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Effect of Fiber Bridging on Growth Behavior of
Mode I Interlaminar Fatigue Cracks in High Strength GFRP

Go MATSUBARA**, Hideo ONO and Keisuke TANAKA

*KAWAJU TECHNO SERVICE CORP.,,
3-1 Kawasaki-cho, Akashi-shi, Hyogo, 673-0014 Japan

The model crack growth behavior from delamination was investigated with two kinds of
laminates, UD laminates (made of unidirectional laminates) and C laminates (made of unidire-
ctional laminates and cloth laminates), of high strength glass fiber reinforced plastics (GFRP).
Crack growth tests were carried out by double cantilever beam specimens under cyclic and
monotonic loadings. The fracture toughness at the onset of crack propagation, Cic, was not
influenced by the lot of laminates and nearly equal for UD laminates and C laminates. On the other
hand, the increase of the fracture toughness with crack extension, Gz, was very much dependent on
the lot, and the value for C maminates was much higher than that of UD laminates. Under cyclic
loading with a stress ratio of R=0.1, the fatigue crack propagation rate expressed in terms of a
power function of the maximum crack-tip value, Giupmax, of the energy release rate was nearly
identical in UD and C laminates. The increase of the bridging component of the energy release rate,
G briggemax/Gimax, With crack extension was dependent on the lot and the kind of laminates. Fractogra-
phic observation of UD laminates showed modell crack propagation on the surface of fibers, while
mode I crack propagation in resin. In C laminates, crack propagation path was on the interface of
cloth laminates and fiber bridging caused by fibers of cloth laminates.

Key Words: Mode I Crack, Fatigue, Delamination, GFRP, Energy Release Rate, Crack Propaga-
tion, Fiber Bridging, Composite Material
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Table 1 Mechanical properties of materials.

Specimen type Un;:::nc;(;nal Cloth laminate
T-glass (UD")
Glass fiber T-glass E-glass (C)
Epoxy resin #3651 #3651
Stacking sequence 0°,3//0°y5 ((:).,44//?1545)3 :/00 D
Constitution of laminate 0°:UD" | 0°:UD", 245°:C"
E, (GPa) 55.4 50.0
Elastic E, (GPa) 134 14.8
constants  G;,(GPa) 73 7.8
Vi 0.29 0.29
Mode I interlaminar fracture
toughness Gy, (Jll'nz ) 1747 3757

UD’: Unidirectional lamina C**: Cloth lamina
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Fig.1 Schematic of crack growth by fiber bridging.
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Fig2 Schematic of crack growth behavior
in load constant test.
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Fig3 Relation between fracture toughness and crack

extension for UD specimens.
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Fig4 Relation between fracture toughness and crack

extension for cloth specimens.
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Fig8 Relation between crack opening displacement
and crack extension for panel B in UD specimens.

" T gassepory (UD)
o | R=01 i+G, .
5] 3 '

5105 F : 4
E Panel A ; Aa=0
5 10° i
<
o
£ 107 F i
=
K=
=
£10° ¢ ;
g i A Panel B ;
9| B sp.2 decrea. 1
g 107k O sp.3 (1st) decrea. 3
o) ' » ®  sp.3(2nd) Pmax=15IN]|

F O sp.3 (3rd) Pmax=167N | |

0-10 il P
70 100 1000 2000

Maximum energy release rate , G, mm(J/mz)

Fig9 Relation between crack propagation rate and
maximum energy release rate for panel B in UD specimens.
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Fig11l Relation between crack propagation rate and crack
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(a)Mode Static.

(b)Mode Static.

(©Model R=0.1
da/dN=4.6 X 10°my/cycle.
Fig.15 SEM fractographs of fracture surface for UD laminate.

{(d) ModeII crack
propagation model.

(b) Mode Static.

() Model crack
propagation model

(d)Mode 11 R=0.1
da/dN=8.0 X 10"my/cycle.

‘Mode 11, Fatigue ,R=0.1

(©) Model1

Fig16 SEM fractographs of fracture surface for cloth laminate.
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Fig17 SEM fractographs of model fracture surface for coth lammate.
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