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ABSTRACT

The effects of overloads on internd ddaminaions of IM7/G8552 graphite/epoxy composte
laminates subjected to cydic compressve load ae invedigated. An extensve numericd Sudy
has been paformed on compostes fracture due to reduction in the intrdayer and interlayer
ressance reslting from randomly subjected overloads. The composte dructure is dready
undergoing repeated buckling as a result of compressve loading. The energy rdease rate, G, is
modeled conddering the date of dress to be mixed mode, | and 1l.  Fracture mechanics modd
and ddamingtion buckling andyss ddiver the required egudions to build a modd tha
incorporating the nontlinearity caused by the overloads The modd predicts a rdaivey rapid
accumulation of micro-damege due to overloads a the ddamination front. Results are obtained
with no redrictive assumptions on the plate thickness T and over vaying mode mixity and
ddamination pogtions.
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INTRODUCTION

The damage tolerance of laminated composdte components used in aerogpace gpplications is
dramdicaly dtered once these dructures are subjected to overloads. The overloads might be in

the form of bird drikes landings, wind guds shear winds and other mechanicd and thermd



types of loading. The present sudy invedtigates the prediction of vaidile amplitude faigue
loading with randomly gpplied overloads.

Broutman and Sahu [1] were among the fird to do dgnificant work on prediction of multi-stress
levd fdigue in compodte maerids  Oveloads wee integraed until Yang and Liu [3]
introduced a dngle overload of different intendties & regular intervas throughout a fatigue test.
Previous work done on dmilar grounds is limited and typicdly involves FALSTAFF (Fighter
Aircraft Loading Standard For Fatigue), which is one of the popular spectra used by researchers
especidly in compressve loading [4, 5.

In the presented study smulations of IM7/G8552 graphite/epoxy compodte specimens subjected
to cydic compressive loading were peformed. By vaying the ratio between the magnitude of
the dran oveload and the magnitude of the normd fatigue drain the severity of the overloads
was measured. Continuous tracking of the energy rdease rate, G, and prediction of the energy
release rate reduction during in service loading was achieved using the proposed modd.

NUMERICAL MODEL

The energy rdesse rate of faigued compostes under compressve loading, with infliction of
overloads a regular intervas exhibits a behavior smilar to the one supported by previoudy
peformed experiments on cydic loading. A perturbation procedure, which is based on an
asymptotic expandon of the load and deformation quantities in terms of a didortion parameter,
i.e, the deformation of the delaminated layer, is used [9]. The modd accounts for post-buckling
and growth behavior of ddaminaions and it is based on Kardomatess [9] modd. For the
interested reeder, the complete modd for isotropic and orthotropic materids is illugrated in the
Refs [6,7,9]. In the current andyss only the parts of the modd pertinent to the overload effect
on the energy release energy are presented. In particular, the energy release rate, G, of a plane

drain interface crack for a homogeneous system and homogeneous materid [8], is
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P* and M* are linear combinations of the loads from the post-buckling iution [9], and O is the
shear modulus. A and | are a postive dimendonless number and the angle [ which is redricted
such that O I (2. More specificdly:
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Asymptotic expressons for the forces and moments with respect to the perturbation parameter,
[J, from the post- buckling solution, gives:



P* = P*(D) +2P@+... 4

M* =MD + @M@ + .. (5)

Therefore, the energy rdease rate and mode | and Il intengty factors can be written in the form:
G =126 + Bc*O) + .. (6)
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The enagy rdease rae of a ddamination in an infinitdy thick base plate, unlike the thin film
modd of Cha et d. [11], is predicted to be larger for higher levels of gpplied drain [12]. In this
modd the fatigue damage due to ddamindion is expressed as a function of the energy release

rate, G, theload ratio, [J, and the mode mixity, Y, thus forming the following cydic growth law:
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where G is the ratio of energy rdesse rae over toughness C(Y) and m(Y) vaues ae
determined independently using the following semi-empirica formulations
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C(Y)=Cg+(k-1)sin*Y§ wherek:% (10)

The overloads are introduced in the sysem by increesng the gpplied dran a regular intervas as
a dose gmulation of the performed experiments. More specificdly, every 30-gep change in
delamination length an overload of 5% change of the goplied drain, for a period of five geps, is
imposed to eech pecimen. That is
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where n isthe number of sep increment in delamination, and
| isthe unit Sep increment in ddamination.

Congdering five geps of overloading sate of which the drain is increased by less than 5% of its
initid grain, each overload cydeisdescribed by:



€ = E , eoverloadﬁ 1.05* eO (12)

Therefore, the energy release rate expresson will be modified asfollows

1
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and the applied drain, Dap , asdescribed in Eq. 11.
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Numericd smulations of ddaminaion buckling and growth in graphitelepoxy composites under
cydic compressve loading were developed bassd on the aforementioned modd. The three
goecimen configurations that yidded interesting data during the experimentd agpproach were
used to amulate the sysem.  The compressve loading in this case is Smulated by an increese in
the ddamination length. Smulation results are presented in Fgures [1, 2]. In each graph, the
enagy reease rate of compodtes agang the ddamination ratio is plotted. Fgures 1 and 2
demondrate the reduced growth resgance of laminaes through the reduction of G during
delamination growth for three different delamination podtions though the thickness of the
secimens, i.e KT rdio. In paticular, the graphs describe the behavior of compostes with
increased WT ratio, i.e, 4/15, 529 and 4/24. As illudtrated in these plots, the energy relesse rae
reduces as the ddamination length incresses indicating that ddamination growth requires smdler
amounts of energy in order to progress As seen in FHgure 1, higher vaues of WT ratio result in
higher vaues of the energy rlease rate.
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Figure 1. Growth behavior of IIM7/G8552graphitel specimens subjected to cydlic
compressive loading

The grgph in Figure 2, illudrates the energy rdlease rate of the dructure when subjected to an
overload causng 5% change in gpplied drain a regular intervas as indicated above agang the
delamination retio.



With Overloads
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Figure 2: Growth behavior of IM7/G8552 graphite/epoxy specimens subjected to cydic
compressve overloads for varying T ratio.

The behavior observed in Fgure 2 is dmilar, with the exception of the overloads to the
dructurd integrity degradation behavior obsarved in Fgure 1. As the ddamination length
increases and the energy release levels decrease the effect of the overloads diminishes (compare
the G pesk vaues of the fird and fourth overloads in Fgure 2). Furthermore, the effect of the
overloads is more severe when the ddamination length is smal and its energy relesse leves are
high. This obsavation complements the findings of Refs [4, 6] in which andl ddaminaion
length indicated lage mode | (opening) componet of the mode mixity. Here, as the
delamination grows, the shear component increeses and the effect of the overload diminishes.
The increase in energy release rate due to overloads supports the inference from the experimenta
results, i.e, fager crack growth a the beginning of the experiments when the ddamination
length is rdaive smdl. Moreover, the formation of intrdayer cracks during, or &fter, the
overloads may be associated to the high levds of energy rdesse rate during the overload
goplication.  Smulations indicate that as the dedamination progresses the effect of the overloads
on the system diminishes, see overload pesksin Figure 2.

CONCLUSONS

In this pgper, a numericd approach to varidble amplitude cydic compressive teting was
peformed on graphite/epoxy compodte laminates These smulaions reveded that the energy
rdease rate reduces as the ddamindion length incresses indicating that ddamination growth
requires smdler amounts of energy in order to advance.  Furthermore, higher vaues of applied
dran result in higher levels of energy rdesse rate independently of the overload application.
Hndly, as the ddaminaion grows the number of intrdayer cracks decreases implying that the
energy release rae avaladle for intrdayer “jumps’ reduces. This modd can edimate the energy
rdlease rate of a certain compostes under savice loading and thus in turn predicting the life of
the composte  Future work will involve matching the numericd prediction usng experimenta
results by imposing random overloads [13] onto the cyclic compressive loading Spectra. .
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