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Ultimate Strength of Composite Laminates with Free-Edge Delamination
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J[ Abstract !

Element Method(Z 3319 &

This paper presents experimental and analytical studies of ultimate strength of [30,/-30,/90]; carbon/epoxy laminates with
free-edge delamination under uniaxial tension, We performed tensile test for laminates with Telflon inserted on interfaces
to simulate initial free-edge delamination. The experiment reveals that extensional stiffness of the laminate decreases by
the initiation of the delamination, and that strength of the laminate without delamination is smaller than that of the laminates
with delamination. Generalized quasi-three dimentional finite element analysis, which employs energy release rate and maximum
stress criteria, predicts the ultimate strength of the laminates with sufficient accuracy.
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Table 1 Test results

Initial Delamination Onset | Ultimate
Specimen | Stiffness Stress Strain Strength
(GPa) (MPa) | (ustrain) | (MPa)
DI 388 223 5910 242
D2 353 152 4380 274
D3 34.8 210 6300 256
D4 34.1 -~ — 264
D5 33.7 205 6360 262
D6 29.8 - - 218

* No delamination growth
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Photo. 1 Interlaminar delamination in D1

!- 240 .[ 65
370

D1 |z D2
e o [T
Bt O oS! I POOPPRPMPRO N

00 D — poase
I e Y [
5 SO LG FOOIP
D3 D4
D5 D6

Fig. 1 Test specimen
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Table 2 Replacement of stiffness components

Failure Mode Stiffness Components
F Fi Ou=01=01i3=0n=051=0s5=0ss=0
Fy By, F Ou=0n=0n=0n=0n=0u=0ss=0
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Table 3 Material constants in the analysis

Elastic Constants Failure Strength(MPa)

E 941 GPa F. 1230
E, 569 GPa Fi. -1010
E 569 GPa Fx 680
Gy 2.19 GPa F 2410
Gy 2.11 GPa Fy 680
G 2.11 GPa Fe 2410

vz 030 F; 621

v 0.01995 : Fy o 621

vz 033 Fo 621

Table 4 Computed results

Initial Delamination Onset | Ultimate

Specimen | Stiffness |  Stress Strain | Strength

(GP2) | (MPa) | (ustrain) | (MPa)

DI 36.3 - - 479"
D2 323 102 3170 269
D3 2.1 116 3600 275
D4 32.1 185 5760 286
D5 313 153 4870 268
D6 275 161 5830 161

* No delamination growth
** Qtrength analysis via the maximum stress criterion
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Fig. 3 Stress-strain curve for D2
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Fig. 4 Stress-strain curve for D1
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