e~

ESKIMO II. MAGAZINE SEPARATION TEST

Frederick H. Weals

Naval Weapons Center
China Lake, California

September 1974

AD/A-000 089

DISTRIBUTED BY:

Natinnal Technical informatien Service
U. S. DEPARTMENT OF COMMERCE

_ _/




Naval Weapons Center

AN ACTMTY OF THE NAVAL MATERIAL COMMAND
R. G. Freeman, I1l, RAIM., USN ... ... ...ttt eereenseonronoancesacnsns Commander
G e PIOMANGEMETEL s 55 & % 5 i il @B B Gl B e e 5 d e ole el ool elminlolel® (slelel ol b0

FOREWORD

This report describes a fulscale magazine separation test conducted at the Naval Weapons
Center in May 1973. The test work was conducted for the Department of Defense Explosives Safety
Board (DDESB) using funds provided by that organization. The work was identified by Army
Prograin Element Number 6.57.02.A and Project and Task Area Number 4A765702M857.

Based on data derived from the test, DDESB has made significant gains in information relating
to hazards criteria.

Appendix A of the report, which was prepared by Mr. Ralph Reisler and Mr. Warren Baity of
the Ballistic Research Laboratories, discusses loading predictions. Appendix B, covering vebicle and
traffic route investigations and window glass hazard studies, was prepared by Dr. Donald R.
Richmond and Dr. Royce B. Fletcher of the Lovelace Foundation for Megical Education and
Research.

This report has been reviewed for technical accuracy by DDESB staff members Mr. Russell G.
Perkins and Dr. Thomas A. Zaker. Mr. Perkins and Dr. Zaker also played major ioles in the design of
the test.

Captain Peter F. Kleln, U Chairan of DDESB, providea technical, administrative, and

execution, and reponing of the test.

Under authority of
W. R. HATTABAUGH, Head
Test and Evaluation Department
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(U) In an instrumented test in May 1973 at the Naval Weapons
Center, 27,800 pounds of T:itonal explosive contained in 72 MI117
bombs were detonated simultaneously within an open top earth
revetment enclosure surrounded by five earth<covered igloos placed with
face-on exposures and at essentially equal distances from the donor blast.
The: principal objective was to evaluate the protection affor jed by several
different types of igloo headwall and door constructions against
communication of explosion. The test results, showing a wide range of
door and headwall responses, indicated that no change in the separation
standards established by the Department of Defens: Explosives Safety
Board is required at this time. Additionally, the results have provided
guidance for the selection of promising types of walls and doors to be
: tested more extensively. The test also included investigation of the
response of a new noncircular steel-arch magazine structure, of safety
distances specified for public traffic routes, and of the hazards associated
with window glass used in commercial and institutional buildings. The
report also contains data on fragment sizes and distributions, igloo
damage and structural motion, air blast pressures at the site, and vehicle
and window damage.
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INTRODUCTION

At the request of the Departinent of Defense Explosives Safety Board (DDESB), the Naval
Weapons Center (NWC) on 22 May 1973 conducted at the Randsburg Wash Test Range a large-scale
explosives hazards test known as ESKIMO 1. (ESKIMO is an acronym for Explosive Safetv
Knowledge [IMprovement Operation.) This was the second in a series of full-scale tests of
carth<orered magazines sponsored by the DDESB. The main purpose of this t::t was to evaluate the
protection altorded by five igloo magazines against communication of explosion when the headwall of
one magazine faces the carth<overed side or rear wall of another.

ESKIMO |, the first test, was conducted in December 1971 to determine a safe, practicable
nmmimum  separation  distance for face-on expusures of US. Army standard steel-arch  magazines
(Reference 1). Explosion communication oveurred to an acceptor igloo of this design at a distance in
feet equal to 1.25 X W'/3_in which W is the weight in pounds of the high explosive in storage. but
failed to ovccur at a distance of 2.0 X W3 o the rear of the donor. Further, the test revealed that
safety and ecoromy might be increased through improved design tor closer balance in strength
between the doors and headwall of the magazine.

ESKIMO 11, a full-scale prool test of other existing and maodified door and headwall designs,
utilized structures and facilities remaining from ESKIMO 1. rebuilt as necessary to meet the aims of
the test. ESKIMO 11 extended investigation conducted in ESKIMO 1. making use of information
derived from that test. 'n ESKIMO | the separation distances and ocrientation of the acceptor
magazines relative 10 a donor magazine were varied for the primary objective of selecting appropriate
scparation distances. In ESKIMO 11 the separation distances from a donot siack of bombs were
approximately the same for all five aceeptor magazines, and all magazines faced the stack.

TEST CBJECTIVES

The pumary tese objective was o evaluate the protection afforded by maga.lue structures
against communication of explosion witn the headwall of one magazine facing the carthcovered side
or rear wall of another. Other objectives were

1. Evaluation of the resistance ol several types of igloo doors and headwalls and of proposed
modifications to existing designs in a blast cuvironment simulating that from 3 magazine explosion,

2. Evaluation of a proposed noncircular steel-arch igloo design.

Preceding page blank
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3. luvestigation of hazards associated with window glass and window frames placed at several

distances from the explosion, with emphasis on window types used in commercial and institutional
buildings

4. Evaluation of blast damage to foreign automobiles ang to several types of domestic vehicles
placed at distances from magazine siructures specified by various authorities for public traffic routes.
§. Acquisition of data regarding fragment hazards from a specific bomb.

NEAR FIELD TEST LAYOUT
IGLOOS

Five magazines were exposed face-on at approximately the same distarce from the explosion
source. as shown in Figure 1. The magazine strustures were arth-covered semicircular corrugated steel

147 FT

| —\ DEMOLISHED ESKIMO |

3a FT
DONOR IGLoo

| 72 M117 BOMBS

!
77777] SIRucTuRes From

NEW STRUCTURES

Y

Figure 1. Layout of Test Siructures for ESKIMO 1l Magazine Separation Test. A, B, C, D, and
E indicate igloo designations.
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arches, except for a new type of noncircular steel-arch magazine (lgloo B). built to a length of 80
feet in the northeast sector of the array. The construction of the various acceptor igloos is described
in Table I, and steel-azch construction is illustrated in Figure 2. Door construction for each igloo is
described in Table 2, and door types are illustrated in Figure 3. Door details of Igloos A, C, D, and
E are shown in Figures 4 through 7.

TABLE 1. Igloo Construction,

Poation Steel arch, fioor,
"
) Length rear wall, wing Headwall
s H 4
e | colnhe ft walls, and earth RS e drawing
to donor
cover
A Nnrth 20 Remaining from | Navy Typell NAVFAC dwg. 649602
ESKIMO |
8 Northeast 80 All new; steel arch | Stradley OCE std. dwg. 33-1561
design approximates
size and shape of
Stradley igloo
C East 10 All new ccnstruction; | Same as ESKIMO | | OCE s1d. d'wg. 33-1564
design same as
ESXIMO 1
D South 20 Remaining from | Sume as ESKIMO | | OCE std. dwg. 33-1564
ESKIMO | e xcept for door
modificationrs
E West 20 Remaining from | Same as ESKIMO | | OCE std. dwg. 33-15-64
FSKIMO | except for door
modifications J

IGLOOS A, C, ©, AND E

L‘—26 FT—-.-]

Figure 2. Cross Sections of Steel-Arch Construction for the Igioos of ESKIMO IL

TABLE 2. Door Construction.

Nominal door
Igico size, f1 Door type Door drawing

Height | Width
A 10 8 Double leaf, hinged NAVFAC 649604
8 10 10 Biparting, shding QCE std. dwg. 33-1561
[ ~ 10 10 Double leaf, hinged OCE std. dwg. 33-1564
D 10 10 Single leaf, sliding Black & \'eatch unnumbered
dwg., 25 Oct 1972
E 10 10 Double leaf, hinged; OCE std. dwg. 33-15-64,
with removable steel modified by Black & Veatch dwg.
beam reinforcing
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—_— ———
A
7 \\
OOUBLE LEAF, HINGED

— = 5 ——
_.—a —

BIPARTING, SLIDING

———
———

SINGLE LEAF, SLIDING

Figure 3. Types of Doors Used on
ESKIMO II Igloos.

Figure 4. Doorway of Igloo A. Note docr Figure S. Interior Surface of Door on Igloo C.
construction and door arrestors at top and
bottom.

6
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Figure 6. Door and Dour Qpening of lgloo D. Ruck of
acceptor land mines (two ‘mines are hidden by the door on
the left) in place prior to test; acceptor arrangement ‘is typical
for Igloos A, D, and E. ]

V¥ 50 0 pamry 00

M R R

Figure 7. Door Opening of Igloo £ Showing Sicel I-Beam. Acceptor
charges in place.
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DONOR CHARGE

The ESKIMO U explosion source was designed to approximate the blast loading expected frote
an earth-covered magazine coniaining S00,000 pounds of explosives, the maximum pernmitted 1 a
single mugazine by Department of Defense explosives safety standards.

In late 1971 and in 1972, explosion tests were conducted in the United Kingdom on model
oos (representing tneir prototypes nominally at one-tenth scale) geometrically sinmlar in exiernal
teatures to U.S. magazines.

Because bulk explosives (W = 141 pounds) were nsed in the UK model tests, rathes than
explosives cast into heavy-walled projectiles, the design ¢f the ESKIMO 11 explosion source was based
prmarily on the loadings measured on the front wall of a target magazine 10.4 feet (2.0 X W!/3) 10
the rear of the donor in the model tests. As the principal criterion for the ESKIMO 11 explosion
source design, the observed total impulse of the positive phase of loading was sclected, on the
ssumption that this parameter is the primary determinant o, the velocity with which door and
headwall muterial will move into the magazine and act as the agent of explosion communication
upon impact with the contents of the acceptor magazine. This assumption is strictly true-only if the
major portion of the load is applied within a time that is short compared with that required for
door and headwall aterial to traverse the distance ta acceptor explosive charges.

Lozding unpulse and the corresponding positive-phase dv.ation values at model scale were
ncreased by the applicable scale factor to obtrin the design loading for the ESKIMO 11 explosion
souree.

The positive-phase impulse load of 72 psi-msec representative of observations in the UK model
tests was multiplied by the scale tactor (500.000/141)!/3 = 153 1o obtain the corresponding value
applicable 10 2 full-scale magazine containing 500,000 pounds of explosives.. This gives 1.100 psi-msec,
the value utilized as the principal criterion in determining the explosion source size required for
ESKIMO 11.

The (inal explosion source design consisted of 72 M117 bombs, each weighing 750 pounds and
lilled with Tritonal. The donor charge, containing 27.800 pounds of explosives, had an expected TNT
cquivalent weight of approximately 24.000 pounds. based on effective TNT weight values for
Tritonal-filled M117 bombs as shown in Table 3 of Reference 2. The bombs were tightly stacked on
their sides in two triangular stacks of 36 each. with each succeeding layer stacked in the spaces
between the hombs in the luyer below. The bambs were stacked on a steel plate 1 inch thick by 98
inches wide by approximately 156 inches long. The two stacks were arranged so that the bombs in
one stack were in base-to-base contact with the bombs of the other stack. Figure 8 shows the

arrangement of the completed donor charge.

The nose fuze well of each bomb was primed with C-4 explosive imbedded with a Primacord
lead. Two groups of 36 cords (each group serving one side of the stack) were formed, and all 72
Primacord leads were of the same length. Electrical initiation of each Primacord group was
accomplished by two Engineer Specials blasting caps.

This source shape was selected in an attempt to reduce directional effects and to soproximale a
hemispherical aboveground source. After adjustment for explosive composition and bomb case efiects. :J
loading caleulations performed by Ballistic Research Laboratories (Appendix A) for this explosion
source yiclded the predicted values of 38 psi, 45.5 msec, and 1,100 psi-msec for the .ncident .
overpresscse  positive-phase duration, and headwall impulse loading. respectively, at a disiance of 147
feet. the test arens radius in ESKIMO 11, The impulse load of 1,100 psi-msec was the value expecied
from explosion of a fullsize earth-covered magazine filled to capacity at the reduced rear-to-front

X
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Figure 8. Completed Donor Charge Consisting of 72 M117 Bombs.

separation distance of 2.0 X W!/3 determined in ESKIMO I.

In order to intercept low-angle primary fragments from the bombs, an earth revetment 10 feet
high was placed around the stack of bombs, with the inner toe delineating all four sides of 2 20- by
20-foot interior ieveled area. The crest of the mound was 3 feet wide. Figure 9 shows the
arrangement.

See Appendix A for additional comments concerning design of the donor charge.

ACCEFTOR CHARGES

High-explosive acceptor charges were omitted from Igloo C (the control igloo) and Igloo B.
Twelve MIS !.ad mines were used as acceptor charges in each of the other three acceptor igloos.
These land mines were positioned in two rows of six, one approximately 3 feet from the floor and
one approximately 6 feet from the floor in Igloos A, D. and E (designated the north, south, and
west igloos in ESKIMO 1). The land mines were secured on the edges of trays so that the bottom
surface (whole diameter) was vertical and susceptible to possible headwall and door fragment attack.
In each row, there was one mine on either end that was opposite the concrete headwall of the
magazine. The trays were so positioned that the acceptor explosives were approximately 3 feet from
the plane of the inside surface of the headwall. This arrangement of acceptor charges in the igloos is
shown in Figures 6 and 7.

"o
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Figure 9. Aerial View of the Test Site Prior to the Detonation Showing the Stack of MI17
Bombs Used as a Donor Charge. Also visible are the five acceptor magazines.

FAR FIELD TEST LAYOUT

One obiective of the test was to acquire additional data relating to selection of appropriate
separation distances between inhabited buildings and public highways and sites for handling and
storage of explosives. To obtain thesc data, window test structures and common types of vehicles
were placed in the blast and fragment field in accordance with plans outlined in Figure 1 of
Appendix B.

WINDOW TEST STRUCTURES

Ten wood frame cubes, approximately 9 feet on a side, were constructed in the shops of the
Public Works Department. The cubes served as structures for the mounting of selected typical
window frames and window glass. After completion of shop fabrication, the cubes were transported
to the ESKIMO 11 site and installed at 1,210, 1,700 (Figures 10 and 11), and 3.400 feet from the
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Vigure 11. Window Cubes at 1,700 Feet, Prior to Detonation,
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Figure 12. Glass Fragment Traps in Place on Back Wall of Window
Boxes at 1,700 Feet.

donor charge center. During installation the cubes were bolted together in groups of three or four
and secured sgainst overturning by bracing and earth fill on the rear. Seven of the 10 cubes were
equipped with Styrofoam witness panels (glass fragment traps as in Figure 12), provided by the
Lovelace Foundation for Medical Education and Research, under INWC contract. One of the cubes,
positioned at 1,210 feet from the donor, contained an anthropomorphic dummy provided by the
Lovelace Foundation. The responses of the dummy and of the window in front of the dummy were
recorded by an NWC 16-mm camera operating at approximately 400 frames per second. Window test
cubes were constructed, sited, installed, and fitted with accessories in accordance with NWC Dwg. IR
No. 7-4777/A-1 A-2, Shop Control WO 57-282.
For information on test results for these structures, see Appendix B.

12
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VEHICLES

Five vehicles were placed side-on to the blast at 730 feet from the donor on the northwest
radial line:

1. Volkswagen sedan (“bug™)

. Dodg: station wagon
. Peugeot secan

. Chevrolet sedan

. Defueler 1ark truck

While an average distance of 730 feet from the donor was maintained for all five vehicles, the
pusitions of individual vebicles were staggered so that the cameras situated atop the instrument
barricade would have a clear view of each vehicle. These cameras recorded vehicle response.

The Dodge station wagon contained an anthropomorphic dummy previded by the Lovelace
Foundation. Responses of the dummy lozated in the driver’s seat and of the side windows adjacent
to the driver were recorded by a 16-mm camera operating at 400 frames per second.

Two vehicles, a Lincoln sport sedan and a Volkswagen microbus, were oriented side-on to the
blast at a distance of 1.130 feet on the northwest radial; and one vehicle, an Oldsmobile sport sedan.
was also oriented side-or 2t a distance of 1,700 feet on the same radial. Cameras were not used to
cover the responses of these three vehicles.

Two vehicles, a Poatiac sport sedan and a Renault sedan, were oriented head-on at a distance
of 730 feet from the donor on the southwest radial. Vehicle response was covered from a camera
atop the instrument barricade. Spacing of these vehicles was staggered to facilitate camera coverage.

Appendix B discusses the responses of all vehicles to the test.

W o W

AIRCRAFT

The B-29 aircraft, previously focated at 1..00 feet and 330 degrees azimuth from the former
ESKIMO 1 donor, was moved to a position near the northwest radial and at a distance ot 1,210 feet
from the center of the ESKIMO [1 donor. Holes in the aircraft were covered. and the damaged tail
was partially repaired.

INSTRUMENTATION

PRESSURE GAUGES AT OR NEAR IGLOO JdEADWALLS

Table 3 describes gauges placed to record side-on pressure 2 feet forward of igloo headwalls and
2 feet off igloo centerlines at ground level. The table also describes gauges used to measure reflected
pressure in wingwalls or headwalls approximately 4 feet above the ground surface

v o
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TABLE 3. Placement of Gauges at or Near Headwnlls,

Gauges
lgloo )
Postion Number Type Rating, psi o uld:;hon .
A Wingwall 2 Kistior # 5 10 500 150
A Ground 1 Kisther 0 to 100 10C
) A sdwoell 2 Kistler 0 to 500 I 150
8 Ground 1 Kistler Zic 0 100
C Headwall 1 Kisther 0 to 500 150
c Hesdwall Kistler 0 to 5,000 150
Cc Ground 1 Kistler 0 to 100 100
(o] Headwall 1 Kistier 0 to 500 150
D Headwalt 1 Kistier 010 5,000 150
D Ground 1 Kostier 0 0 100 100
E Heedwall 2 Kistler 10 to 3,000 150
E Ground 1 Kistier 010 100 100
3 Ground ' Bytrex & 010 150 160

2 At Kistler gauges are prezcelectric.
b Sirain Qauge type.

FAR FIELD PRESSURE GAUGES

Ballistic Research Laboratories (BRL) self-recording mechanical gauges were placed in pairs at
730. 1,130, 1,210, 1,700, and 3,400 feet on the northwest radial and at 730 feet on the southwest
raCial. These are positions also designated for vehicles or window test cubes or both: care was
exercised to assure that structures or vehicles did not shield the gauges. Gauges were not closer than
20 fect to any vehicle or structure mea.used perpendicularly to the iadial from the donor center,
The selection of gauge capsules was based on the following schedule:

Distance Expecced peak Capsule ranng,
Jrom donor  uverpressure, psi psi
730 24 50
1,130 178 50
1.210 1.2 S0and 1.0
1.700 075 1.0
3400 0.29 0.5

ACCELEROMETERS

Accelerometers were placed at mid-height near the free edge of each leaf of each hinged dour
and at a similar position (near mating edges) of biparting sliding dooss. For the single sliding door
(lgloo D) two accelerometers were symmetrically placed approximately 12 inches apart near the
centroid of the frontal area.

14
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LINEAR MOTION TRANSDUCERS

Moﬁontmudmmmphudmﬂmteiy IOWMMMloyof!hedoormyuﬂon
or near the igloo centerline (Figure 13) to measuie the movement of the concrete headwali. The
ku-hpmdlutmdw'uﬂtmwtoammﬂjdmmudmnnﬂmmw
ﬁunmomupledm«dmfofllnidwbychmmmkamdmm'uwppondw
udwmljnims.slaESKIMOi.ﬁmmmmmwyantoanntu

desired point of measurement.

7ERO TIME INDICATOR

ﬁmwlmmmfmlhmm
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PHOTO-OPTICAL COVERAGE

Photographic records of the test were oblained by 6 high-speed (up to 5,000 frames per
second) 16- and 35-mm ground-based cameras and by other cameras operating from 24 to 1,000
frames per second. Most cameras were located 1,500 icet 1o the west and south of the test site:
16-mm cameras. operating at 400 frames per seccond. were used ‘0 cove: the response of the
duminies in one vehicle 2nd one window cube. in addition, response of the vehicles was obtained by
35-mm cameras operating at 500 to 600 frames per second.

Airbume motion-picture of sequincing type cameras weie also used. Black-and-white and color
pictures of pretest and post-test conditions were taken by still cameras as necessary for
documentation.

Oblique views of the headwalis of the donor and the five acceptor igloos were obtained, as well
as overall views of the entire site. Photography of the interior of the igloos showed the inward
collapse ot the doors.

TIMING

A timing correlation at 1,000 cps was recorded on all tape records of Kistler and Bytrex
gauges. accelerometers, and motion transducers, and on motion-picture film records of cameras
operating at 400 frames per sccond or higher.

ESKIMO Il DETONATION

At 1100 on 22 May 1973, the donor charge was detonated. The explosion source in ESKIMO
11 was designed to produce an impulse load of 1,100 psi-msec on each of the acceptor igloo fronts,
with an initial peak reflected pressure of 130 psi. Measurcments of blast loading made during the test
show, however, that the actual loadings were significantly higher than the design level, and exhibited
strong directional effcts. The mecasured impulse loads ranged from 1300 psi-msec with an initial
reflected peak of about 200 psi on lgloo E (west’. to 2,200 psi-msec with an initial peak of 270 psi
on Igloo D (svuth). The reasons for the strength and directionality of the near field blast loading are
not clearly understood. However, similar effects have been observed in prior tests using donors of
cubical and other plane-faced configurations.

The high blast loads observed in this svent demonstrate the difficulty in designing an explosion
source from available surplus ammurition to produce. accurately and repeatably, a specified level of
loading for test purposes.

TEST RESULTS

Based on frigment size and presently available data from gauge records, it is believed that

16
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Figure 14. Test Site After Detonation. Note that earth revetment around donor remains
ementially intact. D Magazine Is in the background.

complete, or essentially complete, detonation was achieved. The crater produced was basically a
deepening of the 20- by Z0-foot area within the foursided earth embankment surrounding the donor
charge. The interior cides of the embankment were eroded orly slightly and the top of the
embankment was not breached by the explosion (Figure 14). Varying amounts of structural damage
were incurred by the test magazines. Details on this damage are presented with illustr=tions in the
following sections.

OBSERVED STRUCTURAL RESPCNSE

Igloo A (North)

On Igloo A, the standard US. Navy headwall and door combination was tested at a blast
impulse loading about 60% greater than the test design level. Despite this, none of the 12 acceptor
charges received sufficient damage to induce burning or explosion; however, some of the charges were
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severely damaged and broker open to release fragmented exolosive. Igloo structural response was as
follows:
1. The doors wese (o.ced inward, bending to pass the door stops, and were separated from
their hinges, coming to rest in the corresponding forward comers of the igloo.

2. The concrete headwall was severely cracked. Fragments spalled completely from portions of
the wall, leaving only the reinforcing mesh in place (Figures 15-17).

3. Steel door stops at the top and bottom of the door opening remained intact. The door
jambs were sepaiated from the concrete headwall except at the extreme top of the door opening.

Iglov B (Northeast)

Igloo B, also subjected to blast impulse loading 60% greater than the design level, did not
contain explosive acceptors. Damage was as follows:

1. The relatively light gauge sieel sheets that had been plug-welded to the inside faces of the
door leaves were stripped off (Figure 18). (In most storage situations, initiation of explosives by
impact of these sheets would be unlikely.) The inboard support trolleys were also detached, allowing
the inner door edges to swing into the door opening. The cutboard trolleys also detached from the
support rail, but, despite severe deformation, the doors remained upright (Figures 19 and 20).

2. Modest damage o the headwall was sustained (Figures 21 and 22). \“racking of ths headwall
was most pronounced at the top comers of the door opening, especially at the right side (from a
position facing the igloo). Some spalling occurred on the inside.

Figure 1S. Door Opening of Igloo A Showing Two Land Mines (Acceptors) Where They Came
to Rest.
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Figure 17. Damaged Headwall Inside Igloo A,

Figure 16. Damaged Headwall Inside Igloo A,
West of Door Opening.

East of Door Opening.

Fignre 1. Steal Sheet i:rom Inside Face of lgloo B Doy,
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Figure 22. Inside Surface of Headwall in Igloo B. Also shown is the linear
motion gauge still in place above the doorway.
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Igloo C (East)

Igloo C was built with the headwall and door combiiaiion (Figure 5) for the current standard
steel-arch magazine. The igloo was identical to the structures tested in ESKIMO 1. It was included in
ESKIMO 11 for test control and comparison purposes.

Igloo C did not contain explosive acceptor charges. Structural damage was as follows:

1. The doors were thrown inward by the blast and, arter experiencing considerable bending and
distortion, they came to rest in the interior of the igloo (Figures 23-25).

2. The headwall cracking pattern resembled that of the igloos of ESKIMO 1 (Figures 26 and
27). The permanent deformation incurred was greater than that experienced by either the south igloo
or the right side of the west igloo of ESKIMO 1.

Figure 23, Overall Post-Test View of Control Igloo C.
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Figure 25. Hinge Plate and Bottom of Door Jamb on Igloo C Showing
Method of Faiwre.
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) Figure 27. Damaged Headwall of Control
Igloo C. Crumpled door and plates are
visible.
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Igloo D (South)

The acceptor land mines in Igloo D were somewhat damaged, but to a lesser degree than those
in A and E (Figures 28 and 29). No burning occurred. Structural damage was as follows:

1. The one-piece, trolley-suspended, steel door was designed to span the dour opening
honzontally under blast loading, thus making the sides of the door opening the reaction lines for the
loading. The basic portion of this newly designed door maintained its integiity, with rather minor
distortion. The bow in the door was approximately 9 3/4 inches at the bottom edge. Figures 30 and
31 show damage to locking mechanism and trolleys.

2. Essentially all of the portion of the headwall that adjeined the interior magazine space (the
space under the arch) was destroyed (Figures 32-34). It is belicved that the headwall carricd all-the
blast load impinging on the headwall and door and did not benefit by the load relief afforded at the
other magazines by door failure or rotation. The upper corners of the headwall moved forward about
3 inches.

Figure 28, Inside Igloo D Showing Acceptor Luad Mine Partially Under the Door. Blast biew
door inward,
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Figure 30. Door Locking Mechanism for Igloo D Showing Method of Failure. As door
buckled inward, the piece of locking mechanism under head of pin was tomn off.
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Figure 32. igloo D After Blast Showing Damage to Concrete Headwall and to Door
Frame.
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Figure 33. Looking Into igloo D From Doorway Showing Shattered Headwall and
Warped Door. None of the 12 mines in this magazine ¢xploded or burned: one was
badly shattered.

Figure 34, Shattered Headwall Fast of Door Inside Igloo D.
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Igloo E (West)

Igloo E was of the mme construction as the igloos of ESKIMO I, but the doors were
strengthened by the addition of a movable structural beam that spanned the opening behind the
dvor. The igloo was subjected 10 an impulse load only slightly g.cater than the test design level, yet
the headwal! sustained significantly greater damage than the headwall of Igloo C.

Eight of the 12 land mine acceptors bumed; however, there wss no way to determine how
many of these were bumned as a result of fragment attack and how many were burned as a result of
heat generated by burning explosive (Figuses 35 and 36). Structural damage was as follows:

1. The large steel beam that spanned the door opening horizontally and that was planned to
support the door under blast locding failed at points of attachment to the headwall (Figures 37 and
38). (There was an apparent tension failure in the two 3/4-inch bolts attached at the side of the
headwall.)

2. The doors were supported against blast loading at the hinges and at the top and bottom.
Further door support was provided by bearings on stops welded to the head of the dour and by a
round steel rod projecting inward and bearing on the steel beam. During the test the doors were
dislodged and thrown to the back of the magazine. Door deformation was of moderate degree and
was consistent with the location of the support points (Figure 39).
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Figure 37. Twisted I-Beam Recovercd From Igioo E. This
beam was bolted to door frame to provide additional
restrzint to door.
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Figure 39, Remains of Left Door Along South Wall Inside Igloo E.
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STATIC MEASUREMENTS OF STRUCTURAL RESPONSES

Arch Motion in Igloo B

Three simple scratch gauges were installed in an attempt to secure an approximation of the
movement of points on the noncircular arch at the igloo mid-position, that is, halfway between
forward and rear walls. One gauge md extended vertically from the center of the floor to a point at
the crown of the arch. Two others were inclined at an angle of approximately 30 degrees from the
vertical, one on each side of vertical. Total dynamic movements in feet relative to the floor

attachment during the blast were as follows:
North Vertical  South
0.076 0.1S8 0.08

The vertical height at the center was restored to a permanent deformation of 0.11 foot.

Permanent Deformation of All Headwalls and Arch Deformation in Igloo B

The permanent deformation of headwalls (Figures 4244 and Tables 4 and S) and of the steel
arch in Igloo B (Figure 45 and Table 6) was determined by “before™ and “after™ measurements of
selected positions. Headwalls were measured from a vertical plane approximately 3 feet away from
the wall surface established by monuments outside the immediate blast area. Figure 44 graphically

20 19 18 17 16 15 14 13 12 lll
» * w ® Ay 3 & k3 [ ]

1 2 3 “ 5 6 7 8 ] 10
o A~ o lo x PR —

Figure 42. Position Key for Deformation Measurements, igioo B Headwall.
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Figure 43, Position Key for Deformation Measurements, Headwalls of Igloos A, C, D, and E.

compares deformations of headwalls of the south igloo of ESKIMO 1 and Igloo C of ESKIMO II.
Catferences between average blast load parameters for these two igloos are recapitulated below:

Peak overpressure, psi

Impulse,
Igloos Incident  Reflected psi-msec
South igloo,
ESKIMO | 33 61 619 .
Control Igioo C,
ESKIMO 11 60 245 1,480

The arch measurements were made from a steel ball (trailer hitch) screwed into a female attachment
fixed to the floor of Igloo B, so that the measurements shown reflect relative movement between the
floor and axch.
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i TABLE 4. Summary of Headwall Permanent
Movement in Feet for Igloos TABLE 5. igloo B Headwall
A ,C,D,andE. Permanent Movement in Feet.
Negative values indicate outwerd deformation; Negative values indicate outward deformation; positive
positive values, inward. For locations of positions values, inward. For locations of positions maasured, see
measured, see Figure 43. Figure 42,
id:::i‘::::ion PSS A ) e G 1 ipeel. | et id::t:;'i:::ion Deformation id::::::::tion Deformetion
1 -020 | -0.18 | -0.26 | -0.19 1 -0.03 28 0.17 ’
2 - .20 - 12 -25] - 16 2 .01 29 22
3 -n - .10 - .14 - .12 3 00 30 01
- - 01 - 05 - 07 - 06 a - .08 31 02
5 .01 - .03 - 07 - .07
5 .00 32 02
8 00 - .07 - 06 | - .08 6 .00 33 02
? - .10 -nNn - 15| - .18 7 .00 34 03
8 -2 - 22 - 23| - .22 8 01 35 .04
9 - .20 - .23 - .26 - .23
% 10 -n -1 - .16 - .03 9 02 36 04
10 00 k¥ 08
" 0 05 02 .03 1" 02 38 .09
12 09 20 10 14 12 03 39 12
13 1 27 A5 .28
14 .07 17 12 A7 13 05 40 14
15 .03 .03 .04 01 14 1 11 .10
15 15 42 01
16 - .09 - 12 - .14 - .10 16 14 43 .03
17 - .01 - 03 02 00
18 14 .20 .29 13 17 08 aa 01
! 19 16 A4 53 50 18 04 45 -.02
20 A7 64 1.24 1.19 19 - .03 i 46 03
20 - 03 47 .03
21 A7 46 | missing .58 {
22 22 16 27 15 21 - .03 48 .08 H
23 02 - .02 04 .00 2 02 49 .06
24 19 02 RA 06 23 o 50 05
25 72 29 108 .30 24 02 51 .10
26 B4 42 missing 79 25 21 52 10 ‘
27 75 55 missing 74 26 16 53 007
28 .65 27 283 34 27 0.19
2 10 .03 .18 .08
30 03 - .03 03 | - .06
N .01 - .03 01 - 12
32 .06 05 missing .28
33 .05 22 missing 15
34 03 - .02 .76 - .25
35 0.01 ~-0.03 0.01 -0.03
i
! 3
36
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LINEA .,....... 20 FT FROM DOOR
LINEB ......... 40 FT FROM DOOR
LINEC ......... 6C FT FROM DOOR
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Figure 45. Position Key for Measurement of Arch Deformations on Igloo B.

TABLE 6. Permanent Arch Deformations

of Igloo B in Fet.

Figure 45 illustrates locations where deformations were

messured.
Arch positions
Line
1 2 3 ~ -]
A 001 0.07 0.12 0.05 -0.01?
B .00 .03 1 .05 .00
Cc 0.01 0.03 0.06 0.02 0.00

2 Negative value indicates outward deformation.

FRAGMENT COLLECTION AND ANALYSIS

Fragment Collection

In the ESKIMO 1 test, three S-degree sectors (shown in Figure 13 of Reference 1) were cleared
of vegetation and debris for fragment collection by a magnet truck driven over the sectors.
Additionally, a number of 5S0- by 50-foot and 100- by 100-foot areas were laid out, and fragments
were collected in these areas by foot search and hand pickup. The manual method of collection was
considered to be more thorough than magnet collection in areas where the smallest fragiments
weighed approximately 0.05 pound.

For ESKIMO I, collection by magnet truck was not attempted. Instead, many of the hand
pickup areas searched in ESKIMO | were searched again for fragments after ESKIMO II. Additionally,
new hand pickup areas were laid out and searcheg in the S-degree magnet pickup sectors. Some new
search areas were laid out and examined in areas previously unused in ESKIMO I. Table 7 identifies
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TABLE 7. Areas Used in Fragment Collection.

Distance from donor to of collection sres, ft
Size of collection
area, ft North, | Southesst, | South, West, Nor thwest,
356 deg 135 deg 174 deg | 266 deg 330 dey
50 x 50 e 1,228 75 1,028
1,425 1,176 1525
1,625 1,376 e
vk 1,575
1,775
50 x 100 1,025 e 1,000
1,555 s
100 X 100 1.850 2,050 1,750 1,950
1950 2,150 1,850 2,050
2,050 2,250 2,050 2,150
2,150 2,350 2,150 2,250
2,250 2,450 2,250 2,350
2,350 an'a 2450 2450
100 x 230 2 % 2,950

the areas searched in ESKIMO II. In all cases it was important to distinguish between ESKIMO 1 and
ESKIMO 11 fragments, particularly so in those areas in which fragments had not been picked up after
ESKIMO 1. It should be noted that the ESKIMO | search techniques were imperfect and that
fragments from that test were found despite prior attempts to pick the areas clczn. This was
particularly true in the magnet pickup sectors.

The foot searches and manual pickups in ESKIMO | and ESKIMO [l were conducted by two
men moving in mutually perpendicular paths. In areas of soft, loose earth, all fresh craters, even
small ones, were probed for fragments. The craters often yielded metal fragments not visible without
probing.

Fragment Analysis

In fragment analysis, the principal emphasis was placed on producing data that would identify
fragment hazards in various directions from the donor stack by comparison with existing standards.
An additional objective was the presentation of data in a manner that would facilitate additional
analysis in the event it was desired to vary either the fragment density criterion or energy level
criterion in the standards.

The graphs shown in Figures 46 through 48 were derived to show the increase in the
cumulative number of fragments per 10,000 ft2 with decreasing fragment weight for various
collection distances. Because the donor stack was symmetrical north-south and east-west, the data
from the north and south collections were combined; similarly, the northwest and southeast data
were combined. In neither case were the collection areas directly opposite; however, the angular
deviation from direct opposition was not considered significant.

Figures 49 through 51 show variations in the number of fragments, equal to or above specific
weight levels, per 10,000 ft2 for various distances away from the donor stack. These figures are
plotted for fragment weight levels of 0.08 and 0.28 pound.
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Figure 48. Cumulative Numbers of Fragments per 10,000 ft2 Versus Weight in Pounds for
Various Southerly and Northerly Distances From the Donor.

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

1. The present DDESB criterion for exposure of unprotected personnel to hazardous fragments
stipulates an acceptable density of not more than one per 600 ft2, a hazardous fragment being
defined as one having a kinetic energy of 58 ftdb or greater. By analysis of ballistic trajectories, it
can be shown that fragments reaching large distances from an explosion strike the ground surface at > -
approximately their terminal velocity in free fall.

2. The distribution of fragments in this test made it of interest to investigate the safe fragment
distance based on the above criterion. From Figure 3 of Reference 3, the value of 0.28 pound was .,
derived as the weight of a 58-ft-lb fragment moving at terminal velocity. Figure 66 of Reference |
shows the limits of fragment hazard for the ESKIMO 1 test, based on the above standards.

The choice of the 0.08-pound level was also derived from Figure 3 of Reference 3 for a
fragment with 11 ftdb of kinetic energy (aa energy criterion recommended by some investigators)
moving at terminal velocity.




NWC TP 5557

— -

r

Py —

IONO(] JO BEIYINOS PUT ISIMYLION

savuRISk(] SNSIIA 1) 00001 dad sjuawdel g jo saquinyg gy dandy

¢
14 IONVISIO
00€ Z 0012 006 1 004t 005 | 00€ | 0011
O i g . . ‘ h
/o
o
v
/ -
\ v :
v \ -
\
\ -
// 4
\ 1
N 101
\ |
\ |
\ |
3 ,
N
“ |
a v
871900 « SHOIIM ININOVES § N |
87820 ~ SHOIIM ININOVES O v
- - — A L - . . 4 s - - L \‘g

249 00001 ¥3d SININOVYYS

YHON S2UrIsi(] smidp

‘oung] Jo yinog pue
U 0001 13d sjudwdes g jo saquIny “ge aends |

{
14 dNvISIO

009 ¢ 00¢ ¢ 008t 00% 1| 000't 009
BER AN B i fe—y = e e | e 1

4

4
s

o

:

\ v o
\
\
2
A"
\
\
\
\
\ 4
\
\ v
\
81800 + SHOIIM ININOVHS © .
81820 - SHOIM ININOVYHY O v v
1 1 i i 1 I 1 1 et e ]

214 00001 ¥3d SININOVY

41




FRAGMENTS PER 10,000 FT°

NWC TP 5557
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Figure S1. Number of Fragments per 10.000 f1° Versus Distanve West of Donor.
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Examination of Figures 49 through S1 shows that nune of the fragment arcas scarched provided
a density of more than one 0.28pound fragment per 600 f12. Fragment densities of une 0.08-pound
fragment per 600 (12 were encountered approximately as follows:

Directaonm from donor Distence from donor, [1

North and south [T
West 1.9
Northwest and southeas! 1.700

DATA DERIVED FROM INSTRUMENTATION

Event Times

With the excepiion of data Jerived from BRL self-recording gauges, all Jata were recorded on a
time base: standard IRIG Formal B for the motion pictures. and binary coded 1.000-her? timing (o
magnetic tape data from piezoelectric blast gauges, lincar motion transducers. and accelerometers.

Test event times derived from assessment of the piczoelectric gauge data and accelerometer data
were based on 2 zerc time pulse indwation denved from an jonization probe buried in the donor
stack. A backup attempt to derive zero time from a hight sensing device mounted atop leloo D did
not produce a consisiently good signal.

Motion-Picture Photography

The main test event was recorded photographically by ground-based 1o-mm and 35-mm cameras
using color film. Film speeds were vanicd fiom 10 frames per second for some overall views to 1,000
frames per second for cameras placed in the magazines to 4.500 frames per second for exterior
cameras focused on headwalls and doorways. The cameras operated as planned: however, many of the
exterior photographs lacked crispness because of thermal air effects assawiated with the season of the
year and the time of day. Additionally phototlash lighting used within the igloos was not properly
timed.

Motion Instrumentation

Lincar motion transducers pusitioned to measure movement of the concrete headwall above or
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TABLE 8. Summaery of Linesr Motion Transducer Data.

Av veccity
teloo location |  Max. from smitiel | Tume from initietion A‘m:‘”"
of hesdweell velocity, | motion 10 peok | of motion 10 mex. Remarks
1 aneducers ft/s0c SRCUrBOn, welocity, mesc mououlom-
fohes welocity, §

. 138 928 10.00 40 Door stops at head of door;
heovy concrete hsunches
from hesdweoll 10 roof.

[ ] 143 10.40 17.00 2 Reinforced concrete
projection above door
opening to stiffen
hesdwall.

Cc 33 3150 [ ¥, 183 Stweel dowel to remst door
movement at top; less
offective thon door stops
of other sgioos.

(o] »s 34.10 7.90 156 Heovy oOnepiece stesl Coor
overlapping door opening
&t top.

€ &40 3290 6.10 24 Door stops at top of door
opening. dstorted, but
remaining in place. Energy
tronsfer from door to top
of hesdwali believed more
compiete then in other
igloos.

near the center of the doorways of the five acceptor igloos recorded data from which motion values
listed in Table 8 were derived. The large variation in motion values among igloos is attributed to the
differences in headwall cunstruction and in doorstop devices for inhibiting the movement of the tops
of the doors relitive to the concrete headwalls. Brief descriptions are given in the Remarks column
of this table, and photographs and tabulation of wall movements measured statically appear in other
sections of the report.

Data derived from accelerometers are shown in Table 9. In general. the first motion after zero
time is consistent with the arrival of the blast wave, with two notable exceptions, that is. the left
door leaves of Igloos B and C. No explanation is attempted for what appears to be a delay in first
motion of about 5.6 milliseconds at these positions. All accelerometer records were brief because of
the damage incurred by the doors on which the accelerometers were mounted. The records exhibit
no significant frequencies because the motion was primarily translation rather than vibration. The
right-hand column of the table was derived by a rough computation of theoretical maximum
acceleration of an unrestrained body having the same mass as the test door per unit of exposed area
and experiencing blast pressure equal to that recorded as an average for the first millisecond of
overpressure (approximating, but less than, the maximum overpressure).
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TABLE 9. Summaery of Accelerometer Data.

Typecat
Posk ] Caicuisted maxmoum
Lorstion of First motion, - scceleration
igloo acceler stion, . el fres-body o:alonﬂoa,
” peok, g ?
A | Leftoor isef 378 ..o Lo .
Right oo ieat 383 .o ..o
B Lett door leef 41.3 o 9o s Se0
Right door bewl e 1,200 750 10 850
C | Lettdoor test “ws .. . 1310
Right door leat %9 & .0
o] Lett comter, 00OF 358 750 475 to0 550 780
Right center, door %8 .0 500 to 600
E Left door lest 36.2 730 400 10 450 1.180
Right door leaf 6.9 975 550 2

2 Range of velues recorded 1 10 4 milliseconds after initisl motion.

® Unvesdadie.
€ Unreliable; time of first motion inconsistent with other dets.

Blast Gauge Data

General. The blast gauge instrumentation consisted of two basically different types of gauges:
(1) BRL seif-recording mechanical gauges placed at distances ranging from 730 to 3400 feet from
the donor center (Table 10) and (2) Kistler piezoelectric gauges, with relatively better
(requency-response characteristics, placed in the headwalls of the magazines and in the ground 2 feet
in front of the iglco headwails. One electronic strain gauge placed in the ground at Igloo B did not
function.

Data from Kistler piezoelectric gauges and BRL mechanical gauges are prescnted in Tables 10
and 1.

BRL Gauges. Data from BRL gauges are given in Table 10. The computer assessment of BRL
records produced (1) tabulations of the overpressure and impulse versus time and (2) plots of the
data. Figures 52 through 55 show the plotted data for I! of the 13 BKL gauges. In aadition, 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 56 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,

Similarly, the computer plotied the trailing edge of the positive phase of the overpressure curve
on 3 semilogarithmic scale and fitted a straight line to it, permitting extrapolation 1o the most likely
positive-phase duration (Figure 57). The program also included the compuiation of impulse based on
these extrapolations. The pressures experienced at the sites of the BRL gauges were considerably less
than those predicted for these locations.
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TABLE *0. Summary of BRL Gauge Data.

Gauge locston . ", R— impule,
pe aihiean Durstion of
Overor gene, LOMpuUter
Gouge | Owtance | oot | Computer | Dirsct | Computer gy
() N daner S ontrap reading extrap e
conter, 1t :
-~ 730 104 1.09 50.7 510 142
NW 730 1.01 1.4 49 48 9 132
N 1.130 0.71 062 s 327 \[+]
NYY 1.130 064 083 ey i s
Nw 1,210 055 057 29.7 30.7 158
W 1,210 0.49 0.50 279 24 157
NW 1,700 0.37 0.38 23 ns 187
W 1.700 0.41 0.44 M43 M8 174
NW 3,400 0.17 0.18 127 131 212
W 3,400 0.23 0.2% 140 158 192
SwW 730 1.4 1.38 54.4 58.1 118
TABLE 11. Summary of Piezoelectric Gauge Data.
Gauge distance Peok overpressure, Time of srvivel
S’ P8 impuise, =
Gauge location from donor sobmung relstive 10 zer0
conter, ft incdent | Reflected time, meec
AT 153 . 270 1740 396
Alw 148 .o ol 378
A9 148 80 Lo .0 38.29/41.2¢
B,r.w. 148 260 1744 k1]
8.1 w. 148 o v 385
8.r.9. 145 [~ K i Mg 8
C.r.w, 148 . 245 1480 358
C.lw. 148 ..o ..o 3.3
C.r.9. 145 &0 .o
D,r.w. 148 270 2195. 353
0,1 w. 153 ... .o .o 37.2
D,r.9. 147 64 b i 37.89/. ..
E,r.w. 148 . 200 1200 3.5
E.l.w. 148 " 210 1295 363
E.rg. 145 7 180 Lo 35.89/38.7¢
E.lg. 148 e .. € .. £

8,8, C, D, and E refer r0 igloo identities; r. and |. refer to right and left positions. g.
and w. refer to ground and wall iocations.
b This portion of record difficult 10 resd and consdered unreiiable.
€ No record.
9 Time of incident biast.
€ Time of reflected blast.
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Figure 56. Computer Plot of First Part of Overpressure Curve From BRL Gauge 1S.
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Figure 57. Computer Plot of Trailing Edge of Overpressure Curve From BRL Gauge 1S.

Piezoelectric Gauges. Data from Kistler piezoelectric gauges are presented in Table 11. The
overall quality of these gauge records was adversely affected to some degree because the maximum
overpressures exceeded those predicted and also exceeded the calibration limits. Additionally, the
initial or zero positions of the records for the ground and left wall gauges at Igloos A, B, C, and D
were dropped from the center frequency of the recorder toward the lower band edge with the
expectation of a positive signal from the amplifier. Instead, the signal from the amplifier was
negative. (The newly received amplifier/gauge combinations gave signals in reverse of those
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experienced with similar but older equipment.) As a result, the linearity of the records and their
relationship to the calibrations are somewhat suspect for the gauges listed above. Despite these
problems, the gauge duta considered in the aggregate with other data give solid evidence that the
overpressurcs experienced were considerably higher than predicted or than the overpressure impinging
on the igloo headwalls in the ESKIMO | test.

DISCUSSION OF DATA DERIVED FROM INSTRUMENTATION

Figure 58 shows values of overpressure versus scaled distance (A) for tests 1C, 2C, 3C, 4C, and
5C described in Reference 4. The explosive charges used in these tests are described below:

Test no. Charge shape Explosive weight, Ib
1C Approximated a cube 5.000
2C Approximated a cube 20.000
3cC Approximated a cube 10,000
4C Approximated a cube 10,000
sC 4 ft x 4 ft in plan 20,000

form x 25 ft high

In the above five tests the explosive charge consisted of reclaimed TNT cast in cut-down ammunition
boxes with each box containing SO pounds of explosive.

Figure 58 also shows a plot of a standard overpressure versus scaled distance curve derived from
Reference 5. This curve was based on hemispherical stacks of explosive. In comparing the plots of
above described tests 1C through SC with the standard curve, note that values of overpressure for the
cubical or plane-faced charge geometries are consistently higher than those of the standard curve for
scaled distances (A) lower than 10 ft/Ib!/3 and are consistently lower for higher A values.

Fignre 59 shows a comparison of overpressure and impulse curves derived from data in
above-described tests with the standard BRL curves and with overpressure and impulse data from
ESKIMO 1I. Note that the general tendencies shown in the prior plane-faced geometries are repeated
in ESKIMO I1. The following observations can also be made:

1. Close-in overpressures and impulses recorded by the piezoelectric gauges tend to be slightly
higher at north and south positions off the triangular faces of the bomb stack than they are at east
and west locations off the sloping faces of the stack. However, time-of-arrival values from the gauges
and accelerometers tend to show more uniformity.

2. Relatively far field overpressures recorded by the BRL gauges on the WNW radial tend to be
lower than data derived from the cubes and the high square columnar geometries in Reference 4 and
considerably lower than the BRL standard curves. The single data point on the WSW radial line
shows the best agreement with the curve representing the plane-faced geometry of Reference 4.

The points shown for ESKIMO 11 assume a TNT equivalent weight of 24.000 pounds. The blast
wave produced by the bomb stack behaved much like 24,000 pounds of TNT in a cube configuration
at a scaled distance approximating S, but at scaled distances of 25 and greater on the NNW radial, it
behaved more nearly like 12,000 to 15,000 pounds of TNT in a cube configuration.
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Figure 58. Plot of Overpressure Versus Scaled Distance (A\) From

Planc-Sided Explosive Stacks Compared With a Standard Curve
Derived From Hemispherical Stacks.
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Figure $9. Comparison of ESKIMO Il Blast Data With Other
Sclected Blast Data. Assumed effective W = 24,000 pounds.
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CONCLUSIONS

Because the necar field blast loading exceeded that planned, the igloo structures were subjected
to an overtest. Despite this overtest the ‘arge dngle leaf sliding door on Igloo D (south) withstood
the blast loading without breakup or severe distortion. Likewise, the Stradley<ype headwall used for
igloo B (northeast) incurred a clearly acceptable degree of damage.

ESKIMO 1[I, the next in the series, will test the capsbility of the noncircular arch remairing in
Igioo B to withstand blast loads imposed sidecon by the detonation of a stack of donor bombs
wa;;hndhnﬂ&fmquapdxwﬂtolﬂmlwﬁhnckumlhad&mof!lsx
wii3,

The slightly damaged headwall of Igioo B will be replaced with a headwall of similar concept
redesigned to accommodate a single leal sliding door essentially similar to that used in Igloo D. If
successful in the ESKIMO I1) test, the combination of the l-gauge corrugated noncircular arch with
the Stradley-type headwall concept and the one-piece sliding door will be considered a strong
candidate for a standard magazine design.

The door modifications tested in lIgloo E (west) are not considered successful and, therefore,
not a reasonable expedient for upgrading existing magazines.

The test reaffirmed the need for achieving a balance in the strength of headwalls and doors.
Results at Igloo D demonstrated the severe damage sustained by this type of wall when combined
with a strong door that does not significantly distort or yield under load, and thus transfers its
loading to the headwalls.

Damage experienced by Igloo A (north) was insufficient to cause detonation of acceptor charges
but did cause initiation of acceptor fires and also considerable acceptor breakup. The headwall and
door designs are not considered adequate for the blast loadings experienced in this test (well above
the planred loading at this igloo). However, it should be noted that the door stop devices at the
door head and sill did remain in place. The concept of providing door support by transfer of door
loads to the rigd structural planes of the floor and ceiling is a rational approach structurally and,
where operational processes permit., might deserve cost comparison with the horizontally spanning
door and vertical pilaster combination.

Results and general conclusions from the study of the effects of the blast on the window test
cubicles and vehicles are described in Appendix B. The conclusions are summarized as follows:

1. The test pported the US. inhabited building distance standards and the U.S. public
highway separation distances. In no case did the automobile damage exceed the level considered
tolerable by most US. authorities.

2. The absence of window lamage at 3400 feet, twice the NATO inhabited building distance,
suggests that :his distaace is unduly conservative.

The above conclusions regarding window and wehicle damage are based on an assumed
equivalent explosive loading of 24,000 pounds of TNT. Although overpressure and impulse values
recorded by gauges in the far fieid were lower than expected, and although it is considered possible
that the same amount of donor explosive packaged or stacked differently cculd produce higher
pressures and impulses at the building and vehicle locations, it is believed that the results represent a
reasonably typical storage situation and are more realistic than idealized donor configurations such as
hemispheres of bulk explosive.
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BALLISTIC RESEARCH LABORATORIES

RRetslerWBaity/njs
Aberdeen Proving Ground, Maryland
December 1973

ESKIMO 11 LCADING PREDICTIONS

ABSTRACT

The Ballistic Research Laboratories resporsded to an informa® request by the Department of
Defense Explosives Safety Board to determine the charpe weight to be used in the Eskimo 11 test
that would generate a 30 psi overpressure and yield an 1100 psi-millisecond impulse at a specific
position on the headwall of an earthcovered steel arch igloo magazine located at a ground range of
147 feet.

A set of predictions was derived using the BRL computer program SLOFF. The inputs
simulated hemispherical TNT charge yields of W!/3 equaling 21.5, 229 and 24.7 at ground ranges
such that the side-on pressurc was 20, 25, 30 and 40 psi. Evaluations were made using overpressure
decay rates derived by both Brode ard Kingery.

The charge source was restricted to 7504b M117 bombs. Based on hemispherical TNT :urface
burst studies, the effective yield of MI117 bombs and the loading prediction of SLOFF,
recommendations for a 72 M117 bomb source were made. The predicted side-on pressure was 38 psi
with an 1100 psi-millisecond impulse at the specified headwall position. Since the cylindrical shape of
bombs precluded hemispherical stacking, the alternative of triangular stacking was suggested.
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1. INTRODUCTION

The Ballistic Rescarch Laboratories (BRL) responded to an informal request by the Department
of Defense Explosives Safety Board (DDESB) to determine the charge weight to be used in the
Eskimo 11'® test. This experiment was designed 1o obtain blast loading and response data on full
scale storage igloos of varied headwall and door construction. To make effective use of the capital
assets remaining after the completion of Eskimo | test2, it was decided to centrally locate the charge
such that the three remaining storage igloo headwalls and the two 1o be added would be subjected to
similar loading. Results from Eskimo | and previous model studies indicated that a charge which
would generate a 30 psi overpressure and yield an 11G) psi-millisecond impulse ai a specific position
on the headwall was desirable. The DODESB final specifications were that the ground range would be
147 feet and that the impulse should be 1100 psi-milliscconds with side-on pressure being the
variable parameter.

A set of predictions was derived using the BRL computer program SLOFF®®. The inputs to the
program included positive phase overpressures ranging from 20 to 40 psi maximum side-on pressure
wit™ the decay rate and duration corresponding to that expected from hemispherical TNT charges at
specific ground ranges. The output, expected impulse at the designated position on the headwall, was
extrapolated to provide the proper impulse at the selected ground range which in turn indicated the
TNT equivalent charge to be used.

Il. APPLICATION OF SLOFF TO ESKIMO NIl

SLOFF is based on empirically derived equations and designed to predict the loading on any
rectangular surface oriented normal to the direction of travel of a plane shock wave3. Modifications
were made so that the program could evaluate the single point of interest on the magazine headwall
polygon. The program can evaluate the effect of rectangular opening in the front surface but in this
scries the doors were considered as capable of withstanding the loading. It should be mentioned that
the program makes no provision to handle reflections or compression waves generated by surface
irregularities or objects in proximity to the area of interest.

Input parameters included the maximum side-on pressure and positive phase duration associated
with a hemisphere of TNT resting on the ground. The hemispherical TNT data in Reference 4
provided appropriate base information for the test conditions. Three charge weights of 10,000 ib,
12.000 b, and 15.000 1b were chosen with a maximum<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>