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(8)/ Effect of Biaxial Loading and Geometry on Prediction of
Low Cycle Patigue Life (DEBENE) (10 pages)
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ECN-44, ECN(15pages)



4 ) H.U. Staal and J. D. Elen"Crack Closure and Iufluence of Cycle
‘Ratio R on Fatigue COrack Growth in Type 304 Stainless Steel at

Room Temperature”Bugincering Fracture Mechanics, vol. 11, p275~283
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NAERVI— 1

Programme for the visit of Mr. EBATA. - PNC - Tokyo

M G w R e e M et e S AR S AR e am v A N A e e A v e e A s S MR AR M e e A e b bm

Collaboration JRC - PNC

Date : 14 May 1979, starting at 9.15 a.m.

Meeting room : Building 6

1. Welcome by Mr. S.FINZI

2. Short presentation of JRC Reactor Safety Programme
- (materials research) E.BURCK, H.LARSSON, P.SCHILLER.

3. Short presentation of PNC Reactor Safety Programme
(materials research) Mr. EBATA

4. Discussion on collaboration agreement

4.1 Materials to be used

4.2 Elastic-plastic and dynamic fracture mechanics
4.3 Dynamic materials properties

4.4 Definitiqn of prior damage

4.5 Constitutive laws

Lunch

Visits to laboratories

- 33



Visit of Mr. EBATA - PNC - TOKYO

List of the participants

‘Mr. Sergio FINZI
Director of the Applied Sciences and Technologie Department

Mr. H. LARSSON
Head of the Applied Mechanic Division (A.S.T. Department)

Mr. G. VERZELETTI _
Head of the Mechanical Tests Section of the Applied
Mechanic Division (A.S.T. Department)

Mr. C. ALBERTINI
Scientific Officer of the Mechanlcal Tests Section of the
Applied Mechanic Division (A.S.T. Department)

Mr. P. SCHILLER
Head of the Materials D1V151on of the Natural Sciences’
and Physics Department.

Mr. E. BURCK
acting Head of the Reactor Safety Programme
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BRAER WM—2
JRC Reator Safety Program

1977~1980
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J RC REACTOR SAFETY PROGRAMME 1977 — 1980

1) REUABELWETY. AND RISK ASSESSMENT

2)  LIGHT WATER LOSS OF COOLANT ACCIDENT

3) LMFBR SUBASSEMBLY THERMOHYDRAUUCS |

4) FUEL—-COOLANT !NTERACTSON AND CORE MELT DOWN
5) DYNAMIC STRUCTURE LOADING AND RESPONSE

6) STRUCTURAL FAILURE PREVENTION



1)

RELIABILITY AND RISK ASSESSMENT

DEVELOPMENT OF AN LMFBR WHOLE CORE ACCIDENT CODE,
COLLECTION AND ANALYSIS OF THE MODULES, SET UP OF
A PILOT CODE

EUROPEAN RELIABILITY DATA SYSTEM

VALIDATION EXPERIMENT ON PRESSURE TRANSIENTS OF
THE KWO POWER STATION

PRESSURE VESSEL RELIABILITY



LIGHT WATER LOSS OF COOLANT ACCIDENT

LOOP BLOWDOWN EXPERIMENT (LOBI)
CODE DEVELOPMENT AND VALIDATION
LWR THERMOHYDRAULICS UNDER LOCA AND ATWS CONDITIONS

ASSESSMENT OF FUEL BUNDLE SIZE REQUIREMENTS FOR
NEXT GENERATION LOCA TESTING IN ESSOR



-0F —

- 3)

LMFBR SUBASSEMBLY THERMOHYDRAULICS

CODE DEVELOPMENT AND VALIDATION FOR ANALYSIS OF

LOF TYPE SITUATIONS AND ONE AND TWO PHASE FLOW
IN SUBASSEMBLIES WITH FAILURES

EXPERIMENTAL SODIUM BOILING STUDIES WITH SIMPLE
GEOMETRICS (TUBE AND ANNULUS) AND ROD BUNDLES,
BOILING CONDITIONS IN BLOCKED CHANNELS



4)

FUEL—-COOLANT INTERACTIONS AND CORE MELT DOWN

EXPERIMENTS WITH ~ MOLTEN STEEL  — WATER
o | MOLTEN U0, - WATER
UO, GRANULATES — WATER

IN CHANNEL AND TANK TYPE EXPERIMENTAL FACILITIES

EXPERIMENTS WITH ~ MOLTEN U0, — SODIUM

DEVELOPMENT OF CODES TO DESCRIBE EXPERIMENT AND
CALCULATE PRESSURE DEVELOPMENT

PARTICULATE BED COOLING AND ITS TRANSITION TO MOLTEN POOL
MOLTEN POOL COOLING AND RELATED STRUCTURE PROBLEMS
THERMOPHYSICAL PROPERTIES OF CORE MELT MATERIALS
COMPATIBILITY OF SACRIFICIAL LAYER WITH SODIUM



5)

DYNAMIC STRUCTURE LOADING AND RESPONSE

MODEL EXPERIMENTS (SNR—300 — PEC)

CODE VALIDATION PROGRAMME (COVA) FOR CONTAINMENT
CODE COMPARISON AND IMPROVEMENT REXCO, ASTARTE, SEURBNUK
EXPERIMENTAL PROGRAMME

'CORE INTERNALS

CORE DEVELOPMENT — EURDYN AND EXPERIMENTAL PROGRAMME

CONSTITUTIVE LAWS FOR AUSTENITIC STAINLESS STEELS AND
SUBASSEMBLY INTERNALS (STRESS—STRAIN — STRAIN RATE RELATIONS)



6)

STRUCTURAL FAILURE PREVENTION

FRACTURE MECHANICS, INCLUDING FATIGUE CRACK GROWTH,
EFFECT OF IRRADIATION, THERMAL SHOCKS AND ENVIRONMENT

ELASTO — PLASTIC FRACTURE MECHANICS

CREEP FATIGUE DAMAGE IN STAINLESS STEELS WITH CREEP
DAMAGE MODELLING

FAILURE DETECTION IN REACTOR STRUCTURES
RELIABILITY OF CLASSICAL NDT, ULTRASONIC EMISSION
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3rd Specialists Meeting

of CEA-DEBENE-PNC Cooperation on Item 2

"In-alr and in-sodium tests of mechanical

properties of structural materials"

May 8/9, 1979, in Karlsruhe/FRG
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Issued: May 11, 1979
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1. Introduction

On May 8 and 2, 1279, at Karlsruhe, a trilateral special-
ists meeting CEA/DeBeNe/PNC in the frame of the "Agreement
on technical cooperation in the field of LMFBR" as signed
on May 26, 1978, took place.

This was the first trilateral meeting between experts of
CEA/DeBeNe/PNC with regard to item 2
' "In—-air tests and sodium effect tests
of structural materials"”

as defined in the meeting held on April 5-8, 1976 in Japan.
In addition the irradiation effects on mechanical proper-
ties of structural materials have been covered in this
meeting (in accordance to the trilateral contract).
The objectives of the meeting were:
- to update the mutual knowledge .of the present status of

the research programmes
- to identify areas of common interest for a possible ex-

change and closer cooperation and
- to give recommendations for further procedures.

Although item 2 has been discussed to some extent in the

past it was necessary to arrandge this meeting because of:

- new understandings that have been worked out in the last
three years leading to modifications of the research
programmes ‘ '

- the bilateral exchange contract between KFX and PNC was
replaced by a trilateral one between CEA/DeBeNe/PNC.



2. Results and agreements of the 3rd Specialists Meeting

on item 2

The expert meeting followed the mutually agreed agenda in
Appendix 1; the names of the experts present during the
Session I are given in Appendix 2.

Session I on "In-air tests of structural materials"

All parties have major research programmes in this area,
which are aimed at the gualification of structural materials
for high temperature application. These programmes follow
the same main routes with concern to the problem orienta-
tion.

Although the materials used are different, common topics

of mutual interest were identified, predominantly in the
area of fatigue testing of weldments and of creep-fatigue
interaction work especially with concern to long hold times.
These topics have been listed in App. 3. Relevant actions
have been compiled in Appendix 4. Documents that were handed
out during the meeting are given in Appendix 5.

Session II: In-sodium tests of structural materials

The creep ruptufe and low cycle fatigue tests in flowing
sodium at DeBeNe (phase 1) have been carried out in time
and results will be available after evaluation of specimens
and tests. The test facilities will be used for a contin-
vation of the programme, which will be fixed within this
year,

At PNC, creep rupture and LCF tests in flowing sodium will
be conducted in loops that will be operational in the bhe-



ginning of 1980. Up to now, creep results of tests performed
after sodium exposure are available. LCF tests have been
made in flowing sodium at low velocity.

CEA has gained results of fatigue and creep-fatigue tests
in flowing sodium. Creep rupture tests of structural mate-~

rials are not foreseen so far.

Session III: Irradiation effects on structural materials

The first part of the DeBeNe-programme for the period 1975
to 1978 has been terminated. The programme is extended for
the period 1978 to 1981, Emphasis is given to heat-to-heat
effects of creep properties, fluence dependence of ductility
and wider ranges of strain rates, amplitudes and tempera-
tures. Fracture mechanics will also be conducted for the
periocd 1979 to 1982.

The PNC-programme has resulted in the main observations
for sus 304 plate'that creep strengths and ductilities are
reduced by irradiation. Low cycle fatigue testing is hardly
affected by irradiation. Hold time experimenfs on irra-
diated material are expected to be started in 1983. The
PNC-programme also includes in-pile creep tests in order

to verify the post—-irradiation properties.

For the evaluation of Super Phé&nix components CEA has
planned post irradiation experiments on AISI 304 L and
AISI 316 LSPH. The programme has about the same character
as DeBeNe work, differences exist with regard to neutron
spectrum.
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Appendix 2

3rd Specialists Meeting on Item 2 (May 8/9, 1979, Karlsruhe)

Participants:
Name Organization May 8, 79 May 9, 79
Session I ~ Session II Session III
In-air In-Na Irradiation
Atsumo PNC, Tokyo X x b4
Eb ata [1] 1 x x
Imazu " delegate to x X X
IWECQ/TNO
Ardellier CEA, Cadarache X X b4
Calvet CEA, Saclay X X X
Tavassoli " " x X X
Breitling INTERATOM, b4 X
Berg. Gladbach 7
Grosser " X x X
Huthmann " X
Anderko KFK, Karlsruhe X
Borgstedt " " x X X
Gross " " x x x
Habermann " " X x
Schirra . " b4 x
Schmitt “ " X x
Casteels SCK, Mol X X X
Tas " » X x
van der.Séhaaf.ECN, Petten b4 X
Braun TNO, Apeldoorn X
Husslage " " *x X
van de Velde "o " X x X




Appendix 3

3rd Specialists Meeting

of CEA-DEBENE-PNC Cooperation on Item 2

"In-air and in-sodium tests of mechanical

properties of structural materials"

May 8/9, 1979, in Karlsruhe/FRG

Topics i1dentified being of mutual interest:

Session I: In-air tests of structural materials

1.

Fatigue of weldments has been discussed as being

a topic of major concern for all partiles. Ap-
proaches how to handle the problem of interactions
inbetween the different portions of the weldment
in the strain controlled region of test specimens
were given. It is the opinion of the parties that
an exchange of programmes aimed on this topic is
useful.

Followlng discussions of activities related to
creep/fatigue-interaction tests with long hold
times {more than 60 min) the parties agreed that
it will be useful to have a further exchange

- in programme matrix definition

-~ in exchange of obtained data and

- in a possible cross-checking of parameters and
samples.

A detailed proposal for a programme set up by
CEA-DEBENE is to be exchanged until Sept. 1979

for agreement with PNC.



3. Although beyond the scope of this meeting,
subjects on the welding procedures and NDT
were touched. It was agreed to discuss this
under item 5.

Session II: In-Sodium tests of structural materials
4. The parties propose that the results of in-

flowing sodium creep and stress—-to-rupture

tests should be discussed. The methods and
equipment should be compared by exchange of
specimens for tests in the different loops.

As a date for a first discussion Autumn 1980

is agreed.

Session III: Irradiation effects on structural materials

5.

Because of the large technical efforts on both
sides an information exchange on irradiation
effects is agreed. PNC will also include in-

pile creep data.

The importance of spectrum effects has been
stressed and will be considered as a subject
to cooperation between CEA/DEBENE/PNC. This
should be worked out after receiving the rele-
vant PNC-information (see action A 11).

Further information on fluence and spectrum

‘effects is needed to define a common effort.



Appendix 4

3rd Specialists Meeting

of CEA-DEBENE-PNC Cooperation on Item 2

"In-air and in-sodium tests of mechanical

properties of structural materials”

May 8/9, 1979, in Karlsruhe/FRG

Actions agreed during the 3rd meeting on item 2:

Session I:

In—air tests of structural materials

Al

(A2

A3

CEA will describe the specimen-geometry and the
test procedure used for fatigue tests on welded
joints.

(CEA/Mr. Tavassoli)

TNO will prepare a short description on the Ré&D
in the field of in-air tests on 1.6770

(2 1/4 Cr 1 MoNiNb) (see document 89 prepared
during the meeting).

(TNO/Mr ., Husslage)

CEA will prepare an English version of the sheets
Mr. Tavassoli used during his presentation
(document 88). He will send a copy of these sheets
to INTERATOM so that they can be added to the

documents.

(CEA/Mr. Tavassoli)



Session II:

In-sodium tests of structural materials

Session II1:

A4

A5

Ab

A7

CEA will'prepare a paper describing the facilities
already used or to be used for in-sodium tests
(document 93). This paper will be sent to INTERATOM
to be added to the documents.

(CEA/Mr, Ardellier)

PNC will check if PNC data, that have been generated
from in-sodium tests (fatigue) and from creep tests
performed after sodium exposure, can be made avail-
able for DEBENE and CEA,

{PNC/Mr. Atsumoc)
PNC will inform DEBENE (Mr. Huthmann) on the re-

sults obtained so far by using the INTERATOM C-
monitor-foil sample.

{PNC/Mr. Atsumo)
CEA will give a written description of the pre-

sentation made by Mr. Ardellier during the meeting
on May B (later available, document 94).

{(CEA/Mr. Ardellier)

Irradiation effects on structural materials

A8

CEA will prepare a paper describing the irradiation
effect tests presented by Mr. Tavassoli during the
meeting on May 9, 79 {later available, document 99).

(CEA/Mr. Tavassoli)



A9

Al0

All

PNC will inform DEBENE/CEA by letter on the
flux used for in-pile and post-irradiation ex-

periments.

(PNC/Mr. Ebata}

PNC will prepare a document in which data ob-
tained from PNC tests and data compiled from

foreign sources are identified.

(PNC/Mr. Ebata)

Relating to the document No. 118, PNC will give
the neutron spectrum analysis of the irradiation

position in JMTR where the irradiation on domes-—

tic SUS 304 has been performed.

(PNC/Mr. Ebata)

-60 -



No.
107

108

1082

109

110

111

112

113

114

115

116

Appendix 5

Documents handed out during the 3rd meeting on Item 2

"Tn-air tests and sodium effect tests of structural
materials", May 8-9, 1979, PNC/DeBeNe/CEA in Karlsruhe, FRG

DeBeNe-in air tests of structural materials

Survey Paper

In-air structural material test

Step II, Test program, 4 various effect tests
Various detailed planning tables belonging to 108

T. Structural Material Test (Mr. Ebata)

with two appendices

Copy of sheets Mr. Tavessoli
used in his presentation on in-air tests of
structural materials

- later available -
Survey of 2 La Cr-1 MoWNiNb-investigations

SMIRT-paper:
Effect of biaxial loading and geometry on
prediction of low cycle fatigue life

by Konter, Janssen, Husslage
In-sodium tests in DeBeNe laboratories

Copy of the sheets Mr. Atsumo used in his
presentation on in-sodium effect tests

(Tn-sodium tests on materials in PNC-facilities)

Paper describing the facilities (to be) used
by CEA for in-sodium tests

- later available -

Copy of the sheets Mr. Ardellier used in his
presentation on in-sodium effect tests

- later available -

{DeBeNe)
(PNC)

(PNC)

(PNC)

(CEA)

{DeBeNe)

(DeBeNe)

{(DeBeNe)

(PNC)

(CEA)

(CER)



No.
117

118

119

120

121

122

123

Appendix 5

DEBENE-contribution to the DEBENE-CEA-PNC-

meeting related to irradiation effects

Post-irradiation examination on structural

materials and welded joints for fast reactor;

2. long term strength
Materials monitoring facility

Overall planning table "Performed post-

irradiation tests on structural materials"

(2 pages)

Copy of sheets Mr. Tavassoli used during
his presentation on irradiation effects

— later available -

PNC-recommendation on the data sheets for

PNC-DEBENE-data exchange (draft)

PNC-document; preliminary data identi-
fication from irradiation experiments as
belonging to domestic or foreign sources
(according to action AlOQ)

(Cont.)

(DEBENE)

(PNC)

(PNC)

(PNC)

(CEA)

(PNC)

(PNC)





