
⾲⾲⾲⾲‐‐‐‐䠍䠍䠍䠍    HFRPHFRPHFRPHFRP ᱆᱆᱆᱆䛾䛾䛾䛾✚ᒙᵓ㐀✚ᒙᵓ㐀✚ᒙᵓ㐀✚ᒙᵓ㐀    

ᅗᅗᅗᅗ‐‐‐‐䠍䠍䠍䠍    HFRPHFRPHFRPHFRP䠉䠉䠉䠉UFCUFCUFCUFC ྜᡂᵓ㐀ྜᡂᵓ㐀ྜᡂᵓ㐀ྜᡂᵓ㐀    

⾲⾲⾲⾲‐‐‐‐4444    ౪ヨయㅖඖ౪ヨయㅖඖ౪ヨయㅖඖ౪ヨయㅖඖ    

⾲⾲⾲⾲‐‐‐‐2222    UFCUFCUFCUFC 䛾䛾䛾䛾♧᪉㓄ྜ♧᪉㓄ྜ♧᪉㓄ྜ♧᪉㓄ྜ    

 

 
䜺䝷䝇⧄⥔ 

䜺䝷䝇⧄⥔䠇Ⅳ⣲⧄⥔ 

UFC 

ᅗᅗᅗᅗ‐‐‐‐2222    ౪ヨయᑍἲ౪ヨయᑍἲ౪ヨయᑍἲ౪ヨయᑍἲ    

䠄༢䠖mm䠅 

⾲⾲⾲⾲‐‐‐‐3333    HFRPHFRPHFRPHFRP䞉䞉䞉䞉UFCUFCUFCUFC 䛾䛾䛾䛾ᮦᩱ≉ᛶᮦᩱ≉ᛶᮦᩱ≉ᛶᮦᩱ≉ᛶ
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  㸪ྜᡂᵓ㐀ࢺ࣮ࣜࢡࣥࢥ㸪㉸㧗ᙉᗘ⧄⥔⿵ᙉࢻࢵࣜࣈࣁFRP㸪 ࢻ࣮࣮࣡࢟

 㐃⤡ඛ   ࠛ338-8570 ᇸ⋢┴ࡲࡓ࠸ࡉᕷᱜ༊ୗஂಖ255 TEL048-858-3427 

ࢻࢵࣜࣈࣁࢻࢵࣜࣈࣁࢻࢵࣜࣈࣁࢻࢵࣜࣈࣁ FRP㉸㧗ᙉᗘ⧄⥔⿵ᙉ㉸㧗ᙉᗘ⧄⥔⿵ᙉ㉸㧗ᙉᗘ⧄⥔⿵ᙉ㉸㧗ᙉᗘ⧄⥔⿵ᙉࡿ࡞ࡽࡿ࡞ࡽࡿ࡞ࡽࡿ࡞ࡽࢺ࣮ࣜࢡࣥࢥࢺ࣮ࣜࢡࣥࢥࢺ࣮ࣜࢡࣥࢥࢺ࣮ࣜࢡࣥࢥ    

ྜᡂ᱆ྜᡂ᱆ྜᡂ᱆ྜᡂ᱆ࡢࡢࡢࡢ᭤᭤᭤᭤ࡆࡆࡆࡆᛶ≧ᛶ≧ᛶ≧ᛶ≧㛵㛵㛵㛵ࡿࡍࡿࡍࡿࡍࡿࡍ◊✲◊✲◊✲◊✲    

 

ᇸ⋢Ꮫ    Ꮫ⏕ဨ ۑ▼ 㐩ஓ 

ᇸ⋢Ꮫ  ࣮࢙ࣟࣇဨ  ╬ዲ ᏹྐ 

ᇸ⋢Ꮫ     ṇဨ  ὸᮏ ࿃ 

㕲㐨㐠㍺ᶵᵓ         ⓑᮌ ு 

 

㸯㸯㸯㸯㸬㸬㸬㸬ࡵࡌࡣࡵࡌࡣࡵࡌࡣࡵࡌࡣ    

 Ⅳ⣲⧄⥔ࡽ⥔⧅ࢫࣛ࢞ᵓᡂࢻࢵࣜࣈࣁࡿࢀࡉ FRP

㸦Fiber Reinforced Polymer㸧㸦HFRP㸧ࡣ㍍㔞㸪㧗ᙉᗘ㸪㧗⪏㣗ᛶ

⌧ᘓタ࠸ࡋཝࡢ௳ไ⣙᮲ࡢᯫタࡸ㸪⭉㣗⎔ቃࡋ᭷ࢆᚩ≉ࡓࡗ࠸

ሙࡢ࡞㐺⏝ࡀᮇᚅࡿ࠸࡚ࢀࡉ㸬ࡋࡋ㸪HFRP ⏝㐺ᶫᱱࢆ

㸪HFRPࢀࡉỴᐃࡀ㠃᩿ࡾࡼไ㝈ࡳࢃࡓሙྜ㸪ࡿࡍ ༑ࢆᙉᗘࡢ

ศά⏝࡛ࡀࡇ࠸࡞ࡁሗ࿌ࡿ࠸࡚ࢀࡉ㸬ᮏ◊✲ࡣ HFRP ᶫᱱ

㸪HFRP࡚࠼ぢᤣࢆ⌧ᐇࡢ ᱆㉸㧗ᙉᗘ⧄⥔⿵ᙉࢺ࣮ࣜࢡࣥࢥ

㸦UFC㸧ᗋ∧ྜࡓࡏࢃྜࡳ⤌ࢆᡂ᱆㸦ᅗ-1㸧ࡢ㛤Ⓨࢆ┠ᣦࡢࡶࡍ

㸬HFRP㸫UFCࡿ࠶࡛ ྜᡂᵓ㐀ࡢຊᏛ≉ᛶࢆᢕᥱࡵࡓࡿࡍ㸪ࣝ࣎

ࡆ᭤ࡢᡂ᱆ྜࡓࡋ㛤Ⓨࡧࡼ࠾ヨ㦂᩿ࢇࡏࡁᢤࡋᢲࡿࡼ᥋ྜࢺ

㍕Ⲵヨ㦂ࡓࡗ⾜ࢆ㸬 

㸰㸰㸰㸰㸬㸬㸬㸬ᢲᢲᢲᢲࡋࡋࡋࡋᢤᢤᢤᢤ᩿ࢇࡏࡁࢇࡏࡁࢇࡏࡁࢇࡏࡁヨ㦂᩿ヨ㦂᩿ヨ㦂᩿ヨ㦂    

㸰㸰㸰㸰㸬㸬㸬㸬㸯㸯㸯㸯    ᐇ㦂ᴫせᐇ㦂ᴫせᐇ㦂ᴫせᐇ㦂ᴫせ    

 ᮏᐇ㦂࡛ࡣ HFRP  UFC 㛤Ⓨࢆ᥋ྜ᪉ἲࡓࡋ㐺ᡂᵓ㐀ྜࡢ

࡚ࡋⓗ┠ࢆࡇࡿࡍᢕᥱᐇ㦂ⓗࢆᣲືࡢࡑࡧࡼ࠾ࡇࡿࡍ

ᢲࡋᢤ᩿ࢇࡏࡁヨ㦂ࡓࡗ⾜ࢆ㸬ᮏᐇ㦂࡛⏝ࡓ࠸ Iᆺ HFRP ᱆ࡢ✚

ᒙᵓ㐀ࡧࡼ࠾ UFC 1㸪2㸪3-⾲ࢆ᪉㓄ྜ㸪ᮦᩱ≉ᛶ♧ࡢ 㸬ࡍ♧

UFC ࡉ㛗ࡣ 22mm  17mm య✚ẚࢆ⥔⧅㗰ࡢ 1.75%࡛ΰྜࡋ㸪

ᡴタᚋ 24㛫࡛⬺ᆺ㸪ࡢࡑᚋ ࢆ⏕Ẽ㣴ࡢ℃85 24㛫⾜ࡓࡗ㸬

᥋ྜ᪉ἲࡣ㢌ࢆࢻࢵࢱࢫࡁᶍࢺࣝ࣎ࡓࡋ᥋ྜࡋ㸪ᐇ㦂せᅉ

࡚ࡋ UFC ᭷↓㸪ࡢ᥋╔᥋ྜࡿࡼ⬡ᶞࢩ࣏࢚࢟㸪ࡉཌࡢࢡࢵࣟࣈ

ࡣࢺࣝ࣎㸬ࡓࡋ㛗ࡳ㎸ࡵᇙࡢࢺࣝ࣎ SUS304 φ16ࡢ ࣞࣥࢸࢫ

ࢺࣝ࣎ࡢ࡚ࡍ㸪࠸⏝ࢆࢺࣝ࣎ࢫ 20N㹫ࢆࢡࣝࢺࡢᑟධࡓࡋ㸬

⾲-4 ౪ヨయㅖඖ㸪ᅗ-2 Ⲵ㔜㸪ࡣ㸬ᐇ㦂࡛ࡍ♧ࢆ౪ヨయᑍἲ

HFRP ᱆ UFC  㸬ࡓࡋᐃ ࢆ➼㔞㸧ࡾࡍᑐኚ㸦┦ࡢࢡࢵࣟࣈ

㸰㸰㸰㸰㸬㸬㸬㸬㸰㸰㸰㸰    ᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝ    

 ᅗ-3 ࡛↓᭷ࡢ╔᥋ࢩ࣏࢚࢟㸬ࡍ♧ࢆ㛵ಀࡢ㔞ࡾࡍⲴ㔜

ẚ㍑ࡿࡍ㸪ࢩ࣏࢚࢟᥋╔ࡾࡼࡇࡿࡍ⏝ేࢆ㍕Ⲵึᮇẁ㝵࡛

㸪ࡓࡲ㸬ࡿࢃࡀࡇࡿࡍቑຍࡃࡁࡀ㸪๛ᛶࡋᢚไࢆࡾࡍࡢ

E-35-30 ౪ヨయࡣ᥋╔ࡀ㞳ࡓࡋ㝿ࡢ⾪ᧁ࡛ኚィࡀእࢀ㸪ࡑ

ࢆ㸪Ⲵ㔜ࡀࡓࡗ࡞⬟ྍࡀࡇࡿࡍ ィࢆ㔞ࡾࡍࡢᚋࡢ

 䝣䝷䞁䝆 䜴䜵䝤 

Ⅳ⣲⧄⥔ 34% 0% 

䜺䝷䝇⧄⥔ 66% 100% 

༢㔞(kg/m3) ✵Ẽ㔞  

(%) Ỉ 
䝥䝺䝭䝑䜽

䝇⤖ྜᮦ 
㦵ᮦ ΰᮦ 

㗰⧄⥔ 

(kg) 

2.0  205 1287 898 32.2 137.4 

 
ᅽ⦰ᙉᗘ 

(MPa䠅 

ᘬᙇᙉᗘ 

(MPa䠅 

䝲䞁䜾⋡ 

(GPa䠅 

HFRP䠖䝣䝷䞁䝆 347 884 50.7 

HFRP䠖䜴䜵䝤 203 185 15.3 

UFC 178 14.3 46.4 

  

䠱䠢䠟 

䝤䝻䝑䜽ཌ 

(mm) 

䜶䝫䜻䝅

᥋╔ 

䝪䝹䝖 

ᇙ䜑㎸䜏㛗 

(mm) 

B-50-35 50 - 35 

E-50-35 50 ○ 35 

E-35-30 35 ○ 30 

E-35-20 35 ○ 20 
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ᅗᅗᅗᅗ‐‐‐‐3333    Ⲵ㔜Ⲵ㔜Ⲵ㔜Ⲵ㔜䠉䠉䠉䠉䛩䜉䜚䛩䜉䜚䛩䜉䜚䛩䜉䜚㔞㛵ಀ㔞㛵ಀ㔞㛵ಀ㔞㛵ಀ    

⾲⾲⾲⾲‐‐‐‐5555    ౪ヨయㅖඖ౪ヨయㅖඖ౪ヨయㅖඖ౪ヨయㅖඖ    

䠄༢䠖mm䠅 

ᅗᅗᅗᅗ‐‐‐‐5555    ౪ヨయᑍἲ౪ヨయᑍἲ౪ヨయᑍἲ౪ヨయᑍἲ    

ᅗᅗᅗᅗ‐‐‐‐6666    Ⲵ㔜Ⲵ㔜Ⲵ㔜Ⲵ㔜䠉䠉䠉䠉䛯䜟䜏䛯䜟䜏䛯䜟䜏䛯䜟䜏㛵ಀ㛵ಀ㛵ಀ㛵ಀ    

ᅗᅗᅗᅗ‐‐‐‐4444    ౪ヨయ౪ヨయ౪ヨయ౪ヨయ䛾䛾䛾䛾◚ቯ≧ἣ◚ቯ≧ἣ◚ቯ≧ἣ◚ቯ≧ἣ    

䠄䠄䠄䠄HFRPHFRPHFRPHFRP 䛾䛾䛾䛾ᨭᅽ◚ቯᨭᅽ◚ቯᨭᅽ◚ቯᨭᅽ◚ቯ䠅䠅䠅䠅    䠄䠄䠄䠄UFCUFCUFCUFC 䛾䛾䛾䛾ᨭᅽ◚ቯᨭᅽ◚ቯᨭᅽ◚ቯᨭᅽ◚ቯ䠅䠅䠅䠅    
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Ⲵ
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䛩䜉䜚㔞䠄mm䠅

Ⲵ
㔜

䠄
䡇
㻺

䠅

B-50-35

E-50-35

E-35-20

E-35-30

450kN࡛ࡲ㍕ⲴࡓࡋE-50-35౪ヨయྠࡰᵝࡢഴྥࡋ♧ࢆ

㸬 E-35-20ࡿ࠸࡚ ౪ヨయ௨እࡣ HFRP ࡓࡌ⏕ࢆᨭᅽ◚ቯࡢ

ࢆ㛗ࡳ㎸ࡵᇙࢺࣝ࣎㸪ࡀ 20mmࡓࡋ E-35-20౪ヨయࡣ UFC

࡞ࡸ⦅ࡣ㞳ᚋⲴ㔜ࡢ㸦ᅗ-4㸧㸪᥋╔ࡌ⏕ࢆᨭᅽ◚ቯࡢ

ῶᑡࡓࡋ♧ࢆ㸬௨ୖࡾࡼ㸪༑ศ࡞⪏ຊࢆᚓࡣࡵࡓࡿ㸪࢚

ࡣ㛗ࡳ㎸ࡵᇙࢺࣝ࣎㸪ࡋ⏝ేࢆ╔ᶞ⬡᥋ࢩ࣏࢟ 30mm ௨ୖ

ᚲせ࡛ࡓࡗࢃࡀࡇࡿ࠶㸬ࡓࡲ㸪ᮏ◊✲࡛⏝ࢵࣟࣈࡓ࠸

ࡣᙳ㡪ࡍࡰཬຊ⪏ࡀཌࢡࢵࣟࣈࡢ㸪UFCࡤࢀ࠶࡛ࡉཌࢡ

ᑠࡢࡶ࠸ࡉᛮࡿࢀࢃ㸬 

㸱㸱㸱㸱㸬㸬㸬㸬ྜᡂ᱆ྜᡂ᱆ྜᡂ᱆ྜᡂ᱆ࡢࡢࡢࡢ 4444 Ⅼ᭤Ⅼ᭤Ⅼ᭤Ⅼ᭤ࡆࡆࡆࡆ㍕Ⲵ㍕Ⲵ㍕Ⲵ㍕Ⲵᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂    

㸱㸱㸱㸱㸬㸬㸬㸬㸯㸯㸯㸯    ᐇ㦂ᴫせᐇ㦂ᴫせᐇ㦂ᴫせᐇ㦂ᴫせ    

๓❶࡛ᥦࡓࢀࡉ᥋ྜ᪉ἲࡓ࠸⏝ࢆ HFRP-UFC ྜᡂ᱆ࡢ

᭤ࡆ㍕Ⲵᐇ㦂ࡓࡗ⾜ࢆ㸬⏝ࡓࡋᮦᩱࡣᢲࡋᢤ᩿ࢇࡏࡁヨ

㦂ྠᵝ࡛ࡿ࠶㸬UFC ᗋ∧᩿ࡢ㠃ᑍἲ㸪ࢩ࣏࢚࢟᥋╔ࡢ᭷

㸬⾲-5ࡓࡋᐇ㦂せᅉࢆ↓ ౪ヨయㅖඖ㸪ᅗ-5 ౪ヨయᑍ

ἲࡍ♧ࢆ㸬UFC ᗋ∧ࡣᢲࡋᢤ᩿ࢇࡏࡁヨ㦂యྠᵝࣞࣉ

ࡣ㸬᱆㛗ࡓࡋ〇స࡚ࡋ㒊ᮦࢺࢫࣕ࢟ 3500mm ࡛㍕Ⲵࣃࢫ

ࣥ㸪ࡶࣥࣃࢫ᩿ࢇࡏ 1000mm ᗙᒅ㜵ࡢࣈ࢙࢘㸬ࡓࡋ

Ṇࡵࡓࡢ㸪ᖜ 80mmࡢᮌ〇ࢆࢼࣇࢸࢫࡢ 500mm㛫㝸࡛࢚

㛫ࢼࣇࢸࢫྛࡣࢺࣝ࣎㸬ࡓࡋ╔᥋࡚ࡗࡼ⬡ᶞࢩ࣏࢟ 6

ᮏࡓࡋ࠺ࡼࡿ࡞㸬ᐇ㦂࡛ࡣⲴ㔜㸪ࣥࣃࢫ୰ኸࡳࢃࡓࡢ

 㸬ࡓࡋ ィࢆ➼

㸱㸱㸱㸱㸬㸬㸬㸬㸰㸰㸰㸰    ᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝ    

ࡢ౪ヨయ࡛㍕ⲴⅬእ࡛ࡢ࡚ࡍ     UFC ᗋ∧ࡢᅽ⦰◚ቯࢆ

㸬ᅗ-6ࡓࡌ⏕ ࡧࡼ࠾౪ヨయྛ Iᆺ HFRP ᱆༢యࡢⲴ㔜

㸬HFRP㸫UFCࡍ♧ࢆ㛵ಀࡢ㔞ࡳࢃࡓ ྜᡂ᱆ࡣ HFRP ᱆༢

యẚ㍑ࡋ㸪⪏ຊࡧࡼ࠾๛ᛶࡀ 2 ಸ⛬ᗘቑຍࡓࡋ㸬ࡓࡲ㸪

࡚ࡋẚ㍑ࡳࡢࢺࣝ࣎ࡾࡼࡇࡿࡍ⏝ేࢆ╔᥋ࢩ࣏࢚࢟

๛ᛶࡀ 15㸣⛬ᗘቑຍࡓࡋ㸬ࡾࡼࢀࡇỈᖹ᩿ࢇࡏຊࡢᆒ୍

ࡿࡅ࠾᥋╔ࡢ᭷⏝ᛶࡀ☜ㄆࡓࢀࡉ㸬 

㸲㸲㸲㸲㸬㸬㸬㸬ࡵࡲࡵࡲࡵࡲࡵࡲ 

HFRP ᱆ UFC ᗋ∧ྜࡢᡂ᱆ࡢ㛤Ⓨࡾࡓ࠶㸪ᢲࡋᢤࡁ

ࡘຊᏛ≉ᛶࡢࡑ㸪࠸⾜ࢆ㍕Ⲵᐇ㦂ࡆ᭤ࡢ᱆ヨ㦂᩿ࢇࡏ

 㸬ࡍ♧௨ୗࢆぢ▱ࡓࢀࡽᚓࡾࡼ✲◊㸬ᮏࡓࡋウ᳨࡚࠸

 ࢀࡎࢆࢺࣝ࣎Ṇࡓࡋࡵᢲࡋᢤ᩿ࢇࡏࡁヨ㦂ࡾࡼ㸪ࣝ࣎

ㄆ☜ࢆࡇࡿࡍኚࡀࢻቯ࣮ࣔ◚ࡾࡼ㛗ࡳ㎸ࡵᇙࡢࢺ

 㸬ࡓࡋ

 UFC ࡣᡂ᱆ྜࡿࡍ∧ᗋࢆ HFRP ᱆༢యẚ㍑ࡋ㸪⪏ຊࡧࡼ࠾๛ᛶࡀ 2ಸ௨ୖቑຍࡓࡋ㸬 

 ࢩ࣏࢚࢟ࢺࣝ࣎ᶞ⬡ࢀࡎࢆṆࡓࡋࡵሙྜ㸪ࡳࡢࢺࣝ࣎ẚ㍑ࡋ㸪๛ᛶࡀ⣙  㸬ࡓࡋ15%ྥୖ

ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩    

㸯㸧ᒣᮏ㸪ࢻࢵࣜࣈࣁ FRP ࡓ࠸⏝ࢆᵓ㐀㒊ᮦࡢ㛤Ⓨ㸪➨ 62 ᅇᅵᮌᏛᖺḟᏛ⾡ㅮ₇㸪ඹ㏻ࣥࣙࢩࢵࢭ㸪

p.485-486㸪2007.9 

  
䜶䝫䜻䝅

᥋╔ 

UFC ᩿㠃 

䠄a×t䠅(mm) 

B-135-50 - 135×50 

E-135-50 ○ 135×50 

E-95-50 ○ 95×50 

E-135-35 ○ 135×35 

1000 1000 10001000 1000 1000
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