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Abstract : This study concentrates on the mechanical behavior and the matrix cracking
development in the early fatigue and fatigue-creep life in cross-ply graphite/ epoxy la-
minates T300/5208, (0°/90°),. The replication technique was used to observe the trans-
versal crack density variation for several loading levels. The life time was measured only
for the high load level. At this level, the creep has no effect on the number of cycles to
failure. The longitudinal behavior was slightly influeneced by the creep interruption. This
fact can be attributed to the fibre dominated longitudinal behavior in this system. And
the transversal crack density in fatigue-creep is higher than that in fatigue loading. It
comes from the higher load level in fatigue-creep than that in fatigue.
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INTRODUCTION

To define the objectives of this work, it is
useful to firstly refer the previous works' ™% in
fatigue loadings. During fatigue loading of a gr-
aphite/epoxy cross-ply laminates, there are se-
veral components of damage : fiber breakage, ma-
trix cracking, interphase delamination, de-
cohesion between matrix and fibre, splitting and
so forth.

In general, there are two tendencies in the da-
mage development approaches with the fa-
tigue loading. The first is the observation of ma-
trix cracking development7 and its effect for the
stiffness reduction® and for the fiber breakage.8

The second is to define several damage steps
in fatigue loading with the stiffness reduction
as a damage analoguez’3 in the middle load level.
In this stiffness reduction procedure, there are
At the first stage, the

matrix cracking is important. The matrix du-

three different sl:ages.3

ctility2 and the load level' influence this ma-
trix induced damage. And it has not been well
investigated.

In this work, the various loading levels in fa-
tigue were used to find the load level effects for
the stiffness reduction in early fatigue life, The
edge replicas were taken to observe micro-
scopically the variation of the transversal crack
densities. To understand the time dependent ev-
olution of material properties, the fatigue-
creep solicitation was used to observe the me-
chanical behavior and to compare the matrix
cracking in fatigue and in fatigue-creep lo-
adings.

EXPERIMENTAL

T300/5208 graphite/epoxy (0°/90°)gs (Vi=
0.67) was supplied by ONERA of France. The
stacking sequence is 0°/90°/0°/90°/90°/0°/90°/
0°, Straight sided specimens with 270mm long, 20 mm
wide and 1mm thick were prepared and its gage
length was 135mm. The glass/epoxy tabs were
used, The side edges of the specimens were ground
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Fig. 1. Interruption of fatigue by creep.

with polishing powders. The fatigue loading (f=
2Hz, triangular form, R=0.1) was applied with
the constant maximum loading levels, 50%, 60%,
70%, 80% and 90% of Sult (Tensile Strength),
by the hydraulic testing machine, Instron, The
strain gauges were used to detect the defor-
mations of the specimens. The life time was me-
asured for 90% of Sult. For other loading le-
vels the measurements were done within ce-
rtain cycles because of the strain gage br-
eakage.

the fati-
gue cycles were regularly interrupted by the creep
solicitation (see Fig. 1). Computer control te-
chnique for the Instron was used to generate
this type of loading history. For the loading le-
vels of 50%, 60%, 70%, 80% of Sult, the fa-
tigue loading was interrupted every 300 cycles.
For 90% of Sult loading level, the fatigue lo-
ading was interrupted every 30 cycles. The creep
period was always 150 seconds. Replications were

For the fatigue-creep solicitation,

regularly taken by using the acetone swollen
cellulose acetate at the specimen edge in fa-
tigue and fatigue-creep solicitation. And then

they were observed microscopically.
RESULTS AND DISCUSSTION

For the cross-ply laminates, the me-
chanical behavior is dominated by the fibers.
The carbon fibers are very resistant to the fa-

tigue loading. If the load level is very low, there
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would be no degradation of the mechanical pro-
perties even after one or two million cycles. In
this structure, the matrix cracking could repre-
sent the easily observable damage develop-
ment. The load level, where the first matrix cr-
acking arrives in the center 90°/90°ply, is cho-
sen to the minimum load level. It’s near the
50% of the tensile strength (Sult).9 Below this
stress level one cannot find the apparent da-
mage with repeated cycles.

The triangular form of fatigue cycle is cho-
sen to correlate the stress-controlled mono-
tonic tensile test and the stress-controlled fati-
gue test for the further. For these reasons the
sinusoidal and the rectangular forms are dis-
carded. The longitudinal deformations are shown
in Fig. 2 and 3. At 50% of Sult, there is prac-
tically no stiffness reduction. The increasing trans-
versal cracks by the repeated cycles do not
alter the longitudinal behavior. It’s the same ph-
enomenon as what was observed in the mono-
tonic tensile test.’ For 60% and 70% of Sult,
the longitudinal strain increases a little at the
starting few hundred cycles, And then it’s main-
tained about the same for 10,000~15,000 cycles.

~

A 70%
a a %g o 0 60%
<& 50%

Ed

I3

3
o

a
a
o
a
o
a

Longitudinal
deformation (%) X

o w

[

©

°

°

°

o

<

W
3
L

o
o

20 30 40
Cycles

Fig. 2. Variation of longitudinal deformation in fa-
tigue loading.
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Fig. 3. Variation of longitudinal deformation in fa-
tigue loading. ® : 90%, O : 80%.
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A little strain increase at the beginning is due
to the fracture of the part of mis-aligned fi-
bers and the matrix crackings by the fatigue lo-
ading: After this step, the another part of mis-
aligned fibers are supposed to rearrange and give
an additional load bearing ability. After 10,000~
15,000 cycles, the deformations increase again.
It's due to the incremental slow fiber break-
ages induced by the severe matrix crackings. The
stress concentrated in the adjacent matrix crack
tips bring about the shear mode fiber rupture.
For 80% and 90% of Sult, the deformation inc-
reases nearly straight until the final repture. It
means that the fiber breakage continuously oc-
curs, From these facts one can conclude that
the load level alternates the starting damage
point and imposes the different fatigue be-
havior.

The fatigue-creep solicitation is applied to see
the creep interruption effect for the behavior.
Fig. 4 and 5 show the longitudinal defor-
mations in this complex loading. They show the
similarity with each other in fatigue. It comes
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Fig. 4. Variation of longitudinal deformation in fa-
tigue —creep.
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Table 1. Comparison of the Life—Time

Fatigue(Cycles) 412 801 853 | 1989
Fatigue(Cycles) 120 | 1110 | 1140 | 1230
Creep(Sec.) 477 | 5400 | 5550 | 6150

from the fiber dominated characteristics in this
system, But the sudden increase of de-
formation at the beginning is more apparent than
that in fatigue. The creep load level is higher than
the mean fatigue load level. It would be from
the mean load level difference.

For 50%, 60% and 70% of Sult, the de-
formations in fatigue-creep are slightly greater than
them in fatigue. It would be due to more pro-
nounced matrix crackings and the higher mean
load level. For 80% and 90% of Sult, the de-
formations in fatigue-creep are slightly lower than
them in fatigue. We suppose that the creep load
retards the fiber breakage process by giving the
times for fiber rearrangement and stiffening, It
requires more detailed data.

To know the creep effects for life, the num-
ber of fatigue cycles at the fatigue and the fatigue-
creep 1s measured. These results are sum-
marized in Table 1. Although the creep peri-
od is ten times long than fatigu period, the re-
sults show that there are no significant di-
fferences in the number of fatigue cycles.

The transversal crack density variation in these
two loading systems was observed by the re-
plication technics. The replicas were taken at
the mean load level for fatigue and at the ma-
ximum load level, creep period, for fatigue-
creep. The results are shown in Fig. 7 and 8.
The crack density in fatigue-creep is higher than
that in fatigue. It comes from the higher mean
load level. In this case the crack density in cen-
ter ply is higher than that in outer plies. The
first crack appears in the center ply. It ca-
uses the more pronounced crack development
in the center ply at the early stage of fa-
tigue. The cracks concentrate at the failed ply.
Because a samll additional stress can easily make
the subsequent cracks in this ply.

We have also analysed the transversal strain
havior were abbreviated for the clearance of the
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Fig. 6. Transverse crack development in fatigue
loading.
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Fig. 7. Transverse crack development in fatigue—
creep.
A, central ply, 70% ; O, outer ply, 70% ;
&, central ply, 50% : [, outer ply, 50%

gauge data. Because of the severe experimental
conditions, those data were not very satis-
factory. So the results of the transversal be-
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analysis.
CONCLUSIONS

The stiffness reduction procedure varies with
the loading levels in fatigue and fatigue-creep.
At very the stiffness re-
duction was very slow. At constrast this was

low stress level
very fast and nearly linear at high stress le-
vels. The creep interruption in fatigue soli-
citation does not alter the number of fa-
tigue cycles to failure in very high load level.
it augments the density of transversal cr-
acking in 90° plies. And it gives a little in-
fluence in the longitudinal behavior.
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