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MizxnapozHa HaykOBO-TIpaKTHYHA KOH(EPEHIIis-TIOAIAOT

«AKTyarbHI THTaHHA CyZ0BOI eKcriepTH3H i kpuMiHanicTuku» (Xapkis, 15—16.04.2021)

MpaBa MPOIEMOHCTPYE HE IPOCTO MapKEPH, SKi came 3a00pOHEH1
pedyoBHHHM OyII0 3HAIICHO B HOTO TECTOBOMY Matepiali, a i IXHro
KUTBKICTh. Ha 11bOMy eTari ciopTcMeH Ma€e 3BEpHYTHUCS 10 SKC-
nepTa, SIKUiA 3MOXKE HaJIaTh BiIOBIb HA TIUTAHHS: SIK TOTPAITH-
JI1 3200pOHEHI PEYOBHHH JIO TECTOBOTO Marepialy CIIOpTCMEHa 1
YM JAIHCHO 32 TaKOi KITBKOCTI MapKepiB CIIOPTCMEH BKMBAB CaMe
3a00pOHEH] peYOBHHH (HANPUKIIAI, 0i0j00aBKH, IO TiIBUIILY-
I0Th BUTPHUBAIICTh). SIKIIO Oyzie 3a3HAUeHO HE3HAYHY KUIbKICTh
abo ciijg 3a00pOHEHOi PEUuOBHMHM, BIiAMOBIIHO OO O3HAYECHUX
Buie npasui Ta Konexcy WADA ciopTcMeH 0OJHAKOBO HECTUME
BiAMOBIJAIBHICTE.

Tak, OKTONaMiH HaJIeKUTh 10 OCOOIMBUX PEYOBUH) € Oe3-
MIEPEYHNM JIOTIIHIOM, HaBiTh HAsBHICTh HE3HAYHOI HOTO Kijb-
KOCTI B Ceui CIOPTCMEHa MpU3Bee 0 HOro AUCKBai(ikaliii.
L5t peuoBuHA € eHEKTUBHUM 3aCOOO0M, 1110 JJA€ 3MOTY 3MEHIIIH-
TH BIZICOTOK JKHPY, 4epe3 HOro CXOXicTh i3 HOpaapeHaiHOM
OKTOIIAMiH MOJKE ITiIBHIIyBaTH BUTPUBAJIICTh CIIOPTCMEHA).

Boanouac, okTonmamiH MiCTUTBbCS B CKJIAJl ACSKHX POC-
JIUH, 0cO0IMBO B TipkoMy anenbcui (Citrus aurdntium, TiOpum

MaHJIapUHY Ta IIOMEJI0), 3 IKOTO POOISTh TipKUI MapMeltas Ta
iHII gecepTH. Y TakoMy BHNIAJKy TUTBKH EKCIICPTH3a 3MOXKE
BIJITIOBICTH Ha TIMTaHHS MO0 MOXJIMBOTO 3HAXOIKCHHS TIeB-
HOI KIIbKOCTI OKTOTIaMiHy B T€CTOBOMY Marepiaji CIopTcMe-
Ha MiCIs BKUBAHHS JAECEpTy, IO MICTHUB TipKHH ameIbCHH.
SIkiio BiAnoBiap Oyzie MO3UTUBHOIO, a CaM CIIOPTCMEH HE 3HaB,
IO JISCePT MICTHTh O3HAYCHY POCIHUHY, TO TEPMiH HOTo AMC-
kBamiikarii Moxe OyTH CKOpoueHO abo B3arajii 3HATO Bif-
MOBITHOIO OPraHi3alli€ro, MO 3MIHCHIOE aHTHUIOMIHIOBUN KOH-
TpoIb y KpaiHi (B Ykpaini — e HAJILT).
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SIMULATION OF GUNSHOT WOUNDS THROUGH EXPERIMENTAL SHOTS

Abstract. The contribution of modern wound ballistic
experimentation seems important as it provides crucial
information regarding bullet path within the human body. For
the purposes of wound ballistic studies, tissue — simulant
materials (ballistic soap and ballistic gelatin) can be used to
model and approximate the behaviour of bullets striking and
penetrating the soft tissues of the human body.

This paper presents methods for analysis of experimental
shots performed with various types of firearms and
ammunition that varied in bullet type. Furthermore, the
computed tomography technology can be used after scanning
the fired materials by a CT scanner. This method provides an
opportunity to observe and calculate the characteristics of
wound channels in a highly accurate numerical analysis and
to evaluate the effectiveness of the used projectiles.

Simulation of gunshot wounds through experimental
shootings in tissue simulant materials may prove quite useful
in aiding everyday forensic pathology practice, as they simply
document a projectile’s path through the human body, thus
providing an invaluable confirmation of the autopsy findings.

Keywords: gelatin, soap, gunshot wounds, experimental
shootings, wound ballistics.

Anomauin. Buecox cyuacnoi 6anicmuunoi excnepmusu
nOpanens HaAdA€ 8ANCIUBY THPOPMAYIIO NPO WISX KV 6cepe-
Ouni 1100cvKko20 mina. J[ns oanicmuynux 00CaiodHcenb nopa-
HeHb MKaHuHU — iMimayituni mamepianu (baricmuune Muio
11 banicmuyHUil JCeNAMUH) — MOAICHA BUKOPUCTNOBYBAMU Ol
MOOeN08aAHHs Ma NPOSHO3YBAHHSL MPAECKMOPIT GUCMPLIAHOT
KV, WO NPOHUKAE Y M SIKI MKAHUHU TI00CbKO20 Mild.

Ilpedcmasneno memoou auanizy excnepumMeHmaibHux
NOCMPINIB, AKI NPOBOOUNU 3 PIZHUMU MUNAMU B0SHENANb-
Hoi 36poi ma 6oenpunacis i 8i0pizusaucs munom xyni. Kpiv
Mo20, KOMN 10OMeEpPHY MomMocpapilio MOJICHA 3ACmMOCo8y8amu
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nicaa ckawmysaumHsa sucmpinsanux mamepianie KT-ckanepom.
L]eti memooO oae 3mozy cnocmepizamu 3a XapakmepucmuKamu
KaHanie nopanens nio 4ac 8UCOKOMOYHO20 YUCENbHO20 AHAI-
3y, obuucniosamu ix ma oyiH8amu eq)eKmusHiCmes UKOPU-
CMOo8Y8aHUX CHAPAOJI8.

Mooentosanns 602HenanbHUX NOPAHeHb WIAXOM eKCnepu-
MEHMANbHUX NOCMPINIE 3 GUKOPUCTNAHHAM MKAHUH-IMIMAayitl
ModHce BUABUMIUCA KOPUCHUM OJiA NOLe2UleHHS NOBCAKOEH-
HOI NpaKmuKu KpUMIHALICMUYHOI namonozii, OCKiIbKU 80HU
npocmo OOKYMEeHmyIomy WIAX pyXy CHApaod Kpize mino -
Ounu, y makuil cnocio cmaroyu 6e3yiHHuUM niomeepoI’ceHHAM
pe3ybmamie po3muHy.

Knrwuoei cnosa: scenamun, muno, 602HenanibHi NOpaHeH-
HSl, eKCNePUMEHMAIbHA CMPIbOa, OANiCMUYHi 00CAIONCEHHS
nopaHeHb.

Annomauusn. Bxnao cospemennou 6aiucmuyeckou 9Kc-
nepmu3bl panenull npedoCmasisen 8adCHyio UHGOpMayuio
0 nymu nyiu 6Hympu uenogeueckoeo mena. /s oaniucmuye-
CKUX UCCNIe008aHUU PAHEHUL MKAHU — UMUMAYUOHHbIEe Md-
mepuansl (banrtucmuieckoe Molio U OALTUCTIUYECKUL JHcend-
MUH) — MONACHO UCTIONB308AMb 01 MOOETUPOBAHUS U NPO2-
HO3UPOBAHU MPAEKMOPUY CMPETAHOU NYIU, NPOHUKAIoujell
6 MA2KIUe MKAHU Yel08edecko2o mejd.

Ilpedcmasnenvt memoowvl ananu3a dKCNePUMEeHMAIbHbIX
8bICINPENO8, NPOBEOEHHbIE C PA3TUYHLIMU MUNAMU O2He-
CMpenbHo2o Opyx*CcUs U OOenpundacos u Omiudasuiuecs mu-
nom nynu. Kpome moeo, komnviomepHyo momozpaguro modic-
HO NpUMeHAMb NOCIe CKAHUPOBAHUS CINPETAHBIX MAMEPUALos8
KT-cranepom.

Dmom memood nossonsem HaOIOOAMb 34 XaAPAKMepPuc-
MUKamMUu KaHaio8 paneHull npu 6bICOKOMOUHOM YUCTeHHOM
amanuse, 8bIMUCIAMb UX U OYEHUBAmMs dphexmusHocms uc-
NONb3YeMblX CHAPAOO08.
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[Taneabna auckycia Ne 2 «IIpobaemu meTozonorii Ta METOZMKH CyZOBOI eKCIIePTH3H:
Cy4acHUH CTaH (DOPMYBAHHS 1 peaAisallil eKCIIEPTHUX JOCAILKEHbY

Mooenuposanue ocHecmpenrbHbIX paneHuti nymém 9Kc-
NEPUMEHMANbHBIX GbICIMPENOE C UCHONb306AHUEM MKAHEl-
UMUMAYULL MOJICEm OKA3AMbCs NOAE3HbIM OJisl 0bae2ueHus
NOBCEOHEBHOU NPAKMUKYU KPUMUHATUCTIUYLECKOU NAMON0SUU,
NOCKOIbKY OHU NPOCMO OOKYMEHMUPYIOm Nymb OGUICEHUS.
CHApAIOA CKBO3b MEN0 Yen06eKd, MaKum 00pazom CmaHo6sCh
becyennbiM nOOMEepICOeHUeM pe3yIbmamos 6CKPLLMUsL.

Knrwouegwie cnoea: sxcenamun, Mulio, ocnecmpenvHole pa-
HeHUs, IKCNePUMEHMANbHASL cmpenboa, baitucmuiecKue uc-
Ccn1edosaHus pareHul.

Wound Ballistics

Projectile path through the human body and subsequent
injuries may not always be predictable as they depend on
a variety of factors, such as impact velocity, geometrical
shape of the bullet, shooting distance, incidence angle, and
affected tissue. The magnitude and seriousness of ballistic
injuries being caused by projectiles depend on penetration
depth, the angle of impact as the specific organs struck, and
the damage they suffer after skin perforation [1]. The physical
characteristics of different parts of the body stand to play
arole in projectile behavior, the bullet path, penetration depth,
as created temporary and permanent cavities. Furthermore,
a whole range of factors, including the quantity of energy
transferred to tissues by the projectile and the characteristics
of the particular tissue (especially its density and elasticity)
determine the extent of tissue damage surrounding the
projectile path [2].

Any subsequent effort to reconstruct the shooting using
tissue simulant materials has been found to be useful in wound
ballistics studies and enables us to document and record the
wound track that a bullet follows in a simulation of the human
body. Furthermore, the application of CT technology renders
our objective easier, as any deflection, the total path length and
the final resting point of the projectile can be observed with
great accuracy and this analysis provides a further application
of that technology.

Materials and Methods

Such ballistic soap and ballistic gelatin (similar to
various areas and organs of the human body) allow for one to
document and record the simulated path that a bullet may take
in the human body. Nevertheless, it is necessary to recognize
that the best of measurements is an approximation of reality,
and has some uncertainty associated with it [3].

Ballistic soap: It consists of various formulations of
glycerin soaps (melted, cast and molded into semi-transparent
to opaque rectangular blocks of various dimensions) and is
produced by mixing the constituent esterified fatty acids, oils
and water with care and under controlled conditions. It is
possible to maintain consistency over periods of many months
and even years with these products, which is an important
prerequisite for accuracy. It has a very low limit of elasticity
(0.5 N/mm?), which is an indicator of its plastic behavior [4].
The deformation of soap due to the passage of a bullet is almost
entirely plastic, and the temporary cavity only collapses very
slightly. This gives a direct and lasting image of the temporary
cavity; one which we can readily take measurements.

Figures 1: Two shots with a semi-automatic pistol CZ75D
in cal. 9mm Luger, from the left in ballistic soap blocks.
Left: bullet HP 115gr, Vimp.= 348 m/sec.

Right: bullet FMJ 124gr, Vimp.= 341 m/sec.

Its plastic behaviour during projectile penetration results
in the retention of the temporary cavity.

Ballistic gelatin: It is a protein produced by subjecting
collagen to an irreversible chemical process that renders it
water-soluble. It is usually derived from skin or bone. The
raw materials and the manufacturing process influence its
characteristics such as molecular weight, isoelectric point,
transmittance, viscosity, and gel strength [4].

Consequently, blocks of gelatin suitable for wound ballistic
studies must be carefully prepared to a specific percentage,
held to a specific temperature at the time of shooting, and
subjected to some method of calibration to insure equivalency
to muscle tissue [5].

Figures 2: Left: a ballistic gelatin torso in real human body’s’
dimensions, weight 40,4 kgr.

Right: the created wound channel caused from a FMJ
53gr (Steel core) bullet in cal. 5,45mm Kalashnikov
(5,45X39mm), shot with an assault Rifle Type AK-74 (entry
point on the left), Vimp.= 960,9 m/sec.

It is necessary to be produced under specific conditions
so as its elastic behavior likewise mimics that of soft tissues.
The appropriate amount of powder/water is corresponded
with 1:9 proportion, representing the standard, recognized
ballistic gelatin (10% w/w), as a tissue simulant [6]. For
example we put 12 It of normal cold — tap water and weighed
out 1334 grams of gelatine powder. Temporary cavity only
exists for a very brief time interval in gelatin after which it
collapses when the causative projectile comes to rest or exits
this medium.

Computed Tomography technology: CT application in
wound ballistics and forensics was used initially several years
ago, providing a useful analysis tool, affecting the accuracy of
the findings in wound tracks in ballistic soap blocks [7], as in
experiments on animal (pig limbs) tissue [8]. The analysis of
the CT scanned blocks after CT post processing provides the
ability to accurately measure the characteristics of the created
wound channels after each shot.
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Figures 3: Two scanned blocks with a 64-slice Philips
Brilliance CT scanner. Analyzed through Evorad RIS-PACS
software for visual images. Left: Bullet in cal. 5,56mm
NATO, FMJ 55gr (BALL M193), shot with a military Rifle
M-4 Type, Vimp.= 910,8 m/sec. Right: Bullet in cal. 7.62mm
Kalashnikov, FMJ 124gr (Steel core), shot with an assault

Rifle Type AK-47, Vimp.= 721.6 m/sec.

Furthermore, this technology can be used for calculating
the density of a scanned block, taking several measurements
from different areas, covering its whole surface [5, 9]. Density
is initially recorded in Hounsfield units, and then converted to
units of mass density (g/cc), using equations from the Matlab
code ‘hounsfield2density’ [10].

High speed camera: These types of cameras provide the
ability, through recording a shooting, to take measurements
for the created temporary cavity, to realize the reaction of
a bullet while it is moving through the simulant material, to
measure the total time of bullets” flight and to calculate its
deceleration.

FASTCAM Mini AX200 type 900K-M-32GB
Frame rate : 30000
Resolution : 512x384

Shutter speed : 1/100000 sec
Current time : +0.866666667 ms

Photron

FASTCAM Mini AX200 typel 900K-M-32GB

Frame rate :
Resolution : 512x384
Shutter speed : 1/100000 sec
Current time : +1.300000000 ms

30000

Figures 4: Recordings of two shots in ballistic gelatin blocks,
with a FAST CAM, model Mini AX200, type 900K-M-
32GB, high speed camera (frame rate: 30.000 fps). Above:
Bullet in cal. 7.62mm Kalashnikov. Below: Bullet in cal.
5,56mm NATO.

Conclusions

Tissue simulant materials have been found to be useful
for wound ballistics studies as through experimental shots
in these materials we may be able to approximate the actual
performance of projectiles in soft tissues at measured impact
velocities. The created wound paths represent the amount
of energy that is transferred into the human body, which in
turn can often be associated with the traumatic results. The
terminal ballistic behavior and penetration of bullets in tissue
simulant materials, very closely approximate what happens in
living muscle tissue.

Through the use of CT technology, the total path length,
deflection and the final resting point of the projectile can be
observed with great accuracy, providing an opportunity to
observe and calculate the characteristics of wound channels.
Among the benefits is the fact that the data can be recalled
in the future for comparisons between them or for further
analysis.

In forensic pathology, wound documentation and
measurement at the time of autopsy, and any subsequent
efforts to reconstruct a shooting, it can become very important
to record and understand the injurious effects on the human
body by the type of bullet associated with the victim’s
gunshot wounds. Such an understanding can be derived from
experimental shots into a suitable tissue simulant with the
bullet type involved in.
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