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Prediction of Time to Failure in SCC of 304 Stainless Steel in Aqueous 
Chloride Solution Using Neural Network 
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Abstract: Prediction of SCC risk of austenitic stainless steels in aqueous chloride solution and estimation of the time to failure 
as a result of SCC form important and complicated topics for study. Despite the many studies reported in the literature, a 
formulation or a reliable method for the prediction of time to failure as a result of SCC is yet to be developed. This paper is an  
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effort to investigate the capability of artificial neural network in estimatiing the time to failure for SCC of 304 stainless steel in 
aqueous chloride solution and to provide a sensitivity analysis thereof. The input parameters considered are temperature, chloride 
ion concentration, and applied stress. The time to failure is defined as the output parameter and the key criterion to evaluate the 
effective parameters. The statistical performance of the neural network is expressed as the average of three learning and testing 
results. The SCC database is divided into two sections designated as the learning set and the testing set. The output results show 
that artificial neural network can predict the time to failure for about 74% of the variance of SCC experimental data. 
Furthermore, the sensitivity analysis also exhibits the effects of input parameters on SCC of 304 stainless steel in aqueous 
chloride solutions. 

Keywords: Artificial neural network, Stress corrosion cracking, Sensitivity analysis, Time to failure, Chloride concentration, 
Applied stress. 

 

><)� 1� 

�34� 
 /51�'	�6 7
	859	 :	�51; �59 (;�1<5� (4<; 7�=

 /5'
	   �9
�52 (5�/1�� > ?�@; A��-�B6 .�345� (4<5; 7�5=

 ��55�  �559 /1�*55= 
 �55D (;�1<55� E 	  /1�55��= 7/5519 7�55=

 �5�F 
  	
 (5G�H 7�=�I�	 �J@�)� 7�����K > (=�I.���LM

	
�N O-559 PQ�*55� P55K/55112 
	�55D�9 7 >
> 7�55=��� .	�55-H	 L	 

�34� E �R�5�	 8-' (S 
�H A�T��U� 7	�9 (;�1<� (4<; 7�=

 ��	 E/� .V'	
�3�= > 8���	]�[(S 
�H �UH O-�)6 7	�9 

:8' W'L 7�= X�� 
  (.16�YZ >��[E �R�5�	 \>
 O�	 L	 

/55' �2 .> �55�  ��55@2 �55]@^ P��55� �3455� 7 >
> 7�55=���	
�N

  �F> (F>�H ���	
�N > :_-*2	 (.16 (S 
�H ?/; ��  �5F>

 (.516 (S 
�H  �59 .�59 `5��� 
�52 O5�	 
  V'	
�53�= > >	

  �F> 7L�*�/� (.16 (S 
�H �53@9 /'/.5' :M  �F> ?/; �� 

�UH :M 
  �2 7	 �-K�' �6 /'/� `��� (.516 (S 
�5H �59 >
 

/5112 7L�5� �-4� 	
 ��	 E �9 V�	8�	 .L	 85-' 7�5I�   
	�5�

�3455�  �9
�552 R*55�6	 (S 
�55H 
  (;�1<55� (4<55; 7�55= 7�

 ��	 E/� \
	8S .��5� 
 �aa�V'	
�53�= > 7�52 �]
[
  

�3455� \>
 L	 7�R*55�6	 (S 
�55H 7L�*55�/� (4<55; 7�55=

 /' �2 E �R��	 (;�1<� .�59 /1�*'	�6 ��'M�Y�4*5' b'�5�
	> c

E 	  �97L�5� �-45� 	
 �/� O�	 �7>
 > O=M 
  (S 
�H 7�=

/55112 .��55�
 �aa�V'	
�553�= > 0�55�1-N �]�[�551-�L 
  

/5' 	  ?�5d'	 (6��-�B6 7�R*�6	 (S 
�H .L	 E �R�5�	 �59 �5�'M

  X�5� 7�R*5�6	 (S 
�H �;�� /1�*'	�6 (=�I.���LM �� ���

 /5112 7L�*�/� �3���M (S 
�H �.�' Ee>�N 
  	
 (19�2 .:L>


 V'	
�3�= >]Z[�34� \>
 L	 V-5N 
  (;�1<5� (4<; 7�=

 �N 7��-1B1� L	 E �R��	 �9 (S 
�H f�' (1-9 E �R�5�	 :�-5�	8�


/' �2 .�H (�@; \�6 
  :���B� O�	 g��5�' �59 /'/� `���  

�F�6 h��F �5��K �59 	
 (9�5H `9�5U6 �52 /5112 	/-N ��  (

(55� :�.55' (55TD	>  	  .V'	
�553�= > (6�55�	�6]i[\>
 L	 

�34� 7
�-5� (S 
�5H f>�� O-�)6 
  (;�1<� (4<; 7�=

 /' �2 E �R��	 .�34� 8-' 
�2 O�	 
  �=;�1<� (4<; 7L	 ���9 (

���  �F�� 7���>
 ���� �5-TD	> �59 j� 8' k	�F �Q	
	 �9 `

/� .> ��	 (.16 (S 
�H �(Tl�� 7��-S 
�H f	�'	 L	 (3�

m��*56 �5�  �5d�	 
  7 /T�� (3�e
����� > (U-B� 7�=
��2��

 /1�*= �n�� (S 
�H f�' O�	 .7
�-*59 A��-�B6 �31�	  �F> �9

 n�� P�	�; O���� 
  o�5�	 E/� ?�d'	 (.16 (S 
�H  �d�	 �9 �

N : �52 ������ 
  (<).� PK E	
 :�12�6 (�> �5Q	
	 �5=���	
�

 ��	 E/.' .�1p�U� ��@p*5� O5�	 P5K ?/5; 
  (@5G	 P�X  L	 

E 	  (S ��*S ?8-'�3� : �9 E/-q-N > �-r�� > (=�I.���LM 7�=

 �5�	 7/-@2 7�=���	
�N s/'	 �--r6 �n	 
  :M .�B6 O5�	 
  `5-

 (=�I.5���LM 7�= 
>��5�  �59 7
>�5� �9 �6 ��	 O�	 �9 (T�

 �n�5� 7�=
��2�� 	/�9	 ��	 ����S A
�G �1-�L O�	 
  �2 (@4D

 ���  	
 :�5�L 
�5-T� > �5�'M L	 E �R�5�	 �59 bt5� > E �2 7/19

 
  �56  �5� (5K	�u (45��1� (;�1<5� (4<; �34� ��*3�

 � 7�5=���	
�N 7
	v5S�n	 :	85-� �:�S�5'�S w�	�� 
  	
 J5@�)

/12 �*���� (.16 (S 
�H  �d�	.

?<@�1(� A!0 �� ���, )�*� B5� 

(�-1�5�M :85' W5'L  X�� �V=>_N O�	 
 �YZ :	�51; �59 

7�5=���	
�N O-59 L	 > �5�	 E/5� k�5)�'	 (=�I.5���LM �'��' 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
7.

27
.1

.9
.3

 ]
 

                               2 / 7

https://dorl.net/dor/20.1001.1.2251600.1387.27.1.9.3


��� ������	
��
��� ���
����� ���� ��x

C5 6D<9�0� 9�3!�� )$ �E60"� ���F 9�0� G���� 0� �/  �0.

]
Y[�]�a[�]��[�]��[�]�[[�]�i [ �]�Z[�]��[�]�
[�]��[�]�Y[�]a[�]�[�]�[�][[�]�[

]�
[�]�� [ �]�Y[�]
a[�]
�[�]
�[�]
[[�]
i[�]
Z[�]
�[�]

[�]
�[

]��[�]�[[�]�i[�]�Z[�]��[

C5 6?<@�1(� A!0 �� �*.- )�*� I��J	.� 

�34� A�-G�<H �-Tl> 

>
> �34� 
  ��'>�'  	/T67 �

(F>�H �34� 
  ��'>�' 	/T6 �

(R)� �34� 
  ��'>�'  	/T6 �

\L��M JD�6 
�-T� �UH V�	8�	 

����'	 m9�6 /-Q��I-� 

�UH V=�2 y��
�I�	 ('�� 	�S 

> �@2 �]@^ � ��  ���	
�N �� � 7/��@2 (9M 7��U-B� 
  
	vS�n	

 E 	  (�H	�5513� > (S ��*55S �55@; �559 (��55�;	 V1556 7�55=

M/'/� k�)�'	 (=�I.���L .:	�51; �9 8-' �*3� :��L ���	
�N L	

 /� E �R��	 \L��M 
�-T� .�59 E 
	> V156 L	 �52 �5�	 �2z P9�D

 > (.516 (S 
�5H 
  E/112 m��*6 > /'��*N V16 E/1���' :	�1;

 �*5���� 7	�59 7
�5-T� :	�51; �59 85-' �*53� :�5�L ���	
�N L	

 E �R��	 J@�)� 7�=���	
�N 7
	vS�n	 ��	 E/� .E 	  
 �52 (��=

 L	 /1���S 
	�D E �R��	  
�� 
�2 O�	��
 �5�'M �*-� �2 (TF�� 

�>/F )�(��	 E/� {	�)��	 �E/�M .E 	  �59 |�59�� }�5� 7�5=

 7������aa
 �6 
YYZ A�.5���LM L	 > E �9 (.516 (S 
�5H �59 

/12 (4*' ��u �--r6 �;�� \>
)SSR (�9��	 E/�M ��  .

�<K!�L� 

E 	  �5�= 	/5�9	 �\L�5�M f>�� 
  EL�59 
  �5= 7�5=]�&Y[

/'/� h6�� > 7/19 �F
  .��34� (= L�9 7	�9 V���LM O����9

 E 	  L	 ��5�  j5� ���;	 �5= E �R�5�	 \L�5�M 
  �52 �5�	 (�

E/.' /5'	 .O�	�9�519�Y/5G
  E 	  > E/5� \L�5�M ~�5G �5=


Y /G
  9 �34� 
�4�;	 > V���LM 7	�9 8-' �-�9 �E/5� E �9 
�2

��	 .V156 :	85-� > ��  �(F>�H > 7 >
> 7�=���	
�N O-9 L	

 :�55�L > �55@2 �55]@^ 7�55=���	
�N > (55T-4u A
�55G �559 E 
	>

 �9 (���
�I� A
�G �9 �*3� /'/� E �9 
�2 .�59 }�5� �345�

 �34� ��G	 ���N 7�5I�	 L	 > /5� (5K	�u (�.S�9 
�.�'	 7�=

 	 7L�5� �-45� 7	�59 ��X/1� :>��t��N /5� E �R�5� .�5@; �59

 �(5�/1�� ��5H PQ�*5� PK 
  /-Q��I-� m9�6 ��H (��'	�6

/55� k�55)�'	 7/-Q��I-55� 855-' ��55��'	 m9�556 .\L�55�M (55u 
 

�34� V=�52 7	�59 �'���M �� ��� > ��'L> �(;�1<� (4<; 7�=

(� �--r6 �UH (� J��T6 ��L A
�G �9 8-' �UH > /112  �� :

)�(2
ij ij

i j

1E (y o )2
 
 = −
 
 
∑∑ 


  �-H	 ����� yij > �34� (F>�H oij �5��N �5� k�@U� ���N

��	 (=�I.���LM .


  �(5R)� �5�X 
  �5�'>�'  	/5T6 O��5��9 O���5� 
�]1� �9

E 	  L	 �;��d� ��L j� 
�2 7	/�9	 > /5� k�)�'	 �=�
�345� 

��51-�9 7e�5��N�6 �5��K �2 /� (K	�u :>�' J@�)�  	/T6 �9

 (R)� ��X >  O���S 
	�D  	/5T6 �59 Z×Z �59 :>�5' .:>�5' L	

 /55� E �R�55�	 :�55�1N �55�X > 7 >
> �55�X 
  855-' 0�55��9 .
 

�>/F )
(�9 `9�U� �34� A�-G�<H �P3�)�(�5�	 E/5�M .

(9��L
	 7	�9 �5'�S/1� �-B<6 h�	�l �A�.���LM g���')R(>

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
7.

27
.1

.9
.3

 ]
 

                               3 / 7

https://dorl.net/dor/20.1001.1.2251600.1387.27.1.9.3


��� ������	
��
��� ���
����� ���� ��%

GM�D<7:� �� N-	
.� N*.- )M*� C � ���� ��� ��	
 ��M� ���� A���!"#O N�
� N���	� �0 N��� P 

C5 6�<�-	
.� �*.- )�*� C � �/���� 

Q�(.� R!"S)R( �*�� ��'�(e) 

VWX/Z �[\ C50 �!���% )-	7]� 

V>Z/Z XW\ ^5� �!���% )-	7]� 

_ZZ/Z `>\ ^	, �!���% )-	7]� 

[�a/� �b\ A�3���� 

(4*' 7�UH)e(��	 E/� E �R��	 �T��U� O�	 
  :

)"(k k
2 2

k k

ˆ(y y)(y y)
R

ˆ(y y) (y y)

− −
=

− −

∑
∑ ∑

 

>

)�(k k

kk

ˆy y1e
N y

−
= ∑

AX �T� O�	 
 yE 	  w���� > �5�	 (=�I.5���LM 7�5=kŷ
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