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Asymmetric Creep Behavior of Ceramics
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Abstract

Asymmetric creep behaviors of ceramics under high temperature were investigated. Based on

the Norton’s power-law creep equation, multidirectional creep equations were proposed for

general geometric loading conditions. The proposed equations were implemented into finite

element program (ABAQUS)

to simulate creep behaviors of ceramics in complicated loading

conditions. The calculated results were compared with experimental data for uniaxial compres-
sion of 5i-SiC C-ring and flexure of Si-SiC and ALQ; in the literature. The finite element results

agreed well with experimental data when the principal stresses are smaller than the threshold

stress for creep damage. A good agreement was also obtained for damage zone in Si-SiC bending

creep specimen compared with experimental data.
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Table 1 Creep parameters used in FEM
Alumina® (AD94)
n A(s™)

Tension 5.6 2.972x107"
Compression 1.7 5.555x 107"

Si-SiC® (KX01)
Tension(0< ¢< 100 MPa) 4 5x107"
Tension(s>100 MPa) 10 5x107%
Compression {(g< —200 MPa) 10 5x107%
Compression(—200 MPa< ¢<0) 4 5x107'®
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(a) A schematic drawing of four point bending
test (b) finite element meshes for alumina

bending specimen (c¢) finite element meshes
for Si-SiC bending specimen
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(a) A schematic drawing of C-ring compres-
sion test (b) Finite element meshes for Si

-SiC C-ring compression specimen

uy=U==0), y=02 =5 HAHol4 ym of
2 Sl e v
Asled x=—Ry, y=0, z2=00l 2T Aol u,
=0 274F Frhstadceh o714 myzA4Ee
Chuang 5®o] 143 & AH£389 3 Table 19
vebl el el YFolAe] 4l AES e
shed &A1& 3o
=4} Chuang#} Wiederhorn®o] zx}dt #3 =
glZslel 5 wAoide AFAT vimstr] ¢
stel Si-SIiC Al#ie] w3 =zelz AES a4
t}, Fig. 3(c)oll M2} o] xuigkoa 40709 &4+
o yutgko g 14709 245 Algsdn Abgst
S 49 FFE CPS2Dgo) o},
AAZA R x=5 y=3q AAN 7] Hf T

oZ
B
[
5
!
T
5
i
4
NE,
ol
M
o
oft
[o

#3# 250 MPao] =HxE &%& slsln x=0ol
AT AAEL xu HAZA (4= U= ¥,=0) %
}. -

Fobebi k=20, y=0o AT AAL =02 =
d& Fohebaich ARE R Al 3 Table 1o o
Ehfola st bE 2L mFeld AR A

o BASHE Azke] Aol wet WA g
o HREHAUA FARol FFido o5
AL % 4 Aok ok 200417k0] Aatebu 2

1.0
AN
BN Alumina

= 1000°C , 30MPa
2
5
T
T 0.5
N L —
'g - _
5 --
-

0.0 L

40 20 0 20 40

Stress, MPa

Fig. 5 Time evolution of stress distribution in the
cross-section of an Before creep After Creep
alumina bending specimen under initial flexur-
al stress of 30 MPa



3110 A3 A - D - gl - 717 e
of BEZrb o] o4k Aol W v AHAAeiol Folol 4] ek7rel |7F A abz s =], 27] 3
oz =}, o F3g2o] 60 MPalu Fig. 6ol 4 Al s e} 2
Fig. 62 27 ol #3022 60MPao] =&3 ol slzg#e] 30MPaye & & 4 alch, e}
= v Adel 200417 A HE & ahg-s}h say A A sieie) AuolahgH A Aell4] ek
22 JeliE S e s A Axbel olula]®e) v wlaziaz oldlo] AA Al fre s A
22 Jehn o, et Anel side  AEn wyESEs 3~4 Fobske e o
A AARe ¢ 5 3 olg AWY F ek,
Fig. 72 =7 29 F%-gH8e] 72 503 60
MPaslol| 4] Aj7kel]l wh2 o] T3 waFo H3 42 Siliconized SiC
Z vehiie AQAOsh Faessd Aste v Fig 8& Coring Aol y=0,2=09] ==l
= uepdn ek 27 F3%e 50MPagl e Aol wE $eiel REd dehie fdasd
A AW} FRe s A opE A o o Aubeleh ok 100417ke] Avbd gtz A
Asih 60MPa 4 Gol 4l £ ibols wolnm 9 AAHzh se] <l@geie] 100 MPa ol 4l e
o}, o] obFmli} gl = m A 30MPa  Aldddlel wAlEA ekuE ok 4 Ak 2E A
exside) Aszyy Cring Adel d5He
1 00 3445 1.06 gm/hE o Fehelizol o] ARHW
m/hel A ol zx] 3L ol 4 9l
Alumina 1.08 pm/hst = <27l - of.
= H 1000°C. 60 MPa Fig 9% Chuangy} Wiederhorn™o] z4}3l 27|
§’ - 312 el0] 250 MPa<gl 23 Ajsol oigh % 2
® 0.50F
) L O FEM 1.20
g i Anaiytical
Result
b4 | esu 1.16F
0.00 b @t m—112'_
-150 -100 -50 0 50 100 150 = i
Stress, MPa 1.08["
Fig. 6 Comparison of analytical result and finite I
element calculation for stress distribution in 1.048
the cross-section of an alumina bending speci- I
men under initial flexural stress of 60 MPa 1.000 70 300 0 100 200
Stress, MPa
4 10° [ y Fig. 8 Time evolution of principal stress distribution
A L Alumina at the cross-section y=0, z=0 of a Si-SIC C
3100l 7 1000°C -ring compression specimen
- [/ —O— FEM-50MPa
o L Experiment-50MPa F/2
0% | ! —0— FEM-60MPa l
'® r ! - - Experiment-60MPa Y
17 L .
1 . S Experiment
B = R R - --- FEM
2o 1 1 A SIS oo - Analytial Result
FURPURTIEN RN U NI U U NS TS TN U0 WY VS T N N N - A
00 20 40 60 80 100 120
Time, h 2

Fig. 7
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