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SUMMARY

High explosive RDX was detonated in scaied down configurations representative of
the transfer container (Nutsche) and the shipping container typical in a manufacturing
facility, Blast output parameters were measured and TNT equivalency was computed
based on comparison with TNT hemispherical surface bursts, The results are shown
in the table below,

Within experimental error, the pressures were greater than 100% at all scaled dis-
tances in all configurations., Impulse equivalencies were greater than 100% at the near-
field scaled distances < 2,14 m/kgl/3 (5,4 ft/1b1/3), and varied above and below 100%
at the far-field scaled distances 3,57 m/kgl/3 (9 ft/1b1/3), Test results indicated
that pressure and impulse values were dependent upon geometry (transfer container
versus shipping container) and, to within experimental error, scaled according to the
cube root of the charge weight These high equivalency results are consistent with tests
performed on C41 and A32 which contain high percentages of RDX, It is recognized that
charge-shape has a significant effect on airblast parameters. Studies of cylinders, spheres,
and hemispheres show the equivalency to be variable with scaled distance, 3 Airblast mea-
surements from spherical and hemispherical surface bursts of TNT are well documented
in many other literature sources concerning airblast phenomenon. In comparing the RDX
airblast measurements to TNT hemispherical data it should be noted that pressure and
impulse changes are relatively insensitive to weight changes (Z~ l/wl/ 3), however
equivalent weights amplify the pressure (or impulse) differences.

TNT Equivalency (%) at Scaled Distance

/3 1/ /3 3 |
Configuration 1,19 m/kﬁs 1.59 m/gl/3 | 2,14 m/xg1/3] 3,57 m/Agd/3{ 7.14 mAgl/3 | 15,87 m/k§1/3

(3.0 2/b (4.0 ALY/Yy | (5,4 RALL/3Y | (9,0 f/1b1/3) (1s.on/1b1/8, (40,0 ftN1b1/3
P 1 P |1 P |1 P |1 P 1 P |1
Simulated shipping drum
22, 68 kg (50 Ib) charge 350 | 150 | 413 | 155 | 210 | 120 | 150 | 144 | 200 | 70 259 | 54

Simuiated shipping drum

45,36 kg (200 1b) charge 329 102 423 126 246 120 147 (ki 156 1 102 244 55

Simulated Nutsche contajuer

27,22 kg (60 Ib) charge 493 135 540 254 367 258 172 94 116 | 113 223 67

Simulated Nutsche container

54, 43 kg (120 1b) charge 526 113 515 241 316 232 148 75 132 { 107 255 39
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INTRONUCTION

BACKGROUND

Tests were conducted under Project No., 5794285, TNT Equivalency, as an engineer-
ing effort to provide TNT equivalency data in support of Project 5873000,

The tests covered those configurations which are to be encountered at sensitive
locations at the explosive manufacturerts facility. These configurations are the trans-
fer container (Nutsche) and the shipping container. The amounts of RDX in these
configurations are 544.3 kg (1200 1b) and 90. 7 kg (200 1b), The large weights con-
tained in these configurations were scaled down for these tests.,

OBJECTIVE

The objective of these tests was to determine the maximum output from the detona-
tion of RDX explosive in terms of the peak airblast overpressi.re and positive impulse.
The measured pressure and impulse data will be compared with known TNT test data to
determine the equivalency of RDX explosive in relation to TNT,

EXPERIMENTAL METHODS

MATERIALS

The test material was RDX, high explosive, Baich No., 4RA59-217, Lot No, HOL
80A675-027, The explosive was received from Holston Army Ammunition Plant in stan-
dard shipping containers with a dry weight of 72,57 kg (160 1b) and a gross weight of
approximately 113, 4 kg (250 1b), The RDX was recelved and tested in the wet condition,
The wetting agent was isopropyl alcohol,

TEST PLAN

Airblast output was evaluated for weights and configurations of RDX representing
bulk RDX in a scaled down simulated Nutsche and a simulated drum, Physical charac-
teristics of the test items are as follows:

(1) A cylindrical container (figure la) with a charge weight of 22, 68 kg (50 Ib) of
RDX was used to simulate the shipping drum with a dimensional scaling factor of 0, 63,
The container was constructed from fiberboard with a height of 42,93 em (16.9 in) and
a diameter of 29,22 cm (11,7 in),

(2) A cylindrical container (figure 1b) with a charge weight of 45, 36 kg (100 1b) of
RDX was used to simulate the shipping drum with a dimensional scaling factor of 0, 63,
The container was constructed from fiberboard with a height of 53,34 cm (21.0 in) and a
diameter of 37,34 cm (14, 7 in),
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(3) An orthorhombic container (figure 1c) with a charge weight of 27,22 kg (60 ib) of
RDX was used to simulate the {ransfer container (Nutsche) with a dimensional scaling
factor of 0,37. The container was constructed from plywood with dimensions of 46.74 cm
(18. 4 in) long by 29,97 cm (11,8 in) wide by 22,68 cm (9.0 in) high, The long side of the
container was positioned facing the even gage line,

(4) An orthorhombic container (figures 1d) with a charge weight of 54,43 kg (120 lbj
of RDX was used to simulate the transfer container (Nutsche) with a dimensional scaling
factor of 0,46. The container was constructed from plywood with dimensions of 58, 42
cm (23,0 in) long by 37,59 em (14.8 in) wide by 27,94 cm (11,0 in} high, The long side
of the confainer was positioned facing the even gage line,

Each test charge was initiated with a J2 blasting cap and a conically shaped booster
of composition C4 high explosive, The weight of C4 used was 2 percent of the charge
weight for each test, The C4 was shaped conically with an aspect ratio of 1:2 h/w, The
C4 was centered on top of the RDX in the simulated Nutsche container and shipping drum
and the blasting cap inserted at the apex and embedded to the cenfer of the cone,

The test charge for each configuration was placed on a mild steel witness plate
1.27 em (0.5 in) thick with the outside dimensions being 5. 08 cm (2 in) larger than the
base of the test configuration dimensions. Figure 2 shows the test area. The area
was refurbished after each test subsequent to measurement of crater diameter and depth.

INSTRUMENTATION

Twelve PCB Piezotronics, Inc, side~on pressure transducers were mounted and placed
at ground level in two 90° arrays within the test area shown in figure 2, Distances be-
tween the transducers and charge were calculated to correspond to scaled distances of
1,19, 1.59, 2.14, 3,57, 7.14 and 15,87 m/kgl/3 (3,0, 4.0, 5.4, 9.0, 18,0 and 40,0 ft/
b1/ 3), The transducers were individually calibrated prior to each test series with quasi-
static pressure pulses using a standard solenoid-actuated air pressure calibration fixture,
adjusted to correspond to expected blast pressures based on an assumed TNT equivalency
of 100%. Signal line continuity and channelization were checked prior to each test, De-
tails of distances between charge and transducers, calibration pressures, and expected
peak blast pressure at each distance are shown in table 1,

Before and after color still photographs were taken of each test setup and posttest
configuration, Motion picture coverage consisted of a 16mm color movie (500 frames
per second) for a single test of each test series and a documentary of 24 frames per sec-
ond, Both cameras were pointed down the center line of the even gage line. Fiducial
markers were positioned behind the test setup at 3.5 m (10 ft) intervals. Typical camera
location and fiducial marker locations are shown in figure 3,
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Figure la. Simulated (14.7 in)

shipping drum (sca’led)J _

o
- ' ot

29.72 cm
{11.7 in)

Figure 1b. Simulated
shipping drum (scaled)

(Shaded area denotes approximate height of «xplosives
in the drum or container.)

29.97 cm
(11.8 in) )

22. 86 cm 37.59 em
(9.0 in) (14.8 in)

27.94 cm
(11.01in)

46.74 cm
(18.4 in)

58.42 cm
(23.0 in)

/

Figure lc. Simulated
Nutsche container (scaled)

Figure 1d. Simulated
Nutsche container (scaled) .

Figure 1. Test container configuration
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Figure 2, Typical charge placement for equivalency tests
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Figure 3. Test area showing transcucer and camera placement
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z . Table 1, Transducer calibration and placement
% ‘ Rj distance in met ft) £ h
; Full-Scale 1 ance in meters (ft) from charge
Scaled calibration Expected Charge Charge | Charge | Charge
0 distance pressure pressure weight weight weight | weight
Channel | m/kgl/3 kPa kPa 27.22 kg | 54,43 ke | 22. 68 ke | 45. 36 ke
number (ft/lbl/ 3 (pst) (psi) (60 1b) (120 1b) | (50 1b) | (100 lb)
1 1.19 1034 922 3.58 4,51 3.37 | 4.24
2 (3.0) (150) (133,71) | (11.75) | (14.80) | (11.05) | (13.92)
3 1,59 517 480 4,77 6,01 4,49 | 5.66
; 4 (4.0) (75) (69.58) (15. 66) (19, 73) (14.74) | (18.57)
5 2,14 345 243 6.44 8,12 6.06 7.64
6 (5.4) (50) (35.17) | (21.14) | (26.64) | (19.89) | (25.06)
7 3.57 103 81,5 10,74 13,58 10,11 12,73
} 8 (9.0) (15) (11,82) | (35.28) | (44.39) | (33.16) | (41.77)
§ ‘ 9 7.14 34,5 24,07 21,48 27,06 20,21 25,47
; 10 {18.0) (5) (3.49) (70, 47) (88, 78) (66.31) | (83,55)
Lo 11 15,87 34.5 8,14 47,73 60,14 44, 92 56,59
i 12 (40, 0) ) (1.18) [(156.60) 197.8)  |(147.36) |(185.66)
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RESULTS

DATA ANALYSIS

Peak blast overpressure and positive impulse information were obtained in digital
form. Data that could be attributed to instrumentation or explosive malfunction were
excluded. The mean and standard deviation were then obtained and all data which fell
outside two standard deviations were excluded from the TNT eguivalency calculations,
The data were then compared to data from TNT Hemispheres, © A computer program
is employed which utilizes an iterative process that factors out the contribution of the
booster charge weight and calculates the pressure and impulse equivalencies, 6 The cal-
culated TNT equivalencies were arranged in tabular form and also plotted as functions
of sample scaled distance, The standard curve for TNT hemisphere reference data is
shown in figure 4.

TEST RESULTS

Data sheets for all tests with pertinent measured parameters are given in Appendir. A,
Selected pretest and posttest still photographs are given in Appendix B, Test numbers
shown are for local reference only and provide access to original range data files,
Average pressure and scaled positive impulse are summarized by test configuration in
tables 2 through 5 and figures 5, 7, 9, and 11, Plots of pressure and scaled impulse
equivalency are given in figures 6, 8, 10, and 12, Deviation from cube root scaling is
shown in figure 13, Fireball diameter and duration as measured from the high speed
motion picture are given in table 6,

DISCUSSION

Plots of peak pressure and scaled positive impulse for the simulated shipping drum
with a charge weight of 22, 68 kg (50 lb) are shown in figure 5. The plots of TNT equiva-
lencies for pressure and scaled impulse are shown in figure 6. Pressure values were
greater than expected at all scaled distances, Pressure equivalency values were greater
than 100% at all scaled distances. At a near-field value of 1,59 m/kgl/3 (4,0 it/1b1/3)
the pressure equivalency was 413% for the highest value ranging to a low of 150% at
3.57 m/kgl/3 (9,0 ft/lb1/3) and increasing to a value of 259% at the far-field value of
15,87 m/kgl/3 (40,0 ft/1b1/3), Scaled impulse values were greater than expected except
at the far-field values of 27,14 m/kgl/ 318 ft/lbl/ 3), Scaled impulse equivalencies
were greater than 100% at all scaled distances except at the far-field values of >7,14
m/kgl/3 (18 ft/1b1/3), At a near-field value of 1. 59 m/kel/3 (4, 0 ft/1b1/3) the scaled
impulse equivalency was 155% for the highest value ranging to a low of 54% at a scaled
distance of 15,87 m/kgl/3 (40,0 ft/1b1/3),

Plots of peak pressure and scaled positive impulse for the simulated shipping drum
with a charge weight of 45,36 kg (100 1b) are shown in figure 7, The plots of INT equiva-
lencies for pressure and scaled impulse are shown in figure 8, Pressure values were
greater than expected at all scaled distances., Pressure equivalency values were greater

14
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than 100% at all scaled distances. At a near-field value of 1,59 m/kgl/3 (4,0 ft/1b1/3)

the pressure equivalency was 423% for the highest value ranging to a low of 147% at 3.57 m/
kgl/3 (9.0 ft/1b1/! 3) and increasing to a value of 244% at the far-field value of 15.87 m/kgl/ 3

(40, 0 £t/1b1/3), Scaled impulse equivalencies were greater than 100% at all scaled dis-
tances except at a scaled distance of 3, 57 m/kgl/3 (9,0 £t/1b1/3) and at a scaled distance
of 15,87 m/kgl/3 (40, 0 £t/1b1/3), At a near-field value of 1.59 m/kgl/3 (% 0 ft/Ib1/3)
the impulse equivalency was 126% for the highest value ranging to a low of 55% at a scaled
distance of 15,87 m/kgl/3 (40, 0 ft/1b1/3),

The plots of peak pressure and scaled impulse versus scaled distance for the simu-
lated shipping drum for charge weights of 22. 68 kg (50 1b) and 45,36 kg (100 1b) show the
same general trend, Pressure and scaled impulse TNT equivalencies as a function of
scaled distance are similar,

Plots of peak pressure and scaled positive impulse for the simulated Nutsche con~
tainer with a charge weight of 27,22 kg (60 lb) are shown in figure 8. The plots of TNT
equivalencies for pressure and scaled impulse are shown in figure 10, Pressure values
were greater than expected at all scaled distances, Pressure equivalency values were
greater than 100% at all scaled distances. At a near-field value of 1,59 m/kglfo (4.0 £t/
1bl/ 3) the pressure equivalency was 540% for the highest value ranging to a low of 116%
at the far-field value of 7, 14 m/kgl/3 (18.0 gt/1b1/ ) and increasing to a vulue of 223%
at the far-field value of 15, 87 m/kgl/3 (40,0 ft/1b1/3), Scaled impulse values were
greater than expected except at the scaled distances of 3,57 m/kgl/3 (9.0 £t/1b1/3) and
15, 87 m/kgl/3 (40.0 t/1b1/3), At a near-field value of 2,14 m/kgl/3 (5, 4 ft/151/3) the
impulse equivalency was 258% for the highest value ranging to a low of 67% at a scaleci
distance of 15, 87 m/kgl/3 (40,0 ft/1b1/3),

Plots of peak pressure and scaled positive impulse for the simulated Nutsche con-
tainer with a charge weight of 54,43 kg (120 lb) are shown in figure 11, The plots of TNT
equivalencies for pressure and scaled impulse are shown in figure 12, Pressure values
were greater than expected at all scaled distances, Pressure equivalency values were
greater than 100% at '111 scaled dlstances. At a near—ﬁeld value of 1 10 m/kf.fl/ 3 3.0t/

at the far-field value of 7,14 m/kg / (18,0 ft/1b1/3 and mcreasing to a vakic vf 255‘74
at the far-field value of 15,87 m/kgl/3 (40,0 ft/1b1/3), Scaled impulse values were
greater than expected except at the scaled distance of 3,57 m/kg 9,0 ft/1bl/ 3) and
15, 87 m/kgl/3 (40,0 £t/1b1/3), At a near-field value of 1,59 m/kg1}3 (4.0 £t/1b1/3) the
scaled impulse equivalency was 241% for the highest value ranging to a low of 39 at a
scaled distance of 15,87 m/kgl/3 (40,0 ft/1b1/3),

The plots of peak pressure and scaled impulse versus scaled distance for the simu-
lated Nutsche container for charge weights of 27,22 kg (60 1b) and 54,43 kg (120 1b) show
the same general trend. Pressure and scaled imprulse TNT equivalencies as 4 function
of scaled distance are similar,

Figure 13 is a graphic presentation of the deviation from cube root scaling for the
22, 68 kg (50 lb), 45,36 kg (100 lb), 27,22 kg (60 Ib), and 54,43 kg (129 lb) charge weights

16

-~




Table 2, Summary of Test Results of 22,68 kg (50 1b) charge
simulated shipping drum scaled

Radius Scaled Peak Scaled Pressure Impulse
Meters Distance Pressure Positive TNT TNT
(ft) M/kgl/ 3 L.Pa Impulse Equivalency | Equivalency
(Et/1b1/3) (pst) kPa, ms/kgl/3 % %
(psi ms/1,'/3)
3.37 1.19 2289 217
(11.05) (3.0) (331.91) (24.16) 350 150
4,49 1.59 1350 177
(14.74) (4.0) (195.78 (19. 68) 413 155
6.06 2.14 427 119 210 120
(19.89) (5.4) (61.86) (13.26)
10.11 3.57 108 87
(33.16) (3.0) (15.64) (9.68) 150 144
20.27 7.14 35.1 28
’ 200 70
(66.31) (18.0) (5.09) (3.15)
44,92 15.87 12 11.8
(147.36) (40.0) (1.75) (1.31) 259 54
Table 3. Summary of test results of 45,36 kg (100 lb) charge
simulated shipping drum scaled
Radius Scaled Peak Scaled Pressure Impulse
Meters Distance Pressure Positive TNT TNT
(£t) M/kgl/ 3 kPa Impulse Equivalency | Equivalency
(t't/le 3 {psi) kPa, ms/kql/ 3 % %
(psi ms/lb / 3y
4.24 1.19 2188 174
(13.92) (3.0) (317.25) (19.41) 329 102
5.66 1.59 1390 156
(18.57) (4.0) (201.63) (17.43) 423 126
7.64 2.14 474 118
(25.06) (5.4) (68.69) (13.18) 246 120
12.73 3.57 105 59
(41.77) (9.0) (15.26) (6.56) 147 77
25.47 7.14 30.5 37
: 156 102
(83.55) (18.0) (4.43) (4.16)
56.59 15.87 12 11.7 244 55
(185.66) (40.0) (1.75) (1.30)
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Table 4. Summary of test results of 27,22 kg (60 1b) charge
simulated Nutsch~ container scaled
Radius Scaled Peak Scaled Pressure Impulse
Meters Distance Pressure Positive TNT TNT
(£t) M/kgl/ 3 kPa Impulse Equivalency | Equivalency
(Et/1b1/3) (pst) kPa.ms/k%V 3 % %
(psi ms/1b / 3
3.58 1.19 2947 206
(11.745) (3.0) (426.46) (22.99) 493 135
4.77 1.59 1655 234
: 540 254
(15.66) (4.0) (240.04 {26.02)
6. 44 2.14 644 186
(21.14) (5.4) (93.39) (20.76) 37 228
10.74 3.57 119 66
(35.234) (9.0) (17.24) (7.39) 172 9
21.48 7.14 25.6 40
(70.468) (18.0) (3.72) (4.49) e s
47.73 15.87 11.4 13
’ 223 67
(156.595) (40.0) (1.65) (1.45)
Table 5, Summary of test results of 54,43 kg (120 1b) charge
simulated Nutsche container scaled
Radius Scaled Peak Scaled Pressure Impulse
Meters Distance Pressure Positive TNT TNT
(ft) M/kgl/ 3 kPa Impulse Equivalency | Equivalency
(it/1b1/3) (pst) kPa,ms/k;fV 3 % .
(psi ms/lb / 3
4.5 1.19 3061 184
(14.80) (3.0) (444.00) (20.48) 526 ns3
6.01 1.59 1608 230
(19.73) (4.0) (233.19) (25.59) 515 e
8.12 2.14 620 174
. 16 232
(26.64) (5.4) (89.87) (19.35) 3
13.53 3.5 106 8 148 75
(44.39) (9.0¥ 15.41) ?6.50)
27.06 7.14 27.7 37
(88.78) (18.0) (4.02) (4.17) 132 107
60.14 15.87 12.1 9
(197.3) 140.0) (1.76 (1.02) 255 39
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Table 6, Fireball diameter and duration
Maximum
) Fireball Diameter
Chargﬁ Weight meters Fireball Duration
g (ft) msec

22,68 kg (50 1b) 13,1m 102

Simulated shipping druny (43 ft)

45,36 kg (100 1b) 22,9 m 97

Simulated shipping drum (75 ft)

27,22 kg (60 1b) .

Simulated Nutsche 21,3 m 170
(70 ft)

container

54,43 kg (120 lb)

Simulated Nutsche 25,9 m 232
(85 ft)

container
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for pressure and impulse, Specifically, TNT hemispherical data scales as a slope of
- one at all charge weights, An increase in pressure with increasing charge weights will
be indicated by a positive slope, A decrease in pressure with increasing charge weights
is indicated by a negative slope, Generally, an explosive can be said to scale as a func-
tion of the cube root of the charge weight when the slope of the line is no greater than
1,000 (+ 0.001) from the mean. To within experimental error limits of the tests, RDX
explosive scales as a function of the cube root of the charge weights,

CONCLUSIONS }

(1) RDX, when detonated, can genera'e peak pressure and positive impulse values
which are greater than those produzed from an equivalent weight of TNT,

(2) The blast output from RDX is dependent upon the configuration from which it detonates.

(3) TNT equivalency values were determined for RDX in two configurations that simulate
in-plant processing and shipping containers,

-
3, 7

(4) To within experimental limits, blast pressure and impulse scale as a cube root func-
tion of the charge weight,

RECOMMENDATIONS
In order to design meaningful experiments and for the resulting data to be intelligently

applied, it is important that the many factors and parameters that affect the airblast be
recognized, and that the data be used in the context in which they were derived,
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TEST TITLE __TNT EQUIVALENCY paTe § Mar 80 Scaled Positive
Peak Impulse Time s
{EST SAMPLE _ROX (98/2) TIME 300 Distance  [Pressure |y, moec/kg!/3 of
Channel Meters kPa Arrival
O (g0 2 1/3
SAMPLE WEIGHT __22.68 kg (50 1b) Temp, 18.9°C {66°F) {Number (ft) (psi) (psi msec/1b'’") (msec)
164. SOURCE .32 Blasting Cap HOMIDITY _60% ) 2275 216.03
3.37 329.87 24.07 1.6
BOOSTER WT. ___0.4536 kg {10 14)__  BAR. PRESS..30:12, { ) ( )
TEST NO. 10-80-€1 WIND DIR. 150 ___ 2 (11.05) - - -
CONTRACT o, 11AS13-50 WIND veL. O knots 3 449 998 173.8
. (144.76) {19.37) 2.6
Booster Charge L/0= 1921 4
Comp. '13? shaved (14.74) - - -
Conically Shape
29,72 em Initiator 5 433 121.3
[“(11,7 ln)’1 J-2 Cap 6.06 (62.75) {13.52) 4.7
6 511 130.4
| 42,92 o (9.89) | (74.15) (14,53) 4.7
(16,9 in) 35,3 om
(13,9 in) 7 115 96.3
0.1 (16.64) (10,73} 12.0
Witness Plate
Gr « 8 129 95.4
{33.16) (18.67) {10.63) 12,0
f
0 39 14.6
Hot Drawn To Scale 20,21 {5.67) (1.63) 36.5 ‘
10 N 43.8 ‘
FIELD EVALUATION: petanarinn pccurred. no upreacted (66.31) (4.524) (4.88) 36.7 )
15 n.7
Lexplosive. Crater size 50.8 cm by 233.7 em (1 ft 8 in x 7 ft 8 in} 1 44,92 @ (1.30) 105.7
12 10 12,0
{147.36) (1.44) (1.34) 106.5
TEST TITLE __THT EQUIVALENCY DATE _G Mar 80 Scaled Positive
Peak Impulse Time
(EST SAMPLE __ROX (98/2) e 1) [istenee eressure Loy msecsigl/2 of
anne Meters kPa Arrival
SAMPLE WEIGHT _22.68 kg (50 W) vewp. 19.4% (61°F) [Number (ft) (psi)  J(psi msec/1b'/3) | (msec)
16N. SOURCE .2 Blasting Cap HUROOITY 508 ) 2298 268
BOOSTER WT. __0,4536 ke (1.0 100 BAR. PRESS, 0.0) 3.3 (333,20) (29,86) 2.9
TEST NO. 10-80-€2 WIND DIR. _183 2 anes) | ez eas) 2.8
g 0. VAS13-50 0-2 %nots
CONTRACT KO HIND VEL, Q-2 knots 3 962 1645
4,49 {139.50) (20.56) 3.7
Booster Charge L/b= 1.19:1 4 1896 145
Comp. C4 0n4.74) | (275.00) {16.16) 3.6
Conically Shaped
29,72 em Initiator 5 529 121.8
beqan. 7 1n) ¥ -2 Cap 6.06 (76.69) (13:57) 5.7
6 289 108.7
] 12,92 om (19.89) (41.91) (12.11) 5.9
{16.9 1n) ::f:;a;";‘) ; 95 88.6
J_ Vitness Plate 0.1 (13.73) (9.87) 13.5
G il 8 126 95.7
(33.16) (18,30) (10,66) 13.5
9 40 15.6
Hot Drawn To Scale 20.21 (5.73) (1,73) 37.8
0 33 42.4
FIELO EVALUATION- _petonation occurved, ro ynreacted (66.31) (4.84) (4.72) 37.8
explosive. Crater size 53.2 cm by 233." on (1 ft 9 in x 7 ft 8 in 15 12.1
n a4.92 (2.11) (1.35) 102.7
1 9 1.0
(147.36) {1.35) (1.23) 103.8
. .
33 PRECEDING PAGE BLANK-NOT FILMED
i




i

ey N

R | R NS v

I e T AR N0 S A BRI~ S Parii Ve TR T AN

B R o S

B R e
SR

A

1St TITte _TAT Equivalency DATE _6 Mar 80
fEST SAMPLE _RDX (98/2) TiME 1432
() (»3
SAMPLE WEIGHT ___22.68 kq { 50 1b) TEMP. _20°C (68°F)
1GN. SOURCE .32 Blasting Cap HUMIDITY _ 612
BOOSTER WT. __0.4536 kg £1.0 1) . BAR. PRESS._.30.10
TEST KO, 10-80.C3 WIND DIR. 200
CONTRACT N0, NASI3-50 WIND VEL..0-2 knots
Booster Charge L/0=) 5.
Comp. C4 !
Conically Shaped
29,72 cm Initiator
eanrim > 3-2 Cap
42,92 om
35,3 cm
(169 tn) (13,9 in)
Wjtness Plate
Gr
Not Drawn To Scale

FIELD EVALUATION:

Detonatfon occurred, no unreacted
explosive. Crater size 50.8 cm by 233.7 cm (1 ft 8 in x 7 ft 8 in)

TEST TITLE INT EQUIVALERCY pATE 7 Mar 80
(EST SAMPLE _RDX (98/2) TIHE 1315
0 0
SAMPLE WEIGHT __27.22 kg (. 60_1b) TEMp, 22,8 C (23°F)
1GN. SOURCE J2 Blasting Cap HUMIBITY 82%
BOOSTER WT. __0.544 kg (1.2 1p) BAR. PRESS..30.10,
TEST HO. 10-80-C4 WIND DIR, 160
CORTRACT N0, NAS13-50 WIND vEL, 28 knots
Booster Charge L/9* o.590)
Comp. €4 0.5
Conically Shaped
Initiator
J-2 Cap
30,0 cm
l (11,8 in) WITNESS
PLATE

22,8cm

I, 8em
(9.0 in) .0 In) /
G"W‘ﬁ"rﬂm

Not Drawn Yo Scale

FIELD EVALUATION:

Detonation occurred, no unreacted

explosive, 63.5 om by 256.5 on (2 ft 1 in x 8 ft § in) Crater size

Lt smisoy

Scaled Positive
Peak Impulse Time
Distance Pressure 1/3 of
[Channel Meters kPa kPa msec/kg /3 Arrival
Number (ft) (pst) {psi msec/1b'/°) (msec)
1 2298 277.8
3.3 (333.2) (30.96) 1.5
2 2614 237.7
(11.05) (379.01) (26,48) 1.4
3 1670 203.3
4.49 (242,14) 22.65 2.2
P 1224 -
(14,74) (177.5) 2.2
5 409 6.1
6,06 (59.26) _12.94) 4.2
6 389 N5.8
(19.89) (56.42) _{12,90) 4.9
7 9 74.6
N (13,31) {8.31) 12.0
8 9N 70.0
(33.16) (13.18) (7.80) 1.5
9 38 15.8
20,21 (5,51) (1.76) 36.7
10 29 37.4
{66.31) (4.21) {(4.17) 36.4
n 15 12,0
44,92 (2.24) (1. 34) 101.7
12 9 4.8
(147.36) (1.26) {.53) 102.3
Scaled Positive
Peak Impulse Time
Distance Pressure 1/3 of
Channel Meters kPa kPa msec/kg /3 Arrival
[Nomber (ft) {pst) (psi msec/1b"/¥) (msec)
1 3150.7 203,5
3.58 {456, 96) {22.62) 1.3
2 3102.8 220.6
(11.745) | (450.0) (24,58) 1.0
3 1483 209.6
4.77 (215.0) {23,35) 2.0
A 1946, 224.6
(15.66) (282.24) * (25.02) 1.8
5 603 150.1
6.44 {87.5) (16,72 4.0
P 628 . .
(21.14) (91.08)
? 97 52.7
10.74 (14.04) {5.87) 12.3
8 145 82.4
£35.234) | {21.06) (9,18, 19.7
9 25 30
21.48 {3.59) 13.34) 39.0
28 29.8
10 (70.468) | (4.08) (332 3.0
n 14,56 1.8
47.73 2.12) (0.87) 108.5
12 10 20.0
(156.595) (1.38) (2.23) 107.2
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TeST TITLe  TNT Equivalency

DATE _7 Mar 80

{EST sAmpLE _RDX (98/2)

TiMe 1805

SAMPLE WEIGHT _ 27.22 kg

tewp. _22.8% (73%)

I1GN. SOURCE J2 Blasting Cap

sumtorty _J7%

BOOSTER NT. ___0.544 ko

BAR. pagss. 3010

TEST KO. 10-80-C5

WIND DIR. 160

CONTRACT N0, NAS13-50

WIND VEL,.10-18 knots

Booster Charge
Comp. C4
Conically Shaped

f

L/02 0,59:1

Initiator
J-2 Cap

22, 8em
(900 lﬂ)

Witness Plate
Grr

17,8 om
(7.0 In)

Hot Drawn To Scale

FIELD EVALUATION:

Detonation occurred, no unreacted

e

explosive. Crater size 73.7 in x 24.6 cn (2 ft 5 in x 8 ft 1 §n)

TLST TITLE _TNY Fauivalency

DATE _IMar 80

(EST SAMPLE _ROX_(98/2)

Tive 1538

SAMPLE WEIGHT _27.22 kg (60 1) row. 233 (%)
16N, SOURCE .92 Blasting Cap HoMIDITY _ 80X
BOOSTER WT. ___0.544 kg £1.2 3p) . BAR. PRES3,30:10
TEST 10 10-80-C6 WIND DIR. 180

CONTRACT RO, NASI3-S0

WIND VEL.3=12 knots

Booster Charge
Comp, C4
Comcally Shaped

k-

L/0= 0.59:1

Initiator
J-2 Cap

WITNESS

22,8 om
(9.0 1n)

17,8 em
(7,0 in)
er, zs;g H

-~ PLATE

Not Orawn To Scale

FLELD EVALUATICH:

Detonatfon occurred, no unreacted

explosive

Crater size 66.0 om x 248.9 om (2 f£ 2 in x 8 ft 2 n)

] Scaled Positive
Peak Impulse T:_me
Distance Pressure 1/3 o
lcnannel Meters kPa kPa msec/kg 3 Arrival
Number (ft) (pst) {psi msec/1b}/3) {msec)
1 2954 223.4
3.58 (428.4) (24,89) 1.9
2 3413 -
(11,745) (495,00) 2.0
3 1552 199.8
4.77 (225.00) (22.26) 2.6
4 1825 241.5
(15.66) | (264.60) (27.58) 2.6
5 543 151.0
6.44 (78.75) {16.83) 4.6
6 728 232.1
(21.14) (105.60) (25.86) 4.6
7 16 43.0
0.7 |_{16.85) {4,79) 12.8
8 132 76.5
(35.234) {19.19) (8.52) 1.9
9 2 48.0
21.48 (3.45) (5.35) 39.1
10 29 46.4
(70.468) (4.22) (5.17) 37.8
n 14.5 1.6
47.73 (2.112) {0.85) 109.1
8
18,8
12 (1s6.595) | (1.7 (2.09) 107.9
Scaled Positive
Peak Impulse Time
Distance Pressure /3 of
[Channe) Meters kPa kPa msec/kg 3 Arrival
Number (ft) {pst) (psi msec/10'/”) (msec)
] 2954 209.3
2568 428.40) (23.32) 1.3
2 2069 175,0
(11.745) |} (300.00) {19.50) 1.4
3 1103 149.9
an 160.00) {16.1) 2.1
3 2027 369.7
(15.66) (234,00) (41.19) 2.2
5 560 161.6
6.44 {81.25) {18.01) 4.0
6 801 236.9
{21.14) {116.16) (26.40) 3.5
? 87 .
10.74 (12.64) 12.3
8 136 7.0
(35.234) { (19.66) (8.59) 10.5
9 L 45.0
21.48 (3.45) (5.02) 39.5
10 24 42.5
(70.468) (3.54) (4.73) 31.3
n 12 10.9
47.73 {1.72) (1.21) 109.4
9.5
12 (156.595) { (1.378) - 107.8
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ST TITLE _TNT Equivalency
TEST SAMPLE _RDX (98/2)

DATE _8 Mar 80
TiME 0901

SAMPLE WEIGHT __45.36 kg {100 1b)

1emp. 25°C_(77°F)

1GN. SOURCE J2 Blasting Cap

BOOSTER WT.
TEST NO.
CONTRACT §0.__NAS13-50

0.907 kg (2.0 1)
10-80-C7

HuMIDITY S4%
BAR. PRESS..23.94
WIND DIR. 345
WIND VeL,. 01 knots

Booster Charge L/0=0,88:1
Comp. €4
Conically Shaped
37,3 om Initiator
(14,7 ) J-2 Cap
53,34 cm 33,0 om

(21,0 {n) 23.0 tn)
Witpess Plate
Gr

Not Drawn To Scale

FIELD EVALUAIION:  Detonation occurred, no unreacted

explosive. Crater size 76.2 emx 335.3 en (2 fL 6 fn x 11 ft O in)| 4

TLST TITLE __THT Equivalency

DATE 8 Mar 80

TEST SaupLe _ROX {98/2)

TIME 1003

SAMPLE WEIGHT _45,36 kg { 100 1b)

wp. 26.7°C (80°F)
TEMe,

J2 Blasting Cap

HUMIDITY _ 58%

1GN. SOURCE
BOOSTER WT. __0.907 kg { 2.03b) . BAR. PRESS,.29.94
TEST KO, 10-80-€8 WIND DIR, 025
CONTRACT o, _NAS13-50 WIND vEL, B:) knots
Booster Charge L/Ds g, 88:1
Comp. C4
Conically Shaped ‘
37.3 em Initiator
l"(u.'l.ln)“i J-2 Cap
53.34 cm
21,0 i) 33,0 em

(13,0 in)
itness Plate
wawm

Not Orawn To Scale

FIELD EVALUATION. Detonatfon occurred,

no unreagted

explosive, Crater size 78.7 am x 325.1 cm (2 ft 7 in x 10 ft 8 4n)| 1y

Scaled Positive
Peak Impulse Time
chamnet | Neos | ke [wee msecskal/S 1 REL
Number (ft) {pst) (pst msec/lb]/3) (msec)
) 2069 7M.
4.24 (300.00) {19,06) 2.6
2 2534 173.7
(13.92) (367.5) (19.35) 2.8
3 1451 153.6
5.66 {210.4) 07,31 3.5
4 1668 143.4
(18.57) (241.96) (15.98) 3.6
5 559
7.64 (81.00) N 5.0
6 420 97.0
{25.06) (60.9) (10.81) 5.3
! 12,73 - - 14.8
8 139 75.1
(41.77) (20.12) {8.37) 15.0
9 30 51.3
25,47 (4.40) (5.72) 46.1
0 31.4 38.0
(83.55) (4.557) (4.23) 46.1
1.2 101
56.59 {1.625) _{132) 128,2
\ 14.4 .
2 {185, 66) {2.09) 129.0
Scaled Positive
Peak Impulse Time
Distance Pressure 173 of
|Channel Meters kPa kPa msec/kg /3 Arrival
iNumber (ft) {pst) (psi msec/1b'/7) {msec)
) 1903 195.2
4,26 | _{276.00) (21.75) 2.4
2 23 206.8
{13.92) | (3372.50) (23.04) 2.4
3 1197 162.4
5.66 | (173.58) {18.05) 3.2
A 1451 .
(18.57) | (210.40) 3.1
5 642 129.9
7.64 (93.15) (14.47) 5.7
6 294 103.6
(25.06) | (42.63) (11,54) 5.6
7 124 48.3
12,73 (17.98) _{5.38) 5.8
8 9 .
{41.72) | (14.012) £.2
9 27 43.8
25.47 (3,976) {4,88) 46.0
36 34.8
10
(83.55) (5.25) ' (3.88) 47.4
10.3 7.0
56.59 (1.50) _(0.78) 128.0
12 15.7
12 (185.66) (1.74) {(1.75) 130.1

N o G e ’
G e a DR TN o B S e B L Tt v o ot s A2

RO e

ERTP NN

P

Fesn 82157 422 LY demn R B ity b s Lo

P

IR ey

ST




R A N R R LT D

. oD e T

LSt TITLe __TNT Equivalency DATE 8B Mar 80
{EST SAMPLE __RDX (98/2) TiMg 1034
SAMPLE WEIGHT 45.36 kg (100 1b)_  Tewp. 22.2% (81%F)
1GN. SQURCE .92 Blasting Cap HUMIDITY __53%
BOOSTER WT. __0.907 kg {2.0 1b) _ BAR. PRESS.29:94
TEST NO.  __10-80-C9 WIND DIR, 033 __
CONTRACT No._NAS13-50 WIND VEL,.0=1 knots
Booster Charge L/D2 0, 88:1
Comp.
Conically Shaped
37,3 cm Initiator
l“(m.'z in) J-2 Cap
53,34 cm
N 33,0 cm
@Lo1w {13.0 1n)
Witness Plate
G 4)
Not Orawn To Scale

FIELD EVALUATION:  Detonation occurred,

no _unreacted

explosive. Crater size 66,0 om x 284.5 cm (2 €8 2 in x © ft 4 in)
TeST Tie _TNT Equivalensy DATE 8 Mar 80
feST sampLe _ROx (98/2) TiMe 229

sampLE welenT _54-43 kg { 120 ypy

TEMP. 27.80C (820F)

1GN. SOURCE J2 Blasting Cap

noMtorry 528

BOOSTER WT. __1.088 kq (2.4 ) BAR. PRESS..29.83.
TEST NO, 10:80-€10 WIND DIR. 140
CONTPACT KO, _NAS13-50 WIND VEL..0=) knots
Booster Charge L/0= 0,57:1
Comp. €4
Conically Shaped
Initiator
37,6 cm J-2 Cap
(14,8 In)
27,9 ¢cm 2{.6 em
(11,0 in) (8.5 in) WITNESS
PLATE

Not Drawn To Scate

FIELD EVALUATION:

Detonation occurred, no unreacted

explosive. Crater size 73,7 cm x 320.0 em (2 ft S in x 10 ft 6 in)

e

- TRy
MMM e’“"'&?ﬁ%

Scaled Positive
Peak Impulse Tifme
. 3 o
R e e Y P
Number (£t) (psi)  J(pst msecsin?/3) | (msec)
1 2482 158.7 2
. 360.0 17,68 .
IS B - {360.0) {17,68)
2 1810 140
(13.92) | (262.5) (15,60 2.8
3 1306 154.6
5.66 (189, 36) (17.23) 3.9
4 1269 168.4
_(18.57) | (184.1) (18.76) 3.6
5 633 137.9
7.64 {91.8) (15.37) 5.7
6 294 122.6
{25.06) (42.63) {(13.66) 5.6
7 133 7.1
12,73 (19.26) (5.25) 6.6
8 92 .
_{(&1r.717) {13.27) 8.0
9 29 22.3
25.47 (4,26) {2,49) 46,7
10 28 33.8
(83,55) (4.12) (3.77) 47.2
n 13 14.2
56.59 {1.83) (1.58) 128.5
12 1.5
K (185.66) (1.74) (1.28) 129.5
Scaled Positive
Peak Impulse Time
Distance Pressure 1/3 of
|Channel Meters kPa kPa msec/kg 3 Arrival
Number (ft) {psi) {pst msec/1b""7) (msec)
854.8 188.6
! 4.8 fm.oo) 721.0!) 2.4
2 3568 223.4
(14.80) | (517.50) {24.89) 1.5
3 1632 219.2
6.0} (236.70) 124.42) 3.9
4 1523 291.8
{13.73) 220.92) {32.51) 3.8
5 623.7 122.3
8.12 (90.45) {13.63) 6.2
6
(26.64) d : e
? 76.7 51.1
13.63 {11.13) (5.69) 16.4
8 76.7 29.7
) (44.39) {(N.13) (3.31) 14.8
9 25.4 62.8
27.06 (3.69) {7.0m 50.0
10 31.3 41.6
(88.78) (4.54) (4.64) 47.7
n 14.3 7.1
60.14 (2.07) (0.79) 138.0
2.5 16.7
2 (197.3) (1.23) {1.86) 135.8
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TesT TITLE ___TNT Equivalency DATE 8 Mar 80 Scaled Positive
Peak impulse Time
(EST SAMPLE ___RDX {98/2) TIME 1312 Distance  [Pressure  lyp,) meec/kgl/3 of
0 0 [Channel Meters kPa /3 Arrival
SAMPLE WEIGHT _54.43 ig (120 1b) Temp. 27.2°C (81 F)  [Number (ft) (pst) (psi msec/1b'/°) (msec)
16N. SOuRce —J2 Blasting Cap HUMIDITY _50% 1 1862 179
4.51 . 1,
BOOSTER WY. __1.088 kg { 2.4 h) BAR. PRESS..20.93, (270,00} {12.95) L
2 3103 224.8
TEST NO. 10:80-C11 WIND DIR. 110 (14.80) | (450.00) (25.08) 1.2
CONTRACT NO,_NAS13-50 WIND veL, . O-1 knots 3 1342 162.5
6.01 (194.62) (18.11) 2.0
Booster Charge L/D= 0,57: . 1632 2n.3
G Sea " 0.57:1 4 (1973} | (236.70) (30.23) 2.1
Conically Shaped
Y Initiator 5 614 157
37,6 om J-2 Cap 8.12 (89.10) {17.49) 4.3
(4.81n 6 605 193.5
(26.64) (87./0) (2).56) 42
27.9 om 1 WITNESS 127 55,6
11.0 21,6 om 7
(11,0 in) (8.51n) PLATE 13.53 (18.40) (6,19 14,6
or 127 67.0
. 8 (44.39) | (18.40) (7.47) 12.8
0 2.5 17.2
Not Orawn To Scale 27.06 (3.21) {1,92) 4.8 |
1 a3 35.4
FLELD EVALUATION: Detonation occurred, no unreacted {88.78) (4.5¢) (3.94) 45.9
4.3 6.3
explosive. Crater sfze 3.7 on x 312.4 ¢m (2 ft 5 tn x 10 ft 3 in) )
! 60.14 12.01) (0.70) 137.4
. 23.5 1.5
(192.3) (3.41) {0.84) 133.7
TeST Tine _TNT Equivalency OATE _8 Mar 80 Scaled Positive
Peak Impulse Time
(EST SAMPLE _RDX (98/2) TIHE 1350 Distance  [Pressure  |ypy moacskgl/3 of
o, 0. [channel Meters ™ 9 3 Arrival
SAMPLE WEIGHT __54.43 kq (120 1b) _ TEMp, _27.2°C {BLF) Inumber (ft) {pst) (psi msecsib}/d) (msec)
1GN. SouRcE .92 Blasting Cap HUMIDITY __80% \ 2896 149,1
BOOSTER WT. 1,088 ko (2.4 1b) _  BAR. PRESS.29.92 4.9 (420.00) te.81) 2t
4 .
TEST %0, 30-A0-012 Wino oiR. 110 : Nesn | (s9250) fs) 2.4
CONTRACT O, _AS13-50 WIND veL, 0ol knots | 1886 217.3
6.01 (273.52) (24.21) 3.4
léoostea(harge L/D=0.57:1 4 ( 1632 25,7
oap. 19.73) | (236.70 24.03 3.4
Conically Shaped 28,09
Initiator 5 559 114.4
31,6 ¢ J-2 Cap 8.12 (81,00} (12,175} 5.7
{148 tn) 6 697 229.7
(26.64) ] (101.03) (25.59) 5.3
.9 om X wiTnEss 2 56.6
{110 1wy ZLbem o arg 7 .
_L (e.im)/ 13,53 (13.27) (6.31) 15.7
“me 8 o o
(44.39) (20.12) (6.84) 14,0
9 25.4 4.2
Not Drawn Yo Scale 21.06 (3.69) (5.26) 49.4
FIELD EVALUATION:  Detonati 10 o3 2.4
10K: tonation uccurred, no unreacted (88 78) (4.40) (2 27) 46 9
2xplosive~76.2 an x 325.1 om (2 ft 6 in x 10 ft 8 in) Crater size. 1| 13.4 6.8
60.14 {1.95) (0.76) 137.4
1 10.1 10.4
(197.3) (1.46) {1.16) 134.5
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SELECTED PHOTOGRAPHS
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RDX pretest configuration
22,68 kg (50 1b) charge

RDX posttest crater
22,68 kg (50 1b) charge
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RDX pretest configuration
45,36 kg (100 1b) charge weight

RDX posttest crater
45,36 kg (100 1b) charge weight
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RDX pretest configuration
27,22 kg (60 Ib) charge weight

RDX posttest crater
27,22 kg (60 1b) charge weight
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RDX pretest configuration
54, 43 kg (120 1b) charge weight
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RDX posttest crater
54,43 kg (120 lb) charge weight
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