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The Effect of Defect Location Near a Circular Hole Notch on the
Relationship Between Crack Growth Rate (da/dN) and Stress Intensity
Factor Range (4K)

- Comparative Studies of Fatigue Behavior in the Case of Monolithic Al Alloy vs.
AVGFRP Laminate -

Cheol-Woong Kim, Young-Ho Ko and Gun-Bok Lee

Key Words: AVGFRP Laminate(2-%- 1] 5/84% A3 A), Fiber Bridge Effect(’df-7}2 &), Circular
Hole Notch(8FxX]), Artificial Defect($1-5-23}), Fatigue Crack Initiation Life(¥]27E%¢
A4, N), Crack Growth Rate(Z 84 3E, da/dN), Stress Intensity Factor Range(-3-# i
A58 4, 4K), Multi Site Damage(FF3<%, MSD), Delamination(%-HE2])

Abstract

The objective of this study is to investigate the effect of arbitrarily located defect around the circular
hole in the aircraft structural material such as AVGFRP laminates and monolithic Al alloy sheet under
cyclic bending moment. The fatigue behavior of these materials may be different due to the defect
location. Material flaws in the form of pre-existing defects can severely affect the fatigue crack initiation
and propagation behavior. The aim of this study is to evaluate effects of relative location of defects
around the circular hole in monolithic Al alloy and AVGFRP laminates under cyclic bending moment.
The fatigue behavior i.e., the stress concentration factor(K)), the crack initiation life(NV;), the relationship
between crack length(a) and cycles(V), the relationship between crack growth rate(da/dN) and stress
intensity factor range(4K) near a circular hole are considered. Especially, the defects location at &,=0°
and 6:=30° was strongly effective in stress concentration factor(K,) and crack initiation life(N;). The test
results indicated the features of different fatigue crack propagation behavior and the different growing
delamination shape according to each location of defect around the circular hole in AVGFRP laminates.
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Table 1 Mechanical properties of Al5052

. Yielding strength | .
Alloy Tensl(llt:./I ;trength (0.2% offset) Th();kmn)ess
2) (MPa)
Al5052 283 228 0.5

Table 2 Mechanical properties of S-glass fiber (GFRP)

Tensile Tensile .

. Density
modulus | strain to ( g/cms)
(GPa) | failure (%)

S-glass 4600 L 86 53 2.55

Fiber {Ultimate tensile
type | strength (MPa)

4-¢105 |
S ©
i $0.5
L e - e 1 B8
i ~ 1
Z=—=——— Gla$s fiber
—=———— orientation
80
120
Cross-section of A-A’ Circular hole
¥ % cyclic
k . swewmmmm o |bending

d GFRP prepreg
h d=0.5 Al5052 alloy sheet
h=0.5
Detail of B (Artificial defect geometry)

Fig. 1 Geometries of AVGFRP specimen (unit : mm)
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Fig. 2 Relative location determination of artificial
defects in monolithic Al and AVGFRP laminate
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hole
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Fig. 3 Rclative location between circular notch and
artificial defects of four different angles taken
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relative location between circular hole
notch and artificial defects



e
A
ol

k
2

B

2

o

o

=)

Mo

=2

r [

ox
e
Hy
1o

BN

i
2

fo 2 ir 8

fit
b
£
&
ofo
olo
it
o
Q
H]
"
)
<
2
=
N
_124.
op
)
32
v

Olel
ug
o
i)
2
2
off
i
A
N

311 X ARoise SEUSAH L s
gdA dFuE dF¥x Nl
AdA Ao we $AAFTAFK)Y
ALst7] 8 d3dddol gl A4 2 Q
o] X7 9,~0°, 6:30°, 9:;=60°, O,~90°%
T-4 *rrﬂ&i-‘?—%‘o Asta, dF=xe <l
TSR K, AAHL ANSYS
A}%z‘s}&igﬂﬂ 4940%—3_-78, 160084 2 &g
1S A3l B4Rt LM e e

cold el ke A (nFg 2

ith)
ook
el
L r
fo
>
i

Sk ok o

K = T max (for tension or bending) ¢))
A7NA, OperS DT X
3@‘1011 Onome B354

TAFK)E TEE o,
03?%}%7& whE o oF Gt w}a}*ﬂ 5
FK) A =AAFEKY)E FA 1
E}. azy Kol B8 Ko 93 %61 |

2 1A &gtk Fig 5= QA
@A A &FuE3 AUGFRP AZA 9 K,
‘4’5}‘54_ RAolth, deA LFujEe o
e K Wss durd oga g
ol ZHBW e W K=1.730)¢t} <)
AA7T 0,004 wf K=3.230| 1, ©,=30°

3

=2

£m9_>,:
r

° 4

PR
f L

T o B oo o

Tomtood B R 2 0o oy om S

127
ol oy
Koo ox

3
f
2

&a 1°
%n:éi

I

0_53
= _‘_|_“

I U R = M
j‘da,,_drulmr[m
moo}ﬂl‘gm

o
K
’
i
2
e
o
]
(i)
ﬂgﬂ
lo,
do
(E
g
o
1
oX
o
e
g
O
i)
2
2
X

FHALK)S @A vXle 9% 347

b
3]

Artificial defect without defect
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Stress Concentration Factor (K)
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I B GE R .
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Location of Hole Defect (deg.)

0.0

Fig. 5 Stress concentration factor (K)) on the
relative location of defect in monolithic
aluminum vs. AVGFRP laminates
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Fig. 6 Crack initiation life (V) in the case of
monolithic Al alloy vs. AI/GFRP laminate
at the four different artificial defects
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Fig. 9 Relationship between crack length (a) and
number of cycles (N) due to the four
different artificial defect locations under
cyclic bending moment
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