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Figure Al1-14. Complex modulus test results
and 2S2P1D simulations for C2-H3: (a) Mas-
ter curves ofE*| andgy, (b) Master curves
of |v*|, (c) Cole-Cole o™, (d) Cole-Cole of
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Figure Al-17. Complex modulus test results
and 2S2P1D simulations for D1-H1: (a) Mas-
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Figure A1-18. Complex modulus test results
and 2S2P1D simulations for D1-H3: (a) Mas-
ter curves ofE*| andgg, (b) Master curves
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Figure A1-21. Complex modulus test results
and 2S2P1D simulations for E1-H1: (a) Mas-
ter curves ofE*| andgg, (b) Master curves of
|[v*], (c) Cole-Cole of™*, (d) Cole-Cole o™,
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Figure Al-22. Complex modulus test results
and 2S2P1D simulations for E1-H2: (a) Mas-
ter curves ofE*| andgg, (b) Master curves of
|[v*], (c) Cole-Cole o™, (d) Cole-Cole ov*,

(e) Black space df*, (e) Black space af*,
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Figure B1-15. Tension test result of A1-V7 at 01@ &®.001%/min strain rate
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Figure B1-17. Tension test result of B1-H1 at 4@%d 2%/min strain rate
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1.E+04

8.E+03

6.E+03

4.E+03

2.E+03

0.E+00

10 20 30
Time (s)

(@)

40

-48 -



APPENDIX B1 — TENSION TEST RESULTS

=}

Axial Strain (pm/1

Stress (MPa)

4.0E+04
__3.5E+04
3.0E+04

(3]
n
i
+
o
=

1

T

2.0E+04
1.5E+04
1.0E+04
5.0E+03

0.0E+00 f
0.E+00 2E+04 4E+04 6.E+04

Stress (MPa)

2.5

1.0

0.5

0.0

10

20 30 40

Time (s)

(b)

Stress (MPa)

25

20 +

1.5 +

1.0

0.5 +

Il

0.0
0.E+00

5.E+03 1.E+04
Axial Strain (um/m)

(€)

Figure B1-20. Tension test result of B1-H1 at 4@%@ 2%/min strain rate
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Figure B1-27. Tension test result of B2-V6 at 12 2%/min strain rate
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Figure B1-28. Tension test result of B2-V10 at 191@ 2%/min strain rate
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Figure B1-29. Tension test result of B2-V8 at 13t 0.001%/min strain rate
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Figure B1-30. Tension test result of B2-V12 at 18@#@ 0.003%/min strain rate
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Figure B1-31. Tension test result of B2-V11 at @t 0.002%/min strain rate
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Figure B1-32. Tension test result of B2-V14 at @t 0.001%/min strain rate
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Figure B1-33. Tension test result of C2-H1 at 4@rd 2%/min strain rate
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Figure B1-34. Tension test result of C3-H3 at 4@rd 2%/min strain rate

-61 -



APPENDIX B1 — TENSION TEST RESULTS

2.5E+03
2.0E+03
1.5E+03

1.0E+03

Axial Strain (pm/m)

5.0E+02

0.0E+00

2.50

2.00

1.50

1.00

Stress (MPa)

0.50

0.00

0.E+00
-1.E+02
-2.E+02
-3.E+02
-4 E+02
-5.E+02
-6.E+02
-7.E+02

Radial Strain (pum/m)

-8.E+02 +

-9.E+02

15

20

2.50

2.00

1.50

1.00

Stress (MPa)

0.50

15

0.00

20 0.00E+00

0.E+00
-1.E+02
-2.E+02
-3.E+02
2 -4 E+02
@ -5.E+02
S -6.E+02
& -7.E+02

-8.E+02

-9.E+02

1 (pm/m)

trau

1

5 10
Time (s)
(a)
510
Time (s)
(b)
dir I11
—dirII
510
Time (s)
(d)

15

20 0.00E+00

Il

1.25E+03

2.50E+03

Axial Strain (um/m)

(€)

1 dir I11

T —dirII

1

1.25E+03

2.50E+03

Axial Strain (pm/m)

(€)

Figure B1-35. Tension test result of C2-H3 at 18rd 2%/min strain rate
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Figure B1-36. Tension test result of C3-H1 at 18td 2%/min strain rate
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Figure B1-37. Tension test result of C2-H2 at 18td 0.003%/min strain rate
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Figure B1-41. Tension test result of C1-V6 at 4@%d 2%/min strain rate
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Figure B1-42. Tension test result of C2-V4 at 4@%d 2%/min strain rate
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Figure B1-43. Tension test result of C2-V1 at 18%@ 2%/min strain rate
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Figure B1-44. Tension test result of C2-V5 at 1@%d 2%/min strain rate
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Figure B1-45. Tension test result of C2-V3 at 18%d 0.001%/min strain rate
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Figure B1-46. Tension test result of C2-V6 at 18%@ 0.002%/min strain rate
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Figure B1-47. Tension test result of C2-V2 at 0t@d 8.003%/min strain rate
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Figure B1-48. Tension test result of C2-V7 at 0f@ 8.001%/min strain rate
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Figure B1-49. Tension test result of C1-VL2 at 4Gt 2%/min strain rate
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Figure B1-50. Tension test result of C1-VL3 at 4@fi€l 2%/min strain rate
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Figure B1-51. Tension test result of C1-VL4 at 1€l 2%/min strain rate
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Figure B1-52. Tension test result of C2-VL1 at 1%fi€@l 2%/min strain rate
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Figure B1-54. Tension test result of D3-H11 at 4@7d 2%/min strain rate
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Figure B1-55. Tension test result of D1-H1 at 191@ 2%/min strain rate

-80 -



APPENDIX B1 — TENSION TEST RESULTS

Stress (MPa)

2.0

LS +

1.0 -

0.5 +

0.0

0.0E+00 5.0E+03 1.0E+04 1.5E+04

Axial Strain (pm/m)
(c)

Figure B1-56. Tension test result of D2-H5 at 191@ 2%/min strain rate
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Figure B1-57. Tension test result of D2-H4 at 4@1@ 0.005%/min strain rate
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Figure B1-58. Tension test result of D3-H12 at 1@td 0.003%/min strain rate

-82 -



APPENDIX B1 — TENSION TEST RESULTS

2.E+03
g
g‘ /
g
i 1.LE+03 +
[72]
=
0.E+00 I
0.0E+00 2.0E+04 4.0E+04
Time (s)
(a)
2.00
é\ 1.50 +
2 1.00 4
O
=
[72]
0.50 ~
0.00 I
0.E+00 2.E+04 4 E+04
Time (s)
(b)

Stress (MPa)

—
(=]
o
|
T

0.50 +

0.00
0.E+00

1.E+03

Axial Strain (pm/m)
(c)

2.E+03

Figure B1-59. Tension test result of D1-H3 at 0td 8.001%/min strain rate

1.E+03

S.E+02 -

Axial Strain (pum/m)

1

0.E+00
0.0E+00

T

2.0E+03
Time (s)

(@)

4.0E+03

-83 -



APPENDIX B1 — TENSION TEST RESULTS

Stress (MPa)

1.60

1.40 +
1.20 +
1.00 +
0.80 +
0.60 +
0.40 +
0.20

0.00
0.E+00

2.E+03
Time (s)

(b)

4.E+03

Stress (MPa)

1.60
1.40 +
1.20 +
1.00 +
0.80
0.60 +
0.40 +
0.20 -

0.00
0.E+00

5.E+02
Axial Strain (um/m)

(©)

1.E+03
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Figure B1-61. Tension test result of D2-V1 at 4@it@ 2%/min strain rate
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Figure B1-62. Tension test result of D2-V10 at 4@f@ 2%/min strain rate

- 86 -



APPENDIX B1 — TENSION TEST RESULTS

3.5E+03

—

-= 1.0E+03
5.0E+02
0.0E+00

al Stra
ot
oo
tr
+
o
(98]

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Stress (MPa)

70
60
50
40
30
20
10

Au (mm)

——D2-V3: L2 (90mm)
T ——D2-V3:L1 (25mm)
| ——D2-V3:eA

25
Time (s)
(a)
0 5 10 15 20 25
Time (s)
(b)
0 5 100 15 20 25

Time (s)

(d)

Stress (MPa)

Stress (MPa)

0.8

0.7 +

0.6

0.5

04 ——D2-V3:L2

0.3 (90mm)
——D2-V3:L1

0.2 (25mm)

0.1 ——D2-V3:eA

0.0 ~ :
0.00E+00 1.75E+03 3.50E+03
Axial Strain (pm/m)

(©

0.8
0.7 +
0.6 +
05 +
04 +
0.3
0.2
0.1
0.0 I I I I I I
10 20 30 40 50 60 70
Au (mm)

(€)

(=]

Figure B1-63. Tension test result of D2-V3 at 1%i@ 2%/min strain rate
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Figure B1-65. Tension test result of D2-V4 at 18f@ 0.002%/min strain rate
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Figure B1-66. Tension test result of D2-V7 at 0@ &.004%/min strain rate
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Figure B1-67. Tension test result of D2-V5 at 0t@ 8.001%/min strain rate
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Figure B1-68. Tension test result of D2-V9 at 0@ &.001%/min strain rate
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Figure B1-70. Tension test result of E3-H3 at 4@f@d 2%/min strain rate
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Figure B1-72. Tension test result of E2-H3 at 187@d 2%/min strain rate
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Figure B1-73. Tension test result of E2-H2 at 187@d 0.004%/min strain rate
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Figure B1-74. Tension test result of E3-H2 at 181d 0.003%/min strain rate
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Figure B1-76. Tension test result of E2-H5 at 0hd 8.001%/min strain rate
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Figure B1-77. Tension test result of E2-V3 at 4@3d 2%/min strain rate
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Figure B1-78. Tension test result of E2-V8 at 4@3d 2%/min strain rate
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Figure B1-79. Tension test result of E2-V4 at 183 2%/min strain rate
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Figure B1-80. Tension test result of E2-V5 at 191 2%/min strain rate
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Figure B1-81. Tension test result of E2-V6 at 183 0.003%/min strain rate
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Figure B1-82. Tension test result of E2-V9 at 19 0.005%/min strain rate
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Figure B1-83. Tension test result of E2-V7 at 0t 8.001%/min strain rate
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Figure B1-84. Tension test result of E2-V10 at @@ 0.001%/min strain rate
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i ;

H

i f

{ i

‘

3 ;
e 2

Figure B2-1. Tested specimens of configurationypetH: (a) A1-H2, 40°C and 2%/min, (b)
A3-H11, 40°C and 2%/min, (c) A3-H4, 19°C and 2%/n{oh) A3-H7, 19°C and 2%, (e) A3-
H10, 19°C and 0.002%/min, (f) A3-H6, 0°C and 0.0@df#a, (g) A3-H9, 0°C and

0.002%/min
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Figure B2-2. Tested specimens of configurationyfetV: (a) A1-V11, 40°C and 2%/min,
(b) A1-V8, 40°C and %/min, (c) A2-V1, 19°C and 0696/min, (d) A1-V7, 0°C and
0.001%/min
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Figure B2-3. Tested specimens of configurationyBetH: (a) B1-H1, 40°C and 2%/min, (b)
B2-H2, 40°C and 2%/min, (c) B1-H2, 19°C and 2%/n{d),B2-H3, 19°C and 2%, (e) B2-
H1, 19°C and 0.005%/min, (f) B2-H4, 19°C and 0.004#x, (g) B3-H11, 0°C and

0.001%/min
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Figure B2-4. Tested specimens of configurationy@etH: (a) C3-H3, 40°C and 2%/min, (b)
C3-H1, 19°C and 2%/min, (c) C4-H1, 19°C and 0.00%%/ (d) C3-H2, 0°C and
0.001%/min
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ST

)

|

(9)
Figure B2-5. Tested specimens of configurationypetH: (a) D2-H3, 40°C and 2%/min, (b)
D3-H11, 40°C and 2%/min, (c) D1-H1, 19°C and 2%/n(d) D2-H5, 19°C and 2%/min, (e)

D2-H4, 19°C and 0.005%/min, (f) D3-H12, 19°C andd®%/min, (g) D1-H3, 0°C and
0.001%/min, (h) D2-H6, 0°C and 0.001%/min
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Figure B2-6. Tested specimens of configuratiorygetH: (a) E1-H3, 40°C and 2%/min, (b)
E3-H3, 40°C and 2%/min, (c) E1-H2, 19°C and 2%/r(uh,E2-H3, 19°C and 2%/min, (e)
E2-H2, 19°C and 0.004%/min, (f) E3-H2, 19°C and)3%/min, (g) E2-H4, 0°C and
0.003%/min, (h) E2-H5, 0°C and 0.001%/min

-113 -



APPENDIX C — FATIGUE TEST RESULTS

APPENDIX C - FATIGUE TEST
RESULTS

- 114 -



APPENDIX C — FATIGUE TEST RESULTS

E* (MPa)

E* (MPa)

Temperature (°C)

2.0E+04 14
12
1.5E+04 -
10
o 8
1.0E+04 - =
2
5.0E+03 -+ 4
2
0.0E+00 , (U T
0.E+00 2.E+06 4. E+06 0.E+00 2.E+06 4 E+06
N (cycles) N (cycles)
(@) (b)
2.0E+04 1.6
1.5E+04 1.2 4
=
1.0E+04 - % 0.8 -
©
5.0E+03 - 04 -
0.0E+00 . ' 0.0 .
0.3 5.3 10.3 o 0.E+00 2E+06 4. E+06
Phase angle (°) N (cycles)
(€) (d)
10.5
10.4
10.3
10.2 1 Figure C-1. Fatigue result of A2-H2 tested at
83um/m of controlled strain amplitude
10.1 -
10.0 T
0.E+00 2.E+06 4 E+06
N (cycles)
(e)

-115-



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04

14
12
1.5E+04 - it 4
< ~ 8 -i
S 1.0E+04 - s
— 6 -
*
m i
5.0E+03
2 .
0.0E+00 : : 0 - -
0.0E+00 5.0E+05 1.0E+06 1.5E+06 0.0E+00 5.0E+05 1.0E+06 1.5E+06
N (cycles) N (cycles)
(a) (b)
2.0E+04 1.6
1.5E+04 + 1.2 1
Zg“ =
< 1.0E+04 - % 0.8 -
*
m ©
5.0E+03 - 04 -
0.0E+00 : : 0.0 . |
0.3 5.3 10.3 15.3 0.0E+00 5.0E+05 1.0E+06 1.5E+06
Phase angle (°) N (cycles)
(c) (d)
10.5
o 104 3 :
5 £
Z 103 - %,
E : #
5 |
=¥ . .
g 10.2 4 Figure C-2. Fatigue result of A3-H12 tested
= at 92im/m of controlled strain amplitude
10.1 |
10.0 . .
0.0E+00 5.0E+05 1.0E+06 1.5E+06
N (cycles)
(€)

- 116 -



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04 14
12
1.5E+04 _\‘— 10
] =
1.0E+04 - =
*
a 4
5.0E+03 -
2
0.0E+00 : 0 - .
0.0E+00 1.0E+05 2.0E+05 0.0E+00 1.OE+05 2.0E+05
N (cycles) N (cycles)
(a) (b)
2.0E+04 2.0 K
15E+04 4 \ . g
= ~
= § 1.2 -
~ 1.0E+04 - <
* o
H 0.8
5.0E+03 -
0.4
0.0E+00 . . . 0.0 |
= B 28 U4 B 0.0E+00 1.0E+05 2.0E+05
Phase angle (°) N (cycles)
(c) (d)
10.5
pe 8
:O 104 ) 8.'}:’?‘09?’
H
£ 10.3 A
<
2
g 102 1 Figure C-3. Fatigue result of A4-H1 tested at
= 112um/m of controlled strain amplitude
10.1
10.0 + T
0.0E+00 1.0E+05 2.0E+05
N (cycles)

(€)

-117 -



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04

14
12
SE+04
13E+04 \\ 10
< ~ 8
gl.OE+O4 : 5
i
4
5.0E+03 A
2
0.0E+00 : 0 '
0.0E+00 2.0E+05 4.0E+05 0.0E+00 2.0E+05 4.0E+05
N (cycles) N (cycles)
(a) (b)
2.0E+04 1.60
1.55
1.5E+04 - : \
g =150
~ 1.0E+04 - % 1.45
o o
1.40
5.0E+03 -
1.35
0.0E+00 . . . 130 .
= B 28 U4 B 0.0E+00 2.0E+05 4.0E+05
Phase angle (°) N (cycles)
() (d)
10.3
i ¢ o 3e inshs
8‘ o o o°°'338.°°
~~ °’o‘ 5%
S 102 - i e
> o
é + 3
5 10.1 -§
=¥ . .
g i Figure C-4. Fatigue result of A4-H2 tested at
8 . :
10.0 104um/m of controlled strain amplitude
9.9 + T
0.0E+00 2.0E+05 4.0E+05
N (cycles)
(e)

-118 -



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04 16
14
1.5E+04 - 12
~ 10
s g
S 1.0E+04 - 5 8
5 6
5.0E+03 - 4
2
0.0E+00 ‘ 0 - '
0.0E+00 2.0E+06 4.0E+06 0.0E+00 2.0E+06 4.0E+06
N (cycles) N (cycles)
(a) (b)
2.0E+04 1.6
1.5E+04 + 1.2 -
é‘ =
< 1.0E+04 - % 0.8
* o
[8a]
5.0E+03 - 0.4 -
0.0E+00 —— 0.0 .
>3 73 93 113 133 153 0.0E+00 2.0E+06 4.0E+06
Phase angle (°) N (cycles)
() (d)
10.6
~ 10.5
&
o 104
£
5 103
=¥ . .
g 10 & Figure C-5. Fatigue result of A4-H4 tested at
- : 79um/m of controlled strain amplitude
10.1 A
10.0 T
0.0E+00 2.0E+06 4.0E+06
N (cycles)
(e)

-119 -



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04 16
14 :
1.5E+04 + 12 2 M‘%A‘
- 10
s £
%1.0E+04 : 5 8
o 6
5.0E+03 - 4
2
0.0E+00 1 1 0 -+ . .
0.0E+00 1.0E+05 2.0E+05 3.0E+05 0.0E+00 1.0E+05 2.0E+05 3.0E+05
N (cycles) N (cycles)
() (b)
2.0E+04 1.6
N—
1.5E+04 =« 1.2 - \
~ 1.0E+04 - % 0.8 -
o ()
5.0E+03 - [ 04 |
0.0E+00 ; ; 0.0 | |
3.3 10.3 153 20.3 0.0E+00 1.0E+05 2.0E+05 3.0E+05
Phase angle (°) N (cycles)
(©) (d)
10.8
107 ® 8 o 8 O
8 w%ﬁa‘ﬁ*ﬂﬂ&\
106
=1
£ 105
2 104
= : Figure C-6. Fatigue result of A4-H5 tested at
= 103 108um/m of controlled strain amplitude
10.2
10.1 + . .
0.0E+00 1.0E+05 2.0E+05 3.0E+05
N (cycles)
(e)

- 120 -



APPENDIX C — FATIGUE TEST RESULTS

2.0E+04

14
12
1.SE+04 N %
Q o 8
g1.0E+o4 . 5 .
*
a 4
5.0E+03 -
2
0.0E+00 : U .
0.0E+00 2.5E+05 5.0E+05 0.0E+00 2.5E+05 5.0E+05
N (cycles) N (cycles)
(a) (b)
2.0E+04 1.45
; 1.40
1.5E+04 1 \
g =135
< 1.0E+04 - %1.30 :
i © :
1.25 ;
5.0E+03 - 2
1.20
0.0E+00 : : . 115 .
>3 73 93 113 133 0.0E+00 2.5E+05 5.0E+05
Phase angle (°) N (cycles)
(©) (d)
10.7
8
~ 10.6 - e
9 e
o 105 - X
£
5 104 1
=¥ . .
g 10.3 Figure C-7. Fatigue result of A4-H6 tested at
= ) 91um/m of controlled strain amplitude
10.2
10.1 4 .
0.0E+00 2.5E+05 5.0E+05
N (cycles)
(e)

-121 -




APPENDIX C — FATIGUE TEST RESULTS

2.0E+04

LoE+04 _\’

1.0E+04 -

E* (MPa)

5.0E+03 ~

0.0E+00
0.0E+00

1.0E+05
N (cycles)
(a)

2.0E+05

2.0E+04

1.5E+04 +

1.0E+04

E* (MPa)

5.0E+03 -+

0.0E+00

—

53

10.7

7.3 93 11.3 133
Phase angle (°)

(©)

10.6 A
10.5 A

104 1%

Temperature (°C)

10.3

10.2 +

0.0E+00

1.0E+05
N (cycles)
(€)

2.0E+05

14
12
10
o 8
* %
4
2
0 T T
0.0E+00 1.0E+05 2.0E+05
N (cycles)
(b)
2.0
16 1\
~~ e ¥
§ 1.2
© 0.8 -
0.4 -
0.0 .
0.0E+00 1.0E+05 2.0E+05
N (cycles)
(d)

Figure C-8. Fatigue result of A4-H7 tested at

105um/m of controlled strain amplitude
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Figure C-12. Fatigue result of B3-H5 tested
at 108um/m of controlled strain amplitude
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Figure C-15. Fatigue result of B3-H8 tested

at 97um/m of controlled strain amplitude
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Figure D1-3. Four-point bending notched fractuss tesult of B1-B2
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Figure D2-2. DIC Analysis of average and maximuraistversus beam height of A2-B3
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Figure D2-4. DIC Analysis of average and maximuraigtversus beam height of C3-B1
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Figure D2-5. DIC Analysis of average and maximuraistversus beam height of C3-B2
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Figure D2-6. DIC Analysis of average and maximuraistversus beam height of C3-B3
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Figure D2-7. DIC Analysis of average and maximuraistversus beam height of D1-B2
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Figure D2-9. DIC Analysis of average and maximuraistversus beam height of E1-B1
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Figure D2-10. DIC Analysis of average and maximurais versus beam height of E1-B2
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