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Abstract: Brittle fracture is very dangerous in the sense of causing poor plastic deformation. In tensile test, generally steel material 

shows ductile fracture after large plastic strain. However, in such steel material, a defect like a notch can be a cause of brittle fracture 

due to the rise of maximum principal stress. Thus, it is very important to understand the property between the local stress 

concentration and the development of the maximum principal stress. In this study, the main purpose is to check the state of stress and 

strain of steel beam-column connection by FEM analysis.   

 

1㸬࡟ࡵࡌࡣ 

1994 ᖺ⡿ᅜࢪࢵࣜࢫ࣮ࣀᆅ㟈ཬࡧ 1995 ᖺරᗜ┴༡

㒊ᆅ㟈࡛ࡣ㸪㗰ᵓ㐀ᰕᱱ᥋ྜ㒊ࢆ୰ᚰ࡟኱つᶍ࡞⬤ᛶ

◚ቯࡀ☜ㄆࡓࢀࡉ㸬୍⯡ⓗ࡞⪏㟈タィ࡛ࡣ㸪㒊ᮦࡀ༑

ศ࡟ረᛶኚᙧ࡛࡜ࡇࡿࡍ㸪ᆅ㟈ࢆ࣮ࢠࣝࢿ࢚྾཰ࡋᵓ

㐀≀ࡢᔂቯࢆ㜵ࡿ࠸࡛࠸㸬ࡣࢀࡇ㸪㒊ᮦࡀᘬᙇᙉࡉ┦

ᙜࡢ⪏ຊࢆⓎ᥹ࡋ㸪ᘏᛶⓗ࡟ᣲືࢆ࡜ࡇࡿࡍᮇᚅࡓࡋ

㸬୍ࡿ࠶࡛ࡢࡶ ᪉㸪⬤ᛶ◚ቯࡣረᛶኚᙧ⬟ຊ࡟ஈࡃࡋ㸪

 㸬ࡿ࠶ቯ࡛◚࡞༴㝤࠸పࡢ྾཰⬟ຊ࣮ࢠࣝࢿ࢚

ᚋࡓࡌ⏕ࢆረᛶṍ࡞ࡁ኱ࡣ㗰⣲ᮦᘬᙇヨ㦂࡛ࡢ⯡୍

ᙧࡢ➼ࡁษḞࡶ㗰ᮦ࡛ࡌ㸪ྠࡋ࠿ࡋ㸬ࡿࡍᘏᛶ◚ቯ࡟

≧ⓗ୙㐃⥆ࡿ࠶ࡀሙྜࡣᒁᡤⓗ࡟ᣊ᮰ຊࡀᙉࡾࡲ㸪᭱

኱୺ᛂຊࡋ᪼ୖࡀ㸪⬤ᛶ◚ቯ࡜࡬㑄⛣࣮ࢣ࠺ࡲࡋ࡚ࡋ

ṍ࡜ᛂຊࡢ⨨఩ࡿࢀࡉ᝿ᐃࡀ᩿◚㸪࡛ࡇࡑ㸬ࡿ࠶ࡀࢫ

᥎ࡢ௳㸪⬤ᛶ◚ቯⓎ⏕᮲ࡾࡼ࡟࡜ࡇࡿࡍᢕᥱࢆែ≦ࡢ

ᐃ[1]ࡿࢀࡽ࠼⪄࡜ࡿ࡞࡜⬟ྍࡀ㸬 

᪂஭ࡣࡽ㸪ᐇ኱ᰕᱱ᥋ྜ㒊ᐇ㦂ࡢࣉࢵࣛ࢝ࢫࡾࡼ࡟

᭷↓ࡸ㸪ヨ㦂యࡢ ᗘࡀ◚ቯᙧᘧ࡟୚ࡿ࠼ᙳ㡪᳨ࢆウ

᭷㝈࡟㇟ᑐࢆᐇ㦂ࡢࡽ㸪᪂஭ࡣ㸬ᮏሗ࿌࡛[2]ࡿ࠸࡚ࡋ

せ⣲ἲゎᯒ࠺⾜ࢆ㸬ᱱ➃ࡢ◚᩿㉳Ⅼࡢᛂຊ࡜ṍࡢ≧ែ

 㸬ࡿࡍᢕᥱࢆຊᏛⓗ≉ᛶࡢ㸪ᰕᱱ᥋ྜ㒊ࡋㄆ☜ࢆ

2㸬ゎᯒᴫせ 

᭷㝈せ⣲ἲゎᯒࣥࢪ࢚ࣥ NEi Nastran 㸪᪂஭࡚࠸⏝ࢆ

ࢆ኱ኚᙧゎᯒࡿࡍᑐᛂ࡟ᐇ኱ᰕᱱ᥋ྜ㒊◚ቯᐇ㦂ࡢࡽ

㸬Tab.1ࡓࡗ⾜ ࢆ⣲ᮦ≉ᛶࡓࢀࡽᚓࡾࡼ⣲ᮦᘬᙇヨ㦂࡟

㸪von Misesࡋ࡜᪉➼㉁➼ࡣ㸬ᮦ㉁[2]ࡍ♧ ࢆ௳㝆అ᮲ࡢ

ᛂຊ㸪┿ࢆ㸪බ⛠ᛂຊ㸪බ⛠ṍࡣ㸬ᛂຊ㸫ṍ㛵ಀࡓ࠸⏝

┿ṍ࡟ኚ᥮ࡓ࠸⏝ࢆࡢࡶࡓࡋ㸬 

 Fig.1 㸪Fig.2ࣝࢹゎᯒࣔ࡟ ࢩࢵ࣓ࡢ㏆ഐࣉࢵࣛ࢝ࢫ࡟

ࣗศ๭ࡍ♧ࢆ㸬ᐇ㦂ࢆᶍᨃࡋ㸪ゎᯒࣔࡢࣝࢹ➃㒊࡟ᆶ

┤Ⲵ㔜ࢆ୚ࡓ࠼㸬ቃ⏺᮲௳ࡣ㸪୍➃ࢆᅛᐃᨭᣢࡋ࡜㸪

Ⲵ㔜➃࡛ࡣỈᖹ᪉ྥཬࡧ᤟࡟ࢀᑐ࡚ࡋ༢⣧ᨭᣢࡓࡋ࡜㸬

せ⣲ࡣ㸪8 ⠇Ⅼ࡛ᵓᡂࡿࢀࡉ 3 ḟඖࢻࢵࣜࢯせ⣲ࢆ⏝

ࡣ࡛ࣈ࢙࢘࡟㸪ᯈཌ᪉ྥࡣ㸬ศ๭ᩘࡓ࠸ 2 ศ๭㸪ࣛࣇ

ࡣ࡚࠸࠾࡟ࢪࣥ 3 ศ๭ࡓࡋ࡜㸬ࣉࢵࣛ࢝ࢫ㏆ഐ࡛ࡣ㸪

ࡧཬࣈ࢙࢘Ⅽ㸪ࡿࢀࡉண᝿ࡀᛂຊ㞟୰࡟ᗏࣉࢵࣛ࢝ࢫ

㸪Fig.2ࡓࡲ㸬ࡓࡋࡃ࠿⣽ࢆศ๭ࣗࢩࢵ࣓ࡢࢪࣥࣛࣇ ࡟

ᚑ᮶ᆺࡓࡋᶍᨃࢆᐇ㦂ࡣ≦ᙧࣉࢵࣛ࢝ࢫ㸪࡟࠺ࡼࡍ♧

㸪ࡎࡏ៖⪄ࡣ᥋࣭⁐᥋⇕ᙳ㡪㒊⁐ࡣ㸬ᮏゎᯒ࡛ࡿ࠶࡛

㒊ᮦࡣ༢୍ࡢ⣲ᮦࡓࡋ࡜㸬࠾࡞㸪ࡁ⿣ࡢⓎ⏕ࡣ෌⌧ࡋ

 㸬࠸࡞࠸࡚

 

 

 

 

 

 

 

 

 

 

 

 

 

3㸬ゎᯒ⤖ᯝ 

3.1 ゎᯒࡢጇᙜᛶ 

 Fig.3 ゎᯒ࡛ࡧᐇ㦂ཬ࡟

ᚓࡓࢀࡽ㸪࣮࣓ࣔࣥࢺ

M(kNm)㸫ᅇ㌿ゅ θ(rad)㛵

ಀࡍ♧ࢆ㸬᪂஭ࡢࡽᐇ㦂ࡣ

Ⅽ㸪ᐇࡿ࠶㍕Ⲵ࡛ࡋ㏉ࡾ⧞

㦂್࡟㛵ࡣ࡚ࡋ㸪M㸫θ 㛵

1㸸᪥኱⌮ᕤ࣭㝔(๓)࣭ᘓ⠏㸪Student, Graduate School of Nihon Univ.  2㸸᪥኱⌮ᕤ࣭ᩍဨ࣭ᘓ⠏㸪Nihon Univ. , Dr. Eng. 

3㸸᪥኱ྡ㄃ᩍᤵ㸪Prof. Emeritus, Nihon Univ., Dr. Eng.         4㸸ᮾ኱Ꮫ㄃ᩍᤵ㸪 Prof. Emeritus, Tokyo Univ., Dr. Eng.  
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Table1 Material Properties.
[2]

 

Yield stress
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2
)
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Figure3 M㸫θ curves. 
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ಀࡢᒚṔࡽ࠿ຍຊࡿࡼ࡟ࣝࢡ࢖ࢧᙳ㡪ࢆ᤼㝖ࡓࡋ㦵᱁

᭤⥺ࡓ࠸⏝ࢆ㸬Fig.3 ࡀ㸪ᐇ㦂್࡚ࡋ㛵࡟ᮇ๛ᛶึࡾࡼ

ゎᯒ್ࢆୗᅇࡿ࠸࡚ࡗ஦ࡀศࡿ࠿㸬ࡣࢀࡇ㸪ᅛᐃᱱࡢ

ᙎᛶᣲືࢆ↓どࡓࡋቃ⏺᮲௳タᐃࡢᙳ㡪ࡿࢀࡽ࠼⪄࡜㸬

㝆అᚋࡢ 2 ḟ໙㓄ࡣ㸪ゎᯒ್࡜ᐇ㦂್ࡢᣲືࡣᴫ୍ࡡ

 㸬ࡓࡋุ᩿࡜ࡿ࠶ጇᙜ࡛ࡣ㸪ᮏゎᯒࡾ࠾࡚ࡋ⮴

 ែ≦ࡢ኱୺ṍ᭱࡜኱୺ᛂຊ᭱ࡢ࿘㎶ࣉࢵࣛ࢝ࢫ 3.2

 Fig.4 ྛ࡟ step ẖࡢ σp/tσy㸫ℓ 㛵ಀ㸪Fig.5 ࡟ εp㸫ℓ 㛵ಀ

኱୺ᛂຊ㸪᭱ࡓࢀࡽᚓ࡚ࡗࡼ࡟ゎᯒࡣ࡜㸬σp㸪εpࡍ♧ࢆ

᭱኱୺ṍ࡛ࡿ࠶㸬σp/tσyࡣ㸪᭱኱୺ᛂຊࢆ┿㝆అᛂຊ tσy

࡛㝖ࡓࡋ↓ḟඖ໬ᛂຊ࡛ࡿ࠶㸬ℓ ㊥ࡢࡽ࠿➃ࢪࣥࣛࣇࡣ

㞳࡛ࡾ࠶㸪ℓ=0 㸪ℓ=35➃ࢪࣥࣛࣇࡀ ᗏ࡛ࣉࢵࣛ࢝ࢫࡀ

ୗࡢࢪࣥࣛࣇ඲࡚ୖࡣࣝ࣋ࣞࡉ㸪㧗ࡓࡲ㸬(Fig.2)ࡿ࠶

 㸬ࡿ࠶࡛➃

Fig.4㸪Fig.5 Ⅼ࡛᩿◚࠸ᚑ࡟ࡿ࡞ࡃࡁ኱ࡀ㸪Ⲵ㔜ࡾࡼ

࡚ࡗ࡞ࡃࡁ኱࡟ᒁᡤⓗࡀᛂຊ㸪ṍࡢᗏࣉࢵࣛ࢝ࢫࡿ࠶

ࡢ㸬◚᩿᫬ࡿ࠿ศࡀ஦ࡿ࠸ σp/tσyࡣ㸪ࣉࢵࣛ࢝ࢫᗏ࡟ᴟ

ᛂຊྠࡶ࡚ࡋ㛵࡟㸪᭱኱୺ṍࡓࡲ㸬ࡿ࠸࡚ࡋ㞟୰࡟➃

ᵝ㸪ࣉࢵࣛ࢝ࢫᗏ࡟኱࡞ࡁṍࡀ㞟୰ࡿ࠸࡚ࡋ㸬ࡋࡔࡓ㸪

࠶࡛ࡢࡶ࠸࡞࠸࡚ࡋ៖⪄ࢆ㐍ᒎࡢ⿣ࡁࡣゎᯒ⤖ᯝࡢࡇ

࠶ࡀᛶ⬟ྍ࠸࡞࠸࡚ࡋᑐᛂ࡜ᐇ㦂஦ᐇࡣ್ࢡ࣮ࣆ㸪ࡾ

࠸࡞࠸࡛ࢇ㐍ࡾࡲ࠶ࡀ㸪ረᛶኚᙧࡀࡿ step35 ࡞࠿ࡶ࡛

 㸬ࡿࡁㄆ࡛☜ࡀ㞟୰ࡢࡾ

3.3 ᭱኱୺ᛂຊ㸫┦ᙜረᛶṍ㛵ಀ 

⬤ᛶ◚ቯࡢホ౯࡛ࡣ㸪㝈⏺◚ቯᛂຊㄝ࡟ᇶ࡙᭱ࡓ࠸

኱୺ᛂຊࡿࡼ࡟ホ౯ࡀᚑ᮶[3]ࡿ࠸࡚ࢀࢃ⾜ࡽ࠿㸬ࡇࡑ

࡛㸪Fig.6 ḟඖ໬ᛂຊ↓࡟ σp/tσy㸫┦ᙜረᛶṍ εeq㛵ಀࢆ

ẚ࡜ᗏࣉࢵࣛ࢝ࢫࡿ࠶Ⅼ࡛᩿◚ࡣ㸬σp/tσy㸫εeq㛵ಀࡍ♧

㍑ࡿࡍⅭ࡟㸪ࡿࡼ࡟ࣉࢵࣛ࢝ࢫᙧ≧ኚ໬ࡢᙳ㡪࠸↓ࡀ

ࡿࢀࡽ࠼⪄࡜ Fig.2 ࡍ♧࡟ Point A 㸪ℓ=100࡜ ⠇Ⅼゎࡢ

ᯒ್ࡓࡋ♧࡚ࡏేࡶ㸬┦ᙜረᛶṍ εeq࡟㛵ࡣ࡚ࡋ㸪ᩥ⊩

 㸬ࡓࡵồ࡚࠸⏝ࢆᘧ(1)࡟⪄ཧࢆ[4]

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 ࡾࡼ Point A 㸪ℓ=100ࡸ 㸪ึࡣ⠇Ⅼゎᯒ್࡛ࡢ ᮇ

࠿ࡋ㸬ࡿ࠿ศࡀ஦ࡿ࠶࡛➼ྠ࡜ᗏࣉࢵࣛ࢝ࢫࡀࡁഴࡢ

㸪Point A࠸ᚑ࡟ࡿࡍ⾜㐍ࡀ㸪┦ᙜረᛶṍࡋ 㸪ᛂຊࡣ࡛

㸪ℓ=100ࡋ♧ࢆഴྥࡢቑຍࡧ෌ࡽ࠿࡚ࡋᗘῶᑡ୍ࡀ ࡛

㸪୍ࡣ ᐃࡲࡲࡢ㸪┦ᙜረᛶṍࡀࡳࡢ㐍⾜ࡓࡋ㸬୍ ᪉࡛㸪

◚᩿Ⅼ࡛ࣉࢵࣛ࢝ࢫࡿ࠶ᗏࡢ σp/tσyࡣ㸪┦ᙜረᛶṍࡀ㐍

ࡢࡑ㸪ࡾ࠾࡚ࡋ♧ࢆ್࡞ࡁ㸪኱ࡶែ࡛≦࠸࡞࠸࡚ࡋ⾜

ᚋࡶቑຍࡿ࠸࡚ࡅ⥆ࢆ㸬ࡢࡇ஦ࡽ࠿㸪ࣉࢵࣛ࢝ࢫᗏࡢ

ᣊ᮰ຊࡀ኱࡞ࡁ≧ែࡿࡁุ࡛᩿࡜ࡿ࠸࡚ࡋ⥆⥅ࡀ㸬ᘏ

ᛶ◚ቯࡿࡍሙྜࡣ࡟ Point A 㸪ℓ=100ࡸ 㸪࡟࠺ࡼࡢ⠇Ⅼࡢ

ṍࡀ㐍⾜ࡃ࠸࡚ࡋ㸬ࡋ࠿ࡋ㸪ࣉࢵࣛ࢝ࢫᗏ࡛ࡣ㸪ᣊ᮰

ຊࡀ኱ࡾ࡞ࡃࡁ㸪ኚᙧ⬟ຊࡀኻࢀࢃ㸪⬤ᛶ◚ቯࡿ⮳࡟

࡚ࡋ᩿◚ࡽ࠿ᗏࣉࢵࣛ࢝ࢫ㸪ࡣ㸬ᐇ㦂࡛ࡿࢀࡽ࠼⪄࡜

ᛮ࡜ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡅࡘࡧ⤖࡜ᐹ⪄ࡢ㸪௨ୖࡾ࠾

 㸬ࡿࢀࢃ

4㸬ࡵ࡜ࡲ 

(1)◚᩿Ⅼ࡛ࣉࢵࣛ࢝ࢫࡿ࠶ᗏ࡟ᒁᡤⓗ࡟ᛂຊ㸪ṍࡀ㞟

୰ࡓࡋ㸬  

(2)σp/tσy㸫εeq㛵ಀࡾࡼ㸪ࣉࢵࣛ࢝ࢫᗏࡣεeqࡀᑠ࠸ࡉ≧ែ

ᣊ᮰ຊࡢᗏࣉࢵࣛ࢝ࢫ㸪ࡋ♧ࢆ್࡞ࡁ኱ࡣ㸪σp/tσyࡶ࡛

ࡢᗏࣉࢵࣛ࢝ࢫ㸪ࡽ࠿஦ࡢࡇ㸬ࡿࡁุ࡛᩿࡜࠸ࡁ኱ࡀ

ኚᙧ⬟ຊࡀኻࢀࢃ㸪⬤ᛶ◚ቯࡿࢀࡽ࠼⪄࡜ࡿ⮳࡟㸬 

(3)ᐇ㦂࡛ࡣ㸪ࣉࢵࣛ࢝ࢫᗏࡾ࠾࡚ࡋ᩿◚ࡽ࠿㸪௨ୖࡢ

⪃ᐹ࡜ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡅࡘࡧ⤖࡜ᛮࡿࢀࢃ㸬 
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Figure5 εp㸫ℓ curves. 
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Figure4 σp/tσy㸫ℓ curves. 
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Figure6 σp/tσy㸫εeq curves. 
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