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Fatigue Characteristics in CFRP Laminates with Impact Damage
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Abstract

This paper presents the fatigue behavior of composite materials with impact-induced damage. The
impact damage parameter is proposed to evaluate the effect of impact damage on fatigue life.
Subsequently, a new model is developed to predict the fatigue life of impacted composite materials.
Also, a stochastic model is proposed to describe the variation of fatigue life due to the material
nonhomogeneity. For these models, the fatigue tests were performed on the unimpacted and impacted
composite materials. The effect of impact damage on fatigue life can be characterized by the impact
damage parameter. Additionally, the results by the present fatigue life prediction model agree well with
experimental results regardless of applied impact energy. Also, the variation of fatigue life can be
described by the present stochastic model and is reduced with applied impact energy.

Lo

NN ol
or

B

ox

TAEY FRAze

Tai 59 o9 3
Rk g J']ETO
2 3

e
ol
o

Bl m]m L
}m fo
o omy o

- 2
[ oox o
oy 2 g

)

(o)
o of N 32

ox

-225-

e

H
i—’F

A A
g0] Btslol o
47 W,

e ARaE

s oox of

g

3 A Aol FA3

38 T4 7

n;epu 1=

BgAas 1 Wi wag
e
QR
ER% A5

Tt e FRsFoR

7148



206" was FHE ‘% Zte Bz ¥
29 Hrtg YdalMe 4 2 FAZ2856HAA
o5 AFE FA J—Ei?sﬂolf &o, ol& 93
A 32 2 A2AFHAA oo 542 Wi
43g + e ARFEASALY ERl0 %
st

Brouman SO¢ }FWEL W ARPE
} dsmoz Astacks 49y B2 2%
o ARBEY BreA 28 BRI A=
w7 A5AE AT,

Oy — O n) Mo
(oo )3+ 7 =1 0

047]}\-] n;, Nl% (7,'7]' Z‘}%%‘- 73—?‘9‘ -}%-H

2o Hzsgoln gt AR R,

8 FAE40) At BgAR YHAE 9
2azol A4S A%, FASHCE AR B
EASE 29 25539 A WA 2583 o
@ ZAEA}Y 57 9okn sHEE & glem

2 olE A % Zo] Edd

n
OO_GRz(OO_Ul)Ti
A71A g
E24 ot AARRAE o2
43 HgAgol st ra®Ha

(3)9l Caprion 22 oJsilA stk & U}

FAe4 8

Ok _ (Eu\"
== (3] ®)
AN E,T FZANUA E; o &5HA ghold
a= AEFoI
w9 2444 10 Bedsd 944% 9
Z3lFol LT HALY sF 2 dEzAL o
2 gol 59 4 4%
02 = Omax s, M2 = Nim;) (4)
2 % @E 4 )d dYsly N, E NE
irstaie 4 ()T 2L+ Ak

-226-

Oy — Op _ NL_sz
(oo—am)_ Ny ’ )
o714 N N, = B FEAEN e B
A FAEF0) e BFAF LHNZ
9 238F op 7t FEE A4 HEFH|T
A 5)E o FAEY BgAEd dANE
g g23at3Fo] FA4ste A9, FAEANA sy
28 J2549Le AHIFAEE F4E BA
Aoz HIFES ¢ F Aok uEhA] HRY B
Ade dzLgo v|e= 2AEN AFS 9
usle ol A& HetvlEl(impact damage
parameter) 2 Fd 4 Ut
[Dimh]THEz 000_*0: (6)
A 6NN (Dl s BIAAFHES H=2
st @b 03 1 Ao ks shRITh
22 nl24Hol HEEXM 5|4
FALY BYARY Hrede £ F7)
o} 92850 wa wasez® o)y FAqY
Ao FzeFY gz FdE £ Yok
zmﬂ f(Ez ’ O-max) (7)
a2 ol H24ewe EftAlEe E4FA
3 FAEAMe BFAgdom sl BL WHFA
< Yz o nzyd £ Yv FEWS
ZX)E 4§ 4 (93 Zo] EHdATh
tml) Z(X) f(E Gmax) (8)
71 Ax) v HZFH FAT AYuisa)
1w 7FA S, ol o] 10ln ¥ e U=
gk %ﬂ‘:‘”ﬂ—? A "}E}‘é F Ao
2 (8)9 Ydo] U5 FHau olg AHsd
o33 g2t
2= logZ= log Ny, — log f(E;, Oruax) 9

APAFE TP

Ao

ze H24ddl BAYE A
gomz 4 ()9 ot Bi#el 0%

PR -

ot



Q—py

%0 o

o|
A71A ot BEATEEY ¥
by AFHE R AgHE
dA g Hzage 4 (1) 2o

=1 of]

J

L

F4oltt.
2= A}
x

=y

rd

h=h

=

A
ad

¢, 07'[1- R(D)]

Nz'mp: 10 f(Ez Gmax) (11)

2 =

Carbon/Epoxy %
2] I 8| 71 A] E (prepreg
dolnwyos =2t
Atk ol AHgdE HFEFAFY 7AH EA
< ASTM D3039-93%9] o] w2 w9 %A]
PogRE FEPon I gL Table 13 T}

AlgHEe H4e FE w=20mm, Zo} L=250mm,
A B=2mmol™, A S (0490504101 T

sheet)&
x

= A
AT

T 2AH

2
o e ofy
S

4

N

5vd

ox

Jw o
aud

2

b

1o

it

1o
. ol ofj
N
=

NS
ox gy

| 2

oL

B ;; oy
ox
IR

ot (o
o e

to,
off

=i

2>
ooy
-y o

Table 1 Mechanical properties of laminae

Exc ((Pa)
116.04

Eyy (Gha)
7.69

Gy (GPa)
4.92

Vi
0.204
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©  Results for virgin material

[ ® Results for impacted material{2.6])

®  Results for impacted material(3 4])
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Fig. 1 Fatigue behavior of carbon/epoxy
laminates with impact energy
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Test results for 2.6J
Test results for 3.4J
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Fig. 2 Impact damage parameter

AR 3% A2eRel oA AR 9
B¢ %72 & des ¢ 4 Aok
Bg 2ALH BAvEE )SHR FAL
4 2eAEe 92592 3T + An =
A 6y A (5l didstn ol Helstd 334
&4 2gAzY A=5Ye 4 (129 go) Yt
4+ Qo
Nimp = Ny (1 = [Djp 1 i) (12)
Al 12y FE&4 Fevy [(Dimy st &
Bol gie BAls PAE R2sAe v

NE TFAEY Jdd. A97M (D, lmeT Fig
2004 olu FriEoervz N thE Hoig
7Hestthd o5& B3ty F£4&4 BdAs9
2538 E 458 ¢ U2 & + AU
[Dimp e HAZEHFT o0/t EFAS
FAE Zopd w Hulgtol ojz
AE 73 ok wEA &40 ¢l
Aol dARFAE F2Fy No T A2
A (120 HEHAE AFo=E o9 FLg
BAAZAE 7HAok gt welr B AFdae
drtEel SN BAY oY Basquin 4 FIE o
€ Hwang $'"9] d&4¢

ah
o A
e Az

T

o

o] Al

ERErEY
Nfzp(l _Gmax/ao)q
A714 pSt gv

HE4Y o2 RE
2 (6)% (13)%

%—73

A&

-228-

1200

©  Results for virgin material
Present model for virgin material
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Fig. 3 Fatigue behavior of unimpacted
laminates
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Table 2 Parameters of present fatigue life prediction model, Eq. (14)

Parameters 0 2.6] 34}
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