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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-1. Complex modulus test results 

and 2S2P1D simulations for A1-V2: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗| and  ��, (c) Cole-Cole of �∗, (d) Cole-

Cole of �∗, (e) Black space of �∗, (e) Black 

space of �∗, (f) shift factors with WLF model 

 



APPENDIX A1 – COMPLEX MODULUS TEST RESULT: BITUMINOUS MIXTURES 

   

- 6 - 

 

(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-2. Complex modulus test results 

and 2S2P1D simulations for A1-V5: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗| and ��, (c) Cole-Cole of �∗, (d) Cole-

Cole of �∗, (e) Black space of �∗, (e) Black 

space of �∗, (f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-3. Complex modulus test results 

and 2S2P1D simulations for A1-H3: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗| and ��, (c) Cole-Cole of �∗, (d) Cole-

Cole of �∗, (e) Black space of �∗, (e) Black 

space of �∗, (f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-4. Complex modulus test results 

and 2S2P1D simulations for A1-H4: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗| and ��, (c) Cole-Cole of �∗, (d) Cole-

Cole of �∗, (e) Black space of �∗, (e) Black 

space of �∗, (f) shift factors with WLF model 
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(a) (b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-5. Complex modulus test results 

and 2S2P1D simulations for B2-V1 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗|, (c) Cole-Cole 

of �∗, (d) Cole-Cole of �∗, (e) Black space of 

�∗, (e) Black space of �∗, (f) shift factors with 

WLF model 
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(a) (b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-6. Complex modulus test results 

and 2S2P1D simulations for B2-V2 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗|, (c) Cole-Cole 

of �∗, (d) Cole-Cole of �∗, (e) Black space of 

�∗, (e) Black space of �∗, (f) shift factors with 

WLF model 
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(a) (b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-7. Complex modulus test results 

and 2S2P1D simulations for B1-H1: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves of 

|�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of �∗, 

(e) Black space of �∗, (e) Black space of �∗, 

(f) shift factors with WLF model 
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(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-8. Complex modulus test results 

and 2S2P1D simulations for B1-H2: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves of 

|�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of �∗, 

(e) Black space of �∗, (e) Black space of �∗, 

(f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-9. Complex modulus test results 

and 2S2P1D simulations for CE-V10 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗|, (c) Cole-Cole of 

�∗, (d) Cole-Cole of �∗, (e) Black space of �∗, 

(e) Black space of �∗ , (f) shift factors with 

WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-10. Complex modulus test results 

and 2S2P1D simulations for CE-H4: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗| and ��, (c) Cole-Cole of �∗, (d) Cole-

Cole of �∗, (e) Black space of �∗, (e) Black 

space of �∗, (f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-11. Complex modulus test results 

and 2S2P1D simulations for C1-V6 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗|, (c) Cole-Cole 

of �∗, (d) Cole-Cole of �∗, (e) Black space of 

�∗, (e) Black space of �∗, (f) shift factors with 

WLF model 
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(a) (b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-12. Complex modulus test results 

and 2S2P1D simulations for C2-V1 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗|, (c) Cole-Cole 

of �∗, (d) Cole-Cole of �∗, (e) Black space of 

�∗, (e) Black space of �∗, (f) shift factors with 

WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-13. Complex modulus test results 

and 2S2P1D simulations for C2-H1: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of 

�∗, (e) Black space of �∗, (e) Black space of 

�∗, (f) shift factors with WLF model 
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(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-14. Complex modulus test results 

and 2S2P1D simulations for C2-H3: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves 

of |�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of 

�∗, (e) Black space of �∗, (e) Black space of 

�∗, (f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-15. Complex modulus test results 

and 2S2P1D simulations for D2-V1 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

��, (b) Master curves of |�∗| and ��, (c) Cole-

Cole of �∗ , (d) Cole-Cole of �∗ , (e) Black 

space of �∗, (e) Black space of �∗, (f) shift fac-

tors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-16. Complex modulus test results 

and 2S2P1D simulations for D2-V3 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

�� , (b) Master curves of |�∗|  and �� , (c) 

Cole-Cole of �∗ , (d) Cole-Cole of �∗ , (e) 

Black space of �∗, (e) Black space of �∗, (f) 

shift factors with WLF model 
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(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-17. Complex modulus test results 

and 2S2P1D simulations for D1-H1: (a) Mas-

ter curves of |�∗| and �� , (b) Master curves 

of |�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of 

�∗, (e) Black space of �∗, (e) Black space of 

�∗, (f) shift factors with WLF model 



APPENDIX A1 – COMPLEX MODULUS TEST RESULT: BITUMINOUS MIXTURES 

   

- 22 - 

 

(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-18. Complex modulus test results 

and 2S2P1D simulations for D1-H3: (a) Mas-

ter curves of |�∗| and �� , (b) Master curves 

of |�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of 

�∗, (e) Black space of �∗, (e) Black space of 

�∗, (f) shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-19. Complex modulus test results 

and 2S2P1D simulations for E2-V4 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

�� , (b) Master curves of |�∗|  and �� , (c) 

Cole-Cole of �∗ , (d) Cole-Cole of �∗ , (e) 

Black space of �∗, (e) Black space of �∗, (f) 

shift factors with WLF model 
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(a) (b) 

(c) (d) 

(e) (f) 

(g) 

Figure A1-20. Complex modulus test results 

and 2S2P1D simulations for E2-V5 (bitumi-

nous mixture): (a) Master curves of |�∗| and 

�� , (b) Master curves of |�∗|  and �� , (c) 

Cole-Cole of �∗ , (d) Cole-Cole of �∗ , (e) 

Black space of �∗, (e) Black space of �∗, (f) 

shift factors with WLF model 
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(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-21. Complex modulus test results 

and 2S2P1D simulations for E1-H1: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves of 

|�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of �∗, 

(e) Black space of �∗, (e) Black space of �∗, 

(f) shift factors with WLF model 
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(a) 
(b) 

(c) 
(d) 

(e) 
(f) 

(g) 

Figure A1-22. Complex modulus test results 

and 2S2P1D simulations for E1-H2: (a) Mas-

ter curves of |�∗| and ��, (b) Master curves of 

|�∗|, (c) Cole-Cole of �∗, (d) Cole-Cole of �∗, 

(e) Black space of �∗, (e) Black space of �∗, 

(f) shift factors with WLF model 
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(a) (b) 

(c) 

Figure A2-1. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for B2-V1: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 

 

(a) (b) 

(c) 

Figure A2-2. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for B2-V2: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 
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(a) (b) 

(c) 

Figure A2-3. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗ ) for CE-V9: (a) 

Cole-Cole plot, (b) Black space, and 

(c) Master curves of |�	
∗| and �
� 

 

(a) (b) 

(c) 

Figure A2-4. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for CE-V10: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 
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(a) (b) 

(c) 

Figure A2-5. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for C1-V6: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 

 

(a) (b) 

(c) 

Figure A2-6. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for C2-V1: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 
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(a) (b) 

(c) 

Figure A2-7. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for D2-V1: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 

(a) (b) 

(c) 

Figure A2-8. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for D2-V3: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 
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(a) (b) 

(c) 

Figure A2-9. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for E2-V4: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 

 

 

 

(a) (b) 

(c) 

Figure A2-10. Complex modulus test re-

sults and 2S2P1D simulations of inter-

face stiffness (�	
∗) for E2-V5: (a) Cole-

Cole plot, (b) Black space, and (c) Master 

curves of |�	
∗| and �
� 
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(a) 

 

 
(b) (c) 

 
(d) (e) 

Figure B1-1. Tension test result of A1-H2 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-2. Tension test result of A1-H11 at 40°C and 2%/min strain rate 

 

 

(a) 

 



APPENDIX B1 – TENSION TEST RESULTS 

   

- 36 - 

 

(b) (c) 
Figure B1-3. Tension test result of A3-H4 at 19°C and 2%/min strain rate  

 

 

(a) 

 

(b) (c) 
Figure B1-4. Tension test result of A3-H7 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-5. Tension test result of A3-H5 at 19°C and 0.005%/min strain rate 

 

 

(a) 
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(b) (c) 
Figure B1-6. Tension test result of A3-H10 at 19°C and 0.002%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-7. Tension test result of A3-H6 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-8. Tension test result of A3-H9 at 0°C and 0.002%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-9. Tension test result of A1-V4 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-10. Tension test result of A1-V11 at 40°C and 2%/min strain rate 

 
 
 
 

(a) 
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(b) (c) 
Figure B1-11. Tension test result of A1-V9 at 19°C and 2%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-12. Tension test result of A4-V1 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-13. Tension test result of A1-V8 at 19°C and 0.002%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-14. Tension test result of A2-V1 at 19°C and 0.006%/min strain rate 

 

 

 

(a) 
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(b) (c) 
Figure B1-15. Tension test result of A1-V7 at 0°C and 0.001%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-16. Tension test result of A4-V2 at 0°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-17. Tension test result of B1-H1 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-18. Tension test result of B2-H2 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-19. Tension test result of B1-H2 at 19°C and 2%/min strain rate 

 

 

 

(a) 
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(b) (c) 
Figure B1-20. Tension test result of B1-H1 at 40°C and 2%/min strain rate 

 

 

(a) 

 

(b) (c) 
Figure B1-21. Tension test result of B2-H1 at 19°C and 0.005%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-22. Tension test result of B2-H4 at 19°C and 0.004%/min strain rate 

 

 

 

(a) 
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(b) (c) 
Figure B1-23. Tension test result of B1-H3 at 0°C and 0.002%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-24. Tension test result of B3-H11 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-25. Tension test result of B2-V5 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-26. Tension test result of B3-V13 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-27. Tension test result of B2-V6 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-28. Tension test result of B2-V10 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-29. Tension test result of B2-V8 at 19°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-30. Tension test result of B2-V12 at 19°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-31. Tension test result of B2-V11 at 0°C and 0.002%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-32. Tension test result of B2-V14 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-33. Tension test result of C2-H1 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-34. Tension test result of C3-H3 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-35. Tension test result of C2-H3 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-36. Tension test result of C3-H1 at 19°C and 2%/min strain rate 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX B1 – TENSION TEST RESULTS 

   

- 64 - 

 

(a) 

 

(b) (c) 

(d) (e) 
Figure B1-37. Tension test result of C2-H2 at 19°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-38. Tension test result of C4-H1 at 19°C and 0.005%/min strain rate 
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(b) (c) 
Figure B1-39. Tension test result of C2-H4 at 0°C and 0.003%/min strain rate 

  

 

 

(a) 

 

(b) (c) 
Figure B1-40. Tension test result of C3-H2 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 

(f) (g) 
Figure B1-41. Tension test result of C1-V6 at 40°C and 2%/min strain rate 



APPENDIX B1 – TENSION TEST RESULTS 

   

- 68 - 

 

(a) 

 

(b) (c) 

(d) (e) 
Figure B1-42. Tension test result of C2-V4 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 

(f) (g) 
Figure B1-43. Tension test result of C2-V1 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-44. Tension test result of C2-V5 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-45. Tension test result of C2-V3 at 19°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-46. Tension test result of C2-V6 at 19°C and 0.002%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-47. Tension test result of C2-V2 at 0°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-48. Tension test result of C2-V7 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-49. Tension test result of C1-VL2 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-50. Tension test result of C1-VL3 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-51. Tension test result of C1-VL4 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-52. Tension test result of C2-VL1 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-53. Tension test result of D2-H3 at 40°C and 2%/min strain rate 
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(b) (c) 
Figure B1-54. Tension test result of D3-H11 at 40°C and 2%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-55. Tension test result of D1-H1 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-56. Tension test result of D2-H5 at 19°C and 2%/min strain rate 

 

 

 

 

(a) 

 



APPENDIX B1 – TENSION TEST RESULTS 

   

- 82 - 

 

(b) (c) 
Figure B1-57. Tension test result of D2-H4 at 40°C and 0.005%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-58. Tension test result of D3-H12 at 19°C and 0.003%/min strain rate 

 

 



APPENDIX B1 – TENSION TEST RESULTS 

   

- 83 - 

 

(a) 

 

(b) (c) 
Figure B1-59. Tension test result of D1-H3 at 0°C and 0.001%/min strain rate 
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(b) (c) 
Figure B1-60. Tension test result of D2-H6 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-61. Tension test result of D2-V1 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-62. Tension test result of D2-V10 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-63. Tension test result of D2-V3 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-64. Tension test result of D2-V8 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-65. Tension test result of D2-V4 at 19°C and 0.002%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-66. Tension test result of D2-V7 at 0°C and 0.004%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-67. Tension test result of D2-V5 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-68. Tension test result of D2-V9 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-69. Tension test result of E1-H3 at 40°C and 2%/min strain rate 
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(b) (c) 
Figure B1-70. Tension test result of E3-H3 at 40°C and 2%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-71. Tension test result of E1-H2 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-72. Tension test result of E2-H3 at 19°C and 2%/min strain rate 
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(b) (c) 
Figure B1-73. Tension test result of E2-H2 at 19°C and 0.004%/min strain rate 

 

 

 

(a) 

 

(b) (c) 
Figure B1-74. Tension test result of E3-H2 at 19°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 
Figure B1-75. Tension test result of E2-H4 at 0°C and 0.003%/min strain rate 
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(b) (c) 
Figure B1-76. Tension test result of E2-H5 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-77. Tension test result of E2-V3 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-78. Tension test result of E2-V8 at 40°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-79. Tension test result of E2-V4 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-80. Tension test result of E2-V5 at 19°C and 2%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-81. Tension test result of E2-V6 at 19°C and 0.003%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-82. Tension test result of E2-V9 at 19°C and 0.005%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-83. Tension test result of E2-V7 at 0°C and 0.001%/min strain rate 
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(a) 

 

(b) (c) 

(d) (e) 
Figure B1-84. Tension test result of E2-V10 at 0°C and 0.001%/min strain rate 
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APPENDIX B2 – TENSION TEST: 

PICTURES OF TESTED SPECIMENS 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 

 
(g) 

 

Figure B2-1. Tested specimens of configuration A, type H: (a) A1-H2, 40°C and 2%/min, (b) 
A3-H11, 40°C and 2%/min, (c) A3-H4, 19°C and 2%/min, (d) A3-H7, 19°C and 2%, (e) A3-

H10, 19°C and 0.002%/min, (f) A3-H6, 0°C and 0.001%/min, (g) A3-H9, 0°C and 
0.002%/min 
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(a) 

 
(b) 

  
(c) 

 

 
(d) 

 

Figure B2-2. Tested specimens of configuration A, type V: (a) A1-V11, 40°C and 2%/min, 
(b) A1-V8, 40°C and %/min, (c) A2-V1, 19°C and 0.006%/min, (d) A1-V7, 0°C and 

0.001%/min 
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(a) 
 

(b) (c) 

(d) 
 

(e) 
 

(f) 
 

 
(g) 

 

Figure B2-3. Tested specimens of configuration B, type H: (a) B1-H1, 40°C and 2%/min, (b) 
B2-H2, 40°C and 2%/min, (c) B1-H2, 19°C and 2%/min, (d) B2-H3, 19°C and 2%, (e) B2-

H1, 19°C and 0.005%/min, (f) B2-H4, 19°C and 0.004%/min, (g) B3-H11, 0°C and 
0.001%/min 
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(a) 
 

(b) (c) 
 

(d) 

 

Figure B2-4. Tested specimens of configuration C, type H: (a) C3-H3, 40°C and 2%/min, (b) 
C3-H1, 19°C and 2%/min, (c) C4-H1, 19°C and 0.005%/min, (d) C3-H2, 0°C and 

0.001%/min 
 

 

 

 



APPENDIX B2 – TENSION TEST: PICTURES OF TESTED SPECIMENS 

   

- 112 - 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

  
(g) 

  
(h) 

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

D2-H4, 19°C and 0.005%/min, (f) D3-H12, 19°C and 0.003%/min, (g) D1-H3, 0°C and 
0.001%/min, (h) D2-H6, 0°C and 0.001%/min 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
 (f) 

  
(g) 

  
(h) 

Figure B2-6. Tested specimens of configuration E, type H: (a) E1-H3, 40°C and 2%/min, (b) 
E3-H3, 40°C and 2%/min, (c) E1-H2, 19°C and 2%/min, (d) E2-H3, 19°C and 2%/min, (e) 

E2-H2, 19°C and 0.004%/min, (f) E3-H2, 19°C and 0.003%/min, (g) E2-H4, 0°C and 
0.003%/min, (h) E2-H5, 0°C and 0.001%/min 
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APPENDIX C – FATIGUE TEST 

RESULTS 
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(a) (b) 

(c) (d) 

(e) 

Figure C-1. Fatigue result of A2-H2 tested at 
83μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-2. Fatigue result of A3-H12 tested 
at 92μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-3. Fatigue result of A4-H1 tested at 
112μm/m of controlled strain amplitude  
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(a) (b) 

(c) (d) 

(e) 

Figure C-4. Fatigue result of A4-H2 tested at 
104μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-5. Fatigue result of A4-H4 tested at 
79μm/m of controlled strain amplitude  
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(a) (b) 

(c) (d) 

(e) 

Figure C-6. Fatigue result of A4-H5 tested at 
108μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-7. Fatigue result of A4-H6 tested at 
91μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-8. Fatigue result of A4-H7 tested at 
105μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-9. Fatigue result of B3-H2 tested at 
97μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-10. Fatigue result of B3-H3 tested 
at 85μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-11. Fatigue result of B3-H4 tested 
at 95μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-12. Fatigue result of B3-H5 tested 
at 108μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-13. Fatigue result of B3-H6 tested 
at 115μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-14. Fatigue result of B3-H7 tested 
at 85μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-15. Fatigue result of B3-H8 tested 
at 97μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-16. Fatigue result of C4-H2 tested 
at 94μm/m of controlled strain amplitude 

 

 

 

 

 

 



APPENDIX C – FATIGUE TEST RESULTS 

   

- 131 - 

 

(a) (b) 

(c) (d) 

(e) 

Figure C-17. Fatigue result of C4-H4 tested 
at 98μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-18. Fatigue result of C4-H5 tested 
at 89μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-19. Fatigue result of C4-H7 tested 
at 79μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-20. Fatigue result of C4-H8 tested 
at 116μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-21. Fatigue result of C4-H9 tested 
at 102μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-22. Fatigue result of C4-H10 tested 
at 109μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-23. Fatigue result of D3-H1 tested 
at 100μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-24. Fatigue result of D3-H2 tested 
at 104μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-25. Fatigue result of D3-H5 tested 
at 89μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 

(e) 

Figure C-26. Fatigue result of D3-H6 tested 
at 83μm/m of controlled strain amplitude 

 



APPENDIX C – FATIGUE TEST RESULTS 

   

- 141 - 

 

(a) (b) 

(c) (d) 

(e) 

Figure C-27. Fatigue result of D3-H7 tested 
at 82μm/m of controlled strain amplitude 
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(e) 

Figure C-28. Fatigue result of D3-H8 tested 
at 104μm/m of controlled strain amplitude 
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(c) (d) 

(e) 

Figure C-29. Fatigue result of D3-H9 tested 
at 120μm/m of controlled strain amplitude 
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(c) (d) 

(e) 

Figure C-30. Fatigue result of D3-H10 tested 
at 112μm/m of controlled strain amplitude 
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(e) 

Figure C-31. Fatigue result of E3-H4 tested 
at 86μm/m of controlled strain amplitude 
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(e) 

Figure C-32. Fatigue result of E3-H5 tested 
at 86μm/m of controlled strain amplitude 
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(e) 

Figure C-33. Fatigue result of E3-H6 tested 
at 104μm/m of controlled strain amplitude 

 

 



APPENDIX C – FATIGUE TEST RESULTS 

   

- 148 - 

 

(a) (b) 
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(e) 

Figure C-34. Fatigue result of E3-H7 tested 
at 84μm/m of controlled strain amplitude 
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(e) 

Figure C-35. Fatigue result of E3-H8 tested 
at 111μm/m of controlled strain amplitude 
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(e) 

Figure C-36. Fatigue result of E3-H9 tested 
at 93μm/m of controlled strain amplitude 
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(e) 

Figure C-37. Fatigue result of E3-H11 tested 
at 116μm/m of controlled strain amplitude 
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(a) (b) 

(c) (d) 
Figure D1-1. Four-point bending notched fracture test result of A2-B2  
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(c) (d) 
Figure D1-2. Four-point bending notched fracture test result of A2-B3 

 

(a) (b) 

(c) (d) 
Figure D1-3. Four-point bending notched fracture test result of B1-B2 
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(a) 

 

(b) (c) 
Figure D1-4. Four-point bending notched fracture test result of B1-B3 
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(c) (d) 
Figure D1-5. Four-point bending notched fracture test result of C3-B1 

 

 

(a) (b) 

(c) (d) 
Figure D1-6. Four-point bending notched fracture test result of C3-B2 
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(a) (b) 

(c) (d) 
Figure D1-7. Four-point bending notched fracture test result of C3-B3 

 

(a) (b) 



APPENDIX D1 – CRACKING PROPAGATION TEST RESULTS 

   

- 158 - 

 

(c) (d) 
Figure D1-8. Four-point bending notched fracture test result of D1-B2 

 

(a) (b) 

(c) (d) 
Figure D1-9. Four-point bending notched fracture test result of D1-B3 
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(a) (b) 

(c) (d) 
Figure D1-10. Four-point bending notched fracture test result of E1-B1 
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(c) (d) 
Figure D1-11. Four-point bending notched fracture test result of E1-B2 
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(e) 
Figure D2-1. DIC Analysis of average and maximum strain versus beam height of A2-B2 
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(e) 
Figure D2-2. DIC Analysis of average and maximum strain versus beam height of A2-B3 
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(e) 

Figure D2-3. DIC Analysis of average and maximum strain versus beam height of B1-B2 
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(f) 

Figure D2-4. DIC Analysis of average and maximum strain versus beam height of C3-B1 

 

 

(a)  

 
 

(b) 



APPENDIX D2 – CRACKING PROPAGATION DIC ANALYSIS 

   

- 169 - 

 

 
 

(c) 

 
 

(d) 

 
 

(e) 
 
 



APPENDIX D2 – CRACKING PROPAGATION DIC ANALYSIS 

   

- 170 - 

 

 
 

(f) 
Figure D2-5. DIC Analysis of average and maximum strain versus beam height of C3-B2 
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(f) 

Figure D2-6. DIC Analysis of average and maximum strain versus beam height of C3-B3 
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(f) 
Figure D2-7. DIC Analysis of average and maximum strain versus beam height of D1-B2 
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(f) 

Figure D2-8. DIC Analysis of average and maximum strain versus beam height of D1-B3 
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(f) 

Figure D2-9. DIC Analysis of average and maximum strain versus beam height of E1-B1 
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(f) 

Figure D2-10. DIC Analysis of average and maximum strain versus beam height of E1-B2 

 


