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FOREWORD

. This report contains the proceedings of the DICE THROW Symposium held 21-23
June 1977 at the Ballistic "esearch Laboratory (BRL), Aberdeen Yroving Ground, Mary-
land. The report is divide  /nto four volumes. Volumes 1 through 3 contain the unclassi-
fied prescntations arrd \ olume 4 contains the classified presentations. .

The DICE THROW Event, which was conducted ncar the Giant Patrict site on
the White Sands Missile Range (WSMR), 6 October 1976, was the final test of tt2 DICE
THKOW Program. The charge for this test was composed of approximately 628 tons
(570 metric tons) of ammonium nitrate fucl oil (ANFO). The charge corfiguration was a
right-circular-cylinder base tangent to the surface with a hemispherical tnp, the same
configuration as the second event in the Pre-DICE THROW I Series. The r.rimary abjec-
tives of this test were to provide a simulated nuclear blast ard saock environment for
tange! response experiments that are vitally needed by the military service: and defense
agencies cuncemed with nuclear weapons efiects, and to confitim emipinical peedictions
and theoretical calculations for shock response of military structures, cquipment, and
weapon systems. |

A complemeznt of 33 experimentais and supporti 2gencies (including foreign
governments) participated in Event DICE THROW. For details p rtaining to the as-built
experinent configurations, site and charge descriptions, and fielding requirements in
support of this program, refer to the DICE THROW Test Execution Report, POR 6965.
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BLAST EFFECTS ON THE CREWS OF
U. S. ARMY TACTICAL EQUIPMENT

FOREWORD

This report presents information obtained by the
Lovelace Biomedical and Environmental Research Institute,
Inc. in support of U. 8. Army projects on Event Dice Throw.
Anthropomorphic dummies were placed within U. S. Army equip-
ment ltems in order to evaluate the blast effects on crew

personnel.

The Dice Throw Event was a 600-Ton (ANFO) charge de-
tonated on the surface, October 1976, at White Sands Mis-
sile Range, Giant Patriot Site.

Funding was provided to Lovelace by the U. S. Army
Ballistic Research Laboratories through an interagency
agreement with the U. S. Energy «esearch and Development
Administration, Albuvquergue Operations Office.

The underground comrand post included in the field
test was a coordinated effort. The structure was prefab-
ricated at the Lovelace Fcundation and funded by the Defense
Nuclear Agency, Contract No. DNA 001-75-C-0237.
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INTRODUCTION

The Lovelace Foundation provided support to four
Army projects on the Dice Throw Event. The support in-
cluded providing dummies that were instrumented with peak-
€ reading gages, placing the dummies inside on, or near the
various equipmentc items, and, from the results, predicting
what the blast effects might be on the crew personnel asso-
ciated with these equipment items. The projects were: (1)
U. S. Army Weapon Systems, (2) Command Contrcl and Communi-
cation Shelter Systems (Electronic Equipment Shelters).
{3) a foreign Vehicle, and (4) a Drcne Helicopter.

In evaluating the blast effects on the crew person-
nel, information obtained from other projects was utilized,
i.e., motion-picture films of the dummy motions, electronic
accelerometer measurements from inside the dummies, and
pressure-time measurements.

PRGCEDURES
Dummies

A total of 37 anthropomorphic dummies were used nn
the test. Each weighed 185 1b and was 5 ft 8 in. tall. Six
of the dummies, numbered 1 through 6, were manufactured by
Alderson and were of a 1960 vintage. All the other dummies
were fabricated at the Lovelzce Foundation and were roughly
equivalent to the Alderson dunmies in the degree of sophis-
tication.

All the dummies contained a skeletal-like structure
of steel around which expandable polyurethane foar plastic
was cast. There were joints at the neck, shoulder, elbuws,
wrists, hips, knees, and ankles. The Lovelace dummies did
not have ankle joints. The dummy joints were adjustaople;
e.g., the standing dummies would have the hip and the kiace
Jjoints tightened more than the dummies that were in a sezted
position.

Each dummy contained a chest cavity in which accel-
erometers, electronic and/or passive, could be installed.
All the dummies wore G.I. fatigue uniforms and G.I boots.
¥hite motorcycle helmets were worn by most of the dummies
to simulate those worn by crew members inside vehicles and
to provide corntrast in the camera viewing field. The few
exceptions will be mentioned later.

-9-
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Impact-O-Graphéa

Omni-g, all-directional g-indicators (Impact-0-
GraphO Corporation) were placed on a shelf inside the chest
cavity of each dummy. &ach gage contained twvo sets of
spring-loaded, steel balls that were held in a recess in
the side of a transparent housing formed from impact-resist-
ant plastic. The steel balls would unload if impact or
shocs forces from any angle ~xceeded their rated values.

T ATET s gV

These gages measured peak g only, and according to
the manufacturer, they have a freguency response that is
virtually flat from zero to 60 Hz. The omni-g Impact-O-

. _ graph® must receive a pulse of at least the instrument's
4 rated g for at least 8.4-msec duration to unload the steel
balls.

O JTEWN, AW 4T WA T T

In the laboratory, calibratiun curves were compiled
: relating the impact velocity of dummies free falling flat
3 onte a concrete slab to the g level at which the Impact-O-
Graphse'located in the chest cavity would unload, Figure
A-1, Appendix A. Each dummy contained four gages that
spanned the ranges of impact velocities required for no in-
jury up to a high probability of injury for whole-body im-
pact, Table A-1, Appendix A. Illigker impact velocities were
required to unload an Impact-O-Graph® of a given rating in-
side the Alderson dummies than inside the lLovelace dummies.
The Lovelace ones were constructed of a softer and thicker
foam plastic.

Figure A-2 and Table A-2 of Appendix A present
blast displacement rriteria (Reference 1). One criterion
was based on laboratory experiments wherein sheep were
dropped in different impact orientations onto a concrete
slab. “he other critexrion, for tumbling impacts, was ob-
tained by blast displacing sheep out of the end of a 6-ft-
diameter shocktube over flat ground.

Motion-Picture Cameras

All the dummies were viewed with 1l6mm-motion--picture
camerzs during the blast. Moticn-picture cameras viewed
the equipment items from both the inside and outside. The
motion-picture cameras were the responsibility of the Denver
Research Institute project.

-3-

- -""!7"'" ° - . . .
se e b wd Voddiade dN# N ©on 2 Sk ke S Yo (97N SICE I TP I PR P WELN R VE PV TOCS OR SY SV RORUF 7SRNG DR VRTINS SIEICIIS VW VY B8 NVS RSN R 23




Film Analysis

The fims taker of the dummies during the blast wave
were projected onto a small screen and their displacements
recorded firame--by-frame. Usually, the head was used as a
reference point. Velocities toward ground zero were laheled
rositive and those awzy from ground 2zero labeled regative.
Charts giving displacement vs time were prepared for each
Tilin. The peak velocity and distance of travel were indi-
cated on each chart.

Electronic Accelerometers

Tri-axial accelerometers (Columbia Model 512) were
placed in nine of the dunmles iocated within the Army Weap-
on Systems. Accelerometer mcunts were cemented to the back
uwpper center of the thorax cavity. Signals from the gages
were hard wired back to a tunuker at the 1370-ft range. The
records provide acceleration vs time on three axes (x, y.
and z). Because of the way the gage was mounted to the back
of the thorax, the directions of the x, y, and 2 axes differad
from those normally used in human and dummy nomenclature.
Instead it was the following: x axis was up (-) and -down
(+); z axis was front (+) and back (-); and y was thce lateral
axis. Movement to the left would generatc a (+) signal and
movement to the right a (-) signal.

Dummies numbered %, 4, 5, 7 thrcugh 10, 44, and 45
cuntained electronic accelerometers inside their chest cavi-
ties.

Acceleration measurenents were the responsibility
of the Nuclear Weapons Effect Branch at White Sauads Missile
Range (WSMR).

Accelerometers were also placed at selected locations
on the weapon systems by the WSMR group.

Pressure-Time Measurements

Pressure transducers were placed on the surface ad-
jacent to most of the Army equipment items. The Nuclear
Weapons Effects Branch undertook the P-T measurements in
connection with the U. S. Army Weapon Systems, and the Bal-
listics Research Laboratories (BRL) undertook the measurements

ik hind
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ia ccnnection with the Electronic Equipment Snelters, Blast
Line 2; Foreign Vehicle, Blast Line 2; and Drone Helicopter,
Blast Line 1.

Because the free-field airblast measuremeits were
limited within the U. S. Army Weapon Systemrs layout, those
measurements taken in the open along Blast Line 3 by BRL
(Reference 2) were applied to and considered to be the blast
levels received at the various stations. Blast Line 3 was
located along the south edge of the weapon systems layout.

U. S. Army Weapon Systems

A layout drawing for the U. S. Army Weapon Systems
appears in Figure B-1, Appendix B, giving the station num-
bers, dummy numbers, camera iocations, along with the ranges
and corresponding measured overpressures. The precise bear-
ings of these items on the test bed are listed in Table B-1
in Appendix B.

Station 1 -~ M60 Main Battle Tank

There were three dummies seated inside the
M60 at the 580-ft range: one each in the driver's (no. 1),
gunner's (2), and commander's (11) position, Figures B-2
through B-4, Appendix B. In addition, a prone dummy (35)
was positioned head-on to the blast adjacent to the M60 at
Station 1. Dummy No. 2 was equipped with an electronic ac-
celerometer inside its chest cavity.

Station 2 - M551 Sheridan

There were two dummies seated inside the
M551 at the 820-ft range: one in the gunner's (3) and one
in the commander's (4) position. In addition, there were
two dummies positioned outside the M551: one dummy (36) was
standing facing ground zero 7.5 ft from the left side of the
vehicle and one dummy (37) was standing 4 ft to the rear of
the vehicle, Figure B-5, Appendix B. Dummy No. 4 contained
an electronic accelerometer inside its chest cavity.

Station 3 - M109 Self-Propelled Howitzer

There were two dummies inside the M109 at
the 740-ft range. One dummy was standing in a gunner's (7)
position and the other was standing in back of the gunner
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as a secction chief (5}, Tigure B-6, Appendix B. Each dummy
contalned an electronic accelerometer incide its chest cavi-
ty. In addition, a dummy (40)was positioned standing 7.5

ft to the rear ¢f the M109, Figure E-7, Appendix B.

Station 4 - Undergrourd Command Post

‘There were three dummies inside the Under-
ground Command Post at the 740-ft range. One dumny (14) was
S ft inside and in line with the entryway. The Gther two
dummies (13 and 12) were 5 and 10 ft, respectively, from
the upstream wall and to the left of Dumn' No. 14. Figure
B-8, Appendix B. The personnel chamber was 14 x 14 x 6.5
xt. The roof of the shelter was approximately 2 fi beneath
ground level with a 2-ft earth mourd. The entryway and
entryway tunnel were 2 x 4 ft ir cross section. The verti-
cal portion of the entryway was 8.5 ft deep followed by the
entryway tunnel that was approximately 10 ft long. The
shelter was tested open. A diagram of the Underground Com-
mand Post is shown in Figure B-9, Appendix B.

Station 5 - M551 Sheridan 90°

There were two dummies inside the MH51
Sheridan that was left-side-on at the 820-ft range One
dummy (5) was located ia the gunner's seat the the other
dummy (6) was in the loader's position. Dummy No. 5 con-
tained an electronic accelerometer inside its chest cavity.

Station 6 - M377 Communications Van

There were two Jlummies seated inside the
M577 communications van which was right-side-on to the blast
at the 965-ft range. One dummy was in the driver's (9) and
one was in the commander's (10) pesition. The latter was
facing the rear of the vehicle. Both dummies contained
electronic accelerometers inside theixr chest cavities.

Station 7 - M110 Self-Propelled Hu itzer

There were three dummies positioned on the
M110 at the 965-ftv range. Oie was scated in the gunner's
(44) seat and one was in the assistant gunner's (45) position.
The third dwmmy (38) was standing at the right-rear portion
of the vehicle facing ground zero. 1t was held erect by
leaning slightly against the folded sest, Figure B-10, Appen-
dix B. Dummy Nos. 44 and 45 contained electronir: accelerom-
eters inside their chest cavities.

-6-
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Stetion 8 - CLGP Laser-Guided Projectile
A dummy (15) was standing 7.5 ft from the
CLGP facing ground zero at the 1050-ft range, Figure B-11,
Apperidix B.
Station 9 - XM204 Towed Howitzer

A dummy (16) was standing 3.5 ft from the
XM204 at the 1112-ft range, Figure B-1Z, Appendix B.

LA . sl

Station 10 - Forward Observer

L
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A prone dummy (17) was head-on to the blast
- in the forwa:d observer's position at the 1370--ft range,
; Figure B-13, Appendix B.

Station 12 - M577 Deployed

There were two dummies positioned beneath
the deployed M577 at the 1370-ft range. One dummy (18)
was standing face-oin to the blast and the other dummy (19)
was scated at a table right-side-on to the blast. As seen
in Figure B-13, Appendix B, a portion of the canopy was left
open.

Station 14 - XM198 Towed Howitzer

One dummy (41) was positioned standing in
front of the XM198 at the 2400-ft range, Figure B-14, Appen-
dix B.

All the vehicles were completely closed dur-
ing the test, except the deployed M577 at Station 12. None
of the dummies inside the vehicles wore seat belts and were
not restrained in any way. The seated ones could be rocked
from side-to-side with a minimum of force. Likewise, the
standing ones could easily be pushed over. This demonstra-
ted the fact that they could be expected to topple over with
minimal vehicle movement.

The dummies which were standing in the open
were held erect by leaning them against an inverted U-shaped
pipe structure (goal post). During the blast, their arms
were down at their sides and not in front of the goal post
as shown in the preshot photographs that were taken a few
days before shot time.
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Electronic Equipment Shelters

Figure C-1, Appendix C, gives the layout of those
shelters that contained dummies. The shelters were all
truck-mounted and left-side-~on to ground zero. Each shelter
contained two dummies, one standing and one sitting. All
the dummies were equipped with Impact-O-Graph® gages but not
with helmets. The shelters were closed during the blast.
The cameras that viewed the dummies were mounted on the rear
wall adjacent to the door. The dimensions of the S280
shelters were 7.2 x 12 x 7 ft.

Shelter R1/C10

The 5250 retrofit shelter at the 1120-1ft
range did not contain electronic equipment. Dummy No. 28
was standing facing ground zero with its right arm extended
against the upstream wall for support. Dummy No. 27 was
seated facing ground zero, Figure C-2, Appendix C.

Shelter 04/C16

The S280 shelter was at the 1370-ft range
and contained electronic equipment on racks across the
front wall. Dummy No. 28 was standing left side toward
ground zero with its right arm extended against the elec-
tronic equipment. Dummy No. 29 was seated and faced ground
Zero.

Shelter 07/C26

This S280 shelter was at the 2000-ft range
with electronic equipment in racks along the front wall.
Dummy No. 31 was standing left side toward ground zero with
its right arm extended against the electronic equipment.
Dummy No. 30 was seated and faced ground zero.

Foreign Tactical Vehicle

Figure D-1, Appendix D, gives a layout drawing show-
ing the one foreign vehicle, a Dutch Armored Infantry Fight-
ing Vehicle, on the test bed. DNummies were placed in the
driver's (34), commander's (33, and passenger's (32) seats.
The commander's hatch was left open for the test with the
commander's head extending above the hatch opening, see Fig-
ures D-2 and D-3 of Appendix V. The two firing ports on the
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rignt side of the vehirle were open during the blast. All
three of c¢he dummies were secured in their seats with lap
seat belts. The dummles contained Impact—O—GrapH® gages
only. Dumry Mc. 32, seated toc the right rear side cf the
vehicle, was viewed with a camera mounted near the left wall.
The commandar was viewed by a camera outside the venicle.

Drone Helicopter

he test array for the dummy (39) in the UHi Drone
Helicopter appears in Figure E-1, Appendix E. The helicopter
wvas left-side-on tc the blast at the 2750--ft range. The
dunny was seased on the 1left side ¢f the aircraft in the
pilot’s poslvion and was secured in its seat with the air-
craft's restrainiuag harness. The dummy wore a helicopter
pilot's helmet with the visor down, Figucre E-Z, Appendix E.
To ensurce trat the dumny's 1imbs wouid not interfere with
the controls of the aircraft Jduring its interaction with
the blast wave, the arms were placed under the harness strups
and the feet wer: secur:d with nylon 1lines tv the seat. The
motion-picture camera viewed the dummr from the rea: of tie
cabin. ir addition tu four Impact-C-Graphs®, the chest co-
vity coatained a pressure-time gage.

R%SULTS
U. 5. Army Weapon Systems

Tahie B-? lists the pre- and postshot positions of
dummies, damage t¢ the dummies themselves as well as to
their clothing and the Impact-O-Graphs® ihat were unloaded.
Included in the table are summaries orf the dumm motions
obtained from the motion-picture analysis. The detatled
displacemerc vg. time curves from the film analysis uappear
in Figures B-15 torcugh B-26 in Appendix B. In gereral, the
blas‘'~displacement effects exhibitid by the dummies that
were inside the weapon sys*ems were minimal, and most of ihe
dumries were ioind in their eaact preshot posit.on without
aamage to theuselves nr their clcthing. The lack of blast-
displacement effects on the dummies was substantiated by the
Impact-0-Craphs® not unloading and the very low velorities
attained by the dummies as determined from the film analysis.
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Stavion 1 - MG6O Ma'n Battle Tank

punmy No. 1, in the driver's seat of the
M60 tank, was moved 3 inckes in its seat to the 1lr 7% trom
its original position, and there was a small tear .bove the
right knee o' its trouscrs which was probably caused by the
periscope assemhly that was blown in by the blast and was
found postshot purtially on the dummy's arm, Figure B-47,
Appendix B. Lummy Nc. 2, in the gunner's seat, and No. 11,
in the commander's s@at, were in their exact preshot loca-
tions. None cf the Impact-O-Graphs® were unloaded ir these
three dumries.

That the 10-g Impact-O-Graph® wus not dis-
lodyed in the cammy (11) in the commander's position was
remarkable rnd indicated less than A 10 g accei 'ration and
probatly a0 impacts.

Dummy No. 35 that was prone on the ground
outside the M306 tank was displaced 87 ft downstream. Film
records were not obtained at station 1. Both the 10-g and
40-g Irpact-0O-Graphs® were unloaded.

Statvion 2 - M551 Sheridan

Dummy No. 3 in the gunner's seat shifted a
little back and right in its seat from its preshot location
and wus leaping slightly forward. The film record showed
chat its head moved forward at 5§ ft/sec for 1 inch before
being obscured by the dust. The results of other film anal-
'3is shcwed the dummies reached their peak velocities with-
in the first few inches of travel so that 5 ft/sec was prob-
ably the peak velocity for that dummy.

The dummy in the commander's {(4) seat was
undamaged and was in its exact preshot position. The film
analysis showed that its head moved fo.ward at 2 ft/sec for
1 inch before being obscured by dust. The Impact-0-Graphs®
were not unloaded irn either of the dummies.

OQutside the Sheriden Tank, Dunny No. 36,
that was staunding to the left of the vehicle, was displaced
about 38 ft downstream by the blast, and the film record
showed that it reacined a peak velocity of 37 ft/sec, Figure
B-28, Appendix B. There was no damage to the dummy or its
clothing. The 10-g Impact-O-Graph® was unloaded.

-10-
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_ In contrast, Dummy No. 37 that was standing

i 4 ft to the rear of the vebicle was displaced only 6 ft,

: Figure B-28. Appendix B. Moust of this distance cculd be at-
L tcributed to just falling over. The camera view of Dummy 37

i #1S obscurcd by dust. The 10-g Impect-O-Graph® was unloaded.

: Station 3 - M109 Self-Praopelled Howitzer

Neither Dummy No. 7 that was standing in the

i gunner's position nor Dummy No. § that was standing in back
ot the gunner was damaged by the blast. Postshot, Dummy No.
# was found tilted back against the reax wall and the gunner
(7) was leaning against him and the loading ram, Figure E-29
of Appendix B. According to the film record. the heads of
both dummies movea initially toward ground zero at 3 ft/sec
for just 2 inches and then moved toward the rear of the ve-
hicle without sustaining ary inpacts in the farward direction.

Dummy No. 40 that was standing 7.5 ft to the
rear of the M109 was moved only 5 ft downstream by the blast.
The 10-g Impact-O-Graph® was unloaded. There was nc damage
to the dummy or its clothing. The camera view of this dum-
my was obscured by dust.

Station 4 - Underground Command Post

Only one dummy (14) was disvlaced by the
blast wave entering the Underground Command Post. The dum-
my, initially standing 5 ft inside the door, was found on
its back against th: rear wall, Figure B-30, Appendix B.
This dummy sustained a 2-inch-long laceration beneath its
chin. The motion-picture films showed that this dummy
rcached 2 velocity of 18 ft/sec and impacted the rear wall
after its center of mass had nioved about 6 ft backwards.

The other two dummies inside the Underground
Commana Post were not damaged by the entering blast wave.
No. 13, standing 5 ft inside the door to the left, simply
fell forward. The camera view was obscured by dust in that
area of the shelter so the veason for Dummy No. 13 falling
over could not be determined. Its head was not damaged be-
cause the top center was metal to receive an eye bolt and
was the point of contact with the wall, Figure B-31, Appendix
B.

Figure B-30, Appendix B, shows Dummy No. 12
remained standing.

-11-
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Station 5 - M551 Sheridan

Inside the M551 that was left-side-on to
the blast, Dummy No. 5 in the gunner's seat moved about 6
inches to the right in its seat and slid forward about 3
inches. The film record showed the dummies head moved
initially to the left, toward ground zero, at 2 ft/sec for
s inches and then to the right at 2 {t/sec for 3 inches with
no evidence of impacts. Dummy No. 6, in the loader’s seat,
was found postishot leaning over in its secat against the
commander's step, Figure B-32, Appendix B. Some moveinent
was observed on the motion-picture films, but there were
no good reference points from which to cbtain displacement
data. No impacts were observed. Dummy Nos. 5 and 6 were
not damaged, their clothing was intact, and the Impact-0O-
Graphs® were not dislodged.

Station 6 - MH77 Communicatioas Van

Dummy No. 9 in the driver's seut remained
in its preshot position. It was not damaged, nor were any
of the Impact-O-Graphs® dislodged. The filimn record did not
show movement of this dummy for 25 msec before it was ob-
scured by dust. However, any moverent would have begun
within this time period. Dummy No. 10 in the comniander's
seat was not damaged and was found lcaning over to the right
in its seat. Film analysis showed that its head moved tc
the left toward ground zero at 3 ft/sec for a distance of 5
inches and then moved to Lhe right at 5 ft/sec for 20 inches
as it leaned over in its seat. There were no impacts.

Station 7 - M110 Self-Propelled Howitzer

Therzs was no damage to Dummy No. 44 in the
gunner’s seat oun the upstream side of the M110. This dum-
my remained in its preshot position and the film record
showed that it moved to the right at 8 ft/sec for 11 inches
before being obscured by dust. The assistant gunner, 45,
on the right side of the wecapon, also remained undamaged in
its preshot location. No movement was detected in the films
for 43 msec when the camera's view was obscured by dust.
Again, if movement did occur, it should have started duriag
this relatively long time period. Dummy No. 38 that was
standing on the rear porti n of the M110 was blown from the
vehicle for a distance of about 3 ft. The 10-g Impact-O-
Graph®was dislodged and the dumm: sustained damage to the
soft portion of both hands, alopg with small laceratioans on
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the rignt shoulder und left elbow. According to the film
record analysis, this dummy attained a velocity of 15 ft/sec
snd moved 10 inches before dust obscured the camera's view,

Station 8 - Laser-Guided Projectile

The dummy (15) that was starnding adjacent
to the Laser-Guided Projectile was displaced 11.5 ft by the
blast, Figure R-33, Appendix B. The film record analysis
showed that its center of mass reached a peak velocity of
7 ft/sec. The dummy was not damaged and the 10-g Imnact-
O-GraphkV was unloaded.

Station 9 - XM204 Towed Howitzer

The dumnmy (16) at this station was not dam-
aged efter being displaced 10 ft by the blast, and accordin,
to the film record, it attained a peak velccity of 14 ft/sec,
Figure B-34, Appendix B.

Stationx 10 - Forward Observer

Dummiy No. 17 that was prone, face-on to
ground zero at this station was not moved by the blast and
remained in its exact preshot locatiun, Figure B-35, Appen-
dix B. There was no damage tothe dummy or to its clothing
and the Impact-O-Graph® was intact.

Station 12 - M577 Deployed

The dummy (18) that was standing beneath
the canopy was displaced 6 ft downstiream. In contrast to
the other ones standing in the open, it was found face down.
The seated one was displaced about 4 ft, Figure B-35, Appen-
dix B. The 10-g Impact-O-Graphs® were unloaded in both dum-
mies. Film recnrds were ~%tuined, but, hecause the camera
positions were upstream and downstream of the station, dis-
placement time was not obtained.

The canuopy was first shredded by the blast
and then the frame of tubing narrowly missed the dummies as
it rotated about 180 degrees to the downstream side of the
vehicle.

Station 14 - XM198 Towed Howitzer

Dummy No. 41 that was standing in front of
the howitzer facing ground zero was displaced 5 ft 1 inch
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downstream. The displacement distances were measured from
the goal post to the belt buckle of the dummy. Consequently,
most of this distance resulted from merely falling over back-«»
wards. The dummy's initial velocity was 1-2 ft/sec; and, f
as the film record showed, in simply falling over backwards

in a rigid posture, its center of mass impacted the ground

at 13 ft/sec and its head at 21 ft/sec. The 10-g Impact-0,-
Graph® was dislouged. !

Electronic Acceleration Records

Acceleration records from the electronic gages in-
side the dummies are illustrated in Figures B-36 through
B-53, Appendix B. Two sets of records for each gage are
included: one nonfiltered and one filtered wherein the sig-
nal from the gage was fed through a 200-Hz filter at the time
of the recording. The peak-g values for all of the records
were read by the Nuclear Effects Group at White Sands Missile
Range. The peak-g values are indicated on the illustrated
records. Calibration bands were placed on the left side of
each record and the time to detonation zero (det. zero) was
indicated. The curved line drawn through the initial portion
of the nonfiltered records was used in obtaining preliminary
peak-g values and does not represent the final. These curved
lines do not represent the final peak-g readings and should
be ignored.

There was considerable noise evident in all the rec-
ords whichusually showed the same waveshape on all three
axes of a particular gage. The extensive amount of noise on
the record made it difficult to distinguish the true shape
of the acceleration signal. The duration of the accelera-
tions appears to be on the order oi 30 to 40 msec.

The peak-g measurements are summarized in Table B-3,
Appendix B. The highest g values were measured in the gunner
(44) and assistant gunner (45) on the M110 at Station 7.

Less than 10 g was measured inside four of the dummies: No. 2
in the gunner's seat of the M60, No. 4 in the commander's
seat of the M551 (Station 2), and Nos. 6 and 10 in the
driver's and commander's positions inside the M577 (Station

6).

-14-
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Pressure Time Measured Inside Vehicles

There were three successful pressure-time measure-
ments taken inside the vehicles by the WSMR Nuclear Effects
Group. These waveforms appear in Appendix B, Figure B-54.
Inside the M60 Tank a peak pressure of 19 psi was measured
by the gage located on the rear wall. The time-to-peak
pressure was on the order of 15 msec and the pressure dura
tion was near 220 msec. The outside pressure was 43 psi &.
the 580-ft range.

Inside the M109 the gage on the left wall recorded
2.5-psi peak pressure, a time-to-peak of 15 msec, and a
total pressure duration on the order of 190 msec. The out-
side pressure at the 740-ft range was 21 psi.

Inside tne M577, Station 6, that was at the 965-ft
range, a peak pressure of 2.6 psi with a time-to~peak of
20 msec was recorded inside the vehicle on the upstream
wall. The outside pressure was 9.2 psi.

Electronic Equipment Shelters

All three of the vehicles with electronic equipment
shelters containing dummies were in an upright position
postshot. The four dummies inside the two forward shelters
at the 1120- and 1370-ft ranges had been cdisplaced as a
consequence of the blast. In the shelter at the 2000-ft
range, dummy displacements appeared minimal. Table C-1,
Appendix C, summarizes the effects on dummies in the elec-
tronic equipment shelters and the results of the motion-
picture film analysis. Figures C-3 through C-8 give the dis-
placement vs time curves obtained from the film analysis
for each dummy.

Shelter R1/C10

In the retrofit shelter, the dummy (26) that
was initially standing was lying flat on its back on the
floor of the shelter with its feet toward ground =zero.

There was no damage eitherto the dummy or to its clothing.

The 10-g Impact-0-Graphs® were unloaded. The film analysis
showed that this dummy moved forward and its head impacted

the upstream wall at 14 ft/sec, then it moved backward and

impacted the downstream wall at 12 ft/sec.
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Dummy No. £7 was found seated in its chair
which was leaning back against a shelf on the downstream
wall. This dummy sustained a deep laceration across its
forehead and a smaller lacerat&Pn across the bridge of its
nose. The 10-g Impact-0-Graph® was unloaded. The film
record showed that the dummy's head impacted the shelf in
front of him at 11 ft/sec--which no doutt produced the la-
ceration across its forehead. Then, the subject moved back
into the chair and again moved forward striking the shelf
at 8 ft/sec.

Shelter 04/C16

Inside ths S280 shelter at the 1370-ft range,

Dummy No. 28 initially standing left side toward ground zero
; was found sitting on the floor witu its head leaning against
= a shelf on the downstream wall, Figure C-9, Appendix C.
i This dummy sustained several slight lacerations to the back
of its head and right shoulder. Both 10-g Impact-O-Graphs®
were unloaded. The motion pictures showed this subject
moved to its left toward ground zero at 10 ft/sec for 6 in.
before dust obscured the camera's view. The dummy then must
have rotated 90 degrees to its left and fallen backwards
against the downstream wall. As it slid down the wall, bits
of expanded plastic from the head became embedded in some
wire connectors. The connectors can be seen in Figure C-9,
Appendix C, just above the durmy's head.

Dummy No. 29, initially seated facing the
blast, was found lying back-down on th~o floor in the col-
lapsed chair with its feet tcward ground zero. The film
showed that the dummy was struck by a large metal antenna
traveling at 38 ft/sec resulting in a V-shaped laceration
on the left side of its face, Figure C-10, Appendix C.
Postshot the antenna was found partially dislodged from its
mountings on the upstream wall of the shelter as seen in
the upper left of Figure C-9, Appendix C. The 10-g Impact-
0-Graph® was unloaded. According to the motion-picture
the dummy's head moved forward at 5 ft/sec and moved 2
inches before dust obscured the camera's view.

Shelter 07/C26

Inside the S280 shelter at the 2000-ft range.
there was no damage to either of the dummies or to their
clothing and no Impact—O—Graphs® were unloaded. Dummy No.
30 remaized in its seat. The legs of the chair were within
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0.75 inch of their original positinon. The film record
showed that the head of this dummy moved forward 5 inches
(toward ground zero) at 4 ft/sec, then 20 inches backward
at 4 ft/sec, and then returned to within 0.5 inch of its
original position. There were no impacts.

Dummy No. 31 was still standing postshot
and was leaning forward against the instrumen* panel. Its
feet were located 4 inches from their original position as
indicated by an outline of its boots traced on the floor
preshnt.

Results of the film analyses were that its
head moved tc the left (toward ground zero) at 6 ft/sec
for 9 inches, then to the right at 7 ft/sec for 19 inches,
and then settled at 10 inches to the right of its original
position. There were no impacts.

Figure C-11, Appendix C, gives a postshot
view of Dummy Nos. 30 and 31. This photograph could serve
as a preshot view of these dummies as well as those in the
N4/C16 shelter.

Foreign Vehicles
Table D-1, Appendix D, lists the preshct and post-

shot nositions of the dummies, the condition of the dummies,
and the results of the Impact-O-Graph® gages. Included in

the table are the dummy motions taken from the motion-pictures.

Figures D-4 and D-5 give the displacement-time curves of
Dummy Nos. 32 and 33 ob*tained from the film analysis. In-
cluded in the figures were the peak veiocities and distances
traveled.

The commander dummy (43) was shifted 2 inches over
the left edge in its seat and the upper part of its tody
was tilted slightly toward ground zero. Its shirt was tcran
at the right pocket and along the front buttons. Both 10-g
Impact-0-Graphs® were unloaded. Remnants of some cjecta
were present on the hatch adjacent to the commander. The
ejecta narrowly missed the command < head at impact.

The film record taken by the camera sutside the
vehicle revealed that the commander dummy's head first
moved toward ground zero at 13 ft/sec and stopped after
3 inches of travel. The movement stopped presumably from
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some other portion of the bedy impacting the upstream part
of the vehicle.

LAl ok B

The dummy (32) seated inside the troop compartment
was found in its preshot position undamaged. No Impact-O-
Graphs were unloaded. The film record taken by the camera
ins“de the troop compartment recorded the dummy's head moved
to the right at 5 ft/sec and impacted after 2 inches of
truvel, then the head moved to the left at 3 ft/sec for 8
inches (rno impact), and then to the right at 6 ft/sec with
impact 2 inches to the right of the original position.

b ol el

As seen in Table D-1, Appendix D, the dummy (34)
on the driver's seat was not damaged and was found in its
original preshot position. One set of balls in the 10-g
Impact-C-Graph® was unloaded. The subject was not viewed
with a motion-picture camera.

Postshot photographs were not available to this
project.

A T T L T . 7 R (TR A T b T T TR AR T AT TR S -

Drone Helicopter

M ARl

The helicopter remained flying duriag and after the
blast. Dummy Nn. 39 inside the helicopter remained seated
i with the harness restraint system intact. As seen in Table
. E-1, Appendix E, the only findings were five scratches on
the top of its helmet that were obviously caused by plexi-
glas fragments from a small window that shattered in the
ceiling of the aircraft. None of the Impact-O-Graphs® were
unloaded.

The camera film record showed little movement of
the dummy. Its head moved to the left for 2 inches at a
velocity of 4 ft/sec and returned to within 0.5 inch of
its original position going 2 ft/sec, Table E-1 and Figure
E-3, Appendix E.

R e ———
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DISCUSSION
U. S. Army Weapon Systeias
Closed Armored Vehicles
3 Blast displacements. Based on the results

of this test, it seems reasonable to predict that the crew
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personnel inside the five closed armored vehicles would not
have been injured as a consequence of blast displacements at
corresponding ranges from a 1-KT nuclear surface burst.

This applies to the M60 tank, the two Sheridan tanks, the
M109 Self-Propelled Howitzer, and the M577 Communications
Van that was at the 960-ft range.

The results obtained from the different
test methods wvere consistent with one another in indicating
that only minor displacements were encountered. The dummies
were not damaged, the Impact~-O-Graphs® were not unloaded,
and the film records showed initial movements of 5 ft/sec
or less with just a few inches of travel without impacts.
If the peak-g levels measured by the electronic accelerometers
were true, no injuries should result from accelerations of
less than 20 g because they were of very short duration--less
than 0.05 sec (References 3 and 4).

Only four ¢f the dummies inside the closed
armored vehicles had moved noticeably from their preshot
positions. The durmmy in the loader's seat in the M551 at
Station 5 and the <¢ur in the commander's seat in the M557
at Station 6 apparently just leaned over ir their seats.
Likewise, the two standing dummies in the M109 apparently
lost their footings after an initial forward movement of
Just 3 ft/sec after which they merely fell over backwards.
As already mentioned, these dummies were not restrained in
anyway so that the slightest motion of the vehicle would
be all that was necessary to topple them over. Personnel
under similar circumstances probably would not fall over.

Direct blast. The direct-overpressure
effect mechanism would not be expected to injure personnel
inside these vehicles. Peak pressures on the order of
2.5 psi that were recorded inside the M109 and inside the
M577 were well below those required for a l-percent proba-
bility of =zardrum rupture (3.4 psi). Even the 19 psi re-
corded inside the M60 tank, if true, would not be expected
to injure personnel because of the shape of the pressure-
time curve. It has been demonstrated in animal experiments,
Reference 5, that wave shapes of that character, having rise
times of 15 msec without strong shocks at the leading edge,
were far less damaging than those recorded in the open
wherein the peak pressures were at the leading edge of the
waves, i.e., in the incideunt shocks. For slow-rising blast
waves, peak pressures have to be well over 50 psi to cause
lung hemorrhages in dogs and monkeys. The one exception
is eardrum rupture wiiich is apparently a function of the

-19-
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peak pressure. However, since the crew members in the M60
would be wearing head sets this should provide protection
against eardrum rupture.

Open Armored Vehicles

In regard to the results obtained with dum-
mies on the M110, it could be expected that personnel stand-
ing on the vehicle would be swept from the vehicle by blast
waves on the order of 10 psi. That the dummies seated in
the gunner's and assistant gunner's positions remained in
place duringthe blast suggests that the vehicle itself alters
the form of the shockwave and flow at those positions thereby
reducing the likelihood of personnel being displaced. Crew
members thrown from the M110 vehicle by the blast at a veloc-
ity of 15 ft/sec would also develop a downward velocity of
approximately 22 ft/sec merely from the freefall of about 7
ft (height of vehicle about 4 ft). The probability of injury
would be influenced by the nature of the terrain. As seen
in Figure A-2, Appendix A, there would be greater than a
S50-percent probability of injury if the impact surface was
nonyielding.

The dummies that were standing and sitting
beneath the deployed canopy of the M577 at approximately 5
psi were displaced 4 and 6 ft by the blast. The calculated
peak velocities were 6 ft/sec and 12 ft/sec which could not
be expected to produce injury to personnel unless they col-
lide with rigid objects.

Personnel in the Open

Blast displacement. The peak velocities and
total distance of travel measured for the dummies that were
standing face-on in the open were in close agreement with
those predicted from the model reported in Reference 1. The
model was used to calculate the curves in Figure A-3, Appen-
dix A, relating displacement velocity for personnel in the
open at different orientations to ground range for a 1-KT
nuclear surface burst. The peak overpressures in the ranges
between 820 and 1370 ft for the 1-KT nuclear surface burst
and the 600-ton charge measured along Line 3 wer. within 1
psi of each other. Dummy No. 36, subjected to 12.7 psi,
attained a peak velocity of 34 ft/sec as measured by the
camera compared to 35 ft/sec calculated using the model.
According to Figure A-2, Appendix A, there would be a 3-
percent probability of significant injuries for tumbling
displiucements in the open terrain at that velocity.

-20-



Dummy No. 15, standing adjacent to the
Laser-Guided Projectile subjected to 8.1 psi at the 1050-
ft range, had a measured velocity of 17 ft/sec compared
to 20 ft/sec based on the model. For tumbling displace-
ments in the open, there would be less than a l-percent
probability of injury. Dummy No. 16 that was at the 1112-
ft range next to the XM204 subjected to 6.7 psi was dis-
placed about 10 ft and its measured peak velocity was 14
ft/sec compared to 16 ft/sec calculated from the model.
There would be less than a l-percent probability of injury
at this velocity.

Although there would be very little prob-
ability of injuries resulting from tumbling across level
terrain at velocities of 16-20 ft/sec, if impact against
rigid objects were to occur, there would be a high prob-
ability of significant ianjuries, Figure A-2, Appendix A.

Dummy No. 41 that was at the 2400-ft range,
subjected to about 2.4 psi (predicted), attained a velocity
of just 1-2 ft/sec and merely fell backwards. Personnel at
that range probably would not have been knocked down by the
blast.

TERTIPTY SV S A e N WTTIN IR AT W WY T R

Direct blast. As far as direct-blast ef-
( fects were concerned, Figure A-4, Appendix A, shows the
probability of the different direct-blast injuries in rela-
tion to overpressure and range for a 1-KT nuclear surface
burst. For standing or prone broadside-oriented personnel
inside the 1000-ft rnage, 10-psi level and above, lung dam-
age can be expected. The severity would range from pinhead
size petechial hemorrhages at 10 psi to over a 50-percent
incidence of serious lung hemorrhage at 27 psi (600-ft range).
Eardrum rupture would vary from a 50-percent incidence at
"3 psi (800-ft range) down to a l-percent probability at 3.4
vsi (2100-ft range). Corresponding overpressure levels and
anges for personnel prone, head-on to the blast, and against
« reflecting surface were included in Figure A-4, Appendix A.
The overpressures were calculated using equations in Reference
6 and the biological criteria were taken from Reference 7.

Personnel Behind Vehicles

The results obtained with dummies located
in the open behind the M109 at 21 psi and the M551 at 12.7
psi suggest thaet perscnnel would probably be afforded con-
siderable protection against blas. displacements when

21~
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located on the lee side of the vehicles. This location could
also be expected to afford considerable protection against
other nuclear weapon effects, including the direct-overpres-
sure effects. Because the idzal shockwave becomes altered in
defracting around the vehicle, the overpressure probably rose
in several steps to peak. Blast wave forms of this nature
have been shown to be less damaging to biological systems
than ones having an ideal wave form, Reference 8.

Underground Command Post

The results obtained with dummies inside the
Underground Command Post were used as input to a model de-~
signed to calculate blast displacement velocities of person-
nel inside open field fortifications. The model was based on
laboratory shock tube studies dealing with scaled models of
structures, inciuding the Underground Command Post, contain-
ing 1/8-scale dummy men. Predictions based on the model and
the results of the field test agreed in that blast displace-
ment occurred only in the area of the personnel chamber that
was in line with the entryway. There was little, if any,
displacement in other areas of the shelter. Dummy No. 14,
standing 5 ft inside the entryway, attained a velocity of
18 ft/sec on the present test and sustained some damage.
Corresponding velocities calculated Zrom the displacement
prediction model for personnel 5 ft inside the =ntryway for
other surface incident shock levels of equivalent yield were
as follows: 13 ft/sec at 15 psi, 9 ft/sec at 10 psi, and S
ft/sec at 5 psi. According to the model study and the re-
sults of a previous field test (Reference 9), personnel
prone, head-on and in line with the entryway would not be
displaced by blast levels of these magnitudes.

Additional information on blast displacement
inside the Underground Command Post may be found in a report
presented at this symposium by R. O. Clark et al entitled
"Blast Displacement Effects in Field Fortifications on Dice

Throw Event," Reference 10.

Electronic Equipment Shelters
Shelter R1/C10
Significant displacement of the two dummies

occurred inside the retrofit shelter at the 1120-ft range
where the measured overpressure was 6.6 psi. The seated

-292-



D e S st o =
v

S F R et o

duminy moved toward and struck the upstream wall at 11 ft/sec
and the standing dummy impacted the wall at 14 ft/sec. Ac-
cording to Figure A-2, Appendix A, there would be a 20- and
40-percent probability of injury from whole-body impact at
these impact velocities. The curves in Figure A-2, Appendix
A, strictly apply to a flat, hard surface. The probability
of injury would be influenced by the nature of the surface
or object struck.

The 10-g Impact-0O~Graphs® were unloaded in-
dicating an impact velocity greater than 5 ft/sec and less
than 8 ft/sec. Specifically, these calibrations apply to
dummies impacting flat against a smooth, rigid surface. In-
side the electronic equipment shelters this probably did not
occur. If just the head strikes the wall, velocities higher
than 5 to 8 ft/sec would be required to unload the 10-g rated
Impact-O-Graphs® mounted inside the chest cavities.

Shelter 04/C16

The dummies were displaced inside the S280
shelter at the 1370-ft range, where the measured peak over-
pressure was 4.7 psi. The standing dummy's initial velocity
was 10 ft/sec and the geated dummy's was 5 ft/sec. The prob-
ability of injury at these velccities would be 13 and 0.2
percent. The severe laceration on the face of Dummy No. 29
demonstrated that objects inside the shelter dislodged by
the blast can become dangerous missiles.

Shelter 07/C26

Only minor displacement effects were noted
inside the shelter at the 2000-ft range where the overpres-
sure was measured at 2.8 psi. The dummy velocities were 4
and 6 ft/sec with only 5- and 9-inch distances of travel,
respectively. There were no impacts. There wculd be a very
low probability of injury--0.02 and 0.6 percent--even if im-
pact occurred at these velocities.

Foreign Vehicle

Inside the armored infantry figuting vehicle at
the 820-ft range with measured overpressures of 12.7 psi
there was no damge to the dummies. The initial velocities
toward ground zero of the commander anrnd passenger were 13
and 5 ft/sec, respectively. As seen in Figure A-2, Appendix
A, there would be an assoclated probabi:ity of injury of 33
and 0.15 percent. As already mentioned, the curve in Figure
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A-2, Appendix A, applies to whole-body impact parallel with
a flat surface; this curve would not apply to hcad impacts
when helmets were worn,

Drone Helicopter

There would be little or no probability of injuries
to the pilot from blast-induced motions of the drone heli-

copter at the 2750-ft range with measured pressures of 2.5
psi.

The only effect on the dummy was & few scratches on
its heimet from the smal) plexiglnas window in the roof of
the aircraft that was shattered by the blast. The fragments
from the windows present a sepurate problem and depend on the
iype of plexiglas, its thickness, etc.

CONCLUSIONS

The following conclusions apply to blast waves from
explosive yields equal to orv un the order of 1-KT nuclear.
Admittedly, the conclusions arc based on a very limited
amount of data.

1. Crew members of an M60 Main Battle Tank should
not be injured by blast waves of 40 psi when
the tank is closed and oriented head-on to the
blast.

2. The crew inside a closed M103 Howitzer, oriented
head-or to the blast, should not be injured from
dispalcement at incident overpressure levels of
21 psi.

3. Crew personnel would be unharmed from the blast
displacement within closed M551 Sheridan Tanks
oriented haad-on or side-on to incident overpres-
sures of 13 psi.

4. Personnel inside an M577 Communications Van that
is closed should not be injured at incident over-
pressures as high as 9 psi.

5. At a 9-psi overpressure level, personnel standing
on an M110 Howitzer would be blowr from the
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vehicle at velocities of 15 ft/sec or more,

The probability of injury would be near 50
percent if the terrain is hard. Crew members
who are standing on the ground near the weapon
would be displaced at peak velocities of 25
ft/sec. The probability of injury would range
from less than 1 percent, if tumbling decelera-
tions occur over flat terrain, to 90 percent if
whole-body impact occurs against nonyielding
surfaces,

The crew of the XM204 Howitzer subjected to 6.7
psi would be thrown ahout 10 ft by the blast and
would attain a vel.city of 14 ft/sec. For tumb-
ling in the open on a smooth surface, there would
be an associated 0.0l-percent probability of
injury. If Impact occurs at peak velocity with
rigid obstacles, the probability of injury would
be near 40 percent.

Forward obhservers, if prone anJd orieated head-on
to the detonation, would not be translated by
overpressures of 5 psi.

Personnel seated or standing beneath the deployed
portion of the M577 Communications Van side-on to
a blast of 5 psi would be displaced 4 "o 6 ft and
would attain velocities of 6 to 12 ft/sec. There
would be less than a l~percent probability of in-
Jury unless impact occurs against rigid objects.
Movement of the canopy's frame could present a
hazard to personnel.

Crew members of the XM198 Howitzer should not be
injured by blast overpressures of 2.4 psi.

There would be a 20- to 40-percent probability
of blast displacement injuries among crew members
inside closed retrofit electronic equipment shel-
ters side~on to blast overpressures of 6.6 psi.

There would be a low provability of injury (<0-13
percent) to the crew members within electronic
equipment shrlters of the 8280 type subjected to
5-psi overpressure.
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14.

There would be less than a l-percent probability
of any significant injuries toc the occupants of
the S280 equipment shelters subjected to 3-psi
overpressure.

Inside an Armored Infantry Fighting Vehicle,
oriented 315 degrees to a blast wave of 13 psi,
the commander and crew members seated on the
upstream side would be subjected to iimpacts
with the wall at velocities of 6-13 ft/sec.

For nonhead impacts, there would be a 1-30
percent probability of injury.

The pilot would not be injured as a consequence
of blast displacements in a UH-1 Helicopter
subjected to 2.5 psi while in flight.

RECOMMENDAT IONS

10

o

In general, the cooperation ‘and coordination
among groups participating ¢n the projects was
very good, It is recommended that the coordi-
nation among groups involved in the immediate
postshot evaluation of the different facets of
the equipment be improved. This includes post-
shot still photography, assessment of vehicle
damage, operatiop of the vehicle itself, as-
sessment of the exact postshot position of the
dummies, and, especially, the control of visi-

tors.

It is recommended that the vehicles be left on
the test bed for a longer length of time, at
least through D+1.

More attention should be given to the placement
of the Golden Bear dust-retardant on the layout
before the shot. In addition to covering the
surface in the upstream direction from the tar-
gev, it should be applied on the downstream
side as well to eliminate dust entering the
cameras field of view on the negative phase.
The film records would be greatly improved if
the dust-retardant was placed on the ground
underneath the vehicles themselves. 1In addi-
tion, the vehicles should be wet down with water
inside and outside late on D-1.
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APPENDIX A

BLAST CRITERIA
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c. prone, side-on; and d. standing,
front- or back-on to the blast.
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Direct Blast Injuries in Relation to
Overpressure and Ground Range from a
1-KT Nuclear Surface Burst at Sea Level,
Orientation to blast: a. prone,

b. proae,

side-on or standing,

against a reflecting surface.

-34 -

head-on;
and c.



- s o o ety B e

——— - - [ - [P A e i TG PLT L TR N A s AR D BT TL R Y

TABLE A-1

UNLOADING IMPACT VELOCITY FOR VARIOUS
G-RATED IMPACT-0-GRAPHS
IN RELATION TO INCIDENCE OF INJURIES

Impact-O-Grapho, Impact Velocity, Incidence of
g€ ft/sec? Injuries, %P

Lovelace Dummies:

800 28 g5
(2.5%
mortality)
200 17 50
40 8 5
10 5 (o}

Alderson Dummies:

800 18 70
400 14 40
140 10 11

40 6 <1

2 Based on the results of dropping dummies onto a concrete
slab with Impact-0-Graphs® in the thorax.

b Injury based on sheep impact study.
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TABLE A-2
BLAST DISPLACEMENT CRITERIA

' % Impact Velocity, ft/sec, Maximum Velocity, ft/sec, 1
: Probahility of for Normal Incidence for Decelerative
; Serious Injury, Against a Nonyielding, Tumbling Over
! Percent Flat Surface Open Terrain
‘.
; 1 6.5 (4.5-8.2) 28.8 (12.7-37.8)
. : 2.5 7.5 (5.4-9.2) 32.9 (16.7-41.4)
5 8.4 (6.3-10.1) 36.8 (21.1-44.8)
: 50 15.4 (13.5--17.3) 66.4 (58.2-82.9)
95 28.4 (24,8-34.7) 120 (91.8-268)
y = -2.384+6.211 log x y = -6.705+6.423 log x
y is the probability of injury in probit units.
x s the velocity.
95% confidence limits for the velocities are given
‘4 zarent™ es.
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APPENDIX B

U. S. ARMY WEAPON SYSTEMS
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Figure B--27.

Postshot View, Station 1, Dummy No. 1
in Driver's Compartment, M60 Tank.
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Station 3, 1109 Sel f-Propelled
7 and 8 View Toward the

TFigure B-29. Postshot View,
Fowitzer, Dumny Nos.
Rear of the Vehicle.
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Figure B-37. Station 1, M60 Main Battle Tank. Filtered acceleration
record for Dummy No. 2 in gunner's seat.
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Figure B-41.

Station 3, M109 Self-Propelled Howitzer. Filtered acceleration
record for Dummy No. 7 standing in gunner's position.
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Station 7, M110 Self-Propelled Howitzer. Acceleration rs-ord
for Dummy No. 45 in assistant gunner's seat, right side.
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TABLE B-1

REFERENCE POINT LOCATIONS—U. S. ARNY WEAPON SYSTEMS

T T P [y r— Ty s g -

Station Ground Raage,
No. Item Azimuth ft
1 M60 580.00
; Mzin Battle Tank 66%31°' 00"
: Camera 1 50°31° 38" 740.00
2 M551 Sheridan 55°06'11" 820.00
Camera 3 58°16'45" 820.00
K 8109 Self- 69°52' 18" 740.00
Propelled
F Howitzer
3 Camera 5 66°07°' 04" 742.00
4 Underground 64%19'54" 740.00
Command Post
5 M551 Sheridan 90 63°32'04" 820.00
3 61°09°'41" 820.00
Camera 8 65%°55°17" 820.00
6 M577 Communica- 72°18'59" 965 .00
; tions Van 71°07'32" 865.00
Camera 10 68%44°'13" 965 . 00
7 M110 Self- 67°21'29" 965 .00
Propelled 65°40°' 21" 965.00
Howitzer
] Camera 12 63°25'51" 965.00
e CLGP 64°07'43" 1950.00
Laser-Guided
Projectile
r Camera 13 6550 07" 1059.63
¢
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TABLE B-1—Continued

REFERENCE POINT LOCATIONS—U. S. ARMY WEAPON SYSTEKS

Station Ground Range,
No. Item Azimuth ft
9 XM204 62°19°' 09" 1112.00
Towed Howitzer
Camera 14 64°55'50" 1112.00
10 Forward 67°56°'36" 1370.00
Observer
12 M577 67°23'39" 1370.00
Communications
Van Deployed
Camera 15 68°48' 08" 1443.34
Camera 16 68°04'30" 1323. 64
14 XM198 73°23°'49" 2400.00
Towed Howitzer
Camera 18 71°50' 33" 2400.00
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TABLE B-2
BLAST EFFECTS ON DUMMIRS - U. S. ARMY WEAPON SYSTEMS
Dummy
Stati« ~O. Cusiy Preshot Location | Dummy Postshot Location { Condition of Nummy Pilm Analysis
. P
1 M6u Main Battle Tank 1t In driver's sect. Moved 3 in. to lsft in | No damsge to dummy. |No filw record.
580-ft range seat. Helmet strap loose.
43.4 pai overpressure Clothing torn at
right knee and
thigh.
2t In gunner's ssat. Same as ..~esho’ Hand | No damage to dummy -Ditto-
still on cratrol. or clothing.
——
118 In commnder s Same as prsshot. Haad No damage to dummy -Ditto-
seat, still on con’rol. or clothing.
3sh Prons on groand, Displaced 87 ft down- Soft portions torn -Ditto-
hsad-on adjacsnt strsam and 8 ft 68 in. off elbow and trunk
to M60, 12°'. to the right, right side. Right
kpee joint and left
ankle hent in ah-
normal direction.
Right hand bent.
Coveralls olown off.
. ———t
2 M551 Sheridan 3% ' In gunner's seat. Moved hack and right No damage to dummy Head moves forwurd
820-ft rangs in ssat, leaning over, or clothing. (toward GZ) @ 5 ft/sec,
132.7 psi ovsrprsssure head against azimuth obacured by dust aftsr
indicator. Left hand moving 1 in.
still nn control,
right arm down to
side.
4" In commander's Same as prsshot. Hand No damage. to dummy Head moves forward
seat. . still on control. or cloth-ag. (towerd GZ) @ 2 ft/assc,
ohacured hy dust after
moving 1 in.
38¢ Standing in open Displacsd 37 f¢t 9 in. No damage to dummy, |Dummy moves hackward
7.5 f. from left downsirsam, 3 in. tear &t col. (away from GZ), rotates
side of M551 lar. head-first, COM @ 34 ft/
sec, head @ 37 ft/ssc,
after 9 ft of travel COM
approximately initial
hsight above grovad.
37¢ Standing in open Displacuu 6 ft No damage to dumxy Obacured hy dust.

4 ft to rsar of MSSi.

or clothing.

P
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TABLE B-2 - CONTINUED
BLAST EFFECTS ON DUMMIRS - U. S. ARMY WEAPON SYSTEMS

Station

3 N109 Self-Propelled

Bowitzer
740-1t range
21.3-psi overpressure

4 Underground Command Post

740-1t range
31.3-psi overyressure

entryway.

Dumsy

No. Dummy Preshot Location | Dummy lMostshot Location | Condition of Cusmy File Analysis

7% | Standing, gunner's po- Leaning backwards at No damage to dummy Head moves forward
sition looking into 30 degree angls against | or clothing. (toward GZ) @ 3 ft/sec
sight. loading ram and chief for 2 in. thea head

of section. Feet in moves backward @ 1t

origiaal location. ft/sec with an impact
@ 43 in., hsad comes
to rest after moving
58 in.

L Standing, chief of Leaning hack against No damage to dusmmy Head moves forward
section in hack of rear wall, Peet in or clothing. (toward GZ) @ 3 ft/sec
gunnoer. original location. for 2 ic., then head

moves hackward @ 4

ft/sec with an impact

@ 19 in., head leaves

field-of-view :fter
| moving 33 in.

40° Standing in open 7.5 Displaced 5 ft 2 in. No dJamage to dummy Obscured hy dust.
to rear of MiO09. downst ream. or clothing.

14% | Standing 5 ft inside Against rear wall on Two-in.~1long 1la- Dummy moves backwerd,
and in line with floor. ceration under rotates feet first @
entryway of person- chin, 1 in. deep. 0.8 rev/sec, CCM at 18
nel chamber. ft/sec, feet impact on

rear wall after COM has
moved about 6 ft.

13* Standing 5 ft inside Fell forward, face- No damage to dummy Ohscured hy dust.
and to the left of down. or clothing.
entryway.

12% | Standing 10 ft inside | Same as preshot. No No damage to dummy | Obacured hy dust.
and to the left of movement . or clothing.
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TARLE

BLAST EFFECTS ON DUMMIES - V.

B-2 - CONTINUED

8. ARMY WEAPON SYSTENS

Dummy
Station No. Dummy Preshot Location | Dummy Postshot Location | Condition of Dummy Film Analysis

5 M551 Sheridan 90° 5k In gunner's seat. Moved in seat 6 in. to No damage to dummy Head moves to left
820-ft range the right and 3 in. or clothing. (toward GZ) @ 2 ft/sec
12.7-psi overpressure forward. Left band for 3 ia., then head

still on transverse moves to right @ 2

control. ft/sec for 3 in., then
head moven to left at
1 ft/sec before being
obscured by dust.

€% | Loader. Leaning over in seat No damage to dumamy | Movement obsersed but

asainst commander's or clothing. no good refereace for
step. the motion. No impact.

8 M577 Communications Van -0 In driver's seat. Same as preshot. No damage to dummy Head did not move for
965-ft range or clcthing. 25 msec. then obacured
9.2-psi overpressure by dust.

10* In commander's seat Leaning over in sgeat. No dimage to dummy Head moves to left
facing rear of or clothing. (toward GZ) @ 3 ft/sec
vehicle. for 5 in., then head

moves to right at 5
ft/sec for 20 ia. and
comea to rest.

7 M110 Self-Propelled 448 In gunner's seat, Same aa preshot. No damage to dummy Head moves to right
Bowitzer left side. or clothing. (away GZ) @ 8 ft/aec,
965-ft range obscured by duast after
9.2-psi overpressure moving 11 im.

458 In assistant gunner's 3ame as preshot. Ko damage to dummy Head did not move for
seat, rigbt side. or clothing. 43 maec, then obscured

by duat.

38°¢ Standing, facing Displaced 4 ft 8 in. Damage to soft por-| Head moves backward
GZ on the right downstream, face-down tiona of both (awny GZ) @ 15 ft/sec,
rear portion of on ground. hands. Lacera- obscured by duat after
¥110. tions: 2 in. rigbt moving 10 in.

shoulder, 3 in.
above left elbow.
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TABLE B-2 - CONTINUED
BLAST XFYECTS ON DUMMIES - U. 3. ARNY WEAPON SYSTEMS

o Wia W

eyl e -~

Station

Dusmy Preshot Locatioa

Dussry Postshot Location

Condition of Dummy

fils Analyatls

8 CLGP Laser-Guided
Projectile
1050-ft range
7.6-psi overpreasure

Standing 7.5 ft from
CLGP.

Dieplaced 11 ft 6 in.
downatream on bhack.

No damsage to dummy
or clotying.

Dusmy mcves backward
(away GZ), rotates
head first, COM & 17
ft/sec, bend € 28
ft/sec, aftar 3.3 ft
of travel COM approxi -
wmately initial leight
above ground.

9 XMI04 Towed Howitzer
1112-ft rsage
8.7-psi ovarpresaure

16¢

Standiong 3.5 ft from
XN204 .

Displaced ¢ 't 11 ia.
downstream on back.

Ko damage to dusmy
or clothing.

Dusmy movee backword
(away GZ), rotates head
first, COM @ 14 ft/sec,
head @ 19 ft/esec, after
4.2 1t of travel COM
approximately 1 ft be-
low initial kreight.

10 Forward Observer
1370-ft range
4.9-psi overpressure

178

Prone face-on to
ground zero.

Same as preshot.

No damage to dusmy
or clothing.

Head d1d pot sove for
=00 masec. then obscured
by dust.

12 377 Deployed
1370-ft range
4.9-psi overpressure

18¢

Standing beneath de-
ployed portion,

Displaced 8 ft down-
atream.

No damage to dusmy
or clothing.

Movesent observed but
no good reference for
the motion,

19¢

Seated at table be-
reath deployed por-
tion. Right side
to GZ.

Displaced 4 ft 2 in.

Soft material off
rig*t hand.

¥ovement observed but
ac good refercnce for
tae motion.

14 XM198 Towed Howitzer
2400-ft range
2.4-psi overpressure

41°¢

Standing io front of
XW189.

Displac2d 5 ft 1 in.
downstream.

No damage to dummy
or clothing.

Dummy moves backward
(avay GZ). rotates head
first, COM @ 1-2 ft/sec,
COM impacts ground @

'3 {t/sec, head impacts
ground & 21 ft/s~c.

lmp;ct-o—Graph-\Q" Unloaded

2 None.

h [FPLEI (PN

By 1oy
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TABLE B-3

ACCELERATIONS MEASURED INSIDE DUMMIES

U. S. ARNT WEAPON SYSTEMS

Peak g Peak g (Filtered Record)
Range,

Station 44 Dummy X-Axis | Y-Axia | Z-Axis X-Axis | Y-Axis | Z-Axis
wso 580 32 In gunner's seat 8 6 8 8 3.3 5
Mais sattle Tank
uss1 320 4 In cosmander's seat 2.5 3 S XD w ND
Sheridaa
109 740 7 Standing in guaner’'s 18 4 12 25 4 3.3
Self-Propelled position
Bowitzer

8 Standing, section 36 ND 14 40 ND 14
chief
uSS)1 a20 5 In gunner's seat 8 17 ! 10 7 i7 9
Sheridan 90° |
- T
w577 265 9 In driver's seat 2.5 3 $ 1.5 3 3.8
Communicstions Van
10 Io corsander's seat 5.5 4 4 S 4 3.5
M110 965 44 In gunner's seat 35 110 100 ND 120 90
Self-Propelled
Bowitzer
45 In aasistant gunner's 10 30 7C ND ND ND
szat

¥D - Indicates no data.
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APPENDIX C

ELECTRONIC EQUIPMENT SHELTERS
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RANGE, OVERPRESSURE,
ft psi
20 — s 2 s 6.6
|
5250 |y DO |
E 37— oarcie T
5280 @@'f;:ﬂ
' 30 3i
E- =000~ T 07/C26 28
E D@7 [] s280
; M 7
] @ Standing
' @ Seated
D Camera

Figure C-1. Layout of Electronic Equipment Shelters.
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Figure C-2. Dummies in Retrofit Shelter Viewed Through
Door, R1/C10, 1120-Ft Range.
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Figure C-3. Displacement vs Time, Dummy No. 26 Standing
in 5250 Retrofit Shelter R1/C10, 1120 ft.
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Figure C-4. Displacement vs Time, Dummy No. 27 Seated
in Retrofit Shelter Ri/C10, 1120 ft.
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- OUMMY & 28 =
2.25H051

308 tAec o

DISPLACEMENT, H

o 4 s 12 & 20 2¢ 28
FRAME NUMBER, 1

Figure C-5. Displacement vs Time, Dummy No. 28 Standing
in S280 Shelter 04/C16, 1370 ft.
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DISPLACEMENT, H

Figure C-6.

(] ' 1 § I 1 T— 1§ ' T l i ' h |
DUMMY @ 29
3.65H-0.57 & iben 7

388 t/sec -

. |
4 8 12 16 20 24 28

FRAME NUMBER, f

Displacement vs Time, Dummy No. 29
Seated in S280 Shelter 04/C16, 1370 ft.
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Figure C-7. Displacement vs Time, Dummy No. 30

Seated in S280 Shelter 07/C26, 2000 ft.
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Figure C-8. Displacement vs Time, Dummy No. 31 Standing
in S280 Shelter 07/C26, 2000 ft.
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Figure C-9.

Postshot View of Dummy Nos. 28 and 29, Shelter 04/C16
at 1370-Ft Range,
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30 and 31,
elter 07/C26,

Postshot View of Dummy Nos.
Electronic Equipment Sh

2000-Ft Range.

Figure C-11,.
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T2BLE C-1

BLAST EFFECTS ON DUMMTES INSIDE ELECTRONIC EQUIPMZNT SEELYERS

Siation

Dummy Preabot location

Dusemy Postshot Location

Condition of Dummy

Fila Analysis

8-250 Retrofit, R1/Cl0

1120-ft rangas

6.5-psi overpressurse

2¢*

Stending facing ground
zero 23 in. from up-
strean wall*; right
shoulder 8 in. from
front wall.

Lying on face feet
pointed toward grouad
zero.

o dsmage to dummy
or clothing.

Dummy moves forward
(toward GZ), hesd hits
wall @ 14 ft/sec aftsr
traveling 20 i{n., thea
dusmy moves backward,
head hits wall @ 12
ft/sec after traveliag
33 inm.

Seated between racks
facing ground zero,
47 in. from upstream
wall.

Remained seated tilted
:way from ground zero
at 47 degree angle
leaning agaiast rack.

Laceration 4 in.
in length ovsr
orbital ridge ex-
tending 1.5 in.
down both sides
of eyes into metal
skull, 3/4-in.-
laceration ovsr
bridge of nose
1/2 in. deep;
clothing intact.

Dusmy ucves forward
(toward GZ), bhead

hits shelf @ 11 ft/sec
after traveling 20 ia.,
then dummy movss back-
ward and returns o
chuir, back hits chair
@ 168 ft/sec, chair tilts
backward, bead 17 N
behind original posi-
tion, thea Guamy moves
forward, head hits
shelf @ 8 ft/sec aftsr
traveling 23 in., then
duxmy moves baskward
axd resits ip chair,
back bits chair @ 7

1t /sec.

3-280, 04/C1is
1370-1t range

4. 7-pal overpressure

20*

Standing, facipg and
18 in. from instru-
ment panel; left
shoulder 25 iu. from
upstream wall.

Sittiag, head lsan-
ing againet down-
strean wall feet
torard ground zero.

Three lacerations
down back of hwad:
0.7¢ ic.4, 0.25

in. deep; 1.0 in.2,
0.28% in. deep;

9.75 1n.2, 0.50 in.
deep. 1.0-in.-long
laceration on right
shoulder; tear in
blouse over righy
shoulder.

Head moves to lsft
(toward GZ) @ 10 ft/sec,
obscured by dust after
wmoving 6 in.

29D

Seated, facing grouand
sero 30 in. from up-
stream wvall®*; right
shoulder 27 in.

from instrument panel.

Lying on back dowan
on floor, etill in
chair.

Pour-in.-long, V-
shaped laceration
on left sids of
face. Clotbing
torn over both
kneee.

dead moves forward
(toward GL) @ 5 ft/sec,
obscured by dust after
moving 3 in.
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TABLE C-1 - CONTINUED
INSIDE ELECTRONIC EQUIPMENT SEELTERS

BLAST EFFECTS ON DUMMIRE

Station

Dusmy Presbot Lccation

Durwy Postshot lLocation

Condition of Dummy

Film Anslysis

5-280, 07/Ca6
2000-ft range
2.8-psi overpressure

ag¢c

Seated, facing ground
zero 32 in. from up-
stream wall®; right
shculder 25 in. from
instrument panel.

Seated upright in
chair ian preshot
position; chair
slid 0.75 inm.
downstreasm.

No damage to dummy
or to clothing.

Head moved forward
(toward GZ) @ 4 ft/sec
for 5 in. (no impact),
then head moved back-
ward @ 4 ft/sec for 20
ia. (o impact), theo
head woved forward and
came to rest within 0.4
in. of original positioa

n°

Standing, facing and
10 in. froa iastru-
weat panel; left
shculder 33 in. froa
upstreans wall.

Standing, leaning
neck against in-
strusent pansl.
Foot 4 in. down-
stream of preshot
location.

No damage to dummy
or to clothing.

Head moved to left
{(toward GZ) @ 6 ft/sec
for 9 in. (mo impact),
then head woved to
right @ 7 ft/gec f{or
19 ia. (no impact), thea
hea 3oved to lsft and
cam to rest 10 in. toc
right of original po-
sition.

I1apact-0-Graphe® paloaded:
% moth 10g.
% one 10g.

€ Nome.

* Neasured to ceater of truak.
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FOREIGN VEHICLE
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820 127

@ Seated
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Figure D-1, BRL/Foreign Vehicle Layout Drawing.
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Figure D-3. Dummy No. 32 Seated Inside Troop Compartment and Dummy No. 33 in
: Commander's Position Viewed from Back Dcor Preshot.

o o e

N Gadinshll e W LTy TR TR e © e e e
e o R e e L T ; v d



-5 T T T T T T T T T T
-1 ™ ineh
4 DUMMY # 32 S B
465 H~0.7511
z 5| 377 f/3ec _
-
=z
vl
EJ -2 = ~—d
;’ o
=l =
€.0N/sec
OR a9 traec Final Pesition;  \ |
1.8 inch
18 tyn ot 15289 —
) L— 0% | 1 i \ ] 1 I 1 |
o 80 100 130 200 2%0
FRAME NUMBER, f
Figure D-4. Displacement vs Time, Dummy No. 32 Seated
in Troop Compartment, Armored Infantry
Fighting Vehicle GON, 820 ft.
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APPENDIX E

DRONE HELICOPIER
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Figure E-1. BRL/Drone Helicopter Layout Drawing.
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DUMMY # 39 =

3.04H =051
407 (/sec

Final Position:
0.4 Inch —
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Figure E-3. Displacement vs Time, Dummy No. 39 Seated in
Drone Helicopter, 2750 ft.
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TABLE E-1

BLAST EFFECTS ON DUMNY IN DRONE HELICOPTER

P T R

cr3 e

Dusmy Preshot Location

Dummy Postshot Location

Condition of Dummy

Film Analysis

/XELO

(Left Side to Ground
Zaro)

2750-ft range
2.5-psi overpressure

Seated, left front
seat. Seat belt
Sarness attached.

Same as preshot.

Five scgﬁtches on
helmet. No damage
to dusmy or to
clothing.

Head moves to left
(toward GZ) @ 4 ft/sec
for 2 in., then head
moves to right @ 2
ft/sec for 1 in., then
head moves to left and
comes to rast withic
0.5 in. of original
position.

a anct.-O—Gmh' not unlcaded.

b Small window ia ceiling blown in by blast.

Helicopter bearing 288°54°'0S".
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12. DICE THROW OFF-SITE BLAST
PREDICTIONS AND MEASUREMENTS

by.
s*. Reed
Sands. ..aromatories,
Environmental Resesrch Division
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“DICE THROW - OFF~SITE BLAST PREDICTIONS AND MEASUREMENTS"*

Final Report on Experiment No, 122

Jack W, Reed
Environmental Research Division
Sandia Laboratories
Albuquerque, New Mexico

ABSTRACT

Predictions and measurements of distant propagations were
made of airblasts from Project DICE THROW, including two Pre-
DICE THROW events. The purpose was to identify, controcl, and
document the cff-site environmental impact from these large
explosions. A weather-watch was maintained, using special
meteorological observations, to assure that atmospheric
acoustic refraction would not cause significant nuisance
damage or hazard to surrounding communities. Weak propaga-
tion conditions prevailed during the two Pre-DICE THROW events.
A moderately strong propagation directed toward the southeast
from DICE THROW caused some disturbance in Tularosa and
Alamogordoc but no damage claims were submitted.

*This work was jointly supported by the Energy Research and
Development Administration and the Department of Defense
Nuclear Agency.
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INTRODUCTION

At the request of the Defense Nuclear Agency Field Command,
Sandia iaboratories evaluated the potential for Project DICE
THROW airblasts to hazard, damage, or irritate communitics
surrounding White Sands Missile Range XWSMR). Preliminary
evaluations showed that under particular weather conditions,
the nuisance damage threshold, often assumed to be near 400-Pa
peak-to-peak pressure amplitude, could extend 80 km from the
two Pre-DICE THROW calibration shots and over 135 km from the
final DICE THROW event. Considering the exposed nopulations,
it appeared that windows could be broken as far away as
Albuguerque.

A weather-watch was instituted to determine what propaaa-
tions could be exnected at shot time and provide for delays
in case such extreme conditions were encountered. Microbaro-
graph pressure measurements were made in various communities
to document the actual wave passage, for use in verification
of predictions as well as validation or rejection of any
damage claims that resulted.

As it turned out there were no atmospheric propagation
prcblems associated with either calibration event, and only a
moderately focused wave was ducted toward Tularosa and
Alamogordo from DICE THROW. There may have been some minor
damages from this final blast, but no serious claims were

made.

Several smaller tasks were also pertormed for tihs piro-
ject. A dratt knvironmental fmpact aAsscssment |1 was
revicwec and corrected.  Sate separaticn distances ana
altitudes were estimated tor project facilities and partici-
pating aircratt. Plinaily, consultant service was provided

tor evatuatina several damage claims that resulted from an
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associated experiment with 1200 pounds (540 kg) of high-
explosives (HE) at Kirtland AFB on March 25, 1975.

SHOT DESCRIPTIONS

Pre-DICE THROW I was a 100-ton (91 Mg) TNT sphere, on
and tangent to the ground surface, fired at 1100 MDT (17002),
August 12, 1975. This explosion ground zero {Gl) was located
about 2 km south of the WSNR "Queen 15" Station and 46 km NW
of Tularosa, NM.

Pre-DICE THROW II was a 120-ton (109 Mg) ANFO (ammonium
nitrate and fuel oil slurry) surface tangent sphere, fired at
1200 MDT (18002), September 22, 1975, at a point just east from
the previous calibration shot. It was tested to verify that
120~-ton ANFO was indeed the equivalent blast generator to
100~ton TNT.

DICE THROW was a 600-ton (344 Mg) ANFO surface tangent
sphere, fired at 0800 MDT (1400Z), October 6, 1976. The GZ was
located about 5 km west of Trinity Site, thus 56 km SE from
Socorro, NM. Various measurements [2] showed that it well
simulated the intermediate and distant blast wave phenomena
expected from a source of l-kt NE (nuclear explosion, 4,2TJ)
surface burst, or 2-kt NE free-air burst.

DISTANT AIRBLAST PREDICTIONS

Sound or blast waves may be distorted by atmospheric
temperature and wind strata. Sound rays are bant away from
(toward) ground while passing through layers where sound
velocity decreases (increases) with altitude. Sound velocity,
a vector, is made up of isotropic sound speed, dependent on
temperature, plus a directed wind component. 1In general, if
a Jdirected sound velocity at altitude is greater than at
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ground level, there will be acoustic ducting or trapping that
may considerably amplify airblast ovarpressures or acoustic
amplitudes, ahove the levels expected from purely spherical

(or hemispherical) wave expansion. On the other hand, with

a etrong gradient of sound velocity with height, much red iced
pressures are observed along the ground. More details are
available from many sources, a recent one being a Sandia report
for Project MIXED COMPANY [3], and will not be repeated here.

Various studies have led to a statistlical estimator for
window damage as a function of airblast overpressure [4].
Simply stated, Ap(50) = 7.5 x (2.5)2'kpa, or 50 percent ot
typical window panes are broken by an incident overpressure,
Ap, of 7.5 kPa, with a lognormal uistribution of failure
occurrenczs and a geometric standard deviation factor of 2.5.
Also zssumed in damage estimation was an average of 19 window
panes per person in a community [S]. Standard explosion
wver. =2ssure versus distance relations [6] were scaled to
yields of calibration shots and DICE THROW as shown in Figure
1l and 2, respectively. Test results have been included for
later discussion. Magnifications of 3X for atmospheric
boundary layer inversion propagations and 5X for atmospheric
focusing were assumed, along with an increased amplitude decay
with distance for gradient conditions, for estimating possible
w’=%.. dar :z to neighboring communities shown in Table I.

Predictions for calibiration shots showed thal damage levels
from airblar’ focusing on several communities ougnt to be
avoided, 1le .aeighborhood opposition be generated against
the much larger final event.. Thoe necaessary weather restiaic-
tion was slight, because such focusing at 50-km o 10U-km
ranges is associated with iet stream winds alott that are
relatively infrequent at this latitude, even in mid-winter.
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Table I. Predicted Window Damages with Various Airblast Propagations

City: Al amogordo Tularosa Carrizozo Socorro Albuguerque
Population (1970): 23, 035 2,851 1,123 4,687 270,000

Atmospheric Propagation Type

Pre-DICE THROW I, 1II

-l -

; Distance (km) : 56 47 56 91 --

1 Broken Panes

: Gradient 0 [4] 0 0 0
Standard 0 0 0 0 0

f Inversion 1l 1 0 0 0
Focusing 7 11 2 1 0
DICE THROW

: Distance (km): 100 81 60 53 158

f Broken Panes
Gradient 0 0 0 0 0
Standard 0 0 ¢ 1 1
Inversion 0 1 1 13 17
Focusing 38 6 5 51 70




DICE THROW predictions caused more concern in that low

, level inversion or down-wind propagations could cause aumerou;y
t _ complaints and claims from both Socorro and Albuquerque. J‘
' Lower pressures at the longer range to Albuquergue than to
Socorro were counteracted in this damage estimate by the
much larger exposed population in Albuquerque. Climatic
weather patterns, with south and southwest winds, made delays
; ‘ for weather quite likely, even with mid-day firing and near
maximum surface temperatures. Late in field test preparations
it was found that at mid-day, very low frequercy (VLF) radio
1 noise caused great difficulty with electrical grounding of
i various experiment. recording systems, and an 0800 MDT shot
' time was established. That made a strcng suriace temperature
inversion likely, with enhanced airblast propagation. As it
turrnied out, this project was very lucky and no delays were
neceded.

OPERATING PLAN

A blast prediction service was chartered, as Experiment
F Number 122, which used special WSMR weather observations to
establish whether enhanced airblast propagation conditions
were occurring toward any of the surrounding communities.
1 Results were relayed to the Test Group Director for considera-
: tion in making final firing decisions.

Airblast measurements were made in vulnerable communities
to verify predictions and provide bases for validating or
1 rejecting any damage claims that arose. Calibration shots were
monitored by pressure gages at Oscuro, Carrizozo, Tularosa,
and Alamogordo, connected by radio-telemetry (TM) link to a
recording van at D-7 Site, near the test control center. There
were problems with line-of-sight TM communications for the
DICE THRCW plan, so it was monitored by manned microbarograph

(MB) units located at Stallion $ite, Uocorro, Carlizuzo,

.
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Tularosa, and Alamogordo. These mobile MB units could be
moved to more vulnerable locations if warranted by D-1 day
weather forecasts.

Meteorological observations were provided by AVCO, a WSMR
contractor. A mobile rawinsonde weatber balloon facility was
operated at SW.70 Site, 5 km southw:st of Queen-15, for pre-
DICE THROW events. A permanent rawinsonde station at Stallion
Site was used for DICE THROW, 19 km north of the test but
with a clear view of it over flat terrain, so that representa-
tive weather dara were assured. A regular balloon ascension
is made at WSMR, near the Small Missile Range, daily at 12002
(0600 MDT) on the international synoptic schedule, and results
were made available for early morning planning. For calibra-
tion shots, special ascensions from SW.70 were made at H-2.5,
H-1, and H hours. Special DICE THROW ascensions from Stailion
Site were scheduled for H-4, H-2, H-1] and H hours.

AIRCRAFT SAFE SEPARATION

Explosion wave scaling laws, including the shock streagth
dependence on ambient pressure at altitude, were used to
derive isobar cross-sections in Ficure 3 for the two yields.
Lignt aircraft and helicopters are safe from 0.2 psi (1.4 kPa)
incident overpressures, although an added safety factour of
2 is often employed for aircraft positioning in association
with explosion tests [7]. More substantial jet transports
and bombers are safe from 0.5 psi (3.5 kPa), while fighters
are safe from 2 psi (14 kPa).

RISULTS

Pre-DICE THROW I:

Distant propagations were expected and verified to be
quite weak, so that no disturbance was created among the WSMR
neighbors. Rawinsonde measurements, for blast prediction
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calculations, are listed in Table II for both 8/11/75 (dry

run) and 3/12/75 (live run). On Monday (8/11) there was a
layer of northerly winds at 2.7-3.6 km MSL (above mean sea
level) that would have ducted, and possibly focused, relatively
strong airblasts toward Tularosa and Alamogordo.

On test day (8/12) there was never any indication of
blast ducting toward either NE or SE directions of concern,
after the night-time temperature inversion had been destroyed
by solar heating. Sound velocity versus height functicns
from pre-test (H-2.5, H-1 hours) and shot time (1100 MDT)
scundings are shown toward NE in Figure 4 and toward SE in
Fiqgur= 5. The strong gradient of sound velocity toward NE
was expected tc give relatively weak propagations in that
direction. Toward SE, less upward blast refraction was expected
because of an inversion at 2.1-2.6 km MSL, but no strong blast

ould be refracted into the surface high velocity layer.

Recorder traces from the TM gage network are reproduced
in Figure 6., with numerical results shown in Table III. The
microbarograph at Carrizozo disagreed with the TM amplitude,
but both weak signals were difficult to distinguish from ambient
noise. This discrepancy was not significant. Peak amplitudes
were shown in Figure 1 for comparison with various prediction
curves. Propaaations toward NE, to Oscuro and Carrizozo, were
indeed as expuvcted from the strong gradient shown in Figure 4.
Stronger SE propagations toward Tularosa and Alamcgordo,
resulted from the weaker overall gradient of Figure 5, as could

well be expected.

In summary, p:edic..ons, measurements, and off-site

protect.on .rom nuisance airblasts were all successful.
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TARLFE II. PRE-DICE THROW 3 RAWINSONDE UPPLR AIR REPORTS

Tewperatuses (K); Winds (dcg./nn°l)
shot Time Surface Pressure: 6.75 kPa

8/11/75. DRY RN 8/12/75, LU IUN
1500 1650 18.5 TZan 1555 1377 (r---
= W T W T T T i = & -

Surface 1.341 295.2 CALM 299.5 180/8.7 { 301.2 190/7.2 | 22%.1 138%/3.1 | 262.0 1rcsell 2016 ozt
1.524 234.6  380/5.1 | 296.9 1%0/6.7 ] 277.9 200/6.2 | z23 5  180/3.6 § 296.1 17%5/4.14 239.9 I3
1.82% 293.1 185.9.3 293.8 190/7.2 295.1 200/6.% 293.7 185/4.1 222.5 1R%,5.1 1 295.2 1’-/7.2§
2.134 290.5 185/7.7 | 290.8  190/7.7 | 2°2.4 190/6.7 | 279.%  199/4.1 | 280.3  XF3/6.2 ) 22P.3 If.70.7|
2.438 28E.€  1on/5.) | 288.2 240/7.2 | 289.4 160/G.2 | 235.8 zars41l | 2303 1eas4.n I, Litgalr
2.742 276€.6  245/2.5 | 285.9  020/7.7 | 287.2 iSc/3.1 } 255.%  255G/4.1 1 3403 2297300 ) 2Lt iTst.
3.048 284.5  32%/3.1 284.8  035/4.6 | 285.5 03ty/3.1 | 274,09 279/5.7 ) 234.2 z3%/5.%1 | zf4ld 277 5.¢
3.6€58 281.2 (040/6.7 | 280.5 015/4.1 | 281i.0 040/4.1 | 279.8  z20/4.1 | 27?.4%4  26%/3.1| 282.3 ?20/%.%
4.267 278.1 080/6.7 | 276.3 050/2.1 | 276.8 C65/4.1 | 275.3 {75/2.6 | z74.2  133/I.0727€.0 111/ 1.3
£.877 274.4  0€0/4.6 | 274.1 095/2.6 | 274.8 045/4.1 | 27¢.2 680/6.2 | 270.4 45/6.2 b 27003 127/2.¢
S.486 270.4  050/3.6 | 270.1 040/5.7 | 270.6 050/6.2 | 262.2 2°0/2.1 | 257.0  3i0/4.i | 266.6 G os2a
6.095% 266.3 055/6.2 | 265.6 05n/6.2 | 266.6 050/6.7 } 2621.5  148/z.1 | 263.1  070/2.6 | 263.2 $22/5.:

*Creerwich Ti~e (Z) - § hoars = Mountain Paylicht Savinas Time (MDT)
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TABLE III. PRE-DICE THROW I
Off-Site Airblast Measurements

Arrival Arrival Velocity Pregssure Amplitude

Station Gage Distance (m) Time (sec) (m/s) (ft/sec) (pascals) {psi)
Oscuro ™ 31,176 88.33 353 1158 26.3 0.00382
Carrizozo ™ 52,920 157.87 335 1100 10.4- 0.00151
MB 148.5 356 © 1169 5.8 0.000848
Tularosa T™ 46,080 133.14 346 1136 43.6 0.00633
Alamogordo ™ 66,240 196.90 336 1104 38.2 0.00554
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Pre-DICE THROW II:

Distant propagations were again expected'and verified
to be relatively weak, so that no significant disturbance was
created among the WSMR neighbors.

Meteorological observations of rawinsonde ascensions are
listed in Table IV, as used in blast prediction calculations.
During the final dry run on 9/21/75 a layer of moderate
westerly winds at 3.7-4.9 km MSL would have ducted, and
possibly focused, relatively strong airblasts toward Oscuro
and Carrizozc.

On the test date there was no indication of blast ducting
toward either NE or SE directions of concern, after the sun
had destroyed a night-time surface temperature inversion. Sound
velocities versus height at 1200 MDT are shown in Figures 7 and
8, for dry run and event days, respectively. On shot day a
strong sound velocity gradient in both directions was expected
to give relatively weak propagations at all off-site airblast
measurement sites.

Recorded wave data are listed in Table V. Figure 9 shows
the weak waves recorded at Oscuro, with an indication of back-
ground wind noise levels. In general, amplitudes over about
10 Pa can be heard, but more than 100 Pa is usually required
to get people's attention and start them to complaining. At
400 Pa window breakage becomes likely.

Figures 10 and 11 show recordings at Carrizozo, by micro-
barograph and the telemetered blast gages, respectively. Wind
noise was better filtered by the microbarograph, which has only
30-Hz high frequency response capability, while blast gages
respond to about 2 kHz. A discrepancy in timing and general
wave appearance cannot be explained:; the two sensors were

T e T
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TABLE IV. PRE-DICE THROW II RAWINSONDE UPPER AIR REPORTS
Tenmperature (K): Winds (deg./ms-l)
Shot Time Surface Pressure: B87.65 kPa
DAY 9/21/75, DRY RUN 9/22/75, LIVE RN
TIME (2)* 1530 1800 1540 1780 ._L_f 1320 {Shssd

Tonrerature’wind T W T W T W T b T w j
ALTITUDE MSL (km) ; !
Surface 1. 341 288.3 350/10.3 290.7 360/10.3 287.3 162/1.5 239.6 CALN 232.2 0290,4.6 %

1.524 2%6.7 360/12.4 287.9 010/11.3 284.3 045/i.0 287.7 235/4.1 29¢C.4 03C/&.7

1.823 283.3 015/15.4 285.2 020/11.3 282.5 010/5.7 284.7 046G/7.2 237.3 63c/6.2
2.134 283.8 015/11.3 282.3 010/10.8 280.5 925/2.3 233.1 “55/8.3 2482 £25/4.¢ !

2.438 283.1 360/6.7 281.4 355/7.7 278.4 040/11.8 280.5 045/8.8 22.1 812/3.¢

2.743 281.0 350/10.3 280.6 355/5.1 276.5 045/11.8 278.2 053/3.8 277.7 t308/45.4

3.048 278.8 345/9.3 278.8 250/3.1 274.5 08G6/10.3 276.0 €55/8.2 276.3 353/4.0

3.658 2°7.5 300/8.8 274.1 265/7.7 272.2 050/8.8 272.4 055/8.2 273.4 €55/5.1

4.2€7 271.8 280/8.2 271.1 285/8.2 271.5 625/5.7 271.3 C45/3.2 274.2 SI5/T.T

4.877 267.1 285/9.3 266.2 275/16.5 267.5  015/5.1 267.9 €30/7.2 69.3 $18/7.%

5.486 262.3 275/16.0 263.0 29G/17.0 263.3 355/2.8 263.4 355/7.2 | 2h4.3 2150/7.7

6.096 260.7 300/12.9 259.5 300/19.6 259.4 345/9.3 259.1 325/7.2 i 252.4 3:8/7.7

*Greenwich Time (2) - 6 hours = Mountain Daylight Time (MDT)
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Figure 7. Pre-DICE THROW 11 Dry Run Sound Velocities at 1200 MDT, 9/21/75.
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PRE-DICE THROW II
Off-Site Airblast Measuremants

TABLE V.

T T Ly AT e ey ey

- v o

Distance Arrival Arrival Velocity Pressure Amplitude

Station Gage Time (sec) (ft/sec) (pascals) (psi)
™ 1100 14.96 0.00217
Carrizozo ™ 1052 12.69 0.00184
1027 8.13 0.00118
Tularosa T™ 1043 13.17 0.00191
Alamogordo ™ Recording failure; Moderate rumbles and echoes.

B et A 0 2

-T2~



PRESSURE (pascals)

-22-

" Wave Propagated

/to6.1km

é

— (), 20
(psi)

0. 0010

sursceve 1| |f
b Peak to-Peak

0 bt i b | Amplltude 14.96 Pa
| '- = 0. 0000

| . I i )
90 95 100

TIME (s)

Figure 9. Pressure Gage Record, Pre-DICE THROW |1,

at Oscuro, New Mexico, 31.1 km Range.
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co-located, side-by-side, so there should have been better

ayreement. The TM timing was from the IRIG standard, while

the MB set used a radio receiver on WWVB, world time trans-
' mitted from Boulder, Colorado.

There also was trouble with the Alamogordo TM record.
A paper record made on-site at blast time showed only an
extremely we=ak, possible signal from Alamogordo, but the
channel did appear to have been energized. There was no
indication of the easily audible signal that was reported
by our technician at the gage si:e. There was a mix-up in
cape channel identifications that. we have not heen able to
correct to allow further playbacks.

On the other hand, ray path calculation. have been made
from shot time meteorological datx that showed arrival times
that were consistent within aboat 1 second for the Oscuro,
Tularosa, and Carrizozo MB signals, as reported herein. Ray
calculations for Pre-DICE THROW I had also confirmed arrivals
from that event where Carriznzo TM and MB recnrds were in
disagreement, but the MB operation was suspec. in that case.
Previous comparison tests Letween TM and MB systems had not
found such troubles.

The Tularosa record is shown in Fiqure 12, although this
was made from a digitized playback of the Alamogordo-labelled
tape track. In consequence, because of the uncertainty about
which gage calibration was appropriate, reported amplitudes for
Tularosa may be low by a factor of two. This would extrapolate
f-om 26 Pa at Tularosa to abow. 13 Pa at the distance of Alamo-
gorde, and exrlain the reported easy andibility, where half
that amplitude probably would not.

amplitude and distance lata were shown in Figure 1, in com-
parigcon with prediction curves for various atimospheric propagation

. . o a ew e s F -
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Figure 12, Pressure Gage Record, Pre-DICE THROW 11, at Tularosa, New Mexico, 46 km Range.
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conditions. Clearly, these records show correct magnitudes

for gradient propagations, as determined by meteorological
input. That plot also showed that the Carrizozo MB amplitude
was in better agreement (pressure-distance decay rate) with

the Oscuro amplitude, on nearly the same azimuth, than was

the Carrizozo TM recording. Greater propagation strength
toward the SE direction may be qualitatively explained by

the presence of an upper sound velocity inversion at 3.7-4.3 km
MSL for the 140° azimuth in Figure 8.

Most ¢f these details are of little practical importance
to test operations, as they deal with problems of working in
a low signal-to-noise environment. The important conclusion,
is, of course, that recorded signals were weak, as predicted
from the weather-watch. If this event had been fired just
24 hours earlier, without weather and blast prediction services,
amplitudes at Oscuro and Carrizozo could have been as much as
50 to 100 times greater and caused some window breaking and
public relations problems,

DICE THROW:

The schedule for weather balioon observing and blast pre-
diction calculation was exercised during the FPFF (full power,
full frequency) dry run on 10/4/76. On shot day, 10/6/76,
balloon observations were made on schedule with all results
shown in Table Vi. There was indeed a 2.0-2.5 K surface
temperature inversion, that remained from night-time cooling.
Predictions on D-2 days for a southeasterly low level (2-3 km)
atmospheric circulation did not materialize, because z low
pressure wave had developed on an approaching polar front in
Colorado. Instead, general northwesterly circulaticn persisted
throughout the entire period from D-3 days. In result, Tularosa
and Al mogordo were threatened with relatively strong blast
waves, rather than Socorro and Albuquerque.
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:i TABLE VI. OICE THROW RAWINSONDE UPPER AIR REPORTS
Températures (K); Winds (deg/ms 1)

3

{ shot Time Surface Pressures: B84.98kPa @ Stallion Site; estimated 85.63kFa @ DICE THROW (1442m MSL)

1

DAY 10/4/76, DRY RUN 10/6/76, LIVE RUN
TIME (=2)* 1300 1500 1000 1200 1259 1400 fzZhot)

- Tamperature/wWind T W T W T W T W T W T W

. ALTITUDE MSL (km)

f Surface 1.506 ] 281.6 CALM 228.2 330/6.7 284.1 200/?.1 282.8 CALM 282.9 2139/5.1 2R2.9 200/2.1 :,

:! 1.829 ] 283.4 350/8.8 285.7 355/8.8 286.1 235/11.3 }283.0 235/7.2 285.4 230/5.1 225.1 230/7.2 1’
2.1341281.4 350/10.3 {283.2 0025/8.2 286.0 260/10.3 {283.2 270/7.7 225.8 270/%.1 283,46 289/6.2
2.4381 279.0 34¢/8.8 280.6 360/7.7 283.2 290/10.3 §281.4 395/€.2 283.2 270/8.8 203, 325/7.7
2.743)276.5 325/6.7 |278.3 330/5.7 |280.8 295/9.8 ]279.0 3190/9.8 280.8 3IC5/1n.8 t281.2 210/10.3
3.048 1 274.3 290/4.6 275.7 310/4.6 278.2 295/9.3 276.4 1300/12.4) 278.3 320/9.3 278.7 220/14.8

3 3.658 4§ 2¢3.4 250/7.2 271.1 295/6.7 272.8 300/13.4 j272.3 305/13.2 ] 274.8 310/8.2 275.2 3i5/11.32
4.267 1 26C.0 250/10.3 ] 266.4 295/7.2 269.2 315/16.0 {270.4 305/15.4 ) 272.3 320/14.9 }272.2 310/15.%
4.877 ) 259.5 27¢/10.8 ) 261.5 300/8.2 269.2 320/16.0 §267.0 305/9.8 2658.3 36S5/18.5 }z68.6 210/19.0C
5.486 | 256.9 290)10.3 256.9 310/8.2 263.7 320/18.0 |263.1 310/19.6 | 263.5 305/19.C }263.% 310/19.0
6.096 ] 251.5 305/8.8 252.0 320/190.3 257.2 315/20.1 | 258.8 305/20.1 |258.5 310/22.1
7.c10 254.0 29/21.6 29400 315722..7
7.620 37.2  210/724.2 1245001 31572106

*Sroeanwich Time (2Y - 6 hours = Mountain Daylight Time (MDT)
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Figure 13 shows the sound velocity versus height structures
' at shot time toward the 095° azimuth of Carrizozo and 140°,
: between Tularosa and Alamogordo. There were only minor varia-
; tions from the H-4 hour scunding and predictions relayed to
! the Test Group Director during the count-down. The Carrizozo
j curve showed a strong inversgion ducting layer to 2.1 km MSL,
; buc it did not extend above the Oscuro Peaks (2.4-2.7 km MSL),
80 they provided some protection. The high sound velocity
at 5.2 km MSL apparently helped propagate a moderate strength
wave into Carrizozo.

Tularosa and Alamogordo were nearly downwind from Gz, and
on the 140° azimuth sound velc~ities increased to a maximum
at 5.2 km MSL. There was a strong surface inversion to carry
a wave southeast tihirough Mockingbird Gap, as well as a complex
ducting structure between 2.7 km and 4.3 km MSL that could
cause distant blast focusing. Detailed acoustic ray calculations
showed a caustic ring about 10 km short of the distance to
Tularosa. Experience has shown that this focal range can only
be predicted within several kilometers. Therefore, predictions
were made that a few windows could be broken in both Tularosa
and Alamogordo, but the . robability of dozens being broken was
quite small, depending on just whe:e the focus or caustic wave
might strike.

Eai s ade Saiah o us S iun ol ot £ doa ok anl - i

Propagation toward ''ruth or Consequences, NM, shown by
Figure 14, was slightly ducted below 2.4 km MSI, but little
energy could be trapped by the 0.15 m/8 excess sound velocity
at that height. This was not of sufficient concern to warrant
moving a microbarograph to that community.

T e

Propagation toward 320° azimuth, toward Stallion Site and
Bocorro, was minimized by z strong gradient of sound velocity
with height. The averaged sound velocity gradient from 1.8 km
MSL was -7.6 x 1075 3-1, compared to the calm standard
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atmosphere gradient of -4 x 10™° & (0.0065 K/m). Thus, minimized

propagation was expected for that direction.

Surface weather conditions at Stallion Weather Station
(1506 m MSL) were not the same as at DICE THROW GZ (1442 m MSL).
This elevation difference was used to estimate GZ ambient air
pressure from the Stallion barometer reading given in Table VI.

Reproductions of MB recordings at the five measurement
locations are shown in Figures 15-17. Numerical data are listed
in Table VII. Each recorder was operated with two pens with
set ranges that differed by a factor of four, as shown by
Figure 16 and 17. I1f a signal was weaker than expected it
could still be accurately measured from the "High Sensitivity
A-Per". If the signal exceeded expectations it was contained
by the scale of the "Low Sensitivity B-Pen". Timing marks
were made by a side-marking pen connected to a radio receiver
on WWVB.

The Stallion signal consisted of a severely damped explo-
sion waveforn, from gradient propagation, tollowed by two
sinusoidal) ~vcles of similar frequency. There were several
later cycles of much weaker echo waves that were not reproduced
for this report. The 8-Hz oscillations which were superimposed
on the fundamental waves probably resulted from weak temperature
inversion ducting in the boundary layer which was almost, but
not quite, overcome by wind effects, as was shown in Figure 14,

The Socorro record posed a problem with the late arrival
time. The first indication of noise came at 159 s, in rcugh
accord with the wave speed determined en route at Stallion.
The largest amplitude wave came 50 8 later but there w~as no
possible acoustic ray path for this propagation. Ray path
analysis has shown this wave probably was a collection of
scattered compressions from the proper acoustic wave passing
w—-7€¢ 9 km MSL.
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Fiqure 15,
Project DICE THROW Micrabarograph Records
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Figure 17.
Project DICE THROW Microbarograph Records
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At Carrizo:o the record showed two cycles of damped
sinusoidal oscillation much as could be expected. Oscuro
Peaks blocked any strong inversion propagation indicated by
the weather data, but diffraction over Oscuro Peak appears
to have been facilitated by high sound velocities up to 5.2 km
MSL. Other experience has shown that mountain shielding may
attenuate blast amplitudes by about a factor of two at long
ranges.

Strong propagations, predicted for Tularosa and Alamogordo,
were verified by recordings shown in Figures 16 and 17, respec-
tively. The Tularosa wave went off-scale on the sensitive A-Pen
but was containcd by the less sensitive B-Pen recording. There
does not appear to be any sign of strong magnification with a
pressure spike, caused by the complex upper level ducting layer.
Thus there probably was no focus or caustic that struck any
part of that small town. The recorded signal with 370-Pa
amplitude was noisy, easily heard, and approached the 400-Pe
rule-of-thumb threshold for window-breaking waves. According
to our station operator this blast wave set off a burglar alarm
in a building near our sensor. Also, one resident informed him
that the blast had caused a crack in his plastered wall, but
he probably would not take any claims action.

The Alamogordo recording was also driven off-scale on the
sensitive A-Pen, but a complete record was made by the B-Pen.
The amplitude of 390 Pa was slightly higher than that recorded
at Tularosa. This blast was loud at the station but our
operator reported no sounds of breaking glass. A personal
report from a Holloman Air Weather Service contact also reported
that considerable house rattling was heard indoors but there
was no damage, and little disturbance noted by children playing
outdoors. This recorded wave amplitude could indeed be expected
to break a few windows in so large a population (24,000 people,

_——matin  dt s vt a i Wl v
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estimated 460,000 window panes), but no claime repurts were
received. Also, in the 5-km extent of that community there
could have been wave focusing that was not detected by our
single microbarograph sensor. This may provide a useful data
point near the "threshold"™ for annoying cosmetic architectural
damages. One previous incident ir Las Vegas, Nevada, and two
incidents in St. George, Utah, from atmospheric nuclear tests
in the 1950's, each resulted in one window damage claim from
just over 400 Pa recorded amplitudes, but the so-called
“threshold"™ interpretation cannot be taken as well-established
from such meager data.

Pressure~time signatures of waves recorded at bovh Tularosa
and Alamogordo indicate that these large amplitudes were probably
rropagated by an upper lcvel duct betwaen 4.3 km and ".2 km MSL.

There was a prcblem with arrival timing and blast wave
velocity at Socorro, as shcwn by results in Table VII. It
appearad that waves traveled faster upwind toward Socorro than
downwind toward Alamogordo. Explanation may lie in erioneous
mapping. If the map distance from GZi to Stallion were reduced
by 508 m (2 1/2%), the recorded arrival time would be consistent
with the 339 m/8 surface velocity of Figure 14. This incremental
distance, added to the Alamogordn map distance, wouid give
342 m/s wave velocity, congistent with maximum propagation
speed under the inversion in Figure 13. With such sensitivity
to location, surveyed station sites, detailed ray path time
calculations, and time correction for strong shock source con-
ditions would be required to reach full internal consistency
in results.

Pressure amplitudes shown by the microbarograph records were
entered on the pressure-distance graph ¢f Figure 2 for comparison
with planning predictions. Amplitudes al»ong the 320° azimuth
to Socorro were much below even an average gradient curve. The
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TABLE VII. OICE THROW MICROBAROGRATH AIRBLAST MEASUREMENTS
Arrival Arrival Pressure
Distance Time Velocity Amplitude
Station Azimuth {km) (sec) (ms~1) (ft/sec) Pen (pascals) {psi)
Stallion 321° 19.17 56.07 339.3 113 A 97.73 0.014
B 100.96 0.015

Socorro 320° 55.81 159.00 350.1* 1149 A First detectable arrival

164.35 338.7 1111 A 1.13 0.0001%

197.40 282.7 927 A First late arrival

222.00 251.4 825 A 6.25 0.00091

222.00 251.4 825 B 6.30 0.00091
Carrizozo-I 095° 60.44 174.04 346.4 1136 A 211.6 0.0307

174.04 346.4 1136 B 217.9 0.0316
Carrizozo-11 1. :.04 346.4 1136 A 220.1 0.0319

174.04 346.4 1136 B 260.2 0.0377
Tularosa 144° 81.50 238.54 341.0 1119 A First arrival

244.30 333.6 1094 A >329.5 >0.0478

244.30 333.6 1094 B 369.0 0.0535
Alamogordo 148° 102.51 299.76 341.5 1120 A First arrival

306.43 334.1 1096 A >309.8 >0.0449

306.43 334.1 1096 B 377.1 0.0547

*Stallion arrival speed would give

54.09 km range,

1.72 xm short of map location.
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actual sound velccity gradient toward 320° was indeed gstronger
than the average gradient encountered in other ducting test
er.vironments. The isolated pnint representing the wave
scattered from high altitude down to Socorro also fell well
below “ne gradient curve. Amplitudee frcm the two MB sets
operated at Carrizozo fell almost exactly on the Standard
curve, but that is a coincidence of little significance.
Lacking the mountain barrier of Oscuro Peaks, appreciably
larger amplitudes would have been expected ~t that station.
Roth Tularosa and Alamogordo amplitudes were near the upper
limit of expecta:ions for inversion propagations but below
likely caustic or focus amplitudes. Focus factors at those
“wo stations were abcut 2.5X and 3.5X above the Standard, and
entirely reasonahle for the strong propagations indicated

by weather data. Both points fell below the windcw-breaking
threshold but with no signjificant margin of safety. Some
windows may nave been broken under these conditions. There
should not, however, have becen any hazard from flying glass,
because the breaks wonld nct likelv have be more than cracks,
with little likeliltood of even falling glas

CONCLUSIONS

The P1oject DICE THROW explos‘on airblast wave could have
broken windows and c.r-acked interior wall plaster to more than
100-km ranjes under weather conditions that caused refractive
blast focusing. Weathter observations snowed that there should
nave becn relatively strong propagations toward the southeast
ané weak propagations toward the northwest. Microl. ~ograph
recordings verified these propagation conditions and that wave
amplitudes in Tularosa ard Alamogordo were large enough to
rattle houses, possibly causing some damage. No audible wave
was propagated in the opposite direction to the shorter distance
of Socorro. Weather c¢’'.servations, blast predictions, and off-
site measurements were all perfor.aed surces .fully by, or in

~upport of, this project.
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AIRCRAFT SHELTER TESTS IN THE DICE THROW EVENT

INTRODUCTION

In the early 1960 time frame, an intensive effort began within the Air
Force to develop « protective arch shelter for tactical aircraft. The prime
impetvs for shelter development at that time was the need to protect parked
aircraft at Southeast Asia (SEA) installations.

Early tests sought to define an optimum configuration of arch structure
and protective cover. Later, when the requirement for hardened shelters was
defined by 0 for European theater airbases, the shelter previously designed
and deployed in SEA was adapted for construction at NATO installations throughcut
Europe.

The introduction of newer and larger aircraft such as the F-111 and F-15
necessitated modification of the basic 48 foot arch. Therefore, the Second
Generation Shelter was developed to have an elliptical shaped 82 foot span.
Later a Third Generation Shelter was also developed from the basic configura-
tion and has a 71 foot span. It shculd be noted that while the overall shelter
geometry was modified to provide larger span arches, the wall material cross-
section was not changed from the basic 18-inch thick minimum concrete cover.

Recognizing the liklihood of future requirements to upgrade existing
alrcraft shelters to defeat a more serious conventional weapons threat, the
AFWL initiated two concurrent research efforts during FY74. The efforts were
for conceptual design studies directed toward developing an upgraded closure
3ystem ana an upgraded arch sidewall. These efforts were successfully completed
and both upgrades were tested in the DICE THROW event as was the basic 48 foot

arch shelter.



During this same time frame, the Boeing Corporation developed a completely
new aircraft shelter concept under their IR&D program. AFWL later initiated a
contract with Boeing for the design and test plan of a 1/3 size model of this
new concept. This model was later tested in the DICE THROW event.

The closest of rhe four models to be tested in the event was the Hardened
Flush Aircraft Shelter {HFAC) developed by the Boeing Corporation (TBC). The
shelter was located 90 meters from ground zero (GZ), with an expected incident
overpressure level of approximately 265 psi.

The upgraded shelter arch and the upgraded closure were both located 150
meters from GZ with an expected incident overpressure of approximately 65 psi.

The unupgraded or prototype shelter arch was located 180 meters from GZ
with an expected incident overpressure of approximately 35 psi.

All four of the test models were located at ranges where preliminary
predictions indicated measurable inelastic response of the shelters would occur
due to the airblast loads. Complete failure of the structures was not expected
or deeired.

Shelter B, the Unupgraded arch was a modified 1/3 size model as were the
other three aircraft shelter models. Shelter B was 10.4 m in long with a
5.4 m span. The standard USAF aircraft shelter crocs-section, consisting of a
steel corrugated liner with a minimum 18 inch concrete cover was scaled down
by 1/3 and the steel liner was simulated witk the use of a concrete T-beam. This
was done on all three of the arch structures, as a cost savings. It would have

been extremely costly to have had cpecialiy fabricated 1/3 size steel cocrrugated



liners. The purpose of testing this model was for a direct comparison with
the upgraded arch. The model was also tested to pravide correlation between
the DICE THROW event and the full size standard aircraft shelter tested in the
MIXED COMPANY event (500 ton TNT). The scale models tested in MIXED COMPANY
vere located at 500 and 6C0 feet from ground zero side-on to the airblast.
Shelter C, the Upgraded Arch was slightly longer (11.7 m) and wider (7.85 m)
than Sbelter B. Shelter C had the same basic arch cross-section as Shelter B
with the addition of a concrete overlay. The overlay was not bonded to the basic
arch. The model overlay was .5 m (20 inches) at the crown and flared to 1.2 =
(4 ft) at the foundation. This would scale up to 1.5 m (60 inches) at the
crcwn and 3.6 m (12 ft) at the foundation of a full size shelter. The upgrade
was the result of prior conceptual studies, design, and testing. Much of this
work was accomplished through AFWL/DE and the Naval Weapons Center at China
Lake, California. The goal of the upgrade was increased to survivability of
the shelter to conventional weapons, while recognizing that any significant
upgrade, if properly designed could also enhance the blast resistance of the
structure to a tactical nuclear environment. Several upgrade techniques were
developed; the concrete overlay upgrade was chosen for testing in DICE THRCW
because it seemed the most viable upgrade concept considering available land
area and economic conditions in Europe.
Poth Shelters B and C were placed side-on to the blast as the worst case
condition and for direct comparison with each other, as well as with the shelters

tested in MIXED COMPANY.
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The actual incident airblast pressure received by Shelters B and C were
very cloaa to the predicted incidant cveir pressures of 35 psi and 65 psi incident.
The peak reflected pressure on the CZ side of Shelter B was approximately 220
psi, while the corresponding pressure for Shelfrer  which was at a much higher
incident overpressure was only 290 psi. This i{liustrates the upgraded shelter
is obviously more aerodynamically shaped than the unurgraded shelter.

The peak horizontal displacements, derived by integrating velocity gages
were in general much higher for Shelter B, than Shelter C. The horizontal
displacement of the crown of Shelter B was approximately 170 mm away from GZ.
The Lorizontal displacement of thn crown of Shelter C was only about 65 mm
away from GZ. Shelter C appeared t~ be much stiffer than Shelter B from the
displacement data.

These same trends were also noted when comparing the strain of the two
arches. In general the strains in Shelter C remained below the elastic liwmit,
while those in Shelter B normally exceeded the elastic strength of the reinforced
concrete.

Post-test observations of Shelter C showed it to have only minor dumage.
Minor cracks were noted on the leeward exterior surface of the arch. Minor
tensile cracks were also noted on the interior arch surface at the 45 degree
point on the windward side of the arch. These cracks were at most 1-2 mm wide
running longitudinal with the arch.

Post-test observations of Shelter B indicated considecrable inelastic
ressponse occurrced with resulting large extensive cracking and spalling. The

most severely damaged purtion of the arch was the stiffener collar, on which the



shelter door is normally attached. This collar, or ring insiGe the arch makes
the arch much less flexible at this location. Severa cracking occurred on the
collasr with some of the crack  being over 75 mm wide. Lzrge spalls were
noticeable, revealing the reinforcement and several large piaces of the concrate
coller had become completely separated and had falien. Severe longitudinal
cracking at the 45 degree point on windward side of the arch was evident.

Severe cracking and distress was also evident on the exterior of the arch. The
rear wall of the shelter was partially separated from the arch. Severe longitudinal
cracking was noticeable on the leeward side of the arch at approximately the 45
degrae point. Apn extremelv large circumferential crack was observed immediately
in front of the stiffener collar. A somevhat smaller crack was also noticeable
ismediately behind tha coilar. It appeared that ti‘e middle of the arch between
the end wall and the stiffener had deformed relatively more than the remainder

of the arch. This again would indicate that the arza of the arch adjacent to the
collar was much less flexible than the remaining arch.

Shelter A, consisted of a shortened 1/3 uize standard (48 ft span) alrcrefr
shelter arch supporting the newly developed hi-threat closure system, Prior
aircraft shelter studies and tests (MIXiD COMPANY) have shown the present
closure to be much less capable of protecting sheltered aircraft than the arch
wall. The closure tested in this event was developed as a result of these earlier
efforts. It was designed to afford the same protection level to sheltered
aircraft as the arch wall.

The closure consists of a massive one-pilece reinforced concrete slab with
reinforcing webs along the oute: edge and at the center line. The closure is

designed to roll on roller units located in a foundation trench across the
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face of the arch. The closure model tested in this event weighed approximately
15 tons. This wouLld scale up to 375 tons for a full size closure.

The closure was located face on to the airblast at a range of approximately
65 psl (.5 MPa) irncident overpressure. The maximum peak reflected pressure on
the face of the closure occurred on a panel near the bottom rib of the closure.
This peak pressure was approximately 520 psi (3.5 MPa).

An acceleration gage at approximately mid-height on the back of the closure
registered peak accelerations of approximately 240 g's. Other integrated
accelerators and velocity gages recorded peak longitudinal displacements of the
closure into the arch wall of about 250-300 mm.

Post—-test observation of closure indicated its general response was to move
upward with the top 0. closure moving towards the shelter arch and the bottom of
the closure moving away from the arch and coming to rest on the top of the
foundation slot. Some permanent inelastic deformation was also noted in the
center rib and panels of the closure. Some shear failure was also observed in
the closure panels. It also appeared that the front of the arch wall may have
lifted and pulled out of the foundation key.

The inelastic response of the closure did not appear to be sufficient to
have prevented post-test opening. However, sufficient rigid-body displacement
of the closure did occur to prevent it {from being opened after tie test. No
attempt was made to move the closure back into the foundation slot and open it
post-test.

The Hardened Flush Aircraft (HFAC) Shelter concept was originally developed
by the Boeing Company (TBC) under their IR&D program. AFWL later accepted the

concept as having strong potential as an advanced aircraft shelter.
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The Boeing HFAC shelter is a compact building design which solvee the
problem cf aircraft access by the use of a roof elevation system and an aircraft
elavation system allowing vertical access for the aircraft. This vertical
access technique allows vertical columns to be placed such that the 24 m (80 ft)
roof span 18 broken up into three 8 m (26 ft) sr as. Consequently, a flat
plate roof design 1is possible.

The HFAC shelter was designed for a composite aircraft and can provide shelter
for the following aircraftr: F-4, F-15, P-16, F-101, F-105 and the F-1l1.

The shelter also provides space for equipment rooms and personnel living areas.

A 1/3 size model of this system vwithout the aircraft parking platfors or
the two elevator systems was tested in the DICE THROW event. The model was
placed 90 m from GZ, with an expected incident overpressure of 265 psi.

As Shelter D was flush with the ground there was no reflected pressures. The
incident overpressure on the structure varied from 270 psi on the GZ side to
250 psi on the other side.

The motion of the movable roof of the shelter was fnitially downwards
followed by an upward rebound. As expected the motions became more severe as
one moved further from the vertical columms,

The flexure caused by this movement of the roof wcs responsible for some
cracks on the surface of the roof. These cracks ran perpendicular to the blast
and were approximately 2.5 m in length and as wide as 10-15 mm,

Post-test visual ol servation of this tesc model indicated it sustained
only very minor damage. Damage'inside the slielter was limited to minor cracks

and one large spall on the fixed cantilever roof. A large steel frame placed



hadhadan anatha o g Aalie iy o b BRE i ittt L WL TR

WT T TREIRAR Ty TR e

TR TR TRV T Ty

in the shelter to support hydraulic jacks for lifting the movable roof was
displaced on 6 mm by the shock. The pre- and post-test lifting of the roof
required approximately the same force. There were also some external diagonal
cracks at the top corners of the walls towarde GZ.

In susmary, the aircraft shelter experiments in the DICE THROW event were
very successful. A data recovery rate of 867 was obtained from the approximately
300 data channels which were installed and recorded by AFWL personnel. The test
results validated the upgraded arch and closure concepts and these will be kept
ready should the requirement to upgrade existing shelters ever develop. The
HFAC shelter's potential as an aavanced shelter to protect ageinst much higher
threat levels was demonstrated.

This has only been a very prelizinary assessment of the test results.

One contract is underway and two other contracts are in the process of being

negotiated for a detailed analysis of the test results.
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ABSTRACT

The Swedish Government, represented by the Royal Fortification Administration
(RFA), fielded an experiment in the DICE THROW Project. The RFA experiment con-
sisted of erecting and exposing two Group Helmet Army personnel shelters to over-
pressures of 690 and 380 kPa. The University of New Mexico's Civil Engineering
Research Facility (CERF) was responsible for construction, instrumentation, moni-
toring, and reporting of the experiment. The purpose of the experiment was to
verify the shelter survivability design overpressure in order to establish a
standard personnel shelter design. Each shelter was instrumented with six pres-
sure gages: ftive inside the shelter and cne external to the shelter. Both shel-
ters survived the blast environment with a relatively small amount of damage.
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SECTION 1
INTRODUCT ION

The Swedish Govermment, represeni.d by the Roya: Fortification Adninistraticn
(RFA), fielded an experiment in the DICE THROW Project, a 600-ton, high-explosive
test conducted at the White Sands Missile Range in New Mexico on October 6, 1976.
The RFA experiment consisted of erecting and exposing two Group Helmat Army per-
sonnel shelters to overpressures of 690 and 380 kPa. The Defense Nuclear Agency's
Field Command supported the experiment and the University of New Mexico's Civil
Engineering Rcsearch Facility (CERF) was responsible for construction, instrumen-
tation, monitoring, and reporting of the experiment.

The purpose of the Swedish experiment in Project DICE THROW was to verify the shel-
ter survivability design overpressure (380 kPa) in order to establish a standard per-
sonnel shelter design.
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SECTION 2
EXPERIMENTAL PROGRAM

The two test shelters were shipped directly to the White Sands Missile Range from
Sweden. Appendix A contains the packing and assembly instructions for the shelters.
After the necessary excavation was accomplished, the shelters were assembled accord-
ing to these instructions by four experimental technicians. A backhoe and front-end
loader were used for the excavation and backfilling. Figure 1 shows the Jayout with
respect to ground zero. Figure 2 shows various stages of the shelter erection.

Instrumentation consisted of six Kulite HKS and XTS type diffused silicon, full-
oridge, piezoresistive pressure gages for each shelter. Figure 3 shows the location
of these gages. The external gages (gage 6) were located on the longitudinal axis
of the shelter at the foot of the backfill., Gages 1, 4, and 5 were mounted in con-
crete cylinders, 305 mm in diameter and 305 mm in height. Gages 2 and 3 were piaced
on the simulated dummy shown in figure 3. The dummy was constructed with plywood
sides and filled with sand to obtain the proper weight. Gage 5 was placed on the
Tower girder at the back of the shelter. Figure 4 shows the inside of one shelter
prior to the test; figure 5 shows the pretest shelter berms.

The gages were connected to a steel junction box located approximately 300 m from
the shelters with 4-conductor lead wire buried 1.2 m deep. The junction box was
connected to the recording van by 20-pair cables. The recordirg van was approxi-
mately 1800 m from the junction box.

The recording van used for data acquisition was supplied by DNA (Van No. 36040).

In the van, the bridge-type pressure gages were excited and conditioned by B&F 1-
171 Signal Conditioners. The conditioned signals were amplified with Bay Labs

5503 Amplifiers (dc - 50 kHz). Recording was accomplished on Sangamo Type 4784
32-Track Tape Decks. Wideband FM recording (108 kHz center with t 40 percent de-
viation) was used.

. Preplacement gage calibration was ac.cnpliished at CERF with stimuli provided by a

dead weight tester or regulated baffles with calibrated Heise gages. Simple shunt
calibration resis’ rs were selected in the field to provide step bridge upsets with
known pressure equivalents.
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Figure 4. Shelter Before Test
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In addition to data, IRIG-B time code and fiducial signals were recorded on each

tape deck. During the event, the van was operated remotely from the timing and
firing van.

After the evant, quick-look data were played back on 0-graph paper. Final copy
data were prepared at the Air Force Weapons Laboratory data-reduction facility.

A sampling rate of 20;000 points per second and a filter frequency of 5 kHz were
used in digitizing the analog data. Each channel was scaled in engineering units
and plotted against time.
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SECTION 3 ‘
TEST RESULTS

The pressure gage data are presented in Appendix B; posttest photographs are pre-
sented in Appendix C.

Both shelters survived the blast. The 690-kPa shelter suffered more damage as evi-
denced by the larger deformation and the greater displacement of the footing mem-
bers. Also, some of the intake pipe was knocked down during the blast. A compar-

ison of the two sets of posttest photographs shows the relative damage to the two
structures.
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’ i 1 1. Pupose. This description shows the material ond work
. ) needed to asiomble the shelter with ordinory
indes, Generol intormation 2 wlidiers as lobour force.
Foundation 3 The elements and certain cccessories ond
List ot lies M ather equ'npmmt are. dolivered on heo .Iooding
Compilotion ools, coch weighing obout onc merric ton
(cf Sheer 4)
. 2. Terms. The sheets of this description ore colied
Packing plon 4 SHEETS  Trc Jdlustrarions ore collen FIGURES,
Ercovation 6 . o ..
Assomelirg ine poa plonks 3. Giouwping The 1hects of tris descriprion orc divided < f
7 tue ivdes s in twn moir roups intended for:
Droinogs = goemal inleroiion, tecormmitring, ploaning
A ol cloment . 8 ond moleriol suppl o
Mounting cf defails in clamenis 2 ond 3 - sequertisl ocunmt lnqe .
fAsemiling the sheltar croments, rellows, 9 4. Terr indicating stepy i chrcnolagicel sequence
stove s, stove ond csbousl pioc are colled STAGES ord denoled with shcer
|assemuiing entronce alements 10, 11 and 12 T rurber ond comecutisc oroer ‘e, v, 31, €2,
JAucmuling sentilotion pipe 8:3-.
Assemnling cotrance clements 12, 13, 14, 15 uad o " 4. Figures ore o.moted in alaroneticol order, A, 8, C,
Bockfill ond cover &¢. 079 1ne rurier of the octual sheet
re.5 A3, BI15, CI5).
6. Dimensions are Jivern in millimetrces, if not ormerwise

indicoted,
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EXTENSION IN BOTTOM VIEW AND SECTION

DEPTH OF FOUNDATION

MEASLRES AT 2LANE GROUND LFVEL . — -

A 3 8OV\TOM VIEW
bo EDGE OF COVER

Fourdation on o bed >f grovel or comne sond makes peciol
dreinage unnecessary .
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£on sory Ew I
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o Final heignt over surrourdirg ground.
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< Distorcc 19 nighest yrderground water level, mimimyr
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LIST OF SuUPPLIES

romber ol 1 gration Lmeting [piicm | Omiwrsrion Marting COMPATION

3 Loabng stecd No. | i n Laaer Ne. | .

2 Pad plenia i ] Bollow

2 Pod plenks 5 1 Seliows Wecket

i $Sove 8 Boln M8 x 22 with discs

1 Exnay 8 pipe 4 folts 5/8°x 35 with aun

t £.ove box é Cotten with wam pim

v Entrace element L} 4 Plastic covers

I Veul:od elements i, 2-8 1 Tersion spring

2 Goviz elemenn 2,9 1 Tenion swring

8 Intevior ventilation pipes 2-9

] Loading 180l No. 2 2 2 Ernnougt trunks

4 Pad plenks '}

N I 1 In chew No. 2

2 ' N - 2 \ Srocket for stove bon

» - 3 2 Anchor wircs for stove box orocket

H " - 6, 7 1 Bucket with bolt and ~uts

1 Cormer eloment with blast volve 12 ! Blost volve

and ventilation pipe i Woter level
1 Corner efement 13 1 folding rule
' Entronce e!-ncnl with hatch and 16 8 Lifting hooks
covle taahings ' Straightening tocl

3 Entronce elementy 10,11,14

2 Chrests e | Alitte wTenc

\ Branch pipe {ventilotion) : Sepeadriche

1 Beonch pipe exhaust) : :: :::: ::;‘::":;:9 o

2 Connecior pipes ’

\ Box wrench, jinglz open 29 mm ottoched
wor grFoRTs'! ‘ :’I"""""' Ne- '6, .
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Excovation 150 5 7
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S 275-300 90-95 9
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