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A Study on Statistical Nature of Fatigue Fracture Toughness
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Abstract

Many researchers presented a probabilistic and statistical property of the material strength.
However, the study on probabilistic and statistical property of fatigue fracture toughness has not
been nearly presented. Major objectives in this paper are to compare the statistical test results of
fatigue fracture toughness with those obtained in the tensile experiments, and to recognize the

size effect for the probabilistic and statistical property by using specimens with various thickness.
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Table 1 Chemical composition

Compositions (Wt%)
C|Si|Mn| P | S |Cr | Ni|Cu
0.4710.2310.76|0.016 10.009|0.054 10.074 |0.039

Material
(SM45C)

Table 2 Mechanical properties

Tensile | Yield
Materials | strength | strength
(SM45C) | (MPa) | (MPa)

617 342 23 172

Elongation | Hardness
(%) (HB)
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Table 3 Loading conditions in fatigue crack growth test

Thickness Prex Puin Stress Wave Temperature Frequency
(mm) (kN) (kN) ratio form (C) (Hz)
3.0 2.94 0.294 0.1 sine 22 5
5.5 4.90 0.490 0.1 sine 22 5

125 11.77 1.177 0.1 sine 22 5

Table 4 Loading conditions in fatigue fracture toughness test

Thickness Prex Pun Stress Wave Temperature Frequency
(mm) (kN) (kN) ratio form (c) (Hz)
3.0 7.85 0.785 0.1 sine 22 10
5.5 10.79 1.079 0.1 sine 22 10
12,5 38.25 3.825 0.1 sine 22 10
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Table 5 Tensile test results

Yield strength (MPa) Tensile strength(MPa)
Ne. t=3.0 mm t=5.5mm t—12.5mm t=3.0 mm t=5.5mm t=12.5mm
1 345.78 344.31 355.24 588.40 585.65 669.99
2 331.37 340.78 356.18 571.04 578.98 673.76
3 372.65 345.88 366.22 618.60 578.10 680.03
4 370.69 343.92 357.75 603.21 569.47 678.46
5 319.30 350.39 358.37 562.61 577.51 673.13
6 338.53 370.89 353.67 580.55 602.23 676.89
7 309.99 340.88 359.94 568.10 571.83 675.33
8 337.25 337.74 361.51 578.89 572.32 680.97
9 242.32 374.03 356.18 577.51 602.81 677.84
10 287.73 361.47 361.51 603.40 597.13 679.40
11 230.16 344.61 364.02 587.61 567.22 679.40
12 345.19 304.30 353.04 596.24 591.05 676.27
13 390.40 241.64 358.37 621.35 575.55 673.76
14 217.81 306.85 356.81 577.21 587.91 673.76
15 336.66 353.53 354.61 586.83 581.24 673.13
16 348.53 318.52 364.02 597.32 569.77 677.84
17 349.12 375.69 356.81 603.40 614.29 676.27
18 349.90 340.49 360.88 604.19 571.24 676.89
19 332.15 363.43 367.16 579.08 598.50 675.33
20 356.57 352.72 358.81 618.31 576.54 678.84
Mean 325.61 340.60 359.06 591.21 583.47 673.36
Shape
parameter 7.71 12.92 110.94 42.11 57.26 284.17
(a)
Scale
parameter 345.48 353.75 360.80 598.65 588.90 677.66
(8)

t: Thickness of specimen
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Table 6 Fatigue fracture toughness test results

No. F.F.T. range 4Kcf(MPaym)
t=3.0mm | t=55mm |t=12.5mm

1 83.81 82.09 74.54

2 81.86 72.81 72.09

3 82.76 8522 73.78

4 86.74 87.83 74.54

5 84.13 76.91 73.59

6 84.60 93.16 71.72

7 82.31 87.83 70.44

8 82.76 72.59 69.89

g 88.72 80.78 70.00

10 85.07 87.30 7117

11 81.77 79.86 70.55

12 86.02 88.43 68.82

13 83.90 83.00 70.55

14 88.50 84.93 71.83

15 86.26 85.67 69.89

16 84.74 80.37 68.82

17 89.22 89.65 72.46

18 83.53 83.27 69.17

19 82.31 82.54 71.69

20 86.26 81.75 71.15

Mean 84.66 83.23 71.33
Shape

parameter 46.91 18.44 50.48

(a)

Scale

parameter 85.72 85.63 72.09

8

AK; : Fatigue fracture toughness range
t : Ghickness of specimen
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