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ABSTRACT 

Airblast was measured perpendicular to and off the ends of row- 
charge explosions and compared with airblast from single charges. It 
was found that prQW » nP Psingle> where p is peak overpressure and n 
the number of charges.  ß was different for each blast parameter exam- 
ined:  ground-shock-induced peak overpressure, peak overpressure from 
venting gas, peak negative pressure, and positive and negative impulse. 
Values of ß increased as spacing decreased.  Airblast was always greater 
perpendicular to the row than off the end, by an amount which increased 
as the number of charges increased. 
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SUMMARY 

Airblast measurements were made off the end of and perpendicular 
to rows of 2, 5, 11, and 25 charges and results were compared with the 
airblast from single charges at the same burial depth.  Two series were 
used, each with a different combination of spacing and burial depth. 
In one case, the 64-pound charges were buried 6.9 feet deep and spaced 
5.25 feet apart.  In this series, no shot of 25 charges was detonated. 
The other series had 64-pound charges spaced 8 feet apart and buried 
6 feet deep.  On two 11-charge shots in this series, additional blast 
lines were located at 45 degrees off the end charges.  The charges 
were detonated in playa at the Tonopah Test Range.  Crater dimensions 
from row charges were obtained as a by-product of the experiments. 

Wide system variations were encountered.  Airblast from otherwise 
identical shots was not reproducible.  Airblast attenuation rates were 
different from one shot to the next, and different parameters of the 
blast wave attenuated differently with distance, indicating that the 
blast wave was changing form.  These, added to minor gage inaccuracies 
and small differences in meteorology, resulted in considerable data 
scatter. 

Five parameters of airblast from row charges were examined and 
each was compared with the same parameter from single charges.  Param- 
eters were ground-shock-induced peak overpressure, peak overpressure 
from venting gas, peak negative pressure, positive phase impulse, and 
negative phase impulse.  Two series of shots, each with different 
combinations of burial depth and spacing, were used.  Burial depth was 
factored out by comparing each parameter for the row charges with the 
same parameter from a single charge at the same burial depth. 

Each parameter of airblast was found to be approximately equal 
to nß times that parameter for a single charge, where n is the number 
of charges.  The power ß was different for each parameter examined; it 
was a function of spacing and had a larger value for closer spacing. 

Pressure and impulse were always greater perpendicular to the row 
than off the end of the row, and the difference increased with the 
number of charges,  ß was also greater perpendicular to the row. 

Comparison of data from playa shots with limited data available 
from shots in other media shows that there is also a dependence on 
medium which the paucity of data precludes evaluating. 

Effects from the type of explosive could not be separated from 
effects of medium because shots using other than TNT explosives also 
were detonated in different media. 



Spacing between charges in a row will normally range from 1 to 
1.3 times an optimum radius for single charges. A 64 lb. single charge 
optimum radius in playa is about 7.8 feet or 1.95 ft/lbl/3. Because 
crater dimensions scale differently from cube root (probably between 
Wl/4 and wl/3-4), the equivalent spacing for large yield nuclear shots 
is relatively smaller. The Sedan crater had between 610..and 795 feet. 
In Figure 19 this would correspond to 1.05 to 1.35 ft/lb1^. 

Thus, in a practical application of the size of Sedan, the follow- 
ing would obtain: 

1. Perpendicular to the row, p's for ground-shock-induced and 
gas-venting peaks are about equal and approximate 0.9. 

2. Off the end of the row, ß for,the ground-shock-induced peaks 
is greater than that for the gas-venting peaks. 

a. Values of ß for ground-shock-induced peaks would approxi- 
mate 0.7. 

b. Values of ß for gas-venting peaks would approximate 0.45. 

Crater dimensions were generally greater for closer spacing in 
spite of a 15-percent greater depth of burial. Crater dimensions in- 
creased as the number of charges increased from 1 to 11, but became 
nearly constant for more than '11. An exception occurred in the case 
of average crater depth for the closer spacing, which at 11 charges, 
appeared to be still increasing at an appreciable rate. 
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AIRBLAST AND CRATERS FROM ROWS OF TWO 
TO TWENTY-FIVE BURIED HE CHARGES 

Introduction and Background 

The use of nuclear explosives in large-scale excavations such as 
a sea-level interoceanic canal would involve rows containing two or_ 
more charges.  Seismic disturbances and airblast are the two mechanical 
effects most likely to limit the use of such rows.  Airblast is the 
principal subject of this investigation; crater dimension is a corollary 
subject. 

1 2 
Studies of airblast from buried single charges ' have shown that 

the two principal constituents of the air pressure pulse from buried 
explosions are the ground-shock-induced (GSI) pulse and the pulse from 
venting gases. A Rayleigh-wave-induced pulse of low amplitude has been 
observed on certain high-explosive and nuclear-explosive events in rock, 
although no such pulse was observed on the explosions described herein. 

The direct GSI pulse results from transmission of the ground 
shock across the interface into the air, as well as from propagation 
underground radially from the source.  The air-transmitted GSI pulse 
travels upward and outward farther than the pressure pulse induced 
directly by ground shock. 

As the explosion cavity grows, the mound over the cavity rises 
and the explosion gases vent at or near the crown of the mound, usually 
at many points. 

For very shallow scaled burial depths, the direct and the air- 
transmitted GSI pulses are indistinguishable except very close to the 
epicenter.  As burial depth is increased, time between the pulses 
increases. For shallow burial depths, the gas-venting pulse dominates, 
but is is suppressed more rapidly than the GSI pulse as the burial 
depth is increased, until at containment only the latter pulse remains. 

At burial depths which maximize crater dimensions, nuclear shots 
in dry rock demonstrate a gas-venting pulse which is weak compared to 
the GSI pulse.  The weakness is due in part to the small amount of 
explosion gas produced by a nuclear shot in this medium, and in part 
to the fact that the gas-venting pulse is superimposed on a negative 
phase which follows the GSI pulse. 

For high-explosive shots in either rock or soil where gases pro- 
duced are not medium-dependent, and for the Sedan nuclear shot^ in 
alluvium where moisture content was about 10 percent, the amplitude of 



the gas-venting pulse is greater than that of the GSI pulse. More 
experience is needed with nuclear shots of different yields in alluvium        * 
with varying moisture contents before the contributions of the three 
major constituents of the large amplitude observed on Sedan can be 
separated and evaluated. The constituents are these: ^ 

1. The Sedan cavity appears to have erupted relatively early, 
while the cavity was small and cavity pressure high. 

2. The cavity gases were enhanced by vaporization of 
water in the soil; in effect a "steam-boosting" of 
the cavity. 

3. There is some evidence of nonscalable aspects of the 
gas-venting pulse, in that escaping gas pressures 
increase with yield faster than the rate anticipated 
from cube root scaling. (This and the first point may 
be merely manifestations of the same mechanism.) 

To the effects attributable to yield, medium, and burial depth 
effects, the use of row charges adds effects related to the number of 
charges, spacing between charges, and azimuth, as parameters influencing 
airblast. 

Experiments predating the ones described here were conducted in 
a variety of media, frequently with different kinds of explosives, at 
various charge burial depths and spacings, and with different numbers 
of charges. Thus, it was important in this series to use the same 
explosive in the same medium, and to limit the parameters of burial 
depth and spacing to two combinations, so that the effect of the number        * 
of charges could be explored. 

For a row charge, a peak overpressure not larger than 1 

Prow = npsingle 

might be expected in the worst case (acoustic superposition of blast 
waves), where n is the number of charges in the row, and p is the peak 
overpressure. In the best case one might expect peak overpressure to 
be the same as for a single charge with a charge weight (or yield) 
equal to the sum of all charges in the row;* thus, for the acoustic case 

= _l/3 
prow      "single 

Since there are azimuthal variations, the above should represent 
limits perpendicular to a row of charges. Results from the Dugout HE 
row charge^ in basalt, and results from an 11-charge row of 8-pound 
charges5 in Albuquerque alluvium, were used to derive 

P 

^single 

row     0.7    = n 

£  
Assuming that very strong shocks are not being added. 



The n0,7 fell within the expected limits. However, the Dugout 
report gives reasons for being skeptical of the above equation: 

Peaks from the Dugout 5-charge explosion were those of 
the ground-shock-induced pulse while the peaks from the 
11-charge shot may have come from venting gases.  Thus, 
they may not be directly comparable, and the agreement 
which permitted the above relationships may be coincidence. 

The inconsistency resulting from deducing a dependence on number 
of charges from such dissimilar wave forms made necessary a more con- 
trolled examination of the effects-of number of charges. 

Experiment Plan 

Airblast measurements along five radii were available from two 
previous identical 11-charge rows (shots 211-10 and 211-13) of 64-pound 
charges, and from a 5-charge row (shot 211-16) with different burial 
depths and spacings between charges.  Similar measurements were avail- 
able along one radius from a single charge (211-4) at the same burial 
depth.  The experiment was built around these and other completed shots 
as listed in Table I. 

TABLE I 

Shots with Airblast Measurements 

Shot 
No. 

Charge 
Size 
(lb) 

64 

DOB 
(ft) 

6.9 

Spacing 
(ft) 

Charges/ 
Row Date 

Number 
of 

Blast 
Lines 

2 

Number of 
Gages each 
Station 

211-42 1 10/25/66 2 

211-46 64 6.9 5.25 2 3/27/67 2 2 

211-16 64 6.9 5.25 5 5/27/65 2 1 

211-45 64 6.9 5.25 11 2/24/67 2 2 

211-4 64 6.0 1 5/22/64 1 5 

211-41 64 6.0 8.00 2 10/5/66 2 2 

211-44 64 6.0 8.00 5 11/22/66 2 2 

211-10 64 6.0 8.00 11 8/20/64 5 1 

211-13 64 6.0 8.00 11 3/3/65 5 1 

211-43 64 6.0 8.00 25 11/18/66 2 2 



Shot 211-4 had 5 gages, located at 50, 150, 500, and 1500 feet 
along the single blast line. Shots 211-10 and 211-13 had five blast 
lines—one perpendicular to the row opposite the midpoint of the row, 
one off each end, and one at 45 degrees from each end charge. Stations 
were at 50, 150, 500, and 1500 feet from the center charge for the 
perpendicular line and from the end charges for the other lines. 

All other shots had two blast lines (one perpendicular and one 
off the end) with stations at the same distances, except in shot 211-16 
where stations were located at 19.9, 40.9, 99.5, 269, and 567 feet. 
These locations were scaled from those of Project Dugout. 

The pressure gages used throughout were Pace P-7 diaphragm type. 
An Ampex CP-100 magnetic tape recording system and Consolidated System D 
amplifiers with an 800-Hz response were used. 

Crater dimensions were obtained from topographic maps prepared 
from "aerial" stereophotographs by American Aerial Survey, Inc., Covina, 
California. An unmodified aerial camera and its operator were suspended 
on a platform at heights of 40 to 60 feet by a crane boom. All other 
aspects of the photogrammetric mapping were conventional. 

The site of the experiments was the southernmost dry lake bed of 
Cactus Flat basin at Tonopah Test Range, southeast of Tonopah, Nevada. 

Airblast Results 

It is doubtful if any attempt would have been made to measure 
airblast as a function of number of charges if it had been realized at 
the outset how difficult and complex a problem was involved. Many 
experimental variances which occurred singly or in combination were not 
anticipated, nor in all cases were the magnitudes of variances even 
suspected. The major variations were these: 

1. Airblast from otherwise identical shots was not 
reproducible. 

2. Airblast attenuated differently with distance 
from one shot to another. 

3. Different constituents of the blast wave attenuated 
differently with distance; i.e., the blast wave 
changed form. 

4. There were gage and gage-calibration inaccuracies. 

5. Meteorology was not constant from one event to 
another (but this fact could explain only a small 
part of the difference noted in (2)). 

With the exception of (4), these are system variations which can- 
not be reduced in a controllable manner.  Hence, improvements can be 
achieved experimentally only by approaching the problem statistically--a 
time-consuming and costly approach. 
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In general, the airblast measurements were adequate.  Ordinarily, 
there would be acoustical damping limitations on instrument response 
in blast measurements from charges as small as 64 pounds if the charges 
had been burst above ground.  The peaks of the blast wave from buried 
explosions tend to be rounded, and the rise times increased, by charge 
burial.  Any instrument acoustical damping would tend to reduce peaks 
of higher pressure more than it would those of weaker blast waves, and 
this may account for a few of the deviations observed in the following 
chapter. 

Since the principal result (the effect of number of charges in a 
row) can be expressed by ratios of row-charge to single-charge values 
of each parameter, it is believed that acoustic damping of gages has 
not detracted from the value of conclusions reached. 

The data have been analyzed by examining separately (a) the ground- 
shock-induced peak overpressure, (b) the peak overpressure from venting 
gas, (c) the peak negative pressure, (d) the positive-phase impulse, 
and (e) the negative-phase impulse.  In determining attenuation rates, 
first-order least-square fits have been used because neither the quality 
nor quantity of the data justify the refinement of higher-order curve 
fitting.  On some shots there was an indication that gas-venting peaks, 
measured by the closest gages, were lower than expected relative to 
those at more distant locations.  This result tended to decrease attenua- 
tion rates if values from the closest gages were used.  It is not clear 
whether the reduced values resulted from diffraction and shielding fur- 
nished at the closest locations by the mound of earth through which the 
gases vented, or whether they resulted from inadequate gage response to 
the higher pressure measured close-in. 

Any lack of gage response caused by acoustic damping would be 
reflected in lower values for ground-shock-induced and gas-venting peak 
overpressure.  The effect on positive and negative phase impulses or 
peak negative pressure should not be noticeable. 

Rate of Attenuation of Overpressure with Distance 

Spherical attenuation of shock overpressure with distance might 
be assumed to be nearly R_1 as the acoustic region is approached, but 
other theoretical treatments are inconsistent in this regard. 

IBM Problem M was not carried to the infinitesimal acoustic 
limit but in the region from 0.4 to 1 psi the peak overpressure followed 
an attenuation rate of about R"1-2.  Positive-phase impulse followed 
an attenuation rate of R~°«9. 

The Kirkwood-Brinkley free airburst curves for cast TNT were 
carried only to about the 1-psi level.  The region from 1 to 3 psi fol- 
lowed an attenuation rate of R-l-35.  The positive-phase impulse over 
the same region suggests an attenuation rate of R-l.  Thus, even in the 
spherical free air case, there are differences between attenuation rates 
of various models. 

Experimental results from hemispherical HE tests0 indicate that 
for the region from 0.01 to 0.1 psi the peak overpressure follows an 
attenuation rate of about R"l-35.  Positive-phase impulse follows R_i-4 

approximately.9 When such variations are indicated by theoretical and 
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experimental results, differences in attenuation rates from the experi- 
ments described here should not be surprising.  Examination of the 
attenuation rates of the five parameters described below will make it 
clear that a great deal of variation occurs and that there are only a 
few consistencies to be found. 

Attenuation rates greater than R" can occur (a) if winds blow 
toward ground zero from the end of the blast line, and (b) if a temper- 
ature gradient exists, with warmer temperatures at ground level. 

Attenuation rates would be less than R  if: 

1. Winds were blowing toward the end of the blast line from 
ground zero 

2. Temperature inversions exist, with the ground colder 
than the air above it 

3. Close-in gages were shielded 

4. Gages were not responding to peak overpressures 

5. Waves starting with rounded peaks shock up with 
propagation over the distance range of the measurements. 

Still another cause of a low rate of attenuation with distance 
is illustrated by 211-43, a 25 charge row.  Perpendicular to the row the 
close gages see the shock front as coming from essentially a line source, 
with the more distant sources providing a later contribution.  The more 
distant gages see the row more nearly as a point source because arrivals 
from individual charges are not separate in time by nearly as large an 
increment.  Since arrivals are more nearly concurrent, peak pressures 
are greater and blast attenuation with distance is reduced. 

No information was obtained on temperature gradients or inver- 
sions, so those effects cannot be evaluated.  Shots were fired from 
8:30 a.m. to 2:30 p.m., averaging about 11:30 a.m., so temperature 
differences would be expected. 

Surface winds at the time of the shots ranged from calm to 4 miles 
per hour.  No measurement was made of wind versus altitude.  A 4-mph 
wind speed, uniform with altitude, could cause a change of less than 
6 ft/sec in sonic velocity.  Superposition of such' a uniform flow field 
could change attenuation rates only by about ±0.005.  Unfortunately, 
wind directions were not recorded because of the low velocity involved. 
The principal blast lines were 90 degrees apart, leaving a possibility 
that winds would affect one line more than the other. 

Only for positive-phase impulse was the attenuation rate perpen- 
dicular to the row always higher than off the end of the row for all 
shots. 

Tables Ila and lib summarize the attenuation rates with distance 
for each blast parameter examined and for all shots fired.  The table 
makes it clear that there is no consistent relationship or trend in the 
rate of attenuation with either the depth of burst and spacing combina- 
tion or with the number of charges, and that attenuation is different 
for each parameter. 

12 



TABLE Ha 

Summary of Attenuation in Rows 

Shot 
No. 

211-42 
211-46 
211-16 

211-45 

211-4 
211-41 
211-44 
211-10* 
211-13 
211-43 

No.   of 
Charges 

1 
2 

5 
11 

1 
2 
5 

11 

25 

Ground-Shock- 
Induced Peaks 

a      b 

1.038 
1.017       1.151 
1.173       1.114 
1.040       0.903 

1.020 
1.042       1.073 
0.990       1.051 

1.082       1.041 

1.033       0.666 

Gas-Venting 
Peaks 

0.983 
0.937      0.933 
0.887       0.972 
0.861       0.932 

0.969 
0.934       1.006 
0.892       1.004 

0.889       1.000 

0.912      0.906 

Negative Peaks 

a      b 

1.001 
0.940       1.039 
0.963       0.954 
0.905.      0.871 

0.923 
0.939       1.017 
0.954       0.953 

0.822       1.012 

0.723       0.907 

Positive Impulse 

a      b 

0. 

0.965 
0.901 
0.899 

0.989 
1.058 
0.978 

0.958 
0.907       1.026 
0.924       0.998 

0.810       1.033 

0.822       0.887 

Negative Impulse 

a      b 

0.982 

0.948  1.048 

0.991  1.072 

0.965  1.000 

0.974 

1.079  1.052 

0.965  1.011 

0.838  1.041 

0.864   1.004 

NOTES: 
1. All values are negative. 
2. Columns a:  off end of row data. 
3. Columns b:  perpendicular to row data. 

"Data from two separate shots were used to obtain values shown. 

TABLE lib 

Standard Deviation of Attenuation in Rows 

Shot 
No. 

No.   of 
Charges 

211-42 1 

211-46 2 

211-16 5 

211-45 11 

211-4 1 

211-41 2 

211-44 5 

211-10* 
211-13 11 

Ground-Shock- 
Induced Peaks 

0.019 
0.011       0.023 
0.029       0.020 
0.021       0.029 

0.026 
0.008       0.018 
0.033       0.027 

211-43 25 

0.050 

0.035 

0.084 

0.020 

Gas-Venting 
Peaks   

0.047 
0.027       0.033 
0.057       0.055 
0.027       0.015 

0.013 
0.016       0.018 
0.034       0.018 

0.053 

0.013 

0.077 

0.035 

Negative Peaks 

a      b 

0.015 
0.015       0.027 
0.026       0.019 
0.029       0.017 

0.017 
0.029       0.019 
0.018       0.020 

0.045 

0.016 

0.074 

0.036 

Positive Impulse 

a      b 

0.015 
0.078       0.031 
0.053       0.003 
0.015       0.011 

0.010 
0.015       0.020 
0.024       0.015 

0.048 

0.012 

0.060 

0.032 

Negative Impulse 

a      b 

0.016 
0.013       0.026 
0.032       0.007 
0.027       0.017 

0.019 

0.010  0.015 

0.026  0.021 

0.045 

0.027 

0.080 

0.031 

NOTES: 

1. Columns a:  off end of row data. 

2. Columns b:  perpendicular to row data. 

"Data from two separate shots were used to obtain values shown. 
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In view of the variations in data discussed earlier, it is ques- 
tionable whether the accuracy implied by Table Ila is warranted and 
whether a trend could be defined if it existed. Table lib shows the 
standard deviation for each attenuation in Table Ila. The sigmas are 
highest for combined results of shots 211-10 and 211-13, and large 
deviations may be attributed to differences between otherwise identical 
shots. They are appreciably lower for most cases; less than 1 percent 
in some cases.  The standard deviations are small relative to the vari- 
ations in attenuation and a trend, if any, would not be obscured. 

Analysis 

The results for all shots are in Appendix A. For each shot, the 
pressure-time records are given, as well as tabulated values and results 
of least-square fits. First-order least-square fits were accomplished 
on two bases: 

1. Where two gages were located at each station on a line, 
they were of different sensitivities to accommodate 
uncertainties in expected pressure. Values from the 
more sensitive gages were weighted twice as much as 
those from less sensitive gages.  This was done sepa- 
rately for each blast line of each shot. If two gages 
were located at each station, only results of this 
weighting were used in analysis. 

2. If gages with only one sensitivity were located at 
each station, these values were used in analysis. 
That is, on any one line and for any one parameter, 
data from all gages were weighted equally for that 
shot. 

First-order log-log fits were determined for each parameter, 
although there is no a_ priori reason why blast-wave attenuation must 
follow a first-order approximation. A higher-order fit would better 
follow the data points, but data scatter seemed large enough that an 
estimation of attenuation to higher order did not appear warranted.  On 
other shots there has been evidence of departure from log-log linear 
attenuation with distance, particularly for the gas-venting peak over- 
pressure, in that the closest gages show lower values than would be 
predicted by a log-log approximation of data measured at other stations. 
This may be because the gas-venting pulse originated from the top of the 
mound through which the explosive erupts, and is subject both to diffrac- 
tion down the mound and to travel over a longer distance than if it had 
originated at the preshot epicenter. 

Using an expression* given by the data from each blast line on 
each shot (based on the criteria described above), the ratio of row- 
charge to single-charge airblast at distances of 50, 150, 500, and 
1500 feet was obtained for each blast parameter.  These ratios are 
plotted in Appendix B.  In general, there is a power-law relationship 
between the number of charges and the ratio of row-charge to single- 
charge airblast.  Again, the data scatter would not justify a fit of 

J-.  

These expressions are noted on the pressure-distance plots in 
Appendix A. 
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higher than first order.  If attenuation of the blast parameter with 
distance had been the same for the row charge as for the single charge, 
the ratios for the four distances would be coincident.  Since attenua- 
tion rates are different, there is a spread in the ratios from 50 to 
1500 feet. 

This lack of uniformity in rate of attenuation, and the desire 
for a single number relating row-charge to single-charge data, led to 
another method of data evaluation.  Average attenuation rates were 
obtained for the two single charges. Fits to row-charge data were 
made in which the rate of attenuation was forced to agree with attenua- 
tion rates from the single charges. Row charge/single charge ratios for 
each airblast parameter were obtained by using intercept values of the 
expressions obtained by forcing attenuations to be equal to single- 
charge averages.  Table III summarizes interrupt values using attenu- 
ation rates thus obtained. 

TABLE III 

Intercept Values of Fits to Pressure/Distance Plots 
with Normalized Attenuation Rates 

Shot 
No. 

No.  of 
Charges 

Ground-Shock- 
Induced  Peaks 

a_            b 

Gas-Venting 
Peaks Negative Peaks 

a             b 

Positive  Impulse 

a                  b 

Negative Impulse 

£          k a                  b 

211-42 1 2.05 1.06 1.03 0.0469 0.0659 

211-46 2 3.00       ' 4.06 1.82         1.87 2.28         2.54 0.0913       0.0930 0.1509       0.1579 

211-16 5 4.06         8.93 3.78         4.38 3.01         3.56 0.1997       0.2171 0.2692       0.2904 

211-45 11 4.92       20.2 4.72         8.56 4.15.       5.79 0.3219       0.4281 0.4961       0.6399 

d 

211-4 1 2.73 5.56 2.75 0.0945 0.1181 

211-41 2 3.14         5.06 3.73         5.39 2.75         2.60 0.1030       0.1142 0.1358       0.1493 

211-44 5 2.78       13.9 5.41         9.52 4.31        4.81 0.2216       0.2723 0.2868       0.3463 

211-10 
211-13 11 3.13       18.7 7.88       19.9 5.13         7.91 0.3132       0.5135 0.4165       0.6117 

211-43 25 3.14       29.6 6.84       19.8 4.59       13.70 0.3082       0.9159 0.5684       1.1480 

NOTES: 
1. Columns  a: off  the  end  of the  row data. 
2. Columns b:  perpendicular to the row data. 

3. Rows c:  burial depth 6.9 feet; spacing 5.25 feet. 

4. Rows d:  burial depth 6 feet; spacing 8 feet. 
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Discussion of Airblast 

Effect of Number of Charges in a Row 

In Figures 1 through 10, the row-charge/single-charge ratios of 
the intercept values of each of the five blast parameters derived by 
the method last described are plotted against number of charges in the 
row. There were two series, each with a different spacing and burial- 
depth combination, and the data are separated accordingly. These ratios 
were obtained by a simple log-log fit, 

Vi 
Ratio = an  . 

There was an occasional suggestion, especially for negative peak 
pressures perpendicular to the row with an 8-foot spacing (see Figure 6), 
that the intercept given by a fit through the data might be less than 1. 
This could occur if the value used for the single charge (211-4) was 
too large relative to corresponding row charges. There was only one 
64-pound single charge fired at a 6-foot DOB. However, a 700-pound 
charge had been detonated in the same medium at the same cube-root- 
scaled depth of burst. Pressure data from that event (211-7) was in 
excellent agreement with data from 211-4, suggesting that the shot used 
for nomalizing was not spurious. 

A careful check of the data from each shot shows inconsistencies 
which could only be resolved by firing additional shots of the same 
type. For example, 211-41, a 2-charge shot, has a ground-shock-induced 
overpressure which is about in agreement with other shots in the series, 
both off the end of and perpendicular to the row. All other values 
resulting from this shot are quite low. In the case of 211-46, also 
a 2-charge row, the negative phase is quite large compared with other 
shots, although other values are in good agreement. Reference to the 
pressure/time records in Appendix A shows simply that this shot had 
an unusually large negative peak. Similar observations can be made in 
regard to 211-43, a 25-charge shot, where negative peaks, positive- 
impulse peaks, and gas-venting peaks appear low relative to the other 
shots. These peculiarities of certain shots add to data scatter and 
thus decrease the reliability of results. Unless repeat shots are fired, 
there is no way of distinguishing nonrepeatable variations from charac- 
teristic differences. 

The exponents b are shown in Table IV.  This table indicates that: 

1. The increase in peak positive pressure or impulse with 
increase in the number of charges is always greater for 
the deeper row with the closer spacing.  Such is not the 
case for peak negative pressure. 

2. The rate of increase is always greater perpendicular to 
the row than off the end of the row.  (This would be 
expected.) 

3. The rate of increase is different for each parameter 
considered. 

16 



10 

st c 

OFF END OF ROW 
GROUND SHOCK INDUCED PEAKS 

o SP 5.25'(1.31X) DOB 6.9'(1.73X) 

D SP 8' (2X)DOB6' (1.5X) 

• DUGOUT - BUCKBOARD SP (1.31X) DOB (1.73X) 

X PRE-CAPSA 

0.393(±0.113) 

0.047(-0.047) 

2 3 11 25 

NUMBER OF CHARGES IN ROW 

Figure  1. 

10 

0.945(±0.051) 

be c 

0.799(^0.150) 

DUGOUT 

PERPENDICULAR 
GROUND SHOCK INDUCED PULSE 

O SP 5.25' (1.31 X ) DOB 6. 9' (1.73 X ) 

O SP 8' (2 X) DOB 6' (1.5 X) 

• DUGOUT - BUCKBOARD SP (1.31 X ) DOB (1.73 X ) 

X PRE-CAPSA 

I        I      1      I L_J 1  
5 11 

NUMBER OF CHARGES IN ROW 

25 

Figure 2. 

17 



10 

OFF END OF ROW 
GAS VENTING PEAKS 

O SP 5.25' (1.31 X) DOB 6.9' (1.73 A) 

D SP 8' (2 A) DOB 6' (1.5 X) 

X PRE-CAPSA 

0.681(^0.194)       o 

0.0621-0.190) 

J L_ 
2 5 11 25 

NUMBER OF CHARGES IN ROW 

Figure 3. 

PERPENDICULAR 
GAS VENTING PEAKS 

OSP 5.25' (1.31 X) DOB 6.9'(1.73 A) 

a SP 8' (2 A) DOB 6' (1.5 A) 

X PRE-CAPSA 

J 1_1 l_ 

5 11 25 

NUMBER OF CHARGES IN ROW 

Figure 4. 

18 



10 

OFF END OF ROW 
NEGATIVE PEAKS 

~      O   SP 5.25'(1.31A) DOB 6.9' (1.73 X) 

~        D    SP 8' (2 A) DOB 6' (1.5A) 

X    PRE-CAPSA 

x                 yS 

y/   O 
0.636(±0.316K     yT 

O 

O          yr 

yT                                           U        ^,. 
D 

S^^- '     '            ^   0.202(^0.083) *£—         D                          ~n 

I       i     i    1   i i i i i.L i      1     i 

2.5 11 

NUMBER OF CHARGES IN ROW 

25 

Figure 5. 

10 

J L 

0.446(i0.164) 

PERPENDICULAR 
NEGATIVE PEAKS 

O    SP 5.25' (1.31A) DOB 6.9' (1.73A) 

D    SP 8' (2A) DOB 6' (1.5A) 

X    PRE-CAPSA 

 I 1 I I  
2 5 11 

NUMBER OF CHARGES IN ROW 

25 

Figure 6. 

19 



10 

be e 

0.840(^0.128) 

OFF END OF ROW 
POSITIVE IMPULSE 

O  SP 5.25' (1.31 X) DOB 6.9' (1.73 X) 

D   SP 8' (2 X) DOB 6' (1.5 X) 

X   PRE-CAPSASP (2.15 X) 
DOB (1.5 X) 

0.423(±0.141) 

i      i '    '   ■   ■  ' 

5 11 25 

NUMBER OF CHARGES IN ROW 

10 - 

Figure 7. 

be c 

0.688(-0.114)- ~n 

/ 
_n0.934(±0.045)         /   yf 

Syr/ 

//    / 

PERPENDICULAR 
POSITIVE IMPULSE 

O SP 5.25' (1.31 X) DOB 6.9' (1.73 X) 

f      / D  SP 8' (2 X) DOB 6' (1.5 X) 
/ 

-   / 
-/ 

i      ,         i 

X  PRE-CAPSA SP (2.15 X ) 
DOB (1.5 X) 

1   1  1 1                   ill        1 
5 11 25 

NUMBER OF CHARGES IN ROW 

Figure 8. 

20 



10 

bo 
c 

0.871(i0.195) 

OFF END OF ROW 
NEGATIVE IMPULSE 

O SP 5.25' (1.31 A ) DOB 6.9' (1.73 X ) 

D  SP 8' (2 X) DOB 6' (1.5X) 

X  PRE-CAPSASP (2.15 X) 
DOB (1.5 A) 

0.50K-0.088) 

J L I   I   I  I 1 i        i      I TIM 
5 11 25 

NUMBER OF CHARGES IN ROW 

10 

be 
B 

Figure 9. 

0.696(-0.095) 

PERPENDICULAR 
NEGATIVE IMPULSE 

O     SP 5.25' (1.31 X) DOB 6.9' (1.73 A) 

D     SP 8' (2 X) DOB 6' (1.5 X) 

X PRE-CAPSASP (2.15 X) 
DOB (1.5 X) 

I     i    i   i   i   i J 1—1 1_ 

5 11 25 

NUMBER OF CHARGES IN ROW 

Figure 10. 

21 



TABLE IV 

Exponents of Size-of-Row Dependence of Blast from Row Charges to 
Blast from Single Charges 

Spacing and    Ground-Shock-   Gas-Venting 
Depth of Burial  Induced Peaks      Peaks 

a_ b a_ b a_ b a_ b a_ b 

Sp = 5.25; 
DOB =6.9 

0.393 0.945 0.681 0.872 0.636 0.766 0.840 0.934 0.871 0.957 

Sp = 8; 
DOB  =  6.0 

0.043 0.799 0.066 0.416 0.202 0.420 0.427 0.688 0.504 0.686 

NOTE: 
1.    Columns a: off er d of row data. 

2. Columns b:  perpendicular to row data. 

Effect of Charge Burial Depth 

Each of the two series of shots had a different combination of 
charge burial depth and spacing.  It was assumed that to a first approxi- 
mation it was possible to isolate the spacing effects by normalizing 
airblast from row charges to that from single charges. By using row- 
charge/ single-charge ratios only from shots with a common burial depth, 
it was thought that effects of burial depth would be factored out. 
Once this was done, however, charge burial-depth effects could no 
longer be evaluated. 

Effect of Azimuth 

Some interesting observations can be made from Figures 11 and 12. 
As the number of charges is increased, the difference increases between 
airblast perpendicular to the row and airblast off the end;  in fact, 
there is some suggestion that the rate of this increase may be increas- 
ing with added charges. For example, for two charges, the negative 
peaks and the positive and negative impulses perpendicular to and off 
the end of the row are about equal, and the ground-shock-induced and 
gas-venting peaks show only a slight difference; but by the time 25 
charges are reached, the differences are quite large. As expected, the 
differences are less where the charge spacing is smaller.  The limited 
data do not permit development of a generalized expression of azimuthal 
effects, though they do permit a demonstration of qualitative relation- 
ships for the two series examined. 
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On shots 211-10 and 211-13, measurements were made at 45 degrees. 
The increase in each blast parameter at 45 degrees over that off the end 
is less than half the increase perpendicular to the row. 

Effect of Spacing 

If the premise is accepted that burial depth effects can be 
factored out, it should then be possible to isolate effects of spacing. 

In order to predict airblast from large-scale nuclear explosions, 
it is desirable to establish a relationship between airblast and charge 
spacing.  Parameters of greatest safety concern are GSI and gas-venting 
peak pressures measured perpendicular to the row. Depending upon medium 
and burial depth, either of these two peaks may be the greater. The 
two charge spacings examined cover the range of spacings between that of 
a single-charge crater radius and that of about 0.6 times a single- 
charge radius. This includes the lower range of spacing which normally 
would be used for nuclear excavation. The increase in the row-charge/ 
single-charge blast ratio (the slope of least-square fit to data of 
Figures 1-10)was summarized in Table IV. The increase with a larger 
number of charges is always smaller for the larger spacing;  it is 
always larger perpendicular to the row than off the end of the row; and 
is different for each blast parameter, although ratios for positive and 
negative impulse are not very different. 

The available information on the effect of charge spacing is 
illustrated in Figures 13-16.  Blast-distance data were normalized to 
single-charge attenuations, and hence are more accurate over the range 
of the data (50 to 1500 feet) than at smaller or larger ranges.  The 
figures show that the effect of spacing is different, depending on 
whether one is looking at GSI or gas-venting pulses, and whether one 
is looking at the pulses off the end of or perpendicular to the row. 
The limit case of zero spacing is a single charge whose weight is the 
sum of the weight of charges in the row.  In these figures, the actual 
burial depth is held constant for each series.  Thus, the limit case of 
zero spacing is at a relatively shallower scaled burial depth than for 
large spacings, and more blast gets out. 

The limit case has been obtained from Figures 17 and 18 which 
show suppression of GSI and gas-venting peaks with charge burial depth, 
based on all available data from single charges.  It can be observed 
from these figures that the GSI peaks for the charges in playa corre- 
spond more nearly to the peaks produced in basalt than to those pro- 
duced in alluvium.  The trends for the peaks from venting gases are 
not so obvious, some lying above and some below the basalt curves. 
The basalt relationship with depth of burst was used for playa in 
determining the ratios of row-charge pressures to single-charge pres- 
sures for the zero spacing limit.  The ratios are essentially the same 
for the single-charge burial depth of both 6 and 6.9 feet. 

GSI peak overpressures observed off the end of a row (Figure 13) 
decrease as spacing is increased, probably because of the greater 
distance the shock wave must travel from each additional charge in the 
row. 
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GSI peaks measured perpendicular to the row (Figure 14) show an 
entirely different dependence on charge spacing.  Because of acoustic 
addition, airblast from individual charges at the closer of the two 
spacings examined exceeds the zero spacing blast output, and the pres- 
sure ratio increases.  At larger spacing, ratios again decrease. 

Gas-venting peaks measured off the end of the row (Figure 15) and 
perpendicular to the row (Figure 16) show a continuous decrease as_ 
spacing between charges in the row is increased.  This may be due in 
part to the increase in effective scaled burial depth as spacing is 
increased from zero.  The decrease in pressure with increased spacing 
indicated by the two series examined here is quite rapid between scaled 
spacings of 1.3 and 2 ft/lbl/3. 

Theoretically the pressure ratio off the end should become asymp- 
totic to 1 at a scaled spacing of approximately 36 ft/lblM, where the 
positive and negative phases of blast from one charge pass, and pressure 
returns to ambient before the blast arrives from the next charge. 

The spacing at which the ratio perpendicular to the row becomes 
asymptotic appears to be much greater than for blast measured off the 
end.  It is a function both of the distance at which measurements are 
made and of the number of charges.  The latter must be large enough 
so that an additional charge makes no contribution to peak overpressure. 
As the perpendicular distance increases, the number of charges at which 
the ratio becomes essentially constant must increase. 

If the increase of a pressure parameter with number of charges 
is represented by 

P ~ nP 

then p is also a function of spacing.  The functional dependence is 
illustrated in Figure 19.  The zero spacing intercept is defined as 
before.  Again, the function p is different for each parameter, although 
p's for positive and negative impulses are similar and p's for positive 
and negative peak pressures from venting gases are also similar. Values 
of p for ground-shock-induced peak overpressures are unlike those for 
any other parameter. 

It would be in order to examine spacings both larger and smaller 
than those investigated here (keeping burial depth constant), to better 
define the effect of spacing. 

Spacing between charges in a row will normally range from 1 to 
1.3 times an optimum radius for single charges. A 64 lb. single charge 
optimum radius in playa is about 7.8 feet or 1.95 ft/lb1/-*.  Because 
crater dimensions scale differently from cube root (probably between 
wl/4 and Wl/3.4)} the equivalent spacing for large yield nuclear shots 
is relatively smaller.  The Sedan crater had between 610 and 795 feet. 
In Figure 19 this would correspond to 1.05 to 1.35 ft/l,b-w3. 

Thus, in a practical application of the size of Sedan, the follow- 
ing would obtain: 

1.  Perpendicular to the row, p's for ground-shock-induced and 
gas-venting peaks are about equal and approximate 0.9. 
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2. Off the end of the row, ß for the ground-shock-induced peaks 
is greater than that for the gas-venting peaks. 

a. Values of (3 for ground-shock-induced peaks would approxi- 
mate 0.7. 

b. Values of ß for gas-venting peaks would approximate 0.45. 

Effect of Medium 

The effect of medium is not easily deduced because data which are 
directly applicable are lacking.  Projects Buckboard and Dugout repre- 
sent the only comparable single- and row-charge experience in basalt, 
and only the ground-shock-induced peaks can be compared for those two 
shots.  Dugout versus Buckboard ratios have been added to Figures 1 and 
2 to show that the ratio of row-charge to single-charge pressures is_ 
less than in the case of an identical combination of spacing and burial 
depth in playa.  Similarly, the ratio is less in Figures 13 and 14 than 
for other shots.  The Dugout-Buckboard ratio is somewhat tenuous because 
nitromethane explosive was used on Dugout, and TNT on Buckboard.  Limited 
information from single charges10»11 suggests larger pressures from 
nitromethane than from an equivalent weight of TNT.  In view of this 
indication it is surprising that the-Dugout-Buckboard ratios are lower 
than those based on uniform use of TNT.  The comparison is carried to 
Figures 11 and 12, showing that the differences in pressure perpendic- 
ular to the row and off the end of the row are comparable to those of 
the similar shot in playa in the case of ground-shock-induced peaks, 
but are much higher in the case of peaks from venting gas. 

One other comparison can be made using uniform explosives:  the 
Pre-CAPSA series, which consisted of 256-pound charges buried 9.5 feet 
deep.  One row of five charges was detonated with a spacing of 13.6 
feet between charges.  The experiment was run in Albuquerque alluvium. 
The Pre-CAPSA spacing is only slightly greater than for the larger of 
the two spacings in the playa series. For GSI peaks, the ratios of 
row-charge to single-charge pressures are not too different from those 
of playa (Figures 1 and 2).  In the case of gas-venting and negative 
peaks the ratios are considerably larger for the Pre-CAPSA series 
(Figures 3-6).  In the case of positive and negative impulses the values 
for alluvium are slightly above those for playa (Figures 7, 9, and 10). 
Similarly, the ratio of pressures perpendicular to the row to those off 
the end of the row is greater for the alluvium shots than for comparable 
shots in playa (Figure 11).  The ratio for negative impulse is somewhat 
less (Figure 12).  The fact that the ratios for peak overprssures are 
greater for the Pre-CAPSA series is also illustrated in Figures 13-16. 

Airblast measurements also were made on Pre-Gondola II.  In this 
experiment, there were three charges of 20 tons and two of 40 tons, all 
of nitromethane, with uniform spacing but irregular burial depths.  No 
measurements were made on any of the comparable single-charge shots of 
Pre-Gondola, so it is not possible to derive ratios of row-charge to 
single-charge pressures for the Pre-Gondola series in saturated clay 
shale.  The only information which this series contributes is illus- 
trated in Figures 11 and 12, which show that ratios of blast perpendic- 
ular to the row to that off the end of the row are less than expected 
in the case of ground-shock-induced peaks, greater than expected in the 
case of negative peaks, and for impulses are about equal to comparable 
events in other media. 
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Effect of Type of Explosives 

Information on the effects of different chemical explosives is 
limited to data from the Dugout shot and the Pre-Gondola series, both 
of which used nitromethane rather than TNT. In the case of Dugout, the 
ratio of row-charge to single-charge pressures is complicated by the 
fact that Buckboard, which constitutes the single-charge comparison, 
used TNT.  This pair of shots also constitutes the only combination of 
single and row chemical explosive shots at a comparable depth in basalt. 
Observations about the ratio of pressures perpendicular to the row to 
those off the end of the row were made earlier in connection with 
medium effects, but inasmuch as a different explosive was used, any 
variances could as easily be the effect of a different explosive; or, 
more likely, a combination of the effects of different explosives and 
different media. 

Pre-Gondola constitutes the other row charge in which an explo- 
sive other than TNT is used. Here there is no single-charge comparison, 
and no ratios of row-charge to single-charge blast can be derived. As in 
the case of Dugout, the difference in airblast perpendicular to the row 
to that off the end of the row could as well be attributed to explosive 
differences as to medium differences. 

Craters 

Results 

Dimensions of craters from single and row charges are illustrated 
in Table V. No map was obtained for shot 211-4, and the crater from an 
identical shot of crater 211-49 has been substituted. Topographic maps 
and photos of the craters are reproduced in Appendix C. 

Crater width has been defined as follows:  let the area of the 
crater equal the area of a rectangle with semicircles at each end. The 
length of the rectangle is equal to the distance between the outermost 
charges.  The diameter of the semicircles equals the width of the 
rectangle and is taken as the crater width. 

Crater depths have been averaged over the distance between end 
charges and over the distance between the second charges from each end. 
Crater volumes were obtained separately over the same segments. 

Discussion 

Dimensions of craters from single and row charges have been 
plotted in Figures 20, 21, and 22. Allowing for the possibility that 
the single charge with a burial depth of 6.9 feet (shot 211-42) might 
be unusually small, the following trends can be noted: 

1. Crater dimensions are larger for the closer spacing in 
spite of the 15 percent greater burial depth. 

2. Crater dimensions generally increase as the number of 
charges in the row is increased, with evidence of 
little increase after 11 or 25 charges.  The one 
exception is that average crater depth appears to be 
still increasing at an appreciable rate by the time 
the number of charges in the row has reached 11. 
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Conclusions 

Five parameters of airblast from row charges were examined and 
compared with the same parameters from single charges.  The parameters 
were ground-shock-induced peak overpressure, peak overpressure from 
venting gas, peak negative overpressure, positive phase impulse, and 
negative phase impulse.  Two series of shots, each with different 
combinations of burial depth and spacing, were used.  Burial depth was 
factored out by comparing each parameter for the row charges with the 
same parameter from a single charge at the same burial depth. 

Each parameter of airblast was found to be approximately equal to 
nß times that parameter for a single charge, where n is the number of 
charges.  The power p is different for each parameter examined.  It is 
a function of spacing and has a larger value for the closer spacing. 

Pressure and impulse were always greater perpendicular to the row 
than off the end of the row, and the difference increased as the number 
of charges increased. The exponent ß was also greater perpendicular to 
the row. 

The limited data available imply that there is also a dependence 
upon medium which the paucity of data precludes evaluating. 

Effects of the type of explosive cannot be separated from effects 
of medium because shots using other explosives also were detonated in 
different media. 

Spacing between charges in a row will normally range from 1 to 
1.3 times an optimum radius for single charges. A 64 lt>7 single charge 
optimum radius in playa is about 7.8 feet or 1.95 ft/lb1/-3.  Because 
crater dimensions scale differently from cube root (probably between 
W1/^ and W-l*>'*),   the equivalent spacing for large yield nuclear shots 
is relatively smaller.  The Sedan crater had between 610 and 795 feet. 
In Figure 19 this would correspond to 1.05 to 1.35 ft/lb1'-}. 

Thus, in a practical application of the size of Sedan, the follow- 
ing would obtain: 

1. Perpendicular to the row, ß's for ground-shock-induced and 
gas-venting peaks are about equal and approximate 0.9. 

2. Off the end of the row, ß for the ground-shock-induced peaks 
is greater than that for the gas-venting peaks. 

a. Values of ß for ground-shock-induced peaks would approxi- 
mate 0.7. 

b. Values of ß for gas-venting peaks would approximate 0.45. 

Crater dimensions are generally greater for closer spacing in 
spite of the 15 percent greater depth of burial.  Crater dimensions 
increase as the number of charges increases from 1 to 11, becoming 
nearly asymptotic for more than 11.  An exception occurs in the case 
of average crater depth for the closer spacing, which appears to be 
still increasing at an appreciable rate in the case of 11 charges. 

It is recommended that similar study be extended to charge 
spacings greater and less than those examined here. 
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Shot 211-4 

A single 64-pound charge was buried 6  feet deep.     There was  one 
blast line with 5 gages   (Al,  A2,  B3,   C4,   and C5)  at each  station. 

Station 
and 
gage 

location 

50A-1 
50A-2 
50C-4 
50C-5 . 

150A-1 
150A-2 
150B-3 
150C-4 
150C-5 

500A-1 
500A-2 
500B-3 
500C-4 
500C-5 

1500A-2 

Arrival 
time 
(sec) 

0.047 
0.048 
0.048 
0.048 

0.137 
0.137 
0.138 
0.137 
0.137 

0.442 
0.441 
0.443 
0.442 
0.442 

Ground 
shock 

induced 
peak 

<Psl> 

0.0459 
0.0462 
0.0568 
0.0593 

0.0152 
0.0131 
0.0139 
0.0146 
0.0155 

0.0046 
0.0048 
0.0045 
0.0046 
0.0046 

Time Peak from 
of venting 

peak     gas 
(sec)   (psi) 

Time 
of 

peak 
(sec) 

0.052 
0.053 
0.051 
0.051 

0.141 
0.142 
0.142 
0.140 
0.140 

0.445 
0.445 
0.446 
0.445 
0.446 

0.1144 
0.1153 
0.1283 
0.1286 

0.0421 
0.0394 
0.0391 
0.0403 
0.0451 

0.0134 
0.0138 
0.0130 
0.0131 
0.0129 

0.079 
0.080 
0.079 
0.078 

0.168 
0.169 
0.168 
0.167 
0.166 

,472 
.472 
.473 
.472 

0.474 

Cross- 
over 

(sec) 

0.095 
0.094 
0.094 
0.094 

0.183 
0.184 

■0.184 
0.183 
0.184 

0.488 
0.489 
0.490 
0.488 
0.489 

1.320  0.0017  1.322  0.0043   1.348   1.364 

Positive 
pulse 

duration 
(sec) 

0.048 
0.046 
0.046 
0.046 

0.046 
0.047 
0.046 
0.046 
0.045 

0.046 
0.048 
0.047 
0.046 
0.047 

0.044 

Positive 
phase 
impulse 
(psi-sec) 

0.0021 
0.0020 
0.0022 
0.0022 

0.0008 
0.0008 
0.0007 
0.0008 
0.0007 

0.0002 
0.0003 
0.0002 
0.0002 
0.0002 

0.0001* 

Negative 
peak 
(psi) 

-0.0606 
-0.0637 
-0.0636 
-0.0615 

-0.0237 
-0.0217 
-0.0194 
-0.0191 
-0.0234 

-0.0070 
-0.0069 
-0.0073 
-0.0073 
-0.0070 

-0.0029 

Time Negative 
of Cross- pulse 

peak over duration 
(sec) (sec) (sec) 

0.117 
0.121 
0.120 
0.118 

0.210 
0.211 
0.210 
0.210 
0.207 

0.513 
0.509 
0.513 
0.512 
0.517 

0.185 
0.196 
0.195 
0.186 

0.262 
0.264 
0.270 
0.261 
0.276 

0.572 
0.567 
0.571 
0.571 
0.568 

0.090 
0.102 
0.101 
0.092 

0.079 
0.080 
0.086 
0.078 
0.094 

0.084 
0.078 
0.081 
0.083 
0.079 

1.393       1.448        0.084 

Negative 
phase 

impulse 
(psi-sec) 

-0.0005 
-0.0007 
-0.0005 
-0.0004 

-0.0001 
-0.0001 
-0.0001 
+0.0001 
-0.0003 

-0.0001 
-0.0000 
-0.0001 
-0.0001 
-0.0001 

-0.0000 

"Dubious value  due   to  accuracy of  integration. 
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Shot 211-41 

Two 64-pound charges were burled 6  feet deep,   spaced 8 feet apart, 
There were  two blast lines:  one  off end of row  (A),  and one perpendi- 
cular    to row  (C).    Two gages were places at each  station;  gage A is 

the  less  sensitive. 

Gage 

Arrival 
time 

(sec) 

0.047 
0.047 

Ground 
shock 
induced 
peak 
(psi) 

0.0838 
0.0988 

Time 
of 

peak 
(sec) 

0.052 
0.052 

Peak from 
venting 

gas 
(psi) 

0.0184 
0.1235 

Time 
of 

peak 
(sec) 

0.079 
0.079 

Cross- 
over 
(sec) 

0.094 
0.096 

Positive 
phase 
impulse 
(psi-sec) 

0.00235 
0.00283 

Negative 
peak 
(psi) 

-0,0700 
-0.0638 

Time 
of 
peak 
(sec) 

0.139 
0.139 

Cross- 
over 
(sec) 

0.223 
0.232 

Negative 
phase 
impulse 

(psi-sec) 

A50A 
A50B 

0.00381 
0.00369 

A150A 
A150B 

0.137 
0.137 

0.0289 
0.0305 

0.141 
0.141 

0.0443 
0.0432 

0.170 
0.169 

0.184 
0.191 

0.000885 
0.000911 

-0.0229 
-0.0207 

0.231 
0.231 

0.324 
0.318 

0.00116 
0.00104 

A500A 
A500B 

0.452 
0.451 

0.0085 
0.0083 

0.455 
0.455 

0.0125 
0.0120 

0.483 
0.483 

0.5055 
0.506 

0.000268 
0.000265 

-0.0056 
-0.0061 

0.546 
0.546 

0.626 
0.640 

0.000318 
0.000317 

A1500A 1.357 0.00229 1.352 0.00379 1.381 1:402 0.000076 -0.00226 1.446 1.542 0.000107 

B50A 
B50B 

0.046 
0.046 

0.0489 
0.0509 

0.050 
0.050 

0.0791 
0.0774 

0.076 
0.076 

0.097 
0.096 

0.00191 
0.00216 

-0.0681 
-0.0589 

0.139 
0.139 

0.223 
0.223 

0.00376 
0.00331 

B150B 0.136 0.0168 0.140 0.0264 0.179 0.1935 0.000754 -0.0223 0.232 0.316 0.00110 

B500A 0.447 0.477 0.0088 0.491 0.5075 0.000243 -0.0061 0.548 0.624 0.000282 

B1500A 
B1500B 

1.338 
1.338 0.001457 

1.347 
1.347 

0.0037 
0.003016 

1.379 
1.385 

1.390 
1.3975 

0.000086 
0.000100 

-0.003206 
-0.002331 

1.428 
1.4275 

1.5325 
1.5020 

0.000089 
0.000089 
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Shot 211-44 

Five  64-pound charges were buried 6  feet deep,   spaced 8 feet 
apart.    One blast line off end of row  (A),  and one perpendicular to 
row  (B).    Two gages were placed at each station;  gage A is the less 

sensitive. 

Gage 

Arrival 
time 

(sec) 

0.048 
0.050 

Ground 
shock 
induced 
peak 
(psi) 

0.22641 
0.2367 

Time 
of 

peak 
(sec) 

0.054 
0.054 

Peak from 
venting 

gas 
(psi) 

0.188673 
0.2241 

Time 
of 
peak 
(sec) 

0.083 
0.083 

Cross- 
over 
(sec) 

0.106 
0.107 

Positive 
phase 
impulse 
(psi-sec) 

0.00576 
0.00640 

Negative 
peak 

-0.1154 
-0.09947 

Time 
of 
peak 
(sec) 

0.147 
0.143 

Cross- 
over 
(sec) 

0.267 
0.297 

Negative 
phase 
impulse 

(psi-sec) 

A50A 
A50B 

0.00807 
0.00841 

A150A 
A150B 

0.142 
0.143 

0.0964 
0.0884 

0.144 
0.145 

0.077302 
0.075297 

0.175 
0.175 

0.200 
0.201 

0.002278 
0.002138 

-0.0458 
-0.0416 

0.242 
0.243 

0.364 
0.366 

0.002814 
0.002569 

A500A 
A500B 

0.462 
0.463 

0.02377 
0.02543 

0.464 
0.464 

0.02057 
0.02293 

0.494 
0.494 

0.521 
0.522 

0.0005795 
0.000659 

-0.011242 
-0.011568 

0.560 
0.557 

0.683 
0.680 

0.0006846 
0.0006805 

A1500A 
A1500B 

1.379 
1.378 

0.00584 
0.00703 

1.382 
1.382 

0.00627 
0.00745 

1.411 
1.411 

1.438 
1.439 

0.000189 
0.000222 

-0.00420 
-0.00442 

1.477 
1.477 

1.601 
1.601 

0.000271 
0.000284 

B50A 
B50B 

0.046 
0.047 

0.0507 0.053 
0.071 

0.1038 
0.09046 

0.083 
0.111 

0.123 
0.124 

0.00456 
0.00432 

-0.08636 
-0.099507 

0.152 
0.147 

0.280 
0.265 

0.005424 
0.00574 

B150A 
B150B 

0.142 
0.142 

0.0175 
0.01344 

0.145 
0.146 

0.05264 
0.04251 

0.182 
0.182 

0.218 
0.218 

0.00209 
0.001614 

-0.03976 
-0.03546 

0.246 
0.239 

0.363 
0.378 

0.00238 
0.00242 

B1500A 
B1500B 

1.376 
1.379 

0.001594 
0.00161 

1.382 
1.383 

0.0050175 
0.004698 

1.438 
1.438 

1.459 
1.459 

0.000209 
0.0001864 

-0.003572 
-0.003892 

1.483 
1.484 

1.595. 
1.596 

0.000203 
0.0002306 
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Shots  211-10,   211-13 

Eleven 64-pound charges were buried 6  feet deep,   spaced 8 feet 
apart.     There were  five blast  lines:   one perpendicular to center of 
row  (C);   one off each end of rows   (D,E);   and one  diagonal between A and 
C and E and C   (B,D),   centered on each end charge. 

211-10   (Revision) 

Ground 
Peak from Time Positive Maximum Time Negative First First 

Arrival induced of venting of Cross- pulse negative of Cross- pulse positive negative 

tine peak peak gas peak over duration peak peak over duration impulse impulse 

location (sec) (psi) (sec) (psi) (sec) (sec) (sec) (psi) (5ec> (sec) (sec) (psi-sec) 

0.048 0.08014 0.052 0.16352 0.080 0.152 0.104 -0.07407 0.182 0.340 0.188 0.00421 0.00603 

0.048 0.06335 0.051 0.18330 0.080 0.138 0.090 -0,09709 0.169 0.334 0.196 0.00523 0.00788 

0.048 0.08112 0.056 0.18990 0.084 0.133 0.085 -0.12704 0.173 0.340 0.207 0.00637 0.01023 

50E 0.048 0.04733 0.058 0.09329 0.080 0.118 0.070 -0.06623 0.173 0.347 0.229 0.00322 0.00473 

0.02426 0.141 0.07653 0.168 0.241 0.104 r0.06226 0.265 0.396 0.155 0.00242 0.00408 

0.137 0.02053 0.149 0.06026 0.167 0.228 0.091 -0.04017 0.265 0.402 0.174 0.00235 

150C 0.136 0.11399 0.139 0.13307 0.169 0.190 0.054 -0.04648 0.225 0.380 0.190 0.00313 0.00326 

0.02394 0.140 0.08047 0.176 0.226 0.089 -0.05671 0.257 0.418 0.192 0.00342 0.00401 

150E 0.137 0.01177 0.140 0.04419 0.172 0.240 0.103 -0.04074 0.263 0.420 0.180 0.00210 0.00268 

0.448 0.00483 0.450 0.01631 0.480 0.557 0.107 -0.01273 0.581 0.725 0.168 0.0007 5 0.00082 

500B 0.00646 0.453 0.02283 0.478 0.534 0.086 -0.01836 0.568 0.720 0.186 0.00089 

0.447 0.04149 0.448 0.05681 0.476 0.502 0.055 -0.02125 0.535 0.678 0.176 0.00129 

0.449 0.00564 0.458 0.01783 0.485 0.534 0.085 -0.01380 0.569 0.721 0.187 

500E 0.447 0.00353 0.450 0.01502 0.490 0.552 0.105 -0.01446 0.571 0.724 0.172 0.00081 

1.338 0.00133 1.343 0.00646 1.369 1.448 0.110 -0.00645 1.474 1.624 0.176 0.00033 0.00045 

1500B 
1500C 
1500E 

0.00508 1.363 1.422 0.090 -0.00418 1.464 1.609 0.187 0.00024 0.00035 

1.338 0.01364 1.365 1.394 0.062 -0.00623 1.430 1.598 0.204 0.00035 0.00045 

1.332 0.00125 1.356 0.00273 1.378 1.440 0.108 -0.00290 1.467 1.612 0.172 0.00016 0.00020 

211-13 

Ground 
shock Time Peak from Time Positive Time Negative 

Arrival induced of venting of Cross- phase Negative of Cross- phase 

time peak peak gas peak over impulse peak peak over impulse 

Gage „(sec) 

0.054 

(psi) 

0.06536 

(sec) 

0.060 

(psi) 

0.12578 

(sec) 

0.090 

(sec) 

0.135 

(psi-sec) 

0.00602 

(psi) 

-0.08871 

(sec) 

0.168 

(sec) 

0.338 

(psi-sec) 

50A 0.00715 

5 0B 0.054 0.07351 0.059 0.14957 0.084 0.129 0.00644 -0.10129 0.175 0.337 0.00825 

50C 0.053 0.29205 0.058 0.46389 0.080 0.110 0.0135 -0.22107 0.151 0.306 0.0173 

50D 0.053 0.08734 0.055 0.23134 0.101 0.129 0.00757 -0.11751 0.168 0.307 0.00929 

50E 0.053 0.06481 0.057 0.19950 0.109 0.128 0.00643 -0.11693 0.182 0.308 0.00945 

150A 0.141 0.02070 0.213 0.06142 0.213 0.228 0.00297 -0.03989 0.286 0.437 0.00323 

150B 0.142 0.02897 0.150 0.09633 0.201 0.226 0.00366 -0.05612 0.272 0.418 0.00435 

150C 0.143 0.10716 0.147 * 0.147 0.201 0.00435 -0.07471 0.235 0.386 0.00532 

150D 0.142 0.03035 0.154 0.11181 0.190 0.226 0.00372 -0.05655 0.272 0.417 0.00416 

150E 0.142 0.01649 0.148 0.07888 0.201 0.232 0.00278 -0.04485 0.271 0.437 0.00354 

500A 0.464 0.00697 0.471 0.02209 0.532 0.546 0.00102 -0.01578 0.602 0.738 0.00122 

0.464 0.00675 0.468 0.03072 0.516 0.547 0.00110 -0.01716 0.584 0.741 0.00125 

0.461 0.03443 0.464 * 0.490 0.517 0.00130 -0.02054 0.550 0.722 0.00145 

500D 0.464 0.00849 0.472 0.03391 0.510 0.544 0.00111 -0.0184 0.583 0.747 0.00144 

500E 0.464 0.00478 0.469 0.02695 0.519 0.561 0.00099 -0.01462 0.601 0.747 0.00111 

1.373 0.00165 1.300 0.00752 1.440 1.467 0.00033 -0.00553 1.526 1 .650 0.000431 

1.372 0.00238 1.376 0.01212 1.442 1.456 0.000429 -0.00668 1 .498 I .646 

1.375 0.00302 1.384 0.01310 1.418 1.458 0.00044 -0.00636 1 .490 1.649 

1500E 1.378 0.00188 1.391 0.00695 1.431 1.470 0.000258 -0.00440 1.526 1 .686 0.000333 

♦Limited 
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Shot 211-43 

Twenty-five 64-pound charges were buried 6  feet  deep,   spaced 8 
feet apart.    There were two blast lines:   one off end of row  (A),  and 
one perpendicular to row  (B).    Two gages were placed at each station; 

gage A is the less  sensitive. 

Gage 

Arrival 
time 

(sec) 

0.051 

Ground 
shock 
induced 
peak 
(psi) 

0.240 

Time 
of 
peak 
(sec) 

0.060 

Peak from 
venting 

gas 
<PSi> 

0.329 . 

Time 
of 
peak 
(sec) 

0.103 

Cross- 
over 
(sec) 

0.133 

Positive 
phase 

impulse 
(psi-sec) 

0.01539 

Negative 
peak 
(psi) 

-0.231 

Time 
of 
peak 
(sec) 

0.174 

Cross- 
over 
(sec) 

0.346 

Negative 
phase 
impulse 

(psi-sec) 

A50A 0.0219 

A150A 
A150B 

0.144 
0.144 

0.130 
0.1285 

0.147 
0.147 

0.1584 
0.1522 

0.184 
0.184 

0.218 
0.218 

0.00729 
0.006918 

-0.1229 
-0.1155 

0.251 
0.251 

0.421 
0.429 

0.0101 
0.00935 

A500A 0.454 0.0550 0.458 0.0388 0.484 0.520 0.00186 -0.0326 0.560 0,730 0.00258 

A1500A 
A1500B 

1.344 
1.344 

0.0297 
0.0251 

1.346 
1.346 

0.0166 
0.0180 

1.371 
,1.372 

1.412 
1.415 

0.000795 
0.000884 

-0.0133 
-0.0125 

1.447 
1.449 

1.591 
1.589 

0.000901 
0.000816 

B50B 0.055 0.0638 0.058 0.1293 0.093 0.130 0.00516 -0.0641 0.281 0.442 0.00936 

B150A 
B150B 

0.145 
0.145 

0.0169 
0.01486 

0.148' 
0.148 

0.051 
0.049 

0.1?4 
0.184 

0.225 
0.227 

0.00211 
0.00206 

-0.03421 
-0.03275 

0.375 
0.388 

0.543 
0.542 

0.00454 
0.00423 

B500B 0.457 0.00586 0.460 0.01773 0.497 0.610 0.000856 -0.013653 0.707- 0.833 0.00125 

B1500A 
B1500B 

1.353 
1.354 

0.001895 
0.00158 

1.360 
1.360 

0.0057 
0.005836 

1.390 
1.391 

1.523 
1.523 

0.000303 
0.000310 

-0.005615 
-0.005716 

1.601 
1.601 

1.714 
1.728 

0.000469 
0.000578 
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Figure A-137 
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Shot  211-42 

One 64-pound charge was buried 6.9  feet deep.     There were  two 
blast  lines   (A&B),   90°  apart.     Two gages were placed at each  station; 

gage A is the  less  sensitive. 

Ground 
Peak from Time Positive Time Negative 

of venting of Cross- phase Negative of Cross- 
impulse 

(psi-sec) 
peak gas peak over impulse peak peak 

Gage (sec) 

0.047 
0.047 

(psl) 

0.0366 
0.0368 

(sec) 

0.051 
0.051 

(psi) 

0.0226 
0.0233 

(sec) 

0.101 
0.100 

(sec) 

0.119 
0.119 

(psi-sec) 

0.00107 
0.00113 

(psi) 

-0.0244 
-0.0248 

(sec) 

0.146 
0.147 

0.257 
0.254 A50A 

A50B 

0.00145 
0.00144 

A150B 0.138 0.0112 0.141 0.0095 0.190 0.210 0.000383 -0.0089 0.234 0.328 0.000545 

A500A 
A500B 

0.448 
0.448 

0.0032 
0.0028 

0.450 
0.455 

0.0027 
0.0022 

0.498 
0.500 

0.520 
0.520 

0.000114 
0.000097 

-0.0026 
-0.002« 

0.545 
0.544 

0.643 
0.641 

0.000157 
0.000142 

A1500A 
A1500B 

1.334 
1.334 

0.0012 
0.0010 

1.338 
1.338 

0.0010 
0.0008 

1.386 
1.384 

1.408 
1.408 

0.000043 
0.000038 

-0.0010 
-0.0007 

1.436 
1.433 

1.525 
1.525 

0.0000604 
0.0000433 

B50A 
B50B 

0.052 
0.052 

0.0374 
0.0400 

0.059 
0.059 

0.0217 
0.0223 

0.096 
0.096 

0.123 
0.123 

0.000985 
0.00104 

-0.0247 
-0.0265 

0.155 
0.153 

0.269 
0.265 

0.001285 
0.00142 

B150A 
B150B 

0.141 
0.142 

0.0121 
0.0126 

0.148 
0.148 

0.0082 
0.0082 

0.190 
0.187 

0.215 
0.215 

0.000359 
0.000371 

-0.0082 
-0.0088 

0.244 
0.245 

0.328 
0.344 

0.000462 
0.000525 

B1500A 
B1500B 

1.344 
1.345 

0.0010 
0.00136 

1.349 
1.349 

0.00065 
0.000868 

1.391 
1.388 

1.416 
1.417 

0.0000288 
0.0000398 

-0.000825 
-0.000967 

1.451 
1.450 

1.549 
1.540 

0.0000469 
0.0000572 
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Shot  211-46 

Two 64-pound charges were buried 6.9  feet deep,   spread 5.25 feet 
apart.    There were two blast lines   (A&B)  90°  apart.    Two gages were 
placed at each  station;  gage A is the  less  sensitive. 

Gage 

Arrival 
time 

(sec) 

Ground 
shock 

induced 
peak 
(psi) 

Time 
of 
peak 
(sec) 

Peak from 
venting 

gas 
(psi) 

Time 
of 
peak 
(sec) 

Cross- 
over 
(sec) 

0.122 
0.122 

Positive 
phase 

impulse 
(psi-sec) 

0.001933 
0.002074 

Negative 
peak 
(psi) 

-0.06975 
-0.06238 

Time 
of 

peak 
(sec) 

0.158 
0.160 

Cross- 
over 
(sec) 

0.243 
0.239 

Negative 
phase 
impulse 

(psi-sec) 

0.00386 
0.00342 

A50A 
A50B 

0.048 
0.048 

0.09325 
0.08762 

0.051 
0.051 

0.03325 
0.03362 

0.112 
0.112 

A150A 
A150B 

0.139 
0.139 

0.02584 
0.02244 

0.142 
0.143 

0.01714 
0.01594 

0.200 
0.200 

0.213 
0.213 

0.000836 
0.000783 

-0.02108 
-0.02076 

0.242 
0.242 

0.341 
0.330 

0.00144 
0.00126 

A500A 
A500B 

0.455 
0.455 

0.0071 
0.0072 

0.456 
0.457 

0.0041 
0.0050 

0.513 
0.513 

0.524 
0.528 

0.000154 
0.000228 

-0.0070 
-0.0074 

0.558 
0.559 

0.638 
0.637 

0.000375 
0.000396 

A1500A 
A1500B 

1.356 
1.357 

0.0018 
0.0016 

1.362 
1.363 

0.0016 
0.0014 

1.415 
1.418 

1.433 
1.433 

0.000082 
0.000072 

-0.0019 
-0.0017 

1.463 
1.463 

1.541 
1.541 

0.000104 
0.000097 

B50A 
B50B 

0.046 
0.045 

0.05375 
0.05247 

0.057 
0.055 

0.03775 
0.03747 

0.113 
0.109 

0.125 
0.126 

0.00187 
0.00197 

-0.05425 
-0.05153 

0.157 
0.156 

0.241 
0.240 

0.00308 
0.00303 

B150A 
B150B 

0.141 
0.141 

0.0166 
0.0176 

0.146 
0.146 

0.0139 
0.0147 

0.199 
0.198 

0.217 
0.217 

0.000735 
0.000768 

-0.0160 
-0.0184 

0.250 
0.244 

0.332 
0.330 

0.00115 
0.00120 

B500A 
B500B 

0.458 
0.458 

0.0053 
0.0048 

0.462 
0.463 

0.0040 
0.0039 

0.515 
0.515 

0.532 
0.532 

0.000201 
0.000205 

-0.0062 
-0.0060 

0.564 
0.563 

0.642 
0.642 

0.000356 
0.000348 

B1500A 1.365 0.001725 1.370 0.001825 1.406 1.442 0.0000792 -0.002075 1.476 1.552 0.000122 
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Shot 211-16 

Five 64-pound charges were buried 6.9 feet deep, spread 5.25 feet 
apart. There were two blast lines, one off end of row (A) and one per- 
pendicular to center of row  (C).     One gage was placed at each  station. 

Time of Time of 
First first Second second Positive Positive First first Negative Negative 

pulse Station 
location 

Arrival positive positive positive positive cross- pulse Positive negative negative Negative 
impulse 
(psi-sec) 

peak peak peak peak over duration impulse peak peak (sec) (psi) (sec) (psi) (sec) (sec) (sec) (psi-sec) (psi) (sec) (sec) (sec) 
A19.9 0.027 0.182 0.031 0.156 0.077 0.107 0.080 0.0080 -0.135 0.152 0.280 

0.045 0.100 0.050 0.090 0.095 0.130 0.085 0.0049 -0.086 0.173 0.297 0.099 0.037 0.103 0.045 0.148 0.184 0.085 0.0024 -0.035 0.227 0.342 0.158 

A567.0 
0.248 0.011 

0.0004 
0.252 
0.561 

0.017 0.297 0.334 0.086 0.0009 -0.014 
-0.001 

0.373 
0.638 

0.480 0.146 0.0011 

C19.9 0.022 0.444 0.027 0.201 0.075 0.098 0.076 -0.193 0.152 0.304 0.206 0.0185 0.038 0.225 0.046 0.131 0.088 0.117 0.079 0.0066 -0.098 0.168 0.286 0.169 C99.5 0.094 0.082 0.100 0.054 0.144 0.176 0.082 0.0026 -0.046 0.213 0.340 0.164 0.250 0.026 0.254 0.020 0.297 0.331 0.081 0.0009 -0.016 0.368 0.483 C567.0 0.520 0.011 0.525 0.008 0.567 0.601 0.081 0.0004 -0.008 0.637 0.757 0.156 0.0005 

A's denote gages parallel to charges. 

C's denote gages perpendicular to center charge. 

A567.0 has very gradual break; unable to read arrival, positive, and negative crossover times. 
C19.9 has unreasonable drop between first and second positive peak. 
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Shot 211-45 

Eleven 64-pound charges were buried 6.9  feet deep,   spaced 5.25 
feet apart.    There were two blast lines   (A&B),  90°  apart.  Two gages 
were placed at each station;  gage A is the  less  sensitive. 

Gage 

Arrival 
time 

(sec) 

0.051 
0.051 

shock 
induced 
peak 
<psi) 

0.33587 
0.29256 

Time 
of 
peak 
(sec) 

0.044 
0.053 

Peak from 
venting 

gas 

0.17253 
0.17645 

Time 
of 
peak 
(sec) 

0.098 
0.098 

Cross- 
over 
(sec) 

0.129 
0.129 

Positive 
phase 
impulse 
(psi-sec) 

0.00953 
0.00955 

Negative 
peak 
(psi) 

-0.11447 
-0.120 

Time 
of 
peak 
(sec) 

0.179 
0.179 

Cross- 
over 
(sec) 

0.359 
0.351 

Negative 
phase 
impulse 

(psi-sec) 

A50A 
A50B 

0.01417 
0.01439 

A150A 
A150B 

0.142 
0.143 

0.12292 
Limited 

0.145 
0.145 

0.06818 
0.06654 

0.188 
0.187 

0.226 
0.226 

0.00352 
0.003185 

-0.05107 
-0.04792 

0.260 
0.261 

0.432 
0.427 

0.00523 
0.00461 

A500A 0.462 0.03440 0.464 0.01940 0.506 0.545 0.000983 -0.01517 0.585 0.720 0.00133 

A1500A 1.376 0.01508 1.377 0.00759 1.420 1.455 0.000347 -0.00628 1.488 1.648 0.000497 

B50A 
B50B 

0.055 
0.054 

0.08942 
0.08682 

0.060 
0.058 

0.08282 
0.07853 

0.120 
0.120 

0.148 
0.152 

0.00625 
0.00607 

-0.08322 
-0.08051 

0.207 
0.199 

0.422 
0.366 

0.01157 
0.00936 

B150A 0.148 0.03363 0.178 0.03658 0.200 0.244 0.00241 -0.03772 0.318 0.455 0.00450 

B500B 0.468 0.00765 0.475 0.01356 0.531 0.567 0.000861 -0.01254 0.600 0.755 0.001164 

B1500A 
B1500B 

1.385 
1.385 

0.00294 
0.00250 

1.390 
1.390 

0.00446 
0.00404 

1.438 
1.438 

1.484 
1.484 

0.00030 
0.000275 

-0.00393 
-0.00358 

1.523 
1.530 

1.688 
1.685 

0.000421 
0.000369 
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Shot 211-7 

One 700-pound charge was buried 13.3 feet deep.     One blast line 
was used,  with 5 gages at each of 4 stations.    All gages were of the 

same  sensitivity. 

Station 
and 
gage 

location 

50A-1 
50A-2 
50A-3 
50C-4 
50C-5 

150A-1 
150A-2 
150B-3 
150C-4 
150C-5 

Arrival 
time 
(sec) 

0.0355 
0.037 
0.037 
0.0365 
0.031 

0.137 
0.137 
0.140 
0.137 
0.137 

500A-1 0.450 
500A-2 0.450 
500C-4 0.450 
500C-5 0.450 

1500A-2 1.344 
1500B-3 1.344 
1500C-4 1.346 

Ground 
shock 
induced 
peak 
(Psl) 

0.11086 
0.09349 
0.11563 
0.11210 
0.13137 

0.03011 
0.02812 
0.03158 
0.02929 
0.02726 

0.00920 
0.00860 
0.01037 
0.00796 

Time 
of 

peak 
(sec) 

0.061 
0.054 
0.063 
0.053 
0.054 

0.151 
0.150 
0.154 
0.150 
0.150 

0.465 
0.464 
0.464 
0.464 

0.00316 1.364 
0.00341 1.364 
0.00317  1.364 

Peak from 
venting 

gas 
(psl) 

0.31548 
0.28578 
0.34106 
0.35383 
0.37380 

0.13529 
0.12592 
0.13419 
0.12699 
0.12032 

0.03754 
0.03256 
0.04034 
0.03006 

0.01161 
0.01242 
0.01139 

Time 
of 

peak 
(sec) 

113 
113 
114 
112 
112 

0.200 
0.200 
0.203 
0.199 
0.199 

0.514 
0.514 
0.514 
0.513 

1.420 
1.420 
1.417 

Cross- 
over 
(sec) 

0.140 
0.139 
0.143 
0.139 
0.139 

0.231 
0.231 
0.235 
0.231 
0.230 

0.547 
0.547 
0.547 
0.546 

Positive 
pulse 

duration 
(sec) 

0.1045 
0.102 
0.106 
0.1025 
0.108 

0.094 
0.094 
0.095 
0.094 
0.093 

0.097 
0.097 
0.097 
0.096 

Positive 
phase 
impulse 

(psi-sec) 

0.00913 
0.00783 
0.00957 
0.00918 
0.01086 

0.00392 
0.00366 
0.00374 
0.00348 
0.00328 

1.448 0.104 
1.448 0.104 
1.448       0.102 

00112 
00104 
00122 
00091 

,00039' 
,00044 
,00038 

Negative 
peak 

(psi) 

-0.15979 
-0.12465 
-0.16451 
-0.12269 
-0.16839 

-0.05572 
-0.05088 
-0.05145 
-0.05074 
-0.04855 

-0.01543 
-0.01443 
-0.01635 
-0.01279 

-0.00510 
-0.00552 
-0.00518 

Time 
of 

peak 
£secl 

0.170 
0.169 
0.172 
0.172 
0.168 

0.259 
0.259 
0.259 
0.262 
0.260 

0.574 
0.577 
0.577 
0.572 

1.476 
1.478 
1.477 

Cross- 
over 
(sec) 

0.412 
0.459 
0.463 
0.463 
0.440 

0.459 
0.460 
0.469 
0.490 
0.488 

0.774 
0.770 
0.773 
0.773 

1.677 
1.668 
1.683 

Negative 
pulse 

duration 
(sec) 

0.272 
0.320 
0.320 
0.324 
0.301 

0.228 
0.229 
0.234 
0.241 
0.258 

0.227 
0.223 
0.226 
0.227 

0.229 
0.220 
0.235 

Negative 
phase 

impulse 
(psi-sec) 

-0.01513 
-0.01228 
-0.01585 
-0.01250 
-0.01651 

-0.00474 
-0.00433 
-0.00442 
-0.00434 
-0.00423 

-0.00128 
-0.00118 
-0.00142 
-0.00108 

-0.00044 
-0.00046 
-0.00045 

169 



0.1 - 

U 
OS 
D 
CO 
CO 
w 
OS 

e u > 
o 
< 0.01 
w 
p< 

0.002 
10 

211-7 
GROUND SHOCK INDUCED PEAKS 

700 LB SCALED TO 64 LB 

2.6s(+0-™)n-1M3{tM 
-0.299/ 

i        i      i     i    i   i 

50 100 

DISTANCE (FT) 

I    I   I   I 
500 1000 

Figure A-226. 

a o.i 
w 
PS 
& 
w 
OS ft 
OS 
w 
> 
o 

< 
w 
a. 

0.01 

10 

211-7 
GAS VENTING PEAKS 
700 LB SCALED TO 64 LB 

/+0.7911    -0.990(io.021) 
P2 = 7-63 1-0.717) R 

J I I I,   I   I  I J I    I   I  I 
50 100 

DISTANCE (FT) 

500 1000 

Figure A-227. 

170 



0.1  - 

a 
K 

CO 
w « 
w > 

u 

<; 
£ o.oi 

10 

211-7 
PEAK NEGATIVE PRESSURE 
700 LB SCALED TO 64 LB 

= 3.19 +0.32Ü     -0.986(-0.020) 
-0.2911 

  
50 100 

DISTANCE (FT) 

J L I   I  I 
500 1000 

Figure A-228. 

o 
w 

o.oi 

p. 

w 

O 
0< 

0.001 
10 

211-7 
POSITIVE IMPULSE 

700 LB SCALED TO 64 LB 

I+- 0.0781 CTK-°-
932(±0

-
020) 

'     I     i    I   I   I I 

50 100 

DISTANCE (FT) 

I       I I—L I    I   1 
500 1000 

Figure A-229 

171 



0.01 

o 
w 

§   0.001 

> 
< 
Ü 
w 

0.0001 
10 

211-7 
NEGATIVE IMPULSE 
700 LB SCALED TO 64 LB 

-I.- 0.154 ß>.016jH-1.028(i0.020) 

-1 I I    I    I   I   I I _L' 1 I    I   l   I  l 
50 100 

DISTANCE (FT) 
500 1000 

Figure A-230. 

100 1000 
DISTANCE (FT) 

Figure A-231. 

172 



0.5 

-p2 = 40.4R 
-1.186 

&   0.1 

« 
ft 
K 
W 
> o 
«I 
•< 
w 
»I 

0.01 

PRE-CAPSA 
GAS VENTING PEAKS 

0 PRECAPSA 1 ONE CHARGE 

G PRECAPSA 2 ONE CHARGE 

X PRECAPSA 3 II H  5 CHARGES 

O PRECAPSA 3 ill   13.6 FT APART 

■ 0.005 
30 

i   '   ' 

p   = 16.96R 
-1.024 

100 

: 6.51R 
-1.024 

■     i    I   I   I  I  I 

1000 

DISTANCE (FT) 

TO 
ft 
w 
S3 TO TO 
w 
K 
PH 

H 

W 
55 

<«! 
W 

Figure A^232 

o.i - 

- P_ = 

o.oi 

PRE-CAPSA 
PEAK NEGATIVE PRESSURE 

PRECAPSA 1 

PRECAPSA 2 

PRECAPSA 3 

PRECAPSA 3 

ONE CHARGE 

ONE CHARGE 

CHARGES 

.6 FT APART 

ll || 5 Cl 

1 ii 13.€ 

-0.845 

0.005 
30 

.83R 

= 5.33R 
■ 1.008 

p   = 8.089R -1.086 

■      I    i   I   I  l I i '       ' I    I   I   I  I ' I I I    I   I   I I 
100 1000 

DISTANCE (FT) 

Figure A-233, 

173 



0.01 

o 
w 
w 

i 

H 
CO 
•J 
ft 

g 0.001 
o 
ft -   + 

0.0004 J I L_l_ 1_L 

I   = 0.396R 
+ 

■1.039 

I   = 0.1399R"1-031      D. 

PRE-CAPSA 
POSITIVE IMPULSE 

O PRECAPSA 1 ONE CHARGE" 

G PRECAPSA 2 ONE CHARGE 

X PRECAPSA 3 11 ) (5 CHARGES 

* PRECAPSA 3 _L I (13.6 FT APART 

\ 

X I   = 0.378R"1-031 

1—L 
30 100 1000 

DISTANCE (FT) 

Figure A-234. 

u 
w 
CO 

i—» 
CO 
ft 
H 
CO 
ij 
£> 
ft 
§ 
w 
6: 

W 
S5 

0.01 

.1, v = 0.849R" 
(+) 

0.001  — 
I   = 0.19R 

-1.02 

0.0005 I   I   I 

-1.020 

PRE-CAPSA 
NEGATIVE IMPULSE 

O PRECAPSA 1 

D PRECAPSA 2 

X PRECAPSA 3 

O PRECAPSA 3 :!! 

ONE CHARGE 

ONE CHARGE 

5 CHARGES 

13. 6 FT APART 

0.505R -0.969 

I(||) = 0.667R 
-1.020- 

J I l    I    l 1 J I L J I    I    I   I  I 
30 100 1000 

DISTANCE (FT) 

Figure A-235. 

174 



211-7     30-M 

U 0.15 

Jn^i ,n fi^,'-i'' <~ ii^in*ii^if" r-i'*"^'^-AAA ^ ^ w ^ 

■      ' I 1 1—1 1 U ■      ' I I 1      I      I 1 L. '     ■ I_J—i—i—L 
0.3 

TIME    <»EC) 

Figure A-236 

Ell-T     30-»* 

_J__1 1__J 1 J 1 1- 
0.1 0.2 

I        ■       I I 1 1 1 1 1 " " '       '       ' ' U 

0.3 57« 0.3 
TIME    (tEC) 

Figure A-237 

175 



0.4 

0.35 
211-7     30-B3 

■ ^»»■^■■^■•^^■^>  •»■wM^iM 

* ' ' ' ' ' ' ' ' ' 1 1 ' ' ' 1 1 1 1 1 1 1 1 1 I I ■ ■ I 0.2 0.3 

TIME    (SEC) 

Figure A-238 

r       o. 
R 
E 

s     « 
s 
U 0.15 
R 
E 

«11-7     S0-C4 

»*^#^*ii '!■    »   I  <^l| 

-1 ' ' ', ' " ' 1 1 1 1 1 1 I ' 
0.3 

TIME    («EC) 

J '       '       » " 1 1 1 1 1 I ■       1 
°-4 0.5 o.» 

Figure A-239 

176 



U 0.13 

-CM 

-O.t 

gll-T     S0-C5 

^^P^MMhM^hJh^M iioh^fca 

■    ■ I I—I—I—I—I- '    ■    '    ■    ■ I—I—I—I—1—I—I- J I       I       I 1 L. 

0.1 0.3 
TIME    (SEC) 

Figure.A-240 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 "      »       I       '       r 

tll-T     190-A1 

- -*.~~~J»-«.>W^»*W%J»^ » WJSM .    ■   ,   .1« 

■   ■   ■   t   .   . , ,—I—I—,—I—I—I—I—I—1—I   I   I—I—I—I   I   I—•—I—>—-1— 
0.2 0.3 Ö74 0.5 0.« O.T 

TIME    (»EC) 

Figure A-241 

177 



211-7     1J0-A2 

m-  ■ AJAMAAAHFlMtmutA^^   -   .     -J-  . 

-I I——I I I        I        I        I       I ■        ' -I 1—I 1 1 1 1 L. I I I ■        ■        ■        ■       ' 
0.2 0.4 

TIME    (SEC) 

Figure A-242 

811-7     1J0-B3 

ri * *■" *w>f><*M-»n<-if>f,>rM->rf.»_r -IJ-JUT. 

0.2 
-J 1 1 1 1 1—I 1 I II,       L 

0,4 
TIME    (SEC) 

—I 1       I       II I I ■        ■        i       ' 
0.S O.S 0.T 

Figure A-243 

178 



211-7     150-C4 

■iWX/fcwJ^^V'S^^^ 

i    i    i    ■    ■    '-   '    ■    ■    ■    '    ■    '    ■    '  ,'.   ■    '    ■    '  «'. 
a 

0.4 
TIKE    (SEC) 

Figure A-244 

211-7     130-C5 

.... .  -U 

' I—-I 1 1 1 1- ■ !■■■'' I 1 1—I 1—I 1 >- 
0.4 0.5 0.« 

TIME    (SEC) 

Figure A-245 

179 



0.04t 

0.04t 

0.0}« 

0.03 

-0.006 

-0.012 

-0.018 

-0.024 

211-T     SOO-AI 

jirninOMMottotxac — ■4.. 

I      I 1—I 1      I       I       I      I 1_—1 1      t      I I       I      I L_J I '■■'■■■■' 
0.5 0.7 

TIME    (SEC) 

Figure A-246 

o.ose 

0.03 

0.024 

0.01S 

-« 

211-7     500-A2 

. _ i ■ nr»><-^^-^-^-^->*^-* »ox- - -i — -1—, 

-0.00« 

-0.012 

-0.01« 

J 1 l_l I       I        I I I I 1__J L_I 1 L_J L_I 1 1 1 1 L. 
0.3 0.7 

TIME    (1EC) 

Figure A-247 

180 



211-7     500-B3 

' 

I        '        ■ L_I 1—1 L. 

Figure A-248 

211-7     500-C* 

■       1       ....       I | | l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 «- 
0.5 0.6 0.7 0.8 0.9 t 

TIME    (SEC) 

Figure A-249 

181 



811-7     500-C5 

Ll      . «<<I1 w «S Pi - « ■» n ■o.»-»>^n- -  -   ■ _ .L n —'-i.-. 

-J » 1 1 1 1 1 1 1 L__l I ' I I I        T        i 
0.' D.6 0.7 0.8 

TIME    (SEC) 

-I—I 1 1 1 I I I_ 

Figure A-250 

211-7     1500-42 

*^<*J*^^*J^ 

Figure A-251 

182 



0.0135 

0.01t 

0.0103 

0.009 

P      0.00T5 
R 
E 0.006 

s 
U      O.OÜ4 5 

211-7     UOO-AS 

■       T        ■        .        ■        ■        T L       I        I t—-J l—I 1 1 J 1 1 ' 1 ' 1 ' >- 
1.6 

TIME    <»EC) 

Figure A-252 

F O.OOTJ 
R 
t 
3 

0.00« 

s 
u S.004S 
R 
E 0.003 

r 0.0015 
s 
I 

2J1-T     1500-*« 

■        ■ I 1 1 1 1 1 1 1 1 »       '       ' 
l.J J.S «T 

TIME    (SEC) 

-J l__l 1 1 1 " 1- 

Figure A-253 

183-184 



APPENDIX B 

Plots of airblast ratios versus number of charges in the row- 

values at four distances. 
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