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ABSTRACT: Thiswork isaimed to assess a numerical procedure for MDD crack propagation Smulation
of 2D pre-notched specimens (plates) undergoing a traction fatigue load, as defined by a general load
pectrum Bxperimental analyses on a fatigue machinewere carried out in order to validate the numerical
resultsand to provide the necessary material fatigue data for thealurminium plates. The numerical analyses
were performed usng a commerdial code (BEASY) that is based on Dual Boundary Element Method. By
means of a norHinear regression analysis applied on in house obtained experimental data, a propagation
law wes defined, capable to effectivdy kegp in account the threshold effect and the undable final
propagation. A satifactory agreament between numerical and experimental arack growth rates was
obtained even garting froma complex MD scenario. Moreover theload introduction to the spedimenwas

monitored by strain gauge equipment.

INTRODUCTION

With reference to faligue and MSD (Multiple Ste Damage) fracture mechanics,
expeimentd faigue tests were peformed on a complex geometry notched plate
undergoing cydic axid load. The crack initiation process and crack propagetion were
monitored on a gpecimen undergoing a given traction load spectrum. Experimenta
crack growth rate and crack path were compared with those obtained with anumericd
procedure based on DBEM (Dud Boundary Element Method) and the correct
gmulaion of the load introduction to the specimen was checked by drain gauge
measurements. The faigue data necessary for the numerica andlyd's were previoudy
obtained by experimentd crack growth testson Smple geometry poecimen[1].

A complex MSD initid scenario was atificidly created on a rectangular plate, by
means of notched holes and, after the pre-cracking process four different cracks
smultaneoudy propagating were obtained. The propagating crack lengths were
monitored on both ddes of the specimen in order to check the correctness of load
introduction to the specimen: any misdignment between the machine grips could
cregte a bending condition for the specimen and consequently an dliptica propagating
crack front [2]. This check, together with the drain gauge messurements, dlowed
asessing thevdidity of the 2D hypothesis.



EXPERIMENTAL ANALYSIS ON SIMPLE GEOMETRY
CRACKED PLATESFOR MATERIAL FATIGUE DATA ASSESSMENT

The firg pat of the fatigue experimentd test was carried out on 3 Smple notched
(hole/ldut) duminium specimens, in such a way to work out, with daidicad
ggnificance, the maerid faigue parameters for crack growth amulaion. The plate
geometry (Fig.1) as well as the whole testing procedure was consgent with ASTM E
647 spedification [3]. A condant amplitude fatigue traction load (Pre=14 kN,
R=Prin/Prec0.1) Was goplied by a servo-hydraulic machine (Ingron 8502), with a
frequency =5 Hz, & ambient temperature.
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Hgurel: Specimen geometry adopted for materid fatigue property assessment.

During the experimentd fatigue test on Smple specimens (Fig.1), crack length deta,
measured by optical sysems, were recorded and used to work out, by andyticd
formula, the corresponding SF s (Stress Intensity Factors) and crack growth rates The
overd| specimen Sze was chosen sufficiently large in order to gat a manly dadtic
behaviour, with pladticity effects confined to the find part of crack propagation, whose
monitoring can Sart only &fter apre-cracking phase, as prescribed by the ASTM E 647
dandard. The obsarved rectilinear crack propagation path turned out to be consgent
with symmetric boundary conditions but, whenever out of tolerance deviations from
the ided rectilinear path came out, the corresponding specimens were discarded from
the andyss Inthefind part of crack propagation, due to high pladticity effects a45°
deflection of the crack surface preceded the ductilefailure [4]. For each vdid specimen
(N° 5-7), according to the mentioned standard, a chart with crack length againg the
number of cydes was plotted, in order to assess crack growth rates daldN, caculaied
by the secant method, while SIF s were cdculaed by andyticd formulas Crack



growth rate vaues were then plotted againgt AK in a bilogarithmic chart and a lineer
regression was performed to estimate the Parislawv materid congants C and n (Fg.2).

NUMERICAL-EXPERIMENTAL ANALYSIS FOR MSD COMPLEX
GEOMETRY CRACKED PLATES

The materid fdigue parameters, obtained by the experimenta andyss previoudy
described, are ussful to peform an MSD crack growth smulaion on a complex
geomelry specimen made of the same maerid (FHg.3). In our case the results of such
numericd andysis were compared with those from the experimentd tests, in order to
vdidate and improve the numerical procedure, based on DBEM [5-7]. Two loading
conditionswere consdered on different soecimens

1. Cydicload with congant amplitude (Prac-Prin=12.6 KN) and dressratio (R=0.1),
the same vaues were usad for the smple notched specimens, with Paris lav
adopted for numericd crack growth assessment. Crack paths (Fgs4-5) ad
propagation times (Hgs.6-9), obtained by BEASY code [8], were compared with
the experimenta onesfrom specimen N.1, getting asatisactory agreement;

2. Cydic load with varigble amplitude and dress ratio with NASGRO law adopted
for numericd crack growth assessment (in this case the Pais law did nat give
stisfactory results). The crack peths are the same asfor the previous case (Fgs. 4-
5) and the propagation times (FHgs 6-9), obtaned by BEASY code [8], were
compared with the experimenta ones from specimen N°2, getting a satifactory
agreement espedidly in thefirg part of the propagation. The differences (however
limited) in the find part suggest improving the corrdation by increasing the
experimentd data

For that concern the specimen N°2, with the same exparimentd data (coming from

smple notched specimens) anon-linear regresson was atempted in order to modd the

threshold phenomena and the fracture toughness for the find ungable crack
propagaion. More precisdy the NASGRO 2.0 equaion was adopted (Eg. 1), with no
cack dosure efect and udng the paamee vaues indicated in Table 1. Such
parameters were extracted from the NASGRO database (in correspondence of Al
2219-T87, which was reputed the most Smilar to the duminium used), in order to get
the unknowns C and n from the norHinear regresson (madewith MATHEMATICA):
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TABLE1

Y oungs Modulus [MPe] E 7.20E+04
Poissons ratio Y 0.3
Yield stress(Ys) [MPa) Oys 283
Ultimate tensile strength (UTS) [MPa] OuTs 309
Plane strain fracture toughness [MPamm*?] Kic 900
Empirical constant Ay, By 1
Exponent p. q 1
Threshold SIF at R=0 [MPamm"?] AK, 120
Cut off stressratio Ry 0.7
Intrinsic crack length [mm] 3 0.102
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Hgure 2. Interpolaion curve using
Paislaw.

Figure 3: Notched specimen:
initial scenario (dimensions mm).



In table 2 the load spectrum adopted for the gpecimen N° 2 isilludrated. From Fg.6,
rlaed to crack 1, which isthe first gopearing, it is possble to note the little difference
between initiation timesfor the two complex geometry specimens.
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Figure 4: Experimental crack Figure 5. Numerica crack
propagation  paths  (specimen propagation paths a 774000
N°2). (upper) and 1070000 cycles
(specimen N°2).
TABLE2
Number of cydes Prac (KN) R
581000 14 0.10
774000 16.3 0.2
866000 215 041
968000 192 058
1046000 17.2 0.77
1076000 192 058
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FHgure6: Crack length versus number of cydes, asobtained by numericd smulation
with Paris (gpecimen 1) and NASGRO (gpecimen 2) lavs and by experimentd tests.
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FHgure7: Crack length versus number of cydes, asobtained by numericd smulation
with Paris (gpecimen 1) and NASGRO (gpecimen 2) lawvs and by experimentd tests.
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FHgure8: Crack length versus number of cydes, asobtained by numericd smulation
with Paris (gpecimen 1) and NASGRO (gpecimen 2) lavs and by experimentd tests.
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Hgure 9: Crack length versus number of cydes, asobtained by numerica smulation
with Paris (gpecimen 1) and NASGRO (specimen 2) laws and by experimentd tests.



CONCLUSONS

Satisfactory agreement was obtained between numerical and experimental
crack propagation rates on specimen 1 when using the Paris formula, with
the related constants provided by in house made experimental tests. Such
formula was not anymore accurate for variable amplitude load cycles (as
applied to specimen 2) because unable to keep in account the load ratio
variability. That is why a more complex correlation based on the same
experimental data and on information from NASGRO database (without the
need to mode crack closure effect), was attempted with a satisfactory
agreement between numerical and experimental results. The later approach
could be improved by increasing the experimental data by cycling some
simple notched specimen with different R values (at this stage only data
with R=0.1 were available). Another possibility would be to use aso the
experimental data coming from the specimen N°1 in order to set up a
propagation law to be tested with results coming from specimen N°2.
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