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ABSTRACT

The problem of defining design parameters for structures capable of withstanding blast-
induced ground shock suggested the use of shock spectra as a suitable means of pre-
sénting environmental conditions. Self-contained mechanical reed gages, capable of
measuring the displacement shock 3pectrum over a frequency range of 3 to 300 cps in

any one direction, were placed on Shots Stokes, Smokyy Galileo, Whitney, and Charleston.
Canisters containing the gages were normally placed with tops flush to the ground level at
predicted pressure levels of approximately 100 psi; however, on Shot Smoky two additional
gages were placed on the floor of an earth-covered-personnel shelter, and two gages were
installed on a concrete block for Shot Whitney.

A compaosite plot of the results of surface gages from Shots Smoky, Galileo, and
Whitney (overpréssiiies indiga}es some vewy definite trends. The
displacements are Wi to three times higher at thzee-cps for the vertical component (3
inches to-5%4-inches) than for the radial component (linoh-to-8-inches). The rate of
decrease of displacement with increasing frequency is greater for the vertical component
than for the radial component. A comparison of the results from the surface gages and
those within the structure on Shot Smoky indicates an attenuation factor of three for ver-
tical displacements, with no appreciabje change in the radial direction. \
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FOREWORD

This report presents the final results of one of the 46 projects comprising the military~
effect program of Operation Plumbbob, which included 24 test detonations at the Nevada
Test Site in 1057,
For overall Plumbbob military-effects information, the reader is referred to the
v “Summary Report of the Director, DOD Test Group (Programs 1-9), ” ITR~1445, which
includes: (1) a description of each detonation, inciuding yield, zero-point location and
environment, type of device, ambient atmospheric conditions, etc.; (2) a discussion of
. project results; (3) 2 summary of the objectives and resuits of each project; and (4) a
listing of project reports for the military-effects program.
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SPECTRA of GROUND SHOCKS PROUCED
by MUCLEAR DETONATIONS

The cbjective of Project3® was to cbtain the displacement velocity and acceleration-
shock spectra of ground shocks produced by nuclear devices for use in the design of
missile bases and operational equipment shen subjected to 2 similar environment. The
shock spectrum is a plot showing the peak resvonse of a linear, variable frequency oscil-
Iator tof 2 sinzle degree freedom) to 2 specific blast wave, as 2 function of the frequency
of the oscillator.

OBJECTIVE

BACKGROUND

In the past, a limited mumber of measurercents had been mace of the ground motions
caused by blasts in the form of ground acceleration, velocity, or displacement versus
time records. Such information was useful ia predicting the response of ground-based
structures. Some of these records were amalyzed by analogue or digital computers for
presentation in terms of shock spectra, which resulted in a plot of the peak response of
a linear, variable frequency oscillator (of single degree of freedom) as 2 function of the
frequency of the oscillator. The information in this form was used to estimate the peak
respouses of single degree-of-freedom structures. More recently (Reference 1) it has
been shown that estimates of the upper bounds of response of complex structures (many
degrees of freedom) can also be made by means of shock spectra.

Shock spectra are of considerable interest and usefulness. Although theoretically
they can be obtained by the analysis of accelerMion time records, there are maay prac-
tical difficulties associated with the determination of the low-frequency components both
in the amalyses of the ground records and the acceleration measurement. There are also
difficulties in interpretation of the statistical scatter and variations of instrument damping
of the acceleration measurements. Since for many design purpo-es, it is desirable to spe-
cify the ground motions in terms of shock spectra, a direct measurement by means of
shock gages for a variety of blasts, locations and soil conditions is indicated. Shock gages
have been used successfully in many fields, such as aircraft-landing impact, torpedo entry,
and shipboard vibration.

THEORY

Complete discussions of the theory and application of shock spectra are given in
References 1 and 2. Briefly, however, if a shock is applied to a single degree-of -
ireedom system, such as an idealized mass on the end of a cantilever spring, the motion
of the mass, relative to the accelerated support, is governed by:

G+ 2¢xq +Pq = —at) 1.1)
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where: q = displacement of mass (inches) relative to accelerated support
q = velocity of mass fin/sec)
q = acceieration of mass (in/sect)
€ = ratio of damping 1o critical viscous damping
2 = frequency of spring mass system (rad/sec)
a(t) = shock acceleration (in/sec?) (function of time) ' -~

~
-

The peak response in terms of displacement. velocity or acceleration of the mass to
each side of the position of static equilibrium can be obtained from the solution of Equa- .
tion 1.1 if the dvmmic characteristics of the system are known and the acceleration input
is specified. T'hepeakmponsestomeusbockaceeleraMnmalsobemsnmddi-
rectly by means of a shock gage.
Formally, the peak response for systems nthe«‘u_gven by:

1 LI -7
- f ame " Nsin up-ndr )
(] .2) -

-

q (=,€) =

t)O

which can be represented as a2 displacement shock spectrum D,

D = quaxf,€) a@.3)

when plotted as frequency of the oscillator versus peak displacement of the mass relative
%0 the base which is being accelerated.

The velocity shock spectrum is defined as:

V=3 a.4)

which is not the true peak velocity of the mass, but is of interest in the determination of
the maximum strain eaergy in a structure.
The acceleration shock spectrum is defined as:

A=.D a.s)
and can be shown to be the absolute acceleration of the ruass (for small damping), namely:
A=maxi'ci+a(t)l 1.6)

In general, a shock gage of the type used in these tests directly measures the displace-
ment shock spectrum given by Equation 1.3 for 10 values of frequency. Plots of the dis-
placement-shock spectra are given as displacement D (inches) versus f{requency { (cps).
The velocity-shock spectra are obtained by muliiplying the valucs of the displacement-
shock spectra by their respective frequencies in radians per second to give V (inches per
second) versus { (cps). The acceleration spectra are obtained by multiplying the value of
the velocity spectra by frequency so that it can be represented by a plot of acceleration
{A) in inches per second squared. which can be expressed as acceleration in g versus
frequency.

OPERATIONS *
Project 1.9 participated in Shots Stokes, Smoky, Galileo, Whitney, and Charleston.
10




Activitivs a2t the West site were limited to piacement of instrusients, recovery of recosds,
and recovery of instruments. i

INSTRGMENTATION

Twelve shock gages and protecting canisters were used on the tests.

Thu shock gage was a completely scif-contained mechanical urit requiring no elec-
tronics or communication channels. It consisted essentially of 19 masses attached to
cantilcver springs which were mounted on two sides of a vertical plate as shown in
Figurc 1. The natural frequencies of the spring-mass systems are approximately 3.
10, 20. 40, 80, 120, 160, 200, 250, and 300 cps.

Peak responses to the shock input for each spring-mass system are obtained on
polished, smoked, record plates which are marked by the movement of 2 stylus attached
to each mass. The length of the marks (measurement of displacement) is determined by
use of a microscopic micrometer in the laboratory.

Protection for the gage was obtained by placement inside a cylindrical canister two
feet in diameter and approximately two feet deep. Figure 2 shows the canister used.
Transmission of shock input to the gage (either in the vertical or horizontal direction)

was secured by bolting the gage in the de3ired position to the one-inch-base plate of the
canister.

Installation. The sequence of installation of gages, when used for measurements in
the free-field were: (1) excavation of a 27-to-36-inch-cubical hole at the desired pressure
range; (2) place:nent of protective canister (400 pounds total weight) as shown in Figure 2;

(3) backfill around canister using select sand (concrete)!; o) placement of gage (130 pounds)

in canister; (5) placement of polished record plates (two per gage); (6) careful placement

and bolting of canister lid (rough handling could excite the gages); and (7) placement of three

layers of sandbags over the lid for thermal and nuclear radiation protection.

Two canisters were affixed to the floor of a German shelter (Structure 8-3.7-8011) in
the Shot Smoky area by means of anchor bolts. Two canisters were fastened to a concrete
anchor block in the Shot Whitney area in a similar manner, except that availability dictated
the use of ¥} -inch bolts in lieu of 1-inch bolts. As a further precaution a bridle tie-down
(consisting of ‘,ﬁ -by-5-inch steel plate and band) fastened by means of four bolts to the con-

crete was used. The canisters were surrounded by a minimum of three thicknesses of
sandbags.

Recovery. Recovery of the records for free-field measurements was accomplished
by: (1) moving or sweeping sandbag debris from cover; (2) unbolting and removing the
lid; and (3) removing wing-nut from gage and slipping out polished record plates in a
careful manner.

Records were recovered froimn all gages installed, except those two in the Shot Whitney
area which were affixed to the anchor block. Those canisters and gages were found at a
point some 30 feet from their original position, and examination revealed that the anchor
bolts in the concrete had either pulled out or had sheared off. Those canisters and gages
were considered a total loss. Two free-field measurements were obtained in this area.

Calibration. While the computed design natural frequency of each spring mass was

!Compaction was obtained through use of hand tamping and water. It is estimated

that a compaction of 90 percent of maximum density at optimum moisture content
was obtained.
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known, calibration of each reced on each gage was required o that any variation in fabri-
cation and ussembly would he accounted for.

The natural frequency was determined by use of a shake tabie for excitation, with fre-
quency sweep and resonant points being obiained through use of a Strobotac instrument.
The degree of damping of each spring-mass system was established by obtaining a trace
of the light reflected {from a source) by a mirror attached to the mass, and noting the
decay of the trace during free oscillation. Damping was found to be 0.5 percent. h

Data Requirements. The specification of design parameters as discussed above and
in References 1 and 2 required that the shock spectra be obtained for the preselected
overpressure level of 100 psi. Statistical considerations, variable ground conditions and
placement suggested the use of gages on more than one event.

With these ground rules in mind it was decided to use Shot Stokes as a preliminary test
of the instrumentation. Two radial and two vertical gages were placed at a point 170 feet
east of ground zero where they expericnced an overpressure of 33 psi.

Shot Smoky 2fforded the opportunity of placement of gages hoth within a structure, and
in the free-field at-approximately the 100-psi level. One radial and one vertical gage were
placed within Structure 8-3.7-8011 at 1,005 feet from ground zero. Adjacent to the struc-
ture and separated by a distance between gages of five feet, one radial and two vertical
gages were placed. The recorded overpressure level was 116 psi.

At a point 650 feet north of Shot Galileo ground zero and separated by five feet, one
radial and two vertical gages were placed with a resulting overpressure level of 130 psi.

The desire to obtain the shock spectra of the acceleration induced in a large mass of
concrete led to the installation of one radial and one vertical gage 600 feet west of Shot
Whitney ground zero where one of the Operation Teapot tower guy cable anchor blocks
was located. On the same radius, five feet from the block and separated by the same
distance, one radial and one vertical gage were placed. Extremely hard excavation led
to use of power equipment, so that the canister top was approximately 18 inches below
ground level instead of being flush as in the other cases. The overpressure level was
146 psi.

" Locations for Shot Charleston were dictated by the desire to obtain measurements over
a range of overpressure levels which could possibly lead to a correlation of the shock spec-
tra with overpressure level. Therefore, using calculations from an expected high yield of
the device, gages were placed 1,100, 1,300, 1,500, and 2,300 feet south of ground zero.
Anticipated overpressure levels were 100, 75, 50, and 25 psi at the respective locations,
but a low yield of the device gave levels of only 20, 18, 15, and 12 psi.

Ballistic Research Laboratories (BRL) furnished overpressure determinations for all
shots.

RESULTS

The experimentally determined peak-displacement of the masses in the vertical and
radial directions of single degree-ol-freedom-systems for ten frequencies and 0.5 per-
cent damping are presented as Table 1 and graphs Figures 3 through 24.

With the exception of the two measurements taken inside a shelter (Shot Smoky gages
S and 6, Figures 17 and 6), all measurements were at or near (within three feet) ground
surface. PAN

Displacement-shock spectra in the vertical direction ranged (rom slightly less than
six inches to less than 0.001 inch. Comparable values for the radial directions were two
inches to 0.0007 inch. The accuracy ol measurements was probably better at the low fre-
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TABLE 1 DISPLACEMENT SHOCK SPLCTRUM

~{, matural frequency; D, peak displacement

Radial Dircction

Verticz! Direction

D

{

D

{ D { D
cps in cps in cps in cps in
Shot Stokes, Surface, 33-'psl Overpressure .
Gage 1 Gage 3 Gage 2 Gage 4
2.5¢ — 266 0.199 2.56 071) 2.74 0.516
8.82 0.137 8 87 0.0260 8.82 0.569 9.66 0.440
22.0 00318 22.2 0.0248 220 0.101 20.4 0.165
36.0 0.0451 36.5 0.0093 360 0.0498 328 0.0633
90.0 0.0231 92.0 0.0074 900 0.0385 ~* §8.0 0.0560
134 0.0056 132 0.0018 131 0.0128 133 0.0209
184 0.0121 176 0.0017 179 0.0088 185° 0.0154
228 0.0027 224 0.0020 209 0.0030 22) 0.0068
269 0.0065 279 - 26h 0.0027 264 0.0026
- 339 — 312 - 303 0 0033 293 0.0012
i Shot Smohy, Insidc Sheltor, 116-p3sl Overpressure
Gage 5 Gage o —
. 2.72 2.2 2.5 1.62
- .37 0.453 8.72 0.906
22.3 0.113 21.9 0.336
36.9 0.0451 37.0 0.0744
95.0 0.0185 92.0 0.0167
138 0.0101 138 0.0099
184 0.0099 185 0.0034
234 0.0041 246 0.0051
285 0.0022 280 0.0039
236 0.0031 3683 0.0038
Shot Smoky, Surface, 116-psi Ovcrpressure
QGage 9 — Gage 7 Gage 8
2.55 1.95 2.60 548 253 4.53
9.12 0.359 8.56 1.52 8.82 1.48
224 0.189 2.4 0.845 22.6 0.525
33.9 0.131 374 0.254 371 0.205
93.0 0.0227 91.0 0.132 93.0 0.103
107 0.0149 132 0.0673 137 0.0450
181 0.0107 187 00221 180 0.0199
203 0.0042 238 0.0106 236 0.0122
293 0.0053 280 0.0112 294 0.005%
57 0 0027 3% 0.0068 328 0.0066
Shot Galileo, Surface, 130-psi Overpressure
Gage 11 — Gage 10 Gage 12
2.38 0.653 2.48 3.10 247 4.28
8.63 0.377 8.2¢ 0.946 $.23 1.22
223 0.164 227 0.320 21.0 0.475
36.5 0 0453 371 0.314 5.0 0.280
95.0 0.0349 9.0 0.140 94.0 0.121
s 0.0184 138 0.0441 136 0.0267
186 0.0103 187 0.0H6 178 0.042
237 0.0032 24 0.0098 229 0.0161
294 0.0046 272 0.0139 300 0.0121
ar 0.0029 365 0.0046 339 0.0053
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TABLE 1 CONTINULD

1, nataral fregqueney, D, eak displacement

R dial Dircetion Vertical Direction
f D { D { D o D
Cjr in cps in cps in cps in

Shot Whitacy, Surface, 146-psi Overpressure

Gage 1 —_— Gage 3° —
2.7% 1.60 2.66 3.10
065 0.260 8.897 147
20.4 0.119 22.2 0.788
32.8 0.0331% 36.5 0.348
86.0 0.0137 92.0 0.141
131 0.0118 132 0.0992
185 0.0038 176 0.0402
220 0.006+4 227 0.0090
269 0.0026 281 0.0152
314 0.0054 330 0.0080

Shot Charleston, Surface !

Gage 5 Gage 9 Gage 6 Gage 8
(20 -psi averpressure) (18~psi vverpressurc (20-psi overpressure) (18-psi overpressure)
2.72 0.203 2.33 s.on 2.54 — 253 0.728
9.37 0.111 9.12 0.0838 8.72 0.280 8.82 0.2£8
22.3 0.0900 22.4 0.0691 21.9 0.221 22.6 0.104
36.9 " ¢.0404 33.9 c— 370 — 371 0.0828
95.0 0.0190 93.0 0.0096 92.0 0.0246 93.0 0.0208
138 0.0100 107 0.0050 138 0.0093 137 0.0048
184 0.001% 181 0.0023 185 0.0062 180 0.0025
234 0.0030 203 0.002¢ 246 0.0023 236 0.0015
285 0.0026 293 0.0019 280 0.0023 2% 0.0015
296 0.0020 357 0.0009 363 0.0007 J28 0.0016
Gage 11 P — Gage 10 Gage 12
{15-psi overpressurc) (18-pai overpressure) (12-psi overpressure)
2.35 0.879 2.48 0.407 247 0.492
8.63 0.262 8.26 0.163 8.23 0.177
225 0.195 22.7 0.0726 21.0 0.207
36.5 0.0804 371 0.0231 3.0 0.0786
95.0 0.0249 9.0 — .0 0.0193
138 0.0033 138 bl 136 0.0101
186 0.0020 187 —_— 178 0.0053
237 0.0019 234 -— 229 0.0005
294 0.0011 272 —_— 300 —_
317 0.0007 36S 0.0009 33 0.0008

. Canismr‘tops were about 18 inches below ground level in hard ground. Two other gages bolted to coa-
crete pads in the same vicinity were knocked loose and data was lost.

+ Tangential direction for Gage 7 (20-psi overpressure): insignificant displacement.
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ST T -

fquencics, fless than 10 ¢ps) because of the difficulty of reading the small record marks
at the higher frequeacics. The records obtained from Shot Stokes are considered most
unreliable, because ihis shot was used as a preliminary test for the instruments using a
different type of record plate, which required the seratching on a dyed surface, later re-

0

Linches

Maoximum

3 ° .k

.3! )

3
Frequency(f) ,cps ¥ L

Figure 9 Displacement shock spectrum, vertical direction; Shot Stokes,
Gage 2, 33-psi overpressure, surface

placed by a smoked surface. The results from Shot Charleston should also be considered

with caution because the unexpected low yield produced lower impulses than the gages were
designed to record accurately.

Perhaps of most interest were the combined plots of results for similar overpressure
regions (116 to 146 psi) of the displacement, velocity and acceleration shock spectra in

19
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the vertical and radial directions, (Figures 25 through 27 and 29 through 31). Althouith
there was some scatter in the data for the displacement shock spectra, as might be ex-
pected from tre statistical nature of the phenomena, definite trends were indicated. The
rate of decrease vith frequency was greater for the vertical component than the radfal

) &
3
T

—
4=q

Q

O

Maximum Displacement{D),Inches

&

103 - s
' f
'0 Frequency (f),cps y 0

Figure 20 Displacement shock spectrum, radial direction: Shot Stokes,
Gage 3, 33-psi overpressure, surface.

component. The displacements were two to three times higher for the vertical component
than for the radial component at the low frequencies.

The scatter of data became more pronounced for the velocity and acceleration spectra
as expected. Here again, hcwever, certain trends were established. For the conditions
of the tests it was #vident that for the vertical component the values of the velocity reached
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a maximum at about 20 cps (Figure 25), and the accelerations peak betwzen 140 to 169 cps
(Figure 26). ‘The radial component of the velocity indicated no clear peak (Figure 30),
while the acceleration generally increased with frequency, (Figure 31). No generaljzations
are stated or implied by the foregoing remarks.

For single air blast puises it can be shown that the maximum value of the acceleration

T T T l T I T ol
16 -
B O Whitney a 7
40— . 8 Gatileo
O Smoky
— ® Charleston =
o
g L
5 -
[ ]
; [
s o
e —
3
-
£ - * —
»
(-}
=
20
] ] | ] | | ] I
(1) 2 40 €0 80 100 120 140 160
Overpressure(P), psi

Figure 27 Maximum acceleration versus overpressure, vertical direction;
Shots Whitney, Galileo, Smoky, and Charleston.

response is related to the rise time and the magvitude of the pulse. Assuming the rise
time for all the shocks to be about the same, and that the magnitude of the shock is pro-
portional to the overpressure, one would expect to find a linear relationship between peak
acceleration and overpressure. That this s approximateiy true for the vertical motion is
demonstrated in Figure 27.
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Figure 29 Displacement shock spectrum, radial direction; Shots Whitney,

Galileo and Smoky, surface.
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P

This correlation i3 less apparent for the radial component (Figure 32). It is known
that for single pulse type inputs, the initial slope of the acceleration shock spectrum is
proportional to the total impulse. It would therefore be expected that the displacement
spectra for a low frequency (approaching zero) would be proportional to the total fmpulse.
To investigate this possibility, it has been assumed that the total ground impulse is pro-
portional to the one-overpressure impulse which can be shown to be proportional to p’/ ¢
W1/3 where p is the overpressure and W is the yield. The indecisive correlaticn is
shown in Figures 28 and 33.

©or— | T | I ] ! |
- g -
so}
o O Whitney o
- |— A& Galileo . ]
g O Smoky .
= 4 @ Charlaston i
g
s - —
: |
e
<
E T o n
€ 20
= L —
|
X | | | | | |
o 20 40 60 80 100 120 140 i60

Overpressure (P) , psi

Figure 32 Maximum acceleration versus overpressure, radial direction;
Shots Whitney, Galileo, Smoky, and Charleston.

CONCLUSIONS

The records obtained fulfilled the objectives of the project, i.e¢., the displacement
shock spectra of ground shocks produced by nuclear devices was measured directly. The
data appears to be quite reliable and is in a2 form that will enable a designer of structures
to readily estimate stress and displacement respouses (within the elastic limit) of struc-
tures, particularly those possessing low natural frequencies and a small amount of damping

RECOMMEN” .710ONS

Reed-type ages should be used as primary instruments for measuring ground shock
characteristics for a wide variety of soil, yield and other conditions. Whenever possible,
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correlations of shock-spectra measurements shouid be made with analyzed records of ac-

celeration measzrements. -
REFERENCES
1. Y. C. Fangand M. V. Barton; “Some Charzcteristics and Uses of Shock Spectra”™;

GM-TR-82, The Rarmo-Wooldridze Corporation; October 1956.

2. Y. C. Fung; “On the Safety cf Structures Against Ground Shocks” ; GM-TR-191,
The Ramo-~Wooldridge Corporation; 15 June 1357.

3. M V. Barton; “Ground Shock Measurement and Structural Response” ; GM-TR-293,
The Ramo-~Wooldridge Corporation; 11 December 1957.

- -

3738




P A

B B aeauwer w v M

B EEEEE R

$
&4

DISTRIBUTION

Milisery Distribution Category 14
AWY ACTITIIIRS 82 Coxmandicg Cerersl, USA Combet Surveillacce Ageccy,
1126 ¥, Nigrlard St., Arlicgicm, ¥s.

Te;uty (Slef of 3:a2T fr Nilitary Cperaticzs, DfA, 33 Director, Oeratizzs Ressarsh Office, Jcins Kcskirs
Uaskizgeon 23, D.C. ATTE: Dir. of B Toiversizy, €933 Arlingon M., Betlesds 1b, M3,

2387 3f Bessarc: azd Sevelsiment, 3/A, Jasdizgeon 25, b Commanler-1n-CLisf, U.3, Army Barope, AP0 303, Sev T-1«,
D.C. AT23: Azate Div. 3.7, ATTE: Opot. Div., Vespone Br.

Assiszazs Chtef of S°aff, lazelligecce, D/A, Yesdicgion
23, L.C.

C2tef o7 Eugl.eers, D/A, Jashington 25, D.C. ATTY: % RATY ACTIVISITS

Cutef 52 Lglzeers, b;A, Yaskirgion g, g .C. ATTS:

el 3¢ !.Mn Bia, Isscizgnzan 29, D.C. ATTE: n:m
Gecice, Chier of ricace, DA, Yashizgion 29, D.C. 43 Ciief of Naval Operstions, D/B, Veshington 23, D.C,
ATN: LR ATN: (#-0320

Cocmariicg Ceversl, U.S. Cirtirectal Arzy Cuamand, Ft.
Yocioe, Y.

Direztor 0f Specisl Feezors Develozmert Office, Need-
quarters CCRARC, Ft, 2liss, Tex. ATTX: Capt. Chester I.
Pecersoe

Prestisct, U.S. drgy Arillery Board, G.S, Corofzentsl
Arng Cooperd, Tt. 8111, Cxla.

President, U.S. Arsy Air Defecse Board, U,3. Contirencal
Arxy Commaci, Ft. Bliss, Tex.

Cxxzariest, U.S. Arsy Cimmard & Gererl 3aff Cnllege,
7t. lasvecvorth, Lacses. ATY: ARCEIVES

Commardant, U.S. Arzy Afr Deferse School, ¥.. Bliss,
Tex. ATTE: Dept, of Tectics azd Cosdined Aans

Comsandeat, U.S. Army Armored School, Ft. Knox, Ky.

Cosmandant, U.S, Army Artillery and Rissils School,

Fe, 8111, Okla, AT7¥: Combat Developmect Departasat
Commsnident, U.S, Army Aviatioca School, Ft. Rxker, Ala.
Comendeat, U.S, Arwy Icfueatry Scixol, Ft. Beontirg,

CGa. ATTH: C.D.S.

Commendsat, U.8. Arny Ordnance School, Aberiees 2rivicg
Cround, M.

Commsaideat, U.8. Army Orérsace and Culded Misstle 3vol,
Bedstons Areeaal, Als.

Commanding Geosrel, Chenical Corpe Truiaing Coad., Fe.
Ncllellas, Als.

Commsading Geosral, The Rnginser Cecter, Ft. Balwir, Va.
ATTE: Asst, Cadt, Engr. Schiool

Director, Armsd Foroes Institvte of Pathology, Velter
Boed Arzy ¥ed. Center, 625 15th St., W,

Crizandaat, Unlter Beed Army Inst. of Bee., Valtes
Boed Army Medicel Center, Vashingtom 23, D.C.

L anding Gecersl, Qu JAD Comd., QU BAD Cntr., Batick,
Hase. ATTE: CIR Listsom Officer

Cfficer, Chanicel Varfare 1adh., Army

Chentcal Center, M. ATTE: Teck. Lidbrary

Comsanding Ceneral, Ergineer Bessurch and Dev, lad.,
e, Belvoir, Ya. ATTN: Chief, Teck. Srunct

Director, Waterways Experimeat 3¢atiom, P.0. Box 631,
Vickadury, Nise. ATTS: Lidbrer>

Casmeading Off1cer, Pleatinny Assual, Dover, B.3,
ATTS: (KR3-X

Commanding Officer, Dissond Ord. Puze Lads., Vashirgton
29, D.C. ATTE: Chtef, Buclsar Yulnersbility Br. (2X0)

Comsanding Gecersl, Aterdsen Proving Grounds, Md. ATYS:
Directcr, Lallistics NMessarch Ladoratory

Comsnder, Arey Bocket snd Gulded Nisstle Ageacy, Ded-
3tone Areenal, Ala. ATTS: Tech Lidrary

Commandey, Aray Balllstie Kissile Ageocy, Bedstooe
Arsecal, Ala, ATIN: CROAD-NT
Ceneral, U.5. Arsy Klactrcaic Proving Grousd,
Ft. Buachucas, Ariz. ATTY: Tech. Library

39

A7- A8
M- %

23

- %6

- 60

61- 53

g 8

?
- S B~ i -

Chisf of Baval Opersticas, D/¥, Weskington 29, D.C.
ATTN: OP-36

Chfef of Neval Mesearch, D/¥, Vashington 29, D.C.
ATTNs Code 811

Chief, Burvas of Aeronsutics, D/, \luumon 23, B.C.

Chisf, K of Orinaces, D/X, ¥ rgeon 23, D.C.

Chtef, Burves of Shipe, n,'t Veshington 29, D.C.
ATTN: Code A3 -

Chief, Buresss of Tards aod Docks, D/X, Vesdington a,
D.C. ATIN: D-MO

Director, U.8. Javal Ressareh Ladorutory, Veshingtos
25, D.C. ATTS: Nre, Istberine X. Case

Cosmsnder, U.8. Seval Ordnanee Isboretory, WRite Ok,
Silver Syriag 19, M.

.l-vr" g

Qtneu»h-thr' U.8. Saval Civil Bnginsering MB Iad.,
U.S5. Mavl Construstioa Mo, Center, Port Busnems,
Calir, ATIN: Code T33

Commending Officer, U.S. Mval S8chools Cosmand, Z.' .
Saval Station, Tressure lsland, Sea Frensiseo, Calif,

Sgperintecdent, U.8. Neval Postgreduate School, Montsrey,
Calif,

Cfficer-in-Crarge, U.5. Neval Sehool, CIC Offieers, U.S.
Bawal Coostrustion Bu. Ceater, Port Busasme, Calif,

Comandisg Officer, Suslesr Wespors Treining Ceater,
Aunul. uv.s, hnl. Base, Jorfolk 11, Ve, ATIN:

Buclear ¥ Mt.
Suslear Vengoas Truining Center,
Pecific, Maval aum-, Sem Dlego, Calir,
Officer, U.S. Mavel Dumege Coutrol Tng.

Center, Naval Bese, Miladelphia 12, Pu. ATIN: ADC
Defecse Course

Director, Mavil Alr Rxperisant Statios, Alr iaterisl
Caater, U.5. Maval e, , M,

Commender, Officer U.8. Savel Atr Dn.lmt Center,
Johnsville, Pa. ATIE: JAS, Libreriam

Officer, 0.5, Maval Nedical Messarch lnstitute,

Sational Bavel Medical Cester, Detiesda, Nd.

Cosmendiag Cfficer end Directcr, David ¥. Daylor Model
Besin, Vashington 7, D.C, ATIE: Lidrery

Cosmand{ng OCficer and Direstor, U.3. Bawl Engineericg
Dgerissat Station, Annagalis, M.

Commander, WOrfolk Mavael Shipyard, Mortmouts, ¥, ATIN:
Undervater Rxplosions Nessareh Divisios

Cosmandant, U.S. Yarine Corpe, Yashirgios 23, D.C.
ATTE: Code AO3K

Commanding Officer, U.S. ¥awml CIC Sehool, U.S, Nawml Alr
Statice, Glyoeo, s GR.

o




B8 T2 N2

T

5
E&Eg

AR IIRCT ACSIVIVIES

Assistant for Atalie Liarsy, &K, TSAT, dnscizars 25,
D.C. AT:¥: 3/
Dwpaty Chief >f S:alf, Cremiiire Xy, USAZ, “aerics s
29, D.C. ATCY: Ojereti.re Aalssls
Ksetstant Chlef of S2aff, Izvelilgs:ce, X, =A7,
$estizgion 29, D.C. OTH: ACDI-2B
Strecior of Mesearct 828 Develijment, IC3/D, %, TAs,
Hesrnizgrir 29, J.C. ATTW: Gullrcce 928 Yonjne Siv.
2@ Jargeen Coraral, M. TSAZ, destizgiia 29, ©.C.
ATIN: Mo.~Def, 21w, Yed. Dirtslie
Cosmarder-in-Crief, $:recegic Alr Ciczard,
Beb. AJTV: CAJS
Coomacder, Moeticel Alr Ciceid, largley ATS, 7s. ATS:
Dos, Sesurity Brazch .
C der, Atr Def C:amec3, Zrt A7B, Coloredo,
ATN: Atatls Rnergy Div., AZIAS-A
Comaader, Aty Yorce -Baiilstis Niasile Div. M. AZOC, Alr
Force Unit Post Office, Ls Ar.gl“ 43, Cal1L, ATTS; e
y Bq. ALT 2 N acd 1o Czeacd,
Andreve ATD, Veenizgicn 29, D.C. ATIY: PLWA
Ccanandor, AY Candrilge Besearch Cocoer, L. 5, Sazse.s
71018, 30dford, Nese, ATY: CRST-2
Coamnder, ALr Yorce Special Wespcoe Conter, Kirtianl AT3,
Altuquerque, ¥. Mex., ATTY: Tech, faf5. & Incel. Div.
Disector, Aly University Litrary, Mazvwell A3, Ale,
Ccamander, Lovry AFS, Dernver, Colomdc. ATTE: Depc. -f
9. Vpzs, T:g.
Commandant, Sctool of Aviazice Medicire, USAZ, Masiilps
ATB, Tex. ATIN: Pesearch Secreceriat
» 1009th 8p, Wors. quadroa, M, TSAY, Jeskingin
2, D.C.
Sumazler, Vright Alr IBSelcpsent Cezcter, Wright-Paz-ere =«
AFB, Dayton, Chio., ATTS: ¥CISI
Direetor, CSAP Praject MXD, VIA: TAAT Lista.c S2%flce,
The BAXD Corp., 1700 Mmtn St., Sante Morics, Cal
Comander, Joae Alr Develsgment Center, ANDXC, Griffizs A73,
B.Y. ATIN: Tte Documents Librery, ACSILD
Assistant Chlef of Staff, Intelligerce, . UGATE, AP
633, Wev Yorx, 3.V, ATTN: Directirete if Aty Mrges

Srrte A3,

m

126

125-129
1%
s

132-13%
133-136
137-181
152418

1YY
166-180

Crz=arler-in.L:l9f, 7acilic

o Irercllcs, Cnlif, ANE: #:C12-

YUTER LRARMINTG L7 Uirsh B ATTITINILS

Sirscter 2L lelecae Pasmarin ond rglieering, desning.n o8,
3.C. ATTN: Tacn, Literary

Cralryarn, Arzed Services Zxpi_siies IaZa*y Nard, 4D,
Jai1dizg -7, Sravelly Pains, daanirgiiz 29, S.C,

02,08 Jysces TriALils GrL., AA 1270,
e e, daakicyion 2%, 2.C.

Cuief, Deforse AW318 J.jiart Ageicy, dastizgeorn 29,
D.C.

Cicmaszler, Yield Cimacd, TASA, 3azile Mase, All.g.eriue,
B, Yox,
Cezmacder, Fiold C.zzand, DASA, 3alfs Base, Alluguerjse,
B, Mex, ATTN: CU3 i
Coomardeyr, Tield C.cmard, DASA, Sazdis Buse, Allugierise,
3, Yex, AU¥: 7C4T

Ceemazier, I17-7, Arlingicn Zall 8vaticn, Arlingten 12,
s -

U.8. Docuasnts Officer, 0ffice of tte Ualsed Staes
Satiocal Military Representative - SEAPE, APC %9,
Sev Torx, 3.7,

ATIMIC XITACY C.MM:881CK ACTITIZIZS

U.3. Aviate Znergy Cozataei.n, Techaical Litrary, Wasairg-
tin 29, D.C, ATTN: Fir DVA -

Les Alascs Sciertific latzrasary, Report Lidrery, 2.9,
x 1663, Tus Alas.s, K. Mex. ATTY: Zelen Redman

Sazite Cirjoratisn, Classified Joccert Diviss~n, Sardis
3aze, Alt.y.arque, N, Vex. ATTH: B, J, Swyen, Jr.

Jntversity of Celifumis lawrerce Radfaztin Letorsscry,
P.0. Box 303, Lizeraore, Callf, ATTN: Clovis 6, Craly

deapnn Data "ectiin, Technical Infirzatizn Service

8%:n, 2ok Ailgs, Tono,

(3al Jrfor=acing Survice 2x°enalcn, (ag Rige,

Tera. {S.rglus)

AP S EOINSEE
S it 3t

URCLASSIFIED




