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ABSTRACT

The earth movement data obtained from the 100-ton shot is discussed and scaled

up to the future gadget test at Trinity. These results are of interest to people who

will place instruments in the vicinity of the gadget.
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100-TON TEST, PERMANENT EARTH MOVEMENT3

BARTH AND 4IR SHOCKS

Permenent Earth Movement

The permanent earth movement in the horizontal direction for the 100 ton
shot alonz four lines, north, south, east and west, of the charge was measured. Steel
stakes provided by Mr, Coon, spproximstely 2 ft, long and 1 inch diameter were driven
into the ground so that about 1/2 inch projected above ground level, Soribe marks had
been made on the top of the stakes and their points of intersection dotted with a center,
punch, The positions of the stakes were very closely 40 ft., S50ft., 60 ft., 80 ft.,
100 f't., and 120 ft, from a point on the ground below the center of the charge;
Captain Davalos kindly arranged that the stekes were placed in position and the exact
distances measured by the surveyors of the Albuquerque Corps of Sugineers. Fig., 1
Zives a plany the experimental arranzement and the numbers on tho plan give the dis-
tances before and after the explosion. The surveyors estimate that 'the possible error
on & 20 f£t. length was less than 0,01 ft.

The central stake, of course, &as disturbed by the explosion and it is not
possible to determine very well.the movement on each of th; four lines independently
from the center, However, ty measuring diametrically, one can obtain the average dis-
placement alony the east-west line and along the north-south line, Fig. 2 shows the
results. The fijure shows that very peculiar movements occurred althouzh the symmetry
of the explosion was reasonably zood, Normally the horizontal movément falls off
smoothly with radius very closely as R*? , i.,e., the permanent displacement is always
outwards and decreases fairly rapidly with radius, However, in the case under consider=
ation, the movemant at 60 't radius was nearly twice that at 40 £t radius and the

movement was zoro at about 75 ft radius. Botween 75 £t radius and 120 £t radiuys the

movement was actually towards the center of the explosion. Whether any signifiocance
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can be attached to the results obtained in the region of 130 ft, where the movement
was azein outwards, is doubtful because the cumalative error in the survey measurements
was posesibly 1/2 inch in this rezion and is, therefore, of the same order as the
observed movenent, The extraordinary result that on all four lines the distance between
the posts 3 and 4, which were at 60 and 80 ft respectively from the center, was actually
decreased as & result of the explosion is puzzling but there can be no doubt that the
effect is real. The shrinkage on a lenzth 20 ft was about 3 to 4 inches,

in order to estimate upper limits for the horizontal permanent earth movement
at distances somewhat'sreater than those covered by the stakes, it seems reassonable to
assume an inverse square law fitted to the observation that at 60 ft radius the move-

ment was 3 inches, Ience, as an upper limit for this explosion we may say that

(1) By =3 (60/R)2 1inches

where R 1s the horizontel distance in fCeet. Scaling these results to larger

explosions we have for an explosion of n kilotens
(2) H, = 108,000 n R-Z inches

The table summarizes our estimated upper limits for the permsnent movements for various
equivalents of the zadget. ror purposes of comparison the 100 ton shot was assumed to
be exactly 10C tons of explosive. No refinements made as a correction for the wood or

the composition B have been made,
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Teble I

Zstimated Upper Limits on Peruszaent Earth Movement Hp in Inches for Gadget of n

Kilotons TNT Equivalent -

R (Distance from center of tower base in ft,)

n (Xilotons TNT) 100 200 400 600 2400 4500
5 5 1.4 o3 216 .08 .08
1 10 2.2 T o3 16 !
2 22 5.4 1.3 6 “32 22
3 32 8,1 2,0 9 oAT7 ]
6 - 13 344 1.5 W79 b
10 - 54 13,4 640 3.2 2,0

This tablg has beeh prepared on the assumption that a charge of n kilotons
is exploded on a 100 ft tower. For'value of n less than §, the values are over-
estimates because the charzge is higher in propertion than was the 100 ton ocharze, The
values for n = 5 are 2bout correct excepl in so far as they are based on equation

(2) which itself is an overestimate. The values for n greater than S have been

increased from those scaled for the 5 kiloton shot in the ratio {n/8) in rough agree-

mont with tomb data for these heights, Thus, no values in the table are underestimated,

Sincé the elastioc movement of the ground is practically non-dilational, one
might also estimmte the horizontal movement in inches at radius R ft at the surface
from the foraula

(3) Hp = 12V/2nR® inches,
where V 1is the volume of the crater in oubie ft. Assuming a parabolic form for the
orater with a depth 5 It and diameter 50 rt, we ind as an alternative estimate

(4) Hy = 94,000 n R-? inches.

This is in excellent azreement with equation (2).
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At distances greater tﬁan 1000 £t, the elastic movement of the ground would
be more importanf than the permanent movement but from previous American and British
observatiqﬁs on bombs it is safe to say that an upper limit for the elastic movement
is quite is twice that of the permanent horizontal movement. Thus, our estimates of
upper limits for the elactic movement for vasrious charge equivelents may be obtained
from Table 1 simply by doubling the earth movement figure. UJf couvrse, for larger dis-
tences R, the inverse sguare law {2} fails and the decay is more like R'l° In preparing
Table 1, Yr, Coon's Jeophone datal) which agrees roughl; with an k-1 law fitting the
tabulated values at 600 It , was used at the 2400 and 4500 ft distances. In this

connection it should be noted that Coon  placed A limit of error of 50 percent on

his displacement data,

Barth Shock and Air Shook

Certain oxperiments'contemplated.for the gadget shot require an approximate
Imowledge of the time of arrival at various stations of the egrth shock and of the
air shock., Reasonably accurate figures can be ziven for the arrival of these shocks
at stations between 400 yards and 10,002 yards, except possibly for a 10,200~ton
oxplosion at the 400 to 62C yards distance, The speed of the ground shock can be
estimated Prom the following information. At a 300 yard station in the 100-ton shot,
4r, Chamberlain’ observed tﬁat the zround shock reaoﬁed'his reccrding apparatus 0.29
seconds before the air thock. r. “alker has informed us thet according to the piezo-
electric gaugs records, the air shock'reached 300 yards in C.4583 seconds., Hence, the
sround shock covered 300 yards in 0,163 seoconds and the averaze speed of propagation
was 5500 feot per seoond. No doubt the speed was greatler near to the explosion than it
was farther awvay but no great variation is to be anticipated. Thus, in the estimates

made below we assume that the speed of propagation of the earth shock is always 5500 £t

l) Jdo Coon lemo Jday 24, 1945 —
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per second., This constant velocity asswaption is made reasonable by the following
considerations:

At the distance of %4500 £t this velocity is'1l0 percent lower than the average
2400 .f4 this velocity is 13 percent greater

velocity obtained from Coon's geoPhones? No geophone data is available oloser than
2400 ft., 3Bince Coon's datg indicates a monotonic increase in velocity with distance
and the value at 2400 £t is lower than the Chamberlain-Wulker value at 800 f&, A
disagreenent of the order of 10 percent exists ln the zround shock wvelocities measured
in two different ways. In addition Coon sets a < 10 percent limit on the accuracy

pf his values, This evidence lends support to the simple assumption of constant earth
shock velocity at least to a distance of about 5000 ft, " Table 2 makes use.of the
observed time of arrival of the earth shock as recorded by the piqzo»electrio gauge in .
the 100 ton shot over the range 150 yards to 320 yards from the center, It is not to
be expected that the air shock {rom a g;dget will behave exaoctly like the air shook
from a normal hizh explosive charge and fof %hié reason errors of seVerallm;llisgconds
m;y be found in the table. However, for most purposes, such an srror is insiguifcant,
It will be doticed that in the 10 kiloton explosion the air'sﬁock and ecarth shock
arrive practically simultaneously at 400 yards and that from this distance outwards

the earth shock arrives first,

~ Table 2
Time of Arrival of Earth Shook in Hilliseconds for Any dadset Ipnnaégrat'Varioua :
' - Radii in Tt '
Distance Fi, 1000 $1800 | 2000 | 45000 | 5130

Time lilllisecs, 180 270 360 820 { 930

Timo of Arrival of Aitr Shock in Milliseoonds for Various Rquivalents

Kilogons :
Distance; 0.1 1.0 2,0 3,0 5,0 10,0
£
1000 305 312 244 165 - m——
1500 900 650 560 480 390 230
4500 3650 3230 2880 3100 2910 2340
5130 4220 3970 3800 3670 3480 3180

N
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Possible Reasons for the Peculiar Farth ovements Observed

Unfortunately no previous experiments have been nmade on earth movements with
air burst cha'nrg;es° However, it scems likely that the type of earth displacement
observed here would be repyoduced in any soil, e.z., clay, chalk, sand, provided &
similar geomgtfy also was used.

As '‘for explaining the phenomens, there appear to be three possibilities,

1. The w00dep platiform gave more protection to the central parts of the
sround, The crater was somewhat smaller than anticipated (actually about 0.6 of the
linear dimensions anticipated), Since in the jadget shot this larze quantity of wood
will be replaced by much lighter steel, doubtless this reason will not obtain.

2. The nature of the soil at Trinify is peculiary +the harder compacter
soil at depths grealer than 2 ft or 3 ft may have .affeoted the permunent earth movements
in an unpredictable way. The higher tonnaze and hence deeper orater expected for
the zadget shoul& make the effeot of the surface layer less important and so should
not contritute to such an unusual crater as occurred with'lOO tons,. |

3, ‘he maximum in the earth movement which odcurred at about 60 ft, was dus
to the formetion of a lach Y, %The pressure at the foot of the Y when it first forms
is usually greater than the preséure at slightly smaller radii, This argument applies
oqually well to the zadget shot because the gadget will be burst at the same soanled

height as was the 100 tons,

Proposed sodjifications for the Trinity Gadget Shot

I1f the permanent movement of the ground is to be adequately oovered for a
possible range of ejuivalents 500 tons to 10,000 tons, it appears necessary that stakes

should ocover the range 70 ft to 300 ft from the center. Four lines of stakes are
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satisfactory. Thus, we suggest that for the gadget shot the experimental arrangement
is similar to that for the 100 ton shot but that the distances from the center are
70 £t, 90 ft, 120 ft, 180 ft, 200 f£t, 282 ft, 300 {t, 400 ft, and 500 ft,

Some consideration must be given Lo the possibility of measuring the
vertical displacement. To do this adequately, however, nee&s very carsful surveylng

and it is not clear at the moment whether the effort is worthwhile.
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