
� 50�    � 2�                                   ��������	                                 Vol.50, No.2 

2021�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2021 

�

�����2020-03-19 

���	����	
���������CNNC2019YTEP-IPCE01� 


����  ����1985 ��������������������� �!" 300180�#$%022-58231665�E-mail: 

kenshin0209@sina.com 

 

��� 316H �����	
�� 

 

�  ���  ���  ���  	

 

(���������  &'()���*+),-.�/ 012345�),6789:�!" 300180) 

 

�  ��;<=�#> 316H?@ABCDEFGH�I>JKLMNEOPQRST*+CDUVW�XYFZ[\

]9W^�_`a*+BCDbcMdEXeR Z'NEBEFGf�GgST 316H?@ACDhi-RTPNE-bc

MjklLM-mnhi-bcMjkXeR ASMEBopqr�_`a 316H?@As 550~700 tuBmnhiXev

wx�yz RMB'OPBCDUVW�sQR{MW|}z~��\OPX8�EF��zCDbc�OP��evB

99.7%�����X�OPb����o� 316H?@AB��CD���mnhiX  

����316H?@A�CD���JKLMNEOP�Z'NE�mnhi 

�������TG142.71�TG111.8        ������A        �����1002-185X(2021)02-0531-06 

 

��������	
�����
����

�����������60%~70%���� !�"

#$��%&'()*+,�-./01'234

[1]

	

567�8�.9:;<�=>��?@�AB*CD

E	)�8�.;<FGHIJKL

[2,3]

�MNOP�Q

RS��
�TUVW�XYZ[\ 500~550 ]

[4-7]

	

��^���_`a�� 304L�316Lbcdefgh

e.ijk)�Zlmn�'.PoSp8�qrst

�uvbcdefg�wxy�z{|}�~���

Z'.

[8]

S316Hefg������Z�[(��&.

���������(��_��^���

[8-17]

S 

�������'���)������01

������AOP���S�������)��

��*+ ! 40 ���e�¡¢'	£¤¥¦§¨

©�~�)��ª�n��«¬Z'.(��'	5

l�*+(~�®¯A°�±4²³DES

Whittaker2

[13]

´� Wilshireµ>¶· 316Hefg�

¸«�¹5000 h��&º»	¼½¾��~�01�

� 10

5

 h �¿���SÀ��	Á¥¦©Â����

� MH ÃÄ½Å�01��ÆÇEÈSEsposito 2

[14]

É·���&����&Ê�ËÌÍÎÏÐ� BE �

&Ñ�ÃÄ	ÒÓ�ÔÕ��� 316H efg��&

®SDavies2

[16]

Æ�«Ö�A×Ø¥ÙÚ�TDFAD�

ÛÜ�) 500 ]n 316H efg�&ÝÞß<àÄ�

[uy ∆a=0.2	0.5 mm«á���âã«Ö	;7~

���&äÝå'�æ���çè��&ÝÞ�âã

«Öéê�\ëì�íîSBoerman2

[15]

®� 316H

efg)�� 800 ]Z[n��&äÝ��	©Âï

ð	~�)�&vÑñò�&ÊÑ��óïô\���

�&«Ö�õö.�÷º>	) 1000�1200ø 1300 ]

nùú�&õö.+ûç\ 374.1 kJ/mol	ÁçL��

üý��þß�.��vÑ�&õö.\ 1758.5 

kJ/mol	��2��ü����çS	
NA 316He

fg)����ª�����&'.���5ùú

�&Ñ��¥¦z��®��N��S 

Ç®©·�Ç8Ð~�®á�NIMS�µ��

�&º»

[18,19]

	t�Ñ�Z[æºÃÄ

[20]

¥¦��

� 316H �~��&'.	ÏÐÆ� Z'æº

[21]

�~�

�&��'ÃÄ	��º»��'�'.¥¦©Â�

íî�[S����Ê>��&'.ÃÄ

[13,14,22]

	�

�e��&ÃÄ)º»¶·(©ÂÛÜz����

'S©· ASME�¥ !

[23]

	�Ù~���¿��

���Z[�A"	#$��� 316H efg¬Z

'.¥¦���3%*+��Aº»(&'z{S 

���������	�

´���~���&�\	ùú�&Ñ�ø6�Z

[�ó()·\*EÊ>�É·æº�+Ñ�Z[æº

RTP�

[20,21]

	�«,-æº(ïô\���÷ºS��

÷º P(σ)���Ñ�Z[æº RTP ¶·�Ù�./0



�532�                                           ����*+4��                                           � 50� 

z�Ó(��¥¦����ª�n~���&'.S 

\�ÏÐ 316H efg� σ-RTP ./0z�	Ñ

�Z[æº�RTP�̈ 1�A®}X� RMB'æº

[21]

S

2»
��3û©Â	��÷º P(σ)�Ù\Gñ�º

��45>S�� σ-RMB'./0z��ï6>£>

�1�áô7 

( )

1

2 3

s a

0 1 2 3

a

lg lg

lg lg lg

q

q

t T

a a a a

T T q

−

− − ⋅

= + + +

− ⋅

�

ε

σ σ σ   �1� 

>�7

s

ε

�

8ï~��ùú�&Ñ��h

-1

��σ8ï6�

���MPa��T\9�Z[�K��lgt

a

�T

a

�q�a

0

~a

3

:\aº5S; q>0«	<q>=q�; q≤0«	<q>=0S 

æ<�� !ÛÜz{� Zæº

[24]

�Ù=	©·

Ñ�Z[æºÃÄ	}X�>��~��&Ñ���

'��� Z'æº

[21]

	�Md�ï6>?>�2�7 

2 3

0 1 2 3

RTP lg lg lgZ' a a a a= − − − −σ σ σ      �2� 

>�7Z'æºï@�&º»AB./0��[	RTP

8ï��Ê>�Ñ�Z[æº	a

0

~a

3

:\aºS2»

Z'æºç�Md�C!D�óEEH�Ù~���&

×Ø÷º(��[÷ºS 


��316H ������� 

�����316H ����	
������ 

Ç®t�� 316H efg�Z�&º»Fþ�

NIMS��G'.º»H

[18,19]

Sº»H� 316Hefg

Ix 3 J~�Kú	��\7L~�M~ø�~SÇ

NOP� 316H�~º»�<'.¥¦SNIMSµ��

316H�~�&º»�\ 3-QR	SQR~��%G

Ô�(�T&lUæºLNe�	£ï 1øï 2áôS

�&3V�FVzW\�~X^zWS'.¥¦��

��&º»Y 63-	��FþZ[� 500~800 ��

��� 20~471 MPa ��&6�	Md��&º»

�C£Ú 1áôS 

���������������������

2» 316H efg�ùú�&Ñ�º»	��4Z

0'[\�z{¶·�Ù�./0z��1���]5æ

ºçSÀ)&^	Md��&Ç�z�æ?>�3�7 

0.02 0.98

s

2 3

lg = 21.0943 ( 567.234) (0.0201

         0.0846lg 0.0527 lg 0.0125lg )

T Tε

σ σ σ

−

− − − ⋅ −

+ −

�

�3�

 

Ú 2ëô�´��&Ç�z��3�+û¾��

s

�

ε -σ

/0	�«_`aX]QR~��6Ü�&Ñ�º»S

bÚ 2��º»�Ccm|d	|þe�QR��&º

»ÒeX7ðë�fgAB7h	1i��&º»:j

kQ�C)��Z[n�

s

�

ε -σ/0lgS 

� ���316H ����

��

����

��

�	
�� 

Table 1  Chemical composition of 316H stainless steel 

(plate) (ω/%) 

Reference code 

Element 

AaA AaB AaD 

C 0.06 0.05 0.05 

Si 0.74 0.74 0.7 

Mn 1.7 1.74 1.1 

P 0.038 0.035 0.034 

S 0.011 0.006 0.003 

Ni 13.04 11.19 12.6 

Cr 17.31 17.6 17.05 

Mo 2.56 2.32 2.24 

Cu 0.30 0.28 0.31 

Al 0.005 0.005 �0.003 

N 0.0192 0.023 0.017 

B 0.0011 0.0007 0.003 

Nb+Ta 0.04 0.03 0.001 

Ti 0.011 0.014 0.03 

Fe Bal. Bal. Bal. 
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Table 2  Processing and heat treatment system of 316H 

stainless steel (plate) 

Reference code Processing Thermal history 

AaA Hot rolled 1050 /40�  min+water quenching 

AaB Hot rolled 1050 /80�  min+water quenching 

AaD Hot rolled 1100 /30�  min+water quenching 
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Fig.1  Distribution of steady state creep rate of 316H stainless 

steel 
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Fig.2  Creep rate versus stress curves fitted by creep data of 

316H stainless steel 
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Table 3  Test results of logarithmic difference data by RMB' model 

Normality test  Outlier Test 

Model Statistic 

P

 

Decision at level (5%)  Max (r

22, 

r′

22

) D

0.95 

Decision at level (5%) 

RMB' 0.427 0.304 Obey  0.19 0.32 No outlier 
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Fig.3  Creep rate data and σ-RTP-R curves for 316H  

stainless steel 
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Table 4  Comparison of RMSE values in different creep 

rate zones 

Model 
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Table 5  Prediction of steady state creep rate of 316H stainless steel by different creep models 
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Table 6  Comparison of allowable stress results at 10

5 

h of type 316 stainless steel by ASME BPVC Section II 
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Creep Data Prediction for Type 316H Stainless Steel Served in Nuclear Power Plant 

 

Li Ang, Wu Fu, Gao Wei, Zhang Yi 

(Innovation Center of Nuclear Materials for National Defense Industry, Science and Technology on Particle Transport and 

Separation Laboratory, Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin 300180, China) 

 

Abstract: Creep life prediction is an important issue for components used for nuclear breeders at high temperature. Through analysis on 

creep data of 316H stainless steel served in reactor vessels, the steady state creep rate equation was obtained by rate temperature parameter 

model. Reasonable statistical test results supported the reliability function of creep property. σ-RTP-R curves and T-[σ]-R curves were 

proposed for 316H stainless steel based on the distribution of Z′-parameter in this research. The allowable stresses in service temperatures 

from 550 °C to 700 °C are also obtained according to the standard methods specified in ASME BPVC. The results demonstrate that RMB' 

model has not only good precision in comparison of other existent creep models, but also high prediction accuracy. The experimental creep 

data completely drop into the 99.7% confidence interval of predicted results by reliability function. The steady state creep behavior and 

allowable stress of 316H stainless steel in experimental conditions can be well evaluated by the present model. 

Key words: 316H stainless steel; creep property; rate temperature parameter model; Z′ parameter; allowable stress 
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