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Evaluation of True Stress—True Strain Relationship after Local Necking by Stepwise Tensile Test

Keitaro ENaMI and Kotobu NAGAI

Synopsis : The goal in this research is to evaluate the correct true stress—true strain curve after local necking up to a true strain of 1.0. To achieve this

goal, a smooth round tension test was carried out by a stepwise method. Yield stresses of the materials tested ranged from 251 to 1182 MPa.

The tensile load-neck section diameter curve was measured in the stepwise test and was transformed into an average stress—true strain curve

in the neck. The necking ratio—true strain relationship was determined by an optical microscope observation. The necking ratio was defined

as the radius of the neck section divided by the radius of the neck curvature. The true stress—true strain curve after local necking can be eval-

uated from the average stress—true strain curve and the necking ratio—true strain relationship using an empirical equation up to a true strain of

1.0 regardless of the yield stress of the materials tested. In addition, circumferentially notched tension tests with different notch radii were

carried out in a stepwise manner to evaluate the true stress—true strain curves in the neck. Regardless of the initial notch shape, the true

stress—true strain relationship after local necking was similar in the notched tension test and in the smooth round tension test.

Key words : true stress; true strain; stepwise tension test; plastic working; necking ratio.
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Table 1. Chemical composition and tensile properties of
materials tested.

(a) Chemical composition

Material C Si Mn P S
FP1
FP2 0.16 0.44 1.46 0.013 0.004
QTI
QT2 0.20 0.08 0.96 0.008 0.007
QT3

(b) Tensile properties
Material 0vs aTs M.EL F.EL Structu
(MPa)  (MPa) (%) (%) re

FP1 251 470 20.0 34.0 F-P
FP2 341 522 18.5 34.0 F-P
QT1 701 763 6.9 20.0 M
QT2 1027 1073 3.8 14.0 M
QT3 1182 1307 3.0 14.0 M

0 vs: 0.2%proof stress, o 1s: Tensile strength, M.EL:
Elongation at maximum load, F.EL: Elongation at failure, F-P:
Ferrite-pearlite, M: Martensite

Mi2 o10] R 66 R=1,2,5,10
et
f?() Unit: mm

Fig. 1. Circumferentially notched tension specimen.
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Fig. 2. Comparison of the tensile load—gage elongation
curve between the continuous smooth round ten-
sion test and the stepwise smooth round tension
test for FP2, QT1, and QT3; the curves in the step-
wise test and the continuous test concur.
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Fig. 3. Tensile load—neck section diameter curves obtained
by the stepwise smooth round tension test (which
are indicated by symbols) together with the approx-
imations of those by Egs. (19), and (20) (which are
indicated by solid lines). Tensile load and neck sec-
tion diameter were approximated as functions of
the true strain (solid lines).
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Fig. 4. Average stress—true strain curves in circumferen-
tially notched and smooth round tension tests; (a)
FP1; (b) FP2; (c) QT1; (d) QT2; (e) QT3. Sym-
bols: experimentally determined by Egs. (5) and
(6) in the stepwise test. Solid lines: approximations
by Egs. (7), (8), and (14)—(18). The average stress
was expressed as a function of the true strain (solid
lines).
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Table 2. Results of true stress—true strain curve by fitting
Eq. (8) for materials tested; c: true stress at a true
strain of 1.0. n: strain hardening exponent.

FP2 FP1 QT1 QT2 QT3
c (MPa) 810 885 1040 1295 1550
n 0.21 0.20 0.09 0.045 0.04
T T
1000 |- FP2 . o 9
<
a
b ‘
e 1 O: Maximum load
§ 500 A Local necking
& ]

® : Average stress-true strain curve (stepwise), 4
experimantally determined by eqns.5 and 6 |

: True stress-true strain curve (continuous),

) apprmfima_tion Iby eqn.8 A

L

0 0.5 1
True strain

Fig. 5. Comparison between the average stress—true strain
curve and the true stress—true strain curve in the
smooth round tension test for FP2. Solid circle:
Average stress—true strain curve determined by
Egs. (5) and (6) in the stepwise test. Solid line:
True stress—true strain curve approximated by Eq.
(8) in the continuous test.
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