J COIF-§21037--30

DEE3 001925

)

NEW METHOD FOR ANALYZING SMALL-SCALE
FRACTURE -SPECIMEN DATA IN THE TRANSITION ZCONE*

AT u
J. G. Merkle N@&ﬁ A4

Ozk Ridge National Laboratory
Oak Ridge, Tennessee 37830

Among the problems related to the use of small specimens for measuring
fracture toughness, those concerning size effects and data scatter are
perennial. Figure 1 shows an early case encountered by the HSST Program.
These data are from Compact Specimens of three different sizes, for an
irradiated A508 Class 2 forging steel.! Later on, as shown in Fig. 2.
substantial size effects and data scatter were encountered in the material
characterization and experimental phases of HSST Thermal Shock Experiment
TSE=S5A. The line labeled Ky, was drawn as a lower bound to the small speci-
men data before the test, but the actual test data, indicated by the solid
triangles, fell below the line.?

Although the results shown in Fig. 2 were postulated to be statistical
in nature, due to randomly dispersed brittle zones, metallographic exami-
nation failed to locate any such atypical regions.3 In addition, a
statistical approach to the problem of size effects and data scatter would
be likely to require more specimens than are available in a surveillance
capsule. Consequently, an attempt was made to find a suitable method for
adjusting individual small specimen fracture toughness values for size
effects in the transition range of temperature. The method selected was
one already proposed by Irwin.' As illustrated in Fig. 3, taken from a
study by Corten and Sailors,® Irwin's Br. equation recognizes an interaction

between toughness and size. 1If either toughness increases or size decreases,

the ratio K./Ki. will increase. This interaction magnifies the scatter

*Research sponsored by the Office of Nuclear Regulatory Research, U.S.
Nuclear Regulatory Commission under Interagency Agreements 40-551-75 and
40-552~75 with the U.S. Department of Energy under contract W-7405-eng-26
with the Union Carbide Corporation.

By acceptance of this article, the publisher or recipient acknowledges
the U.S. Government's right to retain a nonexclusixﬁrnﬁgyalty-free license
in and to any copyright covering the article.

PORTIONG O T ™ LT TSBLE I
T et AmeR has been re asi avaiiahle
copy to periiline . .« Lassibie avail-

ability, UNLY t&)
DISTRIBUTION OF THS DISUMENT 1S URLIITED 4‘{’ .




inherent in plane strain K1e values. Although the more common application
of the By, formula is the estimation of K. values from known values of B and
Kico the original application® was the one considered here, i.e., the esti-
mation of Ky, from measured values of B and Kc. So the new aspect of the
application described here is mainly the use of small specimen test data,
analyzed inelastically.

An algebraic development of the By, adjustment equation is described in
Figs. & thru 6, and trial results, for both static and dynamic data, are shown
in Figs. 7 thru 14. In Figs. 7 thru 14, the open points are the original
small specimen toughness values, the closed points of the same shape are the
corresponding f1. adjusted values, and the solid triangles are valid or large
specimen test data. The appropriate ASME Code Kp. or Kyp curves are shown
for comparison. The original test data were obtained from References 2, and
6 thru 8.

The above results? are not without apparent contradiction, however. !’
Figure 15 shows that maximum load toughness values for A533~B steel plate
show little data scatter or size effects. And as shown in Fig. 16, the
same 1s true, with respect to data scatter, for the cylinder plate of HSST
vessel V-9, However, Fig. 17 shows that the weld metal in vessels V-8 and

!l These observations

V-9 develops considerable data scatter and size effects.
concerning differences in the degree and scatter between plate, forgings and
weld metal appear to be common, although unexplained.

The question of the presence or absence of size effects also appears to
involve differences between plate and forgings, at least for static data. It
also involves the definition of the toughness measurement point. Figure 10
shows definite size effects in static data at the point of cleavage instability,
for A533-B steel, and their removal by applying the B1e formula. But Fig. 18
shows no appreciable size effects in the maximum load toughness values cal-
culated for the same specimens,10 although the final toughness values are
higher in Fig. 18 than in Fig. 10. Fig. 19 shows the predictable results of
applying the ;. adjustment to the A533-B plate maximum load data shown
in Fig. 15, in which no appreciable size effects were evident, This size
effect enigma is probably due in large part to the fact, illustrated in

Fig. 20, that the maximum load point is often not the point of onset of



unstable cleavage. It is hypothesized here that, although enough micro-

12, 13

scopically stable cleavage microcracking occurrs to produce a

temperatura dependent maximum load toughness value, this value may not be
a reliable Ky, value because crack extension is predominantly by ductile
tearing until the occurrence of unstable cleavage. This problem appears
to be avoidable by using the point of onset of unscable cleavage as the

toughness measurement point.
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