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3.5䠉2P 2.94 �kN� 0.48 �kN� 0.16 4.18 �kN� 2.10 �kN�

2.5䠉2P 3.60 �kN� 0.51 �kN� 0.14 4.46 �kN� 2.77 �kN�
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ヨ㦂యᩘࡣ㸪ᮏ◊✲࡛ࡣ 20 య࡛ࡢࡿ࠶ᑐࡋ㸪

႐ࠎὠࡢࡽ◊✲ ࡣ࡛�7 6 య࡛ࡵࡓࡓࡗ࠶㸪ᅗ 5 

ከࡣ⣼✚ศᕸ㛵ᩘࡢⲴ㔜᭱ࡢࢀࡒࢀࡑࡓࡋ♧

ᑡࡢᕪ࡛ࡇࡑࠋ�ࡿࢀࡽ࠼⪄ࡓࢀࡽࡳࡀ㸪2 ࡢࡘ
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ࡿࡁホ౯࡛ᵝྠ✲◊ࡢ 㸪᪤ࡣ㸪ᮏヨ㦂ࡾࡼ

�ࠋࡿ࠼࠸

�

����� ◚ቯᛶ≧�

� ⾲ 3 ◚㸪ࡾࡼࢀࡇࠋࡍ♧ࢆᖹᆒ್ࡢⲴ㔜᭱ࡢࡈ≦ቯᛶ◚≦ቯᛶ◚ࡿࡍᑐ௳㸪ྛ᮲

ቯᛶ≧ࡀࢇࡢᆶᮌࡢࢀ㸪ᆶᮌࡢ㔥ࡢᘬࡁᢤࡀࡇࡓࡗ࠶࡛ࡅศࡓࡲࠋࡿ㸪ࡢ᮲௳

ᢤࡁᘬࡢ㔥ࡢᆶᮌࡶࡾࡼヨ㦂యࡿ࠶࡛ࢀࡢᆶᮌࡀ≦㸪◚ቯᛶࡣᖹᆒ್ࡢⲴ㔜᭱ࡶ࡚࠸࠾

 ࠋ࠸ࡁࡀ᪉ࡢヨ㦂యࡿ࠶࡛ࡅ

� ྛ᮲௳ࡢ≉ᚩࡿࡳࢆ㸪ᒇ᰿໙㓄ࡀ 2.5 ᑍ࡛ࡿ࠶ 2.5㸫2P ࠸࡞࠸࡚ࢀࡓᡴࡀ㔥ࡢࡵ⨨Ỵ

3.5㸫2CN 㸪2.5㸫2Pࡣࢀࡇࠋ࠸ከ≉ࡀࡅᢤࡁᘬࡢ㔥ࡢᆶᮌ࡚ࡋ≦㸪◚ቯᛶࡣ పࡣ࡚࠸࠾

໙㓄࡛ࡵࡓࡿ࠶㔥ࡢᡴࡿࢀࡓ⨨ࡀᆶᮌࡢୖࡢ᪉ࡾ࡞㸪ࡀࢀ㉳ࡵࡓࡿ࡞ࡃࡃࡁ᥎ᐹࡉ

3.5㸫2CNࠋࡿࢀ ࡞࠸࡚ࢀࡓᡴࡀ㔥ࡢࡵ㸪⨨Ỵ࡚ࡋ࠸㐪ࡢヨ㦂యࡢ௨እࢀࡑ㸪ࡣ࡚࠸࠾

࠸ࡍࡸࡾࡀࢺ࣓࣮ࣥࣔࡆຍ᭤ࡵࡓ࠸ࡍࡸࡋࡀᅇ㌿ࡢᆶᮌࡃపࡀᅛᐃᗘࡢ㸪᥋ྜ㒊ࡵࡓ࠸

᫂ࡣࡢࡓࢀࡽࡳࡃከࡀࡅᢤࡁᘬࡢ㔥ࡢᆶᮌ࡚ࡋ≦ቯᛶ◚ࡐ࡞㸪ࡀࡿࢀࡽ࠼⪄ࡀ࡞ࡇ

ࡋ≦㸪◚ቯᛶࡓࡲࠋࡓࡗ࠶࡛

࡚㌺᱆ࡢࢀ㸪㌺᱆ࡢ㔥ࡢᘬࡁ

ᢤࡓࢀࡽࡳࡀࡅ 3.5㸫2CN  3.5
㸫2C ࡀ✀ᮦࡢ㌺᱆ࡶࢀࡎ࠸㸪ࡣ

㸪 3.5㸫2CNࡓࡲࠋࡓࡗ࠶࡛ࢠࢫ
 3.5㸫2C 㸪ࡣᖹᆒᐦᗘࡢ㌺᱆ࡢ

ᮦ✀ࡵࡓࡿ࡞␗ࡀࡢ᮲௳ࡾࡼ

ᮌᮦࠋࡓ࠸࡚ࡋ♧ࢆ್࠸ࡉᑠࡶ

ᐦᗘ⯡୍࡚ࡋຊᏛⓗ≉ᛶࡢ

࠶ẚ㛵ಀࡰࡣᙉᗘ✀ྛ

ࡿ࠸࡚ࡗศࡀࡇࡿ ࡓࡋࠋ�10

㸪3.5㸫2CN࡚ࡗࡀ  3.5㸫2C ࡣ

ࡢ᮲௳ࡶࡾࡼ㌺᱆ྛࡢ✀ᙉᗘ

࡚ࡋ≦㸪◚ቯᛶࡵࡓ࠸ࡉᑠࡀ

㌺᱆ࡢࢀ㸪㌺᱆ࡢ㔥ࡢᘬࡁᢤ

 ࠋࡿࢀࡽ࠼⪄ࡓࢀࡽࡳࡀࡅ

㔥ࡢᘬࡁᢤࡅ 㔥ࡢᘬࡁᢤࡅ

ᆶᮌ ㌺᱆

20య
2.94�kN�

10య 10య
3.42�kN� 3.79�kN�

20య
3.12�kN�

17య 3య
3.36�kN� 3.61�kN�

19య 1య
3.28�kN� 3.54�kN�

7య 12య 1య
2.33�kN� 2.45�kN� 2.92�kN�

17య 1య 1య 1య
3.12�kN� 3.47�kN� 3.44�kN� 3.30�kN�

3.5㸫8P

3.5㸫32P

3.5䠉2CN

3.5䠉2C

㌺᱆ࡢࢀヨ㦂グྕ ᆶᮌࡢࢀ

3.5㸫2P

2.5㸫2P

6㸫2P

⾲ 3� ྛヨ㦂ࡿࡅ࠾◚ቯᛶ≧ࡢศ㢮ᖹᆒ᭱Ⲵ㔜  

0.0

0.2

0.4

0.6

0.8

1.0

1.8 2 2.2 2.4 2.6 2.8 3 3.2
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�
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�����3 �����3�ᆶᮌࡢࢀ��

�����3�㔥ࡢᘬࡁᢤࡅ�ᆶᮌ��� ���3

0

0.2

0.4

0.6

0.8

1

2.0 2.5 3.0 3.5 4.0 4.5

◚
ቯ

☜
⋡

�

᭱Ⲵ㔜�kN���

�����3 �����3�ᆶᮌࡢࢀ��

������3�ᆶᮌࡢࢀ��

���� �ᙳ㡪ࡢࢱ࣮࣓ࣛࣃྛ

� ♧௨ୗ࡚࠸ࡘᙳ㡪ࡢ㔥ࡢࡵᒇ᰿໙㓄㸪⨨Ỵࡓࢀࡽࡳࡀᙳ㡪≉ࡶ୰࡛ࡢࢱ࣮࣓ࣛࣃྛ

�ࠋࡍ

������ ᒇ᰿໙㓄ࡢᙳ㡪�

� ᒇ᰿໙㓄ࡢᙳ㡪ࡵࡓࡿࡍ᳨ࢆ 3.5㸫2P�3.5 ᑍ�19.3°�㸪2.5㸫2P�2.5 ᑍ�14.0°�㸪6㸫2P�6
ᑍ�࠶࡛ࡌྠ࡚ࡍࡣࢱ࣮࣓ࣛࣃࡢᒇ᰿໙㓄௨እࡣヨ㦂య࡛ࡢࡽࢀࡇࠋࡿࡍẚ㍑ࢆᯝ⤖ࡢ�31.0°

2 ⾲ࠋࡿ ࡣᖹᆒ್ࡢ㸪᭱Ⲵ㔜ࡾࡼ 2.5㸫2P㸪6㸫2P㸪3.5㸫2P ≉ࠋࡿศࡀࡇ࠸ࡁ㡰ࡢ

㸪2.5㸫2P ᖹᆒࡢ㸪᭱Ⲵ㔜࡚࠸⏝ࢆ᪉ἲࡌྠ㸪3.1⠇ḟࠋࡿ࠸࡚ࡋ♧ࢆ್࡞ࡁ≉ࡣ

㸪3.5㸫2Pࡁࡢࡇࠋࡍ♧�a�ᅗ 6ࢆ⣼✚ศᕸ㛵ᩘࡢ್  6㸫2P㸪6㸫2P  2.5㸫2P�ᆶᮌࡢ

�ࢀࡢᆶᮌ�㸪2.5㸫2P�ࢀ 2.5㸫2P�㔥ࡢᘬࡁᢤࡅ�ᆶᮌ��ࡣ࡚࠸ࡘࡏࢃྜࡳ⤌ࡢ㸪ಙ㢗༊㛫

95㸣᳨ࣇࣀ࣑ࣝࢫ࣭ࣇࣟࢦࣔࣝࢥࡢᐃࡌྠ࡚ࡗࡼศᕸ࡛࠺࠸ࡿ࠶ᖐ↓௬ㄝࡀ᥇ᢥࠋࡓࢀࡉ

2.5㸫2P�㔥ࡢᘬࡁᢤࡅ�ᆶᮌ��ᒇ᰿໙㓄ࡿ࡞␗ࡀ᮲௳ࡣ࡛ࡏࢃྜࡳ⤌ࡢ᥇ᢥࡀࡓࡗ࡞ࢀࡉ㸪

ࠋࡿࢀࡽ࠼⪄ࡿࡼࡇࡿࡍኚࡀ≦ቯᛶ◚ࡣ࡚࠸࠾ሙྜࡿ࠶ప໙㓄࡛ࡀᒇ᰿໙㓄ࡣࢀࡇ

ᒇ᰿໙㓄ࡣࡽᯝ⤖ࡢᅇࡶࡃ࡞㸪ᑡࡋࡋ 3.5 ᑍ 6 ᑍᑐ࡚ࡋᒇ᰿໙㓄ࡀ⪏ຊ್࠼

 ࠋ࠸࡞ࢀࡽࡵㄆࡣᙳ㡪࡞☜᫂ࡿ
 

������ ⨨Ỵࡢࡵ㔥ࡢᙳ㡪�

� ⨨Ỵࡢࡵ㔥ࡢᙳ㡪ࡵࡓࡿࡍ᳨ࢆ 3.5㸫2CN�㔥�ࡋ࡞ 3.5㸫2C�㔥ࡢ�ࡾ࠶⤖ᯝࢆẚ㍑ࠋࡿࡍ

2 ⾲ࠋࡿ࠶࡛ࡌྠ࡚ࡍࡣࢱ࣮࣓ࣛࣃࡢ㔥௨እࡢࡵ⨨Ỵࡣヨ㦂య࡛ࡢࡽࢀࡇ 㸪᭱Ⲵ㔜ࡾࡼ

ࡣᖹᆒ್ࡢ 3.5㸫2C 㸪3.5㸫2CNࡀ᪉ࡢ ࡽࢀࡇࠋࡿศࡀࡇ࠸ࡁࡾࡼ 2 ᖹᆒࡢⲴ㔜᭱ࡢࡘ

࠸ࡁࡣᙳ㡪ࡍࡰཬຊ⪏ࡢᆶᮌ㌺᱆᥋ྜ㒊ࡀ↓᭷ࡢ㔥ࡢࡵ㸪⨨Ỵࡾ࠶㢧ⴭ࡛ࡣ࠸㐪ࡢ್

♧�b� ᅗ 6ࢆ⣼✚ศᕸ㛵ᩘࡢᖹᆒࡢ㸪᭱Ⲵ㔜࡚࠸⏝ࢆ᪉ἲࡌྠ㸪3.1⠇ḟࠋࡿࢀࡽ࠼⪄

�ࢀࡢᆶᮌ�㸪3.5㸫2CNࡁࡢࡇࠋࡍ 2.5㸫2C�ᆶᮌࡢࢀ�㸪3.5㸫2CN�㔥ࡢᘬࡁᢤࡅ�ᆶᮌ�� 
 2.5㸫2C�ᆶᮌࡢࡣ࡚࠸ࡘ�ࢀ㸪ಙ㢗༊㛫 95㸣᳨ࣇࣀ࣑ࣝࢫ࣭ࣇࣟࢦࣔࣝࢥࡢᐃ࡚ࡗࡼ

ࡢ᭷ពຊ್⪏ࡣ↓᭷ࡢ㔥ࡢࡵ㸪⨨ỴࡾࡲࡘࠋࡓࢀࡉᲠ༷ࡀᖐ↓௬ㄝ࠺࠸ࡿ࠶ศᕸ࡛ࡌྠ

ᙳ㡪ࢆཬࠋࡿࡁุ࡛᩿ࡍࡰ 
�

� �

�a�ᒇ᰿໙㓄  �b�⨨Ỵࡢࡵ㔥 
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⾲ 4� ྛ᮲௳ࡢᑐᩘᑬᗘ 

���� ☜⋡ศᕸࡢ⟬ᐃ�

� ᑠᒇ⤌ࡢ⪏ຊࣔࢆࣝࢹᵓ⠏ࡵࡓࡿࡍ㸪ヨ㦂࡛ᚓࡓࢀࡽ⪏ຊ࡞࠺ࡼࡢࡀࢱ࣮ࢹ☜⋡ศᕸ

㐺ྜ࡛ࠋࡿࡍ᳨ࢆࡿࡁ᪤ ࡢᮌᮦ㛵ࡿࡍ◊✲ ṇつศᕸ㸪ᑐᩘṇ࡚ࡋศᕸ⋠☜࡚࠸࠾�11

つศᕸ㸪࣡ࣝࣈศᕸࡢ㐺ྜᛶ᳨ࢆウࡽࡇࡿ࠸࡚ࡋ㸪ᮏ◊✲ࡽࢀࡇࡶ࡚࠸࠾ 3 ⋠☜ࡢࡘ

ศᕸࡢ㐺ྜᛶ᳨ࢆド4 ⾲ࠋࡿࡍ ࡢࡁࡓࡵࡣᙜ࡚ศᕸࣝࣈṇつศᕸ㸪ᑐᩘṇつศᕸ㸪࣡

ᑐᩘᑬᗘࡋ♧ࢆ㸪⾲୰ࡢ⥙ࡶ᭱ࡀࡢࡶࡓࡋࡅ㐺ྜᛶࡢⰋ࠸☜⋡ศᕸ࡛ࠋࡿ࠶ᑐᩘᑬᗘࡣ㸪☜

⋡ศᕸࡢ㐺ྜᛶࡍ⾲ࢆᣦᶆ࡛ࡾ࠶㸪ᩘ್ࡀ࠸ࡁ㸪ࡢࡑ☜⋡ศᕸࡢ㐺ྜᛶࡀⰋࡉ࠸

4 ⾲ࠋࡿ࠸࡚ࢀ 㸪2.5ࡓࡲࠋࡿศࡀࡇ࠸Ⰻࡶ᭱ࡀ㐺ྜᛶࡢ᮲௳࡛ᑐᩘṇつศᕸࡢࡃ㸪ከࡾࡼ
㸫2P�㔥ࡢᘬࡁᢤࡅ�ᆶᮌ��㸪6㸫2P㸪
3.5㸫32P�ᆶᮌࡢࢀ�㸪3.5㸫2CN�㔥

࡞␗㸪ࡣ࡚࠸࠾��ᆶᮌ�ࡅᢤࡁᘬࡢ

ࢀࡽᚓࡀᕪ࡞᭷ពᯝ⤖ࡢศᕸ㛫ࡿ

✲◊ࡢࡽὠࠎ㸪႐ࡵࡓࡓࡗ࡞ (7

ศᕸ⋠☜ࡢຊ⪏ࡢ⤌㸪ᑠᒇ࡚࠸࠾

ᑐᩘṇつศᕸࡿ࠸࡚ࢀࡽ࠸⏝࡚ࡋ

㏆ఝࠋࡿࡍࡇࡿࡍ௨ୖࡾࡼ㸪ᑠ

ᒇ⤌ࡢ⪏ຊࣔࡢࣝࢹ☜⋡ศᕸ࡚ࡋ

ࡀࡇࡿ࠸⏝ࢆᑐᩘṇつศᕸࡡᴫࡣ

≦㸪◚ቯᛶࡀࡿࢀࡽ࠼⪄ࡿࡁ࡛

ኚࡿ࠶ࡀሙྜࡣ㸪⪃៖ࡀᚲせ࡛࠶

 ࠋࡿ࠼࠸ࡿ
�

��� �ࡵࡲ

ᐇ≀⪏ຊヨ㦂࠸⾜ࢆ㸪ᑠᒇ⤌ࡢ⪏ຊࢆࢱ࣮ࢹᚓࠋࡓヨ㦂ࡢ⤖ᯝࡽ㸪ᒇ᰿໙㓄ࣛࣃࡢ࡞

ࢆᑐᩘṇつศᕸࡡ㸪ᴫࡣ࡚ࡋศᕸ⋠☜ࡢຊ⪏ࡢ⤌㸪ᑠᒇࡓࡲࠋࡓࡗ⾜ࢆド᳨ࡢᙳ㡪ࡢࢱ࣮࣓

ࢆᐃ⟭ࡶ࡚࠸ࡘእຊࡿࡍ⏝స⤌㸪ᑠᒇࡣᚋࠋࡓࡗ࡞ࡽ᫂ࡀࡇࡿࡁ࡛ࡀࡇࡿ࠸⏝

�ࠋࡿ࠶ணᐃ࡛࠺⾜ࢆ ᙉ㢼⿕ᐖணࡢ⤌ᑠᒇ࠸⾜

�
ཧ⪃ᩥ⊩�
1��᪥ᮏᘓ⠏Ꮫ: 2004 ᖺࡢᙉ㢼⿕ᐖࡢࡑᩍカ̿ᙉ㢼⿕ᐖࡀṧ̿ࡢࡶࡓࡋ㸪2006. 
2��᳜ᯇᗣࡽ : ⮬యࡧࡼ࠾ᾘ㜵⨫ࡿࡅ࠾ఫᏯࡢᙉ㢼⿕ᐖㄪᰝࡢᐇែᘓ⠏ᕤᏛⓗほⅬࡢࡽᥦ㸪᪥ᮏ㢼ᕤᏛㄅ㸪

pp.57-64㸪2000. 
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2.5㸫2P 2.5㸫2P

ᆶᮌࡢࢀ 㔥ࡢᘬࡁᢤࡅ

ṇつศᕸ -13.61 -6.81 -6.53

ᑐᩘṇつศᕸ -12.61 -6.36 -6.62

ศᕸࣝࣈ࣡ -15.28 -7.61 -6.45

3.5㸫8P 3.5㸫32P

ᆶᮌࡢࢀ ᆶᮌࡢࢀ

ṇつศᕸ -15.56 -12.25 -6.32

ᑐᩘṇつศᕸ -16.54 -11.98 -6.43

ศᕸࣝࣈ࣡ -14.94 -12.97 -7.20

3.5㸫2CN 3.5㸫2CN 3.5㸫2C

ᆶᮌࡢࢀ 㔥ࡢᘬࡁᢤࡅ ᆶᮌࡢࢀ

ṇつศᕸ -1.59 -5.72 -10.25

ᑐᩘṇつศᕸ -1.12 -5.92 -9.95

ศᕸࣝࣈ࣡ -2.39 -5.69 -10.72

3.5㸫2P

6㸫2P
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