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H ABSTRACT

Project 3.28.3 of Operation UPSHOT-KNOTHOLE was concerned with
the measurement of pressures existing on the surfaces of various non-
responsive structures from Shots 9 aM 10. The experiment plan and• the analysis of data were not a portion of this project , but the data
will be used in coi~~utation of structural loading and response under
air blast . A secondary portion of the project was the definition of
air blast conditions existing at the time of measurement.

A total of 11e3 satisfactory records were obtained from the two
shots, a 99.3 per cent performe.nce. Secondary air blast records were
anal3vzed and the results are included for the use of other projects.
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FOREWORD

• This report is one of the rep orts presenting the results of the
78 projects participating in the Military Effects Tests Program of

• Operation UPSHOT-KNOTHOLE, which included U test detonations. For
• readers interested in other pertinent test infor~~tion, referenc e is

mede to WT-782, Suu ary Report of the Technical Director , Military Ef-
fects Progra m. This su~~~ry report include s the following iufor~~tion
of possible general interest .

a. An over-all description of each detonation,
including jield, height of burst , ground zero
location , time of detonation , eabient a~~~spheric
conditions at detonation, etc., for the 11 shots.

b. Compilation and correlation of all project
result. on the basic measurements of blast
and shock, ther .l radiation , and. nuclear
radiation.

c. Compilation and correlation of the various
project results on weapons effects .

d. A su~~~ry of each project, including objectives
and results.

e. A complete listing of all reports covering the
• Military Effects Tests Program.
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PREFACE

This report presents the results of air pressure vs time measure—
• ments made on the surface of certain non—responsive structures , and

also similar measurements made at or near the surface of the ground in
the general vicinity of these structures, on two nuclear explosions of
Operation UPSHOT—KNOPHOLE.

Tracings and tabulations of all the above records were made and
distributed prior to the completion of this part of the report.~~Therefore, this report is physically in three parts: (1) the material
contained in this binder; (2) a binder containing the tracings of the
original records (Appendix A); and (.3) another binder contaf’~ing the
calibrations and tabulated pres sure—t ime data (Appendix B).  Appendices
A and B are available at the Stanford Research Institute .

• ~/ All numbered references refer to the Bibliography at the end of
this report .
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H CHAPTE R 1

INTROWCTION

1.]. OBJECTIVES

The pri ry objective of this project was to rake pressure-time
measurements on several structures of Project 3.1 and. report the re-
sulting data in a form suitable for coordination with similar data
from other agencies.

Since validity of calculations based on these data is largely de-
pendent upon the accurate determinatio n of the pressure-time condi-
tions to which the target s were subjected , it was considered desirable
to obtain reliable measurements which would describe these “side-on”
pre ssures . This became a secondary objective of this project. Another

• secondary objective ~1as to determine , if possible , the effect on the
blast wave of the stabilization of the ground surface around the struc-
tuxes.

1.2 SCOPE

Stanford Research Institute (SRI) shared with the Ballistic Re-
search Laboratories (BRL) and the Naval Ordnance Laboratory (NOL) the
responsibility for the instrumentation of the structures of Project
3.1. This responsibility did not include the basic planning of the cx-

• periment or the analysis and interpretation of the resu lts. Other a-
gencies were assigned these tasks. A partial exception was the study

• of free-field measurements. The analysis of these data and their ap-
• plication to the structural measurements was considered to be pri .ri-

ly a responsibility of thi s project , insofar as the 3.1 structures
located at a radius of k900 ft were concerned. On this project a tots].
of 78 gages were installed on each shot (Shots 9 and 10), ~4 on 3.1
structures , and 2k apart from the structures to measure free-field
conditions .

13
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CHAPTER 2

EXPERIMENT DESIGN

2.1 PREDICTIONS
• 

In the design of the experimental measur~~~nts on structure s, pre-
dictions of average peak pre ssure s on the surface of each target were
presumebly based largely on the prediction metho4s developed for, and• modified ~y experience in, Operation ~~EENli~ JSE~J and on the pretest

• stut tes ..~1 The “side-on” peak pressures to be expected on each shot
were taken from composite curve formed by scaling end interpolation
of data from Operation TUMBLERJand previous nuclear tests.

2.2 GAL~E LAYC*JT

2.2.1 Gages on Structures

Gages were located, on the structures as listed in Table 2.1.
The locations shown are for reference only; -she actual locations are
shown in the summery report of Project 3.1.2/ In the cases of Struc-
tures 3.1-c, -d, -f , -i, -a, -n, and -~~~, the measure ments were primary
in that this project was assigned the full re sponsibility for the mea-
surements on these structures . It will be observe d that although ~4
gage positions are shown on these structures they represent a total of

• only 1e8 gage channels, since on each of two channels on Structure 3.1-rn
four gages were counected to a single channel in such a fashion as to
measure the average pressure. In addition to these primary gages, a
few gages were located on Structures 3.1-a, -e, and -g alongside gages
of the Ballistic Research Laboratories (Project 3.28.1) for the purpose• of comparison of the two type. of instrumentation.

2.2.2 Free-Field Gages

The Project 3.]. structures at a Il’900-ft radius were arranged in
an arc subtending an angle of over 20 degrees around the instrument
ground zero . All calculations and predictions assumed that the blast
wave would be identical at all targets. However, due to the possibili-
ty of blast wave asymaetry at ground level, and the fact that true

1k
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Table 2.1 - Gage Locations on Structures - Shots 9 and 10

• Structure Structure Gage Location Feet Feet Feet
Dimensions* From From From

(f t) 
______ ________ 

Top Left Side~~ Front

3.la 6x12x6 P1 F 1.0 6.0
- 

• 
P6 F li.5 6.0
P8 B 1.0 1.0

• P17 R 6.0

• : 3.].c 6x6x6 P1 T 3.0 5.0
P2 T 1.0 5.0
P3 T 3.0 1.0
Pl4 T 1.0 1.0
P5 F 1.0 3.0
p6 p 14.5 3.0
P7 B 1.0 1.0
P8 B 1.0 3.0

• P9 R 4.~ 1.0
PlO B li.5 3.0

3.ld. 6x12x1 P1 B 1.0 1.0
P2 B 1.0 6.0
P3 B 2.75 3.5
p14 R 14.5 1.0
P5 B 11.5 6.0
P6 F 1.0 6.0
P7 F 1.0 1.0

• p8 p li..5 6.0

3.le l8x36x18 P5 R 3.0 18.0

3.1f 12x24x]2 P1 T 12.0 2.0
P2 T 12.0 1.0
P3 F 6.0 12.0

R 2.0 12.0
P5 T 12.0 6.0

3.].g 6x12x6 P1(B) F 1.0 6.0
• P7(A) R 3.0 6.0

P11 LS 2.75 3.0
_________ ___________ 

P15 BS 2.75 3.0

* - Dimensions given in order of height , width , and length
- Left end right aides defined as viewed from rear

15__
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• Table 2.l(conc.) - Gage Locations on Structures - Shots 9 and. 10

Structure Structure Gage Location Feet Feet Feet
Dimensions* From From From

(ft) Top Left Side*~ Front

• 3.1i 6x].2x18 P1 T 6.0 3.0
P2 R 1.0 1.0
P3 B 1.0 6.0
P4 B 3.0 3.5
P5 B 4.~ 1.0
p6 li.5 6.0

3.lm 6x12x8 P1 Ground 6.0 14.0
(Two slabs P2 R(2) 1.0 6.0
6’ apart P3 F(2) Av. Av.
1’ thick) P11 F(2) 14.5 6.0

P5 Rçl) Av. Av.
P6 R~l) 3.5 6.0

• 3.ln 6x32x20 P1 F(2) 1#.5 6.0
(Two slabs P2 R(1) k.~ 6.0
18’ apart
1’ thick) 

_____  ________  _____  ___________  _____

3.lq lOx6xll P1 F(3) 1.0 1.25
(Reentrant P2 P (3) 1.0 2.33
structure ) P3 F(3) 14.5 2.33

• P4 Rçl~ 1.0 1.25
P5 F~2) 1.0 0.5
P6 F(2) 2.0 0.5
P7 F(2) 14.5 0.5

• P8 RS 1.0 9.25
PlO ES 4.5 9.25

• P11 ES 3.0 1.5
P12 7 3.0 1.5 

______

* - Dimensions given in orde r of height, width , and length
- Left and right sides defined as viewed from rear

NOTE: Dimensions given are from design drawings. As-built dimensions
vary slightly from these.
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120 / ALL 3 1  STRUCTURES
j / IN THIS GROUP ON A

i~~~
—( / 4900’ RADIUS FROM

(4) INSTRUMENT GROUND
• 1007 ZERO

• ~ p3.lh
I207

I 2—P ~~/

o’GBD
2j ~4 3 I O

I2
~~
t
, 

~
‘3

~~~~~~~03.10 (4 )

236 3 Ie ( I )

2OO’~~BC

H Jj
67._S 3.1 C (10)
eo/

I2~~~g 3.1 d (8)

ISO/

BI~~~L~ 3 1f  (5) 0 - 0 LEVEL GAGE
• — - ABOVEGROUND GAGES

I5ci OBB NUMBERS IN PARENTHESES
3.28 L k / INDICATE NUMBER OF GAGE

. 

Q I2’_~~Q 3.1 i (61 CHANN ELS ON EACH STRUCTURE

3.lm (6)

• it~,Ii 3.1 n (2)BA~~~~~~BF~~~~iH
BA2r 1 3.Iq (II) BH2

H BA5 I
2~Oe ’ BHIO

TO BLAST LINE

• Fig. 2.1 Layout of Structures and Free-Field Gages
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ground zero might differ appreciably from instrument ground zero, it
was recognized. that conditions might be different at the various tar-
gets. Therefore a series of five gage stations was located along the
arc of structures in such positions as to receive a minimum of distur-
bance from reflection and. refraction from the structure s themselves--
none in the early part of the positive phase. Ground level pressure
gages were located at each of these positions and a.t one of them (BA,
Fig. 2.].) additional gages at 2-, 5-, and 10-ft heights were installed
to detect any important variations of the blast wave with height above
the ground.

Another phase of the blast uniformity studies was concerned
with the effects of stabilizat ion. There has been much concern in all
tests involving measurements on structures as to the effect on the
blast wave of the condition of the ground surface. The existenc e of
this effect i~ unquestioned , but little or no quantitative data. existed
on which to base corrections for this effect . In the overall pl*nning
of Prog ram 3, it was decided to reduce this uncerta inty by stabiliza-
tion (Project 9.6) of the surface surrounding the subject targets. It
then appeared very desirable to make some effort to check the effect of

— 
I this stabilization, as a guide to future operations. An array of gages

- : at 0-, 2-, 5-, and 10-ft heights was located ahead of the stabilize d
area for comparison with similar gages on the 14900-ft radius . Two
other surface level gages were included on the stabilized , area ahead
of the targets. Figure 2.1 shows the location of ~U of these gages.

2.2.3 Gage Coding

For identification of channels and recorded traces with their
proper gages, an arbitrary coding was adopted for nomenclature. Gages
on structures carried designations by nu~~er on each structure, and a
letter identifying the structure . For example, pressure gage no. 3 on
Structure 3.1-f was given the code designation of P3?. Gages not on
the structures were identified by the prefix 3, then a letter as-
signed arbitrarily for location, and a suff ix indicating the height
when different from zero . For example, the free-field pressure gage
at a height of 5 ft a.t Structure A was coded as BAS, while the one at
zero level a.t the same station was simply BA.

E L
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INSTRW~ NTATIO~

3.1 ~~~~~AL DI3fl~U ) r  S!ST~ I

All channels of instrumentation v~~e essentially identical to
• those described in previous reports .~ &iI Wianeko balanced variable

reluctance pressure transducers were connected. through ~~dified Wianckostation equipeent to William Miller Co. oscillograph recorde rs . The
final records were produced. on 12-in. photographic paper, the exposed
records being recovered within 12 hours alter each shot and. processe d
at once. This system had been proven satisfactory by use in a number
of previous operations, its simplicity and reliability being its out-
standing features.

The recording instrumentation was locat ed in an underground abel-
ter , 3.28L, i~~ediate1y behind the line of target structures (Fig.
2.1). The concrete walls of this shelter , in addition to a few feet of
covering earth , were designed to provide ample shielding from radia-
tion to prevent any fogging of the sensitive recording paper. AU
instrumentation was irnwtned during each shot.

3.2 GAGS

The gages used on this operation were the Wiancko type 3PAD. In
this type of gage two coils are used connected in a”hslf-bridge” cir-
cuit • Pressure applied to the twisted tube sensing element displaces
the armature in such a fashion as to change the inductance of the two
coils in opposite directions , thereby unbalancing the bridge. This
construction provides a high degree of freedom from spurious excita-
tion due to acceleration and temperature effects.

The undamped natural frequency of the gages used ranged from 3i100
to 1800 cpa . Damping provisions in these instrume nts require the use
of a semi-fluid silicone grease in a narrow gap between the m ving
armature and a fixed damping plate. This type of damping had been
found to be somewhat non-linear. If an atte mpt were made to damp the
gage response sufficiently to eliminate ringing it was found that the
later port ion of the rise time shoved seriously over-damped character-
istics requiring several milliseconds to reach a final value. This

19
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behavior would result in the “roimdl rig ” of the peak of a recorded pres-
sure wave. In order to avoid this very undesirable characteristic,
the damping in each gage was reduced to a point where the full initial
rise time was less than 0.5 macc even though this resulted in severe
overshoot and ringing, when viewed with full frequency resolution.

3.3 STATION EQUIPMENT

The gages were connected to the equipment in the recording she].-
ter through 3-conductor shielded flexible cable buried where necessary

• to avoid d~mage from tra ffic and from the blast wave. A carrier volt-
• age of approximately 20 volts at 3000 cpa was supplied to each gage
• from a Wiancko type 3EP].2 carrier oscillator. Each oscillator supplied

power to 12 gages and their associated conversion equipment. The six
oscillators used in this station were locked together in fr equency and
phase by an added locking circuit , to avoid any undesirable beats
which might be caused by ~nt~ i 1 differences in frequency between oscil-
lators. This circuit was so arranged that, although one oscillator
was used. as the “ma ster ” to determine the frequency of all others , if
this master failed the remaining oscillators would continue to provide
output at practically their full normal voltage.

The conversion equipment used in this system did not include any
vacuum tube amplifiers. The signal output of the gages was of suff i-
cient ~~gnitude to drive the recording galvanometers directly aft er
demodulation. Each channel included en attenuator for regulating the
recorded amplitude and a balancing control for setting the steady-state
output to zero. Provisions were also included for manually or automat-
ic&Uy injecting a calibrating voltage into the circuit to provide a

• synthetic “calibration sign”” of controlled. ma.gr~1tude.
The recording galvanometers used in this operation were al] of an

undamped natural frequency of 315 to 310 cpa. Damping resistors were
adjusted to provide a damping factor of 0.6 to 0.7. The frequency re-
sponse of these galvanometers was such that the “ringing” frequency of
the gages described in section 3.2 was almost completely elimin’.ted on
the final record. The response time of the over-all recording system
was determined almost entirely by the characteristics of the recording
galvanometers.

Although each recording oscillograph incorporated a t1~ 1ng system
which impressed timing lines on the final record at 10 millisecond in-
terv a2s, it had been found in previous operations that the precision of
relative timing between recorders was not entirely satisfactory. In
order to provide highly accurate absolute and relative tl-.’Ing, a crys-
tal controlled seconda ry frequency standard was used.. Fro m thi s stand-
ard , signal voltages of 1000 and 100 cpa were recorded by galvanometers
on each recorder. Since these signals were supplied from a cc~~~n
source, the re sultant time markers were identical on all records and
essentially perfect time correlation between records could be obtained.

The prime power supply for instruments during shots was a bank of
storage batteries. Suitable converters were used to pro duce 115 volts
AC for such components as required this type of source. Instru ments
were powered at suitable times before zero time by Edgerton , Germeshau-
sen and Grier (EG&G) relay circuits, with lock-in relays controlled
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by a time delay rela y to continue operation for appro ximately 1 minute
- 

• after zero time in spite of the fact that the EG~~ relays dropped out
sooner. Utmost attention was paid to circuitry and procedures to in-
sure ~~~~~1m”” reliability of operation . Dual relay contacts or dual

• relay s were used. wherever feasible . A multi-pen recorder was connect-
ed to provide a record of operating time end sequence of various ele-
ments , so that any failure might be traced to its source in a post-test

• study.

3.li CALIBRATIC~1 PR0C~ XJRE

Calibration was performed after all gages had. been installed in
• their final location and connected to their resp ective channels for

each shot . After each shot, a postehot calibration was performed to
check the stabilit?r of the system.

In the calibration procedure several pressures ranging from zero
to approximately 150 per cent of the expected peek pre ssure were ap-
plied to the gage in sequence • These pressure values were read with
a mercury manometer or a laboratory dial gage whose calibration was
checked frequently with a dead weight tester. For each pre ssur e the
actual galvanometer deflection was noted and recorded . In addition ,
the deflection caused by the synthetic “calibration signal” was re-
corded. All attenuator and calibration signal voltage sett ings were
recorded and rechecked ls ediately prior to leaving the station before
each shot. Thi. procedure provided the maximum of assurance that con-
ditions were uncha nged between the time of calibration and the actual
shot. During the final record , about 10 sec before zero time, the
calibration signals were impressed on each channel in succession.

3.5 OVER-ALL CHARACTERISTICS

As stated in section 3.3, the resp onse time of the gage recording
system was determined by the characteristics of the recording galvanom-
eters • Calcu lations confirmed by actual measurements on records taken
of HE blast waves with these gages and recording circuits show a rise
ti*e (to 90 per cent peak amplitude ) of 1.3 macc. It may be concluded
then that a record shoving rise times of over 1.5 macc y be consider-
ed to indi cate blast wave conditions other than a pure shock wave.

Calibration pressures and their corresponding galvanometer de-
f].ections were read to an accurac y of approximately 2 per cent of the
expected peaks . Repeated calibrations over a considerable time shoved
a maxim a~ change of calibration of ~ per cent , the average being con-
siderably lower.
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CHAPTER~~

• RECORD ANALYSIS

As soon as possible after each shot , the records were recovered
and processed . Certain prel~~1nsry readings and tracings were made in
the field for inclusion in the prel i inar y report . These readi ngs and

• calculations were ignored in the final analysis of the data .
The first step in establishing the calibration factors used in the

final read ing of the records was to read the deflect ions on the final
records caused by the auto matica lly impressed calibration signals. The

• ratio between these readings and the manual readings of the same de-
flection taken at the time of calibration was used to correct the cali-
bration figures taken at the time of calibration (thi s ratio was sel-
dom greater than 1.03). The cosil ined calibration dat a thus corrected
for both the pretest and post-test field calibration were used to es-
tablish the calibration curve for each gage record . When these points
were plotted on coordi nates of deflection vs. pressure it was found
that althoug h there was some indication of non-linearity it W~5 very

• slight over the deflection ranges involved . Statistica lly speaking
the probable deviation from the best curve drawn through the data
points was only a ~ma1l fraction of 1 per cent lower than the probable
deviation from the best strai ght line drawn through these points. Con-
sequently, it was decided that the probable error caused by using a
straight line calibration curve would be imperceptibly higher than that
caused by using a curved calibration curve , end linear calibratio ns
were used in resM ng the records for the final data presentation. Fig-
tire ‘~.l shows a typical calibration curve.

On each record the true zero tIme was indicated by a ~~~ 1 tempo-
rary displacement of the trace caused by the induction sign~ • The
records were counted out from this fiducial .rker using the high ac-
curac y timing signal described in section 3.3. Each gage record was
read beginnin g at the nearest even millisecond before the first arriv-
al at any gage on the structure involved. The trace deflection was
read and converted into equivalent pressure for each millisecond during

• the diffraction pha se or at odd half milliseconds where the record ex-
cursions indicated a need for this inter polation. After the first 30

• to 60 macc, as indicated , the readi ng interv als were increased to 5 or
10 miec and continued throughout at least naif of the positive phase.
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Thereafter readings were taken at longer intervals to the me~d.mum
negative excursion. These tabulated data along witjh tracings of the
original gage records are included in Appendix A.~/ The final pressure-
time data as presented in this appendix are estimated to represent the
actual pressure -time history at the gage to an accuracy of plus or
minus 5 per cent or better. The absolute time measurements are calcu-
lated to be accurate to plus or minus 0.01 per cent plus or minus 0.25

• macc. The original calibration data, corrected only for sensitivity
• changes as indicated by the calibrating signal ratio, are included for

each channel in Appendix A.• When an average is taken of several gage channels to obtain the
• average pressure on a face of a structure the accuracy will probably
• be increased, by this process , since none of the known causes of error

have been found to be unidirectional. The semi reasoning applies to
the use of an average figure for side-on pressure calculations .

GAGE PIA : = : :
SHOT 9 : : : :

3 0 - -
HH4 : : : =

• : : = :
Q. - - - - - - -

— - - 1 1 E 1 E
h i  - - - - - - - - - - -

U) - -
h&J - - 
a-

10

- • - PRETEST
0 - POST-TEST 

_____

H 
0
0 

H I H H H I H  
3

DEFLECTION (INCHES)

-
• 

• Fig. li..l Typical Calibration Curve
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~HAPTER 5

RE~~LTS

5.1 GENERAL

Of the total of lkk gage chan nels insta lled for this project cm
Shots 9 and 10, one channel failed to give a good r s ’~~ls record.
This was gage BE on Shot 10, which appears to have bean filled with
send or otherwise operating improperly, resulting in a record with a
rounded wave form and low peak value which must be discounted. All
records were free from undue noise, base line shift , or other dis-
turbi ng influence s. In the case of gage record P8A on Shot 9, there
is an indicated pressure drop between the t imes of 3.679 sec aM 3.686
sec which does not appear to be real , but has the appearance of an
electrical disturb ance. It is believed that this feature should be
ignored.

5.2 STRUC!LURAL MEASUREMENTS

The ~~~ structural gage records obtained on the two shots are
considered to be quite satisfacto ry for pre ssure analysis. A qualita-
tive e~~~ InaLtion of these records indicate s that their frequency reso-
lution was sufficient to show all pertinent pressure variations in the
diffraction phase with the possible exception of some of the gages In-
stalled on Structure 3.l-q. Where gages were insta lled ad4acsnt to
those of EEL the agreement is seen to be fair. Figur e 5.1 c~~~srea the
shape of the SRI records with the corresponding EEL records for thoss
cases where the wave form was unusual • Table 5.1 compares the SRI and
BRL measurements of maximum pre ssure , the pressure 0.1 sec after the
arrival of the blast wave , and the positive phase duration for all cor-
re sponding gages.

5.3 FREE-FIELD MEASUREMENTS

5.3.1 Side-On Pressure

Tracings of the Shot 9 free-field pressure records are presented
in 71g. 5.2.
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Fig. 5.1 Comparison of SRI and EEL Records
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Table 5.1 - Comparison of SRI and EEL Results

I _ _ _ _ _ _  

Shot 9 
_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _

Gage Agency ~~x.Pres. Pres. at Pos.Phase *.x.Pres. Pres. at Pos.Phase
0.1 sec Duration 0.1 sec Duration

____ _____ 

(psi) (psi) (sac ) (psi) (psi) (sec)

P1k SRI 13.1 4.0 1.070 6.65 3.05 0.91.5
EEL 12.76 4.31 0.853 7.13 3.111 0.88k

P6A SRI 13.7 4.3 0.970 7.25 3.34 0.965
EEL 12.83 4.30 0.860 6.68 3.2k 1.010

POA SRI 5.112 3.72 0.924 2.88 2.65 0.869
EEL 5.23 3.68 0.910 2.61 2.56 0.876

P17k SRI 6.83* k.O0~ 0.932 3.59 2.85 0.896
EEL 7.21 4.35 0.870 3.36 2.58 0.887

P5E SRI 14.24 3.72 1.003 2.88 2.76 0.959
EEL 4.55 3.86 0.878 2.57 2.56 0.916

PiG SRI 12.2 4.2 1.115 5.88 2.~#0 0.939
EEL 12.63 4.06 o.965 5.78 2.91. 0.876

PUG SRI 7.61 3.16 0.905 4.54 2.71 o.888
BRL 6.93 2.97 1.070 k.1~3 2.64 0.81.5

P15G SRI 5.10 3.25 0.962 2.82 2.26 0.855
ERL 4.86 3.02 0.946 2.94 2.32 0.847

P7G SRI 5.69 3.81 0.969 3.18 2.1.4 0.891
EEL 6.09 3.140 3.56 3.00 0.919

* - Appendix A listing corrected for erroneous calibration
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Table 5.2 - Sumsary of Free-Field Measurements

Shot 9 Shot 10

Gage Ground Arr. )~.xizazum ‘ Pres.at Ground Arr. )&*~1 ~ua Pres.at
Range Time Pressure 0.1 sec Range Time Pressure 0.1 sec

____ 

(ft) (sec) (psi) (psi) (tt) (sec) (psi) (psi)

*B~ 5000 3.5013 6.41. 11.05 148211. 2.8543 3.1485* 2.9115*
*3~~ 5000 3.5016 6.2i2 4.20 14824 2.85148 3.142 2.811.
*BA5 5000 3.5013 7.1.4 4.35 48211. 2.8550 3.58 2.88
*BA1( 5000 3.5019 7.81 4.614. 4821. 2.8551 3.1411 2.86

BE 5058 3.5142 5.59 3.81 14831. 2.8611 2.36 2.26
BC 15130 3.595 5.86 4.11 48148 2.879 3.14.9 2.97
BD 5220 3.654 6.o~ 3.95 4867 2.892 3.27 2.81
BE 5301 3.711 ~.611. 3.83 1e88~ 2.909 3.17 2.84
B? 4926 3.4145 6.69 11.25 471.9 2.793 3.51 2.87
BG 11852 3.390 6.29 4.11 46711. 2.733 3.44 2.96

*3~ 1q78 3.33~~ 6.62 11.30 4599 2.6729 3.67 3~O6
*BE2 1q78 3.3358 6.87 4.11.1 1i.599 2.6729 3.66 3.05
*EE5 1i’~78 3~3359 7,35 Ji. .118 4599 2.6729 3.77 3.17
*~~~o 4773 3.3360 7.62 11.56 1.599 2.6732 3.69 3.10

El 5125 3.595 7.23 4.09 14891 2.914 14.49 2.81

P3? 5071 3.5148 14.9 4.3 14849 2.862 7.60 3.01

* - Ranges and arrival times are calculated precisely with reference
to other gages in arra~ . Absolute accuracy is not as high as
figure s would indicate .

• - Appendix A listing corrected for erroneous calibration.
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Although the five basic free-field gages, BA through BE, were de-
signed to he at the same radius (4900 ft) from ground ze:o, the wide
deviation of true ground zero from nominal ground zero on Shot 9 re-
sulted in a considerable difference in true ground range between these
gages. As shown in Table 5.2, these ranges varied from 5000 to 5300
ft .  This variation in range might be expected to cause a variation in
peak pressure of slightly more than 6 per cent between the extreme
gages. From Table 5.2 it will be observed that this variation was ap-
preciably grea ter , approximately ik per cent, and that the variation
in pressure was not entirely order ly with range. When the pressure s
at equivalent later times in the positive phase duration are compared
this variation becomes appreciably less . When corrected for range
variations either of these f igures is within the plus or minus 5 per
cent accuracy expected of the system, but there is some reason to
believe that these variations are real, indicating a partial aa~maetry
of - the blast wave .

It my be desirable in the final analysis of the structural pres-
sure data to reduc e the side-on pressure gage readings to an idealized
form el[.ln&ting the minor differences between individual records of

- 
I side-on pressure . As a means for doing so, the individual gage re-

cords were compared with an idealized curve taken as

p — p0e t/to (1 - t/t ) , (5.1)

where p is the ideal ized air press ure at time t, p0 is the true .xi-
mum shock pressure , and to is the duration of the positive phase.

~~ Shot 9 it became apparent that the measurements depart notice-
ably fro. this equati on. The records y, however , be divided into
two parts each of which forms a s&tisfactory fit. The first 60 to 100
mace of each record fits an idealized curve with ft to much smaller tha n
the observed positive phase dur ation , while the next 1400 macc of the
record fit a similar curve with a to approximatiflg the observed posi-
tive pha se duration. This fitting was performed by plotting the re-

• cords on log-log paper and comparing them with the idealized curve
similarly plotted , as shown in Fig . 5.3. The results of these fitting

• processes are shown in Table 5.3. The average values for the five
primary gages with the maximum deviation from these average s allow an
evaluation of the process. It will be seen that the scatter of the
curve fits for effective peak pressure (p0) i~ less than that of the
~~~y1 observed values.

The average side-on pressure curve obtained in this manner is
shown in Pig. 5.le and may be described as follows:

1. A peek pressure (p0) of 6.07 psi decays according to
equation 5.1 (t - 1.45 macc) for spproxi~~te1y 8~ macc, diverging to
a curve of equation 5.1 (t0 81.9 macc ) with an extrapolated p of
4.95 psi, continuing to approximately 1.50 macc • Beyond 450 ma~c, the
slope decreases slightly and the curve crosses zero at 9144 macc.

The importance of this deviation from the classical decay charac-
teristics is not to be minimized; much att ention has been given in
loading tests to “scaling.” The inclination in considerations of
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Table 5.3 - Result s of Curve Fittings

A Shot9

Gage I~ x. - 
0�t �.0~Q75 sec 0.075 sec�t � 0.4 see ~~served Ground

Pres. t (sec) Eff . Peak t (sec) Eff .Peak t (see) Bangs
• . Pres.(p0) Pres.(p0) (ft)

_ _ _ _  _ _ _  _ _ _  

(psi) 
_ _ _ _  

(psi ) 
_ _ _ _  _ _ _ _

BA 6.44 0.1.00 6.1.5 833 5.18 o.899 5000
BR 5.59 0.1.75 5.8 910 4.86 0.939 5058
BC 5.86 0.1154 6.00 833 4.95 0.965 5130
3D 6.o~ 0.1400 6.30 8oo 4.93 0.976 5~~°

• BE 5.64 0.500 5.8 870 4.81 0.939 5301

• Average 5.82 o.445 6.07 849 4.95 0.91.4 5150
)~ x.Pos.
Dev.(%) ll 12 6 7 3 3.5 3
)~x.Reç.
Dev.(%) 1. 10 4.5 6 5 5 3

Ratio (cff.Peak/_,x peek) - 1.01.

Shot 10

Gage )~ z. 0 �t � . 1.l sec ~~served Ground
Pres. t (sec) Eff.Peak t ( see) Range

Pres.(p0) ° (ft)
_ _ _ _  _ _ _ _ _  _ _ _ _ _ _  

(psi) 
_ _ _ _ _  _ _ _ _

BA 3.1.8* 0.910 3.1e7 0.876 11821.
BR ———— n “ ——

BC 3.43 0.955 3.50 0.872 1181.8
3D 3.27 0.955 3.25 0.ø~~ ‘.867
BE 3.17 1.111 3.25 0.862 1.885

Average 3.32 0.983 3.37 0.875 11856
)kx.Pbs.
Dev.(%) 3 13 4 1.5 0.6

• I 
)~xJeç.Dev.(%) 4.5 7 1. 1.5 0.6

Ratio (~~~~~~ “iaax.pask) — 1.02

* - Appendix A listing corrected for erroneous calibration
41* - ~~ b.lievsd, to be in error for Shot 10
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scaling is to use the yield of the explosion as a measure of the scale .
In this case, duri ng the diffraction and other drag phases of the load-
ing process the side-on pressure behaved as though it were derived
from an explosion of approximately 1/8th the tru e yield of Shot 9.

• A Comparisons with other tests should probably be made on this basis.
On Shot 10 the wave form was much nore classic and a satisfactory

fit of one curve was obtained. From Table 5.3 and Pigs. 5.5 and 5.6
we find that the pressure decays from a peak of 3.37 psi according to
equation 5.1 with a to of 983 macc . In the late portions of the curve

-
• the slope increases slightly, crossing zero at 875 macc (Fig. 5.7).

If these idealized curves are used as a basis of analysis of
structural loading data, two refinements may be desirable :

1. In each case the curve represents the average pressure
at the average ground range • A correction for true ground range y
be applied to the px’essure values. At this range the slope of the

-
• pressure-distance curve is very close to unity so that a proportional

correction would suffice. This would result in a na~1—’. correction
of Structure 3.la and 3.11 of about 3 per cent on Shot 9 and less than
3 per cent on Shot 10.

2. The observed peaks fall, on the average, 1. per cent
lover than the p0 of the curve on Shot 9, 2 per cent lover on Shot 10.
It is highly improbable that this is due to instrument characteristics .
If this is to be considered, the first 10 macc of each curve should be
“flat-topped.”

5.3.2 Effect of Stabilization

Gage station BE (including B~~, 335, and 3310) was placed out-
side of the stabilized area for purposes of c.p~~i.on with BA, 3A2,
BA5, and BA1O which were within the stabilized ares.

Two effects might be expected on the vertical shock wave from
• the imatabilized ground sur face:

1. The peak pressure at and near the surface might be
reduced.

• 2. The velocity near the surface might be reduced, causing
the shock front to lean forward.

It was expected that if such effects were produced the stabili-
zation would reduce them, resulting in a simpler aml.ytical problem

• when the bleat wave enveloped the 3.1 structures .
An ev —4 nation of the data from the two vertical arrays (Table

5.2) shows no perceptibl. difference in the pressure gradient at the
two arrays • On Shot 9 there is a slight indicated increase of pressure
with height, but no change in this gradient at the two arrays. These
readings may be discounted to s~~~ extent since the unfavorable angle
of the baffles due to the displacement of ground zero makes the above-
ground readings suspect . On Shot 10 the pressure vs. height readings

H 33
..ctt Ir1.lI’T,r~4 flUT~ ’~’~~L~ - ~~~



~~‘~~~~~~ ‘ W  ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— - -. 
- — -

~~~~ 
-‘:1

FIRST CROSS-OVER TIME AT

o + 2 .8~~4 SEC 0.1 0.2 0.3

o + 2.879 SEC 0.1 0.2 0.3

BD 0 
~~~~~~~~~~~~~~~~~~~~ 

-- 
3.78 SEC

o + 2.892 SEC 0.1 0.2 0.3

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~~~~~--------— —

PS,

BE p 
________________ 

________________ 5.77 SEC
—+---+-- I f—4---+---f-- - 4—-+-- -

0 + 2.909 SCC 0.1 0.2 0.5

Fig. 5.5 Free-Fi eld Records - Shot 10

34

.. .—c~ NFlutt TIAL —USflk. cu ujp~rp~
(

~~~
ILL ~~~~~~~~~~~~~~~~~~~~~ _____________________ L~~4



111 III TT ITT IT~~~~~ T T ~~~~

~~04 ~~~ 
i t t f T t T ~~~~~~~~~~~~~~~

03 GAGE BE - SHO T I0~~
4
j

~~~ ~~~~~~~~~~~~~~~
~~~~ P 3 25  jjj I~~ 4Uiii U4~~

1 ~~~~~~~~~~-t~~~
— -~ 

. :4:-’-4 ~~~~~~~~~~~ ~ ~ - -~-L-~--L-L-. . ~~ 
I

~~~~ • 1.111 SEC 
~

- -
~ ~f lf ff~ ~~~~~~~~~~ IDEA LIZED CURVE ;

IHiln iu t 4f L
0.01 0.02 0.03 0.05 0.08 01 0.2 0.3 0.5 0.6

t/ t .

_ _ _ _  

-1+~ JiIhIk ~+~4I1~UIJ ~WB
_ _ _ _ _

-
• 

-

~~~~

-• 

~~~~: 

_ 
_

I i  • ~~~~~
GAGE BE - SHOT 10 PLOT .~ L I • 1IIIH 1 : I :1

____ U H HI I • — ——.- - - - 
~~~~~~~ f 1

~ T H l t J t t t .l~t t H H~ [uUj~~rt r Y ~~~~~~~~~~~0.01 0.02 0.03 0.05 0.08 0.1 0.2 0.3 0.5 0.6
TIME (SECONDS) 

. 
-

Pig. 5.6 Fitting Free-Field Records to Idealized Curve-Shot 10

S

• 35

~ . t~”~t V1t1TIAL RUTDIUiI V FI.~
A
~~

- 
_ _ _ .• i - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



C

~~~~~~~~~~~~~~~~

~ 
t T~ ~

0
0 02 03 04

TIME (SECONDS)

Fig. 5.7 Average Side-On Pressure - Shot 10

- • 

..—e



_ _  . — ——
~~

.—

~~~~~~~~

- 

~~~~~. 

•.

~~

I
I

PSI

2 - .  . -
•

I I I I I I 
CROSS-OVER AT 4.50 SEC 

—

0 + 3.595 SEC 0.1 0.2

BI — SHOT IO -

GR~~489I FT

:. ~~~~~~~~
• i 

CROSS—OVER AT 3.80 SEC 
—

0 + 2.914 SEC 0.1 0.2

Fig. 5.8 Gage 31 Records - Shots 9 and 10

S

37 
uI

~

~~~~~~~~~~~~~~~ i!t~~~~T$I ~~~~~~~~
•‘- .-~ -“ --.------ ,-.-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



‘1

are well within the scatter to be expected between gages.
A careful examination of the arrival times results in a similar• conclusion. Comparing the 2-ft and 10-ft gages, we find approxi tely• 0.25 macc differenc e in their arrival times at both stations on both

shots. Contrary to what might be expected , the 2-ft arrival is the
earlier, indicating a backward slope of the shock front, but the Im-
portant observation is that thi s slope showed no indication of being
changed by the stabilization . The surface level arrivals are in this
same direction, but these gages were located slightly to one side of
the vertical array and the correc tion for ground zero location kes
them less reliable for calculatio n of minute arrival time differences.

5.3.3 Diffraction Effects

One gage, BI (Pig. 2.1) was placed in a position 148 ft behind
Structure 3.lf as a very frsgw’ntary diffraction study. Early plans
had included more gages for this purpose but other needs caused their
elt~ t nation.

The moat obvious characteristic of the records from 31 on Shots
9 and 10 is the high peak pres sure , 15 to 20 per cent higher than amy

• other free-field, gages at surface level. An examination of the wave
forms (Fig. 5.8), however, shows that the duration of this peak is only
about 20 macc; alter this time, BI on Shot 9 follows very close].~ the
aver age of other free-field gages. On Shot 10 it drop s below the aver-
age for approximately 100 macc before returning to the average curve.

No complete analysis of the behavior of the pressure at this
point is possible from the meager data . The high peak pressur, is
probably a result of the recombination of shock front progressing a-
round the sides of the target structure. The later pressure drop,
most evident on Shot 10, is probably a result of turbulence moving
more slowly than the shock front; its absence on Shot 9 may be an el-
feet of higher shock strength, but also may be due to the mislocation
of ground zero, since this caused the radia l line through the center
of 3.1! to be displaced from BI by about 8 ft.

An e~~~~aation of arrival times shows that the velocity over the
path from gage P3F to gage 31, a distance of 55.5 ft , was lover than
the avera ge velocity of the shock front. On Shot 9 this velocity vms
1180 fpa, on Shot 10, 1070 fps. These figures are compared with aver-
age shot velocities, of 1350 and 12140 fps respec tively, of the undis-

- turbed blast wave.
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CHAPTER 6

~~~~~~ SI0MS

6.1 sTRuc’xuR~L )EASURE1~NT~
No conclusions are drawn from the results of the structural mea-

surements since this is not the province of this project.

6.2 FREE-FmD

The results of the side-on pressure measurements, although satis-
factory showed sufficient vari ation to emphasize the importance of ads-
quate instr umentation for deter mination of true side-on pressure in any
loading tests. It is rec~~~,nded that the p1~nn1r%g for future tests
give special consideration to this portion of such projects.

The study of the effects of stabilization leads to the definite
conclusion that the stabilized surface had no measurably different ef-
fect on the blast wave than the natural surface in a distance of 200
ft. A less definite conclusion is that the unstabilized surface did
not distort the wave front measurably in the I~ ch stem region.

The only conclusion which y be safely drawn from the sger dif-
fraction data is that the shieldi ng effect of a 3-dia nsional structure
of the general type of 3.le is not completely negligible at a distance
of four times the structure height . This does not infer that such

• shielding is useful in preventing damage; it may, in fact, increase the
damage to glass and similar terials. This conclusion is essent is~~y
in accord with that reached by Sandia Corporation in a model study.W
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Defense Special Weapons Agency
6801 Telegraph Road

Alexandria. Virginia 22310-3398

OPSSI

MEMORANDUM FOR DISTRIBUTION

SUBJECT: Declassification Review of Operation UPSHOT-KNOTHOLE Test Reports

MAY 8 1996

The following 90 reports concerning the atmospheric nuclear tests conducted
during Operation UPSHOT-KNOTHOLE in 1953 have been declassified and cleared for
open publication/public release:

WT-702, WT-703, WT-705, WT-709 thru WT-711, WT-713 thru
WT-719, WT-721 thru WT-742, WT-744 thru WT-746, WT-749 thru WT-755, WT-757
thru WT-761, WT-763, WT-764, WT-766 thru WT-781, WT-784 thru WT-787,
WT-789, WT-790, WT-792 thru WT-796, WT-798, WT-801, WT-805, WT-808, WT-
809, WT-811, WT-812,WT-814, WT-817, WT-820, and WT-822

An additional 6 WTs from UPSHOT-KNOTHOLE have been re-issued with

deletions and are identified with an "EX" after the WT number. These reissued versions

are unclassified and approved for open publication. They are:

WT-743. WT-747, WT-802, WT-810, WT-825. and WT-828

This memorandum supersedes the Defense Special Weapons Agency, OPSSI
memorandum same subject dated June 11, 1997 and may be cited as the authority to
declassify copies of any of the reports listed in the first paragraph above.

DISTRIBUTION

See Attached

3M*>
RITA M. METRO

Chief, Information Security




