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ABSTRACT 

'■ ■ i 

^~An experimental investigation was conducted to obtain direct measurements 

of side-on overpressures from spherical charges of six different Jiigh explo- 

sives at small scaled distances ranging from 0.74 to 3.5 ft/lb ' . The 

pressure-time recordings of the incident airblast waves were processed to 

obtain peak side-on overpressures, shock wave arrival times, side-on impulses, 

and positive durations. Comparisons of the test data were made with standard 

blast curves for these four parameters. The side-on overpressure and arrival 

time data from the TNT tests are in excellent agreement with the standard 

curves. The impulse and duration data show that at scaled distances less than 

3 ft/lb ', the standard curves are not as well defined as those for pressure 

and arrival time. 'TNT equivalencies for each of the six explosives were 

determined using the standard pressure and impulse curves, as well as the 

actual TNT test data obtained. These results indicate that the pressure based 

TNT equivalency at small scaled distances for some of the explosives tested 

can be significantly different than that based on the heat of detonation. 
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INTRODUCTION 

Background 

Characterization of blast waves from high explosive detonations in free 

air by experimental methods has a long history dating back to World War II, as 

reported by Kennedy [1]. Stoner and Bleakney [2] in 1948 reported results of 

free-air experiments conducted with small TNT and Pentolite charges of various 

shapes. After World War II, a large number of investigators made free-field 

blast measurements in the United States. Goodman [3] compiled free-field 

blast measurements from bare, spherical Pentolite charges made by several 

investigators at the U.S. Army Ballistic Research Laboratories from 1945 to 

1960. During this same time period, data were also generated by investigators 

at the U.S. Naval Ordnance Laboratory. Baker [4] provides an excellent 

historical summary and presents much of the data from these investigations. 

Measurements of blast parameters from other than free air, high explosive 

detonations have been made by many investigators, also dating back to World 

War II. For example, measurements of blast wave properties from ground bursts 

of large hemispherical TNT charges were compiled and analyzed by Kingery 

[51. Air blast data from height-of-burst experiments have been measured by 

several investigators such as Reisler, et al. [6,7]. Measurements of normally 

reflected waves have been made by Jack [8], Dewey, et al. [9|, Wenzel and 

Esparza [10], and others. Measurements of blast parameters from charges of 

various geometries, from sequential detonations, from simultaneous detona- 

tions, and at real and simulated altitude conditions have also been made by 

many investigators [10-17]. Good descriptions of the characteristics of air 

blast waves in general are provided by Baker [4], Swisdak [18], and Glasstone 

and Golan [19]. 

Because air blast data have been obtained by a large number of 

investigators for different explosives, one can obtain different predictions 

for blast parameters depending on the source. In attempts to eliminate some 

of these variations, "standard" blast parameter graphs and tables have evolved 

over time. Examples of blast curves are presented in References 4, 5, and 

18-21. Probably the most widely used set of standard curves is found in the 

tri-service manual, "Structures to Resist the Effects of Accidental 

Explosions" [22]. In this manual, curves for free-air detonations and surface 
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detonations are presented for various blast parameters. These curves are 

based partly on experiments, and partly on analyses and computer code 

computations. At distances very close to the charge, direct measurements 

of many of the blast parameters are either nonexistent or very few. 

Consequently, these curves are not well defined at distances close to an 

explosive charge. 

The standard curves are usually for spherical TNT explosions. For other 

high explosives, the concept of TNT equivalency is then often used to predict 

the blast parameters. TNT equivalency is defined as the ratio of the charge 

weight of TNT to the weight of the test explosive that will yield the same 

amplitude of a blast parameter at the same radial distance from each charge. 

All high explosives generate blast waves which are quite similar in character. 

However, their equivalence to TNT may vary with distance from the charge, and 

with the particular blast parameter chosen for comparison. Thus, a single 

equivalent weight ratio may net be appropriate, particularly at close 

distances to the charge where experimental verification may not exist. 

Furthermore, equivalence based on one blast parameter may be significantly 

different for another, even though the same high explosive is being tested. 

Objectives 

To obtain direct measurements of blast overpressures at small scaled 

distances from spherical charges of TNT and five other high explosives. 

Southwest Research Institute (SwRI) funded a project [23] to conduct a series 

of free-air experiments using explosive charges that were surplus to some 

earlier SwRI projects. These precision charges ranged in weight from about 

0.5 to 1.3 lb and were cast or pressed from Composition B, PBX-9d04, 

Pentolite, TNT, PBX-9501, and PBX-9502. The data from these spherical charges 

were to be used to characterize the blast waves generated by the six high 

explosives at small scaled distances. In addition, the TNT data were to be 

compared to standard curves, and the data from the other five explosives were 

to be used to analyze the concept of TNT equivalency at small distances from 

the charges. This paper presents a brief description of the limited number of 

experiments conducted and the results obtained. Additional details of the 

tests, and graohs and tabulations of all the experimental data are provided in 

Reference 23. 
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Blast Scaling 

Scaling of blast wave properties is a common practice used to generalize 

blast data from high explosives. Scaling or model laws are used to predict 

the properties of blast waves from large-scale explosions based on tests at 

a much smaller scale. The most common scaling law is the one formulated 

independently by Hopkinson [24J and Cranz [25]. This law states that self- 

similar blast waves are produced at the same scaled distance when two 

explosives of similar geometry and of the same explosive material, but of 

different size, are detonated in the same atmosphere. The Hopkinson-Cranz or 

cube-root scaling law has become so universally used that high explosive blast 

data are almost always presented in terms of the scaled parameters generated 

by this law. A more complete discussion of this law is given by Baker [4]. 

Another widely used scaling law formulated by Sachs [26] allows prediction of 

the effects of detonations at different ambient conditions. For the 

experiments reported here, the ambient conditions were not sufficiently 

different from standard sea level conditions to warrant the use of Sachs' 

law. Therefore, all data are presented using Hopkinson-Cranz scaled 

parameters. 

DESCRIPTION OF EXPERIMENTS 

The experiments were conducted at the SwRI explosives range using the 

apparatus depicted in Figure 1. Two pipe stands supported wedge-shaped 

transducer holders, one reconditioned from earlier work [27] and a similar new 

one. A cross-member was used to suspend the explosive spheres. The trans- 

ducer wedges were positioned about 5 ft above the concrete pad surface to pre- 

clude any surface reflections from interfering with the initial blast wave. 

In all tests, the wedge-tipped transducer holders were positioned 180° apart 

on either side of the high explosive spheres. They were 32 in. long, 6 in. 

wide, and 2 in. thick, were fabricated from 2024-T4 aluminum rectangular 

stock, and fitted with hardened 4130 steel tips at the wedge-shaped end. 

Each transducer holder had provisions for mounting six pressure transducers, 

all in line with the center line of the flat top surface. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

Test data were obtained from 18 experiments using six different types of 

high explosives as indicated in Table I. For some of the explosives, more 
than one explosive weight was available for testing. The pressure-time 

/frjttM 

The pressure transducers used to measure the blast overpressures are n 

manufactured by PCB Piezotronics. Three different models of the series 102A 
transducers were used. All models have the same physical configuration 
differing primarily In their full scale range, sensitivity, and discharge time 
constant. Each PCB transducer utilizes a piezoelectric, pressure sensing 

element made of quartz which is coupled with a miniature source follower 
within the body of the transducer. Power and signal amplification were 

provided with PCB Model 494A06 six channel units. The blast pressure-time 
histories were recorded on magnetic tape using a Honeywell Model 101, Wideband 
II, FM tape recorder at a bandwidth of 0-500 kHz (+1, - 3dB). 

The data were processed in sets of four data channels using a Biomation 
Model 105 transient recorder for digitizing at effective sampling rates of 0.6 
to 3.2 million samples per second depending on the measurement location. The 
digital data were transferred from the transient recorder memory via a CAMAC 

data buss to a hard disk and a flexible diskette of a DEC 11/23 computer 
located at the range facility. Final data processing and plotting were then 

accomplished from the diskette with a DEC 11/70 computer. Figure 2 shows a 
block diagram of the pressure data record/reduction system. The high- 

frequency response of this system was 200 kHz. 

In addition to the pressure measurements, pin gages of the piezoelectric 
and lonizatlon types were used to obtain additional time-of-arrlval data. 

Both types used are made by Dynasen, Inc. They were epoxled into copper tube 
mounts which were held in place by special adapters and pipe stands. The pin 
gages using the stands were positioned horizontally looking at the center of 

•v v 
the sphere and at 90° from the pressure transducer holders. When install0d on ••$* 

**• 
a test, pin gage tips were located 2 In. and 4 in. from the charge surface. ,y.. 
In some cases a third pin was used with the tip on the surface of the ^-' 
charge. This pin was suspended almost vertically along the string holding the 
charge in place. 

m 

/. 
* * * *f ■-« 
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recordings made on each test were processed to obtain peak side-on (incident) 

overpressures, shock wave arrival times, side-on impulses, and positive 

durations of the incident pressure pulse. Additional arrival time data were 

obtained with the position pins. The pressure data were obtained at scaled 

distances ranging from 0.74 to 3.5 ft/lb '. In most tests, 12 pressure 

measurements were made. Arrival time data were obtained at scaled distances 

as close as the surface of the explosive sphere on some tests. 

More than 200 pressure measurements were made in this research program. 

The shock wave in air from any high explosive is formed when the detonation 

wave propagating in the explosive reaches the surface. For a spherical charge 

initiated at the center, the initial shock wave in air will also be spherical, 

and, consequently, symmetrical about any plane bisecting the charge. High 

explosives generate blast waves which are quite similar in character. 

However, the properties of the waves may differ for different explosives, 

particularly at close proximity. The wave formed in air adjacent to an 

explosion has properties much influenced by the nature of the explosive 

source. Once the wave propagates in air independently of its source, it is 

affected primarily by the properties of air. As the blast wave passes through 

the air, rapid variations of blast wave properties (such as pressure) occur. 

The properties which are usually defined and measured are those of the 

undisturbed or side-on wave as it propagates through the air. Examples of 

side-on overpressures recorded on this project are shown in Figures 3-6. 

^v'tt 

Table 1, Summary of Experiments 

Explosive Type Norn inal Charge We iqht (lb) No. of Experiments 

Composition B 1.074 2 

Composition B 0.494 1 

PBX-9404 0.495 4 

PBX-9404 1.002 3 

Pentolite 1.309 3 

TNT 1.285 2 

PBX-95U1 0.805 2 

PBX-9502 1.301 1 
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Figure 3 presents pressure-time histories recorded at scaled distances 

(Z) of 0.78 and 1.11 ft/lb ' on a test using a sphere of Composition B with a 

mass (W) of 1.074 lb. In Figure 4, two measurements from a PBX-9404 test are 

presented. The first of these two pressure measurements was taken at a scaled 

distance of 1.13, about the same as for the second trace in Figure 3. These 

two traces exemplify the similarity in the character of the data obtained at 

the same scaled distance from two different explosives. However, the magni- 

tudes of the pressures measured are different. Figure 5 includes a sequence 

of two measurements made on a Pentolite test at scaled distances Z of 1.35 and 

1.66. As was the case with the previous two figures, these two traces depict 

the gradual decay in the peak pressure with increasing distance, as well as 

the gradual increase in arrival and duration times. Figure 6 shows two data 

traces from TNT tests at scaled distances of 1.36 and 1.67, similar to those 

for the Pentolite data of Figure 5. These last two figures again show the 

similarity in the character of the incident overpressures from two different 

high explosives at similar scaled distances and the differences in amplitude. 

The pressure measurements made on this program covered a range in scaled 

distances from 0.74 to 3.5 ft/lb ' . The examples of data presented 

concentrated on the closer scaled distances. However, examination of the data 

plots showed consistency at all scaled distances within each test and within       0 

tests using the  same type of high explosive, even for those cases in which 

more than one charge size was available for testing. The observed rise times 

for the closer-in pressure measurements were approximately 3 microseconds. 

This value is consistent with the measurement system upper frequency response 

specification. At the larger scaled distances, the rise times observed were 

about 7 microseconds, which agree with the time required for the blast wave to 

travel across the pressure transducer diaphragm. 

TNT Data Comparisons 

Peak incident or side-on overpressure (Ps) was the primary blast 

parameter measured on this project. The peak overpressure at the shock front 

of an air blast wave can be measured directly with pressure transducers or it 

can be inferred from the velocity of the shock front. All measurements 

reported here were made directly with pressure transducers located at small 

scaled distances from the spherical high explosive charges. The arrival time 

(ta) of a free-air blast wave is defined here as the time interval between the 
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initiation of the detonator ind the arrival of the blast wave at a measureniepf 

location. This interval of time includes the time for the detonation wave to 

travel through the charge. Measurement of arrival times can be accomplished 

by several techniques. It can be done using high speed cinematography, blast 

switches of various types, or pressure transducers. Arrival time is usually 

the most accurately measured blast parameter. In this program, most measure- 

ments were obtained from the T-essure transducer records. Seme additional 

data at closer scaled distances were obtained with pin gages. The specific 

side-on impulse (i.) is the positive area under the pressure-time history. 

The side-on impulse is a function of the peak overpressure, the duration of 

the positive phase, and the rate of decay of the pressure behind the shuck 

front. Of the four blast parameters measured on this project, the positive 

duration (td) is the most subjective measurement. Individual interpretations 

of the same data will vary and inherently will produce a larger scatter than 

on the other three blast parameters. 

Pressure-time records were obtained from two TNT experiments with spheres 

weighing 1.285 lb. The four parameters measured on these tests are plotted in 

Figures 7-10 and are compared to TNT standard curves [281 which will be 

included in the revised edition of the tri-service manual. Reference 22. The 

peak overpressures measured are plotted in Figure 7. The new test data (23| 

are plotted as vertical bars indicating the range measured. These data were 

measured at scaled distances ranging from 0.75 to 2.59 ft/lb '. The new TNT 

pressure data are self-consistent and the comparison with the reference curve 

and most of the data base used to develop this curve indicates good agreement. 

This confirms the validity of the data from the TNT experiments as well as the 

data from the tests using the other five high explosives since the same 

measurement system and test procedures were used. Also, it increases the 

confidence of the results presented later on TNT-equivalency based on peak 

incident pressures. 

-. • . 
:<• 

It is interesting to note that the TNT reference curve for pressure from 

Reference 28 is a polynominal curve fit to pressure values found prirr.rily in 

References 3, 5-7, 18, and 29. The comoiled data from Goodman (3| are for 

Pentolite spheres. These data '-'ere converted in Reference 28 to TNT equiva- 

lents for use in the TNT curve fit. The TNT equivalency used is not given. 
1 /3 For scaled distances less than 1.5 ft/lb ', all the peak pressures presented 
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by Goodman [3] were obtained by Sultanoff and McVey [30] from optical measure- 

ments of shock front velocities. The data reported by Kingery [5] are from TNT 

surface bursts and are converted in Reference 28 to free air equivalent data 

using a reflection factor of 1.8. The pressure measurements from Reisler, et 

al. [6,7], were from TNT tests, but are all for scaled distances greater than 

2.0 ft/lb1//3. Swisdak [18] states that, at scaled distances less than 1.0 

ft/lb ', all overpressures given in that reference were obtained by hydro- 

dynamic computer code calculations. Reference 29 presents TNT data tables and 

curves which were taken from Dobbs, et al. [31], and are identical to those in 

Reference 22, the tri-service manual. None of these last thre^ references 

[22, 29 and 31) indicates which portions of the curves are derived from actual 

measurements. Thus, the lack of actual TNT incident pressure measurements at 

small scaled distances indicates that even the revised TNT standard curve from 

Reference 28 is not well defined experimentally close to the charge, and that 

the new pressure measurements presented in this paper are an important 

contribution to the experimental data base. 

In Figure 8, the scaled time-of-arrival data for the TNT experiments are 

plotted as vertical bars showing the range of measurements at each scaled 

distance. As expected, the scatter of the data is less than for the corres- 

oonding incident pressure data, and the scatter increases the closer the 

measurements were made to the charge center. The TNT test data show excellent 

agreement with the TNT curve from Reference 28. The arrival time of the shock 

wave at a distance from an explosion depends on the velocity of the wave. The 

Pankine-Hugoniot equations relate the velocity of a shock front and the peak 

ressure of the shocked gas. Thus, it is possible to compute the velocity of 

the shock front from known values of peak incident overpressure and in turn 

compute arrival times from the derived shock velocities. This is the approach 

taken in Reference 28 to develop the scaled arrival time curve so that it was 

consistent with calculated shock velocities and the side-on pressure curve 

shown in Figure 7. Thus, the new measured arrival times are also consistent 

with the side-on pressure measurements. 

The incident impulse data from the TNT tests [23] are presented in Figure 

9. Uver the range of scaled distance shown, the measured scaled impulses 

define a curve which indicates an explosive less energetic than TNT. This 

result is unlike the peak pressure and arrival time data which agreed with the 
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respective reference curve. However, the range of scaled distances at which 

the new impulse data [23] were obtained is the same at which major differences 

are indicated in the data from the referenced literature presented in Figure 9 

used to define the TNT curve from Reference 28. In fact, more weight appears 

to have been given to data converted to free air equivalents from surface and 

height-of-burst explosions in defining the side-on impulse TNT curve [28], 

than actual free air data like those measured on this project. Furthermore, 

the new TNT test data were measured over a scaled distance range of 0.75 to 

2.59 ft/lb ' which includes that portion of the curve with changes in slope, 

making it the most difficult portion of the curve to define with experiments 

or curve fits. 

Figure 10 is a plot of the new TNT duration data |23| compared to the TNT 

reference curve and data from other references included in Reference 28. This 

comparison shows consistently shorter scaled durations for the new test data 

than the reference curve at respective scaled distances. Over the range of 

scaled distances at which measurements were made, the scaled times from the 

reference curve are almost a factor of two longer than the new measured 

values. The curve fit for the reference TNT curve was based only on data from 

hemispherical TNT surface bursts assuming a 1.8 reflection factor to convert 

them to free-air equivalents [28|. However, the other free air, TNT data 

shown in Figure 10 from References 18 and 29 show the same type of differences 

between the curve and the new data. The TNT reference curve appears to be Jy^ 

more of an upper bound on the scale duration cita at scaled distances less 

than 3 ft/lb1/3. 

Data From Other Explosives 

Measurements of P , t,, is. and t^ for the five other explosives listed 

on Table 1 were also made. For some of them, two charge weights were avail- 

able for testing; for some, there was only one charge size. As shown in 

Figures 3-6, the pressure-time records at comparable scaled distances are 

quite similar in character, but the various parameters may differ quantita- 

tivüly. For example, the measured data obtained from the three Composition B 

experiments are presented in Figure 11. Two tests used 1.07-lb spheres and v^ 

one test used a 0.494-lb sphere. In Figure 11a, the peak pressure data "--; 

obtained over a scaled distance range of 0.78 to 3.1 ft/lb ' are self- t-N 

consistent and in general were of higher amplitude than the comparable TNT wH 
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values denoted by the dashed curve taken from Reference 28. This indicates 

that based on peak pressure measurements. Composition B is more energetic than 

TNT. Additional discussions on TNT equivalency are presented later in the 

paper. The Composition B arrival time data are graphed in Figure lib. Most 

of the arrival times measured for this explosive are slightly shorter than 

those indicated by the TNT reference curve [281. In Figure lie, the impulse 

data from the Composition B tests are presented. Generally, the data are of 

somewhat lower amplitude than indicated by the TNT reference curve [28|. Note 

that, on a plot of scaled impulse versus scaled distance, an explosive less 

energetic than TNT, with a constant equivalency, would yield a parallel curve 

shifted left and down at 45° from the TNT curve. Figure lid presents the 

scaled durations from the Composition B tests. It is obvious from this figure 

that the scatter in the duration data is greater than for other three blast 

parameters as was the case with the TNT data presented previously. 

In Reference 23, similar data comparisons with the TNT reference curves 

from Reference 28 are also made for the other four high explosives tested.  In 

this paper those results will be summarized. The peak overpressures generated 

by PBX-9404, Pentolite, and PBX-9501 were of higher amplitude than those 

indicated for the TNT reference curve. Only the pressures from PBX-9502 were 

of lower amplitude than the TNT values. The arrival time measurements for 

these four explosives exhibited less scatter than the pressure data, but were 

consistent with them. Thus, of the six high explosives tested only the scaled 

arrival times from the PBX-9502 tests were slower than the TNT values. This 

result is consistent with that ootained from the overpressure data. 

The impulse data from the PBX-9404 tests were generally of higher 

amplitude than those from the TNT reference curve, while those for the 

Pentolite tests were generally of lower amplitude. The impulse data from the 

PBX-9501 tests were in some cases slightly lower and in other cases higher 

than the TNT reference curve. Finally, the impulse data from the one PBX-9502 

test were generally of lower amplitude that analogous TNT curve values. Thus, 

of the six high explosives tested, only two generated impulse data that were 

consistently of the same or higher amplitude than the reference TNT curve [28] 

at scaled distances ranging from 0.74 to 3,5 lb/ft '. 
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As already shown for the TNT and Composition B tests, the positive 

duration data from the other four explosives tested had greater scatter than 

any of the other three blast parameters measured. In addition, the scaled 

durations were in every case significantly shorter than those from the TNT 

reference curve [28). 

Pressure TNT Equivalency 

It is common practice to express the blast effects from various explosive 

sources in terms of the amount of TNT that will produce a blast wave having KS 

the same property as the one being characterized. Side-on pressure is the 

most common parameter used to determine TNT equivalency for high explosives. 

TNT equivalency based on incident pressure is defined as the ratio of the 

charge weights (TNT weight/explosive weight) that will give the same peak 

pressure at the same radial distance from each charge. 

The concept of TNT equivalency offers the advantage of providing in one 

number an identification of a given blast wave in terms of a standard explo- 

sive whose blast effects have been extensively documented. The disadvantages ^ 

are in many instances minor, but must be considered whenever TNT equivalency 

is applied, particularly at small scaled distances. In the first place, most       •"'' 

explosives have not been tested sufficiently or at all at small scaled dis- 

tances to determine a good equivalency factor based on pressure or other blast 

parameters. Second, the equivalency factor may vary with scaled distance or 

may differ whether based on pressure or another parameter. Finally, for high 

explosives with no comparative data available, TNT equivalency is often              £?$ 

approximated by the ratio of the two heats of detonation. This ratio may be          .>;* 

adequate at some scaled distances and invalid at others. -^1 
Si' 

Computations of TNT equivalent factors were made for the six explosives > 
tested in this project using the incident pressure data obtained on the 18 v^ 

experiments. For each explosive, plots of pressure versus scaled distances 

were made and an approximate fit was made through the average of the pressures 

measured at each scaled distance. TNT equivalency ratios were computed by 

determining the scaled distances corresponding to pressures of 100, 320, and 

1,000 psig. For TNT, these three incident pressures corresponded to scaled 

distances of 2.89, 1.69, and 0.9 ft/lb1/3 as obtained from the reference TNT 

curve [28]. The pressure equivalency E- for an explosive is then 
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where: 

R 

U 

WTNT 
Z 

ZTNT 

TNT 
W JTNT 

(1) 
P = constant 
s 

TNT equivalency of an explosive based on side-on overpressure 

peak side-on overpressure 

distance from the center of the charge 

explosive mass 

TNT mass 
1/3 scaled distance = R/W 

scaled distance = R/WTNT 
1/3 

The average equivalency for each explosive was obtained by calculating E 

at each of the three pressures and then averaging the three values. The 

equivalency ratio for each explosive varied slightly over the pressure range 

of 100 to 1000 psig and the average value and corresponding standard deviation 

are tabulated in Table 2. 

The values listed in Table 2 are based on a limited nunber of 

experiments. However, the peak pressures measured were self-consistent for 

each explosive and the range of the data at each measurement location was for 

the most part within ±10% of the average. In addition, the TNT experiments 

generated peak pressures which agreed very closely with values from the TNT 

Table 2. Average Pressure TNT Equivalency 

Explosive Pres sure TNT Standard 
Type Equivalency * 

1.2 

Deviation 

Composition B 11% 

PBX-9404 1.7 18% 

Pentolite 1.5 5% 

TNT 1.0 7% 

PBX-9501 1.6 5% 

PBX-9502 0.9 2% 

*For incident pressure range of 100-1000 psig 
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curve from Reference 28. This reference curve is the result of a polynominal 

curve fit to large amounts of data from tests and some from computer calcula- 

tions compiled from 10 different references. 

Comparisons of the TNT equivalency ratios based on the pressure data 

obtained on this project and those based on heats of detonations and other 

references are presented in Table 3. It is interesting that for some 

explosives the equivalency ratio based on the pressure data at small scaled 

distances agrees quite well with that based on the heats of detonation. For 

otner explosives significant differences are apparent. Also, the ratios from 

Reference 18 are based on a much lower pressure range except for Pentolite 

whose equivalency ratio agrees well with the new value. The pressure range 

for the ratios from Reference 22 is given as being applicable from 2 to 50 

psi. Note that, since TNT equivalency is the ratio of the weights of TNT to 

that of a test explosive, the effect on the scaled distance is the cube root 

of the ratio. In other words, for a particular explosive that is supposed to 

be 50% more energetic than TNT (TNT equivalency of 1.5) the effect on the 

scaleci distance (R/W ' ) becomes only 14.5%. The expected average peak pres- 

sure for this more energetic explosive would bo about 28% higher than for a 

comparable weight of TNT at a scaled distance of 1.0 ft/lb '. At other small 

Table 3. Comparisons of TNT Equivalency Ratios 

Explosive 
Type 

Pressure TNT 
Equivalency 

1.2 (100-1000 psi) 

Based on 
Calculated 

Heat of 
Detonation* 

1.09 

From 
Ref. 18 

From 
Ref. 22 

Composition B 1.11 (5-50 psi) 1.10 (2-50 psi) 

PBX-9404 1.7 (100-1000 psi) 1.11 1.13 (5-30 psi) — 

Pentolite 1.5 (100-1000 psi) 1.09 1.40 (5-600 psi) 1.17 (2-50 psi) 

TNT 1.0 (100-1000 psi) 1.00 1.00 (Standard) 1.00 (2-50 psi) 

PBX-9501 1.6 (100-1000 psi) 1.13 — — 

PBX-9502 0.9 (100-1000 psi) 0.82 — — 

* From References 21, 32, and 33 
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aSSR scaled distances the effect on the average peak pressure would be different, 

but generally the effect is less on the pressure than on explosive weight. 

Conversely, note that in determining TNT equivalency ratios a small 

variation in determining the scaled distances for a particular average peak 

pressure is amplified because the ratio of scaled distances is cubed as indi- 

cated in Equation 1. Thus, it would be difficult to compute a TNT equivalency 

ratio at a given scaled distance more accurate than about +10%. To obtain an 

accuracy of ±10% requires that the scaled distance for a particular average 

peak pressure generated by an explosive be determined more accurately than 

±3%. 

Impulse TNT Equivalency 

The second parameter that is sometimes used to compute TNT equivalency 

is the side-on impulse. Computations were made of TNT equivalent ratios based 

on the impulse data obtained for the six explosives tested at small scaled 

distances. A similar procedure was used as for the pressure data. The 

impulse equivalency E^ for an explosive is simply 

w, 
E. TNT 

JTNT 
(2) 

i  = constant 
s 

where: 

E^  = TNT equivalency of an explosive based on side-on impulse 

i.  = side-on impulse 

However, on a plot of scaled impulse (is/W ' ) versus scaled distance 

(R/W ' ), constant values for is are found at lines oriented 45° to the 

scaled axes. Thus, the graphical or computational procedure is somewhat more 

involved than for pressure. Since the test data were measured at small scaled 

distances over which the TNT reference curve has two different inflection 
1 /I 

points, computations were made at scaled distances of 0.9 and 2.9 ft/lb ' 

and averaged to obtain equivalency ratios based on impulse. The results are 

presented in Table 4. 
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Table 4. Average Imp-ilse TNT Equivalency Base on Impulse 

Impulse TNT Equivalency   Impulse TNT Equivalency 
Explosive Type Using TNT Ref. Curve (28] Normal ized to TNT Data 

Composition B 0.8 (11%) 1.3 

PBX-9404 1.2 (47%) 2.0 

Pentolite 0.6 ( 8%) 1.0 

TNT 0.6 (14%) 1.0 

PBX-9501 1.0 ( 6%) 1.7 

PBX-9502 0.7 ( 6%) 1.1 

Unlike the excellent agreement between the pressure data from the TNT 

tests and the TNT reference curve, the TNT impulse data indicated an 

equivalency significantly less than unity when compared to the TNT impulse 

curve from Reference 28. This difference is probably due to "the very few and 

sometimes suspect quality" [28] of the measured incident impulses at scaled 

distances less than 1 ft/lb ', and the wide scatter of the data used to 

generate the reference curve between a scaled distance of 1 and 3 ft/lb ' 

[28], the range over which most of the measurements reported here were made. 

In fact, as shown in Figure 9 the reference curve appears to be an upper 

bound of the scaled impulse over this range of scaled distances. It is not 

surprising, then, that the test data from the present TNT tests yielded an 

equivalency ratio less than 1 when compared to the curve from Reference 28. 

Consequently, the TNT equivalency ratios obtained using the reference curve 

and the data from the six high explosive tests were normalized co the values 

of the new TNT data. These results are also tabulated in Table 4 and show a 

more realistic relationship among the impulse equivalencies, as well as a 

reasonable comparison wi!h the corresponding pressure equivalences presented .>! 

in Table 2. However, as has been shown by others [18,29], the ratios for v> 

pressure and impulse are not necessarily the same. 

SUN1ARY 

An experimental program was conducted to obtain direct measurement of 

side-on overpressure at small scaled distances from spherical charges of six 

different high explosives. The pressure-time recordings made on the 18 

2052 

^a:.^;;:.:^;^^^ 

v.v.v. 



F^y^yry'üTOTy'qr^TPTro^ 

experiments were processed to obtain peak overpressures, shock wave arrival 

times, side-on impulses, and positive durations of the incident or side-on 

pressure pulse. In addition to comparisons of the data with TNT reference 

curves for these four parameters, TNT equivalency for each explosive was 

obtained based on the measurements of side-on peak overpressures and 'impulses. 

More than 200 pressure measurements were made on tests with six different high 

explosives: TNT, Composition B, PBX-9404, Pentolite, PBX-9501, and PBX-9502. 

The number of tests conducted was limited by the number of spherical charges 

left over from previous projects. 

The observations and conclusions based on the peak overpressure data 

were: 

o data were self-consistent for each explosive 

o in most cases variations from the average pressure at each seal 2d 

distance were less than ±10^ 

o compared to a TNT reference curve [28], the TNT data showed excellent 

agreement 

o only PBX-9502 was less energetic than TNT based on the overpressure 

data. 

From the arrival times measured the following can be stated about these data: 

o arrival time data exhibited less scatter than the pressure data 

o TNT test data agreed quite closely with a TNT reference curve [28] 

o comparisons for all six explosives with a TNT reference curve [281 

showed consistency with similar comparisons based on pressure. 

Comparisons of the impulse data to the TNT reference curve [281 showed that 

o in general, the test data were of lower amplitude for four of the 

explosives, and of the same or higher amplitude for the other two 

explosives 

o by using the TNT test data as the basis for comparison, more realistic 

impulse-based equivalencies were obtained. 

Comparisons were also made for the positive duration data from each explosive 

and the reference TNT curve (28|. This showed that: 

o the scaled durations measured for all six explosives were shorter than 

those indicated by the reference TNT curve 

A3 
m 

m 
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o over the range of scaled distances used to make the measurements, the 

reference curve appears to be more of an upper bound for the new data 

as it is for the data from other sources (281. 

Even though only a limited number of spherical charges were available, 

the experimental data obtained on this project [231 for the six different high 

explosives are "n important addition to the very limited air burst data (and 

are in some cases the only known data) available from direct pressure measure- 

ments for characterizing their blast parameters at small scaled distances. 

The side-on pressure ana arrival time data from the TNT tests are in excellent 

agreement with the revised curves in Reference 28. Similar data for the other 

five explosives show differences that indicate TNT equivalency for some 

of them can be significantly different than that based on their heat of 

detonation  The impulse and duration data showed that at scaled distances 

less than 3 ft/lb ', the revised standard TNT curves [28| are definitely not 

as well defined as those for pressure and arrival time. More experimental air 

burst data are needed from TNT tests, as well as from other commonly used high 

explosives to better define TNT equivalency at small scaled distances based on 

impulse. 

Adoitional experiments similar to those described in this report are 

recommended to measure pressure-time histories at small scaled distances from 

spherical charges. These additional data would better characterize the blast 

waves near different high explosives and increase the confidence of the new 

data presented. The experimental techniques used on this project to make the 

pressure measurements are suitable to obtain data at scaled distances as small 
1 /3 as 0.75 ft/lb '. However, even closer direct measurements of pressure may be 

possible using small, scaled hemispherical charges detonated on a replaceable 

hardened steel surface with side-on transducers mounted flush with the steel 

surface. 
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