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!BSTRACT�
JFE Steel produces a wide variety of steel plates and 

tubular products for energy development, transportation 
and storage. This paper introduces high strength steel 
plates for pressure vessels and high toughness plates for 
offshore structures, and describes the continuous casting 
and forging technologies for high performance steels. 
JFE Steel also produces a full range of tubular products 
for the energy industry, including UOE pipes, ERW 
pipes and seamless pipes. Among them, this report 
describes high performance products such as oil country 
tubular goods and corrosion resistant pipes with special 
emphasis on linepipes.
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FROM� THE� EARTH�� STEELS� FOR� OFFSHORE� STRUCTURES� USED� IN�

!S�SHOWN�IN�

��!0)�8���CLASS�STEEL�WAS�USED�BEFORE�
������ AND� THE� PRACTICAL� APPLICATION� OF� 8���� BEGAN� IN�
������4HIS�MEANS� THAT� STRENGTH� REQUIREMENTS� HAVE� DOU

BLED� IN� THE� PAST� ��� YEARS�� (IGH� STRENGTH� STEELS� ARE� ALSO�
INCREASINGLY� USED� AS� MATERIALS� FOR� PRESSURE� VESSELS�� )N�
ADDITION� TO� HIGH� STRENGTH� PRODUCTS�� *&%� 3TEEL� HAS� ALSO�
DEVELOPED� PIPES� SUCH� AS� ()0%2�� WHICH� HAVE� EXCELLENT�
RESISTANCE� TO�BUCKLING�CAUSED�BY�GROUND�MOVEMENT�DUE�
TO�EARTHQUAKES�

)N�RESPONSE�TO�INCREASING�ENERGY�DEMAND��DEEP�WELLS�
AND�THOSE�WITH�UNPRECEDENTED�SEVERE�CORROSION�ENVIRON
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MENTS� ARE� NOW� BEING� DEVELOPED��4HE� #/�� CORROSION� IS�
A� PROBLEM� IN�WELLS�WITH� HIGH�#/�� CONCENTRATION��WHILE�
HYDROGEN�INDUCED�CRACKING��()#	�AND�SULlDE�STRESS�COR

ROSION� CRACKING� �33##�33#	� ARE� THE� PROBLEMS� IN� WELLS�
WITH�HIGH�(�3��&OR�THESE�ENVIRONMENTS��*&%�3TEEL�DEVEL

OPED� HIGH� PERFORMANCE� CORROSION� RESISTANT� MATERIALS�
SUCH�AS�����#R�/#4'��WELDABLE�����#R�LINEPIPES��AND�
LINEPIPES�FOR�SOUR�SERVICE��*&%�3TEEL�HAS�ALSO�DEVELOPED�
STRUCTURAL� MATERIALS� AND� LINEPIPE� MATERIALS� WITH� EXCEL

LENT� LOW� TEMPERATURE� TOUGHNESS� FOR� THE� WELLS� IN� ARCTIC�
CLIMATES�AS�OBSERVED� IN�3AKHALIN��!LASKA�AND� THE�.ORTH�
3EA��

!� DIVERSE� RANGE� OF� MATERIAL� PROPERTY� REQUIREMENTS�
ARE� PLACED� ON� STEEL� PRODUCTS� IN� THE� ENERGY� PRODUCTION�
SECTOR��)N�ADDITION��HIGH�QUALITY�IS�ALSO�REQUIRED�TO�SECURE�
RELIABILITY� AND� SAFETY� WHEN� HANDLING� HIGH� PRESSURE� GAS��
4O� SATISFY� THESE� REQUIREMENTS�� *&%� 3TEEL� MAINLY� USES�
4-#0�STEEL�IN�PLATE�AND�5/%�PIPE�PRODUCTS��)N�PARTICU

LAR�� THE� PLATES� WITH� BOTH� HIGH� STRENGTH� AND� EXCELLENT�
WELDABILITY�AND�TOUGHNESS�ARE�MANUFACTURED�BY�APPLYING�
*&%�3TEEL�S�STATE
OF
THE
ART�Super
/,!#��ON
LINE�ACCEL

ERATED�COOLING	�DEVICE��4HIS�PAPER�INTRODUCES�*&%�3TEEL�S�
REPRESENTATIVE�PRODUCTS�FOR�THE�ENERGY�INDUSTRY�

6ARIOUS� TYPES� OF� PLATE� ARE� USED� IN� THE� ENERGY� SEC

TOR�� FOR� EXAMPLE�� IN� ENERGY� STORAGE� FACILITIES�� CHEMI

CAL� PLANTS� AND� POWER� PLANTS�� )N� RECENT� YEARS�� THE� SCALE�
OF� THESE� FACILITIES� HAS� INCREASED� AND� THE� OPERATING� AND�
SERVICE� CONDITIONS� HAVE� BECOME� MORE� SEVERE�� WHILE� AT�
THE� SAME� TIME��HIGHER� EFlCIENCY�HAS�BEEN�DEMANDED� IN�
WELDING� AND�OTHER�WORK� TO� REDUCE� CONSTRUCTION� COST�� )N�

RESPONSE�TO� THESE�TRENDS�� INCREASINGLY�HIGH�PERFORMANCE�
REQUIREMENTS�ARE�NOW�PLACED�ON�MATERIALS��RANGING�FROM�
HIGH�STRENGTH�TO�IMPROVED�WELDABILITY�AND�IMPROVED�RELI

ABILITY�� INCLUDING� WELDS�� WHERE� HIGH� WELD� TOUGHNESS� IS�
REQUIRED�� 4O� MEET� THESE� NEEDS�� *&%� 3TEEL� DEVELOPED� A�
SERIES� OF� HIGH� PERFORMANCE� THE� ����.�MM�� CLASS� HIGH�
STRENGTH�STEEL�PLATE�	�AS�SHOWN�IN� �BY�MAKING�FULL�
USE� OF� ITS� ADVANCED� MATERIAL� DESIGN� AND� MANUFACTURING�
TECHNOLOGIES��4HE� CHEMICAL� COMPOSITION�OF� THESE�PLATES�
IS� SHOWN� IN� ��4HE� *&%
()4%.���5��HAS� EXCEL

LENT�WELDABILITY�AND�WELD�TOUGHNESS��)N�ADDITION�TO�THESE�
PROPERTIES�� THE����%�HAS�SUPERIOR�HIGH�HEAT� INPUT�WELD

ABILITY�� AND� THE����5�,�PROVIDES�EXCELLENT� LOW� TEMPER

ATURE�TOUGHNESS��4HEY�CONFORM�TO�h3TEEL�PLATES�FOR�PRES

SURE�VESSELS�306���v�OF�*)3�'������!S�FEATURES�� LOWER�
PREHEAT�TEMPERATURE�CAN�BE�USED�� 	�AND�WELD�HARD

NESS� IS� REDUCED� BY� ADOPTING� A� LOW� #� AND� LOW� CARBON�
EQUIVALENT��P#-	�VALUE�DESIGN�IN�COMPARISON�TO�THE�CON

VENTIONAL�STEELS���
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ING�TECHNOLOGY�WHICH�PREVENTS�DEFECTS�IN�%27�WELD��
*&%� 3TEEL� HAS� CONTINUALLY� IMPROVED� ITS� QUALITY�

INSPECTION� SYSTEM�� WHICH� IS� BASED� ON� FULL� LENGTH�� FULL�
WIDTH�INSPECTION�OF������OF�PRODUCTS��)N�PARTICULAR��FOR�
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THESE� HIGHLY� CORROSIVE� ENVIRONMENTS�� THE� GENERAL� PRAC

TICE�WAS�TO�COAT�THE�INSIDE�OF�THE�STEEL�TUBE�AND�USE�COR

ROSION
PREVENTIVE� CHEMICALS� CALLED� INHIBITORS�� BUT� FOR�
ENVIRONMENTAL�REASONS��RESTRICTIONS�HAVE�BEEN�PLACED�ON�
INHIBITORS��HEIGHTENING�THE�NEED�FOR�TUBES�WITH�HIGH�COR

ROSION� RESISTANCE�� #R� ADDITION� IS� EFFECTIVE� IN� IMPROV

ING�CORROSION�RESISTANCE�IN�WET�#/��GAS�ENVIRONMENTS���	�

�SHOWS�THE�CORROSION�RATES�OF�CARBON�STEEL�AND�
��#R� STEEL� TUBES� IN� A�#/�� ENVIRONMENT��4HE���#R� STEEL�
TUBE�SHOWS�A�GREATLY�REDUCED�CORROSION�RATE�IN�COMPARI

SON�TO�THE�CARBON�STEEL�AND�CAN�BE�USED�WITHOUT�INHIBITOR��
EVEN� IN� THE� ENVIRONMENT� WITH� HIGH� #/�� CONCENTRATION��
3INCE���#R�SHOWED�OUTSTANDING�CORROSION�RESISTANCE��THE�
NEED�FOR�THIS�PRODUCT�WAS�HIGH�FROM�THE�START�OF�DEVELOP

MENT� PARTICULARLY� FOR� THE�#/�
CONTAINING� ENVIRONMENTS��
BUT�NO�MASS�PRODUCTION�TECHNOLOGY�EXISTED�FOR�THIS�KIND�
OF�HIGH�QUALITY�STAINLESS� TUBE��4HEREFORE��AS�A�MANUFAC

TURING�PROCESS�FOR�SEAMLESS���#R�TUBES��*&%�3TEEL�DEVEL

OPED�A�COMPREHENSIVE� RANGE�OF� ROLLING� TECHNOLOGIES� FOR�
HIGH� ALLOY� STEEL�� INCLUDING� A� BILLET� MANUFACTURING� TECH

NOLOGY�� PIERCING� TECHNOLOGY�� MANDREL� ROLLING� TECHNOL

OGY� AND� TOOL� LIFE� EXTENSION� TECHNOLOGY��!LTHOUGH� ��#R�
STEEL� TUBES� HAD� MAINLY� BEEN� MANUFACTURED� BY� THE� HOT�
EXTRUSION� PROCESS� UP� TO� THE� TIME�� THESE� NEW� TECHNOLO

GIES� MADE� IT� POSSIBLE� TO� MANUFACTURE� ��#R� TUBES� WITH�
BOTH� HIGH� DIMENSIONAL� ACCURACY� AND� HIGH� PRODUCTIVITY�
BY�THE�-ANNESMANN�PROCESS������	�!S�A�RESULT��THE�MARKET�
FOR���#R� TUBES�HAS�GREATLY�EXPANDED�� TO�A�SCALE�EXCEED

ING���������T�Y��AND�*&%�3TEEL�NOW�HAS�THE�WORLD�S�LARG

EST�SHARE�IN�THE�MARKET�FOR���#R�/#4'�

4HE� ��#R� STEEL� TUBES� HAVE� BEEN� STANDARDIZED� IN� THE�
!0)�STANDARD�AS�,��
��#R�AND�ARE�USED�IN�ENVIRONMENTS�
WHICH�CONTAIN�#/���(OWEVER�� IN�HIGH�TEMPERATURE�ENVI

RONMENTS� EXCEEDING� ��� #�� #/�� CORROSION� RESISTANCE�
DETERIORATES� AND� THEY� CANNOT� WITHSTAND� LONG
TERM� USE��
AND� IN� ENVIRONMENTS� WHICH� CONTAIN� (�3�� SULlDE� STRESS�
CORROSION�CRACKING��33#	�IS�A�PROBLEM��*&%�3TEEL�THERE

FORE� DEVELOPED� A� SERIES� OF� MARTENSITIC� TYPE� STAINLESS�
STEEL� TUBES�� (0��#R�� WITH� A� NEW� CHEMICAL� COMPOSITION�

WHICH�IMPROVES�#/��CORROSION�RESISTANCE�AND�33#�RESIS

TANCE������	�4HE�MAIN�CHEMICAL�COMPOSITIONS�OF���#R�AND�
(0��#R�ARE�SHOWN�IN� ��4O�MEET�THE�REQUIREMENTS�
OF�SEVERE�ENVIRONMENTS�AT�HIGHER�TEMPERATURES�� THE�CON

TENT�OF�#R�IN�SOLID�SOLUTION��WHICH�IS�EFFECTIVE�IN�IMPROV

ING�CORROSION� RESISTANCE��WAS� INCREASED�BY� REDUCING� THE�
#�CONTENT��AND�.I�AND�-O�WERE�ADDED�TO�SECURE�BOTH�HOT�
WORKABILITY� AND� CORROSION� RESISTANCE�� � SHOWS�
THE�CORROSION� RATE�AND�APPLICABLE� SERVICE�CONDITIONS� FOR�
��#R�AND�(0��#R�STEEL� TUBES� IN�HIGH� TEMPERATURE��HIGH�
#/�� ENVIRONMENTS�� )N� A� ��-0A� #/�� ENVIRONMENT�� IT� IS�
POSSIBLE� TO� �H@ EENTSӠ�
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WHICH� ARE� USED� TO� TRANSPORT� THE� PRODUCTS� BEFORE� BEING�
RElNED�IN�STRONGLY�CORROSIVE�OIL�AND�GAS�lELDS�CONTAINING�
#/��(�3��MEASURES�TO�PREVENT�#/��CORROSION�AND�SULlDE�
STRESS� CRACKING� �33#	� ARE� NECESSARY��4HOUGH� THE� INJEC

TION� OF� INHIBITOR� OR� EXPENSIVE� CORROSION� RESISTANT� MATE

RIALS�SUCH�AS�DUPLEX
PHASE�STAINLESS�STEEL�WERE�GENERALLY�
USED�AS�COUNTERMEASURES�IN�PIPELINES��INHIBITORS�INCREASE�
OPERATING�COST��WHILE�DUPLEX
PHASE�STAINLESS�STEEL� RAISES�
MATERIAL�COST��*&%�3TEEL� THEREFORE�DEVELOPED�A�WELDABLE�
��#R�SEAMLESS�LINEPIPE�AS�A�NEW�MATERIAL�WHICH�REDUCES�
THE�LIFE�CYCLE�COST�

4HE� WELDABLE� ��#R� SEAMLESS� LINEPIPE� IS� OF� A� MAR

TENSITIC�STAINLESS�STEEL��3INCE�MARTENSITIC�STAINLESS�STEELS�
GENERALLY� HAVE� POOR� WELDABILITY�� REQUIRING� PREHEATING�
FOR� WELDING�� IT� HAD� RARELY� BEEN� USED� IN� PIPELINE� LAYING�
WORK��WHERE�WELDING� EFlCIENCY� IS� IMPORTANT��7ELDABIL

ITY�OF�*&%�3TEEL�S�WELDABLE���#R�STAINLESS�STEEL� LINEPIPE�
IS� IMPROVED�BY� REDUCING�BOTH�#� AND�.� TO������MASS���
ENABLING� WELDING� WITHOUT� PREHEATING�� *&%� STEEL� ALSO�
DEVELOPED�TWO�TYPES�OF�WELDABLE���#R�SEAMLESS�LINEPIPE��
+,
��#2� FOR� #/�� ENVIRONMENTS� AND� +,
(0��#2� FOR�
#/���A� SMALL� AMOUNT� OF� (�3� ENVIRONMENTS�� BY� ADD

ING�PROPER�AMOUNTS�OF�.I��-O�AND�OTHER�ELEMENTS�WHICH�
ARE� EFFECTIVE� IN� IMPROVING� CORROSION� RESISTANCE���	� 4HE�
CHEMICAL�COMPOSITIONS�OF� THESE�TWO�STEELS�ARE�SHOWN�IN�

��
�SHOWS�THE�RESULTS�OF�THE�#/��CORROSION�TEST�

OF�+,
��#2��4HE�CORROSION�RATE�OF�+,
��#2�IS�APPROX

IMATELY�HALF� THAT�OF� THE����#
��#R�STEEL� TUBE�FOR�/#4'�
USE�� AND� THUS� DISPLAYS� EXCELLENT� #/�� CORROSION� RESIS

TANCE�� �PRESENTS� THE� RESULTS�OF� THE�33#� TEST�OF�
A�+,
(0��#2�WELDED�JOINT��SHOWING�THAT�IT�CAN�BE�USED�

IN� THE� ENVIRONMENTS� WHICH� CONTAIN� A� SMALL� AMOUNT� OF�
(�3��4HE�STRENGTHS�OF�+,
��#2�AND�+,
(0��#2�ARE�OF�
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FROM�THE�HOLE�WALL�AND�INTERNAL�PRESSURE�GENERATED�BY�
THE�PRODUCED�mUID�ALSO�ACT�ON�THE�JOINT��)N�HORIZONTAL�
WELLS��CURVED�PARTS�ARE�SUBJECT� TO�BENDING��AND�COM

PRESSIVE� LOADS� ACT� ON� THE� INNER� RADIUS� OF� THE� BEND��
WHILE�TENSILE�FORCE�ACTS�ON�THE�OUTER�RADIUS��2ESISTANT�
TO�LEAK�IS�REQUIRED�FOR�THESE�VARIOUS�CONDITIONS�

��	� %ASE
OF
USE�OF�4HREADED�#ONNECTION
4HREADED� CONNECTIONS� MUST� HAVE� AN� ANTI
GALLING�

PROPERTY� WHEN� TIGHTENED� MULTIPLE� TIMES�� 4O� SHORTEN�
THE� TIME� REQUIRED� IN� RUNNING� WORK�� PREVENTION� OF�
CROSS�THREADING�AND�HIGH�WORK�EFlCIENCY�ARE�REQUIRED�

4HE� DESIGN� OF� THE� +3"%!2� JOINT� IS� SHOWN� IN�
�

��	� !DOPTION�OF�.EGATIVE�,OAD�&LANK�!NGLE�ON�4HREAD
!DOPTION� OF� NEGATIVE� LOAD� mANK� ANGLE� ON� THREAD�

GREATLY� REDUCES� THE� FORCES�WHICH� ATTEMPT� TO� SEPARATE�
THE�PIN� THREAD�AND�COUPLING� THREAD� IN� THE� TUBE� RADIAL�
DIRECTION�WHEN�TENSILE��EXTERNAL�PRESSURE�AND�BENDING�
FORCES�SIMULTANEOUSLY�ACT�ON�THE�TUBE��

��	� /PTIMIZATION�OF�3TABBING�&LANK�'AP
/PTIMIZATION� OF� STABBING� mANK� GAP� LIGHTENS� THE�

LOADS� ON� THE� SEAL� PART� AND� SHOULDER� PART�� GREATLY�
REDUCING�PLASTIC�DEFORMATION�OF�THE�SHOULDER�AND�SEAL�
THROUGH� THE� CONTACT� OF� STABBING� mANKS� WHEN� A� HIGH�
COMPRESSIVE� LOAD� ACTS� ON� THE� JOINT�� ,EAK� RESISTANCE�
UNDER� TENSILE� LOAD�AFTER� COMPRESSION� IS� CONSEQUENTLY�
IMPROVED��

��	� /PTIMIZATION�OF�#ORNER�2ADIUS�OF�0IN�,OAD�&LANKS�
4O� PREVENT� GALLING�� THE� CORNER� RADIUS� AT� THE� TOP� OF�

THE�PIN�LOAD�mANKS�IS�INCREASED�TO�DISPERSE�STRESS�
��	� /PTIMIZATION�OF�,OAD�&LANK�!NGLES�OF�0IN�AND�#OU
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4O�SATISFY�THESE�REQUIREMENTS��*&%�3TEEL�S�SEAMLESS�TUBES�
ARE�MANUFACTURED�USING�A�THIN�WALL�PIPEMAKING�TECHNOL

OGY�AND�A�SURFACE�PROPERTY�SMOOTHING�TECHNOLOGY�WHICH�
ARE� DISTINCTIVE� FEATURES� OF� THESE� *&%� 3TEEL� PRODUCTS�
� 	�

4HE� TUBES� FOR� HIGH� PRESSURE� GAS� VESSEL� � 	�
HAVE�THE�RATIO�OF�WALL�THICKNESS�TO�OUTER�DIAMETER�OF�THE�
ORDER�OF�����AND�ARE�THE�THINNEST
WALLED�PRODUCTS�IN�THE�
lELD� OF� SEAMLESS� TUBES�� 3INCE� THE� THIN� WALL� SEAMLESS�
TUBES� REQUIRE� AN� EXTREMELY� HIGH� LEVEL� OF� MANUFACTUR

ING�TECHNOLOGY�FROM�THE�VIEWPOINT�OF�DIMENSIONAL�ACCU

RACY��*&%�3TEEL�HAS�ADOPTED�AN�OPTIMUM�ROLLING�SCHEDULE�
FOR�PREVENTING�ECCENTRICITY�AND�WALL�THICKNESS�DEVIATIONS�
CAUSED�BY�THE�PIERCING�PROCESS��

4O� IMPROVE� INNER� SURFACE� PROPERTIES�� IT� IS� NECESSARY�
TO�PREVENT�ROLLED
IN�SCALE�CAUSED�BY�THE�INNER�TOOL��PLUG	�

DURING� ROLLING��&OR� THIS�� *&%�3TEEL� ADOPTED� AN�OPTIMUM�
SCHEDULING�METHOD��WHICH�MAKES�IT�POSSIBLE�TO�MINIMIZE�
TEMPERATURE�DROP� IN� THE� ROLLED�MATERIAL�� AND�A� LUBRICANT�
FOR�THIN�WALL�MATERIAL�
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