
 

 

 

 

�
��

��
 �

�	
�


 
��


�
�

�� 
� �

��
��

���

 

8
9

 �
��

 �
49

 �
��

��
 �

4 �
�

��
�

��
� 

13
98

 �
 

!"
 �

77-
8

5
 

*  :�����	
��� 
�� ���� ������ ������ �������mas.metallurg88@gmail.com  

 :
 ���� !����11/02/95                                                    

 :(	�)� !����23/06/95 

��&'
 &�()* ����+ , -&. /�0*1 &' 2�34��� 563 *7

 83� 9 :3� ;�<�+,  �8 =�
�

56�0*1 ��
�3�, 863< ���<8�+ ASTM A-128    

 

,;>� 83?��*          ��,	���-.�, /�	-01�2� /��3 � �/�-�4� ��-0��� ��5� �67�� �8�� �9� 5� �9� 5� ��/�	  

,&��AB ��C�      �3� ����.�����-.�, /�	-01�2� /��3 � �/�-�4� ��-0��� ��5� �67�� �8�� �9� 5� �9� 5� ��/�	  

       
D�� ��E1   ���
7� ��	: ���� � �;<����
� ��-0��� ��5� ��67� �8�� �5��1� �5��1� /�	��  

  


F���   

�� =�� �>1�2� 7�	, �,� 	�?@� �7��1 ; A	B 9�C�� 	, DE�F� <����
���� � ��� 
��. �� DE�C�� ���.�3; �E�  �G� ��1 
7� ��. �
H��	�.  =�� ;�	,

��J�� ��
,� �4 ��L � M��
7�� �
 
��4N �, ��.mm2 �. ��O� �G� ��1 �E�  5� .PQ7 A	B 9�C�� �, �� !� V � X R�. ��O� ���	: � ;�	, ;���.�3 

�O�� 5� ����	  SMAW ���S
7� �.. ;�	, �7�	, T��H ������� DE�C�� 5� >���5� ;�1 >0� U� ���F�� �,	N ����. � ��V�
47 ���S
7� ���	: .�WX1� =

;�	, �7�	, ��
H�7V�� (�3 VG  �� DE�C�� (�3  ��.5� ����� Y��7�	�; � ;�	, =��Z� ��� 
��. 5� Y��7�	��� ��	
���� �0,�� ���S
7� �. .

�7�	, �1 /�0� ��� �� �, , � !� ;��8 9�C�� A	B ;	�:���V  !� ;��8 9�C�� A	B �, 
��� R�.X R�. �� DE�C�� (�3 �E�  ��G� ��1 ��
H�7V�� 

���� 	�V�� ��. � ;��,��� D�,�7� 5��� ��. 
7�. �	,��,�= >��V � ��
47V�� [��F
7� \�G�� � [��F
7� �00� �J86� �	:�� .��� ;<	�� �,	N � >�	� 


��. >1�� �
 �� 
7� .�WX1�= ��C��	 ��Y��7�	� ��	
���� 0,��� 
�E� 	,  !� �, ��. ��O� 9�C�� �� 	1 �� [	� 
��. ]�^�X  R�. �V  R�.

 .
.����� ��7�	, �W�� �� �, A�N� �� 	���C� Y��7�	��� ���	
��� �0,�� R,�^ ��1�0� ���, �, ;	�:��� A	B 9�C�� ;��8 !� X R�. 
��� �, A	B 

9�C�� ;��8 !� V R�. 	_�� �, ]�^� �
��. [	� 	� ��  (�3 DE�C���E�  �G� ��1 ��. 
7�.   

219� ,�+ ���B,: �E�  ��G� ��1 ��� 
��.� DE�C�� .�3���;� (�3 VG � ��
H�7V��  .     

  

Investigation on Effects of  Joints Design Geometry on the Weld Metal Metallurgical 
Transformations and Fracture Modes in the ASTM A-128 Hadfield Steel Welding Joints  

 
M. Sabzi Young Researchers and Elite Club, Dezful Branch, Islamic Azad University, Dezful, Iran 

R. Kalantaripour       Young Researchers and Elite Club, Dezful Branch, Islamic Azad University, Dezful, Iran 

A. Monshi           Department of Materials and Metallurgical, College of Technical, Ahvaz Branch, Islamic Azad 
University, Ahvaz, Iran 

 
Abstract 
In this study, effects of joints design geometry on the weld metal metallurgical transformations and fracture mode in the Hadfield 
steel welding joints were investigated. For this purpose, initially 4 austenitized sheets with thickness 2 mm were prepared from 
Hadfield steel. Then joints design with two chamfered V and X forms were prepared and SMAW process was used for welding. The 
joints mechanical properties were examined by uniaxial tensile machine, charpy impact test and microhardness measuring test. The 
evaluation of the microstructures of weld metal in welding joints were conducted by optical microscopy and the fracture modes were 
determined by scanning electron microscopy examination. The results indicated that with using joints design containing chamfered 
V-shape in comparison with joints design containing chamfered X-shape in the Hadfield steel welded joints, resulted microstructures 
consisted from smaller grains and more carbide precipitates. Thus higher microhardness and higher yield and tensile strengths were 
observed. But impact energy and fracture strain was reduced. Also, scanning electron microscopy images indicated the occurrence of 
ductile fractures in both joints prepared with X and V-shaped chamfered. However as clearly was visible in scanning electron 
microscopy images, using joints design containing X-shaped chamfered in comparison with joints design containing V-shaped 
chamfered led to occurrence of more ductile fractures in the Hadfield steel weld joints. 
Keywords: Hadfield steel, fracture mode, welding joints, weld metal, microstructure.   
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5����� .���	: ;	�:     

 
 R
�2- 8�?'1��3�� ,  8�1�����1 �' J'�Z� [DB ASME Sec IX  

  

  

 
R
� 3- 8�?'1 ��3�� , �'&\ J'�Z� �' 8�1�����1 AWS B4.0      
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     7�	, 
O3� ��5� �� 
��. ����>0� > �,	N � �P� 5� /���� 

�5���> �1; ���)�� 5� {h7 
��.  �9�C�� �� 	1a7�� Y��7�	��� 

��	
���� �0,��1 ;	���C� ��O� �	:��.  D�,�7� �7�	, 
O3 =��WX1

 5� 9�C�� ��	1 (�3 VG  �� ��. R��0� P��� �Z.� ��	� (�	� V�����

)2XRD(  .���	: ���S
7�  

  

3 - ���7] ' 9 ^   

3-1 - ���_��;7� 51�+�D�,   

      R�.4 � 5� ;��� Y��7�	��� a7�� ��. ��O� � �	:���
� 	���C�

 (�3 VG �� /�0� �� �G� ��1 �E�  ;���.�3 9�C�� �� 	1  .�1�

�� ��1�0� �� ��h��X1  �9�C�� �� 	1 �� ���. (�3 VG  R��.

����5 �� D�,�7� 5� �SG
4� 	���f� ��	X1 �, �
��
7� ;  R��� .��.�,

���5� ; �� �� �
��
7� �, /���  V�-�� � =,	� ;E�, 	���f� ��|8

 ;�1��� �� 
�V����� �, 
��
7� R���� 5� V�-�� =��WX1 .��X� D��?�

�� ;	�:�G3 =����  ;�n � �� .���]24[�  >��V � �, �� ����X� (��V:

=1� ;�1<���� �� V�-�� -  ����, /�V�� �, 
�V����� ]�	. ;��� �V�-��

�� >1�� ;���5 ��� �� �����h, ��,�����5 U� V�-��	� ;�1<�� ;  }6���

�� �� �
��
7� � 	���C� 5� .��X� ��1�0� /������� Y��7�	�; 

�� ��1�0�  �� ��. (�3 VG  !� a7�� ��. ��_�� ;���.�3 9�C��

X R�. �, 
��� (�3 VG  �, ��. ��_�� ;���.�3 9�C��   !�V 

���� �5���� � 	
X� i�7� /�V�� ;���� �R�. 
.�� ;�1  ;	���  .�.�,

��� �5���� �7�	,� [	� a7�� 9�C�� �� 	1 (�3 VG  ;�1  ��V �Image 

Analyzer  R�. �� ��4 ����� �� /�0� �
7� ��.  ���S
7� �� �1�

 5��, ��. ��_�� ;���.�3 9�C��   !�V  9�C�� �, 
��� R�.

�, ��. ��_�� ;���.�3  !�X  R�.���� �5���� >1�� �, 	_��  VG  ;�1

 5� (�37/109  �,mμ5/88 5 .
7� ��.� �	 ��_�� ;���.�3 9�C��

�, ��.   !�V ���� R�.; ��, i�7� /�V�	
0; ,�7� D��q � ���,� �

�	��
47 D��� �G3 �� ��
�1; ����5	� 
�	8  �.� 5� � �
 	: �� �1

���� �1; �
7��:�G3 
�	; ��   .����     

�� j^����  !� a7�� ��. ��_�� ;���.�3 9�C��X 7��1 �R�.�  ;

>1�� �, 	_�� 9�C�� A	B R��0� D��q ��. ;��,��� 
7�. ;�	, 

�7�	, /�V�� ��1��,��� /�V�� D��q ;��,��� �G�7�, [	� ��V �  

 Image Analyzer ;�	, � �� 	1 (�3 VG 9�C� ���.�3; 

��5��� ;	�: ��. � ��  9��34 (��V: ���� ��. 
7� .�� =�� 9��3 

\1 ��1�0� �� .�� ��  (�3 VG 9�C�� ���.�3 ��. ��_�� ; a7��

 !�X R�. � ;����6/7 �� i�7� �`��  �����8�� �.�, (�3 VG 

9�C�� ���.�3 ��. ��_�� ; !� a7��V �R�. ����; 3/19  �`��

.
7� i�7�  

     �	,; 7�	,� ���7�F� �, ]�N�� =�  ; �� 	1 �� (�3 VG  \_8

��5� ���� 9�C���� >� 5��	�� :\ 

(VWM) V-shaped chamfer = Lw × H × Htan 
�

�
 = 60 × 2 × 2 tan 35° = 

168mm3   
 

(VWM) X-shaped chamfer = 2 [Lw × 0.5H × 0.5Htan 
�

�
 ]= 2[60 × 1 × 1 tan 

35°] = 84mm3   
 

                                                             

1  Scanning Electron Microscopy (SEM) 
2  X-Ray  Diffraction (XRD) 

(VWM) X-shaped chamfer ÷ (VWM) V-shaped chamfer = 0.5 
 
(VWM) V-shaped chamfer = 2 (VWM) X-shaped chamfer 

     �7�F� �, �3���,�  ;� ��1�0� �(�3 VG  \_8�  \_8 �� ��	:

 !� a7�� ��. ��_�� ;���.�3 9�C�� �� (�3 VG V  ���8 R�.2 

 !� a7�� ��. ��_�� ;���.�3 9�C�� �� (�3 VG  \_8 	,�	,X 

 	C� ��	
��� �� 
7� ��J
�� �)� .
7� R�.� �	,; �� !� �, 9�C�� ��_

V � R�.�, V�
��� .�.�, 	
0� 	C� ���� ��fn	1 �_� �	,; �� ��_

, 9�C������ ��.�, 	
0; �V � \1 9�C��� >�� � �
 �� �, 	_�� 	�� =

�V ���0� >�,��� D�,�7� R��; �1�E�  (�3 DE�C�� ��;  =,	�	�

J�� ��1 �E�  	�� �G�  ��.]18  �12[.  

     �	,��,���� >��V � 	?� �� =;  ��1 �E�  (�3 9�C�����,) �G� R

 !� �, 9�C�� A	B 5� ���S
7�V  ��. ;���.�3 9�C�� ;��� �(R�.

 /��7� ;�	, ;���.�3 ����	  /���� 5� P� (�3 VG  � �
 �� >��V �

��� ����F� 5� ���L � a�F� ;��� �,�� �0��,��� R� /��5 �, 5��� �

��� ����F�) ���� ;	
0�,�� �0��,��� R��	, �;  ��1 �E� � �, �G

C%2/1  5�400  ��°C900 ��  �.�,]12[(�3 VG  =��	,��, .(  ��

 !� �, ��. ��_�� 9�C��V �R�. ��E�B R���,  �	7 /��5 /�. 	�

�� 
`	  V�-�� Rm� ���5��,��� 	C�L � =,	� �, �/�.  �, �� �1�

�	, .��1� R��0� �� V�-�� ;�1��,��� � ���� >���� 	-��X1; 7�	,� 

���� 5� P� �]�N�� =��	  /�����.�3 ��;��� �;  �� (�3 VG 

5�,� �1; ���5�  a7�� kG
4���-
7� 	
��	�� �7�X�	�d R,��	� 

�5���� :�	; R�. �� � ��. 5 � �� .
7� ��. ���� /�0�� R�. =

� �J86�� (�3 VG  �� ��	: �, ��. ��_�� ;���.�3 9�C��   !�V 

R�.  (�3 VG  �, 
��� !� a7�� ��. ��_�� ;���.�3 9�C��X 

��� ����F� �R�.�� �0��,��� R�, /��5 D�� �� �� ��	
0; 	Q7; 

�� 
��� .���� �� �_ (�3 VG  !� a7�� ��. ��_�� ;���.�3 9�C��

V , /��5 �R�.�	
0; ,��� 	`��L �,��0� 
O3 �5�� D�,�7� R

,�����; ���� �5���� >1�� }��^�Z
� � �1; �
7������ 
 .
7� ��.  

      5� 
���8 ;��� Y��7�	��� a7�� ��. ��O� 	���C� ]�X_� ��

 !� a7�� ��. ��O� ;���.�3 9�C�� �� �� ���� =��X  
��� R�.

 !� �, ��. ��_�� 9�C�� �,V  \_8 /��, 	
X� R���, (�3 VG  �R�.

���� �5���� ;���� =��WX1 � 	
X� ��,��� /�V�� ;���� �(�3  ;�1

�V, 
��
7� .
7� ;	
:  
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R
� 4-&79�0* ��`3
�9&
 �3�, �8 
7���X�;' 100 �1 ;�< :3� /�0*1 ,��
�3� 178�	 ��� �' S� :b41 (V �R
� c (X R
�  

  

  

R
� 5-  :3� ;�< ��� 8&� d&�/�0*1 ��
�3�, 17S� �' ��� 8�	 :b41( X R
�� c( V R
�  

  

 /9��4- O��?* e7�3* ��'��B �8 ;�< :3� 56�0*1 ��
�3�, f�3* Y&� �1;<1 Image J   

;�< :3� /�0*1 ,��
�3� 178�	 ��� f�3*  
��c3�� �1;  

 �"�8  ?� g1& �1���  

!� X R�.  6/7  29/0  

!� V R�.  3/19  41/1  

  

  

     �	,; 7�	,� �0� D�,�7���� 	1 (�3 VG  �� ��. R  5� 9�C��

����� VXRD �
� � ��. ���S
7�� R�. �� /� l6  5� .
7 ��. (��V:

 R�.6 � �J86� \1�  ��. ��_�� ;���.�3 9�C�� (�3 VG  �� ��.

 !� a7��X  ��. ��_�� ;���.�3 9�C�� (�3 VG  �, 
��� R�.

 !� a7��V � 5� �R�.�,��� /�V�	
X� �; �WX1 .
7� �����H	,� =

,�����1�; �0�� R���.�3 9�C�� (�3 VG  �� 	1 �� ��.; �

,�����1�;  ]�� 5� V�-��C3Mn �5 5� ) s��d 5�  � ���,��
7� �(��� 


��  �.�,]18  �12[.  

     �
��� D��1�0� 5� ��. R`�8 l����� � ��
H�7V�5�  V; � ��� =

�
� �, >1�2�� l����R -���� ]17  �16[V�7 �; ]18  �12[  �

� .���� 
1��. /�0�����X1�ffF� =�fF� �� =����:��3 D�f �;  (��V:

�V � �� ��������� >; ���.�3 DE�C��; �V � �, 	_���� >� /�V

,��� D�,�7���; ���� �5���� >1�� � �1; �
7�� (�3 VG  �� 


���.�3 DE�C��; �
7� �E� �
� ��� ��1 ���V��� �G�  .��.  
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 R
�6-�1 R"�E ,�+3P41 4��L�; XRD  8�	71 ,��
�3� /�0*1 :3� ;�< �1S� �' ��� :b41( X R
�� c( V R
�   

  

  

3 -2 - ����	
 ���   

     �� R�. 7 l��
� t�,	� �, �5��� >>0� ;�	, 	1  9�C�� ��

���.�3; � ��./�0 ���� ��. 
7� .��h��X1 �� ��1�0� �� .��� 

9�C�� ���.�3� ;� �, ��. ��_!� V R�.  �, 
���9�C�� ���.�3 ;

�� �, ��. ��_!� X R�. �5� [��F
7� \�G��  	�E�, �00� �� 

�WX1� =>�	� 
��. 	
X�; �����H	, 
7�. ��C� 5� ����h��X1� 	

O��� a7�� ��. ����� Y��7�	�; �	: �J86�� R�.) �4 �, �(

:���,�	; ��8 9�C�� A	B;  !�V R�. �	  ������.�3 ��; 

M�� �1;  ��1 �E� �� ��G� � ;��,��� D��q /�V��5��� ; ����  VG  �� �1

�	
, (�3� s >1�� � >��V �� /�. Un�� .
7� �
 ���5���  ���� �1;   

  

(�3 VG   ��. �00� [��F
7� � \�G�� [��F
7� >��V � �, 	_��

]25[  � ;	�)� g�hZ�� >1�� �, 	_�� ;��,��� D��q /�V�� >��V � �

�� 
��. >�	�  ��	:]26[�, j^���� . :���,�	; ��8 9�C�� A	B; 

 !�V  R�.�	  ������.�3 ��; M�� �1;  ��1 �E� � ��G��5��� ; 

���� �1 5	� ���Z� � 	
�n������ �1 5	� .
7� ��. 	
0�,���� �1 RF�  ;�1

 ���, ;<	��	����_,�� � �1/��� =�� �, /��7� [�-�1 �� �	F
� ;  ;�1

5	� 
0� �� � ��. k^�
� ;<	��	����� �1 �� jX_�  	�� =�X1 � ����

�� [��F
7� >��V � �, 	_��  ��	:]26[	,��, .� =�:���,�	;  A	B

��8 9�C��;  !�V R�. �� �	 ����.�3 ��; �V � �,� ���Z� >

���5	�� 1 >��V � �, 	_�� ��V � �, � [��F
7��� >�,��� /�V�� 	_�� �1

9�C�� 
��. >�	� >1�� �, ���.�3; 
7� ����	: �G� ��1 �E� .   

  

  

R
� 7-  [�* �183��- ����� [�&B
 �0*1/ ��
�3�, 17��� 8�	  �'S�: b41( X R
�� c( V R
�    
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3-3 - [7���L �7;�i�
    

      �� 9��35 �
��� l�V
47� _�7�  ;�	, (�3 VG  9�C�� �� 	1

���.�3;  >���5� ���� =�� 5� �� ��h��X1 .
7� ��. ���� /�0�

9��3 � �J86�� :��	(�3 VG  � 9�C�� ���.�3 �, ��. ��_�� ;!� 

V R�.  �, 
��� (�3 VG 9�C�� ���.�3 �, ��. ��_�� ;!� X 

�� R�. ���.�3 DE�C��;  ��1 �E� ��G ��V , �
47�	
0;  ��H 5�

 /�0�
7� ����5 .��5���� 5� �� ��h��X1 �	 :�	; �1; [	�  ��V �Image 

Analyzer  �7�	,� ��C��� 	���� Y��7�	�; ��J86 �	:��, �� 

:���,�	; ��8 9�C�� A	B;  !�V  R�. �, 
���9�C�� ���.�3 ;

 �, ��. ��_��!� X R�.� ��,��� /�V��V � (�3 VG  �� �1��� >� � �,�

,��� ��
47 D��q \1 �1�� �V � �, 	_�� �� ��
�1�
47 >� 

��  ���.]27[.  	B 5�� ���
� \1 	-���5� l� 	, 
�E� >0� >

�V ��G�� [��F
7� >����.�3 9�C�� \;  ��1 �E� ��G  �, ��. ��_��

!� V  �, 
��� R�. �G� ��1 �E�  ;���.�3 9�C�� �, ��. ��_��!� 

X  R�.� R��L �)� .��
.���	-; �V � �, 	_�� ���
47 >�  VG 

(�3 ���.�3 DE�C��; 	?� �� :���,�	; ��8 9�C�� A	B;  !�V 

 R�.G�� [��F
7� �
7� ��.�
7� \]27[ . j^������8 9�C�� A	B; 

 !�V �f� �� R�.� �, ����8 9�C�� A	B;  !�X R�. �� �, �

����� ; �V �� >,�����V � � �1��G�� [��F
7� >��V � �, 	_�� \� >


47� ���.�3 9�C�� (�3 VG  ��;  ��1 �E� �.
7� ��. �G   

  

 /9��5- � [7���L ^7���7�i�;
 �� RC1�E �' ,&7j��1&
* ��'  

 /�0*1��
�3�,  8�	71

S� �' ���  

�7�i�;
  

��)  �1;&'7R�(  ���?� g1& �1  

X R�.  197  01/4  

V R�.  258  72/5  

  

3-4- [7���L ���� �'&\
   

     ��  9��36 �
����5� l� > ����. �,	N 9�C�� �� 	1 ;�	,

���.�3;  >���5� ���� .
7� ��. ���� /�0��h��X1� �� ��  =�� 

 \1 9��3��1�0� �� ��	: �, �:���,�	; ��8 9�C�� A	B;  !�V 

�f� �� R�.� �, ����8 9�C�� A	B;  !�X R�. �9�C�� �,	N ;<	�� 

 ��1 �E�  (�3� .
7� �
 �� >1�� �G��-,� ;� � (�3 9�C�� ��� ��_

�, ��. ��8 9�C�� A	B;  !�X  R�.� (�3 9�C�� �, 
���� ��_

�, ��. ��8 9�C�� A	B;  !�V R�.���� �; <	��; �� ���8 
��. 

	,�	,; �V � 	�� =�� 
GL .
7���0� >��V � ���^�Z
� � �1��,��� R� >


47� � (�3 9�C�� (�3 VG  ����, ��. ��_ ��8 9�C�� A	B;  !�

V R�. �� �O� �� �� �.�,�� 
��V �) R���L =��0� >�,��� R� � �

�V ��
47 >� �, 	_�� (����5 /����� R�. 	��c� 
�G,�^ >1��  ;

 ��1 �E�  (�3 DE�C�� �� 
��
7����. �G  ���]27[. 

  

 /9��6- ���7���L ^7���� �'&\ [
 �� RC1�E �' j��1&
* ��'7&,   

3-5 -  83�=�
� ���L �8 :3� 56�0*17[DB [     

       5� P��5��� >>0�� 5� {h7 
��. ���.�3 9�C�� �� 	1; 

 >���5� ���� �0,�� ���	
��� Y��7�	��� a7��	���C� ��. ��O� ;

� ����C� =��� 	 R�. 8 /�0� ���� ��. 
7� .��h��X1 �� 5� =�� R�. 

���� �� ���. 	1 �� ���.�3 9�C��; ���, ��. ��_ ��8 9�C�� A	B; 

 !�X � V R�. ;���� �C40� ; 
��. [	� ){h7 �GQX��1 (

�� ��.�, .R��� =�� 	�� /� 
7� �� ���5�  ;s��d �� 	1 �� 9�C�� 


��
7� ���, � 
��
7� \1 U� 5�  [	� �� �.�,.  [	� 
��. \������

��5� ������3 \������ �[	� ���� >0� >� , � �.� ���5�  =
7��� \1

�	S8 �1  t�	4� 
��. �, �� 
��. ]�� =�� .
7� - /�_� 2  g�	Z�

�� ��X. �, [	� ���� 
��. �� \������ =�	
XO� �
7�  .������ �, 
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