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FOREWORD

This report preseats the final results of one of the 46 projects comprising the military-effect
program of Operation Plumbbob, which included 24 test dstcnations at the Nevada Test Site in
1057,
For overall Plumbbob military-effects information, the reader is referred to the “Summary

Report of the Director, DOD Test Group (Programs 1-9), ” ITR- 1445, which includes: (1) a

description of each detoanation, including yleld, zero-point location and environment, type of de- .
vice, ambient atmospheric conditions, stc.; (2) a discussion of project results; (3) a summary

ol the objectives and resuits of each project; and (4) a listing of project reports for the military-

effect program. o




ABSTRACT

The objective of the project was to investigate the behavior of pressure-activated antitank mines
under air-blast loading from a nuclear detonaticn. Of particular interest were the reliability of
current methods ior predicting probability of land-mine actuation from nuclear detonations, the
effect of burial depth on mine actuation, and the effect of sympathetic actuation in extending the
range of mine clearance. In addition, a study was initiated to determine if special methods were
needed for prediction of mine actuation at particular ranges of transition in the pressure-wave
shape.

Fifteen mine types, both United States and foreign, were employed. Test results indicated:
(1) the procedures for predicting mine actuation under nuclear detonations were reasonably
accurate; (2) in the live mine fields, sympathetic actuation occurred amcng mines; (3) the re-
sponse of the Universai Indicalor Mines (UIM) increased with burial depths to 2 maximum value
between 6 and 9 inches; and (4) the rcliability of the actuation curves caa be improved by labora-
tory testing of adequate sampling of mines.

Included within the project were four subprojects conducted by or for Picatinny Arsenal,
Diamond Ordnance Fuze Laboratories (DOFL), Chemical Warfare Laboratory (CWL), and the
United Kingdom.

The purpose of the study by Plcatinny Arsena! was to evaluate the effectiveness of two experi-
mental actuation devices, High Hat and Partner, in providing pressure-actuated mines with pro-
tection against blast effects of nuclear detonations, It was concluded that Righ Hat provided
signiticantly improved resistance to clearance and warranted further develnpment. Although
Partner worked well at high overpressure, it wae concluded that the value of the design was
questionable at pressures less than 16 psi.

Chemical Warfare Laboratory attempted to determine qualitatively the ground contamination
pattern produced by E-5 land mines detcnated by a nuclear blast. Two mines were d=tonated by
Shot Priscilla. Preliminary inspection showed that the contaminant was spread to a distance of
5 yards from the mine detonation. Analysis indicated a difference in the distribution nf ground
contamination patterns between mines detonated by the nuclearblast and those detonatad individ-
ually prior to the test. Dust storms tnat followed the explosion may have been responsible for
the observed difference.

A special program was instituted to test four British mines under conditions specified by
British authorities. The objective was to supplement current British data on the behavior of
these mires under nuclear-tlast loading. A cursory examination was made after the blast to
determine: (1) displacement of mine by blast, (2) damage to the mine body, and (3) functioning
of the fuzes. Analysis will be performed by the British and the resuits determined are not 2
part of this test program nor are such results expected to be avajlable.
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Chapter [/
INTRODYCTION

) 1.1 OBJECTIVE
) The objective of this - roject was to investigate the behavior of pressure-activated antitank

mines under alr-blast loading from a nuclear detonation. To represent the various actuation
systems, mines from the United States and from NATO and other foreig. nations were used.
The aspects of particular interest in the investigation were: (1) reliabil iy of current methods
for predicting the probability of land mine detonation from nuclear detonations, (2) effects of
depth of burial upon the actuation of the mines, (3) effect of sympathetic actuation in extending
the radius of clearance, and (4) percentage of mines actuated by tha explosion. In addition, it
wag expected to determine if special methods for predicting mine actuation would be needed at
particular ranges where transitions in the pressure wave shape occurred.

Picatinuy Arsenal investigated the effectiveness of two experimental designs in providing
pressure-actuated mines with protection against nuclear biast effects. The two designa were
code-named High Hat and Partner.

Diamond Ordnance Fuze Laboratories (DOFL) investigated the vulnerability of three types of
antitank influence mine fuzes subjected to nuclear detonation. '

} ' } Chemical Warfare Laboratory {CWL) investigated the ground contamination pattern produced
’ by E-§ chemical land mines which had been detonated by a nuclear detonation.
A special investigation was conducted for the United Kingdom to investigate the behavior of
three types of British antitank mines and one British antipersonnel mine uider blast loading

from a nuclear weapon.

1.2 BACKGROUND
Minefield clearance projects were conducted in three previous operations at the NTS.

1.2.1 Operation Buster, Project 3.5, October 1951 (Reference 1). Universal Indicator Mines
(UIM) were employed at 0 and @ inches of burial. It was found that readings from the UIM were
greater at 6 inches of burial than at 0 inches of burfal. This was in contradiction to high-
explosive tests, where there was a reduction in UIM readings as the depth of hurial increased.
It was also found that scaling techniques for UIM readings developed for high-explosive tests
were not adequate for atomic explosions and reavired modification. The radius of mine clear-
ance was not as large as expected, due to an unexplained skip effect. It was also determined
that weapons detonated at heighis (in feet) greater than three times the cube root of the yield
(in pounds) were not effective for minefield clearance.

1.2.2 Operation Snapper, Project 3.4, April 1952 (Reference 2). The test was designed to
study the unexplained phenomena of skip effect and the increase in mine actuation with burial
depth found during the Buster test. The tw: effects were again observed. The shape of the ini-
tial portion of the pressure wave and the slow rise to peak pressure were proposed as possible
answers to the skip phenomenon. The increase in mine actuation with depth of burial down to
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6 inches was thought to be caused by the shape of the incident pressure pulse and an extraneous
surface effect. It was estimated that for optimum or near-optimum range of clearance,. a weap-
on should be detorated at a height (in feet) equal to the cube root of the yield (in pounds).

1.2.3 Operation Upshot-Knothole, Proiect 3.18, March 1953 (Reference 3). Live mines were
tested for the first time under a nuclear explosion. The M-15, M-6, M-14, and the UIM were
eniployed. The skip effect and increase in actuacion with depth of buriai were again observed;
however, the increasa in pressure-plate deflection or mine actuation with deptu was considered:
insignificant down to about 6 inches of burial, and beyond that depth deflection (or actuation) de-.
creased. The first quantitative explanation that might account for part of the above phenomena
was given. It was theoretically shown that if the pressure wave has a gradual rise to ite maxi-
mum value, an increase in prussure-plate deflection can occur with an increase in burial depth.
It was shown, aiso, that for the lung pressure rise time, normal in nuclear hiasts, static con-~
siderations should govern prediction o the activation of mines. The static response of mines
to nuclear blasts is ~enerally less than the mine response under dynamis high-explosive loading,
the probable reason for the phenomenon formerly referzed to as the gkip effect. The live-mine-
field data showed thac sympathetic actuation increased the range of mine clearance for M-6
mines. Sympathetic actuation or blast-induced actuation is the actuation of 2 mine caused by
the explosion of another mine. In a nuclear detoration, the tlast of a mine explosion may rein-
force the basic pressure pulse and cauge a greater percentage of actuation of adjacent mines.

1.3 WAVE THECRY AND LABOKATORY ANALYSIS

To determine the effects of blact on pressure-activated mlnes, consideration has been givrn
to both the vacsiations of the shock pulse and the theory of mine aci.uauon.

1.3.1 The Precursor Wave. The precurso= yave phenomenon can have an important effect
on the clearance of mines by blast., One of the essential differences between high-explosive and
nuclear explosions is the tremendous thermal radiation aszociated with nuclear detonations.
When the thermal radiaticn reaches the ground surface, a heated layer is formed at the earth’s
surface. This Jaye !z composed of air and dust particles whcse resultant density is consider-
ably higher than the density of air. This layer is formed prior to the arrival of the shock at the
ground-air interface. It is believed that this results in a higher particle velocity in this medium.
Therefore, after reflection, a pressure wave (known as the precursor) travels along the ground
ahead of the main shock. The succession of the two pulses results in a total pressure pulse of
long duration with a long rise time to the peak pressure. Since some of the initial energy of the
shock has been utilized in the creation of the precursor, the peak pressure is less than would
have been expected from a {free air shock at comparable ranges. The passage of this long-
duration wave of slow risz time causes the mines to react as though undergoing static compres-
sion, rather than loading from a step impulse. This type of behavior is experienced until the
main shock catches the precursor and the two merge into a single sharp shoc* froat. In this
latter region, the mines react as though struck by a suddenly applied load.

1.3.2 Laboratory Analysis and Mine-Actuation Theory. To evaluate mine behavior under
blast-pressure loading, a contract was initiated by the Corps of Engineers with Midwest Research
Institute. The objectives of this contract were to obtain extensive data on the characteristics of
pressure-activated land mines under both static and dynamic loading and to develop a reliable
theory to predict pressure-type mine actuation under varying conditions of loading, depth of
burial, and type of soil (Reference 4). One of the simplest theories developed for mine actuation
was to simulate the mine with a linear one-degree-of-freedom mass-spring system. In this
analogy, the pressure plate was the mass, and the spring force of the pressure plate was the
resisting force that was proportional to the displacement of the mass. In general, the loading
force on the mine was suddenly applied; however, the theory was extended to give resuits with
a gradually applied loading force. Procedures were developed for linearization of the actual
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The mine body was assumed rigid, and no considera~
Consideration of the soil over the mine could
the mass of ti.e pressure-plate of a pertion of the mass
y was developed primarily for long-duration (50

to 109 msec) pressure pulses of low amplitude {10 to 30 psi).

non-linear préssure-plate spring ‘oree.
tion wae given to goil elasticity under the mine.
e tzken into account by the addition to
of the soil over the preJjeure-plate. The theor

A comparison of the above theory with experir sental data from a dynamic mine-loading device
indicated that the theory predicted true mine-ac Ttion pressures within 30 percent for a number
of the mine types (TMi-43, UIM, M-15, TMDB, TM-41). This theory, in conjunction with the
data on static mine characteristics, served as 2 basis for determining the overpressures at

which the mines were to be placed.

Other, more~elaborate theories were develo;
ity of the soil under the mine, and the behavior
analysis of these theosies is to be found in Reference 4,

ped to include the mass of the mine body, elastic~
of the soil over the pressure plaie. Detailed
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Chapter 2 -
PROCEOURE | R .

2.1 SHOT PARTICIPATICN

The mine-field clearance test was conducted during Shot Priscilla in Frenchman Flat at the
NTS. The device had a yield of 36.6 kt and was fired from a 700-foot halloon {1.67 times the
cube root of the yield in pounds).

2.2 INSTRUMENTATION

A Ballistics Research Laboratories (BRL) self-recording pressure-time gage was placed in
the center of each live mine field. Similar gages were placed at the beginning of the arc on the
inert side of the mine field (Figure 2.1). It was anticipated that a comparison of any two records
at the same ground distance would show the extent to which the pressure pulse from the detona-
tion of live mines reinforced the basic nuclear pressure pulse. In addition, three special
pressure-time gages, mounted in conventional M-15 mine cases, were buried with 8, 12, and
38 inches of cover at 1.250 feet from ground zero to test the gage performance and to supplement
other pressure-time records. ‘

Waterways Experiment Station (WES), under the auspices of Project 3.8, took random soil
samples in Frenchman Flat of undisturbed soil and found good homogeneity down to depths of
at least 4 feet. In addition, eleven samples of disturbed soil were taken at depths of from 3 to
36 inches. These samples were obtained from shafts which had been drilled and refilled, there-
by simulating the actual procedure cf minc burial. Each of the samples was analyzed to deter-
mine the density, water content, and modulus of deformation.

2.3 TEST ITEMS
The following mines were used in the test:

~ Origin Type Figure
USA M-15 2.2
M-19 2.3
UM ' 2.4
Danish M/47-1 ’ 2.5
¥/47-11 : 2.6
M/52 2.7
Italtan cC-48 2.8
CS-42/3 29
SACI . - 2.10
USSR TMD-B 2.11
T™-41 2.12
Belgian PRB-ND-49 2.13
German ' TMi-43 2.1¢ °
French  Model 1951 2.7
British Mark VI 2.16 -
16
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Figure 2.8 Italian, CC-4

PFigure 2.7 Danlsh, M/52,
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Figure 2.10 Italian, f .CL

Figure 2.9 Ralian, CS-42)




Figure 2.14 German, TMi-43.

Pigure 2.12 USSR, TM-41.
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2.4 PLACEMENT

Estimated overpressures for the various probabilities of actuation are presented in Table 2.1.
" iicted overpressures as 2 function of range were taken from the official test predictions
< 2.17). Probabilities of actuation were obtained from a statistical analysis of laboratory
‘erence 4). Preassures for the location of mine fields to obtain 10, 50, and 90 percent
<ty of actuation were determined by combining this laboratory inforr-ation with the pre-
dicted ranges. From the pretest predictions of the wave forms and the predicied pressures, it
appeared that the precursor would play a significant role in mine actuation to appruximately’
4,000 feet from ground zero. This meant that since the natural periods of the mines were shoit
comparad to the predicted rise time of the atomic blast, static actuation pressures should be
used to determine the ranges at which most of the mines should be placed. The one exception
to this rule was the M-19 mine which was planted in fields determined by its response to dynamic
actuation pressures. Because limited iniurmation on actuation pressures for the M-19 was avail-
able, it was placed in fields in and on both sides of the estimated transition region (from a wave
of slow rise time to a sharp shock). These considerations, coupled with the availability of the
mines, led to the decision to place the M-19 in five fields covering a greater range of pressures.

A

Y

5 ey IE 0
B T S AL

LAWY '.‘s",\

I 5T Lallts,
Figure 2.15 French, Model 1951, Pgure 2.16 British, Mark VI
2.5 LAYOUT

The project layout is shown in Figure 2.18.

2.5.1 Inert and Live Mine Fields, Mines in both the inert and live fields were buried with
8 +¥, inches of soil cover. Placement holes were drilled by an earth auger with a 20-inch diam-
eter bit. The placement pattern for each type of mine iz the 1nert mine jields is shown in Figure
2.19. Inert modeis of the M-52, PRB-ND-49 ani M/47-11 mines were equipped with live detona-
tors, since inert detonators were not avallable for these mines.

The live mine-field pattern is shown in Figure 2.20. Care was taken in the spacing of the
live mine fields (i.e., the spacing between each field) so that the effects of sympathetic detonz-
tion, or actuation, would be confined within each field. The British Mark VII mine, which nor-
mally requires two pressure pulses for actuation, was mechanically armed when placed in a live
mine fleld so that a single pressure pulse could detonate the mine. This arming was necessary
since no recovery of live mines not detonated by the nuciear blast was to be made and therefore
it would not be possible to determine if the fuze had received sufficient pressure to arm the mine B
if act. tion did not occur. F

2.5.2 Depth of Burial in Mine _!-.‘leld.s. Depth of burial is defined as the amount of cover over
the pressure puite of the mine. The UIM and TMi-43 mines were used in the depth-of-burial
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investigation. The static pressure required to activate the TMi-43 mine ranged from 39.2 psi
for 1-percent detonation to 52.4 psi for 99-perceat detonation. Previous work indicated that
there was good correlation between UIM readings and predictions of TMi-43 mine activation.
Layout of a typical depth of burial {ield is shown in Figure 2.21. The UIM f{ields were placed at
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_Figure 2.21 Layout, depth of burfal. -

ranges where overpressures of 5, 8, 10, 15, 21, 30, 40, 50, and 60 psi were predicted; two
fields each of TMi-43 mines were placed at 40, 50, and 60 psi ranges, A complete description
of the operation of the UIM is included in previous test reports (References 1, 2, and 3). Labora-
tory analysis by Midwest Research Institute indicated that the gap between the bottom of the pres-
sure plate and the top of the fuze was a vital factor in determining the force for actuation. This
information, coupled with the fact that the indicator readings in the region of 0 to 10 mils were
of questionable reliability, led to a decision to increase the accuracy of measuring the response
of the UIM in the lower pressure regions. Accuracy was increased by the setting of the indicator
pin to within 2 mils from the under side of the pressure plate. Under taese conditions, the de~
flection of the pressure plate could be measured when the deflection was less than 60 mils. The
setting was not made at ranges and depths where it was believed that ihe deflection would exceed
60 mils. ’ :
For the same reasons, the gaps were aler measured for all TMi-43 mines before placement.

2.5.3 Change from a Static to a Dynams. 2ressure Pulse. In order to better determine the
region where the main shock overtakes the precursor and the steep-fronted shock begins — (that
is, where loading changes from static to “ynamic), five UIM’s were placed every 40 feet from
3,000 to 5,320 feet from ground zero all with 6 inches of earth cover (Figure 2.18). It was ex-
pected that the range of placement would provide indicator readings over this transition region.
The ranges of 3,240 and 3,280 feet were omitted since there was already a UIM field at 3,250
feet from ground zero. On all these mines, the gap was set at 2 mils.

2.6 MINE-FIELD CLEARANCE PROCEDURES

Before each live mine was planted, a ‘/,-pound charge of TNT, wrapped with detonating cord,
was placed in the bottom of the hole. The detonating cord was placed in 2 6-inch trench as shown
in Figure 2.20. This provided a means of detonating any live mines that had not been actuated by
the nuclear blast. Aerial photographs were taken of the entire mine-field area just prior to and
just after the nuclear explosion. The pretest photugraph was to be used for comparison with
postshot photographs and for postshot recovery orientation. Oil drums filled with soil were
placed at the corners of the fields for fiducial markers.
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Chapter 3
RESULTS and DISCUSSION

* The mine test results were satisfactory. Useful actuation data were obtained for most of the
live and inert mines. The UIM and TMi-43 mines gave pertinent data concerning variation of
mine behavior with depth of burial.

3.1 INSTRUMENTATION

3.1.1 Air-Blast Measurements. Of the 56 pressure-time records desired, only 28 complete
records were obtained. Nineteen r-cords presented only peak overpressure; six records were
only partially complete; no records were obtained at three stations. Of the pezk-pressure rec-
ords, three were from peak-pressure gages. Pre-activation and gage malfunction, the causes
of which are discussed in References 7 and 8, were factors which contributed to the loss of
records.

For the special pressure-time gages mounted in M-15 mine cases placed at a range of 1,250
feet (actual overpressure of 76 psi), two of the three records were destroyed when the mine
casing was crushed. The third record (Figure 3.1) served as a source of information for the
pressure on a mine at a burial depth of 36 inches. It is believed that had a filler been placed
in the air pocket around the gage, crushing would not have occurred.

Pressurc results are compiled in Table 3.1. The graph in Figure 3.2 shows the predicted
and experimental curves of peak overpressure versus range. The experimental curve was based
on the results obtained from the gages on the inert side of the mine field and data from other
projects. Figure 3.3 shows pressure-time records taken from stations where complet. pressure-
time histories were recorded.

The amplitude scale of the pressure-time record can be estimated from the peak pressure
tabulated iv: Table 3.1, The time scale is approximately 62.5 msec/In for gages at Stations 1A,
2A, and 3A, and approximately 200 msec/in at all other stations.

3.1.2 Soil Calibration. Results from the various soil tests are shown in Table 3 2. Reference
$ gives additional details or: soil meaturements.

3.2 INERT AND LIVE MINE FIELDS

Results from the live and lnert flelds, along with actual overpressures and probability levels
of actuation, are presented in Table 3.3. The data on each field are contained in Appendix E.
Figure 3.4 is a postshot aerial photograph of the mine field area. It shows the general condition
of the entire field. The craters pictured on the photograph indicate the number of live-mine -
detonations. This information was useful in planning recovery procedures.

3.2.1 Determination of Cumulative Probability Distributions. Air blast records show that
the precursor in the 1,370 to 3,250-foot range had a reasonably sharp rise with the time to peak
varying between 3 and 24 msec. The one-degree-of-freedom theory with a gradually applied
load (Reference 4) indicates that for these rise times, most of the mines should respond with 2
pressure plate deflection greater than the deflection for a static load of the samae amplitvde. In
other words, the mine response to the precursor is between purely static and ‘otally dynami-.

As a result, the peak pressure of the precursor necessary for actuation would be less than the
static actuation pressure. The r-°cords did indicate that the precursor was sometimes respon-

(Text continued on Page 3¥)
27
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Figure 3.3 Pressure records. A
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Figure 3.3 Ccntinued.
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TABLE 3.1 AIR~BLAST MEASUREMENTS

Predicted Recorded - Percent of
: ’.':_""" Range Peak Peak ”.""‘ '::':‘d" Mines Remarks
tion Overpressure Overpressure Activated
pol pai
1A 1,280 0 k(] Nome — Precursor incomplete
2A 1,370 80 0.8 None ‘ -
28 — -— 83.7 1981 [ ] Paak pressure only
3A 1,800 40 43.6 None f —
L]} — - 3.0 ji 1)) "0 Peak presgure only
4A 1,600 » 3.3 None - Peak pressure only
3 - -— nr Cc8-42/3 ” Peak pressure oaly
[ ¥ 1,120 %0 n None - )
» -— e 141 Mark VIt 10 Main shock off scale
© -— -— 14.4 SACI 30 Main shock off ssale
“ 1050 n 0. ‘Nome -
[} .} — - 129 1981 «® Peak pressure only
[ 4 - — - /a1 100 No record
()] w— - 333 Mark Vit 0 '
[ 1,080 % 7.0 cC-4 L] Preactivated
(14 —— - 18.4 C8-43/3 70 Preactiveled
1A 1,99 1 16.0 Nome -
b ] - — 17.0 Mark viI 9
7°€ b - 179 M/4r-1 ]
™ — - 181 THM-41 10
I — - 16.2 TMD-B 10
”w - - ».9 SACT 10 Partial Revord -
SA 3,130 10 11.¢ Nome — Preactivated
. L] ] —-— ane 137 CC-4 10
o o— L 15.4 M/47-1 10 Preactivated
(1] - -— 13.9 T™-41 o s
[ 4 — -~ 147 TMD-B 20
. (14 — -— 18.8 CH-43/3 20 Presctivated
[+ — — 1.2 PRB-ND-4» 100 .
M 3,200 18 10.4 Nome —
” - (- 12.4 PRB-ND-4 10
2,200 18 M/41-1 [ -
[ ] — -— 14.7 M/82 14.7 Presctivated
14 o~ - 10.8 T™-41 ]
o — L 10.¢ TMD-p 10.¢
0 — - 14.7 8ACI (] Presctivated
10A .00 13 10.9 Nens -
108 — - 1.1 M-18 [} Preactiveted
1oC - — .4 PRO-ND-# . Presstivated
10D - ane 1.4 M/47-11 70
10K — - - /82 » No Record
ler -— - ”0 CC-48 ]
11A 2,720 10 8.7 Nome —
18 - — 9.1 M-18 [}
uce ~ L 10.4 M-19 10 Presctivated
1D - - 10.1 M/4r-11 ®
ue b -_ [X] M/s 10
124 3,070 ] t0.0 Nome - Peak pressure gage used
118 - -~ 9.0 M-19 [ ] Peak pressure gage weed
13A 3,280 ] .7 Nome -—
138 — - 2.7 M-18 0 Preactivated
: 13¢ — - 180 M-18 0
14A 4,830 (5] — Nowe — No record
148 - - .8 M-19 100 Pesk pressure gage weed
. 1A 6,390 ] 8.4 Nome - Preactivated
158 — — 10.7 M-19 100 Motor did not rus
37
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sible for actuating some of the mines. i. the unusual 8oil conditions found in Frenchman Lake,
where the precursor is pronounced, the maximum pressure may occur in the precursor and
therefore corrections should be made to the predicted static actuation pressures to adjus. for
this dynamic effect. ‘

Cumulative probability curves for each mine type were computed for static pressure loading :
by calculating an equivalent static pressure for the inert mine field data. On each cvrve the
equivalent static points are plotted with the actual test points. '

The procedure for fitting a cumulative probability distribution to the test points using normal
probability theory is as follows:

P =P, +y0 (3.1)

' Where: P = mine-field pressure

Pa = pressure for 50 percent mine actuation
o = standard deviation of pressure
y = probabtility factor

The value of y is a function of the percentage of mines that actuated and is obtained from normal

TABLE 3.2 SOIL CALIBRATION

Measurement Range Average
Density 66.5 to 74.5 pef 69.1 pef
Water Content 4.9 to 12.0 pet 8.2 pet
. Modulus of Deformation ’
at 50 pai (disturbed soil) 685 to 927 psi ' 810 pst
Modulus of Deformation
at 100 psi (disturbed soil) 1,400 to 2,080 psl 1,755 psi -

probability tables. Values of y for various mine actuation percentages are tabulated in Table

3.4. The principle of lzast squares was applied to the data to obtain a straight-line fit. .
Zy*ZP - IvZIPy ‘
Py = nZy? « (Zy ' @.2
nZPy - ZPZy (3.3)

o= royt - (By)?
Where: n = number of mines in the field.

Once the above two parameters have been determined, the cumulative probability distrtbution
can be plotted with the help of Table 3.4 and Equation 3.1. Because of the small sample size and
the questionable reliability of certain pressure measurements, the percentages of mine actuation
observed for the test must not be interpreted as the true values,

US M-19. The cumulative probability distribution of the M-19 mine is shown in Figure 3.5.
Only three of the four test points were considered in determining the curve. The highest test
point at 83.3 percent actuation was assumed to be in error and therefore discarded.

For the 93.3 percent actuation point, the true actuation percentage will lie betw :¢n 72.1 and
99.2 percent in 99 cases out of 100. For the 46.7 percent actuation teut point, the true percentage
will fall between 24.0 and 70.6 percent. The lower limit of the 93.3 percent point does not over-

. lap the upper limit of the 46.7 percent test point. For the true value to fall within the expectation
limits of both simultaneously, there must be an overlap of limits, and the probability of this

stmultaneous occurrence is the product of the two lsvei2 considered. For the two points in ques-
tion, a higher percentage level would have to be seiected to obtain overlap, Since the vapecialiva
limits of the tw ) polats at the 99 percent probability level do not overlag, the wide difference be- .
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TABLE 3.3 LIVE AND INERT MINE TEST RESULTS

Peak Percent Actuated
Mine Type Range Actual
] Overpressure T arn
ft pai®
Fronch 81 1,310 80.5 %0 10.0.
1,500 . 80 0.0
1,850 20.6 © o
C8-42/3 1,600 2.3 0 e
gt b AR 44 TABLE 3.4 ABRIDGED CUMULATIVE NORMAL
’ : : PROBABILITY DISTRIBUTION
Mark VIl 1,720 2.9 20 .3
1,850 20.6 0 23 F-1,
10 . 160 0 0 Perceat Mine Actuation Yy —s
sact 1,720 2.9 % ) '
1,990 160 10 .1 :': ::':;:
2,290 10.4 ° 3.3 2.5 ~1.960
M/4T-1 1,850 2.4 0 00 8o ~1.048
1.9%0 16.0 » 16.7 10.0 -1.282
2,130 1. 10 . . ' 150 ‘ —Lose
TMD-B 1.9%0 16.0 10 2.0 - 20.0 -0.842
2,120 ne 20 “1 8.0 -0.874
2,290 10.4 10 a3 30.0 -0 334
TM-41 1,9% 16.0 10 70.0 3.0 ~o0.388
2,120 1.6 o “.? 0.0 -0.283
. 1,2% 10.4 s 63 .0 -0.12¢
cc-a 1,850 20.0 © 5.0 ' o
88.0 012
2,120 116 10 10.0 oy ‘ S
. 2,820 10.9 o 13.3 -
PRB-ND-4¢ 2,120 1.6 100 03.3 5.0 9.388
: 10.0 0.624
2,200 10.4 10 78.7
2,520 10.9 ° 80.0 78.0 0.674
* 80.0 0.842
/82 2,290 10.4 0 0.0 0.0 1.088
2,820 10.9 % 2.0
2,730 8.7 10 93 2.0 , 1.2m
* 0.0 1.648
/411 2,200 10.4 ” “wr ”s 1.960
2,620 10.9 0 2 "o 2.326
2,730 8.7 0w 13 .5 2.57¢
M-18 1,520 10.9 o o
2,730 8.1 0 0
3,280 87 0 0
M-19 2,730 ) 70 2.3
24070 10.0 0 ©s
3,280 8.7 » “
4,53 1 100 1001
8,320 8.4 100 16.7
¢ Pressure values taken from gages placed on inert side of
minefield.
1 No record obtained.
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tween these two points would occur less than 2 percent of the time in a random sample. If such
an extreme sample were encountered, an error would result'in its use. Discounting the possibil-
ity of such an extreme sample, then one or both of the points must be in error. In view of the
relative position of the other test points, there is a greater likelihood of the upper point being in
error than the lower point.: Therefore the high point was discarded as either being in error or
coming from an extreme sample.

US M-15. Tesi results of the M-15 mine (Table 3.3) show that none of the mines actuated
from the atomic blast. Reasons predicted probability levels were not attained for t:e M-15 mine
were twofold: (1) overpressures obtained in the test were lower than predicted, and (2) the mean
gap on the M-15 mines used in this test was about 0.240 inch. The gap used in the static meas-
urements on whicl. predictions were based was only 0.108 inch. This was discovered too late to

100 i /
' x
[
9
.g.‘ Static Loadin
2 0 atic ading
<
L3
)
>
s eo ‘
3 /
2 X ~ Tes? Point
2 O - Test Point Corrected
a : to Static Pressure
- 40
<
[ 4
(1]
-
©
Q

20 ) {

%

o 3 . ) 12 15 BT 21
Pressure, psig

Figure 3.5 Cumulative probability distribution for US M-19 mine.

modify the test ranges for placement (Reference 1). Indications are that with the M-15 mine an
increase in pressure for actuation of slightly over 3 perceat would be needed for every 0.020~
inch increase in gap. For the mean gap difference of 0.134 inch applicable here, a 22-percent
increase in actuation pressure would be expected. This shifts the probability of actuation from
90 percent down to about 5 percent. Therefore, failure of the mines to actuate at this level ap-
pears reasonable.

The reason for the wide difference in mean gaps between samples empioyed for the static and
atomic tests is not known. The difference may be due to variations in manufacture between dif-
ferent mine batches. From the available drawings of the M-15 mine, it is not possible to deter-
mine the tolerances allowed in its production.

The cumulative probability distribution for the M-~15 mine is shown in Figure 3.6. This curve,
based on Student’s t-distribution for a sample size of 10, was determ.ined from available static
measurements and test resuits from the dynamic mine loading device (Reference 4). Results
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. from the atomic tests were not used although the test points are shown. The mines used in de~

termining the curve had a mean gap of approximately 0.100 inch. Probability curves are about
the same for dynamic and static loading conditions. Although the mine actuation pressure is °
norm.ally lower for dynamic loading, compression of air enclosed in this mlne results in a large
initial reactive force which cancels the dynamic effect.

Danish M /47-1. The cumulative probability distribution for the M/47-1 mine is shown
in Figure 3.7. The curve was derived from the test data by the curve-fitting procedure already
described. The probability that the curve should fall within expectation 1imits at the 89 percent

/ Static ond Dynemic Loading|
.0 /

X = Test Point
-]

Percent Probability of Actuation

40 Test Point Corrected
to Static Pressure
20
-} ../ Xt
.o .5 9.0 .95 10.0 10.8 [1%-] ne [} X*

Pressure, psig
Figure 3.6 Cumulative probability distribution for US M-15 mine.

level for all three points is about 0.97. The derived curve does fall within these expectation
limits, but just barely so for the point of lowest pressure.

Danish M/47-11. The cumulative probability distribution for the M/47-II mine is shown
in Figure 3.8. The mine behavior was not completely ctatic as indicated by the spread between
corrected and uncorrected test points. The test point at 10.4 psi cannot be reconciled with the
other two test points by consideration of expectation limits for each of the points. It was assumed
to be in error or the result of an extreme sample and therefore not used in the analyuu Consge~
quently, the curve was determined by the other two test points.

Danish M-52. The cumulative probability curve for the M-52 mine {8 shown in Figure
3.9. The three test points are clustered too ciosely together to expect an empirical fit to give
satisfactory results. Thus, a reasonable value of o/ P, based on an approximate average value
for ail mines was assumed. From the assumed value ot oy Pa and the centroid of the test points,
the probability curve was determined by an iteration process outlined in Reference 4.

Italian CC-48. The cumulative p.obability curve for the CC-48 mine is shown in Figure
3.10. The curve was determined from the three test points by the procedure previously discussed
for the M-19 mine.

4
SECRET




100

L

(3
2
! g 80 / Static Loading
: ‘ N
s
= e //
E
f;, -4
u .
- 40 x = Test Point
S 4 © - Test Point Corrected
g to Stetic Presswe
a -1 . .
20 , /
-4
|
]
o s 10 18 20 28 30 3s 40
Pressure, psig
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Figure 3.8 Cumulative probability distribution for Danish M/47-1I mine.
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Pigure 3.10 Cumulative probability distribution for Italian CC-48 mine.
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Italian CS-42/3. The cumulativ: probability distribution for the Italian CS-42/3 mine is
shown in Figure 3.11. A probability curve was initially determined from the three test points by

the method of least squares. However, a negative pressure was obtained at the 1-percent actua-

tion point. Since this conditicn could not actually exist, it would appear that the ¢ determined

from the three test points was too high. A more-reasonable result was obtalned by discarding :
the lowest pressure point and determining the probability curve from the other two points.

Italian SACI. The cumula‘ive probability distribution for the Italian SACI mine is shown

in Figure 3.12. The use of all three test points in determining a probability curve gave a nega- .
tive pressure at 1-percent actuation. To avoid this difficulty, the probability curve was deter-

100
= ﬂ i
o ,
g 0 / Static Loading
<
a
°
z *—-0
F /
2 r X - Test Point
y O - Test Point Corrected
& % J to Static Pressure
: .
(3]
®
a

20 .

0 z/

[ 10 15 20 28 30 3s 40

Pressure, psig
Figure 3.11 Cuinulztive probability distribution for Italian CS-42/3 mine.

mined from the two values at lowest pressuve. This gave a reasonable value for the mean pres-
sure and standard deviation, )

Russian TMD-B. The cumulative probability distribution for the Russian TMD-B mine
is shown in Figure 3.13. For the unusual distribution of the test points, the usual curve-fitting
procedures would not give valid results. Hence, the curve shown was determined by assuming
a reasonable value of o/P, and making the curve pass through the ceatroid of the test points.

Russian TM-41. The cumulative probabllity distribution for the Russian TM-41 mine is
shown in Figure 3.14. Once again, the unusual arrangement of test points excluded the use of
normal curve-fitting procedures. The method outlined above for the TMD-B was used.

Belgian PRB-ND-49. The cumulative probabilily distribution for the Belgian PRB-ND-
49 mine is shown in Figure 3.15. Since the test points are clustered together, the method used .
for the Russian mines was used to determine this curve.

French Model 1951, The cumulative probx:hility distribution for the French 1851 mine
is shown in Figure 3.18. The curve was determined from the three test points by the usual curve-
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Figure 3.12 Cumulative probabliity distribution for Italian SACI mine.
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fitting procedures. However, ai .ie 20-psi range, none of the mines actuated. For a normal
probability curve, zero actuation is reached as y approaches zero which would result in o = 0.
Accordingly, the test point for zero actuation was acsumed to be tne value for 1 percent actuation.

British Mark VII. The cumulative probability distribution for the British Mark VII mine
i3 shown in Figurc 3.17. The curve was determined {rom the three test points by the usual curve-
{itting procedures, However, for the reason discussed earlier, the zero actuation test point was
assumed to be the 1 percent actuation point. Although the test points were clustered together, 2
reasonable standard deviation was obtained by fitting a curve to the three points. Generally, this
would not be true.

General. DParameters {rom which the cumulative probability curves were plotted are given
in Table 3.5. Nearly all the parameters were determined directly or indirectly from the atomic

TABLE 3.5 STATISTICAL PARAMETERS FOR PROBABILITY DISTRIBUTION OF MINES

Mine Type sgrl::::::l ‘;c":::;n Standard 4 Basis for
Al iath el n
-—-———-3—-—su“c Dynamic Deviation, ¢ Py Determination
Factor
US M-15 9.66 1.00 0.553 0.157 Former Static
and Dynamic Tasts
UsS M-19 8.873 0.65¢ 3.585 0.401% Atomic Test
Danish M/47-1 19.205 0.39 5.929 0.309 Atomic Test
M/47-11 14.09 0.29 1.238 0.090  Atomic Test
M/52 8.018 0.72° 2.699 0.337  Atomic Test
(4
Assumed —
Py
Italian CC-48 20.263 0.85* 6.659 0.329 Atomic Test
CS-42/3 20.600 0.6r 8.910 0.335 Atomic Test
SACI 38.911 G.59 15.294 0.393 Atomic Test
USSR TMD-8 15.258 0.73 5.081 0.333 Atamic Test
Assumed <
Pn
T™-~41 11.093 0.94 3.694 0.333 Atomic Test
Assumed ==
Py
Belgian PRB-ND-49 9.582 0.65* 3.184 2.333 Atomic Test
Assumed ==
Py
French 155 44.743 0.65* 11.963 0.251 Atomic Test
British Mark VIl { 50.430 0.80°* 15.152 0.300 Atomic Test

* Estimated.
t Data are given for armine. not actuation of mine.

test data, 7. additior, a columan using dynamic multiplication factors ia includad in Table 3.5.
These are muitipliers used in computing pressures for 50-percent actuation under dynamic load-
ing. The value of P, for static conditions for any mine type is multiplied by the dynamic cor-
rection factor to determine P, for dynamic conditions. The preasure ratios were determined
from test results using the dynamic mine loading device and either the static or nuclear test
results. The coefficients of variation from the nuclear test resuits were used to correct the
dynamic resuits to a 30-percent actuation pressure. In ail cases, the dynamic values were based
on a sample size of 10 or less. Consequently, relizbility was poor.

This calculation will be used when dynamic loading is probable, i.e., when devices are deto~
nated over surfaces for which the likelihoo¢ of precursor formation is smaili.

A comparison of the actual test points and the test points corrected to static pressure indicates
that the behavior of mines to aiomic blast (this teat in particular) is generally static. A few of
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the mine-fields had a slight increase in percentage of actuation due to the dynamic loading effect
from the precursor wave.

in static measurements, the value of o/ P, was tound to lie between 0.06 to 0.12. From atomic
test resuits o/P, was found to have an average value of about 0.33 with generally only a small
variation about this value. A larger value of 0/P, was to be expected in the fieid test fur lwu
reasons: (1) conditions were not as closely controlled as in the laboratory, aad (2) variations in
soil parameters and depth of burial were present in the field test but not in the static laboratory
tests where the mines were not buried. The reliability of the probability predictions could be
improved if larger samples ¢{ each mine type tested by this project were testec in the laboratory
for static and dynamic response.

3.2.2 Sympathetic Detonation in Live Mine Fields. An analysis was made of the live-mine-
field data to determine the increase In percent of actuation due to the mine blast pulse super-
imposed upon the atomic blast pressure wave.

It was thought advisable to {irst determine the probability that sympathetic detonation was
present. Since small samples of mines were invoived, it was possible that an increase in actu-
ation in the livz mine fields could be due to chance variation alone. It will be assumed that when
two or more adjacent minea in a live mine field detonate, sympathetic detonation is a possible
cause. In a random geometric distribution of mine detonations, sympathetic detonatinn may have
been a factor in increasing the percentage of mine detonations. In a random geometric distribu-
tion of detonations, configurations favorabie to sympathetic detonation will occur. H the proba-
bility is small that conditions favorable to sympathetic detonation occur randomiy, then some
other non-random factor is responsible. It will be assumed that this other factor is sympathetic
detonation. The probabiiiiles for all random combinations of mine actuation are given in Appen-
dix E. Since the likelihood for sympathetic detonation varies for different actuation patterns,
the probabilities are ranke? in order of favorability, with the most favorable pattern listed first.

The cumulative probabi ity distributions and the calculated geometric mine-actuation distri-
butions from Appendix E were used to establish the existence of sympathetic detonation. On the
assumption that the cumulative probability distributions were correct, the probability ot a ran-
dom sample falling a certain distarce from the curve was determined. A d-~tailed procedure for
computing these probabilities is given in Appendix E. The further the test point was above the
cumulative probability curve the more favorable were conditions for sympathetic detonation.

For the majority of mine types, the various probabilities associated with random events
favorable to sympathetic detonation are given in Table 3.6. No resuits are given for the M-15
mine, since none of the mines actuated. Resuits from the live {MD-B and TM-41 mines are
believed to be in error, and therefore are not included. The United States replicas of the Rus-
sian TMD-B and TM-41 mines use the same fuze. The detonator in the fuze has a small anvil
just beneath the surface of the detonator. As the fuze actuates, a spring-loaded hammer is
released to smash againat the detonator. A slight misalignment, however, between the hammer
and aavil will result in the detonator failing to fire. For this reason, it was thought that the
test values in the live fields were low, since the Russian version of the mine has a more sensi-
tive detonator for which alignment is not critical.

Table 3.6 indicates that since the protability is high for the occurrence of 2 random actuation
pattern which is at least as favorable to sympathetic detonation as the pattern encountcred in the
teat. Therefore, littie can be learned about sympathetic detonation {rom considering random
geometric actuation patterns.

More can be learned by consideration of random test point variations about the cumulative
probability curve. The possibility of a random uccurrence of points as far away from the curve
as encountered in some of the live mine flelds is remote. It would appear from analysis of the
data in Table 3.6 that sympathetic detonation did occur in the live fields of the M-19, M/47-I,
M/47-11, and Model 1951 mines, and did not occur in the M-32, CC-48, CS-42/3, SACI, PRB-
ND-49, and Mark VII mine fields.

A quantitative answer to the sympathetic detonation question is difficult to obtain from the
available data. A correlation was made of the percent increase in pressure with the increase
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in actuation between the live and inert mine fields. The results were inconsistent.
It was hoped to obtain some information about sympathetic detonaticn from interpretation of

the live-mine-field pressure records. This could not be done due to the difficulty of distin-

guishing noise on the recorus from added mine-detonation impulises.

TABLE 3.6 PROBABILITY OF RANDOM SAMPLE BEING FAVORABLE TO
SYMPATHETIC DETCNATION

Probability of Random Sample *

Mines
d
Mine Tvpe Range Detonating Cevmetric Sinomial Cominne
Events
1

US M-19 2,730 7 0.433 0.141 0.061
2,870 5 0.952 3.865 0.823

13,250 9 1.000 0.008 0.008

5,320 10 1.000 0.000 ° 0.000

Danish M/47-1 1,850 10 1.000 0.005 0.005
1,990 9 1.000 0.000 9.000

2,120 1 1 0.651 —

M/47-11 2,290 8 0711 0.03% 0.02*

2,520 7 0.433 0.588 0.248

2,730 8 0.711 0.000 0.000

M/52 2,290 9 1.%00 0.736 0.736

2,590 ] 1.000 0.582 0.582

2,730 1 1 1.000 -—

Italian CC-48 1,850 4 0.686 0.793 0.544
2,120 3 t 0.803 —

2,520 0 — —_— —_

C8-42/3 1,800 9 1.000 0.968 0.965

1,350 7 0.433 0.112 0.074¢

2,120 2 3 0.264 -_—

SACI 1,720 3 0.733 0.504 0.369

1,990 1 t 0.018 -_

2,290 0 —_ —_— -

Belgian PRB-ND-49 2,120 10 1.000 0.389 0.389
2,290 4 1.000 0.921 9.821

2,520 0 — — —

Prench Model 1951 1,370 8 0.711 0.845 e.801
1,500 8 0.911 0.007 0.008

1,850 4 0.476 0.000 0.000

British Msrk Vi1 1,720 2 t 0.207 —

1,850 0 - — -

1,990 0 — —_ —_

trated i

3 Value was not P
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* Probability of a random sample being a\ least as favoraLle to sympathetic
detonation as the test sample.

1 Sympathetic detonation could not have occurred.
d since
detonation could not have occurred.

were separated 30 that sympathetic

3.2.3 UIM Reading at 50 Percent Mine Actuation. The UIM reading has been useful in pre-
dicting performance of live mines under high-expiorive blast conditiona. However, it has not
proved to be the panacea for predicting live-mine ictuation under - i1 conditions (Reference 3).
For an arbitrary type of loading, the mine type to be used in conjunction with the UIM must have




similar dynamic characteristics uf good reliability {s to be obtained. Theoretically, under com-
pletely static or dynamic loading and for zero burial depth, the Universal Indicator reading
should be reliable in predicting mine behavior irrespective of the minc charncteristics, provided
the appropriate UIM calibration constan. nas been determined. The UIM and the other mine in-
* voived must behave as if both were statically ur dynamically loaded for the results to be correct.
The qualification of zero depth of burial eliminates the effect of soil over the mine. At some
depth of bur‘al, depending upon the mine size, soil characteristics, etc., a bridging effect of the
. s0il will begin to take place. For the mine types considered here, it is believed that this bridg-
ing effect will not be excessive at depths down to 6 inches.
The UIM reading for 50 percent mine actuation i8 given in Table 3.7 for various mines under
static loading conditions.. The pressure for 50 percent mine actuation was determined {rom the

TABLE 3.7 UNIVERSAL INDICATOR MINE READING FOR VARIOUS
MINES UNDER STATIC PRESSURE LOADING

UIM Pressure

Mine Type Pressure UIM Reading Dlate Deflection
psig mils miis
US M-15 9.7 1 61
M-19 8.9 0 60
Danish M/47-1 19.2 20 80
M/47-11 14.1 12 72
M/52 8.0 0 57
Italian CC-48 20.3 22 82
Cs-42/3 20.6 22 82
SACI 38.9 59 119
- USSR TMD-B 15.3 14 74
TM-41 111 5 (L)
Beigian PRB-ND-49 a8 1 81
- German TMi-43 46.9 83 143
French Model 1951 $4.7 78 136
British Mark VIl 50.4 98 158

appropriate cumulative probability curve and the UIM reading for that static pressure (Reference
4), Figure 3.18 shows how weil the test data f{its the curve developed from laboratory tests lor
UIM deflection versus pressure. Agreement is good at zero depth of burial.

For other depths of burial, the data in Appendix F can be employed to compute UIM reading
versus pressure. However, even at shallow burial depths, factors come into play which resuit
in an increase 2 UIM reading with depth, Possible causes for this phenomenon are presented
later but the {inal outcome is to reduce the reiiability of prediction from UIM readings.

3.3 DEPTH-OF-BURIAL STUDY

3.).1 Results and Discussion. The variation of UIM readings with depth of burial for a given
range is shown in Figure 3.19, From the figure, the following observations can be made: (1) at
overpressures equal to or greater than 60 psi and depths of burial less than or equal to 18 inches,
the maximum UIM reading was obtained (at the maximum UIM reading, the Belleville springs of
the meter have been completely flattened and no higher reliable reading can be obtained); (2) there

! was a significant increase in pressure plate deflection fro.n 0 inches of burial to depths of burial
between 6 and 9 inches with a maximum response occurring somewhere between 6 and 9 inches.
This behavior was observed for overpres: ures less than about 45 psi. Contrary to observations
made for the mine field clearance project o1 Operation Upshot-Knothole (Reference 3), this in-
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crease was appreciable. Wheth~r or not this phenomenon occurs for overpresaures greater than
45 psi cannot be determined, since maximum UIM readings occurred at the high pressures of

60 and 76 psi.

Figures 3.20 through 3.26 are included to demonstrate the relationship between the UIM re-
sponse with overpressure for fixed depths of burial. A straight line was fitted to the points for
each depth of burial. UIM readings above 160 mils were usually negiected as being unreliable.

a0

D o
150
120 [

.
.

0 7

UIM Reoding, mi

80
[+
30 /
o
o
[+]
20 40 80 a0
o Pressure, psig
-30
Figure 3.20 Variation of UIM reading versus overpressure
for O-inch depth of burial.

All UIM readings were corrected to a 60-mil gap by assuming a linear reiation existed between
the UIM reading and the gap and fitting a straight line to the data by the method of least squares.
Reason for the extent of the increase in UIM response with burial depth {s not obvious. The
use of one-degree-of-{reedom theory to predict UIM deflection under a gradually applied load
for a depth of 6 inches gives a maximum deflection 20 percent greater than the deflection at 0
inches of burial for a statically applied pressure (Reference 3). However, at the 1,500-foot
range and 8-inch burial depth, the actual increase above static deflection is about 65 percent.
In an cffcst to resolve this dilemma, an analog computer was employed to apply linear two-
degrees~of-freedom theory to predict the tiine behavior (Reference 4). The soil over the mine
was considered as a concentrated mass elastically coupled to the pressure plate. The results
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were in good agreement with {he theoretical resuits from one-degree-of -freedom theory, but
did not explain the unexpectedly large UIM deflections

Since linear theory does not explain this phenomenon, it seems necessary to consider other
effects. From experimental tests on the TMi~43 mine using the dynamic mine loading device,

- it was observed that the second (reflecied) pressure wave oft( 2 actuated the mine even though
the peak pressure was 25 percent lower than the peak pressure for the first wave. The reason
for this was attributed to weakening plastic deformation (permanent set} of the pressure plate

- by the first wave. Weakening through plastic deformation was also indicated from cyclic loading

tests made during static force-deflection measurements. For nuclear air blasts like Shot Pris-
cilla there would be a repeated loading on the mine due to the precursor wave. This may bea
contributing factor in the large UIM readings.

Another reason for this phenomenon may be nonlinear behavior of the soil itself, The modulus
of deformation of the soil at the teat site is known to increas: non'incarly with the magnitude of
tne applied pressure. From earlier test work using the loading device (Refereace 4), it was
found that the earth pressure was increased to more than double the peak blast pressure because
of refleciion from a rigid body in the soil. The two-degrees-of-freedom linear theory predicts
this. However, it was observed that the second pressure wave, occurring about 0.15 second
after the first reflection, produced an earth pressure equal to the earth pressure from the first
wave despite the fact that the amplitude of the second wave was only about 75 percent of the am-~
plitude of the first. It would appear that this pressure increage could be due only to an increase
in aoil deformation modulus with depth ufter passage of tke first wave. In order for this phenom-
enon to occur under atomic blast conditions, the mcdulus wouid have to change with depth during
load apolication since the modulus would initiaily be independent of depth at shallow burial depths.
The mechanism by which a modulus increase with depth could occur during loading may be en-~
visioned by considering the sloping front of the wave as made of a series of little step waves.

As each little pressure wave transmitted through the soil contacts the preasure plate, it is re-
flected, causcing an increase in pressure above the pressure plate. This in turn increases the
suil density since the soil is inelastic, and therefore the modulus of deformation increases. If
it is agsumed that the increases in moduius increase the pressure, an appreciable variation of
modulus with depth will be detectable by the time the peak precsure is attained, and therefore

. AV bbb -
MGG LIV LUV TRRTS.

3.3.2 Prediction from UIM Data of Mine Responses at 36~inch Depth. Since the use of the
UIM for predicting live-mine detonation under arbitrary ‘oading conditions should be limited to
mines with characteristics similar to the UIM, application of UM data to predict behavior of
other mine types in general is fraught with danger. However, because nc data is available on
mine behavior at burial depths below about 6 inches, it would seem worthwhile to attempt to pre-
dict mine behavior at deeper burial depths from the available UIM data.

Predictions are made of the 50-percent actuation point for the various mines of this test whea
buried 36 inches deep. It is believed that a! this deep burial depth, all mines will display about
the same natural frequency, so dynamic behavior should be about the same for the UIM as for
other mines. If the mine pressure-plate area and mine deflection for actuation corresponds
with that of the UIM, then it is thought that the prediction should be reasonably accurate. For
moat mines these last two characteristics are not the same as those for the UIM and thus some
error is to be expected.

On the basis of these assumptions, predicted pressures for 50-percent actuation of the various
mines at 36-inch burial depth are given ia Table 3.8. Values were determined {from a straight-
line {it of UIM reading versus pressure at the 36-inch depth of burial,

. 3.3.3 Correlation of UIM [ and TMi-43 Mine Test Results. Characteristics of the UIM and
TMi-43 mine are similar. Therefore, it is logical to expect that the UIM data can be employed
to adequately predict TMi-43 mine “etonatiun for 2 wide variety of coaditions.
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The following procedure was used in ~pplying UIM data to the prediction of TMi-43 mine be-

havior at different burial depths:
1. A static UIM reading of 83 mils was assumed for the TMi-43 mine.

3. Using this value, the corresponding pressure was determined {rom the straight-line fit

TABLE 3.3 PRESSURE FOR 50 PERCENT MINE
ACTUATION AT 38-INCH SURIAL

DEPTH

Mine Type Pressure. psig
us M-18 15.2
M-8 17.1
Dantsh M/47-1 1
M/4ar-it 2.3
M/ 13.9
Rtalisa CC-40 4.4
Ccs-42/3 4.4
ACt 2.2
USSR TMD-8 2.8
TM-41 3.8
Balgian PRB-ND~-4s .3
Garmaa TMI~43 100.7
French Medal 1951 100.9
British Mark Vit 128.2

on the UIM reading versus pressure curve for the particular burial depth. This pressure cor-
responded to the overpressure to actuate 50 percent of the TMi-43 mines.

3. A value of o/P, = 0.12 was assumed for the TMi-43 mine. This valuc 7zs double the
value obtained during static-loading tests in the laboratory and appears reasonable for use with

the test data.

TASLE 3.9 COMPARIIN OF TEST RESULTS AND PREDICTED
VALUES SASIT SH Ul 1837 RESULTS FOR
TMI-43 MINE

Parcent Actuation
Overp . Frodicied Toel Burial Depth Range

[

pug in
1 Abeve 90 100 [] 1,38
“.s Abave 9 100 [} 1,318
a6 ™ 100 0 1,800
™ Abeve 99 100 3 1,350
. Abave 9% 100 3 1,370
.6 ” 100 3 1,500
ki ] Abeve 9 100 [} 1,280
®.8 Adeve () 108 [] 137
o Above 98 100 L] 1,508
e Abave 90 100 ’ 1,280
s Above 99 100 ’ 1,370
.. Abow 9 100 1] 1,508
16 Above 9 100 13 1.2%
“.. Above 99 100 12 1,37
“.e Above 100 12 1,500
kL] Abave 99 100 is 12ty
0.5 Abeve 99 e 1 1,310
X n (1] 18 1,500
ki Lass then 1 9 » 1,250
”w.s Loes then | [] » 137
43.6 1Ase than L [ 3 1,500

4. The percentage of TMi-43 mines that should actuate at the test overpressure was deter.

mined by normal probability theory.
A comparison between the predicted and actual ;aine actuation is given in Table 3.9, The
UIM data satisfactorily predict TMi-43 mine actuation for the various depths except at the 43.6-

s8
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Figure 3.27 Variation of UIM reading with range.
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psi overpressure and zero burial depth. The reason for this discrepancy is not definitely known,
Perhaps the heat wave {rom the explosion weakened the mine. In several depths of burtal fields
nearest ground zero, the heat was sufficient to burn the paint off the pressure plates of the mines

at the surface.

3.4 CHANGE FROM STATIC TO DYNAMIC PRESSURE WAVE

Results from the snecial fields of UIM’s placed betwvan ranges of 3,250 to §,320 feet are
shown in Figure 3.27., These mines were used to determine if an appreciable increase in de-
flection occurred as the pressure wave shape changed from a gradual to a rapid pressuce rise
over the intial portion of the wave. Figure 3.27 indicates that a 20-perceat increase in deflec-
tion does occur at about 4,000 feet. A similar increase in actuation at 4,539 feet occurred for

the M-19 mine.
These two occurrences strongly indicate that there was an increase in dynamic response due

to & sharpening of the wave {ront. However, pressure data were lacking beyond 3,250 feet so
no quantitative correlation of this phenomenon with theory could be mads.

3.3 ITIGAT OF BURST FOR MAXIMU!{ CLEARANCE

In view of the speculation in previous mine fieldclearance operations about an uptimum height
of burst fcr maximum ranges of clearance, it was considered advisable to include an overpres-
sure curve extracted from Reference 6 (Figure 3.28). From the graph, determination of the

range of an overpressure fusr a given height of burst is quite simple.
Cube-root scaiing should be appiied to the resuits for 1 kt to extrapolate for various yields
(Reference 6). Figure 3.28 is only for soil conditions similar to those at the NTS.
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Chaoter 4
CONCLUSIONS and RECOMMENDATIONS

4.1 CONCLUSIONS.

1. Current procedures are reasonably accurate for predicting mine actuation urder nuclear
explosions through the use of static actuation pressures along with information on the shape of
the pressure wave.

2. Sympathetic detonation occurs {or some mine types for the normal spacing between live
mines in standard mine-field patterns. No Guantitative explanation can be given for this occur-
rence.

3. UIM readings increase with depth of burial to a maximum value at 8 to 9 inches of cover.
The extent of the increase can not be explained by application of the linear one-degree-of-freedom
spring-mass theory, and is attributed to nonlinear behavior of either the mine or soil cover or
both,

4. Conclusions for four subprojects by Picatinny Arsenal, DOFL, Chemical Warfare Labora-
tory, and the United Kingdom are included in the respective appendices devoted to those proj-

ects.

4.2 RECOMMENDATIONS

1. Mine actuation theory should be extended to inciude nonlinear soil effects in order that
mine actuation may be predicted at depths greater than 8 inches.

2. A field manuil slould be psepared for mine clearanceby nuclear blast for known mine
typex over a practical range of environmental conditions. This should include a summary of
the expected changes in wave shapes as the burst environment varies, with specific remarks on
the relative prominence of the precursor.

3. No extensive efforts should be undertaken to determine a quaatitative explanation of sym-
pathetic detonation because: (1) sympathetic detonation is not a major factor in determining the
percentage of mines actuated, and (2) the mine types affectsd by sympathetic detonation were
generaily those most easily cleared by bilast. This .8 most significant since mine design is
presently concerned with the development of mines resistant to clearance by nuclear blast.

4. Further testing of clearance of conventional-design, pressure-actuated mines by nuclear
hlast is unnecessary for the following reasons: (1) the techniques for prediction of actuation are
sufficiently refined to make a reliable prediction after an adequate sampie of mines is examined
by laboratory analysis: i.e., pressures for 50-percent actuation can be determined for various
iypes of loading and actuation probability curves can be developed assuming °/Pa = 0.33 for
the data under field conditions; and (2) preseat methods for predicting Dy curves are quite accu-
rate. Nuclear {ield tests might be required for mine designs not amenable to laboratory analysis.

3. Laboratory testing of larger sampies of the mines should be undertakea in order to im-
prove the reliability of the actuation prediction curves.

8. Recommendations for the four subprojects are included in the separate appendix devoted

to each subproject.

61
SECRET




Appendix A

FROTECTION of PRESSURE -ACTUATED
MINES AGAINST NUCLEAR BLAST

The purpose of the test was to evaluate the effective~
ness of two experimental designs in providing pressure-
actusted mines with protection against blast effects
of nuclear explosions. The two designs were code
eamed High Hat and Partner.

High Hat was an auxiliary mechanical device de-
signed for use with standard pressure-actusted anti-
tank mines and required nc modificstion of the mine
or fuze. For this test, High Hat was adapted to the
M-19 mine and designed to provide protection against
overpressures up to 70 psi.

Tha test was to determine whether the design pro-
vided reduction of functioning under blast pressures,
as compared to unprotected mines, and to find the
magnitude of pressure that wouid cause the protection
to fail.

Partner was a two-mine system in which pressure~
sctusted, mechanically initiated mines were modified
to provide siectrical initiation. Two mines with iden-
tical fuzes were electrically coupled in & manner such
that actustion of either mine independently wouild func-
tion the mine in a normal manner, but application ol
pressure to both mine piates simuitaneously would
prevent either from functioaing.

The purpose of this test was to detsrmine the func-
tioning characteristics of the system. Means were
provided by which possible causes of failure could be
tested.

A.l1 BACKGROUND

‘The test described waas initiated to provide infor-
mation for a feasibility study being conductsd by
Picatinny Arsenal (PA) under Orduance Project TA3-
5926. The purpose of the study was to develop new
pressure-actuated mi and ries with raduced
vulneralil''y to the effects of nuclear sxpiosions and
to provids standard p.. -~ 'r2~acrated mines with sim-
ilar protection.

Pr-oliminary testing of High Hat was .sducted to
det . une the effect of burial depth on the abiiity of
the design to function wben actuated by & tank. Mods!s
were placed in 15~inch-dismeter ho.is '~ Jy, sandy
soil. The holes were sloped 45 degre s to prevent
bridging. It was found that functioning occurred con=-
sistently under full track coverage with a burial depth
down to 4 inches. An M4 Sherman tank of approxi-
mately 35 tons was used for the tests.

No tests were conducted on the functioning of Partner
under a tank, because the design did not change the
functioning cheracteristics of the M-19 mine to which
it was adapted. However, complete laboratory chacks
were made to insure that the electronic circuitry used
in the design functioned according to specifications.

The two designs t d were proposed of
providing standard pressure-actusted antitank mines
with protection againit the blast effects of nuclear
delonations. Both designs were adapted (o the M-19
mine, although their use is not limited to that mine.

A.1.1 High Hat. High Hat consisted of two cylinders.
AS adapted to the M19 mine, the larger cylinder had
an outside diametar of 9.5 inches and was 1 inch high.
To this cylinder was weided a circular cover with four
annuiar siots; the complete unit thus formed was call-
ed the base. A escond cylinder, called the hat, was
7.8 inches in diameter and 1.7 inches high. Four
notches were cut in the hat, so that it wouc.d fit into
the slots in the base. The base and hst and the manner
in which they fit together are shown in Figures A.1
and A.2.

Within the small area occupied by « wine, the
pressures {rom the blast wave are experienced al-
most aimuitaneously (within 1 ma=c) by all points.
Since the force experienced by the mine fuze is pro-
portional to the area of the pressure plats, the force
can be reduced by changing the size of the plate or by
partizlly covering it. The latter is the function of the
base of the High Hat. The base is placed over the
pressure plate resting on the static portion of the
mine. Thus, the preasvra srting on the base is trans-
mitted to the mine body, not the fuze.

The cylindrical hat fits into the slots ir. the base
and rests directly on the pressure piate. When in
this position, the hat is raised slightly by the pressure
plate, which protrudes up under the hase of the High
Hat. This can be seen in Figure A.3. When pressure
is applied, the hat is forced down, depressing the
pressurs plate and functtoning the fuze. Becauss
only the pressure acting on the comparatively small
area of the hat is transmitted to the fuze, approxi-
mately 70 psi is required to cause functioning. By
comparison, an unprotected M~-19 mine cax
ea tn function under about $ psi.

A tank, howsver, does not exert a uniform ground
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pressure. The tank track is not deformable, as is
pressure wave. When a tank passes over a High Hat,
the exrth around and in the center of the hat tends to
push aside and compact. This leaves the hat to bear
the major portion of the force exerted by the tract
above it. When the High Hat is buried 4 inches or
less, this force is sufficient to funcuon the fuze.

A.1.2 Partner. The partner system utilizes the
fact that two mines buried the standard 18 feet apart
will hoth be subjected to the blast wave within a short
time. For example, if it is 2assumed that the blast
wave travels at anly 1,000 ft/sec ar 1 that the mines
are 20 feet apart, it will take oniy 0.02 second for
the shock front to move {rom cne mine to the other if
thay are placed zlong a line radial to the point of
blast. Actually, in regions where overpressures of
sufficlent strength occur to function the mine, the
shock {ront moves more rapidly. Thus, if the mine
pair are slectrically coupled so that depreasion of
both prersure plates within 0.5 second will prevem
functioni.g of either, the pair is insured of protection
from oveipressure effects. In the Parther system,
2 resistance-capacitance bridge circuit is used to
accomplish the coupling.

For this test, Partner was udapted to the M-19

(essentially changes from an open circuit to a short
circuit) and an electric detonator is set off by the
discharge of Cy.

Resistor R, provides a time delay of 0.5 second
after switches Sy and S, close befors Cy charges
sufficiently to fire the detonator. The delay insures
protection of the mine pair whea both pla‘*es are not
depressed at exactly the same instant.

When both mines of the pair are functionsd within
0.5 second, neither dotonator is set off. Switch S-5
in both circuits ia closed. Capacitor C, and Cy have
equal values, as do resistors R, and Ry. Therefore,
the circuit is a balanced bridge with currest 1, ia
Loop | equal in magnituds but apposite in direction to
current iy in Loop iI (Ses Figure A.5). The ~urrents
in the two loops cancsl, and capacitor Cy dos ot
charge.

The adaptation of the Partoer systams te M-13
mine, as used in this test, prevestad functi. Jiag of
the two mines of the pair whea both experisuced the
influence of the biast wave from a mciear detonation;
however, both mines were psrmansatly sterilized,
and neitier would subsequently fumction weder & tami.
The M-19 mine fuze has tvo Balieviile springs, a
main load-bearing spring and a smaller saap-through
spring, which normally drivee the firing pin into &

mine. The method of modification pronn‘2d a
for determining not omly the sucsess or fa.lure of the
protective system but whether or not the mines, if
unprotected, would have functioned.

The prysical modificativa of the mines (s shown in
Figure A.4. A plunger assambly is scrowed into the
datonstor fitting of the mine fuze. When the fuze is
functioned, the firing pin strikes the plunger, which
CAuSeS the Micruuwiivi asssiuibiy wwuiicy o e
bottom of the mina to change from its normally closed
position to the normaily open position. The electrical
circuitry is located in a chassis mounted on the bot~
tom of the mine. Both mines cf the pair contain iden-
tical switch assemblies and circuitry and are connec~
ted wlectrically by a four-conductor cable.

The microswitch assumbly contains five single-pole,
Jdouble~throw microswitches, which are gan; d to
function simultaneously when the plunger is depressed.
These awitches correspond to Sy, Sy, Sy, S, in the
circuit diasram of Figure A.5. Switch 8-5 ia physi-
cally located in the other mine of the Partner pair,
and the corresponding switch of the second mine ta
wired to the fifth pole of the microswitch assembly
in the first mine.

When the pressure plate of only one mine {3 de~
pressed, the switches close. Capacitors C, and C,,
which have been charged to equal voltages by the
battary, are connected to the two rasistance loops
of the circuit. A current i, then flows through Loop
1 in the direction shown in Figure A.5, charging the
firing capacitor, Cy. The current iy in Loop Il is
zero, because Switch 8-5, located in the other mine,
is open. When Cy charges to the firing voltage of
the glow tube (gas-diacharge diode) the tube fires

84

per 4 . The amall spring dows not
return to its original position whes the mine piate is
reiessed, after hiving been depressed. In order to
adapt the mine o the Partner syatam, it would be
necessary to redesign the fuza, repiacing the snap-
through spring with a microawitch. Then depression
of the plate would directly operats the microswitch,
and the fuze would return to (ts ariginal position
wimsa released. Thus, after the pressure wave of a
blast had passed, both mines would be capable of
functioning under a tank (Figure A.4).

The mines used in this test did not have the modi-
fications just described. There wers two reasons
for this: (1) Because it was desired to test only the
ability of the Parther system to provide protsction
against blast effects, it ~as considared more exped-
ient to design the small plunger assembly than to
modify the fuze. (2) By using an uamod “ed fuie,
it was posaible to tell by examination of the snup-
through Belleville spring whether or not the Juze
had functioned. Thus, if the fuzes in both mines of
a Partner pair had functioned, snd neither indicator
detonator had {ired, then 1t would be known that the
protection sys.sem had worked properiy.

A.2 PROCEDURE

A total of 43 mines, 25 High Hats and 18 Partners
(9 pairs), were planted in Frenchmaa Flat in the
Project 6.1 inert mine fisld. The expsrimental lay-
out is shown in Figure A.6. Holes were dug with a
pe #er auger mounted on & 2%-ton truck. Tha boles
woro 24 inches in diameter and bad (lat botto-as and
perpandicular sides.
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that were made to adapt it to the Partner system.
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All resuits were recorded on a go or no-go basis.
That {8, it was noted whether or not each prototype
had functioned. Remarks as to the condition or phys-
ical position of the mines and modifications as found
wiwr ide wei wosé HGted where such notation could
give an indication of the reasons for success or fail-
ure.

A.2.1 High Hat. High Hat was tested at three
overpressure ievels.

Five models were placed at 21 psi. This was one
station higher than that at which 90-percent function-
ing could be expected for an unprotected M-1Y mine.

If the mines fuictioned at this station, it was to be
concluded that no protection had been afforded by High
Hat.

Five models were placed at 40 psi. This was in
intermediate point betwaen the no-protection-afforded
station and that station at which {ailure of protection
wan expected (70 psi).

Five modeis were to be placed at 70 psi, because
analysis had shown that the presented area of High
Hat was such that overpressures of 70 psi or greater
would causa it to function when used with an M-19
mine. It was desired to determine the actual func-
tioning overpressure in this tast. Because it had been
found that the M-19 mine functions over a range of
pressures, it was necessary to place the test models
of High Hat at pressures somewhat greater than, and
less than the expected functioning level. [t was desir-
ed that five prototypes per station be placed at 85 psi,
70 pei, and 55 pai. Because the greatest overpressures
avaiiable at the Project 6.1 test site were 60 paf, 15
models of High Hat were modified to give greater
presented arsa, so that they would simuiate the effecta
of higher pressurve when placed at the stations avail-~
able. The actual placement of these modifications {s
indicated in Table A.1.

The High Hats were placed in boles as abown {n
Figure A.7. A cloth cover was placed over each High
Hat to prevent sand from causing binding. The tops
of the hats were 3 inches bsiow ground level, and the
holes were {lled flush with the ground.

A.2.2 Partner. The Partner puirs wers arranged
in patterns, three paira in each pattern, as shown in
Figure A.8. Pairs were arranged {n this manner to
determine the effects of orientation to ground zero on
the simultaneous operation of the two mines. Further-
more, it was known that a strong electromagnetic sig=-
nal was given off by a nuclear detonation. It was feit
that this signal might be picked up by the ing
cables and affect the electronic circuitry. By placing
the Partner pairs in the patterns described, the effect
of electromagnetic pickup (if any could be noticed)
could be related to orientation.

Pattern 1 was placed at the 50-psi station to test
psrformance of the system under high overpressure.
Patterna 2 and 3 were plcced at the 21-psi station to
detsrmine whether the partner systsm afforded any

improv over planting the mines unprotected.
The exact location of these patterns is shown in Fig-
ure A.6.

Four control circuits, containing circuitry dupli-
cated to that used in the Partner chassis (except for
the omission of the microswitch and battery) were
olanted in the mine fiaid. Two control circuits were
placed in Pattern 1 and ane aach in Patte:ns 2 and 3.
Tnase controls were devised to check whetber or not
the electromagnetic field created by the blast was suf-
ficient to cause the sensitive electric detonators used
in the cirucitry of Partner to function. The coatrol
circuits were buried 5 inches deep.

The mines were placed in the holes as shown in
Figure A.9. Pieces of wood 2 by 4 by 13 incbes were
placed under three edges of the mine to prevent the
blast pressure from crushing the metsl chaasis.
Cables connecting the two mines of each pair were
buried in 6-inch trenches. The tops of the mincs were
5 inches below ground level, and the holes were fiiled

in flush with the ground.

A.3 RESULTS AND DISCUSSION

Overpressure levels were seiected to yield the
maximum amount of information from the limited
number of test items available. Results of tta pres-
sure gages located in the Project 6.1 mine field show-
ed that the measured overpressuras differed consid-
er<.iy from the predicted, particularly at the high-
overpressure stations. At the 60-psi station, the
measured pressure was about 25 percent high; at:the
50-pui station, the pressure was sbout 20 percent
high. The 40-psi station was only 8 percent high,
and the 21-pai station was 24 purcent low. Partially
because o1 e picesure differences, the results were
not as conclusive as it had been hoped they would be.

A.3.1 High Hat. The results of the High Hat test
are shown in Table A.2. Predicted . nd measured
overpressures cre shown for conpar son. As stated
fn Section A.2.1, 15 High Hats were modified by an
incresse in the presented ares of the hits in order to
simulate higher overpressures. Tba [ gsure sim-
ulated by any of these models is equal ¢ he actual
pressure muitiplied by the ratio of the 1 .difted area
to the unmodified area. Because the actual overpres~
sures at the stations where thes~ models were placed
were highe: than predicted, tha simulater! pressures
were also higher. The actual s.mulated pressures
are listed in the table.

All mines with modified High Hats were actuated..
From pretest calculations, it codid be sxpected that

these would function because of the highsr-than-predicted

simulated pressures. However, { om these same
calculations, it could be expected L at the unmodified
models at the measured overpressu 1 of 43.6 psi
would not function. Of the five High . ats located at
this station, three failed to protact the mines. None
0i ‘he mines functioned ai 16 psi. This would indicate
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Figure A.7 Sectioned view of High Hat in piace before hole is filled.
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TABLE A.1 PLACEMENT OF HIGH HAT i
Predicted Modified to
:‘:";‘b::: Overpressure Simulate Over-
& Stations Preasures of
psi psi .
5 21 No Modifications
5 40 No Modifications
5 40 55 -
5 50 70
5 60 85 3
A \ 3
\
/ \ Figure A.8 Partner pattern showing orientation
7 Y to ground zero. The cable between Mines & and
2 e / 2, was staggered to prevent the blast wave from
4 F blowing the earth out of the lungth of the trench.
/ / Though the cables crosa physically, they are not
/ / {n contsct electricaily.

g / indicstes
i ST SST Buried Wires -

Figure A.9 Sectioned view of Partner in place before hole is filled. .
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that the High Hats, as now designed, var ‘nsure pro-
tection to some value of overpressure lesa than 43.6,
which seems to be about a2 50-percent point. However,
even if insurance of protection extends only to 35 or
30 psi, these pressures are considerably higher than
the unprotected mine could survive. Furthermore, by
reducing the presented area of the High Hats throvgh
redesign, it should be possible to raise the level of
protaction.

The results of this test indicate that, although
High Hat did not perform as weil as expected, the

TABLE A.2 HIGH AT RISULTS

The circuitry in both mines should have worked prop-
erly when tested in the laboratory after the shot, in-
dicating that the mines would be in condition to func-
tion when actuated by a tank. Fulfiliment of all three
requirements wouid indicate success of the Partner
system.

None of the detonators in the control circuits plan-
ted in any of the Partner patterns fired; thereore, it
is known that electromagnetic pickup did not affect
the circuitry in the mines.

All three Partner pairs (all of Pattern No. 1)

Presews lsted P 8

ise , Distance From  Predicted Measured by Moditication by Modificution %:"
Ground Zere Overp Overp. st Predioted st Measured After Test
Overprassure Overpressurs
font [ pei pel ol
1 1,2% 60 780 * 108 Functioned
2 1,250 40 7..0 " 108 Functioned
3 1350 [ ] 6.0 “ 108 Funotioned ¢
4 1.380 80 0 [ 3 100 Functioned
s 1350 60 1.0 8 108 Funotiomsd
s 1,370 L] L2 ] 170 " Punctionsd
17 1.370 50 ®s 0 4 Fusctioned
L] 1370 0 03 70 L] Yunctioned
] 1370 80 “ws 17 8 Functionsd
10 1.370 30 “ws 10 L] Punctioned
12 1500 4“ 434 88 (] Funationed
" 1,800 “ 434 s [} Punctioned
16 1,800 “ 43.6 s [} Fuaationed
1 1500 “© 3.4 L3 2] Functiosed
20 1500 “© s 58 [}] Fusctioned §
1 1,500 4“0 434 ] ] Not Functionsd
13 1,500 L 438 ] § Functioned
18 1500 “ 436 s 1] Fusctionsd
17 1.500 «© 4348 ] ] Funotioned
19 1500 - L] 494 1] 1 Not Fusctioned
2 1,99 n 180 1 ] Not Fuactiosed
32 1.9% n 8.9 ] ] Not Fuactioned
13 1.9% k39 168.0 | ] t Not Funotioned
" 1,9% £33 160 s 1] Not Functioned
':5 1,990 31 16.9 ] < Not Punctioned

N ‘ap to the aumbers Naced above sach mine in Figure A.6.

'lgville spring had not snapped through; the plastic cup

whiok bolas . ng had broken off, indicating that the mine bad
reosived enuu ‘e to operats, dut had malfunctioned.
1 Mine bad mov. . the blast and was found rartially exposed.

§ These mines had unmorifisrd *iah Hats.

design oifered considecable improvement over the
unprotected M-19 mine.

A.3.2 Partner. The resuits of the Partner test
are summarized in Table A.3. In order for the Part-
wvs pas. I i.aew Worked as desired, the following
conditions should have occurred: (1) The fuzes in
both mines of the pair should have functioned, indica-
ting that the mines, if unprotected, would have beea
set off. (2) The electric detonators in both electronic
chassis should not have fired, indicating that the
mines were protected by the Partner system. (3)

6o
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placed st the measured overpressure of 60.5 psi ful-
filled the sbove conditions.

At 16 psi in Psttern 2, only pair By~ By met the
three convittions. In pair C;~C,, neither mine fuze
This indicates neither no failure
of the partner system, becauss it was given no chance
to protect the mines. These two mines survivad the
blast pressure without protection. No information
was gained from this pair. Pair A(~A, points out
both a general disadvantage of the Partner design
and a failure of one of ths mines of the pair. The
fuze in Mine A, functioned; that in Mine A, did not.

functi d




The pressu-e t5 which these mines were exposed was
that at which 6 )-per-ent functioning of M~19 mines
could be expecte.! .'* this pressure, and for Jower
pressures (down 12 kv level at which no functioning
of unprotected r;nes w.vld occur), there is the dan~
ger that one munc plate of the pair will be depressed
and the other will not. When this occurs, Partner
will oifer no protection, and the first mine will be
cleared by the blz2st. At higher pressures, where it
ia insured that both mire plates will be depressed,
the Partner system will prevent ciearance by the

TABLE A3 PARTNER RESULTS

the mine. The circuitry, nevertheless, did not work
properly, and this is a failure of the Partner system.
One possible expianation of the failure can be offerer
It was noticed that the detonator in this mine fire:
in less than the designed 0.5 second when the circuita
was tested, indicating that the gas dioGe in the circuit
(see Figure A.5) fired st less than the designed voit-
age. If this occurred during the nuciear test, the
energy transmitted to the deronstor may not have been
enough to fire it. However, this may have made the
detonator more sensitive, so that it would fire when

M-19 Mine Electric Partner Chassis
Orisntation of Ne.
Pattern Mine Pustner Pair to Pradiotac Moasured Tuse wus Detoastor  Pumotiosed Kormally
Numbere  Numbe Radial Line Prom Oy o Functioncd fa Partmer  Whea Rupec i
* e T prossure 4 By e Cassis  Laborstory After
~ Blast Prossurs __ Had Fired the Atomin Test
ped pst

1 2y radial s0 4.5 you m Yoo

1 [ radial 80 “w.s you ) Yoo

i by 45 degrees 80 0. yoo »0 Yoo

1 by 45 degrese 80 [ 2] you ] you

13 9y tangential 50 (2] yos 1 yoso

1 oy tangestial 80 “®s 78 » yoo

2 8y radial 21 18.0 Yoo = LR

H [N radinl 3 18.0 2o ) yos

H by 45 degrees 1 180 you - you

] by 45 degrees 13 140 you 20 yoo

3 ¢y tangential 21 18.0 0o no oot tested

2 ey tangemtial 3 18.0 no » pot tegted

s ay radial n 180 yos o yos

F] ay radial n 16.9 yoo no yos

3 by 48 degrees 3 1.0 yoo [~ you

3 by 48 degress 3 1s.0 you [} yos

3 ay tangoetial 21 140 you = youi

3 0y J 3 18.0 s no Yoo
«Theee reier 10 the pattern sumbers va Pigure A4S,
1 These refer 10 the mins sumbars ou Figure A.8.

1 Whea tasted, the d to fire in ly less than

it with & ek ol - . -

0.5 seconds, however the {iring fime was not
t A cosnecting plug inside the chaseis was found disconngoted. It is
ot known whether this coourred befors ar after the test.

blast. However, there is the range of pressures just
described in which this system offers .ittle protection.
As stated above, Mine A, is considered to have
been cleared by the blast. The fuze of only this mine
of the pair functioned; therefore, the electric deton-
ator in the Partner chassis should have fired, just
as it should when a tank functions one mine of a pair.
Howaver, the detonator did not fire. The reason for
this is not apparent from the posttest examination of

tested in the laboratory.

In Pattarn 3, two of the Partner pairs met the
three conditions for success previously stated. In
pair C;—C;. the same cond:tions occurred as in the
fauity pair of Pattern 2. Only one mine fuze function=
ed, yet the detonator in that mine did ne fire  This
pair, however is more easily explained: a connecting
plug in the chassis was found disconnected. This
would mesn tbe circuit was discoanected from the
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battery ani no energy was ava.lable to fi. - the det-
onator. A.though the plug could have come loose
after the test when the mine was dug up, it is believed
that it occurred before the test.

Although the two failures of the circuitry encount-
ered in the teat might be explainable, they neverthe-
less point out the vulnerability of a complicated sys-
tem. Furthermore, the problem of one presaure
plate depressing when the other does not still exists
and can be overcome only be design change.

A.t CONCLUSIONS AND RECOMMENDATIONS

A.4.1 High Hat. High Hat is a workable design
offering significantly batter resistance to clearance
than the unprotected mine. This performance can be
improved by further reducing the area of the hat.

SECREY
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High Hat also offera the advantage of requiring no
modification of the mine fuze. It is recommended
that work on this design be continued.

A.4.2 Partner. The Partner system has the dis-
advantages of beiog complicated, of vequiring modi-
fication of the mine fuze, and ~f offering little pro~
tection in the range of pressures wnere 10 to 90 per-
cent of unprotacted ménes could be expected to func-
tion. However, the system doea work well at higher
pressures.

Although the disadvantages could be overcome by
radesign, newsr gystems under devcelopment offer
more promise. [t {8 recommended that the design be
reviewed to determine whether further work on it
should be countinued.




Appendix 8

VULNERABILITY of CERTAIN ANTITANK - INFLUENCE -MINE :
FUZES fo NUCLEAR DETONATIONS

The purpose nf this experiment was to determine the
vulnerability of three antitank-influence-mine fuzes,
designed at Diamond Ordnance Fuze Laboratories
(DOFL), to a nearby nuclear detonation.

The three fuzes availabla for this purposa were
the T 1217E2, the T 1224E1, and the T 1235. The
T 1217E2 ie a prototype; the T 1224E1 has been re-
leased for production engincering; the T 1225 repre-
sents an experimental design. All three fuzes are a
part of a family of influence fuzes for use with the
T-29 mine.

B.1 BACKGROUND

The following were considered as possible factors
that wonld affert the wunerability of 2 fize to a nuclear
detonation: (1) direct physical damage, which would
make the fuze or mine inoperative, such as breakage
of the case, damage to components, uncovering or
tilting of the round; (2) functioning of the fuze during
the detonation by presence of its normal functioning
influences, such as preseurs, vibration of the ground,
magnetic fields, gamma radiation; (3) abnormal oper-
ation of the fuze sensing devices, ¢.g., closure of the
magnetic switch in the T 1224E1 by excessive shock;
(4) improper functioning of protective devices incor-
porated in the fuze, e.g., the bluat protective switch
inths T 1217E2 or the T 1224E1. (5) temporary ster-
tlization due to discharge of firing capacitors by ioni-
zation; and (8) temporary sterilization of the T 1235
fuze by induced radioactivity in either the soil or the
Nal scintillation crystal in the fuze. .

8.2 PROCEDURE

An experimental program that would determine
the exact behavior of the fuzes invoived could not be
attempted during this operation, because none of the
items had been made in any appreciable quantity and,
therefore, were in short supply. The limited program
was intended to provide guidance for future tests with
larger quantities, to initiate work on protective de-
vices or on modification (should such prcve to be nec-
essary), and to correlste fuze behavior with data
gathered by Diamond Ordnunce Fuze Laborstories.

The 30 fuzes avuilable for this test were equipped
with detonator simulators to indicate fuze operation

7
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without causing damage to the fuze. This made pos-
sible reuse of the fuze and posishot examination of

its sensitivity. All but the T 1235 were mounted on
inert-loaded T-29 mine cases from which all firing-
train components had been removed. A battery-
operated clock, to indicate the time at which each
fuze functioned {if functioning occurred), was attached
to the bottom of each unit.

B.3 DESCRIPTION OF FUZES

B.3.1 T 1217E2 Fuze. This fuze used tank-track
pressure as its iniluence but differed from a conven-
tional pressure fuze in that simuitaneous pressure of
both tank treads was required to insure mine function-
{ng und~=-=ath the belly of & tank. Tbe sensing ele-
mentv . a pair of 8~foot rubber tubes, % {nch in out-
side diameter, one extending to either side of the fuze. R
The tubes were buried with from 1 to 4 inches of soil
cover. The squeezing of a short length of wach hose,
a8 occurs on the overhead passage of & tank from
both of its tracks, closed an electrical switch in the .
fuze. Both switches .nust closs at nesrly the same
time to complete the firing circuit from a charged
capacitor to an electrical detonator. In thiv way,
firing of the mine underneath the tank azd somevhere
between both tracks is aasured.

The fuze is kapt inoperstive initially for about Y4
hour by an arming delay clock to provide 2 safe per-
iod for burial of the mine, camcuflaging, and depart-
ure of personnel from the area.

To prevent the fuze from firing on shock from the
explosion of nearby mines or mine-clearance devices,
a blast switch is built into the electrical circuit. When
subjected to a downward acceleration of 1 to 2 g, the
switch cioses and sterilizes the fuze tor about 10
seconds. Figure B.1 shows the T 1217E2 fuze in
place un the T-29 mine, and Figure 8.2 shows the
mine anc fuze in place, ready for covering.

B8.3.2 T 1224E1 Fuze. This was a dual-influence
fuze requiring both a vibration and a magnetic signal
of proper characteristics as provided by a target
tank crossing the mine to initiate the detonator. Theae .
signals could occur simuitaneously or in close seq-
us nce, and their characteristics were determined by
extensive studies on a large number of tanks. As in




T 1217E2 fuze with T-29 mine in place before burial.

Figure B.2
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the T 1217E2 fuze, arming delay wus accomplishad
by a spring-wound clock.

The magnetic sensing element was a moving mag-
net system, and protection against its closure by
severe shock excitation was provided by the same
blast switch as (n the T 1217E2 fuze.

The optimum standoff distance of the mins to the
target tank determines the burial depth of approxi=
mately 2 to 5 inches below grade. Flgures B.3 and
B.4 show the mine-fuze combination. Figure B.3
shows, on the bottom of the mine, the aluminum case
tkat houses the electrical clock described in Section
B.2. This clock, which was used for field-instrumen-
tation purposes, is not a normal part of the mine.

B.3.3 T 1235 Fuze. This was an experimental
dusl~influence fuze that required both a vibration sig-
nal and a gamma-ray signal originating from an exter-
nally buried source and backscattered from the tar-
got tank. Previous analyses and tests showed the fuze
avstem capable of discriminating between beavy mili~
tary vehicles, such as tanks, and lighter vehicies,
such as jeeps and trucks.

It is difficuit to countermeasure this fuze by nor-
mal methods; however, calculation has shown that a
nuclear dstonation could temporarily neutralize the
system by blinding it with fallout or induced radicac-
tivity in either the soil or the scintiliation crystal
used in the fuze detection system. The purpose of
this experiment was to verifv the aupposition that the
initial gamma radiation from the explosion would
blind tiie fuze before the arrival of the shock wave
(and therefore before arrival of the vibration influsuce)
and to determine whether the cystem could be per-
manently damaged by high gamma and neutron fluxes.
For this purpose the externai gamma source, which
would normally be buried with the fuze, was not need-
ed and was omitted.

Since the fuze is still in the experimental design
state, no photographs of the fuze are presentad in

this report.

B.3.4 Power Suppiies. All the fuzes used elec-
trical detonators and required internal power supplies.
General Electric T8 solid-state battertes were used
in each fuze in conjunction with Mylar-insulated

capacitors.

B.4 INSTRUMENTATION

B.4.1 Explosive Switch. Each of the fuzes was
equipped with 8 DOFL T-23 explosive switch. The
electrical function and input characteristics of this
device closely matched those of the T-~76 electrical
detonator and the T-29 mines.

The T-23 switch contained two pairs of contucts,
one normaily open and one normally closed. On
fuze functioning when the switch is fired, the open
contacts close and the closed contacts open. For

this test, the normally open contacts were brought
out from the buried mine to the surface of the ground
by means of a shielded cable (Figure B.4). An ohm-
meter was used at the time of recovery to determine
whether functioning had occurred without disturbing
the fuze. Stimulation of the fuze-sensing elements
by simulation of the usur] influence was perfarmed
if no functioning had occurred during the shot. The
fuze's responsa to the proper influence was then
observed on the ohmmeter. The normally closed
pair of contacts were coanaected 8o as to stop the
electrical timing clock (described beiow) at the time
the switch fired.

B.4.2 Timing Clock. This auxiliary timing device
was used for the test to ensble personnsl to determine
the time of fuze functioning reistive to the time the
fuze had been armed. It was attached beneath the
fize as shown in Figure B.3. The opened clock is
shown in Figure B.5. Power supplied by a mercury
hattery gave the clock s running time from 7 to 14
days. Accuracy of the readings was approximately
15 minutes.

B.4.3 Caarged Capacitors. Included in the 1217E2
fuzes were several charged capacitors of the same
type used in the fuzes. It was intended to observe
their voitage decay after recovary and compars this
with their ordinary decay rats. The destred infor-
mation was the ability of a nuclear detonation to in-
creass the decay rate and, thus, temporarily sterilize
the fuze. It should be noted that, if this were to occur,
the recharging rate with the very-high-impedance
solid-state batteries would be low.

B.4.4 Location of Fuzes. Three arsas, each
about 30 by 33 {eet, ware utilized near the eastern
edge of the mine field at mean radial distance of 1,250,
2,730, and 5,320 feet, respactively, from ground zero.
These distances wers chosen to correspond to esti-
mated overpressures of 60, 10, and 5 psi. Figure
B.6 shows the location of these three areas, and Fig-
ures B.7, 8.8, and B.9 show the distribution of fuzes
within each of these areas. Of the six T 1217E2 fuzaes,
two were placed in each ares; six of the twelve
T 1224E1 fuzes were placed in the 1,250-foot area,
and three each in the other two asnes; the twelve T 1235
fuzes were evenly distributed, four in each area. The
T-20 mine case, but not 1ly the explosive con-
tents, is essential for oroper operatios of the T 1224E1
fuze, since the steel from which the case is fabricated
is taksn into consideration in adjusting the magnetic
sensitivity of the fuze. The T 1217E2 and the T 1235
did not require mine cases for thair preper pcrform-
ance; however, since 18 such cases were available
for the test, they were used with the T 1224E1 and
TI1217E2 fuzes.

Mine positions wers located and boles to the de-
sire depths were provided by personnsi of ERDL.
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Figure B.4 The T 1224E1 fuze ¥ith T-29 mine in place before burial.
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Figure B.5 Seven-day electric clock.

Figure B.6 Area location frem ground zero.
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Some thought was he unique soil conditions at 0630 bours on 24 Juns, so that x minimum of 3 days

prevailing in the + «2 Dry Lake ares. Befors had elapsed after planting tor the fuzes tc stabilize
disturbance, this » 48 the consistency of adobe in the ambient conditions. This r._ciod was more
brick, while the c¢ir. dug {rom a hole has the texture than suifi zicot for proper operation, even under the
of talcum powder. Watsr was uved to stabilize the severe soil conditions. Recovery of all units wae
soil backfilled around and over the mines. Some of completed on the morning of 28 June. The same per- .
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Figure B.9 Placement of fuzes at range 5,320 foet.

the sail was mixed with water to maks & mortar, ana sonnsl who plantsd the wines performed the recovery
some wss wetted by puddling in the hole. Each unit under fill radex conditions in about an hour. This
was wrapped in & squera of plastic sheeting before inciuded the checking of each fuze for functioning and
bur{al to reduce contamination of the units by the soii; sensitivity. At the ciuae~in area (1,250 feet to ground
however, it was later found (hat water and mud had tero, the radiation {ntensity was 125 mr/hr at recov-
reached many of the fuzes. ery time, the middle srea had an intensity of 7 mr/hr,

and the {arthest~out group had less than 1 mr/hr.
None of the fuzes or mines showed any physicai

B.3 RESULTS damage; however, a few of 1he timing-clock cases
Planting of the fuzes was performed during the were slightly dentad. Brass stakes protruding about
period from 18 to 21 June. Shot Priscilis was fired 3 {oches above the ground had been used as marimrs.
T8
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These atakes, which were %5 inch 1n dies ster, were
all 10 place but beat about J0 degrees (rom the verti-
cal. In the makile area, about Jt leet of burbed asire
{4 part oi the ornpanal mine hely tence) was found
covering one of the tuzes.

B.3.1 TI217E2 Fuzes. None of the six units had
functioned. When the hoses were squeszed al the
tirme of recovery to simulate a normal signal, all ol
these fuzes operated. Simulatic n of the signid in this
case was dooe manually, sihce no tanks were avadable.
An examination uf the soil cuvering the hoses 1ndicat~
«d the results would have been unaltered o a tracked
vehicle had been used.

B.5.2 T 1224E] Fuzen. Two ol the fuzes in the
close=in area (1,250 teet {rom ground zero) functioned
at the time of the shot. None of the remaining ten
fuzes fired, including four fuzes at the same distance
from ground zero a» the *10 that did function. All
uafirod fuzes functioned L. operly when stimulated by
vibration and magnetic signais before disarming and
removal. :

Blast has were re d from the two fuzes
that fuactioned in Shot Priscillia and replaced with
special protective switches wnich were sensitive o
promgr gamma radiation. These two reinstrumenied
fuzes ami two other unmodified fuzes as controls were
axposed about 400 feet {rom ground zero in Shot Hood.
Nome of these four fuzes weare functioned at the time
of the shot. Except for one control faiiure, all funct-
iomed properly on postshot stimuistior pri.: o dis-
srming and removsl.

B.5.3 T 1235 Fuzes. None of the tweive fuzes
ware [ired by the nuciear detonation, howcver, one
uait in the arva closest to ground zero had spparently
fired st H minus 25 hours. These resuits were not
considerad conclusive, since six of the tweive fuzes
Mad fired on vibeation signais alons at the time of
emplacement. Later examnation reveaied the reason

for this as Leing »n Increase in the {uze battery voit-

age stiributable to the low relstive humidity ol the
Nevada climate. This {ault has been correctad by a

modification n the power supply and vibration alert-
Ing circuit.

Because of the meutron-induced gamma activity in
the scintillation crystal deteciors and in fuze compo-
nents, it was not possible t¢ fire any of the fuzes at
recovery time by means oi 8 mniated vihration and
gamma-ray signals. TR, co.urmed pretest calcuia-
tions on the muy ju of the i i activity.

Although thene fuzes were experimental models,
constructed without regard to ruggcdness, permanent
damage was ailmost negligible. Afwer a cooling-olf
period of a few weeks, normal fuze operation was
restored.

The present design of the fuze is such that fuzss
are exoecied to recover from the biinding effect ol
neutron-imkiuced gamua aclivity in 24 to 42 hours
atter the fuzes have been exposed to 10'2 neutrons/
cm?,

H.5.4 Charged Capacitors. Laboratory examin-
ation revesied no differerce between the ordinary and
postshot decay rates of charged capacitors.

8.5.3 Gas Diodes. Miniature gas diodes (XDIC,
XD‘a. exposed in several shots, showed promisc
as nuciear desensitizing switches for fuze use. For
a 20 kt air-burst device, diodes biased at 95 percent
of their normal breakdcwn voitage can be triggered
reliably at ranges as great as 1 mile by instantansous
gamma radiation.

B.8 CONCLUSIONE® AND RECOMMEXDATIONS

No (irm conciusions can bs drawn {rom the meager
data at this point. It appears that outlook for proof-
ing of the T 1217E2 and T 1224E1 fuzes against clear-
ing attempts by nuclear Jdetonation is good. Several
devices under deveiopment skould reduce ciearance
percentages (o low figures. The most important
need is to establish a {arger background of data from
a better statistical sample. For ths purpose the
preliminary data gathered in this operation will =
most heipflul.
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Appendix C
GROUND CONTAMINATION PATTERNS PRODUCED
by E-5 CHEMICAL LAND MINES

The objective of this test was to determine qualitative-
ly the ground conumuuuon pattern produced by E-§
chemical land iby a ) explosion.

The £-5 chemical land mine 1s a standard M-1$
mine sxcept that it vontains about 10 pounds of
chamical-warfare agent and only sbout 0.7 pound of
explosive material instead of a full explosive charge.
Thus, the E-$ chemical land mine is designed so
astor just h explosive to the lig-
uid Glling and conumimu an area sdjacent to the
mine when the mine is activated by means of normal
M-15 mine-fusing techniques. For this partirular
wet, 8 chemical warfare agent simulant, Bis 2-etnyl
haxy'tydrogen phoephite, was used.

Fise E-5 chemical land mines filled with the sim-

shown. It will be noted that only two of the {ive mines
were detonated by the biast wave from the shot. While
collecting samples after the nuclear detomation, it

was obsarved that the ground in parts of the grid pat-
terr.s had been diatributed and/or covered by dirt dur~
ing the period from blast to sampie collection.

The test of the five mines during Shot Priscilia
was not as successful as had been heped because ounly
two of the five minas were detoasted. The patlerns
ol the ground contamination {rom the two (blast-

d) mi are dissimilar 1o the single muni-
tion; this differesce aiso sppears ia other tests with
the same i ducted at Army Chamical Center.

One of the biast-detosated minss had 33 times the
quantity of agent normally found on the crater lip and
ially no coat on the grousd in the vici-

ulant agent were positionsd 15 yards spart in a 1.
of a Project §.1 mine fiaid whare 8 10 9 psi overpres-
sure was axpected. Because this pressure is jess
than that required W guarantes detonation of the M-15,
the mines were conascied to & 2-pei seasitive detoa~
ation systam. Points 3t whi~h e=mples wouid be takern
after the test were marked ty 2-foot matal stakes
driven {ato the ground so that 4 to 7 inches protreded.
Following detonation of the mine, samples were takes
ot these grid poiats by scraping the soil {rom an area
8 inches by ¢ iaches 10 a depth of about '/, inch and
collecting this 4rt in glase jars. The sampies ware
retursed to the Army Chemical Cemter and analyzed
for dyed Bis conteat. The resuits are reportad as
milligrams of chemical simulant per square meter

of ares. The pling gnd fod 75 yards dowa-
wind aad 20 yards upwind. The o' b

sampling points was 3 yards in the region mes: the
mune and was gra. ally iacreased at greater ¢ wm-
wind thetances.

Prior to Shot Priacilia, one chemical land mine
was detonased I1n order 10 determing the cattamination
potiern producec withowt inflluence from shot condi-
tions. In this test, which was conducted ia a small
ares adjacent 10 where five mines were tesied. sam-
Hes of the soil in the area contaminated were collec-
wd {rom grid potms at watervais ol $ yards out to dis-
waces of 25 yards (rom the mise. This st served
W swppiy data {o¢ & mormal pattern on the tarrain in
Freacaman Flat.

The area of contamination from the chamical lan
mines 18 shown ia Figure C.]. The contaminased
ares from the detomation of 4 singie mine i1s also

nity near the crater.
The difference between ground costamiastion pet-
uruo“h separats testis or butwees the two blast-
d mi may be d by r othar thaa
the mathod of detonation. These may be: (1) low-
order burst of the one blast-detonated mine which
had high crater-lip contamisation, or (2) loas of
contamisation (rom the blast-detonated mines dus to
the surface being removed, disturbed and/or covered
by blowing dirt during the psriod from burst to sample
collection. Thus, it is difficult o compare the con-
tamication patterns of the blast-detoaated mines with
that from normal detonsiion of 2 mine. However, the
data indicaic a difference ia the distribution of ground
contamisation with the two difiereat methods of det-
onation. Thase lillsrences are sot considered as
lusive evide N of the limiled drer of
tests, the conditioms 10 which the area was exposed
before the sampies were coliecwd, and tha2 normal
possibilities of low-order detonations.

Sufficient d"ta were coll d to de ate con-
clusively that. (1) reswdual tamc comtamination will
resuit when chemical mime {ields are functiomed by
suclear detonations, and (2) that a difference in con-
tamInation pattera can be expected when tha E-S cham-
ical land wine is detonated by the biast from a muclear
detonation, over that patters produced by detonation
of the mine’s pressure -seasiuve fuse,

it I8 recommeanied that iests be comductad to obtain
soaitional data emmn the ares which might be

dif o SPON were used o as to
d chx i land
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Appendix 0
TEST of BRITISH TYPE MINES for the UNITED KINGOOM :

The objective of this test was to aubject four types

of British mines, the Mark VII, Mark 5, Light Metal-
lic antitank mines, and the Elsie antipersoanel mine
{Figures 2.16, D.1, D.2, D.3), to the blast {from a
auciear detonation. [t was particularly important to
suppiement existing Brit{sh data on the reaction of
these minss to atomic air blast and to check the cor-
relation of British and United States records on the
belLavior of these mines.

D.1 BACKGROUND

The British have tested the Mark VIl antitank mine
ona soveral occasions. This mine uses a Mark 8 fuze,
which requires s double impuise 1o actuate the mine.
No mines received both Impulu- at any of the trials.

I. some of the tests, the first impulse was applied in
overpressure ranges between 32 and 250 pei. The
resuits at pressures leass than 32 psi did not obey any
recognizable pattera.

The British tests of the Light Metallic antitank
mine at depths of cover varying from 2 to 4 inches
resultsd in only shout 3 percent firing at overpressures
less than or equal to 30 pei. At higher pressures and
comparable depths of burial, all mines were sctuated,
(These resuits do not agree with quoted United States
fgures oa this mine).

Although the design of the spider-type pressurse
plate foxnd on the Mark S antitank mine bad not been

sted umnder lsar blast loeding, it was believed that,
becsuse of the low resi of the spider plate, the
mins would require a greaser force for actustion than
mines with a solid pressure plate.

Whea asbjected to British tasts, there was o actu~
ation of the Elsie antipersonmel mines at 30 psi over-
prassare and lower; for kighar pressurss, 50 psroest
or more firwd. At overpressures greasar than 28 paif,
all mimes ware dislodged {rom their o7igi.al placament
position.

United States Army Engineer Ressarch aad Develop~
ment Laboratories (ERDL), Fort Belvoir, Virgiais,
parformed static sctuation tests oo the Light Metallic
and Mark 5 astitaak mines and the Elsie astipersoans)
mims. (Tests were not performed oa the Mark VIl
mine, since deta oa static-aclusition pressures was
already avaiiable from the work of the mias study
reporied in Reference 4.) Results of the tests are
shown in Table D.1.

D.2 PROCEDURE

Because of the limited amount of time to arrange
for shot participation, and problems of transportation
cf live explosives, ali mines were inert-filled. The
criteria for the method and ranges of placement, as
wajl as depth of cover, were the desires and proposals
of the British authorities. Since no anslysis of resuits k )
was required of the United States personnsi conducting .
the test, a thorough investigation was not mads of the
T for the pl proposals. British sugges-
tions weve adhered to as cloasly as possible, 1.«
attempts were made (o piace mines at pressure ranges
used in the main project.

Positions for the British fisids are soted in Figure
2.17 in tha main body of the repert. Table D.2 shows
the ranges from ground sero, the suggested pizcement
préssures, the predlcud pressures for actual place~
ment, the ber of piaced in each fieid, and
the depth of covar over the mines. The holes for the
antitank mines were dug with an earth suger; the diam- *
eter of the bit was adjusted to fit the needs of the mine.

The holes for tha Elsie mines wera dug with a pockst
knife 80 that the diameter was the same as that of .
the body of the mine.

From the resuits of the previous Aritish tests on
the Elsie mine, it was decided that those piaced at
sstimated overpressures of 21, 14, and 8§ pat would
not be dislodged from their holes. Precautions —n
taken to hold the Elsie’s (n posaition at the

rpn-mnd:owbylm-lumdhhhdy
of the mine and {astesed to & pips drivea i1nto the
ground (Figure D.4).

Thn elsie’s were fabricated from two differest
types of plastic, ona black in color and the other
white. An equal number of each typs were planted
st each range.

D.3 RRCUVENY

Test instructions specified that cursory examisa-
tion be uiade of the fuzes to determine possible actu-
atic:. [a addition, it was requssted thet cbesrvations
be made to determine (1) exposure or lifting of the
mines by blast, and (2) exteraal damage to the mine
body by blast or by thermal radiation. In sdditiom,
tha Elsie’s were slso examised for disturbeace from
p sition and burning of the camouflags covering the
pressure piste. Afwr this prelimisary examination,
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Figure D.4 Tiedown of Elsie, antipersoans] mine.

“
SECRET




TABLE D.1 FI LTS OF STATIC-DEFLECTION TESTS

Mine Type roatton m e
(Aversge of three samples)
pai in3
. ::o?:mc 16.1 28.3
Mark § 83.7 4.0
Elgie 11.1 0.79

TABLE D.2 MINE PLACEMENT
The space between mines w3 *trg- .t

Sugwests
' Predicted Quantity
Type Plosssman Range Cover
i Pressure Pressure Per Range
i pai pst tnon
! Mark VIX 150 920 150 2 7
‘ 100 1,040 100 2 7
80 1,280 [ 2 7
( Mark 8 150 920 150 0 7
. 100 1,040 100 0 ki
60 1,250 60 0 7
J Light 45 1,500 40 H 7
. Metalic 30 1,720 30 2 7
) 15 2,290 18 2 7
Elsie 45 1,720 30 [} 4
30 1,9% 21 0 4
20 2,290 15 0 4
10 5,320 8 [} 4
L]

TABLE D.3 OVERPREMSURES
‘The overpressures at 920 and 1,040 feet are interpolated from Figure 5.3.

Range Predicted Overpressure Actual Qvermiressure
fost psi pst
920 180 160 to 200

1,040 100 115 to 140
1280 ] 78
1,370 80 608

. 1,500 40 438
1,720 2 8
i %0 21 0.4
2,290 15 18

. 8320 ] 8.4

1)
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TABLE D.4 ANTITANK RESULTS

Mark VII, 920 feet o a a* a Q u] =]
Mark VII, 1,040 fost a a o a Q a a
Mark VII, 1,350 fest a [»} =] Q g ] a
Mark §, 930 fost [s] a ot g o a o
Mark 8, 1,040 foot Q ] o e} Q o o}
Moxk §, 1,330 feat o o (o] o o} o [e}
Light Metallic, 1,500 feet o} [s] s} o [=} ) a
Light Metallic, 1,720 feet a =] o Q a a o
Light Metallic, 3,290 feet =] o] =} £ IR o] ] o4 o] ]

¢ Fuse jammed.

1 Pin partislly sheared.
$ Bum over by vehicle.
1 8ix incbes of oover.
G em =t actusted.

o] PRI

TAF .

..5 ELSIE RESULTS

Fuze

Range Plastic i Remarks

foat calor

1,720 White Yeos Mine found about 400 feet back from original poeition.
c uflage neariy b d or blown off. Upper front
portion of body “wrinkled” by thermal. Charge coa-
tainer slightly burned at frost. Froat %4 of body oollar
hroken off st point where wire originally attached.

Bisok Unknown Only top portion of mine body found. Top portion of
ety found 400 fest baok from original position. Charge
container found 550 feet back from original position.
Mine brokea in half under body collar. Camouflage
burned off.

White Yos Camouflage nsarly tx d off. Froat part of body
- q ” T” ) de A.dn I A
Chargs comtainer slightly burned at frout.

Black Unkaowa Mine not found.

1990 Wiite Yoo Camouflage burned off. Upper front portion snd top of
body slightly burned and wrinkled.

Black Unknows Mine oot found.

White Unk=owa Mine not found.

Black Unknowa Mine mot found.

P White No Camouflage neariy b d or biown off. Upper fromt
portion of body wrinkied. Otherwise, mise ia good
condition.

Mlack No [of flage mearly burned er blown off . Otherwise,
mine in good candition.

White Mo [ wflage asariy b d or blown Y. Otherwise,
mins in good condition.

Mack Yeos Camoullags nearly b d or blows off. Otherwise,
mine ia good condition.

.39 White Yes Camoufiage aserly hurned or blown off. Toap surface
of chary » d ané meited. Top surface
of body miightly melted in tromt and back.

Nlask Ne Camouflage burned or hiows: off. Ciherwiss mise s
goed condition.

White You Caxoufiage burned or biows off. Odierwise mise in
good condition.

Blask e Camoufiage hurned or biows off. Otherwiss mine is
good comdities.

" ]
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the mines were to be returned to the United Kingdom
for detailed internal examination and statistical anal-
ysis.

D.4 RESULTS AND DISCUSSION

Reasults of the postshot investigation of the British
mines in this project are summarized in Tables D.4
and D.5. Actual and predicted peak averpressures
are compared in Table D.3.

“he combined results of the layout for tne United
Kingdom investigation and the layout for the main
Project 6.1 for the Mark VII mine agree well with the
pretest British data on the mine. The lower limit
(where insufficient compression for arming or activa-
tion can be expected) can be estimated from the main

field data of Project €.1 to be about 20 psi overpressure.

It was also observed that, for pressures of 60 pai or
more, all mines will receive the first impuise but no
mines will be actuated, i.e, none of the mines receive
the double impuise.

The spider-piate design for the pressure plats of
the Mark 5 mine seems to be an eifective device for
withstanding large overpressures as was expscted.

At the closest range of 920 feet from ground zero,

sures of 43.6 and 28.9 psi, five of the seven mine
fuzes functioned. These do not coincide with existing
British data on the actuation pressures for this mine.
Caution must be taken in comparing the data taken
from the mines placed at the 2,290-foot range, owing
to experimental errors: (1) five of the mines were
buried with 6 inches of cover, instead of the required
2 inches; and (2) a vehicie was driven over one mine
before recovery was mada.

The following observations were made on the Elsie
antipersonnel mine:

1. The cloth camouflage covering the pressure
plate was completely burned or blown off in almosat
all cases.

2. The body of at least one mine at each range
studied way severely affected by therral radiation,
resuitirg in wrinkling and charring. In some cases,
the fuzes for these burned mines did not actuate.
Suprisingly, the black piastic mines withatood thermal
effects better than the white mines in every instance.

3. Six of the mines were thrown out of their holes
by the drag pressury; two were found, of which one
had been actuated whiie the other had been shattered.
A thorough search of the area disclosed ro evidence
of the remaining four antipersonne! mines These

four out of seven of the mine fuzas functioned, indi
ting that their live prototypes wouid have detonated.
At the 1,040-foot range, where the overpressure was
at least 115 psi, none of the fuzes functioned. The
sAme was true at the 1,250-foot range. Two values
are therefore available from the test data from which
the statistical analyst may be able to plot » m cbability~
of-actustion curve for given overprossures.

Not as much usef] data was obtained for the Light
Metallic Mina as had been anticipsted. At overpres-

i were pletely inert { ined no expiosives)
and therefors the loss would in no way prove danger-
ous to any bould the mi be od ac a
later time.

4. Some fuzes were actuated at each range with-
out following any recognizable pattera for proportion
actuated. This portion of the study was hampered
by the fact thet not all the mines were recovered.

5. The blast severely cracked the mine casing at
the highast range of pressure studiss.
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Appendix E
SYMPATHETIC DETONATION ANALYSIS

E.1 PROBABILITIES OF DIFFERENT RANDOM
PATTERNS IN MINE DETONATION

The geomstric pattern of mine sctustion in the
live minefield may give an indication of whether
sympathetic detooation was pr t. Intuitively, if
esch mine that actuated in a live mins flald were
adjacent to another actuated mine, the likslibood of
sympathetic detonation would be increasaed.

particular pattern occurring. Each specific pattern
was further broken down to arrive st the total numtzre
of arrangements under which sympathstic detonation
could happen. This was to allow ranking in order of
favorability to syu,;sibetic detonation.

The nomenclature used for the random prob&bility
will be explained by an example. The expression

Py(1, 2) the probakility of three mi ing
when two of the mines are adjacent (less than 21 feet
b mines) and the third mine is separated from

Each geometric sctustion pattern that was
ered in the live mine field was either due to0 a random
goeometric distribution or & noarandom distribution.
It was assumed that nonrandom distributions were
dus to the effect of sympathetic detosation. One
mine detonsating could result in another mine detonat-
ing only if the di bety were smail.
It was assumed that the radius of influsnce for one
mine to cause detonation of another mina was the
xaximum distance between adjacent mines, or 31
fest. Therefors, the catonation of at least two adja-
cent mines was the criterion for the posaibility of
sympathetic datonation.

Whea the probability of tha random uccurrence of
tas actuation pattern encountered in esch mime field
ia known, one may deternine the likslibood of sym-
pathetic detonatt If the random probability was
small for the geometric actuation pattern encoustesed
in the mine fisid, them the probability was high thet
sympathstic detonstion had contributed to the sumber
of actustions. (This would exciude sctuation patterns
whers, by definitirm, sympetbhetic detomation wes
{mpossivle. )

The probability of rand ctuation patterns was
determined for 1 to 10 mine. ueloneting reapectively
(Table E.1). It was required to know the probability
of a rand P 7 occurring that was at
laast as favorabls to sympathetic detonation as the
patters . 'he test. For this ressos the probebilities
are listed in order, with the most favorable pattern
for sympethetic detonation listed first. With a givea
sumber of mines actuating, the paitern most “avorable
10 sympathstic detcastion was the pattera with tiw
[y ber of arrang whare two adjacest
mines actaated.

No simpie mathod was found for determinetion of
the prebability of the raadom gcourreace «f & givea
“waarn. .11 combinstions were esumersted sad
combiastions with a specific pattera were divided by
the sotal combinations to give tha probability of the

.
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the other two by at least one mine that did not detonate.

E.2 PROBABILITIES OF RANDOM VARIATION OF
TEST POINTS FROM TRUE CUMULATIVE
PROBABILITY CURVE

Each sampie (pattarn) can be considered as com-
posed of independent trials where the true probebility
of the mine actuating in a single trial is given by the
cumulative sormal prooability distribution. From
the theory of probability, the equation for independ
trtals is given by the terms in the binomial expansion.

q+p)” = i L ot o

r=90

n!

Where: cre =1

p = probability thet 3 single mine
will sctuate

q = probebility thet a singls mine
will mot actuste

R ® ooy of tisle
re bar of mise t

c‘;q..rpr ® probebility of exactly r misss
actuating ia a trials.

Since the likslibood +* sympat :stic detonstica
{ncreases as the prroe...o” 7' mines that sctuats
increases, it is sasy to ramk ramdom probabilities in
order of favorability to sympathstic detonation. The
higher the test percestage, the more faversble are
conditions for sympathetic detomation.

The probebility that a tcat valws from the live
mine fisld would be as grest or greater dus to random
va iation |s given by the sum of all serms from r
through a i the binomial expeusion. ‘The valus of




P to use is determined from the cu.nuiative probab- in the live mino field, n = 10, the sppropriats binomiaf

ility curve at the inert mine-field overpressure. It expansion is:
is assumed that for random variatica in the minss the 10
ame ine=~ -
zﬂd overpressure would also apply in the live mine Qo) = Z C‘,.‘ qn T <1
B g r=0
As an example, the probability will be computed = . .
that & detonation tast value of the M/47-] mine could = ¢i* + 10¢’p + 45q ¢ + 120q'p" + 210%p

TASLE E.1 PROBABILITIES F RANDOM DITONATION FATTERNS

t. Two Mines Detonating VI. Continued
Py(2) = 14/28 Py(2,5) = 18/120
Pyl = 31/45 Pyl1,2, 49 - 8/120
Py(3,2,9) - 3/120
I. Three Mines Detonating Py(3, 4 = 30/120
Py(3) - 20/120 Py1,2,2,2) -0
Py1,2) = 48/120 Py1,1,2,3) =0
Py(1,1,1)* = 32/120 P(1,1,2,2; - 0
Pe(1,1,1,4) = 9
M. Four Mines Detonating Py(l.1,1,1,3) = 0
Py(4) = 28/210 Py(1,1,1,1,1,2) -0
Pil,3) - 72/210 Py1,1.1,1,1,1,) = 0
Py(2,2) = 35/210
Py(1,1,2) = ¢8/210 VII. Eigx Mines Detonating
Py 1,1,1) =0 Py(®) - 32/48
Py(3, 5) = 2/48
IV. Five Mines Detomating Py, - 4/8
Py(8) = 40/283 Py(s, 6 = 3/48
Py(1, 4) - 64/282 P2, 6) = 4/48
Py2,3) = $4/382 Py(2.3.3) =0
. Py(1,1,3) - 38/252 Py(d, 2, 4) -0
Py(1.2,2) - 347252 Py(2,3, 6 =0
Py(3, 1,10 = 12/282 Pyl 2. 8 -0
Py(l1,1,1,1,1) = O Py(s.2.23.0) -0
. P, 3.2,0 -0
V. Six Mimes Detoam . g Py(1,1.2,2,0) =0
Py(®) - §7/210 Pi1,1,3,9) - 0
Py(3. 9 = 38/210 Py1, 1.2, 9 Y
Py(1.5) = 42/310 Py1,1,1,2,3) -0
Py2,2, ) = 4/210 Py(1.3.1,1,2,0) -0
Pyil,1, 8) - 18/210 Py(l1.1,8) -0
Py(1,2,9 = 34/210 Pl L1, 8 -
Py3,3) = 23/210 Pyl 1,1,1,4) = 9
Py(1.1,2, D) = 4/210 Peil, 1,1,1,1,3) -0
Py(1,1,1,3) - Py(1,1,1,1,1,1,7) = ¢
Pell.L1,1.) = ¢ Pyl 1,1,1,1,1,1,3) = @
Pyl 1,1,1,1,1) = @

VIiI. Nine Mises Datonatiag

V1. Seven Mines Detcmeting Py®) s 1
Py = $3/129
Py1,6) = 30/12¢ IX. Teua Mines Dotensting
!dl,l,l) = 2/120 P‘!Q) = 1

©* Wik this pattars, sympathetic detenstion i impossible.

hawe bosn as large or larger bacause of random var- + 252°p% + 210" ¢ 1204’ + 45qTp°
iatien. The test point ~hosan was the 26.T-parcest ."’..’”
- actustion poist at 11.4-psi ctatic overpressure. From
the cumulstive prodability curve, the predicted sctu- Where: p = 0.1
atiom at this pressure is 10 psrcest. This value is q=09
assumed %o be the trus prok :bility, p, the: a single
. mine will actunse at 11.6 pei. For the sample size For the probability of cns or more random mines
%
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actusting, the terms of the binomisl expansion mus.
be added tram r = 1 through r = 10. Therefore, the
probability {s:
10
L cha* T - 1-q
r=1
s 1-(0.0y" = 0.651

This mesns that {f the probehdlity of & stingle mine
actusiing at 11.6pei iap = 0.1, then the prohabllity
olulunanmm(ouormon)wmn:ztns
sample size of 10 18 0.651.

The valuss of p were computed to an accuracy of
two decimal piaces whick was considersd more tban
adaquats for the reliability of the data.
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Appendix F
SUMMARY of RAW DATA

This appendix presents raw data {rom the mine fleld
cleararce operation. Data {rom the iners mine flelds
are pressntad In Figures F.1 through F.13, whils the
ive mine field data can be found in Figures F.14
through F.26. The metsr readings and gaps from the

pressure plats to the fuze for the UIM from the depth~
of-burial stucy ars given in Tabie F.1; the same UIM
data from the study of ths effect of load type upon the

mine response is found in Tabia F.3.

Row
0O 0 0 0 0 © 0O 0 © '
o 0O O 0 O ©° o O O 2
0O O O O O ©° © 6 O 3
Ranqe, Feet Ovorpressure, D31 Percont Actuchion
2520 0.9 (-]
Row
¢ 0 O 0 0 0o o O |
0O 0 0 0 0 ¢ 0 o o0 o 2
0 O 0O 0 0 0 O 0 0 o 3
Ronge, Fc_o!_ Overgressure, ps¢ Percent  Actushon
2730 .7 (] *
Row
O O 0 0 0o o O O O i
o O ¢ 0 o ©° © O © 2
© O 0O 0 O O O O O 3
Ronge, Foet Overpressure, oM Percent Actuotion )
3250 .7 [)

O s Mne Locaton

@ = Actwveted Mne

Pigure 7.1 Resuiis in insrt miss Oi2id, M-18

n
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Figure F 26 Hesults In live mine {ieids, Mark VIL.
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s » 19 33 13 M 8 80 0 31 33 138 31 34
1 48 3 38 L] [ 33 4 43 @ ” 43 » 18 “
I R N T S S T
Avarage 174 01 2194 393 400 458 “18F 480 830 433 M4 442 NS a3
1¢8
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TADLE F 1 CONTINUED

Ao

— Depth of Burial
Pesk 0 inck Jinckka 6 inches 3 inches 12 inches 18 1nches 36 inches
—-— - o ~ T
Rangs Overpressure L_','," Gep bK;M ¢ G o U?‘ Gap “?‘ (G o UIJM 4G o UE.' f Gap L?.’ § Gap
oot pei mils mils omuls mis mils mis mils mis mils pule mils  mils mils mils
1390 104 12 60 32 2 44 87 55 $3 29 62 21 57 2 44
12 47 30 n 43 52 50 47 27 48 19 48 7 27
1 42 32 49 % 83 40 80 27 53 9 56 9 32
11 49 28 60 a5 46 42 446 21 46 8 43 12 50
4 59 27 81 a8 (1] at 51 18 50 25 8 10 53
L) 1< 43 52 33 54 2 47 26 43 8 55 10 39
18 40 g oy a7 47 33 49 18 48 15 48 1 4“4
12 4 8 58 40 .1 i3 30 a7 v 28 56 7 48
21 41 F1 80 5 3% 43 s7 as 39 22 38 12 46
1€r © 4 e 48 4 8 w16 M 18 3 10 &
Average 13.0¢ 468t 8 381 403 525 .9 510 254 486 17.1 48.3 8.0 428
32,15 2.7 -6 M4 (] k{3 17 61 23 87 " 58 13 54 -4 49
. . ] “2 15 48 He 55 36 10 48 -1 33
-8 81 18 55 i 55 13 8% i4 49 7 53 -1 42
-7 28 % 50 n 53 11 67 15 56 5 58 -7 35
-24 h 13 59 11 58 17 56 18 34 0 60 ~24 39
~18 18 1 82 [] 53 16 585 12 53 3 58 ~12 49
-8 33 15 52 168 89 18 53 14 51 -10 53 ~30 27
-14 3 11 52 16 (4] 18 41 15 46 7 47 -4 54
-18 39 1] &4 20 (] 15 51 17 49 11 56 4 58
S R A S S | S R A
Average ~14.9¢ 38.0 11.3 588 15.3 85.8 17.5 54.7 16.2 50.1 5.7  53.7 =117 434
31380 [ %] -& 80 4 5% [ ] 46 n 61 8 50 ] 41 =19 41
-18 41 L] € 3 (1] 13 49 15 24 [ as 9 47
-3 48 k4 80 H 47 3 61 L] 83 4 $§ =21 45
~13 82 [} 61 17 47 18 N 8 47 [ 43 ~5 58
-18 52 8 80 10 53 10 53 13 42 3 47 -1 3
-1 n 13 68 13 4 9 55 H 4“ S 58 8 51
9 87 ? 44 18 55 7 46 ] 60 0 58 4 49
[} (1 9 kL 3 (14 12 54 4 23 ] 50 [} 44
§ 49 11 53 13 48 12 53 3 40 -2 51 -2 40
E-C R O S S S SR U U S Y R S -
Aversge =717 483 80 818 8.8 840 11.4 513 6.8 48.1 4.0 49.1 -64 402
$,320 54 22 i -4 53 12 33 17 46 9 8 -8 55 -12 42
s 48 b 4 19 a7 24 kid 14 S8 5 51 ~-16 k)
12 °” ‘. 1% 1z a7 -1 33 9 53 2 49 -19 17
1 47 15 7 1 42 20 29 7 46 2 45 -40 17
19 3 5 43 14 34 18 3 11 n L] 4¢ " pod
9 4“4 7 a 18 31 20 38 10 46 -3 41 -11 3?
] 8 16 32 20 M 14 L] 2 54 s 49 =29 23
13 26 3 50 13 29 10 52 9 52 s 49 =30 j¥3
12 37 13 23 15 i1 -26 $7 -22 56 0 4 12 27
-2 B 3 8 & 4 0 &4 M0 B 0 % ~-® I3
Average m.r, 36.9 7.9 41.4 1.9 37.4 12.8 40.¢ 7.9 50.6 1.8 489 =213 244
* Deperimental error, reading not taken.
+ Average on the basis of nine resdings.
* Malfunction 3f mete~ reading coasidered incorrect.
1 Minus readings indicate the height of the pin above the fuzs.
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TABLE F.2 CHANGE FROM A STATIC TO A DYNAMIC PULSE

fh ¢} R UM » v
Rangs Roading asp Reading Gap Reading G
tost mile mils last mus nails fost mils mile
3.000 11 £ .00 38 43 3,080 13 “
1 L) L) [1] 13 L]
13 3 13 48 14 “
] - 3 3 11 [ ]
B u n oa X u
Aversgm 133 843 15.2 548 140 9.¢
3.1 3 37 3.180 18 (1] 3.200 17 L ]
¢ 41 17 0 1n 44
*2 “ k4 [+] 1] 43
1s 4 13 & n “
LR oo FER 1t
Average 103 49.4 138 &4 6.4 4.2
1330 10 % 3,388 14 L] 3,400 1$ (1]
13 L] 13 " [ A
13 L] L] “ 1 3
1 i3 L] 84 u 47
2 4 B u B 0w
Aversge 139 [ F) 140 "0 164 "l
340 13 83 1,400 14 113 3590 10 <
13 ki 12 5 12 12
1) » 11" 47 ’ L1}
12 L) (] [} 11 @
TR » 0w . ou
Averege 143 “s 138 834 124 “w.e
3500 1 8 3,008 33 83 1800 18 ]
2 - 10 s n 43
1 “ . @ s [
12 % 1n 1] 1 -
B w .  om CR
Aversge 153 s 158 [T¥Y 15.4 ..
3800 18 L)} 3,720 13 L1} 3,700 13 “
1n sl 28 L) 1n “w
18 “ ] L] 1 “
11 “ 18 43 14 "
1 u . 0» B o
Average 138 ¥} 13 “a | ¥ 74
3,800 18 » 3840 1n 1) 3.000 1 “
] “” 1 k(] 13 4
e 1] 10 5 37 47
1 4 12 L) 13 11
i » 1 8 1 4
Avorsgn 174 X 160 "e 168 s
3970 1y - 1.5 14 L ] LK
13 ] 18 "
» £ 19 ] L]
13 I3 11 @Q
2w B %
Aversse 132 N 48 87123
4,040 0 E 4082 30 81 4.120
2 “ 3 "
2% (2] 31 53
. . 3 82
» ) L] i
Aversge 17.3¢ “.2r .2 8.0
4,00 0 (2] 4,300 18 80 4,340
M 3 T 4
19 L} 20 £ ]
19 11 £ ) “
% z u
Average 15 1% 4.4 LY ) 840
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TABLE F 2 CONTINUED

uDe U ]
4 Raage Reading Gap Raage o g "_G-o Range Rer Gap
[ mils  mils  feat wis  mils  fest mis  wils
4380 1 st 4.330 n “ 130 " “
'Y %] 25 " » [
* 2 s st " n "
; 20 “ 1 P " 84
1" a4 il b L.
; Aversge  33.4 [TY us "e He 554
i 000 2 " 140 u it 4,600 33 13
13 " * “ i s
2 o I “ 13 w
i u “ 2 @ " I
; b4 “ k) » u »
! Aversgn 308 si8 »ns ns F] ws
“an 15 I} ey n " ) n "
. . 1 “ 1 "
i 13 n “ 1 52
* “» ) " 10 “
3 L3 n “ n u
i Aicrage 3337 WS¢ 134 “wa 3.4 1Yy
: . B " 4800 10 “ . 1 “
i 1 " 10 I " "
: 1 “ » " 14 “
i 1 Y I 30 u "
i u » 2 u I “
‘ Avernges 184 s 188 “ae 148 533
1 4108 n - e » “ s 18 "
.o 2 N M “ 18 ™
i 1 “ n n 11 57
! " " i a i '
‘ -] s 1 a n n
J , Avervgs 138 “3 Y “we 193 0
|
: ey 13 M 4500 1 " 40 it “
‘ [ " 1 “ 1 “
! 15 n ] 7 14 “
j ity “ 1 o 1 9
3 u L] il L 1o “®
! Average 138 [y 13 “s 134 w3
! 5,000 n ) 5,000 10 “ 5,000 1 “
» " 1 Y4 [ "
1. » 1 7 4 It
10 M n s 1 0
11 n 1 g 2 ol
Avernge 4o s 3 7.0 e X ]
sam - “- 5,100 1 0 8300 1 84
1" “ 13 ” 13 "
% ey s It ' It
- a 13 . 1 ®
‘ 3 s u a A u
Averses 160 "3 1.4 3.4 1. 84
s.340 ’ Y 5380 13 "
’ “ ' "
- I 18 “
18 s 1 It
1 " 14 "
. Aversge 313 e 122 348

“wigr i pETEMVE ~ Tueults discarded.
. 1 Average on busis of four.
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