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 ̀ ��  #"	-4 :9��&� /<u�, *� #�lA� $�%	-�C�.�9 	 ��, /���&�
��" /[3  �C.�9 $&	�b�/�"!B ��� ��-�;B -;�, �C.�9 	 �

/� �� &� :�@<, `���J� ��70  /�� 1��% :��!�	� q���  &!�> $���
.�)�, 

�#��%69 &'( 
�#�#��/� e>2 $G�: (� gG>
 ��� 0lz� �('� 

/<u, �%$��" &	�$/� �C.�9 �B :�MB :��!  ��� ����� &!�>�-0R
.�)&�� &�-� #�@�* 	 #��0�0,!0� 1#��0�0, 1#��709 � �!� �+�/�)!( 

�B�
���B!] &� :���� +����  6�-0R q0���� Q����� 6��� *�&� ���� 6�� 
OA� .�)!, /�u, T8�A  $�%»q0��« �&#��!B /�� 6&!�G -��*

 T�-FB �!�)]b[:
»-9 =3  U��� -��B *� $&��;5) ����!�"!  q0��� 16��@0� 

#  �)�!B B Q����B �-]&��] :�08��� -�� *��K -0H #I  -0R�6��@0�
>!�- /
�, ��+��� Q���� 6�� *�&� &� :�� +��  �B /�)!(�6�-0R

!,�«.
�;  :@<, +�-B q0�� 	 �% # �& +<�  $�% 
	-�( 	� &� ��!�B
:@<, 
*�� $�% :@<, 	 $� /��� #<0�	&�0% $�% .�!�) $�� 

���/ X�G: (M<� ��
/� ���" /<u, &� :@<, �!) -% 	 w��709 /�� /�? �C�.�9 $&	�

 /<u, ��@0� $�7"� ����4��
*�� :@<, 1�&�� #5�@� �C�>� $�
#  �!,q0�� *� #,�) :@<, �!) +�� . -�* $�%:��:
X�O���-9j#<0)�< )�:(#<�709 ��-9 *� &!�P �#�0)���  O��1

OA� #��-4 �%#�L0M  *� � 
�, -B�-� � +�� .:�� /�!� #84�� v3
	 /�!� 
&�!�� $-�* O��79� Q��� Q���� q��� �) &�0@� L��-, &�

-AB/�!� q�  �%#�!,]b[.
^�#(�&!4k:#(�&!4 *� :�� 6&�u� L0�M  ��� 
��  �� O]�	

&� /] O9�->� 
*��)� ���� -00�B �� /K0�) ��G�J &!��7  
���  $-0(
#  �!, B Q��� 	���� ��] ��� 
*��� *� #�lA� �-?&��? -� #I  -0R

��@0� # �!,/<u, &� 
��I��� �&!  v��E  +0� *� . ��" $�% $&	�
/� 1�C.�9 &!> ���0�� :�@�*� 1+���) #)��0�� v���E  `!�F  	

3 Erosion 
4 Corrosion 
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(6C  	��!9) 6�789 	(���V ��)&�� &�-�� #(�&!�4 �-�F  &� 
]b[/�!� �&!  &� /�u�� . /�� /��@� 7�0) #�!�E  ��!�  Y�" *� $��%

#  #30M  L��-, �& #(�&!�4 .�!�) 
�%�l  �& q0�� �!) +�� ��!B
#  84�� #(�&!4 /��� 	� /� ��!B .�!�) �0@[B #"&�4 #(�&!4 	 #

�C.�9 &� 
�)&!4 � �!� -R� &� #84�� #(�&!4/�	��0�� /�� 
z��
 ���0�!BH2S��B����� #"&���4 #(�&!��4 	 �%	-�C��.�9 &� -��R� &�

/�!� D�->� #0 *-�* �� 	 2�4 #(�)&!4 # $	& �% .�%� 
b��<��, -��00�Bd/���!� &� ���;B q0���� +���� :���3[  v3��� $���%

D�3F)� -�_'��!�F )/�!� �)�  (#�!E  ��!  Y" *� $��%PVC 
.:�� �-3  ��� /�3��& &� �-��* /��!� 1q8�G v���E  Y�" *� $��%

�3[  v3� ��, �] &�0@� 6�-00�B1#�ll] ��@u)� �� OB Q���
/K0�)&� 	 
�, *�K -0H 2-B �� 
&�!�� #(�&!4 � �G�J �%#!�,�

]b[.
c�2-B #(�&!4hg7�& 	 /�!� #5�@<, 1#�,C�  ��) /�!� 
&�!��

��,j2-B :(/�!� ��!��F  #(�&!�4 /��!� &� D��3F)�-0H $��% -�_�'
#  
�%�l  2-B � �, /? �!, /�3[) 	 #�.-� 1#�!> $�% .:��� $�

 70) /�!� #5�@�, *� &!P ��, ��" O�A� ��%*� #� 	 /��!� 
&�!���
 /�� /��!� :� 	�[  �� �] +�9& :�� *� 1/�!� 
&�!�� g7�& *� &!P 

%
*�� :@<, /8J-  +�-B���, /? :�� /�!� +�@�, �%&� 
�-� $�
:��]b[.

�G�<'(��� X�G: (0
��" /<u, &� :@<, �!) -% /� ���K�� q�"!  /�? �C�.�9 $&	�

/� �C.�9 ���-" &� �<l  O%��? ��� ����-" �-�) O��7�9� �0��
/�!� :09-| # /�I( #<0�	&�0% :@<, 1�!, �!,.��&�<�% 	 ��%

 O%�? �� �.�[B O��79� *� #,�) �& (#<0�	&�0%) $�-<8�� :@<,
#��  :��09-| ���)��]c[/<u��, &� #<0�	&���0% :��@<, �!���	 . $���%


*�� :@<, /� :u@) �C.�9 `!�F  $� q0�� .:�� -B /�? #���%
6&�u� 1��@% :@<, �!) +�� �l  :*� �)� 

X��� f�� $��k+�� &� -P) �&!  q0�� : $�&�!�  � ��, :�@�
�� f�� �)�  /��!� 
&�!��� &� $��� #�  6���EB� 	 ��% f��� .�!�,

�� /� $�� �� t!�I) 	 �� �	-0� /� /<u, *� �C.�9 :l) 6&!G
#  *	-� /<u, �4�� /� 2�4 	 #0 *-�* ��4�� /� 2�4 t!I) /? �?

 ��%�!4 �C�.�9 ����-" -0�@  &� #5�9-( $�-� #8 �� �!4 /<u,
0a�% .�!� ��&!�� *� #�0 *-�* �� t!�I) +1/��!� &� �!�"!  $��%


-IJ ��F�� O��79� �� 	 ��K�� q"!  	-�C�.�9 /�)�� &� �!"!  $�%
#  +�9& :�� *� /� -K  70) �	-0� /� /<u, *� �C.�9 :l) .�!,

 
1 Deformation 
2 Cracking 
3 Collapse 
4 Leakage 

/)��7�& # /�!� D�->� 2�4 $�% �!,:l) 	 �%t!I) +�� . +�<�  ��%
/� :�� 
-IJ ��K�� &� #���% &� /�? �!�, -�K  /��!� D�-�>� 2��4

:4�� �)�  #��%����	& �� ��, 
�-�% 6&!G 	��� 	 /�7�* 1�%*��
+0 * # g7�� :@l) ��K�� q"!  �)�!B ���� $�% /"!B�!, ]c[.

/��� #5���@� `	� /��8%	 &� 1�	-��0� /��� /<u��, *� �C��.�9 :��l)
 �&�� #�0 *-�* �� v3� /� :u@) /�u, #)��  :0F.	]b[�-��* .

�/�� �C�.�9 :�l) ���< � 1�,�� #0 *-�* �� v3� -�* /<u, -(
 +��� -�5  �&���) �!"	 /<u, �	-0� /��!� ��4�� �C�.�9 &��l9 /�?

/�)/��!� n&��4 �� &��l9 *� O0�� (/��!� ��3[  v3�� ��,-' �0��
 �� v3�� 7�0) /<u�, ��4�� /�� #�0 *-�* �� t!�I) �&!  &� .�,��

+00FB � �� #0 *-�* .:�� 
�? 
^�-(#5�9m����-" -0�@  &� #�5�9-( :�C�.�9 ���-" -0@  &�

/B -R� &� :�� +<�  �( 	 2�4 #0l) 	6��!�& 1/�!� T? &� $�
B *� #,�) 6��!�& 1�-V��� -0R #B�I�!� 6��!�& 1#0 *-�* $�%

f-" 	��4�� /�� ��%�0( /l�& t!I) 	 �,& 1	-�C.�9 �4�� #5�9-(
 ��!�) �	�@  	 �	&	 	 	-�C.�9 /����* L��!B 	-�C.�9 -0@ ��%

/l�& .�!, ��K�� 1���@% #����� ����4&� $�&�� /�? #[>��  &� �%
#  �<l  ��K�� � 7�0) :4&� �!) /�u��) �?y*� q�8H� 	 (:��� -R

 #�  ��@0� �&�	 /�!� �!4 �� 	 6��EB� &� �!"!  �!0� /�? �)!�,
/�!� 6��EB� *� /l�& �	&	 # ��IB� -�l0� �% ���� .���9� ����FB +��-

B #8 �� 1�!"!  6��EB��/�� /�"!B ��� .:��� /0 * +�� &� &�_(-0R
+�� #5�9-( #4-� /? /�� #5�9-( �)�  �% #"&��4 ��@" �	&	 ��0��

 	 �!��B 1���0� ���)� )
-��0H/��� ( ���� #��EAl  ����uB&� `!���F  &!��>
#(z�	 #30M  6�0G!E4 #�J �� 	 �C.�9 /<u, 1�C.�9 $�%

 +���? q"!  	 �&��) ��08MB :�� #�  ��% +�9-�( -�P) &� *� 1�!�,
�� /� � � .:�� 
�, -P9-G �% :J��@  :F��	 -�(� 1/�)!�) ��!��

 ��%-9 ��)�  #8 �!�� 1��,�� §&7�� #9��? 
*���)� /�� �08MB �&! 
?-�l ��# /[3  -% ���	 #���*&� �&!  �)�!B!,1+��� -� 
	C� .�
/���* :�@� &� �% �? :�-� �� /�!� L4 *� #��% # ��" &� 	 �)!�,

��@0� /�� 1��%&� �C.�9 $�% /����* 1#M3�� ���)�	& �	&	 ��0��
#  ��@0� �&�	 $-�l0� :�-� /�u�� .�!, ��%&� ���@0� $��� $�%

/���* 1g&�� ����	& f�5% &� #�  2�' ��@0� v3� *� �& �% �� � ��?
/���* :�� +<�  §&7� $�% ����) ��@0� �&�	 �& $-B]Xx[.

I#$G�: $� ��'(' �G�<'(��� (�� 34�*� 
/�� :��� +�<�  #J�-> �	�J *� O0� #<0�	&�0% &�� O��79� ��0��

g&���� 	 *���K -0H 6���F��l)� 1�����, $���%
-��0H &� .���%� $	&
��@0� �C.�9 /<u, 1�7K  $�% �C.�9 ���-" $�-� #5)�4 $�% 

5 Blockage 
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 8'�2�#:@<, ����	& `���J� /u��M  &� -R!  � �!� 
X�G: p)�$v)��
 ��/�X�G: ���4'( 8�>��� (� �Q)
 F
�)P
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*�� $�

2-B(�&!4	 /��!� 
&�!��� g7�& 1#
#5�@<,

#�0 *-�* �� v3�� 1(/��!� -�3� 	 `!>) /�!� ��F�� 1/�!� Y" 1/�!� +�*$���� w�09�-B ��7�0  1
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�& �!)) 	-�C.�9 v3�

/�!� O���-9 	 #(�&!4 
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/�!� �&! ($��!9 	 #%� $�%

�3[  v3� �<, -00�B /8�G�9) /��!� =��� 1(
�& �!)) 	-�C.�9 v3� $��� w09�-B ��70  1/�!� -3� 1/�!� Y" 1/�!� +�
(+0 * v3� *� 	-�C.�9

:@<,
#<0�	&�0% 

f������$6��EB� ���FB 1/�!� Y" 1(/<u, +�) /�!� +�#0 *-�* �� v3� 1

&� #5�9-(
-0��������@ 

���-" 

����0�� /���� #���5�9-(
6��!�&

�C.�9 :�-� 1/�!� -3� 1/�!� Y" 1/�!� +�(�%&� �� �7K ) /<u, �!) 1

/l�& #5�9-( 
�� =0�� /l�& $�&��) ���4&� �!) 1/�!� D�->� ���4&� ���FB=��� 1/��!� Y" 1/�!� +� 1(#M3�

6��EB� ���FB 1/�!� -3� 1/�!�
*.�!� �%�!4 &�_(-0R�B 1�,�� 	-�C.�9 v3� *� -B��� #0 *-�* �� v3� /? #B&!G &� 

#�) #J�-> #M3� �� � � �!, O�A� *� #M3�� $��% ��)�  #���%
f�� g!��'&� 6����EB� 1���%	& `���EB� ���� 	 #)!)����-0H #��l<%*

�C.�9 /<u, �� �>�[B &� /<u, /���!4�) ���@0� �&�	 #M3� $�%
#  ?-�l  6��EB� ���FB /V-% +0a�% .�)!,���	&	 1�!, -�l0�

�C.�9 # -�l0� 70) #M3� $�% ] �!,dp.[

�#�#��/� (� �Q�
 F
�)P $G�: (� �)2)
 ��� 
:@<, ��!)� *� w� -% �&!  &� �%q0�� 	#�  
��, -?t $�% ��!�B

 /? �!�) ��0� �& #��%-� �&�' 	 � �!�/��	�� /80 :�@<, `���J� �%
/� .�!, 
�* +0�AB �&!  -% &� #5��@��	 :@<, ��K�� `��  ��!�

 q�"!  +0���' ����-" :�-�� +0�a�% .�&�� /��!� +�� /�� $���*
/B l)# 	-�C.�9 -0@  &� 6��!�& -�l0� #0 � � �!� .�!, -�P) &

:��@<, $�-��� 
���, /���9-( 
*���� $���% /��"!B ���� #<0�	&���0% 	 $�
/� /��� `	�" &� 1�u� OA� &� 
�, /��&� $��X
��, 
�&	� &� .��)�

 
��� /�� #��-��� ���< � 1`	��" +�� &� �!"!  � �!� +�	�B $��%
.:�� 
�, /�9-( -P) &� 70) />!�-  

�#�#$G�: ��=
 g4*�� ��� 
+�7��0� /<u��,d+0��� #B������J� L����	& ����0� $�-��� #��<09�-( #���� 

 /<u�, .:��� �%-0��  6�����J� *� 
��I���� $��u  -�� +�7�0� $��%

�, 
��� /F�!B 70� $&!�B 	 #>-, /�� 7�0� $&!�B .�)� -��* 6&!�G

 :�� 
�, ��0�]X{[:
-(�E	F/�)!( /�� ��,�� �	-I  ����	& 	� /�? $�P(E)≠0	

P(F)≠0/3��& 
�5)� 1d/�# :�� ��� 
)d(

)F(P
)E(P)E/F(P)F/E(P =

1 Bayesian Network (BN) 

/<u, 1+�70� /<u, w� 
-( *� $� h����? �� /? :�� �% j�0[��@  $��%
/� 
�, �E�  �% # 
��� :u@) `���J� ���B w� 
-( -% /� 	 �)� .�!,

 /��@@( #9��EB -0��  w� -5)�0� 
-( w� ����FB ��� :0F�.	 $��%
 ����� �)� ) �	�M d�Bo6&�u� �� 	$�%»v0MG «	»L�8H (« ���

#�!( ��*!B ��) /��!0' #9��EB -0��  w�k�� � ��)�  ��KJ ��� 	
���? .:�� ($�0�!B �C.�9 
-�( +0� $�% ���l) ��% L���	& 
��%�


-( +0� #«8� ����? :�;" 	 ��@% �% :��� /�� :�8� *� 
&�!��% ��%
`!8F  ) :�� (��)*-9) ���	 1`!�8F  /�� 	 ����	 
-�( 1:�8� -0��  /�

#  �C>� .(�!, 	� /� �E�  �% /� ���? w� L�!B /? (-0�� ) 
-(

�, `�� w� 1�)�m#  &��!��) w�� 1+�7�0� /<u�, w� &��!�) .��!(

/[8J-0H :;" $� #�) #�0[�@  -0@  �0% #F� :�� &�� :9�� ��!B
 w� &� �� ����' 	 �	-, /? $����	 �0�% 
-�( w�� -�(� .��,�� 
-(

 w�� 
-�( 1(��,�u) �� :�� /� #)��? �0% ��<0' #F�) �,�� /�,��)
$*-  `���J� `	�"o��,�� /��,�� ����	 
-( w� -(� .:,�� �%�!4

 
-�( 1(��,�� �� :��� /�� ����? ��V ��� w� #F�)`	��" $�&��
#>-, `���J�p#>-, `���J� .:��1B��( -� 
-( w� #����J� -0R 
-

 �& /<u, &� �	-I /�:��� #�  .��%� /<u�, w�� :4��� *� Y�'
#��  
��� �	&	 $�-��� �� *� ��!��B 
-��( &� #B��%���l  $���% /��? #����%

 ���)&�� f!�8F  	 sA��l  :0F�.	1�� U����� -�� 	 
�!���) 
��I����
�� U��� -� /? �& #B����J� 
-( &� �% -5�� $�% /�� :��� #�  ����1

�!�) :9��&�]X}[.

2 Node 
3 Link 
4 Gaussian Distribution 
5 Edge 
6 Marginal Probability Table 
7 Conditional Probability Table (CPT) 
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�;  f!;I  w� /<u�, &� #>-�, `C[���� f!�;I  1+�7�0� $��%
 -0��  	� .:��A	B#  
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)h(P(AB,C) = P(AC) 
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=
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n
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