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FOREWORD 
\1\ 
The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides 
planning, design, construction, sustainment, restoration, and modernization criteria, and applies 
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance 
with USD(AT&L) Memorandum dated 29 May 2002.  UFC will be used for all DoD projects and 
work for other customers where appropriate.  All construction outside of the United States is 
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction 
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)  
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the 
SOFA, the HNFA, and the BIA, as applicable.  
 
UFC are living documents and will be periodically reviewed, updated, and made available to 
users as part of the Services’ responsibility for providing technical criteria for military 
construction.  Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities 
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are 
responsible for administration of the UFC system.  Defense agencies should contact the 
preparing service for document interpretation and improvements.  Technical content of UFC is 
the responsibility of the cognizant DoD working group.  Recommended changes with supporting 
rationale should be sent to the respective service proponent office by the following electronic 
form:  Criteria Change Request (CCR).  The form is also accessible from the Internet sites listed 
below.  
 
UFC are effective upon issuance and are distributed only in electronic media from the following 
source: 
 
x Whole Building Design Guide web site http://dod.wbdg.org/.  
 
Hard copies of UFC printed from electronic media should be checked against the current 
electronic version prior to use to ensure that they are current.  
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7(&+1,&$/�,16758&7,216

:(/',1*���'(6,*1�352&('85(6�$1'�,163(&7,216

$Q\�FRS\ULJKWHG�PDWHULDO�LQFOXGHG�LQ�WKLV�GRFXPHQW�LV�LGHQWLILHG�DW�LWV�SRLQW�RI�XVH�
8VH�RI�WKH�FRS\ULJKWHG�PDWHULDO�DSDUW�IURP�WKLV�GRFXPHQW�PXVW�KDYH�WKH�SHUPLVVLRQ�RI�WKH�FRS\ULJKW

KROGHU�

$SSURYHG�IRU�SXEOLF�UHOHDVH��GLVWULEXWLRQ�LV�XQOLPLWHG�

5HFRUG�RI�&KDQJHV��FKDQJHV�LQGLFDWHG�?�?�������
1R����'DWH�����������������������������/RFDWLRQ

                                                                                                                

This Technical Instruction supersedes TM 5-805-7, Welding Design, Procedures
and Inspection dated 20 May 1985
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)25(:25'

7KHVH�WHFKQLFDO�LQVWUXFWLRQV��7,��SURYLGH�GHVLJQ�DQG�FRQVWUXFWLRQ�FULWHULD�DQG�DSSO\�WR�DOO�8�6��$UP\
&RUSV�RI�(QJLQHHUV��86$&(��FRPPDQGV�KDYLQJ�PLOLWDU\�FRQVWUXFWLRQ�UHVSRQVLELOLWLHV���7,�ZLOO�EH�XVHG�IRU
DOO�$UP\�SURMHFWV�DQG�IRU�SURMHFWV�H[HFXWHG�IRU�RWKHU�PLOLWDU\�VHUYLFHV�RU�ZRUN�IRU�RWKHU�FXVWRPHUV�ZKHUH
DSSURSULDWH�

7,�DUH�OLYLQJ�GRFXPHQWV�DQG�ZLOO�EH�SHULRGLFDOO\�UHYLHZHG��XSGDWHG��DQG�PDGH�DYDLODEOH�WR�XVHUV�DV�SDUW
RI�WKH�+486$&(�UHVSRQVLELOLW\�IRU�WHFKQLFDO�FULWHULD�DQG�SROLF\�IRU�QHZ�PLOLWDU\�FRQVWUXFWLRQ���&(03�(7
LV�UHVSRQVLEOH�IRU�DGPLQLVWUDWLRQ�RI�WKH�7,�V\VWHP��WHFKQLFDO�FRQWHQW�RI�7,�LV�WKH�UHVSRQVLELOLW\�RI�WKH
+486$&(�HOHPHQW�RI�WKH�GLVFLSOLQH�LQYROYHG���5HFRPPHQGHG�FKDQJHV�WR�7,��ZLWK�UDWLRQDOH�IRU�WKH
FKDQJHV��VKRXOG�EH�VHQW�WR�+486$&(��$771��&(03�(7�����0DVVDFKXVHWWV�$YH���1:��:DVKLQJWRQ��'&
�����������

7,�DUH�HIIHFWLYH�XSRQ�LVVXDQFH���7,�DUH�GLVWULEXWHG�RQO\�LQ�HOHFWURQLF�PHGLD�WKURXJK�WKH�7(&+,1)2
,QWHUQHW�VLWH�http://www.hnd.usace.army.mil/technifo/index.htm�DQG�WKH�&RQVWUXFWLRQ�&ULWHULD�%DVH��&&%�
V\VWHP�PDLQWDLQHG�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�%XLOGLQJ�6FLHQFHV�DW�,QWHUQHW�VLWH
http://www.ccb.org/html/home/.  +DUG�FRSLHV�RI�WKHVH�LQVWUXFWLRQV�SURGXFHG�E\�WKH�XVHU�IURP�WKH
HOHFWURQLF�PHGLD�VKRXOG�EH�FKHFNHG�DJDLQVW�WKH�FXUUHQW�HOHFWURQLF�YHUVLRQ�SULRU�WR�XVH�WR�DVVXUH�WKDW�WKH
ODWHVW�LQVWUXFWLRQV�DUH�XVHG�

)25�7+(�&200$1'(5�

':,*+7�$��%(5$1(.��3�(�
&KLHI��(QJLQHHULQJ�DQG�&RQVWUXFWLRQ�'LYLVLRQ

'LUHFWRUDWH�RI�0LOLWDU\�3URJUDPV ��������������������
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L

:(/',1*���'(6,*1�352&('85(6�$1'�,163(&7,216�

7DEOH�RI�&RQWHQWV

3DJH
&+$37(5�����*(1(5$/

3DUDJUDSK �� 385326(�$1'�6&23( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� $33/,&$%,/,7< � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� 5()(5(1&(6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� %,%/,2*5$3+< � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

&+$37(5�����$33/,&$%/(�'(6,*1�63(&,),&$7,216

3DUDJUDSK �� *(1(5$/ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
D� 6SHFLILFDWLRQ�&\FOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� 6SHFLILFDWLRQ�&RQIOLFWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� 1HZ�0DWHULDOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
G� 3UHIHUUHG�'HVLJQ�0HWKRGRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
H� 6WDQGDUGV�(YDOXDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 86$&(�$1'�27+(5�0,/,7$5<�'2&80(176 � � � � � � � � � � � � � � � � � � � � � ���
D� 7,��������/RDG�$VVXPSWLRQV�IRU�%XLOGLQJV � � � � � � � � � � � � � � � � � � � � � � � ���
E� 7,��������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�%XLOGLQJV � � � � � � � � � � � � � � � � � ���
F� 7,��������6HLVPLF�'HVLJQ�IRU�%XLOGLQJV � � � � � � � � � � � � � � � � � � � � � � � � � ���
G� 7,��������6HLVPLF�(YDOXDWLRQ�DQG�5HKDELOLWDWLRQ�IRU�%XLOGLQJV � � � � � � � � ���
H� 7,��������'HVLJQ�RI�&ROG�)RUPHG�/RDG�%HDULQJ�6WHHO�6\VWHPV�DQG

0DVRQU\�9HQHHU���6WHHO�6WXG�:DOOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
I� 7,��������0HWDO�%XLOGLQJ�6\VWHPV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
J� 70���������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�6WUXFWXUHV�2WKHU�WKDQ�%XLOGLQJV ���

�� $,6&�63(&,),&$7,216�$1'�67$1'$5'6 � � � � � � � � � � � � � � � � � � � � � � � � ���
D� 0HWULF�/RDG�DQG�5HVLVWDQFH�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO

%XLOGLQJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� /RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO

%XLOGLQJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� 6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV���$OORZDEOH�6WUHVV�'HVLJQ�DQG

3ODVWLF�'HVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
G� 6HLVPLF�3URYLVLRQV�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV � � � � � � � � � � � � � � � � � � ���
H� &RGH�RI�6WDQGDUG�3UDFWLFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
I� 0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/5)'��0HWULF�&RQYHUVLRQ � � � � � � � � � � � � ���
J� 0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/5)' � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
K� 0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��$6' � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� $:6�63(&,),&$7,216�$1'�67$1'$5'6 � � � � � � � � � � � � � � � � � � � � � � � � ���
D� '����6WUXFWXUDO�:HOGLQJ�&RGH���6WHHO � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� '����6WUXFWXUDO�:HOGLQJ�&RGH���6KHHW�6WHHO � � � � � � � � � � � � � � � � � � � � � ���
F� '����6WUXFWXUDO�:HOGLQJ�&RGH���5HLQIRUFLQJ�6WHHO � � � � � � � � � � � � � � � � � ���
G� $����6WDQGDUG�6\PEROV�IRU�:HOGLQJ��%UD]LQJ�DQG�1RQGHVWUXFWLYH�7HVWLQJ ���
H� $��VHULHV�)LOOHU�0HWDO�5HODWHG�6SHFLILFDWLRQV � � � � � � � � � � � � � � � � � � � � � ���

�� )('(5$/�(0(5*(1&<�0$1$*(0(17�$*(1&< � � � � � � � � � � � � � � � � � � ���
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LL

D� )(0$�����	����%�6WHHO�0RPHQW�)UDPH�6WUXFWXUHV���,QWHULP
*XLGHOLQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

E� )(0$�����5HSODFHPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� )(0$�����1(+53�*XLGHOLQHV�IRU�WKH�6HLVPLF�5HKDELOLWDWLRQ�RI�%XLOGLQJV������
G� )(0$�����1(+53�5HFRPPHQGHG�3URYLVLRQV�IRU�6HLVPLF�5HJXODWLRQV�IRU

QHZ�%XLOGLQJV�DQG�2WKHU�6WUXFWXUHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

&+$37(5�����:(/',1*�352&(66(6�$1'�0$7(5,$/6

3DUDJUDSK �� :(/',1*�$1'�5(/$7('�352&(66(6 � � � � � � � � � � � � � � � � � � � � � � � � � � ���
D� *HQHUDO���:HOGLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� *HQHUDO���+HDWLQJ�DQG�7KHUPDO�&XWWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� *HQHUDO���:HOG�+HDW�$IIHFWHG�=RQH� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
G� 3URMHFW�6SHFLILFDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� $33/,&$7,21�2)�+($7�)25�:(/',1*� � � � � � � � � � � � � � � � � � � � � � � � � � ���
D� &RROLQJ�5DWH�&RQWURO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� 3UHKHDW�IRU�3UHTXDOLILHG�$SSOLFDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� 3UHKHDW�IRU�1RQ�SUHTXDOLILHG�$SSOLFDWLRQV � � � � � � � � � � � � � � � � � � � � � � � ���
G� 3UHKHDW�IRU�6KHHW�6WHHO�WR�6WUXFWXUDO�6WHHO � � � � � � � � � � � � � � � � � � � � � � ���
H� ,QWHUSDVV�7HPSHUDWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
I� 3RVWKHDW��3:+7� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� $33/,&$7,21�2)�+($7�)25�675$,*+7(1,1*�$1'�&$0%(5,1* � � � � ���
D� 3ULQFLSOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� &DPEHULQJ�3URFHGXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
F� 0D[LPXP�7HPSHUDWXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 7+(50$/�&877,1* � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
D� 2[\IXHO�&XWWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
E� 3ODVPD�$UF�&XWWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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E� )LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ � � � � � � � � � � � � &���
F� $GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � &���

�� (/(&752*$6�:(/',1*��(*:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���
D� 3URFHVV�3ULQFLSOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � &���
E� )LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ � � � � � � � � � � � � &���
F� $GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � &���

$33(1',;�'����121'(6758&7,9(�7(67,1*�0(7+2'6

3DUDJUDSK �� 9,68$/�7(67,1*��97� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
D� 0HWKRG�'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
E� $GYDQWDJHV�DQG�'LVDGYDQWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��

�����3(1(75$17�7(67,1*��37� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
D����0HWKRG�'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
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E� $GYDQWDJHV�DQG�'LVDGYDQWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
�� 0$*1(7,&�3$57,&/(�7(67,1*��07� � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��

D� 0HWKRG�'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
E� $GYDQWDJHV�DQG�'LVDGYDQWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��

������8/75$621,&�7(67,1*��87� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
D� 0HWKRG�'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��
E� $GYDQWDJHV�DQG�'LVDGYDQWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '��

�� 5$',2*5$3+,&�7(67,1*��57� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '���
D� 0HWKRG�'HVFULSWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '���
E� $GYDQWDJHV�DQG�'LVDGYDQWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � '���
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���385326(�$1'�6&23(����7KLV�GRFXPHQW�SURYLGHV�FULWHULD�DQG�JXLGDQFH�IRU�WKH�GHVLJQ�DQG
VSHFLILFDWLRQ�RI�ZHOGHG�VWUXFWXUDO�FRPSRQHQWV�DQG�V\VWHPV�LQ�DFFRUGDQFH�ZLWK�FXUUHQW�WHFKQRORJ\�
VWDQGDUGV�DQG�PDWHULDOV��7KLV�LQFOXGHV�LQIRUPDWLRQ�RQ�GHVLJQ�DSSURDFKHV��XVH�RI�WHFKQLFDO�PDQXDOV�
JXLGDQFH�RQ�WKH�DSSOLFDWLRQ�RI�FRGHV�DQG�LQGXVWU\�VWDQGDUGV��DQG�WKH�GHVLJQ�DQG�VSHFLILFDWLRQ�RI�ZHOGHG
GHWDLOV��LQVSHFWLRQ�DQG�TXDOLW\��7KH�VFRSH�RI�WKLV�GRFXPHQW�LV�ZHOGLQJ�IRU�JHQHUDO�EXLOGLQJ�FRQVWUXFWLRQ
IRU�PLOLWDU\�DSSOLFDWLRQV��DQG�GRHV�QRW�LQFOXGH�XQGHUZDWHU��SLSLQJ��RU�FU\RJHQLF�DSSOLFDWLRQV��EULGJHV�
VKHHW�VWHHOV��RU�WKH�ZHOGLQJ�RI�PDWHULDOV�RWKHU�WKDQ�VWUXFWXUDO�VWHHO��$�EXLOGLQJ�LV�GHILQHG�DV�DQ\�VWUXFWXUH�
IXOO\�RU�SDUWLDOO\�HQFORVHG��XVHG�RU�LQWHQGHG�IRU�VKHOWHULQJ�SHUVRQV�RU�SURSHUW\�

����$33/,&$%,/,7<���7KHVH�LQVWUXFWLRQV�DUH�DSSOLFDEOH�WR�DOO�86$&(�HOHPHQWV�KDYLQJ�PLOLWDU\
FRQVWUXFWLRQ�UHVSRQVLELOLWLHV�

���5()(5(1&(6��$SSHQGL[�$�FRQWDLQV�D�OLVW�RI�UHIHUHQFHV�SHUWDLQLQJ�WR�WKLV�GRFXPHQW�

���%,%/,2*5$3+<��$�ELEOLRJUDSK\�RI�SXEOLFDWLRQV�WKDW�SURYLGHV�DGGLWLRQDO�LQIRUPDWLRQ�DQG�EDFNJURXQG
GDWD�LV�LQ�$SSHQGL[�%�
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$33/,&$%/(�'(6,*1�63(&,),&$7,216

����*(1(5$/�

D��6SHFLILFDWLRQ�&\FOHV��%XLOGLQJ�GHVLJQ�DQG�ZHOGLQJ�GHVLJQ�DUH�JRYHUQHG�E\�D�YDULHW\�RI
VSHFLILFDWLRQV�DQG�VWDQGDUGV��DV�OLVWHG��%HFDXVH�RI�WKH�YDU\LQJ�IRFXV�RI�HDFK�VWDQGDUG�RU�VSHFLILFDWLRQ�
DQG�WKH�YDU\LQJ�GDWHV�RI�DGRSWLRQ�DQG�SXEOLFDWLRQ��WKH�VWDQGDUGV�DQG�VSHFLILFDWLRQV�DUH�LQ�D�FRQVWDQW
F\FOH�RI�UHYLVLRQ��

E��6SHFLILFDWLRQ�&RQIOLFWV��&RQIOLFWV�PD\�DULVH�EHWZHHQ�FRGHV�DV�QHZ�UHVHDUFK�DQG�PHWKRGV�DUH
DGRSWHG�LQ�RQH�FRGH�EHIRUH�DQRWKHU��7KHUH�DUH�DOVR�VSHFLILF�H[FHSWLRQV�RQH�FRGH�PD\�WDNH�ZLWK�DQRWKHU�
DV�WKH�$,6&�Specification�GRHV�ZLWK�$:6�D1.1��OLVWLQJ�WKRVH�H[FHSWLRQV�LQ�$,6&�Specification�VHFWLRQ
-����

F��1HZ�0DWHULDOV��1HZ�VWHHOV�DQG�ZHOGLQJ�PDWHULDOV��DGRSWHG�E\�WKH�LQGXVWU\��PD\�QRW�EH�OLVWHG�LQ�WKH
FRGHV�IRU�SHULRGV�RI�VHYHUDO�\HDUV�EHFDXVH�RI�WKH�DGRSWLRQ�DQG�SULQWLQJ�F\FOHV��:LWKLQ�$:6�VWDQGDUGV�
WKH�ILOOHU�PHWDO�VSHFLILFDWLRQV�DUH�EHLQJ�UHYLVHG�IRU�PHWULFDWLRQ��7KH�$:6�D1.1�FRGH�LV�DOVR�EHLQJ�IXOO\
PHWULFDWHG�IRU�WKH�\HDU�������ZLWK�LQGHSHQGHQW�GLPHQVLRQDO�XQLWV�DQG�YDOXHV��7KRVH�YDOXHV�HVWDEOLVKHG
DV�RI�WKH�GDWH�RI�WKLV�GRFXPHQW�KDYH�EHHQ�DGRSWHG��2WKHUV�PD\�FKDQJH�ZLWK�WKH�SXEOLFDWLRQ�RI�WKH�D1.1�
�����Structural Welding Code - Steel�

G��3UHIHUUHG�'HVLJQ�0HWKRGRORJ\��7KH�$PHULFDQ�,QVWLWXWH�RI�6WHHO�&RQVWUXFWLRQ�SURYLGHV�WZR
PHWKRGRORJLHV�IRU�WKH�GHVLJQ�RI�VWHHO�IUDPHG�EXLOGLQJV��7KH�ILUVW�PHWKRG�LV�$OORZDEOH�6WUHVV�'HVLJQ
�$6'���ZKLFK�SURYLGHV�DGHTXDWH�VWUHQJWK�EDVHG�XSRQ�VHUYLFH�ORDG�FRQGLWLRQV��$OO�ORDGV�DUH�DVVXPHG�WR
KDYH�WKH�VDPH�YDULDELOLW\��7KH�VHFRQG�PHWKRG��/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ��/5)'���LV�D�PRUH
PRGHUQ�SUREDELOLVWLF�DSSURDFK�DOVR�NQRZQ�DV�OLPLW�VWDWHV�GHVLJQ��/5)'�XVHV�ORDG�IDFWRUV�DQG�ORDG
FRPELQDWLRQV�DSSOLHG�WR�VHUYLFH�ORDGV��DQG�UHVLVWDQFH��VWUHQJWK�UHGXFWLRQ��IDFWRUV�DSSOLHG�WR�WKH�QRPLQDO
UHVLVWDQFH�RI�WKH�FRPSRQHQW�WR�DFKLHYH�D�GHVLJQ�VWUHQJWK��%RWK�PHWKRGV�DUH�LQ�FXUUHQW�SUDFWLFH��7KH�XVH
RI�WKH�/5)'�PHWKRG�LV�SUHIHUUHG�RYHU�WKH�XVH�RI�WKH�$6'�PHWKRG��EXW�LV�QRW�UHTXLUHG�

H��6WDQGDUGV�(YDOXDWLRQ��8VHUV�RI�WKLV�GRFXPHQW�VKRXOG�HYDOXDWH�WKH�YDULRXV�VWDQGDUGV�OLVWHG��DQG
QHZ�VWDQGDUGV�WKDW�PD\�EH�SXEOLVKHG��IRU�VXLWDEOH�DSSOLFDWLRQ��,W�PD\�EH�QHFHVVDU\�WR�WDNH�H[FHSWLRQV�WR
YDULRXV�FRGH�SURYLVLRQV��RU�WR�H[SDQG�WKH�FRGH�SURYLVLRQV�WKURXJK�WKH�XVH�RI�WKH�SURMHFW�VSHFLILFDWLRQV��WR
UHVROYH�FRQIOLFWLQJ�LVVXHV�DQG�WR�SHUPLW�QHZ�PDWHULDOV�

���86$&(�$1'�27+(5�0,/,7$5<�'2&80(176�

D��7,��������/RDG�$VVXPSWLRQV�IRU�%XLOGLQJV��7KLV�GRFXPHQW�SURYLGHV�PLQLPXP�VQRZ�DQG�ZLQG
ORDGV�SOXV�IURVW�SHQHWUDWLRQ�GDWD�WR�EH�XVHG�LQ�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�EXLOGLQJV�DQG�RWKHU
VWUXFWXUHV��([FHSW�DV�GHVLJQDWHG�ZLWKLQ�WKH�GRFXPHQW��DOO�ORDGLQJV�DUH�EDVHG�XSRQ�$6&(�������Minimum
Design Loads for Buildings and Other Structures��%XLOGLQJV�DUH�FDWHJRUL]HG�DFFRUGLQJ�WR�RFFXSDQF\�

E��7,��������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�%XLOGLQJV��*HQHUDO�VWUXFWXUDO�GHVLJQ�JXLGDQFH�IRU�EXLOGLQJV�
DQG�IRU�EXLOGLQJ�V\VWHPV�FRQVWUXFWHG�RI�FRQFUHWH��PDVRQU\��VWHHO�DQG�ZRRG�LV�SUHVHQWHG�LQ�WKLV�7,
GRFXPHQW��7KH�GHVLJQ�UHTXLUHPHQWV�SURYLGHG�KHUHLQ��RU�FLWHG�E\�UHIHUHQFH��DUH�EDVHG�RQ�QDWLRQDO
EXLOGLQJ�FRGHV��LQGXVWU\�VWDQGDUGV��DQG�WHFKQLFDO�PDQXDOV�GHYHORSHG�E\�WKH�$UP\��1DY\��DQG�$LU�)RUFH�
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,QVWUXFWLRQV�QHFHVVDU\�WR�SURYLGH�VHUYLFHDEOH�EXLOGLQJV�DQG�WR�DVVXUH�ORDG�SDWK�LQWHJULW\�DQG�FRQWLQXLW\�LV
LQFOXGHG��5HTXLUHPHQWV�XQLTXH�WR�$UP\��1DY\��DQG�$LU�)RUFH�IDFLOLWLHV�DUH�LQGLFDWHG��6XSSOHPHQWDO
LQIRUPDWLRQ�WR�KHOS�HQJLQHHUV�LQWHUSUHW�DQG�DSSO\�FRGH�SURYLVLRQV��DQG�PHHW�VHUYLFHDELOLW\�DQG�VWUHQJWK
SHUIRUPDQFH�REMHFWLYHV�LV�DOVR�LQFOXGHG�LQ�WKH�7,�

F��7,��������6HLVPLF�'HVLJQ�IRU�%XLOGLQJV��7KLV�GRFXPHQW�SURYLGHV�TXDOLILHG�GHVLJQHUV�ZLWK�WKH
FULWHULD�DQG�JXLGDQFH�IRU�WKH�SHUIRUPDQFH�EDVHG�VHLVPLF�DQDO\VLV�DQG�GHVLJQ�RI�QHZ�PLOLWDU\�EXLOGLQJV�
DQG�WKH�QRQ�VWUXFWXUDO�V\VWHPV�DQG�FRPSRQHQWV�LQ�WKRVH�EXLOGLQJV��&KDSWHU���LQFOXGHV�GLVFXVVLRQ�RI
VWUXFWXUDO�VWHHO�IUDPLQJ�V\VWHPV��EXW�GRHV�QRW�SURYLGH�VSHFLILF�GHWDLOV�IRU�ZHOGHG�FRQQHFWLRQV�LQ�WKRVH
V\VWHPV�

G��7,��������6HLVPLF�(YDOXDWLRQ�DQG�5HKDELOLWDWLRQ�IRU�%XLOGLQJV��7KLV�GRFXPHQW�LV�LQWHQGHG�WR
SURYLGH�TXDOLILHG�GHVLJQHUV�ZLWK�WKH�QHFHVVDU\�FULWHULD�DQG�JXLGDQFH�IRU�WKH�SHUIRUPDQFH�EDVHG�VHLVPLF
DQDO\VLV�DQG�GHVLJQ�RI�QHZ�PLOLWDU\�EXLOGLQJV��DQG�WKH�QRQVWUXFWXUDO�V\VWHPV�DQG�FRPSRQHQWV�LQ�WKH
EXLOGLQJV��7KH�SULPDU\�EDVLV�IRU�WKLV�GRFXPHQW�LV�WKH������HGLWLRQ�RI�WKH�1(+53�3URYLVLRQV�IRU�6HLVPLF
5HJXODWLRQV�IRU�1HZ�%XLOGLQJV�DQG�2WKHU�6WUXFWXUHV��)(0$�������7KLV�GRFXPHQW�SURYLGHV�JXLGDQFH�LQ
WKH�LQWHUSUHWDWLRQ�DQG�LPSOHPHQWDWLRQ�RI�WKH�)(0$�����SURYLVLRQV�IRU�WKH�/LIH�6DIHW\�SHUIRUPDQFH
REMHFWLYH�IRU�DOO�EXLOGLQJV��DQG�LW�SURYLGHV�FULWHULD�IRU�WKH�GHVLJQ�DQG�DQDO\VLV�RI�EXLOGLQJV�ZLWK�HQKDQFHG
SHUIRUPDQFH�REMHFWLYHV�

� H��7,��������'HVLJQ�RI�&ROG�)RUPHG�/RDG�%HDULQJ�6WHHO�6\VWHPV�DQG�0DVRQU\�9HQHHU���6WHHO�6WXG
:DOOV��7KLV�GRFXPHQW�SURYLGHV�GHVLJQ�JXLGDQFH�RQ�WKH�XVH�RI�FROG�IRUPHG�VWHHO�V\VWHPV�IRU�ERWK�ORDG�
EHDULQJ�DQG�QRQORDG�EHDULQJ�DSSOLFDWLRQV��&ROG�IRUPHG�VWHHO�PHPEHUV�DUH�JHQHUDOO\�RI�D�WKLFNQHVV�WKDW
ZHOGLQJ�LV�JRYHUQHG�E\�$:6�D1.3 Structural Welding Code - Sheet Steel��UDWKHU�WKDQ�$:6�D1.1
Structural Welding Code - Steel��DQG�WKHUHIRUH�DUH�QRW�FRYHUHG�E\�7,��������

I��7,��������0HWDO�%XLOGLQJ�6\VWHPV��7KLV�GRFXPHQW�SURYLGHV�JXLGDQFH�RQ�WKH�XVH�RI�0HWDO�%XLOGLQJ
6\VWHPV��GHILQHG�DV�D�FRPSOHWH�LQWHJUDWHG�VHW�RI�PXWXDOO\�GHSHQGHQW�FRPSRQHQWV�DQG�DVVHPEOLHV�WKDW
IRUP�D�EXLOGLQJ��LQFOXGLQJ�SULPDU\�DQG�VHFRQGDU\�IUDPLQJ��FRYHULQJ�DQG�DFFHVVRULHV��7KHVH�W\SHV�RI
VWUXFWXUHV�ZHUH�SUHYLRXVO\�UHIHUUHG�WR�DV�SUH�HQJLQHHUHG�EXLOGLQJV��3DUDJUDSK���L�DGGUHVVHV�ZHOGLQJ�IRU
PDQXIDFWXUHUV�QRW�$,6&�FHUWLILHG�LQ�&DWHJRU\�0%�

J��70���������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�6WUXFWXUHV�2WKHU�7KDQ�%XLOGLQJV��7KLV�GRFXPHQW�ZLOO
EHFRPH�7,���������5HYLVH�DV�QHHGHG�

����$,6&�63(&,),&$7,216�$1'�67$1'$5'6�

D��0HWULF�/RDG�DQG�5HVLVWDQFH�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��7KH�0HWULF�/5)'
Specification�FRQWDLQV�SURYLVLRQV�UHJDUGLQJ�ZHOGLQJ�GHVLJQ�DQG�DSSOLFDWLRQ��6HFWLRQ�-�FRQWDLQV�GHVLJQ
SURYLVLRQV��DQG�6HFWLRQ�0�FRQWDLQV�OLPLWHG�VXSSOHPHQWDO�LQIRUPDWLRQ�UHJDUGLQJ�TXDOLW\�DQG�LQVSHFWLRQ�
7KH�0HWULF�/5)'�Specification��SXEOLVKHG�LQ�������LV�EDVHG�XSRQ�$:6�D1.1�����DQG�WDNHV�H[FHSWLRQ�WR
FHUWDLQ�SURYLVLRQV�RI�WKDW�HGLWLRQ��7KLV�PHWULF�VSHFLILFDWLRQ�LV�D�GLPHQVLRQDO�FRQYHUVLRQ�RI�WKH�'HFHPEHU
��������FXVWRPDU\�XQLWV�HGLWLRQ��7KH�SULQFLSOHV�DQG�FRQFHSWV�RI�WKHVH�WZR�VSHFLILFDWLRQV��PHWULF�DQG
FXVWRPDU\��DUH�LGHQWLFDO��RQO\�WKH�XQLWV�GLIIHU��,W�LV�DQWLFLSDWHG�WKDW�D�QHZ�/5)'�Specification��FRQWDLQLQJ
ERWK�6,�DQG�86�&XVWRPDU\�8QLWV�ZLWKLQ�RQH�GRFXPHQW���ZLOO�EH�SXEOLVKHG�E\�$,6&�LQ�HDUO\������

E��/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��7KH�/5)'
Specification�FRQWDLQV�SURYLVLRQV�UHJDUGLQJ�ZHOGLQJ�GHVLJQ�DQG�DSSOLFDWLRQ��6HFWLRQ�-�FRQWDLQV�GHVLJQ
SURYLVLRQV��DQG�6HFWLRQ�0�FRQWDLQV�OLPLWHG�VXSSOHPHQWDO�LQIRUPDWLRQ�UHJDUGLQJ�TXDOLW\�DQG�LQVSHFWLRQ�
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7KH�/5)'�Specification��SXEOLVKHG�LQ�������LV�EDVHG�XSRQ�$:6�D1.1�����DQG�WDNHV�H[FHSWLRQ�WR�FHUWDLQ
SURYLVLRQV�RI�WKDW�HGLWLRQ��,W�LV�DQWLFLSDWHG�WKDW�D�QHZ�/5)'�Specification��FRQWDLQLQJ�ERWK�6,�DQG�86
&XVWRPDU\�8QLWV�ZLWKLQ�RQH�GRFXPHQW���ZLOO�EH�SXEOLVKHG�E\�$,6&�LQ�HDUO\������

F��6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV���$OORZDEOH�6WUHVV�'HVLJQ�DQG�3ODVWLF�'HVLJQ��7KH�$6'
Specification�FRQWDLQV�SURYLVLRQV�UHJDUGLQJ�ZHOGLQJ�GHVLJQ�DQG�DSSOLFDWLRQ��6HFWLRQ�-�FRQWDLQV�GHVLJQ
SURYLVLRQV��DQG�6HFWLRQ�0�FRQWDLQV�OLPLWHG�VXSSOHPHQWDO�LQIRUPDWLRQ�UHJDUGLQJ�TXDOLW\�DQG�LQVSHFWLRQ�
7KH�$6'�Specification��SXEOLVKHG�LQ�������LV�EDVHG�XSRQ�WKH�XVH�RI�$:6�D1.1�����DQG�WDNHV�H[FHSWLRQ
WR�FHUWDLQ�SURYLVLRQV�RI�$:6�D1.1���3XEOLFDWLRQ�RI�DQ�XSGDWHG�RU�QHZ�$6'�Specification�LV�QRW�EHLQJ
SODQQHG�E\�$,6&�

G��6HLVPLF�3URYLVLRQV�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��7KLV�$,6&�GRFXPHQW�DGGUHVVHV�WKH�GHVLJQ�DQG
FRQVWUXFWLRQ�RI�VWUXFWXUDO�VWHHO�DQG�FRPSRVLWH�VWHHO���UHLQIRUFHG�FRQFUHWH�EXLOGLQJ�V\VWHPV�LQ�VHLVPLF
UHJLRQV��,W�LV�DSSOLFDEOH�IRU�XVH�LQ�HLWKHU�/5)'�RU�$6'��7KH�SURYLVLRQV�DUH�IRU�WKH�PHPEHUV�DQG
FRQQHFWLRQV�WKDW�FRPSULVH�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHP��6)56��LQ�EXLOGLQJV�WKDW�DUH�FODVVLILHG�DV
6HLVPLF�'HVLJQ�&DWHJRU\�'�RU�KLJKHU�LQ�)(0$������1(+53�Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures��7KHVH�VWUXFWXUHV�LQFOXGH�DOO�EXLOGLQJV�ZLWK�DQ�6 �! '6
����J��6 �! �����J���DQG�6HLVPLF�8VH�*URXS�,,,�ZKHQ�6 �! �����J��6 �! ������J���6HH�7,��������'� '6 '�
&KDSWHU����7KH�Seismic Provisions GRFXPHQW�FLWHV�$:6�D1.1����DV�WKH�UHIHUHQFH�ZHOGLQJ�VWDQGDUG��3DUW
,��6HFWLRQ�����LV�DSSOLFDEOH�WR�ZHOGHG�MRLQWV��FRQWDLQLQJ�SURYLVLRQV�UHJDUGLQJ�:HOGLQJ�3URFHGXUH
6SHFLILFDWLRQ�DSSURYDOV��ILOOHU�PHWDO�WRXJKQHVV�UHTXLUHPHQWV��DQG�VSHFLDO�FRQFHUQV�IRU�GLVFRQWLQXLWLHV�LQ
6)56�PHPEHUV�

H��&RGH�RI�6WDQGDUG�3UDFWLFH��7KH�$,6&�Code of Standard Practice�GHILQHV�SUDFWLFHV�DGRSWHG�DV
FRPPRQO\�DFFHSWHG�VWDQGDUGV�RI�WKH�VWUXFWXUDO�VWHHO�IDEULFDWLQJ�LQGXVWU\��,Q�WKH�DEVHQFH�RI�RWKHU�FRQWUDFW
GRFXPHQWV��WKH�WUDGH�SUDFWLFHV�RI�WKH�GRFXPHQW�JRYHUQ�WKH�IDEULFDWLRQ�DQG�HUHFWLRQ�RI�VWUXFWXUDO�VWHHO�
:LWKLQ�WKH�GRFXPHQW��0DWHULDOV�DUH�GLVFXVVHG�LQ�6HFWLRQ����)DEULFDWLRQ�LQ�6HFWLRQ����(UHFWLRQ�LQ�6HFWLRQ
���DQG�4XDOLW\�&RQWURO�LQ�6HFWLRQ���

I��0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/5)'��0HWULF�&RQYHUVLRQ��7KH�$,6& Manual of Steel Construction
FRQWDLQV�LQIRUPDWLRQDO�WDEOHV�DQG�GHVLJQ�DLGV��DV�ZHOO�DV�WKH�$,6&�6SHFLILFDWLRQV�WKHPVHOYHV��7KH
Manual�FRQWDLQV�ZHOGLQJ�GHVLJQ�DLGV�LQ�9ROXPH�,,���&RQQHFWLRQV��&KDSWHU���LQFOXGHV�SUHTXDOLILHG�MRLQW
GHWDLOV��$:6�ZHOGLQJ�V\PEROV��WDEOHV�IRU�HFFHQWULFDOO\�ORDGHG�ILOOHW�ZHOGV��GHVLJQ�H[DPSOHV��DQG�JHQHUDO
LQIRUPDWLRQ�UHJDUGLQJ�ZHOGLQJ��'HVLJQ�H[DPSOHV�DUH�FRQWDLQHG�ZLWKLQ�&KDSWHU���IRU�6LPSOH�6KHDU�DQG
35�0RPHQW�&RQQHFWLRQV��&KDSWHU����IRU�)XOO\�5HVWUDLQHG��)5��0RPHQW�&RQQHFWLRQV��DQG�&KDSWHU����IRU
&RQQHFWLRQV�IRU�7HQVLRQ�DQG�&RPSUHVVLRQ��2QH�LV�FDXWLRQHG�WKDW�WKH�ZHOGHG�SUHTXDOLILHG�MRLQW�WDEOHV�DUH
EDVHG�XSRQ�$:6�D1.1�����DQG�KDYH�EHHQ�VXEVWDQWLDOO\�UHYLVHG�LQ�VXEVHTXHQW�HGLWLRQV�RI�$:6�D1.1�

J��0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/5)'��7KH�$,6& Manual of Steel Construction�FRQWDLQV
LQIRUPDWLRQDO�WDEOHV�DQG�GHVLJQ�DLGV��DV�ZHOO�DV�WKH�$,6&�6SHFLILFDWLRQV�WKHPVHOYHV��:KHQ�XVLQJ�/5)'�
WKH�Manual of Steel Construction, 2  Edition��LV�DSSOLFDEOH��DQG�LV�LQ�WZR�YROXPHV��7KH�Manual�FRQWDLQVnd

ZHOGLQJ�GHVLJQ�DLGV�LQ�9ROXPH�,,���&RQQHFWLRQV��&KDSWHU���LQFOXGHV�SUHTXDOLILHG�MRLQW�GHWDLOV��$:6
ZHOGLQJ�V\PEROV��WDEOHV�IRU�HFFHQWULFDOO\�ORDGHG�ILOOHW�ZHOGV��GHVLJQ�H[DPSOHV��DQG�JHQHUDO�LQIRUPDWLRQ
UHJDUGLQJ�ZHOGLQJ��'HVLJQ�H[DPSOHV�DUH�FRQWDLQHG�ZLWKLQ�&KDSWHU���IRU�6LPSOH�6KHDU�DQG�35�0RPHQW
&RQQHFWLRQV��&KDSWHU����IRU�)XOO\�5HVWUDLQHG��)5��0RPHQW�&RQQHFWLRQV��DQG�&KDSWHU����IRU
&RQQHFWLRQV�IRU�7HQVLRQ�DQG�&RPSUHVVLRQ��2QH�LV�FDXWLRQHG�WKDW�WKH�ZHOGHG�SUHTXDOLILHG�MRLQW�WDEOHV�DUH
EDVHG�XSRQ�$:6�D1.1�����DQG�KDYH�EHHQ�VXEVWDQWLDOO\�UHYLVHG�LQ�VXEVHTXHQW�HGLWLRQV�RI�$:6�D1.1�

K��0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��$6'��7KH�$,6& Manual of Steel Construction�FRQWDLQV�LQIRUPDWLRQDO

&$
1&
(/
/(
'

Downloaded from http://www.everyspec.com



CEMP-E ������������TI 809-26
      1 March 2000

���

WDEOHV�DQG�GHVLJQ�DLGV��DV�ZHOO�DV�WKH�$,6&�6SHFLILFDWLRQV�WKHPVHOYHV��7KH�� �(GLWLRQ�RI�WKH�ManualWK

FRQWDLQV�ZHOGLQJ�GHVLJQ�DLGV�LQ�3DUW�����&RQQHFWLRQV��LQFOXGLQJ�SUHTXDOLILHG�MRLQW�GHWDLOV��$:6�ZHOGLQJ
V\PEROV��WDEOHV�IRU�HFFHQWULFDOO\�ORDGHG�ILOOHW�ZHOGV��DQG�GHVLJQ�H[DPSOHV��2QH�LV�FDXWLRQHG�WKDW�WKH
ZHOGHG�SUHTXDOLILHG�MRLQW�WDEOHV�DUH�EDVHG�XSRQ�$:6�D1.1�����DQG�KDYH�EHHQ�VXEVWDQWLDOO\�UHYLVHG�LQ
VXEVHTXHQW�HGLWLRQV�RI�$:6�D1.1��7KH�� �(GLWLRQ�$6' Manual�LV�VXSSOHPHQWHG�E\�D�VHSDUDWH�ERRN��WK

9ROXPH�,,���Connections��&KDSWHU���FRQWDLQV�JHQHUDO�LQIRUPDWLRQ�UHJDUGLQJ�ZHOGLQJ��&KDSWHU���FRQWDLQV
GHVLJQ�H[DPSOHV�IRU�6LPSOH�6KHDU�&RQQHFWLRQV��&KDSWHU���FRQWDLQV�0RPHQW�&RQQHFWLRQV��DQG�&KDSWHU
��FRQWDLQV�&ROXPQ�&RQQHFWLRQV�

���$:6�63(&,),&$7,216�$1'�67$1'$5'6�

D��D1.1�6WUXFWXUDO�:HOGLQJ�&RGH���6WHHO��$16,�$:6�D1.1�FRQWDLQV�WKH�UHTXLUHPHQWV�IRU�IDEULFDWLQJ
DQG�HUHFWLQJ�ZHOGHG�VWHHO�VWUXFWXUHV��7KH�D1.1�&RGH�LV�OLPLWHG�WR�FDUERQ�DQG�ORZ�DOOR\�VWHHOV��RI
PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWK�QRW�JUHDWHU�WKDQ�����03D������NVL�������PP������LQ���LQ�WKLFNQHVV�RU
JUHDWHU��,W�LV�QRW�DSSOLFDEOH�WR�SUHVVXUH�YHVVHO�RU�SUHVVXUH�SLSLQJ�DSSOLFDWLRQV���D1.1�FRQWDLQV�HLJKW
VHFWLRQV������*HQHUDO�5HTXLUHPHQWV������'HVLJQ�RI�:HOGHG�&RQQHFWLRQV������3UHTXDOLILFDWLRQ�����
4XDOLILFDWLRQ������)DEULFDWLRQ������,QVSHFWLRQ������6WXG�:HOGLQJ��DQG�����6WUHQJWKHQLQJ�DQG�5HSDLU��,W�DOVR
FRQWDLQV�ERWK�PDQGDWRU\�DQG�QRQPDQGDWRU\�DQQH[HV��SOXV�FRPPHQWDU\��,W�LV�XSGDWHG�ELDQQXDOO\��LQ�HYHQ
\HDUV�

E��D1.3�6WUXFWXUDO�:HOGLQJ�&RGH���6KHHW�6WHHO��$16,�$:6�D1.3�FRYHUV�DUF�ZHOGLQJ�RI�VKHHW�DQG�VWULS
VWHHOV��LQFOXGLQJ�FROG�IRUPHG�PHPEHUV�WKDW�DUH�HTXDO�WR�RU�OHVV�WKDQ�����PP�������LQ���LQ�QRPLQDO
WKLFNQHVV��$UF�VSRW��DUF�VHDP��DQG�DUF�SOXJ�ZHOGV�DUH�LQFOXGHG�LQ�WKH�&RGH��7KH�D1.3�&RGH�LV�DSSOLFDEOH�
ZKHQ�ZHOGLQJ�VKHHW�VWHHOV�WR�RWKHU�VKHHW�VWHHOV��RU�ZKHQ�ZHOGLQJ�WR�RWKHU�WKLFNHU�VWUXFWXUDO�PHPEHUV�
:LWK�WKH�ODWWHU�DSSOLFDWLRQ��WKH�XVH�RI�$:6�D1.1�LV�DOVR�UHTXLUHG�IRU�WKH�VWUXFWXUDO�VWHHO��7KH�D1.3�&RGH
FRQWHQWV�DUH�VLPLODU�WR�$:6�D1.1��H[FHSW�6HFWLRQV���DQG���DUH�QRW�LQFOXGHG�

F��D1.4�6WUXFWXUDO�:HOGLQJ�&RGH���5HLQIRUFLQJ�6WHHO��$16,�$:6�D1.4�FRYHUV�WKH�ZHOGLQJ�RI
UHLQIRUFLQJ�VWHHO��DV�XVHG�LQ�FRQFUHWH�FRQVWUXFWLRQ��:HOGLQJ�RI�UHLQIRUFLQJ�VWHHO�WR�UHLQIRUFLQJ�VWHHO��DQG
UHLQIRUFLQJ�VWHHO�WR�RWKHU�FDUERQ�DQG�ORZ�DOOR\�VWHHOV��LV�FRYHUHG��:LWK�WKH�ODWWHU�DSSOLFDWLRQ��WKH�XVH�RI
$:6�D1.1�LV�DOVR�UHTXLUHG�IRU�WKH�VWUXFWXUDO�VWHHO��D1.4�IROORZV�D�GLIIHUHQW�RUJDQL]DWLRQDO�VWUXFWXUH�WKDQ
$:6�D1.1�DQG�D1.3��DQG�LQFOXGHV�WKH�IROORZLQJ�VHFWLRQV������*HQHUDO�3URYLVLRQV������$OORZDEOH�6WUHVVHV�
����6WUXFWXUDO�'HWDLOV������:RUNPDQVKLS������7HFKQLTXH������4XDOLILFDWLRQ��DQG�����,QVSHFWLRQ��SOXV
DQQH[HV�

G��$����6WDQGDUG�6\PEROV�IRU�:HOGLQJ��%UD]LQJ�DQG�1RQGHVWUXFWLYH�7HVWLQJ��$16,�$:6�$���
FRQWDLQV�VWDQGDUGV�IRU�WKH�DSSOLFDWLRQ�RI�ZHOGLQJ�V\PEROV�RQ�VWUXFWXUDO�GHVLJQ�DQG�GHWDLO�GUDZLQJV��DV
ZHOO�DV�H[DPSOHV�RI�WKHLU�XVH��3DUW�$�RI�WKH�GRFXPHQW�FRYHUV�:HOGLQJ�6\PEROV��3DUW�%�FRYHUV�%UD]LQJ
6\PEROV��DQG�3DUW�&�FRYHUV�1RQGHVWUXFWLYH�([DPLQDWLRQ�6\PEROV��7KH�V\PEROV�DQG�XVH�VSHFLILHG�LQ
WKLV�GRFXPHQW�VXSHUVHGHV�V\PEROV�WKDW�PD\�EH�VKRZQ�LQ�RWKHU�$:6�DQG�LQGXVWU\�GRFXPHQWV��DV�WKH\
PD\�EH�LQFRUUHFW�RU�RXWGDWHG�LQ�WKH�RWKHU�GRFXPHQWV�

H��$��VHULHV�)LOOHU�0HWDO�5HODWHG�6SHFLILFDWLRQV��$16,�$:6�$��VHULHV�GRFXPHQWV�HVWDEOLVK�WKH
UHTXLUHPHQWV�IRU�HOHFWURGHV��IOX[HV��DQG�VKLHOGLQJ�JDVHV��DV�DSSOLFDEOH��IRU�JLYHQ�JHQHUDO�W\SHV�RI
HOHFWURGHV�DQG�JLYHQ�ZHOGLQJ�SURFHVVHV��7KH�UHTXLUHPHQWV�LQFOXGH��DV�DSSOLFDEOH��FKHPLFDO�FRPSRVLWLRQ
RI�WKH�HOHFWURGH��PRLVWXUH�FRQWHQW��XVDELOLW\��PDUNLQJV��SDFNDJLQJ��VWRUDJH��FHUWLILFDWLRQV��DQG�WKH�DV�
WHVWHG�PHFKDQLFDO�SURSHUWLHV��VWUHQJWK��GXFWLOLW\��DQG�WRXJKQHVV��DQG�VRXQGQHVV�RI�ZHOG�PHWDO��$Q
$SSHQGL[�RU�$QQH[�LV�SURYLGHG�WR�H[SODLQ�WKH�SURYLVLRQV�DQG�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ��7KH�$��
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VHULHV�VSHFLILFDWLRQV�DSSOLFDEOH�WR�VWUXFWXUDO�VWHHO�DUH�OLVWHG�LQ�$SSHQGL[�$���5HIHUHQFHV��RI�7,��������

�� )('(5$/�(0(5*(1&<�0$1$*(0(17�$*(1&<�

D��)(0$�����DQG����%��6WHHO�0RPHQW�)UDPH�6WUXFWXUHV���,QWHULP�*XLGHOLQHV��7KH� Interim Guidelines�
SXEOLVKHG�LQ�������DUH�DSSOLFDEOH�WR�VWHHO�PRPHQW�UHVLVWLQJ�IUDPH�VWUXFWXUHV�LQFRUSRUDWLQJ�IXOO\�UHVWUDLQHG
FRQQHFWLRQV�LQ�ZKLFK�WKH�JLUGHU�IODQJHV�DUH�ZHOGHG�WR�WKH�FROXPQV��DQG�DUH�VXEMHFW�WR�VLJQLILFDQW�LQHODVWLF
GHPDQGV�IURP�VWURQJ�HDUWKTXDNH�JURXQG�PRWLRQ��*XLGHOLQH�UHFRPPHQGDWLRQV�DUH�SURYLGHG�EDVHG�XSRQ
UHVHDUFK�FRQGXFWHG�XQGHU�WKH�6$&�-RLQW�9HQWXUH��3KDVH���SURMHFW��7KH�*XLGHOLQHV�LQFOXGH�LQIRUPDWLRQ
UHJDUGLQJ�WKH�SUH�HDUWKTXDNH�HYDOXDWLRQ�DQG�LQVSHFWLRQ�RI�H[LVWLQJ�EXLOGLQJV��SRVW�HDUWKTXDNH�HYDOXDWLRQ
DQG�LQVSHFWLRQ�RI�H[LVWLQJ�EXLOGLQJV��UHSDLULQJ�GDPDJHG�EXLOGLQJV��UHWURILWWLQJ�H[LVWLQJ�GDPDJHG�DQG
XQGDPDJHG�EXLOGLQJV��DQG�GHVLJQLQJ��FRQVWUXFWLQJ�DQG�LQVSHFWLQJ�QHZ�EXLOGLQJV�
)(0$����$�ZDV�SXEOLVKHG�DV�DQ�DGGLWLRQDO�DGYLVRU\�WR�)(0$������EDVHG�XSRQ�LQIRUPDWLRQ�DYDLODEOH�DV
RI�$XJXVW�������$�VHFRQG�DGYLVRU\��)(0$����%��ZDV�SXEOLVKHG�LQ�PLG�������UHSODFLQJ�)(0$����$�

E��)(0$�����5HSODFHPHQW��$�VHULHV�RI�ILYH�QHZ�GRFXPHQWV�DUH�SODQQHG�IRU�SXEOLFDWLRQ�LQ�HDUO\������
EDVHG�XSRQ�WKH�UHVXOWV�RI�WKH�6$&�-RLQW�9HQWXUH�3KDVH���SURMHFW��7KHVH�ZLOO�VXSHUVHGH�)(0$�����DQG
LVVXHG�DGYLVRULHV��7KH�GRFXPHQWV�ZLOO�EH�DV�IROORZV������Seismic Design Criteria for New Moment-
Resisting Steel Frame Construction������Post-Earthquake Evaluation and Repair Criteria for Welded
Moment-Resisting Steel Frame Construction������Seismic Evaluation and Upgrade Criteria for Existing
Steel Moment-Resisting Frame Construction��DQG�����Quality Assurance Guidelines for Moment-Resisting
Steel Frame Construction��DQG���� Recommended Specifications for Moment-Resisting Steel Frame
Buildings�

�
F��)(0$�����1(+53�*XLGHOLQHV�IRU�WKH�6HLVPLF�5HKDELOLWDWLRQ�RI�%XLOGLQJV��)(0$�����SURYLGHV

JXLGHOLQHV�IRU�WKH�VHLVPLF�UHKDELOLWDWLRQ�RI�EXLOGLQJV�FRQVWUXFWHG�RI�VWHHO�RU�FDVW�LURQ��FRQFUHWH��PDVRQU\�
ZRRG�DQG�OLJKW�PHWDO��LQFOXGLQJ�IRXQGDWLRQV�DQG�DUFKLWHFWXUDO��PHFKDQLFDO�DQG�HOHFWULFDO�FRPSRQHQWV�
7KH�GRFXPHQW�LV�RULHQWHG�WRZDUG�VWUXFWXUDO�DQDO\VLV�SURFHGXUHV��ZLWK�OLPLWHG�LQIRUPDWLRQ�UHJDUGLQJ
VSHFLILF�GHWDLOV�IRU�ZHOGLQJ�RU�LQVSHFWLRQ�

G��)(0$�����1(+53�5HFRPPHQGHG�3URYLVLRQV�IRU�6HLVPLF�5HJXODWLRQV�IRU�1HZ�%XLOGLQJV�DQG
2WKHU�6WUXFWXUHV���)(0$�����SURYLGHV�PLQLPXP�GHVLJQ�FULWHULD�IRU�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI
VWUXFWXUHV�WR�UHVLVW�HDUWKTXDNH�PRWLRQV��,QFOXGHG�DUH�SURYLVLRQV�IRU�IRXQGDWLRQV��VWHHO�VWUXFWXUHV�
FRQFUHWH�VWUXFWXUHV��FRPSRVLWH�VWUXFWXUHV��PDVRQU\�VWUXFWXUHV��VHLVPLF�LVRODWLRQ��UHODWHG�EXLOGLQJ
FRPSRQHQWV��DQG�QRQEXLOGLQJ�VWUXFWXUHV�VXFK�DV�UDFNV��WRZHUV��SLHUV�DQG�ZKDUYHV��WDQNV�DQG�YHVVHOV�
VWDFNV�DQG�FKLPQH\V��HOHFWULFDO�GLVWULEXWLRQ�VWUXFWXUHV��DQG�VHYHUDO�RWKHU�VWUXFWXUHV��1RW�LQFOXGHG�LQ�WKH
SURYLVLRQV�DUH�FHUWDLQ�FODVVHV�RI�RQH�DQG�WZR�IDPLO\�UHVLGHQWLDO�VWUXFWXUHV��DJULFXOWXUDO�VWUXFWXUHV��DQG
VWUXFWXUHV�LQ�DUHDV�RI�ORZ�VHLVPLFLW\��&$

1&
(/
/(
'

Downloaded from http://www.everyspec.com



CEMP-E ������������TI 809-26
      1 March 2000

���

&+$37(5��

�:(/',1*�352&(66(6�$1'�0$7(5,$/6

���:(/',1*�$1'�5(/$7('�352&(66(6��

D��*HQHUDO���:HOGLQJ��7KH�SURSHU�VHOHFWLRQ�RI�ZHOGLQJ�SURFHVVHV��PDWHULDOV��DQG�SURFHGXUHV�LV�YLWDO�WR
DFKLHYLQJ�WKH�VWUHQJWK�DQG�TXDOLW\�QHFHVVDU\�IRU�DGHTXDWH�SHUIRUPDQFH�LQ�WKH�VWUXFWXUH��7KH�FRQWUDFW
GRFXPHQWV��SUHSDUHG�E\�WKH�(QJLQHHU��VKRXOG�VSHFLI\�DQ\�VSHFLDO�UHTXLUHPHQWV�IRU�PDWHULDOV��LQVSHFWLRQ�
RU�WHVWLQJ�EH\RQG�WKDW�UHTXLUHG�E\�WKH�FRGHV�DQG�VWDQGDUGV�

E��*HQHUDO���+HDWLQJ�DQG�7KHUPDO�&XWWLQJ��7KH�DSSOLFDWLRQ�RI�KHDW��ZKHWKHU�IRU�VWUDLJKWHQLQJ��FXWWLQJ�
RU�ZHOGLQJ��PD\�KDYH�D�VLJQLILFDQW�HIIHFW�XSRQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�VWHHO��ZHOG��DQG�KHDW�
DIIHFWHG�]RQHV��6KRXOG�DQ\�OLPLWDWLRQV�LQ�WKH�XVH�RI�KHDW�EH�QHHGHG�EH\RQG�WKRVH�VSHFLILHG�LQ�WKH�FRGHV�
WKH�FRQWUDFW�GRFXPHQWV�SUHSDUHG�E\�WKH�(QJLQHHU�VKRXOG�VR�VWDWH�

F��*HQHUDO���:HOG�+HDW�$IIHFWHG�=RQH��7KH�KHDW�DIIHFWHG�]RQH��+$=��LV�WKH�SRUWLRQ�RI�VWHHO
LPPHGLDWHO\�DGMDFHQW�WR�WKH�ZHOG�WKDW�KDV�EHHQ�PHWDOOXUJLFDOO\�PRGLILHG�E\�WKH�KHDW�RI�WKH�ZHOGLQJ��7KH
PLFURVWUXFWXUH�KDV�EHHQ�FKDQJHG��DQG�WKH�PHFKDQLFDO�SURSHUWLHV�W\SLFDOO\�KDYH�EHHQ�GHJUDGHG�ZLWK
UHGXFHG�GXFWLOLW\�DQG�WRXJKQHVV��EXW�ZLWK�LQFUHDVHG�VWUHQJWK��$OVR��K\GURJHQ�IURP�WKH�ZHOGLQJ�RSHUDWLRQ
ZLOO�KDYH�PLJUDWHG�LQWR�WKH�KRW�+$=��WKHQ�VXEVHTXHQWO\�EHHQ�WUDSSHG�ZLWKLQ�WKH�PHWDOOXUJLFDO�VWUXFWXUH�
HPEULWWOLQJ�WKH�VWHHO��7KH�K\GURJHQ�ZLOO�HYHQWXDOO\�PLJUDWH�RXW�WKH�+$=��DW�UDWHV�GHSHQGHQW�XSRQ�LQLWLDO
K\GURJHQ�OHYHOV��WKLFNQHVV�DQG�WHPSHUDWXUH��7KH�+$=�LV�W\SLFDOO\�DERXW���PP������LQ���WKLFN�IRU�FRPPRQ
VL]H�ZHOGV��SULPDULO\�GHSHQGLQJ�XSRQ�ZHOGLQJ�KHDW�LQSXW�

G��3URMHFW�6SHFLILFDWLRQV��,Q�PRVW�FDVHV��LW�LV�DGHTXDWH�WR�VLPSO\�UHTXLUH�FRPSOLDQFH�ZLWK�WKH�FRGHV�
7KH�FRQWUDFWRU�PD\�EH�DOORZHG�WKH�IXOO�FKRLFH�RI�ZHOGLQJ�SURFHVVHV�DQG�PDWHULDOV��7KH�XVH�RI�³PDWFKLQJ´
SUHTXDOLILHG�ILOOHU�PHWDOV�LV�HQFRXUDJHG��:KHQ�60$:�LV�SHUIRUPHG��WKH�XVH�RI�ORZ�K\GURJHQ�HOHFWURGHV
LV�HQFRXUDJHG��5HFHQWO\��WKH�XVH�RI�VSHFLILHG�WRXJKQHVV�OHYHOV�IRU�ILOOHU�PHWDOV�LQ�VSHFLILF�VHLVPLF
EXLOGLQJ�DSSOLFDWLRQV�KDV�EHHQ�DGGHG�WR�VWDQGDUG�SUDFWLFH��)RU�IXUWKHU�JXLGDQFH�LQ�WKH�XVH�DQG�VHOHFWLRQ
RI�ZHOGLQJ�SURFHVVHV�DQG�PDWHULDOV��VHH�$SSHQGL[�&�

���$33/,&$7,21�2)�+($7�)25�:(/',1*��

D��&RROLQJ�5DWH�&RQWURO��3UHKHDW�LV�XVHG�SULPDULO\�WR�VORZ�WKH�FRROLQJ�UDWH�RI�WKH�KHDW�DIIHFWHG�]RQH
�+$=���%HFDXVH�SUHKHDWLQJ�VORZV�WKH�FRROLQJ�UDWH��WKH�VWHHO�UHPDLQV�DW�DQ�HOHYDWHG�WHPSHUDWXUH�ORQJHU�
LQFUHDVLQJ�WKH�UDWH�DQG�WLPH�RI�K\GURJHQ�GLIIXVLRQ�DQG�UHGXFLQJ�WKH�ULVN�RI�K\GURJHQ�DVVLVWHG�FUDFNLQJ�
3UHKHDW�DOVR�DLGV�LQ�WKH�UHPRYDO�RI�VXUIDFH�PRLVWXUH�DQG�RUJDQLF�FRPSRXQGV��LI�SUHVHQW��IURP�WKH
VXUIDFH�WR�EH�ZHOGHG��UHGXFLQJ�SRURVLW\�DQG�RWKHU�GLVFRQWLQXLWLHV��3UHKHDWLQJ�PD\�DOVR�UHGXFH�UHVLGXDO
VWUHVVHV�DQG�LPSURYH�WKH�WRXJKQHVV�RI�WKH�FRPSOHWHG�MRLQW�

����+LJK�&RROLQJ�5DWHV��$�KLJK�FRROLQJ�UDWH�PD\�FDXVH�D�KDUG��PDUWHQVLWLF�+$=�PLFURVWUXFWXUH�ZLWK
D�KLJKHU�ULVN�RI�FUDFNLQJ�GXULQJ�FRROLQJ��7KH�+$=�ZLOO�DOVR�FRQWDLQ�KLJKHU�OHYHOV�RI�K\GURJHQ��DOVR
HPEULWWOLQJ�WKH�VWHHO�DQG�LQFUHDVLQJ�WKH�ULVN�RI�FUDFNLQJ�

����/RZ�&RROLQJ�5DWHV��&RQYHUVHO\��D�YHU\�ORZ�FRROLQJ�UDWH�FDQ�GHWULPHQWDOO\�DIIHFW�WRXJKQHVV
EHFDXVH�RI�JUDLQ�JURZWK��:KHQ�SUHKHDW�DERYH�DSSUR[LPDWHO\���� &����� )��LV�XVHG��ZHOG�PHWDOR R

SURSHUWLHV�PD\�EH�GHJUDGHG�DV�ZHOO��,I�WKH�VWHHO�LV�PDQXIDFWXUHG�XVLQJ�KHDW�WUHDWPHQW�SURFHVVHV��VXFK�DV
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TXHQFKHG�DQG�WHPSHUHG�VWHHOV��WRR�KLJK�D�SUHKHDW�PD\�DIIHFW�VWHHO�SURSHUWLHV�E\�UHWHPSHULQJ�WKH�VWHHO�
)RU�TXHQFKHG�DQG�WHPSHUHG�VWHHOV��SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV�DERYH���� &����� )��VKRXOG�EHR R

DYRLGHG�

E��3UHKHDW�IRU�3UHTXDOLILHG�$SSOLFDWLRQV��7KH�EDVLF�YDOXHV�IRU�PLQLPXP�SUHKHDW�WHPSHUDWXUHV�IRU
SUHTXDOLILHG�VWUXFWXUDO�VWHHOV�DUH�SURYLGHG�LQ�$:6�D1.1�7DEOH������$�VXPPDU\�RI�WKLV�WDEOH�LV�SURYLGHG�DV
7DEOH������ZLWK�VXJJHVWLRQV�LQ�7DEOH�����IRU�QRQ�SUHTXDOLILHG�VWHHOV��:LWK�DQ\�QRQ�SUHTXDOLILHG�VWHHO��D
FRPSHWHQW�ZHOGLQJ�DGYLVRU�VKRXOG�EH�FRQVXOWHG��:KHQ�VWHHOV�RI�GLIIHUHQW�FDWHJRULHV�DUH�MRLQHG��XVH�WKH
KLJKHU�SUHKHDW�UHTXLUHG�IRU�WKHLU�UHVSHFWLYH�WKLFNQHVVHV�

����&DWHJRU\�$�LV�DSSOLFDEOH�ZKHQ�QRQ�ORZ�K\GURJHQ�60$:�HOHFWURGHV�DUH�XVHG��7KLV�LV�SHUPLWWHG
DV�SUHTXDOLILHG�RQO\�IRU�$:6�*URXS�,�VWHHOV��EXW�LV�QRW�UHFRPPHQGHG�SUDFWLFH��6HH�$SSHQGL[�&�
3DUDJUDSK��E��%HFDXVH�RI�WKH�KLJKHU�GLIIXVLEOH�K\GURJHQ�SUHVHQW�ZKHQ�QRQ�ORZ�K\GURJHQ�HOHFWURGHV�DUH
XVHG��KLJKHU�SUHKHDWV�DUH�UHTXLUHG�WR�DOORZ�DGGLWLRQDO�WLPH�IRU�K\GURJHQ�WR�HVFDSH�IURP�WKH�KHDW�DIIHFWHG
]RQH��:KHQ�ORZ�K\GURJHQ�60$:�HOHFWURGHV�DUH�XVHG��WKH�SUHKHDW�FDQ�EH�UHGXFHG�EHFDXVH�RI�WKH
UHGXFHG�K\GURJHQ�OHYHOV�SUHVHQW�

����&DWHJRU\�'�LV�DSSOLFDEOH�WR�$����VWHHO��D�WKHUPR�PHFKDQLFDOO\�FRQWUROOHG�SURFHVVHG��70&3�
VWHHO�WKDW�KDV�ORZ�FDUERQ�DQG�DOOR\�OHYHOV��:HOGDELOLW\�WHVWV�KDYH�EHHQ�FRQGXFWHG�WR�GRFXPHQW�WKDW�WKH
VWHHO�PD\�EH�ZHOGHG�ZLWKRXW�SUHKHDW��SURYLGHG�WKH�VWHHO�WHPSHUDWXUH�LV�DERYH�� &���� )���DQG�DQR R

HOHFWURGH�FODVVLILHG�DV�+���WHVWHG�XQGHU�$16,�$:6�$����IRU���P/�RU�OHVV�RI�GLIIXVLEOH�K\GURJHQ�SHU����
J�RI�GHSRVLWHG�ZHOG�PHWDO��RU�ORZHU�LV�XVHG�

����8VHUV�DUH�FDXWLRQHG�WKDW�WKH�XVH�RI�WKHVH�PLQLPXP�SUHKHDW�WDEOHV�PD\�QRW�EH�VXIILFLHQW�WR
DYRLG�FUDFNLQJ�LQ�DOO�FDVHV��,QFUHDVHG�SUHKHDW�WHPSHUDWXUHV�PD\�EH�QHFHVVDU\�LQ�VLWXDWLRQV�LQYROYLQJ
KLJKHU�UHVWUDLQW��KLJKHU�K\GURJHQ�OHYHOV��ORZHU�ZHOGLQJ�KHDW�LQSXW��RU�ZLWK�VWHHO�FRPSRVLWLRQV�DW�WKH�XSSHU
HQG�RI�WKHLU�UHVSHFWLYH�VSHFLILFDWLRQ��&RQYHUVHO\��SUHKHDWV�ORZHU�WKDQ�WKRVH�WDEXODWHG�PD\�EH�DGHTXDWH
IRU�FRQGLWLRQV�RI�ORZ�UHVWUDLQW��ORZ�K\GURJHQ�OHYHOV��KLJKHU�ZHOGLQJ�KHDW�LQSXW��DQG�VWHHO�FRPSRVLWLRQV�ORZ
LQ�FDUERQ�DQG�RWKHU�DOOR\V��$GGLWLRQDO�JXLGDQFH�IRU�WKHVH�VLWXDWLRQV�PD\�EH�IRXQG�LQ�$:6�D1.1�$QQH[�;,�
Guideline on Alternative Methods for Determining Preheat��7KH�*XLGH�FRQVLGHUV�K\GURJHQ�OHYHO��VWHHO
FRPSRVLWLRQ��DQG�UHVWUDLQW�DQG�DOORZV�IRU�FDOFXODWLRQ�RI�WKH�HVWLPDWHG�SUHKHDW�QHFHVVDU\�WR�DYRLG�FROG
FUDFNLQJ��:KHQ�KLJKHU�SUHKHDWV�DUH�FDOFXODWHG��LW�LV�DGYLVDEOH�WR�XVH�WKHVH�YDOXHV��SURYLGHG�PD[LPXP
SUHKHDW�OHYHOV�DUH�QRW�H[FHHGHG��:KHQ�ORZHU�SUHKHDW�YDOXHV�DUH�FDOFXODWHG��WKH�$:6�D1.1�&RGH
UHTXLUHV�WKH�:36�WR�EH�TXDOLILHG�XVLQJ�WKH�ORZHU�SUHKHDW�YDOXH��6XFK�WHVWLQJ�PD\�QRW�DOZD\V�DGHTXDWHO\
UHSOLFDWH�UHVWUDLQW�FRQGLWLRQV��VR�FDXWLRQ�LV�DGYLVHG�

����$OWKRXJK�QRW�UHTXLUHG�IRU�EXLOGLQJ�DSSOLFDWLRQV�XQGHU�$:6�D1.1��FRQVLGHUDWLRQ�IRU�KLJKHU
SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUH�UHTXLUHPHQWV�PD\�EH�PDGH�IRU�FULWLFDO�DSSOLFDWLRQV�ZKHUH�IUDFWXUH
ZRXOG�UHVXOW�LQ�D�FDWDVWURSKLF�FROODSVH��)RU�WKHVH�FRQGLWLRQV��$:6�D1.5 Bridge Welding Code�7DEOHV
�����������DQG������SURYLGH�UHFRPPHQGHG�YDOXHV��6HLVPLF�DSSOLFDWLRQV�ZLWK�URXWLQH�EXLOGLQJ�VWUXFWXUHV�LV
QRW�FRQVLGHUHG�DSSURSULDWH�IRU�UHTXLULQJ�KLJKHU�OHYHOV�RI�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV��DQG�$:6
D1.1�7DEOH�����VKRXOG�VXIILFH�&$
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Table 3-1. Minimum Preheat and Interpass Temperatures for AISC-ApprovedTable 3-1. Minimum Preheat and Interpass Temperatures for AISC-Approved
Structural Steels Prequalified under AWS D1.1Structural Steels Prequalified under AWS D1.1

Category Structural Steel Thickest Part at Point of
Material Thickness of

Welding

Minimum
Preheat and

Interpass
Temperature

A    A709, grade 36 over 19 to 38.1 mm (incl.)

W h e n u s in g Round and Rectangular
S M A W w i t h Sections over 38.1 to 63.5 mm

o t h e r t h a n lo w-    A53, grade B (round) (incl.)
h y dro g e n    A500, grades A and B   (1-1/2 to 2-1/2 in.)

e l e c t ro d e s (round)

Shapes and Plates 3 to 19 mm (incl.)
   A36   (1/8 to 3/4 in.)
   A529, grade 42

   A500, grades A and B          over 63.5 mm
                   (rectangular)   (2-1/2 in.)
   A501 (round)

  (3/4 to 1-1/2 in.)

0 C (32 F)o o 1

66 C (150 F)o o

107 Co

(225 F)o

150 Co

(300 F)o

B and                  under

W h e n u s in g    A992, grade 50 (shapes   (3/4 to 1-1/2 in.)
S M A W w i t h  only)

l o w-h y dro g e n over 38.1 to 63.5 mm
e l e c t ro d e s, o r Round and Rectangular (incl.)

F C A W, G M A W or Sections   (1-1/2 to 2-1/2 in.)
S A W    A53, grade B (round)

Shapes and Plates
   A36
   A529, grade 42
   A709, grades 36, 50 & 50W 
             A572, grades 42 and 
50 3 to 19 mm (incl.)
   A588, 100 mm (4 in.) thick   (1/8 to 3/4 in.)

   A913, grade 50 over 19 to 38.1 mm (incl.)

   A500, grades A and B over 63.5 mm
(round)   (2-1/2 in.)
   A500, grades A and B          
                 (rectangular)
   A501 (round) 
   A618, grades lb, II, &  III
(round)  

0 C (32 F)o o 1

10 C (50 F)o o

66 C (150 F)o o

107 Co

(225 F)o
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Category Structural Steel Thickest Part at Point of
Material Thickness of

Welding

Minimum
Preheat and

Interpass
Temperature

���

C

W h e n u s in g   (3/4 to 1-1/2 in.)
S M A W w i t h  l o w-

h y dro g e n over 38.1 to 63.5 mm 107 C
e l e c t ro d e s, o r (incl.) (225 F)

F C A W, G M A W or   (1-1/2 to 2-1/2 in.)
S A W

Shapes and Plates
   A572, grades 60 and 65
   A709, grade 70W2

   A852, grades 702

   A913, grades 60 and 65

3 to 19 mm (incl.) 10 C (50 F)
  (1/8 to 3/4 in.)

over 19 to 38.1 mm (incl.) 66 C (150 F)

over 63.5 mm 150 C
  (2-1/2 in.) (300 F)

o o

o o

o

o

o

o

D

W h e n u s in g
S M A W w i t h  l o w-

h y dro g e n Shapes and Plates
e l e c t ro d e s, o r   A913, Grades 50, 60, and all thicknesses 0 C (32 F)

F C A W, G M A W or 65
S A W, w i t h

e l e c t ro d e s o f
c l a s s H 8 or

lo w e r

o o 1

 - If the steel is below 0 C (32 F), the steel, in the vicinity of welding, must be raised to and1 o o

maintained at a minimum temperature of 21 C (70 F) prior to and during welding.o o

 - Maximum preheat and interpass temperature of 200 C (400 F) for thicknesses up to 40 mm2 o o

(1-1/2 inches) inclusive, and 230 C (450 F) for thickness greater than 40 mm (1-1/2 inches).o o
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Table 3-2. Suggested Minimum Preheat and Interpass Temperatures for AISC-Table 3-2. Suggested Minimum Preheat and Interpass Temperatures for AISC-
Approved Structural Steels Not Prequalified under AWS D1.1.Approved Structural Steels Not Prequalified under AWS D1.1.

(Seek advice of competent welding consultant prior to use of this Table.)(Seek advice of competent welding consultant prior to use of this Table.)

Catego Structural Steel Minimum Preheat and Interpass
ry Temperature

 NPQ-A same as Table 3-1, Category A 

Shapes and Plates
   A529, grade 46

   A283 (plates)

Round and Rectangular

Sections

   A500, grade C (round)

  

NPQ-B same as Table 3-1, Category B

Shapes and Plates

   A242, all grades

   A529, grades 50 and 55

   A588, over 4" thick

Round and Rectangular

Sections

   A500, grade C (rectangular)

   A618, grades Ib, II, and III

(round)

   A847

F��3UHKHDW�IRU�1RQ�SUHTXDOLILHG�$SSOLFDWLRQV��3UHKHDW�UHTXLUHPHQWV�IRU�QRQ�SUHTXDOLILHG�VWHHOV�DQG
DSSOLFDWLRQV�PD\�EH�GHWHUPLQHG�XVLQJ�UDWLRQDO�HQJLQHHULQJ�MXGJHPHQW�FRQVLGHULQJ�PDWHULDO�FRPSRVLWLRQ�
UHVWUDLQW��K\GURJHQ�OHYHOV��DQG�H[SHULHQFH��7DEOH�����SURYLGHV�VXJJHVWHG�YDOXHV�IRU�FRPPRQ�VWUXFWXUDO
VWHHOV�QRW�FXUUHQWO\�OLVWHG�LQ�$:6�D1.1��2WKHU�VWHHOV�VKRXOG�EH�HYDOXDWHG�E\�D�FRPSHWHQW�ZHOGLQJ
FRQVXOWDQW��7KH�XVH�RI�$:6�D1.1�$QQH[�;,�LV�VXJJHVWHG��ZLWK�VXLWDEOH�TXDOLILFDWLRQ�WHVWLQJ�WR�EH
SHUIRUPHG�WR�YHULI\�WKH�DQDO\WLFDO�UHVXOWV�

G��3UHKHDW�IRU�6KHHW�6WHHO�WR�6WUXFWXUDO�6WHHO��:KHQ�WKH�VWUXFWXUDO�VWHHO�HOHPHQW�LV�RI�D�JUDGH�RU
WKLFNQHVV�UHTXLULQJ�SUHKHDW�XQGHU�WKH�SURYLVLRQV�RI�$:6�D1.1��SUHKHDW�PXVW�EH�SURYLGHG�WR�WKH�VWUXFWXUDO
VWHHO�HOHPHQW��7KH�VKHHW�VWHHO�LWVHOI�QHHG�QRW�EH�SUHKHDWHG�
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H��,QWHUSDVV�7HPSHUDWXUH��,QWHUSDVV�WHPSHUDWXUH�LV�WKH�WHPSHUDWXUH�PDLQWDLQHG�GXULQJ�ZHOGLQJ��XQWLO
FRPSOHWLRQ�RI�WKH�ZHOG�MRLQW��0LQLPXP�DQG�PD[LPXP�LQWHUSDVV�WHPSHUDWXUHV�DUH�W\SLFDOO\�WKH�VDPH�DV
WKH�PLQLPXP�DQG�PD[LPXP�SUHKHDW�WHPSHUDWXUHV��EXW�PD\�YDU\�LQ�VSHFLILF�:36V��

����7KLFNHU�PDWHULDOV�PD\�DEVRUE�HQRXJK�KHDW�IURP�WKH�ZHOG�UHJLRQ�WKDW�LW�LV�QHFHVVDU\�WR�UHDSSO\
KHDW�WR�WKH�ZHOG�UHJLRQ�SULRU�WR�UHVXPLQJ�ZHOGLQJ�RI�WKH�MRLQW��

����:LWK�PD[LPXP�LQWHUSDVV�WHPSHUDWXUH�FRQVLGHUDWLRQV��LW�PD\�EH�QHFHVVDU\�WR�SDXVH�ZHOGLQJ
RSHUDWLRQV�WR�DOORZ�WKH�VWHHO�WR�FRRO�WR�EHORZ�WKH�PD[LPXP�LQWHUSDVV�WHPSHUDWXUH�EHIRUH�UHVXPLQJ
ZHOGLQJ��$FFHOHUDWHG�FRROLQJ�XVLQJ�ZDWHU�VKRXOG�QRW�EH�SHUPLWWHG��EXW�WKH�XVH�RI�IRUFHG�DLU�LV�DFFHSWDEOH�
&RROLQJ�WLPH�PD\�EH�QHFHVVDU\�IRU�ODUJHU�PXOWL�SDVV�ZHOGV�RQ�WKLQQHU�PDWHULDOV�RU�VPDOOHU�PHPEHUV�

����:KHQ�QHFHVVDU\�WR�VKXW�GRZQ�ZHOGLQJ�RSHUDWLRQV�RQ�D�MRLQW�SULRU�WR�MRLQW�FRPSOHWLRQ��LW�VKRXOG
EH�YHULILHG�WKDW�DGHTXDWH�ZHOGLQJ�KDV�EHHQ�FRPSOHWHG�WR�VXVWDLQ�DQ\�FXUUHQWO\�DSSOLHG�RU�DQWLFLSDWHG
ORDGLQJV�XQWLO�FRPSOHWLRQ�RI�WKH�MRLQW��7KH�MRLQW�PD\�EH�DOORZHG�WR�FRRO�EHORZ�WKH�SUHVFULEHG�LQWHUSDVV
WHPSHUDWXUH��EXW�PXVW�EH�UHKHDWHG�WR�WKH�UHTXLUHG�SUHKHDW���LQWHUSDVV�WHPSHUDWXUH�EHIRUH�UHVXPSWLRQ�RI
ZHOGLQJ�RI�WKH�MRLQW�

I��3RVWKHDW��3:+7���3RVWKHDWLQJ�LV�WKH�FRQWLQXHG�DSSOLFDWLRQ�RI�KHDW�IROORZLQJ�FRPSOHWLRQ�RI�WKH�ZHOG
MRLQW��,W�LV�QRW�UHTXLUHG�E\�VSHFLILFDWLRQ��EXW�PD\�EH�XVHG�LQ�VRPH�FDVHV�ZKHQ�FRQGLWLRQV�RI�KLJK�UHVWUDLQW�
SRRU�ZHOGDELOLW\�VWHHOV��DQG�SRRU�K\GURJHQ�FRQWURO�H[LVW��,Q�PRVW�FDVHV��ZKHQ�SURSHU�DWWHQWLRQ�LV�DSSOLHG
WR�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV��DQG�DGHTXDWH�FRQWURO�RI�K\GURJHQ�OHYHOV�LV�PDLQWDLQHG�
SRVWKHDWLQJ�LV�QRW�QHFHVVDU\�WR�DYRLG�FROG�FUDFNLQJ��8QGHU�WKH�GLIILFXOW�FRQGLWLRQV�PHQWLRQHG��LW�PD\�EH
DGHTXDWH�WR�VORZ�FRROLQJ�UDWHV�WKURXJK�WKH�XVH�RI�LQVXODWLQJ�EODQNHWV�DSSOLHG�LPPHGLDWHO\�DIWHU
FRPSOHWLRQ�RI�ZHOGLQJ��7KH�3:+7�GHVFULEHG�LQ�$:6�D1.1�6HFWLRQ������LV�IRU�WKH�SXUSRVH�RI�VWUHVV�UHOLHI�
QRW�FUDFNLQJ�FRQWURO��

���$33/,&$7,21�2)�+($7�)25�675$,*+7(1,1*�$1'�&$0%(5,1*�

D��3ULQFLSOH��+HDW�DSSOLHG�IURP�D�KHDWLQJ�WRUFK�PD\�EH�XVHG�WR�VWUDLJKWHQ�FXUYHG�RU�GLVWRUWHG
PHPEHUV��DQG�DOVR�WR�FDPEHU�RU�FXUYH�PHPEHUV�ZKHQ�GHVLUHG��7KH�PHWKRG�LV�FRPPRQO\�FDOOHG�³IODPH
VKULQNLQJ´��EHFDXVH�WKH�KHDW�LV�DSSOLHG�WR�WKH�SDUW�RI�WKH�PHPEHU�WKDW�QHHGV�WR�EHFRPH�VKRUWHU��

E��&DPEHULQJ�3URFHGXUH��&DPEHULQJ�D�EHDP�ZLWK�SRVLWLYH�FDPEHU�UHTXLUHV�KHDW�WR�EH�DSSOLHG�WR�WKH
ERWWRP�IODQJH�RI�WKH�EHDP��,W�LV�UHFRPPHQGHG�WR�ILUVW�DSSO\�D�9�KHDW�WR�WKH�ZHE��VWDUWLQJ�ZLWK�D�SRLQW
QHDU�WKH�WRS��WR�VRIWHQ�WKH�ZHE�DQG�PLQLPL]H�ZHE�FULSSOLQJ�WKDW�PD\�RFFXU�LI�RQO\�WKH�IODQJH�LV�KHDWHG�

F��0D[LPXP�7HPSHUDWXUHV��7KH�WHPSHUDWXUH�WR�ZKLFK�WKH�VWHHO�PD\�EH�KHDWHG�DV�D�SDUW�RI�WKH
VWUDLJKWHQLQJ�RU�FDPEHULQJ�SURFHVV�LV�OLPLWHG�WR���� &������ )��IRU�PRVW�VWUXFWXUDO�VWHHOV��DQG�WR���� &R R R

����� )��IRU�TXHQFKHG�DQG�WHPSHUHG�VWHHOV��6HH�$:6�D1.1�6HFWLRQ���������)RU�70&3�VWHHOV��WKHR

PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQV�IRU�PD[LPXP�WHPSHUDWXUHV�VKRXOG�EH�IROORZHG��,W�LV�UHFRPPHQGHG�WKDW
DFFHOHUDWHG�FRROLQJ�XVLQJ�ZDWHU�PLVW�QRW�EH�XVHG�XQWLO�WKH�WHPSHUDWXUH�RI�WKH�VWHHO�KDV�GURSSHG�EHORZ
DSSUR[LPDWHO\���� &����� )��R R

���7+(50$/�&877,1*��7KHUPDO�FXWWLQJ�LV�XVHG�LQ�VWHHO�IDEULFDWLRQ�WR�FXW�PDWHULDO�WR�VL]H�DQG�WR
SHUIRUP�HGJH�SUHSDUDWLRQ�IRU�JURRYH�ZHOGLQJ��7KHUPDO�FXWWLQJ�LV�JHQHUDOO\�JURXSHG�LQWR�WZR�FDWHJRULHV��
R[\IXHO�JDV�FXWWLQJ��DOVR�FRPPRQO\�FDOOHG�IODPH�FXWWLQJ�RU�EXUQLQJ��DQG�SODVPD�DUF�FXWWLQJ�
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D��2[\IXHO�&XWWLQJ��:LWK�R[\IXHO�JDV�FXWWLQJ��2)&���WKH�VWHHO�LV�KHDWHG�ZLWK�D�WRUFK�WR�LWV�LJQLWLRQ
WHPSHUDWXUH��WKHQ�H[SRVHG�WR�D�VWUHDP�RI�R[\JHQ�IURP�WKH�VDPH�WRUFK��7KH�R[\JHQ�FDXVHV�UDSLG
R[LGDWLRQ��RU�³EXUQLQJ´�WR�RFFXU��ZKLFK�LWVHOI�FUHDWHV�DGGLWLRQDO�KHDW�WR�DOORZ�WKH�SURFHVV�WR�FRQWLQXH��7KH
IRUFH�RI�WKH�R[\JHQ�VWUHDP�EORZV�DZD\�WKH�PROWHQ�VWHHO��OHDYLQJ�D�FXW�HGJH��7KH�IXHO�JDV�XVHG�LQ�R[\IXHO
FXWWLQJ�PD\�EH�QDWXUDO�JDV��SURSDQH��DFHW\OHQH��SURS\OHQH��036��RU�RWKHU�SURSULHWDU\�IXHO�JDVHV�

E��3ODVPD�$UF�&XWWLQJ��3ODVPD�DUF�FXWWLQJ��3$&��LV�VRPHWLPHV�XVHG�LQ�VKRS�IDEULFDWLRQ��DQG�LV
JHQHUDOO\�OLPLWHG�WR�VWHHOV����PP����LQ���WKLFN�RU�OHVV��6LPLODU�WR�R[\IXHO�FXWWLQJ��WKH�VWHHO�LV�KHDWHG�WR�WKH
SRLQW�RI�PHOWLQJ��RQO\�WKLV�IXQFWLRQ�LV�SHUIRUPHG�XVLQJ�DQ�HOHFWULF�DUF��7KH�PROWHQ�VWHHO�LV�WKHQ�UHPRYHG
E\�WKH�KLJK�YHORFLW\�VWUHDP�RI�SODVPD��LRQL]HG�JDV��FUHDWHG�E\�WKH�DUF�LWVHOI��ZLWKLQ�WKH�FXWWLQJ�WRUFK�
*DVHV�XVHG�IRU�3$&�LQFOXGH�QLWURJHQ��DUJRQ��DLU��R[\JHQ��DQG�PL[WXUHV�RI�QLWURJHQ�R[\JHQ�DQG
DUJRQ�K\GURJHQ��:LWK�SODVPD�DUF�FXWWLQJ��WKH�DUHD�RI�VWHHO�KHDWHG�E\�WKH�SURFHVV�LV�OHVV��UHVXOWLQJ�LQ�OHVV
VWHHO�PHWDOOXUJLFDOO\�DIIHFWHG�E\�WKH�KHDW�RI�FXWWLQJ��DV�ZHOO�DV�OHVV�GLVWRUWLRQ��3$&�JHQHUDWHV
FRQVLGHUDEOH�IXPH�DQG�QRLVH��DQG�WKHUHIRUH�D�ZDWHU�WDEOH�DQG�ZDWHU�VKURXG�LV�W\SLFDOO\�XVHG�WR�PLQLPL]H
WKHVH�XQGHVLUDEOH�HQYLURQPHQWDO�HIIHFWV��

F��(GJH�4XDOLW\��7KH�TXDOLW\�RI�WKHUPDOO\�FXW�HGJHV�LV�JRYHUQHG�E\�$:6�D1.1�6HFWLRQ���������/LPLWV
DUH�SODFHG�RQ�VXUIDFH�URXJKQHVV��DV�PHDVXUHG�XVLQJ�$16,�$60(�%�����  Surface Texture (Surface
Roughness, Waviness and Lay���$�SODVWLF�VDPSOH��$:6�&����*� Oxygen Cutting Surface Roughness
Gauge��LV�W\SLFDOO\�XVHG�IRU�YLVXDO�FRPSDULVRQ�LQ�OLHX�RI�SK\VLFDO�PHDVXUHPHQW�RI�VXUIDFH�URXJKQHVV�
/LPLWDWLRQV�DUH�DOVR�SODFHG�RQ�WKH�GHSWK�DQG�VKDUSQHVV�RI�JRXJHV�DQG�QRWFKHV��$,6&��LQ�6HFWLRQ�0����
WDNHV�D�PLQRU�H[FHSWLRQ�WR�$:6�D1.1�TXDOLW\�FULWHULD�

���$,5�&$5%21�$5&�*28*,1*��$LU�FDUERQ�DUF�JRXJLQJ��$&$*��LV�FRPPRQO\�XVHG�WR�SHUIRUP�HGJH
SUHSDUDWLRQ�IRU�JURRYH�MRLQWV��HVSHFLDOO\�-��DQG�8�JURRYHV���WR�UHPRYH�XQDFFHSWDEOH�GLVFRQWLQXLWLHV�IURP
ZHOG�GHSRVLWV��DQG�WR�UHPRYH�WHPSRUDU\�DWWDFKPHQWV�VXFK�DV�EDFNLQJ�EDUV�RU�OLIWLQJ�OXJV��,W�PD\�DOVR�EH
XVHG�WR�UHPRYH�HQWLUH�ZHOGV�ZKHQ�VWUXFWXUDO�UHSDLUV�RU�PRGLILFDWLRQV�DUH�QHFHVVDU\��

D��3URFHVV��7KH�SURFHVV�DSSHDUV�VLPLODU�WR�60$:��ZLWK�DQ�HOHFWURGH�KROGHU�DQG�D�VLQJOH�HOHFWURGH�
DQG�LV�XVXDOO\�SHUIRUPHG�PDQXDOO\��KRZHYHU��WKH�HOHFWURGH�LV�D�FDUERQ�HOHFWURGH�FRYHUHG�ZLWK�D�FRSSHU
VKHDWK��7KH�HOHFWURGH�FUHDWHV�D�FRQWUROOHG�DUF��PHOWLQJ�WKH�VWHHO��ZKLFK�LV�TXLFNO\�IROORZHG�E\�WKH�IRFXVHG
DSSOLFDWLRQ�RI�FRPSUHVVHG�DLU�IURP�WKH�HOHFWURGH�KROGHU��7KH�DLU�SURYLGHV�FRQWLQXHG�UDSLG�R[LGDWLRQ��DV
ZHOO�DV�UHPRYHV�WKH�PROWHQ�VWHHO�IURP�WKH�DUHD��)RU�FRPSOHWH�LQIRUPDWLRQ��VHH�$16,�$:6�&����
Recommended Practices for Air Carbon Arc Gouging and Cutting�

E��6XUIDFH�)LQLVKLQJ��)ROORZLQJ�$&$*��WKH�MRLQW�VKRXOG�EH�WKRURXJKO\�FOHDQHG�E\�ZLUH�EUXVKLQJ�
*ULQGLQJ�RI�VXUIDFHV�SULRU�WR�ZHOGLQJ�LV�QRW�UHTXLUHG��,I�QRW�ZHOGHG��OLJKW�JULQGLQJ�RI�WKH�$&$*�VXUIDFH�LV
VXJJHVWHG� &$
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&+$37(5��

6758&785$/�67((/6

���$,6&�$1'�$:6�/,67('�6758&785$/�67((/6��

D��$,6&�$SSURYHG�6WHHOV��)RU�EXLOGLQJ�W\SH�VWUXFWXUHV��WKH�$,6&�OLVWV�DSSURYHG�VWHHOV�LQ�6HFWLRQ�$���
RI�WKH�Specification for Structural Steel Buildings��$GGLWLRQDO�VWHHOV�DUH�OLVWHG�LQ�WKH�$,6&�Seismic
Provisions for Structural Steel Buildings�EHFDXVH�RI�D�PRUH�UHFHQW�SXEOLFDWLRQ�GDWH��1HZ�VWUXFWXUDO�VWHHO
VSHFLILFDWLRQV�KDYH�EHHQ�GHYHORSHG�DQG�DSSURYHG�VLQFH�SXEOLFDWLRQ��VXFK�DV�$670�$�����DQG�VKRXOG
DOVR�EH�FRQVLGHUHG�IRU�DSSOLFDWLRQ�LQ�VWUXFWXUHV��6WUXFWXUDO�VWHHOV�FXUUHQWO\�DFFHSWHG�E\�$,6&�LQ�WKH�/5)'
Specification��RU�SHQGLQJ�DFFHSWDQFH�DV�QRWHG��DUH�DV�IROORZV�

6KDSHV�DQG�3ODWHV
$��
$���
$����
$���
$���
$���
$���
$���
$���
$����
$��� ��ZLGH�IODQJH�VKDSHV�RQO\��

5RXQGV�DQG�5HFWDQJXODU�6HFWLRQV
$��
$���
$���
$���
$����

6KHHW�DQG�6WULS
$���
$���
$���

���DGGHG�LQ�$,6&�Seismic Provisions��������

���DGGHG�LQ�$,6&�/5)'�6XSSOHPHQW��������

���DGGHG�LQ�$,6&�Hollow Structural Sections��������

���DSSURYHG�IRU�QH[W�VSHFLILFDWLRQ�

E��$:6�3UHTXDOLILHG�6WHHOV��$:6�D1.1�OLVWV�SUHTXDOLILHG�VWHHOV�LQ�7DEOH������DQG�RWKHU�DSSURYHG
VWHHOV�LQ�$QQH[�0��3UHTXDOLILHG�VWHHOV�KDYH�EHHQ�GHWHUPLQHG�WR�EH�JHQHUDOO\�ZHOGDEOH�ZKHQ�XVLQJ�WKH
$:6�D1.1�&RGH��)RU�VRPH�VWHHO�VSHFLILFDWLRQV��RQO\�FHUWDLQ�VWUHQJWK�OHYHOV�RU�JUDGHV�DUH�FRQVLGHUHG
SUHTXDOLILHG��7KLV�VLWXDWLRQ�PD\�EH�EHFDXVH�FHUWDLQ�JUDGHV�KDYH�FRPSRVLWLRQDO�OHYHOV�RXWVLGH�WKH�UDQJH
FRQVLGHUHG�UHDGLO\�ZHOGDEOH��EHFDXVH�FHUWDLQ�VWUHQJWK�OHYHOV�DUH�OHVV�ZHOGDEOH��RU�EHFDXVH�FHUWDLQ�VWHHOV
RU�JUDGHV�UHFHQWO\�FDPH�LQWR�SURGXFWLRQ�DQG�LQDGHTXDWH�LQIRUPDWLRQ�ZDV�NQRZQ�DERXW�WKHLU�ZHOGDELOLW\�DW
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WKH�WLPH�RI�SULQWLQJ��

F��$:6�$SSURYHG�6WHHOV��7KH�VWHHOV�OLVWHG�LQ�$QQH[�0�DUH�DSSURYHG�IRU�XVH��EXW�:HOGLQJ�3URFHGXUH
6SHFLILFDWLRQV��:36V��PXVW�EH�TXDOLILHG�SULRU�WR�XVH�LQ�ZHOGLQJ�WKHVH�VWHHOV��7KHVH�VWHHOV�DUH�JHQHUDOO\
TXHQFKHG�DQG�WHPSHUHG�VWHHOV��ZKLFK�DUH�VHQVLWLYH�WR�WHPSHUDWXUH�FKDQJHV�IURP�ZHOGLQJ�RSHUDWLRQV�WKDW
PD\�DIIHFW�WKHLU�VWUHQJWK��GXFWLOLW\��DQG�WRXJKQHVV��7KH\�DUH�DOVR�JHQHUDOO\�PRUH�VHQVLWLYH�WR�GLIIXVLEOH
K\GURJHQ�DQG�DUH�DW�KLJKHU�ULVN�RI�K\GURJHQ�DVVLVWHG�+$=�FUDFNLQJ�

G��0DWFKLQJ�)LOOHU�0HWDOV�IRU�3UHTXDOLILHG�6WHHOV��7DEOH�����SURYLGHV�D�VXPPDU\�RI�VWUXFWXUDO�VWHHOV
WKDW�DUH�ERWK�DSSURYHG�E\�$,6&�DQG�OLVWHG�E\�$:6�DV�SUHTXDOLILHG��)RU�MRLQW�GHVLJQV�UHTXLULQJ�³PDWFKLQJ´
ILOOHU�PHWDO��WKH�³PDWFKLQJ´�ILOOHU�PHWDO�IRU�WKH�JLYHQ�ZHOGLQJ�SURFHVV�LV�SURYLGHG�

Table 4-1. AISC-Approved Structural Steels Prequalified under AWS D1.1 Table 3.1Table 4-1. AISC-Approved Structural Steels Prequalified under AWS D1.1 Table 3.1

AWS
Grou Structural Steel Prequalified “Matching” Filler Metal

p

I

Shapes and Plates
   A36
   A529, grade 42
   A709, grade 36

Round and Rectangular Sections
   A53, grade B (round)
   A500, grades A and B (round)
   A500, grades A and B
(rectangular)
   A501 (round)

SMAW
   A5.1: E60XX, E70XX
   A5.5: E70XX-X1

FCAW
   A5.20: E6XT-X, E6XT-XM
               E7XT-X, E7XT-XM
        (Except -2, -2M, -3, -10, -13, -14,
-GS)
   A5.29: E6XTX-X , E6XTX-X M1 1

               E7XTX-X , E7XTX-X M1 1

GMAW
   A5.18: ER70S-X, E70C-XC, E70C-
XM
         (Except -GS(X))
   A5.28: ER70S-X XX, E70C-X XX1 1

SAW
   A5.17: F6XX-EXXX, F6XX-ECXXX
               F7XX-EXXX, F7XX-ECXXX
   A5.23: F7XX-EXXX-X , F7XX-1

ECXXX1
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II

Shapes and Plates FCAW
   A572, grades 42 and  50    A5.20: E7XT-X, E7XT-XM
   A588, 100 mm (4 in.)  thick and             (Except -2, -2M, -3, -10, -13, -14,
     under -GS)
   A709, grades 50 and 50W    A5.29: E7XTX-X , E7XTX-X M
   A913, grade 50
  GMAW
Round and Rectangular Sections    A5.18: ER70S-X, E70C-XC, E70C-
   A618, grades Ib, II, and III XM
(round)          (Except -GS(X))

SMAW
   A5.1: E70XX, low hydrogen
   A5.5: E70XX-X , low hydrogen1

1 1

   A5.28: ER70S-X XX, E70C-X XX1 1

SAW
   A5.17: F7XX-EXXX, F7XX-ECXXX
   A5.23: F7XX-EXXX-X , F7XX-1

ECXXX1

III

Shapes and Plates    A5.29: E8XTX-X , E8XTX-X M
   A572, grades 60 and 65
   A913, grades 60 and 65 GMAW
     A5.28: ER80S-X XX, E80C-X XX

SMAW
   A5.5: E80XX-X , low hydrogen1

FCAW
1 1

1 1

SAW
  A5.23: F8XX-EXXX-X , F8XX-1

ECXXX1
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IV

Shapes and Plates
   A709, grade 70W
   A852, grade 70

SMAW
   A5.5: E90XX-X , low hydrogen1

             E9018M

FCAW
   A5.29: E9XTX-X , E9XT-X M1 1

GMAW
   A5.28: ER90S-X XX, E90C-X XX1 1

SAW
  A5.23: F9XX-EXXX-X , F9XX-1

ECXXX1

 - except alloy groups B3, B3L, B4, B4L, B5, B5L, B6, B6L, B7, B7L, B8, B8L, B91

H��0DWFKLQJ�)LOOHU�0HWDOV�IRU�1RQ�SUHTXDOLILHG�6WHHOV��7DEOH�����SURYLGHV�³PDWFKLQJ´�ILOOHU�PHWDO
LQIRUPDWLRQ�IRU�VWUXFWXUDO�VWHHOV�DSSURYHG�E\�$,6&��EXW�QRW�OLVWHG�DV�SUHTXDOLILHG�E\�$:6�D1.1�
4XHQFKHG�DQG�WHPSHUHG�VWHHOV�DUH�QRW�OLVWHG�LQ�WKLV�WDEOH��:LWK�WKH�H[FHSWLRQ�RI�$�����WKH�DGYLFH�RI�D
FRPSHWHQW�ZHOGLQJ�FRQVXOWDQW�VKRXOG�EH�XVHG�SULRU�WR�ZHOGLQJ�WKHVH�VWHHOV��$����VWHHO�LV�D�QHZ�VWHHO
VSHFLILFDWLRQ�ZKLFK�LV�HVVHQWLDOO\�D�PRUH�UHVWULFWHG�$�����JUDGH����VWHHO�
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Table 4-2.  AISC-Approved Structural Steels Not Prequalified under AWS D1.1 TableTable 4-2.  AISC-Approved Structural Steels Not Prequalified under AWS D1.1 Table
3.13.1

Grou Suggested “Matching” Filler Metal 
p (Not  Prequalified)

Structural Steel

NPQ-I same as Table 4-1, Category I

Shapes and Plates
   A529, grade 46
   A283, grade D (plates)

Round and Rectangular Sections
   A500, grade C (round)
  

NPQ-
II Round and Rectangular Sections

Shapes and Plates
   A242, all grades
   A529, grades 50 and 55
   A588, over 100 mm (4 in.)
   A992, (W shapes only)

   A500, grade C (rectangular)
   A618, grades Ib, II, and III
(round)
   A847

same as Table 4-1, Category II

I��8QOLVWHG�6WHHOV�

����6WHHOV�QRW�OLVWHG�DV�DSSURYHG�E\�$,6&�PXVW�EH�HYDOXDWHG�IRU�VWUXFWXUDO�SURSHUWLHV�VXFK�DV�\LHOG
VWUHQJWK��WHQVLOH�VWUHQJWK��GXFWLOLW\�DQG�WRXJKQHVV��$,6&�GHVLJQ�VSHFLILFDWLRQV�DVVXPH�DGHTXDWH�VWUHQJWK
DQG�GXFWLOLW\��)RU�VHLVPLF�DSSOLFDWLRQV��DQ�DVVXPHG�PLQLPXP�OHYHO�RI�WRXJKQHVV�LV�DVVXPHG�LQKHUHQW
ZLWK�WKH�VWHHOV�OLVWHG�LQ�$,6&�Seismic Provisions��2WKHU�VWHHOV�PD\�ZDUUDQW�&91�WHVWLQJ�RU�RWKHU�PLOO
GRFXPHQWDWLRQ�RI�W\SLFDO�WRXJKQHVV�SURSHUWLHV�

����6WHHOV�QRW�OLVWHG�DV�SUHTXDOLILHG�E\�$:6�D1.1�PXVW�EH�HYDOXDWHG�IRU�WKHLU�ZHOGDELOLW\�
:HOGDELOLW\�PD\�EH�HYDOXDWHG�XVLQJ�PHWKRGV�VXFK�DV�FDUERQ�HTXLYDOHQF\��WKH�SHUIRUPDQFH�RI�:36
TXDOLILFDWLRQ�WHVWLQJ��RU�SK\VLFDO�WHVWLQJ�VXFK�DV�WKH�7HNNHQ�WHVW��/HKLJK�5HVWUDLQW�&UDFNLQJ�7HVW��RU�WKH
9DUHVWUDLQW�7HVW��7KH�7HNNHQ�DQG�/HKLJK�PHWKRGV�VLPXODWH�UHVWUDLQW�WKDW�PD\�EH�SUHVHQW�LQ�WKH�DFWXDO
MRLQW��6HH�$SSHQGL[�%��:HOGDELOLW\�RI�6WHHOV��6WRXW�DQG�'RW\��IRU�IXUWKHU�LQIRUPDWLRQ�RQ�WKHVH�WHVWV�
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���:(/'$%,/,7<�2)�6758&785$/�67((/6��

D��&KHPLFDO�&RPSRVLWLRQ��7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�VWHHO�DIIHFWV�ZHOGDELOLW\�DQG�RWKHU
PHFKDQLFDO�SURSHUWLHV��6HYHUDO�HOHPHQWV�DUH�SXUSRVHIXOO\�DGGHG�LQ�WKH�SURGXFWLRQ�RI�VWUXFWXUDO�VWHHO��EXW
RWKHU�XQGHVLUDEOH�HOHPHQWV�PD\�EH�SUHVHQW�LQ�WKH�VFUDS�PDWHULDOV�XVHG�WR�PDNH�WKH�VWHHO��&DUERQ�DQG
RWKHU�HOHPHQWV�WKDW�LQFUHDVH�KDUGHQDELOLW\�LQFUHDVH�WKH�ULVN�RI�³FROG´�FUDFNLQJ��DQG�WKHUHIRUH�KLJKHU
SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV��EHWWHU�K\GURJHQ�FRQWURO��DQG�VRPHWLPHV�SRVWKHDW�DUH�QHFHVVDU\�WR
DYRLG�FROG�FUDFNLQJ�

����&DUERQ��&��LV�WKH�PRVW�FRPPRQ�HOHPHQW�IRU�LQFUHDVLQJ�WKH�VWUHQJWK�RI�VWHHO��EXW�KLJK�OHYHOV�RI
FDUERQ�UHGXFH�ZHOGDELOLW\��&DUERQ�LQFUHDVHV�WKH�KDUGHQDELOLW\�RI�WKH�VWHHO��LQFUHDVLQJ�WKH�IRUPDWLRQ�RI
XQGHVLUDEOH�PDUWHQVLWH�ZLWK�UDSLG�+$=�FRROLQJ��+LJKHU�SUHKHDWV�DQG�KLJKHU�KHDW�LQSXW�ZHOGLQJ
SURFHGXUHV�PD\�EH�QHHGHG�ZKHQ�ZHOGLQJ�D�VWHHO�ZLWK�UHODWLYHO\�KLJK�FDUERQ�FRQWHQWV��7\SLFDO�VWHHO
VSHFLILFDWLRQV�OLPLW�FDUERQ�EHORZ��������EXW�VRPH�VWHHO�VSHFLILFDWLRQV�KDYH�PXFK�ORZHU�OLPLWV�

����0DQJDQHVH��0Q��LV�DQ�DOOR\LQJ�HOHPHQW�WKDW�LQFUHDVHV�VWUHQJWK�DQG�KDUGHQDELOLW\��EXW�WR�D
OHVVHU�H[WHQW�WKDQ�FDUERQ��2QH�RI�WKH�SULQFLSDO�EHQHILWV�RI�PDQJDQHVH�LV�WKDW�LW�FRPELQHV�ZLWK
XQGHVLUDEOH�VXOSKXU�WR�IRUP�PDQJDQHVH�VXOILGH��0Q6���UHGXFLQJ�WKH�GHWULPHQWDO�HIIHFWV�RI�VXOIXU��:LWK
KLJK�OHYHOV�RI�VXOIXU��KRZHYHU��QXPHURXV�ODUJH�0Q6�LQFOXVLRQV�PD\�EH�SUHVHQW��IODWWHQHG�E\�WKH�UROOLQJ
RSHUDWLRQ��LQFUHDVLQJ�WKH�ULVN�RI�ODPHOODU�WHDULQJ�ZKHQ�KLJK�WKURXJK�WKLFNQHVV�ZHOG�VKULQNDJH�VWUDLQV�DUH
FUHDWHG��0DQJDQHVH�OLPLWV�DUH�W\SLFDOO\�LQ�WKH�RUGHU�RI�������RU�ORZHU��$�VWHHO�VXFK�DV�$���GRHV�QRW
SODFH�OLPLWV�RQ�0Q�FRQWHQW�IRU�VKDSHV�XS�WR�����NJ�P������OE��IW����RU�IRU�SODWHV�DQG�EDUV�XS�WR����PP�����
LQ����LQFOXVLYH�

����3KRVSKRURXV��3��LV�DQ�DOOR\LQJ�HOHPHQW�WKDW�LQFUHDVHV�WKH�VWUHQJWK�DQG�EULWWOHQHVV�RI�VWHHO�
/DUJHU�TXDQWLWLHV�RI�SKRVSKRURXV�UHGXFH�GXFWLOLW\�DQG�WRXJKQHVV��3KRVSKRURXV�WHQGV�WR�VHJUHJDWH�LQ
VWHHO��WKHUHIRUH�FUHDWLQJ�ZHDNHU�DUHDV��3KRVSKRURXV�LV�W\SLFDOO\�OLPLWHG�WR�������WR�PLQLPL]H�WKH�ULVN�RI
ZHOG�DQG�+$=�FUDFNLQJ�

����6XOIXU��6��UHGXFHV�GXFWLOLW\��SDUWLFXODUO\�LQ�WKH�WUDQVYHUVH�GLUHFWLRQ��WKHUHE\�LQFUHDVLQJ�WKH�ULVN�RI
ODPHOODU�WHDULQJ��DQG�DOVR�UHGXFHV�WRXJKQHVV�DQG�ZHOGDELOLW\��+LJKHU�VXOIXU�OHYHOV�ZLOO�IRUP�LURQ�VXOILGH
�)H6��DORQJ�WKH�JUDLQ�ERXQGDULHV��LQFUHDVLQJ�WKH�ULVN�RI�KRW�FUDFNLQJ��0DQJDQHVH�LV�XVHG�WR�IRUP�0Q6�WR
UHGXFH�WKLV�WHQGHQF\��$�PLQLPXP�0Q�6�UDWLR�RI�����WR������LV�UHFRPPHQGHG��7\SLFDO�VWHHO�VSHFLILFDWLRQV
OLPLW�VXOIXU�WR�������

����6LOLFRQ��6L��LV�D�GHR[LGL]HU�XVHG�WR�LPSURYH�WKH�VRXQGQHVV�RI�WKH�VWHHO��DQG�LV�FRPPRQO\�XVHG
WR�³NLOO´�VWHHO��,W�LQFUHDVHV�ERWK�VWUHQJWK�DQG�KDUGQHVV��6LOLFRQ�RI�XS�WR�������LV�FRQVLGHUHG�DFFHSWDEOH�IRU
PRVW�VWHHOV�

����&RSSHU��&X��LV�DGGHG�WR�LPSURYH�WKH�FRUURVLRQ�UHVLVWDQFH�RI�WKH�VWHHO��VXFK�DV�LQ�ZHDWKHULQJ
VWHHOV��0RVW�VWHHOV�FRQWDLQ�VRPH�FRSSHU��ZKHWKHU�VSHFLILHG�RU�QRW��:KHQ�VSHFLILHG�WR�DFKLHYH
DWPRVSKHULF�FRUURVLRQ�UHVLVWDQFH��D�PLQLPXP�FRSSHU�FRQWHQW�RI��������LV�UHTXLUHG��*HQHUDOO\��FRSSHU�XS
WR�������GRHV�QRW�UHGXFH�ZHOGDELOLW\��EXW�FRSSHU�RYHU�������PD\�DIIHFW�PHFKDQLFDO�SURSHUWLHV�LQ�KHDW�
WUHDWHG�VWHHOV�

����1LFNHO��1L��LV�DQ�DOOR\LQJ�HOHPHQW�XVHG�WR�LPSURYH�WRXJKQHVV�DQG�GXFWLOLW\��ZKLOH�VWLOO�LQFUHDVLQJ
VWUHQJWK�DQG�KDUGHQDELOLW\��,W�KDV�UHODWLYHO\�OLWWOH�GHWULPHQWDO�HIIHFW�XSRQ�ZHOGDELOLW\��:KHUH�QLFNHO�LV
UHSRUWHG�DV�D�SDUW�RI�VWHHO�FRPSRVLWLRQ��LW�LV�JHQHUDOO\�OLPLWHG�WR�D�PD[LPXP�YDOXH�EHWZHHQ�������DQG
������
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����9DQDGLXP��9��LV�DQ�DOOR\LQJ�HOHPHQW�XVHG�IRU�LQFUHDVLQJ�VWUHQJWK�DQG�KDUGHQDELOLW\��:HOGDELOLW\
PD\�EH�UHGXFHG�E\�YDQDGLXP��:KHQ�YDQDGLXP�LV�UHSRUWHG�DV�D�SDUW�RI�VWHHO�FRPSRVLWLRQ��YDQDGLXP�LV
JHQHUDOO\�OLPLWHG�WR�D�PD[LPXP�YDOXH�EHWZHHQ�������DQG�������

����0RO\EGHQXP��0R��LV�DQ�DOOR\LQJ�HOHPHQW�ZKLFK�JUHDWO\�LQFUHDVHV�KDUGHQDELOLW\�DQG�KHOSV
PDLQWDLQ�VWUHQJWK�DQG�PLQLPL]H�FUHHS�DW�KLJKHU�WHPSHUDWXUH��:KHQ�PRO\EGHQXP�LV�UHSRUWHG�DV�D�SDUW�RI
VWHHO�FRPSRVLWLRQ��LW�LV�JHQHUDOO\�OLPLWHG�WR�D�PD[LPXP�YDOXH�EHWZHHQ�������DQG�������

�����6R�FDOOHG�³WUDPS´�HOHPHQWV�VXFK�DV�WLQ��6Q���OHDG��3E���DQG�]LQF��=Q���PD\�EH�SUHVHQW�LQ�VWHHO
IURP�WKH�VFUDS�PDWHULDO�PHOWHG�IRU�VWHHO�PDNLQJ��7KH\�KDYH�D�ORZ�PHOWLQJ�SRLQW��DQG�PD\�DGYHUVHO\
DIIHFW�ZHOGDELOLW\�DQG�FDXVH�³KRW´�FUDFNLQJ��2WKHU�ORZ�PHOWLQJ�SRLQW�HOHPHQWV�WKDW�FUHDWH�D�ULVN�RI�KRW
FUDFNLQJ�LQFOXGH�VXOIXU��SKRVSKRURXV��DQG�FRSSHU��:KHQ�ZHOGLQJ�ZLWK�KLJK�OHYHOV�RI�WKHVH�HOHPHQWV��LW
PD\�EH�QHFHVVDU\�WR�XVH�ORZ�KHDW�LQSXW�ZHOGLQJ�SURFHGXUHV�WR�PLQLPL]H�GLOXWLRQ�HIIHFWV�

E��&DUERQ�(TXLYDOHQF\��7KH�ZHOGDELOLW\�RI�D�VWHHO�FDQ�EH�HVWLPDWHG�IURP�LWV�FRPSRVLWLRQ��XVLQJ�D
FDOFXODWLRQ�V\VWHP�WHUPHG�WKH�FDUERQ�HTXLYDOHQW��&(���7KH�PRVW�VLJQLILFDQW�HOHPHQW�DIIHFWLQJ�ZHOGDELOLW\
LV�FDUERQ��7KH�HIIHFWV�RI�RWKHU�HOHPHQWV�FDQ�EH�HVWLPDWHG�E\�HTXDWLQJ�WKHP�WR�DQ�DGGLWLRQDO�DPRXQW�RI
FDUERQ��7KH�WRWDO�DOOR\�FRQWHQW�KDV�WKH�VDPH�HIIHFW�RQ�ZHOGDELOLW\�DV�DQ�HTXLYDOHQW�DPRXQW�RI�FDUERQ�
7KHUH�DUH�QXPHURXV�FDUERQ�HTXLYDOHQW�HTXDWLRQV�DYDLODEOH�DQG�LQ�XVH�

����7KH�IROORZLQJ�HTXDWLRQ�LV�XVHG�LQ�$:6�D1.1�$QQH[�;,�

&(� �&���0Q�����&U�����0R����9�����1L������&X������6L���
�
� :KHUH����� &� �FDUERQ�FRQWHQW����
�������������� 0Q� �PDQJDQHVH�FRQWHQW����
������������������� &U�� �FKURPLXP�FRQWHQW����
���������������������� 0R� �PRO\EGHQXP�FRQWHQW����
����������������������� 9�� �YDQDGLXP�FRQWHQW����
���������������������� 1L�� �QLFNHO�FRQWHQW����
���������������������� &X� �FRSSHU�FRQWHQW����
���������������������� 6L� �VLOLFRQ�FRQWHQW����

$�FDUERQ�HTXLYDOHQW�RI�OHVV�WKDQ������JHQHUDOO\�DVVXUHV�JRRG�ZHOGDELOLW\�

����$QRWKHU�FRPPRQ�FDUERQ�HTXLYDOHQW�HTXDWLRQ�LV�
�

&(� �&���0Q�����&U������1L������&X�������9������0R����

,I�WKH�&(�IURP�WKLV�HTXDWLRQ�LV�EHORZ�������WKH�PDWHULDO�LV�FRQVLGHUHG�UHDGLO\�ZHOGDEOH��DQG�$:6�D1.1
7DEOH�����JXLGDQFH�IRU�WKH�JLYHQ�VWHHO�VWUHQJWK�VKRXOG�EH�DGHTXDWH��)RU�YDOXHV�EHWZHHQ������DQG������
WKH�XVH�RI�SUHKHDW�DQG�ORZ�K\GURJHQ�HOHFWURGHV�LV�JHQHUDOO\�QHFHVVDU\��UHJDUGOHVV�RI�WKLFNQHVV��&DUERQ
HTXLYDOHQW�YDOXHV�DERYH������LQGLFDWH�D�KLJK�ULVN�WKDW�FUDFNV�PD\�GHYHORS�XQOHVV�VSHFLDO�SUHFDXWLRQV�DUH
LPSOHPHQWHG�

����7KH�'HDUGHQ�DQG�2¶1HLOO�HTXDWLRQ��DSSOLFDEOH�IRU�VWHHOV�ZLWK�&�JUHDWHU�WKDQ��������LV�VLPLODU�

&(� ��&���&U�����0R�����9�����0Q�����1L������&X���

$�&(�RI�������RU�ORZHU�LV�FRQVLGHUHG�D�VWHHO�ZLWK�JRRG�ZHOGDELOLW\
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����)RU�VWHHOV�ZLWK�&�EHWZHHQ�������DQG��������WKH�,WR�DQG�%HVV\R�HTXDWLRQ�PD\�EH�XVHG��7KH
,WR�%HVV\R�HTXDWLRQ�LV�DOVR�WHUPHG�WKH�FRPSRVLWLRQ�FKDUDFWHUL]LQJ�SDUDPHWHU��3 �FP

&(� �&����%���9������0R������0Q������&X������&U�������6L������1L���

:KHUH����� %� �ERURQ�FRQWHQW����

$�&(�RI�������RU�ORZHU�LV�FRQVLGHUHG�D�VWHHO�ZLWK�JRRG�ZHOGDELOLW\�

����7KH�<XULRND�HTXDWLRQ�PD\�DOVR�XVHG�WR�FDOFXODWH�&(�IRU�VWHHO�ZLWK�&�EHWZHHQ�������DQG
�������DV�IROORZV�

&(� �&���$�&���^�%���6L������0Q�����&X������1L������&U�����0R�����1E�����9��`

�:KHUH� 1E� �QLRELXP�FRQWHQW����
$�&�� ���������������WDQK�>�����&��������@
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Table 4-3. Chemical Requirements for Sample Structural SteelsTable 4-3. Chemical Requirements for Sample Structural Steels
 (heat analysis, %, maximum, unless range is provided) (heat analysis, %, maximum, unless range is provided)

(Refer to ASTM specifications for complete information, including applicable
thickness ranges, grades, types, combinations of elements, etc.)

             
Steel A572 A572

Compositio Type 1 Type 2
n

A36 grade 50 grade 50 A588,
(shapes) (shapes) (shapes) grade B

A992 A852

C 0.26 0.23 0.23 0.23 0.20 0.19

Mn --- 1.35 1.35 0.50-1.50 0.75-1.35 0.80-1.35

P 0.04 0.04 0.04 0.035 0.04 0.035

S 0.05 0.05 0.05 0.045 0.05 0.04

Si 0.40 0.40 0.40 0.40 0.15-0.50 0.20-0.65

Cu # # # 0.60 0.20-0.40 0.20-0.40

V --- 0.01-0.15 0.11 0.01-0.10 0.02-0.10

Co 0.005-
--- --- 0.05 --- ---

0.05

Ni --- --- --- 0.45 0.50 0.50

Cr --- --- --- 0.35 0.40-0.70 0.40-0.70

Mo --- --- --- 0.15 --- ---

Shapes composition limits are listed for sections up to 634 kg/m (426 plf).
# minimum 0.20% when specified

���3523(57<�(1+$1&(0(176�)25�6758&785$/�67((/6�

D��<LHOG�WR�8OWLPDWH�6WUHQJWK�5DWLR��$,6&�GHVLJQ�HTXDWLRQV�DVVXPH�VRPH�PDUJLQ�LQ�VWUXFWXUDO�VWHHO
IURP�WKH�SRLQW�RI�\LHOGLQJ�WR�WKH�SRLQW�RI�IUDFWXUH�WR�DOORZ�IRU�WKH�UHGLVWULEXWLRQ�RI�VWUHVV��6RPH�VWUXFWXUDO
VWHHOV�KDYH�EHHQ�SURGXFHG�ZLWK�) �) �UDWLRV�DV�KLJK�DV�������FRQVLGHUDEO\�KLJKHU�WKDQ�WKDW�FRQVLGHUHG�E\\ X
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$,6&�LQ�GHYHORSLQJ�GHVLJQ�PHWKRGRORJLHV��

����$670�$�����JUDGH�����PDQXIDFWXUHG�WR�WKH�VXSSOHPHQWDO�UHTXLUHPHQWV�RI�$,6&�7HFKQLFDO
%XOOHWLQ�����SURYLGHV�D�UHTXLUHPHQW�IRU�D�PD[LPXP�) �) �UDWLR�RI�������7KLV�VDPH�YDOXH�LV�D�UHTXLUHPHQW\ X
IRU�$670�$����VWHHOV��$OWKRXJK�QRW�FRQVLGHUHG�FULWLFDO�LQ�ORZ�VHLVPLF�DSSOLFDWLRQV��WKLV�UHTXLUHPHQW�LV
DGYLVDEOH�IRU�PHPEHUV�LQ�WKH�ODWHUDO�ORDG�UHVLVWLQJ�V\VWHPV�LQ�KLJK�VHLVPLF�DSSOLFDWLRQV�

����6WUXFWXUDO�VWHHOV�SURYLGLQJ�WKLV�PD[LPXP�) �) �UDWLR�DUH�UHDGLO\�DYDLODEOH�IURP�PLOO�VRXUFHV�\ X
6XFK�D�UHTXLUHPHQW�FDQ�EH�PHW�E\�VSHFLDO�PLOO�RUGHU�UHTXLUHPHQWV��WKH�VSHFLILFDWLRQ�RI�$�����JUDGH���
PHHWLQJ�$,6&�7HFKQLFDO�%XOOHWLQ�����WKH�VSHFLILFDWLRQ�RI�$����VKDSHV��RU�WKURXJK�WKH�UHYLHZ�RI�PLOO�WHVW
UHSRUWV�RI�H[LVWLQJ�VWHHOV�LQ�LQYHQWRU\�WKDW�DUH�WUDFHDEOH�WR�WKH�PLOO�KHDW�QXPEHU��7KHUH�LV�FXUUHQWO\�QR
SUHPLXP�LQ�VWHHO�PLOO�FRVW�WR�VSHFLI\�VXFK�SURSHUWLHV��EXW�VRPH�PLQRU�GHOD\V�PD\�EH�HQFRXQWHUHG�LQ
SXUFKDVLQJ�XQWLO�WKH�LQYHQWRU\�RI�VXFK�PDWHULDOV�LV�SUHGRPLQDQW�

E��.LOOHG�6WHHO��.LOOHG�VWHHO�KDV�EHHQ�SURFHVVHG�WR�UHPRYH�RU�ELQG�WKH�R[\JHQ�WKDW�VDWXUDWHV�WKH
PROWHQ�VWHHO�SULRU�WR�VROLGLILFDWLRQ��$670�$����$�0�GHILQHV�NLOOHG�VWHHO�DV�³VWHHO�GHR[LGL]HG��HLWKHU�E\
DGGLWLRQ�RI�VWURQJ�GHR[LGL]LQJ�DJHQWV�RU�E\�YDFXXP�WUHDWPHQW��WR�UHGXFH�WKH�R[\JHQ�FRQWHQW�WR�VXFK�D
OHYHO�WKDW�QR�UHDFWLRQ�RFFXUV�EHWZHHQ�FDUERQ�DQG�R[\JHQ�GXULQJ�VROLGLILFDWLRQ�´�6HPL�NLOOHG�VWHHO�LV
LQFRPSOHWHO\�GHR[LGL]HG��DQG�PD\�DOVR�EH�VSHFLILHG��

����7KH�EHQHILW�RI�NLOOLQJ�LV�WR�UHGXFH�WKH�QXPEHU�RI�JDV�SRFNHWV�SUHVHQW�LQ�WKH�VWHHO��ZKLFK�FDQ
DGYHUVHO\�DIIHFW�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�VWHHO��LQFOXGLQJ�GXFWLOLW\�DQG�WRXJKQHVV��DV�ZHOO�DV
UHGXFH�WKH�QXPEHU�RI�R[LGH�W\SH�LQFOXVLRQV�LQ�WKH�VWHHO�

����0RVW�PLOOV�SURYLGH�VRPH�IRUP�RI�GHR[LGDWLRQ��LQ�WKH�IRUP�RI�VHPL�NLOOHG�VWHHO��DV�D�SDUW�RI
URXWLQH�SURGXFWLRQ�SUDFWLFHV��$,6&�GRHV�QRW�UHTXLUH�NLOOHG�VWHHO�IRU�DQ\�VSHFLILF�DSSOLFDWLRQV�

����0RVW�FRPPRQO\��NLOOLQJ�LV�GRQH�XVLQJ�DGGLWLRQV�RI�VLOLFRQ��EXW�PD\�DOVR�EH�GRQH�ZLWK�DOXPLQXP
RU�PDQJDQHVH��.LOOHG�VWHHOV�RIWHQ�KDYH�VLOLFRQ�OHYHOV�LQ�WKH�UDQJH�RI�������WR��������EXW�PD\�EH�KLJKHU��

����3URMHFW�UHTXLUHPHQWV�IRU�NLOOHG�VWHHO�VKRXOG�EH�FRQVLGHUHG�ZKHQ�XVLQJ�ZLGH�IODQJH�VHFWLRQV�LQ
*URXSV���RU����DQG�SODWHV�ZKHQ�RYHU����PP����LQFKHV��LQ�WKLFNQHVV��LQ�WHQVLRQ�DSSOLFDWLRQV��ZKLFK�KDYH
VSHFLDO�$,6&�UHTXLUHPHQWV�IRU�WRXJKQHVV�LQ�$,6&�Specification�VHFWLRQ�$���F��$670�$����UHTXLUHV�WKH
VWHHO�WR�EH�NLOOHG�

����6SHFLI\LQJ�NLOOHG�RU�VHPL�NLOOHG�VWHHO�PD\�FDUU\�D�VOLJKW�FRVW�SUHPLXP��H[FHSW�LQ�WKH�FDVH�RI
$����VWHHO��%HFDXVH�NLOOHG�VWHHO�LV�W\SLFDOO\�D�FRVW�SUHPLXP�PLOO�RUGHU�LWHP��WKH�LQYHQWRU\�RI�NLOOHG
VWUXFWXUDO�VWHHOV�DYDLODEOH�DW�VWHHO�VHUYLFH�FHQWHUV�DQG�LQ�VWHHO�IDEULFDWLQJ�SODQWV�LV�OHVV�WKDQ�WKDW�RI
UHJXODU�VWHHOV��0LOO�RUGHUV�W\SLFDOO\�UHTXLUH�ORQJHU�SURGXFWLRQ�OHDG�WLPHV�WKDQ�VHUYLFH�FHQWHU�RU�VWRFN
LWHPV�

F��)LQH�*UDLQ�3UDFWLFH��)LQH�JUDLQ�SUDFWLFH�LV�WKH�PHWKRG�RI�DFKLHYLQJ�)LQH�$XVWHQLWLF�*UDLQ�6L]H�
GHILQHG�E\�$670�$����$�0�DV�JUDLQ�VL]H�QXPEHU���RU�KLJKHU��PHDVXUHG�XVLQJ�WHVW�PHWKRGV�SUHVFULEHG
E\�$670�(�����$OXPLQXP�LV�W\SLFDOO\�XVHG�WR�DFKLHYH�ILQH�JUDLQ�SUDFWLFH��ZKLFK�ELQGV�R[\JHQ�DQG
QLWURJHQ��:KHQ�DOXPLQXP�FRQWHQW�LV�DERYH��������E\�KHDW�DQDO\VLV��WKH�VWHHO�LV�FRQVLGHUHG�ILQH�JUDLQHG�
ZLWKRXW�WKH�QHHG�IRU�WHVWLQJ��

����)LQH�JUDLQ�SUDFWLFH�LV�EHQHILFLDO�LQ�LPSURYLQJ�GXFWLOLW\�DQG�WRXJKQHVV��&RQVLGHUDWLRQ�RI
UHTXLUHPHQWV�IRU�ILQH�JUDLQ�SUDFWLFH�VKRXOG�EH�PDGH�ZKHQ�XVLQJ�ZLGH�IODQJH�VHFWLRQV�LQ�*URXSV���RU���
DQG�SODWHV�ZKHQ�RYHU����PP����LQFKHV��LQ�WKLFNQHVV��LQ�WHQVLRQ�DSSOLFDWLRQV��ZKLFK�KDYH�VSHFLDO�$,6&
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UHTXLUHPHQWV�IRU�WRXJKQHVV�LQ�$,6&�Specification�VHFWLRQ�$���F��:KHQ�VSHFLI\LQJ�VWHHO�WR�ILQH�JUDLQ
SUDFWLFH��$670�6XSSOHPHQWDU\�5HTXLUHPHQW�6���VKRXOG�EH�FRQVXOWHG�IRU�WKH�VSHFLILF�VWHHO�JUDGH�

����%HFDXVH�ILQH�JUDLQ�SUDFWLFH�LV�W\SLFDOO\�D�FRVW�SUHPLXP�PLOO�RUGHU�LWHP��WKH�LQYHQWRU\�RI
VWUXFWXUDO�VWHHOV�DYDLODEOH�DW�VWHHO�VHUYLFH�FHQWHUV�DQG�LQ�VWHHO�IDEULFDWLQJ�SODQWV�PDQXIDFWXUHG�WR�ILQH
JUDLQ�SUDFWLFH�LV�OHVV�WKDQ�WKDW�RI�UHJXODU�VWUXFWXUDO�VWHHO��0LOO�RUGHUV�W\SLFDOO\�UHTXLUH�ORQJHU�SURGXFWLRQ
OHDG�WLPHV�WKDQ�VHUYLFH�FHQWHU�RU�VWRFN�LWHPV�

G��7RXJKQHVV��6WHHO�WRXJKQHVV��DOVR�FRPPRQO\�UHIHUUHG�WR�DV�³QRWFK�WRXJKQHVV´��LV�WKH�UHVLVWDQFH�WR
EULWWOH�FUDFN�LQLWLDWLRQ�DQG�SURSDJDWLRQ��)RU�WKLV�UHVLVWDQFH��WKH�VWHHO�PXVW�KDYH�VXIILFLHQW�SODVWLF�GXFWLOLW\
WR�UHGLVWULEXWH�VWUHVVHV�DW�WKH�URRW�RI�D�QRWFK�WR�WKH�VXUURXQGLQJ�PDWHULDO��7RXJKQHVV�PD\�EH�PHDVXUHG
XVLQJ�D�YDULHW\�RI�PHWKRGV��EXW�WKH�VWHHO�LQGXVWU\�VWDQGDUG�LV�WKH�&KDUS\�9�1RWFK��&91��PHWKRG��DV
SUHVFULEHG�E\�$670�$�����&91�WHVWLQJ�LV�DQ�DGGHG�FKDUJH�E\�WKH�VWHHO�SURGXFHU��DQG�VWHHO�ZLWK�&91
WHVWLQJ�LV�QRW�URXWLQHO\�RUGHUHG�E\�VWHHO�VHUYLFH�FHQWHUV�RU�VWHHO�IDEULFDWRUV�IRU�LQYHQWRU\��7KHUHIRUH�
VWHHOV�ZLWK�&91�WHVWLQJ�DUH�JHQHUDOO\�DYDLODEOH�RQO\�WKURXJK�PLOO�RUGHU��ZKLFK�W\SLFDOO\�UHTXLUHV�ORQJHU
SURGXFWLRQ�OHDG�WLPHV�WKDQ�VHUYLFH�FHQWHU�RU�VWRFN�LWHPV��

H��,PSURYHG�7KURXJK�WKLFNQHVV�3URSHUWLHV��)RU�FHUWDLQ�KLJK�UHVWUDLQW�DSSOLFDWLRQV�VXEMHFW�WR�WKH�ULVN�RI
ODPHOODU�WHDULQJ���VWHHOV�ZLWK�LPSURYHG�WKURXJK�WKLFNQHVV�SURSHUWLHV�PD\�EH�VSHFLILHG��7KH�PRVW�FRPPRQ
PHWKRG�RI�LPSURYLQJ�WKURXJK�WKLFNQHVV�SURSHUWLHV��WR�UHGXFH�WKH�ULVN�RI�ODPHOODU�WHDULQJ��LV�WKURXJK�WKH
VSHFLILFDWLRQ�RI�ORZ�VXOIXU�RU�FRQWUROOHG�VXOIXU�LQFOXVLRQ�VWHHOV��%\�UHGXFLQJ�WKH�VXOIXU�FRQWHQW��WKH�QXPEHU
DQG�VL]H�RI�PDQJDQHVH�VXOILGH��0Q6��LQFOXVLRQV�LV�UHGXFHG��7\SLFDOO\��ORZ�VXOIXU�VWHHOV�LQ�SODWH�IRUP�FDQ
EH�RUGHUHG�WR��������VXOIXU��DW�D�FRVW�SUHPLXP�DQG�ZLWK�ORQJHU�OHDG�WLPH��0RVW�VWHHO�VSHFLILFDWLRQV
SHUPLW�PD[LPXP�VXOIXU�LQ�DPRXQWV�EHWZHHQ�������WR��������6KDSHV�DUH�QRW�URXWLQHO\�DYDLODEOH�ZLWK
VXEVWDQWLDOO\�UHGXFHG�VXOIXU�OHYHOV��DQG�ZRXOG�EH�DYDLODEOH�RQO\�DW�VXEVWDQWLDO�FRVW�SUHPLXP�DQG
FRQVLGHUDEOH�GHOD\��+RZHYHU��D�PLOO�PD\�EH�DEOH�WR�VHOHFW�KHDWV�RI�VWHHO�ZLWK�SDUWLFXODUO\�ORZHU�OHYHOV�RI
VXOIXU�IRU�UROOLQJ�VSHFLILF�VHFWLRQV��,W�LV�DOVR�SRVVLEOH�WR�VSHFLI\�WKURXJK�WKLFNQHVV�WHQVLOH�WHVWLQJ�XVLQJ
UHGXFWLRQ�RI�DUHD�DV�WKH�JRYHUQLQJ�FULWHULD��EXW�WKLV�LV�UDUHO\�QHFHVVDU\�

I��1RUPDOL]LQJ��1RUPDOL]LQJ�LV�GHILQHG�LQ�$670�$����$�0�DV�³D�KHDW�WUHDWLQJ�SURFHVV�LQ�ZKLFK�D�VWHHO
SODWH�LV�UHKHDWHG�WR�D�XQLIRUP�WHPSHUDWXUH�DERYH�WKH�FULWLFDO�WHPSHUDWXUH�DQG�WKHQ�FRROHG�LQ�DLU�WR�EHORZ
WKH�WUDQVIRUPDWLRQ�UDQJH�´�,Q�SUDFWLFH��VWHHO�LV�KHDWHG�WR�DSSUR[LPDWHO\���� &�WR���� &������ )�WRR R R

���� )���7KH�EHQHILWV�LQFOXGH�UHILQHG�JUDLQ�VL]H�DQG�XQLIRUPLW\��LPSURYHG�GXFWLOLW\�DQG�LPSURYHGR

WRXJKQHVV��)HZ�EXLOGLQJ�DSSOLFDWLRQV�ZDUUDQW�WKH�QHHG�IRU�QRUPDOL]HG�VWHHO��7KH�VSHFLILFDWLRQ�RI
QRUPDOL]HG�VWHHO�LV�D�PLOO�RUGHU�LWHP�RQO\��DQ�DGGHG�H[SHQVH�ZLWK�DGGHG�WLPH�IRU�GHOLYHU\�IURP�WKH�VWHHO
PLOO��1RUPDOL]HG�VWHHO�LV�QRW�URXWLQHO\�DYDLODEOH�IURP�VWHHO�VHUYLFH�FHQWHUV�RU�VWRFNHG�E\�IDEULFDWRUV�

���6(/(&7,21�2)�6758&785$/�67((/6�)25�(19,5210(17$/�(;32685(�$1'�6(59,&(
$33/,&$7,216��

D��+LJK�VHLVPLF�$SSOLFDWLRQV��7KH�$,6&�Seismic Provisions��6HFWLRQ������UHTXLUH�VWHHO�LQ�WKH�6HLVPLF
)RUFH�5HVLVWLQJ�6\VWHP�WR�KDYH�D�PLQLPXP�WRXJKQHVV�RI���-�DW��� &�����IW��OE��DW��� )���DSSOLFDEOH�WRR R

$670�*URXS���DQG���VKDSHV��*URXS���VKDSHV�ZLWK�IODQJHV����PP��������LQ���RU�WKLFNHU��DQG�WR�SODWHV�LQ
EXLOW�XS�PHPEHUV����PP��������LQ���RU�WKLFNHU��6WXGLHV�LQGLFDWH�WKDW�D�ODUJH�SHUFHQWDJH�RI�GRPHVWLFDOO\
SURGXFHG�VWUXFWXUDO�VWHHO�VHFWLRQV�OLJKWHU�RU�WKLQQHU�WKDQ�WKRVH�PHQWLRQHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�ZLOO
KDYH�D�&91�WRXJKQHVV�RI�DW�OHDVW���-�DW��� &�����IW��OE��DW��� )���DQG�WKHUHIRUH�LW�GRHV�QRW�DSSHDU�WKDWR R

&91�WHVWLQJ�QHHG�EH�FRQGXFWHG�WR�YHULI\�WKH�WRXJKQHVV�RI�DOO�PHPEHUV��,W�LV�UHFRPPHQGHG�WKDW
PDQXIDFWXUHU¶V�DFFXPXODWHG�GDWD�EH�XVHG�WR�YHULI\�WKDW�WKH�VWHHO�URXWLQHO\�SURGXFHG�E\�WKDW�PLOO�PHHWV
WKH�LQGLFDWHG�WRXJKQHVV�OHYHOV��6SHFLILFDWLRQ�RI�VWHHO�WRXJKQHVV�OHYHOV��RU�WKH�VSHFLILFDWLRQ�RI�$���
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VWHHOV��LV�FXUUHQWO\�FRQVLGHUHG�XQQHFHVVDU\�IRU�RUGLQDU\�EXLOGLQJ�W\SH�DSSOLFDWLRQV�

E��)DWLJXH�$SSOLFDWLRQV��7RXJKQHVV�UHTXLUHPHQWV�VKRXOG�EH�FRQVLGHUHG�IRU�DSSOLFDWLRQV�LQYROYLQJ
IDWLJXH��$V�D�JXLGH��WKH�WRXJKQHVV�YDOXHV�VSHFLILHG�LQ�$670�$������$���0��7DEOH�6����DQG�6����
VXPPDUL]HG�DQG�DGDSWHG�LQ�7DEOH�������PD\�EH�XVHG�IRU�UHGXQGDQW�IDWLJXH�DSSOLFDWLRQV��0RGLILFDWLRQV�WR
WKLV�WDEOH�DUH�VXJJHVWHG�IRU�VWHHOV�WKDW�KDYH�\LHOG�VWUHQJWKV�����03D�����NVL��RU�PRUH�DERYH�WKH
PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWKV��IRU�DOO�EXW�$���VWHHOV��6HH�WKH�$670�$������$���0�VSHFLILFDWLRQ�IRU
DSSURSULDWH�FKDQJHV�WR�WKH�WHVWLQJ�WHPSHUDWXUHV�IRU�WKHVH�FDVHV��)RU�QRQUHGXQGDQW�IDWLJXH�DSSOLFDWLRQV�
VHH�$670�$������$���0��7DEOH�6����IRU�JXLGDQFH��7KH�UHTXLUHG�&91�WRXJKQHVV�DQG�WHVWLQJ
WHPSHUDWXUH�PD\�EH�VSHFLILHG�GLUHFWO\�LQ�WKH�VSHFLILFDWLRQV�IRU�WKH�SURMHFW��WR�EH�SODFHG�RQ�WKH�PLOO�RUGHU�
$OWHUQDWLYHO\��D�JLYHQ�$670�$������$���0�VWHHO�DQG�WHPSHUDWXUH�]RQH�PD\�EH�VSHFLILHG�
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Table 4-4. Toughness Guidelines for Structural Steel in Fatigue Applications,Table 4-4. Toughness Guidelines for Structural Steel in Fatigue Applications,
Redundant Applications.Redundant Applications.

Steel Thickness
Applicatio

n

Minimum Service Temperature

Zone 1 Zone 2 Zone 3
-18 C (0 F) -34 C (-30 F) -51 C (-60 F)o o o o o o

A36 to 100 mm (4 bolted or 20J @ 21 C 20J @ 4 C 20J @ -12 C
in.), incl. welded (15 ft-lbf @ (15 ft-lbf @ (15 ft-lbf @

o

70 F) 40 F) 10 F)o

o

o

o

o

A572, gr to 50 mm (2 bolted or 20J @ 21 C 20J @ 4 C 20J @ -12 C
50 in.), incl. welded (15 ft-lbf @ (15 ft-lbf @ (15 ft-lbf @

A588 70 F) 40 F) 10 F)

o

o

o

o

o

o

“ over 50 to bolted 20J @ 21 C 20J @ 4 C 20J @ -12 C
100 mm (2 in (15 ft-lbf @ (15 ft-lbf @ (15 ft-lbf @
to 4 in.) 70 F) 40 F) 10 F)

o

o

o

o

o

o

“ over 50 to welded 20J @ 21 C 20J @ 4 C 20J @ -12 C
100 mm (2 in (20 ft-lbf @ (20 ft-lbf @ (20 ft-lbf @
to 4 in.) 70 F) 40 F) 10 F)

o

o

o

o

o

o

A852 to 65 mm (2- bolted or 27J @ 10 C 27J @ -7 C 27J @ -23 C
1/2 in.), incl. welded (20 ft-lbf @ (20 ft-lbf @ (20 ft-lbf @ -

o

50 F) 20 F) 10 F)o

o

o

o

o

“ over 65 mm bolted 27J @ 10 C 27J @ -7 C 27J @ -23 C
to 100 mm (2- (20 ft-lbf @ (20 ft-lbf @ (20 ft-lbf @ -
1/2 in to 4 in.) 50 F) 20 F) 10 F)

o

o

o

o

o

o

“ over 65 mm welded 34J @ 10 C 34J @ -7 C 34J @ -23 C
to 100 mm (2- (25 ft-lbf @ (25 ft-lbf @ (25 ft-lbf @ -
1/2 in to 4 in.) 50 F) 20 F) 10 F)

o

o

o

o

o

o

A514 to 65 mm (2- bolted or 34J @ -1 C 34J @ -18 C 34J @ -34 C
1/2 in.), incl. welded (25 ft-lbf @ (25 ft-lbf @ (25 ft-lbf @ -

o

30 F) 0 F) 30 F)o

o

o

o

o

“ over 65 mm bolted 34J @ -1 C 34J @ -18 C 34J @ -34 C
to 100 mm (2- (25 ft-lbf @ (25 ft-lbf @ (25 ft-lbf @ -
1/2 in to 4 in.) 30 F) 0 F) 30 F)

o

o

o

o

o

o

“ over 65 mm welded 48J @ -1 C 48J @ -18 C 48J @ -34 C
to 100 mm (2- (35 ft-lbf @ (35 ft-lbf @ (35 ft-lbf @ -
1/2 in to 4 in.) 30 F) 0 F) 30 F)

o

o

o

o

o

o
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F��&ROG�:HDWKHU�$SSOLFDWLRQV��6WHHO�WRXJKQHVV�UHTXLUHPHQWV�VKRXOG�EH�FRQVLGHUHG�IRU�PDMRU�ORDG�
FDUU\LQJ�FRPSRQHQWV�RI�VWUXFWXUHV�H[SRVHG�WR�H[WUHPH�FROG�HQYLURQPHQWV��:KHQ�VWUXFWXUDO�FRPSRQHQWV
LQ�D�ORZ�WHPSHUDWXUH�HQYLURQPHQW�DUH�QRW�VXEMHFW�WR�VLJQLILFDQW�LPSDFW�ORDGV�RU�IDWLJXH�FRQGLWLRQV��LW�LV
JHQHUDOO\�PRUH�FRVW�HIIHFWLYH�WR�VSHFLI\�D�W\SH�RI�VWHHO�ZLWK�LQKHUHQWO\�JRRG�IUDFWXUH�WRXJKQHVV��DQG
DYRLG�D�UHTXLUHPHQW�IRU�VSHFLILF�&91�WRXJKQHVV�DW�D�UHIHUHQFH�WHPSHUDWXUH��+LJK�VWUHQJWK�ORZ�DOOR\
�+6/$��VWHHOV�WKDW�DUH�PDQXIDFWXUHG�XVLQJ�ILQH�JUDLQ�SUDFWLFH�KDYH�LPSURYHG�WRXJKQHVV�DW�ORZ
WHPSHUDWXUH��FRPSDUHG�WR�FRQYHQWLRQDO�FDUERQ�VWHHOV�VXFK�DV�$���VWHHO��$,6&�DSSURYHG�VWHHOV�UHTXLULQJ
SURGXFWLRQ�WR�ILQH�JUDLQ�SUDFWLFH�DUH�$�����$�����JUDGHV���:����:����������:���$�����DQG�$���
�JUDGHV��������DQG������DOWKRXJK�KLJKHU�VWUHQJWK�VWUXFWXUDO�VWHHOV�SUHVHQW�DGGLWLRQDO�ZHOGLQJ�GLIILFXOWLHV
DQG�VKRXOG�QRW�EH�VSHFLILHG�XQOHVV�QHFHVVDU\�IRU�ZHLJKW�VDYLQJV��)LQH�JUDLQ�SUDFWLFH�FDQ�RSWLRQDOO\�EH
VSHFLILHG�XVLQJ�$670�6XSSOHPHQWDO�5HTXLUHPHQW�6���IRU�$����$�����$�����$�����JUDGHV����DQG�����
DQG�$�����JUDGH������,W�LV�QRW�DYDLODEOH�IRU�$�����$�����RU�$����VWHHOV��6WHHOV�WKDW�UHTXLUH�NLOOLQJ��ZKLFK
DOVR�LPSURYHV�WRXJKQHVV��LQFOXGH�$����DQG�$�����JUDGHV���������:���EXW�WKH�KLJKHU�VWUHQJWK�JUDGHV
VKRXOG�EH�DYRLGHG�EHFDXVH�RI�RWKHU�ZHOGLQJ�GLIILFXOWLHV��1LWURJHQ�KDV�D�VLJQLILFDQW�HIIHFW�XSRQ�&91
WUDQVLWLRQ�WHPSHUDWXUHV��DQG�OLPLWDWLRQV�RQ�QLWURJHQ�PD\�EH�FRQVLGHUHG��$����VWHHOV�SODFH�D�OLPLW�RQ
QLWURJHQ�RI���������XQOHVV�QLWURJHQ�ELQGHUV�DUH�DGGHG��$�����7\SH���VWHHO�KDV�D�OLPLW�RQ�QLWURJHQ�RI
�������

G��+LJK�6WUHVV���6WUDLQ���5HVWUDLQW�$SSOLFDWLRQV��:KHQ�ZHOGHG�MRLQWV�DUH�PDGH�WR�WKH�VLGH�RI�D�PHPEHU�
FUHDWLQJ�WKURXJK�WKLFNQHVV�VKULQNDJH�VWUHVVHV�DQG�VWUDLQV��FRQVLGHUDWLRQ�VKRXOG�EH�PDGH�IRU�WKH�ULVN�RI
ODPHOODU�WHDULQJ��/DPHOODU�WHDULQJ�LV�D�VHSDUDWLRQ�RU�WHDULQJ�RI�WKH�VWHHO�RQ�SODQHV�SDUDOOHO�WR�WKH�UROOHG
VXUIDFH�RI�WKH�PHPEHU��7KHUH�LV�QR�VSHFLILF�WKURXJK�WKLFNQHVV�DW�ZKLFK�ODPHOODU�WHDULQJ�ZLOO�RU�ZLOO�QRW
RFFXU��QRU�VSHFLILF�YDOXHV�IRU�ZHOG�VL]H��VWUHVVHV�RU�VWUDLQV�WKDW�ZLOO�LQGXFH�WHDULQJ��*HQHUDOO\��ODPHOODU
WHDULQJ�LV�DYRLGHG�WKURXJK�XVLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ�WHFKQLTXHV��LPSURYHG�GHVLJQ�RU�UHGHVLJQ�RI
WKH�MRLQW��ZHOGLQJ�SURFHGXUH�FRQWUROV��ZHOG�EHDG�SODFHPHQW�VHOHFWLRQ��VHTXHQFLQJ��WKH�XVH�RI�SUHKHDW
DQG�RU�SRVWKHDW��WKH�XVH�RI�ORZ�VWUHQJWK��KLJK�GXFWLOLW\�ILOOHU�PHWDOV��³EXWWHULQJ�´�DQG�SHHQLQJ��+RZHYHU�
VWHHOV�ZLWK�LPSURYHG�WKURXJK�WKLFNQHVV�SURSHUWLHV�PD\�DOVR�EH�VSHFLILHG��7KH�PRVW�FRPPRQ�PHWKRG�RI
LPSURYLQJ�WKURXJK�WKLFNQHVV�SURSHUWLHV��WR�UHGXFH�WKH�ULVN�RI�ODPHOODU�WHDULQJ��LV�WKURXJK�WKH�VSHFLILFDWLRQ
RI�ORZ�VXOIXU�RU�FRQWUROOHG�VXOIXU�LQFOXVLRQ�VWHHOV��6HH���H�

���$9$,/$%,/,7<�2)�6758&785$/�67((/6��$OO�$,6&�DSSURYHG�VWUXFWXUDO�VWHHOV�DUH�DYDLODEOH�IURP
GRPHVWLF�VWHHO�PLOOV��ZLWK�WKH�H[FHSWLRQ�RI�$�����7KH�$,6&�Manual of Steel Construction��7DEOH�����
SURYLGHV�JHQHUDO�LQIRUPDWLRQ�UHJDUGLQJ�DYDLODELOLW\�RI�VKDSHV��SODWHV�DQG�EDUV�LQ�YDULRXV�VWHHO
VSHFLILFDWLRQV��JUDGHV�DQG�VWUHQJWKV��7DEOH�����SURYLGHV�VLPLODU�LQIRUPDWLRQ�IRU�URXQG�DQG�UHFWDQJXODU
VHFWLRQV��LQFOXGLQJ�DYDLODELOLW\�DV�HLWKHU�VWHHO�VHUYLFH�FHQWHU�VWRFN�RU�LQ�PLOO�RUGHU�TXDQWLWLHV�RQO\��7DEOH���
��OLVWV�WKH�SURGXFHUV�RI�VSHFLILF�VWUXFWXUDO�VKDSHV��DQG�7DEOH�����SURYLGHV�VLPLODU�LQIRUPDWLRQ�IRU�URXQG
DQG�UHFWDQJXODU�VHFWLRQV��7KLV�OLVW�LV�XSGDWHG�VHPL�DQQXDOO\�LQ�Modern Steel Construction�PDJD]LQH�
SXEOLVKHG�E\�$,6&��LQ�WKH�-DQXDU\�DQG�-XO\�LVVXHV�&$
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&+$37(5���

'(6,*1�)25�:(/',1*

���*(1(5$/�

D��(QJLQHHU¶V�5HVSRQVLELOLW\��7KH�(QJLQHHU�LV�UHVSRQVLEOH�IRU�WKH�DQDO\VLV�DQG�GHVLJQ�RI�WKH
FRQQHFWLRQ��LQFOXGLQJ�FRQQHFWLRQV�EHWZHHQ�HOHPHQWV�LQ�EXLOW�XS�PHPEHUV��&ULWLFDO�VWUXFWXUDO�VWHHO
FRQQHFWLRQV�PXVW�EH�FRPSOHWHO\�GHWDLOHG�DQG�VKRZQ�RQ�WKH�FRQWUDFW�GUDZLQJV��7KH�(QJLQHHU�PD\
SUHVFULEH�FRQQHFWLRQ�GHWDLOV��LI�GHVLUHG�RU�QHFHVVDU\��EXW�JHQHUDOO\�LW�LV�EHVW�WR�DOORZ�WKH�IDEULFDWRU�RU
HUHFWRU�WR�VHOHFW�WKH�VSHFLILF�ZHOGLQJ�GHWDLO�WR�EH�XVHG�IRU�D�SDUWLFXODU�MRLQW��)RU�LQVWDQFH��LW�PD\�EH
DGHTXDWH�IRU�WKH�(QJLQHHU�WR�VSHFLI\�D�&RPSOHWH�-RLQW�3HQHWUDWLRQ��&-3��JURRYH�ZHOG��RU�VSHFLI\�D
3DUWLDO�-RLQW�3HQHWUDWLRQ��3-3��JURRYH�ZHOG�DQG�VWDWH�WKH�UHTXLUHG�WKURDW��7KLV�PD\�HIIHFWLYHO\�EH�GRQH
WKURXJK�WKH�XVH�RI�$:6�ZHOGLQJ�V\PEROV��DQG�ZKHQ�QHFHVVDU\�IRU�SUHTXDOLILHG�JURRYH�ZHOGV��WKH
DSSURSULDWH�$:6�GHVLJQDWLRQ��7KH�IDEULFDWRU�DQG�HUHFWRU�DUH�W\SLFDOO\�LQ�WKH�EHVW�SRVLWLRQ�WR�VHOHFW�ZKLFK
SURFHVV��JURRYH�W\SH��VLQJOH��GRXEOH��EHYHO��YHH��-��8���DQG�JURRYH�DQJOH�VKRXOG�EH�XVHG�EDVHG�XSRQ
HFRQRPLFV��DYDLODELOLW\�RI�HTXLSPHQW�DQG�SHUVRQQHO��GLVWRUWLRQ�FRQWURO��DQG�HDVH�RI�ZHOGLQJ�RSHUDWLRQV�
7KH�(QJLQHHU�PXVW�UHYLHZ�DQG�DSSURYH�WKH�ILQDO�GHWDLOV�VHOHFWHG�E\�WKH�FRQWUDFWRU�

���*22'�'(6,*1�35$&7,&(�

D��$YDLODELOLW\�RI�0DWHULDOV��(TXLSPHQW�DQG�3HUVRQQHO��,Q�WKH�VHOHFWLRQ�RI�EDVH�PHWDOV��ZHOGLQJ
SURFHVVHV��ILOOHU�PHWDOV��DQG�MRLQW�GHVLJQV��RQH�VKRXOG�FRQVLGHU�WKH�DYDLODELOLW\�RI�WKH�VWUXFWXUDO�VWHHO�
ZHOGLQJ�HTXLSPHQW��ILOOHU�PHWDOV��SHUVRQQHO�TXDOLILHG�WR�SHUIRUP�VXFK�ZHOGLQJ��SHUVRQQHO�TXDOLILHG�WR
LQVSHFW�WKH�ZHOGLQJ��DQG�1'7�HTXLSPHQW�DQG�SHUVRQQHO�QHFHVVDU\�WR�SHUIRUP�1'7�DV�UHTXLUHG��&HUWDLQ
ZHOGHG�MRLQW�GHVLJQV�PD\�UHTXLUH�QRWFK�WRXJK�ILOOHU�PDWHULDOV��ZHOGLQJ�SHUVRQQHO�TXDOLILHG�LQ�RXW�RI�
SRVLWLRQ�ZHOGLQJ��ZHOGHUV�TXDOLILHG�IRU�VSHFLILF�SURFHVVHV��HQFORVXUHV�IRU�ILHOG�ZHOGLQJ��RU�QRQGHVWUXFWLYH
WHVWLQJ��:KHQ�WKH�DYDLODELOLW\�RI�DQ\�RI�WKH�DERYH�LV�LQ�TXHVWLRQ��DOWHUQDWLYH�MRLQW�GHVLJQV�VKRXOG�EH
LQYHVWLJDWHG�

E��$FFHVV��7KH�IROORZLQJ�LWHPV�VKRXOG�EH�FRQVLGHUHG�WR�SHUPLW�ZHOGLQJ�RSHUDWLRQV�WR�EH�PDGH�ZLWK
DGHTXDWH�TXDOLW\�

����:HOGLQJ�SHUVRQQHO�PXVW�KDYH�GLUHFW�YLVXDO�DFFHVV�WR�WKH�URRW�RI�WKH�ZHOG��$OO�SDVVHV�PXVW�EH
YLVXDOO\�PRQLWRUHG�E\�WKH�ZHOGHU�GXULQJ�ZHOGLQJ�

����$FFHVV�VKRXOG�EH�DGHTXDWH�VR�WKDW�WKH�ZHOGLQJ�HOHFWURGH�FDQ�EH�SRVLWLRQHG�DW�WKH�SURSHU�DQJOH
IRU�SURSHU�SHQHWUDWLRQ�DQG�IXVLRQ��*HQHUDOO\��WKH�HOHFWURGH�VKRXOG�EH�SRVLWLRQHG�VR�WKDW�WKH�DQJOH
EHWZHHQ�WKH�SDUW�DQG�WKH�HOHFWURGH�LV�QRW�OHVV�WKDQ��� ��6PDOOHU�DQJOHV�PD\�FDXVH�D�ODFN�RI�IXVLRQ�DORQJR

WKH�ZHOG���EDVH�PHWDO�LQWHUIDFH��$FFHVV�VKRXOG�EH�FKHFNHG�DW�WKH�GHVLJQ�VWDJH�ZKHQ�ZHOGLQJ�LQ�KLJKO\
FRQILQHG�VSDFHV�RU�ZLWK�FORVHO\�VSDFHG�SDUWV�

����:HOG�DFFHVV�KROHV��SODFHG�LQ�EHDP�DQG�JLUGHU�ZHEV�ZKHQ�VSOLFLQJ�IODQJHV�RU�PDNLQJ�EHDP�WR�
FROXPQ�PRPHQW�FRQQHFWLRQV��PXVW�EH�RI�DGHTXDWH�VL]H�WR�SHUPLW�WKH�ZHOG�WR�EH�SODFHG�E\�UHDFKLQJ
WKURXJK�WKH�DFFHVV�KROH�ZLWK�WKH�HOHFWURGH��0LQLPXP�DFFHVV�KROH�VL]HV�DUH�VSHFLILHG�LQ�$:6�D1.1
)LJXUH������/DUJHU�DFFHVV�KROHV�PD\�EH�ZDUUDQWHG�EDVHG�XSRQ�WKH�ZHOGLQJ�SURFHVV�DQG�W\SH�RI�ZHOGLQJ
HTXLSPHQW�XVHG�
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����1DUURZ�URRW�RSHQLQJV�DQG�QDUURZ�JURRYH�DQJOHV�LQKLELW�DFFHVV�WR�WKH�MRLQW�URRW��FRQWULEXWLQJ�WR
ODFN�RI�SHQHWUDWLRQ�DW�WKH�URRW�DQG�ODFN�RI�IXVLRQ�DORQJ�WKH�MRLQW�VLGHZDOOV��3URSHU�MRLQW�GHVLJQ��SUHIHUDEO\
XVLQJ�MRLQWV�SUHTXDOLILHG�XQGHU�$:6�D1.1�VKRXOG�EH�XVHG�

F��3RVLWLRQ��,W�LV�SUHIHUUHG�WR�ZHOG�LQ�WKH�IODW�SRVLWLRQ�ZKHQ�PDNLQJ�JURRYH�ZHOGV��SOXJ�ZHOGV�RU�VORW
ZHOGV��DQG�LQ�HLWKHU�WKH�IODW�RU�KRUL]RQWDO�SRVLWLRQV�ZKHQ�PDNLQJ�ILOOHW�ZHOGV��:HOGLQJ�SRVLWLRQV�DUH
GHILQHG�LQ�$:6�D1.1�LQ�)LJXUH�����IRU�JURRYH�ZHOGV�DQG�LQ�)LJXUH������IRU�ILOOHW�ZHOGV��7R�DVVLVW�LQ
LQWHUSUHWLQJ�WKH�SRVLWLRQV�JLYHQ��VHH�$:6�D1.1�)LJXUH�����IRU�JURRYH�ZHOGV��)LJXUH�����IRU�ILOOHW�ZHOGV�
DQG�)LJXUHV�����DQG�����IRU�WXEXODU�MRLQWV��:HOGLQJ�LQ�RWKHU�WKDQ�WKH�IODW�RU�KRUL]RQWDO�SRVLWLRQV�LQFUHDVHV
ZHOGLQJ�WLPH�DSSUR[LPDWHO\�IRXU�IROG��RQ�DYHUDJH��LQFUHDVLQJ�FRVW�DQG�FRQVWUXFWLRQ�WLPH��)HZHU�ZHOGLQJ
SHUVRQQHO�DUH�TXDOLILHG�E\�WHVW�WR�SHUIRUP�ZHOGLQJ�RXW�RI�SRVLWLRQ��$OWKRXJK�SHUVRQQHO�PD\�EH�SUHYLRXVO\
TXDOLILHG�E\�WHVW�WR�ZHOG�RXW�RI�SRVLWLRQ��D�ZHOGHU�PD\�QRW�KDYH�UHFHQWO\�XVHG�WKH�VSHFLDO�WHFKQLTXHV�DQG
SURFHGXUHV�IRU�ZHOGLQJ�LQ�WKHVH�SRVLWLRQV��DQG�WKHUHIRUH�PD\�KDYH�ORVW�VRPH�RI�WKH�VNLOO�QHFHVVDU\�WR
SHUIRUP�TXDOLW\�RXW�RI�SRVLWLRQ�ZHOGLQJ��,Q�WKLV�FDVH��FORVH�YLVXDO�REVHUYDWLRQ�RI�WKH�ZHOGHU�GXULQJ�WKH�ILUVW
IHZ�RXW�RI�SRVLWLRQ�SDVVHV�LV�HVSHFLDOO\�LPSRUWDQW��DQG�UHTXDOLILFDWLRQ�WHVWLQJ�PD\�EH�QHFHVVDU\��7KH
TXDOLW\�RI�RXW�RI�SRVLWLRQ�ZHOGV�LV�PRUH�GLIILFXOW�WR�PDLQWDLQ��DQG�WKH\�W\SLFDOO\�GR�QRW�KDYH�WKH�VPRRWK
DSSHDUDQFH�RI�ZHOGV�SHUIRUPHG�LQ�WKH�IODW�RU�KRUL]RQWDO�SRVLWLRQV��7KLV�PDNHV�YLVXDO�LQVSHFWLRQ�DQG�VRPH
IRUPV�RI�1'7�PRUH�GLIILFXOW�

G��-RLQW�6HOHFWLRQ��)RU�JXLGDQFH�LQ�WKH�VHOHFWLRQ�RI�JURRYH�GHWDLOV�WKDW�SURYLGH�VXIILFLHQW�DFFHVV�
OLPLWHG�GLVWRUWLRQ��DQG�FRVW�HIIHFWLYHQHVV��WKH�SUHTXDOLILHG�JURRYH�ZHOG�GHWDLOV�LQ�$:6�D1.1�)LJXUHV����
DQG�����VKRXOG�EH�UHYLHZHG��7KH�IROORZLQJ�LWHPV�VKRXOG�EH�FRQVLGHUHG�LQ�VHOHFWLQJ�RU�HYDOXDWLQJ�MRLQW
VHOHFWLRQ�

����)RU�EXWW�MRLQWV��SDUWLDO�MRLQW�SHQHWUDWLRQ��3-3��JURRYH�ZHOGV�DUH�PRUH�HFRQRPLFDO�WKDQ�FRPSOHWH
MRLQW�SHQHWUDWLRQ��&-3��JURRYH�ZHOGV��3URYLGHG�&-3�JURRYH�ZHOGV�DUH�QRW�UHTXLUHG�E\�&RGH�IRU�WKH�JLYHQ
DSSOLFDWLRQ�RU�IRU�IDWLJXH�DQG�VHLVPLF�DSSOLFDWLRQV��3-3�JURRYH�ZHOGV�VKRXOG�EH�FRQVLGHUHG�IRU�WHQVLRQ�
DQG�VKHDU�FDUU\LQJ�MRLQWV�ZKHQ�IXOO�VWUHQJWK�RI�WKH�FRQQHFWHG�PHPEHUV�LV�QRW�UHTXLUHG��DQG�IRU
FRPSUHVVLRQ�VSOLFHV�VXFK�DV�FROXPQ�VSOLFHV��3-3�JURRYH�ZHOGV�DUH�SUHSDUHG�WR�D�UHTXLUHG�GHSWK�RI
FKDPIHU��XVXDOO\�WKH�UHTXLUHG�HIIHFWLYH�WKURDW��RU���PP������LQ���GHHSHU��GHSHQGLQJ�XSRQ�JURRYH�DQJOH�
ZHOGLQJ�SURFHVV�DQG�SRVLWLRQ��

����)RU�PRVW�DSSOLFDWLRQV��E\�&RGH��&-3�JURRYH�ZHOGV�UHTXLUH�WKH�XVH�RI�HLWKHU�EDFNLQJ�EDUV��ZKLFK
PD\�QHHG�WR�EH�UHPRYHG�LQ�FHUWDLQ�W\SHV�RI�MRLQWV��RU�UHPRYDO�RI�D�SRUWLRQ�RI�WKH�URRW�SDVV�DUHD�E\
EDFNJRXJLQJ�IROORZHG�E\�EDFNZHOGLQJ�XQWLO�WKH�MRLQW�LV�FRPSOHWH��,Q�DGGLWLRQ��PRUH�ZHOGLQJ�LV�UHTXLUHG�WR
MRLQ�WKH�HQWLUH�WKLFNQHVV�RI�PDWHULDO��UDWKHU�WKDQ�MXVW�WKH�DPRXQW�RI�ZHOGLQJ�QHHGHG�WR�FDUU\�WKH�ORDG�

����,Q�EXWW�MRLQWV��9�JURRYH�ZHOGV�DUH�SUHIHUUHG�RYHU�EHYHO�JURRYH�ZHOGV��%HYHO�JURRYH�ZHOGV�DUH
JHQHUDOO\�PRUH�GLIILFXOW�WR�ZHOG��HVSHFLDOO\�ZKHQ�WKH�XQEHYHOHG�IDFH�LV�YHUWLFDO��DQG�ODFN�RI�IXVLRQ�RQ�WKH
XQEHYHOHG�IDFH�PD\�UHVXOW��9�JURRYH�ZHOGV��EHFDXVH�WKH\�DUH�EDODQFHG�DQG�XVXDOO\�KDYH�D�GRZQKDQG
SRVLWLRQ�RQ�HDFK�JURRYH�IDFH��DUH�HDVLHU�WR�ZHOG��$FFHVV�WR�WKH�URRW�LV�DOVR�HDVLHU�WR�DFKLHYH�EHFDXVH�RI
WKH�EDODQFH�DQG�WKH�ZLGHU�JURRYH�DQJOH�XVHG�

����)RU�WHH�MRLQWV��ILOOHW�ZHOGLQJ�LV�JHQHUDOO\�OHVV�H[SHQVLYH�WKDQ�JURRYH�ZHOGLQJ��XQWLO�WKH�ILOOHW�VL]H
UHDFKHV�DSSUR[LPDWHO\����WR����PP������WR�����LQ����$ERYH�WKLV�VL]H��3-3�JURRYH�ZHOGLQJ��RU�D
FRPELQDWLRQ�JURRYH�ZHOG�ZLWK�UHLQIRUFLQJ�ILOOHWV��VKRXOG�EH�FRQVLGHUHG��7KHUH�LV�DGGHG�H[SHQVH�LQ�MRLQW
SUHSDUDWLRQ�IRU�JURRYH�ZHOGV�WKDW�LV�QRW�UHTXLUHG�ZLWK�ILOOHW�ZHOGV��KRZHYHU��WKHUH�PD\�EH�RIIVHWWLQJ�FRVW
VDYLQJV�ZLWK�JURRYH�ZHOGV�EHFDXVH�RI�GHFUHDVHG�ZHOG�YROXPH��IHZHU�SDVVHV��DQG�WKHUHIRUH�OHVV�ODERU
DQG�PDWHULDOV��/HVV�GLVWRUWLRQ�PD\�DOVR�EH�LQFXUUHG�EHFDXVH�RI�WKH�UHGXFHG�ZHOG�YROXPH�
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����6TXDUH�JURRYH�ZHOGV�KDYH�OLPLWHG�DSSOLFDWLRQ�IRU�VWUXFWXUDO�VWHHO��7KH\�DUH�EHWWHU�VXLWHG�IRU�WKLQ
PDWHULDOV��:KHQ�VTXDUH�JURRYH�ZHOGV�DUH�XVHG��WKH�URRW�RSHQLQJ�PXVW�EH�FORVHO\�FRQWUROOHG�DQG�WKH
:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQ��:36��FORVHO\�GHYHORSHG�DQG�IROORZHG�

����)RU�WKLFN�PDWHULDOV��JHQHUDOO\�VWDUWLQJ�DW�WKLFNQHVVHV�RI����PP����LQ����-��DQG�8�JURRYH�ZHOGV
PD\�EH�PRUH�HFRQRPLFDO�WKDQ�EHYHO��DQG�9�JURRYH�ZHOGV��7KH�ZLGHU�URRW�LQLWLDOO\�UHTXLUHV�PRUH�ZHOG
PHWDO��EXW�WKH�QDUURZHU�JURRYH�DQJOH�UHGXFHV�WKH�WRWDO�ZHOG�YROXPH�EHORZ�WKDW�RI�EHYHO��DQG�9�JURRYH
ZHOGV��7KHUH�DUH�DOVR�KLJKHU�LQLWLDO�MRLQW�SUHSDUDWLRQ�FRVWV�WR�SUHSDUH�D�-��RU�8�JURRYH�MRLQW��VR�HYHQ�PRUH
ZHOG�PHWDO�PXVW�EH�VDYHG�WR�UHFRYHU�WKHVH�FRVWV��:KHQ�DQJXODU�GLVWRUWLRQ�RU�VKULQNDJH�VWUDLQV�PXVW�EH
PLQLPL]HG��-��DQG�8�JURRYH�MRLQWV�VKRXOG�EH�FRQVLGHUHG��7KH�UHGXFHG�JURRYH�DQJOH�PLQLPL]HV�WKH
GLIIHUHQWLDO�LQ�ZHOG�ZLGWK�IURP�WRS�WR�ERWWRP�RI�WKH�MRLQW�

����5RRW�RSHQLQJ�ZLGWKV�VKRXOG�EH�JHQHURXV�EXW�QRW�H[FHVVLYH��:LGHU�URRW�RSHQLQJV�DOORZ�IRU
FRPSOHWH�SHQHWUDWLRQ�WR�WKH�ERWWRP�RI�WKH�MRLQW�SUHSDUDWLRQ��+RZHYHU��YHU\�ZLGH�URRWV�FRQWULEXWH�WR�URRW
SDVV�FUDFNLQJ�DQG�URRW�+$=�FUDFNLQJ�IURP�ZHOG�VKULQNDJH��1DUURZ�URRW�RSHQLQJV�FRQWULEXWH�WR�ODFN�RI
SHQHWUDWLRQ��ODFN�RI�IXVLRQ��DQG�WUDSSHG�VODJ�DW�WKH�URRW�

����*URRYH�DQJOHV�VKRXOG�EH�WKH�PLQLPXP�DQJOH�WKDW�ZLOO�SURYLGH�DGHTXDWH�DFFHVV�IRU�SHQHWUDWLRQ
WR�WKH�URRW��DQG�DGHTXDWH�DFFHVV�WR�WKH�JURRYH�IDFHV�IRU�FRPSOHWH�IXVLRQ��([FHVVLYHO\�ZLGH�JURRYH
DQJOHV�FRQWULEXWH�WR�DGGHG�DQJXODU�GLVWRUWLRQ��LQFUHDVHG�ULVN�RI�VKULQNDJH�FUDFNLQJ��LQFUHDVHG�ULVN�RI
ODPHOODU�WHDULQJ�LQ�7�MRLQWV��DQG�KLJKHU�FRVWV�EHFDXVH�RI�WKH�DGGLWLRQDO�PDWHULDO�DQG�ODERU�XVHG�

H��3UHTXDOLILHG�-RLQW�'HWDLOV��7KH�SUHTXDOLILHG�JURRYH�ZHOG�GHWDLOV�LQ�$:6�D1.1�)LJXUH�����IRU�3DUWLDO
-RLQW�3HQHWUDWLRQ��3-3��JURRYH�ZHOGV��DQG�)LJXUH�����IRU�&RPSOHWH�3HQHWUDWLRQ�-RLQW��&-3��JURRYH
ZHOGV��SURYLGH�URRW�RSHQLQJ��JURRYH�DQJOH��URRW�IDFH��WKLFNQHVV�OLPLWV��WROHUDQFHV��DQG�RWKHU�LQIRUPDWLRQ
IRU�WKH�HIIHFWLYH�GHWDLOLQJ�RI�JURRYH�ZHOGV��5RRW�RSHQLQJV�DQG�JURRYH�DQJOHV�DUH�FRQVLGHUHG�DGHTXDWH�IRU
WKH�ZHOGLQJ�SURFHVVHV�DQG�SRVLWLRQV�QRWHG��ZLWKRXW�FDXVLQJ�H[FHVVLYH�DQJXODU�GLVWRUWLRQ��)RU�3-3�JURRYH
ZHOGV��WKH�UHTXLUHG�GHSWK�RI�SUHSDUDWLRQ�LV�SURYLGHG�WR�DFKLHYH�WKH�GHVLUHG�HIIHFWLYH�WKURDW��:KHQ�WKH
MRLQW�GHWDLOV�DV�VKRZQ�DUH�XVHG��TXDOLILFDWLRQ�WHVWLQJ�RI�WKH�MRLQW�GHWDLO�LV�QRW�UHTXLUHG�WR�YHULI\�WKH
VXLWDELOLW\�RI�WKH�GHWDLO��SURYLGHG�RWKHU�SUHTXDOLILFDWLRQ�SURYLVLRQV�RI�WKH�&RGH�DUH�DOVR�PHW��6HH�$:6
D1.1�6HFWLRQ���IRU�WKHVH�OLPLWV��7KH�XVH�RI�SUHTXDOLILHG�JURRYH�ZHOG�GHWDLOV�GRHV�QRW�JXDUDQWHH�WKDW
ZHOGLQJ�SUREOHPV�ZLOO�QRW�RFFXU��7KH�GHWDLOV�PD\�QRW�DOZD\V�EH�WKH�EHVW�GHWDLO��DQG�RWKHU�PRUH�HIILFLHQW�
FRVW�HIIHFWLYH�RU�HDVLHU�WR�ZHOG�GHWDLOV�PD\�EH�XVHG��+RZHYHU��ZKHQ�RWKHU�JURRYH�GHWDLOV�DUH�XVHG�
TXDOLILFDWLRQ�WHVWLQJ�LV�UHTXLUHG�

I��4XDOLILHG�-RLQW�'HWDLOV��*URRYH�ZHOG�GHWDLOV�PD\�EH�XVHG�RWKHU�WKDQ�WKRVH�VKRZQ�DV�SUHTXDOLILHG�LQ
$:6�D1.1�)LJXUHV�����DQG������$OWHUQDWH�GHWDLOV�PD\�EH�VHOHFWHG�ZLWK�UHGXFHG�RU�ZLGHU�URRW�RSHQLQJV�
UHGXFHG�RU�ZLGHU�JURRYH�DQJOHV��RU�RWKHU�UHYLVHG�GHWDLOV��*HQHUDOO\��QDUURZHU�URRW�RSHQLQJV�DQG�JURRYH
DQJOHV�LQFUHDVH�WKH�ULVN�RI�LQFRPSOHWH�SHQHWUDWLRQ�DW�WKH�URRW�DQG�ODFN�RI�IXVLRQ�DORQJ�WKH�JURRYH�IDFHV�
7KHVH�SUREOHPV�PD\�EH�PLQLPL]HG�WKURXJK�WKH�XVH�RI�VXLWDEOH�:36V��4XDOLILFDWLRQ�WHVWLQJ��DV
SUHVFULEHG�LQ�$:6�D1.1�6HFWLRQ����LV�UHTXLUHG�LQ�VXFK�FDVHV�WR�YHULI\�WKH�DELOLW\�RI�WKH�:36�WR�SURYLGH
WKH�SHQHWUDWLRQ�DQG�TXDOLW\�QHFHVVDU\�

J��'LVWRUWLRQ��$QJXODU�GLVWRUWLRQ�FDQ�EH�PLQLPL]HG�WKURXJK�WKH�XVH�RI�GRXEOH�VLGHG�ZHOGLQJ��WKH�XVH�RI
PLQLPXP�JURRYH�DQJOHV��-��RU�8�JURRYH�ZHOGV��SUHVHWWLQJ�RI�SDUWV��DQG�:36�VHOHFWLRQ��'RXEOH�VLGHG
ZHOGV�EDODQFH�ZHOG�VKULQNDJH�DERXW�WKH�FHQWHU�RI�WKH�SDUW¶V�FURVV�VHFWLRQ��:KHQ�WKH�SDUW�FDQ�EH
IUHTXHQWO\�URWDWHG�IRU�ZHOGLQJ�RQ�RSSRVLWH�VLGHV��D�EDODQFHG�JURRYH�GHWDLO�FDQ�EH�XVHG��:KHQ�RQH�VLGH
ZLOO�EH�ZHOGHG�LQ�LWV�HQWLUHW\�EHIRUH�SURFHHGLQJ�WR�ZHOG�WKH�RSSRVLWH�VLGH��WKH�ILUVW�VLGH�JURRYH�GHSWK
VKRXOG�EH�DSSUR[LPDWHO\��������RI�WKH�WRWDO�JURRYH�GHSWK�RI�ERWK�ZHOGV��7KH�FRPSOHWHG�ILUVW�VLGH�ZHOG
UHVWUDLQV�WKH�VHFRQG�VLGH�ZHOG�IURP�VKULQNLQJ�DV�PXFK�DV�WKH�XQUHVWUDLQHG�ILUVW�VLGH�ZHOG��0LQLPXP
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JURRYH�DQJOHV�DQG�-�DQG�8�JURRYH�GHWDLOV�UHGXFH�WKH�GLIIHUHQFH�LQ�ZHOG�ZLGWK�EHWZHHQ�WKH�URRW�DQG�WKH
IDFH�RI�WKH�ZHOG��DQG�WKHUHIRUH�UHGXFH�WKH�ZHOG�VKULQNDJH�

�� '(6,*1�$1'�)$%5,&$7,21�2)�:(/'('�-2,176�

D��(IIHFWLYH�:HOG�6L]H���7KURDW��$:6�D1.1�6HFWLRQ����3DUW�$�SURYLGHV�WKH�GHWDLOV�IRU�WKH�FDOFXODWLRQ�RI
HIIHFWLYH�ZHOG�VL]H��DOVR�FDOOHG�HIIHFWLYH�WKURDW��DQG�HIIHFWLYH�ZHOG�OHQJWK��

����&RPSOHWH�-RLQW�3HQHWUDWLRQ��&-3��JURRYH�ZHOGV�KDYH�DQ�HIIHFWLYH�WKURDW�HTXDO�WR�WKH�WKLFNQHVV
RI�WKH�WKLQQHU�SDUW�MRLQHG��

����3DUWLDO�-RLQW�3HQHWUDWLRQ��3-3��JURRYH�ZHOGV�PXVW�KDYH�WKHLU�VL]H�VSHFLILHG�LQ�WKH�GHVLJQ��DQG
WKHQ�EH�GHWDLOHG�WR�SURYLGH�WKH�WKURDW�UHTXLUHG��$:6�SURYLGHV�WKH�UHTXLUHG�GHSWK�RI�SUHSDUDWLRQ�IRU�3-3
JURRYH�ZHOGV�LQ�D1.1��)LJXUH������$,6&�SURYLGHV�VLPLODU�LQIRUPDWLRQ�LQ�7DEOH�-����
�

����)RU�IODW�DQG�FRQYH[�ILOOHW�ZHOGV��WKH�HIIHFWLYH�VL]H�LV�VSHFLILHG�LQ�WHUPV�RI�ZHOG�OHJ��EXW�WKH
HIIHFWLYH�WKURDW�LV�WKH�VKRUWHVW�GLVWDQFH�IURP�WKH�URRW�WR�D�VWUDLJKW�OLQH�GUDZQ�EHWZHHQ�WKH�WZR�ZHOG�WRHV�
6KRXOG�WKH�ILOOHW�ZHOG�EH�FRQFDYH��WKH�PHDVXUHPHQW�RI�OHJ�VL]H�LV�LQHIIHFWLYH��DQG�WKH�WKURDW�PXVW�EH
PHDVXUHG�DV�WKH�VKRUWHVW�GLVWDQFH�IURP�WKH�URRW�WR�WKH�ZHOG�IDFH�

E��$OORZDEOH�6WUHVVHV���'HVLJQ�6WUHQJWKV��$OORZDEOH�ZHOG�VWUHVV��ZKHQ�XVLQJ�$6'��LV�SURYLGHG�LQ�$:6
D1.1�7DEOH������RU�LQ�$,6&�7DEOH�-����RI�WKH�ASD Specification��:HOG�GHVLJQ�VWUHQJWK��ZKHQ�XVLQJ
/5)'��LV�SURYLGHG�LQ�$,6&�7DEOH�-����RI�WKH�LRFD Specification��%RWK�$:6�DQG�$,6&�WDEOHV�DUH
VLPLODUO\�VWUXFWXUHG��ZLWK�PLQRU�GLIIHUHQFHV�LQ�FHUWDLQ�VHFWLRQV��7KH�IROORZLQJ�LQIRUPDWLRQ�LV�LQ�WHUPV�RI
/5)'��ZLWKRXW�FRQVLGHUDWLRQ�RI�WKH�UHVLVWDQFH�IDFWRU�SKL��,I�$6'�LV�XVHG��VHH�WKH�DSSURSULDWH
VSHFLILFDWLRQ�

����)RU�ZHOGV�RWKHU�WKDQ�&-3�JURRYH�ZHOGV�ORDGHG�LQ�WUDQVYHUVH�WHQVLRQ��WKH�$:6�D1.1�&RGH
SHUPLWV�WKH�XVH�RI�PDWFKLQJ�ILOOHU�PHWDO�RU�D�ILOOHU�PHWDO�RI�ORZHU�VWUHQJWK��2YHUPDWFKLQJ�LV�QRW�SHUPLWWHG
LQ�$:6�D1.1��$,6&�SHUPLWV�WKH�XVH�RI�XQGHUPDWFKLQJ�IRU�WKH�VDPH�FRQGLWLRQV��DQG�DOVR�RYHUPDWFKLQJ
ILOOHU�PHWDO�WR�WKH�H[WHQW�RI�RQH�ZHOG�VWUHQJWK�FODVVLILFDWLRQ��QRPLQDOO\����03D�����NVL��PRUH��

����)RU�&-3�JURRYH�ZHOGV�WKDW�FDUU\�WUDQVYHUVH�WHQVLOH�VWUHVV��WKH�$:6�D1.1�&RGH�UHTXLUHV�WKH�XVH
RI�PDWFKLQJ�ILOOHU�PHWDO��0DWFKLQJ�ILOOHU�PHWDO�SURYLGHV�D�ZHOG�ZLWK�DW�OHDVW�WKH�VWUHQJWK�RI�WKH�EDVH�PHWDO
LQ�VXFK�DQ�DSSOLFDWLRQ��6HH�$:6�D1.1�7DEOH�����IRU�PDWFKLQJ�ILOOHU�PHWDOV��7KH�VWUHQJWK�RI�WKH�ZHOG�LV
WUHDWHG�WKH�VDPH�DV�WKH�VWUHQJWK�RI�WKH�EDVH�PHWDO��DV�WKH�EDVH�PHWDO�ZLOO�EH�WKH�ZHDNHU�RI�WKH�WZR
PDWHULDOV��ZLWK�D�SKL�RI�����

����6KRXOG�WKH�&-3�JURRYH�ZHOG�EH�XVHG�LQ�D�7�MRLQW�RU�FRUQHU�MRLQW�ORDGHG�LQ�WHQVLRQ�WUDQVYHUVH�WR
LWV�D[LV��ZLWK�WKH�EDFNLQJ�EDU�UHPDLQLQJ�LQ�SODFH��$,6&�LRFD Specification�7DEOH�-�����1RWH�>G@�UHTXLUHV
WKH�XVH�RI�ILOOHU�PHWDO�ZLWK�D�GHVLJQDWHG�&91�WRXJKQHVV�RI���-�#��� &�����IW��OEI�#���� )��R R

$OWHUQDWLYHO\��WKH�ZHOG�PXVW�EH�GHVLJQHG�DV�D�3-3�JURRYH�ZHOG��VLPLODUO\�ORDGHG�

����)RU�&-3�JURRYH�ZHOGV�LQ�WUDQVYHUVH�FRPSUHVVLRQ��WKH�$:6�D1.1�&RGH�UHTXLUHV�WKH�XVH�RI
HLWKHU�PDWFKLQJ�ILOOHU�PHWDO�RU�D�ILOOHU�PHWDO�RQH�VWUHQJWK�FODVVLILFDWLRQ�OHVV��QRPLQDOO\����03D�����NVL�
OHVV��$,6&�SODFHV�QR�OLPLW�RQ�WKH�XQGHUPDWFKLQJ�VWUHQJWK��7KH�VWUHQJWK�RI�WKH�ZHOG�LV�WUHDWHG�WKH�VDPH�DV
WKH�VWUHQJWK�RI�WKH�EDVH�PHWDO��ZLWK�D�SKL�RI������

����&-3�JURRYH�ZHOGV�LQ�VKHDU�PD\�FDUU\������WLPHV�WKH�FODVVLILFDWLRQ�VWUHQJWK�RI�WKH�ILOOHU�PHWDO�
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ZLWK�D�SKL�RI�����

����&-3�JURRYH�ZHOGV�DQG�RWKHU�ZHOGV�FDUU\LQJ�WHQVLRQ�RU�FRPSUHVVLRQ�SDUDOOHO�WR�WKH�D[LV�RI�WKH
ZHOG�QHHG�QRW�EH�GHVLJQHG�IRU�WKH�WHQVLOH�RU�FRPSUHVVLYH�VWUHVV��RQO\�IRU�DQ\�VKHDU�IRUFHV�WKDW�PD\�EH
WUDQVIHUUHG�EHWZHHQ�WKH�FRQQHFWHG�SDUWV��$V�DQ�H[DPSOH��JLUGHU�ZHE�WR�IODQJH�ZHOGV�QHHG�QRW�EH
GHVLJQHG�IRU�WKH�D[LDO�IRUFH�IURP�EHQGLQJ��RQO\�IRU�WKH�VKHDU�WUDQVIHUUHG�EHWZHHQ�WKH�ZHE�DQG�IODQJH�

����3-3�JURRYH�ZHOGV�LQ�WUDQVYHUVH�WHQVLRQ�DUH�SHUPLWWHG�WR�FDUU\������WLPHV�WKH�FODVVLILFDWLRQ
VWUHQJWK�RI�WKH�ILOOHU�PHWDO��ZLWK�D�SKL�RI������7KH�VWUHVV�RQ�WKH�EDVH�PHWDO�LV�DOVR�OLPLWHG�WR�WKH�PLQLPXP
VSHFLILHG�\LHOG�VWUHQJWK�RI�WKH�EDVH�PHWDO��ZLWK�D�SKL�RI�������XVLQJ�WKH�HIIHFWLYH�VL]H��WKURDW��RI�WKH
JURRYH�ZHOG�IRU�WKH�FKHFN�RI�WKH�EDVH�PHWDO�VWUHVV�

����3-3�JURRYH�ZHOGV�LQ�FRPSUHVVLRQ�DUH�FXUUHQWO\�WUHDWHG�GLIIHUHQWO\�E\�$:6�DQG�$,6&��8QGHU
$:6�D1.1��3-3�JURRYH�ZHOGV�DUH�FDWHJRUL]HG�LQWR�MRLQWV�GHVLJQHG�WR�EHDU�DQG�MRLQWV�QRW�GHVLJQHG�WR
EHDU��$,6&��EHFDXVH�LW�LV�EDVHG�XSRQ�QHZ�FRQVWUXFWLRQ��SURYLGHV�GHVLJQ�YDOXHV�RQO\�IRU�WKH�MRLQW
GHVLJQHG�WR�EHDU�DSSOLFDWLRQ��8QGHU�$,6&��IRU�MRLQWV�GHVLJQHG�WR�EHDU��WKH�ZHOG�VWUHVV�QHHG�QRW�EH
FKHFNHG��DV�WKH�EDVH�PHWDO�ZLOO�JRYHUQ�WKH�VWUHQJWK�RI�WKH�MRLQW��ZLWK�D�SKL�RI�����

����)RU�MRLQWV�QRW�GHVLJQHG�WR�EHDU��RQO\�$:6�SURYLGHV�GHVLJQ�YDOXHV��EDVHG�XSRQ�$OORZDEOH
6WUHVV�'HVLJQ��$6'���7KH�ZHOG�VWUHVV�PD\�QRW�H[FHHG������WLPHV�WKH�FODVVLILFDWLRQ�VWUHQJWK�RI�WKH�ILOOHU
PHWDO��DQG�WKH�EDVH�PHWDO�VWUHVV�PD\�QRW�H[FHHG������WLPHV�WKH�PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWK�RI�WKH
EDVH�PHWDO��DSSOLHG�WR�WKH�WKURDW�RI�WKH�JURRYH�ZHOG��/5)'�YDOXHV��FRQVLGHULQJ�WKH�IDFWRU�SKL��DUH
JHQHUDOO\�����WLPHV�WKH�$6'�YDOXHV�

����3-3�JURRYH�ZHOGV�LQ�VKHDU�PD\�EH�VWUHVVHG�WR������WLPHV�WKH�FODVVLILFDWLRQ�VWUHQJWK�RI�WKH�ILOOHU
PHWDO��ZLWK�D�SKL�RI������

�����)LOOHW�ZHOGV�PD\�EH�VWUHVVHG�WR������WLPHV�WKH�FODVVLILFDWLRQ�VWUHQJWK�RI�WKH�ILOOHU�PHWDO��ZLWK�D
SKL�RI�������7KHUH�LV�QR�QHHG�WR�FKHFN�WKH�VKHDU�VWUHVV�LQ�WKH�EDVH�PHWDO�DORQJ�WKH�GLDJUDPPDWLF�OHJ�RI
WKH�ILOOHW�ZHOG��5HVHDUFK�LQGLFDWHV�WKDW��EHFDXVH�RI�SHQHWUDWLRQ�DQG�+$=�KDUGHQLQJ��WKH�OHJ�RI�WKH�ILOOHW
ZHOG�LV�QRW�D�IDLOXUH�SODQH�WKDW�QHHGV�FKHFNHG�

�����)RU�WUDQVYHUVHO\�ORDGHG�ILOOHWV�ZHOGV��$:6�D1.1�6HFWLRQ��������DQG���������DQG�$,6&�LRFD
Specification�$SSHQGL[�-�����SHUPLW�D�����LQFUHDVH�LQ�WKH�DOORZDEOH�VKHDU�VWUHVV�RQ�WKH�ZHOG��)RU�DQJOHV
RWKHU�WKDQ�WUDQVYHUVH��DQ�LQFUHDVH�LV�DOVR�SHUPLWWHG�EDVHG�XSRQ�DQ�HTXDWLRQ��)RU�HFFHQWULFDOO\�ORDGHG
ILOOHW�ZHOG�JURXSV��DOORZDEOH�VKHDU�VWUHVV�LQFUHDVHV�DUH�DOVR�SHUPLWWHG�ZKHQ�XVLQJ�WKH�LQVWDQWDQHRXV
FHQWHU�RI�URWDWLRQ�DSSURDFK�IRU�WKH�DQDO\VLV�RI�WKH�ZHOG�JURXS��'HVLJQ�YDOXHV�IRU�W\SLFDO�ZHOG�JURXSV�DUH
SURYLGHG�LQ�WKH�$,6&�Manual�

�����:KHQ�ILOOHW�ZHOG�VWUHQJWK�LQFUHDVHV��DV�DERYH��DUH�XVHG�IRU�ORDGLQJ�RWKHU�WKDQ�SDUDOOHO�WR�WKH
ZHOG�D[LV��$,6&�LRFD Specification�7DEOH�-�����1RWH�>K@�UHTXLUHV�WKH�XVH�RI�&91�WRXJKQHVV�DV�DERYH�

�����:KHQ�D�ILOOHW�ZHOG�LV�ORDGHG�ORQJLWXGLQDOO\�DORQJ�LWV�D[LV��DQG�LV�ORDGHG�IURP�LWV�HQG��DV�LQ�D
VSOLFH�SODWH�RU�EUDFH�PHPEHU��WKHUH�LV�D�PD[LPXP�HIIHFWLYH�OHQJWK�RI�����WLPHV�WKH�OHJ�VL]H�EHIRUH�D
UHGXFWLRQ�IDFWRU�PXVW�EH�LPSOHPHQWHG��/RQJHU�ILOOHW�ZHOGV�ORDGHG�LQ�VXFK�D�PDQQHU�PXVW�EH�DQDO\]HG
XVLQJ�D�UHGXFWLRQ�FRHIILFLHQW�%HWD�IURP�$,6&�LRFD Specification�HTXDWLRQ�-�����7KH�PD[LPXP�HIIHFWLYH
OHQJWK�LV�����WLPHV�WKH�OHJ�VL]H��ZKLFK�ZRXOG�DSSO\�ZKHQ�WKH�ZHOG�LV�����WLPHV�WKH�OHJ�VL]H�LQ�OHQJWK��ZLWK
D�UHGXFWLRQ�FRHIILFLHQW�%HWD�RI�����

�����3OXJ�DQG�VORW�ZHOGV�PD\�EH�VWUHVVHG�WR������WLPHV�WKH�FODVVLILFDWLRQ�VWUHQJWK�RI�WKH�ILOOHU�PHWDO�
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ZLWK�D�SKL�RI�������7KHUH�LV�QR�QHHG�WR�FKHFN�WKH�VWUHVV�LQ�WKH�EDVH�PHWDO�DORQJ�WKH�EDVH�RI�WKH�SOXJ�RU
VORW��3OXJ�DQG�VORW�ZHOGV�PD\�EH�GHVLJQHG�RQO\�IRU�VKHDU�IRUFHV�DORQJ�WKH�EDVH�RI�WKH�KROH�RU�VORW��QRW�IRU
VKHDU�DORQJ�WKH�ZDOOV�RI�WKH�KROH�RU�VORW�

�����:LWK�VKHDU�VWUHVV�LQ�DQ\�W\SH�ZHOG��WKH�&RGH�UHTXLUHV�D�FKHFN�RI�WKH�EDVH�PHWDO�LQ�VKHDU�
OLPLWLQJ�WKH�EDVH�PHWDO�VWUHVV�WR������WLPHV�WKH�PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWK�RI�WKH�EDVH�PHWDO��ZLWK
D�SKL�RI�������7KLV�FKHFN�LV�DSSOLHG�WR�WKH�WKLFNQHVV�RI�WKH�PDWHULDO��QRW�WKH�ZHOG�VWHHO�LQWHUIDFH��WR�YHULI\
WKDW�WKH�VWHHO�KDV�WKH�FDSDFLW\�WR�FDUU\�WKH�ORDG�GHOLYHUHG�WR�RU�IURP�WKH�ZHOG��7KLV�LV�HVSHFLDOO\
DSSOLFDEOH�WR�VLWXDWLRQV�XVLQJ�ILOOHW�ZHOGV�RQ�RSSRVLWH�VLGHV�RI�WKLQ�EHDP�DQG�JLUGHU�ZHEV�

F��0LQLPXP�:HOG�6L]H��0LQLPXP�ZHOG�VL]HV�DUH�LQFRUSRUDWHG�LQWR�ERWK�WKH�$:6�D1.1�DQG�$,6&
FRGHV��$:6�D1.1�7DEOH������SURYLGHV�PLQLPXP�ILOOHW�ZHOG�VL]HV��DQG�7DEOH�����SURYLGHV�PLQLPXP
SUHTXDOLILHG�3-3�JURRYH�ZHOG�VL]HV��7KH�EDVLV�RI�WKHVH�WDEOHV�LV�WKH�QHHG�WR�VORZ�WKH�FRROLQJ�UDWH�ZKHQ
ZHOGLQJ�RQ�WKLFNHU�PDWHULDOV��6PDOO�ZHOGV�SURYLGH�OLWWOH�KHDW�LQSXW�WR�WKH�WKLFN�EDVH�PHWDO��ZKLFK�DFWV�DV
DQ�HIILFLHQW�KHDW�VLQN��DQG�WKHUHIRUH�WKH�ZHOG�UHJLRQ�FRROV�YHU\�UDSLGO\��7KH�UDSLG�FRROLQJ�FUHDWHV�D�KDUG�
PDUWHQVLWLF�KHDW�DIIHFWHG�]RQH��+$=���ZLWK�SRWHQWLDOO\�KLJK�OHYHOV�RI�WUDSSHG�K\GURJHQ��ZLWK�D�KLJKHU�ULVN
RI�FUDFNLQJ��/DUJHU�ZHOGV�DUH�PDGH�ZLWK�KLJKHU�ZHOGLQJ�KHDW�LQSXW��WKHUHIRUH�UHGXFLQJ�WKH�FRROLQJ�UDWH�
DQG�UHGXFH�WKH�ULVN�RI�+$=�FUDFNLQJ�WR�DFFHSWDEOH�OHYHOV��$,6&�7DEOH�-����SURYLGHV�PLQLPXP�ILOOHW�ZHOG
VL]HV�VLPLODU�WR�$:6�D1.1�7DEOH������EXW�GRHV�QRW�SURYLGH�ZHOG�VL]H�UHGXFWLRQV�EDVHG�XSRQ�WKH�XVH�RI
ORZ�K\GURJHQ�HOHFWURGHV�RU�SUHKHDW�

G��0D[LPXP�)LOOHW�:HOG�6L]H��$�PD[LPXP�ILOOHW�ZHOG�VL]H�LV�HVWDEOLVKHG�IRU�ODS�MRLQWV�ZKHUH�D�ILOOHW
ZHOG�LV�SODFHG�DORQJ�WKH�HGJH�RI�D�SDUW��7KH�PD[LPXP�ILOOHW�ZHOG�VL]H�WKDW�VKRXOG�EH�VSHFLILHG��ZKHQ�WKH
SDUW�LV���PP������LQ���RU�PRUH�LQ�WKLFNQHVV��LV���PP�������LQ���OHVV�WKDQ�WKH�WKLFNQHVV�RI�WKH�SDUW��7KLV�LV
WR�SURWHFW�WKH�HGJH�RI�WKH�SDUW�IURP�PHOWLQJ�XQGHU�WKH�DUF��PDNLQJ�LW�GLIILFXOW�WR�YHULI\�DGHTXDWH�OHJ�VL]H
DQG�WKURDW��)RU�ODS�MRLQWV�ZKHUH�WKH�SDUW�UHFHLYLQJ�WKH�ILOOHW�ZHOG�DORQJ�LWV�HGJH�LV�OHVV�WKDQ���PP������LQ��
LQ�WKLFNQHVV��WKH�VSHFLILHG�ILOOHW�ZHOG�VL]H�PD\�HTXDO�WKH�WKLFNQHVV�RI�WKH�SDUW��6HH�$:6�D1.1�6HFWLRQ
������

H��$YDLODEOH�'HVLJQ�$LGV��'HVLJQ�DLGV�IRU�ZHOGHG�FRQQHFWLRQV��LQ�WKH�IRUP�RI�WDEOHV�DQG�VRIWZDUH��DUH
DYDLODEOH��6HH�$SSHQGL[�%��%LEOLRJUDSK\�

I��:HOG�$FFHVV�+ROHV��:HOG�DFFHVV�KROHV�SURYLGH�DFFHVV�IRU�ZHOGLQJ�HTXLSPHQW�WR�UHDFK�WKH�ZHOG
UHJLRQ��UHGXFLQJ�WKH�LQWHUIHUHQFH�IURP�WKH�PHPEHU�LWVHOI��7KH\�DOVR�SURYLGH�DFFHVV�IRU�ZHOG�FOHDQLQJ�DQG
LQVSHFWLRQ��$FFHVV�KROHV�DOVR�VHUYH�WR�VHSDUDWH�ZHOG�VKULQNDJH�VWUHVVHV�ZKHQ�IXOO\�ZHOGHG�MRLQWV�DUH
PDGH�LQ�ERWK�WKH�PHPEHU�ZHE�DQG�IODQJH��DV�DQ�H[DPSOH��7\SLFDOO\��ZHOG�DFFHVV�KROHV�DUH�SURYLGHG�LQ
EHDP�DQG�JLUGHU�ZHEV�ZKHQ�VSOLFLQJ�IODQJHV��RU�ZKHQ�PDNLQJ�ZHOGHG�IODQJH�FRQQHFWLRQV�LQ�EHDP�WR�
FROXPQ�MRLQWV��EXW�PD\�DOVR�EH�XVHG�LQ�RWKHU�MRLQWV�ZKHUH�LQWHUIHUHQFHV�H[LVW��6HH�$:6�D1.1�6HFWLRQ
������DQG�$,6&�LRFD Specification�6HFWLRQ�-����IRU�PLQLPXP�DFFHVV�W\SHV��GLPHQVLRQV��DQG�TXDOLW\�
:KHQ�ZHOG�DFFHVV�KROHV�DUH�XVHG�LQ�KHDY\�VHFWLRQV�RU�KLJK�VHLVPLF�DSSOLFDWLRQV��VSHFLDO�SURYLVLRQV
UHJDUGLQJ�VXUIDFH�TXDOLW\�DQG�LQVSHFWLRQ�DSSO\�

J��5HHQWUDQW�&RUQHUV��5HHQWUDQW�FRUQHUV�DUH�LQWHUQDO�FXWV�LQ�PHPEHUV��7\SLFDO�UHHQWUDQW�FRUQHUV�LQ
EXLOGLQJV�DUH�IRXQG�DW�RSHQLQJV�IRU�SLSLQJ�DQG�GXFWZRUN�LQ�EHDP�ZHEV��5HHQWUDQW�FRUQHUV�PXVW�EH
VPRRWK��ZLWK�QR�QRWFKHV��ZLWK�D�PLQLPXP�UDGLXV�RI����PP����LQ����*ULQGLQJ�RI�UHHQWUDQW�FRUQHUV�DQG
WDQJHQF\�LV�QRW�UHTXLUHG��%HDP�FRSHV�DQG�ZHOG�DFFHVV�KROHV�DUH�WUHDWHG�VHSDUDWHO\�E\�WKH�FRGH��6HH
$:6�D1.1�6HFWLRQ������

K��+HDY\�6HFWLRQ�-RLQW�3URYLVLRQV��8QGHU�WKH�$,6&�/5)'�Specification��VSHFLDO�PDWHULDO��ZHOGLQJ�DQG
TXDOLW\�UHTXLUHPHQWV�DSSO\�IRU�DSSOLFDWLRQV�XVLQJ�$670�*URXS���DQG���VKDSHV��DQG�IRU�EXLOW�XS�VHFWLRQV
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XVLQJ�SODWHV�RYHU����PP����LQ���LQ�WKLFNQHVV��$:6�D1.1�SURYLVLRQV�DSSO\�IRU�$670�*URXS���DQG��
VKDSHV�DQG�IRU�EXLOW�XS�VHFWLRQV�ZLWK�D�ZHE�SODWH�RYHU����PP��������LQ���LQ�WKLFNQHVV��%RWK�FRGHV�DSSO\
WKHVH�SURYLVLRQV�RQO\�ZKHQ�WKH�PDWHULDOV�DUH�XVHG�ZLWK�ZHOGHG�WHQVLOH�VSOLFHV��EXW�KDYH�DOVR�EHHQ
DSSOLHG�WR�FRQQHFWLRQV�VXFK�DV�EHDP�WR�FROXPQ�FRQQHFWLRQV�ZKHUH�WKH�IODQJHV�DUH�GLUHFW�ZHOGHG�IRU
PRPHQW�UHVLVWDQFH��7KH�VSHFLDO�PDWHULDO�UHTXLUHPHQWV�LQFOXGH�D�PLQLPXP�&91�WRXJKQHVV�WDNHQ�IURP�D
VSHFLILF��QRQVWDQGDUG�ORFDWLRQ�LQ�WKH�PDWHULDO��7KH�VSHFLDO�SURYLVLRQV�OLVWHG�GR�QRW�DSSO\�ZKHQ�WKH�MRLQW
FDUULHV�RQO\�FRPSUHVVLRQ��VXFK�DV�FROXPQ�VSOLFHV��RU�ZKHQ�EROWHG�VOLFHV�DUH�XVHG��:HOG�DFFHVV�KROHV
PXVW�EH�SUHKHDWHG�WR��� &����� )��SULRU�WR�WKHUPDO�FXWWLQJ��JURXQG�WR�EULJKW�PHWDO��DQG�LQVSHFWHG�XVLQJR R

HLWKHU�3HQHWUDQW�7HVWLQJ��37��RU�0DJQHWLF�3DUWLFOH�7HVWLQJ��07���2SWLRQDOO\��ZHOG�DFFHVV�KROHV�PD\�EH
PDGH�E\�GULOOLQJ�DQG�VDZ�FXWWLQJ��EXW�37�RU�07�RI�WKH�FXW�VXUIDFH�LV�VWLOO�UHTXLUHG��)RU�MRLQW�ZHOGLQJ�
PLQLPXP�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUH�RI���� &����� )��PXVW�EH�XVHG��KLJKHU�WKDQ�WKDW�UHTXLUHG�E\R R

$:6�D1.1�7DEOH������:HOG�WDEV�DQG�EDFNLQJ�EDUV�PXVW�EH�UHPRYHG�DIWHU�FRPSOHWLRQ�RI�WKH�MRLQW��$:6
D1.1�FRGH�SURYLVLRQV�FRQWDLQ�PRVW��EXW�QRW�DOO��RI�WKHVH�SURYLVLRQV��7KH�$,6&�ASD Specification�GRHV�QRW
FRQWDLQ�WKH�ODWHVW�MRLQW�GHWDLOV��DQG�WKHUHIRUH�$,6& LRFD Specification�SURYLVLRQV�VKRXOG�EH�XVHG��6HH
$,6&�VHFWLRQ�$���F�IRU�PDWHULDOV�UHTXLUHPHQWV��-����IRU�SUHKHDW�UHTXLUHPHQWV��-����IRU�DFFHVV�KROH
UHTXLUHPHQWV��DQG�-����IRU�ZHOG�WDE�DQG�EDFNLQJ�EDU�UHPRYDO�UHTXLUHPHQWV��6HH�$,6&�/5)'�)LJXUH�&�
-����IRU�GLPHQVLRQDO�DQG�IDEULFDWLRQ�UHTXLUHPHQWV�IRU�ZHOG�DFFHVV�KROHV�

L��%DFNLQJ�%DUV��%DFNLQJ�EDUV�DUH�XVHG�WR�FORVH�DQG�VXSSRUW�WKH�URRW�SDVV�RI�JURRYH�ZHOGV�ZKHQ�PDGH
IURP�RQH�VLGH�RI�WKH�MRLQW��-RLQW�DVVHPEO\�WROHUDQFHV�DUH�JUHDWHU�ZKHQ�EDFNLQJ�EDUV�DUH�XVHG��FRPSDUHG
WR�MRLQWV�ZLWKRXW�EDFNLQJ��$VVHPEO\�WROHUDQFHV�ZLWKRXW�EDFNLQJ�DUH�W\SLFDOO\�ZLWKLQ���PP������LQ����GLIILFXOW
WR�DFKLHYH�ZLWK�VWUXFWXUDO�VWHHO�VHFWLRQV�LQ�HLWKHU�WKH�VKRS�RU�ILHOG��EXW�SRVVLEOH�IRU�VRPH�W\SHV�RI�MRLQWV
IRU�VKRS�IDEULFDWLRQ��:LWK�EDFNLQJ��WKH�DVVHPEO\�WROHUDQFHV�DUH�W\SLFDOO\�HQODUJHG�WR�DOORZ�YDULDWLRQV�RI��
PP�������LQ����:HOGLQJ�LV�PRUH�HDVLO\�SHUIRUPHG�ZLWK�EDFNLQJ�WR�VXSSRUW�WKH�URRW�SDVV��HOLPLQDWLQJ
FRQFHUQV�IRU�PHOW�WKURXJK�DQG�UHSDLU��,Q�VRPH�MRLQWV��SDUWLFXODUO\�LQ�IDWLJXH�DQG�VHLVPLF�DSSOLFDWLRQV��LW
PD\�EH�UHFRPPHQGHG�RU�QHFHVVDU\�WR�UHPRYH�WKH�EDFNLQJ�EDU�DIWHU�XVH��7KLV�DGGV�FRVW�WR�WKH�RSHUDWLRQ�
SDUWLFXODUO\�ZKHQ�UHZHOGLQJ�DQG���RU�ILQLVKLQJ�RI�WKH�UHPRYHG�DUHD�LV�QHFHVVDU\�

����6WHHO�EDFNLQJ�LV�XVHG�DOPRVW�XQLYHUVDOO\�LQ�VWHHO�FRQVWUXFWLRQ��7KRVH�DSSOLFDWLRQV�WKDW�UHTXLUH
VXEVHTXHQW�EDFNLQJ�UHPRYDO�DUH�VRPHWLPHV�GRQH�ZLWK�QRQIXVLEOH�EDFNLQJ�PDWHULDOV�VXFK�DV�FRSSHU�
FHUDPLF�RU�IOX[��7KH�XVH�RI�EDFNLQJ�PDWHULDOV�RWKHU�WKDQ�VWHHO�LV�JHQHUDOO\�FRQVLGHUHG�QRQSUHTXDOLILHG�
UHTXLULQJ�WKH�WHVWLQJ�RI�WKH�:36�ZLWK�WKHVH�PDWHULDOV��([WUHPH�FDXWLRQ�VKRXOG�EH�XVHG�ZLWK�FRSSHU
EDFNLQJ��DV�WKH�DUF�PD\�VWULNH�WKH�FRSSHU�DQG�PHOW�FRSSHU�LQWR�WKH�ZHOG��JUHDWO\�LQFUHDVLQJ�WKH�ULVN�RI
ZHOG�FUDFNLQJ�

����:HOGLQJ�SHUVRQQHO�TXDOLILHG�WR�ZHOG�XVLQJ�EDFNLQJ�DUH�DOVR�TXDOLILHG�WR�ZHOG�ZLWKRXW�EDFNLQJ�
SURYLGHG�WKH�ZHOG�LV�EDFNJRXJHG�DQG�EDFNZHOGHG��,I�WKH�MRLQW�LV�QRW�EDFNJRXJHG�DQG�EDFNZHOGHG��WKHQ
WKH�ZHOGHU�PXVW�EH�TXDOLILHG�WR�ZHOG�ZLWKRXW�EDFNLQJ��,I�D�ZHOGHU�LV�TXDOLILHG�ZLWKRXW�EDFNLQJ��WKHQ�WKH
ZHOGHU�PD\�DOVR�ZHOG�ZLWK�EDFNLQJ�

����7KH�PLQLPXP�EDFNLQJ�WKLFNQHVVHV�SURYLGHG�LQ�$:6�D1.1�6HFWLRQ��������DUH�JHQHUDOO\�VXLWDEOH
WR�UHGXFH�WKH�ULVN�RI�PHOWLQJ�WKUX�WKH�EDFNLQJ�EDU��EXW�YHU\�KLJK�KHDW�LQSXW�SURFHGXUHV��SDUWLFXODUO\�ZLWK
6XEPHUJHG�$UF�:HOGLQJ��6$:���PD\�UHTXLUH�WKLFNHU�EDFNLQJ�

����$:6�D1.1�6HFWLRQ�������LQFOXGHV�SURYLVLRQV�IRU�EDFNLQJ�PDWHULDOV��WKLFNQHVV��VSOLFLQJ��DQG
UHPRYDO�

M��:HOG�7DEV��:HOG�WDEV�DUH�DOVR�UHIHUUHG�WR�DV�³H[WHQVLRQ�EDUV´��³UXQ�RII�WDEV´��DQG�VLPLODU�WHUPV�LQ
WKH�LQGXVWU\��7KH�SXUSRVH�RI�D�ZHOG�WDE�LV�WR�DOORZ�WKH�ZHOG�WR�EH�VWDUWHG�RU�VWRSSHG�EH\RQG�WKH�HGJH�RI
WKH�PDWHULDO�EHLQJ�MRLQHG��:HOG�WDEV�DUH�W\SLFDOO\�XVHG�LQ�EXWW�MRLQW�PHPEHU�VSOLFHV��JURRYH�ZHOGHG
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GLUHFW�ZHOGHG�IODQJH�MRLQWV�LQ�EHDP�WR�FROXPQ�PRPHQW�FRQQHFWLRQV��DQG�DW�WKH�HQGV�RI�EXLOW�XS�PHPEHU
ZHOGV�VXFK�DV�JLUGHU�ZHE�WR�IODQJH�ZHOGV��:HOG�WDEV�DOORZ�WKH�ZHOGLQJ�RI�WKH�IXOO�ZLGWK�RI�WKH�MRLQW�
ZLWKRXW�VWDUWV�DQG�VWRSV�RU�EXLOG�RXW�UHJLRQV�DORQJ�WKH�HGJHV��7KH�XVH�RI�ZHOG�WDEV�SODFHV�WKH�LQKHUHQW
ZHOG�GLVFRQWLQXLWLHV�PDGH�ZKHQ�VWDUWLQJ�RU�VWRSSLQJ�D�ZHOG�ZLWKLQ�WKH�WDE��DQG�RXWVLGH�WKH�PDMRU�VWUHVV
IORZ�RI�WKH�VSOLFHG�PDWHULDO��7DEV�DOVR�DOORZ�WKH�ZHOGLQJ�DUF�WR�VWDELOL]H�SULRU�WR�ZHOGLQJ�WKH�PDLQ
PDWHULDO��)RU�6$:��WKH�WDEV�VXSSRUW�WKH�IOX[�GHSRVLW�DW�WKH�HGJH�RI�WKH�ZRUNSLHFH�

����$IWHU�ZHOGLQJ�LV�FRPSOHWHG��WKH�ZHOG�WDEV�PD\�QHHG�WR�EH�UHPRYHG��,Q�VRPH�MRLQWV��SDUWLFXODUO\
LQ�IDWLJXH�DQG�KLJK�VHLVPLF�DSSOLFDWLRQV��LW�PD\�EH�UHFRPPHQGHG�RU�QHFHVVDU\�WR�UHPRYH�WKH�ZHOG�WDE
DIWHU�XVH��5HPRYDO�LV�UHTXLUHG�LQ�PRVW�IDWLJXH�DSSOLFDWLRQV��,Q�KHDY\�VHFWLRQ�WHQVLOH�VSOLFHV��UHPRYDO�LV
UHTXLUHG��,Q�KLJK�VHLVPLF�UHJLRQV��UHPRYDO�LV�UHTXLUHG�DW�WUDQVYHUVH�JURRYH�ZHOGV�LQ�PRPHQW�UHVLVWLQJ
MRLQWV��)RU�RWKHU�DSSOLFDWLRQV��UHPRYDO�VKRXOG�EH�FRQVLGHUHG�ZKHQ�VSOLFLQJ�PHPEHUV�RYHU����PP����LQ��
LQ�WKLFNQHVV�ZKHQ�WKH�PHPEHUV�DUH�VXEMHFWHG�WR�KLJK�WHQVLOH�VWUHVVHV�DW�WKH�VSOLFH��7KLV�LV�EHFDXVH
WKLFNHU�PHPEHUV�W\SLFDOO\�KDYH�OHVV�WRXJKQHVV�WKDQ�WKLQQHU�PHPEHUV��DQG�WKH�ORZ�WRXJKQHVV�PD\�DOORZ
D�FUDFN�RU�RWKHU�GLVFRQWLQXLW\�LQ�WKH�ZHOG�WDE�WR�SURSDJDWH�LQWR�WKH�SULPDU\�ZHOG��)RU�FRPSUHVVLRQ�MRLQWV
VXFK�DV�FROXPQ�VSOLFHV��RU�IRU�ORZ�VWUHVV�WHQVLOH�VSOLFHV��ZHOG�WDEV�LQ�VWDWLFDOO\�ORDGHG�VWUXFWXUHV�VKRXOG
EH�DOORZHG�WR�UHPDLQ�LQ�SODFH�

����$:6�D1.1�6HFWLRQ�������SURYLGHV�LQIRUPDWLRQ�RQ�WKH�XVH�DQG�UHPRYDO�UHTXLUHPHQWV�IRU�ZHOG
WDEV�

N��:HOGLQJ�6HTXHQFH�DQG�'LVWRUWLRQ�&RQWURO��3DUWV�FDQ�EH�SUHVHW�LQ�D�VNHZHG�SRVLWLRQ�VR�WKDW��ZKHQ
ZHOG�VKULQNDJH�RFFXUV��WKH�FRPSOHWHG�PHPEHU�ZLOO�EH�DSSUR[LPDWHO\�VWUDLJKW��:36V�WKDW�XVH�ODUJH
SDVVHV��UDWKHU�WKDQ�QXPHURXV�VPDOO�SDVVHV��JHQHUDOO\�FDXVH�OHVV�DQJXODU�GLVWRUWLRQ��'LVWRUWLRQ�PD\�DOVR
RFFXU�DORQJ�WKH�OHQJWK�RI�D�PHPEHU��UHVXOWLQJ�LQ�XQLQWHQGHG�VZHHS��FDPEHU��RU�WZLVW��7KLV�RFFXUV
EHFDXVH�ZHOGLQJ�LV�QRW�EDODQFHG�DERXW�WKH�FHQWHU�RI�JUDYLW\�RI�WKH�PHPEHU�FURVV�VHFWLRQ��7KH�XVH�RI
LQWHUPLWWHQW�ZHOGLQJ��ZHOGLQJ�IURP�WKH�FHQWHU�RI�WKH�PHPEHU¶V�OHQJWK��DQG�RYHUZHOGLQJ�LQ�VRPH�ORFDWLRQV
PD\�DOVR�EH�XVHG�WR�UHGXFH�ORQJLWXGLQDO�GLVWRUWLRQ�

O��/DPHOODU�7HDULQJ��/DPHOODU�WHDULQJ�LV�D�VWHS�OLNH�FUDFN�LQ�WKH�EDVH�PHWDO��JHQHUDOO\�SDUDOOHO�WR�WKH
UROOHG�VXUIDFH��FDXVHG�E\�ZHOG�VKULQNDJH�VWUHVVHV�DSSOLHG�WR�WKH�VWHHO�LQ�WKH�WKURXJK�WKLFNQHVV�GLUHFWLRQ�
7KH�VWHHO�LV�VRPHZKDW�ZHDNHQHG�E\�WKH�SUHVHQFH�RI�YHU\�VPDOO��GLVSHUVHG��SODQDU�VKDSHG��QRQPHWDOOLF
LQFOXVLRQV��JHQHUDOO\�VXOIXU�EDVHG��RULHQWHG�SDUDOOHO�WR�WKH�VWHHO�VXUIDFH��7KHVH�LQFOXVLRQV�VHUYH�DV
LQLWLDWLRQ�SRLQWV�IRU�WHDULQJ��/DUJH�LQFOXVLRQV�FRQVWLWXWH�ODPLQDWLRQV��ZKLFK�PD\�EH�GHWHFWDEOH�XVLQJ
VWUDLJKW�EHDP�XOWUDVRQLF�WHVWLQJ�SULRU�WR�ZHOGLQJ��7KH�LQFOXVLRQV�WKDW�LQLWLDWH�ODPHOODU�WHDULQJ�DUH�JHQHUDOO\
QRW�UHOLDEO\�GHWHFWHG�XVLQJ�DQ\�IRUP�RI�1'7�

����7KHUH�LV�QR�VSHFLILF�WKURXJK�WKLFNQHVV�DW�ZKLFK�ODPHOODU�WHDULQJ�ZLOO�RU�ZLOO�QRW�RFFXU��QRU
VSHFLILF�YDOXHV�IRU�ZHOG�VL]H��VWUHVVHV�RU�VWUDLQV�WKDW�ZLOO�LQGXFH�WHDULQJ��*HQHUDOO\��ODPHOODU�WHDULQJ�LV
DYRLGHG�E\�XVLQJ�RQH�RU�PRUH�RI�WKH�IROORZLQJ�WHFKQLTXHV��LPSURYHG�GHVLJQ�RU�UHGHVLJQ�RI�WKH�MRLQW�
ZHOGLQJ�SURFHGXUH�FRQWUROV��ZHOG�EHDG�SODFHPHQW�VHOHFWLRQ��VHTXHQFLQJ��WKH�XVH�RI�SUHKHDW�DQG�RU
SRVWKHDW��WKH�XVH�RI�ORZ�VWUHQJWK��KLJK�GXFWLOLW\�ILOOHU�PHWDOV��³EXWWHULQJ�´�DQG�SHHQLQJ��$:6�D1.1
&RPPHQWDU\�&�������SURYLGHV�JXLGDQFH�RQ�WKHVH�PHWKRGV��6WHHOV�ZLWK�LPSURYHG�WKURXJK�WKLFNQHVV
SURSHUWLHV�PD\�DOVR�EH�VSHFLILHG��7KH�PRVW�FRPPRQ�PHWKRG�IRU�LPSURYLQJ�WKURXJK�WKLFNQHVV�SURSHUWLHV�
WR�UHGXFH�WKH�ULVN�RI�ODPHOODU�WHDULQJ��LV�WKH�VSHFLILFDWLRQ�RI�ORZ�VXOIXU�RU�FRQWUROOHG�VXOIXU�LQFOXVLRQ�VWHHOV�

����6KRXOG�ODPHOODU�WHDUV�EH�GHWHFWHG��WKH�VWUHVV�W\SH��DSSOLFDWLRQ��DQG�WKH�LPSOLFDWLRQV�RI�SRWHQWLDO
IDLOXUH�LQ�VHUYLFH�VKRXOG�EH�FRQVLGHUHG��%HFDXVH�WKH�FRPSOHWHG�MRLQW�LV�PRUH�KLJKO\�UHVWUDLQHG�WKDQ�WKH
RULJLQDO�MRLQW��UHSDLU�RI�MRLQWV�WKDW�KDYH�WRUQ�LV�GLIILFXOW�DQG�H[SHQVLYH��ZLWK�QR�DVVXUDQFH�WKDW�D�WHDU�ZLOO
QRW�IRUP�EHQHDWK�WKH�UHSDLU�ZHOG��5HSDLU�PD\�LQYROYH�FRPSOHWH�UHPRYDO�RI�WKH�H[LVWLQJ�ZHOG�DQG

&$
1&
(/
/(
'

Downloaded from http://www.everyspec.com



CEMP-E ������������TI 809-26
      1 March 2000

���

DIIHFWHG�EDVH�PHWDO��5HLQIRUFHPHQW��LI�DSSURSULDWH�IRU�WKH�DSSOLFDWLRQ��VKRXOG�EH�FRQVLGHUHG�LQ�OLHX�RI
UHSDLU�RU�UHSODFHPHQW��

P��%ULWWOH�)UDFWXUH��%ULWWOH�IUDFWXUH�LV�D�IDLOXUH�WKDW�RFFXUV�LQ�WKH�VWHHO�RU�ZHOG�ZLWKRXW�DSSUHFLDEOH
GHIRUPDWLRQ�RU�HQHUJ\�DEVRUSWLRQ��1RW�DOO�IUDFWXUHV�DUH�EULWWOH��DV�WKH�PDWHULDO�PD\�KDYH�XQGHUJRQH
FRQVLGHUDEOH�VWUDLQLQJ�DQG�GHIRUPDWLRQ�SULRU�WR�IUDFWXUH��6XIILFLHQW�GXFWLOLW\�VKRXOG�EH�SURYLGHG�LQ�MRLQW
GHVLJQ�DQG�GHWDLOLQJ��DQG�WRXJKQHVV�LQ�PDWHULDOV�VHOHFWLRQ��VR�WKDW�EULWWOH�IUDFWXUH�ZLOO�QRW�RFFXU��0DQ\
MRLQW�GHVLJQV�DVVXPH�WKH�DELOLW\�WR�GHIRUP�DQG�UHGLVWULEXWH�VWUHVV�WKURXJKRXW�WKH�FRQQHFWLRQ��6WDQGDUG
GHVLJQ�DQG�GHWDLOLQJ�SUDFWLFHV�DUH�W\SLFDOO\�DGHTXDWH�IRU�EXLOGLQJ�VWUXFWXUHV��([WUHPH�ORDGLQJ�FRQGLWLRQV�
FROG�WHPSHUDWXUH�HQYLURQPHQWV��KLJK�VHLVPLF�ULVN��XQXVXDO�PDWHULDOV��DQG�IDWLJXH�DSSOLFDWLRQV�PD\
UHTXLUH�PRUH�FDUH�LQ�WKH�VHOHFWLRQ�DQG�FRQVWUXFWLRQ�RI�FRQQHFWLRQV�DQG�WKHLU�GHWDLOV��1RWFKHV��ZKHWKHU
LQDGYHUWHQW�RU�LQKHUHQW�LQ�WKH�GHVLJQ��JUHDWO\�LQFUHDVH�WKH�ULVN�RI�EULWWOH�IUDFWXUH��&DUH�VKRXOG�EH�WDNHQ�WR
DYRLG�WUDQVYHUVHO\�ORDGHG�VKDUS�QRWFKHV�DQG�MRLQW�WUDQVLWLRQV��SDUWLFXODUO\�LQ�DUHDV�VXFK�DV�ZHOG�WRHV�
%DFNLQJ�EDUV�VKRXOG�EH�UHPRYHG�LQ�VRPH�DSSOLFDWLRQV�EHFDXVH�WKH�QRWFK�LQKHUHQW�DW�WKH�URRW�SDVV
EHWZHHQ�EDFNLQJ�EDU�DQG�VWHHO�PD\�LQLWLDWH�D�FUDFN�LQ�WKH�ZHOG��+$=�RU�EDVH�PHWDO��:KHUH�LW�LV�DVVXPHG
WKDW�SODVWLF�EHKDYLRU�ZLOO�EH�UHTXLUHG�WR�SURYLGH�GXFWLOLW\�DQG�HQHUJ\�DEVRUSWLRQ��VXFK�DV�VHLVPLFDOO\�
ORDGHG�VWUXFWXUHV��VXIILFLHQW�OHQJWK�RI�EDVH�PDWHULDO�VKRXOG�EH�SURYLGHG�LQ�WKH�DVVXPHG�DUHD�RI�SODVWLF
\LHOGLQJ�WR�DOORZ�WKLV�WR�RFFXU��DQG�QRWFKHV�WKDW�ZRXOG�VHUYH�DV�FUDFN�LQLWLDWRUV�VKRXOG�EH�DYRLGHG�LQ�WKLV
DUHD��1RWFK�WRXJK�PDWHULDOV�UHGXFH�WKH�ULVN�RI�EULWWOH�IUDFWXUH�

���'(6,*1�)25�&<&/,&$//<�/2$'('�6758&785(6��)$7,*8(��

D��*HQHUDO��7KH�IDWLJXH�VWUHQJWK�RI�D�ZHOGHG�FRPSRQHQW�LV�D�FRPELQDWLRQ�RI�D�VWUHVV�UDQJH�DQG�D
QXPEHU�RI�F\FOHV��1��WKDW�FDXVHV�IDLOXUH�RI�WKH�FRPSRQHQW��7KH�VWUHVV�UDQJH�LV�WKH�WRWDO�UDQJH�EHWZHHQ
WKH�PD[LPXP�DQG�PLQLPXP�DSSOLHG�VWUHVVHV��6WUHVV�UDQJH�GRHV�QRW�UHTXLUH�VWUHVV�UHYHUVDO��RQO\�D
YDULDWLRQ�LQ�VWUHVV��7KH�IDWLJXH�OLIH�RI�D�FRPSRQHQW��DOVR�FDOOHG�WKH�HQGXUDQFH�OLPLW��LV�WKH�QXPEHU�RI
F\FOHV�WR�IDLOXUH��7KH�IDWLJXH�OLIH�RI�D�ZHOGHG�MRLQW�LV�DIIHFWHG�E\�WKH�VWUHVV�UDQJH�DW�WKH�ORFDWLRQ�RI�FUDFN
LQLWLDWLRQ��DQG�WKH�IDWLJXH�VWUHQJWK�RI�WKH�GHWDLO��SULPDULO\�D�IXQFWLRQ�RI�LWV�JHRPHWU\��,Q�ZHOGHG�MRLQWV�
IDWLJXH�OLIH�LV�JHQHUDOO\�QRW�DIIHFWHG�E\�DSSOLHG�VWUHVV�OHYHO�RU�WKH�VWUHQJWK�RI�WKH�PDWHULDO�

����7UDGLWLRQDO�IDWLJXH�GHVLJQ�LV�EDVHG�XSRQ�KLJK�F\FOH�IDWLJXH��JHQHUDOO\�LQ�WKH�UDQJH�RI�������
F\FOHV�WR���������F\FOHV�DQG�XS��+RZHYHU��ORZ�F\FOH�IDWLJXH�PD\�DOVR�RFFXU�LQ�FDVHV�RI�H[WUHPH�VWUHVV
DQG�VWUDLQ��VXFK�DV�VHLVPLF�HYHQWV�RU�XQDQWLFLSDWHG�RXW�RI�SODQH�EHQGLQJ�IURP�DSSOLHG�VWUHVVHV�RU
GLVWRUWLRQ��$SSOLFDWLRQV�WKDW�PD\�H[SHULHQFH�ORZ�F\FOH�IDWLJXH�UHTXLUH�GHVLJQ�DQG�GHWDLOLQJ�VSHFLILF�WR�WKH
DSSOLFDWLRQ�WKDW�H[FHHG�WKH�JHQHUDO�IDWLJXH�GHVLJQ�SURYLVLRQV�RI�WKH�FRGHV�

����7KH�6�1�FXUYHV�XVHG�IRU�IDWLJXH�GHVLJQ�SURYLGHV�DQ�DVVXPHG�UHODWLRQVKLS�EHWZHHQ�IDWLJXH�OLIH
DQG�VWUHVV�UDQJH��DQG�DUH�FRPPRQO\�SORWWHG�RQ�D�ORJDULWKPLF�VFDOH�DV�D�VWUDLJKW�OLQH��$W�WKH�XSSHU�OHIW
HQG�RI�WKH�VWUDLJKW�OLQH��DW�WKH�ORZ�HQGXUDQFH�OLPLW��WKH�XOWLPDWH�PDWHULDO�VWUHQJWK�LV�H[FHHGHG�DQG�IDLOXUH
RFFXUV�IURP�VWDWLF�VWUHVV��$W�WKH�ORZHU�ULJKW�HQG�RI�WKH�FXUYH��WKH�KLJK�HQGXUDQFH�UDQJH��WKH�VWUHVV�UDQJHV
DUH�JHQHUDOO\�WRR�ORZ�WR�LQLWLDWH�FUDFN�SURSDJDWLRQ��7KH�GHVLJQ�6�1�FXUYHV�XVHG�WR�GHVLJQ�VWUXFWXUDO
PHPEHUV�KDYH�EHHQ�HVWDEOLVKHG�DSSUR[LPDWHO\�����EHORZ�WKH�PHDQ�IDLOXUH�YDOXHV��6HYHUDO�GHVLJQ
FRGHV�DUH�QRZ�UHSODFLQJ�WKH�GHVLJQ�6�1�FXUYHV�ZLWK�WKH�HTXDWLRQV�XVHG�WR�JHQHUDWH�WKH�SORWWHG�FXUYHV�

����7KH�IDWLJXH�VWUHQJWK�RI�GLIIHUHQW�ZHOGHG�GHWDLOV�YDULHV�DFFRUGLQJ�WR�WKH�VHYHULW\�RI�WKH�VWUHVV
FRQFHQWUDWLRQ�HIIHFW��7KRVH�ZLWK�VLPLODU�IDWLJXH�OLIH�FKDUDFWHULVWLFV�DUH�JURXSHG�WRJHWKHU�LQWR�D�6WUHVV
&DWHJRU\��LGHQWLILHG�DV�&ODVVHV�$�WKURXJK�)��ZLWK�VXEFDWHJRULHV�IRU�VSHFLDO�FDVHV��7KHUH�DUH�VHYHUDO
GHWDLOV�WKDW�IDOO�ZLWKLQ�HDFK�FODVV��(DFK�GHWDLO�KDV�D�VSHFLILF�GHVFULSWLRQ�WKDW�GHILQHV�WKH�JHRPHWU\��7KH
GHWDLOV�DQG�VWUHVV�FDWHJRULHV�DUH�FODVVLILHG�E\��
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� IRUP�RI�WKH�PHPEHU��SODWH�EDVH�PHWDO��UROOHG�VHFWLRQ�EDVH�PHWDO��ZHOG�W\SH���
� ORFDWLRQ�RI�DQWLFLSDWHG�FUDFN�LQLWLDWLRQ��EDVH�PHWDO��ZHOG��ZHOG�WRH���
� JRYHUQLQJ�GLPHQVLRQV��DWWDFKPHQW�GLPHQVLRQV��UDGLXV�RI�WUDQVLWLRQ��ZHOG�OHQJWK��HWF���
� IDEULFDWLRQ�UHTXLUHPHQWV��JURXQG�IOXVK��EDFNLQJ�UHPRYHG��HWF����DQG�
� LQVSHFWLRQ�UHTXLUHPHQWV��XOWUDVRQLF�RU�UDGLRJUDSKLF�WHVWLQJ���7KH�GHWDLO�FDWHJRU\�VKRXOG�EH

HYDOXDWHG�FDUHIXOO\�WR�YHULI\�WKDW�WKH�DFWXDO�GHWDLO�UHDOLVWLFDOO\�PDWFKHV�WKH�VWDQGDUG�GHWDLO�

����&DUHIXO�GHVLJQ�DQG�IDEULFDWLRQ�FDQ�UHGXFH�WKH�ULVN�RI�IDLOXUH�E\�IDWLJXH��1RW�DOO�PHWKRGV�RI
IDWLJXH�OLIH�LPSURYHPHQW�DUH�FRQWDLQHG�LQ�WKH�&RGHV��DQG�QRW�DOO�PHWKRGV�DUH�QHFHVVDU\��6PRRWK�VKDSHV
DQG�WUDQVLWLRQV�DUH�LPSRUWDQW��EXW�UDGLXVHG�WUDQVLWLRQV�DUH�H[SHQVLYH�DQG�PD\�QRW�VXEVWDQWLDOO\�LPSURYH
IDWLJXH�OLIH��

� *ULQGLQJ�JURRYH�ZHOGV�IOXVK�LQ�WKH�GLUHFWLRQ�RI�WKH�DSSOLHG�VWUHVV�PD\�LPSURYH�WKH�6WUHVV
&DWHJRU\��

� $YRLG�UHHQWUDQW��QRWFK�OLNH�FRUQHUV��
� 7UDQVLWLRQV�EHWZHHQ�PHPEHUV�RI�GLIIHULQJ�WKLFNQHVVHV�RU�ZLGWKV�VKRXOG�EH�PDGH�ZLWK�D

VORSH�RI�DW�OHDVW��������
� -RLQWV�VKRXOG�EH�SODFHG�LQ�ORZ�VWUHVV�DUHDV��ZKHQ�SRVVLEOH��
� *URRYH�ZHOGHG�EXWW�MRLQWV�KDYH�EHWWHU�IDWLJXH�OLIH�WKDQ�ODS�RU�WHH�MRLQWV�PDGH�ZLWK�ILOOHW

ZHOGV��
� 3DUWV�VKRXOG�EH�DOLJQHG�WR�PLQLPL]H�RU�HOLPLQDWH�HFFHQWULFLW\�DQG�PLQLPL]H�VHFRQGDU\

EHQGLQJ�VWUHVVHV��
� $YRLG�DWWDFKPHQWV�WR�PHPEHUV�VXEMHFW�WR�IDWLJXH�ORDGLQJ��
� $WWDFKPHQW�ZHOGV�VKRXOG�EH�NHSW�DW�OHDVW����PP������LQ���IURP�WKH�HGJHV�RI�SODWHV��
� :HOGV�RQ�WKH�HGJHV�RI�IODQJHV�VKRXOG�EH�DYRLGHG��)LOOHW�ZHOGV�VKRXOG�EH�VWRSSHG�DERXW���

PP������LQ���VKRUW�RI�WKH�HQG�RI�WKH�DWWDFKPHQW��SURYLGHG�WKLV�ZLOO�QRW�KDYH�DQ\�RWKHU
GHWULPHQWDO�HIIHFW�RQ�WKH�VWUXFWXUH��

� ,I�D�GHWDLO�LV�KLJKO\�VHQVLWLYH�WR�ZHOG�GLVFRQWLQXLWLHV��VXFK�DV�D�WUDQVYHUVHO\�ORDGHG�&-3
JURRYH�ZHOG�ZLWK�UHLQIRUFHPHQW�UHPRYHG��DSSURSULDWH�TXDOLW\��LQVSHFWLRQ��DQG�1'7
UHTXLUHPHQWV�VKRXOG�EH�VSHFLILHG��

� )DWLJXH�OLIH�HQKDQFHPHQW�WHFKQLTXHV�VXFK�DV�WKRVH�IRXQG�LQ�$:6�D1.1�6HFWLRQ����PD\�EH
FRVW�HIIHFWLYH�LQ�H[WHQGLQJ�IDWLJXH�OLIH��

� :KHQ�JULQGLQJ�LV�DSSURSULDWH��JULQGLQJ�VKRXOG�EH�LQ�WKH�GLUHFWLRQ�RI�VWUHVV��
� ,QWHUPLWWHQW�VWLWFK�ZHOGV�VKRXOG�EH�DYRLGHG��8QDXWKRUL]HG�DWWDFKPHQWV��RIWHQ�PDGH�E\�ILHOG

RU�PDLQWHQDQFH�SHUVRQQHO�RU�RWKHU�WUDGHV��PXVW�EH�SURKLELWHG��
� $�EROWHG�DVVHPEO\�PD\�EH�DSSURSULDWH�DQG�PRUH�FRVW�HIIHFWLYH�LQ�VRPH�DSSOLFDWLRQV��
� )RU�FULWLFDO�GHWDLOV��SURYLGH�IRU�LQ�VHUYLFH�LQVSHFWLRQ�

E��)DWLJXH�'HVLJQ�'HWDLOV��)DWLJXH�GHWDLOV�DUH�LGHQWLILHG�DV�SODLQ�PDWHULDO��EXLOW�XS�PHPEHUV��JURRYH
ZHOGV��JURRYH�ZHOGHG�DWWDFKPHQWV��ILOOHW�ZHOGV��ILOOHW�ZHOGHG�DWWDFKPHQWV��VWXG�ZHOGV��DQG�SOXJ�DQG�VORW
ZHOGV��)XUWKHU�GLYLVLRQV�RI�WKHVH�JHQHUDO�FDWHJRULHV�DUH�SURYLGHG�XVLQJ�JHQHUDO�GHVFULSWLRQV��DQG�LQ�VRPH
FDVHV��E\�DWWDFKPHQW�OHQJWK��UDGLXV��JULQGLQJ�UHTXLUHPHQWV��1'7�UHTXLUHPHQWV��DQG�PHPEHU�\LHOG
VWUHQJWK��,OOXVWUDWLYH�H[DPSOHV�DUH�W\SLFDOO\�SURYLGHG�E\�WKH�FRGHV�WR�DVVLVW�LQ�WKH�LQWHUSUHWDWLRQ�RI�WKHVH
GLYLVLRQV��

����6WUHVV�&DWHJRU\�$�LV�OLPLWHG�WR�SODLQ�PDWHULDO��ZLWK�QR�ZHOGLQJ��&DWHJRULHV�%��&��'�DQG�(�IROORZ
WKH�VDPH�OLQH�VORSH��ZLWK�UHGXFHG�SHUPLWWHG�VWUHVV�UDQJHV�IRU�D�JLYHQ�IDWLJXH�OLIH�GHPDQG��&DWHJRU\�)
EHKDYLRU�LV�VXIILFLHQWO\�GLIIHUHQW�WR�XVH�D�GLIIHUHQW�VORSH��7KH�HQGXUDQFH�OLPLW�LV�DOVR�UHDFKHG�VRRQHVW��DW
WKH�KLJKHVW�VWUHVV�UDQJH��IRU�&DWHJRU\�$�GHWDLOV��ZLWK�SURJUHVVLYHO\�PRUH�F\FOHV�DQG�ORZHU�VWUHVV�UDQJHV
IRU�WKH�HQGXUDQFH�OLPLW�LQ�RWKHU�FDWHJRULHV�
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����9DULRXV�GHVLJQ�FRGHV�PD\�EH�XVHG�IRU�IDWLJXH�GHVLJQ��DQG�DOO�DUH�EDVHG�XSRQ�WKH�VDPH
SULQFLSOHV�DQG�UHVHDUFK�GDWD��2FFDVLRQDO�UHYLVLRQV�WR�WKHVH�SURYLVLRQV�DQG�GHWDLOV�DUH�PDGH�E\�WKH
YDULRXV�FRGH�RUJDQL]DWLRQV��VR�WKHUH�PD\�EH�PLQRU�GLIIHUHQFHV�EHWZHHQ�FRGHV��*HQHUDOO\��$,6&�DQG
$$6+72�VSHFLILFDWLRQV�DUH�WKH�PRVW�FXUUHQW�DQG�FRPSUHKHQVLYH��LQFOXGLQJ�EROWHG�GHWDLOV��$:6�D1.1
SURYLVLRQV�DUH�OLPLWHG�WR�ZHOGHG�GHWDLOV��$$6+72�DQG�$:6�FXUUHQWO\�XVH�6�1�FXUYHV��DQG�$,6&�XVHV
WDEXODU�YDOXHV�EDVHG�XSRQ�WKH�6�1�FXUYHV��$OO�WKUHH�RUJDQL]DWLRQV�DUH�FXUUHQWO\�FKDQJLQJ�WR�HTXDWLRQ�
EDVHG�GHVLJQ�

����$$6+72�DQG�$:6�SURYLGH�IDWLJXH�GHVLJQ�FXUYHV�IRU�ERWK�UHGXQGDQW�DQG�QRQUHGXQGDQW
VWUXFWXUHV��7KH�$:6�QRQUHGXQGDQW�VWUXFWXUH�IDWLJXH�SURYLVLRQV�DUH�EDVHG�XSRQ�EULGJH�SULQFLSOHV��ZKHUH
IDLOXUH�RI�WKH�ZHOGHG�FRPSRQHQW�ZRXOG�UHVXOW�LQ�FROODSVH�RI�WKH�VWUXFWXUH��EXW�VSHFLDO�SURYLVLRQV�IRU
QRQUHGXQGDQW�VWUXFWXUHV�DUH�QRW�UHTXLUHG��7KH�$$6+72�FRGH��KRZHYHU��UHTXLUHV�WKH�XVH�RI�WKH�$:6
D1.5��6HFWLRQ�����)UDFWXUH�&RQWURO�3ODQ�IRU�1RQUHGXQGDQW�6WUXFWXUHV��$V�D�VSHFLILFDWLRQ�IRU�EXLOGLQJ
FRQVWUXFWLRQ��$,6&�GRHV�QRW�DGGUHVV�QRQUHGXQGDQW�DSSOLFDWLRQV�

F��$OORZDEOH�6WUHVV�5DQJHV��6WUHVV�UDQJHV�DW�WKH�ORZHU�QXPEHU�RI�F\FOHV��IRU�WKH�EHWWHU�IDWLJXH
FDWHJRULHV��DUH�RIWHQ�OLPLWHG�E\�WKH�VWDWLF�VWUHVV�DSSOLHG��%HFDXVH�WKH�QXPEHU�RI�F\FOHV�LV�XVXDOO\
HVWDEOLVKHG�IRU�WKH�DSSOLFDWLRQ��DQG�RIWHQ�WKH�W\SH�RI�GHWDLO�QHHGHG�WR�PDNH�WKH�FRPSRQHQW�RU�FRQQHFWLRQ
LV�HVWDEOLVKHG��WKH�GHVLJQ�PXVW�EH�HVWDEOLVKHG�WR�NHHS�WKH�VWUHVV�UDQJH�EHORZ�WKDW�SHUPLWWHG��)DWLJXH
GHVLJQ�EHJLQV�ZLWK�WKH�VL]LQJ�RI�WKH�PHPEHU�DQG�WKH�FRQQHFWLRQ�IRU�WKH�PD[LPXP�DSSOLHG�VWDWLF�ORDG�
WKHQ�FKHFNHG�IRU�WKH�DSSOLHG�VWUHVV�UDQJH��$GMXVWPHQWV�DUH�WKHQ�PDGH�WR�LQFUHDVH�WKH�FRPSRQHQW�RU
FRQQHFWLRQ�VL]H�DV�QHHGHG��6KRXOG�WKH�VL]H�EHFRPH�H[FHVVLYH��RWKHU�LPSURYHG�GHWDLOV�PD\�EH
FRQVLGHUHG��7KLV�LQFOXGHV��IRU�VRPH�JURRYH�GHWDLOV��JULQGLQJ�RI�WKH�VXUIDFH�DQG�1'7�WR�LPSURYH�WKH
IDWLJXH�GHVLJQ�FDWHJRU\��6RPH�MRLQWV�PD\�EH�FKDQJHG�IURP�3-3�JURRYH�RU�ILOOHW�ZHOGV�WR�&-3�JURRYH
ZHOGV��$QRWKHU�DOWHUQDWLYH�LV�WKH�XVH�RI�IDWLJXH�OLIH�HQKDQFHPHQW�GHWDLOV�WR�LPSURYH�IDWLJXH�OLIH��)DWLJXH
OLIH�HQKDQFHPHQW�GHWDLOV�DUH�QRW�WR�EH�XVHG�WR�LQFUHDVH�DOORZDEOH�VWUHVV�UDQJHV�

G��)DWLJXH�/LIH�(QKDQFHPHQW��$W�WKH�WRH�RI�HYHU\�ZHOG��ZLWK�WKH�H[FHSWLRQ�RI�ZHOGV�PDGH�XVLQJ
7XQJVWHQ�,QHUW�*DV��7,*��ZHOGLQJ�ZLWK�QR�ILOOHU�PHWDO��D�PLFURVFRSLF�VODJ�LQWUXVLRQ�OLQH�LV�SUHVHQW��7KLV
OLQH��IRU�IDWLJXH�SXUSRVHV��DFWV�DV�D�VPDOO�FUDFN��)DWLJXH�OLIH�RI�ZHOGHG�MRLQWV��WKHUHIRUH��EHJLQV�ZLWK�DQ
LQLWLDO�FUDFN��DQG�IDWLJXH�OLIH�LV�OLPLWHG�WR�FUDFN�SURSDJDWLRQ��:LWK�SODLQ�PDWHULDO��WKHUH�LV�QR�SUH�H[LVWLQJ
FUDFN��VR�IDWLJXH�OLIH�LV�VSHQW�LQ�ERWK�FUDFN�LQLWLDWLRQ�DQG�FUDFN�SURSDJDWLRQ��%\�DSSO\LQJ�IDWLJXH�OLIH
HQKDQFHPHQW�WHFKQLTXHV��DV�GHVFULEHG�LQ�$:6�D1.1�6HFWLRQ����IDWLJXH�OLIH�PD\�EH�H[WHQGHG��7KH
SURFHVV�RI�7,*�GUHVVLQJ�FDQ�EH�XVHG�WR�UHPHOW�WKH�ZHOG�WRH�DUHD�WR�D�OLPLWHG�GHSWK��PHOWLQJ�RXW�DQG
UHPRYLQJ�WKH�PLFURVFRSLF�VODJ�LQWUXVLRQ�OLQH��%XUU�JULQGLQJ�RI�WKH�ZHOG�WRH��WR�D�GHSWK�RI�DSSUR[LPDWHO\��
PP�������LQ����PD\�DOVR�EH�XVHG�WR�UHPRYH�WKH�VODJ�OLQH��7RH�SHHQLQJ��LQ�ZKLFK�ORFDOL]HG�PHFKDQLFDO
FRPSUHVVLYH�VWUHVVHV�DUH�LQGXFHG�LQWR�WKH�ZHOG�WRH�DUHD��GRHV�QRW�UHPRYH�WKH�VODJ�OLQH��EXW�LQGXFHV
UHVLGXDO�FRPSUHVVLYH�VWUHVVHV�DURXQG�WKH�VODJ�OLQH�WR�SUHYHQW�WKH�LQWURGXFWLRQ�RI�WKH�WHQVLOH�VWUHVVHV
QHFHVVDU\�IRU�FUDFN�SURSDJDWLRQ��$Q\�RI�WKHVH�HQKDQFHPHQW�SURFHVVHV�W\SLFDOO\�GRXEOH�WKH�IDWLJXH�OLIH�RI
WKH�WUHDWHG�MRLQW��3HUIRUPLQJ�ERWK�WRH�JULQGLQJ�DQG�KDPPHU�SHHQLQJ�ZLOO�SURYLGH�DGGLWLRQDO�EHQHILWV�
DFKLHYLQJ�W\SLFDOO\�WULSOH�WKH�IDWLJXH�OLIH�RI�WKH�XQWUHDWHG�ZHOG�WRH��&DXWLRQ�VKRXOG�EH�XVHG�ZKHQ
H[WHQGLQJ�IDWLJXH�OLIH�H[SHFWDWLRQV��DV�RWKHU�DUHDV�RI�WKH�ZHOGHG�MRLQW�PD\�QRZ�IDLO�EHIRUH�WKH�ZHOG�WRH�
,QVSHFWLRQ�RI�WKH�ZHOG�VKRXOG�EH�SHUIRUPHG�SULRU�WR�LPSOHPHQWLQJ�IDWLJXH�OLIH�HQKDQFHPHQW�WHFKQLTXHV�
ZLWK�DQ\�UHTXLUHG�LQVSHFWLRQ�IRU�VXUIDFH�GLVFRQWLQXLWLHV�UHSHDWHG�IROORZLQJ�WKH�ZRUN�

���+,*+�6(,60,&�$33/,&$7,216��

D��/DWHVW�*XLGDQFH��5HFRPPHQGDWLRQV�IRU�WKH�GHVLJQ�RI�ZHOGHG�FRQQHFWLRQV�LQ�KLJK�VHLVPLF�UHJLRQV
DUH�XQGHUJRLQJ�VXEVWDQWLDO�UHYLVLRQ�DV�RI�WKH�GDWH�RI�WKLV�GRFXPHQW��8VHUV�DUH�DGYLVHG�WR�VHHN�WKH�ODWHVW
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JXLGDQFH�IURP�)(0$�DQG�$,6&�GRFXPHQWV�

E��$SSOLFDELOLW\��,PSURYHG�PDWHULDOV�DQG�GHWDLOV�VKRXOG�EH�XVHG�IRU�EXLOGLQJ�VWUXFWXUHV�FODVVLILHG�DV
6HLVPLF�&DWHJRULHV�'��(�DQG�)��7KHVH�DSSOLFDWLRQV�LQFOXGH�DOO�EXLOGLQJV�ORFDWHG�LQ�DUHDV�ZLWK���VHFRQG
VSHFWUDO�UHVSRQVH�DFFHOHUDWLRQV��6 ��RI�����J�RU�KLJKHU��RU�VKRUW�SHULRG�UHVSRQVH�DFFHOHUDWLRQV��6 ��RI'� '6
����J��DQG�EXLOGLQJV�RI�6HLVPLF�8VH�*URXS�,,,�LQ�DUHDV�ZLWK�6 �RI������J�RU�KLJKHU��RU�6 �RI�����J�RU'� '6
KLJKHU��6HLVPLF�8VH�*URXS�,,,�VWUXFWXUHV�DUH�HVVHQWLDO�IDFLOLWLHV�WKDW�DUH�UHTXLUHG�IRU�SRVW�HDUWKTXDNH
UHFRYHU\�DQG�WKRVH�FRQWDLQLQJ�VXEVWDQWLDO�TXDQWLWLHV�RI�KD]DUGRXV�VXEVWDQFHV��LQFOXGLQJ�EXW�QRW�OLPLWHG
WR��ILUH��UHVFXH�DQG�SROLFH�VWDWLRQV��KRVSLWDOV��GHVLJQDWHG�PHGLFDO�IDFLOLWLHV�SURYLGLQJ�HPHUJHQF\�PHGLFDO
WUHDWPHQW��HPHUJHQF\�RSHUDWLRQV�FHQWHUV��HPHUJHQF\�VKHOWHUV��HPHUJHQF\�YHKLFOH�JDUDJHV��GHVLJQDWHG
FRPPXQLFDWLRQV�WRZHUV��DLU�WUDIILF�FRQWURO�WRZHUV��DQG�ZDWHU�WUHDWPHQW�IDFLOLWLHV�QHHGHG�WR�SURYLGH�ZDWHU
SUHVVXUH�IRU�ILUH�VXSSUHVVLRQ��6HH�7,���������7DEOH�����IRU�6HLVPLF�8VH�*URXSV��DQG�6HFWLRQ�����IRU
6HLVPLF�'HVLJQ�&DWHJRULHV�

F��0DWHULDOV�&RQFHUQV�DQG�6SHFLILFDWLRQV��6SHFLDO�FRPSRVLWLRQDO��PDWHULDOV�WRXJKQHVV�DQG�RWKHU
PHFKDQLFDO�SURSHUW\�UHTXLUHPHQWV�PD\�EH�QHFHVVDU\�IRU�WKH�VWHHO�DQG�ILOHU�PHWDO�XVHG�LQ�VHLVPLF
DSSOLFDWLRQV�

����7KH�$,6&�Seismic Provisions��6HFWLRQ������UHTXLUH�VWHHO�LQ�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHP
WR�KDYH�D�PLQLPXP�WRXJKQHVV�RI���-�DW��� &�����IW��OEI�DW��� )���DSSOLFDEOH�WR�$670�*URXS���DQG��R R

VKDSHV��*URXS���VKDSHV�ZLWK�IODQJHV����PP��������LQ���RU�WKLFNHU��DQG�WR�SODWHV�LQ�EXLOW�XS�PHPEHUV���
PP��������LQ���RU�WKLFNHU�

����6WXGLHV�LQGLFDWH�WKDW�D�ODUJH�SHUFHQWDJH�RI�GRPHVWLFDOO\�SURGXFHG�VWUXFWXUDO�VWHHO�VHFWLRQV
OLJKWHU�RU�WKLQQHU�WKDQ�WKRVH�PHQWLRQHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�ZLOO�KDYH�D�&91�WRXJKQHVV�RI�DW�OHDVW
��-�DW��� &�����IW��OEI�DW��� )���DQG�WKHUHIRUH�LW�GRHV�QRW�DSSHDU�WKDW�&91�WHVWLQJ�QHHG�EH�FRQGXFWHG�WRR R

YHULI\�WKH�WRXJKQHVV�RI�DOO�PHPEHUV��,W�LV�UHFRPPHQGHG�WKDW�PDQXIDFWXUHU¶V�DFFXPXODWHG�GDWD�EH�XVHG
WR�YHULI\�WKDW�WKH�VWHHO�URXWLQHO\�SURGXFHG�E\�WKDW�PLOO�PHHWV�WKH�LQGLFDWHG�WRXJKQHVV�OHYHOV��6SHFLILFDWLRQ
RI�VWHHO�WRXJKQHVV�OHYHOV��RU�WKH�VSHFLILFDWLRQ�RI�$����VWHHOV��LV�FXUUHQWO\�FRQVLGHUHG�XQQHFHVVDU\�IRU
EXLOGLQJ�W\SH�DSSOLFDWLRQV�

����,W�LV�DOVR�UHFRPPHQGHG�WKDW�VWUXFWXUDO�VWHHO�VKDSHV�XVHG�LQ�KLJK�VHLVPLF�DSSOLFDWLRQV�EH
VSHFLILHG�DV�HLWKHU�$670�$����RU�$�����JUDGH����PDQXIDFWXUHG�WR�$,6&�7HFKQLFDO�%XOOHWLQ�����7KHVH
VSHFLILFDWLRQV�KDYH�SURYLVLRQV�IRU�D�PD[LPXP�UDWLR�RI�) �WR�) �RI�������DQG�D�PRUH�FRQWUROOHG�FKHPLVWU\\ X
IRU�ZHOGDELOLW\�DQG�SURSHUWLHV�

����7KH�$,6&�Seismic Provisions��VHFWLRQ����E��UHTXLUH�ILOOHU�PHWDOV�LQ�WKH�6HLVPLF�)RUFH�5HVLVWLQJ
6\VWHP�WR�KDYH�D�PLQLPXP�WRXJKQHVV�RI���-�DW���� &�����IW��OEI�DW���� )���$GGLWLRQDO�UHTXLUHPHQWV�IRUR R

WRXJKQHVV�DW�VHUYLFH�WHPSHUDWXUH��WHVWHG�XVLQJ�ZHOGLQJ�SURFHGXUHV�UHSUHVHQWDWLYH�RI�WKH�UDQJH�RI
SURGXFWLRQ�:36V��DUH�DOVR�UHFRPPHQGHG�LQ�WKH�ODWHVW�)(0$�*XLGHOLQHV�

����7KHUH�DUH�FRQFHUQV�IRU�WKH�SHUIRUPDQFH�RI�UROOHG�VWHHO�VHFWLRQV�LQ�WKH�YLFLQLW\�RI�WKH�.�OLQH��DW
WKH�LQWHUVHFWLRQ�RI�WKH�ZHE�DQG�WKH�UDGLXV�EHWZHHQ�ZHE�DQG�IODQJH��6WXGLHV�KDYH�LGHQWLILHG�D�UHGXFHG
WRXJKQHVV�LQ�WKLV�UHJLRQ�FDXVHG�E\�FROG�ZRUNLQJ�GXULQJ�URWDU\�VWUDLJKWHQLQJ�DW�WKH�VWHHO�PLOO��5HGXFHG
WRXJKQHVV�LQ�WKHVH�UHJLRQ�PD\�LQFUHDVH�WKH�ULVN�RI�FUDFN�LQLWLDWLRQ�IURP�ZHOGLQJ�LQ�WKH�DUHD��SDUWLFXODUO\
VWLIIHQHUV��FRQWLQXLW\�SODWHV��DQG�GRXEOHU�SODWHV��$,6&�7HFKQLFDO�$GYLVRU\�1R����VKRXOG�EH�IROORZHG�
SHQGLQJ�IXUWKHU�VWXG\��

����&XUUHQW�VWXGLHV�LQGLFDWH�WKDW�WKURXJK�WKLFNQHVV�WRXJKQHVV�SURSHUWLHV�RU�DSSOLHG�VWUHVV�RQ�WKH
FROXPQ�IDFH�LV�QRW�D�OLPLWLQJ�IDFWRU��DQG�QHHG�QRW�EH�VSHFLILHG�RU�FKHFNHG�
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� G��-RLQW�6HOHFWLRQ��6HYHUDO�W\SHV�RI�GHWDLOV�PD\�EH�XVHG�WR�DFKLHYH�VDWLVIDFWRU\�PRPHQW�FRQQHFWLRQ
SHUIRUPDQFH�LQ�KLJK�VHLVPLF�DSSOLFDWLRQV��(QKDQFHG�TXDOLW\��LPSURYHG�DQG�UHLQIRUFHG�GHWDLOV�DUH
UHFRPPHQGHG�IRU�FRQYHQWLRQDO�W\SH�FRQQHFWLRQV��6HH��H��EHORZ��)RU�5HGXFHG�%HDP�6HFWLRQ��5%6�
V\VWHP�FRQQHFWLRQV��DOVR�FDOOHG�WKH�³GRJERQH´�V\VWHP��FXUUHQW�$,6&�JXLGHOLQHV�VKRXOG�EH�IROORZHG��6HH
$SSHQGL[�'��%LEOLRJUDSK\��6HYHUDO�OLPLWDWLRQV�KDYH�EHHQ�IRXQG�LQ�WKH�FRYHU�SODWHG�DQG�ULEEHG�GHWDLOV�
DQG�IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�ODWHVW�UHFRPPHQGDWLRQV�VKRXOG�EH�PDGH�SULRU�WR�XVH�

H��-RLQW�'HWDLO�0RGLILFDWLRQV�DQG�(QKDQFHPHQWV��&XUUHQW�UHFRPPHQGDWLRQV�LQFOXGH�WKH�IROORZLQJ
PRGLILFDWLRQV�WR�WKH�SUHYLRXV�VWDQGDUG�EHDP�WR�FROXPQ�FRQQHFWLRQ������UHPRYDO�RI�ERWWRP�IODQJH�EDFNLQJ
EDU��EDFNJRXJLQJ�RI�WKH�URRW��DQG�SODFHPHQW�RI�D�UHLQIRUFLQJ�ILOOHW������LPSURYHG�TXDOLW\�RI�WKH�ZHOG
DFFHVV�KROH������UHPRYDO�DQG�ILQLVKLQJ�RI�ZHOG�WDEV������FRQWURO�RI�SURILOH�DQG�TXDOLW\�RI�WKH�DFFHVV�KROH�
����XVH�RI�SDUWLDOO\�RU�IXOO\�ZHOGHG�ZHE�FRQQHFWLRQV��7KH�H[DFW�UHTXLUHPHQWV�IRU�DFFHVV�KROH�SURYLVLRQV
DQG�ZHE�ZHOGLQJ�GHSHQG�XSRQ�WKH�W\SH�RI��FRQQHFWLRQ�XVHG�DQG�WKH�GHVLJQ�DSSOLFDWLRQ��ZKHWKHU�6SHFLDO
0RPHQW�UHVLVWLQJ�)UDPH��605)��RU�2UGLQDU\�0RPHQW�5HVLVWLQJ�)UDPH��205)��

I��,QVSHFWLRQ�(QKDQFHPHQWV��&RQWLQXRXV�LQVSHFWLRQ�RI�DOO�ZHOGLQJ�SHUIRUPHG�RQ�&-3�DQG�3-3�JURRYH
ZHOGV�WKDW�DUH�D�SDUW�RI�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHP�LV�QHFHVVDU\��7KH�(QJLQHHU�PD\�DOORZ
SHULRGLF�LQVSHFWLRQV�ZKHQ�DSSURSULDWH��$,6&�Seismic Provisions�UHTXLUH�1'7�IRU�FHUWDLQ�MRLQWV�LQ�KLJK
VHLVPLF�DSSOLFDWLRQV��DV�IROORZV��³$OO�FRPSOHWH�MRLQW�SHQHWUDWLRQ�DQG�SDUWLDO�MRLQW�SHQHWUDWLRQ�JURRYH
ZHOGHG�MRLQWV�WKDW�DUH�VXEMHFWHG�WR�QHW�WHQVLOH�IRUFHV�DV�SDUW�RI�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHPV����
VKDOO�EH�WHVWHG�XVLQJ�DSSURYHG�QRQGHVWUXFWLYH�WHVWLQJ�PHWKRGV�FRQIRUPLQJ�WR�$:6�D1.1�´�6XFK�WHVWLQJ
VKRXOG�LQFOXGH�XOWUDVRQLF�WHVWLQJ�RI�ZHOGV�LQ�7�MRLQWV�DQG�EXWW�MRLQWV�RYHU���PP�������LQ���LQ�WKLFNQHVV�
5DGLRJUDSKLF�WHVWLQJ�PD\�EH�XVHG�LQ�VRPH�FDVHV�XVLQJ�EXWW�MRLQWV��:KHQ�XVLQJ�7�MRLQWV��ZLWK�WKH
WKLFNQHVV�RI�WKH�WHH�³IODQJH´�H[FHHGLQJ����PP��������LQ����XOWUDVRQLF�WHVWLQJ�VKRXOG�EH�SHUIRUPHG�DIWHU
FRPSOHWLRQ�DQG�FRROLQJ�RI�WKH�ZHOG�WR�FKHFN�IRU�ODPHOODU�WHDULQJ�
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&+$37(5��

678'�:(/',1*

���*(1(5$/��

6WXG�ZHOGLQJ�IRU�EXLOGLQJ�DSSOLFDWLRQV�LV�JHQHUDOO\�IRU�VKHDU�FRQQHFWRUV�LQ�FRPSRVLWH�EHDPV��EXW�PD\
DOVR�LQFOXGH�VKHDU�FRQQHFWRU�DSSOLFDWLRQV�IRU�FRPSRVLWH�FROXPQV�DQG�IUDPHV��6WXGV�PD\�EH�ZHOGHG
HLWKHU�GLUHFWO\�WR�WKH�VWUXFWXUDO�VWHHO�RU�WKURXJK�PHWDO�GHFNLQJ��7KH�SXUSRVH�RI�PRVW�VKHDU�FRQQHFWRUV�LV
WR�LQWHJUDOO\�FRQQHFW�VWHHO�DQG�FRQFUHWH�PDWHULDOV�VR�WKDW�WKH\�DFW�DV�D�VLQJOH�XQLW�LQ�UHVLVWLQJ�ORDG�
2FFDVLRQDOO\��WKUHDGHG�VWXGV�PD\�EH�XVHG�IRU�VSHFLDO�FRQQHFWLRQV�ZKHUH�EROWLQJ�LV�QRW�SUDFWLFDO��VXFK�DV
HPEHGPHQW�SODWHV�RU�LQDFFHVVLEOH�FRQQHFWLRQV��6WXG�ZHOGLQJ�LV�D�IXOO\�DXWRPDWHG�SURFHVV�ZLWK�FRQWUROOHG
DUF�OHQJWK�DQG�DUF�WLPH��DQG�LV�FRQGXFLYH�WR�D�VXLWDEOH�FRQYHQLHQW�ORDG�WHVW��DQG�WKHUHIRUH�LV�WUHDWHG
VHSDUDWHO\�E\�$:6�D1.1�IRU�SURFHGXUH�TXDOLILFDWLRQ��SHUVRQQHO�TXDOLILFDWLRQ��DQG�LQVSHFWLRQ�

���678'�:(/',1*�352&(66�

7KH�DUF�VWXG�ZHOGLQJ�SURFHVV�LV�XVHG�IRU�VWUXFWXUDO�VWXGV��UDWKHU�WKDQ�WKH�FDSDFLWRU�GLVFKDUJH�VWXG
ZHOGLQJ�SURFHVV��$�'&(1��VWUDLJKW��FXUUHQW�LV�XVHG�WR�FUHDWH�DQ�DUF�EHWZHHQ�WKH�VWXG�EDVH�DQG�WKH�VWHHO�
7KH�VWXG�ZHOGLQJ�JXQ�GUDZV�WKH�VWXG�DZD\�IURP�WKH�VWHHO��FUHDWLQJ�WKH�DUF��DOORZV�D�EULHI�SHULRG�IRU�WKH
PHOWLQJ�RI�WKH�VWHHO�DQG�VWXG�EDVH��WKHQ�SOXQJHV�WKH�VWXG�LQWR�WKH�PROWHQ�SRRO�DQG�WHUPLQDWHV�WKH�FXUUHQW
IORZ��7KH�ZHOG�DUF�DQG�PROWHQ�SRRO�LV�SURWHFWHG�ZLWK�WKH�XVH�RI�D�IOX[�WLS�RQ�WKH�EDVH�RI�WKH�VWXG��SOXV�WKH
XVH�RI�D�FHUDPLF�IHUUXOH�WR�FRQWDLQ�WKH�PROWHQ�SRRO��6HH�$:6�&�����Recommended Practice for Stud
Welding��IRU�FRPSOHWH�LQIRUPDWLRQ�

���678'�%$6(�48$/,),&$7,21��

6WXG�EDVHV�DUH�TXDOLILHG�E\�WKH�PDQXIDFWXUHU�IRU�DSSOLFDWLRQ�RQ�EDUH�VWHHO�LQ�WKH�IODW�SRVLWLRQ�RQO\�
4XDOLILFDWLRQ�SURFHGXUHV�IRU�WKLV�DSSOLFDWLRQ�DUH�SURYLGHG�LQ�$:6�D1.1�$QQH[�,;��)RU�DOO�RWKHU
DSSOLFDWLRQV��LQFOXGLQJ�VWXGV�DSSOLHG�WKURXJK�PHWDO�GHFNLQJ��VWXGV�DSSOLHG�WR�FXUYHG�VXUIDFHV��VWXGV
ZHOGHG�LQ�YHUWLFDO�RU�RYHUKHDG�SRVLWLRQV��RU�VWXGV�ZHOGHG�WR�VWHHOV�QRW�OLVWHG�DV�*URXS�,�RU�,,�LQ�$:6�D1.1
7DEOH������WKH�FRQWUDFWRU�PXVW�SHUIRUP�TXDOLILFDWLRQ�WHVWLQJ��)RU�WKH�7\SH�%�VWXGV�XVHG�LQ�FRPSRVLWH
FRQVWUXFWLRQ��WHQ������VSHFLPHQV�PXVW�SDVV�D��� �EHQG�WHVW�XVLQJ�UHSUHVHQWDWLYH�PDWHULDO�DQGR

DSSOLFDWLRQ��$OWHUQDWLYHO\��D�WHQVLRQ�WHVW�PHWKRG�PD\�EH�XVHG��6HH�$:6�D1.1�6HFWLRQ�����

���:(/',1*�3(56211(/�48$/,),&$7,21��

7KH�ZHOGLQJ�RSHUDWRU�FRQGXFWLQJ�WKH�WZR�SUH�SURGXFWLRQ�WHVWV�DW�WKH�VWDUW�RI�WKH�GD\�RU�ZRUN�VKLIW�LV
TXDOLILHG�IRU�SHUIRUPLQJ�VWXG�ZHOGLQJ�WKDW�GD\�RU�VKLIW��6HH�$:6�D1.1�6HFWLRQ�������

���35(�352'8&7,21�7(67,1*�

$IWHU�VWXG�EDVH�TXDOLILFDWLRQ�E\�WKH�PDQXIDFWXUHU��RU�TXDOLILFDWLRQ�WHVWLQJ�E\�WKH�FRQWUDFWRU�IRU�WKH
DSSOLFDWLRQV�OLVWHG��LQVWDOODWLRQ�PD\�EHJLQ��+RZHYHU��SUH�SURGXFWLRQ�WHVWLQJ�LV�UHTXLUHG�DW�WKH�VWDUW�RI�HDFK
GD\�RU�VKLIW�WR�YHULI\�WKH�VHWXS�RI�WKH�HTXLSPHQW��7KLV�WHVWLQJ�UHTXLUHV�WZR�VWXGV�WR�EH�ZHOGHG��RQ�WKH
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ZRUN�LI�GHVLUHG��YLVXDOO\�LQVSHFWHG��WKHQ�EHQW�DSSUR[LPDWHO\��� ��,I�WKH�VWXG�ZHOG�SDVVHV�WKH�YLVXDO�DQGR

EHQG�WHVWLQJ��WKHQ�SURGXFWLRQ�ZHOGLQJ�PD\�EHJLQ��)RU�FRPSRVLWH�FRQVWUXFWLRQ��WKH�VWXG�QHHG�QRW�EH�EHQW
EDFN�WR�WKH�RULJLQDO�SRVLWLRQ��6HH�$:6�D1.1�6HFWLRQ��������7KH�SUH�SURGXFWLRQ�WHVW�PXVW�EH�UHSHDWHG
ZKHQHYHU�WKHUH�DUH�FKDQJHV�WR�WKH�IROORZLQJ�LWHPV��YROWDJH��FXUUHQW��WLPH��RU�JXQ�OLIW�DQG�SOXQJH��

���,163(&7,21��

)ROORZLQJ�WKH�DSSOLFDWLRQ�RI�VWXGV�DQG�WKH�UHPRYDO�RI�WKH�IHUUXOHV��DOO�VWXG�ZHOGV�DUH�YLVXDOO\�LQVSHFWHG
IRU�IODVK�DERXW�WKH�HQWLUH�SHULPHWHU�RI�WKH�VWXG�EDVH��7KRVH�ZLWK�PLVVLQJ�IODVK�PD\�EH�UHSDLUHG��RU�WHVWHG
XVLQJ�D�EHQG�WHVW�DSSOLHG�DSSUR[LPDWHO\��� �LQ�WKH�GLUHFWLRQ�RSSRVLWH�WKH�PLVVLQJ�IODVK��6KRXOG�WKH�VWXGR

ZHOG�QRW�IUDFWXUH��WKH�VWXG�LV�DFFHSWHG�DQG�PD\�EH�OHIW�LQ�SODFH�LQ�WKH�EHQW�FRQGLWLRQ�ZKHQ�XVHG�LQ
FRPSRVLWH�FRQVWUXFWLRQ��7KH�LQVSHFWRU�PD\��� �EHQG�WHVW�DQ\�VWXG��LI�GHVLUHG��HYHQ�LI�IXOO�IODVK�LVR

DSSDUHQW��6HH�$:6�D1.1�6HFWLRQ�����
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&+$37(5��

�:(/',1*�72�(;,67,1*�6758&785(6

���*(1(5$/�

:KHQ�ZHOGLQJ�WR�UHLQIRUFH�H[LVWLQJ�VWUXFWXUHV��VHYHUDO�DUHDV�UHTXLUH�LQYHVWLJDWLRQ�DQG��LQ�VRPH�FDVHV�
VSHFLILF�LQVWUXFWLRQV��2WKHU�WKDQ�ORDG�DQDO\VLV�RI�WKH�VWUXFWXUH�WR�GHVLJQ�WKH�FRQQHFWLRQV��VHYHUDO�ZHOGLQJ
LVVXHV�DULVH��7KHVH�LQFOXGH�ZHOGDELOLW\�RI�WKH�H[LVWLQJ�VWHHO��WKH�UHGXFWLRQ�RI�VWUHQJWK�WR�H[LVWLQJ�PHPEHUV
ZKHQ�EHLQJ�KHDWHG�RU�ZHOGHG��DQG�WKH�ZHOGLQJ�WR�H[LVWLQJ�ZHOG�GHSRVLWV�RI�XQNQRZQ�RULJLQ�RU�PDGH�ZLWK
)&$:�6�HOHFWURGHV��$:6�D1.1�6HFWLRQ����DQG�LWV�VXSSRUWLQJ�&RPPHQWDU\��SURYLGHV�DSSOLFDEOH�FRGH
SURYLVLRQV�

���'(7(50,1,1*�:(/'$%,/,7<�2)�(;,67,1*�6758&785$/�67((/6�

D��,QYHVWLJDWLRQ��,QYHVWLJDWLRQ�RI�ZHOGDELOLW\�LV�JHQHUDOO\�ZDUUDQWHG�IRU�EXLOGLQJV�FRQVWUXFWHG�SULRU�WR
������DOWKRXJK�VWUXFWXUDO�VWHHOV�ZHUH�QRW�PDQXIDFWXUHG�VSHFLILFDOO\�IRU�ZHOGLQJ�SURSHUWLHV�XQWLO�$����DQG
$���FDPH�LQWR�XVH�LQ�WKH�HDUO\�����¶V��7KH�ZHOGDELOLW\�RI�VWHHOV�EHWZHHQ�WKHVH�SHULRGV�LV�JHQHUDOO\
FRQVLGHUHG�VXIILFLHQWO\�ZHOGDEOH�

E��&DUERQ�(TXLYDOHQF\�

����7KH�PRVW�UHOLDEOH�PHWKRG�WR�HVWDEOLVK�FKHPLFDO�FRPSRVLWLRQ�IRU�GHWHUPLQLQJ�FDUERQ�HTXLYDOHQW
YDOXHV�LV�WR�UHPRYH�VDPSOHV�IURP�YDULRXV�PHPEHUV�DW�VHOHFWHG�QR��RU�ORZ�VWUHVV�ORFDWLRQV��WKHQ
DQDO\]HG�VSHFWURJUDSKLFDOO\�IRU�FRPSRVLWLRQ��3RUWDEOH�VSHFWURJUDSKV�PD\�DOVR�EH�XVHG��DOWKRXJK�RQO\
RSWLFDO�HPLVVLRQ�VSHFWURJUDSK\�V\VWHPV�FXUUHQWO\�SURYLGH�VXIILFLHQW�DFFXUDF\�IRU�PHDVXULQJ�FDUERQ
FRQWHQW��7KH�ODERUDWRU\�DQDO\VLV�UHSRUW�VKRXOG�OLVW�WKH�TXDQWLWLHV�RI�HDFK�RI�WKH�HOHPHQWV�LQ�WKH�VHOHFWHG
FDUERQ�HTXLYDOHQW�HTXDWLRQ��HYHQ�LI�WKH�SHUFHQWDJH�UHSRUWHG�LV�]HUR�

����2WKHU�PHWKRGV��DOWKRXJK�OHVV�UHOLDEOH��LQFOXGH�VSDUN�WHVWLQJ�DQG�ZHOG�VDPSOH�WHVWV��6SDUN
WHVWLQJ�DSSOLHV�D�JULQGLQJ�ZKHHO�DW�DSSUR[LPDWHO\������USP�WR�WKH�VWHHO��WKHQ�REVHUYLQJ�DQG
FKDUDFWHUL]LQJ�WKH�FRORU�DQG�QDWXUH�RI�WKH�VSDUNV�RII�WKH�VWHHO��:HOG�VDPSOH�WHVWV�LQFOXGH�ZHOGLQJ�VPDOO
WHVW�SODWHV�WR�WKH�VWHHO��WKHQ�GHVWUXFWLYHO\�XVLQJ�D�VOHGJH�KDPPHU�WR�EUHDN�RII�WKH�VDPSOHV��LI�SRVVLEOH�
DQG�REVHUYLQJ�WKH�QDWXUH�RI�WKH�IUDFWXUH�

���:(/',1*�72�2/'(5�6758&785$/�67((/6�

7KH�SRRUHU�WKH�ZHOGDELOLW\�RI�VWHHO��WKH�JUHDWHU�WKH�QHHG�IRU�KLJKHU�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV�
DQG�WKH�JUHDWHU�WKH�LPSRUWDQFH�RI�ORZ�K\GURJHQ�ZHOGLQJ��$OO�ZHOGLQJ�WR�H[LVWLQJ�VWUXFWXUHV�VKRXOG�EH
SHUIRUPHG�ZLWK�ORZ�K\GURJHQ�60$:�HOHFWURGHV�RU�ZLWK�RWKHU�ZLUH�IHG�ZHOGLQJ�SURFHVVHV��0LQLPXP
SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV�FDQ�EH�GHWHUPLQHG�IURP�$:6�D1.1�$QQH[�;,��RU�IURP�WHFKQLFDO
OLWHUDWXUH�

���,17(50,;,1*�:(/'�352&(66(6�$1'�),//(5�0(7$/6��

D��)&$:�6�'HSRVLWV��6HOI�VKLHOGHG�)OX[�&RUHG�$UF�:HOGLQJ��)&$:�6��ZHOG�GHSRVLWV�FRQWDLQ
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DOXPLQXP��QLWURJHQ��FDUERQ�DQG�RWKHU�DOOR\LQJ�HOHPHQWV��:KHQ�ZHOG�SURFHVVHV�WKDW�XVH�FRQVXPDEOHV
ZLWK�VLJQLILFDQWO\�GLIIHUHQW�PHWDOOXUJLFDO�V\VWHPV�DUH�PL[HG�ZLWK�)&$:�6�GHSRVLWV��WKHUH�LV�WKH�SRWHQWLDO
IRU�UHGXFHG�SURSHUWLHV��SDUWLFXODUO\�GXFWLOLW\�DQG�WRXJKQHVV��7KLV�LV�WKH�UHVXOW�RI�WKH�OLEHUDWLRQ�RI�QLWURJHQ
DQG�DOXPLQXP�WKDW�ZHUH�SUHYLRXVO\�FKHPLFDOO\�FRPELQHG�DV�$O�1�LQ�WKH�)&$:�6�GHSRVLW��2WKHU�ZHOG
GHSRVLWV��W\SLFDOO\�D�FDUERQ�PDQJDQHVH�VLOLFRQ�PHWDOOXUJLFDO�V\VWHP��GR�QRW�FRQWDLQ�WKH�DPRXQW�RI
DOXPLQXP�QHFHVVDU\�LQ�RUGHU�WR�SUHFOXGH�WKH�IRUPDWLRQ�RI�IUHH�QLWURJHQ��ZKLFK�FDQ�HPEULWWOH�WKH�VWHHO�RU
ZHOG�GHSRVLW�

E��,QYHVWLJDWLRQ��:KHQ�LW�LV�VXVSHFWHG�WKDW�H[LVWLQJ�ZHOG�GHSRVLWV�WKDW�ZLOO�UHFHLYH�VXEVHTXHQW�ZHOGLQJ
ZHUH�PDGH�XVLQJ�)&$:�6��IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�ZHOG�GHSRVLW�LV�ZDUUDQWHG��$Q�DOXPLQXP�FRQWHQW
LQ�WKH�UDQJH�RI����LV�LQGLFDWLYH�RI�)&$:�6��/RZ�DGPL[WXUH�ZHOGLQJ�SURFHGXUHV��GHVLJQ�DVVXPLQJ
UHGXFHG�PHFKDQLFDO�SURSHUWLHV��RU�UHTXLULQJ�VXEVHTXHQW�ZHOGLQJ�XVLQJ�DSSURSULDWH�)&$:�6�VKRXOG�EH
FRQVLGHUHG�

F��2WKHU�3URFHVVHV��5HFHQW�UHVHDUFK�LQGLFDWHV�WKDW�WKLV�SUREOHP�PD\�QRW�EH�OLPLWHG�WR�QRQ�)&$:�6
ZHOG�GHSRVLWV�RQ�WRS�RI�)&$:�6��0XOWLSOH�ZHOG�SURFHVVHV�LQ�D�VLQJOH�ZHOG�MRLQW�PD\�DOVR�RFFXU�LQ�QHZ
FRQVWUXFWLRQ�EHFDXVH�RI�WDFN�ZHOGLQJ��URRW�SDVV�ZHOGLQJ�VHOHFWLRQ��RU�RWKHU�UHDVRQV�

���675(1*7+�5('8&7,21�())(&76�$1'�27+(5�&21&(516�:+(1�:(/',1*�81'(5�/2$'�

D��(OHYDWHG�7HPSHUDWXUH�(IIHFWV��(OHYDWHG�WHPSHUDWXUHV�LQ�VWHHO�UHGXFH�ERWK�WKH�\LHOG�VWUHQJWK��) �\
DQG�WKH�PRGXOXV�RI�HODVWLFLW\��(���$W�DSSUR[LPDWHO\���� &�WR���� &����� )�WR���� )���) �DQG�(�DUHR R R R

\
UHGXFHG�DSSUR[LPDWHO\������3UHKHDW�WHPSHUDWXUHV�DW�WKLV�OHYHO�DUH�UDUHO\�XVHG��EXW�ORFDOL]HG
WHPSHUDWXUHV�QHDU�WKH�ZHOG�UHJLRQ�ZLOO�H[FHHG�WKHVH�WHPSHUDWXUHV�IRU�EULHI�SHULRGV��$V�D�JHQHUDO�JXLGH�
VWHHO�GXULQJ�ZHOGLQJ��ZLWKLQ�WKH�ZHOG�UHJLRQ��ZLOO�H[FHHG�WKHVH�WHPSHUDWXUHV�DSSUR[LPDWHO\����PP����LQ��
WR�WKH�VLGH�RI�D�ZHOG��DQG�D�GLVWDQFH�RI�DSSUR[LPDWHO\�����PP����LQ���WUDLOLQJ�WKH�ZHOG�SXGGOH��6WHHO
IXUWKHU�IURP�WKH�ZHOG�UHJLRQ�ZLOO�UHPDLQ�DW�WHPSHUDWXUHV�WKDW�ZLOO�QRW�VLJQLILFDQWO\�UHGXFH�WKH�VWHHO¶V
SURSHUWLHV�

E��:HOGLQJ�'LUHFWLRQ�DQG�6HTXHQFH��:KHQ�ZHOGLQJ�XQGHU�ORDG��FRQVLGHUDWLRQ�VKRXOG�EH�PDGH�IRU�WKH
WHPSRUDULO\�UHGXFHG�VWUHQJWK�RI�ORFDOL]HG�DUHDV�RI�WKH�VWHHO��:KHQ�ZHOGLQJ�SDUDOOHO�WR�WKH�DSSOLHG�VWUHVV�
WKH�DIIHFWHG�DUHD�LV�W\SLFDOO\�VPDOO�FRPSDUHG�WR�WKH�DUHD�RI�WKH�XQDIIHFWHG�VWHHO��:KHQ�ZHOGLQJ
WUDQVYHUVH�WR�WKH�ORDG��DGGLWLRQDO�FDXWLRQ�LV�QHHGHG��,W�PD\�EH�QHFHVVDU\�WR�VWDJJHU�ZHOGLQJ�RSHUDWLRQV�
XVH�VKRUWHU�VHFWLRQV�RI�ZHOG�DQG�WKHQ�DOORZ�FRROLQJ��RU�XVH�ORZHU�KHDW�LQSXW�SURFHGXUHV��

���+$=$5'286�0$7(5,$/6�

:KHQ�ZHOGLQJ�RQ�VWHHO�KDYLQJ�H[LVWLQJ�FRDWLQJV��DQ�LQYHVWLJDWLRQ�LQWR�WKH�FRPSRVLWLRQ�RI�WKH�FRDWLQJ�LV
ZDUUDQWHG��XQOHVV�DOO�FRDWLQJV�LQ�WKH�YLFLQLW\�RI�WKH�ZHOGLQJ�DUH�UHPRYHG�SULRU�WR�ZHOGLQJ��=LQF��XVHG�LQ
QXPHURXV�FRDWLQJ�V\VWHPV�DQG�JDOYDQL]LQJ��SURGXFHV�QR[LRXV�IXPHV��6RPH�ROGHU�VWUXFWXUHV�PD\�FRQWDLQ
OHDG�EDVHG�SDLQWV�WKDW�PXVW�EH�UHPRYHG�XVLQJ�VSHFLDO�KD]DUGRXV�PDWHULDOV�SUHFDXWLRQV�&$
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&+$37(5��

48$/,7<�$6685$1&(�$1'�,163(&7,21

���*(1(5$/�

7KH�(QJLQHHU�LV�UHVSRQVLEOH�IRU�HVWDEOLVKLQJ�DQG�VSHFLI\LQJ�WKH�UHTXLUHPHQWV�RI�WKH�4XDOLW\�&RQWURO�DQG
4XDOLW\�$VVXUDQFH�SURJUDPV�IRU�WKH�SURMHFW��7KHVH�UHTXLUHPHQWV�VKRXOG�EH�D�SDUW�RI�WKH�FRQWUDFW
GRFXPHQWV��$:6�D1.1�UHTXLUHV�LQVSHFWLRQ�RI�ZHOGLQJ��EXW�UHTXLUHV�RQO\�³)DEULFDWLRQ���(UHFWLRQ
,QVSHFWLRQ´��ZKLFK�LV�WKH�GHVLJQDWHG�UHVSRQVLELOLW\�RI�WKH�&RQWUDFWRU��³9HULILFDWLRQ�,QVSHFWLRQ´�LV�WKH
SUHURJDWLYH�RI�WKH�2ZQHU��XQGHU�$:6�D1.1��7KHUHIRUH��DQ\�VSHFLILF�ZHOGLQJ�LQVSHFWLRQ�RSHUDWLRQV�WR�EH
SHUIRUPHG�E\�SHUVRQQHO�RWKHU�WKDQ�WKH�&RQWUDFWRU�PXVW�EH�IXOO\�GHWDLOHG�DQG�SODFHG�LQ�WKH�FRQWUDFW
GRFXPHQWV�

���5(9,(:,1*�$1'�$33529,1*�:(/',1*�352&('85(6�

D��:36�&RQWHQWV��:HOGLQJ�SURFHGXUHV�DUH�XVHG�WR�VSHFLI\��IRU�WKH�ZHOGHU�DQG�LQVSHFWRU��WKH�ZHOGLQJ
SDUDPHWHUV�IRU�WKH�ZHOG�WR�EH�PDGH��:HOG�SURFHGXUHV�DUH�ZULWWHQ�E\�WKH�FRQWUDFWRU�UHVSRQVLEOH�IRU�WKH
ZHOGLQJ��DQG�PXVW�EH�UHYLHZHG�E\�WKH�LQVSHFWRU��,Q�VRPH�FDVHV��WKH�(QJLQHHU�PXVW�DSSURYH�WKH�ZHOGLQJ
SURFHGXUHV��:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQV��:36V��DUH�ZULWWHQ�EDVHG�XSRQ�WKH�VWHHO�WR�EH�ZHOGHG�
WKLFNQHVV�RI�PDWHULDO�WR�EH�MRLQHG��W\SH�RI�MRLQW��W\SH�RI�ZHOG��VL]H�RI�ZHOG��DQG�SRVLWLRQ�RI�ZHOGLQJ��%DVHG
XSRQ�WKH�DSSOLFDWLRQ��WKH�:36�VSHFLILHV�WKH�ZHOGLQJ�PDWHULDOV�WR�EH�XVHG��HOHFWURGH��IOX[��VKLHOGLQJ�JDV��
HOHFWURGH�GLDPHWHU��YROWDJH��FXUUHQW��DPSHUDJH��RU�ZLUH�IHHG�VSHHG��WUDYHO�VSHHG��VKLHOGLQJ�JDV�IORZ�UDWH�
PLQLPXP��DQG�VRPHWLPHV�PD[LPXP��SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV��ORFDWLRQ�DQG�QXPEHU�RI
SDVVHV��DQG�RWKHU�SHUWLQHQW�LQIRUPDWLRQ�VSHFLILF�WR�WKH�ZHOG�WR�EH�PDGH��$OO�:36V��ZKHWKHU�SUHTXDOLILHG
RU�TXDOLILHG�E\�WHVW��PXVW�EH�LQ�ZULWLQJ�

E��$:6�5HTXLUHPHQWV��$:6�D1.1�6HFWLRQ�������UHTXLUHV�WKH�XVH�RI�DQG�LQVSHFWLRQ�RI�:36V��7KH
LQVSHFWRU�VKRXOG�UHYLHZ�WKH�:36�IRU�JHQHUDO�FRQIRUPLW\�WR�WKH�ZHOGLQJ�FRGH�DQG�DSSOLFDELOLW\�WR�WKH�MRLQW
WR�EH�ZHOGHG��7KH�:36�DOVR�SURYLGHV�LQIRUPDWLRQ�QHFHVVDU\�IRU�LQVSHFWLRQ�GXWLHV��7KH�(QJLQHHU�LV
DVVLJQHG�WKH�UHVSRQVLELOLW\�LQ�$:6�D1.1�6HFWLRQ��������WR�UHYLHZ�DQG�DSSURYH�:36V�WKDW�DUH�TXDOLILHG�
3UHTXDOLILHG�:36V�QHHG�QRW�EH�DSSURYHG�E\�WKH�(QJLQHHU�XQGHU�D1.1��7KH�SXUSRVH�RI�WKH�(QJLQHHU¶V
DSSURYDO�RI�WKH�:36�LV�VR�WKDW�LW�FDQ�EH�YHULILHG�WKDW�WKH�TXDOLILFDWLRQ�WHVWLQJ�LV�UHSUHVHQWDWLYH�RI�WKH
DFWXDO�ZHOGLQJ�FRQGLWLRQV��VXFK�DV�IRU�WKLFN�DQG�KLJKO\�UHVWUDLQHG�MRLQWV�

F��$,6&�5HTXLUHPHQWV��,Q�WKH�$,6&�Seismic Provisions��6HFWLRQ������WKH�(QJLQHHU�LV�PDGH
UHVSRQVLEOH�IRU�WKH�UHYLHZ�DQG�DSSURYDO�RI�DOO�:36V��ZKHWKHU�TXDOLILHG�RU�SUHTXDOLILHG��IRU�ZHOGV�WKDW�DUH
SDUW�RI�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHP��7KLV�LV�SULPDULO\�WR�HQVXUH�WKDW�:36V�DUH�GHYHORSHG�IRU�WKH
ZHOGV�FULWLFDO�WR�EXLOGLQJ�SHUIRUPDQFH��DQG�WKDW�ILOOHU�PHWDOV�ZLWK�WKH�UHTXLUHG�WRXJKQHVV�KDYH�EHHQ
VHOHFWHG�E\�WKH�FRQWUDFWRU�

G��:36�3UHTXDOLILFDWLRQ�/LPLWV��3UHTXDOLILHG�:36V�QHHG�QRW�EH�WHVWHG�XVLQJ�WKH�WHVWV�SUHVFULEHG�LQ
$:6�D1.1�6HFWLRQ����7KH�FRQWUDFWRU�PD\�GHYHORS�:36V�EDVHG�XSRQ�PDQXIDFWXUHU¶V�UHFRPPHQGHG
RSHUDWLQJ�SDUDPHWHUV��YHULILHG�E\�WKH�FRQWUDFWRU¶V�H[SHULHQFH�DQG�WHVWLQJ�DV�GHVLUHG��7R�EH�SUHTXDOLILHG�
WKH�ZHOGLQJ�SURFHVV�PXVW�EH�SUHTXDOLILHG��60$:��)&$:��*0$:�H[FHSW�VKRUW�FLUFXLWLQJ�WUDQVIHU��RU
6$:���WKH�ZHOG�GHWDLOV�PXVW�PHHW�DOO�WKH�UHTXLUHPHQWV�RI�$:6�D1.1�6HFWLRQ����DQG�ZHOGLQJ�SDUDPHWHUV
PHHW�WKH�SURYLVLRQV�RI�$:6�7DEOH������7KLV�LQFOXGHV�WKH�XVH�RI�WKH�SUHTXDOLILHG�JURRYH�ZHOG�GHWDLOV�LQ
$:6�)LJXUHV�����DQG������PLQLPXP�SUHTXDOLILHG�3-3�JURRYH�ZHOG�VL]H�LQ�$:6�7DEOH������DQG�PLQLPXP
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ILOOHW�ZHOG�VL]H�LQ�$:6�7DEOH������³0DWFKLQJ´�ILOOHU�PHWDOV�PXVW�EH�XVHG��SHU�$:6�7DEOH������DQG
PLQLPXP�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV�PXVW�EH�SURYLGHG�SHU�$:6�7DEOH�����

H��:36�4XDOLILFDWLRQ�5HTXLUHPHQWV��:KHQ�:36V��MRLQWV��ILOOHU�PHWDO�VHOHFWLRQ��RU�RWKHU�GHWDLOV�GR�QRW
PHHW�WKH�SUHTXDOLILFDWLRQ�UHTXLUHPHQWV�RI�$:6�D1.1�6HFWLRQ����WKH�:36�WR�EH�XVHG�IRU�WKH�MRLQW�PXVW�EH
TXDOLILHG�E\�WHVWLQJ�SUHVFULEHG�LQ�$:6�D1.1�6HFWLRQ����'RFXPHQWDWLRQ�RI�WKH�:36�XVHG�DQG�WHVW�UHVXOWV
PXVW�EH�GRFXPHQWHG�LQ�WKH�IRUP�RI�3URFHGXUH�4XDOLILFDWLRQ�5HFRUGV��345V���4XDOLILHG�:36V�PXVW�EH
UHIHUHQFHG�WR�WKH�DSSOLFDEOH�345��345V�PXVW�EH�LQ�ZULWLQJ��DQG�PDGH�DYDLODEOH�IRU�LQVSHFWLRQ�E\�WKH
LQVSHFWRU�

I��*XLGDQFH�IRU�(QJLQHHULQJ�5HYLHZ�RI�3URFHGXUHV�6XEPLWWHG�E\�&RQWUDFWRUV��)RU�UHYLHZ�RI�:36V�
WKH�FRQWUDFWRU�VKRXOG�VXEPLW�DOO�DSSOLFDEOH�PDQXIDFWXUHU�GDWD�VKHHWV�DQG�RSHUDWLQJ�UHFRPPHQGDWLRQV�IRU
WKH�ILOOHU�PDWHULDO�WR�EH�XVHG��,W�PD\�DOVR�EH�QHFHVVDU\�WR�FRQVXOW�WKH�$:6�$��;;�ILOOHU�PHWDO
VSHFLILFDWLRQV�IRU�LQIRUPDWLRQ�UHJDUGLQJ�WKH�XVH�DQG�OLPLWDWLRQV�RI�WKH�ILOOHU�PHWDO��

����*HQHUDOO\��PDQXIDFWXUHU¶V�RSHUDWLQJ�UHFRPPHQGDWLRQV�SURYLGH�D�UDQJH�RI�ZHOGLQJ�SDUDPHWHUV
VXFK�DV�YROWDJH�DQG�FXUUHQW��DPSHUDJH��RU�ZLUH�IHHG�VSHHG��DQG�VSHFLI\�SRODULW\��EXW�GR�QRW�SURYLGH
VSHFLILF�WUDYHO�VSHHGV�RU�DGMXVWPHQWV�QHFHVVDU\�WR�DFKLHYH�D�SDUWLFXODU�ZHOG�VL]H��7KH�PLGGOH�RI�WKH
SURYLGHG�UDQJHV�DUH�RIWHQ�JRRG�VWDUWLQJ�SRLQWV��EXW�FRQWUDFWRUV�RIWHQ�WHQG�WR�ZRUN�QHDU�WKH�KLJK�HQG�RI
WKH�UDQJHV�SURYLGHG�WR�PD[LPL]H�GHSRVLWLRQ�UDWHV�DQG�UHGXFH�ZHOGLQJ�WLPH�

����&DOFXODWLRQV�VXFK�DV�KHDW�LQSXW�DQG�GHSRVLWLRQ�UDWHV�DUH�KHOSIXO�LQ�GHWHUPLQLQJ�LI�:36V�VKRXOG
SURGXFH�D�UHDVRQDEOH�TXDOLW\�ZHOG�RI�WKH�VL]H�VSHFLILHG��+RZHYHU��LW�LV�RIWHQ�GLIILFXOW�WR�YHULI\�)&$:
SURFHGXUHV�WKURXJK�FDOFXODWLRQ�EHFDXVH�RI�WKH�YDULDWLRQV�EHWZHHQ�VSHFLILF�HOHFWURGH�W\SHV��&DOFXODWLRQ
VKRXOG�QRW�EH�XVHG�WR�GHWHUPLQH�RSWLPXP�RSHUDWLQJ�FKDUDFWHULVWLFV�IRU�ZHOGLQJ��DV�WKHVH�ILQDO
DGMXVWPHQWV�DUH�PDGH�E\�H[SHULHQFH��6HH�UHIHUHQFHV�LQ�$SSHQGL[�%�

����&DXWLRQ�VKRXOG�EH�XVHG�ZKHQ�UHYLHZLQJ�:36V�IRU�WKLFN�PDWHULDOV�DQG�KLJKO\�UHVWUDLQHG�MRLQWV�
7KH����PP����LQ���WHVW�SODWH�WKLFNQHVVHV�VSHFLILHG�LQ�$:6�D1.1�6HFWLRQ����GR�QRW�DGHTXDWHO\�UHSUHVHQW
WKH�KHDW�VLQN�FDSDELOLWLHV�RI�WKLFNHU�VHFWLRQV��DIIHFWLQJ�FRROLQJ�UDWHV���QRU�LV�UHVWUDLQW�GHYHORSHG�LQ�WKH
ZHOGLQJ�RI�VWDQGDUG�:36�WHVW�VSHFLPHQV��7KH�XVH�RI�WKLFNHU�SODWHV�DQG�1'7��DQG�WKH�XVH�RI�UHVWUDLQW
GHYLFHV��VKRXOG�EH�VSHFLILHG�DV�DSSURSULDWH�IRU�FULWLFDO�ZHOGLQJ��$OWHUQDWHO\��RWKHU�:36�WHVWLQJ�PHWKRGV
PD\�EH�XVHG�DV�DSSURSULDWH�

����$�FKHFNOLVW�VKRXOG�EH�SUHSDUHG�WR�YHULI\�WKDW�DOO�ZHOGHG�MRLQWV�RQ�WKH�SURMHFW�KDYH�ZULWWHQ�:36V��
&ULWLFDO�MRLQWV�VKRXOG�EH�UHYLHZHG�WR�YHULI\�WKDW�WKH�SURSHU�ZHOGLQJ�PDWHULDOV�KDYH�EHHQ�GHVLJQDWHG�IRU�WKH
MRLQW��SDUWLFXODUO\�ZKHQ�&91�WRXJKQHVV�LV�UHTXLUHG��

����$SSURYDO�RI�WKH�:36�VKRXOG�EH�WDNHQ�DV�UHYLHZ�RQO\��DQG�WKDW�WKH�UHVSRQVLELOLW\�IRU�WKH
VXLWDELOLW\�RI�WKH�:36��DQG�WKH�UHVXOWDQW�ZHOG�TXDOLW\�DQG�SURSHUWLHV��UHPDLQV�ZLWK�WKH�FRQWUDFWRU��

���:(/',1*�3(56211(/�48$/,),&$7,21�

D��3HUVRQQHO�&ODVVLILFDWLRQ��:HOGLQJ�SHUVRQQHO�DUH�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV��ZHOGHUV��ZHOGLQJ
RSHUDWRUV��DQG�WDFN�ZHOGHUV��:HOGHUV�PDQLSXODWH�WKH�HOHFWURGH�E\�KDQG��PDQLSXODWLQJ�DQG�FRQWUROOLQJ�WKH
DUF��IRU�PDQXDO�RU�VHPL�DXWRPDWLF�ZHOGLQJ��:HOGLQJ�RSHUDWRUV�VHW�XS�DXWRPDWLF�ZHOGLQJ�HTXLSPHQW�ZLWK
ZLUH�IHG�ZHOGLQJ�SURFHVVHV��VXFK�DV�PHFKDQL]HG�6$:��WR�WUDYHO�DW�VHOHFWHG�VSHHGV��7DFN�ZHOGHUV�PD\
RQO\�SODFH�WDFN�ZHOGV�WR�DVVHPEOH�SLHFHV��ZLWK�WKH�ILQLVK�ZHOGV�WR�EH�SHUIRUPHG�E\�TXDOLILHG�ZHOGHUV�RU
ZHOGLQJ�RSHUDWRUV�
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E��4XDOLILFDWLRQ�7HVWLQJ��$OO�ZHOGLQJ�SHUVRQQHO�PXVW�GHPRQVWUDWH�WKHLU�VNLOO�E\�SHUIRUPLQJ�VSHFLILF
SHUIRUPDQFH�TXDOLILFDWLRQ�WHVWV�SUHVFULEHG�E\�$:6�D1.1�6HFWLRQ����3DUW�&��:HOGHUV�DUH�TXDOLILHG�E\
SURFHVV���60$:��)&$:��*0$:��6$:��*7$:��(6:��RU�(*:��)&$:�6��VHOI�VKLHOGHG��DQG�)&$:�*
�JDV�VKLHOGHG��DUH�FRQVLGHUHG�WKH�VDPH�SURFHVV�IRU�SHUIRUPDQFH�TXDOLILFDWLRQ�WHVWLQJ��:HOGHUV�DUH�DOVR
TXDOLILHG�E\�SRVLWLRQ���)ODW��+RUL]RQWDO��9HUWLFDO�DQG�2YHUKHDG��7KHVH�DUH�GHVLJQDWHG�RQ�ZHOGLQJ
SHUVRQQHO�TXDOLILFDWLRQ�UHFRUGV�DV�SRVLWLRQV����������DQG����UHVSHFWLYHO\��:HOGLQJ�SHUVRQQHO�TXDOLILHG�IRU
PRUH�GLIILFXOW�SRVLWLRQV��IRU�H[DPSOH�9HUWLFDO������DUH�DOVR�TXDOLILHG�IRU�)ODW�����DQG�+RUL]RQWDO�����ZHOGLQJ�
+RZHYHU��9HUWLFDO�����DQG�2YHUKHDG�����ZHOGLQJ�SRVLWLRQV�DUH�FRQVLGHUHG�VHSDUDWHO\��$GGLWLRQDO�SRVLWLRQ
FODVVLILFDWLRQV�DSSO\�IRU�WXEXODU�FRQVWUXFWLRQ��DQG�DUH�IXUWKHU�LGHQWLILHG�LQ�$:6�D1.1�)LJXUHV�����DQG�����
:HOGLQJ�SHUVRQQHO�DUH�IXUWKHU�FODVVLILHG�E\�W\SH�RI�ZHOG��WHVWLQJ�XVLQJ�JURRYH�ZHOGV�RU�ILOOHW�ZHOGV�
:HOGLQJ�SHUVRQQHO�TXDOLILHG�IRU�JURRYH�ZHOGLQJ�LQ�D�JLYHQ�SRVLWLRQ�DQG�SURFHVV�DUH�DOVR�TXDOLILHG�IRU�ILOOHW
ZHOGLQJ�LQ�WKH�VDPH�SRVLWLRQ�DQG�SURFHVV��7KRVH�ZKR�TXDOLI\�XVLQJ�����PP������LQ���WKLFN�SODWH�RU�WKLFNHU
DUH�TXDOLILHG�IRU�WZLFH�WKH�WHVW�SODWH�WKLFNQHVV��:HOGLQJ�SHUVRQQHO�TXDOLILHG�XVLQJ������PP����LQ���WKLFN
SODWH�DUH�TXDOLILHG�IRU�XQOLPLWHG�WKLFNQHVVHV�RI�PDWHULDO��$:6�D1.1�7DEOH�����SURYLGHV�FRPSOHWH
LQIRUPDWLRQ�UHJDUGLQJ�WKH�FURVV�RYHU�RI�ZHOGLQJ�SHUIRUPDQFH�TXDOLILFDWLRQV�WHVWV�DQG�WKH�ZHOGLQJ
SURGXFWV��WKLFNQHVVHV�DQG�SRVLWLRQV�TXDOLILHG�

F��&RQWUDFWRU�5HVSRQVLELOLWLHV��7KH�FRQWUDFWRU�LV�UHVSRQVLEOH�IRU�WKH�TXDOLILFDWLRQ�RI�DOO�ZHOGLQJ
SHUVRQQHO��7KH�ZLWQHVVLQJ�RI�SHUIRUPDQFH�WHVWLQJ�LV�QRW�UHTXLUHG��$OO�SHUIRUPDQFH�TXDOLILFDWLRQ�WHVWV�PXVW
EH�IXOO\�GRFXPHQWHG�LQ�ZULWLQJ��3HUIRUPDQFH�TXDOLILFDWLRQ�H[SLUHV�VL[�����PRQWKV�IROORZLQJ�WHVWLQJ��XQOHVV
WKH�SHUVRQ�KDV�XVHG�WKH�SURFHVV�GXULQJ�WKDW�WLPH�SHULRG��6KRXOG�D�SHUVRQ�QRW�XVH�WKH�SURFHVV�ZLWKLQ�VL[
PRQWKV��WKH�TXDOLILFDWLRQ�SHULRG�H[SLUHV��7KHUH�VKRXOG�EH�UHFRUGV�GRFXPHQWLQJ�WKH�XVH�RI�YDULRXV
SURFHVVHV�E\�WKH�FRQWUDFWRU��:HOGLQJ�SRVLWLRQ�LV�QRW�D�IDFWRU�LQ�PDLQWDLQLQJ�ZHOGLQJ�SHUVRQQHO
TXDOLILFDWLRQ��6KRXOG�WKH�ZHOGHU�FRQVLVWHQWO\�SURGXFH�SRRU�TXDOLW\�ZHOGV��WKH�ZHOGHU¶V�TXDOLILFDWLRQ�FDQ�EH
UHYRNHG��UHTXLULQJ�UHWHVWLQJ�

G��4XDOLILFDWLRQ�7HVWLQJ�E\�2WKHUV��$OWKRXJK�VWDQGDUG�SUDFWLFH�LV�WR�UHTXLUH�FRQWUDFWRU�EDVHG
TXDOLILFDWLRQ�WHVWLQJ�RI�ZHOGLQJ�SHUVRQQHO��LW�LV�DFFHSWDEOH��ZLWK�WKH�(QJLQHHU¶V�DSSURYDO��IRU�WKH�FRQWUDFWRU
WR�UHO\�XSRQ�TXDOLILFDWLRQ�WHVWLQJ�SHUIRUPHG�E\�RWKHUV��6XFK�WHVWLQJ�PD\�LQFOXGH�LQGHSHQGHQW�WHVWLQJ
ODERUDWRULHV��ZHOGLQJ�YRFDWLRQDO�VFKRROV��LQGXVWU\�DVVRFLDWLRQV�DQG�XQLRQV��DQG�WKH�$:6�&HUWLILHG
:HOGHU�SURJUDP��7KH�(QJLQHHU�VKRXOG�UHYLHZ�WKH�EDVLV�DQG�VXLWDELOLW\�RI�VXFK�SURJUDPV�SULRU�WR�ZDLYHU
RI�FRQWUDFWRU�EDVHG�TXDOLILFDWLRQ�

���,163(&725�48$/,),&$7,216�

D��*HQHUDO�:HOGLQJ�DQG�9LVXDO�,QVSHFWRUV��9LVXDO�ZHOGLQJ�LQVSHFWLRQ�SHUVRQQHO�VKRXOG�EH�TXDOLILHG
XQGHU�$:6�D1.1�6HFWLRQ��������7KH�EDVLV�RI�TXDOLILFDWLRQ��LI�EH\RQG�WKHVH�SURYLVLRQV��PXVW�EH�VSHFLILHG
LQ�WKH�SURMHFW�GRFXPHQWV��$FFHSWDEOH�TXDOLILFDWLRQ�EDVHV�XQGHU�D1.1�DUH������FXUUHQW�RU�SUHYLRXV
FHUWLILFDWLRQ�DV�DQ�$:6�&HUWLILHG�:HOGLQJ�,QVSHFWRU��&:,��LQ�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�$:6
4&���Standard for AWS Certification of Welding Inspectors��RU�����FXUUHQW�RU�SUHYLRXV�TXDOLILFDWLRQ�E\�WKH
&DQDGLDQ�:HOGLQJ�%XUHDX��&:%��WR�WKH�UHTXLUHPHQWV�RI�WKH�&DQDGLDQ�6WDQGDUG�$VVRFLDWLRQ��&6$�
6WDQGDUG�:�������Certification of Welding Inspectors��RU�����DQ�HQJLQHHU�RU�WHFKQLFLDQ�ZKR��E\�WUDLQLQJ�RU
H[SHULHQFH��RU�ERWK��LQ�PHWDOV�IDEULFDWLRQ��LQVSHFWLRQ�DQG�WHVWLQJ��LV�FRPSHWHQW�WR�SHUIRUP�LQVSHFWLRQ
ZRUN���)RU�WKH�WKLUG�FDVH��WKH�(QJLQHHU�VKRXOG�HVWDEOLVK�PLQLPXP�OHYHOV�RI�WUDLQLQJ�DQG�H[SHULHQFH�
UHTXLUH�D�ZULWWHQ�UHVXPH�GHWDLOLQJ�WUDLQLQJ�DQG�H[SHULHQFH�LQ�ZHOGLQJ�LQVSHFWLRQ��DQG�UHTXLUH�D�ZULWWHQ
DQG�KDQGV�RQ�H[DPLQDWLRQ�SULRU�WR�DSSURYDO�RI�WKH�LQVSHFWRU�

����7KH�TXDOLILFDWLRQ�RI�DQ�SUHYLRXVO\�FHUWLILHG�LQVSHFWRU�UHPDLQV�LQ�HIIHFW�LQGHILQLWHO\��HYHQ�WKRXJK
WKH�FHUWLILFDWLRQ�PD\�KDYH�H[SLUHG��SURYLGHG�WKH�LQVSHFWRU�UHPDLQV�DFWLYH�LQ�WKH�LQVSHFWLRQ�RI�ZHOGHG
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VWHHO�IDEULFDWLRQ��RU�XQOHVV�WKHUH�LV�D�VSHFLILF�UHDVRQ�WR�TXHVWLRQ�WKH�LQVSHFWRU
V�DELOLW\�

����7KH�$PHULFDQ�:HOGLQJ�6RFLHW\�RIIHUV�FHUWLILFDWLRQ�WR�ZHOGLQJ�LQVSHFWRUV�LQ�WKH�IRUP�RI�&HUWLILHG
:HOGLQJ�,QVSHFWRUV��&HUWLILHG�$VVRFLDWH�:HOGLQJ�,QVSHFWRUV��DQG�&HUWLILHG�6HQLRU�:HOGLQJ�,QVSHFWRUV�
$16,�$:6�4&����� Standard for AWS Certification of Welding Inspectors��JRYHUQV�WKH�UHTXLUHPHQWV
DQG�WHVWLQJ�RI�VXFK�LQVSHFWRUV��LQFOXGLQJ�H[SHULHQFH�OHYHO��7KH�&:,�H[DPLQDWLRQ�WHVWV�WKH�LQVSHFWRU¶V
NQRZOHGJH�RI�ZHOGLQJ�SURFHVVHV��ZHOGLQJ�SURFHGXUHV��ZHOGHU�TXDOLILFDWLRQ��GHVWUXFWLYH�WHVWLQJ�
QRQGHVWUXFWLYH�WHVWLQJ��WHUPV��GHILQLWLRQV��V\PEROV��UHSRUWV��UHFRUGV��VDIHW\�DQG�UHVSRQVLELOLWLHV��$OWKRXJK
DVVXPHG�WR�EH�FRPSHWHQW�WR�LQVSHFW�ZHOGHG�FRQVWUXFWLRQ��WKH�$:6�&HUWLILHG�:HOGLQJ�,QVSHFWRU�PD\�QRW
KDYH�WKH�EDFNJURXQG�RU�H[SHUWLVH�LQ�RWKHU�DUHDV�RI�VWHHO�FRQVWUXFWLRQ�VXFK�DV�JHQHUDO�IDEULFDWLRQ�DQG
HUHFWLRQ��EROWHG�FRQQHFWLRQV��VWHHO�EDU�MRLVWV��DQG�PHWDO�GHFNV��DQG�DGGLWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ
UHODWLYH�WR�WKHVH�DUHDV�PD\�EH�QHHGHG��,W�VKRXOG�DOVR�EH�YHULILHG�WKDW�WKH�$:6�&HUWLILHG�:HOGLQJ
,QVSHFWRU�KDV�WHVWHG��RU�LV�IDPLOLDU�ZLWK��WKH�$:6�D1.1�Structural Welding Code��,W�LV�SHUPLWWHG�WR�WDNH
WKH�$:6�H[DPLQDWLRQV�XVLQJ�HLWKHU�WKH�$:6�D1.1��$60(�Boiler and Pressure Vessel Code��RU�WKH�$3,
�����Welding of Pipelines and Related Facilities�FRGH��DQG�ZHOGLQJ�LQVSHFWLRQ�H[SHULHQFH�PD\�EH�LQ�DQ\
DUHD�RI�ZHOGLQJ�

����$:6�D1.1�GRHV�QRW�UHFRJQL]H�WKH�$:6�&HUWLILHG�$VVRFLDWH�:HOGLQJ�,QVSHFWRU�DV�TXDOLILHG�WR
SHUIRUP�WKH�ZRUN�VROHO\�EDVHG�XSRQ�WKLV�FHUWLILFDWLRQ��$�&$:,�KDV�SDVVHG�WKH�VDPH�DFFUHGLWDWLRQ
H[DPLQDWLRQ�DV�WKH�&:,��EXW�KDV�OHVV�H[SHULHQFH��ZLWK�WZR�\HDUV�PLQLPXP�H[SHULHQFH�UDWKHU�WKDQ�ILYH
\HDUV��LQ�WKH�ILHOG�RI�ZHOGLQJ�LQVSHFWLRQ��$�&$:,�FRXOG�EH�DFFHSWDEOH�XQGHU�FRQGLWLRQ�³F´�DV�OLVWHG�LQ
$:6�D1.1�6HFWLRQ��������7KH�6HQLRU�&HUWLILHG�:HOGLQJ�,QVSHFWRU�LV�D�QHZ�SURJUDP�RIIHUHG�E\�WKH�$:6�
DQG�WKLV�UHFHQW�FHUWLILFDWLRQ�RSWLRQ�KDV�QRW�EHHQ�LQFOXGHG�LQ�WKH�$:6�D1.1�FRGH�EHFDXVH�RI�SXEOLFDWLRQ
VFKHGXOHV��$�6&:,�VKRXOG�EH�FRQVLGHUHG�WKH�HTXLYDOHQW�RI�D�&:,�

����$OWKRXJK�$:6�D1.1�DOORZV�LQVSHFWRU�TXDOLILFDWLRQ�ZLWKRXW�WKH�&:,�FHUWLILFDWLRQ�XQGHU�$:6
4&��FULWHULD��LW�LV�UHFRPPHQGHG�WKDW�WKH�ZHOGLQJ�LQVSHFWLRQ�SHUVRQQHO�IRU�FULWLFDO�ZHOGLQJ�EH�$:6�4&�
FHUWLILHG��RU�SUHYLRXVO\�FHUWLILHG��E\�H[SHULHQFH�DQG�ZULWWHQ�H[DPLQDWLRQ��

����$OO�ZHOGLQJ�LQVSHFWRUV�PXVW�KDYH�DGHTXDWH�YLVXDO�DFXLW\��GRFXPHQWHG�E\�YLVLRQ�WHVWLQJ
SHUIRUPHG�ZLWKLQ�WKH�SDVW�WKUHH�\HDUV��6HH�$:6�D1.1�6HFWLRQ���������

E��1'7�3HUVRQQHO�4XDOLILFDWLRQ��&HUWLILFDWLRQ�RI�DOO�OHYHOV�RI�1'7�SHUVRQQHO�LV�WKH�UHVSRQVLELOLW\�RI�WKH
HPSOR\HU�RI�WKH�1'7�WHFKQLFLDQ��1RQGHVWUXFWLYH�WHVWLQJ�SHUVRQQHO�VKRXOG�EH�TXDOLILHG�XQGHU�WKH
$PHULFDQ�6RFLHW\�IRU�1RQGHVWUXFWLYH�7HVWLQJ��,QF���$16,�$617�&3������ASNT Standard for Qualification
and Certification of Nondestructive Testing Personnel��RU�$617�Recommended Practice No. SNT-TC-1A,
Personnel Qualification and Certification in Nondestructive Testing.�

����&HUWLILFDWLRQ�RI�1'7�SHUVRQQHO�VKRXOG�EH�EDVHG�RQ�GHPRQVWUDWLRQ�RI�VDWLVIDFWRU\�TXDOLILFDWLRQ�LQ
DFFRUGDQFH�ZLWK�6HFWLRQV������DQG���RI�$617�617�7&��$��DV�PRGLILHG�E\�WKH�HPSOR\HU
V�ZULWWHQ
SUDFWLFH��RU�LQ�DFFRUGDQFH�ZLWK�6HFWLRQV������DQG���RI�$16,�$617�&3�����  (PSOR\HUV�PD\�UHO\�XSRQ
RXWVLGH�WUDLQLQJ�DQG�WHVWLQJ�IRU�1'7�SHUVRQQHO�IRU�FHUWLILFDWLRQ��KRZHYHU��WKH�HPSOR\HU�VKRXOG
VXSSOHPHQW�VXFK�FHUWLILFDWLRQ�WHVWLQJ�ZLWK�D�UHYLHZ�RI�WKH�WHFKQLFLDQ¶V�H[SHULHQFH�DQG�VNLOO�OHYHOV��,W�LV
VXJJHVWHG�WKDW�WKH�FHUWLILFDWLRQ�RI�1'7�SHUVRQQHO�VKRXOG�EH�DGPLQLVWHUHG�E\�DQ�$617�&HUWLILHG�/HYHO�,,,
LQ�WKH�VSHFLILF�DUHD�RQ�1'7��3HUVRQQHO�FHUWLILFDWLRQV�PXVW�EH�PDLQWDLQHG�RQ�ILOH�E\�WKH�HPSOR\HU�DQG�D
FRS\�VKRXOG�EH�FDUULHG�E\�WKH�WHFKQLFLDQ��

����$:6�D1.1�6HFWLRQ��������UHTXLUHV�WKDW�QRQGHVWUXFWLYH�WHVWLQJ�EH�SHUIRUPHG�E\�1'7�/HYHO�,,
WHFKQLFLDQV��RU�E\�/HYHO�,�WHFKQLFLDQV�RQO\�ZKHQ�ZRUNLQJ�XQGHU�WKH�GLUHFW�VXSHUYLVLRQ�RI�D�/HYHO�,,�
,QVSHFWLRQ�E\�D�/HYHO�,,,�WHFKQLFLDQ�LV�QRW�UHFRJQL]HG��DV�WKH�/HYHO�,,,�PD\�QRW�SHUIRUP�DFWXDO�WHVWLQJ
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UHJXODUO\�HQRXJK�WR�PDLQWDLQ�WKH�VSHFLDO�VNLOOV�UHTXLUHG�WR�VHW�XS�RU�WR�FRQGXFW�WKH�WHVWV��$:6�D1.5���
UHTXLUHV�VLPLODU�TXDOLILFDWLRQ��H[FHSW�LQ�WKH�FDVH�RI�)UDFWXUH�&ULWLFDO�0HPEHUV��8QGHU�6HFWLRQ�����������
WHVWLQJ�RI�)UDFWXUH�&ULWLFDO�0HPEHUV�PXVW�EH�GRQH�E\�HLWKHU�D�TXDOLILHG�/HYHO�,,�XQGHU�WKH�VXSHUYLVLRQ�RI
D�TXDOLILHG�/HYHO�,,,��RU�E\�D�/HYHO�,,,�FHUWLILHG�E\�$617��XQOHVV�WKH�(QJLQHHU�DFFHSWV�RWKHU�IRUPV�RI
TXDOLILFDWLRQ��

����7KH�IROORZLQJ�GHILQLWLRQV��IURP�$16,���$617�&3������DSSO\�WR�WKH�YDULRXV�1'7�/HYHOV�
� 1'7�/HYHO�,���$Q�1'7�/HYHO�,�LQGLYLGXDO�VKDOO�KDYH�WKH�VNLOOV�WR�SURSHUO\�SHUIRUP�VSHFLILF

FDOLEUDWLRQV��VSHFLILF�1'7��DQG�ZLWK�SULRU�ZULWWHQ�DSSURYDO�RI�WKH�1'7�/HYHO�,,,��SHUIRUP
VSHFLILF�LQWHUSUHWDWLRQV�DQG�HYDOXDWLRQV�IRU�DFFHSWDQFH�RU�UHMHFWLRQ�DQG�GRFXPHQW�WKH
UHVXOWV��7KH�1'7�/HYHO�,�VKDOO�EH�DEOH�WR�IROORZ�DSSURYHG�QRQGHVWUXFWLYH�WHVWLQJ
SURFHGXUHV�DQG�VKDOO�UHFHLYH�WKH�QHFHVVDU\�JXLGDQFH�RU�VXSHUYLVLRQ�IURP�D�FHUWLILHG�1'7
/HYHO�,,�RU�1'7�/HYHO�,,,�LQGLYLGXDO�

� 1'7�/HYHO�,,���$Q�1'7�/HYHO�,,�LQGLYLGXDO�VKDOO�KDYH�WKH�VNLOOV�DQG�NQRZOHGJH�WR�VHW�XS�DQG
FDOLEUDWH�HTXLSPHQW��WR�FRQGXFW�WHVWV��DQG�WR�LQWHUSUHW��HYDOXDWH��DQG�GRFXPHQW�UHVXOWV�LQ
DFFRUGDQFH�ZLWK�SURFHGXUHV�DSSURYHG�E\�DQ�1'7�/HYHO�,,,��7KH�/HYHO�,,�VKDOO�EH
WKRURXJKO\�IDPLOLDU�ZLWK�WKH�VFRSH�DQG�OLPLWDWLRQV�RI�WKH�PHWKRG�WR�ZKLFK�FHUWLILHG�DQG
VKRXOG�EH�FDSDEOH�RI�GLUHFWLQJ�WKH�ZRUN�RI�WUDLQHHV�DQG�1'7�/HYHO�,�SHUVRQQHO��7KH�1'7
/HYHO�,,�VKDOO�EH�DEOH�WR�RUJDQL]H�DQG�UHSRUW�QRQGHVWUXFWLYH�WHVW�UHVXOWV�

� 1'7�/HYHO�,,,���$Q�1'7�/HYHO�,,,�LQGLYLGXDO�VKDOO�KDYH�WKH�VNLOOV�DQG�NQRZOHGJH�WR�HVWDEOLVK
WHFKQLTXHV��WR�LQWHUSUHW�FRGHV��VWDQGDUGV��DQG�VSHFLILFDWLRQV��GHVLJQDWH�WKH�SDUWLFXODU
WHFKQLTXH�WR�EH�XVHG��DQG�YHULI\�WKH�DFFXUDF\�RI�SURFHGXUHV��7KH�LQGLYLGXDO�VKDOO�DOVR
KDYH�JHQHUDO�IDPLOLDULW\�ZLWK�WKH�RWKHU�1'7�PHWKRGV��7KH�1'7�/HYHO�,,,�VKDOO�EH�FDSDEOH
RI�FRQGXFWLQJ�RU�GLUHFWLQJ�WKH�WUDLQLQJ�DQG�H[DPLQLQJ�RI�1'7�SHUVRQQHO�LQ�WKH�PHWKRGV�IRU
ZKLFK�WKH�1'7�/HYHO�,,,�LV�TXDOLILHG�

���,163(&7,21�&$7(*25,(6�$1'�7$6.6��

D��*HQHUDO��7KH�LQVSHFWRU�DVVLJQHG�UHVSRQVLELOLW\�IRU�WKH�ZHOGLQJ�RI�WKH�SURMHFW�VKRXOG�UHYLHZ�DQG
XQGHUVWDQG�WKH�DSSOLFDEOH�SRUWLRQV�RI�WKH�SURMHFW�VSHFLILFDWLRQV��WKH�FRQWUDFW�GHVLJQ�GUDZLQJV��DQG�WKH
VKRS�RU�HUHFWLRQ�GUDZLQJV�IRU�WKH�SURMHFW��DV�DSSURSULDWH��7KH�LQVSHFWRU�VKRXOG�SDUWLFLSDWH�LQ�D�SUH�SURMHFW
PHHWLQJ�ZLWK�WKH�FRQWUDFWRU�WR�GLVFXVV�WKH�TXDOLW\�FRQWURO�DQG�TXDOLW\�DVVXUDQFH�UHTXLUHPHQWV�IRU�WKH
SURMHFW��$�UHFRUG�VKRXOG�EH�NHSW�RI�DOO�ZHOGHUV��ZHOGLQJ�RSHUDWRUV�DQG�WDFN�ZHOGHUV��ZHOGLQJ�SHUVRQQHO
TXDOLILFDWLRQV��ZHOGLQJ�SURFHGXUHV��DFFHSWHG�SDUWV��WKH�VWDWXV�RI�DOO�MRLQWV�QRW�DFFHSWHG��1'7�WHVW�UHSRUWV�
DQG�RWKHU�VXFK�LQIRUPDWLRQ�DV�PD\�EH�UHTXLUHG��7KH�LQVSHFWRU¶V�GXWLHV�FDQ�EH�DVVLJQHG�RU�SODFHG�LQWR
IRXU�JHQHUDO�FDWHJRULHV��E\�WLPH�SHULRG��SUH�SURMHFW�LQVSHFWLRQ�IRU�JHQHUDO�ZHOGLQJ�RSHUDWLRQV��LQVSHFWLRQ
SULRU�WR�ZHOGLQJ�D�SDUWLFXODU�MRLQW��LQVSHFWLRQ�GXULQJ�ZHOGLQJ�RI�WKH�MRLQW��DQG�LQVSHFWLRQ�RI�WKH�FRPSOHWHG
MRLQW�

E��3UH�SURMHFW�,QVSHFWLRQ��$�SUH�SURMHFW�LQVSHFWLRQ�VKRXOG�EH�FRQGXFWHG�RI�WKH�IDEULFDWRU¶V�DQG
HUHFWRU¶V�IDFLOLWLHV�DQG�RSHUDWLRQV�WR�YHULI\�WKH�DGHTXDF\�RI�WKHLU�ZHOGLQJ�RSHUDWLRQV��7KH�VFKHGXOLQJ�RI
WKLV�LQVSHFWLRQ�VKRXOG�EH�ZHOO�EHIRUH�ZHOGLQJ�LV�VFKHGXOHG�WR�EHJLQ��DOORZLQJ�WLPH�IRU�QHFHVVDU\
FRUUHFWLRQV�DQG�LPSURYHPHQWV�E\�WKH�FRQWUDFWRU�EHIRUH�ZHOGLQJ�EHJLQV�

����3HUVRQQHO��7KH�LQVSHFWRU�VKRXOG�YHULI\�WKDW�DOO�DSSOLFDEOH�ZHOGHU��ZHOGLQJ�RSHUDWRU�DQG�WDFN
ZHOGHU�TXDOLILFDWLRQ�UHFRUGV�DUH�DYDLODEOH��FXUUHQW�DQG�FRPSOHWH��DQG�WKDW�DQ\�UHTXLUHG�VSHFLDO
VXSSOHPHQWDO�TXDOLILFDWLRQ�WHVWV��VXFK�DV�PRFN�XSV��KDYH�EHHQ�SDVVHG��5HTXDOLILFDWLRQ�LV�UHTXLUHG�IRU
DQ\�ZHOGHU��ZHOGLQJ�RSHUDWRU�RU�WDFN�ZHOGHU�ZKR�KDV��IRU�D�SHULRG�RI�VL[�PRQWKV��QRW�XVHG�WKH�SURFHVV�IRU
ZKLFK�WKH�SHUVRQ�ZDV�TXDOLILHG��(DFK�SHUVRQ�SHUIRUPLQJ�ZHOGLQJ�VKRXOG�KDYH�D�XQLTXH�LGHQWLILFDWLRQ
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PDUN�RU�GLH�VWDPS�WR�LGHQWLI\�KLV�RU�KHU�ZHOGV��6HH�$:6�D1.1�6HFWLRQ����3DUW�&�

����(TXLSPHQW��$OO�ZHOGLQJ�HTXLSPHQW�VKRXOG�EH�LQ�SURSHU�RSHUDWLQJ�FRQGLWLRQ��ZLWK�IXQFWLRQLQJ
JDXJHV�QHFHVVDU\�IRU�IROORZLQJ�WKH�:36�IRU�WKH�VHOHFWHG�SURFHVV��3HULRGLF�FKHFNV�VKRXOG�EH�SHUIRUPHG
E\�WKH�FRQWUDFWRU�WR�YHULI\�WKH�DFFXUDF\�RI�JDXJHV�DQG�RWKHU�RSHUDWLQJ�FRPSRQHQWV�RI�ZHOGLQJ�PDFKLQHV�
:HOGLQJ�OHDGV�VKRXOG�EH�LQVSHFWHG�IRU�ZRUQ�RU�PLVVLQJ�LQVXODWLRQ��RU�LQDGHTXDWH�FRQQHFWRUV��$PPHWHUV
VKRXOG�EH�DYDLODEOH�IRU�YHULI\LQJ�WKH�FXUUHQW��DPSHUDJH��QHDU�WKH�DUF��UDWKHU�WKDQ�DW�WKH�PDFKLQH�
5HFRUGV�RI�HTXLSPHQW�LQVSHFWLRQV�DQG�FDOLEUDWLRQV�VKRXOG�EH�PDLQWDLQHG��EXW�WKHUH�LV�QR�VSHFLILF
UHTXLUHPHQWV�IRU�VXFK�LQ�$:6�D1.1��,QVSHFWLRQV�DW�OHDVW�DQQXDOO\�DUH�UHFRPPHQGHG��6HH�$:6�D1.1
6HFWLRQV������DQG�������

����:36V��7KH�LQVSHFWRU�VKRXOG�YHULI\�WKDW�DOO�DSSOLFDEOH�ZHOGLQJ�3URFHGXUH�4XDOLILFDWLRQ�5HFRUGV
�345V��DQG�:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQV��:36V��DUH�DYDLODEOH��FXUUHQW�DQG�DFFXUDWH��:36V
VKRXOG�EH�DYDLODEOH�DW�ZHOGLQJ�ZRUN�VWDWLRQV�DQG�XVHG�E\�DOO�ZHOGLQJ�SHUVRQQHO��345V�VKRXOG�EH
UHIHUHQFHG�DQG�DYDLODEOH�IRU�UHYLHZ�IRU�DQ\�QRQ�SUHTXDOLILHG�:36V��4XDOLILHG�:36V�PXVW�EH�DSSURYHG
E\�WKH�(QJLQHHU��SHU�$:6�D1.1�6HFWLRQ��������)RU�KLJK�VHLVPLF�DSSOLFDWLRQV��DOO�:36V�PXVW�EH
DSSURYHG�E\�WKH�(QJLQHHU��6HH�$,6& Seismic Provisions�6HFWLRQ����D��7KH�(QJLQHHU¶V�DSSURYDO�VKRXOG
EH�YHULILHG�

����0DWHULDOV�&RQWUROV��(OHFWURGHV�DQG�IOX[HV�VKRXOG�EH�VWRUHG�LQ�WKHLU�RULJLQDO��PDQXIDFWXUHU�
VHDOHG�FRQWDLQHUV�XQWLO�UHDG\�IRU�SODFHPHQW�LQ�VWRUDJH�RYHQV�RU�XVH��7KH�PDQXIDFWXUHU¶V�LGHQWLILFDWLRQ
ODEHOV��LQFOXGLQJ�ORW�QXPEHU��VKRXOG�UHPDLQ�RQ�WKH�SDFNDJLQJ��7KH�FRQWUDFWRU�VKRXOG�KDYH�DQ�RSHUDWLQJ
V\VWHP�WR�YHULI\�WKDW�DOO�PDWHULDOV�LQ�LQYHQWRU\�KDYH�SURSHU�FHUWLILFDWLRQ�SDSHUV�RQ�ILOH��7KH�FRQWUDFWRU¶V
TXDOLW\�FRQWURO�V\VWHP�VKRXOG�EH�XVHG�WR�FRQILUP�WKDW�WKH�SURSHU�ZHOGLQJ�FRQVXPDEOHV�DUH�VHOHFWHG�

����0DWHULDOV�6WRUDJH��7KH�FRQWUDFWRU�VKRXOG�KDYH�DOO�QHFHVVDU\�ZHOGLQJ�FRQVXPDEOH�GU\LQJ�DQG
VWRUDJH�HTXLSPHQW��7KH�SURSHU�RSHUDWLQJ�WHPSHUDWXUHV�VKRXOG�EH�YHULILHG�RQ�D�UHJXODU�EDVLV�DV�D�SDUW�RI
WKH�FRQWUDFWRU¶V�TXDOLW\�FRQWURO�SURJUDP��:HOGLQJ�SHUVRQQHO�VKRXOG�EH�IDPLOLDU�ZLWK�WKH�60$:�HOHFWURGH
DQG�6$:�IOX[�VWRUDJH�DQG�H[SRVXUH�OLPLWDWLRQV�RI�$:6�D1.1��ZLWK�DQ�RQJRLQJ�V\VWHP�LQ�SODFH�WR�FRQILUP
FRPSOLDQFH��1R�PDWHULDOV�RWKHU�WKDQ�HOHFWURGHV�RU�IOX[HV��DV�DSSURSULDWH��PD\�EH�SODFHG�LQ�GU\LQJ�RU
VWRUDJH�RYHQV��6HH�$:6�D1.1�6HFWLRQ�����IRU�VWRUDJH�UHTXLUHPHQWV��,Q�DGGLWLRQ�WR�$:6�D1.1�PDQGDWHG
VWRUDJH�UHTXLUHPHQWV��UHVHDUFK�LQGLFDWHV�WKDW�FHUWDLQ�)&$:�HOHFWURGHV�PD\�ZDUUDQW�SURWHFWHG�VWRUDJH�RU
OLPLWHG�DWPRVSKHULF�H[SRVXUH�WLPHV��6XFK�FRQWUROV�DQG�OLPLWDWLRQV�VKRXOG�EH�EDVHG�XSRQ�PDQXIDFWXUHU¶V
WHVW�GDWD�DQG�UHFRPPHQGDWLRQV�

F��3ULRU�WR�:HOGLQJ��3ULRU�WR�WKH�DFWXDO�VWDUW�RI�ZHOGLQJ�RQ�WKH�SURMHFW��LWHP�F����EHORZ�VKRXOG�EH
SHUIRUPHG��$OO�RWKHU�LQVSHFWLRQ�LWHPV�VKRXOG�EH�SHUIRUPHG�SULRU�WR�EHJLQQLQJ�WKH�ZHOGLQJ�RI�HDFK�MRLQW��,W
LV�QRW�DQWLFLSDWHG�WKDW�WKH�LQVSHFWRU�SK\VLFDOO\�SHUIRUP�WKHVH�LQVSHFWLRQV�DW�HDFK�LQGLYLGXDO�MRLQW��EXW�ZLOO
YHULI\�WKDW�WKH�FRQWUDFWRU¶V�SHUVRQQHO�XQGHUVWDQG�DQG�URXWLQHO\�SHUIRUP�WKHVH�LQVSHFWLRQV�DV�D�SDUW�RI
WKHLU�ZHOGLQJ�RSHUDWLRQV��7KLV�PD\�EH�GRQH�WKURXJK�REVHUYDWLRQ�RI�ZHOGLQJ�RSHUDWLRQV�DQG�LQIRUPDO
LQTXLULHV�RI�ZHOGLQJ�SHUVRQQHO��7KH�LQVSHFWRU�PD\��ZKHQ�GHVLUHG��SHUIRUP�DQ\�SK\VLFDO�LQVSHFWLRQV�SULRU
WR�ZHOGLQJ�WR�YHULI\�WKH�FRQWUDFWRU�SHUVRQQHO¶V�ZRUN�

����3UH�SURMHFW�UHYLHZ��3ULRU�WR�WKH�EHJLQQLQJ�RI�DFWXDO�ZHOGLQJ�RQ�WKH�SURMHFW��LW�VKRXOG�EH�YHULILHG
WKDW�DOO�QRQ�FRPSOLDQFH�UHYHDOHG�GXULQJ�SUH�SURMHFW�LQVSHFWLRQ�KDV�EHHQ�UHFWLILHG�

����%DVH�PHWDO�TXDOLW\��6WHHO�MRLQWV�WR�EH�ZHOGHG�PXVW�EH�VPRRWK��XQLIRUP��DQG�IUHH�IURP�VLJQLILFDQW
VXUIDFH�GLVFRQWLQXLWLHV�VXFK�DV�FUDFNV�RU�VHDPV��DQG�IUHH�RI�VLJQLILFDQW�DPRXQWV�RI�ORRVH�RU�WKLFN�VFDOH�
VODJ��UXVW��PRLVWXUH��JUHDVH��RU�RWKHU�KDUPIXO�IRUHLJQ�PDWHULDOV��6HH�$:6�D1.1�6HFWLRQ������IRU�FRPSOHWH
EDVH�PHWDO�SUHSDUDWLRQ�UHTXLUHPHQWV��
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����)LOOHW�ZHOG�ILWXS��)LOOHW�ZHOGHG�MRLQWV�PXVW�EH�ILWXS�ZLWK�D�PD[LPXP�JDS�RI�����PP�������LQ���
XQOHVV�FRUUHFWLYH�PHDVXUH�DUH�WDNHQ��)RU�JDSV�H[FHHGLQJ�����PP�������LQ����EXW�QRW�WR�H[FHHG���PP
������LQ����WKH�OHJ�VL]H�RI�WKH�ZHOG�PXVW�EH�LQFUHDVHG�E\�DQ�DPRXQW�HTXDO�WR�WKH�JDS��*DSV�RYHU���PP
������LQ���DUH�SHUPLWWHG�RQO\�IRU�VWHHOV�RYHU����PP����LQ���LQ�WKLFNQHVV��ZKHQ�VXLWDEOH�EDFNLQJ�LV�SODFHG�LQ
WKH�URRW�RI�WKH�MRLQW��DQG�WKH�ILOOHW�OHJ�VL]H�LV�LQFUHDVHG��6HH�$:6�D1.1�6HFWLRQ��������

����*URRYH�ZHOG�ILWXS��3UHTXDOLILHG�JURRYH�ZHOGV�PXVW�EH�DVVHPEOHG�ZLWKLQ�WKH�³DV�ILW�XS´�WROHUDQFH
VSHFLILHG�IRU�WKH�MRLQW�LQ�$:6�D1.1�)LJXUHV�����DQG������)RU�3DUWLDO�-RLQW�3HQHWUDWLRQ��3-3��JURRYH�ZHOGV�
DVVHPEO\�WROHUDQFHV�DUH�SURYLGHG�LQ�$:6�D1.1�6HFWLRQ���������)RU�RWKHU�JURRYH�GLPHQVLRQ�WROHUDQFHV
DSSOLFDEOH�WR�RWKHU�JURRYH�ZHOGV��VHH�$:6�D1.1�6HFWLRQ����������

����6WHHO�WHPSHUDWXUH��7KH�WHPSHUDWXUH�RI�WKH�VWHHO�DW�WKH�MRLQW�SULRU�WR�WKH�LQLWLDWLRQ�RI�ZHOGLQJ
PXVW�QRW�EH�EHORZ�� &���� )���:KHQ�VWHHO�WHPSHUDWXUHV�DUH�EHORZ�WKHVH�PLQLPXP�WHPSHUDWXUHV��LW�LVR R

QHFHVVDU\�WR�KHDW�WKH�VWHHO�LQ�WKH�YLFLQLW\�RI�WKH�MRLQW�WR�DW�OHDVW��� &���� )���6HH�$:6�D1.1�7DEOH�����R R

1RWH����)RU�SUHTXDOLILHG�VWHHOV�OLVWHG�LQ�$:6�D1.1�7DEOH������DV�&DWHJRU\�&�VWHHOV��WKH�PLQLPXP�VWHHO
WHPSHUDWXUH�DW�WKH�MRLQW�LV��� &���� )���6WHHOV�RI�WKLFNQHVVHV�UHTXLULQJ�SUHKHDW��SHU�$:6�D1.1�7DEOH�����R R

UHTXLUH�KLJKHU�WHPSHUDWXUHV��$IWHU�KHDWLQJ��WKH�WHPSHUDWXUH�RI�WKH�VWHHO�VKRXOG�EH�PHDVXUHG�D�GLVWDQFH
���PP����LQ���DZD\�IURP�WKH�MRLQW��)RU�ZHOGLQJ�LQ�H[WUHPH�FROG�HQYLURQPHQWV��LW�LV�DGYLVDEOH�WR�KHDW�WKH
VWHHO�WR�KLJKHU�WHPSHUDWXUHV�DQG�DSSO\�WKH�KHDW�RYHU�D�ZLGHU�DUHD�

����$PELHQW�WHPSHUDWXUH��:HOGLQJ�LV�QRW�SHUPLWWHG�ZKHQ�WKH�DPELHQW��DLU��WHPSHUDWXUH�LV�EHORZ��
�� &��� )���RU�ZKHQ�ZHOGLQJ�SHUVRQQHO�DUH�H[SRVHG�WR�LQFOHPHQW�HQYLURQPHQWDO�FRQGLWLRQV��3URWHFWLYHR R

FRYHULQJ�RU�HQFORVXUHV��ZLWK�KHDWLQJ�DV�QHFHVVDU\��PD\�EH�XVHG�WR�VDWLVI\�WKLV�UHTXLUHPHQW�DQG�SURYLGH
DGHTXDWH�SURWHFWLRQ�DQG�ZDUPWK�IRU�WKH�ZHOGHUV�DQG�ZHOGLQJ�HTXLSPHQW�

����:LQG�VSHHG��*DV�VKLHOGHG�ZHOGLQJ�SURFHVVHV��)&$:�*��*0$:��*7$:��DQG�(*:��PD\�QRW
EH�SHUIRUPHG�LQ�ZLQGV�H[FHHGLQJ���NP�SHU�KRXU����PSK���DV�ZLQG�DERYH�WKLV�VSHHG�EORZV�DZD\�WKH
QHFHVVDU\�VKLHOGLQJ�JDV�DQG�FRQWULEXWHV�WR�SRRU�ZHOG�TXDOLW\�DQG�SRRU�PHFKDQLFDO�SURSHUWLHV��)RU�VHOI�
VKLHOGHG�ZHOGLQJ�SURFHVVHV��60$:��)&$:�6��6$:��DQG�(6:���WKH�PD[LPXP�ZLQG�VSHHG�LV�QRW
VSHFLILHG�E\�$:6�D1.1��EXW�VKRXOG�EH�OLPLWHG�WR�D�PD[LPXP�RI����WR����NP�SHU�KRXU�����WR����PSK��
6HH�$:6�D1.1�6HFWLRQ������IRU�ZHOGLQJ�HQYLURQPHQW�SURYLVLRQV�

����:36��LQFOXGLQJ�SUHKHDW��7KH�LQVSHFWRU�VKRXOG�YHULI\�FRPSOLDQFH�RI�WKH�ZHOGLQJ�FRQVXPDEOHV
VHOHFWHG��HOHFWURGH��IOX[�DQG�VKLHOGLQJ�JDV��ZLWK�WKH�SURMHFW�UHTXLUHPHQWV�DQG�WKH�:36��7KH�VHOHFWHG
HOHFWURGHV�VKRXOG�EH�WDNHQ�RQO\�IURP�SURSHU�VWRUDJH��DQG�XVHG�RQO\�LQ�WKH�SHUPLWWHG�SRVLWLRQV�DQG�ZLWKLQ
WKH�ZHOGLQJ�SDUDPHWHUV�VSHFLILHG�E\�WKH�PDQXIDFWXUHU�DQG�LQ�WKH�:36��,W�VKRXOG�EH�YHULILHG�WKDW�WKH
:36�LV�DSSURSULDWH�IRU�WKH�MRLQW��ZLWKLQ�DQ\�VSHFLILHG�OLPLWDWLRQV��

����3UHKHDW��3UHKHDW�WHPSHUDWXUHV�DV�VSHFLILHG�LQ�WKH�:36�PXVW�EH�SURYLGHG�DQG�FKHFNHG�IRU
FRPSOLDQFH�ZLWK�$:6�D1.1�7DEOH�����LI�SUHTXDOLILHG��+LJKHU�SUHKHDW�WHPSHUDWXUHV�PD\�EH�VSHFLILHG��,W
PD\�DOVR�EH�QHFHVVDU\�WR�YHULI\�WKDW�WKH�SUHKHDW�WHPSHUDWXUH�GRHV�QRW�H[FHHG�DQ\�PD[LPXP�YDOXHV
VSHFLILHG�LQ�WKH�:36��VRPHWLPHV�UHTXLUHG�IRU�TXHQFKHG�DQG�WHPSHUHG��70&3��RU�RWKHU�VSHFLDO�VWHHOV��RU
ZKHQ�WRXJKQHVV�UHTXLUHPHQWV�DSSO\��9HULILFDWLRQ�RI�SUHKHDW�WHPSHUDWXUH�VKRXOG�EH�WDNHQ����PP����LQ��
IURP�WKH�MRLQW��SURYLGHG�WKH�WKLFNHVW�PDWHULDO�MRLQHG�LV����PP����LQ���RU�OHVV�LQ�WKLFNQHVV��,I�WKH�VWHHO�LV
WKLFNHU��WKHQ�WKH�WHPSHUDWXUH�YHULILFDWLRQ�LV�WDNHQ�D�GLVWDQFH�HTXDO�WR�WKH�PDWHULDO�WKLFNQHVV�
7HPSHUDWXUHV�PD\�EH�FKHFNHG�ZLWK�VXUIDFH�WHPSHUDWXUH�WKHUPRPHWHUV��FORVH�UDQJH�IRFXVHG�LQIUDUHG
GHYLFHV��RU�ZLWK�WHPSHUDWXUH�LQGLFDWLQJ�FUD\RQV�

�����7DFN�ZHOGV��7DFN�ZHOGV�PXVW�EH�PDGH�XVLQJ�DSSURSULDWH�:36V��LQFOXGLQJ�SUHKHDW�ZKHQ
UHTXLUHG��7DFN�ZHOGV�VKRXOG�EH�YLVXDOO\�LQVSHFWHG�SULRU�WR�EHLQJ�ZHOGHG�RYHU�E\�WKH�ILQLVK�ZHOG��&UDFNV�LQ
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WDFN�ZHOGV�DUH�OLNHO\�WR�SURSDJDWH�LQWR�WKH�PDLQ�ZHOG��6ODJ�WKDW�KDV�QRW�EHHQ�UHPRYHG�ZLOO�OLNHO\�UHVXOW�LQ
VODJ�LQFOXVLRQV�LQ�WKH�FRPSOHWHG�ZHOG�

G��'XULQJ�:HOGLQJ��2EVHUYDWLRQ�RI�ZHOGLQJ�WHFKQLTXHV�DQG�SHUIRUPDQFH�IRU�HDFK�ZHOGHU�VKRXOG�EH
GRQH�SHULRGLFDOO\�GXULQJ�ZHOGLQJ�RSHUDWLRQV�WR�YHULI\�WKDW�WKH�DSSOLFDEOH�UHTXLUHPHQWV�RI�WKH�:36�DQG
WKH�$:6�D1.1�&RGH�DUH�PHW��(DFK�SDVV�VKRXOG�EH�YLVXDOO\�LQVSHFWHG�E\�WKH�ZHOGHU�IRU�FRQIRUPDQFH�WR
$:6�D1.1�7DEOH�����SURYLVLRQV�IRU�FUDFNV��IXVLRQ�DQG�SRURVLW\�SULRU�WR�SODFHPHQW�RI�VXEVHTXHQW�SDVVHV�
7R�DYRLG�WUDSSHG�VODJ��SHQHWUDWLRQ�DQG�IXVLRQ�GLVFRQWLQXLWLHV��HDFK�ZHOG�EHDG�SURILOH�VKRXOG�EH�LQ
VXEVWDQWLDO�FRQIRUPDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�7DEOH�����

����:36�FRPSOLDQFH��7KH�LQVSHFWRU�VKRXOG�YHULI\�WKDW�WKH�ZHOGLQJ�LV�SHUIRUPHG�IROORZLQJ�WKH
DSSURSULDWH�:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQ��:36���,I�GHVLUHG��SURSHU�FXUUHQW��DPSHUDJH��DQG�YROWDJH
IRU�WKH�ZHOGLQJ�RSHUDWLRQ�PD\�EH�YHULILHG�XVLQJ�D�KDQG�KHOG�FDOLEUDWHG�DPS�DQG�YROW�PHWHU��%HFDXVH�RI
ZHOGLQJ�OHDG�ORVVHV��PHDVXUHPHQW�VKRXOG�DV�QHDU�WKH�DUF�DV�SUDFWLFDO��:HOGV�QRW�H[HFXWHG�LQ
FRQIRUPDQFH�ZLWK�WKH�:36�PD\�EH�FRQVLGHUHG�UHMHFWDEOH��DQG�VKRXOG�EH�UHIHUUHG�WR�D�NQRZOHGJHDEOH
ZHOGLQJ�FRQVXOWDQW�DQG�WKH�(QJLQHHU�IRU�UHYLHZ�

����,QWHUSDVV�WHPSHUDWXUHV��,QWHUSDVV�WHPSHUDWXUHV�DV�VSHFLILHG�LQ�WKH�:36�PXVW�EH�SURYLGHG�DQG
FKHFNHG�ZLWK�FRPSOLDQFH�ZLWK�$:6�D1.1�7DEOH�����LI�D�SUHTXDOLILHG�JURRYH�ZHOG�MRLQW��+LJKHU�SUHKHDW
WHPSHUDWXUHV�PD\�EH�VSHFLILHG��,W�PD\�DOVR�EH�QHFHVVDU\�WR�YHULI\�WKDW�WKH�LQWHUSDVV�WHPSHUDWXUH�GRHV
QRW�H[FHHG�DQ\�PD[LPXP�YDOXHV�VSHFLILHG�LQ�WKH�:36��VRPHWLPHV�VSHFLILHG�IRU�TXHQFKHG�DQG
WHPSHUHG��70&3��RU�RWKHU�VSHFLDO�VWHHOV��RU�ZKHQ�WRXJKQHVV�UHTXLUHPHQWV�DSSO\��9HULILFDWLRQ�RI
LQWHUSDVV�WHPSHUDWXUH�VKRXOG�EH�WDNHQ����PP����LQ���IURP�WKH�MRLQW��SURYLGHG�WKH�WKLFNHVW�PDWHULDO�MRLQHG
LV����PP����LQ���RU�OHVV�LQ�WKLFNQHVV��7HPSHUDWXUHV�PD\�EH�FKHFNHG�ZLWK�VXUIDFH�WHPSHUDWXUH
WKHUPRPHWHUV��FORVH�UDQJH�IRFXVHG�LQIUDUHG�GHYLFHV��RU�ZLWK�WHPSHUDWXUH�LQGLFDWLQJ�FUD\RQV�

����&RQVXPDEOHV�FRQWURO��([SRVXUH�RI�60$:�HOHFWURGHV�DQG�6$:�IOX[HV�PXVW�PHHW�WKH�WLPH
OLPLWDWLRQV�RI�$:6�D1.1�6HFWLRQ������6HH�$:6�D1.1�7DEOH�����IRU�60$:�HOHFWURGH�H[SRVXUH�OLPLWV�
6$:�IOX[HV�PD\�UHTXLUH�GU\LQJ��VSHFLDO�KDQGOLQJ��UHF\FOLQJ��DQG�UHPRYDO�RI�H[SRVHG�IOX[�IURP�RSHQHG
SDFNDJHV��$OWKRXJK�QRW�OLPLWHG�E\�$:6�D1.1��UHVHDUFK�LQGLFDWHV�WKDW�VRPH�)&$:�HOHFWURGHV�PD\
DEVRUE�PRLVWXUH�LQ�WKH�RUGHU�RI�����RI�WKH�³DV�PDQXIDFWXUHG´�PRLVWXUH�FRQWHQW��:KHQ�H[WUD�ORZ
K\GURJHQ�ZHOGLQJ�HOHFWURGHV�DUH�UHTXLUHG�IRU�FULWLFDO�ZHOGLQJ�DSSOLFDWLRQV��DQG�)&$:�ZLUHV�UHPRYHG
IURP�WKH�PDQXIDFWXUHU¶V�SDFNDJLQJ�ZLOO�QRW�EH�FRQVXPHG�ZLWKLQ�D�IHZ�GD\V��VSHFLDO�VWRUDJH�FRQGLWLRQV
OLPLWLQJ�H[SRVXUH�WLPHV��UHSDFNDJLQJ�XQXVHG�)&$:�ZLUH�LQ�FORVHG�PRLVWXUH�UHVLVWDQW�SDFNLQJ�RYHUQLJKW�
RU�WKH�XVH�RI�VWRUDJH�RYHQV��PD\�EH�DSSURSULDWH��$:6�D1.5�Bridge Welding Code��6HFWLRQ����SURYLVLRQV
IRU�)UDFWXUH�&ULWLFDO�1RQUHGXQGDQW�0HPEHUV�VKRXOG�EH�FRQVLGHUHG�IRU�JXLGDQFH�LQ�VSHFLDO�FDVHV�

����&OHDQLQJ��&RPSOHWHG�ZHOG�SDVVHV�PXVW�EH�FOHDQHG�RI�DOO�VODJ�SULRU�WR�SODFHPHQW�RI�WKH�QH[W
SDVV��5HPRYDO�RI�GHEULV�E\�EUXVKLQJ�LV�UHTXLUHG��:LUH�EUXVKLQJ�RI�WKH�FRPSOHWHG�ZHOG�LV�UHFRPPHQGHG�
EXW�QRW�UHTXLUHG��6ODJ�WKDW�KDV�QRW�EHHQ�UHPRYHG�ZLOO�OLNHO\�UHVXOW�LQ�VODJ�LQFOXVLRQV�LQ�WKH�FRPSOHWHG
ZHOG��6HH�$:6�D1.1�6HFWLRQ������

H��$IWHU�:HOGLQJ��$IWHU�FRPSOHWLRQ�RI�WKH�ZHOG��IXOO�FRPSOLDQFH�ZLWK�WKH�$:6�D1.1�SURYLVLRQV�VKRXOG
EH�YHULILHG��,I�UHTXLUHG�RU�VSHFLILHG��1'7�LV�WR�EH�SHUIRUPHG��8SRQ�FRPSOHWLRQ�RI�LQVSHFWLRQ�RI�WKH�ZHOG�
SLHFH��RU�SURMHFW��DV�DSSURSULDWH��SURSHU�GRFXPHQWDWLRQ�RI�WKH�DFFHSWDQFH�RI�WKH�ZHOGLQJ�VKRXOG�EH
SUHSDUHG�DQG�VXEPLWWHG�WR�WKH�GHVLJQDWHG�SDUWLHV�

����0HDVXUHPHQW��7KH�ZRUN�VKRXOG�EH�YLVXDOO\�LQVSHFWHG�IRU�FRQIRUPDQFH�ZLWK�WKH�9LVXDO
,QVSHFWLRQ�$FFHSWDQFH�&ULWHULD�SUHVFULEHG�LQ�$:6�D1.1�7DEOH������7KHVH�SURYLVLRQV�SURKLELW�FUDFNV�DQG
ODFN�RI�IXVLRQ��DQG�SHUPLW�OLPLWHG�DPRXQWV�RI�XQGHUFXW��SRURVLW\��DQG�ZHOG�VL]H�XQGHUUXQ��:HOG�SURILOH
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WROHUDQFHV�DUH�SURYLGHG�LQ�$:6�D1.1�)LJXUH������DQG�6HFWLRQ�������6L]H�DQG�FRQWRXU�RI�ZHOGV�VKRXOG�EH
PHDVXUHG�ZLWK�VXLWDEOH�JDXJHV��&UDWHUV�DUH�DFFHSWHG�LQ�FHUWDLQ�FLUFXPVWDQFHV��2WKHU�ZHOG�DFFHSWDQFH
FULWHULD�WKDW�LV�YHULILHG�YLVXDOO\�LQFOXGH�DUF�VWULNHV��$:6�D1.1�6HFWLRQ��������DQG�ZHOG�FOHDQLQJ��6HFWLRQ
�������9LVXDO�LQVSHFWLRQ�PD\�EH�DLGHG�E\�D�VWURQJ�OLJKW��PDJQLILHUV��RU�RWKHU�GHYLFHV�WKDW�PD\�EH�KHOSIXO�

����7ROHUDQFHV��7KH�WROHUDQFHV�IRU�WKH�FRPSOHWHG�PHPEHU��LQFOXGLQJ�FURVV�VHFWLRQ��GHSWK��FDPEHU�
VZHHS��VWUDLJKWQHVV��IODWQHVV��IODQJH�ZDUSDJH�DQG�WLOW��VWLIIHQHU�ILW��DQG�EHDULQJ�VXUIDFH�ILW��DUH�SUHVFULEHG
LQ�$:6�D1.1�6HFWLRQ������

����5HFRUGV��7KH�,QVSHFWRU�VKRXOG�PDUN�WKH�ZHOGV��MRLQWV��RU�PHPEHUV��DV�DSSURSULDWH��WKDW�KDYH
EHHQ�LQVSHFWHG�DQG�DFFHSWHG�XVLQJ�D�GLVWLQJXLVKLQJ�PDUN�RU�GLH�VWDPS��$OWHUQDWLYHO\��UHFRUGV�LQGLFDWLQJ
WKH�VSHFLILF�ZHOGV�LQVSHFWHG�E\�HDFK�SHUVRQ�PD\�EH�PDLQWDLQHG��7KH�DFFHSWHG��UHMHFWHG�DQG�UHSDLUHG
LWHPV�VKRXOG�EH�GRFXPHQWHG�LQ�D�ZULWWHQ�UHSRUW��GLVWULEXWHG�WR�WKH�GHVLJQDWHG�UHFLSLHQWV�LQ�D�WLPHO\
PDQQHU�

I��1RQGHVWUXFWLYH�7HVWLQJ�0HWKRGV��$:6�D1.1�GRHV�QRW�UHTXLUH�1'7�IRU�VWDWLFDOO\�ORDGHG�EXLOGLQJ
VWUXFWXUHV��EXW�1'7�LV�UHTXLUHG�E\�ERWK�$,6&�DQG�$:6�D1.1�IRU�FHUWDLQ�IDWLJXH�GHWDLO�FDWHJRULHV�IRU
F\FOLFDOO\�ORDGHG�VWUXFWXUHV��$,6&�6HLVPLF�3URYLVLRQV�UHTXLUH�1'7�IRU�FHUWDLQ�MRLQWV�LQ�KLJK�VHLVPLF
DSSOLFDWLRQV��DV�IROORZV��³$OO�FRPSOHWH�MRLQW�SHQHWUDWLRQ�DQG�SDUWLDO�MRLQW�SHQHWUDWLRQ�JURRYH�ZHOGHG�MRLQWV
WKDW�DUH�VXEMHFWHG�WR�QHW�WHQVLOH�IRUFHV�DV�SDUW�RI�WKH�6HLVPLF�)RUFH�5HVLVWLQJ�6\VWHPV�����VKDOO�EH�WHVWHG
XVLQJ�DSSURYHG�QRQGHVWUXFWLYH�WHVWLQJ�PHWKRGV�FRQIRUPLQJ�WR�$:6�D1.1�´�6XFK�WHVWLQJ�VKRXOG�LQFOXGH
XOWUDVRQLF�WHVWLQJ�RI�ZHOGV�LQ�7�MRLQWV�DQG�EXWW�MRLQWV�RYHU���PP�������LQ���LQ�WKLFNQHVV��5DGLRJUDSKLF
WHVWLQJ�PD\�EH�XVHG�LQ�VRPH�FDVHV�XVLQJ�EXWW�MRLQWV��:KHQ�XVLQJ�7�MRLQWV��ZLWK�WKH�WKLFNQHVV�RI�WKH�WHH
³IODQJH´�H[FHHGLQJ����PP��������LQ����XOWUDVRQLF�WHVWLQJ�VKRXOG�EH�SHUIRUPHG�DIWHU�FRPSOHWLRQ�DQG
FRROLQJ�WR�FKHFN�IRU�ODPHOODU�WHDULQJ�

����7KH�VSHFLILF�W\SHV�RI�1'7��DQG�WKH�DSSOLFDEOH�DFFHSWDQFH�FULWHULD��PXVW�EH�VSHFLILHG�LQ�WKH
FRQWUDFW�GRFXPHQWV��1'7�V\PEROV�VKRXOG�EH�XVHG�WR�VSHFLI\�ORFDWLRQV�DQG�W\SHV�RI�1'7��6HH�$:6�$���
3DUW�&�

����7KH�FRQWUDFWRU�LV�UHVSRQVLEOH�IRU�SHUIRUPLQJ�DQ\�UHTXLUHG�1'7��XQOHVV�VSHFLILFDOO\�GHVLJQDWHG
WR�EH�SHUIRUPHG�E\�DQRWKHU�SDUW\�

����%HFDXVH�RI�WKH�ULVN�RI�GHOD\HG�K\GURJHQ�FUDFNLQJ��D�GHOD\�SHULRG�RI����WR����KRXUV�VKRXOG�EH
FRQVLGHUHG�SULRU�WR�SHUIRUPLQJ�1'7�IRU�ILQDO�DFFHSWDQFH�IRU�KLJKHU�VWUHQJWK�VWHHOV��6HH�$:6�D1.1�7DEOH
���������7KH�$:6�D1.5 Bridge Welding Code�6HFWLRQ���������UHTXLUHV�D�ORQJHU�GHOD\�SHULRG�IRU�)UDFWXUH
&ULWLFDO�0HPEHUV��GHSHQGLQJ�XSRQ�ZHOG�VL]H�DQG�VWHHO�VWUHQJWK�

����7DEOHV�����DQG�����SURYLGH�JHQHUDO�JXLGDQFH�IRU�WKH�VHOHFWLRQ�RI�1'7�PHWKRG�V���)RU�FRPSOHWH
LQIRUPDWLRQ��VHH�$SSHQGL[�'�&$
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Table 8-1. Applicable Inspection Methods for Various Discontinuities and JointTable 8-1. Applicable Inspection Methods for Various Discontinuities and Joint
TypesTypes

Inspection MethodInspection Method
ApplicationApplication

VTVT PTPT MTMT UTUT RTRT

DD Porosity A A O O A
ii
ss
cc
oo
nn
tt
ii
nn
uu
ii
tt
yy

Slag Inclusions U U O A A
Incomplete Fusion U U U A O
Inadequate Joint Penetration U U U A A
Undercut A O O O A
Overlap O A A O U
Cracks A A A A O
Laminations A A A A U

1

1

1,3

1

1

1,3

2

2

2

2,3

JJ Butt A A A A A
oo
ii
nn
tt
ss

Corner A A A A O
T A A A A O
Lap A A A O U

Notes:

A - Applicable
O - Marginal applicability, depending upon material thickness, discontinuity size,
orientation, and        location.
U - Generally not applicable.

Surface only1

Surface and slightly subsurface only2

Weld preparation or edge of base metal3 &$
1&
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Table 8-2. Guidelines for Selecting Inspection TechniquesTable 8-2. Guidelines for Selecting Inspection Techniques

VTVT PTPT MTMT UTUT RTRT

EE Pocket Fluorescent or Wet or dry iron Ultrasonic X-ray or
qq
uu
ii
pp
tt
mm
ee
nn
tt

magnifier, visible particles, or units and gamma-ray;
flashlight, weld penetration fluorescent; probes; film
gauges, scale, liquids and special power reference processing
etc. developers; source; patterns and viewing

ultraviolet light ultraviolet light equipment
for fluorescent for fluorescent
dyes particles

DD Weld Discontinuities Surface and Can locate Most internal
ee
tt
ee
cc
tt
ii
oo
nn

preparation, fit- open to the near surface all internal discontinuiti
up, cleanliness, surface only discontinuities: discontinuiti es; limited
roughness, cracks; es located by by direction
spatter, porosity; slag other of
undercut, methods, as discontinuity
overlap, weld well as small
contour and size discontinuiti

es

AA Easy to use; fast; Detects small Detects Extremely Provides
dd
vv
aa
nn
tt
aa
gg
ee
ss

inexpensive; surface discontinuities sensitive; permanent
usable at all imperfections; not visible to complex record of
stages of easy the naked eye; weldments surface and
production application; useful for restrict internal

inexpensive; checking edges usage discontinuiti
low cost before welding; es

no size
limitations

LL
ii
mm
ii
tt
aa
tt
ii
oo
nn
ss

For surface Time- Surface Highly skilled Usually not
conditions only; consuming; not roughness may interpreter suitable for
dependent on permanent distort required; not fillet weld or
subjective magnetic field; permanent T-joint
opinion of not permanent inspection;
inspector film

exposure
and
processing
critical; slow
and
expensive
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CC Most universally Indications may Test from two Radiation
oo
mm
mm
ee
nn
tt
ss

used inspection be misleading perpendicular hazards
method on poorly directions to

prepared or detect any
cleaned indications
surfaces parallel to one

set of magnetic
lines
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D��(QJLQHHU¶V�5HVSRQVLELOLW\�IRU�$FFHSWDQFH�&ULWHULD��7KH�(QJLQHHU�LV�JLYHQ�WKH�UHVSRQVLELOLW\�RI
GHWHUPLQLQJ�DQG�VSHFLI\LQJ�WKH�DSSURSULDWH�ZHOG�TXDOLW\�DFFHSWDQFH�FULWHULD��$:6�D1.1�TXDOLW\�FULWHULD�LV
D�ZRUNPDQVKLS�VWDQGDUG��EDVHG�XSRQ�WKH�TXDOLW\�UHDGLO\�DFKLHYDEOH�E\�D�TXDOLILHG�ZHOGHU��1RQ�
GHVWUXFWLYH�WHVWLQJ�DFFHSWDQFH�FULWHULD�LV�EDVHG�XSRQ�DFKLHYDEOH�TXDOLW\�DQG�WKH�DELOLW\�RI�WKH�PHWKRG�WR
GHWHFW�GLVFRQWLQXLWLHV�RI�JLYHQ�VL]H�DQG�ORFDWLRQ��ZLWK�VRPH�FRQVLGHUDWLRQ�IRU�WKH�HIIHFW�RI�VXUIDFH�DQG
QHDU�VXUIDFH�QRWFKHV�XSRQ�SHUIRUPDQFH��7KH�(QJLQHHU�PD\�XVH�H[SHULHQFH��DQDO\VLV��RU�H[SHULPHQWDO
HYLGHQFH�WR�HVWDEOLVK�DOWHUQDWH�DFFHSWDQFH�FULWHULD��7KLV�FULWHULD�PD\�EH�DSSOLHG�DV�WKH�LQVSHFWLRQ�FULWHULD
IRU�WKH�SURMHFW��LQ�OLHX�RI�$:6�D1.1�FULWHULD��RU�PD\�EH�XVHG�WR�HVWDEOLVK�ZKHQ�UHSDLU�RU�UHSODFHPHQW�RI�D
ZHOG�LV�UHTXLUHG�IRU�D�JLYHQ�GLVFRQWLQXLW\�RU�VLWXDWLRQ��7KH�ILUVW�DSSURDFK�LV�YDOXDEOH�EHFDXVH�LW�UHGXFHV
WKH�WLPH�DQG�H[SHQVH�RI�LQVSHFWLRQ��DQG�HOLPLQDWHV�QHHGOHVV�UHSDLUV��UHGXFLQJ�WKH�ULVN�RI�FUHDWLQJ
DGGLWLRQDO�GLVFRQWLQXLWLHV�ZKLOH�SHUIRUPLQJ�UHSDLUV��DQG�UHGXFHV�WKH�SRWHQWLDO�GHWULPHQWDO�HIIHFWV�WR�WKH
H[LVWLQJ�EDVH�PHWDO��7KH�VHFRQG�DSSURDFK�LV�DOVR�YDOXDEOH��EXW�GRHV�QRW�UHGXFH�LQVSHFWLRQ�H[SHQVH��6HH
$:6�D1.1�6HFWLRQ�&����

E��'����9LVXDO�$FFHSWDQFH�&ULWHULD��7KH�IROORZLQJ�WDEOH�SURYLGHV�WKH�VSHFLILFDWLRQ�UHIHUHQFH�ORFDWLRQ
IRU�YDULRXV�IRUPV�RI�ZHOG�GLVFRQWLQXLWLHV�

Weld Discontinuity AWS D1.1 References

Crack Table 6.1 (1)

Fusion Table 6.1 (2)

Weld Craters Table 6.1 (3)

Weld Profile (convexity, concavity, overlap, Table 6.1 (4), 5.24
reinforcement)

Weld Size (underrun, lack of penetration, underfill) Table 6.1 (6), 6.5.1

Undercut Table 6.1 (7)

Porosity Table 6.1 (8)

Arc Strike 5.29

Surface Slag 5.30

Spatter 5.30.2

Length 6.5.1

Location 6.5.1

F��1'7�$FFHSWDQFH�&ULWHULD��:KHQ�SHQHWUDQW�WHVWLQJ��37���DQG�PDJQHWLF�SDUWLFOH�WHVWLQJ��07��DUH
VSHFLILHG��WKH�DFFHSWDQFH�FULWHULD�WR�EH�XVHG�LV�WKH�VDPH�DV�WKDW�IRU�YLVXDO�LQVSHFWLRQ��)RU�XOWUDVRQLF
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WHVWLQJ��87���WKH�YLVXDO�LQVSHFWLRQ�FULWHULD�LV�DSSOLFDEOH��SOXV�WKH�UHTXLUHPHQWV�RI�$:6�D1.1�6HFWLRQ������
)RU�UDGLRJUDSKLF�WHVWLQJ��57���WKH�YLVXDO�LQVSHFWLRQ�FULWHULD�LV�DSSOLFDEOH��SOXV�WKH�UHTXLUHPHQWV�RI�$:6
D1.1�6HFWLRQ�������

� G��$OWHUQDWH�$FFHSWDQFH�&ULWHULD��7KH�(QJLQHHU�PD\�EDVH�DOWHUQDWH�ZHOG�TXDOLW\�DFFHSWDQFH�FULWHULD�RQ
H[SHULHQFH��H[SHULPHQWDO�UHVXOWV��VWUXFWXUDO�DQDO\VLV��RU�IUDFWXUH�PHFKDQLFV�DQDO\VLV�FRQVLGHULQJ�PDWHULDO
SURSHUWLHV�DQG�EHKDYLRU��VHUYLFH�DQG�IUDFWXUH�ORDGV�DQG�VWUHQJWKV��DQG�HQYLURQPHQWDO�IDFWRUV��6RXUFHV�RI
LQIRUPDWLRQ�WR�DVVLVW�LQ�WKH�GHYHORSPHQW�RI�DOWHUQDWH�DFFHSWDQFH�FULWHULD�DUH�SURYLGHG�LQ�$SSHQGL[�%�
%LEOLRJUDSK\�

���5(3$,56�72�%$6(�0(7$/�$1'�:(/'6�

D���0LOO�'HIHFWV��$670�$��6HFWLRQ����UHTXLUHV�RQO\�YLVXDO�LQVSHFWLRQ�E\�WKH�PLOO�RI�WKH�FRPSOHWHG
SURGXFW�IRU�GHIHFWV�LQ�ZRUNPDQVKLS��6XEVXUIDFH�LQVSHFWLRQ�IRU�ODPLQDWLRQV�DQG�RWKHU�GHIHFWV��VXFK�DV
VWUDLJKW�EHDP�XOWUDVRQLF�WHVWLQJ��ZRXOG�EH�SHUIRUPHG�RQO\�ZKHQ�VSHFLILHG�LQ�WKH�PLOO�RUGHU��DW�H[WUD�FRVW�
7KH�PLOO�LV�SHUPLWWHG�WR�SHUIRUP�UHPRYDO�DQG�UHSDLUV�WR�WKH�VXUIDFH�XVLQJ�YDULRXV�PHDQV�VXFK�DV�JULQGLQJ
DQG�ZHOGLQJ��WR�OLPLWV�VSHFLILHG�LQ�$670�$��6HFWLRQ����'XULQJ�IDEULFDWLRQ��VKRXOG�XQDFFHSWDEOH�LQWHUQDO
GLVFRQWLQXLWLHV�EH�GLVFRYHUHG�LQ�WKH�VWHHO��WKH�VWHHO�PD\�EH�FRQVLGHUHG�UHMHFWDEOH��7KH�VL]H�RU�W\SH�RI
LQWHUQDO�GLVFRQWLQXLW\�FRQVLGHUHG�UHMHFWDEOH�LV�QRW�GHILQHG�E\�VSHFLILFDWLRQ�

E��/DPLQDWLRQV��:KHQ�LQWHUQDO�ODPLQDWLRQV�LQ�WKH�VWHHO�DUH�GLVFRYHUHG�GXULQJ�IDEULFDWLRQ��$:6�D1.1
6HFWLRQ���������SURYLGHV�SURFHGXUHV�IRU�WKH�LQYHVWLJDWLRQ�DQG�UHSDLU�RI�WKH�H[SRVHG�ODPLQDWLRQV��$OO
H[SRVHG�ODPLQDWLRQV�PXVW�EH�H[SORUHG�IRU�GHSWK��6KDOORZ�ODPLQDWLRQV�QHHG�QRW�EH�UHSDLUHG��EXW�ORQJHU
DQG�GHHSHU�ODPLQDWLRQV�ZLOO�QHHG�HLWKHU�UHPRYDO�E\�JULQGLQJ�RU�ZHOGLQJ�WR�FORVH�WKH�ODPLQDWLRQ�SULRU�WR
ZHOGLQJ�WKH�MRLQW��/DPLQDWLRQV�DW�ZHOGHG�MRLQWV�PD\�VHUYH�DV�VRXUFHV�RI�SRURVLW\�DQG�DV�FUDFN�LQLWLDWLRQ
SRLQWV�

F���:HOG�'LVFRQWLQXLWLHV��)RU�ZHOGV�ZLWK�XQDFFHSWDEOH�FRQYH[LW\��H[FHVVLYH�UHLQIRUFHPHQW��RU�RYHUODS�
WKH�ZHOG�VKRXOG�KDYH�WKH�H[FHVV�ZHOG�PHWDO�UHPRYHG��7KLV�LV�W\SLFDOO\�GRQH�E\�JULQGLQJ��EXW�PD\�EH
GRQH�E\�JRXJLQJ��)RU�XQGHUVL]HG�ZHOGV��LQFOXGLQJ�FUDWHUV��WKH�ZHOG�VKRXOG�EH�ILOOHG�WR�WKH�UHTXLUHG�VL]H�
6RPH�FUDWHUV�PD\�EH�DFFHSWDEOH�LI�RXWVLGH�WKH�UHTXLUHG�HIIHFWLYH�OHQJWK�RI�ZHOG��)RU�H[FHVVLYH�XQGHUFXW�
WKH�XQGHUFXW�SRUWLRQ�VKRXOG�EH�ILOOHG�XVLQJ�DQ�DSSURYHG�UHSDLU�SURFHGXUH��)RU�FUDFNV��ODFN�RI�IXVLRQ��DQG
H[FHVVLYH�SRURVLW\��WKH�XQDFFHSWDEOH�SRUWLRQ�PXVW�EH�FRPSOHWHO\�UHPRYHG�DQG�UHSODFHG��$GGLWLRQDO
FDXWLRQ�VKRXOG�EH�XVHG�ZKHQ�UHSDLULQJ�FUDFNV��7KH�HQG�RI�WKH�FUDFN�VKRXOG�EH�ORFDWHG�XVLQJ�37�RU�07�
WKHQ�FUDFN�UHPRYDO�VKRXOG�EHJLQ�DSSUR[LPDWHO\����PP����LQ���IURP�WKH�HQG�RI�WKH�FUDFN�DQG�ZRUN�WRZDUG
WKH�FHQWHU�RI�WKH�FUDFN��6WDUWLQJ�ZLWKLQ�WKH�FUDFN�PD\�FDXVH�WKH�FUDFN�WR�JURZ�GXULQJ�UHPRYDO��6HH�$:6
D1.1�6HFWLRQ���������6KRXOG�LW�EH�QHFHVVDU\�WR�FXW�WKH�PDWHULDOV�DSDUW��WKH�(QJLQHHU�PXVW�EH�QRWLILHG�

G��5RRW�2SHQLQJ�&RUUHFWLRQV��5RRW�RSHQLQJV�WKDW�DUH�WRR�QDUURZ�PXVW�EH�LQFUHDVHG�LQ�ZLGWK�WR�WKH
UHTXLUHG�URRW�RSHQLQJ��1DUURZ�URRW�RSHQLQJV�FRQWULEXWH�WR�WUDSSHG�VODJ��SRRU�SHQHWUDWLRQ�DQG�ODFN�RI
IXVLRQ�QHDU�WKH�URRW��5HSDLUV�IRU�QDUURZ�URRW�RSHQLQJV�PD\�EH�GRQH�E\�JULQGLQJ��FKLSSLQJ��DLU�FDUERQ�DUF
JRXJLQJ��LI�UHILWWLQJ�WKH�SDUWV�LV�QRW�IHDVLEOH��5RRW�RSHQLQJV�WKDW�DUH�WRR�ZLGH�DUH�VLJQLILFDQW�LQ�WKDW�WKH\
LQFUHDVH�WKH�ZHOG�YROXPH��LQFUHDVLQJ�GLVWRUWLRQ�DQG�LQFUHDVLQJ�WKH�ULVN�RI�ODPHOODU�WHDULQJ�LQ�7�MRLQWV��DV
ZHOO�DV�LQFUHDVLQJ�FRVW��$�URRW�SDVV�SODFHG�DFURVV�D�ZLGH�URRW�RSHQLQJ�PD\�GHYHORS�VKULQNDJH�FUDFNV�LQ
WKH�+$=�RU�LQ�WKH�WKURDW�RI�WKH�ZHOG��5HSDLU�RI�ZLGH�URRW�RSHQLQJV�HQWDLOV�IDFLQJ�WKH�JURRYH�ZLWK�ZHOG
PHWDO�XQWLO�WKH�UHTXLUHG�URRW�RSHQLQJ�LV�DFKLHYHG��6XFK�D�UHSDLU�GRHV�QRW�UHGXFH�YROXPH�RU�FRVW��EXW
FRQWUROV�GLVWRUWLRQ�DQG�WKURXJK�WKLFNQHVV�VWUDLQV�LQ�7�MRLQWV��$Q�DOWHUQDWLYH�WR�UHSDLU�RI�WKLV�W\SH�ZRXOG�EH
WR�XVH�VSOLW�OD\HU�WHFKQLTXHV�IRU�WKH�URRW�SDVV��DQG�VXEVHTXHQWO\�FRQWURO�EHDG�SODFHPHQW�WR�PLQLPL]H
VKULQNDJH�DQG�GLVWRUWLRQ�HIIHFWV�
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H��0LVORFDWHG�+ROHV��:KHQ�KROHV�KDYH�EHHQ�PLVORFDWHG��LW�LV�EHVW�WR�HLWKHU�OHDYH�WKH�KROH�XQILOOHG�RU�WR
SODFH�D�EROW�LQ�WKH�KROH��,W�LV�GLIILFXOW�WR�ILOO�D�KROH�E\�ZHOGLQJ��:KHQ�WKH�KROH�PXVW�EH�ILOOHG��JHQHUDOO\
ZKHQ�D�QHZ�KROH�PXVW�EH�SODFHG�QHDU�RU�DGMDFHQW�WR�WKH�PLVSODFHG�KROH��D�VSHFLDO�UHSDLU�SURFHGXUH
VKRXOG�EH�IROORZHG�WR�HORQJDWH�WKH�KROH��WKHQ�ZHOG�XVLQJ�VWULQJHU�SDVVHV��1'7�PD\�EH�QHFHVVDU\�DIWHU
ZHOGLQJ��LI�UHTXLUHG�HOVHZKHUH�RQ�WKH�SURMHFW�IRU�JURRYH�ZHOGV��1'7�LV�UHTXLUHG�IRU�UHSDLU�ZHOGV�IRU�KROHV
LQ�F\FOLFDOO\�ORDGHG�PHPEHUV��6HH�$:6�D1.1�6HFWLRQ��������
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&+$37(5��

27+(5�:(/',1*�63(&,),&$7,216�$1'�67$1'$5'6

��78%8/$5�6758&785(6��)RU�WKH�ZHOGLQJ�RI�WXEXODU�PHPEHUV��DOVR�UHIHUUHG�WR�DV�KROORZ�VWUXFWXUDO
VHFWLRQV��UHIHU�WR�$16,�$:6�D1.1�WXEXODU�SURYLVLRQV�DQG�WKH�$,6& Connections Manual for Hollow
Structural Sections��7KHVH�GRFXPHQWV�DSSO\�WR�WKH�VSHFLILF�UHTXLUHPHQWV�RI�WXEH�WR�WXEH�DSSOLFDWLRQV��EXW
DUH�DOVR�DSSOLFDEOH�WR�WXEH�WR�SODWH�DSSOLFDWLRQV�

���6+((7�67((/�:(/',1*��)RU�ZHOGLQJ�VWHHO�PDWHULDOV�OHVV�WKDQ�����PP������LQ���LQ�WKLFNQHVV��UHIHU�WR
$16,�$:6�D1.3�Structural Welding Code - Sheet Steel��DQG�WKH�$,6,�Specification for the Design of
Cold-Formed Steel Structural Members�IRU�JHQHUDO�GHVLJQ�SURYLVLRQV��6KHHW�VWHHOV�HTXDO�WR�RU�JUHDWHU
WKDQ�����PP������LQ���WKLFN��EXW�OHVV�WKDQ�RU�HTXDO�WR�����PP�������LQ���WKLFN��PD\�EH�ZHOGHG�XQGHU�HLWKHU
$:6�D1.3�RU�$:6�D1.1�

���5(,1)25&,1*�67((/��)RU�ZHOGLQJ�UHLQIRUFLQJ�VWHHO��LQFOXGLQJ�PDWV��IDEULF��PHWDO�LQVHUWV�DQG
FRQQHFWLRQV�LQ�UHLQIRUFHG�FRQFUHWH�FRQVWUXFWLRQ��UHIHU�WR�$16,�$:6�D1.4�Structural Welding Code -
Reinforcing Steel��)RU�UHLQIRUFLQJ�VWHHO�ZHOGHG�WR�VWUXFWXUDO�VWHHO��$:6�D1.4�PXVW�EH�PHW�IRU�WKH�ZHOG�
EXW�DQ\�DSSOLFDEOH�SURYLVLRQV��VXFK�DV�SUHKHDW�UHTXLUHPHQWV��EDVHG�XSRQ�WKH�VWUXFWXUDO�VWHHO�PXVW�DOVR
EH�PHW�

���67$,1/(66�67((/��)RU�ZHOGLQJ�RI�VWDLQOHVV�VWHHOV��UHIHU�WR�$16,�$:6�D1.6 Structural Welding Code
- Stainless Steel��7KLV�FRGH�LQFOXGHV�ZHOGLQJ�RI�KRW��DQG�FROG�UROOHG�VKHHWV�DQG�SODWH��VKDSHV��WXEXODU
PHPEHUV��FODG�PDWHULDOV��FDVWLQJV�DQG�IRUJLQJV�RI�VWDLQOHVV�VWHHOV��,W�LV�QRW�DSSOLFDEOH�WR�SUHVVXUH�YHVVHOV
RU�SUHVVXUH�SLSLQJ�ZLWK�SUHVVXUHV�H[FHHGLQJ�����N3D�����SVLJ���

���$/80,180��)RU�WKH�ZHOGLQJ�RI�VWUXFWXUDO�DOXPLQXP�DOOR\V��UHIHU�WR�$16,�$:6�'����Structural
Welding Code - Aluminum�

���%5,'*(6��)RU�WKH�ZHOGLQJ�RI�KLJKZD\�EULGJHV�GHVLJQHG�IRU�YHKLFXODU�WUDIILF��UHIHU�WR�WKH
$16,�$$6+72�$:6�D1.5�Bridge Welding Code��LQFOXGLQJ�WKH�)UDFWXUH�&RQWURO�3ODQ�IRU�QRQUHGXQGDQW
EULGJH�PHPEHUV��LI�DSSOLFDEOH�

���0$7(5,$/�+$1'/,1*�(48,30(17��)RU�WKH�ZHOGLQJ�RI�PDWHULDO�KDQGOLQJ�HTXLSPHQW��UHIHU�WR
$16,�$:6�'�����Specification for Welding Industrial and Mill Cranes and Other Material Handling
Equipment��7KLV�VSHFLILFDWLRQ�DSSOLHV�WR�WKH�ZHOGLQJ�RI�DOO�SULQFLSDO�VWUXFWXUDO�ZHOGPHQWV�DQG�DOO�SULPDU\
ZHOGV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�FUDQHV�IRU�LQGXVWULDO��PLOO��SRZHUKRXVH�DQG�QXFOHDU�IDFLOLWLHV��,W�DOVR
DSSOLHV�WR�RWKHU�RYHUKHDG�PDWHULDO�KDQGOLQJ�PDFKLQHU\�DQG�HTXLSPHQW�WKDW�VXSSRUWV�DQG�WUDQVSRUWV
ORDGV�

���&$67�67((/��6HH�$SSHQGL[�%���%LEOLRJUDSK\�
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���&$67��,521��6HH�$SSHQGL[�%���%LEOLRJUDSK\�

����:528*+7�,521��6HH�$SSHQGL[�%���%LEOLRJUDSK\�

�����27+(5�*29(51,1*�63(&,),&$7,216
D��$60(��)RU�WKH�ZHOGLQJ�RI�SUHVVXUH�YHVVHOV��UHIHU�WR�$16,�$60(�%39&��Boiler and Pressure

Vessel Code, Section 9, Welding and Brazing Qualifications.

E��$3,��)RU�WKH�ZHOGLQJ�RI�RIIVKRUH�VWUXFWXUHV��UHIHU�WR�WKH�$3,�53��$�VHULHV�GRFXPHQWV�  Planning,
Designing and Constructing Fixed Offshore Platforms��)RU�WKH�ZHOGLQJ�RI�SLSHOLQHV��UHIHU�WR�$3,�6WDQGDUG
������Welding of Pipelines and Related Facilities��)RU�WKH�ZHOGLQJ�RI�VWRUDJH�WDQNV��UHIHU�WR�$3,���'  Field
Welded Tanks for Storage of Production Liquids��RU�$3,���)��Shop Welded Tanks for Storage of
Production Liquids�

F��$::$��)RU�WKH�ZHOGLQJ�RI�ZDWHU�WDQNV��UHIHU�WR�$::$�0DQXDO�0����Steel Water Storage
Tanks��
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�6$)(7<�$1'�(19,5210(17$/�&216,'(5$7,216

���*(1(5$/�

7KH�IROORZLQJ�SURYLVLRQV�VKRXOG�QRW�EH�FRQVLGHUHG�DOO�LQFOXVLYH��FRPSOHWH��RU�H[FOXVLYH��5HIHU�WR
DSSOLFDEOH�JRYHUQLQJ�GRFXPHQWV�IRU�FRPSOHWH�LQIRUPDWLRQ�

���6$)(7<�

D��)LUH��:HOGLQJ��WKHUPDO�FXWWLQJ��DQG�DUF�JRXJLQJ�RSHUDWLRQV�SURGXFH�PROWHQ�PHWDO�WKDW�PD\�FDXVH
EXUQV��ILUHV��RU�H[SORVLRQ��7KH�IXHO�JDVHV�XVHG�SRVH�QR�KD]DUG��SURYLGHG�WKH\�DUH�KDQGOHG�DQG�VWRUHG�LQ
D�VDIH�DQG�SURSHU�PDQQHU��2[\JHQ�IRU�R[\IXHO�FXWWLQJ�LV�QRW�IODPPDEOH�E\�LWVHOI��EXW�ZLOO�FRQWULEXWH�WR
PRUH�LQWHQVH�ILUHV�LI�SXUH�R[\JHQ�LV�DYDLODEOH��60$:�HOHFWURGH�VWXEV�DUH�YHU\�KRW�DQG�FRXOG�FDXVH�D�ILUH
LI�FDUHOHVVO\�WKURZQ�RQ�ZRRG�RU�SDSHU�SURGXFWV��3RRU�TXDOLW\�RU�SRRUO\�PDLQWDLQHG�HOHFWULFDO�FRQQHFWLRQV
FDQ�FDXVH�RYHUKHDWLQJ�RU�VSDUNLQJ�DQG�VXEVHTXHQW�LJQLWLRQ��'XULQJ�RSHUDWLRQV��PROWHQ�VWHHO��VSDUNV�DQG
VSDWWHU��RIWHQ�WUDYHO�D�FRQVLGHUDEOH�GLVWDQFH��ULVNLQJ�D�ILUH�LQ�QHDUE\�IODPPDEOH�PDWHULDOV��7KH�IROORZLQJ
VDIHW\�JXLGHOLQHV�VKRXOG�EH�FRQVLGHUHG�
�

� PRYH�WKH�REMHFW�WR�UHFHLYH�WKH�ZRUN�DZD\�IURP�FRPEXVWLEOH�PDWHULDOV
� PRYH�WKH�FRPEXVWLEOH�PDWHULDOV�DW�OHDVW����P�����IW���IURP�WKH�ZHOGLQJ�RU�FXWWLQJ�RSHUDWLRQ
� SURYLGH�VXLWDEOH�ILUH�UHVLVWDQW�VKLHOGLQJ�DURXQG�WKH�ZRUN�DUHD�RU�FRPEXVWLEOH�PDWHULDO�
� ILUH�H[WLQJXLVKLQJ�HTXLSPHQW�VKRXOG�EH�DFFHVVLEOH�WR�ZHOGLQJ�SHUVRQQHO�
� WUDLQHG�ILUH�ZDWFK�SHUVRQQHO�VKRXOG�EH�XVHG�LI�WKH�RSHUDWLRQV�DUH�SHUIRUPHG�QHDU

FRPEXVWLEOH�PDWHULDOV�

E��&RQILQHG�6SDFHV��:RUN�LQ�FRQILQHG�VSDFHV�UHTXLUHV�DGGLWLRQDO�VDIHW\�SUHFDXWLRQV��$�FRQILQHG
VSDFH�FRXOG�EH�D�WDQN��SLW��HWF��WKDW�GRHV�QRW�DOORZ�IRU�DGHTXDWH�YHQWLODWLRQ�IRU�WKH�UHPRYDO�RI�KD]DUGRXV
JDVHV�RU�IXPHV�UHVXOWLQJ�IURP�WKH�ZRUN��&HUWDLQ�ZHOGLQJ�SURFHVVHV�XVH�JDVHV�VXFK�DV�DUJRQ��KHOLXP�
FDUERQ�GLR[LGH�RU�QLWURJHQ�ZKLFK�ZLOO�QRW�VXSSRUW�OLIH��'HDWKV�DQG�VHYHUH�LQMXULHV�GXH�WR�ODFN�RI�R[\JHQ
KDYH�RFFXUUHG�ZKHUH�WKH�FRQFHQWUDWLRQ�RI�WKHVH�JDVHV�EHFRPHV�WRR�KLJK���L�H��ZKHUH�WKH�DYDLODEOH
R[\JHQ�LV�WRR�ORZ��7KH�IROORZLQJ�DGGLWLRQDO�VDIHW\�JXLGHOLQHV�VKRXOG�EH�FRQVLGHUHG��

�� UHPRYH�IODPPDEOH�RU�KD]DUGRXV�PDWHULDOV�IURP�WKH�VSDFH��
�� SURYLGH�DGHTXDWH�YHQWLODWLRQ�DLU�WR�WKH�VSDFH��
�� WHVW�WKH�DWPRVSKHUH�LQ�WKH�VSDFH�EHIRUH�DQG�GXULQJ�WKH�ZRUN�
�� LQVSHFW�DOO�HOHFWULFDO�FDEOHV�DQG�FRQQHFWLRQV��
�� WHVW�DOO�IXHO�JDV�DQG�VKLHOGLQJ�JDV�OLQHV�IRU�OHDNV��
�� FXWWLQJ�WRUFKHV�PXVW�QRW�EH�OLW�RU�H[WLQJXLVKHG�ZLWKLQ�WKH�VSDFH��
�� QR�FRPSUHVVHG�JDV�F\OLQGHUV�RU�ZHOGLQJ�SRZHU�VRXUFHV�PD\�EH�SODFHG�LQVLGH�WKH�VSDFH��
�� HOHFWULFDO�SRZHU�PXVW�EH�GLVFRQQHFWHG�DQG�DOO�JDV�YDOYHV�FORVHG�ZKHQ�ZRUN�LV�VXVSHQGHG�IRU

DQ\�VXEVWDQWLDO�SHULRG�RI�WLPH��
�� LI�RQO\�D�VPDOO�RSHQLQJ�LV�DYDLODEOH�IRU�HQWU\��WKH�ZHOGHU�PXVW�ZHDU�DQ�DSSURYHG�VDIHW\�KDUQHVV

HTXLSSHG�ZLWK�D�URSH�RU�OLIHOLQH��WLHG�RII�DQG�KHOG�E\�D�ZRUNHU�VWDWLRQHG�RXWVLGH�WKH�VSDFH�

F��(\H�3URWHFWLRQ��7KH�DUF�SURGXFHG�IURP�ZHOGLQJ�RU�DLU�FDUERQ�DUF�JRXJLQJ�PD\�EXUQ�WKH�H\HV�
3URSHU�ILOWHUV�DQG�FRYHU�SODWHV�PXVW�EH�ZRUQ�WR�SURWHFW�WKH�H\HV�IURP�VSDUNV�DQG�WKH�UD\V�RI�WKH�DUF��
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G��%XUQ�SURWHFWLRQ��$UF�EXUQ�PD\�EH�PRUH�VHYHUH�WKDQ�VXQEXUQ��0ROWHQ�PHWDO��VSDUNV��VODJ��DQG�KRW
PDWHULDO�FDQ�FDXVH�VHYHUH�EXUQV�LI�SUHFDXWLRQDU\�PHDVXUHV�DUH�QRW�XVHG��3URWHFW�WKH�VNLQ�DJDLQVW
UDGLDWLRQ�DQG�KRW�SDUWLFOHV��HOHFWURGHV��DQG�PHWDO��6XLWDEOH�IODPH�UHVLVWDQW�FORWKLQJ�PXVW�EH�ZRUQ�DV
SURWHFWLRQ�IURP�VSDUNV�DQG�DUF�UD\V��

H��(OHFWURFXWLRQ��7KH�HOHFWURGH��HOHFWURGH�UHHO��IRU�ZLUH�IHG�SURFHVVHV���DQG�ZRUNSLHFH��RU�JURXQG��DUH
FRQVLGHUHG�HOHFWULFDOO\�³KRW´�ZKHQ�WKH�ZHOGHU�LV�RQ��7KHVH�SDUWV�PXVW�QRW�EH�WRXFKHG�ZLWK�EDUH�VNLQ�RU
ZHW�FORWKLQJ��'U\��KROH�IUHH�JORYHV�DUH�QHFHVVDU\��7KH�ZRUN�SLHFH�DQG�ZHOGLQJ�HTXLSPHQW�PXVW�EH
JURXQGHG�

I��)XPHV�DQG�*DVHV�

����0DQ\�ZHOGLQJ��FXWWLQJ�DQG�DOOLHG�SURFHVVHV�SURGXFH�IXPHV�DQG�JDVHV�WKDW�PD\�EH�KDUPIXO�
)XPHV�DUH�VROLG�SDUWLFOHV�WKDW�RULJLQDWH�IURP�ZHOGLQJ�FRQVXPDEOHV��WKH�EDVH�PHWDO�DQG�DQ\�FRDWLQJV
SUHVHQW�RQ�WKH�EDVH�PHWDO��,Q�DGGLWLRQ�WR�VKLHOGLQJ�JDVHV�WKDW�PD\�EH�XVHG��JDVHV�DUH�SURGXFHG�GXULQJ
WKH�ZHOGLQJ�SURFHVV�RU�PD\�EH�SURGXFHG�E\�WKH�HIIHFWV�RI�SURFHVV�UDGLDWLRQ�RQ�WKH�VXUURXQGLQJ
HQYLURQPHQW��7KH�DPRXQW�DQG�FRPSRVLWLRQ�RI�WKHVH�IXPHV�DQG�JDVHV�GHSHQG�XSRQ�WKH�FRPSRVLWLRQ�RI
WKH�ILOOHU�PHWDO�DQG�EDVH�PDWHULDO��ZHOGLQJ�SURFHVV��FXUUHQW�OHYHO��DUF�OHQJWK�DQG�RWKHU�IDFWRUV�

����0RVW�ZHOGLQJ�IXPHV�IURP�FDUERQ�VWHHO�DQG�ORZ�DOOR\�VWHHO�HOHFWURGHV�GR�QRW�UHTXLUH�DQ\
DWWHQWLRQ�WR�OLPLWV�IRU�DQ\�VSHFLILF�FRPSRXQG�RU�FRPSRXQGV��7KH�FRPSRXQGV�LQ�WKH�IXPH�VXFK�DV�R[LGHV
DQG�IOXRULGHV�RI�DOXPLQXP��FDOFLXP��LURQ��PDJQHVLXP��SRWDVVLXP��VLOLFRQ��ZKLFK�LV�DPRUSKRXV�LQ�ZHOGLQJ
IXPHV���VRGLXP��DQG�WLWDQWLXP��GR�QRW�KDYH�LQGLYLGXDO�HIIHFWV��H[FHSW�WKDW�H[FHVVLYH�LURQ�PD\�FDXVH
VLGHURVLV��LURQ�GHSRVLWV�LQ�WKH�OXQJV���7KHLU�HIIHFWV�DUH�VXEPHUJHG�LQ�WKH�RYHUDOO�HIIHFWV�ZKLFK�PD\�EH
H[SHFWHG�IURP�QXLVDQFH�GXVWV�
�

����6RPH�VSHFLILF�IXPH�FRPSRQHQWV�VXFK�DV�FKURPLXP��FREDOW��FRSSHU��IOXRULGHV��PDQJDQHVH��DQG
QLFNHO�DUH�SUHVHQW�LQ�VRPH�HOHFWURGHV��UHTXLUH�VSHFLDO�DWWHQWLRQ��DQG�KDYH�VSHFLDO�KHDOWK�KD]DUGV��:KHQ
WKHVH�DUH�SUHVHQW�DW�OHYHOV�RI�FRQFHUQ��WKH\�DUH�OLVWHG�RQ�WKH�SURGXFW�ODEHO�DQG�LQ�WKH�06'6��7KHLU�KHDOWK
KD]DUGV�DUH�GLVFXVVHG�LQ�WKH�06'6�

����'HSHQGLQJ�RQ�PDWHULDO�LQYROYHG��IXPH�HIIHFWV�UDQJH�IURP�LUULWDWLRQ�RI�H\HV��VNLQ�DQG�UHVSLUDWRU\
V\VWHP�WR�PRUH�VHYHUH�FRPSOLFDWLRQV�DQG�PD\�RFFXU�LPPHGLDWHO\�RU�DW�VRPH�ODWHU�WLPH��)XPHV�PD\�DOVR
FDXVH�V\PSWRPV�VXFK�DV�QDXVHD��KHDGDFKH��DQG�GL]]LQHVV�

����7KH�IROORZLQJ�VDIHW\�JXLGHOLQHV�VKRXOG�EH�FRQVLGHUHG��DV�D�PLQLPXP�
� .HHS�WKH�KHDG�RXW�RI�WKH�IXPHV�
� 'R�QRW�EUHDWKH�WKH�IXPHV�
� 8VH�HQRXJK�YHQWLODWLRQ�RU�H[KDXVW�DW�WKH�DUF��RU�ERWK��WR�NHHS�IXPHV�DQG�JDVHV�IURP�WKH

EUHDWKLQJ�]RQH�DQG�JHQHUDO�DUHD�
� ,Q�VRPH�FDVHV��QDWXUDO�DLU�PRYHPHQW�SURYLGHV�HQRXJK�YHQWLODWLRQ�DQG�IUHVK�DLU�
� :KHUH�YHQWLODWLRQ�LV�TXHVWLRQDEOH��XVH�DLU�VDPSOLQJ�WR�GHWHUPLQH�WKH�QHHG�IRU�FRUUHFWLYH

PHDVXUHV�
� 8VH�PHFKDQLFDO�YHQWLODWLRQ�ZKHQ�QHFHVVDU\�WR�LPSURYH�DLU�TXDOLW\�
� ,I�HQJLQHHULQJ�FRQWUROV�DUH�QRW�IHDVLEOH��XVH�DQ�DSSURYHG�UHVSLUDWRU�
� )ROORZ�26+$�JXLGHOLQHV�IRU�SHUPLVVLEOH�H[SRVXUH�OLPLWV��3(/V��IRU�YDULRXV�IXPHV�
� )ROORZ�WKH�$PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV�UHFRPPHQGDWLRQV

IRU�WKUHVKROG�OLPLW�YDOXHV��7/9V��IRU�IXPHV�DQG�JDVHV�

J��)XUWKHU�*XLGDQFH��6HH�$16,���$:6�=�����6DIHW\�LQ�:HOGLQJ��&XWWLQJ�DQG�$OOLHG�3URFHVVHV��DQG
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WKH�%LEOLRJUDSK\�LQ�$SSHQGL[�%�IRU�IXUWKHU�JHQHUDO�LQIRUPDWLRQ��7KH�0DWHULDO�6DIHW\�'DWD�6KHHW��06'6�
IRU�HDFK�SURGXFW�XVHG�DOVR�SURYLGHV�HVVHQWLDO�LQIRUPDWLRQ�

���(1(5*<�&2168037,21�

6KRS�ZHOGLQJ�RSHUDWLRQV�DUH�DOPRVW�DOZD\V�HOHFWULFDOO\�SRZHUHG��)LHOG�RSHUDWLRQV�PD\�EH�HOHFWULFDOO\
SRZHUHG�RU�SRZHUHG�E\�JHQHUDWRUV��6RPH�ILHOG�ZHOGLQJ�HTXLSPHQW�LV�GLUHFWO\�HQJLQH�GULYHQ��3RZHU
UHTXLUHPHQWV�GHSHQG�PRUH�XSRQ�HOHFWURGH�GLDPHWHU�WKDQ�ZHOGLQJ�SURFHVV��60$:��)&$:�DQG�*0$:
ZHOGLQJ�HTXLSPHQW�GUDZV�HVVHQWLDOO\�WKH�VDPH�FXUUHQW�UDQJHV��DQG�6$:��(6:�DQG�(*:�GUDZV�PRUH
FXUUHQW�WR�SURYLGH�WKH�KLJKHU�GHSRVLWLRQ�UDWHV�DFKLHYDEOH�DQG�GHVLUHG��7KH�WRWDO�SRZHU�FRQVXPSWLRQ
GLIIHUHQFH�EHWZHHQ�SURFHVVHV�IRU�D�JLYHQ�MRLQW�FRQILJXUDWLRQ�LV�QHJOLJLEOH��7R�VDYH�HQHUJ\��WKH�PLQLPXP
ZHOG�VL]H�DQG�PLQLPXP�JURRYH�FURVV�VHFWLRQDO�DUHD�DGHTXDWH�WR�FDUU\�WKH�ORDG�VKRXOG�EH�VSHFLILHG�
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$33(1',;�$

5()(5(1&(6

GOVERNMENT PUBLICATIONS

8QLWHG�6WDWHV�$UP\�&RUSV�RI�(QJLQHHUV

7,���������'HVLJQ�&ULWHULD
7,���������/RDG�$VVXPSWLRQV�IRU�%XLOGLQJV
7,���������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�%XLOGLQJV
7,���������6HLVPLF�'HVLJQ�IRU�%XLOGLQJV
7,���������6HLVPLF�(YDOXDWLRQ�DQG�5HKDELOLWDWLRQ�IRU�%XLOGLQJV
7,���������'HVLJQ�RI�&ROG�)RUPHG�/RDG�%HDULQJ�6WHHO�6\VWHPV�DQG�0DVRQU\�9HQHHU���6WHHO�6WXG�:DOOV
7,���������0HWDO�%XLOGLQJ�6\VWHPV

0,/�+'%.���������6WUXFWXUDO�(QJLQHHULQJ��*HQHUDO�5HTXLUHPHQWV
0,/�+'%.���������6WUXFWXUDO�(QJLQHHULQJ��6WHHO�6WUXFWXUHV
0,/�+'%.���������$OXPLQXP�6WUXFWXUHV��&RPSRVLWH�6WUXFWXUHV��6WUXFWXUDO�3ODVWLFV��DQG�)LEHU�
5HLQIRUFHG�&RPSRVLWHV�

'HSDUWPHQW�RI�WKH�$UP\

70����������6WUXFWXUDO�'HVLJQ�&ULWHULD�IRU�6WUXFWXUHV�2WKHU�7KDQ�%XLOGLQJV�(to become TI 809-6)

)HGHUDO�(PHUJHQF\�0DQDJHPHQW�$JHQF\��)(0$�

)(0$������,QWHULP�*XLGHOLQHV��(YDOXDWLRQ��5HSDLU��0RGLILFDWLRQ�DQG�'HVLJQ�RI�6WHHO�0RPHQW�)UDPHV�
$XJXVW�����
)(0$����%��,QWHULP�*XLGHOLQHV�$GYLVRU\�1R���
)(0$������1(+53�*XLGHOLQHV�IRU�WKH�6HLVPLF�5HKDELOLWDWLRQ�RI�%XLOGLQJV��2FWREHU�����
)(0$������1(+53�5HFRPPHQGHG�3URYLVLRQV�IRU�6HLVPLF�5HJXODWLRQV�IRU�1HZ�%XLOGLQJV�DQG�2WKHU
6WUXFWXUHV��)HEUXDU\�����

NONGOVERNMENT PUBLICATIONS

American Institute of Steel Construction
One East Wacker Drive, Suite 3100
Chicago, IL 60601-2001
www.aisc.org

0HWULF�/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��'HFHPEHU���
�����

�6XSSOHPHQW�1R�����-DQXDU\����������
��QHZ�VSHFLILFDWLRQ�WR�EH�LVVXHG�LQ�HDUO\������

/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��'HFHPEHU��������
�6XSSOHPHQW�1R�����-DQXDU\����������
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��QHZ�VSHFLILFDWLRQ�WR�EH�LVVXHG�LQ�HDUO\������
6SHFLILFDWLRQ�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��$OORZDEOH�6WUHVV�'HVLJQ�DQG�3ODVWLF�'HVLJQ���-XQH��������
6HLVPLF�3URYLVLRQV�IRU�6WUXFWXUDO�6WHHO�%XLOGLQJV��$SULO���������

�6XSSOHPHQW�1R�����)HEUXDU\����������
6SHFLILFDWLRQ�IRU�/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�RI�6LQJOH�$QJOH�0HPEHUV��'HFHPEHU��������
6SHFLILFDWLRQ�IRU�WKH�'HVLJQ�RI�6WHHO�+ROORZ�6WUXFWXUDO�6HFWLRQV��$SULO���������
&RGH�RI�6WDQGDUG�3UDFWLFH�IRU�6WHHO�%XLOGLQJV�DQG�%ULGJHV��-XQH���������
0HWULF�&RQYHUVLRQ�RI�WKH�� �(GLWLRQ�0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�QG

� �(GLWLRQ��9ROXPHV�,�DQG�,,������QG

0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ��� �(GLWLRQ��9ROXPHV�,�DQG�,,������QG

0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��$OORZDEOH�6WUHVV�'HVLJQ��� �(GLWLRQ������WK

0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��$6'�/5)'��9ROXPH�,,�&RQQHFWLRQV������
+ROORZ�6WUXFWXUDO�6HFWLRQV�&RQQHFWLRQV�0DQXDO������

American Society for Testing and Materials (ASTM)
100 Barr Harbor Drive
West Conshohocken, PA 19428
www.astm.org

$QQXDO�%RRN�RI�6WDQGDUGV
9ROXPH�������6WHHO���6WUXFWXUDO��5HLQIRUFLQJ��3UHVVXUH�9HVVHO��5DLOZD\
9ROXPH�������1RQGHVWUXFWLYH�7HVWLQJ

American Welding Society
550 NW LeJeune Road
Miami, FL 33126
www.aws.org

$16,�$:6�'��������6WUXFWXUDO�:HOGLQJ�&RGH���6WHHO
$16,�$:6�'��������6WUXFWXUDO�:HOGLQJ�&RGH���6KHHW�6WHHO
$16,�$:6�'��������6WUXFWXUDO�:HOGLQJ�&RGH���5HLQIRUFLQJ�6WHHO
$16,�$$6+72�$:6�'��������%ULGJH�:HOGLQJ�&RGH
$16,�$:6�'��������6WUXFWXUDO�:HOGLQJ�&RGH���6WDLQOHVV�6WHHO
$16,�$:6�$��������6WDQGDUG�6\PEROV�IRU�:HOGLQJ��%UD]LQJ��DQG�1RQGHVWUXFWLYH�7HVWLQJ
$16,�$:6�$��������6WDQGDUG�:HOGLQJ�7HUPV�DQG�'HILQLWLRQV
$16,�$:6�$��������6SHFLILFDWLRQ�IRU�&DUERQ�6WHHO�(OHFWURGHV�IRU�6KLHOGHG�0HWDO�$UF�:HOGLQJ
$16,�$:6�$��������6SHFLILFDWLRQ�IRU�/RZ±$OOR\�6WHHO�(OHFWURGHV�IRU�6KLHOGHG�0HWDO�$UF�:HOGLQJ
$16,�$:6�$�����$����0�����6SHFLILFDWLRQ�IRU�&DUERQ�6WHHO�(OHFWURGHV�DQG�)OX[HV�IRU�6XEPHUJHG�$UF
:HOGLQJ
$16,�$:6�$���������6SHFLILFDWLRQ�IRU�&DUERQ�6WHHO�(OHFWURGHV�DQG�5RGV�IRU�*DV�6KLHOGHG�$UF�:HOGLQJ
$16,�$:6�$���������6SHFLILFDWLRQ�IRU�&DUERQ�6WHHO�(OHFWURGHV�IRU�)OX[�&RUHG�$UF�:HOGLQJ
$16,�$:6�$�����$����0�����6SHFLILFDWLRQ�IRU�/RZ�$OOR\�6WHHO�(OHFWURGHV�DQG�)OX[HV�IRU�6XEPHUJHG
$UF�:HOGLQJ
$16,�$:6�$�����$����0�����6SHFLILFDWLRQ�IRU�&DUERQ�DQG�/RZ�$OOR\�6WHHO�(OHFWURGHV�DQG�)OX[HV�IRU
(OHFWURVODJ�:HOGLQJ
$16,�$:6�$�����$����0�����6SHFLILFDWLRQ�IRU�&DUERQ�DQG�/RZ�$OOR\�6WHHO�(OHFWURGHV�IRU�(OHFWURJDV
:HOGLQJ
$16,�$:6�$���������6SHFLILFDWLRQ�IRU�/RZ�$OOR\�6WHHO�(OHFWURGHV�DQG�5RGV�IRU�*DV�6KLHOGHG�$UF
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:HOGLQJ
$16,�$:6�$���������6SHFLILFDWLRQ�IRU�/RZ�$OOR\�6WHHO�(OHFWURGHV�IRU�)OX[�&RUHG�$UF�:HOGLQJ
$16,�$:6�$�����$����0�����6SHFLILFDWLRQ�IRU�:HOGLQJ�6KLHOGLQJ�*DVHV
$16,�$:6�=�����������6DIHW\�LQ�:HOGLQJ��&XWWLQJ�DQG�$OOLHG�3URFHVVHV

American Society for Nondestructive Testing, Inc.
PO Box 28518
Columbus, OH 43228-0518
www.asnt.org

$16,�$617�&3�����������$617�6WDQGDUG�IRU�4XDOLILFDWLRQ�DQG�&HUWLILFDWLRQ�RI�1RQGHVWUXFWLYH�7HVWLQJ
3HUVRQQHO
5HFRPPHQGHG�3UDFWLFH�1R��617�7&��$��3HUVRQQHO�4XDOLILFDWLRQ�DQG�&HUWLILFDWLRQ�LQ�1RQGHVWUXFWLYH
7HVWLQJ������
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:HOGLQJ�&UDFNV�,QYHVWLJDWLRQ�5HSRUW��6WHHO�6SHFLDO�0RPHQW�5HVLVWLQJ�)UDPHV��(OPHQGRUI�$LU�)RUFH
%DVH�+RVSLWDO��$QFKRUDJH��$ODVND��'HFHPEHU�����

American Institute of Steel Construction
$OORZDEOH�6WUHVV�'HVLJQ�RI�6LPSOH�6KHDU�&RQQHFWLRQV������
(QJLQHHULQJ�DQG�4XDOLW\�&ULWHULD�IRU�6WHHO�6WUXFWXUHV��� �(GLWLRQ������WK

(QJLQHHULQJ�-RXUQDO��Experimental Investigation of Dogbone Moment Connections��(QJHOKDUW��HW�DO��
9RO�����1R����� �4WU�����WK

(QJLQHHULQJ�-RXUQDO��Ultimate Strength Considerations for Seismic Design of the Reduced Beam
Section (Internal Plastic Hinge)��,ZDQNLZ���9RO�����1R����� �4WU�����VW

(QJLQHHULQJ�DQG�4XDOLW\�&ULWHULD�IRU�6WHHO�6WUXFWXUHV��� �(GLWLRQ������WK

/RDG�DQG�5HVLVWDQFH�)DFWRU�'HVLJQ�RI�6LPSOH�6KHDU�&RQQHFWLRQV������

American Petroleum Institute
$3,���'� )LHOG�:HOGHG�7DQNV�IRU�6WRUDJH�RI�3URGXFWLRQ�/LTXLGV�������
$3,���)��6KRS�:HOGHG�7DQNV�IRU�6WRUDJH�RI�3URGXFWLRQ�/LTXLGV�������
$3,�53��$�VHULHV�GRFXPHQWV� 3ODQQLQJ��'HVLJQLQJ�DQG�&RQVWUXFWLQJ�)L[HG�2IIVKRUH�3ODWIRUPV
$3,�6WDQGDUG�������:HOGLQJ�RI�3LSHOLQHV�DQG�5HODWHG�)DFLOLWLHV���� �(G��������WK

American Society for Metals
$60�+DQGERRN��9ROXPH����3URSHUWLHV�DQG�6HOHFWLRQ��,URQV��6WHHOV��DQG�+LJK�3HUIRUPDQFH�$OOR\V�

����
$60�+DQGERRN��9ROXPH����:HOGLQJ��%UD]LQJ�DQG�6ROGHULQJ������
$60�0HWDOV�+DQGERRN��� �(G�������QG

$60�6SHFLDOW\�+DQGERRN��&DUERQ�DQG�$OOR\�6WHHOV������
$60�6SHFLDOW\�+DQGERRN��&DVW�,URQV������
6WHHO�&DVWLQJV�+DQGERRN��� �(G�������WK

:HOG�,QWHJULW\�DQG�3HUIRUPDQFH������

American Society for Nondestructive Testing
1RQGHVWUXFWLYH�7HVWLQJ�+DQGERRN

9ROXPH����/LTXLG�3HQHWUDQW�7HVWV��� �(G������QG

9ROXPH����5DGLRJUDSK\�DQG�5DGLDWLRQ�7HVWLQJ��� �(G������QG

9ROXPH����0DJQHWLF�3DUWLFOH�7HVWLQJ��� �(G������QG

9ROXPH����8OWUDVRQLF�7HVWLQJ��� �(G������QG

9ROXPH����9LVXDO�DQG�2SWLFDO�7HVWLQJ��� �(G������QG

American Society of Mechanical Engineers
��$16,�$60(�%39&��%RLOHU�DQG�3UHVVXUH�9HVVHO�&RGH��6HFWLRQ����:HOGLQJ�DQG�%UD]LQJ

4XDOLILFDWLRQV�������

American Water Works Association
$::$�0DQXDO�0���6WHHO�:DWHU�6WRUDJH�7DQNV�������
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American Welding Society
*XLGH�IRU�1RQGHVWUXFWLYH�,QVSHFWLRQ�RI�:HOGV��$16,�$:6�%�������
*XLGH�IRU�9LVXDO�,QVSHFWLRQ�RI�:HOGV��$16,�$:6�%�������
*XLGH�IRU�:HOGLQJ�,URQ�&DVWLQJV��$16,�$:6�'�������
2[\JHQ�&XWWLQJ�6XUIDFH�5RXJKQHVV�*DXJH��$:6�&����*
5HFRPPHQGHG�3UDFWLFHV�IRU�$LU�&DUERQ�$UF�*RXJLQJ�DQG�&XWWLQJ��$16,�$:6�&������
5HFRPPHQGHG�3UDFWLFHV�IRU�6WXG�:HOGLQJ��$16,�$:6�&������
6SHFLILFDWLRQ�IRU�8QGHUZDWHU�:HOGLQJ��$16,�$:6�'������
6SHFLILFDWLRQ�IRU�:HOGLQJ�,QGXVWULDO�DQG�0LOO�&UDQHV�DQG�2WKHU�0DWHULDO�+DQGOLQJ�(TXLSPHQW�

�$:6�'�������
:HOGLQJ�+DQGERRN��� �(GLWLRQWK

9ROXPH����:HOGLQJ�7HFKQRORJ\������
9ROXPH����:HOGLQJ�3URFHVVHV������
9ROXPH����0DWHULDOV�DQG�$SSOLFDWLRQV��3DUW��������
9ROXPH����0DWHULDOV�DQG�$SSOLFDWLRQV��3DUW��������

:HOGLQJ�,QVSHFWLRQ������
:HOGLQJ�0HWDOOXUJ\��� �(GLWLRQ��9ROXPH����)XQGDPHQWDOV��*HRUJH�(��/LQQHUW������WK

:HOGLQJ�RI�&DVW�,URQ������

Federal Emergency Management Agency
)(0$������%DFNJURXQG�5HSRUWV��0HWDOOXUJ\��)UDFWXUH�0HFKDQLFV��:HOGLQJ��0RPHQW�&RQQHFWLRQV�DQG

)UDPH�6\VWHPV�%HKDYLRU��0DUFK�����
)(0$������1(+53�5HFRPPHQGHG�3URYLVLRQV�IRU�6HLVPLF�5HJXODWLRQV�IRU�1HZ�%XLOGLQJV�DQG�2WKHU

6WUXFWXUHV��)HEUXDU\�����

Alternate Weld Quality Acceptance Criteria
%ULWLVK�6WDQGDUGV�,QVWLWXWLRQ

%6�3'������������*XLGDQFH�RQ�PHWKRGV�IRU�DVVHVVLQJ�WKH�DFFHSWDELOLW\�RI�IODZV�LQ�VWUXFWXUHV
%6�������SHQGLQJ���������*XLGDQFH�RQ�PHWKRGV�IRU�DVVHVVLQJ�WKH�DFFHSWDELOLW\�RI�IODZV�LQ

VWUXFWXUHV

(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH
13�������Visual Weld Acceptance Criteria

,QWHUQDWLRQDO�,QVWLWXWH�RI�:HOGLQJ
,,:���,,6�667����������,,:�*XLGDQFH�RQ�$VVHVVPHQW�RI�WKH�)LWQHVV�IRU�3XUSRVH�RI�:HOGHG

6WUXFWXUHV��'UDIW�IRU�'HYHORSPHQW������

:HOGLQJ�5HVHDUFK�&RXQFLO
:5&�%XOOHWLQ������)XQGDPHQWDOV�RI�:HOG�'LVFRQWLQXLWLHV�DQG�WKHLU�6LJQLILFDQFH��/XQGLQ�������

Design Aids for Welded Connections
$PHULFDQ�,QVWLWXWH�RI�6WHHO�&RQVWUXFWLRQ

$,6&�0DQXDO�RI�6WHHO�&RQVWUXFWLRQ��$6'�DQG�/5)'�YHUVLRQV�
$OORZDEOH�6WUHVV�'HVLJQ�RI�6LPSOH�6KHDU�&RQQHFWLRQV�������
&21;357��VRIWZDUH�
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/RDG�DQG�5HVLVWDQFH�'HVLJQ�RI�6LPSOH�6KHDU�&RQQHFWLRQV�������
0RGXOH�,���$6'�6LPSOH�6KHDU�&RQQHFWLRQV
0RGXOH�,���/5)'�6LPSOH�6KHDU�&RQQHFWLRQV
0RGXOH�,,���$6'�0RPHQW�&RQQHFWLRQV

6WHHO�'HWDLOLQJ�6RIWZDUH�3DFNDJHV�ZLWK�&RQQHFWLRQ�'HVLJQ
&'6
&RPSX67((/��%DUDVHO�&RUS��
&96SUR���&DG9DQWDJH��,QF��
'(6&21��2PQLWHFK�$VVRFLDWHV�
'(7$,/��0DFUR6RIW�
IDEUL&$'��5HVHDUFK�(QJLQHHUV��,QF��
6'6����'HVLJQ�'DWD��,QF��
6WHHOFDG��6WHHOFDG�,QWHUQDWLRQDO��,QF��

� 6WUX&DG��$FH&DG�6RIWZDUH��,QF��
6WUXF3UR��(DJOH�3RLQW�

&DQDGLDQ�:HOGLQJ�%XUHDX
:HOG��,7��VRIWZDUH�

Safety and Health
$PHULFDQ�&RQIHUHQFH�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV��$&*,+�

7KUHVKROG�/LPLW�9DOXHV��7/9��5����IRU�&KHPLFDO�6XEVWDQFHV�DQG�3K\VLFDO�$JHQWV�LQ�WKH�:RUNURRP
(QYLURQPHQW

$PHULFDQ�:HOGLQJ�6RFLHW\��)XPHV�DQG�*DVHV�LQ�WKH�:HOGLQJ�(QYLURQPHQW

1DWLRQDO�)LUH�3URWHFWLRQ�$VVRFLDWLRQ
6WDQGDUG�IRU�)LUH�3UHYHQWLRQ�LQ�8VH�RI�&XWWLQJ�DQG�:HOGLQJ�3URFHVVHV��1)3$���%��1DWLRQDO�)LUH
3URWHFWLRQ�$VVRFLDWLRQ������

2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��26+$�
&RGH�RI�)HGHUDO�5HJXODWLRQV��7LWOH�����/DERU��&KDSWHU�;9����3DUWV��������WR������������2UGHU�1R�
���������������

Intermixed Weld Metal
7KH�(IIHFWV�RI�,QWHUPL[HG�:HOG�0HWDO�RQ�0HFKDQLFDO�3URSHUWLHV�±�3DUW����4XLQWDQD��0��$��DQG

-RKQVRQ��0��4���:HOGLQJ�-RXUQDO��0DUFK�����

7KH�(IIHFWV�RI�,QWHUPL[HG�:HOG�0HWDO�RQ�0HFKDQLFDO�3URSHUWLHV�±�3DUW����4XLQWDQD��0��$��DQG
-RKQVRQ��0��4���3URFHHGLQJV��$:6�$QQXDO�&RQYHQWLRQ��'HWURLW��0,������

7KH�(IIHFWV�RI�,QWHUPL[HG�:HOG�0HWDO�RQ�0HFKDQLFDO�3URSHUWLHV�±�3DUW����4XLQWDQD��0��$��DQG
-RKQVRQ��0��4���3URFHHGLQJV��$:6�&RQIHUHQFH�RQ�:HOGHG�&RQVWUXFWLRQ�LQ�6HLVPLF�$UHDV��0DXL�
+,������
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Welding Procedures
+HDW�6WUDLJKWHQLQJ�5HSDLUV�RI�'DPDJHG�6WHHO�%ULGJHV�±�$�7HFKQLFDO�*XLGH�DQG�0DQXDO�RI�3UDFWLFH�

5HSRUW�1R��)+:$�,)���������86�'HSW��RI�7UDQVSRUWDWLRQ��)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�
2FWREHU�����

/LQFROQ�(OHFWULF�&RPSDQ\��7KH�3URFHGXUH�+DQGERRN�RI�$UF�:HOGLQJ���� �(G�������WK

5HYLHZLQJ�DQG�$SSURYLQJ�:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQV��0LOOHU��'��.���3URFHHGLQJV��$,6&
1DWLRQDO�6WHHO�&RQVWUXFWLRQ�&RQIHUHQFH��1HZ�2UOHDQV��/$��$SULO������

:KDW�(YHU\�(QJLQHHU�6KRXOG�.QRZ�DERXW�:HOGLQJ�3URFHGXUHV��0LOOHU��'��.���:HOGLQJ�-RXUQDO��$XJXVW
����

Other References and Textbooks
&DVW�3XEOLVKLQJ

0HWDOV�%OXH�%RRN��:HOGLQJ�)LOOHU�0HWDOV��� �(G������QG

0HWDOV�%ODFN�%RRN��)HUURXV�0HWDOV��� �(G������UG

0HWDOV�5HG�%RRN��1RQIHUURXV�0HWDOV��� �(G������QG

)UDFWXUH�DQG�)DWLJXH�&RQWURO�LQ�6WUXFWXUHV��� �(G���%DUVRP��-��0��DQG�5ROIH��6��7���3UHQWLFH�+DOO�QG

����

/LQFROQ�(OHFWULF�&R����-DPHV�)��/LQFROQ�$UF�:HOGLQJ�)RXQGDWLRQ
'HVLJQ�RI�:HOGHG�6WUXFWXUHV������
'HVLJQ�RI�:HOGPHQWV������
0HWDOV�	�+RZ�WR�:HOG�7KHP������
7KH�3URFHGXUH�+DQGERRN�RI�$UF�:HOGLQJ���� �(GLWLRQ������WK

7XEXODU�6WHHO�6WUXFWXUHV���7KHRU\�DQG�'HVLJQ������

0RGHUQ�:HOGLQJ�7HFKQRORJ\��� �(G���&DU\��+��%���3UHQWLFH�+DOO������WK

:HOGDELOLW\�RI�6WHHOV��6WRXW��5��'��DQG�'RW\��:��'���:HOGLQJ�5HVHDUFK�&RXQFLO������
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D��3URFHVV�3ULQFLSOHV� 7KH�6KLHOGHG�0HWDO�$UF�:HOGLQJ��60$:��SURFHVV�LV�FRPPRQO\�NQRZQ�DV
³VWLFN´�ZHOGLQJ��DQG�LV�SHUIRUPHG�DV�³PDQXDO´�ZHOGLQJ��$Q�HOHFWULF�DUF�LV�SURGXFHG�EHWZHHQ�WKH�WLS�RI�WKH
HOHFWURGH�DQG�WKH�EDVH�PHWDO��PHOWLQJ�ERWK��7KH�PROWHQ�ZHOG�SRRO��DQG�FRPSOHWHG�ZHOG��LV�D�PL[WXUH�RI
EDVH�PHWDO�DQG�HOHFWURGH�PDWHULDOV��

����7KH�FRUH�RI�WKH�HOHFWURGH�LV�VWHHO��7KH�FRDWLQJ�LV�RI�YDULRXV�PDWHULDOV�GHVLJQHG�WR�SURYLGH�DUF
VWDELOLW\��VKLHOG�WKH�PROWHQ�ZHOG�SXGGOH�IURP�DWPRVSKHULF�JDVHV��IOX[�WKH�PROWHQ�SXGGOH�RI�LPSXULWLHV�
GHR[LGL]H�WKH�PROWHQ�ZHOG�SXGGOH��DQG�FRYHU�WKH�VROLGLI\LQJ�ZHOG�WR�LPSURYH�EHDG�SURILOH��6RPH�FRDWLQJV
FRQWDLQ�PHWDOOLF�SRZGHUV��DGGLQJ�VSHFLILF�DOOR\V�WR�WKH�ZHOG�FRPSRVLWLRQ�

����60$:�PD\�EH�RSHUDWHG�XVLQJ�HLWKHU�'&��GLUHFW�FXUUHQW��RU�$&��DOWHUQDWLQJ�FXUUHQW��SRODULW\�
*HQHUDOO\��'&�LV�XVHG�IRU�VPDOOHU�GLDPHWHU�HOHFWURGHV��W\SLFDOO\�WKRVH�ZLWK�D�GLDPHWHU�RI�OHVV�WKDQ����
PP�������LQ����7R�HOLPLQDWH�XQGHVLUDEOH�DUF�EORZ�FRQGLWLRQV��ODUJHU�HOHFWURGHV�DUH�W\SLFDOO\�RSHUDWHG
XVLQJ�$&��(OHFWURGHV�XVHG�RQ�$&�PXVW�EH�GHVLJQHG�VSHFLILFDOO\�WR�RSHUDWH�LQ�WKLV�PRGH��ZKHUH�WKH
FXUUHQW�FKDQJHV�GLUHFWLRQ�����WLPHV�SHU�VHFRQG�RQ����+HUW]�SRZHU��$&�HOHFWURGHV�PD\�DOVR�RSHUDWH
XVLQJ�HLWKHU�'&(1��'&�(OHFWURGH�1HJDWLYH��'&���DOVR�FDOOHG�³VWUDLJKW´�SRODULW\��RU�'&(3��'&�(OHFWURGH
3RVLWLYH��'&���DOVR�FDOOHG�³UHYHUVH´�SRODULW\���DQG�LQ�VRPH�FDVHV��HLWKHU�'&�SRODULW\�

E���)LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ��)LOOHU�PHWDO�VSHFLILFDWLRQ�$:6�$���
SURYLGHV�WKH�UHTXLUHPHQWV�IRU�FDUERQ�VWHHO�FRYHUHG�HOHFWURGHV�XVHG�ZLWK�60$:��$:6�$����VLPLODUO\
FRYHUV�WKH�ORZ�DOOR\�VWHHO�HOHFWURGHV�IRU�60$:�

����*HQHUDOO\��ZKHQ�ZHOGLQJ�RQ�VWUXFWXUDO�VWHHOV�ZLWK�D�PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWK�HTXDO�WR�RU
H[FHHGLQJ�����03D�����NVL���60$:�HOHFWURGHV�VKRXOG�EH�RI�WKH�ORZ�K\GURJHQ�W\SH��6HH�$:6�D1.1
7DEOH�����OLVWV�VSHFLILF�VWHHOV�DQG�JUDGHV�ZKHUH�WKH�XVH�RI�ORZ�K\GURJHQ�HOHFWURGHV�LV�UHTXLUHG�IRU�WKH
SUHTXDOLILFDWLRQ�RI�60$:�:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQV��:36V���7DEOH�����DOVR�SURYLGHV�WKH
VWUHQJWK�RI�HOHFWURGH�UHTXLUHG�IRU�WKHVH�VWHHOV�WR�SURYLGH�WKH�³PDWFKLQJ´�VWUHQJWK�IRU�WKH�EDVH�PHWDO�
*URXS�,�VWHHOV��LQFOXGLQJ�$���VWHHO��PD\�EH�ZHOGHG�ZLWK�QRQ�ORZ�K\GURJHQ�HOHFWURGHV��)RU�*URXS�,,
VWHHOV��LQFOXGLQJ�$����JUDGH�����DQG�KLJKHU�VWUHQJWK�JURXSV��ORZ�K\GURJHQ�HOHFWURGHV�DUH�UHTXLUHG��)RU
PRVW�VWUXFWXUDO�VWHHO�IDEULFDWLRQ�WRGD\��ORZ�K\GURJHQ�HOHFWURGHV�DUH�SUHVFULEHG�WR�RIIHU�DGGLWLRQDO
DVVXUDQFH�DJDLQVW�K\GURJHQ�LQGXFHG�FUDFNLQJ��

����/RZ�K\GURJHQ�HOHFWURGHV�KDYH�FRDWLQJV�RI�LQRUJDQLF�PDWHULDOV�WKDW�DUH�YHU\�ORZ�LQ�K\GURJHQ�
DQG�DUH�GHVLJQHG�WR�EH�H[WUHPHO\�ORZ�LQ�PRLVWXUH��:DWHU��+ 2��ZLOO�EUHDN�GRZQ�LQWR�LWV�FRPSRQHQWV��
K\GURJHQ�DQG�R[\JHQ��XQGHU�WKH�DUF��7KLV�K\GURJHQ�FDQ�WKHQ�HQWHU�LQWR�WKH�ZHOG�GHSRVLW�DQG�PD\�OHDG�WR
XQDFFHSWDEOH�ZHOG�DQG�KHDW�DIIHFWHG�]RQH�FUDFNLQJ�XQGHU�FHUWDLQ�FRQGLWLRQV�

����7KH�WHUP�³ORZ�K\GURJHQ´�ZDV�LQLWLDOO\�XVHG�WR�VHSDUDWH�WKRVH�60$:�HOHFWURGHV�FDSDEOH�RI
GHSRVLWLQJ�ZHOG�PHWDO�ZLWK�ORZ�OHYHOV�RI�GLIIXVLEOH�K\GURJHQ�IURP�QRQ�ORZ�K\GURJHQ�HOHFWURGHV�VXFK�DV
(�����DQG�(�����WKDW�FRQWDLQ��E\�GHVLJQ��FRDWLQJ�PRLVWXUH�OHYHOV�RI���WR�����)RU�SUHTXDOLILHG�:36V�
$:6�D1.1�7DEOH�����SURYLGHV�RQH�VHULHV�RI�PLQLPXP�SUHKHDW�DQG�LQWHUSDVV�WHPSHUDWXUHV�IRU�³QRQ�ORZ
K\GURJHQ�HOHFWURGHV´��DQG�DQRWKHU�VHULHV�RI�YDOXHV�IRU�60$:�ZLWK�ORZ�K\GURJHQ�HOHFWURGHV�DQG�DOO
)&$:��6$:�DQG�*0$:��7KLV�LPSOLHV�D�VLPLODULW\�LQ�H[SHFWHG�PD[LPXP�OHYHOV�RI�GLIIXVLEOH�K\GURJHQ�
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:KHQ�60$:�ORZ�K\GURJHQ�HOHFWURGHV�DUH�XVHG��WKH�UHTXLUHG�OHYHOV�RI�SUHKHDW�DUH�ORZHU��RIIHULQJ
HFRQRPLF�DQG�WLPH�VDYLQJ�DGYDQWDJHV�WR�WKH�FRQWUDFWRU��$:6��D1.1�DQG�WKH�$:6�$��ILOOHU�PHWDO
VSHFLILFDWLRQV�GR�QRW�FXUUHQWO\�GHILQH�³ORZ�K\GURJHQ�´�,QWHUQDWLRQDO�,QVWLWXWH�RI�:HOGLQJ��,,:��GRFXPHQWV
FODVVLI\�HOHFWURGHV�IRU�GLIIXVLEOH�K\GURJHQ�DV�IROORZV��YHU\�ORZ�K\GURJHQ������P/�������J�GHSRVLWHG�ZHOG
PHWDO���ORZ�K\GURJHQ���������PHGLXP�K\GURJHQ����������DQG�KLJK�K\GURJHQ����������EXW�WKHVH�GHILQLWLRQV
DUH�XQUHODWHG�WR�$:6�XVDJH�DQG�VSHFLILFDWLRQV�

����60$:�HOHFWURGHV�DUH�FODVVLILHG�EDVHG�RQ�D�IRXU�RU�ILYH�GLJLW�QXPEHU�WKDW�IROORZV�WKH�OHWWHU�(
�IRU�HOHFWURGH���7KH�HOHFWURGH�FODVVLILFDWLRQ�LV�LPSULQWHG�RQ�WKH�FRDWLQJ�QHDU�WKH�HQG�RI�WKH�HOHFWURGH��DV
ZHOO�DV�RQ�WKH�HOHFWURGH�SDFNDJH��6HH�7DEOH�&����,Q�ILOOHU�PHWDO�VSHFLILFDWLRQ�$:6�$�����ORZ�K\GURJHQ
FDUERQ�VWHHO�60$:�HOHFWURGHV�DUH�LGHQWLILHG�ZLWK�WKH�ODVW�³;´�QXPEHU�LQ�WKH�GHVLJQDWRU�(;;;;�DV�D�����
RU����$����60$:�ORZ�K\GURJHQ�HOHFWURGH�FODVVLILFDWLRQV�LQFOXGH�(������(������(������(����0��(������
DQG�(������7KH�(�����HOHFWURGHV�RSHUDWH�XVLQJ�'&(3�RQO\��(�����HOHFWURGHV�RSHUDWH�XVLQJ�HLWKHU�$&
RU�'&(3��7KH�(�����HOHFWURGHV�RSHUDWH�XVLQJ�$&�RU�'&(3��DQG�LQFOXGH�DSSUR[LPDWHO\�����LURQ�SRZGHU
LQ�WKHLU�FRDWLQJV�WR�LQFUHDVH�WKHLU�GHSRVLWLRQ�UDWH��$Q�(�����HOHFWURGH�FRQWDLQV�DSSUR[LPDWHO\�����LURQ
SRZGHU�LQ�WKH�FRDWLQJ��HQDEOLQJ�LW�WR�GHSRVLW�PHWDO�DW�HYHQ�KLJKHU�UDWHV��+RZHYHU��DV�WKH�QRPHQFODWXUH
VKRZV��WKH�³���ZRXOG�LQGLFDWH�WKDW�WKLV�HOHFWURGH�LV�VXLWDEOH�IRU�IODW�SRVLWLRQ�ZHOGLQJ�DQG��IRU�ILOOHW�ZHOGV
RQO\��WKH�KRUL]RQWDO�SRVLWLRQ��(����0�HOHFWURGHV�PD\�EH�XVHG�RQO\�ZLWK�'&(3��DQG�KDYH�EHHQ�WHVWHG�IRU
DEVRUEHG�PRLVWXUH�DQG�GLIIXVLEOH�K\GURJHQ��(�����HOHFWURGHV�DUH�VLPLODU�WR�(�����HOHFWURGHV�LQ
FRPSRVLWLRQ��DQG�PD\�EH�XVHG�LQ�DQ\�SRVLWLRQ��$&�RU�'&(3��H[FHSW�IRU�YHUWLFDO�ZHOGLQJ�LQ�WKH�XSZDUG
SURJUHVVLRQ��(�����HOHFWURGHV�DUH�VSHFLILFDOO\�GHVLJQHG�IRU�JRRG�ZHOGLQJ�LQ�WKH�YHUWLFDO�GRZQZDUG
SURJUHVVLRQ�

����,Q�WKH�$:6�$����ORZ�DOOR\�VWHHO�60$:�HOHFWURGH�VSHFLILFDWLRQ��D�VLPLODU�IRUPDW�LV�XVHG�WR
LGHQWLI\�60$:�HOHFWURGHV��6HH�7DEOH�&����7KH�PRVW�VLJQLILFDQW�GLIIHUHQFH�LQ�QRPHQFODWXUH�IURP�$����LV
WKH�LQFOXVLRQ�RI�D�VXIIL[�OHWWHU�DQG�QXPEHU�LQGLFDWLQJ�WKH�DOOR\�FRQWHQW��$V�DQ�H[DPSOH��DQ�(�����&�
QLFNHO�VWHHO�HOHFWURGH��ZLWK�VXIIL[�³�&����LQGLFDWHV�WKH�HOHFWURGH�QRPLQDOO\�FRQWDLQV����QLFNHO��$�³�&��
HOHFWURGH�QRPLQDOO\�FRQWDLQV������QLFNHO��6RPH�HOHFWURGHV�FDUU\�WKH�³�:´�GHVLJQDWLRQ��LQGLFDWLQJ�WKH
SUHVHQFH�RI�DOOR\V�FDSDEOH�RI�JLYLQJ�WKH�ZHOG�DWPRVSKHULF�FRUURVLRQ�UHVLVWDQFH�IRU�H[SRVHG�ZHDWKHULQJ
DSSOLFDWLRQV��/RZ�K\GURJHQ�ORZ�DOOR\�60$:�HOHFWURGHV�DUH�VLPLODUO\�LGHQWLILHG�ZLWK�WKH�ODVW�³;´�QXPEHU�LQ
WKH�GHVLJQDWRU�(;;;;�<�DV�D������RU���

����2SWLRQDO�VXSSOHPHQWDO�GHVLJQDWRUV�PD\�EH�XVHG�WR�LQGLFDWH�WKH�PD[LPXP�OHYHO�RI�K\GURJHQ
WKDW�PD\�EH�SUHVHQW�LQ�WKH�WHVW�ZHOG�GHSRVLW��7KHVH�GHVLJQDWRUV�DUH�D�SDUW�RI�WKH�VWDQGDUG�$:6
FODVVLILFDWLRQ�V\VWHP�DQG�FRQVLVW�RI�WKH�OHWWHU�+�IROORZHG�E\�D�VLQJOH�RU�GRXEOH�GLJLW��)RU�H[DPSOH�³(�����
+���LQGLFDWHV�WKDW�WKH�GHSRVLW�FRQWDLQV�D�PD[LPXP�GLIIXVLEOH�K\GURJHQ�FRQWHQW�RI���P/�SHU�����J�RI
GHSRVLWHG�ZHOG�PHWDO��0RVW�VWDQGDUG�ORZ�K\GURJHQ�HOHFWURGHV�PXVW�GHSRVLW�ZHOG�PHWDO�ZLWK�D�PD[LPXP
RI����P/�SHU�����J�RI�GLIIXVLEOH�K\GURJHQ�XQGHU�WHVW�FRQGLWLRQV��+RZHYHU��PDQXIDFWXUHUV�PD\�RSWLRQDOO\
OLVW�DQ�+��RU�+��GHVLJQDWLRQ�LI�WKHLU�SDUWLFXODU�60$:�HOHFWURGHV�DUH�FDSDEOH�RI�GHOLYHULQJ�WKHVH�H[WUD�ORZ
OHYHOV�RI�GLIIXVLEOH�K\GURJHQ�

����:KLOH�³ORZ�K\GURJHQ´�HOHFWURGHV�DUH�UHTXLUHG�E\�$:6�D1.1�IRU�ZHOGLQJ�RQ�VWUXFWXUDO�VWHHOV�ZLWK
PLQLPXP�VSHFLILHG�\LHOG�VWUHQJWK�RI�����03D�����NVL��RU�JUHDWHU��H[WUD�ORZ�K\GURJHQ�OHYHOV�VKRXOG�QRW�EH
VSHFLILHG�XQOHVV�QHFHVVDU\��7KHUH�LV�JHQHUDOO\�D�FRVW�SUHPLXP�DVVRFLDWHG�ZLWK�WKH�ORZHU�GLIIXVLEOH
K\GURJHQ�HOHFWURGHV��$OVR��KLJK�QRWFK�WRXJKQHVV�ZHOG�PHWDO�IURP�HOHFWURGHV�ZLWK�JRRG�RSHUDWLQJ
FKDUDFWHULVWLFV�PD\�QRW�EH�DYDLODEOH�ZLWK�WKH�ORZHVW�K\GURJHQ�GHVLJQDWLRQV��DQG�VRPH�HOHFWURGHV�ZLWK
YHU\�ORZ�GLIIXVLEOH�K\GURJHQ�OHYHOV�PD\�KDYH�SRRU�QRWFK�WRXJKQHVV��

����$OO�ORZ�K\GURJHQ�HOHFWURGHV�OLVWHG�LQ�$:6�$����KDYH�PLQLPXP�VSHFLILHG�QRWFK�WRXJKQHVVHV�RI�
���-�#���� &�����IW�OEI�DW���)��RU�EHWWHU��6HH�7DEOH�&���IRU�VSHFLILF�GDWD�RQ�WKHVH�ORZ�K\GURJHQR
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HOHFWURGHV��7KHUH�DUH�HOHFWURGH�FODVVLILFDWLRQV�WKDW�KDYH�QR�UHTXLUHG�QRWFK�WRXJKQHVV��VXFK�DV�(�����
(������(������(�������EXW�WKHVH�DUH�QRW�FODVVLILHG�DV�ORZ�K\GURJHQ�HOHFWURGHV��7KHUH�LV�QR�GLUHFW
FRUUHODWLRQ�EHWZHHQ�WKH�ORZ�K\GURJHQ�OLPLWV�RI�YDULRXV�HOHFWURGHV�DQG�QRWFK�WRXJKQHVV�UHTXLUHPHQWV�

����/RZ�K\GURJHQ��ORZ�DOOR\�60$:�HOHFWURGHV��XS�WKURXJK�����03D�����NVL���DV�OLVWHG�ZLWK
RSHUDWLQJ�OLPLWDWLRQV�DQG�XVHV�LQ�7DEOH�&����)RU�HOHFWURGHV�H[FHHGLQJ�����03D�����NVL���VHH�$:6�$����

�����(OHFWURGHV�SURYLGLQJ�D�JLYHQ�OHYHO�RI�QRWFK�WRXJKQHVV�DUH�OLVWHG�LQ�7DEOH�&����)RU�WKH�QRWFK
WRXJKQHVV�OHYHOV�RI�KLJKHU�VWUHQJWK�HOHFWURGHV��VHH�$:6�$����

�����/RZ�K\GURJHQ�60$:�HOHFWURGHV�W\SLFDOO\�DUH�VXSSOLHG�LQ�KHUPHWLFDOO\�VHDOHG�PHWDO
FRQWDLQHUV��:KHQ�VXSSOLHG�LQ�XQGDPDJHG�FRQWDLQHUV��WKH\�PD\�EH�XVHG�ZLWKRXW�DQ\�SUHFRQGLWLRQLQJ��RU
EDNLQJ��EHIRUH�XVH��:KHQ�60$:�HOHFWURGHV�DUH�UHFHLYHG�LQ�GDPDJHG�FRQWDLQHUV�RU�LQ�QRQ�KHUPHWLFDOO\
VHDOHG�FRQWDLQHUV��$:6�D1.1�UHTXLUHV�WKDW�WKH�HOHFWURGHV�EH�EDNHG�SULRU�WR�XVH��LQ�WKH�UDQJH�RI���� &�WRR

��� &������WR�����)���WR�UHPRYH�DQ\�UHVLGXDO�PRLVWXUH�SLFNHG�XS�IURP�H[SRVXUH�WR�WKH�DWPRVSKHUH��7KHR

HOHFWURGH�PDQXIDFWXUHU¶V�JXLGHOLQHV�VKRXOG�EH�IROORZHG�WR�HQVXUH�D�EDNLQJ�SURFHGXUH�WKDW�HOLPLQDWHV
UHWDLQHG�PRLVWXUH��DQG�WKHVH�UHFRPPHQGDWLRQV�PD\�YDU\�IURP�$:6�D1.1�SURYLVLRQV�
�

�����2QFH�ORZ�K\GURJHQ�60$:�HOHFWURGHV�DUH�UHPRYHG�IURP�WKHLU�KHUPHWLFDOO\�VHDOHG�FRQWDLQHU�
RU�IURP�WKH�EDNLQJ�RYHQ��WKH\�VKRXOG�EH�SODFHG�LQ�D�KROGLQJ�RYHQ��DOVR�FDOOHG�D�³URG�RYHQ´�RU�³VWRUDJH
RYHQ´��WR�DYRLG�WKH�SLFNXS�RI�PRLVWXUH�IURP�WKH�DWPRVSKHUH��7KHVH�KHDWHG�RYHQV�PXVW�PDLQWDLQ�WKH
HOHFWURGHV�DW�D�PLQLPXP�WHPSHUDWXUH�RI���� &������)���2QFH�WKH�HOHFWURGH�KDV�EHHQ�H[SRVHG�WR�WKHR

DWPRVSKHUH��LW�EHJLQV�WR�SLFN�XS�PRLVWXUH��$:6�D1.1�7DEOH�����OLPLWV�WKH�H[SRVXUH�WLPH�RI�YDULRXV
HOHFWURGH�FODVVLILFDWLRQV��+LJKHU�VWUHQJWK�HOHFWURGHV��XVHG�WR�MRLQ�KLJK�VWUHQJWK�VWHHOV�ZKLFK�DUH
SDUWLFXODUO\�VXVFHSWLEOH�WR�K\GURJHQ�DVVLVWHG�FUDFNLQJ��DUH�OLPLWHG�WR�YHU\�VKRUW�SHULRGV�

F���$GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV��*HQHUDOO\�60$:�KDV�D�ORZHU�GHSRVLWLRQ�UDWH�DQG�LV
OHVV�HIILFLHQW��DQG�LV�PRUH�FRVWO\�WKDQ�WKH�RWKHU�VWUXFWXUDO�ZHOGLQJ�SURFHVVHV�RI�)&$:��*0$:�DQG
6$:��60$:�LV�VHOGRP�XVHG�DV�WKH�SULQFLSDO�SURFHVV�IRU�VWUXFWXUDO�ZHOGLQJ��EXW�LV�FRPPRQO\�XVHG�IRU
WDFN�ZHOGLQJ��IDEULFDWLRQ�RI�PLVFHOODQHRXV�FRPSRQHQWV��DQG�UHSDLU�ZHOGLQJ�

����60$:�KDV�WKH�EHQHILW�RI�UHTXLULQJ�UHODWLYHO\�VLPSOH��LQH[SHQVLYH��SRUWDEOH��DQG�HDV\�WR
PDLQWDLQ�ZHOGLQJ�HTXLSPHQW��*DV�VKLHOGLQJ�LV�QRW�UHTXLUHG��+ROGLQJ�RYHQV�IRU�ORZ�K\GURJHQ�HOHFWURGHV
DUH�UHTXLUHG�XQOHVV�KHUPHWLFDOO\�VHDOHG�FRQWDLQHUV�DUH�XVHG�WR�SURYLGH�GU\�HOHFWURGHV�ZKHQ�QHHGHG�
60$:�LV�FDSDEOH�RI�GHSRVLWLQJ�KLJK�TXDOLW\�ZHOGV��DQG�LV�UHODWLYHO\�WROHUDQW�RI�ZHOGLQJ�WHFKQLTXH�
ZHOGLQJ�SURFHGXUH�YDULDWLRQV��DQG�ZLQG��,W�FDQ�EH�XVHG�LQ�DUHDV�ZLWK�GLIILFXOW�DFFHVV�

����6PDOOHU�SUHTXDOLILHG�ZHOG�EHDG�VL]HV��PD[LPXP���PP�������LQ���LQ�D�VLQJOH�SDVV�LQ�WKH
FRPPRQ�KRUL]RQWDO�SRVLWLRQ��UHTXLUHV�PRUH�SDVVHV�IRU�ODUJH�ZHOGV��ZLWK�DGGLWLRQDO�FOHDQLQJ�WLPH�UHTXLUHG
IRU�VODJ�UHPRYDO��)RU�ORQJ�ZHOGV��EHFDXVH�RI�WKH�IL[HG�OHQJWK�HOHFWURGH��LW�PD\�QRW�EH�SRVVLEOH�WR
FRPSOHWH�WKH�ZHOG�ZLWKRXW�VWRSSLQJ��UHPRYLQJ�WKH�VODJ�WR�DOORZ�UHVWDUWLQJ�WKH�ZHOG��DQG�XVLQJ�DGGLWLRQDO
HOHFWURGHV� &$
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Table C-1.  AWS A5.1 Classification System for Carbon Steel Electrodes for SMAWTable C-1.  AWS A5.1 Classification System for Carbon Steel Electrodes for SMAW

E XX YY M - 1 HZ R

E Electrode

XX Minimum tensile strength in units of 1 ksi (7 MPa)
    60 = 60 ksi (420 MPa)
    70 = 70 ksi (480 MPa)

Y Generally, welding positions permitted for use, but may be additionally limited by
electrode diameter and class
    1 = all positions (F, H, V, OH)
    2 = F, H-fillets
    4 = F, H, V-down, OH

Y Type of covering
    0 = high cellulose sodium (E6010)
    0 = high iron oxide (E6020)
    1 = high cellulose potassium
    2 = high titania sodium
    3 = high titania potassium
    4 = iron powder, titania
    5 = low hydrogen sodium
    6 = low hydrogen potassium
    7 = high iron oxide, iron powder
    8 = low hydrogen potassium, iron powder (except E7018M)
    9 = iron oxide titania potassium   

M If present, meets special Military specifications, and covering is low hydrogen, iron
powder

-1 If present, indicates improved notch toughness (see AWS A5.1, Table 3)
    for E7016-1, average CVN of 27 J @ -46 C ( 20 ft-lbf @ -50 F)o o

    for E7018-1, average CVN of 27 J @ -46 C ( 20 ft-lbf @ -50 F)o o

    for E7024-1, average CVN of 27 J @ -18 C ( 20 ft-lbf @ -0 F)o o

HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal
(note: E7018M meets H4 requirements, but the H4 designation is not used)

R If present, indicates electrode has lower moisture content and meets absorbed
moisture test requirements 
(note: E7018M must meet more stringent requirements, but the R designation is
not used)
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Table C-2.  AWS A5.5 Classification System for Low-Alloy Steel Electrodes for SMAWTable C-2.  AWS A5.5 Classification System for Low-Alloy Steel Electrodes for SMAW

E XX YY M - X# HZ R

E Electrode

XX Minimum tensile strength in units of 1 ksi (7 MPa)
    70 =   70 ksi (480 MPa)
    80 =   80 ksi (550 MPa)
    90 =   90 ksi (620 MPa)
  100 = 100 ksi (690 MPa)
  110 = 110 ksi (760 MPa)
  120 = 120 ksi (830 MPa)

Y Generally, welding positions permitted for use, but may be additionally limited by
electrode diameter and class
    1 = all positions (F, H, V, OH)
    2 = F, H-fillets

Y Type of covering
    0 = high cellulose sodium (except E7020)
    0 = high iron oxide (E7020)
    1 = high cellulose potassium
    2 = high titania sodium
    3 = high titania potassium
    4 = iron powder, titania
    5 = low hydrogen sodium
    6 = low hydrogen potassium
    7 = high iron oxide, iron powder
    8 = low hydrogen potassium, iron powder (except EXX18M)
    9 = iron oxide titania potassium   

M If present, meets special Military specifications, and covering is low hydrogen, iron
powder

-

X# Alloy type
     A   carbon-molybdenum steel
     B   chromium-molybdenum steel
     C   nickel steel
     D   manganese-molybdenum steel
     G   general low-alloy steel
     P   for pipeline use
     W  weathering steel

HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal
(note: EXX18M meets H4 requirements, but the H4 designation is not used)

R If present, indicates electrode has lower moisture content and meets absorbed
moisture test requirements&$
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Table C-3. Low Hydrogen AWS A5.1 Carbon Steel Electrodes for SMAW Table C-3. Low Hydrogen AWS A5.1 Carbon Steel Electrodes for SMAW 
[to 480 MPa (70 ksi)][to 480 MPa (70 ksi)]

ElectroElectro CVNCVN DiffusibleDiffusible
dede ToughnessToughness HydrogenHydrogenPositionPosition CurrentCurrent Limit (asLimit (as

MoistureMoisture
ContentContent

receivedreceived
))

AvailableAvailable

LimitsLimits

E7015 F, H, V, OH DCEP  27 J @ -29 C 0.6 H16, H8, H4o

(20 ft-lbf @ -
20 F)o

E7016 F, H, V, OH AC, DCEP  27 J @ -29 C 0.6 H16, H8, H4o

(20 ft-lbf @ -
20 F)o

E7018 F, H, V, OH AC, DCEP  27 J @ -29 C 0.6 H16, H8, H4o

(20 ft-lbf @ -
20 F)o

E7018M F, H, V, OH DCEP 68 J @ -29 C 0.1 4.0 o

(50 ft-lbf @ -
20 F)o

1

E7028 F, H-fillets AC, DCEP  27 J @ -18 C 0.3 H16, H8, H4o

(20 ft-lbf @ 0 F)o

E7048 F, H, V-down, AC, DCEP  27 J @ -29 C 0.4 H16, H8, H4
OH (20 ft-lbf @ -

o

20 F)o

E7016-1 F, H, V, OH AC, DCEP  27 J @ -46 C 0.6 H16, H8, H4o

(20 ft-lbf @ -
50 F)o

E7018-1 F, H, V, OH AC, DCEP  27 J @ -46 C 0.6 H16, H8, H4o

 (20 ft-lbf @ -
50 F)o

 - no H designation used for E7018M1 &$
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Table C-4. Low Hydrogen AWS A5.5 Low-Alloy Steel Electrodes for SMAW Table C-4. Low Hydrogen AWS A5.5 Low-Alloy Steel Electrodes for SMAW 
[to 550 MPa (80 ksi)][to 550 MPa (80 ksi)]

ElectrodeElectrode PositionPosition CurrentCurrent Content Limit Content Limit 
MoistureMoisture

(as received)(as received)

AvailableAvailable
DiffusibleDiffusible
HydrogenHydrogen

LimitsLimits

E7015-X F, H, V, OH DCEP 0.4 H16, H8, H42

E7016-X F, H, V, OH AC, DCEP 0.4 H16, H8, H42

E7018-X F, H, V, OH AC, DCEP 0.4 H16, H8, H42

E8015-X F, H, V, OH DCEP 0.2 H16, H8, H41

E8016-X F, H, V, OH AC, DCEP 0.2 H16, H8, H41

E8018-X F, H, V, OH AC, DCEP 0.2 H16, H8, H41

 - B3, B3L, B4L, B5, B6, B7, B7L, B8, B8L, and B9 series electrodes not prequalified1

under AWS D 1.1
 - E70XX-XR and E70XX-X-HZR series Limit on Moisture Content (as received) = 0.32

Table C-5. Toughness Values for Low Hydrogen A5.5 Low Alloy Steel ElectrodesTable C-5. Toughness Values for Low Hydrogen A5.5 Low Alloy Steel Electrodes
 [to 550 MPa (80 ksi)] [to 550 MPa (80 ksi)]

CVN ToughnessCVN Toughness ElectrodesElectrodes

 27 J @ -18 C E7018-W1o

(20 ft-lbf @ 0 F) E8018-W2o

 27 J @ -40 C E8016-C3, E8018-C3, E8018-NM1o

(20 ft-lbf @ -40 F)o

 27 J @ -51 C E7018-C3Lo

(20 ft-lbf @ -60 F) E8016-C4, E8016-D3, E8018-C4, E8018-D1, E8018-D3o

 27 J @ -60 C E8016-C1, E8018-C1o

(20 ft-lbf @ -75 F)o

 27 J @ -73 C E7015-C1L, E7016-C1L, E7018-C2Lo

(20 ft-lbf @ - E8016-C2, E8018-C2
100 F)o

 27 J @ -100 C E7015-C2L, E7016-C2L, E7018-C2Lo

(20 ft-lbf @ -
150 F)o
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D���3URFHVV�3ULQFLSOHV���)OX[�FRUHG�DUF�ZHOGLQJ��)&$:��LV�DQ�DUF�ZHOGLQJ�SURFHVV�WKDW�XVHV�D
FRQWLQXRXV�WXEXODU�HOHFWURGH�IHG�IURP�D�FRLO�RU�VSRRO�LQWR�D�ZHOGLQJ�³JXQ´��7KH�HOHFWURGH�FRUH�FRQWDLQV
DOOR\�DGGLWLRQV��GHR[LGL]HUV�DQG�IOX[�PDWHULDOV��7KH�KHDW�RI�WKH�DUF�FDXVHV�WKH�EDVH�PHWDO��WXEXODU
HOHFWURGH�ZLUH�DQG�FRUH�PDWHULDOV�WR�PHOW��7KH�IOX[�PDWHULDOV�ELQG�LPSXULWLHV��ULVH�WR�WKH�WRS�RI�WKH�PROWHQ
ZHOG��DQG�SURWHFW�WKH�FRROLQJ�ZHOG�IURP�DWPRVSKHULF�QLWURJHQ�RU�R[\JHQ��6KLHOGLQJ�RI�WKH�H[SRVHG�DUF�LV
SURYLGHG�HLWKHU�E\�WKH�GHFRPSRVLWLRQ�RI�WKH�FRUH�LQ�VHOI�VKLHOGHG�HOHFWURGHV��GHVLJQDWHG�)&$:�6��RU�E\
DQ�H[WHUQDOO\�VXSSOLHG�JDV�RU�JDV�PL[WXUH��GHVLJQDWHG�)&$:�*��

����:LWK�)&$:�*��FDUERQ�GLR[LGH��&2 ��RU�D�PL[WXUH�RI�DUJRQ��$U��RI����WR�����DQG�RI�&2 ����WR� �
����LV�XVHG�LQ�DGGLWLRQ�WR�WKH�JDV�SURYLGHG�E\�WKH�IOX[�FRUH��7KH�VKLHOGLQJ�JDV�VHOHFWLRQ�PD\�DIIHFW�WKH
PHFKDQLFDO�SURSHUWLHV��\LHOG�DQG�WHQVLOH�VWUHQJWK��HORQJDWLRQ��DQG�QRWFK�WRXJKQHVV��RI�WKH�ZHOG��&DUERQ
GLR[LGH��DV�D�UHDFWLYH�JDV��PD\�FDXVH�VRPH�RI�WKH�DOOR\V�LQ�WKH�HOHFWURGH�WR�EHFRPH�R[LGL]HG��DQG
WKHUHIRUH�OHVV�DOOR\�LV�WUDQVIHUUHG�WR�WKH�ZHOG�GHSRVLW��:KHQ�DQ�LQHUW�JDV�VXFK�DV�DUJRQ�LV�VXEVWLWXWHG�IRU
&2 ��DOOR\�WUDQVIHU�W\SLFDOO\�LQFUHDVHV��:LWK�PRUH�DOOR\�LQ�WKH�ZHOG�GHSRVLW��KLJKHU�\LHOG�DQG�WHQVLOH�
VWUHQJWKV�DQG�UHGXFHG�GXFWLOLW\�LV�H[SHFWHG��7KH�QRWFK�WRXJKQHVV�RI�WKH�ZHOG�GHSRVLW�PD\�LQFUHDVH�RU
GHFUHDVH��GHSHQGLQJ�RQ�WKH�DOOR\V�DIIHFWHG�

����7KH�SRZHU�VRXUFH�LV�XVXDOO\�WKH�FRQVWDQW�YROWDJH�W\SH��XVLQJ�HLWKHU�GLUHFW�FXUUHQW�HOHFWURGH
SRVLWLYH�RU�HOHFWURGH�QHJDWLYH�SRODULW\��$�VHSDUDWH�ZLUH�IHHGHU�VHQGV�ZLUH�LQWR�WKH�ZHOGLQJ�JXQ�DW�D�SUHVHW
UDWH��7KH�:HOGLQJ�3URFHGXUH�6SHFLILFDWLRQ��:36��SURYLGHV�WKH�DSSURSULDWH�YROWDJH��ZLUH�IHHG�VSHHG�
HOHFWURGH�H[WHQVLRQ��DQG�WUDYHO�VSHHG��)RU�D�JLYHQ�ZLUH�IHHG�VSHHG�DQG�HOHFWURGH�H[WHQVLRQ��D�VSHFLILF
FXUUHQW��DPSHUDJH��ZLOO�EH�SURYLGHG��$V�WKH�ZLUH�IHHG�VSHHG�LV�LQFUHDVHG��WKH�FXUUHQW�LV�OLNHZLVH
LQFUHDVHG��7KH�:36�VKRXOG��SUHIHUDEO\��VWDWH�WKH�ZLUH�IHHG�VSHHG�WR�EH�XVHG�EHFDXVH�HOHFWURGH
H[WHQVLRQ��SRODULW\�DQG�HOHFWURGH�GLDPHWHU�DOVR�DIIHFW�FXUUHQW��6KRUWHU�HOHFWULFDO�VWLFNRXW�UHVXOWV�LQ�KLJKHU
FXUUHQW�IRU�D�JLYHQ�ZLUH�IHHG�VSHHG��,I�FXUUHQW�LV�XVHG�LQ�WKH�:36��DQ�LQDFFXUDWH�HOHFWURGH�H[WHQVLRQ�PD\
JR�XQGHWHFWHG�

����)&$:�LV�PRVW�FRPPRQO\�XVHG�DV�³VHPLDXWRPDWLF´��ZLUH�IHG�EXW�ZLWK�WKH�ZHOGLQJ�JXQ
PDQLSXODWHG�E\�WKH�ZHOGHU��,W�PD\�DOVR�EH�XVHG�DV�DXWRPDWLF��EXW�WKH�LQWHQVLW\�RI�DUF�UD\V�IURP�WKH�KLJK
FXUUHQW�DUF��DQG�WKH�VLJQLILFDQW�YROXPH�RI�VPRNH�JHQHUDWHG��PDNH�6XEPHUJHG�$UF�:HOGLQJ��6$:��PRUH
GHVLUDEOH�IRU�DXWRPDWLF�ZHOGLQJ�

E��)LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ��)&$:�HOHFWURGHV�DUH�VSHFLILHG�LQ�$:6
ILOOHU�PHWDO�VSHFLILFDWLRQV�$:6�$�����DQG�$������$:6�$�����LV�DSSOLFDEOH�WR�FDUERQ�VWHHO�HOHFWURGHV�
DQG�$:6�$�����LV�DSSOLFDEOH�WR�ORZ�DOOR\�VWHHO�HOHFWURGHV��7KH�FODVVLILFDWLRQ�DQG�LGHQWLILFDWLRQ�V\VWHP
XVHG�IRU�WKHVH�WZR�VSHFLILFDWLRQV�LV�VXPPDUL]HG�LQ�7DEOHV�&���DQG�&���

����$OO�)&$:�HOHFWURGHV�DUH�FRQVLGHUHG�ORZ�K\GURJHQ��6HOI�VKLHOGHG�)&$:�HOHFWURGHV�DUH�OLPLWHG
WR�����03D�����NVL��WHQVLOH�VWUHQJWK�RI�OHVV��EXW�KLJKHU�VWUHQJWKV�DUH�DYDLODEOH�IURP�JDV�VKLHOGHG�)&$:
HOHFWURGHV��$:6�$�����HOHFWURGHV�(;;7�����������������������DQG��*6�HOHFWURGHV�DUH�QRW�SHUPLWWHG�E\
$:6�D1.1�EHFDXVH�WKH\�DUH�OLPLWHG�WR�VLQJOH�SDVV�ZHOGV��$:6�$�����HOHFWURGHV�(;;7����(;;7�����DQG
(;;7����DUH�IRU�OLPLWHG�WKLFNQHVV�DSSOLFDWLRQV�RQO\��DQG�WKH�PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQV�VKRXOG�EH
FRQVXOWHG��

����7DEOHV�&���DQG�&���SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�UHJDUGLQJ�HOHFWURGH�OLPLWDWLRQV��XVDJH�DQG
WRXJKQHVV�SURSHUWLHV�IRU�HOHFWURGHV�SHUPLWWHG�E\�$:6�D1.1�IRU�FODVVLILFDWLRQ�VWUHQJWKV�RI�����03D����
NVL��DQG�ORZHU��)RU�KLJKHU�VWUHQJWK�DQG�RWKHU�HOHFWURGHV��WKH�$:6�$�����DQG�$�����VSHFLILFDWLRQV�VKRXOG
EH�FRQVXOWHG�
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F��$GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV��7KH�)OX[�&RUHG�$UF�:HOGLQJ��)&$:��SURFHVV�RIIHUV
VHYHUDO�DGYDQWDJHV�RYHU�6KLHOGHG�0HWDO�$UF�:HOGLQJ��60$:���EXW�DOVR�KDV�D�IHZ�GLVDGYDQWDJHV�DQG
OLPLWDWLRQV

����7KH�)&$:�HOHFWURGH�LV�FRQWLQXRXV��HOLPLQDWLQJ�WKH�QXPHURXV�VWDUWV�DQG�VWRSV�QHFHVVDU\�ZLWK
60$:�RQ�ORQJHU�DQG�ODUJHU�ZHOGV�

����,QFUHDVHG�GHSRVLWLRQ�UDWHV�DUH�SRVVLEOH�ZLWK�)&$:�EHFDXVH�WKH�FXUUHQW�FDQ  EH�KLJKHU�WKDQ�ZLWK
60$:��60$:�FXUUHQWV�DUH�OLPLWHG�E\�URG�KHDWLQJ�DQG�FRDWLQJ�EUHDNGRZQ�FRQFHUQV��:LWK�)&$:��WKH
HOHFWURGH�LV�SDVVHG�WKURXJK�D�FRQWDFW�WLS�XVXDOO\����WR����PP������WR���LQ���IURP�WKH�HQG�RI�WKH�HOHFWURGH�
PLQLPL]LQJ�WKH�EXLOGXS�RI�KHDW�IURP�HOHFWULFDO�UHVLVWDQFH��7KLV�HOHFWURGH�H[WHQVLRQ�GLVWDQFH��FRPPRQO\
FDOOHG�³VWLFNRXW�´�YDULHV�IRU�HDFK�:36��DQG�PD\�EH�FRQVLGHUDEO\�KLJKHU��%RWK�IDFWRUV�SURYLGH�)&$:�DQ
HFRQRPLF�DGYDQWDJH�RYHU�60$:��

����7KH�QXPEHU�RI�DUF�VWDUWV�DQG�VWRSV��D�SRWHQWLDO�VRXUFH�RI�ZHOG�GLVFRQWLQXLWLHV��LV�DOVR�UHGXFHG�

 ����7KH�HTXLSPHQW�UHTXLUHG�IRU�)&$:�LV�PRUH�H[SHQVLYH�DQG�FRPSOLFDWHG�WKDQ�60$:��DQG�PRUH
GLIILFXOW�WR�PDLQWDLQ��7KLV�LQFUHDVHG�FRVW�LV�RIIVHW�E\�WKH�KLJKHU�SURGXFWLYLW\�OHYHOV�DFKLHYHG�XVLQJ�)&$:
FRPSDUHG�WR�60$:�

����)&$:�HOHFWURGH�ZLUHV�GR�QRW�QHHG�KHDWHG�KROGLQJ�RYHQV�IRU�RUGLQDU\�DSSOLFDWLRQV��EXW�FDXWLRQ
VKRXOG�EH�XVHG�ZKHQ�)&$:�ZLUHV�DUH�H[SRVHG�WR�WKH�HOHPHQWV�IRU�H[WHQGHG�SHULRGV�RI�WLPH��)RU�FULWLFDO
ZHOGV�UHTXLULQJ�YHU\�ORZ�K\GURJHQ�GHSRVLWV��PRUH�UHVWULFWLYH�VWRUDJH�UHTXLUHPHQWV�PD\�EH�ZDUUDQWHG�

����)&$:�LV�FDSDEOH�RI�DOO�SRVLWLRQ�ZHOGLQJ�ZKHQ�XVLQJ�VPDOO�GLDPHWHU�HOHFWURGHV��/DUJH�GLDPHWHU
HOHFWURGHV��XVLQJ�KLJKHU�HOHFWULFDO�FXUUHQWV��DUH�UHVWULFWHG�WR�WKH�IODW�DQG�KRUL]RQWDO�SRVLWLRQV�

����7KHUH�DUH�VHYHUDO�DGYDQWDJHV�WR�XVLQJ�)&$:�6��VHOI�VKLHOGHG��UDWKHU�WKDQ�)&$:�*��JDV�
VKLHOGHG���7KH�)&$:�6�ZHOGLQJ�JXQ�DVVHPEO\�GRHV�QRW�UHTXLUH�D�JDV�QR]]OH��DOVR�FDOOHG�D�JDV�FXS�
WKHUHIRUH�DFFHVV�LQWR�VPDOOHU�DUHDV�LV�SRVVLEOH��VLJQLILFDQW�ZKHQ�ZHOGLQJ�LQ�WLJKW�ORFDWLRQV�VXFK�DV�ZHOG
DFFHVV�KROHV�LQ�EHDP�WR�FROXPQ�FRQQHFWLRQV��7KH�ZHOGHU�LV�DOVR�EHWWHU�DEOH�WR�VHH�WKH�DUF�DQG�ZHOG
SXGGOH�EHFDXVH�WKH�JDV�FXS�LV�QRW�SUHVHQW�

����$�VHFRQG�DGYDQWDJH�WR�)&$:�6�RYHU�)&$:�*�LV�LWV�DELOLW\�WR�PDNH�TXDOLW\�ZHOGV�XQGHU�ILHOG
FRQGLWLRQV�LQYROYLQJ�ZLQG��)RU�)&$:�*��LW�LV�QHFHVVDU\�WR�HUHFW�SURWHFWLYH�VKLHOGLQJ�IURP�ZLQG�WR
PDLQWDLQ�WKH�VKLHOGLQJ�JDV�DURXQG�WKH�PROWHQ�ZHOG�SXGGOH��6XFK�VKLHOGLQJ�PD\�EH�H[SHQVLYH��WLPH�
FRQVXPLQJ��UHTXLUH�DGGLWLRQDO�YHQWLODWLRQ�IRU�WKH�ZHOGHU��DQG�FRQVWLWXWH�D�ILUH�KD]DUG��)&$:�6�HOLPLQDWHV
WKH�KDQGOLQJ�RI�KLJK�SUHVVXUH�JDV�F\OLQGHUV��WKHIW�RI�F\OLQGHUV��SURWHFWLRQ�RI�JDV�GLVWULEXWLRQ�KRVLQJ�XQGHU
ILHOG�FRQGLWLRQV��DQG�WKH�FRVW�RI�WKH�VKLHOGLQJ�JDV��)RU�VKRS�IDEULFDWLRQ��ZLQG�LV�OHVV�RI�D�SUREOHP�WKDQ
XQGHU�ILHOG�FRQGLWLRQV��+RZHYHU��GUDIWV�IURP�GRRUZD\V�DQG�ZLQGRZV��IDQV�XVHG�WR�FRRO�SHUVRQQHO�DQG
SURYLGH�YHQWLODWLRQ��DQG�ZHOGLQJ�IXPH�H[KDXVW�HTXLSPHQW�FDQ�FUHDWH�XQDFFHSWDEOH�ZLQG�VSHHGV�WKDW
GHJUDGH�ZHOG�TXDOLW\�

����)&$:�*�³RSHUDWRU�DSSHDO´�LV�XVXDOO\�KLJKHU�WKDQ�ZLWK�)&$:�6�EHFDXVH�RI�EHWWHU�DUF�FRQWURO
DQG�OHVV�IXPH�JHQHUDWLRQ��)&$:�*�LV�OHVV�VHQVLWLYH�WR�YDULDWLRQV�LQ�HOHFWURGH�H[WHQVLRQ�DQG�DUF�YROWDJH
WKDQ�)&$:�6��7KH�UDQJH�RI�VXLWDEOH�DSSOLFDWLRQV�IRU�D�VLQJOH�VL]H�DQG�FODVVLILFDWLRQ�RI�)&$:�*
HOHFWURGHV�LV�JHQHUDOO\�EURDGHU�WKDQ�IRU�)&$:�6�HOHFWURGHV�

�����)&$:�6�SURFHGXUHV�PXVW�EH�FORVHO\�FRQWUROOHG�WR�HQVXUH�WKH�UHTXLUHG�OHYHO�RI�ZHOG�TXDOLW\
DQG�PHFKDQLFDO�SURSHUWLHV��%HFDXVH�RI�WKH�KLJK�GHSRVLWLRQ�UDWHV�SRVVLEOH��WUDYHO�VSHHGV�DQG�WHFKQLTXH
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PXVW�EH�PRQLWRUHG�WR�HQVXUH�WKDW�H[FHVVLYHO\�ODUJH�EHDG�VL]HV�DUH�QRW�SURGXFHG��/DUJH�EHDG�VL]H�
EHFDXVH�RI�WKH�KLJK�KHDW�LQSXW�DQG�H[FHVVLYHO\�VORZ�FRROLQJ�UDWHV��PD\�UHGXFH�QRWFK�WRXJKQHVV��UHGXFH
ZHOG�VRXQGQHVV��GHFUHDVH�KHDW�DIIHFWHG�]RQH�WRXJKQHVV��DQG�GHFUHDVH�WKH�ZHOG�PHWDO�\LHOG�DQG�WHQVLOH
VWUHQJWKV�
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Table C-6.  AWS A5.20 Classification System for Carbon Steel Electrodes for FCAWTable C-6.  AWS A5.20 Classification System for Carbon Steel Electrodes for FCAW

EXXT-XMJHZ

E Electrode

X Minimum Tensile Strength in units of 10 ksi (69 MPa)
     6 = 60 ksi (420 MPa)
     7 = 70 ksi (480 MPa)

X Position of welding permitted
     0 = flat and horizontal position only
     1 = all positions

T Tubular electrode

-

X Type of electrode, numbered 1-14, or letter G or GS

M If used, electrode has been classified using 75-80% Ar, with balance CO2

J If used, electrode has toughness of 27 J @ -40 C (20 ft-lbf @ -40 F)o o

If not used, electrode has toughness as listed in A5.20, Table 1

HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal
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Table C-7. AWS A5.29 Classification System for Low Alloy Steel Electrodes for FCAWTable C-7. AWS A5.29 Classification System for Low Alloy Steel Electrodes for FCAW

EXXTX-X#M

E Electrode

X Minimum Tensile Strength in units of 10 ksi (69 MPa)
     6 =   60 ksi (420 MPa)
     7 =   70 ksi (480 MPa)
     8 =   80 ksi (550 MPa)
     9 =   90 ksi (620 MPa)
   10 = 100 ksi (690 MPa)
   11 = 110 ksi (760 MPa)
   12 = 120 ksi (830 MPa)

X Position of welding permitted
     0 = flat and horizontal position only
     1 = all positions

T Tubular electrode

X Type of electrode, numbered 1, 4, 5, or 8
     1 & 5 - gas-shielded
     4 & 8 - self-shielded

-

X# Alloy type
     A   carbon-molybdenum steel
     B   chromium-molybdenum steel
     C   nickel steel
     D   manganese-molybdenum steel
     K   other alloy steels
     W  weathering steel

M If used, electrode has been classified using 75-80% Ar, with balance CO2
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Table C-8. AWS A5.20 Carbon Steel Electrodes for FCAWTable C-8. AWS A5.20 Carbon Steel Electrodes for FCAW
 [to 480 MPa (70 ksi), Multipass Only] [to 480 MPa (70 ksi), Multipass Only]

Electrode PositionPosition Testing  ShieldingTesting  Shielding Current CVN ToughnessCVN Toughness
GasGasd

cc

F, H CO  27 J @ -18 Co

E70T-1M  75-80% Ar - CO DCEP C2

E71T-1 F, H, V-up, OH DCEP  27 J @ -182
o

F, H, V-up, OH  75-80% Ar - CO  27 J @ -18 Co

E70T-4 self DCEP

E70T-5 F, H DCEP  27 J @ -292
o

F, H 75-80% Ar - CO  27 J @ -29 Co

E71T-5 CO DCEP, DCEN C2

E71T-5M F, H, V-up, OH DCEP, DCEN  27 J @ -292
o

F, H self  27 J @ -29 C

E70T-7 F, H DCEN none specified

F, H, V-up, OH self none specified

E70T-8 self DCEN Co

F, H, V-up, OH self  27 J @ -29 C

E70T-9 F, H DCEP  27 J @ -292
o

F, H 75-80% Ar - CO  27 J @ -29 C0

E71T-9 CO DCEP C2

E71T-9M F, H, V-up, OH DCEP  27 J @ -292
o

F, H self none specifiedb

F, H, V-dn, OH self none specifiedb

F, H CO  27 J @ -29 Co

E71T-12 CO DCEP C2

EX 0T-G not specified not specifieda

EX F, H, V-up or V-dn, not specified not specifieda

Note - 27 J @ -18 C = 20 ft-lbf @ 0 C = 20 ft-lbf @ -20 Fo o

 - May be either 6 or 7, for 60 ksi or 70 ksi tensile strength.a

b

 - electrodes with “J” at the end of the designator (e.g. E7XT-9J) have minimum CVN
Toughness of  27 J @ -40 C (20 ft-lbf @ -20o o
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 - Electrodes classified using the shielding gas listed shall not be used with any otherd

shielding gas mixture without first consulting the manufacturer.
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Table C-9. AWS A5.29 Low Alloy Steel Electrodes for FCAWTable C-9. AWS A5.29 Low Alloy Steel Electrodes for FCAW 
[to 550 MPa (80 ksi), Multipass Only]

ElectrodeElectrode PermittedPermitted Testing CurrentCurrent Minimum CVN ToughnessMinimum CVN Toughness
Positions Shielding GasShielding Gasdd

E61T8-K6 F, H, V, OH self DCEN  27 J @ -29 C (20 ft-lbf @ -20 F)o o

E70T4-K2 F, H self DCEP  27 J @ -18 C (20 ft-lbf @ 0 F)o o

E70T5-A1 F, H CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

E71T8-K2 F, H self DCEN  27 J @ -29 C (20 ft-lbf @ -20 F)o o

E71T8-K6 F, H, V, OH self DCEN  27 J @ -29 C (20 ft-lbf @ -20 F)o o

E71T8-Ni1 F, H, V, OH self DCEN  27 J @ -29 C (20 ft-lbf @ -20 F)o o

E71T8-Ni2 F, H, V, OH self DCEN  27 J @ -29 C (20 ft-lbf @ -20 F)o o

E80T1-A1 F, H CO DCEP none specified2

E81T1-A1 F, H, V, OH CO DCEP none specified2

E80T1-B1 F, H CO DCEP none specified2

E81T1-B1 F, H, V, OH CO DCEP none specified2

E81T1-B2 F, H, V, OH CO DCEP none specified2

E80T1-B2H F, H, V, OH CO DCEP none specified2

E80T1-K2 F, H CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

E80T1-Ni1 F, H CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

E81T1-Ni1 F, H, V, OH CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

E80T1-Ni2 F, H CO DCEP  27 J @ -40 C (20 ft-lbf @ -40 F)2
o o

E81T1-Ni2 F, H, V, OH CO DCEP  27 J @ -40 C (20 ft-lbf @ -40 F)2
o o

E80T1-W F, H CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

E80T5-B2 F, H CO DCEP none specified2

E80T5-B2L F, H CO DCEP none specified2

E80T5-Ni1 F, H CO DCEP  27 J @ -51 C (20 ft-lbf @ -60 F)2
o o

E80T5-Ni2 F, H CO DCEP  27 J @ -60 C (20 ft-lbf @ -76 F)2
o o

E80T5-Ni3 F, H CO DCEP  27 J @ -73 C (20 ft-lbf @ -100 F)2
o o

E80T5-K1 F, H CO DCEP  27 J @ -40 C (20 ft-lbf @ -40 F)2
o o

E80T5-K2 F, H CO DCEP  27 J @ -29 C (20 ft-lbf @ -20 F)2
o o

 - Electrodes classified using the shielding gas listed shall not be used with any otherd

shielding gas mixture without first consulting the manufacturer.
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D��3URFHVV�3ULQFLSOHV��7KH�*DV�0HWDO�$UF�:HOGLQJ��*0$:���SURFHVV��FRPPRQO\�UHIHUUHG�WR�DV�³0,*´
�0HWDO�,QHUW�*DV��ZHOGLQJ��LV�YHU\�VLPLODU�WR�JDV�VKLHOGHG�IOX[�FRUHG�DUF�ZHOGLQJ��)&$:�*���DQG�XVHV�WKH
VDPH�HTXLSPHQW��*0$:�XVHV�D�VROLG�RU�PHWDO�FRUHG�HOHFWURGH��DQG�VXEVHTXHQWO\�OHDYHV�OLWWOH��LI�DQ\�
VODJ��7KH�VKLHOGLQJ�JDV�XVHG�IRU�*0$:�PD\�EH�FDUERQ�GLR[LGH��&2 ���RU�D�PL[WXUH�RI�DUJRQ��$U��DQG�
HLWKHU�&2 �RU�VPDOO�OHYHOV�RI�R[\JHQ��2���RU�ERWK��*0$:�LV�FRPPRQO\�DSSOLHG�LQ�RQH�RI�IRXU�ZD\V��VSUD\�
DUF�WUDQVIHU��JOREXODU�WUDQVIHU��SXOVHG�DUF�WUDQVIHU��DQG�VKRUW�DUF�WUDQVIHU�

����6SUD\�DUF�WUDQVIHU�XVHV�KLJK�ZLUH�IHHG�VSHHGV�DQG�UHODWLYHO\�KLJK�YROWDJHV��$�ILQH�VSUD\�RI
PROWHQ�GURSV��DOO�VPDOOHU�LQ�GLDPHWHU�WKDQ�WKH�HOHFWURGH�GLDPHWHU��LV�HMHFWHG�IURP�WKH�HOHFWURGH�WRZDUG
WKH�ZRUN��7KH�DUF�LQ�VSUD\�WUDQVIHU�LV�FRQWLQXRXVO\�PDLQWDLQHG��UHVXOWLQJ�LQ�KLJK�TXDOLW\�ZHOGV�ZLWK�JRRG
DSSHDUDQFH��7KH�VKLHOGLQJ�XVHG�IRU�VSUD\�DUF�WUDQVIHU�LV�FRPSRVHG�RI�DW�OHDVW�����DUJRQ��ZLWK�WKH
EDODQFH�PDGH�XS�RI�HLWKHU�FDUERQ�GLR[LGH�RU�R[\JHQ��7\SLFDO�PL[WXUHV�DUH�����DUJRQ�ZLWK�����&2 ��DQG�
����DUJRQ�ZLWK����R[\JHQ��%HFDXVH�RI�WKH�LQWHQVLW\�RI�WKH�DUF��SXGGOH�IOXLGLW\��DQG�ODFN�RI�VODJ�WR�KROG
WKH�PROWHQ�PHWDO�LQ�SODFH��VSUD\�DUF�LV�OLPLWHG�WR�WKH�IODW�DQG�KRUL]RQWDO�SRVLWLRQ�

����*OREXODU�WUDQVIHU�UHVXOWV�ZKHQ�KLJK�FRQFHQWUDWLRQV�RI�FDUERQ�GLR[LGH�DUH�XVHG��&DUERQ�GLR[LGH�
DV�DQ�DFWLYH�JDV�UDWKHU�WKDQ�LQHUW�JDV��PD\�EH�UHIHUUHG�WR�DV�³0$*´��0HWDO�$FWLYH�*DV��ZHOGLQJ��%HFDXVH
RI�WKH�KLJK�FRQFHQWUDWLRQ�RI�&2 ��WKH�DUF�HMHFWV�ODUJH�JOREXODU�SLHFHV�RI�PROWHQ�VWHHO�IURP�WKH�HQG�RI�WKH�
HOHFWURGH��UDWKHU�WKDQ�D�VSUD\��7KLV�PRGH�RI�WUDQVIHU�FDQ�UHVXOW�LQ�GHHS�SHQHWUDWLRQ��EXW�PD\�KDYH�SRRU
DSSHDUDQFH�ZLWK�UHODWLYHO\�KLJK�OHYHOV�RI�VSDWWHU��,W�LV�DOVR�OLPLWHG�WR�WKH�IODW�DQG�KRUL]RQWDO�SRVLWLRQV��
%HFDXVH�RI�WKH�ORZHU�FRVW�RI�&2 �VKLHOGLQJ�JDV��WKH�ORZHU�OHYHO�RI�KHDW�JHQHUDWHG��DQG�LQFUHDVHG�ZHOGHU�
FRPIRUW��JOREXODU�WUDQVIHU�PD\�EH�VHOHFWHG�LQ�SODFH�RI�VSUD\�WUDQVIHU�

����3XOVHG�DUF�WUDQVIHU�XVHV�D�EDFNJURXQG�FXUUHQW�WKDW�LV�FRQWLQXRXVO\�DSSOLHG�WR�WKH�HOHFWURGH��SOXV
D�SXOVLQJ�SHDN�FXUUHQW�DSSOLHG�DW�D�UDWH�SURSRUWLRQDO�WR�WKH�ZLUH�IHHG�VSHHG��(DFK�SXOVH�RI�FXUUHQW�HMHFWV
D�VLQJOH�GURSOHW�RI�PHWDO�IURP�WKH�HOHFWURGH��XVXDOO\�EHWZHHQ�����DQG�����WLPHV�SHU�VHFRQG��7KH�DUF�LV
PDLQWDLQHG�E\�WKH�ORZHU�EDFNJURXQG�FXUUHQW��3XOVHG�DUF�WUDQVIHU�FDQ�EH�XVHG�RXW�RI�SRVLWLRQ��ZLWK�EHWWHU
TXDOLW\�WKDQ�VKRUW�FLUFXLWLQJ�PRGH��,W�LV�QRW�DV�SURGXFWLYH�DV�VSUD\�WUDQVIHU�IRU�ZHOGLQJ�LQ�WKH�IODW�DQG
KRUL]RQWDO�SRVLWLRQV��:HOG�DSSHDUDQFH�DQG�TXDOLW\�DUH�JHQHUDOO\�JRRG��3XOVHG�DUF�WUDQVIHU�*0$:
HTXLSPHQW�LV�VRPHZKDW�PRUH�FRPSOH[�DQG�FRVWO\�WKDQ�VWDQGDUG�*0$:�HTXLSPHQW�

����6KRUW�FLUFXLWLQJ�WUDQVIHU��DOVR�FDOOHG�VKRUW�DUF��LV�VXLWDEOH�IRU�ZHOGLQJ�RQO\�RQ�WKLQ�JDXJH
PDWHULDOV��DQG�VKRXOG�QRW�EH�XVHG�IRU�VWUXFWXUDO�VWHHO��7KH�VPDOO�GLDPHWHU�HOHFWURGH�LV�IHG�DW�D�PRGHUDWH
ZLUH�IHHG�VSHHG�XVLQJ�UHODWLYHO\�ORZ�YROWDJH��7KH�HOHFWURGH�FRQWDFWV�WKH�ZRUNSLHFH��VKRUWLQJ�WKH�HOHFWULFDO
FLUFXLW��H[WLQJXLVKLQJ�WKH�DUF��UHVXOWLQJ�LQ�YHU\�KLJK�FXUUHQW�IORZLQJ�WKURXJK�WKH�HOHFWURGH��FDXVLQJ�LW�WR
KHDW�DQG�PHOW��$V�WKH�HOHFWURGH�PHOWV��WKH�DUF�LV�EULHIO\�UHHVWDEOLVKHG��7KLV�F\FOH�RFFXUV�XS�WR�����WLPHV
SHU�VHFRQG��FUHDWLQJ�D�FKDUDFWHULVWLF�EX]]LQJ�VRXQG��:LWK�VWUXFWXUDO�VWHHO��VLJQLILFDQW�IXVLRQ�SUREOHPV
VXFK�DV�FROG�ODS�PD\�UHVXOW��6KRUW�FLUFXLWLQJ�WUDQVIHU�SURYLGHV�D�ORZ�GHSRVLWLRQ�UDWH��EXW�FDQ�EH�XVHG�RXW
RI�SRVLWLRQ��:KLOH�*0$:�LV�FRQVLGHUHG�SUHTXDOLILHG�E\�$:6�D1.1��WKH�VKRUW�FLUFXLWLQJ�PRGH�RI�WUDQVIHU�
DEEUHYLDWHG�*0$:�6��LV�QRW��$OO�*0$:�6�ZHOGLQJ�SURFHGXUHV�PXVW�EH�TXDOLILHG�E\�WHVW�

E��)LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ��*0$:�HOHFWURGHV�DUH�FODVVLILHG�XQGHU
$:6�$�����IRU�FDUERQ�VWHHO�HOHFWURGHV��DQG�$:6�$�����IRU�ORZ�DOOR\�VWHHO�HOHFWURGHV��7KH�FODVVLILFDWLRQ
V\VWHPV�XVHG�IRU�*0$:�HOHFWURGHV�LQ�$:6�$�����DQG�$�����DUH�VXPPDUL]HG�LQ�7DEOHV�&����DQG�&����
�

����&ODVVLILFDWLRQ�WHVWLQJ�LV�XVXDOO\�SHUIRUPHG�XVLQJ�VSHFLILF�ZHOGLQJ�SURFHGXUHV�WKDW�XVH�&2�
VKLHOGLQJ�JDV��WKHUHIRUH�SURPRWLQJ�JOREXODU�WUDQVIHU��EXW�RWKHU�JDVHV��DQG�WKHUHIRUH�WUDQVIHU�PRGHV��PD\
EH�VSHFLILHG�
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����0HWDO�FRUHG�HOHFWURGHV��SUHYLRXVO\�FODVVLILHG�DV�)&$:�HOHFWURGHV��DUH�QRZ�OLVWHG�LQ�ERWK�$����
DQG�$������*0$:�ZLWK�PHWDO�FRUHG�HOHFWURGHV�LV�VLPLODU�WR�)&$:��ZLWK�D�WXEXODU�HOHFWURGH��EXW�WKH�FRUH
FRQWDLQV�PHWDOOLF�SRZGHUV��DOOR\��UDWKHU�WKDQ�IOX[�PDWHULDOV��0HWDO�FRUHG�HOHFWURGHV�UHTXLUH�OHVV�FXUUHQW�WR
REWDLQ�WKH�VDPH�GHSRVLWLRQ�UDWHV��KDYH�EHWWHU�WROHUDQFH�IRU�PLOO�VFDOH�DQG�UXVW��DQG�ZKHQ�XVHG�RXW�RI�
SRVLWLRQ��DUH�OHVV�OLNHO\�WR�FROG�ODS��0HWDO�FRUHG�HOHFWURGHV�W\SLFDOO\�SURYLGH�KLJKHU�GHSRVLWLRQ�UDWHV
EHFDXVH�KLJKHU�FXUUHQWV�PD\�EH�XVHG�WKDQ�ZLWK�VROLG�ZLUH�HOHFWURGHV��:HOG�DSSHDUDQFH�LV�W\SLFDOO\�YHU\
JRRG��DQG�WKH�ZHOG�LV�HVVHQWLDOO\�IUHH�RI�VODJ��7KH�FRQVLVWHQF\�RI�PHFKDQLFDO�SURSHUWLHV�LV�W\SLFDOO\�EHWWHU
ZLWK�PHWDO�FRUHG�HOHFWURGHV�WKDQ�ZLWK�VROLG�ZLUH�HOHFWURGHV�

����3URSHUWLHV�DQG�XVDJH�IRU�*0$:�HOHFWURGHV��XS�WR�����03D�����NVL���DUH�VXPPDUL]HG�LQ�7DEOHV
&����DQG�&�����)RU�KLJKHU�VWUHQJWK�HOHFWURGHV��VHH�$:6�$�����

�����F���$GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV��7KH�*DV�0HWDO�$UF�:HOGLQJ��*0$:��SURFHVV
RIIHUV�VHYHUDO�DGYDQWDJHV�RYHU�6KLHOGHG�0HWDO�$UF�:HOGLQJ��60$:���EXW�DOVR�KDV�VRPH�GLVDGYDQWDJHV
DQG�OLPLWDWLRQV�

����7KH�*0$:�HOHFWURGH�LV�FRQWLQXRXV��HOLPLQDWLQJ�WKH�QXPHURXV�VWDUWV�DQG�VWRSV�QHFHVVDU\�ZLWK
60$:�RQ�ORQJHU�DQG�ODUJHU�ZHOGV��

����,QFUHDVHG�GHSRVLWLRQ�UDWHV�DUH�SRVVLEOH�ZLWK�*0$:�EHFDXVH�WKH�FXUUHQW�FDQ  EH�KLJKHU�WKDQ
ZLWK�60$:��60$:�FXUUHQWV�DUH�OLPLWHG�E\�URG�KHDWLQJ�DQG�FRDWLQJ�EUHDNGRZQ�FRQFHUQV��:LWK�*0$:�
WKH�HOHFWURGH�LV�SDVVHG�WKURXJK�D�FRQWDFW�WLS�XVXDOO\����WR����PP������WR���LQ���IURP�WKH�HQG�RI�WKH
HOHFWURGH��PLQLPL]LQJ�WKH�EXLOGXS�RI�KHDW�IURP�HOHFWULFDO�UHVLVWDQFH��7KLV�HOHFWURGH�H[WHQVLRQ�GLVWDQFH�
FRPPRQO\�FDOOHG�³VWLFNRXW�´�YDULHV�IRU�HDFK�:36��DQG�PD\�EH�FRQVLGHUDEO\�KLJKHU��%RWK�IDFWRUV�SURYLGH
*0$:�DQ�HFRQRPLF�DGYDQWDJH�RYHU�60$:��

����7KH�QXPEHU�RI�DUF�VWDUWV�DQG�VWRSV��D�SRWHQWLDO�VRXUFH�RI�ZHOG�GLVFRQWLQXLWLHV��LV�DOVR�UHGXFHG�

����*0$:�HOHFWURGH�ZLUHV�GR�QRW�QHHG�KHDWHG�KROGLQJ�RYHQV��)RU�FULWLFDO�ZHOGV�UHTXLULQJ�YHU\�ORZ
K\GURJHQ�GHSRVLWV��*0$:�HOHFWURGH�ZLUHV�DUH�DYDLODEOH�LQ�WKH�ORZHVW�GLIIXVLEOH�K\GURJHQ�FDWHJRU\��+��

����*0$:�³RSHUDWRU�DSSHDO´�LV�XVXDOO\�KLJK�EHFDXVH�RI�JRRG�DUF�FRQWURO�DQG�OLWWOH�IXPH�JHQHUDWLRQ�

����%HFDXVH�QR�IOX[�LV�LQYROYHG��*0$:�LV�LQWROHUDQW�RI�KLJK�OHYHOV�RI�PLOO�VFDOH��UXVW��DQG�RWKHU
VXUIDFH�FRQWDPLQDQWV��DQG�LV�OLPLWHG�WR�ZHOGLQJ�RQ�UHODWLYHO\�FOHDQ�PDWHULDOV��&RPPRQO\��PLOO�VFDOH�PXVW
EH�UHPRYHG�E\�EODVW�FOHDQLQJ�RU�SRZHU�ZLUH�EUXVKLQJ�SULRU�WR�ZHOGLQJ�

����*0$:�LV�DOVR�VHULRXVO\�DIIHFWHG�E\�ZLQG�EHFDXVH�RI�WKH�UHPRYDO�RI�WKH�VKLHOGLQJ�JDV�IURP
DURXQG�WKH�ZHOG�SXGGOH��)RU�ILHOG�ZRUN��LW�LV�RIWHQ�QHFHVVDU\�WR�HUHFW�SURWHFWLYH�VKLHOGLQJ�IURP�ZLQG�WR
PDLQWDLQ�WKH�VKLHOGLQJ�JDV�DURXQG�WKH�PROWHQ�ZHOG�SXGGOH��6XFK�VKLHOGLQJ�PD\�EH�H[SHQVLYH��WLPH�
FRQVXPLQJ��UHTXLUH�DGGLWLRQDO�YHQWLODWLRQ�IRU�WKH�ZHOGHU��DQG�FRQVWLWXWH�D�ILUH�KD]DUG��)RU�VKRS
IDEULFDWLRQ��ZLQG�LV�OHVV�RI�D�SUREOHP�WKDQ�XQGHU�ILHOG�FRQGLWLRQV��+RZHYHU��GUDIWV�IURP�GRRUZD\V�DQG
ZLQGRZV��IDQV�XVHG�WR�FRRO�SHUVRQQHO�DQG�SURYLGH�YHQWLODWLRQ��DQG�ZHOGLQJ�IXPH�H[KDXVW�HTXLSPHQW�FDQ
FUHDWH�XQDFFHSWDEOH�ZLQG�VSHHGV�WKDW�GHJUDGH�ZHOG�TXDOLW\�

����7KH�HTXLSPHQW�UHTXLUHG�IRU�*0$:�LV�PRUH�H[SHQVLYH�DQG�FRPSOLFDWHG�WKDQ�60$:��DQG�PRUH
GLIILFXOW�WR�PDLQWDLQ��7KLV�LQFUHDVHG�FRVW�LV�RIIVHW�E\�WKH�KLJKHU�SURGXFWLYLW\�OHYHOV�DFKLHYHG�XVLQJ�*0$:
FRPSDUHG�WR�60$:�

Table C-10. AWS A5.18 Classification System for Carbon Steel Electrodes for GMAWTable C-10. AWS A5.18 Classification System for Carbon Steel Electrodes for GMAW
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E XX C - X Y N HZ

E

R If used, designates that electrode may also be used as filler rod

XX Minimum Tensile Strength in units of 1 ksi (7 MPa)

S or C S = Solid wire

-

X
composite wire
    G = unspecified composition

Shielding gas used for classification testing
     C = CO2
     M = 75-80% Ar, balance CO2

N
applications

HZ
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal

    H2   = maximum 2 mL / 100 g deposited weld metal
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Table C-11. AWS A5.28 Classification System for Low Alloy Steel Electrodes forTable C-11. AWS A5.28 Classification System for Low Alloy Steel Electrodes for
GMAWGMAW

ER XX S - XXX  HZ
E XX C - XXX  HZ

E Electrode

R If used, designates that electrode may also be used as filler rod
for GTAW

XX Minimum Tensile Strength in units of 1 ksi (7 MPa)
     70 =  70 ksi  (480 MPa)
     80 =  80 ksi  (550 MPa)
     90 =  90 ksi  (620 MPa)
   100 = 100 ksi (690 MPa)
   110 = 110 ksi (760 MPa)
   120 = 120 ksi (830 MPa) 

S or C S = Solid wire
C = Composite (metal cored) wire

-

XXX Chemical composition of solid wire, or of weld deposit of
composite wire
     A  =  carbon-molybdenum steel
     B  =  chromium-molybdenum steel
     Ni =  nickel steel
     D  =  manganese-molybdenum steel
     1   =  other alloy steels
     G   = not specified    

HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal
    H2   = maximum 2 mL / 100 g deposited weld metal
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Table C-12. AWS A5.18 Carbon Steel Electrodes for GMAW Table C-12. AWS A5.18 Carbon Steel Electrodes for GMAW 
[480 MPa (70 ksi) only][480 MPa (70 ksi) only]

ElectrodeElectrode Testing ShieldingTesting Shielding PolarityPolarity CVN ToughnessCVN Toughness
GasGasdd

ER70S-2 CO DCEP  27 J @ -29 C2
o

(20 ft-lbf @ -20 F)o

ER70S-3 CO DCEP  27 J @ -18 C2
o

(20 ft-lbf @ 0 F)o

ER70S-4 CO DCEP not required2

ER70S-5 CO DCEP not required2

ER70S-6 CO DCEP  27 J @ -29 C2
o

(20 ft-lbf @ -20 F)o

ER70S-7 CO DCEP  27 J @ -29 C2
o

(20 ft-lbf @ -20 F)o

ER70S-G as agreed as agreed

E70C-3C CO DCEP  27 J @ -18 C2
o

(20 ft-lbf @ 0 F)o

E70C-3M 75-80% Ar, balance DCEP  27 J @ -18 C
CO (20 ft-lbf @ 0 F)2

o

o

E70C-6C CO DCEP  27 J @ -29 C2
o

(20 ft-lbf @ -20 F)o

E70C-6M 75-80% Ar, balance DCEP  27 J @ -29 C
CO (20 ft-lbf @ -20 F)2

o

o

E70C-G(X) as agreed as agreed

 - Electrodes classified using the shielding gas listed shall not be used with anyd

other shielding gas mixture without first consulting the manufacturer.

Note - E70C-GS(X) electrode is limited to single pass applications, and is not
prequalified.

Note - All above electrodes optionally available as H16, H8, and H4 for diffusible
hydrogen requirements.&$
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Table C-13. AWS A5.28 Low Alloy Steel Electrodes for GMAW Table C-13. AWS A5.28 Low Alloy Steel Electrodes for GMAW 
[to 550 MPa (80 ksi), Multipass Only][to 550 MPa (80 ksi), Multipass Only]

ElectrodeElectrode PolarityPolarity CVN ToughnessCVN ToughnessTesting ShieldingTesting Shielding
GasGasdd

ER70S-A1 Ar / 1-5% O DCEP not required2

ER70S-B2L Ar / 1-5% O DCEP not required2

E70C-B2L Ar / 1-5% O DCEP not required2

E70C-Ni2 Ar / 1-5% O DCEP  27 J @ -62 C2
o

(20 ft-lbf @ -80 F)o

ER80S-B2 Ar / 1-5% O DCEP not required2

ER80S-Ni1 Ar / 1-5% O DCEP  27 J @ -46 C2
o

(20 ft-lbf @ -50 F)o

ER80S-Ni2 Ar / 1-5% O DCEP  27 J @ -62 C2
o

(20 ft-lbf @ -80 F)o

ER80S-Ni3 Ar / 1-5% O DCEP  27 J @ -73 C2
o

(20 ft-lbf @ -100 F)o

ER80S-D2 CO DCEP  27 J @ -29 C2
o

(20 ft-lbf @ -20 F)o

E80C-B2 Ar / 1-5% O DCEP not required2

E80C-Ni1 Ar / 1-5% O DCEP  27 J @ -46 C2
o

(20 ft-lbf @ -50 F)o

E80C-Ni2 Ar / 1-5% O DCEP  27 J @ -62 C2
o

(20 ft-lbf @ -80 F)o

E80C-Ni3 Ar / 1-5% O DCEP  27 J @ -73 C2
o

(20 ft-lbf @ -100 F)o

 - Electrodes classified using the shielding gas listed shall not be used with anyd

other shielding gas mixture without first consulting the manufacturer.

Note - B3, B3L, B6, B8 and B9 classification electrodes are not prequalified
Note - All above electrodes optionally available as H16, H8, H4 and H2 for diffusible
hydrogen requirements.
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D���3URFHVV�3ULQFLSOHV��6XEPHUJHG�$UF�:HOGLQJ��6$:��XVHV�D�EODQNHW�RI�IXVLEOH�JUDQXODU�PDWHULDO
FDOOHG�IOX[�WR�VKLHOG�WKH�DUF�DQG�PROWHQ�PHWDO��7KH�DUF�LV�VWUXFN�EHWZHHQ�WKH�ZRUNSLHFH�DQG�D�EDUH�ZLUH�RU
FRPSRVLWH�HOHFWURGH��WKH�WLS�RI�ZKLFK�LV�VXEPHUJHG�LQ�WKH�IOX[��6LQFH�WKH�DUF�LV�FRPSOHWHO\�FRYHUHG�E\
IOX[��LW�LV�QRW�YLVLEOH�DQG�WKH�ZHOG�LV�PDGH�ZLWKRXW�WKH�IODVK��VSDWWHU��VSDUNV�DQG�VPRNH�FRPPRQ�IRU�WKH
RSHQ�DUF�SURFHVVHV�

����7KH�SURFHVV�LV�W\SLFDOO\�RSHUDWHG�DXWRPDWLF��RU�IXOO\�PHFKDQL]HG��DOWKRXJK�VHPLDXWRPDWLF
RSHUDWLRQ�LV�RIWHQ�XVHG��7KH�HOHFWURGH�LV�FRQWLQXRXVO\�IHG�IURP�D�FRLO�RU�VSRRO�WR�WKH�ZHOGLQJ�JXQ��ZKLFK
WUDYHOV�DW�D�SUHVHW�VSHHG�DORQJ�WKH�MRLQW��SUHFHGHG�E\�D�IOX[�GHSRVLWLRQ�V\VWHP��,Q�VHPLDXWRPDWLF
ZHOGLQJ��WKH�ZHOGHU�PRYHV�WKH�JXQ��XVXDOO\�HTXLSSHG�ZLWK�D�IOX[�IHHGLQJ�GHYLFH��DORQJ�WKH�MRLQW�E\�KDQG�

����)OX[�IHHG�PD\�EH�E\�JUDYLW\�IORZ�WKURXJK�D�QR]]OH�IURP�D�VPDOO�KRSSHU�DWRS�WKH�ZHOGLQJ�JXQ��RU
�LW�PD\�EH�WKURXJK�D�QR]]OH�WXEH�FRQQHFWHG�WR�DQ�DLU�SUHVVXUL]HG�IOX[�WDQN��)OX[�PD\�DOVR�EH�DSSOLHG�LQ
DGYDQFH�RI�WKH�ZHOGLQJ�RSHUDWLRQ��DKHDG�RI�WKH�DUF��IURP�D�KRSSHU�UXQ�DORQJ�WKH�MRLQW��0DQ\�IXOO\
PHFKDQL]HG�V\VWHPV�DUH�HTXLSSHG�ZLWK�YDFXXP�GHYLFHV�WR�SLFN�XS�WKH�IOX[�XQIXVHG�DIWHU�ZHOGLQJ�IRU
UHXVH�

����'XULQJ�ZHOGLQJ��WKH�KHDW�RI�WKH�DUF�PHOWV�VRPH�RI�WKH�IOX[�DORQJ�ZLWK�WKH�VWHHO�DQG�WKH�WLS�RI�WKH
HOHFWURGH��7KH�WLS�RI�WKH�HOHFWURGH�DQG�WKH�ZHOGLQJ�]RQH�DUH�DOZD\V�VKLHOGHG�E\�PROWHQ�IOX[��VXUURXQGHG
E\�D�OD\HU�RI�XQIXVHG�IOX[��$V�WKH�HOHFWURGH�SURJUHVVHV�DORQJ�WKH�MRLQW��WKH�OLJKWHU�PROWHQ�IOX[�ULVHV�DERYH
WKH�PROWHQ�PHWDO�LQ�WKH�IRUP�RI�D�VODJ��7KH�PROWHQ�VODJ�LV�D�JRRG�FRQGXFWRU�DQG�SURYLGHV�DQ�DGGLWLRQDO
SDWK�IRU�WKH�FXUUHQW��WKXV�JHQHUDWLQJ�DGGLWLRQDO�KHDW��7KH�ZHOG�PHWDO��KDYLQJ�D�KLJKHU�PHOWLQJ��IUHH]LQJ�
SRLQW��VROLGLILHV�ZKLOH�WKH�VODJ�DERYH�LW�LV�VWLOO�PROWHQ��7KH�VODJ�WKHQ�IUHH]HV�RYHU�WKH�QHZO\�VROLGLILHG�ZHOG
PHWDO��FRQWLQXLQJ�WR�SURWHFW�WKH�PHWDO�IURP�FRQWDPLQDWLRQ�ZKLOH�LW�LV�YHU\�KRW�DQG�UHDFWLYH�ZLWK
DWPRVSKHULF�R[\JHQ�DQG�QLWURJHQ��8SRQ�FRROLQJ�DQG�UHPRYDO�RI�DQ\�XQPHOWHG�IOX[�IRU�UHXVH��WKH�VODJ�LV
UHPRYHG�IURP�WKH�ZHOG��

����6HYHUDO�HOHFWURGHV�PD\�EH�XVHG�LQ�VHULHV�RU�SDUDOOHO��DQG�PXOWLSOH�EHDGV�FDQ�EH�SODFHG�ZKHQ
XVLQJ�VHSDUDWH�SRZHU�VXSSOLHV�IRU�HDFK�EHDG��3DUDOOHO�HOHFWURGH�6$:�XVHV�WZR�HOHFWURGHV�FRQQHFWHG
HOHFWULFDOO\�LQ�SDUDOOHO�WR�WKH�VDPH�SRZHU�VXSSO\��%RWK�HOHFWURGHV�DUH�IHG�E\�PHDQV�RI�D�VLQJOH�HOHFWURGH
IHHGHU��)RU�KHDW�LQSXW�FDOFXODWLRQ�SXUSRVHV��WKH�WRWDO�IRU�WKH�WZR�HOHFWURGHV�LV�XVHG��0XOWLSOH�HOHFWURGH
6$:�XVHV�DW�OHDVW�WZR�VHSDUDWH�SRZHU�VXSSOLHV�DQG�WZR�VHSDUDWH�ZLUH�GULYHV�WR�IHHG�WZR�HOHFWURGHV
LQGHSHQGHQWO\��7R�PLQLPL]H�WKH�SRWHQWLDO�LQWHUDFWLRQ�RI�PDJQHWLF�ILHOGV�EHWZHHQ�WKH�WZR�HOHFWURGHV�
W\SLFDO�6$:�VHWXSV�KDYH�WKH�OHDG�HOHFWURGH�RSHUDWLQJ�RQ�'&�FXUUHQW�ZKLOH�WKH�WUDLO�HOHFWURGH�LV�RSHUDWLQJ
$&�

����'&�DQG�$&�ZHOGLQJ�PDFKLQHV�RI�ERWK�FRQYHQWLRQDO�GURRSLQJ�YROWDJH�W\SH�RU�FRQVWDQW�SRWHQWLDO
W\SH�FDQ�EH�XVHG�IRU�6$:��:LWK�GURRSLQJ�YROWDJH��D�YROWDJH�VHQVLWLYH�UHOD\�DGMXVWV�WKH�ZLUH�IHHG�VSHHG
WR�PDLQWDLQ�WKH�GHVLUHG�DUF�YROWDJH��:LWK�FRQVWDQW�SRWHQWLDO�YROWDJH��WKH�DUF�OHQJWK�LV�VHOI�DGMXVWLQJ�
VLPLODU�WR�WKH�DFWLRQ�LQ�)&$:��:HOGLQJ�FXUUHQWV�W\SLFDOO\�UDQJH�IURP�����WR������DPSHUHV�

����)OX[�PXVW�EH�VWRUHG�VR�WKDW�LW�UHPDLQV�GU\��)OX[HV�LQ�RSHQ�RU�GDPDJHG�EDJV��RU�LQ�IOX[�KRSSHUV�
PD\�EHFRPH�FRQWDPLQDWHG�ZLWK�PRLVWXUH�IURP�WKH�DWPRVSKHUH��VR�H[SRVXUH�VKRXOG�EH�OLPLWHG��7KH
JXLGHOLQHV�RI�WKH�IOX[�PDQXIDFWXUHU��DV�ZHOO�DV�$:6�D1.1�6HFWLRQ��������UHJDUGLQJ�VWRUDJH�DQG�XVDJH�RI
WKH�IOX[�PXVW�EH�IROORZHG��:KHQ�QRW�LQ�XVH��IOX[�KRSSHUV�VKRXOG�EH�FRYHUHG�RU�RWKHUZLVH�SURWHFWHG�IURP
WKH�DWPRVSKHUH��

����%HFDXVH�XQPHOWHG�IOX[�GRHV�QRW�XQGHUJR�FKHPLFDO�FKDQJHV��LW�PD\�EH�UHFRYHUHG�IRU�IXWXUH
XVH��)OX[�UHFRYHU\�V\VWHPV�UDQJH�IURP�YDFXXP�UHFRYHU\�V\VWHPV�WR�VZHHSLQJ�ZLWK�EURRPV�DQG�SDQV�
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)OX[�FRQWDPLQDWLRQ�WKURXJK�FRQWDFW�ZLWK�RLO��PRLVWXUH��GLUW��VFDOH�RI�RWKHU�FRQWDPLQDQWV�PD\�RFFXU�
WKHUHIRUH�FDUH�LV�QHHGHG��6RPH�ORVV�RI�ILQH�SDUWLFXODWH�PDWWHU�PD\�DOVR�RFFXU�ZLWK�IOX[�UHFRYHU\�
WKHUHIRUH�EOHQGLQJ�UHFODLPHG�IOX[�ZLWK�QHZ�IOX[�LV�UHTXLUHG�

E���)LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ��6XEPHUJHG�$UF�:HOGLQJ��6$:��ILOOHU
PDWHULDOV��WKH�HOHFWURGHV�DQG�IOX[HV��DUH�FODVVLILHG�XQGHU�$:6�$�����IRU�FDUERQ�VWHHO�HOHFWURGHV�DQG
IOX[HV��DQG�$:6�$�����IRU�ORZ�DOOR\�VWHHO�HOHFWURGHV�DQG�IOX[HV��%HFDXVH�6$:�LV�GHSHQGHQW�XSRQ�ERWK
FRPSRQHQWV��IOX[�DQG�HOHFWURGH��WKH�FODVVLILFDWLRQ�V\VWHP�LQWHJUDWHV�ERWK�PDWHULDOV��$IWHU�DQ�HOHFWURGH
DQG�IOX[�FRPELQDWLRQ�LV�VHOHFWHG�DQG�D�WHVW�SODWH�ZHOGHG��WKH�IOX[�HOHFWURGH�FODVVLILFDWLRQ�PD\�EH
HVWDEOLVKHG��6SHFLPHQV�DUH�H[WUDFWHG�IURP�WKH�ZHOG�GHSRVLW�WR�REWDLQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH
IOX[�HOHFWURGH�FRPELQDWLRQ��ZKLFK�PXVW�PHHW�VSHFLILF�FRPSRVLWLRQDO�DQG�PHFKDQLFDO�SURSHUW\
UHTXLUHPHQWV��

����7KH�FODVVLILFDWLRQ�V\VWHPV�IRU�6$:�DUH�VXPPDUL]HG�LQ�7DEOHV�&����DQG�&����IRU�$:6�$����
PDWHULDOV��DQG�7DEOH�&����IRU�$:6�$�����PDWHULDOV��/RZ�DOOR\�VWHHO�6$:�HOHFWURGHV�DQG�IOX[HV
FODVVLILHG�XQGHU�$:6�$�����KDYH�D�PRUH�FRPSOH[�FODVVLILFDWLRQ�V\VWHP��EHFDXVH�RI�WKH�YDULHW\�RI�DOOR\V
WKDW�PD\�EH�LQYROYHG��DQG�EHFDXVH�WKH�FRPSRVLWLRQ�RI�ERWK�WKH�HOHFWURGH�DQG�WKH�UHVXOWDQW�ZHOG�PHWDO
PXVW�EH�VSHFLILHG�

����%HFDXVH�WKH�VXEPHUJHG�DUF�ZHOGLQJ�SURFHVV�LV�IUHTXHQWO\�XVHG�IRU�SUHVVXUH�YHVVHO�IDEULFDWLRQ
ZKHUH�DVVHPEOLHV�DUH�VWUHVV�UHOLHYHG��PDQ\�VXEPHUJHG�DUF�PDWHULDOV�KDYH�EHHQ�FODVVLILHG�IRU�WKH�SRVW
ZHOG�KHDW�WUHDWHG��RU�VWUHVV�UHOLHYHG��FRQGLWLRQ��:KHQ�WKLV�LV�GRQH��D�³3´�LV�SODFHG�LQ�WKH�GHVLJQDWLRQ
UDWKHU�WKDQ�DQ�³$´��)RU�VWUXFWXUDO�ZRUN��ZKLFK�LV�VHOGRP�VWUHVV�UHOLHYHG��WKH�³$´�FODVVLILFDWLRQ�LV�FRPPRQO\
XVHG��)OX[�HOHFWURGH�FRPELQDWLRQV�FODVVLILHG�LQ�WKH�SRVW�ZHOG�VWUHVV�UHOLHYHG�FRQGLWLRQ�PD\�QRW�H[KLELW
QRWFK�WRXJKQHVV�ZKHQ�XVHG�LQ�WKH�DV�ZHOGHG�FRQGLWLRQ��WKHUHIRUH�LQYHVWLJDWLRQ�LQWR�ZHOG�PHWDO�SURSHUWLHV
LV�ZDUUDQWHG�ZKHQHYHU�WKH�ZHOG�ZLOO�EH�XVHG�GLIIHUHQWO\�WKDQ�WKH�ILOOHU�PHWDO�FODVVLILFDWLRQ�FRQGLWLRQ�

����)OX[HV�DUH�PDQXIDFWXUHG�XVLQJ�RQH�RI�IRXU�EDVLF�SURFHVVHV��DQG�DUH�IXUWKHU�FODVVLILHG�DV
QHXWUDO��DFWLYH�RU�DOOR\�IOX[HV��EDVHG�XSRQ�WKHLU�SHUIRUPDQFH�FKDUDFWHULVWLFV�GXULQJ�ZHOGLQJ��

����)XVHG�IOX[HV�DUH�PDGH�E\�EOHQGLQJ�GHR[LGL]LQJ�DQG�DOOR\LQJ�LQJUHGLHQWV��DV�QHFHVVDU\��DQG
WKHQ�KHDWLQJ�WKH�PL[WXUH�LQ�D�IXUQDFH�XQWLO�FRPSOHWHO\�PHOWHG��$�JODVV�OLNH�IXVHG�SURGXFW�LV�IRUPHG�DV�WKH
OLTXLG�LV�FRROHG�WR�DPELHQW�WHPSHUDWXUH��DQG�ODWHU�JURXQG�WR�WKH�VL]HV�UHTXLUHG�IRU�ZHOGLQJ��)XVHG�IOX[HV
DUH�QRQK\JURVFRSLF��PHDQLQJ�WKH\�ZLOO�QRW�DEVRUE�ZDWHU��EXW�PD\�EH�FRQWDPLQDWHG�E\�PRLVWXUH�RU�RWKHU
SURGXFWV�WKDW�DGKHUH�WR�WKH�RXWVLGH�RI�SDUWLFOHV��)XVHG�IOX[HV�DUH�QRW�VXEMHFW�WR�FKHPLFDO�VHJUHJDWLRQ
GXULQJ�UHXVH�EHFDXVH�WKH�FRPSOHWH�FRPSRVLWLRQ�LV�LQ�HDFK�SDUWLFOH�DQG�FDQQRW�EH�VHSDUDWHG��)XVHG
IOX[HV�PD\�KDYH�OHVV�WKDQ�GHVLUHG�DPRXQWV�RI�GHR[LGL]HU�DQG�IHUUR�DOOR\�LQJUHGLHQWV�EHFDXVH�RI�ORVVHV
WKDW�RFFXU�IURP�WKH�KLJK�WHPSHUDWXUHV�GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV��)XVHG�IOX[�SHUIRUPDQFH�FDQ�EH
LPSHGHG�E\�ORVV�RI�ILQHV�GXULQJ�UHF\FOLQJ��)XVHG�IOX[HV�ZLWK�WKH�UHTXLUHG�FKHPLFDO�FRPSRVLWLRQ�JHQHUDOO\
JLYH�WKH�EHVW�ORZ�K\GURJHQ�ZHOGLQJ�SHUIRUPDQFH�

����%RQGHG�IOX[HV�DUH�PDGH�E\�FRPELQLQJ�DOO�UHTXLUHG�FKHPLFDO�LQJUHGLHQWV�ZLWK�D�ELQGHU�DQG
EDNLQJ�WKH�SURGXFW�DW�ORZ�WHPSHUDWXUH�WR�IRUP�KDUG�JUDQXOHV��WKHQ�EURNHQ�XS�DQG�VFUHHQHG�IRU�VL]H�
%RQGHG�IOX[HV�FRQWDLQ�FKHPLFDOO\�ERQGHG�PRLVWXUH�DQG�FDQ�DEVRUE�PRLVWXUH�DV�ZHOO��%HFDXVH�WKH
SURGXFW�LV�EDNHG�DW�ORZ�WHPSHUDWXUH��GHR[LGL]HU�FRQWHQW�RU�DOOR\LQJ�HOHPHQWV�WKDW�FDQ�EH�DGGHG�DV�IHUUR�
DOOR\V�RU�DV�HOHPHQWDO�PHWDOV�DUH�QRW�D�SUREOHP�DV�ZLWK�IXVHG�IOX[HV��%RQGHG�IOX[HV�PD\�VHJUHJDWH
GXULQJ�XVH�DQG�UHXVH��DQG�JDVHV�PD\�EH�SURGXFHG�LQ�WKH�PROWHQ�VODJ�GXULQJ�ZHOGLQJ��%RQGHG�IOX[HV�WHQG
WR�EUHDN�GRZQ�GXULQJ�UHF\FOLQJ�DQG�LQFUHDVH�WKH�SHUFHQWDJH�RI�ILQHV�

����$JJORPHUDWHG�IOX[HV�DUH�VLPLODU�WR�ERQGHG�IOX[HV�LQ�WKHLU�PHWKRG�RI�PDQXIDFWXUH��H[FHSW�WKDW
WKH�ELQGHU�LV�D�FHUDPLF�PDWHULDO�WKDW�UHTXLUHV�EDNLQJ�DW�KLJKHU�WHPSHUDWXUHV��7KLV�PD\�OLPLW�GHR[LGL]HU�RU
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IHUUR�DOOR\�FRQWHQW�GXH�WR�KLJK�WHPSHUDWXUH�ORVVHV��$JJORPHUDWHG�IOX[HV�DUH�JHQHUDOO\�FRQVLGHUHG

����0HFKDQLFDOO\�PL[HG�IOX[HV�FDQ�EH�D�PL[WXUH�RI�DQ\�IOX[�W\SH�LQ�DQ\�GHVLUHG�SURSRUWLRQ��DUH
VXEMHFW�WR�VHJUHJDWLRQ��DQG�ZLOO�KDYH�WKH�DWWULEXWHV�RI�WKHLU�FRPSRQHQWV�

GHVFULSWLRQ�DQG�OLPLWDWLRQV�RI�WKHVHV�IOX[HV�LV�SURYLGHG�LQ�WKH�$QQH[HV�WR�WKH�$:6�$�����DQG�$�����ILOOHU
PHWDO�VSHFLILFDWLRQV�

PDQJDQHVH�DQG�VLOLFRQ�FRQWHQW��LV�UHODWLYHO\�XQDIIHFWHG�E\�FKDQJHV�LQ�ZHOGLQJ�SURFHGXUH�YDULDEOHV�
SULPDULO\�WKH�YROWDJH�WKDW�GHWHUPLQHV�DUF�OHQJWK��)RU�ERWK�DFWLYH�DQG�DOOR\�IOX[HV��WKH�ZHOG�PHWDO

�����$FWLYH�IOX[HV�KDYH�VPDOO�DGGLWLRQV�RI�PDQJDQHVH�DQG�VLOLFRQ��RU�ERWK��WR�KHOS�RIIVHW�WKH�HIIHFWV
RI�ZHOGLQJ�WKRXJK�PLOO�VFDOH�DQG�OLJKW�FRDWLQJV�RI�UXVW��:LWK�DFWLYH�IOX[HV��D�FKDQJH�LQ�DUF�YROWDJH�ZLOO

DUH�PRUH�UHVLVWDQW�WR�SRURVLW\�DQG�FUDFNLQJ�WKDQ�ZHOGV�PDGH�ZLWK�QHXWUDO�IOX[HV��DFWLYH�IOX[HV�DUH�RIWHQ
XVHG�LQ�PDNLQJ�VLQJOH�SDVV�ILOOHW�ZHOGV��$FWLYH�IOX[HV�LQWHQGHG�IRU�VLQJOH�SDVV�ILOOHW�ZHOGLQJ�VKRXOG�QRW�EH

FRPELQH�ZLWK�WKH�VDPH�HOHPHQWV�LQ�WKH�HOHFWURGH�WR�SURGXFH�ZHOG�PHWDO�ZLWK�XQDFFHSWDEOH�SURSHUWLHV�
7KH�FKHPLVWU\�PD\�EXLOG�WR�XQDFFHSWDEOH�OHYHOV�LQ�ODUJHU�PXOWLSDVV�ZHOGV��WKHUHIRUH�ZHOGLQJ�ZLWK�DFWLYH

ZLWK�ORZ�OHYHOV�RI�PDQJDQHVH�DQG�VLOLFRQ��:KHUH�DOO�PLOO�VFDOH�DQG�RWKHU�FRQWDPLQDQWV�DUH�UHPRYHG�SULRU
WR�ZHOGLQJ��WKH�VXUIDFH�FRQWDPLQDWLRQ�WROHUDQFH�RI�DFWLYH�IOX[HV�LV�QRW�QHHGHG��&RQWLQXHG�UHF\FOLQJ�RI

�����$OOR\�IOX[HV�FRQWDLQ�DOOR\V�LQWHQGHG�WR�LPSURYH�WKH�VWUHQJWK�RU�FRUURVLRQ�UHVLVWDQFH�RI�WKH�ZHOG
PHWDO��RU�ERWK��DQG�WKH�FRPSRVLWLRQ�RI�WKH�ZHOG�PHWDO�LV�KLJKO\�GHSHQGHQW�XSRQ�WKH�DOOR\�FRQWHQW�RI�WKH

PHFKDQLFDO�SURSHUWLHV�RI�WKH�ZHOG��$OOR\�IOX[HV��SURSHUO\�XVHG�ZLWK�FDUERQ�VWHHO�HOHFWURGHV��SURYLGH�D
ORZ�FRVW�PHWKRG�RI�SURGXFLQJ�FRUURVLRQ�UHVLVWDQW�ZHOG�PHWDO�IRU�MRLQLQJ�ZHDWKHULQJ�VWHHOV��8QOLNH�DFWLYH

LQ�WKH�DOOR\�FRQWHQW�

F���$GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV��9HU\�KLJK�FXUUHQWV�FDQ�EH�XVHG�LQ�VXEPHUJHG�DUF

DQG�GHHS�SHQHWUDWLRQ��7KH�VODJ�DERYH�WKH�PROWHQ�ZHOG�SXGGOH�DFWV�DV�DQ�LQVXODWLQJ�EODQNHW�
FRQFHQWUDWLQJ�KHDW�LQ�WKH�ZHOGLQJ�]RQH�DQG�SUHYHQWLQJ�UDSLG�HVFDSH�RI�KHDW��'HHS�SHQHWUDWLRQ�DOORZV�WKH

+LJK�WUDYHO�VSHHGV�UHGXFH�WKH�WRWDO�KHDW�LQSXW�LQWR�WKH�MRLQW��UHGXFLQJ�GLVWRUWLRQ�

����6$:�ZHOGV�JHQHUDOO\�KDYH�JRRG�GXFWLOLW\�DQG�WRXJKQHVV��DQG�D�XQLIRUP�EHDG�DSSHDUDQFH

UHGXFLQJ�FOHDQLQJ�DQG�VXUIDFH�SUHSDUDWLRQ�FRVWV��7KH�FRYHUHG�DUF�DOORZV�6$:�WR�EH�RSHUDWHG�ZLWKRXW�WKH
QHHG�IRU�H[WHQVLYH�VKLHOGLQJ�WR�SURWHFW�WKH�RSHUDWRUV�IURP�WKH�KLJK�LQWHQVLW\�DUF�FUHDWHG�E\�WKH�KLJK

SURWHFWLRQ�
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����7KH�6$:�SURFHVV�GRHV�QRW�DOORZ�WKH�RSHUDWRU�WR�REVHUYH�WKH�PROWHQ�ZHOG�SXGGOH��IRUFLQJ
UHOLDQFH�RQ�WKH�DSSHDUDQFH�RI�WKH�VODJ�EODQNHW�WR�LQGLFDWH�WKH�TXDOLW\�RI�WKH�ZHOG�EHDG��:KHQ�6$:�LV
SHUIRUPHG�VHPL�DXWRPDWLFDOO\��WKH�RSHUDWRU�PXVW�DFTXLUH�DQG�SUDFWLFH�D�WHFKQLTXH�WR�SURGXFH�JRRG
ZHOGV�ZLWKRXW�UHOLDQFH�XSRQ�DUF�DQG�ZHOG�EHDG�DSSHDUDQFH�
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Table C-14. AWS A5.17 Classification System for Carbon Steel Electrodes and
Fluxes for SAWFluxes for SAW

[US Customary Units]
FSXXX-ECXXX-HZ

Flux (virgin flux if not followed by S)

S

X Minimum tensile strength in units of 10 ksi (70 MPa)

7 = 70 ksi (480 MPa)

X
    A = tested as-welded
    P = tested after postweld heat treatment

Temperature in F at or above the impact strength meets or exceeds 20 ft-lbf (27 J)
    Z = no impact strength test required
    0 = tested at    0 C)o

    2 = tested at -20 F (-29o o

F (-40 C)o

    5 = tested at -50 C)o

    6 = tested at -60 F (-51o o

F (-62 C)o

-

Electrode

C
specified in A5.17. ECG does not have a specified chemistry. Either type must be
tested with a specific flux.

Manganese (Mn) content, % weight
    L = low Mn (0.25 - 0.60)

    H = high Mn (varies by classification, 1.30 low to 2.20 high)
    G = chemistry not specified

Number that makes up a part of the electrode classification system, indicating
chemistry in A5.17, Table 1. Generally, indicates nominal carbon content in

nominal carbon), 11,12, 13, 14, and 15.

X

-

HZ
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal

    H2   = maximum 2 mL / 100 g deposited weld metal
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Table C-15. AWS A5.17 Classification System for Carbon Steel Electrodes andTable C-15. AWS A5.17 Classification System for Carbon Steel Electrodes and
Fluxes for SAWFluxes for SAW 

[SI (Metric) Units]
FSXXX-ECXXX-HZ

F Flux (virgin flux if not followed by S)

S If present, flux is from crushed slag or blend of crushed slag and virgin flux.

X Minimum tensile strength in units of 10 MPa (1.45 ksi)
43 = 430 MPa (62 ksi)
48 = 480 MPa (70 ksi)

X Test condition of plates   
    A = tested as-welded
    P = tested after postweld heat treatment

X Temperature in C at or above the impact strength meets or exceeds 27 J (20 ft-lbf)o

    Z = no impact requirements
    0 = tested at    0 C   ( 32 F)o o

    2 = tested at -20 C   (  -4 F)o o

    3 = tested at -30 C   (-22 F)o o

    4 = tested at -40 C   (-40 F)o o

    5 = tested at -50 C   (-58 F)o o

    6 = tested at -60 C   (-76 F)o o

-

E Electrode

C If present, electrode is Composite electrode. Electrode EC1 meets a chemistry
specified in A5.17. ECG does not have a specified chemistry. Either type must be
tested with a specific flux.

X Manganese (Mn) content, % weight
    L = low Mn (0.25 - 0.60)
    M = medium Mn (varies by classification, 0.80 low to 1.50 high)
    H = high Mn (varies by classification, 1.30 low to 2.20 high)
    G = chemistry not specified

X Number that makes up a part of the electrode classification system, indicating
chemistry in A5.17, Table 1. Generally, indicates nominal carbon content in
hundredths of a percent. Listed classification numbers: 8 (indicating 0.08%
nominal carbon), 11,12, 13, 14, and 15.

X K indicates that the electrode was made from silicon-killed steel.

-
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HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal
    H2   = maximum 2 mL / 100 g deposited weld metal
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Table C-16. AWS A5.23 Classification System for Low Alloy Steel Electrodes andTable C-16. AWS A5.23 Classification System for Low Alloy Steel Electrodes and
Fluxes for SAW 

[US Customary Units]

F Flux

Minimum tensile strength in units of 10 ksi (70 MPa)
7 =   70 ksi (480 MPa)

     9 =   90 ksi (620 MPa)
   10 = 100 ksi (690 MPa)

Test condition of plates   
    A = tested as-welded

X Temperature in o

    Z = no impact strength test required
F (  -18 C)o

    2 = tested at   -20 C)o

    4 = tested at   -40 F (  -40o o

F (  -46 C)o

    6 = tested at   -60 C)o

    8 = tested at   -80 F (  -62o o

F (  -73 C)o

  15 = tested at -150 C)o

-

E

C If present, electrode is Composite electrode with composition per AWS A5.23

X Chemical composition of electrode (Table 1) or weld metal (Table 2)

    M  = carbon steel, medium Mn solid electrode (EM12K)
    A   = carbon-molybdenum weld metal

1

    Ni  = nickel

    M  = military
    W  = weathering  

XX Number (and letter, if needed) that makes up a part of the electrode classification

N Indicates that the electrode is intended for the core belt region of nuclear reactor

-

X
above
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N Indicates that the weld metal is intended for the core belt region of nuclear reactor
vessels, with limited chemistry for phosphorous, vanadium, and copper.

HZ Optional supplemental diffusible hydrogen designator
    H16 = maximum 16 mL / 100 g deposited weld metal
    H8   = maximum 8 mL / 100 g deposited weld metal
    H4   = maximum 4 mL / 100 g deposited weld metal  

 - B3, B4, B5, B6, B6H, B8 are not prequalified in AWS D 1.11
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D���3URFHVV�3ULQFLSOHV��*DV�7XQJVWHQ�$UF�:HOGLQJ��*7$:���DOVR�IUHTXHQWO\�FDOOHG�7,*��7XQJVWHQ
,QHUW�*DV��ZHOGLQJ��LV�GRQH�XVLQJ�WKH�KHDW�RI�DQ�DUF�EHWZHHQ�D�QRQ�FRQVXPDEOH�WXQJVWHQ�HOHFWURGH�DQG

H[WHUQDO�VKLHOGLQJ�JDV�RU�JDV�PL[WXUH��'LUHFW�FXUUHQW�HOHFWURGH�QHJDWLYH��'&(1���VWUDLJKW��SRODULW\�LV�XVHG
WR�SURGXFH�D�GHHS��QDUURZ��SHQHWUDWLRQ�ZKHQ�ZHOGLQJ�WKLFNHU�PDWHULDOV��'LUHFW�FXUUHQW�HOHFWURGH�SRVLWLYH

PHWDOV��$OWHUQDWLQJ�FXUUHQW��$&��LV�JHQHUDOO\�XVHG�IRU�ZHOGLQJ�DOXPLQXP�DQG�PDJQHVLXP�DOOR\V��$�KLJK
IUHTXHQF\�RVFLOODWRU�LV�XVXDOO\�LQFRUSRUDWHG�LQWR�*7$:�SRZHU�VXSSOLHV�WR�LQLWLDWH�WKH�DUF��7KLV�UHGXFHV

WXQJVWHQ�WR�WKH�EDVH�PHWDO��7KH�SURFHVV�PD\�EH�SHUIRUPHG�PDQXDOO\��EXW�PD\�DOVR�EH�XVHG�DV
DXWRPDWLF��7KH�WXQJVWHQ�HOHFWURGH�LQ�WKH�ZHOGLQJ�³WRUFK´�JHWV�YHU\�KRW�XQGHU�KLJK�GXW\�F\FOHV��WKHUHIRUH

GHSRVLWLRQ�UDWH�WKURXJK�WKH�XVH�D�FRQWLQXRXV�ILOOHU�PHWDO��VXSSOLHG�ZLWK�FXUUHQW�IURP�D�VHSDUDWH�SRZHU
VRXUFH��WR�SUHKHDW�WKH�ZLUH�XVLQJ�UHVLVWDQFH�KHDWLQJ�

ZHOGLQJ�WRUFK�DUH�FODVVLILHG�LQ�$:6�$����� Specification for Tungsten and Tungsten Alloy Electrodes for
��7KH�ILOOHU�PHWDO�XVHG��LI�DQ\��LV�URG�FODVVLILHG�IRU�*0$:�LQ�$:6�$�����RU

$������ZLWK�D�GHVLJQDWLRQ�(5�DW�WKH�EHJLQQLQJ��7XQJVWHQ�HOHFWURGHV�DUH�VXPPDUL]HG�LQ�7DEOH�&����

VSDWWHU��ZLWK�H[FHOOHQW�DUF�FRQWURO�WKDW�LV�YHU\�EHQHILFLDO�IRU�URRW�SDVVHV��,W�FDQ�EH�XVHG�RQ�PDWHULDO
WKLFNQHVVHV�WKDW�UDQJH�IURP�WKLQ�VKHHW�PHWDOV�XS�WR�PD[LPXP�RI�DERXW����PP������LQ����+RZHYHU�

ZHOGLQJ�SURFHVVHV��*DV�VKLHOGLQJ�LV�DOVR�FULWLFDO��DQG�ZLQG�VSHHGV�RYHU���NP�SHU�KRXU����PSK��FDXVH
TXDOLW\�DQG�PHFKDQLFDO�SURSHUW\�GHJUDGDWLRQ��*7$:��DV�DQ�XQIOX[HG�ZHOGLQJ�SURFHVV��DOVR�UHTXLUHV�YHU\
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Table C-17.  AWS A5.12 Classification System for Tungsten Electrodes for GTAW
(:;�;

( (OHFWURGH

: 7XQJVWHQ

;�; /HWWHU��DQG�RSWLRQDOO\��QXPEHU��GHVFULELQJ�W\SH�RI�WXQJVWHQ�HOHFWURGH
����3��� �SXUH�WXQJVWHQ
����&H� �WXQJVWHQ�FHVLXP�DOOR\
����/D�� �WXQJVWHQ�ODQWKDQXP�DOOR\
����7K�� �WXQJVWHQ�WKRULXP�DOOR\
����=U��� �WXQJVWHQ�]LUFRQLXP�DOOR\
����*��� �JHQHUDO��QRW�VSHFLILHG�
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D���3URFHVV�3ULQFLSOHV���(OHFWURVODJ�:HOGLQJ��(6:��LV�XVHG�IRU�ZHOGLQJ�WKLFN�VHFWLRQV��W\SLFDOO\����PP
WR�����PP����WR����LQ���LQ�WKLFNQHVV��IRU�VKRUW�WR�PRGHUDWH�OHQJWKV��7KH�SODWHV�WR�EH�MRLQHG�DUH�SRVLWLRQHG

���PP������WR�������LQ����GHSHQGLQJ�RQ�ZHOGLQJ�HTXLSPHQW�DQG�PDWHULDO�WKLFNQHVV��ZLWK�QR�HGJH
SUHSDUDWLRQ�JHQHUDOO\�UHTXLUHG��:DWHU�FRROHG�FRSSHU�VKRHV�DUH�SODFHG�RQ�HDFK�VLGH�RI�WKH�MRLQW��IRUPLQJ

XVHG��6KLHOGLQJ�RI�WKH�DUF�DQG�ZHOG�SRRO�LV�SURYLGHG�E\�WKH�DGGLWLRQ�RI�IOX[�LQWR�WKH�MRLQW�DV�ZHOGLQJ
SURJUHVVHV��7R�VWDUW�WKH�ZHOG��DQ�DUF�LV�VWUXFN�LQ�D�VXPS�DW�WKH�ERWWRP�RI�WKH�MRLQW��XQGHUQHDWK�D�GHSRVLW

7KH�DUF�LV�H[WLQJXLVKHG�E\�WKH�VODJ��EXW�WKH�IHG�HOHFWURGH�ZLUH�DQG�DGMDFHQW�EDVH�PHWDO�PHOWV�IURP�WKH
KHDW�JHQHUDWHG�E\�WKH�KLJK�HOHFWULFDO�UHVLVWDQFH�RI�WKH�VODJ��7KH�ZHOG�SURFHHGV�DV�PRUH�HOHFWURGH�LV�IHG

ZHOG�WHUPLQDWLRQ��%RWK�WKH�VWDUWLQJ�VXPS�DQG�ILQLVKLQJ�UXQ�RII�WDE�DUH�UHPRYHG�DIWHU�FRPSOHWLRQ�RI
ZHOGLQJ�

VSHFLILHG�LQ�$:6�$������Specification for Carbon and Low-Alloy Steel Electrodes and Fluxes for
��(OHFWURGH�ZLUHV�PD\�EH�HLWKHU�VROLG�RU�FRPSRVLWH��7KH�FODVVLILFDWLRQ�V\VWHP�LV

VXPPDUL]HG�LQ�7DEOH�&����

GHSRVLWLRQ�UDWHV��LQ�WKH�UDQJH�RI����NJ�����OE���SHU�KRXU��RIIHULQJ�FRQVLGHUDEOH�FRVW�DQG�WLPH�VDYLQJV�IRU
YHUWLFDO�ZHOGLQJ�RI�WKLFN�VWHHOV��7LPH�DQG�H[SHQVH�LV�DOVR�VDYHG�LQ�WKH�DYRLGDQFH�RI�MRLQW�SUHSDUDWLRQ�

GLVWRUWLRQ�XSRQ�FRPSOHWLRQ�

����(6:��LI�LQWHUUXSWHG�GXULQJ�ZHOGLQJ��FDQ�OHDYH�PDMRU�GLVFRQWLQXLWLHV�LQ�WKH�MRLQW�WKDW�DUH�GLIILFXOW

PD\�FDXVH�ORZ�WRXJKQHVV�SURSHUWLHV��DV�ZHOO�DV�PDNH�XOWUDVRQLF�WHVWLQJ�PRUH�GLIILFXOW��

����(6:�FDQ�EH�XVHG�IRU�MRLQWV�RYHU����PP������LQ���WKLFN��EXW�JHQHUDOO\�GRHV�QRW�EHFRPH�WKH�PRVW

LQFOXGLQJ�WKH�QXPEHU�RI�MRLQWV�WR�EH�ZHOGHG��(6:�LV�QRW�SUHTXDOLILHG�XQGHU�$:6�D1.1
TXDOLILFDWLRQ�WHVWLQJ�IROORZLQJ�$:6�D1.1
YHUWLFDO�UHTXLUH�VSHFLDO�VHWXSV�DQG�SURFHGXUHV��DOWKRXJK�(6:�KDV�EHHQ�SHUIRUPHG�DW�DQJOHV�WR���
GHJUHHV��
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Table C-18.  AWS A5.25 Classification System for Electrodes and Fluxes for ESWTable C-18.  AWS A5.25 Classification System for Electrodes and Fluxes for ESW

FESXX-XXX

FES Flux for Electroslag Welding 

X Minimum tensile strength in units of 10 ksi (70 MPa)
6 = 60 ksi (420 MPa)
7 = 70 ksi (480 MPa)

X Temperature in F at or above the impact strength meets or exceeds 15o

ft-lbf (20 J)
    Z = no impact strength test required
    0 = tested at    0 F (-18 C)o o

    2 = tested at -20 F (-29 C)o o

-

XXX Electrode classification used (EM5K-EW, for example), see AWS A5.25

&$
1&
(/
/(
'

Downloaded from http://www.everyspec.com



������������TI 809-26

&���0DUFK�������

��

D���3URFHVV�3ULQFLSOHV���(OHFWURJDV�:HOGLQJ��(*:��LV�YHU\�VLPLODU�WR�(OHFWURVODJ�:HOGLQJ��(6:���DQG
LV�XVHG�IRU�ZHOGLQJ�WKLFN�VHFWLRQV��W\SLFDOO\����PP�WR�����PP����WR����LQ���LQ�WKLFNQHVV��IRU�VKRUW�WR

RSHQLQJ�JDS�DW�WKH�MRLQW�LV�JHQHUDOO\�VHW�WR�DSSUR[LPDWHO\����PP������LQ����GHSHQGLQJ�RQ�ZHOGLQJ
HTXLSPHQW�DQG�PDWHULDO�WKLFNQHVV��ZLWK�QR�HGJH�SUHSDUDWLRQ�JHQHUDOO\�UHTXLUHG��:DWHU�FRROHG�FRSSHU

FXUUHQW�HOHFWURGH�QHJDWLYH��'&(1��FXUUHQWV�RI�����WR�����DPSHUHV�DUH�FRPPRQO\�XVHG��7KH�HOHFWURGH�LV
HLWKHU�D�VROLG�ZLUH��FRPSRVLWH��FRUHG��ZLUH��RU�D�IOX[�FRUHG�ZLUH�GHVLJQHG�IRU�(*:��)RU�VROLG�ZLUHV�

�RU�DQ�DUJRQ�&2 �PL[��
:KHQ�IOX[�FRUHG�ZLUHV�DUH�XVHG��WKH�VKLHOGLQJ�JDV�PD\�RU�PD\�QRW�EH�QHFHVVDU\��GHSHQGLQJ�XSRQ�WKH

ZHOG�SRRO�DQG�DOORZV�WKH�ZHOGLQJ�DUF�WR�VWDELOL]H�EHIRUH�UHDFKLQJ�WKH�DFWXDO�MRLQW��7KH�DUF�LV�PDLQWDLQHG�
DQG�WKH�IHG�HOHFWURGH�ZLUH�DQG�DGMDFHQW�EDVH�PHWDO�PHOWV�IURP�WKH�KHDW�JHQHUDWHG�E\�WKH�DUF��7KH�ZHOG

%RWK�WKH�VWDUWLQJ�VXPS�DQG�ILQLVKLQJ�UXQ�RII�WDE�DUH�UHPRYHG�DIWHU�FRPSOHWLRQ�RI�ZHOGLQJ�

E���)LOOHU�0HWDO�'HVLJQDWLRQ��6SHFLILFDWLRQ�DQG�&HUWLILFDWLRQ��)LOOHU�PDWHULDOV��HOHFWURGHV�DQG�IOX[HV
Specification for Carbon and Low-Alloy Steel Electrodes and

Electrogas Welding
FODVVLILFDWLRQ�V\VWHP�LV�VXPPDUL]HG�LQ�7DEOH�&����

F���$GYDQWDJHV��'LVDGYDQWDJHV�DQG�/LPLWDWLRQV��(OHFWURJDV�:HOGLQJ��(*:��SURYLGHV�YHU\�KLJK

YHUWLFDO�ZHOGLQJ�RI�WKLFN�VWHHOV��7LPH�DQG�H[SHQVH�LV�DOVR�VDYHG�LQ�WKH�DYRLGDQFH�RI�MRLQW�SUHSDUDWLRQ�
SUHKHDWLQJ�DQG�LQWHUSDVV�WHPSHUDWXUH�FRQWURO��DQG�LQWHUSDVV�FOHDQLQJ��7KH�MRLQW�LV�DOVR�IUHH�IURP�DQJXODU

����(*:��LI�LQWHUUXSWHG�GXULQJ�ZHOGLQJ��FDQ�OHDYH�PDMRU�GLVFRQWLQXLWLHV�LQ�WKH�MRLQW�WKDW�DUH�GLIILFXOW
WR�DFFHVV�DQG�UHSDLU��7KH�ODUJH�JUDLQ�VL]H�IURP�WKH�VXEVWDQWLDO�KHDW�LQSXW��DQG�VXEVHTXHQW�VORZ�FRROLQJ�

GLVDGYDQWDJH��FRPSDUHG�WR�(6:��RI�UHTXLULQJ�SURWHFWLRQ�RI�WKH�MRLQW�IURP�ZLQG�RYHU���NP�SHU�KRXU���
PSK��

HFRQRPLFDO�FKRLFH�XQWLO�D�WKLFNQHVV�RI�DURXQG����PP����LQ���LV�ZHOGHG��GHSHQGLQJ�XSRQ�VHYHUDO�IDFWRUV
LQFOXGLQJ�WKH�QXPEHU�RI�MRLQWV�WR�EH�ZHOGHG��(*:�LV�QRW�SUHTXDOLILHG�XQGHU�$:6� ��WKHUHIRUH
TXDOLILFDWLRQ�WHVWLQJ�IROORZLQJ�$:6� �6HFWLRQ���LV�UHTXLUHG��$QJOHV�EH\RQG����WR����GHJUHHV�IURP
YHUWLFDO�PD\�UHTXLUH�VSHFLDO�VHWXSV�DQG�SURFHGXUHV��&$
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Table C-19.  AWS A5.26 Classification System for Electrodes for EGW

(*;;;�;;;

(* (OHFWURJDV�:HOGLQJ�

; 0LQLPXP�WHQVLOH�VWUHQJWK�LQ�XQLWV�RI����NVL�����03D�
�� ����NVL������03D�
�� ����NVL������03D�

������� ����NVL������03D�

; 7HPSHUDWXUH�LQ� )�DW�RU�DERYH�WKH�LPSDFW�VWUHQJWK�PHHWV�RU�H[FHHGV����IW�OEI�����-�R

����=� �QR�LPSDFW�VWUHQJWK�WHVW�UHTXLUHG
������ �WHVWHG�DW����� )����� &�R R

������ �WHVWHG�DW���� )����� &�R R

; 6� �VROLG�ZLUH
7� �WXEXODU�ZLUH

�

;;; (OHFWURGH�FODVVLILFDWLRQ�XVHG��VHH�$:6�$����
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D��0HWKRG�'HVFULSWLRQ��9LVXDO�LQVSHFWLRQ��DV�D�IRUP�RI�QRQGHVWUXFWLYH�WHVWLQJ��LV�WKH�YLVXDO�REVHUYDWLRQ

WKH�ILUVW�QRQGHVWUXFWLYH�WHVWLQJ�PHWKRG�DSSOLHG��DQG�LI�WKH�LQVSHFWHG�LWHP�IDLOV�WR�PHHW�YLVXDO�FULWHULD�
PRUH�H[WHQVLYH�QRQGHVWUXFWLYH�WHVWLQJ�VKRXOG�QRW�EH�FRQGXFWHG�XQWLO�WKH�YLVXDO�FULWHULD�LV�VDWLVILHG�

DQG�RWKHU�HQKDQFHPHQWV��6XFK�LQVWUXPHQWV�WHQG�WR�GLVWRUW�WKH�SHUFHSWLRQ�RI�WKH�LQVSHFWRU��:KHQ�VXUIDFH
GLVFRQWLQXLWLHV�VXFK�DV�FUDFNV�DUH�VXVSHFWHG��WKH�XVH�RI�PDJQLI\LQJ�GHYLFHV�WR�IXUWKHU�LQYHVWLJDWH�WKH

����9LVXDO�LQVSHFWLRQ�LQFOXGHV�WKH�PHDVXUHPHQW�RI�WKH�ZRUN��ZKLFK�PD\�LQFOXGH�WKH�VPRRWKQHVV�RI
WKHUPDOO\�FXW�HGJHV��DQG�WKH�PHDVXUHPHQW�RI�URRW�RSHQLQJV��JURRYH�DQJOHV��ZHOG�VL]H��FRQYH[LW\�DQG

VXFK�DV�ZHOG�JDXJHV�DUH�UHTXLUHG�

E��$GYDQWDJHV�DQG�'LVDGYDQWDJHV�

DUF�VWULNHV��H[FHVVLYH�FRQYH[LW\��RYHUODS��WRH�FUDFNV��XQGHUVL]HG�ZHOGV��XQGHUFXW��VHDPV�DQG�ODPLQDWLRQV
DW�H[SRVHG�HGJHV��1RW�DOO�OLVWHG�GLVFRQWLQXLWLHV�DUH�VWUXFWXUDOO\�VLJQLILFDQW��EXW�WKH\�PD\�SURYLGH�LQGLFDWLRQ

����9LVXDO�LQVSHFWLRQ�FDQQRW�UHYHDO�VXEVXUIDFH�GLVFRQWLQXLWLHV�VXFK�DV�FUDFNV��LQFRPSOHWH�IXVLRQ�
VODJ�LQFOXVLRQV��LQFRPSOHWH�SHQHWUDWLRQ��EXULHG�ODPLQDWLRQV�RU�ODPHOODU�WHDULQJ��6HH�7DEOH�'����

VXUURXQGLQJ�KHDW�DIIHFWHG�]RQH��+$=��

�����7KH�FRVW�RI�YLVXDO�LQVSHFWLRQ�LV�XVXDOO\�OHVV��SHU�XQLW�OHQJWK�RI�ZHOG��WKDW�WKH�RWKHU�PHWKRGV�RI

UDWKHU�WKDQ�VLPSOH�YHULILFDWLRQ�PHDVXUHPHQWV�DQG�UHFRUGLQJ�RI�XQVDWLVIDFWRU\�ZRUNPDQVKLS�
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Table D-1. Visual Inspection

0RVW�$SSOLFDEOH $SSOLFDEOH /HDVW�$SSOLFDEOH

'
L
V
F
R
Q
W
L
Q
X
L
W
\

0LFURFUDFNV &UDWHU�&UDFNV /RQJLWXGLQDO�&UDFNV
6KULQNDJH�&DYLW\ *URXS�'LVFRQWLQXRXV 7UDQVYHUVH�&UDFNV
8QGHUFXW &UDFNV 5DGLDWLQJ�&UDFNV
([FHVVLYH %UDQFKLQJ�&UDFNV 8QLIRUP�3RURVLW\
5HLQIRUFHPHQW 6XUIDFH�3RUH /LQHDU�3RURVLW\
([FHVVLYH�&RQYH[LW\ &UDWHU�3LSH (ORQJDWHG�&DYLW\
([FHVVLYH�3HQHWUDWLRQ ,QFRPSOHWH�3HQHWUDWLRQ ³:RUP�+ROH´
0LVDOLJQPHQW 2YHUODS ,QFRPSOHWH�)XVLRQ
%XUQ�7KURXJK �����6LGHZDOO�RU�,QWHUSDVV�
8QGHUILOOHG�*URRYH ,QFRPSOHWH�)XVLRQ��5RRW�
,UUHJXODU�%HDG
5RRW�&RQFDYLW\
3RRU�5HVWDUW
0LVFHOODQHRXV�6XUIDFH
���'LVFRQWLQXLWLHV
�6SDWWHU��HWF��

-RLQW %RWK�6LGH�$FFHVV /DS��!����PP��!���LQ��
*HRPHWU\ 'RXEOH�9�*URRYH 2QH�6LGH�2QO\�$FFHVV

/DS������PP��������LQ�� /DS�������PP������������LQ�� /DS����������PP����������LQ��

6LQJOH�9�*URRYH
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���3(1(75$17�7(67,1*��37��

D��0HWKRG�'HVFULSWLRQ��3HQHWUDQW�WHVWLQJ��DOVR�FDOOHG�G\H�SHQHWUDQW�RU�OLTXLG�SHQHWUDQW�WHVWLQJ��LV�WKH
XVH�RI�D�OLTXLG�SHQHWUDWLQJ�G\H�WR�GHWHFW�GLVFRQWLQXLWLHV�DW�WKH�VXUIDFH�RI�D�ZHOG�RU�EDVH�PHWDO��7KH
SHQHWUDQW�LV�DSSOLHG�WR�WKH�VXUIDFH��DOORZHG�WR�UHPDLQ�RQ�WKH�VXUIDFH�IRU�D�VSHFLILHG�GZHOO�WLPH�WR
SHQHWUDWH�FUDFNV��SRUHV��RU�RWKHU�VXUIDFH�EUHDNLQJ�GLVFRQWLQXLWLHV��DQG�WKHQ�LV�FDUHIXOO\�UHPRYHG��$
GHYHORSHU�LV�WKHQ�DSSOLHG�WR�WKH�VXUIDFH��ZKLFK�GUDZV�WKH�SHQHWUDQW�RXW�RI�WKH�GLVFRQWLQXLWLHV��7KLV�OHDYHV
D�YLVLEOH�FRQWUDVWLQJ�LQGLFDWLRQ�LQ�WKH�GHYHORSHU��ZKLFK�LV�WKHQ�UHPRYHG�IRU�FORVHU�YLVXDO�H[DPLQDWLRQ�RI
WKH�DUHD�SURYLGLQJ�LQGLFDWLRQV��2QH�PHWKRG�RI�SHQHWUDQW�WHVWLQJ�XVHV�D�YLVLEOH�G\H��XVXDOO\�UHG���ZKLFK
FRQWUDVWV�ZLWK�WKH�GHYHORSHU��XVXDOO\�ZKLWH��7KH�VHFRQG�PHWKRG�XVHV�D�IORXUHVFHQW�G\H��YLVLEOH�XQGHU
XOWUDYLROHW�OLJKW��)ORXUHVFHQW�PHWKRGV�DUH�XVXDOO\�PRUH�VHQVLWLYH��EXW�UHTXLUH�D�GDUNHQHG�DUHD�IRU�WHVWLQJ��

E��$GYDQWDJHV�DQG�'LVDGYDQWDJHV��

����3HQHWUDQW�WHVWLQJ�LV�UHODWLYHO\�HFRQRPLFDO�FRPSDUHG�WR�XOWUDVRQLF�WHVWLQJ��DQG�HVSHFLDOO\
HFRQRPLFDO�ZKHQ�FRPSDUHG�WR�UDGLRJUDSKLF�WHVWLQJ�

����7HVWLQJ�PDWHULDOV�DUH�VPDOO��SRUWDEOH��DQG�LQH[SHQVLYH��ZLWK�QR�VSHFLDOL]HG�HTXLSPHQW�UHTXLUHG
XQOHVV�DQ�XOWUDYLROHW�OLJKW�LV�XVHG��

����$�UHODWLYHO\�VKRUW�SHULRG�RI�WUDLQLQJ�LV�QHFHVVDU\�IRU�WHFKQLFLDQV�ZKR�ZLOO�EH�SHUIRUPLQJ�37�

����37�FDQ�EH�SHUIRUPHG�UHODWLYHO\�TXLFNO\��GHSHQGLQJ�XSRQ�WKH�SHQHWUDQW�XVHG�DQG�WKH�UHTXLUHG
GZHOO�WLPH�

����$�GLVDGYDQWDJH�ZLWK�VRPH�SHQHWUDQWV�DQG�GHYHORSHUV�LV�WKH�VDIH�KDQGOLQJ�DQG�GLVSRVDO�RI�XVHG
OLTXLGV�DQG�FOHDQLQJ�UDJV�

����&OHDQLQJ�DIWHU�LQVSHFWLRQ�WR�UHPRYH�UHVLGXDO�SHQHWUDQW�DQG�GHYHORSHU�SULRU�WR�ZHOG�UHSDLUV�RU
WKH�DSSOLFDWLRQ�RI�FRDWLQJ�V\VWHPV�FDQ�VRPHWLPH�EH�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�

����5RXJK�VXUIDFH�FRQGLWLRQV��DQG�LUUHJXODU�SURILOH�FRQGLWLRQV�VXFK�DV�XQGHUFXW�DQG�RYHUODS��FDQ
VRPHWLPHV�SURYLGH�IDOVH�LQGLFDWLRQV�RI�ZHOG�WRH�FUDFNV�ZKHQ�FOHDQLQJ�LV�QRW�WKRURXJKO\�SHUIRUPHG��:HOG
VSDWWHU�FDQ�DOVR�PDNH�VXUIDFH�UHPRYDO�RI�WKH�SHQHWUDQW�PRUH�GLIILFXOW��

����37�FDQQRW�EH�SHUIRUPHG�ZKHQ�WKH�VXUIDFH�UHPDLQV�KRW��XQOHVV�VSHFLDO�KLJK�WHPSHUDWXUH�37
PDWHULDOV�DUH�XVHG��VR�ZDLWLQJ�WLPH�LV�VRPHWLPHV�QHFHVVDU\�ZLWK�37�WKDW�ZRXOG�QRW�EH�UHTXLUHG�ZLWK
PDJQHWLF�SDUWLFOH�WHVWLQJ�

����([LVWLQJ�FRDWLQJV�VKRXOG�EH�UHPRYHG�SULRU�WR�37�EHFDXVH�WKH�FRDWLQJ�PD\�EULGJH�QDUURZ
FUDFNV��SUHYHQWLQJ�WKH�HQWU\�RI�WKH�SHQHWUDQW�

����37�LV�HVSHFLDOO\�HIIHFWLYH�ZLWK�VPDOO�VXUIDFH�EUHDNLQJ�FUDFNV��VXFK�DV�WRH�FUDFNV��DQG�DOVR
VXUIDFH�EUHDNLQJ�SLSLQJ�SRURVLW\��FUDWHU�FUDFNV��ODPLQDWLRQV�DORQJ�H[SRVHG�HGJHV�DQG�MRLQW�SUHSDUDWLRQV�
DQG�RWKHU�VXUIDFH�GLVFRQWLQXLWLHV��

����37�LV�LQHIIHFWLYH�IRU�DQ\�GLVFRQWLQXLW\�EHORZ�WKH�VXUIDFH��VXFK�DV�EXULHG�FUDFNV��VODJ�LQFOXVLRQV�
ODFN�RI�IXVLRQ��RU�LQFRPSOHWH�SHQHWUDWLRQ��6HH�7DEOH�'���
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Table D-2. Penetrant Testing

0RVW�$SSOLFDEOH $SSOLFDEOH /HDVW�$SSOLFDEOH

'
L
V
F
R
Q
W
L
Q
X
L
W
\

5DGLDWLQJ�&UDFNV /RQJLWXGLQDO�&UDFNV 0LFURFUDFNV
6XUIDFH�3RUH? 7UDQVYHUVH�&UDFNV (ORQJDWHG�&DYLW\
&UDWHU�3LSH &UDWHU�&UDFNV ³:RUP�+ROH´
2YHUODS *URXS�'LVFRQWLQXRXV�&UDFNV
0LVFHOODQHRXV�6XUIDFH %UDQFKLQJ�&UDFNV
'LVFRQWLQXLWLHV 8QLIRUP�3RURVLW\
�6SDWWHU��HWF�� /LQHDU�3RURVLW\

6KLQNDJH�&DYLW\
,QFRPSOHWH�)XVLRQ
��6LGHZDOO�RU�,QWHUSDVV�
,QFRPSOHWH�)XVLRQ��5RRW�
,QFRPSOHWH�3HQHWUDWLRQ
8QGHUFXW
%XUQ�7KURXJK

-RLQW /DS�������PP������������LQ�� /DS��!����PP��!���LQ��
*HRPHWU\ %RWK�6LGH�$FFHVV 2QH�6LGH�2QO\�$FFHVV

/DS������PP��������LQ�� /DS����������PP����������LQ��

'RXEOH�9�*URRYH 6LQJOH�9�*URRYH
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���0$*1(7,&�3$57,&/(�7(67,1*��07��

D��0HWKRG�'HVFULSWLRQ��0DJQHWLF�SDUWLFOH�WHVWLQJ�XVHV�WKH�UHODWLRQVKLS�EHWZHHQ�HOHFWULFLW\�DQG
PDJQHWLVP�WR�LQGXFH�PDJQHWLF�ILHOGV�LQ�WKH�VWHHO��0DJQHWLF�SDUWLFOHV��FRPPRQO\�LQ�WKH�IRUP�RI�LURQ
SRZGHU�FRORUHG�IRU�EHWWHU�YLVLELOLW\��DUH�GXVWHG�RQWR�WKH�PDJQHWL]HG�VXUIDFH��&UDFNV�DQG�RWKHU
GLVFRQWLQXLWLHV�RQ�RU�QHDU�WKH�VXUIDFH�GLVWXUE�WKH�OLQHV�RI�PDJQHWLF�IRUFH��HVVHQWLDOO\�DFWLQJ�DV�SROHV�RI�D
PDJQHW��DWWUDFWLQJ�WKH�PDJQHWLF�SDUWLFOHV��$IWHU�WKH�DUHD�KDV�EHHQ�PDJQHWL]HG��WKH�SDUWLFOHV�DUH�DSSOLHG�
WKHQ�UHPRYHG�ZLWK�JHQWOH�GXVWLQJ�RU�DSSOLFDWLRQ�RI�DLU��3DUWLFOHV�DWWUDFWHG�WR�GLVFRQWLQXLWLHV�UHPDLQ�RQ�WKH
VXUIDFH�DW�WKH�GLVFRQWLQXLW\��DWWUDFWHG�WR�WKH�PDJQHWLF�SROHV��7KH�07�WHFKQLFLDQ�WKHQ�HYDOXDWHV�WKH
ORFDWLRQ�DQG�QDWXUH�RI�WKH�LQGLFDWLQJ�SDUWLFOHV��7LJKW�OLQHV�DUH�LQGLFDWLYH�RI�VXUIDFH�FUDFNV�RU�RWKHU
GLVFRQWLQXLWLHV��6XEVXUIDFH�FUDFNV�DQG�VODJ�LQFOXVLRQV�ZRXOG�VKRZ�D�EURDGHU�LQGLFDWLRQ��$�SHUPDQHQW
UHFRUG�RI�GHWHFWHG�GLVFRQWLQXLWLHV�FDQ�EH�PDGH�ZLWK�WKH�XVH�RI�WUDQVSDUHQW�DGKHVLYH�WDSH�RU�SKRWRJUDSK\�

����7KH�PDJQHWLF�ILHOGV�FDQ�EH�LQGXFHG�XVLQJ�HLWKHU�SURGV���ZKLFK�GLUHFWO\�PDJQHWL]H�WKH�VWHHO
WKURXJK�GLUHFW�FRQWDFW�ZLWK�WKH�VWHHO�DQG�WKH�LQGXFWLRQ�RI�FXUUHQW�IORZ�LQ�WKH�VWHHO��RU�ZLWK�D�\RNH��ZKLFK
GRHV�QRW�WUDQVIHU�HOHFWULFDO�FXUUHQW�EXW�SURYLGHV�PDJQHWLF�IOX[�EHWZHHQ�WKH�WZR�HOHPHQWV�RI�WKH�\RNH�

����07�HTXLSPHQW�PD\�EH�RSHUDWHG�HLWKHU�'&��UHFWLILHG�$&��RU�$&��'&�SURYLGHV�KLJKHU
PDJQHWL]DWLRQ�OHYHOV�ZKLFK�DOORZV�IRU�LQVSHFWLRQ�IRU�GLVFRQWLQXLWLHV�VRPHZKDW�EHORZ�WKH�VXUIDFH�
,QVSHFWLRQ�ZLWK�$&�LV�JHQHUDOO\�OLPLWHG�WR�VXUIDFH�EUHDNLQJ�DQG�YHU\�QHDU�VXUIDFH�GLVFRQWLQXLWLHV��DQG�LV
FRQVLGHUHG�PRUH�HIIHFWLYH�IRU�VXUIDFH�GLVFRQWLQXLWLHV�EHFDXVH�WKH�SDUWLFOHV�DUH�PRUH�PRELOH�

E��$GYDQWDJHV�DQG�'LVDGYDQWDJHV�

����07�LV�UHODWLYHO\�IDVW�DQG�HFRQRPLFDO�

����7KH�HTXLSPHQW�LV�UHODWLYHO\�LQH[SHQVLYH��FRPSDUHG�ZLWK�XOWUDVRQLF�RU�UDGLRJUDSKLF�HTXLSPHQW�

����$�VRXUFH�RI�HOHFWULF�SRZHU�LV�QHFHVVDU\�

����,QVSHFWLRQ�FRVWV�DUH�JHQHUDOO\�HTXDO�WR�RU�VOLJKWO\�PRUH�WKDQ�37��EXW�FRQVLGHUDEO\�OHVV�WKDQ�87
RU�57�

����0RUH�WUDLQLQJ�LV�QHFHVVDU\�IRU�07��FRPSDUHG�WR�37��EXW�VXEVWDQWLDOO\�OHVV�WKDQ�WKDW�UHTXLUHG�IRU
87�RU�57�

����07�FDQ�EH�SHUIRUPHG�HIIHFWLYHO\�ZKLOH�WKH�MRLQW�LV�VWLOO�ZDUP�IURP�ZHOGLQJ�RU�SRVWKHDWLQJ�

����$IWHU�LQVSHFWLRQ��UHPRYDO�RI�PDJQHWLF�SDUWLFOHV�LV�TXLFN�DQG�WKRURXJK��QRW�GHOD\LQJ�UHSDLUV�RU
DIIHFWLQJ�FRDWLQJ�DSSOLFDWLRQ��

����([LVWLQJ�FRDWLQJV�PD\�UHGXFH�WKH�HIIHFWLYHQHVV�RI�07�

���7KH�GHSWK�RI�LQVSHFWDELOLW\�GHSHQGV�XSRQ�WKH�HTXLSPHQW��VHOHFWLRQ�RI�FXUUHQW��DQG�WKH�W\SH�RI
SDUWLFOHV�XVHG��$OWKRXJK�RSLQLRQV�YDU\�DV�WR�WKH�PD[LPXP�GHSWK�WKDW�FDQ�EH�HIIHFWLYHO\�LQVSHFWHG�XVLQJ
07����PP�������LQ���LV�JHQHUDOO\�FRQVLGHUHG�WKH�GHHSHVW�GLVFRQWLQXLW\�WKDW�FDQ�EH�GHWHFWHG�XQGHU�JRRG
FRQGLWLRQV��

�����07�LV�HIIHFWLYH�IRU�GHWHFWLQJ�VXUIDFH�EUHDNLQJ�GLVFRQWLQXLWLHV�VXFK�DV�FUDFNV�DQG�ODPLQDWLRQV�
,W�LV�DOVR�HIIHFWLYH�IRU�FUDFNV��ODPLQDWLRQV��LQFRPSOHWH�IXVLRQ��VODJ�LQFOXVLRQV��DQG�LQFRPSOHWH�SHQHWUDWLRQ
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LI�VOLJKWO\�EHORZ�WKH�VXUIDFH��5RXQGHG�GLVFRQWLQXLWLHV�VXFK�DV�SRURVLW\�GR�QRW�GLVWXUE�WKH�PDJQHWLF�IOX[
OLQHV�VXIILFLHQWO\�WR�EH�HIIHFWLYHO\�GHWHFWHG��6HH�7DEOH�'����

Table D-3. Magnetic Particle Testing

0RVW�$SSOLFDEOH $SSOLFDEOH /HDVW�$SSOLFDEOH

' 7UDQVYHUVH�&UDFNV 8QLIRUP�3RURVLW\
L 5DGLDWLQJ�&UDFNV /LQHDU�3RURVLW\
V &UDWHU�&UDFNV (ORQJDWHG�&DYLW\
F *URXS�'LVFRQWLQXRXV�&UDFNV ³:RUP�+ROH´
R %UDQFKLQJ�&UDFNV %XUQ�7KURXJK
Q 6XUIDFH�3RUH 0LVFHOODQHRXV�6XUIDFH
W 6KULQNDJH�&DYLW\ 'LVFRQWLQXLWLHV
L &UDWHU�3LSH ����6SDWWHU��HWF��
Q ,QFRPSOHWH�)XVLRQ
X ����6LGHZDOO�RU�,QWHUSDVV�
L ,QFRPSOHWH�)XVLRQ��5RRW�
W ,QFRPSOHWH�3HQHWUDWLRQ
\ 8QGHUFXW

/RQJLWXGLQDO�&UDFNV 0LFURFUDFNV

2YHUODS

-RLQW %RWK�6LGH�$FFHVV /DS��!����PP��!���LQ��
*HRPHWU\ 'RXEOH�9�*URRYH 2QH�6LGH�2QO\�$FFHVV

/DS������PP��������LQ�� /DS�������PP������������LQ�� /DS����������PP����������LQ��

6LQJOH�9�*URRYH
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���8/75$621,&�7(67,1*��87��
�

D��0HWKRG�'HVFULSWLRQ��8OWUDVRQLF�WHVWLQJ�UHTXLUHV�VSHFLDOL]HG�HTXLSPHQW�WR�SURGXFH�DQG�UHFHLYH
SUHFLVH�XOWUDVRQLF�ZDYHV�LQGXFHG�LQWR�WKH�VWHHO�XVLQJ�SLH]RHOHFWULF�PDWHULDOV��7KH�XQLW�VHQGV�HOHFWULF
SXOVHV�LQWR�WKH�SLH]RHOHFWULF�FU\VWDO��ZKLFK�FRQYHUWV�HOHFWULFDO�HQHUJ\�LQWR�YLEUDWLRQ�HQHUJ\��7KH�YLEUDWLRQ
LV�WUDQVPLWWHG�LQWR�WKH�VWHHO�IURP�WKH�WUDQVGXFHU�XVLQJ�D�OLTXLG�FRXSODQW��7KH�YLEUDWLRQ�LV�LQWURGXFHG�LQWR
WKH�VWHHO�DW�D�NQRZQ�DQJOH��GHSHQGLQJ�XSRQ�WKH�GHVLJQ�RI�WKH�WUDQVGXFHU��ZLWK�D�NQRZQ�IUHTXHQF\�DQG
ZDYHIRUP��7KH�VSHHG�RI�WUDYHO�RI�WKH�YLEUDWLRQ�LQ�VWHHO�LV�DOVR�NQRZQ��7KH�YLEUDWLRQ�SXOVH�WUDYHOV�WKURXJK
WKH�VWHHO�XQWLO�LW�VWULNHV�D�GLVFRQWLQXLW\��RU�WKH�RSSRVLWH�IDFH�RI�WKH�VWHHO��HLWKHU�RI�ZKLFK�UHIOHFWV�HQHUJ\
EDFN�WR�WKH�WUDQVGXFHU�XQLW�RU�DQRWKHU�UHFHLYLQJ�WUDQVGXFHU��8VLQJ�D�V\VWHP�RI�FDOLEUDWLRQ�DQG
PHDVXUHPHQWV��WKH�ORFDWLRQ��UHODWLYH�VL]H�DQG�QDWXUH�RI�WKH�GLVFRQWLQXLW\��LI�DQ\��FDQ�EH�GHWHUPLQHG�E\
FORVH�HYDOXDWLRQ�RI�WKH�UHIOHFWHG�VLJQDOV��6PDOO�UHIOHFWLRQV�DUH�JHQHUDOO\�LJQRUHG��XQOHVV�ORFDWHG�LQ
VSHFLILF�UHJLRQV�VXFK�DV�DORQJ�HGJHV��/RFDWLRQV�RI�GLVFRQWLQXLWLHV�FDQ�EH�GHWHUPLQHG�XVLQJ�WKH�GLVSOD\
VFUHHQ�VFDOH�DQG�VLPSOH�JHRPHWU\��

����$:6�D1.1�6HFWLRQ����3DUW�)�SURYLGHV�WKH�87�LQVSHFWLRQ�SURFHGXUHV��LQFOXGLQJ�FDOLEUDWLRQ�
VFDQQLQJ�PHWKRGV��VFDQQLQJ�IDFHV��DQG�WUDQVGXFHU�DQJOHV��DQG�ZHOG�DFFHSWDQFH�FULWHULD��LQFOXGLQJ
UHIOHFWHG�VLJQDO�VWUHQJWK��GLVFRQWLQXLW\�OHQJWKV�DQG�ORFDWLRQV�IRU�ZHOG�GLVFRQWLQXLWLHV��5HSRUW�IRUPV�
JHQHUDOO\�KDQG�ZULWWHQ��DUH�SUHSDUHG�E\�WKH�87�WHFKQLFLDQ��UHFRUGLQJ�ZHOG�GLVFRQWLQXLWLHV�DQG�RWKHU
PDWHULDO�GLVFRQWLQXLWLHV�WKDW�H[FHHG�WKH�DFFHSWDQFH�FULWHULD�VSHFLILHG��

����0RUH�H[SHQVLYH�DQG�VRSKLVWLFDWHG�87�HTXLSPHQW�FDQ�EH�RSHUDWHG�LQ�GLJLWDO�PRGH��UHFRUGLQJ
DQG�SULQWLQJ�GLVSOD\�VFUHHQ�LPDJHV�ZLWK�LQSXW�GDWD��9HU\�VRSKLVWLFDWHG�DXWRPDWHG�87�HTXLSPHQW�FDQ
UHFRUG�WKH�WUDQVGXFHU�ORFDWLRQ�DQG�WKH�FRUUHVSRQGLQJ�UHIOHFWLRQV��WKHQ�XVH�FRPSXWHU�VRIWZDUH�V\VWHPV�WR
SURGXFH�UHSUHVHQWDWLYH�WZR�GLPHQVLRQDO�LPDJHV��IURP�YDULRXV�GLUHFWLRQV��RI�WKH�LQVSHFWHG�DUHD�DQG
GLVFRQWLQXLWLHV��6XFK�HTXLSPHQW�LV�UDUHO\�XVHG�LQ�QRUPDO�FRQVWUXFWLRQ�LQVSHFWLRQ�DSSOLFDWLRQV��EXW�LV
DYDLODEOH�DQG�VRPHWLPHV�XVHG�IRU�YHU\�FRPSOH[�DQG�FULWLFDO�LQVSHFWLRQV��

����(YHQ�ZLWK�FRQYHQWLRQDO�HTXLSPHQW��PRUH�FRPSOH[�LQVSHFWLRQ�PHWKRGV�FDQ�EH�XVHG�WR�ORFDWH�
HYDOXDWH�DQG�VL]H�ZHOG�GLVFRQWLQXLWLHV��7KHVH�WHFKQLTXHV�LQFOXGH�WLS�GLIIUDFWLRQ�DQG�WLPH�RI�IOLJKW
WHFKQLTXHV��DQG�FDQ�EH�LQFRUSRUDWHG�LQWR�SURMHFW�LQVSHFWLRQ�WKURXJK�WKH�XVH�RI�$:6�D1.1�$QQH[�.
SURYLVLRQV��$QQH[�.�UHTXLUHV�WKH�XVH�RI�ZULWWHQ�87�SURFHGXUHV�VSHFLILF�WR�WKH�DSSOLFDWLRQ��ZLWK
H[SHULHQFHG�DQG�TXDOLILHG�87�WHFKQLFLDQV�WHVWHG�LQ�WKH�XVH�RI�WKH�SURFHGXUHV��DQG�DOVR�SURYLGHV�IRU
DOWHUQDWH�DFFHSWDQFH�FULWHULD�LQ�OLHX�RI�WKH�WDEOHV�IRXQG�LQ�6HFWLRQ����3DUW�)�RI�$:6�D1.1��6XFK
SURYLVLRQV�DUH�QHFHVVDU\�ZKHQ�XVLQJ�PLQLDWXUH�WUDQVGXFHUV��DOWHUQDWH�IUHTXHQFLHV��RU�VFDQQLQJ�DQJOHV
RWKHU�WKDQ�WKRVH�SUHVFULEHG�

E��$GYDQWDJHV�DQG�'LVDGYDQWDJHV�

����8OWUDVRQLF�WHVWLQJ�LV�D�KLJKO\�VHQVLWLYH�PHWKRG�RI�1'7��DQG�LV�FDSDEOH�RI�GHWHFWLQJ�GLVFRQWLQXLW\
LQ�ZHOGV�DQG�EDVH�PHWDO�LQ�D�ZLGH�YDULHW\�RI�MRLQW�DSSOLFDWLRQV�DQG�WKLFNQHVVHV�

����$:6�D1.1�SURYLVLRQV�DUH�DSSOLFDEOH�IRU�WKLFNQHVV�UDQJHV�IURP���PP�������LQ���WR�����PP���
LQ���%RWK�WKLQQHU�DQG�WKLFNHU�PDWHULDOV�PD\�EH�H[DPLQHG�DQG�HYDOXDWHG�XVLQJ�87��EXW�$QQH[�.�PXVW�EH
XVHG�IRU�WHFKQLTXH�DQG�DFFHSWDQFH��

����$OWKRXJK�FDSDEOH�RI�ORFDWLQJ�GLVFRQWLQXLWLHV�DQG�PHDVXULQJ�GLVFRQWLQXLW\�OHQJWK��LW�LV�OHVV
FDSDEOH�RI�GLUHFWO\�VL]LQJ�GLVFRQWLQXLWLHV�RU�GHWHUPLQLQJ�GLVFRQWLQXLW\�KHLJKW�ZLWKRXW�WKH�XVH�RI�DGYDQFHG
WHFKQLTXHV�
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����$�SULPDU\�GLVDGYDQWDJH�RI�XOWUDVRQLF�WHVWLQJ�LV�WKDW�LW�LV�KLJKO\�GHSHQGHQW�XSRQ�WKH�VNLOO�RI�WKH
87�WHFKQLFLDQ��

����7KH�FRVW�RI�WKH�HTXLSPHQW�LV�FRQVLGHUDEO\�PRUH�WKDW�07��EXW�DOVR�PXFK�OHVV�WKDQ�57��7KH�FRVW
RI�PRUH�VRSKLVWLFDWHG�87�XQLWV�FDSDEOH�RI�FRPSXWHU�JHQHUDWHG�LPDJLQJ�DSSURDFKHV��DQG�VRPHWLPHV
H[FHHGV��WKH�FRVW�RI�57�HTXLSPHQW�

����87�LQGLFDWLRQV�DUH�GLIILFXOW�WR�LQWHUSUHW�LQ�FHUWDLQ�JHRPHWULF�DSSOLFDWLRQV��,W�LV�LQHIIHFWLYH�IRU�ILOOHW
ZHOGV�XQOHVV�YHU\�ODUJH��DQG�WKHQ�RQO\�IRU�WKH�URRW�DUHD�IRU�ILOOHW�ZHOGV�DERYH�DSSUR[LPDWHO\����PP�����
LQ����:KHQ�EDFNLQJ�EDUV�UHPDLQ�LQ�SODFH��LW�LV�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�EDFNLQJ�EDU�LQWHUIDFH
DQG�FUDFNV��VODJ�OLQHV��RU�ODFN�RI�SHQHWUDWLRQ�RU�IXVLRQ�DW�WKH�URRW��:LWK�SDUWLDO�MRLQW�SHQHWUDWLRQ�JURRYH
ZHOGV��LW�LV�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�XQIXVHG�URRW�IDFH�DQG�GLVFRQWLQXLWLHV�QHDU�WKH�URRW��,Q
ZHOGHG�EHDP�WR�FROXPQ�PRPHQW�FRQQHFWLRQV��WKH�LQWHUIHUHQFH�RI�WKH�ZHE�ZLWK�LQVSHFWLRQ�RI�WKH�ERWWRP
IODQJH�PDNHV�GLUHFW�HYDOXDWLRQ�RI�WKH�DUHD�EHQHDWK�WKH�ZHOG�DFFHVV�KROH�GLIILFXOW��6HFRQG�OHJ
LQVSHFWLRQV��QRW�DV�DFFXUDWH�RU�DV�UHOLDEOH�DV�ILUVW�OHJ�LQVSHFWLRQV��DUH�QHFHVVDU\�WR�HYDOXDWH�WKH�HQWLUH
GHSWK�RI�PDQ\�ZHOGV�XQOHVV�WKH�ZHOG�IDFH�LV�JURXQG�IOXVK��'LVFRQWLQXLWLHV�ORFDWHG�MXVW�EHORZ�WKH�ZHOG�RU
PDWHULDO�VXUIDFH�DUH�DOVR�GLIILFXOW�WR�GHWHFW�

����87�LV�EHVW�VXLWHG�IRU�SODQDU�GLVFRQWLQXLWLHV�VXFK�DV�FUDFNV�DQG�ODFN�RI�IXVLRQ��GLVFRQWLQXLWLHV
ZKLFK�DUH�JHQHUDOO\�PRVW�GHWULPHQWDO�WR�MRLQW�SHUIRUPDQFH�ZKHQ�RULHQWHG�WUDQVYHUVH�WR�WKH�GLUHFWLRQ�RI
ORDGLQJ��7KHVH�GLVFRQWLQXLWLHV�WHQG�WR�EH�LUUHJXODU�ZLWK�URXJK�VXUIDFHV��DQG�WKHUHIRUH�UHIOHFW�VLJQDOV�HYHQ
ZKHQ�QRW�H[DFWO\�SHUSHQGLFXODU�WR�WKH�GLUHFWLRQ�RI�WKH�SXOVH��/DPLQDWLRQV�DQG�ODPHOODU�WHDUV�DUH�DOVR
HDVLO\�GHWHFWHG��6PRRWK�VXUIDFHV��VXFK�DV�XQIXVHG�URRW�IDFHV��ZRXOG�UHGLUHFW�D�VLJQDO�DQG�SURYLGH�D
ZHDN�UHVSRQVH�XQOHVV�RULHQWHG�SHUSHQGLFXODU�WR�WKH�SXOVH��5RXQGHG�DQG�F\OLQGULFDO�GLVFRQWLQXLWLHV�VXFK
DV�SRURVLW\�GLVSHUVH�WKH�VLJQDO��DOVR�SURYLGLQJ�D�ZHDN�UHVSRQVH��EXW�VXFK�URXQGHG�GLVFRQWLQXLWLHV�DUH
UDUHO\�GHWULPHQWDO�WR�MRLQW�SHUIRUPDQFH��6ODJ�LQFOXVLRQV�DUH�LUUHJXODU�DQG�SURYLGH�HDVLO\�LGHQWLILDEOH
UHVSRQVHV��6HH�7DEOH�'���

����7KH�FRVW�RI�XOWUDVRQLF�WHVWLQJ�LV�FRQVLGHUDEO\�PRUH�WKDQ�37�RU�07��DQG�FRQVLGHUDEO\�OHVV�WKDQ
57��+RZHYHU��87�LV�WKH�EHVW�PHWKRG�IRU�GHWHFWLRQ�RI�WKH�PRVW�VHULRXV�ZHOG�GLVFRQWLQXWLHV�LQ�D�ZLGH
YDULHW\�RI�WKLFNQHVVHV�DQG�MRLQWV��7KH�WLPH��DQG�WKHUHIRUH�FRVW��RI�87�LQVSHFWLRQ�FDQ�YDU\�JUHDWO\�
GHSHQGLQJ�XSRQ�WKH�TXDOLW\�RI�WKH�ZHOG�WR�EH�LQVSHFWHG��$�JRRG�TXDOLW\�ZHOG�ZLOO�SURYLGH�IHZ�UHVSRQVHV�
UHTXLULQJ�OLWWOH�HYDOXDWLRQ�WLPH��$�GLIILFXOW�FRQILJXUDWLRQ��RU�D�SRRU�TXDOLW\�ZHOG��ZLOO�UHTXLUH�QXPHURXV
WLPH�FRQVXPLQJ�HYDOXDWLRQV�DQG�UHFRUGLQJ�RI�WHVW�GDWD�
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Table D-4. Ultrasonic Testing

0RVW�$SSOLFDEOH $SSOLFDEOH /HDVW�$SSOLFDEOH

'
L
V
F
R
Q
W
L
Q
X
L
W
\

/RQJLWXGLQDO�&UDFNV 7UDQVYHUVH�&UDFNV 0LFURFUDFNV
,QFRPSOHWH�)XVLRQ 5DGLDWLQJ�&UDFNV &UDWHU�&UDFNV
����6LGHZDOO�RU�,QWHUSDVV�� (ORQJDWHG�&DYLW\ *URXS�'LVFRQWLQXRXV�&UDFNV

6ROLG�,QFOXVLRQ %UDQFKLQJ�&UDFNV
6ODJ�RU�)OX[�,QFOXVLRQ 8QLIRUP�3RURVLW\
2[LGH�,QFOXVLRQ /LQHDU�3RURVLW\
0HWDOOLF�,QFOXVLRQ ³:RUP�+ROH´
,QFRPSOHWH�)XVLRQ��5RRW� 6XUIDFH�3RUH
,QFRPSOHWH�3HQHWUDWLRQ 6KULQNDJH�&DYLW\
%XUQ�7KURXJK &UDWHU�3LSH
,UUHJXODU�%HDG 8QGHUFXW
3RRU�5HVWDUW ([FHVVLYH�5HLQIRUFHPHQW

([FHVVLYH�&RQYH[LW\
([FHVVLYH�3HQHWUDWLRQ
2YHUODS
0LVDOLJQPHQW
8QGHUILOOHG�*URRYH
5RRW�&RQFDYLW\

-RLQW /DS�������PP������������LQ�� /DS��!����PP��!���LQ��
*HRPHWU\ %RWK�6LGH�$FFHVV 2QH�6LGH�2QO\�$FFHVV

/DS������PP��������LQ�� /DS����������PP����������LQ��

'RXEOH�9�*URRYH 6LQJOH�9�*URRYH
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���5$',2*5$3+,&�7(67,1*��57��

D��0HWKRG�'HVFULSWLRQ��5DGLRJUDSKLF�7HVWLQJ��57��XVHV�D�UDGLRDFWLYH�VRXUFH�DQG��W\SLFDOO\��D�ILOP
LPDJLQJ�SURFHVV�VLPLODU�WR�;�UD\�ILOP��7KH�ILOP�SURYLGHV�D�SHUPDQHQW�UHFRUG�RI�WKH�LQVSHFWLRQ��:KHQ�D
ZHOG�LV�H[SRVHG�WR�SHQHWUDWLQJ�UDGLDWLRQ��VRPH�UDGLDWLRQ�LV�DEVRUEHG��VRPH�VFDWWHUHG��DQG�VRPH
WUDQVPLWWHG�WKURXJK�WKH�ZHOG�RQWR�WKH�ILOP��,PDJH�4XDOLW\�,QGLFDWRUV��,4,V��DUH�XVHG�WR�YHULI\�WKH�TXDOLW\
DQG�VHQVLWLYLW\�RI�WKH�LPDJH��0RVW�FRQYHQWLRQDO�57�WHFKQLTXHV�LQYROYH�H[SRVXUHV�WKDW�UHFRUG�D
SHUPDQHQW�LPDJH�RQ�ILOP��DOWKRXJK�RWKHU�LPDJH�UHFRUGLQJ�PHWKRGV�DUH�DOVR�XVHG��5HDO�WLPH�UDGLRJUDSK\
XVHV�D�IOXRURVFRSH�WR�UHFHLYH�UDGLDWLRQ��WKHQ�SUHVHQWV�DQ�RQ�VFUHHQ�LPDJH�IRU�HYDOXDWLRQ��7KH�WZR�W\SHV
RI�UDGLDWLRQ�VRXUFHV�FRPPRQO\�XVHG�LQ�ZHOG�LQVSHFWLRQ�DUH�[�UD\�PDFKLQHV�DQG�UDGLRDFWLYH�LVRWRSHV��

����;�UD\V�DUH�SURGXFHG�E\�SRUWDEOH�XQLWV�FDSDEOH�RI�UDGLRJUDSKLQJ�UHODWLYHO\�WKLQ�REMHFWV��$�ODUJH
�����N9�;�UD\�XQLW�LV�FDSDEOH�RI�SHQHWUDWLQJ�DSSUR[LPDWHO\�����PP����LQ���RI�VWHHO��D�����N9�XQLW�WR���
PP����LQ����DQG�D�����N9�XQLW�WR����PP����LQ���RI�VWHHO��

����5DGLRLVRWRSHV�DUH�XVHG�WR�HPLW�JDPPD�UDGLDWLRQ��7KH�WKUHH�PRVW�FRPPRQ�57�LVRWRSHV�DUH
FREDOW�����FHVLXP������DQG�LULGLXP������&REDOW����FDQ�HIIHFWLYHO\�SHQHWUDWH�XS�WR�DSSUR[LPDWHO\�����PP
���LQ���RI�VWHHO��FHVLXP�����WR�����PP����LQ����DQG�LULGLXP�����WR����PP����LQ���RI�VWHHO�

E���$GYDQWDJHV�DQG�'LVDGYDQWDJHV�

����57�FDQ�GHWHFW�VXEVXUIDFH�SRURVLW\��VODJ��YRLGV��FUDFNV��LUUHJXODULWLHV��DQG�ODFN�RI�IXVLRQ��6HH
7DEOH�'���

����$FFHVVLELOLW\�WR�ERWK�VLGHV�RI�WKH�ZHOG�LV�UHTXLUHG�

����57�LV�OLPLWHG�WR�EXWW�MRLQW�DSSOLFDWLRQV�E\�$:6�D1.1��%HFDXVH�RI�WKH�FRQVWDQWO\�FKDQJLQJ
WKLFNQHVV�IRU�WKH�H[SRVXUH��57�LV�QRW�HIIHFWLYH�ZKHQ�WHVWLQJ�ILOOHW�ZHOGV�RU�JURRYH�ZHOGV�LQ�WHH�RU�FRUQHU
MRLQWV�

����7R�EH�GHWHFWHG��DQ�LPSHUIHFWLRQ�PXVW�EH�RULHQWHG�URXJKO\�SDUDOOHO�WR�WKH�UDGLDWLRQ�EHDP��$V�D
FRQVHTXHQFH��57�PD\�PLVV�ODPLQDWLRQV�DQG�FUDFNV�SDUDOOHO�WR�WKH�ILOP�VXUIDFH��%HFDXVH�WKH\�DUH�XVXDOO\
YROXPHWULF�LQ�FURVV�VHFWLRQ��GLVFRQWLQXLWLHV�VXFK�DV�SRURVLW\�RU�VODJ�DUH�UHDGLO\�GHWHFWHG��

����7KH�OLPLWDWLRQV�RQ�57�VHQVLWLYLW\�DUH�VXFK�WKDW�GLVFRQWLQXLWLHV�VPDOOHU�WKDQ�DERXW��ò�SHUFHQW�RI
WKH�PHWDO�WKLFNQHVV�PD\�QRW�EH�GHWHFWHG�

����7KH�UDGLRJUDSKLF�LPDJHV�SURYLGH�D�SHUPDQHQW�UHFRUG�IRU�IXWXUH�UHYLHZ��DQG�DLG�LQ
FKDUDFWHUL]LQJ�DQG�ORFDWLQJ�GLVFRQWLQXLWLHV�IRU�UHSDLU�

����57�LV�JHQHUDOO\�XQDIIHFWHG�E\�JUDLQ�VWUXFWXUH��SDUWLFXODUO\�KHOSIXO�ZLWK�(6:�DQG�(*:�ZHOGV�

����57�LV�D�SRWHQWLDO�UDGLDWLRQ�KD]DUG�WR�SHUVRQQHO��DQG�VWULFW�VDIHW\�UHJXODWLRQV�PXVW�EH�PRQLWRUHG
DQG�HQIRUFHG�

����7KH�FRVW�RI�UDGLRJUDSKLF�HTXLSPHQW��IDFLOLWLHV��VDIHW\�SURJUDPV��DQG�UHODWHG�OLFHQVLQJ�LV�KLJKHU
WKDQ�DQ\�RWKHU�1'7�SURFHVV�

�����7KHUH�LV�XVXDOO\�D�VLJQLILFDQW�ZDLWLQJ�WLPH�EHWZHHQ�WKH�WHVWLQJ�SURFHVV�DQG�WKH�DYDLODELOLW\�RI
UHVXOWV�
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Table D-5. Radiographic Testing

0RVW�$SSOLFDEOH $SSOLFDEOH /HDVW�$SSOLFDEOH

'
L
V
F
R
Q
W
L
Q
X
L
W
\

/RQJLWXGLQDO�&UDFNV 6XUIDFH�3RUH 0LFURFUDFNV
7UDQVYHUVH�&UDFNV 6KULQNDJH�&DYLW\ 2YHUODS
5DGLDWLQJ�&UDFNV &UDWHU�3LSH
&UDWHU�&UDFNV ,QFRPSOHWH�)XVLRQ
*URXS�'LVFRQWLQXRXV ����6LGHZDOO�RU�,QWHUSDVV�
&UDFNV 8QGHUFXW
%UDQFKLQJ�&UDFNV ([FHVVLYH�5HLQIRUFHPHQW
8QLIRUP�3RURVLW\ ([FHVVLYH�&RQYH[LW\
/LQHDU�3RURVLW\ ([FHVVLYH�3HQHWUDWLRQ
(ORQJDWHG�&DYLW\ %XUQ�7KURXJK
³:RUP�+ROH´ 8QGHUILOOHG�*URRYH
6ROLG�,QFOXVLRQ 5RRW�&RQFDYLW\
6ODJ�RU�)OX[�,QFOXVLRQ 0LVFHOODQHRXV�6XUIDFH�����������
2[LGH�,QFOXVLRQ �'LVFRQWLQXLWLHV��6SDWWHU��HWF��
0HWDOOLF�,QFOXVLRQ
,QFRPSOHWH�)XVLRQ��5RRW�
,QFRPSOHWH�3HQHWUDWLRQ

-RLQW %RWK�6LGH�$FFHVV /DS����������PP����������LQ��
*HRPHWU\ 'RXEOH�9�*URRYH /DS��!����PP��!���LQ��

/DS�������PP������������LQ�� /DS������PP��������LQ��

6LQJOH�9�*URRYH
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����27+(5�0(7+2'6��

%HFDXVH�RI�VHYHUH�OLPLWDWLRQV�LQ�DSSOLFDELOLW\��WKH�XVH�RI�HGG\�FXUUHQW��DFRXVWLF�HPLVVLRQ��RU�RWKHU
PHWKRGV�QRW�PHQWLRQHG�DERYH�LV�GLVFRXUDJHG�
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