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Abstract

In this paper to investigate mode | and mode I critical energy release rates, Gic and G,

three prepregs which are domestic products are used. Those are used for the unidirectional
composites, but only one is used for the cross - ply laminate composites which is molded [0/90],,
[0/45] ¢, and [0/45/90] ,,. The value of Gy is almost same when modified three calculating
methods are applied. The highest value of Gic at crack initiation is obtained at the [0/90] ¢,
interlaminar and the lowest one is at the [0/45/90] ,, interlaminar.
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Table 1. The kinds of used materials.

symbol i material
Mat. A 100NS CU
Mat. B 100NS MCU
Mat. C 100NS HCU
Note) CU : carbon fiber unidirection
H : middle
H : high
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Fig. 1 The geometries of specimens. (a) DCB spec-
imen (Mode [ ), (b) ENF specimen (Mode 1)
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Fig. 2 The typical load - displacement curve for
material C of unidirectional CFRP.
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Fig.3 G, asa fupction of crack length, a, for each
method, Y =2mm/min, W=20mm and a,=
50mm.
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Fig. 4 G| as a function of crack length, a, for dif-
ferent materials.
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Fig.5 G| as a function of crack length, a, for dif-
ferent materials, Y =2mm/min, W=20 mm
and a;,=50mm.
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Fig. 6 G as a function of different material, Y=
1mm/min, W=20mm and a,=25mm.
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Fig. 7 The load - displacement curve of [0/90] g.

0.5
:.\ 0 :eq.(2)
E 0.4 | & :eq. (4)
E O : eq. (5)
> 03
R 8
02f B e 8
| &
w 0.1F
s
0 A A b, 1
0 10 20 30

da (mm)

Fig. 8 G, as a function of crack length, a, for [0/90] g,
Y =2mm/min, W=20mm and a,=50mm.
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Fig. 9 G, as a function of crack length, a, for dif-
ferent fiber orientation, Y =2mm/min, W=
20mm and a,=50mm.
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Fig. 10 G ¢ as a function of crack length, a, for
different fiber orientation, Y =1mm/min,
W=20mm and a,=25mm.

A e R- A4S IAT B0 g Fgo] EA
d Ags Holzm Yt HFA o] [0/45] ¢
[0/45/90] %1 7 $-9] R~ F41-2 Fig.83 v wale]
v wA by 23] A S ehid

Fig. 9v 4 #%& & daA 33T A7A
CFRP2] R~ 242 4] (4)2 A3 Aaparg o}
Ebd Zolch 1 gk [0/90]7F 7+ wA veERd
& & ¢ Utk ASHRgFo] [0/45/90]<1 3+
o] R- 2 Aostue o] Bty 29
7ol AulH AL & & Ut

Fig. 102 Fig. 62] 2 - L&A CAHE A&

# Mz & H3UEE 7IAE CFRPY G 8
(D), (8), ADZE AAF3teq vdepd Zojth o &
L 9% CFRPY Gco B¢ $L3A w
E AYAALEZ Adt] 7] & vehz 3l
on, zt 2o JF FET A dFFE L+ U
o 28 n AREEE €A S 94 G &E
< 2= IAe] Ao} FA3A [0/90]7F 713
E3, [0/45/90], [0/45]9] o2 XA & ¢+
At olg} e AL AHFA] 45" Fehol & A}
317) | Eoletx AJZE 0, ofo & AT AT
7} £9¥ch 18 1 Fig. 69] Gyc9 vlmsld B
A [0/45]9] Gycol #&e dwEe] Gyt AL 2
) 3t9 [0/90] ¢} [0/45/90] 2] Gy &S QwEel
aARET t& A vdebd S ¢ F A gEky
45" ol 9] AU Gycoll HohE 9388 F4
%, 90° Eetol o] A2 Gyl A {AET
Aoz yztdrt.

Z =

A=t 47 e M FF/9 T Zyag Ae
stad AduteF CFRPE A &dlgion, 22 (3 &
= [ 4¥E 55 2 FHJHE 2 &8
2, B2 AE A HEEE A3 Alnd g
A% A n@gIA e, ol & a43d g
z2.

) gAANGA] B2 E G oo #S HEFGI
2%, 3 FAEeo|d2 W, 183 Ho[&d 9
8 AAsled vl HES A3 B A7 AL
S Aol o] F ghEo] Ao dxsH )

2) Gic @S A2 ZTejzg 19 C, B, AA9
o2 A Vel on, G @& AR 4
o8 Axeld viw HES A Ao dAdch

) AuAzEpe] A G &S [0/90],,
(0/45] 6, [0/45/90],9] €22 A YElRLH,
Gyce [0/90] 4, [0/45/90],, [0/45]49 €02
A vepstch

A A Z 0 D] dA AR HEES
HMudHE W, 22 19 ZS 4P A}
tha gten, R [ 9 A& [0/45]49 A
A S & Ut

=277 -



1Y)

2)

3)

4)

5)

6

7)

8)

9)

=

A A F-2 A4

Ang

e

Smiley, A.J. and R.B. Pipes (1987) : Rate Effects
on Mode I Interlaminar Fracture Toughness in
Composite Materials, J. Comp. Mat. 21, 670 -
687.

Hashemi, S., A.J. Kinloch and J.G. Williams
(1989) : Corrections Needed in Double — Can-
tilever Beam Tests for Assessing the Interlami-
nar Failure of Fiber - Composites, J. Mat. Sci.
Letters 8, 125 - 129.

Davies, P.,, W.J. Cantwell and H.H. Kausch
(1990) : Delamination from Thin Starter Films
in Carbon Fiber/PEEK Composites, J. Mat. Sci.
Lettters 9, 1349 — 1350.

Hashemi, S., A.J. Kinloch and J.G. Williams
(1990) : The Effects of Geometry, Rate and Tem-
perature on the Mode |, Mode [ and Mixed -
Mode [/1 Interlaminar Fracture of Carbon -
Fiber/Poly(ether — ether ketone) Composites, J.
Comp. Mat. 24, 918 — 956.

AR - T84 (1992) : Graphite/peek A7
g s | #AHU04 54 nd, §3E5HAE 33
2 & uED 227,23-29.

AAG - FAA01992) : L AT AL
ENF A @39] oix] w2 Y, 335848
2} 3] =] 5(1), 16 - 26.

Carlsson, L.A., J.W. Gillespie. Jr and R.B. Pipes
(1986) : On the Analysis and Design of the End
Notched Flexure(ENF) Specimen for Mode [
Testing, J. Comp. Mat. 20, 594 - 604.

A¥A, 984, 7499(1994) : CFRP B3 ) 5 9]
Mode | 23t S X A3 AT, B 5HA
838}3]x] 7(4), 66 - 73.

Aliyu, A.A. and L.M. Daniel (1985) : Rate Effects

10)

11)

12)

13)

14)

15)

16)

17)

18)

~-278 -

4

on Delaminaton Fracture Toughness of a Tough-
ened Graphite/Epoxy, ASTM STP 876, 336 — 348.
Katz, D. and S. Bron (1991) : Effect of Tempera-
ture and Superimposed Dynamic and Static
Stress on Mechanical Properties of Epoxy —
Bonded Joints, J. Mat. Sci. 26, 4733 - 4741.
AAE (1995) : 4¥ 2 @& CFRPe] o3 A
ol B3 AT, LAEAN LT et HA ee) =
.

Carlsson, L.A., C. - G. Aronsson and J. Backlund
(1989) : Notch Sensitivity of Thermoset and
Thermoplastic Laminates Loaded in Tension, J.
Mat. Sci. 24, 1670 — 1682.

Whitney, J.M., C.E. Browning and A. Mair
(1974) : Analysis of the Flexure Test for Lami-
nated Composite Materials, ASTM STP 546,
30 -45.

T - BEE - BAAH - FH L1991 @aA]
723 R A SR I E BF AT, U]
A2 =23 15(1), 49 - 60.

DR - EFRDK - REE (1993) : CFRP Al 3
ZH0e 324ERA BF AT, WA =R
17(2), 237 — 247.

A¥8A - d8A - AYY - 2 (1995) : CFRP
EgAse] 2= 1 33 #FAQEA A G |7,
TR EJAE G A AL

Davies, P. (1991) : Polymers & Composites Task
Group Round Robin Protocols for Mode | , Mode
I and Mixed Mode Testing, European Struc-
tural Integrity Society.

Davies, P., C. Moulin, H.H. Kausch and M.M.
Fisher (1990) : Measurement of G ¢ and G, in
Carbon/Epoxy Compsites, Comp. Sci. Tech. 39,
193 - 205.



