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1. ͸͡Ίʹ
1995೥ͷฌݝݿೆ෦஍਒Ͱ͸ɼڮྊͷ่յ΍ଛই౳ͷਙ

େͳඃ͕֐ੜ͡ɼ·ͨɼڮྊͷଛই͕ܰඍͰ͋Δʹ΋͔͔Θ
Βͣɼ٭ڮͷཹ࢒มҐ͕ݪҼͰఫڈ·ͨ͸ߏ࠶ஙͱͳͬͨ
Ε͍ͯΔ͞ࠂ਺ଟ͘ใ͕ྫࣄྊͷڮ 1)ɽ͜ͷ஍਒ඃ֐Λड
͚ͯओྲྀͱͳͬͨ஍਒࣌อ༗ਫฏ଱ྗ๏ʹΑͬͯ଱਒ઃܭ
͞Εͨڮྊ͸ɼ2016೥ͷ۽ຊ஍਒ʹ͓͍ͯڮྊͷ่յΛճ
ආ͢Δ੒ՌΛಘ͕ͨɼཹ࢒มҐ౳͕ݪҼͰ෮چʹ௕ظΛཁ
ྊ͕͋Δڮͨ͠ 2)ɽ͜ͷΑ͏ʹɼฌݝݿೆ෦஍਒Ҏ߱ɼڮྊ
ͷ଱਒ੑ্޲ʹ͓͍ͯҰఆͷ੒Ռ͕ೝΊΒΕ͍ͯΔ͕ɼ࢒
ཹมҐ͸ࡏݱ΋՝୊Ͱ͋Δɽ
Ұํɼ҆ՁͰՃੑ޻ʹ༏ΕΔ Cu-Al-Mn௒஄ੑ߹ۚʢҎ

ԼɼSEA : Superelastic Alloyʣ͕ۙ೥։ൃ͞Ε͍ͯΔ 3)ɽ
௒஄ੑ߹ۚͱ͸ܗঢ়هԱ߹ۚͷҰछͰɼۚଐ઼͕ੑมޙܗ
ʹআՙͯ͠΋ݩͷܗঢ়ʹ෮͢ݩΔੑ࣭Λ༗͢ΔۚଐͰ͋Δɽ
͜ͷ SEAΛRC٭ڮͷओమےͷ୅ΘΓʹ༻͍Δ͜ͱͰ٭ڮ
ͷཹ࢒มҐͷ௿ظ͕ݮ଴͞ΕΔɽ
ͦ͜ͰຊڀݚͰ͸ɼஶऀΒ͕ج٭ڮͨͬߦ෦ʹओےͱ͠

ͯ SEAΛ༻͍ͨࢼڙ٭ڮମͷਖ਼ෛަ൪ࡌՙ࣮ݧ 4) ʹର͢
Δݱ࠶ղੳΛ࣮ͨ͠ࢪɽ

2. Αͼղੳ֓ཁ͓ݧՙ࣮ࡌΓฦ͠܁
(1) ཁ֓ݧՙ࣮ࡌΓฦ͠܁ 4)

ڙ٭ڮਤΛਤ–1ʹࣔ͢ɽےମͷ഑ࢼڙ٭ڮΔ͚͓ʹݧ࣮
ܕମ͸ैདྷࢼ RC٭ڮʢҎԼɼRC٭ڮʣͱ SEAΛओےͷ
Ұ෦ͱͯ͠༻͍ͨ٭ڮʢҎԼɼSEA٭ڮʣͰɼ͍ͣΕͷڙ
͞ߴମ΋༗ޮࢼ 800mmɼ௚ܘ 250mmͷԁܗஅ໘Ͱ͋Δɽ
ओےʹ͸ɼRC٭ڮͰ͸ެশ௚ܘ 12.7mmͷ D13ΛɼSEA
ܘͰ͸௚٭ڮ 12.4mmͷ SEAΛ࢖༻͠ɼஅ໘ʹରͯ͠ԁঢ়
ʹ౳ִؒͰ 8ຊ഑ஔͨ͠ɽଳమےʹ͸D6Λ࢖༻͠ɼ઼ੑώ
ϯδ෦Ͱ 60mmִؒɼͦΕΑΓ্෦Ͱ͸ 70mmִؒͰ഑ஔ
ͨ͠ɽSEA͸શ௕ 300mmͰɼ྆୺ͷ 25mmʹ͸ߴφοτ
Ͱమےͱ઀߹͢ΔͨΊʹͶ͡੾Ճ޻Λ͍ͯ͠ࢪΔɽओమے
ͱͯ͠༻͍ͨD13͸ɼ߱෬ڧ౓͕ 367N/mm2ɼ஄ੑ܎਺͕
186kN/mm2 Ͱ͋ͬͨɽۥ٭ڮମ෦͸ૣڧίϯΫϦʔτΛ
౓͸ڧɼѹॖ͠༺࢖ 50.5N/mm2ɼ஄ੑ܎਺͕ 35.6kN/mm2

Ͱ͋ͬͨɽ
ɼ֤มҐৼ෯͸υϦ͍ߦՙ͸Ұఆৼ෯มҐ઴૿ํࣜͰࡌ

ϑτΛج४ʹͯ͠ఆΊͨɽ͜͜ʹɼυϦϑτͱ͸٭ڮͷ༗
͞ߴޮ (800mm)ʹର͢ΔਫฏมҐͷൺͰ͋Δɽ֤มҐৼ෯
ʹ͍ͭͯ͸υϦϑτ 0.5%(4mm)ͰࡌՙΛ͸͡Ίɼͦͷޙ
υϦϑτ 0.5%(4mm)ͣͭมҐৼ෯Λ૿Ճͤͨ͞ɽ্ࡌՙ
ॏͱͯ͠ࢼڙମͷப಄෦ͷ্ʹ 23.0kN ෼ͷ߯൘ͷ਴Λࡌ
ͤΔ͜ͱʹΑΓҰఆ࣠ྗΛ༩͑ͨɽ
(2) ղੳ֓ཁ
ຊղੳͰ͸ɼ༗ݶཁૉղੳπʔϧOpenSees5)(Open Sys-

tem for Earthquake Engineering Simulation)Λ࢖༻ͨ͠ɽ
ମͷղੳϞσϧΛਤ–2ʹࣔ͢ɽϑʔνϯά͓Αͼࢼڙ٭ڮ
ப಄෦͸ઢܗཁૉͱ͠ɼۥ٭ڮମ෦͸෦ࡐͷඇઢڍܗಈΛ
֬ೝ͢ΔͨΊʹϑΝΠόʔཁૉͱͨ͠ɽப಄෦ͷ্ʹͤࡌ
ͨ਴ʹΑΔ্ࡌՙॏ͸ɼப಄෦Ґஔʹઅ఺ूத࣭ྔͱͯ͠
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ਤ–1 ཁਤ֓ےମ഑ࢼڙ

ਤ–2 ղੳϞσϧਤ

ਤ–3 ੒ଇߏྉࡐ

ࡌͱಉ͡ݧఆ͠ɼ࣮ݻఈ෦͸٭ڮ஋Λೖྗͨ͠ɽͨ͠ࢉ׵
ՙҐஔʹ੍ڧมҐΛ༩͑ͨɽࡌՙҐஔͰ࣮ݧʹΑΔਫฏม
Ґ͸࣮ݧͰಘΒΕͨओےͷ৳ͼग़͠ʹΑΔ٭ڮͷճసมҐ
Λࠩ͠Ҿ͍͍ͯΔɽ
ຊղੳͰ͸ɼਤ–2ʹࣔ͢Α͏ʹ SEA٭ڮʹ͓͍ͯϑΝ

Πόʔஅ໘ͷྊ෦ࡐΛίϯΫϦʔτ෦ͱ SEA෦ʹ෼཭͠ɼ
பͷத৺ҐஔͰͦΕͧΕΛॏͶ߹Θ͍ͤͯΔɽ͜ͷΑ͏ʹ
ͨ͠ཧ༝͸ɼSEA๮ද໘ʹԜತ͕ແ͘ɼίϯΫϦʔτͱͷ
෇ணޮՌΛظ଴Ͱ͖ͳ͍͜ͱ͔ΒɼSEA๮͕શ௕ʹΘͨΓ
ΔͨΊͰ͋ΔɽϑΝΠόʔஅ໘͢ݱ࠶౳ʹ৳ͼΔ͜ͱΛۉ
͸ਤ–2ͷΑ͏ʹϞσϧԽ͠ɼίΞίϯΫϦʔτͱ͔ͿΓί
ϯΫϦʔτʹ෼͚ͯஅ໘Λ෼ׂͨ͠ɽਤ–3ʹࡐ༺࢖ྉͷߏ
੒ଇΛࣔ͢ɽԠྗʙͻͣΈؔ܎ͱͯ͠ɼSEAʹ͸ਤ–3(a)
ʹ੺ઢͰࣔ͢ϑϥοάܕɼओమےʹ͸ਤ–3(b)ʹࠇઢͰࣔ͢
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ਤ–4 RC٭ڮͷཤྺۂઢ ਤ–5 SEA٭ڮͷཤྺۂઢ

Chang and ManderϞσϧɼίϯΫϦʔτʹ͸ Chang and
ManderϞσϧΛ࢖༻͠ɼίΞίϯΫϦʔτͰ͸ଳమےʹΑ
Δԣ߆ଋޮՌΛྀͨ͠ߟɽίϯΫϦʔτ͓Αͼओےͷߏ੒ଇ
ʹ͸Ҿுڧ౓͓ݧࢼΑͼѹॖڧ౓ݧࢼʹΑͬͯಘΒΕͨࡐྉ
ಛੑ஋Λ༻͍ͨɽSEAͷߏ੒ଇʹ͸߱෬ڧ౓ 200N/mm2ɼ
஄ੑ܎਺ 37.3kN/mm2 Λ༻͍ͨɽ
ղੳέʔε͸ɼRC٭ڮͷ Case RCɼSEA٭ڮͰ͸͔Ϳ

ΓίϯΫϦʔτͷߏ੒ଇ͕ҧ͏ Case SEA-A ͓Αͼ Case
SEA-Bͱͨ͠ɽCase SEA-AͰ͸ɼਤ–3(b)ʹࣔ͢ࠇઢͷ
Α͏ʹ͔ͿΓίϯΫϦʔτΛ Chang and ManderϞσϧͰ
ఏҊ͞Ε͍ͯΔ௨ৗͷRCϞσϧΛ࢖༻ͨ͠ɽCase SEA-B
Ͱ͸ɼਤ–3(b)ʹࣔ͢੺ઢͷΑ͏ʹ͔ͿΓίϯΫϦʔτͷ
ԠྗʙͻͣΈؔ܎ʹ͓͍ͯԠྗ͕࠷େѹॖԠྗʹୡͨ͠ޙ
ͷԼ߱ޯ഑ΛɼυϦϑτ Ԡྗ͕ʹ࣌ՙࡌ12% 0ʹͳΔΑ͏
ʹઃఆͨ͠΋ͷΛ SEAϞσϧͱͨ͠ɽ͜Ε͸࣮݁ݧՌΑΓ
ઃఆ͠ɼج٭ڮ෦ͷ͔ͿΓίϯΫϦʔτ͕υϦϑτ ࡌ12%
ՙ࣌ʹണམͨ݁͠Ռʹͮ͘جɽ͜ͷΑ͏ʹͳͬͨͷ͸ɼओ
͍ͨ༺ͱͯ͠ے SEA͕ڍ͍͘ʹ۶͠࠲ಈ͕Ө͍ͯ͠ڹΔͱ
ͻͣΈ͸ہΒΕ͍ͯΔɽ͔ͿΓίϯΫϦʔτͷऴ͑ߟ Case
SEA-AͰ໿ 8000×10−6ɼCase SEA-BͰ໿ 65000×10−6ͱ
ͳͬͨɽ

3. ղੳ݁Ռ
ਤ–4ɼ5͸ͦΕͧΕͷՙॏʙมҐؔ܎ͷཤྺۂઢΛࣔ͠ɼ

੺ઢͷղੳ݁ՌʹՃ͑ͯɼ࣮݁ݧՌΛࠇઢͰද͍ͯ͠Δɽ·
ͣ RC٭ڮͰ͋Δ Case RCͷൺֱΛਤ–4ΑΓ֬ೝ͢Δͱɼ
ͰυϦϑτݧେՙॏ͸ղੳͱ࣮࠷ 5%ఔ౓·Ͱಉఔ౓Ͱ͋
Γɼཤྺۂઢ΋֓ͶҰக͍ͯ͠ΔɽͦΕҎ߱Ͱ͸ɼ࣮ݧͷ
٭ڮͰ͸ݧখ͍͕͞ɼ͜Ε͸࣮ׯେՙॏ͕ղੳΑΓ΋ए࠷
Ίͨ͜ͱʹΑΔɽ࢝෦ͷίΞίϯΫϦʔτͷଛই͕ਐల͠ج
ʹ࣍ SEA٭ڮͷղੳ݁Ռͱ࣮݁ݧՌΛਤ–5Ͱ֬ೝ͢Δɽ͜
͜Ͱɼ࣮ݧͰ͸ SEA͕υϦϑτ ՙଆͰഁஅ͠ࡌਖ਼ʹ࣌5%
ͨͨΊɼͦΕҎ߱͸ෛࡌՙଆͷΈͰ܁Γฦ͠ࡌՙΛ͓ͯͬߦ
Γɼղੳʹ͓͚ΔࡌՙυϦϑτ΋࣮ݧʹ߹Θ͍ͤͯΔɽRC
ϞσϧΛ༻͍ͨ Case SEA-Aͷղੳ݁ՌΛਤ–5(a)Ͱ֬ೝ
͢Δͱɼղੳ݁ՌͰ͸࠷େՙॏ͕υϦϑτ 1.5%Ͱݮʹܹٸ
গ͍ͯ͠Δɽ͜ͷͱ͖ɼ͔ͿΓίϯΫϦʔτͷԠྗ͕ 0ͱ
ͳ͓ͬͯΓɼ͔ͿΓίϯΫϦʔτ͕ѹॖྗΛෛ୲͍ͯ͠ͳ͍
ঢ়گͰ͋Δɽ࣮ݧͰ͸͔ͿΓίϯΫϦʔτͷѹյ͕͞࡯؍
Εͨͷ͕υϦϑτ Ͱ͋ͬͨ͜ͱ͔ΒɼղੳͰ͸͔Ϳ࣌12%
ΓίϯΫϦʔτͷണམ͕࣮ࡍΑΓ΋ૣظʹੜ͍ͯ͡Δɽͦ
͜Ͱɼ͔ͿΓίϯΫϦʔτͷߏ੒ଇΛ࣮ݧʹଈܾͯ͠Ίͨ
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ਤ–6 ՙॏʙͻͣΈؔ܎ͷൺֱ

SEAϞσϧʹΑΔCase SEA-Bͷղੳ݁ՌΛਤ–5(B)ΑΓ
֬ೝ͢ΔͱɼղੳʹΑΔ࠷େՙॏ͸࣮݁ݧՌΑΓ΋ 3kNఔ
౓খ͍͞΋ͷͷɼ྆ऀͷ࠷େՙॏ͸ Case SEA-AΑΓ΋ۙ
͍஋Λࣔͨ͠ɽ͞Βʹɼਤ–6ʹCase SEA-Bʹ͓͚ΔυϦ
ϑτ 6%·Ͱͷՙॏͱ SEAͷͻͣΈͷؔ܎Λࣔ͠ɼਤதͷ
੺ઢ͸ղੳ݁Ռɼࠇઢ͸࣮݁ݧՌͰ͋Δɽ͜ ͜ͰɼSEAͷͻ
ͣΈ͸ਤ–1ͷஅ໘ਤʹࣔͨ͠ҐஔͰج෦͔Β͞ߴ 120mm
ʹ͓͚Δ݁ՌͰ͋ΔɽਤΑΓղੳͱ࣮ݧͷՙॏʙͻͣΈؔ
Λ͍ࣔͯ͠Δ͜ͱ͔Βɼຊղੳ͸޲܏͸ಉ͡܎ SEAͷͻͣ
ΈڍಈΛྑ͍ͯ͘͠ݱ࠶Δɽ

4. ݁࿦
1. SEA٭ڮͷղੳͰ͸௨ৗͷRC༻ͷίϯΫϦʔτߏ੒
ଇΛ༻͍ͨ৔߹͸ɼ࣮ ΑΓ΋͔ͿΓίϯΫϦʔτ͕ૣݧ
ΒΕͨɽݟͷ௿Լ͕ظେՙॏͷૣ࠷ണམ͢ΔͨΊɼʹظ

2. Ռ͔Β݁ݧ࣮ SEA٭ڮͷ͔ͿΓίϯΫϦʔτͷଛই
͸ɼRC٭ڮʹൺ΂ͯଛই͕খ͍͜͞ͱ͔Βɼ࣮݁ݧ
Ռʹଈ͔ͨ͠ͿΓίϯΫϦʔτͷߏ੒ଇΛ༻͍ͨղੳ
͸ɼ࣮ݧʹ͓͚Δ࠷େՙॏ΍ͻͣΈڍಈΛ֓Ͷݱ࠶Ͱ
͖ͨɽ

ݙจߟࢀ
1) ాதࠀయɼྛलעɼݡࠨ޾ೋɼ҆ాැ཯ɿཹ࢒มҐʹண໨͠
ͨ஍਒ඃ٭ڮࡂͷݕ౼ɼίϯΫϦʔτֶ޻೥࣍࿦จใूࠂɼ
Vol.20ɼNo.3ɼ1998.

2) େॅಓੜɼ੕۾ॱҰɿ۽ຊ஍਒ʹΑΓඃ֐Λड͚ͨಓ࿏ڮͷ
ଛইࠟʹͮ͘جཁҼ෼ੳɼୈ 20 ճੑೳʹڮͮ͘جྊ౳ͷ଱
਒ઃܭʹؔ͢Δγϯϙδ΢Ϝߨԋ࿦จूɼpp.121-128ɼ2017.

3) Omori, T., Kusama, T., Kawata, S., Ohnuma, I., Sutou,
Y., Araki, Y., Ishida, K., Kainuma, R.: Abnormal Grain
Growth Induced by Cyclic Heat Treatment., Science,
2013.9.

4) ౻Ԭޫɼ౻૔मҰɼܟޱࢁ໵ɼNguyen Minh Haiɼதౡষయɼ
Ӝ઒༸հɼ౉੉തɿ௒஄ੑ߹ۚΛ༻͍ͨ٭ڮͷ܁Γฦ͠ࡌՙ
ɼྩ࿨ݧ࣮ 2೥౓౔໦ֶձશࠃେձୈ 75ճ೥ֶ࣍ज़ߨԋձɼ
I-297ɼ2020.

5) University of California, Berkeley: OpenSees, the Open
System for Earthquake Engineering Simulation.
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