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3-4-14 90

3-4-15 90

ε1

(a) (b) 

- 102 -



0.4

F

1.5

3-4-15 ε1

y

εy 90 3-3-9

90

3-4-4 /

3-4-16 90 90

C

1%

1%

CFRP 1.3

F CFRP

F CFRP

- 103 -



3-4-16 90

90

3-4-17 Vf = 55%

(a) (b)

90
_ C

90
_ F

90
_ C

90
_ F

- 104 -



CFRP

(FW) 90

90

3 4 5

FW

3-4-17 3-4-17 (a)

10mm 0.5mm Vf = 55%

JIS K7165 15mm 1mm

3-4-17 (b) 2 1.5

3 2 2 3-2-1 10mm

3-4-18

3-4-19 X CT

- 105 -



3-4-19

3-4-18

(a) (b)

- 106 -



3-4-20

3-3-1

A B C F

/ 2.6%

Vf CFRP

2 (2.2), (2.3)

3

2.1%

2.1%

CFRP

CFRP

Tsai-Wu (25) Chang-Chang (27)

- 107 -



3-4-20

3-4-21

ε1

(a) (b) 

- 108 -



3-4-21 ε1

3-4-19

90

CFRP FW

90

- 109 -



FW

CFRP

CFRP

/

CFRP

CFRP

- 110 -



4

FW CFRP

- 111 -



FW CFRP

FW

3

FW CFRP /

3

FW

90

90

0 90 90

90

3 4

JIS K7074 100mm 15mm

0.5mm 1 2 1mm

JIS K7074 1mm 40mm

3

3 4 JIS 15mm

A 3

- 112 -



4 2 1

FW CFRP /

4-2-1

Vf = 55% T700 jER828

10 mm 0.5 mm

90

3

3-2-6 100 15

4 2 2

90 3

AG-100kNG

3 mm/min

R5 R2 JIS K7074

40mm

4-2-1

4 2 3

90 3 4-2-2

- 113 -



AG-100kNG

3mm/min

4-2-1

4-2-1 3

(a) (b)

T700 10 0.5

jER828+ HN2200

+ No20

100/80/1

CFRP Vf 55

80 2 110 3

- 114 -



3

8mm 3

4-2-3

4 2 4 AE

CFRP
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G G-3

F

1/10

G

CFRP
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4-3-7

4-3-8 90 3

F

G
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4-3-7

S-S

,

G 4-3-8

F G F

G 6mm

6mm

CFRP

4-3-9 G 5.7

4 3 5
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4-3-9 90

G Uz 5.7mm

4-3-10 H
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(76) 3 3 6

(68)

G 3 3-3-12

3 (3.1) C P

80 2 110 3 C = 24.1 P = 1

H

F H

4-3-10

75MPa 3.75MPa 0

2.6 75MPa

0 3.1

2.6

3.75MPa

H 0

132MPa

0
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H H-4

300MPa

H 4-3-

11

F

/ 3

G F

H G

H G 7mm

4-3-12 (a) 6.80mm

CFRP

(b) (a) 6.8

(c) 6.88mm CFRP

(d) (c) 6.88mm
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4-3-11 90 3
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4-3-12 90

H

(a) 

Uz = -6.80mm

(b) 

Uz = -6.80mm

(c) 

Uz = -6.88mm

(d) 

Uz = -6.88mm

- 135 -



/

CFRP

CFRP

4 3 6

90

4-3-1 MAT LS-DYNA

A F 3

G H

4-3-13 A H

H

4-3-14 15 16 17 18 90

90 45

90

F 3

3-3-23 3-4-3 3-4-8 3-4-14 3-4-20

H F

- 136 -



4-3-1

4-3-13 90
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4-3-14 90

4-3-15 90
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4-3-16 45

4-3-17 90
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4-3-18
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CFRP FW

90

/

CFRP
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4 3 90

3

4 4 1

4-4-1 90

(FW)

90

45 90

90

90

CFRP

FW
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4 4 2

4-4-1 90

90

4-4-1 y

x (a) 

(b) CFRP

4-3-1 90

x y xy yz zx -z

x y z y z x

90

40mm 15mm 1mm 1.5 2

141,204 199,960 2

4-2-1 90

3 4-4-2 (a) 

(b) (c) 

2

4-4-3 90
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4-4-1

40( )

15 1

40( )

15 1

40( )

15 1

40( )

15 1

40( )

15 1
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x y z y z

–z Uz
x y xy yz zx

x y

z

4-4-1 90

(a) 

(b)  

199,960 nodes
141,204 elements
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(a)

4-4-2 90

(b)

(c)
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4-4-3 90
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A , C , H

/ / 2.6

A

C 3mm

H 7.8mm

120 140N 12mm

17mm

(74)
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90

H 4-4-4 (a)

7.80mm CFRP

+z

(b) (a)

+z y -z x

(c) 7.88mm CFRP

(d) (c) 

-z 90

CFRP

4-4-5 4-4-1 90

90

H

4-3-

12(b) 4-4-4(b)

CFRP
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4-4-4 90

H

(a) 

Uz = -7.80mm
(b) 

Uz = -7.80mm

(c) 

Uz = -7.88mm

(d) 

Uz = -7.88mm
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4-4-5 90 90

90

2-1

90
2-2

90
2-3

90

H

90
1-1

90
1-4

90
1-5

90
H
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CFRP

90 CFRP

FW 90

90

4 4 3

4-3-1 45

90

4-4-6 x 45

4-

3-1 90 x y xy yz zx

z x y z

y z x

90 40mm 15mm 1mm 1.5
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x y z y z

–z Uz
x y xy yz zx

x y

z

4-4-6 45

(a) 

(b)  

469,059 nodes
287,642 elements
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2 469,059 287 642

2

4-2-1 90

4-4-7 (a) 

(b) 

X CT

(c) 45

4-4-8 45

A

C H /

/ 2.6

N=3 3-3 3-5 3-8

3-3

45 1/4 3-5 3-

8

A 3-3

C 3mm

H 9mm 3-3

3-5 3-8
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4-4-7 45

(a)

(b)

(c) X CT
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4-4-8 45 3
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3-3 H

H 4-4-9 (a)

9.20 CFRP

(b) (a) 

45 (c) 

9.52mm CFRP

(d) (c) 0.5

90

CFRP

4-4-10 4-4-1 90

45

H

45 /

45
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4-4-9 45

H

(a) 

Uz = -9.20mm

(b) 

Uz = -9.20mm

(c) 

Uz = -9.52mm

(d) 

Uz = -9.52mm
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4-4-10 45

90

3

45

3-3

45
H

90
1-1

90
1-4

90
1-5

90
H
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CFRP FW

45 90

4 4 4

4-4-1 90

90

90 4-3-1

3 3-4-2

3 110 150

2.6 6.5 2.1

3.1 G C 34.2 P 1

90

4-4-11(a) (b) X CT

(c) 

4-4-12 90

A , C , H

/ /
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4-4-11 90

(a)

(b)

(c) X CT
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4-4-12 90
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6.5 A

C 4mm H

H 4-4-13 (a)

6.70mm CFRP

(b) (a) 

(c) 

7.55mm CFRP

(d) (c) 

90

CFRP

4-4-14 4-4-1

90 2.6% 90

6.5%

H 6.5%

CFRP 3
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4-4-13 90

H

(a) 

Uz = -6.70mm

(b) 

Uz = -6.70mm

(c) 

Uz = -7.55mm

(d) 

Uz = -7.55mm
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4-4-14 90

90

90

5-2

90
5-4

90
5-8

90
H

90
1-1

90
1-4

90
1-5

90
H

- 165 -



CFRP 3

90

4 4 5

FW

4-4-15

JIS K7165 15mm

1mm 2 1.5 250

50mm

150mm 15mm 1mm

4-2-1

10

4-4-16 (a) (b) (c) (d)X CT

CFRP

X CT
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x y z
y z

–z Uz
x y xy yz zx

x y

z

(a) 

(b)  

840,790 nodes
590,757 elements

4-4-15
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4-4-16

(a)

(b)

(c) X CT (d) X CT
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(c) (d)

4-4-17 3

A C H /

/

2.6 A C H

C 2.7mm CFRP

H 5mm

3.5

X CT

H 4-4-18

3.5 CFRP

(a) (b) 

0
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4-4-17
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4-4-18

H

(a) Uz = -3.50mm

(b) Uz = -3.50mm
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CFRP

4 4 6

CFRP

3

4-4-19 3 3mm z

(a) 90 (b) 90

(c) 

H

z z

-z

z
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(b) 90

4-4-19 3 z 3mm

z

(a) 90

(c) 
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CFRP

4 4 7

3

X CT

4-4-20 2

Cohesive

CFRP FW

90
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4-4-20 90
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FW

CFRP

CFRP

/

CFRP

CFRP
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5

CFRP
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3 4 FW

/

(17) 1,000

CFRP

(77)

(78) 3 4
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CFRP

5-2-1

3

CFRP 0
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5-2-1 CFRP

5-2-1
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CFRP

5-2-1 3 (3) 

CFRP 1 CFRP ±30

2 2

1 2 3 ±30

3 3 2 1 2 ±30

3 4 1 2

±30 3 4 3

2 2 3

3-2-1

1 

3 4 CFRP
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5 3 1

TYPE3 φ160 2 mm 500 mm 

FW

10mm 0.5mm

5-3-1 6061-T6

CFRP

3 4 3 3-2-1

5-3-2 FW (a) 

±30  (b) 

±30

±30 ±28.3815

2 3

1

2 0.5 1 4

2 0.5 2

3 4 80 2 ⇒110 3
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5-3-1 TYPE3

5-3-2 FW

(b)(a) 30
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1 5-3-3 (a) 2 3 4

 (b) (c) (d)  

5 3 2

24ch

5-3-4

5-3-5

5 3 3

1 2 5-3-6 (a) 

(b) 

12MPa

(c) 24ch

ch

11ch 3ch 4ch

(d) 

2 1 2 5-3-7 (a)

5ch

(b)

26.25MPa 10MPa
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5-3-3  FW

(a) 1 (b) 2

(c) 3 (d) 4
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5-3-4  

5-3-5  
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12MPa

5-3-6 1 2 )

(a)

(b)
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5-3-6 1 2 )

(c)

(d)
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5-3-7 2 1 2 )

(a)

(b)

26.25MPa
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(c)

(d)

5-3-7 2 1 2 )
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(c)

12ch

(d) 

3 2 1 5-3-8

(a)

(b)

24.75MPa 2 12MPa

2 (c) 

4 5 9 10 11 12 13ch

ch

(d) 

4 2 2 5-3-9

(a)

(b) 39MPa

(c) 4-5ch 11-12ch
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5-3-8 3 2 1 )

(a)

(b)
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(c)

(d)

5-3-8 3 2 1 )
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5-3-9 4 2 2 )

(a)

(b)

39MPa
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4ch

12ch

(c)

(d)

5-3-9 4 2 2 )
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2

4 12ch

(d) 

5 4 1

CFRP CFRP

2 (2) 

(2.1)

(2.5)
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2

2 5 3 (2.11) (2.21) (35) 3 4

2 5 3 (2.22) (2.27) 

±90 ±87

CFRP

(34)

2 5 3 (2.28)
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α α

CFRP

(36) ASTOM

Front COMP Tank

5 4 2

5-4-1 CFRP

Front COMP Tank 4 2

2 5-4-1

1 10,853 20444 x

y

0MPa LS-DYNA

8 30

1 2 9,551

17,842 2 1 2 10,216

19,171 3 2 1 10,216 19,171
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CFRP 230,000MPa

0.26

3,740MPa

0.41

Vf 55

30

70,000MPa

0.33

(80) 

210,000MPa

0.30 

5-4-1
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Element 10,853
Node 20,444

y

5-4-1 Front COMP Tank 4

y
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5 4 3

1 2 5-4-2 (a) 

11ch 3ch 4ch

9MPa 9MPa

CFRP

1

11

MPa 1.5% 12MPa

2.1% CFRP 12MPa

1

(b) 10MPa

5-3-6
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(a) 

(b) 10MPa

5-4-2 1 2 )
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1 2

2 1 2

5-4-3 (a)

12ch 8ch 14ch

12Pa

CFRP

2

CFRP

2.1 CFRP

30MPa 5-3-7 26.25MPa 12

(b) 20MPa

CFRP
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(a) 

(b) 20MPa

5-4-3 2 1 2 )
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CFRP

2

12

3 2 1

5-4-4 (a)

4ch 5ch 9ch

12MPa

2

2.1% CFRP 30MPa

5-3-8 24.75MPa 18

(b) 20MPa

CFRP ( )

3
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(a) 

(b) 20MPa

5-4-4 3 2 1 )
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18

4 2 2

5-4-5 (a)

4ch

12 ch 5ch

15MPa

2.1% CFRP

46.4MPa 5-3-9

39MPa 15%

(b) 30MPa

3 CFRP ( )

4 2

15%

10% 20%
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(a) 

(b) 30MPa

5-4-5 4 2 2 )
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20%

CFRP 3 4

CFRP

CFRP

5 5 1

5-5-1

CFRP
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5-5-1

/
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4 ±30 60

y 46.2mm

80mm

3 3-3-1 CFRP 10mm

0.5mm 3.84mm 0.23mm Vf = 55%

4 30 2

2 5-5-2 2

2 y

1 2

3 2

3 1

5-5-2

5 5 2

5-5-1 3 4 H
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5-5-2 4 2 2
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/

5-5-3

0

0

5-5-3

x y x y

z 2 4 CFRP

xy yz zx

2 (10 )

1 1,033,956 1,480,278

2 3 1,530,251 2,149,325

4 2,034,346 2,827,260

LS-DYNA FX10

192 72 96

5 5 3
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5-5-3

5-5-1
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1 2 5-5-4(a)

5-4-2 (a)

10MPa 11.8MPa CFRP

8.26MPa (b) 

11.8MPa (c) 11.8MPa

CFRP 12MPa

2 1 2

5-5-5 (a) 5-4-3(a)

x 2

x

22.2MPa (b) 
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(a) 

(b) (8.26 MPa) 

(c) (11.8 MPa) 

5-5-4 1 2 )
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(a) 

(b) (22.2 MPa) 

(c) (23.2MPa) 

5-5-5 2 1 2 )
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23.2MPa (c) CFRP

23.2MPa 26.25MPa

30MPa

12

3 2 1

5-5-6(a) 5-4-4(a)

1 10MPa

23.2MPa CFRP 21.2MPa

(b) 

23.2MPa (c) 23.2MPa

CFRP 24.75MPa

4 2 2

5-5-7 (a) 5-4-5 (a)

37.8MPa (b) (c) (b) 

3

(c) 
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(a) 

(b) (21.2 MPa) 

(c) (23.2MPa) 

5-5-6 3 2 1 )
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(a) 

(c) (37.8 MPa) (d) (38.3MPa) 

5-5-7 4 2 2 )

(b) (37.8 MPa) 
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1 3

38.3MPa (d) 38.3MPa

CFRP 39MPa

 ( ) , 5-

5-8 10 1

3 4 CFRP

CFRP
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5-6-1

90
H:

90
H:

H:

90
C:

90
C:

5-5-8 4 2 2 )
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CFRP

CFRP FW

CFRP

5 6 1

CFRP

3 4
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/

2

                         (2.2)

                            (2.3)

(2.5)

   

EL = 0 (5.1)

EL = 0 (5.2)
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E G

L    T

f m

                         

α α

(5.1) (5.3) 

Ef = 0                           (5.3)

(5.2)

= 0 (5.4)

/

0

Em m    (5.5)

Em m (5.6)
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(5.5), (5.6) 

× (5.7)

} (5.8)

} (5.9)

} (5.10)

P

} (5.11)
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}

(5.12)

             
}

(5.13)

          Ef = 0 (5.14)

= 0 (5.15)

}

Em m (5.16)

}

Em m (5.17)

3 5-6-1

CFRP

90 H

90 H H 90

C 90 C

(2.2)

H 90

C 90 C 90

H 90 H
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H

90

CFRP H 90 C

90 C

90 C H

90

C H

4 3 5-6-2

CFRP

90 H

90 H

H 90 C

90 C 90

G H
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5-6-2

90

H:

90

H:

H:

90

C:

90

C:

90

G:

90

H:

90

H:HHHHHH:H:HHHHHHHHHHHHHH:H

HHHHH:H::HHHHHHHHHH

90

C:C:C:C

90

C:C:CC:

900

G:G:G:GG

90

H:
90

H:

H:
90

C:
90

C:
90

G:

5-6-3 3
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H 90 C 90

C 90

G H 90 H

H

90 /

CFRP 90 H 90

H 90

G

CFRP

/

90 H 90

H 4

4 4 6

5 6 2
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4 2

2

4 3 3

5 5 3 3

37.8MPa 5-6-3

3

5-6-4

1.17

CFRP

   (5.18)

0.021/1.17 = 0.018 = 1.8%    (5.19)

2.1%

1.17

2.1%
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5-6-5 3

5-6-4 3
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4 H 5-6-5

4

2

0/s

30MPa 600/s 40MPa 400/s

8000/s

5.11

}

CFRP E 5-

6-6 100/s

4 5-6-5 5-6-6

CFRP 5-6-7

5-6-7
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5-6-6 CFRP

5-6-7 CFRP
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4 2 2

4 1.17

1.17

2.1 CFRP

5-6-8 5-5-7

CFRP

41MPa 39MPa

46.4MPa

38.3MPa

FW
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5-6-8
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2

FW CFRP
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CFRP

FW

/

CFRP CFRP

2

FW CFRP

/
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CFRP

CFRP

3 CFRP FW

90

CFRP

4 CFRP FW

90

CFRP
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5 3 4

CFRP

CFRP

4

5

3

5 4

CFRP
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4 3

(35)

1

CFRP FW

(25)

(21)
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CFRP

CFRP

CFRP mm μm

(81)

(4) (5)

1 1-1-2
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CFRP Vf

CFRP A-1

CFRP A

B a b ,

A - 2a = B - 2b                                  (A.1)

b = 1/2 B -A +2a                                        (A.2)

Vf AB ab   (A.3)

a2 + (B -A)/2 a - Vf AB /     (A.4)

2 a

CFRP A = 10mm B = 0.5mm Vf = 55%

55% 45%

a = 4.93 b = 0.18
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A

B a
b

150

10

0.5

1% 

A-1

A-2
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A-2

1%

A = 10, B = 0.5 Vf = 55% (a) a = 4.93, b = 0.18 (b) a = 4.44, b =

0.2 (c) a = 3.84, b = 0.23 (d) a = 4.84, b = 0.28 1/2

A-3

(c) 

CFRP

(c) a = 3.84, b = 0.23

FW

50kN 5

5

A-

4 z 10mm, 20mm, 30mm, 50mm, x

0mm ( ), 10mm, 20mm, 30mm, 50mm y

27 z 1.0%
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(a) a=4.93, b=0.18

Nodes 636,855, Elements 429,450

(b) a=4.44, b=0.2

Nodes 484,769, Elements 326,000

A-3
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(c) a=3.84, b=0.23

Nodes 381,819, Elements 250,700

(d) a=4.84, b=0.28

Nodes 376,299, Elements 249,312

A-3
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A-4
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A-1
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Abaqus X550

z 1% 0.5mm

A-1 A-5

A-6 y

A-7 x y 30mm

z 30mm

3

CFRP

3 4

100mm 1mm 50mm 30mm 15mm 3

3 4

A-8

A-9

15mm 10mm
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A-5
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(a) Z=10mm

A-6

(b) Z=20mm
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(c) Z=30mm

A-6

(d) Z=50mm
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A-7

(a)  z /
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A-7

(b)  x,y /
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A-8
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(a) 3

(b) 3

15

15

15mm 30mm 50mm

15mm 30mm 50mm

A-9
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(c) 4

(d)

15

15

15mm 30mm 50mm

15mm 30mm 50mm

A-9
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3 4 3 4

15mm 1.5

3

CFRP

( B-1) CFRP

(55) AE ,CFRP

DCB

DCB AE

Instron 5507

23

AE Vallen AE AMSY-5

AE144M VS-900M

Filter: 95 1000 Hz

Gain 34dB

30dB

: 150mm 250
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B-1
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15mm mm

         

DCB 200mm 25mm 3mm

AE B-2 DCB

AE B-3 AE

B-4 DCB AE B-5

N=3 B-2

B-3 DCB

AE 500μsec

AE B-4 B-5

AE AE

AE

AE CFRP

CFRP

X CT CFRP
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B-2 AE N=3
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B-3 DCB AE N=3
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B-4 AE N=3
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B-5 DCB AE N=3
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CFRP 150mm 10mm 1mm

3 3-2-14 GE Nanotom C-1

3μm 2μm 1μm SOD

FOV( ) 1μm SOD

2μm

2μm C-1

3μm C-2

X CT 100CT

20μm 4μm

C-3 C-4

C

X

2-3μm
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C-1 2μm CFRP

C-1 X CT
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C-2 3μm CFRP

C-3 20μm CFRP
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C-4 4μm CFRP
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D-1

*1,*2

1

(10)

5%

Vf = 95% CFRP

Vf = 52.3% 2.5% 3 3 3

B C 4 3 3 B C

 

 

2mm/min

FX10 192 20

E-1 250mm/s

 

( E-2)
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a ER828
+ HN2200
+ 20

80 h+110 h 80 h+150 h

E 230000
Ea 218687

3740 2500
MPa Eb ,Ec 57145 *1

ν

0.26 νab, νac 0.27 *2 0.41 0.43

νba, νca 0.07 *2

νbc, νcb 0.27 *2

G

91270 Gab 58938

1326 874
MPa *1 Gbc 22498

Gca 58938

ton/m3 ρ 1.80E-09 1.77E-09 1.10E-09 1.10e-9

σ

4900

2.1

37.5 50

0.2% MPa 2.1 60 2% 70 3%

80(3%) 80(4%)

85(5%)

MPa 75

.6%

87.5

6.5%

*1

νxy/Ex νyx/Ey

-1 ν 0.5

G E/ 2 1 ν

*2

D-1
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90

 6.9×10-10mm/s 1 3.4×10-9

( E-1)

3 3mm/min

( E-2)

800mm/s ( E-2)  1 6.9×10 -7mm

90 E-3 45

E-4

CFRP

CFRP

4.5 6.5×10-5/ K, 0.2 0.4×10-6/ ℃ 110
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E-1 90

- 275 -



E-2 90

0.034mm/s(=2mm/min)

1

90 6.9 10 -10 s 250 mm/s 50mm 3.4 10 -9

90 9.6 10 -10 s 250 mm/s 50mm 4.8 10 -9

45 1.3 10 -10 s 1250 mm/s 50mm 3.3 10 -9

90 6.9 10 -10 s 250 mm/s 50mm 3.4 10 -9

8.8 10 -10 s 800 mm/s 150mm 4.7 10 -9

E-1 1
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E-3 90

E-2 1

1

90 8.6 10 -10 s 800mm/s 6.9 10 -7 mm

90 8.7 10 -10 s 200 mm/s 1.7 10 -7 mm

45 1.3 10 -10 s 3500 mm/s 4.6 10 -7 mm

90 8.6 10 -10 s 800 mm/s 6.9 10 -7 mm

8.8 10 -10 s 5000mm/s 4.0 10 -6 mm
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F-1

(15)

E-4 45

21 Vf=60

30 20 30μm
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2 0.0033

2

2.6

2 2.6‐2 0.6 AE
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70MPa 30 40
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1 80 5

2 80 2 110 3

3 80 2 150 3

JIS K 7161 21A

180mm 10mm 20mm 3mm

112mm

0.05mm/s(=3mm/min) 0.000435/s

0.5mm/s(=30mm/min) 0.00435/s

5mm/s(=300mm/min) 0.0435/s

      50mm/s(=3000mm/min) 0.435/s

500mm/s(=30000mm/min) 4.35/s

5000mm/s(=300000mm/min) 43.5/s

G-1

0.05mm/s 5mm/s UCT-30T

50mm/s 5000mm/s EHF-

E05H-10L G-2

G-3

2

2 G-4 (a)

1 80 5 (b) 2 80 2 110 3 (c) 3 80 2
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150 3 G-4

G-4 0.05mm/s

5000mm/s

(57) 100 10MPa

. G-4

( 3 3-3-12 )

(68)

3-3-12 80 2 ⇒110 3

G-5 G-5

G-6

G-7
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G-2

G-1 115mm w10 t3

(a) (b) 
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(a) 1

(b) 2

(c) 3

G-3
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(a) 1

(b) 2

(c) 3

G-4
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G-5

G-6 90 -
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H-1

(a) (b) 

G-7 90 -
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2

UCT-30T 

10 3 37.5 mm ; 

10 3 7.5 mm ; 

JIS K 7161 21A

KFG-2-120-D17-11L3M2S 

3 mm/min 

N = 3

24 ℃, 48 %RH ( )
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3 (a) 1 80 5 (b) 2 80 2 110

3 (c) 3 80 2 150 3

H-1

H-2

N=3

3740MPa
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0

H-3  

H-4

,
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N=3
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H-2

(a) 1

(b) 2

(c) 3
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H-4
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H-3 90

-
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H-5

(a) 1

(b) 2

(c) 3
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H-6
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2

H-6 80 2 110 3

132MPa 300MPa

30 -40%

300MPa

4

10000

-1 4 10

20

10
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