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The Blast Parameters Spanning the Fireball from Large

Hemispherical Detonations of C-4

Philip J. Rae® and John M. McAfee

Abstract: Large (~45.4kg) hemispheres of C-4, detonated on the
ground, were instrumented to measure blast parameters at scaled
distances between 0.53 to 1.78 m kg™?. The results from free-field
and reflected pressure gauge measurements made inside and just
outside the maximum extent of the fireball are presented. They show
that the predictions from a particular table for scaled TNT charges
are broadly consistent with the time-of-arrival, initial peak pressure,
positive duration and positive impulse measurements. However, this
agreement is poorer through the location of the primary and
secondary (delayed) fireball (0.71-1.48 m kg'”3), but better closer in
and further away. Additionally, for individual detonations with closely
located gauges, significant variations between peak pressures and
times-of-arrival are measured, suggesting a strong effect from the
interface instabilities present on an expanding blast in the near-field.

Introduction

Recently we were required to blast load some test objects with
high-pressure and high-impulse air shocks. Detonating large
spherical charges of an ideal explosive seemed an obvious
method of achieving this aim. Owing to the magnitude of the
impulse required, either an extremely large charge (>1000 kg)
could be used with a test object location in the intermediate
pressure field (scaled distances >2 m kg**), or the object
location could be just within the fireball from a large
hemispherical charge (~45 kg) situated on the ground.

Owing to the logistical difficulties and expense of performing
many very large detonations, it was decided to use spherical or
hemispherical charges of 100 Ibs (45.4 kg) and locate the test
object location just inside the fireball radius. That is at 15-17 ft.
(0.89-1.01 m kg™3) for the fairly inexpensive and relatively ideal
explosive C-4 (91% RDX, 9% non-curing polymer binder). The
use of this mouldable explosive allowed greater flexibility with
changes in charge configuration and mass as the experimental
design evolved, but did result in some TNT equivalence
uncertainty when comparing to TNT-reference scaling tables.

For the intermediate to far-field (>2 m kg-1/3, >~23 psig), it is
well established that the magnitude of the key explosive blast
parameters (peak free-field pressure, time-of-arrival, positive
duration, etc.) can be scaled from reference tables for standard
spherical TNT charges [1-2]. It is also well established that at
these locations, the impulse also scales with the charge size.
Further, it is known that in the very far-field (peak free-field
pressures <~0.25 psi) meteorological conditions (temperature
gradients, wind, etc.), surface texture, and topography can
significantly influence the actual values measured compared
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with the scaling tables.

What is less obvious is how accurate the scaling tables are
close to, or just inside, the fireball, for detonations of fairly ideal
explosives. Experimentally it is significantly harder to obtain data
in this region because of the large magnitude of the values,
difficulties in deconvolving the effects of high temperature on the
diagnostics and spatial variability owing to the inherent growth
instabilities present in the expanding fireball.

A strong Raleigh-Taylor instability is formed as the fireball
expands and the direction of the pressure gradient reverses with
respect to the density gradient direction [2]. This initial
perturbation is enhanced by Kelvin-Helmholtz instability growth,
owing to different velocity gradients between the products and
air now being present. Additionally, Richtmyer-Meshkov
amplification of the perturbations occurs as a result of a second
shock passing through the products-air interface. The second
shock is produced from release wave convergence at the center
of spherical or hemispherical ground-supported charges.

As a result of these factors, to the authors’ knowledge, only
very sparse data appear in the literature for measurements
obtained within or just outside the fireball radius. The data that
have been obtained often reside in documents that are either
classified, controlled distribution, or old poor-quality scanned
electronic copies, making it difficult for most researchers to
access them.

It is the purpose of this paper to test the validity of an open-
literature scaling law curve for ideal near-field detonations
compared with data from actual large test charges.

Explosive Scaling Tables

It is well accepted that Buckingham Pi scaling of explosive data
[1-2] may be used to estimate parameters of real explosive
situations from a scaled table created for a standard reference
charge of TNT (generally 1 kg). The S scaling units are m kg™2.

Many different tables have appeared over the years in both
the classified and open literature. Possibly the most commonly
accepted version is from Kingery and Bulmash [3-4]; however,
these reports have distribution restricted to US Government
agencies preventing many researchers accessing it directly. An
open literature summary of just the scaling table data has been
published, but this does not include the raw data points or the
references upon which the fit was made [5]. Indeed, many of the
reports referenced in [3-4] to perform the fit are themselves
classified or controlled distribution. Other tables are available; a
selection of some are listed as references [6-8]

Particular challenges facing the interested party attempting
to compare these tables is that historically, various different units
were used (ft., psi, bar, kPa, m, etc.) as well as data from
different elevations (affecting the atmospheric density) and
reference temperatures (affecting air density and sound speed).

Additionally, some data report spherical detonation data with
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the (usually smaller mass) charges elevated far enough from the
ground that reflections arrived late enough not to perturb the
initial values of peak pressure and time-of-arrival. Other
researchers selected hemispherical geometries placed on the
ground so that the imposed boundary condition approximately
doubled the size of the charge used (provided the ground was
perfectly reflecting and significant cratering did not occur).

It is therefore a laborious and error-prone process to
compare data from different scaled blast tables. In some cases,
only very close reading of the reference table documents will
reveal which peak-pressure data were directly measured versus
those inferred from more easily and accurately measured times-
of-arrival, and then calculated using an assumed ideal equation-
of-state (EOS) for air.

For these reasons, the experimental data presented later in

this paper will be compared with a single open-literature table [1].

The authors of this table had access to the vast majority of the
data available in the West, both classified and unclassified, and
performed a meta-analysis of these when creating their
preferred scaled values.

It is not suggested that this particular table is the ‘most
correct’, but merely to establish if this open-literature source is
suitable in the near-field for this specific explosive.

Experimental Details

S| units are preferred for scientific reports; however, most
historical data sets from the USA made use of the ‘English’
system of units (Ibs, ft., psi, etc.). Within this report the SI
conversion will always be given, but in cases where the critical
dimensions make more sense in English units (usually they are
round numbers), they will be given precedence.

The 100+0.01lb (45.370+0.0045 kg) C-4 charge was hand-
packed into a thin aluminum hemispherical shell 20 inches (508
mm) in diameter. The shell was removed before detonation
leaving a bare charge energy source. It is estimated that the
density of the hand-packed charge was 1.5+0.04 g/cc. Figure 1
shows a cross-section of the charge resting on two layers of
closed-cell foam and a plywood support.

A commercial RP-83 strong detonator [9] was placed at the
base of the hemisphere in the center. The whole shot assembly
rested on a massive 4-inch-thick (101 mm) steel base plate that
was 4x4 ft. square (1.2x1.2 m?). The steel plate was sunk flush
with the levelled sand at the firing point. In this way, a reflective
boundary condition was formed to approximately simulate a
charge of twice the actual mass.

After each shot, the center of the steel plate was punched
almost completely through and the bowed plate had sunk
approximately 0.2 m into the sand. Clearly, the reflective
boundary condition was not perfect.

Pressure gauges were located at specific radii from the C-4
charge on the firing point. Pencil gauges from PCB [10] were
used for free-field pressures. Model 137B21B (1000 psi, 6.9
MPa range) were used at distances below 15 ft. (4.57 m), and
model 137B24B (250 psi, 1.7 MPa range) were used from 15-30
feet (4.5-9.1 m). A model 137B23B (50 psi, 345 kPa range) was
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fielded at greater distances. All these gauges were mounted on
robust but low cross-section stands, 3 ft. (0.91 m) above the
ground, and were aimed at the center of the charge using a
laser tool.

Figure 1. A cross-section of the C-4 charge used.

Flush mounted pressure gauges were installed in a long
aluminum rail that was sunk level with the firing point (PCB
model 113B26 with a 500psi, 3.4 MPa range). The gauges were
spaced every 3 ft. (0.91 m). The use of this single rail, while
experimentally convenient, created issues with ground vibration
and resonance at later times. In some cases, this vibration
rendered the pressure gauge signals unreliable despite being
acceleration compensated. In this event, the data, usually from
the more distant gauges, were discarded.

A plan view of one of the later tests performed is shown in
figure 2. All measurement standoff distances reported are from
the center of the charge.

Figure 2. A plan view of a diagnostic setup.

One of the measurement difficulties encountered within, and
close to, the fireball is the effect of high temperatures on
pressure gauges. Owing to differential thermal expansion
between the stainless-steel gauge case and the piezo-electric
medium inside, gauge heating results in non-physical negative
pressures being recorded. In accordance with manufacturer’s
instructions and experimental evidence [11-13], a single wrap of

Ground Gauges

%Pencil Gauges
P
B
H

’ C-4 Charge

vinyl insulation tape was added over the sensor face for both the
pencil and flush mounted gauges at distances under 30 ft.
Despite this mitigation, non-physical pressures of less than ~400
psi were occasionally observed. The data just prior and
subsequent to these drops were discarded.

Two different signal conditioners and data acquisition (DAQ)
systems were used depending on availability. The first used a
16-channel PCB model 481 signal conditioner and a National
Instruments (NI) 16-bit DAQ system digitizing at 1 MHz. The
second used an Endevco 16-channel 2793 conditioner and a
different 16-bit NI DAQ system digitizing at 400 kHz. The
moderately long BNC cables (45 m) from the sensors to the
conditioners act as low pass filters with a cut-off of
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approximately 90 kHz. Cable signal attenuation effects were
somewhat ameliorated by increasing the current supplied to the
PCB gauges from the minimum factory setting of 4 mA to 10-16
mA, depending on the capability of the conditioner.

It is clear that acquisition rates significantly over-sampled the
signal traces. The data were post-test filtered using a 30 kHz
FIR (finite impulse response) filter in the data reduction program.
Significant overshoot of the leading edge of the shock signal
was generally not observed prior to filtering; therefore, the main
result of filtering was to reduce noise after the lead shock.

A key question when using C-4 instead of TNT is the value
of the TNT -equivalency. Reference [14] discusses this
extensively and presents data from a meta-study of published
and new data. Values for pressure- and impulse-based
equivalencies are presented. It is found that the pressure-based
equivalency is a reasonably strong function of distance from a
scaled charge and spans the range 1.47 (0.160 m kg-1/3, i.e.
extremely close in) to 1.16 (32.0 m kg-1/3, i.e. far-field). The
values for impulse vary much less: 1.18 to 1.12.

Applying the parameters of interest in this study to the fit for
impulse described in [14] suggests a value for TNT equivalence
of 1.15, while the pressure fit suggests 1.35.

The testing location in Los Alamos, NM is at considerable
elevation (6915 ft., 2108 m). This results in the ambient pressure
of 11.38 psi (786.6 kPa) rather than the standard 14.70 psi
(101.3 kPa). This is taken into account in our reference table
calculations. In addition to this, the tests spanned a period of
almost 18 months; thus the ambient temperature at the time of
firing varied seasonally. Table 1 describes the conditions of the
six tests presented later.

High-speed video diagnostics were also fielded. A variety of
cameras were used with differing exposure settings and
acquisition speeds, but Vision Research Phantom 710 and 2512
models were most commonly used.

Generally, free-field pressure gauges give the most reliable
data close in to detonations; however, for two tests a flush
mounted model 113B26 PCB gauge (500 psi, 3.4 MPa range)
was placed at 17 ft. (5.1 m) in the center of a 150x150x25 mm?®
aluminum plate. These gauges therefore measured the reflected
pressure until release, or clearing, waves from the plate edges
convolved the data with the following flow pressure. Although
the gauge face was covered with vinyl tape, stagnating the hot
gas against the plate resulted in considerable gauge heating,
and hence invalid data, after only 1 ms, well before the arrival of
the actual fireball gases. This model of gauge can safely be
overloaded by a factor of 2 without significant non-linearity or
damage.

Table 1. Testing conditions.

Results and Discussion

Figure 3 presents a summary of the time-of-arrival data for the
leading shock as a function of distance. Figure 4 presents the
similar data for the peak initial pressure of the leading shock.
Also shown are fit curves from reference [1] at the correct
elevation for temperatures 15.0°C (nominal for the standard
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table), 26.7°C and 4.40°C. The temperature range encompasses
all of the conditions for the tests. The TNT equivalency chosen
was 1.15 for these fit curves. For comparison, a nominal
temperature curve for a TNT equivalency of 1.35 is also shown.

For reasons that are not immediately obvious, the TNT
equivalency suggested by [14] based on impulse is a clearly
superior fit to that for pressure when applied to these pressure
data. Perhaps this can be rationalized by the ratio of total energy
of detonation for C-4 and TNT calculated in the Lawrence
Livermore National Laboratory chemical equilibrium computer
code, Cheetah, which resulted in a TNT equivalency of 1.17.

A gauge located at 70.0 ft. (21.3 m, 4.15 m kg™*®) from the
charge center was used as a reference for the total performance
since this is far enough to be unaffected by the complexities of
the fireball region. The trace is shown in figure 5. Using the
tables in reference [1], with atmospheric pressure and
temperature corrections, suggests a peak pressure of 31.2 kPa
(4.53 psi) arriving at 34.95 ms and a positive duration of 11.20
ms. The gauge recorded 31.9 kPa (4.62 psi) at 35.40ms with a
positive duration of 11.10 ms, a discrepancy 1.9% in pressure,
1.3% in time-of-arrival and 0.9% in positive duration.

At this more distant location a modified Friedlander fit [15]
was successful and used to obtain the peak pressure value
quoted above. Additionally, the trace showed the clear arrival of
the second shock from convergence effects delayed by 15.10
ms [2, 16, 17]. This is consistent with the expected value for a C-
4 charge of this size at this distance (15.0+1 ms), where the
second shock arrives just after the start of the negative pressure
phase. A possible tertiary shock is also present together with
two spikes probably associated with the topography of the firing
point in that location.

As an aside, both references [16,17] suggest using the
second shock delay as a yield estimate if the explosive used is
known. Inserting the measured delay, velocity of detonation
(~8200 m s™) and estimated packing density to the equation and
fit therein suggests a source of mass of only ~36kg, which
seems a surprisingly low estimate (a 21% discrepancy) given
how close the second shock delay estimate was to reality.
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Figure 3. A summary of all the lead-shock time-of-arrival data. Flush
mounted ground gauge (FMGG), Pencil gauge (PG), K & G fit from
reference [1].

Analysis of the high-speed video and soot marks on the
sand after detonation show that the primary fireball extended to
16.5-17.5 ft. (5.0-5.3 m, ~1 m kg™®) and arrived at 6.90 ms after
initiation—well after the separated air shock travelling ahead.
The fireball then apparently stalled before re-ignition phenomena
resulted in a second expansion to approximately 25 ft. (7.6 m,
1.48 m kg™®) 17 ms after initiation. Soot marks on the sand were
not observed beyond the extent of the primary fireball.

It will be observed from figures 3 & 4 that the greatest, and
somewhat scattered, discrepancy between the scaling curves
and the data occurs at distances of between 14 and 23 ft. (4.3-
7.0 m, 0.83-1.36 m kg*®). This corresponds with the most
complicated region of the fireball when instabilities are most
pronounced and complex chemistry is still occurring. The effect
of the instabilities can be clearly seen in figure 6, a still frame
from a high-speed movie captured at 17 ms, close to maximum
second expansion of the re-ignition fireball.

It is clear that the scaling tables do a reasonable job of
predicting the free-field pressure and time-of-arrival, particularly
closer to and further from the charge, but there are significant
differences both from test-to-test and gauge-to-gauge.

Examining the reflected pressure data, and applying an ideal
equation-of-state (EOS) for air, suggests the peak normally
reflected pressure at 17 ft. (5.1 m) would be 4.19 MPa (608 psi)
occurring at 2.593 ms. In test 4 the peak pressure measured
was only 3.08 MPa (447 psi) at 2.788 ms while in test 5 a peak
of 4.03 MPa (585 psi) arrived at 2.786 ms. Clearly there are
significant differences between the ideal EOS corrected tables
and the measurement technique employed here for this
environment.

There also appears to be spatial variation in the air shock in
close proximity to the charge. Table 2 lists peak free-field
pressures and time-of-arrival data for pairs of gauges fielded on
the same test. Where pencil gauges were fielded at the same
radii, they were located within 1 m of each other
circumferentially. When comparing pencil gauges with flush
mounted ground gauges, the circumferential distance was larger
at approximately 3-4 m.
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Figure 4. A summary of all the lead-shock peak-pressure data. Flush
mounted ground gauge (FMGG), Pencil gauge (PG), K & G fit from
reference [1].

It is clear from table 2 that in some cases the time-of-arrival
can vary by over 100 us, but the initial peak pressure is
consistent. In other cases the time-of-arrival can be in close
agreement while the peak pressure varies widely, despite the
close proximity of the gauges relative to the fireball size.

Table 2. Gauge to gauge comparison at the same standoff distance. The
percentage difference between values, 9, is also shown.

Test Distance Diagnostics Time of Arrival Pressure
No. /ft Compared /' ms / psi
1 20 PG & PG 3.473 76

3.573 (5=2.8%) 80 (6=5.0%)
2 17 FMGG & PG 2.686 134

2.520 (5=6.2%) 136 (5=1.5%)
4 17 PG & PG 2.760 144

2.762 (6=0.07%) 103 (5=28%)
5 30 PG & PG 7.736 20

7.910 (5=2.2%) 22 (5=9.1%)
6 17 FMGG & PG 2.848 156

2.965 (5=1.3%) 94 (5=40%)

PG=Pencil Gauge, FMGG=Flush Mounted Ground Gauge

Generally, the FMGGs exhibited data with a more classic
Friedlander [15] type shape than the PG data, but not
exclusively so. Additionally, attempts to fit even a modified
Friedlander type expression to most of the data obtained have
given inconsistent results.
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Figure 5. The pressure trace from the 70 ft. gauge.
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Figure 6. An example of the unstable fireball at 8.1 ms after detonation.
The fireball is approximately 20 ft. (6 m) in diameter at this time.

Figures 7 & 8 show examples of the difficulties in
interpretation. Figure 7 compares pencil gauges at 17, 20 and
25 ft. (5.2, 6 & 7.6 m or 1.01, 1.19 & 1.48 m kg™®) from the
charge. It is seen that the pressure profile at 17 ft. is complex
and not at all of the simple Friedlander type. The traces at 20
and 25 ft. are more ‘textbook’ but still contain oddities in the fine
structure. It will be recalled that the maximum extent of the
delayed fireball expansion envelops these gauges at later times
(15-18 ms) and so the pressures recorded here are for the hot
air shock ahead of the products. Perhaps an indication of the
arrival of the products can be seen in the 20 ft. gauge at
approximately 13 ms. In this trace, gauge heating resulted in
data beyond 20 ms times not being valid.

Figure 8 shows a complex signal measured at 14 ft. (4.3 m,
0.83 m kg-1/3) and compares the signals from a flush mounted
ground gauge and a pencil gauge, both at 17 ft. The gauge at
14 ft. exhibits a double shock event. The gauges at 17 ft.
register a slightly different time-of-arrival and the pencil gauge
shows a more complex pressure signal than the ground gauge.
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Figure 7. A comparison of three pencil gauges from shot 5.
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Figure 8. A comparison of three gauges from shot 2.

Despite the complexity of the signals in figures 7 & 8, it is
believed that they reflect reality at that point in space during the
blast loading. Reference [18] presents compelling evidence that,
contrary to intuition, the solid carbon residue from the detonation
process in C-4 reacts with oxygen from the air before the
residual flammable gaseous products do. This perhaps explains
the re-ignition of the fireball after the primary fireball temporarily
stalls. As discussed in [18], the solid particles are more easily
transported across material interfaces and so interact with the
air sooner. The combustion of the carbon then occurs,
simultaneously stimulating significant mixing of the gaseous
phases, enabling further later time combustion. This explains the
lack of carbon noted on the sand within the secondary
combustion annulus.

It is believed that the complex structure in the 17 ft. gauge
presented in figure 7, after the very brief peak air shock,
represents late time combustion and structure resulting from the
unstable growth. It is believed that these phenomena also
explain the double shock seen at the 14 ft. gauge in figure 8.
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Support for this hypothesis comes from the 17 ft. ground and
pencil gauges also shown in figure 8. It would be expected that
complex combustion phenomena would be somewhat
suppressed by the thin boundary layer that forms between the
detonation products and the firing point sand compared with a
gauge mounted well above this layer. Indeed, this is observed
where a reasonably simple Freidlandler type decay is seen in
the ground gauge while the pencil gauge sits within the unstable
complex flow and ongoing combustion processes.

Figure 9. The measured positive duration compared with the scaling
table from [1].

Owing to the complex pressure trace shapes and often
truncated data, it has not always been possible to reliably
measure the positive duration or impulse from the explosions
described here. In any event, it is not clear that these terms will
have the same meaning within the fireball, where chemistry is
still occurring, to the recognized meaning at large shock
expansions (e.g. scaled distances > 3 m kg*®).

For example, the tables suggest a positive duration of
1.75 ms for 14 ft. standoff while the 14 ft. data in figure 8
remains positive for over 8 ms. A hypothesis involving a complex
combustion zone leading to unusual pressure traces that differ in
form compared with those in the intermediate-field was
presented earlier. An alternative might be that the abrupt rise in
the 14 ft. data at approximately 3 ms is a measurement artifact.
This would be attractive because the data prior to that time were
indeed suggesting a positive duration more consistent with the
scaling table prediction. However, it should be recalled that the
artifact mode of these gauges from heating is a negative trend,
not positive, and so there is little cause for doubting the validity
of the values. Also, analysis of the high-speed video shows that
the ground shock (observed as sand disturbance) lags about 30
cm behind the leading part of the fireball at that expansion
distance and that the air shock is visually indistinguishable from
the products at this time.

Despite these complexities, figures 9 & 10 present the
available measurements of positive duration and positive
impulse compared with predictions from the scaling table using a
degree of judgement by the authors. It should therefore be
recognized that analysis by others would lead to differences in
the magnitude of individual points, but likely not the overall
trends observed. The points that fall below the scaling table line
are not exclusively from truncated data. Many of the traces
appear to be complete, but genuinely of lower value than
predicted by the scaling table.

From figures 9 & 10, it will be seen that as with the initial
peak pressure and time-of-arrival data, the points closer to and
further from the charge are in better agreement with the tables. It
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is also significant that these signals were more of a Friedlander
type simple shape. There is significant scatter in the middle
demonstrating the complex processes operating in this region of
the expansion.

From comparing various scaling tables and computer
estimation programs, the authors have noticed that the
estimates of impulse from detonations are perhaps the least
consistent blast parameters between the various tables available,
and it is clear from the measurements presented here that the
stochastic nature of the unstable air shock at these expansion
distances will make any calculations valid only for an ‘average’
explosion.

One of the advantages of this experimental series is the
large charge nature of the detonation that makes it easier to
measure the unstable initial growth of the blast-front, compared
with studies of smaller detonations where the narrow expansion
region examined in this paper extends over a very limited
physical distance from the charge. In this series, the
measurement point can be considered as just that: more a point
measurement, rather than an integrated measurement over
some appreciable area of expansion, such as may be the case
when using smaller charges relative to the size and precision of
location of the sensor.

It would be valuable to use computer modeling in support of
the hypothesis presented in this paper, that the pressure
measurements accurately reflect a complex reality. So far, the
authors have been unable to achieve this. The tools available to
them to model are phenomenologically correct in the initial
charge detonation region; can model unstable growth in both
two and three dimensions (within limits); and correctly model the
intermediate to far-field response of air. However, they totally
lack the capability to release further chemical energy stimulated
by complex local conditions and mixing with the air (i.e. explicit
late-time chemistry). This latter requirement is essential for
modeling the region of the blast studied in this paper. A common
method of fudging the issue for non-ideal explosives with a
uniform late-time energy release source (one not controlled by
local conditions) will not help in the situation discussed in this
paper.

Further, the time-of-arrival and magnitude of the second
(and subsequent shocks) discussed previously are very strongly
related to the sound-speed in the reaction products. This aspect
of the modeling EOS s typically very poorly dealt with during the
fitting of analytical or numerical look-up table forms, and, even
more seriously, is significantly affected by the local heating and
conditions present in the ongoing late-time reactions through
which the inward release and outgoing shock pass.
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Figure 10. The calculated impulse from the tests compared with the
scaling table from [1].

Conclusions

With respect to time-of-arrival and peak initial pressure, it is
clear from the comparison of the measurements and the scaled
tables that the two are in broad agreement in the region
surrounding the fireball extent. Accordingly, the agreement is
poorer at the locations of the primary and secondary fireballs
where significant spatial variability in time and pressure exists.
Specifically, a difference of time-of-arrival and peak initial
pressure is noted, even for gauges closely located on the same
test.

The use of C-4 rather than TNT does require an equivalency
correction. The value used here was 1.15, which was suggested
by [14] and is in accordance with thermochemical calculations. A
change in this assumption will make slight differences to the
accuracy of the data compared to the scaled charge curve, but
will not change the conclusions drawn.

The agreement between measurements, and the particular
scaled table used here, is better closer in to the charge
(0.53 m kg™?) and further away (>1.5 m kg™?) than around the
limits of the primary fireball (~1 m kg™?).

It is observed that the effect of changes in ambient
temperature between tests suggested by application of the
scaling methodology presented in [1] is small compared to the
scatter in the data at the location close to the detonation. This is
unlikely to be the case in the far-field.

With respect to positive duration and impulse, as with peak
pressure and time-of-arrival, there is reasonable agreement with
the scaled table close in and further away, although not as good
as for peak pressure or time-of-arrival. There is very large
scatter in the measured values between those two extremes.
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The scatter in the positive duration falls predominantly, but not
exclusively, below the scaled curve, while the scatter for impulse
falls both above and below the scaled curve.

It remains a somewhat open question if the limitations of the
scaling table seen here are due to the methods chosen to
measure the blast and if different diagnostics might reduce the
scatter. It is argued in this paper that the complex pressure
structures and scatter in time-of-arrival signals are due to the
complex nature of unstable growth and secondary combustion
and are therefore an accurate reflection of a complex reality of
the fireball.

Impulse, in particular, is a notoriously difficult parameter to
measure, especially in regions of the detonation with high
temperatures.

It is clear that the scaled table chosen for comparison [1] has
some applicability in the region close to the fireball in large
detonations of C-4, but that in reality, sufficiently large scatter
exists both in initial peak pressure and time-of-arrival. More
significantly, positive duration and impulse—which produce the
damage effects—must be used as guides only, and a large
factor of conservatism is required to prevent unexpected
conditions occurring in any blast-effects design study close to
the fireball.
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