
 

Ᏻ඲ၥ㢟◊✲ㄽᩥ㞟Vol. 3 (2008ᖺ11᭶)                                                       ᅵᮌᏛ఍ 

 

ᶆ‽ᶆ‽ᶆ‽ᶆ‽ࡃࢃࡃࢃࡃࢃࡃࢃ⤌㊊ሙ⤌㊊ሙ⤌㊊ሙ⤌㊊ሙࡢࡢࡢࡢ⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟࡟࡟࡟࡟ཬཬཬཬࡢࡢࡢࡢᩘᩘᩘᩘࣥࣃࢫࣥࣃࢫࣥࣃࢫࣥࣃࢫࡍࡰࡍࡰࡍࡰࡍࡰᙳ㡪ᙳ㡪ᙳ㡪ᙳ㡪 

 

Influence of span's number on strength performance of standard prefabricated scaffolds 

 

㧗  ʟᘯᶞ*㸪኱ᖮ ຾฼**㸪㧗᲍ ᡂḟ*** 

Hiroki Takahashi, Katsutoshi Ohdo and Seiji Takanashi 

 

*༤ኈ㸦ᕤᏛ㸧,㸦⊂㸧ປാᏳ඲⾨⏕⥲ྜ◊✲ᡤ◊✲ဨ, ᘓタᏳ඲◊✲࣮ࣝࢢ )ࣉࠛ 204-0024ᮾி㒔Ύ℩ᕷᱵᅬ1-4-6) 

  **༤ኈ㸦ᕤᏛ㸧,㸦⊂㸧ປാᏳ඲⾨⏕⥲ྜ◊✲ᡤୖᖍ◊✲ဨ, ᘓタᏳ඲◊✲࣮ࣝࢢ )ࣉࠛ 204-0024ᮾி㒔Ύ℩ᕷᱵᅬ1-4-6) 

 ***ᕤಟ, 㸦⊂㸧ປാᏳ඲⾨⏕⥲ྜ◊✲ᡤ୺௵◊✲ဨ, ᘓタᏳ඲◊✲࣮ࣝࢢ )ࣉࠛ 204-0024ᮾி㒔Ύ℩ᕷᱵᅬ1-4-6) 

 

In the stiffening member of the main frame, to guarantee the strength of the scaffolds, the length 

of the stiffening member have been regulated by the standard. However, in the shear rigidity of 

the flooring ledger frame, there is no regulation and little research data. When the scaffolds were 

buckling, it is thought that the shear rigidity of the flooring ledger frame influences the strength 

of the scaffolds. However, this influence have not been made clear. In this study, the buckling 

analysis of the standard prefabricated scaffolds was executed as a parameter in the shear rigidity 

of the main and the flooring ledger frames. Thus, the evaluation method of the strength of the 

prefabricated scaffolds was examined. Moreover, it is considered that the span's number of the 

scaffolds is different for the geographic condition in the construction sites etc. Therefore, the 

influence of span's number on the strength of the scaffolds was examined. 
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図 2 ゎᯒࡓ࠸⏝࡟ᘓࡃࢃ 

表 1 ゎᯒࡓ࠸⏝࡟ᮦᩱ≀ᛶ್ 

㒊ᮦ䚷(㗰ᮦ䛾ᮦ㉁) E (N/mm
2
) ν σ y (N/mm

2
) E st (N/mm

2
)

ᘓ䜟䛟䛾⬮ᰕ, ᶓᯫᮦ (STK500) 205,000 0.3 355 2,050

ᘓ䜟䛟䛾⿵๛ᮦ (STK400) 205,000 0.3 235 2,050

ᗋ௜䛝ᕸ䜟䛟 (SS400) 205,000 0.3 235 2,050

図 3 ᘓ᩿ࢇࡏࡢࡃࢃ๛ᛶ 
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ᨭᣢ᮲௳ࡣ㸪᭱ࡶ༴㝤࡞᮲௳ࡓࡋ࡜ࣥࣆࡢ㸬ゎᯒ⤖ᯝࢆ

ᅗ 3 ࡢሙྜ࠸࡞ࡀ๛ᮦ⿵ࡢࡃࢃ㸬ᘓࡍ♧࡟ ksࡣ㸪14 N/mm

⛬ᗘ࡛ࡾ࠶㸪ksࡣ್ࡢ㸪hsࡀ㛗࡝࡯ࡿ࡞ࡃ኱ࡓࡗ࡞ࡃࡁ㸬 

㖄┤Ⲵ㔜ࡽ࠿➃ᰕୖ⬮ࡢࡃࢃᘓࡢࡇ㸪ࡓࡲ  Nࢆస⏝ࡉ

ࡉ㛗ࡅ௜ࡾྲྀࡢ㸪⿵๛ᮦࡏ hsࢆㄪᩚ࡚ࡋ㸪ᘓࡢࡃࢃᗙᒅ

Ⲵ㔜 Psࢆㄪࡓ࡭㸬ᘓࡢࡃࢃᨭᣢ᮲௳ࡣ㸪⬮ᰕୖࡢୗ➃ࢆ

ࡼ࡟௳ᨭᣢ᮲ࡢࡇ㸬ࡓࡋᣊ᮰ࢆື⛣ᶓࡢ㸪⬮ᰕࡋ࡜ࣥࣆ

ࡃࢃᘓࡓࢀࡉ⟭ィࡾ 1 ᯟࡢᗙᒅⲴ㔜 Psࡣ㸪⤌ࢃࡓࡆୖࡳ

࡞࡟ࡌྠࡰ࡯࡜ᗙᒅⲴ㔜ࡢࡁ࡜ࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃ

ᅗࢆ㸬ゎᯒ⤖ᯝࡿ 4 ሙྜ࠸࡞ࡀ๛ᮦ⿵ࡢࡃࢃ㸬ᘓࡍ♧࡟

ࡢ Psࡣ㸪81,700 N⛬ᗘ࡛ࡾ࠶㸪Psࡣ್ࡢ㸪hsࡀ㛗ࡿ࡞ࡃ

 㸬ࡓࡗ࡞ࡃࡁ኱࡝࡯

 

4㸬㸬㸬㸬ᗋ௜ᗋ௜ᗋ௜ᗋ௜ࡁࡁࡁࡁᕸᕸᕸᕸࣝࢹࣔࣝࢹࣔࣝࢹࣔࣝࢹࣔࡢࡃࢃࡢࡃࢃࡢࡃࢃࡢࡃࢃ໬໬໬໬᩿ࢇࡏ࡜ࢇࡏ࡜ࢇࡏ࡜ࢇࡏ࡜๛ᛶ᩿๛ᛶ᩿๛ᛶ᩿๛ᛶࡢࡢࡢࡢホ౯ホ౯ホ౯ホ౯ 

 

 ᗋ௜ࡁᕸࡣࡃࢃ㸪୍⯡ⓗ࡟౑ࡿ࠸࡚ࢀࢃᗋ௜ࡁᕸࡃࢃ

Ỉࡿ࡞࡜㸪సᴗᗋࡣࡃࢃᕸࡁᗋ௜ࡢ㸬ᐇ㝿ࡓࡋ࡜㇟ᑐࢆ

ᖹᯈࡢࡑࡸᧉࢆࡳᢚࡿ࠼ഃᯈ࡛࡝࡞ᵓᡂࢀࡉ㸪ࡸࡸ」㞧

㸪ࡣࡃࢃᕸࡁᗋ௜ࡓ࠸⏝࡟㸪ゎᯒࡽ࠿࡜ࡇࡿ࠶࡛≦ᙧ࡞

ᅗ 5 ࡟࠺ࡼࡍ♧࡟ 2 ⠇Ⅼ࣒࣮ࣅࡢせ⣲࡚࠸⏝ࢆ⡆␎࡚ࡋ

 㸬ࡓࡋ໬ࣝࢹࣔ

 ୍⯡ⓗ࡟౑ࡃࢃࡿ࠸࡚ࢀࢃ⤌㊊ሙࡢᘓ࡜ࡃࢃᗋ௜ࡁᕸ

ࡘࡢࣝࢹࣔࡢࡇ㸪ࡽ࠿ࡿ࠶᥋ྜ࡛ࣥࣆ㸪ࡣ᥋ྜ㒊ࡢࡃࢃ

㸪ᅗࡋ࡜᥋ྜࣥࣆࢆ➃ඛࡢ㔠ලࡳ࠿ 5 ࢇࡏ࡞࠺ࡼࡍ♧࡟

᩿ຊࢆస⏝࡚ࡏࡉ㸪ᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶ khࢆㄪ࡭

㠃ᖜ᩿ࡢእᯟࡢࣝࢹ㸪ゎᯒࣔࡣ್ࡢ㸬khࡓ bhࢆㄪᩚ࡚ࡋ

Ỵᐃࡓࡋ㸬ゎᯒ⤖ᯝࢆᅗ 6 ࡃ㛗ࡀ㸪bhࡣ್ࡢ㸬khࡍ♧࡟

 㸬ࡓࡗ࡞ࡃࡁ㸪኱࡝࡯ࡿ࡞

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ᗙᒅゎᯒᗙᒅゎᯒᗙᒅゎᯒᗙᒅゎᯒࡢࡢࡢࡢ㊊ሙ⤌㊊ሙ⤌㊊ሙ⤌㊊ሙ⤌ࡃࢃࡃࢃࡃࢃࡃࢃ .5

5.1 ゎゎゎゎᯒᯒᯒᯒࣔ࡜࡜࡜࡜ࣝࢹࣔࣝࢹࣔࣝࢹࣔࣝࢹゎᯒ᪉ἲゎᯒ᪉ἲゎᯒ᪉ἲゎᯒ᪉ἲ 

 

㊊ሙࡣ࡟㸪㊊ሙࡢ㌿ಽࢆ㜵Ṇࡵࡓࡿࡍ㸪ቨ࡜ࡂ࡞ࡘ࿧

ࡿ࠶ࡀᚲせࡿࡅ௜ࡾྲྀࢆỈᖹᮦࡿࢀࡤ 2)㸬ቨࡢࡂ࡞ࡘ㛫

㝸ࡣ㸪Ᏻ⾨๎࡚࠸࠾࡟㸪㊊ሙࡢỈᖹ᪉ྥ 8m ௨ୗ㸪ᆶ┤

᪉ྥ 9㹫௨ୗࡿ࠸࡚ࡗ࡞࡜㸬ᮏㄽᩥ࡛⏝ࡃࢃࡓ࠸⤌㊊ሙ

ࡀࡉ㧗ࡃࢃ㸪ᘓࡣ 1,700mm࡛ࡾ࠶㸪ᗋ௜ࡁᕸࡢࡃࢃ㛗ࡉ

ࡀ 1,800mm࡛࡛ࡢࡿ࠶㸪ᅗ 7(a)࡟࠺ࡼࡍ♧࡟㸪ᑡ࡜ࡃ࡞

ࡶ 5ᒙ 㸪5×1,700=8,500mm㸪ࡣ࡚ࡋᑐ࡟ᆶ┤᪉ྥ)ࣥࣃࢫ4

Ỉᖹ᪉ྥ࡟ᑐࡣ࡚ࡋ㸪4×1,800=7,200mm)ࡢ㛫㝸࡛ቨ࡞ࡘ

ࡢࡃࢃᘓࡓࡋ⨨タࢆࡂ࡞ࡘ㸬ቨࡿ࠶ࡀᚲせࡿࡍ⨨タࢆࡂ

㡬㒊࡟㸪㖄┤Ⲵ㔜ࡀస⏝ࡓࡋሙྜ㸪ቨࡀࡂ࡞ࡘⲴ㔜࠶ࢆ

༴ࡶ㸪᭱ࡣ㸪௒ᅇࡋ࠿ࡋ㸬ࡿࢀࡽ࠼⪄࡜ࡿࡍᗘ㈇ᢸ⛬ࡿ

㝤ࡿࢀࡽ࠼⪄࡜᮲௳ࢆ᝿ᐃ࡚ࡋ㸪ቨࡀࡂ࡞ࡘタ⨨࡚ࢀࡉ

࡜㇟ウᑐ᳨ࢆሙྜࡓࡋ⏝సࡀⲴ㔜࡟㡬㒊ࡢࡃࢃᘓ࠸࡞࠸

ἲᐃࡢ㛫㝸ࡂ࡞ࡘ㸪ቨࡣ࡚࠸ࡘ࡟ᩘࣥࣃࢫࡢ㸬ゎᯒࡓࡋ

⠊ᅖ࡛ࡿ࠶ ࡢ௨ෆࣥࣃࢫ4 ࡜ࣥࣃࢫ2 㸪࡚࠸ࡘ࡟ࣥࣃࢫ4

᳨ウࡓࡗ⾜ࢆ㸬ᶆ‽ࡃࢃࡓ࠸⏝ࢆࡃࢃ⤌㊊ሙࡣ㸪10 ᒙ௨

ୗ࡛඲యᗙᒅࡿ࠸࡚ࢀࢃ࠸࡜࠸࡞ࡋࡣ 5)㸬ࢆ࡜ࡇࡢࡇ☜

ࡣᒙᩘࡢ㊊ሙࡢ㸪ゎᯒࡵࡓࡿࡵ࠿ 10   㸬ࡓࡋ࡜

 ゎᯒࡃࢃࡓ࠸⏝࡟⤌㊊ሙࡣ㸪ቨࡾྲྀࡀࡂ࡞ࡘ௜ࢀࡽࡅ

௬ᐃ࡜ࡢࡶ࠸࡞ࡋື⛣࡟Ỉᖹ᪉ྥࠊࡣࡃࢃᘓࡢิࡿ࠸࡚

㸪ᅗࡋ 7(a)ࡃࢃࡓࡆୖࡳ⤌࡟࠺ࡼࡢ⤌㊊ሙࢆ⡆␎໬࡚ࡋ㸪

ᅗ 7(b)ཬࡧᅗ 7(c)ࡓࡋ࡜ࣝࢹࣔ࡞࠺ࡼࡍ♧࡟㸬 (b)ࡣ㸪ᘓ

ࡃࢃ 1 ࡃࢃᕸࡁᗋ௜ࡓࢀࡉΏࡅ᥃࡟ࡃࢃᘓࡢࡑ࡜ิ 2 ࢫ

ࡃࢃᘓࡣ㸪(c)ࡾ࠶࡛ࣝࢹࣔࡢࣥࣃ 3 ᥃࡟ࡃࢃᘓࡢࡑ࡜ิ

ࡃࢃᕸࡁᗋ௜ࡓࢀࡉΏࡅ 4 㸬ᗙᶆࡿ࠶࡛ࣝࢹࣔࡢࣥࣃࢫ

ࢆ᪉ྥ࠸㹖㸪஺ᕪ➽㐪ࢆ㸪ᯟ᪉ྥ࡟࠺ࡼࡍ♧࡟㸪ᅗ୰ࡣ

㹗㸪㧗ࡉ᪉ྥࢆ㹘ࡓࡋ࡜㸬(b)ཬࡧ(c)ࣝࢹࣔࡢඹ࡟㸪ᗋ௜

ࡁ㸪ᗋ௜ࡣ㒊➃ࡢ᪉࠸࡞࠸࡚ࡋ᥋ྜ࡟ࡃࢃᘓࡢࡃࢃᕸࡁ

ᕸࡀࡃࢃቨࡾྲྀ࡟ࡂ࡞ࡘ௜ࡿ࠸࡚ࢀࡽࡅᘓ࡟ࡃࢃ᥃ࡅΏ

 㸬ࡓࡋᣊ᮰ࢆኚ఩ࡢ㸪X᪉ྥࡋ᝿ᐃࢆ࡜ࡇࡿ࠸࡚ࢀࡉ

஺ᕪ➽㐪࡜࠸ᗋ௜ࡁᕸࡣࡃࢃ㸪㊊ሙࡢ඲ࣥࣃࢫ㸪඲ᒙ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 5 ゎᯒࡓ࠸⏝࡟ᗋ௜ࡁᕸࡃࢃ 

図 6 ᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶ 

 㛵ಀࡢ㠃ᖜ᩿ࡢእᯟ࡜

(a) ࡃࢃ⤌㊊ሙ     (b) 2 4 (c)  ࣝࢹࣔࣥࣃࢫ  ࣝࢹࣔࣥࣃࢫ

図 7 ゎᯒࡃࢃࡓ࠸⏝࡟⤌㊊ሙ 
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ࡿࡍ࡜ࡢࡶࡿࡅ௜ࡾྲྀ࡚ࡗࡓࢃ࡟ 3)㸬᭱ୗᒙࡢ⬮ᰕୗ➃

㸪᭱ࡣ௳ᨭᣢ᮲ࡢ 㸬ࡓࡋ࡜ࣥࣆࡿࢀࡽ࠼⪄࡜ࡿ࠶༴㝤࡛ࡶ

ᘓ࡜ࡃࢃ㸪ᘓ࡟⪄ཧࢆ㊊ሙࡿ࠸࡚ࢀࢃ౑࡟㸪୍⯡ⓗࡓࡲ

᥋ྜ㒊ࡢࡃࢃᕸࡁᗋ௜࡜ࡃࢃ๛᥋ྜ㸪ᘓࢆ᥋ྜ㒊ࡢࡃࢃ

ᆺᯟᨭࢆ㸪㊊ሙࡋ࡜ኚ఩ไᚚࡣ㸬Ⲵ㔜ࡓࡋ࡜᥋ྜࣥࣆࢆ

ಖᕤ࡚ࡋ࡜౑⏝ࡓࡋሙྜࢆ᝿ᐃ࡚ࡋ㸪㊊ሙ᭱ୖ㒊ࡢᘓࢃ

ࡲ㸬ࡓࡏࡉ⏝సࢆ₞ቑⲴ㔜࡟㖄┤᪉ྥࡽ࠿➃ᰕୖ⬮ࡢࡃ

㸪Xࡵࡓࡿ࠼ᢚࢆື⛣ࡢ㸪Ỉᖹ᪉ྥࡣ㍕ⲴⅬࡢ㸪Ⲵ㔜ࡓ

᪉ྥࡢኚ఩ࢆᣊ᮰ࡓࡋ㸬 

 ᐇ㝿ࡢ㗰ᮦࡣ㏻ᖖ㸪〇㐀ẁ㝵ࡽ࠿ᑡࡋ‴᭤ࡾ࠾࡚ࡋ㸪

㗰ᵓ㐀༠఍㐃ࣃࢵ㸬࣮ࣚࣟࡿ࠸࡛ࢇ࿧࡜ࡳࢃࡓඖࢆࢀࡇ

ࡓࢀࡉᨭᣢࣥࣆࡀ➃㸪୧ࡽ࠿࡝࡞ ィࡢ㸪ᐇ㒊ᮦࡣ࡛ྜ

㒊ᮦࡢ୰ኸࡢඖࡣࡳࢃࡓ㸪㒊ᮦ㛗ࡢࡉ 1/1,000 ⛬ᗘ࡛࠶

ࡿ࠸࡚ࡋ࡜ࡿ 6)㸬ᮏㄽᩥ࡛ᑐ㇟ࡃࢃࡿ࠸࡚ࡋ࡜⤌㊊ሙࡶ

ඖࢆࡳࢃࡓ᭷ࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋ㸪ࢆ್ࡢࡇཧ⪃࡚ࡋ࡟㸪

㸬඲యᗙࡓ࠼୚ࢆࡳࢃࡓඖ࡟ࣝࢹゎᯒࣔࡢ㊊ሙࡳ⤌ࡃࢃ

ᒅࡿࡍ᪉ྥ(X ᪉ྥ)ࡣ࡚࠸࠾࡟㸪㊊ሙࡢ୰ኸࡀࡳࢃࡓࡢ

㊊ሙࡢ㧗ࡢࡉ 1/1,000(17 mm) ࡟࠺ࡼࡿ࡞࡜ sin Ἴ࡛୚࠼㸪

ಶᮦᗙᒅࡿࡍ᪉ྥ(Y ᪉ྥ)ࡣ࡚࠸࠾࡟㸪㊊ሙྛࡢᒙ࠾࡟

ࡢࡉ㧗ࡃࢃᘓࡀࡳࢃࡓࡢ୰ኸࡃࢃ㸪ᘓ࡚࠸ 1/1,000(1.7mm 

࡟࠺ࡼࡿ࡞࡜( sin Ἴ࡛୚ࡓ࠼㸬  

ࡏࡢࡃࢃᕸࡁᗋ௜࡜ࡃࢃ㸪ᘓ࡚ࡋᑐ࡟ࣝࢹࣔࡢࡽࢀࡇ 

 㸬ࡓࡗ⾜ࢆ㸪ᗙᒅゎᯒ࡚ࡋㄪᩚࢆ๛ᛶ᩿ࢇ

 

5.2 ゎᯒᚋゎᯒᚋゎᯒᚋゎᯒᚋࡢࡢࡢࡢᗙᒅᙧ≧ᗙᒅᙧ≧ᗙᒅᙧ≧ᗙᒅᙧ≧࡜࡜࡜࡜㊊ሙ㊊ሙ㊊ሙ㊊ሙࡢࡢࡢࡢ⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟⪏Ⲵᛶ⬟ࡢࡢࡢࡢホ౯ᘧホ౯ᘧホ౯ᘧホ౯ᘧ 

 

 ᅗ 8 ࢆኚᙧᅗࡢ኱Ⲵ㔜᫬(ᗙᒅⲴ㔜)Pm᭱ࡢゎᯒ⤖ᯝ࡟

ࡣ㸬 (a), (b)ࡍ♧ 2 㸪(c), (d)ࡾ࠶ኚᙧᅗ࡛ࡢࣝࢹࣔࣥࣃࢫ

ࡣ 4 㸪ࡓࡲ㸬ࡿ࠶ኚᙧᅗ࡛ࡢࣝࢹࣔࣥࣃࢫ (a), (c)ࡣ

ks=130N/mm (hs=1,500mm)㸪kh=30N/mm ኚᙧᅗࡢሙྜࡢ

ࡣ 㸪(b), (d)ࡾ࠶࡛ ks=25N/mm (hs=300mm)㸪kh=1N/mmࡢ

ሙྜࡢኚᙧᅗ࡛ࡿ࠶㸬(a), (c)ࡣಶᮦᗙᒅࡓࡗ࡞࡟ሙྜࡢ

௦⾲౛࡛ࡾ࠶㸪(b), (d) ࡣಶᮦᗙᒅࡓࡗ࠿࡞ࡽ࡞࡟ሙྜࡢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

௦⾲౛࡛ࡿ࠶㸬ಶᮦᗙᒅࡓࡗ࠿࡞ࡽ࡞࡟ሙྜࡣ㸪᭱ୗᒙ

㸪Xࡀࡃࢃᘓࡢ ᪉ྥ࡟ኚᙧࡿ࠸࡚ࡋ㸬ࡢࡇᙧ≧ࡣ㸪඲య

ᗙᒅ࡛ࡀ࠸࡞ࡣ㸪ᘓ᩿ࢇࡏࡢࡃࢃ๛ᛶࡀ୙㊊࡟࡜ࡇࡓࡋ

༊ࡣ࡜㸪ಶᮦᗙᒅࡵࡓࡢࡇ㸬ࡿࢀࡽ࠼⪄࡜ࡓࡋ⏕Ⓨࡾࡼ

ቃࡢ࡜ᆅ┙㠃ࡢ㊊ሙ⤌ࡃࢃ㸪ࡣᗙᒅࡢࡇ㸪ࡓࡲ㸬ࡓࡋู

⏺᮲௳ࡶ࡜ࡇࡓࡋ࡜ࣥࣆࢆᙳ㡪࡟ࡵࡓࡓࡋⓎ⏕࡜ࡓࡋ⪃

 㸬ࡿ࠼

ࡢࡇ  X ᪉ྥ࡟ኚ఩᭱ࡓࡋୗᒙࡢᘓ࡟ࡃࢃὀ┠࡚ࡋ㸪᭱

ୗᒙࡢᘓࡢࡑ࡜ࡃࢃᘓ࡟ࡃࢃ᥃ࡅΏࡓࢀࡉᗋ௜ࡁᕸࡃࢃ

࠸ࡘ࡟㛵ಀࡢᗙᒅⲴ㔜ࡢ㊊ሙ⤌ࡃࢃࠊࡧ๛ᛶཬ᩿ࢇࡏࡢ

࡚⪃ᐹࡿࡍ㸬ᅗ 9(a)ࡣ㸪᭱ୗᒙࡢᘓࢆࡃࢃᑐ㇟ࣔࡓࡋ࡜

㸪ᅗࡾ࠶࡛ࣝࢹ 9(b)ࡣ㸪ᅗ 9(a)ࢆࣝࢹࣔࡢ⡆␎໬࡚ࡋ㸪

ᘓࢆࡃࢃ 1ᮏࡢᲬ࡜௬ᐃࡿ࠶࡛ࣝࢹࣔࡓࡋ㸬ᅗ୰ࡢ kࡣ㸪

ᘓࡢࡃࢃ⬮ᰕୖࡢ➃OⅬࢆᶓ⿵๛ࡡࡤࡢࡡࡤࡓࡋᐃᩘ࡛

ࡿࡍ⏕Ⓨ࡟ࡃࢃ㸬ᘓࡿ࠶ X ᪉ྥࡢỈᖹຊࡢࡇ࡚࡭ࡍࡣ k

ࡢࡃࢃᘓࢆࡃࢃᕸࡁ㸪ᗋ௜ࡓࡲ㸬ࡿࡍ࡜ࡢࡶࡘᣢࡅཷࡀ

ᶓ⿵๛ᮦ࡜ࡿ࠼⪄࡜㸪ᅗ 12 ࡢ k ࡃࢃᘓࡢ㸪᭱ୗᒙࡣ࡟

๛ᛶ᩿ࢇࡏࡢࡃࢃᕸࡁᗋ௜ࡓࢀࡉΏࡅ᥃࡟ khࡶຍࡿࢃ㸬

 㸬ࡿࡁ࡛⌧⾲࡟࠺ࡼࡢḟࡣ㸪kࡕࢃ࡞ࡍ

 

 

ᅗ 9(a), (b)࡟࠺ࡼࡍ♧࡟㸪ඖࡳࢃࡓδ0ࡘࡶࢆᘓࡀࡃࢃ

ᗙᒅ࡚ࡋᶓኚ఩δ࡜ࡿࡌ⏕ࡀ㸪ࡡࡤ཯ຊ Qk=k(δ0+δ)ࡀ

ᅗࡢࡁ࡜ࡢࡇ㸬ࡿࡌ⏕ 9(b)ࡿࡅ࠾࡟ OⅬࡢࢺ࣓࣮ࣥࣔࡢ

㔮ࡣ࠸ྜࡾ㸪ḟᘧࡿ࡞࡟࠺ࡼࡢ㸬 

 

 

ࡃࢃ㸪h0㸸ᘓ࡛ࡇࡇ  1 ᯟࡢ㧗ࡉ(mm) 

ᐃᩘࡡࡤࡢ㸪ᶓ⿵๛ᮦࢆᘧࡢࡇ  k 㸪ḟ࡜ࡃゎ࡚࠸ࡘ࡟

 㸬ࡿ࡞࡟࠺ࡼࡢ

 

 

 

㸪ᗙᒅⲴ㔜ࡣࢀࡇ 2P ᐃᩘࡡࡤࡀ k ࢆ࡜ࡇࡿࡍẚ౛࡟

㸪ᗙᒅⲴ㔜࡜ࡿ࡞࡟㝈኱↓ࡀ㸪k࡟㸬௬ࡿ࠸࡚ࡋ⾲ 2Pࡶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)ಶᮦᗙᒅ (b)᭱ୗᒙᗙᒅ (c)ಶᮦᗙᒅ  (d)᭱ୗᒙᗙᒅ 

   2 4        ࣝࢹࣔࣥࣃࢫ  ࣝࢹࣔࣥࣃࢫ

図 8 ᗙᒅᙧ≧ 

図 9(a) ᶓ⿵๛ࡓࢀࡉ       図 9(b) ᶓ⿵๛䛥䜜䛯 

㊊ሙ᭱ୗᒙ䛾ᘓ䜟䛟       ᘓ䜟䛟䛾⡆␎䝰䝕䝹 
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↓㝈኱࠺ࡲࡋ࡚ࡗ࡞࡟㸬ࡋ࠿ࡋ㸪2Pࡀᅗ 4 ࢃᘓࡓࡋ♧࡟

ࡃ 1 ᯟࡢᗙᒅⲴ㔜 Ps࡜ࡿ࡞࡟್ࡌྠ࡜㸪ࡃࢃ⤌㊊ሙࡣಶ

ᮦᗙᒅࡿ࡞࡟㸬ࡁ࡜ࡢࡇ㸪O Ⅼࡎࡏື⛣ࡣ㸪ࡃࢃ⤌㊊ሙ

࡟㸪ᖖࡎࡽࢃ㛵࡟ᐃᩘࡡࡤ㸪ࡣᗙᒅⲴ㔜ࡢ Psࡿ࡞࡟㸬ࡇ

ࡢ Ps(3)ࢆᘧࡢ 2P࡟௦ධ࡜ࡿࡍ㸪ḟᘧࡀᚓࡿࢀࡽ㸬 

 

 

 

 

౯᩿㠃➼ࡓࡋ៖⪄ࢆࡉ๛ᮦ㛗⿵ࡢࡃࢃ㸪Ie㸸ᘓ࡛ࡇࡇ 2

ḟ࣮࣓ࣔࣥࢺ 1)㸪I0㸸⬮ᰕ᩿ࡢ㠃 2 ḟ࣮࣓ࣔࣥࢺ(mm4)㸪

Is㸸⿵๛ᮦ᩿ࡢ㠃 2 ḟ࣮࣓ࣔࣥࢺ(mm4)㸪hs㸸⿵๛ᮦࡢ⬮

ᰕࡢ࡬ᑕᙳ㛗ࡉ(mm) 

ࡢࡇ kcrࡣ್ࡢ㸪ࡃࢃ⤌㊊ሙࡀಶᮦᗙᒅ࡟ࡵࡓࡿࡍᚲせ

 㸬ࡿ࠸࡚ࡋ♧ࢆ್ࡢ๛ᛶ᩿ࢇࡏࡢᑠ᭱ࡢࡃࢃᘓ࡞

ࡃࢃᘓ࡜㸪kcr࡛ࡇࡇ  1 ᯟ᩿ࢇࡏࡢ๛ᛶ ksࡢẚ㍑ࢆ㸪ᅗ

10 㸪kcrࡣ㍈⦪ࡢ㸬ᅗࡍ♧࡟ ࡜ ks 㸪ࡣ㸪ᶓ㍈ࡋ♧ࢆ್ࡢ

ᘓࡢࡃࢃ⿵๛ᮦ㛗ࢆࡉ⪃៖ࡓࡋ➼౯᩿㠃 2 ḟ࣮࣓ࣔࣥࢺ

Ie ḟᘧࡣ㸬λࡍ♧ࢆ⣽㛗ẚλࡢࡃࢃᘓࡓࡋ⟭ィ࡚࠸⏝ࢆ

࡛୚ࡿࢀࡽ࠼㸬 

 

 

 

㠃✚(mm2)㸪ie㸸⿵๛ᮦ᩿ࡢᰕ⬮ࡢࡃࢃ㸪 A0: ᘓ࡛ࡇࡇ

㛗ࢆࡉ⪃៖ࡓࡋᘓ᩿ࡢࡃࢃ㠃 2 ḟ༙ᚄ(mm) 

λ=110.2ࡣhs=1,500mm,࠾࡞ ⛬ᗘ࡛ࡾ࠶㸪hs=0mmࡣλ

=119.4 ⛬ᗘ࡛ࡿ࠶㸬 

 kcr࡜ ksࢆẚ㍑࡜ࡿࡍ㸪ḟᘧࡢሙྜࡣ㸪kh࡟್ࡢ㛵ࡽࢃ

 㸬ࡿ࡞࡟ಶᮦᗙᒅࡣ㊊ሙ⤌ࡃࢃ㸪ࡎ

 

 

㸪ksࡣሙྜࡢ㸪ḟᘧࡓࡲ ࡏࡢࡃࢃ㸪ᘓࡵࡓࡿࡍ୙㊊ࡀ

 㸬࠸࡞ࡽ࡞࡟ಶᮦᗙᒅࡣ㊊ሙ⤌ࡃࢃ㸪ࡣ࡛ࡅࡔ๛ᛶ᩿ࢇ

 

 

 (7)ᘧࡢሙྜࡣ㸪kh 㸪࡛࡜ࡇࡿࡍ࡟௨ୖ್ࡢḟᘧࢆ್ࡢ

 㸬ࡿ࡞࡟ಶᮦᗙᒅࡣ㊊ሙ⤌ࡃࢃ

 

 

ಶࡀ㊊ሙ⤌ࡃࢃ㸪࡟ሙྜࡢ㸪kcrh㸸kcr>ks ((7)ᘧ)࡛ࡇࡇ 

ᮦᗙᒅ࡟ࡵࡓࡿࡍᚲせ࡞ᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶ

(N/mm) 

 ᅗ 10 ࡟ࡵࡓࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃࢃ㸪ࡾࡼᘧ(8)࡜

㸪λ=115㹼120ࡣ ๛ᛶ᩿ࢇࡏࡢࡃࢃᕸࡁ⠊ᅖ࡛㸪ᗋ௜ࡢ

khࢆ 0㹼36 N/mm⛬ᗘ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ࡟㸬2 ࣔࣥࣃࢫ

㸪ᅗࡣࣝࢹ 11(a)࡟࠺ࡼࡍ♧࡟㸪㊊ሙࡢᒙ࡟࡜ࡈ㸪ᘓࡃࢃ

1 ᯛ࡟ᑐ࡚ࡋᗋ௜ࡁᕸࡀࡃࢃ 2 ᯛྲྀࡾ௜ࡿ࠸࡚ࢀࡽࡅ㸬

ࡃࢃᕸࡁ㸪ᗋ௜ࡵࡓࡢࡇ 1 ᯛ࡟స⏝᩿ࢇࡏࡿࡍຊࡣ㸪ᘓ

ࡃࢃ 1 ᯛ࡟స⏝᩿ࢇࡏࡿࡍຊࡢ 1/2 ࢃ㸪࡚ࡗ㸬ᚑࡿ࡞࡟

࡞ᚲせ࡟ࡵࡓࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃ kcrhࡣ㸪0㹼18  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N/mm ⛬ᗘࡿ࡞࡟㸬ࡓࡲ㸪4 ࡀ㸪㊊ሙࡣࣝࢹࣔࣥࣃࢫ X

᪉ྥ࡟ኚᙧࡓࡋሙྜ㸪ᘓࡃࢃ 1 ࢆຊ᩿ࢇࡏࡿࡍ⏝స࡟ิ

Q࡜ࡿࡍ࡜㸪ᅗ 11(b)࡟࠺ࡼࡍ♧࡟㸪㊊ሙࡢ➃㒊࡟఩⨨ࡍ

ࢃ㸪࡚ࡗ㸬ᚑࡿࡍ⏝సࡀຊࡢ㸪1.5Qࡣ࡟ࡃࢃᕸࡁᗋ௜ࡿ

࡞ᚲせ࡟ࡵࡓࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃ kcrhࡣ್ࡢ㸪0㹼54 

N/mm ⛬ᗘࡿ࡞࡟㸬ࢆ್ࡢࡽࢀࡇཧ⪃࡚ࡋ࡟㸪ࡃࢃ⤌㊊

ሙࡢ khࢆ್ࡢỴᐃࡓࡋ㸬2  ,㸪kh=1ࡣሙྜࡢࣝࢹࣔࣥࣃࢫ

10, 20, 30 N/mmࡢ 4 㸪4ࡋタᐃࢆ࣮ࣥࢱࣃ ࣝࢹࣔࣥࣃࢫ

ࡢ㸪kh =1, 20, 40, 60, 80 N/mmࡣሙྜࡢ 5 タᐃࢆ࣮ࣥࢱࣃ

⤌ࡃࢃሙྜ㸪ࡿࡍᗙᒅࡀ㊊ሙ⤌ࡃࢃ㸪ࡽ࠿ࡽࢀࡇ㸬ࡓࡋ

㊊ሙࡀᩘࣥࣃࢫࡢቑ࡝࡯ࡿ࠼㸪㊊ሙ➃㒊࡟఩⨨ࡿࡍᗋ௜

㸪࡚ࡗ㸬ᚑࡿ࡞ࡃࡁ㸪኱ࡣຊ᩿ࢇࡏࡿࡍ⏝స࡟ࡃࢃᕸࡁ

kcr>ksࡢሙྜ㸪ࡃࢃ⤌㊊ሙࡀಶᮦᗙᒅࡣ࡟ࡵࡓࡿࡍ㸪ࣃࢫ

ࡿࡍࡃࡁ኱ࢆ๛ᛶ᩿ࢇࡏࡢࡃࢃᕸࡁᗋ௜࡚ࡋẚ౛࡟ᩘࣥ

ᚲせࡿ࠶ࡀ㸬㊊ሙࡀᗙᒅ࡚ࡋᘓࡃࢃ 1 ຊ᩿ࢇࡏ࡟ิ Qࡀ

స⏝ࡁ࡜ࡿࡍ㸪㊊ሙ➃㒊࡟఩⨨ࡿࡍᗋ௜ࡁᕸ࡟ࡃࢃస⏝

γQࢆ್ࡢຊ᩿ࢇࡏࡿࡍ ࡢ㊊ሙ⤌ࡃࢃ࡜γࡢࡇ㸬ࡿࡍ࡜

ᩘࣥࣃࢫ S 㸪S>2ࡣ㛵ಀࡢ  㸬ࡿ࡞࡟࠺ࡼࡢሙྜ㸪ḟᘧࡢ

 

 

 

γࡣ㸪ࡃࢃ⤌㊊ሙᩘࣥࣃࢫࡢ S ࡓࡋ៖⪄ࢆ kcrhࡢ๭ቑ

ಀᩘࡋ⾲ࢆ㸪kcrh ࣃࢫ㸪࡟࠺ࡼࡢሙྜ㸪ḟᘧࡿࡍ⟭ィࢆ

࡚ࡌᛂ࡟ᩘࣥ kcrh࡟γࢆ್ࡢ๭ࡾቑࡍᚲせࡿ࠶ࡀ㸬 
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ᘓ࡜ࡃࢃᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶ 

(b) 4 䝇䝟䞁䝰䝕䝹 
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5.3 ゎᯒ⤖ᯝゎᯒ⤖ᯝゎᯒ⤖ᯝゎᯒ⤖ᯝ࡜࡜࡜࡜ホ౯ᘧホ౯ᘧホ౯ᘧホ౯ᘧࡢࡢࡢࡢẚ㍑ẚ㍑ẚ㍑ẚ㍑ 

 

ᗙᒅゎᯒࡢ⤖ᯝࢆᅗ 12(a), (b)ࡍ♧࡟㸬(a)ࡣ㸪2 ࣥࣃࢫ

㸪4ࡣ㸪(b)ࡾ࠶ᯝ࡛⤖ࡢࣝࢹࣔ ࠶ᯝ࡛⤖ࡢࣝࢹࣔࣥࣃࢫ

ᗙᒅⲴ㔜ࡢ㸪ゎᯒ⤖ᯝࡣ㍈⦪ࡢ㸬ᅗࡿ Pm 㝆ࡢࡃࢃᘓࡢ

అ㍈ຊ Py࡟ᑐࡿࡍẚࡋ♧ࢆ㸪ᶓ㍈ࡣ㸪ᅗ 10 ྠ࡜ࡁ࡜ࡢ

㸪ḟᘧࡣ㸬Pyࡍ♧ࢆ⣽㛗ẚλࡢࡃࢃᘓࡓࡋ⟭᪉ἲ࡛ィࡌ

 㸬ࡿࢀࡽᚓࡾࡼ࡟

 

 

 㝆అᛂຊ(N/mm2)ࡢ㸪σys㸸⬮ᰕ࡛ࡇࡇ

ᅗ୰ࡢ᭤⥺ࡣ㸪ᘓࡃࢃ 1 ᯟࡢᗙᒅⲴ㔜 Psࡾ࠶್࡛ࡢ㸪

㯮Ⅼࡣゎᯒ⤖ᯝ࡛ࡿ࠶㸬ࡃࢃ⤌㊊ሙࡀಶᮦᗙᒅࡿࡍሙྜ

ࡢ㸪㯮Ⅼࡣ Pm/Pyࡀ್ࡢ᭤⥺ࡢ Pm/Py࡞࡟ࡌྠࡰ࡯࡜್ࡢ

ࡢ㸪㯮Ⅼࡣሙྜ࠸࡞ࡋ㸪ಶᮦᗙᒅࡾ Pm/Py ࡢ⥺᭤ࡀ್ࡢ

Pm/Py 㸪Pm࠾࡞㸬ࡿ࡞ࡃࡉᑠࡾࡼ್ࡢ ࡓࡋ㸪௒ᅇタᐃࡣ

ඖࡢࡳࢃࡓᙳ㡪࡛࣮ࣛ࢖࢜ࠊⲴ㔜ࡢ 90%⛬ᗘࡗ࡞࡜್ࡢ

ぢࡣ㸪ᙎᛶゎᯒ࡛࡛࡜ࡇࡓࡗ⾜ࢆ㸪ᙎረᛶゎᯒࡓࡲ㸬ࡓ

 㸬ࡓࢀࡽࡳࡀຊపୗ⪏ࡢᗙᒅᚋࡓࡗ࠿࡞ࢀࡽ

 ᅗ 10 λ<115ࡑࡼ࠾࠾㸪ࡣࣝࢹゎᯒࣔࡢ㸪௒ᅇࡾࡼ ࡛

๛ᛶ᩿ࢇࡏࡢࡃࢃᕸࡁ㸪ᗋ௜ࡤࢀ࠶ kh 㸪ࡎࡽࢃ㛵࡟್ࡢ

㸬ᅗࡿ࡞࡟ಶᮦᗙᒅࡣ㊊ሙ⤌ࡃࢃ 12(a), (b)ࢆぢ࡜ࡿ㸪λ

<115 ࡢ㯮Ⅼࡢሙྜࡢ Pm/Pyࡣ್ࡢ㸪kh࡟್ࡢ㛵ࡎࡽࢃ㸪

᭤⥺ࡢ Pm/Py ㊊ሙ⤌ࡃࢃ㸪ࡾ࠾࡚ࡗ࡞࡟ࡌྠࡰ࡯࡜್ࡢ

㸪λ>115ࡓࡲ㸬ࡓࡗ࡞࡟ಶᮦᗙᒅࡣ ࡁ኱ࡀ㸪λࡣሙྜࡢ

ࡢ㸪㯮Ⅼ⛬࠸ࡉᑠࡀ㸪khࡃ Pm/Pyࡣ್ࡢ᭤⥺ࡢ Pm/Py್ࡢ

ࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃࢃ㸪ࡣࢀࡇ㸬ࡓࡗ࡞ࡃࡉᑠࡾࡼ

ࡿ࠶ࡀᚲせࡿࡍࡃࡁ኱ࢆ㸪kh࡝࡯࠸ࡁ኱ࡀ㸪λࡣ࡟ࡵࡓ

㸬ᅗࡿ࠸࡚ࡋ♧ࢆ࡜ࡇ 12(a), (b)ࡢ⤖ᯝࡣ㸪ᅗ 10 ࡰ࡯࡟

ᑐᛂࡾ࠾࡚ࡋ㸪(9)ᘧࡢγࡢ๭ቑಀᩘࡰ࡯ࡶ್ࡢṇ್࠸ࡋ

ࢃ㸪ࡾࡼ࡟㸪(11)ᘧࡽ࠿ࡽࢀࡇ㸬ࡿ࠼⪄࡜ࡿ࠸࡚ࡋ♧ࢆ

࡞ᚲせ࡟ࡵࡓࡿࡍಶᮦᗙᒅࡀ㊊ሙ⤌ࡃ ks࡜ khࡀィ⟬࡛ࡁ

 㸬ࡓࢀࡽࡅ㸪⿬௜ࡀ࡜ࡇࡿ

 

 ࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲ .6

 

 ᮏㄽᩥ࡛ࡣ㸪ᘓ࡜ࡃࢃᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶࣃࢆ

ࡃࢃ㸪࠸⾜ࢆᗙᒅゎᯒࡢ㊊ሙ⤌ࡃࢃ㸪࡚ࡋ࡜࣮ࢱ࣮࣓ࣛ

⤌㊊ሙࡢ⪏Ⲵᛶ⬟ࡢホ౯᪉ἲ᳨࡚࠸ࡘ࡟ウࡓࡗ⾜ࢆ㸬ࡲ

㸪2ࡣ㊊ሙ⤌ࡃࢃ㸪ࡓ ࡜ࣥࣃࢫ 4 ࢆゎᯒ࡚࠸ࡘ࡟ࣥࣃࢫ

࡟ᙳ㡪ࡍࡰཬ࡟⬟Ⲵᛶ⪏ࡢ㊊ሙ⤌ࡃࢃࡀᩘࣥࣃࢫ㸪࠸⾜

 㸬ࡿ࡞࡟࠺ࡼࡢ㸪ḟ࡜ࡿࡵ࡜ࡲࢆ㸬⤖ᯝࡓࡋᐹ⪄࡚࠸ࡘ

1㸬 ࡃࢃ⤌㊊ሙ࡜ᆅ┙㠃ࡢ࡜᥋ྜ㒊࡜ࡿ࠶࡛ࣥࣆࡀ㸪ࢃ

ࡢ㸪㊊ሙ᭱ୗᒙࡣᗙᒅᙉᗘ(⪏Ⲵᙉᗘ)ࡢ㊊ሙࡳ⤌ࡃ

ᘓࡢࡑ࡜ࡃࢃᘓ࡟ࡃࢃ᥃ࡅΏࡓࢀࡉᗋ௜ࡁᕸࡢࡃࢃ

 㸬ࡿࡲỴ࡚ࡗࡼ࡟㛵ಀࡢ๛ᛶ᩿ࢇࡏ

2㸬 ᘓࡃࢃ 1 ᯟ᩿ࢇࡏࡢ๛ᛶ ksࡀ㸪(4)ᘧࡢ kcrࡾࡼ್ࡢ

኱࠸ࡁሙྜ㸪ࡕࢃ࡞ࡍ㸪kcr<ksࡁ࡜ࡢ㸪ࡃࢃ⤌㊊ሙࡣ㸪

ᗋ௜ࡁᕸ᩿ࢇࡏࡢࡃࢃ๛ᛶ kh࡟್ࡢ㛵ࡎࡽࢃ㸪ಶᮦ

ᗙᒅࡿ࡞࡟㸬ࡓࡲ㸪kcr>ksࡢሙྜ㸪 ࡃࢃ⤌㊊ሙࡀಶ 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᮦᗙᒅࡣ࡟ࡵࡿࡍ㸪ࡃࢃ⤌㊊ሙᩘࣥࣃࢫࡢ S ࡚ࡋẚ౛࡟

kcrh 㸬kcr>ksࡿ࠶ࡀᚲせࡿࡍࡃࡁ኱ࢆ್ࡢ 㸪(10)ࡣࡁ࡜ࡢ

ᘧ࡚࠸⏝ࢆγkcrh ಶࡣ㊊ሙ⤌ࡃࢃ࡛࡜ࡇࡿࡍ࡟௨ୖ್ࡢ

ᮦᗙᒅࡿ࡞࡟㸬 
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