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4.2 JO0OOOOOOOOONO (von Mises Criterion)
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[4.1] K.L. Johnson, “Contact Mechanics”,
Cambridge University Press (1985)



27, = (max{|0'1 - 0'2|}) >2k=y 00

Po :%pm 23.2k=1.6Y (4.12)

1
DDDWmMmsDDDEWVogﬁﬁH=WDD

Po22.8k=1.6Y (4.13)
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Ub00dg0@E2900@E3nNOO0O0O00O0O0O0O0O0O0O0O0O0OO0OO
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ot 0000000DOOO0OO0ODOOODOOODDOOO

n.(=h/h)=2/z000000000
00000000 (PI220)0 P-AO0DO(G.70000000O
00

P(=cYd))= ki

k, = (mpz cot? ﬂ)cY (310

DDDDDDDDDDDUPDDDDDDDDDDDDDDDhc/h
gooooooon sedooubing,=12000000000
O00000opooo0Oo(02<PI<20)d P-AOO00O0OG. 1)
O0OMeyer U0 H,00000000000O0

P(=HyA)=k,h’

hp=(ﬂnwzuﬁ2ﬂ)HM (5.17)

00000000 ”p’0 elastoplastic(0 0 0H)O O OOOOOOOO
oooobo00g, 0000 PIO0000O0OO2/7<n,<1200
0ooDooo@m s.6e00)0

000DO0ODOOD0O0OD0O 300000000 Berkovich 0000
0d000D0OO00O0OoOooO0 P-A000 0O (loading-unloading P-h
hysteresiscurve) 1 0 5.8 0000000000 58000000
0D0000000000000000+P-A000000 59 O
0000 550000000G150006GAaH000000000
00000000000 00000000 P-AO0O000CO0O0O
D00000000 P<4#*00000000VP<A000O00O
ooodoooooooGahoooooboooooooooag e
-h0000000000000000000000000000
000000000000000 P-AOD0@S.150)HO0O0O00O0O
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P(E‘c"IE'Ae):ke(h_hr)2

k, = (m]ez cot? ,B)SIE' G19

ooooooo0ooooobOAROO0O0ODOODOObOOOOO
ooobOo@soohooooooooooooooooooo
Oo0opP-A000000D0O00D0OCOO0O0OODOOODOOOOO
0o0obOoboOo@Woboonb ssgpPr=00500000000000
oodbOobOobOoboboboobooboobooboooooooog
ooooboobOo@obooboooo)yoboooooo
00d0bOobobOoboboboboobobossoos8oog
000 s90000000000000000000 P-AO0O0O
0oodbOobOobOobOoboboOobooboobooboooooooog
0oodbOobOobOobOoboboOobooboobooboooooooog
0 0 0O 0O O (plastic energy dissipation) D 0 0 0 0@ 0000 dd
oboboobooobooboobooooobooooooooHoo
ooo0o-0b00oo0bo0o0o0obObooboboooboooobo
P-hO0O0ODOOOOOO0ODOSIOODODOOOOOOR,,OO0O00
ooooooooobooobobou,d
Ur=U,+U, (5.19)

goobboboooboobO@oooooooooooboooog
ooy, oooooooobvu, cooboooooobooos.ano
geag)yoooooooooooooooooooobouou,0og
v.000oooo0

k
m:ﬁmﬂmz?%; (5.20)

k 3

?ehmax3 (l_fr) (5‘21)
000000000000 &E000000O0AO (relative residual
depthy0 0000 & =h/h, 0000000000000000

gobodgu,b0boobooooboobooboooon

m:ﬁmnﬁ=

U,(2Up -U,)=&Uy (5.22)

(5220 0000000000000000000000 (A,
Pp)0000000000000000 kphp =ke (P — /)’
000000 k,/k=(1-4) 00000000000
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(1) O0O0O0 woI (Work-of-Indentation)
000000 WOl (work-of- indentation) D O 0 0 000000 O
0000000000000000000000
wor =Yr (5.23)

T

000000A,0000000000000000000
Vo = (c0t” B/3) )’ 10000000000 00000000
00000000000000V, =&, 0000000000

T~ max

000000000 (5.17)00(.2000000(5.22)00(5.23)0 0
00000000000000
WOI(=U, [V, = Uz [Vyax )
:HM
00000000000D00000000000000
(Hy=P/A)00000000000000 Meyer 00 H, ((5.1b)
0)0(24000000000MO00000000000000
0000000000,/ M0000000000000000
000000000U/Y,,0000000000000000

(5.24)

max

D00000000000000000000 Meyer 00 H,
(=P/A)O WOI(=Ur [V )0DOODOO 511000000000
0000000000000000000000

@ 000000000,00000 ¢Y
0000000V, (P-h00000000000000000
O (loop energy) D 0000000000000 00000000O
O000000000000G.1O00000000000 P-4
000000000000000000

UJEKHWJ:%%3 (5.25)

gbbogobbooobbbooobbuoubbooobooboogoan
gobodgoboobobodb p,,ubbodd s120o0go

max

uou,=v,000 h, = 000000000000000O000
ggoououoououuuauooobov ooooophbObObOOO
gooobgo
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wor=H, 000000
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0 5.12 0000000000

ggouv ooooooboood
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[5.2] M. Sakai, Acta Metall. Mater., 41,
1751 (1993)



6 00O0nooon

6.1 00000000DOO0O0O0
(O OoOoOoooono [e.1,6.2]
gobooobooboboobbouobuoooboobobod
gobodoobuoobbooboooboobobuoobboooo
gobodoobuoobbooboooboobobuoobboooo
gobodbooooboobbo™bouoobobouoboobobon
0 0O O O (relaxation phenomena)] O 00 00 O O O (creep deformation)
gobooobuoobbooboooboobobuoobboooo
0 0O O O (amorphous materials)[J 0 O O O O 0O O (viscoelastic body)
gobodboboobuoooboobboooboobbooobg
U0odoooooDDDDO (polyerystalline materials)d O O O
gooobooo@oboooo)yobboooobobboooooo
gobodbo el10dbboobbooboboobuooboboon
gboboboboboobo@woo)yr, oo el oo g
goboooboobobooboobobuoobbuooboooo
00000 O (reversible equilibrium processes)l] 0 0 0 OO0 OO O
oobboooobbooobor, oobbooboboboooboooboog
goO)yobhuoboouoobbuoobuooobuouoboooo ea
gobodoobooboboobboooboobobuoobooooo

gobooboboobobooobooboboobboobooonon
gboboobboobbooboobboobboobooon

gbobeld0buoobbonoboobbonoboobooon
UO0b0DO000D0OO0O000 D (glass-transition temperature; glass- 06.1 00000000000
oot rnooobobooobooboobuooboang OoooOoOoooooo

vbboooobooobooboooooobr, o, o, ogod

gobooobuoobobooboobobuoobbuooboooo [6.1] E.J. Donth, “The Glass Transition:
Relaxation Dynamics in Liquids and
goooooobooooobooooobooooooooon Distorted Materials”, Springer (2001)
[6.2] G.W. Scherer, “Relaxation in Glass
o0 and Composites”, John Wiley (1986)

Q) Maxwell DD OODOOOO0O ZenerOOOOOODOO
gboboooobDobooooobobooboboboooooo
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000D0O0DOO0DOO0DOOoDOOoDOOooDOooDooooooooonog
oboboboboboboboobooboobooboooooooog
000000000 62000 Maxwell DO OO Zener DO OO
00000000 O0OMaxwell DOOO0OOOO0OOOOOOOOO
(Hooke spring)(0 0 000 EHODD0DO0O0DODOOOODOOO0O
Jdddddashpoty(D O OO ) ODDOODODOODODODODODODO
000000000 (viscoelastic liquid)D DO D ODOOOOOOO
00000000000 (viscoelasticsolid)D D D OO O O0OOO
Zener 0000 0O0O0ODOOOODOOODO IO ODOOODOOOOT
oooooo@oOboOooEeH)OOoOooOOOoO0oO@oooOn)bO
0000000 veigt 000000000@DODODODOEHDDD
000000000 booob no MaxwellOOOOOOOODO

boborepH)gbobobobobOobobns3g
goboooogooboo

o=F¢
DDDDDDDDDDDDDDDDDDDDdg/dtDDDD

0'—77ﬁ
dt
U0ooooboobbbOooonbdpals)yd 00000 E(Pa)
ooo

7=+
E

oob0GUuuoobooboooooooobooooooooooog
gbobobobobobobobob@ouooboboooog
0 O (relaxation time)[J D O 00000 0O OO O O O (retardation
time) 0 0 0O 0O0O)O
Ue6200000000000O00O0O0O0OOODOOOOODOO
gbobobobobobuobobuobuobuobuobo
do

de
E+a,—=bo+b — 6.1
0 a i (0 ( (6.1)

O00O0OMaxwellOOOOODOOO
a,=0
a =1

by =1/n(=1/7yEy)
b =1/E,

(6.2a)
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Maxwell O O O

O 6.2 ODO0O0ODODOOOOO
Maxwell OO OOOOOOOOO
0000 Zener O OO



ZenerU0O0O 10000
a, :Ev/”(zl/rv)
a, =1
b, =(E, /E, +1)/1,E,
bl=1/Eg
Zener U0O 0O IIOOOO

(6.2b)

a,=E,[[7,(E.+E,)]
a, =1
by=1/[ 7y (E. +Ey)]
b, 21/(Ee+EM)

(6.2¢)

D00000000Zener 000 10000 £y =000 E, =Ey U
000000000000 Zener 00O NO0O0OOE,=0000
000000000000 Zener 0000 Maxwell 000000
0000@GHO0D06200000 E0000 g0 glasy
modulus(D 0000000000000 0)00000EOOOO
e O equilibrium modulus(0 000 0)O 0000000 (6.1)IO0
0D000:00000000000000000000 Laplace

000000000000

0000 f()0 Laplace 000000000 f(p)DO0O0O0O
Laplace 000000000 00@OO0OO0D0)£0000000
000000

L1(=F(p)=| fyedt

O000o00oobooooooooogss) b0l Laplace U
0000000 p000D0OD0OO0WSOOOCOOODOODODOO
OO0 Laplace OO OOOOOOOODONO AppendixCOOO OO
oboobenHibdbd Laplace DOODOOOOOOOOODOO
oooo
G(p)=E*(p)e(p) (6.3a)

000 E*(p)d 00O OO (pseudo elastic modulus)l] 0 0 O O
dtap

6.4
b, +bp ©H

E*(p)=

U0o0o0ooooooooooooooDobOn Maxwell OO
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000000 Ex(p»00@4)0062000000000000

E*(p)=p- EMI (6.52)

Pt —
TM

0000000000 064)00620)00000(62000000
0D000000000000000 ZenerD0OO 1000000

E*(P)ZEg L 11 + Pl
z-V p+7 p+7 (65b)
7z 7z

t,=(E.JE,)ty: VE,=1E,+1/Ey

Zener U0O 0O IIOOOOOO

Ee/Eg 1 P
E*(p)=E,

+
M p+i p+i (650)

™ ™
E, =E, +Ey

00000000 EZener 00O I((6.55)0 )3 Zener 0 O O TI((6.5¢)
0)0000000000000000000000000000
00000000000000000000000000000

D000000Zener 000 U0 E,/E, =1y /7y 0 7y =7,000

gboboboboboboboboboboboboo
gobOe3p0ooooooooooooon

E(p)=C*(p)a(p) (6.3b)
Ubo0dUOc*x(pODOO0OD0OOO0ODO (pseudo compliance)d U [
000000 E*(p000000000C*(p)=1/E*(p)000O0
O0632)0 0006300000000 LaplaceD OO O0O
do0ogopooooogdgnodep=E*x(pep o dno
g(p=C*x(po(p 0000000000000 0O0O0000O

O0c=Ee000e=Co00000000000000OLaplace
000000000000000000000 C*(p)=1/E*(p)
000000000000000000(C=yE)DooogQ
00000ooooonodoodon Laplace DOOOOOOO
0O0000o0odoooogoo-000000 0 (Elastic-Viscoelastic
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Correspondence Principle)[] [ [ [1[1.2,1.3]0 0 7000000

gogogogooogogooogon

gboboboboboboboboboboboboboo
Maxwell DO DO@OO0O00)O Zener IO O DO DOHDOODOODOO
gbobobob@oubobobobobobobobobob
gboba@uoobooboobooobooboobobobobobo
gooo

M) oooooooooooooooooooon
O0000bDODOgOoooouuooobunooon
gbobobobobobob

t<0

(>0 (6.6)

e(t) = et u() ={(1’

(6.6)0 0 Laplace 0 0000000 &(p)=¢,/p0 0 0 (Appendix C
o3 oooobogobooooobooobooboonog
Laplace OO UODOODOODOODODODOODOODODODODOODODO

a(p)=[E*(p)/ple

_ (6.7)
= Erelax (p) &

D000 Eu(p) 000000 Eyy(®|[=0(t)/&]0 Laplace OO
0o0oooooooDboDoODDoDDDOoOOoO EXp) 0 odoad
Erelax(p)zE*(p)/pDDDDDDDDDDDDDDD(6.5a)D
Maxwell OO OHO O O(6.50)d (Zener IO O MHOODOODOODOO
0 E,(p) 0 Laplace 00 0 (Appendix CO )OO OOOO0O0OO
goobmobobobobuobobuobobobobuoboo

OMaxwell O ODOODO

O-(t) = Erelax (t) = EM exp [__t]
&, 7,

0 . (6.82)
E,=E,
OZener IO DO DOOODO
o(t) !
80 relax( ) e ( g e) XP[TM j (68b)

E,=E,+E,
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(6.8a)0

e |

R
Erelax(t) (GPa)
° o o
22—

o
[S)
T

I

H)=FaALTSAT7UR
Coreeplt) (1/GPa)

0 ‘ 160 ‘ 260 ‘ 360 ‘ 460 ‘ 500
B t (s)
0 6.3 Maxwell 0000000
Ooo0o000O0O0o
Ey (= E,)=1GPa0
Ty =200 s
n(=17y - Ey ) =200 GPals



Gi) ooooooooooooooooooooonnn
0000000006, 0000000MODOO0NDOOND
0000000 uwnO00000000000()=0u()00000
0000 Laplace 00000 6(p)=0,/p0(630)0000000
ooodc,,m=en/c,00000000000000C,,,(H0
Laplace 00 C,,(p)(=&(p)/0,) 0000000000 C*(p)0
000 C*(p)=Y/E*(p)]=pCue(p) 000000000000
00000500000 0Maxwell 000000 Zener I OO
0000000 Cuep(p) 00 0000000000000 Laplace
00000 (Appendix C 00H)IOOOO0O0000O000000OO

gobooboogobooon

OMaxwell DOOOOO

&0 _ Coreep (1) :EL-F% (6.92)

0 M

OZener IO OOOOO

£(1) _
O_O - Ccreep (t) 1 :
(6.80)0
L [ 600 oF -
L LR | I — 0.8} 1
E, |E E, Pl (6.9b) o
O
Eg:Ee+EM l:ILlJE’o_G, N

E.=0.5GPa
0.4 * * * ;

o 11E,=2.0 GPd'
(6.80)00(6.9)0 0000 Zener 0000000000 D0OO0O gg&mm 7
00000007, 000000000000000000T¢,0 0% b
00000000 7,[=(1+E,/E)7, |>7, 0000000000 §$1 ]
00000000000000000000000000000 DO%mOﬁ%tgm05w

0D00000000000000@ 6400)0

0000 Maxwell 000000 Zener 00000000000
0000000000000000000 630000 6400
000000000000 0000000000000000
(E, (H10)0000DO00D000000000000000000

relax
0000000000000000000(E,,()!E)0

relax

0 6.4 Zener 0OOOODOO
goooooooon
Ey =0.5GPall E, =0.5GPall
Eg(zEM+Ee):1.OGPa
7y =200 500
7, (= E 7y /E, ) =400s

49



6.2 OOOOOOOO0O -Wiechertd0 -
0000000000000000000000000000
0000000000 (0000D00000) 0000000
0000000000000000000000000000(@
0000D000000000) 000000000000 6100
0000000000000 0000 Wiechert 10000 6.50
00[1.2,1.3]0Wiechert 1000 Zener 100000000000
00000000000 0O0OO0O0O0 T (=n/E)00O0O0O0O0O
Maxwell 100000000 EOD0ODDOODDOOODOOOD
O000000000000000000000 600000
0000 Maxwell 000000000 O0,000 ¢, 000000
00000000000

o()=0,()+Y,0,(1) (6.10)

0000000000000000000000000000
ey00000000000000000000000000
ooo

o, (t)=E.£(1)

de(t) _ 1 do,(0)  o,(t) (6.11)

dt  k dt 7

(6.1000006.11)0 0 Laplace 00000000000 6.32)0
00000000 Wiechet 10000000 E*(p)000000

gooo

E*(p)= PE 4 (D)

E E (6.12)
= _e+ !
S >4

lp+i

U0000OLaplace00DOODOODODOODO
Ee
p

E
2
1 p+7

i

Erclax (p ) =

gbbogoboobboobbodab E

(D) O (6.82)10 O (6.8b)0
gboboboboboob
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o(1)

Thied 7, ;

o(t)

0 6.5 0D ODOODOODODO
7(=n/k)(=123--) 00000
00 Maxwell D0 0000000
EODDDDDDOOOOOOO
00000000000 Wiechert
D00000000000000
00000000000000 E,
00000000000000
00O



T.

i

Erelax (t) = Ee + ZEI exp(__tj (613)

00000000000 000EO0OOOOooOoooOOoOb0On
Oooooooooooooge3)oooog e =00000
0o0dbOobOobOobOobobge.nhooooe.hoooog
oo0o0oobOo0obOooboobDooboboooooooooa
0 O (differential viscoelastic constitutive equation)I] 0 0O 0 0O 0O 0O
000D0DOO0DO0ODOO0ODbOoDbObOOobDOODOn Laplace OO
ooobobobobooo
() = PE,u (P)E(D)
=E*(p)-2(p)
(6.14)00 Laplace U0 OO ODOOOODOODOODOODOODODOO
000D0O00ODO0OD0O0ODODOODOO (Appendix COO)HO

(6.14)

(1) = [ Ep (0 —t')%dﬂ (6.15)

6150000000000 £[det)dt]=pe(p)—e0) O
L’U(:f(t—t’)g(t’)dt'}=f(p)§(p)|] 000000 &0)=00000

O0¢<00ey=00000000000O00DO@ODODO
'<0000D00000000OO0ODOO0ODOO0ObOOODbOODOn

oboooooooooooooobo)y e, oOooooooon
gboboboboce, ,oooboboobobooboboobog

creep
&0 =/ Couyt-1) 0 ar (6.16)

0000(6.16)00 Laplace 0 0 O

E(p)=p-C.py (PG (D)
=C*(p)a(p)

06140000000000000 6100000000000
(0000000 C,. (n00000

creep

(6.17)

obobobooooE

relax

Laplace DO OO OO

ngrelax (p)écreep (p) =

(6.18)
= E*relax (p) ’ C*creep (p) =1

U0000oo0ooooobogDge.18)td Laplace OO OOODO
good

[ Bt =), (et =1 (6.19)
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OoDoOoooooeis)yooooe.le)oooooooooono
000000 00bO0o00ooDOoO0OO0On0OOananad (integral
viscoelastic constitutive equation)J0 00 00000000 O0OO

gooogoogoooooooooogooogooooooog

godogogogogogogogogonoogoooogoog
obobobobobobobobobobobooobooobooog

00000000000000000000000000000
@oo0O0cC,. (00000000

creep

gbobobobobUobeE

relax

gobogbooobbooooan

6.3 OUO0OOOOO0OO -Boltzmann [0 OO -
0000000000000000000000000000
00000000000000000000000000000
00000000000000000000000000000
0000@O000000000)00000000000000
00000000000000000000000000000
00000000000000000000000000000
000000000 E,, (»HOO00000
00000000000000000000000000000

0boobobobobobobomuoboOoboOonDdn Boltzmann

()O0Oooooooc

cree]

U 0 0O 0 O (Boltzmann’s convolution principle)d O O [1.2, 1.3]0
0000000+« 00000000 e OOOODOOOOOO

O000000e@n0ODOO0O0O0r <t,<:00000O0OD0O0O ¢'=¢0
O0¢=,000000000000000e(t)0e,)00000
Dooo@ooO)Hoooooo0oe()Uo(,,)yD000O0D0OD
Oe)=¢et)+e,) D0000000+=t00000000 o)
oo0oooooo
oty=0(—-t)+o(t-t,)

000000000 o00oooooooooooooooooon
0000000000000 0000 Boltzmann 00O 0 ODOO
0000000000000 0000000000 Boltzmann O
000000 e 00000O0O0DDOODOOOO0rDOODOOO
000000000000 Aex)00DDOOO0ODODOOODOO
000000000000 @memory function)d 0 O00O00O0OO0

52

&)

| 2

) ‘ ott)

00 6-6 Boltzmann 000000
O000+«=¢, 00000000
OO0 Ae(x)ODO00O0O0OODODODODO
c¢)OOODOOODOODOODO
0:0000006(nD00000
0



OE,(O00D00D00O00D000000000
0() =Y E, (1—1,)Ae(t) (6.20)

D0000000D0D0D000000Ae()D000000d@'00
0000 Ae(t,)=[de@t"/dt'|dr' 0000000000000 OO
000000@150000000000000 Ac(x)00000
00000 e(n0000@olzmann 0000000000000
0oo0DO00cC, (nO0000.16)0000000

creep

gooooooooooooboooooooooooooon
0000000000 E*(pO000000000000 C*(p)0
E*(p)= pE,y,, (P)
C*(p) = PCep(P)
D0000000000000E,

O CarsonDO0O0OO0OOO0 Laplace U DD O0ODOODODOOONO
gobobobo«obob0 frooobOobOob0OobDobDOonDO

(6.21)

(nO0O0O00o000o0C,.,0

I*(p)=pf(p)=p|, f)edt (6.22)

googoe

relax

()0O0DO0O0DOO000C

creep

() Carson 0[O
E¥x(p)0 C*(p)U000D0O0OD00O0OO0DOO0ODO0O0OOOOOn
DDDDDDE*(p)-C*(p)ZIDEIDDDDDDDDDDDDD
0@(6.18)000)0000000Laplace 00 E_ (p)0 Emp(p)g

D000 Carson 00 E*(p)0 C*(p)000000000-000
0D0000000000000000000000000000

goooaggogaooggoogoongdaooggoogon

gooodoogooogoog

53



6.4 000000000 0O0O0O0O0O0OOOOO0O
gbobooboobbovoobooboooboboooo
gbobooboobooobobobobon3uooooogog
ugbobodobooobooobbooboooboobooood
gobooboooboobbooboooboobooobd
gbbodgbbooobuoobboobooobooboooond
udg g,

relax

(oooooooooJ,,()0o00o0ooooo
00000000000000000000000000000
000000000000000000000000000000
00000000000000000000000000000
O000v»OOO0O0000000000 Eg0 Cpyy()O
00000000000000 Cason 000000-00000
00000000000000000000000000000

00000000000000000000000
0000000000 EODODOOOOGOOOOOO (bulk
modulus) KOOODOOOOOOvOOOOOOOO0O00000OO

0 [1.210
_3K-2G _3-2xG

V= = (6.23a)
6K+2G 6+2kG
E=2(1+v)G (6.24a)
E 2G
E'l = =— 6.25a
( 1—v2) 1-v ( )

000x000000000000000«=yKOOOO0O00O
O00000D00KOOOOyOOOOOO0OO0OO0O0O0 p0000
0000000000 AYO00 p=K(AV/¥)0DO000000D0
0000000000000000=00000000000
v=1/20E=3G0000 E'=46000000000000000
000000000000 00000000000000000
0MO00-00000000000000000000000
(6.232)0 0 (6.250)0 0 Carson 0 00000000000

L 3K*-2G* 3-2k*G*

6K *+2G* 6+2K*G*
E*=2(1+v*)G* (6.24b)

*k *
E'*| = £ = |= 26 (6.25b)
1-v* 1-v*

(6.23b)
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U, 000000 ey nouoonobuoobobooonoog

000000000000000000
andiﬂ@—Qk@P%J (6.26)
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000G,(=6G(0)000000@OoO000D00000nO0ng
0)0G,(=G() 000000000000 0000OMaxwell O
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APPENDIX B
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APPENDIX C
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APPENDIX D
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0 O O O (indentation contact mechanics)
0 O (numerical-) 65, 101, 111
0 O (elastic) 17
0 O O (elastoplastic) 30
0 O O (viscoelastic) 57, 93
0 0 0 0O O (network modifier)140
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0 O O O (dark-field method) 125
—-0000

0 BO

Boltzmann O O O O (convolution integral)
52,161

Boussinesq I [0 [ [J (contact problems)
85, 111, 169

Beltrami-Michell O O O 7,11

Bessel [0 [0 (Bessel function) 13, 158

0cO

Carson [ [J (Carson transform) 53

Cavity [J 0 O (cavity model) 34

Chebyshev O O (Chebyshev polynomials)
88

0000 (retardation time) 45, 81, 141

0 0 0O O O (silicon nitride)
40, 126, 132, 139

0 0 O O (harmonic function) 9

0 0000 O (bi-harmonic equation)

10, 13
HR )N
0O 000 O O (representative yield stress)
108

0 0O 0O O O (representative plastic
strain) 108
O O (elasticity)
0 O (elastic limit) 25, 29, 107, 166
O 0O (elastic recovery) 31, 39,
116,123, 136-139
OO 00 C(elastic coefficient) 6, 47

104,



000 (elastic modulus) 7, 29-40
000 0O) (glass modulus)
46, 55,94, 110
O (pseudo modulus) 46-53, 162
0 O (bulk modulus) 27, 54
0000000 (shear modulus)
7,25,54
00 (equilibrium modulus)
46, 50, 64, 94
dOd0dgd (Lame constant) 11
dOdodd (Young’s modulus)
6, 18, 23, 54, 67
0 O (effective elastic modulus) 84, 98,148
0 O O (elastic body) 6
0 O (linear-) 10
0 O O (elastoplasticity) 25, 30-43, 74, 97, 108
O0-000000 0 (elastic-viscoelastic
corresponding principle)

47,53,57,77,93, 109, 127

OED

0 O O O (cylindrical coordinate)
4,10-13, 153-159

0 0 00O 0O O (enthalpy) 25, 144

000000 (entropy) 25

0 FO
Field-Swain 0 O (F-S approximation)
106, 107
FEM, FEA 29, 101-103, 109-112
Fredholm 0 O 0 O O (Fredholm integral
equation ) 88, 98, 111, 148

0 GO
000000000000 (glass,
glassy solids) 40, 44, 55, 117
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O O (rigid body ) 87, 91, 155

Green U O (Green function) 85, 111

000000 O (glass transition
temperature) 44, 128, 140-146

00 000 O (freezing point;
crystallization point) 44

0 HO
Hankel [0 O (Hankel transform)
13-18, 88,159
000000 O (incompressible elastic body)
34, 54,102
0000000 O (incompressible
viscoelastic body) 56, 122
0 O O (amorphous ) 44, 140
U O O (amorphous selenium)
128, 143-145
O0O0/000000004 (film/substrate
composite) 83, 88, 94, 111, 146
U (strain) 1, 6, 8
U 00O 0 U (strain energy) 27, 41, 68
0 O O (rule of strain-/work
-hardening) 107
0 O (elongation) 1, 6, 25-27, 108
0000000 (shear strain) 1, 7, 25-28
54,110, 154
0 O (bulk strain) 11
0 O (normal strain) 154
ooogno 65-82,149-151
Uboooobogboogn 21,33,68,75
00000 O (loading-unloading curve)
0 0 O O (hysteresis curve) 38-42, 103,
116-119, 134, 137-150
000000000 (loading-,
unloading-coefficient) 104, 105
Hooke [ (Hooke’s law) 6



googno 74-76, 149
goognd
(eq. of mechanical equilibrium) 3-10, 156
0 O O (plane strain) 7-12
0 0 0O O (Young’s modulus in plane
strain) 18, 23, 57, 102
Hertz O O O Hertz O O (Hertz theory;
Hertzian contact) 20-22, 28, 102, 145, 169
0 O O O (displacement gradient) 1, 85
0 O (deformation) 1
0 0 0 O O (normal; elongational )
1,25, 155
0000000 (shear) 1-8, 25, 155

010
0 O O O (shift factor) 75-76, 143-144
0000000 0O 0O (indentation)

0 O O (instrumented indentation)

31,57,71, 99, 114-146

oJo

JKRO DO 65-80, 149

0 0-00 0 0O 0 (time-temperature
superposition rule) 143

0000000 (free energy)
Gibbs(Gibbs free energy) 25

000000 00O (unloading stiffness)

116, 149-150

O KO
0 O O O (work-hardening) 107
-0000
0 O (load, force) 1
0 0O O O (supercooled liquid) 44
0 0 0O O O (perfectly plastic body) 33, 40, 76,
107, 135, 168

0 0 0O 0O O (perfectly elastic body)
6,17, 23, 31-54, 65-76
0 O O O (relaxation time) 45, 50, 94, 141
0 0O 0O O O (relaxation modulus) 48-80, 93, 110
U O (relax. shear modulus) 54, 110
0 0O 0O O (memory function) 52, 163
U 0000 DO O (substrate properties) 83
U O (metals)
U 0O O (aluminum) 45, 134
U (cupper) 40, 43, 134
0 00O 0O (creep)
O O (creep function) 48-63, 81, 123, 150
U0 00dddgdn (creep compliance)
48, 121-130, 141, 163
U O (creep deformation)
44, 80, 123, 128
0000000 (creeping-up) 110, 122, 145
00000000 0O (instrumented
indenter) 58, 106, 110, 141, 166
0000000 O (indentation
microscope) 31, 57, 110, 125-130,
141, 146-150
0 O O O (constraint factor)
33,108, 119, 168
0 0 0O 0O O (constitutive equation)
—[0 000 0O O (viscoelastic )
0 O (hardness)
Brinell 30, 38, 166
Meyer 30-42, 61, 75, 97-100, 118, 126,
132-139, 146-150, 168
Vickers/Berkovich 30, 38, 167
000000000 (yield stress/strength)
25-43, 74, 99, 105-108, 116,
126-131, 147, 150, 168
0000000 0O (polymer rheology)
— Jogod
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00000000 (compliance)
-000000000000
0 O (frame compliance) 115-118, 125
OLo
Laplace [0 0 (Laplace transform)
46-53, 77, 124, 130, 160
Laplace [0 O O (Laplacian operator) 7-13
Laplace 00 0 O (Laplace equation) 9, 13, 158
0000000 0O (loop energy)
41-43, 133-139

0oMmQd
O (film, coat) 83-100, 146
0 O (thickness of) 83-100, 146
0 0 0 0O O (magnesia, magnesium oxide)
134, 136
Meyer [ O (Meyer hardness) — OO
O00o0ogooooonn (master curve)
143
0 O O O (bright-field method) 125
—-0oon
O000000000D00MeSi030)
146
O00oo0oooooooog 134
0 0 0 0O O (inclined face-angle) 22, 32-38,
57-61, 104, 109, 113, 132-134, 167
0 0 O O (index of projected area)
113, 116, 132
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ONO
0 O (internal pressure)
—[J [ (stress)
0 O O (viscoelastic)
0 0-000 0O (stimulus-response
theory) 52, 124, 160
O O (linear v.) 44, 47-61, 82,93, 111
0 O (viscoelastic function)
31, 52-55, 115, 121-131, 141-150
Maxwell 00 O O (Maxwell model) 45-50
Voigt [ O O (Voigt model) 45-50
Zener [ 0 O (Zener model) 45-50
Wiechert [0 O O (Wiechert model)
50, 163
Meyer [ O (viscoelastic Meyer hardness)
61-64
0 0 00O 0O O (viscoelastic constitutive
equation) 50-58, 79, 121, 130, 160
0 O O (differential c. e.) 50-58
U 0O O (integral c. e.) 50-58
00 00 0 0O 0O (viscosity) 45, 62, 144, 162, 164

oon
0 O (stress)
000D 0D O (shear) 3, 4, 26-28, 157
0 O (normal) 3, 7, 11, 26-27, 167
0 O O O (stress function)
Airy (Airy’ss. £.) 9, 12
Love (Love’s s. f.) 12
Oliver-Pharr 00 O (Oliver-Pharr
approximation) 106, 114, 119

0 PO
00000 O (pile-up) 33, 39, 90, 108
~ 00000 (sink-in)



0 0 00O O (Poisson’s ratio) 6-8, 28, 34, 54-57, 0 O (contact)

83,93,102, 110, 116, 145 0 0O O O (distribution of contact
000000 (Poisson’s effect) pressure) 17, 19, 66-69, 87-92, 169
6, 54,102, 109, 122, 126 0 O (contact radius) -0 0O
0000000 O (polycarbonate) U0 00000 (contact depth,
125, 144-148 relative c. d.) 17, 21, 39,
104-107, 114-123
0 QU 0 O (contact friction) 17, 108-109
0 O (contact area) — [ [
0RO 0 O (contact mechanics) 101
0 O O O (hysteresis curve) 38, 40-42, 103, Sneddon [0 O (Sneddon function) 22
116-119, 134-149, 168 U000O0n0DOO (scanning probe
0 0 00O O (rheology) 54, 142, 169 microscope) 118
0 0 O (polymer r.) 54 U O O O (apparatus/instrument constant)
0 0 0O 0O O (continuum mechanics) 1, 165 115,117, 125
0000000 O (soda-lime glass)
0 sd 46, 134, 137-148
Saint Venant [J [0 [J (Saint Venant U 000 0O O (soft matter) 65, 72, 149
equation) 3, 5, 8-11 O O (plasticity) 23, 25-43
goooobod - 4ooood 000000 O (plastic energy
oo-0000 - O0O0dod dissipation) 41-43, 139
0 0O 0O 0O O (sink-in) 39, 89-91 00000000 O (plastic strain; plastic
O O (principal axis) 26 index) 36, 39, 76, 104-108, 116, 119,
0 O O (principal stress) 26-28 127,133,168
0000 O (spectrum) 00000 O (sol-gel method) 146
0 0 O O (relaxation-time spectrum)
50, 141, 163 0oTOo
0 0O O U (retardation-time spectrum) 0 O O (body force) 4-10
50, 141, 163 0 O O O (volumetric expansion) 44
U O O (hydrostatic pressure) 34, 54 0 0O 0O O O (silicon carbide) 43, 134

0000000000000  (fused quartz;
silica glass) 117, 126, 138, 140-142
0 0 0O 0O O (laminate composites)
83-97, 111, 146-148
0 0O O O (contact problems) 1, 20-25, 101
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0 0 0O O O (carbon; graphite) 138-139
00000 O (glass-like carbon;
glassy carbon) 134-138, 146-148
ooobobooo
(non-graphitizable/
graphitizable) 137-138
0 0 0O O O (polycrystalline graphite)
138
0 0 0O 0O O (harmonic equation)]
00000 0O (bi-harmonic e.)
3,10-14, 18, 159
0 O O O (harmonic function) 9-14, 88
0000 0O O (Taylor expansion) 1
0 0 0O O O (compatibility equation)
2-5,7-11
Tresca [0 O (Tresca criterion) 26-28, 32

0 ud
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avo

Van der Waals [J (Van der Waals force)
139

von Mises U [ (von Mises criterion)
27-29, 32

0 wQd

0 X0O

0YO

Young [ (Young’s modulus) — OO O
UOoooonbonbnODDoO (finite element
method/analysis) 29, 33, 37-39, 42,

65, 73, 98-112
O O (melting point) 44

0z0
U 0000 O (shear angle) 2
— [ (strain)



. 0000000000O00O00
ggoooboooooooboon
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