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Introduction

Graphite comPonents in high temperature gas-

cooled reactors (HTGRs) are subject to cycl ic

stresses from power cycLing and possibly from

seismic vibrat ions. Design of these components re-

quires a knowledge of the fat igue behavlor of the
graphite under loading cycles which may differ in

s t ress  ta t io ,  i .e . ,  the  ra t io  o f  the  min imurn  s t ress
during a cycle to the maxinum stress during a cycle.

Fatigue data on extruded near-isotropic H-451

graphite (Great Lakes Carbon Company), which is a

óatrdidate for fuel and rep!.aceable ref lector blocks

in large tIIGRs, have been reported for a stress

ra t io  o f  0  ( tens ion-zero  s t r i ss  cyc le ) .  (1 )  The
present work consisted of uniaxial fat igue tests at

ánbient tenPerature on H-451 graphite and on a

large dianeter molded graphite, grade PGX (Union

Carbide Corporation), under sttess rat ios ranging

from -1 (tension-conpression cycle) to +0,5 (ten-

sion-tension cycle). Grade PGX is used for core

support blocks in HTGRs

Experinental

H-451 specirnens r^tere taken in the axial ori-en-

tat ion a quarter of the way along the parent 1og

and between 23 a¡d 100 mm from the edge. PGX spec-

inens taken in both axial and radial orientat ions

between 50 and 150 nm fron the end of the log and

one-third of the radius out from the 1og centerl ine.

Specimens for a part icular test series were spread

uniforrnly over the sarnpling zone. The specimens
were r ight cyl inders I2.7 nn diameter by 25.4 run

long and were cenented between steel end-pieces

using V-block j igs for al ignment. The tests were

r.rtt in air at anbient temperature in a nodified

Fatigue Dynamics fatigue nachine equipped with a

load cel l  and a special test cage in which two

opposed loading ratns move in coaxial l inea¡ bear-

i i rgs to ensure uniaxial loading in both tension and

compression. Tests were run at 400 cycles/minute
unti l  the specinen fractured or 100,000 cycles were

reached without fracture.

Results and AnalYsis

For each material and orientat ion, the f irst

tes t  ser ies  cons is ted  o f  30-35  cont ro l  tens i le  tes ts

on standard fat igue specimens to establ ish the nean

tens i le  s t rength .  Mean s t rengths  were  18 .9  MPa fo r

H-451 (ax iaL) ;  7 ,6  MPa fo r  PGX (ax ia l ) ;  and 9 .5  MPa

for  PGX ( rad ia l ) .  Fa t igue tes ts  were  then run ,

u s i n g  s t r e s s  r a t i o s  o f  - 1 ,  - 0 . 5 ,  0  a n d  + 0 . 5  f o r

H-451 graphite and -1 and 0 for PGX graphite. Dur-

ing each ieries of tests, between 7 and 10 specimens

*"ie .rn at each of f ive naxinun stress levels whi-ch

ranged f ron  0 .6  to  1 .0  t imes the  nean tens i le

s t réngth .  The s t ress  Leve ls  h ¡ere  se lec ted  to  avo id

an excessive nurnber of run-outs beyond 100,000

c y c l e s .

Figure 1 is a typical S-N curve in which the

logaritñm of the maximum stress, S, is plotted

agáinst the logarithm of the number of cycles at

fai lure, N. The stresses have been no¡malized by

dividing the mean tensi le strength. The tensi le

data and f irst-cycle fai lures are plotted at

N = 0.25, and run-outs are shown as open circles at

N  =  1 0 0 , 0 0 0 .

The S-N curves resenble those of netals, excePt

that the scatter band is wider. The scatter makes

unsuitable the methods of stat ist ical analysis

usually appl ied to fat igue measurenents on metals,

in which the fat igue l ives for each stress sett ing

are treated as a seParate populat ion with a 1og-

normal or Weibul l  distr ibution. Instead the fol '1ow-

ing  s ta t i -s t i ca l  mode l  was  used:

1 o g ( S ) = c r + B l o g ( N ) + s

where o and B are .constants and e is a random vari-

able distr ibuted normally with a mean of zero' The

data in the S-N culves were analyzed according to

thi.s model, counting the ter.rsi le test data but ex-

cluding run-outs. The least-squares straight l ine

and thé x/y lower tolerance l imits (representing the

l imits above which at least x% of aLL observations

wil l  fal l ,  with y% confidence) were calculated and

are shown in Figure 1.

The downward slope of the S-N curves become

steeper  as  the  s t ress  ra t io  decreased,  i .e . ,  as  the

streis became conpressive during a part of the

cyc le .  For  ax ia l  spec imens o f  H-451 graph i te ,  the

endurance l imit for 50% survival to 100,000 cycles

fel l  from 80% of the nean tensi le strength at a

s t ress  ra t io  o f  0 .5  to  60eo o f  the  nean tens i le

strength at a stress rat io of -1. The corresponding

99/95 lower tolerance l imits were 60% and 44% of the

nean tensi le strength. For engineering design i t  is

convenient to plot the results on a constant l i fe

fat igue diagraln (Goodman di-agran), which relates the

fat igue l i fe to the fol lowing interdependent loading

cycle paraneters: maximun stress, minimu¡n stress,

t i tu t t -ampl i tude,  and mean s t ress .  F igure  2  shows

a Goodman diagram for axial specimens of H-451

graph i te .

When normalized by dividing by the mean tensi le

strength, the endurance l imits for PGX graphite were

somewñat higher than for H-451 graphite under simi-

la r  cond i t ións .  Fo¡  a  s t ress  ra t io  o f  -1 ,  the  PGX

endurance l ini t  for 50eo survival to 100,000 cycles

was 66% of the nean tensi le strength in the axial

orientat ion and 74% in the radial orientat ion'

Corresponding 99/95 lower tolerance 1i-mits were 52%

and 56%.
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Figure 1. Log-log plot of normalized maxi¡nu¡n stress versus nunber of cycles to
fa i lu re .  H-451 graph i te ,  ax ia l  o r ien ta t ion ,  s t ress  ra t io ,  R ,  =  -1 .
Lower x/y tolerance l ini ts
x% o f  the  po in ts  w i l l  fa l l ,

represent the l imits above which at least
with yeo confidence.
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Constant life fatigue diagram (Goodman diagrarn) for H-451
axial orientation, tested in air at ambient tenperature.
correspond to 50t survival probability.
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