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A Study on the Influence of Fiber Orientation on the Mode | Interlaminar
Fracture Behavior of Carbon/Epoxy Composite materials

Taik-Soon Lee and Young-Geun Choi

Key Words: Plain Woven Carbon Composites(¥ = &l 4 2-3tx) 5), Fracture Behavior(z}3 A %),
Fracture Toughness(z}# gl4]), Interlaminar Fracture(Z7}s}3]), Fracture Mecha-
nism(z}# 7] ), Compliance Method(7 Zz}o] 1~ H), Area Method(=i & ¥l), Gener-
alized Locus Method(<] u}+)] = 1)

Abstract

Several tests of the Double Cantilever Beam(DCB) were carried out for influence of the fiber
orientation on the Mode | of the interlaminar fracture behavior in the Carbon/Epoxy composites.
The interlaminar fracture toughness of Mode | was estimated based on the energy release rate
of Mode [, G,. The fracture toughness at crack initiation, Gic, increases from type A to type E.
The fracture toughness, Gig, is almost constant macroscopically for type A and type E when crack
propagates. Gy for types B, C, D increases rapidly at the beginning of the crack growth then it
decreases gradually. The fracture surface observation by SEM was also obtained the same
results. Consequently the influence of the fiber orientation on the Mode [ Interlaminar fracture
behavior was made clear.
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Table 1 Stacking sequences and fiber volume contents of DCB specimens

SbecinTen type Stacking sequence Fiber volume contents(%)
Type A [012/0,] 57.3
7 Type B [30/—30/0s/—30/30//—30/30/0/30/ —30] 58.2
Type C [60/—60/0s/—~60/60//—60/60/05/60/ —60] 57.6
B Type D [90/0/90/05/90/0/90//90/0/90/04/90/0/90] 57.0
Type E [(0/90)e//(0/90)](Plain weave) 525
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Fig. 11 Schematic cross-sectional view of the fracture
behavior of type D specimen. The thick line
represents the crack path
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Table 2 Summary of Gy, mode | interlaminar fracture toughness at crack initiation(compliance

method)
N Specimen type Interlaminar angles (degree) Gic(J/m? Mean
Type A [0/0] 192.2
Type B {30/—30] 2025
Type C {60/ —60] 216.7
 Type D [0/90] 283.1
Type E l [(0/90)/(0/90)](Plain weave) 515.8
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Table 3 Summary of G, mode | interlaminar fracture toughness at crack initiation(area method)

Specimen type

Interlaminar angles (degree)

Gic(J/m? Mean

Type A [0/0] 201.49
Type B [30/-30] 215.09
Type C [60/—60] 227.82

Table 4 Summary of G, mode | interlaminar fracture toughness at crack initiation(locus method)

Specimen type

Interlaminar angles (degree)

Gc(J/m?) Mean

Type A [0/0] 196.73
Type B [30/—30] 208.66
Type C [60/—60] 221.98

Table 5 Summary of a polynomial expression for locus line

Specimen type Polynomial
Type A P=-889x10728°+26.62%x107'6*—2.63x106+11.96 10
Type B P=—2.15x10"28%+9.27x1071§°~1.486 X 105 +13.194 x 10
Type C P=—4.73x10In(8)+17.219x10
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Table 6 Constants A,, A, for five different type
Type Ao A
Type A[0/0] 3.778x107® 5.609 %10
Type B[30/-30] 2.234Xx107° 5.714X10
Type C{60/—60] 6.012x107® 5.832X 10
Type D{0/90] 2.573%1077 6.390%10
Type E[(0/90)/(0/90)] 1.269%1077 7.342X10
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Fig. 18 SEM photographs of fracture surfaces
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