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Abstract 

Background Ballistics deals with the study of projectile propulsion, flight, and impact in any medium. Differ-
ent garment materials can have varying effects when it comes to the penetration of pellets into the body. Body 
armor has been around for a long time. Dhal, a curving strip of rhino hide, was possibly the first armor in India, used 
for sword fighting or defense against arrows and spears. It gave way to steel armor, which protected the body’s essen-
tial organs from spear and arrow strikes.

The current study is primarily concerned with how jeans material, when employed as body armor, contributes 
to the inquiry. The present study also examines how airgun pellets fired at various ranges affect jeans clothing 
wrapped around gel blocks.

Results The study concluded that when fired at varied ranges, there was no significant variation in the diam-
eters of the entry holes on clothing material. The gel block covered with jeans clothing was not found to be more 
damaged.

Conclusions The findings also indicate that pellets had larger track lengths regardless of the range from which they 
were fired.

Keywords Ballistics, Entry hole, Pellets, Jeans, Track length

Background
Ballistics is the study of the behavior of the projectile and 
the factors affecting it. The term “ballistics” derives from 
the Greek “ballein,” which means “to throw,” and the Latin 
“ballista,” which refers to a device for hurling stones. The 
contemporary term forensic ballistics was formed from 
those phrases to denote the science of moving projectiles 
(Nabar 1988).

In forensic science, ballistics is used to analyze bul-
lets and projectiles recovered from the scene of the 
crime, compare them to ammunition, and determine the 

direction and trajectory of the projectiles. Ballistics can 
be classified further into three branches that are internal, 
external, and terminal/wound ballistics. In cases where 
the target is living tissue, it is termed wound ballistics (B. 
R. Sharma 2002). Internal ballistics can be characterized 
as the study of the internal working of the barrel of the 
weapon. It primarily deals with mechanisms from when 
the firing pin hits the percussion cap containing primer 
until the bullet exits the barrel of the weapon. External/
intermediate ballistics chiefly studies the flight of the bul-
let. It studies the trajectory and behavior of the projectile 
from the moment it leaves the muzzle tip of the barrel 
until it reaches the target. Terminal ballistics is a branch 
of ballistics that studies the performance of the projectile 
once it reaches the target (Chinmayi 2021).

Firearms are devices that hurl out the projectile with 
great force. Air guns are applicable for target rehears-
ing and killing small brutes and rodents. These arms are 
often available in 0.177 and 0.22 calibers and have rifling 
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in the barrel. The air pistol runs on compressed air. When 
the trigger is depressed, the compressed air is released 
with enormous power into the barrel. This force gener-
ated inside the barrel propels the projectile or gunshot 
forward with considerable thrust (Carlucci & Jacobson 
2008). Wound ballistics is a subdivision of ballistics that 
deals with the wound phenomena caused by the pellet 
or projectile on the living tissues. Upon impact on the 
human body, a bullet causes depression and compression 
in the layers of the skin, flesh, and bone beneath it. Con-
tinuing the pressure stretches them beyond their elastic 
limits, and the gunshot creates a hole. The stretched skin 
regains its normal state after the bullet passes in (Ogunc 
et  al. 2014); (Rozen et  al. 2011). Gel block in forensics 
serves as a very useful aid in analyzing and evaluating ter-
minal ballistics parameters. It is used to study the param-
eters including penetration depth. Expansion, stretch, 
and temporary and permanent cavities formed by the 
projectile. This gel block stimulates the effect of the 
impact of the gunshot on the flesh/ soft tissues (Cronin 
2011); (Schyma & Madea 2012).

Various clothing materials can have different impacts 
on the penetration of pellets into the body. Bullets that 
interact with rigid surfaces similar to body armor might 
deform or fragment. Several clothing that were made of 
old-style fibers like linen, cotton, silk, and nylon have 
been similarly used not only for fashion but also as pro-
tective materials against diverse threats including ballis-
tic applications. Body armor has been in existence for a 
long time. Dhal, a curved piece of rhino’s hide, was per-
haps the first armor in India, in sword fighting or defense 
against arrows and spears.

Gel blocks (without any clothing, with tight-fitting 
clothing around it, and loose-fitting clothing around 
it) were used, and a 24-lb weight draw recurve bow and 
arrow made of aluminum accompanied by different 
arrowheads such as a bullet, judo, and broad head was 
used to shoot on the 15 gel blocks. The penetration abil-
ity of the arrowheads was analyzed, and the depth of pen-
etration of the arrowheads was observed to be dependent 
on the type of arrowhead used and also on the loose or 
tight or lack of cloth covering the block. It was observed 
that loose-fitting clothes reduced penetration capacity 
between 0 and 98.33%. The penetration capacity in tight-
fitting cloth around the block was reduced between 14.06 
and 94.12% (MacPhee et al. 2018). The orientation of the 
fibers at the edges of the bullet wound aids in determin-
ing the direction in which the bullet passes through the 
fabric (D. J. Carr & Mabbott 2017).

Various researchers studied the different types of 
impact caused by air gun pellets on clothing materials. 
These studied the damage caused to the clothing materi-
als and also the damage caused by the clothing material 

to the underlying gel (Devika et al. 2021); (ram, S., 1997); 
(D. Carr & Lewis 2014). As discovered in the study by 
Wightman et  al. (2014), the damage inflicted depended 
on the particle’s shape and the clothing material’s weave. 
In the light of above facts, this study was performed to 
analyze the impact on jeans clothing made by air rifle pel-
lets (Wightman et al. 2014).

Methods
This study also deals with the impact of air gun pellets 
on the clothing materials wrapped around gel blocks and 
when shot at different ranges. For this study, jeans cloth 
was chosen, respectively. The present study was experi-
mental. The research was an original study approved by 
the institutional ethics committee.

Two types of pellets were selected for the study: Metal-
mag pointed pellets and hollow point copper pellets. 
These pellets were fired using Precihole NX 200 air rifle 
of 20 J from a distance of 0 m and 5 m. Six rounds of pel-
lets were fired on each gelatin block covered with jeans 
clothing. The firing was done in the controlled room by 
an experienced shooter following the safety protocols. 
The extent of damage and impact on the clothing were 
documented and analyzed. The research was carried 
out to discover and analyze the relationship between the 
clothing material and the entry hole present on the target 
material due to the impact.

Preparation of the gel block
Gel blocks were prepared utilizing 120-bloom A food-
grade gelatin powder. A 20% gelatin block was prepared 
using 180 g of gelatin for box each of size 6″ × 4″ × 3″. 
An aqueous solution was prepared by dissolving 20 g of 
gelatin powder in 180 cc of distilled water. The gelatin 
was dissolved in water at 60 °C by constantly heating it 
in a water bath. The aqueous solution of the gelatin was 
poured into the boxes and was kept in the refrigerator for 
over 2 days. Four such blocks of gelatin were prepared 
as a requirement for the study. Figure 1 displays the gel 
block on which the cloth was clamped and pellets were 
fired. It is required to maintain the gel block at a temper-
ature of 10 °C at the time of firing to prevent the melt-
ing of the gel block. The track traveled by the pellets can 
be measured using the ABFO scale. The diameter of the 
entry hole on the gel block can also be measured using 
the scale (Forensic sciences, D., 1980).

Setting up of simulated target for test firing
Firing on the simulated targets was carried out while 
following all the safety protocols and procedures under 
the guidance of a firing expert. The firing was done 
on the gel blocks covered with a layer of clothing. The 
fabric chosen for the study, jeans cloth, was covered 
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on the gelatin blocks. Four gelatin blocks were covered 
with jeans cloth (Sahu et al. 2018).

The gel blocks were mounted on a rigid platform. 
The different pellets with differences in shape but of 
the same caliber of 0.177 caliber were used for firing. 
The pellets used for firing were predator Metalmag 
pointed pellets and hollow point copper pellets which 
were selected in accordance to their performance and 
were fired using a Precihole NX 200 air gun of 20 J 
(Cronin 2011); (Cronin & Falzon 2011).

The firing was done at two different ranges. Pellets 
were fired from 0 m (close contact) and 5 m to study 
the impact caused by the pellets on the clothing mate-
rial. The range was selected based on the range avail-
ability in the shooting academy. Six pellets were fired 
from each range and on each gel block covered with 
the clothing material. The simulated targets were 
photographed using the ABFO scale, and the wound 
parameters were documented for further analysis (B. 
K. Sharma et al. 2019).

Measuring the wound ballistics parameters
Gel blocks and clothing materials were photographed. 
The characteristics of the entry hole, penetration length, 
and exit hole if any were examined and analyzed. The 
damage caused to the clothing material was also studied, 
and the dimensions and nature of the entry hole were 
also photographed using an ABFO scale, and photo-
graphs were documented (Cail & Klatt 2013).

The impact of different pellets and the intermediate 
clothing on the gel blocks were analyzed for the presence 
of blackening and tattooing at the entry hole. The pres-
ence of cloth fibers around the entry hole and also the 
presence of fibers along the track length were observed. 
The depth of the penetration of the pellets was measured 
using a ruler until the tip of the pellet penetrated the gel 
block.

The jeans cloth used in the study was analyzed to study 
the harm caused to the clothing material by various types 
of pellets and the effect of ranges on the damage caused 
to the clothing material. Dimensions, shape, and the 

Fig. 1 Gelatin block made up of 120 bloom A gelatin
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nature of the entry hole of the cloth were measured using 
an ABFO scale and photographed for documentation. 
Table  1 summarizes the data collected for the diameter 
of the entry hole on cloth, the diameter on the gel block, 
the pellet track length, and the nature of the entry hole 
(Table 1).

Statistical analysis
The data obtained was subjected to statistical analysis. 
Data was vindicated before the computerized entry was 
done. A descriptive analysis was done to estimate the 
impact caused by the pellets on the clothing material.

The hypothesis formed for the study was as follows:

• Null hypothesis  (H0): There is no significant differ-
ence in the mean diameter of the entry hole on the 
gel for the jeans clothing.

• Alternate hypothesis  (H1): There is a significant dif-
ference in the mean diameter of the entry hole on the 
gel for the jeans clothing.

Results
Table 2 deals with descriptive statistics of the parameter 
and a comparison of the parameters between the range. It 
deals with the width of the entry hole made by the pellet 
on the jeans clothing materials chosen when fired at the 
ranges of 0 m and 5 m. The table here displays the num-
ber of each trial per range standard deviation value and 
the mean value. The p-value obtained for the diameter 
caused by different pellets on the cloth when fired from 
the selected ranges is 0.8862, which suggests that the 
diameter of the entry hole caused on the clothing is not 
statistically significant with the change in range of firing. 
Figure 2 shows the scatter plot depicting the interaction 
effect on cloth and range based on diameter (cloth).

The table further deals with the track length traveled by 
the pellets when fired at two different rangers which are 0 
and 5 m, respectively. The table here displays the number 
of each trial per range standard deviation value and the 
mean value. It is observed in the table that irrespective of 
the range, the pellets have penetrated longer into the gel 
block. The p-value obtained for the track length traveled 
by the pellets into the gel block covered with jean cloth 
when fired from the selected ranges is 0.2572 which is 
greater than 0.05 and statistically insignificant. Figure  3 
displays the scatter plot showing the interaction of effect 
on the cloth and range based on the track length.

It also shows the interaction effect of cloth and range 
on the diameter of the entry hole on the gel block. The 
table below displays the number of each trial per range 
standard deviation value and the mean value. The figure 
shows the scatter plot on the effect of the interaction of 

clothing and range on the entry hole of the gel block. The 
p-value for the diameter of the entry hole caused on the 
gel block with jeans as intermediary clothing and when 
from selected ranges using two pellets are found to be 
0.0039. It suggests that the entry hole diameter caused on 
the gel block is statistically significant. Figure 4 shows the 
interaction effect of cloth and range on the diameter of 
the entry hole on the gel.

Discussions
Forensic ballistics plays an important role in solving fire-
arm crimes. Forensic terminal ballistics helps us under-
stand injury phenomena in shooting incidents. Damage 
caused by a projectile usually consists of three main 
parts: the entry wound, the exit wound, and the trajec-
tory the projectile makes on the target. The absence of 
an exit wound indicates that the projectile or debris is 
lodged in the body. Few comparative studies were done 
on the injuries caused by the air gun pellets on the gel 
block.

According to the findings of a study (Chinmayi et  al. 
2022) on the impact of air cannon pellets fired on gel 
blocks, the terminal performance of the pellets can be 
evaluated using gel blocks that resemble human tissues. 
Diabolo flat head pellets, Metalmag pointed pellets, cop-
per doomed heads with plastic bodies, and blow darts 
were utilized. Pellets were fired from Hammerli AR20 
and Precihole NX 200 at ranges of 0, 5, and 10 m. Vari-
ous wound ballistic parameters, such as entrance and 
exit wound diameters and pellet path length, were meas-
ured, and pellet conditions after entering the gel were 
also evaluated. The study concluded that there were sig-
nificant differences in entry hole dimensions and bullet 
hole lengths when firing from two different airguns. The 
results of the study by B. K. Sharma et al. (2019) on the 
impact of projectile entry on ballistic gelatin block using 
different firearms of the same caliber demonstrate the 
noticeable differences in the impact of the entry wound 
among various firearms and projectile caliber used over 
many ranges by the use of same caliber ammunition from 
the similar sources.

The use of synthetic gelatin for stimulating human tis-
sues has been validated in studies by D. J. Carr et al. (2018) 
and Haag and A. J. (2020). The impact caused by differ-
ent pellets, specifically lead and copper, when shot from 
the airgun Hammerli AR 20 of 7.5  J is the subject of a 
study on the impact of air gun pellets on distinct targets 
by Devika et al. (2021). The pellets were fired at a range of 
targets, including wood MDF and plywood, fabric, silk, 
cotton cloth, soda lime glass, textured, and privacy win-
dows. The pellets were shot from a distance of 10 m. The 
fabric was fastened onto a gel block and placed on the plat-
form for the base. The fabric was connected to a gel block 
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and placed on the foundation platform. According to the 
research, the pellets pierced the silk and cotton fabrics to 
reach the gel block. The fibers of the material protruded 
outward along the margins of the entry hole. The entry and 
exit holes in the targets differed significantly. The findings 
of Graham Wightman’s, K. Wark’s, and J. Thomson’s inves-
tigation on the interaction of clothes with air gun pellets 
concentrate on the influence of clothing on the penetra-
tion of air gun pellets into the ballistics gelatin block. The 
damage to the garment was mostly determined by the pel-
let’s shape and the fabric material’s weave. The study made 
use of cotton coats, jeans, polyester fleece, and t-shirts. 
Clothing, according to the study, limits penetration, with 
loosely held fibers having no influence and loose stitching 
having less impact than woven material. The pellet’s shape 
includes a circular snout and hollow, flattened points.

One of the current study’s findings contradicts the find-
ings of Wightman et al. (2014), as there was no significant 
difference in the diameter of the entry wound on the cloth-
ing material when the range of firing was changed, whereas 
Graham Wightman’s study suggests a significant difference 
in the entry wound when the range of firing was changed. 
The current research looks into the use of jeans clothing 
as bulletproof apparel. The types of penetration wounds 

Table 2 Descriptive statistics of the parameter and comparison of the parameters between the range

Parameter Range N Mean SD Min–max p-value

Diameter cloth (jeans) 0 12 0.222 0.101 0.08–0.3 0.8862

5 12 0.216 0.102 0.03–0.4

Length (jeans) 0 12 3.69 0.235 3–3.9 0.2572

5 12 3.30 1.111 0–4.3

Diameter gel (jeans) 0 12 0.192 0.0289 0.1–0.2 0.0039

5 12 0.125 0.0622 0–0.2

Fig. 2 Plot depicting interaction effect on cloth and range based 
on diameter (cloth)

Fig. 3 Plot showing interaction effect on the cloth and range based 
on the track length

Fig. 4 Plot showing the interaction effect of cloth and range 
on the diameter of entry hole on gel
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and clothing material damage were evaluated in this study. 
Similar aspects of wounding events are investigated in 
this study to better understand the effect of different air 
gun pellets on the gelatine block. Gelatin blocks are made 
using type 120 bloom A gelatin, and the results are com-
parable to those obtained in research by Chinmayi et  al. 
(2022), (B. K. Sharma et al. (2019), Lucien C. Haag (2020), 
and D. J. Carr et al. (2018). The injuries induced by weap-
ons, including entry holes, track lengths, and entry wound 
characteristics, can be examined and measured. The pel-
lets used in the present study were Metalmag pointed pel-
lets and hollow point copper pellets which were fired using 
Precihole NX 200 from the distance of 0 m and 5 m. The 
hollow point copper pellets used in the present study were 
selected as a basis for a preliminary study of determin-
ing the impact caused by the said pellet on the gel block. 
The entry hole along with the presence of its characteris-
tics such as tattooing was found of the same nature as in 
the study done by Chinmayi et al. (2022); it also concluded 
that there was a significant difference in pellet path length 
with changes in firing range, which contradicts the cur-
rent study, which found that pellet traveled longer dis-
tance regardless of firing range. Figures 5 and 6 depict the 

damage caused to the jeans clothing and the fibers around 
the margins of the entry hole on the gel block.

Conclusions
The current study is primarily concerned with how jeans 
material when employed as body armor contributes to the 
inquiry. This research aims at the effect of air gun pellets 
on clothing materials wrapped around gel blocks and when 
shot at various ranges. The objectives of the study were to 
determine and measure the wound ballistics parameters 
such as the entry hole on the gel block, the track length of 
the pellets, and the damage caused to the clothing material. 
The outcome of the study was that the jeans cloth wrapped 
around the gel block could limit the harm caused to the gel 
block behind the cloth, suggesting that jeans cloth can pre-
vent the damage caused to the human body when pellets 
are fired from air guns. The clothing material was also less 
damaged. The study concluded that when fired at varied 
ranges, there was no significant variation in the diameters 
of the entry holes on jeans clothing. which accepts the null 
hypothesis  (H0). As a result of testing using the Precihole 
NX 200 air gun, it appears that the Jeans material can limit 
the harm caused by the pellets.
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