MARSHALL ISLANDS FILE TRACKING DOCUMENT

2
Record Number: O/

%Fﬂe Name (TITLE): 2@7’74//7/’4{7 %gfﬂ%/ﬁéy‘&j//éh( /d/)é/ //gj

Document Number (ID): Z}/ T 090G F0d

DATE: 6‘// 75Y
%J( Previous Location (FROM):_Z222g— >
| AUTHOR: é/éo%éé/ I lc] /xié

Addditional Information:

OrMIbox:

CyMIbox:



UNCLASSIFIED /UNLIMITED 49306

\\\\\\\\

frou She ¥
s been githdrawm

Tte earara, n?t {s the "a%ponsibility a.l [~
“lk ras ’ o

Tec_j nlcal
Report

distributed by

@ ' Defense Technical information Center
%--%  DEFENSE LOGISTICS AGENCY

Cameron Station . Alexandria, Virginia 22314

UNCLASSIFIED/UNLIMITED



3 THIS REPORT HAS BEEN DELIMITED
; AND CLEARED FOR PUBLIC RELEASE

YPON

; ITS USE AKD DIBCLOSURE,

: APPROVED FOR P43LIC RELEASE;
DISTRIBUTION UNLIMITED,

= - e e -

t
]
Vof
“
X
.V
PiF e
2,
Py
b AU
Egh) o
3 5
&
e
€5
= T
Ex
M

%
v’» N
pA






. ST WSS 8. w s b e

I o, .« G " o W sonb. o . et

| UNCLASSIFIED

SECURITY
MARKING '

.72

.

¢ vEbay g =TT T e

-

] The classifiod or limites stetus cf this repert applies
L 10 sach pags, saless otherwise marked.

v Sonmpi page pristsuts MUST be nmrked accerdiagly.
' i

; *This éocunen( centa s 1nformation atrebting tho Rhtional
;} Defonse of the United Stagus within the meaning of the
IR Espionege Laws, Title 14,"Y. S. C., Section 793 and

794. Its transsission éitha revelatior of its contents
i1 any menner to an unanfhsrisgg person 1s prohibttod

“:‘.. " u'. - 3—1— - -
¥ EXCLUDED FROM AUTOQMATIC

¥ REGRADING; DOD LIR 5200.10

[

. - "ont ug ORIGINAL SIZE " atachoaat A
I | .

; "y




T 3

I STPR TS vy BT 50 ST e

<+ UNCLASSIF

Cupy i

O\

N o '
!
Vorph o {",j-:!dii ]Q‘>4 Ay - -l _‘f
S . .
¢ ‘[.

Project 1.3

DYNAMIC PRESSURE INVESTIGA TTON

]
) H Th.t 1r¢
. ' Jefine:
AR u:] ! fefined :
| Its tran Yaioor e disclb e one
0 COpUI s hoany
! persfn is pro

ARDeT U AR Wttt

CUUBRTERT DD COMMAND ARMID FGRIEY LD

- S

SROTAIETE OSIBUGUERGLE NEW MERLD




. Inquiries relative to this report may be made to

Chref, Armed Forces Special Weapons Project
Washington, D, C,

ionger needed, return to

I this rejort xsi-n]

@ Lrormana o Service Fue g v

vaawoge.

Te




This document consista of 50 pages,

No. 2000 of 210 copies, Series A.

OPERATION CASTLE— PROJECT 1.8

Repo:“rjtl :tp the Scientific Director

DYNAMIC PRESSURE INVESTIGATION

Edward J. Bryant

Explosion Kinetics Branch

_Terminal Ballistic Laboratory

. Ballistic Research Laboratories

erdeen Proving Ground, Maryland
:"I"" OF THS REPORT DIRECTLY .
IREGQUELT THROUGH Sai’f nsaring

Diroctor
Defense Atomie Support Ascucy

mton, D. C. 20301

& S. MILITARY ACENSIES 1Ay 7
FROM DDC. OTHER WUALIFIED Uliig,,

RQQ

March ].95'\7'“““‘al contains information affectir the

’aHeLr eiS'\cswt‘vnthA
[ R ., Tit'e 19, U.S Aq

Le transn. canor e welzuon
to an unduU‘onzed persan
. LA

of which in;agy manacr |
s geghibited Ly law

FORMER"Y “"'3" "ATA

HANDLE AS RIST.. "o I . "0l 5200 50700 ATl
SECTION ld~o, hw 4.\. r.u..mat AGT, Agd4

n'PTL‘D N '\TA

-~ vl

'
I L
L PN |

-

L

[OFOEVIEEN
Fxchedad rom orvtvmes . P
RN S -t Ve =
dowacro it c." DL I!Jllx 2
) - . . . - .




GENERAL SHOT INFORMATION

Shot | Shat 2 Shot 3 Shot 4 Shot 6
DATE 1 Morch 27 Morch 7 April 26 Aprit. .| S Moy 14 May
(Cu?‘?: ‘:‘::::) Bravo Romeo Kgq‘q ’ Union Yonkee Nector
TIME® 06:40 06:05 06:0% 06:15
o Bikini , on Borge ot Intersection
LOCATION Bc::;; :‘r::n:: Bikini, Tare of Arcs wih Rodi of 6900' from Eniwetok , IVY Mike
on Rea! I (Eninmon) Dog (Yurochs) and 3 Statute Miles Croter , Flora ( Elugelad)
from Fox { Aomoen). ]
TYPE Boarge Lond Barge Borge Borge
"
HOLMES 8 NARVER| N 170,617.17 N170,635.05 | N100,154.50 N 161,698.83 N 161,424 43 N 147,750.00
COORDINATES € 76,163.98 € 75,950.46 | E 109,799.00 E 116,800.27 E 116,683,15 € 67,790.00

" # APPROXIMATE




Nawy
(C»unus)

BOKONEJ'EN
lBAKER)

ao«oevuan
{Aa g }

Y A
BONOAETOKy TOxy
{ALFg)
OURUKAE)
A ZEBRA) © coca
RRRI e

{voxg)

FN“Q(KKU .
(UNCLE)

E.!NUAN

(TARE) e
CHIEERETE REERE e
{Wittian) ISUGARJ’/ o
BIGIREN prd
RUKO ) .
tvicToR) T_{Rogea) o
““‘“\\ Amumnr;u
7 . (PETER)
/ : ;’ e AIRUN)}
: A B toso)
L'/
Shot 3
\‘ S—
i N

-~

B el

L BIKING aTo,

. NOATH pacirc OCEaN
R L]

8k 104
// (HOw)

L bt T L P

e
e g
N

' .
’




A

.

e

..

BOGAIRIKK

TEITEIRIPUCCHI
ELuGtL g
SAN&LCG!;QNSO
[of o] 1]
8000M800 RS ENIWETOK ATOLL
800ALLuA ST/ / KIRINIAN

NORTH PACIFIC OCEAN
OXONAARAPPY
IR o rusory
Wrarnay
NP AOMON
I 811911
AW R004
€ FRAARAANGIRY
DAISY o
RPIRAAL

N
R RUNIT

Mngw
. PHOTO TOWE! .
(MACK), $3-CORAL HEAD
nw\ \, (0SCaR)
“._\ \
b
." \

L saLLy \
: \

AN

L ACHINIEERD
Sk

‘,Amunm
S Statute Mijes




ABSTRACT

T&é%primary objective of Project 1.8 was to evaluate dynamic
pressure as a damage parameter. In addition an attempt was made to
determine the damage effect of the long positive phaze duration.

A total of 27 1/l-ton trucks were exposed in Shcts 3 and 6 of
Operation CASTLE. The ground ranges were selected to obtain dynamic
pressures comparable to those acting upon jeeps experiencing light to
severe damage on Shot 10 of Operation UPSHOT-KNOTHOLF.

The yield value realized on Shot 3 was too low to give any signi-
ficant results. For each degree of damage sustained by the Jeeps in
Shot 6 dynamic pressures were recorded which are related to mesgured
overpressure by use of the Rankine-Hugoniot equation., The damage
results of Shot 6, CASTLE, ccmpere favorably with that of Shot 10,
UPSHOT-KNOTEOLE. Although valuable data were obtained in Operation
CASTLE, it was not enough to conduct a meaningful enalysis of the
effect of the long positive phase on damage.

The data obtained from-Operation CASTLE were sufficient to
evaluate dynamic pressure as a damage parameter and also to determine
the magnitude of dynamic pressures-required for specific damage to
1/4-ton trucks for the get of cénditions as realized in Operation
CASTLE. For reasonable estimates of grpund range ygr damage to Jeeps
for various weapon ylelds the scalingican be asg wl where W is the
yield cf weapon,




FOREWORD

This report is one of the reports presenting the results of the
34 projects participating in the military-effect test program of
Operation CASTLE, which:included six test detonations. For readers
interested in other pertinent test information, reference is made to
WT-234, Suwmary of Weapons Effects Tests, Military Effects Prngram.
This summary report includes the following information of possible
general interest: (1) An overall description of each detonation,
including yield, height of burst, ground z-~ro locatiovn, time of de-
tonation, ambient atmospheric -conditiouns at detonation, etc.. for the
six shots. (2) Discussion of all project results. (3) A summary o*
each project including objectives and results. (4) A corplete list-
ing of all reports covering the gti}?ary-effect test program.




PREFACE

The purpose of this report is to present the damage to l/k-ton
trucks (jeeps) as a function of dynamic pressure obtained frou Shots
3 and 6 of Operation CASTLE. A comparison cf the results is made
with damage sustained in Shot 10 of Operation UPSHOT-KNOTHOLE snd with
analytic&l studies conducted at Ballistic Research Laboratories.

The ‘project plans in Operation CASTLE were flexible so that
participatipa ‘gould be accomplished in any of the shots in which the
conditions »2re determined to be suitable to meev the requirements of
the test. The factors inflvencing participstion were sufficient land
area rad water-wave action. Because of the revisions in shot
schedules and cancellstion of one shoi, active participation was
accomplished in Shots 3 and 6 only.

Self-recording mechanical-type gages were used for measuring
dynamic precsure and static overpressure within the vehicle stations
vicinity. These gages were supplied by Project 1.2b. A Joiat effort
was made by both projects to utilize these gages in the woct
efficient manner in order that both projects could echieve the desired
objectives. For description of the gages and details of instrumenta-
tion, reference should be made to repoirt prepared by Project 1l.2b,

WT-905.

The following 1nd1v1duals were-active participants in Project 1.8
during Operation CASTLE in the capaci*ies noted: E. J. Bryant,
project officer; Captain J. L. Mceoy, deputy project officer;

d. D. NDuppstadt, damage evaluatien,and»consultant Corvorai A. W.

Garrard, field work and gage installaticon; Pfc. J. R. Michalak,

s

field work and gage installation; and-
gage installation. E

Gratetul acknowledgement is made to C.;W. Lampson and E. E. Minor
of Ballistic Research lLaboratories for proviéing technical agsistance
throughout the various stages of the proJeq;? To Lt Col B Jones and
Malor J. Brandenburg, of Armed Forces Speciml Weopons Project, special
appreciation is expressed for suggesting and indfcating the require-
ments for this project.

Perticular and grateful acknowledgement is m&de to N. H. Ethridge
of Ballistic Research Laboratories f¢. the calcuiationa,performed
concerning the effect of pecsitive duration on damage.;é

Grateful appreciation is expressed for the technical e~asigtance
rendered by LCDR W. L. Carlson, USN, Director of Program i, at the

test site,
Appreciation is expressed to personnel of Task Unit 8 and Tesk

Unit 9 for the technical and documentary photography they proviied.
Also, grateful appreciatisn is expressed to the many support )

divisions, withcut which very little of project work cnuld have been

accomplisbed. o

C K. L. McCoy, fileld work and
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Chopter |
INTRODUCTION

OBJECTIVES

The primary objective was to cvaluate the magnitude of dynimic
pressure ‘afn a damage parnaeter for one tyve of target. In addition,
an attempt was made to d.termine the damage effect of the long
positive phase duration «f the shock wave.

Further information was revguired to determine whether or not the
damage curves devised after Operation UPSHOT-KNOTHOLE (see Reference
1) are valid and also to extend the present knowledge cf the effects
of atomic weapons on ordnance egquipment.

1.2 BACKCROUND

The exposure of equipment in Operation CASTLE was a consequence
of the anomalous results obtained in UPSHUT-KNOTHOLE, specifically,
Shot 10 (see Reference i). 0a most of the equipment exposure tests
in the past, the damnge effects have been influenced by the presence
of verying amounts cf dust- behind the shock and on some by the
presence of both, a precursor shoc& wave and dust behind the precursor
vave,

Prior to UPSEOT-KNOTHCLE, st tic overnressure was the parareter
agsociated with damage. The asgumption was made that other blagt-wave
parameters were uniquely relatei .o the static overpressure. The data
obtained in Srot 10 indicated that dynamic pressures measured were
higher by factors of three to four timeés and possibly more than the
dynamic pressures computed from measured overpressures using the
Rankine-iugoniot relation (See Reference 2). Furthermcre, the dsmage
to ordnance equipment on Shots ¢ and 10, U?SBGT -KNOTEOLE did not
correlate with measured overpressures., Daéage within the precursor
zone (Shot 10) was excessive as compared to idamage on Shot 9 at
corresponding overpressure levels. Studies of damsge sustained
indicated that dynamic pressure is the significsn& parameter to te
associsted with damage. The magnitudes of dynamic pressure for
specific type damage are uncerta‘ . 1

The observed values of dyns : pressure (see Ref :9nce 2) and
subsequent investigations sugge: :d that the damage sustained oa Shot
10 may be attributed to dynamic pressures computed friom &n ideal over-
pressure-distarze curve (see Ref2rence 3) using the normal Rankine-
Hugoniot relation. These assumed values of dynamic pressure were used
in the ensuing statistical analysis. The test in Operation CASTLE
was to p*ove or disprove the validity of the assumpticn made anud to

»
e
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astertain whether or unot the precursor will enhunce damage.

In view of the davelopnent of high-yield weapons, it is desirable
to know the effect on damage of the positive duration so that the
present damage criteria can be extended for range or weapons approxi-
mately from O.,1 KT up to and including 10 MI'. There i8 no experimental
data available beyond a yield of approximately 60 KT or below 1 KT.

The study undertaken at Ballietic Research Laboratories i.dicated that
as the yleld of weapon increases the pressure lcvel for specific
damage decreases for drag sensitive targets.

14




Chapter 2
EXPERIMENT DES!GN

To:understand better the blast-wave parameters assocliated with
the damage noted on Shot 10 of UPSHOT-KNOTHOLE, a total of 27 1/4-ton
trucks were used for exposure on Shots-3 and 6 of CASTLE in a pressure-
time - fiﬁld expected to be that of a classical shock wave., The ground
ranges were selected to obtain dynamic pressures comparable to those
acting uppgrqeeps experiencing light to severe damage on Shot 10, In
terz. of values of side-on or static pressures, the region of interest
for exposure of Jeeps wus 6 to 25 psi, based on the ideal pressure-
distance curve. Within the vicinity of each station, static end
dynamic pressures were measured. Dynamic pressures were also caiculat-
ed from measured static pressures using the following relation:

(2.1)

where: P =

The study of the effect of positive duration (see Appendix A)
indicated a lowering of pressure for specific damage to drag-type
targets for the large yield of weapons. Furiher irgight into this
effect was to be obtained from results of theée tests.

Damage evaluetion of vehicles was in &gcordance with the »ro-
cedures for UPSHOT-KNOTHOLE. That is, damaged ixgms were classified
in terms of echelon of maintenance and time to réétore to combat use.

2.2 FIELD LAYOUT

A total of 12 1/h-ton ‘rucks were exposed on Shot.3. Table 2.1
presents the vehicle stations and the pressures expected from.the
estimated average yield and the estimat.d maximum yield., Within the
pressure range indicated in Table 2.1, damage to vehicles was'expected
to be between moderate ana severe for any value of yleld from the
estimated average to the estimated maximum. Placemant of vehicles in

15



TARLE 2.1 - Pield layout, Sbot 3

T TESTRUMENTATION
PREDICTED P. r‘ GAGE q GAGR
FTATION AVO YIBID MAX YIEID RANGE RANGR
SUGER  DISTANCE ORIXNTATION (1.5 ) (b ) (pe1) (pet)
o9 6,500 2-80 1-70 35.0 70.0 50 50- 50
.10 5,700 2-80 1-F0 20.0 M0 25 15-1%
08 10,900 2-80 1-F0 0.8 2,0 15 15-1%
07 me 5'“ 106 15-5 hded 1”15

Total: 12

: %80 refers to side-on
JO refers to face~-co

pressure regions of interest correspcnding to the estimated minimum
yield was not’ considered. It was felt that if vehicles were placed in
pressure regions corresponding to the minimua yield and the actual
yield exceeded the. maximum limit, (this possibility existed since the
yield values of the preceding shots were above the estimated average)
vehicles would :be demolished and no information would be gained. On
the other hand, if the lower limit of yleld were realized, the
vehicles would not be dameged and, therefore, could be used for
exposure in a subeequent shot. The field layout for Shot > is shown
in Fig. 2.1.

Because the shot that most suited the requirements of this
project was cancelled, participation in Shot 6 was a move of despera-
tion for gathering scue useful data. Shot 6 was the only remaining
shot with enough land area. availsble whereby vehicles could be exposed
within the pressure regions of interest.

$7A. 10008

STA. 0.0

Pig. 2.1 = [Field layout, Shot 3
18




TARIE 2.2 - Pield layout, Shot -
I

PREDICTRD P. IRBTRUENTATION

(m ("' (m " GAGE q GAGE
STATION Yield) Yield) Tield) RANGE PAKE
FUMBZIR  DISTANCE ORIENTATION® 1 )& 1.8 M 2.5 0 (pet)  (pet)

180.1% 5,200 1.80 1.0 A3 67 87 50

18026 5,900 1.80 1.0 2 S0 65 0 150-1%0
180.15 6,750 1-80 1l.)0 23 LY a7 50 50-50
180,16 T17,2% 1.80 1.0 19.% 32 L1 25

180.17 7,600 1.80 1-P0 17.5 21.7 3% 25 $0-50
180,18 7,900 3-80 1.F0 16.0 25.0 33 23 50-50
180,19 8,50 1.80 1.F0 1k.0 2.0 27.0 25 25.25
180.20 9,000 1-80 1.y0 12.5 18.5 240 25 25-25
180.21 9,580 1.8¢ 1.0 1.2 16.% 2.0 13 15-1%
180.22 13,090 180 1. 6.7 9.2 15 15 .

| NOTE: * 80 refers to sife-ca

7O refers to face-cn

In order to be assured of some deta in Shot 6 the vehinle loca-

tions ranged ‘from 5200 feet to 13,100 feet. Severe and moderate
damage could be expected from the estimated minimm yield to the
estimated maximm yield. A tctal of 20 vehicles were exposed; six of
these vehiclee were recovered from Shot 3, the other six were too ccne
taminated to be: transported. Two vehicles, one side-on and one face-
on, were placed at each station, instead of three per staticn, to be
certain there were sufficient stations for complete coverage. The
vehicle stations for Shot 6 are presented in Table 2.2 and the field
layout is shown in Fig. 2.2.

IRENE

GENE

o &2

190,13

_— 79 874, 100.28
csLLE
[ 1414

Pg. 2.2 - Pield layout, Shot 5
17



Chapter 3
RESULTS

. TFe yleld value realized in Shot 3 was too low to give any signi-
ficant results., The highest pressure region in which vehiclas were
located was:7.48 psi. At this pressure level damage to vehicles was
light. The damage and the displacements are tabulated in Table B.1.
The pressure values measured at each vehicle station are shown in
Teble 3.1. Two of the "q" gapges at 10,900 feet and 13,800 feet did
not function. - -

3.2 SHOT 6

The pressure region to which vehicles were subjected ranged from
8.3 psi to 58 psi. Within this range, damage varied from light to
severe. Moat of the vehicles vere completely demolished.

As in previous snots, venicles in side-on orientation sustained
more damage than the vehicles in face-on orientation. In the region
of over-kill, where vehicles are-totally dismembered, the vehicles
placed face-on were not damaged to the extent of the vehicles placed
side-on (note difference in photogrephs in Appendix C). An observa-
tion of unusual demage was made at Station 180.20. The vehicle in
face-on position was displaced 200 fee@t; yet the only damage incurred
was to the two front wheels. The bodyand steering coiumn were intact,
so it may be assumed that this vehii} 7did not roll. Fowever, it 1s
not certain whether the vehicle was pickedlup and hurled through the
air, landing on its two front wheels, or whether the vehicle slid.

Two vehicles at Station 180.21 were blown into the lagoon, and
darage cculd not be evaluated. If the damage could be evaluated, this
result would rot be valid, since damage would §§r€ainly be different
1f the vehicles were hurled against a ground surface.

Water waves did wash over the nearer posiééins to ground zero and
possibly inflicted additional damage to vehicles at these statiomns.
Beyond Station 180.19 there appeared to be no damage: resulting from
water-wave action. From the terrain features noted, it was reasonable
to assume that water waves did not wash over beyond Station-180.19.

The damage evaluations and the displacements are listed in
Appendix B, Table B.Z2. The static pressures and dynamic pressures as
aeasured are shown in Table 3.2 and plotted in Figs. 3.1 and 3,2,
respectively. The plot of static pressure data generally fits the
predicted pressure-distance curve, if a yield value of 1.7 MT is: used.
The dynamic pressure curve of Fig. 3.2 was obtained from the predictcd

pressure-distance curve of Fiz. 3.1 by the use of Equation 2.1,
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TAKE 3.1 Pressure versus Distanve, 7hot 3

180,07

Btation Distance
 Mmber (£2) P, Meas. P, Moss. P, Cals.
180,09 6,%00 T.08 1.10 1.26
180,10 8,200 h.50 0.7 0.46
180,08 10,900 2.38 e ow
13,800 1. .. -
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Chapter 4
DISCUSSION

4.1 GENERAL

The wave forms of the pressures measured arxli the general agreecment

beéveen the measured and calculated dynamic pressures indicated that

the: 5hock wave of Shot 6 was nearly a classical shock wave. Although
theré was sand iu the blast wave, as evidenced by the venicles being
sandblgatg@, there was an insufficient amounc of sand to alter appreci-
ably the wave forms. It 1s believed that the contributions to damage
of vehicles by dust was negligible.

A surprisingly larger value of dynamic pressure is required to
cause i{ue sam~ deg.ee of damage to vehicies placed face-on than for
vehicles placed side-on, The value of dynamic pressure for lower
limit of severe damage, (vehicle demolished) for face-on orientation
was 12,1 psi. ‘Unfortunately, data were not availeble at pressure
levels less than 6.9 Psi to establish the lower limit of severe lamage
for side-on orientation. A gap of LCOO feet existad hetween the last
station for severeiﬂaﬁaggggnd the next station for moderate damage.
Land area was not avail&blé for placement of vehicles within this gap.

%.2 COMPARISON OF DAMAGE AND DISPLACEMENTS OF SHOT 6, CASTLE WITH
SHOT 10, UPSEOT-KNOTHOLE"ﬁE

A comparison of damage for Shots 6 (CASTLE) and 10 (UPSHOT-KNOT-
HOLE) is gziven in Table 4.1 and’showyn in Figs. 4.1 and 4.2, In both
figures, Figs. 4.1 and 1.2, the symbols S, S-M, M, and L signify

- pevuire, severe-moderate, moderatc énd light lamage, respectively

sustained by the Jjeeps at the distences indicated. The damage noted

is for side-on orientstion. Severe-moder&te clagsification indicates

tha: item was still intact, but repasirsifor irmediate combat usc were

such as to require depot maintenance. Thie classification makes a

distinction from severe damage whereby item is completely dismembered.
Examination of the limited data indicates! that, for similar camage

to Jeeps higher values of overpressure were recorded on Shot 6 (CASTLE)

then on Shot 10 (UPSHOT-KNCTHOLE). The relative comparisons as shown
in Fig. 4.1 indicates that damage to jeeps on Shot 10 (UPSEOT-KNOTHOLE)
corresponds to the ideal overpressure-distancc curve, However, since
measurements of overprecsure were taken on both shote snd sre reliadble

the damage to Jeeps on Shot 10 as & function of the 1deal overpressure
is mesningless.

As mentioned in Section 1.2, dumage to Jeeps will bn a function
of dynamic pressure, but the magnitudes of dynamic pressure for
specific damage were in question. On Shot 6, CASTLE, measureuents of
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dynamic pressure which are related to measured overpressure oy use of
the Rankine-Hugo:iot relation, Equation 2.1 were recorded for each
specific damaged sustained by the leeps. Comparing damage of Shot 6
(CASTLE) with Shot 10 (UPSHOT-XNOTHOLE) as a function of dynamic
pressure as shown in Fig. 4.2 {ndicates the damage to jeeps on Shot 10
correlate better with the ideal dynamic pressure than with the values
measured by Sandia Corporation (use Reference 4), The measured values
of dynamic pressure cn Shot 10 are questionadle., This comparison
sugg§3§s§ that the probability curves for daczage to Jeeps (see Reference
1) are valid since ideal dynamic pressures vere used for correlation
vith.demage in the statistical analysis corducted.

Up tonaw Ko mention has been made of the effect of positive
duration on- ds.mage to jeeps. Intuitively, it can be expected that if

D1 OTANE 44 n-? Cowpariscn Batween Shot 10 (UFSHOT- BIOTHOLE)
7. et Sbot 6 (CASTLK) for 1/4-Tom Trucks, 3ide-ca

ot 10
uﬂnﬁ;r:humuulbn Ideal P-D Degree of | Displacemsnt
2 :curvo Curve Deesage (re)

r.‘{ SR A ’, Py
122 .96
1600 12.0 -
Y 9.3 { 10.9 Nz
285 8.5 T2
2{70 7.8 11'7

Station Distance n
S Ty
180,18 7,900 £80
180.19 8,500 560
280,20 9,000 290

lubzz 13,090 . T5

a torce of sufficient magnitude to’ cause motica & t8 on a target for

a long period .f time, the damage will be greater: than for an equiva-
lent force acting on the target for a shorter period of time, The
treatment ~f the effect of positive duration is given: {n Appendix A.
It is shown that as the yield of weapon increases the: dymamic pres-
gsure for = given displacement decreases. F:ow, dispiacement and dam-
age of a vehicle are related., It can be expected that the:larger
displacements of a vehicle will cause greater damcge. Therefore, for
the same level of damage the dynamic pressure will be higher f:oam a
low yield weapon than from a high yield weapon. In view of this, the
dynsmic pressure on Shot 10 could have been higher than the ideal: -
dynamic pressurc even though the comparison of the damage made Letween
Shot 6 and Shot 10 implies that the ideal dynamic pressure was .
effective in causing damage to Jeeps on Shot 10. Although the data
obtained in Operation CAITLE was valuable, it was not ezsough to
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separate the effects of dynamic pressure on damage to vehicles from
the effects of positive duration on damage to vehicles., It follows
therefore that the effect on damage resulting from the long pcaitive
duration is still to be determined and that the validity of the
probability curves for damage as a function of ideal dynamic pressure
remain to be proven.

It is of interest to point out that if the damage to the jeep at
13,090 Teet (Shot 6) wes severe then a more favorable comparison would
exist for displacement as well as damage between Shot 6 (CASTLE) and
Shot i10 (UPSHOT-KNOTHOLE). The damage to the jeep at 13,090 feet
could-Just. as likely have been severe since during tk2 transient time

of the vehicle being displaced the ranner of impact of the vehicle
with the g~ound would itself be a probability function. The displace-
ment and damgge ‘then would be approximately similar at 13,090 feet,
Shot 6 and 2415 feet, Shot 10. In each case the vehicles were 1ntact
except that on: ‘Shot lO the vehicle required depot maintenance to re-
store to combgtjuse which is considered as severe-moderate damage and
on Shet 6, the vehicle required field maintenance which is considered
modcrate damag o

If tle comparison was as indicated above the scaling from Shot 6
conditions to Shot 10 conditions for displecement of jJeep as well as

the damage to Jeep would be .approximately W '1/5. At each of two

locatiors on Shot 6 and Shct 10 the displacements were approximately
equal. ™at is at 9,000 feet, Shot 6 and 1,920 feet, Shot 10, the
displacements of Jeeps were 290 .feet and 310 feet, respectively. Also,
at 13,090 feet, Shot 6 snd 2,415 feet, Shot 10, the displacements were
75 feet and T2 feet respectivq

Hence, for W2 =

S

or x = 0033

X
Ry 8(“2\ 13,090

R\R) T ES

or x »« 0,36

Therefore, for reasonable estimates of ground range féf specific
damage to 1/4 ton trucks, the scaling for various yleld weapons can be

as wl/ where W is the yield of weapon.




Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

The data obtained in Operation CASTLE were sufficient to evaluate

T ?hnumu vressure as a damage parameter and also to determine the mag-
“nitude of dynamic pressure required for specific type damage to 1/4-

ton trucks for a set of conditions as that in CASTLE. The limited
data ‘of CASTLE when compared to Shot 10 (UPSHOT-KNOTHOLE) suggests
that:the ideal dynamic pressures were effective in causing damage on
Shot 10. “However, because of the uncertainty as to what effect the
long pcsitive duration has on damage the values of dyramic pressure
causing ‘damage on Shot 10 remain questionable. In the CASTLE results,
it was not possible to scparate the effect of dyramic pressure on
damage from the effect of the long poaitive duration on damage.

Reasonable estimates of ground ranges for speciféE/Sype damage
to 1/k-ton trucks can be made when the scaling is as » Where W is
yield of weapon. .-

In view of the knowledge accumulated on damage to jeeps under
varied blast conditions, the jeeps can be regarded as respons: gages
to forces resulting from nuclear blasts. It is recommended that in
future nuclear tests Jeep be exposed along with instrumentation for
basic blast measurements-to. investigate any variations of the blast
and its effects on damagew~b drag sensitive targets under various
conditions of nuclear detona ons.
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Appendix A
EFFECT OF POSITIVE DURATION ON DAMAGE

Al GENERAL

. The study of the effects on damage of positiva durstion was
undertaken prior to the test in Operation CASTLE and completed during
the time the test was conducted at Pacific Proving Ground.

~For . -drag targets, such as vehicles, much damage will result bHe-
cause of motion due to either high acceleration forces or impact with
the ground. The easiest and simplest parameter selected from experi-
mental data for correlation to forces of a blast wave was displaciment.
Displacciient of the item is proportional to the dynamic pressure
impulse of the.blast wave,

Calculations were made for displacements of 1/4-ton trucks
exposed to weapons of various ylelds. Furthermore, a statistical
analysis was conducted:to determine the relation of displacement of &
vehicle to damage. From this procedure, the quantitative effect on
damege of “he positive duration was obtained.

A.2 CALCULATED DISPLACEMENTS FOR OPERATION CASTLE

In the calculations for displacements performed, the loading
methods developed by Armour Res,érch Foundation (see Reference 5)
were used, These calculations‘are for linear displacements assuming
a constant area and a constant. ?rictional force for 1/b-ton truck
exposed to the long durations expectbé in Oreration CASTLE. The
calculations involved the computation!of the pressure-time decay
curves for the pressures of interest,ithe integration of these curves
and calculations of the displacements’ for various coef'flcients of
friction. Three values of coefficient of sliding friction
were used, 0.25, 0.5, and 1.0 and three values of yield, 0.125 MT,
1.0 MT and 10 MT burst at surface level. :

The equations used to describe the decay of: the pressure-time
curve was the modified Friedrich's equation, and:the duration for

pressures of interest were obtained from Operation IVY. The durations
are not considered to be precise. However, three significant figures
were used so that the resulting displacement data would form smooth
curves. The data used for the calculations are listgd in Teble A.l.

Fig. A.l and Fig. A.2 present the normmlized overpressure and
dynamic pressure decay curves. Three pressures are plot»*d in each
figure to indicate the decay changes as A changes.

The calculated values of displacemeul obtained were pletted
against dynamic pressure and arc shown in Figs. A.3, A.4, A.5 and A.6.
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Shown also in Figs. A.> and A.5 are the calculated displacements per-
formed for Shot 9, UPSHOT-KNOTHOLE. This shot was a high air burst

weapon and the calculated displacements were the values resulting from
the horizontal comporant of dynamic pressure. The dynamic pressures
for comp;tatiou were obtained from the usual Rankine-Hugoniot relation,
Eq. A.1).

2
Py = 2.5 (Py) (A.1)
°+PB

with P_ =’,1y;7 rsi.

The horizonta¢ lines shown in Figs. A.3 tlLrough A 6 depict the
damage that may Ye expected for the calculated displacements. The
correlation of' -displacement with damage to l/k ton trucks was obtain-
ed from a statistical analysis of previous data. The treatment of the
data involved the analysies of "sensitivity data” (see Reference 6).

This correlation is shown in Fig. A.T, which gives the probability of
damage to l/4-ton trucks versus displacement and is for side-on
orientation only. Since there was no overlap of data in the region

of moderate and severe damsge, neither the mean value u nor the standard

devistion o could be calcula*ed for the probability of severe danmsge.
The mean value of displacement for 50 percent probebility of light
damage is p = 27.1 feet and standsrd deviation is o = 3.66 feet. The
interval of displacement for 50 percenu probability of severe damage
is 4O u (2 feet. The values af tﬁe horizontal lines shown in the
figures mentioned above are 27.1 feet for 50 percent probability of
light damage and 72 feet, above which \»gsevere damage.

A study of the curves indicatgs ;bat for drag targets that are
damaged when moved, such as vehicles,\hn’adggtional increese in lethal
area may occur resulting from the longer duration of the large yields.
The longer duration lowers the dynamic pregsure for specific type
damage and thus thewi ius of damage extends beyond the usual scaling
value, i,e,, using for scalirg the distancarfrom ground zero fer
a given value of dynamic pressurs. To determine the exponent of the
yield, W, for scaling the lethal radius for specific damage, a curve
was drawn (see Fig. A.8) showing the distance friom ground zero for
vhich a given displacement can be expected from differént slze weapons
burst at surface level. The values of displacement selected from Figs.
A.3 and A.4 were for side-on orientation and for u = O o, sliding
coefficient of friction. The actual displacements of-jeeps-in Shot 9,
UPSHOT-KNOTHOLE, for side-on orientation within the Mach region were
scattered about the displacement curve calculated for a sliding co-
efficient of friction of u = 0.5. Additional calculations: for dis-
placemernt were performed for ylelds other than those mentioned to -
cover the range of ylelds from O.1 KT up to 10 MI. The slope of the
curves varies from a minimm cf 0,40 up to a maximum of 0.5 which
suggests that bhﬁ,average value for scaling the yield, W, for damage
should be as W
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Appendix B

DAMAGE RESULTS

TAKIZ 3.1 - Damage Results, Sot 3
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TARLE 3.2 - Results - Shot 6

,Pﬁuur; Dise Dagree To Restare Combat Use
|statica s (1 placemeat  of ™ Main
Mmber  Distance pei E* Orien. ‘f‘! Eg Description Hours Bohelos

58,0 . 80 - 8 Dumolisbed .- Salvage

8.0 - n - e 8 Demoldehed - - Salvage

51.0 - 80 - Demolished ) Salvege

5.0 - 0 .o 8 Damolished .- Salvuge

3.5 2.5 8 - ) Demolished - Salvage

.5 205 P . 8  Demolished .. Balvage

26.0 - 80 Chaseis 500 8 Demolished - Salvage

26.0 - JO0  Chassis 500 8 Demalished - - Salvage

0 25,5 12.8 80 Chassis 30 §  Demolished .- Selvage
0 255 128 PO  Chassis 260 8 Damolished - Salvage
0 22.4 1l1.1 80 Chassis 200 8 Damolished - Balvage
‘2., 11 P 260 8 Chassis bent, Ingine - - Salvage
mounts btroksn, engins
inteast v/vehicls
180.19 8,50 19.0 8.2 80 Chassis 360 8 Damolisbed - Salvage
180.19 8,50 19,0 8.2 P 180 8  Chassis intact, drake 1S Depot
co- 4rum of left rear vheal
bent, frame bent, engine
S tarn loose at froot mounts
v redistor and grill assambly
bent, left froot vheel bent,
180,20 9,000 16.8 6.5 80 Demolished -- Salvage
180,20 9,000 16.8 &5 ¥ - Both front vheals 2 crgsn
danaged, one vhesl
bent, one vheel dlown
off, radiator pushed
dack slightly, steer-
ing column aot dent
180.22 9,580 1h.0 - 80 Yebicle blown into 1l
goon, dsmage cowd not
be evaluated, appeared to
be intact.
180.21 9,580 14.0 - 0 Sane as vehic' e above,
180,22 13,090 8.3 - 0 Yahicle on its back, Y rield
engine mounts torn
180,22 13,090 8.3 - ) o) bLY L - .-
MOTE: FO - Pace-on % e« Bevere
80 - $Side-on L - Light
Organ - Organizaticn N - Medium
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Appendﬁ C
PHOTOGRAPHY

Aerial and surface photographs were made of the vehicle stations
before and after each shot. The photography included still and motion
pictures. Aerial photography was for the purpose of evaluating damage
from ‘the pictures in the event radiological conditions were such as to
preclude entry into the area after the shot.

Aérial photography after Shot 6 was wnecessary, since entry into
the area was permissible one day after the shot. Only still pictures
vere taken.,

Fig. C.1 - Station 180.10, showing 1/L-ton truck, side
"q" gage before Shot 3 (surface view). Ground:Range
8200 feet. D
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: Fig, C.2 - Station 180.10, before Shot 3, two 1/k-ton trucke, side-on,
one 1/4eton truck face-on. Ground range 8200 feet.

~~ -y

- Fig. C.) - Station 180.10 after Skot
8200 feet.




Fig. C.h4 - Station 180.09 before Shot 3, two 1/L-ton trucks side-on,
one 1/k-ton truck face-on. Ground Range, 6500 feet.

Fig. C.5 - Station 180.09 after Shot 3, Ps = T.48 psi.
Ground Range, 6500 feet|
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Fig. C.6 ~ Station 180.17 before Shot 6, Vehicle 10 face-on, Vehicle
11 side-on "q" gage to right of vehicles. Ground Range,
7600 feet. -

ArE 8 R f

Fig. C.7 - Staticn 180.19 before Snot 6, Vehicle 1k faca-on, Vehicle
8 side-on. Two "q" gages and ‘wo "Pt" gages in foreground.
Ground Range, 8500 feet. S
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Fig. C.8 - Station 180.17 after Shot 6, Vehicle 10 face-on, sevare

damage; P = 23.5 psi, Py = 14.1 psi (compare with below).

Ground Range, 7600 feet.

Fig. C.9 - Station 180.17 after Shot 6, Vehicle 1. side-on, democlished;
P, = 23.5 psi, Py = 1k.1 psi (compare with above). S

Ground Range, T600 feet
42




Fig. C.10 - Sié,tion 180.18 after Shot 6, Vehicle 3 face-on, severe
damage; P = 22.4 psi, P, = 12.1 psi (compare with below).

Ground Reuge, 7900 feet.

Fig. C.11 - Station 180.18 after Shot &, Vehicle 1 side-on;.demolished;
P, = 22.4 psi, Py = 12.1 psi (compare with above). Ground

Range, 7900 feet.
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Fig. C.12 - Station i80.19 after Shot 6, Vehicle 14 face-on, severe
damege; P_ = 19.0 psi, Py = 8.8 psi (compare with below).

Ground Range, 8500 feet.

Fig. C.13 - Station 180.19 after Shot &, Vehicle 8 cide-on,;aéﬁolighed;
P = 19.0 psi, P, = 8.8 psi (compare with above). Ground

Range, 8500 feet, :
82, 44 A




Fig. C.1l4 - Station 180.20 zfter Sho“ 6, Vehicle 3 face-on, moderate

damage; P_ = 16.8 psi, Py = 6.9 pei, vehicle displaced

200 feet (compare with beiuw). Ground Range, 9000 feet.

7ig. C.15 - Station 180.20 after Shot
8

45

6, Vehicle 12 ‘gide-or, demolished;
P_ = 16.8 psi, Py = 6.9 psi, chassis displaced 290 feet.
(compere with above and Fig. C.19). Ground R

ange, (9000 feet.
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Figo Col7 -

Fig. C.16 - Station 180.22 after Shot 6, Vehicie 2 face-on, light

damage;gPé = Qr? psi, Pd(comp) = 1.55 psi (compare with
below). Ground Range, 13,090 feet.

s e . . » 3 W

Station 180.22 after Shot 6, Vehicle 6 side-on, moderate
damage; P = 8.3 psi, Pd(comp) = 1,55 psi, displaced T5

feet {compare with above aund Fig. C.20) Ground Renge,
13,060 feet.
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N
Fig. C.18 - Position 3.21 ad after Shot 10 (UPSHOT-KNOTHOLE), vehicleq
side-on:,, _fiemolished; Ps(meas) = 12,0 psi, Pd(idea.l) = 4.
psi (compare with Fig. C.13).
' et z 0 r .
Fig. C.19 - Position 3.21 i after Shot 10 (UPSHOT-KNO’I\';‘?OLE;—),}: vehicle
side-on, demolished; Ps(meas) = 9.3 psi, Pd(idfeg;‘.i) = 8,3
psi chassis displaced 312 feet (compare with F c.15).
47




Fig. C.20 - Position 3.2l af after Shot 10 (UPSHOT-IQIOTHOLE), vehicle
side-on, severe-moderate damage; P o(meas) * = 8.5 psi,

Pi(1deal) = = 3. 5 psi. Vehicle displaced 72 feet (coupare
with Fig. C. 17)

Fig. C.21 - Position 3.21 ag after Shot 10 (UPSHOT-KNO"‘HOLE), vehicle

side-on, light damage; Ps(meas) 7.8 psi, Pd(idenl) 2.0

psi. Vehicle displaced 17.7 feet. (Photograph completeé
range of damage from severe to light on Shot 10, =~
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