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Crack Propagation Behavior of Graphite Under Cyclic Loading Condition
Hideo KAKUL , Tatsuc OKU
Division of High Temperature Engineering,
Tokai Research Establishment , JAFRI
{ Received March 4, 1980 )

The results are descrived of crack propagation test under cyclic loading
condition of graphites used in components of High Temperature Gas Cooled
Reactoer.

The remodelled double cantilever beam specimen of graphite, having a crack
fange of constant stress intensity factor at the crack edge was used.

Three kinds of graphites made in Japan and foreign countries were used;

JA (fine grained, isotropic graphite) , FA (fine grained, isotropic graphite)
and FB (near isotropic graphite). The three had different coke grain sizes
and mechanical properties.

Following are the results. Critical stress intensity factor K.. in the
graphites are FA < JA < FB, There is a relationship da/dN = C-4K" between
stress intensity factor range AK and crack propagation rate da/dN. Crack
propagation rates da/dN for small value of &K in the graphites are FA > JA >
FB.

The route of crack propagation appears to depend on ccke grain size of the
graphite. The effects of mean stress intensity factor K  and maximum stress

intensity factor K .5 on the crack propagation rate are discussed.

Keywords; Graphite, Crack Propagation, Double Cantilever Beam Specimen
Stress Intensity Facter, Mechanical Propaties, HIGR Core Components,

Cyclic Loading

* On leave from Ishikawajima-llarima Heavy Industries CO., Ltd.
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I. Tensile Test

1. Keq of Tested Graphites
Crack Range Having Constant KI in DCB Specimen
Critical Load PI

C

TI. Mean Load and Load Range

1. MeanﬂLoad PO =1/2 PIC
Z. 0.6 KIC < MK < 0.7 KIC

Il

TII. Cyclic Loading Test

1. Cyclic Loading Test in the Range of &K;, &K, Fi
2. Crack Propagation Length versus Number of Loading Cycles N .

in Fach &K

TV. Observation of Fracture Surface

V, Crack Propagation Length versus .
. Crack Propagation Rate
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No. of Cyclic Loading
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Fig. 3 Experimental Procedure
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Fig. 4 Crack length and cyclic loading condition,
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Fig. 5 The releationship between load and Crack Length (mm }
displacement of crosshead, obtamed Fig.6 The relationslip betwean load
from the static tensile test. and crack length for each
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Fig.7 Appearance of crack propagation for each graphite,
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Fig.9.a Crack propagation rate versus stress intensity factor
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Fig. 9.d Crack propagation rate versus stress intensity factor
range relation for FB (axial ) graphite.
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Fig. 13 Crack propagation rate versus stress

o
.

of loading cycles relation for intensity factor range relation for

JA (R—8) graphite under the
condition that K., = const,

JA graphite under the condition
that Kmin = COTlSt
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Fig. 14 The effect of c¢yclic loading conditions on the
crack propagation rate versus stress intensity
factor range relation.



JAERI-M 8808

JA

Fig.15.a Appearances of fracture surface of JA graphite by scanning
electron microscope.
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FA

Fig. 15.b Appearances of fracture surface of FA graphite by scanning
electron microscope.
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Fig. 15 ¢ Appearances of .fracture surface of FB graphite by scanning
electron microscope.
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Table 1 Physical and mechanical properties of tested graphites,
JA FA FB
A 1 R A_[ R A | R
Grain Size Hm 20 <70 <1700
Density g | 1% 1.7 177
Young's Modulus Kg/mm? | 0.95%10° | 097107 | 116x107 | 116x10° | 0.95%10° | 0.99x10°
Poisson’s Ratio 015 ‘
Tensle Strength Kg/mm? | 345 2.95 2.68 2.61 1.68 153
Compres agih Kymm? | 890 | 894 | 975 | 958 | 544 . | 523
Bending Strength Kg/mm? | 440 392 334 3.46 280 255
Electrical -5
Thermal o
o Conductivity clemsC| 0.279 0.289 0.34 037
cefficient of 6
Thermal Beparsion | 197C | 41 39 | 35 37
BAF 1.05 1.04 113
Table 2 Cyclic loading condition
! [
’ | Graphite
Item Unit
JTA FA FB
Input load wave shape - Sine wave |Sine wave |Sine wave
Mean load kg 35 30 45
Cyclic load range P 44 ~ €2 98 ~ 58 50 ~ 66
2
Mean stress intensity factor kg/rnm2 1.52 1.30 1.65
Stress intensity factor range ‘ " 1.91 ~ 269 1.65 ~2.51 217~ 2.86
L Cyclic rate Hz 1 | 1 |
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Table 3 Critical stress intensity factor, K¢ .
: Pic - Kie

Graphite (Kg) (Kg/mn%)
A A 80 3.46
R 75 3.25
£B A 89.3 3.87
R 80.2 3.91
FA 64.0 2.77

Table 4 Material constants, C and n, in da,/dN=C-+dK" for

three brands of graphile.

Grahite da/dN=C- K" (1) { da/dN=C-AK" ‘2!
n C n C
|a] 29 [a0®| 12 [ioaxc®
AR 87 [74x107| 87 |266x107
o AL e 619x10°°| 285 [218x10"
T IR| 189 [si0x0"| 125 [196x107)
FA | 152 |231x107] 135 |856x10"
Tahble 5 '};he }eifectd Olf‘Acy_CliCh_lt(:)ading conditions on da,/dN=C-+4dK"
or JA and FA graphites.
das/dN=C-AK"
Condition IGraphite - c
0 mlota | 193 |e5x0”
EZFEH: FA | ¢35 170"
. JA 8.7 |27x10”
‘%BEENHE FA | 13.5 |86x10"




