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4 nuaber of copper-cylinder and copper-ball orusher gauges were disposed
nt near distences during the explosion of the atomic bomd at Trinity oa July 16,
1945, The gauges were protected mechsnically by steel coutainers sunk flush with
the ground, the tops of the containers heing provided with nozzles.which restrictod
the rate of rise of pressurec sufficiently so that the gauges would give reliable
readingéo Maximum pressures of 1.3 {4 readings) wnd 5,9 tons per sq. in., were
recorded at distances of 324 ft and 208 £t respectively from the conter of the base
of the 100-foot tower supporting the bomb, &hen thess values are compared with these
which would be expectod in free air from a bowb having a blsst eguivalent of 10,000
fqns of TJ¥E, 1t is scon that the multiplication due to the proximity of the ground is
6,0 and 8,0 at 324 £t and 208 ft, respectively, These values relato to tihe region of

Moch roflasciion where caloulation of the multiplication is zmot ab present possibtle,
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JULY 16th MUCLEAR EXPLOISION C L A SS ' F l E D .

MEASUREMEET OF MAXTMUL BLAST PRESSUKE MEAR THE CENTER

lUlRODU OTION

It was suggested by G, I, Taylor that wmeximum blast pressures should be

recovered very near theo center during the explosion of the atomic bomb at Trimity,

as the measurenents would be oxtrencly valuable 1if such a bomb had to be used with e

low helght of burst against fortifications or other heavy structures, 7Taylor also

suggoested
Type used
type bhave
recording
it scenmed
number of

woards and

that the pressures could bes conveniently aeasurced by orusher pauges of the

in registering pressurss in gun barrels during firingo dsuzges of thls

the advantage that they do not reguire synchronization and unlike slectrioal
equipaont wilil rccord_in ths pregsice of intense ionization: for this reasen
desirable to make use of these zauges in the Trinity trial. Accardingly 8.
crusher gauges were obtained and ranged along twe lincs extending norihe

southwvards from the ccntor_undar the hundred-foot tower on which the bomb

was supported, the distances of the furthest gauges being sbout 300 £t from the

center, A description of the gauges and the method of use,” together with the results

obtained,

is given below,

Description of Gauges T

mation of

Two types of gaugss were used in these experiments, one utilizing the defor-

a coppor cylinder and the other the deformation of a copper ball, The

oylinder gauges were of the type used by the Army Crdnance Department and the Nawvy

Bureau of

Orduance, and comprised & copper oylinder 1/2" long and 3/8" in diameter,

£itting loosely into a strong hollow steel cyliunder provided with a pistonm and obtur-

ating cup.

The maximum pressure to which tho piston has been subjectod is computed

{rom the change in lennth of the cogpdr dyllnden, meas&gca with micromater calipers

bofore tnd ufter the tegbprdinps ﬁﬂ%"Pﬁ&}’j ﬁ% $his type wers recovered,
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The copper-ball crusher guuges were of the type suggested by Co N, Hickman
in KDRC report A-2l, and comprised a smaoll spheriesl copper ball enclosed in a steel

cylinder similar to that used with the copper cylinder gauges and provided with a

" piston and obturating cup. The ball gauges had the advantage that, since the aresm

of the ocomprossion wmember ingresses with incresse in compression, a much larger use-
ful range is attainod, A scclisn of the type of gauge used is showm io Figo 1. The
ball gauges were supplied and calibrated by the California Institute of Technology,
and in the actual geiuges used the copper bulls were 0,1240" in dianster and wore
obtained from the Hartford Stesl Ball Jompany, Hartford, Comnectiout, The balls wore
unnocaled acgording to the procedure outlined by Co No Hicionun, snd were calibrated
statically by applylug hydraulic pressure to the piston and flattening the ball, A
gingle comprossion was applied to each bal; and the compression was measured aftoer
the load had been removed, The sverage variation betwoen two ball gauges was found '
to be about 30 psi, The.calihratidn curve cobtained was found U5 be a straight line
with a slope af 238 psi/hil compressiono This value is somewhat smallsr than that
given by Hickman probably owing to diifferences in the coppsr, which asre known to

affect the calibration considerably,

Desgign of Steel Gauge Container

In ordor to provide zdequaite anchorage and mechsnicul protection for the
gauges, a steel gauge contaimer of the type showm in Fig, 1 wms prepared, This com-~
prises a hollow steel éylinder serowed to the top of & 1-1/4" dismeter steel bor 18
inches long. The whole container was driven into the ground before the gauge wms

inserted so that the tor was {lush with the'surfaae, After the lnsertion of the

. gpuge the open end was fitted with a nozzle, the purpose of which was to govern the
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sisting wedium in which the resistance is oroportionél to the deflection,; if o uniform
pressure is suddenly applied the maximum deflectiion etitsined is dogble thst which
would be produced by the same pressure spplied infinitely slowly, Aecordiugly,
relizble recdings can only be obtained with crasher gauges of the type described, proe-
vided lhat the vressure is applied gradually, A& ths time constant of the gauge is
extromely short, { A~ 0,02 millisec.),it la sufficient in view of the slow rate of
fall of the blast pressure { ~ 25 milliseo,) if the maxiumun pressure in the container
is attuined in two or three milliseconds and the nozzles used on the containors in

the present tests were desigﬁed so that the maximum pressure inside was attained in
approximotely this time. Two éypés of mozzlss worc used, one comprising a singls

5/8" diameter hols and the other comprising three 1/4% diameter holes, the former

type bLeing used at siations A, B, C, D (see Table I, while at stations E and F half
the gauges had single<hols nazélcs and half had triple-hole nozzles,

layout of Uauzes

The layout of the gauges along each ol the vwo lines extending northwards
and southwards from the ocentor is shown in Table I, It wlill bo scen that the cyliander
geuges were used only at the usarer stations, and that, in view of the unknown size
of the ozpeoted explosion, the gauges were well distribated along the two lines,
Preciso detalls of the layout are given in Table I for those guages which wore

recoversed after the shot.

Four wecks after the shot an attompt vas made to recover the gauges, und for
this purpose a number of search parties were sent into the areal)o Only five of the
thirty-two gauges were roesovered and particulars of the locstions and measurenents
obtained from these gauges are given in Table II, whilst Fig. 2 shows a photograph of

a typical station frow which gauges wwe ;;egpvergd“q,i‘tpr the shot., All the other

1) The uuthors wish to thank the varidzs.;:edple...hb He’ped lf ED
in the search for the guuges. The'samel &5 tHosts pot- o

tieiputing, together with the radlption'ﬂgsabe,rgcq;Ved ;gs—rvwna;;;;;;a_u»wuw;
ore given in Appendiz 1. -t i —
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stutions were located but it oppeared that at the nearer distances the earth movement
and the stresses involved were such that the upper steol container was torn from the
lwl/h" steel bar and only the steel bar remmined {see Fiz. 3)o The pgauges ot these
stations would accordingly have come out of the stesl conteiners and have besn sube
ject to severe accelerations: in view of thiz and of the radlation hazard it was cone
sidered insdvisable Yo makea further extensive search.

Discussion ol Raogults

It will be seen from Table 2 that maximua pressures of 1.3 (4 radings) and
5,0 tons per 84. in. were recorded at 324 £t and 208 £t from a point on the ground
under the scuter of the towar.

In Fig., 4, a curve is given for the weximun blast pressurc in free sir as
caleulated by the IBM's for a gadget having the same blaet pressure at somewhat greater
distances (c.z., 9 psi lovel) as 10,000 tons of TN, Whon the msasurcd pressures
given above are comparsd with this ourve, it is seen.that the rerlection from the
ground spparently causes a multiplication of about six times =and cight times at dis-
tances of 3524 f£t. and 208 f{ roespectively. These values for the multiplication are
shown in the figure which also gives the calculated valuss for the multiplication in
the region of revular refleotion, assuming y = 1.25. This region only extends on
the ground to 80 ft from the center, and tho measured pressures thus fall in the
rogion of Mach reflzotion where caloulation ol the multiplication is not at present

possible,
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TABLE I- Layout of Gauges Alomz Each Line

Station Nominal distance Ho. of ball Noo of oyl,
from centers feot __Zea3es __gauges
A 50 0 ' 1
B 75 2 1
¢ 100 2 2
D 150 2 2
E 210 2 0
F 325 2 o

TABLE Il- Measurewents from Ball Gauges Reooverad

. H ic 5
i v e St v v
¥=F1 Yriple 327 2.3 1,10
HeF2 Single 328-1/4 ' 11.2 1.34
§=F1 Triple 320-1/4 10.6 1.26
S=F2 Single 322 11.4 1,36
SoE2 Single 208 41,5 4,95

APPENDIX 1

The following persons assisted in losnting the gawres after the
shoty and the amount of radiation received by each is shown below,

J. Aghkin . 1.5 R
To Cuykendall 3,0 R
Jo Keck 1.2 R
WoGo Moarley 2.0 R
L,Go. Parratt 3.0 R
M, Peshkin 4,3 R
. Fo Reines 0g ees oee (},TS:R W8 T
To A veelfso:n ¢ § A3IR°TTNM
‘ *e oo ece ees ooe
. o o o oes o
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FIGURE 1
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Fige 2. Photograph of station North=P shomno
position of gauge containers after the shot.

Pigo 3.- Photograph of station North-D excavated after the

shot, showling epndse %hr;ae'&u,ehor ‘stakes from which cone-
tainers hﬁ\‘ﬁebn torha o
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