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Abstract

In this work, we predict a true fracture strain using load-displacement curves from tensile test and finite
element analysis (FEA), and suggest a method for acquiring true stress-strain (SS) curves by predicted fracture

strain. We first derived the true SS curve up to necking point from load-displacement curve. As the beginning,

the posterior necking part of true SS curve is linearly extrapolated with the slope at necking point. The whole

SS curve is then adopted for FE simulation of tensile test. The Bridgman factor or suitable plate correction

factors are applied to pre and post FEA. In the load-true strain curve from FEA, the true fracture strain is

determined as the matching point to test fracture load. The determined true strain is validated by comparing

with test fracture strain. Finally, we complete the true SS curve by combining the prior necking part and linear

part, the latter of which connects necking and predicted fracture points.
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(a) SCM4 (b) SS400
Fig. 1 Fractured cylindrical specimens from tensile tests

(a) SS400
Fig. 2 Fractured plate specimens from tensile tests
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Fig. 4 A true stress-strain curve for SCM4 cylindrical
specimen
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Table 2 Predicted and measured fracture strains for
cylindrical specimens

Predicted = Measured
Material ~ Specimen fracture fracture E(;)(;r
strain strain
1 0.532 0.538 1.1
SCM4 2 0.526 0.538 22
3 0.582 0.598 2.7
1 0.367 0.393 6.6
SS400 2 0.381 0.376 1.3
3 0.405 0.402 0.7

Table 3 Predicted and measured fracture strains for
Al6061plate specimens

Predicted Measured

Material ~ Specimen  fracture fracture E(lr);(;r
strain strain °
1 0.567 0.568 0.2
Al6061 2 0.478 0.462 3.5
3 0.492 0.481 2.3
1.00
=
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Fig. 6 Comparison of correction factors for A16061 plate
specimen with Bridgman correction factor
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(c) Measured true stress-true strain curve with correction
factor and the predicted one

Fig. 7 Process of obtaining o;-¢ curve for Al6061 plate
specimen
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SS400-1 plate specimen
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Table 5 Plate correction factors of each FE model

Plate correction factor

In(4o/4)  Iteration Initial  2nd 2nd 2nd

tw 10% 10%  20%  40%
0.10 1.000 0999 0.998 0.999
0.20 0.993 0984 0.987 0.988
0.30 0.983 0968 0.972 0.974
0.40 0.972 0951 0.952 0.955
0.50 0.959 0935 0.930 0.934
0.60 0.944 0920 0.904 0.909
0.70 0.927 0905 0.870 0.881
0.80 0.908 0.875 0.834 0.848
0.90 0.887 0.839 0.798 0.811
1.00 0.864 0.808 0.766 0.772

Table 6 Strain hardening exponent of SCM4, SS400,
Al6161 specimens for two regressions ranges

Material Specimen nNPtoFP nYPtoFP
1 12.6 11.8
S.CMf‘ 2 12.0 10.4
cylindrical
3 11.4 9.0
1 29.5 29.3
S.S40.0 2 26.8 26.4
cylindrical
3 27.5 27.5
1 8.4 9.3
Al6061 2 8.6 9.7
plate
3 8.9 9.9
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Fig. 13 Comparison of input o;-& curve with FEA curve
for A16061 plate specimen

2nd correction factor

Correction factor
o IS o
o0 Ne} NeJ
W o (O

=

o0

(=]
T

e
~
O

Fig. 14 Comparison of 2" iterated correction factors for
t/W ratio in A16061 plate specimen

Fig. 15 41804 ozl A %1-3-4-x14
M olE FAHFTFHOR [
gk Zleoloh, (WA, S, (F5H, Sdi)
o] F F1tellA 3 A

= Ul ol 4]
& FHoI A3

kl

X,
o
N o
nj

1

2,

o= Fel 2R T 37T
w2 2] eF=Tth. Table 60 A5} A|3H o
T ARARAS 0 &
dS=del vgk HAde

_i’_

ol
A eo)el o] 9l7]el

£ & oo N



AZAN Y Faerd|rloz Fa drk %
1500
= J
[a ¥
=)
N 500 — Predicted 1
°°°°°°°° Regressed from NP to FP
---- Regressed from YP to FP
O L L L L L L
00 01 02 03 04 05 06 0.7
Z
(a) SCM4 cylindrical
1200
= 800 r’"— 1
[a W)
=S
o ] —— Predicted |
40 Regressed from NP to FP
-—-—— Regressed from YP to FP
0 L L L L L
0.0 0.1 0.2 0.3 0.4 0.5 0.6
&
(b) SS400 cylindrical
600
= 400 1
ol
=)
" i
200 —— Predicted
°°°°°°°° Regressed from NP to FP
—--—- Regressed from YP to FP
0 L L L L L L
0.0 0. 02 03 04 05 06 07
&

t

(c) Al6061 plate

Fig. 15 Comparison of predicted & regressed o;-& curves.

5.8 <
Aol gAY B frEasddon
Aeel e AWPES o1, FHHOE AR
AEH-ANPES A S AdA 1A 9%
NPor & So-NgE AEE U ddA 13

X
2
ol
K

o fraadisel

(&R S

=)
2
o
&
o
ok
-
ot

ol

=T o ot
iy (Lo o o e o

e A== ()

vl7 2 22

1 E3} olo] A T s e T
Ko

tot o
i
b

Ty
o\
X

E o
O U
]
_|J
N
ol I R o
At 4

)

AT 2008 ke Fer kA
(KOSEF R01-2007-000-10942-0)2] <
o, o]o] TAL=HU T

1
it

ikl

P

Ao
o

(1) Mirone, G, 2004, “A New Model for the
Elastoplastic Characterization and the Stress-Strain
Deformation on the Necking Section of a Tensile
Specimen,” International Journal of Solids and
Structures, Vol. 41, No.13, pp. 3545~3564.

(2) Cabezas, E. E. and Celentano, D. J., 2004,
“Experimental and Numerical Analysis of the Tensile
Test Using Sheet Specimens,” Finite Element in
Analysis and Design, Vol. 40, No. 5~6, pp. 555~575.

(3) Dumoulin, S., Tabourot, L., Chappuis, C., Vacher, P.
and Arrieux, R., 2003, “Determination of the
Equivalent Stress-Equivalent Strain Relationship of a
Copper Sample under Tensile Loading,” Journal of
Materials Processing Technology, Vol. 133, No.1~2,
pp. 79~83.

(4) Gelin, J. C. and Ghouati, O., 1995, “The Inverse
Approach for the Determination of Constitutive
Equations in Metal Forming,” CIRP Annals -
Manufacturing Technology, Vol. 44, No. 1, pp. 189~
192.

(5) Huber, N. and Tsakmakis, C., 1999, “Determination
of Constitutive Properties form Spherical Indentation
Data Using Neural Networks. Part 2: Plasticity with
Nonlinear Isotropic and Kinematic Hardening,”
Journal of the Mechanics and Physics of Solids, Vol.
47, No.7, pp. 1589~1607.

(6) Lee, H., Lee, J. H. and Pharr, G M., 2005, “A
Numerical Approach to Spherical Indentation
Techniques for Material Property Evaluation,” Journal
of the Mechanics and Physics of Solids, Vol. 53, No.9,
pp. 2037~2069.



-3

1064 o] 7

Ho

(7) Bressan, J. D. and Unfer, R. K., 2006, “Construction
and Validation Tests of a Torsion Test Machine,”
Journal of Materials Processing Technology, Vol. 179,
No. 1~3, pp. 23~20.

(8) Rice, J. R. and Rosengren, G. F., 1968, “Plane Strain
Deformation Near a Crack tip in a Power-Law
Hardening Material,” Journal of the Mechanics and
Physics of Solids, Vol. 16, No.1, pp. 1 ~12.

(9) Hyun, H. C., Lee, J. H. and Lee, H., 2008,
“Mathematical Expression for Stress-Strain Curve of
Metallic Material,” Transactions of the KSME A, Vol.
32, No. 1, pp. 21~28.

(10) Bridgman, P. W., 1952, Studies in Large Plastic
Flow and Fracture, McGraw Hill Book Company Inc.,
New York.

(11) Joun, M. S., Choi, I. S., Eom, J. G. and Lee, M. C.,

B - oldd

ot

2007, Finite Element Analysis of Tensile Testing with
Emphasis on Necking,” Computational Materials
Science, Vol. 41, No.1, pp. 63 ~69.

(12) Joun, M. S., Eom, J. G. and Lee, M. C., 2008, “A
New Method for Acquiring True Stress-strain Curves
over a Large Range of Strains Using a Tensile Test and
Finite Element Method,” Mechanics of Materials, Vol.
40, No.7, pp. 586~593.

(13) Lee, C. H. and Kobayashi, S., 1973, “New Solutions
to Rigid-plastic Deformation Problems Using a Matrix
Method,” Transactions of the ASME, Vol. 95, pp. 865~
873.

(14) ABAQUS User’s Manual, 2004, Version 6.5,
Hibbitt, Karlsson and Sorensen, Inc., Pawtucket, RI.
(15) Dowling, N. E., 2006, Mechanical Behavior of

Materials, Third Edition, Prentice Hall, Inc.



