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ABSTRACT

A stud¥ of the influence of strain rate on fracture toughness
of a_316 L type stainless has been made at 20°C _and 350°C for
displacement rates between 0,08 and _8mm/min. Using the J inte-
ral concept, J-R curves have been determined in éach case and
he influence of strain rate on initiation_and gropagat;on has
been evaluated in terms of Jic and dJ/da. _In addition micro-=

fracto?raphlc examination has been carried_out to establish a
ossible correlation between the mechanical properties

J, dJ/da) and the micromechanisms of fracture.
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INTRODUCTION

Austenitic stainless steel structural parts of pressurised
water and liguid metal fast breeder reactors are submitted to
large variations of temperature, stress, and strain.

In garticular, they are used under conditions of either high
or low strain rate : the influence of creep and relaxation on
the behaviour of these structural parts maz therefore be a
main factor controlling their Tesistance to failures. For
example such steels show creeg and relaxation damage at room
and elevated temperature (1,2). The potential danger of the
defects to be found in those  structures ma{ be evaluated by
using different élasto-plastic criteria : hese criteria take
account of both ductile crack growth (J, dJ/da) and creep
crack growth resistance (C*) ; ...-.

The influence of temperature on ductile tearing of austenitic
stainless steels is already known (3,4) for standard strain
Tates (ASTM E 813-81).

To determine stable crack growth resistance in the case of low
strain rates, 1t 18 necessary to take into account the inter-—
Action of creep and relaxation with crack growth.

Some data are to be found for A 533 gr B showing the influence
of dynamic strain aging phenomena on fracture toughness (5) -

Strain rate variations should also influence ductile crack
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growth of austenitic stainless steels, since dynamic strai
aging effects occur during tensile teéting of these steelé?

Serr
éear %ESQCC?EY?S)’ and also lower creep rates at temperatures

The first step of research for austenitic stainl i
f : teels is
to study the variation of J -& a curves wi ain ©
room and elevated temperatures. ek, SEtonn Tabs ok
EXPERIMENTAL PROGRAM
Materials.

The material studied was an industrial austenitic stainl
steel Tlate of 316 L grade with controlled nitrogen cégtggg.
Table gives the chemical analysis of the product.

TABLE 1 - Chemical analysis

(e Mn Si S P Ni C
.025 1.81 .49 .002 .027 12.22 17.52 2?%% .0

Such steels are used for nuclear plant construction and th
compositions of the heats _are bal 5 =
CompeslLions . heir anced so that the amount

specimens

The specimens used for determining J-R curves were

%gg:éogpggggegfwgimmzggickgess tageg from a_ 40mm thggﬁpgfgte.
: e side gr i i

e athecIT AN e 505-51¢ grooved after fatigue precracking

They were located in the plate at mid-thickness in the TL
- ¥ :
orlent_:atlon; tensile and char 1 i

g PY properties of this plate

TABLE 2 - Tensile and Charpy properties

tensile properties (average values) [Charpy U notc
G S at 28 C(J/cm2)
test tempe-— v$ vTS total (average
rature (°C) | (MPa) | (MPa) [elongation RA values)
(%) (%)
| 20° | 254 | 584 66,7 81,5 270
350° 162 a8l 42 " Tes |

Experimental methods

J-R curves were determined_ according to ASTM E 813-81 i
the partial unloading compliance meghod. Due to the laggéng e-

ning of the specimens, compliance values were cor
S r
account of the rotation. P orrected to take

Test program

J- 8'a tests were performed at two temperatures ( t
ture and 350°C), with three differentpload 1i 4l cplacemene
rates (.OBmm/miﬁ, .8mm/min, 8mm/min) . e drgplacanen

At the end of each test, specimens were broken ei

X = ither
temperature after heat tinting or at room temperature g; b
fatigue. Microfractographic and micrographic examinations were
performed using a scanning electron miCroscope.

of
per cent after quenching from 1070°C.

S
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RESULTS
Loading curves (P -E? )

Load versus displacement curves are shown in figure 1 for room
temperature and 350°C. The influence of the displacement rate
on the loading curves can be seen 1n this figure.

At room temperature, lowering the displacement rate lowers the
loa% %g a given displacement. This behaviour 1s not so clear
at 350°C.

Figure 2 shows that the maximum load does not depend on dis-
placement rate at 0.8 and 8mm/min, but for a dlsglacement rate
of 0.08mm/min is sli?htly higheer at 350°C (~ 5%) and lower
at room temperature ~ 8%).

J values for maximum load are shown as functions of strain
rate in figure 3. The J values are 1ndegendent of strain rate
at room temperature but decrease by 12,5% when the strain rate
is increased from 0.08 to 8mm/min at 3507°C.

J —S a curves

J -$ a curves at room and elevated temgeratures agpear on
figure 4 and table 3 together with the Jjc and dJ/da values.

TABLE 3 - Jjc_and dJd/da values

S g
1lc dJ/da Temp .
mm/min MJIm~ 2 M/Pa ¥
0.08 1.82 622 20
8.8 + +
0.12 15
0.08 T LEZ 8b<Z
0.8 1I.04 440 350
t 8. 1.34 40U

At room temperature the experimental scatter bands of all the

- %a curves obtained by the compliance method have been
represented. The oEtlcal measurements of ultimate crack
propagation have also been plotted.

The following comments may be made :

- J levels obtained are verI high (crack initiation higher .
than 1.5 MJm—Z) due to the low inclusion content of the material.

- good agreement is noted between ogticgl measurements and
crack growth calculated from the unloading compliance method
using a rotation correction.

- no significant differences can be seen between the three
different loading rates for this 316 L steel in the range
of strain rates studied all the curves obtained lie in theée
same scatter band.

The curves obtained at 350°C lead to the following comments :

- J and dJ/da values are lower (resp ctively 35% and 30%) than
the room temperature values. The J -& gcurve at a 0.08mm/min

displacement rate may be separated from the other two curves
io.g ﬁnd 8mm/min) and gives higher J values for a given crack
ength.
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TABLE 4 - J values for 2mm crack growth at 350°C
| Strain rate | ¢ g | 0.8 | 0.08
mm/min
J(MIm™2) 1.8 1.56 2.1
$a 2 2 2
(mm )

Micrographic examination

Fracture surfaces have been examined using _a scannin? election
microscope. Microphotographs are shown on figure 5, or three
strain rates at room temperature and 350°C. The rupture sur-
faces change with strain rate in the same way at 20°C and 350°C.
Two familiés of dimples may be seen in each case : larger
dimples initiated by inclusions (calcium silico aluminates)
smaller ones, which are initiated on a distribution of finer
inclusions and are due to the final tearing, which occurs

between the larger dimples wvhen they have reached a critical
size.

and

At room temgerature and 350°C the number of small dimples
decreases when the strain rate increases : this may be due to
the shorter time of germination left for decohesion at higher
strain rates leading to the growth of the smaller number of
previously formed decohesions.

However the results obtained concerning the influence of
strain rate on ductile crack growth resistance show that there
is no obvious correlation between J, dJ/da and _the micro-

mechanisms (growth kinetics of decohesions) and form and size
of dimples).

CONCLUSION

This study of the influence of strain rate on fracture tough-
ness of a 316 L type stainless steel has been carried out at
20°C and 350°C for strain rates between 0.08 and 8mm/mn. In
those conditions one cannot observe any significant influence
of strain rate either on initiation (Jéc) or propagation
(dJd/da) of ductile crack Nevertheless deécreasing strain rate at
350°C seems to increase the ductile crack growth resistance.
Microfractographic observation shows two different dlmgles
families, larger ones initiated on inclusions and smaller ones
which may be formed on defects durlng‘tearlng. No direct corre-
lation has been found between these micromechanisms and the
variation of J and dJ/da with strain rate. These results suggest
that a more marked influence could be expected in the ranges of
strain rate where relaxation occurs, i.e. very low or very high
strain rates : It is therefore necessary to go on_to study the
interaction between creep or relaxation and ductile crack growth
and also to determ%ne resisggnce,curves in dynamic loading” (for
! S »

¢ values near 1072 MPa m
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