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[bookmark: _Toc216904166]Introduction:
Research students set up and conducted a trial at Cranfield Ordnance Test and Evaluation Centre (COTEC), Wiltshire in October 2025 as part of a practical exercise in munition identification.
The trial was conducted using a range of instrumentation which included velocity foils, strawboard fragmentation packs and blast pressure gauges. Swabs were taken before and immediately after the event, swab analysis was conducted using Fourier Transform Infrared Radiation (FTIR) spectroscopy when the samples were returned to the Ordnance Munitions and Explosives (OME) laboratory at UWTSD. The method and trial set-up can be found in XXXX 
The fragmentation arena and instrumentation was provided by COTEC to support data capture  relating to an explosive event. This was used to capture data relating to fragmentation, velocity, size, weight and nature. Blast overpressure gauges were provided to capture data a distances of 1m, 2m and 3m.
1. [bookmark: _Toc216904167]Aim:
The aim of the experiment was to set up and use data capture methodologies with the intention to determine the identity of an unknown munition of interest (MUI)  from blast and fragmentation data collected. There was an additional application of swab analysis of explosive residue to identify the explosive used in the MUI from list of Munitions of Interest (MUI) was provided by UWTSD with information relating to a number of possible articles.











2. [bookmark: _Toc216904168]Method & Trial Set Up:
The fragmentation arena was set up by staff from COTEC. From observations this consisted of 4 stands forming part of a 180° arena. 
Several teams participated in the additional setup of the experiment, each taking responsibility for the following elements detailed below. Images of the trial set up are shown in Appendix 1: Trial set up:
Arena
The arena was set up following guidance from International Test Operations Procedure (IOTP-4-2-813), with a diameter of 3m.
Strawboard packs were placed against the individual stands and tied in-place. Each pack consisted of 20 sheets of strawboard measuring 1050mm x 800mm. 
Velocity Foils
Velocity foils were attached to the front of each of the Strawboard packs, on the face closest to the point of detonation. 3 foils were attached to each pack, with the cables routed to the side. The cables were connected to an umbilical, which was the  run back to the control room and connected to a logic analyser.
The centre of each foil was surveyed in situ to allow velocity calculations during post event analysis.
Blast gauges
Blast gauges were placed along a central axis at 1m intervals, with precise distances recorded. Each gauge was insulated using rubber pads before being fixed to seperate stands and connected to a data recorder using Bayonet Neill-Concelman (BNC) cable. The cables were routed and protected using steel I-beams and sandbags to prevent damage and subsequent data loss, should they be struck and/or severed by fragmentation.
Once in place, these were marginally offset so that the pressure recorded was accurate and not affected by the gauge in front.
Gauge distances are shown below:
	Gauge 1
	1.009m

	Gauge 2
	2.075m

	Gauge 3
	3.090m


Munition of Interest 
The MUI was placed on a wooden sacrificial table, with the centre of the MUI raised 500mm from the ground. This was a point roughly equidistant from the centre of each straw board pack.

3. [bookmark: _Toc216904169]Results and Discussion:
A large amount of data was generated from the test. This has been broken down into relevant subsections.
STANAG 2636 provides guidance on methodologies applicable to the evaluation of different munitions [1]. Where larger munitions require a larger fragmentation arena, the size of the arena indicated a much smaller device was the subject of interest.
3.1. [bookmark: _Toc216904170]Fragmentation Data:
Where fragmentation arenas follow a standardised methodology for testing, several MUI could be discounted. Fragmentation data was categorised into pattern, size and weight, and velocity.
3.1.1. [bookmark: _Toc216904171]Fragmentation Pattern:
Examination of the fragmentation spread generated by the incident resulted in a clear belt of fragmentation, visible across the target packs. This pattern is representative of a detonation of a cased charge (likely cylindrical) observed in literature [2] [3]. The fragmentation can be seen in Figure 1 and highlighted in Figure 2 to aid with identification of the pattern generated.
The pattern generated by the MUI id of particular interest, as it was approximately 500-600mm wide forming a regular, almost consistent belt across the strawboard packs. [bookmark: _Toc216904348][bookmark: _Toc216904333]Figure 1 - Fragmentation generated by the explosive  event


Other smaller articles on the list of MUI included the American M67 High Explosive Fragmentation (HE-Frag) grenade and Russian RGS-5 grenade. Open source data on the fragmentation spread of these devices was difficult to identify; however many images are available in relation to how these articles operate. The fragmentation pattern (at the point of detonation) of the M-67 can be seen in figure 3. M-67 is more spherical in shape, which suggests that a fragmentation pattern would be expected to be more representative of this [4]. If a comparison of the fragmentation pattern shown in figure 2 to the visible pattern in figure 3, it is clear that the fragmentation generated was not hemispherical.
[bookmark: _Toc216904227][bookmark: _Toc216904349][bookmark: _Toc216904334]Figure 2 - M-67 Grenade explodes during live-fire 
The luminous “sparks” in the image are likely to be parts of the pre-formed fragmentation from the inside of the grenade body (further images are shown later in the report).

[bookmark: _Toc216904228][bookmark: _Toc216904350][bookmark: _Toc216904335]Figure 3 - Fragmentation Belt identified following analysis. Fragmentation Belt identified following analysis.
The areas marked in red indicate perforation and penetration of fragmentation formed from the case of the MUI at the point of detonation. All identifiable fragments were collected from the strawboard/witness packs.





3.1.2. [bookmark: _Toc216904172]Fragmentation size/weight:
Fragmentation was gathered from each of the strawboard packs used in the experiment, consolidated according to each section, and returned to the OME lab at UWTSD for further analysis. The fragmentation retrieved was photographed, weighed, and measurements were taken of the dimensions and mass. The data is shown in table 1. Images of the fragmentation are shown in figures 4 and 5. 
	Average Thickness
	3.3mm

	Average Weight
	0.826g

	Total Fragments found
	90

	Total Mass of fragments found
	74.5g



[bookmark: _Toc216904407]Table 1 - Fragmentation Data relating to the Munition of Interest - collated from the straw board packs used in the trial/experiment
Observations of the fragments collected have shown that the fragmentation was of irregular shape, which indicates that all of the samples were naturally occurring as a result of the detonative properties of the explosive. As the products of the explosion were generated, the casing was fractured (forming natural fragmentation) as the products expanded. The formation of natural fragmentation has been extensively discussed in literature, and as such has been characterised by irregular sizing, shape, weight, and non-uniform distribution of fragments [5] [6] [7] [8] [9].
[bookmark: _Toc216904229][bookmark: _Toc216904351][bookmark: _Toc216904336]Figure 4 - Fragmentation recovered from strawboard packs following the explosive event

The differences between natural and pre-formed fragmentation are shown in figure 5. These differences are clear and easily identified, which aids in identification of the MUI. Preformed fragmentation has been attributed to a more ordered and uniformly spaced damage pattern [10]. The M67 HE Fragmentation grenade has a coined internal surface that is designed to provide more consistent fragmentation [11], unlike the fragmentation collected from the trial.
[bookmark: _Toc216904230][bookmark: _Toc216904352][bookmark: _Toc216904337]Figure 5 - Side by Side comparison - Left: Fragmentation generated by the Device during the trail; Right: Fragmentation recovered from M67 Grenade field test.


3.1.3. [bookmark: _Toc216904173]Fragmentation velocity:
Fragmentation velocities were calculated by comparing the trigger impulse time and time of impact and are shown in table 2.
	Foil No.
	Foil ID
	Location of foil
	Distance from charge stand to centre of foil (m)
	Initial Strike Time from Trigger (ms)
	Frag Velocity on initial strike

	1
	1F-A
	Frag pack 1
	TOP
	1.46
	4.59530
	317.71593

	2
	1F-B
	
	MIDDLE
	1.30
	1.71048
	760.02058

	3
	1F-C
	
	BOTTOM
	1.30
	1.72476
	753.72805

	4
	2F-A
	Frag pack 2
	TOP
	1.41
	2.07088
	680.86997

	5
	2F-B
	
	MIDDLE
	1.40
	1.76334
	793.94785

	6
	2F-C
	
	BOTTOM
	1.40
	1.73050
	809.01474

	7
	3F-A
	Frag pack 3
	TOP
	1.52
	2.65346
	572.83698

	8
	3F-B
	
	MIDDLE
	1.40
	1.78502
	784.30494

	9
	3F-C
	
	BOTTOM
	1.40
	1.76556
	792.94955

	10
	4F-A
	Frag pack 4
	TOP
	1.50
	2.66250
	563.38028

	11
	4F-B
	
	MIDDLE
	1.40
	1.74220
	803.58168

	12
	4F-C
	
	BOTTOM
	1.40
	1.78220
	785.54595



[bookmark: _Toc216904408]Table 2 – Fragment Velocity data –


Using the Gurney equation (below) to calculate the initial velocity of the average fragment provides a range of initial velocities () which range from 1643-1733 m/s (Based on TNT [12] and Composition B [13]) [14].
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When rearranged this becomes:
[image: A mathematical equation with numbers and symbols

AI-generated content may be incorrect.]
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Data collected from Foil 1 identified a velocity that was lower than anticipated. It is likely that this was the result of a larger, much slower fragment. The velocities recorded for all results were much lower than anticipated, however can be explained. Da Silva, Johnson et al. have suggested that key factors affecting this may have included the energy required to fracture the case surrounding the explosive material (along with some products of detonation escaping prematurely between these fissures) [15], which could account for the velocities observed. 
Where there is a discrepancy in theoretical and observed velocities, it has been suggested that Gurney’s theory is applicable to an ideal charge and that the theoretical velocities do not account for other factors that may affect velocity [12]. This could be improved by attaching an additional foil to the MUI should the experiment be conducted again.
Additional should also be considered relating to velocity. These could include the material properties of the casing, the explosive (and manufacture of the MUI) resulting in an inefficient (but still lethal) construction. This adds further support to the hypothesis that the MUI is not a conventional munition.
3.2. [bookmark: _Toc216904174]Pressure Gauge Data:
Gauge data was provided by COTEC Instrumentation staff as a Microsoft Excel Comma Separated Value (.CSV) file. During the experiment Gauge 1 was struck by a piece of fragmentation, rendering data invalid and has been removed from the results. An overview of recorded blast pressures relating to Gauges 2 and 3 are shown in figure 6, with an expanded view of peak pressures recorded shown in figure 7.

[bookmark: _Toc216904231][bookmark: _Toc216904353][bookmark: _Toc216904338]Figure 6 - Overview of Blast Pressure Data captured from Gauge 2 and Gauge 3



[bookmark: _Toc216904232][bookmark: _Toc216904354][bookmark: _Toc216904339]Figure 7 - Expanded view  of Blast Pressure Data captured from Gauge 2 and Gauge 3

At 2.08m (gauge 2) a peak pressure of 434.58 kPa was recorded, with a peak pressure of 92.65 kPa recorded at 3.09m. Where the data is presented in graphical form an amount of noise is also present. This could be representative of high-frequency mechanical vibration from the event transmitted through the ground, the gauge stands, or from additional reflections from the strawboard packs and ground [16] [17]. 
Pressure examples provided in [18] provide information on the devastating effects that 138 kPa can have on concrete structures, however no evidence of these effects were observed during the trial. The pressure seen at 2.08m could be explained by the reflected blast wave meeting and amplifying the original pressure wave generated by the event. The data produced by the event was likely compromised by the experimental set up, this could be interpreted that clean (sterile?) data would be more conclusive in confirming which MUI was used.
3.3. [bookmark: _Toc216904175]Swab Analysis and FTIR information:
Swabs were taken after the arena was set-up to provide control samples. These were taken from the same locations (and by the same individuals) immediately after the incident. The samples were labelled according to location and returned to the OME Laboratory for testing using Fourier Transform Infrared (FTIR) Spectroscopy. The results are shown in figure 8. Additional information was also provided relating to explosive residues that were possible matches, these are shown in figure 9.

[bookmark: _Toc216904233][bookmark: _Toc216904355][bookmark: _Toc216904340]Figure 8 - FTIR Spectroscopy Results from swabs taken immediately after the event.

Where strong peaks are visible and clearly identified in figure 8, this can provide some insight to the explosive that may have been used in the MUI and aid in identification. The CH stretch at 3050-3075cm-1, NO stretches at 1738cm-1 and 1530-1593cm-1, H-C-N bend at 1430-1460cm-1, combined with the C-N and N-N stretches across the range 1040-1390cm-1 are representative of cyclotrimethylenetrinitramine (RDX). Some information can be extracted from the fingerprint area also, relating to the O-N-O bend at 924cm-1, N-N-O Bend at 783cm-1, and the carbon ring distortions seen at 590cm-1 [19] [20].
Where additional wavenumber observations exist at 1738cm-1, 2930cm-1 and 3001cm-1 denoting the presence of a plasticiser, alongside C-N stretching at 1350-1391cm-1 and bending of the H-C-N bonds at 1434cm-1 and 1460cm-1 which are characteristic of Trinitrotoluene (TNT) [21]. This suggests that the explosive used was a homogenous mixture that contained elements of RDX, TNT and a plasticiser. [bookmark: _Toc216904234][bookmark: _Toc216904356][bookmark: _Toc216904341]Figure 9 - FTIR Data relating to TNT and PETN as possible matches for residue samples taken after the event.

Where FTIR Spectroscopy can provide some information about the bonds and presence of materials, wet samples could be taken to employ other methods including liquid chromatography mass spectroscopy (LCMS) and high performance liquid chromatography (HPLC) [22] [23].
4. [bookmark: _Toc216904176]Conclusion:
From examining the results of the event, including the fragmentation pattern, characteristics, velocity and weight; the data captured from the velocity foils and pressure gauges; and from exploring the FTIR results, in context with the size of the experimental arena set up by the staff at COTEC, the munition of interest could be identified as one of the smaller devices.
The fragmentation and impact pattern supported the removal of the M-67 HE Frag grenade and RGD-5 Grenade, thus leaving the pipe bomb as the only viable option. Based on the naturally formed fragmentation, its spread and pattern this was likely to be between 10-15cm long, with approximated 190-200g of an RDX/TNT based plastic explosive.
Further study and research would be required to confirm the size and weight of this article, as there were discrepancies between fragmentation velocity a blast overpressure. Additional studies could likely identify the exact dimensions of the device with a more accurate identification of charge mass, explosive quantity and shell weight. Instrumentation and data capture could also be improved and support this in future trials. 
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5. [bookmark: _Ref216896865][bookmark: _Toc216904178][bookmark: _Ref214304320]Appendix 1: Trial set up:
The following images were taken during the trial set up and show some of the instrumentation in situ before and after the event.
[bookmark: _Toc216904235][bookmark: _Toc216904357][bookmark: _Toc216904342]Figure 10- Arena set up, Velocity foils under construction, with cable, I-beams and sandbag protection in place



[image: A group of bags and pallets

AI-generated content may be incorrect.][bookmark: _Toc216904236][bookmark: _Toc216904358][bookmark: _Toc216904343]Figure 11 - Gauge alignment and set up prior to event. Cables were run to the rear of the support scaffolds, protected by sandbags and I-beams






[image: A metal structure outside with sandbags
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[bookmark: _Toc216904359]Figure 12 - Gauge alignment and det up with sacrificial table in situ. final set up prior to event.




[bookmark: _Toc216904360]Figure 13 - Damage caused to Gauge 1 during event. This damage caused catastrophic failure to this gauge, rendering all associated data null.

[bookmark: _Toc216904361]Figure 13 - Damage caused to Gauge 1 during event. This damage caused catastrophic failure to this gauge, rendering all associated data null.

[bookmark: _Toc216904362]Figure 13 - Damage caused to Gauge 1 during event. This damage caused catastrophic failure to this gauge, rendering all associated data null.

[bookmark: _Toc216904363]Figure 13 - Damage caused to Gauge 1 during event. This damage caused catastrophic failure to this gauge, rendering all associated data null.
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