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Abstract: Recently, carbon fiber reinforced plastic (CFRP) have been used in various fields because of its high
specific modulus, and chemical properties. Most products in which CFRP composites are used are
manufactured by joining the product components by bolts or pins. Holes for bolts and pins decrease the
strength of the components because these holes act as notches in the structures. In this study, the fracture
strength of CFRP plain-weave composite plates containing holes is experimentally investigated to examine the
effects of hole-size and specimen width on notched tensile strength. The results show that the characteristic
length considered in the point stress criterion depends on the hole size and specimen width. There exists a
certain relation between notched tensile strength and characteristic length. Fracture criterion is redefined on
basis of this relation.

Sl - a o BEEY 2 S4ol

oy i YE WY

R 29wy LM =

= A . w

o A QA PrEe Fe, AARAL g

o TRBRAN =AFE Aoz wer Aol A4 o gHdlE dhl,

o, ARBE RE] 27, A ofel g, E A4 Bely

d, ;A Al 5o 59 olf og Ao HYE PAES x2S
of AA FEES AL Bk oy =gw

§ ° =22 derIAIEHE] 2009 % FA ) 3] TAEs 5E &

(2009. 11. 4.-6., €HXE) 4 F=FY

ol
* Corresponding Author. seok@skku.edu Ao
H




L FAR AR

(

K

oy L&

- i
i e
olo
e
ol

o
ox.
Fo)
5

e
o

—

1o rx

IN an to b oft

N

e

O

= 5/J4o](characteristic length)
o el H3I St 28w sheol
E9(point stress criterion) 24, =271
S84 o7t Amidaels 7HdstelA
sk Blo|th. 121} CFRP H+= Glass
Fiber Reinforced Plastic(GFRP)G 2] 233&
AFAe] ofstd Sd-ol= Ame F
A5, AFR J ol ol 0363:
AT+ Karlak”3} Pipes
S 12J3ke] Whitney™
ffa A =2 J]'—’C(’k R

OP

n Mo

Tl Ba1w ol
7ot Az ¥

THo 2z

N

gatict. @

2 % N2
e S o 1o A rf

)

e
g

Ir-

2

o "
A

do ot o
2

ol
e Lo
ol ok

=2

2. Whitney2} Nuismer™ol| 2|
M S| uti|shA

l, 7 doel

l:l:l

Lo

Ndez 288 & dvka F4aich.
22 M2y niao|=
Whitney 2} Nuismer?V= Bol&n Xulo] 4%

%EE]! Uy*% T"i‘v]«oﬂ 7]1511’—‘%—

stress  criterion) % - ¥ £ (average  stress

criterion)®] &R S Attt = B

7 ]

=
Agto 7 RE A3

oo X

o,
4»
N
olo
L)
b
rir
u
-
=~
3
S
i
2
o,
Ml
e =R P 7
o

o 22

rlo

i
e
o
r£

HolMe] Ao, Ky
2] 4] (4)91r 71—];]_(12)

rir
-
ot
[us)
{0
olo rle
JE
11&
é
E

1/2
2 Ay Ay — A122
( A11A22 - A22 + 24 (4)
66

oA7]oA, A= AHal oA ZHd 'lA (orthotropic
stiffness tensor)2A4 HA} 132 st F-aldake
B3 2 AR e ekl Aeld 4 ) ey
B wAgue] Asks 430 R ApD 547
o] 4,9 UL & 4= vk Whitneyo} Nuismer™
= 5470l BagRe Ald] Faa AR
Asdrz 7Pgstel Aoy d4ilinS 7
glass/epoxy % graphite/epoxy A HS| =A|FEE F
TYatsle,

S Kardak ™ S 70lsh 3w Abolo
ofgfo] BAE 7}43sle] Whitney T*Vo mEl S
+4 st



e
I
il
b

o REE 4 (9B 4 @l AgFozn =
A =AYEE A5F £ 9AW, Fol =
54

2]
17} Whitney?} Nuismer®¢] 7-¢-
o)1

i)
o

=
| = €2 52345 Holx Ferh
3k pipes 5V& 4,9 RAFOlOl 2] (6)¢] A

FEIE Agstel £4E AedxDL A
[e;

dy=C 'R" (6)

o714 CE =AZAEASF, me EAZAo] W3}
o] 71€7](0<m<1)ZE }ebHT}

2 33 4 (6)9] 2 Pipes 5] mleze
olg] 7k 53 AFAe] w=A4E] oZe 2l
M F2 Aake Hola k. ey o] HElelA
CHe AseA 2 AFHe] F4 Fol wet wst
slog Fold A5 {3 =AFEE Jeh)
2 Fa, mE YFe] A7t Ze ASoA &
(e s vehdlE BAEES A 9

oldl wet Kim 50 A@He F4E e

T 2R ok Wel g 5440 4,9 AN S
obel A (1) ol s

dy=k 'R/ W)™ (7

714 k= 2RE Well tigh w9 A
i me 544ole] ¥WstE YEld= Algrolth
st Kim 5 Wrb B852 k= 44581 m
& A9 FAE Aoz AHosglon, #4449 &

Aol A w4 32 okeel 4 (8)%

UNZ 2 )
o, 24043t — (K —3)5n° — )

1
77:

14+ QWLR"I, -1 W~ 771,k* 1

gy o] A, TUe AR sdE=E Al
Hel Fo wegt wAGEE 3=
TASHA Eo] ¥kl A go] ol Zlo] A}

Aot

#% B2 CERP BFARY H37E AT 483

HE (5) SK chemicalolA]
AlBEE AETE SRR Ze]Zgmel WSN3K
(Iply 71 027mm)E ©]-&at] FHFF77F 3.52mm
(16 plies)’} == Azt 21592 Autoclave
oA 140°C, 60kg/em’2] &%=} h=lollA 6023 A
&, A=Ak Az AlgHEe] 7F R e
Table 13} Zom Fom 7[AZQl 542 Table 2
o Zth AJPHL ASTM D3039-02'9= xa}o]
NC #ilo =z Aoyrhgste] Aztsiolct s Alg
Aol ANFHEFL 0°90°0]H], APH £ woll= 1H
o=gRyY wnuyPI E4E WAS]  9ls
ASTM'S z3}o] AMEL(Bmery clothyE -2}
AREBIITE Al Sk YFeA T

2D 40mm=E 7}k

32
5

Table 1 Physical properties of WSN3K

Wet Resin Content
Resin Areal Weight
Fiber Areal Weight
Total Areal Weight

3242 (Wt. %)
14845 g/m2
19748 g/m’
353410 g/m’

-y Fabric orientation
L] - -

e y(Warp)
(Load Direction)
0 lee

N
\ \ a’(Notch)

\
N A

4}—>/// e (Weft)

P

Fig. 1 Texture and load orientation of plain weave
CFRP laminate composite
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Fig. 2 Configuration of test specimens
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Table 2 Mechanical properties of WSN3K Table 3 Test results
Ew(GPa) | E,(GPa) Usy Giy(GPa) W | 2R 2R/W| oy on | ovlo,
35 55 013 475 1 [ 01 | 633.80 [ 640.60 | 0.7429
1 0.1 650.84 | 657.82 0.7628
2 0.2 515.53 539.40 | 0.6255
2 0.2 508.53 531.72 | 0.6166
10 4 0.4 357.84 | 435.53 0.5051
4 0.4 372.36 | 453.20 | 0.5255
6 0.6 23520 | 381.76 | 0.4427
6 0.6 248.60 | 403.50 | 0.4679
8 0.8 117.20 340.43 0.3948
8 0.8 92.11 267.57 | 0.3103
2 0.08 561.92 | 565.72 0.7226
2 0.08 535.79 | 539.41 0.6890
2 0.08 547.98 551.69 0.7047
. . 4 0.16 431.28 | 443.68 0.5667
Fig. 3 Installed specimen for test 2 016 | 428124 | 22045 | 05626
4 0.16 445,56 | 458.37 | 0.5855
3.2 AlddgkH 6 0.24 374.49 400.24 0.5112
o o o 25 6 0.24 401.32 | 42890 | 0.5479
. ;‘Ei]gj?—%ﬂnsﬁon)/‘;} 22(;“%%14_ idz J 6 | 024 | 29156 | 418.48 | 0.5345
A7l(model 8802)5 AH&-3to] 33}l 8 | 032 | 365.78 | 41333 | 0.5280
o AFEEE 3mm/minl 2 Aol A F35} 8 | 032 | 33478 | 37829 | 0.4832
Ak Fig 38 A FHL 1o FRE o) 8 | 032 340.70 | 38498 | 0.4918
10 | 04 295.07 | 359.13 0.4587
10 | 04 290.89 | 354.04 | 0.4522
4. AMldzdar 3 nE 10 | 04 | 28113 | 342.17 | 04371
8 0.2 362.74 | 379.53 0.4401
4.1 x| EIt 8 | 02 | 35620 | 372.70 | 0.4321
Table 3= AW Z w 2 9z A IR 16 | 04 | 26859 | 326.90 | 03791
o] Wzl wE AIdAHRZ Ags Ao}l o 40 16 | 04 278.08 | 338.46 | 0.3925
27 |1 0.675| 15541 297.58 0.3451
FoAM oy FEF =AAL] HFAAE oy 27 | 0.675 | 144.18 | 276.06 | 03201
matgke] ojste] BhAler glow. Gatw w7 32 [ 08 | 10055 [ 292.07 | 03387
v /\]"Q‘Y:Sl‘q":ﬂ YUNS”]' ZE]_O] 783 4 9)\% 32 0.8 113.09 328.49 0.3809
g, o]y $IW BAASFYRE TS 7o o \% : specimen width(mm), 2R:201e diameter(mm)
s _ 1906 1162103 Oy : nofched.strength(MI.’a), oy : Yo, (MPa)
T ENE 18T Tano] A& ARG Y : finite width correction factor, Eq.(9)
. . o, : Unnotched strength(MPa)
Y= [%+%{%ﬂ/} (Kfj?f?,){lf(%jla ] 9 oy/o, : Notched strength reduction ratio
700
o 7] A, o W=10mm
600 | e W=25mm
\/1—8{ 3(1—2R/W) _1}_1 s = W=40mm
) 2+(1—2R/W) = s
M= : =
2(2R/ W)? 2l
Fig. 4= A@He] Fo] 10, 259} 40mmS! 45, = g k=085, m=0.35
o Aol W@ wAE zh= AFHR AGFE] A
WakE e Zold. Agasel AaAsEs o
g3t A (®) (9l Yt FAME F53%ler, 2 o O\=1.67, m=0.35 " k=0.89, m=03
o] W, m#k 0352 W37t 1AL, kgkS Kim 5 sl B g T

-7 — — 0 5 10 15 20 25 30 a5 40
7} o] AlgHe] Fo] HoldgE HAH AA= 4 Hole diameter(2R), mm

& UERAAT Fig. 4 Reduction of notched strength
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Fig. 6 Variation of notched strength according to
characteristic length
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