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Table 1-1 Comparison of properties of ceramics, metals and plastics1) 

Ceramics Plastics Metals
Heat resistance ×

Thermal conductivity ×
Electrical conductivity × ×

Strength ×
Impact resistance (mechanical) ×

Impact resistance (thermal) ×
Chemical resistance ×

Hardness ×
Abrasion resistance ×

Moldability ×
Lightweight properties ×



Table 1-2 Physical and mechanical properties of ceramics. 
Density 
[g/cm3] 

Bending 
strength 
[MPa] 

Young's 
modulus 

[GPa] 

Poisson's 
ratio 

Thermal 
expansion 

[×10-6] 

Maximum 
operating 

temperature [ ] 
Al2O3 3.9 350-450 350-390 0.23-0.25 7-8 1500-1600 
ZrO2 6 980-1080 210 0.31-0.32 9-10 1250 
SiO2 2.2 67-69 72-74 0.17 0.51-0.58 1000-1200 
SiC 3.1 450-500 390-430 0.16-0.18 4-4.5 1600 
B4C 2.51 550-660 450-460 - 5 - 

Si3N4 3.2 600-750 280-300 0.27-0.28 3-3.5 1200 
Si3N4-Al2O3 3.22 980-1200 300-330 0.28-0.29 3-3.2 1200 

AlN 3.3 340-350 290-320 0.24-0.29 2.4-4 1000 
Fe12O19 4.6-5 50-150 120-150 0.2-0.3 12 300 

MgO SiO2 2.7-2.8 145-200 120-130 0.22 7.7-8 1000 
2MgO SiO2 2.8-3.6 145-210 150-190 0.24-0.27 9.5-10.5 900 
3Al2O3 2SiO2 2.8-3.2 280 210 0.27 5-5.5 - 

2MgO 2Al2O3 5SiO2 2.6-2.7 150-170 140 0.31 0.1-0.26 1200 

Table 1-3 Application of ceramics for industrial use. 
Characteristics Application 

Al2O3

High strength
Abrasion resistance 

Heat resistance 
Electrical insulating properties

Machinery parts
Parts for semiconductor and LCD manufacturing 

ZrO2

High toughness and strength
Abrasion resistance 

Heat resistance 
Chemical resistance

Machinery parts
Medical parts 

Grinding media 

SiO2

Thermal shock resistance
High purity 

High transparency

Laboratory equipment
Container for semiconductor manufacturing equipment 

Optical lens

SiC 
High hardness

Abrasion resistance 
Heat resistance 
Conductivity

Heat-resistant parts
Corrosion-resistant parts 

B4C 
High hardness

Abrasion resistance 
Abrasive

Nuclear parts 
Sandblasting nozzle

Si3N4

High mechanical strength
Abrasion resistance 

Thermal shock resistance 
Electrical insulating properties

Machinery parts
Heat-resistant parts 

Si3N4-Al2O3

High mechanical strength
Abrasion resistance 

Thermal shock resistance 
Electrical insulating properties

Machinery parts
Heat-resistant parts 

AlN 
High thermal conductivity
Thermal shock resistance 

Electrical insulating properties

Electrical and electronic parts
Heat dissipation parts 

Fe12O19

Ferromagnet
Chemical resistance 

Low electrical conductivity 
(Compared to Metal)

Motor
Speaker 

Magnetic recording medium 

MgO SiO2

Electrical insulating properties
Thermal shock resistance 
Low thermal conductivity

Insulating parts

2MgO SiO2

Electrical insulating properties
High coefficient of thermal 

expansion

Insulating parts

3Al2O3 2SiO2
Electrical insulating properties

Heat resistance
Chemical supplies

2MgO 2Al2O3 5SiO2 Low thermal expansion Insulating parts 



(a) -SiC (zinc-blende structure        (b) -Al2O3 (Hexagonal close-packed structure)
Fig.1-1 Crystallographic structure of ceramics. 

1-2

Fig.1-2
6)

7)

Al 
Empty 

The layer of O atom enters 
between layers of Al atom. 

SiC 
C



0 10 20 30 40 50
Porosity, %

0 10 20 30 40 50
Porosity, %
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Fig.1-2 Relation of mechanical property and porosity of Al2O3 ceramics6). 
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Fig.1-3 Schematics of crack deflection effects by fibers. 
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Fig.1-4 Schematic of fiber pullout and bridging. 
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Fig.1-5 Fracture mechanism of continuous fiber composite. 
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Fig.1-6 Hysteresis loops of CAS glass fiber /SiC ceramics composite13). 

1-4

18)

0 

Pn[N] Pt[N]

)0(
)0(0

nnn

n
n uuK

u
P      (1-1) 

nnnt uKPP        (1-2) 

Kn [N/mm] un [mm]
un<0 un>0

un Pn Pt

un Kn

Kn

Pn[N]

)0(
)0(0

nnn

n
n uuK

u
P       (1-3) 



2

&

0

Fig.1-6 Schematic diagram of penalty and Lagrange method. 
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Fig.1-7 Theoretical interfacial debonding model. 
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shear debonding with matrix crack and (d) Interfacial shear debonding with fiber breakage. 
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Fig.2-2 Present finite element model. 
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3-2
Fig.3-1 Fig.3-3

ANSYS Ef =Em=200 
[GPa] f = m=0.2 =0.05 =0[K]
Ld=1.0[mm] Table 3-1

1250 1000 ANSYS 6 1506
1000 Chiang21) 1

5 2 =0.25[MPa]
P= m

2

Table 3-1 Material constants and simulation conditions of present FE model and ANSYS. 

Fiber Matrix Total 

Young's modulus Ef, Em[GPa] 200 200 - 

Poisson's ratio f, m 0.2 0.2 - 

Radius rf , rm 0.0055 0.011 - 

Number of node 625/377 625/377 1250/754 

Number of element 500 500 1000 

Coefficient of static friction 0.05 

Temperature change [K] 0 (qi=0

Debonding length Ld [mm] 1.0 

Present FE model (Axial symmetry linear triangular element) 
ANSYS (Axial symmetry 6-node triangular element) 
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Table 3-2 Iteration number and simulation time by ANSYS and present FE model. 

Simulation algorithm Bite tolerance  Iteration number Simulation time [sec]

Lagrange   9 4 

Penalty   9 4 

Lagrange & Penalty  13 5 

Present  1 0.733 

windows7, 4GB,32bit  



0

ANSYS

0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

f

m

Present

(a) f and m

0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

( r)f = ( )f =( r)m(r=rf)=q0(z)

( )m(r=0.0064)
( )m(r=0.0083)

( r)m(r=0.0064)
( r)m(r=0.0083)

( r)m(r=0.0101)

( )m(r=0.0101)

Present

(b) r and
Fig.3-1 Stress distributions by present FE model. 



0 0.5 1 1.5 2 2.5

-1

-0.75

-0.5

-0.25

0

Distance from matrix crack, mm

f

m

Theoretical

(a) f and m

0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

( r)f = ( )f =( r)m(r=rf)=q0(z)

( )m(r=0.0064)
( )m(r=0.0083)

( r)m(r=0.0064)
( r)m(r=0.0083)

( r)m(r=0.0101)

( )m(r=0.0101)

Theoretical

(b) r and
Fig.3-2 Stress distributions by theoretical model. 



0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

f

m

Lagrange

(a) f and m

0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

( r)f = ( )f =( r)m(r=rf)=q0(z)

( )m(r=0.0064)
( )m(r=0.0083)

( r)m(r=0.0064)
( r)m(r=0.0083)

( r)m(r=0.0101)

( )m(r=0.0101)
Lagrange

(b) r and
Fig.3-3-1 Stress distributions by ANSYS (Lagrange method). 



0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

f

m

Penalty

(a) f and m

0 0.5 1 1.5 2 2.5
Distance from matrix crack, mm

( r)f = ( )f =( r)m(r=rf)=q0(z)

( )m(r=0.0064)
( )m(r=0.0083)

( r)m(r=0.0064)
( r)m(r=0.0083)

( r)m(r=0.0101)

( )m(r=0.0101)
Penalty

(b) r and
Fig.3-3-2 Stress distributions by ANSYS (Penalty method). 
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Fig.B-1 Interfacial contact state along off-axial direction. (B) Interfacial debonding,  
(C) Interfacial debonding with matrix crack, and (D) Interfacial debonding with fiber breakage 
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Fig.C-1 3-dimentional interfacial contact states. 
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(a) Nodal displacement                   (b) Contact force 

Fig.C-2 Assumption of movement to identical angle  for nodal displacement and contact force. 
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