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Abstract

Background: In the current scenario, glass plays a vital contribution in our standard everyday life. Fractured and
fragmented glasses are most commonly encountered at the crime scene. During the commission of the crime,
glass breaks and shatters into fragments or into minute particles that serve as trace evidence and may provide a
significant lead for the probe. The fracture of glass could be the consequence of an intentional act or unintentional
act. For the forensic purpose, study of glass fractures, i.e., fractography has paramount importance as it can provide
noteworthy data and encourages an assortment of assessments to investigate the case especially in the shooting
cases where a firearm is used. Multiple fractures on a glass pane also have enough potential to establish an
investigative link. Presently, air guns are being used in many of the cases due to their simple accessibility. There are
a number of cases that have been reported that involved the use of air guns.

Result: This study was conducted to evaluate the pattern of multiple fractures on the glass by the air rifle. For this
purpose, glass panes of various thicknesses were test fired perpendicularly at a fixed range with an air rifle having
round nose pellet. Measurements and analysis were made on some fixed parameter. Data was analyzed graphically
and statistically to check the consistency in the trends.

Conclusion: Consistency in the trends was observed, which is analyzed by the test for the goodness of fit. The
findings of this work have provided some significant different perspectives that may effectively contribute to the
criminal investigation.

Keywords: Trace evidence, Glass fracture, Forensics, Fractography, Multiple fractures, Air rifle, Fracture pattern
Background
Glass is a supercooled mixture of the metallic silicates.
Generally, glass is referred to as transparent, semitrans-
parent, non-crystalline, and amorphous solid having
number of physical properties, such as durability, rigid-
ity, refractive index, and density (Copley 2001). These
physical properties, especially refractive index, provide
means of investigation for the forensic purpose (Jauhari
et al. 1974; Stoney and Thornton 1985; Gogotsi and
Mudrik 2010). Glass or glass fragments serve as physical
evidence of a great value for the investigation of many
offenses such as the burglary, arson, hit and run cases,
shooting, and assault. A large variety of physical evi-
dences is included under the term “Trace Evidence”.
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Locard’s Principle of Exchange is the fundamental con-
cept in the production of physical and trace evidence
(Caddy 2001; Robertson and Roux 2010; Mistek et al.
2018).
The analysis of glass fracture has been a subject matter

of interest to the forensic community for a long time as
it enables the investigator to establish lots of consider-
ations such as cause of fracture, direction of impact, and
angle of impact. The term “Fractography” represents the
study of surface fracture to identify the mechanism of
such fracture (Caddy 2001; Harshey et al. 2017).
Many eminent researchers gave their efforts to explain

the mechanism of the fracture. Griffith echoed that frac-
ture starts from the previous flaws known as Griffith
flaw’s (Griffith 1920). Law of Griffith was further ex-
tended as dynamic fracture mechanism by Mott (1964).
Theoretically, the strength of any material is defined in
terms of inter-atomic bond. Tensile stress depends upon
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various factors such as condition and size of surface,
duration of load, and environmental conditions (Over-
end et al. 2007). As the projectile hits the glass pane,
cracks are created due to the transfer of projectile’s en-
ergy. Cracks propagates through the path of least resist-
ance. The energy shock waves cause specific damage to
the glass, originated from the point of impact (Grady
2010). In the context of forensic glass fracture analysis,
the aspect of energy loss was experimentally demon-
strated by Waghmare et al. (2003).
When any projectile, e.g., bullet or stone, hits the glass

surface, stretching and compression occur. As the limit
of tensile stress is crossed, it results in the breaking of
the glass. The impact of the bullet or stone causes two
special types of fractures, namely termed as radial and
concentric (also known as spiral) fractures as demon-
strated in Fig. 1. As the high velocity projectile pene-
trates the glass pane, there is a formation of a
crater-shaped hole that is termed as cone fracture. The
appearance of the cone may be observed at wide exit
side of the hole (Mcjijnkins and Thornton 1973). In this
context, the shape of the chip pattern (also called mist
zone) around the hole is indicative of the direction of
impact (Harshey et al. 2017). Hackle marks, stress
marks, mirror zone, etc., are some other phenomena
that may be observed in the fractured glass pane (Caddy
2001). These characters often provide a significant help
to the investigator in the investigation of variety of
offenses.
In this study, the soda-lime glass was taken. Soda-lime

glass majorly contributes in the manufacture of window-
panes (flat glass), containers, etc. Sand (SiO2, 63–74%),
soda ash (Na2CO3, 12–16%), and limestone (CaO, 7–
14%) contributes as raw material in the manufacturing
of soda lime glass (Curran et al. 2000).
No chemical reaction is used in the air gun and the

mechanism of air guns involves the mechanically pres-
surized air or other means. When the trigger is released,
compressed air is let off into the barrel, pushing along a
Fig. 1 Radial and concentric fractures
specially made slug or pellet in front of it. On the basis
of mechanism, there are three types of air gun, namely
spring piston air gun, pneumatic air gun, and com-
pressed gas (CO2) air gun (Vanzi 2005; Abhyankar et al.
2018). They have been utilized as a part of chasing,
sporting, and fighting. These are easily available in an
open market with fewer rules and regulations and also
considered relatively safe. Although these have been
found to have the potential to cause fatal and grievous
injuries such as bone micro-fracture (Kieser et al. 2013),
and ocular injuries (Schein et al. 1994) and even may
cause death (Lal and Subrahmanyam 1972). It is evident
from the literature that air guns (both rifle and pistol)
are being used in illicit activities for a long period and in
current time also (Burnt and Packey 1979; Harshey et al.
2017; Morgan et al. 2019). Various researchers studied
the different aspects of glass and air gun that may be of
forensic interest such as wounding potential and behav-
ior of air gun pellet in ballistic gel (DiMaio et al. 1982;
Wightman et al. 2010; Hallikeri et al. 2012; Stankov
et al. 2013; Ansari and Chakrabarti 2017; Vedrtnam and
Pawar 2017; Hsiao and Meng 2018). In firing incidences,
glass may also serve as an intermediate object. There-
fore, in the light of above facts, this study was performed
with the aim to analyze the multiple fractures on a glass
pane made by air rifle.
Materials and methodology
In this work, 3-, 4-, and 5-mm-thick window panes of
1 ft2 were chosen. Three- and 5-mm-thick glasses were
transparent while a 4-mm-thick glass category involved
both privacy and transparent panes. These panes were
fixed in a metal frame with the help of clay. The frame
was placed perpendicularly to the muzzle of the rifle at a
fixed distance of 12 ft. A total of 100 samples were test
fired with .177″ (4.5 mm) caliber Air Rifle. Two fires,
one after another, were made on the same side of the
glass pane at an average distance of 2.5–3.0″ between
both points of impact in order to analyze the multiple
fractures. Table 1 summarizes the details about the used
air rifle and round nose pellet.
Fractured panes were measured with the help of a ver-

nier caliper. Figure 2 shows the hole diameter, thickness,
and the diameter of the mist zone that served as param-
eters for the sample analysis. Mean value and the stand-
ard deviation of the measurements for the above said
parameters were calculated. Statistical operation, i.e.,
“chi-square test (test of goodness of fit),” was also ap-
plied in this series of analysis to check whether the data
is consistent or not. Level of significance (α) is the prob-
ability of type one error (rejection of null hypothesis
when it is true). The null hypothesis (H0) is accepted
when the calculated value of chi-square is less than the



Table 1 Specification about the air rifle and pellet

Specifications of air rifle

Name of the
manufacturer

Precihole Sports Pvt. Ltd., Thane,
Maharashtra, India

Model SX 100 Pegasus

Caliber 0.177″ (4.5 mm)

Velocity 240mps

Power 16 J

Weight 3.1 K.G.

Total length 1065mm

Barrel length 450mm

Specifications of the pellets

Material Lead

Brand Magnum

Caliber 0.177″ (4.5 mm)

Average weight of pellet
used

0.41 g for round nose

Source: SX100 Owner Manual Published by Precihole Sports, Pvt. Ltd., Thane,
Maharashtra, India
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tabulated value at a particular degree of freedom (for “n”
sample, degree of freedom is “n − 1”).

Results
An analysis of the multiple fracture pattern was per-
formed on the basis of measurements made on the frac-
tured pane. In most of the cases, 3-mm thick glass panes
broke down on the course of second shot. Table 2 shows
the value of mean and standard deviation of the mea-
surements and the description of the chi-square test for
the first and second target (T1 & T2) of 3-mm transpar-
ent, 4-mm transparent and privacy, and 5-mm transpar-
ent glass panes. The trends in T1 and T2 were studied
comparatively. In order to analyze the consistency,
chi-square test was applied on the hole diameter of T1
Fig. 2 Representation of the parameters: the hole diameter (X), diameter o
and T2 of all the glass panes. Null hypothesis was
rejected (as the calculated value was greater than the
tabulated value) only in the case of T2 of 3 mm. A
consistency in the hole diameter was observed that has
also been statistically proved.
On the visual examination of the fracture glass panes,

it was revealed that 3-mm fractured panes possess
circular-shaped mist zone. Mist zone of 4-mm (both
transparent and privacy) glass panes was found to be el-
liptical or triangular with rounded edges while mist zone
of 5-mm-thick glass panes was found to be irregular.

Discussion
This study was performed to analyze the multiple glass
fracture. From the measurement, it was noted that the
hole diameter values lies between 4.1 and 6.7 mm. Previ-
ously, Harshey et al. (2017) analyzed the pattern of glass
fractures that were made by the air rifle on the glasses of
different thickness. In this approach, a special aspect of
glass coating with Sun Control Film (SCF) was also
taken under consideration. It was found that the hole
diameter ranges between 4.77 and 7.5 mm. SCF does not
contribute any notable difference in fracture pattern. It
is notable that this presented study gave results in a
similar manner (reproducibility of the results) as that of
pronounced by Harshey et al. (2017) and Abhyankar
et al. (2018).
Another extensive approach is also reported by Wagh-

mare et al. (2016). In this study, glasses were fractured
by improvised pistol and several regular firearms manu-
factured in the Indian Ordinance Factory, India. Con-
cerning the analysis of the data, the hole diameter is
somewhat doubled to bullet caliber, except in case of a
9-mm pistol. Except in the case of improvised pistol, the
values of hole diameter were in between 11.04 and
14.63 mm. Improvised pistol does not show any
consistency as its manufacturing is not standardized.
f mist zone (Z), thickness of mist zone (Y)



Table 2 Value of mean and standard deviation of the measurements and description of the chi-square test for the T1 and T2 of
different glass panes
Thickness Of Glass Hole diameter Thickness of mist zone Diameter of mist zone Radial fracture count Concentric fracture count

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Mean values (in mm)

3mm (transparent) 5.76 1.73 12.09 4.45 28.57 9.422 11 3 7 2

4mm (transparent) 6.08 5.70 12.64 12.40 31.54 28.78 9 8 7 9

4mm (privacy) 5.74 5.95 13.79 11.40 33.17 28.90 8 7 5 5

5mm (transparent) 5.61 5.42 9.35 13.51 23.66 32.11 9 8 5 4

Standard deviation

3 mm (transparent) 0.37 2.77 1.01 6.69 2.33 14.04 – – – –

4mm (transparent) 0.29 0.43 0.78 1.07 1.43 3.62 – – – –

4mm (privacy) 0.61 0.46 1.55 2.13 2.44 4.33 – – – –

5mm (transparent) 0.49 0.60 2.95 4.23 6.77 9.008 – – – –

Description of chi-square observations

Null hypothesis H0: All the values are consistent, i.e., equals to the mean value.

Calculated value of chi-square Tabulate value of chi-square at 5% level of significance

T1 T2

3 mm (transparent) 0.576 69.022 13.848

4 mm (transparent) 0.347 1.99032

4mm (privacy) 1.560 1.19400

5mm (transparent) 1.032 1.619
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The above-discussed studies show various trends of hole
diameter made by different firearms. The type of weapon
(i.e., whether standard firearm or air gun) could be de-
termined on the basis of hole diameter by which glass
was fractured. The pattern of glass fracture also differs
in case of different firearms, i.e., the patterns made by
air rifle are different from that of caused by regular fire-
arms. Similarity in the patterns may be observed on gen-
eral visual examination.
Fig. 3 Multiple fracture on the glass pane
Apart from it, this study also provides a means to es-
tablish the sequence of shot. In this study, many panes
were obtained in which radial cracks of T1 and T2 did
not meet each other (Fig. 3). In such condition, the se-
quence of shot may not be established by the rule of
thumb. Results of this study showed that it was found
that the hole diameter of T1 for 4-mm transparent and
5-mm transparent is greater than that of T2 while the
hole diameter of T2 is greater for 4-mm privacy pane.
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This may be indicative for the establishment of the se-
quence of hole.

Conclusion
This study was performed with the aim to analyze the
multiple fracture pattern made by air rifle of .177″ cali-
ber. In this study, regularity was observed in the mea-
surements made on fixed parameters. Trends and
observations may lead to the determination of the kind
of weapon that may play a key role in forensic investiga-
tion. It can easily distinguish between the fracture pat-
tern made by regular firearm and the air rifle. The hole
diameter value lies in between 4.1 mm and 6.7 mm. This
study also provides another mean to estimate the se-
quence of hole. This aspect may be explored further.
Consistency in the features, trends, and characteristics is
found to be decreasing with the increasing thickness of
the glass panes. The findings of this work may effica-
ciously help in the forensic investigation in the course of
the scene of crime investigation and to interpret the
fractured glass panes.
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