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Jonathan Thomson, School of Science, Engineering & Technology 
Abertay University, Bell Street, Dundee, DD1 1HG 

The effect of clothing on air 

rifle pellet penetration depth 
into 10% ballistic gelatine 

Results & Discussion 
 

The penetration depths achieved by the 

superdome pellet at all three ranges were 

deep enough to reach vital organs and 

could result in a fatal wound (figure 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Superdome control depths 

 

The penetration depths achieved by the 

hobby pellets, although slightly less than 

the superdome pellets, still obtained a 

depth great enough to reach vital organs 

(figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Hobby control depths 

 

The clothing was specifically chosen as all 

three garments had a different weave. The 

t-shirt and jacket were both 100% cotton, 

but the jacket had a much tighter weave, 

which resulted in a much tougher feel to 

the fabric. The fleece was 100% polyester 

with a very loose knit weave, but the fabric 

was far thicker than the other two items of 

clothing.  

 

As shown in Figure 4, the t-shirt resulted in 

far less penetration for both pellet types 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – t-shirt penetration depths 

 

Results & Discussion continued 
 

Figure 5 shows the penetration depths 

achieved for both pellet types shot into the 

fleece. 

 

 

 

 

 

 

 

 

 

 

Figure 5 – fleece penetration depths 

 

The fleece provided less protection than 

the t-shirt, even though it was made from a 

thicker material. This was due to the 

looser weave of the polyester, which 

allows the fabric to breath, compared to 

the t-shirt.  

 

As can be seen from figure 4 and 5, the 

effect of the clothing increased as the 

range increased. This effect was observed 

across all of the clothing types.  

 

The jacket proved to be the most effective 

and was only penetrated 4 times; twice by 

each pellet, out of a total of 36 shots. Both 

of these penetrations occurred at 10 yards 

and the maximum depth achieved was 

3cm. 

 

Conclusion 
 

Items of clothing do provide the protection 

that can reduce the penetration depth of 

an air rifle pellet from that of a fatal wound, 

to a minor or non-life threatening injury. 

Several factors must be accounted for 

though, such as air rifle power, pellet 

shape and weight and clothing type. The 

weave of the fabric being a major 

contributor to the protective force given, 

over the thickness of the fabric. 
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Introduction 

 
Air weapons have been present 

throughout history in a variety of forms, 

from blow pipes to air rifles. In Britain, 

there has been interest to introduce 

legislation in order to control these 

weapons as far back as the sixteenth 

century.  

 

While they do have a range of genuine 

uses, from hunting and pest control to 

sport; the police in Scotland in 2012-13, 

recorded 171 offences in which an air rifle 

was alleged to have been involved. These 

crimes include intimidation and vandalism, 

however, as many people regard air rifles 

as toys, air weapons are commonly 

misused, which results in injuries and even 

fatalities. 

 

This project was carried out in order to 

determine whether or not common items 

of clothing (a t-shirt, fleece and jacket) 

could reduce the penetration depth of two 

different air rifle pellet types; a rounded tip 

(superdome) and a flat head (hobby) 

(figure 1), at three different ranges (10, 15 

and 20 yards) from a wound that could 

prove fatal, to a wound which would only 

inflict a minor injury.  

 

 

 

 

 

 

 

 

 

 
Figure 1 – pellet types used 

 

Method 
 

10% blocks of ballistic gelatine were 

prepared using Fluka® type 1 ballistic 

ordinance gelatine powder.  

 

6 penetration depths for both pellet types 

at all 3 ranges were obtained and 

averaged in order to collect control data. 

 

6 penetration depths were then obtained 

for both pellet types at all 3 ranges from 

gelatine blocks encased in a t-shirt, a 

fleece and a jacket. These values were 

then compared to the control penetration 

values in order to deduce the decrease in 

penetration and if this would be enough in 

order to avoid a fatal wound. 
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On average there is one fatality in the UK every year from  air 

weapon related incidents.  As recent as April and May this 

year air weapon attacks have occurred.  This has caused 

some concern and debates within our society. 

It  has been known in the area of firearms that different types 

of bullets can cause damage patterns and can effect the 

velocity and power of the  bullet type. 

This investigation was carried out to understand the effects of 

four different pellet types that are commonly used with air 

weapons. The interaction of these pellet types were studied in 

ovine organs and clothing materials.  

Damage Caused to Organs and 

Clothing by Air Rifle Pellets 

Kirsty Wark, School of Contemporary Sciences, University 

of Abertay Dundee, Bell Street, Dundee DD1 1HG  

Introduction 

Figure 1 Four pellet types investigated 

The four pellet types  flat , round , hollow point and pointed 

can be seen in figure 1 and each pellet is calibre .177 but 

compose a different design. 

Methods 

 

The aims of this investigation were to: 

• Determine the damage patterns of the four different pellet 

types in organs  

• Determine the damage patterns of four different pellet 

types on clothing items 

• Investigate the effect of distance on the different pellet 

design path in gelatine 

• Investigate the effect of distance (10 yards, 20  yards and 

30 yards) on four pellet types and the damage patterns 

produced 

Aims 

The results of the damage caused to both the organs and 

clothing were recorded using a microscope with an infinity 

camera attached this allowed microscopic detail to be viewed 

and captured as an image simultaneously. 

The use of a CT Scanner was also employed in this 

investigation to visualise the  pellet track  through the  

particular organs used. 

Results & Discussion 
Due to the four different pellet designs it was expected that 

they would produce different energies and velocities. Therefore 

the these parameters were measured using a chronograph 

machine. The results of the energy  (ft./lbs.) and velocity  (m/s) 

are shown in figures 2 and 3. 

Figure 3 Velocity results for each pellet using 

chronograph 

Figure 2 Ft/lbs results for each pellet using 

chronograph 

Results & Discussion Cont. 

The hollow point and flat pellets only differ by 0.4 Ft/lbs. 

However figure 3 shows that the flat, pointed and hollow point 

pellets have similar velocities and that round pellet has 

significantly less velocity (25 m/s) than pointed pellet which is 

peculiar as they have the same energies.  

From figure 2 the round and pointed pellets would be 

expected to travel the furthest distance in gelatine and the 

hollow point pellet to travel the least distance.  

The next  part of the investigation was to investigate the 

interaction between pellet type and organ type.  Each pellet 

type was fired into an organ  which was set in gelatine the 

results showed that . 

For the ovine  lung the round and pointed pellets would enter 

and exit the lung tissue at each distance where as the flat and 

hollow point pellets would  become embedded within the 

tissue at 20 and 30 yards. Figure 4 show  the track of a round 

pellet as it enters and exits the lung tissue at 10 yards. 

Figure 4 CT scan of lung tissue damage  at  

10 yards 

Bronchioles 

For the heart  experiment it was found that  the round pellets 

became embedded at 20 and 30 yards. The pointed pellet 

was able to exit at 20 and 30 yards. That the flat pellet and 

hollow point pellets where embedded at each distance.  

The difference in the interaction of the pellets and the different  

organs. Was due to the difference in the tissue composition. 

The heart has strong muscle on the outside for protection and  

has compartments within its structure.  Whereas the lung 

tissue has a soft tissue layer on the outside and has a soft 

spongy interior made up of  alveoli. There for the pellets are 

more like to exit and enter the lung tissue. 

 

The next stage of the investigation was to determine if the 

different pellet types would produce different damage patterns 

with both organs and items of clothing. 

 

(a)   (b) 

(c)   (d) 

Figure 5  Damage patterns at 10 yards on lung 

tissue (a) hollow point, (b) pointed, (c) round and (d) 

flat 

(a)   (b) 

(c)   (d) 

Figure 6 Damage patterns at 10 yards with 100% 

cotton t-shirt (a) hollow point, (b) pointed, (c) 

round and (d) flat 

References 

From figure 2 it can be seen that the round and pointed pellets 

have the same energies and that the hollow point and flat 

pellets have similar energies 

Figure 5 shows the damage patterns produced for the four 

pellet types at 10 yards. As can be seen from figure 5 (a) the 

hollow point pellet does not pierce the outside layer of the lung 

tissue. It does however leave an impression in the shape of a 

ring on the tissue. This is produced by the hollow on the tip of 

the pellet as can be seen in figure 1. In (b) an irregular circle 

shape can be seen in the pierced tissue this was the damage 

produced by a pointed pellet. The image (c) shows the 

damage from a round pellet that has caused an irregular 

shape in the tissue. This damage to the tissue is similar to the 

damage caused by the pointed pellet at (b). The flat pellet (d) 

has a very distinctive damage pattern that can easily be 

distinguished from the other three damage types.  

The experiment with the lung tissue also was carried out at 20 

and 30 yards. At 20 yards the pellets gave similar damage 

patterns however the pointed and round were very similar to 

each other the flat pellet was still the most distinguishable. At 

30 yards the hollow point, pointed and round pellets produced 

similar damage patterns and the flat still had a recognisable 

pattern that could allow it to be differentiated from the other 

pellets. 

Another experiment was carried out into the damage pattern 

produced in clothing material from the four different pellet 

types. These can be seen in figure 6 (a) it shows that the 

pattern from hollow point pellet is rectangular with fibres 

curling out from the damaged area. The pointed (b) and round 

(c) pellets have similar damage patterns to each other. Flat 

pellet damage is that of a large star like formation with threads 

curling back from the material. This damage pattern is similar 

to  clothing damage produced by bullets fired from firearms.  

What was also discovered in this experiment was that clothing 

material could reduce the distance of the pellets travelled 

depending on the item of clothing used this reduction was 

increased when the firing distance was increased. 

Conclusion 

In conclusion, the power and velocity harnessed by an air 

pellet is dependent on the pellet type used. The pellet type 

along with organ type can determine how the pellet travels 

through the organ and the damage produced. 

Air pellets produce puncture like damage patterns. The pellet 

type has been proven to produce characteristic damage 

patterns in both organ tissue and clothing material. The effect 

of distance also has an effect on the damage pattern 

obtained. 

These patterns can be useful in order to determine in air 

weapon incidents what pellet may have been used and what 

distance  the pellet has been fired from. 

Results & Discussion Cont. 
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The Use of CT Scanning to Investigate Damage Caused by Air Rifle Pellets   
Dr G Wightman, P Dello Sterpaio, R. Cochrane, R. Gray and M. Linton, University of Abertay 

Time to Take Stock, 8 June 2012, The Royal Armouries, Leeds 

Introduction 

Statistics show that offences and injuries caused by air weapons are 

declining, although air weapons still remain the main source of 

firearms offences and are a significant source of injuries. [1,2]. Whilst 

many injuries are minor there has been on average one fatality a year 

from air weapons. In order to better understand the potential damage 

that may be caused by these low powered weapons research has 

been carried out at the University of Abertay 
 

Initial work looked at pellet penetration into ballistic gelatine and has 

been previously reported [3]. Subsequent studies have used 

Computed Tomography (CT) Scanning to study damage caused by 

air pellets. 
 

Computed Tomography (CT) Scanning 

CT scanning uses x-rays to penetrate into materials that are opaque 

to visible light. However, this produces a 2-dimensional image from a 

3-dimensional object. Whilst this can be useful in many cases, as 

figure 1 shows, this can be misleading. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Four arrangements irradiated from the left and producing 

identical images. 
 

Investigation of Pellet Impact on Biological Materials 

In all these studies animal materials were obtained from an abattoir 

and were cast in ballistic gelatine. Whilst this has a limitation due to 

the natural degradation of the tissue, it allows a simulation to be 

made with readily obtainable materials and with minimal mess. The 

CT scan allowed the virtual ‘object’ produced to be rotated and 

examined from various perspectives. 

 

 
 

 

 

 

 

 

 

 

 

 
 

Figure 3a Bone in gelatine.      Figure 3b Pig lung in ballistic gelatine 

 

The initial study looked at the impact of pellets on bone using a cow 

femur and this has been reported [3]. An example is shown in figure 

3a. Good definition was obtained due to the density differences 

between gelatine, bone and the pellets. In subsequent work soft 

tissues have been examined using pig heart, pig lung and pig 

muscle. Here differentiation of the tissue from the gelatine was 

difficult due to their similar properties. Lung gave the best 

differentiation due to the entrained air. Figure 3b illustrates the 3D 

images formed whilst figures 4a and 4b show sections through the 

tissue. 

 

 

 

 

 

 

 

 

 

Figure 4 CT section through a) pig liver,       and b) pig lung        
 

Visual observations were also made as well as the CT scans.  

 

 

 

 

 

 

 

 

 
Figure 5 Visual observation of pellet exit from pig liver 

 

Investigation of Pellet Impact on Construction Materials 

Another area of investigation has been the damage caused by air rifle 

pellets on plywood, plaster board and brick. One area of interest was 

the damage that might be caused if the pellet first passed through 

flesh, and sections of ballistic gelatine were placed before the target 

to simulate potential flesh wounds. 
 

As expected, pellets were stopped by brick but penetrated plywood 

and plasterboard. The stopping power of multiple layers of plywood 

and plasterboard was greater if the boards were in contact with each 

other, presumably by restricting flexing or crushing of the material. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4a. Air pellet on brick.     Figure 4b CT scan of brick 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CT Scanning of Bone in Gel 

 

Interaction of Pellet with Bone 

 

 

The use of CT scanning allows the shape and dimensions of the 

damage to be determined. Figure 5a shows the hole generated in a 

piece of plasterboard with the irregular shape of the entry and exit. 

The volume can be determined and was 1070 mm3. By contrast the 

incomplete penetration produced a hole only 84 mm3  in size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5a: Complete penetration of plasterboard. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5b Incomplete penetration of plasterboard 
 

Conclusions and Future Work. 

CT scanning is a useful tool in examining the damage caused by air 

weapon pellets. However, the differentiation of soft tissues in ballistic 

gelatine is difficult and needs further study. The magnitude of the void 

produced also needs to be related to the energy loss on impact and 

this will be the next phase of the study. 
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As can be seen, if objects 

have different thicknesses 

or different densities they 

may produce identical 

images when viewed in one 

direction. However, if these 

4 arrangements were 

irradiated at a different 

angle they would be 

distinguishable due to the 

different absorptivities. CT 

scanning utilises computer 

power to take a number of 

2-D images and combine 

them into a 3-D ‘object’,  
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For a number of years air rifles and air weapons have

been considered as toys, and it is thought that they

are relatively harmless. Over the last 10 years

throughout the UK, thousands of injuries and deaths

have been recorded due to the misuse of air weapons.

Currently it is not necessary to obtain a firearms

license for the use of an air rifle, as long as the

weapon does not possess a muzzle energy of greater

than 12ft-lbs or 16 joules of energy. At present, the

Scottish government have created a bill which if

passed will make it illegal to possess an air rifle

without an appropriate license. Westminster

parliament have refused to change the laws on air

rifles as it would cost too much in compensation. The

average person does not know the extent of damage

an air rifle pellet can cause. Although an air rifles fire

pellets and not bullets they still possess the power to

kill.

Figure 1: Two types of air rifle pellet

A pellet contains no gunpowder or explosive and is

moved by forced created by the air. This is the main

reason why people see these weapons as toys as the

pellet contains no explosive. As can be seen in figure

1, a pellet is vey small and is not shaped like a normal

bullet, it has no casing and no explosive area. The aim

of this project is to show the amount of damage an air

rifle with a muzzle energy of less than 12ft-lbs or 16

joules of energy can cause when fired at gelatine and

porcine organ tissue. A number of techniques will be

applied to show the amount external and internal

damage caused to each organ type. This will be done

by a number of analyses including depth of

penetration, CT scanning, photographing the entry

and exit points and also photographing the

deformation of the pellets once they impacted the skin,

gelatine and organ tissue.

Methods

A number of gelatines were created, some of the

gelatines contained organs from pigs. Three types of

simulation skin were utilised to further simulate a section

of a human body. The gelatines were fired at from

distances of 5 and 10 meters. Then a number of

analyses were carried out. The analyses carried out

were the depth of penetration, CT scanning the gelatine

and tissue to assess the amount of internal damage

caused. Pictures were then taken of the entry and exit

points. Then using a 200 x USB microscope pictures

were taken of each of the pellets fired, to measure the

amount of deformation which was caused after impact.

Results and Discussion

Once the gelatines were fired upon, the gelatines were

then taken to the lab for analysis. The depths of

penetrations were recorded using a ruler and the

measurements were taken from the point of impact to

the tip of each pellet. The pellets fired at the calibration

gelatines and the pellets fired at the gelatine containing

organs penetrated the same, which was expected as the

gelatine is said to be a simulation for human organ

tissue. When the simulation skin was attached to the

front of the calibration gelatine and fired upon some of

the depths of penetrations changed. The chicken skin

Results (continued)

proved useless as it did not effect the depth of

penetration. The pig skin and cow skin did effect the

depth of penetration and the results for the cow skin

were as follows;

Figure 2: Shows the depth of penetration once the skin 

was added

As can be seen from figure 2 the cow skin has

effected the penetration as the penetration is now

10% less than the blank calibration gelatine. The pig

skin stopped the pellets fully and did not allow any

penetration and from that information it can be said

that pig skin is not a suitable simulation for human

skin.

The gelatines were scanned before and after shooting

to show the amount of internal damage caused during

firing. Once the CT scans were taken the images were

viewed and analysed on special software called

Imagej. This software could calculate the width of the

entry and exit points and can also calculate the

volume of internal damage caused by the pellets.

Figure 3: Shows a before and after radiographic image of 

pig liver taken from the Ct scanner

A number of these images were taken and were analysed

using Imagej the results for pig liver were as follows;

Figure 4: Shows the information collected from the Imagej 

software

The information collected by Imagej which is shown

above in figure 4, shows that the entry point is smaller

than the exit point for both pellet 1 (Rounded) and

pellet 2 (Pointed). The total volume of the damaged

section is much larger for the rounded. This is

because the pointed pellet has a smaller surface area

than the rounded pellet. The rounded pellet has a

flatter face which causes more tearing than the

sharper more aerodynamic pointed pellet. The

rounded pellet caused more damage in all three

Results (continued)

of the organ types, The density of the organ

determines how much damage that was caused,

hence the softer organ exhibited more damage.

Once the CT scans were analysed the next step was

to remove the gelatine from the organs and

photograph the damage at both entry and exit points.

Below is the photographs that were taken for the liver

tissue.

Figure 5: Shows entry points (Left), and the exit points 

(Right) of the pointed and rounded pellets

Figure 5 shows that the entry points of both pellets are

smaller and smoother than their corresponding exit

points. The exit points are larger as when a bullet or

pellet is fired through a body, the bullet slows down

with force within the tissue and muscle. This means

that as the bullet/pellet is slowed down and is reaching

the end of its trajectory it has to force harder causing a

pushing effect which forces the tissue outwards

causing a substantial amount more damage on exit.

The pellet holes at the top of figure 5 were made by

the pointed pellet hence the smaller entry and exit

points. This once again showed that the rounded

pellet caused more damage than the pointed pellet.

The last stage in the analysis was the pellet

deformation. The photographs taken for this section

showed no or little damage to the pellets, this was

because the pellets are a much harder material than

the ballistic gelatine, skin and organ tissue. If the pellet

was to come into contact with a material which was

much harder than the material of the pellet, the pellet

would deform.

Conclusions

The depths of penetration showed that a pellet can

penetrate deep into human internal tissue. The cow

skin was the closest simulation to human skin as it did

affect the depth of penetration but it did not

completely stop the pellet. The pellet still penetrated

deep enough to cause a lot of damage. The only way

to identify how close a simulation the cow skin was,

would be to compare it to real human skin. From the

results from both photography and CT scanning, it

was seen that the rounded pellet causes more

damage than the pointed pellet, this was due to the

rounded pellet having a flatter, larger face. From the

results it can be seen that air rifles possess the power

to kill or severely injure. Every year the NHS has to

treat people who have been injured as a result of the

misuse of air rifles. This information shows that the

current laws for the use of air rifles not only in

Scotland but in the UK are out dated and need to be

amended quickly to prevent or minimise the amount

of accidents that can happen by the misuse of air

rifles.

.

References
Julissa, J. 2005. Ballistic Variables and Tissue Devastation in 

Penetrating Injury-Establishing Relationship through Meta-

Analysis of a number of Pig Tests. International Journal of the 

Car of the Injured. 36: pp. 282-292.

Acknowledgements
I would like to thank I would like to thank my supervisor, Dr G.

Wightman and all the technicians from the school of

contemporary science for all the support and help throughout

the course of this project.

Introduction

The Damage Caused by 

Air Rifle Pellets When Fired at 

Porcine Organ Tissue

Michael Linton, School of Contemporary Sciences, University of Abertay, 

Bell Street, Dundee DD1 1HG 

Blank gelatine

Type of pellet Depth of penetration in cm

Rounded 13.7cm

Pointed 11.0cm

Pointed 2 (variable) 8.0cm

Skin applied externally to gelatine

Skin type: Cow Skin

Type of pellet Depth of penetration in cm

Rounded 12.1cm

Pointed 9.0cm

Pointed 2 (variable) 6.5cm

Pellet 

type

Width of 

entry 

point

Width of 

exit point
Total volume of 

damage section

1 3.8mm 4.9mm 118.2mm2

2 5.5mm 6.0mm 245mm2
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Effects of Air Rifle Pellets 

on Porcine Organ Tissue 
Rebecca Cochrane, School of Contemporary Sciences, University 

of Abertay Dundee, Bell Street, Dundee DD1 1HG  

 

Air rifles were intended to be used for 

sporting and hunting purposes; however 

they have also been used as weapons to 

inflict damage and injury or even death. 

 

This research project aims to investigate 

the level of tissue damage on a series of 

porcine organ types which have been 

moulded into ballistic gelatine and fired 

with .22 calibre rounded and pointed air 

rifle pellets[1]. The project will also study 

whether or not ballistic gelatine is a 

suitable simulant of organ tissue. The 

penetration depth, pellet track and wounds 

of each sample will be observed in great 

detail using CAT scanning and three-

dimensional imaging software as analysis 

tools. The use of chemical compounds to 

alter the density allows radiographic 

imaging of the organ tissue and gelatine 

blocks to be performed. The penetration 

depths of various pellet types and any 

pellet deformation will also be investigated. 

 

  Results & Discussion: Imaging 

Figure 4: Lung Tissue and Gelatine 

Although the 3D images illustrate the organ 

tissue and gelatine blocks very well, the 

pellet tracks  cannot be easily observed. 

For this reason the gelatine was removed 

from each of the organ tissues and the 

entry and exit wounds were examined. 

        Results & Discussion: Analysis     

The organ tissue and gelatine blocks 

demonstrated that the pointed pellet 

yielded a larger depth of penetration 

compared to the round nose pellet. When 

the gelatine was removed from the organ 

tissue the softer lung tissue exhibited 

larger entry and exit wounds compared to 

the leg and heart tissue which is composed 

mainly of muscular tissue. The calibration 

gelatine blocks and organ tissue gelatine 

blocks yielded varying penetration depths, 

indicating the gelatine is not a suitable 

simulant of organ tissue. 

  Acknowledgements   

Introduction 

When scanning the organ tissue and 

gelatine blocks no differentiation between 

the two substrates was possible. For this 

reason barium compounds were utilised. 

After applying the barium compounds, the 

lung and  leg tissue were identified in the 

gelatine.  

Figure 2: 2D Radiographic Images with 

Barium Compounds  

(a) Leg Tissue (b) Lung Tissue 

Using the 2D radiographic images 3D 

images were created.     

Figure 3: Leg Tissue and Gelatine 

Figure 5: Organ Tissue Wounds 

Figure 5 illustrates the entry wounds in the 

leg, lung and heart organ tissue. The 

images show that the rounded air rifle 

pellet  exhibits a much larger entry wound 

compared with the pointed air rifle pellet.  

 

Figure 2 radiographic images also illustrate 

that the pointed pellet has a larger depth of 

penetration than the rounded pellet. The 

round nose pellets exhibit some resistance 

upon flight due to the flat nose, therefore it 

is greatly affected by drag, hence the lower 

distance of penetration. The pointed air 

rifle pellet penetrates further due to its 

greater stability in the air.  

 

The kinetic energy values of the pellets 

leaving the muzzle of the weapon were 

calculated. The resulting figures indicated 

that the round nose pellet had a higher 

energy value than the pointed pellet. This 

can be attributed to the heavier weight of 

the round nose pellet.  
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Figure 1: Porcine Organ Tissue 

    Conclusion 
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* 

* 

* 

Photographs taken by 

Rebecca Cochrane. 

Radiographs taken by 

Patsy Dello Sterpaio 
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     Materials and Methods 

Leg, lung and heart porcine organ tissue 

was moulded into a 10% solution of pig 

skin gelatine. The blocks were then fired 

with .22 calibre pointed and rounded air 

rifle pellets. CT scanning was then 

performed on the gelatine blocks which 

allowed isolation of the air rifle pellets and 

pellet tracks. The level of tissue 

devastation was then recorded by 

examining the entry and exit wounds.  

(a)     

(b) 

Examination of the pellets showed no 

damage after impact. 

* 

* 

* 

  *   
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Air Weapons: Impact Depth For 

Various Construction Materials. 
Rebekka Gray, School of Contemporary Sciences, University of 

Abertay Dundee, Bell Street, Dundee      DD1 1HG  

Introduction  
 

Air Weapons?  The one firearm the 

government fails to see for the danger it 

is.  The effects of firearms are continually 

reported in scientific journals, results 

achieved through continuous research, 

the news and from the voice of the family 

who loses a loved one! However, air 

weapons of below a certain power, 

although as dangerous as any firearm up 

close, has yet to be licensed.  Every year, 

countless people are exposed to some 

form of firearm offense and a lot of these 

offenses include air weapons.  This 

project looks at whether or not it is 

possible for a pellet to fully penetrate a 

person with enough kinetic energy 

remaining, once having exited the body, 

to then terminate and embed upon impact 

the surface of a construction material. 

Several experimental variables were 

investigated including, constructional 

material, distance from the air rifle and 

distance between gelatine and the 

construction material.  

Methodology 
  

At the University of Abertay Dundee 

laboratory the construction materials were 

measured and cut into the appropriate 

size.  Ordnance gelatine supplied by the 

company Gelita for this project was mixed 

and placed into moulds for solidifying.  

After 48 hours the gels where cut to size 

ready for firing.  When attending the firing 

range at Tayside Police HQ, 

chronographic values where obtained 

from the air rifles and the ft/lbs and kinetic 

energy where calculated for each air rifle 

as seen in Table 1.  When shooting at the 

construction materials, firstly no gelatine 

was placed before to see what happened 

to the material with direct impact contact.  

The gelatine was then placed in front of 

the materials at distances of 0,1 and 

1.5cm to see the difference in impact 

damage.  All samples where sent for CT. 

Results 
 

All the sections of construction material 

were measured manually for width, length 

and depth/height, with photographs and 

notes of any observed damage to the 

materials taken.  The plasterboard which 

was the weakest of the materials tested 

showed a large volume of material 

displacement after shooting for both 5 and 

20 metres.  The plywood, although not as 

weak to compression forces as the 

plasterboard also experienced a movement 

of material mainly shown as splintering. 

Results (continued) 
 

sample and a brick sample with no gelatine 

at 20 metres.  In both 3D images the 

damage to the construction material is 

highlighted as a different colour.  With the 3D 

image it can be seen clearly the damage in 

to the brick sample.  However, the damage 

that was caused to the brick was not were 

would have been expected as it is to the side 

of the pellet, which can be seen as a dark 

shadow on the scan rather than 

perpendicular.   

Conclusions 
  

From the visual analysis and manual 

measurements taken from the construction 

materials it is possible to conclude that an air 

rifle with the power of above 8.87KJ can 

cause damage to construction materials as 

dense as brick even at a distance of 20 

metres.  With the CAT scans it was possible 

to visualise and accurately calculate the total 

amount of damage with volume rendering for 

the construction materials.  Although time 

constraints meant not all the materials could 

be scanned it was possible to do enough to 

show that the plasterboard succumbed to the 

compression forces the most and that the 

brick was damaged to an extent.   
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Figure 1 – a 

photograph showing 

a pellet embedding 

in a brick surface. 

Figure 2 – a 

photograph showing 

a lead smear on a 

brick surface. 

Air 

Rifle 

Pellet 

Type ft/lbs 

Kinetic 

Energy 

Weihra

uch 

HW 35 

Huntsmen 7.93 10.81 KJ 

Bulldog 11.75 15.95 KJ 

Air 

Arms 

5510 

Huntsmen 6.5 8.87 KJ 

Bulldog 9.37 12.73 KJ 

Table 1 – showing the calculated values for 

both air rifles used. 

Figure 4 – 3D scan and volume rendering for 

the sample, Brick, no gelatine @ 20m. 

Figure 3 – 3D scan and volume rendering for 

the sample, Plasterboard, no gelatine @ 20m. 

The brick samples as shown above in 

Figures 1 and 2 also under went a 

unexpected amount of damage to the 

surface.  The brick samples in which no 

gel was situated in front seemed to have 

the pellets embed themselves to the 

surface, were as those brick samples 

which had gelatine, seemed to have a lead 

smear were the pellet came into contact 

with the material surface. 

The sections of construction material 

tested were scanned using a Computed 

Tomography (CT) scanner after being shot 

to observe any structural changes and 

achieve a more accurate volume of 

missing material via volume rendering.  

Figures 3 and 4 show 3-Dimensional 

images produced for a plasterboard  
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The Behaviour of Air Rifle Pellets 

 in Ballistic Gel  
Dr Graham Wightman, University of Abertay 

Introduction 

Although air weapons are considerably 

lower in power than other firearms, there is 

increasing concern that serious injuries 

can result from their misuse. The present 

study was therefore carried out to improve 

understanding of the terminal ballistic 

behaviour of air rifle pellets. Pellets were 

fired into ballistic gel under a variety of 

conditions, and the pellets penetrated 

further than anticipated from their low 

cross sectional density. Test  firings were 

also carried out firing pellets into ballistic 

gel that contained sections of animal 

bone. Computed tomography (CT) and 

visual observation were employed to 

record the interactions. 

Background 

Extensive research has been conducted 

on various aspects of firearms, but much 

less work has been carried out into air 

weapons. The public perception is that 

airguns are less hazardous because the 

projectile has much lower energy: 

However, most firearms offences within 

the UK are by air weapons. The majority of 

these are lesser offences such as 

vandalism, and minor assault but a 

number of incidents occur with serious or 

fatal outcomes. This study was therefore 

carried out to develop understanding of 

the behaviour of air pellets. 

 

 

 

 

Fig 1. Pellet tracks in gel contained in a 

knife holder 

Experimental Method 

Details of the study are given in reference 

[1]. Four air rifles were used to deliver 

different power and various variables were 

examined. In another phase of the study a 

section from a cow femur was placed in 

the gel with one face at a predetermined 

depth and angle to the line of firing. After 

firing the gel was photographed before the 

pellets were removed. For 15 of the bone 

samples, the specimen was taken for 

examination by computed tomography 

(CT) scanning before removing the pellets 

from the gel. CT scanning uses x-rays to 

take a series of 2-D image 'slices' through 

the object and these are combined by 

computer to produce a 3-D image. 

 

Behaviour of Pellets in Ballistic Gel 

Most authors use a 10% gel but in the 

present study this did not give the 

expected stopping distances. Based on 

Jussila’s work [2] it had been anticipated 

that pellets would come to rest within 80 

mm, but pellets penetrated further and 

rebounded off the plastic base of the knife 

holder (figure 1). A detailed study was 

therefore carried out of gel properties and 

their effect on air pellet behaviour. The 

effect of variables such as Bloom strength,  

gel concentration,  firing distance, air rifle 

power, and pellet shape were all 

examined and the effect of these variables 

were as expected. Figures 2 and 3 

indicate the effect of gel concentration, 

power and range on penetration. 

 

 

 

 

 Fig 2. Penetration  Fig 3. Effect of concentration 

CT Scanning of Bone in Gel 

CT scanning showed potential as a tool for 

examining pellet damage. The bone 

appeared to be undamaged, and  showed 

no evidence of density change due to 

compaction, although some scans may 

show evidence of ‘wipe’ of lead from the 

pellet. The pellets were severely deformed 

on impact. If the pellet strikes the bone at 

an angle, less energy is absorbed by the 

impact and the pellet fragments can 

ricochet and cause further damage.  

 One advantage of CT scanning is the 

ability to differentiate different materials 

and to filter out the bone, thus allowing 

examination of the pellets in situ by 

rotating the image in 3 dimensions. 

Figures 4 and 5 present 2-D images to 

demonstrate this. 

 

 

 

 

Fig 4 Bone & pellet Fig 5 Bone filtered from scan 

Interaction of Pellet with Bone 

The length of the pellet tracks in the gel 

were measured, and the dimensions of the 

pellet fragments were recorded. As 

expected, the deeper the bone is mounted 

in the gelatin, the less damage is caused 

to the pellet. It would be expected that a 

deeper depth of gelatin would slow down 

 

 
 

the pellet and absorb the energy from the 

pellets, resulting in lower impact energy. 

Most damage to the pellet occurs with the 

smaller angles (direct impact) rather than 

the larger angles (oblique impact) where 

the pellet is deflected. Consequently, the 

distance travelled after impact depends on 

the angle of incidence. 

 

 

 

 

Fig 6 Impact of pellet. Fig 7 Pellet damage 

When a pellet approaches the corner or 

edge of the bone in a straight line, it 

sometimes seems to curve in towards the 

bone at a distance of about 5mm from the 

bone, as seen in figure 6. The cause is 

unknown, but may be due to the gel being 

less elastic due to the nearby presence of 

the bone. 

Energy on Impact 

Estimates of the energy losses for each 

part of the pellet flight were made in order 

to determine the energy loss on impact 

with the bone. It was assumed that the 

pellet experienced a constant retarding 

force from the gel as the gel yielded, but 

further studies are required to confirm this 

and to examine the effect of the impulse at 

phase boundaries. 

Conclusions. 

Air rifle pellet penetration in ballistic gel 

under various conditions has been 

examined, and CT scanning has been 

used to examine the impact on bone. The 

disipation of energy during impact has 

been discussed.  
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Figure 2. Effect of gel concentration on penetration under various conditions
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Figure 3. Pellet penetration against gel concentration 

(120 Bloom, 5 m range, 13.7 J)
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