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Fundamental study on the fatigue crack propagation behavior and lifetime estimation 

with one-sided welding of the fillet joint for load carrying type of excavator structures. 
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1.1  
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1.3  

(8)~(25)
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2.1  

Fig.2-1
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Fig.2-2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.2  

JIS SS400

Fig.2-3 L

L ( (a))

( (b))

Table1 L

Fig.2-3

50mm Fig.2-4 MX200 (JIS Z3313

) Table2

Table3 ( )

MX200

MG50R (JIS Z3313 ) 3

Fig.2-4 Table2

Table3 Fig.2-5

Fig.2-4

50 με

Fig.2-6

4 FEM

f=20 Hz RF(=Fmin/Fmax)=0.05

N=107cycles Fig.2-7

Fig.2-8 Fig.2-11 Fig.2-12  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.3  

2.3.1  

Fig.2-13

1 0.05 (~#2000)

3 ~ 5 ,

(HAZ ) 3

.
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(b) High magnification image in area A

500μm

area  B

area  C
area  D

100μm

(c) Microstructure in welded metal
(area B)

100μm

(d) Microstructure in HAZ
(area C)

100μm

(e) Microstructure in base metal
(area D)



2.3.2  

(~#2000) (Akashi  MVK-HO)

500kgf Fig.2-13 3

Fig.2-13 Fig.2-14 ( )

( ) Fig.2-14 1.2

Hv=200  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.3.3  

MX200 Table2-6

Fig.2-15 MG50R Table2-7

Fig.2-16

MX200 Fa = 7kN 4

Fa = 5kN

N=107cycles . MG50R Fa = 7kN 4

Fa = 3.5kN

N=107cycles . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.4  

Fa = 6 kN

Fig.2-17

Fa = 6 kN

Fig.2-18 ( S-3000N)

Fig.2-18 (c), (d) Fig.2-18 (a)

( )



Fig.2-18 (c)

Fig.2-18 (d) 5mm

5mm

Fa = 9 kN Fig.2-19

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.3.5  

 

Fig.2-20 Fa = 9kN

Nstop 8 103cycles

Nf,est 1.6 105cycles (Nstop/Nf,est =5%) Fig.2-20

 

(45) (46)

Nf,est x%

Nstop

300 μm 500 μm

Fa = 6 kN Fa = 9 kN

Nf,est

(Fa = 6 kN Nf,est=1.1 106cycles Fa = 9 kN Nf,est=1.6

105cycles)  

(Fa = 6 kN) (Fa = 9 kN)

Fig.2-21 (a), (b), (c) Fig.2-22 (a), (b), (c)



Nf,est 5% 25% 50%

(= ) 30 X

Y Z  

Nf,est 5% ( (a))

50mm 0.01mm 0.3mm Nf,est

 

Nstop/Nf,est=25% ( (b))

Nstop/Nf,est=50% ( (c))

 

Fig.2-21, Fig.2-22

Fig.2-24

Fa = 6kN(  RF = 0.05)

3 Fa = 2.1 kN RF = 0.66

Fa = 1.7 kN RF = 0.72 Fa = 1.4 kN RF = 0.76

( )



 

Fa = 5kN N=107cycles

Fig.2-23

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.6  

50 μm 3 mm 5 10

Fig.2-25

Fa = 9 kN Fa = 8 kN 1mm



Fa = 7 kN Fa = 6 kN Fa = 7 kN

1 Fig.2-26

( )

Fig.2-27 Fa = 9kN

N/Nf=25%

Fig.2-27 section A section F

20μm 90μm section A

section B, C, D

(section A)

section E, F

(47) (48)

( )

section A, F

section B, C section B, C



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

2.3.7  

2.3.6

2.3.5

Fig.2-28

(a) (b)

10μm

(S) Fig.2-28

(S) 0.02 0.03mm (Fig.2-29 (b), (d)) Fig.2-29 (a), (c)

1 Fig.2-28

Fa = 6 kN Fig.2-21 (c) Fa = 9 kN Fig.2-22 (c)

2.3.6



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.3.8  

500 , 2 mm

Fig.2-6

10 mm

, ( )

(Fa = 6 kN) (Fa = 9 kN)

Fig.2-30 Fig.2-31 ( )

10%

80% ( )

80% 2.3.5
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3  

3.1  

FEM (Finite Element Method)

(2) (3) IIW-1823-07 

(2008)(4)

 

 

3.2  

3.2.1  

Fig.3-1 (

EHF-EV050k1-020-0A ) Servo4830

Fig.3-2

Differential circuit 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.2 CT  

Fig.3-3 ~ Fig.3-10 CT Fig.3-11

CT Jig1~5

Jig6~8

Jig5

CT -

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.3  

Fig.3-4 Jig1

( KFG-2-500-C1-11) Fig.3-12 8

Fig.3-13  B1 B2 D1 D2

Jig1 ( )

A1 A2 C1 C2 Fig.3-13

Jig1

Fig.3-13 A  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.4  

Fig.3-14 KFG-2-500-C1-11

Fig.3-15

Fig3-14 Fig3-15

D1 D3

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.5  

Fig.3-13 Fig.3-15

( DA-710A)

Fig.3-16 (Displacement) Fig.3-12 Jig1

Load (Differential 

Displacement) Load A B C

D E

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.2.6  

6V Fig.3-17

IC

12V AC/DC ( YS1012) Table3-1

YS1012  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.3  

CT 2

SS400 MX200 MG50R

CT Fig.3-18

Fig.3-19 SS400 Table3-2

MAG

10mm 5mm

Fig.3-18  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.4  

3.4.1  

(49) (50)

Unloading Elastic Compliance Method (1)

(2) (3) (1)

(2) (3)

2

P

δ δ λP λ

Fig.3-20(a)

3.2.5 Fig.3-16

Fig.3-20(b)

(A )

Fig3-16 C

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

3.4.2  

( )

Fig.3-11

C P0(=995) A B

( )

A B

C

P

P a Ac B

(Fig.3-21) P

(W-a)/(W-a0)[a a0 W Fig.3-22

] (2-1) MX200

(2-2) MG50R X=P/P0 Fig.3-23 MX200



Fig.3-24 MG50R Fig.3-25 MX200

Fig.3.26 MG50R  
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3.4.3 da/dN  

a N  

 

da/dN=C1+2 C2 Ni 

          C1=((ai-ai+1) (Ni-1-Ni) (Ni-1+Ni) - (ai-1-ai) (Ni-Ni+1) (Ni+Ni+1))/Z 

          C2=((ai-1-ai) (Ni-Ni+1) - (ai-ai+1) (Ni-1-Ni))/Z 

          Z=(Ni-1-Ni) (Ni-Ni+1) (Ni-1-Ni+1) 

 

i-1, i, i+1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.4.4 ΔK 

ASTM E647 (2-3) ΔK  

  
 

              (2-3) 

  

         

 

(a B=7 10-3[m] W 50 10-3 [m]) 

 

3.4.5  

MX200 3 (Ⅰ) R = 0.5, f = 1 - 

20Hz, C = 1.0 (=(1/K)(dK/da))[m-1] (Ⅱ) R = 0.05, f = 1 - 20Hz, C = 1.0 

(=(1/K)(dK/da))[m-1] (Ⅲ) R = 0.05, f = 1 - 20Hz, C = -0.25 (=(1/K)(dK/da))[m-1] CT

1.0mm 0.3mm

MG50R (Ⅳ) R = 

0.05, f = 1 - 20Hz, C = -0.25 (=(1/K)(dK/da))[m-1] (Ⅴ) R = 0.5, f = 1 - 20Hz, C = 

-1.0 (=(1/K)(dK/da))[m-1]  

 

3.4.6  

Fig.3-28 MX200 da/dN K

IIW WES

1.0 10-11 1.0 10-7[m/cycles] 3 Paris

Table3-3 MG50R

Fig.3-29 Table3-4

WES2805 ( )

     



c, m

3

ΔKeff

CT

 

Fig.3-29 2.3.5

2 2~3

Table3-5

10-9 [m/cycle]

CT  

4

MX200 CT MX200 3

(Ⅰ)

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4  

4.1  

2 3

 

(1) 2

 

(2) 

 

3 (51)~(54)

S-version FEM

 

 

4.2 S-version FEM 

(51)~(54) S-version FEM ( )

(51)



(52)

K VCCM 

(Virtual Crack Closure Method) K

C n 3

 

                                                                   (4-1) 

Keq  

                              (4-2) 

 

 

4.3 S-version FEM  

Fig.4-1

20nodes Fig.2-4

3mm 0.1mm Fig.4-2

1~4

N N Type2



16.6mm

3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table4-1 4

Fig.4-3

2 2.3.5

Fa = 6kN 9kN Nf,est 5%

(50 mm) 0.01~0.3mm Nstop/Nf,est=5%

Fa = 6kN

Fig.4-4 Fa = 9kN Fig.4-5 Nstop/Nf,est=5%

2.3.5

Nf,est

Nstop/Nf,est=5%

Fig.4-6



0.1~0.2

0.012~0.2

Fig.4-7

2.3.4 5mm

5mm

(3) L =0 mm L 0mm

E = 206 GPa

=0.3 3.4.6 CT

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.4 S-version FEM  

Fig.4-8 2.2

x y z

z 35mm

x 10mm

x Table4-2

Fig.4-9 Fa = 6kN 9kN (50

) z

2.2

10mm

Fig.4-10

z σ ε E

σ = Eε E=206GPa

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

4.5 S-version FEM  

Fig.4-11

Fig.4-12

Fa = 6kN 9kN Table4-3 Table4-4

Fa = 6kN Type1(a = 0.15, 2c = 3mm) ΔKθ 

= 0° ΔKθ = 180° ΔKθ = 90° Fa = 6kN Type1 all crack (a = 0.3, 2c = 50mm)

ΔKθ = 90° ΔKθ = 0° ΔKθ = 180°

Fa = 6kN Type1(a = 0.15, 2c = 3mm) Fa = 6kN Type1 all 

crack(a = 0.3, 2c = 50mm)  

Fig.4-13 Fig.4-14 Fa = 6kN 9kN Type1(a = 0.15, 2c = 3mm)

Type1 all crack (a = 0.3, 2c = 50mm) 5mm

Type1(a = 0.15, 2c = 3mm) ΔKθ = 0° ΔKθ = 180°

5mm



50mm ΔKθ = 0° ΔKθ = 180° ΔKθ = 90°

Type1 all crack (a = 0.3, 2c = 50mm) 5mm

ΔKθ = 0° ΔKθ = 180° ΔKθ = 90°

Type1(a = 0.15, 2c = 3mm) Type1 all crack 

(a = 0.3, 2c = 50mm)

Newmann-Raju (55)

Fig.4-15

(y )

Type1(a 

= 0.15, 2c = 3mm)

ΔKθ = 0° ΔKθ = 180° ΔKθ = 90° Type1 all crack 

(a = 0.3, 2c = 50mm)

ΔKθ = 90°

Marc

S-version FEM

Fig.4-16  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.6  

Fa = 6kN 9kN Fig.4-17

Fig.4-18

Fig.4-17 Fig.4-18 (a) Type1 (a = 0.15, 2c = 

3mm) (b) Type2-16.6 (a = 0.15, 2c = 3mm) (c) Type3 (a = 0.15, 2c = 3mm) (d) Type4 (a = 0.15, 2c = 

3mm) (e) Type1 all crack (a = 0.3, 2c = 50mm)

Fig.4-17 4-18 (a)Type1

Fig.4-13 4-14 (a) θ = 0° θ = 180° θ 

= 90

Fig.4-17 4-18 (e) Type1 all crack (a = 0.3, 2c = 50mm) Fig.4-13

4-14 (b) θ = 0° θ = 180° θ = 90

Fig.4-17 4-18 (b) (c) (d)

(b) Type2-16.6 (a = 0.15, 2c = 3mm)

( ) 2 (c) Type3 (a = 0.15, 2c = 3mm)

3 (d) Type4 (a 

= 0.15, 2c = 3mm) 2 ( )

 

Fig.4-19 (b) Type2-16.6 (a = 0.15, 2c = 3mm) 10mm 20mm

Fig.4-2

c 4.7

2.3.5

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.7  

Fig.4-20

2.3.5

4.2

Type4 (a = 0.15, 2c = 3mm) 2 2

( ) 2

A B

Fa=6kN 9kN

Fig.4-20

40

50

Fa = 6 kN

Fa = 9 kN

Fa = 9 kN

Type2-16.6 (a = 0.15, 2c = 3mm)



Fig.4-21 Type2-16.6 (a = 0.15, 

2c = 3mm) 10mm 20mm Fig.4-2

Type2-10

Type2-16.6 Type2-20 1.0 105cycles

Type2-10

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.8  

Fig.4-22 (a) Type1 (a = 0.15, 2c = 3mm)

(b) Type2-16.6 (a = 0.15, 2c = 3mm) (c) Type3 (a = 0.15, 2c = 3mm) (d) Type4 (a = 0.15, 2c = 3mm)

(e) Type1 all crack (a = 0.3, 2c = 50mm) 2.3.3

Fa =6kN 7kN( )

Fa =8kN 9kN( )



(e) Type1 all crack (a = 0.3, 2c = 

50mm) 2~3

(a) Type1 

(a = 0.15, 2c = 3mm)

1.5 2

Fa = 5kN, 6kN 7kN 

(a) Type1 (a = 0.15, 2c = 3mm)

Type2-16.6 Type3

2 3

MG50R Fig.4-23

MG50R

2~3  

Fig.4-24 Type1

a 2 (α) Type1 (a = 0.15, 2c = 3mm) (β) Type1 (a = 0.3, 2c = 3mm)

Fa =6kN 9kN a

Newmann-Raju (55)

(

)



a

2 (α) Type1 (a = 0.15, 2c = 3mm) (β) Type1 (a = 

0.3, 2c = 3mm) (γ) Type1 (a = 0.3, 2c = 6mm) Fig.4-25

a c 2

Fig.4-24 (α) Type1 (a = 0.15, 2c = 3mm) (β) Type1 (a = 0.3, 2c = 3mm)

Fig.4-25

Fig.4-22
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S-version FEM
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