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Finite Element Analysis of Stress Responses in Biaxial Specimen
Geometries

Yoonsub Woo*, Hyungbum Park*'

ABSTRACT: This study aims to evaluate the suitability of various geometrical shapes of biaxial deformation specimens
for assessing the biaxial deformation behavior of polymer materials through finite element analysis. The research
comprehensively considered various geometries presented in the literature to determine the optimal specimen shape
that ensures stress concentration in the gauge section, reduces shear stress, and promotes failure through high plastic
deformation in the gauge section. To assess suitability, the average stress in the gauge section and the maximum stress
in the notch section during biaxial tensile deformation were quantitatively derived and comparatively analyzed. First,
analyzing the stresses in the gauge and notch sections for circular gauge sections with varying curvatures showed that
a large curvature in the notch section significantly concentrated stress there, but the benefit to the gauge section stress
was minimal. In contrast, an indented notch shape significantly increased stress in the gauge section while
substantially alleviating stress concentration in the notch section compared to notches with large curvatures. Regarding
the influence of gauge section geometry, it was confirmed that modifying the gauge section to a rhombus shape could
alleviate stress in the notch section. Although this alleviation effect was minimal for low-curvature notches, indented
notches showed a stress reduction effect of over 5 MPa. These findings are expected to serve as fundamental data for
designing biaxial deformation specimens for polymer materials, a topic that has not yet been clearly established.

£ B ATE D84 YR ol MY AT B 913 o)F WY AW et 7I5kere Yake
eatol, ol 3¢ 240 AP E FUREHNE Bol Wolokad Ak @ Aot ol wY A
A A BER S Aolx] Fo] 39 4F W AT Y AP, & A4 WY FES F AlA ¥ 5 §
=2 9} 7|2 REol AN E o FAL FHAC Tefatol AW FA) AWAL ZASAT. AAALS
aes] Sfstel, ol ol W Aol AolA] HolAe] B g wARoNe A) S AFHos =
ot sl 241 o) 2890 A Yehol Aol el A2 e ol 02 Aol o

8 A HFAA A Aol 9] gelof 2] of
So e ange soz ZAPQ%E} uko] AR Ao]x] o] Selg A FAA Y|, 2 2E
A 3] ot amEEE A =X B 32 AFS thE ek Ao ST Aolx] 2o] Fapo
e Al AR, Aol A B FAe) nhERE WAo] x| Ko| Sl g ehapaZ 4= 9ol Sl it we
159] 73 9-0) o|2fak @3k T v u]akAI v, BHEY kx| Re) 49 SMPa o] 4o] S o3} wE el g
shelstleh A AT Aok AA7EA FAE A e aAjo] o) &g A o] WA AATe] 9ol A
Nz AR B4 5 IS A0 st

ftlo

l‘

Lk

Key Words: 0] 3] A| 3 (Biaxial deformation tests), ©]ZH 3 A]H (Cruciform specimens), -3-3+ 1 43} 4] (Finite element
analysis), JZE-Z}A2] (Polymers), 4~ ¥ 3 (Plastic deformations)

Received 20 January 2025, received in revised form 11 February 2025, accepted 17 March 2025

*Department of Mechanical Engineering, Incheon National University
fCorresponding author (E-mail: gamamle@inu.ac.kr)



Finite Element Analysis of Stress Responses in Biaxial Specimen Geometries 133

1M 2

AurE 02, REY 7AH £ HE Bk, B
of AEE A4S AL, A A0 33 38 A%
20120 F3| FYeH Zo] et s @3 5
B4R ST PR A sk $9s 7|20z o
% 43| b 0® WakEol ket oy /1ol o ol £
ot S 2 SlEH). o, el ARIe 740 3
W oky 122 AYSHE RS hS Fastn, o %, A
815 2200142 ME AT Bk W Eol ol 93 2
ek QuEA 0 2 o] S WY A B, F1Y AT, Arcan A
52 B R T WG AY Yol EAfstel, &
TEL o1 W W A 540 wet e A gE 1
it EEob/l RE HHAQ 34Y 5 54 AP
© BT Aol ], theFek A@717] B o] o4
Arsoix 3 ik

A7 e A FEH ol % W AlF (Cruciform
test) & A E0] th: WY AFS Brbshe thEA
F SR, F & WFOR B4 852 Rstol, 0E
A WY AT Fus BHT 5 k. olgh ge W
G A A, AW G AR bt At Aol
GFL AL WY Aol 7IE grie] AT G4
4] ol WY ABE At oI5 W Aol Hi o

“2110 = 5*101] Ao

a8 A0lA 3ol AL A 44 }1[4-61, *1434 )
o 25 YAL F7kste] Ao

4o dgsins Pye wsh
o] M= Wt mAE o
HASRe], 1% Hro] A WA
) E3 A4 E - 10]
SBELLEL Rk rsjja

o
o
ol
2
X

o
)
o,
N
s o -
N ottt
I a o 315
52 i
ol E
N |
o o
N Borr

B e
AN
ot

i)
>
)
e
é
4N
13
ox
o W
9
O
_E
'5
<l
fr
M
2

N =
2
™
X
2
{o
HU
o
o
ol
ol
N,
=
i
=)
Jo
Y
N
_1>~I
2
E
o
E
o Hd b~

@‘htﬂ, 3l e %% A& A
Al et tXﬂi Ql8te] melo] oYt

c}[15-18]. TESF & A|H §

A Fhof YA 5= itk %@01 A 0}7101], fa”% ol

o] FE o] AL AR &38| 7} o] i

A o] EARIT. whebA, of|FAI9F B2 HA ALEAF &

A4S BET 0l% WY AP F 2410 AW A7
2 avje Agstynch, nEat 240 B4 Tl o
&4 A7k s el o)

£ AP Aolx] o] gFe T &3 BHE F
o9 A% FE PAS WASL, A ABe] A
AHAE 78 220 Aol e} X o] TxH s
So] g8 HEoh WY A% AL GFS KL
Ne Bgstel FRHOR BASIA ATk B3, B A7
oA AolA] Hot wx] §abole] g WE A BAS
Fstol, L2 Ao AlolA| 9% AN L shero]
A Qe FEstad sk

21 F2 7z Ha
o] W AlH O x| O] P AlHO HA A Q] 5
g Earof] A2 FFS vlA|= A 24 Motk =
A FO] B2 Alo|A] Fo Aol 3 Fak Bl A &4 W
ol TAsk= YAl Athet G vlAH, FAlof =4
79 39 AF ArE 244 stk & AtolAe= AlelA
e 9o DAL 2] BO| A4S FE
e 2 ZEY(), =2 FEIQ), F=F0B)er &7
St S|4 A wlwstaa; SeH19.21). 7 2E 8 14
Al B2 Fig. 1] of#je} o] Yehf it
EQh, TRt AlolA] - FA4tol whet Alo]A] K d k=X
558 2o s = AR 71E oA At
H oofg] AolA| F FA4E 7IHte = (14], A F, A4, Bt
(@) \ (b) . (©) |
I|
‘R:S.E‘Bmm IR:S.llmm ‘ ‘R:S.d‘!rnrn
e = A W \/h“_._— —
E
i ' 12mm

= 125mm -
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Fig. 2. Three different gauge section geometries: (a) Circular, (b)
Square, and (c) Rhombus
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distribution analysis, and (b) Yield stress as a function of
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Table 1. Calculated indicators through FEA of three notch sec-
tions based on a circular gauge section
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Fig. 6. Results of biaxial tension tests based on FEM simulations for different notch section shapes: (a) Low curvature, (b) High curva-
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Fig. 7. Results of biaxial tension test according to gauge section shape based on FEM simulations: (a) Circular, (b) Square, (c) Rhombus

shapes

Table 2. Calculated indicators through FEA of various gauge sec-
tions based on a low curvature notch section

Gauge shape Circle | Square ‘ Rhombus
Notch shape Low curvature
A t i ti
verage stress in gauge section | | oo, 55.73
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Fig. 8. Graph comparing notch section stresses based on differ-
ent gauge section shapes
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Fig. 10. Results of biaxial tension test according to notch section shape based on FEM simulations with rhombus gauge section: (a) low
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Table 3. Calculated result indicators of three notch shapes based
on a rhombus gauge section

Gauge shape Rhombus
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Notch shape ow '8 Indented
curvature | curvature
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Fig. 11. Comparison of gauge section and notch section
stresses of rhombus-shaped gauge specimens
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