Determination of the Johnson-Cook constitutive
model parameters for high strain rate deformation
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Abstract: The objective of the paper is to determine the Johnson-Cook
material parameters A, B, n, m and C for CW614N brass using data
obtained from quasi-static tensile and high strain rate torsion tests.
The quasi-static tensile tests were performed on cylindrical specimens
at different strain rates (0.00025 s-1, 0.001 s-1 , 0.01 s-1 and 0.02 s-1).
The dynamic tests were performed on a Torsional Split-Hopkinson
Bar at room temperature. Equivalent plastic tensile stress-strain data
are obtained from torsion data using von Mises yield criterion.
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The dynamical behavior of materials is very important in many
applications such as forming operations or impact problems. Obtaining of a
constitutive law for material that takes into account the stress, strain and strain
rate involve many experiments performed at different strain rates.
The constitutive laws are empirical or semi-empirical and they are
integrated into advanced computer programs, such as finite element codes, to
perform numerical simulations of forming processes or impact problems that
involving high strain rates.
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In the past 30 years several material models were imposed, hereinafter
constitutive material or flow stress models, the most widespread being the
Zerilli-Amstrong, Steinberg–Cochran–Guinan–Lund and Johnson-Cook models.
The Johnson–Cook constitutive material model is purely empirical and
establishes a stress – strain - strain rate - temperature relation given by
following equation:
(1)

where the constant A is the yield stress corresponding to a 0.2% offset strain, B
is the strain hardening coefficient, n is the strain hardening exponent,
is
the dimensionless plastic strain for a reference strain rate, usually
, is
the equivalent plastic strain, and C represents strain rate sensitivity.
The last bracket take into account the thermal softening behavior of
material:
(2)

where T0 is the room temperature, Tm is the melting temperature of the material,
and constant m is the thermal sensitivity parameter.
The Johnson-Cook model assumes that the constitutive law is
independently affected by strain hardening, strain rate sensitivity and thermal
softening behavior.
All tests have been performed at room temperature, without taking into
consideration the effect of temperature. The Johnson-Cook constitutive material
model that will be used is:
(3)
Quasi-static tensile strain rate tests were performed on cylindrical
specimens at different strain rates (table 1) at room temperature on a INSTRON
8802 servo-hydraulic testing machine from COMOTI institute. Specimens with
circular cross-section were used (figure 1).

Figure 1 . Quasi-static tensile specimen.
Table 1. Quasi-static tensile tests performed at different strain rates.
No. Type of test Specimens

1

Tensile

2

Tensile

Strain rates

Circular cross-section Ф10 mm, 0.00025 s-1
M16x2
Circular cross-section Ф10 mm, 0.001 s-1

No.
tests

of Temperature

3

room

3

room
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3

Tensile

4

Tensile

M16x2
Circular cross-section Ф10 mm, 0.01 s-1
M16x2
Circular cross-section Ф10 mm, 0.02 s-1
M16x2

3

3

room

3

room

High strain rate torsion tests were performed on short thin-wall tube with
hexagonal flanges specimens (figure 2) at room temperature on a Torsional
Split Hopkinson Bar (Torsional Kolsky Bar) from University of Cambridge,
Cavendish Laboratory.

a. Specimen geometry for high
b. Tested specimen
strain rate torsion tests
Figure 2. Specimen geometry.
The Torsional Kolsky Bar is made up of two collinear bars (incident and
transmitter bars) supported by bearings that allow them to rotate freely.
Between them is placed a short specimen (figure 2). The bars are made of
titanium and they have a diameter of about 25 mm.
To conduct a test, a torsional wave is generated in one of the bars
(incident bar). The wave propagates toward the specimen, and, when it arrives,
the specimen is loaded and the wave is partially reflected back to the incident
bar and partially transmitted to the other bar (transmitter bar).
Shear stress pulses in the input and output bars are measured using a
strain gage bridge. Each bridge consisting of two pairs, one pair attached
diametrically opposite the other on the surface of the bar. The gages are oriented
at a 45 deg. Angle to the axis of the bars; gages arranged this way will measure
only shear strains by excluding both axial and bending strains.
The first strain gauge bridge is placed in region of stored torque between
clamp and loading end and is used only to measure the magnitude of the applied
(stored) torque to the input bar. The second strain gauge is located on input bar
(incident bar) between clamp and specimen. This gauge will record the incident
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wave and the reflected wave. The third strain gauge is located on transmitter bar
and it will record only the transmitted wave.
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