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SUMMARY

Instrumented Charpy is a convenient and appealing experimental procedure to characterize
the toughness of materials with small precracked specimens. Such a characterization is more
usefull for mechanical analysis than the Charpy energy and the temperatrure transition curve
usually determined. Strain rate effects can also be taken into account with this experimental
device.

The paper will describe two experimental studies performed whith rather ductile materials
used for transportation cask applications : a ductile cast iron (FGS 40) and a ferritic steel
(SA 350 LF5). Static and dynamical loadings are performed with the same 3 points bending
experimental device.

Estimation of J at initiation are proposed and discussed for both materials and they are
compared with values given by application of validated static methods.

1. INTRODUCTION

According to AIEA regulations [1], it is necessary to evaluate the risk of brittle fracture in
the packages used to handle radioactive materials. This behavior is of peculiar importance
because it is possible to have extreme conditions of temperature (- 40°C) and strain rate

(¢ > 10 s1 or K = 104 MPa/m / s) that can lead to brittle behavior.

The classical characterization of such a behavior is made with the definition of RND
temperature by the means of the evaluation of the rupture energy of small specimens versus
temperature. This method uses the Charpy experimental device.

In the recent years, considerable amount of results were obtained in the developpement of
methods capable to evaluate the risk of brittle behavior associated with the presence in the
component of an existing crack made by fabrication or propagated by fatigue caused by
cyclic loadings. It is now possible to present practical methods relying on fracture mechanics
concepts and parameters, like K and J are proposed in the linear elastic and elastoplastic
regimes respectively. The AIEA regulations would contain a revised appendix IX [2] which
allows the use of these parameters. However these methods require the preliminary
determination of the material characteristic necessary to perform the evaluation : the
toughness, here noted Kjc or Jic. These characteristics must be, of course, determined with
conditions relevant to actual industrial configuration (strain rate and temperature in
particular).
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Instrumented Charpy Test is an appealing mean for the characterization of the relevant
dynamical toughness. However complete validation of the procedure is not existing at the
present time.

2 INSTRUMENTED CHARPY TEST

2.1 Previous studies

The idea to use the Charpy test to characterize the dynamical toughness is not a new one. It
is worth to note the previous work made by Ireland [3] and Server [4]. The method proposed
consists in using a fatigue precracked specimen, the recorded load and one hypothesis on the
deflexion behavior. Unfortunately it was not possible to achieve the validation of the
procedure because of empirical choices that were made and that were difficult to extend to
general cases. Worth noting is the 37 criterium which considers the damping of "inertial
oscillations". Béhme [5] shows that in the case of brittle behavior it is possible to use a less
restrictive method and he proposes an interesting alternative.

For rather ductile material an ad hoc method is still needed even if first encouraging results
are already available for some materials, see RINTAMAA [6] and KOBAYASHI [7].

First steps of the experimental program launched in France by the french safety authority
(IPSN) was presented by Moulin [8] and [9].

2.2 Experimental device

The experimental device is a very classical Charpy device (see figure 1) (maximal available
energy = 300 J) which is instrumented in order to record automatically some parameters
(see figure 2). The strengh is monitored by two strain-gages glued close to the hammer tip.
These gages were calibrated on a static tensile machine.

The displacement is monitored by an opto-electronic device which is fixed close to the
hammer but on its arm.

In addition on some specimens, it was added strain gage on the outer skin close to the skin
impacted by the hammer tip in order to have a direct measure of the specimen behavior.

2.3 Loading imposed

The machined crack was fatigue precracked in order to have a very sharp crack tip. This
precrack was of about 2 mm.

In the experiments, the only way to change the loading consists in changing the initial heigth
of the hammer and thus the impact velocity and the resulting resisting strength of the
specimen.

In some tests, the heigth was adjusted in order to induce the initiation of the fatigue crack,
some propagation but not the complete failure of the specimen.

2.4 Materials tested

The results, presented here were obtained by using specimens extracted from two materials
used in the construction of large size packages : the ductile cast iron and the ferritic SA 350.
The mean tensile characteristics and static toughness are recalled in the table 1 for these
materials. The static toughness was determined by the ASTM E813 method [11] with Charpy
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specimens. These materials are rather ductile. It is the reason why the characterization was
possible by the use of the elastoplastic fracture mechanics and the J parameter.

2.5 Recorded data

In order to illustrate the results the figures 3 and 4 give the strength and displacement
recorded for the two materials. In the considered tests, the complete rupture of the specimen
was not reached. One can see that the non linear behavior occurs in both materials. This is
an indication of the occurence of plasticity even in these dynamical tests.

3 CONSTRUCTION OF J RESISTANCE CURVE
3.1 Method

With some preliminary tests performed, it has been possible to calculate the tentative J.R
curve from the strength-displacement curves recorded. The evaluation relies on the ASTM
E813 method applied on the dynamical strength-displacement curves. In this case, it is the
"interrupted test" procedure that was used. One specimen gives one experimental point with
the J value corresponding to the J applied at the end of the test and the propagation Aa is that
obtained also at the end of the test.

3.2 Dynamical effects

Of course, in all the experiments the dynamical effect is not the same. In order to have a
measure of this effect, each point is evaluated according two dynamical parameters J and
K..J is calculated by the ratio of the J obtained over the test duration when the maximal load
is'obtained. I(g is calculated according the same formula but by replacing J by \/EJ (where E
is the Young's modulus).

3.3 Results

The figures 5 and 6 give the tentative J.R. curves obtained for both materials at room
temperature. One can see that the values of J obtained for a propagation of about 0,2 mm are
respectively.

Ductile Cast iron Jop =40 ki/m2.
SA 350 Jo2 = 500 KJ/m?.

These values are rather close to the Jj- values defined by the static tests performed on the
same materials. The same conclusion was obtained by Salzbrener [12] with a ductile cast
iron at -29°C with CT specimens. ‘

These preliminary comparisons could suggest that for the limited number of test performed,
the dynamical effects are negligible. In other words, the static toughness could be used in
these dynamical cases relevant of drop test conditions.

4 CONCLUSIONS

An experimental procedure, based on the Instrumented Charpy, was developped in order to
characterize the dynamical toughness of packages tested in impact conditions.

Applications are presented for two rather ductile materials (ductile cast iron and ferritic
steel).



172

The first preliminary results indicate that a dynamical toughness could be evaluated by this
procedure.

The dynamical toughness seems close to the static one for the materials tested.

Instrumented Charpy test could be a convenient way to characterize dynamical toughness but
also statical toughness for these materials.
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Table 1 - Mean material characteristic static 20°C

Materials FGS40 SA350
E  Young's modulus (Mpa) 165000 190000
Sy yield stress (Mpa) 240 330
Su ultimate stress (Mpa) 380 490
A rupture strain (%) 2 24 32
J;  toughness (kJ/m*) 30 500
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FIGURE 6. TENTATIVE DYNAHICAL JR. CURVE FOR SA 350 STEEL



