
Resulting from this work it has been possible to postulate
optimisation procedures for both welding and post weld heat treatment whereby
the. high temperature integrity of the weldment may be improved. The UKAEA Mechanical lest Programs in Air
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More recently attention has been focused on deriving similar data
for austenit ic welds, spec i f ica l ly AISI 316 s tee l welded with a 16/8/2 type
electrode. The d i f f i c u l t i e s that the work hardening properties of this
s t ee l present in making re l iable residual s tress measurements have been
overcome by adopting the air abrasive cutting technique and detailed studies
of the residual s tresses in the weld metal show distributions which are
very different from those exhibited by f e r r i t i c welds. The differences
have been explained using knowledge of the ef fect of phase transformation
on stress build-up.

The rate of s tress relaxation in atistenitic welds, during thermal
stress re l i e f at various times and temperatures has also been studied
and the relevance of uniaxial s tress relaxation data to post weld heat
treatment has been examined.

Future work wi l l be aimed at optimising the weld procedure and
post weld heat treatment in order to obtain the maximum high temperature
l i f e of austenit ic welds.

DISSIMILAR METAL TRANSITION JOINTS

Work has been concentrated on the English Electric Mk III joint
which consists of AISI Type 316 and 2jCrlMo welded with 316. Finite
element analyses on an idealised model of the joint have produced s tress
and strain distributions for the e l a s t i c and e l a s t i c / p l a s t i c cases , which
agree substantially with those obtained earl ier by Hardy at MEL. Work
i s in progress to increase the accuracy of the input to the programme;
f i r s t l y by establishing relevant material properties in laboratory t ens i l e
and creeep t e s t s on both the parent and weld metals; and secondly by
residual s tress measurements on fu l l s i ze components to establish i n i t i a l
and long term stress s ta te s . Two joints are being investigated; one
brand new, and the other cracked and removed from service after 60,000u.
These data w i l l be fed back into an e las t i c /p las t i c / creep analysis which
should be more representative of operating conditions.

The f i n i t e element work has been extended by considering the
characterist ics of crack propagation along the weld interface in terms of
stress intensity factor at the crack t i p . It was found that the use of
a weld metal with intermediate coeff ic ient of thermal expansion reduced
the stresses considerably, and that increasing the interface angle towards
a 90° butt weld decreased the mode I (opening) stress intensity but had
l i t t l e effect on mode II (shear). Life estimates in fatigue and creep
wi l l be attempted using this information, and wil l be compared with the
results of thermal cycling t e s t s on the cracked joint .

The objectives are to make reasonable failure predictions and to
produce superior jo int designs.

INTRODUCTION

The deoign of CDFR w i l l be based on the mechanical behaviour of mater ia ls in a i r ,
although at a l a t e r date account may need to be taken of sodium e f f e c t s . The need
for t h i s information i s out l ined in the introductory paper (UK Paper No. 1 ) . The
extent of the a i r programme and preliminary f indings are described in t h i s paper.

STRESS BUPTURS

The UKAEA and the CEGB are co-sponsors of a nat ional s t r e s s rupture t e s t i n g pro -
gramme which includes t e s t s to 100,000h on a number of c a s t s of Type 3 1 6 s t e e l .
Information from these t e s t s should aid .extrapolat ion u n c e r t a i n t i e s ; data current ly
extend to about 80,000h. These specimens a l s o provide valuable information on the
rupture d u c t i l i t y of Type 316 s t e e l , indicat ing a very wide range o f v a l u e s . Metal-
lographic examinations have been performed on some of these specimens by the CEGB
in an attemot to understand the reasons for the v a r i a t i o n s i n d u c t i l i t y (UK Papers
Nos. <i & 5)".

In order to provide data for direct comparison with tests to be performed later In
sodium on the same cast of steel further tests to 30,000h are planned at UKAEA
Laboratories (RNL) on one cast of steel at 625°C and 575°C, Available results are
given 1n UK Paper No 3. Tests to 15,000h are planned on a further three casts of
steel at 625, 575 and 550°C. These tests w i l l supplement those from the national
programme, and In part icular provide useful information on the rupture duc t i l i t y
Rupture duc t i l i t y values obtained to date are moderate to high, the lowest
values being observed at the testing temperature of 550 C.

Veld metal specimens have been tested at 625 and 575°C for times of up to 15,000h.
Longitudinal (all weld) and transverse (composite) specimens were machined from J,0ma
thick welded plate. The rupture strength was found to be similar to that of wrought
materials but the rupture ductility was significantly low; several values of 3 to 53»
were observed. Subsequent metallography has shown that the ductility i s related to
the form of the delta ferrite, low ductility values being associated with vermicular
ferrite, brittle fracture occurring along the ferrite/austenite boundaries. Further
tests on weld metal are planned to 20,CO0h at 550 C; specimens will be machined
20mm thick plate some of which will be welded manually, and others by the MIG process.

Stress rupture tests to I5i000h are planned on double edge notched strip specimens of
6mn x 15mm cross section. The notched stress rupture strength0of parent metal and
weld metal will be established at temperatures of 625 and 550 C. The purpose of
these tests i s to compare the notched strength with that of smooth specimens. Results
to date suggest the notched rupture strength i s no lower than that of smooth specimens
and that nett section stress can be used to describe specimen failure.

IflW DEFORMATION CREEP

T e s t s to 50,O00h are planned on one cast of s t e e l at temperatures of 625 and 575 C
and a number of d i f ferent s t r e s s l e v e l s . The current p o s i t i o n i s given in UK Paper
No. 3- The purpose of t h i s work i s to e s t a b l i s h the long term creep behaviour of
t h i s s t e e l , par t i cu lar ly for comparison with the creep curves given in Code Case 1592,
and to develop nn equation for use in i n e l a s t i c a n a l y s i s . From creep t e s t s performed
on other cas t s of Type 316 c t e e l i t i s evident that the creep behaviour from c a s t to
cast con be very var iable , the proportions of primary, secondary and t e r t i a r y creep
differing significantly. This variability makes i t difficult to derive a creep
equation from one cast which can be used to reliably describe the creep behaviour
of a specimen or component manufactured from another cost of steel .
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from stress rupture tests performed on weld metal it is evident that at medium and
high stress levels the primary and secondary creep components are little different
from those observed on wrought materials. However 10,000h tests, performed on weld
metal at 575 C at stress levels appropriate to design, indicate that the creep rate
of weld metal is significantly lower than that of wrought material; this difference
in creep behaviour could be important in the creep analysis of components.

Creep crack growth measurements are being taken on the double edge notched specimens
previously referred to, which also permit the creep crack growth rates to be determined
as a function of temperature, stress and time. The test conditions are as already
described. This type of information may be necessary in the prediction of the crack
growth behaviour of defective structures which operate at temperatures in the creep
range.

HIGH STRAIN FATIGUE

Strainocontrollgd fatigue tests have been performed on Type 316 steel at temperatures
of 'tOO and 625 C to establish the baseline properties. Three casts of steel and one
batch of weld metal have been tested at 625 c- Tests were performed at either a strain
rate of h% per minute or a frequency of 1 cpm. Although little difference in endurance
between- the four materials was observed at strain range levels of 1.0J» or above, at
lower strain range levels which are more relevant to design some divergence in
behaviour was observed.

The endurance is frequency and/or strain rate dependent at 625°C and therefore the
position of the baseline cannot be adequately defined. At It0O°C the endurance is
not significantly affected by the strain rate; hence the data obtained on Type 321
steel at 'lOO C which is described in UK Paper No. 6 can be applied directly to reactor
situations without the need to consider strain rate effects.

COMBINED CUES'/FATIGUE

Since the creep behaviour is known to be mlcrostructure sensitive, it is to be expected
that the combined creep/fatigue behaviour will be influenced by the microstructure.
Host of the UK work is aimed at evaluating the Influence of a repeated tensile hold
period on the strain controlled fatigue endurance. Since the creep/fatigue endurance
will be mlcrostructure sensitive tests are planned on at least two casts of steel and
one batch of weld metal. An inherent difficulty in this work is the uncertainty
regarding the correct model to be used for extrapolation and the associated doubt
regarding the most appropriate tests to be performed. It is thought that the behaviour
could be influenced by the creep rupture ductility; hence the casts selected for test-
ing Include one with a high ductility and one with a low ductility. On the other hand
the weld metal ductility generally only falls after about 10O0h of testing, and there-
fore in this case tests of at least a few thousand hours duration will be necessary to
establish the creep/fatigue behaviour relevant to design.

One question which has not yet been satisfactorily answered is whether gaturation damage
can be achieved in realistic timeecalee. Most tests are planned at 625 C with hold
times of ^h, 2h and 5h. Creep effects are inevitably linked to microstructural stab-
ility, and if changes occur at long times are these caused by additional creep damage
or by thermal instabilities? Because of the difficulty of performing long term tests
and the uncertainties of extrapolation, the provision of satisfactory design rules
cannot be guaranteed. However, to minimise these uncertainties, fundamental work on
damage is planned which it is hoped will provide a better understanding thereby adding
confidence to the extrapolation method. Additionally, long term tests are planned
using screw drive machines on which perhaps 50h hold times will be studied, again with
the hope of minimising extrapolation uncertainties.

How important £s temperature to creep/fatigue? Some tests are planned at temperatures
Of §25 and 575 C, but present indications suggest that in the temperature range 525-
650 C temperature is not a very significant parameter on the endurance.

Using a cra6k growth mechanistic model it is thought that the creep/fatigue endurance 4t
may be dependent on the carbide particle spacing and cavity formation. In the hope of
providing a short cut approach short term creep/fatigue tests nre planned on specimens
which have been pre-creep strained and pre-aged with the possibility of providing a
microstructure prone to rapid crack growth.

FATIGUE CRACK GBOWTH

Fatigue crack growth tests are being performed on Type 316 parent metal and weld metal
to provide data for the defect analysis of structures. Host tests utilise standard or
sub-size (9mm thick) CKS type specimens but work is also in progress on welded plate
specimens 920mm x 150mm x 20mm in size containing starting defects 30mm long x 6mm deep
in the weld metal. The effect of temperature (RT, "tOO, 550, 625 C) of frequency (iHz-
O.OIHz) of R ratio 10.01-0.6) and of hold time (0-10^ sees) are being investigated.
Additionally the affect of pre-irradiation to 0.2 and 2 dpa on the growth behaviour
at '•00 C is being studied.

Emphasis is being given to the behaviour of weld metal. Results to date suggest that
the growth rates in weld metal are no higher than those in parent metal. Although
most of the variables so far studied influence the growth behaviour the effects are
found to be small. It is likely that an upper bound Can be reliably defined which will
encompass all the data points and can be used for design appraisal purposes. The growth
rates in the welded plate specimens can be predicted reasonably well from small specimen
data on the basis of stress intensity, confirming the validity of this approach for
defect analysis in structural components.

THERMAL AGEING

It is becoming increasingly evident that Type 316 steel in common with other stainless
steels is microstructurally unstable at fast reactor operating temperatures and due
account must be taken of the influence of these long term changes on the mechanical
properties. It is important to know how long term ageing moy affect the low cycle
and high cycle fatigue endurance of the fatigue crack growth behaviour, the fracture
toughness and the tensile properties. The microstrueturol changes that can occur
are not yet fully understood and it is therefore not certain how the ageing process can
best be accelerated to simulate the changes which may occur in service. Other factors
of importance include cold work and applied load and the latter may also produce
cavitational damage which could also influence the properties.

The influence of prior ageing on some of the mechanical properties is already being
investigated on an ad hoc basis, but it will be necessary to study the possible effects
in a more systematic manner. The effect of cast to cast differences will need to be
considered and emphasis will be given to the ageing response of weld metal.

HIGH CYCU FATIGUE

The UK have been collecting high cycle fatigue data (10-1(r cycles) over a number of
years to aid design problems. In practice high frequency cyclic stresses could arise
from ac^oustic or coolant flow sources and could cause fatigue damage. The Design
Codes give no guidance on acceptable stress levels for the avoidance of high cycle
fatigue failure, load controlled tests under sinusoidal and narrow bantj random
loading (NBRL) have been performed nt temperatures of about |i00 and 625°C on both
emootb specimens and fillet welded joints in stainless steel to establish the high
frequency 6treso levels that can be tolerated without risk of failure. This work
has clearly shown that the presence of stress concentrations such as fillet welds
con substantially reduce the fatigue endurance.

More recently the potential problem of thermal striping has been highlighted which
requires evaluation against high cycle fatigue data. In this cane the process is
strain controlled, and it is not certain whether load controlled test data can be
used for evaluation purposes. Strain controlled and load controlled tests are in


