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Ｆｉｎｉｔｅｅｌｅｍｅｎｔａｎａｌｙｓｉｓｏｎｔｅｎｓｉｌｅｐｅｒｆｏｒｍａｎｃｅｏｆｈｉｇｈｓｔｒｅｎｇｔｈ
ｓｔｅｅｌｐｌａｔｅｃｏｍｐｏｓｉｔｅｂｏｌｔ

ＤＵＡＮＬｉｕｓｈｅｎｇ，ＸＩＡＲｕｉｌｉｎ，ＺＨＯＵＴｉａｎｈｕａ

（ＳｃｈｏｏｌｏｆＣｉｖｉｌＥｎｇｉｎｅｅｒｉｎｇ，Ｃｈａｎｇ’ａｎＵｎｉｖｅｒｓｉｔｙ，Ｘｉ’ａｎ７１００６１，Ｃｈｉｎａ）

Ａｂｓｔｒａｃｔ：Ｄｒｉｌｌｅｄａｎｄｔａｐｐｅｄｈｉｇｈｓｔｒｅｎｇｔｈｓｔｅｅｌｐｌａｔｅｓａｒｅｐｏｓｓｉｂｌｅｒｅｐｌａｃｅｍｅｎｔｓｏｆｎｕｔｓａｎｄｃａｎｂｅｃｏｍｂｉｎｅｄｗｉｔｈ
ｈｉｇｈｓｔｒｅｎｇｔｈｂｏｌｔｓｔｏｆｏｒｍｎｅｗａｓｓｅｍｂｌｉｅｓｔｈａｔａｒｅｕｓｅｄａｓｂｌｉｎｄｂｏｌｔｓｆｏｒｓｔｅｅｌｔｕｂｅｃｏｌｕｍｎｆｒａｍｅｊｏｉｎｔｓ．Ｉｎｏｒｄｅｒｔｏ
ｓｔｕｄｙｔｈｅｔｅｎｓｉｌｅｃａｐａｃｉｔｙａｎｄｆａｉｌｕｒｅｍｅｃｈａｎｉｓｍｏｆｓｔｅｅｌｐｌａｔｅｃｏｍｐｏｓｉｔｅｂｏｌｔｓ，ｏｎｔｈｅｂａｓｉｓｏｆｏｕｒｅｘｐｅｒｉｍｅｎｔａｌ
ｒｅｓｅａｒｃｈｒｅｓｕｌｔｓ，６４ｓｐｅｃｉｍｅｎｓｗｅｒｅｔｅｓｔｅｄｕｎｄｅｒｍｏｎｏｔｏｎｉｃｔｅｎｓｉｌｅｌｏａｄｂｙＡＢＡＱＵＳｓｏｆｔｗａｒｅ．Ｔｈｅｔｈｉｃｋｎｅｓｓｅｓｏｆ
ｆｏｕｒｔｙｐｅｓｏｆｓｔｅｅｌｐｌａｔｅｓ（ｉ．ｅ．，Ｑ３４５Ｂ，４５＃，Ｑ４６０Ｃ，ａｎｄＱ６９０Ｄ）ａｎｄｔｈｅｄｉａｍｅｔｅｒｓｏｆｆｉｖｅｓｐｅｃｉｆｉｃａｔｉｏｎｓｏｆ
ｈｉｇｈｓｔｒｅｎｇｔｈｂｏｌｔｓ（ｉ．ｅ．，Ｍ１６，Ｍ２０，Ｍ２４，Ｍ２７，ａｎｄＭ３０）ｉｎｇｒａｄｅ１０．９ｗｅｒｅｉｎｖｅｓｔｉｇａｔｅｄ．Ｒｅｓｕｌｔｓｓｈｏｗｔｈａｔ
ｔｈｅＱ３４５Ｂ，Ｑ４６０Ｃ，ａｎｄＱ６９０Ｄｓｔｅｅｌｐｌａｔｅｓｃａｎｒｅｐｌａｃｅｔｈｅ４５＃ｓｔｅｅｌｐｌａｔｅ．Ｔｈｅｔｅｎｓｉｌｅｖａｌｕｅｏｆｔｈｅｓｔｅｅｌｐｌａｔｅ
ｃｏｍｐｏｓｉｔｅｂｏｌｔｓｃａｎｂｅｄｅｓｉｇｎｅｄａｓ７０％ ｏｆｔｈｅｕｌｔｉｍａｔｅｔｅｎｓｉｌｅｌｏａｄｏｆｔｈｅｓｃｒｅｗｔｈｒｅａｄｕｎｄｅｒｒｅｌｉａｂｌｅａｎｃｈｏｒｅｄ．
Ｆｏｒｔｈｉｎｓｔｅｅｌｐｌａｔｅｓ，ｔｈｅｂｏｌｔｗａｓｐｕｌｌｅｄｏｕｔ，ｔｈｅｓｔｅｅｌｐｌａｔｅｔｈｒｅａｄｅｘｐｅｒｉｅｎｃｅｄｓｈｅａｒｆａｉｌｕｒｅ，ｔｈｅｏｕｔｏｆｐｌａｎｅ
ｄｅｆｏｒｍａｔｉｏｎｏｆｔｈｅｓｔｅｅｌｐｌａｔｅｗａｓｌａｒｇｅｒｔｈａｎ１／２００ｏｆｔｈｅｓｕｐｐｏｒｔｄｉｓｔａｎｃｅ，ａｎｄｔｈｅｓｃｒｅｗｍａｘｉｍｕｍｓｔｒｅｓｓｌｏｃａｔｅｄ
ｉｎｔｈｅａｎｃｈｏｒｉｎｇａｒｅａ．Ｆｏｒｔｈｉｃｋｓｔｅｅｌｐｌａｔｅｓ，ｔｈｅｂｏｌｔｅｘｐｅｒｉｅｎｃｅｄｔｅｎｓｉｌｅｆｒａｃｔｕｒｅ，ａｎｄｔｈｅｓｃｒｅｗｍａｘｉｍｕｍｓｔｒｅｓｓ
ｌｏｃａｔｅｄｉｎｔｈｅｓｔｒｕｃｔｕｒａｌａｒｅａ．Ｔｈｅｐｏｓｉｔｉｏｎｓｏｆｔｈｅｍａｘｉｍｕｍｓｔｒｅｓｓｏｆｔｈｅｓｔｅｅｌｐｌａｔｅｓｉｎｔｈｅｔｗｏｆａｉｌｕｒｅｍｏｄｅｓｗｅｒｅ
ｂｏｔｈａｔｔｈｅｆｉｒｓｔｔｈｒｅａｄ．Ｉｎｏｒｄｅｒｔｏａｖｏｉｄｔｈｅｓｔｅｅｌｐｌａｔｅｔｈｒｅａｄｆａｉｌｕｒｅｉｎｔｈｅｓｔｅｅｌｐｌａｔｅｃｏｍｐｏｓｉｔｅｂｏｌｔ，ｉｔｉｓ
ｓｕｇｇｅｓｔｅｄｔｈａｔｔｈｅｔｈｉｃｋｎｅｓｓｅｓｏｆＱ３４５Ｂ，Ｑ４６０Ｃ，ａｎｄＱ６９０Ｄｓｔｅｅｌｐｌａｔｅｓｓｈｏｕｌｄｂｅｎｏｌｅｓｓｔｈａｎ１１５ｄ，１１０ｄ，
ａｎｄ０９５ｄ，ｒｅｓｐｅｃｔｉｖｅｌｙ．Ｂａｓｅｄｏｎｔｈｅｅｌａｓｔｉｃｍｅｃｈａｎｉｃｓａｎｄｔｈｒｅａｄｒｅｌａｔｅｄｒｅｓｅａｒｃｈ，ｔｈｅｆｏｒｍｕｌａｆｏｒｔｅｎｓｉｌｅ
ｃａｐａｃｉｔｙｏｆｈｉｇｈｓｔｒｅｎｇｔｈｓｔｅｅｌｐｌａｔｅｃｏｍｐｏｓｉｔｅｂｏｌｔｓｗａｓｄｅｒｉｖｅｄ．Ｔｈｅｃａｌｃｕｌａｔｅｄｒｅｓｕｌｔｓｗｅｒｅｉｎｇｏｏｄａｇｒｅｅｍｅｎｔｗｉｔｈ
ｔｈｅｆｉｎｉｔｅｅｌｅｍｅｎｔｒｅｓｕｌｔｓ．Ｔｈｅｒｅｓｅａｒｃｈｒｅｓｕｌｔｓｃａｎｐｒｏｖｉｄｅａｒｅｆｅｒｅｎｃｅｆｏｒｔｈｅｄｅｓｉｇｎｏｆｈｉｇｈｓｔｒｅｎｇｔｈｓｔｅｅｌｐｌａｔｅ
ｃｏｍｐｏｓｉｔｅｂｏｌｔｓ．
Ｋｅｙｗｏｒｄｓ：ｂｌｉｎｄｂｏｌｔ；ｓｔｅｅｌｐｌａｔｅｄｒｉｌｌｉｎｇａｎｄｔａｐｐｉｎｇ；ｓｔｒｅｓｓｄｉｓｔｒｉｂｕｔｉｏｎ；ｔｈｉｃｋｎｅｓｓｔｏｄｉａｍｅｔｅｒｒａｔｉｏ；ｆａｉｌｕｒｅ
ｍｏｄｅ；ｔｈｒｅａｄ
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３４５－Ｍ１６－１６ Ｍ１６ １６ ４５－Ｍ１６－１４ Ｍ１６ １４ ４６０－Ｍ１６－１４ Ｍ１６ １４ ６９０－Ｍ１６－１２ Ｍ１６ １２

３４５－Ｍ１６－１８ Ｍ１６ １８ ４５－Ｍ１６－１６ Ｍ１６ １６ ４６０－Ｍ１６－１６ Ｍ１６ １６ ６９０－Ｍ１６－１４ Ｍ１６ １４

３４５－Ｍ１６－２０ Ｍ１６ ２０ ４５－Ｍ１６－１８ Ｍ１６ １８ ４６０－Ｍ１６－１８ Ｍ１６ １８ ６９０－Ｍ１６－１６ Ｍ１６ １６

３４５－Ｍ２０－２０ Ｍ２０ ２０ ４５－Ｍ２０－１８ Ｍ２０ １８ ４６０－Ｍ２０－２０ Ｍ２０ ２０ ６９０－Ｍ２０－１６ Ｍ２０ １６

３４５－Ｍ２０－２２ Ｍ２０ ２２ ４５－Ｍ２０－２０ Ｍ２０ ２０ ４６０－Ｍ２０－２２ Ｍ２０ ２２ ６９０－Ｍ２０－１８ Ｍ２０ １８

３４５－Ｍ２０－２５ Ｍ２０ ２５ ４５－Ｍ２０－２２ Ｍ２０ ２２ ４６０－Ｍ２０－２５ Ｍ２０ ２５ ６９０－Ｍ２０－２０ Ｍ２０ ２０

３４５－Ｍ２４－２２ Ｍ２４ ２２ ４５－Ｍ２４－２２ Ｍ２４ ２２ ４６０－Ｍ２４－２２ Ｍ２４ ２２ ６９０－Ｍ２４－１６ Ｍ２４ １６

３４５－Ｍ２４－２５ Ｍ２４ ２５ ４５－Ｍ２４－２５ Ｍ２４ ２５ ４６０－Ｍ２４－２５ Ｍ２４ ２５ ６９０－Ｍ２４－１８ Ｍ２４ １８

３４５－Ｍ２４－２８ Ｍ２４ ２８ ４５－Ｍ２４－２８ Ｍ２４ ２８ ４６０－Ｍ２４－２８ Ｍ２４ ２８ ６９０－Ｍ２４－２０ Ｍ２４ ２０

３４５－Ｍ２７－２２ Ｍ２７ ２２ ４５－Ｍ２７－２２ Ｍ２７ ２２ ４６０－Ｍ２７－２２ Ｍ２７ ２２ ６９０－Ｍ２７－２２ Ｍ２７ ２２

３４５－Ｍ２７－２５ Ｍ２７ ２５ ４５－Ｍ２７－２５ Ｍ２７ ２５ ４６０－Ｍ２７－２５ Ｍ２７ ２５ ６９０－Ｍ２７－２５ Ｍ２７ ２５
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