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A study on the fracture toughness of dynamic interlaminar
for CFRP composite laminates
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ABSTRACT

In this paper, an investigation was performed on the dynamic interlaminar fracture toughness
of CFRP(carbon fiber reinforcement plastics) composite laminates. Composite laminates used in
this experimentation are CF/EPOXY and CF/PEEK laminated plates.

In the experiments, Split Hopkinson’'s Bar(SHPE) test was applied to dynamic and notched
flexure test. The mode I fracture toughness of each unidirectional CFRP was estimated by the
analyzed deflection of the specimen and J-integral with the measured impulsive load and
reactions at the supported points.

As an experimental result, the vibration amplitude of CF/PEEK laminates appear more than
that of CF/EPOXY laminates for the ]—integral and displacement velocity at a measuring point.
Also, it is thought that the dynamic fracture toughness of two kind specimens(CFRP/EPOXY
and CF/PEEK) with the in crease of displacement velocity becomes a little greater at a
measuring point within the range of measurement.
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Fig. 1 ENF specimen

4 2

0 [4]2 + 2pwH ol

ox

@ 0<x<a: ¢=1/4
a<x<L : a=1
L=<x<2L: a=1

olnl o, L E ¥ t& U=, TUARUE, F&

2 Azbe ez 7e 71EE Fig 13 2t
AA P2 (0<x<a)ell dis (D& FAL

satd ogn 2o @ FARE FHeE o

ERd)

aET

a UZI a UZI == ] treccresccanasscsssancnn
FYE + A Py =0 (2)
7|4 0<x<a: f=4
=~;§7, 7=yt (CbzgpLHT) o]t}
T, =004 A¥Be WA geow

271244 )& 1 HQ2)& zHs
wEstd g3 2o

4
%E—%L_*_Llsz 'Uzlzo ........................ )

olth. A Awraje G 2

Journal of KIS Vol. 13, No. 4, December '98



Uy= IZ Ajexp(y; &) oo 5)

A7\ F=— g0z A y=y2a, y2=—
Pa, y=iv2a, y'=-iJ2e¢ T, A "AAF
o]},

teo FRAa<x<L), FRIL=<x=<Z2)E ¥
AT ol s Yurehe PR eI ok

Up= ,ZAJ‘EXD(%‘E) ..................... (6)

U= éAjexp (7 & )eoreremsemsonsnsineene, )

A7IM yse=a, ye=-a, yin=ia, ysp=-ia
olch dwrefe) mAASFE HAZAM o8& E
Asle] 2HEA HPFdolAM e HMHE FI
t}. ENFA#HAL AAZALS &3 2o}

A
x=0{ _%EI aax_[z_]ﬂ B (8)
~pm S
~Eziz§;]—zl=o
=2L O 9)
) —EI 3;‘&3 = -R,

A7l R, RE x=0 2 2LdA AAuge
Laplace®3 €82 Jehaith £3 e (x=0)
3 s FPx=LAM e FAZAL g7 2t

_Uz1= —Uﬂ
ax 23x_ ) —
x=a __1_ d Uzl _ d UzQ
1 ET 337& T g’ﬁ
100Uy 07 Uy
4 ET ox® I ax
................................................................ 10
_£= Us _
d Uy 3 Uy
I ox ) ax )
x= g 9Un L 37Ug
ET 6x23 =—FrI chz
1 ., 90U, Uy -
4 Er P + ET P
.................................................................. an

Bt R B K| H13¥ M4F ‘98 128

Aol & 243 FASF po), AAENH
RAD, R{)E X Laplace® &3 Fo 2(8)~
(10)2) AAZRPE FHLsod 4G~ wA
AT A5 AAE 774,239 Laplace®#&
g A AA U. Fatx WA U.E +X
Laplace 9833t A4 99 A3 UwE A
2% 4 gith o) AL Moz FZetx
gualy] 2@steg nLHzEd WEEFRD
& ol £ 7 o] o3 Pt

22 npnflyx|of H Lt

ENFAI @88 H08AE A7) 9130 Fig.
20 ER B NTE SHN AL To] HE
Aol ojs) melth ENFAEAS ARG

zHo2 Qs JHEe te goldnk
. x. |
i Xi
— r, |
-~ !z'
= ]
ot 1y x T, =
T ~
=! | L, A4
4 ] I
e I
& ‘
d

Fig. 2 Counter of ENF specimen
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Fig. 3 Schematic of dynamic ENF test equipment
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Table 1 Specification of strike impact and output bar

Strike Bar | Input Bar | Outout Bar

Length 750 1500 1500
Size #10 #10 3x10
Young’s Modulus 207GPa
Density 786 %10 ke/m®
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Table 2 Specification of ENF specimens

T300/#2500 | APC-2/AS4

Length(2Lo} 70 70
Support span(ZL) 60 60
Thickness{2H) 27 2.74
Delamination Length(a} 15 15
width(w) 10 10
Young's Modulus E{GPa]) 113 137

Density o lkeg/m’} 160 %10° 1.60% 10"
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Fig. 4 Impact load history in static ENF test
(T300/4#2500, & =5%109)

1200
1000

T

800 |
600
400}
200+

P(t) [N]

Fa L s A A

0 10 20 30 40 50 60
Time [ms]

Fig. 5 Input load history in static ENF test
(APC-2/ASA, & =5%107)
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.6 Input load history in dynamic ENF test
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.7 Support reaction history in dynamic ENF test
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Fig.9 J-integral history in dynamic ENF test
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Fig. 10 Deflection velocity history at the center of ENF
test
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Fig. 11 Input load history in dynamic ENF test
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Fig. 12 ] ~Integral history in dynamic ENF test
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Fig. 13 Deflection velocity history at the center of ENF
test (APC-2/AS4, Pa=0.4 Mpa)
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