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㸯㸬ࡵࡌࡣ 

ᛂࡿࡍ⏕Ⓨᮏయ࣒ࢲࠊ࠸⾜ࢆᙧືⓗゎᯒ⥺ࠊࡣ㟈ᛶ⬟↷ᰝ⪏ࡢᮏయ࣒ࢲࢺ࣮ࣜࢡࣥࢥ

ຊᮦᩱᙉᗘࠊࡽᡤせࡢ⪏㟈ᛶ⬟ࡀ☜ಖࠋࡿࡍุ᩿ࢆ࠺ࡿࢀࡉ 

➼⛬ᦆയ㐣ࡽࡉࠊࡣሙྜࡓࢀࡉุ᩿ࡿ࠶ࡀࢀࡑ࠾ࡿࡌ⏕ࡀᦆയᮏయ࣒ࢲࠊ࡛ࡇࡇ

ࡍㄆ☜ࢆ࠺ࡿࡲ⠊ᅖ࡞㝈ᐃⓗࡀᦆയࡿࡌ⏕ࠊ࠸⾜ࢆᆅ㟈ᛂ⟅ゎᯒࡓࡋ៖⪄ࢆ

㞳ᩓࠊࡣࡘ୍ࠊࡾ࠶ࡀ᪉ἲ࡞௦⾲ⓗࡢࡘ㸰ࡣ㐍ᒎゎᯒࢀࡧࡦࡿࡍ៖⪄ࢆ⛬ᦆയ㐣ࠋࡿ

㸦smeared crack㸧ࣝࢹࣔࢀࡧࡦศᕸࠊࡣࡘ୍࠺ࡶࠊ(㸦discrete crackࣝࢹࣔࢀࡧࡦ

せ࠸క㐍ᒎࢀࡧࡦࠊࡾ㝈࠸࡞࡛▱᪤ࡀ㊰⤒ࢀࡧࡦࠊࡣࣝࢹࣔࢀࡧࡦ㞳ᩓࠋࡿ࠶࡛

⣲ࡢศࡀᚲせࢀࡇࠋࡿ࡞ᑐࠊࡋศᕸࡧࡦࡧࡦࠊࡣࣝࢹࣔࢀࢀᚋ࣮ࣜࢡࣥࢥࡶ

ࠊึࡵࡓࡿࡍࣝࢹ࡚ࣔࡋኚࡢᮦᩱ≉ᛶࡢせ⣲ࠊ࠸ᢅ࡚ࡋ㐃⥆యࢆࢺ ᮇࡢせ⣲ศ

 ࠋࡿࡁ㏣㊧࡛ࢆ㐍ᒎࢀࡧࡦࠊࡃ࡞ࡇࡿࡍኚ᭦ࢆ

ᮏ㈨ᩱࠊୖࡣ ググ㍕ࡓࡋ♧ᦆയ㐣⛬ࢆศᕸࡧࡦࡢࣝࢹࣔࢀゎᯒࠋࡿ࠶࡛ࡢࡶࡍ♧ࢆ

ゎᯒࡣ᪤ ࡢヨ㦂 ゎࠊࡾࡼẚ㍑ࡢヨ㦂⤖ᯝࠊࡋᐇࢆゎᯒࣥࣙࢩ࣮࣑ࣞࣗࢩᇶࢆ(3

ᯒࡢጇᙜᛶࢆ☜ㄆࠋࡓࡋ 

 

㸰㸬ゎᯒࣔࣝࢹ 

 ゎᯒࣔࠊࡣࣝࢹ㔜ຊᘧࢆ࣒ࢲࢺ࣮ࣜࢡࣥࢥᶍᨃࢺ࣮ࣜࢡࣥࢥ➽↓ࡓࡋᵓ㐀≀ࡢヨ㦂య

ࡉ㧗ࠊࡋ 3.4㹫ࠊୗὶഃࡢ໙㓄 ࡉཌࠊ0.7 0.25㹫ࡢᙧ≧࡛ࠊヨ㦂య㡬㒊ࡣᅛ᭷࿘ᮇࢆ

పῶࡵࡓࡿࡏࡉ㔜㔞 2700kgࡢຍࡀࢫ࣐タ⨨ࢡࢵࣛࢡࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ⨨ࢆ㝈ᐃ

ㅖࡢヨ㦂య1-⾲ࠊヨ㦂యᅗ-㸯ࠋࡿ࠸࡚ࢀࡉタᐃࡀ㸧ࡁḞࡾ㸦ษࢳࢵࣀࠊࡵࡓࡿࡏࡉ

ඖࠋࡍ♧ࢆ 

  ゎᯒࣔࡣࣝࢹᖹ㠃ᛂຊせ⣲ࣗࢩࢵ࣓ࠊࡋศࠊࡣᛂຊ㸫ࡳࡎࡦ㛵ಀࡀᘬᙇᙉᗘࢆ㉸

せ⣲ᑍἲࠊࡵࡓࡢ㜵Ṇࡢ(ὀ㇟⌧ࢡࢵࣂࣉࢵࢼࢫࡢᚋࡓ࠼ L タᐃ࠺ࡼࡿࡍ㊊‶ࢆᘧ(1)ࢆ

ࡓࡋ  ࠋࡍ♧ࢆᅗࣗࢩࢵ࣓ᅗ-㸰ࠋ(4

 

        L㸺㸦E࣭G㹤/㹤t2㸧࣭ ࣭࣭࣭࣭࣭࣭࣭࣭࣭࣭࣭࣭(1) 

          

 ࠊࡇࡇ         

                        L 㸸せ⣲ᑍἲ 

            E 㸸ࣖࣥࢢಀᩘ 

            G㹤㸸◚ቯ࣮ࢠࣝࢿ࢚ 

            㹤t㸸ᘬᙇᙉᗘ 

 

ὀ㸧ࢡࢵࣂࣉࢵࢼࢫ⌧㇟ 

Ᏻࡀ⟭ィࠊࡋῶᑡࡶኚࡶῶᑡࡢᛂຊࠊᘬᙇᙉᗘ௨㝆ࡀ㛵ಀࡳࡎࡦ-ᛂຊࡢ᪉ྥ┤ࢀࡧࡦ  

ᐃࠋࡿ࡞ 
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㡯  ┠ ᐃ ᩘ 

ᅽ⦰ᙉᗘ䡂䠿䠄MPa䠅 14.8 

ᘬᙇᙉᗘ䡂䡐䠄䠩Pa䠅 3.7 

䝲䞁䜾ಀᩘ E䠄GPa䠅 18.5 

䝫䜰䝋䞁ẚν 0.19 

ᐦᗘρ䠄䡇䡃/䡉３） 2400 

◚ቯ䜶䝛䝹䜼䞊Gf䠄N/䡉䠅 105 

 

⾲-1ヨ㦂యࡢㅖඖ 
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㞟୰㉁㔞 1.35ton 㞟୰㉁㔞 1.35ton 

࠙ຍࢫ࣐㛫ࡢᱱせ⣲ࡢ≉ᛶࠚ 

㖄┤ࢆࢿࣂ㓄⨨㸦ືྎࢆᶍᨃ㸧 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ-2࣓ࣗࢩࢵᅗ 

࣭E=30GPa 

࣭A=0.625੍ 

࣭I=0.0489m4 
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㸱㸬ධຊἼ 

 ヨ㦂యࡢຍ୕ࠊࡣゅᙧࢫࣝࣃἼ࡛᩿ࠊࡾ࠶⥆ⓗ㸱ᅇຍࠋࡿ࠸࡚ࢀࢃ⾜ࡀゎᯒࡢ

ධຊࠊࡣືྎ࡛ᚓࡓࢀࡽຍ㏿ᗘࡀṇᘻἼ㢮ఝࠊࡽࡇࡿ࠸࡚ࡋṇᘻἼ⨨ࡓࡋἼ

ᙧࢆධຊἼ᩿ࠊ࠾࡞ࠋࡓࡋ⥆ⓗຍ࡚ࢀࡉᚓࡓࢀࡽຍ㏿ᗘࢆゎᯒࡢධຊ࡛ࠊࡣᅗ-㸱

┠1ᅇࠊ࠺ࡼࡍ♧ 2ᅇ┠2ࠊᅇ┠ 3ᅇ┠㛫ࡢ⮬⏤ື࠺ࡼࡿ࡞ࡃ࡞ࡀ㛫㝸ࠊ࡚ࡗྲྀࢆ

㐃⥆ⓗධຊࠋࡓࡋ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

ᅗ-3ධຊຍ㏿ᗘ 
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㸲㸬ῶ⾶≉ᛶ 

 ῶ⾶≉ᛶࠊࡣヨ㦂యࡢ⮬⏤ືヨ㦂ࡽᚓࡿ࠸࡚ࢀࡽ 㐃ࡢືྎヨ㦂యࠊᇶࢆ0.9%

ᡂ୍ḟᅛ᭷ືᩘ 16.4Hzࢆ ῶ⾶ಀᩘࡢᘧ(3)ࠋࡓࡋỴᐃࢆαࡾࡼᘧ(2)ࠊࡋ1.1% Cࡣࠎ

ᅗ-5ࠋࡓࡋ⾶㛫๛ᛶẚᆺῶ▐࠺క๛ᛶኚࡢࠎ้ 1ḟ2ࠊḟࡢື࣮ࣔࠋࡍ♧ࢆࢻ 

 㔜ຊᘧ࣒ࢲࢺ࣮ࣜࢡࣥࢥሐయࢡࢵࣛࢡࡢⓎ⏕ࠊ㐍ᒎၥ㢟ࠊࡣῶ⾶≉ᛶࡀ࡞ࡁᙳ㡪ࢆ

ཬึࠊࡋࡰᮇ๛ᛶẚᆺῶ⾶࣮࣮ࣜࣞࡧࡼ࠾ῶ⾶ᆺ࡛ࢡࢵࣛࢡࠊࡣⓎ⏕㠃࡛ࡢᘬᙇᛂຊࡢ

ゎᨺࡀ༑ศࡀࡇ࡞ሗ࿌ࡿ࠸࡚ࢀࡉ  ࠋ(2

 

࣭▐㛫๛ᛶẚᆺῶ⾶ 

α= h1/(πf1)  ࣭࣭࣭࣭࣭࣭(2) 

㹁=α㹉  ࣭࣭࣭࣭࣭࣭࣭࣭(3) 

 

 ࠊࡇࡇ   

    㹁㸸ῶ⾶⾜ิ 

    㹉㸸๛ᛶ⾜ิ㸦㠀⥺ᙧᛶࢆ⪃៖ࠊࠎ้ࠎኚ㸧 

    f1㸸୍ḟືᩘ㸦16.4Hz㸧 

        h1㸸ᮦᩱῶ⾶ᐃᩘ(1.1%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          ᅗ-4ึᮇࡢ๛ᛶẚᆺῶ⾶ 
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ᅗ-5ື࣮ࣔࢻ 

㸯ḟ࣮ࣔࢻ (16.4Hz) 

㸰ḟ࣮ࣔࢻ (57.3Hz) 
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㸳㸬㠀⥺ᙧ≉ᛶ 

㠀⥺ᙧ≉ᛶࠊࡣ䝁䞁䜽䝸䞊䝖ᵓ㐀䛾ᮦᩱ䝰䝕䝹䛸䛧䛶䚸⢭ᗘ䛾㧗䛔ᵓᡂ๎䛾୍䛴䛸䛧䛶▱䜙䜜䛶

䛔䜛๓ᕝ䞉⚟ᾆ䜙䛻䜘䜛ᙎረᛶ◚ቯ䝰䝕䝹䜢⏝䛔䛯䚹ᮦᩱ䝰䝕䝹せ⣲䛿䚸ศᕸ䜂䜃䜜䝰䝕䝹䛸

䛧䛶ྲྀ䜚ᢅ䛖䛣䛸䛛䜙䚸䜂䜃䜜䛾Ⓨ⏕䜔㐍ᒎ䛜᭷㝈せ⣲ෆ䛷ᖹᆒⓗ䛻⪃៖䛥䜜䜛䚹䜂䜃䜜Ⓨ

⏕ᚋ䛿䚸䜂䜃䜜㠃┤᪉ྥ䚸䜂䜃䜜㠃ᖹ⾜᪉ྥ䛾䛭䜜䛮䜜䛻㛵䛩䜛୍㍈䛾ᒚṔᣲື䝰䝕

䝹䠄┤ᛂຊ-䜂䛪䜏㛵ಀ䠅䛸䜂䜃䜜㠃䛻ἢ䛳䛯䛫䜣᩿䛪䜜䛻㛵䛩䜛ᒚṔᣲື䝰䝕䝹䠄䛫䜣᩿ᛂ

ຊ-䜂䛪䜏㛵ಀ䠅䜢㐺⏝䛧䚸䛣䜜䜙䜢⤌䜏ྜ䜟䛫䜛䛣䛸䛷ᣲື䜢⾲⌧䛩䜛䚹ᅗ-6 䛻୍㍈䛾ᒚṔᣲື

䝰䝕䝹䚸ᅗ-7 䛻䛫䜣᩿䛪䜜䛻㛵䛩䜛ᒚṔᣲື䝰䝕䝹䜢♧䛩䚹䜎䛯䚸ᘬᙇ㌾᭤⥺䛿୍⯡ⓗ䛻䠎

┤⥺䛷㏆ఝ䛧䚸㌾ᚋ䛾㝖ୗ䛾ᒚṔ≉ᛶ䛸䛧䛶ཎⅬᣦྥᆺ䛜⏝䛔䜙䜜ሙྜ䛜ከ䛔䛜䚸ᅇ䛿

㌾ᚋ䛻ཎⅬᣦྥᆺ䜘䜚ᒚṔῶ⾶ຠᯝ䛜䛝䛔䛣䛸䛛䜙䚸ᅗ-8 䛻♧䛩ᘬᙇ㌾᭤⥺䜢⏝䛔䛯䚹 

 

            

 

 

 

 

 

 

max
90.0 βmax85.0 β

┤⥺
β㛵ࡿࡍ
㸷ḟ᭤⥺

㝖Ⲵ᭤⥺

ໟ⤡⥺ (D)

( )maxmax ,ψβ

( )minmin ,ψβ

min90.0 β min85.0 β

stst fτψ =

ᅗ-6 ୍㍈䛾ᒚṔᣲື䝰䝕䝹 

ᅗ-7 䜂䜃䜜㠃䛷䛾䛫䜣᩿ఏ㐩䝰䝕䝹 
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┤⥺ᆺᘬᙇ㌾ᵓᡂ๎

ゎᯒ䛷⪃៖䛧䛶䛔䜛ᘬᙇ㌾
๎(㼎.㼜.㻩1.9)

ᅗ-8 ᘬᙇ㌾᭤⥺ 
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䠒䠊ືⓗ㠀⥺ᙧゎᯒ 

 ືⓗ㠀⥺ᙧゎᯒ䛿䚸௨ୗ䛾᮲௳䛻䜘䜛 New䡉䠽䡎䡇-βἲ䛾┤᥋✚ศἲ䛷ᐇ䛧䛯䚹 

 

  䞉β್        䠖 0.25 

  䞉✚ศ㛫㛫㝸  䠖 0.0001 ⛊ 

  䞉᮰ἲ      䠖 䠪䡁䡓䡐䡋䡊-䠮䠽䡌䡄䡏䡋䡊ἲ 

 

ᅗ-9 䛻 2 ᅇ┠䚸3 ᅇ┠ຍ䛾ヨ㦂⤖ᯝ䜢♧䛩䚹ヨ㦂⤖ᯝ䛿 1 ᅇ┠䛾ຍ䛿䜂䜃䜜䛿Ⓨ

⏕䛫䛪䛻䚸䠎ᅇ┠䛾ຍ䛷ୗὶഃ䛛䜙䜂䜃䜜䛜Ⓨ⏕䛧䚸䠏ᅇ┠䛾ຍ䛻ୖὶഃ䜒䜂䜃䜜䚸

ୖୗὶ᪉ྥ䛻㈏㏻䛧䛯䚹ゎᯒ⤖ᯝ䛿ᅗ-10䚸ᅗ-11䚸ᅗ-12 䛻 1 ᅇ┠䛛䜙 3 ᅇ┠䛾ྛຍ䛾᭱

䜂䛪䜏䛾䜂䛪䜏䛸ᛂຊ䛾䝁䞁䝍䞊ᅗ䜢♧䛧䚸ᅗ-13䛻 3ᅇ┠ຍ䛾䜂䜃䜟䜜㐍ᒎ䜢

⣔ิ䛻♧䛧䛯䝁䞁䝍䞊ᅗ䛷䛒䜛䚹ゎᯒ⤖ᯝ䛿1ᅇ┠䚸2ᅇ┠䛿䜂䜃䜜䛿Ⓨ⏕䛫䛪䛻䚸䠏ᅇ┠䛻ୗ

ὶഃ䛛䜙䜂䜃䜜䛜Ⓨ⏕䛧䚸䛭䛾ᚋ䚸ୖὶഃ䜒䜂䜃䜜䚸ୖୗὶ᪉ྥ䛷㈏㏻䛧䛯䚹 

䜎䛯䚸ᅗ-13䛾ᛂຊ䝁䞁䝍䞊ᅗ䛛䜙䚸䜂䜃䜜㛤ཱྀ࿘㎶せ⣲䛾ᘬᙇᛂຊ䛜ゎᨺ䛥䜜䛶䛚䜚䚸䜂

䜃䜜㐍ᒎ䛜㐺ษ䛻⾲⌧䛥䜜䛶䛔䜛䛣䛸䛜ศ䛛䜛䚹 

 

 

 

 

ᅗ-9 ヨ㦂⤖ᯝ 
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V1

Output Set: 1-1-500 T= 0.050000 
Deformed(0.00241): Total_Displacement
Contour: Maj_Prin_Stress
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V1

Output Set: 1-1-500 T= 0.050000 
Deformed(0.00241): Total_Displacement
Contour: Maj_Prin_Strain

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

࠙1ᅇ┠ຍࢡ࣮ࣆࡢࡢ࣮ࢱࣥࢥࡳࡎࡦᅗ(T=0.05  ࠚ(⛊

࠙1 ᅇ┠ຍࢡ࣮ࣆࡢࡢᛂຊ࣮ࢱࣥࢥᅗ(T=0.05  ࠚ(⛊

(N/੍) 

ᅗ-10 1 ᅇ┠ຍࡢゎᯒ⤖ᯝ 
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V1

Output Set: 1-3-500 T= 5.170000 
Deformed(0.00248): Total_Displacement
Contour: Maj_Prin_Stress
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Output Set: 1-3-500 T= 5.170000 
Deformed(0.00248): Total_Displacement
Contour: Maj_Prin_Strain

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

࠙2ᅇ┠ຍࢡ࣮ࣆࡢࡢ࣮ࢱࣥࢥࡳࡎࡦᅗ(T=5.17  ࠚ(⛊

࠙2ᅇ┠ຍࢡ࣮ࣆࡢࡢᛂຊ࣮ࢱࣥࢥᅗ(T=5.17  ࠚ(⛊

(N/੍) 
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V1

Output Set: 1-5-950 T= 10.335000 
Deformed(0.00281): Total_Displacement
Contour: Maj_Prin_Stress

X

Y

Z

x

y

z
3

x

y

z
4

0.0032

0.003

0.0028

0.0026

0.0024

0.0022

0.002

0.0018

0.0016

0.0014

0.0012

0.001

0.0008

0.0006

0.0004

0.0002

0.

V1

Output Set: 1-5-950 T= 10.335000 
Deformed(0.00281): Total_Displacement
Contour: Maj_Prin_Strain

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

࠙3ᅇ┠ຍࢡ࣮ࣆࡢࡢ࣮ࢱࣥࢥࡳࡎࡦᅗ(T=10.335 ⛊)  ࠚ

࠙3 ᅇ┠ຍࢡ࣮ࣆࡢࡢᛂຊ࣮ࢱࣥࢥᅗ(T=10.335 ⛊)  ࠚ

(N/੍) 
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㔜ຊᘧື࣒ࢲࢺ࣮ࣜࢡࣥࢥⓗゎᯒ 
2011ᖺ 8᭶ 31᪥ 

ఀ⸨ᛅࢬࣥࣙࢩ࣮ࣗࣜࢯࣀࢡࢸ㸦ᰴ㸧 

 13 

 ࣮ࢱࣥࢥࡳࡎࡦ㐍ᒎ≧ἣ㸭ࢡࢵࣛࢡ

0.0032

0.003

0.0028

0.0026

0.0024

0.0022

0.002

0.0018

0.0016

0.0014

0.0012

0.001

0.0008

0.0006

0.0004

0.0002

0.

x

y

z
3

x

y

z
4

x

y

z
3

x

y

z
4

x

y

z
3

x

y

z
4

 ࣮ࢱࣥࢥ㐍ᒎ≧ἣ㸭ᛂຊࢡࢵࣛࢡ

x

y

z
3

x

y

z
4

3700.

3469.

3238.

3006.

2775.

2544.

2313.

2081.

1850.

1619.

1388.

1156.

925.

693.8

462.5

231.3

0.

x

y

z
3

x

y

z
4

x

y

z
3

x

y

z
4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

࠙10.280secࠚ 

࠙10.300secࠚ 

࠙10.320secࠚ 

ኚᙧ㸸ᐇᑍ�50ಸ  ኚᙧ㸸ᐇᑍ�50ಸ  

࠙10.280secࠚ 

࠙10.300secࠚ 

࠙10.320secࠚ 

(N/੍) 

ᅗ-13 3 ᅇ┠ຍࡢ⣔ิ(1) 

ୗὶഃࡧࡦࢀⓎ⏕ 
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࠙10.340sec10.340࠙ ࠚsecࠚ 

(N/੍) 

ᅗ-13 3 ᅇ┠ຍࡢ⣔ิ(2) 

ୖὶഃࡧࡦࢀⓎ⏕ 
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 ᪤ ࡧࡦࡢ࣒ࢲࢺ࣮ࣜࢡࣥࢥࡢࢀヨ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩࢆゎᯒࡓࡋ⤖ᯝࠊヨ㦂⤖ᯝ

ゎᯒ⤖ᯝࡧࡦࡢࢀ㐍ᒎࠊࡋࡔࡓࠋࡓࡋ⮴୍ࡰࡀヨ㦂⤖ᯝࡣ 2 ᅇ┠ຍୗὶഃࡽ

ࡣゎᯒ⤖ᯝࠊࡋᑐࡢࡓࡋ⏕Ⓨࡀࢀࡧࡦ 3 ᅇ┠ຍࡧࡦࡀࢀⓎ⏕ࡓࡋ㐪ࡗ࠶ࡀ࠸

ྍࡀ⌧࡛ࡇࡿࡍㄪᩚࢆᣦᐃࡢ㸦ᘬᙇ㌾᭤⥺㸧ࢱ࣮࣓ࣛࣃ㠀⥺ᙧࡢゎᯒࠊࡣࢀࡇࠋࡓ

ᅗ࣮ࢱࣥࢥᛂຊࡢゎᯒ⤖ᯝࡀᛂຊゎᨺࠊ࠺క㐍ᒎࢀࡧࡦࠊࡓࡲࠋࡿࢀࡽ࠼⪄⬟

 ࠋࡓࡁ࡛ࡀࡇࡿࡍㄆ☜ࢆጇᙜᛶࡢゎᯒࠊࡁุ࡛᩿ࡽ
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