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On Brittle Fracture Initiation Test

——Deep Notch Test

By

Hiroshi KIHARA and Kazuo IKEDA

Abstract

The mechanism of brittle fracture initiation and the evaluation of fracture initiation character-
istics for steel plates have been investigated by using the newly developed deep notch test. Brit-
tle fracture can initiate at low stress levels from a notch in the deep notch test specimen without
any additional factors such as the welding residual stress, the metallurgical embrittlement caused
by the the heat cycle or the prestraining and the impact stress etc.

A method of evaluating brittle fracture initiation characteristics for steel by using only at mini-
mum two deep notch test specimens and tensile test specimens, respectively, and applying the mec-
hanism of brittle fracture initiation characteristics for an infinite plate can be obtained from the
deep notch test data and the temperature dependency of yield stress. The brittle fracture initiation
characteristics for various steels including the high strength steels and the low temperature steels
were investigated, and various factor related to the brittle fracture initiation were studied. Next,
how to apply the criteria of brittle fracture initiation and arresting temperatures of steel to the
design of welded structures under he consideration of welded structures made of the mild steel
or the high strength steel in the conditions as welded or stress relieved from brittle fracture have

been discussed.

1. F B

THEREEY ORI o RN E R TS
fediiy, iEBEORE, 1% EILCET8E
BHELMICEh, FIEREMIROEHERSEEESIE
L FEIND & EBNRETH D,

Hes ek B B R g o SR IES IR D IR SR A L TR IC X
HRERBHELT GHEHOO EEENTIRE S
$¥) REDEEBILY 5 TRETHEANRE W,
WBBEORE O F/NAREHTH HMRDHZIT L HIE
IBACOEEREORENRATIE, BxoRFD

*RERETELMA TSR, #2
OB AREEEETEER, ER

FELERNCHELNE VIFRETH D, TKH,
B XEWEIRZE T B IEMEEF (Deep Notch
Test) ZRRE TR Y, MOBER DM N Uik
WASEIEDZ LITRI LI,

A2 Deep Notch Test Itk ) :Hbh
5 IR DNt B S A e I B L e SR IT oW T
BEL, bETORAOEES RN ERAMO
Bl onTh ED-0b?, BEEEDOKRERE
Bk~ DBHICETAE L ICOWTDREER S
5%,

2. E#
BT EON~GEA MRS & LT, HE25m

(141)

NI | -El ectronic Library Service



Nat i onal

Mariti me Research Institute

34

mD £ I FIV VR HQ), 60+ o FERAMEAR),
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3.5, 9%Niff (NTHE) (M, N,P) oEEMAM
2hbWie, ok, SIHEHA I E—F +— YD 100
FofIN MESTREN Z L /b, %Ki, HFCKWL

80,100 + o &5k 78 (WES-HW36 7o\~ L HW90), HGAEHNOERAMTH 5, ThbOFRIE
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Kind |Plate Chemical Compositions (%) %{,%%i?ggi
Steel of ) Y.P.IT.S.Elo
Steel  Thick| ¢ {Si Mn| P | S |[Cu[Ni| Cr |{Mo| V | B | Al | N, |kg/ |ke/ Ing
mm? mm? %
A N°f§‘fl‘f‘elazed 20 [0.200.230. 710. 0150. 027 25.1| 41.132. 6
B H?}’f?r 60y| 20 |0-170.531.240.0130. 0110. 220.110. 14 38. 6 23.531.0
C HXE’OT 60y 25 [0-140.291.230.01100.0030.10 0.08 53.5 61.931.0
HW63
D (YT 70)| 20 [0-160.360.920.0120.0130.800.380.21 [0.35 69.8| 79.435.3
E HXIV{GOT 70y| 25 [0-150.3011.130.0120. 0050. 240.820.40 0.26 [0.0260.00280. 014 64.5| 73.9/19.0
F H§VH79F goy| 19 [0.150.260.750.0130.0090.281.380. 61 0. 48 [0.07 [0.0014 76.3| 81.722.5
HW80
G [M(HT soy| 20 [o-150.241.280.0220.0130.230.230.50 0. 49 0.0030.002/73. 8| 83.4/16.0
p |[HW90 25 10.15(0.25/0. 82/0. 009/0. 007)0. 240. 9300. 54 [0.54 [0.06 08. 21102.320. 0
CHT100)| 25 [o-150-250.820.0090.0070.240.930.54 0.54 0.
HW90
1 M 100y] 18 -150.250.820.0090.0070.240.930.54 [0.54 0,06 98.7/102.123. 9
j QTA31'3K‘“' 25 10.100. 26(1. 1810. 010[0. 003 38.6| 49.129.8
K QTA;K‘“‘ 20 |0.110.25/1.250.001[0.008  [0.57 37.0 51.645.0
L QTA;éK‘“' 25 10.1000.18/0.540.0100.009  |2.500.35 [0.41 61.2 68.431.2
M| 2.5% Ni| 20 [0.0900.2700.550.0090.0080.502. 550. 0350. 006 0.01000.609237. 1| 47.531.0
N | 3.5%Ni| 20 [0.060.300.510.011/0.007 [3.53 0.027 38.2 49.330.0
P 99% Ni | 20 [0.070.200. 480. 0080. 017/0. 18/8. 54 0.0170.011/67. 2| 71.025.5
Q [SemiKilled| 25 10.19/0.070.71/0.0220. 015 27.0| 45.026.0
R HXVHS% 6oy 25 [0-150.401.280.025 0.26 (0.06 53.0| 65.018.0
HW63 .
S | (kY soy| 45 [0-110.280.300.0140.0060.082.9111. 30 0.39 0.009 76.6) 82.445.0
T |99 NiCQT)| 20 [0.0600.200.340.0100.005 3.86 0.013 66.3| 70.6/42.0
U 9% Ni(QT)| 13 [0.0700.2600.480.016/0.010,  |9.38 0.040 71.5| 79.1128.0
HW70
V [M T soy| 20 0-120.800.960.0170.0100. 241.040. 42 [0.37 82.0| 86.034.3
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- J Q8T AlKilled (33 lq;/mm2 yiald stress} (25}
® -200 K .Q.8T. Al Killed (37kg/mnt yield stress ) (20)
® L . .
‘3 L Q8T AlKilled (SBkg/mm yieid stress ) (25)
§ M 2.5%N (20)
E N 3.5 %N ( 20)
-210 P 8 %N (20)
120}
-220 1 L ! Il ) 3
0 10 20 30 40 50 60 100}
Plote Thickness , mm
e L yield str
T A-RRBESTO BIERERERE (=250  § * =
&WEOQ% * ook Yiold stregs [
EREZSHE VEML LR, g s o
s ! resg
4.5 SIEIR OB ST R P ~ R
w48 N =n / ’ 7 TN
i (A | 60% Tl L 100+ e WER A (W sl 5 AN
ES#HEEHW367\ s LHW0, #iB7aWwLE 1), BL W (K.M.u‘){sééx oS K J MKNO M M
BefR 5333, 37, 58F kOB TV v K8, 2.5 o . , , , , .
3.5 9 %Nif7 X OLEEERS G0 7o LEP) -240 -200 —160 ~j20 -80  -40 o
KOWTZEhZhE 8 B IVR 9 %4 &b, HHIC Temperature , T
1%, general yielding FR5F HiifR<° IR A — IR B AR, 9 BERMOEHBERENE L EEERRE
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OO T hes o) oen f— T T FABBEEIOY,, ¢ LIEHHERERE Ti(°C)
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120} FBERMCAEBE LTV, FB2iRrTE5K ki &
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£ oo}
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(147)

NI | -El ectronic Library Service



Nat i onal

Maritinme Research Institute

40
£2 MEEESIVKEEBEE
Material Constants Tsasition Temperature °C
Steel
Soi ki o k TNm Ti TaG
kg/mmg (OK> kg/;lmz (oI{y) <oC> (C=10> vT:15 NDT Tai (C=10)
A 302 689 16.8 116 —120 —173 — 28 — — — 13
B 766 876 28.7 85 - 93 —-156 - 13 —50 - 35 — 41
C 236 494 29.9 71 -~116 —-134 | -—-114 —56 — 59 — 40
D 112 362 59.3 46 — 88 —-191 —108 —51 — 98 — 55
E 165 409 56.3 46 —106 —-191 —-125 —45 —112 — 93
F 54 274 65.2 43 — 43 —195 —128 - — — 61
G 249 471 62.8 43 - 94 —178 —106 —56 — 65 — 46
H 108 359 73.5 35 - 18 —183 —100 —56 - 21 - 37
I 191 555 73.5 35 7 —155 <<—100 -71 - 35 —
J 3040 759 26.9 74 —150 | —186 |<<—120 —64| — 80 - 90
K 165 347 27.8 81 —-157 —205 —140 —59 - 93 — 93
L 123 267 50.3 53 —-147 —211 —-107 — —128 —108
M 2220 694 24.5 78 —155 —190 —120 -70 — 85 — 69
N 208 405 27.3 72 —154 —201 —-170 —-90 —104 — 84
P 333 295 68.1 29 —165 —217 —204 —_ —185 —-175
Q 129 704 13.7 135 - 98 -161 — — — —
R 45,2 351 44.7 62 — 56 —183 — —_ —_ —
S 334* 444%* .67.7 40 —116% —210% — —_ — —
T 62.4 88 58.6 37 —186 —240 — — — —
U 96.0 123 63.9 33 —180 —236 — — — —
\% 143 338 64.7 37 -110 —180 . - — —
() Si=S,; e kiTk g .=g,, ev/Tk % 5= 40mm
-80r
v/
1 /—/
~-100} ————25mm -
L 20,19 \ ‘/
° ———3 ,/
g ~120} ——— a0 / - -
®
£
2
§ -140F
£ -160}
e
2
S
£ 180}
2
E
-2001
-220f
! i 1 FE 1 1y 4 !
(o} [¢] 20 30 ‘40 50 80 70 80
Holf Crack Length , mm
B 10 EEROBAOCEHRER LEMBEREREEOBG
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