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Overview of Current Activities Relevant to Structural Analysis

on LMF3R in Japan
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Abstract

This paper presents the structural analysis activities

on LMFBR in Japan. The structural analysis activities on

LMF3R in Japan have been made mainly toward the validation of

the rules of high temperature structural design guide which is

to be used for the design of Class 1 components for elevated

temperature service of the prototype fast breeder reactor,

Monju. Main features of these analyses are as follows.

(1) Since the design by elastic analysis is intended

in the high temperature structural design guide of Monju,

a large progress has been made in the bounding technique

for high temperature inelastic behaviors, particularly

the elastic follow-up.

(2) There has been a progress in the clarification of the

creep behavior in order to evaluate creep damage adequately.

(3) Analysis techniques and design rules for piping have

been developed with considerable empasis.

In addition, buckling analyses were performed considering

the thin structures with low internal pressure in Monju

components. Further test and analysis were made on ratcheting.
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1. Introduction

The structural analyses relating to LMF3R in Japan were

performed to grasp the inelastic behavior due to the creep and

plasticity in the elevated temperature region of the prototype

FBR Monju. Also performed were the inelastic analyses for the

purpose of the validation of the rules of the Structural

Design Guide for Class 1 Components of Prototype FBR Monju for

Elevated Temperature Service {hereinafter referred to as "the

Guide")- Because of the loop type reactor, many analyses

associated with the piping were also performed. This paper

describes the role as well as the contribution of these

analyses in the efforts of establishment of the Guide as well

as the design of components under elevated temperature service.

2. Roles of the Structural Analysis

It is highly intended to use the method of design by

elastic analysis in the Guide, and in this context, each rule

and criterion consists of various kinds of design factors

which bound inelastic behavior of structure appropriately so as

to evaluate the effects of creep and plasticity on creep

strain, creep-fatigue damage etc. Thus a series of inelastic

analyses have been performed on the structural model which was

-; 2. -



mads considering the features of Monju, and these results have

played important roles in the determination of design factors.'

In addition, a number of analyses have been carried out

in order to grasp the inelastic behavior due to plasticity

and creep so that the obtained result could be used to

demonstrate the structural integrity of the main components of

Monju.

3. State-of-Art of Structural Analysis and Its Contribution

3-1. State-of-Art of Inelastic Analysis Technique

In order to establish an adequate high temperature design

criterion, it is necessary to develop structural analysis

technology which can handle the inelastic behavior due to

plasticity and creep of materials. For this purpose, our PNC

has been working on the establishment of an inelastic analysis

method since 1973 by carrying out research and development

works under a contract with Japan Society of Mechanical

Engineering and with reference mainly to US technology in this

field. Also with respect to inelastic analysis programs, our

PNC has developed its own FINAS Code, and it has already been

in use.

With respect to the constitutive equation of main struc-
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tural matsrials of Monju, there have already been introduced

elastic-plastic stress-strain equations as well as creep

equations which have been proved to be adequate for the design

application by comparison with various material tests data.

3-2. Analysis of High Temperature Structure

Relating to high temperature structures, a series of

analyses were carried out to grasp the behavior of elastic

follow-up, creep buckling, creep strain concentration, stress

relaxation under creep, etc., among which, in respect of

elastic follow-up, the Guide provides the method to determine

the strain due to elastic follow-up caused by long-term

secondary stress as £S? = qe0 (s^:
 v strain due to elastic

follow-up, sQ: elastic axial bending strain, q: magnification

factor).

The inelastic analyses relating to elastic follow-up were

carried out (for example the tube sheet structure subject to

thermal loadings) in order to confirm the validity of the above

bounding equation.

Inelastic creep buckling analyses were also carried out

centering on high temperature pipings and heat transfer tubes,

considering that elbows and tees become critical members

from the creep buckling viewpoint, and also that there is a
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possibility of occurance of thermal compressive stress in the

heat transfer tubes of IHX caused by the temperature

differences in their ambient sodium.

In addition, analyses were performed to evaluate the

strain concentration factor which is one of the. essential

factors for the evaluation of creep fatigue damage. The analysis

results were incorporated into the criterion of the Guide.

As to the simplified inelastic analyses, one of their

main targets was directed to the establishment of the structural

evaluation method of perforated flat plate in the elevated

temperature regime.

3-3. Analysis of Thin Structure with Low Internal Pressure

Considering the feature of the components of Monju like

thin structure with low internal pressure, extensive analytical

works were performed with respect to the plastic instability of

piping elbow and tee as well as the buckling of a cylindrical

shell in order to evaluate their structural strength. The

obtained results were used to establish the evaluation rules of

buckling of pipings and vessels in the Guide.
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3-4. Analysis of Structure Subject to Thermal Transient

The ratcheting and creep fatigue are considered to be

the main important failure modes caused by transient thermal

stresses-

For this reason, a series of inelastic analyses were

carried out for ratcheting in order to establish the criterion

for use of the 0'Donnel-Porowski method extended' to an

inaxisymmetric structure and to investigate the influence of

a transient excessive loading on the increase of ratcheting

strain etc. The relaxation of the residual stress caused by

the transient thermal stress, and the associated strain

behavior were investigated with the inelastic analysis to

obtain the basis to evaluate creep damage. The result through

these analyses have proved to be important in that the design

factors employed in the relating elastic analysis rules could

bound the inelastic behaviors adequately.

Besides, direct uses of the inelastic analysis.have been

made to demonstrate the structural integrity of the components

of the prototype F3R Monju.

3-5. Analysis of Piping

Monju, being a loop-type fast breeder reactor, has its
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major components linked by pipings, and is incorporated with,

high temperature pipings. For this reason, many analyses and

experiments of pipings have been and are being carried out in

Japan, and have so far produced valuable results not only to

support the adequacy of design factors of the piping rules in

the Guide but also to confirm the structural integrity of F3R

pipings.

The major items of analyses and tests are listed as

follows:

(1) Plastic instability of elbows and tees.

(2) Elastic follow-up of elbows and tees.

(3) Confirmation of adequacy of stress indices (3, C, K)

of elbows and tees under elevated temperatures

service .

(4) Ratcheting of elbows and tees.

(5) Creep buckling of elbows and tees.

(6) Evaluation of stress concentration of girth butt

weld joint between elbow and straight pipe.
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