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Fatigue Behavior of an Isotropic Nuclear Graphite for HIGR

Motokuni ETO, Shintaro ISHIYAMA, Tatsuo OKU
and Katsuo FUJISAKI

Department of High Temperature Engineering,

Tokai Research Estabiishment, JAERL

(Received July 26, 1984)

Basic idea and method in which the design curve for fatigue
strength of graphite for HIGR can be derived from the preliminary data
have been summarized in this report. TFatigue data for fine-grained
isotropic graphite, IG-11, have been statistically processed to obtain
a designing fatigue curve, i.e., the Goodman diagram. Fatigue life was
estimated for the graphite components in the VHTR by means of the
diagram, and the design values were found to give a sufficiently safe
estimation. Static strength of graphite, which was considered to be

important for evaluating the fatigue behavior was alse discussed.

Keywords : High Temperature, Gas—-Cooled Reactor, Graphite Component,
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Table 1 Static strength of IG-11 and H451 graphites

JAERI-M 8

4-148

1G-11 5848 H451 828
- e S
%§%2 i3 Rk | s ot v
| or HEg | 7 % b5 %
515k D B ” 24.9+1.9 7.6 1 40 14.2:+3.3 23.2 40
(MPa ) L 240538 15.0 40 13.94+2.0 14.4 40
e ” 73.44+4.4 6.0 59 46.245.1 110 59
( MPa 1 69646 | 6.6 80 50.9-+3.3 6.5 80
By & E ,, 34.7-+2.6 7.5 59 240+4.4 18.3 56
( MPa > + 32.843.6 11.0 80 243125 10.3 77

Table 2 Distribution of tensile and compressive strengths of IG-11

graphite ( Specimen size: 4.5mm in diameter and 9mm in length)

Compressive (MPa)

Inner OuterTensile (MPa)

Compressive strength

Inner | Ouler Inner Quter
798+37 [823:24 | | T | 26010 |25.7:22
- (10) (8) SV TN 60) (8)
.2
819¢33 [820418 o | 1oL | 251408 |252:07
@ | @ Fl— N 9 (8)
}'-a. _,"I
80.4:21 |79.6+33 | T | 243:27 | 26.5:19
(8) (10) //i::_'::\‘f\ (8) (10)
Mean | Mean PR Mean Mean
(27 (27} (27 (26)
807233 |812:29 380 252418 |259.1.8
mm

Tensiie strength

Mean value Mean value
81.0+ 3.1 MPa 255+1.8 MPa
(54) (53)
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Table 3 Tensile strength distribution within a large block of H451
graphite ( Specimen size : 6.4mn in diameter and 23mm in

length )
Inner QOuter
Inner Quter
v 159:22 (16,420
AU N S C30) (48)
(\_#,)
P 150:1.3 [18.2:1.7
e Y (38) (46)
o~ \-..,___/)
©
e 13.7:2.0 |17.0:19
e P N (40) (48)
.S
o= =e | 141:2.0 116.8420
7 s Y (40) (48)
Mo Mean Mean
14.7¢21 117120
— 431 — (158) (190)
Mean value:16.0:2.4 MPa
(348)
Table 4 Prediction of the fatigue life of graphite components in the
VHTR
Case | Case 11 Case Il
. Esti- . Esti- ) Esti-
Given mated Given mated Given  irated
og 0% o7
N F (MPa) N (MPa) F (MPg) F Ny
Fuel  |17000.01 %g. 1700| 90 3x10%|9.0 |001 [Bx0®
block o '
¥
Control | 17001 0.01 I'+8, |1700| 3.6 [8x10% 3.6 |0.01 |7x10°
rod block +0.3
Ssupport | 10* 7| 001 |71, | 10% 105 [1x10€(105 | 0.01 4x10™
Sheei 203

%) 95°, Confidence limit

*4) Too large or too small toestimate the contidence {imit
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Fig. 4 A schematic for the structure of typical polycrystallinwe

gréphite
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Fig. 5 Scanning electron microscope observation for the surface of

H451 graphite
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Fig, 6 Scanning electron microscope observation for the surface of

1G-11 graphite
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Fig. 7 Mercury porosimetry of IG-11 graphite
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Fig; 9 Volume dependence of tensile strength of IG-11 graphite
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Fig. 10 Plots of the maximum applied stress versus number of cycles
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Fig. 11 Distribution of fatigue life of IG-11 graphite subjected to

zero—tensile stress conditions
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Fig. 12 TFatigue data analyzed using the trivaliant method
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Fig. 13 S-N curve obtained by use of the trivaliant methed for IG-11

graphite under zero-tensile stress fatigue conditions
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Fig. 15 Maximum stress in the fuel block calculated by means of the
finite element method

‘ FEMMHm%mvmm ]

. O EBRKH

90 1% A TL

€

Fig. 16 Maximum stresses in the control rod-fuel block calculated
by means of the finite element method



