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ence of the tube, and both the measurement method 
DQG�WROHUDQFHV�DUH�GLIIHUHQW�IURP�WKRVH�IRU�FLUFXODULW\�LQ�
-$66���LQ�ZKLFK�WKH�SURYLVLRQV�FRQVLGHU�WKH�OLQHDU�PLV-
DOLJQPHQW�ZKLFK�RFFXUV�LQ�ZHOGV�DW�SLSH�MRLQWV�

7KLV� GLIIHUHQFH� EHFRPHV� SDUWLFXODUO\� ODUJH� LQ� ODUJH�
GLDPHWHU� SLSHV�� )RU� H[DPSOH�� LQ� -,6�� WKH� WROHUDQFH� IRU�
φ� ��� PP� LV� ��� PP� E\� FRQYHUVLRQ� RI� WKH� RXWHU�
diameter from the circumference, but in contrast, in 
-$66��� WKH� WROHUDQFH� LV� �� PP� VSHFL¿HG� DV� FLUFXODULW\��
7KXV��LQ�EXLOGLQJ�IUDPHV��FRQVLGHUDWLRQ�RI�-$66���ZKLFK�
UHTXLUHV�UHODWLYHO\�VWULFW�DFFXUDF\�FRQWURO��LV�GHPDQGHG�

2.4	 Development Targets

7KH�REMHFW�RI�WKLV�GHYHORSPHQW�ZDV�URXQG�VWHHO�SLSHV�
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VKRZQ�LQ�)LJ� ��D���,Q�KLJKHU�VWUHQJWK�VWHHOV��ORZ�<5�RI�
����RU�OHVV�FDQ�EH�DFKLHYHG�ZLWK���� 1�PP2 class steel 
�6$������ DQG� ����RU� OHVV� FDQ� EH� DFKLHYHG� ��� 1�PP2 
FODVV�VWHHO��ORZ�<5�+7�����-)(�+,7(1���7��E\�DSSO\-
ing a complex multi-stage heat treatment process that 
LQFOXGHV�LQWHU�FULWLFDO�UHKHDWHG�TXHQFKLQJ��4¶���DV�VKRZQ�
LQ� )LJ� ��E��� -)(� 6WHHO� KDV� REWDLQHG� FHUWL¿FDWLRQ� IURP�
WKH�0LQLVWHU�RI�/DQG��,QIUDVWUXFWXUH�DQG�7UDQVSRUW�IRU�LWV�
ORZ�<5� VWHHO� OLQHXS�ZLWK� WHQVLOH� VWUHQJWKV� LQ� WKH� UDQJH�
from 490 to 780 N/mm2.*

5HFHQWO\�� -)(� 6WHHO� HVWDEOLVKHG� DQ� RQ�OLQH� KHDW�
WUHDWPHQW� WHFKQRORJ\�WKDW�UHDOL]HV�¿QH�GLVSHUVHG�PLFUR-
VWUXFWXUDO� FRQWURO� RI� WKH� KDUG� PDUWHQVLWH� SKDVH�� ZKLFK�
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RUGHU�WR�VDWLVI\�WKH�ORZ�<5�VSHFL¿FDWLRQ�IRU�VWHHO�SLSHV��
WKH� WDUJHW�<5� RI� WKH� SODWH� XVHG� DV� WKH� EDVH� PDWHULDO� LV�
GHFUHDVHG� IXUWKHU�� RU� D� SURFHVV� ZKLFK� UHGXFHV� ZRUN�
KDUGHQLQJ�LV�DSSOLHG��VXFK�DV�ZDUP�EHQGLQJ�IRUPLQJ�RU�
KHDW�WUHDWPHQW�DIWHU�SLSHPDNLQJ��DV�GHVFULEHG�LQ�6HFWLRQ�
3.2.

)LJXUH ��E�� VKRZV� WKH� HIIHFW� RI� WKH� DPRXQW� RI� SUH-
VWUDLQ� RQ� WKH� &KDUS\� IUDFWXUH� WUDQVLWLRQ� WHPSHUDWXUH�
�Y7UV���$OO� RI� WKH� VWHHO� SODWHV� VKRZHG� HPEULWWOHPHQW� DV�
D�UHVXOW�RI�VWUDLQ�DJLQJ��DQG�Y7UV�LQFUHDVHG�E\���±���&��
7KXV��ZLWK�KHDY\�VWHHO�SODWHV�ZKLFK�DUH�WR�EH�DSSOLHG�DV�
PDWHULDO� IRU�SLSHPDNLQJ�� LW� LV�QHFHVVDU\� WR�RSWLPL]H� WKH�
composition design and manufacturing conditions con-
VLGHULQJ� WKH� UHGXFWLRQ� RI� WRXJKQHVV� FDXVHG� E\� EHQGLQJ�
forming.

3.1.3	 Weldability (Lowering PCM) 

-)(� 6WHHO� KDV� GHYHORSHG� KLJK� VWUHQJWK�� KLJK� SHU-
IRUPDQFH�VWHHO�SODWHV�ZKLFK�VHFXUH�H[FHOOHQW�ZHOGDELOLW\�
E\� UHGXFLQJ� WKH� FDUERQ� HTXLYDOHQW� CHT� DQG� ZHOG� FUDFN�
VHQVLWLYLW\�FRPSRVLWLRQ�P&0�XVLQJ�KLJK�DFFXUDF\�70&3��
WDNLQJ� DGYDQWDJH� RI� LWV� DGYDQFHG� DFFHOHUDWHG� FRROLQJ�
GHYLFH��WKH�Super�2/$&��$V�DQ�H[DPSOH��Table 2�VKRZV�
WKH�UHVXOWV�RI�\�JURRYH�ZHOG�FUDFN�WHVWV�RI�WKH�PDLQ�ORZ�
<5� VWHHO� SODWHV� IRU� EXLOGLQJ� FRQVWUXFWLRQ� ���� 1�PP2 
FODVV�VWHHO��+%/������KLJK�ZHOGDELOLW\�W\SH���� 1�PP2 
VWHHO� �6$����8���,�DQG� ORZ�<5���� 1�PP2�FODVV�VWHHO���
:LWK� VWHHO� ZLWK� XQGHU� ��� 1�PP2� ORZ�� WKH� SUHKHDWLQJ�
WHPSHUDWXUH� IRU� SUHYHQWLQJ� FUDFNLQJ� LQ� &22 gas shield 
DUF� ZHOGLQJ� ZDV� URRP� WHPSHUDWXUH� RU� ORZHU�� VKRZLQJ�
WKDW� WKHVH�VWHHOV�SRVVHVV�ZHOGDELOLW\�RI�D� OHYHO�DW�ZKLFK�
SUHKHDWLQJ�LV�JHQHUDOO\�XQQHFHVVDU\�

3.2	 Pipemaking

3.2.1	 Bending forming

Among the steel pipes for building structures 
SURGXFHG� E\� -)(� 6WHHO�� ZLWK� KLJK� VWUHQJWK�� KHDY\� ZDOO�
WKLFNQHVV�SURGXFWV�VXFK�DV� WKRVH�ZKLFK�ZHUH� WKH�REMHFW�
RI� WKLV� GHYHORSPHQW�� SLSHPDNLQJ� LV� SHUIRUPHG� E\� WKH�

SUHVV�EHQG�PHWKRG��Photo 2���,Q�WKH�SUHVV�EHQG�PHWKRG��
the steel plate material is subjected to 3-point bend-
LQJ� DW� HTXDO� LQWHUYDOV� ZLWK� D� SUHVV� PDFKLQH�� DQG� WKH�
UHTXLUHG�FXUYDWXUH�LV�WKHQ�REWDLQHG�XVLQJ�D�VWUDLJKWHQHU��
7KH� UHVWULFWLRQ� RQ� WKLV� PHWKRG� LV� WKH� FDSDFLW\� RI� WKH�
SUHVV��+LJK�SUHVV�SRZHU� LV�QHFHVVDU\� LQ�SODVWLF�EHQGLQJ�
IRUPLQJ�WKURXJK�WKH�IXOO� WKLFNQHVV�RI�KHDY\�JDXJH�VWHHO�
SODWHV�� ,Q� FDVHV�ZKLFK� H[FHHG� WKH� FDSDFLW\� RI� WKH� SUHVV�
PDFKLQH�� LW� LV� QHFHVVDU\� WR� SHUIRUP� ZDUP� IRUPLQJ� E\�
heating the material before forming in order to reduce 
its deformation resistance. In this method, deforma-
tion resistance is reduced as the heating temperature 
LQFUHDVHV�� EXW�ZRUN� KDUGHQLQJ� DOVR� FKDQJHV��7KHUHIRUH��
LW� LV� QHFHVVDU\� WR� GHWHUPLQH� WKH� SUHVV� EHQG� FRQGLWLRQV�
considering changes in  mechanical properties.

)XUWKHUPRUH��LQ�RUGHU�WR�VHFXUH�GLPHQVLRQDO�DFFXUDF\�
DIWHU� SLSHPDNLQJ�� FRQWURO� RI� WKH� GLPHQVLRQDO� DFFXUDF\�
RI� WKH�PDWHULDO�SODWH�� D�JUDVS�RI� WKH�SUHVV�FDSDFLW\�� DQG�
an understanding of the amount of deformation caused 
E\�VHDP�ZHOGLQJ��EHFRPH�LVVXHV��3DUWLFXODUO\�LQ�KHDY\�
ZDOOHG� SLSHV�� GXH� WR� WKH� ODUJH� DPRXQW� RI� ZHOGLQJ� DQG�
ZLGH�ZLGWK�RI�WKH�VHDP�EHDG��ZHOGLQJ�FRQGLWLRQV�VXFK�DV�
JURRYH� VL]H� DQG�ZHOGLQJ� KHDW� LQSXW� GXULQJ�ZHOGLQJ� DUH�
FRQWUROOHG� IURP� WKH� YLHZSRLQW� RI� VHFXULQJ� GLPHQVLRQDO�
DFFXUDF\�

Table 2  Results of y-groove weld cracking tests

6WHHO�SODWH
:HOGLQJ�FRQGLWLRQV
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LUUHVSHFWLYH�RI�VWUHQJWK��WKLFNQHVV��RU�FXUYDWXUH�
Figure 6� VKRZV� WKH� GLVWULEXWLRQ� RI� WKH� \LHOG� UDWLR�

�<5�� RI� WKH� SLSHV� E\� t/D


