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FOREWORD

This report ig one of the reports presonting the results of the 34 projects
participating in the Military Effect; Tests Program of Operation Castle, which
included six test detonations. For readers interested in other pertinent tast
information, reference is made to WI—934, Summary of Weapons Effects Tests,
Military Effects Program. This surmary report includes the following informa-
tion of possible general interest: (1) an overall description of each detora=-
tion, including yield, height of burst, ground zero location, time of detonation,
emblent atmospheric conditions at detonation, etc., for the six shots: (2) dig-
cussion of all project results; (3) a summary of each project, including objec-

tives and results; and (4) > complete listing of all reports covering the
Military Effects Tests Program.




ABSTRACT

The objectives >f Project 1.3 were to spot-check the theoretical
relationship between dynamic pressure and overpressure in the 10-to~40-
psi overpreszure range and to eveluate a group of gages measuring various
blast parameters,

The one measurement of dynamic pressure in Shot 6 agreed with that
implied by the cverpressure; in this case the shock had traveled 800 feet
over land lmmediately before reaching the gage. In Shots 4 and 5 measure-
ments of dynamic pressure by the gage group were all high; in this casze
the gages ware near the water's edge. These latter records also shwed
peculiar waveforms, indicating that the shock had picked up water and/or
dust,

The force plate and density gage seem to be suitable for field use,
but their response to dust must yet be studied,
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Chapter |
INTRODUCTION

OBJECTIVES

:The: principal objective of Project 1,3 was to study the dymanmic
presmre-time characteristics of shock waves produced by higheyield surface
burats.

‘Blast damage to military targets is due to winds in the shock wave as
vell as to. overpressures; in fact, damage to such targets as towers,
bridges, and trucks is much tetter related to dynamic pressure than to
overpressure, Since the ext. 2t of damage is rcliated to the time history
of dynamie presswre as well -3 to its peak valus, measurements as a
function of tize are nesded., Such measurements will also serve as a chack
on the theoretical rel-tion baotween peak values of overpressure and dynamic
pressure,

Another objective was t0 evaluate a group of gages for use cn [uture
studies of blast winds and other parsmeters associated with the precursor.

1,2 BACKGROUND

Dynamic pressure measurements have been mide at Operations Tumbler
Snapper (Reference 1), Ivy- (Beference 2), and Upsaot- Knothole (Referanco
3). Measurements whers no preciraér exlsted have been made both in regjular
and Mach reflection regions. In the Mach regloa, for air bursts and su=-
face bursis, measured values of} thé peak dynamic preasurs, q, have tean in
fairly good agreement with values oale'alated from the measured overpressure,
using the thooretical relation (Reference 2)e

a=3 puf = 2.5 AP2/(’IE; +4P) (1.1)
Where: p = density.
u = particle velocity.
AP = overpressurs,
Po = ambient pressure,

However, measurements have been made only at overprsssures below 20
psi, and in a few cases the values measured vere scomewhat higher than the
calculated values, It is belioved that thase high values have the samce
explanation as that proposed below for high values in ‘the precursor,

Only in Upshot-Xnothole have measurezents been made of dypemic prea-
sure in the precurscr. Although many of the gage tovers were destroyed,



high values as dovelq)ed exp rimentally a
at

is that dust as vell as air registers on the kind

ge
to rather broad limitations, dust carried along by the blast registers

a8 0 4 .4u?, whereas, air registers as 1/2 P . It {5 a matter of ex~
perience that, at botk the Kevada Test sne‘{ﬁ*s) and the Pacific Proving
Grounds (PPG), a precursor is a dust-loeded blast wave.

. : :Since thiu problem of dust interaction is not at ¢ll vell understocd,
experiments were cortimied after Upshot-Knothole at Sandia Corporation to
bettér define the interaction of dust with gages and structures. At the
aame time 4% was mggested thut a set of data including overpreassure,
tanperaturo, density, and at least two dynamic praaaure measurements
using geges:-with different responses to dust would give more insight into
the nature o»f,t.hs precursor and would allow the effects of the air and
the dust *o be separated. The various gages being evaluated are a result
of this suggestion.




Chapier 2
EXFERIMENT DESIGN

2.1 INSTRIMENTS

~_ The pitot-static gage was the best cu..urated dynamic pressure gage
ard ‘1ad beon most widely used in the past. Therefore it was selected as
the standard instrument for dymamic pressure measurements, The pitot
gage- also cffered the advantaze of measuring both dynamic pressure and
the overpressurs and both the positive and negative phases, Because of
the shortage of recording chamnels no pitot gage could be included in

the group of gages teing studied, Since the differential pressure g=-tube
had been previously carpared to “he pitot gage it was considered the
standard in this group.

The group of gages consisted of the following:

1. A resistance wire terperature gage, similar in principle
to one used previcusly (Reference 1) but modified by mounting it in a
side-on baffle and by using a blower to draw a continuous flow of air
past the sensing wire,

2. A centripetal density gage (Reference 3) modified by
doubling the rotor speed and mounting in a smaller baffle. An element
to measure overpressure was also included,

3, A differential pressure q-tube.

L. A drag q-tube, identical in dimensions to the differemtial
type, but instrumented to record the deflection of the sensing element
instead of the difference in‘pressure between the centers of the front
and back of the element, 1

5. A force plate, in"which a large diaphragm-type pressure
gage (Carlson-Wiancko Earth Pressure gage (References 4)) with a 7 3/8-inch
diameter sensitive area was mounted in a 13-inch dlameter baffle anl used
head-on into the blast to measure the total or stagnation pressure.

These gages have been tested in the/ laboratory. but the carbination
of high thermal radiation, zero time transients, long duration of the
shock wave, and climatic conditions in actual bursts required that they
also be tested in such bursts. The pitot: gages and q-tubes have been
calibrated in the wind tunnel (Reference 3), and Figure 2,1 gives the
correction factors to obtain dynamic pressure: from measured differential
pressured. A model of a force plate vas also fested, and the complete
calibration will te presented elsewhere (Refefince;éi;} Figure 2.1 also
includes the correction factor for head-on orientaticn.

2.2 CGAGE LAYOUT

A1l pages for this project were placed six feet aboiéwgfound surface,
This height wus chosen as & caprenise between the need to-¥e far encugh

3
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CIRNECTION FACTOR

above ground to eliminate interference between the ground and the gage
and the necessity of having a gage mount strong enough to withstand the
high dynamic pressures to be measured.

242.]1 Dymamic Pressure. The plan for this experiment did not call

for camplete coverage of q-time vs. distance, but for spot checks at
selected positions in the 10-to-L0-psi range of overpressures,

For Shot 3, three pitot gupes were placed at distsnces corresponding
to expected overpressures of 1% to 35 pal, It was expected that if a
precursor formed, the closest gage (Station 130,03) weuld be in it; there-
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® MAXIMUM MACH NO OF FLOW AT POSITIONS
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NMACH N

Figure 2.1 Correction factors for
and force plate, T e

fore a tamperature arxd a density gage were added :6 tnis station to &aid
in interpretation of results, :

On arrival at the site it was discovered that theiEcho shot (later
canceled) gave an opportunity to measure dynamic presgires over two kinds
of surfaces., Only one-half of Pearl Island had been ¢lsared, the other
half having been left in its native state of vegetaiioa. Stations 13C.04
and 130,05, each consisting of a pitot gage and a taperature gage, were
installed at about equal distances from ground zerc, one in .the cleared
erea and one in the vegetation. This choice of gages was expected tc
measure the different amounts of heating of the air and the different
amountﬂ of dust picked up by the shock resulting from the differences

in surface, These tvo stations were expected to be in a precursor 1f
one formed,
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2s2¢2 Gage Dvaluaticp. Only one group of the gages described in
Section 2,1 was set up, Stations 131 and 130.07 next to each other on

George Island of northern Bikini. Operation plans called for four nearby
barge shots giving four trials of the gage group at cverpressures ranging
fram 8 to 22 psi. In apprcaching the gages the shock would ‘ravel over
water except for the last 20 to 30 feet, so that a fairly ideal shock was
expected for ihe study,.

3 CHANGES IN THE EXPERIMENT

:  Operation Castle was notable for the fluidity of its plans made
necescary by the weather and the fact that it was primarily a weapons
development test, To set forth these changes and their effect on Project
1.3, a°list of the shots in the order in which they were fired followst

. Shot 1 was fired as scheduled. Although no participation was planned
by Project 1,3, the force plate already installed on George Island was
activated, -

Shot 2 was moved from its position off Dog Island to the same place
as Shot 1, thus removing one of the chances to test the gage growp. The
force plate was operated but again at an overpressure of only 3 psi, not
at the higher value desired for the test,

Shot 3 was detonated at its plamned pnsiticn but was so much smaller
in yield than expected that the resultant dynamic pressures were not in
the range desired. .-

At this stage of the cperation, Echo, the second shot on which dynamic
proessurc meacurements: were planred, was canceled,

Shot 4, the second shot on which the gage-group study was planned,
went as scheduied, and neasurements were made as intended,

Shot 5, ancther shot :for ‘which the gage study was planned, went as
expected and sonc measureménts were obtained., The water wave fron Shot 4
had washed .way the battery box ‘Contairing the power supply for the
density gage and the temperaturesgage blower, DBecauce of the high radi-
ation-contamination lavel and thefShort time available between shots,
these could not be relistalled, so the‘ ensity gage and the temperasture~
rage blower could not be run. :

Shot 6, another shot an which it had been plenned to make the gare
study, was moved from Bikini to the Ivy Mike crater at Eniwetok. Because
of previcus inabtility to obta.in desired data for this project and for
Project 1.2a, a blast line was set up for this new pesition, Censtruction
problems and the limited time available alldwed only one station, con-
sisting of a pitot gage and a force plate, at an“ovorpressure level of
215 pSio .

15




Chapter 3
RESULTS

3,1 PRESENTATION OF DATA

: i@é& obtaine? .. e presented in Figures 3.1 through 3.4 and in Tables
3.1 hréugh J.A, grouped according to the quantity measured,

3.2 D*SCJSSIO‘

}‘3.1 ngggig_Zressurg. The first objective of Project 1.3 was not
fully achieved tecnuse Echo shot was canceled and Shot 3 was so much

smaller in vield than expected that the dynamic pressures resulting were
too small tu be read accurstely.

On Shots 4 and 5 measured values of dynamic pressure and total or
stagnition pressure w.re higher than those implied by the overpressure

Table 3,5), ani waveforms were much distortede For instance, on Shot 5
the dynamic pressure-versus time records had a hump imnediately after the
initial rise (Figure 3.1), thc overpressure-time record (Figure 3.2) had
a dip at the same pi.ce, and the total pressure-time record (Figpure 3.4)
was essentially straight, ~Evidently the shocx wave was not an ideal shock
but seems to be onc carrying with.it water droplets and/or dust particleq.1
The point of measvrement was fairly close to the water's edpe,

On the cther hand on Shot §, measurements of dynamic prossure and
total pressure were in good apreemcnt with the values irmplied by the over-
pregssure, and waveforms were only slightly rounded (Figures 3.1, 3.2, and
2.3), At the point of measurement thHe shock hai traveled the last 800 faet
over land. .

Thic observaticr that a shock vave'wa§ less ideal over a water surface
than over a land surface stands in direct dontrast to previous suppositions,

3efag Gage Pvaluation. Althourh theipages were not in the ideal shock
desired, some information abtout pagre operation was odttained.

The force plate seems to have the required rise time of from 1 te 3
msec, and the ringing is not too objectionatle, | On Shot 1 this page drifted
badly tefore shock arrival because of heating by%thermal rediation, but on
subsecuent shous the whole pape was covered by tiree or fou, sheets of 1-mil
aiznimm foil, and the drift was much smaller.

Thae drag g-tube, while otherwise behaving as oxpe ted, showed exces=-
sive rinp*nL at its natural frequency of about 500 cps. The.-pressure~time
insert in Fipure 3,1 for this gape has this ringing smoothed-gut in order

lP“otopraphy shows thet the shock wave in tratveling across water kieks up
water spray which would follow the front at about this time interva*
(Reference 7).

16



TABLE 3,1 DYMAMIC PRESSRE RESULTS

For definition of symbols, ses Appendix.

T
Shot | Natton| Gege @ tye | ag |8ty | 9| 8ty
£t se0 ped a0 ped seo
3 | 130,03 | Pitot 8,200 |4.5%8 0.28
3 130,02 | Pitot 8,800 ! 5,040 0443
3 130,71 | Pdtot 10,900 | 6,76 0.15
‘ D! Qm 15"30 5.683 50, OcM 700 00“
I DIfL, Preo.
& 110 | a-Tube 15,430 | 5683 | 5.9 | 0,001 | 7.5 | 0.0
‘ brag
{ Dire, Pres,
b] glgl q-Mt 15.“0 L350 8.2 0,001 | 13,3 0,058
H m..‘
P 6 112 | mto 8,20 | 2635 | 8.0 | o.om | &3 |0.009
7 TABLE 3.2 OVERPRESSURE RESULTS
For definiticn of syabols, ses App-ndix,
T _ +8 . + - - - + +
Shot | Nation| Gege GR tn iy | 4y it bep | ¢ T e I N ! roimr
e ié'}"pu, soc psi | sec | nea |pai sec 88C | poi-sec pei-aec
3 130,03 |Pitet 8,200 | 4,568 | 2,2 {10,002 | 3,6 |0.025] 2.8 0,28 | 4,73 | 5.9 31 0.8 1.9
3 130,02 [Pttt | 2,800 5.%0 | 2.7.7:0:003 | 3.3 [0,02 | 2.82{0.35 | 42 | %7 | 3.2 0.6 | 3e4
3 130,01 {Mtot | 10,900 ! 6.6 1,53} 0,03 | 2,10 | 038 | 4,23 | 6,8 2,0 1.5 1.33
4 131 Dencity | 15,430 5,683 | 14.0 0.003| 4.06 2,2 | 8,8 27,0 | 2,0 25.0 0.8
5 131 Density | 15,660 | 4,860 | 23.3 0% 16 0,09
6 |12 |{piet | 8,240]2.695{15.2 | 0,002 | 21,0 folonrf 2.2 ] 2. | 5.2 [20.0 | .0 19.0 | 0%
SThese are the maximus pressures reached after the initial rin, in all except Shot 5 these are also ths saximm
pressur:e roacha! (see Figure 2,2),

TABELE 3,3 DESITY RESULTS

For definition of sysbols, see ippendix,

er ), |

+ + - Caiculated |

St | Maticn | @ | Y | @R)(} 8, (bR ), 8t |t ¢ frem 87 |

ft s8c (LY sec sec '

3 | 13C.03 8,200 14,58 1,17 [0.005 l.22 10,01 | 1.5 0.9 33 1417 ‘

e ‘

4 1 15,4301 5,683 | 1.82 0,005 ) 1,89 10,025 | 3.1 0,78 7612 0 L7
17




TABLE 3.4 TOTAL PRESSURE RESULTS

oot | Btatica| o | or | oar | er)t PURME B Tl I O
B Tt sec psl sec pai sec | sec pel sec sec
84,140 § 33,3 | 2.9% | 0,002 I 0,33 9.8 33
54,350 1 34,63 | 2.3 0,003 | 2,60 0,45 8.3 045 18 3
15,430 | 5.683]22,5 | 0.001 | 22,5 0,001 | 341 3,0 8 19
07 | 15,660 4.860{21.0 | 0.001 | 31,0 0,00 | 4.2
| Bi240| 2.635/28.%8 | 0.002 30,5 | 0,008 | 1.5
TABLE 3.5 COMPARISON OF msm.m WITH CALCULATED DYNAMIC AND TOTAL PRESSURE
BTN O
[ psi 4::1 psi % eas [Force Plate
4 pict, Pres. q | 15,462 | 4.0 43 1943 2,5
4.0 43 7.0 21,0 2,5
4 Drag q 15,462 | 1.4.0 44 18,9 22,5
1.0 43 21,5 2.5
5 DAfr, Pres, q | 15,6% | 23,3 {107 | 9.9 33.2 31.9
18.8 7.3 31.8 1.0
s Dreg q 15,659 | 23.2 {10.,7 | 8.2 31,5 31,0
18.2 7.3 13.3 3241 31.0
6 | Pitot Static 8,238 2.0 | s | 88 2.0 | 295 30,5

rbe valuee of overpressure listed are those ccourring at the suke tin ‘as
pressures listed,
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to see the true form at all, The amplitude off"'the ringing was up to 80
percent of the signal amplitude, Since it doec:not appear that this
ringing can be damped out with the prezent design nor that its frequency
can be raised to such a value that it will not-be cbjectionabls, it must
be concluded for now that this gape is not suitable for ite proposed use,
Figure 3.5 campares total pressure measured by the force plate to
that measured by three types of dynamic pressure pagéq. Here the noise
and hiph—frequency ringing of the pagcs has been amoothed. qut, 4 50-cps
ringing of the force plate is much more praominent on Shot: 6-than on the
other shots, The correspondence of ti:a total pressures is very good on
Shots 4 and 6, although the force pla‘a differs from the g and AP measure-
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e 3.4 Total pressure versus time, Shots 4, 5, and 6
force. plate)

ments by slightly ‘more than the expected accuracy (5 percent) of ths
individual records. ‘Tae 2-rsec dip in the q and £P record of Shot 5
appears to be a real SIgnal from the q record, althcugh thes di{ferential
pressure g-tube does not-show it. The similar dip im -'.o force plate
record for Shot 6 is probably:coincidental since it sea:s Lo resuit, at
least partially, from the %Y0w-cps vinging of the force plste,

The density page operated very satisfactorily on She: 3 ol an over-
pressure of about 4 psi, the*me@&n)cd corpression ratio iratis of shock
density to ambient density) being in good agreemen: with that inicrred
from the overpressure., On Shot /. it gave a high value aus did al) cther
gages. This may mean that in sone way it registers water or dust i the
air, Labcratory tests in still air show:that the gage responds to dust,
but that in shock flow the dust goes by the cpening and does rzi coiie
tribute significantly to the gage outpu‘c In FPigure 3.3 the cenzitrvatira
insert is a true tracing of the record:on S’xot 3. For Shot 4 the gagse
oscillations have bzen smoothed out,

The temperature gare vas installed principall, to provide information
about any changes in air temperature before shock arrival hut with the
hope that it mifht crerate at least part way through the whock. Hcsever,
1t was so fragile that the resistance wire (1/2-mi1 Nilv.r) b=oke for n¢
apparent cause, This occurred just before Shot 4; so that the gage was
not operated cn that shot. The battery power t'or the blower could not be
reinstalled in time for Shot 5 so thet the thermal radisticn had & charr-
to heat the air stagnated around the element, and no fal J measurenent was
obtained on this shot either. :
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Chopter 4
CONCLUSIONS> und RECOMMENDATIONS

Lol CONCLUSIONS

The one successful measurement of dynamic pressure made specifically

été :check the relation between dynamic pressure and overpressure was in
~good agreement with the theoretical relation. This measuremert vas made

on Shot 6 at an overpressure of 21.5 psi and at a position such that the
ahock wdve had had 300 feet of travel over land immediately in frort of
the gage, Measurements were also obtaired on Shots 4 and 5 in connecticn
with the gape evaluation study at overpressures of 14 and 20 pusl and at a
position such that the shock wave had traveled entirely over water except
for the last: 20 to 30 feet. These records guve higher values of dynanic
and total pressure than implied by the overpressure, and had distorted
waveforms., Such nonideal behavior suggests that th> shocks had picked wp
water and/or dust. in their travel; this was not expected of shock waves
over water, a supposedly ideal surface.

Fron the gage study it seems that the force plate and the density
gage are suitable for field use. The density gage responds at least
partially to materia: :gther than air carrled by the shock wave and this
response requires further investigation if it is to be used in the pres-
ence o dust, Further use 6f. the resistance wire temperature gage or of
the drag-type q-tube is not. recormended.

On Shot 4 both g-tubes indicate the huwp in dynamic preasure, but
this is not at all clearly evident in the force-plate record; however,
on Shot 5, the hurp in dynamic p thure corresponds to the dip in over-
pressure so that no hum. in total~gtessure wou1d be expected. On Shot 5
the sum of the overpressure and gynamic pressure exceeds the fcrce plate
reading behind the front. If the forcBiplate scale were increased or the
density static scale decreased, the values at 0,1 second after shock ar-
rival could te matched and, as in Shoti 4, have the force plate readings
slightlj higher just behind “he front bﬂt thereafter abtout equal to the
sun ¢ the dynsmic pressure and overpressure s

4.2 RECOMMENDATICUS -

The comparison of propagation of a prccursor ane over sardy Soil
and over vegetation (proposed on the canceled Shot:Echo ) should te carried
ocut when suitable test conditions became available. Do

Further measurements of th~ dynamic pressures from surface bursts
shotld be made to cover the ran of preasures plannsd fcr Shot 3 but not
realized because of the small - .eld. -
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Appendix
LIST OF ABBREVIATIONS

AP = Overpressure, the difference between the ambient and the sbeo-
8 ;lute pressure in a shock wave,

Maxiznm AP {n the positive phase,

.Maxirnm 4P in the negative phase,

Initial rise of overpressurs (or total pressure).

v

L Figurs 4,1 Idealized waverore’ 11lustrating notation,

- At = Tine interval between time of shockg u-rival and time of a quantity
T e being aeasured.

= Time to maximm in the positive pms“’
measured, P

of quantity being

ﬂ-

at ; = Time to maximum in the negative phaae ox guantity being
measured.

ti Initinl rise time of overprrssure or other qua.rtity being
measured.

Ground range, the distance from shot point to gago.ér

'
- B
won

Imulse, the integral of overpressure with time,

1
-]
n

Initial arcbient pressure.
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q = Dynamic pressure; in clean air q = 1/2 pu2,
q = Initial rise of dynamic overpreasure.

q, = The maximm dynamic pressure in the positive phase,
Arrival time after zero time of shock wave at gage.

&
i n

Duration of positive phase.
Duration of negative phase,
u = Particle velocity of air in the shock wave,

c*t
t
i

126 /p,)= Density ratio.
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