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Determination of Dynamic Constitutive Equation with Temperature
and Strain-Rate Dependence for a Carbon Steel
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A practical model of a temperature and strain-rate dependent dynamic constitutive equation for
carbon steels is proposed. Unknown material constants involved in the proposed constitutive
equation can be determined by the non-linear least squares method, which approximates ordinary-
impact-test results with calculated values of elasto-plastic waves propagation analyses. In addition
static stress-strain curves, longitudinal elastic modulus and yield stress, which are needed for elasto-
plastic waves propagation analyses with the proposed constitutive equation, are expressed as a
function of temperature. These results enable elasto-plastic waves propagation analyses under wide
strain-rate and temperature ranges easily. The present paper has actually determined material
constants involved in the proposed constitutive equation and compared the calculated results with
measured ones. As a result, it has been confirmed that the proposed equation is applicable at a wide
strain rate range and at a room temperature to less than one in which blue brittleness occurs.

Key Words: Dynamic Constitutive Equation, Strain-Rate Sensitivity, Temperature Sensitivity,
Impact, Elevated Temperature, Stress-Strain Curve, Elasto-Plastic Waves Propaga-
tion Analysis, Uniaxial Compression Test, Carbon Steel
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Fig.1 Experimental apparatus of the HPB (unit : mm)
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Fig.2 Dynamic stress-strain curves at various temperatures
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Fig.4 Static stress-plastic strain curves at various temperatures
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Fig.6 Changes of the static material constants of Eq.(9) with
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Table 2 Material constants of Eq.(10)

K ,(MPa) 1.02x10°
K, (MPa/K) -0.502
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Fig.7 Measured and calculated static stress-strain curves
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Table 3 Test machine's conditions for the simulation

. Young's L Yield
. Densit
Material L(engt)h Dl(ame;er Modules ken51 3y strength
mm mm (GPa) (kg/m’) (MPa)
Input bar S55C 450 20 206 7900 15100
Output bar S55C 450 20 206 7900 15100
Table 4 Specimen s conditions for the simulation
. Young's . Yield
Densit;
Material Tem]();r)ature [E:it)h Dl(anl:l;;cr Modules o/ 3y strength
(GPa) (kg/mmr) (MPa)
Specimen $S400 293 10 9 215 7900 359
pecime SS400 473 |10 9 177 7900 224

Velocity m/s

1000

800

600 |-

400+

200

1000
800
600
400

200

Table 5 Determined material constants of Eq. (4)
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Fig.10 Measured and calculated strain-rate waves
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Fig.11 Measured and calculated stress-strain curves
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