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Mechanical Properties of S32001
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Abstract: In this paper, a high-temperature steady-state
tensile test study of S32001 duplex stainless steel was
conducted, and the main mechanical property indexes such
as initial modulus of elasticity, nominal yield strength,
tensile strength and elongation after fracture, etc. at elevated
temperatures were obtained. The applicability of the
Rasmussen model and the Gardner model was studied using
the test data. Based on the Rasmussen model, the calculation
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formula of the hardening index of S32001 stainless steel was
proposed, and the constitutive relation expression at
elevated temperatures was established, while the mechanical
properties of S32001 stainless steel at elevated temperatures
were compared and analyzed with other types of stainless
steel and Q235B structural steel. The study shows that the
yield strength and ultimate strength of S32001 stainless steel
decreases with the increase of temperature, which is lower
than 50 % at room temperature at 600 "C, but the material
strength at elevated temperatures is significantly higher than
that of S30408 stainless steel, which has more superior fire
resistance properties. The results of this paper can be used
in the study of structural fire performance and fire resistance

design.
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Tab.1 Comparison of chemical composition of S32001 stainless steel and other steels
BT EU Y
B 2N ; :
C Si Mn P S Ni Cr N
S32001 WA <0.030 <1.00 4.00~6.00 0. 040 0.002 1. 00~3. 00 19. 50~21. 50 0. 050~0. 070
ENI. 4462 BAH 0.018 0.54 1.57 0.022 0.001 5.71 22.44 0.175
TS7410 BEMKR <0.060 <1.00 1.00~2.00 <0.040 <<0.015 11. 00~14. 00 <20. 300
S30408 LARARYN 0. 080 1.00 2.00 0.045 0. 030 8. 00~11. 00 18. 00~20. 00
Q235B 0. 180 0.20 0.45 0.035 0. 036 <0. 30 <0. 30

min (ZE[R] TR AR 2. 7X10 s 1), BRIk
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G AR SR TR 24 R TR T E R 30 min
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Tab. 2 Designations and dimensions of specimens

P—1 24.95 5.97 K5—1 24.98 5.96

8 P—2 24.95 5.96 500 K5—2 24.99 5.95
P—3 24. 96 5.95 K5—3 24. 98 5.94

Kl—1 24.87 6.02 K6—1 24.99 5.94

100 Kl1—2 24. 88 5.94 600 K6—2 24.97 5.93
K1—3 24.91 5.92 K6—3 24.92 5.94

K2—1 24.97 5.95 K7—1 24.97 5.96

200 K2—2 24.92 5.95 700 K7—2 24.95 5.96
K2—3 24.93 5.96 K7—3 24.91 5.93

K3—1 24.93 5.98 K8—1 24.97 5.95

300 K3—2 24. 94 5.96 800 K8—2 24. 94 5.98
K3—3 24.92 5.95 K8—3 24. 94 5.93

K4—1 24. 96 5.94 K9—1 25.00 5.95

400 K4—2 24.95 5.96 900 K9—2 24.99 5.97
K4—3 24.91 5.92 K9—3 24.93 5.94
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Tab.3 Mechanical properties of S32001 stainless steel at room temperature

REARE T T/'C RS E,/MPa oou/MPa o, ,/MPa 1. o/MPa 0,/MPa &, A%
P—1 204 327 283. 1 488.8 543. 1 744.7 0.487 53. 30

8 P—2 192 150 299. 3 501. 6 563. 2 749.2 0. 464 48.77

P—3 191 003 287.3 485.6 542.6 747.9 0.493 49.91

FHE 195 827 289.9 492.0 549.6 747.3 0.481 50. 66
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Tab.4 Hardening index of mechanical properties of

S32001 stainless steel at room temperature

RN e n m n m 7o s0
P—1 5.48 3.30 7.74 2.89 2.79
P—2 5.80 3.34 7.85 3.24 3.09
P—3 5.71 3.27 7.51 2.96 2.84

A 5. 67 3.30 7.70 3.03 2.91
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Fig. 2 Stress-strain curve of S32001 stainless steel

at room temperature
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Fig. 3 Specimens of S32001 stainless steel after
tensile test at elevated temperature
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Tab.5 Appearance and damage characteristics of

specimens
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Tab. 6 Test results of mechanical properties of S32001 stainless steel at elevated temperatures

Ey /X

T/C 10°MPa ag, Gy o1/ MPa a,, o, +/MPa a,, &t a., Aoy /% ay,
20 1.958 1. 00 492.0 1. 00 747.3 1.00 0.481 1.00 51. 00 1. 00
100 2.098 1.07 402. 2 0.82 594. 3 0. 80 0. 281 0. 58 37.20 0.73
200 1.964 1.00 348.7 0.71 548.0 0.73 0. 264 0.55 30. 89 0.61
300 1.956 1.00 335.2 0.68 556. 2 0.74 0.222 0.46 21.89 0.43
400 1.822 0.93 303. 6 0.62 553.5 0.74 0.217 0.45 24.65 0.48
500 1.628 0.83 277.8 0. 56 488. 2 0.65 0. 202 0.42 28.00 0.55
600 1.336 0.68 226.8 0.46 333.2 0.45 0.162 0.34 29. 69 0.58
700 1. 144 0.58 143.9 0.29 208.0 0.28 0. 180 0.37 36. 37 0.71
800 0.871 0.44 82.4 0.17 112.9 0.15 0.134 0.28 48.73 0. 96
900 0. 489 0.25 45.0 0.09 57.6 0.08 0.126 0. 26 50. 59 0.99
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Tab. 7 Coefficients of mechanical properties formula

ax T/C a b

az, 8§~400 1.000 0
‘ 400~900 1. 600 —1.50
8~200 1. 034 —1.70
A, 200~500 0.774 —0.40
500~900 1.224 —1.30
8~100 1.020 —2.55

@, 100~400 0.750 0
400~900 1. 310 —1.40
a. 8§~100 1. 100 —5.20
' 100~900 0.623 —0.40
ay 8~300 1. 044 —2.20

300~900 0. 084 1.00

Gardner ™ 46 1 1 &1 T T ASEE AT B BRI (LR
fai Fk Rasmussen £ 8 A1 Gardner #6780 ) %338 56 250 P8
PTG, a7 S32001 AN R T R TR AR A
BORY, AR 2R 20 S 2 () F(5) o
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Fig. 4 Comparison of mathematical model of S32001 stainless steel with test results at elevated tempera-

tures
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Fig. 5 Stress-strain curves of S32001 stainless steel

at elevated temperatures
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Tab. 8 Hardening index of mechanical properties of S32001 stainless steel at elevated temperatures

e 7 [19] I 3 i L
L T/ N Rasmussen £ B 731 HUE Rasmussen f5i 741 Gardner #5# /
ny my ny my ny ny
Kl—1 15.62 2.81 15.62 2.83
100 K1—2 8.00 5.10 26.61 3.17 26.61 3.30
K1—3 19.73 2.67 19.73 2.82
K2—1 13.63 2.54 13.63 2.60
200 K2—2 8.83 4.60 14.12 2.55 14.12 2.61
K2—3 15.14 2.63 15.14 2.68
K3—1 9.53 2.71 9.53 2.79
300 K3—2 9.46 4.10 13. 60 2.70 13. 60 2.72
K3—3 10. 50 2.59 10. 50 2.57
K4—1 10. 20 2.58 10. 20 2.68
400 K4—2 10. 00 3. 60 8.72 3.24 8.72 3.32
K4—3 6.01 2.82 6.01 2.91
K5—1 8. 06 2.74 8.06 2.84
500 K5—2 10. 47 3.10 6.01 2.48 6.01 2.34
K5—3 8.45 2.68 8.45 2.79
K6—1 8.62 3.03 8.62 3.02
600 K6—2 10. 90 2.60 7.20 3.15 7.20 3.18
K6—3 9.04 3.21 9.04 3. 06
K7—1 7.73 2.52 7.73 2.60
700 K7—2 11.29 2.10 6.83 2.21 6.83 2.56
K7—3 9.30 2.22 9. 30 2.26
K8—1 10. 39 2.04 10. 39 2.27
800 K8—2 11. 66 1. 60 9. 24 2.29 9.24 2.37
K8—3 6.25 2.96 6.25 3.50
K9—1 9.73 1.73 9.73 1. 64
900 K9—2 12.00 1.10 13.81 1.02 13.81 1.46
K9—3 18.17 1.38 18.17 1.34
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) 450 r
400 400
= 300 ~ 300
S =
s 200 S 200
100 100
0 0.005 0.010 0015 0020 0 0605 0510 a615 abzo g
& &
a KI-1 b K3-1
A
200 +
150
&
E 100
°
50
0 0.005 0.010 0.015 0.020 0 0.005 0.010 0.015 0.020 -
& &
¢ Ké6-1 d K7-1

E6 =R TAMERLE % SR MH&EITtE
Fig. 6 Comparison of stress-strain fitting curve of S32001 stainless steel with test results at elevated temperatures



838 [l o K 2 2 MCH 9K BE 2% O

I ZE R+ 0W)4 , B T Rasmussen #5135 TE 2
O T S HCE A I AR SCR A Rasmussen 57
RUSRARALL S32001 AN )R AR FR o

HRHEE 8 45 R, X=X (4) H S32001 AN A s it T 1
BEACHEE 0, o A TEEASEAE , 75331 S32001 AN
WAL FR BO TR A=, IR (6)—(7) fis .
nr=—1.034 X 10 %T* +7.421 X 10 °T*—7.366 X

10 2T+ 26.850, 100 °C<< T<< 900 °C (6)
mp=—1.501 X 10 ¥T* 4+ 1.815 X 10 °T* —

6.272 X 10°T 4 3.311, 100 °C<<C T<<900°C (D)

22 6 B AN (6)—(7) T 45 R A Rasmussen
BAY AT ST S32001 AN BRI E T BN - B AR
Bk, TR R SRR L LR 7, SeeFoRiTHA
SEH R F RIS, A LR, B iR
WAL R BT A I B RO BT

4 S32001 NEEWNA R 5 H b K41 H
SR 1 EREXTLE

S32001 NENEH EN 1. 4462 SUAH AR EEH |

—&— S32001 XA B ANEE 4N
; —— EN1. 44625 M B A4 4R
121 —— TSZ4108k R
o —A— ZF1Q235B
0.8
5
= 0.6
=
0.4
0.2
0 200 400 600 800 900
T/C
a BRI RS
A —8- S32001 SUHAUAR4EAN
L4r —e— ENI. 4462 WUAH B AR 454K
1.2 —8— TSZ410Ek RIEATHEN
o —a— 45H)MQ235B
g 08
& 0.6
0.4
0.2
0 200 400 600 800 900

T/°C
¢ MRBRER YT RS

500 F

400

300 |

0/ MPa

200 |

100 [

0.010 0.015 0.020

&

E7 ARIRE TR -2 &S5RI

Fig. 7 Comparison of stress-strain curves of S32001

0 0.005

stainless steel with test results at different

temperatures

TSZAT0BR R AR Z546 B9 Q2358 11 i i
TR TR | 2 S R R R PR R S
PERES A LA, WKl 8a~&] 8¢, S32001 N4 5
HULA5 A S304 F AN AN (1 S30408 H [ AR AN 45
Q) g T e PR S AR B 1 EL g, DL 8l

—&— S32001 XUHBUREEN
—e— ENI. 4462 R A 4E 4
12 —o— TSZA10BEEAHEN
Lo —— #5HMQ235B
08
S
e 0.6
S 04
0.2
0 200 400 600 800 900
T/C
b JEARGREE TR R $
800 —A— S32001 /& IR5EE
700 T --A-- 830408 i AR5 A
e L N —— 53200 15 R 3R
\ ---- S304081% R 58 F
g 500
Z 400 |
N}
300 |
200 |
100 |

0 100 200 300 400 500 600 700 800 900
T/C
d S32001 R4E4H 5S30408ANEE4M T B

8 $32001 NEEMS HAtRA B SR N FIERELL L

Fig. 8 Comparison of mechanical properties of different steels at elevated temperatures



61 BRI, 2 . 32001 LR LR BN IR 12 PERE I B 839
ALLTE58 . S 3HE
(1)S32001 5 EN 1. 4462 [7] g SUFHEUREN , 5
[1] BURGAN B A, BADDOO N R, GILSENAN K A.

TR AT 2 AR R AR AR AL B B A — 3 A EN
1. 4462 &5l T 15 PERERS UL T S32001

(2)S32001 N85 40 A fen itk 400 s S A A 0
L TSZ410 KEAE , 20 *C~400 “CH B Be vt
R SR R AN | i Q235D i T B T 25w A
R . IR BER T 500 “CH, S32001 AN45 4 Y it
bR B ) 7 9 3R B AT TSZ410 K& Q235B, 78
300 “CHf HoAfr e 22 805 Q2358 e KA 2% 4 0. 325 1%
JE T 500 Ch, L2 o

(3)5 S30408 NEFEMMIXT L. S32001 NEFEA =
YRR B I s T S30408 BN, IS 20 °C
~600 CHf BE B, Hirbr 300 “CH S32001 444 S IR 8
JF 2 S30408 1 2. 03 4% .

5 £
ES SR IR

(1)S32001 NG AN Y 44 S o BE oo B
Wi A ek B T e S AR S 18 PR T R R
600 “CHF 735 A8 iR K 46 Y0145 %, 900 “CHf ¥ A
EHIET 10 %,

(2) Rasmussen & 5 1 Gardner #5143 51 $U &
S32001 AN 85 84 e ik N Ry 7 -1 AR OC RN L g A 3k
B, PR A 2 B 3 S kS . i T Rasmussen £
USRI AT N i, 7% ARl 46t S32001
AN AAE BT TR A 2 52 bR TR H o

(3) B FEAR T 500 °CHf, S32001 A4 ) & il
T B A B RO T TSZ410 A 45 4K i 45 # 4K
Q235B, 1= T 500 “CHF A 5 S32001 AN =l T
FARLR B B 5 25 T S30408 ANEEAN , 7E 20 “C~600 °C
TR E B, S32001 Ay 45 S R 3 B 2 /1 J2: S30408 )
1. 845, A B s i kg .

{E&E Tk A= A -
PRIER : PR ST BT SR 1 SCHERR I, 158
WICHE
WA AR S0 LRI e A BT , T DTSRI B &
T
WREJE - 10 S0 SR A R, 2 518 SRS
P X St SRR A R A B, 2 518 SIS
FIEH  DIBNHERTO R, TR, 2 5 sE.

(6]

(9]

[10]

[11]

[12]

[13]

[14]

Structural design of stainless steel members — comparison
between Eurocode 3, Part 1.4 and test results [J]. Journal of
Constructional Steel Research, 2000, 54(1): 51.

YOUNG B. Experimental and numerical investigation of high
strength stainless steel structures [J]. Journal of Constructional
Steel Research, 2008,64(11):1225.
BT I VT aP &/ N -
(7). #%45H9,2010,25(2) 1.

WANG Yuanqing, YUAN Huanxin, SHI Yongjiu, ez al. A
review of current applications and research of stainless steel
structure [J]. Steel Structure, 2010, 25(2): 1.

FICH, Hg, AUKA LS BRIRHOR Y S31608 YA C &
[T AR (SRR D , 2013, 53(9) : 1231,
WANG Yuanqging, CHANG Ting, SHI Yongjiu, et al.

Experimental study of the stress-strain relation of austenitic

A1) 1 JH I IR

stainsteel S31608 [J . Journal of Tsinghua University (Science
and Technology), 2013,53(9): 1231.

CHARLES J, CHEMELLE P, ¥ 2, % . XU A5 #1 %
IR B AR T a3 [T ] i ANk, 2011,11(6) : 1.
CHARLES J, CHEMELLE P, HU lJincheng,
Development status and future market trend of duplex stainless
steel [J]. World Iron &. Steel, 2011,11 (6): 1.

G, RUL R, S R T Q345 MR AR RE I SR F
FE[J]. A4, 2001,31(1) : 53.

CHEN Kai, JIANG Shouchao,
Experimental study on material properties of Q345 steel at high
temperature [J]. Building structure, 2001,31(1): 53.

TR XSS, 2 [ SRR Q460 A4 5 L) A AR IR B
FE[J ] BRI AR, 2012, 32(S1) : 30.

WANG Weiyong, LIU Bing, LI Guogiang. Experimental

study on high temperature mechanical properties of high

et al.

LI Guoqiang, et al.

strength Q460 steel [J]. Journal of Disaster Prevention and
Mitigation Engineering, 2012,32 (S1): 30.

GARDNER L. The use of stainless steel in structures [J].
Progress in Sturctural Engineering and Materials, 2005, 7
(2):45.

RAMBERG W, OSGOOD W R. Description of stress-strain
curves by three parameters [J]. Technical Note, 1943(902): 1.
HILL H N. Determination of stress-strain relations from
"offset" yield strength values [J]. Pediatrics, 1944, 6(1): 93.
GARDNER L. A new approach to stainless steel structural
design [J]. Structural Engineer, 2002, 82(21): 21.
RASMUSSEN K J R. Full-range stress-strain curves for
stainless steel alloys [J]. Journal of Constructional Steel
Research, 2003, 59(1): 47.

QUACH W M, TENG J G, CHUNG K F. Three-stage full-
range stress-strain model for stainless steels [J]. Journal of
Structural Engineering, 2008, 134(9): 1518.

AT, ] AN AR LR IR 2 R IR 5T



840 6 3 2 2 (A 28 B 2% ) 5550 %
[J]. %544, 2011, 26(5): 1. austenitic  stainless steel at elevated temperatures [J].
ZHENG Baofeng, SHU Ganping, SHEN Xiaoming, Engineering Mechanics, 2017, 34(4): 167.

Experimental study on material properties of stainless steel at — [25] #EE, ByF#, Bril e, % TSZ410 SRR RGN iR
room temperature [ J]. Steel Structure, 2011, 26(5): 1. PRI [T ], RITE R M (H AR R0 , 2021,49(1) : 20.

(15] R, Whisk . NS5 RL 04 B )~ AR RE TR [T, 25 a1 4544, LOU Guobiao, TAO Yuchao, CHEN Wulong, et al.
2011, 17(1): 62. Experimental investigation of mechanical properties of TSZ410
ZHU Haochuan, YAO Jian. Stress-strain model for stainless ferritic stainless steel at elevated temperature [J]. Journal of
steel [J]. Spatial Structure, 2011, 17(1): 62. Tongji University (Natural Science), 2021,49 (1): 20.

[16] European Committee for Standardization. EN 1993-1-2 [26] WEEZPRUELE B R 2 . SRR 1355 E
FEurocode 3-Design of steel structures-Part 1-2: General rules— WIS 71 . GB/T228.1—2010([ S . Jb5% - A7 [l ki o HS RBi kL,
structural fire design [S]. Brussels: European Committee for 2010.

Standardization, 2005. Standardization Administration of the People’s Republic of

[17] Euro Inox/SCI . Design manual for structural stainless steel China. Metallic materials —Tensile testing. Part 1: Method of
[S]. 3rd ed. Building series: Euro Inox and the Steel test at room temperature: GB / T228.1—2010 [S]. Beijing:
Construction Institute, 2006. China Standard Press, 2010.

[18] SAKUMOTO Y, NAKAZATO T, MATSUZAKI A. High-  [27] P EEZRMEE BT B2 SEA RN 2385 5
temperature properties of stainless steel for building structures MRS 5. GB/T 228.2—2015(S 1. db gt . fh E AR vEH It
[J]. Journal of Structural Engineering, 1996, 122(4): 399. 2010.

[19] CHEN J, YOUNG B. Stress-strain curves for stainless steel at Standardization Administration of the People's Republic of
elevated temperatures [J]. Engineering Structures, 2006, 28 China. Metallic materials —Tensile testing. Part 2: Method of
(2): 229. test at elevated temperature : GB / T228.2—2015 [S]. Beijing:

[20] ABDELLA K. Explicit full-range stress-strain relations for China Standard Press, 2015.
stainless steel at high temperatures [J]. Journal of [28] R . A AL FRTFAE (M. db st . s SR AL, 2007.
Constructional Steel Research, 2009, 65(4): 794. ZHU Xueyi. Steel heat treatment manual [M]. Beijing: China

[21] GARDNER L, INSAUSTI A, NG K T. Elevated Standard Press, 2007.
temperature material properties of stainless steel alloys [J]. [29] ZHAO B. ECCS project “Development of the use of stainless
Journal of Constructional Steel Research, 2010, 66(5): 634. steel in construction” work package 5.1: Material behaviour at

[22] ABDELLA K. A three-stage full-range stress-strain inversion elevated temperatures [R]. [S.1.]: CTICM, 2000.
for stainless steel alloys as an explicit function of temperature [30] Hre AR RN 3 55 R & e . B SAUAN A4S 14 7 B AR
[J].Thin-Walled Structures,2012,53: 9. {:GB 51249—2017[S]. bat: PRI AL, 2017.

(23] WRdn, 446 R, i AN PTERE LT ] Wik Ministry of Housing and Urban-Rural Development of the
R (TR, 2008, 42(11) ¢ 1983. People’s Republic of China. Code for fire safety of steel
CHEN Ju, JIN Weiliang, YANG Liwei. Behaviour of structures in buildings: GB 51249—2017 [S]. Beijing: China
constructional stainless steel at elevated temperatures [J]. Planning Press, 2017.

Journal of Zhejiang University (Engineering Science Edition) , [31] BREsm, B4 A5 Q235 MITE M il (i) &4 R Ry F12%
2008, 42 (11): 1983. PERERTIELT ] MR 2Bl , 2006 (4) - 99.
[24] JEEWI, AR, Fh 308 45 . S30408 B ECARANEE 4K i i ) 2% OU Manli , CAO Weijun. On the mechanic performance of

PEREIRATFE[T]. TR T4, 2017, 34(4) 1 167.
FAN Shenggang, ZHENG Jiazhen, SUN Wenjun, et al.

Experimental investigation on mechanical properties of S30408

building-purpose Q235 steel under high-temperature (Fire)
[J]. Journal of Hunan University of Technology, 2006 (4): 99.



