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Article history: This study investigates the valid thickness range for ASTM ES8 tensile specimens
Received 28 June 2025 under plane-stress uniaxial tension conditions. Finite element simulations were
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performed on specimens with varying thicknesses, and stress triaxiality and strain
path were analyzed as the primary evaluation criteria. An ideal uniaxial tension
state was defined by a stress triaxiality of approximately 0.333 and strain path of
-0.5. The results indicate that specimens with a thickness of up to 8.0 mm satisfy
both these conditions. Outside this range, notable differences in stress triaxiality
and strain path between the surface and mid-thickness were observed, indicating
a departure from the intended uniaxial tension state. Thus, this study provides a
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Strain path guideline for determining the appropriate specimen thickness to ensure accurate
Thickness tensile testing under plane-stress uniaxial tension conditions. The proposed
Finite element method methodology may also be applied to evaluate the validity of tensile specimens in

other mechanical testing conditions.
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Fig. 1 Dimension of ASTM standard tensile specimen
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Table 2 Parameters of the hardening model

[MPa] [MPa] [-] [MPa] [-] [-] [-]

0.00 1680 42.5 567 0.015 0.253 0.047
650
E 600
g 550
~ 500
§ 450

» 400 ——
Q Xp. data

F 300
250
0

02 04 06 08 10

True plastic strain [-]

0.0

Fig. 2 Hardening curve from the tensile test

7.5mm 7.5 mm

7.5mm 7.5mm

Half of
grip section

y

|
A A

y
oo
7.5mm X

(b)
Fig. 3 Geometry and boundary conditions: (a) full model and
(b) 1/8 symmetric model
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(a)
Fig. 4 Examples of mesh configurations of (a) 3.2T and (b)
12.5T of 1/8 symmetric model
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Fig. 5 Stress distribution in tensile direction: (a) observed region,
(b) 2.6T, (c) 10.0T, (d) 19.0T
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Table 5 Maximum deviation between the ideal strain path and
that of each thicknesses
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1

Table 6 Maximum percentage deviation in triaxiality and strain
path by thicknesses

Thickness [mm E;/ [%0]

] E} [%]

0.8 0.10 !
i
Valid | Invalid Valid | Invalid
0.6 /- 0.08 .
—_— | 0
— I - I
L 0.06 1125 / 0.05
% H "
_504 1100 - 03§ :’ +
4 7.5 ./ | z:.qE 0.04 . /Ko:
02 / : 0.02{"" I
= ! Valid area | Valid area
0.0 . 0.00 L
0.0 50 10.0 150 20.0 25.0 0.0 50 10.0 15.0 20.0 25.0

Thickness [mm] Thickness [mm]

(a) (®)
200 &0 .
Valid | Invalid £,
— —— E
— 150 !
S
= 1100 10.0%
£210.0 ;
- = 1
= 1 1%
K 5.0 I
i
Valid areai

0.
00 50 100 150 20.0 25.0

Thickness [mm]
©
Fig. 9 Valid area and maximum deviation from (a) ideal triaxiality
and (b) strain path by various thicknesses, and (c) percentage
deviation of two values

max = ‘ - 0 5 B |max (7)

o
of

0:17]}\1 Amax‘— OSE"I"E‘]'J éltﬂ A

TN YA RE 9Ju|3tt). 0.7 £, 0.
o) WA= -0.5252 9JojlA AAsH 19 W 9=
el e AE ERIT 4 Ut 10.0 mme] o= -0.544
o] Zk& 7HA 05259 HA} 004401Di 73t 518 |
9 U] &= QI HEHE |k Ae € 4+ Atk 23U,
21.0 mmE -0.5752 -0.5550 &2 oz yehta, -0.52
FEQ HA7E 0.07524 T A "M Hlojus Ao
2 Ygyith

rr

Wi, g 7 A4

mm2]
38

S b

o
)

SER
il

A

1%

rJl

].o.
A2
0. 7}o
2

1X
v o

Fo]

OIZF A

& AlRH

[

—?771]

3.4 ASTM E& E '?r; -'|:—7fll oot

P

248

0.7 33 5.0
1.0 33 52
1.6 34 52
2.6 45 52
32 5.4 5.6
4.0 6.6 58
5.0 8.1 6.0
7.5 83 6.8
10.0 102 8.8
12.5 10.5 104
16.0 10.8 116
19.0 13.3 13.8
21.0 19.2 15.0
& 2 dFolA Agtets fE FAR HYsIgit. B7F AiEE
UM AFT A (@)2h A (7)ol Y& ©12HQ ghozRE Q] Hrh
HiE *}%ﬁ‘}&’io , MBS oxtz Fastw, 727 A ()3t
A (9 AHoE.
7
% — max 8
By =l 53g! 100 (®)
o7|1M, El= 03339 28 AEAoRRE Hf MEE oA
475 A @Rl R 2o HAE ouigi.
B
%: max 9
B =I5y x100 )
o71A, EfE -0.59 WPARERE o) MEg o3, 478

= A (6)1M Ao 2d] BAE Jujith. FAF HE 13714
JHo] RE H7} A EE Table 60l UERAL.

7t Az, A 13714 FA9) 28 FoA Hrh 7.5 mme)
Aol 8.F T Q1A W9 ol Sojgrom,

>

IZOZ

.J_L‘{_‘ 1o ro o
T Q1Y AR A 9l A 80 mm3l Z1oR RIS,
HIZR 7129 Wt 88 A%/ 7189 M A7) gl
T RS BE WEs] feiME 2*“4 ”Z*u JIER FA
NS AHogltt. whehd, T 7188 2% esto] 13704 #A
% 8.0 mm o[st FA 9| AjHo] %Efﬂ 2AZ AT

4. &

i

B o A= ASTM E8 7|2 Z 12.5 mm, T&87g 50 mm



Journal of the Korean Society of Manufacturing Technology Engineers 34:4 (2025) 243~250

271072 nHgsto] 0|24
AzM = 1/3, AR =

7/1]L 11.9 mm= L}E}l;b:}
Emi ASTM E8 4201.}

*9] 518
SR 57401 OZIEW ae
AL TS BA T IF
12.5 mm 0]% A 149 A
ojgt Aik= FAIRIA /\l?_ ‘%7117}
IFE AAFSHH, AlE AdA A
sfiof g HolEtt. & AFollA AA|
& WSk AlEe Al A% A
ol A& TEAIT] 19]
S AolM= &

I}

>4

) r

¢

l:l]zl e}

g

3
o
o,

0
hin

al

og rol
>

_O|ll‘
N

e

N

it

X0
> o e

o
rk

<]
A

Zu

&
¥4
g

=

o]

R

n%

o
gk
)

T

(o)
g Al

==
L oox o

=)
M
1z
oot -
o
ff

>

>,
o e

o

gol

o

4o
)

=
i

T
rl;‘: of,
=) OOI‘

o

il

P2

o

09

p

-

27

N
™
lo
u
re

rk
&

% 7]

o] AT FAPAY1EITLY WEIA|(No. KITECH JE-25-00
06)2) AL LTS EUT.

References

[1] Wang, Y. H., Jiang, J. H., Wanintrudal, C., Du, C., Zhou, D.,
Smith, L. M., Yang, L. X., 2010, Whole Field Sheet-Metal
Tensile Test Using Digital Image Correlation, Experimental
Techniques, 34:2 54-59, https://doi.org/10.1111/j.1747-1567.
2009.00483 x.

[2] ASTM, 2013, Standard Test Methods for Tension Testing of
Metallic Materials, ASTM E8/E8M-22, ASTM International,
West Conshohocken, PA, https://doi.org/10.1520/E0008
E0008M-22.

[3] Yun, J., Chae, Y., Lim, S., Park, J., Kim, M., 2025, Optimization

of Cam-Forming Process for Side Bead Considering

249

Springback, J. Korean Soc. Manuf. Technol. Eng., 34:3
129-136, https://doi.org/10.7735/ksmte.2025.34.3.129.

[4] Djebien, S., Nohara, S., Nishida, M., Marth, S., Haggblad,
H.-A., 2024, Strain Rate and Notch Radius Effects on
Evaluating the Stress—Strain Relations Using the Stepwise
Modeling Method, J. Dynamic Behavior Mater., 10:1 26-39,
https://doi.org/10.1007/s40870-023-00397-4.

[5] Stockburger, E., Wester, H., Jegatheeswaran, V., Dykiert, M.,
Behrens, B. A., 2023, Improved Failure Characterisation of
High-Strength Steel Using a Butterfly Test Rig With Rotation
Control, Materials Research Proceedings, 28 737-746,
https://doi.org/10.21741/9781644902479-80.

[6] Choi, S., Park, T., Kim, H., Nam, B., Ye, B., Kim, D., 2024,
Ductile Fracture Prediction in Thin-Walled Structures Through

Model, 10:23  e40849,
https://doi.org/10.1016/j.heliyon.2024.e40849.

[7] Brlic, T., Debruyne, D., Lava, P., Reskovic, S., Jandjtlic, L.,
2019, Identification of Luders Bands Using Digital Image
Correlation, Holistic 9:1 8-11,
https://doi.org/10.33765/thate.9.1.2.

[8] Sun, H. B., Yoshida, F., Ma, X., Kamei, T., Ohmori, M., 2003,
Finite Element Simulation on the Propagation of Luders Band
and Effect of Stress Concentration, Material Letters, 57:21
3206-3210, https://doi.org/10.1016/S0167-577X(03)00036-3.

[9] Lian, J., Liu, W., Gastanares, X., Juan, R., Mendiguren, J., 2022,
Plasticity Evolution of an Aluminum-Magnesium Alloy Under
Abrupt Strain Path Changes, Int. J. Mater. Form., 15 40,
https://doi.org/10.1007/312289-022-01692-6.

a Novel Damage Heliyon,

Approach  Environ.,

Junseop Yun

Student Researcher in Korea Institute of
Industrial Technology. His research interest
is Metal Forming.

E-mail: sana408@kitech.re.kr

/
—

Yujin Chae

Researcher (M. S.) in Korea Institute of
Industrial Technology. Her research interests
are Material Testing & Modeling.

E-mail: cyj253@kitech.re kr




Junseop Yun et al.

Jinsoo Park

Ph. D. Student in the Department of Mechanical
Engineering, Inha University. His research
interest is Metal Forming,

E-mail: pjs0000822(@naver.com

Minki Kim

Senior Researcher (Ph. D.) in Korea Institute of
Industrial Technology. His research interests
are Plasticity, Material Testing & Modeling,
Experimental Mechanics.

E-mail: mkim@kitech.re.kr

250



	응력 삼축성과 및 변형 경로를 고려한 ASTM 인장 시험편의 유효 두께 평가
	ABSTRACT
	1. 서론
	2. 단축 인장 해석 모델링
	3. 결과 및 분석
	4. 결론
	References


