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\ .
ABSTRACT
A\

5il'ha methods for using Universal indicator mines to determine
probabilities of detonation of anti-tank mines when subjected to blast
are discussed. Scaling laws for normal bombs and atomic weapons are
devised and methods for computing probabilities of detonation are given. !
An outline of the instrumentation and field procedure used in obtaining
data during Operation BUSTER is given., The results show that, in.
addition to obtaining data for minefield clearance, estimates can be
made of yield of the weapon and of peak pressure as a function of dis-
tance from ground zero. A rather poor radius of clearance was obtained
in the BUSTER shots primarily because of a skip effect (abnormally
low readings) occurring at a radius about equal to the height of burst.
‘It is recommended that the Universal indicator mines with closer con-
trol be used in future atomic tests to study in detail the skip effect
due to ground shock, terrain, and obstructions and that further studies

vbemadeonthemine asapeakpressure gage._

Cewie -
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

The Universal indicator mine was developed by the Gulf Research &
Development Company under Contract OEMsr-266 in 19Lk.%# A study was
made of various types of pressure actuated mines, and it was found that,
when mines are subjected to shock impulses of various types, the energy
absorbed by the given type of mine when actuated is approximately
constant.* The Universal indicator mive was designed to measure the
energy absorbed by the mine over pressure ranges from 3 to 330 lbs. per
square inch, It was found that most types of anti-tank and beach mines
have dynamic systems which behave enough like the indicator mine so
that the probabllities of detonation of these mines can be computed
from the measurements made by the indicator mine. The indicator mine
can be used as a peak pressure gage for explosions with a yleld of 1000
1bs. or more, )

1.2 OBJECTIVES CF PROJECT 3.5

1. Determine radius of clearance for varions'types of
mines when subjected to blast of atomic weapons by
means of Universal indicator mine.

2. Determine qcaling laws for minefield clearance as
] function Jof blast yield and height of burst.

3. Determine if skip zones occur in minerield clear-
ance using air burst atomlc weapons,

L. Determdine blast yield in TNT of atomic weapons.

Se Determine effective surface peak overpressures of
atomic weapons.

Cliv. o AL

-1l

::iEﬁRET == nssmcm%

#Reference 1.
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* | CHAPTER 2%

HISTORICAL AND THEQRETICAL

.. 2.1 . UNIVERSAL INDICATOR MINE

The significant dynamic characteristic of a mine which is
subjected to shock impulses is the energy required to give a given
displacement. It has been found that the displacement-energy function

is the same for various types of impulses.

The Universal indicator mine uses a standard mine case and a
special indicator fuze, -The Universal indicator fuze measures the
maximum displacement of the pressure plate of the mine. The fuze has
been designed in such a way that the energy required to give a given
displacement is approximately linear with the displacement so that the
mine essentially measures energy.

A phantom view of the fuze is shown in Fig. A.2,#* (about twice
size). It consists of a piston which receives the force from the
pressure plate, a special design of Belleville springs, a fuze body
which sets in a fuze well in the mine base, a measuring pin, and a
chuck which holds the measuring pin. Initially, the measuring pin is
‘set flush with the top of the piston. wWhen a force is applied to the
piston,the springs deflect, the piston and measuring pin move down and
the pin is held by the chuck in the deflected position. A dial gage
with a special adaptor is used to measure the deflection of the measur-
ing pin. A gage reading of 300 is arbitrarily set as the zero reading,
and the gage reading decreases as the pin displacﬂment increases so that

the net displacement of the pin is
D. (mils) - 300 - (gage reading) . (2.1)

°
B .

o

°

T ’ Inserts from the piston into the hole in the top spring and from
the body into the hole in the bottom spring act as stops. The maximum
deflection of the measuring pin (or the piston) varies among different
fuzes from a minimum of 155 to about 175. Since 155 is the maximum
reading for some of the fuzes, it is considered to be the maximum -of

#For a more complete discussion and derivation of the equation in this

chapter sc¢e Reference 1,
%#Appendix A "Instruction Manual for Universal Indicator Mine"

-2-
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the scale reading of the fuze and all readings greater than 155 are
considered to be the maximum scale reading of 155. ‘

In order to extend the range of the indicator mine, two different
diameter pressure plates are used, (M-l large diameter and M-2 small
diameter.) The M-1 and M-2 mines have overlapping ranges with:

(2.2)

Dyp = 20D,

M-2 1

where: DM-Z = reading (mils) M-2 mine
D,_; = reading (mils) M-l mine

Readings made with the M-2 mine are always converted to the M-1 scale,
using Equation 2.2.

During calibration programs for the Universal indicator mine,
sufficient data have been obtained from point charge tests to allow a
statistical analysis to be made and an empirical formula to be derived,
which predicts the behavior of the Universal indicator mine when sub-
Jected to the shock impulse from point charges for various charge
weights (8 1bs. to more than 1000 1lbs.) for various depths of burial
(0 in. to more than 6 in.), for distances covered by combined ranges of
the Universal mines (3 to 30C lbs/sq. in. peak press.), for a wide variety
of moisture conditions, and for sand or sandy c¢lay soil. A method is
shown for determining the probability of detonation of a number of
other types of mines using this empirical formula. This formula ap-
plies only to bare cylindrical charges of cast TNT detonated at a
scaled height. However, additional empirical formulae are shown (based
on available data on peak pressure and impulse from explosive devices),
and a method given for predicting the probabilities of detonation of a
number of types of mines for bombs and rockets detonated at any height
above the ground., Computed probabilities of detonation are compared in .

-Table 2.1 with those obtained in a large number of tests with bombs,
and “dre‘found to be in very good agreerent. ,

2.2 POINT CHARGE FORMULA

A large number of tests have been made with INT charges and bombs
using the Universal indicator mine. A typical sample of the data from
these tests is shown in Fig., 2.1. It will be noted that straight lines
give a good approximation to the data. The equation of these straight

lines is given as follows:

-3
SECRET ~ RESTRICTED DATA
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* ’»’7s) = Mean indicator reading M-l mines

L 1.+ = 20 times mean indicator reading M-2 mines

Do (miis) * Soil constant .

h (in.) - epth from surface to top of pressure plate

We (1bs,) = Weight of explosive expréssed in equivalent pounds
of TNT detonated at a height H (ft.) = Wel/3

R (ft.) = Distance from the center of the charge to the mine

e
@F -§ x{iszﬁm | ey
where | . -
q'a’IUTTg'fTQ%EZ‘W; " 2.
A =20 + 7,502 | (@9
o550y | | (2.6)

; The value of C given by Equation 2.6 applies to charges up to
10,000 lbs. - pata taken in Operation BUSTER show that this equation
. i3 in error for atomic explosions. A further discussion of this is
‘given in Chapter L. '

2,2,1 Soil Constant

Table 2,2 shows a list of the values of Dy, which should
be used to compute the effect of blast under various ground conditions
based on this departure. The following general conclusions can be
" ‘reached as to the effect of ground conditions on the Universal indica-
tor mine: \ . . T ) ’
1. A change in the compactness of the ground below the mine

- from solid to loose decreases the value of D, about L4OZ,

2. A change in the moisture in the ground above the mine
from dry to wet decreases the value of Dy about 30%.

3. A change in the compactness of the ground above the mine
from loose to s0lid \waddy to frozen) decrsases the
value of D, about LOZ.

: -l -
RESTRICTED DATA 2
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k. The meax{ value of Do for sandy clay with average mois-
ture and compactness above and below the mine as used o
in tests at A. P. Hill is 115. (Extreme values from , 1

60 to 150.) ‘

5. The mean value of Dy for sand with average moisture and
compactness. above end below the mine as used in tests
av Vero Beach, Florida, is 100, (Extreme values from

60 to 110.)

6. For weathered minefields in sandy clay, the expected
range of Do is from 90 (frozen ground{ to 150 (dry

ground).

The effect of the change in ground conditions for point charges has been
expressed as a function of Dy or in per cent of the average readings,
and these conclusions should apply qualitatively but not necessarily
quantitatively to line charges and atomic explosives,

2.2,2 Impulss and Peak Pressure
- In Bquation (2.3), if We<< A
L w92/3)2
le ¢

- ’ ) M D - Do
Impulse is given by

I---x‘,“’f,./3

Hence

T .2
DQ,DO(%.;K%})C and the mine measures impulse . .}

In Equation (2.3) if W >> A _
1/3 3,33 |
¥ | | (2.7)

D= D, (C=p—)

- and D depends on the peak pressure alone.

Msasurements have been made with 1030 lbs. of
INT (where W >> A) and the relationship be-
tween D/D, and peak pressure has been deter-
mined. This relationship is shown in Fig. 2.2.

-5a-
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2.3 METHODS FOR COMPUTING PROBABILITIES OF DETONATION

The purpose of any program using indicator mines is to be able to
determine the probability of detonation of a given mine that is sub-
Jected to blast. It has been shown#®* that there is a correlation between
the mean Universal indicator readings and the 50% probability of many L
types of mines, Methods are derived below which allow other values of .
the probability (e.g., 99% of the mines detonated) to be computed from ' :
the mean readings.

The individual Universal indicator mine readings have been
analyzed, and the mean deviations for different values of mean readings
have been computed. A close approximation to the observed .data for the

mean deviation (a) is _

' ) : (2.8)

with o = 0.19 ’ - (2.9)
D = mean Universal reading |

Since the mean deviation due to the differences in the Universal mines S
themselves (for mean readings greater than about 25) is about 0.05D, ‘

the mean deviation (a = 0.19 D) obtained in the above tests is

primarily due to differences in the ground corditions and the method of .

burial of the mines.

The data obtained with the Universal indicator mine can be used
to determine how the variationa in the conditions of the ground and in
the method of burial of the mines affect the probabilivr of detonation

of a gilven type of mine. ‘
2.3.1 Approximate Probability of Detonation

The approximate formula below gives the probability of
" detonation.of a given mine in terms of the calibration constant for the S
mine (mean Universal reading which corresponds to the 50% probability . - . . .
of detonation), ‘the mean Universal reading at a given distance from © % e e
" the charge for which the probability is being computed, and the mean
deviations in the Universal readings.

#Reference 1.

WSHCEMD Se
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= calibration constant for the mine

Let Dy
Dp = mean Universal reading at the distance R
p = probability of detonation of the given mine
© = probability function (probability that a reading
differs from Dy by less than Dp - D3) . .
Y =D ~Dy
K = measure of precision
2 = Ky
Mp = probability multiplier
Then , .
p=z+70(z) I | (2.20)
K= —2— |
a \/T'; (2~11)
ze—Y -D-D '
a /T oh T
T or

l - "2 o . B (2.12)

Thus, to find the mean Universal reading, Db, for which the probability
.of detonation of the given type of mine is p, mltiply the calibration
constant of the mine, Dy, by the multiplier, My. Below is a list of
‘the multiplier for various values of p using o = 0.19:

R ¥ | | .

0.01 . 0.643 - ;
s 0.05:‘ 0.718 et s et ae A S Ce, ‘.

0.10 - 0.767

0.25 0.862 o j

0.50 1.000 ' (2.13) i

0.75 1.192 %

0.90 1.439

0.95 1.6k5

0.99 2.2l

A sample computation is:
Dy = 75 for German TMi-l3 mine

When the mean reading Dp = 125

-7 - .
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M, = Dy/Dy = 125/75 = 1.557
Fron the table p = 0.95 or 95% probability of detonation. .

In this method for determining the probability of detonation, the
assumption has been made that all the mines of a given type (e.g.,
the TMi-43) have the same calibration constant. This method will give
an approximate value of the actual probabilities of detonation and is

_‘useful when there are insufficient data to determine the deviations

from a mean calibration constant for a given type of mine, or when the

~mean deviations are small. -

2.3.2  Probability of Dotenation for Mines Not Alike

The formula below gives the probability of detonation of
a given type of mine for which the individual mines do not have the
same calibration constant., Assume that the mdividxal mines dii‘fer in

a random manner.
Let
Dy = mean v+~ of calibration constant

..G@m = mean deviation of Dy
The probability of detonation is given by

p = %- +30 (——l—f‘—c ) ' | - (2.1h)
where
c = ,_qﬂ_ . . ‘ !
o Oy | - (2.;5)
B D - 2 N e « - (2.16)
| a °F°G D . < . . A e

Thus ¢ is a function of the mean deviation of the calibration constant
and the reading of the Universal mine at the distance from the shot

' where the probability of detonation is beiug determined.

Let

a = A Da ‘ . (2.17)
- 3 (2.18)

-8 -

BESTRCTED DATA SECRET

Sacurity information

i D B st DAty A AP K e i AR om0




SECRET

Sacutity Information

- L )
cT (2.19)

The value of the probability of detonation of a given type mine is

found by Equation 2..4 using the constants given in Fquations 2.15 to
2.19. A graphical salution of Equation 2.1L (when ¢ = 0.19) is given

in Fig. 2.3. The procedure to fcllow when using Fig., 2.3 is {llustrated
below for the M™i-43 indicator mine, Assume for the TMi~-i3: .

Mean calibration constant is Dg = 75
Mean deviation in D; is : “am = 8.5
Mean deviation in Universal readings is ¢ = op
o = (.19
Then
A D, = 8. l1/75 = 0,113

r = p/c=0.113/0.19 = 0.6

From Fig. 2.3, the values of M, for various ~ lues for the per cent
probability of detonation P corresponding +.r = 0.6 are:

= 5 ‘10 25 SO 75 90 95 99
Forr = 0.6; M, =0.66 0.72 0.8 1.00 1.22 1.50 L.71 2.3
Dy = M, Dy -~ S0 Si 6 75 9 12 128 175

The Universal indicator mines have manufacturing toler-
ances such that all mines behave alike within a maximum limit of *10%
for mean readings greater than about 25. Thus, for the Universal
indicator mine, an approximate upper limit for r is 0.05/0.19 = 0,26,
It can be seen in Fig. 2,3 that the value of the miltipliers, M, for
various probabilities’ are nearly the samg for r = 0.26 as for r = 0.

This means that very little ervor iz introduced when using' the Universal . _

indicator mine by assuming that all mines are alike (i.e., that r = Q).
The Universal indicator mine readings which correspond to

various per cent probability of detonation have been determined for
several types of mines and are shown in Table 2,3. v

2.3.3 DUniversal Scale for Point Charges

The ultimate aim in using sn indicator mine is to deter~
mine the probabilities of detonation of yariocus types of m:lnes vhen the
mines are buried in various types of 30il.
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The Point Charge Formula gives a convenient method for
determining the probabilities of detonation of various mines for vari-
_ous soil conditions. This formula has been used to compute a

Universal scale graph (Figs. 2.4 to 2.7) for O in., 2 in., 4 in., and

6 in. depths of burial. From these graphs, the distance from the charge
at which any desired probability of detonation of any mine, which can be
correlated with the Universal indicator mine (M-l or M-2), can be deter-
mined for weights of charge from 10 to.1000 lbs. While these graphs
apply only to cast “NT charges (cylindrical with the length twice the
diameter) hung at a scaled height above the ground (height (feet)
equals the cube root of the weight (pounds) ), they may be applied to
other types of demolition weapons {e.g., bombs or rockets) by using an
equivalent weight of charge# for these weapons.

A general outline of the method employed to determine the

distance from a given weapon, at which a given probability of detona-
- tion of a given type of mine buried in a given type of soil occurs, is
&8 follows:

1. Find the mean calibration constant (Dy) and the mean
deviaticn of the constant (ap = A D). Ccmpute the
~value of A. (Table 2.3)

2.  Compute r = A/C where O is the mean deviation ratio for
the Universal indicator mine readings. ¢ = 0.19 for the
point charge tests conducted at Vero Beach, Florida, and
‘A, P, Hi11, Virginia, but may be different for different
test conditions.

3. By means of Equations 2.14 to 2.19 compute the value of

' mltiplier, My, for a given probability of detonation,
P, and the ue of r from step 2. The value of Mp may
be obtained fram Fig. 2.3 when ¢ = 0.19.

L. Compute “he value D, = My Dy. The values of Dg for
some mines which have been studied are given in Table
2.3 ror various per cent probabilities of detonation.

5. Find the soil calibration constant, DO, which corresponda
to the given type of soil, from Table 2,2. (This table
is incomplete due to insufficient data.) The general
ranges of values of D, are discussed in Section 2.2.1.

#A method for determining the equivalent weight of charge is discussed
in Sections 2.h4 and 2.5.
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Compute the value, Dy, on the mean Universal scale
corresponding to the given probability of detonation of

the given type of mine in the given type of soil using -

from step L, and D, from step 5 by means of the fol-
o
lowing equation:

D, = 100 D./D,

Find the equivalent weight of charge, We, for the given
weapon, Sections 2.l and 2,5 give a method for com-
puting the va 7 of Wg. When the weapon is at the
height Ho = Wo™/ ~;, the value of We equals Wo where Wo
is the weight of a cylinder of cast TNT which produces
the same blast effect on mines. When the weapon is at
a different height, the value of Wg is a function of Wy
and R, where R iz the distance from the center of the .
charge in the weapon to the mine.

Using the value I from step 6 and Wy from step 7, the
distance; R; from the center of the charge to the mine
ca.n be found using the Universal scale graphs in Figs.
2.4 to 2.7 for O in., 2 in., L in., and 6 in. depths
of burial. When We is changing appreciably with R, it
is convenient to plot Wg as a function of R directly on

. the Universal scale graphs,

The radius of clearance, d, from the point on the
ground below the charge to the mine at which the prob-
ability of detonation, P, occurs can be found from

d= R.-Hz

where R is obtained in step 8.

(2.20)

H is the height of center of charge a.bcnre the ground.

Examples of the use of “this method for the determination

tion are given in Section 2.6,

2.4 EQUIVALENT WEIGHT OF CEARGE NORMAL BOMES#*

In order. to use the data obtained with INT charges and the

#The data on charge -weight ratios for bombs are from Reference 2.
data from which the pressure-height formila was derived and the impulse

formla are from Reference 3.

- 11 -

of the distance from a given weapon for a given probability of detona-
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Universal indicator mine, to predict the effect on anui-tank mines of
the shock impulse from the detonation of bombs or rockets, the weight
of a cast TNT test charge, which will produce the same effects on the
mines as do the bombs or rockets, must be determined. Measurements of
*  the peak pressures and impulses obtained from bombs are known and can
 be used to determine the equivalent weight of charge for bombs or
rockets,

2.4.1  Effect of Case and Type of Explosive
Let |

I = Value of the impulse on the surface of the ground
E = Explosive factcr for the of type of explosive.

e = Naperian base for logarithms = 2.718...

S

= Cage-Weight Factor. This is the charge-weight ratio of
an equivalent cylinder bomb, having the same diameter \
as the bomb, & length to give the same volume, and a : .
wall thickness (including end caps) equal to the wall ‘
thickness of the bomb case.

.W = Weight of charge in the bomb (lbs.). . e ' .

d = Horizontal distance from the bomb to the point for the
_ impulse, I (ft.).

U = Bomb body diameter (in.).

t+ = Wall thickness of bomb case (in.).

A - Density of explosive (1b. /:l.n.3 )

A, = Density of bonb case materdal (1b./in.>)

s w "m Weight of charge in equivalent cylinder with center level
with ground (lbs,) - . .. . .

Then

| | - |
8 ® W+ Welght of Pmulvalent Cylndrical Case (2.21)

1 ' |
2,22 ..
:“ht(u-t-.)kc " Pt A : (2.22) _

(v - 2t) 1 wa : | .

For a bomb detonated with the center of the charge ievel with the sur-
face of the ground
el =
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I=29 6> (m1)?3/a
Fcr the equivalent cylinder of TNT
I =29 w234

These impulses must be the same. Hence:
W = g o1e5 (D)

The value of E for various types of explosives is

Explosive lx
Caszt TNT 1.58
Amatol 50/50 1.55
Composition B 1.60
Torpex 2 1.71
HBX 1.65
Tritonal 1.70
Minol 2 1.64

Its

.0
.8
1l

NDWwWwO

2
.2
1.17
1.20

O
) =3

(2.23) |

(2.24)

(2.25)

The values of S have been determined for a number of bombs. Using
these values of 5 and the values of E in the table above Equation 2.25

was used to compute Wy in the following table:

Weight Explosive
Borb (1bs.) Loading
AN M30 GP 100 TNT
- AN M57 GP 250 INT
AN M31 GP - . 300 INT
" AN MK 17 Depth, ~ * 325" . WT °
. AN MK 47 Depth 30 ° Torpex
AN MK Sk Dspth 350 Torpex
AN M5} GP 500 TNT
AN ML GP 500 Comp, B
AN M6k GP 500 Tritonal
AN MK 37 Depth 650 TNT
AN M55 GP : 1000 INT
AN M65 GP 1000 Comp. B
AN M66 GP 2000 TNT
2,42 Effect of Height of Burst
An empirical formila has been derived from data ocn the
SECRET
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s

0.67
0.61
0.62

0176 "
0.78

0. 78
0.65
o.&
0.67
0.78

0.59

0.61

0.6k .

W
(1§§.) (1bs.)

57
135
162

el

252
250
258
275
285
Lé5
558

595
1100
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peak pressure (from the detonation of bare charges of TNT) as a function

of height of burst and horizontal distance from the center of the charge,

s0 that the equivalent weight of a charge with the center above the

ground can be determined.

Lt

R = Distance from the center of the charge to a point on the

ground (ft.).

d = Horizontal distance from a point directly under the charge

to the point on the ground (ft.).
H = Height of center of the chaz"ge above the ground (ft.).

W, = Welght of charge at height He = Wy 1/3 which gives the same
peak pressure at a distance R as wo at the height H (1bs.)

wg = Weight of charge at height Hy = O which gives the same

peak pressure at a distance R as charge of weight W at a

height H.

'.me peak pressure when H = 0 is given by
Paagk Pressure = 4810 h28 + 2@;}; .
S I

where V = E/WVB . Equation 2,26 may be used to give the peak pressure -
1/ s which is covered

from a charge at a height H over the range of R/W
by the Universal acale if V is replaced by

v =v(1- Bh(1+§))
 where By 1s & function of f1/3 given by:

7" 2 . -4
0.00
0.05
0.10
0.15
0.175

0.18
0.17

anETwWR O -

, -1 -
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The peak-pressure data cbtained from Reference 3 is shown in Fig. 2.8.
It can be seen that Equation 2.26 with V replaced by Vg is a very good’
-approximation to the observed data except at the high pressures where

 Equation 2.26 does not apply.

The Universal scale grag?s (Figs. 2.4 to 2.7) apply to
charges detonated at a height He = Wg 3 above the ground. Equation
2.27 can be used to find the weight of a charge, We, detonated at a
height, He, which gives the same peak pressures as a charge of weight
Wo, detonated at a height, H, above the ground. Using Equation (2. 275
the equivalent weight of charge, Wy, detonated at a helight, H = 0, which
gives the same peak pressures as the charges, Wy, detorated at a height,
Hy, or W,, detonated at a height, H, is found from

n/w1/3 -n/w1/3 (1 - 0.05 (1 + B /R) ) for W,
- a/w°1/3 (1-B, (1+HR)) for ¥,

Hence

Wel/3 l"‘ol/3 1-0.05(1+ g-&) B

Table 2.4 and Fig. 2.9 show the effective weight of charge for several
types of bambs.

For many uses R>Hg and Equation 2,29 can be simplified to
become :

%em - 1.05 %-3.01/3 (1-8, 1+ I’f) ) (2.30)

2,5 EQUIVALENT WEIGHT OF CHARGE FOR ATOMIC EXPLOSIONS

-The pressure data for Operation BUSTER have been analyzed and it
has been found that Bquations 2,26 to 2.30, Section 2.4.2, do not apply
for ﬁ%culating pressure (and hence Universal indicator readings) from

where Wy, is the actual vield given in the preliminary report fer
Operation BUSIER + The reasor for this discrepancy is that the effec-
tive yield based on peak pressure varies with distance from the
explosion. The emperical formulae derived below corrects the pressure
data so that pressure and Universal indicator readings can be determined

from the TNT yield of the bomb.
-15 =
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Let

R = distance from center of explosion to a point on the
ground (ft.)

W = actual yield of explosion (1v.)

Wo = equivalent yield corrected for size of explosion (a
function of R and Wg) (1b.)

Wg = equivalent yield corrected for size of explosion and
height of burst (1b.) :

H = height of burst (ft.)

vy = B3 | (2.31)
Vo = Bfw /3 (2.32)
Vg = a/fwgl/:’ (2.33)

Va = equivalent yield correction
factor (emperical)

The pressure data for Operation BUSTER 41s a function of Vg if Vg is
computed in the following manner:

Let )
v __?.!E__..... | (2
° - 03)4)
/1 + 4V -1
"
and 3 |
: 3 ' ,
va - % (2035)

E Correct for height of burst C\ising innation ‘2 27 for pressure o; 1/3"
t

- tion 2,30 for Universal Indicator readings and By determined by

Bquation 2.34 may be written

-16 -
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Equation 2.36 shows that Vg will always be bigger than V¢ with VgVt
when V4 is large. This means that the equivalent TNT weight for atomic
explosions is smaller than the actual yield, but approaches the actual
yield at great distances from the explosion. ,

2.5.1 Peak Pressure for Atomic Explosions

. The peak-pressure data for BakeraCharlie;and Easy have
been corrected by means of Equations 2.3L, 2.35 and 2.27 and are shown
on Fig. 2,12, For comparison Equation 2.26 is also shown on Fig. 2.12.
It may be seen that Equation 2.26 is a feir approximation to the pres-
_ sure data for atomic explosions after the weight and helght of burst
corrections have been applied.

- 2.5.2 Point Charge Formula for Atomic Explosions

The Point Charge Formula discussed in Section 2.2 can be
used to predict the behavior of the Universal indicator mine for atomic
explosions if the equivalent weight of charge is determined in a manner
similar to the pressure data. For large charges the paint charge
formula, Equation 2.3, becomes: . '

) =" ”—’ﬁ;ﬁ @
where
We = equivalent weight of charge
C = function of depth of burial and charge weight
> There are°1nsufficient:data to accurately.determine the manner in which.
C varies with charge weight. Chapter L discusses the values of C as

determined in atomic tests to date. For TNT charges of 10,000 lbs, or
less, C is independent of charge weight and is given by Equation 2.6,

Combine Bquations 2.30 and 2.37. Then

/ /3
)7 = e - - (2.38)
where
Fel05 (1-Bg(+D)) o (2.39)
-17 - N
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Combine Equations 2.3k and 2.38. Then

. 3 . ’ '
6) - jx byd -2 - (2.40)

- |
2y ilhonka | :
CONEEYN: R TR (2.10)

Then Equation 2.40 becomes ‘ )

Let

p.d ¢ g
(ﬁ;‘ "",;f . (2.42)

Let

B BY
I-l" H ) (20)43)

R (2.10)
: ¢ H :
Then Equation 2;1;2 becomes ,, \
.3 | |
Fe97-F -2 S )

Equation 2.43 and 2.lLh are shown graphically in Fig. 2.13.

.5 3 Determ:lnaticn of Yield in Atomic Explosions

‘ Hhen 1t is desirable to determine the yleld of atomic ‘ox~
plosions fram data taken with the indicator mine, the follmd.ng procedure

may be usged:

1. PFor indicator scale readings (M-1) less than 25 determine
the true value of D from Fig. 2.1kL.

2. Make an estimate of the yleld and compute V3 and V4 from
BEquations 2,31 and 2.35.

-18 -
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3. Compute D' from Equation 2.L1 and measured values of D. -

L. Compute D'/ D, where D, are xnown values of the soil
constant,

S. On log log graph ﬁaper plot. D'/D, as abscissae and R/H-0.2
as ordinates and draw a mean straight line through the
points. . 4 ,

6. Find the value of R/H-0.2 for D!/D, = 1. “This value
approximates the value of C/A.

7. Find the value cxf'H,/wt,:l/3 "in Fig. 2,13 correéponding' to
the value of C/A from step 6. Compute the spproximate
| ﬂeld wt. ' ) , )

8. Repeat steps 3 to 7 if the value in step 7 differs
materially from the estimated yield.

The method ocutlined in steps 1 to 8 above has been used on the data ob-
tained in Operation BUSTER in Chapter L.

2.6 RADIUS OF CLEARANCE WITH NORMAL BOMBS

In order to check the validity of the methods outlined in Sections
2.1 to 2.4, the probabilities of detonation of the German TMi-L3 mine
(4 in. depth of burial) when subjected to blast from the Mark 17,325-1b.
depth bomb detonated at various heights above the ground have been com-
puted and can be compared with observed probabilities. These calcula-
tions follow the method outlined in Section 2.3. A sample calculation
for the 95% probability of detonaticn with mines buried in wet clay is

as follows:
1. !ﬂxg calibration constanta for'=the,'1‘l{ii-h3 (from Table 2.3:are
° D, =75
a, = 8.5
A = 8,5/75 = 0.113

In order to corract for the nonsymmetrical pattern of the bombs
(due to the axis of the bomb not being vertical) & is increased

to ‘
. A = 0,217
-19 - ,
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The value of r is .
r = A/g= 0.247/0.19 = 1.3

Using Fig. 2.3, the value, M,, for a $5% probability of
detonation when r = 1,3 is:

M =1.91
P
The value of D‘= is: _
D, = M, D, = 1.91 (75) = 1L3
From Table 2.2, the value of D, for wet clay is:
- D, = 100
The value of Du is:

D =100 n‘c/no = 100 (143)/100 = 143

The values of Wy for various heights of burst and various
values of R (distance from center of charge to the mine) are
given in Fig. 2.9, These curves were computed from Equations

2.28 and 2,29 with Wo = 156,

. The values of Wg for various values of R can be plotted on

Fig. 2.5, and a curve drawn through the points (a canvenient
method when more than one value of the per cent probability
is being found), and the value of R for the value of Dy can
be read directly. A second method, when only one value of
probability is to be found, is as follows:

- From Fig. 2.9, the value of Wg varies from a minimum of
about 130 lbs. when the height of burst is 2 f£t. ‘to 450
lbs. when the height of burst is 30 ft. From Fig. 2.5,
when D, = 143, the value of the distance to the charge,
R, is ' : '

R = 20,5 (when W‘ = 130)

R =37 (when We = }50)

-20 =
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From Fig. 2.9, an appraximate value of We = (We)y
for various heights of burst is:

E B M)y Ry (e)p (R =R
20.5 2 137 20.8 137 20.8
20.5 5 - 153 22.2 153 22,2
20,5 . 10 203 25.5 197 25.1
37 20 320 - 31.8 340 32,3
37 ' 30  LoS 35.¢ 418 35.5

(R); is obtained from Fig. 2. S for the value (We)q
and D; = 143. (W,)»> is obtained from Fig. 2.9 for
the values of H and (R)1. (R)2 is obtained from
Fig. 2.5 for the value of (We)2 and is a close ap-
proximation to the value of R.

9. . The value of the radius for 95% probability of detonation, d,
can be computed from

A
g r B E B 4
2 20.8 L33 L k29 = 20.7

5 22.2 493 25 L6y 21.6
10 25.1 630 100 530 '23.0
20 32.3 1043 Loo 643 25.4
30 . 35.5 1260 900 360 19.0

The values of the radius of clearance, d, for the various per cent
probabilities of detonation are shown graphically in Figs. 2.10 and
2.11. The circled points are observed per cent of mines detonated in

actual tests*. In these tests, the number of mines for each radius was -

“only 12 or 2k, so that the observed per'cent of mines detonated do not
fall on smoofh curves. The predicted and observed values are in very
good agreement, both in the absolute values of the radii of clearance
for various heights of burst and in the general shape of the curve for
per cent probability as a function of horizontal distance to the charge.

As a further check on the formulae for the equivalent weight of
charge and to further illustrate the use of the Universal scale, the

#Reference L.
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radius of clearance for the €07% probability of detonation of several
types of mines using different types of bombs (with different types of
explosive) in cifferent fypes of soil 'and depths of burial has been
computed. The results of these computations are compared with the db=
served results obtained in field tests with bombs#® in Tbble 2.1.

fince the references from which the observed results were obtained
do not state in detail the nature of the soil; the values of the Soil
Constant, Do, (from Table 2.2) for the indicated type of soil were
chosen as follows:

For dry clay the highest value D, = 150

For wet clay the normal value for mﬁd ' | Do.- lOO

. For dry sand the highest value ' - . Do = 100
For wet sand the normal value for hard packed |

sand at the edge of the surf ‘ D, = 70

- For very dry sand the lowest value ' D, = 60

In Table 2.1 when the radius of clearance, d¢, computed using
these values of D° did not check the observed radius, do, a second
value of D, was chosen, and a second radius computed. For example,
with the AN MK 37,650-1b., depth bomb detonated at a height of 2.5 ft.
(nose approximately on the ground) tested with the Universal mines at
2 in. depth of burial, the table shows:

Dry Sand Dy = 100 d. = 38.5 ft.
- Very Dry Sand Do = 60 do = 33.0 ft.
] ~Observed Radius - 35 4 T
. The true value of the Soil Constant in these tests probably was
between the value 60 and 100 and is shown in that mammer in the table.
Out of 38 comparisons shown in the table, only cne cbserved radius does

not fall between the radii predicted using the high and low values of
the Soil Constant.

#References U,-5. :
- 22 -
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This exception is the test with the AN MéS,lOOO—lb. GP bonb (TNT)
detonated at a heigat of 2.5 ft. (nose on the ground), where the
observed radius was 34 ft. compared with a calculated radius of 36 ft.
to 41 ft. Since this test was carried out under the same conditions as
the other tests on the TMi-43, using the same type of bomb where the
calculated and observed radii of clearance are in agreement; the error

is probably due to a faulty bomb. -

The compariscn of the calculated and observed results for the ef-
fect of the shock impulse from bombs on anti-tank mines, which is
discussed above and shown in Tables 2,1 and in Flgs. 2.10 and 2.11 shows
that the method of computations can predict the cbserved results within

the experimental error.
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TABLE 2.4

Effective Weight of Charge for Bombst

AN MK 47 350 Lb. Depth Bomb

AN MK 37 650 Lb, Depth Bomb
Heo 2 H=10 Hs= 205
a W, Wy Wg
‘10 191 303 277
20 199 277 290
30 201 269 295
Lo 203 266 297
AN M6 S00 Lb., GP Bomb
258 Lbs. TNT 4 275 Lbs. Comp. B 285 Lbs, Tritonal
H=2 H=10 Hw2 H=10 H=2 H=10
R We W We LA We W,
10 129 222 155 256 168 278
20 13) 197 161 230 175 250
30 136 190 163 222 177 21
Lo - 137 187 16k 220 178 239
AN M65 1000 Lb. GP Bomb g
Lbs. TNT 595 Lbs. Comp., B
..H-z.; H =5 H-ls H-?B . . Hnls .
R We LA A R W R A
10 252 277 15 N
20 26l - 284 L71 23 810 20 550
30 266 286 L3k 30 695 - 30 510
Lo - 268 287 las Lo 555 Lo Lok
AN MG 2000 Lb, GP Bomb
H=1 H =18 H=25
R Wg W We
<30 - 570 905> 1310
Lo - 573 866 1180 °
* 50 577 845 " 1110
60 578 834 1060

# The effective weight of charge is the weight, Wy, (1bs.) of a

cylinder of bare INT detonated at a height, Hg

-We

3, which gives

the 3ame effect on a mine at a distance, R, (ft.) from the center
of the charge to the mine as does a bomb detonated at a height, H,
(ft.) above the ground at a distance, R, from the center of the

bomb to the mine.
of clearance.
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R2 = H2 - d< where d is the horizontal radius
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CHAPTER 3 .

INSTRUMENTATION AND FIELD OPERATION

3.1 LAYOUT OF MINEFIELD

The Universal indicator mine was chosen as the most suitable de-
vice for studying the effects of atomic explosions for minefield
clearance., The principles of operation of this indicator are discussed
in Section 2.1 and Appendix A. There were 1600 Universal indicator
mines, 1000 M-1 (large diameter) and 1000 M-2 (small diameter) pressure
plates available for the tests.

A paih 65 ft, wide was bulldozed on a line beginning at Point 3,
Target Area 7, and extending 6000 ft. east.  An elevation profile along
the centerline of this path is shown on Fig. 3.2. The minefield pattern
used is shown en Fig. 3.1. At each panel pesition A to T, 20 mines were
placed using two rows of 10 mines and 5-ft. spacing between mines. The
rows were placed at right angles to the profile lire using 6 in. level
burial for the mines in the row closest to Point 3, and O in. burial for
the other row. (See Methods of Setting Out Mines, Fig. B.l.} Ten mines
using 6 in. burial were used for panels TE to SE only for shot Easy.
After each shot new fuzes and pressure plates were instslled on the ef-
fested mines, and the exposed fuzes were returned to the laboratory for

measurement.

No serious difficulties were experienced in placing or recovering
the mines, and readings were obtained for shots Baker, Charlie, Dog and
Easy. The detailed data and calculations for analyzing the results are
in Appendix C.

3.2 CALIBRATION PROGRAMS

In order to adequately interpret the data with the indicator mine,
it is necessary to know the 301l constant, A calibration shot was taken
at a point 5100 ft. east of Point 3 using the minefield patiern shown on
Fig. 3.3. The results obtained were very good (details in Appendix C)
and are shown graphically on Fig. 3.4. The value of the sofl constant is

13.

Observations made during Operation BUSTER dindicated that further
data were needed as to the effect of tilt.on indicator mines and about
the behavior of the mines with very low indicator readings. A calibra~
tion program was conducted at Ft, Belvoir to determine these effects.
The results obtained are shown in detail in Appendix B and are summar-

ized on Fig. 3.5. '
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» M1 Mines
Shotpoint 5100' E Station 2

5.25 1b TUT at H = 1.70 0%
October 12, 1951
Figure 3.3 Calibration Pattern
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. CHAPTER L )
) ANALYSIS OF DATA N -
4.1 GENERAL o | ny

The pressure data for Operation BUSTER have been analyzed in
Section 2.5 and scaling laws for indicator mine behavior when subject to
blast.for atomic weapons have been worked out. (Section 2.5.2.)  Since
these scaling laws are empirical, they are subject to revision as more
data become available. The data obtained in Operation BUSTER show o
that the scaling law for depth of burial (the constant G in Equation ' b

2.45 given by Equation 2.6), which applies for TNT yields of 10,000 1bs. el
or less, does not apply for Atomic Bombs. The value from Equation 2.6 [
for 6 in, depth of burial is about right, but the value for O in. burial ‘:_—3:_‘

is incorrect. There are jinsufficient data to determine the proper value - o
for 0 in, burial so that all conclusions in this -'eport are based on the -

data obtained with mines at 6 in. burial. /_;

. b.2 RADIUS OF CLEARANCE FOR MINES

. ‘ v , The method for computing the probability of detonation for other

o, ) types of mines from the Universal indicator readings is shown in Section
© 2e3. The indicator readings for Operation BUSTER are shown on Fig.

L4L.1. (The data obtained for Easy plot off scale on this graph because

no mine was rlose enough to ground zero.) To find the radius of clear-

ance for mines, compute the value of the indicator reading, Db, which

corresponds to the given probability of detonation as ocutlined in Sec-

tion 2.3, divide Dp by the soil constant (varied from 60 to 112 at Nevada , e
Test Site) and read the radius of clearance on Fig. 4.l. Considering SR
the German TMi-}3 mine, the radius for 99% probability for each shot is e
7, 7t .rConstants ’ " Shot . Radius’ for 99§ Prbb. f
= 175 Baker " none ; | e
Do = 100 Charlie 690 ft. -
o " Dog 620 f£t. . . .
Basy £1700 ft. 7 ' ‘
Thus, airburst atomic weapons where H/'rf,l/ 3 is greater than three are
. poor mine-clearing devices. y

k.3 YIELD OF ATOMIC EXPLOSIONS

o The data obtained in Operation BUSTER have been analyzed in D a ~\-—
- 49 - ’ “-' .

SECRET - RESTRICTED DATA

Security information ATOMIC ENERGY ACT 1946

JINE

[N




3 : . ' r C
UG I ST . .
o . A
, . . =3
i z £ qHH FRET -
i H i nm
2 L4
¥ =
2 7]
It W =«
]
; o
m m m
\ 0- [N
i i o o
. i &
' 1 ;
> )
. Q
.. i ¢ ]
.__A I it el : s 5
.. ik : :
- H 15900 FRRRS Kn I 1 L inky < i g m
ANRES N : A:s t o ]
o= e el i <5 = -
i Sl g ! e d s
£ HH H I ~ 1 S
) s i ; 5 , L&
k L iz " 2 N5
: : o i o 3
§2 ..
s e ] ord
‘ A i ! i o
o t Hig ¥ .m
30 T i i it E
iik i A1 §E3 i H § ti ] .Iu
- H Y HiHE Hiih 4 s i i © =
] r+ t+ H
i Wit Hif H ]
o [t Rt s s 1 § $
i e |
i 1111Xu¢ 0 HHIE I i tH1H H
i Sepasivipae e b8 ¥ o
“ i }
{
i "
i Nﬁ : i} i
TR ERIOTRA RO i 1 M
] < s . 2 = «
ol (o]
A 37 mcﬁw 0487 punoJdy Woay' VueysIqg
_ ,
- -
M
: . .
: - »\ < < L : [NV SR SO [




~ SECRET

Security information

Appendix C by ihe method of Section 2.5.3 and the yields have been deter-
mined for shots Baker, Charlie, Dog and Easy. The results are shown
graphically on Figs. 4.2 to 4.5. It will be noted in these figures that
the observed values on the indicator scale are very low for all shots
with a .minimun at a distance from ground zero about equal to the height
of burst where R/H - 0.2 = 1.2, This is called a skip effect and is the
reason for the small radii of clearance noted above. The estimate of
yield is obtained by ignoring the skip effect and drawing the line for
deternining C/A through the indicator readings that ave maximum. A com~
parison of the yield as determined by indicator mines and that given in
the Report for Operation BUSTER 1s as follows:

Shot Yield Computed Yield Stated

Baker , 3.1 3.47
Charlie 16.1 .1
Dog . 24.8 ‘ 20.9
Easy 3.5 31.25

The good agreement indicates that the écaling laws derived in Chapfér 2
are approximately'cor;ect.

L.t  INDICATOR MINES AS PRESSURE GAGES

An empirical scaling law for peak-pressure as derived in Section
2.5 allows the pressure to be determined for any yield, height of burst

~ and distance from ground zero. In a 9}ying this law, it 1s necessary to
where I’ is the equivalent = -:

compute the value of the scaled R/,
weight of TNT. This was done for each panei positio in the shots Baker,

Charlie, Dog and Easy and the peak pressures were dstermined from Fig.
2.12,

' The detailed computations are shown in Tables C.6 and C.7. These
peak pressures were then plotted as a function of D/D, (where D is the
observed indicator reading and D, is the soil constang) on Fig. k.6,

The solid curve, on Fig. 11, is the curve used for INT peak-pressure
measurements. The indlcator readings in the skip zone have not been used
ag® they are ‘abnormally low. "It may be seen that there is a fair agree~:
ment between the indicator readings and peak pressure. -The Trelative -
readings on a single shot appear to be quite good. e

In the calibration program at Ft. Belvolr indicator mines were
placed with the normal of the pressure plate polnting toward the shot and
the mine above the ground with solid sand-bag backing (see Fig. B.l).
These mines gave considerably higher readings than mines buried with the
preasure plate flush with the surface of the ground (see Fig. 3.5) and
may be the proper way to use indicator mines as pressure gages and avoid
the skip effect.
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Figure 4.1 Indicator Readings Operation BUSTER
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~ CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The data taken in Project 3.5 during Operation BUSTER definitely
show that atomic weapons detonated at a height (ft.) three or more times
the cube root of the yield (1lbs. of TNT) are not effective devices for
minefield clearance. In Chapter 2 scaling laws have been devised which
should be adequate to determine the effect of atomic explosions on mines
‘a8 a function of yield, height of burst, and distance from ground zero.

: There is definite evidence that a skip zone occurs, but more data

. are needed to determine scaling laws for the skip effect. A closer spac-
ing of mine panels should be used (100 ft. instead of the 300 used in
these tests). Studies should also be made as to the skip effect due to
terrain, obstructions, etc.

‘ ' The yield as determined by the revised scaling law (which allows
. for change in effective yield as a function of distance from ground zero)
and the indicator mine readings are in substantial agreement on all
shots. ‘

The peak overpressures as determined by the indicator readings are
in fair agreement with the observed values as reported for Operation
BUSTER except in the skip zone where the pressures as determined by the
mines are far too low, It is recommended that further studies on peak
pressure and indicator readings be made using: '

1. .Closer. spacing between.mine panels. .
2. Mines above ground facing ‘the blast (similar to. the 80° tilt

~ in Pig. B.1).
3. Individual calibrations of soil constant at each panel and for
‘ each shot if any indication of variation occurs.

Additional data should be obtained so that a study can be made on
the scaling laws for depth of burial, Mines using O in. burial gave
lower readings than mines with 6 in. burial, while the reverse is true

for TNT explosions,
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APPENDIX A

JINSTRUCTION MANUAL - UNIVERSAL INDICATOR MINE

A.l INTRODUCTION

Anti-tank mines have been designed so that the weight of a tank,
when running over the mines, will detonate the mines. Also, these
mines may be detonated by shock impulses (from blast, flaih, etc.).

A series of tests made on various types of mines using various types of
impulses show that the only measurable quantity which is independent of
the type of impulse striking the mine is the energy absorbed bty the
mine, and that for any given type of mine there is a definite relation-
ship between the energy and the maximum displacement of the pressure
plate of the mine. Thus, any indicator mine should measure this dis-
placement. (or energy absorbed), The ability of a mine to absorb energy
from a given type of impulse depends on the dynamic characteristics of
the mine and differs for various types of mines. However, a relation-

ship has been found# for various types of shear-pin mines which gives a .

method whereby the approximate behavior of one type can be predicted
from the behavior of another type. The Universal indicator utilizes

this relationship and has a range of measurement such that the behavior .

of the common types of shear-pin mines can be predicted from.the .
results obtained using this mine in studying problems in minefield
clearance.,

A.2 DESCRIPTION AND OPERATION OF THE UNIVERSAL INDICATOR MINE

Figure A.1 shows a Universal indicator mine cut in half so that
the relationship between the various parts may be seen, The mine
consists of three parts: the pressure plate, the base, and the fuze,
The fuze is in3erted in the fuze well in the base, and the preasure .
-.plate ‘is screwed on tight in the manner shown, The base is completely .

filled with an inert material ‘of sufficient strength so that the top of
the base does not yleld appreciably with res .. . to the bottom when
forces sufficient to collapse the springs ¢: : - fuze are applied to the
pressure plate, The pressure plate acts as a spring with a spring
constant of about 3000 lbs, per inch and an elastic limit of about 250

#Reference 6,
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1bs. (0.083 in, of motion). There¢ is a gap (about 0.060 in.) between
the under side of the top of the pressure plate and the top of the
piston of the fuze (Fig. A.2). The measuring pin, which is held in
place by the chuck, projects through a hole in the piston and is flush
with the top of the piston. This piston is held in place by two
Belleville springs which, although completely elastic, are designed to
have a stiffness which approximates the elastic behavior of shear wire,
VWihen a force is applied to the pressure plate, the gap closes so that
the force acts on the piston and Belleville springs. This force will
deflect the springs so that the piston moves down with respect to the
body. As the piston moves down (a maximum of about 0.175 in.), the
measuring pin moves down. When the force is released, the piston
returns to its original position (since the Belleville springs are
completely elastic) but the measuring pin (held by the chuck) remains
down with the top of the pin at the maximum displacement of the top of
the piston. Thus, the displacement of the piston can be found by
measuring the depth from the top of the piston to the top of the pin.
This depth is a function of the energy absorbed by the mine. A method
for obtaining this depth and a discussion for interpreting this
measurement in terms of the behavior of shear-pin type mines are glven

below.

Two different diameter pressure plates are availéble for use with
the indicator mine; the large diameter (M-1l) and small diameter (M-2).

These pressure plates have overlapping ranges.

A.3 PRESSURE PLATE RE-USE

The pressure plates have manufacturing tolerances such that the
gap between the pressure plate and the fuze will be approximately 0.060
in. In field tests, the maximum deflection the pressure plate may have
is about 0.235 in, which is well beyond the elastic limit (0.083 inch)
so that a permanent set may occur, If this set is greater than 0.020
in., the pressure plate should be discarded. As an approximate rule,
pressure plates may be: ‘re-used for depth measurements Dp of less than

"30 and discarded when Dp is greatsr than 30 mils.

Figure A,3 shows the method which is recommended for determination
of pressure plate re-use, The dial gage is designed to give a measure
of the distance between the gasket seat and the under side of the top
of the pressure plate. The movable dial is adjusted in a test jig to
have a reading of 300 (3 on small scale and O on large scale). This
setting gives a reading of 300 for standard pressure plates which give
a 0,060 in. gap. The gagé is placed on the bottom of the pressure
plate being tested in the manner shown. If the reading of the gage is
less than 280 or greater than 320, the plate should be discarded. (The
rubber gasket should be removed before making this measurement.) ,

-5 -
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A.ly FUZE MEASUREMENTS

A dial gage with special attachments is recommended for measuring
the displacement of the measuring pin of the fuze. The gage on the
left in Fig. A.L shows the gage assembly. When the protector cap on
the bottom is removed, a 1/16 in, diameter pin, which is attached to the
measuring arm of the gage, projects from the bottom, The zero position
of the gage is adjusted by placing the gage, with the cap removed, on a
firm level surface in the manner shown on the right in Fig. A.L,
loosening the thumb screw (upper right side of gage), turning the dial
until a reading of 269 is obtained, and fastening the thumb screw. The
reading on the fuze is taken in the manner shown in Fig. A.5. The body
of the fuze is held firmly in the hand with the gage centered on the
top button of the piston and the 1/16 in. diameter pin projecting down
to the top of the measuring pin of the fuze. Sufficient force (5 to 10
1bs.) should be used in holding the gage against the fuze to take up
slack in the springs. Care should be taken that the hand does not
touch the Belleville springs and that the fuze and gage surfaces are
free from dirt. The reading obtained on the fuze subtracted from 300
gives the depth measurement D,. :

8

A.S5 FUZE RESET

The Universal fuze has been designed so that it may be re-used
repeatedly and reset in the field (unless hit by fragments or badly
mishandled). Figure A.6 shows the reset jig in positiom for resetting
the measuring pin of the fuze. This jig consists of a guide barrel and
a plunger. One end of this plunger fits into a 1/8 in. diameter hole in
the bottom of the fuze and rests against the bottom end of the measur-
ing pin. When the outer end of the plunger (visible at the end of the
jig in Fig. A.6) is struck lightly with a hammer, the measuring pin
will be forced up until it projects slightly above the top of the
piston. A force of 5 to 25 lbs. is required to move the pin. A con-
venient method in the field, when no hammer is available, is to press

_. the plunger against a solid surface (e.g. the top surface of the mine) ..
- with sufficient.force to move the pin.. -After pushing the pin up until ~

4t projects beyond the top of the piston, the reset jig is removed and
the piston and pin of the fuze are pressed against a solid surface
until the pin is flush with the top of the piston (e.g. a flat surface
on the jig or the mine surface). The fuze is now ready for use again.
Care should be taken to keep the fuze dry and free from dirt.

A.6 FIELD PROCEDURE

In order to obtain comparable results-in the field with any
indicator mine, it is necessary that all mines be buried in the same
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manner (i.e. the same depths of burial, the same compactness of soil
below and above the mines, equal weights of soil on the pressure
plates, equally level terrain, etc.).

The Universal indicator mine requires a hole approximate 13 in.
in diameter. The height from the bottom of the tase to the top of the
pressure plate is approximately 3-3/L in. so that the depth of the hole
will be 3-3/L in. plus the depth of burial. Before burial of the mine,
the fuze (reset as described above) should be set in the fuze well (as C —
in Fig. A.1) and a pressure plate (new or checked as described above) P i
with a rubber gasket around the bushing on the under side should be B o
screwed into the base until reaaonably tight. The mine is then buried
and ready for use, , o i A

. After completion of the test on the mine, the pressure plate

should be removed from the base and the fuze removed from the fuze well. .
The fuze, although inert, should be handled carefully until the fuze : e Lt
measurement with the dial gage (described above) has been recorded along "9/
with the position of the mine. (The gage is a delicate instrument and .
should be handled with care at all times.) v ‘ : . B,

" In observing tests in the field with indicator mines, two sources . \
of experimental error have been found. Dirt or sand gets into the :
bottom of the fuze well and is not removed. The ei ect of this dirt is s
to raise the fuze towards the pressure plate, thus narrowing the gap o w

With this condition the minz will give a reading which is too high. In ) R

" some of the mines dirt or sand is left on the gasket seat when the. _ ot
pressure plate is screwed on. . The effect of this dirt is to raise the e

pressure plate, increasing the gap between the top of the fuze and the i
underside of the pressure plate, in which case the mine will give a S .
reading which is too low. From the above it is apparent that care ' -
should be taken to keep the fuze well and gasket seat free from dirt or e —
‘gsand, One method to remove dry dirt or sand is to blow it out with a e
tire pump (valves removed) e e e, n S

4 e . ‘ e - r—

A.7 INTERPRETATION OF FIELD MEASUREMENTS

There are numerous methods for interpreting the data obtained o 1’:fff

using the Universal ind‘cator mine. The calibration tests on Universal R PO
. and several types of foreign mines, show that the wide variations in e
the data are primarily due to the conditions under which the tests were A ——
conducted (type of soil, moisture cc-tent of soil, type of terrain, L e
method of burial of mine, etc.). In actual combat most of the variables -- 4???
will be present, so that 1t is necessary to include them when evaluating — —

the effectiveness of a given method of clearance. Under these condi-
tions no method will be 100%.effective, and a study of how effective a Lo
given method is can only be made when there are sufficient data for a e
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statistical analysis. Detail methods for interprei.ng the data are -
given in Chapter 2, )
. Ty,
. e
A.8 MINE CALIBRATION
The folluwing method should be used to calibrate the behavior of o
a given fcreign ~ine in terms of the Universal indicator mine readings: o
1. Inert samples or replicas of the mine should be buried i
at the same distance from a charge and under identical . ;
conditions (depth of burial, type of soil, terrain, . P
etc.) as Universal indicator mines. _ , o n
2. The distance at which S0% of the mines are functioned e
¢ byr the effect of the blast wave from the charge should
l be found. . —_—
- 3. Determine the mean Universal indicator reading at the : : o

- 50% distance. This average reading is the calibration
value for the mine; since the Universal mines which
give greater readings than the average corresponi to : e cam—
the mines which function, and Universal mines which o . R
give smaller readings correspond to mines which fail o

c to function. . ‘ . o . L L

o

k. Calibration values should be obtained in two types of : B
soil (sand, clay) for two depths of burial (2 and L4 ' '
inches) using two weights of charges (e.g. 8 and 72 ‘

. 1bs.). If the calibration values under these various : —-
conditions agree; it is believed that the Universal
indicator mine is a suitable instrument for determin-

; ing the behavior of the foreign mine.
9. A shock tube¥ has been developed to assist in mine . . - < e sl

o ¢J calibration. When only.a few samples .of an enemy .-.- N T -

" mine are available, the shock tube is an ideal device ° R .
for mine calibration. . Z
A.9 UNIVERSAL FUZE LIMITATION - e
One limitation, which the Universal fuze has, is the failure to .- =
' P el

#Reference 1. ; . . L . Co }ﬁ3
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) integrate the nét effect of repeated shock impulses. Shear-pin type
mines cai be made to detonate by successive shock impulses, any one of
which is not sufficient for detonation. For this reason the Universal
s indicator mine has been designed so that the TMi-L3 fuze and Universal
fuze are interchangeable. In tests in which repeated shock impulses -
are effective (e.g. flails, repeated small charges, etc.), it is
recommended that the TMi-43 fuze be used.
L . -63-
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APPENDIX B

CALIBRATION PROGRAM FT. BELVOIR, VA.

B.l OBJECTIVES

Up until Operation BUSTER, all tests with the Universal indicator
‘mine had been conducted at distances from the explosions which gave
mean readings (M-1) of 20 mils or more. In addition, all mines were
buried with the pressure plates on an average level with (0 in. burial)
or parallel to (2, L4 or 6 in. burial) the surface of the ground.

, It was observed in Operation BUSTER that the mines within 1000
ft. of ground zero had a pronounced tilt of the pressure plate so that
the normal to the pressure plate pointed away from ground zero.

The objectives of the calibration program at Ft Belvoir, Va.
were as follows:

1, Determine the effect of tilt of the pressure plates.
2. Study the mine case behavior.

3. Determine the behavior of the mines when the mean readings
(M~1) are 20 mils or less.

. B.2 FIEID PROCEDURE

A radial minefield pattern similiar to that shown in Fig.l3.3'was
used for all shots, Holer with vertical sidewalls and flat bhottoms
. were.dug so that mines could be placed as shown in Fig, B.l. A .total -

voe

... of - 36 mines were ‘used for:each shot”and five shots, -using 8-1b.. charges : =

with the charge center 2 ft. above the ground, were recorded. The pro-
cedure outlined in Appendix A was used in handling the mines and fuzes.

B.3 FIELD RESULTS

The data for the five shots is shown in Table B.l. A study of this
table shows that there is no significant change in mine behavior when

. . o . :
o . -68- e < °
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the normal to the mine pressure plate is tilted towards or away from the

shot by 10° from being normal to the ground surface. The behavior of ’ -
the mines was, in general, the same as was obtained in previous work#® at

Ft. Belvoir. ' '

B.y,  INTERPRETATION OF INDICATOR DATA

‘ Since no appreciable difference was noted in the behavior of mines
tilted 10° toward or away from the shot compared to level mines, the
mean indicator readings for a given distance from the shot and for a
given depth of burial were determined by averaging all the data. These
mean values are indicated in Table B.1l. The Point Charge formula Equa-
tion 2.3 can be used to compute the soil constant from the mean
indicator readings at each distance and depth of burial. These values

- were computed and are shown in Table B.2. It can be seen that small
mean indicator readings give a soil constant D, far too small. In
order to extend the useful range of the Universal indicator mine below
20 mils, small readings must be.corrected. These corrections can be
obtained from Fig. 2.1l where the Universal scale reading can be found
for small Universal indicator readings (M-1). The indicator readings
for the 6 in. depth of burial have been corrected and D, recomputed.

It will be observed that mines with the 80° tilt give considerably
larger readings than do the O in. burial mines. There are insufficient
data to determine the variation of indicator reading with distance for ~ . - -
mines under these conditions. However, it is believed that mines placed
'in this manner receive the effect of total reflection of the shock wave -
rather than the partial reflection indicated by buried mines. ; =

The calibration results are shown graphically on Fig. 3.5.

B.5 CONCLUSIONS

°
L e
‘\r\ o

. .. The following conclusiphs can be drawn from the .data obtaiaed in -
the. calibration program: ’ L e oo

1, With angles of tilt up to 10°, there is very little effect on
. the mean indicator readings. o '

#Reference 1.

c
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2. The new production of Universal indicator mines behaves like
the World War II mines, :

3. Data were obtained which allowed a correction curve (Fig.
. 2.1L) to be made to convert small Universal (M~1) indicator
readings to the Universal scale so that the point charge
formula can be used. .

RESTRICTED DATA SECRET | o

Secarity information




SECRET
Sacurity Information

s3aeyd 3; auful JOULYSTP TRIUOZTJIOH = P

>

(02 x 3utpeay) a1eTd g-W UaNE] ®BIEQH

0 0°1 0°8 61z ueaj
2 s 0 S S°1 0 or | 491 €°L 62 [ 2°ne nmmw
g - 0 : rAS - {22 €2 of - m
2 - i € o 19 L 22Tz oz| =845
T © o |t - S |€ ot T8 le 8T g
ftoo z |1 o ot € s| | . “lezez oz| FEE
1 I o0 s € € T L S| ot 8T |02 €2 L2| v-¢& %.
T |- ols T |n o] 6] ot |et otr| sz | 8z |€c 61 c2| BEE
2 o jo 2|t n{- of 2] ot {n 6| lz| €z -lozsE g2 =
2 0 0 _Tio9 T |- 2] ofl oOT |IT 9 | §E€ | 2€ -|ST 62 62 [
Aemy- |paemoy, | ToraT| Aemy|paemol| TanaT |Aemy |paeno] Tora] |Lemy|paemol]l Teser = 1TTL
00T 00T o0T | oOT 00T | oO1 001l oow
1997 321 1897 01 309F £L 3927 § =P
9°1g 7°0€ o€z ss 4 fe ueey
9°18 2€ 92 0£2 2s s - LAY uBa
2L 09 - 2€ ™ 8s 9 ‘ m
S 001 9€ . 61 on 9s 8Nt bt
8s 86 2€ g2 és L -l 9l ez 9
18 08 o€ g€ , 59 s9 ) 4do am g
SoT 69 16 0z 0z o st €S geT g
65 SET 26 LE 2€ 091 .m m o] éort b 5, 8-
N9 OTT 06 se T4 00€ 6 m : L - m
SET _S S6 . A €2 oofl 2s 09 - 00T
& £ - -
cummoa om»é ToAaT L.mmmmoa o%< T8a97 - ToAd] ITTL
1987 £21 1997 QT -] 13T 8L l=p

2661 ‘gz-lz Arenaqsj ‘eTuTaT) ‘ITOATeg 9404 ‘BjE(Q UOTIBIGTTED
T°d FIEVL -

RESTRCTED DATA

-n-
SECRET
Sacurity Information




-"-" S '
PPN 51

h = depth of burial
d = horizontal distance mine to charge
R = slant distance mine to charge

D = observed mean indicator reading

Do) = soil constant computed for observed data

Dy = corrected mean indicator reading
Do = soil constant for Universal Scale

o
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TABIE B.2 , -
Soil Constant Calculations : . -;;i'
Fort Belvoir, Virginia, February 27-28, 1952 ' ’
% -
| - SN
7.5 7476 124.0 n 124.0 } 71.0 '
0 /10,0 10.20 55.0 63.5 55.0 | 63.5 .
12.5 12.62 30.4 58.6 30.L | 58.6
500 5038 2ho9 62.7 Zho 6207 L
6 7.5 U T.76 8.0 L3.3 | 11.0 | 59.6
lono 10-20 l.o 906 6.6 63.,4
Mean Dy = 63.1
Nevada Test Site, October 12, 1951
h(in.) a(sft.) R(ft.) D1 D,
7.5 T.71 102.2 108.3 :
0 10.0 . 10.15 57.6 116.6 S
12,5 12,62 3h.3 113.9
15.0 15.09 22,7 113.8
l ==
4 L Lo , . Mean Dy = 113.1 B

A
|
!
}
|
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Figure B.1 Methods of Setting Out Mines
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APPENDIX C

DETAJTLED DATA NEVADA TEST SITE

C.1 SOIL CONSTANT CALIBRATION

. A soil constant calibration was made on the Nevada Test Site at a
point 5100 ft. east of Point 3, Target Area No. 7. The minefield .
pattern used is shown’ in Fig. 3.3. Thirty-two mines were set ocut with
0 in, depth of burial (pressure plate flush with the surface). The in-
dividual and mean values of the indicator readings are shown in Table
C.1. The values have also been corrected to fall on the Universal

scale.

The soil constant was computed from the corrected mean values in
Table C.1 for each radius and are shown in Table B.2. The results were
very uniform and are shown graphically in Fig. 3.k. »

C.2 MINEFIELD DATA FOR ATOMIC EXPLOSIONS

The layout of the various minefield panels is shown in Fig. 3.1.
In each panel position A to T, 20 mines were buried using two rows of
10 nines and S-ft. spacing between mines. These mines were placed at
right angles to the profile line. The row closest to Point 3 used a
6 in. depth of burial to the top of the pressure plate and the other
row a O in., depth of burial., After each shot the mines were uncovered
and the fuzes read from the panels closest to Point 3 cut from ground
zero to the point where the readings were too small to be reliable,
New pressure plates and fuzes were installed on the mines which were

uncovered and the remainder were left undisturbed. The individual mine et

~readzlngs (after subtracting from .the’ scale constant of the dial ‘gage in .
. accordance with instructions in Appendix’ A) were_ tabulated for each .
panel and each depth of burial. Mean values of the readings for mines
the same distance and depth of burial were determined in the following

manner:

1. If all readings were on scale a direct arithmetic mean
was computed.

2. If one or more readings were not on scale the readings
were tabulated in the order of their magnitude and an
arithmetic mean was computed for the middle group of
readings that were on scale, .
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3. The mean readings determined in steps 1 or 2 were
converted to the Mean Universal Scale as follows:

For M-2 (small pressure plate) mines mltiply the
observed mean by 20.

For M-1 (large pressure plate)‘mine's mean read=
ings between 25 and 155 record as read.

For M-1 mine's mean reading between O and 25 the
Mean Universal Scale value was determined
graphically using Fig. 2. 1.

, The indicator mine readings for shots Baker, Charlie, Dog and
Easy are shown in Tables C.2 to C.S.

In order to determine the radius of clearance of atomic weapons
with indicator mines, the indicator readings for each of the shots are:
plotted as a function of the distance from ground zero. These curves
‘are shown on Fig. L.l plotted from data given in Tables C.6 and C.7.

T ‘ ' In order to determine the equivalent weight of explosive for each
' ~  shot, it is necessary to convert the indicator readings to a scale
: which allows for the change in effective weight of INT with height of .
. burst and distance from the explosive. The method shown in Chapter 2,
© ¢« i2 vc Sgction 2.5, was used on the data for shots Baker, Charlie, Dog and
' ' Easy. A summary of these calculations is shown in Tables C. 6 and c.7.
These data are plotted on Figs. 4.2 to L. 5

ings, the value of Vg was computed for each of the 6 in. depth of
burial readings and the indicated pressure was determined from Fig. -
2.12.h ghese values are plotted on the pressure calibratlon vraph in
Fig. o :

8¢, o °

o

o ° . -75-
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TABLE C.1
Calibration Data Nevada Test Site, October 12, 1952

.

= 745 ft. 10 ft. 12 f6. | 15 1%,

. Individual 99 63 4o 33
Mine Reading . o
| = 113 55 a3 | |
81 L5 28 f 33  . o -
91 3k 2l ?é,
78 Y 2 | =
'63 L6 27. SIS I e
138 Cw | 1 | 23 |
m 70 37 8

D. in2.2  57.6 o383 L 12\2,"1,?,: Jdoee e e

d = Horizontal distance charge to mine '
D, = Mean Universal reading corrected by Figure 2.1k
i -
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