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ABSTRACT

The available }iterature has been reviewed to determine the possibie
influences of strain rate and temperature on the yfeld and fracture

toughness behaviar of selected steels sugnested far use tn an LMrER
HBased an this fnfarmation, recommuendations

Spent fuel Shipping Cask.
have been made for further work which is intended to alleviate

potential problems prior to their having a major impact on the ship-

ping cask progran.
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FEffect of e?min Mt oh %te 5-5° € tans{le¢ praocerties
of type 35 weli meral apd S“ype i ctalplerr rees]
bure wetal {(is),

Tield cyrerd vers.e elaitiec ctealn rite Taor .07 Tige
srain martensive (DL).

Rite=terperiture correlaticn of t#ne ylell zvrepmeh af

ASTH AS93, grade 5, olnzp 1 steel fram 5ST plase OF (i€

Rate=tenperiture correlation of the yileld strenptih of
r--ree ASTHM AS3%.E rubmerged-nre welds {7€).

Rateateryperatire correlnticn of vhe yield georepe~t of
ASTM ARCBR . elane - Forging (06,

Rate=taszpermture correlation ¢f rtws yileld streppt- pf
ASTH AS1u steel (3:Q),

STCT ymamlie tai,smpedr of AETN ATSE Frade 2, clase ]
3

regl for r1ves petween K = LG apid 170 w20 ree (=%,

Froctire touighness of ASTH ASOR clasg @ Perglne 1255,

Tesperature -iepenlence ¢ vhe weld and *enranffented
zcne Tracture “ouatness of A 17 In (27,8 =" a1 teh:
weldzent (Subrerge+d Are Procestc) of AT3%, 2

clags 1 strel plate 12 in (20,9 ecx) thic
nonirradiated (21),

Irradiated end unirrsdiacted fracture toughness ns a
function of temperature for ASTM AS33, grase 2, class

1 ateal from HSST plate g2, Open datn poinsid are plane
strain, Kyp, and closed gre lower bound tcughness,

Keop (32)s

Increase in the transiticn temrerature of creels
resulting from irredination a4t terperitures velpw 4E0° F

(232° C) (32),

Frocture Loughness wertur tempernture ot relatively
radiation Irsensictve ASTM ASOP) olasc D zteel rinc
rorging (211,

Farazetric represzentetior, of Traciure oughnece af
selected steels (39),
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THE INFLUENCE OF STRAIN RATE AND TEMPERATURE QN THE YIELD
AND FRACTURE TOUGHHESS BEMAVIOR CF SELECTED SYEELL FOR
AN LMFBR SPEHT FUEL SHIPPIKG CASK - A LITERATURE REVIEW
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The prizary purpoae of <his survey was tn qsses: the predent seate of pnood-

'ei{+e 93 ‘v the influence o1 ntrain pate anl to-perei.rw o e Plow onro Tt oare
‘knpactariseire of celecte] toels tntenlce! fip ire ' vbe TUNR creps Cnl

s=¢nedns cask. The stmaln rates nan? tempemt rers ~anc! laped were phogsn om0 Shore

-wmical of cask applicaticna, <hat 15 strain rares les: *hap LC fgsee Aan! nezperwt.rer
A FF t

he*wepn -42° and AQD® C.*  leutron lrradianticn effecrs wepe only ronc!lisre’ {nsc-

apr ag they nffecs qechunical regponce; n nore teeqiled di{seurcinn of *helpr {-per-

“ance Wwill be *he gubJect of future work,

Finally, thiz Yiteratsre survey 12 ne fnvendel -9 te A rertatesent o0

.
P ¥
§ i

ALY 1vailable Infermiticon, rmswer Lt is an #valatiern of s ravio s Ipver- et lion- - o0

tieneifies those areas uhere, in the suthor's opinlen, :resent woowlolee fepalires

rrT

[erther reinforcenent

ATERTALY

Table I liats =re chemienl compegizicnrs ef %+ princlpnl ztrictureal outrris, s

hatrr constdere for the LITF2E shipping catk. There swaterials ony ba fer

- LI

o
3
T,
l..-..i

| ]

~lascifi{ed as austenitie, martensitic preripltiation Rardening ctninlenc or ferrisl-
T

sweels, The alloys designete? a516, A%37, AZ3u, apt A350 ure qQuite sizilar Ir
eameociticn nnd are supplled, depending upon zectlion rize, in either *+n narmalizes

or quenched and tempered econditlon. The rapog . sion of Af7~ Cuggects -4t {* Ty v

™ = &
- reptibl Ly

D

“Q texper exbrilttiemen’ 17 oyporswl For long ' IT.€0 1L ecperat ares

henwean °3° « 550° €, Fortunately, “he " ites {nuclved ap= in excecr &f ~wcre froy

[
[

-ma 1MTER cpent fuel shlpping cpsi. Tabler [T thresen TV praviiae appro riate et 0

orn deseriptlons and specifleations.

.r# I
The latter tezperature shauld be experlenced cnly unler s Lypothetical Tire

assceiated accllent, the norral cperating techerature being ° C,
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Chexiecal Coppecition cf Candiduta “areri{xls for U':-F fpent

Alloy
Tackenarion
Aurtenlte C ¥n ¥ 51 welphe Pe.
“y enln (wax) (errin) {mry) {max) Cr 03 F
(R ry S £iNe non3 1.0 Ay - -1 0
i, 3 " 0,73 1.0 12 - ¢ - - L 0.
271 "0 2.9 2.727 1.0 S - 7 11 -~ 1F 0,
'Il? H."}E' F.‘O T-O.‘ 1.0 lT - 1? -j - l: D,‘
L N, 2.0 A% 1.0 17 - 1- 17 = 14 0,

i

{ T -I'"I l' I,A ':I'1 ‘]'E e 'D-“' q.(].: :,.3 1I: - -.:.-.?: - -'-r:] O-I'
C":.:J, A ":'- E r]-;: - Ddh T- . le 1"; - : ’17: - :-3 0',,

AR aafa)
';]"t'il" s :.- . 1_.]5 - rE .-}-ﬂ“‘ jhl5 - :}lE r:l" - ‘*? j:!"
- r':,.":"l} 1.15 - 1:5 !:‘:-Pih t'alﬁ - 'D'l?. Ta Tl o= 1.7 Q.
= D75 1.15 - 1,° Ry IR & P APUCEE "
g o eg 1.1 - 1.5 e T 7.1 = Q.% T

idYis ]
(n7" 2-L7) 7,30 - 3BT 2075 - 1,9 T AR L e 1,

THE
{23 a2 e = N ha O Ff - N =< 7, b A7 = D35 7.7 4 °,4 1,+%. .7 Tl
ALY Nr. 5D n,1% - &b 0.2 - 1.2 D, 2% .18 - 0,3 0.i
'f..-r: p-?l - GFTT 0-: - 11:: IH'lrj-h"'il"' Dl]—s - 0'3 ::.i-l
mt e O, 1 ﬁr? r-._r‘ - ltD'E: Olw.- ‘:.'I
A3 ¢ 0,7 .70 - 1,0H N, s 2.1 min, 0,
A3F0 . L1 3,7 1.06 none Ll
I..-:‘ Iﬁl,.j lqu] T-T‘r 0‘15 - D..J__.I j.-i

aptengitd{e P Statplesa Nteel

17-0P (5} 0.27 1.0 1,07 1.0 C.° - 17.% CP 0.(

Y Su< 2,1, FCo0,0 wt. percent is recommenled for maxirun radiation seability,
g - 2.0 - 5.0 welpht percent.
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TARLE T

Plate Materianls

vateriol (Steelg) ASTY Specification and .rase

Austeitic AFLD Typer 304, 0LL, 7)1 apd w7
rerrivic A%l Srades 5% nand &0

ARSSE Grade A4, B, T

Torgingr, Tittingr nnd Zelving Materlals

“aserinl (Gteels] AETH_gEetif:cﬂtich;rf r e
Torgings
Ferritd AGOR Clarses -, ~A, 9§ an? =,
A52 Sraderc LFL and LF7
auetenizic Al3Z Types 0%, 0L, 371 ansd -7
A T3 Types AT+, 3L, 3Z1 &ni L7
Fiteinga
rerritie nwzl Jrade Wrll
Austenitic At Grades WFI0-, FOLL, FEY and LT
Fttings
cerritlc AawlG Grade Brll
Auzztenitic AR Trader WPEDL 32ML. L oant -u7
Bolring
Farritle A3Z0 Grade L7, Lu?
Austenltic Al191 Types 85, 235C and BZ7
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cne twa ndd{ticanl matertals presented in Table YV are “we cper cu.rrently toins ccon-
cidered for LMFER fuel elniding wni prizary shipping cnogx teals, althaugh 1t chell!
be recoenlzed that btk o2y be cublert 0 chunge pricr o rozpleticen cf the cark

M g S b

atering] dh
e i — —
Y e erimary Onace el
«1- el Fol Tlattins

emlene paRaes o sl e s siocwn than - v Crainless zieel, 10 Ixproperiy
vecessed, say be "sencitizei”.  Gepsfcization results 1n an fuerence §n the envie
ronTental crackling susceptibili-rv of this asteel, This susceptibility =iy be Jecreaced
anifor alirinare® v fTther Pearsl 2ioy trentgent after fabrleac icn or selectine
«  =ahilizel soainle s oreml vare, 97, Other mettod of minivizing the proh]lesn of

- rorr porposfan crickine Inelide centrolline vhe envirenwert, l.e., =lixzinatine
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RSN 00 TR BT B L
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cay be deocribe?! pricor to cazumtion by

N B
X "I‘[-'!.flﬂl'} (1)

where & {n the irradinticn asacclated yield crrunetih iccrease, *% the tetal Tnss
pewtron dose, and € ic n function of the pre«irrmi{atire wetallurpicnl ~an¥iricn,
Jource annlytic of e typleal LIMFER shipping cnzk fugdeczta rthat, over nn anticiphte
ten-year lifetice, ¢ will be lecs than lf"ﬁ n,’m?. IT we pocuze that

¢ ~ 100 = 1LO z.mjz?,lg then the expected radintion nsac *lated yleld rtrenzth iacrence
vill be approxicately 1lb ‘.&ﬂfm‘?, 1.e., leac than T perce it of the nmirsl reom
terperature yield atreaghth of 3¢ ateinlesa agteel, Thede mpare Ruthors mcie that the
yield atrength i3 thi zoat gensitive {ndicacor of low tewmperature yudiaticn “azage,
the ulsizate tepallye strength and tenaile duetility bBoth eahlblt lower percentage
change at equivalent rudiation levels, The abuve choervaricms indicate that the
neutron irrmdisvion effcis on the rrimary sustenitic steelr belng cozsiders? for

the IMFER shipping coask Bhould be ainimal,
Ferritic Steeln

As noted nbove, the strain rate sensitivity of ber ferrgis alloys ic q.l%e
large when corpayed Lo fee nuptenitlic stninless steel, ‘owever, ac the nbsolute
yield strength, ::,r" increases, th.g rate ond temperature sensitivity tendr %o de-

crease and, when o ctrength level of 130 kol (895 M/ ) 1o reached, 1i*tle zensi-
el.ity remains.’ This puggesty that the girain rate fenzitivity of ulLlQ, s«.~, nni

17-4P4 should be minimal. H’.«:l:nrfl»ml:i.m'El
be valid for 4140 and L340 (Flg. 2). However, there iz no inforzaticn available cn
17-4PH. Indeed, reaults on 19 HL(30Q) Maraging ateel, enother precipitaticn
hardening allcy aystez, 1ndicate a 27.5 :-m/mE per decnde change in strain rote 1:-
crecae AT room Lesperature pnd a sinilar deereage ax %15° C,

ha¢ showr that thi: zcoumnptlon apgenrs to

L B

Scre years agre, Pepnett and Sinelatir®™ prcpose? that the low-tesrerq” .re
vield strength behavior of strain mte sensitive ber metn?c oiyhs be degoribe!

by & s5imple rate egquation of the form
v = RT 1n{A/¢) (=)

where ~ 18 the flow stress corrected for leading mode mrintion, &+ the absolute

terperature, € the straln rate, and A a frequency factor which {5 genernlly asa{gred

R LT [
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A vnlue of lﬂEfﬂEE ror ircn,  JCeeleohen antd Hilllasta-EE hase shown that et
cerrelntion gives o alrly neripte peprecentation of ke vield pehavior of A%7% -1,
ALCA, and 45%F (Fles. ~-%.}, 2tn were oo found for *he clhar candidate tqterinlg
(o2, A199, AZ13{2334]] whick =i~hr Indieara that thalip gemain rete/teraresgra

_— -t
senai+ivity cculd be deseribel by "4, 1. Tr all'iizon, the Influence S rotef
*ampavqsLre An tha *aastlo dunfeéldey =2 the opnilligee =nterials 1s unclear; Inles:,

T - 'Y n - -, -t - 4w v
S opernting eoniftiang, i romelziiar, tenpepRtures, ore fuch that Jjeamic o oeralcs

Yoo BUTORE T OsalELlthne

e

acing end 1ty accanpanyins decrepcs in tensglle dustilivy

Fraocture Toughneiog

When the integrity of a structure depends upen the avoidance of catertrophic
mailure, two alternative design pnllocscphlesa are available., ome is bamed po
pravention of fracture (pitiatioen (4.e,, the firat extension of an existing flev)
end the other upon the prevection of total crack propagation through the structural
merbers. TIn the present instance, the lstter phlloscphy involves delecting
materials and desdpnes that arrest erachs prior to “heir peanetrating whe cask wall,
For ferrities steels the toughness 1in the fully shear (ductile) zode ie fAr prewver
tkan that in the ~leavage (brittle) mode, Thuo, Lo engure maximus resistance te
prepapoting crhacke, steele should be celected that either 4o non exhibiy a <oazh/
brittle transition (i.e., stainless steel) er do show a fracture mode trans§t’cz 6z

temperttures well below the antlcipate? vinicuns Speratirg terperatorc. Heowsver,
1t should be noted that under 2ertaln conditicnz, where the stored availehle

energy af the struetiure is high, even the tcuighnesg acsorfated wleth full shear

Fracture 2y not be safficlent ¢ arreet propagating eracks,

~rack Inl ‘atlion

Fracture toughress evaluntfion which considers initial cmck extenglicn iz
well establishe? and is bnged upon lincar~-elasilc and elastic.plastic fraciure
mechanics wherein crach initiaticn ia deseribes in tarss ¢ a2 critical atress inten-
giwy factor. Flgs. 7 end 8 illustrate typical results for 4527 B=1 mand A508 cteels:
the plane strain fracture toughness, KIC' increases with inere:2ing tezpernture rnd
decrzasing svrain mte. This sensitiviiy to strain rete ané terperature again
—~erds tc decrease with incressing yilel?d strﬂngth.zg'au This suggestB “hnt thc effects
o' strain rate end teTperature on the 'raciure Tocusnnesc of wllo, L3ALD, apd 1T-ufs
=4y be Binimal, at least at low tepperatures. In additiom, strain rate-temperature
effects should also be low I austenitic steels, although this Juggestion 1a rather
dirficult vo asdess alnce no fraciure toughness data presently exict fOr these alloys.
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which a crack will nat propagate (Maha, et nl.]au'hﬁ-hﬂ caneluded ehat this arrest

factor, Ku. Is not 8 =aterial property »ut depende upen t-e entire hiatory of crackh
propngation. Tf true, the entire philoscphy of using Hﬂ as a design criteria ip,

‘n t=e reviewer's apinicn, in Joubt. Urtil this guestion ia apswered, particularly
by 2 cotbined materials/etress analynis effort, the zoat logical approach to desian-
ing agninst catactrophic crack propagation, 1.e., assuring th+* *he crack will
srregt prior to penetrnting the cask wall, should rest upon Fellini‘s FED;}rncudureu.ﬁubgl

RECRMENTATIONS
Listed below are the reviewer's reccoomendationy for cask baseline materials,
Th addition, those areas are preaented vhich wiil require further evaluation and

w+hich may hove an impact on cask oafety and dealgm,

Pageline Hute-iala

HEE Eageline
Plate A533 Bl Clad with 3041,
Cu < 0,1 wt. per.,
P< 0,0l wt. pet,
Torgiax AS08 Class & Clad with 30U
Fiztings ALY Grade WPIOH
2olting A1937 Type BB
Plpe A112 Tyrpe J04L
Tube A2l Type 3CLL

rrocess Pararetoers

1. Examine what influence variations in cheoistry within allowahle A5313 apd
ASOB specificat'ont 'nva on underelad cracking.
Examine the poasible relationship between texper ecbrittlecent and unclad

eracking in ASOB.
3. Establish appropriate welding/fabrication practices for sub-seale and

N
L ]

full~acale cask productlion,

Straln Rate/Temperature/Yi-1d Behavior

1. Establish the strain rate sensitivity of candidate auatenitic asteels
wlthln temperature and irradiation conditions of interest to LMFBR fuel

shipaent cask.
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2

3.

4,

5a

Establish effect of varying & ferrite cantent on strain Tate and irradia-
ticn sensitivity of austenitic stainless stesl woldmunta,

Establis® influence of strain rate an?d %ejperature sepaitivity on yleld
srrength bexavior of 17-4PH,

Confira ndequacy of Eennett-Sinclaly r=lariprns.ip for degeribica %-e
serain rmte te=perature senaitivity af low scrergth ferrisic {(bec!
Ateels.

Exarine the extent of Juctility loss aa a ~netion of strain ra%e an?
tezperature in canlidate caskos ferriti- tteels, particular atterticrn
being paid to the tezperature regice wiere Jyeasic striin aging is
eypecred,

strain Hstem - erntureﬁFrlr:turu Tr.l.lgh.nnu

1.

=

3.

Ceafira the wmlidity of the Corten~-Shoezaker para=etric representaticn
for HIE within the tezpermature ringe of interest.

Exa=ine the influence of strain rate and tesperature ong the fracture
toughness of 17-LF! and austenitic ataipnless eteele,

Eatabllah: the underlylng cautea far the large scrtter obaerved {n heavy
gection weldzents and develop methods for =iniziting there effects.
Maintain en qwvarencas of the prefent crack arrest prograzs, reyiewing
their i{cpact upon the IMFBER spent fuel ship=ent cask at regular intermls,

1M
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