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Three-dimensional Image Analysis of Corrosion Fatigue Fracture Surface
Kenjiro KOMAI and Masatoshi NoGUCHI

Synopsis:

Computer image processing technology has been applied to fracture surface analysis, and the
generalized software for 3-dimensional fractography -image analysis has been developed. By this software,
it became possible to obtain 3-dimensional fracture surface topography from a stereo-pair of
SEM fractographs with sufficient precision. As for the identical position search algorithm to calculate
the fracture surface height, the SSDA method was fitted to fatigue fracture surfaces in air and in vacuum.
Whilst the correlation method must be applied to the corrosion fatigue fracture surface being adhered
corrosion products or calcareous deposits on it, as well as to the inter- and transgranular mixed
one. The crack closing simulation by means of the 3-dimensional fracture surface topography accounted
for the wedge effects induced by the corrosion products or deposits as a first approximation. And the
results was corresponded to the shape of load-strain hysteresis loops well. On the contrary, fracture sur-
face roughness deduced from the 3-dimensional topography was not necessarily corresponded to the
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crack closing behavior.
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Fig. 1. Block diagram of SEM image input and
processing system.
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Photo. 1. SEM-stereomatching-photographs of fracture surface (E=E,,,,, 4K=11.4 MPa-m!/?).

Arrows indicate crack growth direction.

— 150 —

<)



5

2

BREY BE O 3 kit & BN 2127

BREBACTEEROERELEMELTHLT L X, 1
BERToTIR, SERTOBEIR, I THERY
B2tk VO TEWHEBEEZR L BORE T LE
RTOoBEBI T, BLSVHEYE X AMBEEYRD S
iR XYy, REEBEEADL L.

+ # w6l

¥R, FERC 80 kgf/mm? {§ ZAE S8R A THEKF
BEFEY (f=0.17Hz) HES DR T viEHE LK
ERE KD DE/RT. Photo. 1~Photo. 3 X, D
BOBRERWHFE Uclim, MAEh 28,
5V — FBif (—1.0V vs. SCE) F Ca-Mg #5#
Ty PBRERCAELCERO~ »F VvV IERETHS.
AT vt BERER HiooTo @RI X HERTTR
LEATHY, BEAX 8 THBH. 3HlELL x HE
2000 H3%, » S 1600 EEOKE X TFox ALl

Photo. 2. SEM-matching-photographs of fracture
surface (E=FE;yry, 4K=19.8 MPa-m¥/2). Arrows
indicate crack growth direction.
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Photo. 3. SEM-matching-photographs of frac-
ture surface (E=-—-1.0V vs. SCE, 4K=23.0
MPa-m!/%). Arrows indicate crack growth direc-
tion.
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Fig. 2. Birds-eye view of Photo. 1.

(b) Arrows indicate crack growth direc-

tion.
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Fig. 3. Birds-eye view of Photo. 2.

Arrows indicate crack growth direc-

10pm  tion.
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Fig. 5. Contour map of Photo. 1 (a). Arrows
indicate crack growth direction.
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Arrows indicate crack growth direc-

10um tion.

==
<0
any

a0 O COW
000 O00 OO

POAN) A mmome AR

Fig. 6. Contour map of Photo. 2 (a). Arrows
indicate crack growth direction.
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Fig. 7. Contour. map of Photo. 3 (a). Arrows
indicate crack growth direction. :
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Fig. 8. (a) Relation between con-

formity ratio of fracture surface R

() ‘{\
o . -
° II/ and access distance D obtained from
80°°, | . ' Photo. 1, and (b) actual hysteresis

loop corresponding to (a) (Ryesz=
9.0 pm, R,;s=2.5 pm).

Fig. 9. (a) Relation between con-
formity ratio of fracture surface R

and access distance D obtained from
Photo. 2, and (b) actual hysteresis
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e\P loop corresponding to (a) (Rpyez=
9.0 pm, R,ps=2.5 pm).
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Fig. 10. (a) Relation between conformity ratio
of fracture surface R and access distance D obtai-
ned from Photo. 3, and (b) actual hysteresis loop
corresponding to (a) (Rus:=5.0 pm, R,,s=1.3
pm) .
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Fig. 11. (a) Relation between conformity ratio
of fracture surface R and access distance D obtai-
ned from transgranular fracture surface, and (b)
actual hysteresis loop corresponding to (a) (Ruqx
=7.0 pm, R,ps=1.8 pm).
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Fig. 12. Access simulation of fracture surface
along A-A and B-B cross section in Photo. 1.
Shaded portion shows corrosion products.
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