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Assessment for Propagation Behavior and Fracture Surface of Mixed-mode
Fatigue Crack by Fracture Surface-Roughness Induced Crack Closure
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Abstract

In this study, we have investigated the closure behavior of fatigue cracks in SAPH440 steel plates under a
mixed-mode I+II loading. A crack image capturing system as a direct measuring method was used to measure
the closure levels at a crack tip. The crack closure levels in the fluctuation and stable sections were increased
with the increase of the mode mixture ratio. The mode mixture ratio independent fatigue crack propagation
rates equation was calculated by considering mixed-mode crack closure levels. The equation was examined
according to the application method of crack opening ratio. The fracture surface analysis by C-scan method
was also performed in order to investigate the closure mechanism and propagation mode of crack under the
mixed-mode I+II loading. The crack closure under the mixed mode I+11 is confirmed as a surface roughness
closure by the quantitative analysis of fracture surface using the proposed surface roughness parameter.
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Table 1 Chemical composition of SAPH440

Compositions (wt. %)
Si Mn P
0.020 0.810 | 0.012

C
0.168

S
0.008

Table 2 Mechanical properties of SAPH440

i ; Micro
Yield Tensile v )
strength strength l}glrf:ll;?sss Elongation
(MPa) (MPa) (Hv) (%)
302 440 214 44
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Fig. 1 The shape of the modified compact tension shear
specimen fitted to the loading device
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Table 3 Basic fatigue test condition under Mode I and
Mixed-mode I+I

Type of load Tension-tension

Load = =
magnitude max= 3.6 KN P, =1.8kN
Stress ratio R=0.5

Frequency f=10Hz Sinusoidal wave

Initial crack

2,;,=19.0mm a,=0.5 mm

a,, : machined notch length, a, : pre-crack length

Table 4 Classification of applied modes in each case

Mode Mode 1 Mixed mode I+I1

¢ ¢$=0° $=30° ¢ =60°
Specimen code Co C3 C6

AKy/A Ky 0 0.288 0.567
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Fig. 2 The-definition of fatigue crack tip displacement
(Dq, Dy, Dyj, Dyyp) with the change of applied load
from P, t0 Py (At Py, crack marked in dotted
line, at P, crack marked in solid line)
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Fig.3 The measurement for roughness of the fatigue
fracture surface by using the C-scan method
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Fig. 5 Relationship between da/dN and AK ¢ with ¢
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Fig. 6 The crack closure behavior of fatigue crack
under mixed-mode I+II loading
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Table 5 Variation of U™ with ¢ and U™-¢ relation

Co C3 c6
U 0.931 0.854 0.769
*S
U™ =0.93233 - 01547(”¢)

relation

» Eexperimental condition : R=0.5, P,
=0°< ¢ <60°

max—3.6 kN

Table 6 U -(a/a,) relations with ¢

U"F-(ay/ay) relations with loading mode

CO | U™ =-7.7405+14.8133(a/a0)-6.3254(aya,)*

3 U'F _ _9.5313+17.8904(ai/a0)—7.705 1(ai/a-0)2

C6 | U™ =-10.0372+18.4437(aa0)~7.8711(ara)*

= Applying range : 1 < (aj/ag) <1.15
= a; : fatigue crack length at i th loading cycle
* 3, : initial crack length, notch(a,,) + pre-crack(a,)
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Fig.7 The calculated equations of fatigue crack
propagation rate by considering mixed-mode
crack
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1001 100 sl N Co (4= 0)

9o %0 A C6 (4=60"

3 8 8 8 3 38 3 8

Contour area roughness parameter, R ;, (%)
Contour area roughness parameter, R ., (%)

o

ol

w
S

25

Contour area roughness parameter, R, (%)

FC-4

Section of fracture surface (¢=0")

(a) Rc distribution in CO

S,

FC-2

Section of fracture surface (¢ =60%)

(b) Re, distribution in C6

S,

FC.5

")
S

FC4

%
src.a S -

FC3
Section of fracture surface

S,

FC2

S

S

PC FC-1

(c) Variation of Rea-[Viv]

Fig. 9 Analysis of fracture surface by using the contour area roughness parameter, Rca
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