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1.1

4000

1220
( 1)

(1851 ) (
) ( 2)

1: 1) 2: 2)

20

(1950 )( 3)

3: 3)

3

  

 



1

(Marcel Duchamp 1887 7 28 -1968 10 2
(The Bride Stripped Bare

by Her Bachelors, Even)(1923 )( 4) Francis-Marie Martinez Picabia 1879 1
22 -1953 11 30 (1927-1932 ) ( 5)

6)

4: 4)

5: Hera 5)

71,000N/mm2

20,500N/mm2 (SS400)
2 (5254-O) 1/4 8)( 1
N/mm2)

1:

(SS400) 205,000 400 400 400
(5254-O) 70,000 - 240 -

71,000 900 56 60
71,000 - - 360

(fc24) 20,500 40 3 -
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1.2

l t α

l/t α 0.5 13)14)15)

H
(cf. 25))

( 6)
26)27)

( 7, 10)

( ) 18)

6:
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613

612

615

611

612

614
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7:
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8: 9:

10: 23)
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1

( 8,9) (
)
κg Iy 1.2.1

κg =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪
⎩

√
1

2.18 · Iy + 0.70
B ≤ 20 mm

0.76 B > 20 mm
(1.2.1)

κg :

Iy : (mm4)
B : (mm)

αt αt=1/20 ( Etin

9.8N/mm2 )
2.0 Ds 0.25
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1.3

κg

Etin

( )

3 (375x1000, 750x500, 375x500) ( 11)
(375x1000)( 12)

11: 12:

H B
301,302 (

2) ◦ 202,203,206

9



1

2:

B(mm)
( x )(mm) (H-15xBx4.5x3)

10122) 14
(375x1000) 10222) 20

10322) 24

20120) 12
(1125x1500) ◦ 202 12

◦ 203 12
20422) 16
20520) 20

◦ 206 20
20723) 24
30123) 12
30223) 12

3

3:

B(mm)

12 - Unit101
14 10122) Unit102
20 10222) Unit103
24 10322) Unit104
30 - Unit105

12 20120) Multi101
◦ 202
◦ 203

30123)

30223)

16 20422) Multi102
20 20520) Multi103

◦ 206
24 20723) Multi104
30 - Multi105
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1.4
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2 3,4
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4
5 3,4 6

11



2

2

2.1

12



2

2.2

2.2.1
( ) 13 14

13: 14:

15 16 16 (1mm)
7.9mm H

M3 4.5mm

15:

16:
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17,18

17: 21) 18:

1 H

( 19)
H

H
H H ( )

( 20)

19: ( 14mm) 20:
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21

21
H H

( 24)

21:

15



2

21 α β

α β

⎧⎪⎪⎨
⎪⎪
⎩

α = i cos(θ ′ − θ) − e + sin γ

β = j
1

cos(γ − (θ ′ − θ))
− e 1

cos γ
+ e tan(θ ′ − θ) (2.2.1)

W : (mm)
H : (mm)
a : (mm)(= W − 2c)
b : (mm)(= H − 2c)
c : (2mm)

d : (mm)(= W −
√
a2 + b2 − H2)

e : (mm)
α : H (mm)
β : W (mm)

γ : (rad)(tan γ =
d
H

)

i : W (mm)(=
e

sin(θ ′ − θ) )

j : H (mm)(=
e

sin(γ − (θ ′ − θ))
)

θ ′ − θ : (rad)

θ : sin θ =
H√
a2 + b2

θ ′ : sin θ ′ =
b√

a2 + b2

(2.2.1) e α,β 22,23

22: e-α,β (375mmx1000mm) 23: e-α,β (750mmx500mm)
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22 375x1000 12mm (α,β) (296.1mm,
624.5mm) 16mm (α,β) (375mm( ), 942.2mm) 24mm

(α,β) (375mm( ), 1000mm( ))
23 750x500 12mm (α,β) (612.5mm, 166.5mm)
16mm (α,β) (750mm( ), 255.4mm) 24mm

(α,β) (750mm( ), 433.0mm)
24 H

( )

0

-22.5x8 

H
H-15x12x4.5x3

10
00

m
m

375mm

Q

24: Unit101( 12mm )
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25

-22.5x8
 

H
H-15x12x4.5x3

90
m

m

90mm
90mm

5mm

90mm

90
m

m
5m

m
90

m
m

22
.5

m
m

22.5mm

0

1mm 5mm
   A 5

0

25:

25 90mm X 22.5mm
8mm

1

( ) Atin 1
Atin=90x8(mm2) Atin/2

1mm
5mm 5

- - - -
x,y
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2

2.2.2
50GPa(50,000N/mm2) 10)

1mm

26,27

0

10

20

30

40

50

60

0.0 0.2 0.4 0.6 0.8 1.0

[kN]

[mm]

26:

0

10

20

30

40

50

60

0.0 0.2 0.4 0.6 0.8 1.0

[N/mm2]

125N/mm2

26.75N/mm2

5N/mm2

2.5

27:

Etin 27 1 Etin

( 4)
22) 3.30N/mm2 26.74N/mm2

2.5N/mm2 < σtin ≤ 10.0N/mm2

5N/mm2

2 Q= 0.3tf ( 0.3tf
Q=0.4 0.5tf 0.3tf

)
Q=0.3tf σtin 2.5N/mm2

26.74N/mm2 σtin 2.5N/mm2 5.0N/mm2

4:

(N/mm2) σtin ≤ 2.5 2.5< σtin ≤ 10.0 10.0< σtin
(N/mm2) 5 (=Etin1) 26.74 (=Etin2) 125.0 (=Etin3)
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3

3.2

3.2.1
H B B=14mm 20mm 24mm 3

( 28) ( ) 22)

5 [ ] [375mmx1000mm] t=7.9mm
H t=1mm

29 32
1,2 3,4

5,7
6

28: 29:

3kN (
)

( )
1 2
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101 101
30 ( ) 3 31

4kN 4kN

-20

-15

-10

-5

0

5

10

15

20

-10 0 10 20 30 40 50 60

101(B=14mm) ( )

101(B=14mm) ( )
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Pcr=4kN

30: ( )
-20

-15

-10

-5

0

5

10

15

20

-10 0 10 20 30 40 50 60

101(B=14mm) (

3

[mm]

[kN]

31: (3 )

32:

5:

H (mm) (mm)
10122) H-15x14x4.5x3 8 1
10222) H-15x20x4.5x3 8 1
10322) H-15x24x4.5x3 8 1
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3.2.2
32

(kN)

� 101(B=14mm)
101 35 15mm

0.40kN/mm 4 40mm
7kN 33,34

36,37 ( )
4kN 4kN

4kN

33: 101(B14) 34: 101
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35:
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101(B=14mm) ( )
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Pcr=4kN
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Pcr=4kN

37: ( )

25



3

� 102(B=20mm)
102 40 101 15mm

101 0.51kN/mm 4
34mm 9kN 38,39

41,42 ( )
102 4kN

4kN 4kN

38: 102(B20) 39: 102
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102(B=20mm) ( )
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Pcr=4kN

41: ( )

-20

-15

-10

-5

0

5

10

15

20
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102(B=20mm) ( )
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Pcr=4kN

42: ( )
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3

� 103(B=24mm)
103 45 101,102

15mm 101,102 0.54kN/mm
3 -40mm -8kN

( 43,44)
46,47 5kN

43: 103(B24) 44: 103
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103(B=24mm)
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K=0.54 N/mm)

45:

-20

-15

-10

-5

0

5

10

15
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-10 0 10 20 30 40 50 60

103(B=24mm) ( )

103(B=24mm) ( )

[mm]

[kN]

Pcr=5kN

46: ( )

-20

-15

-10

-5

0

5

10

15
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-10 0 10 20 30 40 50 60

103(B=24mm) ( )

[mm]

[kN]

Pcr=5kN

47: ( )
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3

3.3

3.3.1
HOGAN24)

101(14mm) 102(20mm) 103(24mm) B=14, 20, 24mm
48 B=12, 14, 20, 24, 30mm

2 ( 135 142) 0.5tf Q=1tf
6

-22.5x8 

H
H-15x12x4.5x3

10
00

m
m

375mm

Q

48: ( 12mm )

30



3

6: Unit100

(N/mm2)

Unit101 H 20,5000 A(mm2) 112.50
H-15x12x4.5x3 Ixx(mm4) 932.34

Iyy(mm4) 2919.38
Jxy(mm4) 489.38

71,000 A(mm2) 180.0
�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

5 A(mm2) 720.0 x 5
BxD-8x90 ( 26.74) ( ) 360.0 x 5
t 1mm Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

Unit102 H 20,5000 A(mm2) 124.50
H-15x14x4.5x3 Ixx(mm4) 1440.34

Iyy(mm4) 3360.38
Jxy(mm4) 525.38

71,000 A(mm2) 180.0
�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

5 A(mm2) 720.0 x 5
BxD-8x90 ( 26.74) ( ) 360.0 x 5
t 1mm Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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3

(N/mm2)

Unit103 H 20,5000 A(mm2) 160.50
H-15x20x4.5x3 Ixx(mm4) 4068.34

Iyy(mm4) 4683.38
Jxy(mm4) 633.38

71,000 A(mm2) 180.0
�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

5 A(mm2) 720.0 x 5
BxD-8x90 ( 26.74) ( ) 360.0 x 5
t 1mm Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

Unit104 H 20,5000 A(mm2) 184.50
H-15x24x4.5x3 Ixx(mm4) 6980.34

Iyy(mm4) 5565.38
Jxy(mm4) 705.38

71,000 A(mm2) 180.0
�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

5 A(mm2) 720.0 x 5
BxD-8x90 ( 26.74) ( ) 360.0 x 5
t 1mm Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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3

(N/mm2)

Unit105 H 20,5000 A(mm2) 220.50
H-15x30x4.5x3 Ixx(mm4) 13568.34

Iyy(mm4) 6888.38
Jxy(mm4) 813.38

71,000 A(mm2) 180.0
�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

5 A(mm2) 720.0 x 5
BxD-8x90 ( 26.74) ( ) 360.0 x 5
t 1mm Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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3.3.2

3 tf
tf·m

�Unit101

49: Unit101

34



3

50: Unit101

35



3

51: Unit101
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52: Unit101
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53: Unit101
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54: Unit101
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�Unit102

55: Unit102

40
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56: Unit102

41
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57: Unit102
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58: Unit102
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59: Unit102

44
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60: Unit102
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�Unit103

61: Unit103
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62: Unit103
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63: Unit103

48



3

64: Unit103

49



3

65: Unit103

50



3

66: Unit103

51



3

�Unit104

67: Unit104

52
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68: Unit104

53
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69: Unit104

54
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70: Unit104

55



3

71: Unit104

56
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72: Unit104

57
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�Unit105

73: Unit105
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74: Unit105

59



3

75: Unit105

60



3

76: Unit105

61
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77: Unit105
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78: Unit105
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3

3.4

,
51,57,63,69,75

101-103

B Pcr B
K 7 Pcr kN K kN/mm

7:

B(mm) Pcr( ) Pcr( ) K( ) K( )

12 - 3.46 - 0.38
14 4 3.71 0.40 0.43
20 4 4.58 0.51 0.50
24 5 5.13 0.54 0.55
30 - 6.41 - 0.64
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3

3.4.1 B Pcr
B Pcr 79

B Pcr Iy Pcr

Iy Iy Pcr
79,80

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

10 12 14 16 18 20 22 24 26 28 30

Unit100

Pcr(kN)

B(mm)

79: B Pcr

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

2000 3000 4000 5000 6000 7000 8000

Unit100

Pcr(kN)

Iy(mm4)

80: Iy Pcr
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3.4.2 B K
B K

81

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 12 14 16 18 20 22 24 26 28 30

Unit100

(kN/mm)

B(mm)

81: B K
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3

3.5

27

σtin ≤2.5 10N/mm2 (Unit200 ) Unit200
83 82

Unit100 σtin ≤2.5
5N/mm2

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

10 12 14 16 18 20 22 24 26 28 30

Unit100
Unit200

Pcr(kN)

B(mm)

82: B Pcr

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 12 14 16 18 20 22 24 26 28 30

Unit100
Unit200

B(mm)

(kN/mm)

83: B K
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3.6

3 2

B Pcr
B K
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4

4.1

2
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4

4.2

4.2.1
8 H 84,85

(B=12mm 16mm 20mm 24mm 4 9 )
SS400

301,302

[ ] [1125mmx1500mm] t=7.9mm
H t=1mm

86,87
1,2 3,4

5kN

8:

B(mm)
(H-15xBx4.5x3)

20120) 12
◦ 202 12
◦ 203 12

20422) 16
20520) 20

◦ 206 20
20723) 24
30123) 12
30223) 12
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84:

71



4

85:

72



4

86:

87:

73
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4.2.2
202,203,206

87
(kN)

� 202(B=12mm)
202 89 15mm

0.75kN/mm 3
38mm 11kN 91,90

88: 202

-20

-15

-10

-5

0

5

10

15

20

-50 -40 -30 -20 -10 0 10 20 30 40 50

202(B=12mm)

[mm]

[kN]

K=0.75(kN/mm)

89: 202 90: 203
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4

� 203(B=12mm)
203 92 10mm

0.74kN/mm 3
-38mm -9kN 91,93

91: 203

-20

-15

-10

-5

0

5

10

15

20

-50 -40 -30 -20 -10 0 10 20 30 40 50

203(B=12mm)

[mm]

[kN]

K=0.74(kN/mm)

92: 203 93: 203

75



4

� 206(B=20mm)
206 95 15mm

0.85kN/mm 3
35mm -13kN 94,96

94: 206
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K=0.85(kN/mm)

95: 206 96: 206
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4

4.3

4.3.1
HOGAN24)

201(12mm) 207(24mm) B=12, 16, 20, 24mm 4 - 97
5 B=12, 16, 20, 24, 30mm

97
(375x1000) 90mm (750x500)

(375x500) 70mm

2 ( 209 264) 0.5tf Q=1tf
9
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4

-22.5x8 

H
H-15x12x4.5x3

15
00

m
m

1125mm

Q

-17.5x8 

97: ( 12mm )
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4

9: Multi100

(N/mm2)

Multi101 H 20,5000 A(mm2) 112.50
H-15x12x4.5x3 Ixx(mm4) 932.34

Iyy(mm4) 2919.38
Jxy(mm4) 489.38

71,000 A(mm2) 180.0
1:�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

71,000 A(mm2) 140.0
2:�-17.5x8 Ixx(mm4) 3572.91

t 8 Iyy(mm4) 746.67
Jxy(mm4) 2986.67

5 A(mm2) 720.0 x 5
1:BxD-8x90 ( 26.74) ( ) 360.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

5 A(mm2) 560.0 x 5
2:BxD-8x70 ( 26.74) ( ) 280.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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4

(N/mm2)

Multi102 H 20,5000 A(mm2) 136.50
H-15x16x4.5x3 Ixx(mm4) 2116.34

Iyy(mm4) 3801.38
Jxy(mm4) 561.38

71,000 A(mm2) 180.0
1:�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

71,000 A(mm2) 140.0
2:�-17.5x8 Ixx(mm4) 3572.91

t 8 Iyy(mm4) 746.67
Jxy(mm4) 2986.67

5 A(mm2) 720.0 x 5
1:BxD-8x90 ( 26.74) ( ) 360.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

5 A(mm2) 560.0 x 5
2:BxD-8x70 ( 26.74) ( ) 280.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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4

(N/mm2)

Multi103 H 20,5000 A(mm2) 160.50
H-15x20x4.5x3 Ixx(mm4) 4068.34

Iyy(mm4) 4683.38
Jxy(mm4) 633.38

71,000 A(mm2) 180.0
1:�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

71,000 A(mm2) 140.0
2:�-17.5x8 Ixx(mm4) 3572.91

t 8 Iyy(mm4) 746.67
Jxy(mm4) 2986.67

5 A(mm2) 720.0 x 5
1:BxD-8x90 ( 26.74) ( ) 360.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

5 A(mm2) 560.0 x 5
2:BxD-8x70 ( 26.74) ( ) 280.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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4

(N/mm2)

Multi104 H 20,5000 A(mm2) 184.50
H-15x24x4.5x3 Ixx(mm4) 6980.34

Iyy(mm4) 5565.38
Jxy(mm4) 705.38

71,000 A(mm2) 180.0
1:�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

71,000 A(mm2) 140.0
2:�-17.5x8 Ixx(mm4) 3572.91

t 8 Iyy(mm4) 746.67
Jxy(mm4) 2986.67

5 A(mm2) 720.0 x 5
1:BxD-8x90 ( 26.74) ( ) 360.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

5 A(mm2) 560.0 x 5
2:BxD-8x70 ( 26.74) ( ) 280.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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4

(N/mm2)

Multi105 H 20,5000 A(mm2) 220.50
H-15x30x4.5x3 Ixx(mm4) 13568.34

Iyy(mm4) 6888.38
Jxy(mm4) 813.38

71,000 A(mm2) 180.0
1:�-22.5x8 Ixx(mm4) 7593.75

t 8 Iyy(mm4) 960.0
Jxy(mm4) 3840.0

71,000 A(mm2) 140.0
2:�-17.5x8 Ixx(mm4) 3572.91

t 8 Iyy(mm4) 746.67
Jxy(mm4) 2986.67

5 A(mm2) 720.0 x 5
1:BxD-8x90 ( 26.74) ( ) 360.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

5 A(mm2) 560.0 x 5
2:BxD-8x70 ( 26.74) ( ) 280.0 x 5

t 1mm Ixx(mm4) 0
Iyy(mm4) ∞
Jxy(mm4) ∞

- A(mm2) 0
( ) Ixx(mm4) 0

Iyy(mm4) ∞
Jxy(mm4) ∞
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4.3.2

5 tf
tf·m
�Multi101

98: Multi101
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99: Multi101
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4

100: Multi101

86



4

101: Multi101 Q
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4

102: Multi101 M

88



4

�Multi102

103: Multi102

89



4

104: Multi102

90



4

105: Multi102

91



4

106: Multi102 Q

92



4

107: Multi102 M
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4

�Multi103

108: Multi103

94



4

109: Multi103

95



4

110: Multi103

96



4

111: Multi103 Q

97



4

112: Multi103 M

98



4

�Multi104

113: Multi104

99



4

114: Multi104

100



4

115: Multi104

101



4

116: Multi104 Q

102



4

117: Multi104 M

103



4

�Multi105

118: Multi105

104



4

119: Multi105

105



4

120: Multi105

106



4

121: Multi105 Q

107



4

122: Multi105 M
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4.4

B K 10
Pcr kN K kN/mm

10:

B K( )( ) K( )

12 0.98 ( 20120)) 0.75
0.75 ( 202)
0.74 ( 203)

0.74 ( 30123))
0.75 ( 30223))

16 0.85 ( 20422)) 0.82
20 0.98 ( 20520)) 0.89

0.85 ( 206)
24 1.08 ( 20723)) 0.98
30 - 1.14
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4

4.4.1 B K

K B K B
123
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0.9
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1.1
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1.4

1.5

10 12 14 16 18 20 22 24 26 28 30

Multi100

(kN/mm)

B(mm)

123: B K
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126: 202 127: 203
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203(B=12mm)

[mm]
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K=0.74(kN/mm)
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302(B=12mm)

[mm]

[kN]

K=0.75(kN/mm)

132: 302 133: 302
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204(B=16mm)

[mm]

[kN]

[mm]

[kN]

K=0.85(kN/mm)

134: 204 135: 204
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205(B=20mm)

[mm]

[kN]

K=0.98(kN/mm)

136: 205 137: 205
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206(B=20mm)

[mm]

[kN]

K=0.85(kN/mm)

138: 206 139: 206
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207(B=24mm)

[mm]
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K=1.08(kN/mm)

140: 207 141: 207
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4.5

4 3 2

B K

3

116



5

5
23) αt = 1/20

αt = 1/20

Etin
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6

6

101 103

H
H H ( )

( 20) H 2

24mm
8.75mm

14)

αt αt=1/20(
Etin =9.8N/mm2 )
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1) https://upload.wikimedia.org/wikipedia/commons/3/31/Chartres_-_cathedrale_-_rosace_
nord.jpg

2) https://commons.wikimedia.org/wiki/Crystal_Palace/media/Crystal_Palace_Great_
Exhibition_tree_1851.png

3) http://www.loc.gov/pictures/collection/highsm/item/2010630115/
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