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Creep-Fatigue Elbow Experiment

M. Fortmann, K.W. Fromm
INTERATOM GmbH, Postfach, D-5060 Bergisch-Gladbach 1, Germany

Abstract

This paper describes an experimental facility for elevated-tempe-
rature creep-fatigue tests on integral elbows, a preliminary test at
room temperature and analysis work to be performed within the frame-
work of the fast breeder reactor programme SNR-300.

SNR-300 will exemplify continual feed-back between plant operation
and experiment/analysis.

The creep-fatigue test is scoped by life-prediction aspects of
SNR-300 operation and will play a vital role in the SNR-300 quality
assurance programme.

1. Creep-Fatigue-Test Goals

The creep-fatigue-tests on a full-size SNR-300 elbow pursue a
number of closely related goals:

(1) Upper and lower limiting load in an elevated temperature environ-
ment, demonstrating the reliability of highly loaded components
in SNR-300

{2) SNR-300 piping lay-out approval
(3) Margin-of-safety proof

(4) Verification and qualification of constitutive equations devel-
oped at INTERATOM

(5) Approval of numerical analysis methods used in the SNR-300
licensing procedure

(6) Development and proof-testing of the experimental techniques cho-
sen for life-time prediction during actual power-plant operation
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2. Introduction

The test specimen - a full-size SNR-300 integral elbow (location 1,
fig. 1) with straight-pipe extensions (location 2, fig. 1) - is repre-
sentative of the most highly loaded DN 550 elbow in the SNR-300 primary
cooling-system,

Loading conditions:
-Elevated temperature range
546°C and 600°C

- Sodium filling

-Load controlled history
-Internal pressure range;
0+ 19 bar

Elbow response:

-Creep
- Cyclic plasticity

Figure 1. Test Rig

The multi-purpose elbow programme consists of

(1) A full-scale test on an original SNR-300 elbow (fig. 1) designed
via an inelastic numerical analysis performed for the complete

piping system

(2) Determination of material properties for specimens removed from
another full-size SNR-300 elbow. These specimens and the test elbow
in (1) are composed of the same austenitic material (1.4948) taken
from the same charge.

(3) Numerical analyses with the HK&S code / 1 7 modelling elastic and
inelastic material behavior for constitutive equation parameters
taken from (2).
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3. Test Procedure

An inelastic numerical analysis was performed for the complete
piping system response. Cyclic plasticity did not occur.

SNR-300 loads applied to the piping system and its response at the
elbow end-sections will be simulated in the test rig (fig. 1).

Loading will consist of pure bending moment and torsion, elevated
temperature and internal pressure. Concentrated loads, thermal tran-
sients, hangers, sliding guides and auxiliary heating will be
neglected. The SNR-300 service life-time (1) of 100 000 h (pure creep)
under normal conditions (546 °C) will be modelled by (2) a shorter
period of operation (9 200 h) at 546 °C and 600 °C., In each case ((1)
and (2)) the same accumulated creep strain should occur.

435 unit load cycles will be analysed (causing cyclic plasticity)
and thus clearly overestimating the loading situation.

A preliminary test at room temperature - consisting of six differ-
ent load cases - has shown that the strain-, ovalization- and angle-
measuring devices as well as a SNR-300 life-prediction device are

accurate and reliable.

4, Measuring Technigue and Preliminary Test Results

The experimental procedure was initiated via a preliminary test
at room temperature (RT) in order to check all the equipment,
Experimental results at room temperature must, and do indeed,

coinside with the analytical results.

4.1 Life-prediction Control-measurements for Elbows

Limited local strain measurement for elbows is not sufficient for
analyzing all the cases occuring in practice. Widely differing strain
patterns occur. Therefore INTERATOM developed a new global-strain
measuring device for life-prediction work on elbows (location 4,
fig. 1).

This instrument measures elbow rotations and relative displace-
ments.

Global-deformation measurements and simultaneous recording of
outer-surface crack-propagation are a fitting tool for continuous
life-prediction.

In this way the lack of reliable constitutive equations for nume-

rical analysis, involving tertiary creep, can be off-set.
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4,2 Strain measurements

100 RT strain gauges and 40 photoelastic strips were installed to
the elbow in the highly strained region round the elbow crowns (loca-
tion 1, fig. 1).

Some experimental results and a comparison with the results of the
numerical analyses are given in fig. 2. The results (fig. 2) were
considered sufficiently good for deducing the elevated ~ temperature
strain-transducer locations from the experimental RT results.

The use of elevated-temperature strain-gauges for creep measure-
ments entailed the development of a new capacitive transducer (CT) at
INTERATOM / 2 7. The characteristics of this transducer indicate that
it will be able to cope with all geometrical and loading conditions
arising in the elbow test. About 50 locations were selected.
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4.3 oOvalization measurements

Eleven ovalization measuring pins are located on the periphery of
the elbow section (location 3, fig. 1). The preliminary test results
agree well with numerical results obtained via the ABAQUS code (fig. 3).
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4.4 Elbow end-rotation measurement

In-plane and out-of-plane (in each case two) inclinometers measure
the elbow end-rotations. By the way of their particular installation
here they pick-up outer-surface rotations (location 5, fig. 1).

5. Conclusion

The preliminary test at room temperature consisted of a pure in-
plane moment, a pure out-of-plane moment or superimposed in-plane and
out-of-plane moments with or without internal pressure, respectively,

The preliminary test results are accurate and reliable. The
confidence thus gained in the measuring equipment and the ABAQUS model
can be applied equally well to the elevated temperature creep-fatigue
results to be obtained in the next step.
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