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316L stainless steel under 2-step load

DONG Jie1,2∗∗ CHEN Xuedong1 FAN Zhichao1 JIANG Huifeng1,2

JIANG Heng1 LU Shouxiang2

1.National Technology Research Center on Pressure Vessel and Pipeline Safety Engineering of
Hefei General Machinery Research Institute, Hefei 230031

2.Department of Safety Science and Engineering, University of Science and Technology of China, Hefei 230027
* Supported by the National Great Project of Scientific and Technical Supporting Programs of China
during the 11th Five-year Plan No.2006BAK02B02-02 and Natural Science Foundation of Anhui Province
No.070415223.
Manuscript received November 28, 2008; in revised form April 22, 2009.
** To whom correspondence should be addressed, Tel:(0551)5335485, E–mail:rockdj1980@sohu.com

ABSTRACT High temperature fatigue creep test of 316L stainless steel under 1-step and 2-step load
was conducted, the influence of the load history on material behavior was investigated emphatically. On
the basis of the uniform fatigue creep damage evolution model, the nonlinear damage evolution curves
of 316L steel under 1-step load at high temperature were obtained. A modified failure rule coupled with
the load history effect under multi-step load was proposed. High temperature 316L steel fatigue creep life
under 2-step load was predicted by the failure rule and the nonlinear damage model. The predicted results
were in good agreement with the experimental ones.
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load history
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 $�=7:BD., <%�&'�(*68*�8
+)� $�������;9. ���B�9E

9#: 1. ;9-=�?F;9G MTS809 :<%,

;>&?;@, <; 35 mm, @H 10 mm(A 1). ;9
= 68<A, +)>@&B@, ÆIB= 12 s, ?>

-C�*CC684J 5 s �@+4KA8$J 1 s

�/D+4KA. LE;9BÆ9#: 2. <%6&

68*6&�8�����;94, ,-CÆ&+)
� $?/Æ��59'$EÆ, @.+)M�DC
D&, 59@D;>AN. : 3 OE#LE�;9Æ
P. ;9�C�68B& 385 MPa, $9.�:,A
.�68BECC68.

F 1 316L FFQR	GS

Table 1 Chemical composition of 316L stainless steel (mass fraction,%)

C Si Mn P S Ni Cr Mo N Fe

0.025 0.383 1.22 0.02 0.012 12.54 18.09 2.34 0.011 Balance

( 1 CDEHGG
Fig.1 Fatigue creep test specimen

F 2 ITHUCDEHGI
Table 2 Fatigue creep test under 1-step load

Temperature/J Maximum stress/MPa Minimum stress/MPa Life/cycles

550 385 −50 2808

550 385 −150 690

540 385 −100 3821

560 385 −100 567

F 3 FTCDEHHUGI
Table 3 Fatigue creep test under 2-step load

1st step load parameter 2nd step load parameter

Temperature Stress Life Life Temperature Stress Tested life Tested life

/J /MPa fraction /cycles /J /MPa fraction /cycles

550 −150 0.7 483 550 −50 0.222 624

0.5 345 0.377 1058

0.3 207 0.486 1366

−50 0.7 1966 −150 0.138 95

0.5 1404 0.386 266

0.3 842 0.155 107

560 −100 0.7 397 540 −100 0.216 827

0.5 284 0.522 1993

0.3 170 0.617 2357

540 0.7 2675 560 0.277 157

0.5 1911 0.307 174

0.3 1146 0.584 331
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2 )*+KLM,-./0N12
A 2 *A 3 OE#�&*6&����/+$

6�(�4%, LMH<.�ÆM��&/+$�6
�(, INJM�%+'$EÆ (0.3, 0.5, 0.7) �C

Æ&+)� .CD&+)� $�6�(. (O
6&;9�C�68BY�& 385 MPa. A 2 .�
6&+)CC68O −150 MPaP�9 −50 MPa,K

68(O!P�9P, Q5$%/+  LM&�!
P/+. A 3 .�CC68O −50MPa P�9 −150

MPa, /+  LM&�P!/+. L8NE, �#
!P/+, CÆ&+)'$EÆ& 0.7 4, CD&+
)� $�6�(�#�&/+OP, Q'$EÆ&

0.5 , 0.3 4, BC#�&/+OP; �#P!/+,

%QCÆ&+)�'$EÆ��5, CD&+)� 
$�6�(BC#�&/+OP. 8:%&:R, �

�-%+(*2%+'$EÆ�CÆ&+)� .
#&#%+.8�59RB,SB. -ÆROP$,

��-59D..LTS&59RB, SLTS&5
9SB, T��6U8$59BT3QOO:. A.
�H<;:R, -%+(*+)� $, ZV59P

+�'$EÆ, ���RB,SBUQS%P+.

( 2 WU[HVW�WTHUV�RWH\
Fig.2 Strain range under the second step load for the

high-low case

( 3 UW[HVW�WTHUV�RWH\
Fig.3 Strain range under the second step load for the

low-high case

A 42A 5EXOE#CC68O −150 MPaP
�9 −50 MPa 8$O −50 MPa P�9 −150 MPa

6&/+�59YX]<. A 4 �!P/+, A 5

�P!/+.6AOE�CÆ&+)�'$EÆB&
0.5,A.�^SZLoad change[EE+)P��4X.

OA 5 �P!/+YX.L", -+)P�4X6
�T@Y�, OÆIRU�V�3^S:YZStrain

Step[, QA 4 �!P/+ZZO. �#6&�8/
+,/+)P�4S�P�\!��P!/+  ]
-6�V�, Q"!�P�9P��!P/+  Z
OE#6�V�. -+)P�46&����/+
E#:W6�V�#X, Y,6T��6U�8�"
TO:. �#6&68/+, +)P�4^Z�[+
)Y�_`M����\_RB.8, OQ&/-.
aP+�[ZÆ[+)� $#&%��6�, S&

6�V�. �#6&�8/+, Z�"#%+�8�
�8�"T�SB.8%+&/6�V�#X. `

5!N, bP'O���?c, "#;9+)Md[
a# 316L !� DSA � \ [11], 6�V�SLTT

( 4 \]W�b −150 MPa ]HG −50 MPa MF

T[Hc^e^
Fig.4 Stress-strain curve for load changed from

−150 MPa to −50 MPa

( 5 \]W�b −50 MPa ]HG −150 MPa MF

T[Hc^e^
Fig.5 Stress-strain curve for load changed from

−50 MPa to −150 MPa
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D = 1 − (1 − D0)(1 − N/Nf)k (1)

K. D &=7BÆ, D0 &hh=7, N &59BT,

Nf &59'$, k &"+)`��=7EÆ. &#i

� k, j�hIÆIBÆ

D = (εmax − εmax1)/(εf − εmax1) (2)

8:i/1�=7, K. εmax &jÆ59BT�C
�6�, εmax1 &CÆ59BT�C�6�, εf &i

kj".$>�hTn`CÆB59#&�%��6
�Yl�=7�74, OQkmjk^k59D..
=7�S(. " (2) Ll, D0 & 0 4 (1) LlB

&

D = 1 − (1 − N/Nf)k (3)

bP: f@" (2) OE�=7ÆP, Ll\BÆ
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( 6 316L QpnpRo^
Fig.6 Damage evolution curves for 316L steel

m∑

i=1

Di = Dc (4)

K. Di &-C i &+)� $#&�=7, Dc &

��pm=7. qD=7A<"qn� !,  oo
ZLp$jÆ+)mr�=7Yl*+)0. 6.
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m∑

i=1

Di +
n∑

j=1

ΔDj = Dc (5)

K. ΔDj �C j T+)P�4V��=7Yl, L

bP (2) "V�4�6�Yll\, #�O

ΔDj = Δεmaxj /(εf − εmax1) (6)

K. Δεmaxj &C j T+)P�46�V�Yl. "
=7:B . (3)*r[�ANoZ (5)ZL,
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A 7 OE#r%'$,� !�4%, A.s
q<&;9'$, rq<&,�'$. Linear dam-

age summation :Y<"n/!, �bPjÆ&+
)'$EÆ<"n/,��'$?c, General fail-

ure rule :Y"ÆRANoZ (4) ,�(l?c,

F 4 FsHUpnst
Table 4 Damage exponent for each load case

Load case 550 J, −50 MPa 550 J, −150 MPa 540 J, −100 MPa 560 J, −100 MPa

k 0.132 0.210 0.126 0.180
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( 7 ttVoMKGJNuvpw
Fig.7 Comparison of several life predicted methods

Modified failure rule:Y"r[�ANoZ (5),
��?c. OA.LNE, <"n/!�,�?cu
O 75.0% - 1.5 qursv8r, ÆRANoZ�,
�?cuO 58.3% - 1.5 qursv8r, Q69l

E�r[�ANoZ�,�?cO 91.7% - 1.5 q

ursv8r. "5L", 69lE� !v#<"
n/!*ÆRANoZ.
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