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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

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

2 of 22


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

S. Jalili & M. Dehpahlavan

Assessment of the Arrowhead Impact on Armor Using the Finite Element Method

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.
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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
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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.

1o d505 (g5l and 5D 0id odlizl sl Sl LY Jous
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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Figure 10. The stress charts of model T 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

| NNNNERENY |

ST

s, Mises
SNEG, (fraction = -1.0)
(Avg: 75%) ~
.188e+
[ +51157e+
1) B
‘6106 +
[094e+04
\578¢+
“063e+
031e+
L157e+
[000e+

s, Mises
SNEG, (Fraction = -1.0)

&
dhbb bbbt
B ERNER a0 0a
2000100203822

m
£
&gz
N8
uz "
3
g
g
1

ion = +1.0)
%

(3)

AT T 72

P T T et
g 3

2 222
S80RRERRRBITR

s, M
SNEG, (fraction = -1.0)

(4)

T
13
H
39334994344

BB - clbs ¥ AB—SA sy, pB Jue 55 g A JSWI
BB -LA b ¥AB-LA clb ¥YS.A

Figure 8. 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) BB-LA state.

Y BB-SA ¥y AB-SA b N 0y n L Jae Gi5 lhges A JSWI

BB-LAck ¥AB-LA -
Figure 9. The stress charts of model L at the impact in (1) A.B-S.A state, (2) BB-
S.A state, (3)A.B-L.A state, (4) B.B-L.A state.

Eapsorbea = satanl) jl o)) b oa b cd> (45,1

Vimpace 3555 451 €8 ot 065k b =1 (Vkipacr = Vibop)
Varop 04=3 S Jol5' (55luglig el &5 3508 0 Co s (55105
S9) Lol S (xie &S > (Cunl by oy m) 398 sl

40l 03l Cuus JPCS db’dj)-;‘ L;o)'Lg N LY u‘ﬁﬁ" 0)) (§ dxbo

225 14

MW (V) VY VFF i sl dngly


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

5 by (Anderson & Bodner 1988 ;Awerbuch & Bodnet, 1974)
;Gupta et al, ;Ravid & Bodner, 1983) 5,95 5 83gaw0 )d 4yl lab
So p basg 4yelj ¢ (Corran et al 1983 2006 ;Borvik et al, 2002

.3l (Thomson, 1955; Zaid and Paul. 1957) S pue

45 1 //
—_ B
£35 Ly //)
£ ) |
EZS
Naay dup=an
[~
A N A

y &
| A
g 0.5 15 2.0

1.0
Time(s)(x1e-3)

AB =LA el 5 bJue gloj— obuls WY S5
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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
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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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Table 7. Geometrical properties of models
Model Maximum cross se- A.B-S.A & B.B-S.A States A.B-L.A & B.B-L.A States

Jse tional area (mm?) In action c.s area Tip length involved In action c.s area Tip length involved
oo lons s g (mm?) (mm) (mm) (mm)
5,55 3 )3 35 5 gl 2,650 5 5 P S Job 2,50 P 25,5 e 5,50 P P Sy Job
R <359 <135 4 < 35.9-8.7 35
B 39.6 1.12-30.5 22.5 16.8 17.5
L <402 <27 13 <49 35
T <383 =191 9 <282 30

VST i 5y slo 5l o 7 g9 (sl G sla lp S
I AVS (o 5 d0)j 35y (bdgn Olilyw & 3 pasds (g o
G5 5B 039 (g dinjls Sl o b S a0 35 dale ()l
Ol ol Yleinl hled (65 gle gy 4 0)5 (St 9 5
odd d8yS M o LY B Y mm 4Y cpl slpccwl edg SU iy
gy 33,5 dodo & yoio 08 395 ol 4 b 5 S (ol 4Y oy 3]
(Bleetman & Dyet) c& g ool (g (wlaly .ol Gludl
Jb sz o et ST L ol Aol pien g gy s
oS Jlade (Bo%y (il 53 s (0l jlade Lo i S g Al S
Sy ey 4 aS dmy o &l YV mm 1) ol 4 i 9 V8 mm ke
.(Bleetman & Dyer, 2000) cusl oaid 43,5 jlai 13 cusly 415" 5 Jlxbo
003 WY mm el olinl b o oo 5 )3 |y atse o 51 o
mm S o e 53 5 05 Cawd ggeme 3 (SUS 0)5 VY mm 5 (S,
b 03,5 s (LS o)) a1 T YA mm 5 (S 0)5 a1 YAIY
ar Sy 0)5 s 2y8 5y 45 (gladgad g5 205 (> sl 4y e
Al azdl el 368 VYV mm LB diged 355 0 S35 565k
b3y 5 Sipss o Gy VP mm &y (S 0 399 45 3,5 el
S5 4 5, o) 5 (Bleetman & Dyer, 2000).c_sls salss 5
b a3 1500 Egad dw 3)53 0 plin 4y (S 05 Syl
olyon &y s elyr |y e 3y dtslgi e Yl VW/F mm (il
s g BN mm 5 Sike e Ll S 05 Ll sl az_sl
Clus 4 LS ye 5 s Slodso jl (6555l Caa D conlio (idy
S S g sir Sl 1 6pS ol iy (Ssy 055 i s 2]
Py 5o 55 & grlio
S5 Ao g S o2 L

Bl BT cueS b 1) odel s ol Lisu opl p auib e Lo
oS yolailon eand 58 (ol 3)90 (b liwl algd (e ) 025
Cansd |y 3,80ae it bo Gialojl 0 B (g0555 (g oo 0> 5 ol
dwdin ol o a8 ol b cwsliS Gioled 4 500 (s456S dw &

Jole pl jad> ‘3)91 Gl ar 035l dgu2 50 e (ole 1) (1S

e 6,385l tals el iy o slal (3g YL aS johailen
AL Jse aib 4 aie 51 8lg5 oo s o) 85100 5 L 992 b
P lead o (Gl cnyieS )98 0 e aw (39 So5
e onl 35 8l 039 So 8 (VW9 8) bS8 58 e b e
R (slaJao oo ol |y (Sgs 0,5 b2y 2 50 o S5 S8 1
Wl Ty (g 035 b ys3 2 3 038 Gl 555 ol low 4 LB T
09 Vb g 2)95 0 anl )3 glaie o di iy (65 ) Wile Jlelge Lol
038 Cipaids (gt 13 1y gm0 S 6 S5 50 s 45
mm 39> blie R Jio S'g 51 ¥ mm dgds 0 1830 Juols el
g loa b b )3 el 0)5 Sy S 505 s (T o 514
asl ooly &y (St IS5 o s & T e Lawgs 0 Gds (65,
datio o ) gusly glds .l 0aub 05 CanSS ¢ b cuml el
ol 5 e glis Wlgi e (g3lunglygs ALTE /Fe =0T s 3 S5
Jlio Y Jos Billao B Juo and g |y (SUS 0)5 oy o 9
g I3l g ol 43 5l it Jsb 0 5550 > 4 IS o5
ooladlogs |y (65l e pliee oy il B Jsb )3 550 glato
038 0)5 JolS yge il o (o 005 ogad )3 (il 3l W9l 03>
o

929 b GUS 05 il (o @l g daly 5 Bb i cn
YO mm I G b 355 ) 4 a5 5oLl B iy Cunlis
b oS o 2 B Jio sl (80— 52 sl 2lhg—w coliwe
23 il cl bl aySles it connlio (wiin sla Sy
Plulydl & C8S wnd Gy cplplh o glis 3 5l b ke
033 g (i Bl 53 alge (I b (g3l 2 0 a8 S L
035 (SHlKo ol 5 ool (wiin o Shag )55 0 il 8 5 el
sl e
SS90 (5 4o 9 398 o Y

e Sy by g deio ol i jledly g ays Sl s
29005 25 b b el )5 Sy o) Y oz Sl 5 45 358

Spgad SHlde wluly )5 1) Jidgy pogad )3 A I8 Cangy Coly

22516

ANV Y () WY OFF o o ol argy


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

Gy b oM bl & e ol 1S5l Lg3) (9ol 5 T, R L
a3 e s |y a5 lal blie ;5 bl od9) 15l o ks aSb eilosgs
5 oy ) Ledan g 0355 gy 05 Blanl ol 45 wildipe inen
ol 0 o oMol 35,15 g sl S 3k yw o3y9l 2 bl s
Glaal b by ye yuin |y sl asdul g udss céb 5l ool cowsy BT S
oY 5 35,0 b jload by (lodisel g @l (23 (K> pf
ol dnoly b i b L po | 093 ol SlolSiomianl (g0 55
399 3 Sjer (i & (K b Bhial waew Jol S 53 0l (Syee
oy i Loy (285l )3 B &35 908 olST il o WY 4 5
lodigS )00 4y s (S 2l b1 53 o 5a8” s ol s 0
e il SNl B 8555 (0l oS 455,87 Lo sl ol oo oy
danlge S w (o)) Blal b lleS” cog 5y50 (50590 )0 &S
6 e sline s S 5 )3 ) a5y ol STl Sl
298 sty e ® 085 B b e (g slao,j 5l eslai !
iy 51y d aoduol S slag i s 9 03955 powspe Gz S35
) s yeos o &y (llate o g (3 1 593 (i 4nd )8 cpl ol 039
o1b 11y )BT CoaS o g 0392 2 A3 sl (25 plod (o25)] (AT o2
Sl digy dm pip £ 08 Bl 317 e o]y T 05 L bl
zloy odims i daleds WS o I 4ol (6,500 g9 4T 9 B (gaisS 9o
dw ghie 9 B o055 (oopp S il (il o5 cal e claiss
godd § JolS by aid) i cpl Al oo T 8595 (g0 do b (15
> &5 opl Bigy (W JSb) WS oo 35 1) (S g S0l 55
ol (gbyd (o Bbolie )3 )15 (g 42 9 CSgu (55) )1 g0 &
SUSS () CaS b 0 £, po ¥ )8 Lawly) Lol gl clacil o
Sl (0555 plgie 4 g 035 Iy ll o0 7 )5 gl Sl e
Hellmuth, 2014; ) o4 345 oleas (55 Jlod (el (S8 plodl
il 61 le (> o jgis g (Cleuziou ,1977; Meliukova, 1964

p9r Ohgd 1) 35 Ol 0B (gaisS an)l Vag 5 e 00 55 o g
‘)9_“)6" J).\» 0590 ()"‘ @I) dl.bad); )l ‘_;gv 4 g A 0 dold] ul}—«l)l)

.(Szudy, 2015)

— b @

prg OF (18 & bgipe oy Sl (g (g0 0 S0 igs VY JSUS
(Baitinger, 2011) Ll

Figure. 12. Models of socketed Trilobate arrowhead with a pyramidal tip from
the 4th-5th centuries BC

M8 Il S ul B9 5 Sl loj 3 ((S396SS (215 2)
log3) (ol il 3lg 15 ol St g 0o el Sl 039,
Sl s Jb 0l b Jy i 32l 5 Olisdly plas i8S 555
O sdlaly oS il dgn g0 dalg i 4y (ST 6oy JLid] (5 &S A
Ay 5 3Seali o ¥ 058 A5 G ladigal B9, 9 S5 s
L) pchi s 0L B (gaiged 4 Cund ASHILT gL R (cladiges
g & M 6yl CueS (g (bl Ll saleld Glee ) Iy
298 sloabgome Sl gl 0 L &S inl 5 g5 alibe sladiges &S
(szudy, 2015; Medvedskaya, 1982) p.o ¥ 53 ylol b bl o3
F 08 o) (sl (93 1 o T g (Sg g ol sladigei g
.(Cleuziou ,1977; Erdmann 135 zlg; (po ¥ (1,8 (6 dileo b puc
& il el Gl M godgamme gyl oais law ,ll 1973)
0yl Wb 4SS cpl 0 Mg o 003 55 y9u8l lyg3 b LI y3 g b5
Bs5 alie sladiges (sdiy Job Loals aals Jol 515 jiT 51 a8 cusls
Cwss 0)l30 5 pad 0)l50 ails 5l aS” Jbs 15 (szudy, 2015)pswa L
0392 (torilas Vo B0 ) iy 5 o lalojl 250 diges 3l lnais Jobo
2 ol Coy @5 L g o Bl |y Jsb 5 ol 259, ol o
L85 sl

om0 29 3 e o o alie glsil g R (S s 390 50
Jsb 5 9 Jid i oS’ )3 i s ailos b cdly ey 5 o)l
o)l Cunss dags 3 gl (SuiSTyy s Magd i sanlite pu Syl o5
043 (e85 Bl > yiaS g 4l dlel o el (i (55 Bble 41 gl
Slodises g R4S oliss dlyie ;> (Medvedskaya, 1982) Waiy 5
B ol 39y peocde Lol Tals 1 YU o B 565 4 curd )] auliiio
ol oS L g T &5 95 b duglio ;5 Carns ol ltiolian oly93 300l
pie 3ol jb il g ykae 350 5 (ige3l > Sl 3}k 4 s g L
it o] o gl R CueS g i o ol

S ES 5o (55 (5B g & ] il (sladise o T (gisS
S8 ol pl g Bl (0 £ )8 gl B) JLw N0+ Sl i (5 yee
23 (sdn (§lo)9d 3 (S 4y By pre S (e ;3 e
ly b ) i ol (Hellmuth, 2014; Cleuziou ,1977) 34— s
Sy GBS Jg iy 9w w2 20532 b SlojlNl b ol 0
Ohed U ags Ol & S35 )9l ) (g (sitg ) (S S0 4
P29 g8 Al litgeone jl g i oo adldl il o)

385 515 01 ke 3,515 5 S (clily 45 Ao eSS s
L ablie lpy olio an S Gl ) T, R, L sy 3 9
Sladiged b CulsS &S Ay o0 Sl 4 488 () LS il ()

225117

ANV Y () WY OFF o o ol argy


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

abgo g pics Jgl olin lsl gl a (KKCroll, 1979) pllawsy 5 (Wartke, 1990) 45 o1,y (2003

(Gottlieb,  2004) p.s A ()8 <l > Y ¢

(Schmidt, 1957) gy -

(Petrie, 1888) 465 4 (Knobel et al, 1911) _yudas -
(Waldbaum, 1983) 5L .

(Petric, 1928),5 5 (Woolley, 1938}, I .
(Erdmann, 1973) g,k s Robinson, 1941) 5t .

) 2, ol g B g omio bl 1ol sty HBT wlis 48 cals g adlas (glp .

(szudy, 2015) 13,55 «cp ol o ,b1 ¢(Baitinger, 2011) 2y S by ¢(Cleuziou, 1977

(De Backer, 2011-12, Barron, 2010 Hulit, 2002) 13, K0yt dalas (gl .

UiaY (Muscarella, 1988) sliws (Muscarella, 1988 Stronach, 1958) p.s ()8 39500 -

(Petrie, aubs 4 (Petrie, 1908) juies (Tufnell, 1953; Ussishkin, 1982) p.cs Vo —A ()8

1888)

ol 045y (Stronach, 1958) (5155 15 sy olr 4 glb digas (55 0jl03] oluslyy Hlads ol
(Aldrete et al, 2013) : &y 355 axslpo S 05 20,5 5 (5155 Jolasd 3)50 )3 yids dalllas (gl -
(Blyth, 1977) 133,85 st Ml gy ol 003 glyssl R = KVZ ¢ aal §) 5o o) -

(Rodgers & Moffett 1935, Jawgs oL g5 gy jl odlitl b (o (iiS liee (5 dumsloro .

ol 015 plsRheingans 1936, Hardy 1976

sl 01 plodl (English 1930) by by ialejl (o9, b (oxbaw (S (lie (5 dmwlns

(Jones, 2009):,5 yuin sleMbl gy

(Av): 0,50 .

2y5aST oKl Jie Byl gedyl 9 (Aldrete et al, 2013) S0 jde obip oy .

www.beazley.ox.ac.uk

axble g Cuvgy MMVE LYY + Lold MM BY + (G €ul) 0,5 JSS posd (300 + 03 mm WY L

axle g Cangy MMV BYY + old MM Y Y + (Cans <o) 0,5 JSS 5t oljan + 0p; mm VY

2585 oA e > F12 4 (Erdmann, 1973) ples)) sais eeds > DI2 g DIT (g o5 .

(Cleuziou ,1977)

shs slo (6350 P Lot cans B (6 455 j9i> a0y el anidly Jlas )3 1) Six il e 51

o i Y o8 Sl skl & bysye b od0JYY/Y 0B/ VIY LusUIYIE 39,05 LY AYLIV
Silo AYVA Sl LY+ Cpgysn 09 s sladl 1 osel sy JBT lo ,3 9 AYF 18 ¢ (a3l

(ol sy ol & 22l Babo Hlal pl) 15l oo A g5 = b pe AT/ 0gSity VA
o o)Ll (sla coles dnlgs olul ) awl o 51 L8 Jgl o)l 5 b 4y (3leie 00 gy ,B1 5174 0F

((¥=¥) sl

1531 (Szudy, 2015) 55,0 (Tufnell, 1953) LteaY (Dyson, 1965) ghius (slo 4l 4, .

395 axslye (Petric, 1928) 1,5 (Szudy, 2015)

70/ g R slo aidl 75+ Sl p> wanl ZYV/O 4 JSVID 3935 1 s3> B 4 R (la il cons .

o Ly (b5 <l jl B gl aisly

90 B ol digas (oo Jl a5 il o BV YN T (6 665 ) Cons B (g 665 jgi> (IS a0y .

bl lel) sl WIAT (g 8565 sl duops oyl & b 55 il el s (b5 by 51 o YSTIY

(33L (o OF gl sl dbgomo (slo 4Bl

Gib (s g amlgd ¥ (oolo aalgl Y 450 ) il Cuenl Bl aiSS aw o bl s (g5lojl bl

3L g0 pySoLS YF/D LS/ (y (glaie 00 Ciruogs 05 (5 4555 VF Lawgie ()39 «sj9 ABULS (ygte
.\J;Lua&ybé.-ias\"~ GFA dgu> )d (55 e)j)mcéu%jyb)ydh&%.ﬂ.w Oered

b s bo img3s o3l )3 0nd (5lS (sl &5 doll jl p1S e 5 (Dezs6, 2002 « Starr, 1939)

Y¢

Yo

AR

Yv

YA

Ya

AR

AR

Yy

Y¥

Yo

vé

ol oBily SGle 095 1 1) (yd g S e b x5 gyl Rl
3l A 2] 8 88 0l 42l il gl g e G Lo yele 85 (GBI (ogasy
L35 SaS b odld Julow calisee Jolpo 0 1) B aius g g 00l plool |

14zl oS b dlis 2ol 5 5SS 53 Bty oled 10y N g3 &5y Lito
S pMel 1y gdlis 2L 4555 5 N 55 1 &80 BLAT

el 005 (ol S Mg Lo gy ol (sl dizje i Jlo (ywals

Sygo g dlis opl bt oaiS Slady pB glaodls 13lg0 g 1 231> Ay o pwd

8,8 salgd )18 e yiwed ) B g gl culgd )

Cowg (o

20,0 gdoma il gy (ogas  gels SleMbl 4 oy e )
The Finite Element Method: Its Basis and Fundamentals" by O.C. Zienkiewicz "

(doi: https://doi.org/10.1016/C2009-0-24909-9).and R.L. Taylor

"Introduction to Finite Element Analysis and Design" by Nam-Ho Kim and

Bhavani V. Sankar. (https://www.wiley.com/en-

dition-p-9781119078739)

"Finite Element Analysis: Theory and Application with ANSYS" by Saeed
Moaveni. ( https://dl.acm.org/doi/10.5555/520534)

ol 5 oole nlys joguas 5 i SleMbl 4 wyiwd Iy (Angular or Triangular Bow) .Y
S o gl oS IS o s oylyd st adllas sl ¢ (Mcleod, 1970)s,,85 (yles
(Wilkinson 1991; Zutterman, 2003; Szudy, 2015)

Yamauchi, 1983; Brentjes, ) :u,Su (ol ol olo 3alsd ogas 55 jidm ¢ aadlbe gl .V
Syse > Gledbl & iy gl (1996; HEPHEHKOO, 1981; Dwyer, atarn.org
(Dan, 2013; Ivantchik, 1997) w3, Ko 5,15 Sloss

5] (Sl o 5 rolons ciliseo (sl 4 oS gl (6551 (082 imgy 5 0 )1 el 5l T

b

by ile Jhe g Sluslre |68 oy b ]y 01 Mg a5l lie g plRgh o ek L0
039] Cannds

7

0,9 Al b g0 el Big) 4380 6Kttt Caz (ol pas aliis (ol Gged 4y gt ple o 4

lp a8 oolatl (il 4l S ot 6 dged oy ol SP ol P8 g el

)iy (YF) i & iy el

Ferfer BN 5 (Gottlieh,  2004) pus A 58 olgdl s oyl il VoteY LY
(Petrie, 1928 ; Macalister, 1912)p.cA-

(Szudy, 2015) (g paialis £15) 521 5 Sopsl 5l A

e Jib s ol Bl s e el Sl e 5 (Negahban 1996) SJjle o o 5 .4
skus (De Morgan, 1905) ab (EgamiN et al, 1965) ks (Khalatbari, 1385)
Alol) &g @l s ysS Sl (Thornton & Pigott, 2011) IV 4 IIIB sls ¥ 4 bgye
49j (Vanden Berghe, 1964) 5,55 (Ghrishman, 1379) s.o gl Jlia Llgl 5 pgo o)l50
(Ovetlaet, 2003) I1T ol e oli ) o555y o dbogomo 5 (Ghrishman, 1954)

Jsa Lol als 1,5 (Dern & Muscarella, 2001) p.c¥ 58 blol b paco A )8 aibo bl 512 ¢
(Von der osten, 1937) ¢ cutn (s 0)95 VS g9m ,Lil o (Wartke, 1990) p.co Jgl

o abye (Negahban, 1995) .o Yo+ 5300+ )l (Ghrishman, 1379) o Sl > V)

Overlaet, ) (pp Jgb s oiln Byl 5 po> s ol 3lg) i) ogSiy T 5 T ol 5 09

2518

ANV Y () WY OFF o o ol argy


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

Jo ol b Jo 31 a2liS Gales a1 055 ol sy 4l b )98 o 25 sl (A1 S ol
(Dezs6, 2012a: 100) 855 25 sy 5 0y5 4 Sz 0,Lil 0y93 oyl 1> (5ylbe gilio

(Cleuziou ,1977; Erdmann, 1973) w6 s adlbes (ol TV

References

Aldrete, G. S., Bartell, S., & Aldrete, A. (2013). Ancient linen body
armor: Unraveling the linothorax mystery. Johns Hopkins University
Press.
https://search.proquest.com/docview/2130991792/bookRe
aderraccountid=45153

Alekseev, A. J. (2003). Hronografija Evropejskoj Skifii VII-IT" vekov
do n.e. Saint Petersburg.

Anderson, C. E., & Bodner, S. R. (1988). Ballistic impact: The
status of analytical and numerical modeling. International Journal
of Impact Engineering, 7(1), 9-35. https://doi.org/10.1016/0734-
743X(88)90010-3

Awerbuch, A., & Bodner, S. R. (1974). Analysis of the mechanics
of perforation of projectiles in metallic plates. Infernational
Journal — of  Solids  and  Structures, 10, 671-684.
https://doi.org/10.1016/0020-7683(74)90050-X

Baitinger, H. (2001). Die Angriffswaffen aus Olympia (Olympische
Forschungen 29). Berlin/New York: Walter de Gruyter.

Barron, A. E. (2010). Late Assyrian arms and armonr: Art versus artifact
(Doctoral  dissertation).  University ~ of ~ Toronto.

http://hdlhandle.net/1807/24677

Bergman, C., McEwen, E., & Miller, R. (1988). Experimental
archery: Projectile velocities and comparison of bow
performances. Antiquity, 62, 658-670.
https://doi.org/10.1017/S0003598X00075050

Bleetman, A., & Dyer, J. (2000). Ultrasound assessment of the
vulnerability of the internal organs to stabbing: Determining
safety standards for stab-resistant body armout. Injury, 31, 609-
612. https://doi.org/10.1016/S0020-1383(00)00061-9

Blyth, P. H. (1977). The effectiveness of Greek armour against
arrows in the Persian War (490—479 BC): An interdisciplinary
study [PhD  Dissertation, University of Reading].
https://ethos.bl.uk/OrderDetails.doPuin=uk.bl.ethos.450089

Boehmer, R. M. (1972). Die Kleinfunde von Bogazkdy, aus den
Graungskampagnen 1931-1939 und 1952-1969. Berlin: Gebr.
Mann Verlag.

Borvik, T., Hopperstad, O. S., Berstad, T, & Langseth, M. (2001).
Numerical simulation of plugging failure in ballistic
penetration. International Jonrnal of Solids and S tructures, 38, 6241-
6264. https://doi.org/10.1016/S0020-7683(00)00343-7

Borvik, T., Langseth, M., Hopperstad, O. S., & Malo, K. A. (2002).
Perforation of 12 mm thick steel plates by 20 mm diameter
projectiles with flat, hemispherical, and conical noses, Part 1:
Experimental study. International Journal of Impact Engineering, 277,
19-35. https://doi.org/10.1016/S0734-743X(01)00034-3

Brentjes, B. (1995-1996). Waffen der Steppenvolker (II):
Kompositbogen, Goryt und Pfeil — ein Waffenkomplex der
Steppenvolker. Archdologische Mitteilungen ans Iran, 28, 179-210.

Brentjes, B. (1995-1996). Waffen der Steppenvolker (II):
Kompositbogen, Goryt und Pfeil — ein Waffenkomplex der
Steppenvolker. Archdologische Mitteilungen aus Iran, 28, 179-210.

Chernenko, E. V. (1981). Seythian archers. Scientific Thought.

Cleuziou, S. (1973). Les pointes de fleches ,,scythiques® au proche
et moyen orient. In J. Deshayes (Ed.), Le platean iranien et I'Asie
Centrale des origines d la conquéte islamique. Lenrs relations a la lumiére
des documents archéologigues (pp. 187—199). Paris.

Dezs6, ) cul 0395 a5 bl oluis osel sy sla Sy slass g y00 9 gline inY (sj5 Jlto

sl 025 Gl 9T el 3 ol pae sloysS S e 0 (g 055 5] aalsd 225 (2002

Corran, R. S. J., Shadbolt, P. J., & Ruiz, C. (1983). Impact loading
of plates - An experimental investigation. International Journal of
Impact Engineering, 1(1), 3-22. https://doi.org/10.1016/0734-
743X(83)90010-6

Curtis, J. (2003). The Assyrian heartland in the period 612-539
BC. In Lanfranchi et al. (Eds.), Continuity of Empire(?): Assyria,
Media, Persia (pp. 157-167). Padua.

Curtis, J., & Stronach, D. (1984). Nush-i Jan 1II: The small finds.
British Institute of Persian Studies.

Dan, A. (2013). The Black Sea as a Scythian bow. In M.
Manoledakis (Ed.), Exploring the Hospitable Sea: Proceedings of the
International Workshop on the Black Sea in Antiguity (pp. 39-58).
https://www.academia.edu/3751840

De Backer, F. (2012). Scale-armour in the Mediterranean area
during the eatly Iron Age: A) From the IXth to the IIIrd
century B.C. Revue des études militaires anciennes (REMA), 5, 1-38.
https://www.academia.edu/6816233

De Morgan, J. M. (1905). Histoire et travanx de la délégation en Perse
du Ministére de 'instruction publigune 1897-1905. Patis: Leroux.

Dean, J., Dunleavy, C. S., & Brown, P. M. (2009). Energy
absorption during projectile perforation of thin steel plates
and the kinetic energy of ejected fragments. International Journal
of Impact Engineering, 36, 1250-1258.
https://doi.otg/10.1016/j.ijimpeng.2009.05.002

Dehpahlavan, M. (1398). Preliminary report of educational and research
exccavation of the Department of Archeology. Tehran: University of
Tehran. (Unpublished) (in Persian).

Dehpahlavan, M. (2018). Preliminary report of educational and
research excavation of the Department of Archaeology,
University of Tehran. (Unpublished) (in Persian).

Derin, Z., & Muscarella, O. W. (2001). Iron and bronze arrows.
In C. Ciingiroglu & S. Salvini (Eds.), Ayanis I: Ten years’
excavations at Rusainili Eidurn-Kai, 1989—1998 (Documenta Asiana
6) (pp. 189-217). Istituto per gli Studi Micenei ed Egeo-
Anatolici CNR.

Dezs6, D. (2012). The Assyrian army, the structure of the Neo-Assyrian
army as reconstructed from Assyrian palace reliefs and cuneiform sources
(Vol. 1: Infantry). Budapest: FEoétvés Lorand  Press.
https://www.academia.edu/2195169

Dezso, T. (2002). Scale armout of the 2nd millennium B.C. In T.
A. Bacs (Ed.), A tribute to excellence: Studies offered in honor of Erno
Gaal, Ulrich Luft, Laszlo Torok (pp. 195-216). Budapest Studia:
Aegyptiaca XVII. https://www.academia.edu/19309982

Dyson, R. H. (1965). Hasanlu excavations, 1964. Archaeology, 19(2),
157-159.

Dyson, R. H. (1965). Problems of protohistoric Iran as seen from
Hasanlu. Journal of Near Eastern Studies, 24(3), 193-217.
https://www.jstor.org/stable /543123

Egami, N., Fukai, S., & Masuda, S. (1965). Dailaman I: The
exccavations at Ghalekuti and Lasulkan, 1960. Tokyo: Institute for
Oriental Culture, University of Tokyo.

English, P. L. (1930). Exterior ballistics of the arrow. Journal of the
Franklin Institute, 805-819.

Erdmann, E. (1973). Die sogenannten Marathonpfeilspitzen in
Karlsruhe. Archaologischer Anzeiger, 88, 30-58.

22519

ANV Y () WY OFF o o ol argy


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

Forrestal, M. J., Luk, V. K., & Brar, N. S. (1990). Perforation of
aluminum armor plates with conical-nose projectiles. Mechanics
of Materials, 10, 97-105. https://doi.org/10.1016/0167-
6636(90)90020-G

Ghirshman, R. (1954). VVillage Perse-Achemenide. Memoires de la
Mission Archeologique en Iran (Vol. 36). Paris: Presses
Universitaires de France.

Ghrishman, R. (1379). Sialk (A. Karimi, Trans.). Tehran:
Organization of Iranian Cultural Heritage Publications.

Gibbs, M. (20006). Cultural site formation processes in maritime
archaeology: Disaster response, salvage, and Muckelroy 30
years on. International Journal of Nautical Archaeology, 35(1), 4-19.
https://doi.org/10.1111/1.1095-9270.2006.00088.x

Gottlieb, Y. (2004). The weaponry of the Assyrian attack, section
A: The arrowheads and selected aspects of the siege battle. In
D. Ussishkin (Ed.), The renewed archaeological excavations at Lachish
(1973-1994), Vol. IV (pp. 1907-1969). Tel Aviv: Emery and
Claire Yass Publications in Archaeology.
https://www.academia.edu/36844576

Gupta, N. K, Igbal, M. A., & Sekhon, G. S. (2000). Experimental
and numerical studies on the behavior of thin aluminum plates
subjected to impact by blunt- and hemispherical-nosed
projectiles. International Journal of Impact Engineering, 32, 1921-
1944. https://doi.org/10.1016/j.ijimpeng.2005.06.007

Hardy, R. (1976). Longbow: A social and military history. Cambridge.
http://1.droppdf.com/files/wl.Xco/robert-hardy-

longbow.pdf

Hein, A., Georgopoulou, V., Nodarou, E., & Kilikogiou, V.
(2008). Koan amphorae from Halasarna — Investigations in a
Hellenistic amphora production centre. Journal of Archaeological
Science, 354, 1049-10061.
https://doi.otg/10.1016/].jas.2007.07.014

Hellmuth, A. (2008). The chronological setting of the so-called
Cimmerian and eatly Scythian material from Anatolia. Ancient
Near Eastern Studes, 45, 102-122.
https://doi.org/10.2143 / ANES.45.0.2033166

Hellmuth, A. (2014). Horse, bow and arrow — A comparison
between the Scythian impact on the Mediterranean and on
Eastern Middle Europe. Mediterranean Review, 7(1), 1-38.
https://www.academia.edu/8148653

Hernandez, C. J., Loomis, D. A., Cotter, M. M., Schifle, A. L.,
Anderson, L. C., Elsmore, L., Kunos, C., & Latimer, B. (2009).
Biomechanical allometry in hominoid thoracic vertebrae.
Journal of Human Evolution, 56, 462-470.
https://doi.org/10.1016/j.jhevol.2008.12.007

Hulit, T. D. (2002). Late Bronze Age scale armour in the Near
East: An experimental investigation of materials, construction,
and effectiveness, with a consideration of socio-economic
implications [PhD Dissertation, University of Durham)].
http://etheses.dur.ac.uk/1006

Hutton, D. (2004). Fundamentals of finite element analysis. New York:
McGraw Hill.
https://www.academia.edu/37959207/Fundamentals_of_fin
ite_elements_David_V_Hutton

Ivantchik, A. (1997). Das Problem der ethnischen Zugehorigkeit
der Kimmerier und die kimmerische archidologische Kultur.
Prihistorische Zeitschrift, 72, 12-53.
https://doi.org/10.1515/prhz.1997.72.1.12

Ivantchik, A. (20006). “Scythian” archers on archaic Attic vases:
Problems of interpretation. Ancient Civilizations from Scythia to
Siberia, 12, 196-271.
https://doi.org/10.1163/157005706779851408

Johnson, G. R., & Cook, W. H. (1985). Fracture characteristics of
three metals subjected to various strains, strain rates,
temperatures, and pressures. Engineering Fracture Mechanics,
21(1), 31-48. https://doi.org/10.1016/0013-7944(85)90052-9

Jones, M. R. (2009). Deformation theory of plasticity. Virginia: Bull
Ridge Publishing.

Karpowicz, A., & Selby, S. (2010). Scythian-style bows discovered
in Xinjiang. The Journal of the Society of Archer-Antiquaries, 53.
https://atarn.org/chinese/Yanghai/Scythian bow ATARN.
pdf

Khalatbari, M. R. (1383). The archaeological excavations in Talesh ancient
sites (Marian-Tandpin). Tehran: Organization of Iranian Cultural
Heritage Publications.

Kilikoglou, V., & Vekinis, G. (2002). Failure prediction and
function determination of archaeological pottery by finite
element analysis. Journal of Archaeological Science, 29(12), 1317-
1325. https://doi.org/10.1006/jasc.2001.0775

Knobel, E. B., Midgley, W. W., Milne, J. G., Murray, M. A., &
Petrie, W. M. F. (1911). Historical studjes. Publications of the
British School of Archaeology in Egypt 19. London: School of
Archaeology in Egypt.
http://www.etana.org/sites/default/files/coretexts /15113.p
df

Kroll, S. (1979). Die Kleinfunde. In W. Kleiss (Ed.), Bastam I:
Aunsgrabungen in den urartiischen Anlagen, 1972—1975 (Teberaner
Forschungen ) (pp- 151-182). Mann.
https://www.academia.edu/32130642

Kupczik, K. (2008). Virtual biomechanics: Basic concepts and
technical aspects of finite element analysis in vertebrate
morphology. Journal of Anthropological Sciences, 86, 193-198.
https://www.researchgate.net/publication/40027812 Virtual

biomechanics Basic concepts and technical aspects of fi

nite element analysis in vertebrate morphology

Kupczik, K., Dobson, C. A., Crompton, R. H., Phillips, R.,
Oxnard, C. E., Fagan, M. J., & O’Higgins, P. (2009).
Masticatory loading and bone adaptation in the supraorbital
torus of developing macaques. American Journal of Physical
Anthrapology, 139(2), 193-203.
https://doi.otg/10.1002/ajpa.20972

Landkof, B., & Goldsmith, W. (1985). Petalling of thin metallic
plates during penetration by cylindro-conical projectiles.
International Journal of Solids and Structures, 21(3), 245-266.
https://doi.org/10.1016/0020-7683(85)90021-6

Levy, R. M., & Dawson, P. (2009). Using finite element methods
to analyze ancient architecture: An example from the North
American Arctic. Journal of Archaeological Science, 36(10), 2298-
2307. https://doi.org/10.1016/].jas.2009.06.014

Lubowiecka, I., Armesto, J., Arias, P., & Lorenzo, H. (2009).
Historic bridge modeling using laser scanning, ground
penetrating radar and finite element methods in the context of
structural dynamics. Engineering Structures, 31(11), 2667-2676.
https://doi.org/10.1016/j.engstruct.2009.06.018

Macalister, R. A. S. (1912). The excavation of Gezer 1902-1905 and
1907-1909 (Vols. I-I11). London.
http://www.ctana.org/sites/default/files/coretexts /14872.p
df

McLeod, W. (1970). Composite bows from the tomb of Tutankhanun.
Oxford University Press.

Medvedskaya, I. N. (1982). Iran: Iron Age I (BAR International Series
126). British Archaeological Reports.

Moorey, P. R. S. (1971). Catalogue of ancient Persian bronzes in the
Ashmolean Museum. Oxford: Clarendon Press.

22 5120

ANV Y () WY OFF o o ol argy


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

Muscarella, W. O. (1988). Bronze and iron: Ancient Near Eastern
artifacts in The Metropolitan Museum of Art. New York: The
Metropolitan Museum of Art.
https://www.metmuseum.org/art/metpublications/Bronze
and Iron Ancient Near Eastern Artifacts in The Metrop
olitan Museum of Art

Negahban, E. O. (1996). Mariik: The complete excavation report.
Philadelphia: ~ University ~ of  Pennsylvania ~ Press.
https://www.upenn.edu/pennpress/book/13684.html

O’Shea, J. M. (2002). The archaeology of scattered wreck-sites:
Formation processes and shallow water archaeology in
Western Lake Huron. International Journal of Nautical Archaeology,
31(2), 211-227. https://doi.org/10.1006/1jna.2002.1044

Oates, D. (1961). The excavations at Nimrud (Kalhu), 1960. Iraq,
23(1), 1-14. https://doi.org/10.2307/4199694

Ovetlaet, B. (2003). The early Iron Age in Pusht-i Kub, Luristan (K. A.
Niknami & A. S. Mucheshi, Trans.). Tehran: SAMT.

Petrie, W. M. F. (1888). Tanis Part 1I: Nebesheh and Defenneh
(Tabpanbes). London: The Egypt Exploration Fund.
https://doi.org/10.11588/diglit.3236

Petrie, W. M. F. (1909). Memphis I. Publications of the Egyptian
Research Account 15. London: British School of Archaeology
in Egypt. https://doi.org/10.11588/diglit.3349

Petrie, W. M. F. (1928). Gerar. London: British School of
Archaeology in Egypt.
http://etana.org/sites/default/files /coretexts/15143.pdf

Ravid, M., & Bodner, S. R. (1983). Dynamic perforation of
viscoplastic plates by rigid projectiles. International Journal of
Engineering Science, 21, 577-591.
https://doi.org/10.1016/0020-7225(83)90105-2

Rey, F. E. (2010). Weapons, technological determinism, and
ancient warfare. In G. Fagan & M. Trundle (Eds.), New
Perspectives  on Ancient  Warfare  (pp.  21-56).  Brill.
https://doi.org/10.1163/¢}.9789004185982.i-391.8

Rheingens. (1936). Exterior and interior ballistics of bows and
arrows — Review. Archery Review.

Richmond, B. G., Wright, B. W., Grosse, 1., Dechow, P. C., Ross,
C. F,, Spencer, M. A., & Strait, D. S. (2005). Finite element
analysis in functional morphology. The Anatomical Record Part
A: Discoveries in Molecular, Cellular, and Ewvolutionary Biology,
283A(2), 259-274. https:/ /doi.org/10.1002/ar.2.20169

Robinson, D. M. (1941). Excavations at Olynthus, Part X: Metal and
minor miscellaneous finds, an original contribution to Greek life.
Baltimore: Johns Hopkins Press.

Rodgers, P., & Moffett, D. (1935). The bow as a missile weapon.
Army Ordnance. U.S. publication.

Rolle, R. (1989). The Scythian worid (F. G. Walls, Trans.). University
of California Press.

Schmidt, E. F. (1957). Persepolis 11: Contents of the Treasury and Other
Discoveries.  Oriental Institute Publications 69. Chicago:
University of Chicago Press.
https://oi.uchicago.edu/sites/oi.uchicago.edu/files /uploads

shared/docs/0ip69.pdf

Schmidt, K. (2002). Norsuntepe, Kleinfunde 11: Artefakte ans Felsgestein,
Knochen und Geweib, Ton, Metall und Glas (Archaeologica Eunphratica
2). Mainz am Rhein: Verlag Philipp von Zabern.
http://digital.library.stonybrook.edu/cdm/ref/collection/am
ar/id/66389

Selby, S. (2005). Drawings of the Yanghai bows. ATARN.org.
https://www.atarn.org/chinese/Yanghai/vanghai.htm

http://digital.library.stonybrook.edu/cdm/ref/collection/am
ar/id/47411
Stronach, D. (1958). Metal objects from the 1957 excavations at
Nimrud. Irag, 20, 169-181.
https://www.jstor.org/stable/4199639
Stronach, D. (1978). Pasargadae: A report on the excavations conducted
by the British Institute of Persian Studies from 1961 to 1963. Oxford:
Press.

ar/id/69438
Szudy, J. (2015). Archery equipment in the Neo-Assyrian period

[PhD Dissertation, University of
https://www.academia.edu/15611257

Tan, V. B. C, Lim, C. T., & Cheong, C. H. (2003). Perforation of
high-strength fabric by projectiles of different geometry.
International - Journal of Impact Engineering, 28(2), 207-222.
https://doi.org/10.1016/S0734-743X(02)00055-6

Thomson, T. (1955). An approximate theory of armour
penetration.  Journal of Applied  Physics, 26(1), 80-82.
https://doi.otg/10.1063/1.1721868

Thornton, C. P., & Pigott, V. C. (2011). Blade-type weaponry of
Hasanlu Period IVB. In M. de Schauensee (Ed.), Peoples and
Crafls in Period IVB at Hasanlu, Iran (pp. 135-182). University
of Pennsylvania Press.
https://www.upenn.edu/pennpress/book/14818.html

Tufnell, O. (1953). Lachish 111 (Tell ed-Duweir): The Iron Age. Oxtord
University Press.

Ussishkin, D. (1982). The conquest of Lachish by Sennacherib. Tel Aviv:
Tel Aviv University.

Vanden Berghe, L. (1964). La Nécropole de Khirvin. Istanbul:
Nederlands Historisch-Archaeologisch Instituut in Het Nabije
Oosten.

von der Osten, H. H. (1937). The Alishar Hiiyiik seasons of 1930-
1932, Part 2. Chicago: University of Chicago Press.
https://oi.uchicago.edu/sites/oi.uchicago.edu/files/uploads

shared/docs/oip29.pdf

Waldbaum, J. C. (1983). Metalwork from Sardis: The finds through 1974
(Sardis Monograph 8). Cambridge, MA: Harvard University
Press.
http://digital.library.stonybrook.edu/cdm/ref/collection/am
ar/id /31836

Wartke, R. B. (1990). Toprakkale: Untersuchungen zu den
Metallobjekten im 1 orderasiatischen Museum zu Berlin. Berlin:
Akademie Verlag.

Wierzbicki, T. (1999). Petalling of plates under explosive and
impact loading. International Journal of Impact Engineering, 22,
935-954. https://doi.org/10.1016/S0734-743X(99)00028-7

Wilkinson, H. R. (1991). The representation of the bow in the art
of Egypt and the Ancient Near East. Journal of the Ancient Near
Eastern Society, 20(1), 83-99.
https://janes.scholasticahq.com/article/2366-the-
representation-of-the-bow-in-the-art-of-egypt-and-the-
ancient-near-east

Winter, I J. (1989). The Hasanlu gold bowl: Thirty years later.
Expedition, 31(2-3), 87-106.

Woolley, C. L. (1921). Carchemish, Part I1: The town defences. British
Museum.
http://digital.library.stonybrook.edu/cdm/ref/collection/am
ar/id/156870

Woolley, L. (1938). The excavations at Al Mina, Sueidia. The

Wien].

Starr, R. F. S. (1939). Nugi (ol I). Cambridge, MA: Harvard Journal ——of  Hellenic — Studies, 58(2), 133-170.
University Press. https://doi.org/10.2307/627300
22 31 21 AWV (V) WY OFF (o bl dag


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

[ DOI: 10.61882/jra.2025.11.101 |

Downloaded from jra-tabriziau.ir at 11:56 +0330 on Thursday January 29th 2026

Olley 00 5 Al

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

Yamauchi, E. (1983). The Scythians: Invading hoards from the
Russian steppes. The Biblical Archaeologist, 46(2), 90-99.
https://doi.org/10.2307/3209645

Zaid, A., & Paul, R. (1957). Mechanics of high speed projectile
perforation.  Journal of the Franklin = Institute, 117-126.
https://doi.org/10.1016/0016-0032(57)90892-X

Zutterman, C. (2003). The bow in the Ancient Near East: A re-
evaluation of archery from the late 2nd Millennium to the end
of the Achaemenid Empire. Iranica Antigua, 38, 119-165.
https://doi.org/10.2143/1A.38.0.137

Mearokosa, A.M. (1964). Boopymxenue ckudos. CAM (Al-4).
Hayka. https://www.archaeolog.ru/ru/el-bib/el-cat/el-
series/svod-arch/sai-d1-4

Jalili, S. & Dehpahlavan, M. (2025). Assessment of the Arrowhead Impact on Armor Using the Finite Element Method
(FEM): A Case Study of Iron Age II and III Arrowheads from the Qareh Tepe Segzabad Cemetery. Journal of research on
Archaeometry, 11(1), 11101. DOI: 10.61882/jra.2025.11.101

22522

ANV Y () WY OFF o o ol argy


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

