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A Comparative Study on the Crack Propagation Characteristics According
to the Pre—Notch Shapes of Fatigue Indicator Sensor
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Abstract

[t is difficult to predict the accurate fatigue life of the ship structure because of load
uncertainty and load redistribution at the ship structure members. As one of studies for
accurate evaluation and prediction of fatigue life, it is a promising way to detect the crack
previously by attaching the Fatigue Indicator Sensor (FIS) at the crack prediction region. In
order to predict the fatigue life of the ship structure by using FIS, it is required to know
previously the crack propagation characteristics according to pre—notch shapes. In this
study, we obtained the stress distribution phase, stress concentration factors and stress
intensity factor of various pre—notch shapes through FEA. Additionally, we conducted the
fatigue test and obtained the characteristics of crack propagation according to the pre-
notch shapes through comparison between the fatigue test and the FEA. Consequently, we
classified the pre—notch shape into 3 categories: Long, Medium, and Short life type. On
the basis of the numerical and experimental results, the FIS can be developed.

¥ Keywords: Fatigue indicator sensor(FIS, ZZUW XM A), Fatigue life(lI242), Stress
concentration factor(S& & S H %), Stress intensity factor(S2 &l H =), Characteristics of crack
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Fig. 2 Finite element model and the residual
stress distribution

Table 1 SCF obtained by FEA

rer

Type 1 Type 2 Type 3

Pre— Pre— Pre—

anotn | SO [ ongtn | SF | lonotn | S
(mm) (mm) (mm)

3.0 4.5 6.0 5.0 9.0 7.8

4.0 5.2 7.0 6.7 11.0 8.8

5.0 5.8 8.0 7.3 13.0 9.3

6.0 6.3 9.0 7.8 15.0 10.2

7.0 6.8 10.0 8.2 17.0 11.2
22 SEESH= SHEELAN
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=gist ZH= Table 110 20 ofld 2+ o &
2ol 20|Jt A5 SCF &0 HE=S & = U1,
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Table 2 Mechanical properties of SS400

Yield stress (MPa) 235
Ultimate tensile stress(MPa) 510
Young’'s modulus (MPa) 206,000
Poisson’s ratio 0.3
Paris crack growth rate constant, C 1.9144E-011
Paris exponent, m 3.0
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Fig. 4 Geometry of specimen according to the crack propagation feature (unit: mm)
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Table 3 Weibull Shape—parameter 4, Weibull
scale factor ¢ and equivalence stress

Bottom DECK Side
Longitu | Longitu | Shell &
—dinal —dinal T.BHD

Weibull Shape
Parameter h

0.78 0.85 0.90

AOmax (MPa)
Design life cycles 593.1 5121 465.9
no : 10% cycles

Weibull Scale
factor g

14.15 16.62 18.29

Equivalence

notch stress
414.8 364.8 335.9

Range
(MPa) i W
MGy (b) During the test set
(MPa) Equivalence
nominal Fig. 5 Experimental configuration of crack
stress 138 122 112 propagation
Range .
Table 4 Type of FIS according to the crack
(MPa) propagation feature
R — - Sr?weei:_ Load Max.stress | Min.stress Hz
Ola dHl=Y SO 2ddl= HE S| A0 il ratio (MPa) (MPa)
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(a) Long life pre—notch (Long life FIS)

(b) Medium life pre—notch (Medium life FIS)

(c) Short life pre—notch (Short life FIS)

Fig. 10 Long, Medium and Short life FIS
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