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Shot | Shot 2 Shot 3 Shot 4 Shot 6

DATE 1 March 27 March 7 April 26 Aprit 5 Moy 14 Moy

(unclewnted} Bravo Romeo Koon a Union Yankee Nectar

Te * 06:40 06:05 06:05 06:15

a Bikini , on Berge ot Intersection
LOCATION aiewere) Bikini, Tore of Arcs with Rod of 6900"from Eniwetok , IVY Mike

on Rest r (Eninmen) Dog (Yuroch+) ond 3 Stotute Mites Crater , Flora (Elugeiob)
from Fox ( Aomoen).

TYPE Barge Land Borge Borge Borge

\ ad

HOLMES @NARVER] Nv 170,617.17 N 170,635.05 N 100,154.50 N 161,698.83 N 161,424.43 N 147,750.00
COORDINATES E 76,163.98 E 75,950.46 E 109,799.00 E 116,800.27 E 116,683,15 E 67,790.00       
 . APPROXIMATE
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ABSTRACT

Mie’ 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 phase duration.

A totalof 27 1/4-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 waa 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 meagured
overpressure by use of the Rankine-Hugoniot equation. The damage
results of Shot 6, CASTLE, compere favorably with that of Shot 10,
UPSHOT-KNOTHOLE. 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 set of cénditions as realized in Operation
CASTLE. For reasonable estimatesof ground range yr damage to jeeps

for various weapon yields the scaling ican be as we 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-334, Swmary of Weapons Effects Tests, Military Effects Program.
This summary report includes the following information of possible
general interest: (1) An overali description of each detonation, .
including yield, height of burst, ground z-ro location, time of ae-
tonation, ambient atmospheric conditions 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 complete list-
ing of all reports covering the military-effect test program.

 

 



PREFACE

The purpose of this report is to present the damage to 1/4-ton
trucks (jeeps) as a function of dynamic pressure obtained froi Shots

3 and 6 of Operation CASILE. A comparison cf the results is made
with damage sustained in Shot 10 of Operation UPSHOT-KNOTHOLE sud with

analyticel studies conducted at Ballistic Research Laboratories.

The.‘project plans in Operation CASTLE were flexible so that
participation“eould be accomplished in any of the shots in which the
conditions “2re determined to be suitable to meet the requirements of

the test. The factors inflvencing participation were sufficient land
area nnd water-wave action. Because of the revisions in shot

schedules and cancellation of one shot, active participation was
accomplished in Shots 3 and 6 only,

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

WT-905.
The following individuals were.active participants in Project 1.@

during Operation CASTLE in the capacities noted: E. J: Bryant,

project officer; Captain J. L. McGoy, deputy project officer;

d. D. Puppstadt, damage evaluationandconsultant; Corvoral A. W. 
Garrard, field work and gage installation; Pfc. J. R. Michalak,a

field work and gage installation; and.

gage installation. Le
Grateful acknowledgement is madetoC.;W. Lampson and E. E. Minor

of Ballistic Research Laboratories for providing technical agsistance
throughout the various stages of the project, To Lt Col B Jones and
Ma‘or J. Brandenburg, of Armed Forces Specimi Weapons Project, special

appreciation is expressed for suggesting and indicating the require-

ments for this project.

Perticular and grateful acknowledgement is méde to N. H. Ethridge
of Ballistic Research Laboratories fe. the calcutations performed

concerning the effect of pcsitive d'ration on damage. : |

Grateful appreciation is expressed for the technical eaaistance

rendered by LCDR W. L. Carlson, USN, Director of Program iy. at the
test site.

Appreciation is expressed to personnel of Tasx Unit 8°‘and Task.

Unit 9 for the technical and documentary photography they provided.

Also, grateful appreciation is expressed to the many support ;
divisions, withcut which very little of project work could have béen.

accomplisted. .

CK. L. McCoy, field work and  
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Chopter |

INTRODUCTION

OBJECTIVES

 

% The primary objective was to evaluate the magnitude of dynimic
pressure ‘an a damage paraneter forone type of target. In addition,
an attempt was made to d.termine the damage effect of the long
positive phase duration uf the shock wave.

Further information was required 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 equipment.

1.2 BACKCROUND

The exposure of equipment in Operation CASTLE was a consequence
of the anomalous results obtained in UPSHOT-KNOTHOLE, specifically,
Shot 10 (see Reference i). Ga most of the equipment exposure tests
in the past, the damage effects have been influenced by the presence
of varying amounts cf dust:‘behind the shock and on some by the
presence of both, a precursorphock wave and dust behind the precursor
wave.

Prior to UPSHOT-KNOTHCLE, static overpressure was the parareter
associated with damage. The assumntton was made that other blast-wave

us The data
obtained in Srot 10 indicated that “ayfiamic pressures measured were

higher by factors of three to four times and possibly more than the

dynamic pressures computed from measured overpressures using the
Rankine-ilugoniot relation (See Referente 2)..._Furthermcre, the damage
to ordnance equipment on Shots 9 and 10, UPSHOT--KNOTHOLE did not
correlate with measured overpressures. Damage within the precursor

zone (Shot 10) was excessive as compared to idamage on Shot 9 at
corresponding overpressure levels. Studiesof damage sustained

indicated that dynamic pressure is the significant parameter to be

associated with damage. The magnitudes of dynaniic pressure for
specific type damage are uncerta’ . Ld

The observed values of dyna =: pressure (see Ref. rence 2) and
subsequent investigations sugge: :d that the damage sustained ea Shot

 

 

pressure-distarze curve (see Reference 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 prove or disprove the validity of the assumpticn madeand to

 

a
d
e

 



ascertain whether or not the precursor will enhance damage.

In view of the development 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 of weapons approxi-
mately from 0.1 KT up to and including 10 MI. There is no experimental
data available beyond a yield of approximately 60 KT or below 1 KT.
The study undertaken at Ballistic Research Laboratories iadicated that
as the yield of weapon increases the pressure level for specific
damage decreases for drag sensitive targets.  
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Chopter 2

EXPERIMENT DESIGN

 

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

1 y2
P, = 2.5 (Ps) we (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. Firther insight into this

effect was to be obtained from results of these tests.

Damage evaluation of vehicles was in accordance with the »pro-

cedures for UPSHOT-KNOTHOLE. That is, damaged items were classified
in terms of echelon of maintenance and time to reetore to combat use.

2.2 FIELD LAYOUT

A total of 12 1/h-ton vrucks were exposed on Shot-3. Table 2.1
presents the vehicle stations and the pressures expected from.the

estimated average yield and the estimatcd 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. Placement of vehicles in

15



TABLE 2.1 - Field Layout, Shot 5

 

 

THOTRUMESTATION
PREDICTED r, r, GAGE @ GAGE

STATION AVG YIRID MAX YIELD RAMGE RANOR
SUMMER DISTANCE ORTERTATION® (1.5 ie) (% er) (pet) (pet)_

9 6,500 2-80 1-70 35.0 70.0 50 50050
-10 6,200 2-80 1-F0 20.0 .0 25 15415
08 0,90 2-80 1-FO 5 2k.0 15-15-15
OT 153,600 3-80 1.6 15.5 we 15-15

Total: 12

: 980 refers to eide-on
Fo refers to face-ca

 

pressure regions of interest corresponding to the estimated minimum
yield was not: considered. It was felt that if vehicles were placed in
pressure regions corresponding to the minimum yield and the actual
yield exceeded the. maximm 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 yield were realized, the
vehicles would not be damaged and, therefore, could be used for

exposure in a subsequent shot. The field layout for Shot 3 is shown
in Fig. 2.1. De

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 sowe useful data. Shot 6 was the only remaining
shot with enough land area. available whereby vehicles could be exposed
within the pressure regions of interest.
 

  

  

STA, 100.08

Sa. 00.00

   
Pig. 2.1 = Field layout, Shot 3

16



TARIZ 2.2 - Field Layout, Shot —

J

PREDICTED r, THESTRUMENTATION

(man (Avg (max Py AGE q AGE

 

STATION Yield) Yield) Tield) RANGE RANGE
NUMBER DISTANCE ORIEWTATION® lor 1.8 6f 2.5 MP (pet) (pei)

180.18 5,200 1.80 1-FO &5 67 87 50
180.18 5,900 1.80 1-PO 32 50 65 50 150-150
180.15 6,750 1-80 «1-25 37 aT 50 50-50
180.16 7,20 1-80 1.— 19.5 32 bl 25
180.17 7,80 1-80 1-FO 17.5 27.7 36 25 50-50
180.18 7,900 13-80 16FO 16.0 25.0 33 25 50-50
180.19 , 1-80 1-PO 14.0 23.0 27.0 25 25025
180.20 9,000 1680) 16D 12.5 18S 28.0 25 25-25
180.2, 9,580 166 1-7 W.2 16.5 21.0 15 15-15
180.22 13,090 1-80 16m 6.7 92 15 15.

 

OTE: * 6O refera to siée-cn
foe FO refers to face-on

In order to be assured of some data in Shot 6 the vehicle 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 maximum yield. A tctal of 20 vehicles were exposed; six of
these vehicles were recovered fram Shoat 3, the other six were too ccn-
taminated to be transported. Two vehicles, one side-on and one face-
on, were placed at each station, instead of three per station, 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.

(RENEGENE

 

vo ef
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Pig. 2.2 - FPteld layout, Shot 4
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Chapter 3

RESULTS

  
te yield value realized in Shot 3 was too low to give any signi-

ficant results. The highest pressure region in which vehicles 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 pressurevalues measured at each vehicle station are shown in
Tebdle 3.1. Two of the "q" gages 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. Mont of the vehicles were completely demolished.

As in previous snotvs, 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 diamembered, the vehicles

placed face-on were not damagedto the extent of the vehicles placed

side-on (note difference in photographs in Appendix C). An observa-

tion of unusual damage was madeat Station 180.20. The vehicle in
face-on position was displaced 200 feét; yet the only damage incurred
was to the two front wheels. The box and steering column were intact,
so it may be assumed that this vehicle/did not roll. Fowever, it 1s
not certain whether the vehicle was picked)lup and hurled through the

air, landing on its two front wheels, or whether the vehicle slid.

Two vehicles at Station 1U0.21 were blown into the lagoon, ani

damage cculd not be evaluated. If the damage could be evaluated, this

result would not be valid, since damage would certainly be different

if the vehicles were hurled against a ground surface.

Water waves did wash over the nearer positions to ground zero and

possibly inflicted additional damage to vehicles at these stations.

Beyond Station 180.19 there appeared to be no damage. resulting fram
water-wave action. From the terrain features noted, it was reasonable
to assume that water waves did not wash over beyond Station:“280.19.

The damage evaluations and the displacements are listed in
Appendix B, Table B.2. The static pressures and dynamic pressures as
measured are shown in Table 3.2 and plotted in Migs. 3.1 and-%3, 2;
respectively. The plot of static pressure data generally fits the
predicted pressure-distance curve, if a yield value o 1.7 MP is: lised.
The dynamic pressure curve of Fig. 3.2 was obtained from the predicted
pressure-distance curve of Fig. 3.1 by the use of Equation 2.1. ~
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180.07 _ 15,600 le

: + Station Distance
_ Jraber (tt) P, Meas. Pa Mess. P Cale.

180.09 6,500 7.48 2.10 2.26
180.10 8,200 4.50 0.47 0.46
180,08 10,900 2.70 we wo

 

 

 

 

 

 

9
180.20 9,000 16.8
180.21 9,580 14,0
180.22 13,090 6.3
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Chapter 4

DISCUSSION

4.2 GENERAL

 

The wave forms of the pressures measured ami the general agreement

between the measured and calculated dynamic pressures indicated that
the shock wave of Shot 6 was nearly a classical shock wave. Although
theréwas sand in the blast wave, as evidenced by the venicles being
sandblasted, there was an insufficient amounc of sand to alter appreci-
ably the wave forms. It is believed that the contributions to damage
of vehicles by dust wes negligible.

A surprisingly larger value of dynamic pressure is required to
cause ine sane degiee of damage to vehicies placed face-on than for
vehicles placed side-on. The value of dynamic preseure for lower
limit of severe damage, (vehicle demolished) for face-on orientation
was 12.1 psi. Unfortunately, data were not availebie at pressure
levels less than 6.9 psi to establish the lower limit of severe damage
for side-on orientation. A gap of GOO feet existed between the last
station for severe damageand the next station fur moderate damage .
Land area was not available for placement of vehicles within this gap.

 

1,2 COMPARISON OF DAMAGE: AND DISPLACEMENTS OF SHOT 6, CASTLE WITH

SHOT 10, UPSHOT-KNOTHOLE|.  

A comparison of damage fpr Shots 6 (CASTLE) and 1.0 (UPSHOT-KNOT-
HOLE) is given in Table 4.1 and’shown in Figs. 4.2 and 4.2, In both
figures, Figs. 4.1 and 4.2, the symbols S, S-M, M, and L eignify

 

 

- pevure, severe-moderate, moderate and light lJamage, respectively

sustained by the jeeps at the distpnces indicated. The damage noted

is for side-on orientation. Severe-moderate classification indicates
tha: item was still intact, vut repairs fi r immediate cambat use were

such as to require depot maintenance. This classification makes a
distinction from severe damage whereby item is completely dismembered.

Examination of tne limited data indicates: that, for simtlar caamage

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

than on Shot 10 (UPSHOT-KNOTHOLE). The relative comparisons as shown
in Fig. 4.1 indicates that damage to jeeps on Shot 10 (UPSEOT-KNOTHOLE)
corresponds to the ideal overpressure-distance curve. However, siace

measurements of overprees3ure were taken on both shote and are reliable
the damage to jeeps on Shot 10 as w function of theideal overpressure

ia mesiingless.

As mentioned in Section 1.2, damage to jeeps will be,.@ finction
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 Jeeps. Comparing damage of Shot 6
(CASTLE) with Shot 10 (UPSHOT-KNOTHOLE) as a function of dynamic
pressure as shown in Fig. 4.2 indicates 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 questionable. This comparison
suggests that the probability curves for damage to Jeeps (see Reference
1) are Valid since ideal dynamic pressures were used for correlation
withdamage in the statistical analysis conducted.

Up to: now no mention has been made of the effect of positive
duration on: damage to jeeps. Intuitively, it can be expected that if

"2 TABLE 4,2 Danage Comparioon Between Shot 10 (UPGHOT>KNOTHOLE)
“-| and Shot 6 (CASTLE) Cor 1/4-Ton Trucks, Side-oa

 

 

 

Sot 10

Distaace * Measured P-D Yéeal P-D Degree of Displacanant
ft ‘Curve Curve Desage (ft)

Pr, | Pat ’, Pa

1se2 : 9.6
1600 12.0 .
x 9.5

}

10.9 312
2415 8.5 72

2rT0 7.8 17.7         
 

 

 

     

Station Distance m1iat |e we

180,18 7,900 280
180.19 8,500 360
286,20 9,000 290

| 180.22 15,090 _ TS  
a force of sufficient magnitude to’ cause motica acts on a target for
a long period of 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 o! positive duration is given: in Appendix A.
It is shown that as the yield of weapon increases the: dynamic pres-

sure for © give displacement decreases. Fiw, dispiacement and dam-:
age of a vehicle are related. It can be expected that the:larger
displacements of a vehicle will cause greater damge. Therefore, for
the same level of damage the dynamic pressure will be higher oma
low yield weapon than from a high yield weapon. In view of this, the
dynamic pressure on Shot 10 could have been bigher than the ideal:
dynamic pressure even though the comparison of the damage made between
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 CASTLE was valuable, it was not exough to

£2  



ce

O
W
E
R
P
R
E
S
S
U
R
E

(P
si
)

Lele)

SWOT ¢ (CASTLE)

- (ME ..SUREO)

SHOT 1G U/K

9}

 
OISTANCGE (K FT)

Pig. 4.1 - Comparison of Gamage, Shot 6 (CASTLY),
with damage, Shot 10, (UPSHOT-KNOTLOLE),
on static pressure versus distance. .

D
Y
N
A
M
I
C

P
R
E
S
S
U
R
E

(P
SI

).
.
 

 

SHOT 10

(are: Fro )
‘

@- MEASURED ‘4

(SEE REF. 4)

DISTANCE (MFT)

Fig. 4.2 - Comperison of damage, Shot 6 (CASTLE)
with damage, Shot 10 (upsuoT-soorscis),
op dynsmic pressure versus distance.



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. feet (Shot 6) wes severe then a more favorable comparison would
exist for displacement as well as dauage between Shot 6 (CASTLE) and
Shot 110: (UPSHOT-KNOTHOLS). ‘The damage to the jeep at 13,090 feet
could ‘just.aa likely have been severe since during tk2 transient time

of the vehicle being displaced the manner cf impact of the vehicle

with the ground would itself be a probability function. The displace-

ment and damage then would be approximateJy similar at 13,090 feet,
Shot 6 and 2415 feet, Shot 10. In each case the vehicles were intact
except that on Shot 10, the vehicle required depot maintenance to re-

store to combat use which is considered as severe-moderste damage and
on Shet 6, the vehicle required field maintenance which is considered

moderate jiamage. .
If the comparison was as indicated above the scaling from Shot 6

conditions to Shot 10 conditions for displacement of jeep as well as

the damage to jeep would be. approximately wil3, At each of two

locatiors on Shot 6 and Shot 10 the displacements were approximately

equal. “nat is at 9,000 feet, Shot 6 and 1,920 feet, Shot 10, the
displacements of jeeps were 290feet and 310 feet, respectively. Also,
at 13,090 feet, Shot 6 ond 2,415 feet, Shot 10, the displacements were
75 feet and 72 feet respectively, :

  

  

 

R x

2 | 2
reclr = 9000

1 =) 1925

or x = 0.33

x
R w, \2 Me 13,090
an - Sr
i \ 1

or x « 0,36

Therefore, for reasonable estimates of ground range for specific

damage to 1/4 ton trucks, the scaling for various yield weapons can be

as wl where W is the yield of weapon.
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Chopter 5

CONCLUSIONS AND RECOMMENDATIONS

The data obtained in Operation CASTLE were sufficient to evaluate
“iy dynam! vressure as a damage parameter and also to determine the mag-

“nitude of dynamic pressure required for specific type darage 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 pesitive duration has on damage the values of dynamic pressure
causing damage on Shot 10 remain questionable. In the CASTLE resulta,
it was not possible to separate the effect of dynamic pressure on

damage from the effect of the long positive duration on damage.
Reasonable estimates of ground ranges for spect/SYPe damage

to 1/4-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 jeeps.‘be exposed along with instrumentation for
basic blast measurements.to. investigate any variations of the blast
and its effects on damage.‘to drag sensitive targets under various

conditions of nuclear detora Ons.
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Appendix A

EFFECT OF POSITIVE DURATION ON DAMAGE

__ Ay1 GENERAL

_ The study of the effects on damage of positive duration 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 be-
cause ofmotion 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 (Usplaczment.
Displacement of the item is proportional to the dynamic pressure
impulse of the. blast wuve.

calculations were made for displacements of 1/4-ton trucks
exposed to weapons of various yields. Furthermore, a statistical
analysis was conducted:to determine the relation of displacement of a

vehicle to damage. From this procedure, the quantitative effect on
damage of ~he positive.duration was ovtained.

A.2 CALCULATED DISPLACEMENTS FOR OPERATION CASTLE

 

In the calculations for’‘aisplacenents performed, the loading
methods developed by Armour Research Foundation (see Reference 5)
were used, These calculations“are for linear displacements assuming
@ constant area and a constant.‘frictional force for 1/4-ton truck
exposed to the long durations expected in Oreration CASTLE. The
calculations involved the computation!of the pressure-time decay
curves for the pressures of interest,:the integration of these curves
and calculations of the displacements’ for various coefficients 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 MI,
1.0 MI and 10 MI 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 yignificant figures
were used so that the resulting displacement data would form smooth
curves. The data used for the calculations are listed ‘in Teble A.l.

Fig. A.l and Fig. A.2 present the normalized overpressure and
dynamic pressure decay curves. Three pressures are Plotesd: in each
figure to indicate the decay changes as \ changes.

The calculated values of displacement obtained were plotted
against dynamic pressure and arc shown in Figs. A.3, Ae4, A.5 and A.6.
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Shown also in Figs. A.3 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 comporent of dynamic pressure. The dynamic pressures

(eq icheel were obtained from the usual Rankine-Hugoniot relation,

Eq. Al).

2
P, = 2.5 (P,) (A.1)

o * Ps

with P. = ls7 psi.

The horizontal lines shown in Figs. A.3 turough A.6 depict the
damage that may be expected for the calculated displacements. The
correlation of displacement with damage to 1/4-ton trucks was obtain-
ed from a statistical analysis of previous data. The treatment of the
data involved the analysis of “sensitivity data" (see Reference 6).
This correlation is shown in Fig. A.7, which gives the probability of

damage to 1/4-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 damage, neither the mean value » nor the standard

deviation o could be calculated forthe probability of severe damage.
The mean value of displacement for50 percent probability of light
damage is p = 27.1 feet and standard deviation is o = 3.66 feet. The
interval of displacement for 50 percent probability of severe damage

is 40¢€u<'/2 feet. The values ofthe horizontal lines shown in the
figures mentioned above are 27.1“féet fer 50 percent probability of

light damage and 72 feet, above which“dg severe damage.

A study of the curves indicates” that for drag targets that are

damaged when moved, such as vehicles,.anadditional increase in lethal
area may occur resulting from the longer duration of the large yields.

The longer duration lowers the dynamic pressure for specific type
damage and thus they9gius of damage extenda beyond the usual scaling
value, i.e., using for scaling the distance.from ground zero fer

a given value of dynamic pressure. 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 from ground zero for
which a given displacement can be expected from different size weapons

burst at surface level. The values of displacement selected from Figs.
A.3 and A.& were for side-on orientation and for pw = 0145, 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 np = 0.5. Additional calculations: for dis-

placement were performed for yields other than those mentioned to

cover the range of yields from 0.1 KT up to 10 MP. The slope of the
curves varies from a minimm cf 0.40 up to a maximum of 0.5 which .—
suggests that byaverage value for scaling the yleld, W, for damage

should be as W
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Fig. A.6 - Calculated dieplacements versusdynamic pressure

of l/s-ten truck (face-on) for yields: ofweapon
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Appendix 8B

DAMAGE RESULTS

 

 

 

 

   

    
 

 

TABLE 3.1 - Damage Results, Mot 5

- peers D To Restore Combat Use

a , tation e-:-' "4 Dise of Demage en bain
: Distance pet. pei Orien. placement Damage Deseriptioa Sours Berelon

1.80.09 6,00 7:58 2.10 FO 26 in. L Bood blown off « cowl 1/2 Organ
torn vindshielé blown
back over steering

column. Vehicle up
. Tight and intact.

hfo.09 «6,500 7.KB 2620 800sECOL ume over om beck. =. Organ
— rod blown off. Steare
aan a ing colum bent.ie

- . vehicle intect,.

1.80.09 6,500 7.48 1.10 86 21 ft, L {urned over on back 1 Organ
an Vehicle intact. Hood

- 7 Dlowa off, Bteering
— . colums bent.

oa B80.10 6,200 4.50 O47 FO Yebiole upright ani (1/2 Organ
— tntect. Hood blown

off, Steering cole
we vent by hood.

* 180.20 6,200 &.50 O87 80 9.0 ft, furned crer on back =. Organ
L Mood biown ofr. Steer-

. 5.60.10 8,200 4.50 0.47% 80 Ted ft. 1 Organ

~ LAO.08 10,900 2.5 {damage to any of the vehicles.

See 190.08 13,600 ls NoSamage to any «2 tha vebicles.
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TAME B.2 = Results - Shot 6
 

 

 
  

   
 

preenurs, Dise Degree To Restore Combat Use

Jetation . 4 placement of Damage Man Wein
Humber Distance pei pei Orien. ( es ) Damage Description Kours Bcheloa

180.13 5,200 $8.0 : 50 -- 8 ° Dwmolished , o- Salvage

{18d 58.0 - rw =. 8  Demoliehed °- Salvage
ee $1.0 ° 80 oe 8 Demolished ee Salvage

: 51.0 ° vo oe 8 Demolished oe Salvage

34.5 20.5 % oe 8 Demolished ee Salvage

34.5 20.5 FO o« 8 Demolished -- Salvage
26.0 - 8) «Chasets 500 8 Demolished e- Salvage

26.0 - FO Chassis 500 8 Demolished os Salvage

600. 25.5 12.6 80 Chassia 300 8 Demolished 2: Salvage
600 23.5 12.8 FO Chassis 260 8 Demolished -- Salvage

180.18 7,900 | 2m LL 80 Chassis 200 8 Demolished ee Balvege

180.18 7,90 22.68 1.1 FO 260 8 Caaseis dent. Ingine - - Salvage
mounts broken, engine
intact v/vebicla

180.19 8,500 19.60 8.2 SO Chassis 360 8 Demolished ee Salvage

180.19 8,500 19.0 4.2 FO 160 a Chassis intect, brake 15 Depot
. érvas of left rear vheel

bent, freme bent, engine

- torn loose at front aounts
~. redistor and grill assembly

tle vent, left front vheel bent.

180.20 9,000 16.8 65 80 . Demolished =e Salvage

180.20 9,000 16.8 65 YO Poth front vbeals 2 Organ
damaged, one vieel

dent, one wheel blown
off, radiator pushed
pack aligstly, steer-

~ ing colum nct bent

160.22 9,580 14.0 - 80 Vehicle blown into le-
+ goon, damage could not
—_ be evaluated, appeared to
Nee be intact.

180.22 9,580 14.0 - ro Game as vehic’s above,

180.22 13,090 8.3 - so Vehicle on its back, & Piel4
engine mounts torn

. loqee;~pody bent

“ 180.22 13,090 8.3 - Fo a L - o*

> WOTE: FO - Face-cn 5 = Severe
86 - Side-on L - Light

Organ - Orgenization MM + Mediu
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Appendix 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.

‘Aerial photography after Shot 6 was unnecessary, since entry into
the area wag permissible one day after the shot. Only still pictures
were taken. -

 

   
 

  
Fig. C.l - Station 180.10, showing 1/4-ton truck,

"q'' gage before Shot 3 (surface view).
&200 feet.
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Fig. C.2 - Station 180.10, before Shot 3, two 1/k-ton trucks,
one 1/4-ton truck face-on. Ground range 8200 feet,

Fig. C.> ~ Station 180.10 after Skot

8200 feet.

 
side-on,

 
3 P, = 4.50 psi. GroundRange



 
Fig. C.4 - Station 180.09 before Shot 3, two 1/4-ton trucks side-on,

one 1/k-ton truck face-on. Ground Range, 6500 feet.

 
Fig. C.5 - Station 180.09 after Shot 3, Fy = 7.48 psi.

Ground Runge, 6500 feet?
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Fig. C.6 ~ Station 180.17 before Shot 6, Vehicle 10 face-on, Vehicle

ll side-on "q" gage to right. of vehicles. Ground Range,
7600 feet. -

   

  ek p - ” 5 a Auteres Pee ge akg SLare sie egies phy se“ S aS a

Fig. C.7 - Station 180.19 wefore Snot 6, Vehicle 14 facé-on, Vehicle
8 side-on. Two "q" gages and two "P gages in foreground.
Ground Range, 8500 feet. a
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Fig. C.8 - Stetion 180.17 after Shot 6, Vehicle 10 face-on, severe

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

Ground Range, 7600 feet.

 

 

 
Fig. C.9 - Station 180.17 after Shot 6, Vehicle li side-on, demolished;

P, = 23.5 pai, P, = 14.1 psi (compare with above). cE

Ground Range, 7600 feet
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: Fig. C.10 -~ Station 180.18 after Shot 6, Vehicle 3 face-on, severe
damage; P. = 22.4 pai, P, = 12.1 psi (compare with below).

Ground Range, 7900 feet.

ie¢ 

 Fig. C.11 - Station 180.18 after Shot 6, Vehicle 1 side-on demolished;
Pi = 22.4 pai, P, = 12.1 psi (compare with above). Ground
Range, 7900 feet.
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Fig. C.12 ~- Station 180.19 after Shot 6, Vehicle 14 face-on, severe

damage; P= 19.0 pei, P, = 8.8 psi (compare with below).

Ground Range, 8500 feet.

 

Fig. C.13 = Station 180.19 after Shot 5, Vehicle 8 side-on, dénol‘shed;
P, = 19.0 pei, P, = 8.8 psi (compare with above). Ground

Range, 8500 feet. : .gee, 44 ae

 



 
Fig. C.14 - Station 180.20 after Shot 6, Vehicle 3 face-on, moderate

demage; P, = 16.8 pai, Py = 6.9 pei, vehicle displaced

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

 
Fig. C.15 - Station 180.20 after Shot 6, Vehicle 12 ‘gide-on, demolished;

45

P = 16.6 psi, Py = 6.9 psi, chassis displaced290 feet.

(compere with above and Fig. C.19). Ground Range
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“fH Fig. C.16 - Station 180.22 after Shot 6, Vehicle 2 face-on, light
no damage; P_ = 6.3 psi, Pa(comp) = 1.55 psi (compare with

below). Ground ‘Range, 13,030 feet.  
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Fig. C.17 - Station 180.22 after Shot 6, Vehicle 6 side-on, moderate
damage; P. = 8.3 psi, Pa(comp) 2 1.55 psi, displaced % .

feet (corpare with above and Fig. C.20) Ground Renge,-°

s 13,099 feet.
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Fig. C.18 - Position 3.21 ad after Shot 10 (UPSHOT-KNOTHOLE), velicle
side-on,demolished; P(meas) = 12.0 psi, Pa(idear) = 1k.:

opts pei (compare with Fig. C.13).

~~

wea

side-on, demolished; P(meas) = 9.3 psi, Pa( ident) = 8.3

psi chassis displaced 312 feet (compare with Fig: C.15).

4?
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Fig. C.20 - Position 3.21 af after Shot 10 (UPSHOT-KNOTHOLE), vehicle
side-on, severe-moderate damage; P(meas) = 8.5 psi,

Pa(ideal) = 3.3 psi. Vehicle displaced 72 feet (compare

with Fig. C.a7).
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— Fig. C.2l1 - Position 3.21 ag after Shot 10 (UPSHOT-KNOTHOLE), vehicle
we side-on, light damage; P5(meas) 7.8 psi, Pa(ideal) =2.0

io psi. Vehicle displaced 17.7 feet. (Photograph completes
; . range of damage from severe to light on Shot 10j;. ~~
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EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS

DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.
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