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SECTION 1
INTRODUCTION

When DNA and BMO entered into a joint program to
test the hardness of superhard silo designs as a basing can-
didate for the Small ICBM, it was apparent that nuclear air-
blast and groundshock methods would have to be extended and
modified. Proximity to the burst point would be much closer
than in any prior test programs. One of the principal motion
categories was the ground motions directly induced by the
cratering mechanics for a surface burst. DNA formed a Simu-
lation Working Group to support the Integrated Superhard Silo
Test (ISST) program, and one of its principal goals was to
oversee the development of the direct induced motion simula-
tion designs. This report deals with progress made during
1984 towards understanding the performance of a simulation
technique called DIHEST for producing direct induced motions
using high explosive placed in a vertical drill hole array.
The year's efforts were focussed on understanding planar
charge arrays which were not influenced by added motions from
the simulation of airblast loading on the surface. Combined
surface and direct induced motions were the subject of the
FY85 program.

The DIHEST simulation methodology has been developed
over a fairly broad time span, and the data have been reported
in a number of test reports and data compilations. The most
recent comprehensive review was performed by C.J. Higgins,
et. al., in a three volume report from an earthquake simula-
tion program sponsored by the National Science Foundationl.

A follow-on to that effort was sponsored by the Electric Power
Research Institute2'3. Six DIHEST arrays were exploded in
three test events (pairs of arrays were detonated for each
test). Those tests, designated Mini SIMQUAKE, SIMQUAKE 1 and

SIMQUAKE II, were conducted at the McCormick Ranch test site
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fes south of Albuquerque. Layouts are shown from References 2
and 3 at Figures 1, 2, and 3.

LY

?s Prior to the SIMQUAKE tests, there were two other

E% DIHEST development test series conducted at the McCormick

] Ranch site: the DIHEST Enhancement Program (DEP), and the
?$ DIHEST Improvement Program (DIP). The DEP series consisted
g of 13 tests which included four planar array tests (See Table
b& 1l excerpted from Higgins in Reference 1). Note that shots 9

and 13 both involved boundary relief experiments. Shot 9

‘ & had a relief trench on one side of the array, and peak quan-
{; tities measured from the other side should not have been

‘Q affected. However, shot 13 had a boundary relief trench on
{, one side, and three rows of 3-foot diameter holes drilled on
?: the other side of the array. Therefore, the peak quantities
%& are probably suspect with respect to shot 13 when trying to
h$ obtain correlation with other experiments which had no such
i relief designs. The configurations shown by Higgins1 are at
X Figure 4.
..i:
?Q The DIHEST Improvement Program had three planar shots
Y (See Table 2). Note that DIP III A was a boundary relief

. experiment similar to DEP Shot 13. Test bed layouts for the
%ﬁ planar DIP tests are at Figures 5, 6, and 7. One other
; large DIHEST test, named ACID, was fired at McCcrmick Ranch.
100

R A data base was built for the Apple Lisa computer

n spreadsheet. The SIMQUAKE, DEP, DIP, and ACID data were

E obtained from C.J. Higgins and Jim Drake of Applied Research
.E Associates, Inc. (ARA). The data base will be expanded as

E— data becomes available from the WES tests of YUMA and the

5' AFWL/NMERI DIHEST Development tests (DDT) at McCormick Ranch.
}5‘ The spreadsheet software is particularly useful when used

&. with the Lisa graphics plotter package to view the results
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of data collapsing methods. To standardize data presenta-

4

tions, the following testbed design nomenclature was used to
describe the parameters shown in Figure 8. .

T

H - array charge height )
L - array length -

T
-

b - burial depth from top of ground or surcharge

g
~

surface to the top of the charge array

SRR

D - explosive hole diameter

-

s = spacing of charge holes

F n - number of charge rows k
;ﬁ Sr - spacing between charge rows :
‘W
E a - areal charge density in terms of equivalent :
IS .
£ weight of TNT per unit array area
R ]
B ‘ i
ﬁ‘ The remainder of this report presents the results of (
fi several approaches used to provide predictive relationships |
,
! for DIHEST designs. First, the pre-existing design equations
ﬁ are presented along with a brief discussion of the shortcom- i
i ings discovered during early examinations under the ISST t
’ »
N program. Then a chronological development of the two more h
" recent correlations follows. )
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b
e SECTION 2
R PREDICTIVE METHODS
gl
gs. Higgins Method. The majority of the DIHEST events had array
gﬁﬁ aspect ratios (length to height) of around 3:1. Predictive
G methods (data correlations) generally ignored array length
ﬁ%} and considered only the height. This was also the case for
&% most calculational predictions, since generally these were
ﬁéf made using 2-D plane strain hydrocodes which assumed an

] infinite array length. The principal dynamic variables
mj {acceleration, velocity, and displacement) were cast in pre-
#ﬁ dictive relationships which depend upon range, areal charge
3&. density, and_array height. Higgins presented the following
£ relationships for peak values of horizontal acceleration,
,; particle velocity, and displacement at the depth of the
;i; array centerline for the McCormick Ranch planar events:
P4

s 10,150 (R/ e ) "1+ 33 R/H < 0.52 (l-a)
o ata = ) ‘
%: 4119(1/ o ) 1*38(R/ 0 )72 71 R/H > 0.52 (1-b)
¢
[P\
L 81.8(R/a ) 036 R/H < 1.15 (2-a)
't!,“ v =
8 101.4(H/ a )13 (R/ 0 ) ~2"1 R/H >1.15 (2-b)
d
)
& 4.6(R/a )0 14 R/H < 1.6 (3-a)
"i d/a =
:é 11.7(H/ o ) 1* 28 (R/ 0 )21 R/H >1.5 (3-b)
!
b where the parameters are defined as:

j a = acceleration in g's
%3 v = velocity in ft/sec
?; D = displacement in inches

A R = range in feet
§ H = array height
" o« = areal charge density (lbs TNT/ft?)

:
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These relationships are good representations of the
data available for the McCormick Ranch test site, and even
the DIP IIA and DIP VA tests which had array aspect ratios
of about 6:1 don't diverge greatly from the test of the data.
However, when the two 1:1 aspect ratio (WES 1 and WES 4)
tests were shot, the peak values fell well below the predic-
tions made without considering array length. These tests
demanded a re-examination of the DIHEST design relationships.

A joint collaboration between ARA, RDA and CRT under
the sponsorship of the DNA ASH program led to a re-examina-
tion of the DIHEST data. To present the new formulations, a
stepwise development is presented here which approximates
the process followed to derive them.

Evidence for Array Length Dependence. At a Working Group on

8 February 1984, Jim Drake of ARA presented an approach which
did a better job of collapsing the available data (Ref. 4).
He normalized the distance from the array to the measurement
point by the array height vice the areal charge density used
by Higgins and others. His method was to plot the kinematic
variables (velocity, product of acceleration and charge den-
sity, and displacement divided by charge density) against
the range reduced by the array height. He found generally
that a log-log plot of velocity vs R/H would be described by
a straight line of slope minus 2. By plotting the logarithm
of the value of V at the intercept (R/H = 1) versus the log-
arithm of H/eo , he found that a linear relationship would
generally fit that dependence as well. However, when the
data for the first two WES shots at Yuma were treated this

way, they were decidedly not on the same line as the previ-
ous data. Figure 9 shows all of the data discussed along

with the first of the AFWL DIHEST Development Tests (DDT-1)
which had an array aspect ratio of 1.6:1. The intercept of
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the peak velocity shows a definite dependence upon the aspect
ratio. This intercept for a given test is really just the
average value of Vmax reduced by the factor (H/R)Z. The WES
tests (aspect ratio, Ar = 1.1) fall well to the left of the
other data. The AFWL-DDT test (Ar = 1.6) is nearer the main
body of data, but still on the left edge. The SIMQUAKE
events (Ar = 2.67) and the DEP and ACID events (Ar = 3.0)
fall generally together. Finally, DIP IIA and DIP VA (Ar =
6) fall to the right of the rest of the data.

Effective Array Length Correlation. Our first attempt to

account for the aspect ratio dependence was to include a
dimensionless term, (L/H)™ in the relationship. The problem
with this approach is that unless m along with the powers of
the terms R/H and H/a are exactly proportioned, the relation-
ship would not be symmetric in L and H. Thus, an array whose
aspect ratio is less than 1 could not be characterized by
simply swapping L and H for an array whose aspect ratio is
the inverse. The form of the relationship was viewed as
having definite limitations.

Fred Sauer, CRT, suggested that the influence of the
top, bottom, and ends of the array can be viewed as having
diminishing strength the farther they are removed from the
centerline relative to one another. This is somewhat analo-
gous to the influence of parallel resistors in an electrical
circuit. He therefore suggested that in place of the array
height an "effective length" based upon the inverse of the
sum of the inverses of length and height be assessed for the
predictive relationships. This was approached by essentially
following Higgin's procedure: reducing the range by the
areal charge density, and then using the ratic of the effec-
tive length (defined by the inverse of the sum of the inverse
lengths to the centerline from the top and ends of the array)

17
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o to the areal charge density to obtain a relationship which is
symmetric in L and H. Defining this effective length, LN, as

g
.: 1 2*L*H

IN = 177y + 1/(2*)) - T+ H (4)

5 the data were re-analyzed. The data used for this analysis
are found in Appendix A, and are organized by the test series.

Py ous
s s
e ol Y WP 2 T A KA .

t

‘g Because of its similarity to the other planar array tests in
the DIP series, ACID data was grouped with data from DIP.
This analysis was done by using the features of the Lisa

e
;? spreadsheet software. First, the chosen kinematic variable
. was reduced by the quotient of the range divided by the areal
R charge density. The intercept value (at R/¢ = 1) was found
s‘ by simply taking the average of those values. The data from
‘? each event were examined, and some of the points were exclud-
Ef ed from the fits. Exclusion was based upon the judgement,

+ in collaboration with Drakes, that the data records exhibited
. questionable behavior, and would make the fits less useful

Tq for predictive purposes. Those points were noted on the

f spreadsheet with an asterisk (*). These spreadsheets are

1, contained in the Appendix B. These intercepts were plotted
— against Ln/co as they appear in Figure 10 for the velocity,

Q Figure 11 for d/o, and Figure 12 for a*o .

o

B The efficiency of using the effective length varia-

ble, LN, is best judged by examining Figures 10 through 12,
The WES data exhibit some variance which may be due to the
different material at the YUMA site, but the McCormick Ranch

data correlate very well,

Least squares fits were made for the kinematic vari-
ables, but the data for the two WES events, DEP shot 13 and
DIP IIIA were excluded. It should be noted that the exclu-
sion of DEP shot 13 and DIP IIIA did not significantly change
the fits, so the partial boundary relief may not have had a
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significant effect upon the peak values. Integer powers
were chosen for the dependence upon the ratio of R/a. The
relationships obtained were:

a*a = 3020 (LN/a) '8 (R/a) 3 (5)
V. = 53(LN/a) 38 (R/e) "2 (6)
|
|
d/a = 0.45(LN/o) L1*8(R/a) 2 (7) ‘

ADDITIONAL OBSERVATIONS. Some additional insight into the |
form of the velocity equation may be gained by breaking the !

equation down by its individual parameters as: !

38 , .1.38 0.62 -2

V = 53%[2Ar/(1 + Ar)]}* H * g * R72.  (8)

Suppose that the power of (LN/a) were constrained to
be 4/3 (1.33 instead of 1.38), then

V = 61*[2ar/ (1 + Ar)1%/3 » (g%20)2/3 » 72, (9)

Since the total charge weight, W is given by

W =a *HL = o *Ar*HZ, (10)

equation 9 can be written as

v 212/34 (aragZeg)2/3ag~2

(11)

61*[4Ar/ (1 + Ar) "]

or,

1/3)-2

V = 61*[4Ar/ (1 + Ar)21%/3% (/W (12)

Thus the form contains a dependence on the range
reduced by the cube root of the charge weight and a specific

22
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'y function of the aspect ratio. That function indicates that
for a given charge weight, at a given range, an aspect ratio
ot
&} of{ _ gives the maximum velocity. However, the acceleration
A
& j and displacement requirements must be considered when select-
I .
g# ing a specific DIHEST design. The next step then was to see
A 4
’ if a natural dependence on the charge weight was evident in
E the fits for acceleration and displacement.
Q.~
B
f‘ If the coefficient value 1.8 in equation 5 were con-
" strained to be 2.0, then equation 5 for the accelerations
iﬁl could be cast in a form similar to equation 12 as:
i U
el -
o a*a = 1590[4Ar/(1 + Ar)2]*(R/W1/3) 3 (13)
b
i
'.i This form shows a definite dependence upon the charge weight
ﬁ:; and array aspect ratio. Even the general form of the equa-
:: tion is in agreement with that of equation 12. However,
N when the displacement equation is subjected to similar treat-
) ment, the dependence is apparent, but the form is somewhat
)
AN different. If the coefficient 1.8 in equation 7 for th- dis-
i? placement were replaced by 2.0, the equation could be rear-
WY ranged as:
J
B L
0 -
" a/e = 0.2+ /w3 2x (r/wt/3) 72 (14)
8
5@ Here the effective length term is also reduced by the cube-

root of the charge weight. For the velocity and acceleration
relationships this term was of the form (LNz*o'/w1/3)n
reduced to a non-dimensional function of aspect ratio. The
lack of consistency for scaling the displacement relationship
when compared with the other kinematic parameters suggested

that the use of a reduced length may not be general enocugh

-
.
-

Sl -

- e
o

, and

S
s
=

DA

to adequately describe the data.
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SECTION 3
CONSISTENT SCALING

Once the simple cube-root of charge correlation was
identified, Jim Drake extended the idea to better describe
the physical situation of finite arrays. This section pre-
sents a brief summary of Drake's approach.5 He developed a
set of predictive expressions which are dimensionally con-
sistent and describe peak motions along the array centerline
in terms of regions whose attenuation is characterized as
planar, cylindrical, or spherical.

Planar attenuation occurs in the region nearest the
charge array where the array sides do not influence the peak
motion parameters. The term cylindrical attenuation is used
to characterize the region where the shortest array dimen-
sion (normally the height for most DIHEST arrays) influences
attenuation after the fashion of a line charge of explosive.
Spherical attenuation characterizes the region farthest away
from the charge where all sides of the array influence atten-
uation, approaching the behavior of a point charge.

To derive his predictive expressions, Drake required
that they be continuous at region boundaries, reduce to the
canonical scaling form for each region, and be symmetric with
respect to array height and length. The canonical scaling
form for any region may be generally written for the motion

parameters as:

ad, = Ai(a/cbi)““‘i
- -n,

v = Vi(R/®j) i {15)
d/® = Di(R/cbi)_ni
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where ¢>i is the appropriate array parameter for the ith

region; Ai' Vi and Di are regional coefficients cf the fit;
and m;, By and p; are the regional attenuation coefficients.

The array parameters for each region are:

Region o
planar o
cylindrical Yl/z
. 1/3
spherical W

The parameters are simply related through the expressions:

Y = o«oHR
(16)

W =ao HL =Y L

The forms chosen for the expressions in the three regions

were:
a (@ /R)]:' . R < fH
aso= a ( a/R)f (fH/R)J_ ' fH < R < fL
a o /R)Y (fH/R)J (fL/R)’ fL < R
vo( a/R)k R < fH
v = vo( a/R)k (fH/R)l fH< R < fL
v e /R)% (er/r)l (fL/R)1 fL < R
d, ! o /R)™ R < fH
d/o = do(a/R)m (£H/R) ™ fH < R < fL
d (@ /R)™ (£E/R)® (£L/R)V fL < R

Here £ is some fraction of the array height or length where
that boundary begins to affect centerline motion. Thus, the
planar region extends to a range of fH, and the cylindrical
region ends at a range of fI, for an array whose lenath is
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greater than its height. For the expressions to reduce to
the cancnical form of equation 15, Drake found that the
exponents had to conform to the following relationships:

Based upon examination of the available data, Drake chose

the value of f to be 0.5, noting that the fits were not -
strongly dependent upon the choice of f since the transition
between regions was not a sharp one. Drake performed least
squares fits to the data available in each region, and recom-
mends the following expressions for predicting peak motions
along the centerline of a DIHEST:

15,835( o /R) /3
15,835 ( o /R)>/3
15,835 ( o /R)>/3

2/3
2/3

(H/2R)

(H/2R) 2/3

(L/2R)
2/3
2/3
2/3

123( « /R)
123( o /R)
123( a /R)

2/3
2/3

(H/2R)
(H/2R) (L/2R) 273

0.611 R < H/2
06.611 (H/2R) H/2 < R < L/2
0.611 (H/2R) (L/2R) L/2 < R

The fits are compared with the data in Figures 13 through 18
for the cylindrical and spherical regions., Only a few data
points were available in the planar region, and general com-
parisons with the £it are not shown. The agreement is gener-
ally good, with reascnable scatter considering the wide range
of conditions under which the data were taken. During the
Yuma series a vertical, cylindrical charge was detonated, and
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DIHEST VELOCITY DATA

DIP SERIES

( o

ACID

*

f
|
!
}
{
1
i
! DEP SERIES
t
|
|
]
]

* 123(%02/3(¥%%£)4/3 MSQ-F

. |
v \/ ;
1

o SQ1B

d’
!
'
I
i
t

WES SERIES

)

CYLINDER
log[R/gamma*1/2]

Figure 13. Cylindrical velocity attenuation.
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DIHEST VELOCITY DATA

log[Vv] DIP SERIES
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Figure 16. Spherical velocity attenuation,
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Figure 17. Spherical acceleration attenuation.
31
R oeReh dao St ;:: LI : e
o - T ,\'—'.,' " RS%A S - . V-.".»‘ IR _'.
O s o '.-Z‘. h.m;.-‘.'.-".':‘:: A *.»L.\Z“l.‘t _," '*-“




-4

- ¥
-
- S

e S -
A L S

‘-
=

\ R oS
¢ (A l‘ 6‘; '\‘.r\"\a‘-‘ﬁ "\." O Y "‘-"h

- A

b ara o pre— Lk it sai 2k el pad et B heh rak Palh ngn A s it Mt e - M Wb A S -t il B A ah =l P

DIHEST DISPLACEMENT DATA

log{d/w*1/3] DIP SERIES

ACID

DEP SERIES

.

MSQ SERIES

SIMQUAKE

o

WES SERIES

L

} AFWL/DDT 1

CYLINDER
log[R/W*1/3]

Figure 18. Spherical displacement attenuation.

e AN ANt NN T
\"‘ K ".--\ _.«..-‘v-\',x,._.‘x'_\.‘
“‘
\

a

P, ._\,\

LA AR




those results are also shown in the figures. The cylindrical
test's acceleration and velocity are described well by Drake's
equations, but the displacements fall below the predictions.
It is worth noting that the displacement data exhibit greater
scatter than that for velocity and acceleration. This is not
surprising since obtaining the peak displacement requires
reliable measurement over the entire outward velocity phase,
and uncertainty in reliable gauge and recording system per-
formance is certainly greater.

The strength of Drake's approach is that for a given
site, once a reliable set of data are available for a given
array and in any spatial region, expressions may be directly
written for predicting motions in any region. Thus, one may
obtain high quality data from a single charge hole experi-
ment, and in theory be able to derive the predictive expres-
sions necessary to design any array for a given set of peak
motions along the charge centerline in a location for which

prior data do not exist.
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SECTION 4
CONCLUSIONS

The available DIHEST data have been thoroughly
reviewed, and greater understanding acquired about planar
DIHEST array performance. Two effective predictive formula-
tions have been developed which provide adequate accuracy
for most design applications. The use of an effective
length is a relatively simple fit which describes the data
adequately for many purposes. Drake's approach is particu-
larly appealing since it was structured for physical reason-
ableness. These demands enable one to predict peak motions
at any distance along the centerline of a planar array from
fits to data taken on a fairly simple calibration test.

While efforts to understand planar DIHEST arrays
were fruitful, the likely direct induced simulator designs
for the ISST program will involve arrays whose performance
will be modified by extremely strong loads from a surface
airblast simulator. The effects of pre-compaction of the
soil and its effective yield strength under compressive
loading must be understoocd, and predictive approaches devel-
oped before reliable design methods provided. Understanding
DIHEST performance in combination with surface airblast
simulators is a major element of the FY85 DNA simulaticn

development program.
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APPENDIX A

BASIC DIHEST PARAMETERS AND KINEMATIC DATA

This appendix presents the data used tc generate the predic-
tive relationships for the peak values of kinematic variables

Aol A SRR B

associated with horizontal motions along the centerline of a
DIHEST array. The data were grouped into five test series
groups, according to the chronological sequence in which they
were executed. The first group of data are from the DIHEST
Enhancement Program (DEP) performed at the Civil Engineering
Research Center for the Air Force Weapons Laboratory at the
McCormick Ranch test site south of Albuquerque, New Mexico.

The second series was called the DIHEST Improvement Program
(DIP) which was also performed at McCormick Ranch. A later
test named ACID was also fired at McCormick Ranch for AFWL,
and is included with the DIP data. The third test series
group was performed by the New Mexico Engineering Research
Institute (NMERI) as part of an earthquake simulation pro-
gram at the McCormick Ranch test site, and was designated
SIMQUAKE. A series of tests is underway at the Yuma test
site under the auspices of the joint DNA/BMO small missile
program, This series is being conducted by the U.S. Army
Waterways Experiment Station (WES), and the series is desig-
nated here as the WES series. The final series whose data
are included are the DIHEST development tests (DDT) being
conducted by NMERI for AFWL at the McCormick Ranch under the
joint DNA/BMO small missile program.
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25.5 g 1.3 .04
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DIP DATA
Shot 1(ft) h(ft) b(ft) d(in) s(ft)alpha(#/sf)
DIP IIA 208 35 30 12 7.127 15. 16
DIP IIIA 107.5 a3 20 5 7.167 2.57
decoupled
hole
DIP VA 1136 204 60 6.3 71 .48
ACID 90 30 10 15 6.492 g.45
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i 25 2.3 .075
30 10.3  1.44 031 3
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1(ft)
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h(ft)
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b(ft)

25

25

25

25

d(in)

18

12

16
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s(ft)alpha(#/sf)
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12.5 3.35
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WES DATA
Shot 1(ft) h(ft) b(ft) d{in) s(ft)alpha(#/sf)
WES-1 20 20 10 6 1.67 11.50
WES-4 20 20 10 12 1.67 40. 40
WES-5 30 10 S 4 1 8.27
WES-6 90 30 15 12 6 10.63
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] AFWL DDT DATA

Shot 1(ft) h(ft) b(ft) d(in) s(ft)alpha(#/sf) R(ft) a(g) V(fps) d(ft)

) DOT-1 19 12 6 8 1.72 8. 08 1 00 53

: 15 320 43
] 17 230 28
! 19 163 29
25 78 18
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APPENDIX B

DIHEST EFFECTIVE ARRAY LENGTH DATA CORRELATION

This appendix presents the data correlation which
provided relationships which use effective array length to
predict horizontal motions along the centerline of a DIHEST
array. The analysis results are on spreadsheets in order of
test series, as in Appendix A, The effective length, LN, as
defined in equation 4, was postulated to account for array
size and shape influence on the decay of peak values of
velocity, acceleration and displacement with range. This
approcach was chosen to do a better job of collapsing the
existing data than was achieved just by using the areal
charge density, o« , as a range normalizing factor. It should
be noted that the areal charge density can be thought of as
representing the effective array thickness for a given energy
density explosive, and is suitable as a length scale factor
if all areal charge values can be expressed in terms of some
equivalent explosive; in this case, TNT.

The approach chosen to describe the influence of the
effective length on the kinematic variables was essentially
an extension of Higgins' process to account for the effects
of the array dimensions. Higgins' fits (equations 1 through
3) had near integer exponents on the range dependency terms.
Examination showed that assuming integer exponents did not
significantly degrade the correlation, so the following
forms were used:

a* o = A*(LN/o )P3(R/ o) 3 (B-1)
V = V*(LN/ o )PV (R/ o0 ) "2 (B-2)
d/ e« = D*(LN/ o )PY(R/ 4 )72 (B-3)
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. where A, V, D, pa, pv and pd were constants toc be determined.
v While Higgins differentiated his fits between regions close
5 to and far from the array, the data in Appendix A are almost
?$ exclusively in the far region., Thus, the fits presented
{
¥ here apply to ranges beyond the planar attenuation region.
! To determine the coefficients in equations B-1l
L0
X _ . . .
, >
iy through B-3, the average value of the kinematic variables
? reduced by the spatial attenuation term (R/e)  were derived
W from the data for each test. Linear logarithmic least
> squares fits were obtained for reduced kinematic variables
- as a function of the term (LN/a) to obtain the coefficients.
a The three spreadsheets at the end of this appendix contain
o) the fits. For reasons discussed in the body of this report,
g the data from certain of the prior tests were not used.
;{ Further, since the difference in the response of soil at the
: Yuma site and that of McCormick Ranch to DIHEST locads has
not been evaluated, these fits exclude the Yuma data. The
el expressions obtained were:
g a*a = 3021% (LN/e) 1° 78 (R/0) 3 (B-4)
v = 53*(N/a) 138 (R/0) 72 (B-5)
i d/a = 0.45%(LN/a) 178 (R/0) 72 (B-6)
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DEP DATA

Shot  1(ft) h(ft) alpha LN a%alpha V d/alpha R/alpha LN/alpha

Shot 1 12 4 1.25 6.00 5000.000 52.000 1.600 4.80
127.500 4.400 . 060 3.200
55.000 6.500 . 160 9. 600

Shot 3 20 6.7 1.25 10.04 575.000 17.500 . 264 4. 400 8.03
238.750 18.700 .360 7.600
33.750 6.700 .144 10.800
21.250 5.400 . 128 14.000
22.500 4.200 . )88 17.200

11.250 1.300 .032 20.400 |

Shot 9 40 13.3 4.88 19.96 5031.280 67.000 .516 2.254 4.08
1044.320 24.200 .205 3.883
195.200 12.800 J131 S.533
7.200 . 068 7.171

Shot 13 40 13.3 1.22 19. 96 183.000 14.500 g9.016 16.36
179.340 20.800 .820 Q.016
30.040 7.600 . 967 15.574
35.380 6.400 .825 15.574

25.620 4.600 1.344 22131
21.960 4.200 2.197 2B.689
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DEP DATA
Shot (R/al)”-2 V/(Rsal)"-2 d/a/(r/al)"-2 (Rzal)"-3 a*al/(R/al)"-3

Shot 1 3.906E-1 1.331E+2* »  2.441E-1 2.048E+4
9. 766€E-2 4.506E+1» .B1* 3.052E-2 4. 178€+3
1.085E-2 5.990E+2 14.75 1.130E-3 4 BG6GE+4
S.990E+2av 14, 75av 2. 444E +4av
Shot 3  5.165E-2 3.388E+2* S5.11%  1.174E-2 4, 898E+4
1.731E-2 1. 080E+3 20.79 2.278E-3 1. D48E+5
8.573E-3 7.815E+2 16. 80 7.938E-4 4. 252E+4
5.102E-3 1. 058E+3 25.09 3.644E-4 5.831E+4
3. 380E-3 1.243E+3 26.03 1.965E-4 1. 145E+5
2.403E-3 S.410E+2* 13.32*% 1.178E-4 g.551E+4
1.041E+3av 20.41av 7.744E+4av
Shot 9  1.968E-1 3.404E+2 2.62 8.731E-2 5. 762E+4
6. 597E-2 3.668E+2 31 1. 694E-2 6. 164E+4
3.267E-2 3.918E+2 4.01 5.904E-3 3.306E+4
1. G45E-2 3. 702E+2 3.51 2.712E-3
3.673E+2av 3.31av 5. 077E+4av
Shot 13  1.230E-2 1.179E+3
1.230E-2 1.691E+3 66.64* 1.364E-3 1.315E+5
4 123E-3 1.843E+3 234.59 2.647E-4 1. 475E+5
4. 123E-3 1.552E+3 127. 24 2.647E-4 1.336E+5
2.042E-3 2.253E+3 658. 40 9. 225E-5 2. 777TE+S "
1.215E-3 3.457E+3 1807.97* 4.235E-5 5. 185E+5 4
1. 996E+3av 340. 08av 2. 418E+5av j?
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DIP DATA

Shot 1(ft) h(ft) alpha LN a*alpha vV d/alpha R/alpha LN/alpha
DIP IIA 208 35 15.16 59.92 2502.198 56.000 .330 2.638 3.95
57.000 .231 2.638
60. 000 .231 2.638
818.901 33.000 .330 3.957
31.000 . 165 3.957
189.560 17.000 . 132 5.935
37.912 6.200 . 073 8. 902
19.714 6.000 . 066 8.902
2.900 .033 13. 188
DIP IIIA 107.5 32 2.57 50.50 31.500 6.420 19.65
16. 000 6. 420
18. 000 g.728
12.800 .233 15.175
7.400 .163 22.568
3.800 .058 23.735
5.500 .128 35.798
DIP VA 1136 204 .48 345.89 6.240 4.100 .121 125.000 720.60
7.680 4.800 .208 187.500
1.680 2.200 .129 281.250
1.686 2.050 . 140 416.867
2.016 2.800 .148 625.000
1.872 2.500 .119 750. 000
. 432 .600 .058 1062. 500
. 144 .310 . 040 1604. 167
ACID a0 30 9.45 45.00 26. 200 4. 233 4.76
1228.500 34.400 . 589 4.233
26.9200 5.079
850.500 26.200 . 259 5.079
14.800 .139 6. 106
283.500 17.100 6. 106
11.500 .14 6.974
12. 400 . 130 6.974
8.900 . 009 8.254
85.050 7.500 .079 8.254
5.900 . 062 g.714
37.800 5.700 . 056 g.714
"
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DIP DATA

Shot
DIP IIA

DIP IIIA

DIP VA

ACID

ni ot A it G- Rl ghe i sd Bl iials St o ¢ et it gl abir ot -V g et A il gmi pHECRAALE- S fcd

(R7al)"-2 V/(R/al)"-2

Y P G U N Nt 2 NDD = =

WO =N

— = =N rRMNDNNLLLO;

. 437E-1
.437€-1
. 437E-1
. 388E-2
. 388E-2
. 839E-2
. 262E-2
. 262E-2
. 749E-3

. 426E-2
.426E-2
. 057€E-2
. 342E-3
.963E-3
. T75€-3
. 804E-4

.400E-5
.B44E-5
. 264E-5
. T60E-6
. S60E-6
. T78E-6
. 85BE-7
. B86E-7

.881E-2
.581E-2
.876E-2
.876E-2
.682E-2
.682E-2
. 056E-2
. 056E-2
. 468E-2
. 468E-2
. 060E-2
. 060E-2

WNNOWON O PP, OLOWO

O ~NOD a4 as (W= au O

UM

. BOGE+2
. 966E+2
. 174E+2
. 166E +2
.853E+2
.98BE+2
.913E+2
. 785E+2
. D44E +2
. 751E+2av

. 298E+3%
. SQSE +2%
. T03E+3%
. 948E+3

. T169E+3

. 141E+3

. 048E+3

. 976E+3av

. 406E +4»
. GBBE+5*
. TAQE+5»
. S5QE +5%
. 094E+6
. 406E+6
.TT3E+S
.Q77E+5
.Q38E+5av

.694E+2
. 163E+2
.Q40E+2
. T60E+2
.S18E+2
.375E+2
.5Q2E+2
.030E+2
. 063E+2
. 110E+2
. S68E+2
. 379E+2
. B4SE+2av

d/a/(rs/al)"-2

(R/al)"-3 a%al/(R/al)"-3
4.

2.29 S. 44GE-2
1.61 S. 440E-2
1.61 5. 44QE-2
5.16 1.615€-2
2.58 1.615E-2
4.65 4. 784E-3
5.75 1.417E-3
5.23 1.417E-3
5.73 4 350E-4
3. 84av
3.779E-3
3.770E-3
1. 086E-3
53.76 2.B862E-4
83.23 8. 700E-S
32.88 7.478E-5
164. 55 2. 180E-5
83.61av
.B888E+3* 5.120E-7
.324E+3%  1.517E-7
.022E+4» 4 4Q5E-8B
.423E+4« 1,382E-8
. T78E+4 4. 096E-9
.6B0OE+4 2.370E-9
.585E+4  8.337E-10
.019E+5  2.422E-10
.307E+4av
1.319E-2
10. 56 1.319E-2
7.631E-3
6.69 7.631E-3
S.17 4, 393E-3
4, 393E-3
5.56 2.94QE-3
6.74 2.949E-3
.64* 1.778E-3
5. 41 1.778E-3
5.89 1. 091E-3
5.29 1.091E-3
6.41av
50
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.Q72E+4

.962E+4
.B75E+4
.391E+4

. S3BE+4av

.219E+7*
.062E+7»
. T3BE+7»
.215E+8*=
.922E+8
.898E+8
. 182E+8
.944E+8
. U86E+8av

.317E+4

. 115E+5

.453E+4

. 7183E+4

. 465E+4
. 033E+4av
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SQ DATA

Shot 1(ft) h(ft)
MSQ-F 40 15 .52

alpha LN
21.82

a*alpha
259. 067

73.575
30. 052
9.637
8.394
5.337

2. 501

MSQ-B 40 15 77 21.82

9.300
8.525
5.192
4,030
2.712

1.837

V d/alpha Rsalpha LN/alpha

15.750
17.720
8.200
9.840
4.590
3.970
2.660
.890
2.070
2.300
1.440
1.970
.980
2.300

5.910
4.200
4.590
. 560
. 900
.800
. 560
. 540
.640
.030
.310
.890
1.250

—_— o N

—t meh b

.569
.317
.303
.253
21
.08
. 025
. 089
. 145
. 060
. 058
.044
. 058

. 254
.199
.203
.126
.089
. 106
. 023
. 102
.076
. 062
.059
. 050
. 066

9.650
g.650
19.300
19. 300
28.950
28.950
38. 600
38.600
48.250
48.250
57.900
57.900
77.200
77.200

25.808
32.259
32.259
38.711
38.711
45.163
45. 163
51.615
51.615
58. 067
58. 067
70.971
70.971

41.96

28.34
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SQ DATA
Shot (Rsal)"-2 V/(Rs/al)"-2 d/as(r/al) -2 (R/al)"-3 a»al/(R/al)"-3
MSQ-F  1.074E-2 1. 467E+3%» 1. 113E-3 2.328E+5*
S 1.074E-2 1.650E+3% 53.02% 1.113E-3 -
3 2.685E-3 3.054E+3 117.90 1.391E-4 5. 289E+S
2.685E-3 3.665E+3 112.87 1.321E-4
1. 1Q3E-3 3.847E+3 211.90 4 121E-5 7.202E+5
1. 193E-3 3.327E+3 106. 76 4 121E-5
6.712E-4 3.963E+3 161.04 1. 730E-5 5.543E+S
6.712E-4 1. 326E+3= 37.38% 1.73GE-S *
4 2Q5E-4 4. 819E+3 206.69 8. 902E-6 Q. 42QE+5
4. 295E-4 5. 355E+3 336.99 8. 902E-6
2.983E-4 4.827€E+3 200. 58 5. 152E-6 1.036E+6
2.983E-4 6.604E+3 194. 11 5. 152E-6
1.678E-4 5.841E+3 264. 56 2.173E-6 1. 1Q2E+6
1.678E-4 1.371E+4% 345,08 2.173E-6 -
4.530E+3av 205. 31av 7. 451E+5av
MSQ-B  1.501E-3 3.936E+3 169. 31 5.818E-5
g.609E-4 4. 371E+3 206.80 2.979E-5 3. 122E+5
9. 609E-4 4. 7T77E+3 210.83 2.978E-5
6.673E-4 3.836E+3 189. 50 1.724E-5 4 Q4SE+5
6.673E-4 2.847E+3 133. 43 1. 724E-5
4. 903E-4 3.671E+3 215.82 1. 0B6E-S 4, 783E+5
4 Q03E-4 1. 142E+3» 47.38* 1.086E-5 »
3.754E-4 4. 103E+3 271.58 7.272E-6 S.541E+5
3. 754E-4 4.369E+3 202.83 71.272E-6
2. 966E-4 3.473E+3 208.84 5. 108E-6 S5.311E+5
2.966E-4 4.417E+3 200.14 5.108E-6
1.0985E-4 4.483E+3 253. 48 2.797E-6 6.926E+5
1.985E-4 6.296E+3» 331.47* 2.797E-6 hod
4. 026E+3av 205. 6Qav 5. 105E+5av
l
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SQ DATA

Shot 1{(ft) h(ft) alpha LN  a*alpha V d/alpha R/alpha LN/alpha
SQ1A 200 75 S.02 109.09 18.589 3.150 .077 29.857 21.73
6.883 1.800 .048 39.809
8. 596 . 890 .025 49.761
2.914 .850 .023 50.713
1. 356 .390 .011  79.618
SQ18 200 75 3.07 109.09 89.088 13.450 16. 276 35.53
53.146 5.020 .164  32.552
19.968 1.570 .058 48.828
10.906 1.280 .051 65.104
2.150 . 590 .023 97.656
SQIIB 200 75 5.02 109.09 10.048 1.870 .052 39.809 21.73
6.531 1.250 .039 49.761
3.768 1.050 .031 59.713
1.407 .660 .017 69.666
1.608 . 720 .019 79.618
SQIIF 200 75 3.35 109.09 87.100 5.910 .176  29.851 32.56
50.920 3.250 .108 44.776
16.918 2.000 .064 5Q.701
4,600 .920 .032 74.627
3.249 1.050 .038 89.552
53
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SQ DATA

s Shot (R/al)"-2 V/(R/al)"-2 d/a/(r/al)"-2 (R/al)"-3 a»al/(R/al)"-3
54 SQ1A  1.122E-3  2.B80BE+3 68.67  3.757E-5 4.Q47E+5
4 6.310E-4  2.853E+3 76.65  1.585E-5 4.342E+5
L 4.038E-4  2.204E+3 61.61  8.116E-6 1. 182E+6 {
o 2.805E-4  3.387E+3 83.75  4.6Q7E-6 6. 204E+5

_ 1.578E-4  2.472E+3 70.66  1.981E-6 6. B46E+5
-ﬁa 2.745E+3av 72.27av 6. B33E+Sav
B
ﬁk. SQ1IB  3.775E-3  3.563E+3 0.0 2.319E-4 3.841E+5
e 0.437E-4  5.310E+3 174.19  2.89QE-5 1.833E+6
rt 4.194E-4 3. 743E+3 139.70  8.590E-6 2. 325E+6
o 2.350E-4  5.425E+3 216.62  3.624E-6 3. 009E+6

2 1.040E-4  5.627E+3 223.52  1.074E-6 2.003E+6
‘z% 4.736E+3av 150.81av 1.911E+6av
v‘x"
b+ SQIIB  6.310E-4  2.963E+3 82.64  1.585E-5 6.330E+5
< 4.036E-4  3.005E+3 97.10  8.116E-6 8. 048E +5
e 2.805E-4  3.744E+3 100.30  4.6Q7E-6 8. 023E+5
o 2.060E-4  3.203E+3 82.11  2.958E-6 4.7S6E+S
fy 1.578E-4  4.564E+3 119.87  1.981E-6 8. 114E+5
- 3.514E+3ay 8. 20av 7.0S6E+5av
)
fn

SQIIF  1.122E-3  S.266E+3 157.20  3.760E-5 2.317E+6

N 4.988E-4  6.516E+3 216.05  1.114E-5 4.571E+6
31 2.806E-4  7.120E+3 226.62  4.B9QE-6 3. 600E +6
' 1.796E-4 5. 124E+3 170.54  2.406E-6 1.940E +6
R 1.247E-4  8.421E+3 306.42  1.392E-6 2. 334E+6
b0 6.491E+3av 217.17av 2.954E+6av
N
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WES DATA

Shot 1(ft) h(ft) alpha LN a%alpha Vv d/alpha Rsalpha LN/alpha
WES-1 20 20 11.5 20.00 9308.100 144.500 .304 1.739 1.74
1276.500 15.500 . 050 2.174
8.900 .027 2.609
517.500 10.900 . 037 2.609
3.400 .010 3.739
136.000 S5.030 .017 3.739
1. 500 . 006 5.217
51.750 2.450 .009 5.217
.300 . 001 8. 696
10.580 .710 . 003 8. 686
weS-4 20 20 40.4 20.00 5006.480 26.700 .035 . 866 .50
1671.348 12.700 .017 1. 114
B68.196 9.410 .01 1.485
430.664 3.960 . 005 1.980
2.730 . 003 1.980
151.904 2.500 . 003 2.475
1.800 .002 2.475
79.184 1.370 .002 3.218
.770 . 001 3.218
WES-S 30 10 8.27 15.00 12156.800 48.900 1.209 1.8
32.100 1.814
1778.050 32.800 2.418
545.820 17.200 . 060 3.628
70.295 4.100 .09 6. 046
WES-6 a0 30 10.63 45.00 13128.050 67.900 1.411 4.23
10491.810 53.500 1.411
4889.800 57.400 1.976
2126.000 45.900 2.822
664.375 30.300 . 179 4.233
192.403 13.900 . 115 5.644
14.244 1.860 .014  14.1M
£
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WES

Shot (R/al)"-2 V/(R/al)"-2 drsa/(r/al)"-2 (R/al)"-3 a*al/(R/al)™-3

WES-1 3. 306E-1 4 3T1E+2» .92 1.901E-1 4. B96E +4+
2. 116E-1 7.325E+1 .24 9. 734E-2 1.311E+4
1. 469E-1 6. 0STE+1 .18 5.633E-2
1.469E-1 7.418E+1 .25 S5.633E-2 9. 187E+3
7.153E-2 4. 7S4E+1 .18 1.913E-2
7.153E-2 7. 032E+1 .24 1.913E-2 7.214E+3
3.674E-2 4. 083E+1 .16 7.041E-3
3.674E-2 6. 669E +1 .24 7.041E-3 7.350E+3
1.323E-2 2. 268E+1 .09 1.521E-3
1.323e-2 5. 36GE+1 .24 1.521E-3 6.957€+3
S.664E+1av 1.972E-1av 1. S46E +4av
WES-4 1.332E+0 2. 004E +1 .03 1.538E+0 3.841E+3
8. 060E-1 1.576E+1 .02 7.236E-1 2.310E+3
4 S534E-1 2. 076E+1 .03 3. 053E-1 2.844€+3
2.550E-1 1. 553E+1 .02 1. 288E-1 3. 344E+3
2. 550E-1 1. 070E+1 .01 1.288E-1
1.632E-1 1.532E+1 .02 6.594E-2 2.304E+3
1.632E-1 1. 103E+1 .02 6. 594E-2
9.658E-2 1. 419E+1 .02 3.001E-2 2.63BE+3
9.658E-2 7.973E+0 .01 3.001E-2
1.459E+1av 1. 798E-2av 2. 880E+3av
WES-5 6.830E-1 7. 150E+1 5.656E-1 2. 149E+4
3. 040E-1 1. OS6E +2 1. 676E-1
1. 710E-1 1.918E+2 7.070E-2 2.515€E+4
7.599E-2 2.263E+2 .80 2. 095€-2 2.606E+4
2.736E-2 1. 499E+2 .11 4 S25E-3 1.554E +4
1. 490E+2av 7.514E-1av 2. 206E+4av
WES-6  5.022E-1 1. 352E+2 3.559E-1 3.689E+4
S.022E-1 1. 06SE+2 3. 859E-1 2.948E+4
2. 562€-1 2. 240E+2 1.297E-1 3.770E+4
1. 256E-1 3.656E+2 4. 44QE-2 4 77QE+4
S.580E-2 S.430E+2 3.20 1.318E-2 5. 040E+4
3.136E-2 4. 426E+2 3.66 5.561E-3 3. 460E +4
5.022€-3 3.003E+2 2.81 3.550E-4 4. 002c+4
3. 154E+2av 3. 223E+0av 3.955E+4av
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)
2% wES DATA

. Shot 1(ft) h(ft) alpha LN a»alpha V d/alpha R/alpha LN/alpha
¥ CYLINDER .59 24 57.45  1.15387270.450 81.800 _010 . 087 02
ke computed 485165.250 76.400 013 . 087
iR from equivalent 84623.850 32.700 . 006 .139
K side of a 67159.050 31.600  .007  .139
b rectangular hole 23583.225 22.600  .005  .174
1 9364.350 16.400 . 004 .209
. 13.750 .004 .209
el 5113.050 12.830 .003 . 261
A 5917.350 16. 400 . 004 261
. 37.800 .009 261
o 17.100 .004 261
. 2533.545  Q.020 . 002 .348
s 4.560 .001 .348
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"0.‘
T Shot (R/al)"-2 V/(R/al)"-2 dsa/(rs/al)"-2 (R/al)"-3 a%al/(R/al)"-3
ot CYLINDER  1.320E+2 6. 196E-1 7.2526-5  1.517E+3 2.553E+2
3,) 1.320E+2  5.787E-1 Q.880E-5  1.517E+3 3. 198E+2
T 5.157E+1  6.341E-1 1.181E-4  3.703E+2 2.285E+2
e 5.157E+1  6.128E-1 1.316E-4  3.703E+2 1.813E+2
) 3.301E+1  6.847E-1 1.582€-4  1.896E+2 1.244E+2
: 2.202E+1  7.155E-1 1.595E-4  1.097E+2 8. 534E+1
aqg 2.2026+1  5.999E-1 1.595E-4  1.097E+2
it 1.467E+1 8. 746E-1 2.136E-4  5.618E+1 9. 101E+1
" 1.467E+1  1.118E+0 2.611E-4  5.618E+1 1. 0S3E+2
o 1.467E+1  2.577E+0 6.170E-4  5.618E+1
it 1.467E+1  1.166E+0 2.492E-4  S.61BE+1
8.251E+0  1.003E+0 2.848E-4  2.370E+1 1. 0B9E+2
8.251E+0  5.526E-1 1.266E-4  2.370E+1
VY 9. 097E-1av 2. 039E-4av 1. 664E+2av
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t
K-} AFWL DDT DATA :
N
ki Shot 1(ft) h(ft) alpha LN a%alpha V d/alpha R/alpha LN/alpha
DDT-1 19 12 8. 09 14.71 7285.263 53.000 1.359 1.82

b 2500.316 43.000 1.853
‘§' 1861.789 28.000 2.100

(e 1319. 442 29.000 2.347
; 631.368 18.000 3.088
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\-‘ AFW. DDT
o
: Shot (Rs/al)"-2 V/(Rsal)"-2 dsa/(r/al)"-2 (Rsal)"-3 a*al/(R/al)"-3
Y DDT-1 S.415E-1 9. 787E+1 3.985E-1 1.828E+4
))_. 2.912E-1 1.477E+2 1.572E-1 1.648E+4
1'; 2.267€E-1 1.235E+2 1. 0BOE-1 1.725E+4
b 1.815E-1 1.598E+2 7.733E-2 1. 706E+4
ok 1. 048E-1 1. 7T17E+2 3.3095E-2 1.860E+4
o 1.401E+2av 1. 753E+4av '
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LSQRS(V)

TEST

DEP 1

DEP 3

DEP 9

DEP 13 =
OIP IIA
DIP IIIA®
OIP VA
ACID

)
w
4
H»
s 5 5 &

#» jndicates
value not
used in fit

V/(8/R)2
5.990E+2
1.041E+3
3.670E+2
1.996E+3
4. 7S1E+2
3.976E+3
Q.Q38E+5
5.849E+2
4, 530E+3
4, Q26E+3
2. TASE+3
4, 736E+3
6.491E+3
3.514E+3
S. 664E+1
1. 459E+1
1. 400E+2

. 3.154E+42

1.401E+2

T P T I N i o e R TP T

Xi

1n{LN/8}
1.57
2.08
1.4
2.80

—r
w
pay

L WL WW =N
NPpPONQWNLWYM
NEBLNBLIEES

slope =

intercept =

e"int

Yi
1n{v/(8/R)2}
6. 40
6.95
5.91
7.60
6.16
8.29
13. 81
6.37
8. 42

N
0w
NS

AU PDDD;
O~NODPDO —
SHNOoOODHO d)é;

—
(78]
[s4]

3.98

53. 42

61

IXi
1.87
3.85
5.06
5.06
6.43
6.43
13.01
14.57
18. 31
21.66
24.73
28.30
31.38
34.87
34.87
34.87
34.87
34.87

ZYl Z(Kl) Ve

6. 40
13.34
19.25
19.25
25. 41
25. 41
39.22
45.58
54,01
62. 31
70.23
78.69
87.47
95.63
95.63
95.63
95.63
95.63

35.47 100.58

6.
8.
8.
10.
10.
53.
56.
70.
81.
91.
103.
113.
125.
125.
125.
125.
125.
125.

2.46
80
78
78
67
67
97
40
37
55
03
78
25
39
39
39
39
39
75

IXi=Yi

10.
24.

0

03
51

32.82

32.

41.

41,
132.
142.
173.
201.
228.
285.
282.
311.
311.
311
311
311,
314.

82
29
29
16
10
56
31
69
91
a3
37
37
3
37
37
33

T
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LSQRS(a=al)

TEST

DEP 1

OEP 3

OEP 9

DEP 13 =
DIP IIA
DIP VA
ACID
MSQ-F
MSQ-B
SQIA
SQIB
SQIIF
SQIIB
WES-1
WES-4
WES-S
WES-6
0DT-1

¥ ¥ & 3

= jndicates
value not
used in fit

i et el adhiR o L T h LA ol A= U At e I it Rt

LN/alpha a®*d/(d/R)3

4.8

.444E +4
. 744E+4
.077E+4
.418E+5
.S38E+4
.986E+8
033E+4
.451E+5
. 10SE+5
.B33E+5
.911E+6
. 056E+5
. 954E+6
. D46E+4
.BBOE+3
2.206E+4
3.955E+4
1. 753E+4

10
26
84
40
47
21

.16

52
14
43
46
47
90
65
97
00
59
77

76
0

89

Xi Yi
1n{LN/3} 1n{a»d/(a/R)3}
1.57 10.
2.08 11.
1.41 10.
2.80 12.
1.37 10.
6.58 20.
1.56 1
3.74 13.
3.34 13.
3.08 13.
3.57 14.
3.08 13.
3.48 14,
.85 9.
-.69 7.
.59 10.
1.44 10.
.60 Q.
slope = 1.
intercept = 8.
e’int = 3020.
62

57

P w
5886

13.01
14,57
18. 31
21.66
24.73
28.30
31.38
34.87
34.87
34.87
34.87
34.87
35. 47

Yl $(xi)"2

10.10
21.36
32.20
32.20
42.67
62.88
74.04
87.56
100. 71
114.14
128.60
142.07
156. 97
156. 97
186. 97
156.97
156. 97
166. 74

2.
6.
8.
8.
10.
53.
56.
70.
81.
91.
103.
113.
128.
125.
125.
125.
125.
125.

46
80
78
78
67
a7
40
37
55
03
78
25
39
39
39
39
39
75

TXi*Yi

15.

38.

54.

54.

68.
201.
219.
269.
313.
355.
406.
448.
500.
500.
500.
500.
500.
506.

85
30
56
56
as
93
35
87
83
19
83
29
18
18
18
18
18
a3
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LSQRS(d/0)

Xi Yi
TEST LN/alpha d/3/(3/R)2  1n{LN/@} 1n{d/9/(3/R)2} Xi TYi I(xi)"2 IXi*¥i n
DEP 1 4.8 1.475E+1 1.57 2.60 1.57 2.69 2.46 4.22 1
DEP 3 8.03 2.041E+1 2.08 3.02 3.65 5.7 6.80 10.50 2
DEP @ 4.09 3.310E+0 1.41 1.20 5.06 6.90 8.78 12.19 3
DEP 13 = 16.39 3.401E+2 2.80 5.83 5.06 6.90 8.78 12.19 3
gIP IIA 3.95 3.840E+0 1.37 1.86 6.43 8.76 10.67 14.75 4
pIP IIIA® 19.65 8.361E+1 2.98 4.43 6.43 B8.76 10.67 14.75 4
DIP VA 720.6 7.307E+4 6.58 11.20 13.01 19.96 53.97 88.44 5
ACID 4.76 6.410E+0Q 1.56 1.86 14.57 21.82 56.40 91.34 6
MSQ-F 41.96 2.053E+2 3.74 5.32 18.31 27.15 70.37 111.23 7
MSQ-8 28.34 2.087E+2 3.34 5.33 21.66 32.47 81.55 128.04 8
SQIA 21.73  7.227E+1 3.08 4.28 24.73 36.75 91.03 142.22 S
SQIB 35.53 1.508E+2 3.57 5.02 28.30 41.77 103.78 160.13 10
SQIIF 21.73 2.172E+2 3.08 5.38 31.38 47.15 113.25 176.70 11
SQIIB 32.56 9.820E+1 3.48 4.59 34.87 51.74 125.39 192.67 12
WES-1 = 1.74 1.972E-1 .55 -1.62 34.87 S51.74 125.38 182.67 12
WES-4 * .S 1.798E-2 -.69 -4.02 34.87 51.74 125.39 192.67 12
WES-S5 » 1.81  T7.514E-1 .99 -.20 34.87 51.74 125.39 192.67 12
WES-6 * 4.23 3.223E+0 1.44 1,17 34.87 51.74 125.339 192.67 12
» indicates slope = 1.76
value not
used in fit A intercept = -.80
e’int = .45
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