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Effect of non-woven tissues on interlaminar fracture toughness
of composite laminate

Young-Bae Kim*,Seong-Kyun Cheong**, Jin-shik Kang* and Tae-Hyung Kim'

ABSTRACT

The Interlaminar fracture behavior of hybrid composite with non-woven carbon tissue was investigated
under Mode I (DCB) and Mode II (ENF) loading condition. Hybrid composites were manufactured by means
of inserting a non-woven tissue between prepreg layers. Two kinds of specimens were prepared from [0],4 and
[012/012). Where, the symbol “ / ” means that a non-woven carbon tissue was located at 0/0 mid-plane of the
specimen. The interlaminar fracture toughness of hybrid composites was compared with that of CFRP. The
fracture surfaces of the specimens were observed using optical microscope and SEM, and the failure
mechanism was discussed. The hybrid laminates, which are made by inserting non-woven carbon tissue
between layers, were shown to be effective to remarkably improve Mode II fracture toughness.

KEY WORDS : CFRP, Mode I, Mode I, Fracture toughness, Hybrid composite, Non-woven tissue
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Table 1 Mechanical properties

Mechanical Properties USN125 NOE-S:T!C“
Longitudinal Young’s Modulus  E, (GPa) | 128.0
Transverse Young’s Modulus  E, (GPa) 85 140
Longitudinal Tensile Strength o, (MPa) | 2200.0
Transverse Tensile Strength &, (MPa) 75.0 2200
Fiber Volume Fraction V. (%) 58.0 8.0
Poisson’s Ratio v, 0.32 041
QANPE HF3ENE 0], Yo, #AEE

Adg AFHe] AFEAE [0,/0,] Rk o 7]

3t FAEY AYAAE vt (Figl) 99
AL Fx3l7] 98 HZE FE(Teflon, F7:
254 mys Adsigh. olgA AHZE HFwL
A AL A e AHPAEE LEZH B
A BFEAT.

Prepreg

Non-woven
tissue
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Fig. 1 Configuration of the laminates; (a) Normal
laminate (b) Hybrid laminate

Mode 1

Mode I 8] ¢ Aol v A) 8} v}-& (critical energy release
rate, G,)& 73371 918 DCB(Double Cantilever
Beam) AW & AHE3IGTh ASTM 4 & ¥ Za
3t Mode I AR L AZsgict AQHL] Zo]
(L) 160mm ©]3, Eb)2 25mm, FYE 92
g ol 63mm ojt} Fig. 2o AWHA AdH
9 F4S JerdLh

IAZ2FE AdgdozH BAstE B (resin)
o BRG] Gge 937 93] Moed I NEH
3} Mode I A1EH B5 QA e EdozRE
2mm Bojd XL F 35 (clamping)3l3 Mode 1 ¢
33& 7hsty 271238 HERT.

Imm/min £ X2 43 WAl Ao
2ol AAEH S AE7](Instrondd67) HFof
SHA A YAE FAMEA, 35S AAF)
Pk olel Ze g phEste] A Fo] FAs}
71 1A 57 WY E 71533

Rrecrack

Loading, R
block [

i

L

Fig. 2 The configuration of a double cantilever beam
specimen
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Fig. 3 Measurement of crack length after DCB test.
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Fig. 4 Results of mode I fracture toughness for
normal and hybrid specimen

Figd = Mode 1 28238 vt} B3 ¥

2 AYsA gL AdE"Hd BE G, ¥
233 J/m* AR, FAXE 49T AgHY ¥
T G, %S 211 J/m 29I TERS ZAE
EZHUAE uigdct BATE W ANPHo] ¥
) e x@AW| vF G, 7ol F 10%BE Wil
AR RAFEE Y2 Aol vt ER
Boh 2 AAE(Scater)® YERA D ok AL
ARATE FAD Y INFE AT 39

J()f'

i)

ZZo wAlolzte A AF 7t a(Fiber bridging)
o} 24 H(Fiber breakage)?l FRE ] @Al 7]
Ast7] WRoletn Azslojzich olHE A&
272 RAxFY GAF FRES S/RUHE
A7} T (Fiber bridging)¥ 23 (Fiber breakage)
9 EHE L= AP AE wdF
9&‘4\—‘:’ 7}“‘“ < ANE 4 Uk

2 Fig. 3 o] 2ol B]Avlz(Beach mark)
< —‘?—%% FAY AuZGEME o83t F

MODE/\-]

Crack
propagation

Fig. 5 Fracture graph of normal specimen

EE AQstA ¥& APHe gdEg §F
Aol Agwe) Hgus vms B o,
g AYstA ¥ AddFEg 59 AL F
Fdol ARHE pRO2, AFde #HI
(resin)o] HFAstAA Aoz AAIHYI} SE
BREBHE 59 A9 ARez Fdo Jd
st BdAg s Jehidh 27 e
AgHEe BAZS9 a4 fg FdH Al
AH B3 49 ghFez B3 FAGY

S yein. &8, o#d FA% P 2HFE
O] A} 67} 3 (fiber bridging), /3 fr 3 (fiber breakage)
58 dott Fig 6

o =2

By
ro M -z
[ )

M 4z J

1.8.88m !
et suu,,,.mx(y/"'" K28@ 23nns

Fig. 6 Fracture graph of specimen with a tissue

~112—



Mode I1
Fig. 7 & RAXE A9 A¥AY ps FH2
2z a‘v'"o] %lZd‘}ﬂ AR vy AFE BAT
AAEFTH ARAE FAo] AFqA v]dYPe

2 e e A8y

aagole o A%s 37 A A
2 ¥ Mode 1 A1QH 2L Wyoz sl
RABST

)

o]

1400

\

1200 | Z

800 |-

600

Load, P (N)

400

200 |-

0 1 1 1 1 L

Displacement, § {mm}

Fig. 7 P-8 curve of hybrid specimen
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Fig. 8 Results of mode II fracture toughness for
normal and hybrid specimen
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(a) Crack propagation of hybrid specimen by optical
microscope under ENF test.
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(b) Fracture mechanism of hybrid specimen under ENF
test.

Fig. 9 Configuration drawing of crack path in hybrid
specimen for ENF test.
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