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[bookmark: _Toc217038710]Aim
The aim of this report was to determine the identification of an unknown item of OME, post initiation. It called upon the utilisation of empirical methods, namely, blast/fragmentation measurement, and swab analysis of the resultant explosive residue: a posteriori. It also required the application of OME principles by the Author to discriminate against a set of potential candidate explosive devices to determine the culprit: a priori. 
To achieve the overall aim of this report, it was necessary to:
a. Determine the likely mass of the explosive material.
b. Determine the type of explosive casing by analysing the resultant fragments. 
c. Determine the type of energetic material used by swab analysis.
[bookmark: _Toc217038711]Strategy
The following steps were followed to provide a simple structured approach on how determine the identification of the unknown item of OME:
1. Use the outcome of the explosive event to provide a basic amount of information to discriminate and filter out obvious candidates found in Annex A.
2. Carry out a more detailed macroscopic analysis of the explosive event to further filter through the candidate OME items in Annex A.
3. Use the empirical data: velocity, pressure, and FTIR analysis to draw a definite answer on the identity of the unknown item of OME.  
[bookmark: _Toc217038712]Methodology
The arena-based assessment took place at COTEC, which is situated in Area 9 of Salisbury Plain Training Area. As can be seen from Figure 1, the assessment took place on an outside firing range which was restricted to an NEQ of 10kg on the day of the event (15/10/2025). The atmospheric conditions were found to be relatively benign on the day of the event, with no wind gusts sufficient to disrupt the taking of blast pressure readings. 
The trial utilised fragmentation boarding of 0.8m x 0.105m, which were aggregated together to provide enough structural integrity to withstand the blast fragmentation and peak overpressure. These were replicated to produce four columns, creating a mini-arena to capture the resultant fragments. 
The explosive device was raised above the surface and placed at a distance of 1.5 metres from the fragmentation boarding which held a total of 12 velocity foils. To measure the blast over-pressure, three incident pressure gauges were placed at a distance of: 1.009m, 2.075m and 3.090m from the device.  

[bookmark: _Ref216619173]Figure 1 - Test site set-up prior to initiation
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[bookmark: _Toc217038713]Assumptions
It was necessary to use the following assumptions when conducting this experiment:
· The air density was taken to be 1.23 kg m-3, as per those found in literature for sea level conditions. This was due to no barometric reading taking place on the day of the event. Due to the relatively low altitude of the site, a sea level reading has been utilised. 
· The position of initiation was assumed to be a single point of detonation, and not something of the nature of symmetrical point initiations i.e. multiple points of initiations.
· The data provided to the Author of explosives at Annex A are valid. 

[bookmark: _Toc217038714]Results & Discussion
A macroscopic examination of the resultant fragmentation can be inferred from Figure 2. It can be seen that the fragments are amorphous in nature, and of varying size. It suggests that the casing material was not of a pre-formed nature; which would have generated fragments which were of a relatively regular morphology. 

[bookmark: _Ref216619202]Figure 2 - Morphology of captured blast fragments
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[bookmark: _Ref216868574]Figure 3 - Magnified image of fragmentation
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The following key fragmentation parameters were recovered: 
Table 1 - Recovered fragment data
	Total mass of recovered fragments
	0.0745kg

	Average fragment mass
	8.26 x 10-4 kg

	Average fragment thickness
	3.3mm

	Total No. of recovered fragments
	90


 
With reference to Annex A, the average fragment mass corresponds strongly to that of the pipe bomb with only a 1.67% difference between them. 
The following general observations:
a. Brisance is demonstrated in the fragmentation, with a shattering effect indicative of a detonation event, pointing to a high explosive material as opposed to a deflagration event. This effect can be explained by the type and amount of energetic material used and the resulting detonation wave passing through the metal container and ‘shock hardening’ its underlying metallic crystalline structure – equivalent to a cold rolling process [1]. 
b. The large degree of micro fragments, with thin rod-like fragments could potentially point to an under-engineered explosive device; compared to a device which utilised engineered pre-formed fragments. 
c. Spike-toothed fragments were found, with an edge made up of spike-like protrusions which are possibly due to the extreme tearing and shearing effects [1]. 
d. Extensive double shear and stepwise fracture effects were found and highlighted in Figure 3.
With reference to Table 2, a simple demonstration on the effect of varying the amount of a plastic explosive contained within a cylinder can be seen. This can be used as a simple indication on the amount of explosive necessary to produce the fragmentation observed in the event under investigation. 
[bookmark: _Ref216871566]Table 2 - Simple example of explosive mass and effect
	Effect
	Explosive mass and type

	Bulging
	10g of PE4

	Cracking
	20g of PE4

	Tens of fragments
	100g of PE4



With reference to Figure 4, there is a clear linear distribution of fragments across a horizontal band. This clearly differentiates from a spherical distribution pattern which would have been anticipated from the use of a grenade or other spherical device. With reference to Figure 5, an extract has been highlighted from a study [2] on the distribution of pipe bombs which utilised varying case materials. The distribution pattern bares a clear correlation to that of this report, with a horizontal distribution pattern found in both separate investigations. The size distribution could be explored further by the use of modelling underpinned by the application of e.g. Mott equation [3]. 
[bookmark: _Ref217027043]Figure 4 - Velocity fragmentation pattern
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[bookmark: _Ref217027786]Figure 5 - Pipe bomb fragmentation [2]
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[bookmark: _Toc217038715]Velocity Data
With reference to Figure 6, the limitations of the velocity foils were quickly realised where multiple fragment strikes on foil two were seen, but only a single fragment strike was recorded. This can be attributed to the way in which the foil functions.  
[bookmark: _Ref217041010]Figure 6 - Multiple fragment strikes on Velocity Foil
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From the velocity foil indicators a mean average overall time was calculated using the data captured in the initial strike times from the trigger (Table 3 - Table 6), thus: 


= 2.166 ms or 2.166 x 10-3 s
Knowing that the distance from the explosive device to the velocity foils was 1.5m, an average velocity for the fragments can be determined to be 692.68 ms-1. This figure is significantly below those found in literature and those presented in Annex A. It can only be assumed, that due to no known external factor such as atmospheric conditions which were benign on the day of the event, that the most probable causes were due to:
a. A limitation in the velocity foil indicators;

b. The explosive device failing to achieve the velocity values expected through energy loss at, for example, exposed ends of the device. This could additionally reduce the level of confinement experienced by the energetic and its ability to generate the expected level of velocity of detonation (VoD). Potentially, the use of a casing thickness which was not in an ideal ratio relative to the amount of energetic could also have resulted in an underperformance;

c. The test set-up, whereby the explosive device was potentially not fixed in place resulting in a movement away from the velocity foils.

[bookmark: _Ref217024242]Table 3 - Column 1
	Foil ID
	Apparent No. of Strikes
	Initial Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)

	1
	2
	4.5953
	6.95548

	2
	1
	1.71048
	

	3
	1
	1.72476
	



Table 4 - Column 2
	Foil ID
	Apparent No. of Strikes
	Initial Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)

	4
	2
	2.07088
	3.15038
	

	5
	2
	1.76334
	1.79764
	

	6
	3
	1.7305
	1.76032
	1.7996



Table 5 - Column 3
	Foil ID
	Apparent No. of Strikes
	Initial Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)

	7
	0
	2.65346
	

	8
	1
	1.78502
	

	9
	2
	1.76556
	1.7938



[bookmark: _Ref217024255]Table 6 - Column 4
	Foil ID
	Apparent No. of Strikes
	Initial Strike Time from Trigger (ms)
	Additional Strike Time from Trigger (ms)

	10
	1
	2.6625
	

	11
	1
	1.7422
	

	12
	0
	1.7822
	



Although the averaged velocity was found to be significantly lower than anticipated, it is still worth attempting to determine the energetic mass from the empirical data. For this, the Gurney equation for a cylindrical device was used and rearranged to solve for explosive mass:
The velocity of a cylindrical device can be determined by: 
Rearranging, to make the explosive mass, C, the subject of the formula gives:

Where K is the geometry constant (1/2 for a cylinder), M is the mass of the case material,  is the fragment velocity divided by the Gurney constant of the energetic. 
Taking the average velocity reading and mass of the collected fragments, and applying them to the equation with a Gurney constant ( ) for PE8 which was estimated to be in the region of 1.7: the following calculation determined the mass to be less than 40g. Again, this is greatly below those values anticipated and suggests a limitation beyond the known limitations of the Gurney equation which rely upon an idealised set of variables. 

[bookmark: _Toc217038716]Blast Overpressure
With reference to Figure 7, the blast overpressure readings are presented. This shows the readings of two pressure gauges which measured the incident blast overpressure of the explosive device. It can be seen that the orange readings pertain to gauge two and the green readings pertained to pressure gauge three. The readings for gauge one were removed due to a fragment strike which resulted in distorted readings. There is a clear secondary orange spike which is indicative of a reflected shock wave due to the device being held above the ground. The following peak overpressure values were noted:
Table 7 - Incident blast overpressure readings
	Gauge No.
	Pressure (KPa)

	Two
	~ 434

	Three
	~ 93 -94



[bookmark: _Ref217038632]Figure 7 - Blast overpressure readings
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[bookmark: _Toc217038717]Explosive Residue Analysis
The nature of a detonation event creates a complex mixture of interfering compounds and consumes the original energetic compounds, which proves significantly challenging when analysing a post-detonation event. It is particularly challenging when that event took place in an open environment, where trace amounts are spread over a dispersed area. 
To counter this, the fragmentation boarding enabled the capture of energetic containing fragments. Swab samples were taken from a select number of areas with a particular focus on fragment strike locations at the velocity foil indicators. This was carried out to ensure cross-contamination with other surrounding material was kept to a minimum and for the concentration of explosive residue to be maximised. 
The method chosen to analyse the swab samples was Fourier Transform Infrared Spectroscopy (FTIR). This method has a proven history of being a suitable methodology for the forensic analysis of explosive materials; demonstrating an ability to be sensitive enough to detect traces of explosives in post-blast residues when only minimal amounts are able to be collected [4]. As a non-destructive technique, it also has the benefit of enabling further analysis without destroying the test sample. 
With reference to Table 7, a sample set of energetic related functional groups are highlighted which are of interest in determining the energetic composition of the unknown item. 
[bookmark: _Ref216962526]Table 8 - Examples of molecular building blocks for energetic materials [5]
	Group
	Energetic substance
	Example

	-NO2
	Organic nitro compounds
	TNT

	-O-NO2
	Organin nitrato / nitroesters
	NG, PETN

	-N=N- 
	Organic or inorganic diazo compounds
	TAGzT

	-NH-NO2, -NR-NO2
	Nitramino compounds
	RDX, HMX

	=N-NO2
	Nitrimino compounds
	Nitiminotetrazole, RDX

	-CNO
	Fulminates
	Hg(CNO)2, mercury fulminate



Of particular intetrest are FTIR wavelengths of the nitro compounds and nitramine group, which are consistent with the use of a secondary energetic material and consistent with the detonation event of the unknown item of OME.  
Presented within Figure 5 is a sample average of the swab samples which subsequently underwent FTIR. The spectra acquired was over 4000-400 cm-1 spectral range. 

[bookmark: _Ref216963272]Figure 8 - FTIR trace results - sample average
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Focussing on the fingerprint region, and with reference to Table 7, there is a strong spike in the 1280-1350 cm-1 and 1550-1650 cm-1 region. This could be accounted for by the presence of an N-O bond and C-N bond respectively. However, on further investigation the presence of a nitramine group (N-NO2) could also account for this. This would suggest the presence of a nitramine based energetic such as RDX, which would correspond to a polymer bonded energetic such as PE8 which utilises RDX as one of its primary constituent components. 
The presence of a large spike in the 3066-3070 cm-1 region could suggest the presence of a polymer which utilise long chains of hydrocarbons. 
However, the complexity of the fingerprint region does not produce any clear alignment with those energetics found in literature by the Author. It is suggested that these could relate to:
a. An additional additive or taggant; 
b. Potentially contaminants which would be expected from an event which was not conducted in laboratory conditions.

[bookmark: _Toc217038718]Conclusion
The determination of the unknown device largely resulted from the fragmentation and their distribution. This pointed towards a pipe bomb device containing PE8 explosive material, as suggested from the FTIR analysis. 
This investigation was unable to determine the mass of the explosive material or draw any real credible conclusions from the velocity and over-pressure readings. A further analysis is required to examine the limitations of this investigation and what methods should be adopted to enable the successful examination of an unknown explosive device. 

[bookmark: _Toc217038719]Annex A

	Mk 83 Air Dropped Munition

	Charge Mass
	225 kg

	Mass of case
	229 kg

	All up weight (AUW)
	454 kg

	Explosive
	Comp B

	Average fragment area
	0.48 cm2

	Average fragment mass
	0.115 kg

	Frag drag coefficient
	0.82

	Density of air
	1.23 kg m-3

	Frag Vi
	1950 ms-1

	Frag Vf
	1911 ms-1 at 92m



	M-67 Grenade

	Charge Mass
	0.185 kg

	Mass of case
	0.213 kg

	All up weight (AUW)
	0.398 kg

	Explosive
	Comp B

	Average fragment area
	1.0 cm2

	Average fragment mass
	2.0 x 10-3 kg

	Frag drag coefficient
	0.5

	Density of air
	1.29 kg m-3

	Frag V @ 5m
	1674 ms-1

	Frag V @ 15m
	1424 ms-1

	Frag V @ 230m
	44 ms-1



	RGD-5 Grenade

	Charge Mass
	0.110 kg

	Mass of case
	0.200 kg

	All up weight (AUW)
	0.310 kg

	Explosive
	TNT

	Average fragment area
	1.0 cm2

	Average fragment mass
	1.2 – 4.6 x 10-4 kg

	Frag drag coefficient
	0.5

	Density of air
	1.29 kg m-3

	Frag Vi
	1567 ms-1

	Number of fragments
	350



	81 mm Mortar AR-M81

	Charge Mass
	0.76 kg

	Mass of case
	1.334 kg

	All up weight (AUW)
	4.15 kg

	Explosive
	TNT

	Frag drag coefficient
	1.6

	Density of air
	1.23 kg m-3

	Frag Vi
	1734 ms-1

	Frag V @ 1m
	1700 ms-1

	Frag V @ 4m
	1600 ms-1

	Frag V @ 20m
	1150 ms-1

	Frag V @ 32m 
	900 ms-1

	Frag V @ 77m 
	357 ms-1




	RPG PG-7VL

	Charge Mass
	0.730 kg

	Mass of case
	1.600 kg (including rocket motor)

	All up weight (AUW)
	1.975 kg

	Explosive
	RDX / TNT – 95% HMX 5% wax

	Average fragment mass
	1.0 x 10-4 kg

	Density of air
	1.29 kg m-3

	Frag Vi
	1831.5 ms-1



	155 mm

	Charge Mass
	1.150 kg

	Mass of case
	3.105 kg

	All up weight (AUW)
	4.255 kg

	Explosive
	Comp B

	Average fragment mass
	2.1 x 10-3 kg

	Density of air
	1.29 kg m-3

	Frag Vi
	1551 ms-1



	Pipe Bomb

	Charge Mass
	0.264 kg

	Mass of case
	0.417 kg

	All up weight (AUW)
	0.681 kg

	Explosive
	PE 8

	Average fragment mass
	8.3 x 10-4 kg

	Frag drag coefficient
	1.6

	Density of air
	1.29 kg m-3

	Frag Vi
	2047 ms-1

	Frag V @ 1m
	2022 ms-1

	Frag V @ 20m
	1602 ms-1
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