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Crack Arrest Toughness of Structural Steels Evaluated by Compact Test

Synopsis:

Yoshifumi NAKANO and Michihiro TANAKA

Crack arrest tests such as compact, ESSO and DCB tests were made on SA333B CI. 1, HT8C and KD32
steels to evaluate the crack arrest toughness. The main results obtained are as follows:
1) The crack arrest toughness was evaluated by Kj, which was obtained by the static analysis of com—

pact test.

© 2) Kip determined by the dynamic analysis of compact test was greater than Kp,, though Kip became
close to Kj, as Kr,/Kq became a unity. Kg is the stress intensity factor at the crack initiation.

3) No significant difference was observed between Ky, and K., obtained by ESSO and DCB tests,
though K, obtained by DCB test tended to be smaller than Kj, at lower temperatures.

4) Kj, was smaller than Kj. in the transition temperature range, while it was greater than Kpg. In
the temperature range where Ky, which was determined from Ji, decreased with temperature increase,

however, it was smaller than Kj,.

5) The fracture appearance transition temperature and the absorbed energy obtained by 2 mm V
notch Charpy test were appropriate parameters for representing the crack arrest toughness, while the NDT

temperature was not.
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Table 1. Chemical composition. (wtgp)
Steel c | silMal| P s | cu ''Ni [ cr [ Mo | v B
SA533B CI. 1, 1250, 174t |0.18|0.27 | 1.40 | 0.008 | 0.003 | 0.01]0.62]0.15|0.55 [ 0.006 . —
HT80-1, t25 0.11{0.27 | 0.78 | 0.014 | 0.006 | 0.25 | 0.98 | 0.46 | 0.44 | 0.031 | —
HT80-2, t50 0.12 1 0.23 | 0.90 | 0.018 [ 0.005 | 0.24 | — |0.41]0.43 | 0.031 | 0.001
KD32, t30 0.13 [ 0.34 | 1.39 | 0.017 | 0.007 | 0.01 [ 0.02 | 0.02| — — —
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Fig. 1. Geometry of compact specimen.
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SA533B Ci. 1, t250, -
Vit, T-Dir. 49.7 | 62.6 | 27 -3 —25 @ 500
HT80-1, t25, L-Dir.| 78.6 | 83.2 | 26 | —110 | —60 4ol
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Fig. 4. Typical record of displacement and load
vs. time for compact test.
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Photo, 1. An example of the fracture appearance of a compact specimen of

SA533B Cl. 1 steel tested at 10°C.
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Fig. 5. Plot of Kj, vs. temperature for SA533B
Cl. 1 steel,
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Fig. 6. Relation between Kyp/Kp, and Ky, /Kq.
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Fig. 7. Change in stress intensity factor during
crack propagation in compact specimens.
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Fig. 11. Plots of Kj,, Ki. and Kyq vs. temperature

for SA533B CI. 1 steel.

7o. Kia WEHELY » oV € — @RI X ) K =0.5~
3.5x 108kgl mm/mm? Cifl|E L.

EBRATCRIEILDERD D720, SBEOWENMEED
B T R S O & Rl v 7o, - 10°C X b {E v ER
BB T K 2308 % k%<, Kig BENTH
D, K MAOHBWEETS . hbOmEEED
K/NBE{RIZ, SA533B CL 1 it oW THB LN Ty 5D
LX< —F LTwb. SA533B ClL 1 @ 100°C iz $s13
% Kie 13§39 750 kgV mm/mm? T 519 7=, Hific
FBWTIE Kig X0 /hE<bEE2005. Ll
Bh, K PDEEEMEESHFELFETO FE-WESLE
FEHH RO T O HEIHE Lic J{ED S5RDI-ETH 5
DXL, K BERAGESE TO ME-RESZLA
MMOTOmEIAOFE Lic J I, LRDIETHEZ &
B LT LELDD.

Fig. 12 iz HT80-1 &>\ T K1y & Kio DI#% R
3. —80°C X D {RWRE TIE K 13 Kie XD /XL,
—80°C X O BEWEETIX K 13 Kie XD KEL KD
7. LOHED Kie WREMEM & BFA S TORE-
FE SO TOEMPSETE L Jie K DHE L
ZbDTH%. Fig. 12 DFERIE, Jio 5 5Hkedic Ko #
MED EF& & DIRBFDT GG, T OB
AR L Lo & b Tl Nl L 7= Sk Ee s i
Ex%E5 2D EBRBELTWS.

45 K, ¢EEBSLUL v+ ME—HERBER OBE

BEAMBIC X DVIREEI D NDT BE (Twor) 1,
S OWERM AR T/ 4 -2 L LTOSL b T
5. Fig. 13 i Ky & (T—Tnor) OBRERT-
TRHRABEETHS. X 0b»rd X5, (T—Txopr)
CRHLTFe o b LA Ky DESL2ERTKREL, 22T

1000

o]
Q
(@)
T
>
X
o

, kgv/mm/mm2
o
o)
o)
T |

H

@]

o
T

Klo & ch
1
M
(@]

200

Orllll|llllllllllllll
-I50  -100 -50 0 50
Temperature , °C

Fig. 12. Plots of Kj, and Kj vs. temperature for
HT80-1 steel.

1000 S sas33B a1t
A HT80-I A
8oofA HT80-2 !/
NE _D KD32 ] o
g AII
s 600 ;
/
E i s 9
< 400 A///é o~ 9°
o A ”I,A O/D
X 200} oD,:”‘_',D’D
N
ole vy by v v vy
-loo -50 0 50 100
T-Tnor » °C

F]g. 13. Plot of K[a VS. (T— TNDT)'

BreEBERCOWT B2 EY Tyor 284 O 4
DRt & REBE ERMS RTEY L5 x — 2 L 138
Tz R TELV.

Fig. 14 iz Ky & (T—vTs) OBBE®TT. K ©
o2& Fig. 13 @R LAESSEX D 4/ 3. L
e DT, v v E— IR X V55N 3 EER
IREE vTs ¥, Tnpr WENT, K LfHEEOI VS
A—FLEZDHIENTES. Zhi FFED BRI,
#Hohiz. L7chi2T, SEOEBRBERCOVWTIE, I
HEERERELHMEE K 1, ZEARIDL 2mmV
/oy F v b E— R R & MR AR .

Pk, HEAMERM BM O BEEEM, &< ks
ERE L RO D 7DD I VB HEE Sh T
A5, Fig. 13 WiRT X5 lBERLKEEL2L D
W, WMOES5KZtit X3dnéE2505%. b
b, HEMBRAF CRIEYEENEFRE IR E-DIl(bE
— FEABRKAREICE <D, MEERORAEr BEBR
THIBELSER X OB ERORME SRR o @iz X

— 145 —



986 g L &) % 67 4 (198]1) T H
> —_ ° b= ey | .
|mmosmu8al ) Tlk, —80°C X DEIBT Ko 13 Kre XY KELAED
"5 HT80-I 18 7o. TOBED Ko BERTESE S QRE T TORE-T
« 8004 HT80-2 ;'O?,/r'oo HARMMBOTOEK D HHE Lic Jie & D Red7ofll
gsm% /2/ ThHY, ZbdTH/NFHE L-HkEREr 5 2T
Tk
/
2 ao0f ey 5) 2mm V. 5 F o 40 E—HRRERK X VELR
5 F.gf;gq¢; DR ESBIEE 3 X ORI = 20 ¥4, FERBUCLY
¥2m€5g’{,/ k&5 Twpr &0, Ntk EREHEEWER Kn &
-7 X vigEn Ho .
OIl]llIllllllllllll
2100  -50 0 50 100
T-vTs, °C 3 53
Fig. 14. Plot of Ky, vs. (T—vTs). 1) BARiEEGS WES 3003 [{& 8% R e 1k

DTRELIEEXN, TOREREEHOBEFHEIR
p, ZhH NDT BECAShEEEE5X5. —5F,
Lol ©— EIEE B RAS, MEESEED D VWIRBIR
TANFDOELLZRA LTS ¥ < SRR
RIS L YUMENE K BT E 500X, ¥ v av ©—EERK
ExDSaER M 2 Db DD E KD DR TH Y, TEHE
BRI = 0V 13 & b ic itk E BOFELE LRIBD
AHOBBHC I P THRESNDGHDTHEZ LILXD.

5. &

B T-EE 7522 M (SA533B Cl. 1), 80 kg/mm? §f
B3R N (HT80) I x CEfipf 50 kg/mm? #FEik)
s (KD32) icowvT, 2vs¢s hEkER, ESSO Bk
X UYEME DCB HEEEM L, WOl & RIZEE
WLEHEE 3 X CXO FMAE COVWT TS EED
, BERIU Y+ v E—FRRABRERE L OBEMI >
WTHIR. Bon-EhFERIROELENTHS.

1) fetdk & BMEEERMEEE 2 29 b ERER THY
B RV TRkDI K WXOTFHETES.

2) Kip/Kia & Kin/Kq OBGREHEIIST 1 &K
DR T FEXh, Kna/Kq P/PHIWIZE Kip/K K
%<, Kiu/Kq 2 1 iTiE3< ik oh Kip/Kia b 1ICHE
S, zzig, Kip 83X Kgixa 8y MR TERY
FRATIC X D sked -tk & BMEBE L BMIES X OfEE S
BREREOICIERRHTH 5

3) 3y FRBRICX Dokdic K & ESSO 3R
5 ik EmE DCB RERIC X Dokdiz Kea DOREITH
K X EEED Lok, KIBTEREME DCB
RERVZ O L0 PERRBR K D/ANSVWEIMEER 5 X DM
HO7z-

4) SAS533B CL 1 Tk ThE, EBIREHK T K,
1 Kie X D/h&<, Kig X9 KEWEZS X7, HT80

o

i} (1970)

2) % & x¥E, P.B. CrosLEy and E. J. RirLinG: J.
Pressure Vessel Tech. (Nov. 1975), p. 291

3) 1974 ASME Boiler and Pressure Vessel Code,
Sec. M, Nuclear Power Plant Component,
Appendix G (1974)

4) & & x1¥, R. G. Hoacranp, 4. R. ROSENFIELD
and G. 7. Haun: Met. Trans., 3 (1972), p. 123

5) Y. Urasg, 4. S. Kosavasui, 4. F. Emery, and
W. J. Love: ]J. Eng. Mat. and Tech. (1977)

6) G. R. Irwin, J. W. DaLLy, T. Kosavasui, W.
L. Fourney, and J. M. Eruerince: NUREG-
0072 (1976)

7) C. R. Barnes, R. G. Hoacranp, 4. R. ROsEN-
rieLp, G. T. Hanun, and P. N. NinceEr: “Pre-
liminary Compilation of the Test Data and
Supplementary Information of the ASTM E24.
0l. 06 Dynamic Initiation-Crack Arrest Task
Group,” (Feb. 15, 1979)

8) F. J. RirLinG: FAfE

9) M. F. Kanninen: ASTM  Special Publ, 627
(1977) p. 19

10) G. T- Haun, H. T. CortEN, K. S. Kmiv, C. P.
Deeer, C. W. MarscuaLL, P. C. Genien, C.
PoreLAR, R. G. HoacLanp, A. R. ROSENFIELD,
M. F. Kanninen, and R. Simon: NUREG/CR-
0057, BMI-1995 (May 1978)

11) M. F. Kanninen: Int. J. of Fracture, 9 (1)
(Mar. 1973), p. 83

12) J. F. KALTHOFF, J. BEINERT, and §. WINKLER:
ASTM Special Publ. 627 (1977), p. 161

13) B Ex, FUGERE: BEHE¥eE 17 @XE
HRsEEICE T 5> vRY 7 a (1980), p. 26

14) thFp# %, EPEDE, ABEXR: BFBEBRR
FhMAEES THST AEELER No. 7THST-
63 (1978)

15) B %—, MRS, ABEX: AFEEHER
FHHEFERS THST JHNEB L% E No. THST-
78 (1978)

16) hEFEL, HEPREE, KBEXR: RER

— 146 —



