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Experimental Stress Analysis

Possibilities of experimental verification of containers
for radioactive materials transport

Franti$ek Trebufia,' Frantifek Sim&ak,> Jozef Bocko,® Zdenko Bobovsk}'l4

Abstract: The containers for transport of radioactive materials have to fulfill demands
of criterion given for normal and critical conditions of transportation. For the
demonstration of criterion accomplishment demanded by relevant regulations are used
analytical, numerical and experimental methods of mechanics. After realization of
analytical and numerical computations that simulated test according to regulations
will be accomplished experimental verification of container safety. In the paper are
presented possibilities of experimental methods of evaluation of containers with
emphasis to drop test.
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1. Introduction

For the approval process of packages (containers, casks) that are determined for
transport of radioactive materials is necessary to realize analyses affirming that
transport package fulfill demands of regulation UJD SR No0.57/2006 Z.z. [1]. For the
safety assessment is possible to use analytical and numerical computations as well as
experimental treatments that manifest fulfillment of demands for packages in
accordance to addendum No. 4 of above-mentioned regulation.

On the workplace of authors was recently realized computational verification
of particular types of packages in accordance with regulation [2]. During the
verification process were employed procedures of analytical and numerical
modeling in accordance with international standards [3,4]. The computations
demonstrated fulfillment of defined demand. In further reference to computational
verification of packages was recommended to realize experimental verification of
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cask safety by performing test on real objects or on models that reflect their
properties. In the paper are represented possibilities of experimental verification of
state of packages determined for transport of radioactive materials according to
regulations with emphasis to drop tests.

2. Computational verification of containers according to regulation UJD SR

Object of investigation by numerical and experimental analysis was spent fuel
(Fig.1a) with basic dimensions according to Fig.1b.
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a) view on container b) basic dimensions of container

Fig. 1. Container for transportation of spent radioactive fuel.

The cask contains holder of cassettes that are transported to intermediate stock
of spent fuel. Transportation is realized by special wagon in which is a frame for
positioning of cask. The main parts of containers are:

e body of container made as thick-walled steel vessel with outer ribs,

e lid of container with ribs. The lid is fastened to the body of cask by stud
bolts and hermetically sealed by viton washers,

e  two supporting journals for manipulation with container,
e four tighten consoles for joining to special wagon,
e holder, spent fuel cells.

The whole container weight together with transported shipment is
approximately 85 000 kg.

In accordance to regulation UJD SR No.57/2006 Z.z., the packages for spent
fuel transportation have to fulfill criteria established for normal and emergency
conditions of transportation i.e. they have to, with sufficient safety, demonstrate
resistance to mechanical and thermal influences given by regulation. The packages
have to resist during normal transport conditions the following influences

1. free drop from height 0.3 m with further thermal loading by sun,
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pressure loading (internal pressure 700 kPa, outer underpressure 40 kPa)
with further thermal loading by sun,

impact of a bar of diameter 32 mm and mass 6 kg with rounded end on
container and further thermal loading by sun.

Emergency conditions of transportations are defined by the following

influences

1.

2.

Cumulative action of various variant of impact, thermal and pressure
influence with the worst combination of drop (variant 1., II. and IIL.),
thermal loading by flame with temperature 800° C during 30 min and
plunging into water to deep 15 m during 8 hours. Possible variants of drop
are I — drop of container from height 9 m on the target, Il — drop of
container from height 1 m on steel bar of prescribed shape and dimensions,
fastened perpendicular to the target, III- drop of steel plate of dimensions
Im x 1m, mass 500 kg from height 9 m to container positioned on the
target. The most frequently the target comprises thick steel plate located on
massive concrete base.

Plunging into water to deep 200 m during 1 hour.

Further common conditions for packages concern safety of lifting and

fastening parts of the cask, resistance of containment to temperatures scale —40 °C to
70 °C, as well as resistance to whatever accelerations and vibrations that can occur
for conditions that are possible during transportation. For all above-mentioned
conditions has to be preserved integrity of container and tightness of particular

closures.

In order to illustrate the results of numerical analysis we present some load

simulations of the cask. In Fig.2 is amodel of particular prt of container for
computation by the finite element method.

In Fig.3 is the field of equivalent stresses in the container during loading by

internal pressure 740 kPa. In Fig.4 is the field of equivalent stresses in the journal of
container during simulation of lifting with a crane by hooks positioned on journals.
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Fig. 2. Model of individual parts of
container for computation by FEM.
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Fig. 3. The field of equivalent stresses in
container with internal pressure 740 kPa.



As results from Fig.3 and Fig.4, the values of equivalent stresses reach tens of
MPa, which ensure safe operation of container. All further realized computations
demonstrated demanded safety of cask.

Fig. 4. The field of equivalent stresses in a journal of container during its lifting by crane with
the hooks fastened on journals

3. Experimental verification of container safety by the drop test

For the verification of package safety is used in general combination of
computational and experimental methods [3]. Combination of numerical and
experimental methods has proved to be effective mainly in case of drop tests, where
numerical computation allows gain operative results, but the precision of a model is
problematic and simulation of impact. From this reason are the drop test
accomplished on real containers or their models all around the world [5].

State Institute for Research and Development of Materials (BAM-
Bundesanstalt fiir Materialforschung und — priifung) has realized from 1970 all drop
tests of containers designed and approved in Germany [6]. During the drop tests are
fulfill the rules of IAEA for safe operation with radioactive materials [4]. Most often
are the test accomplished out of regulation frames. From the literature is know drop
test from height 200 m (in Fig.5 is container after impact from this height), there
were made also drop test from height 800 m [7]. Such tests are realized by drop of
cask from helicopter on defined target.

Fig. 5. Container after landing on concrete Fig. 6. BAM facility for realization
block from high 200 m [7]. of drop tests [6].
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The aim of such tests is to assess resistance of cask body to impact i.e. it is
checked the level of damage, break of container integrity and its tightness after drop.
For the drop tests from low heights are used drop towers. In Fig.6 is drop tower in
BAM for realization of drop tests of containers for maximal mass 200 tons and
maximal drop height 30 m [6].

During the drop tests from low heights (according to regulations) is realized
measurement of strains and accelerations in defined locations of container. Time-
dependent charts of kinematical quantities and strains during drop form a base for
validation of results gained from numerical simulations of impact. For the
measurement are used appropriate types of resistance strain-gages and sensors of
acceleration. In Fig.7 is a view to cask body with installed sensors as well as detail
of view on strain-gage and sensor of acceleration [8].

a) b)’ C)

Fig. 7. a) body of container with installed strain-gages, b) strain-gage, c) sensor of
acceleration [8].

For decreasing of impact influences during drop of container are used so-
called impact limiters located in underside and top of cask (Fig.8) [6].

Fig. 8. Container with impact shock limiter [6].
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Influence of impact limiters is obvious from charts of time-dependent strains
in Fig.9b at the same location of cask for the drop of container with limiter from
height 9 m (Fig.9a) and for drop of container without limiter from height 0.3 m [3].
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Fig. 9. a) falling of container on the underside with shock limiter, b) normalized strains during
impact test with and without shock limiter [3].

Very often are for the drop tests used diminished models. In that case must be
taken into account that the diminished model can manifested other behaviour than
real cask. It has to be ensured certain equivalency between impact on the model and
real container. It is necessary to have geometrical and material similarity with
energetically equivalence of impact processes [5].

4. Methodology for experimental verification of container safety

Experimental verification of safety of spent fuel packages (Fig.1) will be realized by
several stages and it will consist following parts [9-11].

a)
b)

c)

d)

g)

h)

Identification of geometrical deviations of packages from designed values,
determination of material lost as a consequence of wearing or corrosion,

identification of eventual enduring deformations of individual package
parts,

experimental verification of inappropriate connections (lifting and
fastening) or their blocation,

determination of residual stresses in packages resulting from previous
overloading due to operation, residual stresses initiated during
manufacturing or residual stresses due to radiation and thermal influences,

identification of loading in operational conditions that are defined by
regulation [1].

realization of experiments that correspond to prescribed tests (e.g. the drop
tests in various positions, penetration tests and so on),

accomplishing experimental modal analysis of cackages including transport
means,

providing test under water.
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Experimental verification in parts a) to f), h) will be realized on real packages.
For realization of real tests in parts g) and i) will be manufactured model in scale 1:8
according to Fig.10.
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Fig. 10. Model of container for drop and pressure tests.

It must be stressed that the casks that will be experimentally verified belong to
category of packages with integrated hard shock limiters. Hard shock limiters are
equipped with cooling ribs on the cylindrical part and on upper side of a lid and with
small compact rings for limitation of impact that are placed in the bottom of cask. It
results that during test of these types of packages are not used removable impact
limiters.

5. Conclusions

For verification of safety of containers designated for transport of radioactive
materials is suitable to use combination of computational and experimental methods.

On the workplace of authors was realized computational verification of
container according to Regulation of UJD SR No0.57/2006 Z.z.. The analytical and
numerical computations showed prescribed safety, but in accordance with foreign
opinions it is suitable to verify the cask safety by experimental methods. In the paper
are described some possibilities of experimental verification of package safety with
emphasis to drop test, as well as the methodology of experiments that are prepared
on the workplace of authors.
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