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ABSTRACT

1. The higli-explosive igloo tests, conducted by the Army-Navy Explosives
Safety Board at the Naval Proving Ground, Arco, Idaho, in 1945 indieated:

a. That the prescribed Army (400 feet) and Navy (500 feet) intermagazine
safety distances for the storage of mass detonating types of ammunition con-
taining 250,000 net pounnds of high explosives in Army and Navy Standard con-
crete, arch-type, earth-covered (igloo) magazines may be safely reduneed
one-half without undue risk of prepagation of explosions from magazine to
magazine.

b. That the barricaded inhabited-binlding distances given in the Ameriean
Table of Distances are not adequate for conerete, arch-type, carth-covered
(igloo) magazines since the dumage to builchngs and injuries to personnel which
may occur when the contents of an igloo mass detonates are too serious to be
an acceptable risk.

¢. That the temporary storage of 250,000 net pounds of high explosives in
an carth-barricaded opery storage site located halfway between existing Army
concrete, arch-type, carth-covered (igloo) magazines is reasonably safe and
permissible with respeect to the noupropagation of explosions from magazines
to earth-barricaded open sites una viee versa.

d. That the intermagazine unbarrvicaded distance (800 feet) for 250,000
net pounds of high explosives uflords reasonable protection against the propa-
gation of explosions among open field stacks of mass detonating types of ammu-
nition containing 250,000 net. pounds of high explosives,

e. That the doors on the Navy concrete, arch-type, carth-covered maga-
zines should be strengthened to provide hetter protection against explosions
whicli may occur in adjacent magazines,

2. Data were obtained on—

a. The effeets of carth cover and barricades in reducing blast pressures
and the range of missiles. ]

b. The relative advantages of the Army and Navy Igloo designs, such as
the better protection afforded by the Army-type door.

¢. Blast pressures,

d. Meteorological effects.

e. Scismic action,

f. Missile distribution.

¢. The appearance and action of the shock wave.

I. Crater size and shape,

1. Structural and glass damage to inhabited buildings of wood construction.

3. Moving pictures were taken of the explosions which are on file at the
offices of the Army-Navy Explosives Safety Board. Of particular interest
are the high speed pictures of the shock wave (taken at 1,450 frames per second)
showing how the wave approaches mud “flows over” the target igloo and then
retreats in the suction phase before it is met by the missiles, dust cloud, and
debris.



CONTENTS

PART I. INTRODUCTION

A—Punrose or Trsrs_ ____ i}

B.—DgscriprioN oF Test Site__ __

C.—Tesr Procram Axp ProcEdpuRrk
. Program

. Test Lavout.

. Blast Meter and Gages

Crater Data_

. Ground Movenient __

. Effect of Blast on Target lgloos
. Barracks Damage.

. Missile Data .

9.
10.
11.

Scismological Data_
Meteorologieal Data.
Test Operation .

PART Il. TESTS AND RESULTS

A—MH. E. IcrLoo Trksr 1

B.-

1.

a2 V)

]

Purpose -
Test Layvout
Igloo Contents

Priming ___

. Deseription of Test and Summary of Results

a. General __ .

b. Motion Picture Record.

c. Air Blast Pressures

d. Crater Data__

¢. Ground Movement

f. Effect of Blast on Target Igloos_

¢. Damage to Barracks and Glass Breakage

Ii. Mlissiles and Fragmentation
i. Scismological Data.
j. Meteorological Records

1. E. 16rLoo TEsr 2

1.

2]

3.

SR

General

Purpose_

Test Layout i
Revetment and Igloo Contents
Priming

. Description of Test and Summary of Results

a. General____________
b. NMotion Picture Record.
c. Air Blast Pressures___
d. Crater Data__

¢. Ground Movement

v

Qv Tv v v Tv v T O
b b e W W W

o2

(2]
o1 I N

<
[



vi

f. Effect of Blast on Target Igloos and Revetments__
¢. Damage to Barracks_ . ___ _
I, Missile Data

1. Seismological Data

i. Meteorologiceal Data

C.—I1l. E. IcrLoo Test 3

D.—I11I. I&. IcrLoo Tesr 4
1.

[SUIE SR ()

o

E.—

‘».:l:hb-’-‘lo

. Purpose.___

Test Layout
Igloo and Revetment Contents._
Priming .

. Deseription of Test and Summary of Results

a. General ___

b. Motion Picture Record

c. Amr Blast Pressures___

d. Crater Data B

¢. Gromd Movement -
f. Effeet of Blast on Target Igloos and Revetment
g. Damage to Barracks
li. Missile Data

1. Seismological Data
i. Meteorological Data

General_

Purpose__

Test Layvout - -
Revetment and Igloo Contents_ -
Priming

Description of Test and Summary of Results.__
a. General______ . __

b. Motion Picture Record
c¢. Air Blast Pressures

d. CrateyData_______.
¢. Gromnd Movement __
f. Effect of Blast on Target Igloos and Revetment
g. Damage to Barraeks. __ - -

li. Missile Data_ . -
i. Seismologieal Data

1. Meteorological Data - _

1I. E. IerLoo Tesr 5
1.

Purpose

Test Layont

Igloo aud Revetment Contents_

Priming . _ __ o

Deseription of Test and Summary of Results

a. General )

b. Motion Picture Record

¢, Air Blast Pressures

d. Crater Data -
. Gronnd Movement___ -
Effect of Blast on Target Igloos and Revetment.
Damage to Baveacks. oo - ______

EEa

Page
e

53 TSy )
-] =1 <

St
*J =]

60

60

63
63
63
63

68
68
68
6%
70
)
70
70
70
70
70
70

“l w0 =] =]
L

<

=T =1 =] =] =1 =1 ~1 =~}
SviCr e T v v

-1 =1 =1 =]
v e T

<



h.
i.
j.

Missile Data --
Seismological Data  __
Meteorological Data_ .

F.—1. E. I¢roo Tesr 6

I

Parpose. -

Test Layout_ __ .-
Revetment Contents_ _
Priming . . __

Description of Test and Summary of Results._
a.
b.
.. Air Blast Pressures
. Crater Data ___ _
. Groamd Movement_______

B

DX

-H.
Purpose. ... . .
Test Layout

Stack Contents

W 2 1D e

(1]

Priming
Deseription of Test and S
a.
b.
c.
d.
e.
f.
.
L.
i.
i

General .
Motion Picture Record .

Effeet of Blast on Targets ____ -

Damage to Barracks and Glass Breakage _ - _
. Missiles and Fragmentation . ________

. Seismological Data__.
Meteorological Data_ - _ .

0. laroo Trsr 7

S----

General -

Motion Pietmee Record
Air Blast Pressure_ - __
Crater Duta_____
Ground Movement _

Damuage to Barrucks and Glass Breakage - _

ummary of Results.

Effeet of Blast on Target Stack 2.

Missiles and Fragmentation_

Scismological Data___ .
Meteorological Data. - _

11, E. I¢roo Tesr 8
Purpose .. _ ..

Test Layont

Stack Contents. :
Priming._ ..

T S D =

Deseription of Test and Summary of Resnlts_
a.
b.
. Air Blast Pressure_ _ - _.
. Crater Data_____

. Ground Movement

(reneral _
Motion Pictnre Reecord

Effect of Blast on Turgets

Damage to Barracks and Glass Breakage - - .
. Missiles and Fragmentation._____

Seismological Data___

. Meteorologieal Data__ _ .

S0
80
80
80
S0
80
S0
80

S1
51
81
83
83
83
83
83
83
83
83
83
83
83
83

Vil



vilt

PART Ill. SUMMARY AND DISCUSSION OF RESULTS

A.—Appearance of Explosions. ...

B.—Motion

C.—Air Blast Pressures____
D~CraterData___.___________

E.—Ground

Pieture Record___ . ____ . _______._

Movements_ _______

F.—-Effeet of Blast on Target Igloos and Revetments_ ___

G.—Damage to Barracks and Glass Breakage

H.—Missiles

I.—Seismological Data_____ .
J.—Meteorological Data_ _ . __

PART IV. CONCLUSIONS

REFERENCES

and Fragmentation. _ . __________

Page
85
85
92
9%
99

100

101

102

102

106

109



An H. E. igloo explosion



PART I. INTRODUCTION
A.—PURPOSE OF TESTS

1. At the cessation of hostilities of World War I1
there remained on hand in the continental United
States and oversea Theaters of Operations tre-
mendous stocks of Army and Navy ammunition.
To provide for the orderly and cconomical
disposition of these tremendous stocks of ammuni-
tion, it was essential that—

a. Temporary storage facilitics be provided in
the continental United States until the stocks
required for peacetime use and the war reserve
could be determined, and;

b. It be determined whether existing ammuni-
tion storage installations and faeilities could be
safely expanded without large expenditures for
additional land, roads, and properties.

2. The program of tests conducted by the

Army-Navy Explosives Safety Board at the Naval -

Proving Ground, Arco, Idaho, during the summer
and fall of 1945 was designed to obtain these neces-
sary data through the media of a limited number of
full seale tests utilizing ammunition which was
surphis to the needs of the War and Navy Depart-
nments.

3. To obtain the maximum benefit from the
tests, the following government and scientifie
agencies interested in the control and effects of
explosions were invited and participated:

a. Underwater Explosives Rescarch Laboratory
of the Woods IHole Oceanographic Institution,

b. OSRD (Officc of Secientific Research and
Development), Division 2 of the NDRC (National
Defense Research Committee).

¢. David Taylor Model Basin of the Navy
Department.

d. U. S. Coast and Geodetic Survey, Commeree
Department,
e. U S,
Department.
7. U. S. Geological Survey of the Interior De-

partment.

g. U. S. Burean of Reclamation of the Interior
Department.

4. I'unds were also allotted for making a very
limited check of the safety distances presczribed for
inhabited buildings as set forth in the American
Table of Distances.

Weather Bureau of the Commerce

B.—DESCRIPTION OF TEST SITE

1. The site chosen for the tests was the Naval
Proving Ground, Arco, Idaho. This was the best
of a number of sites which were investigated since
it satisfied most of the requirements of isolation,
availability of government facilities, availability
of construction equipment and contractors com-
petent to handle the construetion, rail and
highway facilities, power, water, and favorable
weather conditions.

2. The Arvco Naval Proving Ground is situated
on a vast expanse of semiarid desert bordering the
valley of the Snake River located to the north of
the Snake River Plain and is 40 miles northwest of
Blackfoot, Idaho, and 23 miles cast of Arco,
Idaho. The site lies southeast of the rugged
Liemhi, Lost River, and Sawtooth Mountains from

which the Little and Big Lost Rivers flow, disap-
pearing in sinks on the desert. The position of
the Igloo Tests (Igloo A) was 43°38714°7 north
latitude, 11295325 west longitude, at an elevation
of approximately 4,855 feet.

3. The Snake River Plain wus formed by the
lava tlows during the intense voleanic activity of
the Pliocene period which continued in deereasing
intensity until recent times. The flows at Craters
of the Moon, 40 miles to the southwest, are esti-
mated as having occurred only a few luindred years
ago. At the test site 2 feet of fine silt topsoil
cover a clay and gravel alluvium 15 feet in thick-
ness which overlies the complex basaltic layers of
lava formations. Numerous cones and lava out-
crops protrude from the gently rolling desert. The

1



Fravee 1. Test site.

log of the well at the gun emplacements of the  resulting in a low humidity and rapid.drying con-

NPG, table I, illustrates a typical geologic section.  ditions especially in the summer months. The
4. The rainfall averages 12.5 inches a year with  sparse vegetation consists of sagebrusl, bunch

persistent southwest winds of 10 to 35m, p. h.  grass, small cacti, and similar desert growths.

TasLE L—Log of well at gun emplacements

Depth below sur- Depth below sur-
ace in feet: Subsurface formation faee in feet: Subsnurface formation
0. .. Top soil. 321 _____. Hard gray lava.
2 R Gravel. 341 . Clay.
17. Clay. 3400 ___ Nolid lava.
28 . Lava with clay filled eracks. 352___.__._ Clay and cinders,
50._ . Lava with elay and sand mnixed. [ ¥ Clay.
59 Clay and sand, 381 -. Hard gray lava.
69 Solid lava, 391____._.. Clay.
108________ Lava and ecinders. 140 Clay and gravel mixed,
134. . ______ Sand and clay. 425, . Cinders.
139 ... Lava, 427_.______ Clay and cinders.
145 - Lava. 440________ Solid lava.
159 . _~ Cinder and lava. 444.______ Blue lava creviee.
161~ Lava. 449 _______ Gray lava—water,
169._ - Cinders. 462._______ Blue lava ereviee.
171 _. Cinder and elay mixture. 470 ______ HoneveomD lava—traces of soapstone—
181 Cinders. wat . throughout.
184. Solid lava, 522 . .___. Solid lava.
211._______ Broken lava. 562. ______ Clay, lava and water.
221. .- Solid lava. 588_._ . Solid lava.,
231,‘ Coarse lava. 6Y2.______ Red honeyeomb lava.
246 Brown lava. - L
265 Soft lava. 665 ... ... Lava, cinders and water.
281 Hard lava. 677 ... Red lava, cinders.
291 _. Clay and lava mixed. 685.______.. Red lava, cinders—well bottom.



C—TEST PROGRAM AND PROCEDURE

1. Program
The program of H. E. Igloo tests conducted by
the Army-Navy Explosives Safety Board at the

Weight of ex-

'}fg‘ Date 1045 (time MWT) | 5 AR e | Type of explosive
1 ' 29 Aug, (0930)____ 250,000  50/50 Amatol._ __
2 | 18 Ocl, (1440)- __| 125,000  50/50 Amatol___.
3| 19 Oct, (1215)_.__| 250,000 Torpex..__.____
4 | 30 Oct, (0920)___ 250, 000 | 50/50 Amatol. -
5 | 30 Oet, (1250).... 250,000 Torpex._... .
6 | 30 Oct. (1500) 125,000 50/50 Amatol.
7 | 31 Oct. (1240)_ 250,000 TNT, Tetryl 80/20
Amatol,
8 | 31 Oct, (1400)_ 250,000  TNT o

9. Test layouts

The following units were constructed at the
test site: two Army and two Navy standard
concrete, arch-type, earth-covered (igloo) maga-
zines approxinately 26.5 x 81 feet in size; one
standard two-story, wood frame, Navy-type bar-
racks building approximately 36 x 96 feet in size;
three temporary open storage sites (revetments)
approximately 30 x 60 feet in size; and necessary
auxiliury fucilities such as camera stations, in-
strument and observation shelters, and dugonts.
Figures 2, 3, 4, 5, 6, and 7 show the general layout
of the test site, the test structures, and the open
storage sites.  The earth cover on the igloo maga-
zines has approximately the contour of the head
wall of the Navy magazime as shown in figure 4.
The depth of the carth cover over the arch is
approxinately 2 feet.

3. Blast meter and gages

Air-blast pressures were measured by paper-
blast meters, foil-blast meters, piston gages, ball
cruslier gages, David Taylor Model Basin (TMB)
diaphragm gages and piezoeleetrie gages in Test 1.
Only paper-blast meters were used in the other
tests (2, 3, and 4) in wlhieh pressures were recorded.
A plot of the loeations of these meters and gages
with respect to the centers of the explosions is
included in the deseription of cach test.

a. Paper-blast meters.—The Aberdeen Proving
Ground Paper-Blast Meter (Ref. 1) cons:sts of a

Naval Proving Grounds, Arco, Idaho, in 1945 in-
cluded six 250,000-pound tests and two 125,000-
pound tests as follows:

Test unit | Target units

1gloos B, C, D and wood frame bar-
racks at 2,135 feet.

Igloos I3, C, D) and revetment 2,

Igloos B, D and Rev, 2 and wood
frame barracks at 2,155 feet.

1gloos B, D and Rev. 2 and wood
frame barracks at 2,155 feet,

Igloo D, Rev, 2 and wood frame bar-
racks at 2,155 feet,

Nomne,

Stack 2 at 800 feet.

Army Igloo A____

Revetment 1.___
Navy Igloo C

Revetment 3___
Army igloo B.

Revetinent 2______
Stack 1. .. ___

Stack 2_ . _. None.

series of circular paper diaphragms of different
radii and the size of the smallest diaphragm
broken in cach blast meter by the blast is taken
to be a meusure of the intensity of the blast.
Since the natural periods of vibration of these
diaphragms are quite short ecompared to the
dinration of the blast, the size of the smallest
diaphragm broken is believed to be determined by
the peak pressure,

These meters, ficures 8a and 8b, consist of two
picees of ¥-inch plywood in which ten holes of
various dinmeters are cut. A pieee of waxed paper
is inserted between the pieces of plywood and the
picees are then bolted together. The meters were
mounted on stakes approximately four feet above
the ground, face on to the blast.

The hydrostatic pressures recorired to break the
diaphragms are given in table 11,

Tanve Y.—Iydrostatic pressures required to break paper
rieter diaphragms

Din- ”(i’r""l’i‘;‘t.” Hydrostatic Dia- | D(irr"(li‘i'::‘.r [Nydrostatic
phragm plicagn | Dressure pliragm phrapm | Dressure
No. inlinalios {p. s. 1) No, { ininches | (p.s. 1)

1 3. 65 0.4 6_._. 1. 00 ‘ 2.7

2. 4. 00 L6 7o .75 3.6

R 2. 83 .8 8.__-_ . 30 5 8

4._.._..| 2.00 L2 9. _-___ . 3%5 7.7

Hoo. 1. 375 1.8 | 10____ .25 12. 6
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Symbol
AP

B

¢

»

K

Camera No. 1

Camera No. 2
Camera No. 3

Instrument shelter

Instrnment dngont 1

Instrnment dugout 2

{nstrument dngont 3

Observation dugout
Instrument <ugont 4

Instrumernt dugont 5
Instrument drigont 6

Instrnment dugout 7

Fiaure 2.

| Instrnment

Legend

Eiewment
Primary igloo  (Army
Iglou).
Army  secomdary  maga-
2ine,
Navy secondary mnaga-
zine.

do

Barracks bullding

35 ni/m multiple lens cani-
ora, David  Taylor
Model Basin.

16 mi/mr General Fleetrie

camera, Davld Tayler |

Model Basin,

16 m/n1 General Eleetric
cmuera, David Taylor
Meodel Basin,

Electronic instruments for

measnring blast pressure.

Seismic instrnments .

Strain gages.

Selsmie instruments

Strain gages

Aceeleronteters

Seisnric lnstruments

Aecelerometers ..

Firing point

and  camera
contrul statlon.

Generator station .-

Seismic instruments

do... .. .

Eqnlpnent or Agency
Canmiers to record rool
novement.
Strain amd  deflection
£ageS,
Do.

Do.
2,155’ from A,
1,000 frames/see,

1,430 frames/see.
1,430 frames/see.

Davld Taylor Mwodel

Basin,

Coast & Geodetie Sur-
vey.

Bureann of Reclama-
tion,

Couast & Geodetie Sur-
vey.

Burcaur of Reclama-
tion.

David Taylor Model
Basin,

Coast & Geodetie Sur-
vey.

David Taylor Model
Basin,

Coast & Geodetle Sur-
vey.
Do.

Location of primary and secondary

elements—Continued.

b. NDRC foil blast meters (Ref. 2).

(1) A foil-blast meter is shown in figure 9a. Tt

was constricted as shown in figure 9h,

A sheet

of aluminum foil 0.65 mils thick was inserted be-

Frovee 3.

Tasue HL—Iydrostatic pressures required to break NDRC
Joil meter diaphragms 0.65 mil alumivum foil

7
P.s.1.to break
Dianteter of hole Jy | 1 parallel

P.s. 1. to break

Dlameter of hole ju| 11 parallel

s | ke " | ereuiaion

| Dlast) | t Dblast)
'3 s .I 12.9 || 14 l ‘. 18
pAT P 125 | 17a_ .. 5. 09
b apqoooo 1.5 | 1% 3. 96
W 3 = 10.5 | 2% 2. 97
e 8. 42 | 314 2. 10
156 S 7.35

tween the two picces of masonite which form the
orifice assembly and the two were then bolted
together. The orifice plate assembly was taped
around the edges to insive a seal and a small vent
hole was drilled in the rear of cach compartment
to compensate for slow changes of pressure in the
meter.  These meters were mounted on wooden
tripods five feet above the ground, side on to the
blast. The hydrostatic pressures required to
break the diaplnagms are given in table 111.

(2) Two additional box meters of similar design
but of more rugged construction were used to
record pressures near the center of the explosions.
These meters, which were designed and con-
structed by Princeton University, had a range of
32 t0 640 p. s. 1. They were buried in the ground

with the orifice plate flush with the surface of the
ground.

¢. British and Los Alamos Type Piston Gages
(Ref. 2).

(1) Eight piston gages, designed and construet-
ed by the Road Rescarch Laboratory, in Great
Britain, were provided for these tests,

Nine

leloos A, B, C, and D.
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Fiavre 5. Navy-type barracks building.

others, which were designed and constructed at
Los Alamos, and which embodied improvements
over the British gages, were also provided.

(2) The British-type piston gage consisted of a
metal box, in one face of which were six holes of
equal size, Closing these holes, from within the
box, were six pistons held in place by springs whose
compression could- be adjusted.  Motion of the
pistons could be detected by the hrreversible mo-
tion of other pistons bearing against them, but
not coupled to them. Before the test, each pair
of pistons was in contact; after the test, lack of
contact between any pair of pistons indicated that
they had moved. The spring forces were so ad-
justed that the pressure required to move each
piston was different from all others. Thus, the
blast pressure which had acted on the gage could
be bracketed between those corresponding to two
pistons, one of which moved while the other id
not.

6

FiGcure 6.

Open storage site (revetment).

(3) The Los Alamos modification of these gages
lay principally in the recording method, i. e., the
means or detecting motion. Instead of a second
piston, a piece of aluminum foil was tightly
stretched opposite the inner end of each piston.
This imer end was pointed, and a gap of about 5
mils was left between point and foil. Thus, a
motion of 5 mils in any piston was detected by a
dimnple in the corresponding foil. This proved to
be a more reliable indicating system than that in
the original British gages.

d. UERL free-piston and spring-piston gages
(Ref. 2).

(1) The free-piston gage consists of an unre-
strained piston attached to a stylus which records
the pressurechangeonthe paper of a rotating drum,
The motion of the piston as the blast wave acts
on it is recorded by the stylus as a function of time,
and the positive impulse of the blast and the peak
pressure is computed from the record produced.
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(2) The spring-piston gage is similar to the free-
piston gage, exeept that the motion of the piston
is opposed by a spring. The movement of the
piston is & mensure of the peak pressure up to a
maxinmm of 5.5 p. s. I.

e. NOL ball-crusher gage (Ref. 2).

(1) The ball-crusher gage was designed by the
Naval Ordnance Lnboratory to measure peak
pressures in underwater shock waves, and was
applied to the measurement of airblast peak pres-
sures in these tests,

(2) The gage eonsists of a piston which bears
on a spherical ball of soft copper. See figure 10,
When the piston is depressed by the shock wuve,
the ball is deformed inelastieally, and the diminn-
tion in diamcter is nearly proportional to the peak
pressnre.  For pressures below 100 p. s. i, the
error may be quite large, and no measurable de-
pression occurs at pressures less than about 70
p. s 1.

f. David Taylor Model Basin (TAMB) diaplragm
and piezoelectric gages (Ref. 3)—The electronie
pressure measurements were tuken by the Navy
Department David Taylor Model Basin. Three
different tyvpes of vecording channels were used
to obtain the pressure history of the explosion,
One was the standard Taylor Model Basin channe!l
for use with the David Taylor Model Basin Dia-
phragm-Blast Gage. The second type of channel
was a modified version of the standard channel.
Two of these modified channels were nsed. The
third type consisted of five Rochellessalt piezo-
electrie gages which served to record the time of
nrrivnl of the blast wave at selected positions,

(1) The standard channel consisted of —

(a) A diaphragm gage with a 500 ohim metalec-
trie, spirally-wound strain element cemented to
the inner face of the diaphragn.

() A ballast and battery box circuit.

(¢) A combination preamplifier and natura
frequency band-rejection filter,

(d) A Dumont Type 208 blne trace eathode-rny
oscilloscope,

(2) The modified channel consisted of

(a) A diaphragm gage with two 120 ohm metal-
ectric, spirallyv-wonnd struin elements, one ce-
mented to the onter and the other to thie inner fuce
of the diaphragm.

() A David Taylor Model Basin 1A strain
indieator, which consists essentially of a eirewit
which has a Wheatstone bridge, two of whose
nrms are the two resistance elements of the pressure
guge. The output of the bridge aniplitude modn-

Freure 9a. NDRC foil blast meter.

lutes a carrier wave of 2,000 cycles per second
frequency. The modulated wave is then amplified
and demodulated and the modulating signal is fed
into u recording device,

(¢) A General Electrie string oscillograph on
which the output of the strain indicator was
recorded,

(3) The two channels were used because the
standard channel has good high {requency re-
sponse but poor low frequency response, while, on
the other hand, the modified channel has good
low frequency response but a poor high freqnency
response. It was hoped that a complete history
of the blast pressnres arising from the explosion
mnight be obtained from a combination of the two
reeords, the standurd channel recording the initial
peak pressure and the pressure occurring in the
first 100 niilliseconds and the modified channel
recording any slowly varying pressure occurring
later. At the high peak pressures expected, how-
ever, the pressure gage does not indieate the true
peuk pressure beeause a “Bernoulli flow” effect
modified the pressure,

(4) The third type of channel employed was
one that recorded the time of arrival of the blast-
pressure wave at selected positions. By means
of the distanec-time curve and the Rankine-
Hugoniot formula relating pressure and veloeity
of shoek waves, it was hoped to obtain an acenrate
value of the peak pressure unmodified by any
Bernonlli effects.  The cirenit consisted of five
Rochelle-salt piczoeleetric gages placed 40 feet
apart. These gages were connected in parallel
and placed across the mput of a Dumont 208
cathiode-ray oseilloscope. A 50,000-0lmm resistor
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Ficure 9,

was connected aeross the mput terminals of the
oseilloseope to provide an effeetive time constant
of about one millisecond. This time constant
insured that the signal from the first gage wouid
disappear by the time the shock wave reached the
seeond gage. The Rankine-Hugoniot formula is
(V/OP=%P[Py+-1,

where V7 is the velocity of the shock wave,

NDRC foil blast meler.

P is the excess pressure in the shock wave,
(" 1s the veloeity of sound,
Py is the atmospherie pressure,

(5) The outputs of the two moditied channels
using the Taylor Model Basin strain indieators
were recorded on a General Electrie string oscil-
lograph with a film speed of about 15 inches per
second.  An electronic oscillator driving one of

9



Ficure 10. NOL ball erusher gage.

the strings at a frequency of 100 eyeles per second
provided a time base. The two Dumont 208
cathode-ray oscilloscopes were placed side by side
and photographed by means of a General Radio
Class 651 oscilloscope camera. A time base was
provided by a 101.2 c. p. s. oscillator that dis-
charged a spark from a spark coil through thefilm.

(6) The standard and modified Taylor Model
Basin diaphragim gages were calibrated by deter-
mining the changes in resistanee for known changes
in static pressure.

(7) The piczoelectric gages were  calibrated
roughly by firing a one-pound charge of TNT and
scaling the gage distances so as to obtain pressure
of Yo the magnitude expected from the actual
explosion.  An exaet calibration was not required
sinee it was only desired to know the time of
arrival of the shock wave and not the pressure
magnitudes. Each gage was mounted five feet
above the ground with the gage positions 40 fect
apart. A steel pipe filled with sand was located
seven feet in front of each gage to serve as fragment
protection.

4. Crater data

Crater measurements were taken in all tests,
except Test 4, by means of field surveys.

5. Ground movement

Measurements of ground movement were made
in Tests 1, 2, and 4 by means of field surveys.

6. Effect of blast on target igloos

The effects of the explosion on the target igloos
was determined by observation and measured by
means of a slide rule gage aud a stop-point indi-
cator (SPI) in Test 1, and by Carlson strain
meters in Tests 2 and 4.

a. The gage (fig. 11) used to measure the arch
deflection was a modified slide rle with the rule

10

attached to a support from the floor and the slide
attached to the areh.  To minimize the overdrive
a strong flat spring was mserted under the slides
and to measure both outward and inward deflec-
tion the slide was divided into three parts. A
disadvantage to this type of measurement was
that it would measure a combination of arch
defleetion  and  relative  floor-arch  movement.
This difficulty was overcome by using a sccond
type instrument which measured the deflection
of the arch between the hauneh and springing
line.

-ND OF ARM FASTENED
TO CONCRETE ARCH

END OF GAUGE
FASTENED TO
SUPPORT

GAUGE

s
I
SLIDE
'hy'f = cause
| /%) SupPomT
¥ E

“Slide rule’” gage.

A

A\ _)g\

T

Frauvre 11,

RECORDING LEVERS

ACTUATING ARM -+ \,\'“‘-.‘
STRING FASTENED 7O ARGH ! /\

ﬁ‘\ﬁnmf:;u;ﬁ' ‘h_.a’{ﬂ I.
SHAFT 1—;\%\‘
SPRINGZ

BOARD FASTEMED
TO SIDEWALL

Iicure 12,

Stop point indicator.



b. This second instrmment (fig. 12) consisted of
an indieating arm, the movement of whieli was
multiplied by a wheel lever. The wheel lever
was actuated by the slack or tension in the string
conneeted between the hauneh and springing line
of the arch.  Two recording arms were actuated
by the central or indicating arm and were lield n
place by friction.  This mstrument, called “stop-
point indicator” (SPI), while carefully con-
structed, is believed to be subject to errors due to
clustieity of the string wd the looseness in the
bearings.

¢. The effeet of the blast on target lgloo C in
Test 2 and B in Test 4 was determined by observa-
tion and by measurements obtained from the
Carlson strain meters installed by the Bureau of
Reclamation (Ref. 4).  The Carlson meter is a
temperature-compensated clastie-wire-type instru-
ment in whiclr the strin sensitive element s
enclosed in ancexpansible metal tube 10 inches long
by 3¢ inch in diameter.  In installing the meters on
the outside of the igloo, the carth backfill was first
removed at the proper locations, next the meters
were fastened in place by brackets secured by
concrete expansion bolts, and then the backfill
was replaced.  The lead wires from the Carlson
neters were carried in trenches to the mstrument
dugout abont S00 feet away where a Ieiland
oscillograph recorded the resistance changes of the
meters.  After appropriate calibration, the resist-
ance changes are converted into strain and stress,
The natural frequeney of the oscillograph galva-
nometers was 40 eyeles per second, and the
sensitivity in conjunction with the Carlson meters
was about 30 millionths inch per inch of strain
(or about 12 p. s. 1. stress) per 0.02 inch dellection
3f the light spot. One of the galvanometers was
also connected to a wire which was wrapped nround
a bomb to indicate the exaet tine of blast,

Diagrams showmg the locations of the nreters
placed on Igloo C in Test 2 and on Igloo B in

Test 4 are included in the deseription of these
tests,

7. Barracks damage

Barracks damage was recorded in Tests 1, 3,
and 4.

8. Missile data

Missile dnta were recorded in Test 1 only, in
which a thorough analysis of distribution was
made through a field survey of missile density and
size.

9. Seismological data

Seismic recording instruments were installed
by several organizations to measure the ground
shocks resulting from these explosions.  The U. 8.
Geologic Survey had instminments at loeations as
far away as 250 ntiles but most of the instruments
were located in the immediate vieinity of the
explosions.  Due to power failures and other
causes the Ul S. Geologie Survey and the Burean of
Reclamation failed to obtain records, but very
good records were obtained by the U, 8. Coast and
Geodetie Survey and the David Taylor Model
Busin of the Navy Department.

10. Meteorological data

Meteorological observations were made by the
Weather Bureau and  volunteer observers in
Test 1. The Weather Burean established observa-
tion stations up to 200 miles, alerted all weather
stations and the general publie up to 800 miles to
listent for the sound of the blast, and cestablish
theodolite stations to observe the smoke cloud.

11. Test operation

Observation points for the tests were coordi-
mated by short wave radio and field telephone, and
the explosives were detonated from the observa-
tion dugont,

1



PART Il. TESTS AND RESULTS
A—H. E. IGLOO TEST NO. 1—29 AUGUST 1945

1. Purpose

a. To determiae if the mass detonation of
250,000 net pounds of ligh explosives stored in
an Army test Igloo A with a Navy door barrieade
will propagate to an Army Igloo B located paeallel
to and 185 feet fromn test Igloo A to a Navy Igloo
C located in line with the test Igloo A aad 210 feet
in front of it; or to a Navy lgloo D with door
bagricade located diagonally to the rear and left
of test Igloo A at a distaace of 500 feet,

b. To deterniine the severity of the damage done
to the target igloos and their contents, and to a
wooden barracks building E located diageonally to
the rear and right of the test Igloo A at a distance
of 2,155 feet.

¢. To record data pertaining to air blast pres-
sures, seismic action, meteorological effects, crater
size, missile distribution aad the appearance and
action of the shock wave as reveated by high speed
photography.

2. Layout

This test involved the explosion of 250,000
pounds of 50/50 Amatol in Army lIgloo A with a
Navy door barsicade rs. target Igloos B, C, and D
and & Navy-tvpe wooden Dbarracks building.
Figure 13 shows the layout of the primary cle-
ments.  The cameea stations, insteuments shelters
and instrument and obsesvation dugouts were
located as shown in figure 2.

3. Igloo contents

a Igloos A and B were cach loaded with
four hundred and twenty-five 1,100-pouad bombs,
explosive charge 588 pouads of 50/50 Amatol
(similar to Army 1,100-pound bomb MK-33).
These bombs were stowed on wooden dunnage as
shown in figures 14a and 14b.

b. Igloos C and D were each loaded with five
hundred and forty-one 650-pound aireraft depth
bombs (MK-49), explosive charge 462 pounds
Torpex, stowed ns shown in figures 15 and 16.

12

4. Priming

«. All bombs in Igloo A were primed by packing
knotted primuacord surrounded by composition
C-2 into the nose fuse cavity of each bomb.

b. The method employed 'in coanecetiag the
bombs of ecach stack by rumming a primary lead of
primacord “1”" conaceting the outside bombs n
the stack, aad sccondary leads 27 and “3”
connectiag the remaiaing bombs to the priamary
lead is showa ia figures 17a and 17b.

¢. The primary lead from one stack was jomned
with the adjacent stack and the conneetions were
made to the theee eleetrie Engineer Speeial Blast -
ing caps ia the ceater of the magazine as shown in
figure 18. These caps were connected to the
primiag cireuit in parallel, and the length and
arrangement of the leads was such that all stacks
fired shuultancousty,

5. Description of test and summary of results

a. General —The explosion of the 250,000
pounds of Amatol ia Igloo A produced an initial
flash and then streamers of smoke that shot out
at angles above 30° from the horizontal formiag
a bush-like cloud that engulfed the flames within.
This cloud merged with the dust near the ground
and developed into a billowing black mass of
smoke rising to a height of 2,380 feet in 2 minutes.
(Sce figs. 19a and 19D.)

Observers at 1, 2, and 3 miles from Igloo A
experienced a sudden puff of wind and ground
sltock accompanied by the sound of the explosion
but felt no physical discomfort from the blast.

Theee was no propagation of the explosion from
Igloo A to the target Igloos B, C, and D which
suflered only minor damage.  The barracks build-
ing suffered structural damage and extensive glass
breakage, with the aceompanyiag flving glass
hazard.

b. Motion picture record.—Nlotion pietures were
obtained from four different camera positions
(fig. 2).
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Ficuvre 14a.  Bomb stowage, Army Igloos A and B,
Test 1.

Fievre 14b.  Bomb stowage, Army Igloos A and B,
Test 1.

(1) Pictures from the observation point showing
the explosion of the 250,000 pounds of Amatol in
Igloo A at normnl film speed.  (Crmern 4.)

(2) Closc-up of the explosion of Igloo A from
the right front i1 high speed photogrnphy showing
the sequence of events in the explosion of the
Igloo. (Camera 1))

14

(3) Close-up from the side of Igloo C showing
the shock wave as it strikes Igloo C from the renr
and passes over it,  (Camern 2.)

(4) Close-up from the renr of Igloo B showing
the shock wave as it strikes Igloo B from the side
nnd passes over it. (Camern 3.) These films
liave been edited and combined into the complete
film record of the explosive tests which nre avail-
nble at the oflices of the Army-Nnvy Explosives
Safety Board.  Seleeted frames from the mnotion
pictures are shown later in connection with the
summnry nnd discussion of results.

e. Air blust pressures.—The location of the
various types of meters which were used in this
test to measure ab blast pressures are shown in
fignres 20u, 20bh, and 20¢.  The records obtained
from thie meters are shown in tables IV, IVa, V,
VI, VII, and VHI. It will be noted that the
records obtained with the paper and foil meters
were fairly consistent but that the records obtained
from the other type gages varied widely. The
records obtained from the electronic type gages

Ficure 15. Bomb stowage, Navy Igloos C and D,
Test I.
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Priming connections for each stack,
Igloo A, Test 1.

FieuRre 17a.

Priming connections for each stack,
Igloo A, Test 1.

FIGURE 17h.

A
4
9 10 1 12 13 14 15 16
~ CAPS
! 2 3 4 5 6 7 8
Note -~

425 Bombs— 249,900 H.E.

Fraure 18.

were incomplete, as only the two strain indicator
channels yvielded resnlts.  This was due to the fact
that the pressures were mnch lower than originally
estimated and as g vesult, the amplifier gains were
set too low and no signal could be detected.

d. Crater data.—The explosion of the contents
of Igloo A produced a erater which was roughly
oval in shape, having a long diameter of 200 feet

16

Priming plan for connceting stacks, Igloo A, Test 1,

along the longitudinal axis of the igloo, a short
dimmeter of 150 feet, an apparent depth of 8 feet,
and an actual depth of 13 feet (see fig. 21). A
solid layer of lava was located at a depth of 17 feet
which may have had some effeet on the depth.
Inside the ring of earth thrown out by the explosion
a shoulder measuring from two to several feet in
width was formed which was not at the original



Frovee 19a,  Explosion of Igloo A Test 1, 1st stage.

e

IMtaunre 19h.  Explosion of Igloo A, Test 1, 2d stage.

ground level as shown by the crater plan and
profile in fignre 22,

e. Ground movement.——Permanent horizontal and
vertieal displacement of the gronmd cansed by the
explosion of lgloo A is given in figire 23, The
vertiecal (upward) gronnd movement was con-

Tavre IV,.—Test No. 1
sSures [)(l[l('l‘

29 August 1945 Air blast pres-
melers on north and west lines

[Flg. 20a)

North West

DY istanes line line Remurks
(. (ol Tromt - (ol sides
(e 8000 psoil) North line Wost line

162 58 7.7 Blown over  Blown over,
188 3.6 7.7 ai Do,
BlE 3. 6 5 8 do 1o,
BEE] 3.6 7 o Do,
82 3.6 T do Do,
615 36| 77| ..do Do,
i) 2 7 5 8 d6 Do,
e 3.6 58 1o,
731 2.7 36 Do.
775 2.7 3.6 Do.
gad 2.7 3.6 Do,
s 2 7 97
921 2.7 27
075 2.7 %7
1,030 1. 8 97
1,100 1.2 27
1. 160 1.2 1.8
1.230 1. ¢ 1.8
1,300 8§ 1.8
1.3470 B 18
1,460 8 L8
1.550 8 1.2
1,640 8 1.2
1.740 8 12
1.840 8 R
1,940 N 8
2,060 6 ‘g
2,180 6 6
2,310 i -8
2,450 | B
2.600 il P
2740 0 6
2,900 0 1
3.080 0 0
34.270 0 ]
3460 0 4
3,660 0 4
3,850 0 — i
1,120 0 0
1350 0 0

*T'his distance, for the West line, was measured from 1he corner formed hy
the front and west side of Igloo A, and for the North line from the cetiter
al the door of Weloo X, (See fig, 208.)

sistent oxeept to the north (front) where 1t was
about 1/10 of that recorded in the other directions.
The horizontal gronnd movement was also fairly
consistent exeept to the north where no movement
was recorded.  The head wall of Igloo C moved
north (away from the explosion) %' and west 1”7

17
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Ficure 20a.  Blast meter lavout (paper meters north and west lines), Test 1,
with no recorded vertical movement; the head (2) Army-type Igloo B developed a erack

wall of Igloo B moved %" south (explosion was to
thie west) and there was no movement of Igloo D.

. Iffect of blast on target igloos.

(1) The igloo damage was minor and confined
to the following:

(a) Slight arch cracking.

(b) Door damage in the Navy magazines.

(¢) Ventilators blown off.

18

across the center of the arch, which was a con-
timmation of a cerack previously noted and a new
crack was formed along the center of the floor.
The door was jammed, the ecarth cover shimped
approximately two feet, and part of the ventilator
was blown ofl (see fig. 24). In Navy-type Igloo C
the door was blown i, the ventilator blown off,
and one bomb was knocked off the stack and
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Taner TV-A,

Test No. 1-

29 August 1945—Air blast

pressures paper meters al larget igloo

Distanee from slde of 1glao
A, in feet

231

234

231

234

240

240
240

240

2406

2406 -
2406
246___
252

252
252

252

Distance fram front of Igloo
A, In feet

206 ..
206,

296 _

296 -
302
302
302
302
308
308 __
308
308
314 =
314

314

314

Tarek V.—Test No. 1

[¥lg. 20b]

Meter
No.

==
W -

MY = e OB — L

N
W N =

N
-

Meter
No.

- -

29 Awgust 1945

Pressnre
range in Remarks
P. s
12, 6 | Blown apart,

7. 7 | Blown down,

7.7 Do.

7.7  Blown apart.
12. 6 Do.

7.7 | Blown down,

7.7 | Blown apart,

7.7 Do.

12, 6 Do.

7.7 Do.

7.7 | Blown down.
12. 6 ' Blown apart,
12. 6 Do.

12. 6 Do.
12. 6 Do.
7.7 Do,
Pressure
range in Remarks
poso i,

7.7 | Blown down,

1.2 Do.

1.8 Do.

2.1l Do,

3.6 Do.

2.7 Do.

7 Do.

3.6 Do.

5 8 Do.

3.6 Do.

3.6 Do.

3.6 1o.

3.6 Do.

3. 6 Do.

3.6 Do,

3.6 Do,

NDRC foil blast meters on west line

Distonee from center
of Igloo A, in feet

270

315

315

351

450 -
175 -
500

20

[Fig. 20¢]

West line
(exvept as
noted) (p.s. L}

115
10. 5
7.35
5. 09
10. 5
R 42
7

.35

Note

15" cast of Igloo B,
15" west of Tgloo C,
On (op of Igloo (',
15" north of Igloo C,

Airblust pressures,

TasLEV.— Test No. 1—289 August 19.45—Air blast pressures,
NDRC foil blast weters ou west line—Continued

[Fig. 20¢]
West line

(eacept s Note
nated) (p.s. i)

Distanee from center
of 1glaa A, in feet

510 - 7.35 | In face of barricade Igloo
D.
538 - 7.35 | Between barricade and Ig-
loo 1.
510 - 6. 18
SR80 - 7.35
620 _ _ - 3. 96
640 - 3.96
670 - 3. 96
720 - 2.97
770 _ - 2.97
820 _ - 2.97
870 _ - 2.97
920_ _ - 2.97
970__ R 2.97
1,020 - None
1,070. 210
1,120 ) 3. 96
1,170 - 2.97
1,220 - None
1,270 - 2.10

Tastk VL.—Test No. 1—29 Awgust 1945—Air blast pres-
sures, British-type piston gages (Rep. 2)

[Fig. 20¢)

['The range of a gage lies hetween the presstre that will not move any of the
pisxtons and the pressure that willimove all the pistons.  The pressure limils
indieated by a gage are the highest pressure that will not move any of the
pistons that did not move and the lowest pressire that will move all of
the pistons that did move]

Range of gage i
s,

Observed pressire

Distanee from eenter of Igloo A
ft.) limits in p. s, i.

200. - 39.5 - 69,1 0 39. 5
200. - 79 127 0 79
200 _ - 107 - 39.7 28. 9 -36. 6
200 199 - 299 20.9 - 0
280 246 - 61.2 24.6 -32. 3
280 17,5 - 310 17.5 -19. 7
360 25.9 - 60.8 0 25. 9
360 19.7 - 30.0 \] 19. 7
360 17.9 - 314 0 17. 9
700 - 400~ 15.35 0 105
700. 105 18 R) 1.05- 2 2
800 6.9 — 10.25 0 6.9
800__ - 0 5. 07 L 53~ 175
800 4.0 6. 55 0 1.0
1,300 . 83— 335 0 .83
1,300 - 125~ 6.4 0 1. 25
1,750 - L0 3.5 LO- 1.5
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Tanre VIL—Test No. 1-—29 lugust 1945—.lir blast
Pressures varfons gages
[Fig. 20¢]
Distauce
from Indicated pres:

center of sire i p.s.i.
Iploo A (1t.)

Giage loealion sl 1y pe

Ball-crusher gages

OIF west side of Igloo A _. 15 9
Off west side of Igloo A 115 122
la earth ecover on west side of

l«loo B 185 79

Gages at 200 feet off the side of Igltoo A, at 230 feet in
the back of Igloo C, and one of the gages in the side of
Igloo B gave no readings, indieating pressures al these
points of less than 70 p. <, i.

Priuceton box gages

These gages have a maximum range of 32 to 640 p. <. i,

I earth cover to the rear of lgloo 230 | Lessthan 32
G.
Intheearth cover to the west side 185 | 43 to 4.

of Igloo B.
Spring-piston gage

This gage cannot respond to a pressure greater than 3.5
p. =i,

In the carth barrieade of Igloa DD 520 | Greater than

5.5,

Free-piston gage
A motor failure caused the reading to be very uneerlain,

|
Positive impnlse
(Ib mseeingd)

In the earth harricade of Igloo D 520 Greater than

210.

Tasre VIHL—Test No. 129 August 1955—.A0r blast
pressures electrowde Lype gages
[Fip. 20¢]

Giage Joca.

Tion dis- Duration

Maxinumm

e Maxinmm : of posilive
R i
. ; INCTEN il willi-
lLl(I)':::-i\ in swrepos b s
207 14,1 15. 3
207 9 4 L7 39
Average 11.8 13.3

Of 1he three types of channels ised, only the two strain
indicator channels yielded records.

22

another was tilted probably due to heing struck
by the door as it was blown inward (see fig. 25).
No other bombs in uany of the igloos were dis-
placed.  In Navy-type Igloo D the door was
Blown in (see fig. 26).

(3) “Slide-rile” and “stop-point indicator’ de-
fleetion and strain gages (figs. 11 and 12) were
installed in Igloos B, C, and D to measure the
areh-floor movements,  Permanent floor and arch
movements were obtained by field surveys, lgloo
B at 185 feet was stressed miost severely and gave
the greatest deflection readings.  The areh de-
flected inward approximately 0.02 inches and
spread ontward as mueh as 0.04 inches. The
maximim temporary relative movement of the
floor and ureh was 2.46 inches and the maximum
permanent set was 0.17 inches. The arches of
Iegloos C and D showed almost no defleetion,  The
maxinnnm  temporary relative floor-arech move-
ments were 1.14 inchies for Igloo C and 0.39 inches
for Igloo D.  The maximmm permanent sets were
0.26 inches and 0.16 inches respeetively. The
recorded strains are shown diagramatically in
figs. 27n, 27b, and 27¢.

g. Damage 1o barracks and glass breakage.

(1) The barracks suflered considerable struc-
tural damage on the faces toward the explosion,
Studding was broken, sheathing torn loose, win-
dow frames blown in or ont, and the majority of
the window punes were broken and thrown with
suflicient force to cover the entire floor area with
small fragments, with some pieees found imbedded
in pillars and in the opposite wall. Both the
north and south end first floor top plates were
broken and the south wall, the wall-away from the
explosion, was pushed out approximately three
inches,

(2) The building was in no danger of eollapsing
but 1t is doubtfnl if any ocenpant of the building
wonld have escaped serious injury from flying
glass, and several thousand dollars of damage was
caused.  Figure 28 shows a diagram of the damage
and a key to the camera positions for the pictures
Hlustrating the damage shown in figures 29 to 53.

h. Missiles and fragmentation.

(1) A careful search was made of the area sin-
ronnding Igloo .\ following the explosion and all
observed missiles were recorded.  An area of 24
square miles was covered and a total of 13,000
missiles were found.  The pattern of the extreme
range missiles was roughly symmetrical with the
greatest distances along the igloo axis and along a
line perpendicular to the axis and passing through



I'tcure 21.

the center of the igloo.  The maximum range of
the heavier concentrations also lay along these
lines, with a greater acea of these coneentrations
lving in front (north) of Igloo .\ than behind it.

(2) The missile map shown in fignre 54 was
made on a grid system. .\ baseline was drawn
along the front face of Igloo A perpendicular to
the ecenterline of the igloo. Lines were then
constriueted  perpendicittar to the base line at
fifty foot intervals starting with the center line
of Igloo A, These lines were covered by two-men
teams in jeeps.  KEach missile was recorded by
its line nnmber, distance from base line, and dis-
tance n feet cast or west of the nearest line.  The
missiles were then plotted on a map of the area
divided into 100 foot sqnares, and the number
of missiles falling in cack sqnare was indicated
withont attempting to plot the missiles preeisely.
Lines of eqnal missile concentration were then
drawn to produce the missile map shown in figure
HER

(3) A study of the missile map leads to the
following observations:

(@) Missiles flew ont farther along the center
line axes of the igloo and were more concentrated
along these lines.

() Greater concentrations ocemrred in front
than to the rear of the igloo up to 1,500 feet.

TIYTTL—AN 3

Crater, Test No. 1, with Igloo A superimposed in original loeation.

Bevond this distance distribution was uniform
along the axes.

() Greater concentration ocenrred ofl the sides
than in front or to rear from 250 to 1,500 feet,
probably due to the door barricade which seemed
to divert missiles toward the sides at this range
although the door barricade apparently had little
effeet on general missile distribution,

(4) Fragmentation was very complete with
missiles at the extreme range weighing from a
few ounces to five pomnds. No missiles were
found execeding 150 pounds in weight with the
exception of a fow large pieces of conerete lying
in and adjacent to the erater.

(5) For the purpose of studying missile trajee-
tory, twenty-five M-47 chemical bomb cases
were sand filled and placed in the stacks with the
Il. E. bombs. Each bomb was nnmbered with
a metal stamp i the hope that fragments from
the bombs conld be identified and, with the initial
and final loeations being known, some estimate
of the trajectory conld be made.  Unfortunately,
no identifiable fragments of these bombs were
fonnd.

1. Seismologicdl data.

(1) Seismie records were obtained i this test
by the Taylor Model Basin at distances up to 1
nmile from the explosion.  Additional data were

23
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Ficune 23, Permanent horizontal and vertical carth displaceinent, Test 1,




not obtained due to a power faiture which pre-
vented the operation of the instruments installed
by the U. 8. Coast and Geodetie Survey nnd the
Bureau of Reclamation.

(2) Results obtained by David  Taylor Model
Buasin,

Ficunre 24, Target Igloo B, damage to earth cover and

ventilator, Test 1

"
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Freunk 25.
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Target Igloo C, door damage, Test 1.

(@) Recording instruments used to measure
carth movements were mounted on conerete piers
constructed on an overburden of 10 to 15 feet,
loeated at distances of 3 mile and 1 mile from the
explosion (fig. 55, Dugouts 2 and 3). The TMB
Type I3 parallelograph which was converted to an
accelerometer with n mtural frequeney of 17
eyeles per second was located nt Dugont 2 and
recorded  horizontul  accelerations, The TMB
Type C parullelogmph, which is u seismie stri-
ment used to record horizoutal displacerents
was located at Dugont 3,

() In addition to the nbove, five mass-plng
aceelerometers were monnted on a conerete pier
150 feet cast of Igloo A as shown in figure 55.
Tite mass-plug aceelerometer consists of n mass
supported by a bakelite plag, a portion of which
s turned down to a diameter such that it will
break when the mass is subjected to the upproxi-
mate aceeleration for which the phig was designed.
A 1,000-g. and a 500-g. accelerometer were
mounted in a horizontal plane in line with the

Fraure 26.

Target Igloo D, door damage, Test 1.
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Ficvre 27a.  Maxiimun and mininmm igloo movement,

Tgloo B.

blast; a 500-g. and a 300-g. accclerometer were
mounted i a horizontal plane perpendicular to
the blast; and a 300-g. aceelerometer was monnted
i o vertical position.  These mass-plng aceclero-
meters were mounted in such a way as to respond
only to eartll movement and not to the air shock.

(¢) The following results were obtanted:

I. TMB Type B Parallelograph, Dugont
2 (! mile), aceeleration 0.25 g, fre-
queney 11 e, p.s.

TMB Type C Parallelograph, Dngout 3
(1 nnle), mmplitude 0.015”) frequeney
4.7 ¢. p. s

3. Mass-plug accelerometers—none of the
plugs were broken.  Acceleration in
the direction of the blast less than
500-g.  Acceleration in the horizontal
and vertical planes perpendicular to
the direction of the blast——less than
300-g.

() It should be noted that the instruments
measured the movement of the conerete piers on
which they were located.  The piers at Dngouts
2 and 3 apparently moved with the earth because
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Fiaure 28,

the frequencies recorded by the instrnments were
well below the probable natural frequencies of the
pier-carth system.  On the other hand, the forced
vibration of the ecarth movement experienced
at the pier supporting the mass-plug accelerom-
cters may have been of higher frequeney than
the natmeal frequeney of the pier-earth system
hecanse of its proximity to the blast.  1f the forced
frequency  were  considerably  higher than  the
natural frequency of the system, the pier wonld
tend to act as a seismic mass, and the nass-plug
accelerometers would, therefore, not measure the
true aceeleration of the adjacent carth.

J. Meteorologicel records (Ref. 5).—The detona-
tion of a very large gqnantity of explosives under
test conditions nfforded an excellent opportimity
to measure the resnlting meteorological phenomena

28

I

Barracks building damage.

LEGEND

mypppee  Wall Sechion- Heavy Projectians
Indicates Broken Studding
Which Must Be Replaced
Light Projeclions Indicate
Studding Intact.

- sem——=—mm Window Sections-
Single Line Indicotes Glass, Sash
8 Frames Demolished Which
Must Be Replaced. Center Line

?: » Indicotes Complete Window
I i Intact.
[ ! Ib/lu Camerg Positions- Areo

Between Projections Indicate
Coverage 8 Direction Of Photo.
Adjacent Number Indicates
Figure

Legend to photos, Test 1,

under cirenmstances as close to laboratory con-
ditions as possible,  The meteorological observa-
tions consisted of (a) those taken in the vieinity
of the test, and (b) those secured by vohintary,
cooperative observers.in the Western States, who
hiad been reqnested through newspaper and vadio
announcements to listen for the explosion and
forward an acconnt to the Weather Buorean,
Washington, D. C.

(1) Instrumentation.—The arrangement of the
cquipment used at the scene of the explosion s
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