
 
 

*1 *2 *3 *4 

 

20mm

 

 

 

1.  

(1) 1)  

   G f = 10 dmax( )
1 3
⋅ ′ f ck

1 3                           (1) 

Gf N/m dmax

mm f'ck N/mm2  
2) 200mm

100mm

3) h

h/dmax h/dmax<6

 

RILEM JCI

4) 5)

3

JCI

1mm h/dmax

 

100mm

JCI 100 100 400mm

3  

 

2  

2.1  

0

 

*1 ( ) 

*2 ( ) 

*3 ( ) 

*4 ( ) 

コンクリート工学年次論文集，Vol.34，No.1，2012

-346-



2.2 

 

RILEM JCI

(2)

 

   G f a( ) =
1

W − a( )B
Pdδ∫            2  

Gf(a) RILEM JCI

(N/m) W (m) a

(mm) B (m) P (N) δ

(m) 

 

(2) Gf(a) a

Gf(a)=GF

GF

GF W a

Gf  

Gf w

 

  G f = σdw0

wc∫                                  (3) 

: (N/mm2) wc: (mm) 

(3)

Gf(a)

a
6) wc

2)

4) 5) 6)

gf

x RILEM JCI

Gf(a)

(2)  

G f a( ) =
1

W − a( )
g f x( )

0

W −a

∫ dx      4  

gf(x) gf =GF gf(x)

Gf(a)

Gf(a)
7)

4) Gf(a)

5) gf(x)

 

  
g f a( ) =G f a( ) − W − a( )

dG f a( )
da

                (5) 

2.3  

5),6) K.Duan

(6) 4)  

   g f x( ) =
GF x <W − a − al

*

GF W − a − x( ) /al* x ≥W − a − al
*

⎧ 
⎨ 
⎪ 

⎩ ⎪ 
       (6) 

gf(x) N/m GF

N/m W m

a m al
* m x

m  

(6)

GF

0

al
*

-347-



(6) (4)

Gf
4)  

G f =

GF 1−
al
*

2 W − a( )

⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

W − a > al
*

GF

W − a( )
2al

*
W − a ≤ al

*

⎧ 

⎨ 

⎪ 
⎪ 

⎩ 

⎪ 
⎪ 

             (7) 

 (7) Gf

 

 

3.  

 2.61g/cm3 1.49 2.83

2.61g/cm3 3.32 1.54

9:1

2005 2.63g/cm3 1.02

6.68 60.0  

5 10 20mm 3

10mm

20mm

5mm

100 100 400mm 

30 50 70 80mm

T

5

5 10 20mm

60 1

28 20

2000kN

28 4 8

 

2000kN

1/1000mm Crack Mouth 

Opening Displacement CMOD

50kN 0.05kN

0.001mm/sec

 

 

4.  

4.1  

CMOD

a/W

a/W

a/W=0.5 dmax =20mm 1

 

a/W=0.3 0.7

  

-348-



a/W=0.8

dmax =10mm a/W=0.8

CMOD 4 5

dmax =10mm  dmax 

=5mm dmax =20mm

10 (1)

1/3

 

a/W

dmax =10mm a/W=0.8

 

a/W=0.3

0.5

a/W=0.7

0.8

 

a/W=0.3 a/W

 dmax =5 20mm

 a/W=0.8 a/W=0.3 60

 

GF

al
*

GF al
*

al
*

al
* W a

Gf dmax

-349-



a/W GF 3 a/W

GF

4 GF dmax GF

GF (7)

Gf

dmax GF al
*

GF al
* al

*

4) al
*=20mm

al
*= 20mm

Gf

al
*

dmax =5mm 20mm Gf

dmax =10mm a/W 

=0.8 Gf

dmax =10mm a/W =0.8 100N/m

Gf

 

GF al
*

GF

dmax =10mm dmax =20mm

GF

dmax =5mm GF dmax =20mm GF 1/2

GF

 

al
*

3

 

K.Duan 4) dmax =1mm

200 200 15mm

al
*=26mm

4)

 

GF

Gf

a/W

-350-



JCI

30mm 100 100 400mm

3

GF 

/ Gf a/W

 

 

5.  

5 10 20mm

 

(1) a/W

a/W=0.3 0.5

a/W=0.7 0.8

a/W=0.7 0.8

 

(2) a/W=0.7 0.8

a/W=0.3

 

(3) 

 

(4) 

10mm 20mm

5mm

20mm 1/2

 

(5) 

20mm

 

(6) a/W

 

 

 

 

 

 

1) 2007 [

] 2008.3 

2) 

E2

,Vol.67, No.3, pp.361-373, 2011  

3) 

E2 , Vol.67, 

No.4, pp.474-481, 2011  

4) K.Duan, X.-Z.Hu, F.H.Wittmann: Explanation of size 

effect in concrete fracture using non-uniform energy 

distribution, Materials and Structures, Vol.35, 

pp.326-331, July,2002 

5) X.-Z.Hu, F.H.Wittmann: Fracture energy and fracture 

process zone, Materials and Structures, Vol.25, 

pp.319-326, 1992. 

6) : AE

, 

, Vol.33, No.1, pp.1805-1810, 2011. 

7) RILEM

585 pp.1-6, 2004.11

-351-


