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Estimation of Kca Value of Brittle Crack Arrest from
Instrumented Charpy Test by a Modified Notch Specimen

Synopsis:

Shoichi MATSUDA and Shoichi SEKIGUGHI

To utilize the advantage of Charpy impact test, a study was made of the empirical correlation between crack
arrest test, such as DWTT and temperature gradient ESSO test, and instrumented Charpy test by a modi-

fied notch specimen.

Main results were as follows.

1) Fracture initiation resistance was reduced in the order of the V-notch, the fatigue-notch, the fatigue—
notch after embrittlement by an electron beam welding and the V-notch after embrittlement by the

welding (EBV-notch).

2) The lowest temperature where 1009, shear fracture occurred in the EBV-notch Charpy test

(eBvTrs=100) coincided with DWTT 859% SATT.

3) K.y value deduced from instrumented Charpy test by EBV-notch specimen almost coincided with
K., value obtained from temperature gradient ESSO test.
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Table 1. Shapes of modified notches.

Types of notches Symbol Views of modified hotches
Ordinary V notch A% ‘ 2.0mmV
05
: . 0.5 \%
Fatigue notch F L2 1.5 2$ ¥
Qs .
- 0.5mmV
Fatigue notch after EBF IS 30 +1.5mmF
c¢mbnitiement by L Hatched area : EBW
V notch after embrittle- EBV ! 20 30 2.0mmV
ment by EBW - i Hatched area : EBW

Table 2. Chemical compositions of specimens.

Plate Chemical compositions (wt%)
Steel thickness v
(mm) C Si Mn P S | Ni Nb Y Mo Al
AD ! 20 0.09 . 0.27 1.41 ‘ 0.014; 0.003 | 0.29 | 0.04 0.10 | h\
AE | 20 0.12 « 0.25 1.25 :  0.013] 0.006 i
AC : 20 ¢ 010 0 0.27 1.35 . 0.009; 0.003 0.44 0.03 0.10 1
AH 14 1 0.10 { 0.28 1.36 | 0.0080 0.003| 0.44 ; 0.03 | ; :
AG 18 ;| 0.078 | 0.16 0.85 | 0.004 0.006  2.51 | 0.02 | i
AA 25 { 0.05 | 0.26 | 1.43 0.016; 0.018 | |
K 25 0.14 ! 032 ¢ 1.24 | 0.017 0.008 i 0.04 . 0.053
A 25 | 0,15 0.33 | 1.35 | 0.015 0.006 | - 0.028
C ‘ 25 1 0.15 ¢ 0.29 1.56 | 0.027;, 0.005 i 0.045 »0.022
F 288 . 20 | 0.13 ﬂ 0.30 | 1.29 | <0.00l, 0.003 ! 0.041 | i 0.024
F 309 20 0.14 0.31 1.30 | <0.001] 0.003 ‘ . 0.040 | 0.020
F 299 20 0.13 0.31 1.33 | <0.001] 0.003 0.14 0.022

— 116 —

ki 4



WHE v FEHEY v LY — 1T X RS S o SR 315

ED, T4 84 TRMHMOEE - & ILFHERE SHE
HE LTCELAVSRTWEY. HFECHiDoTiE, 85
BIEPEESIRE (LT, DWTT 85% SATT & B&ic¥
%) wkiFd KcfE (FHEETOERRE T HAREE
FHRIZR VT, BAIGHIRETOERE) 25, FFE—%
EERT &b, 85% MR E R REEXRDD
i XTI b Twa.

Lo L7ehs s, BB 44 Xk NE < (FlziE
330 mm X 75 mm X JR[E), v i v — B C R A
[EDHIEATIRETHNE, HHEEOESA»L, X5
MICEHRFITH S, [, (2t 2mmV /o F o4 0 E
—IZE VT, PIRIEERO 3 SESKL, MEED S
EpEe g Lvnicdd, DWTT opkmE b el U
TV / 9o F v v WE—DFNIE, o/ b REAIC B8
LTETHB, £ LT, 222 HTHBLIKR Y, v F%
EH LT, MEwEoRLELE S L, DWTT ORI
BRI ORER SIS Z ENTRETH Bh 2B
L7
2-4 RMRMBREE - S0 Kc

Kc fEDHEE I, BBV 2 o FEEELY v v E— DI
F R R L. kR TcwbLV s o 7,
P/oFovrn®—EtRBEAD, EBV /oFi v 8-
THRYIKIKER A HE HICFE SR M O Mtk o34 U,
HOLEXETL ST S, WE - oI
Fig. 20X 5iciy, KBRoEXKX>T PiPad
WAL L, WML 29 5MmECik, PiPaC

Pi
ol 4
b= Pa
<Sak
Er
AB C D
Time
l—.NOTCh
v [ — —
b ":_:— Brittle fracture surface
' ,.':_’ - — = Ductile fracture surface
P L ::::
fe—a'—>4
fe—— q —>

load-time and
EBV-notch

Fig. 2. Schematic diagram of
fracture  appearance for
Charpy specimen.

DRBEIED.

Fig. 2 oM oRERMiiREY RTHa i, Mk
BERE - kD K Vi, ELERE PRV Tkobh
L5ETHHEN N 2H Y, FlAE, SHEKSD T,
VUIRGHEY v+ W E—D{F L RIE» 5, Ko {H%E SHE L

Tna. {’E;EJJLTE'TE P, w5 kL, ’C I3,
3P, L
K¢ = # @M (] )
TbINHD. 22T, e BREZ, f(a/W) ik

HIEGRE, B: e, L: X SfHEMHTHS.
(1) R, BRO&WH? FETHDH & E LBEE
THHH, EEO v v~ PatkikmokimiE FIR O il
REFOBHARIKOGEWEESE SV (Fig. 2 Z18).
AIRfROBRENIC IS S Ko v, (1) X0 b/
LB T EH, HHWTHLPILEINRTWDHDTY,
MR 2 R R DV, LT ORIERZ T 27,
HIE K¢ %, correct K¢ +igahd % &,
(K)g=0o ...

correct Ke= K¢ - X1 - (2)
TR EPWREEFZLNBY. 2T,
/ /
K ;__"ligl:i__‘<{;>]z-(a'zsh12¢-+b2cosz¢)’ﬂ
Thh, WHHEHem (Fig. 2 - ¢=0) itk T,
., onl/ b
(k'f)dy:o-"'"*?}r' .<a”/5> (4)
(5 #)

ChALNG. F7e, K{WE, BRES o, SR
FHTHBHEO K ET,

K{=oV zd" e (5)

fﬁbéhé.hﬁb,EC%nk>1%2@%éﬁm
WHTHD.
3. 2 B B R

3.1 L e —fEM . BHEBERESE DWITE5%
SATT (DR

Yezkftix, Table 2 1R L/ic&& D THD DWTT,
KWRERDOWS, &5V, Wihd—7F ORERPHE T
H5. BEEBESHE T 50D, FE 2mmV Y
v Fxb—Dblic, F,ryF, EBF/ o5, EBV
yFU e E—HERLI.

Fig. 3, 412, /v Fkc X 5WEEBREDOZEL
%%+, VoFSEBF-EBV » » FollI, WHEERER
ER@RAk T Thoks 3, @ECI>TR
5, Hlxid, AH Mo X >R Tholiivwgs

— 17—



316 % & 8

%063 &£ (1977) 2%

100 F T A
. 1
o ]
80 u" ,"
n/ ol
60} S oo
. ',

'
/
40 Fr A tol ’
“ 4
20} 7 _P‘-)g
=]

10 A L

100 P

80

60

Shear %

20

100 F

60

40}

-100 -50
Test temperature (°C)

100
80
60
40 1

20

100 ° A
'- AE i ,’of
80 b | oy
'hﬁa
o o
2 eof ! .7/
g 40 F ;AA
e Lak8
]
201 18 ’/
O ] ’F ]
~-100 -50 0
| 00

Y
“\ﬂ
>

AH
80 7
60 1
/a'b
40p A/’I’;ﬁ 9
20F 4”' ,
'
0 L 1
-100 -50

Test tempercture {°C}

Fig. 3. Fracture appearance transition curve for modefied EBV-notch Charpy

test and DWTT.
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Fig. 4. Fracture appearance transition curve for
modified EBV-notch Charpy test and K¢
value obtained from temperature gradient
type ESSO test.
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Table 3. Example of application of V-notch Charpy test (WES-136).

ay - a Plate - 'T‘esting tempgrature -
Steel : thickness T=0°C Ty=—30°C To=—45°C
k 2 ( mm) -

i g/mm G A G | A | ¢ | a
E 13 40 25 20 —15
SM 41 | 24 41~52 12 26 20 15 5 | -2
E 38 20 0 -5 | —40

* 13 40 15 5 | —25 | —25 | —50

N-TUF 33 33 245 16 | % 20 o | —s d ~5 “ 35 Z60

[ i 4

: 13 40 | 5 | 0 ] —35 . —30 | —55

HT 60 50 62~74 22 26 20 -5 | —15 | —45 | —40 | —65

38 15 —20 { —25 | —60 | —50 | —80

gy : Yield strength, o7 : Tensile strength, ¢, : Design stress,
G : Arrest of propagating crack of 20 mm length

Ty

: Minimum used temperature of material
A : Arrest of propagating crack of 200 mm length
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