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Abstract 

A testing programme was conducted to investigate the material properties of a new high-chromium grade of austenitic 

stainless steel – EN 1.4420 at elevated temperatures. A total of 164 tensile coupons extracted from both cold-rolled and 

hot-rolled sheets were tested; 80 coupons were tested isothermally with temperatures ranging from 25 °C to 1100 °C, and 

84 were tested anisothermally with stress levels ranging from 10% to 90% of the material 0.2% proof stress at room 

temperature. The experimentally derived reduction factors for the key material properties were compared with existing 

design values. Design recommendations for the elevated temperature reduction factors were then proposed for this new 

grade, and a two-stage Ramberg–Osgood model was shown to be able to accurately represent the material stress-strain 

response at elevated temperature. 
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1 Introduction 

Recent decades have witnessed an increasing use of stainless steel in a variety of engineering applications, owing to its 

aesthetic appeal, favourable mechanical properties, excellent ductility and superior resistance against corrosion and fire 

in comparison to carbon steel. The high initial material cost, coupled with the fledgling nature of the design codes that 

are overly conservative in parts, represent barriers to the wider utilisation of stainless steel in construction engineering. 

In order to overcome these drawbacks, in-depth studies into the mechanical behaviour of stainless steel materials and 

members[1–9] have been conducted, and more accurate and efficient design rules have been developed. In parallel with 

this, novel stainless steel grades that maintain the key favourable material properties, but at a lower cost, continue to be 

developed, a recent example being a new high-chromium austenitic stainless steel – grade 1.4420. Compared to the 

commonly used Cr-Ni-Mo austenitic stainless steel grades such as 1.4404 and 1.4432, this new grade has lower nickel 

and molybdenum contents, thus leading to a lower and more stable material price, and possesses higher content of 

chromium and nitrogen, resulting in higher strength (see Table 1)[10] and better corrosion resistance[11]. As part of a 

comprehensive experimental study that is currently being carried out to investigate the mechanical performance of this 

new stainless steel grade, this paper focuses on the elevated temperature material properties. Previous relevant 

experimental studies on the material properties of stainless steel alloys at elevated temperatures are briefly reviewed 

herein. Kouhi et al.[12] performed material tensile coupon tests on stainless steel grades 1.4571 and 1.4301 at elevated 

temperatures and concluded that austenitic stainless steels are generally suitable to be used in structures without fire 

protection. Gardner and Baddoo[13] conducted elevated temperature material tests on austenitic (1.4301, 1.4401 and 

1.4571), duplex (1.4462) and ferritic (1.4003) stainless steels, and compared the derived strength and stiffness reduction 

factors with those of carbon steel. Chen and Young[14] carried out material tests on austenitic (1.4301) and duplex (1.4462) 

stainless steel grades at elevated temperatures, and proposed unified equations, based on a lower bound to the 

experimental results, to predict the material properties at elevated temperatures for the two considered stainless steel 

grades. Huang and Young[15] investigated the high temperature material properties of lean duplex stainless steel (1.4162), 

and proposed strength and stiffness reduction factors, based on the unified equations. Manninen and Säynäjäkangas[16] 

carried out elevated temperature material tests on a variety of ferritic stainless steel grades (1.4003, 1.4016, 1.4509, 1.4521 

and 1.4621) and proposed strength reduction factors, on the basis of the mean values of the test data. Gardner et al.[17] 

conducted material tests on austenitic (1.4307 and 1.4311) and duplex (1.4162 and 1.4362) stainless steel reinforcing bars 

at elevated temperature, and concluded that the strength reduction factors derived for stainless steel plates and strips can 

also be applied to stainless steel reinforcement. 

The present paper aims to investigate the material properties of the new austenitic stainless steel grade 1.4420 at elevated 

temperatures and to assess the applicability of existing strength and stiffness reduction factors to this material. The paper 

begins with a description of the elevated temperature material testing programme, which included 80 steady state tests 

and 84 transient state tests. The test results were then transformed into the form of reduction factors for material properties, 

which were analysed and compared against the design values tabulated in the European code EN 1993-1-2[18] and 

proposed by Gardner et al.[19]. Design recommendations for the elevated temperature reduction factors were then made 

for the new studied grade 1.4420 austenitic stainless steel. Finally, a two-stage Ramberg-Osgood model[19] was applied 

to represent the material stress–strain response at elevated temperatures. 
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2 Experimental Programme 

2.1 General 

An experimental programme was firstly conducted to investigate the material properties of grade 1.4420 austenitic 

stainless steel at elevated temperatures, using both steady and transient state testing methods. Compared to other 

commonly used Cr-Ni-Mo austenitic stainless steel grades such as 1.4404 and 1.4432, this new grade possesses lower 

nickel and molybdenum contents but higher content of chromium; the chemical compositions of the tested material is 

shown in Table 2. A total of 164 tensile coupons extracted from both cold-rolled and hot-rolled sheet material of grade 

1.4420 stainless steel were tested; 80 steady state tests and 84 transient state tests were performed, as summarised in Table 

3. The dimensions of the tensile coupons conformed to the requirements of ISO EN 10002-5[20], with a width of 10 mm 

and a parallel length of 75 mm. 

The material tensile coupon tests were performed using a Zwick Z250/SW5A testing machine, as shown in Fig. 1. For 

the isothermal tests, an environmental chamber, depicted in Fig. 2, was used for temperatures up to 550 °C, while for the 

isothermal tests at temperatures above 550 °C and for the anisothermal tests, a high temperature furnace, shown in Fig. 

3, was employed. The furnace comprised three zones, with the air temperature in each zone monitored and controlled by 

a thermocouple connected to the Eurotherm 2416 Temperature Controller. Three K-type thermocouples were attached to 

each tensile coupon to measure the surface temperature of the specimens. A side-entry extensometer of 50 mm initial 

gauge length with ceramic sensor arms was mounted to the specimens to measure their elongation. 

2.2 Steady state tests 

In the steady state (isothermal) tests, the coupons were heated to a specified temperature, and then loaded until fracture. 

Steady state tests were carried out on coupons extracted from 1 mm thick cold-rolled sheets and 6 mm thick hot-rolled 

sheets, at temperatures ranging from room temperature to 1100 °C at intervals of 100 °C between room temperature and 

500 °C and at intervals of 50 °C between 500 °C and 1100 °C. At each specified temperature, two repeated tests were 

conducted, except when there was a large disparity between the two sets of experimental results, in which case a third 

test was carried out. During testing, the coupons were firstly heated to a target temperature, which was then maintained 

for 10 min; thermal expansion was accommodated by using load control during the heating phase, so that no longitudinal 

stress was induced into the coupons. Then, the specimens were loaded in tension under displacement control at a constant 

testing rate of 0.4 mm/min up to a strain value of 2.5% for the hot-rolled coupons and 3.5% for the cold-rolled coupons, 

after which a higher loading rate of 15 mm/min was adopted until fracture of the coupon. The resulting strain rates were 

0.0027 min-1 and 0.1 min-1 up to and beyond the 2.5% (or 3.5%) strain, respectively, which conformed to requirements 

given in EN ISO 10002-5[20]. 

2.3 Transient state tests 

In the transient state (anisothermal) tests, the coupons were firstly loaded in tension to a target stress level, and then heated 

until failure. Transient state tests were conducted on coupons extracted from 1 mm thick cold-rolled sheets and 6 mm 

thick hot-rolled sheets. Seventeen stress levels were examined, which ranged from 10% to 90% of the 0.2% proof (yield) 

stress at room temperature in increments of 5%. At each stress level, two repeated tests were conducted, and a third test 

was added if there was a large disparity between any pairs of experimental results. In the transient state tests, a pre-

specified tensile stress was firstly applied to the coupons and maintained using load control; the furnace temperature was 

then increased at a constant heating rate of 10 °C/min until the specimen failed or the temperature reached 1000 °C. Note 

that the total strain, measured from the extensometer, comprises two components - mechanical strain and thermal strain. 

Therefore, additional transient state tests with a small stress level of 4 MPa (for straightening the coupon) were conducted 

to measure the thermal strains of the coupons at elevated temperatures; these thermal strains were then subtracted from 

the measured strains from the anisothermal tests to exclude the influence of thermal expansion. 

3 Test Results 

3.1 Steady state test results 

The material stress–strain curves at elevated temperatures for the coupons extracted from cold-rolled and hot-rolled sheets 

are shown in Figs 4(a) and 4(b), respectively. A step may be observed in each curve, which corresponds to the rapid 

change in the loading rate from 0.4 mm/min to 15 mm/min. The temperature-dependent material properties were 

determined for each tensile coupon test, including the Young’s modulus Eθ (θ indicating the elevated temperature), the 

0.2% proof strength f0.2p,θ, the strength at 2% total strain fy,θ, the ultimate strength fu,θ, the strain corresponding to the 

ultimate strength εu,θ, and the fracture strain εf,θ; their definitions are illustrated in Fig. 5. Table 4 lists the measured values 

of the key material properties at room temperature, while the reduction factors of the Young’s modulus (Eθ/E), 0.2% proof 

strength (f0.2p,θ/f0.2p), strength at 2% total strain (fy,θ/f0.2p), ultimate strength (fu,θ/fu), ultimate strain (εu,θ/εu) and fracture 

strain (εf,θ/εf) at each elevated temperature are reported in Table 5. The reduction factors for the material properties 

obtained from the steady state tests are also plotted against the temperature in Figs 6–10. EN 1993-1-2[18] provides a 

formula for calculating the strength corresponding to 2% total strain fy,θ at elevated temperatures, through the use of the 

0.2% proof strength f0.2p,θ and the ultimate strength fu,θ, as given by Eq. (1): 
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𝑓𝑦,𝜃 = 𝑓0.2𝑝,𝜃 + 𝑘2%,𝜃(𝑓𝑢,𝜃 − 𝑓0.2𝑝,𝜃) (1) 

where k2%,θ is a coefficient for the determination of fy,θ. Values of the k2%,θ coefficient were back-calculated based on the 

experimental results for  f0.2p,θ, fy,θ and fu,θ in Tables 4 and 5, and are plotted against the temperature in Fig. 11. 

3.2 Transient state test results 

The variation of thermal strain with temperature for the cold-rolled and hot-rolled materials was obtained from the thermal 

elongation tests, and is shown in Fig. 12. It was generally found that the thermal strain varied linearly with temperature 

up to 800 °C, beyond which slightly nonlinear variation of thermal strain with temperature was observed, though this was 

attributed principally to some bowing of the coupons at the higher temperatures. The EN 1993-1-2 thermal expansion 

curve[18] is also plotted in Fig. 12, and shown to slightly over-estimate the actual thermal strain of the new grade 1.4420 

austenitic stainless steel. Upon deduction of the thermal strains from the total strains measured from the extensometer, 

the actual strain–temperature curves at various stress levels from the transient state tests were obtained, and are depicted 

in Fig. 13. The experimental data points with strain values corresponding to the same temperature were then used to derive 

the elevated temperature stress–strain curves, as shown in Fig. 14, which can be used to determine the temperature-

dependent material properties. The derived reduction factors for the Young’s modulus (Eθ/E) and 0.2% proof strength 

(f0.2p,θ/f0.2p), together with the k2%,θ factor are also plotted in Figs 6, 8 and 11, respectively. 

4 Reduction Factors at Elevated Temperatures 

4.1 General 

In this section, the reduction factors for the key material properties at elevated temperatures, obtained from the steady and 

transient state tests, are compared with the corresponding reduction factors, given in the European code EN 1993-1-2[18] 

and proposed by Gardner et al.[19]. Note that the mean values of the experimentally derived reduction factors at each 

elevated temperature level are used in the comparison, and are represented as curves passing through the corresponding 

mean test values for clarity purposes, as depicted in Figs 6–11. Tabulated values for the mean reduction factors obtained 

from all the tests presented herein on grade 1.4420 austenitic stainless steel are given in Table 6; ‘smoothed’ versions of 

these values are given in Table 7 and are recommended for use when grade specific data are required. The European code 

EN 1993-1-2[18] provides three sets of reduction factors for austenitic stainless steel grades 1.4301, 1.4401/4 and 1.4571, 

while Gardner et al.[19] collected material fire test data on seven austenitic stainless steel grades, placed them into three 

groups – austenitic I (1.4301, 1.4318 and 1.4818), austenitic II (1.4401, 1.4404 and 1.4541) and austenitic III (1.4571), 

based on the stability of the microstructure, and then proposed reduction factors for each group. The purpose of this was 

to rationalise the number of sets of reduction factors provided to structural engineers. Through initial investigations, it 

was generally found that the elevated temperature material properties of the new austenitic stainless steel grade 1.4420 

are most similar to those for grade 1.4301 given in EN 1993-1-2[18] and those for the austenitic I group proposed by 

Gardner et al.[19], both of which are thus presented and compared with the experimental results in Figs 6–11. Note that 

the reduction factors in EN 1993-1-2[18] and Gardner et al.[19] are provided for discrete temperatures only, while the full 

range of reduction curves were derived through the use of linear interpolation. 

4.2 Reduction factor for the 0.2% proof stress 

The reduction factors for the 0.2% proof stress (f0.2p,θ/f0.2p) obtained from both the steady and transient state tests, as well 

as the mean experimental values, are plotted with the corresponding reduction factor curves for grade 1.4301 given in EN 

1993-1-2[18] and for the austenitic I group proposed by Gardner et al.[19] in Fig. 6. It was generally found that both the 

discrepancy between the isothermal and anisothermal test results and the difference between the experimental results on 

cold-rolled and hot-rolled materials are rather small. The comparisons also indicate that the reduction factor curve 

proposed by Gardner et al.[19] provides an excellent representation of the mean values of the experimental reduction factors 

for the 0.2% proof stress, while the EN 1993-1-2 grade 1.4301 reduction factor curve[18] provides a good agreement with 

the mean test values at high temperatures, but lies slightly above the mean value curve for temperatures from 200 °C to 

600 °C (i.e. resulting in over-estimated 0.2% proof stresses). It is therefore recommended that the 0.2% proof stress 

reduction factors proposed by Gardner et al.[19] for the austenitic I group be employed for the new studied austenitic 

stainless steel grade, EN 1.4420. 

4.3 Reduction factor for the ultimate strength 

Fig. 7 displays the reduction factors for the ultimate strength (fu,θ/fu) obtained from the steady state tests, compared against 

the corresponding reduction factor curves given in EN 1993-1-2[18] for grade 1.4301 and Gardner et al.[19] for the austenitic 

I group. As can be seen from Fig. 7, the reduction factors for the ultimate strength obtained from the tests on cold-rolled 

and hot-rolled materials are very similar. It may be seen that both the EN 1993-1-2 and austenitic I group[19] reduction 

factor curves for the ultimate strength follow closely the trend but lie below the mean experimental values, and thus yield 

safe-sided predictions of the ultimate strength of grade 1.4420 at elevated temperatures. Compared to the ultimate strength 

reduction factor curve proposed by Gardner et al.[19], the EN 1993-1-2 grade 1.4301 reduction factor curve[18] follows 
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more closely the mean experimental reduction factors for temperatures up to 600 °C, thus providing more accurate 

predictions of fu,θ/fu; for temperatures beyond 600 °C, the reduction factor curves given in [18] and [19] yield a similar 

level of conservatism. It is recommended that the reduction factors for the ultimate strength (fu,θ/fu) tabulated both for 

grade 1.4301 stainless steel in EN 1993-1-2[18] and proposed for the austenitic I group in [19] can be applied to the new 

austenitic stainless steel grade 1.4420. 

4.4 Reduction factor for the modulus of elasticity 

The reduction factors for the modulus of elasticity (Eθ/E) obtained from both the isothermal and anisothermal tests are 

plotted in Fig. 8. The results are very scattered, as is often the case for modulus of elasticity measurements at elevated 

temperature[17]; imperfect alignment of the thin tensile coupons and the use of a side-entry extensometer may have 

contributed to measurement errors in this study. The EC3 reduction factor curve for the elastic modulus is also presented 

in Fig. 8, and shown to over-estimate the mean values of the experimental data for Eθ/E across almost the full temperature 

range. However, with the high level of scatter in the experimental data for Young’s modulus found in this and previous 

studies, revised recommendations are considered to be not warranted at this stage, but further work is required to derive 

more reliable Young’s modulus reduction factors. 

4.5 Reduction factor for the ultimate strain 

The reduction factors for the ultimate strain (εu,θ/εu) obtained from the steady state tests, together with their mean values, 

are plotted in Fig. 9; the reduction factor curves given in EN 1993-1-2[18] for grade 1.4301 stainless steel and proposed in 

[19] for the austenitic I group are also shown. The EC3 reduction factor curve may be seen generally to reflect accurately 

the mean values of the experimental data, whereas the austenitic I reduction factors[19] lie well below the mean test results. 

Use of either the grade 1.4301 reduction factors[18] or the grade specific reduction factors for εu,θ/εu given in Table 7 is 

therefore recommended for determining the ultimate strain of grade 1.4420 stainless steel at elevated temperatures. 

4.6 Reduction factor for the fracture strain 

Fig. 10 depicts the reduction factors for the fracture strain (εf,θ/εf), obtained from the steady state (isothermal) tests, 

together with the mean experimental values at each specified temperature. The reduction factors for the cold-rolled and 

hot-rolled material are very consistent for temperatures up to 550 °C, beyond which the hot-rolled specimens possess 

slightly higher values of εf,θ/εf. The mean reduction factors generally exhibit a decreasing trend for temperatures up to 

about 700 °C, followed by a steeper increase at higher temperatures. The reduction factors for the austenitic I group [19] 

under-estimate the εf,θ/εf  reduction factor data for temperatures up to about 600°C but provide reasonable predictions 

thereafter. The smoothed mean value reduction factors given in Table 7 are recommended when accurate grade specific 

data is sought. 

4.7 Coefficient k2%,θ 

The values of the k2%,θ coefficient at elevated temperatures were back-calculated based on the isothermal test results, and 

then compared against those specified in EN 1993-1-2[18] for grade 1.4301 and proposed by Gardner et al.[19] for the 

austenitic I group, as shown in Fig. 11. It was observed that the curve for predicting the k2%,θ coefficient given in EN 

1993-1-2[18] does not fully represent the trend of the mean test data, particularly at higher temperatures, while the curve 

of the k2%,θ coefficient proposed by Gardner et al.[19] captures well the general distribution of the mean experimentally 

derived values. Note that the rapid change in the loading rate from 0.4 mm/min to 15 mm/min in the isothermal tests leads 

a step in the stress–strain curve and higher ultimate stresses fu,θ than those that would be derived from tests with a constant 

loading rate. An increase in the experimental values of k2%,θ would be expected if all the key material strengths (i.e. f0.2p,θ, 

fy,θ and fu,θ) were determined at the same testing speed. This would shift the data even closer to the values of k2%,θ  for the 

austenitic I group[19]. 

4.8 Summary 

Overall, the reduction factors for the 0.2% proof strength and ultimate strength and the k2%,θ coefficient, proposed by 

Gardner et al.[19] for the austenitic I group, match closely the experimentally derived reduction factors for the new grade 

1.4420 austenitic stainless steel. For ultimate strain and fracture strain, the agreement was less good, particularly at the 

lower temperatures. It should be noted that these reduction factors for the austenitic I group were based on a relatively 

small dataset, and it is recommended that these are reviewed in light of the newly available data. Regarding to the Young’s 

modulus, further experimental investigations are required, since the obtained test data are rather scattered. For accurate, 

grade specific reduction factors, the values given in Table 7 are recommended. 

5 Material Modelling 

In this section, the two-stage Ramberg–Osgood material model[19,21–25] given by Eq. (2) is employed to represent the 

elevated temperature stress–strain response of the new grade 1.4420 austenitic stainless steel, where E0.2,θ and ε0.2,θ are 

the tangent modulus and the total strain corresponding to the 0.2% proof strength at elevated temperature, respectively, 

and nθ and nθ,2 are the strain hardening exponents used for the first and second stages of the material model, respectively. 

The first stage of the material model adopts the original Ramberg–Osgood expression[21,22], but based on elevated 
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temperature material properties, while the second stage of the model, proposed by Gardner et al.[19], passes through the 

elevated temperature strength at the 2% total strain fy,θ, which is utilised in structural file design. Comparisons of the two-

stage Ramberg–Osgood material model with the measured elevated temperature stress–strain curves are shown in Fig. 

15, indicating excellent agreement. 
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)

𝑛𝜃,2

+ 𝜀0.2,𝜃 𝑓0.2𝑝,𝜃 < 𝜎 ≤ 𝑓𝑢,𝜃

 (2) 

6 Conclusions 

An experimental investigation of the elevated temperature material properties of a new grade 1.4420 austenitic stainless 

steel (grade EN 1.4420) has been presented. A total of 164 material tensile coupon tests were performed, including 80 

steady state tests with the temperatures ranging from 25 °C to 1100 °C and 84 transient state tests with the stress levels 

ranging from 10% to 90% of the 0.2% proof strength at room temperature. The tensile coupons were extracted from both 

cold-rolled and hot-rolled sheet materials, with the thickness ranging from 1 mm to 6 mm. The experimentally derived 

reduction factors for the key material properties at elevated temperatures were then compared with the those given in EN 

1993-1-2[18] for grade 1.4301 and proposed by Gardner et al.[19] for the austenitic I group. The reduction factors for the 

0.2% proof strength and ultimate strength and the k2%,θ coefficient for the austenitic I group[19] were found to be applicable 

to grade 1.4420 stainless steel, while those for ultimate and fracture strains were less accurate, particularly at low 

temperatures. Grade specific elevated temperature reduction factors for all properties were provided in Table 7. Finally, 

a two-stage Ramberg–Osgood material model[19] was used to represent the elevated temperature stress–strain response of 

the new stainless steel grade, and shown to provide good agreement with the experimental data. 
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Fig. 1 Tensile testing machine 

 

 

Fig. 2 Environmental chamber 

 
 

 

Fig. 3 High temperature furnace 

 
 



 

Paper presented by Timo Manninen - Timo.Manninen@outokumpu.com 

© Liang Y and Zhao O (NTU), Manninen T (Outukumpu), Gardner L (Imperial College London)  8 

  



 

Paper presented by Timo Manninen - Timo.Manninen@outokumpu.com 

© Liang Y and Zhao O (NTU), Manninen T (Outukumpu), Gardner L (Imperial College London)  9 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Cold-rolled specimens 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Hot-rolled specimens 

Fig.4    Stress-strain curves at elevated temperatures measured from steady state tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Initial portion of stress-strain curve (b) Full stress-strain curve 

Fig. 5 Definition of material properties at elevated temperature 
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Fig. 6 Reduction factors for 0.2% proof strength (f0.2p,θ/ f0.2p) at elevated temperatures, compared with design 

values 

  

 

Fig. 7 Reduction factors for ultimate tensile strength (fu,θ/ fu) at elevated temperatures, compared with design 

values 
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Fig. 8 Reduction factors for modulus of elasticity (Eθ /E) at elevated, compared with design values 

  

 

Fig. 9 Reduction factors for ultimate strain (εu,θ /εu) at elevated temperatures, compared with design values 
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Fig. 10   Reduction factors for fracture strain (εf,θ /εf ) at elevated temperatures, compared with design values 

  

 

Fig. 11   k2%,θ  factors at elevated temperatures, compared with design values 
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(a) 1 mm thick cold-rolled material 

 (b) 6 mm thick hot-rolled material 

Fig. 12 Test results of thermal elongation compared with the EC3 thermal expansion curve 
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(a) 1 mm thick cold-rolled material 

  

 
(b) 6 mm thick hot-rolled material 

 
Fig. 13 Strain-temperature curves obtained from transient state tests 
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(a) 1 mm thick cold-rolled material 

  

 

 
(b) 6 mm thick hot-rolled material 

 
Fig. 14 Stress-strain curves derived from transient state tests 
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(a) Cold-rolled specimens 

  

 

(b) Hot-rolled specimens 

 
Fig. 15 Comparison between typical measured elevated temperature stress-strain curves and two-stage     

Ramberg-Osgood model up to 5% strain 
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8 Tables 

 

Table 1 Nominal mechanical properties of grade 1.4420 specified in EN 10028-7:2016 [10] 

Product form 
f0.2p 

(MPa) 

f1.0p 

(MPa) 

fu 

(MPa) 

Cold-rolled strip 350 380 650 – 850 

Hot-rolled strip 350 380 650 – 850 

Hot-rolled plate 320 350 630 – 830 

Note: f0.2p and f1.0p refer to the 0.2% proof stress and the 1.0% proof stress, respectively; fu refers to the ultimate 

strength. 
 

Table 2 Typical chemical composition of grade 1.4420 

Grade C (%) Cr (%) Ni (%) Mo (%) N (%) 

EN 1.4420 0.02 20.3 8.6 0.7 0.19 

 

Table 3 Summary of elevated temperature material tests 

Testing method Sheet material Nominal thickness (mm) Number of tests 

Steady state tests 
Cold-rolled 1.0 42 

Hot-rolled 6.0 38 

Transient state tests 
Cold-rolled 1.0 44 

Hot-rolled 6.0 40 

 

Table 4  Material properties at room temperature (25 °C) 

Sheet material Nominal thickness (mm) 
E  

(GPa) 

f0.2p 

(MPa) 

f2.0 

(MPa) 

fu 

(MPa) 

εu 

(%) 

εf 

(%) 

Cold-rolled 1.0 174.5 410 474 740 25.4 42.0 

Hot-rolled 6.0 227.0 358 429 689 25.8 48.0 
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Table 5    Reduction factors for EN 1.4420 material properties from steady state tests 

(a) 1 mm thick cold-rolled material 

θ (°C) Eθ/E f0.2p,θ/f0.2p fy,θ/f0.2p fu,θ/fu εu,θ/εu εf,θ/εf 

100-1 0.92 0.83 0.93 0.87 1.10 1.07 

100-2 0.92 0.83 0.95 0.88 1.10 1.02 

200-1 0.89 0.71 0.81 0.78 1.09 0.95 

200-2 0.69 0.69 0.80 0.78 1.09 0.98 

300-1 0.93 0.63 0.74 0.75 1.04 0.86 

300-2 0.57 0.62 0.74 0.75 1.06 0.86 

400-1 0.69 0.57 0.68 0.73 1.08 0.88 

400-2 0.81 0.58 0.70 0.73 1.08 0.88 

500-1 0.91 0.56 0.65 0.69 1.06 0.88 

500-2 0.38 0.54 0.63 0.68 1.05 0.88 

500-3 0.72 0.53 0.62 0.68 1.04 0.86 

550-1 0.38 0.53 0.60 0.65 0.95 0.76 

550-2 0.38 0.52 0.62 0.64 0.88 0.74 

600-1 0.79 0.51 0.60 0.62 0.64 0.52 

600-2 0.72 0.51 0.61 0.62 0.65 0.57 

650-1 0.55 0.49 0.60 0.58 0.58 0.50 

650-2 0.86 0.48 0.58 0.57 0.61 0.52 

700-1 0.35 0.48 0.57 0.50 0.47 0.48 

700-2 0.50 0.48 0.58 0.50 0.46 0.48 

750-1 0.68 0.42 0.52 0.43 0.43 0.55 

750-2 0.60 0.43 0.53 0.44 0.46 0.57 

750-3 0.55 0.44 0.53 0.45 0.45 0.52 

800-1 0.46 0.35 0.40 0.36 0.50 0.67 

800-2 0.42 0.36 0.36 0.37 0.53 0.62 

800-3 0.38 0.34 0.38 0.35 0.49 0.74 

850-1 0.32 0.28 0.28 0.26 0.41 0.74 

850-2 0.24 0.27 0.26 0.26 0.42 0.67 

850-3 0.29 0.28 0.28 0.27 0.39 0.79 

900-1 0.31 0.20 0.18 0.20 0.44 0.76 

900-2 0.21 0.20 0.18 0.20 0.38 0.76 

950-1 0.26 0.14 0.12 0.14 0.51 0.98 

950-2 0.20 0.16 0.14 0.17 0.48 0.93 

950-3 0.28 0.14 0.12 0.15 0.41 0.90 

1000-1 0.25 0.10 0.09 0.12 0.61 0.98 

1000-2 0.17 0.09 0.09 0.12 0.62 1.05 

1050-1 0.21 0.07 0.07 0.09 0.58 1.10 

1050-2 0.19 0.06 0.06 0.09 0.56 1.12 

1100-1 0.19 0.05 0.05 0.07 0.52 - 

1100-2 0.10 0.05 0.04 0.07 0.64 - 
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(b) 6 mm thick hot-rolled material 

θ (°C) Eθ/E f0.2p,θ f0.2p fy,θ/f0.2p fu,θ/fu εu,θ/εu εf,θ/εf 

100-1 0.96 0.81 1.01 0.90 1.01 1.02 

100-2 0.94 0.83 1.06 0.89 0.97 0.98 

200-1 0.80 0.68 0.87 0.81 0.99 0.88 

200-2 0.55 0.62 0.79 0.76 1.01 0.92 

200-3 0.54 0.64 0.83 0.80 1.01 0.94 

300-1 0.45 0.61 0.78 0.77 1.01 0.83 

300-2 0.44 0.60 0.76 0.76 1.00 0.83 

400-1 0.43 0.53 0.71 0.74 1.03 0.85 

400-2 0.43 0.55 0.72 0.74 1.06 0.85 

500-1 0.45 0.52 0.70 0.70 0.98 0.83 

500-2 0.33 0.50 0.68 0.71 1.02 0.83 

550-1 0.51 0.48 0.63 0.66 0.91 0.77 

550-2 0.20 0.51 0.63 0.67 0.93 0.77 

600-1 0.73 0.48 0.64 0.66 0.83 0.71 

600-2 0.51 0.47 0.62 0.66 0.83 0.69 

650-1 0.47 0.48 0.64 0.61 0.74 0.69 

650-2 0.52 0.49 0.65 0.60 0.76 0.69 

700-1 0.55 0.45 0.59 0.53 0.67 0.69 

700-2 0.49 0.46 0.60 0.53 0.72 0.73 

750-1 0.46 0.43 0.54 0.46 0.71 0.83 

750-2 0.63 0.42 0.54 0.46 0.72 0.83 

800-1 0.50 0.36 0.44 0.38 0.70 0.92 

800-2 0.80 0.35 0.42 0.37 0.79 0.98 

850-1 0.56 0.29 0.32 0.30 0.66 1.06 

850-2 0.44 0.30 0.33 0.30 0.67 1.13 

900-1 0.40 0.21 0.22 0.23 0.59 1.17 

900-2 0.38 0.22 0.23 0.22 0.55 1.17 

950-1 0.32 0.15 0.15 0.16 0.58 1.27 

950-2 0.31 0.16 0.16 0.17 0.59 1.31 

1000-1 0.25 0.11 0.11 0.13 0.62 1.50 

1000-2 0.26 0.11 0.11 0.12 0.63 1.50 

1050-1 0.22 0.08 0.08 0.10 0.50 1.63 

1050-2 0.24 0.08 0.08 0.10 0.66 1.60 

1100-1 0.25 0.06 0.06 0.07 0.56 1.73 

1100-2 0.21 0.06 0.06 0.08 0.54 1.85 
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Table 6    Mean test values of reduction factors for grade 1.4420 

Reduction factor 
Temperature θ (°C) 

100 200 300 400 500 600 700 800 900 1000 1100 

f0.2p,θ/f0.2p 0.81 0.67 0.60 0.55 0.52 0.48 0.45 0.34 0.21 0.10 0.05 

fu,θ/fu 0.88 0.79 0.76 0.74 0.69 0.64 0.52 0.37 0.21 0.12 0.07 

Eθ/E 0.90 0.72 0.60 0.55 0.51 0.59 0.41 0.44 0.32 0.23 0.19 

εu,θ/εu 1.05 1.04 1.02 1.06 1.03 0.74 0.58 0.60 0.49 0.62 0.55 

εf,θ/εf 1.02 0.93 0.85 0.87 0.86 0.62 0.59 0.78 0.96 1.26 1.79 

k2%,θ 0.19 0.24 0.24 0.22 0.21 0.23 0.27 0.18 0.04 0.01 0.01 

 

Table 7   Recommended grade specific reduction factors for EN 1.4420 stainless steel based on ‘smoothed’ mean 

test data 

Reduction factor 

Temperature θ (°C) 

20 100 200 300 400 500 600 700 800 900 1000 1100 

f0.2p,θ/f0.2p 1.00 0.81 0.67 0.60 0.55 0.52 0.48 0.45 0.34 0.21 0.10 0.05 

fu,θ/fu 1.00 0.88 0.79 0.76 0.74 0.69 0.64 0.52 0.37 0.21 0.12 0.07 

Eθ/E – – – – – – – – – – – – 

εu,θ/εu 1.00 1.00 1.00 1.00 1.00 1.00 0.74 0.58 0.53 0.49 0.54 0.59 

εf,θ/εf 1.00 1.00 0.93 0.86 0.86 0.86 0.72 0.59 0.77 0.96 1.26 1.79 

k2%,θ 0.20 0.20 0.20 0.20 0.20 0.20 0.23 0.27 0.15 0.04 0.01 0.01 

Note: ‘smoothed’ values of the reduction factors for the 0.2% proof stress (f0.2p,θ/f0.2p) and the ultimate strength (fu,θ/fu)  are 

taken as the mean test values; therefore, the corresponding ‘smoothed’ values are not shown in Figs 6 and 7. 

 

 


