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1. INTRODUCTION

The Multiple Aim Point Basing concept for the proposed MX
weapon system derives its survivability by creating more targets
than can be attacked one-on-one. The current estimates of the de-
ployment pattern for the MX system places neighboring aim points
from 1220 meters to 1830 meters apart for a "baseline" threat. For
most geologic conditions this distance corresponds to a ground
motion environment within the "transition" or "plateau" region
(Reference 1). In this region there is little or no attenuation
of ground motion with range, so that peak amplitudes of motion are
relatively insensitive to distance from the source. Preliminary
estimates of the effect of this multiburst phenomenon, assuming the

superposition principle to be valid, indicated that unattacked ele-
ments of the system may be subjected to a greater ground motion en-

vironment than that which results for a single burst at the design
miss distance (Reference 2).

Currently no generally accepted method exists for predicting
ground motions from multiple bursts. An evaluation of the superposi-
tion assumption performed by the Data Analysis Working Group (DAWG)
prior to Misers Bluff and using the very limited available data in-
dicated that superposition of the effects of a single burst is not a
satisfactory estimate of the multiburst effects. 1In general, super-
position under-estimated the period of oscillatory ground motion and

under- (however occasionally over-) estimated the peak amplitudes
(Reference 2).

The Misers Bluff test program was designed to provide an ex-
perimental data base upon which a method of predicting ground motions
from multiple bursts could be developed. The program consisted of
a series of single burst and multiburst experiments in two phases.
Phase I was a series of small-scale experiments upon which a wave-
form sgnthesis procedure for predicing HE multiburst effects in a
layered geology would be developed. Phase II will be a test of the
procedures at higher yields and for a different geology. The Phase
IT site was selected to be as representative as possible of a mina-
ture MX siting area (valley). The single burst experiments of Phase

15
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I are the subject of this interim report. Table 1 summarizes the

objectives of these experiments.

The experimental plan and site properties are discussed in
Section 2. Prediction procedures for the single burst events are
presented in Section 3. The test data and comparison with predic-
tions is contained in Section 4. Conclusions and evaluations are
discussed in Section 5.

The Phase I multiburst experiments and development of a
waveform synthesis model will be reported in a companion report.
The waveform synthesis model is a procedure for predicting the
ground shock waveforms from an arbitrary number of bursts spaced
arbitrarily in time and location.




Table 1, OBJECTIVES OF THE SINGLE BURST EXPERIMENTS

Event Objective

MBI-1 Provide single burst data for multiburst waveform
synthesis

MBI-2 Identify depth of burst phenomena differences in

oscillatory ground motion region; provide data
for scaling comparisons with Pre-Dice Throw 100
ton event; provide single burst data for multi-
burst waveform synthesis

s MBI-3 Repeat of MBI-1 to obtain data on reproducibility
o and emphasize definitions of motions in the plateau
region
MBI-5 Identify depth of burst phenomena differences in
oscillatory ground motion region
MBI-7 Provide data on scaling between 2.09 X 10_3 TJ and

5.35 X 10-4 TJ.

o 24y LN B
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2. EXPERIMENTAL PLAN
2.1 GENERAL

The test bed for Phase I of Misers Bluff was located at the
Queen 15 site on the White Sands Missile Range (WSMR), New Mexico,
approximately 1200 meters east of the Pre-Dice Throw (PDT) II test
bed (Figure 1l). The locations of the various ground zeroes are

shown in Figure 2.

The Queen 15 site was chosen for the Phase I experiments
because of the availability of both site geologic data and ground shock
data from the Pre-Dice Throw experiments and because the Pre-Dice

Throw data indicate data variation at this site is not large.

Phase I consisted of eight experiments, five of which were
single burst events. The configurations and dates of these events

are shown in Table 2.
2.2 GEOLOGY
2.2.1 General Description

The test site is characterized by 2.1 meters of brown silty
clay overlying a soft, gray clay that extends to a depth of 5 to 6
meters. Below this lies a fine-to-coarse silty sand, with gravel,
that extends to the 11 to 12 meter depth. Alternating layers of
clay, sand, and silt lie below the sand to a depth of 131 meters.
The ground water table is about 2.1 to 2.4 meters below the ground

surface (Reference 3).
2.2.2 Seismic Properties

Due to the close proximity of the Misers Bluff site to the
Pre-Dice Throw site no, seismic survey was conducted. Therefore, the

seismic properties were considered to be the same as the PDT site.

Seismic tests performed for the PDT events included crosshole,
uphole, and surface refraction. P-wave and s-wave velocity profiles

interpreted from the results of these tests are shown in Figures 3
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Figure 3. P~wave Velocity Profile Interpreted from Crosshole,
Uphole and Surface Refraction Seismic Data (from
Reference 3)
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and 4. A detailed discussion of these tests is presented in Re-

ference 3. These profiles indicate numerous seismic reversals,
however, the changes in velocity are not large. These high velocity
layers probably represent zones of increased cementation or greater
percentages of gravel {(and, therefore, higher densities). Neither
of these conditions is typically uniform in the horizontal direction,
therefore the simplified profile shown in Figure 5 was used for pre-

diction and preliminary analysis purposes.
2.2.3 Material Properties

The material properties for Misers Bluff were also assumed
to be the same as those determined for PDT. The material property
tests run for PDT were routine classification and index tests, water
content, specific gravity, density, undrained static and dynamic
uniaxial strain and isotropic compression, and static and dynamic
triaxial shear tests. The results of these tests are presented in

detail in Reference 4.

During the Misers Bluff program water content measurements
were made for the near surface soils and are presented in Figure 6.
This was done since seasonal variations in rainfall and weather
conditions may lead to changes in near surface conditions which could

be important to near surface ground motion data.

In addition, two Cylindrical In-Situ Tests (CIST 15 and 16)
were conducted at the PDT site. These data are presented in Re-
ference 5. These data were also used in developing the simplified

profile shown in Figure 5.
2.3 INSTRUMENTATION PLAN

Instrumentation layouts for the single burst events are pre-
sented in Figures 7 through 11. Instruments used in these events
were Endevco Accelerometers, Sandia DX and Bell and Howell velocity
gages, Kulite air pressure gages, and WES SE stress gages. The ca-
pabilities and limitations of these gages are discussed in Reference
6.

Y " > aendinini ik




6.10 —

12,207

18.30 —

Depth, m

24.40 —

30.50 —

4 36.60 —

Seismic Data

Geophysical Geophysical
Boring 1 Boring 2
X o
X bl
X 160 mps b
X D
X b
X O
—— e — ]
| __204ms P
X 163 mps o
| 73 e ——
X O
X 198 mps b
| a—
; i
X 238 mps O
b
X ¢
X °
, 291 mps 1
X :
x_--_"____"__—__-~_—__-o
X 262 mps .
X ——f
E 393 mps :
Legend

X Seismic Source Location

O Geophone Location

Figure 4. S-wave Velocity Profile Internreted from Crosshole
(from Reference 3)




Depth, m

0.0
Moist Clay:
Moisture Content (ws) = 20 - 30
Density (o) =1.76 gm/cm3
Compressive Wave Speed (Ci) = 336 mps
Shear Wave Speed (CS) = 153 mps
3.oopm——————— — —— — ——
Wet Clay:
(ws) = 30 -~ 45
(p ) =1.92 gm/cm3
(Ci) = 1678 mps
(CS) = 183 mps
6o — T T T T T T
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(w) = 45 - 20
(p ) = 1.92 gm/cm3
(Ci) = 2013 mps
(CS) = 209 mps

Figure 5.

Simplified Seismic Profile of Misers Bluff Phase I

Test Bed (Reference 3)
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Figure 7. Gage Layout for Event 1 - Half Buried Configuration
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Figure 9.

Gage Layout for Event 3 - Half Buried Configuration.
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Initial data reduction for this series was performed by

the U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi. They provided corrected data plots at scales of 1

in = 200 msec to 1 second with amplitude scales automatically
selected by the plot program. WES then provided corrected data
plots to the AFWL who made additional plots with expanded time and
amplitude scales. Shock spectra and Fourier spectra were also pro-
vided by WES on selected records.
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3. PREDICTION METHODS

3.1 GENERAL :

No standard procedure is available for predicting the ground
shock from high explosive detonations. The procedures which we have
used, are based on prediction procedures developed for nuclear events
of much greater yields. The "usual" procedure for the prediction of
HE events is to modify (sometimes scale) the results of a "similar"”
yield event in a "similar" geology based primarily on the judgement
of the experimenter. The major disadvantages of this scaling proce-
dure are that a great deal of judgement is required, therefore, only
experienced practitioners can make predictions, and comparison of test
data and predictions after the event cannot be generalized to assess
the status of our predictive capability. For these reasons we have
chosen to follow 'a set procedure wherever possible, even though the
procedures were intended for predictions of large yield nuclear events.
When this was not possible we have chosen an objective approach which
can be generalized and have documented the procedure so that it may

be applied in future prediction efforts.

In general, these same procedures were followed in the Pre-

Dice Throw predictions (Reference 7).
3.2 PREDICTIONS
3.2.1 Airblast

The airblast environment is a major input to the ground shock
predictions and is well understood. Cube root scaling of both high
explosive and nuclear airblast phenomenon has been shown to be valid.
The predictions of airblast were made with standard procedures and

will be discussed only briefly.

The parameters associated with the airblast environment are
shown in Figures 12 and 13. Predictions for the half buried charge
configuration were scaled from Reference 8 and checked against the

Middle Gust data (Reference 9). Predictions for the surface tangent
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configuration were scaled from Middle Gust and other data. Air-

blast time of arrival plots are shown on Figure 14.
3.2,2 TOA Contours

The ground shock predictions which will be discussed in the
following sections involve the superposition of the air slap, out-
running and crater related effects. In order to properly time phase
these effects, it is necessary to predict the arrival time of each
effect as a function of both range and depth. The procedures for
predicting these time of arrival contours are the same as recommended
in Reference 10 for the nuclear case. The airblast-related time of
arrival contours are shown in Figures 15 and 16. These contours re-
present the first arriving compressional wave and are based on the
airblast time of arrival (Figure 16), the seismic profile (Figure 5),
and the theory of elastic wave propagation. The outrunning effect
of the higher velocity layers is clearly evident. The 16 msec
contour illustrates the phenomenon fairly well. At 16 msec the
airblast is at a range of 20.6 meters. The contour from the surface

to a depth of 2 meters is controlled by the local airblast p-wave

and results in what is commonly called the air slap motions. Between
the 2 meter depth and the saturated layer at 3 meters, the first
arriving signal is a compressional head wave which was generated by
the upstream airblast energy traveling through the second layer.

From the 3 to 4.5 meter depth, the first arrival is a p-wave from

upstream which has traveled through the second layer. At the 4.5
meter depth and down to the layer interface at 6 meters a p-head
wave is again the first arrival. The head wave was generated by the

upstream airblast energy traveling in the layer below 6 meters.

The motion associated with p-waves is normal to the wave

fronts, so at the 20 meter range and above 6 meter depth the initial

motion will change rapidly with depth. Below 6 meters, initial
motion will be down.
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The outrunning range is defined as the range where the first

motion at the ground surface is upward. This occurs at about 24.4
meters and is associated with the wave traveling through the third

layer.

Similar arrival time plots for the direct induced signals
are shown in Figures 17 and 18. The major differences between
this and the airblast induced motions are close to the origin and
associated with the point source nature of the direct induced motions.
Outrunning occurs in the same manner as for the airblast induced
motions and after that occurs, the contours are essentially identi-
cal. However, the direct induced waves laqg slightly behind the
airblast induced wave because they must travel the entire distance
through the ground. The only downward motion in the upper two
layers occurs at closer than 6 meters from the origin. Beyond this
range the direct induced signal will either terminate the downward
air slap motion or enhance the upward reflected signal.

These time of arrival contours will be used later in com-
bining the various components of motion to produce predicted wave-
forms. The almost simultaneous arrival of the upstream airblast and
directed induced in the superseismic region will make it impossible
to separate the effects of the direct induced energy from the effects
of the direct induced enerqgy from the effects of the upstream coupled
airblast energy.

3.2.3 Ground Motion

For the purpose of ground motion predictions, the procedure
recommended in Reference 10 was used in that the ground shock was
assumed to be composed of three components. The first component,
air slap, is motion that is directly attributable to the over-
head airblast. The crater related (or direct induced) component
is motion that is due to the ground stresses and motions caused
by the initial stress wave that results from the energy coupled at
the burst point. The prediction procedure used crater volume

40




y . N N s L AR A DA DR Al o
-

METERS

DEPTH

Figure 17: Predicted Time of Arrival Contours
of Direct Induced Motion

./




r—

RANGE

— METERS

20

25

30




40

4

35

NOTE: TIMES ARE IN MSEC.




—

wy
[Se)

1

-+

T

(37 EID Sohuey e UOTIORK pPadnpur
DU pPRanTnatd 50 UOTIIRnulzro)  c gl aanbr;

o

- ——

)7

[*a]
-

06

A0 - abuwy

0

cGte




scaling and does not differentiate between upstream airblast and crater
related motions, therefore the upstream airblast effects are not
predicted independently. The final component is the oscillatory
component which included the initial head waves and the surface

waves and becomes the dominant feature of motion in the outrunning
region. The peak values and waveforms for each component were
predicted independently and the results superimposed to develop

the composite waveforms.

In the following sections the prediction curves presented
will be for the half buried configuration. These are shown here
for illustrative purposes, and the reader is referred to Section 4
in which the prediction curves for the other configurations are

compared with the data.

a Air Slap Component. The air slap component of ground motion

is the best understood of all ground motion phenomena, therefore,
predictions of the vertical component are possible with relatively
high confidence. The horizontal component is related to the
relative velocity of the airblast and near surface layers as well
as the shear properties of these near surface materials. Much less

success has been achieved in predictions of this component.

Procedures for predicting the vertical component of the air
slap motion include one- and two~dimensional finite difference cal-
culations and the AFDM empirical procedure. The AFDM procedure
(Reference 10) was used in predicting the events reported herein.

Examples of the peak accelerations, velocities and displace-
ments predicted by AFDM for Event 1 are shown in Figures 19 through

. L e kB et O A A

21. The most significant result shown in these figures is the rapid
attenuation of both acceleration and velocity with depth.

b Oscillatory Component. Predictions of the oscillatory com-

ponent of motion has received considerably less attention and pre-
dictions of it are less certain. Therefore, two techniques were

utilized in predicting this component. The procedures contained in
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the AFDM were developed from an analysis of nuclear data whereas
those developed by Higgins in Reference 11 were based on analysis
of high explosive data. Both procedures involve cube root of the
yield scaling for vertical motions. The AFDM presents a single
waveform for all ranges whereas Reference 11 recommends three
different waveforms for different scaled ranges and recommends that
the ranges be scaled by the cube root of the crater volume. It
also recommends different waveforms for vertical and horizontal

motions.

Predictions of peak velocities were made using both proce-
dures and are compared in Figure 22. Reference 11 does not predict
displacements directly, however, this can be obtained by integration

of the velocity time histories.

Fairly significant differences in predicted veartical ampli-
tudes are evident in the plots of both the peaks and waveforms.
(Figures 22 and 23). This discrepancy was not expected and led us
to evaluate the procedures carefully. Both techniques suffer in
regard to prediction of low yield HE events in that no such data
was included in the development of the procedures. However, the
Reference 11 analysis is based on HE data where the Reference 10
analysis is based on nuclear data. In addition, only Nevada Test
Site data from noncratering burst was used in developing the Reference
10 procedure. As a result the decision was made to use Reference 11
since it was based on HE shots in geologies more like the Misers Bluff

site.

A second major discrepancy was observed in the predicted
horizontal motion periods. Representative waveform comparisons
are shown in Figure 23. The development of the period scaling re-
lationship in Reference 11 did not include a very large range in
yields and the horizontal component was based only on crater volume.
After examination of Middle Gust (2.09 X 10—3 terrajoules) and Mole
(5.35 X 10_4 terrajoules) data, and the vertical period predicted
by both procedures, it was decided that a horizontal period of

100 msec would be used in predicting waveforms.
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The prediction of the horizontal oscillatory component period

certainly deserves more study. At the present time it appears that

the AFDM procedure should be used in predicting nuclear events.

¢ Crater Related Component. The prediction of crater related
motions require estiﬁates of the apparent crater volume. This was
predicted using Figures 24 and 25 from the AFDM for determining
cratering efficiency and the effect of height of burst. The value
chosen for cratering efficiency requires a great deal of judgement
and experience in the classification of subsurface materials into
the ground groups shown in Figure 26. A consensus judgement with
personnel at the AFWL was that the material influencing the crater
would be a marginal "wet clay" (toward the lower bound) and the es-
timated cratering efficiency would be 16,280 m3/TJ for the half buried
charge configuration {Reference 12). A cratering efficiency of 5425
m3/TJ was then determined for the surface tangent configuration. 1In
determining these cratering efficiencies it was assumed that the
f saturated material below the water table would not effect the craters.
This was checked using the AFDM procedure for layered sites and found
to be valid. For the tangent below configuration (Event 5) the effect
of the saturated material below the water table was taken into account

1 and a cratering efficiency of 32,560 m3/TJ was determined.

3 The near surface peak particle velocity, displacement and wave-

forms were all calculated using AFDM equations based on cube root of

the crater volume scaling. Attenuation of particle velocity and dis-
placement with depth was predicted using the same method as was used
in Reference 7. Although this procedure is not included in the AFDM,
it is generally agreed to be good practice. The AFDM equations were

used for depths of less than one-tenth of the cube root of the appar-

173,

ent crater volume (0.1 Va The attenuation prediction presented

in Reference 7 is based on Middle Gust analysis (Reference 13) and

1/3

recommends that the depths be grouped into those < 0.1 V;’~, those
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1/3

between 0.1 Va 173

and 0.5 Va

: 1/3
1
[ placements for these depth increments are predicted by replacing
3

and those > 0.5 Va . The peak dis-

the 0.1 coefficient in the prediction equation

a
4 =10.1
R3
with values of 0.06 and 0.009 for the greater depths. F

Predicted amplitudes for the crater related component of
motion are shown in Figure 26.

d Waveform Superposition. Representative vertical particle

velocity waveforms using the procedures discussed above are shown
in Figure 27. Each waveform component begins at the time predicted
from the arrival time contours. Although the crater related wave-
form is shown it was not included in the composite waveform. Study }
of the oscillatory component predicted using Higgins' technique in-
dicated that these waveforms contained the effects of the crater
related motion. At ranges closer to ground zero,however, the crater
related motion dominates the motion. At those locations the

oscillatory component has not developed and was not included in the

composite waveforms. This same approach was used in making the
horizontal predictions. After the waveforms for the various com-
ponents of ground motion were developed, they were then superimposed

to form the composite waveform shown.
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4. DISCUSSION OF DATA
4.1 EXPLANATION OF PHENOMENOLOGY

The primary purpose of the single burst program was to es-
tablish a data base for evaluation of the applicability of superpo-
sition and for the development of the waveform synthesis model. To
do this it is necessary to have an understanding of the physics of
the single burst events. Such an understanding is also required in
evaluating the empirical prediction procedures discussed in the pre-
vious section, since it involves superimposing dependent predictions

of various components of motion predicted in different ways.

The near surface (0.46 m) vertical particle velocity records
for MBI-2 are shown in Figures 28 and 29. This was a surface tangent
experiment. These vertical waveforms may be classified into three
distinct types. Near ground zero and to a range of about 11 meters
the waveforms are of the classical superseismic type with strong
crater related effects. Between the ranges of about 18.3 m and
24.4 m the waveforms represent a transitional character where the
crater related effects are becoming insignificant and the oscillatory
component is beginning to develop. Beyond 24.4 m, classical out-
running waveforms are exhibited with the air slap superimposed during

the first half cycle of outrunning ground motion.

The first arrival at the three close-in gages is the air-
blast induced particle velocity. This is followed almost immediately
by the large upward pulse associated with the crater related effects.
Calculations indicate, however, that the air slap downward particle
velocity reached its peak before the arrival of the upward crater
related pulse. The crater related pulse is long in duration with
respect to the air slap pulse and goes through about one full cycle
of motion. The upward particle velocity is approximately equal to
the downward air slap related values. The very rapid attenuation
of the upward crater related pulse can be seen by comparison of the
data recorded at the 4, 7.63, 10.7 meter ranges.
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The second group of waveforms represent the transition from
the predominance of the crater related effects to development of
the oscillator y components. The initial arrival is still associated
with the air slap motion, however, examination of additional data
indicate that outrunning begins at the 0.46 m depth just beyond the
24.4 meter range. This is also shown by the projection of the arri-
val time of the outrunning signal and the air slap signals at the
24.4 meter range. The duration of the upward pulse of these records
is much shorter than for those closer in, although the amplitudes
are still approximately the same as the airblast induced particle
velocity. Wave propagation analysis and examination of the deeper
records indicates that this upward peak is a combination of the
recovery from the air slap, the reflection of the airblast induced
motions from the water table (3.05 meter depth) and the arrival of
the crater related signal. At the 24.4 range the outrunning signal
arrives at the 0.46 m depth at about 29 msec, the reflection off
the saturated layer at about 41 msec and the crater related motion
arrives at 62 msec. The oscillatory nature of the waveform can be
seen to be developing at later times, however, the amplitudes are

low with respect to the early time peaks.

The waveforms at 42.7 and 64.05 meter ranges are generally
of a classical outrunning nature with the air slap motions super-
imposed (Figure 29). The initial motion at the 42.7 meter range
is associated with the P-headwave generated by the outrunning signal
in the saturated layer. When the air slap arrives it creates the
high frequency downward spike which has a duration of approximately
10 msec. This produces a frequency of about 100 Hz. As this dies
away, the outrunning waveform continues through a negative peak.

At approximately 205 msec the low frequency groundroll arrives re-
sulting in the peak upward motion. Only about one full cycle of
the oscillatory component is evident in this waveform. The fre-
quency of the oscillatory component is about 9 Hz. The arrival
time of this low frequency groundroll is very evident in the two
further out stations. The propagation velocity of about 305 meters

per second is representative of the shear wave velocity of the deep

59




materials at the site. This wave has been traced back through the
intermediate range waveforms and extrapolated back to the close-in
data. It is obvious from Figure 28 that the arrival is consistent
at the intermediate ranges and the wave is not evident at the closer
in ranges. Analysis of these data indicate that this signal is a
surface-type wave and is influenced by the top 116 to 122 meters of
the profile. This depth estimate is based on an approximate dis-
persion curve analysis assuming shear wave velocities below 36.6

meters.

The shock spectra calculated for the vertical waveforms are
shown in Figure 30. These spectra also illustrate the three regions

discussed above.

In the first region the spectra are rather flat in the velocity

Smeea

regime, but there are two rather distinct peaks. The first peak occurs f
at a frequency of about 6 Hz. This peak is created by the crater re-
lated signal seen in the waveform. The rapid attenuation of this peak
with range is also seen in the spectra. The second peak is much
broader and covers a frequency range of 20 Hz to 200 Hz. This peak

tends to reach its maximum at about 120 Hz and represents the air

slap component.

The second region shown on Figure 30 is quite different from
the first region. The spectra here are basically single peaked. The
maximum amplitude occurs at about 30 Hz. This is the frequency of the
downward air slap and the rebound. The crater related peak 1is still

evident at these ranges, but at a much reduced amplitude.

The spectra in the third region on Figure 30 returns to the
two peaked nature. Unlike the double peaked spectra in the first
region, these spectra contain very distinct peaks. The first peak

occurs at about 9 Hz, which is about 50% greater than the crater re- §~

lated frequency indicating that the related phenomenon are different.

This 9 Hz signal represents the oscillatory component in the waveform.
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The second peak occurs at about 100 Hz and represents the air slap
component in the waveform.

The horizontal particle velocity waveforms at the same ranges
are shown in Figures 31 and 32. The same phenomenological explanation
is applicable to these waveforms with one exception. The shear wave
associated with the air slap motion is quite distinct, particularly
at the intermediate and outrunning ranges. This airblast induced
shear wave has little effect on vertical records; however, the inward
motion associated with it is stronger than the outward particle ve-

locity associated with the compressional-wave and results in an abrupt
reversal of the horizontal motion.

The shock spectra calculated for the horizontal waveforms are

shown in Figure 33. These spectra also fall into the three distinct

regions.

The first region is dominated by the crater related signal. As
the range is increased within this region, the spectra begins to develop

a second peak. Again the rapid attenuation of the low frequency crater

related signal can be seen. The dominant low frequency in these spectra

The air slap component has a frequency of around
significantly greater than in the vertical records, which re-
sult of the clipping by the airblast shear wave.

is about 6 Hz to 9 Hz.
200 Hz,

The spectrum from the second region shown in Figure 33 is made

up of three peaks of approximately the same magnitude. This particular

waveform (refer to Figure 31) appears to have more oscillations after
the air slap and airblast induced shear wave.
produce the 40 Hz peak.
peak at 200 Hz.

surface wave.

These oscillations
The air slap is the cause of the spectrum
The low frequency peak is due to the developing

When compared to the oscillatory components from other

spectra, this frequency is somewhat lower. This may, in part, be due

to a baseline problem in this waveform, or to the interaction of the
crater related and surface wave effects.
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The spectra from the third region are double peaked and

similar in nature to the vertical spectra for this region, but with

somewhat lower frequencies.

The separate signals seen in the waveforms are related pri-
marily to different portions of the subsurface geology. The air
slap motions are most predominate near the ground surface and are
controlled by the soft top layer (unsaturated silty clay). The in-
terface between this layer and the saturated clay, at a depth of about
3 meters, also plays an important role in the air slap motions. The
reflection from this interface is large and clips the vertical motion
in the top layer. Because the impedance of the saturated layer is
high, the transmitted wave is small. The reflected shear wave asso-
ciated with the air slap motions is quite evident in the horizontal
motions and would not be expected since the shear moduli of the top

2 layers are almost identical.

The crater related signal 1is also primarily controlled by the
top layer. ©No reflection of this signal from the saturated layer is
evident, probably because of the strong shear associated with the sig-

nal.

The outrunning signal at the instrumented ranges is controlled
by the saturated layer. This is evident from the arrival times, the
shocked nature of the wave front and the high frequency content of
the first arrivals. The first cycle of low frequency motion is
fairly constant in amplitude and duration as a result of the continual

feeding of airblast energy into the saturated layer.

The signal which has been designated the oscillatory component
(or ground roll) in this analysis has, in previous studies, been con-
sidered a portion of the outrunning signal. In outrunning waveforms
such as are presented in References 1 and 2, the peak motions occur
after 1-1/2 cycles of motion and are created by what we have referred

to here as the oscillatory component. We have separated this out as

DY RPPTL G SR C T LR C Y -0 N\ WO o




a separate signal in our analysis because we believe it is a surface

wave which is being superimposed on the outrunning (body) waves. We
are referring to surface wave here in the classical geophysical de-
finition. 1Its development and propagation are controlled by the
shear properties of the site and at large ranges, very deep layers
have a significant influence on its behavior. In MBI-2 almost 122
meters of material was influencing this wave at the larger ranges.
Projection of the arrival times of this signal to ground zero indi-

cates that it was not initiated until about 55 msec after detonation.

The predominant motion at the 21.35 meter range, which is the
key range for the superposition predictions of the multiburst experi-
ment, is the air slap related downward motion and the combination of
rebound, reflection, crater related and outrunning effects resulting
in an upward peak of fairly high frequency. The oscillatory compon-
ents at this range is relatively small with respect to the initial

peaks.
4.2 AIRBLAST RESULTS

Figures 34 through 40 present peak values of airblast over-
pressure, impulse, and time of arrival for the single burst experi-
ments of Phase I.

Of the three configurations, the surface tangent experiment

(MBI-2) was the most successfully predicted for airblast parameters.
This is shown graphically in Figure 34. In general. data points fall

within the published accuracy of * 20 percent for airblast predictions.

Figure 35 presents quite a different story for the half buried
experiments (MBI-1, MBI-3 and MBI-7). Peak overpressures are about
20 percent or more below the predicted values. Peak impulse values
are generally well below the lower bound of the 20 percent accuracy
band. Even though the predicted peaks were too high, attenuation
rates were well predicted for all ranges of interest. Attenuation
of impulse was well predicted between the 9.15 m and 18.30 m ranges,
but the data show almost no attenuation beyond 18.30 m.
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Due to the disparity of the data and the predictions, a
synthesis of previous data of the same configuration was performed
(References 9, 14 and 15). The results of this exercise are shown
in Figure 36. As can be seen the data scatter is large and much great-
er than 20 percent. These scatter bands have been superimposed on the
Misers Bluff data in Figure 37. This indicates, that at least for the
half buried configquration, airblast is not as well understood as was
thought. Another interesting point is that the Misers Bluff data gen-
erally occupies the lower half of the data scatter band developed from
previous experiments. A review of Figure 36 shows that other experi-
ments of similar yields to Misers Bluff fall in the same general region,

while the large yield experiments occupy the upper half of the scatter
band.

Reproducibility from the three half buried confiquration experi-
ments was good. Events 1 and 3 were of the same yield and peak values
were generally the same. Event 7 was a smaller yield and when scaled
to 2.09 x 1073 terrajoules also agreed very well. 1In general, the peak
values from all these experiments were within normal data scatter
(see Figure 37).

Figure 38 presents the overpressure and impulse curves for the
tangent below experiment (MBI-5). Predictions for this particular
configuration were difficult, as the data base is quite limited.

For the pretest predictions a rough estimate for overpressure was
achieved by using the free air curves produced by John Keefer of BRL.
beyond the 7.63 meter range. The pretest predictions for impulse were
the same as the half buried experiment. As would be expected, the
pretest predictions were quite high when compared with the data at

the close in and intermediate ranges, For comparison purposes, the
equation given in Reference 16 to scale surface bursts to buried
bursts was used to produce the dashed curves on the figure. The

equation was applied to the half buried airblast prediction curve
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(shown in Figure 35). As can be seen, this improved the prediction
slightly, but it is still somewhat above the data at the close 1in
ranges. Both predictions improve with range, and beyond about

0.1 MPa agree reasonably well with the data.

The effect of height of burst on overpressure, impulse and
time of arrival is shown in Fiqure 39 and 40. Overpressurc peaks
were as expected, with the highest values produced by the surface
tangent experiment. The half buried experiments produced the next
highest peaks, with the tangent below experiment, producing the
lowest values. Attenuation of overpressure was the same for both
the surface tangent and half buried experiments between the 9.15 m
range and the 21.35 m range. Attenuation of overpressure for the
tangent below experiment was much slower between these ranges. At
the 36.6 m range all of the configurations produced approximately
the same results. Although data at ranges greater than 36.6 m
is scarce, it is expected that data from all three configurations

would converge at these large ranges.

Peak impulse exhibited much the same behavior as overpressure.
Attenuation rates for the surface tangent and the half buried experi-
ments were the same between the 9.15 m and 18.3 m ranges, with the
tangent below experiment exhibiting this same attenuation rate at
ranges between 3.05 m and 4.58 m. Impulse on the tangent below
experiment was generally constant between 4.58 m and 36.6 m. The
half buried experiment exhibited the same behavior between 18.3 m
and 36.6 m. The attenuation range for the surface tangent experi-

ment appears to be constant for all ranges of interest.

For both overpressure and impulse the height of burst affects
the close and intermediate ranges, while all data tends to converge

at the greater ranges.
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Figure 40 shows the time of arrival of the airblast vs range. ;T
As would be expected, the time of arrival curves are similar but

shifted with the surface tangent arriving first.
4.3 GROUND MOTION =
4.3.1 General

Dissection of the waveforms is necessary in order to evaluate
the prediction procedures and the superposition assumption discussed
in previous sections. It is impossible to do this, however. What we
have tried to do in the following sections is to isolate those peaks
which we believe are due primarily to a single effect and compare
those to the predicted values. The measured and predicted waveforms
will then be compared to make a general evaluation of the remainder

of the signals and the superposition assumption.

4.3.2 Alr Slap Component of Ground Motion

a Definition. The air slap component of ground motion is that '

portion of the waveform that is directly attributable to the overhead

airblast. Figures 41 and 42 illustrate the component graphically for
vertical and horizontal motions of the three different burst configura-
tions. 1Initial motion is always down and out as a result of the
induced p-wave. This is followed by a shear wave which imparts down
and inward motion. The strength of this shear wave is strongly de-

pendent on the material properties of the near surface layers.

Only the initial portion of the air slap component will be

discussed in this section because, as discussed previously, at many
locations other signals arrive shortly after the peak and it is not

possible to separate the effects.

b Discussion of Data.

1 Surface Tangent Configuration. Peak values of the air slap

component recorded in the surface tangent experiment (MBI-2) are pre-
sented in Figures 43 through 46. Included on these figures are the

empirical pre-test predictions.




y Surface
» _W Q‘anqcnt
0 ; P ! —
) ! \_—y k
MBI-2
2T
- Alr slap
Component
4 L
_L Half
-2 —" -@-Buried
jr A/A\\_-///’—\\\\\
5o WA + + +— ; —
’ V \‘
>
o MBI-3
2 24
(U .
> Air Slap
=l Component
.4~
Tangent
Air Slap O Beciow
-2 Component
E
L —
0 + — —
f MBT-8
-2..4—
0 50 100 150 A 250 300 .
1 i L L ' N g
| T T — 1 1 '

Time (mseoc)

Figure 41. Definition of Airslap Component of Vertical Motion
R = 18.3 m, 2 = .46 m.

78




P

Velocity - mps

Fiqure 42.

surface

S::ZWunqpnt

o Tp Alr Slap component
157‘//
. V { 4' /{\% :
MBT-2
24
L2 Alr Slap Component Half
F ////’ Buried

(&)

LA S

Tangent

v Below

Definition of
R =18.3 m, 2

Airslap Component of llorizontal Motion,

.46

79

2 Alr slap
——y
Component
0 +
) -+
.44 ‘ . , .
) 50 100 150 200 250 300
b ] Il l i l d
13 T T 1 T T L
Time (msoc)

Cmentarie,

POV




. . BIDT300Y
Z-Idw - ped 3IsSdL 9yl Jo w zg°1 dolL syl I03J uotly ]
poonpul 3Ise[qaty _\wo sanTefA yedd poldIpPdXd pue painsealy jo uostaedwo) €y L2anbtg

S1930W — obuwpy
0 1 001 (OR § 1
o H. L a— T T T T T T T T 1
[rrT7 1/ 7 I R [ /

- A -
AN ; \ l
- S l
\\ g~ . /.//m , ’
“\ 0] . ) m/ . )
\ ® | 0 / 0\ Z c
\ 7] o1 o / — 01 s
\ ¢ 7 N \ © «
: :
o =t 3
i 3 B -
4 . 2
a (0] / o
Q 4 o
. i -
& =
. o i 5
S | -
. = / -
3 o / ] =]
] 7 \ © ] )
- | 2y o I“ a
o 2¥ o081 ® \ . oot 2
w 2¥ 006 © A
yidoq w z5 1 @)Y YIvd /
- yidog w 9y © w .
Yideq w €° 4 //
- Uyadog w z° / —
] yadoq W 26 1 e—e—m

Yadog W T€° mea=—
yadaa o —_—
0001 (ANIDIT

M yadod w 9%° —ame—e

00071




z-I9W - pog 3sal 9yl 3o ugg- 1 dol ayz xo3 A3TdOT9A
peonpul 3Iseld ITY JO sanTepA Yedd poO3dTpdad pue poinsesa 30 uosTaedwod “pp 2INDTI

$1030W - obuey

00T 0T T 0071 0T 1
[Frrr o T 1 T __u_q%JJ T 100° [Trrr T 1 T LI B LA B T T 10°

&

111y 11

lIJ_JIng

10°

A

1
|

2Y 0.2 D
2y 08T @
2y .06 ©
yadeq wegs' 1 B YIVYd
yadeqg wop: O
] yadseqg we* 4

| yadeg uz: % ozm/

— yidsqg wgg* T —-—
- Yyydaq w9p* —--—
Yyideq WIg" ———

yadsa wg

| ET

gz
g1
—

sdu - A3TOO0T9A Te3IUOZTIAOH
sdu - A3T20T3A TEOTIABA

Lpt o1 i

Lot

1 pusbat 01




Z-I9W - y3dag wzg° 1 9yl moiog
UOT3RIST2O0Y pPoONpul 3ISEIQITIV FO SoNTRA Yead po3idIpald pue painsesy jo uosyaedwod :6f 2anbty

SHALAWN - dONYY

001 0T T 001 0T T
[Trrr o v 1 T [Ty v 17 1 T 10" [T 71 T [rrrrr v 1 T 10°

1 \ N 1
- 0! -
- o .
h o B
i ~ ]
/ I N \ 1 1 <
X o] \ N ©
o4 ~
o X ST
i ® i T o
— 9]
, - \ nﬂ.
X - a [ _
a >
i o X i >
g )
* : 8 0 J
. o \ A — P
o 1 @ ] -
X i ¢ L . e
p— o] — (a4
T 5 T -
Y o
\
\ =

W UST' 6 O
- W WOT'9 @ »eied
, yzdeq wso'g &

W  WGOTE — . N

= W WGT*6 —---— p°P3IId \ i

i o B yzdag WOT*'9 —--— // .
4 aNEDaT .

0T

! \
a I 4 2 M x// ] :
[0} Q
g

L1
g
L

/'
L1

01




et A ARSI A A B A M A N s L

N'
peonpul 3SeTqITY JO SaNTeA dedd

S

T

I9W - y3idad wgs- T 943 moradg A3Tdo0T39A
po31oTpaiad pue painseal 3jo uosTtaedwo)

1939 ~ obuey

001

‘9p °anbrd

100~ ryr 71

sdu - A3TOOTSA [B3IUOZTIOH

)

Y
upT1'9 @ X
uso e O YIva
WGT "6 o /D
a /

ucT 6 O M

WOT*Q e
wgo g —+—

id b 4

@CON@A

O

sdu - A3TDOT2A [eOT3IIIA

o




Figure 43 presents the peak vertical and horizontal accelera-

tions for the top 1.52 m of the test bed. The air slap component of

vertical acceleration was, in general, successfully predicted for this
region. Although there were only three data points at each of the
two shallowest depths (0.2 m and 0.31 m), the recorded magnitudes fell
within the predicted regions. An "eyeball" fit to these data yield

an attenuation rate of approximately two, which is about the same as
the predicted rate of attenuation. Most data was taken at the 0.46 m
depth. The magnitude of these data are bracketed within the predicted
region and also attenuate at about the predicted rate. The maximum
scatter of these data occurs at the 21.35 m range and is approximately
a factor of four bottom to top. Data at the 1.52 m depth is extremely
limited, but is slightly higher than the predicted values.

Horizontal motions, at first glance, do not appear to have
- been as well predicted as the vertical motions for this region. This
is especially obvious at the two shallowest depths (0.2 m and 0.31 m).
However, if the data scatter at the 0.46 m depth is examined, it is
seen that the maximum scatter for horizontal motion is the same as

seen in the vertical motions (i.e. a factor of 4 at the 21.35 m

range). Assuming a maximum scatter to the 0.2 m and .31 m deep gages,
and assuming the recorded values are centered within the scatter,

the "bands" created are partially within the regions predicted for them,.
The other depths on this figure fall within the predicted regions for

magnitudes, and for all depths shown the attenuation rate of the data

is greater than the predicted rate.

Figure 44 presents the peak vertical and horizontal veloci-
ties for the top 1.52 m of the test bed. Vertical velocities at the
0.46 m depth were well predicted in both magnitude and attenuation.
Data scatter at this depth was approximately a factor of two at the

21.35 m range. However, for these data the maximum scatter was approxi-

mately a factor of three at the 42.7 m range. The scatter was not
bracketed by the predicted region, but the "eyeball" fit to the data
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falls within the region. The 0.2 m depth was slightly underpredicted
even when the data scatter of the 0.46 m depth was applied as described
above. The 0.31 m and 1.52 m depths were well predicted in both magni-
tude and attenuation with range.

The horizontal velocities were not as well predicted as the
vertical velocities. Magnitudes were adequately predicted, and, in
general fell within predicted regions: however, the attenuation rate
of the data was faster than that predicted. This is probably a result
of the effect of the rather strong shear wave exhibited by the data
which was not accounted for in the predictions. This will be dis-
cussed in more detail in a later section. The maximum data scatter

at the 0.46 m depth was approximately three at the 21.35 m range.

The accelerations and velocities for depths greater than 1.52 m

are presented in Figures 45 and 46. In general, both horizontal and

vertical acceleration and velocity were underpredicted. Horizontal
magnitudes were significantly underpredicted and the predicted atten-
uation rates generally were too slow. The discrepancy between data
and predictions at these depths is due primarily to the difficulty

in isolating the air slap component from other phenomena occuring at
about the same time. This is especially true at the greater ranges.
In fact, we were not able to pick an unaffected air slap horizontal

component below the 3.05 m depth.

2 Half Buried Configuration. Three experiments were conducted

at this configuration (MBI-1, MBI-3, MBI-7). Peak values of vertical
and horizontal accelerations and velocities are presented in this

section.

Figure 47 presents the peak values of vertical and horizontal
acceleration for Event 1. Vertical motions were well predicted for all
depths. Data points at 0.2 m and 0.31 m were limited but appear to
be within the predicted regions. The data recorded at the 0.46 m
depth was successfully predicted in magnitude and attenuation rate.

Maximum scatter at this depth occurred at the 36.6 m range and was

approximately a factor of 1.25,.
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Horizontal motions were not as successfully predicted as the
vertical motion. The data at the 0.2 m and 0.31 m depths were well
below predicted levels. Prediction of the magnitudes and attenuation

rate was more successful at the 0.46 m depth.

Both horizontal and vertical motions predicted for the

4 1.52 m and 3.05 m depths appear to be low. This is probably in part,
: due to the difficulty of isolating the air slap component at these
depths.

Both Event 1 and Event 3 were 2.09 X lO_3 terrajoule experi-~

ments. The primary purpose of Event 3 was to measure the event to

- event data scatter. Figure 48 is a comparison of vertical and hori-
zontal accelerations from both experiments. 1In general, the data
scatter of Event 3 defines both the upper and lower bound of the data
bands for both horizontal and vertical motions. Data scatter for
vertical acceleration is approximately a factor of three bottom to

top for all ranges and for horizontal acceleration it is about a
factor of two for all ranges. The reproducibility of these experi-

ments was good.

Event 7 utilized a 5.35 X lO_4 terrajoule charge. Peak ver-

tical and horizontal accelerations are shown in figure 49.

In general, attenuation rates were very successfuly pre-

dicted for vertical motions. Magnitudes were well predicted also.

Horizontal motions were not as well predicted. Predicted

magnitudes at the 0.28 m depth appear low, especially at the larger
ranges. Predicted magnitudes at the 1.52 m depth were high; however,
predicted attenuation rates at both depths were approximately that
exhibited by the data.

Figure 50 presents the peak vertical and horizontal velo-
t cities produced in Event 1. Vertical velocities at the 0.46 m depth
were reasonably well predicted at ranges greater than 18.3 m. Magni-

tudes and the attenuation rate were substantially below the predicted
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values at ranges less than 18.3 m. This also seems to be the case

at the 0.31 m depth, although data is limited. Data scatter is a
maximum of a factor of three at the 36.6 m range for the 0.46 m
depth. Predictions at the greater depths appear high, but as pointed
out before, the air slap component is difficult to isolate at depth.
The broader pulse associated with the particle velocity complicates
this even further. 1In fact, the arrival time plots (Section 3.2.2)
indicate that upstream signals will arrive before the velocity peaks
at most ranges and depths. Below about 3 m the upstream signals are
predominantly horizontal.

Horizontal motions at the 0.46 m depth were, in general,
within the predicted region for magnitudes and the predicted attenu-
ation rate approximated the actual rate. Data scatter was a maximum
of a factor of two at the 36.6 m range. Predictions at the 0.31 m
depth were also very good. Predictions at other depths suffer from
the same problem discussed above.

Figure 51 is a comparison plot of Events 1 and 3. As can
be seen on the plot of vertical velocity, the reproducibility of
the experiments is very good. Maximum data scatter in vertical
motion occurs at 36.6 m range where the most data were taken and
has a value of a factor of 2.5. Horizontal motions are not as tightly
packed as vertical motions; however, the reproducibility is still
good. Maximum scatter for the horizontal data is approximatley a
factor of three at the 36.6 m range.

Peak vertical and horizontal velocities for the 5.35 X
10-4 terrajoule experiment are presented in figure 52. Vertical
motion at the 0.28 m depth was generally less than predicted between
the 2.90 m and 7.93 m ranges. Between the 7.93 m and 17.4 m ranges,
peak values are, as predicted. At ranges greater than 23.2 m the
predictions are low. 1In general, the predicted attenuation rate

approximates the actual rate at ranges greater than 7.9m. The data
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at the depth of 1.53 m falls within the predicted regions for the mag-

nitude, and the attenuation rate is as previously described.

Horizontal motions were underpredicted and the attenuation
of the data was generally slower than predicted. In addition to
the underprediction, the data at the 0.46 m depth was lower in mag-
nitude than the data recorded at the 1.52 m depth at ranges greater
than 10 m. This may be due in part to the upstream signals traveling
through the saturated layer and arriving about the same time as the air
slap signal and thus adding to it and creating the higher magnitude.

3 Tangent Below Configuration. Peak values of vertical and
horizontal accelerations are presented in Figure 53. Although there
are very little airblast data, the estimations of vertical accelera-
tions were generally good. Magnitudes were estimated well at ranges
greater than 18.3 m. Data scatter for these data reached a maximum
of approximately a factor of two at the 36.6 m range. The predicted
attenuation rate closely approximated that shown by the data at ranges

greater than 18.3 m.

Horizontal accelerations were not well predicted. Predicted
magnitudes were too low. The predicted attenuation rate was too fast
at ranges less than 73.2 m and too slow at ranges greater than 73.2 m.
The data also exhibited a region between 45.75 and 73.2 m where there
was little attenuation with range. This is probably a result of up-
stream signals arriving before the airblast induced motion peaks at

ranges beyond about 20 m.

Peak vertical and horizontal velocities are presented in
Figure 54. Vertical velocities exhibited the same general trends as
the vertical accelerations. Data scatter for these data was a maximum

of a factor of 1.5 at the 36.6 m range.
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Horizontal velocities were poorly predicted. The data
were below the predicted level out to the 27.45 m range, and above
the predicted level at ranges greater than 45.75 m. Predicted
attenuation rates were generally too slow. The region between the
27.45 m range and the 45.75 m range showed very little attenuation.

4 Height of Burst Comparison

Figure 55 presents vertical and horizontal velocities for
the three heights of burst at the 0.46 m depth. Event 7 has been
scaled up using cube root of the yield scaling and is shown also.

Vertical velocities are about what one would expect based on the
airblast comparisons. The disparities in the configurations are l
at the "close-in" ranges (less than 9.15 m), with peak values farther

L
- wa

out converging to a single line. The surface tangent configuration
produces the highest values, with the half buried producing the next ‘f
highest. Unfortuantely, the air slap component was impossible to s
isolate with any confidence at the "close-in" ranges for the tangent

below experiment.

Horizontal velocities were not as tightly packed as verti-

cals at the farther out ranges. However, the same general trends are
f observed. Vertical and horizontal velocities for the 3.05 m depth are
: presented in Figure 56. In general, the trends shown on this figure
are the same as discussed above.

4.3.3 OSCILLATORY COMPONENT OF GROUND MOTION
a) Definition

The oscillatory component of ground motion is that portion
of ground motion which has often been called outrunning or surface
wave in the past. As we discussed in Section 3.2.2 we believe that
this component is really composed of two parts, the outrunning sig-
nal and the surface wave. The motion peaks are associated with the
surface wave portion of the signal and will be discussed below. Figures
57 and 58 are graphical definitions of this component for the three

different configurations and for both vertical and horizontal ve-
locities.




yzdag w9p- SYyi 3e
SBTITOOT9A pIonpul 3seld ITY Jo uosTaedwo) 3Isang JO IYLBTSH 66 2anbryg

sa938p - obuey .
00t 01 1 001 o1 1 !
rrrre 17—t 1 [rrr v ¥ T 10° [T 77 T T _#4_4qJ T 10 -
o f
1
. ] a - .
t e | . i i
® +eo |
1 ] :
o o ] i ¥
o @ So= i !
1~ Z
DamaQMM 1.5 3 ;
o J.ﬂ.w —1-
(0] o
G% - = <
< -
o g ) N
‘ 0 o
; o© - m 4 9
t 4 < L -
@ 13 + o0 o 1 8
4 ©®00Lz = usdo 2pTSs IubTH ) i
i o081 = uado dog + 3 1 <
006 = uadp apIS 31397 '
o0 = Toquis uado A% 2
w0
- s-1aW & Q L 2% 4
. (peTe2S ¥RZ) =
i L-T9W ¢ B
B g-19w @06 B
1 1-19W O |
ur z-1an © O ]
= -
—0T ncmmmd =01




T rT—re— i b

‘yzdeg w S0°¢ SY3 3Ie SITITOO[dA PLONPUI 3ISETAITY JO uostaedwo) 3saing jo IYLTSH *9¢ aanbrg

SI839W - sbuery

0T 1 00T 01 1 1
[vrrrrv ¢ T 1 10" ﬂ-__w.‘ﬂ [Yrrrvt T T 10" A
4
|
- - “
i i
] ]
L -
] 3 : .
i L 11 0
8 °© ot
2 v v
\V - W . — =)
//. < mw < o
(0} 1 ) 1 =
.m. o]
1l 3 I
| g AV B g
1 ] .
g 1 ]
. % 4, °
i Ss-I1ak A& O g
~I1dk @ ©
1 Z-1sn 9 U L
- ANEoFT =
ot — o1




Velocity - mps

CONFIGURATION
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Pigure 57: Definition of Oscillatory Component
of Vertical Motion
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It is important to realize that although the predictions

of magnitudes are in terms of zero-to-peak values, all discussions
that follow (excluding those concerned with the predictions) will be
in terms of peak-to-peak values. This is done because it is felt
that the peak-to-peak values are less sensitive to baseline shift

and thus give a more realistic picture of the phenomenology.
b) Discussion of Data

1. Surface Tangent Configuration. Figure 59 presents the pre-
diction of the oscillatory component of motion at the 0.46 m depth

compared with the zero-to-peak values of the data.

In general, magnitudes of the vertical velocity were
somevhat over-predicted. The straight line fit to the data shown

on the fiqgure indicates an attenuation rate of R-l'25 which is very

close to the predicted attenuation rate of R-l'z. The alternate

fit shown on this figure results from a study of the behavior of the
other experiments (which are discussed in the following sections).
This fit indicates a region where the attenuation rate is R-3'2, and
intermediate region with no attenuation, and finally a region with

an attenuation rate of R-l.25.

Zero-to-peak values of horizontal velocities were also
overpfedicted in magnitude, however, the attenuation rate of the

data and the predicted values were both approximately R-l'g.

Peak-to-peak values of the oscillatory component are
shown in Figure 60. The vertical velocities, in some respects, be-
have in a similar manner as did the alternate fit on Figure 59. That is,
they experience an initial rapid attenuation rate of R_2'3 at the
"close-in" ranges and then a slower rate (approximately 1/2 of the

original) at the remaining ranges.

Horizontal peak-to-peak values behave as did the zero-
to-peak values with only a slightly higher attenuation rate of
R-2'3. Data scatter for these values was a maximum of a factor of
1.5 for the vertical velocities and about 4 for the horizontal ve-

locities.
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The data recorded at the greater depths are shown in Figure
61. Data is limited in these regions. 1In general the attenuation :
rate at these depths were all approximately R-l'6. It is interesting !
to note that the vertical velocities at these depths are generally )
the same in magnitude as those at 0.46 m depth indicating there is ;
little attenuation of this component with depth. This lack of

attenuation with depth supports the hypothesis that this is a surface
wave., !

Horizontal velocities recorded at these greater depths
seem to behave as the values at the 0.46 m depth. The attenuation
rate is, however, somewhat slower at R_l'6.

The arrival times of the oscillatory component are shown
in Figure 62. As seen on the arrival time versus range plot for the ]
0.46 m depth, the oscillatory component is propagating away from the
source at a velocity of 320 mps. The arrival time versus depth plot
shows the oscillatory component is propagating upward (i.e. arriving
at the greater depths first) and the velocity of propagation at
depth is approximately the same as near the‘surface and consistent
with the shear wave velocities in the upper 15 meters.

2. Half Buried Configuration. Figure 63 presents the actual
and predicted zero-to-peak values of the vertical and horizontal
oscillatory components for both Event 1 and Event 3 at the 0.46 m
depth. The predicted vertical magnitudes were, in general, too
large. A fit to the majority of the data (shown by the solid line

on the figure) exhibits an attenuation rate of R °°°>. fThis is

somewhat "slower" than the predicted rate of R-l'z. If the close-
in point is included in the fit then a transitioning character can

be seen in the data. This alternate fit shows an attenuation rate

of R-4'5 between 4 m and 11 m. At ranges greater than 11 m the

attenuation rate is R-O'SS. This is termed an "alternate fit"
because it places a great deal of confidence on the single data

point at the 4.6 m range.

Horizontal motions were also over-predicted in magnitude.
Much the same phenomena as experienced in the vertical motions is
evident here. The majority of the data exhibits the attenuation
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rate of R-O'Ss. The alternate fit using the one close-in data point

shows the transitioning character; i.e. rapid attenuation between the
5 m and 20 m ranges (a rate of R—3) and relatively "slow" attenuation
(R79:°%) at ranges greater than 20 m.

The agreement between Events 1 and 3 is quite good in this
figure. The scatter for both events is about the same. The vertical
motions exhibit a maximum scatter of a factor of 1.6 with the hor-
izontal scatter a value of 1.7.

The peak-to-peak values for these two events are shown in
Figure 64. In general, both horizontal and vertical motions exhibit
similar behavior to the alternate fits discussed above with the major
difference being the fact that the peak-to-peak values indicated a
definite transition region. This region occurs between 12 m and 50 m
for the vertical motion and between 30 m and 80 m for horizontal
motions. The final attenuation rates are also quite a bit "faster"
for these peak-to-peak values than shown for zero-to-peak values.

The final attenuation rate for vertical motion was R_1'4.

Figure 65 presents the oscillatory component for depths
greater than 0.46 m (1.5 ft). Data is limited for these depths,

however, vertical motions all appear to be attenuating at the same

1 1.9

rate of R , while all horizontal motions attenuate at a rate of R

The peak-to-peak values of the third experiment (Event 7)
performed in the half buried confiquration are presented in Figure
66. In general the vertical motions exhibit the smae trends as shown
by the other two experiments. The initial rapid attenuation occurs

-3.6

between 4.5 m and 8 m and has a value of R The "transition"

region extends from 8 m to 15 m. The final attenuation rate is

R-O'B.

Horizontal motions do not exhibit the behavoir shown in
the other experiments. The "eyeball" fit to the data is a single

line and the constant attenuation rate has a value of R-l.

In these three experiments the particle velocities recorded
at depths greater than 0.46 m are generally about the same as those
recorded at 0.46 m. This indicates that the oscillatory component
is a surface wave phenomenon.
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The oscillatory component data for Event 7 scaled by the

cube root of the yield are shown in Figure 67 compared to Event 1
and 3. The vertical data compare favorably to the other events.
Magnitudes are within the bounds of the data and the attenuation
rates are about the same. The horizontal velocities however do not
compare as well. The magnitudes are similar but the attenuation rate
of Event 7 is "slower" than the larger yield events and does not

exhibit the transition range.

Arrival time plots for Events 1 and 3 are presented in
Figure 68. These plots indicate that the oscillatory component
propagates at an average velocity of 308 mps, and arrives slightly
later near the ground surface. Since the wave arrives first at
depths below the water table, this signal must be traveling through
the saturated material. The indicated propagation velocity corresponds
reasonably well to the surface tangent data and the reported shear
wave velocity of the saturated materials. This also supports the con-

tention that the oscillatory component is a surface wave.

3. Tangent Below Configuration. The zero-to-peak values for

this configuration are presented in Figure 69. The prediction for
the vertical velocities appears to be reasonably accurate. The pre-
dicted magnitudes and attenuation rate of R-l'z provide an adequate
"eyeball" fit to the data, however, an argument can be made for an
alternate if one considers the characteristics of the other experi-
ments. Using this alternate fit, the initial attenuation rate would

be R-z. The transition region would extend from 20 m to 40 m with

no attenuation and beyond 40 m the attenuation rate is R—l'z.

The horizontal prediciton does not compare as favorable
with the data. The predicted values are too high and the predicted

attenuation rate is too "fast".

Peak-to-peak values are presented in Figure 70 for the
oscillatory component at the 0.46 m depth.

Vertical velocities are best described by a fit similar

to the "alternate" fit described above. The initial attenuation rate

is R_2'2 for ranges from 10 m to 25 m. The transition region extends

-2.2

from 25 m to 70 m and the final attenuation rate is also R
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The horizontal velocities are described by a single line

and a constant attenuation rate of 1.9 for all ranges although there
is a bit of a change in slope at the most distant ranges. The hor-
izontal and vertical motions for depths greater than 0.46 m are pre-
sented in Figure 71. Much the same phenomena as was described for
the half-buried configuration is occurring here, that is, the data
recorded at the greater depths are approximately equal in magnitude
to those recorded at the 0.46 m depth, indicating that there is also
no attenuation of the oscillatory component with depth for this

configuration.

The arrival time plots for this experiment are presented
in Figure 72. The propagation velocities compare favorably with the
other charge configurations; however, the oscillatory component
appears to be arriving first at the shollower depths rather than
the deeper depths.

4. Height of Burst Comparison. The height of burst comparison

for the oscillatory components of the three different configurations
are presented in Figure 73, The vertical velocities group so closely
that a separate fit for the different configuration does not appear
warranted. In general, there is an initial rapid attenuation rate

of R" 3! petween 4 m and 15 m. From the 15 m range to the 110 m

range, the attenuation rate decreases to a value of R_O'B. Data
scatter for a fit of this nature is on the average about a factor
of 1.8 or about the same as was experienced for vertical velocities

on Event 2.

The horizontal motions are not as tightly grouped as the
verticals, however, the fit shown on the figure appears to be ade-
quate. This shows a constant rate of R—z'3 for all ranges. The data
scatter for these data is a factor of 4.5 which is only slightly more

than the scatter for horizontal velocities on Event 2.

In general, it appears that the magnitude of the oscilla-
tory component is not dependent to a large degree upon height of ex-
plosive source. Attenuation rates are in general the same and there
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is very little attenuation with depth. The propagation velocities for

the three configurations were also all approximately equal.

5. Periods of Oscillatory Motion. Figures 74 through 77 pre-

sent the periods of the characteristic cycles of oscillatory motion
for the vertical motions that occurred for the three different con-
figqurations. 1In general, the close-in ranges show a great deal of
variation in periods for the different depths. This is probably a
result of the interference of other signals. As range increases, the
scatter in periods tends to decrease and approach a constant value.
Figure 77 shows the period at the 0.46 m depth for the various charge
configurations. As seen on this figure, the tangent below configura-
tion produces periods that are longer than the other configurations.
The shortest periods are produced by the surface tangent experiment
with the half buried experiment falling in between. This suggests
that the oscillatory component is related to the amount of energy
coupled directly into the ground and that it should scale with the
crater volume. Scaling of this sort met with only marginal success

and is not included in this report.

The periods of the characteristic cycle of the oscillatory
component for horizontal motion are presented in Figures 78 through
8l. 1In general, the horizontal data does not lend itself to easy in-
terpretation. The same general trend of the period converging to a
single value with range is present but the periods appear to be de-~
creasing with the increasing range. The height of burst comparison
(Figure 81) generally yields the same basic results as before, that

is the tangent below configuration producing the longest periods with

the surface tangent experiment the lowest. The data scatter on this

plot, however, is quite large.

4.3.4 Crater Related Ground Motion

a Introduction

This section contains the results of the cratering and crater

related ground motion portions of the Misers Bluff experimental pro-

ram. In general, the predicted crater related ground motions were
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quite small except very near the sources. However, as one moves fur-

ther away from the source, the combination of upstream airblast in-
duced and crater induced motions are extremely difficult to differen-
tiate. Therefore, in general, predictions are made by extrapolating
the close-in effects related to the crater formation process into the
outrunning region. Independent predictions are then made of the peak
motions in the outrunning regions based on correlations of past data

which do not differnentiate the source of the observed motions.

The crater related motions are predicted based on the crater
volume scaling procedure. Therefore, errors in the predicted crater
volumes will be propagated directly into the crater related motion
predictions and it is of interest to evaluate the crater predictions

as well as the crater related motions.

b Crater

Apparent crater volumes range between 6.98 m3 to 99.42 m3 on

this experimental program. The crater data and the pre-test predic-
tions are summarized in Table 3. Predicted crater volumes varied
from about 31 percent below the actual measured data for the tangent
below experiment to about 44 percent above the measured values for
the 5.35 x310—4TJ half buried experiment. Both the half buried

2.09 x 10

less than the actual measured values. This variation probably is

TJ experiment shots were predicted to be about 14 percent

rather typical of the error one might expect when applying current
state-of-the-art crater volume prediction procedures. Examination of
the predicted and measured radii and depths, however, indicates that
there is a systematic trend in errors of the current prediction
procedure. In all cases the radius was overpredicted and the depth
underpredicted. This indicates that craters were more bowl shaped
than predicted. These errors in crater volume will be propagated
directly into the comparison of the crater related motion and,pre-
diction based on crater volumes. More details concerning the crater-

ing data and ejecta distribution experiments are contained in refer-

ences 17 through 21.
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¢ Crater Related Displacements

The absolute peak upward and outward displacements have been
scaled by the cube root of the crater volume and are shown in figures
82 through 87. The various depths of measurements have been broken
into three groups based on depth scaled by the cube root of the crater
volume. At the greater ranges it is not possible to separate the
crater related and upstream airblast related contributions to the
displacement peaks. The prediction curves shown on these figures
are based on the predicted crater volumes, however, the actual crater
volumes were so close to the predicted values that the difference

in these curves is hardly noticeable.

1. Half Buried and Tangent Below Configurations. The near

surface data for these events scatter about the predicted line at all
ranges. At the intermediate depths the data for scaled ranges of about
10 and less are generally below the predicted near surface values but

a change in attenuation rate appears to occur at about this scaled
range. Beyond a scaled range of about 10 the data are generally about
the near surface predicted values. At all ranges, however, the dis-
placements are significantly greater than predicted for this depth
increment. The same general trend is observed in the data for the
greater depths, however, the change in slope appears to occur at a
scaled range of about 7, especially for the vertical data.

Grouping the data in this way indicates an attenuation of
displacement with depth, however, it is not nearly as pronounced as
was predicted. The near surface and intermediate depth horizontal
data actually are almost identical.

Scaling of the displacments by the cube root of the crater
volume collapsed the data from the two different yields and heights
of burst into one band with no trend from shot to shot. Close in,
all the data follow the attenuation rate of R—3 predicted by the crater

volume scaling relationships.

2. Surface Tangent Configuration. The data for Event I-2 are
shown in figures 85 through 87. At both the near surface and inter-

mediate depths the data are significantly greater than the predicted
values. In this case also the actual and predicted creater volumes

were close enough that the differences in the predicted displacements
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are not significant. The data scatter is quite large especially for i

the horizontal data at the intermediate depth. The predicted attenua-
tion with depth overestimated the actual trend and the predictions {
were significantly below the actual data. These data, in fact, would
fall about at the upper band of all ground shock data scaled in this
manner.

d Crater Related Particle Velocity

Peak particle velocities, scaled by the effective seismic |

velocity (Ce = Range/time of arrival of the crater related signal),
plotted against the range scaled by the cube root of the crater vol-
ume are presented in figures 88 through 90. The depths of measure-

ment have been divided into three groups as discussed previously.

Vertical and horizontal velocities for Region 1 (Z < .1vi/3)
are presented in figure 88. The predicted values shown on this fig-
ure were determined by the equation given in reference 10. In gen-
eral, the prediction falls in the center of the data scatter for both
vertical and horizontal motions and describes the motions of the tan-
gent below and half buried experiments more accurately than the sur-
face tangent experiment. This is due to the fact that the experiments
with the greater depth of burst produce signals which have more dis-
cernable crater related motions. The surface tangent experiment was
so dominated by the airblast induced motions that the values chosen
were possibly a combination of the components of motion, but clearly
not composed only of crater related motion.

Figures 89 and 90 present the vertical and horizontal veloc-
2/3 < Z < .Svi/3

Much the same phenomena can be seen in these figures as was described

ities for Regions 2 (.V ) and (Z2 > .SVi/3) respectively.
above. There is, however, a tendency of the data to collapse to the
prediction line. This is due to the fact that as the depth of the
measurement increases the airblast signal becomes less and less pre-
dominant making the selection of the crater related motions easier

and, therefore, more accurate. The relatively less scatter in the
horizontal data is also a result of the smaller airblast component

in those data.
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4.4 WAVEFORMS §

4.4.1 Comparison of Measured and Predicted Waveforms

Waveforms were predicted by superimposing the various com-
ponents of motion according to the predicted arrival times as dis-
cussed in Section 3.2. Waveforms were predicted for all near sur-
face (0.46m) depths at ranges where gages were placed. Examples
of the comparisons between these predictions and the data are dis-
cussed in the following sections. In general these represent some

of the best and worst, as well as the more typical, comparisons.

a Surface Tangent Configuration. Figure 91 presents the pre-

dicted and measured vertical velocity waveform at the 10.68 meter
range. At this range the oscillatory motion as predicted by the
procedure in reference 1l is not developed, so the crater related
component described in reference 10 was used for prediction of the
low frequency motion. The airslap peak of the predicted waveform
is about 33 percent below the measured value. The pulse width

associated with this peak is about the same for both waveforms. The

major upward peak of the prediction is about 50 percent above the

measured waveform and the associated pulse width of the predicton is a
about 65 percent of the measured value. This upward peak is a

combination of the reflected airblast signal and the crater related !

signal. The reflected airblast in the data appears to have decayed

to almost zero before the crater related affects arrives. Therefore,
addition is not taking place in the amplitude and the later arriving
crater related pulse results in a longer duration upward pulse. The
final negative half cycle of the prediction (downward crater related
motion) produced a peak that is 29 percent of that measured and a
pulse width 1.38 times the measured pulse width. This predicted wave-
form is generally good for about the first 75 msec. The major short-
coming in this waveform is the inadequacy of the prediction of the

low frequency motion, which appears to be related primarily to the

incorrect predicted arrival time of the crater related motions.
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The horizontal waveforms for the 10.68m range are shown in
Figqure 92. The low frequency motion was predicted for this waveform
as mentioned above. The predicted pulse width of this signal is
about 1.5 times that of the actual waveform. The prediction of the
airslap motion did not include an airslap generated shear wave. This
wave was present in all the near surface data and especially evident
on the uworizontal records. 1Its effect is to reverse the outward mo-
tion resulting in a shorter outward pulse and in many cases a strong
inward pulse. The next major outward peak is about 76 percent of
the actual value and the total pulse width of the predicted positive
motion (arrival time to first negative motion) is about 93 percent of
the actual. The effects of the early predicted arrival time of the
crater related signal is evident here also. However, in the case of
the horizontals the amplitudes of the crater related pulse is under-
predicted. This prediction is generally quite good to about 80 msec.
The primary discrepancy results from an incorrect prediction of the
arrival time of the crater related motions and an incorrect crater

related waveform after the first outward peak.

Figure 93 presents the measured and predicted waveforrs at
the 21.35 meter range. At this range the oscillatory component is
developed enough to make use of the prediction methods in reference
11. The amplitudes of this waveform are generally well predicted.
The airslap component of the prediction was within the data scatter
and the pulse widths were guite similar. The low frequency motions
are generally the same in magnitude, although the first positive
half cycle was about 50 percent of the value exhibited by the data.
The frequency of the predicted oscillatory component is about 1.5 Hz

less than the data and the predicted oscillatory component arrives

about 20 msec later.

The horizontal motions at the 21.35 meter range are shown
in Figure 94. Again initial airslap related peak of this waveform
| was well predicted but the airslap related shear wave is very evident
in the data. The 20-25 msec shift noted for the oscillatory component

in the vertical comparison results in significant differences in the




00¢s

2-1 W - y3deQ w9y* 3y pue abuey wgg- 0l 3yl
10 SWA0J3ARM |RIUOZLUOH PIIILPAdd § PIUNSE3}y 4O uoStuedwo)

Jasu - QUT]

00Y \Em/ 002
L } I

"26 aunbiy

.\
2 g 22

PPV SRS PR Ty

147

> o

-

-

o
sdu -~ A3TO20T9A T[BIUOZTIOH

—

I

T

(2]
.




- st o
Z-T9W -43de@ wgn g pue aBuey wgg 1z Yl 3e
WwIoJoaEBM [BOTIADA POIOIPIIJ PUBR paansedl Jo uostaedwo) g4 2andyyg
D9SW ~ JW]

0&Z 00¢ 0st 001 0¢ 0
1 b e } | . i e 4 } .|
| nm T T T T ¥ A\ T | 4 -t 1

UOTIVIPIAG e or o ~_

yInwIzy 047 — —
yanwizy 081
YINWIZY 06 — - —
YInWIzZy 0 A

aNdaodat

soiul « AJTD0T9A TEDTIABA

P

148




A *Z-19W - Yy3idsQg wyp* pue
obuey wWgE°"1Z 943l 3Ie swiojaseM [eJUOZTIOH pPo3dIpdid pue paansesal Jo uostaedwo) °pe 2Inbtg

J9sW - SwWrl

0¢e 00¢ 0s1 001 0s 0
T v IT T .P T Lq T J_‘ — ﬁ

UOTIDTP1d 44—
yINWIZY 07— —
yInurzy 08T——
4INWIZY 06— - —
yanurzy 0 — —

aNd 931

149

Armo.o

- A3TO0T®A TRIUOCZTIOH

scdu




horizontal motions. 1In general, the frequency of the predicted

oscillatory component is about 3.7 Hz greater than the frequency of
the data, and the peak values are as much as a factor of 6 greater.
Had the airslap related shear wave been included in the prediction

the discrepancy in amplitudes would have been much less.

b Half Buried Configuration. Figure 95 presents the vertical

waveforms for the 18.3 meter range. As in the previous paragraphs,

the airslap component of the predicted waveform is reasonably accurate,
however, the oscillatory motion in this case is almost exactly 180°

out of phase with the data. The magnitudes and frequencies of the
predicted oscillatory motion are in good agreement with the data.

The horizontal waveforms for the 18.3 meter range are shown
in Figure 96. The prediction produced an airslap peak which was
about 1.15 times the actual value. The data showed the high fre-
quency signal associated with the airslap shear wave which was not
included in the prediction. The total pulse widths of the positive
motion for both prediction and data are about the same. It appears,
however, that the predicted oscillatory component arrives about 25
msec too early. The negative half cycle of the prediction is about
50 percent of the data and the pulse width is about 73 percent of
the data. The prediction appears valid to about 125 msec but after
this point the prediction badly underestimates the data. This same
problem was noted in the 10.68m range for the surface tangent con-
fiugration. 1In that case the oscillatory component was the crater
related pulse whereas here it was the close-in oscillatory pulse
predicted by reference 1l1. Both procedures apparently are deficient

in predicting the close-in, late time, horizontal response.

The vertical waveforms for the 36.6 meter range are shown in
Figure 97. The initial p-head wave of the outrunning signal is well
predicted as is the amplitude of the airslap signal. The downward
airslap pulse appears to be terminated earlier than the predition.
This could be an effect of a shear head wave or perhaps the airslap
related shear wave. The predicted oscillatory component is approx-
imately 180° out of phase when compared to the data, however, the
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structure of the waveform agrees fairly well and the peaks are within
the data scatter.

Figure 98 shows the horizontal waveforms at the 36.6 meter
range. The prediction overestimates the magnitudes by as much as a
factor of 3 and the frequency of the prediction is about 3.4 Hz great-
er than the data.

c Tangent Below Configqguration. The vertical waveforms for the

36.6 meter range is presented in Figure 99. As was pointed out 1in
earlier sections this configuration was the most difficult to predict.
As can be seen from the figure, success was quite limited. The arriv-

al times and phasing for the first 200 msec were in considerable erro:.

Figure 100 shows the horizontal waveforms at the 36.6 meter

range and similar problems are evident.

4.4.2 Event-to-Event Waveform Comparisons for the Half Buried
Configurations

Vertical and horizontal velocity waveform comparisons for the
three half buried experiments are presented in Figures 101 and 102.
Two of the reasons for conducting the three experiments at this con-
figuration was to check event-to-event data scatter in experiments
with the same yield and to establish data for scaling between 5.35 x
107415 and the 2.09 x 107373 yields.

Examination of Figure 101 and 102 show that reproducibility
of MBI-1 and MBI-3 was quite good. In general, the waveforms are
as nearly identical as physically possible with respect to frequen-
cies. Differences in magnitudes can possibly be attributed to dif-
ferent baseline shifts for the two events.

The third waveforms shown on these figures are from the 5.35 X
1074

scaling (reference 10) of range, depth, and time. As can be seen, the

TJ yield experiment (MBI-7). These waveforms were scaled by yield

scaling generally produces satisfactory results. Frequencies and mag- 1

nitudes are within the scatter usually seen from azimuth to azimuth in

one experiment.

154




[-19W - y3daQg wgpy* ayy B abuey wg°gg
3yl 3P SWJA04BARM |PIUOZLUOH PaIDLPaJd pue paunsedl 40 uostaedwo) °gg a4nbi4

.JlNo
Jasuw -~ JUI]L
Ti- &
o
N n
0o% 00¢ 007 00 N "
3 —
3
[+]
—
|\\\\\ 0 m
e
(nd
<
i
3
L.IHO o
uoT30Tpalg
th.




e e
e v T e v

Yl 1P smuoys ! e Lioa d
49ABM Led1349, P31otpaud pue Paunsea)y o UosiJedwoy “gg aunp

-_| 60" 1
+ 4o-
<
T 2
-t
s
A O
£ wn
— —
A
n
0 5
(]
(=
r
<
]
T¢o E
4]
+ 90°
coﬂuuﬂumpml .




Ll

G-18W - Y3dag wgy* pue abuey w9*9¢ ay3 je
SWAG4SARM {PJUOZLUOH PIIJLPaJd Pu®R paunsesly J0 uostdedwdd *QQL 34NHL 4

oasw ~ 2WT ]|,

T 90°

00¢ 00Y (o]4 Teco"

. —} e -+ 0
Teo-
490°
ero.

\
cOMuUﬂkumh\<un

sdwt - A3TD0TaA [1LRIVOZTIOY

157




1.53 R=9.15m Z=0.46m

- » L300 R=18.30m 2=0.46m
< 0
5305
= LEGEND
g —— MBI-1
— —-MBI-3
v —-— MBT-7
.061
0
;
.061

| — 4 - Il 1 |
! 1 ) 1 | 1
0 .2 b .6 .8 1.0

Time - Seconds

Figure 101. Event-to-Event Vertical Waveform Comparison
for the Half Buried Configuration
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4.5 COMPARISON OF INTEGRATED ACCELEROMETER AND VELOCITY GAGES

Figures 103 through 106 present the comparisons of waveforms
obtained from integration of acceleration waveforms and those ob-
tained directly by velocity gages for MBI-1 and MBI-2. Figure 107
is a plot showing the maximum peak outward velocities and maximum
peak upward velocities vs range for MBI-1 and MBI-2. These plots
are presented here as being characteristic of this type of data re-
ceived from all events. As can be seen from all these fiqures the
agreement between the two types of gages is quite good. Frequency
content is almost identical in most waveforms and most of the peaks
are within acceptable data scatter.

4.6 STRESS MEASUREMENTS

A limited number of stress measurements were made on all
events in Phase I. Figures 108 and 109 present some characteristic

stress waveforms for the three experimental configurations used.

Vertical stress waveforms are shown in Figure 108. The

surface tangent waveform is inconsistent and does not appear to
contain valid data beyond the initial airslap stress. (The large
amplitude noise indicates an electrical problem.) The other two [,
waveforms are characterized by a sharp airblast related peak, follow-
ed by a large direct induced surge. As would be expected, the

tangent below configuration produces the largest crater related stress
but contrary to expectations it also produced the largest airslap

stress.

Horizontal stress waveforms are shown in Figure 109. The

three waveforms are similar, each exhibiting the sharp airblast

peak and then the direct induced stress. In both the surface tan-
gent experiment and the half buried experiment the airblast produced
the highest stress. As would be expected, the direct induced signal

produced the highest stress in the tangent below waveform. :

Peak vertical stresses are presented in Figure 110. Neither

the positive nor the negative stresses indicate any trend on an event
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Figure 104. Comparison of Velocity Gage Waveforms and
Integrated Accelerometer Waveforms MBI-1
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Figure 108. Vertical Stress Waveforms at R=18.3m
. and Z=1.5m for the Three Configurations
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by event basis. The bands shown in Figure 110 generally encompass
most of the points. This makes the scatter for all events approx-
imately a factor of 4, bottom to top with an attenuation of R—z'zfor
the possitive stress. The scatter for the negative stresses is

about a factor of 3.5 bottom to top and the attenuation is R—l'a.

Peak horizontal stresses are shown in Figure 111. The data
is extremely limited, but the positive stresses fall in the same

bands as was used for the positive vertical stresses.

The negative peaks indicate a trend of increasing tensile
stress with range.

4.7 TRANSVERSE MEASUREMENTS

A limited number of transverse measurements were made for
most of the experiments in this program. If soil were truly an
isotropic, homogeneous medium, and gage placement were exactly
correct, these gages would provide no data. Since soil is neither
isotropic or homogeneous and there are errors in aligning gages, the
data received 1is an indirect measure of the deviation of this site,

and the placement procedure from the ideal behavior.

Figure 112 presents the peak positive and negative transverse
velocities for the three experimental configurations compared to the
peak horizontal outward velocity from the surface tangent experi-
ments and the tangent below experiment. Most of the data falls be-
tween .0lmps and .03mps in a rather random manner indicating that
these measurements are not event dependent and, therefore, more an
indirect measure of the site inhomogeneties. As would be expected
the transverse data is well below the horizontal data. The ratio of
horizontal velocity to transverse velocity varies from about 8 at the

closest range to around 4 at the farthest range.
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
5.1 SUMMARY

The objectives of the single burst experiments of the Misers
Bluff test program were given in Table 1. 1In general the purpose of
these experiments was to obtain a data base for making superposition
predictions for the multiburst experiments which were also conducted
as part of Phase I. To better characterize this data base the pro-
gram was designed to evaluate data scatter within a single experiment
and from event-to-event, to investigate the scaling as a function of
height~of-burst for a single yield, and to obtain data for 5.35 x lO—4
TJ to compare with data from other test sites. Sirce the primary pur-
pose of these data were to provide a basis for the superposition pre-
diction of the multiburst experiments, it is apparent that, to satisfy
this objective, the phenomenology associated with the single burst
experiments be well understood. Additionally, since the prediction of
the nuclear multiburst ground shock environments will be based on sing
burst predictions which will be combined using either superposition or
some other waveform synthesis methodology, it is also desirable to eval-
uate the accuracy and to understand the shortcomings of the single burst

prediction procedure.

In order to accomplish the above objectives some 399 channels

of data were studied and have been reported in previous sections.

5.1.1 Data Scatter

Evaluations of the data scatter was made by comparing peak
values of airslap induced acceleration and particle velocity and the
oscillatory component peak particle velocities. The data show that
the higher the fregency of the component in question, the greater the
data scatter observed in the experiments. The largest data scatter in
peak acceleration occurred on the surface tangent experiment and the
minimum on the tangent below experiment. This progression also repre-
sents the decreasing from maximum to minimum values of the observed
particle accelerations. The bottom to top peak acceleration data

scatter for the surface tangent experiment was about a factor of
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This decreased to about 3 for the half buried and 2 for the tangent
below experiments. These values are reasonably consistent with pre-
vious experiments. The same trends were experienced in the airslap
induced particle velocity with a factor of 3 bottom to top scatter in
the surface tangent experiment, approximately 2 1/2 to 3 in the half

buried experiment and about 1 1/2 in the tangent below experiment.

The oscillatory component was the lowest frequency component
examined and had the least amount of data scatter; however, the scatter
did not show the trend with height of burst experienced by the airslap
motions. The maximum data scatter was obhserved on half buried experi-
ments varied from about 1.2 to 1.6 with no real trend between horizon-
tal and vertical components.

The above quoted factors were based on a single experiment at
each height of burst; however, the experiment-to-experiment variation
evidenced by events 1 and 3 is within the referenced factors. 1In most

cases the scatter in the horizontal measurements was greater than the

vertical.

5.1.2 Height of Burst

The effect of the explosive height of burst on the airslap in-
duced ground motions was quite well predicted based on the differences
in the airblast generated by the different heights of burst. Bevond a
range of approximately 15 meters the height of burst effects were
negligible in the particle velocities. Closer than 15 meters to the
charge the higher airblast effects produced by the surface tangent ex-
periment resulted in higher particle velocities. Slightly more height
of burst dependence was observed in the horizontal particle velocities;
however, even in this case it was not particularly significant. 1In
many cases the data from a single experiment ranged from the top to the
bottom of the data scatter. Given the data scatter associated with
these measurements and the differences in the observed overpressure and
overpressure impulse it is not surprisinag that the height of burst

cffect was as small as observed.

Even less effect of the height of burst was observed in the

oscillatory component. 1In fact, the data sratter for the various




heights of burst overlapped. The largest apparent effect of the
different heights of burst was in small changes in the arrival time
of the various signals comprising the waveform and the periods of
the oscillatory components. These arrival time shifts led to wave-
form differences, however, they did not have a significant effect on

the peak values.

The periods of the oscillatory component of the tangent below

event was about a factor of 2 greater than the surface tangent events. !

5.1.3 Evaluation of Empirical Prediction Procedures ]

The prediction procedures utilized for the single burst experi- i
ments were discussed in Section 3. A summary of the comparisons of
the predictions and data is contained in Table 4. These comparisons
are discussed in some length in the text of the report and can be sum-

marized as follows. ]

1. The airslap component was generally predicted to within the

data scatter and in no case was there more than a factor of 2 differ-

ence in the vertical component. Attenuation rates of the airslap com-
ponents were also predicted quite well. The differences between the
predicted and measured airslap component waveforms appeared to be
generally related to the differences in the predicted and actual arrival
times of the various signals. Vertical motions were predicted better

than horizontal motions.

2. The error in predicted arrival times of the low frequency
components were as much as a factor of 3 greater than for the airslap
component. This is a result of the greater distance of propagation
of the oscillatory components thru the ground. The oscillatory com-
ponent peak values were not predicted as well as the airslap compo-

nents.

3. The discrepancies discussed above are indictive of the

amount of effort which has been expended in studying the particular

components. The low frequency component of motion has received very
little study in the past and this is reflected in the problems asso-
ciated with making those predictions and the resulting comparisons

with the experimental data. The greater difference between horizontal
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Table 4.

SUMMARY OF PREDICTION EVALUATION

Surface Half Tangent Half

Effect Tangent Buried Below Buried

2.09x1073tg | 2.09x10731g | 2.09x107373 | s5.35%x107%ra

Air Slap:
TOA -30 -30 -10 =20
VV WDS WDS WDS 0+100
A(R) +35 WDS WDS 0+100
Vy WDS WDS ~-354+100 +50
A(R) +35 WDS =25 +20
Ay -25+100 WDS WDS 0+112
A(R) +25 +10 WDS +15
Ay WDS+275 +65 -60,0 +450
A(R) -10+20 =55 +50 -30
Low

Frequency
TOA -90 -82 -75
VV -55+110 ~-80+160 WDS
A (R) -60 -70+100 +5
VH +400 0+750 +75
A (R) +30 -40+130 +75
fp +100 +160 +155

Legend

WDS - Within Data Scatter

Numbers indicate percent difference of

Prediction vs Data

A(R) =
f =
P

175

(Data used as Base)

Attenuation with Range

Frequency of Major Low Frequenty Motion




]

TR AT

predictions and horizontal measurements also reflects the amount of
effort which has been expended in developing prediction procedures
for those components.

4. The one major discrepancy in the airslap component predic-
tions 1is associated with the airblast generated shear wave. This shear
wave was evident in the horizontal waveforms and led to significantly

different waveforms than that predicted empirically.

5.1.4 Phenomenology

Prediction of waveforms by the methods described in Section 3
involves the superposition of a number of components which are inde-
pendently predicted. This procedure assumes that the phenomenology
associated with the expected motion is well understood. However, to
explain the details on the experimental waveforms requires an addi-
tional level of understanding of the physics associated with each of

the individual phenomena.

The airblast induced motion phenomenoclogy is well understood
even though the shear wave is not included in the prediction proce-
dures. Inclusion of this effect would lead to much better predictions

of the horizontal waveforms.

The oscillatory component is comprised of an outrunning signal
which travels at p-wave speeds through the near surface layers and a
surface wave which travels at shear wave speeds through deeper layers.
The energy which comprises the oscillatory component comes from both
upstream airblast and the directly coupled sources. Close to ground
zero this component is dominated by the crater related effects. How-
ever, the surface wave portion is evident at ranges inside the outrun-
ning radius.

The so called "transition region" in the attenuation of ground
shock with range represents a change in the component of motion which
contains the peak amplitude in addition to regions where the compon-
ents of motion are combining in phase. In many other cases a distinct

"plateau" in the attenuation occurs.

.2 CONCLUSIONS

(3]

The analysis of the Phase I single burst experiments led to the
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following conclusions about the empirical prediction procedures utilized.

1. Current empirical predictior procedures are not internally
consistent when used to make a "total" prediction. Studies which have
resulted in prediction relations have concentrated on a single compo-

nent of motion and the total data base has never been included.

2. Air blast induced motions are reasonably well predicted
3 with the exception of the air blast induced shear wave present in the
horizontal motions. This is not treated by the current empirical pre-

diction procedures.

3. Oscillatory motions are made up of a headwave and a sur-
face wave component. The surface wave component dominates both the
frequency and peaks of this motion. The period of the oscillatory
motion is affected by both the height of burst and yield for a given
;. geology while the amplitude appears independent of height of burst.

4. Waveform predictions are very sensitive to wave speeds and

travel paths and therefore require good p- and s-wave seismic profiles.

5.3 RECOMMENDATIONS

While our ability to make empirical predictions is reasonably
good in light of "normal data scatter" and unknown related to geology
and weapons system performance, a number of improvements appear possi-

ble and desirable.

1. A consistant procedure should be developed for making pre-
dictions of a "total" waveform as a function of geology, height of
burst and yield.

2. Prediction of surface wave portion of the oscillatory
component should be based on a study of theoretical and experimental

surface wave phenomenon.

3. The airblast induced shear wave should be included in hor-

izontal airslap predictions.

4. A theoretical explanation of the transition region should
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be developed and included in prediction procedures.

The accomplishment of these recommendations would result in
better prediction of the details of the ground motion, in greater
confidence in extrapolating the current base, and in better understand- !
ing of the relative importance in the variables involved in ground :

L motion response of a site.
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