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Abstract: By conducting a high-temperature steady-state
test study on TSZ410 ferritic stainless steel, the main

mechanical performance indicators such as elastic
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modulus, nominal yield strength, tensile strength, and
elongation were obtained. The Rasmussen model and
Gardner model were compared and analyzed. Based on
the Rasmussen model, the calculation formula for the
high-temperature stainless steel material hardening index
was proposed and the high temperature stress-strain
constitutive relationship of TSZ410 stainless steel was
established. Compared with Q235B, S30408 austenitic
stainless steel and EN 1.4003 stainless steel, the law of the
effect of temperature on its mechanical properties was
revealed. The results indicate that the initial elastic
modulus, the nominal yield strength, and the tensile
strength of TSZ410 stainless steel decrease gradually with
the increase of temperature, especially in the temperature
segment of 400C to 700°C, and the rate of decline is most
significant. When heating temperatures are equal to 700°C,
the elastic modulus is reduced to 40% of the normal
temperature elastic modulus, and the nominal yield
strength and tensile strength are reduced to about 15% of
the nominal yield strength and tensile strength at room
temperature. At a high temperature, the strength loss of
TSZA10 stainless steel is larger than that of Q235B, while
the stiffness loss is obviously less than that of Q235B. At a
temperature below 500 ‘C, TSZ410 stainless steel strength
loss is significantly less than S30408 austenitic stainless
steel, but when the temperature is higher than 500 C, the

opposite is true.
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property; elevated temperature; constitutive equation
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Tab.1 Chemical composition of TSZ410 stainless steel and comparison with S30408 and Q235B

o JE Y %

COU L C Si Mn P S Ni Cr N
TSZ410 #kZEfk <0.060 <1.000 1.000~2.000 =<<0.040 <<0.015 11.000~14.000  <0. 300
S30408 B4R  06Cr19Nil0  0.080 1. 000 2. 000 0.0450  0.0300 8.000~11.000  18.000~20. 000
Q235B 0. 180 0. 200 0.450 0.0350  0.0360 <0. 300 <20. 300
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Tab. 2 Mechanical properties of TSZ410 stainless steel at room temperature

Pny G Rss Ey/ MPa 0.0/ MPa 60,/ MPa 1.0/ MPa 6./ MPa € A%
K—20—1 206 234 244.7 405. 4 443.2 514.9 0.142 27.40
K—20—2 207 476 254.6 423.9 460.7 513.9 0.133 26. 86
XA 206 855 249.7 414.6 451.9 514.4 0.138 27.13
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Fig. 3 Stress-strain curve of TSZ410 stainless steel

at room temperature
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Tab.3 Hardening index of mechanical properties of
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Tab.5 Test results of mechanical properties of TSZ410 stainless steel at elevated temperature
T/Q(, Eo"]‘/( 1OGMPH) 0'()_2.’1‘/ MPa Gu,’['/ MPa u, T Ao[/%
20 2.069 414.6 514.4 0.138 27.1
100 2.057 396.7 508. 3 0. 140 23.1
200 2.198 400. 9 502. 5 0.114 18.4
300 2. 085 356. 8 466.0 0.113 17.4
400 2.072 313.4 398. 3 0.088 16.1
500 1.931 245.0 288.5 0.082 21.6
600 1. 264 149.8 160. 8 0.058 28.7
700 0.916 67.7 70.3 0.022 51.4
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Tab. 6 Change of mechanical parameters of TSZ410 002
€]

stainless steel at elevated temperature

T/C Eo.’l‘/ E, 00.2,’1*/170_2 U\..’I‘/Uu

20 1.00 1.00 1.00

100 0.99 0.96 0.99

200 1.06 0.97 0.98

300 1.01 0. 86 0.91
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500 0.93 0.59 0. 56
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700 0.44 0.16 0.14
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Fig. 5 Comparison of mechanical parameter test results and mathematical model of TSZ410 stainless steel
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less steel at elevated temperature
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Tab. 7 Hardening parameters of mechanical properties of materials in steady state test
S S/ C 4}5]5751]11{1&‘ Z!stliasmussenﬁﬂﬂi{pﬁ ZI-ZI Gardnerﬁﬁ!ﬂ‘lf‘
K—100—1 100 8.00 9.28 2.82 9.28 2.66
K—100—2 100 8.00 8.84 2.56 8.84 2.10
K—200—1 200 8.83 10. 34 2.75 10. 34 2.84
K—200—2 200 8.83 10. 96 2.40 10. 96 2.39
K—300—1 300 9. 46 11.32 2.61 11.32 2.54
K—300—2 300 9.46 11. 66 2.78 11.66 2.89
K—400—1 400 10. 00 12.90 2.45 12.90 2.17
K—400—2 400 10. 00 12.65 3.00 12.65 2.98
K—500—1 500 10. 47 12.68 3.04 12.68 3. 60
K—500—2 500 10. 47 10. 68 3.30 10. 68 3.71
K—600—1 600 10. 90 11.52 3.19 11.52 3.54
K—600—2 600 10. 90 11.26 2.42 11.26 2.76
K—700—1 700 11. 29 8. 36 2.54 8. 36 2.50
K—700—2 700 11.29 7.44 2.85 7.44 2.95
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Fig. 8 Comparison of mechanical properties of dif-

ferent steels at elevated temperature
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