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Study on long-term durability in fatigue of fiber reinforced thermoplastics�ϩ� 

 

SUZUKI Takayuki*, CHIHARA Kenji* and YAMADA Takahiro * 

 

� ⇕ྍረᛶ FRP ᅔࡀࢫ࣮࣋ࢱ࣮ࢹࡢປ≉ᛶ⑂ࠊࡵࡓࡿࡍኚ࡚ࡌᛂቃせᅉ⎔ࡀᛶ≀ࡢ⬡ᶞࢫࢡࢵࣜࢺ࣐ࠊࡣ

㞴࡛ࠋࡿ࠶➨ 1 ሗ ረᛶྍ⇕ࠊࡣ࡛(1 CFRP PA6ࠊࡵࡓࡿࡍㄆ☜ࢆホ౯᪉ἲࡢປ≉ᛶ⑂࡞ᇶᮏⓗࡢ ⧅㐃⥆Ⅳ⣲

ረᛶྍ⇕ࡿ࡞ࡽ≀⧊ࡢ⥔ FRP ㄢࡿࡅ࠾ᘬᙇ⑂ປヨ㦂ࠊ࠸⾜ࢆປヨ㦂⑂ࡆᖹ㠃᭤ࡾ୧ࡧཬࠊᘬᙇ⑂ປヨ㦂ࡢ

㢟ࠊཬࡧ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡿࡅ࠾⤖ᯝࡢࡁࡘࣛࣂࡢᨵၿ᪉ἲ࡚࠸ࡘሗ࿌ࠋࡓࡋᮏሗ࡛ࠊࡣᘬࠊࡁ⥆ࡁ

ᘬᙇ⑂ປヨ㦂ࡿࡅ࠾ヨ㦂∦ᙧ≧ࠊཬࡧ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡿࡅ࠾ヨ㦂∦ࡢษ᩿㠃ࡢᙳ㡪᳨ࢆウࡓࡋ⤖ᯝ

�ࠋࡿࡍሗ࿌ࢆ

 

㸯㸬ࡵࡌࡣ 

ᶞ⬡ࢆ⥔⧅」ྜࡓࡏࡉ⧄⥔ᙉࢡࢵࢳࢫࣛࣉ

㸦FRP㸸Fiber Reinforced Plastics㸧ࠊࡣ㍍㔞ࡘ㧗ᙉᗘ࡞

࡞ࠎᵝ࡞㏵⏝ࢶ࣮࣏ࢫࠊ㌴⏘ᴗື⮬ࡸᏱᐂ✵⯟ࠊࡵࡓ

〇ရ࡛ά⏝≉ࠋࡿ࠸࡚ࢀࡉ⇕ྍረᛶ FRP ຍ⇕࣭෭ࡣ

⏕ࡢ࡞㌴㒊ရື⮬ࠊࡵࡓ࡞⬟ྍࡀ㛫ᡂᙧ▷ࡿࡼ༷

⏘ᛶࡀ㔜どࡿࢀࡉศ㔝࡛ࠊ⏝ᢏ⾡ࡢ◊✲㛤Ⓨࢇ┒ࡀ

ረᛶྍ⇕ࠊࡋࡋࠋࡿ࠸࡚ࢀࢃ⾜ FRP ࡾࡓ࠶⏝ࡢ

㔜せࡿ࡞⑂ປ≉ᛶࢆᢕᥱࡣࡇࡿࡍᅔ㞴࡛ࠊࡾ࠶ຠ⋡

ⓗ࡞ホ౯᪉ἲࠊࡣࢀࡇࠋ࠸࡞࠸࡚ࢀࡉ❧☜ࡶ⎔ቃせᅉ

㸦 ᗘࠊ‵ᗘࠊᡂᙧ᮲௳ࠊヨ㦂᮲௳࡞㸧ᛂ࡚ࡌ⇕ྍ

ረᛶ FRP ㋃ࢆࡇࡢࡇࠋࡿ࠶࡛ࡵࡓࡿࡍኚࡀᛶ≀ࡢ

ረᛶྍ⇕ࠊ࠼ࡲ FRP ࡍ❧☜ࢆປホ౯᪉ἲ⑂࡞ຠ⋡ⓗࡢ

➨ࠋࡓࡋ㛤ጞࢆ✲◊ᮏⓗ┠ࢆࡇࡿ 1 ሗ ྍ⇕ࠊࡣ࡛(1

ረᛶ FRP PA6ࠊࡵࡓࡿࡍㄆ☜ࢆホ౯᪉ἲ࡞ᇶᮏⓗࡢ

ረᛶྍ⇕ࡿ࡞ࡽ≀⧊ࡢ⥔⧅㐃⥆Ⅳ⣲ FRP ⑂ᘬᙇࡢ

ປヨ㦂ࠊཬࡧ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡢࡑࠋࡓࡗ⾜ࢆ⤖

ᯝࠊᘬᙇ⑂ປヨ㦂࡛ࠊࡣᅛᐃࢡࢵࣕࢳࡿࡍ㒊㏆࡛ヨ㦂

ᖹࡾ୧ࠊࡓࡲࠋࡓࡋุ᫂ࡀㄢ㢟㸦ᅗ㸯㸧ࡿࡍ᩿◚ࡀ∦

㠃᭤ࡆ⑂ປヨ㦂࡛࣒ࣛࣇࣖࢲࠊࡣᡂᙧᶵࢆ⏝࡚ࡋヨ

㦂∦ࢆຍᅽᡂᙧࠊ࡛ࡇࡿࡍ⑂ປ⪏ஂᛶࡀᨵၿࡇࡿࡍ

ࣝ࣋ࣥࢲ࡚࠸࠾ᘬᙇ⑂ປヨ㦂ࠊࡣᮏሗ࡛ࠋࡓࡗࢃࡀ

ᙧ≧ࡢヨ㦂∦ࢡࢵࣕࢳࡿࡼࡇࡿ࠸⏝ࢆ㒊㏆࡛ࡢ◚

᩿㜵Ṇຠᯝ᳨ࡢウࠊཬࡧ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂࠸࠾

࡚ヨ㦂∦స〇Ⓨ⏕ࡿࡍ⣽࡞യࡢ⑂ປ⪏ஂᛶࡢᙳ

㡪᳨ࢆウࠋࡓࡋ 

 

㸰㸬ᐇ㦂 

㸰㸬㸯� ヨ㦂ᮦᩱࡢຍᕤ᪉ἲ 

ヨ㦂ᮦᩱࠊࡣⅣ⣲⧄⥔ࡢ 3K ࢵࣜࢺ࣐ᮦࢫࣟࢡ⧊⥤

⬡ᶞࢫࢡ PA6 ࡳཌࡓࡋྜ「ࢆ 2mm ረᛶྍ⇕ࡢ CFRP

㸦Bond-Laminate 〇ࠊTEPEX 202-C200(9)/50%㸧࠸⏝ࢆ

ຍᕤᶵࢺࢵ࢙ࢪ࣮ࢱ࣮࢛࢘ࠊࡣษ᩿ࡢヨ㦂ᑍἲࠋࡓ

㸦Flow International Corporation 〇ࠊFlowMach3 1313b-

XD㸧ࢆ⏝#80ࠊࡋ ࣈࢩࣞࣈࡓ࠸⏝ࢆࢺࢵࢿ࣮࢞ࡢ

ࡀຍᕤ࡛㛗᪉ྥࢺࢵ࢙ࢪ࣮ࢱ࣮࢛࢘ 0r᪉ྥࡼࡿ࡞

ࡍ⏝ປヨ㦂࡛⑂ࡆᖹ㠃᭤ࡾ୧ࠊࡓࡲࠋࡓࡋษ᩿࠺

ᙳ㡪ࡢヨ㦂⤖ᯝࡿࡼ↓᭷ࡢയࠊࡣ࡚࠸࠾∦ヨ㦂ࡿ

ࡋฟࡾຍᕤᶵ࡛ษࢺࢵ࢙ࢪ࣮ࢱ࣮࢛࢘ࠊࡵࡓࡿࡍㄆ☜ࢆ

☻◊ࢆษ᩿㠃࡚࠸⏝ࢆ⣬☻◊ࠊ∦ヨ㦂ࡢែ≦ࡢࡲࡲࡓ

ࡣ⣬☻◊ࡓࡋ⏝࡛☻◊ࠊ࠾࡞ࠋࡓࡋస〇ࢆ∦ヨ㦂ࡓࡋ

#2400ࠊࡋ⏝㡰ࡽ #320 ࠋࡓ࠸⏝࡚ࡋࡆୖࢆ

࢟㸦ࣉ࣮ࢥࢫࣟࢡ࣐ࣝࢱࢪࢹࢆ㠃᩿ࡢ๓ᚋ☻◊ࠊࡓࡲ

⋠ᙳಸࠊ࡚࠸⏝ࢆVHX-1000㸧ࠊ〇♫ࢫ࢚࣮ࣥ 100 ಸ

࡛ᙳࠋࡓࡋస〇ࡓࡋヨ㦂∦ࡣ༑ศ⇱ࡓࡏࡉᚋࠊヨ

㦂๓ᶆ‽≧ែ㸦 ᗘ 23Υࠊ‵ᗘ 50㸣㸧࡛ 48 㛫௨ୖ

㟼⨨ࠋࡓࡋ�

㸰㸬㸰ᘬᙇヨ㦂�

ᘬᙇヨ㦂ࠊࡣJIS K 71642)ࢆᇶࠋࡓࡗ⾜ヨ㦂ᶵࡣἜᅽ

ປヨ㦂ᶵ㸦Instron Corporation⑂ࡢᘧࢡࢵࣕࢳ 〇8802ࠊ

ᆺࠊᅗ㸰㸧ࢆ⏝ࠊࡋヨ㦂∦ᑍἲࣉࢱࡣ 1B ⣔ A ᆺヨ

㦂∦㸦ᅗ㸱㸧ࠊࡓࡲࠋࡓࡋヨ㦂᮲௳ࠊࡣヨ㦂㏿ᗘ

10mm/min ࡛ n=3 ᶆ‽≧ែ㸦 ᗘࠊࡋヨ㦂ࡢ 23Υࠊ‵

ᗘ 50㸣)࡛ヨ㦂ࠋࡓࡗ⾜ࢆ 

�

�

�

�

�

�

�

�
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 *ḟୡ௦ᢏ⾡㒊 

ᅗ㸰� 8802 ᆺ⑂ປヨ㦂ᶵ

㸦㹟㸧�

ᅗ㸯� ◚ࡢ㒊㏆࡛ࢡࢵࣕࢳ  ᩿
㸦㹟㸧ࡢ࡛ࡋ↓ࣈࢱヨ㦂 
㸦㹠㸧ࣈࢱ᭷ࡢ࡛ࡾヨ㦂 

㸦㹠㸧�
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㸰㸬㸱� ᘬᙇ⑂ປヨ㦂�

� JIS K 70833)ࢆᇶࠊᘬᙇ⑂ປヨ㦂ࠊࡋࡔࡓࠋࡓࡗ⾜ࢆ

JIS K 7083 ヨ㦂∦ϩ-Aࡢ≦▷ࠊࡣ࡛ ᙧヨ㦂∦ࢆ᥎ዡ

ࡵࡓࡄ㜵ࢆࢀࢡࢵࣕࢳࡣᮏሗ࡛ࠊࡀࡿ࠸࡚ࡋ JIS K 

7164 ࣉࢱࡢ 1B ⣔ A ᆺヨ㦂∦㸦ᅗ㸱㸧ࠋࡓ࠸⏝ࢆヨ

㦂ᶵࠊࡣ⑂ປヨ㦂ᶵ㸦ᅗ㸰㸧ࢆ⏝ࠊࡋᶆ‽≧ែ㸦 ᗘ

23Υࠊ‵ᗘ 50㸣㸧࡛ n=1 ᘬᙇ⑂ປヨࠋࡓࡗ⾜ࢆヨ㦂ࡢ

㦂ࡣⲴ㔜ไᚚ࡛⾜ࠊ࠸ヨ㦂Ⲵ㔜ࡣ 6.4kN7ࠊkN7.5ࠊkNࠊ

8kN ࡣᛂຊẚࠊࡓࡲࠋࡓࡋ 0.1 ࿘Ἴᩘࠊࡋ 10Hz ࡢ

ṇᘻἼ࡛ヨ㦂ᶵࢆไᚚࠋࡓࡋ 

㸰㸬㸲� ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂�

JIS K 70824㸧ࢆᇶࠊ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡗ⾜ࢆ

ᶆ‽≧ែࠊࡋ⏝ࢆປヨ㦂ᶵ 㸦ᅗ㸰㸧⑂ࡣヨ㦂ࠋࡓ

㸦 ᗘ 23Υࠊ‵ᗘ 50㸣㸧࡛ n=1 ヨ㦂ࠋࡓࡗ⾜ࢆヨ㦂ࡢ

࣮ࣟࡢヨ㦂ᶵࡣไᚚࠋࡓࡋᑍἲࡍ♧ᅗ㸲ࡣ≦ᙧࡢ∦

ࡓࡓࡗ࠶ᅔ㞴࡛ࡀⲴ㔜ไᚚ࡞⣽⧅ࠊࡃࡁࡀᐜ㔞ࣝࢭࢻ

ࡣ࿘Ἴᩘࠊ࠸⾜ṇᘻἼ࡛ࡢ⨨ไᚚࠊࡵ 0.9Hz ࠋࡓࡋ

⑂ປヨ㦂ᚋ࡛ࣝࢭࢻ࣮ࣟ ᐃࡾ⧞ࡓࢀࡉ㏉᭱ࡋⲴ㔜

�ࠋࡓࡋ⟭ィࢆᛂຊᖜ࡛ࡇࡿࡍ௦ධᘧࡢୗグࢆ

σ㸻3࣭P l࣭
b࣭h'

�

σ㸸ᛂຊᖜ(MPa)�

P㸸Ⲵ㔜�N��

b㸸ヨ㦂∦ࡢ◚᩿ᖜ(mm) 

h㸸ヨ㦂∦ࡢཌࡳ(mm) 

l 㸸ࡳࡘ㒊ࡢᨭᣢⅬ㛫㛗ࡉ(mm) 

 

⨨ไᚚ࡛ヨ㦂ࠊࡾ࠾࡚ࡗ⾜ࢆヨ㦂Ⲵ㔜㸦P㸧ࡀኚື

ᩘࡋ㏉ࡾ⧞ࠊࡣⲴ㔜ࡿ࠸⏝࡛⟭ィࡢᛂຊᖜࠊࡵࡓࡿࡍ

ࡀ 1 ࡽࣝࢡࢧ 10 ᖹᆒࡢⲴ㔜᭱ࡢ࡛ࡲࣝࢡࢧ

㏉ࡾ⧞ࡢ࡛ࡲ᩿◚ᛂຊᖜࡓࢀࡽᚓࡾࡼ⟭ィࠋࡓࡋ

㸦S-Nࣇࣛࢢࠊࡋࢺࢵࣟࣉࢆᩘࡋ ᅗ㸧ࢆసᡂࠋࡓࡋS-N

ᅗࡢ X ㍈ࡾ⧞ࡣ㏉ࢆᩘࡋᑐᩘ࡛⾲グࠊࡋY ㍈ࡣᛂຊ

ᖜࠋࡓࡋ�

㸰㸬㸳� ㉸㡢Ἴ᥈യヨ㦂�

㉸㡢Ἴ᥈യ⨨㸦᪥ᮏ࣮࣐࣮ࣞࢡࢺ࢘ࣛࢡ〇ࠊSDS-

Win6600R AMࠊᅗ㸳㸧ࢆ⏝ࠊࡋ୧ࡾᖹ㠃᭤ࡆ⑂ປ

ヨ㦂๓ᚋࡢヨ㦂∦ࢆホ౯ࠋࡓࡋヨ㦂∦ࠊࡣᛂຊᖜࡀ

800MPa ࡀᩘࡋ㏉ࡾ⧞࡛ 223 ᅇࡢࠊࡢࡶࡓࡋ᩿◚

᭱ᑠᖜ࡛ࡢᛂຊᖜࡀ 636MPa ࡀᅇᩘࡋ㏉ࡾ⧞࡛ 1.7�

106 ᅇ⤒㐣ᚋࠋࡓ࠸⏝ࢆࡢࡶ࠸࡞࠸࡚ࡋ᩿◚ ᐃ࡛

ᚄࠊࡣ᥈ゐᏊࡓࡋ⏝ 0.25inchࠊ࿘Ἴᩘ 10MHzࠊ↔Ⅼ㊥

㞳 1.5inch ࡣ௳㉮ᰝ᮲ࠊࡋ 0.1mm ㉮ᰝ㏿ᗘࠊ࡛ࢳࢵࣆ

ࡣ 100mm/sec ┘Ỉᾐᘧෆ㒊ࡣᐃ᪉ἲ ࠊࡓࡲࠋࡓࡋ

どἲࠋࡓ࠸⏝ࢆホ౯ࡣࢺ࣮ࢤ⾲㠃ᑕᗏ㠃ᑕࡢᙳ㡪

ࡽ㠃⾲ࠊࡵࡓࡿࡅ㑊ࢆ 0.45mm ࡽ 1.75mm ⠊ᅖࡢ

タᐃࠋࡓࡋ⤖ᯝࠊࡣᑕࡿࡍ♧⾲ࢆࡉ῝ࡢ B ࣉ࣮ࢥࢫ

ᅗᑕࡢ⠊ᅖࡿࡍ♧⾲ࢆ C ࠋࡓࡋ♧⾲ᅗ࡛ࣉ࣮ࢥࢫ

ᅗ୰ࡢⰍ࠸⃰ࡀ㉸㡢Ἴࡢᑕࡀᙉࠋࡍ⾲ࢆࡇ࠸ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

㸱㸬⤖ᯝཬࡧ⪃ᐹ 

㸱㸬�� ษ᩿㠃ほᐹ�

� ᅗ㸴 WJ ຍᕤᶵ࡛ษ᩿ࡓࡋヨ㦂∦ࡢษ᩿㠃┿◊

☻ᚋࡢษ᩿㠃┿ࠋࡍ♧ࢆ◊☻๓ࡢヨ㦂∦࡛ࠊࡣษ᩿

◊ࠊࡀࡿ࠸࡚ࡌ⏕ࡀ᩿◚ࡢ⥔⧅Ⅳ⣲ࡸയ࡞⣽ࡿࡌ⏕

☻ရ࡛ࡾྲྀࡀࡽࢀࡑࡣ㝖ࠋࡿࢃࡀࡇࡿ࠸࡚ࢀ 

ᅗ㸳� ㉸㡢Ἴ᥈യ⨨�

ᅗ㸲� ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡢヨ㦂ᑍἲ�

ᅗ㸴� ୖ㸸WJ ຍᕤᶵ࡛ษࡾฟࡓࡋヨ㦂∦ࡢษ᩿㠃 

ୗ㸸◊☻ᚋࡢヨ㦂∦ࡢษ᩿㠃�

㹐��� ���

���

ᅗ㸱� ࣉࢱ 1B ⣔ A ᆺヨ㦂∦�
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㸱㸬㸰� ᘬᙇヨ㦂�

� ᘬᙇヨ㦂ࡢ⤖ᯝࢆ⾲㸯ࠋࡍ♧ᛂຊࠊࡣヨ㦂Ⲵ㔜ࢆヨ

㦂๓᩿ࡢ㠃✚࡛㝖࡚ࡋィ⟬ࠋࡓࡋᘬᙇ◚᩿ᛂຊࡣ n=3

ᖹᆒ್࡛ࡢ 432MPa ࡣᶆ‽೫ᕪࠊࡾ࡞ 21.6 ࠋࡓࡗ࠶࡛

Rࠊࡣ⨨᩿◚ࡢ∦ヨ㦂ᵝࡍ♧ᅗ㸵ࠊࡓࡲ 㒊ᖹ⾜

㒊ࡢቃ┠࡛㉳ࠊࡣࢀࡇࠋࡓ࠸࡚ࡗࡇヨ㦂 R 㒊ᖹ

⾜㒊ࡢቃ┠࡛ᛂຊࡀ㞟୰ࡿࡼࡇࡿࡍ᥎ᐹ࡛ࠋࡿࡁ 

㸱㸬㸱� ᘬᙇ⑂ປヨ㦂�

� ヨ㦂⤖ᯝࢆ⾲㸰ࠋࡍ♧ᛂຊࡾ⧞ࠊࡣ㏉᭱ࡋⲴ㔜ࢆ

ヨ㦂๓᩿ࡢ㠃✚࡛㝖࡚ࡋィ⟬࡚࠸⏝ࢆࢀࡇࠊࡋ S-N ᅗ

ࠊࡣ࡚ࡋ㛵ヨ㦂ࡓࢀࡉグ⾲ࡀ༳▮ࠋ㸦ᅗ㸶㸧ࡓࡋసᡂࢆ

⧞ࠋࡍ♧ࢆࡇࡓࡗ࡞ࡽࡇ㉳ࡀ᩿◚࡛ᩘࡋ㏉ࡾ⧞ࡢࡑ

ࢆⲴ㔜᭱ࡋ㏉ࡾ 8kN ࡀヨ㦂Ⲵ㔜ࡣヨ㦂࡛ࡓࡋタᐃ

8kN 㸦ᅗ㸷㸧ࡓࡋ᩿◚ࡀ∦ヨ㦂๓㸦7.8kN㸧┤ࡿࡍ㐩

ࢆᩘࡋ㏉ࡾ⧞ࠊࡵࡓ 1 ᅇ࡚ࡋᅗ୰グ㍕ࠊࡓࡲࠋࡓࡋ

ࡀⲴ㔜᭱ࡋ㏉ࡾ⧞ 7.5kN ࡀᩘࡋ㏉ࡾ⧞ࡣヨ㦂࡛ࡢ 5.7

�104 ᅇࡢヨ㦂∦ࡀ᩿◚ࡢ㉳ࡾ⧞ࠋࡓࡗࡇ㏉᭱ࡋ

Ⲵ㔜ࡀ 6.4kNࠊཬࡧ 7kN ࡀᅇᩘࡋ㏉ࡾ⧞ࠊࡣヨ㦂࡛ࡢ

㛫ࡢ㒔ྜୖ࡛タᐃࡓࡋᅇᩘ㐩ࡀ᩿◚ࡶ࡚ࡋ㉳࡞ࡽࡇ

ࠊᵝ࡛ྠᘬᙇヨ㦂ࠊࡣ⨨᩿◚ࡢ∦ヨ㦂ࡓࡋ᩿◚ࠋࡓࡗ

ヨ㦂∦ࡢ R 㒊ᖹ⾜㒊ࡢቃ┠࡛ࢡࢵࣕࢳࠊࡾ࠶ࢆࢀ

㉳ࣝ࣋ࣥࢲࠋࡓࡗ࡞ࡣࡇࡍࡇᙧ≧ࡢヨ㦂∦ࡿ࠸⏝ࢆ

ࡀᘬᙇ⑂ປヨ㦂ࡃ࡞ࡇࡍࡇ㉳ࢆࢀࢡࢵࣕࢳࠊ࡛ࡇ

 ࠋࡓࡗࢃࡀࡇࡿ࠼⾜

㸱㸬㸲� ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂�

ษ᩿㠃ࡓࡋ☻◊ࢆヨ㦂∦࡛ࡢヨ㦂⤖ᯝࢆᅗ㸯㸮ࠋࡍ♧

➨ࡣᅗ㸯㸮ࠊ࠾࡞ 1 ሗ 1)࡛ሗ࿌ࢵ࢙ࢪ࣮ࢱ࣮࢛࢘ࡓࡋ

ヨ㦂∦㸦WJࡢែ≦ࡢࡲࡲࡓࡋฟࡾຍᕤᶵ࡛ษࢺ ษࡾฟ

ຍᅽᡂ࡚࠸⏝ࢆᡂᙧᶵ࣒ࣛࣇࣖࢲヨ㦂⤖ᯝࡢရ㸧ࡋ

ᙧࡓࡗ⾜ࢆヨ㦂∦㸦࣒ࣛࣇࣖࢲᡂᙧရ㸧ࡢヨ㦂⤖ᯝࢆ

ຍ࡚࠼グ㍕ࠋࡿ࠸࡚ࡋษ᩿㠃ࡓࡋ☻◊ࢆヨ㦂∦࡛ࠊࡣຍ

ᅽᡂᙧࢆຍࡶ࠸࡞࠸࡚࠼㛵ࠊࡎࡽࢃᛂຊᖜᑐࡿࡍ

ࠊࡾࡲࡘࠋࡿࢃࡀࡇࡿ࠸࡚ࡗ࡞ࡃከࡶ᭱ࡀᩘࡋ㏉ࡾ⧞

ヨ㦂∦ࡢษ᩿㠃Ꮡᅾࡿࡍ⣽࡞യࡀ⑂ປ⪏ஂᛶࡁ

�ࠋࡓࡗࢃࡀࡇࡿ࠸࡚ࡋᙳ㡪ࡃ
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ᅗ㸶� ᘬᙇ⑂ປヨ㦂ࡢ S-N ᅗ�

ᅗ㸵� ᘬᙇヨ㦂ᚋࡢ┿�

ᅗ㸷� ᭱Ⲵ㔜ࢆ 8kN �Ⲵ㔜ኚࡢ㝿ࡓࡋタᐃ

┠ᶆⲴ㔜ࡢ�N1㐩ࡿࡍ๓ヨ㦂∦ࡀ◚᩿�

Ⲵ
㔜
㻌㻔
㼗㻺
㻕㻌

⧞䜚㏉䛧ᅇ 㻌ᩘ

⾲㸰� ᘬᙇ⑂ປヨ㦂ࡢ⤖ᯝ 

タᐃⲴ㔜(kN) 8 7.5 7 6.4

᭱Ⲵ㔜(kN) 7.8 7.5 7.0 6.4

ᅇᩘࡋ㏉ࡾ⧞ 1 5.7×104 3.2×106

�ࡎࡏ᩿◚�

1.0×107

�ࡎࡏ᩿◚�

ᛂຊ(MPa) 413 375 350 336

ヨ㦂∦1

ヨ㦂∦2

ヨ㦂∦3

ᖹᆒ

ᶆ‽೫ᕪ 21.6

◚᩿Ⲵ㔜(kN)

8.38

8.55

7.81

8.25

0.39

ᛂຊ(MPa)

441.4

447.5

407.5

432.1

⾲㸯� ᘬᙇヨ㦂⤖ᯝ 

ᅗ㸯㸮� ୧ࡾᖹ㠃᭤ࡆ⑂ປヨ㦂ࡢ S-N ᅗ 



ᒱ㜧┴⏘ᴗᢏ⾡⥲ྜ࣮ࢱࣥࢭ◊✲ሗ࿌� ➨㸯ྕ�

�
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㸱㸬㸳� ㉸㡢Ἴ᥈യヨ㦂�

� ㉸㡢Ἴ᥈യヨ㦂ࡢ⤖ᯝࢆᅗ㸯㸯ࠋࡍ♧C ᅗࣉ࣮ࢥࢫ

ヨ㦂∦㸦ᅗࡢປヨ㦂๓⑂ࡆᖹ㠃᭤ࡾ୧ࠊࡿࡍ┠ὀ

㸯㸯㸦a㸧㸧࡛ࠊࡣヨ㦂∦ෆ㒊ࡿ࠶Ⅳ⣲⧄⥔ᒙࡢ⏺㠃

᮲࠸㧗ࡀᛂຊᖜࠊࡓࡲࠋࡿࡁㄆ࡛☜ࡀᑕ࠸ᙅࡿࡼ

௳࡛ヨ㦂ࡾ⧞ࠊ࠸⾜ࢆ㏉ࡀᩘࡋ 223 ᅇ࡛◚᩿ࡓࡋヨ㦂∦

㸦ᅗ㸯㸯㸦b㸧㸧ࠊࡶ࡚࠸࠾ᙉ࠸ᑕࡣ☜ㄆ࡛ࠊࡎࡁ

⑂ປヨ㦂๓ࡢヨ㦂∦ྠᵝヨ㦂∦ࡢෆ㒊ࡿ࠶Ⅳ⣲⧄

⥔ᒙࡢ⏺㠃ࡿࡼᙅ࠸ᑕࢆࡳࡢ☜ㄆ୍ࠋࡓࡋ᪉ࠊᛂຊ

ᖜࡀప࠸᮲௳࡛ヨ㦂ࡾ⧞ࠊ࠸⾜ࢆ㏉ࡀᩘࡋ 1.7�106ᅇ

ࠊࡣヨ㦂∦㸦ᅗ㸯㸯㸦c㸧㸧࡛ࡓࡗ࡞ࡽࡇ㉳ࡀ᩿◚ࡶ࡛

ヨ㦂∦ࡢ୰ኸ㒊࡛ᙉ࠸ᑕࡀ☜ㄆࠊࡣࢀࡇࠋࡓࢀࡉᒙ㛫

㞳ࡿࡼᑕࡢࡇࠋࡿࢀࡽ࠼⪄ᒙ㛫㞳ࡣᗈ⠊ᅖ

ࡀⲴ㔜ࡆ᭤ປヨ㦂⑂ࠊࡾ࠾࡚ࡋ⏕Ⓨᒁᡤⓗࡘ

ᆒヨ㦂∦୰ኸ㒊ࠊࡣⲴ㔜ࡆ᭤ࠋࡿ࠸࡚ࡋ⮴୍⠊ᅖࡿ

⧅Ⅳ⣲ࡸࢻ࣎ࡢヨ㦂∦ෆ㒊ࠊࡀࡿ࠸࡚ࡅ⥆ࡾ୍

㸦ᅗ㸯ࡵࡓࡿࡍᏑᅾᒁᡤⓗࡀḞ㝗㒊ศࡢ࡞┠⧊ࡢ⥔

㸰㸧ࢆࢀࡇࠊ㉳Ⅼ࡚ࡋᒙ㛫㞳ࡀ㐍ᒎࠊࡋᒁᡤⓗࡘ

ᗈ⠊ᅖ࡛ᒙ㛫㞳ࡀ㉳ࠊࡓࡲࠋࡿࢀࡽ࠼⪄ࡓࡗࡇᛂຊ

ᖜࡀ 800MPa ᛂࠊࡾࡇ㉳ࡀࡳࡢ᩿◚ࡣ࡛௳᮲࠸ࡁ

ຊᖜࡀ 636MPa ࡚ࡋ㐍ᒎࡀࡳࡢ㞳ࡣ࡛௳᮲࠸ࡉᑠ

�ᑠࡢ࠸࡞ࡋ㐍ᒎࡀடࡸ᩿◚ࠊࡽࡇࡢࡇࠋࡿ࠸
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�

㐍ᒎࡀᒙ㛫㞳ࡁࡓࡗ⾜ࢆᛂຊᖜ࡛⑂ປヨ㦂࠸ࡉ

ࡢᅗ㸯㸯㸦c㸧ࠊ᪉୍ࠋࡿࡁ᥎ᐹ࡛ࡿࡍ B ᅗࣉ࣮ࢥࢫ

ࡋ㞟୰ࡀ㞳ᒙ㠃㏆⾲ࡿࡍ㞟୰ࡢᛂຊࡿࡍ┠ὀ

ࠊᘬᙇࡢࡋ㏉ࡾ⧞ࠊ⛬࠸㏆ᒙ⾲ࠋࡿࢃࡀࡇࡿ࠸࡚

ཬࡧᅽ⦰ᛂຊࡣࠊࡵࡓࡿ࡞ࡃࡁ⾲ᒙ㠃㏆࡛ᒙ㛫㞳

�ࠋࡿࢀࡽ࠼⪄ࡓࡋ⏕Ⓨࡃከࡀ

�

㸲㸬ࡵࡲ�

⇕ྍረᛶ CFRP つ᱁ࡢᘬᙇヨ㦂ࠊࡣᘬᙇ⑂ປヨ㦂࡛ࡢ

JIS K 7083 ࣉࢱࡢ≦ᙧࣝ࣋ࣥࢲࡢグ㍕ 1B ⣔ A ᆺヨ

㦂∦ࢡࢵࣕࢳࠊ࡛ࡇࡿ࠸⏝ࢆ㒊㏆ࡢᙳ㡪࠸࡞ࡀᘬᙇ

⑂ປヨ㦂ࠋࡓࡁ࡛ࡀࡇ࠺⾜ࢆᚋࠊヨ㦂∦ࡢ R 㒊ࡸ

ヨ㦂∦ᑍἲࡢ࡞ㄪᩚ࡛ࡇ࠺⾜ࢆヨ㦂∦ᖹ⾜㒊ࡢ୰ኸ

㏆࡛◚᩿ࡀ㉳ࡿࡇヨ㦂᮲௳᳨ࢆウࡃ࠸࡚ࡋணᐃ࡛ࠋࡿ࠶ 

⇕ྍረᛶ CFRP  ࠊࡣ࡚ࡋ㛵ປヨ㦂⑂ࡆᖹ㠃᭤ࡾ୧ࡢ

௨ୗࠋࡓࡗࢃࡀࡇࡢ 

㸯㸬 ษ᩿㠃ࡢ⣽࡞യࡀ⑂ປ⪏ஂᛶࡃࡁᙳ㡪ࠋࡿࡍ 

㸰㸬 ᛂຊᖜࡀ࠸ࡁ᮲௳࡛ࡀ᩿◚ࠊࡣ㉳ࠋࡿࡇ 

㸱㸬 ᛂຊᖜࡀᑠ࠸ࡉ᮲௳࡛ࠊࡣෆ㒊࡛ᒙ㛫㞳ࡀ㐍

ᒎࠋࡿࡍ 

ᚋࠊࡣෆ㒊Ꮡᅾࡢࢻ࣎ࡿࡍᙳ㡪ࡸᵝ࡞ࠎ ᗘ➼

ࡗ⾜ࢆ➼ẚ㍑ࡢປ⪏ஂᛶ⑂ࡿࡼ࠸㐪ࡢቃせᅉ⎔ࡿࡼ

 ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚

 

࠙ཧ⪃ᩥ⊩  ࠚ

1) 㕥ᮌࡽ,ᒱ㜧┴ᕤᴗᢏ⾡◊✲ᡤ◊✲ሗ࿌ No.7, pp59-

62,2019 

2) JIS K 7164̺ࢡࢵࢳࢫࣛࣉࠕᘬᙇ≉ᛶࡢヨ㦂᪉ἲ̺

➨ 4 㒊㸸➼᪉ᛶཬࡧ␗᪉ᛶ⧄⥔ᙉࡢࢡࢵࢳࢫࣛࣉ

ヨ㦂᮲௳  ࠖ

3) JIS K 7083 ࠕⅣ⣲⧄⥔ᙉࡢࢡࢵࢳࢫࣛࣉᐃⲴ㔜ᘬ

ᙇ㸫ᘬᙇ⑂ࢀヨ㦂  ࠖ

4) JIS K 7082 ࠕⅣ⣲⧄⥔ᙉࡢࢡࢵࢳࢫࣛࣉ୧ࡾᖹ

㠃᭤ࢀ⑂ࡆヨ㦂᪉ἲ  ࠖ

 

㸦㹡㸧�

㹀ࣉ࣮ࢥࢫᅗ�

㹀ࣉ࣮ࢥࢫᅗ�

㹁ࣉ࣮ࢥࢫᅗ�

㸦㹠㸧�

㹀ࣉ࣮ࢥࢫᅗ�

㹀ࣉ࣮ࢥࢫᅗ�

㹁ࣉ࣮ࢥࢫᅗ�

ᅗ㸯㸯� ㉸㡢Ἴ᥈യࡿࡼ B ᅗࣉ࣮ࢥࢫ C  ᅗࣉ࣮ࢥࢫ

㸦㹟㸧㸸⑂ປヨ㦂๓ࡢヨ㦂∦ 

㸦㹠㸧㸸800MPa-223 ᅇࡢ⑂ປヨ㦂ᚋࡢヨ㦂∦ 

㸦㹡㸧㸸636MPa-1.7�106ᅇࡢ⑂ປヨ㦂ᚋࡢヨ㦂∦ 

�

ᅗ㸯㸰�  㠃ᅗ᩿ࡢ∦ヨ㦂ࡿ࠶ࡃከࡀࢻ࣎

㸦㹟㸧�

㹀ࣉ࣮ࢥࢫᅗ�

㹁ࣉ࣮ࢥࢫᅗ�

㹀ࣉ࣮ࢥࢫᅗ�


