
along with selected experiments at JFE Steel. Calcu-
lated figures have a good correlation with experimental 
results.

1. Introduction

3TEEL�PIPES�ARE�USED�IN�A�WIDE�RANGE�OF�APPLICATIONS��
AS� INTRODUCED� IN� THE� SPECIAL� EDITION�� AND� THE� CHARAC
TERISTICS� REQUIRED� OF� THEM� VARY� GREATLY� ACCORDINGLY�� )N�
PARTICULAR�� PIPELINES� AND� OIL� COUNTRY� TUBULAR� GOODS� FOR�
THE�ENERGY�INDUSTRY�AND�STEEL�PIPES�FOR�AUTOMOBILE�PARTS�
MUST� BE� HIGHLY� RELIABLE� FOR� KEEPING� THE� SAFETY�� 3AFETY�
MUST� BE� VERIlED� THROUGH� THEORETICAL� AND� EXPERIMEN
TAL� ANALYSES� OF� THE� FRACTURE� MECHANISM�� (OWEVER�� IT� IS�
DIFlCULT� TO� CONDUCT� MANY� EXPERIMENTS� UNDER� VARIOUS�
CONDITIONS� OF� USAGE�� SO� NUMERICAL� ANALYSES� ARE� USED� TO�
COMPLEMENT�THE�EXPERIMENTS��4HE�IRON�AND�STEEL�INDUSTRY�
USES�SUCH�TECHNIQUES�FOR�IRON�AND�STEELMAKING�	��INCLUD
ING� THERMALmUID� ANALYSIS� AND� mOW� ANALYSIS� IN� THE� IRON�
AND�STEEL�MAKING�PROCESSES��AND�THE�ANALYSIS�OF�MATERIALS�
DEFORMATION�BEHAVIOR�IN�THE�ROLLING�PROCESS�

*&%�3TEEL�ALSO�USES�NUMERICAL�ANALYSES�FOR�STEEL�PIPE�
MANUFACTURING��SUCH�AS�

q� $EFORMATION� SIMULATION� DURING� FORMING� PROCESS� OF�
AUTOMOBILE�PARTS�

q� $EFORMATION� BEHAVIOR� OF� PIPELINES� UNDER� GROUND�
DEFORMATION�

q� 0REDICTION� OF� HIGHSPEED� DUCTILE� FRACTURE� OF� PIPE
LINES�	��AND

q� %VALUATION�OF�SEALABILITY�AT�JOINTS�OF�OIL�COUNTRY�TUBU
LAR�GOODS�	�
&OR� EXAMPLE�� THE� DEFORMATION� OF� PIPELINES� RESULTING�

FROM�GROUND�MOVEMENT��THE�EXPECTED�FRACTURE�MODE�AND�
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.UMERICAL�!NALYSIS�4ECHNIQUES�TO�3UPPORT�THE�2ELIABILITY�OF�3TEEL�4UBE�AND�0IPE�0RODUCTS

3. Numerical Analysis Techniques 
in Safety Evaluation of Linepipes

4HE�DISTANCE� THAT�NATURAL�GAS� IS� TRANSPORTED�BETWEEN�
THE� SITE� OF� PRODUCTION� AND� CONSUMPTION� HAS� INCREASED�
IN� RECENT� YEARS�� AND� SO� THE� PRESSURE� AND� THE� REQUIRED�
STRENGTH� OF� LINEPIPES� FOR� TRANSPORTATION� HAVE� INCREASED��
,ONGDISTANCE� NATURAL� GAS� PIPELINES� ARE� OFTEN� LAID� IN�
SEISMIC� REGIONS�� COLD� REGIONS�� AND� ICE� SEAS�� SO� HIGH
STRENGTH�LINEPIPES�MUST�HAVE�EXCELLENT�DEFORMATION�CHAR
ACTERISTICS�SUCH�AS�THOSE�OF�()0%2��OR�HIGH�STRAIN�CAPACITY�
UNDER�BENDING�

4HE� DESIGN� FORMULA� FOR� PREDICTING� THE� CRITICAL� COM
PRESSIVE� STRAIN� OF� LINEPIPES�� GIVEN� IN� EXISTING� DESIGN�
STANDARDS� OR� DESIGN�GUIDELINES�� IS� AN� EMPIRICAL� FORMULA�
EXPRESSED�AS�A�FUNCTION�OF�D�t��D��PIPE�DIAMETER��t��PIPE�
WALL�THICKNESS	��4HE�FORMULA�GENERALLY�DOES�NOT�CONSIDER�
THE� INmUENCE� OF� MATERIAL� CHARACTERISTICS� AND� INTERNAL�
PRESSURE�� &URTHERMORE�� SINCE� THE� EMPIRICAL� FORMULA� IS�
ESTABLISHED�WITHIN�THE�RANGE�OF�STRENGTHS�OF�CONVENTIONAL�
LINEPIPES�AND�TRANSPORTATION�PRESSURES�� THE�FORMULA�CAN
NOT�BE�APPLIED�TO�HIGHSTRENGTH��HIGHPRESSURE�LINEPIPES�

!LTHOUGH� THE� CRITICAL� COMPRESSIVE� STRAIN� OF� HIGH
STRENGTH� LINEPIPES� MUST� BE� DERIVED� BY� A� COMPRESSION�
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