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ABSTRACT

The stress corrosion cracking behavior of U-2%, %5, 6 and 8 wt. % Nb alloys
was evaluated in laboratory air and in equeous €1~ solu.ions. Thresholds for
crack propegation were obteined in these environments. The date showed that C1~
solntions ere more celsterious than air environments. Tests were also conducted
in pure gases to ide@rtify the specles in the air responsiblie for cracking. These
date showed the primary stress corrodent is water vapor for the most reactive
alloy, U-2%% Nb, while 02 is primarily responsible for crecking in the more
corrosion resistent alloys, U-6 and 8% Nb. The 4¥%% alloy was found to be sus~

ceptible in both H,0 and 02 environments.
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Introduction

One of the major problems tacing the users of uranium alloys is stress
corrosion cracking. Of the urenium-rich aelloys tested to date, all have been
found to be susceptible to stress corrosion eracking.® Some glloys are sus-
ceptible in environments as innocuous as laboratory air while C1l~ solutions
heve been found to be very aggressive toward all uranium alloys. It is shown
in this report that uranium-niobium alloys with 2 to 8 wt. % Nb are susceptible
to stress corrosion cracking in both types of eavironments.

Uranium-niobium elloys are heat trested by quenching from a temperature
where the vy {bee) phese 1s stable followed by aging in a lower temperature two
phase field. On rapid cooling from the y field a series of metestable mar-
tensitic pheses form, The U-2%% Nb alloy forms a distorted orthorhombic
varient of a uranjum, labeled a‘. The U-l3% Kb and U-6% Nb alloys form a
monoclinic phase laheled a". The U-B% Nb alloy retalns a vy type of structure
upon quenching. Aging at 500-600 C results in transformation of the meta-
stable phases to an equilibrium o urenium and Yo (~60 wt. % Nb) mixture.
Lower temperature aging increases the strength of the alloys without the
equilibrium tfansfomation teking place.

Thg purpose of this report is to present stress corrosion cracking cata
obtained on U-2%, U~lk%, U-6 and U-B wt. % Nb at this laboratory over the past
several years. It is hoped theée data will be of some use to designers
interested in high density structurel mateiriele. These results will be
followed by some comperisons of results and by correiamtions that have been

observed in this elloy system.

* -
Alloys with up to 12 wt. ¥ elloy eddition have been evaluated.



Experimental
Meteriels

The alloys used in this investigation were homogenized at 1190 C, hot
rolled, heated to ~800 C and water guenched. Some of the material was sub-
sequently heat treatsd in =ither laboratory air (low temperature sges) or in
e vacuum (higher temperature ages). The chemical analyses of the alloys are
shown in Table 1 and the mechanical properties shown in Table 2.

Fatigue precracked single-edge-notched specimens were used for the stress
corrosicn tests. The specimens were 5.50 cm x 1.90 cm x O0.51 em. A Physmet®
fatigue crecking machine was used tlo initiate and propagate the precrack which
was £ 0.5 af/w or £ 0.5 em including the 0.2 cm potch. The specimens were
electrically isolated from the loading fixtures and deadweight loaded in

tension.

Environments
The pure gas environments were obtained by filling a leak tested sll

netel chamber with the appropriate gas. The dry air environments were ob-
tained by sealing s polyethylene bag containing a CaSOh desiccant around the
specimen. The 100% RH air environments were obtained by replacing tne
desiccant with water. The air environment in the bags was allcwed to nquilib-
rate for a minimum of 16 hours before the specimens were ioaled. The C17
environments were obtained by bonding small gless cups to the specimens with
2 C1” free adhesive (Dow Corning 3145). Tripled distilled vater with ibre

eppropriate amount of NaCl was added and the loed applied.

. “Physmet Corp., 156 6th Street, Camoridge, MA 021h2,



Alloy
U-2.3% ¥b

Jecuun solution treated

U-b.5% Nb

U-6% Mo
quenched
200 C/2 hours

T-8% Nb

Alloy

U-2%% Mo
Quenched
506 C/5% hrs

U-1%% Wb
Quenched
266G ¢/80 hrs

U-6% N
Quenched

200 C/2 hrs

U-8% Nb

Teble 1

Alloy Compcsition

ppm
Nb_(%) re_ st ¢ T2 %
2,22 65 2k 27 46 28 3.7
11 " " " " " 1'8
L.48 80 60 110
6.12 L3 27 59 2k 37 1.9
6.23 18 20 6h 29 31 1.8
7.86 25 ko inc
Teble 2
Mechanicsl Properties
Yield Strength Ultimate Strcngth Elongation
MN/z°  (%SI) mi/me {KSI) (%)
9zl (134} 1235 (179) 2.5
724 (105) 1180 (171) 16
310 { bs) 1035 (150) 23
1070 (155) 1270 (184) 7.8
170 ( 2%) 790 (11L) 31
360 ( 52) 800 (116) 27
780 (113) 860 (125) 10




Results

U-2% wt. & Nb
Pure_Gases

Tests were conducted in pure gases so the specles responsible for cracking
i1t laboratory air could be identified. In addition to 02 and H20 environments,

~6

a 10~ vacuum was used a8 & caatrol environment to separate materiel and stress

corrosion properties and e H2 environment wes evalueted because 't has been

- shown that all U-Fb alloys react with H,0 wepor liberating Hz(g).l Fallures

v

of quenched U~2%% Nb were observed in similer time frames in the vacuum, O2
(150 torr) and H0 (20 torr, 100% RH) environments at 28 MN/m3/2 (-60% of KQ").
I”ail\.u'e times were L0-200 hours for the vacuum, 20-150 hours for 02 and TO-LoQ
hours for the H,0. Significantly shorter times were observed in H, {150 torr),
L hours averesge. ’

Because failures were observed in & vacuum, specimens were soluticn
treated at 800 C for L lLiours in a vacuum to reduce the internel H(s))‘ in order
to assess the role of H(s) :i.n the crackiag process. Hydrogen levels were re-
duced from -3.7 to ~1.8 ppm and the cracking behavior was dramatically e?-
fected. Feilures were not observed at 28 MN/m2 in the vacuum or 02 enviran-
ments after 1000 ﬁou.rs in test. Fs.ilu._res st111l occurred in the H20 and H2
environments. The average times were 40O and 12 hours respectively. It was
coLcluded f;rom_these data tha;‘, .i;ntez;hal H(s) was playing a mejor role in cthe:
failure o'i; as received specimens. Solution treating the specimens in &
vecuum and requenching them eliminates .this problem. These data 11s0 iJius-
trate the importance of environmentalv H, (froﬁ H2(5) or from U + H,0 = U0,

+ Hz(g)) in the stress corrosion cracking process.

R .

KQ is the overlced stress intensity obtained for the stress corrcsion
specimens used in this Investigetion,

ii‘I;L',rdrogen in solution in the ‘metal.



Aging the solution treated méteri&l at 560 C for 5% hours in a vecuum
did not affect the behavior in vacumm, O, of Hy. At 17 /3’2 (-60% of K
for the aged material) fajlures were not observed in 1000 hours in the first
two enviromments while a 10 hour average was observed in the H2 environnent.
Aging did affect ‘he behavior in water vapor. Specimens feiied in -8 hours
in H,0 which is attributed to the enhanced reaetivity of the equilibrium

o + Yo microstructure with H20 producing H2.
Laboratory Air
The results for tests conducted on as quenched U-2%% Nb in wet and dry

air are shown in Figure 1. The date show that the threshold for crack prop-

agation, KISCC’ is slightly higher in wet air than in dry air, ~23 vs. -18

3/2_

MN /m This corresponds respectively to ~50 and -40% of K.. Material

Q
queziched and aged at 500 C for 5% hours was also evalusted in wet and dry

air. Cracking wes not observed in 1000 hrs. at stress intensities only

3/2. Since cracking was ob-

slightly lower than overload which was -28 Mi/m

served at much lower stress intensities (-17 MN/mB/Q) in pure H,0 it is
2

concluded stress corrosion cracking of the reactive over-aged material is

inhibited by 02. A similar type of behavior was observed in another very

reactive uranitm alloy, U-3/b4 wt. § 72

Chloride Solutions
Both quenched, and quenched and sged U~2%% Nb were tested in 50 ppm

C1” solutions. The date in Figure 2 show thaet both-alloys are very suscep-

3/2

tible to eracking in dilute C1~ solutionms. is -13 M¥/m for the

3/2

¥ysce

quenched alloy end only -7 MN/m for the gquenched and aged alloy. These
values both correspond to -30% of their respective KQ vslues showing the

degree of degradation is similar.
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Literature Data

) Machl and l{ochen3 obperved stress corrosion cracking in smooth U-2%% Kb
specimens aged &t 230 C for 24 hours snd exposed to 50 ppm C1” solutions. In
the same environment stress corrosion cracking did not initiate in overaged
(430 ¢/2L hours) U-2%% Nb and the si:‘ecimens failed by general .corrosion.’
Embrittlement of U-2%% Kb in humid environments in several heat treated con-
ditions"ias also been o‘bserved.h

5

Miller evaluated materia.l. eged at 455 C for 35 hours and 60C C for

5 hours from the ane heat wused in this investigation. He observed crack

propagat:.on in ‘both or the overaged conditions in 100% RH air. Thresholds

I 3/2
) _t‘or propegation vere 20 M‘N/m

10

U-ls wt. % Wb '

for the 155 C/35 hours materisl and 22 mi/u>2

for' the 60910/5 hour material.

~

Pure Gases'
—_——r

Quenched U-i%% Wb was also tested in vacuum, 0, (150 torr), H, (150 torr)

3/2

Axid-"néo (20 torr, 100% RH). Tests conducted at 30 MN/m (~50% or KQ) showed

stress’ corrosion cracking would not occur in a vacuum in 1300 hours but

‘sceurred in 0, in 90 hours, in H,0 in 160 hours, end in H, (.27 )".]-’,’;113/ 2) in

90 hours. / Longer term tests (15,000 hours) were carried out on U-U%% Nb aged
at 260 C/80 hours at ~25 wi/m3/2 (508 of Xg) in dry N, vithout specimen
fellure. These datc‘t show that an external environment is required for crack
propagetion mt stress intensities ~50% of K Q and therefore, internal H{s)

is not ple.y':lng en important role irn the failure process.

EE3

Significant differences in cracking behavior between smooth and precracked
uranium alloy specimens haeve been frequently observed. The date on u-2% Wb
simply show thet it is difficult to initiese a crack in oversged material,
but once the crack initietes propagetion cau occur in dilute €1~ solutions.
This type of behavaur har alsc been observed in other alloy systems, the
most noteworthy being titenium elloys.



Tests were also cerried out on aged U-bLS Mb at higher stress intensities,
-3k Lm/m3/2 (-70% of KQ)' in H, end H,0. At thesc higher levels cracking was

more rapid in H2 then in 820; time-to-feilure was 0.5 hours v6. 40 hours.

Labvoretory Air
Quenched U-4%% Wb was evaluated in wet and dry laboratory eir. 'fhe de<s

(Figure 3) show thet the thresholds for crack propagation are =ssentially the

3/2'

same for both environments, -23 MN/m Aging the U-i%% Ib alloy at 260 C

for 30 hours did not significantly affzct the eracking behavior despite She
resulting dramatic increase in strength. The threshold Cor ereck propagaticn
3/¢

for aged materisl in both environments is ~22 MN/m , Figure b,

Chloride Invironments

Tests were conducted on U-bls? Mb aged at 260 C/B0 hours in agueous salu-
tions ranging from dlstilled water to soluticns contairing 500 ppm Ci~. The
data illustrated in Figure 5 show that KiSCC is not dramatically affected by

C1” concentration in this range. The thresholds are -20 MH/m3/2

(~33% of KQ).
The data also show that propagation in distilled water was much slower than
in the solutions with C17.

The effect of specimen orientation on stress corrosica cracking was
evaluated with extruded U-4%% Wb aged at 245 C/24 hours. The results of tests
conducted with exial and transverse specimens in 50 ppm C1~ ere shown in
Figure 6. These data show that both the crack propagation rate and KISCC are

32 hich is

independent of orientation. The cbserved thresbold was -19 MN/m
essentially the same as the 260 C/B0O hour wateriel in dilute C1” environments.
While orientation effects on cvracsking have not been extensively studied in

uranium slloys, tests on U-3/hb wt. % Ti have also shown no effect of

orientation on crack propaga*ion.6
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and dry laborstory air.
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tested in agueous solubions.
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Literature Date

Macki and Kocken' observed that C1™ (presumsbly other halides would be
effective), Oy, end Hy0 were required for crack initiation in U-L.2 wt. % I
aged 260 C/8C hours. In the absence of either C1L™ or 0, fallure times in
aguecus solutions ranged from 1000 to 11000 lours while with all species
present, 02, H20, C.fl.-,v f?iilures occurred under identical loading conditions
in less then 30 hours. They also observed cracks wouid not initiate in wet
or dry air in 10,000 hour-s.

McLeughlin et. al.a studied the effect of aging on tbe 3tress corresion
of U=5 wt. & Nb wires. They showed that overaging at 550 to 600 C provided
the maximum resiscance to stress corrosion cracking in dilute €17 solutiuns.
Aging at 450 € (2 to B0 hours) provided high strength slloys which were very

susceptible to stress coriusion erack initiation.

U-6 wt. § Mo
Pure Gases

The cracking bebavior of U6 wt. % Nb in pure gases differed frcm thaet
observed for U-2% and U~W%% Kb, Quenched specimens failed in -80 hours in
H, (150 torr) ﬂ.m‘l‘o2 (150'torr5 but dld not fall in 1700 hours in N, or in
20 (20 tor», 100% RH}. These tests were conducted at 3k M:N/m3/2 (-40% ot

KQ). U-6% Wb is a very corrosion resistant alloy and tbis resistance to

" reaction with water to form an oxide and liberate HE 1 is felt to be re-

* sponsible for its ci-acking resigtancez in water vapor.

Leboratory Air
Tests were concucted on quenched U-6 Nb in wet and dry alr. The data,

Figure T, show that the 8lloy 1s not very susceptible to cracking in dry
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aboratory air, K. =h) HN/mSI‘." The addition of water to the air Aid not
affect the velocity above this stress iptensivv buv did dramstically lover

the threshold to -24 MN/m3/ 2

{~30% of the overload). This “ehavior seems to
be inconsietent with the dava showing cracking cccurs in Her)(g) but not 02.
Recert un_published date haeve shown that the eddition of Hzt»(g) to 02 increases
the stress corrosion crack propagation rate of U-6% Nb, The cause of this
effect is not !rs.nown et the present time. Aglng the alloy at 200 € for 2 hours
increased the yield strength by & factor of two and lowered the threshold in

3/2

wet eir to about 17 MN/m™“, whicit 18 ~37% of overload, see Figure 8.

Chloride Solutions

Both quenched, and quenched or sged (200 C/2 hours) U-6% Wt were tested

in 50 ppm C1” sclutions. As was the case in wet air, aging lowered the thresh-

o1d for propagstion. KISCC values of 18 MN/m3/ 2

3/2

for the quenched allcy and

12 MN/m for the aged material were obtained from the data sheim in Figure 3.

Literature Date

3/2 gor the U-6% b

Tkbe guthor estimntés eracking thresholds of 22 MN/m
aged st 250 C/3 howrs cad et 250 C/6.4 hours, and 9 Mi/n>' 2 for materisl eged
at 360 C/1.2 hours from the data of Miller.s Koger et. 51.9 showed that under-
aged U-6% Nb and overaged U-6% Nb are resistant to stress corrosion crack
initiation while peak aged material is very susceptible to‘ initiation. Quenched,
and 150 €/2 nours, 200 C/2 hours, 250 C/2 hours aged materiels had good resis-
tance to stress corrosion cracking as did material aged at 600 C for 10 hours.

Materiels aged s 300 and LOO O were very susceptible to crackirg. These

results show the U-6% Wb alloy follows the seme pattern es U-33% Nb but that the

i .
Does not represent a plane strain threshold because of insufficient specimen
thickness.
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cracking rerictance for the 6% alloy is degraded at lower agirg temperatures

than for the ¥ alloy.

U-8 wt. % Nb .
':!'t_lr_e_._G_&_se_a

s was the case with ‘the b end 5% Mo alloys ;:ra;:kiﬁg did not ocuur in &.
1‘Ia'c1vxu.|.n, i.e., internal H2 was not a prqbil.em. Specimens tested at 23 M’N/m3/2
(~10% of K.} did not fail 1n 2000 hours. Cracking occurred i 120 hours in
02 (150 torr) which is also similer to the behavior observed with the 4 and
6% b alloys. Cracking occurred in water vapor (20 torr; but it took -1200
Vhours for fallures to occur. The behavior in 112 {150 torr) wag comple.tely
unexpected. Specimens did not fail in H2 at 29 MN,’m3/2 in LOOO houré. These
tests were repeated ard feilures were nct observed in over 1000 hours. ‘The
resistance %o cracking cannot be solely esttributed to the fact the alloy is

in the y phuse since another y alloy, U-T% wt. % Nb-2% wt. % Z%r is very sus-

ceptible to cracking in I’!a.hJ

Leboratory fir

The qu:nched 8% alloy was “ested in d=y air and a threshold of 18 }~K§/m3/2
(~25% of K} wes obtained, Figure 10. Miller” evaluated the same heat of
materiel in wet lsborgtory air and his data are aldo presented in Figure 10.

The threshold is higher in wet sir, -39 M¥/m>2.

Chloride Sollutions
The U-BF glloy is very suscepilble to cracking in chloride solutions.

Quenched meiierigl has n threshold of -~10 Zm/m3/2

which is only about 1k% of
KQ, see Figure 11. The dats slso show that the crack veloeity im the C1~

golutions i3 much faster than in the sir epvironments.

21
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Literature Data

S presented in Figure 10,

With the exception of the wet air dete of Miller
this alloy has not been studied elsewhere.

Discugsion
- Ae previously mentioned, all uranium alleys which have been evaluated are
susceptible to atress corrosion .racking. Three mechaniems have teer proposed
for embrittlement and/or cracking in the uranium systan.m A hydride mechnnism2
has been proposed for the intergranular cracking observed in the more corrosion
resistant slloys such as U-6% Nb and U-8% N¥b. The transgranular cracking ob-

served in 02 cont;a:lnfng gnvircnments has been attributed to either an oxide
stress generation mechenism or %o & stress sorptlon 11\e<:1ru:|.rﬂ.5|:|:|.]'2
Since both the fracture mode and the environments which will cause cracking
‘a‘re important in elucideting crackiug mechenisms, a discussion of these features
in the U-Nb sysfem follows. A tabulation of the fracture modes for the U-Rb
a.],lc}"a studied in this investigation as a function of the testing enviromment
. 1_s‘_vsi1&wn in Tablé 3. ".'l‘r’anegz::anular fractures were observed in all of the
‘laborgtiory eir tests. In the cmse of the k%, 6 and 8% alloys interéranular
s'crg?s_ ::orz"c;sion cracking was only ﬁbsewed in C1” solutions and 1ts occurrence
'ineregsed':“dth'increa.singﬂl; level and with increassing Nb content. The ine

e

creasing suaceptibility to intergranular fracture, and presumably anodic dis-

. . '
", solution streas corrosion cracking, with increasing Nb content is probably due

R .- .
to the increased corrogion resistance as the Wb comtent is increased. The
NG Attt

fact that the #thuctyies of the alloys differ, complicate the issue.-
. U-Nb alloy cratrking behavior in H,, H20 end 0, is complex, The failure

times for the ﬂloirs in tliese pure gases are shown in Table L. Several points

’,,
. . t

24



Table 3

Stress Corrosion Fracture Modes

Alloy Envirooment
Dry Mr Wet Alr Dilute €1~ 50 ppm C1~

U-22% Wb Quasicleavage Quasicleavage Quasicleavage Transgranular
{cleavage)

U-4%% Nb Quasicleavage Quasicleavage Gasicleavage Intergranuler +
transgranular

U-6% Nb Quasicleavage Quasicleavage Intergranulaer Intergranular

+ transgranuler
U-£2 W Quasicleavage Quasicleavage Intergranular Intergranul ar

25



oz

U-2%
Quenched {28 MN/mala)

Vacuum golution 3/2
treated (28 M/m™’'°)

. Aged 500 C/5%
(17 m/n3’?)

u-bi% Wo

Quenched (30 ¥/m>'?)

U-6% Wb

Guenched {3k »m/m3/2)

U-8% Wb (28 /a2

&
Date average of 2 or more polnts or range indicated if o large amount of scetter existed.

Table U

Failure Times® For U-Nb_Alloys Exposed to Pure Gases

Vacuum

40 - 200 hre
Ho failuve
1000 hrs

No feilure
100 hrs

No failure
1300 hre

No failu.re*

1700 nro

Yo fajlure
1200 hrs

+Tests condueted in N, instesd of & vacuum.

2

0, (150 torr)

20 - 150 hrs

No failure
1050 hrs

No failure
1200 hrs

" 90 hrs

B0 hrs

120 hrs

Environment

H,0 (20 torr)

70 - k0O hrs

%00 hrs

8 hrs

160 hrs

Ho failure
1700 hrs

1200 hra

i, {150 torr)
4 Lrs
12 hro

10 nro

90 brs (27 mm/e/?)

T5 hrs

Yo failure
4000 hrs



can be made from these data: (1) All of the alloys except U-8% Nb are sus-
ceptible to cracking in Hz(g). The lack of cracking observed for the U-87 Ib
elloy mey be due to small qusntities of O, polsoning the process. (2) The

more reactive alloys, U-2% and U-U%% Ko, are susceptible to cracking in H,0
vgpor while the more corrosion resistant alloys are either only slightly
susceptible or ere not susceptible. Cracking in this environment is sttributed

to the reaction

U -Y¥b + 2H20 + UO2 + 2H2 .

(3) The most reective alloy, U-2%% Nb, was not susceptible to cracking in O,

while the three more Nb rich alloys were observed to crack in this environment.
A schematic representation of 02 and H20 cracking is shown in Figure 12.

The figure shows 02 cracking susceptibility increeses with increasing Nb con-

tent and H20 cracking susceptibllity decreases with increasing Nb. The 2%%

alloy is in a region where only H20 cracking is observed, the 4¥%5% alloy is in

an intermediete reglon where both types of cracking are observed, and the 6

and 8% elloys are in a region where only O2 cracking is readily observed.

The decrease in H20 susceptibility is understood and thought to be related to

the decreasing reactivity of the alloy with H20 and hence a decr:ase in

aveileble H,. A study of U-3/4 wt. % Ti,2 a reactlive alloy which should

behave chemically in & menner similar to the 2%% Nb alloy, showed that the

kinetics for propagation in H20 and Hg were similar end it was proposed for

the U-3/4% Ti alloy that the cracking in both environments was caused by the

same mechanism. The reason for the increasing 02 susceptibility with increasing

Wb is not well understood. 1In a more extensive study12 of cracking of U-¥5% Wb

in laboratory air, it was proposed that the formation of thin oxide layers

(absorbed 02 or epitaxial oxides) played an important role in the cracking

27
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Figure 12, A schematic representation of the
relationship between cracking sus-
ceptibility and alloy composition.



process. The significantly different structure of the 2%Z alloy would be
expected to greatly effect this type of interaction (for exomple, do epitaxial
oxida tilms even form on the 2%% alloy?).

The fractography and pure gas data show that stress corrosion cracking
caused by a hydride mechenism, an anodic dissolution mechanism end an oxide
mechanism is observed in the U-Nb system. Hydride cracking appears to be
responsible for 2%% Nb alloy cracking in all environments evaluated® and to
some extent with the 4%% alloy (H20 environment}. The oxide mechanism appears
to be responsible for bk, 6 and 8% mlloys cracking in laboratory eir and to
some extent in very dilute C1” solutions ~hile enodic dissvlution cracking
appears £o be responsible for b, 6 and 8% alloy cracking in €1~ environments.

A tabulation of the thresholds for crack propagation are shown in Table 5.
A correlation between strength level and cracking susceptibility has been ob-

3,8,9 for U-Nb alloyrs in smooth specimen tests.

served by several investigetors
When the strength was increased by aging to close to peak levels, the sus-
ceptibility to stress corrosion cracking increased drenatically. However, the

avgilable crack propagation deta for any one alloy are not extensive enough

to allow for any type of correlation between strength end cracking threshold.
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*Tt should be noted that some HpO is present in the dry air tests vecause of
sermeation through the polyethylene begs.
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Table S
Thresholds® for Stress Corrosion Crack Propagation

© Alloy Fnvircamentg
Dry Alr Wet Air 50 ppm C1
/3’2y /a2 om/n3/2)
U-2%% %o
Quenched 18 23 13
500/%s hrs 2h 23 7
U-l2 Wb
Quenched 22 23 —-—
260/80 hrs 22 ) 22 © 20
U-6% Wb
Quenched Yl 22 18
200/2 hrs - 17 12
U-8% mb
Quenched 18 30(1') 10

a
‘KISCC values ere tabulated except for quenched U-6 Nb specimens which were not
thick enough to meet the plane strain criterion.
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