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A study on the crack arrest toughness of thick

plate for nuclear pressure vessel

Yuzuru SAKAI

We have attempted to establish a crack arrest methodology for

heavy walled nuclear vessels. Two methods of measuring crack arrest

toughness (Krgz) have been investigated :

the measurement of Kig

with a side wedge -loaded compact specimen in which a machine

notched brittle weld is used as a crack starter, and the measurement

with double cantilever beam specimen welded-on SAE4340 steel starter

section ,

The former method turns out to be useful for characterizing the

crack arrest toughness and the dynamic fracture capabilities of structural

materials, while the latter less promising,
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Table 1. Result of the MRL-Type Compact Test on 8HA Steel (A533B. C1. 1)

Spec imen | Tempreture Disgl«a.chner':t Displacement | Arrested crack l%z;lgnsh Kc,’i* KI?
at initiation| at arrest Y

No- c) Ao ) | Af (mm RO A R I kgf mm/m | kgf mm/mn
K- 1 !61 2.58 291 1444|1414 (1344|1299 |0114] 10279 6197
K- 2 f¥351 2.26 259 1484|1334 (1474 |14701| 0081 9004 393.0
K- 3 5—20? 2.30 252 1484|1474 {1444 1467 |0082| 9164 3854
K- 4 f 27I 3.53 3.78 1234112241294 1164110136 | 14064 957.1
K- 5 g—log 3.20 3.45 1404 (1374123412721 0119 (12750) | (764.00?
K- 6 3 105 455 485 140.0 |140.0 |1394 {1400 |0096| 18128 8660
K- 7 j ~1o‘ 3.70 385 1504|1534 1564|1534 | 0067 | 1474.2 4792
K- 8 s -40 3.19 361 1344|1464 [1554 13971/ 0096| 12710 6486
K- 9 i -20 231 236 1434|144.4/1434/1437 |[0088| 9204 3888
K- 0 iz ~:20§ 2.15 287 1454|1454/1444 1451 | 0086| 8566 4253
K-11 \'\ -20 1.07 111 994| 994| 958| 982 |0162] (4263) | (33587
K-12 K‘\x:gg/ .07 133 1409]134.4]1264(1339 |0107| 4263 2658

*) Kpa= Y-af-E- (LW - (BB
H)KQ: Y- o0 Be (1LW) - (B/By)

= 0.0887-E Y -5o
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1) Crack front is round-

2) Crack was running apart from the side grooves.
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Fig. 6 Summary of the MRL-Type Compact
Test Results
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Fig. 9 Kid/Kg vs. a and V/Co vs. a
Table 2. Factors for computing stress

intensity from measured
displacement in the DCB specimen

a KHY? %in(a)
H EApi,n “end
1.00 01223 0.744
1.05 01170 0.749
1.10 01114 0.754
1.15 01062 0759
1.20 01023 0.764
1.25 00973 0.768
1.30 00933 0773
1.35 00893 0777
1.40 00856 0781
145 00821 0785
1.50 00788 0789
1.55 00760 0792
1.60 00731 0796
1.65 00703 0.799
1.70 00678 0803
1.75 00653 0806
1.80 00631 0809
1.85 00610 0812
1.90 00589 0815
1.95 00569 0818
2.00 00550 0821

BCL#IDCBHEBA TREESROFEERLEL
TEBREENLED SAE4340 #5FHAL T 5,
ZDO{CERS, s, BX (3 Table 3 RT &
BOTH D, BBtk & SBURBEHOERFIEFL—
LBBEICK S TT Do BEOR, FREEINTN
2500k, 300CCHE—/E&LRM, LJids
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Table 3. SAE4340 S8 DR
C|Si|[Ma| P | 8§ |Ni|Cr|Mo #Bom B Hr
038]025] 07800190014 177 080|0.24|840C 0Q, 430C AC| 460
Table 4. BCL-Type DCB Test on BH{ Steel (A533B. C1. 1)
Specimen | Temperature Disple}cgmgnt Displacement |Crack length KQ Kia
at initiation|at arrest (mm)
/. [€9)) (mm)| 20 Gam) of (nm) 8o "Af  \kgf mnSwi | kgf mmSmat
B-1 18 25 20 223 720 | 1230 | 4240 26509
B-2 -40 20 188 188 720 | 1250 | 3980 2200
B-3 -20 20 181 — 720 | — | 3840 — 2
B-4 -5 20 223 238 720 | 1560 | 4730 207.0
B-5 -20 25 208 208 720 1530 | 4410 1850
B-6 ~50 10 127 e 720 | — | 3500 —3
B-7 -30 10 177 192 720 | 1420 | 4880 190.0
B-8 ~50 20 156 —_ 720 | — | 3310 —2
B-9 6 20 1.81 — 720 | — | 3840 — 2
1) The brittle crack seems to be weakened by kinetic energy loss in the weld region -
2) 'The brittle crack stopped at weld line. k
3) Once the brittle crack stopped at weld line and then propagated by reloading
8-4  Temp. -5 °C b
Co - KL &, BROBOHR EEHLMETSH 5
of P RN BDH 5o
3 | ;tmm:;; Fig. 10 (CHFE & BN 200 00 % M (LOBHHE
'3 ot A Y. MEMSMDY, 5BEMICE Tl SR
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. S | 7 RO LI ERAMTS 5.
AR I A Table 4 (29 RDBERS (DL TH > 1o KBS
CE oLy S RETT, Ko (3 $ BRSO NEXFETS 5,
< | Caest |0 10D S bR fe & BATEER THIL L 7S
;E 2.:5 Ef@%ﬁf:j;"f 5 AP Toa CD DB EBEHEEN 20 MDD
ig ii} %f' ;/ g B3, 1L0mmDb DB 1ETH b, ki SRHH
I R R yw | L2 (B=10) M1F & to REBROMHE
Jg ;E AT § 350%THOMRLEI D> Ry FRKEEEB DL &
8 BN | Wiz DR, BIEE (RAIS 34) KB TY
(] ~05 i [

Time (sec) !

Fig. 10 A Typical Record of Load and
Displacement vs. Time (BCL DCB)
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