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2. Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: To investigate the static and dynamic mechanical characteristics of a high-strength steel and
establish the Johnson-Cook constitutive model, quasi-static compression and tensile experiments were car-
ried out using an electronic universal testing machine, obtaining the stress-strain curves, elastic modulus,
and Poisson’s ratio of the material under quasi-static conditions at room temperature. Dynamic compres-
sion tests were conducted using a split Hopkinson pressure bar (SHPB) at five temperatures ranging from
293 K to 1 073 K and four strain rates spanning from 800 s ' to 2 100 s '. Dynamic stress-strain curves

of the material under various conditions were obtained. Finally, based on the experimental data, a
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Johnson-Cook constitutive model was constructed and its accuracy was verified. The results indicate that

the yield stress of the material increases with the increase in strain rate, albeit at a relatively small rate,

resulting in a non-significant strain rate strengthening effect. At a strain rate of 1 000 s™', The yield stress

of the material decreases significantly with increasing temperature. The stress-strain curve derived from

the constitutive model aligns well with the experimental results, suggesting that the model can accurately

predict the stress behavior of the material.

Key words: static and dynamic mechanical properties; split Hopkinson pressure bar; Johnson-Cook consti-

tutive model
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Fig.7 True stress-strain curve of quasi-static tensile test
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Tab.1 Young’s modulus and Poisson’s ratio of materials

G E/GPa w22/ % Vz w22/ %
1 195.575 0.9 0.274 1.1
2 195.292 1.1 0.274 1.1
3 194.387 1.5 0.274 1.1
4 196.938 0.2 0.284 2.5
5 203.277 3.0 0.284 2.5
6 202.262 2.5 0.284 2.5
7 196.937 0.2 0.274 1.1
8 196.444 0.5 0.274 1.1
9 195.386 1.0 0.265 4.3

S HE 197.389 1.2 0.277 1.9
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Tab. 2 Initial yield stress record table

G’ 00.5/MPa
1 1323.22
2 1315.14
3 1294.96

Ty 1311.11
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Tab.3 Material parameters B, n fitting table

G k b, n B/MPa
1 0.334 6.9 0.334 992.27
2 0.368 7.0 0.368 1096.63
3 0.442 7.3 0.442 1480.30

T 0.381 7.1 0.381 1189.74
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Tab.4 Material parameter C fitting table

i é é:q o/MPa x y
1 0.001 1 1311.11 0 0
2 800 8X10° 1522.14 13.59 0.16
3 1100 1.1x10° 1617.65 13.91 0.24
4 1700 1.7x10° 1812.20 14.35 0.38
5 2100 2.1x10° 1 828.85 14.56 0.40
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Tab.5 Parameter m fitting data table

%5 T o/MPa T y
1 0.118 6 1453.49 —2.1320 —3.746 3
2 0.250 3 985.20 —1.3851 —1.084 2
3 0.382 1 662.16 —0.962 1 —0.588 4
4 0.5138 247.77 —0.6659 —0.182'1
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Fig. 13 Comparison of experimental and calculated values of four different strain rates at room temperature
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