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ABSTRACT ;

In fast breeder reactor, more detail design at elevated temperature is h
required than in conventional fossile fuel power plants. One of the most /
important experiences in conventional power plants is creep and low cycle
fatigue cracking of welded joints of high temperature use. Therefore, more
carefull requirements will be necessary for welded joint properties for
fast breeder reactor. It is necessary to develop more reliable welded
joints considering the detailed requirements for breeder reactor use.

The authors report some problems experienced in conventional plants,
and then discuss the mechanism of fracture of welded joint specimens in
laboratory testing. Elevated temperature properties required for more
reliable welded joints is also discussed.
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1. Introduction

Various experimental studies have been conducted heretofore, on
structural materials at elevated temperatures, relating to development of
fast breeder reactor. In contrast, those on mechanical properties of
welded joints and their evaluation were quite limited. Cracking of welded
joints has often been reported in various fossile power plants operating
for long periods.
In fast reactor, therefore, it is required to pay attention to welded
joints used for long time in 'creep' range, and to perform further exten-
sive experimental works on their evaluation.

Cracking of welded joints which is roughly divided into two phenomena
of creep and low cycle fatigue (thermal fatigue), is always affected by
many factors, and constitutes one of the most difficult phenomena.

In this report, the authers present some examples of crackinq, and
wish to discuss the failure mechanism of welded joint speciments found in
laboratory testing and point out several items to be considered in design-
ing components.

2. Problems on welded joints at elevated temperature

Reports have heretofore been made on several experiences on crackinq
of welded joints in operating fossile power plants. [Ref. (1), (2), (3)]
Factors affecting such cracking are so multiple, and are quite complicated.
Two examples are being introduced; Fig. 1 shows creep cracking found in
welded part of nozzle attachment after 5xlO 4 hours operation, and Fig. 2
is an example of creep cracking in welded part of austenitic stainless
steel of pressurized piping after 2.5X1011 hours operation.

Cracking around welded joints always shows the following features,
which are not confined to the above examples but are quite general:
(1) Non-ductile intergranular cracking with creep voiding in grain

boundary.
(2) Cracking observed around toe of welded joints.
While, many factors shown in Table 1 cause such cracking, one of the most
important will be the creep rupture ductility, because crackings are always
non-ductile as shown above.
This will be important when we consider the evaluation of welded joint to
be used in fast breeder reactor.

3. Failure mechanism of welded joint specimens tested at elevated
temperature

Many kinds of laboratory tests have been performed to evaluate the
strength of welded joints. But it is attended with much difficulty to
compare test data obtained individually, because of the difference in shape
of the specimens or their locations taken from welded pieces.

It is quite important to understand in detail the mechanism or cri-
teria of. failures in specimens, when we compare and unify the test results.

3.1 Low cycle fatigue phenomena of welded joint specimens

Low cycle fatigue test under constant strain, is usually done bo-
using specimens as shown in Fig. 3. In this case, there are three dif-
ferent materials in the gauge length (GL), viz base metal, welded metal,
and heat affected zone (HAZ).
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Fatigue life of the specimens will be determined by combined effects
of the following two; cyclic stress-strain properties, and fatigue strength
of each point which consists welded joint. Two examples are shown in Fig.
3. Case A is an instance of welding stainless to stainless. In this case,
cyclic stress-strain curves of weld metal and that of base metal are
similar, and as the results, fatigue life is determined by the life of
welded metal. Case B is that of a welded joint of Cr-Mo steel, and in this
case strain will be concentrated at HAZ. So, the fatigue life will be
determined by the life of HAZ. Fig. 4 is the comparison of cyclic stress-
strain curves of various weld and base metals. It is easy to know the
location of strain concentration by comparing these stress-strain curves.

Fig. 5 shows an example of fatigue strength of 2.25Cr-Mo steel welded
joint. Fatigue life of the joint show lower value than that of the base
metal when expressed in average strain in gauge length, but when the con-
centrated strain in the base metal only is considered in expressing the
strain range, its life will be equal to or higher than that of base metal
itself. Fig. 6 shows the method of estimating fatigue lives by obtaining
strain distribution in the specimen analytically. The results obtained by
such method are shown in Fig. 7. Predicted lives give fair agreement with
the experimental results. The fact that is shown in Figs. 5 and 7, indi-
cates that fatigue life of the welded joint could be determined by cycling
of local strain and the fatigue strength of a specific location.

3.2 Creep rupture phenomena of welded joint specimens

Creep rupture specimen shown in Fig. 8, is commonly used. Creep
rupture phenomena are much more complex than that of low cycle fatigue,
because of the time dependant properties of base metal, weld metal and
HAS.

First of a l l , discussion should be made on the fai lure cr i ter ia of
welded jo in ts . Fig. 8 shows two kinds of fai lure c r i te r ia ; stress-based
criterion and strain-based cr i ter ion. Stress-based l i f e estimation is simply
done by bi-element (or tri-element) model, while strain-based l i f e es t i -
mation is analytically done by FEM as shown in Fig. 8.

Acquisition of test data such as rupture time and stress by sinple
specimens is not sufficient to establish better fai lure c r i te r ia . For the
purpose, i t is indispensable to get various properties of each part of
welded jo int such as base metal; weld metal and HAZ.

Figs. 9 to 11 show examples of steady creep rates, rupture lives and
the onset time of tert iary creep of various materials constituting welded
jo in t .

Heat affected zone of Cr-Mo steel is always in a narrow region; con-
sequently, the properties of HAZ should be obtained by specimens bearing
simulated heat history during welding. I t is important to check whether
the given heat history is adequate or not. Figs. 12 to 14 show examples
of creep rupture test data of welded jo in ts . Creep rupture l i f e of
2.25Cr-Mo welded jo in t shows the same value with that of HAZ. (Fig.12)
Fracture location of 304-304 weld and 321-347 weld is changeable according
to rupture time (Fig. 13 and 14); in shorter rupture time or at higher
stress levels, fracture occurs in welded metal. On the other hand, in
longer rupture l i f e , rupture occurs in base metal or HAZ.

In Figs. 13 and 14 are shown results of analytical prediction of
rupture l i f e obtained for 304-304 weld and 321-347 weld.

I f ter t iary creep in i t ia t ion l i f e ( t3 ) and creep' strain at t 3 are
taken as c r i t i ca l values of fa i lu re , the predicted l i f e shown in Fig. 8
holds good.
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This reveals that local creep strain and creep properties (creep
rupture ductility, rupture stress) at a specific location are the key to
determine creep crack initiation.

4. On the high temperature^design of welded parts

As mentioned above,'elevated temperature testing of welded joints
without any idea of taking specimens, determining its shape and so on
should be reconsidered, because the life of welded joint may vary according
to those conditions.

In previous section, it has been shown with several examples that
failure life or failure location can be predicted by knowing various pro-
perties of each parts constituting welded joints. It can be said that
testing of welded joints a,t elevated temperatures has the meaning of cer-
tifying such analytical prediction.

Such an analytical prediction method enables us to compare the test
data obtained from different specimens and to relate laboratory test data
to actual structures. Therefore, the following data will be required in
each part of welded joint to know the state of stress and strain:

•cyclico-e curves including cyclic softening and hardening
•yield stresses (static, dynamic)
• iso-chronous o-z curves
-thermal expansion coefficients

At the same time, the following data are also required on each part of
joint to determine fracture:

•creep rupture ductility (? e3)
•creep crack initiation life (? t3)
•low cycle fatigue crack initiation life

Fig.15 is a schematic figure to explan creep crack initiation
criteria relating to Fig.l. Peak and secondary stresses have relaxed in
early stage of operation, and then after 't' hours, stress distribution
in the figure will be obtained. In this case, stress-based failure
criterion is as follows;

On the other hand, strain-based failure criterion is as follows;

n £c(t)
DC2 = er(t)[ore3(t)]

- There are not sufficient data to show which criterion is more adequate;
however, the authors consider strain-based one will be better. Because

I the value of ef(t) increases gradually dependent upon time, even
if load change should occur. Moreover, the value of e3(t) may be close to

[. such critical strain as will cause creep cracking or voiding as shown in
Fig. 1.

: On the other hand, Dei has no clear meaning in relation to cracking.
: Therefore, to determine experimentally such critical creep strain er(t)
r is important. Creep strain at the onset of tartiary creep [e3(t)] must be
: the most adequate index as critical strain.
; If a simple exprimental method is to be used to determine critical
\ strain of base metal, Fig. 16 is such an example. Fig. 17 is the limit
\ strain determined by such method and shows the comparison with the one
> obtained analytically.
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We need time-consuming experiments to determine experimentally the
limit strain for more complicated models. Therefore, if we need to extrap
olate the limit strain to 105 or longer hours, analytical method will be
the only feasible one for it. Problems of cyclic creep or creep fatigue
interaction are much more comprex subjects, and so far we are yet to
determine how best to evaluate. However, it can be said that the most
important requirement for respective materials constituting welded joints
is the creep ductility after long time use. Systematic experimental work
should be continued to determine on such requirement.

5. Concluding remarks

The authers have discussed with only limited data the evaluation
method of welded joint, which is one of the most important items of mate-
rial researches for FBR. There are so far not systematic work in this
field. Therefore, further efforts must be rendered to aquire basic data
on materials constituting welded joints.

j
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Table 1 Factors affecting to failure of
welded joints

K
en

Typical metallurgical factors

o

O

o

o

O

Base metal, weld metal combination

Properties of H.A.Z.

Time and temperature dependent

Welding conditions

metallurgical changes

Chemical composition of base metal, weld metal

Typical mechanical factors

o

o

o

o

Structural discontinuity around

secondary stress

Stress concentration around toe

State of stress and strain

multi-axiality. constraint, cyclic

Mechamical properties and their

dependency

Creep rate, yield stress.

Cyclic tj - £ properties

Creep rupture ductility

etc.

welded joint affecting to

of weld metal

stress (strain) etc

time and temperature

14-Cr-l-M
4 . 2

• • • : . - ;

Creep voids at grain
boundary

Fig.l An example of creep cracking of Cr-Mo
steel weld
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Fig.2 An example of creep cracking of austenitic stainless steel
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Fig.3 State of stress and strain in welded jo in t specimens for
low eye' r i t ig i ie .
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Rupture specimen

WM

HAZ

BM

Stress-based failure criterion

Bi-element estimation
(Tri)

1 Rupture Life

M j < t r o r t 3 >

Life of Jomt=Min. of < tg, tyy.

Strain-based failure criterion

Finite element estimation

r
Fracture
S t r a i n

£B 'B'W

Life of Joint=Min. of < t g . tyy .

Fig.8 Creep rupture specimen and its failure criteria
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Fig.12 Creep rupture strength of 2.25Cr-1Mo steel welded jo in t
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