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An Analysis of the Bullet Mark on Metal Sheet from 9 mm. Semi-
Automatic, Glock 19 Model at Different Angles
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Abstract

The analysis of bullet marks at crime scenes plays a crucial role in criminal investigations,
particularly in determining the direction and position of the shooter, which significantly aids in
accurate crime scene reconstruction. This study aimed to examine the variation in bullet hole

dimensions resulting from shooting a 9mm GLOCK 19 semi-automatic pistol at metal sheets under
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different angles. The experiment was conducted at a distance of 5 meters, using four angles: 30°,
45°, 60°, and 90°. The results showed that a 30° shooting angle produced bullet holes with the
greatest width and length. Statistical analysis using One-way ANOVA indicated a significant
difference in bullet hole size across the different angles. Additionally, the study incorporated the
findings into a crime scene reconstruction model to assess the relationship between shooting
angles and the characteristics of bullet marks. It was found that the angle of incidence had a
linear correlation with the aspect ratio (width-to-length) of bullet holes. A linear regression
equation was developed to accurately predict the shooting angle based on the aspect ratio.
These findings demonstrate that the aspect ratio of bullet holes can serve as a reliable indicator
for estimating shooting direction, providing valuable support for forensic analysis at crime scenes.

Keywords: Glock 19, Bullet Mark, Aspect Ratio, Lead-in Method
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4.3 MTIATIZATI0A00Y (Regression Analysis) Tolunisassaunisiadunlglunisvitune
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nsffiunsiveluadsii@unsiseda3unn (Quantitative Research) kuum1snNAaes
(Experimental Design) Tmaﬁi’mqﬂﬁzmﬁlﬁaLU'%EJULﬁsJum'mLLmﬂﬁhwawmm‘iaaiaami@waaﬁuﬁ!a
oolafnuunn 9 ual. §u Glock 19 fiBsvisuTumneaiy

msnaaesBstufseslawAnyuin 9 u. Ju Glock 19 Tduwulans Tuszes 5 m. Ingviugm
Aunndneiu 4 yaildun 30°, 45°, 60° wag 90° wdrIwhnsadenmuazinvuiniessesnisds lagyin
AMTIATUIN AIUAIN, AU LAZATUIUNIAIEATIEIUNTIN81 (Aspect Ratio) U94509588A1584
wuin seaseedigniuiseslaw@nuunn 9 ua. fu Glock 19 Baviagm 30° Tuszey 5 m. fuwaruniig

d’ ISP d' % 1 1% 4 4’ = b v dl
LAZAINUYNININNERN LAZUARAYATIDATIAIUNINNYIIUBYNGR V) 0.366 lANAAIRIATIN 1 ag 2

M19197 1 wan1sveaesdlunsealau@nuuin 9 uu. Ju Glock 19
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M19197 2 Han1sneaesdlunalauRnIwIn 9 uil. Ju Glock 19

IUINANANTIS YUINAIINYID Aspect Ratio

agia.@q ﬂ%ﬁgq (uy.) (uy.) ean

1 133 36 0.369
2 135 36.1 0.373

30° 3 12.7 34.9 0.364 0.366
4 132 36.8 0.359
5 13.8 33 0.363
1 9.7 18.4 0.527
2 10.2 19 0.537

a5 3 10.5 18 0.583 0.552
4 10.3 18.8 0.548
5 10.2 18.1 0.564
1 9.9 13.8 0.717
2 9.9 13.8 0.717

60° 3 9.7 14 0.693 0.7
4 9.9 14.6 0.678
5 9.5 13.7 0.693
1 9 9 1
2 9.1 9.1 1

90° 3 9 9 1 1
4 8.9 8.9 1
5 9.1 9.1 1

2. MSNAFBUANNAFIUNTIY
nsnaaeuauNigunsITeluasall Ierimsliasizrideyanieats One-way Anova Lile
Wiguiguanuuand1svesdiadevesteya wagldisnig LSD Tumsiueuiisuannuunnsiesdaya
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Asgelmufinuuin 9 uu. fu Glock 19 Huagvhnmssuiisusefiude e1dnsdunien (Aspect
Ratio) Seflamsfigm dail

Ho : gnsvaumadilonzanuurulavgdiyusnsiy vesduisoslawdnuuin 9 mm. fu
Glock 19 agdluunadilsiunnssdy

Hy - gnszaumadilenzanuukulangdiyussty vesdufsoslaw@nuuin 9 mm. fu
Glock 19 azivupdiunndnaiiu

I¢nansmaaeufssed 3 uaz 4

M131991 3 HANTIATIENVUIATOITRENEWIYUTLANATSY Mgadid One-way Anova

Sum of df Mean Square F Sig.
Squares
Between 1.077 3 0.359 1767.939 0.000*
Groups
Within 0.003 16 0.000
Groups
Total 1.080 19

Significant level at 0.05

M990 4 ATULANANVDIVUINTBITEETBINTEITUNEBILNTLANA T URUUTI8ARIETS LSD

Angle Angle Mean Differnce SD Sig
30° 45° -0.1862 0.009013 0.000*
60° -0.334 0.009013 0.000*
90° -0.6344 0.009013 0.000*
45° 30° 0.1862 0.009013 0.000*
60° -0.1478 0.009013 0.000*
90° -0.4482 0.009013 0.000*
60° 30° 0.334 0.009013 0.000*
45° 0.1478 0.009013 0.000*
90° -0.3004 0.009013 0.000*
90° 30° 0.6344 0.009013 0.000*
60° 0.4482 0.009013 0.000*
90° 0.3004 0.009013 0.000*

Significant level at 0.05

IINMTIATIENTOYANATIN 3 WUTIAT F = 1767.939 Uag A1 Sig. = 0.000 Fatlaeni

'
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Ay ivuald uand sessesvesnsrgut Il onvan ukkulans Ay 1eiy Yol
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palauANUUIN 9 Uy, 3 Glock 19 AzdlvwIATiuAnNAeiU Faeausu Hy Uias Hy 31ntwriinsinsiey
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YuAsoola@nuun 9 ua. 3u Glock 19 wdlvuindiuansefulunng
3. MFIATIZANITONNDELTUEY : Linear Regression Analysis
NTeyANANITALTUNTITY ALade Aspect Ratio ﬁagmms@whm HAudunusuUsiu
p3afiu naafe leymnsBanntu A Aspect Ratio axBanAnniulasdlng 1 snnduiuiy dady
fAduTadenld Line Regression il padsanunisannesidadu weldlunisduanmnyuds a1n @

Aspect Ratio @sazaglugl Y = aX+b {iduanliumslinsginisanneediady lnadanseislul

A19199 5 WanN1TILATIEY R Square

Std. Error of the

R R Square Adjusted R Square Estimate

0.997 0.995 0.994 0.018027

NNANITIATIZROANDY WU R Square HA 0.995 FINUIBAIILIT @NAITOANDELTILEUT
gAulaanNNIsiATIgianneedadull a1unsaldan Aspect Ratio 85uayun1583la 99.5% dau

AMUBUSUTINDN 0.5% HuaSUIwmeUadedy

A3 6 NSLUTHULNBUFAEIUTENINN Regression Lz Residual

Sum of Si
df Mean Square F 8
Square
Regression 1.074 1 1.074 3306.392 0.000
Residual 0.006 18 0.000
Total 1.080 19

NNaNITUTE UM UERAILIZINN Regression Way Residual Wuil F = 3306.392 Wag Sig.

' '
aaa

= 0.000 FepeniAfudrAyneadian 0.05 wansdndauaie Aspect Ratio Huilnaseyunisdegiadl

beAgyvneaian 0.05 Nanafe Aspect Ratio ansnsaldviuneyunistela

A15197 7 NANTIATIEROANRELTIEY

Standardized
Unstandardized Coefficients Si
Coefficients t 8

B Std. Error Beta

Constant 0.067 0.011 6.059 0.000

Angle 0.01 0.000 0.997 57.501 0.000
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IINNTIATILNNTONNRELTUFU LieasaunsNIsanneedad taldlunisAuinmiyy

84 210 A1 Aspect Ratio Faazaglugy Y = aX+b U wuin b de1 0.067 uag a A1 0.01 Aty @1n15h

Ya o =2

TFNNRANITIATIEI fB Y = (0.01)X + 0.067 faiusises

Y

snmuadnUsluaunisindlvaonnaeiu
Yoya Teldibuannis il
AR = 0.010 + 0.067
Tneshuusaumsusiazsiinumnesed
AR = Aspect Ratio
0 = yunsda
A1 b = 0.067 1JuAnasil (intercept) filannnsinszianoesdaduseiinisusanae

asaostioeian (Ordinary Least Squares: OLS) &iagviouiiar Aspect Ratio TuiugIufAIni1aeg

a a1

Andw ullunsdiyuddandugud (O = 0) wisluiinadeweifnszawas Addulugadaunu Y

9 Y

YDIEUNTNES9TY

aAUT8NAN1TINY
NNANINABINUD LioyuN1589r1ae SosseevaInTrauiiinuulkulaneildnuurdag1iun

Ju NluduaunIagANLe FeesuiglannansuenmsdulanurinunTuluyuiideannninygy

'
=

AN HAAWSUaDAAABINUIIUTDY Boonjongrak (2016) NANw1dnwuzTe9TsludnvuzfeIil ey

=Y

atuayuaNRgIuiI N1sanasveINBdinalaenswiaN1sEne1IveITesTeY

A15l9An Aspect Ratio (§ns1dauni19e17) Wusd Talunsinseidnvazsossosldsuns
atfuayLaINIUYDI Walters & Liscio (2020) Anaaauds 2D ellipse method Augnsyquuuusududy
WU UNSBIARAsT I NANALIUE1veaN15ALAAIN Aspect Ratio LTlesaingiisniteliinle
Foudu Tuiueafeau Liscio & Imran (2020) Sauanslidiudt wiihsuuudulaveunsasfnaude

U winmsinguandnsduninenidaunsaldle lnedesrdfdnvasvonsyguild

'
=

aunsannealadulaanmMidedanunsadiliussendldlunsussanagunistdluanuinfia
WR934 Fedonndaariutaiauaves Liscio & Park (2021) 1¥lviiiudn Tuunansditlianunsalduviedin
(probe) et 19w fiieagnszaunIndi 35015M1501989508INENYULNBUBN LYY aspect ratio 138

lead-in line Fafimnudndunazadslasunisiaunlmlugunndatu

Va v v

NaN15338ve IS wandliiindn anuduiusiBadusenitaunisduagan Aspect Ratio

AIAIINLNUEIFY wazaunsaasutsauulsUsulafie 99.5% Liatfisuiuauves Luangphairoj

(2019) AifnwnsTayuangnszauuuifesnsud w90 asrrliefiuiugiian suidatuilde

“UEJWEJGUG‘UL“UMLWQJLG]‘LII@EJLuu1UVlﬂ?7MﬁMWUﬁLGUQﬂmG]ﬂﬁﬁ@]‘iﬂﬁ’]ﬂ’]iﬂlmﬂﬂﬂﬂﬂimﬂ ‘U\‘iﬁ’]ﬂiUﬂJ’]ﬂIUﬂi Ul E;\Iljl

o

EJQ@QIUGI’WLL%HW]’]%?@@RIEJLQEN LU EJ\‘iﬂ’]ﬂ‘WU‘Vii@‘\ﬂﬂi%Elzlﬂa
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