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Compressive Stress-Strain Relationships for Nuclear
Graphites
Shinichi  YODA

Division of High Temperature Engineering, Tokai Research
Establishment, JAERI
{ Received September 26, 1981 )

Compressine stress—strain relationships for nine commercial
graphite materials produced by four various methods, extrusion,
molding, vibration molding, and iscostatic press, were systematically
studied, Polynomial expressions for stress-strain curves of
the graphiites were proposed all over strains to the fractures.

The effects of anisotropy induced by alignment of grains on
stress—-strain curves and the effects of applied stress on

plastic strains vere also examined. The flow stress of the
with—grain specimen were larger than that of across-grain

specimen at small strain®1%). The effects of compressive

stress on Young's modulus were examined using ultrasonic

wave velocity. The Young's modulus of the graphites decreased
successively with increasing applied stress. The origin of

the phenomenon was attributable to the change in pore configuration

under compressive stress.

Keywords; Graphite, Compressive Stress-strain Curve,
Extrusion, Molding, Vibration Molding, Isostatic
press, Young's Modulus, Polynomial Expression,

Anisotropy, Ultrasonic Wave Velocity
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(a)

(b}

Tablel List of nuclear praphites used

Brand

H451
ATR-2E
TS—-12440
G140A
ASR—-1RG
PG X

ATJ
IG-11
V483T

JAERI M

Method of
production
E
E

9758

(a)

in the experiments.

Manuf}w

GLCC
SIGRTI
vce
TC
SIGRI
uce
uece
TT
SIGRI

E ; extrusion, VM ; vibration molding, M : molding, I : iso-

static press

GLCC ; Great Lakes Carbon Corp., SIGRI : SIGRI Corp.,
UCC ; Union Carbide Corp., TC ; Toyo Tanse K.K.

TT : Tokai

Carbon K.K.



Table2—a2a

Polynomial

JAERI—-M 9758

expressions for stress—-strain

curves of nuclear graphites, €=a,0+a,0

(W;with-grain, A across-grain)

2

a

a.,

L ATR—-2E

H—451

TS=1240

6.3981410%x107°
1.3351823%x107°%
45686946x107°
54741322x107°
-50465082x107°
~1.1461055x10™*

38241878x%x107°¢
6.0282227x107°
56602494x107°
42886959%x10°°
1.4867495%x10°°
1.3494608x107°

G140A

ASR-1RG

22472814x10"%
50994000x10"°
~27312897x10"°
20261112%x10"°

1.7189930x107°
20207357x10~°
7.5725857%x107°
7.5838616x107°

PGX

ATd

o E o =H| e = PEiE s E e o

B7866443x10°°
1.1852461x10""*
~-1.8077990x%x10"°
5.2818534x107°

9.3549088x10"°"
1.2220625%x107°
30567326%x10"°
34022141%10°°

I1G-11
V—-483T

-20203937%x10°%

~-55624332x%x10"°

16080468x10"°
5.2746600x107°
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Table2—b Polynomial

expressions for stress-strain

curves of nuclear graphites; 6=310+a262+aao'3_

(W:with-grain,K A; across-grain)

d1

R

a3

ATR—-2E

H-151

TS—-1240

s -

5 » =2 &

1.5164902%x10~*
20156105%x10"4
1.7641863x10°*
1.4366975%x10"*
3.2744720x10°"
42495131x10"*

-1.7302744%x10"°
-53258318%x10"°
~29572084%x10"°¢
-1.8856017x10"°¢
-1.2673127x10°°
~22049499x107°

80381824x10~*%
1.5972745%x10"7
1.2241151%x10°7
9.1111019%x10~°8
46921667x1077
54744822x10°7

G140A

ASR-IRG

24270915x10~4
28345175x107*
1.8755453x10°*4
20648087x10°*

-10295535%x10"°5
-91343782%x10"°
-7.2174626%x10"°
~-61243372x10"°°

7.3850555%x10"7
7.9726431%x10°7
21989797%x1077
21721036x1077

PGX

ATJ

21719003x10"*
28910278x10"*
1.3743860x10"*
1.2610157x10"*

-46768573x10"°
-50730659%x10°°
—2.56(:‘»-1921><1o"G

1.5924064%x1077

32517681x10~7
37399946%x1077
47457373x10"8
33272350x107°8

IG-11
V483T

21845491%x10"*
1.9388196x%x10"*

-53240228%x107°
~53948052x10°°

93989854%x10°¢
.0101900x10°7
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Table3 Normalized Young’s modulus (E/E,) obtained
from stress=strain relationship and norma-
lized sound velocities at a given strain
for [G3-11 graphite on compressive tests,
The normalized sound velocites coresspond
to the normalized Young’s modulus in accor-

dance with equation, ove,

Total g
orat E (GPa) "E /B, (V/V,y)?
Strain
’ 0 840 1 1

00092 7.40 0.880 0.863
0.0130 6.9 4 0827 0.816
0.0185 6.40 0762 0771
00285 532 0.719 0.718

Table4 List of stress and strain coressponding

to crack initiation under compressive

loading,
Brand Straiv(%ﬁ StréssCMPa) e r
i G140A A 0.55 159 0.61
W 0.70 204 0.81
ASR—-1RG A 0.65 2901 0.66
W 0.8 8 382 0.8 4
ATJ A 0.65 371 044
W 075 537 0.6 4
PGX A 0.6 19.2 057
W 0.7 241 0.79
V483T 0.9 491 0.73

A:across-grain, W; with-grain

0,; fracture stress
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Fig.,1 Schematic representation of apparatus for measuring

Young 's modulus under compressive loading,
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Fig.2(a) Compressive stress—-strain curve for extruded graphite
H451.
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Fig.2 (b) Compressive stress—strain curve for extruded graphite
L,ATR-2E
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Fig. 2 (e Compressive stress—strain curve for extruded graphite
,TS—1240
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40 - With-grain

Stress

20+ Across-grain
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] 1 2 3
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i

Fig. 4 (a) Compressive stress—strain curve for vibrantly
molded graphite, GI40A.
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L
Fig.4 (o) Compressive stress-strain curve for vibrantly-
molded graphite, ASKR—IRG.
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| V4837
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Fig.5 (a) compressive stress-strain curve for graphite produced

90

Fig.5 (b

by isostatic pressing, V483T,

IG-11
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10 20 30 40
Strain , %

Compressive stress—-strain curve for graphite produced

by

isostatic pressing, [G—11 .
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Fig.6 (a Compressive loading—unleoading response of extruded
graphite ,H451
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Fig.6 (a) Compressive loading—unloading response of extruded
' graphite ,H451,
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Fig.6 (b Compressive loading—unloading response of molded
graphite ATJ,
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Fig.11 (a) Applied stress vs plastic strain diagram showing the effect
0of applied stress on the increase in plastic strain for

anisotropic graphites,
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Fig, 14 Normal ized You'h”g' ‘s modulus vs strain diagram showing the decrease

in Young’s modulus under compressive stressing for IG~—11 graphite.
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Fig.,16 Stiress—strain curve obtained from tensile tests for
IG—11 graphite .
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