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Rewxda wore ebktned from 6 gaophones out of M planted at distanoes of

8000 1500$ and9(M0 yarda from tho implosion gadgatiset Mi’at Trinity, July 16,1945~

Extrapolation from mwth-wxtion data taken on emall charges and on the 100-ton

Tr3nity shot indimste that with an amurmsy no better than within a factor of two

the gadget mplodedwith a violcmoo quiwalent to 7000 tons of TBT. The sarth-

moticm meaaurement~ corroborate the prevailing opinion that a wider damage radiu~

the air blaat, than by expleding the gadge% on the

G—————. . ... .— ....——* ....—.—–—
- .-,.—-—-— ——--. .——

to inorease the effeotivenosricM’

ground to increase earth ahook~
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JULY M%h NUCLEAR EXPLOSION.—

GECWKN4E MEASUWENTS OF EARTH ht#fU)N

x. INTRODUCTION

‘fhoearth motion due to the sho~k d’ an explosion does not lend Itself to

any accurate malysia because of the unknown and nonuniform oharacter of the under-

ground sbueture~ This is particularly true at large di.a-h,mcesfrom the exploBionp

for the greater diatanw allovm the inhomogeneities to have snoreeffeot by reelec-

tion, rd’ra~tion, and intetrferenceeHowever, the W&ton Trinity shot had indioated

that the prtncipal sarth motion at distances from 800 to $3000yards wam a Rayleigh

wave. The surface wave is least af’fwtad by underground structure. Therefore a pro-

gram of tewt meam.mxnenta cm ‘1’rlnityground was planned for the purpose of.correlat-

ing the magnitude of the Rayleighwam with didw.me, charge sizes and height of

oluu?geabovo ground, so &hat& with the aid d th~ 100-ton data, one could extrapo- ‘

late to a larger explosion ml thereby estimate the charge equivalent to the gadget.

In addition, the geophone measurements could serve as a bQBia for estimat-

ing building damage oWB@d by

11. 12VSTRUMENTATIOU——. .—

Instrumentationfor

cd with that for the 100-ton

SXceptions$

the earth shock from a gadget

teat meam.aremantaand for

Trinity teat, reported in

the

sat off near tie ground.

gadget ohot was identi-

LA=287. with the following

Protision=s made for quick adjustment of the mechanical balance of tho

geophones in tho field without removing the ease of the i.nstrument~

The linearity d’ tho Model 81o ~plifi~rs was improved and made good to.

within

by T/5

~fioven’&he required

Robert Freymn under

range, Imprcnmmerh on the amplifier~ wwe done
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‘1’heflat-frequenoy-reBponseband of the amplifiers was broadened to cover

the rmnge from .5 to ~0 cycloe per tsec.which extends to higher frequencies

than the !EypeB galvanmnster of *he Fleilandrecording unit. Fig. 1 gives the

overall high-frequonoy-cutoffeharaoter of’the amplifier-recorder system. rn

all teat shooting tho amplifiers had a flak regponae up to 500 cycles, though

this wide bandwaa not mule u!seof. The present geophones cannot be used at

frequencies as high as 100 cyoles beoauao this is about the natural frequenoy

of the geophone arm vibrating as a tuning fork.

In order to incawse the range or the recording mmitivity, Type B and

Type c Hei2and galv~ometera were used in series to record the seine~ignal in dupli-

oate. Th@ Type B galvanometershas about 8 Wnes the sensitivity of Type C.

T4me break signala were impressed into one galvanometsr in eaoh of the

six-ehannol Heiland recorders by

maintained isolation between the’

designed these circuits, pointed

means of,an electronically operated relay which

galvanometar element and ground. Matt Sands, who

out that isolation was desirable in ordsr to main-

tain a balanced termination of’the twisted-pair signal lines

the galvanometers, and thereby to minimi%e the likelihood of

acrosa the terminals

recording extraneous

of’

pickup Signala.

‘l’hegeophone~ wore

deaoribed and illustrated in

J$land 080 rioconds,and th~

recalibrated with improved teahnique on the shako table

LA-287. Calibrations were made at two periodo, viz.P

sensitivities showed no dependence on frequenoy to with.

in an aocuraoy ofmeasuremnt of 5$. It is W% to assume that within ~~ the gee.

phones deliver a voltage s~gnal directly proportional to the velooity component per-

pendicular to the base of the instrument if the period or tie motion is less than .0

aoc. The sensitivitiesrange in vmlue from 15 to 80 millivolts ma per see.
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111. TMsT s120Ts——

It was desired to relate the magnituda of the Rayloigh wavo to three vari-

able~e vis.O charge weight

and height of charge above

The field layout

in equivaksnt Ibs of !CNT,horizontal diwtanoe from oharge,

or below ground level.

(see Figs. 2 and ~) IW these test shots was measured

from a central shot point midway between two q%i’oot %elephone poles planted about

l~xniles north or shelter “B” at Trinity. Along a straight line running south of’

the above mentioned shot point. pairs of geophones were planted 2 feet underground

at each of’6 di8h~C@3, viz.o 75, 2009 500, MQO, 3000, and 6000 t’eet. One of eaah

pair measured the vertioal ea~h motion fmd one the horizontal-radialmotion. From

each geophone a two+=ductor cable ma laid along the ground to its ahplifier 740

ft farther from the shot point. This dfatance wau suf.t’iaientto eliminate amplifier

m.iorophoniosfrom air or earth @hock at the interesting recm’dimg time. Shielded

geophons oablen were better.

amplifier gain was required.

along a

doen by

ing was

pole line to shelter

though unshielded @able was St3tiBffM3*OryIf/hfM’6law

Twisted-pair telephone line ran from the amplifiers

“Bn where the Heiland racorders wore located.

All ohargaa wnre of Composition B, the handling and firing of which waE

T/3WiUiam Steward of group x-6. Except for the lC)OO-lbehargetathe fir-

done

wmneoted in

shelter ‘8”.

from a point about 500 yWi8 from the shot point and a twisted pair,

parallel with the firing line, carried the signal of firing time to

TWO 1000-3b shots were fired from shelter ‘B~’.

For meammanmt of earth motion as a funution of charge height, only h(l-lb

charges were used. The oharges,wero elevated to heights of O, 5, 10, 20. and 30 ft

by ropes and pdleys rigged to the telophono poles. Charges were also

r!+.,and 6 ft ammding

height or depth.

to tie plan of Fig. ~. Two charges were se% off

UNCLASSIFIED

buried at 20

for eaah
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IV. TEST SHOT RESULTS AND ANALYSIS,—

Fig. 4 gives two tiypioalrecords of the height scaling series of shots.

The traces differ mainly in that the traoo for the &ft buried charge lacks almost

entirely the high=frequency large-ampl~tah defleotion~ whioh ocour in every caae

for which tho oharge in not buz%ed more than 2 feet. These Mgh.frequenoy defect-

ions occur when the air wave arrives over the geophonee. The sinusoidal traces

are rccorda of the Rayleigh waves with the vorkioal trace Mggtng 90° behind the

horizontal. The 1200-ft station barely re501ves the air and Eayleigh waves mfti-

ciontly for xaeasurement. The %hrea claaer stations were too clotie

tion to have time to occur mdwezw for this reason useless in the

Data fram the rewords and the oalibratium enable one to

mum earth particle velocity by rneanuof the relatien

v= qk$go

earth partic.3e velocity in om per

centimeter deflection on Heiland traoe

geophone sensitivity in millivolts per unit velooity

gain of amplifier-galvanometercombination in cm per mv.

~ a given trace the deflation measured is the eum oi’successive opposite dof.lec-

Wm whiah give the largest value~ neglecting tl’leair wave and the waves of in-

creasing froquenoy ju8t before the arrival of the air wave. The value of h is

than taken to bo equal to half this 8WA. The amplitude of the earth motion ia cal.
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wht ed

amamea

oharge.

for the

=! 7-

i’romd = vTj’% whoro d i~ twice the amplitude and T ths period. This

the earth motion is Bimph hf&X7ROd@o

Fig. ~ sham the variation of earth partiole velooity with haight of

A@itudoa may be calcnalatedby ref%renoe to ‘fablo11 which gives values

period of the aarth motion. No correlation was observed botwecm period

and height of charge. The sharp minimum at about h = - 2 ft is probably real,

though possibly the two charges aet off at -2 ft wont off at low power for some

unknown reason. It does not seem plausibla to oxpla$.nthe minimum by assuming

that crater fomatim used up a major portion of the energy which normally goes

into the Rayleigh wave, because a oharge at -b ft made a considerably bigger

crater. Tha diameters of the crater~ in the two canes were 10 and 16 ft respec-

tively.

The principal fact to note from Fig. ~ i$ that the magnitude of the

Rayleigh wave is very insensitive to the height of the charge abeve ground. For

this reason it has been ammmedthat one wn, without consideration of height,

extrapolate from emall charges wt off on the ground and from the 100 tons at ~

ft, to the gadget shot at 300 ft.

Fig. 6 ~hows the reeults of variation of ground motion with’chargo

weight, and inoludm all test ehots~ the NM-ton shot, and the gadget shot. The

weight values indioated apply to equivalen% we$ght of TNTD ,andassume that Compo.

sition B is 20~ more effeotive than TNT. Th~ ourveciare calculated from the fol-

lowing relattons: P .

UNCLASSIFIED
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WV : ($fy!t) q

v~ * (q’?) ~

The symbol d apologizes for reprewmtlng Moe the emth’amplitude rather thati

the amplitude itself. W is weight of &arge in lb, r is diatanoe from oh~rge

in feet, and the remaining symbols are defined in the supplement to Table 1. The

expressions for amplitude have the mme form as proposed by 3anpson (see 4&670~

summary by C. W. Lampaora)but the oondxmt factors have bem ohosen to obtain best

agreement with the present experiments. The experimental points shown on Fig. 6

are joined by a line to the ourve with whioh they should agree. The point~ lie

about as “mu~habove the lines as below. The discrepancies are sometimes as great

m a factor of 3, though this is considered satiafaotory agreesuent~considering

the

v.

ton

uncertainties of

JULY 16th SHOT

earth motion.

The field layout fortho July 16th ehotwas similar to

shot reported in ?JI-28?,the principal difference being that

closer than 3000 yards were hid h shallow trenuhea, instead of

em poles.

that for the 100-

aignal wlre~

being ~tretchod

Fig. 7 shows, reduced to half normal size, the reoord from the south

Mne of geophones aa recorded by the Type B galvanometers. At the inst~t Of tm

rqlo~ion all 6 treme~ go off scale and only 4 ef them return. The trace from the

800=yard vertioal instrument shcm that the large excess velocity of the air wave

put the air wave ahead of tlw major earth wave. The awne ia true of the 15CX).yard

horizontal though a large earth q?litude does ooour before the air wave arrival.
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At 9000 yarda the largest vertical amplitude occurred at abou% 11.~ neoonda, and

aan be estimated to

at the same ixmtant

is assumed to ooour

have a twice amplitude value of .10 am. The

~S Wdy about .OJ an. The maximum Rayleigh

at a later Mm, nanaly 1~ L3ec.

horizontal motion

wavo at ~000 yda

The results of the July 16th @hot are tabulated in Table I. Six of the

12 geophcmeri gave readable records. No records were obtained at several of the

UIOSO statiom because the electromagnetic

duaed large signals which either paralyzed

Suapensionao No galvanometers were burned

were aut of cmderO

storm due to tho exploding gadget ,in.

the amplifiers or

out. At $N200@a

The axperimontal values for earth particle velooity

get shot are plotted on Fig. 6 and fall in the region between

ing 3000 and 5000 tons of TNT.

bent the galvanometers

north the geophones

ebtained on the gad-

the curvba represent.

The tabulated tins of TNT in Tabh I indloate the magnitude of the gadget

blast as estimated by extrapolating aocording to ‘&e equations previously given re-

lating earth motion to oharge weight.

VI. COMPARISON OF EART& AYDAIR4WXXDAMAGE..

A U.S. IMreaa @f ?:lnem?wblioationl~ summarizes a large amount of

mental information on building damage due to earth shook

wpphsmontary data. Fram this report ona+would oonoludo

earth uhock at 600 yards from the gadget shot was barely

from quarry blasts

that the magnitude

c?xpori-

ad

of the

large enough to orack

plamter in a typioal house. Damage scales from earthquake observations2) would in-

dicate plaster damage at 3000 yards, but these sealaa are probably unreliable.

1) U.S. Bureau of Minas

2) L.D. Leet, Practical

Bulletin, 442, 19&$?.

Seismology and Seismic Prospecting. p. 301.
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Air-blatjtmeaauremmtb at Trinity indioato that there would

damage out to

than that due

about 1500 yards whioh is probably a muoh larger major damage radius

to the earth shook.

TABLE I

July &6th Shot Remdte

Yarda south and north Peroent
1500 s 1500 N

‘1
w.. 6200 ---- 20@o 3

02 3800 MOO 1600 MOO 20

‘3 w15 1938 1910 1242 3

‘v 11.06 *... ~oo aj’1+ 20

‘h
00- 605 7.6 . 1~~ 20

(iV 2.3 CC-.= *72 OW. 40

dh e.. 1.5 ~om .o~~ J@

Tv .62 -=.- .45 .74 10

Th ... *?4 W o?k 10

tonu TNT 5000 ~ooo 8000

01 s propagation velooity of first earth shook: i% per aeo

u n
‘2 s n Rayleigh wave$ ft per 80Q

‘3= “
n “ air wave above ground; ft see-l

propagation velooitiee are computed by dividing diatanoe by arrival time.

-wZ maximum earth particle velocity in Rayleigh wave$ em par aeta

4 = twtoe the maximum earth amplitude in

T ~ period of Rayleigh wavet Beconds

Subscripts v and h signify vortioal and
motion.

The fmcuraoy d’ the values for the $?000@s
Walua.

Rayleigh wave; aentimetors

horizontal-radial eomponente

S station is bettar than the

UNCMSSIFIED

of the earth

indioated
. ---—. .
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TABLE IX

Period Of Rayleigh Wave, observed and Cahulated

6000 .20 .20

50 lb 1200 *1O W7

220 lb 1500 .11 *11

3300 .13 *i7

1200 lb

MX3 ton

rdget
assume 7000 tone)

6300 .13+ *a

1500 *11 .X25

3300 *15 .19

63%)0 .23 .26

2@L3 .26 .23

4500 .& ,32

27*000 am 0-77

2400 .62 .30

4500 ●75, *45 .41
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