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1. [bookmark: _Toc216999152]Introduction
When an explosion occurs a series of effects happen. These are often characteristic of the type of device detonated. As such data gathered. from an explosion can be used to determine the nature and identity of the device. This is a fundamental component of post-blast analysis which can be used in both a civilian and military context, whether to identify an improvised device in a terrorist attack, or as battlefield intelligence to identify previously unencountered weaponry. 
This report covers an attempt to simulate post-blast analysis in a trial scenario, where an unknown munition was detonated in an arena and data from the event is used to suggest the identity of the munition.
1.1 [bookmark: _Toc216999153]Possible munitions
	Munition
	Explosive Fill
	NEQ / kg
	Pre-formed fragmentation?
	Representative Image

	Mk 83 air dropped munition
	Composition B
	225
	No
	[1][image: ]

	M67 grenade
	Composition B
	0.185
	Yes
	[2][image: ]

	RGD-5 grenade
	TNT
	0.11
	Yes
	[3][image: ]

	AR-M81 81mm mortar
	TNT
	0.76
	Yes
	[4][image: ]

	PG-7VL RPG
	RDX/ TNT
	0.73
	No
	[5][image: ]

	155mm HE shell
	Composition B
	1.150
	No
	[image: ] [6]

	Pipe Bomb
	PE8
	0.264
	No
	[image: ] [7]


[bookmark: _Toc216999049]Table 1 - Possible munitions detonated on the trial


2. [bookmark: _Toc216999154]Trial setup
2.1 [bookmark: _Toc216999155]Trial location
The trial took place at COTEC (Cranfield Ordnance Test and Evaluation Centre) on Salisbury Plain at the Forward Battery, consisting of an outdoors firing pad with a Net Explosive Quantity (NEQ) license limit of the range of 10 kg. 
2.2 [bookmark: _Toc216999156]Arena trial methodology
[image: ]An arena trial is a trial type intended for the capture and characterisation of fragmentation from a device. Through the use of witness packs fragments can be gathered and analysed after the explosion. Arena trial setup is defined by International Test Operations Procedure (ITOP) 4-2-813, wherein a munition is fired from a static position surrounded by witness packs at a known distance and arc, in the case of circular arenas [8] (fig. X).[bookmark: _Toc216999105]Figure 1 - Illustration of the layout of an arena trial [8]


2.3 [bookmark: _Toc216999157]Instrumentation
2.3.1 [bookmark: _Toc216999158]Pressure Gauges
Three pressure gauges were set up at the nominal distances of 1 m, 2 m and 3 m from the device, along the centre line of the device. They were mounted 0.5 m above the ground in isolation mounts (fig. X) to reduce the effect of ground shock on the gathered pressure readings, as only the pressure of the detonation wave was desired.




[image: ][bookmark: _Toc216999106]Figure 2 - Mounting of a pressure sensor [22]












2.3.2 [bookmark: _Toc216999159]Velocity Foils and Strawboard
Three strawboard witness packs of 40 sheets were mounted in a 113o arc at 1.5 m from the device, representing approximately a third of a circle. Twelve make velocity foils were then attached to the face of the witness packs (fig. X).
[image: ][bookmark: _Toc216999107]Figure 3 - Arena setup. Photograph by L Smith















2.3.3 [bookmark: _Toc216999160]FTIR Spectrometer
Post-blast, dry swabs were taken of areas of the arena that were exposed to the explosion to gather trace residues of the explosive that survived the detonation. These swabs were then extracted and analysed using a Fourier Transform Infrared Spectrometer (FTIR). 

3. [bookmark: _Toc216999161]Device Identification
3.1 [bookmark: _Toc216999162]Fragmentation
Of the data gathered in the trial, fragmentation reveals the most about the munition, and as such the majority of the information required for identification can be drawn from it.
3.1.1 [bookmark: _Toc216999163]Fragmentation Pattern
The strawboard witness packs revealed a clear fragmentation pattern (fig. X). The pattern has a clear upper and lower boundary. This suggests an article with parallel sides and a flat end, such as a pipe bomb [9]. A conventional fragmenting munition would produce a greater spread of fragments on the witness pack as the device would lead to fragments travelling on non-perpendicular trajectories away from the charge [10]. 
[image: ][bookmark: _Toc216999108]Figure 4 - Witness packs showing clear fragmentation pattern. Photograph taken by L. Smith

3.1.2 [bookmark: _Toc216999164]Fragment Morphology
The fragments collected from the witness packs (fig. X) were metal and of non-uniform shape, so were not from a device containing preformed fragmentation, as fragments from such munitions have a more uniform size and shape [10]. 
The approximately equal scale of the fragments, along with the magnitude being no more than a few centimetres indicates a high brisance and velocity of detonation secondary explosive fill [11]. 
There were no clear residues deposited on the fragments, this indicates a secondary explosive fill, as improvised and low explosive fills leave characteristic residues from the products of combustion on the fragment surface [12]. 
Conventional munitions are often painted, and this paint survives the detonation of the device and can be observed on the resulting fragmentation [13]. None of the fragments recovered showed signs of being painted.
Some of the fragments were darkened due to oxidation. This occurs through a process called “blueing” where the metal is rapidly oxidised due to the high temperature of the detonation, this is again indicative of a secondary explosive fill [11].
[image: ][bookmark: _Toc216999109]Figure 5 - Fragmentation collected from witness packs. Section from photograph taken by M. Broadhead


3.1.3 [bookmark: _Toc216999165]Fragment Velocity
The time data from the velocity foils that recorded a strike was used to calculate the speed of the fragments (table. X), and from this an average fragment speed of 842 m s-1 has been determined. The results from foils 2 and 11 were discounted from the average as they are outliers.  Any subsequent strikes on the velocity foils were discounted from the analysis as these resulted from fragments travelling a greater distance than the 1.5 m line-of-sight distance so will skew the resulting calculated speed. 
	Foil Number
	Impact time from T0 (ms)
	Fragment speed (m/s)

	2
	4.5953
	326.4204731

	3
	1.71048
	876.9468219

	4
	1.72476
	869.6862172

	5
	2.07088
	724.3297535

	6
	1.76334
	850.6584096

	7
	1.7305
	866.8015025

	9
	1.78502
	840.326719

	10
	1.76556
	849.588799

	11
	2.6625
	563.3802817

	12
	1.7422
	860.9803696


[bookmark: _Toc216999050]Table 2 - Velocities calculated from velocity foil timing data
3.2 [bookmark: _Toc216999166]Pressure Graph
Of the three pressure gauges the closest gauge (gauge 1) suffered a fragment strike (fig. X) resulting in no data being recoverable from it. As such only the pressure plots of gauges 2 (fig. X) and 3 (fig. X) were produced.
Gauge 2 clearly shows two pressure peaks, the first is the incident pressure caused directly by the blast, whereas the second peak is the reflected blast pressure which is greater due to the constructive interference that occurs when multiple reflected waves interact and converge [14].
[image: ][bookmark: _Toc216999110]Figure 6 - Damage to Gauge 1 caused by fragment strike



 





[image: ][bookmark: _Toc216999111]Figure 7 - Pressure - Time graph from Gauge 2








[image: ][bookmark: _Toc216999112]Figure 8 - Pressure - Time graph from Gauge 3

	Gauge Number
	Distance from device (m)
	Maximum Incident Pressure (kPa)
	Maximum Reflected Pressure (kPa)

	2
	2.076
	434.58
	658.50

	3
	3.095
	105.98
	133.17


[bookmark: _Toc216999051]Table 3 - Maximum Pressure readings from pressure gauges
3.3 [bookmark: _Toc216999167]FTIR Spectrum
As mentioned in section 3.1.2, high explosives do not leave behind characteristic product residue, and as such chemical detection of trace explosives was conducted. Swabs from the scene were analysed for trace amounts of unreacted explosive that are deposited on the surroundings by the explosion. However, trace detection should always be taken in context [15], and as these swabs were taken on an explosive range, it would not be possible to guarantee that any detected explosives are from the device and not existing environmental contamination.
The swabs were extracted in acetone and then analysed by FTIR. FTIR lacks the sensitivity for true trace detection [16], but characteristics of any molecules present were examined. The obtained spectrum (fig. X) shows peaks that correlate to C-H, C-N and N-O bonds, indicating an organic explosive. However, without a chromatography step to separate the compound of interest from the other compounds on the swab, it cannot be conclusively stated that these are solely due to the explosive. The hump present at around 3500 cm-1 suggests the presence of an impurity, possibly moisture in the sample [17]. The spectrum does not provide a match to spectra of the energetics of interest, and this is due to the presence of contaminants and the mentioned lack of certainty in using FTIR for trace analysis.
[image: ][bookmark: _Toc216999113]Figure 9 - FTIR Spectrum from swabs

3.4 [bookmark: _Toc216999168]Resultant identification
The Kinney and Graham blast overpressure for each of the munitions was calculated using an excel calculator [18], for comparison with the measured peak pressures.
	Munition
	Explo-sive fill
	NEQ (kg)
	TNT equiva-lence 
	Calculated incident pressure at 2 m  (kPa)
	Calculated reflected pressure at 2 m  (kPa)
	Calculated incident pressure at 3 m  (kPa)
	Calculated reflected pressure at 3 m  (kPa)

	Mk 83 air dropped munition
	Comp B
	225
	1.17 [19]
	9667
	90788
	5401
	44700

	M67 grenade
	Comp B
	0.185
	1.17 [19]
	93
	252
	43
	100

	RGD-5 grenade
	TNT
	0.11
	1
	60
	147
	30
	66

	AR-M81 81mm mortar
	TNT
	0.76
	1
	203
	803
	96
	260

	PG-7VL RPG
	RDX/ TNT
	0.73
	1.50 [20]
	304
	1157
	123
	359

	155mm HE shell
	Comp B
	1.150
	1.17 [19]
	356
	1425
	142
	432

	Pipe Bomb
	PE8
	0.264
	1.20* [21]
	121
	351
	54
	131


[bookmark: _Toc216999052]Table 4 - Calculated overpressure values for the possible munitions, *PE4 data is used here in place of PE8
Although none of the calculated pressure profiles measured those measured in the trial, the remaining results gathered from the trial made it possible to identify the munition that was detonated. It cannot be the Mk 83 bomb as its NEQ exceeds COTEC’s license. It is not the RPG-7 due to the lack of directionality in the fragment pattern that would be expected from a shaped charge in a HEAT munition. As the fragments are not pre-formed, it cannot be the M67 or RGD-5 grenades. Finally, the defined shape of the fragmentation pattern, and the lack of paint on any of the fragments indicated the initiated device was the pipe bomb.



4. [bookmark: _Toc216999169]Conclusion 
In this work an arena trial was set up to simulate a post-blast investigation to determine the identity of an unknown munition. Through the collection of physical and chemical data it was possible to identify aspects of the device that were then used to identify it as a pipe bomb. Although there were no matches from the chemical analysis or clear correlations from the recorded pressures, the distinct characteristics of the fragments recovered from the witness pack strongly align with those expected from a pipe bomb. 
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