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Analysis of Strain Distribution during Tensile Deformation of Sheet Steel and Determination of
Uniform Elongation Using a Constitutive Equation

Koichi HASHIGUCHI and Kei SAKATA

Synopsis : Uniform strain distribution in a tensile specimen during an initial stage of tensile deformation of sheet steel breaks down into the localization

of strain after the maximum load point corresponding to uniform elongation. These deformation behaviors were analyzed by a simplified
constitutive equation derived from a thermally activated process of dislocation movement. The average deformation behavior measured at
fixed gage length is co-related with the local deformation behaviors by means of the equality of load applied on a tensile specimen. Relation
between local strain and local strain rate derived from this co-relation exhibits an U-shaped curve which goes through a point of average
strain and strain rate, which composes a straight line at fixed strain rate on this strain and strain rate diagram. The U-shaped curve becomes
tangent to the straight line expressing average strain and strain rate relation at a strain corresponding to the uniform elongation. Development
of strain fluctuation imposed at a local point was analyzed on this diagram. At smaller average strain which corresponds to the left half of the
U-shaped curve, the local strain higher than the average exhibits local strain rate lower than the average, which results in a convergence of
strain fluctuation and thus uniform deformation. On the other hand, at higher average strain, the local strain higher than the average exhibits
local strain rate higher than the average, which results in a divergence of strain fluctuation and the development of localized deformation.

Uniform elongation is defined as the strain at the boundary of convergence and divergence of local strain fluctuation.

Key words: tensile test; uniform elongation; constitutive equation; strain distribution; uniform deformation; localized deformation.
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3. Time variation of stress and strain for average and
local deformation.
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Fig. 4. Relationship between strain and stress obtained by
cross-head stop test.
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Fig. 5. Relation between strain rate and stress at fixed strain.
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Fig. 6. Relation between average and local deformation
behavior calculated by the constitutive equation.

LYROE, EREOMGEEL TR 61o7Y. X
DHIRIZEHE D55 D RERA T3 5 N 5 25968 50 mm 1= 35
FOTEOE, FFEE (Kb EHE0.002s  OER 4+ Hi
) XU, SR & D SRS T TR X LB
E-FREOBRE 525, BAE B % ORI
FHOE-EHREEBO TISMO UFREIE Fi2s Y | T
PIEDBMNZ M T Ot 2 ik AME 19 T 58 ¢ 1L B T 3
BRICRAT L, 2 OBE T I O s -
BATT 5. MEHDHERTZ OMBIETEE 0.002s DI
ICEMN02S THT 3, £V B LUBHROE L TlED
BIPRILCE R T3 ZOMIRD B30 % 0 5T 20
WEISHD, BEHERTIIROLEES, D05 ErD
DHIWR LIZT 0y F XhB, ZOZLI3RISRT L5129k
WICHELEREHT S,
ﬁ@%ﬁm®ﬁuﬁﬁ%%W%%fﬁﬁ%tqmm
001 DEZEERAEAEZ 5, AWM RS CEYE
+0.01 & 75 3 BAE) BIZ 0t UK S FREE N O LB 0 4 5
EL, EREBEAmRE T 00050 BLB AL £ 2 5.
CORD()RDE D HE— MO LMD 5 E X h 3F
BHE LUCBROE - EREOBRIZFg 7107+ & 5104
THROOHIR LIZH 5, KB EHOEFIZES Zh ok
BROFE-EFHEEROBZE T, EHEL) E8
BNEDRADEREIZ T ERE LD KX < | &3
SR L D ERAK VG BO BRI T T &
DNEL LD, ZOBROTHOELHFRIEEL L 12 F
BHEIOEDE, —EHHBIIEENEIISE LS A53, D%
VIR OE - FHEDBIRAE T 240 O L5 284
i, BERBREEN A U B0 BESIICK U P T 8-
FLL A D, PERE—MULIT OB E TR SEEN T
TNOB G-I BBl & LT, EESINTEL
DO KD, ZDBHOERZEKS MM MEE ST I0
ﬁb.%%&Lféﬁw~m¢5t%iehfétomg
7cu§%®mh—%®%%éﬁbtoﬁ$w~%#®w)
A THHE IS EHEDIENEEEBIEIEE 5T
DHEZDEENE DEBIHREL M- EHDIEH - F

86

320 Average@
©
s 50
< 300
g % Local AN
b7
280
I
T
0.004 ﬁ—vi\\\\ N
\ I K \\, \\ \\‘ N N\ .
0.003F \I I\ N N N AN
= A D “
X o
2 o
& 0. 002
£ Average N N
£ \ \ AN
o \ \ N N
\ | AN
B \ \ \
0. 001 A ‘ N
0.09 0.1 0.13 0.15 0.17
Strain

Fig. 7. Converging process of imposed strain fluctuation at
points A and B (average strain; 0.1).
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Fig. 8. Diverging process of imposed strain fluctuation at
points A and B (average strain; 0.26).
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sile specimen.
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