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Verifications of Fracture Criterion of Graphite by means
of Acoustic Emission

Akira KURUMADAY

Sennosuke SATO* and Katsuaki FUKAYA**

Abstract — In our previous paper, we had presented a fracture criterion of graphite under

multi-axial stress state. The criterion contains basically a concept of restriction of crack

propagation under predominant compressive stress, but the concept was not always confirmed

phenomenally. In this paper such latent crack initiations for several kinds of graphite are

detected by means of an acoustic emission (AE) technique during the compressive and diametral

compressive testings and a verification for the fracture criterion is given. A proof testing

for acceptance /rejection of production graphite for a high temperature gas cooled reactor

using by AE is also discussed.
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Table 1 Mechanical properties of specimen
graphite.
Graphite P N MF IG~11 1G-15
Direction L R L R
"p"a”"ggfciﬂ‘s“y 1.67 1.68 1.82 1.82 2.00 1.77 1.90

Young’s modulus
E{(GPa) 11.77 4.54 20.20 5.50 - 9.80 11.76
Bending strength
 op(MPa)
Compressive strength
Oc{MPa)

Tensile strength
e (Mpay 9.83 5.28 17.60 9.71 55.0 24.5 29.4

15.88 8.53 28.42 15.68 88.20 39.20 49.00

- - - - - 76.4 102.9

Op / Op 1.615% 1.615" 1.615% 1.615* 1.604 1.60 1.67

* Deduced ratio by Weibull statistical theory (m=10),
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Fig. 1 Shapes of specimens.
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Fig. 2 Measuring methods for the tests.
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Table 2 Physical properties of specimens.

Graphite P N ME |1G-11[1G15
Direction L R L R - - -
Apparent density 1.71 1.70[1.81 1.82{1.99{1.79|1.90
v {g/cm?®)
Young's modulus 8.90111.4
R 10.5 4.50{17.7 5.30|18.0]8. .
Bending strength 12.8 8.01]27.2 14.189.4]37.9|54.6
op (MPa)
Compressive strength 22.4 17.9]39.7 26.5[172 |79.5] 106
o (MPa)
Diametral compressive _ _ 1 6
Ctrenein oociee) 3.91 s.92(33.8[14.6 |19,
Meode I fracture toughness _ _ o1l1.07
Koo oipaimi/2) 0.53 0.69]1.08/1.01 1.
Mode II fracture toughness - o0.68] - o0.94l1.31]1.26]1.42

Ky (MPa-ml/2)

Mode 1 fracture toughnesgs
of bending KIC(MPadnl/Z) 0.99 0.59{1.60 0.8%]1.16}1.10]1.34

Deduced tensile strength _ -
o¢* (1Pa) 6.28 9.81157.1}24.6 {31.9
Equivalent crack length . 2.22{ - 1.55]|0.11l0.52{0.36
ae (mm) 3 ; . N
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Fig. 3 Acoustic emission reponses of
PR graphite in the diametral
compressive strength testing.
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Fig. 4 Acoustic emission responses
of NR graphite in the diame-
tral compressive strength
testing.
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Fig. 6 Acoustic emission responses of IG-
15 graphite in the diametral compres-
sive strength testing.
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Table 3 Percentages of load for fracture
values corresponding to inflection
points of AE occuring in different
fracture testings of graphite.

Graphite P N MF IG-11IG~15]

Direction L L R
g total events - - - 95 - -
b total energy | 92 95 - 93 .95 -
g total events - 73 85 76 79
c total energy 70 68 92 - -

- - 39 -
- - 89 90

- 99 95 94
99 95 96

89 88 79 81
89 88 79 81

- 98 93 94
99 93 94

Data indicate all in percent (3) for the fracture values.
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Fig. 8 Fracture criterion for IG-
11 graphite at multi-axial
stresses.
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Table 4 Deduced percentages of fracture
initiation stresses corresponding
to the final fracture stresses for
different grades of graphite.

Graphite P N MF IG-11IG-15
Direction R R
O 85 95 80 77 81
% 92 97 89 87 89

Data indicate all in (%) for the
fracture values.

5. AE LK BRAHER

BB OZAD IO DRIERRICAE 2HV 258
KDWTHRNG, FEFFEHRNIG - 11OBE&EMEO
ZARTESARE LTEEYY V7Y v ARERBE S
R EARF ATV B, EMESIIARERT
bHbir6, HE—ELTOLAEERMET S EIHE
WIS ESEE R ERRERBRIEAT, ThooHR
BCRBEEORN ICBEN 2 SR OWMEREE S H 0, KIS
DTEHOEREEEN DD, OB AETHZEERH
T& 505, AEZR LR ESBRCERTHELE
Zohb, FEEGSTSIEREERERI%, 1EREEI5% KT

(1985)

& AT HHEME Su CPEME 0R60%) @D 1,/ 2
BOL 1/ 3EESHESREEZI NS, RIBDFig 5D
FERAERROSH BT, KEURMEIEL, o
BEORIENCL >TIIAEDEREESSBRIEENT
WS, WE, IG—11DKeA81.01 MPa+= mV/2, #
AENGTI0p A37.6 MPa( = S,/ 2) D55k A5} 534
B—XB0ERETL60E L, 2OTHED 1 /2 %Y
xRS a., 95, a BT OLIIKER SN S,
g = Kiefop) 2 (LOL/T82 oo

s T

FTHbhb, CORERNCLY, 2Hida tmETEE
THRHBEELAVY, ABESKERTNULCOEROR
EOEICREASAEE TH 5. TNWA, COHRIELS
1T & o TEIT/NS SRR B P 2 B OGN E ORIl O
AREE S B

6. #&

S

Lk, FBRICE W TIIE 4 O EMOEMERRIC
5 AE ORI EITY, —fl & LTS O FZEHRD
BRicsE LIcAE =& D EF 2 OBRETEIT - 1.

FZEEE SRR DS LRI, FEHRIG /0832 E
IETIBICH D, T— FIEOEANBEAET 560D
TH B, TOERGHBEAENZT DF FRAEHEN & 373
59, EMIEICED ZROMHEEZT S SIKKEVG
TICERMAIEEICE 3, UL, HsERIcE L Thalk
AR LM S DL SED SN OHAEHOEES LU
HE, WET— FOBBRESOBENSERR AR LT
WE, s OBERRPICEN/-AE OEYME, b—
G A RXYMEBIF b—F VI pvF— Lk
B & OSHGAEE T 5 &, HBNEELEHIG -1
BELUIG —15085& FBBEERKICK WT, HHEE
BIGE U orUE T, ABNEORMEP RO I X
SAE OEBEOEBEL TV BT EMBED SN,
L L, SBEOERTIIMF o L CiRfsRaEsIcE L
T SN BAE PBRIBR L OBNTH oo
ZOMGEREATH O, F/, PBIUNIKELTIHE
BHTERANTOSAIENEET 2 LTRSS N BA
E mIEEILE <, ZOMMOEMSITED 5N EHD0,
SRDEELHBPRETH D, THOHHEISDHEET
R & OXIS B AIHE TH - 7o

Fi, BRMOSARERBE - LTREMOBRE &



B, i, ER D RNDOAEIC K AREEEDKE 51

ZOMBFANEE L, LBROEEH TERPEET 5
12 AR EOHA L7 EfR S R EREBSEATHA D,
SEOESD O RETEEERES |, CEEMEDN60%) ©
172180 L 1L/318EE TORERSB LOERAERRA
BHOZARITRES E LTH B LEEOMEIOES, R
R EORMEMIE AR E—EDHMER L, BEHR
B oMot L L, SHRERBGNTERNITA
IREEE T AR OVTHOTINSREDAE O
BHERE L0 EEZ TV 4,

& £ X
(1) Femg, w8, JIIX, ROTECMAHREE, £ENS
i 77 2 BRI L RENPT L O UBIR A BEE O E
(1984)

HibBmAa—-Ry, 24774+ (1981)

Bk, BE, ML Vol. 28 (1978) P. 295,
336, 349

H. Awaji and S. Sato, J. Eng. Materials and
Tech, ASME—-H, Vol. 101 (1979) p. 139.
H. Awaji and S. Sato, Trans AS ME —H, Vol.
100 (1978) P. 17s.

JSME, SO0 1, HEBMEEMET o HBR5E:
(198D P. 19.

H. E. Strauss, Proc. 4th Carbon Conf.,Vol.2
(1966) P. 473 647.

ASME Code Section I, Div. 2, Subsection
CE (1982)



