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Fatigue Crack Growth Characteristic of Hastelloy X in Air at
Flevated Temperatures

Hirokazu TSUJI and Tatsuo KONDO

Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI

(Received February 14, 1980)

Fatigue crack growth tests on Hastelloy X were conducted in air at
750°C and 900°C. Varied contribution of creep was given by choosing the
stress ratio levels between 0 to 1.

Three fracture modes were observed, i.e. transgranular fatigue mode,
intergranular creep mode and transition from transgranular to inter-
granular mode, according to the degree of contribution of creep effect.
In handling of the crack growth rate data with fracture mechanical
parameter, da/dN-aK relation, da/dN-ad relation and da/dt—J relation
were found to be appropreate for the three modes respectively.

Key Words : Fatique, Hastelloy X, Creep, Creep-Fatigue Interaction,
Stress Ratio, Fracture Mode, Crack Growth Rate, Stress
Intensity Factor, Cyclic J Integral, Modified J Integral
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= 1.99 — 0. 41—+ 18. 70 ("—) — 38 48 (—)
W W W

1 R B vV
3. (

ik,C‘nMﬁﬁﬂ&ﬁijfﬂﬁén5N§%~ﬁ—T%D,leﬁﬁ@iﬁt%i
4549, '

T 58,9105 1
€= (_10_) * 60 e 10 128, 3235 (ID

. l
n = 16. 8287 log T + 571523 a2

COFTNEEDRE 2R & LT LORICRAT A LTRATH D0)

COES LT, ORDEEEKYD, COBEL0x10°%, 50X 10 °%LDOANAFRE
HEd g L,

BT, AFETHOAEROSENRBR T, RANE Pan = 1000 kg £ LABED, &0
BEEAST50°C , 900°C DERENICH G AWAEHLEAREKMAE LTERATH L, ORKBVT,
FHMDRTA — -4 RV, aTH5E, WRPSBESHEL I, adROBETHD,
®E, R, VD200 4 =2 —hENELD, LIcas-T, TOBEICE, REVOHS
HOHH, WEFELRET S LD, T50°C, 900°C D ENENOBE LT SH B
BE DA RHTHSBE | Fig. 16, Fig, 17 & Hiti -7z, 7i4, Fig. 16, Fig. 171
BOT, BRTRELEOE, AREKESOTAVIHEEEE—EOEHTHY, OMEE
B icAIE CEBR AT - EHTH S,

Tl

4. #G

BEGBEAZRFOA —XEHEME LT, AP CRREY SRERZRET -7, BT
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BA0 0.5 07 1 &ELEE, KBEEA 150°C, 00°CO2EME Lic, ZDHER, &K
DI EHbh- 1,

(1) *EBEFOF — 28T, SRAFER, S8BEE, CAFGCI-T, BE ORI
HEBCROCTHOCONT VAL 3 da/AN —dKBEFRZTTHETALTVEERHD , N
MEELTI) —TOHEMA-TLBLHTHD CEARER LI,

(@) AEER OFEMHTIE, WROBESN, 274 24y s vAEIFEHMCELGS, 7]
— SRS BRE, BLOEN PSS 7Y TRHAOBBBEONEESHH -7,

8) AZLEBEEODOT - F8£\IELE LT, da/dN—JKFEH, da/dN— 4] 8, daAdt
O TEEARE LR, TAEHOME O SME LT, Table 5 OHHITRT L3
NEBT, CROOVTILBEYLLLILER LI,

4 F—AKEHTFTO, —HEHA 70vhO s ) ~7ERBLFRTAILILELT, &
BB AR A RIS B ) — TR AP OTFEMTEL I LEER L

AFEBROZFTICHL O EENE FREMBEE CTHREL BOLHH LEREE, FHEER
KEHOEERLETD,

5. f{f ok

5.1 THALEF AHUADHIL RKUJIFNE( Tpoints incremental polynomial
technique )

EFETHOCIRBIOI I, SHOBERICHE - TEREREE I« 2« LL LT
CEHMBAII, *RERFEOREFEICL->T, FUT —4 0 biF - LRITHER )
BETAHEIEEHODB, FOVHMBELECERCIHIZASTM TR THRA VP A7 VA Y
A mY i TAEARELT LAY, CoFHE, BAL-LARESOF -2 4
TEFHDHT I — T, D& 4 LTENERELZHOTZRBFAMET 3 b
DTHB,

FrAl ABESAZEELENCY LTS o L icFig, 189 Fig. 109 o
EanF—anEonttd i, COF— A OIHERERFRTE T HLDIIMRICHL
ST fElE, Fig, 180X SICAF -4 2ER LAMNS, @M 77 ETHRED S,
20457 0ARAda/ANE LTESE 2T HETHB, T LT, THRAV P A
v vaL R ITAETER, Fig. 90X, F—45845 T 85 50F7 70—
Pt FO& 20 LTE/NEREAR O T RS ATV, & O IRERR O
¥4 da/dN ERET B, COHEIERY T 7EAMOLBLD DUBEMBERTE, LT -4
ORFILFEMACKLNENIF SN S, i

1%, Fig, 20 CAEBRTEONAT -2 (750°C, Pmax= 1200 Kg { Onax = 8.8 kg/mm?),
R=0V=15cpm) 2757 4 v JETAFEULIESE, TRI ¥ 1¥ 7 ) vzn &
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1) *REEEEOT — 2SRRI, RBERE, RREE, BARKIC LT, #5% ORY
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MEELLTYY) - OBEMNASTLHIZOTHLS L E2EHE LI,

(9) AFEBROFRETIE, MEOHRIEN, AP IF4 24y A EIEFRICNLSES, 7
LSRR BEA BLOERENS 7 ) — FRAOEENE SN HENH 17

(3) SWHEBEE DT —FRMAELE LT, dadN—4KEHE, da/dN— 4] E, dasAdt
G ARE LIS, FRENOEE OTE LG LT, Table 5 ORISR &9
HEET . CNbOLFNNIEHELD L EATRDDT,

@) [A—AKEHTTO, —HEFA 70O ) —FERRBKEET A EILE-T, &
BUHERR AL ASFE R TS S ) —F R AL OTFREMNTELE 2R LIS

REROBTICH D FENEFEREHAE CHEELE DM TERES, HHEER
KERHOBEZRLUEIT,

5. fF Pk

5.1 THAVEF AHUXHIIL FUJITIE( Tpoints incremental polynomial
technique )

EFFETH NERBE O L0, SHOBEEICEL » TEAEREE I 2 %« 2L LT
CEBIIBRICE, SHEREEORENEIC LT, AUT —4» 6 b » TIHITHER ~2)
ETHCELHDID, FHOVDEESORBOLHICASTM TR TFA Y A7) 2y
a0 R LTIV AR Lea®, conibil, #as-nsRESOF -2 8%
TEFHODY T I —~FIiHi, 0% &0 LTRMBREAH VT REBEMET 35
DTH D,

fra ABMESaAEELENEY LTS Dy b L Fig, 18% Fig. 9% o
EonF—anBonttdsd, COF— 40 XHERBEBARTE T HRLDIMERLHL
ENT W FER, Fig, 180X 30&F — 2 4FE LAMNS, @MIL/ 77 L THREDS,
=07 57 ORRAdaANE LTHEAE T FHETHD, ThiCH LT, THRIH A
v A van ) ITMETIE, Fig. 90L&, F-FAETATH04 770 —
T, FO&/ LK UTR/NBREAR 0T DRI ATV, £ OTREEOMD F
4 da/dN ERET B, COHERES I T7EMODLD DUBEMVERETSE, LT — 4
DEFICEEAHBALHEWNENDIFIANS S, )

7545, Fig. 0 KAZBTELNLT =4 (750°C, Pmax= 1200 kg { Opex = 8.8 kg/mm?,
R=0v=15cpm) 52 57 4 v JHETOFE LB L, TEA fr 20t v20 &
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Table 1 Mechanical properties of specimen material

at roon temperature

Op i Co.2 0] Hp
77.8kg/mmil35.2kg/mmf| 47.2 % 201

Table 2 Chemical compositions of specimen material (wt%)

C MnN Si P S Cr
0.071053]0.44 10.008 |<0.005/21.60

-y

Co MO W Fe B8 NI
1 081894 | 0.55118.22/0.001| Bal.

Table 3 Relation between stress ratio and frequency

STRESS RATIO| 0 |0.50.7
Y (cpm) |15 [ 30 |50

R=1
(creep)

R=0.7

Pl
"

0.5

LOAD

TIME

Fig.2 Stress wave pattern
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5 mm

T e

Fig.4 Fatigue crack

Fig.3 Test section
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GROWTH DIRECTION

J00 pm, . 20um,

Fig.9 Appearances of fractured surface (S,E,Nn,7505C,R=O)

900 °C
R=1

GROWTH DIRECTION

JO0 um
Fig.10 Appearances of fractured surface (S.E.N.,900°C,R=1)
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GROWTH DIRECTION

Fig.l1 Appearances of fractured surface (S.E.N.,900°C,R=O)
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Fig.19 7 points incremental polynomial technique



JAERI-M 8787

{uorienba s ,221y)

[V pPue NP/ep uaom3aq uollelsy 1z 38714

ww/ by 4<¢WMhzTﬂ J171JAD

01 ol

qu___q 1 ;:_ﬂ_ ———% mow

B ° 4

W ° N

B o IOV o
~

| . . . x a

i S5'0=4 z

| //V _‘ | .

[ L —

- S ] w.

- L _J -

— . —0t <
o

N o <

- o

. _ "y

n o e _

- OW%WO ]

S 3

9 /// mbw

i @] Onm

i | _ | 2.05L]

Li L1 1 1 1i1) L !

anbiuyoe3 leiwouArod TEBIUSWSIDdUT sjutod 4

yatm enbiuyoosy jedrydead uvostaedwon gz 814

1

N;.EE.mx WV
e 0,
‘ r T _ _ W T 4=
o
u |
- OQ%\ —
| %. —
anbiuyday =
jD1wouAjod |DjudWIDUI @
o anbiuyaa)} jooiydoib ©
o F . .
° L il | |1 |

312A2/ww " NP/ DP

01




JAERI-M 8787

Table 5 Crack growth characteristic

~R] o 0.5 0.7 1
F F F->C C
750 C |dasdN- aK da/dN- aJ|->da/dt-1J t—J
—alls - _
das/dN-a] Q a/d da/dt-1J
. F=C C C c
900 C . , . .
-»da/dt-J du_/dt—J da/dt-J | da/dt-J




