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Abstract: To estimate the fatigue crack propagation behavior of compact tension shear (CTS) specimen under mixed-
mode loads, crack path prediction theories and Tanaka’s equation were applied. The stress intensity factor at a newly
created crack tip was calculated using a finite element method via ANSYS, and the crack path and crack increment
were then obtained from the crack path prediction theories, Tanaka’s equation, and the Paris’ equation, which were
preprogrammed in Microsoft Excel. A new method called the finite element crack tip updating method (FECTUM) was
developed. In this method, the finite element method and Microsoft Excel are used to calculate the stress intensity
factors and the crack path, respectively, at the crack tip per each crack increment. The developed FECTUM was applied
to simulate the fatigue crack propagation of a single-edge notched bending (SENB) specimen under eccentric three-
point bending loads. The results showed that the number of cycles to failure of the specimen obtained experimentally
and numerically were in good agreement within an error range of less than 3%.
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SIF Calculation by FEM

- Crack modeling
- Compute K, K

!

Crack Path Prediction
- Determine @

Crack Propagation Analysis
- Caleulate da under a given dv

ek,

Update a New Crack Tip
a;,,=a;+ da

EXCEL

New Crack Tip
dj+q
- Generate Crack Tip
Geometry

Fig. 1 Procedure for finite element crack tip updating

method
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Table 1 Chemical composition of SS41

C Si Mn P S Fe
0.046 | 0.022 0.21

0.004 | 0.004 Bal

Table 2 Mechanical properties of SS41

Yield strength(MPa) 225
Tensile strength(MPa) 475
Elastic modulus(GPa) 210

Poisson’s ratio 0.3
Elongation(%) 23

(a) CTS-specimen (b) Loading device

Fig. 3 Configuration of CTS-specimen and loading
device
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Fig. 6 Experimental set-up for mixed mode fatigue test 3

with crack length measurement system
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Fig. 8 Fatigue crack growth rate related with equivalent

Fig. 7 Macroscopic view of crack growth path at f=15° stress intensity factor range for f=0%, 157 and 45
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(a) Loading and boundary conditions for mode I

125 25 150

;‘:C:> [} h A

(b) Loading and boundary conditions for mixed mode

(c) Experimental test set-up

Fig. 10 Configuration of SENB specimen and test set-up
for 3 point bending fatigue test

Fig. 11 Macroscopic view of fatigue crack growth path
of SENB specimen

At olth Mode I 8% - AAIZHSE =% J &2
dfdy R FZ235d & e 3=z
TEY BH5S g% = Qv

42FETUM 7|®Hel AZ
SENB A|¢] H= 3 3 A9 d3ks FECTUM
H“o}"ﬂﬁ} ﬂ%— 3

A

S Fig. 12(a)%t ﬂo] T}
S E AAste] A
Kn & Alkstglct. Ak K]“/}‘ K[] = u
E ddz wijo] A3 4497 | =2l 2
AomiE dEARG TE % Eka A E A
e dddolol e Fasse v



(a) Finite element model
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(c) Fatigue crack growth paths

Fig. 12 Verification of FECTUM for experimental results
of SENB specimen
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