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Table 2.1 Potential parameters for p (r).

BATY) S
Ni 3.6408 1.0000
Al 3.3232 0.6172

Table 2.2 Potential parameters for ¢ (7).

D (eV) o (Afl) R (A) g(eV A3)
Ni-Ni 1.5335 1.7728 2.2053 6.5145
Al-Al 3.7760 1.4859 2.1176 -0.2205
Ni-Al 3.0322 1.6277 2.0896 0
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¢ (r) [eV]

Fig.2.1 The functions of p(r) and ¢(r) with scaling parameters in equations
(2.9) and (2.11).
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Fig.3.5 Change in radial distribution function.
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QCS 60 T T T T 60 T T T T T T T
2

k=

—

>

s> 40F 4 40} -
Q

N

O

o

>

E 20 4 20F -
=

iy

w2

2

g of TRV N IR NPT e, | R i
®} 1 L 1 L 1 L 1 1 . 1 L 1 L 1
+~

< 0 0.1 0.2 0.3 0 0.1 0.2 0.3

Strain, €. Strain, €.
(a) (b)

Fig.3.12 Change in the atomic stability of outer-shell atom of a (0,0,12,0)

cluster.

00313000000 (1)000000000Mb 000000 detBE0000(c)00

00000000 VoronoiOOOOOOODOOOOODOODODOOOO (a)000e,, =0.0



34 DOooOOoOooOoobooobg 33

) o IEpR W

e.~=0.0 g-—0.1

(a) Collapse of local icosahedron.

‘s [ T T T T T
& * 16 4
P sl . g
(e =l
= | 2
" 30} i ESE 1
Bin ]
Q 3 o
Q 20} . - .
5 2 g 14
ST S
oy >
= 10 1 G 13k -
— =]
'Q r 72
8 6
wn o . g
L = 12F :
g L L L 1 L 1 L 1 L 1
2 0 0.1 0.2 0.3 0 0.1 0.2 0.3
Strain, & Strain, €
(b) Change in the atomic stability of (c) Change in planes of
the center atom of the collapsed cluster. Voronoi polyhedron.

Fig.3.13 Change in the atom migration, atomic stability and Voronoi polyhedron.

gbbboogbbboooobboodibbe,=0100000000000000
Oo0o0ooooobobooboobobobobOobO VoronoiOoOooooooooO
0000000000000 (M OO0OO00OO00000OOoooooooDoo
gobbooogboo
O000e,=00000000000000000000000O0 (0,0,12,00000
O000D0O000000000 314000000 (a)0 detB0000(b) O Voronoi

gbobobooboboboibbte,=0000000000000000000



34 DOo0OOoO0ooOoOobooobg 34

‘= T T T T T T T T
?5 | 16
S 40 4 g
= 2
= I s
151 -
oo 30F . =
Q ]
= &
L 20t - g 14r -
- | o
2z s
:E 10 - : 3L |
]
8 I »n
17) ok | o
.2 R=INPIS U .
g I 1 L 1 L 1 L 1 ] A 1 L 1 L 1 L 1
+—
< 0 0.1 0.2 03 0 0.1 02 03
Strain, & Strain, €.
(a) Change in the atomic stability. (b) Change in planes of Voronoi polyhedron.

Fig.3.14 Change in the atomic stability and Voronoi polyhedron.

000000000006, =010~0.120¢,, =017~027 000000000
00 (0,0,12,0)000000000000000000 VoronoiDOOODOOOOODO
D00000 (2)0detBi000000000000000 (b)000000000
00000000000 000000000000000000000000000

gobbooooobbbuoooobbboooooboo



3.5 00 35

3.5 0O 0O

gbbboooobbbdoodobbboooobbbuooobbboooobbo
O0D0O0DOO00oOoONi-Al02000000000DO000DO0DODO0ODDOOOOO
gbobbooogbbbuoooobbbuooobobboooobbboooobon
gooboobboogooooobbboooooooboboobobbooooo. bbb
gobbooogoboobodgn

(1) 000000000 VeronoiDOOODOOODOODODOOOOOODODOOODO
gbobbooogbbbuoooobbboooobbooboood

(2) D00O0O0O0O0OO0OU0DO0000O00O0OO0OOOOOOODOODODODOoOooUOoOoOOOO
O00DO00D000OOe,=007000000 3.0GPaDOODOOOOOOODO
gbobboddde,=03000000000000000

(3) 00000000000 0OO0OD0OO Voronoi OOODDOODODOOOOOOOOO
gbogobobobboobogboobbuoobooobuoobboobogon
gbobbooodgoboo

(4) O0OCO0ODOOO0O0O0O0D0O0O0D0OO00ODODOOe,=00000000000000CO
000000000 oooooo(@,0,120) 0000000000000 ooDOO
DDDDDDDDDDDDDDDDdetBi“jDDDDDDDDDDDDDZdetBﬁ/ND

J

gobbodad

(5) VoronoiDDDDDDDDDDDDDDDD(0,0,lQ,O)DDDDDDDDDDdetBiaj
goboboooobobooad

(6) DoooooobboodOdetBz0D0O00ooooooooooooooon
gboobobobboobooboobooboon



L] 4[]

Jodduoog
J0goooboooboboon

4.1 OO

gobobobobotboo20bo0oobobobooboboboboobo
gobbbooggbobobuogoobbbuoooobboooobobobooooboon
0000000000000 ®Woooooo0000000000000000o0o0
Oo000000detB;000000000000000000O0O0O000000000
OoooOoooboodOdetB;000000000000O0O0O00O0O0O0COO0OO
gbobbbooogbbbuooobbbuoodobbboooobbboooobob
gobobooogobobuoooobobboooobboooobobobooooboon
gbobobooogbobobuoooobbbuooobobbooooboboboooobon
gbobbooodgbbbuoooobbbuoodobbboooobbboooobbb
gobboogoobooo

gbobboooobbbuooobbboooobbbuoobbbooooboon
gboobobobooboobooboobobobobboboobooboobon
gbobbooggobobuogoobbbuoooobboooobboboooobon
gbobbooogbbbooogbbbod

36



42 0000 37

4.2 0O0O0OO

4.2.1 0O00O0O0OOO

oobodoboobooboobooooobobboooobo AUObObOODOobObOOO
0000000000 ®-8®0000000000000000000000000
gobbooggbobobuogoobobbuoooobboooobboboooobon

gbobbooodgbbbuoooobbbuoooobbbuogono

2(t) = 2(t) * (1 = (022 — 0227) /W) (4.1)

Lo(t) = La(t) * (1 = (022 — 0227) /W) (4.2)

O000z(t)000 L,(t)0000000¢t0000000 00000000 000
O0c,,000¢0000000 :00000xP0000D0D0D000D0DODODO0O Verlet
0000000000 (23),(24)00000000001000000 00000t
gboboooboboowobooobobobobooooobobooboboo
gbodboobobboobodbdooboboboboobooboobobbobn
O00000000000000 PoissonDOOO0OOO0OOOW =1000.0, o2 =
000« y0OOOO (41), (42)000000000000DO-0000000000
obgw=100000000

4.2.2 0000

0000000000000 0O0bODO00bODbO N AlOODODOoOooOooooobooooo
gobbooogbbobuoooobbbuooobobboooobboboooobon
gboboobobobooboboobobooboilokbooboboboboo
gboooboobobobob oKkoboooooobooobooboobuoobo

Ubooboboobboooboobboobuo0obbOonob PoissonDOOOOO
0000000 (04 =04 =0 00000Poisson0000000000C0000

(22 =64, =0)0000000000000000000000030000000



43 0DOoOooooooog 38

Table 4.1 Loading conditions and strain/stress rates.

Case(I) Case(1I) Case(III)

Strain control Stress control Strain control
with Poisson’ contraction | with Poisson’ contraction | without Poisson’ contraction

(Opz = 0yy = 0) (02s = 04y = 0) (€xe = €4y = 0)

e, = 1.0x 105/s 5. — 1.0 x 109GPa/s | £, = 1.0 x 10°/s
€, = 1.0 x 10%/s 0., = 1.0 x 10" GPa/s €, = 1.0 x 109/s
£, = 1.0 x 101/ G, = 1.0 x 102GPa/s | £, = 1.0 x 1015
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00000000000000000000000000000000000000
Case(1)000000000Case(IN00000000000000000Case(I) 0
000000D0000000000D0000000000
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(42)000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000Case(l)0000000000000
0000000000000000 B0000000000000000000C0
000000000000
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Fig.4.1 Stress-strain curves under strain control with Poisson’ contraction.
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Fig.4.2 Change in the volume and the potential energy under strain control
with Poisson’ contraction.
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gobbobouogogbobobbouooobbbuooooboboboooaobon
gbobbooodgbbbuoooobbbuoodobbboooobbboooobobb
gobbbuogggbooobbouooobbbuoooonoboboooooboon
gboobbo4i10o00bobobpoboboboooboboboooobobobon
gbgobobbobooboobgoobuo 43000000
poooboboboobooboooboooboobuooboooonOdetB; 000
00000000000000000000 44()0000¢€,,=1.0x10%/s0000
gobobooogobobuogoobobbuoooobboooobobobooooboon
000.033~0036000000000000000 44Mb)00000 (b)ODOOOO
4000boboobboooboobuoooboooboobboobboobn
gbobogubboooobboogbbooobbuoib -z000000000
(h)OODo ODOODODDOOOODODODOOOODDODOOODODDOOODO44(b)0000
Ub00b0bo0obobdbdle,=0.03300000360000000000 450
Dooob4e0000000detB: <00DO0LDOOOOOOODOODOOOOOOO
gbboggbbogbboodgbtbr.=058600000000000000000



43 0DO0O0DOOoOoOOonD 42

Stress, ©.., GPa
T
" 1 "

0.03  0.033 0.036 0.(;39 0.042

L 1 L B
0 0.05 0.1 i
Strain, € _,

(a) Stress strain curve. (b) Trajectories of atom motion during &-=0.033~0.036.

Fig.4.4 Migration of atoms during stress relaxation.
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Fig.4.5 Snapshots of unstable atoms under ¢,, = 0.033 and ¢,, = 0.036.
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Fig.4.6 Ratios of unstable atoms within cutoff sphere under ¢,, = 0.033 and
€., = 0.036.
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Fig.4.12 Ratio of unstable atoms within cutoff sphere before the stress drop.

4.4 00O

gbobbooogbbbuogoboboboooobobbuoobobobooogbooon
O000000000000000Case(HODOODO0OO0OOOO0OOODOOO Case(I)OO
O00000000000000000000Case(IlHDO0 300000000000
O0000000000000000000000000000000000detB;0
DoboO0obO0o0bOdetB00D000O000O0O0OOOODOOODOOODOOODOOO
gbgboboobodd

Case()D 00 O0O0OODODOOOOOOOOOODO

(1) 6,,=10x10%,1.0x10°/s 00 0000000000000 O0OOO0OOOO0
£,=10x10%s0000000000000000000000O000OO0O

(2) 00000000000 E,=10x10%/s00000000000000000
gbbogodgbuogbbodgboobboobobooboobbooboon
gbgobooboobbo

(3) (2)000DO000DDO0O00DDOOdetB <0000000000DOO00O0OO



44 00 50

gbobogudgbbogboogooobuogbbooboooobbooboon
gobooogg

(4) OO0 detB;00000OdetB; 000000000 OOOOOOOOODOOOO
gbobobobbbooodobbboooobbbuoooobbban

Case(IlDODO0O0O0O0ODODODOODOOOOOOO

(1) 000000000 6,, = 1.0 x 10°GPa/s 00000000 Case() O &, =
1.0x 108,1.0 x 10°/s00000000000000000000000000
00000000000000000000000000000

(2) 00000000006, =10x10%GPa/s00000000O00O0OOOOO
Dobooo0det; 00000000000 DO0O0OO0O0OOOOOOOOOOO
gboboggbdgbbodbboooobuobuoobbodbbooboooon
gbobboooobbbuooobobbobbboooobbboo

(3) (2)0000Case(Il)DOODOO0OO0OODODOODOO detB;;UdetB; 00 OO0
000000000000 Case(l) 000000000 ODOOODODOODOOOO
gobobobooogon

Case(IIHDODOODODOODOOODOODOODOODODOODOO

(1) 000000000000000000000000000000000000
0000000000000000000000¢,, =1.0x108,1.0x10°/s000
000000000000000000000Case(I)00000¢,, =1.0x10/s
000000000000000000

(2) Case(lll)DO0O0O0OO0ODOO0O0O0OOOOOOOOOOOOODOOOODODOO

(3) detBy;, detB 00000000000 OOCase(l), ()00000000000
00000000000000000000000000000000000
000000000000003000000000000000000000



44 00 51

Oodooodooooooooooooooooooooondiddets;;,

detB; 0D ODODODODOODOOOOOOOOdetBzODO0OOODOOO
gbobobobooboobd

gbobogbogboboobobodgbobooboboobobobobaon
DDdetBZ-j,deth‘jDDDDDDDDDDDDDDDDDDDDDDDDDDC&se(IH)
gbogbobodgoboboobooboboooboboobuooboboobooo
goboobooboboooboobobooooboboboboobooboMbOOd
O0000000000000000000000000000000O0 00 0OCase(110)
gobbooggbbbuoooobbboooobobogao



L] 50

Jdduobobooooboogtutd
Jduoobooooogdddd

5.1 00

gbbbouoooobbboodobbboooobbbuoobbboooabbo
gbobbuoogbbboggobbuogobboooobo 3o saogbbooooon
OO000O0C0OOOOO0O0O0O0ObOOOO0OO detp;0obOO0O0000COOOOOOO
gbooboboboobooboobuoobobobobboboobooboobon
goboboooobbbuoogobboooobbbuoooobood

gbobbuoooobbbuooobbboooobbbuoobbboooobobo
ogooooooooooObOO0O0O000000detB;; 0000000000000
gobbbugogbbobooooboooobbbuoooobnbobooooobon
gbooggbobbbuooogbbbouoooobbbuoooobbbooooobob
DoooobodbdetB; 0 detB00ooooooooooooooood
gbobbooogbbbuoooobbbuooobobboooobbboooobon
gboobobbobooboobgooboobobboboobooboon

52



52 00000 53

5.2 UQ0OOOO

gbbboooobbbdoodobbboooobbbuooobbboooobbo
gobbooggbobobuoooobbbuoooobbooooboboboooobon
gbobbooogbbbuoooobbbuooobobboooobbboooobon
Oo000000000o0oooooooooooonooooddddetB,;000000
OO000O0000o0obOob0bO0OO0det;00000000000D0O00O00O000O

5.2.1 0OO0OOO

0000000000000000000000200000000000000N;i
0Al020000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000NID000O0O0O0OOOOOOOS.]
00000000000000LO00000000000000000000000
0000000fecO [100], [010], [001]000 #,y,-000000000000000
00000000000000000000000000 LO00000000000
000000000 (05.1(b)000000020003000..--000000000
00000000000000000000000000000000000000
L O 10a,15a,20a,30a,50a 0 5000000000 («0 NiODO OO0 0.352nm)0 0
0000000000 d015000000000000000000000000
00000000000000000000200000000000000000
0000000 feeD0O0DD0D0DO0000/v2040010000000000000
000000000000000L,d0000000000000000200000
000000000000 0000000000000detB,;0000000000
0oooooo



5.2 DOODOO 54
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Fig.5.1 Pseudo-polycrystals by cell subdivision.
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Table 5.1 Simulation models.

Cell No. 1 2 3 4
No. of grains 1 8 27 64
Grain size [nm| | 10.56 5.28 3.52 2.64
No. of atoms | 105869 103702 101585 99542
Cell No. ) 6 7 8
No. of grains 125 3375 8000 amo.
Grain size [nm] | 2.11 0.70 0.53 -
No. of atoms | 97461 74275 83124 108000
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Fig.6.1 Stress—strain curve and change in the ratio of unstable atoms (uni-
axial tension).
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Fig.6.2 Change in normal stresses on stable and unstable atoms (uniaxial tension).
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Fig.6.3 Stress—strain curves in the unloading and reloading process (uniaxial

tension).
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Fig.6.4 Change in the ratio of unstable atoms in the unloading process (uni-
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Fig.6.5 Change in the ratio of unstable atoms in the 1st and 2nd loading

process (uniaxial tension).
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Fig.6.6 Relationship between compressive stress and strain (uniaxial compression).
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Fig.6.7 Change in the ratio of unstable atoms (uniaxial compression).
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Fig.7.2 Distribution of atomic mean stress.

Table 7.1 Average and standard deviation of atomic mean stress.

Average of stresses | Standard deviation
Ni deth‘j <0 -0.27GPa 6.12GPa
detBj; >0 0.05GPa 6.27GPa
Al detBf: <0 0.38GPa 1.51GPa
detBj; > 0 -0.13GPa 1.5GPa
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Fig.7.3 Number of Voronoi Polyhedra, that of unstable atom center, and the
ratio of unstable/stable Voronoi Polyhedra.
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(e) Voronoi polyhedra with 16 faces.
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(c) Voronoi polyhedra with 14 faces.

Fig.7.5 Radial distribution functions in Ni amorphous.
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Fig.7.6 Radial distribution functions in Al amorphous.
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Fig.7.7 Stress-strain curves.
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Al amorphous under tension
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Fig.7.8 Change in the stresses on stable and unstable atoms under uniaxial
tension/compression in Al amorphous.
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Fig.7.9 Change in the ratio of unstable atoms.
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Fig.7.10 Changes in the ratio of unstable atoms about each Voronoi polyhedra

in Ni amorphous.
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Fig.7.11 Changes in the ratio of unstable atoms about each Voronoi polyhedra

in Al amorphous.
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