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Abstract

The paper presents an exnerimental nrocedure set um to verify the apnlicability of
a fatigue calculation method in case of large straining oroduced for examnle by seismic
events.

The analysis method is based on the estimation of real local strain and the use of a
design fatigue curve. This can be found in construction codes like ASME Section III.

The validity of design fatipue curve for large strains is evaluated bv an ad'hoc

experimental procedure.

1. Introduction

In case of cyclic or nseudocyclic loading, like in seismic events, mechanical structures
of nuclear reactors can bear fatigue fissuration. This can lead to larpe cracks, loss of etan-
cheity and even to runture. Particular features of such sollicitations are for examnle : a low
number of cycles (a few tems), a frequency of about | Hz and resulting deformation of large
ranges (a few 7).

It is interesting to take into account fatigue risk in such a situation by the practical
method proposed in construction codes like‘:lj ,|:2] ,|:3] and':4] . This method, initially
developped in ASME|:1] Code, is founded on the existence of a desirn-fatigue-curve that
simply gives the number of allowable cycles as a function of immosed cyclic strain|:5] .

Roughly two kinds of nroblems can be identified to do this.

1. Verification of Analysis method to calculate actual strain range to enter in design
fatigue curve

2. Verification of the design curve drawing in the domain of large strains (or low number
of cycles).

The first pnroblem is not develonped here. Some usefull informations can be found in
[6] or [7] . These methods, included in recent design rules|:4] , are based on elastic esti-
mations that are then corrected by magnification factors taking into account the increase of
deformation due to cyclie plasticity in stress raisers.

The study is centered on the second problem : it is aimed to verify exverimentally
the validity of a design~fatigue-curve for strain range values surrounding 5 Z. The verifi-
cation procedure follows the one presented in|:8] .

It is current practice to perform uniaxial push-pull test on smooth snecimens to obtain
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experimental points to draw first a best-fit-curve LS] . Because of buckling risk in
compression, when large cyclic strain is to be imposed, such a simnle exnerimentation is no
longer applicable. An appropriate experimental test snecimen was develonned to give high

straining without this risk.

2. Descriotion of the exverimental test

2.1 - Experimental device

The test assembly is very similar to the facilities used to perform load controlled
crack~fatigue fissuration measurements|:9] with a conventional test machine. Grios are
designed in such a manner that the snecimens can be introduced in a furnace to perform future
high temperature exneriments.

In the nresent study the disnlacement is imnosed and tests are nerformed at room temne-

rature.

The dimensions of one test specimen used in the study are nresented in the figure 1.

The geometry is very commact to prevent buckling. In fact the test spmecimens have some simi-
larities with compact test specimen (CT) used in fracture mechanics [9] to obtain nlane
strain conditions.

The 2-horizontal arms are designed to be very rigid and to transmit imnosed rotation to
the vertical part of the specimen. The vertical part is geometrically defined by a large
radius (R = 100 mm) in order to concentrate deformation in the middle of the specimen but
with low concentration factor (here R/B = 4 : the elastic concentration factor is negligible).

The specimens are machined from a round bar (200 mm diameter) nroduct made of an auste-—

nitic steel (AISI 304L).

2.3 - In

The following recordings are nerformed all along the test :

- the disnlacement of the mobile grin linked to the snecimen. This is the signal
employed to control the test loading

~ the strength produced by the machine to insure the imposed disnlacement

- the displacement of two horizontal lines symmetrically located beside the middle
part of the specimen (10 = 17 mm), both lines are defined by two thin sunnmorts jointed
to the snecimen surface by very small weldments (see figure 2). This parameter is
recorded by a clip gage. Due to the large radius chosen to machine the snmecimen sur-
face this measurement gives an acceptable evaluation of maximal deformation in this

region of the snecimen.

The mobile grin is moved cyclically. The signal is triangular
and symmetrical (d max = - d min). The first loading (first 1/4 cycle) is made in the onening
mode. The frequency is 1 Hz. The disvlacement range (2d = 2|d max| =2 |d min] ) is kent
constant for one specimen all along the test.
The loading is imposed until the number of cycles NR to runture is reached. This number
is the number of cycles imposed when the strength range, recorded during the test, decreases

by more than 20 % from one cycle to the following one.
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3. Results
Some interesting experimental results nroduced by 7 test snecimens are nresented.

3.1 - Strain measured by the clin-gage

The strain range is evaluated by the ratio of the disnlacement measured over the
reference distance Ae = Al/lO . A correction is performed to this formula to take into
account the rotations of the 2 clié—gage sunnorts. The resultsshow that the deformation is
larger on intrados side than on extrados side. The ratio between this two values reaches
about 1.10 during the test for specimen number 7.

The deformation range measured is not constant during the test. It decreases by a ratio
of about 0.9 during the test (see figure 3). It increases suddenly when runture is occuring.
The figure 4 presents the strain range measured at the third cycle as a function of
imposed range of displacement for 7 specimens. A fairly good linearity is shown. The defor-

mation is almost kinematically imnosed in the middle part of the snecimen.

A progressive distorsion in the onening mode occurs.

The strength recorded from the load cell of the machine increases continuously during

cycling (see figure 5) until rupture occurs. This is narticularly true for largest strains.

4. Evaluation of results

One test specimen produces one exverimental noint to be nut in a diagram giving the

best—-fit-curve and the design-fatigue-curve (strain range function of number of cycles).
4.1 - Experimental point

The abscissa of the noint is defined by the number of cycles necessary to produce
rupture : NR. This number is defined from strength measurements (see § 2.4). For this value
the remaining ligament in the middle nart (around neutral surface) is very thin (thickness
~ 5 mm). Before this general cracking, initiation is noticed much earlier.

4 stages of cracks can be qualitatively defined by occular observation with a micros-
cope : orange skin aspect, small cracks network, crack nronagation, general cracking.

As an illustration of this, figure 6 indicates the number No (when noted) for which the
small cracks have a surface length of about 2mm, together with NR corresmonding value.

The ordinate of the point is defined as the minimal strain range A€ recorded during the
test for each specimen. As the small weldments of the 2 sunports of the clin-gage do not
break during loading, it is verified that transverse deformation (%ft) is negligible. There-
fore plane strain conditions are pertinent in the mean part of the snecimen. Because of large
strains oroduced (some %) elastic behaviour is negligible. It may be concluded that radial
deformation (g,.) is equal to measured longitudinal deformation. Finally the 3 nrincinal strain

ranges are Agy = le, Aey = - Ae and Aet =0.

4.2 - Design-fatigue-curve

For the material at hand, the best-fit-curve, used in A.S.M.E. construction codes, can
be extracted from [10] .
It is given by the equation

E 100
S = Z?; log T00 = 72.€ + 43500
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where § is the stress amplitude (elastically calculated) in nsi
E is the Young's modulus (28.3 10° psi)
N is the number of cycles.
As far as uniaxial oush-pull tests were performed to draw this curve and the value of
S is given by the formula : S = Ee (where € is the deformation imposed in the longitudinal
direction). If an equivalent strain (Ae equ) is used (based on maximal octahedral shear

theory) the equation of the best-fit-curve is simnly for multiaxial conditions

100 . 43500

log
100 - 77.6 28.3 ]06

Ae =
e yw

It is now possible to draw the best-fit-curve correspvonding to this equation in a
Agequ—N diagram., It is made in figure 6 for numbers of cycles lower than 1000.

In this domain the design-fatigue-curve can be drawn from the best-fit-curve by dividing
for a Aeequ value, the number of cycles of the best fit curve by 20. The corresnonding design-

fatigue-curve is drawn in figure 6.
4.3 - Comparison

For comparison it is necessary now to calculate the equivalent strain range from the
strain tensor exverimentally determined. Using, once again, the maximum octahedral shear
theory, the value is Aeequ = V473 Ae=1.15 Ac.

The points corresponding to the 7 test specimens results are out in the diagram of the
figure 6. They are located just between the two curves. They are rather lower noints of the

best-fit-curve.

5. Conclusion

The avoplicability of the design-fatigue-curve conceot in the domain of high strain is
experimentally verified with 7 specimens at room temperature.

The experiments are performed with high comnacity test specimen which are cyclically
loaded in flexure. Deformations are almost kinematically produced. The evaluation of expe-

rimental data necessitates considerations to nlasticity and triaxiality.
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Fig 1 - GEOMETRY OF TEST SPECIMEN N°3
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Fig 6 - COMPARISON OF EXPERIMENTAL DATA WITH DESIGN FATIGUE CURVE
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