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ヨ㦂⤖ᯝ㻌

P a (N) [ a ] K (N/mm) P a (N) [ a ] K (N/mm)
30ᗘ 4060 [1.50] 1324 4260 [1.50] 4341
45ᗘ 4240 [1.50] 1349 4120 [1.50] 5620
60ᗘ 3490 [1.50] 1572 4460 [1.50] 7354
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(N) ഛ⪃
*1 (mm)

ᖹᆒ್

G d
ave (N)

ᖹᆒ್

P u
ave (N)

ᖹᆒ್

P max
ave

1 4.547 1.279 14902 14902 A
2 5.000 1.982 15370 15370 A
3 4.261 1.215 15105 15105 A
1 1.503 1.023 11773 11773 B
2 1.168 0.829 9535 9535 C
3 1.743 1.249 17005 17005 B,C

᭱
Ⲵ㔜

a 2ᅇ┠ ุᐃ 3ᅇ┠ ุᐃ P max(N)
1.50 5733 1.18 5395 1.11 15078 A
1.50 6341 1.24 6192 1.21 㸫 䠉
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㠃ෆᗙᒅࡢ᥋ྜ㒊➃ୖࡿࡼᅇ㌿ࡢ�C㸸ୖ➃᥋ྜ㔠≀ձ㸦ྍື㒊㸧ࠉ ࠉ

チᐜ⪏ຊ
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4341

ぴ㸦30ᗘ㸧୍ࡢヨ㦂⤖ᯝࠉ1.1⾲
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2/3㺃P d

ኚᙧGࡢ 2/3d
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ᦆയࡢኚᙧG dᦆയࡢⲴ㔜P dヨ
㦂
య

᥋ྜ㒊ࡢ
๛ᛶK

(N/mm)

⤊ᒁ⪏ຊP u ᭱Ⲵ㔜P max

Pࡣ್ࡢᐃḍุࠉ2ͤ d
cyc /(0.8㺃1.5P d /a ࠋࡍ♧㉥Ꮠ࡛ࡣሙྜ࠸࡞ࡉࡓ‶ࢆᐃⲴ㔜ุࠊࡋ⾲ࢆ(

ᅗ1.1 Ⲵ㔜P㸫ኚᙧG  㛵ಀ㸦30ᗘ㸧

᪉ྥ ◚ቯ
*3

ែ(mm)≦ࡢ (N)
ṇഃ 4.600 4876
㈇ഃ 1.112 5109
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㸦c㸧ṇ㈇⧞㏉ࡋຍຊヨ㦂 (ุᐃ⤖ᯝ)

㸦b㸧◚ቯࡢ≧ែB 㸦c㸧◚ቯࡢ≧ែC



(N) ഛ⪃
*1 (mm)

ᖹᆒ್

G d
ave (N)

ᖹᆒ್

P u
ave (N)

ᖹᆒ್

P max
ave

1 4.461 1.165 14633 14633 A
2 4.676 1.108 15588 15588 A
3 5.000 1.673 14591 14591 A
1 1.100 0.726 12616 12616 B
2 1.083 0.684 13949 13949 C
3 1.115 0.679 10489 10489 B

᭱
Ⲵ㔜

a 2ᅇ┠ ุᐃ 3ᅇ┠ ุᐃ P max(N)
1.50 5979 1.18 5636 1.11 14359 D
1.50 6072 1.23 5988 1.21 㸫 䠉
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㦂
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๛ᛶK

(N/mm)

⤊ᒁ⪏ຊP u ᭱Ⲵ㔜P max

Pࡣ್ࡢᐃḍุࠉ2ͤ d
cyc /(0.8㺃1.5P d /a ࠋࡍ♧㉥Ꮠ࡛ࡣሙྜ࠸࡞ࡉࡓ‶ࢆᐃⲴ㔜ุࠊࡋ⾲ࢆ(

ᅗ1.2 Ⲵ㔜P㸫ኚᙧG  㛵ಀ㸦45ᗘ㸧

᪉ྥ ◚ቯ
*3

ែ(mm)≦ࡢ (N)
ṇഃ 4.941 5085
㈇ഃ 0.648 4941
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sD a
1.5
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୍᪉ྥຍຊ�ṇ㈇�㸸 No.1, No.2, No.3

ṇ㈇⧞㏉ࡋຍຊ㸸 � ุᐃⲴ㔜㸸 � sDa1.5㸸

᥋ྜ㒊ࡢ๛ᛶK㸸ᦆയࡢⲴ㔜PdኚᙧGdave㸸 �

チᐜ⪏ຊPa㸸

㸦a㸧◚ቯࡢ≧ែA

㸦c㸧ṇ㈇⧞㏉ࡋຍຊヨ㦂 (ุᐃ⤖ᯝ)

㸦b㸧◚ቯࡢ≧ែB 㸦c㸧◚ቯࡢ≧ែC 㸦d㸧◚ቯࡢ≧ែD



(N) ഛ⪃
*1 (mm)

ᖹᆒ್

G d
ave (N)

ᖹᆒ್

P u
ave (N)

ᖹᆒ್

P max
ave

1 3.120 0.975 11119 11119 A
2 3.291 1.032 10345 10345 A
3 3.575 1.323 9937 9937 A
1 0.872 0.690 15293 15293 B
2 0.898 0.718 13411 16663 B,C
3 0.956 0.628 11406 11406 C

᭱
Ⲵ㔜

a 2ᅇ┠ ุᐃ 3ᅇ┠ ุᐃ P max(N)
1.50 4997 1.19 4820 1.15 11296 A
1.50 6605 1.24 6572 1.23 㸫 䠉

㠃ෆᗙᒅࡢ᥋ྜ㒊➃ୖࡿࡼᅇ㌿ࡢC㸸ୖ➃᥋ྜ㔠≀ձ㸦ྍື㒊㸧ࠉ

┿1.3ࠉ◚ቯࡢ≧ែ㸦60ᗘ㸧
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㸪Pࡵࡓࡓࡌ⏕ࡀ(ែB≦ࡢቯ◚)Ⲵ㔜పୗ࡞᭷ពGҸ3mmࡣ㈇ഃNo.2࡛ࠉ4ͤ uྠࢆⲴ㔜పୗ᭱ࡢ࡛ࡲⲴ㔜ࠋࡓࡋ
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ࠋࡍ♧௨ୗࢆ⩏ᐃࡢグྕࡿࡍ㛵ែ≦ࡢቯ◚ࠉ3ͤ
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Pࡣ್ࡢᐃḍุࠉ2ͤ d
cyc /(0.8㺃1.5P d /a ࠋࡍ♧㉥Ꮠ࡛ࡣሙྜ࠸࡞ࡉࡓ‶ࢆᐃⲴ㔜ุࠊࡋ⾲ࢆ(
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0.8㺃1.5P d /a
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୍᪉ྥຍຊヨ㦂
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*3

ែ≦ࡢ

2/3㺃P d

ኚᙧGࡢ 2/3d
(mm)

ᦆയࡢኚᙧG dᦆയࡢⲴ㔜P dヨ
㦂
య

᥋ྜ㒊ࡢ
๛ᛶK

(N/mm)

⤊ᒁ⪏ຊP u
*4 ᭱Ⲵ㔜P max

ᅗ1.3 Ⲵ㔜P㸫ኚᙧG  㛵ಀ㸦60ᗘ㸧

᪉ྥ ◚ቯ
*3

ែ(mm)≦ࡢ (N)
ṇഃ 3.636 4187
㈇ഃ 0.741 5348

ኚᙧไᚚ್

sD a
1.5
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୍᪉ྥຍຊ�ṇ㈇�㸸 No.1, No.2, No.3

ṇ㈇⧞㏉ࡋຍຊ㸸 � ุᐃⲴ㔜㸸 � sDa1.5㸸

᥋ྜ㒊ࡢ๛ᛶK㸸ᦆയࡢⲴ㔜PdኚᙧGdave㸸 �

チᐜ⪏ຊPa㸸

㸦a㸧◚ቯࡢ≧ែA

㸦c㸧ṇ㈇⧞㏉ࡋຍຊヨ㦂 (ุᐃ⤖ᯝ)

㸦c㸧◚ቯࡢ≧ែC㸦b㸧◚ቯࡢ≧ែB
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⾲ 1� ヨ㦂యᵓᡂᮦᩱ୍ࡢぴ 

ᙧ≧࣭ᑍἲ
㸦mm㸧

ᮦ㉁࣭༊ศ 〇㐀ᡤ

ᅛᐃ㒊

ྍື㒊

ୖ➃᥋ྜ㔠≀ձ
ᅛᐃ㒊㸫ྍື㒊᥋ྜල

ᖹ㢌ࣜࢺࢵ࣋ I 8㽢L30 NACH10T ᫂㗩⼺〇సᡤ

t=2.3 SGHC
[JIS G 3302] 䠄ᰴ䠅䝃䝽䝍

ୖ➃᥋ྜ㔠≀ղ㸫ᩳࡵ㒊ᮦ
᥋ྜල

㸦ရྡ㸸࣋ࢼ㢌ࢪࢿࣝࣜࢻ㸧
ࡌࡡࣝࣜࢻ I 5(4.8)㽢16 SWCH18A┦ᙜ

[JIS G 3507-2] ᮧ⢭ᕤ(ᰴ)

ࢺࣝ࣎ࡌࡡ
W3/8inch㽢

L60
SWRM12┦ᙜ

[JIS G 3505] Ᏻ⏣⏘ᴗ䠄ᰴ䠅

භゅࢺࢵࢼ
㸦ရྡ㸸
UNCභゅ

࣮࣐࣮࣍
㸧ࢺࢵࢼ

W3/8inch SWCH10A┦ᙜ

[JIS G 3507-1]
⣖ᕞ࣮ࢼࢫࣇ

ᕤᴗ㸦ᰴ㸧

C-40㽢20㽢
10㽢1.6

SSC400-Z18
[JIS G 3350] 㯞ᕸᡂᙧ䠄ᰴ䠅

W3/8inch㽢
L250

SWRM12┦ᙜ

[JIS G 3505] Ᏻ⏣⏘ᴗ䠄ᰴ䠅

ὀ㸧౫㢗⪅ᥦฟ㈨ᩱ

㒊ᮦࡵᩳ

ࢺࣝ࣎ࡾྞ

㒊ᮦྡ

ୖ➃᥋ྜ㔠≀ձ�ղ᥋ྜල

ୖ➃᥋ྜ㔠≀ղ
㸦ရྡ㸸TT2040ࢳࢵࢱࢡ࢝㸧

䠉
ZDC-2

[JIS H 5301]
䠄ᰴ䠅䝃䝽䝍

ୖ➃᥋ྜ㔠≀ձ
㸦ရྡ㸸TTSAGࢫࣞࣈ㸧

 

 

 



┿Ϩࠉヨ㦂య⤌❧ࡢእほ

㸦a㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸30ᗘ

㸦b㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸45ᗘ

㸦c㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸60ᗘ



1.1 mm

3- 5 16 C 40 20 10 1.6

2 13

50 25

W3/8inch L250
W3/8inch

20 250

3- 5 16W3/8inch L60

C 40 20 10 1.6

3- 5 16

3- 5 16

W3/8inch L60 W3/8inch
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㈨ᩱ�� ຍຊ࣭ィ ᪉ἲ�
�

ຍຊࠊࡣᅗ 2.1 ࡀゅᗘࡢኳ㠃㒊ᮦࡵゅᗘ㸦ᩳࡢᡤᐃࠊ࠺ࡼࡍ♧ 30 ᗘ45ࠊ ᗘ60ࠊ ᗘ㸧

ᐜ㔞᭱ࠊࡋᅛᐃࢆࢺࣝ࣎ࡾྞኳ㠃ᵓᡂලࡓࡋ⨨タ࠺ࡼࡿ࡞ 20kN ࣮࢚ࣗࢳࢡ㟁ືࡢ

࠼ຍࢆⲴ㔜ࡋṇ㈇⧞㏉ࡣࡓࡲ᪉ྥⲴ㔜୍ࡢ㍈᪉ྥ㒊ᮦࡵᩳࡓࢀࡉ⤖⥭ࢺࣝ࣎ࡾྞࠊ࡚࠸⏝ࢆࢱ

༢ㄪຍࡢ᪉ྥ㸦㈇ഃ㸧ࡋᢲࡣࡓࡲ᪉ྥ㸦ṇഃ㸧ࡁᘬࢱ࣮࢚ࣗࢳࢡࡣ᪉ྥຍຊ୍ࠋࡓࡗ⾜᪉ἲ࡛ࡿ

ຊࡵᩳࠊ࠸⾜࡚ࡗࡼ㒊ᮦୖ➃᥋ྜ㒊ࢆ◚ቯࠋࡓࡵࡋࡽ⮳ṇ㈇⧞㏉ࡋຍຊࠊࡣ㈨ᩱ 3 ㏉⧞ࡍ♧

ࢱ࣮࢚ࣗࢳࢡᚋࡢࡑࠊ࠸⾜࡚ࡗࡼṇ㈇␒ຍຊࡢ᪉ྥࡋᢲ࣭ࡁᘬࢱ࣮࢚ࣗࢳࢡࢆຍຊᒚṔࡋ

ᘬࡁ᪉ྥ㸦ṇഃ㸧ࡢ༢ㄪຍຊࡵᩳ࡚ࡗࡼ㒊ᮦୖ➃᥋ྜ㒊ࢆ◚ቯࠋࡓࡵࡋࡽ⮳ 
Ⲵ㔜 P㸦ṇഃຍຊࡢⲴ㔜ࢆṇࡿࡍ㸧᳨ࡢฟ᭱ࡣᐜ㔞 20kN ᥋ྜ㒊ࠊ࠸⏝ࢆࣝࢭࢻ࣮ࣟࡢ

 ࠋࡓࡵồࡾࡼᘧ(2.2)ࠊᘧ(2.1)ࢀࡒࢀࡑࡣኚᙧG�bࡢࢺࣝ࣎ࡾྞࠊ�ኚᙧGࡢ
᥋ྜ㒊ࡢኚᙧG�����������㸸 ( 1 2) / 2D DG  �  (2.1) 
ኚᙧG�b㸸ࡢࢺࣝ࣎ࡾྞ 3b DG   (2.2) 

Diࠊ࡛ࡇࡇ ᅗࠊࡣ 2.1 ኚィࡓࡋ⨨タ⨨ࡍ♧ D.T.i ࡿࡼኚࡢ ᐃ್㸦D1࣭D2 ṇഃࡣ

ຍຊࡢኚࢆṇࠊࡋD3  ࠋࡿ࠶㸧࡛ࡿࡍṇࢆ᪉ྥࡿฟࡀࣝࢻࣥࣆࢫࡣ
ὀ㸧1㸬ኚィࡢᵝ㸦ᅗ୰ࡢD.T.i ࡣኚィ␒ྕࠋࡍ⾲ࢆ㸧 
ኚィ␒ྕ ᆺᘧ ឤᗘ 㠀┤⥺ᛶ F.S 

D.T.1࣭ D.T.2 CDP-25 500�10-6 / mm 0.1%F.S 25mm 
D.T.3 CDP-50M 200�10-6 / mm 0.3%F.S 50mm 
2㸬࣮ࣟࡢࣝࢭࢻᵝ 
ᆺᘧ ᐜ㔞 ᐃ᱁ฟຊ(RO) 㠀┤⥺ᛶ ࢫࢩࣜࢸࢫࣄ 

LUK-2TBS 20kN 4000�10-6 0.1%RO 0.1%RO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ᅗ2.1� ヨ㦂⨨� � 㸦ᑍἲ༢㸸mm㸧 

ᘬࡁ 
ᢲࡋ 

30r

ヨ㦂య㸦᥋ྜ㔠≀㸧

150

㸦b㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸30ᗘ

D.T.1 D.T.2

D.T.3

ヨ㦂య㸦ᩳࡵ㒊ᮦ㸧

ヨ㦂య
㸦ྞࢺࣝ࣎ࡾ㸧

15
0

ኳ㠃
ᵓᡂල

ࢺࢵࢼ

ヨ㦂య㸦᥋ྜ㔠≀㸧

D.T.1 D.T.2

15
0

ヨ㦂య㸦ᩳࡵ㒊ᮦ㸧

15
0

60r
D.T.3

ኳ㠃
ᵓᡂල

ヨ㦂య㸦ྞࢺࣝ࣎ࡾ㸧

㸦c㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸60ᗘ

ࢺࢵࢼ

ヨ㦂య㸦ᩳࡵ㒊ᮦ㸧

ヨ㦂య㸦᥋ྜ㔠≀㸧

ኳ㠃
ᵓᡂල

D.T.1

20kN࣮ࣟࣝࢭࢻ

㟁ືࢱ࣮࢚ࣗࢳࢡ

D.T.2

D.T.3

15
0

15
0

ヨ㦂య㸦ྞࢺࣝ࣎ࡾ㸧

ຍຊල

45r

㸦a㸧ኳ㠃ࡵᩳ㒊ᮦࡢゅᗘ㸸45ᗘ

ࢺࢵࢼ



 
 

 

㈨ᩱ�� ᥋ྜ㒊ࡢチᐜ⪏ຊ㺃๛ᛶࡢホ౯᪉ἲ�

�

㸦1㸧ホ౯ࡢ᪉㔪 
ᦆയࡢⲴ㔜 Pd ࡧࡼ࠾チᐜ⪏ຊ Paࡢホ౯ࡢ᪉㔪ࢆ௨ୗิᣲࠋࡿࡍ 
ձ� ᦆയࡢⲴ㔜Pd ࠊࡣ⤊ᒁ⪏ຊPuࡢᖹᆒ್ ave

uP ࡢ 2ศࡢ  ࠋࡿࡍᇶᮏࢆࡇࡿࡍⲴ㔜ࡢ1
ᒁ⪏ຊ⤊ࠊ࡛ࡇࡇ Puࡣ⤊ᒁኚᙧG u  20mm ฿㐩᭱ࡢ࡛ࡲⲴ㔜ࠋࡿࡍ 

ղ� ᦆയࡢⲴ㔜฿㐩ࡢኚᙧ㸦ᦆയࡢኚᙧ㸧G�d5ࠊࡣmm ௨ୗࢆࡇࡿ࡞᮲௳ࠋࡿࡍ 
ճ� チᐜ⪏ຊ Pa ฿㐩ࡢኚᙧG�a2ࠊࡣmm ௨ୗࢆࡇࡿ࡞᮲௳ࠋࡿࡍ 

 
� ձࠊࡣኳᮦ᥋ྜ㒊ࡢヨ㦂ࡽᚓࡿࢀࡽⲴ㔜㸫ኚᙧ᭤⥺ึࡢᮇ๛ᛶࡀ᫂☜࡛࠸࡞ሙྜࠕࠊᘓ⠏≀

�ゎㄝࡢ‽ᢏ⾡ᇶࡿಀ⟇ኳ⬺ⴠᑐࡿࡅ࠾ ➨ϩ⦅� ኳཬࡢࡑࡧ㒊ᮦ࣭ ᥋ྜ㒊ࡢ⪏ຊ㺃๛ᛶࡢタ

ᐃ᪉ἲ㸦ᖹᡂ 25 ᖺ 10 ᭶� ᅜᅵ㏻┬ᅜᅵᢏ⾡ᨻ⟇⥲ྜ◊✲ᡤ㸧ࠖ ᦆࡃᇶ୍࡙ࠖࠕࡓࢀࡉ♧

യࡢⲴ㔜ึࡓࡋุ᩿ࡀᮇ๛ᛶ࡚ࡗࡼࡃࡁኚືࡽࡇࡿࡍタᐃࠋࡿ࠶࡛ࡢࡶࡓࡋ 
� ヨ㦂⤖ᯝࡽᚓࡓࢀࡽ⤊ᒁ⪏ຊPuࡢᖹᆒ್ ave

uP ࡢ 2ศࡢ ⏤⌮ࡿࡍⲴ㔜PdࡢᦆയࢆⲴ㔜ࡢ1

ࡢ⪏ຊ᭱ࡀᙜ㸧┦㝆అ⪏ຊ㸦ᦆയⲴ㔜⯡୍ࠊࡣ 3 ศࡢ 2 ⛬ᗘ࡛ࡀࡇࡿ࠶ከࡇ࠸ຍࠊ࠼

ヨ㦂యࡿࡼࡁࡘࡽࡤࡢࡈపῶಀᩘ࡚ࡋ 0.8 ಸࢆ⪃៖ࡓࡋ⤖ᯝ࡛ࠋࡿ࠶ 
⤊ᒁ⪏ຊ PuࢆỴᐃࡿࡍ⤊ᒁኚᙧG u ࢆ 20mm ኳኚᙧ௨๓ࡿࡍ✺⾪ቨࡀኳࠊࡣ⏤⌮ࡓࡋ

ᵓᡂᮦࡢ⪏ຊࢆỴᐃࠊ࡚ࡗࡼࡇࡿࡍኳࡢ⬺ⴠࢆኳቨࠊࡎࡽࡼ✺⾪ࡢኳᵓᡂᮦࡢ⪏ຊ

㛫ࡢቨࡣᐃኳ≉ࠋࡿ࠶࡛ࡵࡓࡿࡍỴᐃ࡚ࡗࡼ 60mm ௨ୖࡢ㝽㛫ࢆタࡿࡅᚲせ࡚ࡋࡿ࠶ࡀ

ࡢᮦᩳࠕࡀኚᙧࡢ᥋ྜ㒊ࠊࡌ⏕࡛ࡅࡔኚᙧࡢ᥋ྜ㒊࡚ࡋど↓ࢆኚᙧࡢ㒊ᮦࡀỈᖹኚᙧࡢኳࠋࡿ࠸

ࡢࠖࣉࢵࣜࢡࡢࡅཷ⦖㔝⦖㔝ࠕࠖ➃ୗ➃ୖ 3 ⟠ᡤࠊࡤࢀࡍࡢࡶࡿࡌ⏕࡛ࡅࡔ᥋ྜ㒊 1 ⟠ᡤ

ᙜࡢࡾኚᙧࡣ 20mm  ࠋࡿ࡞
 
� ղࡧࡼ࠾ճࠊࡣኳࡢኚᙧࡀࢆࡇ࠸࡞ࡽ࡞ࡃࡁ᮲௳ᐃࡿ࠸࡚ࡵ㸬 
ᆅ㟈ࡶ࡚࠸࠾ኳቨࠊࡋࡢࡶ࠸࡞ࡋ✺⾪ࡀ୰ᆅ㟈࡛ࡣᆅ㟈ࡢ 5 ศࡢ 1 ኚᙧࡢ

ࢆỈᖹኚᙧࡢኳࡿࢀࡉタィ࡛ᐃࠊࡤࢀࡍᐃࡢࡶࡿࡲ 12mm ௨ୗࡿࡍᚲせࡿ࠶ࡀ㸦5 ศ

ࡢ 1 2ࠊࡣ ḟタィࡢ C0ࡀ 1 ḟタィࡢ 5 ಸ࡛ࡿࡼࡇࡿ࠶㸧ࠋኳࡢỈᖹኚᙧࡀ㒊ᮦࡢኚᙧࢆ

↓ど࡚ࡋ᥋ྜ㒊ࡢኚᙧࠊࡌ⏕࡛ࡅࡔ᥋ྜ㒊ࡢኚᙧᩳࠕࡀᮦ➃ୖࡢୗ➃ࠖࠕ㔝⦕㔝⦕ཷࢡࡢࡅ

ࣉࢵࣜ ࡢࠖ 3 ⟠ᡤࠊࡤࢀࡍࡢࡶࡿࡌ⏕࡛ࡳࡢチᐜ⪏ຊ Pa฿㐩ࡢ᥋ྜ㒊 1 ⟠ᡤᙜࡢࡾኚᙧࢆ 4mm
௨ୗࡿࡍᚲせࠊࡀࡿ࠶ࡀవ⿱ࢆぢ࡚チᐜ⪏ຊ Pa ฿㐩ࡢኚᙧG�aࢆ 2mm ௨ୗࢆࡇࡿࡍ┠ᶆ

 ࠋࡓࡋ
� ᦆയࡢⲴ㔜 Pd ฿㐩ࡢኚᙧ㸦ᦆയࡢኚᙧ㸧G�dࠊࡣチᐜ⪏ຊࡢኚᙧไ㝈್ 2mm ࡢ 2.5 ಸ

ࡿ࠶࡛ 5mm ௨ୗࢆ┠ᶆࠋࡓࡋᦆയࡢⲴ㔜 Pd ฿㐩ࡢ࡛ࡲⲴ㔜㸫ኚᙧ᭤⥺ࡀ⥺ᙧ㛵ಀࢀ࠶

ࢆኚᙧไ㝈್ࡢチᐜ⪏ຊ฿㐩ࠊࡤ 2mm ࡢࡑࡣไ㝈್ࡢኚᙧࡢᦆയࠊࡿࡍ 1.5 ಸ㸦Pd/Pa a
ࡀ 1.5 ௨ୖࡾࡼ್ᩘࡢ㸧ࡢ 3mm Ⲵ㔜ࡢᦆയࠊࡀࡿ࡞ Pd ฿㐩ࡣ๛ᛶࡿ࠶ࡀ⛬ᗘపୗ࡚ࡋ

チᐜ⪏ຊࠊࡽࡇࡿ࠸ Pa฿㐩ࡢኚᙧࡢ 2.5 ಸ࡛ࡲチᐜ࡚ࡋ 5mm  ࠋࡓࡋタᐃ
�



 
 

 

㸦2㸧ᦆയࡢⲴ㔜 

୍᪉ྥຍຊヨ㦂⤖ᯝࡢⲴ㔜P㸫ኚᙧG�᭤⥺ᇶ࡙ࠊࡁᦆയࡢⲴ㔜Pd ࢆ௨ୗࡢ᪉ἲ࡚ࡗࡼ⟬ฟ

 ࠋࡍ♧ࢆ࣮ࣟࣇฟ⟭ࡢ Ⲵ㔜Pdࡢᦆയᅗ3.1ࠋࡿࡍ
ձ� ⤊ᒁ⪏ຊࡾࡼỴᐃࡿࡍሙྜ�

ᦆയࡢⲴ㔜 Pd (3.1)ࢆᘧ࡚ࡗࡼ⟬ᐃ(3.1)ࠊࡋᘧࡿࡼ Pd ฿㐩ࡢኚᙧࢆᦆയࡢኚᙧG�d 

 ࠋࡿࡍ
0.5 ave

d uP P  (3.1) 
ࠊ࡛ࡇࡇ ave

uP ᒁ⪏ຊ⤊ࡣ P u ࡢᖹᆒ್࡛ࠊP u ࡣ⤊ᒁኚᙧG u  20mm ฿㐩ྛࡢ࡛ࡲヨ㦂య᭱ࡢ

Ⲵ㔜࡛ࠋࡿ࠶ 
� ไ㝈್ࡢኚᙧࡢᦆയࡀ ኚᙧG�dࡢᦆയࡢヨ㦂యྛࠊࡋࡔࡓ lim

dG  5mm ௨ୗࡣࡓࡲࠊ 2/3㺃Pd ฿

㐩ྛࡢヨ㦂యࡢኚᙧG�2/3dࡀチᐜ⪏ຊࡢኚᙧࡢไ㝈್ lim
aG  2mm ௨ୗ࠸࡞ࡽ࡞ሙྜࠊࡣᦆയ

Ⲵ㔜ࡢ Pd ࡧࡼ࠾ᦆയࡢኚᙧG�dࢆḟࡢղᚑ࠸⟬ฟࠋࡿࡍ 
ղ� ᦆയⲴ㔜ࡢኚᙧไ㝈ࡾࡼỴᐃࡿࡍሙྜ�

ᦆയࡢⲴ㔜 Pd (3.2)ࢆᘧ࡚ࡗࡼ⟬ᐃ(3.2)ࠊࡋᘧࡿࡼ Pd ฿㐩ࡢኚᙧࢆᦆയࡢኚᙧG�d 

 ࠋࡿࡍ
lim

d dP P  (3.2) 
ࠊ࡛ࡇࡇ lim

dP ไ㝈್ࡢኚᙧࡢᦆയࡣ lim
dG  5mm ฿㐩ྛࡢ࡛ࡲヨ㦂య᭱ࡢⲴ㔜᭱ࡢᑠ್࡛ࠋࡿ࠶ 

� ኚᙧG�2/3dࡢヨ㦂యྛࡢ2/3㺃Pd ฿㐩ࠊࡋࡔࡓ ไ㝈್ࡢኚᙧࡢチᐜ⪏ຊࡀ lim
aG  2mm ௨ୗ࡞

Ⲵ㔜ࡢᦆയࠊࡣሙྜ࠸࡞ࡽ Pd ࡧࡼ࠾ᦆയࡢኚᙧG�dࢆḟࡢճᚑ࠸⟬ฟࠋࡿࡍ 
ճ� チᐜ⪏ຊࡢኚᙧไ㝈ࡾࡼỴᐃࡿࡍሙྜ�

ᦆയࡢⲴ㔜 Pd (3.3)ࢆᘧ࡚ࡗࡼ⟬ᐃ(3.3)ࠊࡋᘧࡿࡼ Pd ฿㐩ࡢኚᙧࢆᦆയࡢኚᙧG�d 

 ࠋࡿࡍ
lim

2/31.5d dP P  (3.3) 
ࠊ࡛ࡇࡇ lim

2/3dP ไ㝈್ࡢኚᙧࡢチᐜ⪏ຊࡣ lim
aG  2mm ฿㐩ྛࡢ࡛ࡲヨ㦂య᭱ࡢⲴ㔜᭱ࡢᑠ್࡛

 ࠋࡿ࠶



 
 

 

ճ
チᐜ⪏ຊࡢ
ኚᙧไ㝈ࡾࡼ
Ỵᐃࡿࡍሙྜ

ձ
⤊ᒁ⪏ຊࡾࡼ
Ỵᐃࡿࡍሙྜ

NGOK

ղ
ᦆയⲴ㔜ࡢ
ኚᙧไ㝈ࡾࡼ
Ỵᐃࡿࡍሙྜ

ኚᙧ

Ⲵ㔜P

 20 (mm)
u

Pu
avePu
ave

Pd 

2�3㺃Pd

 5 (mm)
d
lim

 2 (mm)
a
lim0

Pd
lim

2/3d a
limӌ ЍOK

ᦆയࡢⲴ㔜ࡢ⟬ฟ㸸Pd  0.5Pu
ave Pu

ave㸸⤊ᒁ⪏ຊPu㸦⤊ᒁኚᙧ20 ࠉmm᭱ࡢ࡛ࡲⲴ㔜㸧ࡢᖹᆒ್u

㸦ᦆയⲴ㔜㸧 d d
lim

ӌ  5mm

2/3d a
lim

ӌ  2mm㸦チᐜ⪏ຊ㸧
ኚᙧไ㝈ࡢ☜ㄆ㸸

㸸ᦆയࡢⲴ㔜Pdࡢኚᙧ㸦ᦆയࡢኚᙧ㸧d

㸸ᦆയࡢኚᙧࡢไ㝈್㸦 5mm㸧d
lim

㸸2/3㺃Pdࡢኚᙧ2/3d

㸸チᐜ⪏ຊࡢኚᙧࡢไ㝈್㸦 2mm㸧a
lim

ᦆയࡢⲴ㔜ࡢ⟬ฟ㸸Pd  1.5 P2/3d
lim P2/3d

lim㸸チᐜ⪏ຊࡢኚᙧไ㝈್ࠉ㸦 2mm㸧᭱ࡢ࡛ࡲⲴ㔜᭱ࡢᑠ್a
lim

END

START

2/3d a
lim

ӌ  2mm㸦チᐜ⪏ຊ㸧ኚᙧไ㝈ࡢ☜ㄆ㸸
㸸2/3㺃Pdࡢኚᙧ2/3d

㸸チᐜ⪏ຊࡢኚᙧࡢไ㝈್㸦 2mm㸧a
lim

ᦆയࡢⲴ㔜ࡢ⟬ฟ㸸Pd  Pd
lim Pd

lim㸸ᦆയⲴ㔜ࡢኚᙧไ㝈್ࠉ㸦 5mm㸧᭱ࡢ࡛ࡲⲴ㔜᭱ࡢᑠ್d
lim

END

END

OK NG

ኚᙧ

Ⲵ㔜P

 20 (mm)
u

Pu
avePu
ave

Pdࠉ 
Pu

ave0.5

2�3㺃Pd

 5 (mm)
d
lim

 2 (mm)
a
lim0

2/3d a
limӌ ЍOK

d d
limӌ ЍOK

ኚᙧ

Ⲵ㔜P

 20 (mm)
u

Pu
avePu
ave

Pdࠉ 
Pu

ave0.5

2�3㺃Pd

 5 (mm)
d
lim

 2 (mm)
a
lim0

d d
lim㸼 ЍNG

2/3d a
lim㸼 ЍNG

ኚᙧ

Ⲵ㔜P

 20 (mm)
u

Pu
avePu
ave

Pd 

2�3㺃Pd

 5 (mm)
d
lim

 2 (mm)
a
lim0

Pd
lim

2/3d a
lim㸼 ЍNG

 
ᅗ 3.1� ᦆയࡢⲴ㔜 Pdࡢ⟬ฟ࣮ࣟࣇ 



 
 

 

㸦3㸧᥋ྜ㒊ࡢチᐜ⪏ຊ 
୍᪉ྥຍຊヨ㦂ࡧࡼ࠾ṇ㈇⧞㏉ࡋຍຊヨ㦂ࡢ⤖ᯝᇶ࡙ࠊࡁṇഃ㈇ഃࡢ᥋ྜ㒊ࡢチᐜ⪏ຊ aP � ࠊ

aP �  ࠋࡿࡍฟ⟭࡚ࡗࡼ᪉ἲࡢ௨ୗࢆ
ձ� ṇ㈇⧞㏉ࡋຍຊヨ㦂ࢆᅗ 3.2 ࡍ♧ 3 ẁ㝵ࡢṇ㈇ቑ⧞ࡾ㏉ࡋຍຊᒚṔྛࠊ࠸⾜ࡾࡼẁ㝵

ࡣ࡛ 1 ᅇ┠ࢆⲴ㔜ไᚚ2ࠊ ᅇ┠ 3 ᅇ┠ࢆኚᙧไᚚࡿࡍ 3 ᅇࡾ⧞ࡢࡘࡎ㏉ࠋ࠺⾜ࢆࡋ 
ྛẁ㝵ࡿࡅ࠾ 1 ᅇ┠ࡢⲴ㔜ไᚚ್ࠊࡣṇഃࡧࡼ࠾㈇ഃࡢᦆയࡢⲴ㔜 dP � ࠊ dP � ࠊ࡚࠸ᇶ࡙

ṇഃ0.5ࡣ /dP a� � ń1.0 /dP a� � ń1.5 /dP a� � 0.5ࡣ㈇ഃࠊ /dP a� � ń1.0 /dP a� � ń1.5 /dP a� � ࡍ

ࡣ�aࠊ�aࠊ࡛ࡇࡇࠋࡿ 1.5 ࡿࡅ࠾ẁ㝵ྛࠋࡿࡍ 2 ᅇ┠ 3 ᅇ┠ࡢṇഃࡢኚᙧไᚚ್ 0.5,
aD � ࠊ

1.0,
aD � ࠊ 1.5,

aD � ኚᙧไᚚ್ࡢ㈇ഃࡧࡼ࠾ 0.5,
aD � ࠊ 1.0,

aD � ࠊ 1.5,
aD � ࡿࡅ࠾ẁ㝵ྛࠊࡣ 1 ᅇ┠ࡢṇഃ࠾

 ࠋࡿࡍኚᙧࡢⲴ㔜ไᚚ್฿㐩ࡢ㈇ഃࡧࡼ
ղ� ṇ㈇⧞㏉ࡋຍຊヨ㦂ࡢ⤖ᯝ(3.4)ࡀᘧ㐺ྜࡿࡍሙྜ୍ࠊࡣ᪉ྥຍຊヨ㦂ࡢ⤖ᯝᇶ࡙࡚࠸ṇ

ഃ㈇ഃࡢ᥋ྜ㒊ࡢチᐜ⪏ຊ aP � ࠊ aP �  ࠋࡿࡍฟ⟭࡚ࡗࡼᘧ(3.5)ࢆ

, 0.8 1.5 /cyc
d dP P a� � �t � ࠊ , 0.8 1.5 /cyc

d dP P a� � �t �  (3.4) 

/a dP P a� � ࠊ � /a dP P a� � �  (3.5) 
� ࠊ࡛ࡇࡇ ,cyc

dP � ࠊ ,cyc
dP � ࡿࡅ࠾ຍຊヨ㦂⤖ᯝࡋṇ㈇⧞㏉ࠊࡣ 3 ẁ㝵┠ࡢኚᙧไᚚ್ 1.5,

aD � ࠊ 1.5,
aD �  

฿㐩ࡢṇഃࡧࡼ࠾㈇ഃྛࡢⲴ㔜࡛ࠊ࠾࡞ࠋࡿ࠶ aP � ࠊ aP �  (N)ࡢ୍ࡣࢆᅄᤞධࠋࡿࡍ♧⾲࡚ࡋ 

Ⲵ㔜P
1.5P ��ad

�

1.0P   �ad
�

0.5P   �ad
�

0
0.5P   �ad

�

1.0P   �ad
�

1.5P   �ad
�

⧞㏉ࡋຍຊ⤊
ᚋṇഃ୍᪉
ྥຍຊࢆᐇ

1 2 3

1 2 3

1 2 3

ホ౯ᑐ㇟ࡾ⧞ࡢ㏉ࡋ㸸Ⲵ㔜ไᚚ 㸸ኚᙧไᚚ  

ᅗ 3.2� ṇ㈇⧞㏉ࡋຍຊヨ㦂ࡢຍຊᒚṔ 
 
㸦4㸧᥋ྜ㒊ࡢ๛ᛶ 

ṇ㈇ࡢ᥋ྜ㒊ࡢ๛ᛶKࠊ�K୍ࠊࡣ�᪉ྥຍຊヨ㦂ࡢ⤖ᯝᇶ࡙(3.6)࡚࠸ᘧ࡚ࡗࡼ⟬ฟࠋࡿࡍ 
,/ ave

d dK P G� � ࠊ � ,/ ave
d dK P G� � �  (3.6) 

ࠊ࡛ࡇࡇ dP � ࠊ dP � ࠊⲴ㔜࡛ࡢᦆയࡢ㈇ഃࡧࡼ࠾ṇഃࡣ ,ave
dG

ࠊ� ,ave
dG

ࡢᦆയࡢ㈇ഃࡧࡼ࠾ṇഃࡣ�

ኚᙧࡢᖹᆒ್࡛ࠋࡿ࠶ 



 
 

 

㈨ᩱ�� ヨ㦂ࢱ࣮ࢹ㞟�

�

�

 ኚᙧࠖࡢࢺࣝ࣎ࡾྞࠕ
 ࣭Ⲵ㔜 P㸫ኚᙧG b㛵ಀ .................................................................................. ᅗ 4.1㹼ᅗ 4.3 
 
�ぴ୍ࠖࡢ┿ヨ㦂ࠕ

 ࣭ヨ㦂⨨ ..................................................................................................... ┿ A 
 ࣭ヨ㦂⤊ࡧࡼ࠾⤊ᚋࡢヨ㦂యࡢ≧ἣ .................................................. ┿ B.1㹼┿ B.3 
 

 

 
 



ᅗ4.1ࠉⲴ㔜P 㸫ኚᙧG b 㛵ಀ㸦30ᗘ㸧

ᅗ4.2ࠉⲴ㔜P 㸫ኚᙧG b 㛵ಀ㸦45ᗘ㸧

ᅗ4.3ࠉⲴ㔜P 㸫ኚᙧG b 㛵ಀ㸦60ᗘ㸧
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┿Aࠉヨ㦂⨨

(a) ᬒ (b) ヨ㦂యࡢタ⨨≧ἣ㸦30ᗘ㸧

(c) ヨ㦂యࡢタ⨨≧ἣ㸦45ᗘ㸧 (d) ヨ㦂యࡢタ⨨≧ἣ㸦60ᗘ㸧

(e) ኚィࡢタ⨨≧ἣ㸦D.T.1, D.T.2㸧 (f) ኚィࡢタ⨨≧ἣ㸦D.T.3㸧



(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ
࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ

(1)�୍᪉ྥຍຊヨ㦂㸦ṇഃ㸧

(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ
࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ

(3)�ṇ㈇⧞㏉ࡋຍຊヨ㦂

┿B.1ࠉヨ㦂⤊ࡧࡼ࠾⤊ᚋࡢヨ㦂యࡢ≧ἣ㸦30ᗘ㸧

(2)�୍᪉ྥຍຊヨ㦂㸦㈇ഃ㸧

(a)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ



(3)�ṇ㈇⧞㏉ࡋຍຊヨ㦂

┿B.2ࠉヨ㦂⤊ࡧࡼ࠾⤊ᚋࡢヨ㦂యࡢ≧ἣ㸦45ᗘ㸧

(2)�୍᪉ྥຍຊヨ㦂㸦㈇ഃ㸧

(a)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ
࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ

࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ
(1)�୍᪉ྥຍຊヨ㦂㸦ṇഃ㸧

(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ



(3)�ṇ㈇⧞㏉ࡋຍຊヨ㦂

┿B.3ࠉヨ㦂⤊ࡧࡼ࠾⤊ᚋࡢヨ㦂యࡢ≧ἣ㸦60ᗘ㸧

(2)�୍᪉ྥຍຊヨ㦂㸦㈇ഃ㸧

(a)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ
࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ

࠙No.1ࠚ ࠙No.2ࠚ ࠙No.3ࠚ
(1)�୍᪉ྥຍຊヨ㦂㸦ṇഃ㸧

(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(a)�ヨ㦂⤊ (c)�ヨ㦂⤊ (e)�ヨ㦂⤊

(b)�ヨ㦂⤊ᚋ (d)�ヨ㦂⤊ᚋ (f)�ヨ㦂⤊ᚋ
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࣭ᮏ᭩ࡢヨ㦂⤖ᯝࠊࡣᮏ᭩୰グ㍕ࡢヨ㦂య࡚࠸ࡘᚓࠋࡍ࡛ࡢࡶࡓࢀࡽ 
 
࣭ᮏ᭩ࢆ」〇⪅୕➨࡚ࡋ㛤♧ࡿࡍሙྜࠊࡣᚲࡎᩥࢆ」〇ࡇࡿࡍ

 ࠋ࠸ࡉୗ࡛࠸࡞ࢃ⾜ࡣ〇「ࡢࡅࡔ㒊ศ୍ࠊࡋ
 
࣭ᮏヨ㦂⤖ᯝ୍ࡢ㒊ศࠊࢆᙜヨ㦂ᡤࢆ⛠ྡࡢࢢࣟࢱ࡚࢝ࡋᥖ㍕ࡿࡍ

࠺ࡼࡿᚓࢆᢎㄆࡢᙜヨ㦂ᡤ࡚ࡗࡼ᭩ᩥࠊࡣሙྜࡿࡍ♧㛤⯡୍ࠊ➼

 ࠋ࠸ࡉୗ࡚ࡋ
 


