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Abstract: Owing to the high specific strength and stiffness of composite materials, they are extensively used in
mechanical systems and in vehicle industries. However, most mechanical structures experience repeated load
and fatigue. Therefore, it is important to perform fatigue analysis of fiber-reinforced composites. The properties
of composite laminates vary depending upon the stacking sequence and stacking direction. Fatigue damage of
composite laminates occurs according to the following sequence: matrix cracking, delamination, and fiber
breakage. In this study, fatigue tests were performed for damage analysis. Fatigue damages, which have to be
considered in fatigue analysis, are determined by using the stiffness values calculated from hysteresis loops,
and the obtained fatigue damage curve is examined using Mao's equation and Abdelal's equation.

-71EMY - 1. M2

D &2 gadadst SRAEs SR sk

E; %7] A F2 A AR o sEk VA4 A

Eowmos ol oa 24 S YERa Qon, odd olfw Az A
o arRe Be8 ARs AEAE An 5

Ef kAl A o7 7 Abgo] FAI Z=7lEe] FEAZ A
- ) \ S §) = =

q, m;, my : Mao 29| AF sha gl Ao D

@, f : Abdelal 2] A5 T gREe] VAR E BEeEl

n : 2Hgskgol gk ok 2 vhEo E k- h=l

§ o] =2 dHAVIASE 2009d%= FASEH I T
(2009. 11. 4.-6., EHTXE) 4R =T gEEe Aur} ulEEEs wmow )
* Corresponding Author, seok@skku.edu =




758 g - HAE

sk ole@ wast Ane A & ]
A, 8% WHEsop ZAG] wep #RA o)
WAHQ WAl wsle] e %

SR FAHY, &l F
7OL Z

Damage

>,

el Astel 22 AAA
S 7)1 At} Reifsnider 502 213
=

oy B R

o I o o off

lo & &
off &L & kI o 2

ot ok
32
i
o,

iz oF

5 S

jur)

O G

2 X

T [o

©

2 ol

N

ox oo

2
r
e
ol
. rlr
SN
23
£ 5
RN
R
N
> M
r_}l_‘ {1144
s )
4=
ik

z 1T

M
o
gh
)
o
i)
o,
&
fru

£
o 2

A
E3h, Paepegem 5°'F} Vallons 5 ©& Fig. 29}
4=

Aol e ohdsh ol 3 AR P

1—MATRIX . -
CRACKING 3—DELAMINATION 5—FRACTURE

0’ 0’
}7 ‘
2—CRACK COUPLING 4—FIBER BREAKING

INTERFACIAL DEBONDING
Percent of life 100

Fig. 1 Fatigue damage evolution in composite

o

Stiffness, E/E

|

laminates®’

| region | region Il region Ili~

Damage, D

Stiffness
—-u—-Damage

1 Il 1 1

Cycle ratio, n/Nf

Fig. 2 Three region of fatigue damage curve

FA - A A

as

=

o
N

1A Hgo] HA s, 574
E49 S/ HEdTh
Region 11 : 7342 ast &49 T71 FA7F
O gkl F9 3p&2 whg|e} Zo] ko]
ot
Region I : wA% A4 7ae &4 S71H7t

Region 1 : &
@ Aol st

hA

HAst, Al kel gk o mhEo] A
&S doith
ol I Rof o3t EAFS o] &slo] HHE o
gk &) Wskel E4ES Fd Alme F
2 e d58ta, e Axe E FHE
AeetA Hrtstr] s Sl tig =&
A Aol dasit) o]lF o] &ste] FHI
s &S Gristowa vz £y 58 o=
g ot mEkA B = S 93-S ol &
sto] A zxd gadFAds SFAs g 9=
4 FASAAE s E] st HEAES A
AletRom, AldorRY g5e &gl dis|
/] Maod] R 93 Abdelale] RES A -83le] 3
2&Y FHAFAES g55%om, 72t 2do o
st Aag 74 9 ovluekglt
2. = B

21 M2 2 AIYH

WA AFEE AIFHES Fig. 3% #Zo] gk
FHE(F) oA ABabshe B2 e ZEz
(Plain Woven Carbon Prepreg)?l WSN-3K(-+7] 0.22
mm)E 16 ply(3.5 mm)Z 2 53te] AE-AztE Ao
™, ASTM D30397¢] F3ko] Fig. 49} 22 4o

ﬁ

Fabric onentation

Weft

Fabric orentation
Warp

»i

Fig. 3 Scheme of a plain woven prepreg



o
fu

b
oy
td
ﬂl“-‘ﬁ
tlo

Tab | @

% -
S

! 240

Fig. 4 Configuration of a test specimen

=T
s}7] HO}"q
o|lHE o]

2 mm2] GFRP
24 100 C

1645

0}01 , A

R

& EAEY 7AH 24
2A19 9] g% A7|E A7) HO}
1S 2 A|3FSIEE. ShimadzuAle] 25 ton
TS A7 E o] &sto] AdolA WA
2 02 mm/min®] FEZ AGAIHS A

extensometers F-2}slo] AP ES
[e)

Fig. Sﬂa gk A 7bA] LA e g
2 ZUMe o, 338 A3 Aito
IR om, A= oF 782 MPac]

O -

38 ¥
o]

rz _I[N'

2
ok
o

o =
2 o

rir

3@ > Koo > 2

T Moo

23 T 2AIE

I RA DS

el Al
Al

= O]'T

3 sl HYA S FEE DY
&5 2 Hz=2 $9H7F 019 ¢
As AAsglon, wf Alo]E T
el HolHE Al Tk oz A
37 A ] &8 wEe i Algs AAIES
Algl AH]= InstronAte] 8802 942

71 AT,

—_—

oZi

o,

o oo o Lo

> ¥

L=
Ll

]

2ggae 9z &4 3} 759

| Direction of fiber(0)

Engineering stress, MPa

(o]
00 01 02 023 04 05 06 07 0B 09

1.0
Engineering strain

Fig. 5 Configuration of a test specimen

w A8 71A Alole] AR BT FHA
SJHANE Mz ABe e Wik

HHE 5k sloll A= A
»“Jréﬂ ele] HAr} %
ol "uA x

il
=

)

£ N g

m& il

ftl
=
e
3
n&
%
ol
ol
=
2
e
o)
i
=

N M ot X

f



760 g - HAE

o]

A3E EAES AAEe w9 d58e 9
ZEYA| A~ FEE o] &ste] FSAst uf Abo]
2ol digk AAE Akt Zb AfolZe A &
AES 7R ¢ dnh o] AR =2 &4
M-S AAIE = Qo

3.2 Mao 2&

T Q= F2yA &AF Mo dgsitl Bl
=9 44 d3E HARED 918 Mao and
Mahadevan®2 3] 2

Ny

Age B3 Ha AsHo

2 Zg3kFol gk vHESrolal, N 28550l
gk J 2ubck =olr}, ek 27| wE 7]
A 9wl 3 WA g9l m<1.0 S2HE 5
S AS 7 da, g A Afe 32~
A EAe] Hge e T HA Rl mp>1.02
2 Yyed 4= o

3.3 Abdelal 22

Abdelal 59& tensor ol 9|7} ot
scalar ol o|af|A d]2EAS =
A F e wiwte] Wadsl WEol §8a)
v owastw gow, 88 ARTE S4FL 4
. 717, AW &3 7 BAA e
& & gk sl

wEbA] Sh5e] REESE noll digk HAE &4

B

—
S e 998te] Amold and Kruch'”7F A
Qhel ~Zke} RElS ARESISlaL IE &4l o)
sk ~zhe} g2 ool A 3)S o] &3t AE
T At

iy
2
)

o2 U 9 .
~ Fig. 8ol 1 AnE 1z 2 Yepgiglon, A

HIS

o] 85}

NN m wish gol J14 &gt AR £l

o T H1 S g o & (E
>,
__>|‘l_'.‘
>
o
),
ol

Wah Wz el xo)sh Wl me
27k %S Yeha gon, $7 pEe

= <}
AS Btk g7 &4 HolHES Mao 5¢

Alekst 217} Abdelal 50] A9t AL o] 83}
gssiglon, o A

Z}Z} Table 13} Table 29 A 2]s}% L, Table 13}
Table 29| AlFES o]&ale] gt =&} 4=
1S Fig. 6 ~ Fig. 89 o] e AT

fr 2 o &
B
NP

AsHen ASES

Table 1 The coefficients of Mao's equation

q m; m;
87% 0.362 0.247 1.353
86% 0.422 0.283 2.427
80% 0.429 0.139 1.889

Table 2 The coefficients of Abdelal's equation

a B
87% 0.33897 -0.78867
86% 0.95914 -1.04277
80% 1.41012 -3.82423
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