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Abstract

This paper presents the preliminary results of an experimental study on surface crack growth
under fatigue loadings. The objective of this paper is to assess the effect of the initial crack
size on crack propagation behaviros. Transparent PMMA plate speciments with shallow circular
arc notch were used. Crack growth behaviors were observed and measured in two directions by
travelling microscopes.

The fatigue crack initiated at the deepest part on the initial arc shaped notch and then propa-
gated to depth direction as well as spreading gradually along the notch tip. A considerable number
of cycles was needed until the depth crack spreaded to the surface notch tip, When the fatigue
crack reached the surface notch tip the crack front became an approximate semi-ellipse, primary
semi-elliptical crack.

Test results suggest that the relationships between fatigue crack growth rate and stress intensity
factor range in both directions can be expressed by power law (Paris) and that relationship in
width direction depends upon the crack ratios a;/b,, of the primary semi-elliptical crack.

The relationship between the nondimensional crack lengths in both directions can be represented

as the formula:
(+)=2(+4)

where # and A are constants and B is seems to be depended upon the crack ratio a,/b;.
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é : By fy (parametric angle)
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ot 44 A < (front face correction) o)
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2B Anzy, Zojud TdAE &4 At
5= §7) $1sld %u3 PMMA(Polymethyl Meta-
crylate) SA| & glox, o] A8 7]AA 43L& Table

15} e}, Agse Fig 1d143) o], 54 =20
mm, % W=g0mm, o] L=300mmeo|x, 7 AHH
o ok Foboll= =bAl Al g Fule] FAH (fly cutter)
2 444 ®9 x| (surface notch) & slZ3ox, o]
B ¥ x| 9 %M (crack ratio) ao/by += Table
24 ek

REghie = 25ton Y Instron FAERHEE
o, 4¢ @004 5EEF[ERY
SRBE Yeiglod. WEL(load

A& .o
S3Ael WA
ratio)e R=0.1

Table 1 Mechanical properties of PMMA plate
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Fig. 1 Specimen

(Paax=900kg, Pain=90Kg) 2, omax<0.20>5A 3
a1, A87]= 20Hz9 #qlsl(sine wave) & 2ZE4]
# vt

A&, 528 259 Ql o] 54 =]~ (travelling
microscope) & 1?;—1;:494 b oﬂ o) 2] she] 29 FEEQ
wHA] B)E FEE Pgou, E Gy 054
qdol 3¢ Ags %‘ﬂ‘ﬂl wjx)3he] o] ek EFA e
(@F F34E2 gt of 54 &nlAEL X-V 534
Hlol & foll Az, o]Ae] HAIE 1=l ] (dig-
ital indicator) o} =¥ (printer)ol] A=<} (Fig. 2)
fEZz10]- B 0.001mm o] REER zdEs JEF

- S ) o " N
s:xzfé?h I\Y/I%ltli?lgluss Elogation | Specific | Trans- Pow, ZF AL 0,01 mm 3] AUNE " ETDL A3
o | heymm | % weight | parency o] $93lr| gl ol W&k FAAl FHel o
1 l 290 , o7 , Lo l ood ol glglen, o FAAAS sk 3wl A5
X ~ . 0
g Asirt & AAF
Table 2 Crack ratiors and the constants in power law
Power law constants
Specimen ao/bo* ay/by**
mMa Ca " Cb
No. 1 0.15 0. 577 3.2 2.70Xx1077 7.3 1.01Xx10"°8
No. 2 0.17 0. 693 3.3 3.38%1077 6.9 5.83x10°8
No. 3 0.18 0.744 3.4 3.13%x10°7 7.2 5.87X10°%
No. 4 0.21 0. 901 3.3 3.90X1077 7.5 5.28%107¢
* go/b, : Crack ratio of the artificial notch

** g./b, : Primary semi-elliptical crack ratio at the beginning of Region B
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Fig. 2 Crack length measuring device
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Fig. 3 Surface crack propagation(schematic dia-
gram)

(b) N= 20,000 cycle (e) N= 160,000 cycle

(h) N= 218,100 cycle
(fractured section)

(c) N= 70,000 cycle (f) N= 210,000 cycle

Fig. 4 Typical views of surface crack propagation
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Fig. 5 a-N & b-N relation for surface crack
(PMMA plate specimen No. 2)
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2 AP AE AFRAA 1 o)A FA4AE B
2= 9o
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2 Jehg F= 260% §4oleh

ZAo| ubgke] FEHEZo] Fabdol e w=AAdR
q7Ax ZER-e o (BT mHES ESRE %
peel ke WP PHEEKS ol %o (Fig 4d),
olwl o 4IEEGHS W AFEE %S (primary semi-
elliptical crack)o]z} o] B o), o= 9] &t (crack
ratio) & a/b, 0= AP (Fig. 3). o] o|F+
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A 7o (Fig. de,9).
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80/bo %+ e #etk. Fig. 72 o] % HAE A F= (sch-
ematic diagram) 2 Z A& Au], Zo] W3 Fd 4
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rate) o} FEFEEALRE #FENVE (stress intensity factor
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Fig. 6 Surface crack growth rate vs. 4K
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Fig. 7. Correlation of crack growth rate vs, 4K
(schematic)
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Fig. 8 a/t—2b/W relation for surface crack growth
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