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Experiment and Analysis on Elastic Deformation Properties of

Graphite and Carbon Materials ofr HITR Core Components
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Fine-grained isctropic graphite grade 1IG-110, medium-grained near-
isotroplc graphite grade PGX and coarse-grained baked carbon grade ASR-
ORB are employed as structural materials for the High Temperature
Engineering Test Reactor (HTTR). The material properties for design
are specified in Structural Design Code for Graphite Components of HTTR.

This report describes in detail the experiment on deformation
behavior including stress-strain relationship, elastic modulas and
Poissen's ratio of each grade. An analytical method for linear elastic

approximation leads to the property values contained in the Code.
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Table

JAERI-M 92-085

Stress—-strain relationships derived for stresses up

to fracture.

Grade ¥ Load l Stress-strain equation
Tension e =1.003 Xx10°* g + 2039 Xx10 °¢o?
Compression | € =1.003 X 107 ¢ — 1.507 X 107" ¢* + 2472 X 10 ° ¢*
Bend e =1063x10° ‘g +7.874 X 1077 ¢*
1G-110 ‘
Tension e =1.054 X107 ¢ + 2000 X10°°o°®
Compression | ¢ = 1.054 X 107 ¢ +6.035 X 107" ¢® +1.728 X 107* ¢°
Bend £ = 10O X100 +1.162 X107 °¢?
Tension e =1.263 X100 + 7268 x10°°o?
Compression | € =1.263 X 107" ¢ + 1.761 X 107" ¢* + 7.791 X 107* ¢°
Bend e =1.002 X 10 * o + 3986 X107 ° g?
PGX
Tension g —=1563 X107 ¢ +1.078 X 107 ° o*
Compression | € =1.563 X 107* ¢ + 1.839 X 107* ¢* + 1.318 X 107" o?
Bend e =1.554 X107 ¢ + 51714 X 107 % ¢?
Tension e =1114 x 107" ¢ +2.334 X 107 ¢ ¢*
Compression | € =1.114 X 107" ¢ — 3.947 X 10" * ¢* + 8.387 X 107 ° ¢*
Bend e =1.166 X107 ¢ + 1.630 X 10" ° o*
ASR—ORB
Tension e =1235 X107 0 + 4536 <10 o’
Compression | € =1.235 X 107" ¢ + 1.443 X 1077 ¢* + 6.653 X 107° ¢
Bend e =1198 X107 o + 2.708 X 10"* ¢*

* T : Transverse {radial) orientation

L : Lengitudinal (axial) orientation
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Table 3 Stress—-strain relationships derived for stresses up to
specified ultimate strengths.

Grade * Load Stress-strain equation

Tension e =1003 X107 %o + 2140 X 10°° ¢?

T
Compression | € =1.003 X 107" ¢ + 1.173 X 107 ° g*

IG—110

Tension £ =1054 X 10°* ¢ + 2.093 X 10°° o?

L
Compression | € = 1.054 X 107" ¢ + 1.548 X 10" ° ¢*
Tensile e =1263 X 107* ¢ + 6.706 X 10" ° ¢?

T
Compression | € =1.263 X 107" o + 3642 X 10°° o’

PGX

Tension £ =1563X 107" +1130 X 10 °a?

L
Compression | ¢ = 1.563 X 107 ¢ + 5130 X 107° o*
Tension g =1114 X100 +1.628 X 107° g°?

T
Compression | ¢ =1.114 X 107* ¢ + 2.704 X 1077 ¢°*

ASR—ORB

Tension e =123X10"'c+379% xX10"*a’

L
Compression | € =1.235 X 107* ¢ +4.034 X 1077 o*

* T :Transverse (radial) orientation

L : Longitudinal (axial) orientation
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Fig. 1 Geometries of tensile, bending and compressive specimens for
stress—-strain measurements; (a) Tension, (b} Four-point
bending, (c) Compression.
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Fig. 8 Compressive stress-strain curves of PGX specimens
(T orientation).
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Fig. 17 Predicted stress-strain curve of ASR-ORB carbon.
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18 Deviation of stress calculated by several linear approxima-
tions from that predicted by mean stress—strain curve of
IG-110 graphite.

08

[
!
\
\
i
)
I
[
[
I
!
i




JAERI-M 82-085

PGX (T)

Stress range

!
!
t
!
|
|
|
|
!
|
|
!
1
1
I
!

: i !
1 |
| P <
A O - i !
B 0 - 1/45u D |~ ‘r
C 0-1/3Su Co Pt |
D - 1/4Suc']/43u1 I ! : [ |
E - 1/38u-1/38q o O-BT o i
; S L !
(Sue) (550 (3500 ($5ufSucl O (3Sun) (3Sur)  (3Sult§Sur) (Sur)

Strain E (T

Fig. 19 Deviations of stress calculated by several linear approxima-
tions from that predicted by mean stress-strain curve of PGX
graphite,
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Fig. 20 Deviations of stress calculated by several linear approxima-
tions from that predicted by mean stress-strain curve of
ASR-ORB carbon.



