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ORİJİNAL MAKALE ORIGINAL ARTICLE

AV TÜFEĞİ NAMLU UZUNLUĞUNUN

SAÇMA DAĞILIMINA ETKİSİ 
VE ATIŞ MESAFESİNİN 
BELİRLENMESİNDE ÖNEMİ

ABSTRACT 
Objective: 
An important issue in need of in-
vestigation is the determination of 
the shooting range in cases of de-
ath and injury that occur through 
the use of firearms. In shotgun in-
juries, in distances beyond which 
the residue of gunpowder cannot 
reach, the dispersion of pellets on 
the target is used to determine the 
firing distance. In shotgun injuries 
with a long discharge range, the 
dispersion of shot on the target is 
also used to determine the firing 
distance. Nonetheless, there are 
a number of factors that affect 
the size of the shot pattern, such 
as barrel length, shot size, degree 
of choking, type of wadding and 
environmental conditions. It is im-
portant to consider these factors 
when determining the range.

In this study, we aimed to investi-
gate the effect of barrel length on 
the dispersion of shot.

Methods:
With this aim, we fired at linen 
targets from nine different dis-
tances using a non- choked 12 
gauge shotgun with a 70 cm bar-
rel using cartridges containing 3.5 
and 7.5 mm pellets. We repeated 
all the discharges after altering 
the shotgun barrel length to 45 
cm and 20 cm. 

Results:
When we compared the obtained 
dispersion of shot according to the 
length of the barrel, the dispersi-
on of shot from the 45 cm barrel 
was no more than that from the 70 
cm barrel and this difference was 
variable statistically. The disper-
sion of shot with the 20 cm barrel 
was more than that with the 70 
cm and 45 cm barrels, and when 
the firing distance was above 100 
cm, the variance on dispersion of 
the shot was more marked. 

Conclusion:
We came to the conclusion that 
the difference in the dispersion of 
shot is more marked with a dis-
tinctly shortened length of barrel. 
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ÖZET 
Amaç:
Ateşli silahla meydana gelen 
yaralanma ve ölüm olaylarında, 
aydınlatılması gereken konular-
dan biri atış mesafesi tayinidir. 
Ateşli silah yaralanmalarında, 
atış artıklarının ulaşamadığı 
mesafelerde atış mesafesi ta-
yininde saçmaların hedef üze-
rinde gösterdikleri dağılımdan 
yaralanılmaktadır. Uzak atış 
mesafesinden av tüfeği saçma 
yaralanmalarında, atış mesafe-
sinin belirlenmesinde, saçmala-
rın hedef üzerinde gösterdikleri 
dağılımdan yararlanılmaktadır. 
Bununla birlikte namlu uzunlu-
ğu, saçma boyutu, tüfeğin şok 
durumu, tapa yapısı, ortam ko-
şulları gibi saçma dağılımını et-
kileyen birçok faktör olup mesa-
fe tayini yapılırken bu faktörlerin 
de göz önünde bulundurulması 
gerekmektedir.

Bu çalışmada, namlu uzunluğu-

nun saçma dağılımına etkisinin 
incelenmesi amaçlanmıştır.

Yöntemler:
Bu amaçla, yivsiz, setsiz ve şok-
suz 12 kalibre, namlu uzunluğu 
70 cm olan bir av tüfeği ile 9 
ayrı mesafeden, 3,5 ve 7,5 mm 
çaplı saçmalar içeren fişekler 
kullanılarak, özel bir düzenekle 
bez hedefler üzerine dikey atış-
lar yapılmıştır. Tüfeğin namlu 
uzunluğu 45 ve 20 cm olacak 
şekilde iki kez kısaltılarak tüm 
atışlar tekrarlanmıştır.  

Bulgular:
Elde edilen saçma dağılımları, 
namlu uzunluğuna göre karşı-
laştırıldığında, namlu uzunluğu 
45 cm iken oluşan saçma da-
ğılımı 70 cm’ye göre daha fazla 
olmakla birlikte aradaki farkın 
istatistiksel olarak anlamlılığı-
nın değişken olduğu görülmüş-
tür. Namlu uzunluğu 20 cm iken 
yapılan atışlardaki saçma dağı-

lımının, 70 cm ve 45 cm namlu 
uzunluğundan yapılan atışlara 
göre anlamlı şekilde daha fazla 
olduğu, atış mesafesi 100 cm’nin 
üzerine çıktığında saçma dağılı-
mındaki farklılığın daha belirgin 
olduğu görülmüştür. 

Sonuç:
Saçma dağılımındaki farklılı-
ğın, namlu uzunluğunun önemli 
oranda kısaltılması ile belirgin 
hale geldiği sonucuna varılmış-
tır. .

Anahtar Kelimeler: ateşli silah-
lar, av tüfekleri, adli balistik
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INTRODUCTION

Besides hunting and sporting 
purposes, shotguns are firearms 
bought by people who have an in-
terest in guns with the aim of ca-
using injury or for defensive pur-
pose due to their lower cost and 
the fact that they can be obtained 
legally and more easily than other 
firearms (1). In addition, shorte-
ning the barrels of shotguns ma-
kes them easier to conceal (1, 2). 

In death and injury cases, the de-
termination of the shooting range 
is very important to determine the 
type of occurrence and the ori-
gin of the case (3). In shots fired 
from a shotgun from a long dis-
tance where the gunpowder resi-
due cannot reach the distribution 
area of pellets on target is used to 
determine the shooting distance.  
When a shotgun is fired, the pel-
lets are transported in compact 
mass up to about one meter. As 
the range increases the individu-
al pellets continue at their direc-
tion but spreading in a cone-like 
manner.. There are a number of 
variables that affect the size of 
the shot pattern such as barrel 
length, shot size, range of fire, 
degree of choking and type of 
wadding. (1–2, 4–12). 

An important part of a gun that 
affects the shot dispersion is the 
barrel, which orients the pellets 
to the target by means of gas 
compression (1, 13, 14). There is 
a high probability that firing with 
a shotgun with a shortened barrel 
can hit the mark, especially over 
short distances. With the length 
of barrel shortened (generally 

between 20-30 cm), pellets will be 
dispersed immediately upon lea-
ving the barrel and the dispersion 
will be great. Also, a shortened 
gun barrel is easily transported 
and covered (1, 2). Furthermore, 
because small-sized pellets have 
a smaller mass, they are more 
affected by air resistance (higher 
deceleration). For all the above-
mentioned reasons, small size 
pellets show a greater dispersal 
than large size pellets (2, 4, 6, 9).   

Studies that have focused on this 
issue have reported that docu-
mented formulas concerning the 
determination of the shooting 
range based on the dispersion of 
pellets on a body were not alo-
ne sufficient to obtain reliable 
results. Test shoots should be 
conducted using the same type of 
shotgun and ammunition; besides 
the dispersal of the pellets obtai-
ned with the test shoots should be 
compared with the dispersion of 
pellets obtained in the first case 
(8, 9, 13, 15-17). Nonetheless, in 
conditions where details of the 
type of gun and ammunition used 
are not available, we need tables 
obtained based on test shoots 
conducted with all variables to 
determine the shooting range.         

A study which dispersion of pellets 
was evaluated with experimen-
tal shoots that were practiced by 
shortening the barrels of various 
rifles was conducted by Moreau et 
al (18). In this study, researchers 
pointed out that they had used dif-
ferent brand-name cartridges. 

In this present study which aimed 
at evaluating the dispersal of pel-

lets in shoots from a manually 
shortened barrel, all conditions 
except for the length of barrel 
(shotguns and cartridges used 
etc.) were planned to be standar-
dized. Thus the study conducted 
has been thought to contribute to 
the study presented by Moreau et 
al and to provide future studies 
with tables that can be used on 
the dispersion of pellets. 

 
METHODS

Shotgun

A Yılmaz brand single-shot 12-ga-
uge shotgun with 70 cm non-
choked barrel, 8489 serial num-
bered was used in this study (Fig. 
1). After the requisite shots were 
fired with this shotgun the barrel 
was shortened to lengths of 45 cm 
and 20 cm (Fig. 2-3). After each 
cut, burrs on the muzzle of the 
barrel were carefully removed.

Ammunitions

Two types of 12-gauge shotgun 
ammunition were used:

1- Imperial brand, 12-gauge shot-
gun shells, 7 cm with plastic tube, 
No. 3 shot (3.5 mm in diameter).

2- Imperial brand, 12-gauge shot-
gun shells,6.5 cm with plastic 
tube, No. 1 buckshot (7.5 mm in 
diameter).

Shooting Range

Shooting Range of Police Depart-
ment, Eskisehir, Turkiye.

Air Condition                 

Open air, 23oC average tempera-
ture, mild breeze, and normal at-
mosphere pressure

Target

Unbleached and coarse calicos 
stretched into 0.5 x 0.5 m, 1.5 x 
1.5 m, and 2 x 2 m wood frame 
(depending on shooting range)

Test Fires

Five shots of each type of ammu-
nition were fired for each barrel 
length of weapon at ranges 0.4, 
0.6, 0.8, 1, 2, 3, 5, 10, and 15 m. A 
total of 270 shots were fired.

Shooting Mechanism 

To avoid the possibility of any re-
bound effect, we constructed a 
gun mechanism controlled remo-
tely in serial with shortened bar-
rel shoots. This gun mechanism 
was fixed to a metal table (Fig.4).

We recorded the size of holes 
made on the target that occurred 
collectively by the spent pellets 
and the dispersion areas of the 
pellets on target. While recording 
the dispersion area, we calculated 
the distance between the furthest 
entrance holes on the horizontal 
and vertical locations on targets 
and we took the average of the-
se measurements. During these 
measurements we did not consi-

der entrance holes that showed 
abnormal deviation from general 
dispersal (satellite entrance ho-
les). We did not record the pre-
sence or absence of these satel-
lite entrance holes.    

All statistical assessments were 
performed using SPSS software. 
As diameter of pellets dispersi-
on in every shoot, the average of 
vertical and horizontal diameters 
is taken. For the assessment of 
differences in pellets dispersion 
according to the length of barrel 
ANOVA analysis was used. For 
multiple comparisons, Tukey HSD 
test was used. If the P value was 
under 0.05, it has been considered 
to be meaningful.

  

 
 Fig. 3: The shotgun with 20 cm barrel

Fig. 1: Used shotgun with 70 cm barrel Fig. 2: The shotgun with 45 cm barrel 

Fig. 4: Shooting Mechanism
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Distance

Mean ± Standard Deviation
Statistical significance

P Value

Barrel 
Length =70 

cm

Barrel 
Length =45 

cm

Barrel 
Length =20 

cm

Barrel 
Length =70 

cm

Barrel 
Length =45 

cm

Barrel 
Length =20 

cm

40 cm 2.22 ± 0.13 3.20 ± 0.20 3.30 ± 0.33 P<0.001 P>0.05 P<0.001

60 cm 3.08 ± 0.40 3.42 ± 0.23 4.26 ± 0.36 P>0.05 P<0.01 P<0.001

80 cm 3.08 ± 0.41 3.48 ± 0.08 5.20 ± 0.44 P>0.05 P<0.001 P<0.001

100 cm 2.76 ± 0.17 3.58 ± 0.14 6.02 ± 0.74 P<0.05 P<0.001 P<0.001

200 cm 4.57 ± 0.14 5.82 ± 0.80 11.56 ± 0.40 P<0.01 P<0.001 P<0.001

300 cm 8.90 ± 0.29 9.44 ± 0.40 16.24 ± 1.30 P>0.05 P<0.001 P<0.001

500 cm 17.26 ± 0.99 17.22 ± 1.06 29.44 ± 3.24 P>0.05 P<0.001 P<0.001

1000 cm 41.40 ± 2.94 38.94 ± 2.35 55.12 ± 7.04 P>0.05 P<0.001 P<0.001

1500 cm 74.32 ± 4.54 64.02 ± 4.46 85.52 ± 6.72 P<0.05 P<0.001 P<0.05

Distance

Mean ± Standard Deviation
Statistical significance

P Value

Barrel 
Length =70 

cm

Barrel 
Length =45 

cm

Barrel 
Length =20 

cm

Between 70 
and 45 cm

Between 45 
and 20 cm

Between 70 
and 20 cm

40 cm 2.15 ± 0.12 2.88 ± 0.17 3.12 ± 0.34 P<0.01 P>0.05 P<0.001

60 cm 2.57 ± 0.12 3.18 ± 0.24 4.06 ± 0.52 P<0.05 P<0.01 P<0.001

80 cm 2.62 ± 0.19 3.74 ± 0.69 5.22 ± 1.56 P>0.05 P>0.05 P<0.01

100 cm 2.65 ± 0.07 5.25 ± 0.48 6.78 ± 0.53 P<0.001 P<0.001 P<0.001

200 cm 3.56 ± 0.26 5.72 ± 0.72 7.66 ± 0.79 P<0.001 P<0.01 P<0.001

300 cm 5.80 ± 0.48 6.12 ± 0.85 10.62 ± 2.27 P>0.05 P<0.01 P<0.001

500 cm 8.04 ± 0.75 8.42 ± 0.66 13.62 ± 1.37 P>0.05 P<0.001 P<0.001

1000 cm 21.58 ± 2.51 16.74 ± 2.67 31.60 ± 4.04 P>0.05 P<0.001 P<0.01

1500 cm 32.64 ± 8.57 24.08 ± 3.88 48.58 ± 9.51 P>0.05 P<0.01 P<0.05
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Table 1: Pellet dispersion ± standard deviation of shoots based on the barrel length conducted 
using pellets of 3.5 mm diameter. 

Table 2: Pellet dispersion ± standard deviation of shoots based on the barrel length conducted 
using pellets of 7.5 mm diameter.
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from 500 cm and 1000 cm (20). 
Relating to size of pellet we found 
a correlation with the above study.    

Finally, in our study we found that 
shortening the length of barrel of 
a shotgun increased pellet disper-
sion with a length of barrel of 20 
cm, and it was more significant 
than with 70 cm and 45 cm bar-
rel lengths; we have shown our 
results as tables and figures. In 
some criminal cases, for secu-
rity and ease of transportation, 
shortened non-standard shotguns 
are used, with the most common 
length of barrel ranging between 
15 and 25 cm.  When we consider 
this information, and based on our 
tables and findings, we estimate 
that the shooting range can be 
determined, especially from dis-
tances greater than 1 m, but this 
is not definite.  

Future studies should be conduc-
ted with all variables that affect 
pellet dispersion for the deter-
mination of shooting ranges in 
shotgun injuries. In our study, we 
evaluated pellet dispersion using 
a shortened length of barrel. 
But, using tables obtained from 
our study, it will not be possible 
to evaluate shooting ranges with 
various other guns. Thus, further 
experiments are needed using va-
rious shotguns and experimental 
tables obtained with standardized 
experimental shoots. We believe 
that future studies, using various 
shotguns and pellets, would be 
of benefit in the determination of 
shooting range.         

RESULTS

In shoots conducted using pellets 
with diameter of 3.5 mm and 7.5 
mm, the average of the pellet dis-
persion ± standard deviation and 
statistically significant differences 
of pellet dispersion among each 
barrel length based on shooting 
range and size of pellet has been 
presented in Tables 1 and 2 and 
Figures 5 and 6.

The average pellet dispersion with 
shoots conducted using a barrel 
of 20 cm was greater than those 
with 70 and 45 cm barrel length 
from the same distance, and this 
difference was significant statis-
tically. When the length of barrel 
was 45 cm, the pellet dispersion 
was no more than the dispersion 
with a barrel length of 70 cm at 
a distance of 300 cm and the re-
lationship between the averages 
of the pellet dispersions was va-
riable. Also on shoots conducted 
using a barrel length of 45 cm 
from 500 cm, 1000 cm and 1500 
cm, the pellet dispersion was less 
than that from a barrel length of 
70 cm.     

When we looked at the pellet dis-
persion based on the same dis-
tance and barrel length, the pel-
let dispersion area was greater 
on shoots conducted using small 
diameter pellets than larger dia-
meter pellets, and this difference 
was more marked in shoots con-
ducted from over 100 cm.  

Independently from the length 
of barrel and the diameter of 
pellet, pellet dispersion showed 
a clear homogeneity in shoots 

below a range of 5 m, with non-
homogeneity on pellet dispersion 
in shoots from 10 m and 15 m.

DISCUSSION

In this study, we used one of the 
most popular shotguns nationally 
for the test shoots. In a study per-
formed in Turkiye by Uner et al, 
the authors found that most of the 
shotguns evaluated ballistically 
had been used in criminal cases 
with shortened barrels of 15-25 
cm (1). In our study, we conside-
red this information when we were 
shortening the barrel lengths. We 
shortened the barrel lengths to 70 
cm, 45 cm and 25 cm. Thus, when 
the length of barrel was 70 cm, 
45 cm and 20 cm we conducted 
test shoots from different ranges 
with pellet diameters of 3.5 and 
7.5 mm. We found a statistically 
significant difference between 
the length of barrel of 20 cm and 
those of 45 and 70 cm; pellet dis-
persion from 20 cm was greater 
than that from 45 and 70 cm, thus 
it was deemed that this difference 
could be used for forensic science 
applications.     

In another experiment the aut-
hors reported that when decrea-
sing the diameter of pellet and re-
ducing the length of barrel, pellet 
dispersion could become greater 
(19). However, in this study, the 
authors used various shotguns of 
different barrel lengths, without 
shortening the length of barrels. 
Moreau and et al (18) conducted 
a similar study using different 
shotguns with shortened barrels 
and different shotgun shells, sho-

oting from various distances. In 
Moreau’s study the authors found 
that pellet dispersion increased 
statistically in shoots that used 
00 (8.3 mm diameter) large pel-
lets with the increase being more 
marked in shoots using 3.8 mm 
diameter pellets with a barrel 
length of 30.5 cm or less, com-
menting that by shortening the 
length of barrel, pellet dispersion 
increased. However, in our study, 
which did not use the same make 
of shotgun, we found that when 
using pellets of 3,5 and 7.5 mm, 
up to 300 cm distance, the pel-
let dispersion was greater when 
the length of barrel was 45 cm 
than with a barrel length of 70 
cm. Nonetheless, the difference 
was not significant statistically 
over all distances. Also, we have 
found that pellet dispersion was 
less from a greater distance with 
a barrel length of 45 cm than with 
a barrel length of 70 cm. In shoots 
using both types of pellet, with a 
barrel length of 20 cm, the disper-
sion was greater than with barrel 
lengths of 70 cm and 45 cm and 
the difference was more marked 
from a distance of 100 cm. Our re-
sults reflect the results of Moreau 
et al. As a consequence, signifi-
cant differences of pellet disper-
sion have become more marked 
while shortening barrel length to 
20 cm not 45 cm.  

In a study using a shotgun with 12 
and 16 gauge and a barrel length 
of 71 cm with number 2 and 5 pel-
lets, the authors found that pellet 
dispersion increased with small-
scale pellets than large scale 
pellet and this increase was more 
statistically significant especially 
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Fig. 5: Pellet dispersion versus firing distances for 70 cm, 45 cm, 
and 20 cm 12-gauge shotguns firing Imperial No. 3 shot (3.5 mm 

in diameter) cartridges.

Fig. 6: Pellet dispersion versus firing distances for 70 cm, 45 cm, 
and 20 cm 12-gauge shotguns firing Imperial No. 1 buckshot

(7.5 mm in diameter) cartridges.
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