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PREFACE

The research reported herein was sponsored by the Federal Emergency
Management Agency (FEMA) through the US Army Engineer Division, Huntsville
(HND), in support of the Keyworker Blast Shelter Test Program. Mr. Jim Jacobs,
FEMA, was the Program Monitor, '

The test was conducted by personnel of the Structures Laboratory (SL), US
Army Engineer Waterways Experiment Station (WES), under the general super-
vision of Messrs. Bryant Mather, Chief, SL; J. T. Ballard, Assistant Chief,
SL; and Dr. J. P. Balsara, Chief, Structural Mechanics Division (SMD), SL.
Dr. 8. A. Kiger, SL, was the Project Manager. The test was conducted under
the direct supervision of Mr. T. R. Slawson of the llesearch Group, SMD. The
field test was supervised by Mr. R. L. Holmes of the Structural Evaluation
Group, SMD, and Mr, Slawson., The structure and the free field were instru-
mented by Messrs. H. P. Parks and F, D. Shirley of the Instrumentatlion Services
Division (ISD), WES. The data sampling rates were designed by Mesers. R. E.
Walker, Chief, Structural Analysis Group, SMD, and R. J. Dinan of the Explo-
sion Phenomena Section, ISD. Messrs. J. XK. Ingram, B, J. Armstrong, Jr., and
J. Brogan, Explosion Effects Division, SL, performed the data reduction and
plotting.

The date recording was done by Messrs. Lawrence Barnes, Senior Field
Engineer, and David Garcia, Senior Technician, of the Bendix Corporation.

This report was prepared by Messrs. R. L. Holmes, T. R. Slawson, and
A, L. Harris (SMD).

COL Dwayne G. Lee, CE, is the Commander and Director of WES. Dr. Robert
W. Whalin is the Technical Director.
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(metric) units as follows:

-',nha.,‘u KOUOUAOS SO AN, WG

Multiply By
feet 0,3048
gallons (US liquid) 3.785U12
g's (standard free fall) 9.806650
horsepower (550 745,6999
foot~pounds (force)
per second)
inches 25.4
kilotons (nueclear u,184
equlvalent of
TNT)
megatons (nuclear 4,184
equivalent of TNT)
pounds (force) 0.00689u757
per square inch
pounds (mass) 16.01846

per cubiec foot

.uﬂ.,euﬁ'c'c;‘:o ’“ by
SRR AN

i

0, »,'oga s,o

'rhl)

To Obtailn

metres

litres

metres per second
squared

watts

nillimetres

terajoules

petajoules

megapascals

kilograms per cubio
metre

. ‘! ‘q’

f'ey RO ; u' RN ."c‘, WA ¢ T,

n n .i .\l l




)
4
DYNAMIC TEST OF A CORRUGATED v

STEEL KEYWORKER BLAST SHELTER: ) hff

MISTY PICTURE : s

CHAPTER 1 .;E;:

INTRODUCTION :EEEE

ol

1.1 BACKGROUND f%?

At the time this study was initiated, several civil defense policy ;ﬁf

options were being analyzed for the protection nf industrial capability and ggf

key workers. One option under consideration called for a program to construct ‘;i

. blast shelters that wou;d provide protection for key workers rema;ning in :§$

.high-risk areas during a national security crisis, ?;E

In support of this policy, the Federal Emergency Management Agenoy (FEMA) %ﬁ:

tasked the US Army Engineer Division, Huntsville (HND) to develop Keyworker Eﬁ

shelter designs., The US Army Engineer Waterways Experiment Station (WES) ff.

assisted HND in the testing and the analysis of the shelter designs. The 18- égz

man blast shelter consisted of a 9-foot-diameter steel culvert section ?Q
approximately 30-feet~long with endwalls, a vertical entryway, a ventilation "

system and an emergency exit. The shelter design eriteria required that the :Q%

shelter survive a peak overpressure of 50 psi from a 1-MT* nuclear weapon, E%ﬁ

This requirement and the levels of initial and residual radiation associated &gg

with the threat weapon diotated that an earth-covered shelter with a depth of —

burial of U feet be used. &3{

The original design of the 18-man blast shelter was validated at the gﬁa

X

design load conditions by Woodson, Slawson and Holmes (1986). The design was oo

found to be conservative, and some consatructibility problems were identified ﬁﬁf

wlth the entryway-ﬁo~shelter connection, Based on the test results and “f
consultation with Messrs. Conrad Chester and Greg Zimmerman of the Oak Ridge .

National Laborgtory. design changes were proposed.

e

i

(S

R

* A table of factors for converting non-SI to SI (mstric) units of ol

measurement is presented on page 4. Ve
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Primary modifications of the shelter design consisted of replacing the
stiffened endwalls with lighter weight unstiffened plates, connecting the
entryway to an endwall rather than to the main section of the shelter, and the
inclusion of an emergency exit., It was decided to test this design during the
Defense Nuclear Agercy (DNA) sponsored 8-kt High Explosive event, MISTY
PICTURE at the predicted 200-psi peak overpressure level. This report
describes the test and presents the results obtained,

1.2 OBJECTIVES

The primary objective of this study was to verify the response of the
18~man blast shelter in an overload (relative to the design loadipg)
environment. This included verification of the following: the integrity of
the shelter, the design of the modified endwalls, the design of the entryway-
to-shelter connection, and the design of the emergency exit.

1.3 SCOPE

The shelter was provided to WES by HND and was tested dynamically during
the high-explosive event, MISTY PICTURE, The shelter was placed at a dlstance
of 490-feet from the high-explosive charge at the predicted 200~-psi peak
overbressure level, The charge was designed to simulate the airblast and
ground shock components of an 8+«kt surface burst.
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CHAPTER 2

TEST DESCRIPTION

The 18-man blast shelter was tested dynamically on May 14, 1987 in the
MISTY PICTURE event at White Sands Missile Range, NM. The explosive charge
consisted of approximately 4,685 tons of an Ammonium Nitrate and Fuel 0i1l
(ANFO) mixture contained in an 88-foot-diameter hemispherical fiberglass
shell. The shelter was located 490 feet from the high-explosive charge at the
predicted 200~-psi peak overpressure level, The shelter and test bed

construction, material properties, and instrumentation are described in the
following sections,

2.1 CONSTRUCTION DETAILS

The blast shelter shown in Figure 2.1 was furnished by HND, It was
constructed by a private contractor in accordance with the plans and

specifications provided by HND., Detail drawings of the shelter are presented
in Appendix A, '

The main section of the shelter was fabricated from a 9-foot-diameter,
27.8-foot-long section of 10-gage, galvanized, corrugated steel culvert. The
entryway shaft and ventilation stacks were constructed from 14 gage, 36- and
12-1inch-diameter culvert sections, respectively. The entry hatch was construc-
ted from a 1/8-inch-thick dished plate that was filled with vermiculite and
covered with fiberglass as shown in Appendix A, Detail 1, The endwalls were
constructed from ASTM A36, 3/16-inch-thick steel plates., All structural
connections, splices, and joint connections were waterproofed, Steel blind
flanges were provided for the air intake and exhaust stacks. These flanges
were used to prevent the blast pressure from entering the shelter during the
test since blast valves were not included.

2.2 TEST BED CONFIGURATION AND SHELTER PLACEMENT

The test bed configuration is shown in Figure 2.2. The test bed was
approximately 50-feet-long, 25-feet-wide, and 14-feet-deep. The backfill
material used during this test was a locally avallable mate~lal referred to as
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blow sand. A 1-foot layer of blow sand was placed in the test bed prior to
placement of the main section of the shelter. Based on the backfill densities
obtained using blow sand in similar tests conducted on the WSMR, the initial
backfill layer was placed in the test bed with a thickness of & inches, Using
this layer thickness, the average dry and wet densities were 98.9 1lb/cu ft.

and 103.6 lb/cu ft., respectively, at an average moisture content of 4.5
percent,

To achieve the de;ired compaction, all remaining backfill layers were
placed in the test bed in 4Y-inch-thick layers. These layers were compacted
using three passes of a Ditch Witch, model DP-190, crawler vibrator, and with
two passes of a hand compactor. Where necessary, the area along the sides of

the shelter was compacted with a Wacker Rammer, model GVR 200, compactor.

Backfill densities and moisture contents were not monitored for each layer but
were monitored at various depths throughout the test bed using a'Troxler model
3400-B series surface moisture-density gage. The average dry density, average

N N e SRR o bt 2N —

wet density, and average moisture content at midheight of the shelter were
100.9 lb/cu ft., 108,0 lb/ou ft. and 6.6 percent, respectively, After
approximately 8-ft. of blow sand had been placed in the testbed, backfill
properties were again monitored. The average dry density, average wet

Bt e N

¢ denéity. and average moisture content were 101.5 1lb/cu ft., 106,2 lb/cu ft.
: and 4.4 percent, respectively.

After approximately 3 feet of blow sand had been placed into the test
bed, the entryway was bolted to the front endwall as shown in Figure 2.3. The

»!

ﬁ

E alr exhaust stack was bolted to the rear endwall after approximate 4 feet of

i blow sand had been placed into the test bed., The air intake stack was bolted
to the entry shaft after approximately 7 feet of blow sand had been placed
into the test bed, After approximately 11 feet of backfill material had been
placed in the test bed, the emergency exit shaft was installed. It was placed
over the shelter such that approximately 2 inches of blow sand separated the
bottom of the emergency exit shaft and the top of the shelter. A total of
4 feet of backfill material was placed over the top of the shelter, The
surface of the test bed was leveled and the airblast gage mounts were

E installed flush with the ground surface at the locations shown in Figure 2.4,
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2.4.2 Alrblast=Pressure Gages

Three Kulite Model XT~190 airblast-pressure (AB) gages with ranges of
500 psi were used to monitor the airblast overpressure at the ground surface
above the shelter. These gages were positioned at three locations along
center line of the shelter at the ground surface as shown in Figure 2.4,

Table 2.1, Data sampling rate summary for each memory segment,

Memory Segment Sample Rate Segment Duration

Number KHz mseg
0 125 32
1 125 32
2 125 32
3 125 32
y 125 32
5 62.5 64
6 62.5 64
7 62.5 64
8 62.5 64
9 62.5 64

10 31.25 128
1 31.25 128
12 31.25 128
13 31.25 128
14 31.25 128
15 Calibration Segment

Notes:

1. The recording of the test data started 45,048 msec after detonation of the
charge.

2. The data recording duration was 1,120 sec.

3. The total memory used for recording each data channel was 64 Kbytes

(divided into 16, 4~Kbyte segments)., The sampling rate during each memory

segment was varlied as shown to recover the initial high frequency response and

still provide a recording duration long enough to recover the relatively late
EX time response.
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Table 2.2. Instrumentavion summary.
Gage Location Range Manufacturer Model

. Acceleration A= 1000 g's Endevco 2262C
v, (Structure) :
ke A=2 1000
A A-3 1000
R A=y 200
A=5 200
“ A6 200
A=T 1000
il A-8 1000
e A=9 1000
o A~10 1000
. A=11 1000
A=-12 1000
oy A-13 1000

- W W w wm W W W w W w -

| oqog 09 o onoqoRon oo
o LeoLOOOLOLOOE

y Acceler ation
i (free-field) AFF=1H 200

' Endevoo 2262C
~" AFF-1V 200

o3 Q
[/ I ]

o Alrblast -

o pressure AB=1 500 psi Kulite XT=190
iy AB~2 500 psi

vy AB=3 500 psi

o Note: Gage AFF=1V and AB~1 were not functional during the test due to
O lightning damage.,
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Figure 2.2, Test bed configuration,
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CHAPTER 3

TEST RESULTS

3.1 DAMAGE

Figure 3.1 shows a posttest over view of the 18-Man Shelter. The damage
sustained by the entryway hatch and the air intake'ataok is shown in
Figure 3.2, The fiberglass cover on the entryway hatoh had a maximum
defleotion at the center of 3.2 inches. Although the entryway frame was
deformed at various locations and the top of the hatch was damaged. the
entryway hatoh was operational, The damage sustained by the intake stack
(Figure 3.2) and the exhaust stack (Figure 3.3) was minor. Poattest
inspeotion revealed that the ventilation system remained structurally sound.

The data presented in Figure 3.4 revealed that the predominant struc-
tural response and rigid-body motion oceurred during the first 75 msec after
the blast wave arrived at the shelter. Overall, the permanent structural
deformations were small. The main section of the shelter was slightly oval-
ed during the test with the midlength vertical diameter increasing approxi-
mately 1.4 inches and the horizontal diameter deoressing approximately 1.4
inches., Rigld-body vertical displacement was 3.7 inches downward.

The endwall which supported the exhaust stack had a maximum deformation
of 0.6 inch, and the endwall which supported the entryway had a maximum
deformation of 0.1 inch,

As shown in Figure 3.5, the emergency exit oover plate failed during the
test. The design called for 16, 1/2-inch bolts to connect the emergency exit
cover plate to the shelter., These bolts were tack welded to the inside
surface of the shelter. The emergency exit cover plate was then bolted in
place from the inside of the shelter, Pretest inspection of the shq;ter
revealed that one bolt was missing prior to initiation of the backfilling
operation, Three additional bolts failed during the baokfilling operation.
Observation of these bolts revealed that the bolts failed in shear as the
shelter deformed during backfilling. During the test, three bolts pulled
through the holes in the emergency exit cover plate and 9 additional bolts

16
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failed in shear. Posttest inspection revealed that only a small area of the

emergency exit shaft was in direct contact with the top of the shelter.

3.2 DATA RECOVERY

Sixteen out of a total 18 gages functioned properly during the test, The
free=field vertical accelerometer (AFF=1V) and one airblast gage (AB~1) were
destroyed during a lightning storm prior to the test. The data collected were
of good quality and were consistent. The recovered data records are presented
in Appendix B, The data are displayed with time in milliseconds as the

absclssa,
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ol CHAPTER A

DATA ANALYSIS

4,1 NUCLEAR WEAPON SIMULATIONS

Estimates of the surface~burst nuclear weapon yield and overpressure
which best correspond to the airblast data records are required to define the
leading function at the ground surface, Weapon simulations were determined by
fitting, in a least squared sense, 50 msec of airblast impulse data to nuclear
weapon impulse-time curves as defined by Speicher and Brode (1981)., The two
airblast records were fit individually and collectively using the procedure
developed by Mlakar and Walker (1981) and modified by Mr. James Baylot of
WES. The average 8~kt weapon fit for the two airblast records was 148 psi and
the average best fit was 2.4 kt at 198 psi. A summary of the weapon
simulations is presented in Table 4.1, and comparisons of the pressure and
impulse data with the simulations are presented in Appendix C.

4,2 IN=-STRUCTURE SHOCK

In=structure shoek is typically represented in terms of shook spectra,
Shock spectra are plots of maximum responses (usually of relative
displacement, pseudo-velocity, and/or absolute acceleration) of all posaible
linear nscillators with a specified amounted of damping to a given input base
acceleration-time history,.

Shoek spuctra were generated using acceleration data obtained during the
dynamic testu 18 input data for a ccmputer code developed at WES. The shock
spectra wer. constructed using damping values of 0, 5, and 10 percent of
critical damping. The shock spectra for A3, A5, AT,and A12 are shown in
Figures 4,1 through 4.4,

K]
.+

The shock spectra in Figures 4,2 and 4.5 can be used to determine whether
shock isolation is necessary for a given plece of floor-mounted equipment,
provided fragility curves for the equipment are available,

LIS
- o - - -
P T

|: Figure 4,5 compares the experimentally determined vertical shoak spectra
L)
f (samoothed by hand and using a damping ratio of 10 percent of critical) tor the
f{ shelter floor with the fragility curve for typical floor-mounted equipment
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(Headquarters, Department of the Army, 1987). Floor-mounted equipment would
include items such as generators and communication devices., Thlis comparison
indicates that typical floor-mounted equipment would not have survived at the
overpressure level of this test. It should be noted that the experimental
shock spectra were generated from data recovered from gages located on the
shelter and not attached to any floor surface. Typical equipment would be
mounted to a plywood floor in an actual shelter, The floor tends to reduce
the amplitudes observed in the shock spectra and increases the chances of
survival of equipment and ocoupants.

Based on the results of similar experiments with the equipment installed,
performed by Woodson and Slawson (1986); Woodson, Slawson, and Holmes (1986);
and Slawson (1987):.thé fragility curves for typical floor-mounted equipment
(Headquarters, Department of the Army, 1987) are design conservative (i.e.,
the equipment survived at shock levels exceeding their fragility curves),
Figure 4,5 indicates that any :loor~moqnted equipment should be shock isolated
to ensure their survivability.

4,3 OCCUPANT SURVIVABILITY

A discussion of human shock tolerance is presented in Crawford and others
f197h). The effects or_ahock on personhel inside the shelter depend on the
position of the individual, and the magnitude, duration, frequency, and
direction of the motion. Crawford reoommends'using a maximum design
acceleration of 10 g's at frequencies at or below a man's resonant frequency
in the standing position (10 Hz). .Figure 4,2 shows that the floor
acceleration (measured on the inside bottom shelter surface) was less than
10 g's at a frequency of 10 Hz, Also, the use of a plywood floor would
decrease the effective shock amplitudes received by the oceupants. Since
human shock tolerance is higher in the seated and supine positions than in thé
standing position, the probability of injury decreases for these positions.

Impact injuries occur at much lower accelerations than compressive bone
fractures. Generally, impact injuries may occur at acceleration of 0.5 to 1 g
for an unrestrained man in the standing or seated positions. These injuries
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fﬁi are the results of falling and hitting the floor or other objects. Impact
| injuries may be reduced by the use of padded surfaces and/or restraints to
X prevent movement.,

‘3? No simulated occupants were employed during this test; however, the
[N
:ﬂ} results of tests under similar conditions (Slawson, 1987) resulted in
' .
i relatively small occupant motions that would not have caused compressive
:&h fragtures and did not result in the ocoupants falling down or falling off
y
:&5 bunks,

4.4 STRUCTURAL RESPONSE

The failure of the emergency exit gover plate allowed blast pressure to

¢$ fill the shelter. Since internal pressure reduces the effective external

:gﬁ structural loading, it was necessary to determine if enough pressure entered

L) the shelter to affect its structural resporise. Figures 4.6 and 4,7 present

gé' the predicted pressure inside the shelter at targets 1 and 2, respectively.

é& Target 1 was located on the floor at midlength of the shelter while target 2

gf was located at the center of the endwall near the entryway. The Chamber
computer program (Britt and Drake, 1986) was used to perform these

aﬂ caloulations. The results indicated that a fill-pressure of 7.9 psl at

@} 6.4 mosec after the fallure of the emergency exit cover plate was proesent

-2{ inside the shelter. This predicted internal preassure is considered to be an

) upper bound since it was assumed that the emergency exit cover plate falled

at the instant the airblast pressure wave arrived at the ground surface above
X the shelter.

e Based on the results of the calculations, the shelter filled with

ﬁb pressure at a fast enough rate to have an effect on the shelter's structural
Esl response. However, since the magnitude of the fill-pressure was relatively
:4; low in comparison with the overpressures measured at the ground surface, the
:k! pressure inside the shelter did not significantly affect the structural re-
;§ sponse of the shelter. From a structural response point of view, it is con-
ﬁk cluded that the failure of the emergency exit cover plate did not adversely
R affect the results of the test.
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0 Table 4.1. Weapon simulation summary.
.“n

. Beat Fit Best 8-KT Fit

" GAGE W, Pso, PSI

Pso, PSI

;l' AB'2 30
o AB-3 1.
: AVERAGE 2.

231 156

K
y m 139
6
4 198 148
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CHAPTER §

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The MISTY PICTURE teat of the 18-man shelter was a partially successful
validation test of the modified structural design, Although the entryway, the
entryway hatoch, the intake and exhaust stacks, and the modified endwalls were
damaged during the test, their designs proved to be adequate. The emergency
exlt ocover plate was the only structural failure during this test. In-
structure shook levels were survivable by squipment and personnel.

5.2 RECOMMENDATIONS

Shook isolation of shelter equipment is suggested to ensure equipment
survivability. Padding of posaible impact surfaces and/or restraint of
shelter ocoupants is recommended as & preocautionary measure to prevent impact
injury.

The modifications to the atructural design listed above should be
incorporated in the final shelter design except for the emergency exit cover
plate detail, The connection of this plate to the shelter barrel should be
modified to prevent shearing of the bolts as the shelter undergoes moderate
deformation during backfilling of the struocture c¢r during a dynamic loading.
One alternate connection detail that should be investigated is slotted holes
in the cover plate that would allow slipping o’ the cover plats relative to
the shelter as the shelter deforms to reduce the tangential friction loading
(shear) of the bolts. This detall should form a bearing=type connect.ion
rather than a combined~bearing and friction<type connection that ocurrently

exlsats,
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. APPENDIX A
CONSTRUCTION DETAILS
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16"$STD. WT. PIPE
CUT IN HALF.

)

¢
¢
L4
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g
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DS
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16" @ STD. WT. PIPE

12" ¢ CORRUGATED PIPE
TO SHELTER (14 GA.
W/1.6"X.25"
CORRUGATION).
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AIR INTAKE

36" DIA, ENTRANCE

TUNNEL CULVERT

BLIND FLANGE

ELD NECK FLANGE

7/8" 30LT WINUT
24 PLACES

56~

-1'-0" DIA, 14 GAGE
CORRLIGATED

\

12' ¢ CORRUGATED
PIPE

METAL PIPE

SILICONE COATED
-ASBESTOS GASKET

CORRUGATED PIPE
FLANGE DRILLED
TO MATCH STD.

PIPE FLANGE

WELD NECK FLANQE '
112 PLACHS

SILICONE COATED
AL o ASBESTOS GASKET

(INTAKE BTACK TO ENTRYWAY)

REINFORGING RING PLATE

BLIND FLANGE

SHELTER END WALL
CUT 12"¢ HOLE,
DRILL 12

HOLES TO MATCH
PIPE FLANGE

SILICONE COATED
ASBESTOS GASKET

TACK Domengpem

CORRUGATED
ENTRY TUNNEL PIPE
LIxIxY/8
12"¢ CORRUGATED PIPE
TO SURFACE
WELD NECK FLANGE
7/8"¢ BOLT W/NUT 12 PLACES

{EXHAUST STACK TO END WALL)
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W/12-3/8 DIA,
BOLTS AND NUTS

X
—
FLANGE WITH

END PLATE
DRILL 1/2" HOLE
4 PLACES
FOR DRAINAGE

SEOTIONA-A

REINFORCING
RING PLATE

5/16"
END PLATE #1

PaTAILS

(END WALL TO ENTRYWAY)
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a/18 , 7/8" 8SQ.
FULL PENETRATION
SEE NOTE 2

1/8" DISHED PLATE

8/8" ¢ ROD F
12 1
RING GASKET
(ELASTOMERIC PC. 30" ¢ SCH 20 STEEL PIPE

TYPE W/O FABRIC)

DETAIL 7

7/8" BAR
1/2'x3"
PLATE 3/4" PIN. W/13/16" LD,
NYLON SLEEVE

1/2"x8"x3-1/2" PLATE

¥

1:1/8" ¢NYLON WASHERS

DETAIL 8

1/2"PLATE
a8

SECTION C-C
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1"8" |
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1/2" DRILL
) 4 PLACES
: /”H\ ‘
- A\
N \
Y\ AN IS
§ \\\\pué'v’/ -
8“
‘ 1'.2“
DETAIL 10

(2)1/4"9p CAP SCREWS

SEE NOTE 2 "
m 1/2 NOMINAL
] -
R1/4x4" x4+ 7}
(TRIM TO FIT vid
CORRUGATION) 1y
DRILL & TAP 174 A Jf
Vs AN S
LADDER RAIL
WOOD FILLER - LADDER RUNG

LADDER SECTIONS TO BE CONNECTED
TOP AND BOTTOM EACH SIDE

DETAIL §
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G
REINFORCING PLATE RING

AIR EXHAUST OPENING

SECTION E-E

L 4x4x1/2
(ROLLED ANGLE HOOP - BE YOND)
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L dxdx1/2
(ROLLED ANGLE HOOP - BEYOND)

S LANACASUAIAMARSAS NN L

SHELTER
ENTRYWAY
OPENING

SECTION F-F

b4




a/18

L 4xdx1/2
(ROLLED ANGLE HOOP)

-
P i DY

ANGLE HOOP & BARREL
OF SHELTER

S

SECTION D-D

3/18" END PLATE #1

2-REINFORCING PLATE RINGS
PL 3/10" x #':7" DIA,

WITH 81" HOLE OUT

OUT OF CENTER

SECTION H-H

. 10 "
Sl HOLE " 3/18" END PLATE #2

2- REINFORCING PLATE RINGS
PL 3/18" x 1"-7" DIA,

WITH 1-1" HOLE CUT

OUT OF CENTER

3/10
a/e

secrion a-a
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APPENDIX C

,::o, NUCLEAR WEAPON SIMULATIONS
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