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I confirm that I have not used any AI tools in the research and creation of this assignment. I confirm that I have not presented any AI generated materials as my own work. I confirm I have copies of my drafts, notes, and other resources I used, which I may be asked to provide in evidence.

[bookmark: _Toc218456450]Aim and Precursory Information

The aim of this trial was to identify the explosive used - through observations and resulting data from the detonation.  The data gathered from the trial consisted of forensic data, fragmentation data, velocity, and pressure data.  This data was then compared against the initial data sheet given to us prior to the trial.  The data sheet detailed several types of explosives it could potentially be, and a list of their explosive characteristics.

Upon arrival at the trial location – Cranfield Ordnance Test and Evaluation Centre (COTEC) – the students present were given a safety brief and breakdown of how the day would proceed.  The host talked us through trials that are normally conducted on site, trials that were taking place on the same day, and other key information.  This included the NEQ for the range we were on – which helped discount some explosives that were on the data sheet as they were out with the 10KG limit for this range.  Once this was done, the host split us into 4 separate groups and assigned us roles for the set up of the arena trial.



[bookmark: _Toc218456451]Method

Each group had a hand in setting up a different aspect of the arena trial.  The tasks involved setting up the pressure gauges, the fragmentation packs, velocity foils, and the cabling for the velocity foils.  
There was a platform positioned in the centre of the arena as well (see figure 1 below).  This is where the unidentified explosive would be place for detonation – once all students had completed the set up and retreated to the control room.  The platform it was placed on was around 0.4m tall.
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[bookmark: _Toc218456472]Figure 1 - Platform for Explosive

[bookmark: _Toc218456452]Fragmentation Packs

The ‘frag packs’ consisted of 20 layers of strawboard in each pack.  These were doubled up to create an overall thickness of 40 strawboards (see figure 2 below).  Each pack was then secured to the metal stands provided, there were 4 stands in total placed in an arc shape at a 1.5 metre radius from the detonation point, which created the arena style required for this trial.   
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[bookmark: _Toc218456473]Figure 2 - Fragmentation packs.

[bookmark: _Toc218456453]Velocity Foils

Velocity foils are thin metallic sheets that are used to measure the time of arrival and speed of fragments that are ejected from an explosive charge.  There were 3 foils placed on the face of each frag pack facing towards the detonation point.  They were roughly placed at an equal distance apart, with a bigger gap left at the bottom to account for the elevated detonation point.  Once all foils were secured to the frag packs, the cables were connected a junction box, with each cabled connected to the number that corresponded to the position of the foil on the frag pack.  Each foil was numbered 1 through 12 (see figure 3 below).
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[bookmark: _Toc218456474]Figure 3 - Velocity Foils

Once each foil was secured and connected to the junction box (see figure 4 below), the foils were tested to see if they were functioning properly.  This was done by placing a metallic object against the foil, and seeing if there was a reading recorded on the software in the control room.  
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[bookmark: _Toc218456475]Figure 4 - Velocity Foil Cabling
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The pressure gauges used were Piezoelectric pressure gauges.  These work by transforming the pressure from the blast wave into an electrical signal [1].
The pressure gauges were attached to metal stands distanced 1 metre, 2 metres and 3 metres away from the detonation point.  They were each attached 0.5m from the ground which would make it level with where the explosive will be detonated from.  There was rubber placed between the clamps and the gauges themselves (see figure 5 below).  This is a measure that was put in place to reduce potential noise that could arise from the detonation [2].  When a blast wave impacts a metal structure such as the stands that are housing the gauges, the high energy can be absorbed into the material and cause vibrations to occur, the rubber is used as a countermeasure to this phenomenon.

In addition to this, the stands that the gauges were secured to were positioned slightly out of alignment. 
(see figure 6 below).  This was also a measure to reduce potential noise from the blast wave, giving each gauge an equal opportunity to collect data without interference from the other stands.  Once everything was set up, the gauges were also tested to ensure functionality.  This was done by tapping on each gauge, to create a differential pressure, and checking the software in the control room for a reading.  
Each pressure gauge was connected, just as the velocity foils, the number of the gauge corresponding the number on the software.
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[bookmark: _Toc218456476]Figure 5 - Pressure Gauge

[image: A construction site with metal frame and bags

AI-generated content may be incorrect.]
[bookmark: _Toc218456477]Figure 6 - Pressure Gauge Stands
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The last step in setting up the trial was making sure all the cabling was set up.  Checking the cables for the velocity foils was in place, the same with the pressure gauges.  Once this was done, metal beams were placed over the cables to ensure that no fragmentation could damage the wires once the detonation had occurred.  As well as this, sandbags were placed on the metal stands to ensure stability of the structures during the trial.

[bookmark: _Toc218456456]Forensic Data Collection

Students were asked to take some swabs of the arena prior to the detonation to get a baseline of results to compare against later.
Once the trial was complete, the explosive device detonated, another round of swabs was taken to collect samples of the explosive residue in the area where the detonation occurred.  As well as this, students searched the surrounding area for fragmentation that had been dispersed from the detonation.  There was also fragmentation that was picked out from the strawboards of the frag packs.  All this data was collected and sealed to be later analysed back at lab in the university. 
[bookmark: _Toc218456457]Results
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Upon completion of the trial there were a few things that could be immediately considered for ruling out potential explosives.  The first key thing of note was that the NEQ limit for the trial site was 10 kg.  This meant that larger munitions could be discounted immediately with no need for further information.
Result 1 – Explosive must be less than 10kg.
The second was that explosive device produced natural fragmentation.  This was observed when examining the frag packs post detonation and noting that the fragmentation was not of uniform size or shape.  This highlighted that the munition could not have had pre-formed fragmentation, which was key for discounting some munitions from the initial data sheet.
Result 2 – Explosive device produced natural fragmentation.

[bookmark: _Toc218456459]Lab Observations

[bookmark: _Toc218456460]Fragmentation

There were 90 individual pieces of fragmentation collected on the day of the trial and taken back the lab at the university for further analysis.  Initial observations were the average mass and thickness of the fragments.
Result 3 – The average fragment mass was 0.826g, total fragment mass 74.5g and the average thickness was 3.3mm.
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[bookmark: _Toc218456478]Figure 7 - Overview of Fragmentation
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FTIR as a non-destructive testing method that can identify a substance by measuring how they absorb infrared light.  It does this by revealing their unique molecular structure, much like a fingerprint, through specific bond vibrations [3].  
The sample swabs that were taken from the trial site were preserved in acetone.  So, to get a baseline for FTIR, sole acetone was tested first.  Once this was done, a couple of drops from each sample could be tested for results.  Once results were gathered, the baseline could be subtracted so that there was a better overview of what the substance could be.  The results from the FTIR can be seen below in figures 8 and 9.

Considering the results from the FTIR that can be seen in figure 8 there are a few key things to note.  First is the strong CH stretch at 3075cm-1 and 3066 cm-1.  These are characteristic of aromatic rings, such as, Benzene rings which would be present in compounds like TNT.  
However, the data towards the middle of the table and the peaks that can be seen in figure 9 are more indicative of a cyclical nitramine compound such as RDX.  [4]
This is further solidified when comparing figures 9 and 10 together as the peaks and wavelengths are closely aligned.
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[bookmark: _Toc218456479]Figure 8 - FTIR Results (1 of 2)
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[bookmark: _Toc218456480]Figure 9 - FTIR results (2 of 2)
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[bookmark: _Toc218456481]Figure 10 - RDX FTIR Data [5]

Result 4 – FTIR results are indicative of an RDX explosive.

[bookmark: _Toc218456462]Velocity Data

Unfortunately, the velocity data did not provide any further insight into what this munition could be.  The results received were vastly different to the values provided in the initial data sheet.  For this reason, this data has not been considered when coming to a conclusion for the trial munition used.

[bookmark: _Toc218456463]Pressure Data
 
The final results to consider is the data collected from the pressure gauges.  The pressure gauge that was closest to the detonation point had to be discounted as it was damaged by fragmentation (as seen in figure 11 below).  
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[bookmark: _Toc218456482]Figure 11 - Damaged Pressure Gauge

Valid data was still obtainable from the second and third gauge, this result can be seen in figure 12.  From this graph, it can be observed that the Peak Incident Overpressure for Gauge 2 is around 430 kPa and the Peak Reflected Overpressure is around 660 kPa.  However, these values are inclusive of all the noise factors present in the results.  So, in order to get a clearer, more representative result, a moving average was taken of the graph.  The average Peak Incident Overpressure value was around 80kPa, and the Peak Reflected Overpressure was around 250 kPa. 
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[bookmark: _Toc218456483]Figure 12 - Pressure Gauges 2 and 3 results.

Using the Kingery Bulmarsh equation, these pressure values can be compared to theoretical values for the explosives provided in the initial data sheets.

[bookmark: _Toc218456485]Table 1 - Values for Kingery Bulmarsh
	Munition
	Explosive
	NEQ (kg) (from initial data sheet)
	TNT Equivalence [6]

	M-67 Grenade
	Comp B
	0.185
	1.32

	RGD-5 Grenade
	TNT
	0.11
	1

	81mm Mortar AR-M81
	TNT
	0.76
	1

	155mm
	Comp B
	1.15
	1.32

	Pipe Bomb
	PE8
	0.264
	1.2



By inputting these values into the Kingery Bulmarsh calculator, comparisons were made against the theoretical pressure results, and the results from the trial.  The calculations showed that the pipe bomb values were remarkably close to the trial results (see figure 13 below).
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[bookmark: _Toc218456484]Figure 13 - Pipe Bomb Kingery Bulmarsh

Result 5 – Pressure results indicate the use of a pipe bomb.

[bookmark: _Toc218456464]Discussion

Considering the results from the data gathered at the trial, deductions can be made when compared against the initial list of potential explosives that was provided.  A summary table was made to collate all these munitions as can be seen below.

[bookmark: _Toc218456486]Table 2 – Initial Potential Munition List
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[bookmark: _Toc218456465]Result 1 – Explosive must be less than 10kg.

When considering that the explosive must be less than 10kg, the Mk 83 air dropped munition could be immediately discounted.  In the information provided, this munition has a charge mass of 225 kg which well exceeds the 10kg limit of the range.
Another munition that can be discounted straight away would be the RPG PG-7VL.  This is purely due to logistics and design of the munition.  This munition is a High Explosive Anti-Tank (HEAT) warhead.  There would have been more damage to the trial site than what was observed if this were the munition used.  

[bookmark: _Toc218456466]Result 2 – Explosive device produced natural fragmentation.

The M-67 grenade has pre-formed fragmentation.  This is not consistent with the fragmentation that was observed post detonation at the trial.  This means that this munition can also be discounted.

[bookmark: _Toc218456467]Result 3 – The average fragment mass was 0.826g, total fragment mass 74.5g and the average thickness was 3.3mm.

When comparing the fragment mass to the values provided in the initial data sheet, this highlighted the pipe bomb as a strong option.  The average fragment mass from the data collected at the trial was 0.826g and the average fragment mass of the pipe bomb was 0.83g.
As well as this, the total mass of all the fragments collected was 74.5g.  This mass was compared against the 4 remaining munitions ‘mass of case’.  The 155mm and 81mm Mortar AR-M81 were considered highly unlikely to have been the munition used.  This is due to the fact that only 2% and 5% respectively of each munition would have been collected as frag which is very unplausible.

[bookmark: _Toc218456468]Result 4 – FTIR results are indicative of an RDX explosive.

The FTIR results indicate the use of RDX.  There were only 2 munitions of the initial data sheet that contained RDX.  These were the RPG PG-7VL (RDX/TNT - 95% HMX 5% wax) and the pipe bomb (PE8).  PE8 is comprised mostly of RDX and the rest is plasticisers [7].  As the RPG was discounted earlier, this again showed that the pipe bomb was the likely munition.

[bookmark: _Toc218456469]Result 5 – Pressure results indicate the use of a pipe bomb.

Finally, when analysing the pressure results and completing the calculations for the remaining munition, the pipe bomb was the strongest candidate.  
The pressure gauge results from the trial showed an average Peak Incident Overpressure value of 80kPa, and a Peak Reflected Overpressure value of 250 kPa.  Compare this to the theoretical values from the calculations done, where there was a Peak Incident Overpressure of 85kPa and Peak Reflected Overpressure 225kPa.  Evidently, the two are remarkably close in value which suggests a strong likelihood that the pipe bomb was the unknown explosive device.



[bookmark: _Toc218456470]Conclusion

The aim of this trial was to identify an unidentified explosive device by collecting and analysing data from a trial and use deductive reasoning to produce a solution.
Throughout analysis of all the results, many munitions were able to be discounted immediately for obvious reasons.  Overall, the data showed a clear trend throughout, highlighting that the pipe bomb was device used.  
There were some discrepancies and missing data that can be attributed to noise throughout the trial and damage done by the fragmentation.  Noise factors and discrepancies could be reduced by doing more trials and having a larger data set, however, given the nature of the task only one trial was needed.
In conclusion, the trial was successful in achieving the aim by identifying the pipe bomb as the unidentified explosive used.
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Experimental vibrational frequencies [cm™'] Description of the normal modes of vibration Comments
3075 CH stretch (s) Strong
3066 CH stretch () Strong
3001 Plasticizer Weak
2930 Plasticizer Weak
1738 Plasticizer ‘Weak
1593 NO stretch Strong
1574 NO stretch Strong
1533 NO stretch Strong
1460 H-C-N bend (a) Strong
1434 H-C-N bend (a) Strong overlap
1390 C-N stretch Strong
1351 C-N stretch Strong
1312 N-N stretch Strong broad
1269 C-N stretch Very strong
1233 C-N stretch strong Overlap
1218 C-N stretch Strong overlap
1040 C-N stretch Strong
924 0-N-0 bend Strong broad overlap)
882 N-N-0 bend Medium
843 N-N-0O bend Medium
783 N-N-O bend Strong
753 Ring distortion Medium
604 Chair type ring distortion Medium overlap
590 Ring distortion at carbon atoms Medium overlap
461 Ring distortion Weak
410 Ring distortion Weak
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