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- TIG  �%�%�%�%(Tungsten Inert Gas Welding)

- MIG �%�%�%�%(Metal Inert Gas Welding)
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- Electron Beam Welding 

- Laser Beam Welding

- Ultrasonic Welding
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DCSP�%�%�%�%Direct Current Straight Polarity  
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Fillet Weld Bevel(groove) Weld

Plug Weld
Slot Weld
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 :��� +�9���(Hydrogen Induced cracks)
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Solidification Crack



E
n* 	
 :��� :2���! j��E
n* 	
 :��� :2���! j��E
n* 	
 :��� :2���! j��E
n* 	
 :��� :2���! j��Liquidation cracking

� 3%
� 3%
� 3%
� 3%
����:2���! j�� @:2���! j�� @:2���! j�� @:2���! j�� @��
 ��Fh�
 	
 :��� E��� �>N��
 ��Fh�
 	
 :��� E��� �>N��
 ��Fh�
 	
 :��� E��� �>N��
 ��Fh�
 	
 :��� E��� �>N.

* ��N�� ,�N >(O 	
 �� 3�%�� E�i �-T� �� :��\���� ,�N >(O E
n* ��* ��N�� ,�N >(O 	
 �� 3�%�� E�i �-T� �� :��\���� ,�N >(O E
n* ��* ��N�� ,�N >(O 	
 �� 3�%�� E�i �-T� �� :��\���� ,�N >(O E
n* ��* ��N�� ,�N >(O 	
 �� 3�%�� E�i �-T� �� :��\���� ,�N >(O E
n* �� : : : :
�%��%��%��%��� � ��\�
 �� ��
� 	�* �� � D�� 3�%�� E�i �-T� �� &�\���� 3���F��� � ��\�
 �� ��
� 	�* �� � D�� 3�%�� E�i �-T� �� &�\���� 3���F��� � ��\�
 �� ��
� 	�* �� � D�� 3�%�� E�i �-T� �� &�\���� 3���F��� � ��\�
 �� ��
� 	�* �� � D�� 3�%�� E�i �-T� �� &�\���� 3���F� �  �  �  � 

�T-�* �� P���! j�� J\��T-�* �� P���! j�� J\��T-�* �� P���! j�� J\��T-�* �� P���! j�� J\�HAZ ���� :*���� :*���� :*���� :*.

���� :* E
n* :2���! j�� :(�
 7*�� ��2�2���� :* E
n* :2���! j�� :(�
 7*�� ��2�2���� :* E
n* :2���! j�� :(�
 7*�� ��2�2���� :* E
n* :2���! j�� :(�
 7*�� ��2�2.



PZ����� 	
 :��� :2���! j��PZ����� 	
 :��� :2���! j��PZ����� 	
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 ��DO �X
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� +������ :2��� � :2����� �� ����K] PZ����� ��N���� :* ��%	 
� +������ :2��� � :2����� �� ����K] PZ����� ��N���� :* ��%	 
� +������ :2��� � :2����� �� ����K] PZ����� ��N�.



Lamellar Tearing



��h* P��� =�2 	
 :2���! j����h* P��� =�2 	
 :2���! j����h* P��� =�2 	
 :2���! j����h* P��� =�2 	
 :2���! j��(Re-heat cracking)

* �� p;�F�* � ��O���* >�� :%
�	 V�� 	
 :��� +�� j�� �� E��� 3%
* �� p;�F�* � ��O���* >�� :%
�	 V�� 	
 :��� +�� j�� �� E��� 3%
* �� p;�F�* � ��O���* >�� :%
�	 V�� 	
 :��� +�� j�� �� E��� 3%
* �� p;�F�* � ��O���* >�� :%
�	 V�� 	
 :��� +�� j�� �� E��� 3%
�T-��T-��T-��T-�
HAZ��%� :* ��N�� ,�N��%� :* ��N�� ,�N��%� :* ��N�� ,�N��%� :* ��N�� ,�N.

:��
�] &��(F� =�4�� +Z��?� +���;�O +
�� � D��:��
�] &��(F� =�4�� +Z��?� +���;�O +
�� � D��:��
�] &��(F� =�4�� +Z��?� +���;�O +
�� � D��:��
�] &��(F� =�4�� +Z��?� +���;�O +
�� � D�� �� &��(F� �% � =�4K� �� &��(F� �% � =�4K� �� &��(F� �% � =�4K� �� &��(F� �% � =�4K�
�%� :* ��N�� ;�� +���*��%� :* ��N�� ;�� +���*��%� :* ��N�� ;�� +���*��%� :* ��N�� ;�� +���*�. �� ��h* P��� =�2 &��(F� 	
 :��� +�9��� �� ��h* P��� =�2 &��(F� 	
 :��� +�9��� �� ��h* P��� =�2 &��(F� 	
 :��� +�9��� �� ��h* P��� =�2 &��(F� 	
 :��� +�9���


 ���
� ��N� �T-�* P� �� E��� � ���� :* ��%	 V�� >��F� �� :T_��*
 ���
� ��N� �T-�* P� �� E��� � ���� :* ��%	 V�� >��F� �� :T_��*
 ���
� ��N� �T-�* P� �� E��� � ���� :* ��%	 V�� >��F� �� :T_��*
 ���
� ��N� �T-�* P� �� E��� � ���� :* ��%	 V�� >��F� �� :T_��* r�<� r�<� r�<� r�<�
� O
 :*� O
 :*� O
 :*� O
 :*.



�D%� �� i�<� =���D%� �� i�<� =���D%� �� i�<� =���D%� �� i�<� =��(Incomplete Root penetration)

��
 ��$� i�<� A�8�
 [% �D%� �� ,�N��
 ��$� i�<� A�8�
 [% �D%� �� ,�N��
 ��$� i�<� A�8�
 [% �D%� �� ,�N��
 ��$� i�<� A�8�
 [% �D%� �� ,�N.

P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�:
(١��
 w�F� :(�! ,�N �������
 w�F� :(�! ,�N �������
 w�F� :(�! ,�N �������
 w�F� :(�! ,�N �����.
(٢��
 �� :(�! ��-. �� 3�� �(��O��
 �� :(�! ��-. �� 3�� �(��O��
 �� :(�! ��-. �� 3�� �(��O��
 �� :(�! ��-. �� 3�� �(��O.
(٣��
 ��%	 :(�! a�. A�_��
 ��%	 :(�! a�. A�_��
 ��%	 :(�! a�. A�_��
 ��%	 :(�! a�. A�_.
(M�\ �
 � %�^� E�) �
�\ �
 � %�^� E�) �
�\ �
 � %�^� E�) �
�\ �
 � %�^� E�) �
.
(N��
 ��-. :(�! �� E�) �
 ��� $?
��
 ��-. :(�! �� E�) �
 ��� $?
��
 ��-. :(�! �� E�) �
 ��� $?
��
 ��-. :(�! �� E�) �
 ��� $?
. 
(O��
 �� E�) �
 e(g ��� $?
 �%�
	��
 �� E�) �
 e(g ��� $?
 �%�
	��
 �� E�) �
 e(g ��� $?
 �%�
	��
 �� E�) �
 e(g ��� $?
 �%�
	. 
(٧��%	 :(�! ��� ���* P�%�N +
�� +��$��N ������%	 :(�! ��� ���* P�%�N +
�� +��$��N ������%	 :(�! ��� ���* P�%�N +
�� +��$��N ������%	 :(�! ��� ���* P�%�N +
�� +��$��N ����. 



�D%� �� �T���D%� �� �T���D%� �� �T���D%� �� �T��(Root concavity)

  ���� � F� ����� �-. 	
 P� wF� �� :4 O���O  ���� � F� ����� �-. 	
 P� wF� �� :4 O���O  ���� � F� ����� �-. 	
 P� wF� �� :4 O���O  ���� � F� ����� �-. 	
 P� wF� �� :4 O���O)))),�N  �D%� ��,�N  �D%� ��,�N  �D%� ��,�N  �D%� �� ( ( ( ( �T�� �� �T�� �� �T�� �� �T�� ��
��
 c���* �D%� ����
 c���* �D%� ����
 c���* �D%� ����
 c���* �D%� ��.

P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�

(١Root face v�>� :(�!v�>� :(�!v�>� :(�!v�>� :(�!
(٢:O���� a�. +Z��
:O���� a�. +Z��
:O���� a�. +Z��
:O���� a�. +Z��

(٣,�� �� +��$��N =�4�� ,�N �D� �� 	�2 �] 	
 V�� P��*�,�� �� +��$��N =�4�� ,�N �D� �� 	�2 �] 	
 V�� P��*�,�� �� +��$��N =�4�� ,�N �D� �� 	�2 �] 	
 V�� P��*�,�� �� +��$��N =�4�� ,�N �D� �� 	�2 �] 	
 V�� P��*�

TIG



E�i =��E�i =��E�i =��E�i =��(Lack of fusion)

��%�2 :* E�i =�� ,�N [% �� r�H?
 =�� ����%�2 :* E�i =�� ,�N [% �� r�H?
 =�� ����%�2 :* E�i =�� ,�N [% �� r�H?
 =�� ����%�2 :* E�i =�� ,�N [% �� r�H?
 =�� ��.

&��8� ��
 3$F* ,�N [% �� r�H?
 =��&��8� ��
 3$F* ,�N [% �� r�H?
 =��&��8� ��
 3$F* ,�N [% �� r�H?
 =��&��8� ��
 3$F* ,�N [% �� r�H?
 =��:
�%�� >(O � ,�N >(O 3���%�� >(O � ,�N >(O 3���%�� >(O � ,�N >(O 3���%�� >(O � ,�N >(O 3��

�%�� >(O � �%�� >(O 3���%�� >(O � �%�� >(O 3���%�� >(O � �%�� >(O 3���%�� >(O � �%�� >(O 3��
�%� ��N�� ,�N >(O � ,�N >(O 3���%� ��N�� ,�N >(O � ,�N >(O 3���%� ��N�� ,�N >(O � ,�N >(O 3���%� ��N�� ,�N >(O � ,�N >(O 3��.

P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�
(١��� E�i R��* � ���� ��?� &��-.� ��-���� E�i R��* � ���� ��?� &��-.� ��-���� E�i R��* � ���� ��?� &��-.� ��-���� E�i R��* � ���� ��?� &��-.� ��-�.
(٢���� �� :(�! +��$��N �4 �� �#*����� �� :(�! +��$��N �4 �� �#*����� �� :(�! +��$��N �4 �� �#*����� �� :(�! +��$��N �4 �� �#*�.
(٣ [% � ���� ��%	 ��� $?
 A�T �
 ���� �$%��-� ���� ��%	 :(�! �#*� [% � ���� ��%	 ��� $?
 A�T �
 ���� �$%��-� ���� ��%	 :(�! �#*� [% � ���� ��%	 ��� $?
 A�T �
 ���� �$%��-� ���� ��%	 :(�! �#*� [% � ���� ��%	 ��� $?
 A�T �
 ���� �$%��-� ���� ��%	 :(�! �#*�

�%� ��N�� >(O +�� �%; �� E�i =���%� ��N�� >(O +�� �%; �� E�i =���%� ��N�� >(O +�� �%; �� E�i =���%� ��N�� >(O +�� �%; �� E�i =��.



LOF



,�� �%	 ���� :2�� O
 ��2,�� �%	 ���� :2�� O
 ��2,�� �%	 ���� :2�� O
 ��2,�� �%	 ���� :2�� O
 ��2(Undercut)

 � ,�N e! c
�_
 �� �%�� >(O +�� ���. :� ���� [% P�*� ��N�� � ,�N e! c
�_
 �� �%�� >(O +�� ���. :� ���� [% P�*� ��N�� � ,�N e! c
�_
 �� �%�� >(O +�� ���. :� ���� [% P�*� ��N�� � ,�N e! c
�_
 �� �%�� >(O +�� ���. :� ���� [% P�*� ��N��
��%�2 :* ,�� �%	 �% ���� :2�� O
��%�2 :* ,�� �%	 �% ���� :2�� O
��%�2 :* ,�� �%	 �% ���� :2�� O
��%�2 :* ,�� �%	 �% ���� :2�� O
.

P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�
-��%	 �] 	
 V�� +��$��N P�%�N��%	 �] 	
 V�� +��$��N P�%�N��%	 �] 	
 V�� +��$��N P�%�N��%	 �] 	
 V�� +��$��N P�%�N
-��%	 :(�! +��$��N ������%	 :(�! +��$��N ������%	 :(�! +��$��N ������%	 :(�! +��$��N ����
-���\� b�H� ��� $?
 �%�
	���\� b�H� ��� $?
 �%�
	���\� b�H� ��� $?
 �%�
	���\� b�H� ��� $?
 �%�
	
-���� �] 	
 V�� ��� $?
 :�� :N�*���� �] 	
 V�� ��� $?
 :�� :N�*���� �] 	
 V�� ��� $?
 :�� :N�*���� �] 	
 V�� ��� $?
 :�� :N�*
-��-. :(�! ��� $?
��-. :(�! ��� $?
��-. :(�! ��� $?
��-. :(�! ��� $?




Undercut



�D� �� p̂ *�� +�9��N�D� �� p̂ *�� +�9��N�D� �� p̂ *�� +�9��N�D� �� p̂ *�� +�9��N(Incompltely filled)

 ��
� �*
�
 P� A�_ �� �� ,�N b-� �� R-T�* �% � ���� A���� [% ��
� �*
�
 P� A�_ �� �� ,�N b-� �� R-T�* �% � ���� A���� [% ��
� �*
�
 P� A�_ �� �� ,�N b-� �� R-T�* �% � ���� A���� [% ��
� �*
�
 P� A�_ �� �� ,�N b-� �� R-T�* �% � ���� A���� [%
��
 c���* �D� �� ,�N �� ��
 ,�N >(O ��\F� 	
 :��� ���
 c���* �D� �� ,�N �� ��
 ,�N >(O ��\F� 	
 :��� ���
 c���* �D� �� ,�N �� ��
 ,�N >(O ��\F� 	
 :��� ���
 c���* �D� �� ,�N �� ��
 ,�N >(O ��\F� 	
 :��� � . . . .
 ,�N +�� �\? c�_ [% �� �% >��* �
� *
 �� ��
 3$F* A���� ,�N +�� �\? c�_ [% �� �% >��* �
� *
 �� ��
 3$F* A���� ,�N +�� �\? c�_ [% �� �% >��* �
� *
 �� ��
 3$F* A���� ,�N +�� �\? c�_ [% �� �% >��* �
� *
 �� ��
 3$F* A����

����������������.

P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�
(١��S�] �� �� ��
� >(O P��� :O������S�] �� �� ��
� >(O P��� :O������S�] �� �� ��
� >(O P��� :O������S�] �� �� ��
� >(O P��� :O����
(٢+��$��N [��$� P��\� J���*+��$��N [��$� P��\� J���*+��$��N [��$� P��\� J���*+��$��N [��$� P��\� J���*



�D��� ^*�� +�9��N�D��� ^*�� +�9��N�D��� ^*�� +�9��N�D��� ^*�� +�9��N

�^�
 ,���^�
 ,���^�
 ,���^�
 ,��



���� �� :2��D� �% ��\T�
���� �� :2��D� �% ��\T�
���� �� :2��D� �% ��\T�
���� �� :2��D� �% ��\T�
Shrinkage groove

 �
�%� 	
 c�_ �� �
� *
 �� ,�N ��\T�
 �X
 �� �� wF� �� ���� [% �
�%� 	
 c�_ �� �
� *
 �� ,�N ��\T�
 �X
 �� �� wF� �� ���� [% �
�%� 	
 c�_ �� �
� *
 �� ,�N ��\T�
 �X
 �� �� wF� �� ���� [% �
�%� 	
 c�_ �� �
� *
 �� ,�N ��\T�
 �X
 �� �� wF� �� ���� [%
��%�2 :* ���� �� ��\T�
 �% � :2��D� 
� �%� :* ��N�� +i�<���%�2 :* ���� �� ��\T�
 �% � :2��D� 
� �%� :* ��N�� +i�<���%�2 :* ���� �� ��\T�
 �% � :2��D� 
� �%� :* ��N�� +i�<���%�2 :* ���� �� ��\T�
 �% � :2��D� 
� �%� :* ��N�� +i�<�.



7)()� �% +	�2 +�� �<]7)()� �% +	�2 +�� �<]7)()� �% +	�2 +�� �<]7)()� �% +	�2 +�� �<](Gas pores /porosity)

:�	�� �<]:�	�� �<]:�	�� �<]:�	�� �<](pin hole) :  �%	 P� �-. �� +
 �<] 	
 ��
 &��\� �%	 P� �-. �� +
 �<] 	
 ��
 &��\� �%	 P� �-. �� +
 �<] 	
 ��
 &��\� �%	 P� �-. �� +
 �<] 	
 ��
 &��\�1.5mm 
�%���N�� �� E�i >(O ��Fh�
 =�4�� �� 	�2 EnN �X
 �� � �����%���N�� �� E�i >(O ��Fh�
 =�4�� �� 	�2 EnN �X
 �� � �����%���N�� �� E�i >(O ��Fh�
 =�4�� �� 	�2 EnN �X
 �� � �����%���N�� �� E�i >(O ��Fh�
 =�4�� �� 	�2 EnN �X
 �� � ����.



7)()�7)()�7)()�7)()� : : : :+	�2 +�� �<] 	
 +�
��� RFh�+	�2 +�� �<] 	
 +�
��� RFh�+	�2 +�� �<] 	
 +�
��� RFh�+	�2 +�� �<] 	
 +�
��� RFh�

:Blowhole   	
 � D�� +�-. p;�F�* �� +
 �<] 	
 � D�� +�-. p;�F�* �� +
 �<] 	
 � D�� +�-. p;�F�* �� +
 �<] 	
 � D�� +�-. p;�F�* �� +
 �<]1.5mm ��
���
���
���
�.
Worm Hole�%�%�%�%:Piping+
 �?�? R-T* �� +
 �<] �% �� 	
�� �<]+
 �?�? R-T* �� +
 �<] �% �� 	
�� �<]+
 �?�? R-T* �� +
 �<] �% �� 	
�� �<]+
 �?�? R-T* �� +
 �<] �% �� 	
�� �<]

:Hollow bead ,�N �D%� �� �� 	
�� +
 �<],�N �D%� �� �� 	
�� +
 �<],�N �D%� �� �� 	
�� +
 �<],�N �D%� �� �� 	
�� +
 �<]
:Herring bone porosity  �� � 7k� �� 7k� &��� �� �� :%�� �<] �� � 7k� �� 7k� &��� �� �� :%�� �<] �� � 7k� �� 7k� &��� �� �� :%�� �<] �� � 7k� �� 7k� &��� �� �� :%�� �<]
�� K� :��* =� P
�) �
 7$��� K� :��* =� P
�) �
 7$��� K� :��* =� P
�) �
 7$��� K� :��* =� P
�) �
 7$�.



P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�P�*� ��N�� �(�:

(١/�^O �] 	
 V�� ���_�/�^O �] 	
 V�� ���_�/�^O �] 	
 V�� ���_�/�^O �] 	
 V�� ���_�
(٢,�N R-T* +	�� ��*� =�4�� �� �] 	
 V�� ���_�,�N R-T* +	�� ��*� =�4�� �� �] 	
 V�� ���_�,�N R-T* +	�� ��*� =�4�� �� �] 	
 V�� ���_�,�N R-T* +	�� ��*� =�4�� �� �] 	
 V�� ���_�
(٣��g � ��K�
 �%; 1 � ��� �� �� �\? P��� ��?���g � ��K�
 �%; 1 � ��� �� �� �\? P��� ��?���g � ��K�
 �%; 1 � ��� �� �� �\? P��� ��?���g � ��K�
 �%; 1 � ��� �� �� �\? P��� ��?�
(M��%	 �% � �� +��$��N P�%�N +��2��$���%	 �% � �� +��$��N P�%�N +��2��$���%	 �% � �� +��$��N P�%�N +��2��$���%	 �% � �� +��$��N P�%�N +��2��$�
(N��%	 �] 	
 V�� a�. A�_��%	 �] 	
 V�� a�. A�_��%	 �] 	
 V�� a�. A�_��%	 �] 	
 V�� a�. A�_
(O��� $?
 ,���� :2�%� J������ $?
 ,���� :2�%� J������ $?
 ,���� :2�%� J������ $?
 ,���� :2�%� J���
(٧��� $?
 :�� L�* e(g [��$���� $?
 :�� L�* e(g [��$���� $?
 :�� L�* e(g [��$���� $?
 :�� L�* e(g [��$�
(٨�%�� �� ��� ,	� �X
 �� p̂ �* ,�N c
�_
 	
 lO�H* 	�2 P�� ����%�� �� ��� ,	� �X
 �� p̂ �* ,�N c
�_
 	
 lO�H* 	�2 P�� ����%�� �� ��� ,	� �X
 �� p̂ �* ,�N c
�_
 	
 lO�H* 	�2 P�� ����%�� �� ��� ,	� �X
 �� p̂ �* ,�N c
�_
 	
 lO�H* 	�2 P�� ���



�� A�!��� A�!��� A�!��� A�!�Inclusions
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