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ACBEDGF�HIDGFJF�KML�N�OPN�DRQTSUDVFWF�XZY	[UDRN�N�K\H^]_Q`LWN�BZKaHZKMb`L�KMKcQ`]edcQgfhN�Q`LiQ`]kjWBIDGlGQTF�Q`mEBon�OPNpN�BZKcqaSIDRr`KMLJFJDRNsn
Q`]�tiO`[�YILJDGHIb`K`u�ACBZKvL�K\F�K\OPLJfwB�HIK\F�fhLJDRYxK\HyBZKMLJK\DGSyziO`F{fhQTSIHIXIfhN�K\H�XISIHZKML|N�BZKvFJXZmxKML�r}DVF�DRQTS~Q`]
j�LJQ`]�K\F�F�Q`LC��uI�^uId�uI��uI�iBIO`HZK\F�BIDVO�DVS|N�BIK�dcKMm	OPL�N�[^K\SoNCQ`]��vOPN�KMLJDGO`lGFa�gfMDRK\SIfhK3O`SIH&�=KMN�O`lGlGXZLJb`n`�
qaSIDRr`KMLJF�DGNsn�Q`]�tiO`[�YILJDVHZb`K`�ZYxKMNsz�KMK\S��6fhN�Q`YxKML��\�`�T�UO`SIHv�}KMmIN�K\[�YxKMLc�P�`�`�gu
��� fhKMmINpz�BZKML�KaO`f��gSZQ�zclRK\HZb`K\[^K\SoN�O`SEHUL�KM]_KML�K\SIfhK6DGFWF�m�K\fMDG�EfMO`lGlRn�[UO`HZK�N�Q�N�BZKcfhQTSoN�LJOPL�n`�gN�BIDVF

z�Q`L��&DGFM�	N�Q|N�BZK�YxK\F�NCQ`]W[�n��}SIQ�z�lRK\HIb`K`�	Q`LJDGbTDGSIO`leO`SIHvBIO`FcY�KMK\SvfMOPL�LJDRK\H=QTXZNaz�DRN�BZQTXZNcfhQTlGlGOPYxQP�
LJOPN�DRQTSeuW��K\DGN�BZKMLCN�BIDGFCN�BZK\F�DGFM�ISIQ`L�O`S�n�F�XIYEF�N�O`SoN�DGO`lGlRn�F�DG[UDGlVOPLiHEDGF�F�KML�N�OPN�DGQTS�BIO`F-YxKMK\S�Q`LcDVF-YxK\DGSZb
F�XZY	[UDRN�N�K\H&]_Q`L6O`S�n=HIKMb`L�KMK`�kHIDRmElRQT[$O�Q`LaQ`N�BIKML6�}XIO`lGDG�EfMOPN�DRQTS&OPN6O`S�n=Q`N�BZKML3XISIDRr`KMLJFJDRNsn`u�j"OPL�NaQ`]
N�BIDGFiz�Q`L���BIO`F-YxKMK\S�mEL�K\F�K\SoN�K\H&DGS{N�BZK3]_QTlGlRQ�z�DGSZb�mEXZY	lGDGfMOPN�DRQTSIF\�

� O`lVO`[��"��u���uR�"�iBIO`HZK\F�BIDVOg����u��^ued�u���u�O`SIH��vO`fM��O�n`��d�u" Zu�t¡uR�£¢�¤4¥§¦_¨U©`¥§¦«ªP¬­ª¯®U¨$°�±M²}©P¬I¦«±J©`³
´	µ ª ´ ° µ ¥§¦¶°4¤^ª¯®�®\° µ4µ ¦§¥§¦§±�¤h¥s°J°M³e·p°h³R¸¹¤hºa»C© µ ¥i¼T½{¾�¦¶°h³R¸{©P¬	¸{¥s°M¬Z¤w¦_³R°�¤h¥ µ °M¬o¿T¥_²��e�gfMDRK\SEfhK�O`SIH&A�K\fJBISZQTlR�
Q`b`n{Q`]"ÀÁK\lGHIDGSZb^O`SIHv `QTDGSIDVSZbZ�EÂeÃ�ÄkÅ��e�\Æ`Ç�È	�hÉo�o�e�P�`�`�gu

� O`lVO`[�����uk��uR�e�iBIO`HZK\FJBIDGOg�k��uk�^ukd�uk��ukO`SIHÁ�vO`fM��O\n`��d�uk Iu�tÊuR��¢i¤4¥§¦_¨U©`¥§¦§ª`¬~ª¯®�¨$°�±M²}©P¬I¦«±J©`³
´	µ ª ´ ° µ ¥§¦¶°4¤|ª¯®i®\° µ4µ ¦§¥§¦«±^¤h¥s°J°h³�·p°M³Ë¸P¤hºU»C© µ ¥-Ì}½�¢i³RªP¬o¿o©`¥§¦«ªP¬~©`¬	¸ÎÍ�²g© µ¶´�Ï ¥¶ªPÐT¿P²�¬x°4¤J¤4���gfMDRK\SEfhK�O`SEH
A�K\fJBISZQTlGQ`b`n�Q`]"ÀÁK\lGHEDGSZb^O`SIH= TQTDGSIDGSZbZ�EÂ�Ã�ÄxÅ��e�hÉ���È	�\ÑP�g�e�P�`�`�gu

� O`lVO`[��	��uI��uR�I��BEO`HZK\F�BIDGOg�I��uI�^uId�uE��uIO`SIH&�vO`fM��O\n`�xd�uE Zu	tÒuR�kÓZ²gª µ ¥-±wªP¨�¨�Ðg¬I¦«±J©T¥§¦§ªP¬�½|Ô�²g°
Õ µ Ð}¤M±J©`¥¶ªc®M©T±\¥¶ª µ ¦_¬Ö¥_²g°�¥s°M¨ ´ ° µ °M¨$× µ ¦_¥«¥§³G°h¨$°h¬	¥pª¯®3·p°M³Ë¸¹¤4���gfMDRK\SEfhK6O`SEH�A�K\fJBESZQTlRQ`b`n�Q`]�ÀÁK\lGHIDVSZb
O`SIH= TQTDGSIDGSIbZ�}O`fMfhKMmIN�K\H�O`SIH�N�Q$Y�K3m	XZYElGDGFJBZK\H$DGS{r`QTlVXI[^K�Âk�E�P�`�`�gu

� O`lVO`[�����u¹��uR�`�iBIO`HZK\F�BIDVOg�P��uP�^u¹d�uP��uPO`SIH��=O`fM��O\n`�od�u` ZuTt/uR��Ô�²Z°�Í�²}© µ¶´	Ï ¦�¨ ´ ©T±�¥�¥ µ ©P¬Z¤4¦_¥§¦«ªP¬
¥s°h¨ ´ ° µ ©T¥§Ð µ °i®Mª µ ¤MªP¨$°�®\° µ4µ ¦§¥§¦§±�¤h¥s°J°h³�·p°h³R¸¹¤w��ØcXIF�N�LJO`lGO`F�DGO`S{ÀÁK\lVHIDGSZb$ TQTXZLJSIO`l«�ZÙxÂx�	Æ`Æ�È}ÆT�o�k�P�`�`�gu

�}LJKMK��cOPLJFJBIO � O`lVO`[
�6fhN�Q`YxKMLc�P�`�`�
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ë z�QTXIlGH&lVDR�`K�N�Q�N�BIO`SZ��j�L�Q`]_K\F�F�Q`LaØ�ux��uEÀìDGSIHIlRK3]_Q`L�N�BIK�mIL�Q�r}DVF�DRQTS�Q`]�lGOPYxQ`LJOPN�Q`LJn�]§O`fMDGlGDGN�DRK\F
DGS�N�BZK^daKMmEOPL�N�[^K\SoN3Q`]��vOPN�KMLJDGO`lVF��gfMDRK\SIfhK�O`SIH1�=KMN�O`lGlGXZL�b`nvOPN3N�BZK^qcSIDGr`KMLJF�DRNín&Q`]itiO`[�YILJDVHZb`K`u
ë z�QTXIlGH�lVDR�`KÖN�Q/K � mILJK\F�F&[�nîF�DGSEfhKML�KÖb`LJOPN�DRN�XIHZKÁN�Qy[�nìF�XZmxKML�rgDGF�Q`L{j�L�Q`]_K\F�F�Q`L=��uC�^uCd�uC��u
�iBIO`HZK\F�BEDGO�]_Q`L�BIDVF3K\SIfhQTXZLJOPb`K\[UK\S�N^O`SIHÎDGSIF�mEDGLJOPN�DRQTSIO`l"bTXIDVHIO`SIfhKUN�BZLJQTXZbTBZQTXZN�N�BIDGF�z�Q`L���u&�cDVF
K\SoN�BoXIFJDGO`F�[ïO`SIH{K\SEfhQTXZLJOPb`K\[^K\SoNcBIO�r`K�YxKMK\S&O�b`L�K\OPNa[^Q`N�DRrPOPN�DRQTS�N�Q$[UK`u
ë O`[@K � N�L�K\[^K\lRn~b`LJOPN�KM]§XIl-N�Q�[�nð]�LJDGK\SIHIF^�&L�uyACBZQT[UO`FM�-�=L\u­�=DGbTXZK\l«�pdaL\uît-OPLJlRQTFM��dcL�u

ñ LJO`SEfMDGF�fMOg���=LJFMupdcQ`LJQ`N�B�n`�k�&L�uW�cDGL�QTF�BIDkO`SIH=dcL�uW��Q`Y	X&]_Q`LCN�BZK\DRL�BIK\lRm&O`SIH&XIF�KM]_XIlkHEDGF�fMXIF�FJDRQTSIF
HIXZLwDGSZb�N�BZK�fhQTXZLJF�K3Q`]"[�n�L�K\F�K\OPLJfwBku��=n�F�m�K\fMDVO`lxN�BIO`SZ�gF-N�Q|�vDGF�FMu�ò6DGf��}n{]�Q`LcBZKML�BZK\lRm�u
ë F�DGSIfhKML�K\lGnUN�BIO`SZ��[�n�BZQTXIF�K\[UOPN�K�t-BIO`SIHZLJO^�}KM�gBIOPLCO`SIH{[�n�tCt-Aîm	OPL�K\S�NCdaL\up�gLJDGHIBIOPLp]�Q`L

N�BZK\DRL�[UQ`LJO`l�F�XZmEm�Q`LJNaO`SIHÖK\SEfhQTXZLJOPb`K\[^K\SoN�HIXILJDGSZb{[�nÖF�N�O�nÖDVS�tiO`[�YELJDGHZb`K`u ë OPmImIL�K\fMDGOPN�K^N�BIK
]_LJDRK\SIHIFJBIDRmvFJBZQ�z�K\HÁY}n�jpBIO`F�KUA�LJO`SIF�]_Q`LJ[UOPN�DRQTSEF6b`L�QTXZm1[^K\[�YxKMLJFMu ë z�QTXIlGHÖlGDG�`K^N�Q�N�BIO`SZ�ÖdcL�u
ë fJBIDR�PO\ziO^]_Q`L�BIDGFiK\SoN�B}XIF�DGO`F�[óO`SIH&BZK\lRm�u
ACBEO`SZ�}FcO`lGF�Q�HIXZK�N�Q{[�n�]_LJDRK\SEHIFCDGS&[�n�YEO`fwBZK\lRQ`LJFaHZKMb`L�KMK�]�Q`LcN�BZK\DRLcK\SIfhQTXZLJOPb`K\[^K\SoNMu ë O`[

BIDRbTBElRn$b`LJOPN�KM]§XIl�N�Q$N�BZK^tiO`[�YELJDGHZb`K�t�QT[$[^QTS�z�K\O`lRN�BvA�LJXEF�NC]_Q`LcO$FJfJBZQTlGOPLwF�BIDRm&O`SIHÖt�QT[U[UDGN�N�KMK
Q`]�òaDGfhK4ÈofwBIO`SIfhK\lGlGQ`LJFCO`SIH�jWLJDGSIfMDRm	lRK\FW]_Q`La�6ô6��O\ziOPLJHku ë z�QTXIlGH{lGDR�`K3N�Q^N�BIO`SI���aOPN�DRQTSIO`lej�Q�zpKML\�
qa�õ]�Q`L�N�BZK\DRLC�ESEO`SIfMDGO`lxF�XZmImxQ`L�Ni]_Q`L�[�n�mEL�Q¹ö¯K\fhNMu
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ÀÁK\lGHIDVSZb/DGF�O/�`KMn�N�K\fJBISZQTlGQ`b`n
DGS�N�BZK1[UO`S}XZ]_O`fhN�XIL�K1Q`]�K\SZbTDGSZKMKMLJDVSZbðfhQT[Um�QTSIK\S�N�FvO`SIH�DGF{Q`]
mEOPL�N�DVfMXIlGOPL�DV[^mxQ`L�N�O`SIfhK$DGS�N�BZK|fhQTSoN�K � N^Q`]CF�N�KMK\lGFMu�ACBZK$fhQT[^m	lRK � DGNsnÁQ`]Cz�K\lGHIDGSIb=O`lGlRQ�n}F�BIO`F�DGS
N�BZK�mEO`F�N6mIL�KMr`K\SoN�K\H�N�BZK^HZKMr`K\lRQ`mE[UK\S�NaQ`]Wb`K\SZKMLwO`lGDGF�K\H�[^QgHZK\lGFafMOPmEOPYElRK�Q`]�bTDRrgDGSZb{�oXEO`S�N�DRN�OPN�DGr`K
K\F�N�DG[$OPN�K\F|Q`]�O`S�n}N�BIDGSZbÎQ`N�BZKML{N�BIO`S�N�BZKÖ[^QTF�N{F�DG[^mElGK=[^K\fJBEO`SIDGfMO`lcmIL�Q`mxKML�N�DRK\FMu ë N�BIO`F�YxKMK\S
mxQTF�F�DRY	lRK�DVS6N�BZK�mIL�K\F�K\SoNez�Q`L�����XIF�DVSZb-OCSZK\XZLJO`l`SIKMNsz�Q`L��6N�K\fJBISIDV�oXZK�zcDRN�BIDGS6OC�iO\n`K\FJDGO`S�]_LJO`[^KMz�Q`L��
DGS�fhQT[�Y	DGSIOPN�DRQTS{z�DGN�B$mEBongF�DGfMO`l	mIL�Q`mxKML�N�DRK\FM�}N�QUHZKMr`K\lRQ`m�O�F�KMN-Q`]�[^Q}HIK\lGFpHIK\O`lGDGSZb�z�DRN�B|N�BZK6n}DGK\lGH
F�N�L�K\SIb`N�Bk�oXIlGN�DG[UOPN�KCN�K\SIFJDGlRKCF�N�L�K\SIb`N�Bk��N�BZKaHIXIfhN�DGlVDRNsn�O`SIH$DG[UmEO`fhN�N�QTXZbTBISIK\F�F�Q`]kz�K\lGHU[^KMN�O`lVFWO`F�O
]§XISIfhN�DRQTS^Q`]kN�BIKcfJBIK\[UDGfMO`l�fhQT[^mxQTF�DRN�DRQTS|O`SIH$BZK\OPNpN�L�K\OPN�[^K\SoNMuWACBZKa[^QgHZK\lGF�OPL�KcYEO`F�K\H|QTS|O�r¹O`F�N
�}XIO`S�N�DGNsn�Q`]WmEXZY	lGDGF�BZK\H=K � mxKMLJDV[^K\S�N�O`l"HIOPN�O&z�BIDGfwBvz�KML�KUO`lGl"HIDGbTDRN�DGF�K\HÖO`SIHÖO`F�F�K\FJF�K\HÁ]_Q`L�[^Q}HIK\l
HZKMr`K\lRQ`m	[^K\S�NMu
�cK\XZLJO`liSZKMNízpQ`L��gF^OPL�K�XIF�K\H~DGSðfMDRLJfMXE[UF�N�O`SIfhK\F�z�BZKMLJK|N�BZK�fhQT[^m	lRK � DGNsn�DGF�HIDGû$fMXIlRN�N�Q1HIK\O`l

z�DRN�B�XIF�DGSZb�QTSElRn�FJfMDRK\S�N�DG�Ef^mILJDVSIfMDRmElRK\F\u ñ Q`L�N�BEDGF�F�O`[UKUL�K\O`F�QTSk�"N�BZK$N�LJO`DGSZK\HÎSZKMNsz�Q`L��gF�fMO`SISIQ`N
KMr`KML�YxKU]_XElGlRn=N�K\F�N�K\HðFJDGSIfhK$DRN�DGF�BEOPLJH1N�Q�DG[UOPbTDGSZK|BZQ�z�[�XElRN�DüÈ�]_QTlGH1DGSoN�KMLJO`fhN�DRQTSIF�YxKMNsz�KMK\S�N�BIK
DGSZm	XZN�F-fMO`S=O¹ýxK\fhNcN�BIK�QTXZN�fhQT[^K`u-�cKMr`KML�N�BZK\lRK\F�F\��O`SvOPN�N�K\[^mIN�ziO`F�[$O`HZK�N�Q|O`FJF�K\F�Fcz�BZKMN�BZKMLCN�BIK
SZKMNízpQ`L��gF�L�KMmIL�QgHIXIfhKcN�BZK��gSZQ�z�S�mEB�ngF�DGfMO`l	[^KMN�O`lGlGXIL�b`n`u ñ Q`LiK � O`[^m	lRK`�oN�BIKcKhýxK\fhNiQ`]�fMOPL�YxQTS|O`SEH
[UO`SZbTO`SIK\F�K$QTS�N�BZKUngDRK\lGHÁF�N�L�K\SIb`N�B1Q`]-lRQ�z-ÈoO`lGlRQ�nÖz�K\lGH�HIKMm�QTFJDRN�FMu ë S1O`lG[^QTF�N�O`lGl�fMO`F�K\F�fhQTSIF�DVHg�
KML�K\Hk�pN�BZK�SZKMNsz�Q`L��gFUfhQTXIlGH~YxK{F�BZQ�z�S~N�QÁL�K\fhQ`bTSIDGF�K��}SZQ�z�S~N�L�K\SIHEFM��N�OP�gDGSZbÁDGSoN�QÖO`fMfhQTXES�NUN�BIK
KML�L�Q`L�K\F�N�DG[UOPN�K\FMupÀ�BIKML�K�mxQTF�F�DRY	lRK`�oN�BIK�SZKMNsz�Q`L���mILJK\HIDGfhN�DRQTSIF�z�KML�K�fhQT[^m	OPL�K\H=OPbTO`DGSEF�NCmEBon}FJDGfMO`l
[^QgHZK\lGFMu ñ Q`LUK � O`[^mElRK`�pN�BZK�ngDRK\lGH~F�N�L�K\SZb`N�B~Q`]6fMOPL�YxQTS}Èo[UO`SIbTO`SZK\F�K�z�K\lGHIF^fMO`S/YxK{K\F�N�DG[UOPN�K\H
XIF�DVSZb�HIKM]�Q`LJ[$OPN�DRQTSÁN�BZKMQ`L�n���N�BEDGF6z�O`F�F�BZQ�zcSÁN�Q&fhQT[^mEOPL�K$zpK\lGl�OPbTO`DVSIF�N3mIL�K\HEDGfhN�DRQTSIF6XIF�DVSZb|N�BIK
SZK\XZLwO`l�SZKMNsz�Q`L���[UQ}HZK\lVFMu���Q�zpKMr`KML\��DVS�F�QT[^K�fMO`F�K\FM��F�XEfJB�O`F�z�BZK\SÎfhQTSIF�DGHIKMLJDGSZb�N�BZK|Khý�K\fhN�Q`]
N�XISZbTF�N�K\SÖQTSÁN�BZKUF�N�L�K\SIb`N�BÖQ`]�lRQ�ziÈoO`lGlRQ�n�F�N�KMK\l�zpK\lVHIFM�eDRN6ziO`F3KMr}DVHZK\S�N6N�BIOPN3N�BIKU[^Q}HIK\lGF6lGO`f��`K\H
�gSZQ�z�lGK\HZb`K$N�QÁF�XIfwBÎO`SÎK � N�K\S�N^O`F�N�QÖ[$OP�`K|N�BZK�mIL�K\HEDGfhN�DRQTSIF�XESZmEBon}F�DVfMO`l«u&ACBZK�F�DRN�XIOPN�DRQTS�z�O`F
fhQ`L�L�K\fhN�K\HvY}n{O`HEOPmIN�DGSZb$F�N�KMK\l�HIOPN�O$N�QUL�KMmIL�K\F�K\S�NczpK\lGHEFM�IO`SIH&N�BIK�L�K\F�XIlGN�DGSZb^[^QgHZK\lkziO`F�HZK\[^QTSZ�
F�N�LJOPN�K\H|N�Q�Y�K\BEO\r`KamIL�Q`mxKMLJlRn`u�ACBIDGFWK � O`[^m	lRK�DGlGlVXIF�N�LJOPN�K\F�N�BEOPNpN�BZKaSZKMNsz�Q`L��gFiF�BZQTXIlGH$SZQ`NWYxK�XIF�K\H
YElGDVSIHIlRn^YEXIN�LwOPN�BZKML�O`F�O`S=O`DGH�N�Q$HZK\FJDRbTSku
ACBIK�fhQT[�YEDVSZK\H&F�KMNCQ`]�[^QgHZK\lGF\�ZN�Q`b`KMN�BZKMLczcDRN�B{K � mxKMLJDGK\SIfhK3]�LJQT[¡mEBon}F�DVfMO`lk[^KMN�O`lGlGXZLJb`n`�IzpKMLJK

N�BZK\SðXIF�K\HÎN�QvmEL�Q`mxQTF�K|O�SZKMzþN�XESZbTF�N�K\S}ÈofhQTSoN�O`DGSIDGSIbvz�K\lGHIDGSIb=O`lGlRQ�nÁ]�Q`L�XIF�K�DGSÎfMDGLJfMXI[UF�N�O`SEfhK\F
z�BZKMLJKUmxQTF�NÿÈ�zpK\lVH1BZK\OPN�N�LJK\OPN�[^K\S�N�F�OPL�K$SIQ`N�mILJO`fhN�DVfMO`l«u|ACBEDGF6mIL�Q�r`K\H1N�Q=YxK$FJXIfMfhK\F�F�]§XIl�OPN�N�BIK
�ILJF�NiOPN�N�K\[UmINM�	F�XIYEF�K\�}XZK\S�N�lGn`�}N�BIK�[^Q}HIK\lGF-BIO\r`K�Y�KMK\S�XEF�K\H�F�XIfMfhK\F�F�]_XIlVlRnUY}n|Q`N�BZKMLwFCDGS�O^F�DG[$DGlGOPL
ziO\n`�EN�Q|DGS�r`K\SoNCz�K\lGHIDGSIb�O`lVlRQ�ngF-z�DRN�BIQTXZN-HZQTDGSZb^K � mxKMLJDG[^K\SoN�FMu

DRr
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Butt joint V − joint Double V− joint

L − joint Lap jointT− joint
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Matching welding

filler

PWHT

Low C ~ 0.06 wt%
Y

Hardenability
Z
B addition
[

High W
Z

V, Nb, B
\

2.25 Cr −1.6 W −0.1 Mo −0.25V −0.05 Nb − B

Fully tempered
]

bainitic structure
^

No Preheating or
_

Max. HV < 350
`

Weldability Toughness Creep strength

Precipitation strengthening 
a

Solution Strengthening 

0.06 C−
b
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