri~ts~~;:u~~robable pressures two extrapolations.
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The British results for Z values ifrom0.02 to 0020 developed a see.tingly

reliable formula for blast pressure in that range as follows

P = .,ZCW

where a, and b, aro oonwtants whioh are 1909 and 50k8 respectively for twtrylo If the

formula is usad with these constan%s~ th.apressure for our Z of 304 turns out to be

16,000 posoi. before applying the factor of 8 to 11 for reflaotion~ Similar pressures

are computed for other explosives~ and all appear to be unreasonably higho

British Flame-i%ont Pressures (R~C~ 288).-.

The British results from flaxm=front velocities dip to the other extreme and

predict pressures of only 2090 p~s.i~, at Z s 3.4 (again before applying the faotor

of ~ to 11 for refleotion~o Later flamet.velocitymeasurements confirming these are

reported in a British document summarizing

mig}?tbe expected to ‘beapplicable because

mbout 2. But aooording to the theory they

results up to Jano 31, 19&30 These results

they actually were obtained at Z values up to

appear to bo hydrostatic pressures in tho

shock wave and do

striking a wallQ

measurements show

not take account of ejooted particles in motion and their effeot on

There must$ howevsr, be some significxinoeto the fict that flamo~front

only slight inoreases in pressure as the Z Valua inoreases from about

0.5 toward our Z of 3040

PaPollaB~Predictionsof Pressure

Thcrcharts published by the Committee on Passive Proimction AZainst Bombing

(Terminal 13allistiosand Xxplosiv@s Effeotsj were not intended for

trenaly intensive blasts, but when extrapolated indioate a side-on

p.s.io for Z = 3.4 (our case). This pressure is not unreasonable.

application to ei-

pressure of 150,000

provided the duration

to reflections Suoh a
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F400DSHOLE BLA.ST.PRESSUREREPORTS
——

Measurements of’blast pressures at O1OSO distanoes were made at Woods Holes

but the largest Z value was nevertheless only 0~82 aa compared with our 3040 Tho side-o

pressure for Z = 0.82 W~S found to be 705 p.SQiO Over tile

M the Woods Hole tests~ the pressure appeared to increase

(3.17pOsOio for Z s 033S and the 705 p~s~i~ for Z = 082)0

range of Z values included

about as the square of Z

On this basis, the side-on

pressure correspmding to our Z

of 8 to 11 for reflcction~ this

IMPULSE

of 3.4 uould be 12S000 psSQiO Afkc3rapplying a faator

pressura appears the most roasonabl~ of”all,

The British i’ormuladerived from measuramesks at mall Z values and for P~A~G6

only, yields an impulse of 3.1 pound seclondsper square inch for Z s 304 and Q woi~ht

Of 4900 lb.

P~PoA~Eo F’rodj.ctionsof Impulss—.—.

We aharts of the YJ’OAYB~ committee oonfirrnthe British formula and predict

:+nim.pulseoi’3.2 for Z = 304 and4900 lb. of H~E~ In both cases the reflection factor

must ha applied~ because the p~”es$ureis expected to be increased from 8 to 11 timesv

whi.].ethe duration remains unaffected by rei’lootion~

The Woods Hole measurements of impulse agree with others at the Creater

distance (247 grams of H~E~ at 30 inches), but show surprisingly little ahange in impuls~

at the shorter dis%anoes which were not

lower impulse was observed at 12 inohes

of 247 ~xams,y
● ** ● ●ob 9**

●°0 ● : ●

● * :*99** ●9
● ● :0.* ●:0 ● 89 ●mb 990

investigated by others. For example, a

tha~ &t 18 inches, ?or tho fixed oharge

slightly

weight
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Roi’leotionFactor of Pressure and Impulse

Several authorities agree that the multiplication of pressure due to reflection

of a blast wave from a Wit and rigid face obeys the Hugoniot equation as f’oll.owsi

whore Pf is faoe-on prcsoure and Ps is

pressur~s such as those oncourrtoredin

side-on pressura~

Jumbo, the formula

It is ap~rent that for high

gi~os a limiting face-on

pressure of 8

only, it may

speoific heat

The

times the side-on pressure,, ‘l’hisapplies to a specifio heat ratio of 104

be possible to reach a multiplication as high as 11 times for a lower

ratio such as might prevail.in the flame region.

duration of pressure is not believed to be affeoted by simple reflection

ai normal irloidenoe,so impulse is incres,sodby the sane faotor us is pressure due to1

.“ the roflectione

/
In case the

uction is oomplox and

the multiplication is

blast wave strikes a wall at other than

no simple law explains the phenomenon

~roatest at near-~lancing angles (about

normal irzcidenoo~the

For very low prossuresg

10° with the wall)e For

pressures, the multipliwticm is greatest at an angle of about 45°, ?wk

recognized that the amplifltmtion i.snot sufficient to prevent pressures

oi’fwith angle whm a charge is exploded in front of a wall, beoause the

increasing distance nora than offsets the effoot of oblicyzityeven in the

The foregoing discussiorlon affect OJ?obliquity on blast pressure is based

eiitirolyon l-onNeuman’s “Oblique Reflection of Shocks’tc

!XISIG1$OYJIMW.

Several consid&d&.~& s“&&&’~{;:point to an olongatcxicontaining shf311having
● *9* ●m*e
9** :oa*
9*.*9*●m* ●** ● 00.●*

e.cYW@riGal c~ntral ~ort~on and sphar~cal o~dso The possible advantages wer% as f’ollow
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10 Increased volume and Iowerml equilibrium pressure.
2. ldoldMg could be done at thinner and les~ critical seotions~
30 I&ninatod cezrtralseotion could W used, .TaoiMtiating manufacture,

avoidi~; casting and allowing use of.more ductile stoel~
4= UuctiMty increased furtho:rby subjecting oritioal oentrul region

to uniaxial instead of bia~icilstress.
5= No critioal ra.gionwas weakened due to discontinuity of mass and

seotion at manhole.

The following derivations begin by baing general and later are restricted to

apply only to a oylindcr subjected to intorxualprossure~ The deformations are so large

for the present &pplioation that the cylinder 5.sassumed to lmhave plastically, such that

the simplo thin-oylinder formula holds for tha relation between in’cctrnalpressure and

hOQp StX%5SSc. It is assumed that the blast pressur~ is absorbed by tho inertia of the

stdel und all of tho impulso is used to set the steel into motion in an outward rtadial

direction without substantial resistance being offered at this stago by the mechanical

strength of the shelle ~~ed~ato~y the impulse is over, the mchanioal strength Of the

shall is assumed to be~in absorbing the kinetic energy of tho steel until the outward

motion has stopped and the steel has stretched (possibly by several psr cont)~ Mors

refined analyses &re oarrieclout later which avoid the errors due to separating the

aotion into the two resisting phases of .%st acceleration and a slower deceleration.

It is neoessery for safe action of the shell that the Lapulse is absorbed before the

outward ezpansion has exosedod a fair fraation of the total expansion available before

failure, as oan be seen from the equatioas below.

First, ~]e blast pressure accelerates tlussteel shell outward aooordj.% to

the formula

iw xme F 3.sthe foroe on moh square foot, W is the weight of mm square

6hell9 “g” iS 32.2 feet per second per second, and “a’l is the acmlomtion
●** ● 900 ●9* 080*99 ● ●

second per seaondO ● * : :0 .::
● mmo ●9 ,D●

● ** : B*
● . .00 .00 ..0 :.e 8.

foot of the

in feet per
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By definition, FT is the impulse .10provided”i?h~t•~.& && P.vorago proseure

half the peak press,) M%dcingthik substitution and solving for kinetio energy

(or about

This kinetio energy which was aooepted suddenly, oaa be absorbed rather slowly if the

en.orgyrequired to stretoh the shell to its safe limit is suffioiento ThuS

1601 A2. ..— s F2 RE where F2 is the radial resisting foroe, RN

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

radiusjo

Butifor a plastic oylinder

= ks
‘2 ~ where S s tangential stress in shell

Then

If S is assuaed to be 5076 106 posof. (= 40,000 p~s~i~) and constant in this plastio

range, and if W s 4,90t,then

7055010-5A
t=

r E

This oquatiou reveals that the thickness oi’tho cylindrical shell must be increased

dirootly as tho irnpulsais increased If the impulse is doubled, the thiokmss must be

doubled to maintain a given safety, but the elongation (ductility)

qr.wirraplsdto accomplish the sane result~

kter snalysos ezzploya step-by-step process wherein the

would need to be

inertia and meohanioal

forces are considered six.ultaneouslyand any stress-strain curve for the metal can bo

handled.

.I%RTII - METHOD OF .ANA.LYZINGJUMBINC)

A step-by-step analysis pernits determination of the manner by whioh the im-

pulso of an explosion will bc ‘supportodby a ooni’iningshel10 If the imp~lse were as

nearly instantaneous as predicted by most evidence, a simpler analysis could bo usedo But
● ☛ ● ☛☛ ● s

the analysis described here app~~&s~to~#~~,~s&pe{&’ pressure-time curve and to any shape
*** ● St
so ●O* ● e=●:. ●00 ●0

9* J* ●e* ● s a
. ● OD 90s ● **S

● 00 ● ●** ●

● *** : ● 9a
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of stress-strain curve of the metal.
I

of reflection of’shook waves within the metal itself1

Before beginning the step-by-stap computs.tions,the pressure-time ourve for

f;heshock and

stress strain

assuned to be

the stress-strain ourve for the metal should be prepared. The particular

ourve used in this example is one of the earlier ones whero the steel was

olastio to 42,000 p~s.i. (E = 30,000 p~sei~), and then to strstoh linearly

to 1 percent as the stress was raised to 75S000 pesoio ‘1.hereaftier,the stee?.was

n~s~-ed to stret~h ~th~ut increase in stress~

The pressure time ourve used here was ono whore the maximum (40,000 pos~i~)

oocurred instantaneouslyand then decayed linearly to zero= This OXWlpl@ made nO

t}ll.owancefor sustained pressure, but it is apparent that the method will apply to any

prossuro-tirneourve, whether the pressure drops to zero or nota

The first step is then to oomputm how far the steel will move outward during

1 an initial, brief interval of time due to the accelerating effect of the not pr~ssuro

acting i’or
.

l“elsistxllloe

that interval~ This movement brings into play an inoreesed meohanioal

which servos to reduoe the of’feotiveblast pressure availablo for aooelerating

Thus, for the next brief interval of time~ the additional movemont is com-

tha acooloration during the aurrent interval and from tho velocity gained

precedin~ inixnwal~ ‘l!hemechanical resistance is again changed and the

distanoo moved during the next interval is oomputed, again taking aocount of the velocity

cx!wriedover from tho preoeding interval. Such stops are repoatmd until the outward.

radial notion of the metal becomos zero, and the shell begins to oollapseo ‘l!heoollapee

is not serious, because tho plastio dei’orrnationhas been converted into heat, and only

tho alastic deformation contributes toward,inward snotion~ The maximum radial movement

(per unit of radial distance) represents the elongation of the matal~ Measurements ona

sphere after an explosion reveal only the plastio portion of tb.eelongation, to whioh
.

must bo added

desired.
i

● ☛ 9* ● **

● 00 ● 00
● 9* ●
● .ee :
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The details of the step-by-stopmethod

computation sheet, as in Table 10 The example ohoscm was a simple one where

imp~i~e WaS 30C poso~o seoonds and the peak pressure was 40~000 p.soio, such

to Q sample

the total

that time

intervals of 10 microseconds were satisfactory. Euoh row of figures in Table 1 retfers

to a single interval of time and in making the computations, one

before the nexk oan bcibegun. The first column merely lists the

seconds *O the end of the interval in qusstiono

row must be oompleted

elapsed tine in micro-

The second oolumn Msts the avoraga blast prmsure in millions of pqsof, for

the timeJinterval> taken from a ourvo suoh as that in the lowost ahart of Figo 30 ‘Eo

avoid oonfusion~ the unit of distance is one foot throughout, and working rshartsare

plotted aooordingly, but final results are plotted in terms oi’inohes booause of

familiarity.

Tho third oolumn lists the net radial pressure after subtracting the estimated

average mechanical resistance for the+intorvalo ‘lheestimation of average mechanical

resistance before the resistance at the Imd of the interval is known may uppemr difff-

oult, but it is not SOO High acouracy is not essential in this estimation; if the

resistance is overestimatedmodoratel.y,adequate compensation is eocomplishad by a

similar underestimation for the next intsrvale 3f the estimation is seen to be badly

in error after the row is o“ornplotod~it is not difficult to reconputa the rowo

The fourth column is the aooeleration of a mass of shell metal of one square

foot inside ares due to the net radial pressure in tho preoeding column. For at steel

Jumbino of 12 inah insida diameter and 1.5 inch walls it is only necessary to multi~ly

the net pressure by 0=54 to obtain ciooelerationin millions of feet per seoond per

seoond~ as is done in Table 1. .

Z’hefifth ooh.unnlj.st%,%h~”~olo~~:~~”~eet per second at the end of the time
● ●

●0,,0;09*O ●** :00 ●8
Msrwal duo tO the ~ooo~lc~tio; a.: Th;~a+so~e~olytisproduot of’ mxlmationami

● *.00 ● *O ● b .09

bOe*O ● ** ●

timeg,where tho time is 10 mior#~@n-@. : :.:.:.
●m ●eo ● ●

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



..

a“’

The

to an average

footo

The

1

.

&

● ☛✛✍✍✎
✎☛ ✎✎✚☛✚

✎☛✎.*”
:::

● .09* ..:O: ●0. ●

●..:● e. ● .

.** ● . .
●

● : ‘=* ●:* :** **
:*●::::: ● °0

.** ::
●*O :00 :.O

= II =

sixth column lists tho outward radial distance *raveled by the metal due

velocity of V/2 in 10 miorosecondso

seventh column lists tha vglooity a%

found by adding V and Vo from the previous row~

The eighth oohnn lists the outward radial

to a unifom velocity of Vo during 10 mioroseconds~

This distance

the beginning

is in

of’an

.

distance traveled

millionths of

interval, and

e,

is

The ninth

metal up to the end

found by addi~ ‘fdft

The final

column lists tho total outwwi radial distance traveled by tho

of the interval in question, again in millionths of foeto This is

from the previous row and “d”, and Ddv~tfrom the ourrent row.

column lists the radial mechanical resistance per sq. ft. of inside

area due to the radial movomont in the ninth column. M “d” is divided by tho radiusg

it beoomes the strains or elongation of +dlemetalo The corresponding strosa san be

taken from the strese-strain curve. The corresponding radial pressure is then found by

dividin& the proper faotor~ in this ease 2 (in the case of a cyli-nderof equal thioknoss.

radius rakioD

slightly whan

is consistent

the faotor is 4)0

the metal reaches

with the aoouracy

Aotually, the faotor is not oxac%ly 2 and it varies

the plastic re~ion, but the uso of a fixed factor of 2

desired or obtainable in the computations in the 2ight

of’prctsentknowledgo~ In the case of a 12 inch Jumbino; the radius is 005 fcmtD so “df’

may be considered to be half the strains and since half the stress is desirodO it oan bo

ready directly from the stress-strain curve3 oalling “d” tho strain. That is to say.

half strass is theIequivalent radial pr~ssuro and so for this special case, no faotor

need be applied to the stress due to the half-strain “d” to obtain radial.pressure

equivdentb The average meohanioal resistance for an interval

that row and the one in the prQcc@zag r~~~%%~”$his averp.go
●

● 0 ● ● ● 9*9*

in the next row to obtain tho”lfed”i~~”“:”‘“”‘“”

is the average of the ‘tpN

is to be subtracted from
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The significant quantity in Ta’bla1 is the radial distanoo as shown in the

ninth column, It is only necessary to doub3.ethe value~ listed there to obtain elon-

gations (or strain) of the metal, sinco the radius is 0~5 feoto The figU~08 in tha

ninth column indioato that tho radial movement increased to

millionths of a foot and then rcmedGd~ The unit elon~ation

or 00050, the quantity sought.

a msucimumof about

was then ~0025/0e5

L
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SAMPL3 OF STEP-BY..STEP COWUTATION FOR JUMBINO

F. Fn a v d

134

W

34

-8

+6

062

-88

e108

-108

dv

o

268

436

504

488

416

292

116

0100

d

134

486

P

~58

2.10

3018

3.45

3.70

T

5.27 %97 2.68 26.8

4050

3.75

3.00

3.10 1068

0.68

-0.16

-0.72

16.8

608

-1.6

20

956

1452

1904

2258

2462

2470

2262

1.25

=’0,30

-1.35

30

40

2025 -7.250

-12.4 3.9002.30 -1.24

4000

4,0X

0.75

0

0

==3.25 .-17067’0

80 -21.6&oCc)

-21.6i 90
.

100
,.

.
0

end of interval in mioroseoonds.

blast proasure during interval, millions of p.s.f.

E’n = Net pressure, F. less memhanieal resistan~e

a = Aooelsflationin millionths of ft. por second per seconds

v s Velocity inorease during intervals ft. per seoond~

d ~ Distance moved during interval due to V only, millionths of a foot,

V. = Initial velocity at beginning of interval, ft. per seconde

d s Accumulative distance moved to end of in%orval, millionths of feete

dv = Distanoo moved during interval, due to V. onlyo millionths of a foot.

P = Radial pressure (mechanical resistance) clueto movement d, millions p.s:f.
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CONFINED EXPLOSIV?M

summer of 1944 to oonfino two tons

cxplosiveso Since insuffioiont data wore available on pressures and impulses under suoh

conctitions~studies of these properties wwe made for design purposos~

reliable data were obtained from xeasured expansions of small vessels,

scale modols of spherioal and elongated prototypes~ respeotivoly. The

are presented on the following pages and mparoede ,thosementioned for

ground at the beginning of Part 1, and other data whioh were &vailablo

Parta I md 11 wore originally Writtene

The most

which were tenth-

dats so ohteined

sake of back-

at tho time when

A number of snw.11,spherical vessQ3s were tested as tenth-scale models of

prototype whioh was never constructed. They were made of east steel in tin grades,

(
having a yield point, in statio tests of 30S000 p.s~io~ and tho other 60s000 p~s~i~

“. Yho inside di~eter was 12 inohes and th~ v~ll thiokness ~S 1.5 inoha

a

one

The tenth-scale models of the el.o~ated prototypo called “Jumbo’!oonprised a

oontral~ cylindrical section 18 inches longs with hemispherical endsa The inside

diameter of the cylindrical section and of the hmnispherioal ends was 22 inchcm~ Tho

wall thiokness of the cylindrical seotion was 102 inch (two layers 006 inah eaoh) and of

the hemispherical ends 006 inoh. The wall izhioknessof 1,2 inoh for the cylindrical

section was not to full scale of Jumbo us built~ and later models yet to be tested havti

the proper wall th.ioknessof lb5 inoho The metal was 10M to 102!)mild steel, which was

annealed after havin..been .forgodsmachined and weldeda The dynamio analyses whioh wore

made apply only to the oentral portion of the oylindrioal seotion of these elongated

vossels~ where the distanoe from %ho oentev of the oharge to tho wall was 6 inohes and the

wall thickness was 102 inoho, The volqm~ oi’O~~Osg@.l, elongated vessels was 107 euM.c
● m. ● 9

● 9 : : :
::fcwt. ● 900 ●0

● ● : ● b80 9:*● ** ●oe :00 ●O .

:00b

-. ‘;;[;””:$;; ~
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The shock pressure due to e ohargo within a vessel was assumed to rise

instantatioouslyto its peak value and t!wn to doaay limarly with timee This wse

admittedly inaccurate, but the error duo to this simplificationwas bolievod to be

only a few per oento Only rofleotaa pmssums were considered and no datn were obtained

concernin~ “si.do-on’tpressures in this study. The impulse was asmnned to be simply one

half the produot of’peak pressure and duration, assuming further that the duration was

the time required for the pro6sure to chcay linearly to Zeroo

The rapid-loading properticm wore not measured on the steel in tho vessels~

so they were estima%od from tho statio wests in,accordance with the findings of Duwes

and Clark at COI.T. The yield point WW3 taken as

of alloy steel (static yield point 60~000 pos~io)

elongated vessels and for those sphsrioal vessels

80,000 pos~i~ for the spherical VOSSOIJ

and 60,000 p~s~i. both for the

whioh were of mild steel (statio yield
.

point 30,000 pOsOiO)C The elsstio modulus was taken as 30,000,000 pes~i~ up to the “

i.

.

.

yield point, beyond whioh elongation was assumed to ocour without ohango in stress.

0)3SZRVEDRESULTS

The spherical vessels were i.ntendodfor 405 lb. of’H~Re, but they failed at
I

about 2 lb. Tho expansion results on VC>SSOISwhioh did not fail oan bo sn.nmmdup by I

stating that 1.75 lb.

including the elastic

for highe’rweights of

expansion of 002 per’cent,and that the expansion increased rapidly

charge- Charges less than 1~75 lb. loft no permanent expansion.

The elongated vessels were more

without failure. In ono Casey where part

an average elongation OT 12.6 porcen% was

ductile, and large expansions wero obtained

of’a charge detonated in a Iuwcisphoricalends

ineasuredover the pole, with a maximum of at

least 20 psroonto Typioal elongations measured at the oentral band (where analyses were

made) are shown in ‘1’ablo1. The IOW expansion for 2 lb. of Torpex and the high expansion

. .
for 305 lbo are consistent wlthot.heC&’c@s<sh~b-~h~lower peak pressuro of Torpox governs.

● *O** ● e

. for low charge weights, and tha”~~~e~zs+$g,?.~;g~~a~sureOf Tor
. woightsO ●9 ●* ●** ● ● ●

● ** :*O ● 8008
● ** ● ●** ●

● mOa#* ●::0● * ● ●.9: ●

●m ●00 ●*
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TABLE 1

Observed Expansions of Central Band of Elongated Vesse16

Charge Weight Expansion Mxnarks

2 lb. Pentolite l.O :percent New vessel, fair test

3.5 Ibo Psntolite 202 ‘: Second test, p%r% of’oharge
dropped and de~onatmd
separately

3.5 lb, Pentolite 2.9 it Third test, probably reliablci

2 Ibe Torpex 008 “ First tests new vessel

305 lb. Torpex 3.8 “ Seoond.test

—

~~-~i~ ~~ l’sustained{tpressures were measured and computed as an auxiliary

part of *he stiidy~ They played kn important part in the behavior of VOSSOIS, especially

when the charge weight was enough to maka the static pressure approaoh the yield etrangtb

of a vessel.

wiiichcheoked

Pentolike and

Best measurements wero obtainqclon Composition B, two values being obtained

one another and the theoretical value as well. The pressures duo to TNT,

Torpex were estimated from the Comp~ B value on the basis of relativo cal-

oric erwgiaso Tho pressures below are believed acourats within about 5 per cent and

are listed as tho partial pressures due ‘GOeach pound of HOE~per oubio foot of spac”e~

Composition B(measured and com!p,) 3000 pes~i~ per lb/ou~ft~

TNT 2700 P.SoiQ per lb/cuefko

I’entolite 2800 pos~io per lb/ou~ft~
. . . .

Torpex 3760 p,s~io per lb~ou~f%~

The above pressures are not ‘[static”in the ordinary sense, because they deaay rapidly

due to OOO1irUgO Although the “static” pressure does not deoay substantially during the

trawtion of a millisecond of outward motio~ooo~c’l+.evessel shell, it nevertheless drops
● 9

:: ::
by several per cent in the firs~”~n~ t~W&:@Wu@:

●* ●o* 9.t@●** ● ** ●*
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ANALYS1S OF M!3ASURS!lENTS

I

Peak pressure and impulse go

between analysis and experiment can be

hand in hande Almost equally good agreement

obtained by a variety of combinations of pressure

and impulse. That is to say, if one oh~oses a too-high peak pressure, it can be oom-

pensatcd fairly v~ellby choosing a correspondinglytoo-low impulse. The following

equations for impulso and peak prossuro appear to #vcJ the best over-all agrecmmnt

between oomputed and observed expansions of vessuls, when the oomputation~ are based

on tho stati.opressuro and strength data given aboveo

2200 w/k3 m-So per sqo in.

O a 142/3/’Rpsi seconds0-

ix pounds and R is in foot, although pressuro ia in pounds

~cm square inoh and impulse is psi.seconds. ‘Me equations apply best to Pentolite and

include the reflection faotors which is estimat~d at 11 for the high oonfinenente-—

; The peak pressure given above is somewhat higher than is obtained by moasure-
..

d ment of flame-front velocities, but it !~sfar lower than is obtained by extrapolating

.
from blast-gage measurements at ~r~ater distanoos~

‘lhci impulse Given above is lower than would be ob%~i.ilcd by applyin~ u

.r~~lectionfactor

ordinary range of’

due to G,P~ bombs

to tho Iong.ostablishodrelation whioh applies raliably for tho

impulses. in other words, the usual equation for side-on impulse

is

When this is oorz’ootedto the douhlo weight of bare charges over G~P~ bombs, the impulse

?
a;?lic;ibleto

lower impulse

Thus, this cxt,rapolutedimpulse is more than double

the behavior of vessels with interti charges (0.95

that found mst

: 0~40). The

when the extrap-

observed and CO.W

---
:: :0 : . : ● 0e

bee
-.. . .
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‘l!hofew omparatiw teats which were mdo ahowod qualitatively very little

difi%renco between Composition B, T.orpexand Pontolite as far as peak pre~mre and

impulse %as oonoerned~ The main differenoo was in statio presmx’e, whero the range was

L\Opxroerh, from TNT (low)

pressure duo to Torpex wae

unconfi.ncdo

to Torpex (high)o There was some evidenoe that the peak

10W, a8 is trU~y the 0a8e

OAS~~AUGUST 27, @Jj

1

*
D

.

;

*
.’

\

On Auguat 27, 19i4.5R0W. Henderson oompleted a cheek on the present oondition
of .Jumbo~ The vessel was not damaged in any wayby the July 16blast .anda transit
Gurvey show it to be ab~olutely vertiole on its foundation~o

Henderson has fabricated and in8tu31ed a heavy weather-tight manholo oover
for the opening and oovered this in turn with a tarpaulin held in plaoe by stool
bunding tape. This should insure against corro8ion damage for as long as thi~ pro$eot’

All of tho oomponcnztparts of the ves801 olo8urewwre cleanado ‘thoroughly
grea8ed0 orated and then staoked on 6 x 6 aleopers in the field beak of the Fubar
warehouse at Trinity~ &oh of the four boxe8 is labe%led with its aontent8B and the
entire staok i8 cxvreredby a tarpaulin hold in placo by steel banding tape. A sign
board was then attaohed to this staok identifying the contenhse

Thio information is given here as a matter of record in the event that
OOINOWS may ooncoive an experiment which would require the use of the veaaelo

I
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