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ABSTRACT

In a fully instrumented test in December 1971 at China Lake, Calif., 200,000
pounds of TNT explosive contained in 155-mm projectiles were detonated
simultaneously in an earth-covered magazine surrounded by four earth-covered igloos
placed at various distances from the donor magazine. The principal objective was to
evaluate magazine spacing. Based on data from this and previous tests, the
Department of Defense Explosives Safety Board reduced the separation distances for
earthcovered steel-arch magazines to 2.0 X W!/3 for face-to-rear orientations and
2.75 X W3 for face-to-side orientations. The report contains data on fragment
sizes and distribution, igloo damage and structural motion, and blast pressures at the
site.
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FOREWORD

This report describes a tull-scale magazine scparation test conducted at the
Naval Weapons Center in December 1971, The test work was conducted for the
Department of Defense Explosives Safety Board (DDESB) using funds provided by
that organization. The work was idemtified by Army Program Element Number
6.57.02.A and Project and Task Arca Number 3A765702M8570.

Based on data derived from the test, DDESB has made significant adjustm=nts
in criteria for magazine spacing.

This report has been reviewed for techmical accuracy by DDESB stafl

members.

Released by Under authority of
J. R. SCHREIBER, Head IVAR E. HIGHRERG, Head
Ground Operations Division Enginecring Deparrment
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INTRODUCTION

The Depaitiment of Defense Explosives Safety Board (DDESB)Y 1s engaged i a
program o detenmne more accurately mumumum  safe separation distances between
magazines stonmg exploases. These distances are the least that will provide assurance
that an explosion m one magazine (donor) will uot propagate to another (acceptor),
although the acceptor magazine. and possibly 1ts contents. might be extensively
Jumaped.

Previous tests have demonstrated  that carth-covered stecl-arch igloo nagazines
can be safely spaced side-to-side at a distance - feet determined by 1.25 x w! 3,
m which W is the weight in pounds of the high explosive in storage. However, httle
information has been developed which will indicate  the mmimum  safe  distance
between the coucrete headwall of g mugaziae and the carth-overed side and rear
walls and barricaded headwall of another magazine. The most recent data (obtained
from a test in 1962) showed that a spacing of 4.5 X W3 jor a faceto-rear
orientation  was quite conservative (Rel. 1), Increasing land  values and  siting
problems lor new and projected construction have made it desirable to further
cvaluate this separation standard. The ESKIMO 1 test was designed for thus
evaluation. (ESKIMO is an acronym Jor Explosive Safety Knowledge IMprovement
Operation.)

ESKIMO | was conducted at the Randsburg Wash Test Range of the Naval
Waapons Center, China Lake, Cahl.. on 8 December 1971.

PRINCIPAL CONCLUSIONS

Based on the results of this test and supporting data from previous tests,
DDESB  has authorized the following new separation distances tor carthcovered
steel-arch magazines without intervening barricades:

Facc-to-rear orientations: 2.0 X wi/3
Face-to-side vrientations: 2.75 x Wi/3

DDESB also adjusted the spacing requirements for face-to-face onentations to
11 X W3 without an intervening barricade and to 6 X W3 when a substantial
barricade exists between the igloos.

Additional conclusions are given i the Conclusions section.
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TLEST OBJECTIVES

The prmcipal test objective was evaluation ot gloo magazme spacing. Other
objectives were
1. Measurement ol fragment mass and  dintnbution resulting trom the mass
detonation of typical high-fragmemtation anmunition stored m a standaid
carth-covered igloo
. Measurerient of air blast in the arca surroundig such an explosion.

- s

. Measurement of the structural motwon of an carth<covered igloo i response
to the explosion in an adjacent magazine.

GENERAL PLAN

Four igloos of standard hieight and width were placed about a donor marazine
which contained 200,000 pounds of high explosive. The tour acceptor igloos faced
the donor and were located at various distances ranging from 1.25 X W1/3 10 2.75
X WU3_ Two concrete block structures simulating one type of Air Force storage
building were also placed in tne area at distances of 2.0 X W73 Fig. | and 2 show
the arrangement.

In order 1o obtain data on the distribution of fragments resulting trom a
magazine  cxplosion. 135-mm  projectiles were used as the explosive in  this
experument. Most of the previous testing has been with bulk high explosive or with
ordnance having 3 low metal-to-explosive ratio, and so only a small amount of data
has been obtained on tragment hazard. To measure fragment distribution v this test,
three radial sectors ol terrain were cleared ol brush and debris and smoothied by a
bulldozer to provide fragmient collecting arcas. In addition. a B-29 aircratt was
placed 1800 teet from the donor magazme to obtan imtormation on fragment
damage that might be wcurred by an awrcratt at that distanee from such  an
explusion.

To measure overpressure within and near the agloos, the Mason & Huanger - Silas
Mason Co., luc., under contract to the Atomic Encrgy Commission, mstalled gauges
and recorders at the test site. Appendix A contains extracts from the company’s
report of these measurements. Other overpressure measurements were made by NWC.

About 20 minutes after the detonation, A Force aircralt were allowed to fly
over the test site to determne the extent to which acrial IR surveys could be used
to detect and count steel and conerete itagments. Appendix B contams unclassitied
extracts from an Air Force report of these flyover operations.
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(117 FT)

2.75 wi/3
(161 FT)

—_—

2.0 wl/3
(117 FT)

A, ACCEPTOR
CB, CONCRETE BLOCK STRUCTURE
EB, EARTH BARRICADE

F1G. 1. Layout of Test Structures for ESKIMO 1 Magazine Separation Test
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TEST STRUCTURES

The donor magazine (Fig. 3) used tor ths test was a slightly damaged 59- by
25100t stecharch igloo that was one ol (two gcceptor structures remaining from a
1963 mugazine separation test. New standard steel magazine doors were put on this
donor magazine, aned the compacted carth cover was repared, with a slope of | in
2. The donor charge in this magazine comisted of 200000 pounds of TNT
contained m 13,69 1535-mun MI101 propectides. These were installed in the magazine
n 1.712 pallets at esghn to the pallet

Four acceptor steel-arch igloos (Fig. 4, 5. and 6) were built at various
distances  tfrom  the dvnor agloo o measare the effects of  the  200,000-pound
explosion. Each of these 25-toot-wade by 14-toot-high iglovs was built i accordance
with the Office ot the Chiet of  Fogmeers, US. Army. standord  drawing
AW-33-15-04. except that ther length was houted to 20 feet, steel wing walls were
used mn licu of conerete, and the venndatmg and hghting equpment was onatted
order to reduce the costs. The agloos were covered by 907 compacted carth to a
oot depth at the wop ot the arch, with side slopes o | in 2. They were located
afong the center lines ot the donor magazme, as shown i Fig. 1, a1 the distances
shown an that figure. The Ooors of the seceptor igloos to the north, east, and south
of the donor magszine were placed level witi the donor tloor. The floor of the
west acceptor iglon was 4.5 teet tower than the other Noms because the site had to
be scraped down 1o make 1t level -

Two 20-foot-wide and 2S-tootdong storage structures (Fig. 7) were built near
the corners of the north acceptor agloo, with their solid front wall 117 feet from
the neatest comer of the donor magazine. The walls of the stmicture were concrete




FIG 30 Donor Magazme Sepavation of wing wall from beadwall was cansed by
1963 el

\
\
AR

AELRLTRAN

116G 4 Constrnenen of Nocepior feloo, Shovang Abschment o Steel el

block, the Noors were vmitted, and the oot was woaden. The constimction details
were i geseral contormance wath Depastment ot A Foree drawimg AD 33-13-17

A 13.5000thigh catle barncade  tuocompacted)  was anstalled  between  the
donor magazme and the month acceprir agloos with the toes of Hs side slopes 23
feet tram the accepten and 27 feet tom the doner. This baincade can be seen in
Fig. 20 1t was 3 teet thick at the top and had sade slopes ot Fome 20 1ts length ol
X2 feet wt the tap provided o bagnier between the donor aglos and the anay of the

worth aceeptor ghm and the two aceeptor stovage buldimgs besde 1t




LU C IR FETEIN T I TR A AL SR L RO VAN R T R BRI B AR LS E UL N AR T

-

\_‘!’“
A |
LA |

\m_ ey reprgm—

ERTRY aomog] o e wen |oaasy s eopl) aonloy gy e | s |y D))

WO JOpIANIY i IENPEM | AENON ) dingn Ty O ]

Sha e

¢ i ‘\\\\\ \\\\\ i
A &k\\\\\\\\\\\‘




NWC TP S350

DONOR AND ACCEPTOR CHARGES

The 1712 pallets of 15S-mm projecules weie stacked in the donor agloos m
peneral sccordance with US. Army Ordiance Corps diawing 193830031 1°L 1000,
except that the stacks were arranged to allow one more honzontal row and one
more layer o pallets, principally by chimmatimg a 30-inch nnpection aisle, The
genersl cross section of the stack is shown i Fig S0 Thas stacking  procedure
allowed tor the mstallation ol the 1,712 pallets with some vacant space remaming at
the tront. Fig. 9 shows the magazine partially loaded. and Fig. 10 shows it fully
loaded. The last pallets were placed along the sides, as shown i Fig. 10, i order to
wve the torklift tuck maneuvering room: this gave the stack @ Ushape, with the
open end of the U toward the doo

Selected  projectiles 0 the ammunition stack were primed by packing Ingh
explosive (Composition €) in the projectile tuze well (Fig. 11 and equipping cach
with a length of Primacord leading to a nonelectrie detonator. Primed  projectiles
were located at cach of the eight corners (upper and lower) of the bottonm layer,
which was two pallets high, of the smmunition stack. intenor proectiles on the
pallets were chosen, so that cach prnimed projectile was surrounded by unprimed
ones. Primed projectiles were also placed in cach of the five layers of pallets in a
column in the center of the stack. Since there was no access o the rear of the
igloo after the ammunition was installed, 1he projectiles were prmed as the pallets
were loaded in, and the Primacord leads were brought forward during the loading
process. All 13 Primacord lesds had the same total length and the same length
extending outside the magazine: these extenor lengths were bundled.

High-explosive acceptor charges were located in cach ol the acceptor igloos (v
provide further evidence ol the probatility of the explosion propagating to the
acceptor magazines. Fach igloo contained cight scceptor charges, arranged in two
rows of four across the lace of the magazine. vne about 18 wches off the floor,
and the other above it, about 3 fect off the Noor

Six accptor charges were located in the northeast concrete block  storage
building and two Class 7 missile rocket motors, one 3 Poluris A3 second stage and
the other a Minuteman third siage. were located in the northwest storage bunldimg

(Fig. 12).

DATA COLLECTION

FRAGMENT COLLECTION AREAS

To measure tragment distnbupon, thiee radi sectors of Sadegree width were
cleared and smoothed 1o the north, soath. and west ot the donor magazine.
beginning at a distance of S00 feet from the magazioe (b (2) The somth and
west sectors were cleared o 3,000 feet, slthough the soath section was searched
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P16 120 Northwest Storaee Ralding With Rocket Motors in Place. Polaris motor is on
the et Munsteaan s the tght. The msang roof section was replaced belore the test.

ouly o 2000 teer The nonth sector ended at 1617 feet because of a hill. The
south sector actually  exteoded alvug 171 degrees true, not 180, to avoid a hill
Each sector was divided anto several scarch arcas called cells.

I sddition, o mmuber of search areas, mostly 100-fout squares, were surveyed
and marked bat e chaed  These aieas were located adjacent 1o and beyond the
three® sectons aud afso one hies extending 135 and 330 degrees true from the donot
nagazuie contec Soane of the aeas shown e Figo 13 were added after the test. The
sencrdd plan wos e search these sinall areas on foot and 1o searck the cells with s
magnet tinck

Phe womber and seventy of fragment stonkes on an aircraft of o size directly
approxamtating  thar of avpacal present-day commercial  gircraft were  observed by “
placimg o B-29 gucrade 1300 deet from the donar magazine on a line about 335
deprees te. which Lwated the aircralt near one ol the 100-foot squares. Large

holes trom previons tests were covered with sheet. metal or sereen, and the top .
surhaces and weat side of the arcratt were pated wlite 10 aid in distimguishing §
betweent new haginent doides aind old ones .

OVERPRESSURI:

Fooaneasuie blast overpressiee time bistory in - the field beyond  the test
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B2 wmacneTic coLLecTion a 135 DEG —5\
- 171 DEG
3 HAND COLLECTION

F1G. 13. Fragment Colicction Arcas.

structures, 16 Ballistics Rescarch  Laboratories  selt-recording blast gauges, were
installed from 410 [eet 1o 2,690 feet to the north and west ot the donor magazine,
and from 410 fect 1o 880 feet to the south. These were installed along the edges of
the cleared sectors, as shown in Fig. 14,

To measure the overpressure time history near the face of the acceptor igloos,
10 Kistler piczoclectric  overpressure  gauges were  nstalled. Two  of  these were
mstalled in the ground. flush with the surface. 2 feet forward of’ the headwall of
cach of the four acceptor igloos. Two gauges were also installed in the wing walls of

the south igloo to measure the face-on overpressure
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EXPECTED OVERPRESSURE AT 410 FT: 20 PSi
EXPECTED OVERPRESSURE AT 2,690 FT: 1 PSI

FIG. 14. Blast Gauge Locations,

STRUCTURAL MOTION

Part of the initial motions and velocities of the acceptor igloo headwalls and -
doors was recorded by three sets of clectric probes. Each set comprised probes of
various lengths mounted on a post and set against microswitches. These sets were
installed in the north, cast, and south igloos at the middle height of one door near
the opening edge.

A lincar motion transducer was mounted on the inside top center of the
headwall in the north, cast, and south igloos. A 4-foot-long section of railroad rail,
suspended horizontally by chains from the top of the arch, was placed in contact
with the transducer in cach igloo. Headwall movement would thus be sensed relative
to this suspended rail, which would remain mitially fixed in space due to its inertia.

Vertical and horizontal floor motions were recorded by eight accelerometers
(two per igloo) installed on the center lines of the foors, near the front.

|
|
|
|
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PHOTOGRAPHY

Photographic iecords of the test were obtained by 10 high-speed (up to 4.000
frames per second) 16- and 3S-mm ground-based cameras and by three cameras
running at near normal speeds. Most cameras were located 1,500 feet to the west
and south of the test site: one was 3,500 feet south, and one was 30,000 feet to

the northwest.

Oblique views of the headwalls of the donor and the four acceptor igloos were
obtained. as well as overal! views of the entire site. Photography of the interior of
the west and south igloos was also accomplished, showing the inward collapse of the

doors.

SUPPLEMENTAL INSTRUMENTATION

AEROLOGY

Measurements  of  temperature.  pressure, humidity. and wmd  velocity and
direction were made at the surface and every 1,000 feet above ground up to 15,000
feet one hour before and one hour after the test event.

OVERPRESSURE WITHIN AND NEAR IGLOOS

The Mason & Hanger -Sitas Mason Co., Inc.. installed pressure gauges and
time-of-arrival gauges at selected posiion inside and outside the acceptor igloos using
company sensors and recorders.

SEISMIC DATA -

The event was coordinated with the California Institute of Technology to
provide it an opportunity to identify the seismic effects resulting from the test. No
results were reported 10 NWC

POST-TEST DATA

Post-test measurements of headwall position were made for comparison with
pretest measurements to determine the permanent displacement of various points on
the face of cach acceptor igloo headwall. In addition, general photographic records
were made of the effects of the explosion.

13
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ESKIMO | DETONATION

At noon on 8 December (971, the donor charges were detonated by
sinultancously mtiating the 13 bundled Primacord leads with two engineer’s
speculs. The electrical impulse for the two detontors originated in the Randsburg
Wash fire control building 6 miles away from the test site. No personnel were
within & miles of the test site at detonation.

Figures 15 through 30 show the event as viewed from the northeast. These 16
photographs are sclecied frames from motion pictures taken from a helicopter
slightly more than 2 miles away from the test site. The camera was a 70-mm
Hulcher with a 162-mm lens operating at 10 frames per second.

Figures 15 through 18 are consecutive frames 0.1 second apart, and Fig. 19
through 30 are frames selected at progressively increasing time intervals up to 40
scconds after the detonation.

TEST RESULTS

GENERAL

Figure 31 15 an aerial view of the test site after the detonation. Table !
summarizes the principal effects. Details or the response of the acceptor structures,
charges. and motors are presented with illus.rations in the following sections.

SOUTH 1GLOO

None of the eighi acceptor charges received sufficient damage to induce
burning or explosion. The donor explosion resulted in the following structural
response

1. The doors were forced inward (Fig. 32). They remamed in a generally
upright position although hinge separation occurred at several points.

2. Farth cover from the donor magazine was thrown into the igloo (Fig. 33)
and also against the headwall and wing walls.

3. The concrete headwall was cracked. particularly around the door frame,
Irom blast overpressure but showed hittle evidence ot tragment damage (Fig. 34).

In general, the south gloo was the least damaged of any of the acceptor
structures.

WEST IGLOO

None of the eight acceptor charges recewved sufficient damage to induce

14
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16, 27 Detomanon Pus 7 Sevonds 16 25 Detonanion Plus 23 Seconds.

-
A

FIG. 29 Detonanvn Plus 31 Seconds H1G. 30, Detonshon Plus 40 Seconds.

exploswnt wr burning. The  donor  explosion produced  the  following  structural
response:

1. The doors were torced mward thig. 35). The ettt dom remaed attached to
the door-frame, but the right door separated and the sheet metal liner was detached
from the rest ot the door. (Lett and nght are as viewed trom the exterior facing
the headwall )

2. Much carthe cover trom the donor magazime was thrown mto the west igloo
(Fig. 36) and abvo geamst the headwall and wing walls,

3 A small seenon o concrete headwail adacent 1o the lett doorjamb was
damaged severely. with complete pertoration: of o hinnted arca (Fig. 37). Tls s
believed to bhe the resnlt of mpact by g heavy tragment  Heavy Tragments of donor
curb were Tound i front ol the west igloo (see Fig. 35). One curb fragment 24 feet
long was ftound under the debris pided at the et side. The right side of the
hesdwall experienced minor cracking :

In general, the west agloo condition, except for the dumage near the left door
joint, was roughly equal tu that of the south igloo. The right side of the headwall
experienced less damaee than any headwall section i ary other igloo.

17
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TABLE 1. Summary of Damage Etfecis.

Acceplour Acceptar chage
stiycture and and motor Structure response
separanion distance response
Souwh gloo, No explosion or burning Doots thrown inward, minor headwall domage
20 w3
West igloo. No explosion or burning Doors thrown inward, headwall perforated a1
255w w!’s one point, but blasf ellects judged
m.nor.
North igloo, Four charges burned. Doors 1hrown inward and separated, headwall
2.0 « w3 damage from blast more extensive 1han
1n south and west igloos.
East wloo All charges detonaled Acceptor charge reacticns caused major damage,
125 w3 or exploded only toar, rear wall, wing walls, and
auter portions of earth cover remaned at
nhal site,
Northwest concrete Both motors buined Siructure reduced to debris; some resnforced
block structure, elements remained tied 10gether
20 w3
Northeast concrete No explosion or butning Structure reduced 1o debris; many reinforced
block struclure, elements remained tied together
20« w3
B.29 wrcrafs, No acceplor umts, Asrcraft skin pierced by fragments at
1.800 ft 42 points.

NORTH IGLOO

Pour of alie agln accepran charges bamed (Fig. 38): 1the remammg tour dud
ot burn o explode. Thiee of the burued mints were from the lower tier of charges,
and o of these were tom ahe mside positions belund e door, The tourth
buted mnt was tom an upper mside positioa. The mechamsim thar minared
burnme conld nor be determmed. Fhe donor explosion resnlted in the tollowing
stiucitnal pesponse

1. The doms were Timced mward and derached from ther lunges. Sheet imctal
door himers were separared.

2. Headwall cracking was much more general than m the south or west igloos
Craching and mwad movement was particularly more evdent just gmward of the line
ol artachment to the sieel arch, the concrere sill, and cuoctere Moor (Fig. 39 and
40). Despite this more extensive damage. there were only very limited arecas of
concrere separation. or spalling, trom the mtenor suttgee of the wall. Together with
the narure and  positon of the sepatation and - with tow  wall - velocities ol
approximately 35 1t/see, tlns linnted amonnt of spallmg indicated that the secondary
concrete tragments wonld have presented no sernms iazard 10 ordnance m the igloo.

Figure 41 shaws the hincar monan transducer used to derve the wall velocity .
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PIG. 31 Aerial View of Test Site After Detonaton. Nate (A} void in carth cover over
remains of et ydocs (B pars of steel arch of east iglow in tronl of and on cast
dupe of the $90om magazine: 1C) collapse pattern ol seanforced clements of concrete
block structures: and 101 erosion pattern on south slupe ot carth barricade.

In general, this oo experienced  considerably  more overpressiie (see later
tables) than aither the sonth wr west agloo, and the structural 1esponse 18 consistent
with this. There way litthe indication of Tragment damage trom the donor projectiles
or donor s .ucture. Such damage was prevented by the  mtervening  carth
embankment. which, tiough eroded on the donor side, was breached only m a
limited region along the top near the extended center bue ot the donor.

EAST 1IGLOO

Evidence froun highspeed camera records, from fragment puting of the rear
canerete wall, and  from Fragment pertoration ol recovered sections ol steel arch
from ths igloo indicates detonation, or a2 combination ol explosion and detonation,
of the acceptor nnits. Probing and partial removal of the carth Gl tha covered the
Noor after the test tailed to reveal any unesploded aceeptors or any large fragments

reanung lrom the eight aceeptors contamed m the struciure. Structural response
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FIG, 32 Intenor View of South lgloo.

FIG. 33. Headwall and Doorway of South Igloo.
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11G. 38 Headwall of West fgdoo, Nute greater daage to ket dosramb than to nght onc this was
probably camsed by lange fagments tom the donor sz, sich as thene i the toregronnd.
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was ay tollows

1. No fragments of the steel doors or the concrete headwall, or debris
dentitiable as such, could be found.

2. The concrete rear wall was severely pitted (Fig. 42) and was thrown
backward at the top. conung to rest at an angle several degrees from vertical (Fig.
43).
to rest i front of and on the east slope of the 59-fvot-long magazine remaining
from a 1963 test. Another piece (Fig. 44) fell in front of the door.

4, The igloo Noor was covered with carth.

In general, the extent of damage caused by the doncr blast was masked by
the subsequent reaction of the acceptor charges within the igloo, so comparisons
with the response of other igloos cannot be made. It is apparent that acceptor
charge response was much more violent in the east igloo than in the other igloos.

3. The steel arch was separated mto several sections, the laigest of which came

NORTHWEST CONCRETE BLOCK STRUCTURE

The two Class 7 motors, a Polaris second stage and a Minuteman third stage,
ignited and burned without undergoing substantial movement {rom their pretest
posttions

The concrete block structure was leveled, with the walls: generally collapsing
mward from the top. Portions of reinforced vertical cells and the reinforced
horizontal bond beams remained tied together although extensively cracked and
sheared. Figure 45 shows the remans.

NORTHEAST CONCRETE BLOCK STRUCTURE

The six acceptor charges contained in this structure did not burn or explode.
All six were found near the door opening in the north wall of the building.

The structural response was generally similar to that ¢icountered by the other
concrete block building (Fig. 46)., except that reinforced clements appeared to retain
their integrity and relative positions slightly better than in the northwest structure
A direct comparison is not entirely valid because of the motor-burning effects in the
northwest pile of debris.

B-29 AIRCRAFT

The aircraft skin was picreed by fragments in 42 places (Fig. 47). Fragments
found about the aircratt, which was parked 1800 feet from the donor magazine,
vanied in size from small gravel to about 10 pounds m weight (Fig. 48).
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P16 42 Interior View of Concrets Roear Wall of East gloa, Showmg \cceptor
Fragment Impacts.

I 33 Rear Wall of Fast fgdoo, With Part ot Steel Wane Wall at Rght
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FIG. 44, Part of Steel Arch of East Jgloo Lying in Front of Door of §9-Foot Magazine.
Note perforations from acceptor fragments.

o Y ™ )
B e . ey " -3—.¢'
N - agt

-

e — w———

. FIG. 45, Remans of Northwest Concrete Blook Structure. Burned out case of Polans
motor s at nght: parts of Minuteman motor are at jeft.
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FIG. 48. Projectile bragments Found a1t Sue of B-29 Aircraft. The larges fragment
shown here weighed 10 pounds,

FRAGMENT COLLECTION AND ANALYSIS

FRAGMENT COLLECTION

Before the test, three S-degree sectors, us shown on Fig. 13, were cleared ol
vegetation and debris from a prior test, and cach sector was divided into cells as
described in Table 2. After the test. a truck cquipped with an 8-foot-long bar
magnet was driven slowly over the arca encompassed by cach cell. The area was
covered once by driving parallel to the mam axis ot the sector and once by driving
at nght angles to this axis. The larger fragments collected in cach cell. namely, those
estimated o weigh 3/4 pound o more, were imdividually weighed m the ficld. and
the weights were logged. Figure 49 shows thice of the larger fragments.

The rest of the fragments from cach cell were carned as a group to a central
site for screening and weighing. The tollowing screen sizes Gin mches) were used: 2
34, 1 /401 12, 7/80 340 and S/K. Frugments retained on cach screen were
weighed as a group and counted. bEstmates of the number of small fragments
passing all screens were made by counting small samples and extrapolating.

’ Pretest plammimg called for the toot scarch and hand pickup of fragments tfrom
sclected 100- by 100-foot arcas to supplement data derived  from  magnet truck

29




TABLE 2 Coll

Uil tar Fragment

Collection by Magret Truck

Rkl thatange al cel boreabees

Cell From oo ILKpIZine cented 1t

L] North sect South sct Nest set tat
7 500 o 750 500 10 750 YU 10 703
6 750 10 1,000 750 101,000 703 10 1,000
5 1.000 to 1,250 | 1.000 01,250 | 1.000 t0 1,250
4 1,250 10 1,500 | 1,250 10 1,500 | 1,250 10 1,500
3 1,500 10 1617 1.500 1o 2,000 | 1.500 10 2,000
2 r b 2,000 ta 2.500
1 " 2.500 10 3.000

“ No fragment collection Ly magnet truck beyond
1.617 feet Lecause of rough, hilly

? No fragment coilection by magnet truck beyond
2.000 feet because of solt earth

eriam,

-
L) 1"...'}-

RT3 s
" r_(lf;.'.\g\f '%h;\h

7";.‘.!!‘- \. ¥

FIG. 49, Large Prowatle Dragments A sl propoihon of the 18Samn progectiles
broke into Lirge Tagments aach oas these
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collection. particularly in areas not accessible to the truck because of the terrain. In
post-test  fragment  collection. the pattern of seach was varied somewhat  from
pretest plans to meet field conditions of fragment  distabution: in addition, the
search was extended to include arcas directly adjacent 1o magnet tuck collection
scctors as @ check on the latter, The scarch areas were generally 100 feet square:
however, 50- by SO-foot arcas were used moregions ol high fragment density, and
two larger areas were also used (see Tuble 3 and Fig. 13)

The foor searches were conducted thoroughly by two men moving in mutually
perpendicular paths. In arcas of soft, loose surface earth, all craters, even small ones,
were probed for fragments. The craters olften yiclded mietal fragments not visible
without probing. In the arcas to the west, the craters were more often cansed by
clods of donor carth cover.

The manual method of fragment collecnon was considered ‘o be  more
thorough than magnet collection in arcas where the smaliest tragments weighed 0.05
pound. At the closer ranges, approximately 1.000 feet or dess hom the donor, no
attempt was made to pick up the very small frpgments (005 pound and under) by
hand.

TABLE 3. Areas Used in Fragment Collection by Hand Pickup.

Size of Disiance from donor center 10 center of collection area, ft
collection North Southeast South West Northwest
area, ft (356.5den) | (135 deg) | (174 deg) | (266.5 deg) (330 deg!
50 x 50 1.025 1,025
2018 « oy ¥ 1,525
100 x 100 2,850 1,850 1,000 2,050 2,350
3,050 1,961 2,050 2,250 2,650
3,150 2,050 2,250 2,450 2,750
3.25%0 2,150 2450 2950 2,850
3.350 2,250 Rt s 2950
3.450 2,450 $iala K 3.050
100 x 200 . 2,740
100 x 230 E 2,950

FRAGMENT ANALYSIS

In analyzing the frugments, the puncipal emphasis was placed on producing
data that would identity fragment hazards i various regiony around the donor igloo
by comparison with existing standards. An additonal objective was the presentathion
of data in a manner that would facilitate additional analvsis i the event that it was
desited 1o vary cither the fragment density critena or energy tevel criteria in the
standards.

The graphs shown in Fig. 50 throngh 57 were derved 1o show the increases in
the cumulative number of fragments per 10,000 112 with decreases in fragment
weight for cach collection cell. The abscissa positions of data points for the larger

2
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FIG. 50. Cumulative Number of Fragmenis per 10.000 f1? Versus Weight in Pounds
for Cells in the North Sector (Magnetic Pickup). Rough, hilly terrain prevented
magnetic pickup in Cells | and 2.

weights, generally 1 pound or more, are based on arbitrary selection and grouping of
individually weighed fragments. Abscissa positions of data points of group-weighed
fragments, representing retentions on screens, were based on average weights derived
for each collection cell. Ranges of average weights were as follows:

Screen size, in Weight range, Ib
234 weighed individually
1 3/4 040 to 0.65
112 0.30 to 040
7/8 0.13 to 0.24
3/4 0.06 10 0.11
§/8 0.03 10 006

In determining the cumulative number of fragments associated with each
weight, it was assumed that half the number of fragments retained on the screen
were heavier than the average weight and half’ were lighter than the average weight:
that is, the weight of the median fragment was assumed to be equal to the average
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weight for the group. Based on an analysis of several samples of groups in which
fragments were mdividually  weighed. the >rror introduced by this assumption was
considered acceptable.

Implicit in the methods used to determine the cumulative number associated
with weight was the assumption that the extreme weight limits for cach screen
retention group did not extend beyoud the average values for adjacent screen sizes.
Analyses of the same group samples referred 1o above showed variations i weight
for most screen sizes which extended well past the averages for adjacent screen sizes.
The error introduced had the general effect of emphasizing the scattering of data
points. With true representation it s believed the data points would have appeared
smoother,

In the graphs no attempt was made to ditferentiate between structural
fragments Irom igloos and 155-mm projectile fragments. However, the basic data
from which the graphs were denved does distinguish between the two types of
fragments, for fragments which were individually weighed.

Figures 58 through 65 were denved from Fig. 50 through 57, and they show
variabons in the number of fragments per 10.000 12 for various distances away
from the donor magazine. These figures are plotted for fragment weight levels of
20.125, 20.28, and 21.0 pound.

The selection ol the 0.28-pound level was based on the following rationale

1. The present DDESB cnterion for hazardous fragments to  unpiotected
personnel stipulates an acceptable densty of not more than one per 600 112, o
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FIG. $2. Cumulative Number of Fragments per 10000 12 Versus Weight in Pounds
for Cells in the West Sector Magnenic Pickup). Data for Celt | is off sale in this
figure

hazardous fragment being defined as one having a Kinetic energy of S8 fidb or
greater.

2. The distribution of fragments in this tesi made it apparent that the safe
fragment distance based on the above critenon would be determined by fragments
falling at their freesfall terminal velocity. From Fig. 3 of Ref. 2, the value of 0.28
pound was derived as the weight of a 5840Ib fragment moving at terminal velociy
Figure 66 shows the limits of fragment hazard for the ESKIMO [ test. based on the
above standards.

The choice of-the 0.125-pound level was somewhat arbitrary. being a bt larger
than the 0.08 pound derived from Fig. 3 of Ref. 2 for a fragment with 11 (t1b of
kinetic energy (an energy criterion recommended by some investigators) moving at
terminal velocity. However, the 0.125 level does provide data points for a weight
level of general interest.

The chowe ol the [.0-pound level s agan arbitrary, but it does permit
comparison of the 0.28-pound level with a much higher level. Furthermore, in this
particular test, 1t demonstrates that the chowee of fragment weights-and  thus
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indirectly the choice of fragment Kinetic encrgies does not strongly influence the

position of the sale distance hmits tor density values of one hazardous fragment per
- 9 hi

600 f1= or 16.7 fragments per 10,000 1t-.

CONCLUSIONS

GENERAL

Based on the results of tlus test and supporting data from presious tests,
DDESB has authorized the following new separation distances for  carth-covered
steel-arch magazines without intervening barricades

Face-to-rear orientations: 2.0 X W!/3
Face-to-side orientations: 2.75 X W1/3

DDESB also adjusted the spacing requirements for face-to-face orentations to 11 X
W!/3 without an intervening barricade and 10 6 X W'3 when a substantial
barricade exists between the igloos.

Additionally, as a result of damage incurred by gloo doors and  headwalls,
DDESB has inttiated a test, to be conducted at Cluna Lake, to compare door and
headwall designs. The test will use structurally  sound portions of ESKIMO |
structures. The donor contiguration and position will be planned to subject cach test
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headwall and door 1o the same blast loading, namely. one approximatung that
experienced at the south acceptor sgloo i the ESKIMO 1 test

INSTRUMENTATION DATA

Data from ESKIMO 1 mstrumentation are discussed and tabulated in other
sections  of this report. The mstrumentation data yiclded the following  basic
mformation

1. The 16 BRL self-recording mechanmical blast ganges placed at 410 to 2,690
feet from the donor in three arrays (north, west, and south) mdicated an explosive
yield of an unbarricaded stack of about 100.000 pounds of TNT at gauge distances.
This 1s i fair agreement with reductions m yield predicted by Ref. 3.

2. The records from the Kistler pwezoelectnie blast ganges mounted at ground
level near the acceptor igloo hcadwalls and m the south glvo wing walls showed
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FRAGMENT DATA

Results of fragment collection and analysis are summarized as follows:
1. The limits of fragment hazard, based on an acceptable density of one
. b . -
hazardous fragment per 600 ft= of surface arca are

North (front) of donor magazine . .......... e oe.. 3,200 feet
West (side) of donor magazine . .......... ceeee . 2600 feet
South (rear) of donor magazine ....... ... 2,200 feet

This assumes that a hazardous fragment is one Laving a kinetic ecnergy of S8 ft-Ib or
more. Note that the fragment hazard limit forward of the donor magazine is at a
distance greater than 2.630 feet, which is the distance for the occurrence of the
1-psi incident overpressure level for 200.000 pounds of unbarricaded TNT, as derived
from standard curves.

2. The maximum throw of fragments as observed by field search was as

follows:
Projectile fragments north of donor ... .. .. PPEEY 5.000 feet
Projectile fragments west of donor .. .. .. e ... 3,100 feet
Earth clods west of donor .. . ... ... ... s e, 3400 feet

Projectile fragments south of donor . . .. ceee e . 3600 feet
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Distance North of Donor Magazine (Magnetic Pickup).

DATA DERIVED FROM INSTRUMENTATION

EVENT TIMES

With the exception of data derived from the BRL self-recording gages. all data
were recorded on a time base: standard IRIG Format B for the motion pictures,
and binary coded 1,000-hertz timing for magnetic tape data from Kistler blast gages,
linear motion transducers, and accelerometers. Figures 67 and 68 show recordings of .
instrumentation data; on both of these figures the small timing pulses are
milliseconds,
Table 4 summarizes test event times derived from assessment of the various
data recorded on a time base. Selection of a zero time was somewhat arbitrary;
however, it does correspond to one of three pulses on the zero time record. In
addition, zero time coincides with (1) the first occurrence of a substantial fireball
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FIG. 63. Number of Fragments per 10,000 {12 Versus Distance North
of Donor Magazine (Hand Pickup).

just north of the donor magazine, (2) the appearance of a nearly continuous line of
initial fireball eruption through the top of the donor earth cover, and (3) first
fireball lighting of acceptor igloo headwalls. The pulse on the zero time record was
derived from an ionization probe located atop the earth fill at the center of the
donor magazine. Note in Table 4 that the main blast wave arrived at blast gauges 2
feet forward of the headwall of the north igloo 6.7 milliseconds before it arrived at
a corresponding gauge position at the east igloo, despite the fact that the east igloo
wa. much closer to the center of the donor explosive mass. This is one of many
indications of the strong direction influence on the blast exerted by the presence of
the donor magazine structure and earth cover.

MOTION PICTURE PHOTOGRAPHY

The test event was recorded photographically by ground-based. 16-mm and
35-mm cameras using color film. Film from cameras operating at 1,000 frames per
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3,200 FT

2,700 FT

DONOR MAGAZINE
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2,200 FT

FIG. 66. Limits of Fragment Hazard, Based on Acceptable Density of One
Hazardous Fragment per 600 ft2. A hazardous fragment is defined as one
having kinetic energy > 58 ft-b.

second and less gave an overall picture of the fireball growth and the explusion of
debris. Detailed coverage of acceptor igloo headwalls provided good views of blast
waves approaching and reflecting from structural surfaces. Waves appeared as
multiple and complex at the north, east, and south acceptor igloos.

Coverage of the donor magazine headwall showed initiation and travel of the
detonation along the Primacord, followed by emergence of a bright fireball from the
door and headwall. Detonation of acceptor charges in the east igloo was recorded as
a brillant, intense light typical of detonation photographs.

The timing marks recorded on the high-speed 16-mm film became erratic after
emergence of a substantial fireball; however, the timing of observable events as
derived from film records agreed weil with timing of the same events recorded on
tape (if the measured camera speed. at or near zero time is assumed to hLold
throughout the event). The single exception to this is a disagreement between tape
and film records concerning the time of detonation of acceptor charges in the east
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TABLE 4. Summary of Event Times in Milliseconds.

Times ure based on 0.0 ms for fireball eruption ss described
in the text. Primacord was initiated at -14 ms

Event North igloo | Eastigloo | South igloo | West igioo
First signal from velocity
probes at igloo doors NA 26.2 412 230
Arrival of main blast at .

ground Kistier gauges
2 ftin front of

igloos 26.2 329 49.2 76.0

Arrival cf main biast at :
headwail Kistier
gauges NA NA 50.7 NA

First wall motion recorded
by transducers in
headwells 252 339 51.1 NA

First floor motion recorded
by horiz. and vert.
accelerometers 27.7 326 643 756

First floor motion caused
by events other than
donor blast STy 51 to 65° i 144.0¢

Approx. detonation time of
acceptor charges in east
igloo NA 51 to 609 NA NA

% No meaningful data obtained.

b Record is noisy, but accelerometer channels appear to be driven to
saturation in this time frame. Detonation of acceptor charges in east igloo also
occurs in this time frame.

€ jnstrumentation channels were driven to saturation shortly after most of
this motion, which is believed to be caused by impact of a large section of
donor igloo floor curb against west igioo headwaii.

Records from accelerometers and livear motion transducer suggest 51
ms. Motion picture records show 60 ms. This discrepancy is discussed in the

text.
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igloo. To resolve this disagreement it is believed necessary to assume that (1) the
camera speed was accelerating rapidly from zero time to the acceptor charge

~——_ — detonation, or (2) the strong signal changes recorded by accelerometers and linear
motion transducer chani.els at approximately 50 milliseconds after zero time were
related to events other than acceptor charge detonation—for example, impact of a
very large fragment similar to that striking the west igloo.

BLAST GAUGE DATA

Genenal

The blast gauge instrumentation consisted of two basically different types of
gauges: (1) BRL self-recording mechanical gauges placed at distances ranging frem
410 to 2,690 feet from the donor, as listed in Table S and shown in Fig. 14 and
(2) Kistler piezoelectric gauges placed at relatively shorter distances, commensurate
with their greater frequency-response characteristics, from the donor magazine.

BRL Gauges

Data from the BRL gauges are given in Table 5. The use of W!/3 values from
this table permits comparison with blast fields from other igloo tests and comparison
of front, side, and rear blast levels with standard prediction values for actual or
cquivalent weights of explosive. From Table 5 the average values of W1/3 derived
from overpressure and from impulse are

Front ....... BT e A T 3 Oy I 3 296 Caos £l O 51.1
T I L TS S C13 £3\ ) RS ey e o e S 2 150 ... 4.8
= P ) S O s PUESyme 404

The average of these three values is 46.1, which gives an effective equivalent weight

(W) of 98,000 pounds.
Average values of W1/3 similarly derived from the 1963 test using 100,000

pounds of Composit:on B (Ref. 1) are

Front ....... S e N s 8 o o RN £ AT 1L S 1 (5 S O 43.7
Side ........ L e A S O T T o e T ey 396
Rear ....... yials o o N S e ST oy S D 323

The average of these three values is 38.5, which gives an effective equivalent weight
of 57,000 pounds of TNT.

If the derived equivalent weights of the front, side, and rear gauge arrays are
compared as a percentage of the derived overall equivalent weights for ESKIMO |
and the 1963 test (Table 6), results are consistent with expectations in that the




TABLE 5. Summary of BRL Gauge Data.

i Peak overpressure Scale dis- R/, tor Impulse (1), Scale dis- RA; (or
Gauge dis- psi tance (A,) W, V/3) de- psi-ms tance (A,) W.V3) de- Duration of
Gauge | tance (R) derived from i /R, derived from 2 it b i
No?® | fromdonor | piect | Computer | overpressure, red. Direct | Computer | Psi-ms/ft impulse, Lo EANNS, COMPUter

center, ft reading | extrap. ft/1p1/3 /3 reading | extrap. ft/in?/3 '3 D, 1
N 410 ns 120 88 466 520 530 1.29 786 54.0 148
2N 526 889 786 106 496 397 418 0.795 98 538 162
4N 880 288 3.02 20.2 435 213 216 0.245 180 489 182
6N 1,580 1.62 147 315 50.2 141 152 0.0962 290 545 236
6N 2,690 0.569 0.75 56.0 48.0 100 107 0.0378 450 59.8 299
1S 410 8.04 7.45 106 38.7 243 248 0605 1n2 366 95
28 526 583 5.7 131 40.2 251 252 0479 126 Qa1 123
as 703 4.50 408 155 452 190 194 0.276 170 414 135
as 880 257 2.60 225 9.1 154 154 0.175 216 40.7 147
w 626 6.03 6.05 13.0 40.7 282 292 0.555 18 446 127
IW 703 455 454 1556 45.4 239 250 0.356 150 469 144
4W 880 3.25 3.3 19.6 450 209 229 0.260 175 50.3 158
5W 1,580 139 i 370 426 T cen XL o sy
6W 2,690 0879 8.86 50.0 53.3 n 78 0.029 53.0 §0.7 209

€9

0EYS d1 OMN
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TABLE 6. Comparison of Derived Equivalent
Weights for ESKIMO | and 1963 Tests.

Gauge ESKIMO | test 1963 test
array " 1
locstion | Weight ratio ::i':h;‘ weight ratio :::h;

Front | 51.13/46.13 136 | 43.73%/3853 148
Side | 46834613 | 105 | 30.6%/3853 108
Rear | 40.43/46.13 67 | 32.3%/3853 59

larger overall weight produced more symmetrical front and rear values (136 and 67%
versus 148 and 59%).

Figure 69 shows 1-psi overpressure values to the front, side, and rear of the
donor magazine, derived from BRL gauge data, and a computed value based on
200,000 pounds of TNT. The three derived values were obtained by using W1/3
values derived by averaging the BRL gauge overpressure and impulse values and
multiplying by a scaled distance factor of 45 corresponding to a 1-psi overpressure
level in standard curves prepared by C. Kingery of BRL (Ref. 4). These values of
2,300, 2,110, and 1,820 feet are slightly higher than those based solely on the 1-psi
overpressure levels recorded by the BRL gauges. The computed value was determined
without reduction to an equivalent weight; that is, 200,0001/3 X 45 = 2,630 feet

The equivalent weight can be calculated from the following formula from
Ref. 3:

= 1.2WkF

stack

where

Wiiack = equivalent weight of the stack

W = total charge weight of the stack in pounds of TNT

k = attenuation factor for the mode of storage (0.8 for munitions
stored in a standard steel-arch earthcovered igloo)

F = factor given by the modified Fano formula to account for the
energy expended in breaking up the metal of the weapon case
(0.635 for the 155-mm projectile body)

Using these values,

W = 1.2 X 200,000 X 0.8 X 0.635

122,000 pounds

stack

Using this value, W1/3 = 49.5, and the predicted position of the 1-psi overpressure
level would be 49.5 X 45 or 2,230 feet in all directions from the donor magazine.

The computer assessment of the BRL records produced (1) tabulations of the
overpressure and impulse versus time and (2) plots of the data. Figures 70 through
74 show the plotted data for 13 of the 16 BRL gauges. Gauges 3N and IW did not
produce usable records, and gauge SW showed peak pressure only.




NWC TP 5430

TNT, 2,630 FT

SIDE, 2,110 FT

'.—REAR. 1,820 FT

FIG. 69. Comparison of 1-psi Overpressure Distances for ESKIMO I Test
With Distance for 200.000 Pounds of Unconfined TNT.
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DONOR MAGAZINE

In addition, the computer plotted the first part of the overpressure curve on a
semilogarithmic scale and fitted a least squares line to the curve, permitting an
extrapolation to zero time for determining the most likely real-initial overpressure.
Figure 75 shows such a plot. This procedure was designed to reduce the effect of
slow response by the BRL gauges at the leading edge of the shock wave and the
effect of overshoot and oscillation by the Kistler gauges.

Similarly, the computer plotted the trailing edge of the positive phase of the
overpressure curve on a semilogarithmic scale and fitied a straight line to it,
permitting extrapolation to the most likely positive-phase duratiow. (Fig. 76). The
program also included the computation of impulse based on these extrapolations.

Kistler Gauges

Data from Kistler piczoelectric gauges are presented in Table 7. The data, like
the BRL data, reflect the blast directionalization caused by the donor magazine
structures, The value of W1/3 derived from overpressure is much higher forward of
the donor than are those to the rear; however all W1/3 values are lower than those
derived from BRL gauge data. By an averaging process giving equal weight to
incident overpressures recorded in each cardinal direction, th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>