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Abstract

Upon the arrival of the first millennium BCE and the growing prominence of archery in the
armies of the Near Fast, the number of arrowheads discovered in Iron Age cemeteries, settle-
ments, and fortifications in the western Iranian Plateau and adjacent areas increased. Alongside
this increase, diverse and sometimes novel forms, such as socketed trilobate arrowheads, ap-
peared in the region, which cannot be considered a normal characteristic for a highly consumed
weapon like the arrow. The reason for this diversification can provide significant insights into
weapon engineering and design capabilities during this period. Therefore, using the Abaqus
simulation software based on the Finite Element Method, an experiment was designed to re-
construct the performance of the weapons of that period under various conditions. To this end,
three distinctive bronze arrowhead types from the findings of the 2015 and 2016 excavations at
the East Cemetery of Qareh Tepe Segzabad, and one type from the findings at Persepolis, were
selected. A total of 16 simulated firings against two common defensive coverings of this pe-
riod—scale armor and linen armor—were studied. The selected types were tested at distances
of 7.5, 15, and 30 meters across two different terminal velocity ranges from angular bows
(63.2—74.2 m/s) and B-shaped bows (64.3—75.4 m/s). Based on the results, by considering
perforation ability as the criterion for assessing the arrowheads in the simulated conditions, the
geometric properties of the arrowheads and the mechanical properties of the armor were the
determining factors. Thus, only the arrowhead tipped with a pyramidal blade (Badkin) recorded
the best efficiency in the perforation process due to its unique form. The other three samples
successfully completed the process against linen armor, creating perforations with an area
greater than 30 mm?, but none posed a serious threat to a soldier equipped with scale armor. It
appears from the statistical sample of the selected arrowheads that the small quantity of the
pyramidal type compared to the other three, despite its suitable performance against armored
targets, likely indicates a lower number of armored soldiers and targets relative to unarmored

forces in the armies of the region, at least until the 6™ century BCE.
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Introduction

From design to production, technological determinism plays
a key role in introducing manufacturing techniques to enhance
performance (Ray, 2010). This study examines arrowhead design

and performance as indicators of this determinism, addressing

their quantitative significance in archaeological findings. A grow-
ing diversity of arrowheads, unusual for mass-produced weapons,
demands further engineering analysis beyond typological and
chronological studies (Hellmuth, 2014; Erdmann, 1973; Cleuziou,
1973; Mearokosa, 1964). While Philip Blyth’s 1977 research
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analyzed Greco-Persian war armor and weapons, and Aldrete’s
2013 team treconstructed linen armor (linothorax), these studies
ovetlooked arrowhead geometry's role in impacting and penetrat-

ing armor. This research focuses on addressing this gap.
Methods and weaponry of the research

Method

This study uses FEM simulations under controlled, non-re-
alistic conditions to analyze complex physical interactions.
ABAQUS software was selected for its precision in calculating
forces, stress, and strain during impacts. Simulations modeled

close combat, measuring the time interval from impact to motion

stoppage.

Weaponzy

Arrowheads were selected based on typology, chronology,
and archaeological context to ensure test reliability. Four types
were analyzed: Tanged Pyramidal (B), Tanged Bilobate with leaf-
shaped blade (L), Bilobate with thombus blade (R), and Socketed
Trilobate (T). Arrowheads B and L were linked to Iron Age II
butials(Dehpahlavan, 1395), while T was associated with Iron Age
III (Dehpahlavan, 1398)(Figure 1). Effectiveness was tested
against scale armor (S.A.) and linen armor (.A.), commonly used

in the ancient Near East (Aldrete et al., 2013)(Figure 3).
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Figure 1. Tested arrowheads: (B). Tipped with pyramidal blade (Bad-
kin), (I). Double-edge tipped with a leaf-shaped blade, (T). Trilobate
socket with thorns on the socket, (R). Tipped with two edges with
rhombic blade form.

The software inputs related to the bow ate kinetic energy
and initial speed. The choice of angular and B-shaped bows is
based on archaeological validity and research (Zutterman, 2003).
An angular bow of approximately 150 cm in length generates an
initial kinetic energy of about 40.9 ] (Bergman, 1988), while the B-
shaped bow ranges between 18 and 36 J (Blyth, 1977).

Figure 2. Selected bows for simulation: 1- reconstructed angular bow
(Bergman et al, 1988) 2- Archer depicted holding an angular on a Ha-
sanlu gold bowl (Winter, 1989) 3- B-shaped bows found in Yanghaii
cemetery in China (Selby, 2005) 4- Scythian archer loading his B-shaped
bow with an arrow depicted on the gold Kul oba bowl (Roll, 1989).

Figure 3. Left: a bronze scale plate of the scale armor (S.A)(Stronach,
1958); Right: wearing a linen armor, painting on an Attic vase (Aldrete
et al, 2013)

Modeling

The arrowheads were initially designed in CATIA's environ-
ment (Sketch). Once this step was completed, the designs were
input into ABAQUS software. Due to the geometry and bulkiness
of the samples, the free meshing method and the pyramidal tetra-
hedral species (C3D4) of the Tet family components were used to
achieve better results (Figures 4 & 5).
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Figure 4. Right. The element of the pyramidal quadrilateral type
(C3D4), Left. The sample of the mesh-free model of the impact process
in Abaqus software
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Figure 5. Simulated weapons in Abaqus software.

Material properties (bronze, leather, linen) were entered into
the software, and four simulations were conducted per arrow: an-
gled bow against scale and linen armor (A.B-S.A., A.B-L.A.), and
B-shaped bow against the same targets (B.B-S.A., B.B-L.A). The

main results are summarized in Table 1.
Results and Discussion

The effectiveness and performance of atrrowheads

The impact process involves simultaneous deformation of
armor and projectile, transitioning from elastic to plastic states,
charactetized by the von Mises stress criterion and Johnson-
Cook’s ductility formula (Johnson & Cook, 1985). Most armor
and arrowheads transitioned to plastic deformation, except model
B (A.B-L.A,, B.B-L.A.) and model L. (A.B-L..A.). Maximum plastic
deformation occurred in the A.B-S.A. mode, with 14.5 mm for
armor and 13 mm tip bending for the L. model. Failure modes
observed include plugging (Borvik et al, 2001), petaling
(Wierzbicki, 1999), and perforation (Dean et al., 2009). Model T
exhibited the most failures, losing its tip under +4.159¢+02 MPa
stress. Only model R in B.B-S.A. did not fail. Detailed stress re-
sults are provided in Figures 6 through 9.

15:000e+

Figure 6. The stress charts of model R at the impact in: (1) A.B-S.A
state, (2) B.B-S.A state, (3)A.B-L.A state, (4) B.B-L.A state

13:0008+

Figure 7. The stress charts of model B at the impact in: (1) A.B-S.A
state, (2) B.B-S.A state, (3)A.B-L.A state, (4) B.B-L.A state.
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Figure 8. The stress charts of model L at the impact in (1) A.B-S.A
state, (2) B.B-S.A state, (3)A.B-L.A state, (4) B.B-L.A state.
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and 78.5% of velocity, compared to linen armor’s 32.05% and
35%. Linen armor, despite greater thickness, proved more vulner-
able, with over 35 mm perforation area per arrowhead. Model B
performed best, successfully perforating armor in all modes. Ta-
bles 2 visualize energy absorption trends. Table 3 and Figure 10
also show the geometrical properties of projectiles during the im-

pact.

Table 2. The calculated amounts of velocity and energy absorbed by

models
. v,M/ ) vy Vi E.()
s Rap-sa 63.7 258-141 37.9-496  30.7-35.1
@ Bag-sa 65 206-113 444537 322
34.77
Lag_sa 61 372-292  238-318 23.4-287
, . . Tap_sa 70 35-17.1 35-529  27.1-338
Figure 9. The stress charts of model T at the impact in (1) A.B-S.A R — =3 85 758 01
state, (2) B.B-S.A state, (3)A.B-L.A state, (4) B.B-L.A state. BB-SA : : ’ :
Bpp_sa 56 16.09-8  3991-48  253-27
Table 1. Results and simulation time for each arrowhead Lpp-sa 52.8 32.8 20 18
Simulation Time /Penetration Results Tpp-sa 61 35-27 26- 34 18.3-21.9
T L B R States Rapia 63.7 583 5.4 5
462 12.7 352 13.1 45;5 22.79 35‘5 14.5 A.B-S.A Bap_La 65 29.1 35.9 287
min 6 min mm min mm min mm
. Lag-ta 61 60 1 12
350 174 344  Com 283 Com 331 Com AB-LA Tap-a 70 583 117 113
min mm min  plete  min plete  min  plete Rpp_ia 54.3 50 43 42
pas- pas- pas- —
sage sage sage I 56 283 27.7 20.7
355 126 359  10.8 479 17.74 350 952 B.B-SA Legra 52.8 50 2.8 35
min 6 min 3 min mm min mm T, 61 483 12.7 10.2
mm m BB-LA
232 12.1 279 Com 230 Com 345 Com B.B-L.A
min  mm min plete min plete min plete Table 3. Geometrical properties of models
pas- pas- pas- Models ~ Maximum A.B-S.A & B.B-SA States A.B-LA & B.B-
sage sage sage cross-sec- L.A States
tional In the ac- Tip length In the Tip
area(mm?) tion c.s in- action  length
arca(mm?)  volved(mm) cs in-
| 35 mm , |(T’| area volved
— ——————————— R <35.9 <135 4 <35.9- 35
— — 8.7
5[ EI B 39.6 1.12-30.5 22.5 16.8 17.5
v g < < <
el | ol | ‘ L =<40.2 <2.7 13 <49 35
mm {4 mm 5mm
. S— T <383 <19.1 9 <282 30

AT ]

8.91 mm (—_)| ’

25 mm 30 mm

Figure 10. Geometrical properties of models

Scale armor resisted perforation from R, L, and T arrow-
heads, whereas linen armor failed under all conditions, reaching
its stress limit (+5.012e+04 to +3.321e+02 MPa). Factors affect-
ing ballistic limits include absorbed energy, velocity loss, projectile
tip geometry, and target thickness (Gupta et al., 2006; Tan et al.,
2003; Borvik et al., 2002). Scale armor absorbed 90.8% of energy

Depth of penetration and lethal damage

When evaluating the impact of an arrow that causes serious
injury or death, it passes through four key layers: armor, the de-
formation of the armot, clothing or coverings underneath the ar-
mor, and finally, the skin. According to Bleetman and Dyet's re-
search, the thickness of the skin and its distance from critical ot-
gans, such as the spleen, liver, kidneys, and lungs, are different; the
average minimum thickness is 16 mm, while the maximum is 31
mm (Bleetman & Dyet, 2000).

Penetration depth estimates for serious injury are 28.2 mm
for scale armor and 29 mm for linen armor. Model B achieved

22.79 mm penetration in scale armor but exceeded 40.1 mm in
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linen armor, highlichting linen armot’s limitations. Scale armor
>, hughlighting

demonstrated superior defense against injury.

Conclusion

Type B arrowheads outperformed others, demonstrating the
influence of geometry on efficiency. However, archaeological ev-
idence suggests a heterogeneous relationship between technolog-
ical determinism and arrowhead success. Despite inferior perfor-
mance, types R, L, and T are more prevalent in findings, suggest-
ing limited effectiveness against armored armies. Arrowheads
likely served other purposes, such as hunting or targeting light in-
fantry. Scale armot’s rarity before the 6th century BC supports this
hypothesis, as equipping fully armored armies was expensive.
Lighter weaponry appears to have been more common, corrobo-
rated by the scatcity of armor artifacts. The presented tables and

figures further validate these conclusions.

Author Contributions: All authors contributed to the preparation and

writing of the manuscript.

Funding: This research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.

Data Availability Statement: The raw data supporting the conclusions
of this article will be made available by the authors upon reasonable re-

quest.

Acknowledgments: The authors would like to express their sincere ap-
preciation to the Department of Mechanical Engineering at the Univer-
sity of Tehran, particularly Dr. Alireza Daneshmehr and his students, for
performing the simulation process and for their assistance during various

stages of data analysis.

Conflicts of Interest: The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-

peared to influence the work reported in this paper.

Journal of Research on Archaeometry 2025, 11(1), 11101

5 of 22


https://jra-tabriziau.ir/article-1-394-fa.html
http://dx.doi.org/10.61882/jra.2025.11.101

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 8:19 +0330 on Thursday February 19th 2026

»

’\W

i %

. "CS‘“ ...,‘, Ca
Jw’ ”

325 ool b oSS \sgu_dul:db_m&,;g

gy Yo
()] 3guxs sljal (FEM) (pg, b oyj a1 (o pow 3595 2 A3 (iomion

Check for

updates 439‘ b)é auﬁﬁ’); III 9 II &ﬁi )A&c dbo&iﬂ :‘5;)90 ‘\dlhb
U135

© o lolag 03 silaaao ¢ s (g s

Ol el g oSy ol bl a )l  panlis IS 3.@5@1 ol Ly
Ol el et o8l ¢ Sl pole 5 ulol aaSiisly ¢ awlis (il 09 ¢ )lutils .Y
mdehpahlavan@ut.ac.ir x5l gt *

o.\:fe

AL RAZARTAN ST » odbcadS gla S jlesds « S5y iyl 2 (g)l0lS il By 5 pa Cawst byl 4y D9y b
NN Tl S 5 bl il e sblie g ol M (o 53 sia] e lelStal g Lol )it i sl ygS
Brany, o sly Sl o3 & Nigh o iy diaie 1> g by 4w zen ooy B 5 55U (slap b
ol 2B S (b g tie Sl ) ere S Wlgie o]l g g AU ol Sty 5 o2
Sk Sgejl dgae el oy ab g weSUT (oile aud 1381 o5 5l ookl b gyl 5 amd H1E Lasl j3 1) 046
e 235 Bg5 A jeate cps il o oSl 55665 Ll )3 15 0,93 ol (slag M 5, Shoe (g5ljb &8 0
Spder 50 gladidl I 50 4isS S ‘.)L.J}iw 45 0,8 Byd liwysS VYAF 5 VWA slajiglS claaidl I o550

VEV Y b

VEF/F/A L

Copyright: ©2025 by the Authors. This

article is an open access article distributed 92 ) u"l“S 9 SNgy 05 093 O‘ll P pyye (S (b 93 4 old (giludnd LS).IJ'.’I)#’“ \VF Eyoe ) Al bl
under the terms and conditions of the Cre- VB Jolgd p (m/s OF/Y b £Y/Y) IS B, (m/s EYIY = YEIV) jbaasql; sl yleS 5l cglate oles cue puo 5L
ative Commons Attribution Noncommer- o sl Bl o35 1 o5 b ools  wll 5 % 15 adlas eS o Fou VD
cial 4.0 Tnternational (CC BY-NC 4.0 li- oy & il QMg (95 2 Ll bl 285 )13 50 w7 S s Ty
cense) 4 didg 0alS e Jelge o)) (SilSe old g WSy (owdin (olss (gjlwdnnd blyd 1> Sy oo Hline
o , ) o3l cnsi s 3510 53l 395 ol i Al 1 eyo 455 b b ol o i o
censes/by-nc/4.0 Y-¥ mm ;| O coluwo b &L&’él)}w 9 A _x._,’l)s sy 3990 u.:kf 0y Jlds y )ip ged dw A8 el
oSy (slol dasls 5l 0al o Clue 4 (g2 0)5 0 oo by (sl s (S5 G g Lol id S sl

sy Blaal ply )3 Coanlie 5, Slos v Mo (505 LS dw Jolie ,d (oo yb B55 Sl S &S W oy i L]
055 il ibaie iyl )5 (8)5 b Slag s & S (85 SBlanl g (Jilys (5 08 Sk Wlgi e Ylazs!
.ML‘J P.%};

25 5 Sle pal pas )5 gime slipl s (S 158 B 5l

5 LSSt (S slapllas (65l g s )3 Wl go ol 2 Shos doddo .)
ol sl ol,8 g Mo Hhun (ol il cdb jo 561 399 Cunlo )
(Technological determinism) S5d655 ol)S pa ol b 5,55, b 2 ol 5 9 2Lk p oSl Pl g s (e ()

S . _ 5 i oy 5 chlio Lol 668 clasbl 5 55503 b eyt
W35 2 cpg eI S gl &S porie cpl s 25y 395 oo 2 skas rEEE RS 5 il Fmito

https://doi.org/10.61882/jra.2025.11.101 ANV Y ()WY OFF (o ol argy


https://jra-tabriziau.ir/article-1-394-fa.html
http://dx.doi.org/10.61882/jra.2025.11.101

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 8:19 +0330 on Thursday February 19th 2026

Olley 00 5 Al

Sguoma slizl 9y b osf o L s 0550 it [ i

MearokoBa, 1964; Etrdmann, 1973; Cleuziou, 1973;)

Medvedskaya, 1982; Derin & Muscarella, 2001; Hellmuth, 2008,
g 13 3 o1 ol ol ok 4 oEoua Jg (2014; Szudy, 2015
ol 428,55 41,8 adllas g0
e 9 (SIPSS Sy a3 (025 clagiagy
39508y )l salgie polb 5k 4y g Gl wly glhed > S
b Sblyy pioxias 5 S gadllas Cyjgome b (udimgsy VAVY JLo
sloy; il Jso b oym0 cliislejl iy o 1y —dielien o935
Pl (o) s oS 5 (2w 9 (sb oS (Cuirass) by
el oo Ol 4 gyuiiy  bdgh 365 ol 3 S (Blyth, 1977) ams e
g 88 o odlatul 295,18 10 wlid liwl slaaisl i ples cds b culs
M2 WS (5 S aoml )3 g 02 Sglane 0,5 )8 4 (9 I peT Yk
bowg VooV Jlw jn 6,50 (kg aad b &)l b Ky 5 Slos
$sloy; 3Mlee 3l b Cygoe L (Thomas Hulit) colla yologs
Cal 4B S Sps o pu pgd o)l st dosi T 5 4S5 L Sy
9 (olidaisS ((Byme Jolod bl 35 (gl ol yoee (Hulit, 2002)
Oy @ oKy (18 4 Sz 425 (lames 5 0ad o)) 5jlwils
g W Jlw o 3 Shmggy o5 sei 05 Canglye 2ol slime
)41 (6355 (i b 55l ol oSl (] Sty 51 (29,
(Linothorax) usTigd s LS 05 caysee b (Gregory Aldret)
0)5 LB e (55wl pe Mo aliwlie (Aldrete, 2013) 5,5 o & j9u0
iz Sy Bl )3 065 Slitylojl plsl (sl ol Stimgy LS
soled Syt Juad i oy SIS cwld bl Saled 4 (e g
395 9 3,95 3 ) ol duwdids g (S e B & 55 5 g1a8 Slallas ]
GBoR crl 3 w3 e JSB ) gyt (gl Ban oS Sl 0392 05 4
b el oa b Olssl gail plas] cuge dudo ()l lgis ax (FEM)
D Lo kil 1) (s3logliow g 2)55 0 slasinl B 0 Sl (S sS

V-5
DR D590 (N Il g g, .Y

D90 sljal gy V=Y
bl Sl s (5l (225 Glagingl ) Jeeme by,
6 ol Bly Lol > o iidga]] 5 gt plie lis g o Wnazily
5 &ilwand 5l mgh ol it cawd ol 6,0 5 cdls Ollas
JoSo g 03 dalsl (o5 4y g 4B 000 (HBlg e Ll b )3 il Je
L (Finite Element Method) .yl o Glaws 4 culy Slwlxe oo,

)JuLc) 9 0wy Ja.g‘” dd».u)l?m ‘5‘){ dy ‘53/&,{9) c\.)s..\Dus ;|)>‘ uf)”

336 Sixio g gl g aiils olyen 4 )8 slp e Sl 2y
5 e bl Jlxo o sliol a8 S o 030 A5 ol SlaSisSS
I bl S5 9l dilaie (Ray, 2010) sl (29> 555 « ST
Sl 9 SV il pu s o)l Ao Ui pgo 5150 31yl
CELS g il BlKin 5 Sia (cwdine 9 Sin )3 s )3 (6l
sl Gblio ) (VA (1)3) puos pg 8150 T 1 &S (g3l8 (sl S s
o )3 oo W ()8 390 Sl 5l Gy g g g Cdly) i o
Ol 53 0Ly 2Ld Glpl oM ©pf 5 0pe Jlad (Jlod 53 5
Caenl yls ads g5 5l wlg5 o (Medvedskaya, 1982) st 3,9l )55
a5 0,8 claansly lo | (imed ol @y slaodld oo i sl
ol 35 0 M Jlas ol a3l (sladbgms 5l (S ol S
5)l50 Cuwst dowd mhe g 05 0 jl Al pl 4 STl sadd Ll
5 sl 0391 )93 yiuo sloasl 5 ot o ol 28 Jlod 3 p0
ol = )bl Lo b (oo (6)VLwgls b CogSs d92g Sl (e 5
Jorze 39290 mlgd oluly (ollpae = (Sim )3 (g059> cnl > S et
sloojo L bl slisS (Smjh slge ol iy Jy edoyin 5 44
omen e g (3] 5 i) colul 0)e Jlod 5 Jloud) Sloomon (a6
5 25) 2l plodl 60yl g (2ol 5 o sl e o)
el (oS
o)l3 41 399 b il Su33355l (sladbgone ) bl yw pgd
ol {Curtis, 1984) 4 (lomdg5) (pdad <Ll )5 pu Jgl
Thornton & ) skiws (Kroll, 1979) play (Dyson, 1965) lasbus

Oates, Stronach, 1958) g yous ‘(Dyson, 1965, II; Pigott, 2011
lsis o (Woolley, 1921) yiweS,LS ((Tufnell, 1953) _za¥ (1960;
ay Jads azdy azdy 5 od b edud (50 sledabgoe 4 (Curtis, 2003)
P EP 9 6x5 2 o bdlug, calid g plulid cox el
.(Szudy, 2015) 203 o rabgors (¢, Kials
@ b adlate ol (uwlidlinly (el Gle 5 oSy (o8 03,
$9,&s Pl yy—a> g ke sladlatel 3 (los )l el () 95
&l 4 it Wl plos ) (R Sl 935 aals ] (ol Sl
0392 o3l 3)90 5 )58 YU CuaS )3 &5 iy (52 (Brae (>
5 2 SFn oz Bl ol 98 LT el Job 1B 5 e
e floj elds oSS ke jo jlailes (ol 1) 5,8,l8 daue
S L oo (g |y g9 onl a5 Seapgl e o))
g b Lo ingy J e £309m ] S3gSsS Tl So3siS

22517

INVN () V) OVFF ¢ o il dmng


https://jra-tabriziau.ir/article-1-394-fa.html
http://dx.doi.org/10.61882/jra.2025.11.101

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 8:19 +0330 on Thursday February 19th 2026

Olley 00 5 Al

Sguomo slizl ) Loy & Gl s 255y aip I8 Jhomi

Eory )50 093 (swlidlialy anlgd e y> (LB el b g o2 TS
ovlly eyl av g BB Sllas (cai i o (Zutterman, 2003)
em (o) Job bl aygly (oS’ a5 sladgl (i (5551 b imgg
F(Bergman, 1988) il o ¥+/2] 55> ;5 (glade S 0 du) VO
Blyth, ) el Y8 5 VAT oy 6)hie ® JSC3B oS elys jldo )

() Jss) (1977

LN
B e

AT o

Lwgs oad (g5l > aglj oS ) tsile dd (ol o Obil slagleS LY S0
pla sl (S s aygls leS L JluleS” i ¥ (Bergman et al, 1988) LS,
2 2Bl lwysS 5l oal cunty S5 B clo LS ¥ (Wintet, 1989) shus oMb
ot Ss S5 B oS 53,5 0 4 Jb 3 sl kS ¥ (Selby, 2005) s

(Roll, 1989) Lyl JoS oMb )1

Figure 1. Selected bows for simulation: 1- angular bow reconstructed by
Bergman et al, 2- Archer depicted holding an angular bow on a Hasanlu
gold bowl, 3- B-shaped bows found in Yanghaii cemetery in China, 4-
Scythian archer loading his B-shaped bow with an arrow depicted on the
gold Kul oba bowl.
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Table 1. Dimensions and weight of the tested samples.

o3> (2)py>  (mm)Jsb o,  Culbhs
Sy
- 1214 33 1.3
SPr
(B)7040 7 53 - 18
(L)7059 10 75 15 5
(T)1226 45 33 9.5 -
(R)2379 8.8 62 13x 5.5
N
’,’r,(;\\
A
il
N
o~

(nS2L) JSb oy gt b )l b5 B jtalo] 5,90 (sladiges T S50
& oy dw T (ibid) JSKi 5y gas5 b adgd Jbal; L (Dehpahlavan, 1395)
&) gaa5 b ad 93 hail; R (Dehpahlavan, 1398) cSgw ¢4, ;5 b (5 g
(Stronach, 1958) g 0); 3l c3 2 Lo 4938 A IS5

Figure 2. Tested arrowheads: (B). Tipped with pyramidal blade (Bad-
kin), (I). Double-edged, tipped with the leaf-shaped blade, (T). Trilobate
socket with thorns on the socket (R). Tipped with two edges with thom-
bic blade form (Source: Authors) and a bronze scale plate of the scale ar-

mor (S.A).
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(Hellmuth, 2014) (pigl; oSy Sge5 & S50
Figure 4. Zabotin Arrowhead

& 0-Y-Y

3 5 Oleit bl (cats 23w plie 4 58 (297 aed £y
rdlsy iz e 4 BT Gl gz 5o .l 00g: Jlaids (1505
J ol b Lol s o yiass o lais ol bl salgs Lyl
00,5 bl (5 a0 sloo i 5l o] Cway sladiges 4 g3 o
LSLQO)}A 329 ..\.Jo..\.a] Sl L.?’D)LL alises 6&0)50 )‘ )LJ u.a‘
o Ny e (10 a5 0,58 ST olEiils 90,5 Can g el 9]
> ol YA L FA mm a8 gl)ls g e0gs 551 UT ol dél
(Blyth, 1977)ac2s oo SLEs LAV/O B Ve g s (goae sL3] ]
‘ﬁ% D)} -‘l—Y—Y

P95 8132 pgd s £9,—2 51 Ly (lgiee 1) (o o)) s,
SIS UV GO VI FR R GOV IRV P P VP ES ) PP
M8 g05 samlive Soo 5,9

ol 53ldnds g oul 48,5 L 5o (Sgy o)) (saiges
obe slaosls joly CoeS o iy a5 pa Jgl 0)l38 s das
51 95565 olul b BT ol Ml oo i Sl wijls g4 ol 5
Cicdigs 6l Vel 4 Wloaal iy (il lizul (sloiolS
aaS BT axs 5 e )8 solat ol 5,90 G 5l Solite sla isu
V02 bl g B pgs 8,50 el 5 Suo3 jols a4l yo 0
mm o 2y 93 LYY mm o Job b olocsdy el oo
VY K +/% mm Sgd> 4O LS"AM LL)‘Q‘LL}‘) )ii‘b S )0 9
Lo S gy ! (Stronach 1958; Hulit, 2002; Muscarella 1988)
3 miigy 59y tls 092 bl (555 2 45 log g Aoy,
Stronach 1958; E. V.) sba b g0 490 a )L L gy i
&l el (pl » (Cernenko, 1983; Dezs6, 2002; Hulit, 2002

a5 sl 37 VY mm S xSl Hlade Sy Sl s

ool Jo pails yieles 4565 Cpl ol 5l wiiley ced L 155 30 cawlio
mm | 5268 b nl Jsb Ylets) 3L g diies €55 (slacigal
Gl 0345 A
(T) S gw by A LYY

b eS8 o g9y 3365 ans clat] Cannd 3 bo oy 350 (465
dlazel )3 5 039 Sy S5 Lo o & ol S &S el )5
2 oo )l dge cpl 3l 13 e srad b oy 5l (S
(1 JSC5) 8595 o 0133 yiske S s sladiges b obis (slacS g (55,
oy 53 9 o e 85 £55 53 i Ygoma Yl (sla Sty 455 (3]
o JUS 5 (L1 docl g 0 puolore ((:35) edl I ()l )3 5 s
Sy Caod8 (el S5 w g0y 50 sladiged atl Ny 5 e 0>
Plol g5 sy 1 53, 595 31 0 (65 o6 (sladigas aitn
(Andronovo) gggsl 50593 Slgl | 5ot (Satiges g oo (58
o3 Lol gl (sl (63550 150 3 (P ¥ s o)l 351 b leo)
(Cleuziou, 1973; Brentjes, 1996) S5 oo

$0)> S5 36 5 gy 0)93 gl eisyeS slaabge
Sy JS5 (539 o 53 el 5038 sgin 1815 L S
5093 3131 31 b (s sl oy 4 (sladigas Lol (¥ 1) it
Lo, ( Hellmuth, 2014; Alekscev, 2003)(pp A ¢35 (s4ibia) oo lS
S5 4 ) 2w plsdl jo i Sl gy5 i JB)I L o oo
bl 35l o 5l dw g (Transcaucasia) jlasel jglo (gadlato ;> iz
865 zlg, (Ivantchik, 1997).85945 o0 043> jlaa8 o> 3blo o yiuo
s Ll STy o ¥ 5 ol B sl o Jols S
oy duw gladiges 4 1y 395 gl )] 5 w9 Vo saalie Lol ye )
Hellmuth, ) siws 5w S g JSb 4 el &S aad o iS5
iln e 3 it ES g D65 () Cuppgens (Cleuziou, 1973; 2014
g pledl la_wgs o (Cleuziou, 1973; Stronach, 1978) ar_ils deldl ;.
03k > ol ol ST oll 9 o0 48,5 ) & ()l srcde

WS o, BYO LY. mm

(Baitinger, 2001) s 8 g b Sy Bgos ¥ JS

Figure 3. Arrowhead with inner socket
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Figure 5. Right. The element of the pyramidal quadrilateral type
(C3D4), Left. The sample of the mesh-free model of the impact process
in Abaqus software.
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Table 2. The number of elements used in the simulation of the samples.
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Figure 6. View and sections of arrowheads simulated in Abaqus software. 1. R 2. T 3. B 4. L 5. Bronze scale armor
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Table 3. The average velocity and kinetic energy of the collision of the samples thrown from the angular arc after the specified distances.

HEF e e il Mlcese poemlgipl cepl@pl e plgipl 0 S (ke P 858 oRlbe
(2) (7)as! (M/S) ¥.0 m ks Yomahii ;> Yemakadi Yo m Cdluwe Yo m Cdluno
B 17 40 68.5 37.4-66.4 35.8-64.9 34.4-63.7 65 35.8
T 14.5 40 74.2 38-72.5 36.2-70.7 33.5-74.2 70 35.9
R 18.8 40 65.2 38.5-64 36.9-62.7 35.5-65.2 63.7 36.9
L 20 40 63.2 38.5-62.1 37.2-61 36-63.2 61 37.2
Sl 64.5 36.4

02d sl Juolgs (ol e 3 JS8 B eSSl 0ad Sl ladiges 3,98 5 (pdeix (555 5 ey (6S0ke £ Jgu
Table 4. The average velocity and kinetic energy of the collision of the samples thrown from the B-shaped arc after the specified distances.

@)err e giFl Mgl Pl dbl el el ce e iSile 5 6551 0o
(I (m/s) ¥.0 m yom Yo m ahad Yo m Sl Yo m Sl
B 17 30 59.4 58.2-28.7 56.9-27.5 55.7-26.3 56 27.5
T 14.5 30 64.3 62.7-28.5 61.2-27.1 59.7-25.8 61 271
R 18.8 30 56.4 55.4-28.8 54.2-27.6 53.3-26.7 54.3 27.7
L 20 30 54.7 53.6-28.7 52.7-27.7 52.1-27.1 52.8 28.7
Sl 56 27.5
O 2 Sl il dd Gloj e 5 @l . 0 Jgsa
Table 5. Results and simulation time for each arrowhead
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48> 355 12.66 mm 48> 359 10.83 mm 43> 479 17.74 mm 43,85 350 9.52 mm Sgr 0,5 2K S
438> 232 12.1 mm 485279 JolS jgue 4,85 230 JolS" jgue 4,85 345 JolS joue U 05— K koS
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45 1
/
1

/ / (B)

/(Ra&m& /’

Xy
lay
L=

Displacement (mm)
o
L)

1
15 /
V. apa
1
v / 05 1.0 15 20

Time(s)(x1e-3)

BB - LA clb pbJie gb;— obuls I E JSWS
Figure 14. The displacement-time curves of models on: B.B-L.A state.

LmJ.Lo AW u» d)))l 9 Sy (AW d.u.ulou ).).)BA A JQ»

Table 6. The calculated amounts of velocity and energy absotbed of models

v,(M/g) L2 Vbt E.Q)
Rap sa 63.7 258-141  37.9-496  30.7—35.1
Bap sa 65 206-113  444-537  322-3477
Lap_sa 61 372-202  238-318  234-287
Tapsa 70 35-17.1 35529 271-338
Rpp_sa 543 285 258 201
Bpp sa 56 16.09-8 39.91- 48 253-27
Lop sa 528 328 20 18
Tep_sa 61 35-27 26 - 34 183-21.9
Rap ia 63.7 583 54 5
Bap La 65 291 35.9 287
Lapia 61 60 1 12
Tapia 70 583 117 113
Rpp ia 543 50 43 42
Bop La 56 283 277 207
Lop ia 528 50 28 35
TosLa 61 483 127 102

05 10 15 210

Displacement (mm)

=

I

=20

Time(s)(x1e-3)
AB—S.A b pladre ploj— obul . VY JSWI
Figure 11. The displacement-time curves of models on: A.B-S.A state.
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Figure 12. The displacement-time curves of models on: BB-S.A state.
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