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Analysis of Microscopic Yielding Behaviour of Carbon Steel under Macroscopic Loading

Masayoshi AKIYAMA, Kazumi MATSUI and Kenjiro TERADA

Synopsis

: Interaction between the microscopic and macroscopic behaviours of pearlite steel was investigated using the homogenization method and

elastic—plastic finite element method. Attention was focused upon the microscopic yielding under macroscopically elastic loading state on the

tension side. Tangent of macroscopically elastic line at the initial stage of the stress—strain diagram was precisely examined to find that mi-

croscopic yielding occurs in the microstructure although macroscopic state is elastic. The zone where microscopic yielding is achieved does

not expand throughout the unloading process to the macroscopically-zero stress level, but it expands when the macroscopic stress level ex-

ceeds a threshold level in the inverse loading process. The absolute value of this threshold level is equal to the threshold level above which

microscopic yielding appears in the initial loading on the tension side. Cyclic loading test was applied to specimens in a laboratory and in-

crease in specimen temperature was measured to check the qualitative validity of the numerical investigation.

Key words : microscopic yielding; macroscopic yielding; interaction; homogenization method; finite element method; microscopic inelastic behaviour;

macroscopic inelastic behaviour; pearlite steel; ferrite; cementite.
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Loading direction

(a) FE-mesh for
macroscopic analysis

(b) FE-mesh for
microscopic analysis

Fig. 1. Finite element meshes for microscopic and macro-
scopic analyses.
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Fig. 2. Stress—strain curve applied to ferrite matrix in mi-
crostructure.

Table 1. Elastic constants of cementite used in numerical
analysis.

Young's modulus (GPa) Poisson's ratio Yield stress (MPa)

Ferrite 229 03 170

Cementite 177 0.26 -
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Fig. 3. Stress—strain curve on tension side obtained after
analysis by homogenization method.

: .

= A

g ]

Z 200

O

£

3

&

w

b

S 100t

5 B

B

© a,\\ L\L

00 Il 1 H L 1

0.0 € € 0.002 0.004

Macroscopic strain

Fig. 4. Gradient of stress—strain curve of initial loading.
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Fig. 5. Microscopic response of plastic deformation
zone under macroscopic initial loading.
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Fig. 6. Microscopic response of plastic deformation

(d) Unloaded response zone after microscopic unloading.
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Fig. 7. Microscopic response of plastic deformation

. . . . one after i se loading.
(a) Response at inverse loading (b) Response at inverse loading zone affer fmver g

from a point before A from a point before B
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Fig. 8. Influence of initial loading point on macroscopic
response of unloading and inverse loading.
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Fig. 9. Stress-strain curve of 0.8% plain carbon steel with
pearlite structure.
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Table 2. Conditions of cyclic loading test and specimen

geometry.
Yield Stress Stress Amplitude (MPa)
390 MPa] 240] 260] 280] 340] 380] 420
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(Unit : mm)
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Fig. 10. Influences of peak stress and pattern of cyclic
loading on increase in temperature.
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