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Summary

Paper relates on results of a research, still in progress at Labore-
tories of Istituto di Ingegneria Meocanica of Florence University with close
cooperation of CNEN Casaocie Laboratories, on incremental collapse phenomensa
wilth progressively increasing deflections and plastic fatigue phenomena in
stainless steel piping components subjected to variable repeated loads. The
reference is to "emergency" and "faulted" load contitions as they are defi-
ned in ASME III Code.

The models are made by stainless steel pipe and simulate some primary
circuit piping components. Namely models are not-symmetrical T-branched pipes
fixed at their flanged ends and loaded in two sections by variable repeated
loade. Tests are carried out to determine: plastic collapse load; strain
hardening behaviour; shackedown lead conditions. A numerical model is also
developped to describe the incremental collapse phenomena.



1. Introduction

One of the more serious design problems associated with the plping
system of a nuclear plant, is to forecast in a realistic and reliable way
the behaviour of & pipeline during a "faulted" or "emergency" conditions as
they are defined in ASME III Code / 1 /. These conditions can be characteriz
ing from a structural point of view, meinly by overload cycles which exceed
elagtic limite and involve collapse mechanisms.

The present work, etill in progress at Laboratories of "Istituto di In
gegneria Meccanica" of Florence University with close cooperation with CNEN
Casaccia Laboratories, is devoted to study inoremental collepee phenomena
with progressively increasing deflections and plastic fatigue phenomena in
stainless steel piping componente subjected to variable repeated loads.

2. Experimental anslysis

Tests are carried out on not-symmetrical T-branched pipes (outer die~
meter 60.3 mm; thiokness 3.91 mm) fixed at their flanged ends (fig. 1).

Model geometry ie selected as rapresentative to pimulate some primary
circuit piping components.

Models are made by AISI 316 stainlese steel. Material is characteriged
by experimental determined standard mechanicel paremeters and & - ¢ curve.

An automatic welding procedure has been studied to get comparable mo-
dels and unbiased experimental results.

All models are tested at room temperature.Transversal load to the T
plans are applied at two sections of +he model. A suitable load apparatus
with en hydrauliec eystem for automatic load sequences has been used.

Inductive displacement transducers at each branch of the model, measure
the deflection of the pipe. Fig. 2 shows the experimental rig and the arrange
ment for pipe axis deflection measuring / 2 /.

Firtly it is determined the behaviour of the model in a plastic colla-
pse test with loads gradually inoreasing up to collapse. Pig. 3 showa the
experimental load deflection ocurves obtained for the two basio conditions of
single load. Experimental collapse load is determined as that load that gives
a pesidual deflection equel to en half of the total deflection under the load.

Experimental collapse load oan be compared with the theoreticel ocolla-
pse curve (fig. 4). The theoreticel collapse curve has been drawn essguming
an elastic-perfectly plastic behaviour.

Following tests have been performed with eyclic loads. These teste are
performed using constant peak values of oycling load alternatively aoting om
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the two sections. Tests &re performed with constant frequency cyeles.

Permenent transversd dieplacemente as & funotion of the load oyocles,
have been evaluated, as they are the most meaningful results.

A particular interest is appointed to experimental evaluation with a
&rid technique of large deformations at plastic zones.

Fig. 5 shows, as representative of the experimental results, & load-
deflection ourve and a residual deflectlion (determined at the end of the
load cyecles) vs. the mumber of oyoles ourve.

3. Numerical model

A numerical model is developed to describe the incremental collapse
phenomena on pipes.

It is based on finite element concept and use a "beam” element which
is able to describe deflections teking into account msterial strain herdening.

The elastic-plastic pipe element behaviour end its elastic-plastic de-
formations is described by means of an approximate model / 3 /.

The basic approach of the model i1s an expression for the oondition for
complete yielding of a tube croes seotion under combined loading (intermal
pressure, pure bending moment, torsion and axial load) following the Von
Mises material yielding criterion.

Yielding of the entire cross section is compidersd rather than looal
yielding at a eingle point in the oross section.

The model is developed in terms of generaslized stress amnd straing
strain hardening is considered by assuming thet the yleld surface expands as
in the standard treatment of phyeical stresses and strains., The flexibility
of the element is formulated directy (by mean that generalized stresses and
strains are proportional to the stress resultans and gross deformations) in
terms of the variables which must be considered for the aenalysis of a stru-
ctural assemblage of such elements.

4. Conclusion

Experimental results have been compared with those obtained by means
of the oomputer programme.

First comparisons between experimental results and computed ones found
out a sufficent agreement.

Even if the numerical model is developed as an "ad-hoo" computer pro-
gramme, the obtained results, its own modular struoture and ite handling
aimplicity make possible, according to our opinion, to extend them to more
complex pipeline lay-out. Obviously experimental activities and computer
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programme development will be improved to get some results, nevertheless we
presume that the experimenteal technique and the successfull computer epproach
&r'e the most importeant goals of our research.
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AISI 316
Q)O 60.3 mm th 3.91 mm

Fig. 1 Tested model

Fig. 2 Experimental rig
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Fig. 5
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